
............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - ::■ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. .. ... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 

........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

MSC INTERNAL NOTE NO. 70-FS-
1

5 

FOR 

LUMINARY ID 

MANNED LM EARTH ORBIT AL 

AND LUNAR PROGRAM 

By Flight Software Branch 

FLIGHT SUPPORT DIVISION 

MANNED SPACECRAFT CENTER 
HOUSTON.TEXAS 

JULY 1970 



MSC Internal Note 

No. 70-FS-5 

UNCLASSIFIED 

MSC INTERNAL NOTE No. 70-FS-5 

PROGRAMMED GUIDANCE EQUATIONS 

for 

LUMINARY 1D 

MANNED LM EARTH ORBITAL 

AND LUNAR PROGRAM 

Prepared by 

Flight Software Branch 

FLIGHT SUPPORT DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 

t Support Division 

UNCLASSIFIED 



Page Change Record 

This document is a complete re-issue of MSC Internal Note No. 
70-FS-2, "Programmed Guidance Equations for LUMINARY 1 C Manned 
LM Earth Orbital and Lunar Program," dated March 1970, updated 
to reflect the information in the LUMINARY 1D program to be flown 
on the Apollo H3 mission. The coding changes between LUMINARY 1C and 1D 
are indicated by a vertical line to the left of the affected area. 

This document supersedes all previous issues and changed pages will 
be based on this issue in the future. 

i 



I 
I 

Abstract 

The information presented in this document on the LUMINARY 1D 
guidance program was produced with the intention that it be used 
together with a symbolic tabulation of the program. The information 
is divided into a series of separate sections, each of which describes 
a basic area of guidance computation and contains a list of def­
initions of variables and constants used in that area of the program. 
In order to assist the user in finding the computations in which he 
is interested, summaries of each section have been included, and all 
routine tags used in this document (generally identical to but a subset 
of those in the program listing) are indexed at the end of the doc­
ument along with a list of references to each routine listed. A list 
of references to flagwords and channels has been included as well, as 
a supplement to the list of references to variables and constants 
supplied in the program listing itself. 

The progrBlD. from which this document was prepared is identified 
LUMINARY Revision 173 and was released on June 15, 1970 for 
fabrication of the LM Guidance Computer memory ropes for the Apollo 
HJ Mission. 

Because of the purposes for which the information in this 
document was originally prepared, and the methods used in its 
production, this material should not be used as definitive infor­
mation on the LUMINARY 1D program but as an aid in the reading and 
understanding of the program listing. If definitive information 
is required, the G&N contractor is the proper source for it. 
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I 

Introduction 

Under the egis of the Program Development Group, Apollo Guidance 

Program Section, Flight Software Branch of MSC, in order to facilitate 

the reading of the detailed symbolic listing, a "Programmed Guidance 

Equations Document" has been prepared for the "LUMINARY" program. A 

major purpose of this document has been to provide more effective 

identification and analysis of various program performance features 

and to permit more effective review of published computer program 

documentation. 

During reviews of previous programs written for the Apollo Gui­

dance Computers, it was found desirable to assemble a set of working­

paper information on the equations actually programmed for these 

flights. This material has proven to be useful to the various groups 

associated with these flights, in that it can be used to bridge the 

gap between the extreme detail of the program listing and the occasional 

lack of detail available elsewhere on the guidance equations. Conse­

quently, the material on the following pages has been assembled in a 

fashion similar to that used for previous programs and follows the same 

general format. 

Certain aspects of the program are quite complex, and this programmed 

guidance equation material should not be considered as a substitute for 

actual study of the program symbolic listing itself. No complete set of 

equation information was available from the G&N contractor against which 

the programmed equations could be validated, and in the interest of 

timely publication, the review of the assembled document against the 

program assembly has not been as detailed as would be desired. 

The program assembly listing which was used to prepare this pro­

grammed equation information bears the heading print: 

GAP: ASSEMBLE REVISION 173 OF AGC PROGRAM LUMINARY BY NASA 2021112-141 

and is dated June 15, 1970. The function of virtually all the program 
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steps of interest t o the fl i ght i s described e ithe r on the following pages , or, 

for ge nera l computer sys t em control, in TRW Working Paper 3420 . 5 -27 (revision 2) . 

Fecipient s of this document are cautioned against misusing it as a definitive 

de sc ription of the "LUMINARY" guidance equations . Instead, it might be used to 

achieve a better understanding of the program assembly li sting , s ince it i s intended 

a s an aid in review of the listing, not as a subst itute for it. Definitive guidance 

equation information can be provided only by the G&N contrac t or through the appro­

priat e MSC channe l s . 

A great deal of credit goes to TRW Syst ems MrCP Tasks A-90 and A- 201 (Support 

of Apollo Guidance Program and Gui dance Document Revi ew) personnel, in particular 

~Jr . William C. Koe l sch, who conducted a similar r evi ew of the "SUNDANCE" program. 

Thi s document has drawn heavi l y upon the result s of that review and could not be 

published at this time without the earlier work done by TRW Systems . 
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Summary of Individual Sections 

The contents of this description of the "LUMINARY" guidance and 

control equations are divided into twenty-five semi-independent 

sections, each of which is assigned a four letter code. Pages are 

numbered consecutively within each section and the sections them­

selves are arranged in alphabetical order by code. Familiarity with 

the information in "Notation and Terminology" is helpful in under­

standing the somewhat specialized type of notation used in describing 

the program, but each section includes a list of "Quantities in 

Computations" which is intended to describe all variables and constants 

in the section that are not described in the list of "Major Variables". 

Alignment of the Inertial Subsystem (ALIN) 

Programs used to align the ISS to any of several specified align­
ments and to compute the "reference to stable-member" transforma­
tion matrix, based on measurements of the positions of celestial 
bodies with respect to the spacecraft. 

Ascent Guidance (ASCT) 

Programs used to initiate, control, and terminate the LM ascent 
from the lunar surface (Pl2) and aborts from powered descent 
(P?O and P?l) • 

Attitude Maneuver Routines (ATTM) 

Computations performed to determine the axis about which space­
craft rotation should talce place and the magnitude of the 
rotation to go from present vehicle attitude to final attitude, 
including logic controlling the maneuver rates and DAP interface. 

Burn Control Routines (BURN) 

Programs used to initiate, control, and terminate all three types 
of 1M burns (RCS, APS, and DPS). 
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Conic Subroutines (CONG) 

Subroutines used by navigation and targeting routines to compute 
various conic parameters. 

Coordinate Transformations (COOR) 

Subroutines defining the transformations between the several 
coordinate systems used by the LGC, including routines for 
determination of lunar and solar position and selenographic 
latitude and longitude. 

Digital Autopilot Control Routines (DAPA) 

P-ElXis and Q,R-axis RCS control for free or powered flight; 
Q,R-axis Gimbal Trim System. (Includes jet fail monitor.) 

Digital Autopilot Phase Plane Logic (DAPB) 

Equations used to compute jet accelerations, jet firing times 
and disturbing accelerations; deadband selection and astronaut 
interface routines. 

Data Input/Output Routines (DATA) 

Logic used to control display and loading of various LGC 
registers under control of the DSKY or internal programs, 
including noun definitions. 

Deseent Guidance (DESC) 

Programs used to initiate, control, and terminate the LM 
powered descent maneuvers (P6O 1 s). 

Display Interface Routines (DINT) 

Routines governing program use of the DSKY and the priority of 
displays. 
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Display and Keyboard Interface Logic (DSKY) 

Routines defining the mechanics of interpreting inputs from the 
DSKY keyboard or uplink and for changing the status of numerical 
character lights on the display. 

Extended Verbs (EXVB) 

Definition of the functions of the extended verbs (40-99) 
including those controlling block updates of LGC E-memory, AGS 
initialization, calculation of TFF and rendezvous displays. 

IMU Computations (IMUC) 

Computations associated with the Inertial Measurement Unit, 
including those for controlling CDU pulse outputs, for checking 
and setting IMU modes and switching between them, for accelerometer 
and gyro compensation, and for gyro torquing. 

Program Interrupts (INTR) 

Short description. of all eleven program interrupts; the routines 
associated with program interrupt No. 4. 

Mathematical Functions, Executive, Waitlist (MATX) 

Various built-in trigonometric, logarithm and root extraction 
functions used by the programs, and some of the logic associated 
with the operations, such as "Establish, 11 or "Call. 11 

Orbital Integration (ORBI) 

The equations used for precision integration of the state vector, 
and logic to switch between powered flight and coasting flight 
navigation. 

Program Service Routines (PGSR) 

Routines used for initialization of the LGC, re-initialization in 
case of restart, and for change of program (major mode). Also 
includes alarm routines. 
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Radar Control Routines (RADR) 

Routines controlling the positioning and reduction of data from 
the Landing Radar and the Rendezvous Radar. 

Rendezvous Navigation (RNAV) 

Programs using the rendezvous radar to update both state vectors 
maintained in the LGC and to update the "error transition matrix" 
based on tracking of the CSM. 

Servicer (SERV) 

Average-G navigation routines and other routines used for burn 
control and monitoring. 

Up and Down Telemetry (TELE) 

Uplink character processing and computations performed for 
periodic downlink transmission, including a brief summary of the 
information on the downlink. 

Testing Routines (TEST) 

Computer self-test routines and externally initiated tests. 

Targeting - Lambert (TRGL) 

Burn targeting using the Lambert computation of velocity-to-be­
gained. 

Targeting - External Delta-V (TRGX) 

Burn targeting for constant attitude burns. 
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Notation and Terminology 

Because of some of the special design features of the Apollo 

Guidance Computer, a set of special notation and terminology has been 

found useful in describing the equations programmed for this computer. 

In most cases, this notation and terminology follows that which seems 

to be employed by the G&N contractor, and also follows that which was 

used in documents previously prepared on Block 1 and Block 2 programs. 

The following document may be found useful for supplemental infor­

mation on the symbolic listing, and for a more detail~d discussion of 

the computer hardware and general computer system control: 

3420.5-27, "Apollo Guidance Program Symbolic Listing Informat ion 
for Block 2," Revision 2, dated 20 November 1969, 
pre pa red under MTCP Task A- 201 • 

Copies of that document, together with revision infonnation as it is 

published, may be obtained from the Flight Software Branch of MSC. 

Numbers 

A. General 

The guidance computer is designed with a memory word length of 

15 bits (plus a sixteenth bit, not sensed by the program, used to achieve 

"odd parity", i.e., an odd number of binary ones in the total 16-bit 

word), It is also designed as a fractional machine, so that all numbers 

in the computer are less than one: "equation values" greater than 1.0 

are accommodated by suitable scaling, as described below. Arithmetic 

is all one's complement except in special instances where two's complement 

is required for hardware interface infonnation. There is no hardware 

floating point capability in the computer, although a facsimile to 

floating point computations is sometimes used (and identified as "quasi­

floating point") in the program, particularly when the quantities involved 

can have a large dynamic range. 
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The 15-bit word is divided into a sign bit and 14 magnitude bits, 

with the bits numbered from the sign (#15) to the least significant 

magnitude bit (#1) as shown: 

Value: Sign 2-l 2- 2 2-3 2- 4 2- 5 2-6 2- 7 2-8 2-9 2-lO 2-ll 2-12 2-13 2- 14 

Number: 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3' 2' 1 

Once the stored value of a number in the computer reg ister (evaluated using 

the bit weights shown) has been determined, its equation value may be 

determined by multiplying the stored value by some power of two which is 

called the "scale factor": 

The scale factor of a quantity is the power of two by which 
the number in the computer (considered as a fraction in the 
range between -1 and +l) must be multiplied to obtain its 
equation value. For convenience, the scale factor is shown 
as "Bxx", where "xx " is some positive or negative integer. 

For example, if a word has a scale factor Bl4, this means that the indi­

vidual bits have a weight 2
14 

(or 16384) times the values shown in the 

above table. A counter in the program with this scale factor, therefore, 

would have its least significant magnitude bit (or least increment) 

equal to 1 (2- 14 x 2
14 = 1). See Appendix A of 3420.5-27 (Revision 2) for more 

details. 

In many instances , the word length of 15 bits , permitting a number 

to be expressed to 1:±16384 (1 part in ±16384), is insufficient to give 

the required precision in the computations. In these instances, a double 

precision number (stored in two consecutive memory cells) is used. 

Scale factor information for double precision numbers has the same inter­

pretation as for single precision numbers, and the less significant half 
-14 of the word has weights that are 2 times the weights shown above. A 

quantity that is double precision with a scale factor of B28, for example, 
28 would have a least significant bit of 1 and a maximum value of (2 - 1), 

or 268,435,455. In a few cases (usually involving time information), 

triple precision quantities are required, which follow similar rules. 
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In cases where it is not reasonably self-evident , the single, double , or 

triple precision nature of the quantity is specified (by subscripts sp , 

dp, and tp, respectively). 

In addition to the scale factor information, it is necessary to 

know the units in which the quantities are expressed. Times are usually 

expressed in units of "centlseconds'' (0.01 seconds). The navigation 

equations give a position output in units of meters and a velocity output 

in units of meters per centisecond. Angles are usually expressed in units 

of revolutions (of 360°). Where not reasonably obvious, units on the 

quantities are given. 

Unless otherwise specified, numbers with explicit values are quoted 
-5 in decimal. A notation such as 11 lE-5 11 means 10 • Octal numbers are 

indicated by a subscript of 8 (such as 348 for octal 34); binary numbers 

have a subscript 2 (such as 111002 for 348 expressed in binary). The 

quantity +O is 000008 ; -0 is 777778 (in some cases, the distinction 

is important, since a computer instruction can distinguish between them). 

B. Constants 

Fixed scalar constants are denoted by K:xxx, where xxx is a symbol 

of arbitrary type and length, selected generally for similarity with the 

program notation (capital letters) or for mnemonic usefulness (small 

letters). A subscript can be used to indicate one of several constants 

stored in a table. 

Constants stored in erasable memory (so they can be changed with­

out hardware implications) are not distinguished from variables. Some 

are set by the fresh start or restart routines; some are loaded as part 

of the erasable load. 

In a few cases, vector or matrix constants are employed. They are 

so designated by an underline or brackets as are vector and matrix 

variables. 
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C. Variables 

Variables are generally desigl'l8ted by several upper case capital 

letters, sometimes with subscripts (the symbol K: is reserved for constants). 

Lower case letters sometimes appear with the symbol for a variable, and 

have the following special meanings: 

d: A division indication appears as part of the symbol in 
the program (ldANET appears in the listing as 1/ANET). 

i: A suitable number or capital letter is substituted as 
defined in the related equation information for "i" 
(VACiUSE = VAC3USE if i = 3, etc.) 

m: A minus sign appears as part of the symbol in the program 
(mTPER appears in the listing as -TPER). 

p: A plus sign appears as part of the symbol in the program 
(pMGA appears in the listing as +MGA). 

An underline of the first character of a symbol means a quantity 

with several components, frequently a vector but sometimes a quantity 

having vector-type properties, such as gyro compensation about different 

axes. Individual components of a vector are identified by a subacript 

using the same symbol as for the vector, but without the underline: 

TS , for example, would be the X component of the vector TS. 
X 

Matrices are designated by enclosing their identification mnemonics 

in brackets: [REFSMMAT] for instance. Interpretive language operations 

in the guidance computer (see TRW Working Paper 3420.5-27 (Eevision 2)) permit conven­

ient manipulations of 3x3 matrices whose elements are stored double 

precision. Therefore, larger matrices are handled nine ele:nents at a time, 

Both pre-multiplication and post-multiplication of a vector by a matrix 

are incorporated (post-multiplication is equivalent to pre-multiplication 

by the transpose). Elements of a 3x3 matrix are stored "first row, then 

second row, then third." 
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D. Addresses 

The value of an address is designated by the symbol used in the 

program, enclosed in quotation marks: without the quotation marks, the 

contents of the cell with that address would be indicated. In order to 

improve presentation clarity, many of the program-step symbols are 

omitted from the equations, and others may not precisely correspond to the 

program divisions actually located by the symbol in question. It is 

sometimes necessary to refer to a computer address as actually packed 

into a 15-bit word: for this, the term "CADR" (see 3420.5-27 (Revision 2)) 

is employed (erasable and fixed memory CADR formats differ). 

A number of subroutines are used within the program, each of which 

require information on the "main" program to which program control must 

be transferred at the end of the subroutine. For clarity in showing the 

computation flow performed, the retention of the necessary return address 

information is shown explicitly in a few places. The "return address" 

is the address to which control is to be transferred after completion of 

the subroutine; the "calling address" is the address from which transfer 

to the subroutine was made. In many cases, the return address is one 

greater than the calling address, but in some instances, such as trans­

fers to the "ALARM" routine, the cell following the calling address con­

tains infonnation pertinent to the subroutine (such as the alarm pattern), 

and therefore the return address may be several address locations after 

the calling address. To save program steps, in some cases the complement 

of the address may actually be used by the program for storage purposes; 

but this fact, since it has no effect on the computation flow, is not 

indicated in the equations. 
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E. Subscripts 

Subscripts are used for relative addressing or for infonnational 

purposes. As relative addresses, they index one of several variables or 

constants stored in a table with onl y one explicit address. DSPTEM1 1 
indicates the cell after DSPTEMl, and DSPTEM1

2 
indicates the cell after 

DSPTEM1
1

• Somet i me s the subscript contains the complete address and any 

arb it rary erasable memory is se l ected by the notation EADR where the 

address of the cell desired is stored in ADR. When used for infonnational 

purposes , the subscr i pt does not change the address of the cell but merely 

indicates its nature. The following subscripts are frequently used: 

sp: Single precis i on 

dp: Double precision 

tp: Triple prec i sion 

ms , ls: More and less significant halves of a double 
precision number 

x , y, z: First, second and third components of a three­
dimensional vector 

2 (with a number): Binary 

8 (with a number): Octal 

(Numb ers without a subscript are quoted in decimal) 

11 , 12, 13 ' 14 , 15, ..... Elements of the first row of a 
matrix 

21 , 22 , 23 , 24 , 25 , ..... Elements of the second row of 
a matrix 

31 , 32 , 33, 34, 35 , ..... Elements of the third row of 
a matrix 

41, 42 , 43, 44, 45, ..... Elements of the fourth row of 
a matrix 

etc. 

Program Control 

Three types of program sub-units occur within the complete program: 

a) A subroutine , which performs a certain function and then 
returns control to the program sub-unit which called it 
(subroutines, of course, may have other subroutines within 
them). 
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b) A task, which is a short sequence of computations performed 
based on a time criterion, or upon some external signal. 

c) A job, which is a program entity (such as targeting compu­
tation■, steering computation■, processing of a 
keyboard characte~, etc.) of long duration which must be 
done in a definite sequence. (Accelerometer data, for 
example, must be corrected for biases before navigation 
computations are performed, and navigation before steering 
commands, so they all form part of the same job.) 

Time-dependent tasks are implemented by a "waitlist" system (see 

section VIIA of J420.5-27(Rev. 2)), for which the programmer merely specifies 
the time delay (from "now") wh~n he wants a computation done, and the 

starting address of that computation. The time delay has a least incre-

ment of 10 milliseconds. Unless interrupts are inhibited, a program 

interrupt (which can be caused by a signal from the telemetry system, the 

uplink, the 11waitlist" hardware, separate ("T4RUPT") waitlist-type 

hardware, a keyboard inpu~etc.J causes suspension of a job and performance 

of the task. Tasks, however, are not subject to interruption by other 

tasks, but continue to completion. There is also a hardware monitoring 

function which can cause a "program/hardware restart" which, if necessary, 

could interrupt a task: in general, however, these should not be 

encountered. 

Jobs are sequenced with the aid of a priority system (see section VIIB of 
3420. 5-27(Rev. 2)) and are performed only if no tasks must be performed. 

If no "productive" computations are required, then a "dummy job" is 

performed, which checks periodically for the availability of a job to be 

performed, and of course is subject to interruption for a task. A job 

can be "established" (put into a list to be selected when its priority 

is sufficiently high) by another job or by a task. .A job can be "put to 

sleep" to wait for some external event (such as an uplink input), the 

occurrence of which will "awaken" the job. Jobs can optionally be assigned 

a set of "working storage" erasable memory cells, called a "VAC area" 

(see Section VID of 3420.5-27 (Revision 2)). 

A program "step" is a step in the computation sequence shown on the 

page, and should not be confused with a line of the program assembly 

listing. 
13 



The following program-control terms are employed: 

a. Awaken a job: Cause a job (if any) with the indicated 
starting address to be restored to its original priority 
af ter a period of being "asleep", during which the per­
formance of the job was suspended by making its priority 
negative. 

b. Call "XXX" in yy seconds: Cause a task with starting 
aC1.dress of "XXX" to be performed in yy seconds from the 
present time (yy has a least increment of 10 milliseconds). 

c. Delay yy seconds: Cause the present string of computations 
to be suspended for yy seconds, and then restart at next 
line. Delays to a Waitlist Task are implemented by a 
waitlist call to the following step, and then an end task; 
delays for a job are achieved by using the "DELAYJOB" 
routine. 

d. End job: Terminate performance of the job, and transfer 
control to an executive routine to initiate performance 
of the job which has the highest priority of those remain­
ing. The "dummy job" is the only one which is not ended in 
this fashion. 

e. End task: Terminate performance of the waitlist-initiated 
task, and transfer control to a routine which checks for 
other waitlist tasks, causing resumption of previous compu­
tations if there are no such tasks. 

f. Establish 11 :XXXX": Enter the job with starting address 
11 XXXX: 11 in the priority list to be performed when appropri­
ate (each job has a priority associated with it, not 
necessarily shown in the equations). A job can optionally 
be established with or without a working storage (VAC) area 
(not generally shown in the equations). 

g. If: Carry out the indicated manipulations provided the 
indicated conditions are satisfied. The "indicated manipula­
tions" are "indicated" by being indented, if the "If" 
statement is followed by a colon, or by being on the same 
line as an "If" statement followed by a comma. Should the 
conditions not be satisfied or after performing "indicated 
manipulations" that do not end with a "Proceed to ••• ", 
continue on in sequence at the next non-indented line. 

h. Perform "XXXX": Cause a subroutine with starting address 
11 XXXX 11 to be entered. The specific memory cell to which the 



i. 

j. 

k. 

1. 

m. 

n. 

subroutine returns control depends in some cases on the 
purpose of the routine, but generally is the step after 
the "Perform" instruction. 

Proceed to "llll": Cause the program step with address 
"llll" to be the next one to be performed, and continue 
the performance of the program from that point. 

Proceed to XXXI: Cause the program step whose address is 
stored in cell XIII to be the next one performed, and 
continue the performanee of the program from that point. 

Put to sleep: Cause the present job's com~utations to be 
suspended (by making its priority negative) until some 
event takes place causing the job to be "awakened." 
Differs from End job and Establishing a job in that the 
VAC area and Job Register Set are retained. When a job 
is put to sleep, a starting address identification is 
provided for use in awakening the job (and also to specify 
the starting point for the job when it is performed). 

Resume: Resume computations which were interrupted to 
perform the task (used for tasks not initiated through 
waitlist means, cf. End task). 

Return (or "Return via Ill" where the return address has 
been stored in III): Return to the subroutine's calling 
program (which in some cases could have been either a 
task or a job). 

When no transfer instruction occurs at the end of a 
routine, computations continue down the page through 
subsequent routine or routines. 

In addition to the above terms, a special notation is used with 

display interface routines: 

Proceed to 11 GOFLASH" 
(If terminate, ••• , if proceed, ..... ) 

Q.!: 

Perform 11 GOFLASHR" 
(If terminate, ..... ) ... , if proceed, 
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... ' if other response, 

... , if other response, 



X = y 

End job 

In the first case, control is transferred to the display interface 

routine and the program. is terminated until the astronaut responds. 

In the second case, a display interface routine is established and 

the subsequent steps (X = Y) are executed before the astronaut 

responds to the display (usually). The four possible astronaut 

responses that are recognized are: "Terminate" via verb 34; "Proceed" 

via verb 33 or the proceed button; "Resequence" via verb 32; and 

"Enter" by pushing the enter button in response to a "please perform" 

type verb or after loading data via one of the load verbs. The last 

two types of response will initiate the "if other response" branch. 

A capability also exists to "kill" a task that has been inserted 

in the "waitlist" but has not yet been executed. It is simply removed 

from the waitlist. 



Operations 

Several mathematical manipulations are available to the programmer 

and are indicated either by special characters or by lower case symbols. 

The trigonometric, logarithm and square root functions are described 

in the MATX section. 

1) Standard Arithmetic Operations 

+ plus 

minus 

(blank) multiply; scalar by scalar, vector by scalar, etc. 

/ divide; scalar by scalar; vector by scalar 

!Al: Magnitude of scalar (absolute value) 

IA I : Magnitude of vector ( length) 

2) Special scalar operations (see MATX section) 

JI square root 

arccosA double precision arc cosine of A 

arcsinA double precision arc sine of A 

arcsin A single precision arc sine of A 
sp 

cosA double precision cosine of A 

cos A single precision cosine of A 
Sp 

sinA double precision sine of A 

sin A single precision sine of A 
sp 

lnA natural logarithm of A 

3) Vector operations 

* (! * !2.) vector cross product 

• (! • !2.) vector dot product 

! 2 square of length of! 

[A] !2. or !2. [Al: premultiply the vector !2, by the matrix 
[A](3x3; interpretive instruction MXV). 
The X component of the answer is equal 
to the dot product of the first row 
of [A] with !2., etc. 
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B [A] or [Al B 

4) Bit operations 

post multiply the vector B by the matrix [A] 
(3 x 3, interpretive instruction VXM). The 
X component of the answer is equal to the 
dot product of the first column of [A] with 
~. etc. 

Switch bit a of B to 1 or 0: Set or reset bit a of erasable memory 
register B, 

Set bit a of A = bit b of B: Set or reset bit a of erasable memory 
register A according to whether 
bit b of Bis set or reset. 

Invert bit a of A: Set bit a of A 
bit a of A. 

the complement of 

A (A AB): Bit by bit logical product. If a given bit in both 
A and Bis a binary 1, then the result is a binary l; 
otherwise, the result is a binary 0. 

~ (B): Bit by bit complement of B. 

5) cycle: Shift in a cyclic fashion, with bits "spilling out" of 
one end of the register appearing at the other end. 
For example, bit 14 cycled left 2 places, since the 
word length of the computer is 15 bits for data, becomes 
bit 1, as does the same bit cycled right 13 places (or, 
in this case, shifted right 13 places). 

6) limit: Cause the maximum value (usually K:posmax) to be stored 
if the quantity or its computed value exceeds that maximum. 
(Unless otherwise specified, the magnitude is limited, 
with sign information preserved; frequently done by 

means of a check for overflow.) 

7) modulo: Form a quantity , for A modulo B, equivalent to the 
value of B times the remainder from (A/B). For 

0 0 example, 380 modulo one revolution is 20 

8) overflow: Exceed the capacity of the computer register (i.e. 
the maximum value of the number allowed by its 
scaling). The interpretive language (section VI of 
3420.5-27 (Revision 2)) has a special cell which is 
set if such an overflow is encountered, and which 
may be sensed to cause program branching. The divide 
instruction in the interpretive language, if the 
numerator exceeds the denominator (uaing the numbers 
in the computer register), sets the answer to the 
maximum capacity of the computer register with the 
proper sign. 
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9) quasi-floating point: Carry out a computation (usually 
involving a division) by , in general, 
normalizing both numerator and denominator 
before performing the division (with 
suitable provisions to avoid division 
overflow), and then shifting the result 
the appropriate number of places. Norma­
lization involves shifting a number so 
that there are no leading magnitude zeroes, 
and counting the number of shifts required. 

10) set A = B and B = A: Exchange the contents of "A" and "B" • 

11) signA: Complement the accumulator if A is negative; otherwise, 
leave the accumulator alone. Unless otherwise specified, 
if A= O the accumulator is also left alone, i.e. 0 is a 
"positive" number. 

12) shift: Shift in a non-cyclic fashion, with exclusion of the 
sign bit: bits "spilling out" of the least significant 
end of the register (for shifting right) are lost. 
Cf. "cycle". Vacated bits are set to sign bit. 

13) sign agreement: Force the signs of the various parts of a 
multiple-precision word to be the same. 

14) unit(~+ B): Form or use a unit vector from the vector infor­
mation specified. The scale factor of the unit 
vector when formed is Bl. The magnitude of the 
vector is left in push-down list address 36D and 
its square in 34D. Operation "overflows" if 
magnitude of vector (before forming unit) is 
less than 2·21 as stored in computer register: 
if a cross product of 2 unit vectors involved, 
this would be a "true value 11 of 2-19 or about 

' 0.002 mr. 

Form a vector with x, y, and z components= 
a 1 , a 2 and a 3 • 

Form a double precision number B with more 
significant half= b1 , less significant half= b2 • 

17) The difference between two angles expressed in two's complement 
form can be performed by a special instruction to produce a 
result in one's complement form. 
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Ma.jar Variables 

( and constants) 

The following quantities are used at several points in the program; 
a general lmowledge of their significance will be valuable in any 
eff art t o understand the program. 

CADRFLSH. (i=0,1,2 ) , CADRST0R, DSPLIST: Single precision address 
stora~e registers in the display interface routines. Three 
internally generated displays can be handled by the display 
interface routines at any one time, one "priority" display, one 
"mark/extended verb" display and one "normal" display. The 
addresses of the routLnes requesting these displays are stored in 
CADRFISI, CADRFL5H and CADRFLSH2 respectively. If the active 
display ~inds that the astronaut is using the DSKY (Display and 
Keyboard Assembly), it is put to sleep and its address stored in 
DSPLIST until the astronaut releases the DSKY. If the active 
display requires astronaut response, it is put to sleep and its 
address stored in CADRSTOR until the response is received. 

QDU ( CDU , CDU , CDU ) : LGC input counters incremented directly from 
the cfoupling'DatazUnit to maintain I.GC lmowledge of the position 
of the outer, inner and middle gimbal angles of the Inertial 
Measurement Unit. These counters are coupled directly to the 
"Read Counters" in the three ICDU channels of the CDU, and the 
two counters associated with each gimbal angle are incremented 
simultaneously. In order to synchronize the LGC counters with 
the Read Counters, the LGC counters must be set to zero while 
the ICDU Read Counters are maintained at zero by setting bit 5 
of channel 12. The gimbal angle data thus maintained is scaled 
B-1 ~

5
units of revolutions (one least increment is equivalent 

to 2- revolution) and is in two's complement form. 

The manipulation of two's complement numbers in the LGC maintains 
a periodic regularity by propagating an overflow bit into the 
si gn bit. In t he case of angles scaled B-1 in units of revolutions, 
the overflow bit represents one-half of a revolution (180 degrees), 
and angular sums over one half of a revolution in magnitude are 
"automat ically" adjusted to lie within the range -½ ~ angle £ ½. 
For example: 0.35 + 0.42 = -0.23 (126.0° + 151.2° = -82.8°). 

CDU , CDUt: LGC input counters incremented directly from the 
sCoupling Data Unit to maintain I.GC knowledge of the Rendezvous 
Radar shaft and trunnion angles. These counters are coupled to 
the Read Counters in the two RRCDU channels of the CDU and are 
exactly like the CDU-linked counters described above. The RRCDU 
Read Counters are zeroed by bit 1 of channel 12. 
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.Q.DUD: Single precision vector containing the latest specification 
of desired IMU gimbal angles for the Digital Autopilot, scaled 
B-1 in units of revolutions and stored in two's complement form. 
See the description of IDC two's complement included with the 
definition of QDU. 

Channels: Fifteen bit interface registers for input and output of 
discrete information . See TRW Working Paper 3420,5-27 (Revision 2) for more 
precise and complete information. Channels 5,6,11-16 ,30-33 and 77 
are described in the section entitled "Channels, Flagwords and 
other Discrete Information Registers." 

1,2: Identical to Land Q registers; see MATX section. 

3,4: Standby Clock; continues to count when the IDC is put into 
standby mode (see 11P06 11 ). 

7: Bits 15-8 and 4-1 have no function; bits 7-5 are the fixed­
memory address extension bits (SUPERBNK); see MATX section. 

10: Channel used by 11 T4RUPT11 to set the relays in the DSKY; 
bits 15-12 contain the relay address; bits 11-1 contain the 
desired setting. Called OUTO in the programs; see INTR section. 

34,35: Two channels loaded with information to be telemetered 
by the downlink; see TELE section. 

QELCDU: Single precision vector subtracted from QDUD every 100 
milliseconds to control the rate during an automatic attitude 
maneuver, scaled B-1 in units of revolutions and stored in 
two's complement form. See the description of I.GC two's com­
plement included with the definition of QDU. 

QELV: Double precision sensed-change-in-velocity vector, scaled 
B14 in units of centimeters per second and expressed in stable 
member (IMU) coordinates. (One pulse from the accelerometer 
is equivalent to one centimeter per second; QELV is loaded 
directly from the accelerometers.) 

DISPDElC: Single precision index controlling the periodic and other­
wise independent display (by 11 CLOKTASK 11 ) of burn parameters. 
See BURN section. 

DNLSTC0D: Single precision index (range 0-5) indicating which of the 
dovnlists is to be telemetered, scaled B14 and unitless. Loaded 
by various programs to select the proper dovnlist. See K:DNTABLE 
in TELE section. 
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DSPTAB. (i=0-10): Computer storage for the DSKY illumination relay 
settings, complemented when they are changed to signal to the 
11 T4RUPT 11 routine that the relays are to be re-set as soon as 
possible. A numerical record of what is displayed via DSPTAB10 9 8 
is maintained in MODRF.G, VERBRED and NOUNREG. 'The contents or' ' 
XREG, YR.En and ZREG do not necessarily reflect what is currently 
being displayed via DSPT~-0· See DSKY and DATA sections. 

DSPTABJ 1 : Single precision flagw::>rd whose bits designate relays 
to ?Se set to illuminate lamps on the DSKY. Bit 9 lights the 
"program alarm" (PROG) lamp when set; bit 8 lights the "tracker 
fail" (TRACKER) lamp when set; bit 6 lights the "gimbal lock 
warning" (GIMBAL LOCK) lamp when set; bit 5 lights the "L.R altitude 
fail" lamp when set; bit 4 lights the "no attitude" (NO ATT) 
lamp -when set ( via "T/4If~JPT") ; bit 3 lights the 11Ln. velocity fail 11 

lamp when set. 
EADR: Notation used to denote any cell in erasable memory whose 

address is stored in the quantity used as the subscript (here 
denoted by ADR). If access is required to an E-memory cell in 
a switched bank other than that in which the program is oper­
ating, the EBANK register must be re-set first. 

FLAGWRD0-11: Single precision registers whose bits are used indi­
vidually for storage of on-off/yes-no type information. 'The 
flagwords are described in the section entitled "Channels, 
Flagwords and Other Discrete Information Registers" and 
references to the flagwords are listed in the section entitled 
"List of References to Flagwords and Channels." 

i, j, k, n, p, s, t, v: Letters used to denote various temporary 
storage cells in the programs, usually indexes scaled Bl4 and 
unitless. 

K:dvtoacc: Constant implicit in the 2 second navigation cycle, 
scaled B-1 in units of seconds to the minus one power. F,quation 
value: ½. If the navigation cycle is changed to something 
other than 2 seconds, this constant will have to be changed to 
an explicit one wherever it appears. 

K:posmaxsp, K:posmaxdp: Notation for the maximum positive value 
that can be stored in a single or double precision LGC register. 
'The stored value of the constants is 377778 and 377778 37777~ 
respectively. The equation value of each is determined by tfie 
scale factor of the variable involved. If Bis the scale .factor, 
the equation values are: 

K:posmaxsp = 2B (1 - 2-14) 

B (l _ 2-28) K:posmaxdp = 2 
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K:VxxNxx: Single precision constant verb-noun code. The two-digit 
decimal noun number is stored in bits 1-7 of the constant; the 
two-digit decimal verb number is stored in bits 8-14. 

MPACi (i==0-7): Multiple precision accumulator and storage used 
by jobs coded in interpretive language (via the interpretive 
decoder) and sometimes by .jobs coded in basic language. A 
set of eight single precision cells associated with each job 
and used exclusively by that job. When a job is put to sleep 
or is interrupted by a job of higher priority, MPAC0-MPAC are 
saved as part of the "job core" reserved for that job, ~ they 
are re-set exactly as they were when the interrupted job is re­
established. 

MUDEX, PBODY: Single precision index.es used to differentiate between 
constants and program branches that differ according to whether 
the center of attraction is the earth (.O) or the moon (8 and 2 
respectively). See CONG section and ORBI section respectively. 

PRIOTIME: Single preci~ion time when a priority display is activated, 
used to enforce the two second delay before the response to a 
priority display is accepted (to avoid the problem of a response 
to a just interrupted normal display being interpreted as the 
response to the priority display.) See DINT section. 

J!:ATI', Y.ATT, TAT: State vector output from orbital integration 
with constant scaling (B29, 'ff"/, B28) or variable scaling (J!:ATTl, 
Y.ATTl, TAT) in units of meters, meters per centisecond, and 
centiseconds. 

ftCVCSM, ftCVLEM: The permanent state vectors for the CSM and LM 
contain six double precision vectors and three double precision 
scalars. They are listed below along with the name of the 
equivalent variable used in the precision integration of each. 

1M CSM Integration 

ftCVLEM ftCVCSM gcv 
Y,CVLEM Y,CVCSM ycv 
TCLEM TCCSM TC 
!2,ELTALEM !2,ELTACSM ,!DELTAV 
IDJVLEM IBJVCSM !NlJV 
TETI.EM TETCSM TET 
ftRECTLEM ftRECTCSM ftRECT 
Y,RECTLEM Y,RECTCSM Y,RECT 
XKEPLEM XKEPCSM XPREV 
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[REFS:MMAT]: Double precision, 3x3 transformation matrix, scaled Bl 
and unitless. Defined such that Asm = [REFSMMAT] A,:f where A is 
a vector expressed in stable member and reference coordinates 
respectively. (Other transformation matrices are not continuously 
maintained but only generated when needed.) 

gN, YN, PIPTIME, E,-OTHER, y-OTHER, TETCSM: Double precision vectors 
describing the navigation state of the 1M and CSM respectively, 
scaled nominally (B29, Fr/, B28). 

TDECl: Double precision time input to orbital integration routines 
(GET) specifying the endpoint of the integration, scaled B28 in 
units of centiseconds. (Only input necessary if the permanent 
state vector is used as the origin.) 

TEPHEM: Triple precision elapsed time from the beginning of the near­
est Besselian year to the time when the LGC clock (TIMEN0W) is zeroed, 
for use in the calculation of ephemerides; scaled B42 in units of 
centiseconds and included in the pre-launch erasable load. 

THETAD: Single precision vector containing the final desired gimbal 
angles that define a desired orientation of the spacecraft with 
respect to the Inertial Measurement Unit (IMU) for large attitude 
maneuvers or IMU alignment; scaled B-1 in units of revolutions 
and stored in two's complement form. See the description of I.Ge 
two's complement included with the definition of gm. 

TIG: Double precision time of ignition (or predicted cutoff time, 
once the engine has been ignited) input to the burn programs 
from the targeting programs. The parameters required of the 
targeting programs by the burn programs (in addition to the 
LM state and mass estimate, which are assumed always available) 
are: 

External Delta-V 
(XDELVFI.G = 1) 

TIG 
fl.TIG 
y:TIG 
DELVSIN 
DELVSAB 

Lambert Targetted 
(XDELVFLG = 0) 

TIG 
E,TARG 
TPASS4 
N0RMSW (FL7, bit 10) 

TIME3, T.IME4, TIME5, TIME6: lGC clocks in addition to TIMEN0W which 
are used to control interrupts of one kind or another. See 
INTR section. 

TIMEN0W: Double precision computer clock, incremented every centi­
second (one hundredth of a second) by the I.Ge oscillator; scaled 
B28 in units of centiseconds. 

23 



TS (and various transmutations such as TSl, TSnoun TS12, !5vec) : 
Real or dUID!DiV temporary storage cells used for convenience in 
describing the performance of the equations. When used as a 
conmrunication cell between routines, TS generally represents 
what the program transfers via the accumulator. 

yGPREV: Double precision previous value of velocity-to-be-gained 
vector, program notation also "VGTIG, 11 scaled Fr/ in units of 
meters per centisecond. 

UPSVFLAG: Single precision flag loaded with a state vector update 
(address of UPSVFLAG is just before that of gRECT) to indicate 
whether the update is for the LM or CSM state and whether it 
is in moon-centered or earth-centered reference coordinates. 
See ORBI section. 

!SC, !SM, !3CD, etc. : Double precision unit vectors in the directions 
of the X spacecraft axis, the X stable member axis, the desired 
X spacecraft axis, etc. Such unit vectors are always scaled Bl 
and unitless, but they may be expressed in various coordinate 
systems. An effort has been made to indicate the coordinate 
system in cases where it was not i.Jmnediately obvious by adding 
small letters (sc, sm, rf) to the tag; the notations ISCsm, 
ISCsc, and ISC all represent the same cell - the indication 
of coordinate system is purely explanatory. 
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Erasable Memory Initialization 

The quantities listed below constitute the "erasable memory load" 
which supplements the initialization performed by verb 36 (fresh start 
routine "SLAPl") in order to prepare the LGC erasable memory for the 
beginning of the mission. The list shows the absolute address of each 
quantity in the list (single, double or triple precision) in ECADR form 
(EBANK in bits 11-9; address= 1400 + bits 8-1); the tag assigned to 
that address by this document; the ~ag assigned to that address by the 
LUMINARY program if it differs from that used in this document; the 
scale factor and the units which the program assumes when handling each 
quantity; and the section of this document in which the quantity is 
defined. 

Following this alphabetical list are the erasable memory quantities 
listed in order of increasing ECADR. 

ECADR Tag (alternate tag) 

02477 
02500 
02522 
thru 
02526 
02563 
02564 

01463 

2LATE466 

ABSC0
1 

ABTRD0T 

ADIAX 

01464 ADIAY 

01465 ADIAZ 

01466 ADSRAX 

01467 ADSRAY 

01470 ADSRAZ 

B28 

Bl8 

B7 

B-6 

B-6 

B-6 

B-6 

B-6 

B-6 

Units 

centiseconds 

meters 

meters/centisecond 

gyro pulses/cm per sec 

Section 

DESC 

SERV 

ASCT 

IMUC 

gyro pulses/cm per sec IMUC 

gyro pulses/cm per sec IMUC 

gyro pulses/cm per sec IMUC 

gyro pulses/cm per sec IMUC 

gyro pulses/cm per sec IMUC 

(Because one gyro pulse is equivalent to 2- 21 revolutions, 
the above six quantities could also be assumed to be scaled 
B-26 in units of revolutions.) 

03371 AGSK 
03372 

02476 AHZLIM 

03404 A0TAZ1 (A0TAZ) 

03405 A0TAZ2 (A0TAZ+l ) 

03406 A0TAZ
3 

(A0TAZ+2) 

03407 A0TAZ
4 

(A0TAZ+3) 

B 28 

B-4 

B-1 

B-1 

B-1 

B-1 

25 

centiseconds 

2 m/cs 

EXVB 

DESC 

revolutions (2 1 s comp) ALIN 

revolutions (2 1s comp) ALIN 

revolutions (2 1 s comp) ALIN 

revolutions (2 1 s comp) ALIN 



EC.IDR Tag (alternate tag} Seal~ Units Section 

03410 AOTAZ5 (AarAz+4) B-1 revolutions (2's comp) ALIN 

03411 AOTAZ6 ( AOTAZ+5) B--1 revolutions (2's comp ) ALIN 

03412 A'.)TEL1 (AOTEL) B-1 revolutions (2 1 s comp) ALIN 

03413 AOTEL2 (AOTEL+l) B-1 revolutions (2 1s comp) ALIN 

03414 A')TEL3 (AOTEL+2 ) B-1 revolutions (2 1s comp ) ALIN 

03415 AOTEL4 (AOTEL+3) B-1 revolutions (2's comp ) ALIN 

03416 AOTEL5 (AOTEL+4) B-1 revolutions (2's comp ) ALIN 

03417 A')TEL6 (AOTEL+5) B-1 revolutions (2's comp) ALIN 

(2 1s comp indicates that th,ese quantities are stored in 
two's complement fonn, not the usual one's complement form) 

03400 ATIGINC B28 centiseconds TffiL 03401 

03373 AZBIAS B-1 revolutions DESC 

02565 COSTHETl B2 unitless ASCT 
02566 

02567 COSTHET2 02570 
B2 unitless ASCT 

01327 CSMMASS Bl6 kilograms DAPB 

02503 DELQFIX B24 meters SZRV 
02504 

03425 DELTTFAP Bl? centiseconds DESC 

02460 DESIGNRX (RIGNX) B24 meters DESC 
02461 

02462 DES IG NRZ ( RIG NZ ) B24 meters D2SC 
02463 

02456 DESIGNV (VIGN) BlO meters/centisecond DESC 
02457 

02470 DESKIGNV (KIGNV/B4) 
02471 

Bl8 centiseconds DESC 
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ECADR Tag (alternate tag) Scale Units Section 

02464 DESKIGNX (KIGNX/B4 ) B4 unitless DESC 
02465 

02466 DESKIGNY (KIGNY/B8) B-16 meters -1 DESC 
02467 

03011 DKDB Bl5 revolutions -1 DAPB * 

03005 DKKAOSN Bl4 unitless DAPA ➔~ 

03004 DKOMEGAN Bl4 unitless DAPA * 

03003 DKTRAP B-3 revolutions/second DAPA * 

02631 
t hru QLAND B24 meters DESC 
02636 

03113 DOWNI'ORK0 (POSTORKP) B5 seconds DAPA 

03114 DOWNI'O~ (NEGTORKP) B5 seconds DAPA 

03115 DOWNI'ORK2 (POSTORKU) B5 seconds DAPA 

03116 DOWNTORK
3 

(NEGTORKU) B5 seconds DAPA 

03117 DOWNTORK 
4 

( POSTORKV) B5 seconds DAPA 

03120 DOWNTORK
5 

(NEGTORKV) B5 seconds DAPA 

01350 E32C31RM B80 meters6/centisecond2 ORBI 

01347 E3J22R2M B58 meters5/centisecond2 ORBI 

01353 ELBIAS B-1 revolutions DESC 

02446 GAIN0 (GAINBRAK ) BO unitless DESC 02447 

02450 GAIN2 (GAINAPPR) BO unitless DESC 02451 

01477 GCOMPSW Bl4 unitless IMUC 

03000 HI ASCENT Bl6 kilograms DAPB * 

02473 HIGHCRIT Bl4 DPS throttle pulses DESC 

03012 IGNAOSQ B-2 revolutions/second2 BURN 

03013 IGNAOSR B- 2 revolutions/second2 BURN 
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ECADR Tag (alternate tag) Scale Units Section 

02545 JlPARM * B24 meters ASCT 02546 

02551 J2PARM * B24 meters ASCT 
02552 

02547 Kl.PARM * B24 meters/revolution ASCT 
02550 

02553 K2PARM * B24 meters/revolution ASCT 
02554 

* See note on page ASCT-l4. 

02537 LAGdTAU (LAG/TAU) BO unitless DESC 02540 

03426 LEADTIME Bl7 centiseconds DESC 

01326 LEMMASS Bl6 kilograms DAPB 

02012 
thru LM504 (5041M) BO radians COOR 
02017 

03010 LMKAOSN Bl4 unitless DAPA * 

03007 LMOMEGAN Bl4 unitless DAPA ,~ 

03006 LMI'RAP B-3 revolutions/second DAPA lf 

02472 LOWCRIT Bl4 DPS throttle pulses DESC 

03420 LRHMAX Bl4 meters SERV 

02512 LRVF B7 meters/centisecond SERV 

02511 LRVMAX B7 meters/centisecond SERV 

03421 LRWH BO unitless SERV 

03756 LRWHl BO unitless DESC 
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ECADR Tag (alternate tag) Scale Units Section 

02513 LRWV0 (LRWVZ) BO unitless SERV 

02514 LRWV1 (LRWVY) BO unitless SERV 

02515 LRWV2 
(LRWVX) BO unitless SERV 

02516 LRWVF0 
(LRWVFZ) BO unitless SERV 

02517 LRWVF1 (LRWVFY) BO unitless SERV 

02520 LRWVF2 (LRWVFX) BO unitless SERV 

02521 LRWVFF BO unitless SERV 

01243 MASS Bl6 kilograms SERV 
01244 DAPB 

02543 MAXFORCE Bl2 kg meters/centisecond2 DESC 
02544 

02541 MINFORCE Bl2 kg meters/centisecond2 DESC 
02542 

01460 NBDX B-5 gyro pulses/centisecond IMUC 

01461 NBDY B-5 gyro pulses/centisecond IMUC 

01462 NBDZ B-5 gyro pulses/centisecond IMUC 

(B- 5 gyro pulses/cs equivalent to B-26 revolutions/cs) 

01452 PIPABIAS (PBIASX) B-3 PIPA counts/centisecond IMUC 
X 

01454 PIPABIAS ( PBIASY) B-3 PIPA counts/centisecond IMUC 
y 

01456 PIPABIAS (PBIASZ) B-3 PIPA counts/centisecond IMUC z 

01453 PIPASCF (PIPASCFX) B-9 unitless IMUC 
X 

01455 PIPASCF (PIPASCFY ) B-9 unitless IMUC 
y 

01457 PIPASCF (PIPASCFZ) B-9 unitless IMUC z 

03002 PITTIME Bl4 centiseconds DAPB 
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ECADR Tag (alternate tag) sea.le Units Section 

03402 Pl'IGINC B28 centiseconds TffiL 
03403 

02475 QHZ BO unitless DESC 

02557 RAMIN B24 meters ASCT 02560 

01766 RANGEVAR B-12 unitless RNAV 01767 

01770 RATEVAR B-12 unitless RNAV 01771 

01731 
thru [REFSMMAT) B 1 unitless COOR 
01752 

02020 
thru EI,S B27 meters CONC 
02025 

02004 RMAX Bl9 meters RNAV 

02534 RODSCALE B-7 meters/centisecond DESC 

03001 ROLLTIME Bl4 centiseconds DAPB 

03427 RPCRI'IME Bl? centiseconds SERV 

03430 RPCRl'QpW Bl unitless SERV 

01772 RVARMIN Bl2 meters 2 RNAV 

02010 SH.AFTVAR B-12 radians 2 RNAV 

02527 SLOPEO. B6 radians SERV 
thru J. 

02533 

02422 
,!ARGADG0 (ADG,ABRFG) * 2 

thru B-4 meters/centisecond DESC 
02427 

02424 * 2 
thru !ARGADG2 (AAPFG) B-4 meters/centis&cond DESC 
02431 

*See note on page DESC-29 
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ECADR Tag (alternate tag) Scale Units Section 

02402 
* thru '.!'.. Affi RDG O ( RDG , RBRFG ) B24 meters DESC 

02407 

02404 
* thru '.!'.. Affi RDG 2 ( RAPFG) B24 meters DESC 

02411 

02412 
* thru '.!'..AffiVDG0 (VDG,VBRFG) BlO meters/centisecond DESC 

02417 

02414 
* thru '.!'_AffiVDG 2 (V APFG) BlO meters/centisecond DESC 

02421 

02474 TAUHZ Bll centiseconds DESC 

02535 TAURDD B9 centiseconds DESC 02536 

02452 TCGF0 (TCGFBRAK) Bl? centiseconds DESC 

02454 TCGF2 (TCGFAPPR) Bl? centiseconds DESC 

02453 TCGI0 (TCGIBRAK) Bl? centiseconds DESC 

02455 TCGI 2 (TCGIAPPR) Bl? centiseconds DESC 

03423 TEND0 (TENDBRAK) Bl? centiseconds DESC 

03424 TEND1 (TENDAPPR) Bl? centiseconds DESC 

01706 
01707 TEPHEM B42 centiseconds COOR 
01710 

01570 TETCSM B28 centiseconds ORBI 01571 

01642 TETLEM B28 centiseconds ORBI 01643 

02555 THETCRIT BO revolutions ASCT 02556 

lf See note on page DESC-29. 
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ECADR Tag (alternate tag) Scale Units Section 

02026 TLAND B28 centiseconds DESC 02027 

03431 TNEWA B28 centiseconds BURN 
03432 

01354 TOOFEW Bl4 unitless DESC 

02011 TRUNVAR B-12 radians 2 RNAV 

02436 TTFADGZ0 (ABRFG* and B-4 meters/centisecond2 DESC 02437 ADG2TTF+O) 

02440 TTFADGZ2 (AAPFG* and B-4 meters/centisecond2 DESC 
02441 ADG2l'TF+2 ) 

02442 TTFJDGZ0 (JBRFG* and B-21 meters/centisecond3 DESC 
02443 JDG2TTF+O) 

02444 TTFJDGZ2 (JAPFG* and B-21 meters/centisecond3 DESC 
02445 JDG2TTF+2 ) 

02432 TTFVDGZ0 (VBRFG* and Bl3 meters/centisecond DESC 02433 VDG2TTF+O) 

02434 TTFVDGZ2 (V APFG* and Bl3 meters/centisecond DESC 
02435 VDG2TTF+2 ) 

01711 UNITW (-AYO) BO unitless COOR 01712 X 

01713 UNITW (AX0) BO unitless COOR 01714 y 

02400 VELBIAS B6 meters/centisecond SERV 02401 

02005 VMAX B7 meters/centisecond RNAV 

I 01773 VVARMIN B-12 2 2 meters /centisecond RNAV 

02000 WRENDPOS Bl4 meters RNAV 

02001 WRENDVEL BO meters/centisecond RNAV 

02002 WSHAFT B-5 radians RNAV 

02006 WSURFPOS Bl4 meters RNAV 
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ECADR '.!'._~alternate ~ 

02007 WSUR4'VEL 

02003 WTRUN 

01700 
thru X789 
01705 ( J} Scaling is 

02561 
YLIM 02562 

03422 ZOOMTIME 

Scale 

BO 

B-5 

J} 

B5 for 

B24 

Bl4 

Qnits 

meters/centisecond 

radians 

radians 
earth and B3 for mo::m) 

meters 

centiseconds 

Section 

RNAV 

RNAV 

RNAV 

ASCT 

BURN 

1~ These quantities are also loaded by the fresh start routine entered * 
from verb 36. 

In addition to the quantities listed on the previous pages, the 
indicated bits of the following flagwords must be padloaded as they are 
mt initialized by the fresh start ("SLAPl") routine. 

FLAGWRD3 bit 11 (NODOPO? ) 
bit 13 (REFSMFLG) 

FLAGWRD8 bit 8 (SURFFLAG) 
bit 11 (LMOONFLG) 
bit 12 (CMOONFLG) 

FLGWRDlO bit 13 (APSFLAG) 
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The following pad loaded variables are listed by ascending 
ECADR. The tag name is that given by this document. 

ECADR Tag ECADR Tag 

00077 FLAGWRD.3 01477 GC0MPSW 

00104 FLAGWRD8 01570-1 TETCSM 

00106 FLGWRD10 01642-.3 TETLEM 

01243-4 MASS 01700-5 !789 

01326 LEMMASS 01706-10 TEPHEM 

01327 CSMMASS 01711-2 UNIT'W 
X 

01347 E3J22R2M 0171.3-4 UNIT'W y 

01350 E32C.31RM 01731-52 REFSMMAT 

0135.3 ELBIAS 01766-7 RANGEVAR 

01354 T00FEW 01770-1 RATEVAR 

01452 PIPABIAS 01772 RVARMIN 
X 

0145.3 PIPASCF 01773 VVARMIN 
X 

01454 PIPABIAS 02000 WRENDP0S y 

01455 PIPASCF 02001 WRENDVEL 
y 

01456 PIPABIAS 02002 WSHAFT 
z 

01457 PIPASCF 0200.3 WTRUN 
z 

01460 NBDX 02004 RMAI 

01461 NBDY 02005 VMAX 

01462 NBDZ 02006 WSURFP0S 

0146.3 ADIAX 02007 WSURFVEL 

01464 ADIAY 02010 SHAFTVAR 

01465 ADIAZ 02011 TRUNVAR 

01466 ADSRAX 02012-7 1M504 

01467 ADSRAY 02020-5 ELS 

01470 ADSRAZ 02026-7 TLAND 
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ECADR Tag ECADR Tag 

02400-1 VELBIAS 02470-1 DESKIGNV 

* LOWCRIT 02402-7 IARGRDG0 
02472 

* 02404-11 '.[ARGRDG2 02473 HIGHCRIT 

* 02412-7 IARGVDG0 02474 TAllliZ 

* 02414-21 IARGVDG2 02475 QBZ 

* 02422-7 IARGADG0 
02476 AHZLIM 

* 2LATE466 02424-31 IARGADG2 02477-500 

02432-3 TTFVDGZ0 
02503-4 DELQFIX 

02434-5 TT?VDGZ2 
02511 LRVMAX 

02436-7 TTFADGZ0 02512 LRVF 

02440-1 TTFADGZ2 02513 LRWV
0 

02442-3 TTFJDGZ0 02514 LRWV1 

02444-5 TTFJDGZ2 02515 LRWV 2 

02446-7 GAIN0 02516 LRWVF0 

02450-1 GAIN 2 02517 LRWVF 1 

02452 TCGF0 02520 LRWVF 
2 

02453 TCGI0 02521 LRWVFF 

02454 TCGF 2 02522-6 ABSC0 

02455 TCGI 2 02527-33 SLOPE0 

02456-7 DESIGNV 02534 R0DSCALE 

02460-1 DESIGNRX 02535-6 TAUR0D 

02462- 3 DESIGNRZ 02537-40 LAGdTAU 

02464-5 DESKIGNX 02541-2 MINF0RCE 

02466-7 DESKIGNY 02543-4 MAXF0RCE 

* See note on page DESC-29 
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ECADR Ta.g ECADR Ta.g 

02545-6 J1PARM 03373 AZBIAS 

02547-50 K1PARM 03400-1 ATIGINC 

02551-2 J2PARM 03402-3 PTIGINC 

02553-4 K2PARM 03404-11 AOTAZ1_6 

02555-6 THETCRIT 03412-7 AOTEL1_6 

02557-60 RAMIN 03420 LRHMAX 

02561-2 YLIM 03421 LRWH 

02563-4 ABTRDOT 03422 ZOOMTIME 

02565-6 COSTHET1 03423 TEND0 

02567-70 COSTHET2 03424 TEND1 

02631-6 DLAND 03425 DELTTFAP 

03000 HIASCENT 03426 LEADTIME 

03001 ROLLTIME 03427 RPCRTIME 

03002 PITTIME 03430 RPCRTQSW 

03003 DKTRAP 03431-2 TNEWA 

03004 J:lK0MEGAN 03756 LRWH1 

03005 DKKAOSN 

03006 IMTRAP 

03007 IMOMEGAN 

03010 LMKAOSN 

03011 DKDB 

03012 IGNA0SQ 

03013 IGNAOSR 

03113-20 DOWNTORK0_
5 

03371-2 AGSK 
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~hann~lli.._Flagwords and Other Discrete Infonnation Registers 

Channels 1-4, 7, 10, 34, and 35 are discussed i n the list of Major 
Variables 

Channel 5 

Bits 15-9 have no significance; bits 8-1 are set to command RCS jet 
firings and reset to terminate the firing. 

Bit Code Jet Number System Rotation Translation 
Effect Effect 

8 lD 14 B +u +x 
7 lU 13 A -U -X 
6 2D 10 A +v +x 
5 2U 9 B -V -X 

4 3D 6 B -U +x 
3 JU 5 A +u -X 
2 4D 2 A -V +x 
1 4U 1 B +v -X 

Channel 6 

Bits 15-9 have no signi f icance; bits 8-1 are set to command RCS 
jet firings and reset to t erminate the f i ring. 

Bit Code Jet Number System Rotation Translation 
Effect Effect 

8 lS 16 B -? +y 
7 4S 4 A +p -Y 
6 33 8 A -P -Y 
5 2S 12 B +p +y 

4 2F 11 A -P +z 
3 lF 15 A +p -Z 
2 4F 3 B -P -Z 
1 3F 7 B +p +z 

Channel 11 

Bits 15, 12, 11. and 8 are spare. 
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Bits 14 (engine off) and 13 (engine on) are assigned to the main 
engine on/off function. The normal engine-off command configuration 
is 102; the normal engine-on command configuration is 012. The 
following information concerns the performance of the L..~ when either 
of the two other possible binary states (002 or 112) occurs (as in 
a hardware restart - 11 GOPROG11 ). 

11 .All Block 2 computers have the engine-on and engine off discretes 
in bits 13 and 14 respectively of channel 11. If the LEM Descent 
engine sees a 1,1 condition (both output transistors conducting) 
or a O,O condition (both output transistors non-conducting), it 
will ignore the signal and remain in the state it was previously 
in. This allows the computer to zero all the output bits during 
a restart and not shut the engine off. There is no time limit 
as to how long an improper state (1,1) or (O,O) can last with 
the descent engine. 

"The LEM ascent engine will be turned on by an erroneous 1,1 
condition which lasts longer than 1 millisecond. Therefore the 
LGC must be programed to set the bits to the proper state within 
0.5 millisecond following recovery from a restart." 

It is assumed that the ascent engine will remain off if staging occurs 
with the bits in the configuration 002. 

A fresh .start sets bit 14 to 1 and -sets remaining bits to O. 

Meaning when set and reset (channel 11 is an output or command 
channel) 

10 1 - Caution Reset signal: resets the flip-flop holding the Restart 
lamp in the energized state. 

0 - Allow the Restart lamp to light 

9 1 - Test connector discrete used in bench tests 
0 -

7 1 - Light the "Operator Error" lamp (automatic flash) 
0 - Extinguish the "Operator Error" lamp 

6 1 - Start flash of verb and noun registers on the DSKY 
0 - Stop the verb-noun flash 

5 1 - Light the "Key Release" lamp (automatic flash) to request key 
release 

0 - Extinguish the "Key Release" lamp 
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4 1 - Light the "Temperature Caution" lamp 
0 - Extinguish the "Temperature Caution" lamp 

3 1 - Light the "Uplink Activity" lamp 
0 - Extinguish the "Uplink Activity" lamp 

2 1 - Light the "Computer Activity" lamp 
0 - Extinguish the "Computer Activity" lamp 

1 1 - Light the 11 ISS Warning" lamp 
0 - Extinguish the 11 ISS Warning" lamp 

Channel 12 

Bit and initial value (fresh start) 

Meaning (channel 12 is an output or command channel) 

15 0 Bit energizes a latching relay that signals that the ISS 
turn-on delay is complete, removing the signal from bit 14 
of channel 30 and switching the ISS into the normal operate 
mode. Reset after remaining set for about ten and one fourth 
seconds. 

14 0 1 - Enable RR lock-on and automatic tracking. 
0 - Disable Rendezvous Radar lock-on and automatic tracking. 

13 0 Command provided via a DSKY relay to change landing radar 
from position #1 to position #2. (Returned to position #1 
by a spacecraft switch.) 

12 0 Bit set to cause rotation of the DPS bell around the +z LM 
axis to produce a negative angular jerk around the +z axis 
(-R). 

11 O Bit set to cause rotation of the DPS bell around the -Z LM 
axis to produce a positive angular jerk around the +z axis 
( +R). 

10 0 Bit set to cause rotation of the DPS bell around the +y LM 
axis to produce a negative angular jerk around the +y axis 
( ~). 

9 0 Bit set to cause rotation of the DPS bell around the -Y LM 
axis to produce a positive angular jerk around the +Y axis (+Q). 

8 0 Bit set to display inertial data. 
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7 0 spare 

6 0 1 - Enable ICDU Error Counters - coarse align, or display on FDAI. 

0 - Disable ICDU Error Counters (3). 

5 0 1 - Zero the ICDU Read Counters; force the ICDU gimbal angle 
follower counters to zero. 
0 - Allow the ICDU Read Counters to follow the IMU gimbal 
angles, incrementing the QDU counters in the LGC as they do. 

4 0 1 - Enable coarse align of the IMU; connect the ICDU Read 
Counters with the ICDU Error Counters so that the latter may 
be decremented as the IMU is coarse aligned. 
0 - Disable coarse align of the IMU. 

3 0 Bit not set in LUMINARY program. 

2 0 1 - Enable Rendezvous Radar CDU Error Counters. 
0 - Disable RRCDU Error Counters (2). 

1 0 1 - Zero the RRCDU Read Counters. (Like bit 5) 
0 - Allow the RRCDU Read Counters to follow the RR position 
angles. 

Channel 13 

Bit and initial value (fresh start) 

Meaning (channel 13 is an output or command channel) 

15 0 Bit set to 1 to permit cell 000318 (TIME6) to be decremented 
by 1 each 0.000625 second. When cell has been reduced to -0, 
the next decrement resets bit to O and causes program interrupt 
#1. 

14 0 Bit set to 1 to permit the RCS jet fail switches or the DPS 
gimbal fail switch to cause interrupt #10; always O in 
LUMINARY. 

13 0 Bit set to 1 to permit signals from the translational hand 
controller to cause interrupt #10; always O in LUMINARY. 

12 0 Bit set to 1 to permit signals from the rotational hand 
controller to cause interrupt #10. 

11 0 Bit set to 1 to cause the PRO key on the DSKY to be inter-
preted as a "standby" key and put the LGC into standby mode. 
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Channel 13 (Continued) 

10 0 Bit set to 1 to test the DSKY lights and relays not otherwise 
accessible to the software: energizes the Restart, Standby 
and Computer Warning lamps (the latter through a "warning 
filter"). 

9 0 1 - Initiate readout of analog-to-<ligital converters associated 
with the displacement of the rotational hand controller into 
cells RHCP, RHCQ, and RHCR (428-448). 
0 - Stop readout of RHC analog-to-<ligital converters 

8 0 1 - Enable input to RHCP, RHCQ, and RHCR from rotational hand 
controller analog-to-<ligital converter 
0 - Disable input to RHCP, RHCQ, and RHCR 

7 0 Bit used as the "word order code" bit (first bit in the 40-bit 
downlink sequence sent from the LGC containing digital data) 
for telemetry. 

6 0 Bits used to block all inputs to INLINK; not set in LUMINARY . 

5 0 Not used in LUMINARY. 

4 0 Bit set to 1 to initiate transmission of radar information 
to the LGC. Bit is reset to 0 when program interrupt #9 
is generated after the end of the pulse train from the radar 

to cell 468 (RNRAD). 
3-1 Bits set to determine the routing of radar information into 

RNRAD when bit 4 is set. Information into RNRAD is: RR 
range information if bits 3-1 are 0012; RR range rate if 0102; 
LR X-velocity if 1002; LR Y-velocity if 1012; LR Z-velocity if 
1102; and LR altitude information if bits 3-1 are 1112. Bits 
are initially 000. 

Channel 14 

Bit and initial value (fresh start) 

Meaning (channel 14 is an output or command channel) 

15 0 Bit set to 1 to cause output pulses (at a 3200 pps rate) to 
be generated from CDUXCMD, cell 000508. When cell is counted 
down to zero, the bit is reset, stopping the pulses. The ICDU 
Error Counter is loaded by these pulses if bit 6 of channel 12 
is 1. 
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Channel 14 (Continued) 

14 0 Bit set to 1 to cause output pulses to be generated from 
CDUYCMD, cell 000518. Like bit 15. 

13 0 Bit set to 1 to cause output pulses to be generated from 
CDUZCMD, cell 000528. Like bit 15. 

12 0 Bit set to 1 to cause output pulses (at a 3200 pps rate) to 
be generated from CDUTCMD, cell 000538• When cell is counted 
down to O, the bit is reset, stopping the pulses. The RRCDU 
Error Counter is loaded by these pulses if bit 2 of channel 
12 is 1. 

11 0 Bit set to 1 to cause output pulses to be generated from 
CDUSCMD, cell 000548. Like bit 12. 

10 0 Bit set to 1 to specify "gyro activity": it causes the 
pulse train whose magnitude is in cell 000478, GYROCMD, to 
be sent with polarity and destination specified by bits 9-7 
of this channel, if bit 6 of this channel is 1. Bit reset 
after the pulses are sent. 

9 0 1 - Gyro torquing pulses from GYROCMD specify a negative 
torque. 
0 - Gyro torquing pulses from GYROCMD specify a positive 
torque. (Other pulse-type outputs from the computer have the 
polarity indicated br the polarity of the information in the 
counter cell itself.) 

8-7 Bits used to specify the axis for gyro compensation infor­
mation from GYROCMD. Conventional output sequence is inner 
(Y), middle (Z), and outer (X). The settings of bits 8 and 
7 are: 002 for no output; 012 for X-axis gyro; 102 for Y­
axis gyro; 112 for Z-axis gyro. Bits are initially 00. 

6 0 Bit set to 1 to enable the power supply that produces the 
torquing pulses used to torque the gyros. Generally remains 
set after the first gyro torquing operation. 

5 0 Not used in LUMINARY. 

4 0 Bit set to 1 to cause output pulses to be generated from 
cell 000558 (THRUST) for use in controlling the position 
of the descent engine throttle. 
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Channel 14 (Continued) 

3 0 Bit set to 1 to initiate shifting of data from cell 00060g 
(ALTM) to spacecraft indicator for altitude or altitude 
rate information. (See bit 2 of this word.) Bit reset 
to 0 just after start of data shift. 

2 0 Bit set to 1 to indicate that altitude rate information is 
being shifted from cell 000608; if bit is 0 altitude in­
formation is being shifted from cell 00060g. 

1 0 Not used in LUMINARY. 
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Channel 15 

Bits 15-6 have no function. 

Bits 5-1 contain the five-bit binary keycode generated by the 
depression of one of the keys on the DSKY (Display and Keyboard 
Assembly). The depression of any key causes program interrupt 
#5 which reads the keycode immediately, while the key is depressed. 
The release of the key resets channel 15 and resets an interrupt 
trap (#15) to re-enable the interrupt. 

Channel 16 

Bits 15-8, 2 and 1 have no function. 

Bit 7 is set to 1 if an increase in the rate of descent is desired 
by the crew (i.e. a lower thrust). Generated by movin~ a rate-of­
descent switch in the -X direction (towards the engine). 

Bit 6 is set to 1 if a decrease in the rate of descent is desired 
by the crew (i.e. a higher thrust). Generated by moving a rate­
of-descent switch in the +X direction. 

Bits 5-3 are set by depression of the mark reject, Y mark, and X 
mark buttons. The depression of any of these buttons causes program 
interrupt #6 which reads the information on channel 16 immediately 
while the button is depressed. The release of the button resets 
channel 16 and resets interrupt trap #16A to re-enable interrupt #6. 
Bits 5-3 are processed by the 11MARKRUPT11 routine. 

A special capability is programmed into the restart routine to enable 
the astronaut to extricate the LGC from a multiple-restart loop. The 
restart program exits to the fresh start program if it senses that 
the mark reject button and the error reset key (channel 15 code 22g) 
are depressed simultaneously. 

Channel 30 

Bit Meaning (channel 30 is an input or information channel) 

15 1 - Stable Member temperature outside. design limits. 
0 - Stable Member temperature within design limits. 
(Connected direcUy to lamp controlled by bit 4 of channel 11) 

14 1 - IMU power-on switch off; or, IMU power-on switch on and 
IMU in normal operate mode ("turn-on delay complete" discrete 
sent from the LGC)(bit 15 of channel 12). 

44 



Channel 30 (Continued) 

Bit Meaning (Channel 30 is an input or information channel) 

14 0 - IMU power-on switch on and IMU caged, waiting for 
"turn-on delay complete" discrete from the LGC. (The 
discrete from the LGC sets a relay which switches the 
IMU to normal operate mode.) 

13 1 - IMU good. 
0 - IMU fail due to excessive servo errors or degradation 
of 3200 pps or 800 pps supply. (See IMUMON routine.) 

12 1 - ICDU good. 
0 - ICDU fail (due to excessive errors or low voltage). 
(See IMUMON routine.) 

11 1 - IMU not caged by crew switch setting. 
0 - IMU caged by setting of crew switch. (See IMUMON routine.) 

10 1 - SCS control of spacecraft. (Panel switch) 
0 - PGNCS control of spacecraft. 

9 1 - IMU power-on switch switched to off (panel 100). 
0 - IMU power-on switch switched to on. 

8 spare 

7 1 - RRCDU good. 
0 - RRCDU fail (due e.g. to excessive errors or low voltage). 
(See RRCDUCHK routine.) 

6 1 - Display of inertial data from the computer is not desired 
by the crew. 
0 - Display of inertial data from the computer is desired by 
the crew. When the appropriate information has been loaded 
by the program, bit 8 of channel 12 is set to 1. 

5 1 - L3C DPS throttle commands disabled. 
0 - LGC DPS throttle commands enabled. 

4 Bit sensed O is "ABORT STAGE" command. 

3 1 - Engine not armed. 
0 - Engine armed. 

2 1 - Ascent configuration. ( nnt exami ned 
0 - Ascent and descent configuration. 
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Channel 30 (Continued) 

Bit Mia"rling (channel 30 is an input or information channel) 

1 Bit sensed O is "ABORT" command. 

Channel 31 

Bit Meaning (channel 31 is an input or information channel) 

15 1 - RHC (Rotational hand controller) is in detent. 
0 - RHC is displaced from detent. 

14 1 - The ·PGNS Mode Control switch is not set to "Auto". 
0 - The PGNS Mode oontrcil awitch is set to 11 AUTO~, indicating. that 
the LGC ~s compi~te authority for control of the spacecraft. 

13 1 - The PGNS Mode Control switch is net set to "Attitude Hold". 
0 - The PGNS M::>de Conkel switch is set to "Attitude Hold", 
indicating that LGC Dirital Autopilot authority is limited 
to rate damping. 

12 1 - -Z translation not commanded via the THC (Translational 
Hand Controller) • 
0 - -Z translation commanded via the THC, 

11 1 - +z translation not commanded via the THC. 
0 - +Z translation commanded via the THC~ 

10 1 - -Y translation not commanded via the THC. 
0 - -Y translation commanded via the THC~ 

9 1 - +Y translation not commanded via the THC. 
0 - +y translation commanded via the THC. 

8 1 - -X translation not commanded via the THC. 
0 - -X translation commanded via the THC. 

7 1 - +x translation not commanded via the THC. 
0 - +X translation commanded via the THC. 



Channel 31 (Continued) 

Bits 6-1 carry discrete information about the displacement of the 
Rotational Hand Controller (RHC - also denoted by ACA). The bits 
are normally 1 and are set to Oby the RHC to indicate the following 
directions of desired rotation: 

Bit 6 

Desired Rotation -R 

5 

+R 

4 

-P 

Channel 32 

3 

+P 

2 

--Q 

1 

+Q 

Bits 15, 13, 12, and 11 of channel 32 are spares. 

Bit 14 is activated by the "Proceed" key on the DSKY (formerly the 
"Standby" key and still functional as such when program 6 has enabled 
standby). It is normally set (1) and is reset to O only while the 
proceed key is depressed. It is examined every 120 milliseconds by 
the "T4RUPT11 program and functions like a verb 33 except when program 
6 has enabled standby. Proceed is rejected if V21, V22 or V2J on DSKY. 

Bit 10. Bit state of O indicates that the descent engine gimbal 
failure monitor detects an apparent gimbal fail in the pitch or 
roll gimbal trim system. Not used by the LUMINARY program. 

Bit 9 is sensed as O if action is taken by the crew to turn off the 
descent engine gimbal system. This prevents bits 12-9 of channel 12 
from having any effect on the flight and causes the software to 
avoid using the gimbal. 

Bits 8-1 are normally set (1). They are reset by astronaut panel 
switches that disable RCS jets (indicate that they are not functional). 
Each switch disables two jets, one with thrust around the P axis and 
one with thrust around the Q or R axis. The bits disable the following 
jets (see 11RCSMONIT 11 routine): 

Bit Jet Numbers Action (rotation) Quad System Code 

8 10 +v 2 A 2D 
11 -P 2 A 2F 

7 9 -V 2 B 2U 
12 +p 2 B 2S 

6 13 -U 1 A lU 
15 +P 1 A lF 
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Channel 32 (Continued) 

Bit Jet Numbers Action (rotation) Quad System Code 

5 14 +u 1 B 1D 
16 -P 1. B lS 

4 6 -U 3 B JD 
7 +P 3 B JF 

3 1 +v 4 B 4U 
3 -P 4 B 4F 

2 5 +u 3 A JU 
8 -P 3 A JS 

1 2 -V 4 A 4D 
4 +p 4 A 4S 

Channel 33 

Bit Meaning (channel 33 is an input or information channel) 

15 1 - Computer oscillator operating; reset to 1 by channel load 
instruction. 
0 - Computer oscillator failure; flip-flop that can be set : 
by a power transient momentarily interrupting the oscillator. 
Not sensed by the LUMINARY program. 

14 Flip-flop sensed as 0 if a "computer warning" indication has 
been produced (e.g. multiple restarts, counter fail, voltage 
fail in standby, or alarm test by bit 10 of channel 13). 
Reset to 1 by channel load instruction. Not sensed by 
LUMINARY program. 

13 Flip-flop input sensed as 0 if a PIPA fail indication generated 
by the PIPA (accelerometer) electronics. Reset to 1 by channel 
load instruction. 

12 Flip-flop input sensed as 0 if a telemetry end pulse occurs 
too soon after the previous pulse (faster than 100 pps). 
Reset to 1 by channel load instruction. 

11 Flip-flop input sensed as 0 if an input bit to cell 000458 
(INLINK) is rejected due to an excessive bit rate (faster than 
6400 pps). Reset to 1 by channel load instruction. 

10 Not examined by the LUMINARY program. 

9 1 - Landing radar high scale. 
0 - Landing radar low scale. 
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Channel 33 (Continued) 

Bit Meaning (channel 33 is an input or information channel) 

8 1 - At least one of the three LR velocity trackers not locked 
on. 
0 - Landing radar velocity data good. 

7 1 - Landing radar not in position 2. 
0 - Landing radar in position 2. 

6 1 - Landing radar not in position 1. 
0 - Landing radar in position 1. 

5 1 - LR range tracker or rear velocity-beam tracker (2) not 
locked on. 
0 - Landing radar range (altitude) data good. 

4 1 - RR range tracker and frequency tracker not both locked on. 
0 - RR range and range rate data good. 

3 l - Rendezvous radar range high scale. 
0 - Rendezvous radar range low scale. 

2 1 - RR power off or RR mode switch not in the 11 LGC 11 position. 
0 - RR on and under LGC control; can be positioned via cells 
538-548• 

1 spare 

Channel 77 

Channel 77 is a new I/0 channel which has been added to the hardware in 
order to determine the source of hardware restarts. The individual bit 
assignments are as follows. 

Bit 

15-10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Restart (and/or AGC warning) Cause 

Spare 
Scalar double freq. 
Scalar fail 
Counter fail 
Voltage fail 
Nightwatchman 
Ruptlock 
TC Trap 
E-memory parity fail 
E or F-memory parity fail 
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FLAGWRD0 

Bit and initial value (fresh start) 

Mnemonic Meaning when 1 and 0 

15 ( 0) NEED2FLG 1 - Error needles driven with LGC DAP computed 
bo<ly rates 

0 - Error needles driven with attitude errors 

14 ( 0) JSWITCH 1 - Integration of W-matrix 
0 - Integration of state vector 

13 ( 0) MIDFIAG 1 - Integration with secondary body and solar 
perturbations (should remain zero in LUMINARY ) 
0 - Integration without solar perturbations 

12 ( 0) M00NFLAG 1 - In the sphere of influence of the moon 
0 - In the sphere of influence of the earth 

11 (0) P21FLAG 1 - Use base vectors already calculated 
0 - 1st pass -- calculate base vectors 

10 (0) FSPASFLG 1 - Allow alarm 526/1st pass R21 repositioning 
0 - Do not allow alarm 526/ not 1st pass repositioning 

9 (0} P25FLAG 1 - P25 in operation (preferred tracking attitude) 
0 - P25 not in operation 

8 (0) !MUSE 1 - IMO in use (being switched, torqued or aligned) 
0 - IMO not in use 

7 (0) RNDVZFLG 1 - P20 or P22 has been enabled . 
0 - P20 or P22 has not been enabled 

6 (0) RRNBSW 1 - RRTARGET in navigation base coordinates 
0 - RRTARGET in stable member coordinates 

5 (0) L0K0NSW 1 - Radar lock-on desired 
0 - Radar lock-on not desired 

4 (0) NEEDLFLG 1 - Display total attitude error 
0 - DAP following error displayed 

3 (0) FREEFLAG A temporary flag used for utility purposes in 
many routines by P51 and P52; by lunar and solar 
ephemerides. 

2 ( 0) Rl0FIAG 1 - Rl0 outputs data to altitude and altitude rate 
meters only 
0 - Output of 1 condition plus forward and lateral 
velocity on cross pointers 

50 



FLAGWRDO (Continued) 

Bit and initial value (fresh start) 

Mnemonic 

1 (0) P66PROFL 

Meaning when 1 and 0 

1 -ao PROCEED while in P66 has been done 

0 -A PROCEED while in P66 has been done (continue 

P66 horizontal velocity nulling) 
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FLAGWRDl 

Bit and initial value (fresh start) 

Mnemonic Meaning when 1 and 0 

15 (0) NJETSFLG 1 - Two jet RCS burn 
0 - Four jet RCS burn 

14 (0) DIDFLAG 1 - Inertial data is available 
0 - Perform data display initialization functions 

13 (0) ERADFLAG 1 - Compute earth radius for Fischer ellipsoid; 
use stored moon radius (never set in LUMINARY) 
0 - Compute moon radius; use stored earth radius 
(pad radius) (in latitude-longitude routines) 

i2 (0) RODFLAG 

I 11 ( 0) NOTERFLG 

10 (0) R61FLAG 

9 (0) spare 

8 ( O) VEHUPFLG 

7 (0) UPDATFLG 

6 (0) NOUPFLAG 

5 ( 0) TRACKFLG 

4 (0) spare 

3 ( O) SLOPESW 

2 ( 0) GllESSW 

1- If in P66, normal operation continues. Restart 
clears flag 
0 - If in P66, reinitialization is performed and 
flag is set 

1 - LR terrain model inhibited 
0 - LR terrain model permitted 

1 - R61 (preferred tracking attitude routine) IEM 
to be operated 
0 - R65 (fine preferred tracking attitude routine) 
LEM to be operated 

1 - Update CSM state vector 
0 - Update LM state vector 

1 - State vector updates from tracking allowed 
0 - Updates from tracking not allowed 

1 - Neither CSM nor IEM state vector may be updated 
0 - Either CSM or IEM state vector may be updated 

1 - Tracking allowed 
0 - Tracking not allowed 

1 - Iteration with bias method 
0 - Iteration with Regula Falsi method 

1 - No starting value for iteration 
0 - Starting value for iteration exists 
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FLAGWR.Dl (Continued) 

Bit and initial value (fresh start) 

Mnemonic 

1 (0) Spare 

Meaning when 1 and 0 
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FLAGWRD2 

Bit and initial value (fresh start) 

Mnemonic Meaning when 1 and 0 

15 (0) DRIFTFLG 1 - TJRUPT cills gyro compensation 
0 - TJRUPT does no gyro compensation 

14 (0) SRCH0PTN 1 - Radar in automatic search option (R24) 
0 - Radar not in automatic search option 

13 (0) ACM0DFLG 1 - Manual acquisition by rendezvous radar 
Q - Auto acquisition by rendezvous radar 

12 (0) L0SCMFLG 1 - Line-of-sight is being computed (R21) 
0 - Line-of-sight not being computed 

11 (0) STEER.SW 1 - Powered flight 
thrust) 

steering enabled (sufficient 

0 - Powered flight steering off (insufficient 
thrust) 

10 (0) spare 

9 (0) IMPULSW 1 - Minimum impulse burn (cut-off time specified) 
0 - Steering burn (no cut-off time yet available) 

8 (0) XDELVFLG 1 - External delta-V VG computation 
0 - Lambert (aimpoint) VG computation 

7 (0) ETPIFLAG 1 - Elevation angle supplied for P34, P74 
0 - TPI time supplied for P34, P74 to compute 
elevation angle 

6 (0) FINALFLG 1 - Last pass through rendezvous program computations 
0 - Interim pass through rendezvous program compu-
tations 

5 (0) AVFLAG 1 - LEM is active vehicle 
0 - CSM is active vehicle 

4 (0) PFRATFLG 1 - Preferred attitude computed 
0 - Preferred attitude not computed 
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FLAGWRD2 (Continued) 

Bit and initial value (fresh start) 

Mnemonic Meaning when 1 and 0 

J ( 0) CALCMANJ 1 - No final roll 
0 - Final roll is necessary 

2 (0) CALCMAN2 1 - Perform maneuver starting procedure 
0 - Bypass starting procedure 

1 (0) N0D0FLAG 1 - VJ? not permitted (do not allow a major 
mode change) 
0 - VJ? permitted (major mode change enabled) 
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FLAGWRDJ 

Bit and initial value (fresh start) 

Mnemonic 

15 ( 0 ) P00HFLAG 

14 (0) GLOKFAIL 

13 REFSMFLG 

12 (0) LUNAFLAG 

I 11 NODOP07 

10 (0) VFLAG 

I 
9 (0) R04FLAG 

8 (0) PRECIFLG 

7 (0) CULTFLAG 

6 (0) ORBWFLAG 

5 (0) STATEFLG 

4 (0) INTYPFLG 

Meaning when 1 and 0 

1 - P00 integration 10 minute checks are running 
0 - P00 integration 10 minute checks disabled 

1 - Calculated middle gimbal angle exceeds 60° 
0 - Checked and reset in IMU performance tests, also 
res,-t in ROO. 

1 - Reference to stable member matrix valid 
(protected from fresh start) 
0 - Transformation matrix not valid 

1 - Lunar latitude-longitude conversion 
o~- Earth latitude-longitude conversion 

1 - LGC configured for post-lift-off (protected 
from fresh start) 

0 - LGC configured for pre-lift-off 

1 - No star pair found during R56 . 
0 - Star pair found during R56 

1 - R04 has been requested 
0 - R04 not requested 

1 - Normal integration in P00 
0 - Engages 4-time step (POO) logic in integration 

1 - Star occulted 
0 - Star not occulted 

1 - W matrix valid for orbital navigation (never 
set in LUMINARY) 
0 - W matrix invalid for orbital navigation 

1 - Result of integration stored in permanent state 
0 - Result of integration not to be stored in per­
manent state 

1 - Conic integration 
0 - Encke integration (precision) 
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FLAGWRD3 (Continued) 

Bit and initial value (fresh start) 

Mnemonic Meaning when 1 and 0 

3 (0) VINTFLAG 1 - CSM state vector integration 
0 - LM state vector integration 

2 (0) D60R9FLG 1 - W matrix considered 9-dimensional for integration 
0 - W matrix considered 6-dimensional for integration 

1 (0) DIM0FLAG 1 - W matrix is to be used 
0 - W matrix is not to be used 
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FLAGWRD4 

Bit and initial value (fresh start) 

Mnemonic 

15 (0) MRKIDFLG 

14 (0) PRI0DFLG 

1.3 (0) NRMIDFLG 

12 (0) PDSPFLAG 

11 (0) MWAITFLG 

10 (0) NWAITFLG 

9 (0) MR.KNVFLG 

8 ( 0) NRMNVFLG 

7 ( 0) PR0NVFLG 

6 (0) PINBRFLG 

5 ( 0) MRUPTFLG 

4 (0) NRUPTFLG 

Meaning when 1 and 0 

1 - Mark display awaiting astronaut response 
0 - Mark display not awaiting astronaut response 

1 - Priority display awaiting astronaut response 
0 - Priority display not awaiting ast_ronaut response 

1 - Normal display awaiting astronaut response 
0 - Normal display not awaiting astronaut response 

1 - Make normal display priority (set by P20 
for R60 display) 
0 - Do not make normal display priority 

1 - Higher priority display operating when mark 
display initiated; it's asleep and waiting 
0 - Mark display not asleep because it's· waiting 
for higher priority display to be completed 

1 - Higher priority display operating when normal 
display initiated 
0 - If normal display is asleep, it's not because 
another display was operating when it started 

1 - Mark display awaiting key release 
0 - Mark display not awaiting key release 

1 - Normal display awaiting key release 
0 - Normal display not awaiting key release 

1 - Priority display awaiting key release 
0 - Priority display not awaiting key release 

1 - Astronaut has interferred with existing display 
0 - Astronaut has not interferred with display 

1 - Mark display interrupted by priority display 
0 - Mark display not interrupted by priority display 

1 - Normal display interrupted 
0 - Normal display not interrupted 



FLAGWRD4 (Continued) 

Bit and initial value (fresh start) 

Mnemonic 

3 (0) MKOVFLAG 

2 (0) spare 

1 (0) XDSPFLAG 

Meaning when 1 and 0 

1 - Mark display interrupting normal 
0 - Priority display interrupting mark or normal 

1 - Mark (extended verb) display not to be 
interrupted 
0 - Mark display may be interrupted 
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FLAGWRD5 

Bit and initial value (fresh start) 

Mnemonic 

15 (0) DSKYFLAG 

14 (0) spare 

1.3 ( 0) SNUFFER. 

12 (0) NOTHR.OTL 

11 (0) R77FLAG 

10 (0) RNGSCFLG 

9 ( 0) DMENFLG 

8 ( 0) ZOOMFLAG 

7 ( 0) ENGONFLG 

6 (0) JAXISFLG 

5 ( O) AORBSl"I.G 

4 (0) NORRM0N 

3 (0) SOLNSW 

Meaning when 1 and 0 

1 - Displays sent to DSKY 
0 - No displays to DSKY 

1 - U, V jets disabled during DPS burns (V65) 
0 - U, V jets enabled during DPS burns (V75) 

1 - Inhibit full throttle 
0 - Fermi t full throttle 

1 - R77 is operating, suppress all radar alarms and 
tracker fails 
0 - R77 is not operating 

1 - Scale change has occurred during RR reading 
0 - Scale was the same before the reading and after 

1 - Measurement incorporation using 9x9 W-matrix 
0 - Measurement incorporation using 6x6 W-matrix 

1 - P63 throttle-up has occurred 
0 - P63 throttle-up has not occurred 

1 - Engine turned on ( commanded on) 
0 - Engine turned off (APS or DPS) 

1 - Maneuver specified by three axes 
0 - Maneuver specified by one axis; R60 calls 
11 VECP0INT11 

1 - Jets 7,15,8, and 16 used for P-axis control 
0 - Jets 4,12,3, and 11 used for P-axis control 
1 - Bypass RR gimbal monitor 
0 - Perform RR gimbal monitor 

1 - Lambert does not converge; Time-radius routine 
cannot solve because of near-circular orbit 
0 - Lambert or Time-radius problem soluble 
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FLAGWRD5 (Continued) 

Bit and initial value (fresh start) 

Mnemonic Meaning when 1 and 0 

2 (0) MGLVFLAG 1 - Local vertical coordinates computed 
0 - Middle gimbal angle computed 

1 (0) RENDWFLG 1 - W-matrix valid for rendezvous navigation 
0 - W-matrix not valid for rendezvous navigation 
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FLAGWRD6 

Bit and initial value (fresh start) 

Mnemonic 

15 (0) S32.lFl 

14 (0) S32.1F2 

13 (0) S32.1F3A 

12 (0) S32.1F3B 

11 (0) spare 

10 (0) GMBDRVSW 

9 (0) spare 

8 (0) MUNFLAG 

7 (0) spare 

6 (0) REDFLAG 

5 (0) spare 

4 (0) spare 

3 (0) NTARGFLG 

2 (0) AUXFLAG 

Meaning when 1 and 0 

1 - ~LVEETl exceeds the maximum allowable 
0 - gELVEETl within maximum bound 

1 - First pass of OSI iteration 
0 - Reiteration 

See TRGX section 

See TRGX section. 

1 - Initial positioning of DPS pitch or roll gimbal 
complete. 
0 -t Initial positioning of DPS pitch or roll gimbal 
no complete. 

1 - Lunar Landing Average-g navigation(P12, 63, 64, 
P66, 70 and 71) 
0 - Orbital Average-g navigation (P40, 41, 42 and 47) 

1 - Landing site redesignation permitted 
0 - Landing site redesignation not permitted 

1 - Astronaut did overwrite delta (See 11 s34/35.5 11 ) 

0 - Astronaut did not overwrite delta 

1 - Providing IDLEFLAG is not set, SERVICER will 
exercise DVMON on its next pass 
0 - SERVICER will skip DVMON on its next pass, even 
if the IDLEFLAG is not set. It will then set 
AUXFLAG 
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FLAGWRD6 (Continued) 

Bit and initial value (fresh start) 

Mnemonic 

1 (0) ATTFLAG 

Meaning when 1 and 0 

1 - LM attitude exists in moon-fixed coordinates 
0 - No LM attitude available in moon-fixed 
coordinates 
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FLAGWRD7 

Bit and initial value (fresh start) 

Mnemonic 

15 (0) ITSWICH 

14 (0) spare 

13 (0) IGNFLAG 

12 (0) ASTNFLAG 

11 (0) SWANDISP 

10 (0) N0RMSW 

9 (0) RVSW 

8 (0) V67FLAG 

7 (1) IDLEFLAG 

6 (0) V37FLAG 

5 (0) AVEGFLAG 

4 (0) UPL0CKFL 

3 ( 0) VERIFLAG 

2 (0) V82EMFLG 

Meaning when 1 and 0 

1 - Test Lambert answer against limits 
0 - Accept next Lambert TPI search solution 

1 - Ignition time has arrived 
0 - Ignition time has not yet arrived 

1 - Astronaut has okayed ignition 
0 - Astronaut has not okayed ignition 

1 - Landing analog displays enabled 
0 - Landing analog displays suppressed 

1 - Unit normal input to Lambert 
0 - Lambert computes its own unit normal 

1 - Do not compute final state vector in Time­
Theta 
0 - Compute final state vector in Time-Theta 

1 - Astronaut changing W-matrix initialization 
values 
0 - Astronaut not changing values 

1 - Disable Delta-V monitor 
0 - Enable Delta-V monitor 

1 - Servicer running 
0 - Servicer not running 

1 - Average-G desired 
0 - Average-G not desired 

1 - K, K-bar, K fail 
0 - No KKK fail since last error reset 

Inverted whenever P27 is ended with a verb 33 

1 - Moon vicinity 
0 - Earth vicinity 
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FLAGWRD7 (Continued) 

Bit and initial value (fresh start) 

Mnemonic 

1 (0) TFFSW 

Meaning when 1 and 0 

1 - Calculate time to perigee 
0 - Calculate TFF 
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FLAGWRD8 

Bit and initial value (fresh start) 

Mnemonic 

15 (0) RPQFLAG 

14 (0) spare 

13 (0) NEWIFLG 

12 CMOONFLG 

11 LMOONFLG 

10 (0) FLUNDISP 

9 (0) spare 

8 SURFFLAG 

7 (0) INFINFLG 

6 ( 0) ORDER.SW 

5 (0) APSESW 

4 (0) COGAFLAG 

Meaning when 1 and 0 

1 - Position vector of secondary body not 
calculated 
0 - Position vector of secondary body calculated 

1 - First pass through integration 
0 - Succeeding iteration of integration 

1 - Permanent CSM state in lunar sphere of influence 
0 - Permanent CSM state in earth's sphere (protected 
from fresh start) 

1 - Permanent LM state in lunar sphere of influence 
0 - Permanent LM state in earth's sphere (protected 
from fresh start) 

1 - Current guidance displays inhibited 
0 - Current guidance displays permitted 

1 - LM on lunar surf ace 
0 - LM not on lunar surface (protected from fresh 
start) 

1 - Closure through infinity required in conic 
solution 
0 - Closure through infinity not required 

1 - Iterator uses second order minimum mode (not set in 
0 - Iterator uses first order standard mode Luminary) 

1 - Orbit does not intersect RDESIRED (Time-Radius) 
0 - Orbit does intersect REDESIRED 

1 - No conic solution; close to rectilinear 
0 - Orbit is not too close to rectilinear 
for solution 



FLAGWRD8 (Continued) 

Bit and initial value (fresh start) 

Mnemonic 

3 (0) spare 

2 (0) INITALGN 

1 (0) 360SW 

Meaning when 1 and 0 

1 - Initial pass through P57 
0 - Second pass through P57 

1 - Transfer angle near 360 degrees 
0 - Transfer angle not near 360 degrees 
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FLAGWRD9 

Bit and initial value (fresh start) 

Mnemonic 

15 (0) spare 

14 (0) FLVR 

13 (0) P7071FLG 

12 (0) FLPC 

11 (0) FLPI 

10 (0) FLRCS 

9 (0) LETABORT 

8 (0) FLAP 

7 (0) ABTTGFLG 

6 (0) R0T!'LAG 

5 (0) QUITFLAG 

4 (0) spare 

.3 ( 0) MIDlFIAG 

2 (0) MIDAVFLG 

1 (0) AVEMIDSW 

Meaning when 1 and 0 

1 - Vertical rise (ascent guidance) 

0 - Non-vertical rise 

1 - P70 or P71 using ascent guidance 
0 - P12 using ascent guidance 

1 - No position control (ascent guidance) 
0 - Position control 

1 - Pre-ignition phase (ascent guidance) 
0 - Regular guidance 

1 - RCS injection mode (ascent guidance) 
0 - Main engine mode 

1 - Abort programs are enabled 
0 - Abort programs are not enabled 

1 - APS continued abort after DPS staging (ascent 
guidance) 
O - APS abort is not a continuation 

1 - Abort targeting to use J2,K2 
0 - Abort targeting to use J1,K1 

1 - 'P70 and P71 will force vehicle rotation in 
the preferred direction 

0 - P70 and P71 will not force vehicle rotation 
in the preferred direction 

1 - Discontinue orbital integration 
0 - Continue integration 

1 - Integrate to TDEC 
0 - Integrate to TIMEN0W 

1 - Integration entered from one of the drifting 
flight to powered flight handover routines 
0 - Integration not entered as above 

1 - AVETOMID calling for W-matrix integration; 
do not write over RN, Y.N, PIPTIME 
0 - AVETOMID without W-matrix integration; allow 
set up of ~, ~, PIPTIME 
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FLGWRDl0 

Bit and initial value (fresh start) 

Mnemonic Meaning when 1 and 0 

15 (0) spare 

14 (0) INTFLAG 1 - Integration in progress 
0 - Integration not in progress 

13 APSFLAG 1 - Ascent stage (protected from 
0 - Descent stage fresh start) 

12 (0) spare 

11 (0) spare 

10 ( 0) spare 

9 (0) spare 

8 (0) spare 

7 (0) REINTFLG 1 - Integration rout ine to be restarted 
0 - Integration routine not to be restarted 

6 (0) spare 

5 (0) spare 

4 ( 0) spare 

3 (0) spare 

2 (0) spare 

1 (0) spare 
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FLGWRDll 

Bit and initial value (fresh start) 

Mnemonic 

~,5 . (1) . LRBYPASS . 

14 {O) VFAILFLG 

13 ( 0) HF AILFLG 

12 (0) VXINH 

11 (0) PSTHIGAT 

10 (0) N0LRREAD 

9 (0) X0RFLG 

8 (0) LRINH 

7 (0) VELDATA 

6 (0) Spare 

5 (0) Spare 

4 ( 0) RNGEDATA 

3 (0) Rl2RDFLG 

2 ( 0) VFLSHFLG 

Meaning when 1 and 0 

1 - Bypass all landing radar updates 
0 - Do not bypass 

1 - LR VEL reasonaoility test failed 
0 - LR VEL reasonability test okay 
1 - LR ALT reasonability test failed 
0 - LR ALT reasonability test okay 

1 - If Z velocity data unreasonable, bypass 
X velocity update on next pass 
0 - Update X-axis velocity 

1 - Past higa te 
0 - Prehiga te 

1 - Landing radar reposition; bypass update 
0 - Landing radar not repositioning 

1 - Below limit inhibit X-axis override 
0 - Above limit do not inhibit 

1 - Landing radar updates permitted by astronaut 
0 - Landing radar updates inhibited by astronaut 

1 - Landing radar velocity measurement made 
0 - Landing radar velocity measurement not made 

1 - Landing radar altitude measurement made 
0 - Landing radar altitude measurement not made 

1 - Wait until all velocity reads done before Rl2 
processing 

0 - Allow Rl2 processing of velocity data 

1 - Landing radar velocity fail lamp should be 
flashing 
0 - Landing radar velocity fail lamp should not 
be flashing 
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FLGWRDll (Continued) 

Bit and initial value (fresh start) 

Mnemonic 

1 ( 0 ) HFLSHFLG 

Meaning when 1 and 0 

1 - Landing radar altitude fail lamp should be 
flashing 
0 - Landing radar altitude fail lamp should not 
be flashing 
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D.APBO:::>LS 

Bit and initial value (fresh startl 

Mnemonic 

15 ( 0) PULSES 

14 (1) USEQRJTS 

13 ( 0) CSMDOCKD 

12 (0) OURRCBIT 

11 (0) ACC40R2X 

10 (1) AORBTRAN 

9 (0) XOVINHIB 

8 (1) DRIFTBIT 

7 (1) RHCSCALE 

6 (0) ULLAGER 

5 ( 1) DBSLECT2 

4 (0) D:aSELECT 

N46 Digit 
"D" Load 

0 
1 
2 
3: 

3 (0) ACCSOKAY 

2 (1) AUI'RATE2 
1 (O) AurRATEl 

Meaning when 1 and O 

1 - Minimum impulse command mode 
0 - Not minimum impulse 

1 - Use of gimbal not allowed 
0 - Gimbal may be used 

1 - CSM attached to LM 
0 - CSM not attached 

1 - Still in rate command mode 
0 - Not in rate comm.and mode 

1 - 4-jet P-axis translation 
0 - 2-jet P-axis translation 

1 - X translation B system 
0 - X translation A system 

1 - LPD phase; X-axis override disabled 
0 - Not in Landing Point Designation Phase 

1 - Assume that offset acceleration is zero 
0 - Offset acceleration likely 

1 - Normal RHC scaling 
0 - Fine RHC scaling 

1 - Internal ullage request 
0 •- No program ullage request 

DAP 
Deadband 

+0.3° 
+1.0° 
±5.0° 
±5.0° 

~ 

0 
0 
1 
1 

BIT 4 
0 
1 
0 
1 

1 - Computed accelerations probably correct 
0 - Computed accelerations probably incorrect 

Used together to determine index ( RATEINDX) 
which is used to select attitude maneuver rate 
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DAPB00LS (Continued 

Mnemonic Meanigg_when 1 and 0 

0J2 0.2 degrees/second 
012 0. 5 degrees/sec,)nd 
102 2.0 degrees/second 
112 10.0 degrees/second 
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RADM0DES 

Bit and initial value (fresh start) 

Mnemonic 

15 (0) CDESFLAG 

14 (0) REM0DFLG 

13 (0) RCDU0FLG 

12 ( 0) ANI'ENFI.G 

11 (0) REP0SM0N 

10 (0) DESIGFLG 

9 (0) ALTSCALE 

8 ( 0) LRVELFLG 

7 (1) RCDUFAIL 

6 * LRP0SFLG 

5 ( 0) LRALTFI.G 

4 (0) RRDATAFL 

3 ( 0) RRRSFLAG 

2 (1) AUT0M0DE 

1 ( 0) TURN0NFL 

Meaning when 1 and 0 

1 - LGC sends continuous designate commands to RR 
0 - LGC checks for lock-on when designating 

1 - Remode of RR antenna is required 
0 - No remode of RR antenna 

1 - RR CDU's are being zeroed 
0 •- RR CDU' s are not being zeroed 

1 - RR antenna is in mode 2 
0 RR antenna is in mode 1 

1 - R~ antenna reposition taking place 
0 - No RR antenna reposition taking place 

1 - RR antenna designation taking place 
0 - No RR antenna designation taking place 

1 - LR altitude reading on high scale 
0 - LR altitude reading on low scale 

1 - LR velocity data fail 
0 - LR velocity data good 

1 - RR CDU fail has not occurred 
0 - RR CDU fail has occurred 

1 - LR antenna command to position #2 
0 - LR antenna in position #1 
* - State of B6 CHJJ 

1 - LR altitude data fail 
0 - LR altitude data good 

1 - RR data fail 
0 - RR data good 

1 - RR range data on high scale 
0 - RR range data on low scale 

1 - RR not in automatic mode 
0 - RR is in automatic mo1e 

1 - RR turn-on sequence in progress 
0 No RR turn-on sequence in progress 
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List of References to Flagwords and Channels 

The following is a listing of some of the routines in which the 
majority of the discrete bits of information are set, reset, and 
tested. Input channels can only be tested (though some flip-flops 
are automatically reset when tested, they will be set again imme­
diately if the relevant hardware signal is still present). Output 
channels are usually just set and reset, but they can also be tested 
to assure that they are configured as required. Flagwords are set, 
reset, and tested by the programs. References refer to this document, 
not to the listing. 

This list tries to include all references to each bit , but since 
flagwords and channels can be addressed in many different ways in 
the LGC program, there is no way to assure that all references are 
included here. (In some cases references are deliberately left out 
because the bit does not affect the material presented in this docu­
ment.) 

Channel 5 

Bit Routines 

8 1 - WRITEU 
0 - DOFSTRTl WRITEU MQREIDLE 
test - TRYGTS 

7 1 - WlUTEU 
0 - DQFSTRTl WRITEU MQREIDLE 
test - TRYGTS 

6 1 - WRITEV 
0 - DQFSTRTl WRITEV MOREIDLE 
test - TRYGTS 

5 1 - WRITEV 
0 - DOFSTRTl WRITEV MOREIDLE 
test - TRYGTS 

4 1 - WRITEU 
0 - DOFSTRTl WRITEU MOREIDLE 
test - TRYGTS 

3 1 - WRITEU 
0 - DOFSTRTl WRITEU MOREIDLE 
test - TRYGTS 
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Bit Routines 

2 1 - WRITEV 
0 - DOFSTRTl WRITEV MOREIDLE 
test - TRYGTS 

1 1 - WRITEV 
0 - DOFSTRTl WRITEV MOREIDLE 
test - TRYGTS 

Channel 6 

8 1 - WRITEP 
0 - WRITEP MOREIDLE DOFSTRTl 
test 

7 1 - WRITEP 
0 - DOFSTRTl MOREIDLE WRITEP 
test 

6 1 - WRITEP 
0 - DOFSTRTl MOREIDLE WRITEP 
test 

5 1 - WRITEP 
0 - DOFSTRTl MOREIDLE WRITEP 
test 

4 1 - WRITEP 
0 - DOFSTRTl MOREIDLE WRITEP 
test 

3 1 - WRITEP 
0 - DOFSTRTl MOREIDLE WRITEP 
test 

2 1 - WRITEP 
0 - DOFSTRTl MOREIDLE WRITEP 
test 

1 1 - WRITEP 
0 - DOFSTRTl MOREIDLE WRITEP 
test 

Channel 11 

14 1 - DOFSTART IMUMON ENGINOF3 GOPROG 
0 - IGNITION ABRTJASK 
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Bit Routines 

13 1 - IGNITION GOPROG ABRTJASK 
0 - IMUMON ENGINOFJ DOFSTART 

10 1 - ERROR 
0 - STARTSB2 DOFSTART 

9 1 - READACCS 
0 - STARTSB2 AVGEND DOFSTART 

7 1 - VJ? VBTSTLTS DSPALARM ALMCYCLE CHARALRM UPERROlIT UPEND70 
P20LEMB7 ALM/END V7JUPDAT UPEND73 ABORTALM 

0 - STARTSB2 ERROR TSTLTSJ DOFSTART 

6 1 - FLASHSUB TESTNN VBTSTLTS REQDATZ REQMM 
0 - NV50DSP STARTSB2 TSTLTSJ BLANKDSP ENTER GOLOADLV VBRESEQ DOFSTART 

5 1 - CHARIN NV50DSP MONDO VBTSTLTS 
0 - STARTSB2 WITCHONE RELDSP RELDSPl DOFSTART 

4 1 - IMUMON VBTSTLTS 
0 - IMUMON STARTSB2 TSTLTSJ DOFSTART 

3 1 - UPRUPT VBTSTLTS 
0 - STARTSB2 TSTLTSJ V73UPDAT UPOUT4 ERROR VBRELDSP DOFSTART 

2 1 - ADVAN 
0 - STARTSB2 DUMMYJB2 DOFSTART 

1 1 - SETISSW VBTSTLTS 

15 

114 

13 

0 - SETISSW TSTLTSJ DOFSTART 
test - ENDIMU 

Channel 12 

1 - ENDTNON 
0 - STARTSB2 UNZ2 CAGESUB DOFSTRTl 
test - IMUMON 

1 - R23LEM LRS24.l R04X DODES 
0 - R21LEM TRMTRACK RRGIMON STDESIG R04END P63LM 

DOFSTRTl 
test - R22LEM 

1 - LRPOS2 
0 - STARTSB2 LRPOSCAN DOFSTRTl 
test -
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Bit Routines 

12 1 - ACDT+c12 TRIMGIMB 
0 - ACDT+c12 TRIMGIMB SUPERJOB MOREIDLE DOFSTRT1 NEGUSUM 
test - SPSCONT 

11-9 same as bit 12, bit 10 reset to O 
by PITCHOFF 

8 1 - LANDISP 
0 - STARTSB2 IMUMON DISPRSET DOFSTRT1 

6 1 - NEEDLER COARS IMUATTCK GOPROG CA+ECE DOFSI'RT1 
0 - NEEDLER IMUMON CAGESUB SETCOARS IMUZERO DOFSTRT1 
test - NEEDLER 

5 1 - IMUZERO ISSZERO CAGESUB 
0 - IMUMON UNZ2 IMUZER02 IMUFINE DOFSTRT1 
test - IMUATTCK 

4 1 - SETCOARS CAGESUB GOPROG DOFSTRT1 
0 - IMUMON UNZ2 IMUZERO IMUFINE DOFSTRT1 
test - TNONTEST GLOCKMON IFAILOK IMUATTCK SETCOARS 8192AUG 

TSTLTS3 

2 1 - SETRRECR INTLZE 
0 - STARTSB2 RRAUTCHK RRGIMON DORREPOS TRMTRACK STDESIG RESET22 

IMUMON R2/+END R24LEM3 RRDESDUN RRDESEND POOH RR1AX2 RRDESNB 
DOFSTRT1 PROG20A R21I.EM9 DISPRSET VBCOARK 

test - SETRRECR SPEEDRUN 

1 1 - RRZEROSB N ORRGMON 
0 - STARTSB2 RRZEROSB DOFSTRT1 

Channel 13 

15 1 - JTLST T6JOBCHK 
0 - STARTSB1 DOFSTRT1 

14 1 - none 
0 - DOFSTRT1 

13 1 - none 
0 - DOFSTRT1 

12 1 - REDESMON STARTP64 STARTSB2 
0 - DOFSTRT1 
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I 

I 

Bit Routines 

11 1 - P06 
0 - POSTAND STARTSB2 DOFSTRTl 

10 1 - VBTSTLTS 
0 - ERROR TSTLTSJ STARTSB2 DOFSTRTl 

9 1 - ZEROENBL 
0 - STARTSB2 DOFSTRTl 

8 1 - ZEROENBL 
0 - STARTSB2 DOFSTRTl 

7 1 - DODOWNTM 
O - DOFSTRT1 WOZERO 
test - DODOWNTM 

6-5 not set in LUMINARY 

4 

3 

2 

1 - RADSTART 
0 - PRERADAR STARTSB2 DOFS'l'RTl 
test - C1JSTALL .-
1 - RADSTART 
0 - PRERADAR STARTSB2 DOFSTRTl READVEL 
test - RADAREAD 

1 - RADST.ART 

l 0 - PRERADAR STARTSB2 DOFSTRTl READVEL 
test - RADAREAD 

1 1 - RADSTART 
0 - PRERADAR STARTSB2 DOFSTRTl READVEL 
test - RADAREAD 

Channel 14 

15 1 - COARS2 ATTCK2 NEEDLES 
0 - DOFSTRT1 IMUMON STARTSB2 

14 1 - COARS2 ATTCK2 NEEDLES 
0 - DOFSTRT1 IMUMON STARTSB2 

13 1 - COARS2 ATTCK2 NEEDLES 
0 - DOFSTRT1 IMUMON STARTSB2 -

12 1 - RROUT SPEEDRUN 
0 - DOFSTRT1 IMUMON STARTSB2 
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I 

Bit Routines 

11 1 - RROUT SPEEDRUN 
0 - IMUMON STARTSB2 DOFSTRTl 

10 1 - GYROEXIT 'IWOPUI.SE 
0 - STRTGYRO IMUMON SETCOARS STARTSB2 DOFSTRTl 

9 1 - STRTGYR2 TWOPUI.SE 
0 - STRTGYRO IMUMON STARTSB2 DOFSTRTl TWOPULSE 

8 1 - STRTGYR2 
0 - STRTGYRO IMUMON STARTSB2 DOFSTRTl 

7 1 - STRTGYR2 
0 - STRTGYRO IMUMON STARTSB2 DOFSTRTl 

6 1 - IMUPUI.SE 
0 - IMUMON DOFSTRTl 

4 1 - GOPROG DOIT P40ZOOM THRCYl'UP ENGINOFJ 
0 - STARTSB2 DOFSTRTl 

3 1 - ALTROUTl ALTOUT1 
0 - DOFSTRTl 

2 1 - ALTROUTl 
0 - ALTOUTl STARTSB2 DOFSTRTl 

Channel 15 

Tested in routines KEYRUPTl and LIGHTSET 

7 DESCBITS MARKRUPT 

6 MARKRUPT 

5 LIGHTSET MARKRUPT 

4 MARKRUPT 

.3 MARKRUPT 

Channel 16 
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I 

Channel 30 

Bit Routines in which bit is tested 

Bits 15-11 are tested only in IMUMON 

10 P40AUTO REDOMANC R61C+L02 FINDCDUW CHEKBITS 

9 IMUMON 

7 RRCDUCHK 

6 SPEEDRUN 

5 P40AUTO RDDCOMP 

4 R10,R11 

.3 P66HZ 

1 R10,R11 

Channel 31 

Bit Routines in which bit is tested 

15 DETENTCK CHEKSTIK 

14 P40AUTO REDOMANC NEWDELHI IMUATTCK FINDCDUW R61C+L02 
CHEKBITS 

1.3 TSNEXTP TSNEXTS IMUATTCK DETENTCK QRAXIS CHEKBITS LlliLAND 
REDESMON 

12-9 CHKVISFZ 

8 RCS 

7 RCS 

6 TSNEXTS PITFALL REDESMON 

5 TSNEXTS PITFALL REDESMO~ 

4 TSNEXTP 

3 TSNEXTP 

2 TSNEXTS PITFALL REDES.~ON 

1 TSNEXTS PITFALL REDESMON 

81 



Channel 32 

Bit Routines 

14 PROCEEDE 

9 DVMON 

8-1 RCSMONIT 

Channel 33 

15 

14 

13 C33TEST 

12 C33TEST 

11 C33TEST 

9 LRHEIGHT R04Z 

I 8 SCALCHNG PRERADAR I:GCHECK 

~ 7 LRPOS2 LRPOSCAN LRPOSOUT Rl2 

I 6 DORSAMP ASTNRET R04Z LRPOSOUT Rl2 

5 SCALCHNG PRERADAR I:GCHECK 

4 DODES SCALCHNG DATGDCHK R61C+L01 PRERADAR I:GCHECK 

3 RENDRAD LRS22.l R04Z 

2 RRAUTCHK R04X R22LEM P20LEMB7 

Channel 77 

Zeroed in INTWAKEU, SLAPl 
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FLAGWRDO 

Bit Mnemonic Routines 

15 NEED2FLG 1 - RATEDISP 
0 - R60LEM DAPATTER TOTATTER DOFSTRT1 
test - ALTDSPLY 

14 JSWITCH 1 - ENDSTATE 
0 - INTGRATE DOFSTRT1 
test - NBRANCH DIFEQ;t-2 NEXTCOL INTGRATE 

1 3 MIDFLAG 1 - TESTLOOP 
0 - TESTLOOP DOFSTRT1 
test - TIMESTEP ACCOMP DOW .. 

12 MOONFLAG 1 - P21 CONT INTEGRV ORIGCHNG IN'IWAKEU INITVEL2 INTINT REV83 
P76 USEPIOS ATTACHIT EXGSUB OTHINT 

0 - P21 CONT INTEGRV ORIGCHNG INTWAKEU INITVEL2 INTINT REV8J 
P76 ATTACHIT DOFSTRT1 OTHINT 

test - INTEGRV INTEGRVS RECTOUT TIMESTEP ORIGCHNG ACCOMP 
OBLATE ENDSTATE KEPPREP A-PCHK INTWAKEU P76 
DOW .. ATTACHIT ORBCHGO 

11 P21FLAG 1 - P21VSAVE 
0 - GOPROGJ DOFSTRT1 
test - PROG21 

1 0 FSPASFLG 1 - R21 LEM4 PROG20A 
0 - 60TIMES DOFSTRT1 P20LEMC5 
test - 60TIMES P20LEM2 

9 P25FLAG 1 - PROG25 

8 !MUSE 

0 - TRMTRACK POOH RESET22 P63LM DOFSTRT1 
test - TRMTRACK CANV37 RESET22 P25LEM1 V37RET 

1 - IMUCHK R02BOTH 
0 - TRMTRACK IMUMON CANV37 POOH P06 ENDTEST1 DOFSTRT1 

RESET22 SOMERR2 
test - AGSVCALC TNONTEST ENDTNON IMUMON 

7 RNDVZFLG 1 - PROG20A 
0 - TRMTRACK IMUMON POOH P06 RESET22 , P12LM DOFSTRT1 

P63LM PROG25 
test - CANV37 RESET22 RRCDUCHK P20LEMC P20LEMC1 TRMTRACK 

R22LEM CALLDGCH LUNDESCH V37RET RELINUS 

6 RRNBSW 1 - RRDESNB 
0 - RRDESSM DOFSTRT1 CSMINT 
test - DODES 
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FLAGWRDO (Continued) 

Bit Mnemonic Routines 

5 I.OKONSW 1 - VBCOARK R21 LEM1 
0 - VBCOARK DOFSTRT1 R21LEM R21LEM8 
test - DODES 

4 NEEDLFLG 1 - TOTATTER R60LEM 
0 - DAPATTER DOFSTRT1 
test - ALTDSPLY 

3 FREEFLAG 1 - LSPOS CHKSDATA GVDETER 
0 - LSPOS CHKSDATA GVDETER DOFSTRT1 
test - P51C R51E SURFLINE GVDETER 

2 R1 OFLAG 1 - P12LM ABRTJASK 
0 - DOESTRT1 
test - DISPRSET SPEEDRUN LANDISP 

1 P66PROFL 1 - STARTP66 
0 - VERTDISP DOFSTRT1 
test - P66HZ 
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FLAGWRD1 

Bit Mnemonic Routines 

15 NJETSFLG 1 - DPDAT1 
0 - DPDAT1 DOFSTRT1 
test - P41LM 

14 DIDFLAG 1 - LANDISP 
0 - GOPROG3 DISPRSET OOFSTRT1 
test - LANDISP 

13 ERADFLAG 1 - never set 
0 - DOFSTRT1 P52LS P57POST P21VSAVE 
test - LAT-LONG LALOTORV 

12 RODFLAG 1 - STRTP66A 
0 - GOPROG3 DOFSTRT1 P66 
test - LUNLAND 

11 NOTERFLG 1 - TEROFF STRTP66A 
0 - P63LM DOFSTRT1 
test - UPDATCHK 

10 R61FLAG 1 - R61 LEM 
0 - R65LEM OOFSTRT1 
test - R61C+L06 

8 VEHUPFLG 1 - ORBCHGO CSMVEC 

7 UPDATFLG 

6 NOUPFLAG 

0 - LEMVEC PROG20 DOFSTRT1 
test - UPPSV LSR22.3 RANGEBQ FAZC FAZAB3 

1 - RESET22 PROG20A S34/35. 5 · P30 
P33/P73B P75 P74 P72 P73 

0 - TRMTRACK SEUDOPOO PJO CLUPDATE OOFSTRT1 
test - R22LEM 

1 - UPDATOFF 
0 - CSMVEC OOFSTRT1 
test - R22LEM 

P32/ P72C 

5 TRACKFLG 1 - RESET22 PROG20A PROG25 PJO P72 

3 SLOPESW 

P73 P74 P75 P76 
0 - RNDREFDR TRMTRACK SEUDOPOO OOFSTRT1 
test - TRMTRACK P20LEMC P20LEMD1 R22LEM P25LEM1 

P20LEMC1 RDRUSECK P20LEMB RELINUS R61C+L02 

1 - LAMBERT 
0 - ITERATOR DOFSTRT1 
test - ITERATOR LAMBLOOP 
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2 

FL.AGWRD1 (Continued) 

GUESSW 1 - INITVEL 
0 - INITVEL2 DOFSTRT1 
test - LAMBERT 

Bit Mnemonic 

15 DRIFTFLG 

14 SRCHOPTN 

13 ACMODFLG 

12 LOSCMFLG 

11 STEERSW 

9 IMPULSW 

8 XDELVFLG 

7 ETPIFLAG 

6 FINALFLG 

FLAGWRD2 

Routines 

1 - P51B CAL53A UNZ2 AVGEND GYCOARS INITBY 
0 - RNDREFDR PREREAD GYCOARS DOFSTRTl 
test - SVCT3 NBDONLY UNZ2 

1 - R24LEM 
0 - P20LEMB3 PROG20A DOFSTRTl TRMTRACK 
test - P20LEMB3 LRS24.l DORROUT 

1 - P20LEMB1 
0 - P20LEMB3 PROG20A DOFSTRTl 

1 - R21LEM10 

0 - RRDESDUN R21LEM1 PRDG20A R24LEM 
DOFSTRr1 R21LEM4 RRDESNB 

test - DORROUT LPS20.1 

1 - DVMON 
0 - AVERAGEG DOFSTRTl VGAIN* 
test - VGAIN* STEER? 

' 

1 - S40.132 VGAIN* 
0 - STEERING S40.13 P42IGN DOFSTRTl 
test - P42IGN STEERING 

1 - P30 ADVANCE 
0 - . INITVEL? DOFSTRTl 
test - S40.1 UPDATEVG S40.8 

1 - P74 
0 - P74 DOFSTRTl 
test - P34/P74C INTLOOP ELCALC 

1 - N45PROC P30 
0 - SELECTMU DOFSTRTl 
test - s34/35_5 P32/P72C P33/P73B VN1645 N45PROC 
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Bit Mnemonic 

5 AVFLAG 

4 PFRATFLG 

3 CALCMANJ 

2 CALCMAN2 

1 NODOFLAG 

FLAGWRD2 (Continued) 

Routines 

1 - P42STAGE '. S40.9 P34 P35 PJ2 P33 
0 - P74 P75 P72 P73 DOFSTRTl 
test - PRECSET, 

1 - s40.2,3 
0 - R51E GYCOARS REGCOARS DOFSTRTl 
test - PR0052 

Not really functional: set in KALCMANJ; reset 
in DOFSTRTl 

1 - WCALC 
0 - NEWANGL DOFSTRTl 
test - NEWANGL 

1 - AGSVCALC STATINTl P06 P'76 
0 - AGSVCALC STATINTl POOH POSTAND DOFSTRTl POODOO P'76 
test - VJ? 
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Bit Mnemonic 

15 POOHFLAG 

14 GLOKFAIL 

13 REFSMFLG 

12 LUNAFLAG 

11 NODOP07 

10 VFLAG 

9 R04FLAG 

8 PRECIFLG 

7 CULTFLAG 

6 ORBWFLAG 

5 STATEFLG 

FLAGWRDJ 

Routines 

1 - STATINT1 
O - CANV37 DOFSTRT1 
test - TESTLOOP 

1 - CALCGA 
0 - REDO CANV37 DOFSTRT1 
test - REDO 

1 - P51C GYCOARS REGCOARS SURFDISP 
0 - RNDREFDR GYCOARS GVDETER 
test - AGSINIT R02BOTH VN1645 PACKOPTN DSPOPTN R59 

1 - LANDJUNK P52LS P57POST P21VSAVE 
0 - DOFSTRTl P21VSAVE 
test - LAT-LONG LALOTORV 

1 - SEUDOPOO 
0 - changed by ground 
test - UPRUPT SYSTEST 

1 - R56 PIC3 
0 - PIC3 DOFSTRTl 
test - PIC3 PICEND 

1 - R04 
0 - R04END CANV37 PROG20A DOFSTRTl 
test - R04Z R77 

1 - STATINTl CSMPREC INTEGRVS LEMPREC 
0 - STATINTl INTEXIT DOFSTRTl 
test - TESTLOOP 

1 - OCCULT 
0 - OCCULT DOFSTRTl 
test - PIC3 

1 - never set 
0 - WMATEND INTWAKEU DOFSTRTl 
test - AVETOMID 

1 - SETIFLGS WMATEND LSR22.3 LSR22.4 
0 - ENDINT TESTLOOP DOFSTRTl POODOO INTEXIT 
test - A-PCHK 
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Bit Mnemonic 

4 INTYPFLG 

3 VINTFLAG 

2 D60R9FLG 

1 DIMOFLAG 

FLAGWRD3 (Continued) 

Routines 

1 - OTHCONIC CSMCONIC LEMCONIC INTINT EXGSUB REV83 
0 - MIDTOAV2 _ · SETIFLGS CSMPREC LEMPREC 

P76 LSR22.3 LSR22.4 INITVEL2 INTINT ORBCHGO 
DOFSTRTl GETRVN PROG21 

test - ALOADED 

1 - STATINTl CSMPREC CSMCONIC AVETOMID UPPSV LSR22.3 
LSR22.4 ORBCHGO PROG21 

0 - STATINTl LEMPREC LEMCONIC AVETOMID MIDTOAV2 
UPPSV LSR22.3 LSR22.4 DOFSTRTl ORBCHGO PROG21 

test - INTEGRV ENDSTATE A-PCHK 

1 - STATINTl AVETOMID UPPSV LSR22.3 ORBCHGO 
0 - ORBCHGO SETIFLGS LSR22.4 . DOFSTRTl 
test - ENDSTATE 

1 - STATINTl AVETOMID UPPSV LSR22.3 LSR22,4 ORBCHGO 
0 - SETIFLGS CSMPREC LEMPREC CSMCONIC LEMCONIC INTEGRVS 

WMATEND MIDTOAV2 LSR22.3 ORBCHGO 
DOFSTRTl PROG21 P21CONT 

test - ACCCMP ENDSTATE 
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FLAGWRD4 

Bit Mnemonic Routines 

15 MRKIDFLG 1 - FLASHSUB 
0 - JOBXCHS ENDRET STARTSB2 DOFSTRTl 
test - OKTOPLAY MAKEPRIO FLASHSUB TERMATE PINBRNCH 

14 PRIODFLG 1 - FLASHSUB 
0 - ENDRET STARTSB2 DOFSTRTl 
test - NORMBNCH MAKEMARK MAKEPRIO PINBRNCH ENDEXT OKTOPLAY 

TESTXACT TERMATE 
13 NRMIDFLG 1 - FLASHSUB 

0 - JOBXCHS ENDRET STARTSB2 DOFSTRTl 
test - MAKEPLAY MAKEMARK MAKEPRIO PINBRNCH ENDEXT 

12 PDSPFLAG 1 - R61C+L02 RELINUS 
0 - STARTSB2 R61C+L02 DOFSTRTl 
test - OKTOPLAY MAKEMARK CHKLINUS TESTXACT R61TEST 

11 MWAITFLG 1 - MAKEMARK 
0 - MARKWAKE STARTSB2 DOFSTRTl 
test - OKTOPLAY MAKEMARK NORMRET 

10 NWAITFLG 1 - OKTOPLAY 
0 - NORMWAKE STARTSB2 DOFSTRTl 
test - MAKEPLAY NORMRET 

9 MRKNVFLG 1 - NV50DSP 
0 - JOBXCHS NV50DSP STARTSB2 DOFSTRTl 
test - OKTOPLAY MAKEMARK MAKEPRIO WITCHONE 

8 NRMNVFLG 1 - NV50DSP 
0 - JOBXCHS NV50DSP STARTSB2 DOFSTRTl 
test - MAKEPLAY MAKEMARK MAKEPRIO WITCHONE 

7 PRONVFLG 1 - NV50DSP 
0 - NV50DSP STARTSB2 DOFSTRTl 
test - OKTOPLAY MAKEMARK MAKEPRIO WITCHONE TESTXACT 

6 PINBRFLG 1 - NORMBNCH 
0 - ENDRET STARTSB2 DOFSTRTl 
test - FLASHSUB 

5 MRUPTFLG 1 - JOBXCHS 
0 - MARKWAKE STARTSB2 DOFSTRTl 
test - OKTOPLAY MAKEMARK NORMRET 
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FLAGWRD4 (Continued) 

Bit Mnemonic Routines 

4 NRUPTFLG 1 - JOBXCHS 
0 - NORMWAKE STARTSB2 DOFSTRTl 
test - MAKEPLAY NORMRET 

3 MKOVFLAG 1 - MAKEMARK 
0 - MARKPLAY MARKRET STARTSB2 DOFSTRTl 
test - JOBXCHS 

1 XDSPFLAG 1 - AGSVCALC MARKPLAY 
0 - ENDEXT STARTSB2 DOFSTRT1 GOTOPOOH 
test - OKTOPLAY 
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Bit Mnemonic 

15 DSKYFLAG 

13 SNUFFER 

12 NOTHRarL 

11 R77FLAG 

10 RNGSCFLG 

9 DMENFLG 

8 ZOOMFLAG 

7 ENGONFLG 

6 JAXISFLG 

5 AORBSFL6 

FLAGWRD5 

Routines 

1 - KEYRUPTl 
0 - DOFSTRTl 
test - T4RUPT 

1 - SNUFFOUT 
0 - OUTSNUFF DOFSTRTl 
test - AFTERTJ 

1 - S40.13 S40.lJD 
0 - P40LM S40.lJD P63LM DOFSTRT1 
test - P40IGN 

1 - R77 
0 - R77END DOFSTRTl STARTSB2 
test - DORSAMP RDRUSECK RADAREAD 

1 - SCALCHNG 
0 - LRS22.1 
test - READRDCYI' 

1 - LSR22.3 
0 - LSR22.4 DOFSTRTl 

OOFSTRTl 

test - INCORPl INCORP2 FAZABJ INCOR2-3 

1 - P63ZOCl-f 
0 - TIG-5 DOFSTRT1 
test - LUNLAND 

1 - IGNITION ABRTJASK 
0 - ENGINOF3 IMUMON DOFSTRTl 
test - GOPROG DCMCL 

1 - R62DISP 
0 - R52 ENDMANUl V89RECL P40IN P41IM CANV37 

DOFSTRTl R61C+L02 
test - R60LEM REDCMANC 

1 - PURGENCY PJETSLEC 
0 - PURGENCY PJETSLEC DOFSTRT1 
test - TSNEXTP PEGI PURGENCY 
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Bit Mnemonic 

4 NORRMON 

3 SOLNSW 

2 MGLVFLAG 

1 RENDWFLG 

FLAGWRD5 (Continued) 

Routines 

1 - VBCOARJC R231»! R21LEM8 
0 - RRDESEND STARTSB2 PROG20A R23LEM R23LEM2 DOFSTRT1R21LEM1 
test - RRGIMON 

1 - TIMER.AD SUFFCHEK LAMBERT 
0 - TIMERAD DOFSTRTl LAMBERT 
test - none (telemetry) 

1 - GET .LVC 
0 - GET+MGA DOFSTRTl 
test - none (telemetry) 

1 - WLINIT 
0 - WMATRXNG 'WMATEND INTWAKEU V67CALL DOFSTRTl ATMAG 
test - STATINTl AVET(J,{ID UPPSV ORBCHGO LSR22.3 
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Bit Mnemonic 

15 SJ2.1Fl 

14 SJ2.1F2 

13 S32.1F3A 

12 SJ2.1F3B 

10 GMBDRVSW 

8 MUNFLAG 

6 REDFLAG 

3 N'l'ARGFLG 

FLAGWRD6 

Routines 

1 - CSI/B2 
0 - CSI/A SCNDSOL DOFSTRTl 
test - CSI/B2 

1 - CSI/A SCNDSOL 
0 - FRSTPAS DOFSTRTl 
test - CIRCL 

1 - CIRCL FIFTYFPS 
0 - CSI/A SCNDSOL DOFSTRTl 
test - CSI/B2 CIRCL SCNDSOL 

1 - CSI/A FIFTYFPS 
0 - CIRCL SCNDSOL DOFSTRTl 
test - CSI/B2 CIRCL SCNDSOL 

1 - PITCHOFF 
0 - TRIMGIMB DOFSTRTl 
test - PITCHOFF 

1 - P63LM Pl2LM 
0 - AVGEND DOFSTRTl CANV37 
test - NORMLIZE READACCS AVERAGEG RRGIMON P4lSPOT SERVIDLE 

V83CALL GETRVN 

1 - P64DISPS 
0 - P64DISPS STARTP64 P63LM OOFSTRTl 
test - P64DISPS REDESIG 

1 - NTARGCHK 
0 - S34/35. 5 DOFSTRTl 
test - Not shown in document 
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Bit Mnemnnic 

2 AUXFLAG 

1 ATTFLAG 

FLAGWRD6 ( Cont1nued) 

Routines 

1 - AVERAGEG 
0 - AVERAGEG DOFSTRTl 
test - AVERAGEG 

1 - REFMF 
0 - DOFSTRTl 
test - PACKOPTN DSPOPTN ATTCHK 
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Bit Mnemonic 

15 ITSWICH 

1.3 IGNFLAG 

12 ASTNFLAG 

11 · SWANDISP 

10 HORMSW 

9 RVSW 

8 V67FLAG 

7 IDLEFLAG 

6 VJ7FLAG 

5 AVEGFLAG 

FLAGWRD7 

Routines 

1 - P34/P74C P.3.3/P7.3B 
0 - P.34/P74C INTLOOP DOFSTRTl 
test - INTLOOP ELCALC 

1 - TIG-0 
0 - TIG-5 P42IGN DOFSTRT1 
test - *PROCEED 

1 - *PROCEED 
0 - TIG-5 P42IGN DOFSTRTl 
test - TIG-0 

1 - P63IGN ABRTIGN 
0 - DOFSTRTl AVGEND 
test - LANDISP 

1 - INITVEL2 
0 - PARAM DOFSTRTl HAVEGUES 
test - S40.1B S40.9 GEOM UPDATEVG RASTEERl 

1 - INTLOOP CSI/B2 VN0611 
0 - CDHMVR DOFSTRTl ORBCHGO 
test - C(l.1MNOUT 

1 - V67CALL 
0 - DOFSTRTl V67CALL 
test - V67CALL 

1 - STEERING ENGINOFl COMFAIL DOFSTRTl MAINENG 
SERVIDLE 

0 - P42IGN GOABORT COMFAIL4 
test - STEERING AVERAGE G MAINENG 

1 - PREREAD 
0 - DOFSTRTl AVGEND 
test - V.37 POODOO RDRUSECK V90PERF 

1 - PREREAD 
0 - V.37 DOFSTRTl 
test - V82CALL READACCS REV83 RRGIMON P70 P71 RlO,Rll 

V8JCALL LRPOS 2K 
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FLAGWRD7 (Continued) 

Bit Mnemonic Routines 

4 UPLOCKFL 1 - UPRUPT 
0 - UPRUPT DOFSTRTl 
test - UPRUPT 

3 VERIFLAG 1 - UPSTORE 
0 - UPSTORE DOFSTRTl 
test - none (for telemetry) 

2 V82EMFLG 1 - V82GOFF1 V82GON1 
0 - V82GOFF1 V82GON1 DOFSTRTl 
test - SRJO.l 

1 TFFSW 1 - CALCTPER 
0 - CALCTFF DOFSTRTl 
test - CALCTFF 
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Bit Mnemonic 

15 RPQFLAG 

13 NEWIFLG 

12 CMOONFLG 

11 IMOON:FLG 

10 FLUNDISP 

8 SURFFLAG 

7 INFINFLG 

6 ORDERSW 

5 APSF.SW 

FLAGWRD8 

Routines 

1 - INTEGRV INTEGRVS GOBAQUE 
0 - ACCCMP DOFSTRTl 
test - TIMESTEP LUNSPH 

1 - INTEGRV INTEGRVS 
0 - TESTLOOP DOFSTRTl 
t,est - TESTLOOP 

1 - ENDSTATE A-PCHK INTWAKEU P76 ATTACHIT ORBCHGO 
0 -ENDSTATE A-PCHK INTWAKEU P76 ATTACHIT ORBCHGO 
test - INTEGRV SELECTMU INTINT CSI/B2 P76 

1 - ENDSTATE A-PCHK INTWAKEU 
0 - ENDSTATE A-PCHK INTWAKEU 
test - V82GON1 AVETOMID INTEGRV FAZC ATTACHIT REV8J 

OTHINT 

1 - CCMFAIL 
0 - GOABORT IGNITION GOCUTOFF CCMFAIL4 DOFSTRTl 
test - DISPEXIT ASCTERMJ. 

1 - LANDJUNK 
0 - ATMAG 
test - CHANGEVB YMKRUPT RRDESSM ATTACHIT NBDONLY WLINIT 

V67CALL P20LEMASTATINT1 LSR22.3 R21LEM RANGEBQ 
R22LEM R24LEM3 SERVICER LUNDESCH LPS20.l P20LEMB7 
PR0020 AVESTAR VACSTOR SURFAGAN MARKRUPT UPPSV 
R22LEM42 INTEGRV .LASTBIAS REV8J P21VSAVE UPPSV4 
V83CALL P20LEM2 R21LEM1 ATTAGHED 

1 - INFINITY 
0 - POLYCOEF DOFSTRTl 
test - CCMMNOUT LAMBLOOP 

1 - none 
0 - DOFSTRTl 
test - ITERATOR 

1 - TIMERAD 
0 - TIMER.AD DOFSTRTl 
test - none (tel emetry) 
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FLAGWRD8 (Continued) 

Bit Mnemonic Routines 

4 COGAFLAG 1 - TIMERAD TIMETHET 
0 - COMMNOUT PARAM DOFSTRTl 
test - none (telemetry) 

2 INITALGN 1 - BYLMATT 
0 - DOFSTRTl ATTCHK 
test - SURFDISP INITBY SURFLINE 

1 360SW 1 - GETX WLOOP 
0 - GETX DOFSTRTl 
test - POLYCOEF 
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Bit Mnemonic 

14 FLVR 

13 P7071FLG 

12 FLPC 

11 FLPI 

10 FLRCS 

9 LETABORI' 

8 FLAP 

7 ABTTGFLG 

6 ROTFLAG 

5 ~UITFLAG 

3 MIDlFLAG 

2 MIDAVFLG 

1 AVEMIDSW 

FLAGWRD9 

Routines 

1 - P12LM INJTA.ffi 
0 - CMPONENT DOFSTRI'l 
test - CMPONENT 

1 - GOABORI' 
0 - DOFSTRI'l 
test - ASCENI' CMPONENT 

1 - MAINENG 
0 - DOFSTRI'l 
test - MAINENG 

1 - Pl2LM 
0 - Pl2RET DOFSTRTl 
test - CMPONENT 

1 - CUTOFF 
0 - GOABORI' DOFSTRI'l 
test - ASCTERMl ASCTER.~ ASCENT ATMAG 

1 - P63IGN 
0 - LANDJUNK TERt-.1.ASC GOABORI' DOFSTRI'l 
test - P?O P?l RJ..O,Rll 

1 - UPl'HROT 
0 - DOFSTRTl 
test - GOABORI.' Pl2INIT 

1 - INJTARG 
0 - CANJ37 DOFSTRT1 
test - for telemetry only 

1 - INJTA.ffi 
0 - DOFSTRTl CMPONENT 
test - CMPONENI' 

1 - VERB96 
0 - STATINI'l DOFSTRTl 
test - STATINTl TESTLOOP 

1 - MIDI'OAVl 
0 - MIDTOAVl MIDTOAV2 CIMID2 DOFSTRI'l 
test - CKMID2 

1 - MIDI'OAV2 
0 - MIDI'OAV2 DOFSTRI'l 
test - ENDSTATE 

1 - AVETOMID 
0 - INI'EXIT DOFSTRTl 
test - SVDWN2 
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Bit Mnemonic 

14 INTFLAG 

13 APSFLAG 

7 R'EINTFLG 

fLGWRDlO 

Routines 

1 - TNTSTALL 
0 - INTWAKEl GOPROO GOPROG2A DOFSTRTl 
test - INTSTALL 

1 - LANDJUNK DPDATl ABRTJASK WANTAPS 
0 - DPDATl 
test - P40IM P421M S40.13 RCS 1/ACCS DAPDATAl 

DAPDATA2 SERVICER P40AUTO DVMON AFTERTJ S40.13D 

1 - ENDSTATE A-PCHK P76 UPJOB INCORP2 
0 - GOPROG2A INTWAKEl DOF'STRT1 POODOO 
test - INTSTALL INTWAKE 
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Bit Mnemonic 

15 LRBYPASS 

14 VFAILFLG 

13 HFAILFLG 

12 VIlNH 

l 11 PSTHIGAT 

I 
10 NOLRREAD 

9 XORFLG 

8 LRINH 

7 VELDATA 

I 4 RNGEDATA 

3 Rl2RDFLG 

FLGWRD11 

Routines 

1 - SERVIDLE ABRTJASK CANVJ7 DOFSTRT1 
0 - P6JIM 
test - MUNRETRN RDRUSECK LRPOS2K STARTSBl READACCS 

1 - VMEASCHK 
0 - VMEASCHK DOFSTR1'1 CANVJ7 SERVIDLE ABRl'JASK 
test - telemetry 

1 - TERSKIP 
0 - TE RS KIP DOFST Rr 1 CANVJ7 SERVIDLE ABRr J ASK 
test - telemetry 

1 - VMEASCHK 
0 - ABRTJASK DOFSTRT1 VMEASCHK CANVJ7 SERVIDLE 
test - VMEASCHK 

1 - VALTCHK 
0 - ABRTJASK :DOFSTRT1 CANVJ7 SERVIDLE 
test - 'v ALTCHK TERSKIP 

1 - VALTCHK 
0 - ABRTJASK DOFSTRTl CANV37 SERVIDLE HIGATJOB 
test - Rl2 R12READ 

1 - MUNRETRN 
0 - ABRTJASK DOFSTRT1 CANVJ7 SERVIDLE 
test - MUNRETRN 

1 - SET57 
0 - ABRTJASK LROFF DOFSTRTl CANV37 SERVIDLE RESET57 MUNRETRN 
test - NOREASON VMEASCHK 

1 - Rl2EXIT 
0 - ABRTJASK CONTSERV DOFSTRT1 CANVJ7 SERVIDLE 
test - VMEASCHK 

1 - Rl2EXIT 
0 - CO~TSERV ABRTJASK DOFSTRT1 CANVJ7 SERVIDLE 
test - UPDATCHK 

1 - Rl2READ 
0 - DOFSTRTl CANV37 Rl2DL DOFSTR1'1 CANVJ7 SERVIDLE ABRI'JASK 
test - VMEASCHK 
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Bit Mnemonic 

2 VFLSHFLG 

1 HFLSHFLG 

[LGWRDll (Continued) 

Routines 

1 - VMEASCHK 
0 - ABRTJASK VMEASCHK ONLITES DOFSTRTl CANV37 SERVIDLE 
test - RlO,Rll RADLITES 

1 - TERSKIP 
0 - ABRTJASK ONLITES DOFSTRTl CANV37 SERVIDLE 

TERSKIP 
test - RlO,Rll RADLITES 
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_Bit Mn•onic 

15 CDESFLAG 

I 
14 REMODFLG 

13 RCDUOFLG 

12 ANTENFLG 

11 REPOSMON 

10 DESIGFLG 

9 ALTSCALE 

8 LRVELFLG 

7 RCDUFAIL 

6 LRPOSFLG 

RADMODES 

Routines 

1 - VBCOARK LRS24. l R21LEM8 
0 - VBCOARK TRMTRACK ITURNON2 STARTSUB POOH RRAUTCHK 

R24END R24LEM3 RRDESNB RESET22 PROG20A R21LEM9 RRDESEND 
test - RRDESEND STDESIG DODES 

1 - RRDESSM RRDESNB 
0 - ITURNON2 STARTSUB STARTSB2 RRAUTCHK REMODE 
test - RRGIMON RR1AX2 BEGDES LRS24.l RRDESEND 

1 - RRAUTCHK RRZERO 
0 - ITURNON2 STARTSUB STARTSB2 RRZEROSB RRAUTCHK 
test - RRGIMON SETTRKF P20LEMBJ R22LEM RRCDUCHK 

1 - RRZEROSB RMODINV 
0 - ITURNON2 STARTSUB RRZEROSB RMODINV 
test - DORREPOS RRLIMCHK RRANGLES RMODINV REMODE DODES 

RRLIMNB R21LEM 
1 - RRGIMON 
0 - ITURNON2 STARTSUB STARTSB2 RRAUTCHK DORREPOS RR1AX2 

test - RRGIMON RR1AX2 STARTDES STDESIG roRROUf RRZERO 
RENDRAD 

1 - STARTDES 
0 - VBCOARK TRMTRACK ITURNON2 STARTSUB POOH 

STDESIG RRDESEND RRDESDUN R24END R2L..LEM3 RRDESNB 
RESET22 PROG20A R21LEM9 

test - DORREPOS RR1AX2 STDESIG REMODE 

1 - SCALCHNG R04 Z 
0 - ITURNON2 STARTSUB SCALCHNG R04-Z 
test - LRHEIGHT 

1 - BADRAD 
0 - ERROR ITURN002 STARTSUB TSTLTS3 PRERADAR 
test - RADLITES R12EXIT 

l - ERROR ITURNON2 STARTSUB RRCDUCHK TSTLTS3 
0 - RRCDUCHK 
test - RRCDUCHK SETTRKF ENDRADAR RENDRAD 

1 - STARTSUB LRPOS2 R04Z 
0 - ITURNON2 STARTSUB R04Z 
test - DORSAMP 
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Bit Mnemonic 

I 5 LRALTFLG 

I 4 RRDATAFL 

3 RRRSFLAG 

2 AUT0"10DE 

1 TURNONFL 

RADMODES (Continued) 

Routines 

1 - BADRAD 
0 - ERROR ITURNON2 STARTSUB TSTLTS3 PRERADAR 
test - RADLITES Rl2EXIT 

1 - BADRAD 
0 - ERROR ITURNON2 STARTSUB TSTLTS3 PRERADAR 
test - SETTRKF 

1 - SCALCHNG LRS22.l ROL.Z 
0 - ITURNON2 STARTSUB SCALCHNG LRS22.l R04Z 
test - RENDRAD RRANGOUT 

1 - ITURNON2 STARTSUB RRAUTCHK 
0 - RRAUTCHK 
test - RRAUTCHK RRCDUCHK RRGIMON SETTRKF RR1AX2 RRZERO 

NORRGMON 

1 - RRAUTCHK 
0 - ITURNON2 STARTSTJB STARTSB2 RRTURNOO RRAUTCHK 
test - RRZERO 
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Bit Mnemonic 

15 PULSES 

14 USEQRJTS 

13 CSMDOCKD 

12 OURRCBIT 

11 ACC40R2X 

10 AORBTRAN 

9 XiJVINHIB 

8 DRIFTBIT 

7 RHCSCALE 

6 ULLAGER 

DAPBOOLS 

Routines 

1 - MilHMP LANDJUNK 
0 - NOMINIMP DOFSTRTl IGNITION ABRTJASK TIGTASK 
test - TSNEXTP TSNEXTS 

1 - ENGINOF3 AVERAGEG DVMOO' DOFSTRTl 
0 - DVMON 
test - TJLAW4 TRYGTS SPSCONT 

1 - DPDAT1 
0 - DPDATl DOFSTRTl 
test - PURGENCY TJLAW4 1/ACCS DAPDATA2 DAPDATAl DPDATl 

BACKP STIKLOAD FINDCDUW P401M MINRTN 

1 - DETENTCK 
0 - DETENTCK DOFSTRTl 
test - DETENTCK CHEKSTIK QRAXIS 

1 - DPDATl GOABORT P12LM 
0 - DPDATl DOFSTRTl 
test - DPDATl DAPDATAl +XORULGE 

1 - COMFAIL2 DPDATl DOFSTRTl 
0 - CrnFAIL2 DPDATl 
test - MINRTNDAPDATAl +XORULGE 

1 - CMPONENT MUNRETRN 
0 - DOFSTRTl CMPONENT ABRTJASK CANV37 GOTOPOOH 

STRTP66A 
test - TSNEXTP FINDCDUW 

1 - ALLCOAST COMFAIL2 DOFSTRTl 
0 - P42IGN ABRTJASK 
test - 1/ACCOOT SPSRCS RCS BACKP AFTERTJ 

1 - DPDATl DOFSTRTl 
0 - DPDATl 
test - DAPDATAl STIKLOAD 

1 - ULLGTASK COMFAIL2 
0 - P42TGN ENGINOFl GOPOST GOTOPOOH GOCUTOFF ABRTJASK 

DOFSTRTl STOPCLOK 
test - RCS 
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DAPBOOLS (C0ntinued) 

Bit Mnemonic Routines 

5 DBSLECT2 1 - DPDATl DOFSTRTl 
0 - DPDATl 

·test - RESTORDB DAPDATA1 

4 DESELECT 1 - DPDATl 
0 - DPDATl DOFSTRTl 
test - RESTORDB DAPDATA1 

3 ACCSOKAY 1 - 1/ACCRET 
0 - STARTSBl DOFSTRTl 
test - DAPIDLER 

2 AUTRATE2 1 - DPDATl DOFSTRTl 
0 - DPDATl 
test - DAPDATAl 

1 AUTRATEl 1 - DPDATl 
0 - DPDATl DOFSTRTl 
test - DAPDATAl 
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IMODES30 

Bit Routines 

15 1 - IMUMON (IMU temp. out of limits) 
0 - IMUMON GOPROG TSTLTSJ DOFSTRTl 
test - IMUMON 

14 1 - IMUMON GOPROG DOFSTRTl (ISS turn-on delay initiate) 
0 - IMUMON 
test - IMUMON TNONTEST ENDTNON 

13 1 - IMUMON IFAILOK GOPROG TSTLTSJ DOFSTRTl (IMTJ good) 
0 - IMUMON 
test - SETISSW 

12 1 - IMUMON GOPROG TSTLTSJ DOFSTRTl (ICDU good) 
0 - IMUMON 
test - SETISSW 

11 1 - IMUMON GOPROG DOFSTRTl 
0 - IMUMON 
test - IMUMON 

(IMU not caged) 

10 1 - ERROR C33TEST PFAILOK GOPROG TSTLTS3 DOFSTRTl (PIPA good) 
0 - C33TEST 
test - PIPFREE CJJTEST SETISSW 

9 1 - IMUMON DOFSTRTl (IMU not operating) 
0 - IMUMON 
test - IMUCHK R02BOTH IMUMON TNONTEST C33TEST IMUZERO 

8 1 - TNONTEST 
0 - TNONTEST GOPROG DOFSTRTl 
test - TNONTEST CJJTEST 

7 1 - I TURN ON2 
0 - TNONTEST GOPROG DOFSTRTl 
test TNONTEST C33TEST 

(turn-on delay incomplete) 

(turn-on delay just started) 

6 1 - CAGESUB2 (IMU caged) 
0 - UNZ2 GOPROG DOFSTRTl 
test - PIPUSE PFAILOK IMUPULSE STRTGYRO 8192AUG IMUZERO IMUZER02 

IMUCOARS COARS COARS2 IMUFINE IFAILOK V37 IMUFINED SETGLOCK 

5 1 - CAGESUB2 
0 - PFAILOK DOFSTRTl 
test - C33TEST 
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TMODES30 (Continued) 

Bit Routines 

4 1 - CAGESUB2 IMUZERO SETCOARS DOFSTRTl 
0 - UNZ2 IMUZER02 IFAILOK 
test - SETISSW 

3 1 - CAGESUB2 IMUZERO 
0 - UNZ2 IMUZER02 DOFSTRTl 
test - SETISSW 

(IMU fail monitor inhi bit) 

2 1 - IMUMON (turn-on sequence failure) 
0 - ENDTNON GOPROG DOFSTRTl 
test - IMUMON ENDTNC!J 

1 1 - PIPFREE CAGESUB2 DOFSTRTl 
0 - PIPUSE 
test - CJJTEST SETISSW 
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IMODES3l 

Bit Routines 

14 1 - PROCEEDE (proceed button) 
0 - PROCEEDE STARTSB2 DOFSTRTl 
test - PROCEEDE 

13 1 - ERROR CJJTEST PFAILOK STARTSB2 TSTLTSJ DOFSTRTl (PIPA good) 
0 - CJJTEST 
test - CJJTEST 

12 1 - ERROR CJJTEST STARTSB2 TSTLTSJ DOFSTRTl (downlink not too fast) 
0 - CJJTEST 
test - DNTMFAST CJJTEST 

11 1 - ERROR CJJTEST STARTSB2 TSTLTSJ DOFSTRTl (uplink not too fast) 
0 - CJJTEST'. 
test - UPTMFAST CJJTEST 

8 1 - INTLZE 
0 - DISPRSET STARTSB2 DOFSTRTl 
test - DISPRSET 

7 1 - ALTROUTl 
0 - ALTOUTl DISPRSET STARTSB2 LANDISP DOFSTRTl 
test - LANDISP 

6 1 - IMUMON CAGESUB2 IMUZERO SETCOARS DOFSTRTl (DAP disable) 
0 - UNZ2 IMUZER02 IMUFINE 
test - CHEKBITS 

5 1 - IMUZERO 
0 - IMUZER02 STARTSB2 DOFSTRTl (zeroing in progress) 
test - none (telemetry) 

1 1 - VBTSTLTS 
0 - TSTLTSJ STARTSB2 DOFSTRTl ( lamp test) 
test - IMUMON SETISSW SETGLOCK SETTRKF 
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Bit 

15, 
14 

13 

12 

11 

10 

9 

8 
7 
6 

5 

4 

3 

Routines 

Not used 

1 - DAPIDLER 
0 - STARTSBl DOFSTRTl 
test - DAPIDLER 

1 - STARTDAP SKIPPAXS 
0 - PJETSLEC DOFSTRTl 
test - SUPERJOB 

1 - QRTIME 

RCSFLAGS 

0 - STARTDAP DETENTCK TOPSEUDO DOFSTRTl 
test - DETENTCK RHCACTIV 

J - PEGI 
0 - STARTDAP DETENTCK PEGI DOFSTRTl 
test - DETENTCK RATERROR 

1 - DETENTCK 
0 - DETENTCK CHEKSTIK DOFSTRTl 
test - DETENTCK 

Not used 

1 - NEGUSUM 
0 - STARTDAP ACDT+cl2 DOFSTRTl 
test - PAXFILT 

1 - ALTDSPLY 
0 - ALTDSPLY DOFSTRTl 
test - ALTDSPLY 

1 - NEEDLER DOFSTRTl CHEKBITS 
0 - NEEDLER 
test - NEEDLER 

2 1 - NEEDLER 
0 - NEEDLER DOFSTRTl 
test - NEEDLER 

1 1 - TRYUORV 
0 - STARTDAP TRYUORV DOFSTRTl 
test - TRYUORV 
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DSPTAB11 

Bit Routines 

9 1 - VBTSTLTS PROGLARM 
0 - ERROR TSTLTSJ SLAPl 
test - none 

(program check fail lamp) 

8 1 - SETTRKF VBTSTLTS (tracker fail lamp) 
0 - ERROR GOPROG SETTRKF TSTLTSJ SLAPl 
test - SETTRKF 

6 1 - SETGLOCK VBTSTLTS (gimbal lock warning lamp) 
0 - SETGLOCK TSTLTSJ 
test - SETGLOCK IMUZER.O DOFSTRTl 

5 1 -VBTSTLTS RlO,Rll LITIT (LR altitude fail) 
0 - RlO ,Rll ERROR SLAPl TSTLTSJ GOPROG LIT IT 
test - LITIT 

4 · 1 - CAGESUBl SETCOARS VBTSTLTS TSTLTSJ (no· attitude lamp) 
0 - ISSZER.O ENDTNON IMUZER.O IMUFINE TSTLTSJ 
test - IMUZER.O GOPROG DOFSTRTl 

3 1 - VBTSTLTS RlO,Rll LITIT (LR velocity fail) 
0 - RlO,Rll ERROR SLAPl TSTLTSJ GOPROG LITIT 
test - LITIT 
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F51 

Alignment of the Inertial fub - System 

Perform 11 I MUCHK 11 (assure that IMU is on) 

Proceed t o 11 GOPERFl 11 with TS = 00015 
(Request that celestial body acquisi~ion be performed) 

(If terminate, proceed to 11 GITT OPOOH 11
; if proceed, proceed 

to 11 F51B 11
; if other response, continue at next step . ) 

THETAD = 0 

Perform 11 GODSPREI' 11 with TS = K: V06N22 
(Di splay '!HEI'AD and continue at next step when d i splay i s up) 

Perform 11 GODSPREI' 11 with TS = K: v41IDO (Indi cate coarse 
align in progres s ; continue at next step when di splay i s up ) 

Perform "COARSE" 

Proceed to second step of 11F5l 11 

ldPIPAIJI' = le ss significant half of TIMENOW 

PIPA = - 0 

GCOMP = 0 

Switch FIAGl'.RI2 bit 15 (DRIFTFI.G) to 1 

SI' ARI ND = 0 

Perform "AOTMARK" 
(return after marks are averaged) 

Perform 11 NJrffi'ALL11 

If AOTGOOD = O, perform "CURTAINS" 

If ffi'ARI ND = 0 : 

_§TARSAVl = ~ ARAD6 

TSt = TSIGHT 

Perform 11PIANEI' 11 

PIANVEC = TS 

STARIND = 1 

Procee d to "P51C" 

'rSt = TSI GHT 

ALIN - 1 



COARSE 

Perform "PLANEI' " 

'!'_SJ2 = '!'_S 

'!'_S6 = _!:LANVEC 

~ARAD
0 

= STARSAVl 

~ARAD6 = SI'ARSAV2 

Pe r f orm "CHKSD.ATA" 

If FLAGWRDO bit 3 ( FREEFLAG) = 0: 

Proc eed to sec ond step of 11P5l 11 

Perform " AXISGEN" 

[ REFSMMATJ = [DCM.AT] 

Switch FLAGWRD3 b it 13 (REFOO'LG) to 1 

Proceed to "GOTOPOOH" 

If IMUCADR f. 0 : (IMU in u se) 

~lay 1 second 

Proceed t o "C OARSE " 

Perform "IMUCOARS" 

Perform "IMUSTALL" 

If ISSGOOD = O, perfor m "CURTAINS" 

Per form "IMUFINE" 

Per form "IMUSTALL" 

If ISSGOOD = O, pe rform "CURTAINS" 

Return 

AIJN - 2 

(error between actual 
separation and measure d 
separation i s not ac­
ceptable) 



AOTMARK 

AarsrALL 

Inhibit interrupts 

If MARKSTAT -/= 000008: (mark system already busy) 

Proceed to 11 POOD00 11 with TS = 201058 

If bit s 2 and 3 of EXTVBACT are not both 0: 

TSldp = return addres s of routine calling "ACJrMARK" 

Proceed to "BAILOUTl" with TS = 31211
8 

Mtch bit 2 of EXTVBACT to 1 

Establi sh a special additional working storage area for 
the mark system; store its address in bits 1-9 of 
MARKsrAT . It will be denoted hereafter a s MARKVAC . 

If no storage area i s available for MARKVAC: 

TSldp = return addres s of routine calling "AorMABK ;i 

Proceed to "BAILOUTl" with TS = 31207 8 

Establish "GETDAT" (prl5) 

Release interrupt inhibit 

Return 

Inhibit interrupts 

If OPI'C ADR :>O or if OPTC ADR ~ -1: 

TSl = return address of routine calling "AOTsrALL" dp 

Proceed to "BAILOUTl" with TS= 312108 

If OPTCADR = -1: 

OPTCADR = +o 

AOTGOOD = 1 

(operation already complete and good) 

Release interrupt inhibit 

Return 

If OPTCADR = -0: (operation already complete and bad) 

AL.IN - 3 



MKREIEAS 

GEI'DAT 

( If 0PI'CADR = -0: ) 

0PI'CADR = +O 

AOI'G00D = 0 

Re l ease interrupt inhibit 

Retur n 

(Otherwi s e , 0PI'CADR = +o) 

0PTCADR = return addre s s 

Put JPYesent job t o s leep 

Whe n awakene d , return via LOC 

MARKSTAT = 00000g 

(to caller of "AOTsrALL") 

Re lease special working s t or age area MARKVAC 

If 0PTC ADR = +o: 

0PI'C ADR = -1 

( "AOTsrALL" not entered yet) 

End t ask 

LOC = 0PTC ADR 

A0TG00D = 1 

Wake job put t o s l eep in " A0TsrALL" 

0PI'CADR = +o 

End t a sk 

& i tch bit 12 of MARKsrAT to 1 (to inhibit process ing of 
marks in "MARIIBUPI' ") 

Proceed to "G0XDSPF " wi th TS = K: V01N71 ( AOTC0DE) 
(If ter mi nate , proc eed to "KILLAOT "; if proceed, 
continue at next step; if othe r respon se , proceed 
to "GETDAT") 

(AOTC 0 DE should be of the form 000 000 XXX XXX xxx2) 
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OPI'AXIS 

XYMARK = bits 15-7 of AOTCODE shifte d right 6 places to bit 
positions 9-1 

If XYMARK S O, proceed to 11 GETDAT 11 

If XYMARK = 00007g: (detent code 7 for COAS) 

Proceed to 11 GOXDSPF 11 with TS ::: K: V06N87 ( PZ, EL) 

(If t e r minate, proceed to "KILLAOT"; if proceed, 
continue at next step; if other response, repeat 
thi s step) 

TSa.zm = .AZ 

TE'elev = ~L 

TSsrot = 0 

Proceed to "OPr.AXIS" 

(Otherwise, XYMARK is between 1 and 6 inclusive) 

TE'elev = AOTE1xYMflRK 

TSa.zm = AOT.AZXYMARK 

TSsrot = AOT.AZ
2 

- TSa.zm 

Perform "OANB" 

UYP = cosTSsrot !f.{P' - sinTSsrot UXP' 

UXP = cosTSsrot UXP' + sinTSsrot UYP' 

Proceed to 11 GETMKS 11 

OANB TE'elev = TE'elev converted to one's complement form 

TS:lzm = TS:lzm converted to one's c omplement form 

SC.AXIS = ( ~~:i~:i:; sinTSazm) 
cosTSelev cosTSazm 

UYP' = unit(§CAXIS * ~:UNITX) (= (O, cosTSazm, -sinTSa.zm)) 

UXP' = unit (!:!TI'' * §CAXIS) 

Return 

ALIN - 5 



UETMKS 

PASI1IT 

MARKRUPI' 

XYMARK = 00000g 

MARKCNTR = 0 

S;...ritch bi t s 15 thru 10 of MARKSI1AT t o 0 

TS = K: V54N7l ( "mark X or Y" verb; s tar code noun) 

Proceed to "G0MARK4" 
(If terminate , proceed to "KILLAOI' "; i f proceed, 
proceed t o "MARKCHEX"; if other response , proceed 
to "GETDAT".) 

(Entered on program interrupt initiated by t he mark or 
mark r e j ect buttons or by a commanded change in de scent 
rate .) 

TSc du = CDU 

TSt = TIME N0W 

I f b i t 6 or 7 of channe l 16 = 1: 
(Commanded change in rate of descent) 

Proceed to "DESCBITS" 

If bit 12 of MARKSTAT = 1, Resume 
(Processing of marks inhibited) 

If MARKSTAT = 00000g : (mark pr ogram not operating) 

Perform 11 ALARM 11 with TS = 001128 

Resume 

If bit 5 of channe l 16 = 1: (mark reject) 

If FLAGWRD3 bit 8 ( SURFFLAG) = 1: 

If MARKCNTR > 0: 

MARKCNTR = MARKCNTR - 1 

Resume 

Berform "ALARM" . th TS 00115 Wl = 8 

Resume 
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(If bit 5 of channel 16 = 1:) 

If bits 10 and 11 of MARKSTAT both= 0: 

Perform 11ALARM11 with TS = 00115
8 

Resume 

Proceed to "REJECT" 

(no marks to reject) 

If bit 4 of channel 16 = 1 , proceed to 11 YMKRUPT 11 

If bit 3 of channel 16 = 1, proceed to 11 XMKRUPT 11 

Perform "ALARM" with TS= 001138 

Resume 

XMKRUPT i = 0 

XYMARK == 010008 

Skip next two steps 

(bit 10 = 1) 

YMKRUPT i = 1 

XYMARK = 020008 (bit 11 = 1) 

If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to 11 SURFSTOR11 

If bit 14 of MARKSTAT = 1: (mark pair just completed) 

If MARKCNTR ~ 4: 

Perform "ALARM" with TS= 001078 

If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

Proceed to 11 DSPV6N79" 

Resume 

MARKCNTR = MARKCNTR + 1 

Switch bits 14, 11 and 10 of MARKSTAT to 0 
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(End of indented steps) 

If bit which is 1 in IYMARK is also 1 in MARKSTAT: 
(wrong mark) 

Perform "ALARM" with TS:::: 001148 

Resume 

Proceed to 11 VACST0R" 

S URFST0R i = 0 

Switch bits 10 and 11 of MARKSTAT to 1 
(Show surface mark for "MARKCHEX") 

VACST0R Get address of MARKVAC from low 9 bits of MARKSTAT 

TSIGHT = TSt 

i = i + 6 MARKCNTR 

MKDEX = i 

MARKVAC. = TScdu 
1. y 

i = i + 2 

MARKVACi = TScduz 

i = i + 2 

MARKVAC. = TScdu 
1. X 

(x: 0,6, 12, 18,24) 
{y: 1,7,13,19,25) 

(store in case of surface mark) 

(inner gimbal angle) 

( X : 2 , 8 , 14, 20 , 26 ) 
(y: 3,9,15,21,27) 

(middle gimbal angle) 

(x: 4,10,16,22,28) 
(y: 5,11,17,23,29) 

(outer gimbal angle) 

If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

Proceed to "REMARK" skipping first step 

Switch bit 13 of MARKSTAT to 0 

MARKSTAT = MARKSTAT + XYMARK 

(enable selective aark 
reject) 

(switching bit 10 or 11 of M.ARKSTAT to 1) 

If bits 10 and 11 of MARKSTAT both= 1: 

Svi~ch bit 14 of MARKSTAT to 1 

Proceed to "REMARK" 
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REJECT 

REMARK 

If bit 13 of MARKSTAT = 0: (reject only latest mark) 

If bit 10 of XYMARK = 1: 

Switch bit 10 of MARKST!T to 0 

If bit 11 of XYMARK z 1: 

Switch bit 11 of MARK.STAT to 0 

If bit 13 of MARISfAT = 1: (no mark since last reject) 

Switch bits 10 and 11 of MARKSTAT to 0 

Switch bit 14 of M.ARKSTAT to 0 

Switch bit 13 of MARK.STAT to 1 

(reject pair) 

(see above) 

MKDEX = bits 11 and 10 of MARKSTAT shifted right 9 places 
to bit positions 2 and 1 (MIDiI = 0,1,2 or 3) 

Establish 11 CHANGEVB 11 (pr15) 

ReaUlle 

CH.ANGEVB If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to 11 DSPV6N79" 

TS::: K:V54N71 (request I or Y mark) 

If MICDEI = 1, TS= K:V53N71 

If MKDiI z 2, TS= K:V52N71 

Proceed to "PASTITN 

(request Y mark) 

(request I 11.ark) 

MAllCHEI Switch bit 12 of MAR.KSTAT to 1 (inhibit processing in 
11MARKRUPT 11 ) 

Store address of MARKVAC in low 9 bits of IYMARK 

If bits 10 and 11 of MARKSTAT are not both 1: 
(last pair incomplete) 

If MARK~XTR = 0: 
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( If MARKCNTR = 0: ) 

Perform 11 ALARM11 with TS= 00111 8 

Proceed to 11 GETMKS 11 

MARKCNTR = MARKCNTR - 1 

AVESTAR MKDEX = MKDEX + 1 

AVEIT 

i = 6 MARKCNTR 

Get address of MARKVAC from XYMARK 

If FLAGWaD8 bit 8 (SURFFLAG) = 1, proceed to MSURFSTAR" 

_!NG= (MARKVACi+
4

, MARKVACi , MARKVAC 1+2 ) 

Perform 11 CD*TR*GS 11 

Perform 11 NBTOSM 11 

'.[S = [NBSMMAT] QXP 

!NG = (MARKVAC 1+
4

, MARKVAC
1 

, MARKVAC
1
+2 ) 

Perform 11 CD*TR*GS 11 

Perform 11 NBTOSM11 

IS = ( [NBSMMAT] QYP) * IS 

'.!'.Sstar = -unitIS 

n = MKDEX 

STARAD = n- 1 STARAD + 2._ TSstar 
- 6 n - 6 n -

§TARSAV2 = §TARAD
6 

If MARKCNTR > 0: 

MARKCNTR = MARKCNTR - 1 

Proceed to 11 AVESTAR 11 

Call 11 MKRELEAS 11 in 0 .05 seconds 
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Proceed to 11ENDEXT" 
' ' 

DSPV6N79 Proceed to 11 GOXDSPF 11 with TS= K:V06N79 (CURSOR,SPIRAL,POSCODE) 
(If terminate, pr6ceed · to 11 KILLAO't"; if proceed, 
proceed to 11SURFEND 11 ; if other response, continue 
at next step.) 

If bit 6 of TSverb = 1, proceed to ·11 SURFAGAN11 

Proceed to 11 DSPV6N79" 

SURFEND Switch bit 14 of MARKSTAT to 1 

SURFAGAN Save VA&t area for surface marking 

MARKVACMKDEX+1 = CURSOR 

MARKVACMKDEX+J = SPIRAL 

( show mark end) 

If bit 14 of MARKSTAT = 1, proceed to 11MARKCHEX" 

If MARKCNTR ~ 4: 

Perform 11ALARM" with TS= 001CY7g 

(V32E) 

If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to 11 DSPV6N79" 

Resume 

MARKCNTR·= MARKCNTR + 1 

Proceed to 11 GEIMKS" skipping first two steps 

SURFSTAR ANG = (MARKVACi+4'MARKVACi ,MARKVACi+2) . (Save CDU' s at time of 
X-mark for use in 11 CD*TR*GS 11 ) 

TSyrot = MARKVACi+1 (CURSOR angle conv.erted to one's comp. form) 

TSsrot = MARKVACi+J 

If TSyn:,t = 0: 

If TSsrot = 0: 

IS= unit(jCAXIS) 

Proceed to 11 JUSTOA 11 

IS= unit(QYP cosTSyrot - QXP sinTSyrot) 

IS= unit(IS * 2CAXIS) 
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JUSTOA 

FLANET 

TSsrot = MARKVACi+3 
(SPIRAL angle converted to one's comp. form) 

TSsep = 1/12 (TSsrot - TSyrot + K:ABOUT1) 

!S = unit(cosTSsep 2CAXIS + sinTSsep TS) 

Perform "CD*TR*GS" 

Perform "NBTOSM1' 

rs star = [NBSMMAT] !S 

Proceed to "AVEIT" 

TSIGHT = TSt 

(sum modulo one 
revolution) 

i = low 6 bits of AOTCODE (0 to 40) 

If STARIND -- 0, EESTI = 6 i 

If STARIND = 1, EESTJ = 6 i 

If i = 0: (planet) 

Proceed to "GOFLASH" with TS= K:V06N88 (2TARAD0) 
(If terminate, repeat this step; if proceed, 
continue at next step; if other response, 
repeat this step.) 

1s = unit(K:1dSQR3 ~TARADo) 

Return 

If i ( 38: (star) 

TS = K:CATLOG. - - ]. 

Return 

Perform "LOCSAM1' 

If i = 38, rs= ysUN 

If i = 39, .!S = Y,EARTH 

If i = 40, rs= YMOON 

Return 
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LOCIAM QMDI • retura ad<llre11. 
> ·, 

TSIGHT • TSt 

Perfona 11 LSPOS" 

TDIC1 z: TSIGHT 

Perform "Li:MPRIC" 

If PBODY • 0: (earth centered) 

!,MOON:: unit(l:RSUBEM Y,MOON - ft.ATT) 

y:lliTH = -unit~TT 

CliRTH = eos(arcain(X:RSUBE / !PTT I) + K: 5DEGRllS) 

CMOOII • K: CSS5 

If PBODI • 2: (aoon centered) 

vsmi. Ullit(TIUH - K:ROJ: YMOON) - - -
pilTH = - unit(l:RSUBDI !M€>0N + _!!ATT) 

!_MOOi z - eit&A,TT 

CMOON • eoa(arcain(l:RSUBM / !PTT I) + K: 5DiGllES) 

Cl!RTH = K:CSS5 

CSUN z: I:CSSUM 

Return Tia QMIN 

CHUli>!T.l Switch 1'L.lGWllOO bit 3 (1'RD1U.G) to 1 

Tsan, s arcco•(ITAliDo· ~TAIU16) 

Switah rL.lGWltDO bit 3 (FRll1'LlG) to 0 

THIT.l • arecoa(Ii6 • IS12) - TSug 

:DSPTIX1dp • THJ:TA 

Switch ,U.()liDO bit 3 (J'REEl'L!G) to 1 
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AllSGEN 

PROG52 

Proceed to 11 GOFLASH 11 with TS : K:V06N05 (DSPTEM.1) 
(If terminate, proceed to nGOTOPOOH"; if proceed, 
skip next step; if other response, continue at 
next step.) 

Switch FLAG\tlRDO bit J (FREEFLAG) to 0 

Return 

TS1 = TS - - 6 

!S2 = unit(!S6 * !S12 ) 

!SJ = '.!'_S1 * '.!'_S2 

[RFSTMAT] z:: [:::x :::y :::zj 
X y Z 

TSJ TSJ TSJ 
X y Z 

'.!'_S1 = ~TARAD0 

'.!'_S2 = unit(§TARAD0 * §TARAD6) 

'.!'_SJ= _'!'.S1 * TS2 

[SMSTMAT] 

[DCMAT) = 

[

TS1 TS1 TS1 l X y Z 

:: TS2 TS2 TS2 
X y Z 

TSJ TSJ TSJ 
X y Z 

[SMSTMAT ]T (!li'sTMAT] 

Unitize each of the three rows of [DCMArj 
(assure that it is orthogonal) 

§TARAD0 = jpcMAT]T i: UNITX 

§TARAD6 = [DCMAT]T !: UNITY 

§TARAD12 = [DCMATJ T !: UNITZ 

Return 

Perform "R02BOTH 11 

If FLAGWRD2 bit 4 (PFRATFLG) = 1: 

OPTION2 ::.: 1 and skip next step 

OPTION2 = J (REFSMMA.T option) 
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P52B Perform 11 GOPERF4R" with OPTION1 = 1 

P52l.S 

(If terminate, proceed to "GOTOPOOH"; if proceed, 
skip next step; if other response, repeat this 
step.) 

End job 

If OPTION2 bit 2 = 0 and bit 1 = 1: (OPTION2 = 1,5,9, ••••• ) 

Proceed to 11 P52D11 (Preferred) 

If OPTION2 bits 2 and 1 both= 1: (OPTION2 = 3,7,11, ••••• ) 

Perform "R51" 

Proceed to 11 GOTOPOOH11 

(REFSMMAT) 

If OPTION2 bits 2 and 1 = 0: (OPTION2 = 0,4,12,~ ••• ) 

TS= TLA.ND and skip next step 

(Otherwise, OPTION2 = 2,6, •••• ) 

TS= -0 

DSPTEM1 = TS 

(Landing site) 

(Nominal) 

Proceed to "GOFLASH" with TS= K:V06N34 (DSPTEM1) 

I• 

... , (If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; if other response, repeat 
this step.) 

If more significant half of DSPTEM1 S O: 

TALIGN = TIMENOW and skip next step 

TALIGN = DSPTEM1 

If OPTION2 bit 2 = 1: 

TSt = TALIGN 

Perform "S52.3" 

Proceed to "P52D" 

(OPTION2 = 2,6,10, ••••• ) 

Switch FLAGWRD1 bit 13 (ERADFLAG) to O (OPTION2 = 0,4,.12, ••.. ) 
. ' 

Switch FLAGWRD3 bit 12 ( LUNAFLAG) to 1 

(landing site vector in MF coordinates) 
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TSt = TALIGN 

TLAND = TALIGN 

Perform "MOONMX" 

!LPHA V = [ MOONMArj T (,!S + 1?{504 * ,!S) 

TSt = TALIGN 

Perform "N89DISP" 

!SMDrf = unit!LPHAV 

Perform "ISORIENT" 

Proceed to "P52D" 

(compute landing site orientation) 

N89DISP TStime = TSt 

P52D 

Perform "LAT-LONG" 

LANDLONG =LONG / 2 

LANDALT = ALT 

LANDLAT = LAT 

(calculate and display landing site) 

Proceed to "GOFLASH" with TS= K:V06N89 (LANDLAT,LANDLONG,LANDALT) 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; if other response, repeat 
this step.) 

LONG= 2 LANDLONG 

ALT = LANDALT 

LAT= IANDLAT 

TSt = TStime 

Perform "LALOTORV1' 

Return 

Perform "S52 .211 (compute gimbal angles) 

Proceed to "GOFLASH" with TS= K:V06N22 (THETAD) 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; if other response, proceed 
to "P52D".) 
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Proceed to 11 GOPERF1 11 with TS= 00013g (perform checklist #13) 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
proceed to 11REGCOARS11 ; if other response, continue 
at next step.) 

.p)C = unit( (REFSMMAT] lSMDrf) (get desired SM wrt present SM) 

XDC = unit( [REFSMMAT) XSMDrf) 

~00 = unit ( (REFSMMAT] ~SMDrf) 

Perform 11 GYCOARS11 

Proceed to "GOTOPOOH" 

GYCOARS QMAJ = return address 

Perform 11 CAI.CGTA" 

Switch FLAGWRD2 bit 15 (DRIFTFI.G) to 0 

Switch .FLA.GWRD3 bit 13 (REFSMFI.G) to 0 

Perform "GODSPR" with TS = K:V16N20 (monitor gimbal angles) 

Perform 11 IMUPUI.SE11 with TS= address of OGC 

Perform "OOSTALL" 

If ISSGOOD = O, perform "CURTAINS" 

[ REFSMMAT J = L XSMDMAT J 
Switch FLA.GWRD2 bit 4 (PFRATFI.G) to 0 

Switch FLA.GWRD3 bit 13 (REFSMFLG) to 1 

1dPIPADT = Til1ENOWls 

f.IPA = -0 

QCOMP = O 

Switch FIAGWRD2 bit 15 (DRIFTFI.G) to 1 

Proceed to "R51K" 
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QMAJ = return address 

Perform 11 CDUTRIG" 

Perform "CALCSMSC" 

~rf = unit( [REFSMMA.T] T ~sm) 

INBrf = unit( lREFSMMAT]T XNBsm) 

fNBrf = unit([REFSMMATJT ~NBs.ia) 

!SMrf = !5MDrf 

ISMrf = ISMDrf 

fSMrf = fSMDrf 

Perform 11 CALCGA 11 

Return via QMAJ 

QMAJ = return address 

TDEC1: TSt 

Perform 11 LEMC0NIC 11 

!5MDrf = unitgATT 

ISMDrf = unit(YATT * JµTT) 

fSMDrf = unit(~MDrf * XSMDrf) 

Return via QMAJ 

LS0RIENT QM.AJ:::: return address 

CAL53A 

fSMDrf = unit [O.!RECTCSM * YRECTCSM) * ,!SMDrf] 

XSMDrf = unit(fSMDrf * !S'fDrf) 

R,~turn via QMAJ 

Perform "552.2" 

1s = j £DU - !HETAD I (TS =ICDJ - THETAD I, etc.) 
X X X 
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If any of the three components of I,S is 2. !:DEGBEE1 
and< K:DEG359: 

Perform "COARSE" 

1dPJ:EjJ)T = TD«NOliJls 

PIPA = -0 

.QCClMP :: 0 

Svitch FL!GWRD2 bit 15 (DRI.1TFLG) to 1 

f
ISMrfx ISMrfy DMrfzl 

[RiFSMM.A.T]z::z: YSMrfx YSMrfy ISM.rfz 

ZSMrf ZSMrf ZSMrf 
X y Z 

Return 

R51 QMAJ ~ return address 

Proceed to "G0PERF1 11 with TS• 000158 (perform checklist 
(Ir terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; if other responae, proceed 
to "R51E".) 

TSt • TIMINOW + I:TSIGHT1 

Perform "L0CS!M" 

Perform "R56" 

If H!VIP.A.IR a: 0: 

(select best star pair) 

Perform "ALARM" with TS~ 004058 

115) 

Proceed to "G01'LASH 11 with TSE K:V05N09 (dHplay alana) 
(If te:rsinate, proceed to 11 GOTOPOOH 11 ; if 
proceed, continue at next step; if other 
response, proceed to second step of 11 R51 11 .) 

R51E STARillD z O (start with star farther from line-of-sight) 

Perform "R52" 

Perform 11 .A.O'l'MARK" 

Per!orll 11AOTSTALL" 

( set AOTCODE and maneuver LM) 

It .A.OTGOOD = O, perform ~CURTAINS" (bad return) 
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If STARIND = 0: 

§TARSAV1 = §TARAD6 

TSt = TSIGHT 

Perform "PLANET" 

fLANVEC = is 

STARIND = 1 

Proceed to second step of "R51E" 

§TARSAV2 = ~TARAD6 

TSt = TSIGHT 

Perform 11 PLANET 11 

§TARAD6 = unit( [REFSMMAT] is) 

§TARAD0 = unit( [REFSMMAT] fLANVEC) 

_'!S
6 

= ~TARSAV1 

is12 = ~TARSAV2 

Perform "CHKSDATA" (R54) 

If FLAGWRD0 bit 3 (FREEFLAG) = 1: 

Perform "AXISGEN" 

Perform "R55" 

Switch FLAGWRD2 bit 4 (PFRATFLG) to 0 

R51K Proceed to "G0PERF1" with TS= 00014-o (checklist #14) 
(If terminate, proceed to 11 GOT0F'00H 11 ; if proceed, 
proceed to second step of "R51"; if other 
response, continue at next step.) 

Return via QM.AJ 
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R52 AOTCODE = 002008 + EESTI / 6 (setting detent code to 2) 

If STARIND = 1, AOTCODE = 002008 -if- EESTJ / 6 

Proceed to 11 GOFLA.SH11 with TS= K:V01N70 (AOTCODE) 
(If terminate, proceed to 11 GOTOPOOH11 ; if proceed, 
continue at next step; if other response, repeat 
this step.) 

Switch FLAGWRD5 bit 6 (3AXISFW) to 0 

TS1 = bits 15-7 of.·_ .M>TCODE shifted right to bit positions 9-1 

If TS 1 ~ 0, proceed to II GETAZEL11 

If TS1 = 7, proceed to "GETAZEL11 

(COAS calibration) 

(COAS sighting) 

i = TS1 (detent position between 1 and 6 inclusive) 

TSazm = AOTAZ. 
1 

TSelev = K:r52el 

Proceed to II AZEL" 

GETAZEL Proceed to 11 GOFLASH11 with TS = K:V06N87 (AZ, EL) 

AZEL 

(If terminate, proceed to 11 GOTOPOOH11 ; if proceed, 
continue at next step; if other response, repeat 
this step.) 

TSazm = AZ 

TSelev = EL 

Perform II OANB11 

TSt = TIMENOW 

Perform 11 PLANET11 

( get §.CAXIS) 

f.OINTVSM = unit([REFSMMAT] .'IS) 

Perform 11R60IEM'' (attitude maneuver) 

If bits 15-7 of AOTCODE = 0: (COAS calibration) 

Proceed to "R52" skipping first two steps 

Return 
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lli QMIN = return address 

Perform 11 CALCGTA11 

Proceed to 11 GOFLASH" with TS = K:V06N93 (OGC,IGC,MGC) 
(If terminate, proceed to 11 GOTOPOOH 11 ; if proceed, 
continue at next step; if other response, return 
via QMIN.) 

TS = address of ( OGC, IGC, MGC) 

Perform 11 IMUPULSE11 

Perform 11 IMUSTALL" 

If ISSGOOD = 0, perform "CURTAINS" 

Return via QMIN 

!!2Q. QMIN = return address 

Perform 11 CDUTRIG11 

Perform "CALCSMSC" 

Switch FLAGWRD3 bit 10 (VFLAG) to 1 

BEST!= O 

BESTJ = 0 

(bad return) 

2AX = unit([REFSM.."IAT)T (½ ,!NBsm + ½ ~NBsm)) 

i = 38 

PIC1 i = i - 1 

If i = O, proceed to 11 PICEND 11 

If ~:CATLOG1 • 2AX < K:CSS3.3, proceed to 11 PIC1" 

j = i 

PIC3 j = j - 1 

If j = O, proceed to 11 PIC1" 
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If !:CATLOGj• §il < K:CSSJ3, proceed to "PICJ" 

If !:CATLOGi• !:CATLOGj ~ K:CSS40, proceed to 11PIC3" 

ISstar = !:CATLOGi 

Perform "OCCULT" (see if first star is occulted) 

If FLAGWRD3 bit 7 (CULTFLAG) = 1, proceed to 11PIC1" 

!Sstar = !:CATLOGj 

Perform "OCCULT" (see if second star is occulted) 

If FLAGWRD3 bit 7 (CULTFLAG) = 1, proceed to "PIC3" 

If FLAGWRD3 bit 10 (VFLAG) = 1: 

Switch FLAGWRDJ bit 10 (VFLAG) to O 

BEST!= 6 i 

BESTJ = 6 j 

Proceed to 11PIC3" 

BEST!= BF.ST!/ 6 

BESTJ = BESTJ / 6 

TSa = !:CATL0°'13ESTI • !:CATL0°'13ESTJ 

BEST!= 6 BF.ST! 

BESTJ = 6 BF.STJ 

S'Witch FLAGWRD3 bit 10 (VFLAG) to 1 

TSb ::.: !:CATLOGi • !:CATLOGj 

Switch FLAGWRD3 bit 10 (VFLAG) to O 
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PICEND 

OCCULT 

If TSa > TSb: (new pair has better separation) 

BEST!= 6 i 

BESTJ = 6 j 

Proceed to "PICJ" 

If FLAGWRDJ bit 10 (VFLAG) = 1: 

HAVEPAIR = 0 

Return via QMIN 

i = BEST! / 6 

j = BESTJ / 6 

If §AX• !:CATLOGj < §.AX• !:CATLOGi: 

BEST!= 6 j (farther) 

BESTJ = 6 i 

HAVEPAIR = 1 

Return via QMIN 

(closer) 

[

VEARTH VEARTH VEARTH J 
[Tsmat] = VSUNX X VSUNY y VSUNZ z 

VMOON VMOON VMOON 
X y Z 

(
CEARTff\ 

1'.S = c~~ } - [ TSmat] 1'_Sstar 

(no pairs found) 

Switch FLAGWRDJ bit 7 (CULTFLAG) to 0 

If TS ~ 0, or if TS or TS < 0: 
X y Z 

Switch FLAGWRDJ bit 7 (CULTFLAG) to 1 

R,~turn 
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P57 

P570PT 

Perform II IMUCHK" 

OPTION2 = 000038 

(assure that IMO is on) 

(REFSMMAT orientation) 

Perform II GOPERF4R" with OPTION1 = 00001 
(If terminate,proceed to "GOTOPOOH~; if proceed,skip 
next step; if other response,repeat this step.) 

End job 

If OPTION2 bit 2 = 0 and bit 1 = 1: (OPTION2 = 1,5,9, ••• ) 

Proceed to 11 PACKOPTN11 (Preferred orientation) 

If OPTION2 bit 2 = 1 and bit 1 = 0: (OPTION2 = 2,6,10, ••• ) 

Proceed to "P570PT" (recycle; invalid in P57) 

If OPTION2 bits 2 and 1 = 1: (OPTION2 = 3,7,11, ••. ) 

L XSMD] = [ REFSMMAT] (REFSMMAT orientation) 

Proceed to "PACKOPTN" 

(Otherwise, OPTION2 = 0,4,8,12, •..• ) (Landing site orientation) 

DSPTEM1 = TIG 

Perform "GOFLASH" with TS= K:V06N34 (DSPTEM1) 
(If terminate, proceed to "GOTOPOOH"; if proceed,continue 
at next step; if other response,repeat this step.) 

If DSPTEM1 = 0: (key-in time= 0) 

TALIGN = TIMENOW 

TDEC 1 = TIMENOW 

Proceed to "P57D" 

If TIMENOW ~ DSPTEM1 : 

TALIGN = DSPTEM1 

TDEC 1 = DSPTEM1 

Proceed to "P57D" 

TIG = DSPTEM1 

TALIGN = DSPTEM1 

TDEC 1 = DSPTEM1 
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P57D Perform "IEMPREC" 

XSMDrf = unitRATT - -
Perform II I.SORIENT" 

PACKOPTN OPTION2 = 000008 

OPTION3 = 000008 

(compute desired IMIJ orientation) 

(zero alignment option) 

(zero flag bit configuration) 

If FIAGWRD3 bit 13 (REFSMFLG) = 1, OPTION3 = 001008 

If FLAGWRD6 bit 1 (ATTFLAG) = 1, OPTION3 = OPTION3 + 000108 

OPTION1 = 000108 

DSPOPTN Proceed to "GOFLASH" with TS= K:V05N06 (OPTION1,0PTION2,0PTION3) 
(If terminate,proceed to "GOTOPOOH"; if proceed,continue 
at next step; if other response, repeat this step.) 

If FLAGWRD3 bit 13 (REFSMFLG) = 1, proceed to "GETLMATT" 

If FIAGWRD6 bit 1 (ATTFLAG) = 1, proceed to "BYLMATT" 

If OPTION2 bit 2 = 1 ·: ( OPTION2 = 2, 3, 6, 7, ••• ) 

Proceed to "BYLMATT" (don't have attitude) 

Perform "ALARM1' with TS= 00701 8 (option inconsistent with flags) 

Proceed to "GOFIASH" with TS= K:V05N09 (display alarm) 
(If terminate,proceed to "GOTOPOOH"; if proceed,proceed to 
"DSPOPTN"; if other response, proceed to 11 DSPOPTN11 .) 

GETLMATT Perform "REFMF" 

BYLMA TT Switch FIAGWRD8 bit 2 ( INITALGN) to 1 

ATTCHK 

If OPTION2 bit 1 = 1: (OPTION2 = 1,3,5,7, •••• ) 

Proceed to "GVDETER" 

If FLAGWRD6 bit 1 (ATTFLAG) = 1, proceed to "P570PTO" 

Switch FLAGWRD8 bit 2 ( INITALGN) to 0 

If OPTION2 bits 2 and 1 both= 0: (OPTION2 = 0,4,8, •••• ) 

Proceed to "P570PTO" 
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If 0PTI0N2 bit 2 = 0 and bit 1 = 1: (0PTI0N2 = 1,5,9, ••• ) 

Proceed to "P570PT1 11 

If 0PTI0N2 bit 2 = 1 and bit 1 = 0: (0PTI0N2 = 2,6,10, •••• ) 

Proceed to "P570PT2" 

If 0PTI0N2 bits 2 and 1 both= 1: (0PTI0N2 = 3,7,11, •••• ) 

Proceed to "P570PT3" 

P570PT0 yF.C1 = INBSAV 

yF.C 2 = ~SAV 

Perform 11 CDlITRIG11 

Perform 11CALCSMSC" 

IS = X,NBsm 

SAMETYP §TARSAV1 = IS 

~TARSAV2 = ~NBsm 

Perform "MF'REF" 

Proceed to "SURFLINE" 

P570PT1 yEC1 = unitfil,S 

yEC2 = ~SAV 

Perform 11CDlITRIG11 

Perform "CALCSMSC" 

Perform acnUTRIG" 

Perform "NB'll0SM11 

IS = [ NBSMMAT] .QSA V 

Proceed to "SAME'l'IP" 
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P570PT2 Proceed to "2STARS11 

P 570PT 3 YEC 1 = uni t~S 

YEC 2 = uni t~S 

Perform 11 CDUTRIG" 

Perform "NBTOSM" 

§.TARSAV1 = [ NBSMMAT J QSAV 

Perform 11MFREF 11 

Proceed to "1STAR" 

SURFLINE §TARAD0 = unit( [ISMDMAT] YE;C1) 

!S6 = §TARSAV1 

INITBY 

§TARAD6 = unit( [XSMIMAT] YE;C2) 

!S12 = §.TARSAV2 

If FLAGWRD8 bit 2 (INITALGN) = 1, proceed to 11 INITBY 11 

Perform 11 CHKSDATA11 (R54) 

If FLAGWRDO bit 3 (FREEFLAG) = O, proceed to "P57POST 11 

Perform "AilSGEN" 

Perform "CALCGTA11 

If FLAGWRD8 bit 2 (INITALGN) = 1, skip next step 

Proceed t9 "GOFLASH" vith TS= K:V06N9.3 (gyro angles) 
(If terminate, proceed to 11 GOTOPOOH 11 ; if proceed, 
continue at next step; if other response, proceed 
to "P57POST 11 .) 

TS = (OGC, IGC, MGC) - ogc 

TS = TS / K: 5DEGREES - - ogc 
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If overflow ( any component of !S ~ 1 ) : 

XSMrf = LOOMAT] T:.K:UNITX 

XSMr.f = [DCMAT] T K:UNITY 

ZSMrf = [OOMAT]T K:UNITZ 

Perform 11 CDUTRIG" 

Perform "CALCSMSC" 

Perform "CALCGA" 

If FLA.GWRD8 bit 2 (INITALGN) = O, skip next step 

Proceed to "GOFIASH" with TS= K:V06N22 (THETAD) 
(If terminate,proceed to "GOTOPOOH"; if proceed, 
continue at next step; if other response, 
repeat this step.) 

Perform "COARSE" 

1 dPIPADT = TIMENOWls 

PIPA = -0 

Q:COMP = 0 

Switch FLA.GWRD2 bit 15 (DRIFTFLG) to 1 

!_NG= !I{ETAD 

Perform "CD*TR*GS" 

Perform 11 NBTOSM1' 

2TARAD0 = [NBSMMAT] K:UNITX 

2TARAD6 = [NBSMMAT] K:UNITY 

Perform "CDUTRIG" 

Perform "CALCSMSC" 

is6 = !NBsm 

is12 = X,NBsm 

Perform "AXISGEN" 

Perform "CALCGTA" 

(End of indented steps) 
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TS= address of (OGC,IGC,MGC) 

Perform 11 IMUPULSE 11 

Perform 11 IMUSTALL" 

If ISSGOOD = O, perform "CURTAINS" 

SURFDISP Switch FLAGWRDJ bit 13 (REFSMFLG) to 1 

( REFSMMAT] = [ XSMDMAT] 

2STARS 

1STAR 

If OPTION2 = 000008, proceed to "P57POST 11 

If FLAGWRD8 bit 2 ( INITALGN) = 1: 

Proceed to 11 ATTCHK 11 skipping first step 

Perform 11 REFMF 11 

Proceed to 11 P57POST" 

STARIND = 0 

Skip next step 

STARIND = 1 

(first star) 

(second star) 

!i.22 If FLAGWRDJ bit 1 J (REFSMFLG) = 0, proceed to "R590UT" 

Proceed to 11 GOFLASH 11 with TS= K:V01N70 (detent and star code) 
(If terminate, proceed to 11 GOTOPOOH 11 ; if proceed, 
continue at next step; if other response, proceed 
to "R59".) 

TSt = TIMENOW 

Perform "PLANET" 
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1:s1 = unit( [REFSMMAT] !.S ) 

Perform 11 CDUTRIG" 

Perform 11 SMTONBN 

§TAR = (SMNBMAT] !S1 

POSCODE = 1 

QMIN = A0TAZPOSCODE 

TSazm = QMIN 

TSelev = K:r52el 

Perform "OANB" 

(elevation= 45 degrees) 

TS1 = arccos(§.TAR • §.CAXIS) 

TS2 = TS1 - K:DEGJO 

If TS2 ? 0: (star not in field of view; try next positie>n) 

POSCODE = POSCODE + 1 

If POSCODE ? 7, proceed to "R59AIM11 

Proceed to 11 INCAZ 11 

TS= TS1 - K:DEG.5 

If TS < 0: 

CURSOR= 0 

SPIRAL= 0 
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79D!SP 

( If TS < 0:) 

Proceed to "79DISP" 

TS1 = 12 TS1 

!S2 = unit(§CAXIS * !:UNITX) 

!S3 = unit(-!S2 * ~AXIS) 

!S4 = unit(~AXIS * §TAR) 

TS5 = arccos(.'!'.S4 • !S2) 

If TS~ o, skip next step 

TS5 = K:ABOUT1 - TS5 

TS5 = TS5 + QMIN (one's complement form, scaled revs) 

TS6 = TS5 in tvo 1 s complement form scaled B-1 in revs 

CURSOR == TS6 

TS == TS5 + TS1 (one's complement form, scaled revs) 

TS= TS in two I s complement form scaled B-1 in revs 

SPIRAL== TS (two's complement form, scaled½ revs) 

Proceed to 11 GOFLASH 11 with TS== K:V06N79 (CURSOR,SPIRAL,POSCODE) 
(If terminate, proceed to 11 GOTOPOOH 11 ; if proceed, 
continue at next step; if other response, proceed 
to "R59".) 

TS= bits 3-1 of POSCODE shifted left to bits 9-7 

TS1 = bits 6-1 of AOTCODE 

AOTCODE = TS 4 TS1 (star code in bits 6-1; detent code 
(derived from POSCODE) in bits 9-7) 
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R590UT 

R59ALM 

R59RET 

Perform 11A0TMARK 11 

Perform 11A0TSTALL 11 

ff A0TGO0D = 0, perform 11 CURTAINS 11 

Proceed to 11R59RET 11 

Perform "ALARM" with TS= 004048 

Proceed to 11 GOFLASH 11 with TS= K:V05N09 (display alarm) 
(If terminate, proceed to 11 GOTOP00H 11 ; if proceed, 
proceed to 11 R590UT11 ; if other response, proceed to 
11R59 11 .) 

If STARIND = 0, proceed to 11 ASTAR 11 

TSt = TSIGHT (time of second mark) 

Perform 11 PLANET 11 

Proceed to 11 SURFLINE" 

§TARSAV1 = 2TARAD6 

TSt = TSIGHT 

Perform "PLANET" 

YEC1 = 1:s 

Proceed to 11 1STAR11 

(first star marked) 

(time of first mark) 

(get second star sighting) 

GVDETER THETAD = K:42DEG 
X 

THETAD = -Ki42DEG y 

THETAD ~ K:35DEG z 

Switch FLAGWRD3 bit 13 (REFSMFLG) to 0 . 

Perform 11 LUNG11 (align to ,IHETAD and get gravity vector) 
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Perform "NBTOSM" 

~Bsm = [NBSMMAT] !: UNITX 

~sm = 2 STARx §.TAR - !:UNITX 

X,NBsm = [NBSMMAT] !:UNITY 

Y_SMsm = 2 STAR STAR - K:UNITY y - -

~NBsm = [NBSMMAT] !: UNITZ 

~SMsm = 2 STARz §.TAR - !:UNITZ 

Perform 11 CALCGA" (get new !HETAD) 

Perform "LUNG" 

§.TARSAV1 = unit(½ QOUT + ~TARAD12 ) 

DSPTEM1 = arccos(§TARSAV1 • QSAV) 

Switch FLAGW'RDO bit 3 (FREEFLAG) to 0 

Proceed to 11 GOFLASH" with TS= K:V06N04 (DSPTEM1) 
(If terminate, proceed to 11 GOTOPOOH 11 ; if proceed, 
continue at next step; if other response, 
switch FLAGWRDO bit 3 (FREEFLAG) to 1 and 
continue at next step.) 

QSAV = §.TARSAV1 

If FLAGW'RDO bit 3 (FREEFLAG) = 1, proceed to 11 GVDETER11 

Proceed to "ATTCHK" 

LUNG QMIN = return address 

QACC = O 

Perform "COARSE" 

GCTR = -20 

1dPIPADT = K:PRI031 
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GCOMPSW = O 

.QCOMP = O 

Perform "PIPASR" skipping first step (don't load PIPTIME1) 

GREED Ca.11 "GRABGRAV" i n two seeonds 

End job 

GRABGRA.V Perform "PIP.ASR" skipping first step 

Establish ".lDDGRAV" 

End task 

ADDGRA.V Perform "1/PIPA" 

GCTR = GCTR + 1 

gACC = gACC + K:lungt QELV 

If GCTR < O, proceed to "GREED" 

§.TAR= unitgACC 

Perform "CDUTRIG" 

Perform "SMTONB" 

gDUT = [SMNBMAT] §TAR 

Return via QMIN 

REGCOARS Perform "CAL53A" 

Switch FIAGWRD3 bit 13 (REFSMFLG) to 1 

Switch FIAGWRD2 bit 4 (PFRATFLG) to 0 

Perform "R51" 

Proceed to "GOTOPOOH" 
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P57P0ST Proceed to "G0PERF1" with TS = 00014g (checklist# 14) 
(If terminate, proceed to "G0T0P00H"; if proceed, 
proceed to "ATTCHK" skipping first step; if other 
response, continue at next step.) 

If 0PTION2 f: 000028, proceed to "G0T0P00H" 

(0PTI0N2 = 000028 so calculate landing site) 

Perform "CDUTRIG" 

Perform "NBT0SM1' 

!Sgref = [ REFSMMAT] T [ NBSMMATJ QSAV 

Switch FIAGWRD3 bit 12 ( LUNAFLAG) to 1 

ALPHAV = I gLS I !,Sgref 

Switch FIAGWRD1 bit 13 (ERADFIAG) to 0 

TSt = TIMEN0W 

Perform "N89DISP" 

RN = ALPHAV - - (scalf:ld B29) 

PIPTIME = TSt 

Perform "M00NMX" 

B:LS = [ MOONMATj (RN - ( [MOONMAT]T J!1504) * RN) 

Proceed to "G0T0P00H" 

KILIA0T Switch EXTVBACT to zero 

Proceed to "G0T0PO0H" 

(allow extended verbs) 

IMUCHK If bit 9 of IM0DESJ0 = 1: (IMU off) 

Perform "ALARM" with TS = 00210
8 

Proceed to "G0T0POOH 11 

Switch FLAGWRD0 bit 8 (IMUSE) to 1 

Return 
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Quantities in Computations 

1dPIPADT: See IMUC section. 

!LPHAV: See COOR section. 

ALT: See COOR section. 

!NG: See COOR section. 

AOTAZi, AOTEL. (i = 1,2,3,4,5,6)i Twelve single precision scalars 
stored in Units of revolutions, scaled B-1 in two's complement 
form. The AOT has six working positions, fixed by detents, defined 
by angles of rotation around the -X spacecraft a.xis, measured 
from the +Z spacecraft a.xis (AOTAZ) and by angles of elevation 
above the Y-Z plane (AOTEL). These quantities are stored in 
erasable memory because their exact values vary among spacecraft, 
but the nominal values are; 

1 
2 
3 
4 
5 
6 

i AOTAZ. 

(left forward) 
(forward) 
(right forward) 
(right rear) 
(rear) 
(left rear) 

--1 

-60° 
00 

60° 
120° 
180° 

-120° 

AOTCODE: A single precision scalar containing the star selection 
code in bits 6-1 (an octal number from 1 to 458 for stars, 
0 for a planet, and 468-508 for sun, earth and moon), and 
the AOT detent code in bits 9-7 (1,2,3,4,5 or 6 for AOT detents; 
0 for COAS calibration; 7 for COAS position to be specified.) 

AOTGOOD: A flag indicating that the AOT marking procedure was 
successfully executed. (Implemented as a variable return 
address in the listing.) 

AZ, EL: Single precision angles of azimuth and elevation of the COAS 
stored in units of revolutions, scaled B-1 in two's complement form. 

BEST!: , Single precision value, scaled B14, or the index parameter for 
star #1 of the Kbest• star pair as determined by "R56". It is the 
star farthest from the AOT center detent position and will be zero 
if no star pairs are found that are satisfactory. In •R59" it is the 
value of the index parameter of the first celestial body used for 
marking (if two bodies are to be used). It is egual to six times the 
detillal e(luiTalent 'of the 11 ,tar selection code•.r, ts8e A0'l'CODii definition 
and the Star ,t-~~le). 

BESTJ: See BEST!. In "R56" it is the index parameter for st&r #2 
which is the closest star to the AOT center detent position. In 
na59" it is the index parameter of the second celestial body used 
for marking (if two are to be used) or the index parameter of the 
single body being used (Technique 3 alignment). 
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I 

CDU: S::!e COOR section . 

CE.ARTH, CMOON, CSUN : Three double preci sion cosines defining the 
ar eas around the eaTth, moon and sun within which an object to 
be marked i s considered to be occulted; scaled B2 and unitless. 

CURSOR : Singl e precision angle through whi ch the reticle must be 
rotated to place the cursor on a star for a gi ven viewing position. 
Used onl y on the lunar surface, scaled B-1 in unit s of revoluti ons . 

[DCMAT]: Double prec i sion direction cosine matrix, s caled Bl and unitles s . 
"When multiplied by ~:UNITX, ~:UNITY and ~ : UNITZ it is equivalent to the 
program notation of XX , YDC and ZDC respectively . 

]2ELV: S::!e SERV section. 

DSPTEMl: S::!e DATA secti ono 

EXTVBACT: S::!e EXVB section. 

GACC : Doub l e preci sion sum of measured gravi ty vectors , scal ed Bl3 in units 
of centimeters per second squared and expressed in stable member coordinate s. 

_QCOMP, GCOMPSW: S::!e IMUC section. 

GCTR : Single precision counter scaled Bl4 and u.ni tless . S::!t to -·20 in "I.UNG" 
and incremented by one each two seconds until it becomes zero, thus a llowing 
40 seconds of PIPA readings for determination of the gravity vector . 

GOUT: Double preci s ion unit gravity vector , scaled Bl and expressed in navigation 
base coordinate s . 

GSAV: Double preci si on storage for unit gravity vector determined in previous 
pass through "F57", scaled Bl and expres sed in navigation base coordinates. 

HAVEPAIR : Single preci sion f lag to indi cate whether "R51" was s uccessful in 
f inding a star pair adequately separated for marking . 

IMODES30 , IMUCADR, ISSGOOD : S::!e IMUC section. 

K:1dSQR3: Double precision constant stored as 22361.. 116238 , scaled BO and unitless. 
Equation value: 0.57735021 (Equivalent to 1/ ./T). 

K:35DEG: Single precision constant stored as 06211 , scaled B-1 in units of 
revolutions. Equation value: 0.09793. (Equiva~ent to 35.255 degrees.) 

K:42DEG: Single pre ci sion constant stored a s 07357
8

, scaled B-1 in units of 
revolutions . Equati on value Oo ll667 (Equivalent to 42 . 001 degrees .) 

K: 5DEGREES: Double prec i si on constant stored as 0.013888889, scaled :00 i n 
units of revoluti onso Equati on value: 0.0138888890 (Equivalent to 

5 degrees . ) 
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K:ABOUT1: Double precision constant, scaled BO in units of 
revolutions. Equation value: 0.99999999. 

~:CATLOG1: A list of thirty-seven unit vectors defining the 
position of stars to be used as references against which 
star sighting measurements can be compared, scaled B1 and 
unitless. See table below. 

K:CSS33: Double precision constant stored as 0.16070, scaled 
B2 and unitless. Equation value: 0.64280. (Equivalent to 
the cosine of 50 degrees) 

K:CSS40: Double precision constant stored as 0.16070, scaled B2 
and unitless. Equation value: 0.64280. (Equivalent to 
the cosine of 50 degrees) 

K:CSS5: Double precision constant stored as 0.2490475, scaled 
B2 and unitless. Equation value: 0.99619. (Equivalent 
to the cosine of 5 degrees) 

K:CSSUN: Double precision constant stored as 0.125, scaled B2 
and unitless. Equation value: 0.5. (Equivalent to the 
cosine of 60 degrees) 

K:DEG.5: Double precision constant stored as 0.00138888, scaled 
BO in units of revolutions. Equation value: 0.00138888. 

K:DEG30: Double precision constant stored as 0.083333333, scaled 
BO in units of revolutions. Equation value: 0.083333333. 
(Equivalent to 30 degrees) 

K:DEG359: Single precision constant stored as 16338 x 2-14, scaled 
BO in units of revolutions. Equation value: 0.99719. 
(Equivalent to 359 degrees) 

E REE S 46 X 2-14, K:D G 1: ingle precision constant stored as 
scaled BO in units of revolutions. Equation value: 0.0028. 
(Equivalent to 1 degree) 

-1 K:lungt: Implied constant, scaled B-1 in units of seconds . 
Equation value:½. 
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K:PRI031: See SERV section. 

K:r52el: Single precision constant stored as 100008, program 
notation 11BIT 13", scaled B-1 in units of revolutions. Equation 
value: 0.125 . (Equivalent to 45 degrees) 

K:ROE: Double precision constant stored as 0.00257125, scaled BO 
and unitless. Equation value: 0.00257125. (Equivalent to the 
ratio of the mean Earth to Moon distance to the mean Earth to 
Sun distance) 

K:RSUBE: Double precision constant stored as 6378166 x 2-29 , scaled 
B29 in units of meters. Equation value: 6378166. (Equivalent to 
6378.166 km; the equatorial radius of the Earth) 

-29 K:RSUBEM: Double precision constant stored as 384402000 x 2 , scaled 
B29 in units of meters. Equation value: 384402000. (Equivalent to 
384,402.0 km; the mean distance between the Earth and Moon) 

K:RSUBM: Double precision 
B29 in units of meters. 
to 1738.09 km; the mean 

-29 constant stored as 1738090 x 2 , scaled 
Equation value: 1738090. (Equivalent 

radius of the moon) 

-28 K:TSIGHT1: Double precision constant· stored as 36000 x 2 , 
scaled B28 in units of centiseconds. Equation value: 36000. 
(Equivalent to 6 minutes) 

~:UNITX, f:UNITY, ~:UNITZ: See SERV section. 

K:VxxNxx: See Major Variables section. 

LANDLONG, LANDLAT, LANDALT: Double precision locations for display 
of LONG, LAT and ALT respectively in Noun 89 . 

LAT, LONG: See COOR section • 

.!,M504: See COOR section. 

LOC: Single precision octal storage for starting address of an 
awakened job. 

MARKCNTR: Single precision counter to keep track of the number 
of valid marks made by the astronaut and to limit the number 
allowed, scaled B14 and unitless. 

MARKSTAT: Single precision address storage and flagword. The 
address of the special working storage area assigned to the 
mark system is kept in bits 9-1 of MARKSTAT. Bit 15 is 
always O. The other bits have the following significance: 
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Bit 
14 

13 

12 

11 

10 

Meaning 
(1) A set of marks is complete and the next 

mark is to be interpreted as part of a 
new set. 

(0) A pair of marks is in the process of being 
executed and redundant marks will not be 
accepted. 

(1) A mark has been made since the last reject 
and it alone will be cleared if a reject 
is entered. 

(0) If a reject is entered, both marks will 
be cleared. 

(1) The processing of marks and mark rejects 
in the "MARKRUPI'" routine is inhibited 
because the parameters needed for inter­
pretation of marks have not yet been 
initialized, or the astronaut has indi­
cated that he is finished taking marks. 

(0) The proeessing of marks is allowed. 
(1) The Y mark of a pair has been accepted. 
(0) The Y mark of a pair has not yet been 

accepted. 
(1) The X mark of a pair has been accepted. 
(0) The X mark of a pair has not yet been 

accepted. 

MARKVAC: Single precision storage for two's complement values of 
gim.bal angles from the CDU at the time of each of the X and Y 
marks taken, for use in constructing the line-of-sight vector 
at each mark and determining the average line-of-sight vector, 
scaled B-1 in units of revolutions. 

MARKVACMKDEX+l,J: Single precision storage for CURSOR and SPIRAL 

angles respectively, indexed such that up to five sets of angles 
can b,3 stored for use in determining the average line-of-sight 
vector. Storage locations actually used are those normally re­
served for Y-mark CDU information. (Only X-mark information is 
used on the lunar surface.) Scaled B-1 in units of revolutions. 

MKDEX: Single precision index scaled Bl4 and unitless, or B3 and 
unitless. 

[MOONMAT]: See COOR section. 

n: Single precision integer scaled Bl4. 

[N:BSMMAT]: See COOR section. 

OGG, IGC, MGC: See COOR section. 

OPI'CADR: Single precision octal storage for address to return to 
program that has requested marking and is waiting for the marking 
to be completed. 

ALIN - 41 



OPTION1, OPTION2, OPTIONJ: See DATA section. 

PBODY: See ORBI section. 

PIPA: See IMUC section. 

PIPTIME: See SERV section. 

PLA.NVEC: Double precision unit vector in the direction of the 
first celestial body to be used for marking, scaled B1 and 
expressed in reference coordinates. 

POINTVSM: See ATTM section. 

POSCODE: Single precision counter to indicate the position of 
the AOT. Changed to the appropriate detent code in "79DISP"; 
scaled B14 and unitless. 

QMA.J, QMIN: Single precision octal return address storage cells. 
QMIN is also used as temporary working storage. 

RATT: See ORBI section. 

[REFSMMAT]: See COOR section. 

[RFSTMATl: Double precision, 3x3 matrix such that~ t = [RFSTMATJ 
where A is a vector expressed in "line-of-sight" ~nlrreference 
coordinates respectively; scaled B1 and unitless. 

RLS: See DESC section. 

RN: See SERV section. 

B:R]:CTCSM: See ORBI section. 

SAX: Double precision unit vector in the direction of the 
line-of-sight of the AOT center position, scaled B1 and 

expressed in reference coordinates. 

SCAXIS: See ATTM section. 

[sMNBMAT_]: See COOR section. 

[sMSTMATJ: Double ~recision, 
A t = rsMSTMAT A where -s ar ~ -sm 
"1.1ne-of-sight" ana stable 

scaled B1 and unitless. 

3x3 matrix defined such that 
A is a vector expressed in 
member coordinates respectively; 

SPIRAL: Single precision angle through which the reticle must be 
rotated to place the spiral on a given star. Used only on 
the lunar surface, scaled B-1 in units of revolutions. 
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~TAR: Line-of-sight vector to a star, expressed in navigation 
base coordinates. Also temporary storage for GACC in "ADDGRAV". 

~TARADO, ~TARAD6: Double precision unit vectors used primarily 
for storage of measured position vectors of the two celestial 
bodies being marked and expressed in stable member coordinates. 
Also used as working storage for other occasions. 

~TARAD12: Double precision unit vector used for working storage. 

STARIND: Single precision index scaled B14 and unitless. 

~TARSAV1, ~TARSAV2: Double precision vectors scaled B1 and unit-
less. Used to store the two "measurement" vectors for 
comparison with two "reference" vectors to determine IMU 
alignment. Expressed in stable member coordinates. 

TALIGN: Double precision time for d~termination of IMU alignment, 
scaled B28 in units of centiseconds. 

TDEC1: See ORBI section. 

THETA: See COOR section. 

!HETAD: See IMUC section. 

TIG: See BURN section. 

TIMENOW: See EXVB section. 

TLAND: See DESC section. 

TSIGHT: Double precision time of latest sighting, scaled B28 
in units of centiseconds • 

.YIP, QYP: Double precision vectors expressed in navigation base 
coordinates, scaled B1 and unitless. Unit vectors perpendicular 
to the planes whose images in the AOT eyepiece coincide with 
the horizontal (X) and vertical (Y) crosshairs. The inter­
section of these planes determines the line-of-sight vector 
to the star being marked. 

!!IP', QYP 1 : Double precision vectors expressed in navigation 
base coordinates, scaled B1 and unitless. Unit vectors 
perpendicular to the AOT line-of-sight and to the horizontal 
(X) and vertical (Y) crosshairs in the AOT eyepiece reticle. 
Each defines one of two planes whose intersection determines 
the line-of-sight vector to the image of a star in the AOT 
eyepiece. Because of the construction of the AOT (a rotating 
shaft above a fixed mirror), the field of view rotates about 
the line-of-sight vector as the AOT shaft rotates about the -X 
spacecraft axis. 

ALIN - 43 



YATT: See ORBI section. 

:yEARTH, YMOON, YSUN: Double precision unit vectors in the direction 
of the earth, moon and sun with origin at the spacecraft, scaled 
B1 and expressed in reference coordinates. (Origin also at 
the earth or moon) 

YEC1, y_EC2: See COOR section. 

YR,ECTCSM: See ORBI section. 

!DC, X.DC, ~DC: In "P52D" these are the desired stable member 
unit vectors in present stable member coordinates. They are 
also the x,y and z components of [DCMAT]. 

l'NBrf, !NBrf, ~NBrf, 1NBsm, !NBsm, ~Bsm: See COOR section. 

,!SMrf, XSMrf, ~SMrf: See COOR section. 

,!SMDrf, X.SMDrf, ~SMDrf: See COOR section. 

[XSMDMAT) or [XSMD]: Double precision, 3x3 matrix defined such that 
!smd = (XSMDMATj !ref, where ! is a vector expressed in desired 
stable member coordinates and reference coordinates respectively; 
scaled B1 and unitless. The components are !SMDrf, XSMDrf 
and fSMDrf. 

XYMARK: Single precision octal storage for bit indicating whether 
mark being processed is an X or a Y mark, or working storage 
for other occasions. 

XNBSAV, ,YIBSAV: Double precision unit vectors in the directions of 
the Y and Z navigation base axes, scaled B1 and expressed in 
moon-fixed coordinates. 
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Values of ~:CATWGi (Star Table) 

Display Index X Component Y Component Z Component Identification 

01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
45 

1 
2 
.3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

0.8748133997 0.0262841262 0.4837464836 ~ Andromedae 
0.9342553544 0.1737172460 -0.3114309732 p Ceti 
0.4774532337 0.1167072881 0.8708718726 1 Cassiopeiae 
0.4918000631 0.2205989850 -0.8422997006 ~ Eridani 
0.0129982160 0.0078080287 0.9998850339 ~ Ursae Minoris 
0.5449551668 0.5316172328 -0.6483879887 e Eridani 
0. 7030586868 0. 7077 417 542 0. 0693 548283 II\ Ceti 
0.4103778920 0.4989028983 0.7633386428 ~ Persei 
0.3505042402 0.8927120666 0.2832171316 ~ Tauri 
0.2009372589 0.9690787331 -0.1432153163 ~ 0rionis 
0.1369502971 0.6814042795 0.7189804058 ~ Aurigae 

-0.0615513667 0.6031426337 -0.7952549230 ~ Carinae 
-0.1822546265 0.9404481198 -0.2869504922 ~ Canis Majoris 
-0.4120676148 0.9064582964 0,0923776901 ~ Canis Minoris 
-0.3613079259 0,5746463708 -0,7343283537 YVelorum 
-0 ,4659729684 0 .4773764969 0. 7449703838 L Ursae Majoris 
-0.7743822014 0.6150774086 -0.1483643740 ~ Hydrae 
-0.8609439465 0.4634300302 0.2097811430 ~ Leonis 
-0,9656970164 0.0523798707 0.2543336816 P Leonis 
-0.9524789319 -0.0595555999 -0.2987256513 Y Corvi 
-0.4522463508 -0.0494719393 -0.8905199410 ~·crucis 
-0.9169129501 -0.3504194263 -0.1909891817 D( Virginis 
-0.5812126603 -0.2910465457 0. 7599235169 ~ Ursae Majoris 
-0.6896884364 -0.4183842954 -0.5910029120 8 Centauri 
-0.7860975319 -0.5219727016 0.3310516106 ~ Bootis 
-0.5325711148 -0.7161840263 0.4510526000 ~ Coronae Borealis 
-0.3514226152 -0.8241537737 -0.4441539178 ~ Scorpii 
-0.1144569328 -0.3399947346 -0.9334362275 ~ Trianguli Australis 
-0.1122343912 -0.9695188377 0.2177995974 ~ Ophiuchi 
0.1218415406 -0,7702450672 0.6260009387 ~ Lyrae 
0. 2071906196 -0. 8719421540 -0. 4436089799 tr Sagi t tarii 
0.4539032479 -0.8778479991 0.1528225504 ~ Aquilae 
0.5522208574 -0.7931952248 -0.2566972144 ft Capricorni 
0.3203620343 -0.4435303001 -0.8370478121 ~ Pavonis 
0.4541602263 -0.5391353124 0.7092754074 ~ Cygni 
0.8140910890 -0.5555422636 0.1691995627 ~ Pegasi 
0.8343989109 -0.2390600205 -0.4966173214 ~ Piscis Austrini 

The "Display'' column gives the star number that is displayed by the 
program (as an octal quantity). The "Index" column is the decimal 
equivalent of the "Display" column and when multiplied by six is 
equal to BEST! (or BESTJ). 
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Stars in Star Table 

Right 
Display Name Catlg. Magnitude As cension Declination 

01 Alpheratz ~ And 2.1 O 06 53.0 +28 55 49 
02 Diphda P Cet 2.2 0 42 08.0 -18 08 44 
03 Navi )' Cas Var. O 54 56.6 +60 33 36 
04 Achernar ci<. Eri 0.6 1 36 38.l -57 23 02 
05 Polaris "\ UMi 2.1 2 04 07.3 +89 07 52 
06 Acamar fJ Eri 3.4 2 57 09.6 -40 25 13 
07 Menkar 0(. Cet 2.8 3 00 45.6 + 3 58 37 
10 Mirfak C( Per 1.9 3 22 14.6 +49 45 34 
11 Aldebaran .?( Tau 1.1 4 34 15.3 +16 27 08 
12 . Rigel p Ori 0.3 5 13 08.6 - 8 14 02 
13 Capella o< Aur 0.2 5 14 32.6 +45 58 13 
14 Canopus o( Car -0.9 6 23 18.5 -52 40 46 
15 Sirius q CMa -1.6 6 43 52.3 -16 40 30 
16 Procyon ~ CMi 0.5 7 37 47.1 + 5 18 01 
17 Regor Y).. Vel 1.9 8 08 38.3 -47 15 02 
20 Dnoces L UMa 3.1 8 57 13 .8 +48 09 24 
21 Alphard o<.. Hya 2.2 9 26 09.7 - 8 31 56 
22 Regulus 0( Leo 1.3 10 06 49.7 +12 06 34 
23 "Denebola ~Leo · 2.2 11 47 34.9 +14 44 03 
24 Gienah -Y Crv 2.8 12 lh 18.7 -17 22 52 

I 

25 Acrux o< Cru 1.6 12 24 58.3 -62 56 19 
26 Spica o( Vir 1.2 13 23 39. 7 -11 00 38 
27 Alkaid 1 UMa 1.9 13 46 23.9 +49 27 27 
30 Menkent & Cen 2.3 14 04 58.1 -36 13 41 
31 Arcturus o< Boo 0.2 i4 14 20.2 +19 19 57 
32 Alphecca Pi CrB 2.3 15 33 27.5 +26 48 40 
33 Antares I'( Seo 1.2 16 27 37.5 -26 22 09 
34 Atria ti<. TrA 1.9 16 45 34.7 -68 58 37 
35 Rasalhague ~ Oph 2.1 17 33 35.2 +12 34 47 
36 Vega e<: Lyr 0.1 18 35 57.3 +38 45 20 
37 Nunki c- Sgr 2.1 18 53 28.0 -26 20 04 
40 Altair ~ Aql 0.9 19 49 22.0 + 8 47 26 
41 Dabih ~ Cap 3.2 20 19 22.9 -14 52 27 
42 Peacock OC. Pav 2.1 20 23 21.7 -56 49 47 
43 Deneb o( Cyg 1.3 20 40 26.5 +45 10 34 
44 Enif e Peg 2.5 21 42 45.6 + 9 44 29 
45 Fomalhaut v<.. PsA 1.3 22 56 03.0 -29 46 35 

"Display" gives the star number that is displayed by the program (as an 
octal quantity). "Catlg" refers to the name on pp. 284-294 of "The 
American Ephemeris and Nautical Almanac for the Year 1971," where the 
magnitude and coordinate information were obtained. 

Right ascension is given in hours, minutes, and seconds; Declination is 
given in degrees, minutes, and seconds. Both are for January 1.010, 1971. 

Star 25~ has magnitude of 1.6, not 1.0 as in previous Nautical Almmac 
publica ions (see note on page viii of 1971 Nautical Almanac). 
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Ascent Guidance 

Perform •R02B0TH" 

DVTHRUSH = K:THRESH2 

DVCNTR = 4 

Proceed to "GOFI.ASH" with TS= K:V06N33 (TIG) 
(If terminate, proceed to 11 GOTOPOOH"; if proceed, continue 
with next step; if other response, repeat this step.) 

Switch FI.AGWRD6 bit 8 (MUNFIAG) to 1 

Switch DAPBOOI.S bit 11 (ACC40R2X) to 1 

Switch FI.AGWRDO bit 2 (R10FI.AG) to 1 

Switch FLAGWRDO bit 7 (RNDVZFLG) to O 

S~itch FLAGWRD9 bit 11 (FLPI) to 1 

Switch FLAGWRD9 bit 14 (FLVR) to 1 

TSt = TIMENOW 

Perform "MOONMX" 

rs= [MOONMAT]T (~:UNITZ + .!!1504 * ~:UNITZ) 

y[M = K:MOONRATE [REFSMMAT] !S 

I.ANDMAG = I !iI.S I 
Perform 11 P12INIT" 

TGO = K:TGOA 

TDEC1 = TIG 

Perform II IEMPREC" 

y1s = [REFSMMA~ YATT 

R = [REFSMMA~ B:ATT 

(initialize APS parameters and ascent 
targets) 
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P1 2RET 

Perform "MUNGRAV" with TSr = R 

!:[N ITR = uni tB:_ 

Y = RCO (!:[NITR • gAXIS) 

XRANGE = - Y 

ZDOTD = K:VINJNOM 

RDOTD = K:RDOTDNOM 

Proceed to "GOFLA.SH" with TS= K:V06N76 (ZDOTD, RDOTD, XRANGE) 
(If terminate, proceed to "GOTOPOOH"; if proceed, continue 
with next step; if other response, repeat this step.) 

WHICH = "P12TABIE" 

YCO = XRANGE + Y 

y = K:49FPS !:[NITR + y1s 

RDOT = y • !:[NITR 

_ytXIS = unit(!:[NITR * g/1.XIS) 

Proceed to "ASCENT" 

TS= (ATP) 2 + (ATY) 2 

If TS= O, skip next step 

TS = arcsin(ATY / -frs ) 

YAW = TS 

(calculate initial guidance quantities) 

PITCH= - ar ccos(!:[NITR • unit!:[NFC) 

Perform 11 PFLITEDB 11 with interrupts inhibited 

Switch FLAGWRD9 bit 11 (FI.PI) to 0 

Proceed to II BURNBABY1' 
(Standard pre-ignition sequence; initializes average-g 
navigation at TIG-30 seconds and calls 11 P12IGN" at time of 
ignition which sets AVEGEXIT to "ATMAG" establishing the 
two second guidance loop. See BURN section for details.) 
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P70 If MODREG = MMNUMBER or FLAGWRD9 bit 9 (LETABORT) = 0 or 
FLAGWRD7 bit 5 (AVEGFLAG) = 0: 

Proceed to "ABORTALM" 

P70A TS= 0 

Proceed to the second step of "P71A" 

Ell If MODREG = MMNUMBER or FLAGWRD9 bit 9 (LETABORT) = 0 or 
FLAGWRD7 bit 5 (AVEGFLAG) = 0: 

Proceed to 11ABORTALM11 

P71A TS = 2 

Inhibit interrupts 

Cause the "Resume" instruction to resume operations at 11ABRTJASK" 

Resume 

(The purpose of the above manipulation of the "Resume" instruction 
is to cause the instructions beginning at "ABRTJASK" to be 
performed immediately. 11 ABRTJASK 11 will appear as a task to 
all other jobs, i.e. "ABRTJASK" will be performed prior to the 
performance of any other job. Note also that 11 ABRTJASK 11 is 
performed under interrupt inhibit so that no tasks which are 
scheduled on program interrupts will be performed until after 
"ABRTJASK" is completed.) 

ABRTJASK TSa = 70 

If TS=/ 0: 

TSa = 71 

Switch FLGWRD10 bit 13 (APSFLAG) to 1 

MODREG = TSa 

(tell DAP we are 
on ascent stage) 

DISPDEX = TSa (positive to kill "CLOKTASK") 

Switch DAPBOOLS bit 6 (ULLAGER) to 0 

Switch DAPBOOLS bit 8 (DRIFTBIT) to 0 

Switch DAPBOOLS bit 9 (XOVINHIB) to 0 

Switch DAPBOOLS bit 15 (PULSES) to 0 

DB = K: 1DEGDB 
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Switch FLAGWRD5 bit 7 (ENGONFLG) to 1 

Switch bits 14 and 13 of channel 11 to 01 2 (ensure engine av 
Switch FLGWRD11 to 400008 (bypass LR updates) 

Switch FLAGWRDO bit 2 (R10FLAG) to 1 

TEVENT = TIMENOW 

A VEGEXIT = 11 SERVEXIT" 

Establish 11 GOABORT11 in restart logic with priority 258 
Cause "ENEMA" to maintain "SERVICER" and 11 R1 O,R11 11 

Clear all other restart logic 

Proceed t0 11ENIMA" 

GOABORT PVCNTR = 4 

WHICH = 11 ABRTABIE" 

Switch FLAGWRD9 bit 10 (FI.RCS) to 0 

Switch FIAGWRD8 bit 10 (FLUNDISP) to 0 

Switch FLAGWRD7 bit 7 (IDIEFIAG) to 0 

Switch DAPBOOLS bit 11 (ACC40R2X) to 1 

Switch FLA.GWRD9 bit 13 (P7071FLG) to 1 

Perform 11 INITCDUW 11 

If MODREG = 70: (P70) 

TGO = TIMENOW - TIG 

TBUP =MASS/ K:MDOTDPS 

DV1 =(MASS/ K:DVD) / K:2SEC 

DV2 = DV1 

DV3 = DV1 

AT= K:ATD / DV1 

TTO = K:100PCTTO 

VE= - K:DPSVEX 
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(If MODREG = 70:) 

Perform "COMMINIT" 

Proceed to "INJTARG11 

(initialize ascent targets) 

Switch FLAGWRD9 bit 9 (LETABORT) to 0 

DVTHRUSH = K:THRESH2 

Perform 11 P1 2INIT11 

If FLAGWRD9 bit 8 (FLAP)= 1: 

TG01 = 2 TGO 

TGO = TG01 

Proceed to the third step of 11 UPTHROT 11 

TGO = TIMENOW - TIG 

INJTARG RDOTD = ABTRDOT 

Y = RCO (.!J.NITR · gAXIS) 

TS= IYI - YLIM 

If TS~ O, YCO = TS signY 

XRANGE = YCO - Y 

Switch FLAGWRD9 bit 14 (FLVR) to 1 

TS = ( uni t!iCSM * uni tB) • ![M 

TS1 = signTS arccos(unitliCSM · unit!i) 

If TS 1 ~ THETCRIT: 

Switch FLAGWRD9 bit 7 (ABTTGFLG) to 1 

JPARM = J2PARM 

KPARM = K2PARM 

RP = THETCRIT ( 224 meters/revolution) 

If TS1 .tt::. THETCRIT: 

JPARM = J1PARM 

KPARM = K1PARM 

(this step included only 
because of coding 
efficiency) 

RP= J2PARM (this step included only because of coding 
efficiency) 

ASCT - 5 



RP= RCO 

Switch FLAGWRD9 bit 6 (ROTFLAG) to 1 

UPTHROT Perform "THROTUP" 

Switch FLAGWRD9 bit 8 (FLAP) to 1 

Perform "P40AUT0" 

Perform "THROTUP" 

Change job priorit7 to 17 

AVEGEXIT = "ATMAG" 

End job 

THROTUP THRUST= K:-MAXTHRUST 

Switch bit 4 of channel 14 to 1 

Return 

P12INIT DVJ = K:DVA 

DV2 = K:DVA 

DV1 = K:DVA 

AT = K:ATA 

TBUP = K:TBUPA 

TTO = - K:ATDECAY 

VE = - K:APSVEX 

If FI.AGWRD9 bit 8 (FLAP)= 1, return 

COMMINIT RCO = K:-HINJECT + I.ANDMAG 

TXO = 0 

YCO = 0 

YDOTD = 0 

(pr17) 

gAXIS = unit([REFSMMAT] (Y,RECTCSM * !iRECTCSM) ) 

Return 
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ABORTALM Switch bit 7 of channel 11 to 1 (turn on Operator Error lamp) 

ATMAG 

ASCENT 

Perform "RELDSP" 

Proceed to "PINER.NCH" 

(Entered via A VEGEXIT at the end of each "SERVICER" cycle) 

ROOT= HDOTDISP 

E.AXIS = !:[HZP 

(documentation convenience; RDOT and 
HDOTDISP are the same cells in the 
computer; as are ~XIS and !:[HZP and 

.QAXIS = 1[HYP .QAXIS and !:[HYP) 

If FLAGWRD9 bit 10 (FLR.CS) = 1: 

Proceed to "ASCENT" 

If ABDVCONV < K:MINABDV: 

Perform "STOPRATE" with interrupts inhibited 

Proceed to "ASCTERM1" 

Switch FLA.GWRD8 bit 8 (SURFFLA.G) to 0 

Switch FLA.GWRD5 bit 1 (RENDWFLG) to 0 

DVO = DV1 

DV1 = DV2 

DV2 = DVJ 

DVJ = K:ONE I ABDVCONV 

TS= (DVO + DV1 + DV2 + DVJ) VE K:2SEC9 / 4 

TBUP = ( TS + TBUP - K: 6SEC 1 8) / 2 

AT = VE / TBUP 

RMAG = I !i I 
ZDOT = ZAXIS • V 

LA.XIS= ZAXIS * UNITR - - -
YDOT = LA.XIS • ·V - -
Y = RCO (!:[NITR • gA.XIS) 

GEFF = (Q.DT1 / K:2SEC18) • Y.NITR + ({Y.NITR * Yl 2 
/ RMA.G) 
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If 1LAGWRD9 bit 13 (P70711LG) • 1, perfora •ZDOTDCMP• 

DZD0T = ZD0TD - ZD0T 

DYD0T = YD0TD - YD0T 

DRD0T = RD0TD - RD0T 

YGVECT = DRD0T ![NITR + DYD0T 1,A.XIS + DZD0T ,YuIS 

YGVECT = YGVECT - t TGO GEFF Y,NITR 

YGB0DY = [ XNBPI~ YGVECT 

If FLAGWRD9 bit 10 (FLRCS) = 1: 

TGO = l YGVECT I / K: ATRCS 

PCONS = 0 

PRATE= 0 

Perform 11RPC0MP211 

End job 

MAINENG TS1 = jYGVECTI / VE 

TG0 = TBUP TS1 (1 - 0.5 TS1) - TT0 

TT0GO = - TGO 

If FLAGWRD7 bit 7 (IDLEFLAG) = 0: 

If TG0 < K: 4SEC17: 

TS= - (TIMEN0W - PIPTIME + TT0GO) 

If TS~ 0, TS= 1 

ENG0FFDT = TS 

Call "ENGOFF1" in ENGOFFDT centiseconds 

Switch FLAGWRD7 bit 7 (IDLEFLAG) to 1 

If TGO < K:T2A: 

Proceed to 11 CMP0NENT 11 

TS = (TBUP - TGO) / TBUP 

TSa = - log (TS) 
e 
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CONST 

D12 = TBUP - (TGO / TSa) 

If FLAGWRD9 bit 12 (FLPC) = 1: 

PRATE= 0 

YRATE = 0 

Proceed to "CONST" 

If TGO < K:TJ: 

Switch FLAGWRD9 bit 12 (FLPC) to 1 

PRATE= 0 

YRATE = 0 

Proceed to "CONST" 

D21 = TGO - D1 2 

TSe = ½ TGO - D21 

PRATE= (DRDOT D21 + TGO RDOT + RMAG - RCO) / (TSe TGO) 

YRATE = (DYDOT D21 + TGO YDOT + Y - YCO) / (TSe TGO) 

If PRATE~ 0: 

PRATE= 0 

Proceed to "CONST" 

If PRATE I TBUP < K: PRLIMIT: 

PRATE= K:PRLIMIT TBUP 

PCONS = (DRDOT / TSa) - PRATE D12 

YCONS = . ( DYDOT / TSa) - YR.ATE D1 2 

CMPOBDT If FLAGWRD9 bit 13 (P70'71FLG) = 1, perform 11RPCOMP211 

ATR = \(K: 100CS PRATE + PCONS) / TBUP} - GEFF 

ATY = (K:100CS YRATE + YCONS) / TBUP 

AH = ATY 1AXIS + ATR QNITR 

AHMAG = IAH I 

ASCT - 9 



ATPSQ a: (AT ) 2 - (AHMAG )2 

If ATPSQ < 0: 

AH= (AT / AHMAG) AH 

ATP= 0 

Skip next step 

ATP = ~ sign(DZD0T) 

!:[NFC = ATP ~AXIS + ,AH 

If FLAGWRD9 bit 11 (FLPI) = 1: 

Proceed to 11 P12RET" 

If FLAGWRD9 bit 14 (FLVR) = 1: 

If RMAG - LANDMAG < K: 25KFT: 

Switch DAPB00LS bit 9 (X0VINHIB) to 1 

!S = unit(ATY ~AXIS+ ATP ~AXIS) 

If RD0T ~ K: 40FPS: 

1!,NWC = 1S 

!INFC = l!,NITR 

Proceed to 11 ASCTERM11 

Switch FLAGWRD9 bit 6 (R0TFIAG) to 0 

Switch FLAGWRD9 bit 14 (FLVR) to 0 

If FLAGWRD9 bit 6 (R0TFLAG) = 0: 

TX0 = PIPTIME + K: 1 OSECS 

:[NWC = - !I,NITR 

If TX0 ~ P IPTIME: 

Proceed to "ASCTERM" 
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I 

If FLAGWRD9 bit 6 (ROTFlAG) = 1: 

TS = ( uni tgNFC • ~BPIP) - COSTHET1 

If TS <.o: 

TS = (~BPIP • ![NITR) - COSTHET2 

If TS ~O: 

UNFC = UNITR - -
Proceed to "ASCTERM'' 

Switch FIAGWRD9 bit 6 (ROTFLAG) to 0 

Switch DAPBOQI.S bit 9 (IOVINHIB) to O (allov x-axis override) 

ASCTERM If FIAGWRD9 bit 10 (FIB.CS) = 1 : 

End job 

Perform "FINDCDUW" 

ASCTERM1 If F1AGWRD9 bit 10 (FLRCS) = 1: 

End job 

If F1AGWRD8 bit 10 (FLUNDISP) = 1: 

End job 

Proceed to 11 GODSP 11 with TS= K:V06N63 

ENGOFF1 Perform "ENGINOF2" 

Establish "CUTOFF" 

End task 
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CUTOFF Switch FLAGWRD9 bit 10 (FLRCS) to 1 

Proceed to "GOFLASH" with TS= K:V16N63 (ABVEL, HDOTDISP, HCALC1) 
(If terminate, proceed to "TERMASC"; if proceed, continue 
with next step; if other response, repeat this step.) 

Inhibit interrupts 

Perform 11 ZATTEROR" 

Perform 11 SETMINDB11 

Release interrupt inhibit 

Proceed to 11 GOFLASH11 with TS= K:V16N85 (VGBODY) 
(If terminate, proceed to 11 TERMASC"; if-proceed, proceed 
to 11 TERMASC 11 ; if other response, repeat this step.) 

TERMASC Inhibit interrupts 

Perform "RESTORDB" 

RPCOMP2 

Switch FLAGWRD9 bit 9 (LETABORT) to 0 

Release interrupt inhibit 

Proceed to "GOTOPOOH" 

RP z RMAG + ROOT TGO + PCONS TGO 
2 

+ PRATE TGOJ 
2 TBUP 6 TBUP 

Return 

ZDOTDCMP TS = (unit!iCSM * unit!i) • ~ 

TS1 = signTS arccos(unit!iCSM • unitR) 

RA= JPARM + KPARM TS1 - RP 

If RA < RAMIN, RA = RAMIN 

ZDOTD = ✓ 2 K:MUMm37 RA / (RA + RP) RP 

Return 
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Quantities in Computations 

ABDVCONV: Double precision magnitude of sensed change in velocity 
converted to units of meters per centisecond and scaled B5. 

ABRTABIE: see WHEH of the BURN section. 

ABTRDOT: Double precision erasable memory constant representing the 
radial rate required at insertion for aborts from powered descent 
scaled B7 in units of meters per centisecond. ' 

ABVEL: see SERV section. 

!If: Double precision intermediate computation, scaled B-9 in units 
of meters per centisecond squared. 

AHMAG: Double precision intermediate computation, scaled B-9 in 
units of meters per centisecond squared. 

AT: Double precision LM thrust acceleration magnitude, scaled B-9 
in units of meters per centisecond squared. 

ATP: Double precision intermediate computation, scaled B-9 in units 
of meters per centisecond squared. 

ATPSQ: Double precision intermediate computation, scaled B-18 in 
units of meters squared per centiseconds to the fourth power. 

ATR: Double precision required radial acceleration, scaled B-9 in 
units of meters per centisecond squared. 

ATY: Double precision required crossrange acceleration, scaled B-9 
in units of meters per centisecond squared. 

AVEGEXIT: see SERV section. 

COSTHET1: Double precision erasable memory constant, scaled 
B2 and unitless. 

COSTHET2: Double precision erasable memory constant, scaled B2 and 
unitless. 

DAPBOOLS: see DAPA section. 

DB: see DAPB section. 

DISPDEX: see BURN section. 

DRDOT DYDOT, DZDOT: Double precision velocity-to-be-gained components 
in'the radial, crossrange, and downrange directions respectively, 
scaled B7 in units of meters per centisecond. 

DVCNTR: see SERV section. 

DVTHRUSH: see SERV section. 
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DVO, DV1, DV2, DVJ: Double precision quantities representing the 
reciprocal of successive PIPA readings, scaled B7 in units of 
centiseconds per meter; program notation 1/DVO, 1/DV1, 1/DV2, 1/DVJ. 

D12: Double precision intermediate computation, scaled B17 in units 
of centiseconds. 

D21: Double precision intermediate computation, scaled B17 in units 
of centiseconds. 

ENGOFFDT: Single precision delta time for engine cutoff, scaled B14 
in units of centiseconds. 

QDT1: see SERV section. 

GEFF: Double precision effective gravity, scaled B-9 in units of 
meters per centiseconds squared. 

HCAI.01: See DESC section. 

HDOTDISP: See SERV section. 

JP.ARM: Double precision parameter used in the calculation of ZDOTD for 
aborts from the :eovered descent, scaled B24 in units of meters (see note 
following K2PARMJ. JPARM contains J1PARM .or J2PARM. 

J1PARM: Double precision parameter used in the calculation of ZDOTD for 
aborts where the LM to CSM phase angle is less than THETCRIT, scaled 
B24 in units of meters (see note following K2PARM); part of the 
erasable load. 

J2PARM: Double precision parameter used in the calculation of ZDOTD for 
aborts where the I.M to CSM phase angle is greater than or equal to 
THETCRIT, scaled B24 in units of meters (see note following K2PARM); 
part of the erasable load. 

KPARM: Double precision parameter used in the calculation of ZDOTD for 
aborts from the powered descent, scaled B24 in units of meters per 
revolution (see note following K2PARM). KPARM contains K1PARM or K2PARM. 

K1PARM: Double precision parameter used in the calculation of ZDOTD for 
aborts where the LM to CSM phase angle is less than THETCRIT, scaled 
B24 in units of meters per revolution (see note following K2PARM); 
part of the erasable load. 

K2PARM: Double precision parameter used in the calculation of ZDOTD for 
aborts where the LM to CSM phase angle is greater than or equal to 
THETCRIT, scaled B24 in units of meters per revolution (see note below); 
part of the erasable load. 

Note: JPARM ruid KPARM are considered in this document to be scaled B24; thus 
the erasable parameters J1PARM, ~2PARM, K1PA..~, K2PARM are expected to 
be multiplied by 2 and then scaled B24 (of course this is the same as 
scalin6 by B23) in order to introduce a factor of 2 into the equation 

which calculates RA. 
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-5 K:APSVEX: Single precision constant stored as - 30.3 X 2 , scaled 
B5 in units of meters per centisecond. F.quation value: - 30.3 

K:ATA: Double precision constant stored as 3.2883 E-4 X 29 , scaled 
B-9 in wiits of meters per centisecond squared; program notation 
(AT)A. F.quation value: 3.2883 E-4 

K:ATD: Double precision constant stored as 0.02, scaled B-2 in units 
of reciprocal centiseconds; program notation K(AT). F.quation 
value: 0.005 

K:ATDECAY: Double precision constant stored as - 18. X 2-28 , scaled 
B28 in units of centiseconds. F.quation value: - 18. 

10 
K:ATRCS: Double precision constant stored as 0.785 E-4 X 2 , scaled 

B-10 in units of meters per centisecond squared; program notation 
AT/RCS. F.quation value: 0.785 E-4 

K:DPSVEX: Single precision constant stored as - 29. 5588868 X 2-5, s.caled 
B5 in units of meters per centisecond. F.quation value: - 29.5588868. 

K:DVA: Double precision constant stored as 15.2 X 2-7, scaled B7 in 
units of centiseconds per meter; program notation (1/DV)A. 
F.quation value: 15.2 

K:DVD: Double precision constant stored as 436.7 X 2-9, scaled B9 
in units of kilogram-meters per centisecond-second; program 
notation K(1/DV). Equation value: 436.7 

K:HINJECT: Double precision constant stored as 18288. X 2-24, scaled 
B24 in units of meters. F.quation value: 18288. (equivalent to 
60,000 feet) 

K:~THR~ST: Single precision constant stored as 10000
8

, scaled B14 
in wii ts of DPS throttle pulses; program notation BI T1 3. F.qua tion 
value: 4096. (enough to oversaturate the throttle -- see THRUST) 

K:MDOTDPS: Double precision constant stored as 0.148 X 2-3, scaled 
B3 in wiits of kilograms per centisecond. Equation value: 0.148 
(equivalent to 32.62 powids mass per second.) 

K;MINABDV: Double precision constant stored as 0.0356 X 2-5, scaled 
B5 in units of meters per centisecond. F.quation value: 0.0356 

K:MOONRATE: Double precision constant stored as 0.2661699489 E-7 X 219 , 
scaled B-19 in units of radians per centisecond. F.quation value: 
0.2661699489 E-7 

K:MUMm37: Double precision constant stored as 4.902778 E 8 X 2-37, 
scaled B37 in units of meters cubed per centisecond squared; 
program notation MUM(-37). F.quation value: 4.902778 E 8 
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K:ONE: Single precision constant stored as 0000¼, scaled B12 and unitless; 
program notation BITJH. Equation value: 1.0. 

K:PRLIMIT: Double precision constant stored as - 0.0639, scaled B-21 in 
units of meters per centisecond cubed. Equation value: -0.3048 i-7. 

K:RDOTDNOM: Double precision constant stored as 0.059436 X 2-7, scaled 
B7 in units of meters per centisecond. Equation value: 0.059436. 
(Corresponds to 19.5 feet per second.) 

. ~7 
K:TBUPA: Double precision constant stored as 91902. X 2 , scaled 

B17 in units of centiseconds; program notation (TBUP)A. Equation 
value: 91902. 

· -17 
K:TGOA: Double precision constant stored as 3.7 E 4 X 2 , scaled 

B17 in units of centiseconds; program notation (TGO)A. Equation 
value: 3. 7 E 4 

-14 K:THRESH2: Double precision constant stored as 308. X 2 , scaled 
B14 in units of centimeters per second. Equation value: 308. 

-17 K:T2A: Double precision constant stored as 200. X 2 , scaled B17 
in units of centiseconds. Equation value: 200. 

K:TJ: Double precision constant stored as 1000. X 2-17, scaled B17 
in uni ts of centiseconds. Equation value: 1000. 

~:UNITZ: Double precision constant vector stored as (0, 0, 0.5), 
scaled B1 and unitless. Equation value: (0, 0, 1) 

-7 K: VINJNOM: Double precision constant stored as 16. 7924 x 2 , scaled 
B7 in units of meters per centisecond. Equation value: 16.7924. 
(Equivalent to 5509.31758 feet per second.) 

-28 K:10SECS: Double precision constant stored as 1000 x 2 , scaled B28 in 
units of centiseconds. Equation value: 1000. 

-17 K:100PCTTO: Double precision constant stored as 24 x 2 , scaled B17 in 
units of centiseconds. Equation value: 24. 

-18 K:100CS: Double precision constant stored as 200 x 2 , scaled B17 in 
units of centiseconds. Equation value: 100. 

K:1DEGPB: Single precision constant stored as 0055¼, scaled B-J in units 
of revolutions. Equation value: 0.00277. (Equivalent to 1 degree.) 

K:2SEC: Implicit program constant equal to tvo. (2) seconds. 

-18 
K:2SEC18: Double precision constant stored as 200. X 2 , scaled 

B18 in units of centiseconds; program notation 2SEC(18). 
Equation value: 200. 

. -9 
K:2SEC9: Double precision constant stored as 200. X 2 , scaled 

B9 in units of centiseconds; program notation 2SEC(9). 
Equation value: 200. 
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K:25KFT: Double precision constant stored &s 7620. I 2-24, ■oaled 
B24 in units of meters. Equation value: 7620. 

K:4SEC17: Double precision constant stored as 400. X 2-17, scaled B17 
in units of centiseconds; program notation 4SEC(17). Equation 
value: 400. 

K:49FPS: Double precision constant representing the expected LM_!WOT 
at the end of the vertical rise phase, stored as 0.149352 X 2 , 
scaled B6 in units of meters per centisecond. Equation value: 0.149352 

K:40FPS: Double precision constant stored as 0.12192 X 2-7, scaled B7 
in units of meters per centisecond. Equation value: 0.12192 

K:6SEC18: Double precision constant stored as 600. X 2-18, scaled B18 
in units 'of centiseconds; program notation 6SEC(18). Equation 
value: 600. 

LANDMAG: Double precision magnitude of lunar landing (or launch) site 
radius, scaled B24 in units of meters; program notation /LAND/. 

~AXIS: Double precision crossrange unit vector, scaled B1, unitless, 
and expressed in the Platform Coordinate system. 

1M504: Double precision libration vector of the moon, scaled BO in units 
of radians and expressed in moon-centered, moon-fixed coordinates. 

MASS: see SERV section. 

MMNUMBER: see PGSR section. 

MODREG: see DATA section. 

[MOONMATJ: Double precision, 3X3 orthogonal transformation matrix, scaled 
B1 and uni tless. Defined such that !sg = [MOONMAT] !ref, where A is a 
vector expressed in selenographic and reference coordinates respectively. 

PCONS: Double precision pitch guidance coefficient, scaled B9 in units of 
meters per centisecond. 

PIPTIME: see SERV section. 

PITCH: Double precision predicted FDAI pitch angle at the end of the 
pitch over maneuver, scaled BO in units of revolutions. 

PRATE: Double precision pitch rate guidance coefficient, scaled B-8 in 
units of meters per centisecond squared. 

P12TABLE: see WHICH of the BURN section. 

~AXIS: Double precision unit vector, scaled B1, unitless, and expressed in 
the Platform Coordinate system. 
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fl: Double precision present navigated vector position of the LM, 
measured from the center of the moon, scaled B24 in units of 
meters and expressed in the Platform Coordinate system. 

RA: Double precision distance from the center of the moon to the 
apogee of the desired insertion orbit, scaled B24 in units of meters. 

RAMIN: Double precision parameter which is the minimum value allowed 
for RA, scaled B24 in units of meters; part of the erasable load. 

,!1ATT, :[A.TT: see ORBI section. 

RCO: Double precision desired insertion radius magnitude, scaled B24 
in uni ts of meters. 

flCSM: see SERV section. 

ROOT, YOOT, ZDOT: Double precision velocity components in the radial, 
crossrange, and do'Wllrange directions respectively, scaled B? in 
units of meters per centisecond. 

RDOTD, YOOTD, ZDOTD: Double precision desired velocity components in 
the radial, crossrange, and do'Wllrange direction respectively, scaled 
B? in units of meters per centisecond. 

[REFSMMA~: see COOR section. 

fll,S: Double precision lunar landing (or launch) site vector, measured 
from the center of the moon, scaled·B2? in units of meters and 
expressed in moon-fixed coordinates. 

RMAG: Double precision magnitude of the 1M position vector, scaled 
B24 in units of meters. Program notation (/R/MA.G). 

RP: Double precision predicted insertion radius magnitude measured 
from the center of the moon, scaled B24 in units of meters. 

fl:RECTCSM, YRECTCSM: see ORBI section. 

TBUP: Double precision ratio of mass to mass flov rate, ·scaled· B1? in 
units of centiseconds. 

TDEC1: see ORBI section. 

TEVENT: Double precision time-of-event for dovnlink information (as 
used in this section time-of-abort) , scaled B28 in units of 
centiseconds. 

TOO, TG01: Double precision predicted length of burn, scaled B17 in 
units of centiseconds. 

THETCRIT: Double precision LM to CSM phase angle at which abort targets 
are switched, scaled BO in units of revolutions; part of the 
erasable load. 
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TIG: Double precision time of engine ignition, scaled B28 in units 
of centiseconds. 

THRUST: Cell used to provide DPS throttle commands when Bit 4 of channel 
14 is set, scaled B14 in units of DPS throttle pulses. One pulse 
corresponds to about 2.8 pounds of thrust. The maxilllum command 
recognized by the throttle is 3428 pulses. 

TIMENOW: Current t:ime scaled B28 in units of centiseconds, incremented 
every centisecond. 

TTO: Double precision time delay from the issuance of the engine OFF 
signal to actual thrust decay, scaled B17 in units of centiseconds. 

TTOGO: Double precision negative of t:ime-to-go for display purposes, 
scaled B28 in units of centiseconds. 

TXO: Double precision t:ime at which X-axis override is permitted in 
ascent guidance, scaled B28 in units of centiseconds. 

!!,HYP, QHZP: see SERV section. 

QNITR: Double precision unit vector in the radial direction, scaled B1, 
unitless, and expressed in the Platform coordinate system; program 
notation UNIT/R/. 

!J:NFC: see BURN section. 

QNWC: see BURN section. 

y: Double precision present navigated velocity vector of the LM, scaled 
B7 in units of meters per centisecond and expressed in the Platform 
coordinate system. 

VE: Double precision engine exhaust velocity, scaled B7 in units of 
meters per centisecond. 

YGBODY: Double precision velocity-to-be-gained vector in body coordinates, 
scaled B7 in units of meters per centisecond. 

YGVECT: Double precision velocity-to-be-gained vector in Platform 
coordinates, scaled B7 in units of meters per centisecond. 

y1S: Double precision LM velocity vector at TIG, scaled B7 in units of 
meters per centisecond. 

WHICH: see BURN section. 
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![_M: Double precision lunar rotation rate vector, i.e. lunar rotation 
rate times the lunar rotation axis vector, scaled B-17 in units of 
radians per centisecond. 

[XNBPiij: Double precision matrix with the first row equal to the 
components of !lffiPIP, the second row equal to the components of 
XNJ3PIP, and the third row equal to the components of ~NBPIP, 
where !lffiPIP, INBPIP, ~NBPIP are unit vectors along the X, Y, 
and Z spacecraft axes, scaled B1 and expressed in the Platform 
coordinate system at PIPTIME. 

XRANGE: Double precision magnitude of the crossrange distance to be 
removed during the ascent maneuver, scaled B29 in units of meters. 

Y: Double precision magnitude of the out-of-CSM-plane position, 
scaled B24 in units of meters. 

YAW: Double precision predicted FDAt yaw angle at the end of the 
vertical rise phase, scaled BO in units of revolutions. 

YCO: Double precision desired crossrange position at orbit insertion, 
scaled B24 in units of meters. 

YCONS: Double precision yaw guidance coefficient, scaled B9 in units 
of meters per centisecond. 

YDOT: see RDOT. 

YDOTD: see RDOTD. 

YLIM~ Double precision erasable memory constant representing the 
maximum cross-range distance to be removed during an abort from 
the powered descent, scaled B24 in units of meters. 

YRATE: Double precision yaw rate guidance coefficient, scaled B-8 in 
units of meters per centisecond squared. 

fAXIS: Double precision unit vector in the downrange direction, scaled 
B1 and unitless; program notation ZAXIS1. 

ZDOT: see ROOT. 

ZDOTD: see RDOTD. 
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R60LEM 

Attitude Maneuver Routines 

TEMPR60 = return address 

If FLAGWRD5 bit 6 (3AXISFLG) = 0: 

Perform 11 VECPOINT 11 

THETAD = TS - -
Switch FLAGWRDO bit 4 (NEEDLFLG) to 1 

Switch FLAGWRDO bit 15 (NEED2FLG) to 0 

Perform 11 BALLANGS 11 

TOBALLA Perform 11 GOPERF2R11 with TS= K:V06N18 (display EDA! angles) 
(If terminate, proceed to 11R61TEST"; if proceed, proceed 
to 11REDOMANC 11 ; if other response, proceed to 11ENDMANU1 11 .) 

Perform 11 CHKLINUS 11 (make display priority if necessary) 

End job 

REDOMANC If FLAGWRD5 bit 6 (JAXISFLG) = 0: 

Perform 11 VECPOINT 11 

THETAD = TS - -
Perform 11 BALLANGS 11 

If bit 10 of channel 30 = 1 (not PGNCS control), or if bit 14 
of channel 31 = 1 (not AUTO control mode): 

Proceed to 11 TOBALLA 11 (not AUTO) 

Perform 11 GODSPR" with TS= K:V06N18 (display EDA! angles) 

Perform 11 CHKLINUS 11 (make display priority if necessary) 

Perform 11 GOMANUR 11 

Proceed to "ENDMANUV 11 

GOMANUR If ATTCADR f 0: (single precision check) 

TS1dp = calling address +1 in 2CADR format 

Proceed to 11BAILOUT1 11 with TS= 312108 

ATTCADR = calling address +1, in 2CADR format 
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ATTPRIO = bits 14-10 of PRIORITY 

Proceed to 11 KALCMAN3 11 

ENDMANUV Proceed to 11 TOBALLA 11 

ENDMANU1 Switch FLAGWRD5 bit 6 (3AXISFLG) to 0 

Return via TEMPR60 

R61 TEST If MODREG = 0, proceed to 11 ENDMANU1 11 

If FLAGWRD4 bit 12 (PDSPFLAG) = 1, proceed to 11 TRMTRACK 11 

Proceed to 11 GOTOPOOH 11 

BALLANGS BALLEXIT = return address 

Perform II CD*TR*GS II with ~G = 1'.HETAD 

TS = arcsin(-SINOGA COSMGA) 
z 

S INTH = S INMGA 

COSTH = COSOGA COSMGA 

Perform 11 ARCTAN 11 

TS = THETA 
X 

COSTH = COSOGA COSIGA - SINMGA SINOGA SINIGA 

SINTH = SINIGA COSOGA + SINMGA SINOGA COSIGA 

Perform 11 ARCTAN 11 

TS = THETA y 

[DAI = 1'.S converted to two's complement form 

Return via BALLEXIT 
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VECPNT1 VECQTEMP = return address 

Skip next two steps 

VECPOINT VECQTEMP = return address 

,IScdu = .QDU 

Perform 11 CDUTODCM11 

[MIS] = [TSmat] 

(input here from 11 R61C+L02" 
with desired CDU's in ,IScdu) 

,ISfinal = unit(fOINTVSM [Mis]) 
.QOF = - unit(,ISfinal ➔!- §CAXIS) 

TSang = arccos(§CAXIS · ,ISfinal) 

If overflow or if I.ISfinal * §CAX.ISI < 2-12 : 

If ,ISfinal · §CAXIS ~ 0: 

,IS= ,IScdu (specify zero maneuver) 

Return via VECQTEMP 

YSM = K: UNITY [MIS l 
- SC - ~ 

,IS = unit(ISMsc * !i:UNITX) ➔~ §CAXIS 

.QOF = unit.IS 

If overflow or if \ .IS I <. 2-12 : 

.QOF = !i:UNITX 

TSang = ½ 

Perform 11 DELCOMP11 

[TSmat] = [MIS] [ DELMAT] 

YSM d = K: UNITY r TSmatJ 
- SC - l 

If I ISMscd • !i:UNITXI < K:SINGIMLC, proceed to 11 FINDGIMB11 

If I SC.AXIS I ~ K:SINVECl, proceed to 11 FINDGIMB11 

X 

(Otherwise, the vector being pointed is something other than 
the thrust vector and an effort will be made to avoid gimbal 
lock with a preliminary roll.) 

[ MIS] = [ TSmat] 
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ISMsc = K:UNITY [Mis] 

TS = (YSM signYSM ) * _SCAXIS 
- - SC SC 

X 

QOF = - .§.CAXIS signTSx 

If I SCAXIS I 2 K:SINVEC2, TSang = K:VECANGl 
X 

If I SCAXIS I < K: SINVEC2, TSang = K: VECANG2 
X 

Perform "DELCOMP" 

[Tsmat] = [Mis] [oELMAT] 

FINDGIMB Perform "DCMTOCDU" 

!S = !Scdud converted to two's complement form 

Return via VECQTEMP 

KALCMAN3 ~CDU = QDU 

If I THETAD I ~ K: LOCKANGL: z 

Perform 11 A1.ARM11 with TS = 00401 
8 

Proceed to 11 NOG011 

!Scdu = ~CDU 

Perform 11 CDUTODCM11 

[MIS] = [TSmatj 

!Scdu = !HETAD 

Perform 11 CDUTODCM11 

[MFS] = '[Tsmat] 

[ TMI~ = [MIS] T 

[ MFI] = [ TMIS] [ MFS] 

[ TMF~ = [MFI] T 
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COFSK!.Wy = ½ (MFil.3 - TMFI13 ) 

COFSK!.Wx = ! (TMFI2.3 - MFI23 ) 

CAM=½ (MFI11 + MFI22 + MFI.3.3 - 1) 

AM= arccosCAM 

If AM < K:MINAOO: (No need for rate limited maneuver) 

QDUD = IHETAD 

Proceed to 11 NOG0 11 

If AM < K:MAXANG: 

QOF = unitQOFSKEW (normal path) 

Switch FLAGWRD2 bit 3 (CALCMAN3) to 1 

Proceed to 11WCALC 11 

TS = 1 - CAM 

If \TS I ? 2, TS = K:posmaxdp signTS 

COF z = / 2 (MFIS~.3 - CAM) 7 TS I 

COF y = ../ 2 (MFI~ - CAM) 7 TS I 

COFX = J 2 (MFIS™tl - CAM) / TS 
1 

QOF = unitQOF (eliminates coIIDDOn factors) 

If COF ~ COF and COF ~ COF : 
X y X Z 

(method 1) 

COFx = COFx signCOFSKEWx 

COF = COF signCOFSKEW signMFISYM12 y y X -

COFz = COFz signCOFSKEWx signMFI5Yl\.3 

Switch FLAGWRD2 bit .3 (CALCMAN.3) to 1 

Proceed to 11WCALC 11 
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If COF > COF and COF ~ COF : (method 2) y X y Z 

COF = COF signCOFSKEW signMFISYM. 2 X X y ---i_ 

COF = COF signCOFSKEW y y y 

COF = COF signCOFSKEW signMFISYM_J z z y --""2 

Switch FLAGWRD2 bit 3 (CALCMAN3) to 1 

Proceed to "WCALC" 

(Otherwise, COF > COF and COF > COF ) 
Z y Z X 

COF = COF signCOFSKEW signMFISYM.
3 

(method 3) X X Z ---i_ 

COF = COF signCOFSKEW signMFISYM_J y y z --""2 

COF = COF signCOFSKEW z z z 

Switch FLAGWRD2 bit 3 (CALCJIAN3) to 1 

Perform 11DELCOMP 11 with TSang = K · ARATE... . . -n.ATEINDX 

~TE= K:ARA~TEINDX QOF 

TM= AM K:ANGLTIME / K:ARAT¾A_TEINDX 

Switch FLAGWRD2 bit 2 (CALCMAN2) to 1 

NEWANGL [MIS] = [ MIS] LDELMAT] 

Perform "DCMI'OCDU" with [rsmat] = [Mis] 

NCDU = !Scdud converted from one 's to two's complement form 

If FLAGWRD2 bit 2 (CALCMAN2) = 1: 

Switch FLAGWRD2 bit 2 (CALCMAN2) to 0 

TM= TM + TIMENOW - K:ONESEK 

Inhibit interrupts 

OMEnARD = BRATE 
z 

DELREROR = I OMEnARDI K: BIASCALE OMEnARD I lJACffi 

OMEnAQD = BRATE 
y 
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(If FLAGWRD2 bit 2 = 1:) 

DELQER0R = foMEGAQDI K:BIASCALE oMEGAQD / lJACCQ 

OMFnAPD = BRA.TEX 

DELff:R0R = loMmAPDI K:BIASCALE 0MIDAPL) / 1JACCP 

NEXTIME = TIMEN0W + K:0NESEK 

QELCDU = K:DTdTAU (~CDU - N_CDU) 

QDUD = ~CDU 

~CDU = NCDU 

Release interrupt inhibit 

TS = TM - TIMEN0W 

If TS > 0, proceed to 11 C0NTMANU11 

If TS= 0: 

Call 11 MANUSTOP 11 in 1 second 

End job 

TS= TS+ K:0NESEK + 1 

If TS ~ 0, TS = 1 

Call 11MANUST0P 11 in TS centiseconds 

End job 

(less significant halves only) 

(two's complement difference ) 

C0NTMANU TS= NEXTIME - TIMENOW 

If TS < 0, TS = 214 + TS 

(less significant halves only) 

Call "UPDTCALL" in TS centiseconds 

NEXTIME = NEXTIME + K:0NESEK 

End job 
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UPDTCALL Establish 11 NEWDELHI 11 (pr26) 

End task 

NEWDELHI If bit 14 of channel 31 = 1 (not AUTO control mode): 

Perform "ZATTEROR" 

Proceed to 11 NOG011 

Proceed to "NEWANGL" 

NOGO Perform 11 STOPRATE11 

MANUSTOP 

GOODMANU 

Call 11 GOODMANU" in 0.02 seconds 

End job 

!2,ELCDU = 0 

OMEnARD = 0 

DELREROR = 0 

OMEGAQD = 0 

DELQEROR = 0 

QDUD = 1:HETAD 

OMEnAPD = 0 

DELPEROR = 0 

TS= ATTCADR 

ATTCADR = +o sp 

Establish a job starting at the address specified in TS with 
priority equal to that it had before entering "KALCMAN3" 
(saved in ATTPRIO in 11 GOMANUR 11 ) Es sentially e quivalent 
to "returning" to that job. 

End task 
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CDUTODCM ~= TScdux converted to one's complement 

..,e = TScdu converted to one's complement y 

'f = TScdu converted to one's complement z 

cos~ cos"f sin~ sin¢> 
- cos.a cost sin't' 

[Tsmat] = sin"r cos"'t cos Ji 

- sin-e- cos~ cos-e sin 4> 
+ sine cos <P sir#' 

Return 

DCMTOCDU "r= arcsinTSmat21 (limited to within~-¼,) 

TScos = cos"+' 

form ( outer gimbal) 

form (inner gimbal) 

form (middle gimbal) 

sin -e- cos~ 
+ cos e sin 4' sin'¥' 

- cos'V' sin q) 

cos ~cos¢ 
- sine- sin 1JJ sin 'If 

If )TScos/ ~ 1, TScos = (1 - 2-28) signTScos 

-&-= arcsin(- TSmat31 / TScos) 

If TSmatll ~ O, 9 = ½ Sigrltf - e 

~ = arcsin(- TSmat23 / TScos) 

If TSmat22 < 0, ¢ = ½ sign,p - q> 

1'.Scdud = ( ~ , -e- , 'Y ) 

Return 

DELCOMP TSs = sinTSang 

TSc = cosTSang 

TSd = 1:... cosTSang 

If jTSdl 2 2 (overflow), TSd= K:posmaxdp signTSd 

TS= COF 2 TSd + TSc 
X 

If !TS f ?! 1, TS = K:posmaxdp signTS 

DELMAT
11 

= TS 
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TS= COF 
2 

TSd + TSc y 

If I TS I ~ 1, TS = K: posmaxdp signTS 

DELMAT
22 

= TS 

TS= COF 
2 

TSd + TSc z 

If I Tsl ~ 1, TS = K:posmaxdp signTS 

DELMATJJ = TS 

TS= COF COF TSd + COF TSs 
X y Z 

If j rs! ::'.: 1, TS = K:posmaxdp signTS 

DELMAT21 = TS 

TS= COF COF TSd - COF TSs 
X y Z 

If jTsl ~ 1, TS = K:posmaxdp signTS 

DELMAT12 = TS 

TS= COF COF TSd + COF TSs 
X Z y 

If I Tsl ~ 1, TS = K:posmaxdp signTS 

DELMAT13 = TS 

TS= COF COF TSd - COF TSs 
X Z y 

If jTsl 2: 1, TS = K:posmaxdp signTS 

DELMATJl = TS 

TS= COF COF TSd + COF TSs y Z X 

If ITsl ~ 1, TS = K:posmaxdp signTS 

DELMAT
32 

= TS 

TS= COF COF TSd - COF TSs y Z X 

If jrsj ~ 1, TS = K:posmaxdp signTS 

DELMAT
23 

= TS 

Return 
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R62DISP PrQceed to "G©FLASH" with TS= K:V06N22 (THETAD) 
(If terminate, proceed to "ENDEXTM; if-proceed, 
continue at next step; if other response, repeat 
this st9p.) 

Svitoh FLAGWRD5 bit 6 (JAIISFLG) to 1 

Perform 11R601EM" 

Proceed to "ENDEXT" 

V89CALL Perform 11 R02BOTH" 

OPTIONia = 3 

OPTIONX
1 

= 1 

Proceed to 11 G0FLASH 11 with TS = K:V04N12 (OPTIONX0 , OPTIONX
1

) 
(If terminate, proceed to 11 ENDEXT", if proceed, 
continue at next step; if other response, repeat 
this step.) 

V89RECL TSt:::: TIMENOW + K:DP1MIN 

TDEG1 = TSt 

Perform "CSMCONIC" 

!Sr = gATT 

TDEC1 ~ TSt 

Perform 11 1..EMCONIC" 

:rs = FFSMM.AT }!Sr - _!µTT) 

,EOINTVSM:: unit!S 

(adjusted to prevent overflow 
in unit operatio~) 

If QPTIO.NI
1 

= 1 , 

~AXIS = !:UNITX 

Parform "VECPOINT 11 

!CAIIS = !:trJNITZ and skip next step 

Perform "BALLANGS" 
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Proceed to 11 G0FLASH 11 with TS= K:V06N18 (:[DAI) 
(If terminate, proceed to 11 ENDEXT 11 ; if 
proceed, continue at next step; if other 
response, proceed to 11V89RECL 11 .) 

Switch FLAGWRD5 bit 6 (3AXISFLG) to 0 

Perform 11 R60LEM 11 

Proceed to 11ENDEXT 11 

CHKLINUS If FLAGWRD4 bit 12 (PDSPFLAG) = 0, return 

TBASE2 = return address of last display 
(prior to call of 11 CHKLINUS11 ) 

Set restart group 2 to phase 13 
(causes 11RELINUS 11 to be established with 
priority 108 if restart.) 

Perform "BLANKET" with TS= 001008 

Return 

RELINUS (Entered for restart group 2.13, due to 11 CHKLINUS 11 ) 

Change job priority to 26 ( pr26) 

If FLAGWRD1 bit 5 (TRACKFLG) = 1: 

Switch FLAGWRD4 bit ' 12 (PDSPFLAG) to 1 

Return to address specified by TBASE2 (to display 
generated prior to calling of 11 CHKLINUS 11 ) 

If FLAGWRD0 bit 7 (RNDVZFLG) = 1: (P20 running) 

Set restart group 2 to phase 7 ( this will cause 
11 P20LEMC1 11 to be started in 15 seconds if there 
is a restart. ) 

End job 

Set restart group 2 to phase 11 and TBASE2 = - TIME1 
(causes "P25LEM1" to be established with priority 
148 if restart. ) 

End job 
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Quantities in Computations 

1JACCP, 1JACCQ, 1JACCR: See DAPB section. 

A: See MATX section. 

AM: Angle of rotation, a double precision angle between O and½ 
(0° and 180°), scaled BO in units of revolutions. 

,!NG: See C00R section. 

ATTCADR: Double precision address storage set to +o (single precision) 
wh~n the attitude maneuver routine (KALGMANJ) is not in use. 

ATTPRIQ: Priority of job calling 11 GOMANUR". 

BA.LLEXIT: Single precision octal return address storage. 

BCDU: Single precision vector storage for the three Mpresent" gimbal 
angles thro~ghoat u attitude maneuver. The I, Y and Z components 
contain the outer, inner and middle gimbal angles respectively, 
scaled B-1 in units of revolutions and stored in two's complement 
form. 

gRATE: Double precision vector containing the desired maneuver rates 
about each of the three principal axes, scaled B-3 in units of 
revolutions per second. 

CAM: Double precision cosine of the total maneuver angle, scaled B1 
and unitless. 

£DU: See COOR section. 

CDUD: See DAPA section. 

COF: A double precision unit vector defining the axis of rotation 
of the calculated mueuver in terms of present spacecraft coor­
dimates, scaled B1. Extracted froa the transformation matrix [MFI] 
by one of two procedures depending on the magnitude of the rotation 
ugle. 

COFSKEW: Double precision calculation of QOF from the off-diagonal 
terms of ~IJ; equivalent to QOF or used to supplement a calcu­
lation of COF from the diagonal terms of [MFI] by supplying sign 
informatio~; scaled B1 and unitless. 

COSOGA, COSIGA, CQSMGA: See COOR section. 

COSTH: See COOR section. 
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IELCIU: See DAPA section. 

[DELMAT]: Ibuble precision, Jx3 transformation matrix describing a 
rotation about Q_OF through a particular angle. Used in "NEWANGL" to 
update [MIS] at one-second intervals; scaled BO and unitless. 

DELPEROR, IELQEROR. DELREROR: See UA.PA section. 

,EDAI: Single precision vector containing the values expected to appear on 
the FDAI at the completion of an attitude maneuver (astronaut roll, 
pitch and yaw in that order), scaled B-1 in units of revolutions. 

K:ANGLTIME: Ibuble precision constant stored as 0 . 0001907349, scaled Bl9 
in units of centiseconds per second. Equation value: 100. (Used with 
a right shift of 5 t o convert from seconds scaled B4 to centiseconds 
scaled B28.) 

K:ARATE.: Table of four double precision constants, scaled B-4 in units 
of i revolutions second. per 

i Stored Value Equation Value Equivalent 

0 0.0088888888 0.0005555555 0 . 2 degrees/ second 

1 0.0222222222 O. 00130088 88 0 .5 degrees/ second 

2 0.0888888888 0.0055555550 2 .0 degrees/ second 

3 0.444.4444444 0.0277777778 10 . 0 degrees/second 

K:BIASCALE: Single precision constant stored as 757778 , scaled B2 and 
unitless. Equation value: ¼-

K:DP1MIN: Double precision constant stored as 0 . 0000223517 (6000 x 2-28 ), 
scaled B28 in units of centiseconds. Equation value: one minute. 

K:Dl'dTAU: Single precision constant stored as 0 .1, scaled BO in units of 
seconds per UA.P cycle. Equation value: 0 .1 . 

K:I.O~L: Single preci~ion constant ~tared as 0.388889, scaled B-1 
in units of revolutions. Equation value: 0.194445. (Equivalent to 
70 degrees . ) 

K:MAXAN'.1: Double precision constant stored as 0.472222222, scaled 00 in 
units of revolutions. Equation value: 0.472222222. (Equivalent to 
170 degrees.) 
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K:MINANG: Ibuble precision constant stored as 0 . 00069375, scaled BO in 
units of revolutions. Equation value: 0 . 00069375 . (Equivalent to 
0 . 2 5 degrees . ) 

K:ONESEK : Ibuble precision constant stored as 100 x 2- 28 , scaled B28 
in units of centiseconds. Equation value: 100. 

K:posma.x:dp: See list of Major Variables. 

K:SINGIMLC: Ibuble precision constant stored as 0 .4285836003, scaled Bl 
and unitless. Equation value : 0 .8571672 . (Corresponds to the sine of 
59 degrees.) 

K:SINVEC1: Ibuble precision constant stored as 0 .3796356537, scaled Bl 
and unitless. Equation value: 0 .7592713074. (Corresponds to the 
sine of 49.4 degrees.) 

K:SINVEC2 : Ibuble precision constant stored as 0 .2462117800, scaled Bl 
and unitless. Equation value: 0.49242356. (Corresponds to the sine 
of 29 .5 degrees.) 

K:UNITX, K:UNITY, K:UNITZ: Ibiible precision constant vectors scaled Bl and 
unitless. Equation value: (1, 0 ,0 ), (0,1,0) and (0, 0,1 ). 

K:VEC ANG1: Ibuble precision constant stored as 0 .1388888889, scaled BO 
in units of revolutions. Equation value: 0 .1388888889 . (Equivalent 
to 50 degrees.) 

K:VECANG2: Ibuble precision constant stored as 0.09722222222, scaled BO 
in units of revolutions. Equation value: 0 . 09722222222. (Equivalent to 
35 de grees.) 

K:Vx.xNxx: See list of Major Variables. 

[MFI]: Ibuble precision, 3x3 transfonnation matrix, scaled B2 and defined 
such that &sc ~ [MFI] &scd where & is a vector expressed in terms of 
"present spacecraft" and 11 desired spacecraft 11 coordinate systems, 
re spec ti vely. 

[MFISYM]: A double precision, 3x3 matrix synthesized from [MFI] and it s 
transpose to enable an accurate computation of ~OF from the diagonal 
terms; scaled B2 . 

[MFS]: .A double precision, 3:xJ transfo:nnation matrix, scaled Bl and 
def:i.ned such that Asm = [MFS] ~scd where~ is a vector expressed in 
terms of "stable member 11 and "desired spacecraft 11 coordinate systems, 
respectively. 
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[MIS]: A double prension, 3:x.3 transformation matrix scaled Bl and defined 
such that Asm LMIS] ~sc where~ is a vec tor expressed in terms of 
11 stable member 11 and 11 present spacecraft 11 coordinate systems, respectively. 

[MIS] 

[

XSM Tl - SC 

YSM T 
- SC 

ZSM T 
- SC 

[

xsc Tl - sm 
LMISJ1 = I SC s T 

zsc ~ 
- sm 

MODREG: See DATA section. 

NCUJ: Single precision vector storage for the gimbal angles desired after 
the next one-second period, scaled B-1 in units of revolutions and 
st ored in two I s complement form. 

NEXTIME: Single precision scheduled time of the next 11 UPDTC.ALL" cycle, 
scaled Bl4 i n units of centiseconds. 

0:MEX}APD, OMl!DAQP, OMEX}ARD: See DAPA section. 

OPTIONX
0

, OPTIONX
1

: See EXVB section. 

,EOINTVSM: Double precision "desired direction11 vector, a unit vector 
scaled Bl and expressed in terms of 11 stable member 11 coordinates. 

PRIORITY: See MATX section. 

RATEINDX: See DAPB section. 
gATT: See ORBI section. 

[REFSMMAT]: See COOR section. 

~CAXIS: Double precision unit vector defining the spacecraft ax.is that is 
to be pointed in the 11desired direction11 , scaled Bl and expressed in 
"present spacecraft 11 coordinates. 

SINOGA, SINIGA, SINMGA: See COOR section. 

SINTH: See COOR section. 

TBASE2: Cell used for address storage purposes in 11 CHKLINUS 11 to permit 
restoration of program display after a restart. The cell is r ingle 
preclSLOn and is normally used to contain waitlist restart informati ~n 
(as it is in 11 RELINUS 11 .) 

TDEC1: See ORBI section. 

TEMPR60: Single precision octal return address storage. 
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THETA: See COOR section. 

!HETAD: Single precision vector containing the gimbal angles that 
define the desired orientation to which the attitude maneuver 
routines are to maneuver; scaled B-1 in units of revolutions 
and stored in two's complement form. Also called CPHI, CTHETA, 
CPSI in program,(x,y,z components respectively). 

TIME1: The least significant half of TIMENOW. See EXVB section. 

TIMENCM: See EXVB section. 

TM: Double precision time of maneuver end, calculated on the first 
pass through "NEWANGL" and scaled B28 in units of centiseconds. 

(TMFI]: Double precision, 3x3 matrix equal to the transpose of [MFI]; 
scaled B2. 

[TMIS]: Double precision, 3x3 matrix equal to the transpose of [MIS]; 
scaled B1. 

VECQTEMP: Single precision octal return address storage. 

YSM , YSM d: Double precision unit vector along the Y-axis of 
- SC - SC 

the "stable member" coordinate system expressed in terms of 
"present spacecraft" and "desired spacecraft" coordinate systems, 
respectively; scaled B1. 
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Burn Control Routines 

WHICH= "P40TABLE" 

If FLGWRD10 bit 13 (APSFLAG) = 1, proceed to 11 P40ALM" 

Perform 11R02BOTH11 

DVTHRUSH = K:THRESH1 + K:THRESH3 

If DAPBOOLS bit 13 (CSMDOCKD) = 1, DVTHRUSH = K:THRESH3 

DVCNTR = 4 

Switch FLAGWRD5 bit 12 (NOTHROTL) to 0 

F = K:FDPS 

MDOT = K:MDOTDPS 

TDECAY = K:DTDECAY 

VEX= - 2 K:DPSVEX 

Proceed to "P40IN11 

~ WHICH= "P42TABLE11 

If FLGWRD10 bit 13 (APSFLAG) = O, proceed to "P40ALM" 

P 42S TAGE Perform 11R02BOTH11 

DVTHRUSH = K:THRESH2 

DVCNTR = 4 

Switch FLAGWRD2 bit 5 (AVFLAG) to 1 (LM active) 

P40IN 

F = K:FAPS 

MDOT = K:MDOTAPS 

TDECAY = K:ATDECAY 

VEX = - 2 K:APSVEX 

Perform "S40.1 11 

Perform 11 S40.2,3" 

(get initial target vectors) 

(get initial attitude) 
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P41LM 

P40ALM 

Perform 11 PFLITEDB 11 with interrupts inhibited 

Switch FLAGWRD5 bit 6 (3AXISFLG) to 0 

Perform 11R60LEM11 

Proceed to 11 BURNBABY11 

WHICH= 11 P41TABLE" 

Perform "R02BOTH" 

DVTarAL = 0 

DISPDEX = 05000
8 

(positive to enable "DYNMDISP") 

Establish "DYNMDISP" (pr05) 

If FLAGWRD1 bit 15 (NJETSFLG) = O, F = K:FRCS4 

If FLAGWRD1 bit 15 (NJETSFLG) = 1, F = K:FRCS2 

Perform "S40.1" 

Perform "S40.2,3" 

Inhibit interrupts 

Perform 11 ZATTEROR" 

Perform 11 SETMINDB 11 

(get initial target vectors) 

(get initial attitude) 

Release interrupt inhibit 

Switch FLAGWRD5 bit 6 (JAXISFLG) to 0 

Perform 11R60LEM" (return after attitude ma.neuver complete) 

Perform 11 s41.1 11 with :ISref = YGPREV 

YGBODY = !Sbody 

Perform 11 GODSPRET 11 with TS= K:V16N85 

Proceed to the third step of 11 BURNBABY11 

Perform "ALARM" with TS= 017068 

(VGBODY) 

REP40ALM Proceed to 11 GOFLASH11 with TS= K:V05N09 
(If terminate, proceed to 11 GOTOPOOH"; if proceed~ continue at 
next step; if other response, repeat this step.) 

Proceed according to fourteenth entry in WHICH table 
(-----, REP40ALM 1-----, P42STAGE, -----, -----) 
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BURNBABY DVTOTAL = 0 

Perform "P40AUT0" 

GOBLTIME = TIG 

(assure proper mode switching) 

Perform 11 ENGINOF3 11 with interrupts inhibited 

Proceed according to the fifth entry in WHICH table 
(P40SPOT, P40SPOT, P41SPOT, P40SPOT, P41SPOT, ---) 

P40SPOT DISPDEX = - 15 

Perform 11 STCLOK3" 

( 11 CLOKTASK11 controlled otherwise by P41, P63) 

(start computation of TTOGO) 

P41SPOT TDEC1 = TIG - K:D29.9SEC ("CLOKTASK" already running if P63) 

(initialize steering) 

TIG-35 

Perform 11 INITCDUW11 

If FLAGWRD6 bit 8 (MUNFLAG) = 1: 

Perform 11 CSMPREC 11 

ycsM = [REFSMMAT] YATT 

liCSM = tREFSMMAT] !YtTT 

Perform 11 MUNGRA V" with !Sr = liCSM 

Q.CSM = Q.DT1 

TDEC1 = TAT 

Perform 11MIDTOAV1 11 

If TSerror = 1: (did not finish in time) 

TIG = PIPTIME1 + K:D29.9SEC 

SAVET = TSt - K:5SECDP 

Call "TIG-35" in SAVET centiseconds 

If MODREG = 63: 

DISPDEX = - 1 5 (enable display of TTOGO) 

ABVEL = I YN1 I 
End job 

Call "TIG-30" in 5 seconds 
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DISPDEX = - 2 (cause "CL0KTASK" to blank display) 

If the 6th entry in WHICH table ( 0 ~ 

Call "TIG-30.1" in 4, 9 seconds 

Establish "P41BLANK" 

End task 

P41BLANK Perform "CIEANDSP" 

End job 

(P41) 

(pr17) 

TIG- J0 .1 Establish 11 TIG- 30A11 (pr17) 

End t ask 

TIG-J0A Pr oceed t o "REG0DSP" with TS = K:V16N85 (Y:GB0DY) 

TIG-30 (Entered at TIG - 29 ,9 seconds) 

Call "TIG-511 in 24,9 seconds 

DISPDEX = - 1 5 (enable TT0G0 display) 

TSt = 6th entry in WHICH t able 

If TSt ~ 0, proceed to "ULLGN0T" 

(o , 2240, -1, 2640 , 2240, ----- ) 

Call "ULLGTASK" in TSt cent i seconds 

Proceed according to first entry in WHICH table 
(ULLGN0T, ULLGN0T, -----, WANTAPS, ULLGN0T, ULLGN0T) 

WANTAPS Switch FLGWRD10 bit 13 (APSFLAG) t o 1 

ULLGN0T AVEGEXIT = 7th entry in WHICH table 
(SERVEXIT, STEERING, CALCN8 5, STEERING , SERVEXIT, -----) 

Proceed to "PREREAD" 

ULLGTASK Switch DAPB00LS bit 6 (ULLAGER) t o 1 

TIG- 5 

End task 

Call "TIG-0" in 5 seconds 

Switch FLAGWRD? bits 13 (IGNFLAG) and 12 (ASTNFIAG) to 0 

Switch FLAGWRD5 bit 8 (Z00MFLAG) to 0 

Proceed ac cording to 11th entry i n WHICH table 
(DISPCHNG, P40SJUNK, End task , P40SJUNK , DISPCHNG, DISPCHNG) 

P40SJUNK If 11 S40. 13" is running, proceed t o "DISPCHNG" (indicated by 
restart tables) 

Establish "S40.13" (P40' s burn initialization) (pr20) 



DISPCHNG DISPDEX = - 11 (initiate astronaut branching capability) 

End task 

*PROCEED Switch FLAGWRD7 bit 12 (ASTNFLAG) to 1 

If FLAGWRD7 bit 13 (IGNFLAG) = 1: 

Call "IGNITION" in 0.01 seconds 

DISPDEX = - 1 5 (display only) 

End job 

TIG-0 Switch FLAGWRD7 bit 13 (IGNFLAG) to 1 

If MODREG = 63, call 11 ZOOM11 in ZOOMTIME centiseconds 

If FIAGWRD7 bit 12 (ASTNFIAG) = 1 , proceed to II IGNITION'' 

Proceed according to the 12th entry in WHICH table 
(End task, End task, TIGT.ASX, End task, End task, End task) 

TIGTASK Establish "TIGNOW11 

Switch DAPBOOLS bit 15 ( PULSES ) to O 

En('l. t.1=1,sk 

IGNITION Switch FLAGWRD5 bit 7 (ENGONFLG) to 1 

(pr16) 

Switch bit 14 of channel 11 to 0 

Switch bit 13 of channel 11 to 1 

TEVENT = TIMENOW 

(send ignition command) 

P12IGN 

-Switch DAP:8001.S bit 15 (PUI.SES) to O 

TIG = TGO + TIMENOW (now contains cutoff time) 

Switch FLAGWRD8 bit 10 (FLUNDISP) to 0 

Proceed according to the 13th entry in WHICH table 
(P12IGN, P40IGN, ---, P42IGN, P63IGN, ABRTIGN) 

AOSQ = IGNAOSQ 

AOSR = IGNAOSR 

(Initialize DAP bias 
acceleration estimates) 

ABRTIGN DISPDEX = Z 

AVEGEXIT = 11 ATMAG11 

(positive to kill "CLOKTASK") 

Switch FIAGWRD7 bit 11 (SWANDISP) to 1 

Proceed to "P42IGN" BURN - 5 



P6JIGN 

P40IGN 

P42IGN 

AVEGEXIT = "LUNLAND11 

DISPDEX = Z (positive to kill 11 CLOKTASK") 

Switch FLAGWRD9 bit 9 (LETABORT) to 1 

Switch FLAGWRD7 bit 11 (SWANDISP) to 1 

TIG = TIMENOW 

WCHPHASE = 0 

WCHPHOLD = 0 

FLPASSO = 2 

Proceed t o "P42IGN" 

If FLAGWRD5 bit 12 (NOTHROTL) = 0: 

Call 11 ZOOM11 l n ZOOMTIME centiseconds 

Switch DAPBOOLS bit 8 (DRIFTBIT) to 0 

If FLAGWRD2 bit 9 (IMPULSW) = 1: 

If TGO ~ 0, TGO = 1 

TGO = 214 (fractional part of TGO / 214) 

Call "ENGOFTSK" in TGO centiseconds 

(more significant 
half zeroed) 

Switch FLAGWRD7 bits 13 (IGNFLAG) and 12 (ASTNFLAG) to 0 

Svi tch FLAGWRD2 bit 9 (IMPULSW) to 0 

Delay 0.5 second 

Switch DAPBOOLS bit 6 (ULLAGER) to 0 

End task 

Switch FLAGWRD7 bits 13 (IGNFLAG) and 12 (ASTNFLAG) to 0 

Switch FLAGWRD7 bit 7 (IDLEFLAG) to 0 

Delay 0. 5 second 
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ZOOM 

Switch DAPBOOIS bit 6(ULLAGER) to 0 

End task 

If MODREG = 6.3: (If P63 running) 

Proceed to 11P6.3ZOOM 11 (otherwise it's P40) 

P40ZOOM THRUST= K:MAXTHRUST 

Switch bit 4 of channel 14 to 1 

End task 

P63ZOOM Switch FLAGWRD5 bit 8 (ZOOMFLAG) to 1 

Perform 11 FLATOUT11 

End task 

STEERING Perform 11 UPDATEVG11 

If FLAGWRD2 bit 9 (IMPULSW) = O, proceed to 11 SERVEXIT 11 

If FLAGWRD7 bit 7 (IDLEFLAG) = 1, proceed to 11 SERVEXIT 11 

Perform 11 STOPRATE11 

Switch FLAGWRD2 bit 9 (IMPULSW) to 0 

Switch FLAGWRD7 bit 7 (IDLEFLAG) to 1 

Inhibit interrupts 

TSt = TIG - TIMENOW 

If TSt <. 0, TSt = 1 

TGO = 214 (fractional part of TSt / 214) 

Call 11 ENGOFTSK 11 in TGO centiseconds 

Release interrupt inhibit 

End job 

ENGOFTSK Perform 11 ENGINOFF11 

End task 

ENGINOFF Establish "POSTBURN" 
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ENGINOF2 Call 11 COASTSET11 in 0.01 second 

ENGINOF1 Switch FLAGWRD7 bit 7 (IDLEFLAG) t o 1 

Switch DAPBOOLS bit 6 (ULLAGER) to 0 

ENGINOF4 TEVENT = TIMENOW 

ENGINOF3 Switch FLAGWRD5 bit 7 (ENGONFLG) to 0 

Switch bit 13 of channel 11 to 0 

Switch bit 14 of channel 11 to 1 

Switch DAPBOOLS bit 14 (USEQRJTS) to 1 

THRUST = - K:MAXTHRUST (wipe out any throttle setting above 
that specified manually) 

Switch bit 4 of channel 14 to 1 

Return 

COASTSET Perform "ALLCOAST" 

End task 

POSTBURN DISPDEX = Z 

AVEGEXIT = "CAL ,N85" 

(positive to kill "CLOKTASK 11 ) 

TIGNOW 

Perform "GOFLASHR. 11 with TS= K:V16N40 (TTOGO , DELVSAB, DVTOTAL) 
(If terminate, proceed to "TERM40" ; if proceed, proceed to 

"TIGNOW"; if other response, proceed to 11 POSTBURN11 .) 

End job 

Inhibit interrupts 

Perform "ZATTEROR" 

Perform 11 SETMINDB 11 

Release interrupt inhibit 

Perform 11 REFLASHR11 with TS = K:V16N85 (:£GBODY) 
(If terminate, proceed to "TERM40" ; if pro ceed, proceed to 
"TERM40"; if other response, repeat this step.) 

End job 
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TERM40 AVEGEXIT = 11SERVEXIT 11 

TRKMKCNT = 0 

DISPDEX = Z (positive to kill "CL0KTASK") 

Perform "REST0RDB" with interrupts inhibited 

Proceed to "G0T0P00H" 

STCL0K3 TSt = TIG - TIMEN0W 19 (modulo 2 centiseconds) 

TSt = 2 + 100 (fractional part of TSt / 100) 

(If TIG - TIMEN0W were 4723 centiseconds, TSt would be 25 
centiseconds, starting "CL0KTASK" at TIG - 46.98 seconds.) 

Call "CL0KTASK" in TSt centiseconds 

Return 

C0MPTGO DISPDEX = 0 (compute TT0GO but do not display) 

Call 11 CL0KTASK" in 0.02 second 

Return 

CL0KTASK If DISPDEX> 0, end task 

Establish 11 CL0KJ0B" 

Delay 1 second 

Proceed to "CL0KTASK" 

CL0KJ0B TT0G0 = TIMEN0W - TIG 

If DISPDEX = - 29: 

(pr27) 

NVW0RD1 = -0 (to specify a verb 97 paste) 

Proceed to 11 CLOCPIAY'' with TS = NVW0RD2 
(If terminate, proceed to "ST0PCL0K"; if proceed, 
proceed according to the serond entr-;-t in WHICH 
table: C0MFAIL3, C0MFAIL4,-----, C0MFAIL4, 
C0MF=IL3, C0MF~IL3; if other response, proceed 
to 11 C0MFAIL2".) 

BURN - 9 



l/'.19RECYC 

If DI SPDEX = - 21: 

Proceed to "REFLASH" with TS = K:V06N61 
(If terminate, proceed to "STOPCLOK"; if proceed, 
continue at next step; if other response, repeat 
this step.) 

DISPDEX = 0 

Establish "ASTNRET" 

End job 

If DISPDEX = - 15: 

(pr13) 

Proceed t o 11REGODSP" with TS= zero entry in WHICH table 
(V06N74, V06N40, ---, V06N40, V06N62, V06N63) 

If DISPDF.Jt = - 11: 

NVWORD1 = 773778 (to specify a verb 99 paste) 

Proceed t o 11 CLOC'PLAY1' with TS = zero entry in WHICH table 
(V06N74, V06N40, ----, V06N40, V06N62, V06N63) 

(If' t'3!'mina.t0 , ~!'o"o,o,d to "STOPCLOK"; if :::ro-:-eo,d 
proceed to "*PROCEED"; if other response, proceed to 
"*ENTER".) 

If DISPDEX = -2: 

Perform "CLEANDSP" 

End job 

STOPCT.OK Switr.h DAPBOOLS bit 6 (ULLAGER) to 0 

Remove "ULLGTASK" from the waitlist if it is there 

DISPDEX = Z (positive to kill "CLOKTASK") 

Proceed to "GOTOPOOH" 

Inhibit interrupts 

Proceed according to the 3rd entry in WHICH table 
(GOCUTOFF', GOPOST, - --, GOPOST, V99RECYC, GOCUTOFF) 
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GOPOST Establish "POSTBURN" 

Inhibit interrupts 

Perform 11 .ALLCOAST" 

Switch DAPBOOLS bit 6 (ULLAGER.) to 0 

(pr12) 

Remove 11 ULLGTASK11 from the waitlist if it is there 

DISPDEX = Z (positive to kill "CLOKTASK") 

Release interrupt inhibit 

End job 

GOCUTOFF Establish "CUTOFF" (pr17) 

Switch FLAGWRD8 bit 10 (FLUNDISP) to 0 

Inhibit interrupts 

Perform 11 .ALLCOAST" 

Switch DAPBOOLS bit 6 (ULLAGER.) to 0 

Remove "ULLGTASK" from the waitlist if it is there 

DISPDEX = Z (positive to kill 11 CLOKTASK11 ) 

Release interrupt inhibit 

End job 

COMFAIL Switch FLAGWRD7 bit 7 (IDLEFLAG) to 1 

Switch FLAGWRD8 bit 10 (FLUNDISP) to 1 

DVCNTR = 4 

If DISPDEX > 0: 

DISPDEX = 0 

Perform 11 STCLOK3" 

DISPDEX = - 29 ( initiate fail branch display) 

End job 
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C0MFAIL2 Inhibit interrupts 

Remove "Z00M1t from the wai-t;ilist if it is there 

Perform 11ENGIN0F411 

Switch DAPB00LS bit 8 (DRIFTBIT) to 1 

Invert DAPBOOLS bit 10 ( A0RBTRAN) 

Switch DAPB00LS bit 6 (ULLAGER) to 1 

Call "TIG-5 11 in 0.01 second 

End job 

C0MF AIL3 DISPDEX = Z 

Skip next step 

C0MFAIL4 DISPDEX = - 15 

(positive to kill 11 CL0KTASK11 ) 

Switch FLAGWRD7 bit 7 (IDLEFLAG) to 0 

Switch FLAGWRD8 bit 10 (FLUNDISP) to 0 

End job 

DYNMDISP If DISPDEX < 0, end job ("CL0KTASK" has started) 

I TTOG0 = TIMEN0W - TIG 

Perform "S41.1" with 1:Sref = YGPREV 

YGB0DY = 1:Sbody 

Delay 1 second 

Proceed to 11 DYNMDISP 11 

CAL CN85 Perform "UPDATEVG11 

Perform "S41.1" with 1:Sref = YGPREV 

Y.GB0DY = 1:Sbody 

Proceed to "SERVEXIT" 

Perform "CDUTRIG" 

Perform "SMT0NB" 
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!Sbody = [.sMNBMArj @-EFSMMAT] !Sref 

Return 

P40AUTO If FLGWRD10 bit 13 (APSFLAG) = 1 and bit 10 of channel 30 = 0 
(PGNCS) and bit 14 of channel 31 = 0 (DAP in Auto r.ode) or if 
FLGWRD10 bit 13 (APSFLAG) = 0 and bit 10 of channel 30 = 0 and 
bit 14 of channel 31 = 0 and bit 5 of channel 30 = 0 (Auto 
throttle mode also required if descent): 

P47LM 

Return (switch configuration proper) 

Proceed to 11 GOPERF1 11 with TS= 002038 (request proper moding) 
(If terminate, proceed to "GOTO POOH"; if proceed, proceed 
to "P40AUT0 11 ; if other response, continue at next step.) 

Return 

Perform 11R02BOTH11 

Perform 11MIDTOAV2" 

Call 11STARTP47" in TSt centiseconds 

End job 

STARTP47 AVEGEXIT = 11 CALCN83" 

Establish "P47BODY11 

Proceed· to 11 PREREAD11 

P47BODY DELVIMU = 0 

DELVCTL = 0 

(pr20) 

Perform 11 GOFLASHR11 with TS= K:V16N83 (J2.ELVIMU) 
(If terminate, proceed to "GOTOPOOH"; if proceed, proceed 
to 11 GOTOPOOH11 ; if other response, proceed to "P47BODY".) 

l!;nd job 

CALCN83 J2.ELVSIN = J2.ELVCTL + J2.ELVREF 

Perform 11 S41 .1 11 with !Sref = J2.ELVSIN 

J2.ELVIMU = !Sbody 

J2.ELVCTL = J2.ELVSIN 

Proceed to 11 SERVEXIT 11 

BURN - 13 



UPDATEVG QTEMP1 = return address 

Proceed to "S40 . 8" 

If FLAGWRD2 bit 8 (XDELVFLG) = 1, return via QTEMP1 

If FLAGWRD7 bit 10 (N0RMSW) = 0: 

TS = PIPTIME - TIGSAVE - TNEWA 

If TS '- 0, proceed to "GETRANS" 

TStp = TIGSAVE + TNEWA 

If 11 s40.911 is still active: (as indicated by restart tables) 

Return via QTEMP1 

Establish "S40. 9 11 

TIGSAVE = TStp 

RINIT = RN - -

VINIT = VN - -

(pr10) 

GETRANS DELLT4 = TPASS4 - PIPTIME 

VGAIN* 

Return via QTEMP1 

If FIAGWRD2 bit 8 (XDELVFLG) = 0, proceed to 11 RASTEER1 11 

TS1 = VGPREV - DELVREF - - -
VG= TS1 - -

DELVSAB = j YG/ 

VGPREV = VG - -
If FLAGWRD2 bit 11 (STEERSW) = 0 , proceed to the third step of "UPDATEVG" 

TS = uni t(-;QELVREF) • YG 
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If TS> 0: -
Perform "ALARM" with TS= 014078 

Perform 11 FINDCDUW 11 

Proceed to the third step of "UPDATEVG" 

TS1 = 1 +(TS/ VEX) 

TG0 = (K:mF0URDT TS TS1 / I Q.ELVREFj) + TDECAY 

TIG = TG0 + PIPTIME 

If TG0 ~ K:F0URSECS: 

Perform 11FINDCDUW11 

Proceed to the third step of "UPDATEVG" 

Switch FLAGWRD2 bit 9 (IMPULSW) to 1 

Switch FLAGWRD2 bit 11 (STEERSW) to 0 

Proceed to the third step of "UPDATEVG" 

QTEMP = return address 

TIGSAVE = TIG 

If FLAGWRD2 bit 8 (XDELVFLG) = 0, proceed to "S40.1 B" 

YINIT = YTIG 

TS= jYTIG * BTIGI 

!!T = unit(yTIG * BTIG) 

BINIT = BTIG 

Tsang= (TS K:THETAC0N / IB:TIGl 2) (DELVSAB MASS/ F) 

!Sa= (Q.ELVSIN • QT) UT 

!Sb= Q.ELVSIN - !Sa 

YGPREV =!Sa+ l!Sbl (sinTSang unit(!Sb * !!T) + cosTSang unit!Sb) 

!!T = unitYGPREV 
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S40.1 B 

Perform 11 GET.LVC 11 with IS= YGPREV 

Return via QTEMP 

TDEC1 = TIG 

DELLT4 = TPASS4 - TIG 

Perform "LEMPREC" 

B:TIG = !Y\TT and 

QNITR = unitEJiTT 

YTIG = YATT 

YINIT = YATT 

VTARGTAG = 0 

CNANGL = K:EPS1 

EIN IT = J1ATT 

If FLAGWRD? bit 10 (NORMSW) = 1, CNANGL = K:EPS1 + K:EPS2 

RTX1 = MUDEX 

RTX2 = PBODY 

Perform 11 INITVEL" 

YGPREV = ~ELVEETJ 

.QT = unitYGPREV 

DELVSAB = I YGPREV I 
Perform "GET.LVC" with '.J:S = ~ELVEETJ 

Return via QTEMP 

S40 . 2, 3 !:OINTVSM = [ REFSMMATJ UT 

SCAXIS = K:UNITX - -

XSMDrf = UT - -
'.J:Sa = unit(!SMDrf * RTIG) 
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TSdp = l!SMDrf * ETIGf 

If the most significant half of TSdp = 0: 

!Sa= unit(,!SMDrf * YTIG) 

XSMDrf = !,Sa 

~SMDrf = - XSMDrf * ,!SMDrf 

Switch FLAGWRD2 bit 4 (PFRATFLG) to 1 

Return 

Switch FLAGWRD2 bit 5 (AVFLAG) to 1 

CNANGL = K:EPS1 

If FLAGWRD7 bit 10 (N0RMSW) = 1, CNANGL = K:EPS1 + K:EPS2 

Perform 11 HAVEGUES 11 with VTARGTAG = 0 

End job 

RASTEER1 RMAG = I ENI 

ISuc = unit(ETARG - B,N) 

TSc = I ETARG - EN l 
TSr1 c = TSc RMAG 

TSss = (RMAG + RTMAG + TSc) / 2 

(quasi floating point) 

(quasi floating point) 

TS1 = MUASTEER - (TSss - TSc) MUdA / 2 

TSa =[2 (TSss - RMAG) TS1 / TSr1~½ signGE0MSGN 

TS1 = MUASTEER - TSss MUdA / 2 

TSb = [ 2 (TSss - RTMAG) TS1 / TSr1~½ 

TS1 = [(TSss - TSc) / TSs~½ 
1 

TS1 = K:2PI+J arcsinTS1 - (TSc / TSss) 2 (TS1) 

TS1 = TS1 signGE0MSGN 

TS= [Tsss3 / (2 MUASTEERU½ (K:2pi+1 - TS1) - TPASS4 + PIPTIME 

BURN - 17 



TS= TSb signTS 

If FLAGWRD7 bit 10 (NOR.i\1SW) = 1: 

If '.!'.Sue • QNITR ( 0 , proceed to 11 NEGPROD 11 

TS1 = unit(QNITR + '.!'.Sue) 

TS2 = unit((- rs1 * !I_N) signGEOMSGN) TS 

VIPRIME = TS1 TSa + TS2 - - -
QELVEET3 = YIPRIME - y:N1 

Proceed to II FIRSTTME" 

TS1 = unit('.!'.Suc - ,l!NITR) TS 

YIPRIME = unit(!Suc + QNITR) TSa + 1'.S1 

QELVEET3 = YIPRIME - y:N1 

Proceed to II FIRSTTME11 

NEGPROD TS1 = unit(rsuc - QNITR) 

1'.S2 = unit(('.!'.S1 * !I_N) signGEOMSGN) TSa 

VIPRIME = TS1 TS+ TS2 - - -
QELVEET3 = YIPRIME - VN1 

FIRSTTME If RTX2 = 0: (earth centered orbit) 

s40.13 

2 
rs = ![NITG0B1 (PIPTIME - GOBLTIME) K:EARTHMU / I B:N I 
QELVEET3 = QELVEET3 + 1'.S 

1'.S1 = QELVEETJ and skip next step 

TS 1 = QELVEETJ 

Proceed to "VGAIN➔f 11 

Switch FLAGWRD2 bit 9 (IMPULSW) to 0 

TS= IYGPREVI - K:4SEC K:FRCS2 / MASS 

If FLGWRD10 bit 13 (APSFLAG) = 0, proceed to 11 S40. 1 JD" 

Switch FLAGWRD5 bit 12 (NOTHROTL) to 1 
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TSa = TS - (K:K1VAL / MASS) 

If TSa< 0: 

TSt = (TS MASS+ K:K2VAL) / K:KJVAL 

Proceed to "S40.132" 

TSb = F K:5SECS / (MASS - MDOT K:3.5SEC) 

TSc = TSa - TSb 

If TS cl O, proceed to "S40. 1 JD" 

TSt = K:1SEC2D + K:5SECS TSa / TSb 

Proceed to "S40.13~' 

S40.1JD TS= TS MASS 

If FLGWRD10 bit 13 (APSFLAG) = 1: 

TSt =TS/ K:FAPS 

Proceed to second step of "S40.1 32" 

TSt =TS/ K:S40.136 

Switch FLAGWRD5 bit 12 (NOTHROTL) to 0 

If overflow ( TSt ~ 2 14): 

TGO = TS/ K:S40.136* 

End job 

(TGO ~ 6 seconds) 

If TSt < K: 6SEC: ( TGO <. 6 seconds) 

Proceed to II S40. 132" 

If TSt <. (K:6SEC + K:89SECS): (TGO ( 95 seconds) 

Switch FLAGWRD5 bit 12 (NOTHROTL) to 1 

Proceed to the second step of "S40,132" 

S40.1J2 Switch FLAGWRD2 bit 9 (IMPULSW) to 1 

TGO = (O , TSt ) 
IDS 

End job 
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INI TCDUW OGABIAS = 0 

QNFV = K:UNITX 

!,!NWC = K: UNI TX 

Return 

FINDCDUW !Snewthrust = !:!NFC 

QCDUWUSR = return address 

NDXCDUW = bit 13 of DAPB00LS (CSMD0CKD) 

FLPAUTN0 = 1 

FLAG00DW = bit 9 of DAPB00LS (X0VINHIB) 

Inhibit interrupts 

£:NG= .QDU 

(1 or 0) 

(1 or 0) 

If bit 10 of channel 30 = 0 and bit 14 of channel 31 = 0: 
(PGNCS control; DAP in Auto mode) 

FLPAUTN0 = 0 

ANG= CDUD - -
Release interrupt inhibit 

UNX = unit!Snewthrust 

UNZ = unit!,!NWC 

Perform "QUICTRIG" 

(argument of unit operation 
adjusted to reduce the 
possibility of overflow) 

If overflow (in either unit operation above), proceed to 11 N0ATTCNT 11 

!S = uni t!2_ELV 

If no overflow (jgELVI ~ 2-? cm/sec): 

Perform 11 SMT0NB 11 

!Sdv = [sMNBMATJ TS 

TS= (TSdvy - UNFVY) K:GAINFL~DXCDUW 

If jTsj> K:DUNFVLIM, TS= K:DUNFVLIM signTS 
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DCMCL 

(If no overflow:) 

UNFV = UNFV + TS y y 

If l UNFVYI > K:UNFVLIM, UNFV = K:UNFVLIM signUNFV y y 

TS= (TSdvz - UNFVz) K:GAINFL~XCDUW 

If I TS I > K: DUNFVLIM, TS = K: DUNFVLIM sign TS 

UNFV = UNFV + TS 
z z 

If IUNFVzl > K:UNFVLIM, UNFVz = K:UNFVLIM signUNFVz 

If FLAGOODW = 1: 

If (![NZ · ![NX) 2<. K:DOTSWFMX: 

Proceed to "DCMCL" 

FLAGOODW = 0 

UNZ = ZNBPIP - -
If (![NZ • :g;NX) 2 <:_ K:DOTSWFMX: 

Proceed to "DCMCL" 

FLAGOODW = 0 

UNZ = - XNBPIP - -
![NY = unit ( ![NZ ➔~ ![NX) 

![NZ= !!NY* ![NX 

UNX = unit ( UNX + UNFV UNZ - UNFV UNY) - - z- y-

![NY = ![NX * ![NZ 

![NZ = - !!NY * 1!NX 

Perform "NB2CDUSP" 

TScdu = TScdu + OGABIAS 
X X 

If f TScduzf > K: CDUZDLIM: 

TScdu = K:CDUZDLIM signTScdu z z 

Perform "ALARM" with TS= 00401 8 
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Inhibit interrupts 

'.J'.HETAD = '.J'_Scdu 

m.DELGMB = - (TScdu - CDUD) - - -
If m.DELGMB 2 + K:HI5 > O, FLAGOODW = 0 

y 

If m.DELGMB 2 + K:HI5 > O, FLAGOODW = 0 
z 

If FLPAUTNO > 0 or if FLAGWRD5 bit 7 (ENGONFLG) = 0: 

Proceed to the second step of 11 NOATTCNT 11 

i = NDXCDUW 

If lm.DELGMBzl> K:DAZMAXi, m.DELGMBz = K:DAZMAXi sign(m.DELGMBz) 

TS= m.DELGMB COSMGA 
y 

If ITsl > K:DAYd2MAXi, TS= K:DAYd2MAXi signTS 

TSa = m.DELGMB 
y 

m.DELGMB =TS/ COSMGA 
y 

TS = - SINMGA TSa - mDELGMB 
X 

If I TS I > K:DAXMAXi, TS = K:DAXMAXi signTS 

m.DELGMB = - TS 
X 

If FLAGOODW = O, m.DELGMB = 0 
X 

m.DELGMB = m.DELGMB - SINMGA m.DELGMB 
X X y 

OMEGAPD = K:dvtoacc 

OMEGAQD = K:dvtoacc 

( - m.DELGMB - SINMGA mDELGMB ) 
X y 

(- COSOGA COSMGA m.DELGMB - SINOGA m.DELGMB) y z 

OMEGARD = K:dvtoacc (SINOGA COSMGA m.DELGMB - COSOGA m.DELGMB) y z 

!2,ELCDU = K:DTdDELT fill)ELGMB (converted to two's comp. form) 

TS = I OMEGARD I OMEGARD K:biascale / 1 JACCR 

If I TS I) K:DELERLIM, TS = K:DELERLIM signTS 

DELREROR = TS 

BURN - 22 



TS = I 0MEGAQD I 0MEGAQD K:biascale / 1 JACCQ 

If I TS I) K:DELERLIM, TS = K:DELERLIM signTS 

DELQER0R = TS 

TS= loMEGAPDI 0MEGAPD K:biascale / 1JACCP 

If ITsl> K:DELERLIM, TS= K:DELERLIM signTS 

DELPER0R = TS 

Release interrupt inhibit 

Return via QCDUWUSR 

N0ATTCNT Perform "ALARM" with TS= 004028 

QUICTRIG 

Perform "STOPRATE" with interrupts inhibited 

Return via QCDUWUSR 

Inhibit interrupts (single precision 
without converting 

SINMGA = sin ANG first to one's sp z 
complement form; 

C0SMGA = cos ANG error is tolerated sp z 
for speed.) 

SINIGA = sin ANG sp y 

C0SIGA = cos ANG sp y 

SIN0GA = sin ANG sp X 

C0S0GA = cos ANG 
sp X 

Release interrupt inhibit 

Return 

NB2CDUSP TS= 1 - UNX 2 
y 

If TS< 0, TS= 0 

TScosmga =~ 

If TScosmga ~ 1, TScosmga = K:posmaxsp 

TScos = TScosmga 
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TSsin = UNX 
y 

Perform "ARCTRGSP" 

TScdu = TSang 
z 

TS= TScosmga - IUNXxl 
If TS)> 0, TS = UNX / TScosmga 

X 

TScos = TS 

TS= TScosmga - IUNXzl 

If TS> O, TS = UNX / TScosmga 
z 

TSsin = - TS 

Perform "ARCTRGSP" 

TScdu = TSang y 

TS= TScosmga - IUNYYI 

If TS> O, TS = UNY / TScosmga y 

TScos = TS 

TS = TScosmga - I UNZY I 
If TS> O, TS = UNZ / TScosmga 

y 

TSsin = - TS 

Perform "ARCTRGSP" 

TScdu = TSang 
X 

Return 

ARCTRGSP If TSsin = 0: 

If TScos > O, TSang = 0 

If TScos < O, TSang = - K:posmaxsp 

Return 

TSsec = TScos / TSsin 
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If ITSsec I ~ 1: 

If TScos ~ +o, TSang = O 

If TScos .C:::: -0: 

TSsin = - TSsin 

TSang = - K:posmaxsp 

TSang = arcsin (TSsin) - TSang sp 

Return 

TSang = ½ + arcsin (- TScos) sp 

If TSsin < O, TSang = - TSang 

Return 
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Quant ities i n Computat ion s 

lJACCP, lJACCQ , lJACCR: See DAPB section. 

ABVEL : See SERV section. (Displa yed by nouns 62 and 63 in "CLOKJOB".) 

ANG: See COOR section. 

AOSQ, AOSR: See DAPA section. 

AVEGEXIT: See SERV section, 

CDU : See IMUC section. 

CDUD : See DAPA section. 

CN ANGL: See TRGL section. 

COSIGA, COSMGA, COSOGA: See COOR section. 

DAPBOOLS, QELCDU: See DAPA section. 

DELLT4: See TRGL section. 

DELPEROR, OEL~EROR, DELREROR: See DAPA section. 

DELV : See SERV section. 

DELVCTL: Double precision vector sum of velocity gained since the 
ini tiation of the Delta-v monitor pro gram , P47, scaled B7 in units of 
meters per centisecond and expressed in the Reference coordinate s ystem. 

DELVEET3: See TRGL section. 

OELVIMU: Double precision vector equivalent to QELVCTL, but expressed 
in the Body coordinate system for displa y . 

DELVREF: Double precision sensed-change-in-velocit y vector, scaled B7 
i n units of meters per centisecond and expressed in the Reference 
coor dinate system. 

DELVSAB : Double precision magnitude of velocity to be gained, program 
notation also VGDISP , scaled B7 in units of meters per centisecond; 
gene rated in the External Delta-V targeting routines and in the Burn 
ro utines. 

~ELVSIN: Double precision vec to r scaled B7 in units of meters per centisecond 
and exprec~ed in the Reference coordinate syftem. Represent~ the 
velocity-to-be-gained vector generated by the External Delta-V 
t argeting routinef' for P40, P41 and P42. Represent~ the total 
accumu]ated change-in-velocity during P47. 
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DISPDEX: Single precision index controlling the function of 11 CL0KJ0B 11 and 
11 CL0KTASK11 , scaled B14 and unitless. 11 CLOKJ0B 11 and 11 CLOKTASK 11 operate 
semi-independently of the guidance programs and the primary interface 
between them and guidance is DISPDEX. 

DVCNTR, DVTHRUSH: See SERV section. 

DVT0TAL: See SERV section. (Displayed by nouns 40 and 62 in 11 CLOKJOB 11 .) 

F: Double precision thrust expected during the burn, scaled B7 in units 
of kilogram -meters per centisecond squared. 

FLAGO0DW: Single precision flag set or reset on every pass through 
11 FINDCDUW 11 to indicate -whether steering is or is not based on the 
desired window pointing vector; scaled B6 and unitless. 

FLPAS.S0: See DESC section. 

FLPAUTNO: Single precision flag set to indicate that the burn is not 
under automatic control and reset to indicate that the DAP control 
quantities are to be calculated, scaled B6 and unitless. 

QCSM, GDT1: See SERV section. 

GE0MSGN: See TRGL section. 

GOBLTIME: Double precision storage for TIG, scaled B28 in units of 
centiseconds; used to bias the velocity-to-be-gained vector to 
offset the effect of gravity during an extended Lambert burn. 

IGNA0SQ, IGNA0SR: Single precision initial DAP bias acceleration estimates, 
scaled B-2 in units of revolutions per second squared; a pad loaded quantity. 

K:1SEC2D: Double precision constant stored as 100 x 2-14, scaled B14 in 
units of centiseconds. Equation value: 100. 

-2 K:2pi+1: Double precision constant stored as 3.141592653 x 2 , scaled B1 
in units of radians. Equation value: ir' / 2. Program notation: 2PI+3 

-2 K:2PI+3: Double precision constant stored as J.141592653x2 , scaled BJ 
in uni ts of radians per revolution. Equation value: 2 fr • 

K:3.5SEC: Double precision constant stored as 350 x 2-13 , scaled B13 in 
units of centiseconds. Equation value: 350. 

-17 K:4SEC: Double precision constant stored as 400 x 2 , scaled B17 in 
units of centiseconds. Equation value: 400. 

0 2-28 8 K:5SECDP: Double precision constant stored as 50 x , scaled B2 in 
units of centiseconds. Equation value: 500. 

K:5SECS: Double precision constant stored as 500 x 2-14, scaled B14 in 
units of centiseconds. Equation value: 500. 
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K:6SEC: Double precision constant stored as 600 x 2-14 , scaled B14 in 
units of centiseconds. Equation value: 600. 

K:89SECS: Double precision constant stored as 8900 x 2-14, scaled B14 
in units of centiseconds. Equation value: 8900. 

K:APSVEX: Single precision constant stored as - 30.30 X 2-5, scaled 
B5 in units of meters per centisecond. Equation value: - JO.JO 

K:ATDECAY: Double precision constant stored as - 18. X 2-28
, scaled 

B28 in units of centiseconds. Equation value: - 18. 

K:biascale: Single precision constant stored as 020008, scaled B2 
and unitless; program notation BIT11. Equation value: 0.25 

K:CDUZDLIM: Single precision constant stored as 0.3888888888, scaled 
B-1 in units of revolutions. Equation value: 0.1944444444 
(Equivalent to 70 degrees.) 

K:D29.9SEC: Double precision constant stored as 2990. X 2-28 , scaled 
B28 in units of centiseconds. Equation value: 2990. 

K:DAXMAX
0

: Single precision constant stored as 0.11111111111, scaled 
B-1 in units of revolutions. Equation value: 0.05555555555 
(Equivalent to 20 degrees.) 

K:DAXMAX1 : Single precision constant stored as 0.0111111111 , scaled 
B-1 in units of revolutions. Equation value: 0.00555555555 
(Equivalent to 2 degrees.) 

K:DAYd211AX0 : Single precision constant stored as 0.05555555555, scaled 
BO in units of revolutions. Equation value: 0.05555555555 
(Equivalent to 20 degrees.) 

K:DAYd2MAX1: Single precision constant stored as 0.0055555555, scaled 
BO in units of revolutions. Equation value: 0.0055555555 
(Equivalent to 2 degrees.) 

K:DAZMAX0 : Single precision constant identical to K:DAXMAX0• 

K:DAZMAX1: Single precision constant identical to K:DAXMAX1 • 

K:DELERLIM: Single precision constant stored as 0.05555555555, scaled 
B-1 in units of revolutions. Equation value: 0.02777777777 
(Equivalent to 10 degrees.) 

K:DOTSWF1'1X: Single precision constant stored as 0.93302 X 2-4, scaled 
B4 and unitless. Equation value: 0.93302 (Equivalent to the 
square of the cosine of 15 degrees.) 

K:DPSVEX: Single precision constant stored as - 29.5588868 x 2-5, scaled 
B5 in units of meters per centisecond. Equation value: - 29.5588868. 

K:DTdDELT: Single precision constant stored as 0.05, scaled BO in 
units of guidance cycles per DAP cycle. Equation value: 0.05 
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K:DTDECAY: Double precision constant stored as - 38. X 2-28 , scaled 
B28 in units of centiseconds. F.quation value: - 38. 

-1 
K:DUNFVLI M: Single precision constant stored as 0.007 x 2 , scaled Bl 

a nd un itless. Equation value: 0.007. 

K: dvtoacc: Constant implicit in the 2-second navigation cyc ie, scaled 
B-1 in units of seconds to the minus one power. Equation value: ½. 

-3 6 K:EARTHMU: Double precision constant stored as -3.986032 ElO x 2 , 
scaled B36 in units of meters cubed per centisecond squared. Equation 
value: -3.986032 ElO. 

K:EPSl: Double precision constant stored as 2.777777778 E-2, scaled BO 
in units of revolutions. Equation value: 2.777777778 E-2. (Equivalent 
to 10 degrees.) 

K:EPS2: Double precision constant stored as 9.722222222 E-2, scaled BO 
in units of revolutions. Equation value: 9.722222222 E-2. (Equival en t 
to 35 degrees.) 

K:FAPS: Double precision constant stored as 1,5569 x 2-7, scaled B7 in 
units of kilogram meters per centisecond squared. Equation value: 
1,5569 (Equivalent to 3500 pounds force.) 

K:FDPS: Double precision constant stored as 4.3670 x 2-7 , scaled B7 
in units of kilogram meters per centisecond squared. Equation value: 
4,3670, (Equivalent to 9817.5 pounds force.) 

-28 K:FOURSECS: Double precision constant stored as 400 x 2 , scaled B28 
in units of centiseconds. Equation value: 400. 

K:FRCS2: Double precision constant stored as 0.08896 x 
B7 in units of kilogram meters per centisecond squared. 
value: 0.08896 (Equivalent to 200 pounds force.) 

-7 
2 , scaled 
Equation 

K:FRCS4: Double precision constant stored as 0,17792 x 2- 7, scaled 
B7 in units of kilogram meters per centisecond squared. Equation 
value: 0.17792 (Equivalent to 400 pounds force.) 

K:GAINFLTR0: Single precision constant stored as 0.2, scaled BO 
and unitless. F.quation value: 0.2 

K:GAINFLTR1 : Single precision constant stored as 0.1, scaled BO 
and unitless. F.quation value: 0.1 

K:HI5: Single precision constant stored as 760008 , scaled B-2 in u~its 
of revolutions squared. Equation value: -0.015625. (Equivalent to 
about minus the square of 45 degrees.) 

K:KlVAL: Double precision constant stored as 124,55 x 2-23 , scaled B23 
in units of kilogram meters per centisecond. Equation value: 124.55. 

K:K2VAL: Double precision constant stored as 31.138 x 2-2~ scaled B24 
in units of kilogram meters per centisecond. Equation va lue : 31.138. 

BURN - 29 



~o 
K:KJVAL: Double precision constant stored as 1.5569 X 2 , scaled B10 in 

units of kilogram meters per centisecond squared. Equation value: 1.5569 

K:MAXTHRUST: Single precision constant stored as 100008, scaled B14 in 
units of DPS throttle pulses. Equation value: 4096. (See THRUST). 

K:MDOTAPS: Double precision constant stored as 0.05135 X 2-J, scaled 
BJ in units of kilograms per centisecond. Equation value: 0.05135 
(Equivalent to 11.32 pounds mass per second.) 

-3 K:MDOTDPS: Double precision constant stored as 0.148 X 2 , scaled BJ 
in units of kilograms per centisecond. Equation value: 0.148 

-18 
K:mFOURDT: Double precision constant stored as - 800. X 2 , scaled 

B16 in units of centiseconds. Equation value: - 200. 

K:posmaxsp: see Major Variables. 

K:S40.136: Double precision constant stored as 0.4671 X 2-9, scaled 
B9 in units of kilogram-meters per centisecond squared. Equation 
value: 0.4671 (Equivalent to 1050. pounds force). 

1 
K:S40.136*: Double precision constant stored as 0.4671 X 2, scaled 

B-1 in units of kilogram-meters per centisecond squared. Equation 
value: 0.4671 

K: THETACON: Double precision constant stored as O.J18J0989 X 2-8, 
scaled B6 in units of revolutions per radian. Equation value: 1/411". 

-14 K:THRESH1: Single precision constant stored as 24. X 2 , scaled 
B14 in units of centimeters per second. Equation value: 24. 

K:THRESH2 : Single precision constant stored as J08. X 2-14, scaled 
B14 in units of centimeters per second. Equation value: J08. 

K: THRESHJ: Single precision constant stored as 12. X 2-14, scaled 
B14 in units of centimeters per second. Equation value: 12. 

-1 
K: UNFVLIM: Single precision constant stored as 0.129 X 2 , scaled 

B1 and unitless. Equation value: 0.129 

K:UNITX: Single precision constant vector stored as (0.5, O, O), 
scaled B1 and unitless. Equation value: (1 ,0,0) 

MASS: see SERV section. 

~ELGMB: Single precision vector containing the complement of the 
proposed additions to the desired gimbal angle command to be 
issued to the DAP, scaled B-1 in units of revolutions. 

MDOT: Double precision nominal mass flow rate during thrust, scaled 
BJ in units of kilograms per centisecond. 
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MODREG: see DATA section. 
MUdA, MUASTEER: see TRGL section. 

MUDEX: see CONC section. 

NDXCDUW: Single precision index (0 or 1) to f'elect the proper steering 
cnnstants for LM alone or CSM-LM configuration, f'Caled B14 4nd unitlesR. 

NVWORD1: Single precis ion ee11 u~ea to spe~ify e i.ther a V97 or V99 display. 

NVWORD 2: See DINT section. 

OGABIAS: Single precision quantity representing the outer gimbal angle bias 
for window pointing commands to account for window bending due to cabin 
pressurization. Set to zero in 11 INITCDUW" and changed to AZBIAS in P64 
( "EXNORM"). Scaled B-1 in uni ts of revolutions. 

OMEGAPD, OMEGAQD, OMEGARD: See DAPA section. 

PBODY: See ORBI section. 

PIP TIME, PIPTIMEl: See SERV sect ion. 

POINTVSM : See ATTM section. 

QCDUWUSR: Single precision octal return address storage. 

QTEMP , QTEMPl: Single precision octal return address storage. 

B:ATT, ~ATT, TAT : See ORBI sect ion, 

~CSM , ~CSM: See SERV section. 

LREFSMMAT ] : See COOR section. 

~INIT, VINIT: See TRGL section. 

RMAG: See ASCT section. Scaled B29 (earth) or B27 (moon) here. 

B:N, YN: See SERV section. 

ETARG: See TRGL section. 
gTIG, :[TIG: see TRGX section. 

RTMAG: see TRGL section. 

RTX1, RTX2: see ORBI section. 
SAVET: Double preci sion temporary storage cell for time information, 

scaled B28 in units of centiseconds. 

SCAXIS: See ATTM section. 

SINIGA, SINMGA, SINOGA: See COOR sect i on. 

[SMNBMAT ] : See COOR section. 

TDECl: See ORBI section. 

TDECAY: Doub le precision thrust deca y time added to TGO, scal ed B28 in 
units of centiseconds . 

TEVENT: Double prec1s 1on time-of-event for downlink information, scaled 
B28 in units of centiseconds. 



TGO : Doubl e preci s ion pred ict ed length of burn , scaled B28 i n units of 
centiseconds. 

THETAD : See IMUC section, 

THRUST : See DESC section, 

TIG : Double precision predicted time of ignition input to the burn routines , 
or predicted cutoff time , scaled B28 in units of centiseconds, 

TIGSAVE: Double precision storage for the effective time of the last 
performance of the Lambert routine; scaled B28 in units of centiseconds. 

TIMENOW: See EXVB section. 

TNEWA: Double precision pad loaded quantity giving the Lambert cycle 
period; scaled B28 in units of centiseconds. 

TPASS4 : See TRGL section. 

TRKMKCN T: See RNAV section. 

TTOGO : Double precision time until engine i gnition (o r cutoff), scaled 
B28 i n units of centiseconds. 

UN: see TRGL section. 
UNFC : Doubl e prec i sion desired thrust acceleration vector , with variable 

~calirig in un i ts of meters per centisecond squared anrl expre~sed in 
th P Platform c0ordinate system. 

UN FV : Double preci sion filtered value of the sensed thrust direction 
vector, scaled Bl and unitless, and expressed i n what might be st be 
called the " theoretical " body coordinate system. The X component is 
not used , but the Y and Z components are used to bias the des i red 
thru st vector with respect to the spacecraft so that the desir od 
direction of thrust passes through the center of gravit y of the spa ce­
craft . 

UNITGOBL: Double prec1s10n vector used to bias the velocity-to-be­
gained vector to offs et the effect of grav i t y during an extend ed 
Lambert burn, scaled Bl and expressed in the Reference coordinate 
sy stem, 

QN I'I'R: See SERV section. 

UNWC: Double preci sion vector along the desired pointing direction of 
the landing window, scal i ng and units variable , expressed in the 
Plat form coord inate system . 

l'T : Do uble precision unit vector in the di rection of velocit y to be 
gained, used to det ermine initial at titude for burns, scal ed Bl and 
expre ss ed in the Reference coord i nat e s ystem. 

~ X, ~Y, ~Z : Double precision unit vectors along the desired directions 
of the three bo dy axes , scaled Bl and expressed in the Platform 
coordinate s ys tem . 
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VEX: Double precision engine exhaust velocity, scaled B? in units of 
meters per centisecond. 

YG: Double precision velocity-to-be-gained vector, scaled B? in units 
of meters per centisecond and expressed in the reference coordinate system. 

YGBODY: Double precision velocity-to-be-gained vector, scaled B? in units 
of meters per centisecond and expressed in the Body coordinate systeM. 

YGPREV: Double precision previous value of YG, program notation also 
VGTIG, scaled B? in units of meters per centisecond and expressed in 
the reference coordinate system. 

JIPRIME: See TRGL section. 

VN1: See SERV section. 

VTARGTAG: See TRGL section. 

WCHPHOLD, WCHPHASE: See' DESC section. 

WHICH: Single precision octal address of one of the following tables: 

Table entry number Tables 

F12TABLE P40TABLE P41TABLE P42TABLE P63TABLE ABRTABLE 

0 K:V06N74 K:V06N40 -------- K:V06N40 K:V06N62 K:V06N63 
1 ULLGNOT ULLGNOT -------- 'WANTAPS ULLGNOT ULLGNOT 
2 COMFAIL3 COMFAIL4 -------- COMFAIL4 CQMFAIL3 COMFAILJ 
3 GOCtrrOFF GOPOST -------- GOPOST V99RECYC GOCtrrOFF 
4 End task End task -------- End task End task End task 
5 P40SPOT P40SPOT P41SPOT P40SPOT P41SPOT --------
6 0 2240 -1 2640 2240 --------
7 SERVEXIT STEERING CALCN85 STEERING SERVEXIT --------

11 DISPCHNG P40SJUNK End task P40SJUNK DISPCHNG DISPCHNG 
12 End task End task TIGTASK End task End task End task 
13 P12IGN P40IGN ------- P42IGN P63IGN ABRTIGN 
14 ------- REP40ALM ------- P42STAGE ------- -------

~BPIP, JNBPIP, ~NBPIP: See SERV section. 

,!SMI)rf, XSMDrf, fSMDrf: See COOR section. 

ZOOMTIME: Single precision time after ignition at which the DPS is 
to be commanded to full throttle, scaled B14 in units of centiseconds; 
part of the erasable load. 

Z: Z register, or program counter. Contains the address of the next 
step. The contents of Z are always a positive number. 
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Conic Subroutines 

TIMER.AD RTNCONC = return address 

Perform "PA.RAM'' with '.!:Sr = RVEC and !Sv = yvEC 

If overflow (in "PA.RAM''): 

Switch FLAGWIID8 bit 4 (COOAFLAG) to 1 

Proceed to "POODOO" with TS= 206078 

'.!:Se = (1 - RdA) !!R1 - ./ P (2 - Rd.A) ' COGA !!2 

If overflow (or if IISel < 2-18
): 

Switch FLAGWRD5 bit 3 (SOLNSW) to 1 

Proceed to "POOPOO" with TS = 20607
8 

'.!:Sue= unit!Se 

COSF = ITRl P / RDESIRED) - 1] / IISe I 
If (1 - cosr2) < o: 

COSF = 1 signCOSF 

TSs = 0 

Switch FLAGWRD8 bit 5 (APSESW) to 1 

If (1 - cosr2) 2 o: 

TSs = / 1 - cosr2 ' signSGNRDOT 

Switch FLAGWIID8 bit 5 (APSESW) to 0 

ISu2 = TSs !!N * '.!:Sue + COSF '.!:Sue 

CSTH = 1'5u2 · !!R1 

. SNTH = !!Rl * !Su2 · !!N 

TSp = P 

Perform "GE'l'X" 

(magnitude limited to less than 1) 

Switch FLAGWRD5 bit 3 (SOLNSW) to 0 

Proceed to 11 COMMNOUT 11 
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APSIDES RTNCONC = return address 

I.Sr = ,RVEC 

I.Sv = YJ"EC 

Perform "PARAM" 

(Ignore any overflow) 

ECC = ./ 1 - P RdA ' 

TSrp = Rl P / (1 + ECC) 

TSra = (2 Rl / Rd.N - TSrp 

If TSra < 0 or if overflow, TSra = K: posmaxdp 

Return via RTNCONC 

TIMETHET RTNCONC = return address 

I.Sr= ,RVEC 

I.Sv = yvEC 

Perform "PARAM" 

If overflow (anywhere above): 

Switch FLAGWRD8 bit 4 (COOAFLAG) to 1 

Proceed to "POODOO" with TS= 2060?8 

TSp = P 

Perfonn "GETX" 

COMMNOUT If FLAGWRD8 bit 7 (INFINFI.G) = 1, proceed to 11 POOD00 11 with TS= 206078 

Switch FLAGWRD8 bit 4 (COGAFLAG) to 0 

Perform "DELTIME" 

If FLAGWRD7 bit 9 (RVSW) = O, perform "NEWSTATE" 

Return via RTNCONC 
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KEPLERN i = MUDEX + 2 (always entered from "KEPPREP") 

ldMU = K:MUTABLE1 

R00TMU = K:MUTABLE1+2 

l dR00TMU = K:MUTABLE1+4 
ITERCTR = 20 

~RRECT = unitER.ECT 

Rl = lgRECTI 
KEPCl =ERECT• Y,RECT ldR00TMU 

KEPC2 = VRECT • \TI:IBCT ldMU R1 - 1 

ALPHA= (1 - KEPC2) / Rl 

If ALPHA ( 0: 

TS= K:m50SC / ALPHA 

TS=~ 

If overflow, TS= K:posmaxdp 

If ALPHA) 0: 

TS = K: 2PISC /~ALPHA 

If overflow, TS= K:posmaxdp 

XMAX = TS 

TSperiod = XMAX ldR00TMU / ALPHA 

PERIODCH If 0 < TSperiod ( 228 and if I TAU I ) TSperiod : 

TAU = IT TAU I - TSperij signTAU 

Proceed to 11 PERI0DCH" 
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DXCOMP 

KEPLOOP 

X = XKEPNEW 

If X signTAU ~ 0 or if IX signTAUI > XMAX, X = (XMAX/2)signTAU 

If TAU< 0: 

XMIN = -XMAX 

XMAX = O 

Proceed to "DXCOMP" 

XMIN = 0 

Proceed to "DXCOMP" 

EPSILONT = ITAU K:BEE22I 

DELX = X - XPREV 

TSx2 = x2 

XI = X2 ALPHA 

Perform "DELTIME" 

If overflow, (somewhere above): 

If X < 0, XMIN = X 

If XLO, XMAX = X 

DELX = DELX / 2 

If lnELX I < 2b-28 (b is the scale factor of DELX): 

Return via KEPRTN 

X = X - DELX 
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(If overflow) 

T = TC 

Proceed to II BRNCHCTR" 

DELT = TAU - T 

If IDELTI i EPSILONT, proceed to "KEPC0NVG'' 

TS= DELX DELT / (T - TC) 

If TS< 0: 

IMAX= X 

DELI= TS 

If TS~ XMIN - IMAX or if (XMIN - IMAX - TS) overflows: 

DELI= (XMIN - X) K:DP9dl0 

If TS~ 0: 

XMIN = X 

DELX = TS 

If TS> IMAX - XMIN or if (IMAX - XMIN - TS) overflows: 

DELI= (IMAX - X) K:DP9dl0 

If loELxJ< 2b-2S (bis the scale factor of DELI) : 

Proceed to 11 KEPC0NVG'' 

I= X + DELI 

TC= T 

Proceed to II BRNCHCTR" 

BRNCHCTR ITERCTR = ITERCTR - 1 

If . ITERCTR = 0, proceed to II KEPC0NV C1' 

Proceed to II KEPLOOP11 

KEPCONVG . ,!!CV = (Rl ... ISQCxi) ,YRRECT + (T - x3 ldROOTMU Sxi) YRECT 

I,Sv = [ (II Sxi - 1) ROOTMU I /jRCVi)QRRECT 
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LAMBERT 

y_cv = ( 1 - XSQCxi / I _!!CV f ) YRECT + !Sv 

TC= T 

XPREV = X 

Return via KEPRTN 

RTNCONC = return address 

(to caller of 11 KEPPREP~) 

Switch FLAGWRD5 bit 3 (SOLNSW) to 0 

i = MUDEX + 2 

ldMU = K:MtrrABLEi 

ROOTMU = K:MtrrABLEi+2 

ldROOTMU = K:MtrrABLEi+4 
EPSILONL = TDESIRED K:BEE19 

Switch FLAGWRDl bit 3 (SLOPESW) to 1 

ISrl = fllVEC 

IS2 = R,2VEC 

Perform "GEOM" 

SNTH = TSsin 

TSlam = R1 / MAGVEC2 

CSTH = TScos 

lmCSTH = 1 - CSTH 

If I 1mcSTH I L 2-27 
! 

Switch FLAGWRD5 bit 3 (SOLNSW) to 1 

Return via RTNCONC 

TS = ✓2 TSlam / lmCSTH 
1 

+ SNTH / lmCSTH 

If overflow or if TS 1 K: COGUPLIM, TS = K: COGUPLIM 

COGAMAX = TS 

CSTHmRHO = CSTH - TSlam 
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TS = CSTHrnRHO I SNTH 

If overflow ( I Ts\~ 25) or if GEOMSGN<O, TS= K:C OGOIJM 

COGAMIN = TS 

If FLAGWRDl bit 2 ( GUE SSW) = 0, TWEEKIT = 2 - 14 
If FLAGWRDl bit 2 (GUESSW) = 1: 

TWEEKIT = 2-2 

COGA = ½ (COGAMIN + COGAMAX) 

DCOGA ::z: COGA 

LAMBWOP TS = lmCSTH I (COGA SNTH - CSTHmRHO) 

If TS.SO: 

If DCOGA ~ O, proceed to "IDENERGY" 

Proceed to "HIENERGY" 

P= TS 

RdA = 2 - P (1 + COGA2 ) 

If overflow (P or RdA), proceed to "HIENERGY" 

TSp = p 

Perform "GETX" 

TPREV = T 

If FLAGWR:c8 bit 7 (INFINFLG) = 1: 

If ICOGA ~ O, proceed to "IDENERGY" 

Proceed to "HIENERGY" 

Perform "DELTIME" 

If overflow: 

T = TPREV 

Proceed to "LOENERGY" 
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TERRLAMB = TDE.sIRED - T 

If ITERRLAMB\i EPSILONL, proceed to 11 INITV" 

ITERGTR = ITERGTR - 1 

If ITERGTR = O, proceed to 11 SUFFGHEK 11 

If FLAGWRDl bit 3 (SLOPESW) = 0: 

If T - TPREV = O, proceed to 11 SUFFGHEK 11 

Perform 11 ITERATOR 11 with INDEP = GOGA, DELINDEP = DGOGA, DEP = T, 
DEPREV = TPREV, DELDEP = TERRLAMB, MAX= GOGAMAX and MIN= GOGAMIN 

DCOGA = DELINDEP 

GOGAMAX = MAX 

GOGAMIN = MIN 

If JnGOGA I ( 2-23 , proceed to 11 SUFFGHEK" 

GOGA= GOGA+ DGOGA 

Pro,~eed to 11 LAMBLOOP 11 

LOENERGY GOGAMAX = GOGA 

Skip next step 

HIENERGY GOGAMIN = GOGA 

DCOGA = DGOGA / 2 

If IDGOGAI ( 2-23 , proceed to 11 SUFFGHEK11 

GOGA= GOGA - DGOGA 

Proceed to 11 LAMBLOOP 11 

SUFFGHEK If ITERRLAMBI > K:BEE17 TDE.sIRED + 1: 

INITV 

Switch FLAGWRD5 bit 3 (SOLNSW) to 1 

Proceed to 11 INITV11 

Proceed to 11 INITV 11 

TS = ~ ROOTMU 

yvEG = TS GOGA QR.l + TS QN * QRl 
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If VTARGTAG = 0: 

R2 = MAGVEC2 

Perform "LAMENTER" 

.YTARGET = 1.Sv 

Return via RTNCONC 

RTNPRM = return address 

Switch FLAGWRD? bit 10 (NORMSW) to 0 

Switch FLAGWRD8 bit 4 ( COOAFLAG) to 0 

GEOMSGN = 277778 
I,Srl = .I.Sr 

1s2 = .:r.sv 

Perfo.nn "GEOM" 

COGA = TScos / TSsin 

i = MUDEX + 2 

ldMU = K:MUTABLE. 
1 

(positive) 

ROOTMU = K:MUTAB~+2 

ldROOTMU = K:MUTABLEi+4 

TS= MAGVEC22 ldMU Rl 

RdA = 2 - TS 

P = TS TSsin2 

Return via RTNPRM 

~ Y,2 = uni t1.S2 

MAGVEC2 = l1.s2I 

Y,Rl = unitI,Srl 

TScos = ![Rl • Y,2 

Rl ·= IISrll 
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IS = ,llRl ➔~ ,ll2 

If FLAGWRD? bit 10 (NORMSW) = 0: 

1!N = unitIS signGEOMSGN 

If overflow (unit vector poorly defined), '[N = '[N / 2 

1:Ssin = trs I signGEOMSGN 

Return 

GbTX i = 1 

Switch FLAGWRDS bit 1 (J60SW) to 0 

TSsqp = -/ TSp ' 

TS= SNTH / (1 - CSTH) 

If overflow C,TSI 2. 25): 

If TS <. O, Switch FLAGWRDS bit 1 (J60SW) to 1 

Proceed to "INVRSEQN 11 

TS= (TS - CCGA) TSsqp 

If overflow (ITSI Z. 25): 

If TS <. O, Switch FLAGWRDS bit 1 (J60SW) to 1 

Proceed to 11 INVRSEQN" 

TSw = TS 

TS= RdA + TSw2 

If TS C::. 0, proceed to 11 INFINITY 11 

TS= -/TS'+ TSw 

If overflow ( ITSI ~ 25): 

i = 1 

If TS < O, Switch FLAGWRDS bit 1 (J60SW) to 1 

Proceed to "INVRSEQN 11 
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If i < J: 

i = i + 1 

Proceed to ''WLOOP" 

TS= 1 / TS 

If overflow (f TSI ~ 22 ), proceed to "INFINITY" 

Proceed to "P0LYC0EF" 

INVRSEQ,N TSw2 = I SNTH / (1 + CSTH - SNTH COOA) .,JP I 
TSwJ = 1 

1/WL00P TS= RdA TSw22 + TSw3
2 

If TS L O, proceed to "INFINITY" 

TSwJ =,,/'T's'+ TSwJ 

If i ' J: 

i = i + 1 

Proceed to "1/wL00P" 

TS= TSw2 / TSw3 

P0LYC0EF If TS <. 0, proceed to "INFINITY" 

x = RdA TS2 

. .6 
TS= 16 TS (K:unia + K:unic x + K:unie x2 + •.• + K:un11 x) 

If FLAGWRD8 bit 1 (J60SW) = 1: 

If RdA < 0, proceed to "INFINITY" 

TS = (K:2PISC / -( RdA 
1

) - TS 

XI = Rd.A TS2 

X = .jRl TS 

TSx2 = x2 

KEPCl = -/ P Rl 
I 

COOA 
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KEPC2 = 1 - RdA 

Switch FLAGWRD8 bit 7 (INFINFI.G) to 0 

Return 

I NFI NI TY (Clear overflow indicator if set) 

Switch FLAGWRD8 bit 7 (INFINFI.G) to 1 

Return 

DELTI ME Sxi = K: SO + K:Sl XI+ K:S2 XI2 + 

Cxi = K:C O + K:Cl XI + K:C2 XI2 + 

XSQCxi = TSx2 Cxi 

+ K:S9 xI9 

+ K:C9 xI9 

T = ldROOTMU ( X (Rl + TSx2 Sxi KEPC2 ) + KEPCl XSQCxi ) 

Return 

NEWSTATE ISr = (Rl - XSQCxi) !l.Rl + (T - x3 ldROOTMJ Sxi) :JYEC 

R2 = IISrl 

LAMENTER IS= ( ROOTMU (XI Sxi - 1) X / R2 ) 1[Rl 

1sv =IS + (1 - XSQCxi I R2) yvEC 

Ret urn 

ITERATOR If FLAGWR.Dl bit 3 (iL~~r ~ 0_: __ __ _ .. . 

TS= DELDEP DELINDEP / (DEP - DEPREV) 

If FLAGWRD8 bit 6 (ORDERSW) = 1, TS= ITsl signDELDEP 

If FLAGWR.Dl bit 3 (.~OfiSW) 2 1: 

Switch FLAGWR.Dl bit 3 to 0 

TS = (MAX TWEEKIT - MIN TWEEKIT) signDELDEP 

If TS < 0: 

If FLAGWRD8 bit 6 (ORDERSW) = O, MAX= INDEP 
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(IfTS(O) 

If INDEP + TS~ MIN or if overflow: 

TS= K:DP9d10 (MIN - INDEP) 

DELINDEP = TS 

Return 

If FLAGWRD8 bit 6 (ORDERSW) = O, MIN= INDEP 

If INDEP + TS > MAX or if overflow: 

TS= K:DP9d10 (MAX - INDEP) 

DELINDEP = TS 

Return 

PERIAP01 VVEC = !Sv 

flVEC = '.[Sr 

PERIAPO NORMEX = return address 

TSo:: K:RPAD 

If Mudex ~ 0, TSo = lar.s I 
XXXALT = TSo 

Perform 11 APSIDES 11 

TSha = TSra - XXXALT 

TShp = TSrp - XXXALT 

Return via NORMEX 
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Quantities in Computations 

JdMU: Double precision storage register for the gravitational constant 
for the moon or the earth, whichever is the central body; scaled B-34 
(earth) or B-28 (moon) in units of centiseconds squared/ meters cubed. 

ldROOTMU: Double precision square root of ldMU, scaled B-17 (earth) or 
B-14 (moon) in units of centiseconds / meters J/2 . 

lmCSTH: Double precision storage for (1 - CSTH), scaled B2 and unitless. 

ALPHA: Double precision inverse of the semi-major axis for the universal 
form of Ke~ler's equation, scaled B-22 (earth) or B-2O (moon) in units 
of meters- • 

COGA: Double precision cotangent of flight path angle (measured from 
vertical ) , scaled B5 and unitless. 

~()GAMAX, COGAMIN: Upper and lower bounds on COGA, scaled B5 and uni tless. 

COSF : Double precision cosine of the true anomaly at the desired radius 
in the time-radius problem, scaled Bl and unitless. 

CSTH: Double precision cosine of the true anomaly difference or of the 
angle between present and desired position vectors, scaled Bl and 
unitless. 

CSTHmRHO : Double precision intermediate quantity used in the calculation 
of P and COGAMIN, scaled B7 and unitless. 

Cxi: One of the two special functions used in the universal formulation 
of the conic equation; double precision, scaled B4 and unitless. 

DCOGA: Double precision change in COGA in Lambert iteration step, scaled 
B5 and unitless. 

DELDEP: Double precision change in the dependent variable for the "ITERATOR" 
subroutine, variable scaling and units. 

uELINDEP : Double precision change in the independent variable for the 
"ITERATOR" subroutine, variable scaling and uni ts. 

DELT: Double precision difference between the desired time interval and 
the computed approximation to it during the "KEPLERN" iteration, 
scaled B28 in units of centiseconds. 
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DELX: Difference between successive values of the universal co~ para­
meter X, scaled B17 (earth) or Bl6 (moon) in units of meters • 

DEP, IEPREV: Ibuble precision storage for two successive values of the 
independent variable to be used in the "ITERATOR" subroutine; scaling 
and units variable. 

ECG: Ibuble precision eccentricity computed in the 11APSIIES 11 routine, 
scaled BJ and unitless. 

EPSILONL, EPSILONT: Ibuble precision definitions of convergence in the 
Lambert and Kepler iteration loops respectively, scaled B28 in units 
of centiseconds. 

GEOHSGN: Single prec1.s1.on sign for the sine of the true anomaly differ­
ence , scaled BO and unitless. 

i: Single precision index, scaled B14, and unitless. 

INDEP: Ibuble precision independent variable for the "ITERATOR'' subroutine; 
scaling and units variable. 

ITEOCTR: Single precision iteration countP-r, scaled B14 and unitless. 

KEPCl: Ibuble precision coefficient in the Kepler equation, scaled B17 
(earth ) or B16 (moon) in units of meters. 

KEPC 2 : Double precision coefficient in the Kepler equation, scaled B6 
and unitless. 

KEPRTN: Single precision octal return address storage . • - 6 K:2Pl$C: Ibuble precision constant, stored as 6.2831853 x 2 , scaled B6 
and unitless. Equation value: 6.2831853. 

K:BEE17: Double preci!~on constant stored ae 2-l?, scaled 00 and unitlese. 
Equation value: 2- . 

K:BEE19: Double precision constant stored as 2-19·, scaled BO and unitless. 
Equation value: 2-19. 

K:BEE22: Double preci~~on constant stored as 2-22 , scaled 00 and unitless. 
Equation value: 2- . 

K:CO, ... K:C9 : Ten double precision constants defining the special function 
C(x), all unitless. 
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i 

u 

2 

4 

6 

B 

10 

12 

14 

Scale Theoretical Equation 
Stored Value Factor Value Value 

K:CO 0 . 031250001 B4 u. 5 O • 500000016 
K:Cl -0 .16666b71 9 B-2 -O. OLJ.. 666667 - 0 .041666680 
K:C.~ 0 . 355555413 B-8 1. 38888889 E-3 1.38888833 E-3 
K:C3 - 0 .406347410 B-14 - 2.48015873 E-5 - 2 .48014777 E-5 
K:C4 0 . 288962094 B-20 2 . 7 5573192 E-7 2 .75575727 E-7 
K :C5 -0 .140117894 B-26 -2.08767570 E-9 -2. 08791932 E-9 
K:C 6 0 .049247387 B-32 1.14707456 E-11 1.14663008 E-11 
K:C7 -0. 013081 923 B-38 -4.77947733 E-14 -4.75Cfl7586 E-14 
K:r.8 0 .002806389 B-44 1. 56192070 E-16 1. 59524745 E-16 
K:C';l - 0 .000529LJ..4 B-50 -4.11031?62 E-19 -4.70214090 E-19 

K:CffilDLIM: Double precision constant stored as -0.999511597, scaled 
B5 and unitless. Equation value: - 31. 9843711. ( Cot 1° 48'.) 

K:COGUPLIM: Double precision constant stored as 0.999511597, scaled 
B5 and unitless. Equation value: 31.9843711. 

K: DP9dl0: Double precision constant, stored as 0.9, scaled BO and unitless. 
Equation value: 0.9. 

' -12 K: m50SC: Double precision constant, stored as -50.0 x 2 , scaled Bl2 
and unitless. Equation value: -50.0. 

K:MUTABLE.: 
_1 A table of constants containing four gravitational 

constants for the earth and four for the moon. 

Scale 
K:MUTABLE Factor Unit s Equation Value Significance 

3 , 986032 El O B- 36 B36 3; ,:. me te r s cs 3 . 986032 ElO µe 

0 . ~5087606 E-10 B34 • 2 3 B-34 cs / m 0 . 2. 5087606 E-10 1/µ 
~; ) e 

1. 996504'35 E5 B-18 BJ.8 m--' - ;cs 1. 996 50495 E5 \ -V 

cs/m3/2. 
e 

0 . 50087 529 E- 5 B 17 B-17 0 . 50087 529 E-5 ✓ 1/1.J. 
e 

4,902778 ES B-30 B30 3 2 m /cs 4. 90277e ES µm 
0 .203966 E-8 B28 B-28 cs2/ m3 0 . 203966 E-8 1/µ m 
2.21422176 E4 B-1 5 Bl5 3/ 2 

2 . 21422176 E4 m cs 
~ 

0 ,45162 595 E-4 Bl4 B-14 cs/m3/ 2 
0 . 451 62 595 E-4 ✓ 1/µ m 
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K:BPAD: lx>uble precision stored as 6373338 x 2~29 , sea.led B29 in units 
of meters. Equation value: 6,373,3,38. (Equivalent to 20,909,901.57 
feet.) 

K:SO, ••• K:S9: Ten double precision constants defining the special 
function S(x), all unitless. 

Scale Theoretical 
Stored Value Factor Value Equation Value 

K:S0 0.083.3.33334 Bl 0.166666667 1. 66666668 E-1 
K:Sl -0.266666684 B-5 -8.33333333 E-3 -8.33333387 E-3 
K:S2 0.406349155 B-ll 1.98412698 E-4 1.98412673 E-4 
K:S3 -0.361198675 B-17 -2. 75573192 E-6 -2.75572720 E-6 
K:S4 0.210153242 B-23 2,50521084 E-8 2. 50522187 E-8 
K:S5 -0. 0862219 51 B-29 -1. 60 590438 E-10 -1.60600899 E-10 
K:S6 0.026268812 B-35 7.64716373 E-13 7 .64523051 E-13 
K:S7 -0. 006163316 B-41 -2 • 8114 57 2 5 E-15 -2.80275162 E-15 
K:S8 0.001177342 B-47 8.22063525 E-18 8.36551806 E-18 
K:S9 -0. 0001990 55 B-53 -1.95729411 E-20 -2.2099544.4 E-20 

K:unia, ••• K:unig: Seven double precision constants used in the definition 
of the independent variable for the universal formulation of Kepler's 
equation, scaled Bl and unitless 

K:unia 
K:unib 
K:unic 
K:unid 
K:unie 
K:unif 
K:unig 

Stored Value 

0.5 
-0.166666770 
0.100000392 

-0.071401086 
0.055503292 

-0.047264098 
0.040694204 

Equation Value 

1.0 
-0.33333354 
0.200000784 

-0.142802172 
0.111006584 

-0.0945281.96 
0.081388408 

MAGVEC2: Magnitude of the second vector input to the "GEOM" routine , 
double precision with variable scaling and units. 

MAX, MIN: lx>uble precision ma.ximum and minimum bounds for the "ITERATOR" 
subroutine; variable scaling and uni ts. 

MUIEX: Single precision index indicating whether the gravitational con­
stant for the earth (0) or the moon (8) should be used in the conic 
equations, scaled Bl4 and unitless. MUDEX = -Xl - 2 where X1 is 
index register one in the listing. 
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NORMElC: Single precision octal return address storage. 

P: Double precision ratio of semi-latus rectum and magnitude of preeent 
position, scaled B4 and unitless. 

R1, R2 : Ibuble precision magnitudes of present and desired position vectors, 
respectively, scaled B29 (earth) or B27 (moon) in units of meters. 

gl..VEC, fl2VEC: Ibuble precision vector inputs to the "LAMBERT" routine; 
present and desired position, respectively, scaled B29 (earth) or B27 
(moon) in units of meters. 

RC V: Ibuble precision vector outptrt of the 11 KEPLERN II routine; conic 
position vector at the specified time, scaled B29 (earth) or B27 (moon) 
in units of meters. 

Rd.A: Ibuble precision ratio of present radius to semi-major axis, 
scaled B6 and unitless. 

RIESIRED: Ibuble precision input to the "TIMER.A.Du routine scaled B29 
(earth) or B27 (moon) in units of meters. 

RLS: Ibuble precision position vector at the lunar surface, sea.led B27 
in units of meters and expressed in selenographic coordinates. 

ROO'IMU: Ibuble precision square root of the relevant gravitational con­
stant, scaled Bl8 (earth) or Bl5 (moon) in units of meters J/2 /cs. 

RRECT: Ibuble prec ision vector input to the 11 KEPLERN 11 routine; the 
position vector to be advanced through the specified time, scaled B29 
(earth) or B27 (moon), in units of meters. 

RTNCO~, RTNPIM: Single precision, octal return address storage cells. 

RVEC: Ibuble precision vector input to the majority of the conic routines, 
a position scaled B29 (eaz1:h) or B27 (moon) in units of meters. 

SGNRIDT: Single precision flag indicating the sign of the radial velocity 
desired at the desired radius. 

SNTH: Ibuble precision sine of true a.nomaly diffe rence or of the angle 
between preeent and desired poeition vectors, ec&led Bl and tmitless. 

Sxi: One of the two ■pecial tclnctiona uaed in the univer■al !'orailation 
of the conic equation; double p-eciaion, ■ea.led Bl and uni tless. 
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T: Double precision time (computed in "DELTIME") to go from present 
position to desired position, scaled B28 in units of centiseconds. 

TAU: Desired transfer time input to the "KEPLERN" routine; double pre­
cision scaled B28 in units of centiseconds. 

TC: Double precision time since latest rectification, scaled B28 
in units of centiseconds. 

TDF.SIRED: Double precision input to the "LAMBERT" routine; desired transfer 
time, scaled B28 in units of centiseconds. 

TERRLAMB: Double precision difference between desired and computed transfer 
tiliB during the "LAMBERT" iterations, scaled B28 in units of centiseconds. 

TPREV: Previous value of T, scaled B28 in units of centiseconds and double 
precision. 

TWEEKIT: Single precision factor used in the initiation of the "ITERATOR" 
routine, set large or small depending on whether or not a good first 
approximation of GOGA is availaule •. 

!!,2, !!,Rl: Double precision unit vectors in the directions of the two 
vectors input into the "GEOM" routine, scaled Bl and unitless. 

!!,N: Unit normal vector, scaled Bl and unitless. 

!!,RRECT: Unit vector in the direction of gRECT, scaled Bl and unitless. 

VCV: Double precision vector output of the "KEPLERN" routine; the 
velocity vector at the specified time, scaled B7 (earth) or B5 
(moon) in units of meters/centisecond. 

VRECT: Double precision vector input to the "KEPLERN" routine; the 
velocity vector to be advanced through the specified time, scaled 
B7 (earth) or B5 (moon) in units of meters/centisecondi 

VTARGET: Double precision velocity veetor output of the "LAMBERT" 
- routine; velocit7 at ]!2VEC, scaled 'B"'/ (earth) or B5 (moon) in 

units of meters/centisecond. 

VTARGTAG: Single precision flag input to "LAMBERT" to indicate that 
Y:TARGET is to be computed ( if VTARGTAG = 0). 

yvEC: Double precision vector input to the majority of the conic routines; 
velocity, scaled B7 (earth) or B5 (moon) in units of meters per centi­
second. 
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x: Double precision temporary storage cell used in "POLYCOEF", scaled BO 
and unitless. 

X: Double precision universal conic paraiooter equal to the product of 
semi-major axis and eccentric anomaly difference (for the ellipse) or 
to the product of the hyperbolic analogs of eccentric anomaly differ­
ence and semi-major axis (for the hyperbola), scaled Bl? (earth) or 
Bl6 (moon) in units of meters to the one-half power. 

XI: Double ~_precision square of the eccentric anomaly difference for an 
ellipse, or the negative of the square of its hyperbolic analog for a 
hyperbola, scaled B6 in units of radians squared. 

XKEPNEW: Double precision value of X at entry to "KEPLERN", scaled Bl? 
(earth) or Bl6 (moon) in units of meters to the one-half power. 

XMAX, XMIN: Double precision upper and lower bounds on X, scaled Bl? 
(earth) or Bl6 (moon) in units of meters to the one-half power. 

XPREV: Previous value of X; same units and scaling as X. 

XSQCxi: Double precision product of x2 and Gxi, scaled B33 (earth) or 
B31 (moon) in units of meters. 

XXXALT: Value of base altitude for computing apogee and perigee infor­
mation, scale factor B29 (earth) or B27 (moon), units meters. 
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Coordinate Transformations 

This section in many cases gives a functional description of the 
subroutines used for coordinate transformations rather than 
an exact description of the coding. 

CDUTRIG !NG= .Q.DU 

C~~ !NG= !NG converted to one's complement form 

SINOGA = sinANG 
X 

COSOGA = cosANG 
X 

SINIGA = sinANG y 

COSIGA = cosANG y 

SINMGA = sinANG z 

COSIDA = cosANG 
z 

Return 

1 0 0 

NBTOSM [Ts1J = 0 COSOGA - SINOGA 

0 SINOGA COSOGA 

COSIDA - SINMGA 0 

[Ts2] = SIIDGA COSMGA 0 

0 0 1 

COSIGA 0 SINIGA 

[TsJ] = 0 1 0 

- SINIGA 0 COSIGA 

[ NBSMMAT] = [ TSJ] [TS2] [ TSl] 

Retµrn 

CALCSMSC !?ffism = (COSIGA COSM:1A , SINM}A , - SINIGA COS?-GA) 

TS= SINOOA SINM:1A 
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SMTONB 

ZNBsm = COSIGA COSOOA - SINIGA TS z 

~ = - SINOOA COSKtA 

ZNB8Jl1.x = COSOOA SINIGA + COSIGA TS 

vrasm = ~sm * !?ffism 

Return 

COSIGA O - SINIGA 

0 1 

SINIGA 0 

0 

COSIGA 

COSMGA SINKa 0 

[rsaj = - SI?OOA COSKrA o 

Return 

0 0 1 

1 0 0 

COSOGA SINOGA 

0 - SINOGA COSOGA 

I EARTHMX AZ504 = K:AZO + K:WEARTH (TEPHEM + TSt) 

If overflow (IAZ504I > 1), AZ504 = fractional part of AZ504 

[ 

coeAZ504 sinAZ504 0~ ] 

[EARTHMATJ - - si~Z504 eosA:504 

p504 = ( - UNITW,-, UNITw:x, 0) 

Return 

COOR - 2 



MOONMX EI= K:BSUBO + K:BDOT (TEPHEM + TSt) 

MR= K:FSUBO + K:FDOT ('l'EPHEM + TSt) 

MN= K:NODIO + K:NODDOT (TEPHEM + TSt) 

! Sb= (-sinMN, cosMN cosEI, cosMN sinEI) 

!Sa= (cosMN, sinl$ cosEI, sinMN sinEI) 

I.Sc= (0, -sinEI, cosEI) 

[MNMAT~ = r:~ !!:~ ::•~ 
TSc TSc TSc 

X y Z t
cosMN sinMN 01 

= -sinMN cosMN 0 

0 0 l 1 ~

1 o o l 
0 cosEI sinEI 

t.9 -sinEI cosEij 
~ 

[MNMA~ - r~ K:OO~I -K::IJ 
LO K:SINI K:cosil 

cos(½ + MR) [MNMAT3] - F:: ::: ~ L~ o J [

cos{½ + MR) 

= -sin(½ + MR) 

0 0 

sin(½ + MR) ~] 

litx>NMAD = [BNMATJ] ~T~ ~T~ 
Return 

LAT-WNG A.LPHAM = I ALPHAV' 

If FLAGWRD3 bit 12 (IDNAFIJ\G) = 1: 

Perform 11MOONMlC 11 

.IS = [MOONMAT] (ALPHAV - ( [MOONMAT]T 1M504) * A,LPHAV) 

A,LPHAV = unit.IS 

GAMRP = K:1B1 

If FLAGWRDl bit 13 ( ERAIFIAG) = 1, ER.ADM = K: 504RM 

If FLAGWRDl bit 13 (ERAIFIJ\G) = o, ER.ADM = I B:I.3 I 
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If FLAGWRDJ bit 12 {WNAFIAG) = 0: 

Perform "EAR'l'HMX" 

1'S = [EARTHM.A.T] (AI,PHAV - lE504 * ALPHAV) 

ALPHAV = unitIS 

GAMRP = K:B2dA2 

If FLAGWRDl bit 13 ' (ERAIFIAG) = 1: 

TS = 1 - ALPHAV 
2 

z 

ERADM = /K:B2XSC / (1 - K:EE TS) 

If FLAGWRDl bit 13 (ERADFLAG) • O, ER.ADM = K:ERAD 

COSTH = GAMRP / ALPHAVx 
2 + AIPHAV~ 

2 
1 

SINTH = ALPHAV z 

Perform "ARCTAN" 

LAT = THETA 

OOSTH = ALPHAVx 

SINTH = ALPHAV y 

Pei-form "ARCTAN" 

LOtlr = THETA 

ALT= AI.PHAM - :mADM 

Return 

LALOTORV If FLAGWRD3 bit 12 ( WNAFIAG) = 1, GAMRP = K: lBl 

If FLAGWRD3 bit 12 (WNAFIAG) = O, GAMRP = K:B2dA2 

TS = GAMRP sinLA.T 
z 

TSY = sinLONG cosLAT 

TSx = cos:WNG coal.AT 

ALPHAV = unit.IS 
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.ARCTAN 

I f FLAGWRD3 bit 12 (LUNAF'LAG) = 1: 

I f F LAGWRDl bit 1 3 (ERADFLAG) = 1, ERADM = K : 50411.M 

If FIAGWRDl bit 13 (ERADFIAG) = o, ERADM = I ~ LS I 
Perform "MOONMX " 

'.!'_S = [ MOONMATl (~IPHAV + _!M:504 * ~IPHAV) 

If F LAGWRD3 bit 12 ( W NAFLAG) = 0 : 

If FLAGWRDl bit 13 (ERADF LAG) = 1: 

TS = 1 - ALPHAV 2 
z 

ERADM = j K:BZt..SC / (1 - K:EE TS) 

If FLAGWRDl b it 13 (ERADFIAG) = O, ERADM = K: ERAD 

Perform " E.ARTHMX " 

'.!'_S = [E.ARTHMAT l (~LPHAV + ([ EARTHMATJ lE504) * ~IPHAV) 

AIPHAV = T S (ERADM + All') 

Return 

TS = SI NI'H2 + cosrH2 

If TS= 0 : 

THEI'A = 0 

Return 

T S = SINTH / ~ 

I f I Tsl ~ 1: 

THETA = t sign SINTH 

Return 

THETA = a r c s inTS 

If cosrH < o , THETA = - THETA + ½ s i g nTHETA 

Return 
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CALCGA (entered with !NBrf and !,SMrf etc., !NBsm and !,SMnb etc., etc.) 

rs = unit(!NB * XSM) 

COSTH = TS • ~NB 

s INTH = rs • YNB 

Perform 11 ARCTRIG11 

OGC = THETA 

COSTH = rs * !NB • !SM 

SINTH =ISM• !NB 

Perform 11 ARCTRIG 11 

MGC = THETA 

If I MGC I > K: gloktest: 

Perform "ALARM" with TS= 004018 
Switch FLAGWRDJ bit 14 (GLOKFAIL) to 1 

COSTH = ZSM • !S 

SINTH = _1SM • rs 

Perform 11 ARCTRIG11 

IGC = THETA 

rs= (OGG, IGC, MGC) converted to two's complement form 

THETAD = TS - -
Return 

ARCTRIG If I SINTH I> K: QTSN45, THETA = arccosCOSTH signSINTH 

If I SINTHj < K: QTSN45: 

THETA= arcsinSINTH 

If COS TH< 0, THETA = ½ signSINTH - THETA 

Return 
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CALCGTA IS = unit(- DCMAT13 , 0 , DCMATll) 

SINTH == TSx 

LSPOS 

COSTH = TS z 

Perform "ARCTRIG" 

IGC = THETA 

SINTH = DCMAT12 

COSTH = TSz DCMAT11 - TSx DCMAT13 
Perform. "ARCTRIG" 

MJC = THETA 

COSTH =1S · (DCMAT31, DCMAT32, DCMAT33) 

smTH = 1s (DCMAT21 DCMAT22 DCMAT23) 

Perform "ARCTRIG" 

OOC = THETA 

Return 

TSt = (TSt + TEPHEM) / K: CSTODAY 

Switch FLAGWRDO bit 3 (FREEFLAG) to 0 

GTMP = K:amod sin(K:ld27 TSt + K:aarg) 

Switch FLAGWRDO bit 3 (FREEFLAG) to 1 

GTMP = GTMP + K:bmod sin(K:ld32 TSt + K:barg) 

STMP0 = K:lomo + K:lomr TSt - GTMP 

GTMP = K:cmod sin(K:ldJ65 TSt + K:carg) 

STMP2 = K:loso + K:loer TSt - GTMP 

?TMP4 = K:lono + K:lonr TSt 
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MFREF 

~ 

(

cosSTMP0 ) 
.:rs = [~: KONMA TJ sinSTMP O 

sin(STMP0 - STMP
4

) 

y:M)ON = tmit,'!'.S 

ysUN -= tmi t 1'S 

I,Seun = unitI,S 

Return 

I,S1 = y_EC1 

TSIGHT = TIMENOW 

Perform 11 M)ONMX" 

Y.EC1 = (IS1 * ~M504 + I,S1) GooNMA~ 

I,S1 = y_EC2 

Perform "MJONMI" 

y_EC2 = (I,S1 * ~504 + !S1) [MOONMAT] 

Return 

Perform n CDUTRI (11 

TSIGHT = TIMENOW 

Perform "CALCSMSC" 

!S1 = unit (!N131m [ RIFSMMA T]) 
Perform "M:)()NMI" 

IS = l!M504 [MooNMA <l 
I?ffiSAV = [ K)()lOOTJ (1'51 - 1'S * I,S1) 

!S1 = unit (~u [REFSMMA~) 
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Perform "MOONMX" 

is = 1M504 GooNMA TJ 

~NBSAV = [ MOONMA~ (1'.S1 - IS * IS1) 

Switch FLAGWRD6 bit 1 (ATTFLAG) to 1 

Return 
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Quantities in Computations 

ALP HAM: Magnitude of position vector input to "LAT-LONG" routine . 

ALP HAV: Working storage f or the position vec tor or unit position vector 
i n reference, selenographic, or geographi c coordinates. 

ALT : Double precision alt itude, scaled B29 in units o~ meters. 

ANG: Single precision vector containing the outer, inner, and middle 
gimbal angles in its X, Y, and Z components, respectively, stored in 
units of revolutions in two 's complement form scaled B-1 or in 
one's complement form scaled BO. 

AZ504: Double precision angle of rotation of the earth around its polar 
axi s, scaled BO in units of revolutions. Program notation "504AZ". 

rDu (CDUx' CDU , CDUz): Single precision vector containing the measured 
values of tte IMU gimbal angles (outer , inner and middle gimbal 
in X, Y and Z components respectively), scaled B-1 in units of 
revolutions and stored in two's complement form. Each component 
is an LGC input counter incremented directly from the Coupling Data 
Unit in ~esponse to changes in the IMU gimbal angles. 

COSIGA , COSMGA, COSOGA: Double precision cosines of the inner, middle 
a nd outer gimbal angles respectively, scaled Bl and unitless. 
Prog ram notation "COSCDU0 , COSCDU

2
, COSCDU4 • 11 

COSTH: Double precision cosine scaled Bl in "ARCTAN " and B2 in "ARCTRIG." 

[ DCMAT ] : See ALlN section. 

[E ARTHMAT]: 
scal ed Bl 
expressed 

Double precision , 3x3~ orthogonal transformation matrix, 
and unitless. Agd = LEARTHMAT] Aref, where A is a vector 
in geodetic and-reference coordi~ates respectively. 

El: Doub le precision angle of inclination of the equatorial plane 
measure d from the ecliptic plane around the earth-to-sun vector at 
th e vernal equinox, scaled BO in units of revolutions. Used to 
transform 'from reference coordinates to a right-handed, orthogonal 
system whose X-axis is along the earth-to-sun vector at the vernal 
equinox and whose Z-axis is perpendicular to the ecliptic. 

ERADM : Double precision radius of earth or moon, scaled B29 in ~nita 
of meters. 
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GAMRP: Double preci sion square of the ratio of polar radius to e quatorial 
radius , scaled Bl and unitle s s . 

GTMP : Working storage in "LSPOS" scaled ID in uni ts of revolutions . 

K:lBl: Doubl e preci sion constant stored as 2 -l, scaled Bl and unitle ss . 
Equation value: 1. (Corresponds to the s quare of the rati 0 of 
polar radius to equatorial radius for the moon.) 

K:ld27: Doubl e preci sion c onstant stored as 0.036291713 x 2 , program 
notation VAI.67+4, scal ed B-1 and unitless. Equation value: 
0 .036291713 . (Equivalent to 1 / 27 . 5545 and used in the ext ens i on 
of the c i rcular approximation to the moon ' s orbit to account for 
eccentricity and rotation of the line of aps i des . ) 

K:ld32 : Doub l e prec i s i on constant stared as 0.03125, program 
notation VAI67+10, scal ed ID and uni t l e s s . Equation 
va lue : 0 . 03125 

K:ld365: Doub l e preci sion constant stored as 0.002737925 x 2 , program 
notation VAI67+16 , scaled B-1 and unitless. Equation value : 
0 .002737925 ., (Equivalent to 1 / 365 . 2401. ) 

K: 504RM: Doubl e prec i s ion constant st or ed as 1738090 x 2 - 29, scaled 
B29 in unit s of meter s . Equation value : 1738090 . 

K: aarg: Doub l e prec i sion constant s t ored as -0. 2242494 36, program 
notation VAI67+2 , scal ed ID in unit s of revolutions. Equation 
value: -0. 2242494 36 . 

K: amod : Doub l e precision constant stored as 0 . 017531111 x 2 , program 
notati on VAI67, scaled B-1 in unit s of revolutions. 
Equation value : 0.017531111 (Corre sponds to 2 e / 2 n where 
e is the mean eccentrici ty of the moon ' s orbit= 0 .055076 . ) 

K:AZO: Doubl e preci sion constant st ored a s 7.739945637 E- 1, scal ed ID 
in unit s of revolutions . Equation va lue : 7.739945637 E-1. (corresponds 
to the position angle of the earth at the t i me when TEPHEM equals zero .) 
(Equivalent to 4. 863151270 radians .) 

K: B2dA2 : Doub l e precision constant s tored a s 0 . 9933064884 x 2 - 1, scaled 
Bl and unitle ss . Equation value : 0.9933064884. (corre sponds t o t he 
square of the rati o of polar radius to equatoria l radius f or t he earth . ) 

K:B2XSC : Double prec i sion constant stored as 0 . 01794 50689 , scal ed B51 in 
units of meters squared . Equation value : 6356784 squared . (Corresponds 
to the s quare of the polar radiu s of the earth . ) 

K:barg : Double preci s ion cons t ant stored a s 0 . 058226609, program notation 
VAI67+8, scal ed ID in unit s of revolutions . Equation va lue : 0 . 058226609 . 
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K:BDOT: Double precision constant stored as -1.145530402 E-16 x 2
28

, 
scaled B-28 in units of revolutions per centisecond. Equation value: 
-1.145530402 E-16. (Equivalent to -7 .19757979072 E-14 radians per second. 
or 2,766,237 years per revolution.) 

K: bmod: Double precision constant stored as 6 .003481).442 x 2, program 
notation VA.1.67+6, scaled B-1 in units of revolutions. 
Equation value 0.003484442 . 

K:BSUBO: Double precision constant stored as 6 . 511977813 E-2, scaled 
BO in units of revolutions. Equation value 6 .511977813 E-2. 
(Equivalent to 4 .09159633164 E-1 r ad i ans . ) 

K: carg: Double precision constant, stored as-0.010500980, program no­
tation V&7+14, scaled BO and unitless. Equation value: -o.01050098o. 

K: cmod: Double precision constant stored as 0.005329930 x 2, program 
notation VAL67+12, scaled B-1 in units of revolutions. 
Equation value: 0.005329930. (Corresponds to 2e / 2ff where e 
is the mean eccentricity of the geocentric solar orbit= 0.01674.) 

K:COSI~ Double precision constant stored as 0.999641732 ·x 2-1
, scaled 

Bl and unitless. Equation value 0.999641732. 

K: CSTODAY: Double precisio11 constant stored as 8640000 x 2-33 , scaled 
B33 in units of centiseconds. Equation value: 8640000. 

K:EE: Double precision constant stored as 6.6935116 E-3, scaled BO 
and unitless. Equation value: 6.6935116 E-3. (Corresponds to 
the square of the eccentricity of the Fischer ellipsoid.) 

K: ERAD: Double precision constant stored as 6373338 x 2-29 , scaled 
B29 in units of meters. Equation value: 6373338. (Corresponds 
to the pad radius on the earth.) 

K:FDOT: Double precision constant stored as 4. 253263471 E-9 x 227 , 
scaled B-27 in units of revolutions per centisecond. Equation value: 
4 . 253263471 E-9. (Equivalent to 2 .67240425515 E-6 radians per second 
or 27.21 days per revolution.) 

K:FS UBO: Double precision constant stored as 2 . 421820916 E-1, scaled 
BO in units of revolutions. Equation value: 2 . 421820916 E-1. 
(Equivalent to 1. 52167495975 radians . ) 
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K:gloktest: Double precision constant stored as 0.1666666667, scaled 
:00 in units of revolutions. Equation value: 0.1666666667. 
(Equivalent to 60 degrees.) Program notation ".166 .•. ". 

[K:KONMATJ: Double precision 3x3 matrix, scaled Bl and unitless. 
Used to transform from ecliptic to equatorial, earth -centered 
coordinates. Equation value: 

where a= 0.91745, b = -0.03571 (approximately equal to -0.39784 x 
0.08976), c = 0.39784 and d = 0.082354 (approximately equal to 0.91745 
x 0.08976). The quantities 0.39784 and 0.91745 are the sine and cosine 
respectively of 23.444 degrees; 0.08976 is the sine of 5.150 degrees. 
Note that the factor 0.08976 has no effect on the transformation of the 
sun 's position vector and is actually a parameter of the lunar orbit. 

K:lomo: Lbuble precision constant stored as 0.174685017, program 
notation RATESP+6, scaled :00 in units of revolutions. Equation 
value: 0.174685017 . (Corresponds - to the position of the moon in 
its orbit at July 1, 1970.) 

K: lomr: Lbuble precision constant stored as 0.03660099 x 24 , program 
notation RATESP, scaled B-4 in units of revolutions ier day. 
Equation value: 0 . 03660099 (Equivalent to l revolution per 
27.32167 days. Corresponds to the sidereal period of the moon.) 

K: lono: A double preci sion constant stored as 0 . 932520213, program 
notation RATESP+lO, scaled :00 in units of revolutions . Equation 
value: 0 .932520213. (Corresponds to the position of the mean 
ascending node of the lunar orbit on the ecliptic at July 1, 1970.) 

K:lonr: Double precision constant stored as -0.00014720 x 24, program 
notation RATESP+4, scaled B- 4 in units of revolutions per day. 
Equation value: -0 . 00014720. 

K:loso: Double precision constant stored as G.274011893, program 
notation RATESP+8, scaled :00 in units of revolutions. Equation 
value: 0 . 274011893. (Corresponds to the position of the sun at 
July 1, 1970. ) 

K:losr: Double precision constant stored as 0.00273780 x 24 , program 
notation RATESP+2, scaled B-4 in units of revolutions per day. 
Equation value: 0.00273780. (Equivalent to 1 revolution per 
365.2568 days. Corresponds as closely to the sidereal year as to 
the anomalistic year.) 
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28 
K:NODDOT: Double precision constant stored as -1.703706159E-ll x 2 , 

scaled B-28 in units of revolutions per centisecond. Equation 
value: -1. 703706159 E-11. (Equivalent to- -1.070!+ 70151 E-.8 radians 
per second or 18.600 years per revolution.) 

K:NODIO: Double precision constant stored as 9. 3252014 71 E-1, scaled 
BO in units of revolutions. Equation value: 9. 325201471 E-1. 
(Equivalent to 5 .85919688671 radians . ) 

K:QTSN45: Double precision constant stored as 0.1768, scaled B2 and 
unitless. Equation value: 0.7072. (EquiYale~t to the sine of 45°.) 

K:SINI: Double precision constant stored as 2.676579050 E-2 x 2-1, scaled 
Bl and unitless. Equation value: 2.676579050 E-2. 

K:WEARTH : Double precision constant stored as 1.160576171 E-7 x 223 , 
scaled B-23 in units of revolutions per centisecond. Equation value: 
1.160576171 E-7. (Equivalent to 7 . 29211514667 E-5 radian~ ,per second.) 

LAT: Double precision geodetic or selenographic latitude, scaled BO 
in units of revolutions. 

,1E504: Double precision vector to account for precession and nutation 
of the earth's polar axis (the deviation of the true pole from 
the mean pole), scaled BO, unitless and expressed in reference 
coordinates; used in an approximate transformation from reference 
to true equatorial coordinates. 

,bM504: Double precision vector to account for precession and nutation 
of the moon's polar axis (the deviation of the true pole from the 
mean pole), scaled BO in units of radians and expressed in seleno­
graphic coordinates; an approximation most accurate at the nominal 
lunar landing. Pro g:.·arn notation "5041M" ( in erasable load. ) 

LONG: Double precision geodetic or selenographic longitude , scaled 
BO in units of revolutions. 

MN: Double precision angle in the ecliptic plane, measured from the 
earth-to-sun vector at the vernal equinox to the moon-to-sun vector 
at the mean descending node on the ecliptic of the moon's orbit 
around the earth. Used to rotate the X-axis in the ecliptic plane. 

LMNMATl], [MNMAT~, [MNMAT~: Three double precision, Jx3, orthogonal 
transformation matrices, scaled Bl and uni tless. (BNMAT:ij in­
corporates a rotation around the X reference axis through the angle 
of inclination of the earth's polar axis followed by a rotation 
around the Z axis (nov perpendicular to the ecliptic) through the 
angle to the descending node on the ecliptic of the moon's orbit 
around the earth. [_MNMAT~ rotates the system around the nev I 
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axis through the angle of inclination o.f the moon's true polar ax.is. 
[MNMAT3] completes the transforma~ion _to selenographic coordinates 
by rotating around the moon 's poiar axis from the descending node to 
the present position relative to that node. 

[MOONMAT ]: Double precision, 3x3, orthogonal transformation matrix, 
scaled Bl and unitless. Asg = [MOONMAT] Aref where A is a vector 
expressed in selenographi~ and reference ~oordinates respectively. 

MR: Double precision angle of rotation of the moon around its true 
polar axis, scaled BO in units of revolutions. 

[NBSMMAT]: Double precision, 3x3, orthogonal transformation matrix, 
scaled Bl and unitless. Asm = [NBSMMAT] Anh where A is a vector 
expressed in stable member and navigation-base (body) coordinates 
respectively. 

OGC,IGC,MGC: Double precision commanded gimbal angles scaled BO in 
units of revolutions or (equivalently) scaled B21 in units of gyro 
torque nulses of 2-21 revolutions each. 

[REFSMMAT]: Double precision, 3x3 transformation matrix, scaled Bl 
and unitless. Defined such that ~sm = [REFSMMAT] ~rf where A is 
a vector expressed in stable member and reference coordinates 
respectively. 

RLS: See CONG section. 

s·INIGA, SINMGA, SINOGA: Double precision sines of the inner, middle 
and outer gimbal angles respectively, scaled Bl and unitless. 
Program notation SINCDU0 , SINCDU2, SINCDU4 • 

SINTH: Double.precision sine, scaled Bl in the "ARCTAN" routine 
and B2 in the "ARCTRIG 11 routine. 

[SMNBMAT]: Double precision, 3x3, orthogonal transformation matrix, 
scaled Bl and unitless. Anh= [ SMNBMAT] Asm where A is a vector 
expressed in navigation base (body) and stable member coordinates 
respectively. 

STMP. (i=0,2,4): Three double prec1s1on working storage registers 
ih "LSPOS" scaled BO in units of revolutions. 

TEPHEM: Triple ~recision elapsed time between July 1.0 universal 
time and the time the LGC clock is zeroed, scaled B42 in units of 
centiseconds; included in the erasable load. 

THETA: Double precision angle computed from SWH and COSTH, scaled 
BO in units of revolutions. 

:IHETAD: See ATTM section. 

TIMENOW: See EXVB section 
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TSIGHT: See ALIN section. 

!Ssun: Double precision vector contents of the MPAC when return from 
11 1SPOS 11 , representing the unit position vector of the sun, scaled 
B1 and unitless. 

ilNITW: Double precision vector, scaled BO, which gives the polar axis in 
the reference coordinate system. The x component (program notation 11 -AYO") 
~ives the "true to mean pole rotation about the-Ya.xis"; they component 
(program notation 11 AX0 11 ) gives the 11 true to mean pole rotation a.bout the 
+X a.xis"; included in the era.sable load (Z component not included ). 

_yEC1 , ,YEC2: Working storage~ for the position vectors or unit position 
vectors in reference, selenographic, or geographic coordinates. 

"{MOON, YSUN: Dnuble precision unit position vectors or the moon and Fun, 
s caled Bl and unitles~. 

!NB, !NB, ~NB (~Brf, !NBrf, ~NBrf; Pffi~m , Pffi~m, iNBsm): Double precision 
unit vectors along the X, Y and Z navigation base axes (body axi~) 
re~pectively, scaled Bl, unitless, and expressed in reference or stable 
member coordinates. 

_!SM, !SM, ~SM (!5Mrf, !SMrf, ~SMrf; !5Mnb, !SMnb, isMnb): Double precision 
unit vectors along the X. Y and Z Rtable member axes respectively, 
scaled Bl, unitless, and expre~sed in reference or navigation base 
cn0rdinates. 

XSMDrf, XSMDrf, ~SMDrf: Double precision unit vectors along the desired 
directions of the X, Y and Z stable member, scaled Bl, unitless, and 
expressed in reference coordinates. 

XNBSAV, ENBSAV: Working storages for the XNB and iNB unit vectors in moon 
fixed coordinates. 
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Digital Autopilot Control Routines 

T5RUPT (Entered on program interrupt #2) 

Proceed to address specified in T5ADR 

DOT6RUPT (Entered on program interrupt #1) 

Perform 11 T6JOBCHK11 

Resume 

T6JOBCHK If TIME6 < 0 or TIME6 = +o, proceed to 11 CCSHOLE 11 

If TIME6 > O, return 

i = NXT6AXIS 

TIME6 = T6NEXTTM
0 

NXT6AIIS = T6NEXTAX1 

T6NEXTTM
0 

= T6NEXTTM2 

T6NEXTAX1 = T6NEXTAX
3 

T6NEXTTM2 = K:posmaxsp 

T6NEXTAX
3 

= 0 

If TIME6 ~ K:T6lim, TIME6 = K:posmaxsp 

If TIME6 < K: T6lim: 

Perform "C1JSTAL111 protecting the Land Q registers 

Switch bit 15 of channel 13 to 1 (enable TIME6 counter) 

If T6NEXTTM
0 

Z. K:T61im, T6NEXTTM
0 

= K:posmaxsp 

If i = O, perform 11WRITEP 11 with TS= NEXTP 

If i = 4, perform 11WRITEU 11 with TS = NEXTU 

If i = 13, perform 11WRITEV 11 with TS= NEXTV 
I 

Return 
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JTLST TS= TIME6 

If T6NEXTTM2 < TS: (new jet time shorter than smallest 
remaining jet-on time ) 

TSt = TS - T6NEXTTM2 

TSa = NXT6AXIS 

TIME6 = T6NEXTTM2 

NXT6AXIS = T6NEXTAXJ 

T6NEXTTM2 = T6NEXTTM0 

T6NEXTAXJ = T6NEXTAX1 

T6NEXTTM0 = TSt 

T6NEXTAX1 = TSa 

Perform "C1JSTALL" 

Switch bit 15 of channel 13 to 1 

Return 

(Enable TIME6 counter) 

TS= TS+ T6NEXTTM0 

If T6NEXTTM2 < TS: (New jet time shorter than second remaining 
jet-on time in list) 

TSt = TS - T6NEXTTM2 

TSa = T6NEXTAX1 

T6NEXTTM0 = T6NEXTTM2 - TIME6 

T6NEXTAX1 = T6NEXTAX
3 

T6NEXTTM = TSt 
2 

T6NEXT AXJ = TS a 

Return 

T6NEXTTM2 = T6NEXTTM
2 

- TS 

Return 
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DAPIDLER 

MOREIDLE 

If RCSFLAGS bit 13 = 0: 

Switch RCSFLAGS bit 13 

Establish 11 1/ACCSET" 

Perform 11 CHEKBITS 11 

If DAPB00LS bit 3 (ACCS0KAY) 

Proceed to 11 STARTDAP 11 

Perform 11 QERRCALC 11 

Perform 11 CALCPERR11 

T5ADR = 11 DAPIDLER 11 

to 1 

= 1 : 

NEXTP, NEXTU and NEXTV = 000008 

Switch channels 5 and 6 to 000008 

Switch bits 12-9 of channel 12 to 0 

(pr 27) 

(all jets off) 

(gimbal drive bits) 

Set TIME5 to cause program interrupt #2 in 100 milliseconds 

Resume 

CHEKBITS If bits 13 and 14 of channel 31 both= 1: 

Proceed to 11M0REIDLE 11 (No longer in Held or Auto mode) 

If IM0DES33 bit 6 = 1: (Internal DAP disable) 

Switch RCSFLAGS bit 3 (DSTEP0NE) to 1 

Proceed to third step of 11M0REIDLE 11 

Perform 11 ALTDSPLY" 

If channel 30 bit 10 = 1, Proceed to 11M0REIDLE 11 

Return 

ALTDSPLY Invert RCSFWlGS bit 4 (DSPLYALT) 

If RCSFLAGS bit 4 (DSPLYALT) = 1, proceed to "NEEDLER" 

If FLAGWRD0 bit 15 (NEED2FLG) = 1: 

AK= - (0MEGAP, 0MEGAQ, 0MEGAR) 

Return 
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If FLAGWRD0 bit 4 (NEEDLFLG) = 1: 

TStheta = THETAD - CDU (converted to one's comp form) 
y y 

TSpsi = THETADz - CDUz (similarly converted) 

AK = M21 TStheta + M22 TSpsi (limited within±½) 
y 

AK = M31 TStheta + M32 TSpsi (limited within±½) 
z 

TSphi = THETAD - CDU 
X X 

(converted to one's comp form) 

AK = M11 TStheta + TSphi 
X 

(limited to within ± ½) 

If FLAGWRD0 bit 4 (NEEDLFLG) = 0, AK = -(PERR0R, QERR0R, RERROR) 

Return 

NEEDLER If RCSFLAGS bit 3 (DSTEP0NE) = 1: 

Switch bit 6 of channel 12 to 0 

AK = 0 (-0) 

~DRIVE = 0 ( - 0) 

(Reset ICDU Error Counter 
enable discrete) 

CDUiCMD = 0 for i = x, y, z (-0) 

Switch RCSFLAGS bit 3 (DSTEP0NE) to 0 

Switch RCSFLAGS bit 2 (DSTEP'IW0) to 1 

Return 

If RCSFLAGS bit 2 (DSTEPTW0) = 1: 

Switch bit 6 of channel 12 to 1 

Switch RCSFLAGS bits 2 (DSTEPTW0) and 3 (DSTEP0NE) to 0 

Return 

If bit 6 of channel 12 = 0: (ICDU Error Counters have been 
disabled) 

Switch RCSFLAGS bit 3 (DSTEP0NE) to 1 

Return 
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NEEDIES Perform the indented steps for i = z, then y, then x 

TS = - AK. K:ONETENTH 
1 

If !Tsj 1 K:eclim, TS= K:eclim signTS 

CDU.CMD = CDU.CMD + K:trvtoc (TS - EDRIVE.) 
1 l 1 

EDRIVE. = TS 
l 

Switch bits 13, 14 and 15 of channel 14 to 1 

Return 

STARTDAP Perform 11 ZATTEROR" 

TJ0, TJ1, and TJ2 = 0 

OMEGAP , OMEGAQ, and OMEGAR = 0 

TRAPEDP, TRAPEDQ, and TRAPEDR = 0 

AOSQ and AOSR = 0 

ALPHAQ and ALPHAR = 0 

NEGU O and NEGU 2 = 0 

AOSQTERM and AOSRTERM = O 

QA.CCDOT and RACCDOT = 0 

ALLOWGTS = 0 

COTROIER = 0 

INGTS = O 

QGIMTIMR. and RGIMTIMR. = 0 

OLDPMIN and OLDQRMIN = 0 

PJETCTR. = 0 
1 

(i = 1,2,J) 

(send CDU.CMD's) 
l 

Switch RCSFIAGS bits 1,5 (CALLGMBL),10 (PBIT),11 (QRBIT) to 0 

OLDXFORP = CDU 
X 

OLDYFORP = CDU y 

OLDZFORQ = CDU 
z 

Switch RCSFLAGS bit 12 to 1 
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PAXIS 

SKIPlN 0 and SKIPlN 1 = 4 

TIME6 = K:posmaxsp 

T6NEX.TTM0 and T6NEX.TTM2 = K:posmaxsp 

T6NEX.TAX1 and T6NEX.TAXJ = 0 

NXT6AXIS = 0 

NEX.TP, NEX.TU, and NEX.TV = 00000
8 

DAPZRUPT = -10 

NPTRAPS, NQTRAPS and NRTRAPS = 2 

T5ADR = "PAXIS" 

Set TIMES to cause program interrupt #2 in 100 milliseconds 

Resume 

Set TIME5 to cause program interrupt #2 in (100 - TIME5) milliseconds 

If DAPZRUPT > 0, proceed to "BAILOUT" with TS = .32000 8 
(previous DAP cycle still in progress) 

Perform 11 CHEKBITS 11 

CDUiTMP = CDUi 

QDUD = QDUD - DELCDU 

TCP= TCP - 1 

TCQR = TCQR - 1 

Proceed to "PAXFILT 11 

(i = x,y,z) 

RATEL00P i = 2 

TSq = 2 i 

If TJ. = 0, TSt = 0 
1 

IfTJ.-:/0: 
1 

If ITJil ~ K:100msT6: 

TSt = K:T6tosec TJ. 
1 

TJ. = 0 
1 
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BACKP 

(If TJ1 ::/ 0) 

If jTJ 
1 
I > K: 100msT6: 

TJ1 = TJ1 - K:100msT6 signTJ
1 

TSt = K:0.1secBO signTJ1 

TS1 = TSt NUMJETS1 

TSdnln = K:BIT10 TS 1 

If TSdnln ~ 0: 

TSdnln = -TSdnln 

TSq = TSq + 1 

DOWNTORKTSq = DOWNTO~Sq + TSdnln 

· If i > 0: 

i = i - 1 

Proceed to 2nd step of "RATELOOP" 

JETRATER = 1 JACCR (TS1 + TS
2

) 

JETRATEQ = 1 JACCQ (TS1 - TS2 ) 

JETRATEP = 1JACCP TS0 

TS= CDUxTMP 

TSx = TS - OLDXFORP (converted to one's complement form) 

OLDXFORP = TS 

TRAPEDP = TRAPEDP - ½ JETRATEP 

TRAPEDQ = TRAPEDQ - ½ ( JETRATEQ + AOSQTERM) 

TRAPEDR = TRAPEDR - ½ (JETRATER + AOSRTERM) 

TS= CDUyTMP 

TSy = TS - OLDYFORP 

OLDYFORP = TS 

(converted to one's complement form) 
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MEASRATE = (TSx + M11 TSy) / K:1d40 (limited) 

TRAPEDP = TRAPEDP + MEASRATE - OMEGAP (limited) 

DXERROR = DXERROR + (M11 TSy + TSx) - K:1d40 PLAST 

TS = CDUzTMP 

TSz = TS - OLDZFORQ (converted to one's complement form) 

OLDZFORQ = TS 

MEASRATE = (M21 TSy + M22 TSz) / K:1d40 (limited) 

TRAPEDQ = TRAPEDQ + MEASRATE - OMEGAQ (limited) 

DYERROR = DYERROR + (M21 TSy + M22 TSz) - K:1d40 QLAST 

MEASRATE = (M31 TSy + M32 TSz) / K:1d40 (limited) 

TRAPEDR = TRAPEDR + MEASRATE - OMEGAR (limited) 

DZERROR = DZERROR + (M31 TSy + M32 TSz) - K:1d40 RLAST 

If DAPBOOLS bit 13 (CSMDOCKD) = 1: 

n = DKOMEGAN 

na = DKKAOSN 

TRAPSIZE = DKTRAP 

If DAPBOOLS bit 13 (CSMDOCKD) = 0: 

n = LMOMEGAN 

na = LMKAOSN 

TRAPSIZE = LMTRAP 

If jTRAPEDPI > - TRAPSIZE: 

OMEGAP = OMEGAP + TRAPEDP / NPTRAPS 

TRAPEDP = 0 

NPTRAPS = n 

NPTRAPS = NPTRAPS + 1 
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OMEGAP = OMEGAP + JETRATEP 

If ITRAPEDQI > - TRAPSIZE: 

QKALERR = TRAPEDQ / NQTRAPS 

TRAPEDQ = 0 

OMEGAQ = OMEGAQ + QKALERR 

(limited) 

(limited) 

AOSQ = AOSQ + K:1d100ms QKALERR / (NQTRAPS + na) 

NQTRAPS = n 

NQTRAPS = NQTRAPS + 1 

OMEGAQ = OMEGAQ + JETRATEQ + AOSQTERM 

If ITRAPEDRI > - TRAPSIZE: 

RKALERR = TRAPEDR I NRTRAPS 

TRAPEDR = 0 

(limited) 

OMEGAR = OMEGAR + RKALERR (limited) 

AOSR = AOSR + K:1d100ms RKALERR / (NRTRAPS + na) 

NRTRAPS = n 

NRTRAPS = NRTRAPS + 1 

OMEGAR = OMEGAR + JETRATER + AOSRTERM 

If DAPBOOLS bit 8 (DRIFTBIT) = 1: 

ALPHAQ and ALPHAR = 0 

AOSQTERM and AOSRTERM = 0 

AOSQ and AOSR = 0 

If DAPBOOLS bit 8 (DRIFTBIT) = 0 : 

AOSQ = AOSQ + K:CALLCODE QACCDOT 

ALPHAQ = AOSQ 

AOSQTERM = K:aosint AOSQ 
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(If DAPBOOLS bit 8 (DRIFTBIT) = 0) 

AOSR = AOSR + K:CALLCODE RACCDOT 

ALPHAR = AOSR 

A0SRTERM = K:aosint AOSR 

Proceed to 2nd line of 11 SUPERJOB 11 

PAXFILT The following coding causes the "Resume" instruction to 
resume operations at 11 SUPERJOB 11 instead of at the job that 
was interrupted 

If RCSFLAGS bit 5 (CALLGMBL) = 1: 

Perform "ACDT+c 1211 

DAPARUPT = ARUPTdp 

DAPBQRPT = BRUPT 

DAPBQRPT +1 = QRUPT 

DAPZRUPTdp = ZRUPTdp 

BRUPT = Instruction stored at location SUPERJOB 

ZRUPT = Address of SUPERJOB + 1 

Resume 

The purpose of this unusual manipulation of the "Resume" 
instruction is to establish 11 SUPERJOB 11 on a time-critical 
basis--immediately--while still allowing it to be interrupted 
by tasks and other interrupts. 

SUPERJOB Proceed to "RATELOOP" 

If QGIMTIMR = 0: 

NEGU0 = 0 

QACCDOT = 0 

Switch bits 9 and 10 of channel 12 to 0 

QGIMTIMR = - K:posmaxsp 

If QGIMTIMR > 0 : 

QGIMTIMR = QGIMTIMR - 1 
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If RGIMTIMR = 0: 

NEGU2 = 0 

RACCD0T = 0 

Switch bits 11 and 12 of channel 12 to 0 

RGIMTIMR = - K:posmaxsp 

If RGIMTIMR > 0: 

RGIMTIMR = RGIMTIMR - 1 

(R GTS drives) 

PJETCTR. = PJETCTR . - 1 signPJETCTR. 
l 1 l 

(i=1,2,J) (zero unchanged) 

If RCSFIAGS bit 12 = 1, proceed to "CHKVISFZ" 

SKIPPAXS Switch RCSFIAGS bit 12 to 1 

Proceed to 11 QRAXIS" 

CHKVISFZ TS= - contents of channel 31 (all bits complemented) 

If bits 9-12 of TS all= 0 : 

TS= 00000
8 

Proceed to "TSNEXTP" 

i = bits 9-1 2 of TS shifted right 8 to bit positions 1-4 

R0TINDEX = K:INDXYZ. 
l 

TRYU0RV NUMBERT = 6 

(if somehow i is illegal, proceed to 
two steps before "TSNEXTP") 

Perform "SEI.ECTP" with i = NUMBERT 

If NUMBERT = 6: (required jets are all available) 

TS = P0LYTEMP 

Proceed to "TSNEXTP" 

If R0TINDEX ~ 5: (Principal axis translation cannot be 
accomplished because of jet failure; try tacking along 
an appropriate U or V axis) 

TS= 000008 
Invert RCSFIAGS bit 1 

If RCSFIAGS bit 1 = 1, TS= 00001 8 

DAPA - 11 



( If ROTINDEX S. 5) 

ROTINDEX = ROTINDEX +TS+ 4 

Proceed to "TRYUORV" 

If NUMBERT ~ 4: (One combination of jets is available to 
accomplish a U or V axis translation) 

TS= POLYTEMP 

Proceed to "TSNEXTP" 

Perform II ALARM" with TS = 02001 8 

Invert RCSTI,AGS bit 1 

TS= 000008 

TSNEXTP NEXTP = TS 

If bit 13 of channel 31 = 1 and DAPBOOLS bit 9 (XOVINHIB) = 1: 

Proceed to II PURGENCY" (Auto with X-axis override disabled) 

If bit 13 of channel 31 = 1 or DAPBOOLS bit 15 (PULSES)= 0: 

Proceed to II DETENTCK" (Minimum impulse not allowed or 
not specified by DAPBOOLS) 

(otherwise, minimum impulse mode) 

PERROR = 0 

CDUD = CDU 
X X 

If OLDPMIN > 0: (not returned to detent since jets fired) 

TS= - contents of channel 31 

OLDPMIN = bits 3 and 4 of TS 

Proceed to II JETSOFF" 

(all bits complemented) 

(Otherwise, OLDPMIN = O, indication that no yaw commands were 
present during last DAP cycle ) 

If bits 3 and 4 of channel 31 both = 1, proceed to II JETSOFF" 

I f bit 4 of channel 31 = O, TJ0 = - K:minimptj (-P) 
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If bit 3 of channel 31 = O, TJ
0 

= K:minimptj 

OLD.PMIN = l 

NUMBERT = 4 

If FLAGWRD5 bit 5 (AORBSFLG) = 1, NUMBERT = 5 

Proceed to "PJETSIEC" 

ZEROENBL SAVEHAND
0 

= RHCQ 

SAVEHAND
1 

= RHCR 

RHCP, RHCQ, and RHCR = 0 

Perform "Cl3STALL" with interrupts inhibited 

Switch bits 8 and 9 of channel 13 to l 
( Start RHC read and enable RHC counters) 

Return 

DETENTCK TS = channel 31 
ch31 

If TSch
3

l bit 15 =l and DAPBOOLS b i t 12 (OURRCBIT) = 0: 

Proceed to "PURGENCY" 

If TSch
3

l bit 15 = 0 and DAPBOOLS bit 12 (OURRCBIT) = 1: 

Switch RCSFLAGS bit 9 (JUSTIN) to l 

Proceed to "RATERROR" 

If TSch
3

l bit 15 = 0 and DAPBOOLS bit 12 ( OURRCBIT) = 0: 

Svitch RCSFLAGS bit 9 (JUSTIN) to l 

PERROR = 0 

DXERRORdp = 0 

DYERROR = 0 
dp 

DZERRORdp = 0 

PLA.sr = 0 

QLA.sr = o 

RLAST = 0 
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( I J. ld t. l'; = 0 uncl 1)/\J 'JH)()I,:; bH -l '.! ( uu rrnr ;J;J' I') 

1mcQ -= o 

mrcn = o 

Dwitch I<CSF LAG S bits 10 (PKIT ) and 11 (QRBJT ) to 0 

Perform "ZER0ENBL" 

Svi tch DAPB00 LS bit 12 ( vURilCBI'l') to 1 

Proceed to "JETS0FF" 

If TSch
3

l b it l '.) = 1 and DAPB00L:: bit 12 ( 0URRCBIT) = 1: 

If RCSFLAGS b i t 9 (JUSTI N) ~ 1: 

0 ) 

If channe l 31 bit 13 0 , proceed to 11 RATE DJ\MP 11 

Swi t h RCSFIAGS bi ts 9 & 11 (JUSTI N & QRBIT) to 0 

Procee d to "RATEDAMP " 

If RC SF LAGS bit 10 (PBIT) = 1, proceed to "RATEDAMP " 

If RCSFIAG S b i t 11 ( QRBIT) = 1, proceed to "RAT EDAMP " 

Switch DAPB00LS b i t 12 ( UUhRCBIT) to 0 

If c hannel 31 bit 1 3 = 1: 

CDUD = CDU 
X X 

Proceed to "PURGENCY" 

Perform "ZATTER0R " 

Pro t..:eed to "PURGENCY" 

RATERR0R CDUD = C8U 
X X 

TSp = PLl\,,SI' 

FLAST = STIKSENS RHCP ( ( I RHCP I - 1) + K: LINRAT) 

TSl = rrnsr - TSp 

Perform "ZER0ENB L" 

ED0'l' = O!VIECAP - FLASI' 
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If jTS11 > RATEDB: 

TCP= K:40cyc 

Proceed to II PEGI11 

If RCS FLAGS bit 10 (PBIT) = 1 , proceed to II PEGI11 

E = DXERR0R 

PERR0R = DXERR0R 

Proceed to third line of II PURGENCY11 

RATEDAMP RHCP = 0 

PEGI 

Proceed to 11 RATERR0R11 

CDUD = CDU 
X X 

DXERR0Rdp = 0 

PERR0R = 0 

ABSED0TP = IED0TI 

If ABSED0TP > RATEDB and if TCP > 0: 

Switch RCSFLAGS bit 10 (PBIT) to 1 

Skip next step 

Switch RCSFLAGS bit 10 (PBIT) to 0 

TJ0 = - 2 K: 25B5 EOOT 1 dANETP 

If ABSED0TP > 2JETLIM: 

NUMBERT = 6 

Proceed to 11 PJETSLEC11 

TJ0 = 2 TJ0 

NUMBERT = 4 

If F1.AGWRD5 bit 5 (A0RBSFLG) = 1 , NUMBERT = 5 

Proceed to 11 PJETSLEC11 
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CALCPERR E = M11 (CDU - CDUD) 
y y 

E = E + CDU - CDUD + DEl.PEROR 
X X 

PERROR = E 

Return 

PURGENCY Perform 11 CALCPERR11 

EDOT = OMEGAP - OMEGAPD 

AXISCTR = -1 

If DAPBOOl.S bit 13 (CSMDOCKD) = 1: 

Perform 11 SPSRCS11 with interrupts inhibited 

If TJ
0 

= 0: 

Invert FLAGWRD5 bit 5 (AORBSFLG) 

Proceed to II JETSOFF11 

NUMBERT = 4 

If FLAGWRD5 bit 5 (AORBSFLG) = 1, NUMBERT = 5 

Proceed to 11 PJETSLEC 11 

SENSETYP = 0 

Perform 11 TJETLAW11 with interrupts inhibited 

NUMBERT = 6 

If FIREFCT ~ K:mFOURDEG or if ITJ
0

j 5 K:160msT6: 

NUMBERT = 4 

If FLAGWRD5 bit 5 (AORBSFLG) = 1, NUMBERT = 5 

PJETSLEC TS = 1 

If T J
O 

= 0 , proceed to II JETSOFF11 

If T JO < 0 , TS = 0 
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ABSTJ = ITJ01 

ROTINDEX = TS 

Perform 11 SELECTP11 with i = 6 

If NUMBERT = 6, TS= 4 

If NUMBERT i 6, TS= 2 

{jets all available for 4-jet rotation) 

NUMJETS O = TS 

Perform 11 WRITEP" with TS= POLYTEMP (turn on rotation) 

If ABSTJ ~ K:150msT6, proceed to "QR.AXIS" 

If ABSTJ < K: 150msT6 - K: 136msT6: 

ABSTJ = K:150msT6 - K:136msT6 

TJo = K:MINTIMES signTJO 

Inhibit interrupts 

T6NEXT~ = ABSTJ 

T6NEXTAX3 = 0 

Perform "JTLST" 

(0 indicates P-axis) 

Switch RCSFLAGS bit 12 to 0 

Invert FIAGWRD5 bit 5 (AORBSFLG) 

Release interrupt inhibit 

Proceed to II QR.AXIS" 

JETSOFF Perform 11 WRITEP11 with TS = NEXTP 

TJ = 0 
0 

WRITEP 

Proceed to II QR.AXIS" 

Set bits 1-8 of channel 6 = bits 1-8 of TS 

Return 

SELECTP TSa = K:quadsPNUMBERT 

DAPA - 17 



QRAXIS 

TSb = K:typma.nPROTINDEX 

POLYTEMP = TSa I\ TSb (logic "and" function) 

If any of the binary bits that are 1 in POLYTEMP are also 
1 in CH6MASK (at least one of the required jets has been failed) 

If i = 0: (i cannot be zero in selection of 
translation jets) 

Perform 11 ALARM" with TS = 02003
8 

Proceed to "JETSOFF"' 

i = i - 1 

NUMBERT = i 

Proceed to "SELECTP" 

Return 

EDOTR = OMEGAR - OMEGARD 

EDOTQ = OMEGAQ - OMEGAQD 

If channel 31 bit 13 = 0: 

(rotation failure) 

(limited) 

(limited) 

If DAPBOOLS bit 12 (OURRCBIT) = 1, skip next step 

Perform "QERRCALC" 

If COTROLER = O, proceed to "TRYGTS" 

If COTROLER > O, proceed to "GI'S 11 

Proceed to "RCS" 

QERRCALC TSy = CDU - CDUD y y (converted to one's comp. form) 
TSz = CDU - CDUD z z 

QERROR = M21 TSy + M22 TSz + DELQEROR 

RERROR = M31 TSy + M32 TSz + DELREROR 

Return 

RCS COTROLER = 0 
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OMEGAU = - COEFFQ EDOTQ + COEFFR EDOTR 

OMEGAV = COEFFQ EDOTQ + COEFFR EDOTR 

If channel 31 bit 7 = 0: 

TS= 5 

Proceed to 11+XORULGE 11 

If channel 31 bit 8 = 0: 

TS= 4 

Proceed to 11 +XORULGE 11 

If DAPBOOLS bit 6 (ULLAGER) = 1: 

TS= 5 

Proceed to 11 +XORTTI.,GE" 

NEXTU = 0 

NEXTV = 0 

If DAPBOOLS bit 8 (DRIFTBIT) = 1: 

SENSETYP = 0 

Proceed to 3rd step of "TSNEXTS" 

SENSETYP = 0 

If FL(l,IBI)10 bit 13 (APSFLAG) = 1, SENSETYP = 2 

Proceed to 3rd step of "TSNEXTS" 

+ XOR UL GE ROT INDEX = TS 

SENSETYP = ROTINDEX - 3 

If DAPBOOLS bit 11 (ACC40R2X) = 1: 

TS1 = 4 and skip next 3 steps 

If DAPBOOLS bit 10 (AORBTRAN) = 1: 

TS1 = 3 and skip next step 

TS1 = 2 
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NUMBERT = TS 1 

Perform "SELCTSUB11 

If POLYTEMP > O, proceed to "TSNEXTS" 

Perform 11 ALARM" -with TS = 020028 

TSNEXTS NEXTU = bits 8,7, 4 and 3 of POLYTEMP 

NEXTV = bits 6,5,2 and 1 of POLYTEMP 

(Note that translation codes in NEXTU and NEXTV may not be 
implemented at the same time, but each cell contains codes for a 
jet pair on diagonally opposite quads.) 

If channel 31 bit 13 = 1, proceed to 11 ATTSTEER" 

If DAPBOOLS bit 15 (PULSES) = O, proceed to "CHEKSTIK" 

(Otherwise, minimum impulse) 

Perform 11 ZATTEROR" with interrupts inhibited 

QERROR = 0 

RERROR = 0 

TS= - contents of channel 31 (all bits complemented) 

If OLDQRMIN > 0: (not returned to detent since jets fired) 

OLDQRMIN = bits 1,2,5 and 6 of TS (+Q, -Q, +R, -R) 

Proceed to "XTRANS" 

(Otherwise, OLDQRMIN = O, indication that no Q or R commands 
were present during the last DAP cycle) 

If bits 1,2,5 and 6 of TS all= O, proceed to 11 XTRANS 11 

If bit 1 of TS = 1: ( +o) 

TJ = 1 K:pTJMINT6 (U) 

TJ = 2 - K:pTJMINT6 (V) 

Proceed to 11 MINQR" 
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MINQR 

MINRTN 

If bit 2 of TS= 1: 

TJ1 = - K:pTJMINT6 

TJ2 = K:pTJMINT6 

Proceed to "MINQR" 

If bit 5 of TS= 1: 

TJ1 = K:pTJMINT6 

TJ2 = K:pTJMINT6 

Proceed to "MINQR" 

If bit 6 of TS= 1: 

TJ1 = - K:pTJMINT6 

TJ2 = - K:pTJMINT6 

RETJADR = "MOOTN II 

0LDQRMIN = 1 

AXISCTR = 1 

(-Q) 

(U) 

(V) 

( +R) 

(U) 
(V) 

(-R) 

(U) 

(V) 

If DAPB00LS bit 13 (CSMD0CKD) = 1: 

TJAXISCTR = signTJAXISCTR K:bOmsTb 

NUMBERT = 2 

If DAPB00LS bit 10 (A0RBTRAN) = 1, NUMEERT = 3 

Proceed to "AFTERTJ" 

CHEKSTIK INGTS = 0 

C0TR0IER = -1 

If TS ch31 bit 1 5 = 0, proceed to "RHCACTIV" 

If DAPB00LS bit 12 (0URRCBIT) = 0: 

Proceed to "ATTSTEER" 

Switch RCSFLAGS bit 9 (JUSTIN) to 0 

SAVEHAND0 = 0 

SAVEHAND1 = 0 
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RHCACTIV T2q = QLAST 

QLAST = STIKSENS SAVEHANDO ( (' SAVEHANDol - 1 ) + K: LINRAT) 

TS3 = QLAST - T2q 

TSr = RLAST 

RLAST = STIKSENS SAVEHANTil ( ( ·I SAVEHANDl I- 1) + K: LINRAT) 

Ts4 = RLAST - TSr 

QRATEDIF = OMEGAQ - QLAST 

RRATEDIF = OMEGAR - RLAST 

URATEDIF = - COEFFQ QRATEDIF + COEFFR RRATEDIF 

VRATEDIF COEFFQ QRATEDIF + COEFFR RRATEDIF 

Perform "ZATTEROR" with interrupt s inhibited . 

If I T s3 I > RATEDB, proceed to "ENI'ERlN" 

If I Ts4 I > RATEDB, proceed to "ENI'ERlN" 

If RCSF LAG S bit 11 (QRBIT) 1: 

Proceed to 2nd s t ep of "ENTERlN" 

Proceed to " ATTSTEER " 

ENTERlN TCQR = K: 40 cyc 

DYERRORdp = 0 

DZERR OR dp = 0 

If I URATEDIF I < RATEDB : 

IF jVRATEDIF\< RATEDB : 

Proceed to "TOPSEUDO" 

URATEDIF = 0 

Proceed to "QRTIME" 
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QRTIME 

If IVRATEDIF I < RATEDB: 

VRATEDIF = 0 

If TCQR > 0: 

Switch RCSFLAGS bit 11 (QRBIT) to 1 

Skip next step 

TOPSEUDO switch RCSFLAGS bit 11 (QRBIT) to 0 

RETJADR = 11BA'CKHAND 11 

A.XISCTR = 1 

BACKHAND NUMBERT = 4 

If SKIPWAXISCTR = 0: 

SKIPWAXISCTR = 4 

If A.XISCTR = 0, proceed . to " CLOSEOUT" 

A.XISCTR = A.XISCTR - 1 

Proceed to location stored in RETJADR 

TS= URATEDIF 

If AXISCTR = 1, TS= VRATEDIF 

i = 16 A.XISCTR + 2 (2 or 18) 

If TS < 0, i = i + • 1 

TSt = - K:bkscl TS 1dANET. 
l. 

(index the proper 2-jet acceler­
ation in the direction of desired 
acceleration) 

If ITStl ~ K :bklim, TSt = TSt / 3 (still > K: 150msQR) 

i = AXISCTR + 1 

TJi = TSt 

Proceed to "AFTERTJl' 

ATTSTEER UERROR = - COEFFQ QERROR + COEFFR RERROR 

VERROR = COEFFQ QERROR + COEFFR RERROR 
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TJLAW 

TJLAW4 

AFTERTJ 

DOROTAT 

RETJADR = 11 TJLAW411 

AXISCTR = 1 

If SKIPUVAXISCTR = 0: 

SKIPUVAXISCTR = 4 

If AXIS CTR = 0, proceed to II CLOSEOUT" 

AXISCTR = AXISCTR - 1 

Proceed to location stored in RETJADR 

If AXISCTR = 1: 

E = VERROR 

EDOT = OMEGAV 

If AXISCTR = 0: 

E = UERROR 

EDOT = OMEGAU 

If DAPBOOLS bit 13 (CSMDOCKD) = 1: 

If DAPBOOLS bit 14 (USEQRJTS) = O, COTROLER = 8191 

Perform II SPSRCS11 with interrupts inhibited 

NUMBERT = 4 

Proceed to II AFTERTJ11 

Perform 11 TJETLAW11 

If FLAGWR.D5 bit 13 (SNUFFER ) = o, proceed to 11 DOROTAT" 

If FL&R.D10 bit 13 (APSFLAG) = 1 ' proceed to II DOROTAT'' 

If DAPBOOLS bit 8 (DRIFTBIT) = o, proceed to 11 XTRANS11 

i = AXISCTR + 1 

If TJ. = 0: 
l. 

(no rotation command; execute trans command) 

If AXISCTR = 1 : 

Perform 11 WRITEV11 with TS = NEXTV 
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(If AXISCTR = 1:) 

AXISCTR = 0 

Proceed to address speaified by RETJADR 

Perform "WRITEU" with TS = NEXTU 

Proceed to "CLOSEOUT" 

TS = 2 

If T Ji < 0, TS = 0 

ABSTJ = ITJil 

ROTINDEX = AXISCTR + TS 

If ABSTJ > K: 150msQR : 

Perform 11 SELCTSUB" 

(O, 1,2,3) 

If AXISCTR = 1, perform 11 WRITEV" with TS= POLYTEMP 

If AXISCTR = O, perform "WRITEU" with TS= POLYTEMP 

Proceed to "FEEDBACK" 

If ABSTJ < K:pTJMINT6: 

ABSTJ = K:pTJMINT6 

i = AXISCTR + 1 

TJi = K:pTJMINT6 signTJi 

NUMBERT = 0 

If bit 1 of channel 4 = 1, NUMBERT = 1 

(Bit 1 of channel 4 is used here as sort of a 
random number generator; it is part of the computer 
clock and oscillates at a frequency of 3200 pps.) 

If SENSETYP > 0, NUMBERT = SENSETYP - 1 

Perform II SELCTSUB" 

If AXISCTR = 1, TS= 13 

If AXISCTR = O, TS = -4 
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Inhibit interrupts 

T6NEXTAX
3 

= TS 

If T6NEXTAX
3 

= 13, perform 11 WRITEV" -with TS = POLYTEMP 

If T6NEXTAX
3 

= 4, perform "WRITEU" -with TS = POLYTEMP 

T6NEXT™2 = ABSTJ 

Perform "JTLST" 

Release interrupt inhibit 

SKIPUVAXISCTR = 0 

FEEDBACK i = AXISCTR + 1 

(cause this axis to be skipped next cycle) 

XTRANS 

WRITEU 

WRITEV 

If NUMBERT :> 3, NUMJETSi = 2 

If NUMBERT ~ 3, NUMJETS i = 1 

If AXIS CTR = 0, proceed to "CLOSEOUT" 

AXISCTR = AXISCTR - 1 

Proceed to address specified in RETJADR 

TJ = 0 1 

TJ = 0 
2 

Inhibit interrupts 

If SKIPUV0 -:/ O, perform "WRITEU" -with TS = NEXTU 

SKIPUV0 = 4 

If SKIPUV1 -:/ O, perform "WRITEV" -with TS = NEXTV 

SKIPUV1 = 4 

Release interrupt inhibit 

Proceed to "CLOSEOUT" 

Set bits 3,4,7 and 8 of channel 5 = bits 3,4,7 and 8 of TS 

Return 

Set bits 1,2,5 and 6 of channel 5 = bits 1,2,5 and 6 of TS 

Return 
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SELCTSUB TSa = K:quadsQRNUMBERT 

TSb = K:typman~OTINDEX 

POLYTEMP = TSa /\ TSb (logic "and" function) 

If any of the binary bits that are 1 in POLYTEMP are also 
1 in CH5MASK (at least one of the required jets is flagged 
as failed) : 

NUMBERT = 3 

Proceed to II FAILOOP11 

Return 

FAILOOP TSa = K:quads~UMBERT 

TSb = K:typman~OTINDEX 

POLYTEMP = TSa /\ TSb (logic "and" function) 

TRYGrS 

If POLYTEMP /\ CH5MASK -/ 00000
8

: 

If NUMBERT = 0: 

Perform II ALARM'' with TS = 02004
8 

If AXISCTR = 0: 

TJ - 0 1 -

Perform "WRITEU11 with TS = NEXTU 

Proceed to II CLOSEOUT'' 

TJ. = 0 2 

Perform 11 WRITEV11 with TS = NEXTV 

AXISCTR = 0 

Proceed to address specified by RETJADR 

NUMBERT = NUMBERT - 1 

Proceed to "FAILOOP" 

Return (to routine that called 11 SELCTSUB11 ) 

If DAPBOOLS bit 14 (USEQRJTS) = 1, proceed to "RCS" 
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If ALL0WGTS = 0, proceed to "RCS" 

If channel 5 = 000008, proceed to "GTS" 

I f INGTS = 0, proceed to "RCS" 

Perform "TIMEGMBL" with interrupts inhibited 

INGTS = 0 

Proceed to "RCS" 

GTS C0TR0I.ER = -1 

SKIPUV
0 

= 4 

SKIPUV
1 

= 4 

INGTS = 2 

QGIMTIMR = 2 

RGIMTIMR = 2 

QRCNTR = 2 

TS = A0SR 
L 

WCENTRAL = ED0TR 

ACENTRAL = TS1 

KCENTRAL = RDAPK 

If KCENTRAL = 0: 

K2THETA = 0 

{rescaled to B-3) 

Proceed to "NEGUSUM'' 

TS = RERR0R 

\LG0RTHM K2THETA = KCENTRAL TS 

A2CNTRAL = ACENTRAL2 / ( 2 KCENTRAL) 

K2CNTRAL = WCENTRAL (rescaled to B3) 
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FUNCTION= K2CNTRAL + A2CNTRAL signACENTRAL 

DEL = 1 signFUNCTION 

If j FUNCTION I < 2-25 , DEL = 0 

K2CNTRAL = DEL K2CNTRAL + A2CNTRAL 

A2CNTRAL = K2CNTRAL - A2CNTRAL / 3 

K2THETA = K2THETA + ACENTRAL A2CNTRAL 

FUNCTION= KCENTRAL K2CNTRAL 

K2CNTRAL = DEL K2CNTRAL 

If DEL = 0, proceed to "NEGUSUM" 

RSTOFGTS Perform 11 GTSQRT" 

K2CNTRAL = TS t K2CNTRAL sqr 

SHFTFLAG = ININDEX / 2 + SHFTFLAG 

TS= 2-SHFTFLAG K2CNTRAL 

K2THETA = K2THETA + TS ( -28 values less than 2 are considered 
to be zero) 

NEGUSUM TS1 = NEGUQRCNTR 

NEGIIQRCNTR = 1 signK2THETA 

I I -28 
If K2THETA < 2 , NEGU QRCNTR = 0 

TS2 = TS1 NEGUQRCNTR 

If TS2 < 0: 

QACCOOT QRCNTR = 0 

If QRCNTR > 0: 

(old NEGU value times new NEGU value) 

(If a reversal of g:iJnbal drive direction 
is called for) 

Set bits 11 & 12 of channel 12 = 0 

Skip next step 

Set bits 9 & 10 of channel 12 = 0 

If TS2 ~ 0, set bit 5 ( CALLGMBL) of RCSFLAGS = 1 
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If QRCNTR = 2 : 

QRCNTR = 0 

WCENTRAL = EDOTQ 

ACENTRAL = AOSQ 

KCENTRAL = QDAPK 

If KCENTRAL = 0 : 

K2THETA = 0 

Proceed to "NEGUSUM1' 

TS= QERROR 

Proceed to II ALGORTHM11 

(rescaled to B-3) ( limited) 

CLOSEOUT This routine returns processing to Task status via the EDRUPT 
instruction and then uses the following equations to resume 
operation at the job whose address is in DAPZRUPT ( thus 
ending a prolonged semi-interrupt of that job) 

ARUPTdp = DAPARUPTdp 

BRUPT = DAPBQRPT 

Q = DAPBQRPT +1 

ZRUPTdp = DAPZRUPTdp 

DAPZRUPT = - K:posmaxs p 

Resume 
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ACDT-fC12 QACCDOT = - NEGU0 ACCDOTQ 

RACCDOT = - NEGU2 ACCDOTR 

TS= 000008 

If NEGU0 = 1, switch bit 10 of TS to 1 

If NEGU0 = -1, switch bit 9 of TS to 1 

If NEGU2 = 1, switch bit 12 of TS to 1 

If NEGU = -1, switch bit 11 of TS to 1 
2 

Set bits 9-12 of channel 12 = bits 9-12 of TS 

Switch bit 5 (CALLGMBL) of RCSFLAGS to O 

Return 

TIMEGMBL ALLOW Gl'S = 1 

NEGU2 = 0 

If ACCDOTR .:S O or if "AOSR = O, proceed to 11 TIMQGMBL" 

TS= - K:0.4gts AOSR 

NEGU2 = -1 signTS (If TS = O, NEGU will be zeroed below) 

If I TS I ~ 2 ACCDOTR: 

RGIMTIMR = K: OCT31 

ALLCYwGI'S = 0 

Proceed to "TIMQGMBL" 

TSt = ITS! K:OCT00240 / ACCDOTR 

If TSt < K:gtstmin, NEGU2 = 0 

If TSt 2!:. K: gtstmin, RGIMTIMR = TSt 

TIMQGMBL NEGU0 = 0 

(units of 100 milliseconds) 

If ACCDOTQ ~ 0 or if AOSQ = O, proceed to "DONEYET2" 

TS= - K:0.4gts AOSQ 

NEGU0 = -1 s ignTS 
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rr jTsl <'.. 2 ACCDOTQ: 

QGIMTIMR = K: OCT31 

ALLOWGTS = 0 

Proceed to "DONEYET2" 

TSt = ITS\ K:OCT00240 / ACCDOTQ 

If TSt < K: gtstmin, NEGU0 = 0 

If TSt 2: K: gtstmin, QGIMTIMR = TSt 

DONEYET2 Perform "ACDT+C1211 

Return 

ALLCOAST Perform "STOPRATE" 

AOSQ and AOSR = 0 

ALPHAQ and ALPHAR = 0 

AOSQTERM and AOSRTERM = 0 

(units of 100 milliseconds) 

Switch DAPBOOLS bit 8 (DRIFTBIT) to 1 

Perform "RESTORDB" 

Return 

ZATTEROR CDUD = CDU - -
STOPRATE OMEGAPD, OMEGAQD and OMEGARD = 0 

DELCDU = 0 

DAPT4S 

DELPEROR, DELQEROR, and DELREROR = 0 

Return 

(Entered every 240 milliseconds from "T4RUPT"; also called 
GPMATRIX. This calculates the gimbal rate to body rate matrix) 

M11 = sin CDU 
Sp Z 

COSMG = cos CDU 
sp z 
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M22 = sin CDU 
Sp X 

M31 = - C0SMG M22 

M32 = cos CDU 
Sp X 

M21 = C0SMG M32 

Return 

RCSM0NIT (Entered every 480 milliseconds from "T4RUPT" , also called 
RCSM0N) 

TS= - contents of channel 32 (all bits complemented) 

TSq = bits 1-8 of TS 

TS= 000008 

(RCS thruster fail discretes) 

For i = 1,2,3,4,5,6, 7 and 8: If bit i of TSq f bit i of 
PVALVEST, switch bit i of TS to 1 

If TS= 00000
8

, return (no change) 

For i = 8 through 1, in that order, examine bit i of TS; upon 
finding the first bit that is a. "1 11 , continue at next step 
with i = that bit number. 

If bit i of PVALVEST = 1, proceed to "V0PENED" 

Switch bit of CH5MASK indicated by K:5FAILTABi to 1 

Switch bit of CH6MASK indicated by K:6FAILTABi to 1 

SWitch bit i of PVALVEST to 1 

Establish 11 1 /ACCJOB" 

Return 

V0PENED Switch bit of CH5MASK indicated by K:5FAILTABi to 0 

Switch bit of CH6MASK indicated by K:6FAILTABi to 0 

SWitch bit i of PVALVEST to 0 

Establish "1 /ACCJOB" 

Return 
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GTSQRT 

SCALLOOP 

If FUNCTION s. 0 : (bad argument for square root) 
SHFTFLAG = 0 

TS = 0 sqrt 
Return 

SHFTFLAG = 0 

If FUNCTION < 2- 20 (most significant half= 0) 

SHFTFLAG = 7 

FUNCTION= FUNCTION 214 (operate on least significant half) 

ININDEX = 12 

If 2-ININDEX - 6 - FUNCTION ~ 0: 

ININDEX = ININDEX - 2 

If ININDEX = O, Skip next step 

Proceed to "SCALLOOP" 

TS= FUNCTION / 2- 6 - ININDEX (rescaled for square root accuracy) 

HALFARG = TS / 2 

TS t = K: ROOTH ALF sqr 

If HALFARG ~ ¾, TS t = 1 sqr 

TS =*TS + HALFARG / TS t sqrt G sqrt sqr 

TS = l TS + HALFARG / TS t sqrt 2 sqrt sqr 

TS sqrt 

TS 
sqrt 

Return 

= t TS t + HALFARG / TS t sqr sqr 
= TS 2-J 

sqrt 
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Quantities In Computations 

1dANET. (i = 2,J,18,19): See DAPB section. 
J.. 

1dANETP: Single precision inverse of the acceleration expected 
from the simultaneous firing of two P-axis RCS jets scaled 
B8 in units of seconds squared per revolution, (also called 1dANET_

14
). 

1JACCP, 1JACCQ, 1JACCR: See DAPB section. 

2JETLIM: Single precision rate limit used in "PEGI" to decide 
if two or four jets should be used for a P-axis rotation, 
scaled B-3 in units of revolutions per second. Actually 
stored as a negative quantity with the program notation 
-2J1TLIM, but interpreted in this document as positive. 

A2CNTRAL: Double precision working storage for trim gimbal control 
logic. Using the notation of section 3 of the Luminary GSOP it 
first contains o(2/2K scaled BJ with units rev/sec; when next 
used it contains -Aw+ o1.1/JK scaled BJ with units revs/sec. 

ABSEDOTP: Temporary single precision storage for the magnitude of 
EDOT in "PEGI" scaled B-3 in units of revolutions per second . 
Actually ABSEDOTP = the magnitude of EDOT minus one least incre­
ment (not compensated for CCS instruction) 

ABSTJ: Temporary storage for the magnitude of TJ., scaled B10 in 
units of centiseconds. 1. 

ACCDOTQ, ACCDOTR: See DAPB section. 

ACENTRAL: Single prec1.s1.on working storage for trim gimbal control 
logic. Using the notation of section 3 of the Luminar~r GSOP it 
contains ~, the disturbing acceleration scaled B-3 with units of 
revs/sec2. 

iK: Single precision vector containing the desired setting of the 
FDAI error needles, scaled B-1 in units of revolutions for 
attitude errors and B-3 in units of revs/sec for rate errors. 

ALLOWGTS: A single precision, binary switch set to allow entry into 
the Gimbal Trim System attitude control law if other conditions 
are satisfied, scaled B14 and unitless. 

AI.PHAQ, ALPHAR: Single precision storage for the most significant 
halves of AOSQ and AOSR for down telemetry, scaled B-2 in 
units of revolutions per seoond squared. 

AOSQ, AOSR: Double precision disturbing acceleration due to thrust 
vector/c.g. offset or other external torques, scaled B-2 in 
units of revolutions per second squared. 
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AOSQTERM, AOSRTERM: Single preci sion addition to vehicle rate that 
would be added during one 100 millisecond period as a result 
of disturbing accelerations, scaled B- 3 in units of revolutions 
per second. 

ARUPT , BRlWT , ZRUPT, and Q: Special cells used with the interrupt 
and resume instructions. Q is also the return address register. 

AX ISCTR: Single precision index used to differentiate among the 
three axes, scaled B14 and unitless. A value of 1 corresponds 
to the V axis, 0 to the U axis and -1 to the P axis . 

CDU (CDU , CDU , CDU ): Single precision vector containing the 
meagured ~alueszof the IMU gimbal angles (outer, inner and 
middle gimbal in X,Y and Z components, respectively), scaled 
B- 1 in units of revolutions and stored in two's complement form . 
Each component is an LGC input counter incremented directly 
from the Coupling Data Unit in response to changes in the 
IMU gimbal angles . 

CDU CMD, CDU CMD, CDU CMD: See IMUC section. 
X y Z 

CDUiTMP (i - x,y,z): Single precision storage locations for values 
of CDU, CDU and CDU respectively. Used to obtain a synchronous 
samplexof thi CDU valfres for rate estimation. 

~DUD: Single precision vector interface with steering and attitude 
maneuver routines containing the desired values for the IMU 
gimbal angles (outer, inner and middle gimbal angles in x ,y and z 
components, respectively), scaled B-1 in units of revolutions 
and stored in two's complement form. 

CH5MASK, CH6MASK : Single precision octal flagwords whose individual 
bits (1 through 8 only) are set to indicate jet failures 
(in 11 RCSMON IT 11

). See description of K: 5FA ILTAB and K: 6FAILTAB . 

COEFFQ: Single precision negative of the quantity used for the fi r st 
column of the matrix taking a vector expressed in Q,R coordinates t o 
one expressed in the non-orthogonal U1 , V1 coordinates . Scal ed BO 
and unitless. 

COEFFR: Single precision quantity used for the second col umn of the 
matrix taking a vector expressed in Q, R coordinates to one expr essed 
in the non-orthogonal U1 , V1 coordinates. Scal8d BO and unitless . 

COSMG : Single preeision cosine of middle gimbal angle, scaled BO 
and unitless. 

COTROLER: Single precision variable cell scaled B14 and unitless 
controlling access to the Q, R- axis gimbal trim system. 
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DAPBOOLS: Single precision flagword whose individual bits have the 
following meanings: 

Bit Mnemonic Meaning when set (1) Meaning when clear (0) 

15 PULSES Minimum impulse Not minimum impulse 
command mode 

14 USEQRJTS GTS not allowed GTS allowed 

13 CSMDOCKD CSM attached to IM CSM not attached 
Backup SPS DAP Normal 1M DAP 

12 OURRCBIT Still in Rate Command Not in Rate Command 
Mode 

11 ACC40R2X 4-jet P-axis transla- 2-jet P-axis translation 
tion requested 

10 AORBTRAN X-trans B system X-trans A system 

9 XOVINHIB LPD phase; X-axis Not in Landing Point 
overide disabled Designation Phase 

8 DRIFTBIT Assume that offset Offset acceleration likely 
acceleration is zero 

7 RHCSCALE Normal RHC scaling Fine RHC scaling 

6 ULLAGER Internal ullage No program ullage 

5 

4 

3 

DBSLECT2 

DESELECT 

ACCSOKAY 

request request 

Bits 4 and 5 are used together to select attitude 
deadbands. The meanings are: 
bit 5 bit 4 Deadband 

1 1 5° 
1 0 50 
0 1 1° 
0 0 0.3° 

Computed accelerations Computed accelerations 
probably correct probably incorrect 

2 AUTRATE2 Used together to determine index (RATEINDX) 
1 AUTRATE1 which is used to select attitude maneuver rate 

DAPARUPT, DAPBQRPT, DAPZRUPT: Double precision storage locations for 
the accumulator, L register, Q, B, Zand BBANK registers for the job 
interrupted by 11 SUPERJOB 11 • 

DEL: Single precision switch which is described in MIT's Luminary GSOP, 
Section 3, as a capital delta ~ti.); scaled B14 and unitless. 
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DEI.CDU: Inter race with :.;teering and attitude maneuver routines, 
minus desired change in gimbal angles per 100 mi lli second 
period, scaled B- 1 in units of revolutions , stored in two ' s 
compl ement form . 

DELPEROR, DELQEROR, DELREROR : Single precision smoothing t erms calculated 
during attitude maneuver and steering routines , u sed in automat i c 
control portions of the DAP. Scaled B-1 in units of revolutions. 

IKOMEGAN, DKKAOSN: Singl e prec ision Kalman filter gains for the 
docked confi gur ation , scaled Bl4 and unitless. See discus s ion 
of the "Recursi ve State Estimator " in Section 3 of the luminary 
CSOP . Part of the erasable l oad . 

DKTRAP : Stngl e preci ::; ion deadband for the state est imator in the 
docked configuration, scaled B- 3 in units of revolutions per 
second . Part of the e r asable l oad . 

DOWNTORK . (i = 0 -5) : Si ng l e prec i s ion table of quantities for 
dowfilink whi ch give cumulative jet on times for the various 
axes; the correspondence i s (O,+P; 1,-P; 2 , +U; 3,-U; 4,+ V; 5,- V) ; 
Scal ed B5 in unit s of seconds . Pa.rt of erasab l e load . 

DXERROR, DYERROR, DZERROR : Double precision cumulat ive error between 
the actual rate and the rate requested through the hand controller . 
Scaled B-1 with unit s of revolutions . QERROR and RERROR u se the 
same storage locations as the most significant halve s of DYERROR 
and DZERROR. 

E, EDOI' : See DAPB section . 

EDOI'Q, EDOI'R : Singl e prec i si on b i ased rate est i mates , scaled 
B- 3 i n unit s of revolutions per second . 

EDRIVE : Singl e precision vector containing the present settings 
of the FDAI error needles, scaled B-1 in units of ten r evo­
lutions for attitude errors or B- 3 in units of 10 revs/sec 
for rate errors . 

FIREFCT : See DAPB section . 

FUNCTION : Doub l e precis i on working storage for t r im gimbal c ontrol 
l og i c . Using the notation of section 3 of the luminary GSOP it 
conta ins f irst w + a la l/2K scaled B3 with units of revs/sec; 
second it contains K( -tw + cl-/2K) scal ed B-6 with unit s of 
revs2/sec4 . 

HALFARG: One half of the argument , in si ngle precision, f or the 
square root iteration in "SCALI.OOP" , scaling variable and unit s 
"revolut i ons per second squared" squared . 

IMODES33 : See INTR section . 
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ININDEX: Single precision variable used in the same way as 
SHFTFLAG to count multiplications by four in the square - root 
routine. Scaled Bl4 and unitless . 

INGTS: Single pr ecision two- valued switch set to indicate that 
the GTS att i tude control law was operating dur ing the previ ous 
cycle, scal ed Bl 4 and unitless . 

JETRATEP, JETRATEQ, JETRATER: Single precision addition to vehi c l e 
rate expected to have been contributed by the RCS jets during 
the last period, scaled B- 3 in units of revolutions per second . 
Alternat e program notations, JETRATE+D, JETRATE+l, JETRATE+2 . 

K:O. l secBO : Single precision constant , program notation -lOOMS, 
stored as -0.1, scal ed BO in units of se conds . Equation value : 
0.1. (Equivalent to +100 milliseconds) . 

K:0 . 4gts: Singl e preci sion constant actually equal to l + 0 . 6 
(stored value 0 . 6 , program notation OCT23146 , added to 1) 
but scal ed B-2 and unitless . Equati on value: 0 .4 

K: 100msT6: Single prec i sion constant, program notation -100MST6 , 
stored as -160 x 2 -l, scaled BlO in units of centi seconds . 
Equation value : +10. (Equivalent to +100 milliseconds) 

K:136msT6 : Singl e preci sion constant , program notation - 136MST6, 
stored as 774458 , scaled BlO in unit s of centiseconds . 
Equation value: +13.625 (Equivalent to +136 . 25 milliseconds) 

K: 150msQ,R : Single precision constant , program notati on -150MS, 
stored as 77417

8
, scaled BlO in unit s of centiseconds . 

Equation value : +15 (Equivalent to +150 milliseconds ) 

K:150msT6 : Singl e precision const ant , program notation +150Msr6 , 
stored as 003608, scaled BlO in unit s of centiseconds . 
Equation value: +15 (Equivalent to +150 milli seconds) 

K:160msT6 : Singl e preci s ion constant , program notaticn -160Msr6 , 
stored as 773778, scal ed BlO in uni ts of centiseconds . 
Equation value: +16 . (Equivalent t o +160 milliseconds) 

K:ldlOOms: Single precision constant stored as 000058, program 
notation FIVE, scaled Bl 5 in units of seconds -1. Equat i on 
value : 10 (Equival ent to 1/0.100) 
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K:ld40: Single precision constant, program notation 1/40, stored as 
006328, scaled B2 in units of seconds. Used to convert sensed 
vehicle attitude change data, scaled B-1 in ~nits of revolutions, 
to vehicle rate data, scaled B-3 in units of revolutions per 
second. Equation value: 0.10 (Equivalent to 100 milliseconds) 

K:25B5: Single precision constant, program notation 25/32, stored as 
310008, scaled B5 in units of centiseconds per second. Equation 
value: 25. 

K:40cyc: Single precision constant, program notation 40CYCL or 40CYC, 
stored as 000508, scaled Bl4 with units of deci-seconds. Used as 
the initial setting for the timing cell for the "direct" m9.Ilual 
control mode. Equation value: 40 

K:5FAILTABi: Table of eight single precision octal constants indicating 
which bit of channel 5 is to be disabled by each one of bits 1-8 
of channel 32. 

i K: 5FAILTABj .jet# Channel 5 code and bit # 
8 00040 10 2D 6 
7 00020 9 2U 5 
6 00100 13 lU 7 
5 00200 14 lD 8 
4 00010 6 JD 4 
3 00001 1 4u 1 
2 00004 5 JU 3 
1 00002 2 4D 2 

K:60msT6: Single precision constant stored as 001408, scaled BlO in 
units of centiseconds. Equation value 6. Used as minimum impulse 
jet on time for the docked configuration for the Q, R axes. 

K:6FAILTABi: Table of eight single precision o~tal constants indicating 
which bit of channel 6 is to be disabled by each one of bits 1-8 of 
channel 32. 

i K: 6FAILTABj j et_jf_ Channel 6 code and bit_jf_ 
8 00010 11 2F 4 
7 00020 12 2S 5 
6 00004 15 lF 3 
5 00200 16 lS 8 
4 00001 7 JF 1 
3 00002 3 4F 2 
2 OOiJ40 8 JS 6 
1 OJlOJ 4 4s 7 

K:aosint: Single precision constant, program notation 200MS, stored as 
063158, scaled B-1 in units of seconds. Equation value: 0.1 
(Equivalent to 100 milliseconds.) 
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K:BIT10: Single precision constant, stored as 01000, scaled 
B5 and unitless. Used to rescale the jet on ti~es for the downlink. 
Equation value 1.0. 

K:bklim: Value cr overflow in a quantity scaled B10 in units of 
centiseconds . Equation value: 1024 

K:bkscl: Actually not a constant as such, rather a multiplication by 
three implemented as a double and an add; effective units, 
centiseconds per second; effective scale factor, B5. Equation 
value: 100 x 0.96 (0.96 is the error introduced because the 
method is approximate). 

K:CALLC0DE: Single precision constant, stored as 00032
8

, scaled B6 
in units of seconds. Equation value: 0.1016 (Equivalent to 
102 milliseconds). 

K:eclim: Single precision constant stored as 00600 8, program notation 
DACLIMIT +1, scaled B-1 for attitude errors in units of ten revolutions 
or B-J for rate errors in units of ten revolutions/ second. 
Equation values are: attitude errors, 0.01171875 (equivalent to 
42.1875 degrees); rate errors, 0.00292968, (equivalent to 10.5469 
deg/sec). Note however that the FDAI error needles are pinned by 
attitude commands of 5.06250 deg. and rate commands of 1.265625 
deg/sec. 

K:gtstmin: Value of least significant bit in a single precision quantity 
scaled B14 and unitless. Equation value: 1 

K:INDXYZ.: Table of eight single precision constants to translate any of 
theieight possible combinations of inputs from the Q and R axes of 
the translational hand controller (bits 9-12 of channel J1) into 
an index to select the proper jets from the table of K:typmanP; 
scaled B14, unitless and stored as follows: 

i function K:INDXYZ. i 
1 +Q 4 
2 -Q 2 
J error 
4 +R 5 
5 +u 9 
6 +V 10 
7 error 
8 -R J 
9 -V 8 

10 -U 7 

K:LINRAT: Single precision constant stored as 00056, scaled B12 in 
units of RHC counts. Used as the coefficient o~ the linear term in 
the quadratic expression for hand controller response. Equation 
value: 11.5 
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K:mFOllRDEG : Single precision constant, program notation -FOURDEG , 
stored as 751178 , scaled B- 3 in units of revolutions . 
Equation value: -0.01111 (Equivalent to - 3 . 9996 deg) 

K:min impt~: Single precision constant stored as 000128 , program 
notation TEN, scaled B10 in units of centiseconds . Equation 
value: 0. 625 (corrected to true minimum impulse time in jet 
selection routine) 

K: MINTIMES: Single precision constant stor ed as 77751 8 , scaled B10 
in units of centiseconds. Equation value: 1 . 375. 

K:OCT00240: Single precision constant stored as 002408 , scaled 
B10 in units of 1/seconds (actually computation cycles per 
second). Equation value: 10. 

K: OCT31 : Single precision constant stored as 00031 8 , scaled B14 
and unitless . Equation value: 25 . (Corresponds to an inter­
val of 2 . 5 seconds, 25 cycles at 100 ms per cycle .) 

K: ONETENTH: Single precision constant stored as 031468 , scaled BO 
and unitless . Equation value: 0 . 10. 

K: pTJMI NT6 : Single precision constant, program notat ion +TJMINT6 , 
stored as 00026g, scaled B10 in units of centiseconds. Equation 
value: 1.375 (Equivalent to 13.7 5 milliseconds). 

K: quadsP.: Table of seven single precision octal constants, program 
notation TYPEP, containing the binary codes for various jet 
pairs that can be used to accomplish a given maneuver, stored 
in order of their desirability (i ~ 4 , more desirable ; i S 3 , 
less desirable) . The constants and t he ir significance is ind­
icated below. 

i 

6 
5 
4 

3 
2 
1 
0 

K:guadsP . 
i 

00377 
00245 
00132 

001 51 
00231 
00226 
00146 

Bits 8-1 

1111 1111 
1010 0101 
0101 1010 

0110 1001 
1 001 1 001 
1 001 011 0 
011 0 011 0 
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Use 

All quads; tran slation or rotation 
Quads 1 and 3; jets 7,8 ,1 5 , 16 
Quads 2 and 4 ; jets 3 ,4,11,1 2 
2-jet rotation s above use diagonal 
quads 
2- jet rotations below use adjacent 
quads 
Rotation using jets 4,7 or 8,11 
Rotation using jets 7,1 2 or 11,16 
Rota ti on using jets 12, 1 5 or 3 , 16 
Rotation us ing jets 4,15 or 3,8 



K:quadsQR.: Table of five single precision octal constants, program 
not&tion TYPEPOLY, containing the binary codes for primary and 
secondary jet combinations that can be used to accomplish 
rotations around an axis in the Q-R plane and translations 
perpendicular to the Q-R plane. 

i K:guadsQR. Bits 8-1 Use 
l 

4 00377 1111 1111 All quads; 2-jet rotation, 4-jet trans 
3 00231 1001 1001 1-jet rotation, B-system (1 ,6 ,9 ,1 4) 

+X jets 6 ,14 (quads 1,3); -X jets 1,9 
(quads 2,4) 

2 00146 011 0 0110 1-jet rotation, A-system (2,5,10,13) 
+X jets 2,10 (quads 2 ,4); -X jets 
5, 13 (quads 1 ,3) 

1 00252 1010 1010 1-jet rotation using only 
0 00125 0101 0101 1-jet rotation using only 

K:ROOTHALF: S~ngle precision constant, stored as 26501R, scaled 
BO and unitless. Used as a starting value of the Newton al­
gorithm in the GTS law square root routine. Equation value 
0.70710. 

+x jets 
-X jets 

K:T6lim: Single precision constant, program notation 1 - PRI037, 
stored as (400008 - 370008 ), scaled B10 in units of centi­
seconds. Equation value: 32. (equivalent to 320 milliseconds) 

K:T6tosec: Single precision constant, program notation ELEVEN, 
stored as 000138 , used in such a way (L register retained 
after multiplication) that effective scaling is B-10 in 
units of seconds per centisecond. Equation value 11/1024 
or 0.010742. 

K:trvtoc: Constant implicit in the FDAI error counter, equation 
interface, scaled B15 or B17 in units of ICDU error counter incre­
ments per ten revolutions for attitude errors or ten revs 
per second for rate errors. Equation value 32768 or 131072. 
(one least increment to the error counter represents about 0.11 
degrees on the FDAI error needles) 

K:typmanP.: Table of eleven single precision octal constants, 
pro~ram notation JETSALL, each containing the binary codes for 
all the jet pairs that can be used to accomplish a particular 
maneuver. The constants and their significance is indicated 
below. 

i K: t;y:12manP. Bits 8-1 Maneuver (,jet numbers'; 
l 

0 00252 1010 1010 -P rotation ( 3 ,8, 11 , 16) 
1 00125 0101 0101 +P rotation (4,7,12,15) 
2 00140 0110 0000 -Y translation (4,8) 
3 00006 0000 0110 -Z translation (3,15) 
4 00220 1001 0000 +Y translation (12,16) 
5 00011 0000 1001 +z translation (7,11) 
6 001 51 011 0 1001 +V translation (4,11 and 7,8) 
7 00146 011 0 011 0 - U translation ( 8, 1 5 and 3 ,4) 
8 00226 10()1 011 0 -V translation ( 3 , 12 and 15, 16) 
9 00231 1001 1001 +U translation ( 7, 16 and 11 , 12) 

10 001 51 011 0 1001 +V translation ( 4, 11 and 7 ,8) 
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K: t ypmanQR.: Tab]e of six single precision octal constants, 
progr~m notation ALLJETS, each containing the binary codes for 
all the jets that can be used to accomplish rotations around 
an axis in the Q-R plane and translations perpendicular to the 
Q-R plane. 

i K:tlEma.nQRi Bits 8-1 Maneuver { ,jet numbers~ 

0 00110 0100 1000 -U rotation (6,13) 
1 00022 0001 0010 -V rotation (2, 9) 
2 00204 1000 0100 +U rotation (5, 14) 
3 00041 0010 0001 +V rotation (1,10) 
4 00125 0101 0101 -X translation (1,5,9,13) 
5 00252 1010 1010 +X translation (2,6,10,14) 

K2CNTRAL: Double precision working storage for trim gimbal control 
logic. Using the notation of section 3 of the Luminary GSOP it 
first contains w scaled BJ with units of revs / sec; second it 
contains -.llc.1 + o<.

2 
/ 2K scaled B3 with units of revs / sec ; 

t :-iird it contains -t. (-L..w + oc.2 / 2K) scaled B3 with units of 
revs / sec ; fourth it contains (K (-AW+()(. 1/ 2K))t(-6 (-t.w+"'~/2K)) 
with scaling undetermined at this po int because of variable 
scale return from square root routine and with units of rev2/ sec3 , 

K2THETA: Double precision working storage for trim gimbal control 
logic. Using the notation of section 3 of the Luminary GSOP it 
first contains K6 scaled BO in units of revs 2/ sec3; second it 
contains KG + c,( (-t.w + o<

1 / 3K) scaled BO with units of revs2/ sec3 ; 
third it contains KS + Cll'( -.t.w + -'

1
'/JK) + ( K (-Aw+ " 1 /2K) )i (-4(-Aw + •Y2K)), 

or U1 , s caled BO with units of revs 2/ sec3, 

KCENTRAL: Single pre cision working storage for trim gimbal control 
logic . Using the notation of section 3 of the Luminary GS(1P 
it contains K, three t enths of the "jerk" or time derivative of 
angular acceleration, scaled B-9 with units of rev/ sec3, 

LMOMEGAN, LMKAOSN: Single precision Kalman filter gains for the 
LM alone configuration, scaled B14 and unitless. See discussion 
of the "Recursive State Estimator" in section 3 of the Luminary 
GSOP. Part of the erasable load. 

LMTRAP: Single precision deadband for the state estimator in the 
LM alone configuration, scaled B-3 in units of revolutions 
per second. Part of the erasable load. 

M1 1, M21, M22, M31, M32: Single precision factors used in trans­
forming from gimbal angle differe nces into body axis rotations, 
scaled BO and unitless. 

MEASRATE: Single precision temporary s torage for measured rate, 
program notation OMEGAU, scaled B- 3 in units of revolutions 
per second. Carefully limited in case of overflow to 
± 0 . 12499 (± 44.997 degrees / s ec) 
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NEGU0 , NEGU2 : Single precision switches, program notations NEGUQ 
and NEGUR, indicating whether the DPS gimbal drives should 
be driven and whose signs indicate the 
direction in which each gimbal is to be driven; scaled B14 
and unitless. See the discussion of the GTS control law in 
MIT I s Luminary GSOP , Chp 3. 

NEXTP, NEXTU, NEXTV: Single precision storage for the P,U and 
V-axis translation jet codes to be implemented as soon as 
rotation commands are completed. Stored as octal quantities and 
set to 000008 to indicate that all jets are to be turned off. 

NPTRAPS, NQTRAPS, NRTRAPS: Single precision time varying portion 
of the Kalman filter gain, scaled B14 and unitless. 

NUMBERT: Single precision index used to select the number of 
jets to be used for a particular maneuver and to specify 
which jet quads will be used, scaled B14 and unitless. 

NUMJETSn, NUMJETS~, NUMJETS2 : Single precision number of jets used 
for P,U and v-axis rotation, respectively, scaled B14 and unit­
less. Program notations N0.PJETS, N0.UJETS, and N0.VJETS. 

NXT6AXIS: Single precision quantity used to indicate which set of 
jets is to be turned off at the next TIME6 interrupt (0 for P, 
4 for U, and 13 for V), program not~tion NXT6ADR, scaled B14 
and unitless. 

0LDPMIN, 0LDQRMIN: Single precision flagwords set greater than 
zero when a minimum impulse command is sensed and reset to 
zero when no commands are present. 

0LDXFORP, 0LDYF0RP, 0LDZFORQ: Single precision storage for the 
value of the gimbal angles at the previous sample, used to 
calculate rate of change of gimbal angles, scaled B-1 in 
units of revolutions and stored in two's complement form. 

0MEGAP, OMEGAQ, 0MEGAR, 0MEGAU, 0MEGAV: Single precision estimated 
vehicle rate, calculated using commanded accelerations and times, 
scaled B-3 in units of revolutions per second. Limited to 
±{).12499 (±44.997 deg/sec) by overflow checks. 0MEGAU and 0MEGAV 
use the same storage locations as URATEDIF and VRATEDIF. 

0MEGAPD, 0MEGAQD, 0MEGARD: Single precision rate biases generated in the 
attitude maneuver and steering routines, scaled B-3 in units of 
revs / sec. 
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PERR0R : Single precision P-axis error, scaled B-1 in units of rev­
olutions. 

PJETCTR. (i = 1 ,2,3): Single precision timing counters used to separate 
RCS jet firings for the docked configuration. The index corres­
pondence is 1 - P axis; 2 - U axis; 3 - V axis. Scaled B14 
with units of deci-seconds. For i = 2 er 3 alternate program 
notation is UJETCTR or VJETCTR. 

PLAST, QLAST, RLAST: Single precision quantities, giving the rate 
requested by the astronaut via the hand controller. Scaled 
B-3 with units of revolutions per second. 

P0LYTEMP: Single precision logical intersection of octal constants 
from the tables K:typman and K:quads. Bits 9 through 15 will 
be zero and bits 1 through 8 will contain, at most, four binary 
ones indicating four jets to be actuated to perform a maneuver. 
See tables below showing codes for various types of maneuvers. 

PVALVEST: Single precision octal quantity refJect ing the latest 
estimation of the state of the jet failure bits in CH5MASK 
and CH6MASK. 

QACCD0T, RACCD0T: Actual rate of change of the rotational rates 
induced by the thrust vector/c.g. offset, single precision, 
scaled B-8 in units of revolutions per second cubed; equal 
to zero or plus or minus ACCD0TQ and ACCD0TR, respectively; 
The!:'e can be loader by i nrl exi_ng Fi~ in the routine 11 NEGUSUM 11

• 

QDAPK, RDAPK: Single precision derivatives of angular acceleration 
about the positive Q and R axes, respectively, multiplied by 
a fractional gain ( in II SPSC0NT") and scaled B-9 in units of revs 
per second cubed. Program notations KQ and KRDAP. 

QERROR, RERR0R: Single precision Q and R-axis error, scaled B-1 in 
units of revolutions. These quantities are the most significant 
halves of DYERR0R and DZERROR and hence are updated each DAP cycle 
in the 11 BACKP 11 calculations. 

QGIMTIMR, RGIMTIMR: Single precision counters scaled B14 in 
units of 100 millisecond intervals. 
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QKALERR, RKALERR: Single precision filtered difference between 
calculated rate and measured rate, scaled B-3 in units of 
revolutions per second. Program notations DAPTEMP1 and 
DAPTEMP2. 

QRATEDIF, RRATEDIF: Single precision storage for difference between 
desired rate and actual rate for the Q and R axes, respectively, 
used only in non-automatic modes, scaled B-3 in units of revolu­
tions per second. 

QRCNTR: Single precision index scaled B14 and unitless. 

RATEDB: Single precision rate deadband, scaled B-3 in units of 
revolutions per second. RATEDB is called -RATEDB in the 
program and is stored as a negative quantity for convenience. 
In this document however, for convenience . in interpretation, 
the sign has been changed and RATEDB is a positive quantity. 

RCSFLAGS: Listed separately on next page. 

RETJADR: Return address used to distinguish between manual and 
automatic modes during the Q,R-axis computations when the s~me 
routine must be performed twice. Equals "BACKHAND", 11 TJLAW4", 
or "MINRTN". 

RHCP, RHCQ, RHCR: Three single precisicn counters, program nota­
tions P-RHCCTR, Q-RHCCTR and R-RHCCTR, scaled B14 in units of 
counts from the Rotational Hand Controller. The value of these 
counts in terms of commanded rate is variable and determined 
by the astronaut through the DAP Data Load Routine (OJ). 

ROTINDEX: Single precision index indicating the type of maneuver 
for which jets are to be selected, scaled B14 and unitless. 
See detailed descriptions of K:INDXYZ. 

SAVEHAND
0

,SAVEHAND1: Temporary storage for the Rotational Hand 
Controller inputs from the Q and R axes, necessary because all 
the RHC counters are reset at once during the P-axis routines. 

SENSETYP: Single precision quantity scaled B14 and unitless. Used 
to indicate X-axis translational sense desired during U and V 
rotations. A value of O implies balanced couples, 1 implies 
-X, and 2 implies +X. 
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RCSFLAGS: Si ngl e pr ec ision flagword whos e individual bits have the 
f ollowing meanin gs (note t hat not all bit s are used at present) : 

15 

14 

13 

1 .2 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

Mnemonic 

QRBIT 

PBIT 

JUSTIN 

CALLGMBL 

DSPLYALT 

J STEPONE 

DSTEPTWC) 

Meani.Qg_when set ( ~J_ 

J ob t o calculate DAP 
parameters not needed 
at present 

Perform P-axis calcu­
lations 

In "direct" rate 
comnand f or Q,R 
axes 

In "direct" rate 
command for P-axis 

Hand-controller just 
sensed as out of detent 

Perform "ACDT+Cl2" 
r outine t o set engine 
gimbal drive bits 

Output errors t o 
FDAI 

Init ialize FDAI error 
::lrive 

I nit i ali ze t he display­
calculate cycle f or the 
FDAI errors 

Us ed t o alt ernate in 
"tacking" translation 
policies 
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t1_eaniqg when reset (0) 

Set up j ob t o calculat e 
DAP parameters 

Skip P-axis calculations 

Not in "direct" rate 
command 

N·Jt in "direct" rate 
command 

Hand-controller just 
sensed as in detent 

"ACDT+Cl2" not being 
called 

Calculate the errors 
(this bit contr~ls t he 
display-calculate cycle) 

Drive already initialized 

Cycle already init i ali zed 

Used t o alternate i n 
"tacking" translation 
policies 



SHFTFLAG: Single precision variable scaled B14 and unitless, used 
to count multiplications by four; used in the square-root 
routine to maintain accuracy. 

SKIPUV0 , SKIPUV1: Single precision flags set equal to zero when either 
U or V-axis computations are to be skipped because a short jet 
fir ing was calculated on the last DAP pass. Scaled B14 and 
unitless. Program notation SKIPU and SKIPV. 

STIKSENS: A single precision conversion factor which converts a 
quadratic expression in hand-controller counts to a rate 
desired in revolutions per second. Scaled B-15 in units of 
revolutions per second per RHC - count squared. 

T5ADR: Double precision variable starting address for the TIME5 
interrupt. Set equal to "PAXIS" or 11 DAPIDLER". 

T6NEXTAX1 , T6NEXTAX1: Single precision quantities, program nota­
tions T6NEXT +1 and T6FURTHA +1, respectively, used to form 
a list of jets to be cut off at various intervals after the 
next TIME6 interrupt, scaled B14 and unitless. See description 
of NXT6AXIS. 

T6NEXT~_o, T6NEXTTM2..:. Single precision quantities, program notations 
T6NEXT and T6FUHTHA, respectively, used to store the time inter­
val after the next TIME6 interrupt when the jets indicated in 
T6NEXTAX1 and T6NEXTAX

3 
are to be cut off, scaled B10 in units 

of centiseconds. 

TCP, TCQR: A single precision timer used in the "direct" manual 
rate control. Scaled B14 with units of deciseconds. 

THETAD: See list of major variables. 

TIME5: Single precision counter incremented every 10 milliseconds 
(every centisecond) which causes the "T5RUPT" routine to be 
entered in the interrupt mode whenever it overflows. 

TIME6: Single precision counter decremented every 0.625 milliseconds 
when enabled ( channel 13, bit 15); causes the 11 DOT6RUPT" routine 
to be entered as an interrupt whenever it is reduced to zero (-0). 

TJ0 , TJ1 ,TJ2: Single precision jet fire times for the P,U and V 
axes, respectively, scaled B10 in units of centiseconds. Program 
notations TJP, TJU, and TJV. 

TRAPEDP, TRAPEDQ, TRAPEDR: Transient rate error measured as the 
difference between measured rate and calculated rate at every 
100 millisecond interval, filtered and used to correct rate 
calculation parameters, scaled B-3 in units of revolutions per 
second. Carefully limited in case of overflow to~ 0.12499 
(± 44,997 degrees). 

TRAPSIZE: Single precision filter deadband, stored as a negative 
quantity. Scaled B-3 in units of revolutions per second. 
Program notation, DAPTREG6. 
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UERROR, VERROR: Single precision storage for the attitude errors 
around the U and V axes, scaled B-1 in units of revolutions. 

URATEDIF, VRATEDIF: Single precision storage for attitude rate 
error in non-automatic modes of operation, scaled B-3 in units 
of revolutions per second. See definit ion of OMEGAU and OMEGAV. 

WCENTRAL: Single precision working storage for trim gimbal control 
logic. Using the notation of section 3 of the Luminary GSOP it 
contains w, the angular velocity, scaled B-3 with units of rev/sec. 
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Maneuver Codes 

Codes for jets with thrust perpendicular to the P-axis 

Bits 1-8 of channel 6 (in the order 8765 4321) (Jets 16,4,8,12, 11,15, 3,7) 

NUMBERI' -P Rotation +P Rotation -Y Trans. - Z Trans . 

6 
5 
4 
3 
2 
1 
0 

6 
5 
4 
3210 

6 
5 
4 
3 
2 
1 
0 

ROTINDEX = 0 ROTINDEX = 1 RDTINDEX = 2 ROTINDEX = 3 

1010 1010 
1010 0000 
0000 1010 
0010 1000 
1000 1000 
1000 0010 
0010 0010 

0101 0101 
0000 0101 
0101 0000 
0100 0001 
0001 0001 
0001 0100 
0100 ::noo 

OllO 0000 
0010 00001f 
0100 0000lf 
0110 00001< 
0000 00001< 
0000 OOJOlf 
0110 0000 lf 

+Y Trans. +Z Trans. +V Trans. 
RJTINDEX = 4 RJTINDEZ = 5 RITTINDEX = 6 

0000 1001 0110 1001 
0000 OJOl* 0010 0001 
0000 1000lf 0100 1000 

0000 OllO 
0000 01001< 
0000 0010 lf 
OOJO OOJO lf 
0000 0000lf 
0000 0110lf 
0000 ·Jll0 lf 

1001 0000 
1000 OJOJ* 
0001 0000lf 
meaningless meaningless meaningless (see above and below) 

-U Trans. -V Trans. +U Trans. +V Trans. 
RCJTINDEX = 7 ROTINDEX = 8 ROTINDEX = 9 ROTINDEX = 10 

0110 0110 
0010 0100 
0100 0010 
0110 JOOO* 
0000 00001< 
0000 0110* 
0110 01101f 

1001 0110 
1000 0100 
0001 0010 
0000 0000lf 
1001 0000* 
1001 0110* 
0000 Jll0lf 

1001 1001 
1000 0001 
00011000 
0000 lOOP 
1001 lOOP 
1001 00001f 
OJOO 0000-:f 

0110 1001 
0010 JOOl 
0100 1000 
0110 lOOP 
0000 lOOP 
0000 OJ00lf 
0110 00001f 

lf Those codes immediately followed by asterisks are meaningless 
because 1) they include less than two binary one's (less than 
twJ jets would be actuated), 2) they are identical t o a code higher 
in the list, or 3) they contain one pair of binary one's but this 
pair does not accomplish the required maneuver. 
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Maneuver Codes 

G_1des f or jets with thrust perpendicular to the Q-R plane 

Channel 5 bits 1-8 (in the order 8765,4321) (jets 14,13,10,9, 6 ,5,2,1 ) 

NUMBERI' 

4 
3 
2 
1 
0 

4 
3 
2 
1 
0 

-U Rotation 
R'JTINDEX .:.. 0 

0100 1000 
OOOJ 1000 
OlOJ 0000 
0000 1000lf 
::n oo ooooir 

-X Trans. 
RrJTINDEX = 4 

0101 0101 
8001 0001 
0100 0100 
OJJO OJCJ0 lf 
JlOl OlOP 

-V Rotation 
RCJT INDEX = 1 

0001 0010 
0001 0000 
0000 0'.)10 
0000 OJlQlf 
0001 0000lf 

+X Trans. 
R0TINDEX = 5 

1010 1010 
1000 1000 
0010 0010 
1010 1Ql0lf 
0000 0000lf 

+U Rotation 
ROTINDEX = 2 

lOJO OlOJ 
1000 0000 
000:) 0100 
1000 000,J lf 
0000 0100lf 

+V Rotation 
RJTINDEX = 3 

0010 0001 
0000 0001 
0010 0000 
0010 0000lf 
OOJO OJOP 

)} Those codes immediately f ollowed by asterisks are meaningless 
because, for the r otations, they are identical t o a code higher 
in the list, and f or the translations, they are identical t o a 
code higher in the list or are zero . It should be noted that the 
r otation codes derived with NUMBERI' = 0 or 1 are valid and are used 
t o assure that 1-jet rotation commands will complement 
X t ranslation commands in effect. 
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jet Thrust Directions, Numbers and Channel 5 or 6 codes 
(each jet indicated as belonging to either system A or B) 

1. Horizontal jets, P-axis rotations and Y,Z translations 

A Channel 6 

CI) 
A 

+~ ( + Y) 

~<i]s 
Jet Bit 

B G>,,_ 3 2 
4 7 
7 1 

' 8 6 +u.. 11 4 
12 5 
15 3 
16 8 

-+i 
(-+ ~) 

' 

+Y ' 

' 

11V~ ',.cGJ A 
JE, ~ B 

B 

2. Vertical jets, U,V axis rotations and P translations 

A 
Channel 2 

(y Jet Bit 
B 

( + X) 1 1 Cy +P 

, , '{jj 2 2 

~--,, ____ 

5 3 
8 6 4 

9 5 
A 10 6 

13 7 ,,. 
14 8 

+~ 
(+ ~) 

B 

A 
, 

+V --, ___ SD , 

~,,.- ,,,,"'' 

GJ 
~ f'l 

e 
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Digital Autopilot Phase Plane Logic 

1/ACCSET AOSQ and AOSR = 0 (most significant halves of d.p. words ) 

ALPHAQ and ALPHAR = 0 

1 /ACCJOB Perform "1 /ACCS" 

1 /ACCS 

End Job 

DOCKTEMP = bit 13 of DAPBOOLS (CSMDOCKD) 

LEMMASS = MASS 

If DOCKTEMP = 1, LEMMASS = MASS - CSMMASS 

Inhibit interrupts 

If FLG1RD10 bit 13 (APSFLAG) = 1: 

2JETLIM = K:nomaxjts 

i = 12 

(ascent or lunar surface) 

If LEMMASS < K:LOASCENT, LEMMASS = K:LOASCENT 

If LEMMASS ~ HIASCENT, LEMMASS = HIASCENT 

If FLG1RD10 bit 13 (APSFLAG) = 0: 

2JETLIM = K:2jlinrlwn 

i = 6 

If LEMMASS < K:LODESCNT + HIASCENT: 

LEMMASS = K:LODESCNT + HIASCENT 

If LEMMASS ~ K:HIDESCNT, LEMMASS = K:HIDESCNT 

MASS= LEMMASS 

If DOCKTEMP = 1, MASS= LEMMASS + CSMMASS 

Release interrupt inhibit 

If DOCKTEMP = 1 , proceed to "DOCKED" 

i = i - 2 

1JACCR = K:INERCONBi + K:INERCONAi/(LEMMASS + K:INERCONCi) 
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DOCKED 

i = i - 2 

1JACCQ = K:INERCONB . + K:INERCONA. / (LEMMASS + K:INERCONC.) 
l l l 

i = i - 2 

1JACCP = K:INERCONB. + K:INERCONA . / (LEMMASS + K:INERCONC.) 
l l l 

Perform 11 COMMEQS 11 ( see pg. DAPB - 22) 

1JACCU = - COEFFQ 1JACCQ + COEFFR 1JACCR (rescaled to B-2) 

If i > 0: 

ALLOWGTS = 0 

INGTS = 0 

(ascent) 

Proceed to 11 1/ACCONT" 

LPVTARM = K:LconB + K:LconA / (LEMMASS + K:LconC) 

MPAC0 = (K:dvtoacc ABDELV MASS/ K: GFAC"IM) LPVTARM 

Inhibit interrupts 

ACCDOTR = MPAC 0 1JACCR / K:TORKJET1 

ACCDOTQ = MPAC0 1JACCQ / K:TORKJET1 

Proceed to 11 SPSCONT 11 

(limited) 

(limited) 

MPAC0 = K:inrtcofC LEMMASS CSMMASS + K:inrtcofF 

(limited) 

MPAC0 = MPAC0 + (K:inrtcofA CSMMASS + K:inrtcofD) CSMMASS 

MPAC0 = MPAC0 + (K:inrtcofB LEMMASS + K:inrtcofE) LEMMASS 

MPAC1 = MPAC0 

MPAC0 = K:cgcoefC LEMMASS CSMMASS + K:cgcoefF 

MPAC0 = MPAC0 + (K:cgcoefA CSMMASS + K:cgcoefD) CSMMASS 

MPAC0 = MPAC0 + (K:cgcoefB LEMMASS + K: cgcoefE) LEMMASS 

1JACCP = K:1JACCON / MASS (limited) 

1dANET_14 = K:posmax 

1dANET+2 = K:posmax 
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1dANET+J = K:posmax 

1dANET+18 = K:posmax 

1dANET+19 = K:posmax 

Inhibit interrupts 

1JACCQ = K:T0RQC0NS / MPAC 1 

1JACCR = 1JACCQ 

C0EFFQ = - 0.70711 

C0EFFR = 0.70711 

ACCD0TR = K:dvtoacc ABDELV MASS MPAC
0 

/ MPAC 1 

ACCDOTQ = ACCD0TR 

SPSCONT QDAPK = ACCD0TQ K:DGBF 

RDAPK = ACCD0TR K:DGBF 

MPAC 1 = channel 12 

TS= bits 12 (-R GTS) and 11 (+R GTS) of MPAC
1 

If TS= 0, RACCD0T = 0 

If TS f. 0: 

If bit 12 of MPAC 1 = 0, RACCD0T = ACCD0TR 

If bit 12 of MPAC 1 = 1, RACCD0T = - ACCD0TR 

TS= bits 10 (-Q GTS) and 9 (+Q GTS) of MPAC 1 

If TS= 0, QACCD0T = 0 

If TS f. 0: 

If bit 10 of MPAC
1 

= 0, QACCD0T = ACCD0TQ 

If bit 10 of MPAC 1 = 1, QACCD0T = - ACCD0TQ 

If DAPB00LS bit 14 (USEQRJTS) = 1: 

ALLOWGTS = 0 

INGTS = 0 

Proceed to 11 DOCKTEST 11 
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If T5ADR t "PAXIS": 

ALLOWGTS = 0 

INGTS = 0 

Proceed to 11 COCKTEST 11 

If INGTS = 0. perform "TI'.ffi~MBL" 

DX,K'J'EST If DOCKTEMP = 1. proceed to 11 1/ACCRET" 

1LACCONT DBVAL1 = DB 

DBVAL2 = - 3 DB/ 4 

DBVAL3 = DB / 2 

Tn h i. bit i.nterrupts 

AOSU = -COEFFQ AOSQ + COEFFR AOSR 

AOSV = COEFFQ AOSQ + COEFFR AOSR 

Release interrupt inhib i t 

DRIFTER= bit 8 ~f DAPBOOLS (DRIFTBIT) 

FLATEXP = 0 

If ALLOWGTS = 1 or DRIFTER= 1: 

FLATE"W = K:FLATVAL 

Z3TEM = 0 

If DRIFTER= 1: 

Z3TEM = K:ZONEJMAX 

TS= 1 + 2 1JACCP / K:acp 

Inhi bi t ; nterrupts 

1dANET_14 = 1 / (2 1JACCP) 

1dANET_13 = 1 / (2 1JACCP) 

ACCFCT_14 = (- 1dANET_
14

) / TS 

ACCFCT_ 13 = ACCFCT_14 

1dACOAST_ 1~ = K:1dp03 

1dACOAST_15 = K:1dp03 
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Release interrupt inhibit 

If DRIFTER= 1, A0SU and A0SV = 0 

UV = 0 

B0THAXES i = 0 

If UV= 0: 

If A0SU ~ 0, i = 1 

ABSA0S = jAosuj 

If UV= 1: 

If A0Sv ~ 0, i = 1 

ABSA0S = IAosvl 

DBB1 = DBVAL1 

DBB2 = DBVAL 1 

If ABSA0S ~ K:miniacc, proceed to "N0TMUCH" 

If FLATEMP = 0: (powered flight without fine GTS) 

If i = 0: 

DBB2 = DBB2 + DBVAL 1 

DBB4 = DBB2 

If ABSA0S ~ K:m. 1875 

DBB1 = (1 - 32 ABSA0S) DB 

Skip next step 

DBB1 = - DBVAL3 

DBB 3 = DBVAL2 

If i = 1: 

DBB1 = DBB1 + DBVAL1 

DBBJ = DBB1 

If ABSA0S ~ K:m. 1875 

DBB2 = ( 1 - 32 ABSA0S) DB 

Skip next step 

DBB2 = - DBV AL3 

DBB4 = DBV AL2 

j=li-11 

1dAC0STT . = 8/9 ( 1/ ABSA0S) 
J 

1dAC0STT. = K:1dp03 
1. 
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TS = 1 + (2 lJACCU + ABSAOS) / K:acp 

If overflow (ITS I ~ 2
6): (ANET ~ 88.6 degrees/second2 ) 

ANET = lJACCU + ½ ABSA0S 

ld.ATEMP = ½/ANET 

TSf = - ½ ld.ATEMP /(½ + ANET/ K:acp) 

Proceed to "ACCTHERE" 

ANET = 2 lJACCU + ABSA0S 

ld.ATEMP = 1 / ANET 

TSf = - ld.ATEMP / (1 + ANET/ K:acp) 

Proceed to "ACCTHERE" 

N0TMUCH ld.AC0STT0 = K:ldp03 

ld.AC0STT1 = K:ldp03 

If FLATEMP = 0 : 

If ABSA0S > K:m.iniacc - K:tinyacc: 

If i = 0: 

DBB3 = DBV AL3 

DBB4 = 2 DBVAL3 

If i = 1 : 

DB~ = DBVAL3 

DBB3 = 2 DBVAL3 

If ABSAOS ~ ,K:m.iniacc - K:tinyacc: 

DBB3 = DBVALl 

DBB4 = DBVW 

AJmT = 2 lJACCU + ~AOO 

ld.ATEMP = 1 / ANET 

TSf = - lcUTOO' / (1 + AHE'1' / IC :acp) 
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j = Ii - 1 I 
ACCTHERE ACFTEMj+2 = TSf 

ldATEMl j+2 = ldATEMP 

TS = 1 + (lJACCU + ABSAOS) / K:acp 

If overflow (ITS~ ~ 26): 

TS = K:posmaxsp 

ANET = K:acp (TS - 1) 

ldATEMP = 1 / ANET 

TSf = - ldATEMP / (1 + ANET/ K:acp) 

ACFTEM. = TSf 
J 

ldATEMlj = ldATEMP 

ANET = 2 lJACCU - ABSAOS 

ACCSWTEM = 0 

If ANET !:: K : miniac c : 

ANET = K:miniacc 

ldATEMP = 1 / ANET 

TSf = - ldATEMP / ( 1 + ANET ldACOSTT . ) 
J 

ACFTEM. 2 = TSf i + 

ldATEMli+2 = ldATEMP 

ANET= lJACCU - ABSAOS 

If ANET ~ K :miniacc: 

ACCSWTEM = 2 i - 1 

(replace 1-jet params with 2-jet params 
unless relevant jet failed.) 

If lN = 0 and i = 0 and bits 4 and 7 of CH5MASK = 0: 

Proceed to "S'l'MIN-" (no minus U jets failed) 
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STMlN-

(If A.NET ~ K:m.iniacc) 

If UV = 0 and i = l and bite 3 and 8 ot CH,KASX = 0 : 

Proceed to 11 STMIN-11 (no plus U jete failed) 

If UV= 1 and i = 0 and bits 2 and 5 of CH5MASK = 0: 

Proceed to "S'l'Mllf- 11 (no minus V jets failed) 

If UV= 1 and i = 1 and bits 1 snd 6 of CH5MASK = 0: 

Proceed to 11STMIN-11 (no plus V jets failed) 

ANET= K:miniacc (jet failure; use K:miniacc instead 
of 2-jet parameters) 

ld.ATEMP = 1 / ANET 

TSf = - ldATEMP / (1 + ANET ld.AC0STTj) 

ACFTEM. = TSf 
1. 

ldATEMl. = ld.ATEMP 
1. 

If UV = 0 and bit 3 or 8 of CH5MASK = 1, or if UV = 1 and bit 
1 or 6 of CH5MASK = 1: (jet failure - Jl)Qsi.tive t.orque) 

ldATEMlJ = ld.ATEM11 

ACF'I'ID-j = ACFTE?\ 

If UV= 0 and bit 4 or 7 of CH5MASK = 1, or if UV= 1 and bit 
2 or 5 of CH5MASK = 1: (jet failure - ne~ative torque) 

ldATEM12 = ld.ATEM10 

AC~= ACf1'EMo 

AXDSTE:Ma = FLA~ + DBBl - DBB3 

AXDSTEf\ = FLATEffl' + DBB2 - DBB4 

Inhibit interrupts 

ACCSWUV = ACCSWTEM 

If UV = 0: 

ldANETo = ld.A'l'EMlo 

DAPB - 8 



(If UV= 0) 

ldANET1 = ld.ATEM11 

ldANET2 = ld.ATEM12 

ldANETJ = ldATEMlJ 

l~COAST0 = ldACOSTT0 

ld.ACOAST1 = ld.ACOSTT1 

ACCFCT0 = ACF"I'El-fo 

ACCFCT1 = ACFI'El\ 

ACCFCT2 = ACFI'EM2 

ACCFCTJ = ACFTEtj 

Release interrupt inhibit 

UDBl = DBBl 

UDB2 = DBB2 

UDB3 = DBBJ 

UDB4 = DBB4 

UAXDIST0 = AXDS'!'EMa 

UAXDIST1 = AXDS'I'E?\ 

UV= 1 

Proceed to "BOTHAXE.5 11 

ldANET16 = ldATEM10 

ldANET17 = ld.ATEM11 

ldANET
18 

= ld.ATEM12 

ldANET19 = ld.ATEMl.3 

ld.ACOAST16 = ld.ACOSTT0 

ld.ACOAST17 = ld.ACOSTT1 
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ACCFCT16 = ACFI'EMa 

ACCFCT17 = AC~ 

ACCFCT18 = ACF~ 

ACCFCT19 = AC~ 

FLAT = FLATEMP 

ZONE3LIM = Z3 TEM 

FIRIDB_16 = DEVALl 

FIREDB_15 = DEVALl 

COASTDB_16 = DEVALl + FLAT 

COASTDB_15 = DEVALl + FLAT 

AXISDIST_16 = 0 

AXISDIST_15 = 0 

If FLAT '> 0: 

FIRED BO = DEV ALl 

FIREDB1 = DEV ALl 

FIR.EDB16 = DEVAL! 

FIREDB
17

_= DBVALl 

COASTDB0 = DEVAL! + FLAT 

COASTDB1 = DBVALl + FLAT 

COASTDB16 = D1?VAL1 + FLAT 

COASTDB17 = DBVALl + FLAT 

AXISDIST0 = 0 

.AXISDIST1 = 0 

AXISDIST16 = 0 

AXISDIST17 = 0 
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If FLAT = 0: (Powered flight without fine GTS) 

FIREDB0 = UDBl 

FIREDB1 = UDB2 

COASTDB0 = UDB4 

COASTDB1 = UDB3 

AXISDIST0 = UAXDIST0 

AXISDIST1 = UAXDIST1 

FIREDB16 = DBBl 

FIREDB1? = DBB2 

COASTDB16 = DBB4 

COASTDB17 = DBB3 

AXISDIST16 = AXDSTEMo 

AXISDIST17 = AXDSTEt\ 

1/ACCRET Switch DAPBOOLS bit 3 (ACCSOKAY) to 1 

Release interrupt inhibit 

Return 
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f,TEf'LAW HOIDQ ret11rn ::iddress 

ADRSDIFl K:AX.ISDIFFAXISCTR 

If ED0T > 0: 

ADRSDIF2 ~- ADRSDIFl 

R0TSENSE ~ K:SENS0R 

If ED0T :S 0: 

E = - E 

EDOT -= - ED0T 

ADRSDIFl = ADRSDIFl + 1 

ADRSDIF2 ~ ADRSDIFl 

ROTSENSE = - K:SENS0R 

(-16, 0 or 16; see 
description of 
storage sequence 
at end of glossary) 

i = ADRSDIFl 

If !El .2_ 2 - ): (jEf ~ 11.25 degrees) 

If E < 0 , proceed t o 11 RUFLAW1 11 

If E > 0, proceed to 11 RUFLAW2 11 

(E = E rescaled from 8-1 to B-3) 

If IEDOT \ ~ 2-6, proceed to 11 RUFLAW3 11 

(ED0T ~ ED0T rescaled f rom B-3 to B-6) 

ED0TSQ - ED0T2 

If IE\ -::; FIREDBi - K:m3deg 

NlJMHEHT ,._ SENSETYP - 1 

(ED0T ·2: 5.625 deg/sec) 

If \EI ) F'IREDB . - K:m3deg or if SENSETYP = 0: 
1 

ADR.SDIF2 = ADRSDIF2 ·t 2 

NUMBERT = 4 

j --= ADRSDIF2 
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FIREFCT = FIREDBi - ½ ld.ANETj ED0TSQ - E 

If FIREFCT <. 0 : 

Perform 11 Z123C0MP 11 

If FIREFCT + FLAT ~ 0: 

TS = FIREFCT + FLAT 

Proceed to 11 Z0NE1 11 ( reverse rate error and 
reach switch curve) 

If TTOAXIS > Z0NE3LIM, proceed to 11 Z0NE2 11 (null rate error 

Proceed to 11 Z0NE3 11 (minimum impulse zone) 

TS = C0ASTDB. + ½ ldAC0AST . ED0TSQ + E 
l l 

If TS ). 0, proceed to II Z0NE4 11 ( coast zone) 

Proceed to "Z0NE5" (increase error rate and reach 
switch curve) 

Z123C0MP R0TSENSE = - ROTSENSE 

TTOAXIS = EDOT ldANET . 
J 

If TT0AXIS > K: tjmax: 

TSt = K:250msB2 

Proceed to 11 RETURNTJ 11 

Return 

HH = 2 (TS - AXISDISTi) ACCFCTj 

2 TS= (TT0AXIS - K:tjmax) - HH 

( ACCFCT . i ·s negative) 
J 

(only high half of HH used) 

If TS ~ 0: (total time greater than K:tjmax) 

TSt = K: 250msB2 

Proceed to 11RETURNTJ11 

If HH ::> K: 50mssq: (H between 44 and 150 milliseconds) 

TSt = ( HH / K: 200msB2) + K: 3 7. 5msB2 + TT0AXIS 
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Z\• tlJl:~.j 

(H between O anri 114 milliseconds) 

'J'S L ( HJ-I / K : 50msB2) t TTOAXIS 

lf '!':::it ~ K: tjm.i.n, TSt - 0 

Pl'CJceed to 11 RE'l'lJRNT,J 11 

'!'St, - TTOAXIS 

Proceed to 11RETURNTJ 11 

'l'SL - K:m..i.nimpt 

If EDOT , 2-17, 'l'St =-'- 0 

Pf' oc~ed to 11RE'I'URNTJ 11 

AX.lSCTH. + 1 

(illegally small jet on time changed 
to minimum impulse in 11 PJETSLEC 11 or 
11 AFTERTJ 11 ) 

l :· ' !.' J
I 

RUTS:ENSE < 0: (jets on and firing toward desired state) 
•'-

Jf FLAT -- 0 and AXISDIST. - FIREFCT ";, 0: 
)_ 

Per form II Z123 COMP 11 

'l'S '-- FIREFC'I' 

Pro(:eed to 11 ZONEl II 

H F'LAT > 0 and FIREFCT ·- 2 FIREDB. < 0: 
)_ 

Perfo1·m 11 Z1 23COMP 11 

If TTOAXIS > ZONEJLIM, proceed to 11zoNE2 11 

Proceed to 11zoNE.3 11 

( I:1 ci.l i. othe1· cases, coast) 

TSt ( J 

PJ.' OCecd tc, 11 R.E'fllH.NTJ·11 

11 ftUl'SENS.l<; < 0 , j '-- j - 1 

l f HCJ 'l'SEN~.1£ > 0, j j + 1 
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TTOAXIS = ld.ANETj ED0T 

TS= HH - K:100msB2 TTOAXIS - K:50mssq 

If TS i 0: 

TSt = ½ HH / ( TTOAXIS + K: 25msB2) 

If TSt S K:tjmi.n, TSt = 0 

Proceed to "RETURNTJ" 

TS= HH - K:300msB2 TTOAXIS - K:150mssq 

If TS > 0: 

TSt = K:250msB2 

Proceed to "RETURNTJ" 

(more sig half of HH) 

TSt = ½ (HH + K:85mssq) / (TTOAXIS + K:100msB2) 

Proceed to "RETURNTJ11 

RUFLAWl ED0T = ED0T - K: RUFRATE 

If ED0T ~ 0: (rate below 6. 50 degrees per second) 

NUMBERT = 4 

FIREFCT = - K:posmaxsp (if P-axis, call for 4 jets ) 

ADRSDIF2 = ADRSDIF2 + 1 signR0TSENSE 

TS= - ED0T 

Proceed to "RUFLAW12" 

R0TSENSE = - R0TSENSE 

NUMBERT = 4 

FI.REFCT = - K:posmaxsp 

TS = ED0T 

Proceed to "RUFLAW12" 

RUFLAW2 R0TSENSE = - R0TSENSE 
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NlJMBERT "- 4 

FIB.EFCT ~ - K:posmaxsp 

TS = EDOT + K:RUFRATE 

If overflow ( ITS I ~ 2-J): 

TSt = K: 250msB2 

Proceed to 11 RETURNTJ 11 

RUFLAW12 j 0 ~ ADRSDIF2 + 2 

TSt = TS ldANETj 

If TSt ~ K: 4secB5: 

TSt --= K:25CAnsB2 

Proceed to 11 RETURNTJ 11 

TSt = TSt rescaled from B5 to B2 

If TSt <. K:tjmin, TSt = 0 

Proceed to 11 RETURNTJ 11 

RUFLAWJ ROTSENSE = - ROTSENSE 

NUMBERT =0 4 

( if P-axis, cal l for 4 j ets) 

FIREF'CT ...,_ - K:posmax:.sp (if P-axis, call for 4 jets ) 

i = ADRSDIFl + 2 ( = ADRSDIF2 + 2) 

TS - E -+ ½ ldANETi EDO~ - FIREDBi_2 

If TS )- 0, TSt = K: 250msB2 

If TS < 0, TSt = 0 

RETURNTJ i = AX.ISCTR + 1 

T J. = TSt ROTSENSE 
l 

If TJi ACCSWAXISCTR ) 0: 

NUMBERT = 4 

Return via HOLDQ 
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SPSRCS i = AXISCTR + 1 

If TJi = 0: 

OLDSENSE = 0 

Proceed to 11 SPSSTART 11 

OLDSENSE = 1 signTJi 

TS 1 = - OLDSENSE EDOT 

If DAPBOOI.S bit 8 (DRIFTBIT) = 0: 

TS 1 = TS 1 + K:RATEDB1 

(powered flight) 

If TS 1 ) 0, proceed to 2nd line of 11 POSTHRST 11 

SPSSTART IfjEDOT K:RATELIM11 ~ 1: (check to see if outer rate limit 
has been exceeded) 

TSt = - O. 5 signEDOT 

Proceed to "POSTHRST" 

TS 2 = DKDB (K:m3tom1 EDOT + E) 

TSt = 0 

IflTS 21 < 1, proceed to 11 POSTHRST 11 

If TS 2 < 0 and EDOT < K:RATELIM2, TSt 

(E will be less than the 
deadband within 4 seconds 
without firing) 

= 0.5 

If TS 2 > 0 and EDOT >-K:RATELIM2, TSt = - 0.5 ( if within the 
inner rate limit 
fire toward it) 

POSTHRST TJi = K:BOtoB10 TSt 
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If OI.DSENSE = O, proceed to 11 CTRCHECK11 

If OI.DSENSE > 0: 

TS= TJ. 
1 

Skip next step 

TS= - TJ 
i 

( OillSENSE < 0) 

CTRCHECK 

RESTORDB 

I::' TS > O, return 

PJETCTRi = K: UTIMEi 

TJ = 0 
i 

Return 

If PJETCTR. = O, return 
1 

TJ = 0 
i 

Return 

If DAPBOOI.S bit 5 (DBSLECT2) = 1, 

If DAPBOOI.S bit 4 (DESELECT) = 0 , 

D3 = K:POWERDB 

Proceed to 2nd step of 11 SETMAXDB 11 

SETMINDB DB= K:NARROWDB 

Establish 11 1/ ACCJOB 11 

Return 

SETMAXDB D3 = K:WIDEDB 

Establish 11 1/ ACCJOB 11 

Return 

PFLITEDB Perform 11 ZATTEROR 11 

DB = K:POWERDB 

Establish 11 1/ ACCJOB" 

Return 
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(Entered from a verb 48, this is Routine 03) 

DAPDATA1 DAPDATR1 = bits 13, 11, 10, 7, 5, 4, 2 and 1 of DAPBOOLS 
(CSMDOCKD,ACC40R2X,AORBTRAN, RHCSCALE, DBSLECT2,DBSELECT, 

DPDAT1 

AUTRATE2,AUTRATE1) 

If FLJWRD10, bit 13(APSFLAG) = 1: DAPDATR1 ,bit14 = O, otherwise 
DAPDATR1 bit 14 = 1 

If DAPDATR1, bits 13 and 14 = O, set bit 13 of DAPDATR1 = 1 

Perform 11 GOXDSPFR 11 with TS = K:V01N46 (display DAPDATR1) 
(If terminate, proceed to 11 ENDEXT 11 ; If proceed, proceed to 
"DPDAT1 11 ; other response, skip next two steps) 

Perform "BLANKET" with TS= 000068 

End job 

DAPDATR1 = bits 14, 13, 11, 10, 7, 5, 4, 2 and 1 of DAPDATR1 

Proceed to third step of "DAPDATA1" 

Inhibit interrupts 

FLGWRD10, bit 13 (APSFLAG) = complement of DAPDATR1, bit 14 

If DAPDATR1, bi~s 13 and 14 f 1, bit 13 of DAPDATR1 = 0 

Set bits 13,11,10,7,5,4,2 and 1 of DAPBOOLS = bits 13,11,10,7, 
5,4,2 and 1 of DAPDATR1 

MASS = LEMMASS 

If DAPBOOLS bit 13 (CSMDOCKD) = 1, MASS= MASS+ CSMMASS 

If DAPBOOLS bit 11 (ACC40R2X) = 1, switch FLAGWRD1 bit 15 (NJETSFLG) to 

If DAPBOOLS bit 11 (ACC40R2X) = 0: 

Switch FLAGWRD1 bit 15 (NJETSFLG) to 1 

RATEINDX = bits 2 and 1 of DAPBOOLS 

STIKLOAD STIKSENS = K:FINE 

If DAPBOOLS bit 7 (RHCSCALE) = 1: 

STIKSENS = STIKSENS + K:NORMAL 
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RATEDB = K:m0.6DdS 

If DAPBOOLS bit 13 (CSMDOCKD) = 1: 

STIKSENS = K:1d10 STIKSENS 

RATEDB = K:m0.3DdS 

Release interrupt inhibit 

DAPDATA2 Perform 11 GOXDSPFR 11 with TS = K:V06N47 (LEMMASS, CSMMASS) 
(If terminate, proceed to 11 ENDR03"; if proceed, skip 
next two steps; if other response, repeat this step.) 

Perform 11BLANKET 11 with TS= 000048 

End ,Tab 

TS = K:MINMINIM (ascent) 

If FLGWRD10 bit 13 (APSFLAG) = O, TS= TS+ K:MINIMD 

If LEMMASS $ TS, proceed to 11 DAPDATA2" 

(descent) 

MASS= LEMMASS 

If DAPBOOLS bit 13 (CSMDOCKD) = 1: 

If CSMMASS S K:MINCSM, proceed to 11 DAPDATA2" 

MASS= LEMMAS3 + CSMMASS 

Perfor-m 11 RESTORDB 11 with interrupts inhibited 

IfFLGWRD10 bit 13 (APSFLAG) = 1, proceed to 11 ENDEXT 11 (ascent) 

Perform 11 GOXDSPFR 11 with TS = K:V06N48 (PITTIME, ROLLTIME) 
(If terminate, proceed to 11 ENDEXT 11 ; if proceed, skip 
next two steps; if other response, repeat this step) 

Perform "BLANKET" with TS = 00004
8 

End Job 

Call 11 TRIMGIMB 11 in 0.01 second 

Ei1d Job 
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TRIMGIMB Switch FLAGWRD6 bit 10 (GMBDRVSW) to 0 

Switch bits 12 and 10 of channel 12 to O (-Q and-Roff) 

Switch bits 11 and 9 of channel 12 to 1 (+Q and +Ron) 

Delay 60 seconds (drive gimbals to stops) 

Switch bits 11 and 9 of channel 12 to 0 

S~itch bits 12 and 10 of channel 12 to 1 

Call 11 PITCHOFF 11 in PITTIME centiseconds 

Delay ROLLTIME centiseconds 

Switch bit 12 of channel 12 to 0 

Skip next step 

PITCHOFF Switch bit 10 of channel 12 to 0 

If FLAGWRD6 bit 10 ( GMBDRVSW) = 1, establish 11 TRIMDONE" 

If FLAGWRD6 bit 10 = O, switch FLAGWRD6 bit 10 to 1 

End task 

(pr10) 

TRIMDONE Perform 11 GOMARKJR 11 with TS = K:V50N48 (PITTIME, ROLLTIME) The 
TS is formed by adding 1.30008 to K:V06N48 

ENDROJ 

(If terminate, proceed to 11 ENDEXT 11 ; if proceed, proceed 
to 11 ENDEXT 11 ; If other response, proceed to 11 ENDEXT 11 ) 

Perform "BLANKET" with TS = 00024g 

End job 

Inhibit interrupts 

Perform 11RF.8TORDB" 

Proceed to 11 ENDEXT 11 
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CO MMEQ;3 If 1 JACCR 5 1 JACCQ, proceed to "BIG IQ" 

EPSILON= (1JACCQ - 1JACCR) / 1JACCQ 

BIGIQ 

If EPSILON > K:EPSMAX, EPSILON = K:EPSMAX 

COEFFR = K:0.707 + K:0.35356 EPSILON 

COEFFQ = (-1 + EPSILON) COEFFR 

Return 

mEPSILON = (1JACCQ - 1JACCR) / 1JACCR 

If lmEPSILONI > K:EPSMAX, mEPSILON = -K:EPSMAX 

COEFFQ = -K:0.707 + K:0 . 35356 mEPSILON 

COEFFR = (-1 - rnEPSILON) COEFFQ 

Return 
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Quantities In Computations 

1dACOAST_16, 1dACOAST0, 1dACOAST16, 1dACOSTT0 : Single precision inverse 

of magnitude of offset acceleration expected to oppose positive jet 
torques, scaled B8 in units of seconds squared per revolution. 
Limited to a maximum value. See description of storage sequence 
below. 

1dACOAST_15 , 1dACOAST1, 1dACOAST17, 1dACOSTT1 : Single precision inverse 

of magnitude of offset acceleration expected to oppose negative jet 
torques, scaled B8 in units of seconds squared per revolution. Limited 
to a maximum value. See description of storage sequence below. 

1dANET0 , 1dANET16, 1.dATEM1
0

, 1dATEMP: Single precision inverse of the 

1-jet, net acceleration expected in a negative sense around an axis, 
scaled B8 in units of seconds squared per revolution. If this 1-jet 
acceleration cannot counteract an opposing offset acceleration and the 
required jets are not failed, the appropriate ACCSW is set to -1 and 
the inverse of the 2-jet, net acceleration is stored in this cell. 
See description of storage sequence below. 

1dANET1, 1dANET17, 1dATEM1 1, 1dATEMP: Single precision inverse of the 
1-jet, net acceleration expected in a positive sense around an axis, 
scaled B8 in units of seconds squared per revolution. If this 1-jet 
acceleration cannot counteract an opposing offset acceleration and the 
required jets are not failed, the apprcpriate ACCSW is set to 1 and 
the inverse of the 2-jet, net acceleration is stored in this cell. 
See description of storage sequence below. 

1dANET_14, 1dANET2, 1dANET18, 1dATEM1 2, 1dATEMP: Single precision inverse 
of the 2-jet, net acceleration expected in a negative sense around an 
axis, scaled B8 in units of seconds squared per revolution. If a jet 
failure is present for the axis in question, the 1-jet, net accelera­
tion is stored in this cell. See description of storage sequence below. 

1dANET_13, 1dANET
3

, 1dANET19, 1dATEM1
3

, 1dATEMP: Single precision inverse 
of the 2-jet, net acceleration expected in a positive sense around an 
axis, scaled B8 in units of seconds squared per revolution. If a jet 
failure is present for the axis in question, the 1-jet, net acceleration 
is stored in this cell. See description of storage sequence below. 

1JACCP, 1JACCQ, 1JACCR: (Program notation also 1JACC, 1JACC +1, and 
1JACC +2, respectively). Single precision angular accelerations 
expected from a single RCS jet fired around the P,Q and R axes, 
respectively; computed in 11 1/ACCS" or in "DOCKED" from empirical func­
tions of the mass of the vehicle, scaled B-3 in units of revolutions 
per second squared. 
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lJAC:ClJ: Singl e preci sion angular accele r ation expec t ed f r om a 
single RCS jet fired around the U or V axes; computed from a 

functio n of 1JACCQ and 1JACCR and scaled B-2 in units of 
r evolu t i ons per second squared. 

2J ET LIM: See DAPA sect ion. 

ABDELV: Single precision magnitude of sensed change in velocity, 
scaled Bl4 in units of centimeters per second. 

ABSAOS : Single precision magnitude of sensed offset acceleration, 
s caled B-2 in units of revolutions per second squared. 

ACC DOTQ, ACCDOTR: Magnitude of rate of change of the offset acceleration; 
a function of inertia and e.g. position for the DPS whose gimbals are 
dr iven at a constant rate; zero for the APS which has no gimbals; 
scaled B-8 in units of revolutions per second cubed. Single precision. 

ACCFCT0 , ACCFCT
16

, ACFTEM0 : Single precision function defining the inter­
s ection on tne phase plane of two parabolic trajectories (paths of 
cons t ant acceleration), scaled B8 in units of seconds squared per 
revolution. One trajectory corresponds to the 1-jet, net acceleration 
expected in a negative sense around an axis, and the other trajectory 
corresponds to the offset acceleration expected in a positive sense 
around an axis. If no offset acceleration is expected in a positive 
sens e around the axis , the second parabola is based on a minimum accelera­
t i on and defines the minimum limit cycle that can be achieved. See 
description of storage sequence below. 

ACC FCT1 , ACCFCT
17

, ACFTEM 1 : Single precision function defining the inter­
section on tne phase plane of two parabolic trajectories (paths of 
constant acceleration), scaled B8 in units of seconds squared per 
revolution. One trajectory corresponds to the 1-jet, net acceleration 
expected in a positive sense around an axis, and the other trajectory 
corresponds to the offset acceleration expected in a negative sense 
around an axis. If no offset acceleration is expected in a negative 
sense around the axis, the second parabola is based on a minimum accelera­
tion and defines the minimum limit cycle that can be achieved. See des­
cription of storage sequence below. 

ACCFC T_
14

, ACCFCT
2

, ACCFCT
18

, ACFTEM
2

: Single precision function defining 
t he i ntersection on the phase plane of two parabolic trajectories 
(paths of constant acceleration) , scaled B8 in units of seconds squared 
per revolution. One trajectory corresponds to the 2-jet, net accelera­
ti on expected in a negative sense around an ·axis, and the other trajec­
to r y corresponds to the offset acceleration expected in a positive 
sense around an axis. If no offset acceleration is expected in a 
pos itive sense around the axis , the second parabola is based on a 
mi nimum acceleration and defines the minimum limit c ycle that can be 
a c hi eved. See description of storage sequence below. 
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ACCFCT_ 13 , ACCFCT3 , ACCFCT19 , ACFTEM3 : Single precision function defining 
the intersection on the phase plane of two parabolic trajectories 
(paths of constant acceleration) , scaled B8 in units of seconds squared 
per revolution. One trajectory corresponds to the 2-jet, net accelera­
tion expected in a positive sense around an axis, and the other trajec­
tory c orresponds to the offset acceleration expected in a negative 
sense a round an axis. If no offset acceleration is expected in a 
negative sense around the axis, the second parabola is based on a 
minimum acceleration and defines the minimum limit cycle that can be 
ach i eved. See description of storage sequence below. 

ACCsw
0

, ACCSW
1

, ACCSWTEM: Single precision, three-option switches for the 
U and V axes , respectively , scaled Bl4 and unitless. Set if the net 
acceleration in one direction is very small (large opposing offset 
acceleration) to indicate to "TJETLAW" that maximum jets must be used 
if a rotation in that direction is required. (See "RETURNTJ".) 

ADRSDIFl, ADRSDIF2: Single precision address indices, scaled Bl4 and 
unitless. ADRSDIFl distinguishes among the 3 axes and between positive 
and negative torque and acceleration parameters; ADRSDIF2 distinguishes 
between one and two jet parameters. (Only 2-jet parameters computed 
for the P-axis.) 

ALLOWGTS: See DAPA Section. 

ALPHAQ, ALPHAR: See DAPA Section. 

ANET: Single precision expected net acceleration, scaled B-2 in units 
of revolutions per second squared. 

AOSQ, AOSR: See DAPA Section. 

AOSU, AOSV: Single precision disturbing acceleration due to thrust vector/ 
e.g. offset or other external torques around the U and V axes respec­
tively, scaled B-2 in units of revolutions per second squared. 

AXISCTR: See DAPA Section. 

AXISDIST.: Single precision difference between the E axis intercept 
defining the zone 1 boundary and the E axis intercept defining the 
cutoff parabola, scaled B-3 in units of revolutions. The cutoff para­
bola is one with slope defined by Amin and intercept at FIREDB + 
FLAT on the same side of the EDOT axis, or the cutoff parabola is one 
with slope defined by offset acceleration and intercept at 0.75 FIREDB 
on the other side of the EDOT ax i s. 
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AIISDIST _16 , AXISDISTo , AXISDIST16, AXDSTEM(), UAXDIS'l'o : AXIS DIST for 
pos itive EDOT. 

AXISDIST_15 , AXISDIST1 , AXISDIST17 , AXDSTEM1 , UAXDIST1 : AXISDIST f or 
negative EDOT. 

CH5MASK: See DA.PA Section . 

COASTDBi ( i = -16, -15, O, 1, 16 , 17): Single precision deadband de­
fining- the ZONE4 , ZONE5 border, scaled B-3 in units )f revolutions. 
See description of storage sequence below. 

COEFFQ , COEFFR: See DA.PA Section . 

CSMMASS : Single precision astronaut input of the mass of the C:SM, 
scaled Bl6 in units of kilograms. Part of erasable load. 

DAPBJOLS: See DA.PA Section. 

DAPDATRl : Single precision communication cell used in the astronaut 
interface r o'1t ine to allow him to change APSFLAG and selected bi ts 
of DAPBOOLS. 

DB: Single precision RCS deadband, set by the astronaut or by internal 
programs at one of 3 fixed values, scaled B-3 in ·.mi ts of revolutions. 

DBBl, DBB4: FIREDB and COASTDB for p,) sitive EDOT , scaled B-3 in units of 
revolutions. 

D3B2, DBB3: FIREDB and COASTDB for negative EDOT , scaled B-3 in units of 
revolutions. 

DBVALl, DBVAL2, DBV.A.13 : Single precision modifications t o the basic 
deadband used to define COASTDB and FIREDB under various different 
operational conditions of the DAP, scaled B--3 in units of revolutions . 

DKDB : Single precision inverse of the attitude deadband in the CSM-docked 
RCS control law, scaled Bl5 in units of revs-1 ; initialized to 0020J8 ( correspo'.1ding to 1/1.4 deg ) by a fresh start. Part of erasable load. 

DOC KTEMP : Single precision storage f or bit 13 of DAPBOOLS s~aled B2 
and unitless. Used to eliminate unnecessary masking operations. 

DRIFTER: Si ngle predsion storage f or bit 8 of DAPBOOLS to assure 
uniformity of drifting flight assumpti ons throughout 111/ ACCS," 
scaled Bl4 and unitless. 
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E, EDOT: Single precision attitude error and attitude rate error used t o 
define positions on the phase plane and calculate the duration of any 
R ~S jet firings that are deemed necessary, scaled B-1 and B- 3, re­
spectively in units of revolutions and revolutions per second at entry 
to "T JET LAW" and "SPSRCS" subroutines. Note that EDar is also used as 
rate-to-be-gained in response to RHC commands. 

EDOTSQ: Single precision square of EDOT, scaled B-10 in units of 
revolutions squared per second squared. 

EPSILON: Single precision quantity providing a measure of control torque 
cross-coupling. It is equal to the ratio of the Q-axis inertia to the 
R-axis inertia subtractej from one. Scaled BO and unitless . 

FIREDBi (i = -16, -15, O, 1, 16, 17): Single precision deadband defining 
the ZONE123, ZONE,4. border, scaled B-3 in units of revolutions. 

FIREFCT: Single precision function of E, EDOT, net acceleration and 
FIREDB used to define zones 1-2-3 and 4-5 and used with ACCFCT and 
TTOAXIS to calculate the duration of the RCS jet firing time, scaled 
B-3 in units of revolutions. See description of storage sequence below. 

FLAT, FLATEMP: Single precision deadband defining the ZONEl, ZONE2- 3 
boundary, scaled B-3 in units of revolutions . 

RH: The double precision square of the time from the E-axis to the inter­
section of the parabolic phase plane trajectories and the parabolic 
switch ~urve, scaled B4 in units of seconds squared. 

HIASCENT: Single precision upper bound on the mass of the as -::ent stage, 
scaled Bl6 in units of kilograms. Initialized in fresh start and/or 
loaded with the erasable load. 

HOLDQ: Single precision octal return address storage. 

IN}TS: See DAPA Section . 

K:0,35356: Single precision constant, stored as 13241g. It is equal 
to v2/4, scaled BO and unitless. 

K:0.707: Single precision constant, program notation .7071, stored as 
26501g, scaled BO and unitless. Equation value: 0.70709 

K:100msB2: Single precision constant, program notation -. 05AT2 or .1AT4, 
stored at ±0,025, scaled B2 in units of seconds . Equation value: +0 . 1 
(equivalent to 100 milliseconds) 
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l\ : l~l1mssq : Singl e prec131on constant, program notation -.0112A.8 , s t or ed 
as 777503, scaled B4 in unit~ of seconds squared. Equation value : 
+0.02246 (equivalent to149 .9 milliseconds2) 

K:ldlO: 3ingle precision constant stored as 031468 , program notation 
1/10, scaled B] and unitless. Equation value : 0.1 

~:ldp03 : Single precision constant stored as 37777g, scaled B8 in units 
of seconds squared per revolution. Equation value: 255.98 (equivalent 
to 1/(1.407 deg/sec 2)) 

K:lJACCON: Single precision constant stored as 001678 and scaled B13 in 
units of rev-Kg/sec 2. Equation value 59 .50. Used to obtain p -axis 
control authority f or the docked configuration. 

K:200msB2: Single precis i on constant, program notation .1AT2, stored as 
014638 , scaled B2 in units of seconds. Equation value: 0.2 

K: 250msB2 : Single precision constant, program notation BITll, stored as 
0200J8, scaled B2 in units of seconis. Equation value: 0.25. 

K:25msB2 : Single precision constant, program notation -.025AT4, stored 
as 776318 , scaled B2 in units of seconds. Equation value: 0.025 

K: 2jlimdwn: Single precisjon constant stored as 010008 , program notation 
BITlO scaled B-3 in units of revolutions per second . Equation value : 
0 . 00391 (equivalent to 1.4 degrees per second ) 

K: 3)0msB2 : Single precision constant, program notation -.15AT2, stored 
as 754628, scaled B2 in units of seconds. Equation value: 0.3 

K: 37 . 5msB2 : Single precision constant, program notation .0375AT4, stored 
as 002328, scaled B2 in units of seconds. Equation value: 0 . 0376. 

K:4secB5: Single p~ecision constant stored as 737778, program notation 
-1/ 8, scaled B5 in units of seconds. Equation value: +4 .0 

K: 50msB2 : Single precision constant, program 1otation -. 025AT2, stored 
as -0.0125, scaled B2 in units of seconds. Eq~at i on value: +0 . 05 
(equivalent to +50 milliseconds) 

K: 50mssq : Single precision constant, program notation NEG2, stored as 
777758, scaled B4 in units of2seconds squared. Equation value: 
+0 . 001953 (equivalent t o 44,2 milliseconds squared) 

K: 85mssq: Double ~yecision ,::onstant, program notation .00375A8, stored 
as O. 00375 x 2- , s caled B4 in units of seconds sq1..1ared. Equation 
value: 0 .0075 (equivalent to 86 . 62 milliseconds squared) 
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A 
B 
C 
D 
E 
F 

K:acp: Constant implicit in addition of two quantities of unequal 
scaling, scaled B-8 in units of revolutions per second squared. 
Equation value: 0.00390625 (equivalent to 1.4 degrees per second 
squared) 

K:AXISDIFFi: Three single precision constants, scaled Bl4 and unitless. 
Equation value: -16, 0 and 16 for i = -1, 0 and 1. 

K:BOtoBlO: Effective scale factor introduced by treating a quantity 
scaled BO as if it were scaled BlO, scaled BlO in units of centi­
seconds. Equation value: 1024 (equivalent to 10.24 seconds) 

K:cgcoefA,B,C,D,E~F: Six single precision coefficients for a curve fit 
of the form A:x.~ + By2 + Cxy + Dx + Ey + F, used to find the rate of 
change of the DPS moment arm around the e.g. of the docked configura­
tion. 

Program Stored Scale 
Notat ion Value Factor Units Equation Value 

COE!!'F+9 -0.37142 B-31 cm sec•-l rev rad-l kg-2 -1.7296 E-10 
COEFF+8 0.75704 B- 31 sec-1 d-1 k -2 3.5252 E-10 cm rev ra -1 g_2 
COEFF+6 0.20096 B-31 cm sec-1 rev rad_

1 
kg_

1 
9.3579 E-11 

COEFF+ll 0.4117~ B-15 -1 1. 2567 E-5 cm sec_
1 

rev rad_
1 

kg_
1 COEFF+lO -0.63117 B-15 cm sec_

1 
rev rad 

1 
kg -1. 9262 E-5 

COEFF+7 0.13564 Bl cm sec rev rad+ 0 . 27128 

The equation value of each constant embodies the two constant factors 
l/2TT and 0.2 degrees per second. The first is a conversion factor to 
convert radians to revolutions; the second is the D?S gimbal rate. If 
the equation value is multiplied by 2n and divided by 0.2, the resulting 
coefficients will give an idea of the programmed value for DPS moment 
arm per degree of thrust vector/c.g. offset. For example, (0.27128 211 / 
0.2) 360 = 2TT 488.3, the circumference of a circle with radius equal 
to the e.g. to pivot point distance. Thus, using only the constant 
term of the polynomial, this distance is about 500 centimeters or 
about 200 inches. 

K:DGBF: Single precision constant, stored as 231463, scaled B-1 and 
unitless. Equation value: 0.3 

K:dvtoacc: Constant implicit in the 2-second navigation cycle, scaled 
B-1 in ·inits of seconds to the minus one power . Equation value: ½ 

K:EPSMAX: Single precision constant, stored as 623623 , but used in this 
writeup as though it were positive. It provides the magnitude limit 
for EPSILON and mEPSILON. Scaled BO and unitless . Effectively con­
strains the U' and V' axes within 15 deg. from the U, V axas. Equation 
value: 0 .422668 
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h : 1" L NE : Single precision constant stored as 052208 , scaled B-15 in uni ts 
,J f revolutio~s per second per RHC-c ount squared. See definiti on of 
STJKSENS in the DAPA Sect ion. Equation value: 0.0000050365. 

l\ :FLATVAL: Single precision constant, stored as 0044Jg, scaled B-J in 
units of revolutions. Equation value: 0.00222 (equivalent t o 0 . 8 
degrees) 

K:GFACTM: Single precision constant stored as OOJJ7g , used to convert 
from units of pounds (force) to units of kg cm/second2; scaled B15 
in units of kg cm sec-2/lbs. Equation value: 446 (corresponds t o 
4-4482 newtons per pound times 100 cm/m.9ter) 

K: HIDESCNT : Single precision constant stored as 10117g, s ::: aled B16 i n 
units of kilograms. It is the upper bound on descent stage mass. 
Equat i on value: 16700 

K:INERCONAi: Set of six double precision constants scaled Bl3 in units 
of revolutions/sec2 kg-1. 

i Stored value ~q_uation value 

0 J .005 934 7674 48.617 6145 
2 .J .001 497 9264 12.271 0131 
4 0.()01 045 1889 8.562 1875 
/ 0.006 544 3852 5J.611 60J6 0 

8 C). OOJ 578 4354 29.314 5428 
10 0.005 694 6631 46.650 6801 

K:INERCONBi : Set of six single precision constants scaled B-3 in units 
of revolutions per second squared. 

i ~tor~d valu~ E~uation value 

0 0.002 989 3. 7363 2-4 
2 0.018 791 2.J489 E-3 
4 0.021 345 2.6681 E-3 
6 0.000 OJ2 4,00JO E-6 
8 0.162 862 2.0358 E-2 

10 0.009 312 1.1640 E-3 

K:INERCONCi: Set of six single precision constants scaled B16 in units 
of kilograms. 

i Stored value Eguation value 

0 0.01J8 721 571.5 
2 - 0 .068 163 -4467.1 
4 -0. 066 027 -4327.1 
6 - 0 . 006 923 -453 . 7 
8 0.002 588 169.6 

10 -0.023 608 -1547. 2 
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K:inrtcofA, B, C, D, E and F: Six single precision coefficients of a 
curve fit of the form Ax2 + By2 + Cxy + Dx ~ Ey +Fused to find the 
approximate moment of inertia around an axis in the Q-R plane of the 
combined CSM LM. 

Program Stored Scale Equation 
Notation Value Factor Units Value 

A COEFF +3 -0.03709 B6 kg cm2/rad kg2 -2.37376 
B GOEFF +2 -0.17670 B6 kg cm2/rad kg2 -1.13088 El 
C COEFF +O 0.19518 B6 kg cm2/rad kg2 1.24915 El 
D COEFF +5 0.02569 B22 kg cm2/rad kg 1.07752 E5 
E COEFF +4 0.06974 B22 kg cm2/rad kg 2.92511 E5 
F COEFF +l -0.00529 B38 kg cm2/rad -1.45410 E9 

K:LconA: Double precision constant, program notation INERCONA - 2, 
stored as 0.0410511917, scaled B19 in units of kilograms feet per 
radian. Equation value: 21522.647 

K: LconB: Single predsion constant, program notation INERCJNB -2, 
stored as 0.155044, scaled BJ in units of feet per radian. Equation 
value: 1.240352 

K:LconC : Single precision constant, program notation INERCONC -2, 
stored as -0.025233, scaled Bl6 in units of kilograms. Equation 
value: -1653.7 

K:LOASCENr: Single precision ~onstant stored as 2200 x 2-16; the l ower 
bound on ascent stage mass, scaled Bl6 in units of kilograms. 
Equation value: 2200 

K:LODESCNT: Single precision c•::mstant stored as 006668 , scaled B16 in 
units of kilograms. It plus HIASCENr is the lower bound on the un­
staged LM mass. Equation value 1752 

K:m.1875: Single precision constant stored as 717778, but used in this 
writeup as though it were positive. Scaled B- 2 with units of revs/ 
sec2. Equation value: 0.04687 (corresponds to 16.87 deg/sec2) 

K:mO.JDdS: Single precision constant stored as 77622g, program notation 
-0.3D/S, scaled B-3 in units of revolutions per second. Equation 
value: 0.00083 (equivalent to 0.3 degrees per second) 

K:m0.6DdS: Single precision ~onstant, program notation - 0.6D/S, stored 
as 774458, scaled B-3 in units of revolutions per seconi. Equation 
value: 0. 00166 ( eq1.1i valent to O. 6 degrees per second) 

K:m3deg: Single precision constant stored as 756738· Scaled B-3 in 
units of revolutions. Equation value: -0.00833 (equivalent to -3 
degrees) 
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K:mJto~l: Constant implied in combining E00T, scaled B- 3 i n units of 
revolutions per second , with E, scaled B-1 in units of revolutions; 
scale fact or B2, units seconds. This is the inverse of the slope uf 
the switch curves in the docked RCS phase plane. Equation value: 4 

K :MINCSM: Single precision constant stored .3.S 020008 , scaled B16 in 
units of kilograms. Equation value: 4096 

K:miniacc : Single precision constant, program notation -.03R/S2 , stored 
as 773778 , scaled B-2 in units of revolutions per second squared. 
Equation value: +0.0039 (corresponds t o 0.02454 radians per second 
squared or l .406°/sec2) 

K:minimpt: Si ngle precision constant, stored as 000408 , pro7.ram notation 
BIT6 , scaled B2 in units of seconds. Equation value: 2- (equivalent 
to 7.8 ms) 

K:MI NLMD : Single precision constant sto:-ed as 764668 , but used as positi ve, 
scaled B16 in units of kilograms. Equation value : 2852 . 

K:MINMINLM: Single precision constant stored as 767318, but used as positive, 
scaled B16 in units of kilograms. Equation value: 2200 . 

K: NARROWDB : Single predsion constant stored as 01Jl558, scaled B-3 i n 
units of revolutions . ~quation value: 0 . 00083 (equivalent to 
0 .2994°) 

K: nomax j ts : Si ngle precision constant stored as 400008, scaled B-3 in 
units of revol utions per second. E~uat i on value: +0 .12499 (equivalen t 
to 44 ,997 degrees per second ) 

K:NOR11AL : Single precision constant stored as 251018, scaled B-15 in 
units of revolutions per second per RHC-count squared. Equation 
value : 0.000020148 . S-ee definition of STIKSEN3 in the DAPA Section . 

K: POWERDB : Single precision constant stored as 005548, scaled B- 3 in 
units of revolut i ons. Equation value: 0.00277 (equivalent to 1 
degree) 

K: RATEDBl: Single precision constant, stored as 000458, scaled B-3 i n 
unit s of revolutions per second . Equation value: 0 . 0002823 (equivalent 
to 0 .102°/sec ) 

K: RATELIMl: Single precision constant, stored .3.s 000328 , scaled B17 in 
units of seconds per revolut i on . Equat i on value : 208 or 1. 0/0.0048 
(equivalent to 1/1.73°/sec ) 
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K:RATELIM2: Single precision '.!Onstant stored as 006328, scaled B-3 in 
units of revolutions per second. Equation value: 0.003128 (equivalent 
t o 1.126° /sec ) 

K:RUFRATE: Single precision constant stored as 04476g, scaled B-3 in 
units of revs/sec. Used as a rate limit in TJETLAW phase plane cal­
culations. Equation value: 0.01805 (equivalent to 6.5 degrees/sec) 

K:SENSOR: Single precision constant stored as 144008 , scaled B8 in units 
of centiseconds per second. Usad to convert scaling used in "TJETLAW" 
to that used for TIME6 calculations. Equation value: 100 

K:tinyacc: Single precision constant, program notation .023R/S2, stored 
as 803563, sea.led B-2 in units of revolutions per second sq_'J.ared. 
Equation value: 0.003631 (equivalent to 0.02281 radians per sec2 or 
1 . 307 degree/sec2) 

K: t jmax: Single precision constant, program notation -TJMAX, stored as 
-0.0375, scaled B2 in units of seconds. K:r.1ation value: +0.15 
(equivalent to +150 milliseconds) 

K:tjmin: Single precision constant, program notation -TJMIN or TJMIN, 
stored as ±0.005, scaled B2 in units of seconds. Equation value: 
+0.02 (equivalent to 20 milliseconds) 

K:TORKJETl: Single precision constant stored as 0.03757, scaled B22 in 
units of foot-po:.inds/radians sec-1 Equation value: 157580 (corresponds 
to about 550/0.00349) . The torque expected from one RCS jet is 550 
fo:it-pounds and the rotation rate of the D?S gimbals is nominally 
0.2°/sec. 

K:TORQCONS: Double precision constant stored as 0.51443 x 2-14, scaled 
B35 in units of kilogram centimeters squared revolutions/radians 
sec,:mds squared. Equation value: 1078837.90 (equivalent t o 58) 
foot-po:.inds x 13557 kg ,'.!m2 per ft-lb x 1/6.2832 rev/rad) 

K:UTIMEi (i = 0,1 ,2): Single precision constants giving time in deciseconds 
between R::;S jet firings for the d•J cked configuration. Stored as: 
000043 for the P-axis, 00012g for the U-axis, 000123 for the V-axis. 
Scaled B14 with units of deciseconds. Equation values: 4, 10, and 10 , 
respectively. 

K:WIDEDB: Single precision constant stored as 034343, scaled B-3 in units 
of revolutions. Equation value: 0.013885 (equivalent to 4,999°) 

K:ZONE3MAX: Single precision constant stored as 0.004375, scaled B2 in 
units of seconds. Equation value: 0.0175 (equivalent t o 35 msec. of 
single jet firing) 
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l,l~M'1AS'., : Single precision mass of the LM, :3caled B16 in units of kilograms ; 
part of the erasable load. 

LPVTARM: Single precision proportionality factor between the DPS gimbal 
angle and the moment arm of the thrust around the e.g., scaled BJ in 
uni.ts of feet per radian, program notation L,PVT-CG. Because the DPS 
gimbal angles are small, LPVTARl-1 is approximately equal to the distance 
between the e . g. and the DPS pivot p,Jint. 

MASS: Double precis ion mass of the vehicle, scaled Bl6 in units of 
kilograms ; part of the erasable load. 

mEPSILON: Single precision ,1uantity with same function as EPSILON. It 
is equal to one subtracted from the ratio of the R-axis inertia t o the 
Q-axis inertia. Scaled BO and unitless. 

dPAC0 : 3ingle precisio.".l working storage used in "1/ACCS" to store the 
torque expected from the DPS engine, scaled Bl? in units of foot-lbs 
per radian (radians of ro':-ation of the DPS bell); used in "DOCKED" to 
store the rate of chan~e of the DPS moment arm, scaled Bl in units of 
centimeters per second-revolutions per radian. 

MPAC1: Single precision working storage used in "DOCKED" to store the 
combined vehicle moment of inertia around an axis in the Q-R plane, 
s,~aled 838 in units of kilogram centimeters squared per radian. 

NLJMBERI' : See DAP A Section . 

OLDSENSE : Single precision quant ity giving the sign of the jet firing 
time, calculated in the preceding pass through the DAP, for the axis 
under consideration . Scaled Bl4 with units of deciseconds. 

PITTIME : Single precision time to drive the DPS gimbal in a positive 
direct i on around the Q-axis starting at the hard stop to position i t 
prior to a burn, scaled Bl4 in units of centiseconds. Pad loaded. 

PJ£TCTR.: See DAPA Section. 
i 

~ACC DOT, RACCDOT: See DAPA Section . 

QDAPK, RDA.PK: See DAPA Section. 

RATEDB : See DAPA Se<::tion. 

RATE INDX: Single precision index used by large attitude maneuver calcu­
lation r outines to select the maneuver rate, scaled Bl3 and unitless. 
Determined by the setting of bits 1 and 2 of DAPBOOLS : p~ssi ble values 
0 , 1, 2 , or 3. 
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ROLLTIME: Single precision time to drive the DPS gimbal in a p8sitive 
direction around the R-axis starting at the hard stop t o position it 
prior to a burn, scaled Bl4 in units of centiseconds. Pad loaded. 

RDTSENSE : Single precision, two-valued switch specifying the direction 
of desired rotation, scaled B8 in units of centiseconds per seconi . 

SENSETYP: See DAPA Section. 

STIKSENS: See DAPA Section. 

T5ADR: See DAPA Section . 

TTOAXIS: Time from the present point on the phase plane to the E-axis 
along the parabolic trajectory defined by the net acceleration, scaled 
B2 in units of seconds. 

UAXDISTi: See AXISDIST pgs. DAPB 25 and 26. 

UDBl, UJB2, UDB3, UDB4: Temporary storage f or DBBl, DBB2, DBB3, ani 
DBB4 as computed for the U-axis, scaled B-3 in units of revolutions . 

lN: Single precision index to distinguish between U and V axes, scaled 
Bl4 and unitless. 

Z3TE~: Temporary storage with same scaling as K:ZONEJMAX. 

ZONE3LIM: Single precision time defining the border between ZONE2 and 
ZONE3, scaled B2 in units of s~conds. 
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E-memory 
Register 

BlDCKTOP+O 
BLOCKTOP+1 
BLOCKTOP +2 

BLOCKTOP+3 

B1DC KTOP+4 
BLOC KTOP+5 
BLOCKTOP+6 
BLOCKTOP+? 
BLOCKTOP+8 

BlDCKTOP+9 

BLOCKTOP+10 
BLOCKTOP+ 11 
BlDCKTOP-t 12 
B1DCKTOP+13 
BLOCKTOP+14 
BLOCKTOP+ 1 5 

BLOCKTOP+1 6 

BlDCKTOP+ 17 

BIDCKTOP+ 1 8 

BLOCKTOP+19 

ELOCKTOP+20 
BLOCKTOP+21 
BLOCKTOP+22 

B1DCKTOP+23 

B1DCKTOP+24 

BLOCKTOP+25 

BLOCKTOP +26 
BLOCKTOP+27 
BLOCKTOP+28 
BLOCKTOP+29 
BLOCKTOP+30 
BLOCKTOP+ 31 

BLOCKTOP-t 32 
through 

RLOCKTOP+4 7 

Storage Sequenc e f or 11 TJETLAW 11 Par ameters 

Contents of cell 

AC CSWU 
ACCSWV 
1dANET for negative, 2-jet 
acceleration around P- axis 
1dANET for positive, 2-jet 
acceleration around P-axis 
1dACOAST, negative around P 
1dACOAST, positive around P 
FLAT 
ZONE3LIM 
ACCFCT corresponding to negative, 
2-jet acceleration around P 
ACCFCT corresponding to positive, 
2-jet accelera tion around P 
FIREDB fo r positive EDOT around P 
FIREDB f or negative EDOT around P 
COASTDB for positive EDOT around P 
COASTDB for negative EDOT around P 
AXISDIST for positive EDOT, P-axis 
AX ISDIST for negative EDOT, P-axi s 

1dANET fo r negative, 1-jet 
acceleration around U-axis 
1dAtJET fo r positive, 1-jet 
acceleration around U-axis 
1dANET for negative, 2-jet 
ac eeleration around U-axis 
1dANET for positive, 2-jet 
a cceleration around U-axis 
1dACOAST, negative around U 
1dACOAST, positive around U 
ACCFCT corresponding t o negat ive, 
1-jet acceleration ar ound U 
ACCFCT corresponding to positive, 
1-jet acceleration around U 
ACCFCT corresponding to negative, 
2-jet acceleration around U 
ACCFCT corresponding to positive, 
2-jet acceleration around U 
FIREDB for po s itive EDOT around U 
F IREDB for negative EDOT around U 
COASTDB for positive EDOT, U-axis 
COASTDB for negative EDOT, U-axis 
AXISDIST for positive EDOT, U-axis 
AXISDIST for negative EDOT, U-axis 

V-axis parameters i dentical in 
description t o U-axi s parameters 
but a r ound V-axis i nstead of U-axis 
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Address used in 
Computations 

ACC3W
0 ACCSW 

1dANE1'_
14 

1dANET_13 

1dACOAST_16 1 dACOAST _ 1 5 FLAT 
ZONE3LIM 
ACCFCT_

14 

ACCFCT_13 

FIREDB _ 16 
FIREDB 
COASTDB 15 

COASTDB- 16 

AXISDIST~~6 
AXISDIST_15 

1dANET
0 

1 dANET1 

1 dANET2 

1 dANET
3 

1dACOAST0 1 dACOAST1 ACCFCT0 

ACCFCT1 

ACCFCT2 

ACCFCT
3 

FIREDB 
FIREDBO 
COASTD~O 
COASTDB 
AXISDIS1'

0 AXISDIST1 

U-axis subscripts 
plus 16 





NVSUB 

rnta Input/Output Routines 

(Entered with TSvn and TSnonopt in A and L) 

NVTEMP = T Svn 

FREEDSKY = 0 

(verb-noun c ode ) 

If DSPI.OCK > 0, return 

I f bit 14 of M0NSAVE1 = 1, return 

NV([.I'EM = return addres s 

(astronaut u s ing DSKY) 

(ext e rnally initiated monitor ) 

M0NSAVE2 = TSnonopt 

M0NSAVEl = 400008 
ENTREI' = " NVSUBEND" 

(monitor options) 

(t erminate moni tor) 

If I NVTEMP I O d to II DSPALARM" = , procee 

If NVTEMP < 0 , proceed to 11 BLANKDSP 11 

TSnoun = low 7 bits of NVTEMP 

TSverb = bits 14-8 of NVTEMP shifted right 7 places 

If TSnoun = 0: 

VERBREG = TSverb 

Perform "UPDATVB" 

REQ,REI' = +O (process verb-noun information) 

Proceed to " NVSUBEND" 

If TSverb = 0: 

N0UNREG = T Snoun 

Perfor m "UPDATNN" 

Proc e ed to 11 NVSUBEND 11 

TSadr = MPAC
2 

VERBRE G = TSverb 

Perform "UPDATVB " 
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NOUNREG = TSnoun 

Perform "UPDA'I'NN" 

LOADSTAT = +0 

CLPASS = 0 

REQREI' = +0 

MPAC2 = TSadr 

Proceed to "ENTPASO" 

BIANKDSP CODE = 6 + I NVTEMP I 

Inhibit i nt errupts 

(CODE= 7, 8, 9 or 10 for legal options; 
illegal opt i ons cause error) 

Perform i ndented steps for i = CODE, CODE - 1, ... 4, 3, 2 , 1, 0 

If DSPTAB . > O, NOUT = NOUT + 1 
l 

DSPTABi = 040008 compl eme nted to f l ag for output 

(end of "indented steps " ) 

Release i nte rrupt i nhibi t 

If NVTEMP ~ - 3, VERBREG = 0 

If NvrEMP ~ -2 , NOUNREG = 0 

CIPASS = 0 

DSPCOUNT = -19 (inhibit all numeri cal i nputs) 

Swi tch b i t 6 of channe l 11 to 0 (flash off) 

REQREI' = +0 

NVSUBEND FREEDSKY = 1 

Return via NVQTEM 

(process verb -noun infor mation) 
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ENI'PAS0 

TESTNN 

Switch DECBRNCH to 000008 

DSPC0UNI' = 19 (to block entry of numerical character s ) 

VERBSAVE = VERBREG 

If VERBREG ~ 28, proceed to "VERBFAN" 

Perform "LODNNI'AB" 

If MIXBR = 2 , proceed to "MI XN0UN" 

If NNADTEM > 0 : (normal noun address) 

N0UNCADR = NNADTEM 

EBANK = bits 11-9 of NNADTEM 

N0UNADD = 014008 + bi t s 8-1 of N0UNCADR 

Proceed to "VERBFAN" 

I f NNADTEM = +O, proceed to "DSPALARM" (noun is not valid) 

If NNADI'EM = - 0 : (increment present noun address) 

N0UNCADR = N0UNCADR + l 

EBA.NK = bi ts 11-9 of N0UNCADR 

N0UNADD = 014008 + bi ts 8-1 of N0UNCADR 

If VERBREG f 5: (verb 5 uses R3; cannot di sp l ay N0UNCADR) 

DSPC0UNI' = K:R3Dl 

Per form 11 DSPOCTWD 11 with TSwd = N0UNCADR 

Proceed to "VERBFAN" 

(Otherwise, address i s to be spec i f i ed) 

CIPASS = - K:posmaxsp 

If ENI'REI' f "END0FJ0B": 

N0UNCADR = MPAC
2 

(to prevent multiple c l ears) 

(internal) 

EBA.NK = bits 11-9 of N0UNCADR 
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(If intt,i ·nc1. l "a ddress to be spec ified " ) 

N0UNADD = 01400g + bit s 8 - 1 of N0UNCADR 

If VEHBREG f 5: 

DSPC0UNI' = K:R3Dl 

Perform "DSPOCTWD" with TSwd = N0UNCADR 

Proceed to " VERBFAN" 

Perform "REQDATZ " (request noun addre ss ; return v ia REQRET) 

If DECBRNCH t- 00000g, proceed to " AIMCYCIB" 

DSPC0UNI' = - 19 (to block furthe r numerical c haracte r s ) 

I f CADRST0R f- +o : (internal di spl ay request inte rrupte d) 

Switch b it 6 of c hannel 11 t o l ( leave flash on) 

N0UNCADR = ZREG ( l oaded in " REQDATZ ") 

EBANK = b it s 11-9 of N0UNCADR 

N0UNADD = 01400g + bit s 8 - 1 o f N0UNCADR 

Perform " IDDNNTAB " 

Proceed to "VERBFAN" 

(re load NNTYPTEM) 

l!JDNNTAB NNADI'EM = K: NNADI'ABNOUNREG 

NNTYPTEM = K: NNTYPTABNOUNREG 

If N0UNREG < 40 : ( "normal" noun ) 

MIXER = l 

Re turn 

MIXER = 2 (mixed noun ) 

RUTMXTEM = K: RUTMXTABNOUNREG 

i = low 10 bi t s of NNADTE.fvl 

IDA.DI'EM
1 

K: IDADI'AB . 
l 

IDADTEM
2 

= K:IDADI'ABi+l 
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IDADTEM3 = K:IDADTABi+2 

Return 

MIXN0UN If NNADTEM = +o, proceed to 11 DSPALARM11 

If VERBREG > 6, proceed to 11 VERBFAN" 

(noun not valid) 

(not a display verb) 

Perform the indented steps for i = 2, 1, and 0 

N0UNTEM = IDADTEMi +l 

TS= high 5 (i = 2), mid 5 (i = 1) or low 5 (i = 0) bits 
of RUTMXTEM shifted right 10, 5 or 0 places to bit positions 
5 through 1 

If TS= 4, 5, 7 or 10: (double precision) 

N0UNTEM = N0UNTEM + 1 ( specify minor part for octal 
display) 

EBANK = bits 11-9 of N0UNTEM 

TSadr = 014008 + low 8 bits of N0UNTEM 

MIXTEMP. = contents of address specified i~ TSadr 
l 

(End of 11 indented steps" ) 

N0UNADD = 11 MIXTEMP0
11 (In a routine such as 11 DSPABC" then, 

the 11 contents of cell specified by (2 + N0UNADD) 11 will 
be the contents of MIXTEMP

2
, loaded above.) 

Proceed to 11 VERBFAN11 

DSPALARM If ENTRET = 11 NVSUBEND11 , proceed to 11 P00D00" with TS = 21501
8 

If ENTRET = "PASTEVB11 ~ 

M0NSAVEl = 40000
8 

Switch bit 7 of channel 11 to 1 

Proceed to 11 PASTEVB11 

Switch bit 7 of channel 11 to 1 

End job 

VERBFAN If VERBREG~40: ( extlmded verb) 

TSextfan = VERBREG - 40 

Perform 11 RELDSP 11 

Proceed to 11 G0EXTVB 11 
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Proceed to routine spec ified by the contents of VERBREG 

VERBREG Starting address of routine Function 

0 DSPALARM not defined 
l DSPA octal di splay in Rl f rom NOUNADD 
2 DSPB octal display in Rl from l + NOUNADD 
3 DSPC octal display in Rl from 2 + NOUNADD 
4 DSPAB octal di splay in Rl-R2 from NOUNADD+O, l 
5 DSPABC octal display in Rl, R2 , R3 from NOUNADD+0 ,1, 2 
6 DECDSP de ci ma l di spl ay in Rl, Rl-R2 or Rl-R2 - R3 
7 DSPDPDEC de cimal di splay in Rl-R2 from NOUNADD 
8 DSPALARM not defined 
9 DSPALARM not defined 

10 DSPALARM not defined 
11 MONITOR monitor with verb 1 
]2 MONITOR monitor with verb 2 
13 MONITOR monitor with verb 3 
14 MONI TOR monitor with verb 4 
15 MONITOR moni tor with verb 5 
16 MONITOR monitor with verb 6 
17 MONITOR monitor with verb 7 
18 DSPALARM not defined 
19 DSPALARM not defined 
20 DSP ALARM not defined 
21 ALOAD l oad l c omponent via Rl by NOUNADD 
22 BLOAD l oad 1 component via R2 by NOUNADD+-1 
23 CLOAD l oad 1 component via R3 by NOUNADD+2 
24 ABLOAD load 2 component s vi a Rl-R2 by NOUNADD+O,l 
25 ABC LOAD l oad 3 component s vi a Rl-R2-R3 by NOUNADD+o , 1, 2 
26 DSPALARM not defi ned 

27 DSPFMEM octal di splay from fixed memory 
28 DSPALARM not defined 
29 DSPALARM not define d 
30 VBRQ,EXEC Request executive 
31 VBRQWAIT Request wait li st 

32 VBRESEQ Resequence 
33 VBPROC Proceed (wi thout data) 
34 VBTERM Terminate current t est or re quest 

35 VBTSTLTS I.amp t est 
36 SLAPl Fresh start 
37 MMCHANG Change major mode (program) 
38 DSPALARM not defined 
39 DSPALARM not defined 
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DSPA If MIXBR = 1, TS = high 5 bits of NNTYPTEM (xxx xx0 000 000 000) 

If MIXER = 2, TS= high 5 bits of NNADTEM 

If bit 14 of TS = 1, proceed to "DSPALARM" (noun is decimal only ) 

If NNADTEM = -1: (noun specified a channel) 

BUF0 = -(contents of channel specified by low 9 bits of 
N0UNCADR) 

Proceed to 11 DSPC0M2 11 

If MIXER = 1: 

TS= mid 5 bits of NNTYPTEM shifted right 5 

If TS= 4, 5, 7 or 10; N0UNADD = N0UNADD + 1 
(specify minor part if double precision) 

(minor part 
already 
specified for 
mixed nouns 
in 11 MIXN0UN 11 

logic) 

BUF0 = - contents of cell specified by N0UNADD 

Proceed to "DSPCOM2 11 

(mixed noun 
specifies MIXTEMP0 ) 

DSPB If MIXER= 1, TS= high 5 bits of NNTYPTEM 

If MIXER = 2, TS= high 5 bits of NNADTEM 

If bit 14 of TS = 1, proceed to 11 DSPALARM11 

TS= low 2 bits of (TS shifted right 10) 

If TS < 1, proceed to 11 DSPALA.RM11 (noun has no second component) 

BUF0 = - contents of cell specified by (1 + N0UNADD) 
(mixed noun specifies MIXTEMP1) 

Proceed to 11 DSPC0M2 11 

DSPC If MIXER= 1, TS= high 5 bits of NNTYPTEM 

If MIXER = 2, TS = high 5 bits of NNADTEM 

If bit 14 of TS = 1, proceed to 11 DSPALARM11 

TS= low 2 bits of (TS shifted right 10) 

If TS < 2, proceed to 11 DSPALA.RM11 

BUF0 = - contents of cell specified by (2 + N0UNADD) 

Proceed to 11 DSPC0M2 11 
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DSPAB 

DSPABC 

If Kr:x.BR 1, TS - bits 12-11 of NNTYPTEM shifted right 10 

If Kr:x.BR ,_ 2, TS -= bits 12-11 of NNADTEM. shifted right 10 

If TS < 1, proceed to 11DSPALARM11 (noun has no second componen L) 

BUF1 - contents of cell specified by (1 + N0UNADD) 

Proceed to 11 DSPA11 

If MIXER 1, TS = bits 12-11 of NNTYPTEM shifted right 10 

If MIXER = 2, TS = bits 12-11 of NNADTEM shifted right 10 

If TS < 2, proceed to 11 DSPALARM11 (noun has no third component) 

BUF2 ~ - contents of cell specified by (2 + N0UNADD) 

Proceed to 11 DSPAB 11 

DSPC0M2 i -- 0 

If VERBREG ~ 4, i = 1 

If VERBREG = 5, i = 2 

If i .CCC 2: 

DSPC0UNT = K:R3Dl (4) 

Perform 11 DSP0CTWD 11 with TSwd = - BUF2 

i = i - 1 

If i = 1 : 

DSPC0UNT = K:R2Dl (9) 

Perform 11DSP0CTWD 11 with TSwd BUF l 

DSPC0UNT = K:RlDl (14) 

Perform 11DSP0CTWD 11 with TSwd = - BUF 0 

If ENTRET = "END0?J0B", end job 

Proceed to address specified by ENTRET 
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DECDSP If MIXER= 1, DECOUNT = bits 12-11 of NNTYPTEM 
(rescaled from 

If MIXER = 2, DEC0UNT = bi ts 12-11 of NNADTEM B4 to Bl4) 

If DEC0UNT = 2: (three components) 

ZREG = - contents of cell specified by (2 + N0UNADD) 

If DEC0UNT ~ 1: (two or three components) 

YREG = - contents of cell specified by (1 + N0UNADD) 

XREG = - contents of cell specified by N0UNADD 

DSPDCPUT If DEC0UNT = 2: 

DSPC0UNT = K:R3Dl (4) 

MPAC = - ZREG sp 

If MIXER= 1, i = low 5 bits of NNTYPTEM 

If MIXER= 2, i = high 5 bits of NNTYPTEM shifted right 10 

If DEC0UNT = 1: 

DSPC0UNT = K:R2Dl (9) 

MPAC = - YREG sp 

If MIXER= 1, i = low 5 bits of NNTYPTEM 

If MIXER= 2, i = mid 5 bits of NNTYPTEM shifted right 5 

If DEC0UNT = 0: 

DSPC0UNT = K:RJ.Dl 

MPAC = - XREG sp 

(14) 

If MIXER= 1, i = low 5 bits of NNTYPTEM 

If MIXER= 2, i = low 5 bits of NNTYPTEM 

SFTE..'1Pl = K:SF0UTAB. 
1. 

If MIXER = 2, i = high 5, mid 5 or low 5 bi ts of RUTMXTEM 
shifted right 10, 5 or 0 according to whether DEC0UNT 
= 2, 1 or 0 
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DECDSPJ 

ARTOUTSF 

If MIXER= 1, i = mid 5 bits of NNTYPTEM shifted right 5 

(i now contains the index determining the type of display) 

If i = 0: (octal only noun) 

DSPCOUNT = -19 

Proceed to 11 DSPALARM11 

If i = 1, proceed to "DSPDCEND" 

If i = 2, proceed to 11 DEGOUTSF 11 

If i = 3, proceed to 11 ARTOUTSF 11 

If i = 4: 

Perform 11 DPOUT 11 

MPACdp = K:bl4tob0 MPACtp 

If i = 5 or 10: 

Perform 11 DPOUT 11 

If i = 6, proceed to 11 LRPOSOUT 11 

If i = 7: 

Perform "DPOUT" 

MPACdp = K:b7tob0 MPACtp 

If i = 8, proceed to 11 HMSOUT" 

If i = 9, proceed to "M/SOUT11 

If i = 11, proceed to 11 AROTITlSF 11 

If i = 12, proceed to 11 2INTOUT 11 

If i = 13, proceed to 11 3:'.}0 - CDU0 11 

If i = 14, proceed to "RRANGOUT11 

If i = 15, proceed to "RRDOTOUT 11 

Proceed to 11 DSPDCEND11 

If MP AC O = - 0 : 

MPACdp :: -0, skip next line 

DATA - 10 



MPACdp = SFTEMPl MPAC 
Sp 

Proceed to 11 DSPDCEND 11 

DEG0UTSF (Entered with SFTEMPl = 0 and MPAC between-½ and+½ revs B-1) sp 

DP0UT 

MPAC = MPAC converted to one's complement form sp 

If MPAC < 0: 

MPAC = MPAC + ½ 

SFTEMPl = ½ 

MPACdp = K:0.180(MPAC + SFTEMPl) 

(exit with MPACdp between 0 and 360 degrees scaled E3) 

Proceed to 11 DSPDCEND 11 

If MIXBR = 1, TS= N0UNADD 

If MIXBR = 2: 

i = DEC0UNT + 1 

EBANK = bi ts 11-9 of IDADTEM. 
]. 

TS= 014008 + bits 8-1 of IDADTEMi 

MPACd = contents of double precision register whose address is 
P specified by TS 

Force sign agreement between two halves of MPACdp 

MPACtp = MPACdp SFTEMPl 

Return 

LRP0S0UT MPAC = - bi ts 7-6 of channel 33 shifted right 5 sp 

HMS0UT 

Proceed to 11 ART0UTS:~11 

If MIXBR = 2: 

i = DEC0UNT + 1 

EBANK = bi ts 11-9 of IDADTEM. 
]. 

TS= 014008 + bits 8-1 of IDADTEMi 
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If MIXER = 1, TS = NOUNADD 

= contents of double precision register whose address 
is specified by TS 

Force sign agreement between two halves of MPACdp 

TStp = K:SECONl MPACdp (still accurate to 1 cs) 

HITEMOUT = most significant third of TStp 

LOTEMOUT = second most significant third of TStp 

MPACdp = fractional part of TStp 

MPACdp = K:SECON2 MPACdp 

DSPCOUNT = K:RJDl 

Perform "DSPDECWD" 

(Integral part of 
TStp is minutes 

and fractional part 
is seconas) 

Discard fractional part of LOTEMOUT (shift right 12 then left 12) 

= K:MINCONl (HITEMOUT + LOTEMOUT added with regard for 
scaling) (yields hours in MPAC0 and minutes/60 i n 
MPAC

1
, scaled Bl4 and BO respactively) 

HI TEMOUT = most significant third of MPACtp 

If MPAC 0 = -0: 

MPACdp = -0, skip next line 

MPACdp = K:MINCON2 MPAC 1 

DSPCOUNT = K:R2Dl 

Perform 11 DSPDECWD" 

0 . - . If H ITEMOUT = 

MPACdp = -0, skip next line 

MP ACdp = K:HRCONl HITEMOUT 

DS PCOUNT = K:RlDl 

Perform 11 DSPDEC\.iD 11 

If ENTRET = 11 ENDOFJOB'; end job 

Proceed to address specified by ENTRET 

DATA - 12 



M/SOUT If MIXER = 1, TS = NOUNADD 

If MIXER = 2: 

i = DECOUNT + 1 

EBANK = bits 11-9 of IDADTEM. 
l 

TS = 014008 + bits 8-1 of IDADTEMi 

MPACd = contents of double precision register whose address 
P is specified by TS 

Force sign agreement between two halves of MPACdp 

If jMPACdpl >- IK:MdSCONlj, MPACdp = K:Md.SCON3 signMPACdp 

If IMPACdpl < IK:MdSCONll, MPACdp = MPACdp + K:RNDCON signMPACdp 

TStp = K:SECONl MPACdp (still accurate to 1 cs) 

HITEMOUT = most significant third of TStp 

LOTEMOUT = second most significant third of TStp 

MPACdp = fractional part of TStp 

MPACdp = K:HISECON MPACdp 

(Integral part of 
TStp is minutes 

and fractional part 
is seconds) 

DSPCOUNT = DSPCOUNT - 3 (previously set in 11 DSPDCPUT 11 ) 

Perform 11DSPDC2NR 11 (display seconds in RxD4 and RxD5) 

CODE= 0 

TS= K:RlDl, K:R2Dl or K:R3Dl according to whether DECOUNT = 0,1 or 2 

COUNT = TS - 2 

Perform 11DSPIN 11 (blank middle digit) 

Discard fractional part of LOTEMOUT (shift right 12 then left 12) 

MPACt = K:MINCONl (HITEMOUT + LOTEMOUT added with regard for scaling) 
P (yields fraction of .hours in MPAC1 scaled BO) 

MPACdp = K:HIMINCON MPAC1 

DSPCOUNT = K:R3Dl, K:R2Dl or K:RlDl according to whether DECOUNT 
equals 2, 1 or 0 
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Perfo rm 11 DSPDC2NR 11 (display minutes in R.xDl and R.xD2) 

Proceed to second step of 11 DSPDCEND 11 

.21NTOlJT Perform 11 5BLANK 11 

(display already performed) 

J60-CDUO 

Perform 11 +0N1 1 

Perform 11 DSPDECVN 11 with TS = MPAC sp 
(first integer to R.xDl and D2) 

TS = K:RlDl, K:R2Dl or K:R3Dl according to whether DECOUNT = 0, 1 or 2 

DSPCOUNT - TS - 3 

If MIXER -- 1, TS = 1 + NOUNADD 

If MJXBR ~- 2 : 

i = DECOUNT + 1 

EBANK ,- bits 11-9 of IDADTEM. 
l 

TS = 014008 + 1 + bits 8-1 of IDADTEMi 

contents of single precision register whose address 
is specified by TS 

Perform 11 DSPDECVN 11 with TS = MPAC
1 

Proceed to second step of 11 DSPDCEND 11 

If MPAC ~ 0 or-½ : sp 

(second to R.xD4 and R.xD5) 

(display already performed) 

MPAC = - MPAC sp sp (two's complement) 

Proceed to 11 DEGOUTSF 11 

DSPDCEND Perform 11 DSPDECWD 11 

If DECOUNT > 0: 

DECOUNT = DECOUNT - 1 

Proceed to 11 DSPDCPUT 11 

If ENTRET .= "ElIDOFJOB", end job 

Proceed to address specified by ENTRET 
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DSPDPDEC If MIXER = 2, proceed to 11 DSPALARM11 

MPACd = contents of double precision register whose address 
p is specified by NOUNADD 

DSPCOUNT = K:RlDl 

Force sign agreement in MPACdp 

Perform 11DSP2DEC" 

If ENTRET = 11 ENDOFJOB 11 , end job 

Proceed to address specified by ENTR.ET 

MONITOR TSadr = NOUNCADR with bits 15 and 14 switched to 0 

If ENTRET = 11 ENDOFJOB 11 (externally initiated) 

Switch bit 14 of TSadr to 1 

MONSAVE2 = 00000
8 (set in 11 NVSUB 11 if internal) 

TSvn = (bits 7-1 of VER.BR&} shifted left 7) + NOUNREG 

DSPLOCK = 0 

If CADRSTOR = 0, perform 11 RELDSPl 11 

Inhibit interrupts 

If MONSAVE = 0, call 11MONREQ 11 in 0.01 second 

MONSAVE = TSvn 

MONSAVEl = TSadr 

Release interrupt inhibit 

If ENTRET = 11 ENDOFJOB", end job 

Proceed to address specified by ENTRET 

SAMPTIME = TIMENOW 

If bit 15 of MONSAVEl = 1: 

MONSAVE = 0 
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MONDO 

( If bi.L 15 of MONSAVEl .:c 1:) 

MONSAVEl = 000008 

End task 

Call "MONREQ" in 1 second 

Establish 11 MOND0 11 

End task 

If bit 15 of MONSAVEl = 1, end job 

If DSPLOCK > 0: 

(prJO) 

Switch bit 5 of channel 11 to 1 

End job 

(key release lamp) 

NOUNREG -~ bits 7-1 of MONSAVE 

Perform 11 UPDATNN 11 

VER.BRffi- - (bits 14-8 of MONSAVE shifted right? ) - 10 

ENTRET .·· 11 PASTEVB11 

MPAC2 = bits 13-1 of MONSAVEl (address) 

Proceed to "TESTNN" (continues at 11 PASTEVB 11 after display 
verb is executed) 

PASTEVB TS = bits 14-8 of MONSAVE2 

If TS = 0, TS = bits 14-8 of MONSAVE 

VERBREG := TS shifted right 7 places 

Perform 11 UPDATVB 11 

REQRET = +O 

TSblank = MONSAVE2 

Perform 11 BLANKSUB11 

End job 
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UPDATNN Perform 11 LODNNTAB" 

If NNADTEM ~ +O: 

NOUNCADR = NNADTEM 

EBANK = bits 11-9 of NNADTEM 

NOUNADD = 01400g + bits 8-1 of NNADTEM 

DSPCOUNT = K:NDl 

Perform 11DSPDECVN11 with TS = NOUNR.En 

Return 

UPDATVB DSPCOUNT = K:VDl 

Perform 11 DSPDECVN11 with TS = VERBREG 

Return 

DSPMMJOB TSmmtemp = DSPCOUNT 

DSPCOUNT = K:MDl 

If MODREG = -0, perform "2BLANK 11 

If MODREG ~ +O, perform 11DSPDECVN 11 with TS = MODREG 

DSPCOUNT = TSmmtemp 

End job 

ALMCYCLE Switch bit 7 of channel 11 to 1 (operator error lamp) 

REQRET = - VERBSAVE 

VERBREG = - VERBSAVE 

(to make it positive) 

Perform 11 UPDATVB 11 

CLPASS = 0 

ENTRET = II ~NDOF JOB II 

Proceed to 11 ENTPAS0 11 
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ALOAD 

BLOAD 

CLOAD 

Perform 11 REQDATX 11 

Perform 11 LODNNTAB 11 

(return is via R.EQRET after data entry) 

Perform 11 PUTCOM1 1 with DECOUNT =--- 0 

Store TS from 11 PUTCOM11 in address specified by NOUNADD 

Proceed to 11 LOADLV 11 

Perform 11 GETCOMP 11 

TS ~ low 2 bits of (TS shifted right 10) 

If TS <. 1, proceed to 11DSPALARM11 

CLPASS -- - K: posmaxsp 

(noun has n o 2nd component) 

Perform 11 REQDATY 11 

Perform 11 LODNNTAB 11 

(return is via R.EQRET after data entry) 

Perform 11 PUTCOM 11 with DECOUNT ==- 1 

Store TS from 11 PUTCOM11 in address specified by (l + NOUNADD) 

Proceed to 11 LOADLV 11 

Perform 11 GETCOMP 11 

TS = low 2 b its of (TS shifted right 10) 

If TS < 2, proceed to 11 DSPALARM11 

CLPASS ~ - K:posmaxsp 

(noun has no 3rd component) 

Perform 11 REQDATZ 11 

Perform 11 LODNNTAB 11 

(return is via REQ,RET after data entry) 

Perform 11 PUTCOM1 1 with DECOUNT 0= 2 

Store TS from 11 PUTCOM1 1 in address specified by (2 + NOUNADD) 

Proceed to 11 LOADLV 11 
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ABL0AD 

ABCLOAD 

Perform 11 GETC0MP 11 

TS= low 2 bits of (TS shifted right 10) 

If TS < 1, proceed to 11DSPALARM11 

Perform 11 GETC0MP 11 

(noun has no 2nd component) 

If bit 15 of TS = 1, proceed to 11 DSPALARM11 

VERBR.ffi. = K:VB21 

Perform "UPDATVB11 

("no-load" noun) 

Perform "REQDATX11 (return is via REQRET after data entry) 

VERBREG = K:VB22 

Perform 11 UPDATVB 11 

Perform "REQDATY11 

Bits 5 and 4 of DECBRNCH now indicate whether the numbers loaded 
were decimal (1) or octal (0). (See routine 11 BOTHSGN11 ) If both 
are not the same (one component octal, the other decimal): 

Proceed to 11 ALMCYCLE 11 

Perform "L0DNNTAB11 

Perform "PUTC0M" with DEC0UNT = 0 

Store TS from "PUTC0M11 in address specified by N0UNADD 

Perform "PUTC0M" with DEC0UNT = 1 

Store TS from 11 PUTC0M11 in address specified by ( 1 + N0UNADD) 

Proceed to 11 L0ADLV11 

Perform 11 GETC0MP 11 

TS= low 2 bits of (TS shifted right 10) 

If TS < 2, proceed to 11 DSPALARM11 

Perform 11 GETC0MP 11 

(noun has no 3rd component) 

If bit 15 of TS = 1, proceed to "DSPALARM11 ( 11no-load" noun) 

VERBREG = K:VB21 

Perform 11 UPDATVB 11 
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Perfonn 11 REQDATX" (return is via REQRET after data entry) 

VERBREG = K:VB22 

Perfonn "UPDATVB" 

Perfonn 11 REQDATY" 

VERBREG = K:VB23 

Perfonn "UPDATVB" 

Perfonn "REQDATZ" 

Bits 3, 4 and 5 of DECBRNCH now indicate whether the numbers 
loaded were decimal (1) or octal (0). If the three bits are 
not all 1 or all O (some components octal and some decimal): 

Proceed to 11 AIMCYCLE 11 , 

Perform "IDDNNTAB" 

Perform "PUTCOM" with DECOUNT = 0 

Store TS from 11 PUTCOM 11 in address specified by NOUNADD 

Perfonn 11 PUTCOM 11 with DECOUNT = 1 

Store TS from 11 PUTCOM 11 in address specified by (1 + NOUNADD) 

Perform "PUTCOM" with DECOUNT = 2 

Store TS from "PUTCOM" in address specified by (2 + NOUNADD) 

If NOUNREG 'f ?, proceed to 11 IDADLV11 

Inhibit interrupts 

TS= XREG - 308 

If TS ~ 0, proceed to 11 CHANBITS 11 

EBANK = bits 11-9 of XREG 

NOUNADD = 014008 + (bits 8-1 of XREG) 

ChanI'-el 1 = contents of location speci:ied by NOUNADD 
XREG = 1 (channel 1 is the computer L register) 

TS= 1 

CHANBITS If TS+ 218 = O, proceed to 11 BITSOFF2" 

If ZREG :: 0: 

(channel?) 

Set those bits of channelXREG = 0 that are 1 in YREG 
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Proceed to 11 BITSOFF1 11 

Set those bi ts of channelXREG = 1 that are 1 in YREG 

BITSOFFl If XREG = 1 or XREG <: O, ENOUNADD = Channel 1 (computer L regi ster ) 

BITSOFF2 Release interrupt inhibit 

Proceed to 11 IDADLV" 

GETCOMP If MIXBR = 1, TS= high 5 bits of NNTYPTEM 

If MIXBR = 2, TS = high 5 bits of NNADTEM 

Return 

PUTCOM DECRET = return address 

Set overflow indicator to 0 

MPACd = (XREG + XREJJLP), (YREG + YREGLP) or (ZREG + ZREGLP) 
p according to whether DECOUNT = 0, 1 or 2 

If MIXER= 1, proceed to 11 PUTNORM11 

i = DECOUNT + 1 

NOUNCADR = low 11 bits of IDADTEM. 
1 

EBANK = bits 11-9 of NOUNCADR 

NOUNADD = ( 014008 + bits 8-1 of NOUNCADR) - DECOUNT 

If DECBRNCH ) 0: (decimal) 

Perform 11GETI 11 with TS= NNTYPTEM 

SFTEMPl = K:SFINTAB. 
1 

Perform 11GETI" with TS = RUTMXTEM 

Proceed to 11 PUTDCSF2 11 

Perform 11 GETCOMP 11 

If bit 14 of TS = 1, proceed to 11 ALMCYCLE 11 

Perform 11GETI 11 with TS= RUTMXTEM 
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If i -' 4, 5, 7 or 10: (double prec i s ion noun) 

Set (the more significant half of the double precis ion 
register spec ified by N0UNADD + DECOUNT) 0 

N0UNADD = N0UNADD + 1 (specify minor part) 

Proceed to 11 PUTC0M2 11 

GETI i = high 5 bits (DECOUNT = 2), mid 5 bits (DEC0UNT = 1) or 
low 5 bits (DECOUNT = 0) of TS shifted right 10, 5 or 0 
places according to whether DEC0UNT = 2, 1 or 0. 

(i is of the form 000 000 000 Oxx xxx:2 ) 

Return 

PUTN0RM EBANK = bits 11- 9 of N0UNCADR (N0UNCADR set in 11 TESTNN11
) 

N0UNADD == 014008 + bits 8-1 of N0UNCADR 

If DECBRNCH ) 0 : (decimal) 

i --= low 5 bits of NNTYPTEM 

SFTEMPl "--' K: SFINTAB. 
l 

i = mid 5 bits of NNTYPTEM shifted right 5 

Proceed to 11 PUTDCSF2 11 

Perform "GETC0MP11 

If bit 14 of TS = 1, proc eed to 11AI.MCYCLE 11 

i ~ mid 5 bits of NNTYPTEM shifted right 5 

(decimal only ) 

If i ~ 4, 5, 7 or 10: (doubl e precision noun) 

Se t (the mor e significant half of the double precision 
register specified by N0UNADD) -- 0 

N0UNADD -=- N0UNADD + 1 

Proceed to 11PUTC0M2 11 
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PUTDCSF2 

If NNADTEM = -1: (channel load) 

If NOUNCADR = 7, proceed to 11 LOADLV11 

Set channel specified by NOUNCADR equal to the more 
significant half of MPACdp (in low g bits 0f NOUNCADR) 

Proceed to 11 LOADLV11 

Proceed to 11 PUTCOM2 11 

If i = o, proceed to 11A.LMCYCLE11 

If i = 1, proceed to 11 BINROUND 11 

If i = 2, proceed to 11DEGINSF11 

If i = 3: 

MPACdp = SFTEMPl K:b0tobm14 MPACdp 

If overflow, proceed to 11 ALMCYCLE 11 

Proceed to 11 BINROUND 11 

If i = 4 or 7: 

MPACtp = SFTEMPl MPACdp 

Proceed to 11DPINSF+2 11 

If i = 5: 

MPACtp = SFTEMPl K:b0tobm7 MPACdp 

Proceed to 11DPINSF+2 11 

( octal only) 

If i = 6, proceed to 11 DSPALARM11 

If i = 8, proceed to 11 HMSIN11 

(LR position is display only) 

If i = 9, proceed to 11 DSPALARM11 

If i = 10: 

(min/sec cannot be loaded) 

MPACtp = SFTEMPl K:b0tobm3 MPACdp 

Proceed to 11DPINSF+2 11 
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If i = 11: 

MP AC dp - MP AC dp SFI'EMPl 

Proceed to 11 BINROUND 11 

If i = 12, proceed to 11 DSPALARM 11 ( 2INT cannot be loaded) 

If i = 13, proceed to 11 DEGINSF 11 ( test for 360-CDU in 11 DEGINSF11
) 

If i = 14 or 15, proceed to "DSPALARM" (RR data cannot be loaded) 

BINROUND MPAC = MPAC rounded off sp dp 

If overflow, proceed to 11 ALMCYCI.E 11 

Proceed to 11 PUTCOM2 11 

DPINSF+2 MPACdp = MPACtp rounded off 

DEDINSF 

If overflow, proceed to 11 ALMCYCI.E 11 

If MIXER = 1, TS = NOUNADD 

If MIXER = 2, TS = NOUNADD + DECOUNT 

Store less significant half of MPACd in less significant 
half of double precision register spgcified by TS 

MPACsp = more significant half of MPACdp 

Proceed to 11 PUTCOM2 11 

MPACdp = K:DEGCONl MPACdp 

MPAC = MPACd rounded off and rescaled to B-1 sp p 

If IMPACspl ~ 1 (360"), proceed to 11 ALMCYCLE 11 

MPAC = MPAC converted to two 1 s complement form sp 

If MPAC ::> ! (180°): 

MPAC = - (1 - MPAC) 

If MPAC < 

MPAC = MPAC + 1 

(sl3) 

If MIXER = 1, i = mid 5 bits of NNTYPTEM shifted right 5 
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HMSIN 

If MIXER = 2, perform 11GETI 11 with TS= RUTMXTEM 

If if 2: (360-CDU) 

If MP AC 1 0 or -½,, MP AC = -MP AC (two ' s complement ) sp sp sp 

MPAC = MPAC sp 

Proceed to 11 PUTC0M2 11 

If bits 3, 4 and 5 of DECBRNCH are not all 1: 
(three decimal components have not been loaded) 

VERBSAVE = - K:VB25 (initiate ABCLOAD) 

Proceed to ''ALMCYCLE" 

TS = K:HRC0N (105 MPACdp rounded to whole hours) 

If I Tsj ?: 228 , proceed to 11 AI.MCYCLE 11 (745 hour max) 

HITEMIN = TS 

TS = 105 (YR.EX}+ YREGLP) rounded to whole minutes 

If jTs/ ) K:59MIN, proceed to 11 ALMCYCLE 11 

HITEMIN = HITEMIN + K:MINC0N TS 

If I HITEMIN j ~ 228, proceed to II AI.MCYCLE 11 

TS= 105 (ZR.EX} + ZREGLP) rounded to whole centiseconds 

If I TS I > K: 59. 99SEC, proceed to 11 ALMCYCLE 11 

TS= HITEMIN + TS 

If jTsl ?. 228 , proceed to 11 ALMCYCLE 1I 

MPACdp = TS with forced sign agreement between two halves 

Store MPACdp in double precision register specified by N0UNADD 

Proceed to 11 L0ADLV 11 

PUTC0M2 TS= MPAC sp 

Return via DECRET 
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DSPFMEM DSPCOUNT "'" K: RlDl 

If NOUNCADR /= 1 lx XXX xxx XXX xxx2 : 

TS = contents of fixed memory cell whose address is specified 
by information in NOUNCADR (Standard fixed memory CADR 
format contains FBANK information in bits 15-11 and 
S-register information in bits 10-1.) 

If NOUNCADR ='" 1 lx xxx xxx xxx xxx
2 

: 

TS = contents of fixed memory cell whose address is specified 
by information in NOUNCADR and in DSPTEM12 . (DSPTEM12 
contains FBANK extension or 11 Superbank 11 information in 
bits 7-5 and must be loaded prior to verb 27 entry 
with a verb 23 , noun 26 for access to fixed memory banks 
308 through 438.) 

Perform 11 DSPOCTWD 11 

End job 

MMCHANG Perform "REQMM" (return is via REQRET on data entry) 

If DSPCOUNT /= -16, proceed to "ALMGYCLE " 

TS = NOUNREG 

NOlJNRFB = 0 

(which cont ains desired major mode) 

Perform 11 2BLANK 11 with DSPCOUNT = K:NDl 

DSPCOUNT = -19 

MMNUMBER = TS 

(to block further numerical entries) 

Proceed to 11 V37 11 

RRANGOUT MPACd = MPAC (15 magnitude bits) converted to double precision p sp 

If RADMODFS bit 3 (RRRSFLAG) = 0: ( 101,1 scale ) 

S1:ip next step 

MPACdp = 8 MPACdp (high scale) 

MPACtp = MP AC dp SFTEMPl 

MPACdp = K:bl4tob0 MPACtp 

Proceed to 11 DSPDCEND 11 
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RRDOTOUT MPACdp = MPAC (15 magnitude bits) converted to double precision sp 

MPACdp = MPACdp - 17000 

MPACtp = MPACdp SFTEMPl 

MPACdp = K:bl4tob0 MPACtp 

Proceed to 11 DSPDCEND 11 

AROUTlSF If MPAC0 = -0: 

MPACdp = -0 

Skip next line 

MPACd = K:bl4tob0 SFTEMPl MPAC p sp 

Proceed to 11 DSPDCEND 11 
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Quantities in Comput ations 

BUF . (i = 0,1,2): Three single precision octal working storage cells. 
l 

CADRSTOR: See DINT section. 

CLPASS, CODE , COUNT: See DSKY section. 

DECBRNCH: See DSKY section. 

DECOUNT: Single precision number of components in a noun display, 
extracted from the relevant bits of NNTYPTEM or NNADTEM, scaled 
B14 and unitless. (Number of components = DECOUNT + 1.) 

DECRET : Single precision oct al return address st orage. 

DSPCOUNT, DSPLOCK: See DSKY section. 

DSPTAB. (i = 0-10): See DSKY section. 
l 

DSPTEMl, DSPTEM2, DSPTEMX: Single, double or triple precision display 
interface registers wit h variable scalinB and units. See tables 
below. 

EBANK: See MA.TX section. 

ENTRET: Single precision octal address indicating whet her the data 
input/output is under control of the astronaut or of internal programs. 

FBANK: See MATX section. 

FREEDSKY: Variable introduced as a substitt.te for variable ret urn 
address; set to 1 or Oto indicate whether the DSKY is 
free or unavailable f or use by int ernal programs. 

HITEMIN: Double precision working storage in 11 HMSIN 11
, scaled B28 in units 

of centiseconds . 

HITEMOUT: Single precision working storage for minutes scaled B16 or 
hours scaled B14. 
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IDAD:rm\ (i = 1,2,3): Three single precision octal words containing 
the address and EBANK information for each of the three separate 
registers that can be displayed or loaded by a mixed noun. (Equal 
to -tO if the component of the mixed noun is not utilized.) 

K:0 .180: Double precision constant stored as 05605~ 036568, scaled Bl 
i n units of degrees per revolution; program notation is DEGTAB. 
Equation value: 360/1000. 

K:59MIN : Single precision constant stored as 000738, scaled B14 in units 
of minutes . Equation value: 59, 

K: 59,99SEC: Single precision constant stored as 135578, scaled B14 in 
units of centiseconds . Equation value: 5999. 

K: bOtobm.14: Constant representing the effect of a left shift of 14, 
scaled B-14 and unitless. Equation value: 1. 

K:b0tobm3: Constant representing the effect of a left shift of 3, 
scaled B-3 and unitless. Equation value: 1. 

K:b0tobm7: Constant representing the effect of a left shift of 7, 
scaled B-7 and unitless. Equation value: 1. 

K: bl4tob0: Constant representing the effect of a left shift of 14, 
scal ed B-14 and unitless. Equation value: 1. 

K:b7tob0: Constant representing the effect of a left shift of 7, 
scaled B-7 and unitless. Equation value: 1. 

K:DEGCONl: Double precision constant stored as 5.555555555 x 2-3 , 
scaled B2 in units of revolutions per degree. Equation value: 
1000 / 360. 

K:HIMINCON: Single precision constant stored as 233468, scaled BO in 
units of minutes per hour. Equation value: 60.8 / 100 (for round 
off) . 

K:HISECON: Single precision constant stored as 231478, scaled BO in 
units of seconds per minute. Equation value: 60 / 100. 

K:HRCON : Double precision constant stored as 000258 371008 , scaled B28 
in units of centiseconds per hour. Equation value: 360,000. 

K:HRCONl: Double precision constant stored as 0.16384, scaled B-14 
and unitless. Equation value: 0.00001. 
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K:IDADTAB. (i = 0-179): Table of single precision addresses for mixed 
nouns,iloaded into IDADTEM1 2 J according to the value of NNADTEM 
Program name: IDADDTAB. ' ' 

K:MDl: Single precision constant to cause a numerical display to be 
s tarted in the first digit of the lltajor mode (program) regis t er, 
s~aled B14 and unitless. Equation value: 21. 

K: MdSCONl: Double precision constant stored as 77753,g 411268 , scaled 
B28 in units of centiseconds. Equation value: -359,850 (Equivalent 
to -59:58.5 = -258 366528 because of CCS.) 

K:MdSCON3: Double precision constant stored as 000258 370168 , scaled 
B28 in units of centiseconds. Equation value: 359,950. (Equivalent 
to 59: 59. 5. ) 

K:MINCON: Single precision constant stored as 135608 , scaled B14 in 
units of centiseconds per minute. Equation value: 6000. 

K:MINCONl: Double precision constant stored as 021048 104228 , scaled 
B-2 in units of hours per minute. Equation value: 1/60. 

K:MINCON2: Double precision constant stored as 00011s 324458 , scaled BO 
in units of minutes per hour. Equation value: 60/100000. 

K:NDl: Sea DSKY section. 

K:NNADTAB. (i = 0-99): Table of single precision constants to be loaded 
into NNADTEM according to the value of NOUNREG. See tables 1 and 2 
below. 

K: NNTYPTAB; (i = 0-99 ) : Table of single precision constants to be loaded 
into NNTYPTEM according to the value of NOUNREG. See tables 1 and 2 
below. 

K:posmaxsp: See "Major Variables" section. 

K:RlDl, K:R2Dl, K:RJDl: See DSKY section. 

K:RND:ON: Double precision constant stored as OOO J08 00062~, 8caled B28 
in uni t s of centiseconds. Equation value: 50. 

K:RU'l'MXTAB (i = 40-99 ): Table of single precision constants t o be loaded 
int o RU'!'MXTEH according to the value of NO UN REG. See table 2 below. 

K:SECONl: Double precision constant stored as 1.666666666 E-4 x 212
1 

scal ed B-12 in units of minutes per centisecond. Equation value: 
l / 600J . 
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K:SECON2: Double precision constant stored as 01727R 01217R, scaled 
B-14 in units of seconds per minute. Equation value: 60/1000. 

K:SFINTABi (i = 0-_28): Table of double prec1s10n constants with variable 
scaling and units, used to convert from units used on a DSKY display 
into units used in the LGC. See table 3 below. 

K:SFOUTAB. (i = 0-28): Table of double precision constants with variJ.ble 
scalin~ and units, used to convert from units used in the LGC to units 
used on a DSKY display. See table 3 below. 

K:VB21, K:VB22, K:VB23, K:VB25 _: Single precision constants stored as 
21, 22, 23, and 25 times two to the minus fourteenth power, scaled Bl4 
and unitless. Equation values respectively: 21, 22, 23, 25. 

K:VDl: See DSKY section. 

LOADSTA~: . See nINT section. 

LOTEMOUT: · Single precision \lorking storage for minutes, scaled B2. 

MIXBR: Single precision index indicating whether the noun being processed 
is a 11 mixed 11 noun (addresses non-consecutive E-memory cells) or a 
"normal" nonn (addresses one or more consecutive E-memory cells); 
scaled Bl4 and unitless. 

MIXTEMP. (i = 0,1,2): Three consecutive single precision E-memory 
cell~ loaded with the values of the three non-consecutive registers 
addressed by a mixed noun so that the same display logic can be used 
for both normal and mixed after the MIXTEMP. are loaded and NOUNADD 

l is set equal to the address of MIXTEMP0• 

MMNUMBER: See PGSR section. 

MODREG: Single precision register reflecting the status of the ~maj or 
mode" or "program" number on the DSKY, scaled Bl4 and unitless. 

MONSAVE: Single precision storage for monitor verb and noun (verb number 
in bits 14-8, noun in bits 7-1). 

MONSAVEl: Single precision octal storage for the address of the noun to 
be displayed by the monitor routines. Bits 15 and 14 are used as 
flag bits ~ Lit 15 is set to terminate the monitor, and bit 14 is set 
to indicate that the monitor was initiated by the astronaut and thus 
talces priority over displays requested by the program. 

MONSAVE2: Single precision storage for an octal blanking code and/or 
a verb to be "pasted" over the display verb during a monitor. 
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,~AC , l~ACdp ' i lPACtp Single, double and triple precision working 

s torage cells: 1-IPACsp = lJPAC0 , HPACdp = l·IPACO,l' [,!PACtp = HPAC01 11 2 . 

i~AC2 : Single precision storage for an octal address when an "address­
to-be -specified noun" is used by LGC programs. Instead of requesting 
the addres s from the astronaut, the program finds it in MPAC2 • (see 
"TESTNN"). 

NNADTEd: Single precision octal word containing the f ollowing information. 
If the noun is a normal noun, NNADTEM contains the normal noun address 
and EBANK. If the noun is a mixed noun, NNADTEM contains the "no-load" 
and "decimal only " indicators (bi ts 15 and 14);, the indication of the 
number of components in the noun (bits 12-11), and the index used to 
l oad IDADTEM. ( see 11 L0DNNTAB 11 ) • 

l 

NNTYPTEM : Single precision octal word containing the following information. 
If the noun i s a normal noun, NNTYPTEM contains the "no-load" and 
"decimal only" indicators (bits 15 and 14), the indication of the 
number of components in the noun (bits 12-11), the specification of the 
routine to be used for input/output (bits 10-6), and the index used 
in selecting the scale factor to be used in input/output scaling (bi t s 
5-1). If the noun is a mixed noun, NNTYPTEM contains the index used 
i n selecting the s cale factor for each of the three components. Bits 
15-11 contain the index for the third component, bits 10-6 contain t he 
index for the second component, and bits 5-1 contain the index for 
the first component. 

N0UNADD: Single precision octal address of register or registers to be 
di splayed or loaded by the noun being processed. 

N0UNCADR: Single precision octal address of the most recent register 
displayed by a normal noun or loaded. 

N0UNrl.BG : Single precision storage for the value of t he number curr ently 
displayed in the noun register on the DSKY, scaled Bl4 and unitless . 

N0UNTEM : Single precision temporary storage for the address of one of 
the components of a mixed noun. 

N0FT : See INTR sec tion. 

NVQTEM: Double precision octal return address storage. Program notation for 
l east significant half is NVBNKTEM. 

NVT&·IP : Single precision storage for verb-noun combination, the noun 
number stored in bits 7-1 and the verb number stored in bits 14-8; 
used instead to indicate a desired blanking option if bit 15 is set 
(if NVTfil!P is negative). 
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OPTIONl, OPTION2, OPTION3: Three single precision option codes for 
display to the astronaut via noun 6. The first indicates the sub­
ject of the decision to be made, the second indicates the choice made, 
which he may accept or change, the third indicates flagbit settings. 

RADMODES: See RADR section. 

REQRET: See DSKY section. 
RUTMXTEM: Single precision octal word loaded only for mixed nouns. 

Bi ts 15-11 specify the routine to be used in input/output of the 
third component of the mixed noun; bits 10-6 specify the routine 
for the second component; bits 5-1 specify the routine for the 
first component. 

SAMPTIME: See DSKY section. 

SFTEMPl: Double; precision storage for the conversion/scale factor in 
decimal input/output routines. 

TIMENOW: See EXVB section. 

VERBREG: Single precision storage for the value of the number currently 
displayed in the verb register on the DSKY, scaled Bl4 and unitless. 

VERBS.AVE: Single precision storage for the value of VERBREG (complemented 
at the beginning of verb processingl see 11 .ALHCYCLE"). 

VGDISP: See DELVSAB in BURN section. 

XREG, XREGLP: Two halves (most and least significant) of the five digit 
number currently input into the first data register on the DSKY (Rl), 
scaled BO assuming that the decimal point is on the left of the dis­
play register. 

YREG, YREGLP: The equivalent of XREG and XREGLP for R2 instead of Rl. 

ZREG, ZREGLP: The equivalent of XREG and XREGLP for R3 instead of Rl. 
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Table 1 

Normal Nouns 

Noun K:NNADTAB K:NNTYPTAB 
(addresses are bits bits bits bits 
normally positive) 15-13 12-1110-6 5-1 

l_l +o 0 0 0 0 0 0 
1 -K:posmaxsp 0 0 0 2 1 0 
2 -K:posma.xsp 0 0 0 2 3 0 
3 -K:posma.xsp 0 0 0 2 2 2 
4 DSPTEMJ.. 0 0 0 0 10 4 
5 DSPTEMJ.. 0 0 0 0 10 4 
6 OPTION1,0PTION2.0PTION30 O O 2 0 0 
7 XREG, YREG, ZREG 0 0 0 2 0 0 
8 ALMCADRdp' ERCOUNT 0 0 0 2 0 0 

9 FAILREG0 l 2 0 0 0 2 0 0 
' ' 

10 -1 0 0 0 0 0 0 
11 TCSI 0 1 0 2 8 0 
12 OPTIONX 0 0 0 1 0 0 
13 TCDH 0 1 0 2 8 0 
14 DSPTEi•IX("\ l 2 

0 0 0 2 3 0 
v, ' 

15 -0 0 0 0 0 0 0 
16 DSPTEMXdp 0 1 0 2 8 0 

17 +o 0 0 0 0 0 0 
18 FDAI 0 0 0 2 2 2 
19 +o 0 0 0 0 0 0 
20 .Q.DU 0 0 0 2 2 2 
21 PIPA 0 0 0 2 3 0 
22 THETAD 0 0 0 2 2 2 
23 +o 0 0 0 0 0 0 
24 I'SPTEMXclp 0 1 0 2 8 0 

25 DSPTEMJ.0 l 2 
0 0 0 2 3 0 

' ' 26 DSPTEMJ.0 l 2 
0 0 0 2 0 0 

' ' 27 SMODE 0 0 0 0 3 0 
28 +o 0 0 0 0 0 0 
29 +o 0 0 0 0 0 0 
:.;o +o 0 0 0 0 0 0 
31 +o 0 0 0 0 0 0 
32 mTPER 0 1 0 2 8 0 
33 TIG 0 1 0 2 8 0 
34 DSPTEMJ..dp 0 1 0 2 8 0 

35 TTOGO 0 1 0 2 8 0 
36 TIMENOW 0 1 0 2 8 0 
37 TTPI 0 1 0 2 8 0 
38 TET 0 1 0 2 8 0 
39 +o 0 0 0 0 0 0 
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Table 2 

Mixed Nouns 

Noun K:NNADTAB K: IDADTAB K:NNTYPTAB K:RUTMXTAB 
(bits 15,14,13 K: IDA.DTABi (binary) (binary) 
12-11, 10- 1) K: IDA.DTAB~+~ 

i 
l+ 

40 1 1 0 2 0 TTOGO 01010 01010 00000 00111 00111 01001 
VGDISP 
DVTOTAL 

41 0 0 0 1 3 DSPTEMlo 00000 01011 00010 00000 00011 00010 
DSPTEM11 
+O 

42 0 1 0 2 6 HAPO 01010 01000 01000 00111 00111 00111 
HPER 
VGDISP 

43 0 1 0 2 9 LAT 01000 00100 00100 00111 01010 01010 
LONG 
ALT 

44 1 1 0 2 12 HAPOX 00000 01000 01000 01001 00111 00111 
HPERX 
TFF 

45 1 1 0 2 15 TRKMKCNT 00100 00000 00000 01010 01001 00011 
TTOOO 
pM}A 

46 0 0 0 0 18 DAPDATRl 00000 00000 00000 00000 00000 00000 
+O 
+O 

47 0 1 0 1 21 LEMMASS 00000 00110 00110 00000 01011 01011 
CSMMASS 
+O 

48 0 1 0 1 24 PITTI ME 00000 10111 10111 00000 00011 00011 
ROLLTI ME 
+O 

49 0 1 0 2 27 R22DISP 00000 01010 01000 00011 00111 00111 
R22DISP +2 
WHCHREAD 

50 0 0 0 0 0 +O 00000 00000 00000 00000 00000 00000 
+O 
+O 

51 0 1 0 1 33 ALPHASB 00000 00100 00100 00000 01010 01010 
BETASB 
+O 

52 0 0 0 0 36 ACTCENT 00000 00000 00100 00000 00000 01010 
+O 
+O 

53 0 0 0 0 0 +O 00000 00000 00000 00000 00000 00000 
+O 
+O 
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Table 2 conti nuccl ---

N, 111 11 I, : Nl\JAD'I'AB K : I DAD'I'AB K: NNTYPTAB K: RUTMX' L'l\ J ; 

I 1Lj 0 1 0 2 !+ 2 RANGE 00100 01010 00111 01010 00111 001()( ) 

RRATE 
RTHETA 

!lll 0 1 0 2 45 NN 00100 00100 00000 01010 01010 00011 
ELEV 
CENTANG 

=)() 0 0 0 1 48 RR -AZ 00000 00100 00100 00000 01010 01010 
RR-ELEV 
+O 

~) '{ 0 0 0 0 0 +o 00000 00000 00000 00000 00000 00000 
+O 
+O 

')8 0 1 0 2 54 POSTTPI 01010 01010 01000 00111 00111 00111 
DELVTPI 
DELVTPF 

'_19 0 1 0 2 57 DVLOSx 01010 01010 01010 00111 00111 00111 
DVLOSy 
DVLOS 2 

60 0 1 0 2 60 FORVEL 11000 01010 10001 00100 00111 00011 
HDOTDISP 
HCALCl 

b l 1 1 0 2 63 TTFDISP 10110 00000 00000 01010 01001 01001 
TTOGO 
OUTOFPLN 

C)c? 1 1 0 2 66 ABVEL 01010 00000 01010 00111 01001 00111 
TTOGO 
DVTOTAL 

~ \.) 0 1 0 2 69 ABVEL 11000 01010 01010 00100 00111 00111 
HDOTDISP 
HCALCl 

C4 1 1 0 2 72 FUNNYDSP 11000 01010 00000 00100 00111 01100 
HDOTDISP 
HCALC 

\)~ 0 1 0 2 75 SAMPTIME 00000 00000 00000 01000 01000 01000 
SAMPTIME 
SAMPTIME 

o, 1 1 0 1 78 RSTACK6 00000 00000 01110 00000 00110 00100 
+O 
+O 

67 0 0 0 2 81 RSTACKo 10101 10100 10011 00100 00100 00100 
RSTACK2 

84 
RSTACK4 

1 1 0 2 RANGE DSP 11000 00000 10110 00100 01001 01010 
TTFDISP 
DELTAH 

10 0 1 0 2 87 DLANDZ 11000 11000 11000 00100 00100 00100 
DLANDY 
DLANDX 
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Table 2 continued 

N.:mn K:NNADTAB K: IDADI'AB K: NNTYPTAB K:RU'l'MX'I'/\.B 

70 0 0 0 2 90 AOTCODE 00000 00000 00000 00000 00000 0000( ! 
AOTCODE1 
AOTCODE2 

71 0 0 0 2 93 AOT CODE 00000 00000 00000 00000 00000 00000 
AOTCODE1 
AOTCODE2 

72 0 0 0 1 96 CDUt 00000 00010 00010 00000 00010 01101 
Cills 
+O 

73 0 0 0 1 99 TANGo 00000 00010 00010 00000 00010 01101 
TANG1 
+O 

74 1 1 0 2 102 TTOGO 00100 00100 00000 01010 01010 0100] 
YAW 
PITCH 

75 1 1 0 2 105 DIFFALT 00000 00000 01000 01001 01001 00111 
TlTOT2 
T2TOT3 

76 0 1 0 2 108 ZDOTD 01000 01010 01010 00111 00111 00111 
RDOTD 
XRANGE 

77 1 1 0 1 111 TTOGO 00000 01010 00000 00000 00111 01001 
YtoT 
+O 

78 1 1 0 2 114 DNRRANGE 00000 01101 01100 01001 01111 01110 
DNRRDOT 
TTOTIG 

79 0 1 0 2 117 CURSOR 00000 00010 00010 00011 00010 00010 
SPIRAL 
POSCODE 

80 0 0 0 1 120 DATA.GOOD 00000 00100 00000 00000 01010 00011 
OMEGDISP 
+O 

8 1 0 1 0 2 123 DELVLVCx 01010 01010 01010 00111 00111 00111 
DELVLVCy 
DELVLVCz 

82 0 1 0 2 126 DELVLVCx 01010 01010 01010 00111 00111 00111 
DELVLVCy 
DELVLVC z 

83 0 1 0 2 129 DELVIMUx 01010 01010 01010 00111 00111 00111 
DELVIMUy 
DELVIMUz 

84 0 1 0 2 132 DELVOVx 01010 01010 01010 00111 00111 00111 
DELVOVy 
DELVOVz 
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Tab l e 2 ccmtinued 

N ,1111 K: NNADTAB K: IDA.Dl'AB K:NNTYPTAB K:RUTMXTAB 

0 1 0 .' 1 35 VGBODYx 01010 01010 01010 00111 00111 00] l] 
VGBODYy 
VGBODYz 

(·11) 0 1 0 2 138 DELVLVCx 01010 01010 01010 00111 00111 OOUl 
DELVLVCy 
DELVLVCz 

\'~I 0 0 0 1 141 AZ 00000 0001.0 00010 00000 00010 00010 I 

fil, 

+O 
JU 0 1 0 2 144 STARADox 00000 00000 00000 00001 00001 00001 

STARAIDy 
STARADoz 

l ) 0 l O 2 147 LANDLAT 00111 00011 00011 00100 00111 00111 
LANDLONG 
LANDA.LT 

ll\) 0 1 0 2 150 RANGE 00100 01010 00111 01010 00111 00100 
RRATE 
RTI-IETA 

l)l 0 0 0 2 153 P21ALT 00100 01001 01000 01010 01010 00111 
P21VEL 
P21GAM 

9."' 0 0 0 " 1 56 THRDISP 11000 01010 00000 00100 00111 00011 ,:;. 

HDOTDISP 
HCALCl 

95 0 0 0 2 159 OGC 00011 00011 00011 00111 00111 00111 
IGC 
MGC 

Jl+ 0 0 0 0 0 +O 00000 00000 00000 00000 00000 00000 
+O 
+O 

9c.) 0 0 0 0 0 +O 00000 00000 00000 00000 00000 00000 
+O 
+0 

')0 0 0 0 0 0 +O 00000 00000 00000 00000 00000 00000 
+O 
+O 

(' ( 0 0 0 2 171 DSPTEMl 00000 00000 00000 00011 00011 00011 
DSPTEMl1 
DSPTEMl2 

0 0 0 2 174 DSPTEM2 00000 00000 00000 00011 00001 00011 
DSPTEM21 
DSPTEM22 

11100 11011 11010 0 1 0 2 177 WWPOS 01010 00101 00111 
WWVEL 
WBIAS 
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Table 3 

Input/Output Scaling 

Each description in the table is arranged in the f oll~wing ~rd0r : 

Equation value 
Scale factor and units 
Stored value 
(comment) 

Index 

0 

K:SFINTABi 

105 
B28, unit l ess 
000063 032403 

K:SFOUTABi 

10- 5 
B- 14 , unitless 
051743 132613 

(used with nouns 2, 14,21 ,25,27,45 , 49 , 55,79,80,92 ,97 ,98 ) 

1 

2 

+O 

0 
B-1 , revolutions 
0 

+O ( n'.:lt used) 

+O 

(used with nouns 3 ,18,20,22,41 ,72, 73 , 79, 87) 

3 when used wi th noun 89 

(100 / 360) +2 -28 

BO, revolutions per degree 
107073 034 35g 

3 when u sed wi th noun 93 

4 

(100 / 360 ) 2- 21 +2 -7 
B- 21, gyr o torque pul ses/deg 
107073 034353 

( 1000 / 360) +2- 25 

B3, revolutions per degree 
130703 343453 

360 / 100 
B7, degrees per revolution 
007143 314633 

221 360 / 100 
B28 degree s per gyro pulse 
007143 314633 

360 / 1000 
BO, degree s per r evolution 
134123 075343 

(used with nouns 4,5,43,45,51,52, 54 , 55 , 56,74, 80,90,91) 

5 1000 / 360 
Bl3, revolut i ons per degree 
000053 216163 

(not used) 

360 / 1000 
Bl, degrees per revolution 
056053 036563 
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'
0 1 /,•• l\ : f1l•'ll~' l1/I.I\ . 

-----7 

l • 10 
1

• ) X Q • /1 1
) 3') 92 j' { 

8 

f'16 , kl lugram,; per pound 
-'Gll'\-l .317138 

(u~ed with noun 47) 

ld ',1~' x 105 
R29, meter s per nmi 
000708 204608 

(used with nouns 54,89,90) 

18'.)2 X 104 
B29 , meter s per nmi 
0106 ~)8 057408 

K : f ;J• 'OU'l' /ln . 
----i 

lo') 2 . 2046268 / 
B-2 , pounds pe r kilogr am 
000018 161708 

5 . 3996 X 10 - 4 / 103 
B-1'.5 , nmi per meter 
004413 34 3068 

5 . 3996 X 10 - 4 / 104 

B-22 , nmi per meter 
071768 216038 

(w;,,d with noun s 42 , 43, 44 , 49, 58, 75, 76 , 91) 

9 

10 

11 

(O . j 048 / 100 ) x 105 
Bl O, meter s/cs per fps 
114148 314638 

( u,:ed with noun 91) 

(0 . 3048 / 100 ) x 104 

R7, me ters/cs rer fps 
074 7~' 8 160513 

(100 / 0 . 3048) x 105 
BO, fp s per meter/cs 
153408 153408 (equal halves) 

(100 / 0 . 3048) 10-4 + 2- 21 
BO, fps pe r meter/ cs 
010 313 21032g 

(used with nouns 40 , 42 , 49 , 54 , 58, 59 , 60 , 62 , 63 , 64 , 76 , 77, 81-86 , 90, 9,~) 

102 / 360 
Pl..2 , revolutions per degree 
000018 034348 

( used with noun 41) 

1852 103 / 2 . 859026 
B28, RR range counts per nmi 
oooLr 7 cl 211358 

(used with noun 78) 

-1. :,9286 X lQ) 
B28 , hR rat ~ c ount s per fps 
7'77668 '.)07llg 

(w:ed with noun 78 ) 

DATA - 40 

360 I 102 

B2 , degrees per revoluti on 
346318 231463 

2 . 859024 / 103 1852 
B- 14 nmi per RR range count 
006368 145528 

-o. 6278 ; 105 
B- 14, f ps per RR rate count 
745528 70307 8 



J nJm, K: SFI NTAB . 
l 

14 10) / 1. 0790 

15 

16 

17 

18 

19 

20 

21 

B'28 , IB alt count s pe :i:; :foot 
0 . 9267840599 ES x 2 - 2~ 

(us ed wi th noun 66) 

105 / 2 . 345 
B28, bi ts per foot 
000028 232248 

(not used) 

105 / 0 . 5 
B28 , bi t s per f ps 
000148 065008 

(not u sed ) 

0 . 179500987 X E5 
B28, b its per f~~ 
0 . 17950 E5 X 2-

( used with noun 60 ) 

105 / 360 
Bll, rev per deg/ sec 
042568 070718 

(not used ) 

- 1. 55279503 X 105 
B28, LRVX counts per f ps 
-1 . 55279503 ES x 2 -28 

(used with noun 67 ) 

0 . 8250825087 X 105 
B28 , LRVY counts pe r 8ps 
0 . 8250825087 ES x 2 -2 

(used wit h noun 67) 

l.153668673 X 105 
B28, IBVZ c ount s pe r Sfps 
1 . 153668673 E5 x 2 -2 

(used wi th noun 67 ) 

K: S1"0U'J'fJl . 
- - --l 

1 .0790 / 10 '.J 
B- 14 , f eet per

4 
IB ul t, <:oun t. 

1. 079 E- '.,) X 2 1 

2 . 345 / 105 
B- 14 , f eet pe r bi t 
142268 31'1')7 S 

o . 5 / 105 
B- 14 , f ps per bi t 
024768 055318 

5 . 571 / 105 
B-14 , f ps per b i t 
5 . 571 E- 5 214 

360 I 105 
B- 3, deg/ sec per r ev 
000073 137348 

-o .6440 / 105 

B-14 , fp s pe r LR~X count 
-0 . 6440 E- 5 x 2l 

1. 212 / 105 
B-14, f ps per LR VY count 
1. 212 E- 5 x 214 

o . 8668 J 105 
B-14, fps per WVZ count 
0 . 8668 E-5 x 214 
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InclL~X K: [";FlN'l'ABj K: GFOUTAI3 .i 

22 1852 X 104 5.399568 X 10-4 / 104 
B-24, nmi per met er 
347723 070163 

23 

24 

B27, mete1·s per nmi 
04324s 27Goo8 

(us ed with nouns 61,68 ) 

103 / 0. 002 
B28, cent i seconds per deg 
000363 204403 

(used with noun 48) 

0 . 3048 X 105 
B24, meters per foot 
000353 304003 

0.002 / 103 
B- 14 , deg per centi sec ond 
010303 336758 

3. 2808399 / 105 
B-10, feet per meter 
010463 157003 

(used wi t h nouns 60 ,63 ,64,68 , 69 ,92 ) 

~5 104 10-4 

27 

28 

Bl4, unitless B-7, unit l ess 
?34203 000003 003213 267063 

(not used) 

30480 
Bl 9 , meters per foo t 
30480 X 2- l 9 

(used with noun 99 ) 

0.003048 X 104 
B7, meters/cs per fps 
30 . 48 X 2-7 

(used with noun 99) 

100 
B8. un:i!~ess 
100 X 2 

(used with noun 99) 

DATA - 42 

17 . 2010499 
B7 , feet per meter 

17,2010499 X 2- 7 

328 .08399 / 104 
BO, fps per meter 
0.032808399 

25 X 10- 2 

BO , unitles s 
0.32 



Display Quantities 

ABVEL: See SERV section. 

ACTCENT: See TRGL section. 

AIMCADR: See PGSR section. 

ALPHASB: Same as PITCHANG, see EXVB section. 

ALT: See COOR section. 

AOTCODE: See ALIN section. 

AZ: See ALIN section. 

BETASB: Same as YAWANG, see EXVB section. 

QDU: See IMUC section. 

CDU: See RADR section. s 
CDUt: See RADR section. 

CENTANG: See TRGL section. 

CSMMASS: See DAPB section. 

CURSOR: See ALIN section. 

DAPDATRl : See DAPB section. 

DATAGOOD: See RNAV section. 

DELTAH: See SERV section. 

DELVIMU : See BURN section. x,y, z 
DELVLVC See TRGX section. 

x,y, z 
DELVOV See ORBI section. x,y,z 
DELVTPF : See TRGL section. 

DELVTPI: See TRGL section. 

DIFFALT: See TRGX section. 

DLA.:WX, DI.ANDY, DLANDZ: See DESC section. 

DNRRANGE : See RADR section. 

DNRRDOT : See RADR section. 

DSPTEMX: See DATA section. 

DSPTEMl: See DATA section. 

DSPTEM2: See DATA section. 

DVLOS : See TRGL section. 
x,y,z 

DVTOTAL: See SERV section. 

EL: See ALIN section. 

ELEV: See TRGL section. 

ERCOUNT : See TEST section. 
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F,\ILREG : See PGSR section . 

Fl >/\I : See ATTM section . 

FORVEL: See SERV section . 

FUNNYDSP : See lJESC section . 

HAPO : See TRGX section . 

IIAPOX: See EXVB section. 

HCALC : See SERV section . 

HCALCl : See SERV section . 

HDOTDISP : See SERV section. 

HPER: See TRGX section . 

HPERX : See EXVB secti on . 

IGC: See COOR section. 

LANDALT: See ALIN section . 

LANDLAT: See ALIN section. 

LANDLONG : See ALIN section. 

LAT: See COOR section. 

IEMMASS~ See DAPB section. 

LONG : See COOR section. 

MGC: See COOR section . 

mTPER: See EXVB section . 

NN : See TRGX section. 

OGG: See COOR section . 

OMEGDISP :· 

OPTIONX:· 

OPTIONl: 
OPTION2 : 
OPT IONJ : 
OUTOFPLN: 

See RNAV section . 

See EXVB section. 

See DA TA section. 
See DATA section. 
See DATA section. 
See DESC section . 

PIPA: See IMUC section. 

PITCH: See ASCT section . 

PITTIME : See DAPB section . 

pMGA: See TRGX section. 

POSCODE: See ALIN section. 

POSTTPI : See TRGL section . 

P21ALT: See RNAV section . 

P21GAM : See RNAV section . 

P21VEL : See RNAV section . 
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RANGE: See EXVB section . 

RANGEDSP : See DESC section . 

RDOTD: See ASCT section . 

ROLLTIME: See DAPB sect ion . 

RRATE : See EXVB section . 

RR-AZ: See RNAV section . 

RR-EIEV: See RNAV secti on . 

RSTACK: See RADR section . 

RTHETA: See EXVB section. 

R22DISP: See R22DISPR in RNAV secti on. 

R22DISP+2 : See R22DISPV i n RNAV secti on. 

SAMPTIME: See DSKY section . 

SMODE: See TEST section. 

SP IRAL: See ALIN secti on . 
STARADx, y,z= See ALI N section. 

TANG : See RADR secti on . 

TCDH: See TRGX secti on . 

TCSI : See TRGX section. 

TET: See ORBI section . 

TFF: See EXVB section . 

THETAD: See IMUC secti on. 

THRDISP: See DESC section . 

TIG : See BURN section . 

TIMENOW : See EXVB section . 

TRKMKCNT: See RNAV section. 

TTFDISP : See DESC section . 

TTOGO : See BURN secti on . 

TTOTIG: See RADR section . 

TTPI : See TRGL section. 

TlTOT2: See TRGX secti on . 

T2TOTJ : See TRGX section . 
VGBODY See BURN secti on . x,y,z 
VGD ISP: Same as DELVSAB , see TRGX section. 

WHCHREAD : See RNAV secti on . 

WWBIAS : See RNAV section . 

WWPOS : See RNAV section. 
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WWVEL : See RNAV section. 

XRANGE: See ASCT section. 

XREG :· See DATA section. 

YAW: See ASCT section. 

YDOT: 

YREG:­

ZDOTD:: 

ZREG: 

See ASCT section. 

See DATA section. 

See ASCT section. 

See DATA section. 

- K:-posma.xsp: See "Major Variables" section. 

DATA - 1/:; 



DESC 



P63LM 

I 

Descent Guidance 

Perform 11R02BOTH" 

WHICH = 11 P6JTABLE" 

DVTHRUSH = K:DPSTHRSH 

DVCNTR = 4 

(assure that IMU is operating) 

WCHPHASE = - 1 

FLPASSO = 0 

Switch bit 14 of channel 12 to 0 (disable RR tracker) 

Switch FLAGWRD1 bit 11 (NOTERFLG ) to O 

Switch FLAGWRD5 bit 12 (NOTHROTL) to 0 

Switch FLAGWRD6 bit 6 (REDFLAG) to 0 

Switch FLGWRD11 bit 15 (LRBYPASS) to 0 

Switch FLAGWRD6 bit 8 (MUNFLAG) to 1 

Switch FLAGWRDO bit 9 (P25FLAG) to 0 

Switch FLAGWRDO bit 7 (RNDVZFLG) to 0 

TPIP = TLAND 

TSt = TLAND 

Perform 11 MOONMX 11 

b,AND = [REFSMMAT_] QvIOONMAfj T (~S + b,M504 * ~S) 

TSt = TIMENOW 

Perform 11 MOONHX11 

~ = K:MOONRATE [REFSMMA~ ~100NMA~ T (K:UNI TZ + b,M504 * K:UNI TZ) 

LAND:MAG = I ~s j 

TDEC1 = TLAND - K:GUIDDURN 

Perform "LEMPREC" 

NIGNLOOP = 40 
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DELTAH = K:99999C0N 

!JNFC = 0 

TTF = 0 

HLROFF = K: HLROFFF 

I GNAL00P PIPTIME1 = TAT 

EXGSUB 

R = [REFSMMATJ RATT 

Perform "MUN GRAV" vi th I.Sr = R 

GDT = GDT1 - -
NGUIDSUB = 2 

( continues at 11 EXGSUB" 
Proceed to the second step of 11 GUILDRET 11 after one iteration 

of guidance computation.J) 
UNFC = K:TRIMACCL Z00MTIME unit!!NFC (argument of unit oper ati0n 

adjusted to reduce the 
If NGUIDSUB> 0: possibility of overflow) 

NGUIDSUB = NGUIDSUB - 1 

Proceed to 11 CALCRGVG 11 

If NIGNL00P = 0: 

Perform "ALARM" with TS= 014128 

TS= 3323
8 

If NIGNL00P > 0: 

TS= NIGNL00P - 1 

NIGNL00P = TS 

( S-register portion nf adr r es~ of cel1 
containing alarm pattern) 

TSden = VGU - DESKIGNX VGU 
Z X 

TSnum = (DESIGNRZ - RGU) + DESKIGNY RGU 2 + DESKIGNX (RGU - DESICNRXJ 
Z y X 

TSv = DESKIGNV ( I YGU I - DESIGNV) 

TS t = (TSv + TSnum) / TSden 

TDEC1 = PIPTIME1 + TS t. 
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I 

If I TSt I> K:DDUMCRIT: (rei terat e) 

Perform "TNT STALL" 

Switch FLAGWRD3 bit 4 (INTYPFLG) to 1 

Switch FLAGWRDO bit 12 (MOONFLAG) to 1 

TET = PIPTIME1 

RCV = RATT - -
y_cv = Y.ATT 

Perform 11 INTEGRVS 11 

Proceed to 11 IGNALOOP 11 

TIG = TDEC1 - ZOOMTIME 

OlITOFPLN = unit(y_ * fl) • LAND 

flAOSAVE = QNFC 

DISPDEX = - 21 (enable astronaut branch to 11 ASTNRET 11 ) 

Perform 11 STCLOK3" 

End job 

ASTNRET Proceed to 11 GOPERF1 11 with TS= 00014
8 (If terminate, proceed to "GOTO POOH"; if proceed, continue 

at next step; if other response, skip next step.) 

Perform "R51" 

fOINTVSM = unitflE>OSAVE 

~CAXIS = ~:UNITX 

Perform 11 PFLITEDB 11 with interrupts inhibited 

Perform 11 R60LEM" 

If bit 6 of channel 33 = 1: (LR not in position #1) 

Proceed to 11 GOPERF1 11 with TS= 005008 (If terminate, proceed to "GOTO POOH"; if proceed , continue 
at previous step; if other response, continue at next ste~.) 

STILBADH = 2 
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STILBADV = 2 

LRLCTR = 0 

LRMCTR = 0 

LRRCTR = 0 

LRSCTR = 0 

VSELECT = 0 

LRPOS = 1 

CTR511 = 4 

Proceed to 11 BURNBABY11 

(Standard pre-ignition sequence; initializes average-g 
navigation at TIG-30 seconds; calls 11 P63IGN 11 at time of 
ignition which sets AVEGEXIT to "LUNLAND" establishing the 
two-second guidance loop; calls 11 P63ZOOM" at throttle-up 
time.) 

LUN LAND If FLAGWRD 5 bit 8 ( ZOOMFLAG) = 0: (R13) 

Proceed to "DISPEXIT" 

If MODREG = 66: 

(do display only; no throttle-up yet) 

(in P66 ) 

If FLAGWRD1 bit 12 (RODFLAG) = 0: 

Proceed to 11 STRTP66A 11 

Proceed to 11P66 11 

If bit 13 of channel 31 = 0 and RODCOUNT f 0: 

Proceed to 11 STARTP6611 

GUILDRET RODCO UNT = 0 

TPIPOLD = TPIP 

TPIP = PIPTIME1 

TTFTMP = TTF 

If FLPASSO > 0, proceed to 11 TTFINCR 11 

Proceed to K:NEWPHAS¾CHPHASE 

(TTFINCR, TTFINCR, STARTP64, STARTP66) 
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STARTP64 M0DREG = 64 

Establish 11 DSPMMJ0B 11 

TTF'TMP = TTF1MP + DELTTFAP 

Inhibit interrupts 

Perfonn 11 C13STALL11 

(pr30) 

Switch bit 12 of channel 13 to 1 (enable RHC interrupt #10) 

DB = K:P64DB 

Switch FLAGWRD6 bit 6 (REDFLAG) to 0 

LRWH = LRWH1 

Release interrupt inhibit 

TTFINCR TSt = TPIP - TPIP0LD (rescaled to B17 centiseconds) 

1:ANDTEMP = LANDMAG unit(I:AND - TSt LAND {f ~) 

TTFTMP = TTF1MP + TSt 

(argument of uni t 
operation adj usted 
to reduce · the 
possibility of 
overflow) TTF = TTFTMP 

Perfonn 11 TDISPSET 11 

Change job priority to 31 

LAND= LANDTEMP + DLAND - - -
LANDMAG = I !:AND I 
DLAND = 0 

Change job priority to 20 

Proceed to K:PREGUIDfwCHPHASE 
(CALCRGVG, RGVGCALC, REDESIG) 

( pr31 ) 

(pr20) 

REDESIG If FLAGWRD6 bit 6 (REDFLAG) = 0 or if TREDES = 0: 

Proceed to 11 RGVGCALC 11 

Inhibit interrupts 

ELINCRdp = (ELINCR1, 0) 

AZINCRdp = (AZINCR1, 0) 

DESC - 5 

(AZINCR1 and ELINCR1 are 
updated in routines 
"PITFALL" and 11 REDESM0N11 

which are called by 
program interrupt #10) 



ELINCR1 =- 0 

AZINCR1 = 0 

Release interrupt inhibit 

IS = unit(1AND - ].) (argument of unit operation adjusted t o redu r;r;; 
the possibility of overflow) 

IS = IS + AZINCR XNBPIP - ELINCR IS " XNBPIP 

If TS > K:DEPRCRIT, TS = K:DEPRCRIT x- X 

LANDTEMP = LANDMAG unit(R + TS (LAND - R) / TS ) 
- - - X X X 

1AND = 1ANDTEMP 

Proceed to 11 RGVGCALC 11 

CALCRGVG y_ = [ REFSMMAT] Y._ATT + !!NFC 

RGVGCALC ANGTERM = fl: * W,1 + y_ 

VGU = [GCMAr_fJ ANGTERM 

1'.S = f!: - ~AND 

fl:GU = [GCHA~ fS 

RANGEDSP = I ~GU I 

(VA.TT used here is VATT1 scaled 
B5; see V!TT of the ORBI ser-tion.) 

LOOKANGL = K:180degs (arcsin (unit*Ts · XNBPIP) + K:1d2DEG + ELBIAJ ) 
sp - -

Proceed to K·WHATGUID *(argument of unit operation 
· WCHPHASE adjusted to reduce the 

(TTF/8CL, TTF/8CL, TTF/8CL) possibility of overflow ) 

TTF/8CL LUNDEX = K:TARGTDE¾CHPHASE 

A3 = TTFJDGZLUNDEX 

A.2 = TTFADGZLUNDEX 

A1 = K:ttf6b3 VGUz + TTFVDGZLUNDEX 

IS= IARGRDGLUNDEX 

A.0 = K:ttf24b6 (TS - RGU) 
z z 

PREC = 2-? 

DESC - 6 
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RDOTPS = TTF 

n = .3 

Perform "RDOTPSRS" 

If ROOTGOOD = O, proceed to K:WHATA~CHPHASE 

(1406POO, 1406ALM, 1406ALM) 
TTF = ROOTPS 

Perform "TDISPSET" 

QUADGUID TSt = - TTF + IEADTIME ms 

If TSt < O, TSt = 0 

RA= TSt / TTF ms 

TS1 = 2 RA 2 
-t RA 

TS2 = .3 RA 2 + 2 RA 

TS.3 = 4 RA 2 + .3 RA 
2 

TS4 = 6 (RA +RA)+ K:posma.xsp 

LUNDEX = K:TARGTDE¾CHPHASE 

TSb = TS1 VGU - -
!Sc= TS.3 !ARGVDGLUNDEX 

TSc = 0 y 

!S = .!AffiRDGLUNDEX 

TS = 0 
y 

!Sd = 2 TS2 (!S - ,!PU) / TTF 

!Se= K:ttf6b3 (!Sb+ !Sc+ !Sd) / TTF 

!S = TS4 !AffiAffiLUNDEX 

TS = 0 
y 

( - r) 

(2 r
2 

- r) 

(.3 r
2 

- 2 r) 

(4 r
2 

- .3 r) 

(6r2 -6r+1) 

(O, O, 2) 

!Sa= !S + !Se (desired acceleration) 

AFCCALC1 ]:NFC = [GcMATJ T !Sa - Q.DT / K:GSCALE 

AFCMAG = I ]:NFC I 
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EXTLOGIC 

I CGCALC 

EXBRAK 

EXNORM 

TS = (K :HIGHESTF / MASS) 2 - UNFC 2 - UNFC 2 
y X 

If TS < 0, TS = 0 

If UNFC ( --....JTS, UNFC = -~ z z 

WCHPHOLD = WCHPHASE 

FLPASSO = FLPASSO + 1 

Proceed to K:AFTRGUIDWCHPHASF. 

(CGCALC, EITLOGIC, EXTLOGIC) 

TS t = TENDwcHPHASE + TTFms 

If TSt) 0: 

WCHPHASE = WCHPHOLD + 1 

FLPASSO = O 

i = K:TARGTDE¾CHPHASE 

If TTF ( - TCGI. or TTF ) - TCGF.: 
ms 1 ms 1 

Proceed to K:WHATEXITWCHPHOLD 
(EXGSUB, EXBRAK, EXNORM, -----) 

LUNDEX = K:TARGTDE¾CHPHASE 

!Sa = unit1,AND 

(o,o, 2) 

(0, o, 2) 

:rs b = uni t1 unit1 GAIN LUND EX TTF ,!NG TERM + 4 1,AND - 4 B) * .!:_.AND ) 

'.IS c = !Sa * '.!:Sb 

TSa TSa TSa 
X y z 

[ GCMATJ = TSb TSb TSb 
X y z 

TSc TSc TSczj X y 

Proceed to K:WHATEXITWCHPHOLD 
(EXGSUB, EXBRAK, EXNORM, ----) 

!INWC = !INITR 

Proceed to "STEER?" 

UNWC = uni tllAND - B) 

DESC - 8 
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adjusted to reduce the 
possibility of overflow) 



IS = second row of [GCMAT] 

PROJ = UNWC * XNBPIP • TS - - -
PROJ1 = K:PROJMAX - PROJ 

If PROJ1 < 0, PROJ1 = 0 

PROJ2 = PROJ - K:PROJMIN 

If PROJ2 f O, PROJ2 = 0 

UNWC = PROJ1 
z 

UNWC = PROJ1 y 

UNWC = PROJ1 
X 

GCMATJJ + PROJ2 UNWCz 

GCMAT32 + PROJ2 UNWCY 

GCMAT31 + PROJ2 UNWCx 

OGABIAS = AZBIAS 

( YDGC ) 
- sm 

STEER? If overflow occurred anywhere above: (interpretive language overflow) 

Perform "ALARM" with TS= 01410g 

Perform 11 STOPRATE 11 

Proceed to "DISPEXIT" 

If FLAGWRD2 bit 11 (STEERSW) = 0: 

Perform 11STOPRATE" 

Proceed to "DISPEXIT" 

Perform "THROTTLE" 

Perform 11FINDCDUW" 

DISPEXIT If FLAGWRD8 bit 10 (FLUNDISP) = 1, end job 

Proceed to K:WHATDISPWCHPHOLD 
(---, P63DISPS, P64DISPS, VERTDISP) 

P63DISPS Proceed to "REGODSP" with TS= K:V06N63 

P64DISPS If TREDES = 0: 

Switch FLAGWRD6 bit 6 (REDFLAG) to 0 

(ABVEL, HDOTDISP, HCALC1 ) 

Proceed to 11REGODSP 11 with TS= K:V06N64 

DESC - 9 



If FLAGWRD6 bit 6 ( REDFLAG) = 1 : 

Proceed to "REG0DSP" with TS= K:V06N64 

Proceed t o "REFLASH" with TS = K:V06N64 (FUNNYDSP,HDOTDISP, HCALC) 
(If terminate, proceed t o "G0T0P00H"; if proceed, continue 
at next step; if other response, proceed t o "P64DISPS" . ) 

ELINCR1 = 0 

AZINCR1 = 0 

Switch FLAGWRD6 bit 6 ( REDFLAG ) to 1 

End job 

VERI'DISP Pr oceed to "REFLASH" with TS = K:V06N60 (F0RVEL,HDOTDISP,HCALC1 ) 
(If terminate, proceed to "GOT0P00H"; if proceed, continue 
at next step; if other response, continue at next step. ) 

Switch FLAGWRD0 bit 1 (P66PR0FL) t o 0 

End j ob 

TDISPSET TTFDISP = K:TSCALINV TTF 
ms 

TSt = K:TREDESCL (TCGF2 + TTF ) - 103 ms 

If TSt > 0: 

TREDES = 99 

Return 

TSt = TSt + 99 

If TSt < 0: 

TREDES = 0 

Return 

TREDES = TSt 

Return 
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STARTP66 MODREG = 66 

Establish "DSPMMJOB" 

VDGVERT = HDOTDISP 

Switch FLAGWRDO bit 1 (P66PROFL) to 1 

CNTTHROT = - TOOFEW 

ST RI'P66A VHZC =WM* R - - -
TS = (PIPABIAS , PIPABIAS , PIPABIAS ) 
- X y Z 

YJ3IAS = K:BIASFACT 1S 

Switch FLAGWRD1 bit 12 (RODFLAG) to 1 

Q.LDPIPA = - '.!'._E?,1 

J2.ELVROD = O 

RODSCAL1 = RODSCALE 

LASTTPIP = PIPTIME 

OLDPIPA = OLDPIPA - K:RIMUZ OMEGAQ 
X X 

FCOLD = 0 sp 

FWEIGHI' dp = O 

WCHPHOLD = 2 

WCHPHASE = 2 

Switch DAPBOOLS bit 9 ( XOVINHIB) to 0 

Switch FLAGWRD1 bit 11 (NOTERFLG ) to 1 

P66 TSt = TIMENOW - PIPTIME 

If 2LATE466 ~ TSt: 

Proceed to 11 P66HZ 11 

Switch FLAGWRD1 bit 12 (RODFLAG) to 0 

TS= CNTTHROT 

CNTTHROT = - TOOFEW 
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If TS <. 0: 

Perform "STOPRATE" 

Perform "ALARM" with TS= 014668 

Proceed to "DISPEXIT" 

TS = (VHZC - V)/TAUHZ - QHZ UNFC - - - -
Change job priority to 21

8 

TS = K:GHZ 
X 

( pr21) 

sp I If I TS > AHZLIM, 
Ysp 

TS 
Ysp 

TS 

= AHZLIM signTS 
Ysp 

If I TS zspl >AHZLIM, 

If overflow anywhere 

z sp 
above: 

= AHZLIM signTS 
zsp 

(interpretive language overfl ow) 

Perform "ALARM" with TS= 01410
8 

Perform 11 STOPRATE 11 

Proceed to "P66VERT" 

If bit 3 of channel JO= 1: (Engine not armed) 

If FLAGWRDO bit 1 (P66PROFL) = 0: 

UNFC = TS - -

T 5ADR = "DAPIDLER" 

Proceed t o "P66VERT" 

Perform "FINDCDUW" 

Pr oceed to "P66VERT" 
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P66VERT Call 11 RODTASK 11 in 1.0 second 

Proceed to "RODCOMP" 

RODTASK Establish 11 RODCOMP 11 

End task 

(note that 11 RODCOMP 11 will 
be performed now and 
again in 1.0 second) 

RODCOMP Change job priority to 238 

Inhibit interrupts 

( pr22) 

VDGVERT = VDGVERT + RODCOUNT RODSCAL1 

RODCOUNT = 0 

If bit 5 of channel 30 = 1: 

VDGVERT = HDOTDISP 

fOLDPIPA = QLDPIPA 

QLDPIPA = fIPA 

THISTPIP = TIMENOW 

(manual 
throttle) 

OLDPIPA = OLDPIPA - K:RIMUZ OMEGAQ 
X X 

TS = OLDPIPA + PIPATMP - sp - -

~ELVROD = !EM - QLDPIPA + [OLDPIPA 

(pr23) 

(activation of the R.O .D. 
switch causes routine 
11 DESCBITS 11 to be 
entered which updates 
RODCOUNT) 

TS = TS - dp - sp 
(least significant components set to 0) 

TEM = 0 

Release interrupt inhibit 

TS= K:KPIP1 TSd - - p 

TSdelt = THISTPIP - PIPTIME 
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rsv = (TSdelt / K:4SECb28) (½ QDT - ½ YBIAS) + V + TS 

HDOTDISP = TSv · unitR - -

HCALC 1 = TSdel t HDOTDISP + j li I - LANDMAG 

TS1 = (VDGVERT - HDOTDISP) / TAUROD 

TS2 = I QDT I / K:GSCAIE 

TSJ = TS2 + TS1 

Perform "QUICTRIG" with ~G = Q_DU 

Perform "NBTOSM1' 

rs = [ NBSMMA~ K:UNITX 

TS4 = rs · unitli 

AFCMAG = TSJ / TS4 

TS1 = I K:KPIP1 QELVROD + ½ YBIAS I 
TStJ = THISTPIP - LASTTPIP 

LASTTPIP = THISTPIP 

(updated 
velocity 
stored in 
PDL24-29 at 
B7 m/cs) 

(PDL0-1; B-2 m/cs
2

) 

(PDL20-21; B-2) 

(PDL0-1; B-2) 

(PDL22-2J; B2) 

(PDL0-1; B7) 

(PDL2-J; B28) 

TSac c = TS1 / (TStJ / K:SHFTFACT) (measured ac2eleration in PDL0-1 
i:it. B-L.. mies) 

TS5 = (FWEIGHT K:BIT1H) / (MASS K:SCAIEFAC) + TSacc (PDL2-J; B-4) 

AFCMAG = AFCMAG + LAGdTAU ( ( TS2 / TS4) - TS5) 

TSafcmax = MAXFORCE / MASS 

TSafcmin = MINFORCE / MASS 

If AFCMAG < TSafcmin , AFCMAG = TSafcmin 

If AFCMAG ~ TSafcmax , AFCMAG = TSafcmax 

TSthrot = TSacc 

Perform "THROTTLE" starting at the second step 

CNTTHROT = CNTTHROT + 1 

Proceed to 11 DISPEXIT 11 
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I 

THROTTLE TSthrot = K:ABAFCNST ABIELV 

RTNHOLD = return addre11 

FPd = K:SCALEFAC MASS TSthrot 
p . 

If FPdp> K:fmax, FP
1

p = K:poamaxap 

Inhibit interrupts 

FCODDdp = K:SCALEFAC MASS AFCMAG 

If FCODDdp~ K:fmax, FCODD
1
p = K:posmaxsp 

FC = FC0DD 

GTCTIME = PIPTIME 

Release interrupt inhibit 

TS= FC 

If TS ::> 2
1 
J throttle pulses, truncate bi ts ~ 213 

THRDISP =(TS/ K:4FMAXNOM) 400 

TSt = (less 1ignificant half of TIMENOW) - TTHROT 

If TSt < O, TSt = 16384 + TSt 

If TSt .II( K:JSECS: 

FPdp = FP + FWEIGHT 

PIFPSET = 0 (-0) 

If FCOLD > HIGHCRIT: 

If FCODD < LOWCRIT: sp -

PIFPSET = FP - K:FMAXODD sp 

If FCODD > LOWCRIT: sp 

FCODD = FP 

PIFPSET = K:FEXTRA 

If FCOLD < HIGHCRIT: 

If FCODD > HIGHCRIT: sp 

FCODD = K:FMAXPOS 

PIFPSET = K:FEXTRA 
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FC0LD = FC0DD 

PIF = FC0DD - FP 

Proceed to "DOIT " 

FLAT0UT PIFPSET = K:FEXTRA 

D0IT 

FC0LD = 0 (-0) 

PIF = 0 (-0) 

RI'NH0LD = return address ( caller of "FLAT0UT" ) 

PSEUD0 55 = PIF + PIFPSET sp 

THRUST= PSEUD055 

Switch bit 4 of channel 14 to 1 (send throttle command from 
THRUST) 

TTHR0T = less significant half of TIMEN0W 

TS1 = THISTPIPls 

TS2 = K:2SECS 

If M0DREG f 66 : 

TS1 = PIPTIME
18 

TS2 = K:4SECS 

TSJ = TS2 K: BIT6 

TS4 = TSJls 

TSt = K:THR0TLAG + TIMEN0Wls - TS1 

If TSt <o, TSt = I TSt I 
If8TSt ~ 2

8 
centiseconds, tr~ncate bits> 28 

2 until TSt is less than 2 centiseconds) 

FWEIGHT = 2 PIF TSt / TS2 

FWEIGHT = FWEIGHT -t I PIF I PIF / TS4 

Return via RTNH0LD 
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PITFALL (Entered on program interrupt #10) 

If M0DREG f 64, resume 

ELVIRA =bits 6, 5, 2 and 1 of -channel 31 

ZERLINA = 2 (bits 

Call 11 REDESM0N 11 in 0.05 second 

Resume 

REDESM0N TS= ELVIRA 

on 

ELVIRA= bits 6, 5, 2 and 1 of -channel 31 

channel 31 

logically 

inverted) 

If ELVIRA f 000008: (LPD still out of detent) 

Delay 0.07 second 

Proceed to 11 REDESM0N 11 

If TS= 000008 : 

If ZERLINA > 0: 

ZERLINA = ZERLINA - 1 

Delay 0.07 second 

Proceed to 11REDESM0N11 

Perform "C1JSTALLA 

Switch bit 12 of channel 13 to 1 

End task 

If bit 13 of channel 31 = 0: 

Perform 11 C13STALL" 

Switch bit 12 of channel 13 to 1 

If bit 6 of TS= 1 ' AZINCR1 = AZINCR1 

If bit 5 of TS= 1, AZINCR1 = AZINCR1 

If bit 1 of TS= 1, ELINCR1 = ELINCR1 

If bit 2 of TS = 1, ELINCR1 = ELINCR1 

Perform 11 C13STALL" 

Switch bit 12 of channel 13 to 1 

End task 

DESC - 16 

(re-enable RHC interrupt #10 ) 

and end task 

- K:AZEACH ( - AZ LPD ) 

+ K:AZEACH (+AZ LPD ) 

- K:ELEACH (+EL LPD ) 

+ K:ELEACH ( -EL LPD) 

(re-enable RHC interrupt #10) 



ll~SCHITS (Entered from "MARKRUPI'" with contents of channel 16 in TS) 

If bit 7 of TS= 1, RODCOUNT = RODCOUNT - 1 

If bit 7 of TS= O, RODCOUNT = RODCOUNT + 1 (assume bit 6 = 1) 

Resume 

ROOTPsRs DXCRIT = IPREC ROOTPsl 

p = n - 1 

If p > 0 : 

p = p - 1 

Proceed t o 11 DERCLOOP 11 

n-1 ROOTLOOP TSderiv = DA0 + DA
1 

ROOTPS + ••• + DAn_
1 

ROOTPS 

TSfunct = A
0 

+ A
1 

ROOTPS + •.• + An_
1 

ROOTPSn-1 
+ An ROOTPSn 

1406POO 

1406AIM 

TSdelt = - TSfunct / TSderiv 

ROOTPS = ROOTPS + TSdelt 

If p = 8 : 

ROOTGOOD = 0 

Return 

p = p + 1 

If I TSdelt I > DXCRIT, proceed to 11 ROOTLOOP" 

ROOTGOOD = 2 

Return 

Proceed to "POODOO" with TS= 21406 
8 

Perform 11 ALARM11 with TS = 01406
8 

Perform 11 STOPRATE11 

Proceed to 11DISPEXIT 11 
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LANDJUNK Inhibit interrupts 

Perform "ZATTERDR" 

Release interrupt inhibit 

Switch DAPBOOLS bit 15 (PULSES) 

Switch FLAGWRD8 bit 8 ( S URFFLAG ) 

Switch FLAGWRD9 bit 9 (LETABORr) 

Switch FLGWRD10 bit 13 (APSFLAG) 

ALPHAV = RN - -
T St = PIPT IME 

(program 68) 

to 1 

to 1 

to 0 

to 1 

Switch FLAGWRD3 bit 12 (LUNAFLAG) to 1 

Perform "LAT-LONG" 

TSt = PIPTIME 

Perform "MOONMX" 

]LS = [MOONMAT] (,B.N - ( ~OONMAT] T 1M504) * ,B.N) 

Proceed to "GOFL.ASH" with TS= K:V06N43 (LAT, LONG, ALT ) 
(If terminate, proceed to "GOTOPOOH"; if proceed, continue 
at next step; if other response, repeat this step.) 

Perform "CDUTRIG" 

Perform "SMTONB" 

QSAV = ~MNBMATJ unit( [REFsMMATJ ,B.N) 

Perform "REFMF" 

Proceed to "GOTOPOOH" 
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Quantities in Computations 

2LATE466: Double pre cision erasable memory constant representing the 
time delay after the accelerometer readings beyond which further P66 
computations are bypassed, scaled B28 in units of centiseconds; part 
of the er asable load. 

A. ( i = 0 ,1,2, •.. ): Double precision coefficients of the polynomial 1 input to "ROOTPSRS", unitless and scaled BJO, B13, B-4 and B-21 
when generated in 11 TTF/8CL 11

• 

ABDELV, ABVEL: see SERV section. 

AFCMAG: Double precision magnitude of desired thrust acceleration, 
program notation / AFC/ , scaled B-4 in units of meters per centisecond 
squared. 

AHZLIM: Single prec1s1on erasable memory constant representing the maximum 
commanded pitch and roll attitude for horizontal nulling in P66 Auto, 
scaled B-4 in units of meters per centisecond squared; part of the 
erasable load. 

ALPHAV : see COOR section. 

ALT : see COOR section. 

ANG : see COOR section . 

ANGTERM : Double precision velocity of the LM vehicle relative to the 
rotating moon, scaled B9 in units of meters per centisecond and expressed 
in the Platform coordinate system. 

AZBIAS : Single precision quantity representing the desired outer gimbal 
angle bias for window pointing commands in P64 to account for window 
bending due to cabin pressurization, scaled B-1 in unlts of revolutions; 
part of the erasable load. 

AZINCR , AZINCR1: Double precision and single precision storage fo r the 
desired addition to the landing site azimuth, scaled BO in units of 
radians . 

QDU: see Major Variable section. 

CNTTHROT : Single precision counter of the number of times that the "THROTTLE" 
r outine is entered in P66 ; initialized to -TOOFEW, scaled B14 and unitless. 

CTR5 11 : see SERV section. 

DA. (i = 0 , 1 ••• ): Double precision coefficients of the polynomial 1
derivative of the polynomial input to 11ROOTPSRS 11 ; unitless and scaled 
B13 , B-4, and B-21 when generated in response to the polynomial 
input from 11 TTF / 8CL". 

DAPBOOl.S: see DAPA section. 
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DB: see DAPB section. 

DELTAH: see SERV section. 

DELTTFAP: Single precision time constant added to TTF at the start of 
P64, scaled B17 in units of centiseconds. DELTTFAP is a negative 
number and is part of the erasable load. 

DELVROD: Double precision sensed-change-in-velocity vector for P66 
computations, scaled B14 in units of centimeters per second. 

DESIGNRX , DESIGNRZ: Double precision components of desired position 
relative to the landing site (desired crossrange position component 
is zero), scaled B24 in units of meters and expressed in the Descent 
Guidance coordinate system; program notations RIGNX and RIGNZ 
respectively; part of the erasable load. 

DESIGNV: Double precision speed desired at ignition, relative to th e 
rotating moon, scaled B10 in units of meters per centisecond; 
program notation VIGN; part of the erasable load. 

DESKIGNV: Double precision speed error scale factor used in the 
ignition-time test quantity, scaled B18 in units of centiseconds; 
program notation KIGNV/B4; part of the erasable load. 

DESKIGNX: Double precision landing site vsrtical error scale factor 
used in the ignition-time test quantity, scaled B4 and unitless; 
progrrun notation KIGNX/B4; part of the erasable load . 

DESKIGNY: Double precision crossrange error scale fact or used in the 
ignition-time test quantity, scaled B-16 in units of meters to the 
minus one power; progrrun notation KIGNY/B8; part of the erasable 
load. 

DISPDEX: see BURN section. 

DLAND: Double precision vector expressed in the Platform coordinate 
system representing the correction to the landing site vector 1 AND , 
scaled B24 in units of meters. QLAND is padloaded to zero and may 
be loaded by the crew in Noun 69 in the order DLAND , DLAND , DLAND 

Z y X 

DVCNTR, DVTHRUSH: see SERV section. 

DXCRIT : Double precision criterion for the convergence of the 
iterative calculation in "RDaTPSRS", with scaling and units 
identical to those of ROOTPS. 

ELBIAS: Single precision quantity representing the LPD elevation angle 
bias used in calculating LOOKANGL to account f or window bendi ng due 
to cabin pressurization, scaled B-1 in units of revol ut ions; part 
of the erasable load. 

DESC - 20 



ELINCR, ELINCR1: Double precision and single precision storage for 
the complement of the desired addition to landing site elevation, 
scaled BO in units of radians. (Sign changed to compensate fo r the 
inversion of the cross product in "REDESIG".) 

ELVIRA: Single precision storage for the status of the landing site 
redesignation discretes from channel 31. 

FC: Single precision storage for the magnitude of desired thrust, 
scaled B14 in units of DPS throttle pulses. 

FCODD: Double precision magnitude of desired thrust, scaled B14 in 
units of DPS throttle pulses. (The less significant half is not 
always maintained.) 

FCOLD: Single precision magnitude of previous value of desired 
thrust, scaled B14 in units of DPS throttle pulses. 

FLPASSO: Single precision flag set to zero at the beginning of a 
new guidance phase (except at the beginning of P66) to initialize 
guidance quantities for the new guidance phase. 

FORVEL: see SERV section. 

FP : Double precision estimate of the magni tude of the present 
thrust , scaled 814 in units of DPS throttle pulses . (The 
less significant half is not always maintained.) 

FUNNYDS P: Special display of LOOKANGL and TREDES in the same display 
register, both displayed to two digits only. 

FWE IGHT: Double precision change in sensed thrust expected to have 
occurred since the sampling of the accelerometers, scaled B14 i n 
units of DPS throttle pulses. 

GAIN
O

: Double precision gain constant used in the computat i on of the 
orie tation of the Descent Guida.nee Coordinate System for the 
braking phase, scaled BO and unitless. Program notation: GAINBPJ..K; 
part of the erasable load. 

GAIN2 : Double precision gain constant used in the computation of llie 
orientation of the Descent Guidance Coordinate System for the 

approach phase, scaled BO and unitless. Program notation: GAINAPPR; 
part of the erasable load. 
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[GC11AT_] : Double precision, JXJ transformation matrix defined such that 
!dgc = [GCMATI !smc, where ! is a vector expressed in the Descent 
Guidance and Platform (sm) coordinate systems respectively; scaled 
B1 and unitless; program notation CG+O through CG+17. 

The Descent Guidance coordinate system is an orthogonal, 
cartesian system where the X axis is along the radius from the 
center of the moon through the present landing site, the Y axis 
is defined such that the velocity, acceleration and jerk vectors 
at the landing site lie entirely in the X-Z plane, and the Z axis is 
defined such as to complete the right handed system. 

QDT, gDT1: See SERV section. 

{JSAV: See ALIN section. 

GTCTIME: Double precision sampled PIPTIME of the Average-g cycle for 
which the "guidance thrust command" is computed, scaled B28 in units 
of centiseconds. 

HCALC, HDOTDISP: see SERV section. 

HCALC1: Double precision calculated altitude above the landing site 
radius for display in Nouns 60, 63 and 92, scaled B24 in units of 
meters. HCALC1 is set to HCALC in the SERV section and is calculated 
once per second in "RODCOMP". 

HIGHCRIT: Single precision upper limit on the variable throttle 
region in a situation of increasing thrust commands, scaled B14 
in units of DPS throttle pulses. If the throttle setting is 
in the variable region, the throttle setting corrnnanded by the 
program .~lll correspond directly with the desired thrust until 
the desired thrust exceeds HIGHCRIT. Then the program will 
connnand full throttle. HIGHCRIT is part of the erasable load. 

HLROFF: see SERV section . 

K:lSODEJJS: Single precision constant stored as 180 x 2-14 , scaled 
B15 in units of degrees per revolution. Equation value: 360. 

K:ld2DEB: Single precision constant stored as 0 .00278, scal ed B-1 
in units of revolutions. Equation value: 0 .00139. (Equivalent. 
t o one-half of one degree.) 

K:2SECS: Single precision constant stored as 200 x 2-14, scaled B14 
in units of centiseconds. Equation value: 200. 

K:3SECS: Single precision constant stored as 300 x 2- 14 , scaled B14 
in units of centiseconds. Equation value: 300 . 

K:4FMAXNOM: Single precision constant stored as 14908 x 2- 14 , scaled 
B14 in units of DPS throttle pulses. Corresponds to 4 x 3727 x 2- 14 

The 3727 corresponds to 10,500 lbf. converted to throttle pulses . 
Equation value: 14908 . 
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- 28 
I\ : /.,3l•'.Ch28 : Double prec:ision constanL stored as 400 x 2 , scaled 

ll.26 in units of cenLiseconds . Equation value : 100 . 

!,:',~,EC':~: ;:,i11gl e f't ' l! •·i ~;i<>1, constant st.ore<i n:; :,no x :--
14

, scA.lerl R14 
i 11 llll i Is nf r,'tll. i :-oecond~; . Equation V9lue: 4no, 
. 1 ) ' lN f ' . - t t L l ' 1 0 1· '( c-' ,..7 2- 24 

!,:• 1 ll< 1J(,l . 1,,,11',<' 1·r·, ,c1.., 1on l:on:,,an :::;.or e( iJ :; _;" 7 • x , 
~ . ...::1lc-l IV:J i: , :111i!. ; (,J' llll:ters . Equ :JLior, v:, Lu ,: : J01+79 . '( . 
(.i'.q11_;_v:1knl L,1 ')'-•)•)) ~\c!, . ) 

!':- \ll,'\FC~JST: ,',i11,,fr prrrL;icn cons r,;mt, stor ed a s 0 .13 107, program 
nc)L:rl1L'1t / Ai:/l;;JS'l' , .;c:1.l..,-.,~ h--13 in ...:1 ;: .. , ,; f rr,c!.r r s per r:entisf·cond 
:,c111.1.rPll 1 21• rli Ll.ll ' I e r :, per second pe r guiclancP. cyc le. Equation 
v3Jue: ', E-'/ . \,Equiva.Lc11t to! x. U .1) 1 cubc11.) 

!·'. : /\ l·'TW~ ll 1D \. ' 
l 

. l 
branc 11ng . 
0f : CGCALC , 

-1 tl1 r 11 1 ) : Table of s i.nglc precision addresses for 
lndexed i.n -L he order - 1 t,hr u 1 , t hey are the addresse s 
EXTLOGIC, EXTLOGIC. 

i-. .•1ZEACH: S\1 _ . · prc.'i•:ion constant stored as O. OJL.91 , scaled BO 
1r.~· t"1,;ianc' . Equation value: 0 .03491. (Equival ent to 

. ,i·•,Trf'es . 1 

. -~ 
K '. RTA SFAC'l' : k uDle precis ion constant store d as 655 . 36 x 2 , s cAled 

:g ·j1 in ,1r1Hs of second s meters per centimeter. Equation value: 0. 02 . 
1.Storerl. v&Jue (:orrespl,:1rl s to 2 se c x 0 . 01 m/cm x 2- 11 ~) 

K: riJT !H: Doulile precision constant stored as 1 x 2- 14
, scaled B14 and 

unitle ss . Equ ation value : 1 . 0 

K:8IT6 : Singl e pre c ision c ons t ant stored as 00040
8

, s c aled B14 in uni ts 
0f DPS thrott le pul ses per cent i s e cond . Equat ion value : 32. 

d as 8 X 2 - 28 , scaled K: ,J0UMCRIT : Doubl e pre .:: is i on constant store 
GJR i n units ~~ eentiseconds . Equat i on value : 8 . 

- 1 
K:DEPHCR IT : Double pre cision constant s tored as - 0 . 02 x 2 , s caled 

B1 in unit s of radians . Equation value: -0.02 . 

t': .'.;!HRS!!; ..::ingle pr9~is ion constant stored a s 36 x 2- 14 , scaled 
p·_, in units of centimetars per second . Equ a t i on value : 36 . 

':~:J iv3..lent tc K:TERESH 1 + K:THRESP.J of the BURN se c tion .) 

r: : I:..i..EACH : Jingle ~•recisL,n ,'cnstant sto:-ed as 0 . 008':"'J , s ::; aled BO in 
unit s of radians . Equat i on value : 0 . 00873 . (Equivalent to 

cne -ha1f o f one de!Y ·,~e . ) 

K:FEXTRA : Single precision constant stored as 10000, program 
not ation also BIT13, scaled Bl4 in units of DPS t ~rottle pulses. 
Equation value: 4096. (Equivalent to 51 ,33 1 newton!I or 11,540 
pocrid s force based on the value of K: SCAIEFAC.) 
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K:fmax: Value of overflow bit on a quantity scal ed 814 in units of 
DPS throttle pul ses . Equation value: 16384. 

K FMAXODD S. 1 . . t 8 -14 . : : ing e precision cons ant stored as 3 L,.1 x 2 , ::;calc;d 
BL, in units of DPS throttle pulses . Eq_uaLion value: ;341 . 
(Equivalent to /~8 , 135 newtons or 10,821 pounds force based on Lhc 
value of K:SCALEFAC.) 

K:FHAXPOS: Single prec i sion constant stored u::; 3467 x 2- 14, scaled 
B14 in units of DPS thrott l e pulses. F4uation value: 3467. 
(Equivalent to 43,1..48 newtons or 9,767 pounds force based on the 
value of K:SCALEFAC.) 

K:GHZ: Single precision constant stored as 1.62292 E-4 x 24 , scaled 
B-4 in units of meters per centisecond squared. Equation value: 
1.62292 E-4 

K:GSCAI.E: Double precision constant stored as 100 x 2- 11 , scaled 812 
in units of centiseconds per navigation cycle. Equation value: 200 . 

K:GUIDDURN: Double precision constant stored as 661.J,0 x 2- 28 , scaled 
B28 in units of centiseconds. Equat ion value: 664,40. 

K:HIGHESTF: Double precision constant stored 
scaled B12 in units of kilogram meters per 
Equation value: 4.34546769. (Equivalent 

6 6 -12 
as 4.3454 7 9 x 2 ; 
centisecond squared. 
to 9,769 pounds force.) 

-1 0 K:HLROFFF: Single precision constant stored as 15.24 x 2 , scaled 
B10 in units of meters. Equation value : 15 . 24. 

K:KPIP1: See SERV section. 
19 K:MOONRATE: Double precision constant stored as 0.2661699489 E-7 x 2 , 

scaled B-19 in units of radians per centisecond. Equation value: 
0.2661699489 E-7. 

K:NEWPHASEi (i = -1 thru 2): Table of single precision addresses for 
branching. Indexed in the order -1 through 2, they are the addresses 
of: TTFINCR, TTFINCR, STARTP64, STARTP66. 

K:P64DB: Single precision constant stored as 00155 , scaled B-3 in units 
of revolutions. Equation value: 0.00083. (Equ~valent to O.'cj94 degr ees . ) 

K:posmaxsp: See Major Variables. 

K:PREGUIDEi (i = -1 thru 1): Table of single precision addresses for 
branching. Indexed in the order - 1 through 1, they are the addresses 
of: CALCRGVG, RGVGCALC, REDESIG. 

-3 K:PROJMAX: Single precision constant stored as 0.42262 X 2 , scaled 
BJ and unitless. Equation value: 0.42262. (Equivalent to the 
sine of 25 degrees.) 

K:PROJMIN: Single precision constant stored as 0.25882 X 2-
3

, scaled 
BJ and unitlees. Equation value: 0.25882. (Equivalent to the 
sine of 15 degrees.) 
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-1 4 

K: RIMUZ : Single precision constant stored as <y) . 486 x 2 , scaled 
B17 in units of centimeters per revolution. Equation value:795.88,. 

K:SCALEFAC: Double precision constant stored as 797.959872 x 2-
16

, 
scaled B16 in units of DPS throttle pulses/ kilogram meter per 
centisec Jnd squared. Equation value: 797.959872. (Equivalent 
to 12 .532 newtons or 2.8173 pounds force per pulse.) 

K:SHFTFACT: Double precision constant stored as 1 x 2-17 , scaled B17 
and unitless. Equation value: 1.0. 

K:TARGTDEX (i = -1 thru 1): Table of single precision indexes, scaled 
B14 an! unitless. Equation value indexed in the order -1 through 1: 

o, o, 2 . 

K:THROTLAG: Single precision constant stored as 20 . x 2-14 , scaled B14 
in units of centiseconds. Equation value: 20. 

K:TREDESCL: Single precision constant stored as -0.08, scaled B-3 in 
units of seconds per r.entisecond . Equation value: -0.01 . 

K:TRIMACCL: Double precision constant stored as 3.50132708 E-5 x 2
8

, 
scaled B-8 in units of meters per centisecond squared. Equation 
value: 3 .50132708 E-5. 

K:TSCALINV: Single precision constant stored as 000108 , scaled B11 
and unitless. Equation value: 1. 

K:ttf6b3 : Double precision constant stored as 0.75, program notation 
3/4DP, scaled BJ and unitless. Equation value: 6. 

K:ttf24b6 : Double precision constant stored as 0,375, program notation 
J/8DP, scaled B6 and unitless. Equation value: 24. 

K:UNITX, K:UNITZ: Double precision vector constants, stored as 
(0.5, O, 0) and (O, O, 0.5) respectively, scaled B1 and unitless. 
Equation values: (1, O, 0) and (O, O, 1). 

K:WHATA LM. (i = -1 thru 1): Table of single precision addresses for 
branching. Indexed in the order -1 through 1 they are the addresses 
of : 1406POO , 1406ALM, 1406ALM . 

K:WHATDISP . (i = 0 thru 2): Table of single prec ision addresses for 
branchifig. Indexed in t he order O through 2 they are the addresses 
of : P63DISPS, P64DISPS, VERTDISP. 

K:WHATEXIT. (i = -1 thru 1): Table of single precision addresses for 
branchifig. Indexed in the order - 1 through 1, they are the addresses 
of: EXGSUB, EXBRAK, EXNORM. 

K:WHATGUID. (i = -1 thru 1): Table of single precision addresses for 
branching. Indexed in the order -1 through 1 they are the addresses 
of : TTF/8CL, TTF/ 8CL, TTF/ 8CL. 
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LAGdTAU: Double precision lag time divided by TAUROD, scaled BO and 
unitless. Program notation LAG/TAU; part of the erasable load • 

.!:&ND, .!:&NDTEMP: Double precision position vector of the landing site, 
scaled B24 in units of meters, measured from the center of the moon 
and expressed in the Platform coordinate system. 

LANDMAG: Double precision radius magnitude of the landing site, scaled 
B24 in units of meters; program notation /LAND/. 

LASTTPIP: Double precision storage for the time of the previous PIPA 
reading during P66 (R.O.D.) computations, scaled B28 in units of 

centiseconds. 

LAT: see COOR section. 

LEADTIME: Single precision negative of the time increment specifying 
how far the guidance computations are to be projected forward in P63 

and P64, scaled B17 in units of centiseconds; part of the erasable 
load. 

!iM504z ••• COOR section. 

LONG: see COOR section. 

LOOUNGL: Single precisi.r,n 1 andi.ng f'ite elevatirrn angle, scaled 
B14 in uni.ts ~r degree~. LOOKANGL i~ calculated a~ the compl ement 
of the angle between the LM +x axi,- and the negative LOS, which 
i_ i:; equivalent to the angle between the LM YZ plane and the 
positive LOS. 

LOWCRIT: Single precision upper lWt on the variable throttle region 
in a situation of decreasing thrust commands, scaled B14 in units 
of DPS throttle pulses. If the throttle is set at maximum thrust, 
the desired thrust must fall below this limit before the program 
will command a throttle setting below maximum. LOWCRIT ia part 
of the erasable load. 

LRLCTR: see SERV section. 

LRMCTR: see SERV section. 

LRPOS: see SERV section . 

LRRCTR: see SERV section . 

LRSCTR: see SERV sect i on. 

LRWH: see SERV section . 

LRWH1: Single precision weighting factor for the i ncorporation of LR 
altitude measurements into the LM state vector after entrance to P64, 
scaled BO and unitless; part of the erasable load. 
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LUNDEI : Single pr ecision index scaled B14 and unitlees. 

MASS: See SERV section. 

MAX.FORCE: Double precision maximum thrust that P66 vill command, s caled 
B12 i n units of kilogram meter per centiaecond squared; part of t he 
erasable load. 

MINFORCE: Double precision minimum thrust that P66 vill command, scaled 
B12 in units of kilogram meter per centisecond squared; part of t he 
erasabl e load. 

MODREG: See DATA section. 

[MoONMA~ : See COOR section. 

[ NBSMMAT]: See COOR section. 

NGUIDSUB : Single prec i td on counter scaled B14 and unitless. 

NIGNLOOP: Si ngl e precisi on counter scaled B1 4 and unitless. 

OGABIAS : See BURN section. 

OLDPIPA: Single precision storage for tte accelerometer readings (EIPA ) 
perfor med at time THISTPIP for P66 computations, scaled B14 in units 
of centimeters per second. Note that this is different from the 
normal tvo second cycle PIPA reading vhich is made at PIPTIME. 

OME.GAQ: see DAPA sect i on . 

OUTOFPLN: Double precision distance of the landing site from the LM 
orbital pl ane at the projected time of ignition, scaled B24 in units 
of meters. (Positive if the orbital plane is to the right of the 
landing site, looking in the direction of travel.) 

PIF: Double precision change in the desired thrust level, scaled B14 
i n uni t s of DPS throttle pulses. 

PIFPSET: SJ.ngle precision bias on the throttle command, scaled B14 
in units of DPS throttle pulses. 

EIPA, r rPATMP: See SERV section. 

PIPABIAS , PIPABIAS , PIPABIAS : See IMUC section. 
X y Z 

PIPTIME, PIPTIME1: See SERV section. 

EOINTVSM: See ATTM section. 

PO LDPIPA: Single precision storage for the previous cycle value of 
QLDPIPA, scaled B14 in units of centimeters per second; program 
notation RUPTREG. 

DESC - 27 



PREC: Single precision specification of tne precision to which 
•ROOTPSRS" is to converge, scaled BO and unitless. 

PROJ, PROJ1, PROJ2: Single precision projection of the Y Descent 
Guidance coordinate system axis onto the unit normal to the plane 
defined by the X body axis and the line-of-sight vector, and the 
difference between that projection and its upper and lower bounds; 
scaled BJ and unitless. 

PSEUDO55: Single precision storage for telemetry of the throttle 
command sent to th• descent engine, scaled B14 in units of throttle 
pul■es. (See definition or THRUST.) 

QHZ: ~ingle precision erasable memory constant representing the gain on 
QNFC, scaled BO and unitless; part of the erasable load. 

!!6()SAVE: Double precision temporary ■torage for the !!NFC vector, 
f!caled B7 in unit~ of meter!'! per centisecond. 

~: Double precision navigated present position vector of the LM, 
scaled B24 in unit■ or aeters, aeasured from the center of the 
moon and expressed in the Platform coordinate system. 

RA: Single precision ratio of the lag-diminished TTF to TTF, scaled 
BO s.nd unitless. 

RANGEDSP: Double precision distance from the LM to the estimated landing 
site, scaled B24 in units of meters (displayed by noun 68). 

~TT, YATT see ORBI section. 

RCV, ycv: see ORBI section. 

[REFSMMA~: see COOR section. 

RGU: Double precision position vector of the LM, scaled B24 in units 
of meters, measured from the landing site on the moon's surface 
and expressed in the Descent. Guidance coordinate system. 

E:I,S: Double precision vector position of the landing site relative 
to the center of the moon, scaled B27 in units of meters and 
expressed in the Selenographic (moon-fixed) coordinate system; 
part of the erasable load. 

~' YN: see SERV section. 

RODCOUNT: Single precision count of the number and direction of 
astronaut deflections of the rate-of-descent switch, scaled 
B14 and unitless. 

RODSCAL1: Single precision working storage for RODSCALE, scaled B-7 
in units of meters per centisecond. 
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RODSCALE : Single precision erasabl e memory quantity r epr es enting 
th e veloc i ty increment t o be added or subtrac ted per each def lection 
of t he R.O. D. switch during P66 , s cal ed B-7 in units of meters per 
centisecond ; part of the erasabl e l oad. 

RDOTGOOD : Vari abl e i ntroduced as a substitute f or a variable r eturn 
address . Set t o 2 or O t o indicate a successful or non-successful 
conver gence on t he r oot of the "RDOTPS RS" polynomial. 

ROOTPS : Doubl e pr ec ision r oot extracted from an arbitrary polynomia l 
by the Newton iteration method, s caling and units variable. 

RI'NHOLD: Single precision octal return add~ess storage. 

SCAXIS: see ATTM section. 

[ SMNBMATJ : see COO R section. 

STILBADH, STILBADV: see SERV section. 

T5ADR: see DAPA section . 

,f I AffiADG0 : Doubl e precision Hi-gate acceleration aimpoint vector, 
scaled B-4 in units of meters per centisecond squared and _ 
expressed in t he Desc ent Guidance coordinate system (see [GCMATI ) ; 
program notation ADG or ABRFG; par t of the erasable load. -

1* I Affi ADG
2

: Doubl e precision Lo-gate acceleration aimpoint vector, 
scaled B- 4 i n units of meters per centisecond squared and_ . 
expres sed in the Descent Guidance coordinate system ( see j GCMATj ) ; 
program notation AAPFG; part of the erasable load. 

1* I AffiRDG0 : Doubl e precision Hi-gate position aimpoint vector, scaled 
B24 i n units of meters and expressed in the Descent Guidance coordinate 
system (see [ GCMAT] ) ; program notation RDG or RBRFG; part of the 
erasabl e load. 

lf I Affi RDG 
2 

: 
B24 in 

system 
load . 

Double preci s i on Lo- gate position aimpoint vector, s caled 
uni t s of meters and expressed i n the Descent Guidance coordinate 
(see [ GCMA'.fj ) ; program notation RAPFG; part of the erasable 

1* I AffiVDG0 : Double precision Hi-gate velocity aimpoint vector, scaled 
B10 in units of met ers per cent isecond and expressed in the Descent 
Gui dance coordi n·,-t e system ( see [ GCMATl ) ; program notation VDG or 
VBRFG; par t of the erasable l oad. 

IAffiVDG 2: Double pre cision Lo- ga t e vel oc ity aimpoi nt vect or, scaled 
B10 in uni ts of meters per centisecond and expressed in the Descent 
Gui dance coordinat e system (see LGCMATl ) ; program notation VAPFG; 
part of the er as able l oad . 

1*Note: These pad loaded const ants a r e stored such that the y component is 
not meani ngful ; physically they components are zero and they are f or ced 
to be ze r o when used. 

DESC - 29 



TAT : see ORBI section. 

TAUHZ: Single precision time constant for the horizontal velocity 
nulling in P66 Auto, scaled B11 in units of centiseconds; part of 
the erasable load. 

TAURDD: Double precision time constant for the rate-of-descent equations 
in P66, scaled B9 in units of centiseconds; part of the erasable load. 

TCGF0 : Single precision quantity representing the latest time at which 
tfie Descent Guidance coordinate system is erected in the braking 
phase (P63, WCHPHASE = O) , scaled B17 in units of centiseconds; 
program notation TCGFBRAK; part of the erasable load. 

TCGF2 : Single precision quantity representing the latest time at which 
tfie Descent Guidance coordinate system is erected in the approach 
phase (P64, WCHPHASE = 1), scaled B17 in units of centiseconds; 
program notation TCGFAPPR; part of the erasable load. 

TCGI: Single precision quantity representing the earliest time at which 
tRe Descent Guidance coordinate system is erected in the braking 
phase (P63, WCHPHASE = O), scaled B17 in units of centiseconds ; 
program notation TCGIBRAK; part of the erasable load. 

TCGI: Single precision quantity representing the earliest time at which 
t~e Descent Guidance coordinate system is erected in the approach 
phase (P64, WCHPHASE = 1), scaled B17 in units of centiseconds; 
program notation TCGIAPPR; part of the erasable load. 

TDEC1: see ORBI section. 

TEM: see SERV section. 

TEND0 : Single precision quantity representing the time at which the 
approach phase (P64) is selected (i .e. WCHPHASE goes from Oto 1 
thus selecting P64), scaled B17 in units of centiseconds; 
program notation TENDBRAK; part of the erasable load. 

TEND1: Single precision quantity representing the time at which the 
vertical phase (P66) is selected automatically (i .e. WCHPHASE goes 
from 1 to 2 thus selecting P66 Auto provided the Mode Control switch 
is in the Auto position; otherwise P66 "Manual" is selected), scaled 
B17 in units of centiseconds; program notation TENDAPPR; part of the 
erasable load. 

TET: see ORBI section. 

THISTPIP: Double precision time of PIPA readings for P66 (R.O.D.) 
computations, scaled B28 in units of centiseconds. Note that this 
is a different reading than that made at PIPTIME. 
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Tl!RDISP: Single prec ision quantity representing the percent that desired 
thrust is of 10,500 lbf. for display in Noun 92, scaled B14 and unitless . 

THRUST: Cell used to provide DPS throttle commands by setting bit 4 of 
channel 14, scaled B14 in units of DPS throttle pulses. One pulse 
corresponds to about 12.532 newtons or 2.8173 lbf (depending on 
erosion of the DPS nozzle), and the maximum command recognized by the 
throttle is 3428 pulses or about 42,960 newtons or 9658 lbf. 

TIG: see BURN section. 

TIMENOW: see EXVB section. 

TLAND: Double precision nominal time of lunar landing, scaled B28 in 
units of centiseconds; part of the erasable load. 

TOOFEW : Single precision erasable memory constant used to initialize 
CNTTHROT, scaled B14 and unitless; part of the erasable load. 

TPIP, TPIPOLD: Double precision storage for consecutive times of entry 
in the TTF incrementing routine, scaled B28 in units of centiseconds 
and used to increment TTF. 

TREDES : Single precision time remaining to redesignate the landing 
site, scaled B14 in units of seconds (limited to 99). 

TTF, TTFTMP: Double precision time from now until achievement of the 
target conditions of the present guidance phase, scaled B17 in units 
of centiseconds. 

TTFADGZ0 : Double precision Z component of !AffiADG0 multiplied by 6 ; 
scaled B-4 in units of meters per centisecond squared; program 
notation ABRFG•:, or ADG2TTF 0 ; part of the erasable load. 

TTFADGZ2: Double precision Z component of !AffiADG
2 

multiplied by 6 ; 
scaled B-4 in units of meters per centisecond squared; program 
notation AAPFG1f or ADG2TTF 2; part of the erasable load. 

TTFDISP: Double precision storage for TTF for display purposes, 
scaled B28 in units of centiseconds. 

TTFJDGZ0 : Double precision Hi-gate jerk aimpoint, Z component only, 
scaled B-21 in units of meters per centisecond cubed; program 
notation JBRFG" or JDG2TTF0 ; part of the erasable load. 

TTFJDGZ2: Double precision Lo-gate jerk aimpoint, Z component only, 
scaled B- 21 in units of meters per centisecond cubed; program 
notation JAPFGl, or JDG2TTF 2; part of the erasable load. 

TTFVDGZ0 : Double precision Z component of !AffiVDG
0 

multiplied by 18; 
scaled B13 in units of meters per centisecond; program notation 
VBRFG" or VDG2TTF0 ; part of the erasable l oad . 
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TTFVDGZ2: 
scaled 
VAPFGl< 

Double precision Z component of 1AffiVDG2 multiplied by 18; 
B13 in units of meters per centisecond; program notation 
or VDGZI'TF2; part of the erasable load. 

TTHROT: Single precision time of the last throttle command, scaled 
B14 in units of centiseconds. 

]NITR: see SERV section. 

]NFC: see BURN section. During the pre-ignition phase computations 
for the powered descent maneuver (P63), ]NFC represents the Delta-V 
vector for the pre-full throttle thrust, scaled B7 in units of 
meters per centisecond. 

QNWC: see BURN section. 

V: Double precision present navigated velocity vector of the LM, 
scaled B7 in units of meters per centisecond and expressed in 
the Platform coordinate system. 

YBIAS: Double precision velocity bias factor based on PIPA bias values 
for P66 computations, scaled BS in units of meters per centisecond. 

VDGVERI': Double precision vertical component of velocity desired in the 
final (vertical) phase of descent, scaled B7 in units of meters per 
centisecond; altered in response to astronaut commands during 
manual descent control. 

YGU: Double precision velocity vector of the LM relative to the 
rotating moon, scaled B10 in units of meters per centisecond 
and expressed in the Descent Guidance coordinate system. 

YHZC: Double precision velocity vector representing the inertial velocity 
of a point at the LM as if it were rotating with the moon, scaled B7 in 
units of meters per centisecond. 

VSELECT: see SERV section. 

WCHPHASE: Single precision index scaled B14 and unitless. Set to -1 in 
the pre-ignition phase ( 11 P6JLM 11

), 0 at ignition ( 11 P6JIGN11
), 1 when TTF 

(negative) is greater than -TEND0( 11 EXTLOGIC 11
) thus selecting P64, and 

2 when TTF is greater than -TEND1 ( "EXTLOGIC") thus selecting P66 Auto 
or when the astronaut switches out of automatic control selecting P66 
"Manual 11 ( "STRTP66A"). 

WCHPHOLD: Single precision storage for the value of WCHPHASE to preserve 
the present guidance phase through the present guidance cycle when 
WCHPHASE changes. 

WHICH: see BURN section. 

WM: Double precision mean angular velocity vector of the moon, scaled 
B-17 in units of radians per centisecond and expressed in the Platform 
coordinate system. 
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fNBPIP, XNBPI P, ~NBPIP : see SERV section. 

ZERLINA: Single precision counter scaled B1 4 and unitless. 

ZOO~ITIME : see BURN section. 
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GODSP --

GODSPR 

Display Interface Routines 

TSaddr = address of step that proceeded to 11 GODSP 11 

MPAC1 = TS 

MPAC
4 

= 000008 

Proceed to "G0FLASH2 11 

TSaddr = address of step that performed 11GODSPR" 

MPAC1 = TS 

MPAC
4 

= 000008 

Proceed to 11GODSPRSl 11 

GODSPRET TSaddr = address of step that performed "GODSPRET" 

MPAC1 = TS 

MPAC
4 

= 000408 (DOTHNRET) 

Proceed to 11 GOFLASH2 11 

GOFLASH TSaddr = address of step that proceeded to 11GOFLASH" 

MPAC1 = TS 

MPAC
4 

= 000108 (FLREQ) 

Proceed to "G0FLASH2" 

GOFLASHR TSaddr = address of step that performed "GOFLASHR.11 

MPAC1 = TS 

MPAC
4 

= 000108 (FLREQ) 

Proceed to 11GODSPRSl 11 

GOFER.Fl TSaddr = address of step that proceeded to "GOPERFl 11 

DSPTEMl = TS 

MPAC1 = K:V01N25 

MPAC
4 

= 000368 

(octal display of DSPTEMl in Rl) 

(PERFREQ, FLREQ, R3BLNK, R2BLNK) 

Proceed to 11 GOFLASH2 11 

DINT - 1 



GOPERFlR TSaddr = address of step that performed 11GOPERF1R 11 

DSPTEMl = TS 

MPAC1 = K:V01N25 

MPAC
4 

= 000368 

(octal display of DSPTEMl in Rl) 

(PERFREQ, FLREQ, R3BLNK, R2BLNK) 

Proceed to 11GODSPRSl 11 

GOPERF2 TSaddr = address of step that proceeded to 11 GOPERF2 11 

MPAC1 = TS 

~Ac4 = 000308 (PERFREQ, FLREQ) 

Proceed to 11 GOFLASH2 11 

GOPERF2R TSaddr = address of step that performed 11GOPERF2R11 

MPAC1 = TS 

MPAC
4 

= 000308 (PERFREQ, FLREQ) 

Proceed to 11 GODSPRSl 11 

GOPERF4 TSaddr = address of step that proceeded to 11 GOPERF4 11 

MPAC1 = K:V04N06 

MPAC
4 

= 000148 

(octal display of OPTIONl and OPTION2) 

( FLREQ, R3 BLNK) 

Proceed to 11 GOFLASH2 11 

GOPERF4R TSaddr = address of step that performed 11 GOPERF4R 11 

MPAC1 = K:V04N06 (octal display of OPTIONl and OPTION2) 

MPAC
4 

= 000148 (FLREQ, R3BLNK) 

Proceed to 11GODSPRSl 11 

REGODSP TSaddr = address of step that proceeded to 11 REGODSP 11 

MPAC1 = TS 

MPAC
4 

= 200008 (RESETREQ) 

Proceed to 11 GOFLASH2 11 
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R.EDODSPR TSaddr = address of step that performed 11 REGODSPR11 

MPAC1 = TS 

MPAC
4 

= 200008 (RFSETREQ) 

Proceed to "GODSPRSl" 

REFLASH TSaddr = address of step that proceeded to 11 REFLASH 11 

MPAC1 = TS 

MPAC
4 

= 200108 (RFSETREQ, FLREQ) 

Proceed to 11 GOFLASH2 11 

REFLASHR TSaddr = address of step that performed "REFLASHR" 

MPAC1 = TS 

MP.AC
4 

= 200108 (RESETREQ, FLREQ) 

Proceed to 11 GODSPRSl" 

CLEANDSP TSaddr = address of step that proceeded to "CLEANDSP" 

GOXDSP 

MPAc1 = coooo
8 

MPAC
4 

= 200108 ( RFSETREQ, FLREQ) 

Proceed to 11 GOFLASH2 11 

TSaddr = address of step th9.t proceeded to 11 GOXDSP 11 

MPAC1 = TS 

MPAC
4 

= 400008 (MKEXREQ) 

Proceed to 11 GOFLASH2 11 

GOXDSPR TSaddr = address of step that performed 11GOXDSPR" 

MPAC1 = TS 

MPAC4 = 400008 (MKEXREQ) 

Proceed to "GODSPRSl" 
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EXDSPRET TSaddr "" address of step that performed "EXDSPRET" 

MPAC1 = TS 

MPAC
4 

= 40040
8 

( MKEX:REQ, DOTHNRET) 

Proceed to 11 GOFLASH2 11 

GOXDSPF TSaddr = address of step that proceeded to "GOXDSPF" 

MPAC1 = TS 

MPAC
4 

= 400108 ( MKEXREQ, FLREQ) 

Proceed to "GOFLASH2" 

GOXDSPFR TSaddr = address of step that performed 11 GOXDSPFR" 

MPAC1 = TS 

MPAC
4 

= 400108 ( MKEXREQ, FLREQ) 

Proceed to "GODSPRSl 11 

GOMARK2 TSaddr = address of step that proceeded to "G0MARK2" 

MPAC1 = TS 

MPAC
4 

= 400308 ( MKEXREQ, PERFREQ, FLREQ) 

Proceed to 11 GOFLASH2 11 

GOMARK2R TSaddr = address of step that performed "G0MARK2R" 

MPAC
1 

= TS 

MPAC
4 

= 400308 (MKEXREQ, PERFRF,Q, FLREQ) 

Proceed to "GODSPRSl " 

GOMARK3 TSaddr = address of step that proceeded to "G0MARK3 11 

MPAC
1 

= TS 

MPAC4 = 402308 (MKEXREQ, DEGVERB, PERF~, FLREQ) 

Proceed to 11 GOFLASH2 11 

GOMARK3R Analogous to 11 GOMARK2R 11 except MPAC
4 

= 402308 
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GOMARK4 TSaddr = address of step that proceeded to 11 GOMARK4 11 

MPAC1 = TS 

MPAC4 = 400368 (MKEx.REQ, PERFREQ, FLREQ, R3BLNK, R2BLNK) 

Proceed to 11GOFLASH2 11 

KLEENElC TSaddr = address of step that proceeded to "KLEENElC" 

MPAC1 = 00000
8 

MPAC
4 

= 400108 (MKEx.REQ, FLREQ) 

Proceed to 11GOFLASH2 11 

PRI0DSP TSaddr = address of step that proceeded to 11 PRI0DSP 11 

MPAC1 = TS 

MPAC
4 

= 001108 (PRI0RF,Q, FLREQ) 

Proceed to 11 GOFLASH2 11 

PRI0DSPR TSaddr = address of step that performed "PRI0DSPR" or 11 PRI0LARM11 

MPAC1 = TS 

MPAC
4 

= 001108 (PRIORF,Q, FLREQ) 

Proceed to 11 GODSPRS1" 

GOFLASH2 Inhibit interrupts 

Set bits 11-9 of MPAC
4 

= EBANK 

MPAC3 = TSaddr 

Release interrupt inhibit 

Proceed to "MAKEPLAY" 

GODSPRSl Inhibit interrupts 

Establish 11MAKEPLAY" ( if a fla shing register display us e 
VAC , if n8t n8 VAC ; priority same 

Set bits 11-9 of MPAC4 = EBANK as current job) 

MP AC
3 

= TSaddr 
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Set MPACi of "MAKEPLAY" job= MPACi of present job for i = 1-4 

Release interrupt inhibit 

Return (in listing return is to calling address+ 4, except i f 
called by 11 GODSPR 11 , 11 REGODSPR 11 , or 11 GOXDSPR 11 then to 
caller+ 1) 

BLANKET Switch MPAC
4 

bits indicated by a binary 1 in TS to 1 

Set MPAC
4 

of "MAKEPLAY" job= MPAC
4 

of present job 

Return 

MAKEPLAY USERPRIO = priority of present job 

Change priority to 33 (higher than "CHARIN") 

If bit 15 of MPAC
4 
(~) = 1, proceed to "MAKEMARK" 

If bit 7 of MPAC
4 

(PRIOREQ) = 1, proceed to "MAKEPRIO" 

COPINDEX = 2 

If bit 14 of MPAC
4 

(RESETREQ) = 1: (REGODSP, REFLASH, CLEANDSP 
REGODSPR, REFLASHR) 

If CADRFLSH2 -/= MPAC
3

, proceed to "0KTOPLAY 11 

If DSPLOCK = 0, proceed to 11 0KTOPLAY 11 

End job (display is already set andDSKY is busy; see 
"CLOKJOB" for example) 

If DSPFLG2 bit 4 (FLREQ) = 0, proceed t o "OKTOPLAY" 
(Normal displays not requiring astronaut action can be 
replaced by other normal displays) 

If FLAGWRD4 bits 13 (NRMIDFLG), 10 (NWAITFLG), 8 (NRMNVFLG) 
and 4 ,; NRUPTFLG) are all zero, proceed to "OKTOPLAY" 

(not replacing a display that has not yet been displayed) 

Proceed to "BAILOUT" with TS= 315028 
(two simultaneous requests for normal display) 

OKTOPLAY Inhibit interrupts 

DSPFLG-2 = MPAC
4 

If DSPFLG2 bit 6 (DOTHNRET) or 4 (FLREQ) = 1: 

CADRFLSH2 = MPAC3 
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Release interrupt inhibit 

If FLAGWRD4 bit 15 (MRKIDFLG), 14 (PRIODFLG), 12 (PDSPFLAG), 
11 (MWAITFLG), 9 (MRKNVFLG), 7 (PRONVFLG), 5 (MRUPTFLG) or 
1 (XDSPFLAG) = 1: 

Switch FLAGwRD4 bit 10 (NWAITFLG) to 1 

MPAG
0 

= GOPINDEX - 1 

If a job with LOG= 11 PLAYJUMl" is asleep: 

Awaken it and set its LOG= 11 ENDOFJOB 11 

Put this job to sleep with a lDG = "PLAYJUMl" 
maintained in sleep) 

(kill it) 

When awakened, proceed to address specified in its LOG 

(Otherwise, this job is free to proceed to use the DSKY) 

Perform 11WITGHONE 11 

If a job with LOG= TS is asleep: 

Awaken it and set its LOG= 11 ENDOFJOB 11 (kill it) 

PLAYJUMl COPINDEX = 2 (GOPINDEX not maintained by sleeping job) 

Proceed to 11 NVDSP 11 

MAKEMARK GOPINDEX = 1 

Inhibit interrupts 

DSPFLG1 = MPAG
4 

If DSPFLG1 bit 6 (DOTHNRET) or 4 (FLREQ) = 1: 

GADRFLSH1 = MPAGJ 

NVWORD1 = MPAG1 

Release interrupt inhibit 

If FLAGWRD4 bit 14 (PRIODFLG), 13 (NRMIDFLG), 12 (PDSPFLAG), 
8 (NRMNVFLG) and 7 (PRONVFLG) are all 0: (no normal or 
priority display waiting for a response or a key release) 
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( If Fl.AGWRD4 bit 14 • • • are a.11 0: ) 

If FLAGWRD4 bit 9 (MRKNVFLG) = 1, end job 

Proceed to "MARKPLAY" 

If FLAGWRD4 bit 14 (PRIODFLG), 12 (PDSPFLAG) and 7 (PRONVFLG) 
are all 0: (interrupt if a normal display) 

Switch FLAGWRD4 bit 3 (MKOVFLAG) to 1 

MPAC0 = 1 

Proceed to 11 JOBXCHS 11 (substitute mark for normal display) 

If FLAGWRD4 bit 11 (MWAITFLG) or 5 (MRUPTFLG) = 1, end job 

(otherwise, put mark to sleep until prio display is over) 

Switch FLAGWRD4 bit 11 (MWAITFLG) to 1 

MPAC0 = GOPINDEX - 1 

If a job with LOC = "MARKPLAY" is a.sleep: 

Awaken it and set its LOG= "ENDOFJOB" 

Put this job to sleep with a LOC = "MARKPLAY" 

(kill it) 

When awakened, proceed to address specified in its LOG 

MARKPLAY Inhibit interrupts 

Switch FLAGWRD4 bit 3 (MKOVFLAG) to O and bit 1 (XDSPFLAG) to 1 

Release interrupt inhibit 

If DSPFLG1 bit 5 (PERFREQ) = 1, NVWORD1 = -NVWORD
1 

COPINDEX = 1 

Proceed to "NVDSP" 

MAKEPRIO GOPINDEX = 0 

If bit 14 (RESETREQ) of MPAG
4 

= 0: 

If FLAGWRD4 bit 14 (PRIODFLG) or 7 (PRONVFLG) = 1, proceed 
to "BAILOUT" with TS = 3150_?8 ( too many priority display~) 

DINT - 8 



If bit 14 of MPAC
4 

(RESE~) = 1: (not expected) 

If CADRFL5H0 = MPACJ and DSPLOCK ) 0, end job 

If FLAGWRD4 bit 15 {MRKIDFLG) or 9 (MRKNVFLG) = 1: 

MPAC0 = 0 

Proceed to 11 JOBXCHS 11 (replace mark with prio display) 

If FLAGWRD4 bit 13 (NRMIDFLG) or 8 (NRMNVFLG) = 1: 

MPAC0 = 1 

Proceed to 11 JOBXCHS 11 

OKTOCOPY COPINDEX = 0 

Inhibit interrupts 

DSPFLG0 = MPAC
4 

(replace norm with prio display) 

If DSPFLG0 bit 6 (DOTHNRET) or 4 (FLREQ) = 1: 

CADRFLSH0 = MPAC
3 

NVWORD0 = MPAC1 

Release interrupt inhibit 

Perform 11WITCHONE 11 

If a job with LOC = TS is asleep: 

Awaken it and set its LOC = 11 ENDOFJOB 11 

REDOPRIO PRIOTIME = less significant half of TIMENOW 

COPIND:EX = 0 

Proceed to 11NVDSP 11 

JOBXCHS Perform 11WITCHONE11 

If a job with LOC = TS is asleep: 

Awaken it and set its LOC = 11XCHSLEEP 11 (to cause it 
to continue at 11XCHSLEEP 11 when this job is finished) 
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(If a job with LOG = TS is asleep~ 

Set MPAG0 of awakened job = MPAG0 of this job 

If MPAG0 = 0: (mark display replaced by a priority display) 

Switch FLAGWRD4 bits 15 (MRKIDFLG) and 9 (MRKNVFLG) to 0 

Switch FLAGWRD4 bit 5 (MRUPTFLG) to 1 

If MPAG0 = 1: (normal display replaced by mark or prio) 

Switch FLAGWRD4 bits 13 (NRMIDFLG) and 8 (NRMNVFLG) to 0 

Switch FLAGWRD4 bit 4 (NRUPTFLG) to 1 

If FLAGWRD4 bit 3 (MKOVFLAG) = 1, proceed to "MARKPLAY" 

Proceed to "OKTOGOPY" (priority) 

XGHSLEEP If MPAG0 = 0, TS = 11MARKPLAY 11 

If MPAG0 = 1, TS = "PLAYJUMl'' 

If a job with LOG = TS is asleep: 

Awaken it and set its LOG = "ENDOFJOB" 

Put this job to sleep and set its LOG= TS 

(kill it) 

When awakened, proceed to the address specified in its LOG 

WITGHONE Switch bit 5 of channel 11 to 0 (key release lamp off) 

If FLAGWRD4 bit 9 (MRKNVFLG), 8 (NRMNVFLG) or 7 (PRONVFLG) = 1: 

TS = DSPLIST 

DSPLIST = +O 

Return 

TS = GADRSTOR 

GADRSTOR = +O 

Return 
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NVDSP i = C0PINDEX 

GENMASK = K:dspoctab. 
l 

MPAC4 = DSPFLGi 

EBANK = bits 11-9 of DSPFI..G. 
l 

TSmonopt = bits 3-1 of DSPFI..G. 
l 

Switch DSPFI..G. bit 13 (2NDPERF) to 0 
l 

TSdec = bit 8 of DSPFI..G. (DECVERB) 
l 

MPAC2SAV = MPAC2 

MARK2PAC = MPAC2 

If NVWORD. = 0: 
l 

Establish 11 JAMTERM" (force return to calling 
address + 1) 

Proceed to second step of 11 FLASHSUB11 

If NVWORD. > 0: 
l 

TSvn = NVWORDi 

If NVWORD. < 0: 
l 

(expected only with marks) 

NVWORD1 = - NVW0RD1 

TS= K:V05N0O 

If TSdec = 002008 (bit 8 = 1), TS = K:V06NOO 

(pr32) 

TSvn =TS+ low 7 bits of NVWORD1 

NV50DSP Perform "NVSUB" 

(verb 5 or 6 with noun) 

If FREEDSKY = 0: (display system in use externally) 

If CADRST0R F O, end job 

If C0PINDEX = 0 ( GENMASK = 201448) : 

Switch FLAGWRD4 bit 7 (PR0NVFLG) to 1 

TSadr = "RED0PRI0" 
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(If FREEDSKY = 0~ 

If GOPINDEX = 1 (GENMASK = 424248): 

Switch FLAGWRD4 bit 9 (MRKNVFLG) to 1 

TSadr = 11 MARKPLAY 11 

If GOPINDEX = 2 (GENMASK = 112548): 

Switch FLAGWRD4 bit 8 (NRMNVFLG) to 1 

TSadr = 11 PLAYJUM1 11 

(GADRSTOR = 0 from above) 
If DSPLIST /- 0, proceed to 11 BAILOUT 11 with TS= 31206

8 

Switch bit 5 of channel 11 to 1 

DSPLIST = TSadr 

(light key release lamp) 

Put this job to sleep with a LOG = TSadr 

When awakened, proceed to address specified in its LOG 

Switch bit 6 of channel 11 to 0 

MPAG2 = MPAG2SAV 

(verb-noun flash off) 

i = GOPINDEX 

GENMASK = K:dspoctab. 
l 

MPAG
4 

= DSPFLGi 

EBANK = bits 11-9 of MPAG
4 

Switch FLAGWRD4 bits 9 (MRKNVFLG), 8 (NRMNVF LG) and 7 (PRONVFLG) to 0 

Perform 11 BLANKSUB11 with TSblank = MPAG
4 

If FREEDSKY = 0, proceed to 11 NVDSP' 1 

(blank extraneous Registers) 

If MPAG
4 

bit 5 (PER~)= 1 and bit 13 (2NDPERF) = 0: 

Switch DSPFLG. bit 13 (2NDPERF) to 1 
l 

TSvn = bits 14-8 of NVM)RDl 

TSrnonopt = CXXX)08 

(mark verb code) 

If DSPFLG. bit 15 (MKEXREQ ) = 1, proceed to 11 NV50DSP" 
l 
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RELDSP 

( If PER~ = 1 and 2NDPERF = 0) 

If DSPFLG. bit 12 (BURNREQ) = 1, TSvn = K:V97NOO-NVWOR'Dl 
l 

If DSPFLG. bit 12 (B~) = 0, TSvn = K:V50NOO 
l 

Proceed to "NV50DSP" 

If MPAC
4 

bit 4 (FLREQ) = 1, proceed to "FLASHSUB" 

If MPAC4 bit 6 (DOTHNRET) = 1: 

Change priority of this job to that stored in USERPRIO 

Proceed to step following that whose address is stored 
in CADRFLSHCOPINDIDC 

If low 7 bits of NVWORD. = 0, proceed to "FLASHSUB" 
l 

End job 

Switch bit 14 of MONSAVEl to O (turn off external monitor 
priority indicator) 

If DSPLIST # 0: (display job waiting for key release) 

Awaken job with LOG= DSPLIST 

DSPLIST = 0 

Switch bit 5 of channel 11 to 0 

DSPLOCK = 0 

Return 

(key release lamp off) 

RELDSPl If DSPLIST = O, switch bit 5 of channel 11 to 0 (key rel off) 

DSPLOCK = 0 

Return 

FLASHSUB Switch bit 6 of channel 11 to 1 (start verb-noun flash) 

MPAC
3 

= COPINDEX. 

If GENMASK = 201448, switch FLAGWRD4 bit 14 (PRIODFLG) to 1 

If GENMASK = 424248, switch FLAGWRD4 bit 15 (MRKIDFLG) to 1 
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VBTERM 

VBPR0C 

If GENMASK '-'- 11254g, switch FLAGWRD4 bit 13 (NRMIDFLG) to 1 

If C0PINDEX = 1 and RlSAVE = 2: 

RlSAVE = 0 

Return to address specified by CADRFLSH
1 

+ 3 

If CADRSTOR-/= 0: 

If FLAGWRD4 bits 15 (MRKIDFLG) and 6 (PINBRFLG) both = 0: 

Proceed to "BAILOUT" i..rith TS = 31502
8 

End job 

If DSPLIST -/= 0, proceed to 11 BAILOUT 11 i..ri th TS = 31206 

CADRST0R = K:IDLERETl 

Put this job to sleep with a LOC = CADRST0R 

8 

When awakened, proceed to address specified in its LOC 

LOADSTAT = -1 

Skip next 3 steps 

LOADSTAT = 1 

Skip next step 

(verb 34) 

(verb 33) 

VBRESEQ L0ADSTAT = -0 

M0NSAVEl = 400008 

Perform 11 RE1DSP" 

(verb 32) 

(kill monitor) 

L0ADLV 

Switch bit 6 of channel 11 to 0 (verb-noun flash off) 

Proceed to 11 RECALTST 11 

DECBRNCH = 000008 

LOADSTAT = -0 

Pe rform II RELDSP 11 

D3PC0UNT = -19 

Pr oceed to 11 REGALTST 11 
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RECALTST If CADRSTOR = 0, end job 

TSadr = CADRSTOR 

CADRSTOR = 0 

Inhibit interrupts 

Awaken job with LOC = TSadr 

If LOADSTAT = -1, set LOC of awakened job to "TERMATE" 

If LOADSTAT = 1, set LOC of awakened job to "PROCEED" 

If LOADSTAT = -0, set LOC of awakened job to "IDLEREI'3" 

TSnoun = NOUNREG 

TSverb = VER.BR.ID 

(MPAC1 of awakened job) 

(MPAC0 of awakened job) 

Release interrupt inhibit 

Perform "RELDSP" 

End job 

IDLERET3 If TSverb = 21, 22 or 23: 

i = MPACJ (COPINDEx:) 

(data load) 

If TSnoun f. low 7 bits of NVWORD., proceed to "PINBRNCH" 
(load is not in response tolrequest) 

OUTHERE = 2 

Skip next 3 steps 

PROCEED OUTHERE = 1 

Skip next step 

TERMA TE OUTHERE = O 

If FLAGWRD4 bit 15 (MRKIDFLG) = 1, proceed to "MARKRET" 

If FLAGWRD4 bit 14 (PRIODFLG) = 0, proceed to 11 NORMRET 11 

TS= (less significant half of TIMENOW) - PRIOTIME 
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If TS <. 0, TS = 16384 + TS 

If TS < K: 2secB14: (Priority display not up for 2 seconds) 

COPINDEX = 0 

Proceed to 11 NVDSP 11 

NORMRET If FLAGWRD4 bit 11 (MWAITFLG) or 5 (MRUPTFLG) = 1: 

Proceed to "MARKWAKE" 

If FLAGWRD4 bit 10 (NWAITFLG) or 4 (NRUPTFLG) = 1: 

Proceed to "NORMWAKE" 

If DSPFLG2 bits 4 (FLREQ) and 6 (DOTHNRET) both = 0 and NVWORD2 -/= 0: 

Establish "PLAY JUM1" ( pr15) 

Skip next step 

MARKRET Switch FLAGWRD4 bit 3 (MKOVFLAG) to 0 (also bit 2 - meaningless) 

ENDRET If OUTHERE < 0, end job 

If GENMASK - 20144, switch FLAGWRD4 bits 14 (PRIODFLG) and 
6 (PINBRFLG) to O 8 

If GENMASK = 424248, switch FLAGWRD4 bit 15 (MRKIDFLG) to 0 

If GENMASK = 11254 , switch FLAGWRD4 bits 13 (NRMIDFLG) and 
6 (PINBRFLG ) to O 8 

TSvn = -3 

TSmonopt = 0 

Perform "NVSUB" (Blank display excepting MM number) 

Change priority of this job to that specified in USERPRIO 

i = MPAC
3 

(COPINDEX) 

MPAC3 = CADRFI.SHi 

If OUTHERE = 0, proceed as specified in the "if terminate" 
option at the step whose address is stored in MPA~ 
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Nl11il'IW AK1~ 

MAH.KW AKE 

r1 Nrnrncl! 

ENDEXT 

I r llllTlll~ll l~ I, pt·oceud /lS spe, : 1 r Jed i JI Lire "i ,· prn,:<-iwl" 
nptio11 at the step whose 1-lddress Is stor-ed lrr 11J' /\ CJ 

Lf OUT!ll~IU..: - 2, proceed as eµeclfled lrr the "other rFtsporiso" 
option at the step whose nddress ts stored in MP/\(;J 

Swltch F'LAGWIW/4 b \ t 4 ( NIWPTJ<'LG) and 10 ( NW/\ I T!t'L/;) t<J 0 

Awaken Job wl th LOG "PLAY.J lJMl" 

Proceed to "ENDH.E'f" 

Switch nAGWH.D4 bl t '> (MIWPTl◄'LG) and 11 ( 11W /\ 1 T l•'LG) Lo 0 

Awaken jobwlthLOC " MA!lKPLAY" 

Proceed to "ENDIU:T" 

lielease interrupt lnhiblt ( lf any) 

HPAC
2 

= ~IAH.K2PAC 

If FLAGWH.D4 bits 1 5 ( Ml,KlDlt'LG ), 14 ( PH. lU[)r'LG), and 1J ( IIltHl WLCi) 
all = 0: 

TSvn = -J 

TSmonopt = 000008 

Perform 11 NVSUB 11 

End job 

If FLAGWRD4 bit 15 (MRKIDFLG) = 1, proceed to " l-IARKPLAY" 

Proceed to 11 NORMBNCH 11 

EXTVBACT = 000008 

Inhibit interrupts 

Switch FLAGWRD4 bit 1 (XDSPFLAG) to 0 

Release interrupt inhibit 

OUTHERE = -1 

I f FLAGWRD4 bit 14 (PRIODFLG) and 13 (Nfil,ITDFLG) are botn zero: 

Proceed to 11 NORMRET" 
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N0filvlBNCH Switch FLAGWRD4 bit 6 (PINBRFLG) to 1 

If FLAGWRD4 bit 14 (PRI0DFLG) = 1: 

C0PINDEX = 0 

Proceed to "NVDSP" 

Proceed to "PLAYJUMl. 11 

JAMTERM REQRET = 34 

DSPC0UNT = -19 

Proceed to "VBTERM" 

PRIOLARM Perform II ALARM" 

Proceed to 11 PRIODSPR" with TS= K:V05N09 

CL0CPIAY TSaddr = address of step that proceeded to "CLOCPIAY'' 

MPAC 1 = TS 

MPAC 
4 

= 240308 (RESETREQ, BURNREQ, PERFREQ, FLREQ) 

Proceed to "GOFIASH2" 
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Quantities in Computations 

CADRFLSH. (i = 0,1 ,2): Three single precision cells for storage of return 
1. 

address information required by priority, mark and normal display 
requests. In the program itself, CADRFLSH is used for storage of the 
address of the step after t hat at which the display interface routine is 
calle d; in this writeup, CADRFLSH re fers to the address of the step that 
called a display interface routine. 

CADRSTOR : Single precision storage for the addres s of the job that is 
asleep while awaiting an astronaut response. 

COPINDEX: Single precision index used to determine which display control 
paramete rs are relevant (priority , mark/extended verb, or normal= 0, 
1, or 2), scaled B14 and unitless. 

DECBRNCH: See DSKY section. 

DSPCOUNT: See DSKY section . 

DSPFLG. (i ~ 0,1 ,2 ): Three single precision flagwords containing control 
1. 

discretes f or one priority (i=O), one mark (i=1) and one normal display 
(i=2 ) simultaneously. The individual bits have the same significance in 
each of the three flagwords (one would not expect bit 15 to be set in 
DSPFLG

0 
or DSPFLG2 , etc.). The f ollowing is a l ist of the significance 

of eacn when it is set (1). 

Bit Mnemonic 

15 MKEXREQ 

14 RESETREQ 

13 2NDPERF 

12 BURNREQ 

Significance 

Mark or extended verb display . (Higher priority 
than a normal display.) 
Reset request; replaces active display of same 
priority . 
Second loop through a "please perform11 type 
display ; the first loop displays the noun using 
a display verb. The second loop replaces the 
display verb with the appropriate "please perform11 

verb . 
The "please perform" verb is to be 97 /99 rather 
t han 50 . 

Bits 11-9 are used t o store the setting of EBANK from the program us ing 
a display interface routine. 

8 

7 

6 

5 
4 

DECVERB 

PRIOREQ 

IDTHNRET 

PER.FREQ 
FLREQ 

The noun to be displayed with a "please perform11 

verb requires a decimal di splay verb in the first 
loop. 
Priority display. (Higher priority than a mark or 
a normal display.) 
Return only after display is executed. (Used only 
with displays that do not require astronaut action.) 
A "please perform" type display request. 
This display requires astronaut response; set the 
verb and noun registers flashing. 
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Bit Mnemonic Si~ri.ficance 

3 R3BLNK Blank register 3, 
2 R2BLNK Blank register 2 . 
1 R1 BLNK Blank register 1. 

Pr ogram notations EBANKSAV, MARKEBAN and EBANKTEM or IBPFLG, MARKFLAG 
and SAVErLAG, respectively . DSPFLG2 is set to 00000

8 
in "DOFSTRT1'1. 

D:3PLI ST: Si ngle precision storage for the address of the job that is 
asl eep while waiting for the astronaut to release control of the DSKY. 

IBPLOCK : Single precision flagword set positi ve when the astronaut has 
cont rol of the DSKY, and reset to zero when the IBKY is free for use 
by i nte rnal programs. 

DSPTEM1: See DATA section. 

EBANK : See MATX section. 

EXTVBACT: See EXVB section . 

FREEDSKY : See DA.TA section. 

GENMASK: Singl e precision fl agword indicating which bits of the IBPFLG. 
a re to be set. Same as MPAC

6
• i 

-14 
K: 2secB14: Single precision constant stored as -200 x 2 , program notation 

- 2SEC, scaled B14 in units of centiseconds. F.quation value: 200. 

K: dspoct ab. (i = 0,1,2): Three single precision octal constants, program 
notatiofi PRIOOCT+o, +l, +2, stored as 201448, 424248, and 112548 , 

K: IDLERETl: Single precision octal address changed in 11 RECALTST 11 to cause 
a flashing display interface routine to branch to 11 TERMATE 11

, 
11 PROCEED 11 or 

11 IDLER.ET3 11
• 

K:VxxNxx : Single precision constant containing a seven-bit verb code (0-99) 
in bit positions 14-8 and a seven-bit noun code (0-99) in bit positions 7-1. 

LOADSTAT: Single precision flag indicating whether an astronaut response is 
verb 34, verb 33, or verb 32 or a data entry or entry of a 11please perform.11 

verb. 
LOC: See MATX section. 

DINT - 20 



MARK2PAC: Single precision storage for MPAC 2• 

M0NSAVEl: See DATA section. 

MPAC . (i = 0-7): A set of eight single precision cells associated with 
al.particular job and used exclusively by that job. When a job is 
put to sleep or is interrupted by a job of higher priority, MPAC0_7 are saved to be reset exactly as they were when the interrupted 
job is reestablished. See MATX section. 

MPAC0: Used as a flag to determine if a job .being put to sleep is one 
handling a normal display or one handling a mark display. 

MPAC1: Used to store the verb-noun code at entry to the display inter­
face logic. 

MPAC : Used to store the address for an "address to be specified" noun 
w~en that noun is used by a program ,as opposed to use of that noun 
by the astronaut, in which case he would enter the address via the 
DSKY) . 

MPAC
3

: Used as temporary storage for CADRFLSH. or C0PINDEX. 
l 

MPAC 
4

: Used as temporary storage for DSPFLG .• 
l 

MPAC2SAV: Storage for MPAC 2 while it is beiiie used as working storage. 

N0UNREG: See DATA section. 

NVW0RD. (i = 0,1,2): Set of three single precision erasable memory cells 
usea to retain values of the verb-noun pattern (verb code in bits 14-8, 
noun code in bits 7-1) for priority, mark/extended verb, and normal 
displays, respectively. Program notations NVw0RD, MARKNV and NVSAVE, 
respectively. NVW0RD2 is initialized as 0 in 11 D0FSTRTl 11

• 

NVW0RDl : See BURN section. 

0PTI0Nl, 0PTI0N2: See DATA secti0n. 

0UTHERE: Single precision index used to determine the return from the 
display interface routines based on the type of ~stronaut response. 
Scaled Bl4. 

PRI0TIME: Single precision time when a priority display is activated, 
scaled Bl4 in units of centiseconds. Used to assure that a reply 
to an interrupted normal or mark/extended verb display is not inter­
preted as a response to the interrupting priority display. 

RlSAVE: Single precision c.~11, initialized to 0 in 11 STARTS32", used in 
11 FLASHSUB 11 to control a special return to the calling routine. 
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REQRET: See DSKY section . 

':'lMENOW: See EXVB section . 

USERPRIO: Single precision storage for the priority of the job using 
the display interface routines. (Actually equal to MPAC

7 
and there­

fore maintained while the job is asleep.) 

VERBREG: See DATA section. 
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Display and Keyboard Interface Logic 

KEYRUPI'l (Entered on program interrupt #5) 

CHARIN 

SAMPTIME = TIMENOW (for noun 65) 

TS= low 5 bits of channel 15 (five bit key code) 

Switch FLAGWRD5 bit 15 (DSKYFLAG) to 1 

Establish "CHARIN" 

Set MPACo of "CHARIN·" job = TS 

Resume 

21d22REG = DSPLOCK 

DSPLOCK = 1 

(pr30) 

If CADRSTOR ! +o and MPAC0 ! 228: (flashing display; not error reset; 

Switch bit 5 of channel 11 to 1 (key release lamp) 

CHAR= MPAC0 

If CHAR= 1,2,3,4,5,6 or 7: (numbers 1 through 7) 

Proceed to 11 NUM11 

If CHAR= 108 or 118 : (numbers 8 and 9) 

If DSPCOUNT f -0, end job 

If bit 2 or 1 of DECBRNCH = 1, proceed to "NUM" 

Proceed to 11 CHARALRM11 

If CHAR= 208 : 

CHAR = 0 

Proceed to "NUM" 

If CHAR = 218, proceed to 

If CHAR = 228, proceed to 

If CHAR = 318, proceed to 

If CHAR = 328, proceed to 

DSKY - 1 

(decimal numbers not allowed) 

(the number zero) 

"VERB" (verb) 

11ERROR 11 (error reset) 

11VBRELDSP 11 (key release) 

11 POSGN 11 (+ sign) 



If CHAR 338' proceed to 11 Nffi.SGN 11 (- sign) 

If CHAR - 348' proceed to "ENTER" (enter) 

If CHAR = 368, proceed to ''CLEAR'' (clear) 

If CHAR = 37 8' proceed to "NOUN" (noun) 

CHARALRM Switch bit 7 of channel 11 to 1 (operator error lamp) 

End job 

VERB VERBREG = 0 

DSPCOUNT = K:VDl (19) 

Skip next two steps 

NOUN NOUNREG = 0 

DSPCOUNT = K:NDl (17) 

Perform "2BLANK" 

DECBRNCH = 000018 

REQRET = -t-0 

(blank verb or noun register) 

(to indicate+ decimal) 

ENTRET = "ENDOFJOB" 

End .iob 

If DSPCOU:ti'.:.' f - 0, e.1d job 

Perform "GETINREL" 

If CLPASS ::;> 0, CLP ASS = 0 

(num1Jers not cru.led for) 

( :i.ndicate that number inserted since 
last clear ) 

CODE= low 5 bits of K:RELTABCHAR 

Perform "DSPIN" with COUNT= DSPCOUNI' 

If bits 1 and 2 of DECBRNCH both= 0: 

(insert number on DSKY) 

(octal) 

TS= XREG, YREG or ZR.EG according to whether INREL = 2, 3 or 4 
(INREL not expected to equal O or 1 if number is octal ) 

TS= 8 TS+ CHAR (TS cycled left three places ) 
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If bit 1 or bit 2 of DECBRNCH = 1: (+ or - decimal) 

TS= VERBREG, N0UNREG, XREG, YREG or ZRm according to 
whether INREL = 0, 1, 2, 3 or 4 

TS = 10 TS + CHAR 

If TS ~ 16384, proceed to 11 DECCEND 11 

If INREL = 0, set VER.BR.En= TS and i = 18 

If INREL = 1, set N0UNREG = TS and i = 16 

If INREL = 2, set XREG = TS and i = 10 

If INREL = 3, set YR.En = TS and i = 5 

If INREL = 4, set ZR.En= TS and i = 0 

(mu~t be 5th character) 

If if- DSPC0UNT: (more characters may be inserted) 

DSPC0UNT = DSPC0UNT - 1 

End job 

If bit 1 or bit 2 of DECBRNCH = 1, proceed to 11 DECCEND 11 

DSPCOUNT = - DSPC0UNT 

End job 
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GETINREL Set INREL in accordance wit h DSPCOUNT and t he following table: 

POSGN 

NEGSGN 

SGNCOM 

DSPCOUNT INREL Significance 

0 thru 4 4 Regist er #3, digits 5 (lowest ) 
3 Regist er #2, digits 5 thru 1 
2 Register #1, digits 5 thru 1 
1 Noun register, digits 2 or 1 
0 Verb register, digits 2 or 1 

5 thru 9 
10 thru 14 
16 or 17 
18 or 19 
15, 20 or over meaningless 

Return 

Per form 11 SIGNTEST11 

Perform 11 GETINREL 11 

SGNOFF - 5, 3 or O according to whether INREL = 2, 3 or 4 

SGNON = SGNOFF + 1 

Perform 11 SGNCOM11 

thru 1 

Switch bit 1 of DECBRNCH t o 1 (to indicate + decimal ) 

Proceed to 11 BOTHSGN 11 

Per form "SIGNTEST 11 

Per form 11 GETINREL1 1 

SGNON = 5, 3 or O according to whether INREL = 2, 3 or 4 

SGNOFF = SGNON + 1 

Perform 11 SGNCOM1 1 

Switch bit 2 of DECBRNCH to 1 

Proceed to "BOTHSGN'' 

CODE = 0 

Perform 11 l1DSPI N11 wit h TS = SGNOFF 

Switch bit 11 of CODE to 1 

Perform 11 l1DSPIN11 wit h TS = SGNON 

Return 
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SIGNTEST If bit 1 or bit 2 of DECBRNCH = 1, end job ( sign already set) 

If DSPC0UNT / 14 (RlDl) , 9 (R2Dl) or 4 (R3Dl), end job 

Return 

B0THSGN If INREL = 2, switch bit 5 of DECBRNCH to 1 

If Ilffi.EL = 3 , switch bit 4 of DECBRNCH to 1 

If INREL = 4, switch bit 3 of DECBRNCH to 1 

If CLP ASS ) 0, CLP ASS = 0 

End job 

REQDATX DSPCOUNT = K:RlDl (14) 

Skip next 3 steps 

REQDATY DSPC0UNT = K:R2Dl (9) 

Skip next step 

REQ,DATZ DSPC0UNT = K:R3Dl (4) 

REQRET = - return address 

Perform 11 5BLANK 11 

( to cause 11 ENTER. 11 to branch to caller 
of 11 REQDATX 11 etc. when requested data 
is entered) 

Switch bit 6 of channel 11 to 1 (verb-noun flash) 

Proceed to address specified by ENTRET 

REQRET = - return address 

DSPC0UNT = K:NDl (17) 

N0UNR.ED = 0 

Perform 11 2BLANK 11 

Switch bit 6 of channel 11 to 1 (verb-noun flash ) 

DECBRNCH = 000018 (bit 1 = 1 to indicate - decimal) 

Proceed to address specified by ENTRET 
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ENTER 

CLEAR 

CL.PASS ~ 0 

ENTRET = 11 ENDOFJOB 11 

If REQR.ET > f-0, proceed to 11 ENTPAS0 11 (normal data entry) 

If j REQRET I -- 11 MMCHANG11 + 1 : ( data requested by 11 MMCHANG11 ) 

REQRET = IREQRETI 

Switch bit 6 of channel 11 to 0 (verb-noun flash off) 

Return via REQRET (to second step of 11 MMCHANG 11 ) 

If bit 1 or bit 2 of DECBRNCH = 1 and DSPCOUNT is positive: 

Perform 11 DECEND1 11 

REQRET = l REQRET I 
Switch bit 6 of channel 11 to 0 (verb-noun flash off) 

Return via REQRET (to program that performed 11 REQJ)ATX 11 etc. ) 

TS = DSPCOUNT 

Perform 11 GETINREL 11 with DSPCOUNT = I DSPCOUNT I 
DSPCOUNT = TS 

If CL.PASS ~ 0: (first 11 clear 11 since the last enter) 

If INREL ~ 1, end job (the verb and noun registers are 
not cleared, they are changed) 

Perform 11 5BLANK 11 skipping the first step (have INREL already) 

CLPASS = CL.PASS+ 1 

End job 

(enable multiple clears if needed) 

(Otherwise, it 1 s a multiple component clear) 

Lr-JR.EL = INREL - 1 (Register /In has already been cleared; 
decrement INREL to indicate that register #n-1 is to be 
cleared as well.) 

If INREL ~ 1, end job 
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ERROR 

REQRET = REQRET + 3 ( change return address to loading progr,-Hr1 
to force it to back up to a previous step in the loading 
process; from "perform 1 REQDATY 111 to "perform 1 REQDATX111 etr;. 1 

TSl = INREL 

VERBREG = VERBREG - 1 

Perform "UPDA'I'VB" (Change verb display to reflect the change 
in the component to be loaded.) 

INREL = TSl 

Perform "5B LANK" skipping the first step 

CLPASS = CLPASS + 1 

End job 

(enable clear of register #1 after #3 and#~) 

DSPLOCK = 2ld22REG (error reset leaves DSPLOCK unchanged ) 

Inhibit interrupts 

Switch bit 10 of channel 11 to 1 (reset 11 Restart 11 lamp) 

Switch DSPTAB11 to 100 000 000 xOx 000
2 

(reset "Program Alarm" , "Tracker fail", "LR altitude f ail" , 
and "LR velocity fail"; bits 9, 8, 5, and 3. Leave bits 
6 and 4 alone; "Gimbal lock" and "No attitude" lamps. ) 

Switch bits 13, 12 and 11 of IMODES33 to 1 
(Set PIPA good, Downli.nk good and Uplink good bits) 

Switch big 10 of IMODES30 to 1 
(Set PIPA good bit) 

Switch RADMODES bits 8 (LRVELFLG), 5 (LRALTFLG) and 4 (RRDATAFL) to 0 

Switch RADMODES bit 7 (RCDUFAIL) to 1 

Perform 11 C1JSTALL11 

Switch bit 10 of channel 13 to 0 ( reset "test lamps" bit) 

Switch bits 7 and 3 of channel 11 t o 0 
(reset "Operator Error" and 11 Up link Activity" lamps) 

DSPTAB. = (jDSPTAB.f with bit 12 set to 1) signDSPTAB . for all values 
1 1 1 

of i from 10 through 0 

Release interrupt inhibit 

FAILREG. = 0 for i = O, 1 
1 
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SFAIL 0 

End job 

VRR.ELDSP Switch bj t 3 of channel 11 to 0 (Reset Uplink Activity lamp) 

If 2ld22REG ) 0 and bit 14 of MONSAVEl = 1: 

DSPLOCK = 0 

If CADRSTOR = +O, perform 11 REIDSP1" 

End job 

Perform 11 RELDSP 11 

If CADRSTOR f -t-0, proceed to 11 PINBRNCH 11 

End job 

(monitor going) 

I DECCEND l' :c rform 11 DECEND 11 

I 

DECEND 

DECEND1 

DSPCOUNT = -DSPCOUNT 

End job 

If INREL = 0 or 1: (verb or noun registers) 

DSPCOUNT = - DSPCOUNT 

End job 

(scaling already B14) 

Perform 11 GETINREl 11 

TS = XREG, YREG or ZREG according to whether INREL = 2, 3 or 4 
h 

If bit 1 of DECBRNCH = 1 ' TSdp = 10-,1 TS 

If bit 2 of DECBRNCH = 1 ' TSdp = - 10-5 TS 

If INREL = 2, store TSdp in XREG and XREGLP (LP= lower half) 

If INREL = 3, store TSdp in YREG and YREGLP 

If INREL = 4, store TSdp i n ZREG and ZREGLP 

Return 
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DSPOCTWD WDRET = return address 

Switch bit 14 of DSPCOUNT to 1 

WDCNT = 4 

( to blank sign in "DSPIN11 ) 

WDAGAIN TSwd = TSwd cycled left 3 places 

i = low 3 bits of TSwd 

(bit 15 shifted into bit 3 
position, 14 into 2, etc.) 

CODE= low 5 bits of K:RELTAB. 
l 

COUNT = DSPCOUNT 

If DSPCOUNT > 0, DSPCOUNT = DSPCOUNT - 1 

Perform 11 DSPIN11 (display digit in position specified by COUNT) 

If WDCNT ) 0: 

WDCNT = WDCNT - 1 

Proceed to 11WDAGAIN11 

DSPCOUNT = -19 

Return via WDRET 

DSPDECWD WDRET = return address 

Perform 11DSPSIGN 11 (returns with MPACdp = I MPACdp \) 

MPACdp = MPACdp + K:DECROUND 

If overflow (MPACdp -2: 1), MPACdp = K:posmaxdp 

WDCNT = 4 

DSPDCWDl i = integral part of (10 MPACdp) 

CODE= low five bits of K:RELTABi 

MPACdp = fractional part of (10 MPACdp) 

COUNT= DSPCOUNT 

(highest digit first) 

( character code) 

If DSPCOUNT ) 0, DSPCOUNT = DSPCOUNT - 1 

Perform 11DSPIN11 
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If WDCNT > 0: 

WDCNT = WDCNT - 1 

Proceed to "DSPDCWDl" 

DSPCOUNT = -19 

Return via WDRET 

DSPSIGN If MPACdp ~ +o, perform 11-t-ON" 

If MPACdp ~ -0, perform 11 -0N11
' 

MPACdp = jMPACdpl 

Return 

+oN Perform 11 GETINREL" 

SGNOFF = 5, 3 or O according to whether INREL = 2, 3 or 4 

SGNON = SGNOFF + 1 

CODE = OOOOOB (bit 11 = 0) 

Perform 11 1lDSPIN11 with TS = SGNOFF 

Switch bit 11 of CODE to 1 

Perform 11 l1DSPIN1 1 with TS = SGNON 

Return 

-ON Perform 11 GETINREL 11 

SGNON = 5, 3 or O according to whether INREL = 2, 3 or 4 

SGNOFF = SGNON + 1 

CODE = 00000 
8 (bit 11 = 0) 

Perform 11 l1DSPIN1 1 with TS = SGNOFF' 

Switch bit 11 of CODE to 1 

Perform 11 1lDSPIN11 with TS = SGNON 

Return 
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DSPDC2NR WDRET = return address 

Perform 11 DSPSIGN11 

WDCNT = 1 

Proceed to 11DSPDCWD1 11 

DSPDECVN WDRET = return address 

MPACdp = K:VNDSPCON TS 

WDCNT = 1 

Proceed to 11 DSPDCWDl 11 

DSP2DEC WDRET = return address 

CODE = 000008 (bit 11 = 0) 

Perform 11 l1DSPIN11 with TS= 3 

Perform "llDSPIN11 with TS = 4 

Perform 11DSPSIGN11 

WDCNT = 9 

Proceed to 11DSPDCWD1 11 

BLANKSUB FREEDSKY = 0 

If DSPLOCK > 0, return 

If bit 14 of MONSAVEl = 1, return 

FREEDSKY = 1 

(-R2S off) 

(+R2S off) 

(no blank for externally 
initiated monitor) 

If bits 3-1 of TSblank all= 0, return 

TScnt = DSPCOUNT 

If bit 1 of TSblank = 1, perform "5BLANK" with DSPCOUNT = K:RlDl 

If bit 2 of TSblank = 1, perform 11 5BLANK" with DSPCOUNT = K:RZJl 

If bit 3 of TSblank = l, perform 11 5BLANK 11 with DSPCOUNT = K:R3D1 

DSPCOUNT = TScnt 

Return 
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5BLANK Perform "GETINREL" 

CODE= 0 

If INREL = 2: 

XREG = 0 

XREGI..P = 0 

Set bits 5, 2 and 1 of DECBRNCH = 0 

Perform "DSPIN" with COUNT = 14 (Rl.Dl) 

Perform "2BLANK" twice, with DSPCOONT = 13, then 11 

DSPCOUNT = K:Rl.Dl 

If INREL = J: 

YREG =: 0 

YREGI..P = 0 

Set bits 4, 2 and 1 of DECBRNCH = 0 

Perform "DSPIN" with COUNT = 5 (R2D5) 

Perform "2BLANK" twice, with DSPCOUNT = 9, then 7 

DSPCOUNT = K:R2D1 

If INREL = 4: 

ZREG = 0 

ZREGI..P = 0 

Set bits 3, 2 and 1 of DECBRNCH = 0 

Perform "DSPIN" with COUNT = 4 (RJDl) 

Perform 11 2BLANK" twice, with DSPCOUNT = 3, then 1 

DSPCOUNT = K:RJDl 

Return 
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2BLANK i = integral part of½ DSPCOUNT 

If the sign of DSPTAB. is positive, NOUD = NOtJI' + 1 
l. 

DSPTABi = - 040008 

Return 

(minus to flag for output) 

1 lDSPIN i = TS 

DSPIN 

DSPINl 

COUNT= 2 

Proceed to 11DSPINl 11 

i = integral part of½ (low 5 bits of COUNT) 

If bit 1 of COUNT= 0: ( COUNT is even) 

COUNT = 0 

!Toceed to 11 DSPINl 11 

CODE= CODE shifted left five places (to positions 6-10) 

If bit 14 of COUNT= 0 : 

COUNT= 1 

Proceed to 11DSPIN1 11 

COUNT = 3 (sign to be changed as well as digit) 

Inhibit interrupts 

TS = I DSPTABi I 
If COUNT= 0, set bits 1-5 of TS= bits 1-5 of CODE 

If COUNT= 1, set bits 6-10 of TS= bits 6-10 of CODE 

If COUNT= 2, set bit ,11 of TS= bit 11 of CODE (sign) 

If COUNT= 3, set bits 6-11 of TS= bits 6-11 of CODE 

If TS= jDSPTABij, skip next two steps 

If DSPTABi not already flagged for output, NOUT = NOUT + 1 
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DSPTAB . = - TS 
1 

(complemented to flag for output) 

Release interrup~ inhibit 

Return 
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Quantities in Computations 

2ld22REG: Single precision storage for the DSPLOCK indication so that 
an "error reset" may leave DSPLOCK unchanged. 

CADRSTOR: See DINT section. 

CHAR: The five bit octal keycode extracted from bits 5 through 1 of 
channel 15 when a keyboard interrupt is triggered by the depression 
of any of the DSKY keyboard buttons. The DSKY buttons and the binary 
codes gated into channel 15 by their respective depressions are: 

10001 VERB 00010 2 01000 8 
11111 NOUN 00011 3 01001 9 
11010 + 00100 4 11110 CLR 
11011 00101 5 11001 KEY REL 
10000 0 00110 6 11100 ENTR 
00001 1 00111 7 10010 RSET 

CLPASS: A single prec1s1on register used to direct the logic enabling 
multiple-clearing of the three five-digit display registers. Set 
to zero whenever a valid numerical character or a sign is processed 
unless it has been previously set to a large negative number to 
disable multiple clears. See routine "CLEAR". 

CODE: A five-bit, binary relay code to select the configuration of 
the DSKY illumination relays to form the proper character, The 
character codes are: 

10101 0 01111 4 11101 8 
00011 1 11110 5 11111 9 
11001 2 11100 6 00000 blank 
11011 3 10011 7 

COUNT: Single precision register used as working storage in the "DSPIN" 
routine, first to designate the DSPTAB word to be changed, and 
second to indicate which of the two digits controlled by one 
DSPTAB word is to be changed and whether a sign is to be changed 
or blanked. 

DECBRNCH: A single precision flagword whose bits have the following 
significance: 

Plus decimal Bit 1 
2 
3 
4 
5 

Minus decimal (not 

Register #3 contains a 
Register #2 contains a 
Register #1 contains a 

6-15 spare 

octal) 

decimal number 
decima 1 number 
decimal number 

Bits 3-5 are used in multiple component loads to assure 
all components are decimal or octal. 
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DSPCOUNT: A single prec1s1on quantity which indicates the register 
and digit position on the DSKY into which a number is to be 
placed. See description of DSPTAB registers. DSPCOUNT is set 
negative to indicate that further depressions of numerical keys 
are to be ignored by the program until another "corrnnand" key is 
depressed (VERB, NOUN, ENTR, etc.). Scaled Bl4. 

DSPLOCK: Single precision flag set to some non-zero value to indicate 
when the display and keyboard are being used by the astronaut (or 
uplink). 

DSPTAB. (i=0-10): Computer storage of the DSKY illumination relay 
setfings. Bits 15 thru 13 are zero and bit 12 is 1 except when the 
DSPTAB register is complemented to direct the "T4RUPT" routine to 
change the displays. 

Rl, R2 and R3 are the three digital display registers, with 
D5 the least significant digit and Dl the most significant. Each 
of these registers has an associated sign bit, indicated below by 
-RiS or +RiS. If no sign is to be indicated, neither sign bit is 
set. 

The two-digit (decimal) "noun", "verb" and "mode" or "program" 
registers are indicated below by N, V and M respectively and again, 
Dl is the more significant of the two digits. 

The portion of the display that is controlled by each DSPTAB 
register is indicated below. 

Register Bit 11 Bits 6-10 Bits 1-5 

DSPTAB10 MDl MD2 
DSPTAB9 VDl VD2 
DSPTABa NDl ND2 
DSPTAB 7 RlDl 
DSPTAB6 +RlS RlD2 RlD3 
DSPTAB5 -RlS RlD4 RlD5 
DSPTAB4 +R2S R2Dl R2D2 
DSPTAB3 -R2S R2D3 R2D4 
DSPTAB2 R2D5 R3Dl 
DSPTAB1 +R3S R3D2 R3D3 
DSPTABo -R3S R3D4 R3D5 

DSPTABl l: See INTR section. 

ENTRET: See DATA section. 

FAILREG. ( i=O, 1 
l 

) : Sae PGSR section. 

FREEDSKY: See DATA section. 

IMODES 30: See IMUC section. 
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IMODES33: See INTR section. 

INREL: Single precision index to indicate whether numerical characters 
are to be placed into the verb register, the noun register or one of 
the five-digit registers Rl , R2 or R3. 

K:DECROUND: Double precision constant stored as OOOOC£ 0247f:s. Equation 
value: 0.000005 at a scaling of BO. Used to round a double pre­
cision AGC quantity to five decimal digits for display. 

K:NDl: Single precision constant stored as 17, scaled Bl4. Used 
to set DSPCOUNT to indicate that the next numerical character re­
ceived is to be placed into the most significant digit position of 
the noun register. See description of DSPTAB0-DSPTAB 10 • 

K:RlDl, K:R2Dl, K:R3Dl: Single precision constants stored as 14, 9 
and 4. Used to set DSPCOUNT to indicate that the next numerical 
character received is to be placed into the most significant digit 
position of Rl, R2 or R3. See description of DSPTAB0-DSPTAB

10
• 

K:RELTAB. (i=0-11): Set of twelve single precision octal constants 
storea as follows: 

i 
0 
1 
2 
3 
4 
5 

04025 
10003 
14031 
20033 
24017 
30036 

i 
6 
7 
8 
9 

10 
11 

34034 
40023 
44035 
50037 
54000 
60000 

K:VDl: Single precision constant stored as 19, scaled Bl4. Used to 
set DSPCOUNT to indicate that the next numerical character received 
is to be placed into the most significant digit position of the verb 
register. See description of DSPTAB0-DSPTAB 10 • 

K:VNDSPCON: Single precision constant stored as 002448 • Equation 
value: 0.01. Used to convert dec i mal verb, noun and mode numbers 
(stored as whole numbers scaled Bl4) into fractions in preparation 
for the decimal display routine. Scaled BO. 

MONSAVEl: See DATA section. 

MPACo: Multiple precision accumulator associated with a particular 
job. Used in "KEYRUPTl" to store the keycode in the accumulator of 
the "CHARIN" job. 
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NOUNREG: See DATA section. 

NOUT: See INTR section. 

RADMODES : See RADR sect i on. 

REQRET: Single precision storage for the return address to an internal 
routine that has requested an astronaut input. Used also as a 
flag to avoid the processing of verb/noun infonnation nonnally 
initiated by the "enter" keycode. Set equal to +O to indicate that 
data is not a response to an internal request and that verb/noun 
info rmation should be processed. Incremented by +3 to step backwards 
in the process of a multiple register load (from "REQDATY" to 
"REQDATX" for example). A "return address" is always a positive 
arithmetic quantity. 

SAMPT.IME: Double precision value of TIMENOW, scaled B28 in units of centiseconds, 
loaded at the time of astronaut entry of most recent keycode, by waitlist call 
for a monitor, or by an uplink interrupt. 

SFAIL: See TEST section. 

SGNOFF : Single precision index designating the DSPTAB register whose 
bit 11 is to be cleared to prevent illumination of both signs together. 

SGNON: Single precision index designating the DSPTAB register whose 
bit 11 is to be set to illuminate a plus or minus sign in Rl, R2 
or R3. See description of DSPTAB0-DSPTAB10 • 

TIMENOW: See EXVB section. 

VERBREG : See DATA section. 

WDCNT: Single precision index scaled B14 and unitless. 

WDRET: Single precision octal return address storage. 

XREG, XRE GLP, YREG, YREGLP, ZREG, ZREGLP: See DATA section. 
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GOEXTVB Proceed to routine specified by the contents of TSextfan 

TSextfan Starting address of routine 
(verb) 

Function 

O 40 
1 41 
2 42 
3 43 
4 44 
5 
6 
7 47 
8 48 
9 49 
10 50 
11 
12 52 
13 53 
14 54 
15 55 
16 56 
17 57 
18 58 
19 59 
20 60 
21 61 
22 62 
23 63 
24 64 
25 65 
26 66 
27 67 
28 68 
29 69 
30 70 
31 71 
32 72 
33 73 
34 74 
35 75 
.36 76 
37 77 
38 78 
39 79 

VBZERO 
VBCOARK 
IMUFINEK 
IMUATTCK 
RRDESEND 
AIM/END 
ALM/END 
V47TXACT 
DAPDISP 
CREWMANU 
GOLOADLV 
ALM/END 
GOLOADLV 
GOLOADLV 
GOLOADLV 
ALINTIME 
TRMTRACK 
LRON 
LROFF 
LRPOS2K 
RATEDISP 
DAPATTER 
TOTATTER 
R04 
VB64 
SNUFFOUT 
ATTACHED 
V67 
TEROFF 
VERB69 
V70UPDAT 
V71UPDAT 
V72UPDAT 
V73UPDAT 
DNEDUMP 
OUTSNUFF 
MINIMP 
NOMINIMP 
R77 
R77END 

zero IMU CDU or Rendezvous Radar CDU 
coarse align (ICDU or RRCDU) 
fine align IMU 
load IMU attitude error needles 
terminate continuous designate 

not defined 
not defined 

AGS initialization 
load autopilot data 
start automatic attitude maneuver 
please perform 

not defined 
please mark X 
please mark Y 
please mark X or Y 
align time 
terminate tracking 
permit landing radar updates 
inhibit landing radar updates 
LR to position 2 
display DAP estimated rates 
display DAP attitude error 
display total attitude error 
sample radar once/second 
calculate and display S-band ant. angles 
docked U~V control disable 
attached 
W matrix monitor 
take out terrain model in nescent 
cause restart 
update liftoff time 
universal update - block address 
universal update - sin~le address 
update AGC time (octal) 
initialize do'W?llink for erasable dump 
remove U-V control disable 
minimum impulse moda 
rate command mode 
start LR spurious return test 
terminate LR spurious return test 
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TSextfan Starting address of routine Function 
(verb) 

40 80 
41 81 
42 82 
43 83 
44 
45 85 
4o 
47 
4B 
49 89 
50 90 
51 91 
52 92 
53 93 
54 
55 95 
56 96 
57 97 
58 
59 99 

LEMVEC 
CSMVEC 
V82PERF 
V83PERF 
ALM/END 
VERB85 
ALM/END 
ALM/END 
ALM/END 
V89PERF 
V90PERF 
GOSHOSUM 
SYSTEST 
WMATRXNG 
ALM/END 
UPDATOFF 
VERB96 
GOLOADLV 
ALM/END 
GOLOADLV 

update 1M state vector 
update CSM state vector 
request orbit param display (R30) 
request rend param display (R31) 

not defined 
display RR LOS azimuth and elevation 

not defined 
not defined 
not defined 

align X or Z IM axis along LOS (R63) 
out of plane rend display 
display bank sum 
operate IMU performance test 
clear RENDWFLG 

not defined 
no state vector update alloved 
interrupt integration and go to POOH 
please verify engine failure 

not defined 
please enable engine 

ALM/END Switch bit 7 of channel 11 to 1 (operator error) 

Proceed to 11 PrnBRNCH 11 

TESTXACT If EXTVBACT > O, proceed to "ALM/END" 

If FLAGWRD4 bit 14 (PRIODFLG), 12 (PDSPFLAG) or 7 (PRONVFLG) = 1: 

Proceed to "ALM/END" 

EXTVBACT = 00025
8 

TSvn = -2 

(set bits 1, 3, and 5) 

Perform 11 NVSUB 11 vith TSmonopt = 000008 

Check for new job waiting, and perfonn it if re quired 

Return 
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VBZERO If NOUNREG = 20 and IMUCADR = 0: ( ICDU) 

Perform "IMUZERO" 

Perform 11 IMUSTALL" 

Proceed to 11 PINBRNCH 11 

If NOUNREG = 72: 

Perform 11 RDRUSECK11 

Perform "RRZER011 

Perform "RADSTALL" 

Proceed to 11 PINBRNCH 11 

Proceed to 11ALM/END" 

(RRCDU) 

( If NOUNREG f 20 or 72) 

(vb40) 

VBCOARK If NOUNREG = 20 and IMUCADR = 0: (vb41) 

Perform 11 TESTXACT 11 

Proceed to 11 GOXDSPF 11 with TS= K:V25N22 (load THETAD) 
(If terminate, proceed to "ENDEIT"; if proceed, c~ntinue 
at next step; if other response, continue at next step.) 

Perform 11 EIDSPRET 11 with TS= K:V41NOO 

Perform II IMUCOARS11 

Perform "IMUSTALL" 

Proceed to 11 ENDEIT" 

If NOUNREG = 72: 

Perform "RDRUSECK" 

Perform 11 TESTIACT 11 

(coarse align verb) 

Switch RADMODES bits 15 (CDESFLAG) and 10 (DESIGFLG) to O 

Switch bit 2 of channel 12 to 0 
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(If NOUNREG = 72:) 

Proceed to 11 GOXDSPF 11 with TS = K:V24N73 (load TANG0 1? 
(If terminate, proceed to "ENDEXT"; if proceed, repeat 
this step; if other response, continue at next step.) 

OPTION~= 2 

OPTIONX0 = 6 

Perform 11 GOXDSPFR" with TS= K:V0,4Nl2 (OPTION1a 1 ) 
(If terminate, proceed to "ENDEXT"; if proceed, 'skip 
next two steps; if other response, repeat this step.) 

Perform 11BLANKET" with TS = 000048 

End job 

If bit 2 of OPTION1i_ = 0: (OPTION1i = 0,1,4,5, ••• ) 

Switch FLAGWRDO bit 5 (LOKONSW) to 1 

If bit 2 of OPTION1i = 1: (OPTION1i = 2,3,6,7, ••• ) 

Switch FLAGWRDQ bit 5 (LOKONSW) to 0 

Switch ..RADMODES bit 15 (CDESFLAG) to 1 

Svitch FLAGWRD5 bit 4 (NORRMON) to 1 

Release interrupt inhibit 

Perform 11 EXDSPRET 11 with TS= K:V41NOO 

Establish 11 RRDESK2 11 

Proceed to 11 ENDEXT 11 

Proceed to 11 ALM/END11 (NOUNREG :/ 20 or 72) 

IMUFINEK If IMUCADR 'f O, proceed t o II ALM/END" 

Perform 11 TESTXACT 11 

(pr20) 

(vb42) 

Proceed to 11 GOXDSPF 11 with TS = K:V25N93 (OGC, IGC, MGC) 
(If terminate, proceed to 11 ENDEXT"; if proceed, continue 
at next step; if other response, continue at next step.) 

Perform 11 EXDSPRET 11 with TS = K:V42NOO 

Perform 11 IMUFINE11 

Perform 11 IMUSTALL" 

EXVB - .4 



If ISSGOOD = O, proceed to 11 ENDEXT 11 

Perform "IMUPULSE" with TS = address of GoGC, IGC, MGC) . 

Perform 11 IMUSTALL 11 

Proceed to 11 ENDEXT 11 

IMUATTCK If MO DREG f. 0, proceed to "ALM/END" 

If bit 4 or 5 of channel 12 is 1, proceed to "ALM/END" 
(not allowed if in coarse align or zeroing mode) 

If bit 13 or bit 14 of channel 31 = O, proceed to "ALM/END" 
(DAP is on) 

Perform 11 TESTXACT 11 

(vb43) 

Prnc:~ed to "GOXDSPF" with TS = K:V25N22 (load THETAD) 
· ( If terminate, proceed to 11 ENDEXT 11 ; if proceed, c;ntinue 

at next step; if other response, continue at next step.) 

Perform 11 EXDSPRET 11 with TS= K:V43NOO 

Switch oit 6 of channel 12 to 1 

Call "ATTCK2" in O. 02 second 

(Enable ICDU error counters) 

(See IMUC section) 

Proceed to 11 ENDEXT 11 

RRDESK2 Perform "RRDESNB" 

Perform "RA.DST ALL" 

(established by verb 41 routine) 

If RADGOOD = O, perform "ALARM" with TS= 00503
8 

End job 

RRDESEND If RADMODES bit 15 (CDESFLAG) = 1: 

If RADMODES bit 14 (REMODFLG) = 1: 

Delay 1 second 

Go back 2 steps (test bit 14 again) 

Inhibit interrupts 

(vb44) 

Switch bits 15 (CDESFLAG) and 10 (DESIGFLG) of RADMODES to 0 

Switch bit 2 of channel 12 to 0 

Delay 1 seeond 

Switch FLAGWRD5 bit 4 tNORRMON) to 0 

Proceed to !'PINBRNCH" 
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V!:z.7TXACT 

DAPDISP 

CREWMANU 

GOLOADLV 

ALINTIME 

Perform "TESTXACT" (vbZ.,7) 

Establish "AGSINIT" (this section) (pr04) 

End job 

Perform 11 TESTXACT" (vb48) 

Proceed to 11 DAPDATAl" (DAPB section) ( change to pr07) 

If MODREG f O, proceed to "ALM/END" 

Perform 11 TESTXACT" 

Establish "R62DISP" (ATTM section) 

End job 

Svitch bit 6 of channel 11 to 0 (verb/noun flash) 

Proceed to "LOADLV" 

Perform 11 TESTXACT" 

(DINT section) 

( change to 
Proceed to "GOXDSPF" with TS = K:V25N24 (DSPTEMXd ;) 

(If terminate, proceed to 11 ENDEXT 11
; if proceed, pFoceed 

to 11 ENDEXT 11 ; if other response, continue at next step.) 

If TSverb (MPAC0) f 23, proceed to "ENDEXT" 

Inhibit interrupts 

MPACdp = TIMENOW 

TIMENOW = 0 

MPACdp = MPACdp + DSPTEMXdp 

(exchange) 

Force sign agreement in the two halves of MPACdp 

TIMENOW = TIMENOW + MPACdp 

Release interrupt inhibit 

Proceed to "ENDEXT" 

(vb49) 

(prlO) 

(vb50,52, 
53,54, 
97,99) 

(vb55) 
pr07) 

TRMTRACK If FLAGWRDO bits 7 (RNDVZFLG) and 9 (P25FLAG) both= 0: (vb56) 

Proceed to "PINBRNCH" 

Switch FLAGWRDO bits 7 (RNDV7,FLG) and 9 (P25FLAG) to 0 

Switch FI.AGWRD2 bit 14 (SRCHOPTN) to 0 

EXVB - 6 



If FLAGWRDl bit 5 (TRACKFLG) = O, proceed to "PINBRNCH" 

Switch FLAGWRDl bi ts 5 (TRACKFLG) and 7 ( UPDA1'FLG) to 0 

Switch FLAGWRDO bit 8 (IMUSE) to 0 

Perform "INTSTALL" 

Clear P20, P25 restart logic and inhibit interrupts 

Perform "STOPRATE" 

Perform "RESTORDB" 

Switch RADMODES bits 10 (DESIGFI.G) and 15 CDESFLAG) to 0 

Switch bits 14 and 2 of channel 12 to 0 

Proceed to "GOPRDG2" 

(disable tracker and 
RR error counter) 

Perform "TESTXACT" 

Proceed to : "DSP68" (this section) 

LRDFF -- Switch FLGWRDll bit 8 (LRINH) to 0 

Proceed to "PINBRNCH" 

LRPOS2K If FLAGWRD7 bit 5 ( AVEGFLAG) = 0: 

Proceed to "LRP0S2Kl" 

If FLGWRDll bit 15 (LRBYPASS) = 1, proceed to "ALM/END" 

Proceed to "V59GP63" 

LRPOS2Kl Perform "RDRUSECK" 

Proceed to "LRP2COMM" 

RATEDISP Switch FLAGWRDO bit 15 (NEED2FLG) to 1 

Proceed to "PINBRNCH" 

(vb57) 

(vb58) 

(vb59) 

(vb60) 

DAP ATTER Switch FLAGWRDO bi ts 4 ( NEEDLFLG) and 15 NEED2FLG) to 0 (vb61) 

Proceed to "PINBRNCH" 

TOT ATTER Switch FLAGWRDO bit 4 ( NEEDLFLG) to 1 and bit 15 ( NEED2FLG) 
to 0 

Proceed to "PINBRNCH" 

RD4 Perform "RDRUSECK" (this section) (vb63) 

EXVB - 7 
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Perform "TESTXACT 11 

Switch FLAGWRD3 bit 9 (RD4FLAG) to 1 

Proceed to 11 RD4Z 11 

Perform 11TESTXACT 11 

Establish 11SBANDANT 11 

End job 

(RADR section) 

(this section) 

SNUFFOUI' Switch FLAGWRD5 bit 13 (SNUFFER) to 1 

Proceed to "PINBRNCH" 

(vb64) 

(pr04) 

(vb65) 

ATTACHED If FLAGWRD8 bit 8 ( SURFFLAG ) = 1: ( vb66) 

V67 

TEROFF 

VERB69 

V?OUPDAT 

V71UPDAT 

V72UPDAT 

V73UPDAT 

Proceed t o11 ALM/END" (this section) 

Establish II ATT ACHIT 11 

End job 

Perform "TESTXACT 11 

Establish 11V67CALL" 

End job 

(this section) 

( this section) 

( RNAV section) 

Switch FLAGWRDl bit 11 (NOTERFLG ) to 1 

Proceed to "PINBRNCH" 

Cause a hardware restart ( "GOPROG 11 ) 

UPVERBSV = 0 

Skip next 5 steps 

UPVERBSV = 1 

Skip next 3 steps 

UPVERBSV = 2 

Skip next step 

UPVERBSV = 3 

Perform 11 TESTXACT 11 

EXVB - 8 

(prlO) 

(vb67) 

(pr05) 

(vb68) 

(vb69) 

(vb?O ) 

(vb71 ) 

(vb72) 

(vb73) 



If MODREG t 0: 

Switch bit 7 of channel 11 to 1 

Switch bit 3 of channel 11 to 0 

Proceed to 11 ENDEXT 11 

Proceed to 11 UPUPDATE 11 

DNEDUMP ' DNTMGOTO = 11 DNDUMPI 11 

(this section) 

Proceed to 11 PINBRNCH 11 

OUTSNUFF Switch FLAGWRD5 bit 13 (SNUFFER) to 0 

MINIMP 

Proceed to 11 PINBRNCH 11 

Switch DAPBOOLS bit 15 (PULSES) to 1 

Proceed to 11 PINBRNCH 11 

NOMINIMP Switch DAPBOOI.S bit 15 (PULSES) to 0 

Inhibit interrupts 

(DAPA section) 

(operator error) 

(uplink activity) 

Perform 11 ZATTEROR 11 

Proceed to 11 PINBRNCH 11 · (releases interrupt inhibit) 

R77 

R77END 

LEMVEC 

Perform 11 RDRUSECK 11 

If FLAGWRDJ bit 9 (R04FLAG) = 1, proceed to 11 ALM/END 11 

Switch FLAGWRD5 bit 11 (R77FLAG) to 1 

Proceed to 11 R04Z 11 

RSAMPDT = O 

Delay 0.32 second 

(RADR section) 

Switch FLAGWRD5 bit 11 (R77FLAG) to 0 

Proceed to 11 PINBRNCH 11 

Switch FLAGWRDl bit 8 (VEHUPFLG) to 0 

Skip next step 

EXVB - 9 

(vb74) 

(vb75) 

(vb76) 

(vb77) 

(vb78) 

(vb79) 

(vb80) 



CSMVEC Switch FLAGWRDl bit 8 (VEHUPFLG) to 1 

Switch FLAGWRDl bit 6 (NOUPFLAG) to 0 

(vb81) 

Proceed to 11 PINBRNCH 11 

V82PERF Perform 11 TESTXACT 11 

Proceed to 11V82CALL" 

V83PERF Perform 11 TESTXACT 11 

(this section) 

( vb82) 

(change to ·pr07) 

VERB85 

Call "R31CALL" in O .02 seconds 

End job 

Perform 11 TESTXACT" 

( this section) 

Proceed to 11 DSPRRLOS 11 (RNAV section) 

V89PERF If MODREG-:/ O, proceed to "ALM/END" 

Perform 11 TESTXACT" 

Establish 11 V89CALL 11 (.ATTM section) 

End job 

V90PERF If FLAG'W.ftD? bit 6 ~V37FLAG) = 1, proceed to "ALM/END" 

Perform "TESTXACT 11 

Establish "R36" 

End job 

(this section ) 

GOSHOSUM If MODREG -:/ 0, proceed to II ALM/END" 

Perform 11 TESTXACT 11 

Proceed to 11 SHOWSUM2" (TEST section ) 

SYSTEST If MODREG-:/ O, proceed to "ALM/END" 
If FLAGWRD3 bit 11 (NODOP07) = 1, proceed t o "ALM/END" 
Perform "TESTXACT" 

Establish "REDO" (TEST section) 

End job 

WMATRXNG Inhibit interrupts 

Switch FLAGWRD5 bit 1 (RENDWFLG) to 0 

EXVB - 10 

(vb83) 

(vb85) 

(vb89) 

(prlO) 

(vb90 ) 

(pr07 ) 

( vb91) 

( vb92) 

(pr22) 

(vb93) 



Proceed to "PINBRNCH" (releases interrupt inhibit) 

UPDATOFF Switch FLAGWRDl bit 6 (NOUPFLAG) to 1 

VERB96 

Proceed to 11 PINBRNCH" 

Switch FLAGWRD9 bit 5 (QUITFLAG) to 1 

MMNUMBER = 0 

Proceed to "V37" (PGSR section) 

EXVB - 11 

(vb95) 

(vb96) 



AGSINIT If FLAGWRD3 bit 13 (REFSMFLG) = 0: 

Perform "ALARM" with TS= 002208 

Proceed to "ENDEXT" 

DSPTEMX = AGSK 

(vb47) 

AGSDISPK Proceed to "GOXDSPF" with TS= K:V06Nl6 (DSPTEMX) 
(If terminate, proceed to "ENDEXT"; if proceed, proceed 
to "AGSVCALC"; if other response, continue at next step.) 

If TSverb (MPAC0) = 32: (recycle) 

AGSK = SAMPTIME (time when enter button pushed) 

If TSverb i 32, AGSK = DSPTEMXdp 

DSPTEMX = AGSK 

Proceed to "AGSDISPK" 

AGSVCALC Switch FLAGWRD2 bit 1 (N0OOFLAG) to 1 

Switch FLAGWRD4 bit 1 (XDSPFLAG) to 1 

Perform "EXDSPRET" with TS= K:V06Nl6 

TDECl = TIMEN0W 

Perform "LEMPREC" 

!Sv = [REFSMMATI Y:ATT K: VSCALE rescaled to Bl5 or Bl3 feet per 
second rounded off to single precision and converted to 2 1 s complement 

!Sr= [REFSMMATI fl:ATT K:RSCALE rescaled to B25 or B23 feet, rounded 
off to single precision and converted to 2 1 s complement form 

AGSBUFF0 = TSr 
X 

AGSBUFF1 = TSv 
X 

AGSBUFF2 = TSr y 

AGSBUFF
3 

= TSv y 

AGSBUFF
4 

= TSr 
z 

AGSBUFF
5 

= TSv z 
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TDECl = TAT 

Perform 11 CSMPREC 11 

I_Sv = @.EFSMMATI Y:ATT K:VSCALE rescaled to Bl5 or BlJ feet per 
second, rounded off to single precision and converted to 2 1 s 
complement 

I_Sr = ~FSMMA'.D fiATT K:RSCALE rescaled to B25 or B23 feet, rounded 
off to single precision and converted to 2 1 s complement form 

AGSBUFF6 = TSrx 

AGSBUFF7 = TSvx 

AGSBUFF 8 = TSr y 

AGSBUFF
9 

= TSvy 

AGSBUFF10= TSrz 

AGSBUFF11= TSvz 

TSt = (TAT - AGSK)/K:TSCALE 

AGSBUFF12 = most significant half of TSt 

AGSBUFF13 = least significant half of TSt 

DNLSTC0D = 1 

Delay 20 seconds 

DNLSTC0D = AGSW0RD 

' 

(for downlink of AGS downlist) 

(restore downlist) 

If FLAGWRD0 bit 8 (IMUSE) = 0: 

If IMUCADR t +o, delay 0.1 second, then repeat this step 

Perform "IMUZER0" 

Perform "IMUSTALL" 

Switch FLAGWRD2 bit 1 (N0D0FLAG) to 0 

Proceed to 11 GOMARK3" with TS= K:V50Nl6 (DSPTEMX) 
(If terminate, proceed to "ENDEXT"; if proceed, proceed 
to 11ENDEXT 11 ; if other response, proceed to 11 ENDEXT 11 .) 
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UPUPDATE UP0LDM0D = M0DREG 

UPVERB = UPVERBSV 

UPC0UNT = 1 

DNLSTC0D = 1 

M0DREG = 27 

(verbs 70-73) 

0HWELLl 

Establish 11 DSPMMJ0B" 

If UPVERB = 1 or 2, proceed to 11 0HWELLl" 

C0MPNUMB = 2 

(pr30) 

(get# of components) 

Proceed to 11 0HWELL2" 

MP AC = 11 UPBUFF l1 
2 0 

(verbs 70 and 73 have only 2 components) 

(address of UPBUFF0 ) 

Proceed to 11 GOXDSPF 11 with TS= K:V21N01 
(If terminate, proceed to 11 UP0UT4"; if proceed, repeat this 
step; if other response, continue at next step.) 

If TSverb (MPAC0) = 32, repeat previous step (recycle) 

If UPBUFF0 ( 3, proceed to second line of "0HWELL1" 

If UPBUFF 0 ) 20, proceed to second line of 11 0HWELL1 11 

C0MPNUMB = UPBUFF0 

UPC0UNT = UPC0UNT + 1 

0HWELL2 i = UPC0UNT - 1 

MPAC2 = 11 UPBUFFi 11 (address of) 

Proceed to 11 GOXDSPF" with TS= K:V21N01 
(If terminate, proceed to 11 UP0UT4"; if proceed, repeat this 
step; if other response, continue at next step. : 

If TSverb (MPAC0) = 32, repeat previous step 

If UPC0UNT ~ C0MPNUMB, proceed to "UPVERIFY" 

UPC0UNT = UPC0UNT + 1 

Proceed to "0HWEL12" 

EXVB - 14 
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UPVERIFY MPAC2 = 11 UPTEMP 11 

Proceed to 11 GOXDSPF11 with TS= K:V21N02 
(If terminate, proceed to 11 UPOUT411 ; if proceed, proceed 
to 11 UPST0RE"; if other response, continue at next step.) 

If TSverb (MPAC0) = 32, repeat previous step (recycle) 

If UPTEMP SO, proceed to 11 UPVERIFY 11 

If UPTEMP > CCMPNUMB, proceed to 11 UPVERIFY 11 

i = UPTEMP - 1 

Proceed to second step of 11 0HWELL2" 

UPSTORE Inhibit interrupts 

Invert bit 3 of FLAGWRD? (VERIFLAG) 

If UPVERB > 2, proceed to 11 UPEND73" 

Establish 11 UPJOB 11 ' ' .• · '. , .., 
' i ' 

End job 

UPEND73 UPBUFF8 ,9 = UPBUFFO,l 

(pr30) 

Perform 11 TIMEDIDL 11 ; if error return, continue; otherwise skip 
next line 
S~itch bit 7 of channel 11 to 1 (error return) 

Proceed to 11 UPOUT411 

TIMEDIDL UPBUFF18 ,19 = TIMENOW 

TIMENOW = 0 

MPACdp = UPBUFF8 ,9 

UPBUFF8,9 = O 

(exchange) 

MPACdp = MPACdp + UPBUFF18 ,19 

If overflow ( I MPAC dpl ~ 228 ): 

TIMENOW = TIMENOW + UPBUFF18 ,19 

UPBUFF18,19 = 0 

EIVB - 15 



UPEND70 

( If overflow) 

Return to caller+ one line (indi cating an error return) 

Force sign agreement between componen t s of MPACdp 

TIMEN0W = TIMEN0W + MPACdp 

Return to caller+ two lines (indicati ng a non-error return) 

Perform 11 INTSTALL" 

Switch FLGWRDlO bit 7 (REINTFLG) to 1 

If UPVERB = o, proceed to "UPEND70" 

If UPVERB = 1, proceed to 11 UPEND71" 

If UPVERB = 2, proceed to 11 UPEND72" 

UPBUFF8 ,9 = -UPBUFF0 l 
' 

Purform "TIMEDIDL"; if error return, continue; otherwise skip 
next line 
Switch bit 7 of channel 11 to 1 and skip next four lines (error 

return) 
TETCSM = TETCSM - UPBUFFO,l 

TET1.El1 = TETLEM - UPBUFF0 l 
' 

UPBUFFi = 0 for i = 10 through 13 

TEPHEM = TEPHEM + UPBUFF0 l 
' 

(UPBUFF0 1 zeroed in process) 
' 

Proceed to "INTWAKEU" 

UPEND71 E3ANK = bits 11-9 of UPBUFF
1 

UPTEMP = low 8 bits of UPBUFF1 

i = ·COMPNUMB - 3 

If UPTEMP + i ~ 00400
8

, proceed to 11 UPERROUT 11 

UPTEMP = UPTEMP + 1400
8 

Ej+UPTEMP = UPBUFFj+2 for j = 0 through i 

Proceed to "INTWAKEU" 

EIVB - 16 
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UPEND72 If COMPNUMB is an even number, proceed to 11 UPERR0UT 11 

UP0UT4 

UPERR0UT 

Perform indented steps for i = 1,3,5, .•. through COMPNUMB - 2 

EBANK = bits 11-9 of UPBUFF i 

TSadr = low 8 bi ts of UPBUFF i + 14008 

(load specified address with given data) 

(end of "indented steps") 

Pro cead to 11 INTWAKEU" 

M0DREG = UP0LDM0D 

Establish 11 DSPMMJ0B 11 (pr30) 

DNLSTC0D = 0 

Switch bit 3 of channel 11 to 0 (uplink activity lamp) 

Proceed to 11 ENDEXT 11 

Switch bit 7 of channel 11 to 1 (operator error) 

Proceed to 11 INTWAKEU 11 

V82CALL If FLAGWRD7 bit 5 (AVEGFLAG) = 1, proceed to 11V82G0N 11 

0PTIONX0 = 2 

0PTIONX
1 

= 1 

Proceed to 11 G0XDSPF 11 with TS= K:V04N12 
(If terminate, proceed to 11 ENDEXT 11 ; if proceed, continue 
at next step; if other response, repeat this step.) 

Call 11 TICKTEST 11 in 0.08 second 

V82G0FLP V82FLAGS = 000008 

Establish 11V82G0FF1" (pr07) 

If bits 1 and 2 of V82FLAGS both= 0, delay one second and then 
~ry this test again (i.e. delay until either is set to one) 

EXVB - 17 



Proceed to 11 GOXDSPF 11 with TS= K:Vl6N44 (HAPOX, HPERX, TFF) 
(If terminate, switch bi t 5 of EXTVBACT to O and end j ob ; 
if proceed, switch bit 5 of EXTVBACT to O and end job; 
if other response, proceed to 11V82GOFLP 11 .) 

V82GOFF1 TDECl = TIMENOW 

TSTART82 = TDECl 

If OPTIONX1 f. 1, perform 11 CSMPREC" 

If OPTIONX1 = 1, perform 11 LEMPREC 11 

RONE= RATT - -

VONE = VATT - -

If PBODY = 0: 

TFFdRTMU = K:ldRTMUE 

HPERMIN = K:MINPERE 

Switch FLAGWRD7 bit 2 (V82EMFLG) to 0 

TS= K:RPAD 

Proceed t o 11BOTHPAD 11 

If PBODY = 2: 

TFFdRTMU = K:ldRTMUM 

HPERMIN = K:MINPERM 

TS = I.ELSI 

Switch FLAGWRD7 bit 2 (V82EMFLG) to 1 

BOTHPAD RPADTEM = TS 

Perform 11 SR30.l" (get HAPOX, HPERX, TFF, mTPER) 

TSTART82 = TIMENO~ - TSTART82 

If mTPER :/ 0: 

mTPER = TSTART82 + mTPER 

Set V82FLAGS to 000018 
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(If mTPER 'f 0) 

End job 

TFF = TFF + TSTART82 

Set V82FLAGS to 000028 

End job 

TICKTEST If bit 5 of EXTVBACT = 0: 

V82GON 

Establish "E..·1',mEXT 11 

End task 

Call 11TICKTEST 11 in 1 second 

If bit 1 of V82FLAGS = 1: 

mTPER = mTPER + K:lSEC 

If bit 2 of V82FLAGS = 1: 

TFF = TFF + K:lSEC 

End task 

Establish 11V82GON1 11 (VAC area required) 

If NEWJ0B > 0, perform 11 CHANGl" 

(pr25) 

(pr07) 

Proceed to 11 GOXDSPF11 with TS= K:V16N44 (HAP0X, HPERX, TFF) 
(If terminate, continue at next step; if proceed, continue 
at next step; if other response, repeat this step.) 

Switch bit 5 of EXTVBACT to 0 

End job 

V82GON1 goNE = gN 

YONE = Y.N 
(loaded so as to prevent update of state vector 
between storage of Rand V) 

If FLAGWRD8 bit 11 (I.M0ONFLG) = 1: 

Switch FLAGWRD7 bit 2 (V821MFLG) to 1 

TFFdRTMU = K:ldRTMUM 

EXVB - 19 
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HPERMIN = K:MINPERM 

Proceed to "V82GON211 

If FLAGWRD8 bit 11 (LMOONFLG):;: 0: (earth) 

Switch FLAGWRD7 bit 2 (V82EMFLG) to 0 

TFFdRTMU = K:ldRTMUE 

HPERMIN = K:MINPERE 

TS= K:RPAD 

V82GON2 RPADTEM = TS 

SRJO.l 

Perform 11 SRJ0.l" 

If bit 5 of EXTVBACT = O, proceed to 11ENDEXT 11 

Delay 1 second 

Proceed to 11 V82GON1 11 

If FLAGWRD7 bit 2 (V82EMFLG) = 1: (moon) 

goNE = goNE, shifted left 2 places (B27) 

YONE = yoNE, shifted left 2 places (B5) 

RMAGl = /gONE/ 

YONEPR = TFFdRTMU YONE 

TFFNP = l(RMAGl YONEPR) * unit~ONE/ 2 

TFFVSQ = -IYONEPRl 2 

TFFALFA = 2 / RMAGl + TFFVSQ 

TFFRTALF =./1TFFALFAI 

TS= TFFRTALF2 signTFFALFA 

If TS = 0: 

TFFldALF = 0 

Skip next line 
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TFFldALF = 1 / TS 

TS = /Jl - TFFALFA TFFNP/ 

RPER = TFFNP I (l + TS) 

TSl = (1 + TS) TFFld.ALF 

If TSl :> 0: 

If' /Tslf 5 K:posmaxdp 

RAPO = TSl 

Skip next line 

RAPO = K:posmaxdp 

TS= RAPO - RPADTEM 

If FLAGWRD7 bit 2 (V82EMFLG) = 1: 

TS= TS, shifted right 2 places 

HAPOX = TS (limited to!f K:MAXNM) 

TS = RPER - RP ADTEM 

If FLAGWRD7 bit 2 (V82EMFLG) = 1: 

TS= TS, shifted right 2 places 

HPERX = TS (limited to S K:MAXNM) 

If HPERX < HPERMIN' mTPER = +o 

If HPERX ~ HPERMIN: 

TSr = RPER 

Perform "C.ALCTPER" 

mTPER = - TSt 

TSr = HPERMIN + RP ADTEM 

Perform 11 C.ALCTFF 11 

TFF = -TSt 

Return 

EXVB - 21 
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CALCTPER Switch FLAGWRD7 bit 1 (TFFSW) to 1 

Skip next step 

CALCTFF Switch FLAGWRD7 bit 1 (TFFSW) to 0 

RTERM = TSr 

TSqsq = (2 - RTERM TFFALFA) RTERM - TFFNP 

If FLAGWRD7 bit 1 (TFFSW) = 1, TSqsq = 0 

If TSqsq < O: (trajectory does not cross RTERM) 

TSt = K:posma.xdp 

Return 

QTERM = JTSq sq 

TFFQl = YONEPR • RONE, shifted left J places 

If TFFQl> 0: (outbound) 

TSnum = - QTERM - TFFQl 
1 

(meters2 ) 

TSden = 2 - RTERM TFFALFA - TFFALFA RMAGl (unitless) 

If ITSdenl '-- 2-19, TSden = 0 

If TFFQl < 0: (inbound) 

TSnum = RTERM ,- RMAGl 

TSden = - QTERM + TFFQl 

(meters) 
1 

(meters2 ) 

If fTSdenl <... 2-6or 2-7, TSden = 0 (2-6 earth, 2-7 m0on) 

If TSden = 0: 

If TFFALFA < 0: 

TSt = 0 

Return 

TSldz = 0 

Proceed to "TFFELl" 

If /TSnum TFFRTALF / TSdenl~l: 
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TFFELl 

ENDTFF 

( If I TSnum TFFRTALF /TSdenf > 1: ) 

TSldz = TSden/TSnum 

Proceed to 11 TFFEL111 

TSz = TSnum/TSden 

TFFTEM = TSz2 TFFNP signTSz 

TFFX = TSz2 TFFALFA 

(used only in CSM) 

TSpoly = K:TFFO + K:TFFl TFFX + K:TFF2 TFFX2 + ... + K:TFF5 TFFX5 

2 TStrtmu = TSz (RTERM - 2TSz TSpoly + RMAGl) 

If TStrtmu ~ 0, proceed to 11ENDTFF" 

If TStrtmu signTFFQl ~ 0, proceed to "ENDTFF" 

If TFFldALF<O, proceed to "ENDTFF" 

TStrtmu = TStrtmu + TFFldALF K:Pidl6 / TFFRTALF 

Proceed to "ENDTFF'1 

TFFDELQ = -QTERM - TFFQl 

TFFX = TSldz2 TFFldALF 

If ITFFXI~ 1, TFFX = K:posmaxdp sign TFFX 

TSpoly = K:TFFO + K:TFFl TFFX + K:TFF2 TFFX2 + ••• + K:TFF5 TFFX 5 

TS= TSldz TFFldALF (TFFX TSpoly - 1) 

TFFTEM = TFFNP TFFldALF sign(TSldz RMAGl + TFFQl) (CSM only) 

TStrtmu = TFFldALF (2TS + ½ /i'FFldALF K:Pidl6 - TFFDELQ) 

TSt = TStrtmu TFFdRTMU 

If overflow, TSt = K:posmaxdp 

Return 

RJlCALL Establish "V83CALL" ( pr03) 

Delay 1 second 

If bit 12 EXTVBACT = O, proceed to second line of "R31CALL" 

Establish 11 DISPN5X11 

End Task 
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DISPN5X Proceed to "GOXDSPF" with TS= K:Vl6N54 (RANGE, RRATE, RTHETA) 
(If terminate or proceed, set bit 5 of EXTVBACT = 0 and 
end job; if other response, repeat this step.) 

V83CALL If FLAGWRD7 bit 5 ( A VEG FLAG) = 1: 

If FLAGWRD6 bit 8 (MUNFLAG) = 1, proceed to "GETRVN" 

Proceed to "DOCMBASE" with TS6 = TIMENOW 

If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to "DOCMBASE" with 
TS6 = TIMENOW 

TDECl = TIMENOW 

Perform "IEMPREC" 

BASETHP = RA TT - -
BASETHV = VATT - -
TS6 = TAT 

DOCMBASE BASETIME = TS6 

TDECl = TS6 

Perform "CSMPREC" 

BASEOTP = RATT - -
BASEOTV = VATT - -

(scaled B29 or B27) 

(scaled B7 or B5) 

(scaled B29 or B27) 

(scaled B7 or B5) 

If FLAGWRD7 bit 5 (AVEGFLAG) = 1, proceed to "GETRVN" 

If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

TDECl = TIMENOW 

Perform 11 IEMPREC" 

Proceed to "0THCONIC 11 

TDECl = TIMENOW 

Perform "INTSTALL" 

Switch FLAGWRDO bit 12 (MOONFLAG) to 0 

RCV = BASETHP - -
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VCV = BASETHV - -
If FI.AGWRD8 bit 11 ( LMOONFLG) = 1: 

Switch FI.AGWRDO bit 12 (MOONFI.AG) to 1 

Switch FI.AGWRD3 bit 4 (INTYPFLG) to 1 

TET = BASETIME 

Perform "INTEGRVS" 

OTHCONIC ~ONE= B:A,TT 

VONE = VATT 

OTHINT 

- -
Perform "INTSTALL" 

Switch FI.AGWRD3 bit 4 (INTYPFLG) to 1 

TS = TAT 

TDECl = TS 

Switch FI.AGWRDO bit 12 (MOONFI.AG) to 0 

RCV = BASEOTP - -
VCV = BASEOTV - -
If FI.AGWRD8 bit 11 (LMOONFLG) = 1: 

Switch FI.AGWRDO bit 12 (MOONFI.AG) to 1 

TET = BASETIME 

Perform "INTEGRVS" 

COMPDISP RANGE = f B:A,TT - ~ONEI 

RR.ATE = uni t(B:A,TT - ~ONE) • (Y]iTT - yoNE) 

Perform 11 CDUTRIG11 

Perform "NBTOSM11 

~NBrf = [REFSMMA~ T fu'BSMMA~ K:UNITZ 

:£Sp = unit(~NBrf - (~NBrf • unit~ONE) unit~ONE) 

TSu = ( ( uni t~ONE * yoNE) * uni t~ONE) • :£Sp 
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GETRVN 

RTHETA = arccos(!Sp • fNBrf signTSu) 

If uni t!!_ONE • ~Brf < 0, RTHETA = 1 - RTHETA 

If bit 5 of EXTVBACT = O, proceed to "ENDEXT" 

Set bit 12 of EXTVBACT to 1 

Proceed to "REV8J" 

RONE = RN - - (change to pr22) 
VONE = VN - -
TSl = VCSM - -
TS2 = RCSM - -
TS = PIPTIME (change to prOJ) 

If FLAGWRD6 bit 8 (MUNFLAG) = 0: 

Perform "INTSTALL" 

Switch FLAGWRDJ bit 4 (INTYPFLG) to 0 

Proceed to "OTHINT" 

!!_ATT = 1s2 [REFSMMAT] 

YATT = !Sl [REFSMMAfJ 

Proceed to "COMPDISP" 

DSPTEMXdp = TIG 

(note that !!_ATT and y_ATT are 
equivalent to locations OD 
and 6D, respectively, of the 
pushdown list) 

(vb90) 

Proceed to "GOXDSPF" with TS = K:V06Nl6 (DSPTEMX) 
( If terminate, proceed to "ENDEXT" ; if proceed, continue 
at next step; if other response, repeat this step.) 

TDECl = DSPTEMX 

If DSPTEMX = O, TDECl = TIMENOW 

Perform "CSMPREC" 

B:J'ASS36 = !!_ATT 

!JNP36 = unit(Y:ATT * unit!!_ATT) 

TDECl = TAT 

Perform "IBMPREC" 

TSlos = B:J'ASS36 - !!_ATT 
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RANGE = BATT • !I,NP.36 

RRATE = Y:ATT • !I,NP.36 

!S = unit((unitBATT * YATT) * unitBATT) 

!Suf = unit!S; if overflow, I.Suf = unit(l, TSuf, TSuf) y z 

!S = unit(I.Slo~ - (unitfiATT • I.Slo:3) unitBATT) 

I,Sulos = unitI,S; if overflow, I.Suloe = unit(l, TSulos, TSulos) y z 

RTHET.A. = arccos(I,Sulos • I.Suf) 

If ('.fSulos * ISuf • BATT) < O, RTHETA = 1 - RTHETA 

Proceed to 11 GOXDSPF 11 with TS= K:V06N90 (RANGE, RRATE, RTHETA) 
(If terminate, proceed to 11ENDEXT 11 ; if proceed, proceed to 

11ENDEXT 11 ; if other response, proceed to 11 R36 11J 

SBANDANT TDECl = TIMENOW 

Perform 11LEMCONIC 11 

If PBODY = 0: 

IS = BATT 

Skip next three lines 

TSt = TAT 

Perform 11LSPOS 11 

IS= (K:REMDIST VMOON) + BATT 

IS = -uni tIS 

Perform 11 CDUTRIG11 

(means earth) 

IS = IB,EFSMMA~ IS 

PITCHANGdp = -,.o 

YAWANGdp = +O 

Perform 11 SMTONB 11 

(transform to stable member) 
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SBANDEX 

B:LM = @MNBMATI rs 

RI.MYTEMP = RIM 
y 

RLM = (RLM - RLM ) K: 10VSQRT2 
y y X 

RIM = (RI.MYTEMP + RLM ) K: 10VSQRT2 
X X 

flLMTEMP = flLM 

rs2 = B:I,M - (B:I,M • K:UNITY) K:UNITY 

rs2 = unitrs2; if overflow, proceed to "SBANDEX" 

RLM--= -(TS2 * K:UNITZ) - - -
TS = gLM • K: UNITY 

PITCHANG = arcsin(signTS IRLMI) 

TSl = TS2 • K: UNITZ - -
If TSl<O: 

PITCHANG = 0.5 - PITCHANG 

gLM = unitB:I,MTEMP * rs2 

rs= (K:UNITX cosPITCHANG) - (K:UNITZ sinPITCHANG) 

TS = rs• B:I,M 

YAWANG = arcsin(signTS l!!LMI) 

If bit 5 of EXTVBACT = O, proceed to 11 ENDEXT 11 

(change to pr05) 
Perform 11 GOXDSPFR 11 with TS= K:V06N51 (PITCHANG, YAWANG) 

(If terminate or proceed, set bit 5 of EXTVBACT = 0 and end 
job; if other response, end job.) 

TS = 1002 
Perform "BLANKET" 

Proceed to 11 SBANDANT11 

( change to pr04) 

ATTACHIT Perform 11 INTSTALL 11 

Switch FLAGWRD8 bit 12 (CMOONFLG) to 1 
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If FLAGWRD8 bit 11 (LMOONFLG) = O: 

Switch FLAGWRD8 bit 12 (CMOONFLG) to 0 

Inhibit interrupts 

XKEPCSM = XKEPLEM 

TCCSM = TCLEM 

ycvcsM = ycVLEM 

RCVCSM = RCVLEM 

IBJVCSM = IBJVLEM 

)2.ELTACSM = )2.ELTALEM 

TETCSM = TETLEM 

Y,RECTCSM = Y,RECTLEM 

RRECTCSM = RRECTLEM - -
Release interrupt inhibit 

If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to 11 USEPI0S 11 

Perform 11MOVEPLEM" 

Set FLAGWRDO bit 12 (MOONFLAG) = FLAGWRD8 bit 11 (LMOONFLG) 

PBODY = O 

If FLAGWRDO bit 12 (MOONFLAG) = 1, PBODY = 2 

Perform "SVDWNl" 

QPRET = 11 PINBRNCH 11 

Proceed to 11 INTWAKE 11 

(scaling controled by PBODY) 

RDRUSECK If FLAGWRD5 bit 11 (R77FLAG) = 1, proceed to "ALM/END" 

If FLAGWRD7 bit 6 (V37FLAG) = 0 , skip next line 

If FLGWRDll bit 15 (LRBYPASS) = O, proceed to "ALM/END" 
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WAIT68 

If FLAGWRDl bit 5 ( TRACKFLG) ::: 0, return 

Proceed to "ALM/END" 

Perform 11 GOXDSPFR11 with TS= K:V06N68 ( .RANGEDSP, TTFDISP, DELTAH) 
(If terminate, set bits 5 and 1 of EXTVBACT = 0 and end job; 
if proceed, proceed to 11SET57"; if other response, end job.) 

Delay two seconds 

If bit 5 and bit 1 of EITVBACT = O, proceed to "ENDEXT" 

If bit 5 of EXTVBACT = 1, proceed to 11 DSP68" 

Perform 11 GOMARK3R" with TS= K:V50N68 ( RANGEDSP, TTFDISP, DELTAH) 
(If terminate or proceed, set bits 5 and 1 of EXTVBACT = 0 
and end job; if other response, proceed to 11RF.SET57".) 

(TS is formed by adding 130008 to K:V06N68) 

Proceed to 11WAIT68 11 

Switch FLGWRDll bit 8 ( LRINH) to 1 

Set bit 5 of EXTVBACT = 0 

End job 

RESET57 Switch FLGWRDll bit 8 (LRINH) to O 

EXTVBACT = 00025g 

End job 

LRP2CO~ Perfonn 11 LRPOS2" 

Perform "RADSTALL" 

If RADGOOD = O, perform "ALARM" with TS= 005238 

Proceed to "PINBRNCH11 

V59GP6J RPCRTIME = 377778 

RPCRTQSW = -1 

Proceed to 11 Pli.~.5ffi;CH 11 
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Quantities in Computations 

AGSBUFF0 2 4
: Single precision X, Y and Z components of the LM position 

' ' vector, scaled B25 (earth) or B23 (moon) in units of feet and in 
stable member coordinates. 

AGSBUFF1 ,
3

,
5

: Single precisi on X, Y and Z components of the LM velocity 

vector, scaled Bl3 (moon) or Bl5 (earth) in units of feet/second and in 
stable member coordinates. 

AGSBUFF6 8 10 : Single precision X, Y and Z components of the CSM position 
' ' vector, scaled B25 (earth) or B23 (moon) in units of feet and in stable 

member coordinates. 

AGSBUFF7,
9

,11 : Single precision X, Y and Z components of the CSM velocity 

vector, scaled Bl5 (earth) or Bl3 (moon) in units of feet/second and in 
stable member coordinates. 

AGSBUFF12,13 : Double precision difference between the timetag of the 

state vectors in AGSBUFF0 _11 and the time stored in AGSK, scaled Bl8 
in units of seconds. 

AGSK: Double precision time of AGS initialization, scaled B28 in units 
of centiseconds. 

AGSWORD: Single precision storage for the value of DNLSTCOD when a list 
is temporarily interrupted to change to another list. 

liASEOTP, liASEOTV: Double precision vector storage for position and velocity 
of the CSM at BASETIME, scaled B29 (earth) or B27 (moon) for position; 
B7 (earth) or B5 (moon) for velocity. Position is in units of meters, 
and velocity is in units of meters/centisecond. 

liASETHP, liASETHV: Double precision vector storage for position and velocity 
of the LM at BASETIME, scaled B29 (earth) or B27 (moon) for position in 
units of meters; B7 (earth) or B5 (moon) for velocity in units of meters 
per centisecond. 

BASETIME: Double precision reference time for verb 83 routines, sea.led 
B28 in units of centiseconds. 

COMPNUMB: Single precision number of components (each single precision 
octal) in a program 27 update, scaled Bl4 and unitless. 

DAPBOOLS: See DAPA section. 

QELTACSM, DELTALEM: See ORBI section. 

DELTAH: See SERV section. 
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DNI.STCOD: See TELE section. 

DNTMGOTO: See TELE section. 

DSPTEMX: See DATA section. 

EADR: Single precision erasable memory cell whose address is in ADR. 

EBANK: See MATX section. 

EXTVBACT: Single precision flagword indicating when extended verbs are 
in action. 

HAPOX, HPERX: Double precision heights above the earth or moon at apogee 
and perigee, scaled B29 in units of meters; displayed by N44. 

HPERMIN: Double precision minimum perigee altitude, scaled B29 (earth) or 
B27 (moon) in units of meters; used to define the entry interface 
altitude· 

IGC: See COOR section. 
IMUCADR, ISSGOOD: See IMUC section. 

K:ldRTMUE: Double precision constant, p19gram notation 1/RTMUE, scale 
factor B-17, value 0.50087529 E-5 x 2 Corresponding to the re-
ciprocal of root of unmodified earth_)<. 

K:ldRTMUM: Double precision constant, p1zgram notation 1/RTMUM, scale 
factor B-14, value 0.45162595 E-4 x 2 • Corresponding to the re­
ciprocal of root of moon_µ. 

K:10VSQRT2: Double precision constant stored as 0.7071067815, corr­
esponding to 1/ff. Equation value: O. 7071067815. Scaled BO and unitless. 

K:lSEC: Single precision constant stored as 100 x 2-14, scaled Bl4 in 
units of centiseconds. Equation value: 100. 

K:MAXNM: Double precision constant stored as 010658 05603~, scaled B29 
in units of meters. Equation value: 18519814. (Equivalent to about 
9999.8995 nautical miles.) 

K:MINPERE: Double precision constant stored as 91440 x 2-29 , s caled B29 
in units of meters. Equation value: 91440. 

K MINPERM D bl . . t t t d 10668 x 2-27 , l d B27 : : ou e precision cons an sore as sea e 
in units of meters. Equation value: 10668. 

K:Pidl6: Double precision constant stored as 3.141592653 x 2-4, scaled 
B5 and unitless. Equation value: 6.2831853. 

K:posmaxdp: See "Major Vari,.bles" section. 

-29 K:REMDIST: Double precision constant stored as 384402000 x 2 , scaled 
B29 in units of meters. Equation value: 384402000. 
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-29 K:RPAD: Double precision constant stored as 6373338 x 2 , scaled B29 
in units of meters. Equation value: 6373338. 

K:RSCALE: Double precision constant stored as 3.280839 x 2-3 , scaled B3 
in units of feet per meter. Equation value: 3.280839. 

K:TFFO, K:TFFl, K:TFF2, K:TFF3, K:TFF4, K:TFF5: Six double precision 
constant coefficients of a polynomial approximation. Scaled BO and 
unitless. Equation value: 

0.3333333333 
-0.1999819135 
0.1418148467 

-0.101310997 
0.05609004986 

-0.01536156925 

-10 K:TSCALE: Double precision constant stored as 100 x 2 , scaled BlO 
in units of centiseconds per second. Equation value: 100. 

~:UNITX, K:UNITZ, ~:UNITY: See SERV section. 

K:VSCALE: Double precision constant stored as 328.0839 x 2-9 , scaled B9 
in units of feet per second/meters per centisecond. Equation value: 
328.0839. 

MGC: See COOR section 

MMNUMBER: See PGSR section. 

MODREG: See DATA section. 

MPAC: See DINT section. 

mTPER: Double precision time to perigee, scaled B28 in units of centiseconds. 

(frnSMMAT] : See COOR section. 

NEWJOB: See MATX section. 

NOUNREG: See DATA section. 

NlNCSM, ~lNLEM: See ORBI section. 

OGC: See COOR section. 

OPTIONX0 , OPTIONX1 : Display registers used by noun 12 with extended verbs. 
Similar to OPTIONl, OPTION2. Same register as DSPTEMX. 

PBODY: See ORBI section. 

PIPTIME: See SERV section. 

PITCHANG~ Cell used to contain the pitch gimba.1 angle required to point 
the S-band antenna toward the center of the earth. Scaled BO, in 
units of revolutions. 
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QPRET: See ORBI section. 

QTERM: Double precision product of the cotangent of flight path angle 
at RTERM and the square root of semi-latus rectum, scaled Bl6 (earth) 
or Bl5 (moon) in units of meters to the one-half power. 

RADGOOD, RADMODES: See RADR section. 

RANGE, RRATE: Double precision range and range- rate, scaled B29 for 
range in units of meters and B7 for range-rate in units of meters 
per centisecond. In "R36 11 contains out of plane p(}sition and velocity, 
same scaling and units. 

RANGEDSP: See DESC section. 

RAPO, RPER: Double precision radius at apogee and perigee, scaled B29 
(earth) or B27 (moon) in units of meters. 

Bft.TT, YATT, TAT: See ORBI section. 
RCSM: See SERV section. 
BCV, ycv: See CONG section. 

BCVCSM, RCVLEM: See ORBI section. 

[REFSMMA!): See COOR section. 

RLM: Double precision vector defined by transforming the unit line-of-sight 
vector (reference coordinates) first into stable member then into nav­
igation base coordinates, and finally rotated and compensated by the 
orientation of the S-band antenna mount with respect to the navigation 
base. 

RLMTEMP: Temporary storage location for BlM to be used in later calculations. 

RLMYTEMP: Temporary storage loca.tion for RLM . 
y 

RLS: See CONG section. 

R."1AG1: Double precision magnitude of BONE, scaled B29 (earth) or B27 
(moon) in units of meters. 

EN, YN: See SERV section. 

BONE, YONE: Double precis ion position and velocity vectors a t TSTART82; 
scaled B29 (earth) or B27 (moon) f or posi tion, and B7 (earth) or B5 
(moon) f or velocity. Posit ion is i n units of meters, with veloci ty 
i n un its of meters/centisecond . 

RPADTEM: Double precision radius of launch site on earth or moon for use 
as a base fo r computing altitude, scaled B29 (earth) or B27 
(moon) i n units of meters. 

&ASSJ6 : Double precision vector storage for CSM position vector in 
routine 36 , scaled B29 i n uni ts of meters. 
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RPCRTIME: See SERV section. 

RPCRTQSW: See SERV section. 

ftRECTCSM, B.RECTLEM: See ORBI section. 

RSAMPDT: See RADR section. 

RTERM: Double precision terminal radius for calculation of TFF, scaled 
B29 (earth) or B27 (moon) in units of meters. 

RTHETA: Display angle information for N54 and N9O, scaled BO in units of 
revolutions. 

SAMPTIME: See DSKY section. 

@.MNBMAfl : See COOR section. 

TANGO, 1: See RADR section. 

TCCSM, TCLEM: See ORBI section. 

TDECl: See ORBI section. 

TEPHEM: See COOR section. 

TET, TE.rCSM, TETLEM: See ORBI section. 

TFF: Double precision time of free fall to RTERM, scaled B28 in units 
of centiseconds. 

TFFldALF: Double precision semi-major axis, stored in units of meters 
with variable scaling. 

TFFALFA: Double precision reciprocal of the semi-major axis, stored 
-1 

as meters with variable scaling. 

TFFDELQ: Double precision difference between-QTER.M and TFFQl, scaled 
Bl6 (earth) or Bl5 (moon). 

TFFdRTMU: Double precision reciprocal of t he square ro0t of mu --,f pri­
mary body; variable scaling. 

TFFNP: Double precision semi-latus rectum, stored in units of meters 
with variable scaling. 

TFFQl: Intermediate quantity calculated in "CALCTFF", scaled Bl6 (earth) 
or Bl5 (moon) • 

.l. 
TFFRTALF: Double precision square root of TFFALFA, stored as meters-2 with 

variable scaling. 
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TFFTEM: Double precision intermediate variable used in "CALCTFF", stored 
in units of meters with variable scaling. 

TFFVSQ: Double precision value of the complement of the square of the 
velocity divided by the root of mu; variable scaling. 

TFFX: Double precision universal variable, scaled BO and unitless. 

IHETAD: See IMUC section. 
TIG: See BURN section. 
TIMENOW: Double precision current time scaled B28 in units of centi­

seconds; accomputer counter incremented every centisecond automat­
ically, and modified by verbs 55, 70 and 73. 

TSTART82: Double precision start time of the verb 82 routines, scaled B28 
in centiseconds; used to update TFF from its value at the time of verb 
82 initialization to a value corresponding to the Dime at which it is 
displayed. Also used to update mTPER. 

TTFDISP: See DESC section. 
:QNP36: Double precision vector storage for normal to the CSM orbital 

plane, scaled Bl and unitless. 

UPBUFF0_19 : Single precision buffer cells for P27 updates. 

UPCOUNT: Single precision number of components received in a P27 update, 
scaled Bl4 and unitless. 

UPOLDMOD: Single precision storage for the value of MODREG at the initial­
ization of a P27 update. 

UPTEMP: Single precision storage for the number of a P27 update component 
to be corrected or for an address of a cell to be updated. 

UPVERBSV, UPVERB: Single precision indication of the verb that initiated 
a P27 update, scaled Bl4 and unitless. 

V82FLAGS: Single precision flagword used in verb 82 routines. Bit two 
is set when only TFF is computed and bit one is set when mTPER is com­
puted. 

VCSM: See SERV section. 

ycVCSM, :{CVIEM: See ORB! section. 

VMOON: See COOR section. 

VONEPR: Double precision value of VONE TFFdRTMU, scaled B-10 (earth) 
nr B-9 (moon). 

y_RECTCSM, y_RECTIEM: See ORB! section. 
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XKEPCSM, XKEPLEM: See ORBI section. 

YAWANG: Cell used to contain the yaw gimbal an g le requ i r t. l to point 
the S-band antenna to1,1ard the center of t he i::~·n-U-1 , sr• .<-1 / ,;d HO in 
units of revolutions. 

· .. Hrf : See COOR section. 
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SVCT3 

1/GYRO 

IMU Computations 

(This task is used as part of the ~aitlist control and 
is entered every 81.93 seconds) 

If FLAGWRD2 bit 15 (DRIFTFLG) = 1: 

If IMUCADR = +o, establish "NBDONLY" 

If IMUCADR i +o, call NSVCT3" in 5.0 seconds 

End task 

(pr35) 

QC0MP = QCOMP rescaled to B21 pulses 

TS= address of QC0MP 

(truncated at 2-? pulses) 

Perform "IMUPULSE" 

Perform 11 IMUSTALL11 

If ISSG00D:: O, End job 

.QCOMP = fractional part of .QCOMP rescaled to B14 pulses 

E:::d job 

NBDONLY If GCOMPSW < O, End job 

Inhibit interrupts 

If FLAGWRD2 bit 15 (DRIFTFLG) = O, End job 

TS== 0 

If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

TS::: 002008 

Perform 11 PIPASR11 skipping first step 

TS1 = 1dPIPADT 

1dPIPADT = TIMENOW18 

Release interrupt inhibit 

(load present time) 

TSt = 1dPIPADT - TS1 (present time - previous ti.Jae) 
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TSt = TSt 

GCOMPSW = 0 

If TS ;> 0: 

(corrected fo~ possible overflow of TIMENOW 
counter ) 

(SURFFLAG set) 

[

-ADIAX 

.QCOMP = .QCOMP + ~ 

[

NBD:X:] 
.QCOMP = .QCOMP - TSt NBDY 

-NBDZ 

ADSRAI 

-ADIAY 

-ADSRA.Z 

If jGCOMP x j> 2, GCOMPSW = 2(integral par t 
sp 

If jGCOMP I> 2, GCOMPSW = 2 ( integral part 
Ysp 

If !GCOMP z . j> 2, GCOMPSW = 2(integral part 

If GCOMPsap> O, proceed te "1/GYRO" 

End job 

If GCOMPSW < 0, return 

of ½( jGCOMPx I - 1)) - 1 
sp 

of½( jGCOMP ,- 1)) - 1 
Ysp 

of ½( jGCOMP z , - 1)) ,.. 1 
Sp 

DELVd = DELV + 0 PIPA~CF O DELV -
[

PIP ASCF O O l 

- p - sp y - sp 
1d.PIPADT 

(

PIPABIASx) 
PIPABIAS 

y 
0 0 PIPASCF 

GCOMPSW = 0 

z 
PIPABIAS 

z 

QCOMP = .QCOMP + [-AD~AX -~~: ADS~Yl !2_ELV - 1 dPIPADT ( ::~:) 

0 -ADSRAZ -AD I AZ - NBDZ 

If IGCOMPx
8
J>2, 

If IGCOMP y s[ 2 , 

GCOMPSW = 2 ( integral part of ½(f OMP x 1- 1)) - 1 
sp 

GCOMPSW = 2 ( integral part of ½(k}cOMP 1- 1)) - 1 
T- Y8 P 
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If \GCOMPz
8
J>2, GCOMPSW = 2(integral part of ½~GCOMPz

8
J -1)) -1 

If GCOMPSW >· O, establish •1/GYR0M (pr21) 

Return 

LASTBIAS Perform MPIPUSE" , skipping 1st step 

If GCOMPSW < 0, End job 

PIPUSE 

TS= 0 

If FLAGWRD8 bit 8 (SURFFLAG) = 1, TS= 002008 

TSt ~ PIPTIME18 - 1dPIPALlT 

1dPIPADT = K:pip2sec 

Proceed to 11 NBD2" 

fIPA = 0 (-0) 

If bit 6 of IMODESJO = 1: 

Return 

Inhibit interrupts 

Svitch bit 1 of IMODESJO to 0 

Perfora 11 SETISS'w" 

Release interrupt inhibit 

Return 

(IMU caged) 

(Enable PIPA fail monitor) 

PIPFREE Inhibit interrupts 

Svitch bit 1 of IMODESJO to 1 (Disable PIPA fail monitor) 

If bit 10 of IMODESJO = 0: (PIPA failure) 

Perform "ALARM" vith TS :::: 002128 

Perform 11 SETISSW" 

Release interrupt inhibit 

Return 
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IMlOON TS= 000008 

For i = 15, 14, 13, 12, 11 and 9, set bit i of TS to 1 if 
bit i of IM)DF.530 is not equal to bit i of channel 30 

If TS= 00000, proceed to "TNONTEST" 
(no chanie in IMU related discretes on channel 30) 

Set bits 15-11 and 9 of IMODES30 equal to bits 15-11 and 9 
of channel 30 

If bit 15 of TS= 1: (change in IMU temperature discrete) 

Switch bit 15 of TS to 0 

If bit 15 of IMODF.530 = 1: (IMU temp exceeding limits) 

Switch bit 4 of channel 11 to 1 
( turn on temperature caution lamp) 

If bit 15 of IMODE.530 = 0: (temp returned within limits) 

If bit 1 of IMODF.533 = O, switch bit 4 of channel 11 to 0 
(turn lamp off unless lamp test in progress) 

If TS= OOCXX)8, proceed to "TNONTEST" (no further changes) 

If bit 14 of TS= 1: (change in ISS turn-on delay discrete) 

Switch bit 14 of TS to 0 

If bit 2 of IMODESJO = 0: (no turn-on sequence failure 
in effect) 

If bit 14 of IM:>DF.530 = 0, perform "ITURNON211 

(ISS turn-on initiate; start turn-on sequence) 

If bit 14 of IMODES30 = 1: (ISS turn-on delay 
just terminated) 

If bit 15 of channel 12 = 0: (ISS turn-on 
delay was not terminated by ICC; set bit 2 
to indicate turn-on-sequence failure) 

Switch bit 2 of IM:>DF.530 to 1 

Perform "ALARM'' with TS = 00207 8 

If TS= OQCXX)8, proceed to 11 TNONTEST 11 
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If bit 13 of TS= 1: (change i n status of IMU fail discrete) 

Switch bit 13 of TS to 0 

Perform 11 SETISSWN 

If TS= 000008 , proceed to NTNONTEST" 

If bit 12 of TS= 1: (change in status of ICDU fail discrete) 

Switch bit 12 of TS to 0 

Perform "SETISSW" 

If TS= 000008 , proceed to 11TNONTEST" 

If bit 11 of TS= 1: (change in status of IMU cage discrete) 

Switch bit 11 of TS to 0 

If bit 11 of IMODES30 = 0: (IMU caged externally) 

Switch bits 15- 10 of channel 14 to 0 
(stop all ICDU and RRCDU drive pulses) 

Switch bits 8, 6, 5, 4 and 2 of channel 12 to 0 
(disable inertial data display, disable ICDU 
Error Counters, reset ICDU zero discrete, 
remove coarse align enable discrete, disable 
RRCDU Error Counters) 

Switch FLAGWRD5 bit 7 (ENGONFLG) to 0 

Switch bit 13 of channel 11 to O and bit 14 of 
channel 11 to 1 (engine control discretes to off) 

Perform 11 CAGESlJB1N 

Perform NRNDREFDR" (reset TRACK, DRIFI' and REFSM flags) 

CDUiCMD = 0 for i = x, y and z (-0) 

GYROCMD = 0 (-0) 

Switch bits 9-6 of channel 14 to 0 
(remove all gyro-torque logic discretes) 

If bit 11 of IMODESJO = 1, proceed to 11 ISSZER0" 

If TS z 000008 , proceed to "TNONTEST 11 
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If bit 9 of TS = 1: (IMU power on/off) 

Switch bit 9 of TS to 0 

If bit 9 of IMODES.30 = 1: (D1IJ power off) 

Switch bit 6 of IMODES.3.3 to 1 ( disable DAP) 

Perform "RNDREFDR" 

If FLAGWRDO bit 8 (IMUSE) = 1: 

Perform "ALARM'' with TS = 002148 

Switch FLAGWROO bits 8 (IMUSJ:) and 7 (RNDVZFW) to 0 

If bit 9 of IliODF.S.30 = 0: (rnu power on) 

If bit 2 of IMODES.30 = O, perform "ITURNON2'' 
(Start turn-on sequence if no turn-on-sequence 
failure indication present) 

TNONTEST If bit 7 of IMODESJO = 0, proceed to "C33TE.5T" 

If bit 8 of IMODESJO = O; (Delay till next T4RUPT cycle) 

Switch bit 8 of IMODES30 to 1 

Proceed to "C33'I'EST" 

Switch bits 7 and 8 of IMODESJO to 0 

If bit 14 of rnODE330 = 1 : (ISS power on without initiation 
of turn-on delay, e.g. verb 36) 

If bit 4 of channel 12 = 1, proceed to "C33TEST" 
(coarse align enabled; may be near gimbal lock) 

If FLAGWRDO bit 8 (IMUSE) = 1, proceed to "C33TEST" 

Perform "CAGF.SUB2" 

Proceed to "ISSZERO" 

If bit 9 of IliODE3.30 = 1, perform "ALARM'' with TS = 00213g 
(Turn-on delay initiated without ISS power on) 

Perform 11 CAGESUB 11 
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Call "ENDTN0N" in 90 seconds 

Proceed to 11 C33TEST" 

ISSZER0 Switch bit 4 of DSPTAB11 to 0 

Switch bit 15 of DSPTAB11 to 1 

Switch bit 5 of channel 12 to 1 

QDU = 0 

Call 11UNZ2 11 in 0.32 second 

C33TEST TS= 000008 

(turn off no attitude lamp) 

(to flag for output) 

(ICDU zero) 

For i = 13, 12 and 11, switch bit i of TS to 1 if bit i of 
IMODE.533 is not equal to bit i of channel 33 

If TS= 00000
8

, return (to T4RUPT routine) 

Set bits 13-11 of IM0DE.533 = bits 13-11 of channel 33 

(Channel 33 flip-flops reset by WAND instruction) 

If bit 13 of TS = 1: (change in status of PIPA fail discrete) 

Switch bit 13 of TS to 0 

Set bit 10 of IMODE.530 = bit 13 of IMODE.533 

Perform 11 SETISSW1 1 

If bit 1 of IM0DE.530 = 1: (primary PIPA monitor inhibited) 

If bits 10, 9, 8, 7 and 5 of IM0DE.530 all= 0: 
(PIPA fail, IMU power on, turn-on delay complete, 
turn-on delay not just initialized, and secondary 
PIPA fail monitor enabled ( 11 PFAII..OK 11 )) 

Perform "ALARM" with TS= 002128 
If TS = 000008, return (to T4RUPT routine) 

If bit 12 of TS = 1: (Downlink) 

Switch bit 12 of TS to 0 

Perform 11DNTMFAST 11 

If TS= 000008, return (to T4RUPT routine) 
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If bit 11 of TS = 1: (Uplink) 

Switch bit 11 of TS to 0 

Perform "UPTMFAST" 

Return (to T4RUPT routine) 

CAGESUB Switch bits 6 and 15 of channel 12 to 0 
(Disable ICDU Error Counter and reset "Turn-on delay 
complete" discrete.) 

Switch bits 4 and 5 of channel 12 to 1 
(Set coarse align discrete and ICDU zero discrete) 

CAGESUBl Switch bit 4 of DSPTAB11 to 1 and flag for output 
(No attitude lamp on) 

CAGESUB2 Switch bits 1, 3, 4, 5 and 6 of IMODES30 to 1 
(Inhibit PIPA, CDU and IMU fail monitors, inhibit secondary 
PIPA fail monitor, and set IMU caged flag) 

Switch bit 6 of Il10DES33 t o 1 (Disable OAP) 

Return 

SETISSW TS= OCXX>0
8 

If bits 13 and 4 of IMODES30 both = 0, TS = 10000
8 

(IMU fail) 

If bits 12 and 3 of DiODES30 both = 0, TS = 04000
8 

+ TS (ICDU) 

If bits 10 and 1 of IM)DES30 both = 0, TS = 01000
8 

+ TS (PIPA) 

(failure) 

Perform 11 ALARM11 with TS =- TS - 00001
8 

Switch bit 1 of channel 11 to 1 (ISS warning lamp) 

Ret urn 

If bit 1 of IMODES33 = 0, switch bit 1 of channel 11 to 0 
(Extinguish ISS warning lamp if lamp test not in progress) 

Return 

GLOCKM0N TS = 00000
8 

If lcou) ~ K:?Odegs, proceed to 11 SETGLOCK 11 

Switch bit 6 of TS to 1 
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If ICDU) ~ K:85degs, proceed to 11 SETGI.DCK 11 

If bit 4 of channel 12 = 1, proceed to 11SETGI.DCK11 

(already in coarse align) 

Perform 11 SETCOARS" 

Cal l 11 CA+ECE" in 0.06 seconds 

SETGLOCK If bit 6 of DSPTAB11 f bit 6 of TS: 

CA+ECE 

If bit 6 of DSPTAB11 - 1: (bit 6 of TS= 0) 

If bit 1 of IMODES33 = 1, return (lamp test) 

If bit 6 of DSPTAB
11 

= 0: (bit 6 of TS= 1) 

If bit 6 of IMODES30 = 1, return 

Invert bit 6 of DSPTAB
11 

and flag for output 
(Gimbal lock warning light on or off) 

Return (to T4RUPT routine) 

Switch bit 6 of channel 12 to 1 

End task 

(Enable ICDU Error Counters) 

UNZ2 CDU = 0 

Switch bits 4 and 5 of channel 12 to 0 
(Disable coarse align mode, reset ICDU zero discrete) 

Delay 10.24 seconds 

Switch bits 3, 4, and 6 of IMODES30 to 0 
(Enable ICDU and IMU fail monitors and reset IMU caged flag) 

Switch bit 6 of IMODES33 tc 0 (Enable DAP) 

If FLAGWRD2 bit 15 (DRIFTFLG) =. 0: 

Switch FLAGWRD2 bit 15 (DRIFTFLG) to 1 

ldPIPADT = less significant half of TIMENOW 

Perform "SETISSW" 

Switch bit 15 of channel 12 to 0 
(Switchover to normal operate mode should be complete) 

Call "PFAII.DK" in 4 seconds 

End task 
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I'l't.JRt«li2 Switch bit 7 of Dl>DE.530 to 1 

RAD!l)DE.5 = 001028 

(initiate Dru turn-on delq) 

Return 

ENDTNON If bit 2 of DODE.5.30 = 1: (turn-on sequence failure) 

Switch bit 2 of D()l)E.5,30 to 0 

If bit 14 of OODE.5.30 = 0: 

Delay 90 secorxis 

Proceed to "ENDTNON" 

(turn-on delay still in effect) 

If FLAGWRDO bit 8 (IMUSE) = 1, proceed to "IMlJBAD" 

End task 

Switch bit 15 or channel 12 to 1 
(Switch ISS to normal operate mode) 

Switch bit 4 of DSPTAB11 _to 0 and flag for output 
(Turn off no attito.cte lamp) 

Proceed to "UNZ2" 

PFAIIJJK If bit 6 of D[)DE.530 = 1, end task 

Switch bit 10 of IMODE.530 to 1 

Switch bit 13 of IMODE.533 to 1 

Switch bit 5 of IM)DE.530 to 0 

Perform "SETISSW'' 

End task 

IMUPULSE MP AC 
5 

= TS 

(IMlJ caged) 

(reset PIPA fail bit) 

(reset PIPA fail bit) 

(Enable secondary PIP.A. fail mon.) 

If bit 6 of IM)DE.530 = 1: (IMU caged) 

IMUCADR = ~ 

Return 

If I.GYRO = 0: (gyro free for torqu.ing) 

Switch bit 6 of channel 14 to 1 

TSt = 0.04 
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If LGYRO > 0: (gyro already being torqued) 

Put this job to sleep 

When awakened, continue at next step if LGYRO then= 0, 
or proceed to previous step if LGYRO is still ) 0. 

TSt = 0.01 

Call 11 STRTGYRu 11 in TSt seconds 

LGYRO = MP AC 
5 

GYRODEX = 0 

Force sign agreement within each component of ~LGYlW 

Return 

STRTGYRO Switch bits 7, 8, 9 and 10 of channel 14 to 0 
(reset gyro select discretes, sign bit, gyro activity bit) 

If bit 6 of IMODES30 = 1, proceed to "IMUBAD" 

STRTGYR2 If GYRODEX = 3 : (finished) 

LGYRO = 0 

Awaken any job put to sleep in "IMUPULSE" 

Proceed to "IMUFINED" 

If GYRODEX = 2: (torque X gyro about its output axis) 

I.GYRO = LGYRO - 4 (index X component) 

If GYRODEX = 1 : (torque Z gyro) 

I.GYRO= I.GYRO+ 2 (index Z component) 

If GYRODEX = 0: (torque Y gyro first) 

I.GYRO= I.GYRO+ 2 

GYRODEX = GYRODEX + 1 
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(X, Y or Z component of vector specified at input) 

If ·f $'S dpl < K: gyromin, proceed to 11 STR'IUYR211 

TSdp = 'l'Sdp + K:GYROFRAC sign'l'Sdp 

If 'l'Sdp < O, switch bit 9 of channel 14 to 1 (negative torque) 

If GYRODEX. = 1, switch bit 8 of channel 14 to 1 (I) 

If GYRODEX. = 2, switch bite 7 and 8 of channel 14 to 1 (Z) 

If GYRODEX. = 3, switch bit 7 of channel 14 to 1 (X) 

RUPTREn2 = fractional part of!Tsdpl sgnTSdp (bits 1-7 of LS half) 

TScm:i = 8192 ( fractional part of('(TSdp - RUPTREG2) / 8192 )} 

RUPTRF.Gl = f TSdp - TScm:i I 
If RUPTRF.Gl ~ 8192; · (equals O or 8192) 

If RUPTRID1 IO, TScm:i = TScm:i + 8192 

EurrRo = RUPTREn2 

GYROCMD = TScmd 

(portion of comnand less than one pulse) 

TSt = K:gyrtm GYROCMD + 0.03 

Call 11 TWOPULSE" in TSt seconds 

Proceed to 11GYROElCIT11 

EurrRo = RUPTREGl - 16384 + RUPTRm-2 

GYROCMD = 8192 + TScm:i 

TSt = K:gyrtm GYROCMD - 0.03 

Call "8192ilUG" in TSt seconds 

Proceed to 11 GYROElCIT 11 

8192AUG If bit 6 of Il{)DE.530 = 1, proceed to 11 IMUBAD 11 

If bit 4 of channel 12 = 1, proceed to 11 IMUBAD11 

(coarse align enabled; disables gyro torquing) 

(IMU caged) 

TS = ELGYRO rounded off to nearest multiple of 8192 
( ELGYRO contains multiples of 8192 plus a fraction 

of one pulse; fraction is ignored) 
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If TS = 0: 

GYR0CMD = GYR0CMD + 8192 

TSt = K:gyrtm GYR0CMD + 0.0'.3 

Call "TW0PULSE" in TSt seconds 

Proceed to "GYROEX:IT" 

~ = Eurrao - 8192 

GYROCMD = GYR0CMD + 8192 

TSt = K:gyrtm GYR0CMD - 0.03 

Call "8192AUG" in TSt seconds 

GYR0EXIT Switch bit 10 of channel 14 to 1 

End task 

IMUZER0 Inhibit interrupts 

(send GYROCMD) 

If bits 4 and 6 of DSPTAB both = 1: 
(No attitude and "G~al Lock" lamps both on) 

Perform "ALARM" with TS= 002068 

IMUCADR = -0 

Release interrupt inhibit 

Return 

If bit 6 of I.MODE.530 = 1: 

IMUCADR = -0 

Release interrupt inhibit 

Retura 

(IMU caged) 

Switch bits 5 and 6 of IMODES33 to 1 
( Indicate zeroing in progress; disable DAP) 
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Switch bits 3 and 4 ot DIIDISJO to 1 
(Inhibit ICDU and nm fail monitorsJ 

Switch bits 4 and 6 ot channel 12 to O 
(Disable Coarse align mde and ICDU Error Counters) 

Switch bit 4 of DSPTAB11 to O and flag tor output 
(Turn off "no attitude" lamp) 

Switch bit 5 of channll 12 to 1 
{Zero ICDU'a) 

g)U ,z 0 

Call "DIJZIR02" in 0.,32 second 

If bit 9 of OODJ!SJ0 = 1: (IMU not operating) 

Perform "ALARM'' with TS = 002108 

Release interrupt inhibit 

Return 

IMUZER02 If bit 6 of IMODESJO = 1, proceed to 11 IMUBAD 11 ( IMt caged) 

QDU = 0 

Switch bit 5 of channel 12 to 0 

Delay 10.24 •seeonds 

(Release ICDU's) 

If bit 6 of Ill>DES30 = 1, proceed to 11 IMUBAD 11 

Switch bits 4 and 3 of OODES30 to 0 
(RellOYe IMU and ICDU fail monitor inhibit bits) 

Switch bits 6 and 5 of OODES33 to 0 
(Enable DAP and reset zeroing indication) 

Perform "SETISSW'' 

Proceed to "ENDOOJ" 

IMUCOARS Inhibit interrupts 

If bit 6 of IMODESJO = 1: 

IMUCADR = -0 

Release interrupt inhibit 

Return 
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Perform "SETCOARS" 

Call 11 COARS 11 in 0.06 second 

Release interrupt inhibit 

Return 

SETCOARS If bit 4 of channel 12 = 1, return (already in coarse align) 

Switch bit 6 of channel 12 to O (disable ICDU error counters) 

Switch bit 10 of channel 14 to O (disable gyro torque pulses) 

GYROCMD = 0 ( -0) 

Switch bit 4 of channel 12 to 1 (Switch ICDU to coarse align) 

Switch bit 4 of DSPTAB11 to 1 and flag for output 
(turn on "No attitude" lamp) 

Switch bit 6 of IM'.)DES33 to 1 

Switch bit 4 of IMODES30 to 1 

(disable DAP) 

(inhibit mu fail monitor) 

RNDREFDR Switch FLAGWRDl bit 5 (TRACKFI.G) to 0 

Switch FLAGWRD2 bit 15 (DRIFTFI.G) to 0 

Switch FLAGWRD3 bit 13 (REFSMFI.G) to 0 

COARS 

COARS2 

Return 

If bit 6 of IMODF..530 = 1, proceed to "DfilBAD" (caged) 

Switch bit 6 of channel 12 to 1 

COMMAND = THETAD - CDU z z z 

COMMAND = THETAD - CDU y y y 

COMMANDX = THETADx - CDUX 

Delay 0.02 second 

(Enable ICDU Error Counters) 

converted to one's complement 
form and rounded off 

If bit 6 of IIDDF..530 = 1, proceed to "IMUBAD" (caged) 

i = 0 
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Perfonn the indented steps 3 times, for j = z, then y, then x 

IfjCOMMANDjl = O, CDUjCMD = - 0 

If lcoMMANDj I ~ K:connnax, but 'f 0: 

CDU . GMD = COMMAND . 
J J 

COMMAND. = 0 
J 

i = i + 1 

If I COMMAND . I > K: commax: 
J 

CDU .CMD = K:commax signCOMMAND. 
J J 

COMMAND. = COMMAND. - CDU.CMD 
J J J 

i = i + 1 

(End of "indented steps") 

If i ) 0: (command is not zero) 

Switch bits 13, 14 and 15 of channel 14 to 1 
(Send output pulses to ICDU Error Counters from CDU.CMD cells) 

J 

Delay 0.6 second 

Proceed to 11 COARS2" 

Delay 1.5 seconds 

Perfonn the indented steps 3 times (or until "ALARM" situation 
is encountered), for j = z, then y, then x 

TS = CDU . - THETAD. converted to one's complement fonn 
J J 

If I TS I > K: COARSTOL: ( coarse align error) 

Perfonn "ALARM1' with TS = 002118 

Proceed to ".IMUBAD" 

(End of "indented ste ps 11 ) 

Proceed to 11 ENDIMU11 
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IMUFINE Inhibit interrupts 

If bit 6 of IIDDES30 = 1: 

IMUCADR = -0 

, Release interrupt inhibit 

Return 

(IMU caged) 

Switch bits 4 and 5 of channel 12 to 0 

(Reset ICDU coarse align and zeroing discretes) 

Switch bit 6 of IM)DES33 to 0 (Enable DAP) 

Switch bit 4 of DSPTAB11 to O and flag for output 
(Turn off "No Attn:ude" lamp) 

Call "IFAILOK" in 5.12 seconds 

Call "IMUFINED 11 in 2 seconds 

Release interrupt inhibit 

Return 

IMUFINED If bit 6 of IIDDES30 = 1, proceed to 11 IMUBAD 11 

Proceed to "ENDIMU11 

IFAILOK If bit 6 of IMODES30 = 1, end task 

If bit 4 of channel 12 = 1, end task 
(Coarse align mode) 

(caged) 

Switch bit 13 of IMODES30 to 1 

Switch bit 4 of IIDDES30 to 0 

Perform 11 SETISSW1 1 

(reset IMU fail bit) 

(enable IMU fail monitor) 

End task 

IMUSTALL Inhibit interrupts 

If IMUCADR > 0 or if IMUCADR < -1 : 

TS1 = Return address of routine calling 11 IMUSTALL 11 

Proceed to 11 BAILOUT1 11 with TS= 312108 
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If IMUGADR = -1: (operation already complete and good) 

IMUGADR = +O 

Release interrupt inhibit 

ISSGOOD = 1 

Return 

If IMUGADR = -0: 

IMUGADR = +O 

(operation already complete and bad) 

Release interrupt inhibit 

ISSGOOD = 0 

Return 

IMUGADR = return address 

Put present job to sleep 

When awakened, return via LOG 

(to caller of "IMUSTALL") 

ENDIMU If bit 1 of channel 11 = 1, proceed to "1MUBAD" (ISS bad) 

IMUGOOD If IMUGADR = +O: ( "IMUSTALL" not entered yet) 

IMUBAD 

IMUGADR = -1 

End task 

LOG = IMUGADR 

ISSGOOD = 1 

Wake job put to sleep in "IMUSTALL" 

IMUGADR = +O 

End task 

If IlIDCADR. = t-0: 

IMUGADR = -0 

End task 
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ATTCK2 

LOG= IMUCADR 

ISSGO0D = 0 

Wak• job put to sleep in "IMUSTALL" 

IMUCADR = +o 

End task 

CDU CMD = THETAD K:0NETENTH z z 

CDU CMD = THETAD K:0NETENTH 
y y 

CDU CMD = THETAD K:ONETENTH 
X X 

Switch bits 13, 14 and 15 of channel 14 to 1 

End task 

R02B0TH If FLAGW'RD3 bit 13 (REFSMFLG):::: 1: 

S~itch FLAGW'RD0 bit 8 (IMUSE) to 1 

Return 

If bit 9 of IM0DES30 = 1: (IMU not operating) 

Perform "ALARM" with TS = 002108 

If bit 9 of IM0DES30 = 0: (REFSMMAT invalid) 

Perform "ALARM" with TS :::: 002208 

Proceed to 11 GOT0P00H 11 

TWOPULSE Switch bit 9 of channel 14 to 0 

GYRDCMD = 2 

Switch bit 10 of channel 14 to 1 

Call "STRI'GYRO" in 0.01 seconds 

Switch bit 9 of channel 14 to 1 

GYROCMD = 2 

Switch bit 10 of channel 14 to 1 

End task 
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Quantities in Computations 

ldPIPAlJI': Single precision time interval for application of PIPA biases 
and gyro drift compensation, scaled B8, or storage for present time for 
t he purpose of computing that time interval, scaled Bl4, in units of 
cent iseconds. 

ATIIAX: Single precision angular drift of the X gyro around its output axis 
caused by linear acceleration of the IMU in the direction of the X gyro 
input axis ( +XSM), scaled B-6 in units of gyro pulses / centimeters per 
second. (One gyro pulse corresponds to 2-21 re irolutions.) Pad loaded. 

ATIIAY: Single precision angular drift of the Y gyro around its output axis 
caused by linear acceleration of the IMU in the direction of the Y gyro 
input axis ( +YSM), scaled B-6 in units of gyro pulses / centimeters per 
second. Part of the erasable load. 

ATIIAZ: Sing~e precision angular drift of the Z gyro around its output axis 
caused by linear acceleration of the IMU in the direction of the Z gyro 
input axis ( +ZSM), scaled B-6 in units of gyro pulses / centimeters per 
second. Part of the erasable load. 

ADSRAX: Single precision angular drift of the X gyro around its output 
axis caused by linear acceleration of the IMU in the direction of the 
X gyro spin-reference axis (-YSM), scaled B- 6 in units of gyro pulses / 
centimeters per second. Part of the erasable load. 

AI6RAY: Single precision angular drift of the Y gyro around its output 
axis caused by linear acceleration of the IMU in the direction of the 
Y gyro spin-reference axis (-ZSM), sa:aled B- 6 in units of gyro pulses / 
centimeters per second. Part of the erasable load. 

ADSRAZ: Single precision angular drift of the Z gyro around its output 
axis caused by linear acceleration of the IMU in the direction of the 
Z gyro spin-reference axis (+YSM), scaled B- 6 in units of gyro pulses/ 
centimeters per second. !-'art or the erasable load. 

g_ru (CDU ,CDUy,C~J_: Single precision vector containing the measured 
valuet of the IBU gimbal angles (outer, inner and middle gimbal in X, 
Y, and Z components, respectively), scaled B-1 in units of revolutions 
and stored in two I s complement form. Each component is an LGC input 
counter incremented directly from the Coupling Dat a Unit in response to 
changes in the IMU gimbal angles. 

CDU.CMD:(i = x,y or z): Three single precision counters scaled Bl in units 
- 1 of revolutions, gated to the ICDU Error Counters by setting bits 15, 14 

and 13 of channel 14. Bits 15-13 reset when respective counters reach -0. 
--scaling is Bl4 in units of pulses. 

~O~'viMAND: Temporary storage for changes to the three gimbal angles during 
coarse alignment, scaled B1 in units of revolutions. 

DELV: See SERV section. 
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DSPTAB11 : See INTR section. 

:\GYRD: fuuble precision vector containing three desired gyro torque angles 
whose address is specified at entry to the DruPill,SE routine, scaled BO 
in units of revolutions, or B21 in units of pulses. ~LGYRO = QCOMP or 
( OGC ,IGC ,MGC) 

Q.COMP: fuuble precision vect or containing required gyro compensation _21 angles, scaled Bl4 (or B21) in units of {!;fro pulses (1 gyro pulse = 2 
revolutions). 

GCOMPSW: Single precision switch indicating whether {!;fro compensation is 
required or inhibited, scaled Bl4 and unitless. 

GYROCMD: Computercell counted down as torquing pulses are sent to one of 
the gyros, scaled Bl4 in units of gyro pulses. Used for commands to all 
three gyros; the pulse train is initiated by setting bit 10 of Channel 14 
and it is routed to the appropriate gyro torque motor by the setting in 
bits 7 and 8 of Channel 14. 

GYROIBX: An index equivalent to that maintained by the program in bits 
15-13 of LGYRD; used to indicate which {!;fro is being torqued and assigned 
a separate label merely for convenience in functional representation. 

i,j: Single precision index registers, scaled Bl4 and unitless. 

IMOilES30 : Single precision flagword whose individual bits have the following 
meanings: 

Bit 15 (1) IMU temperature not within prescribed limits 
(0) IMU temperature within limits 

Bit 14 (1) ISS turn-on delay not in effect 
(0) ISS tum-on delay initiated and in effect 

Bit 13 (1) IMU good 
(0) IMU fail 

Bit 12 (1) ICIXJ good 
(0) ICUJ fail 

Bit 11 (1) IMU not externally caged 
(0) IMU caged, externally 

Bit 10 (1) PIPA good (identical to bit 13 of IMOD:E.533) (0) PIPA fail 

Bit 9 (1) IMU off 
(0) IMU operating 

Bit 8 (1) nru turn-on delay in progress 
(0) IMU turn-on delay complete or not initiated 

Bit 7 (1) IMU turn-on delay initiate 
(0) IMU turn-on delay not initiated 

Bit 6 (1) IMU caged (Internally) 
(0) IMU not caged 
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Bit 5 (1) Secondary PIPA [ail monitor inhibited 
(0) Secondary PIPA f ail monitor enabled 

Bit 4 (1) IMU f ail monitor inhibited 
(0 ) IMU fail monit or enabled 

Bi t 3 (l)ICIXJ f ail monitor inhibited 
(O)ICIU fail monitor enabled 

Bit 2 (1) ISS turn-on sequence failure 
(0 ) No ISS turn-on sequence failure in effect 

Bit 1 (1) Primary PIPA fail monitor inhibited 
(0 ) Primary PIPA fail monitor enabled 

IMOilES33 : See INTR section. 

IMUCADR : Single precision octal stor age for address to return to program 
that i s making use of the ISS and waiting for a particular operation to 
be accomplished. 

ISSGOOD: Variable introduced a.s a suostitu~e fo r variable return address; 
set to 1 or Oto indicate whether an nru mode switch was successfully 
completed (1) or not (0). 

K:70degs : Si ngle precision constant stored as - 0 .38888, program notation 
"-70IlEGS," scale d B-1 in units of revolutions. Equation value: +0 .1 941+4. 
(Equivalent to +69 , 9984 degrees) . 

K:85degs : Si ngle precision constant stored as - 0 .38888 + -0. 08333, scaled 
B-1 in unit s of revolutions. Equation value: +0.23610. (Equivalent to 
+84. 99 degrees.) 

K:COARSTOL: Si ngl e precision constant stored as - 0 .01 ·111, sea.led B-1 in 
uni t s of revolutions. Equation value: 0 . 005555, (Equivalent to 
+1. 9998 degrees .) 

K:commax : Si ngle precision constant stored as -1 91 x 2- 14 and -192 x 2- 14 , 
program notations "-COMMAX" and "-COMMAX-", scaled B1 in units of 
re volutions. Equation value: +0 .0234375 . (Equivalent to +8 .4375 degrees 
or half the me chanical limit of the ICIXJ Error Counter.) 

K:GYROFRAC : Double 
in units of gyr o 
approximation to 

- 21 precision constant stored as 0 . 215 x 2 , scaled B21 
torque pulses . Equation value: 0 . 21875 , (The close st 
0 . 215 with a least increment of 0 .0078125 .) 

K:gyromin: Si ngle precision constant stored as 776018 , program notat ion 
11 --GYRDMIN, 11 scaled B7 in units of gyro torque pulses. Equation value: 
1.0 . (1 gyro pulse is equivalent to 2- 21 revolutions. ) 

K:gyrtm: Single prec ision constant stored a s 010008 , program notation 
11 BIT10, 11 scaled BO i n units of centiseconds/ gyro torquing pulse. 
Equation value : 1 / 3200 seconds/pulse. 
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K:ONETENTH: See DAPA ~ection. 

K:~ip2sec: Single precision c0nstant ~tared a~ 310008 , program notation 
11 PRI031 11 , scaled B8 in units of centiseeonds. Equation value: 200. 

LGYRO: Single precision octal address (poaitive) of cell containing 
. · gyro torquing command. 

L0C: See MATI section. 

MPAC: See DINT section. 

NBDI, NBDY: Single precision angular drift around the output axes of 
the X and Y gyros caused by the passage of time, scaled B-5 in units 
of gyro pulses per centisecond. Part of the erasable load, 

NBDZ: Single precision complement of the drift around the output axis 
of the Z gyro caused by the passage of time, scaled B-5 in units 
of gyro pulses per centisecond. Part of the erasable load. 

fIPA: Single precision sensed-change-in-velocity vector scaled B14 in 
units of centimeters per second, expresaed in stable member (IMU) 
coordinates. The three components are incremented directly from 
the Pulse-Integrating, Pendulous Accelerometers on the stable 
member of the IMU. 

PIPABIAS, PIPABIAS, PIPABIAS Single precision bias factors for the 
X y Z 

X, Y and Z PIPA 1s, scaled B-3 in units of centimeters per second 
per centiseeond (equivalent to PIPA counts per centisecond). Pad loaded. 

PIPASCF, PIPASCF, PIPASCF: Single precision scale factor errors 
X y Z 

associated vith the X, Y and Z PIPA 1 s respectively, scaled B-9 
and tmitless (accelerometer counts per accelerometer count). Pad loaded. 

PIPTIME: See SERV section. 

RADMODES: See RADR section. 

RUPTREG1: Single precision st~5age for portions of gyro torque comaands 
greater th~ or equal to 2 pulses, scaled B27 in units of gyro 
pulses (2- revolutions). 

RTTPTREG2: Single precision storage for portions of gyro torque command 
less than one pulse, scaled B7 in units of f,YI"O torque pulses. 
Fractional values of commands are not issued. They are stored for 
addition to future commands. 
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THETAD: Single precision vector containing the gimbal angles that 
define a desired orientation between the IMU and the spacecraft for 
attitude maneuTers or IMU alignment, scaled B-1 in units of revolu­
tions and stored in two's complement form. 

TIMENOW: See EXVB section. 
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Program Interrupts 

#1 Caused by underflow of counter TIME6, starting address 40048 

Proceed to 11DOT6RUPT11 

#2 Caused by overflow of counter TIME5, starting address 40108 

Proceed to "T5RUPT" 

#3 Caused by overflow of counter TIME3, starting address 40148 

Proceed to "T3RUPT" (start scheduled task) 

#4 Caused by overflow of counter TIME4, starting address 40208 

Proceed to "T4RUPT" 

#5 Caused by depression of a key on the DSKY keyboard, starting 
address 40248 

Proceed to "KEYRUPTl" 

#6 Caused by depression of mark or reject buttons or crew indication 
of change in desired descent rate, starting address 40308 

Proceed to "MARKRUPT" 

#7 Caused by overflow of uplink serial input buffer, starting address 
40348 

Proceed to 11 UPRUPT 11 

#8 Caused by end pulse from the downlink system, starting address 40408 

Proceed to "DODOWNTM" 

#9 Caused by expiration of time delay (85-95 ms) after bit 4 of 
channel 13 is set, starting address 40448 

Proceed to 11 RADAREAD 11 

#10 Caused by input from the rotational hand controller, starting 
address 40508 

Proceed to "PITFALL11 

#11 Caused by hardware difficulties, starting address 40008 

Proceed to 11 GOPROG11 
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T4RUPT If DSRUPI'SW < 0, proceed to 11 QUIKDSP 11 

If DSRUPTSW = 0, DSRUPTSW = 8 

DSRUPTSW = DSRUPTSW - 1 

TSruptsw = DSRUPTSW 

If bit 15 of DSPTAB11 = 1: (flagged for output) 

Switch bits 15-12 of DSPTAB11 to 0 

0UTO = DSPTAB11 + 600008 

DSRUPTSW = DSRUPTSW - 8192 - (5)(256) 

Set TIME4 to cause 11 T4RUPT" in 20 milliseconds 

Proceed to 11 PR0CEEDE" 

If FLAGWRD5 bit 15 (DSKYFLAG) = 0 or if N0UT = 0: 

0UTO = 00000 8 

Set TIME4 to cause 11 T4RUPT 11 in 120 milliseconds 

Proceed to "PR0CEEDE11 

N0UT = N0UT - 1 

TS = -0 

Perform "DSPSCAN" 

If SENTCODE = 0: 

0UT0 = 000008 

Set TIME4 to cause 11 T4RUPT 11 in 120 milliseconds 

Proceed to "PR0CEEDE'' 

DSRUPTSW = DSRUPI'SW - 8192 - (5)(256) 

Set TIME4 to cause 11 T4RUPT 11 in 20 milliseconds 

Proceed to 11 PR0CEEDE" 
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PROCEEDE If bit 14 of channel 32 f bit 14 of IMODES33: (proceed button) 

Set bit 14 of IMODES33 = bit 14 of channel 32 

If bit 14 of IMODES33 = 0: (proceed button just pushed) 

Establish 11 PROCKEY 11 (pr30) 

If TSruptsw = 0 or 4: 

Perform 11RCSMONIT 11 

If TSruptsw = 1 or 5: 

Perform 11 RRAUTCHK 11 

Perform 11 DAPT4S 11 

If TSruptsw = 2 or 6: 

Perform 11 IMUMON 11 

Perform "GLOCKMON" 

If TSruptsw = 3 or 7: 

Perform 11 DAPT4S 11 

Resume 

PROCKEY REQRET = +o 

DSPCOUNT = -19 

Proceed to 11VBPROC 11 
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QUIKDSP If DSRUPTSW < -8192: (bit 14 = 0) 

OUTO = 000008 

Set TIME4 to cause "T4RUPT" in 20 milliseconds 

DSRUPTSW = DSRUPTSW + 256 + 8192 

Resume 

If NOUT = 0: 

OU'l'O = 000008 

Proceed to nsYNCT4" 

NOU'l' = NOU'l' - 1 

TS= -0 

Perform 11 DSPSCAN 11 

If SENT CODE = 0: 

OUTO = 000008 

Proceed to "SYNCT4" 

(no display to be changed ) 

Set TIMF4 to cause "T4RUPT" in 20 milliseconds 

DSRUPTSW = DSRUPTSW - 8192 + 256 

Resume 

DSPSCAN If bit 15 of DSPTABDSPCNT = 1: (negat ive to flag for output) 

DSPTABDSPCNT = IDSPTABDSPCNTI 

OUTO = bits 15-11 of K:RELTABDSPCNT + bits 11-1 of DSPTABDSPCNT 

SENTCODE = 1 

Return 

If DSPCNT > 0: 

DSPCNT = DSPCNT - 1 

Proceed to 11 DSPSCAN" 
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SYNCT4 

If TS = -0: 

TS= +0 

DSPCNT = 10 

(first time through list) 

Proceed to 11 DSPSCAN 11 

N0UT = 0 

SENTC0DE = 0 

Ret-urn 

TS= 20 

DSRUPTSW = DSRUPTSW + 256 

If DSRUPTSW < 0: 

TS= TS+ 20 

Proceed to second step of 11 SYNCT4" 

Set TIME4 to call "T4RUPT" in TS milliseconds 

Resume 
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Q._ua.ntities in Computations 

DSPCNT: Single precision permanent index, scaled Bl4 and unitless. 

DSPCOUNT: See DSKY section. 

DSPTAB . (i = 0-10): See DSKY section. 
]. 

DSPTAB11 : Single precision fla.gword whose bits designate relays to be 
set 'Eo illuminate lamps on the DSKY. Bit 9 lights the "program a.la.rm" 
(FROG) la.mp v1hen set; bit 8 lights the "tracker fail" (TRACKER) la.mp 
when set; bit 6 lights the "gimba.l lock v1a.rning" (GIMBAL LOCK) la.mp 
when set; bit 5 lights the "LR a.lti tude fail" la.mp when set; bit 4 
lights the "no attitude" (NO ATT) la.mp when set; and bit .3 lights the 
11 LR velocity fail" la.mp when set. 

DSRUPTSW: Single precision index used to cycle through the display and 
monitor functions of "T4RUPT:' scaled Bl4 and uni tless. 

IMODES.3.3: Single precision fla.gword whose individual bits have the 
follov1ing significance: (Bits 15, 10, 9, and 4-2 have no significance. ) 

Bit 14 (1) 
(0) 

Bit 1.3 (1) 
(0) 

Bit 12 (1) 
(0) 

Bit 11 (1) 
(0) 

Bit 8 (1) 

(0 ) 

Bit 7 (1) 
( 0) 

Bit 6 (1) 
(0) 

Bit 5 (1) 
(0) 

Bit 1 (1) 
(0) 

Proceed button not depressed during la.st "T4RUPT" cycle 
Proceed button just pushed 

PIPA good 
PIPA fail 

Downlink not too fa.st 
Downlink too fa.st 

Uplink not too fa.st 
Uplink too fa.st 

Ca.uses the display inertial data discrete to be sent 
to RR CDUs and RR error counter to be enabled. 
Causes display inertial data discrete to be removed 
from RR CDUs and RR error counter to be disabled. 

Display altitude 
Display altitude rate 

DAP disable 
DAP enabled 

ICDU zeroing (See IMUC section ) 
ICDU not zeroing 

La.mp test in progress 
La.mp test not in progress 
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K:RELTAB. (i = 0-10): Table of eleven single precision constants containing 
t he r6uting codes for 0U'l'0 in bits 15-12. See DSKY section. 

N0UT: Single precision count of the number of DSPTAB registers (excluding 
DSPTAB11 ) to be output as soon as possible, scaled Bl4 and unitless. 

0UT0: Single precision output register which routes an eleven-binary­
bit display relay code (in bits 11-1) according to the routing code in 
bits 15-12. 0UT0 remains set for only twenty milliseconds before 
being reset to 000008 . (Equivalent to channel 10.) 

REQRET: See DSKY section. 

SENTC0DE: Variable quantity introduced as a substitute for a variable 
return address, switched to 1 if a relay code is inserted in 0UT0 
and switched to 0 if no code is inserted in 0U'l'0. 

TIME3: Single precision counter incremented every 10 milliseconds 
(every centisecond) in phase with the computer clock (TIMEN0W). 
Set under program control (to 16384 minus the required time delay 
in centiseconds) to cause program interrupt #3 (when TIME3 over­
flows) and initiate the first task in the waitlist. (A task is 
a routine initiated at a specified time by a "Call" instruction.) 

TIME4: Single precision counter incremented every 10 milliseconds 
(every centisecond), 7.5 milliseconds after the TIME3 increment. 
Set under program control (to 16384 minus the required time delay 
in centiseconds) to cause program interrupt #4. 

TIME5: Single precision counter incremented every 10 milliseconds 
(every centisecond) in phase with TIME3. Set under program control 
(to 16384 minus the required time delay in centiseconds) to cause 
program interrupt #2 (see DAPA section). 

TIME6: Single precision counter decremented every 0.62 5 millisecond 
when bit 15 of channel 13 is set. Set under program control 
(to required delay in units of 0.0625 centiseconds) to cause program 
interrupt #1 (see DAPA section). 
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Mathematical Functions, Executive, Waitlist 

Sine, Cosine 

The routines "COSINE" and "SINE" are those normally used to 
calculate the cosine or sine of an angle. The angle is input 
in the multiple precision accumulator (MPAC) in one's complement 
form, scaled BO in units of revolutions. The output is a cosine 
or a sine in MPAC, scaled Bl and unitless. 

COSINE MPACdp = t - IMPACdpl 

If IMPACdp I ~ ½: 

(¼ corresponds to 90 degrees) 

SINE 

MPACdp = ½ signMPACdp - MPACdp 

If IMPACdpl ~ ¼: 

MPACdp = ½ signMPACdp - MPACdp 

x = MPACdp (rescaled to B-1) 

TS= K:snl x + K:sn3 x3 + K:sn5 x5 + K:sn7 x7 + K:sn9 x9 

MPACdp = TS 

Return 

(rescaled from B3 to Bl) 

Constant Coefficients 

Stored Value Scaled 

K:snl 0.3926990796 B4 

K:sn3 -0. 6459637111 B6 

K:sn5 0.318758717 B8 

K:sn7 -0.074780249 BlO 

K:sn9 0.009694988 Bl2 

Equation Value 

2n (= 6.28318527) 

-{ 21 0.166666570 

( 2n'r 0.00833302539 

-(2~7 0.000198074150 

(2~9 0.00000260188699 

Single Precision Cosine and Sine (cos and sp sin ) sp 

The routines 11 SPCOS 11 and "SPSIN" are used to calculate the cosine 
or the sine of an angle when only single precision accuracy is 
required. They make use of the trigonometric identities cos(x) = 
sin(x + n/2) and sin(x) = sin( n - x) and of the Taylor series 
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SPCOS 

SPSIN 

n 

sin(x) = ~ 
i=O 

i+l 
(-l)i x 

.... ( l.-. +-1 .... )-t 

modified for maximum accuracy using only three terms. The input 
to both of the routines is an angle scaled B-1 in units of revo­
lutions. The output is a cosine or sine scaled BO. Input and 
output are both through the single precision accumulator, denoted 
by A. Entry to the routine is made at 11 SPCOS" to calculate the 
cosine and at "SPSIN" to calculate the sine. 

A= A+ t 
X = A 

rr Ix I 
rr Ix I 

~ ½, X = ½ signX - X 

> .1.. 
- 4• 

X = ½ sign X - X 

If /Xf::¼: 

A= K:posmaxsp signX 

Return 

(K:posmaxsp = almost 1) 

3 5 TS= K:snlsp X + K:sn3sp X + K:sn5sp X 

If ITsl :!. 1, TS= K:posmaxsp signTS 

A= TS 

Return 

Constant Coefficients 

Stored Value Scaled Equation Value 

K:snlsp 0.7853134 B3 2 n: (= 6 .2824) 

K:sn3sp -0 . .3216147 B7 -( 2 n:)3 o. 16596 

K:sn5sp 0,0363551 Bll (2n)5 0 , 0076032 
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Arcsine, Arccosine 

The routines 11 ARCSIN 11 and "ARCCOS" are those used to calculate 
the angle corresponding to a given sine or cosine. The input 
to the routine 11 ARCSIN 11 is a sine in MPAC, scaled Bl. The 
output from 11 ARCSIN" is an angle between -¼ and +¾ that corre­
sponds to the sine. The input to the routine "ARCCOS" is a 
cosine in MPAC, scaled Bl. The output from 11 ARCCOS 11 is an 
angle between O and½ that corresponds to the cosine. The 
angle output is in MPAC and is scaled BO in units of revolutions 
(one's complement form). (¾ in units of revolutions is equiv­
alent to 90 in units of degrees, etc.) 

ARCSIN 

ARCCOS 

ARCSUB 

Perform 11 ARCSUB" 

MPACdp = t - TS 

Return 

Perform II ARCSUB" 

MPACdp = TS 

Return 

If IMPAC I < 2-27 . dp . 

TS= t 
Return 

If MPACdp > o, PorM = 

If MPACdp < o, PorM = 

X = IMPACdpl 

0 

1 

If X > 1.000244 (1 + 2-12 ), or if the less significant half 

of Xis negative and X > 1.000122 (1 + 2-13 ): 

TSld = (LOC, BANKSET) p O 0 

Perform "ALARMl" with TS= 013018 
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If X ~ 1: 

TS = ½ PorM 

Return 

TS = J (1 - X) / 2 
1 

2 7 
TS= TS (K:asO + K:asl X + Kas2 X + ••• + K:as7 X) 

If PorM = 1, TS=½ - TS 

Return 

Constant Coefficients 

Stored Value Scaled Equation Value 

K:asO 0.353553385 BO 1. 570796302 / ,.rl 1( 

K:asl -0.0483017006 X 2 B-1 -0.214598801 I ,/2'rr. 

K:as2 0.0200273085 X 22 B-2 0.088978987 I /2.'rr. 

K:as3 -0.0112931863 X 23 B-3 -0.050174305 I ~ 1( 

K:as4 0.006953ll612 x 24 B-4 0.030891881 I ~ rr. 

K:as5 -0.00384617957 X 25 B-5 -0.017088126 I /?rr. 
K:as6 0.001501297736 X 26 B-6 0.006670090 I ~ 1( 

K:as7 -0.000284160334 X 27 B-7 -0.001262491 I !tfZ rr. 

The numbers in the last column (excluding the factor of 1 / Ai2' rr. ) 
agree closely with published Hastings series values. 

Square Root 

The "SQRT" routine computes the double precision square root 
of a triple precision number with variable scale factor i. 
The input is a triple precision scalar in MPAC with scale factor 
i. The output is a double precision scalar in MPAC with scale 
factor½ i. If i is an odd number, the output will have to be 
divided by the square root of 2 to reduce its scale factor to 
an integer. 
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§_9JIT. i = scale factor of MPACtp 

X = MPACtp / 2i 

If X ~ 0: 

If X < -2-l4, proceed to II POODOOl II with TS = 213028 
and TSld = (LOG, BANKSET) p O 0 

Return with MPACdp = 0 

If X < ¾, repeat the indented steps until X ~ ¾ 

i = i - 2 

X = 4 X 

(X now double precision and between¾ and 1) 

TS = more significant half of X sp 

If X ~ ½, BUF = 0.5884 TS + 0.4192 sp sp 

If X < ½, BUF = 0.8324 TS + 0.2974 sp sp 

BUF = ½ BUF + ½ TS / BUF sp sp sp sp 

TSd = ½ BUF + ½ X / BUF p sp sp 

If TSdp ~ 1, TSdp 

i = ½ i 

MPACdp = 2i TSdp 

Return 

Natural Logarithm (complemented) 

The routine 11 LOGSUB 11 is used to calculate the natural logarithm 
of a scalar using the Taylor series approximation 
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00 

ln(x) = - ~ 
i=l 

truncated at i = 7 and modified for maximum accuracy in the 
domain½~ x < 1. The input to the routine is the argument of 
the function, scaled BO and stored in MPAC (double precision). 
The output is the complement of the natural logarithm of the 
input, scaled B5 and stored in MPAC (double precision). 

LOGSUB i = 0 

X = MPACdp 

If X < ½, repeat the indented steps until X ~ ½ 

i = i - 1 

X = 2 X 

(X now between½ and 1) 

-28 
x = l - X - 2 

TSdp = K:lnO + K:lnl x 

MPACdp = TSdp 

Return 

+ K:ln2 x
2 + ..• + K:ln7 x7 + i K:cln2 

Constant Coefficients 

Stored Value Scaled Equation Value 

K:lnO 0.0000000060 B5 0.0000001920 

K:lnl -0.0312514377 B5 -1. 0000460064 

K:ln2 -0.0155686771 B5 -0,4981976672 

K:lnJ -0.0112502068 B5 -0. 3600066176 

K:ln4 -0.0018545108 B5 -0.0593443456 
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Stored Value Scaled Equation Value 

K:ln5 -0.0286607906 B5 -0.9171452992 

K:ln6 0 .0385598563 B5 1.2339154016 

K:ln7 -0.0419361902 B5 -1.3419580864 

K: cln2 0.0216608494 B5 0.6931471808 

Conversion from Two's Co!!:!£lement Form to One's Co!!:!£lement Form 

Conversion from two's complement form into one's complement form 
is accomplished using the II CDULOGIC11 routine. The input is a 
single precision angle in two's complement form, stored in the 
multiple precision accumulator MPAC and scaled B-1 in units of 
revolutions. The output is a double precision angle in one's 
complement form, stored in MPAC and scaled BO in units of revo­
lutions. 

CDULOGIC If MP AC ~ 0: sp 

MPACdp = MPACsp 

(one's complement binary equivalent to 
two's complement binary) 

(shifted right one to change scaling from B-1 to BO) 

If MPAC < 0: (one's complement binary equivalent to 
sp two's complement binary minus one least 

MPACd = MPAC significant bit) p Sp 

(shifted right one to change scaling from B-1 to BO; 

minus 2-15 , the v~lue of one least significant bit) 

Return 

Conversion from One's Co!!:!£lement Form to Two's Complement Form 

Conversion from one's complement form to two's complement form 
is accomplished using one of the three routines "1ST02S11 , 11 2VlST02S" 
or "VlST02S11 and their common subroutine 11 1T02SUB", depending on 
whether the quantity to be converted has one, two or three components. 
The input to 11 1T02SUB" is a double precision angle in one's comple­
ment form, stored in MPAC and scaled BO in units of revolutions. 
The output from 11 1T02SUB" is a single precision angle in two's 
complement form, stored in MPAC and scaled B-1 in units of revolutions. 
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1ST02S 

2VlST02S 

VlST02S 

1T02SUB 

Perform 11 1T02SUB" 

Return 

Perform "1T02SUB" with MPACdp = TS 
X 

TS = MPAC 
X sp 

Perform 11 1T02SUB" with MPACdp = TS y 

TS = MPAC 
y sp 

Change interpretive mode to double precision (two single 
precision components stored as one double precision scalar) 

Return 

Perform 11 1T02SUB11 with MPACdp = TS 
X 

TS = MPAC 
X sp 

Perform 11 1T02SUB" with MPACdp = TS z 

TS = MPAC z sp 

Perform 11 1T02SUB" with MPACdp = TS y 

TS = MPAC y sp 

Change interpretive mode to triple precision (three single 
precision components stored as one triple precision scalar) 

Return 

If MPACdp :::>:. 0: (two's complement binary equivalent to 
one's complement binary) 

MPACsp = MPACdp 

(shifted left one to change scaling from BO to B-1) 

If MPACdp = - 0 : 

MPAC = +O sp 

(there is only one "zero" in two's comple­
ment form and it is equivalent to the +O 
in one's complement form) 
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If MPACdp < 0: 

MPAC sp 

(two's compleroont binary equivalent to 
one's complement binary plus one least 
significant bit) 

(shifted left one to change scaling from BO to B-1; 

plus 2-15, the value of one least significant bit in 
single precision two's complement form scaled B-1) 

If overflow (fMPACspl ~ ½): 

MPAC = MPAC - 1 signMPAC sp sp sp 

Return 

Single Precision Arcsine Routine (arcsin ) 
sp 

The routine "SPARCSIN" is used to calculate an angle from a 
given sine of the angle when only single precision accuracy 
is required. The input to the routine is the sine of an angle 
(or cosine of an angle if the complement of the angle is 
desired), scaled Bl and unitless. The output is the angle 
scaled B-1 in units of revolutions. Input and output are both 
through the single precision accumulator, denoted by A. 

SPARCSIN A= 2 A (rescales to BO) 

If overflow (i.e. I A I > 1): 

A= signA K:posmaxsp 

A= K:DPIJ. A/ 2 + K:DPL3 A3 / 2 + K:DPL5 A5 / 2 

+ K: DPL 7 A? / 2 + K: DPL9 A 9 / 2 

Return (A contains 2 times the angle in revolutions 
i.e., scaled B-1) 

Constant Coefficients 

K:DPIJ. 

K:DPL3 

Stored Value 

0.64099121 

0 .02636718 

Scaled 

BO 

BO 
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I 

Stored Value Scaled Equation Value 

K:DPL5 0,44555664 BO 7300 X 2-14 

K:DPL7 -0.72039794 BO -11803 X 2-14 

K:DPL9 0.51251221 BO 8397 X 2-14 

DUMMYJB2 Release interrupt inhibit 

Switch bit 2 of channel 11 to 0 (COMP ACT off) 

If NEWJOB = -0: (no jobs; do self test) 

DUMLOOPS = DUMLOOPS + 1 

SUPERBNK = 4 

(modulo 214) 

EBANK = 2 

FBANK = 338 

(bits 3-1 of BBANK) 

(bits 15-11 of BBANK) 

Proceed to address specified in SELFRET 
(return to self test routines where they left off) 

If NEW JOB > 0: (A job has been awakened or established 
with job core set other than zero. 
Before the next step, an interrupt may 
establish or awaken a job of higher 
priority with job core zero; in that 
case, NEWJOB would be reset to +o be­
fore next step.) 

Inhibit interrupts 

If NEWJOB > 0: 

Switch bit 2 of channel 11 to 1 

TS0 = LOC0 

TS1 = BANKSEI'0 

Proceed to 11 CHANJOB4" 

Release interrupt inhibit 

MATX - 10 
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FINDVAC 

(Otherwise, NEWJOB = +o) 

Switch bit 2 of channel 11 to 1 

SUPERBNK = bits 7-5 of BANKSET0 

EBANK = bits J-1 of BANKSET0 

FBANK = bits 15-11 of BANKSEI'o 

Proceed to address specified in LOC
0 

(via BBANK) 

(via BBANK) 

(Entered to "Establish" a job that requires working storage) 

Inhibit interrupts 

NEWPRIO = A (priority, octal, in bits 14-10 of accumulator) 

NEWLOCdp = contents of double precision cell specified in Q­
register 
(stored in fixed memory after a "TC FINDVAC") 

EXECTEMl = FBANK 

FBANK = 1 (note: SUPERBNK setting does not affect 
FBANK #1) 

FINDVAC2 Scan VACiUSE for i = 1-5 for an available VAC area 

SPVAC 

(If available, VACiUSE = its own address; if not, it= +0) 

If none available, proceed to 11 BAILOUT1" with TS= 31201 8 
and TSldp = (Q-register, EXECTEMl) 

NEWPRIO = NEWPRIO + VACiUSE + 1 
(priority in bits 14-10; address of 11 1 + VACiUSE" in bits 9-1) 

VACiUSE = +0 

Proceed to "NOVAC211 

(Entered with interrupts inhibited and priority in NEWPRIO to 
"Establish" a job that requires a working storage) 

Q-register = Q-register - 2 
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N0VAC2 

N0VAC.3 

NEWL0Cdp = (A,L) 

EXECTEMl = FBANK 

FBANK = 1 

Proceed to 11 FINDVAC2" 

(job starting address in accumulator 
instead of in fixed memory) 

(Entered to "Establish" a job that requires no working 
storage) 

Inhibit interrupts 

NEWPRIO = A + 11 MPAC6
11 - 11 QPRET" 

NEWL0Cdp = contents of double precision cell specified in 
Q-register 

EXECTEMl = FBANK 

FBANK = 1 

LOCCTR = 0 

EXECTEM2 = 7 

If PRIORITYLOCCTR = -0, proceed to "CORFOUND" 

L0CCTR = LOCCTR + 12 

If EXECTEM2 > 0: 

EXECTEM2 = EXECTEM2 - 1 

Proceed to "N0VAC.3" 

Proceed to "BAIL0UTl" with TS = 31202
8 

and TSl = 
(Q-register, EXECTEMl) (No available dpjob cores) 

C0RF0UND PRI0RITYLOCCTR = NEWPRI0 

PUSHL0CLOCCTR = bits 9-1 of NEWPRI0 

If LOCCTR > 0, proceed to 11 SETL0C" 
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OVFIND = 0 

FIIl,OC = PUSHLOC0 

SPECTEST If NEWJOB is negative non-zero or +o, proceed to 11 CCSHOLE 11 

SETLOC 

CHANGl 

If NEWJOB > O, proceed to "SETLOC" (ne-w job just 
established -with job core zero, but job of higher priority 
a-wakened during same interrupt -with job core other than zero) 

NEWJOB = +o 

LOC0 = more significant half of NEWLOC 

BANKSET0 _= less significant half of NEWLOC 

FBANK = EXECTEMJ.. 

Return to 2 + address in Q-register 

LOCLOCCTR = more significant half of NEWLOC 

BANKSETLOCCTR = less significant half of NEWLOC 

TS= PRIORITYNEWJOB 

If TS< NEWPRIO, NEWJOB = LOCCTR (this job -will be started 
at the next entry to "CHANJOB4" if NEWJOB is set here) 

FBANK = EXECTEMJ.. 

Return to 2 + address in Q-register 

(Entered from jobs programmed in "basic" language to check 
for jobs of higher priority) 

TS0 = Q-register 

TS1 = FBANK + EBANK (FBANK in bits 15-11; EBANK in bits 3-1) 

EBANK = 2 

FBANK = 1 

(bits 3-1 of BBANK) 

(bits 15-11 of BBANK) 

Inhibit interrupts 
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CHANG2 

TS1 = TS1 + SUPERBNK 

Proceed to "CHANJOB4" 

(SUPERBNK in bits 7-5) 

(Entered after the completion of a line of interpretive 
instructions to check for a job of higher priority) 

TS
0 

= - LOC
0 

EBANK = 2 

FBANK = 1 

(bits 3-1 of BBANK) 

(bits 15-11 of BBANK) 

Inhibit interrupts 

TS
1 

= BANKSET0 + SUPERBNK 

CHANJOB4 LOC0 = LOCNEWJOB (no change if NEWJOB = +o) 

BANKSET0 = BANKSETNEWJOB 

LOCNEWJOB = TSO 

BANKSETNEWJOB = TS1 

SUPERBNK = bits 7-5 of BANKSET0 

Exchange MPAC. of this job with MPAC. of new job for i = 0-7 
1 1 (MPAC7 = MODE) 

If OVFIND fa O, PUSHLOC0 = - PUSHLOC0 

OVFIND = 0 

Exchange PUSHLOC0 with PUSHLOCNEWJOB 

Exchange PRIORITY0 with PRIORITYNEWJOB 

FIXLOC = bits 9-1 of PRIORITY0 

If PUSHLOC0 < 0: 

PUSHLOC0 = - PUSHLOC0 

OVFIND = 1 
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NEWJOB = +0 

ENDPRCHG Release interrupt inhibit 

If LOC
0 

< 0: 

LOC = - LOC + 1 
0 0 

EBANK = bits 3-1 of BANKSEI'o 

FBANK = bits 15-11 of BANKSEI'o 

Proceed to interpretive decoder 

(via BBANK) 

(via BBANK) 

EBANK = bits 3-1 of BANKSET0 

FBANK = bits 15-11 of BANKSET
0 

(via BBANK) 

(via BBANK) 

Proceed to job whose address is specified in LOC
0 

PRIOCHNG Inhibit interrupts (Entered to "Change priority" of a job) 

NEWPRIO = A (Priority in bits 14-10 of accumulator) 

BANKSET
0 

= FBANK + EBANK 

EBANK = 2 

FBANK = 1 

LOC0 = Q-register 

BUF0 = +O 

(FBANK in bits 15-11; EBANK in bits 
3-1) 

PRIORITYO = NEWPRIO + bits 9-1 of PRIORITYo 
(changing priority in bits 14-10 but leaving VAC 
address unchanged) 

BUF1 = - PRIORITY0 

Proceed to "EJSCAN" 

JOBSLEEP (Entered with "address at which sleeping job is to begin 
when awakened" in accumulator) 
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LOC = A 
0 

FBANK = 1 

Inhibit interrupts 

PRIORITY0 = - PRI0RITY0 (to indicate that job is asleep) 

BANKSET0 = SUPERBNK + EBANK 

BUF = -0 
1 

Proceed to 11 EJSCAN11 

END0FJ0B FBANK = 1 (Entered to "End job") 

EJSCAN 

Inhibit interrupts 

BU}'l = -0 

TS= bits 9-1 of PRI0RITY
0 

(1 + address of VAC area if any) 

PRIORITY0 = -0 

If TS > 11 MPAC " - 11 QPRET": (VAC area t o be released) 
6 

VACiUSE = TS - 1 (using VACiUSE +l address in TS) 

i = 12 

If PRIORITY . > 0: 
l 

(the "1 11 is insignificant) 

BUF1 = - PRIORITYi + 1 (11 1" does not change priority 
information in bits 14-10) 

(effectively) BUF = i 
0 

If PRIORITY.= +0, proceed to "CCSH0LE" 
l 

If i < 84: 

i = i + 12 

Proceed to second step of "li.:JSCAN" 
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If BUF l :!: +o, proceed to 11 CCSHOLE11 

If BUF1 = -0: (all jobs completed) 

NEWJOB = -0 

Proceed to 11 DUMMYJB2" 

If BUF = tO: 
0 

NEWJOB = tO 

("PRIOCHNG") 

Proceed to "ENDPRCHG" 

NEWJOB = BUF0 

TSO = LOC0 
(contents meaningless if end of job) 

Inhibit interrupts 

TS1 = BANKSET0 + SUPERBNK 

Proceed to 11 CHANJOB4" 

JOBWAKE Inhibit interrupts 

TS= A (starting address of job when awakened) 

Q-register = Q-register - 2 

EXECTEMl = FBANK 

FBANK = 1 

LOCCTR = 0 

EXECTEM2 = 7 

JOBWAKF4 If PRIORITYLOCCTR < 0 and TS= LOCLOCCTR: 

NEWPRIO = - PRIORITYLOCCTR 

PRIORITYLOCCTR = NEWPRIO 

NEWLOC = 2000
8 

t bits 10-1 of TS ms 
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~f PRI0RITYLOCCTR < 0 and TS= L0CLOCCTR:) 

NEWL0Cls = bits 15-11 of TS+ BANKSETLOCCTR 

If LOCCTR > 0, proceed to "SETL0C" 

Proceed to 11 SPECTEST" 

LOCCTR = L0CCTR + 12 

If EXECTEM2 > 0: 

EXECTEM2 = EXECTEM2 - 1 

Proceed to "JOBWAKF4" 

LOCCTR = -1 

FBANK = EXECTEMl 

(indicating that no such sleeper was found) 

Return to 2 + address in Q-register 

DELAYJ0B Inhibit interrupts 

TSt = A 

RUPTREGl = 2 

DELLO0P If DELAYL0CRUPTREGl f- 0: 

If RUPTREGl = 0, proceed to "BAILOUI'l" with TS = 311048 
and TSldp = (BUF2

0
, BUF21) 

RUPTREGl = RUPTREGl - 1 

Proceed to "DELLO0P" 

WAITEXIT = "TCGETCAD" - 2 

L = FBANK + RUPTREGl 

WAITADR = "WAKER" 

(FBANK = 0) 

Proceed to "DLY2" ("returns" to 11 TCGETCAD") 
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TCGETCAD DELAYLOCRUPI'REGl = bits 10-1 of BUF20 + BUF21 

Proceed to "JOBSLEEP" with A= DELAYLOCRUPTREGl 

(Must be in FBANK #0) 

i = FBANK + EBANK (= RUPI'REGl of above) 

A = DELAYLOC . 
1 

DELAYLOC. = 0 
1 

Perform "JOBWAKE" 

Proceed to "TASKOVER" 

WAITLIST (Entered to "Call" a task with "delta-time to interrupt" 
in accumulator) 

TWIDDLE 

Inhibit interrupts 

WAITDELT = A 

WAITEXIT = Q-register ("Calling address" + 1) 

TSd = contents of double precision register specified in 
p WAITEXIT 

L = less significant half of TS 

WAITADR = more significant half of TS 

Proceed to "DLY2" 

(Entered to "Call" a task with the same FBANK, SUPERBNK and 
EBANK as the caller.) 

Inhibit interrupts 

Q-register = Q-register - 1 

L = FBANK + S UPERBNK + EBANK 

Inhibit interrupts 
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DLY2 

WAITDELT = A 

WAITEXIT = Q-register 

TSadr = Q-register + 1 

WAITAD~ = contents of single precision register specified in TSadr 

WAITBANK = FBANK + EBANK 

EBANK = 3 

FBANK = 1 

(FBANK in bits 15-11; EBANK in bits 3-1) 

If WAITDELT ~ O, proceed to "POODOOl" 
TSldp = (WAITEXIT, WAITBANK) 

with TS = 212048 and 

If TIME3 > 128, Tl= 16384 - TIME3 (delta-t to first task 
in list) 

If TIME3 = 128, Tl= 1 (improper performance; unexpected) 

If TIME3 < 128, Tl= - TIME3 (interrupt has occurred and 
is waiting to be processed; TIME3 continues to count (every 
centisecond) until it is reset) 

TSdt = Tl 

If WAITDELT > TSdt - 1: 

i = 0 

Proceed to "WTLST5" 

(Call time greater than or equal to 
time to earliest task, task zero) 

TSt = (8192 - WAITDELT) + 8192 modulo 214 

Exchange TIME3 and TSt (Switch contents of one to the other) 

LSTl. = LSTl. 1 for i = 7 thru 1 in that order 
]. l.-

LSTlo = 1 - (16384 - TSt - WAITDELT) 

TS= more significant half of LST2
16 

LST22i = LST22i_2 for i = 8 thru 1 in that order 
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WTI.ST5 

I.ST20 = (WAITADR, L) (double precision) 

If TS / "SVCT3", proceed to "BAILOUTl" with TS = 312038 
and TSldp = (WAITEXIT, WAITBANK) 

EBANK = bits 3-1 of WAITBANK (via BBANK) 

FBANK = bits 15-11 of WAITBANK (via BBANK) 

TSadr = 2 + WAITEXIT 

Proceed to address specified in TSadr (return to caller) 

TSdt = TSdt - LST1
1 

+ 1 

If WAITDELT > TSdt - 1: 

i = i + 1 

(I.STli = 1 - delta time between 
tasks i and i + 1 where time to 
task zero is counting down now) 

If i = 8, proceed to "BAILOUTl" with TS = 312038 
and TSldp = (WAITEXIT, WAITBANK) 

Proceed , to 11WTLST5" 

WAITTEMP = TSdt - WAITDELT - 1 

I.STli = I.STli + WAITTEMP + 1 (= 1 - "delta time from task i 
to new task") 

LSTl. = I.STl. 1 for j = 7 thru i+2 in that order for i < 6. 
J J-

LSTli 
1 

= -- WAITT»fP for i ( 7 (= 1 - "delta time from new task to 
+ task which was number i+1 but has been displaced") 

TS= more significant half of I.ST216 

I.ST22j = LST22j_2 for j = 8 thru i+2 in that order for i( 7 

LST22i+2 = (WAITADR, L) (double precision) 

If TS :/ 11 SVCT3", proceed to "BAILOUI'l" with TS = 312038 
and TSldp = (WAITEXIT, WAITBANK) 
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T3RUPT 

EBANK = bits 3-1 of WAITBANK (via BBANK) 

FBANK = bits 15-11 of WAITBANK (via BBANK) 

TSadr = 2 + WAITEXIT 

Proceed to address specified in TSadr 

BANKRUPT = FBANK + SUPERBNK + EBANK 

QRUPT = Q-register 

TS= LST10 

(return to caller) 

LSTli = LSTli+l for i = 0 thru 6 in that order 

LST17 = 1 - 8193 

RUPTAGN = -0 

TIME3 =(16383 +TS+ TIME3)modulo 16384 

If overflow, RUPTAGN = 1 (two simultaneous tasks or tardy 
"T3RUPT") 

TSadr = more significant half of LST2
0 

TSbanks = less significant half o~ LST2
0 

LST22i = LST22i+2 for i = 0 thru 7 in that order 

LST216 = "SVCT3" (less significant half insignificant) 

SUPERBNK = bits 7-5 of TSbanks 

FBANK = bits 15-11 of TSbanks 

EBANK = bits 3-1 of TSbanks 

(via BBANK) 

(via BBANK) 

Proceed to address specified in TSadr 

TASK0VER If RUPTAGN > 0: 

EBANK = 3 

FBANK = 1 

Proceed to third step of "T3RUPT" 
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Otherwise , RUPTAGN = -0) 

SUPERBNK = bits 7-5 of BANKRUPT 

Q-register = QRUPT 

EBANK = bits 3-1 of BANKRUPT (via BBANK) 

FBANK = bits 15-11 of BANKRUPT (via BBANK) 

A= ARUPT 

L = LRUPT 

Release any interrupt inhibits 

Resume 

LONGCALL LONGTIMEdp = (A , L) 

LONGCADR = contents of double precision register specified in 
Q-register (stored in fixed at "calling address"+ 1) 

LONGEXIT1 = FBANK + EBANK 

EBANK = 3 

FBANK = 1 

LONGEXIT0 = Q-register + 2 

If LONGTIME > 0, proceed to 11 LONGCYCL11 

ms 

If LONGl'IMEme = 0 and LONGTIMEls f_ 0 or if LONGl'IMEms < 0, 

proceed to "POODOOl" with TS = 212048 and TSld = (LONGEXIT , 
LONGEXIT

1
) P 0 

LONGCYCL LONGTIME= LONGTIME - 8192 

If LONGTIMEdp > 0: 

Call 11 LONGCYCL11 in 81.92 seconds 
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I 

If LONGI'IMEdp f O: 

TSt = LONGTIMEls + 8192 

Call "GETCADR" in TSt centiseconds 

EBANK = bits 3-1 of LONGEXIT
1 

FBANK = bits 15-11 of LONGEXIT
1 

TSadr = LONGEXIT
0 

LONGEXIT
0 

= "TASKOVER" 

Proceed to address specified in TSadr (return or "End task") 

GETCADR TSbanks = less significant half of LONGCADR 

TSadr = more significant half of LONGCADR 

SUPERBNK = bits 7-5 of TSbanks 

EBANK = bits 3-1 of TSbanks 

FBANK = bits 15-11 of TSbanks 

Proceed to address specified in TSadr 

FIXDELAY (Entered to "delay" during a task) 

A= contents of single precision cell specified in Q-register 

Q-register = Q-register + 1 

VARDELAY WAITDELT = A 

WAITADR = Q-register 

L = FBANK + SUPERBNK + EBANK 

WAITEXIT = "TASKOVER" - 2 

Proceed to "DLY2" 
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Routines used for inter-bank communication 
(not a complete list; included for example only) 

BANKCALL BUF20 = A 

BUF21 = L 

SWCALL 

A= contents of single precision cell specified in Q-register 

Q-register = Q-register + 1 

FCADR = A 

TS = FBANK 

FBANK = bits 15-ll of FCADR 

TSadr = 020008 + bits 10-1 of FCADR 

A= BUF20 (to preserve their contents during a 11 BANKCALL11 ) 

L = BUF21 

BUF20 = Q-register 

BUF21 = TS 

Proceed to address specified in TSadr 

SWRETURN FBANK = BUF21 (without disturbing contents of A or L) 

Proceed to address specified in BUF20 

POST JUMP TS = A 

A= contents of single precision cell specified in Q-register 

BANKJUMP FBANK = bits 15-11 of A 

TSadr = 020008 + bits 10-1 of A 

A= TS 

Proceed to address specified in TSadr 
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MAKECADR FCADR = BUF21 + bits 10-1 of BUF20 

Return 

SUPDACAL TSmp = FBANK + SUPERBNK 

FBANK = bits 15-11 of FCADR 

TSadr = 020008 + bits 10-1 of FCADR 

Inhibit interrupts 

SUPERBNK = bits 7-5 of L 

A= contents of cell whose address is specified in TSadr 

SUPERBNK = bits 7-5 of TSmp 

Release interrupt inhibit 

FBANK = bits 15-11 of TSmp 

Return 
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Quantities in Computations 

A: Single precision accumulator with overflow bit in addition to the 
usual sign bit and fourteen magnitude bits. (Stored in ARUPT during 
an interrupt.) 

BANKRUPT: Single precision storage for current bank settings when a job 
is interrupted and the banks are reset to process the interrupt. 

BANKSETi (i = O, 12, 24, 36, 48, 60, 72, 84): Single precision storage 
for the FBANK, SUPERBNK, and EBANK settings required by each job; 
part of the job core assigned to each active job. (FBANK in bits 
15-11; SUPERBNK in bits 7-5; EBANK in bits 3-1.) 

Bill' . (i = 0,1): Single precision working storage cells used in "EJSCAN" 
to determine the job of highest priority if any are active. 

BUF'2i (i = 0,1): Single precision storage for the return address and 
FBANK setting during a temporary transfer to another FBANK. 

DELAYLOCi (i = 0,1,2): Single precision address of one of three jobs 
being "delayed". 

DUMLOOPS: Single precision count of passes through Dummy Job,scaled 

B14 counts. 

EBANK: Single precision register which controls erasable memory access; 
scaled B6 and expressed as an octal quantity between O and 7. Gated 
directly to bits 3-1 of BBANK. 

EXECTEMl, EXECTEM2: Single precision temporary storage cells. 

FBANK: Single precision register which controls fixed memory access in 
conjunction with the SUPERBNK register; scaled B4 and expressed as an 
octal quantity between O and 378 • Gated directly to bits 15-11 of 
BBANK. 

FCADR: Single precision address with FBANK setting used for inter-bank 
communication with no change in the SUPERBNK setting. Bits 15-11 
contain the FBANK setting and bits 10-1 contain the address. 

FIIl.OC: Single precision address of the VAC area (or job core accumu­
lator, MPAC6 - 428) of the job being executed. 

L: Single precision "less significant" half of the accumulator when it 
contains a double precision number. (Stored in LRUPT during an 
interrupt. ) 
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LOGi (i = O, 12, 24, 36, 48, 60, 72, 84): Single precJ.sion storage for the 
S-register portion of the starting address of a. job; pa.rt of the job 
core assigned to ea.ch a.ctive job. If a.n interrupted job is using 
the interpreter language, LOG is complemented. 

LOGCTR: Single precision job core index, scaled Bl4 and unitless. 

LONGCADR: Double precision storage for starting address and bank 
settings for a. task in "LONGCALL". 

LONGEXITi (i=O,l): Single precision storage for address and bank settings 
of routine that is "calling" a task via. "LONGCALL". 

LONGTIME: Double precision time interval from "now" to the time of 
initiation of a task in 11 LONGCALL"; sea.led B28 in units of centi­
seconds. 

LSTl. ( i=0-7): Single precision storage for "one minus the delta-time 
b~tween tasks i and i+l," where task i=O is the one for which TIME3 
is counting down; scaled Bl4 in units of centiseconds. 

LST2- (i=O, 2, 4, 6, 8, 10, 12, 14, 16): Double precision storage for 
a~dress and bank settings for each task in the waitlist. Sat equal 
to the address of 11 SVCT3" when not in use (to cause 11 SVCT3" to be 
executed every 81.93 seconds). 

MPAGi (i=0-7): Multiple precision accumulator used automatically by jobs 
coded in the interpretive language (via the interpretive decoder) and 
sometimes by jobs coded in basic language. A set of eight single 
precision cells associated with a particular job and used exclusively 
by that job. When a job is put to sleep or is interrupted by a job 
of higher priority, MPAGo-7 are saved as part of the "job core" 
reserved for that job, and they are reset exactly as they were when 
the interrupted job is re-established. 

NEWJOB: Single precision index of the job core of the active job of 
highest priority, scaled Bl4 and unitless; set to -0 when no jobs are 
active. 

NEWLOG: Double precision temporary storage for the LOG and BANKSET of a 
job being established. 

NEWPRIO: Single precision temporary storage for the priority and VAG 
area address for a job being established. 
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0VFIND: Single precision overflow indicator associated with the job 
being executed. 

PRI0RITYi (i=0, 12, 24, 36, 48~ 60, 72, 84): Single precision storage 
for the priority (bits 14-l0J and VAC area address assigned to each 
active job; if a job is "sleeping", PRIORITY is negative; if the job 
core of which a particular PRI0RITYi is a part is available, PRI0RITYi 
is equal to -0. (Adjusted for a N0VAC job so that QPRET will equal 
MPAC6.) 

PUSHL0Ci (i=0, 12, 24, 36, 48, 60, 72, 84): Single precision address of 
the next available position in the VAC area of a particular job, 
set equal to the first position in the list when a job is established. 
If a job is interrupted while the overflow indicator is set, PUSHLOC 
is complemented. 

Q-register: Single precision return address register automatically set 
by a TC instruction (basic) equal to "calling address"+ 1 (address 
of instruction immediately following the TC instruction). 

QPREI': Single precision octal return address storage cell loaded by 
interpretive transfer instructions (equals VAC42 or MPAC6). 

QRUPT: Single precision storage for current value of Q-register when a 
job is interrupted, for reloading the Q-register when the interrupt is 
completed. 

RUPTAGN: Single precision cell used in 11 T3RUPT" to determine if more than 
one task must be processed at a single interrupt. 

RUPTREGJ..: Single precision temporary storage cell. 

SELFRET: See TEST section. 

SUPERBNK: Single precision LGC channel which controls fixed memory access 
in conjunction with the FBANK register; scaled Bl0 and expressed as 
an octal quantity between 0 and 4, 

TIME3: See INTR section. 

VACiUSE (i=l, 2, 3, 4, 5): Single precision register at the head of each 
of the five working storage areas (VAC areas) that may be assigned to 
jobs. Each VAC area contains 43 single precision cells plus VACiUSE. 
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WAITADR: Single precision "S-register" portion of the address of a 
task being inserted in the waitlist. 

WAITBANK: Single precision storage for current EBANK and FBANK while 
these banks are switched to enter a task in the waitlist. 

WAITDELT: Single precision time interval between "now" and time at 
which a task is to start, scaled Bl4 in units of centiseconds. 

WAITEXIT: Single precision return address to routine that is "calling" 
a task; used to locate the task address when it is stored in fixed 
memory at the calling address +land 2. 

WAITTEMP: Single precision delta-time between time-from-now at which 
task i + 1 will be executed (time to task zero is counting down "now") 
and time-from-now at which new task is to be executed. 
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Orbital Integration 

STATEINT Establish 11 STATINT111 

End task 

STATINTl If FLAGWRD9 bit 5 (QUITFLAG) = 1: 

Switch FLAGWRD9 bit 5 (QUITFLAG) to 0 

End job 

TDECl = TIMENOW 

Perform II INTSTALL 11 (wait until orbital integration free) 

Switch FLAGWRD2 bit 1 (NODOFLAG) to 1 

Perform 11 SETIFLGS11 (Set up for Encke without W-matrix) 

Switch FLAGWRDJ bits 15 (POOHFLAG) and 3 (VINTFLAG) to 1 

If FLAGWRD8 bit 8 (SURFFLAG) = 1 and FLAGWRD5 bit 1 
(RENDWFLG) = 1: 

Switch FLAGWRDJ bit 1 (DIMOFLAG) to 1 (6x6) 

Switch FLAGWRDJ bit 8 (PRECIFLG) to 0 

Perform II INTEGRV" 

If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

Switch FLAGWRD2 bit 1 (NODOFLAG) to 0 

Proceed to 11 ENDINT11 

TDECl = TEI'CSM 

Perform 11 INTSTALL11 

SWitch FLAGWRDJ bit 3 (VINTFLAG) to 0 

Perform II SETIFLGS" 
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If FLAGWRD5 bit 1 (RENDWFLG) = 1: 

Switch FLAGWRD3 bits 1 (DIMOFLAG) and 2 (D60R9FLG) 
to 1 (9x9) 

Switch FLAGWRD3 bit 8 (PRECIFLG) to 1 

Perform "INTEGRV" 

Switch FLAGWRD2 bit 1 (NODOFLAG) to 0 

Proceed to "END INT" 

SE1'IFLGS Switch FLAGWRD3 bit 5 (STATEFLG) to 1 ( store integrated 
state vector) 

ENDINT 

Switch FLAGWRD3 bit 4 (INTYPFLG) to O (Specify Encke) 

Switch FLAGWRD3 bi ts 1 (DIMOFLAG) and 2 (D60R9FLG) to 0 

Return 

Switch FLAGWRD3 bit 5 (STATEFLG) to 0 

Call 11 STATEINT11 in 600 seconds 

End job 

CSMPREC Perform 11 INTSTALL" 

IRETURN = return address to caller of 11 CSMPREC" 

Switch FLAGWRD3 bit 3 (VINTFLAG) to 1 

Switch FLAGWRD3 bit 8 (PRECIFLG) to 1 

Switch FLAGWRD3 bits 1 (DIMOFLAG) and 4 (INTYPFLG) to 0 

Proceed to second step of "INTEGRV" 

LEMPREC Perform II INTSTALL" 

IRE'l'URN = return address to caller of 11 LEMPREC11 

Switch FLAGWRD3 bit 3 (VINTFLAG) to 0 
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Switch FLAGWRD3 bit 8 (PRECIF1.G) to 1 

SWi tch FLAGWRD3 bi ts 1 (DIMOFLAG) and 4 ( INTYPF1.G) to 0 

Proceed to second step of 11 INTEGRV11 

CSMCONIC Perform "INTSTALL" 

!RETURN = return address to caller of "CSMCONIC11 

Switch FLAGWRD3 bits 3 (VINTFLAG) and 4 (INTYPF1.G) to 1 

SWitch FLAGWRD3 bit 1 (DIMOFLAG) to 0 

Proceed to second step of "INTEGRV" 

LEMCONIC Perform "INTSTALL" 

!RETURN= return address to caller of "LEMCONIC" 

Switch FLAGWRD3 bits 3 (VINTFLAG) and 1 (DIMOFLAG) to 0 

Switch FLAGWRD3 bit 4 (INTYPF1.G) to 1 

Proceed to second step of "INTEGRV" 

INTEGRV !RETURN = return address ( to caller of "INTEGRV") 

Switch FLAGWRD8 bits 15 (RPQFLAG) and 13 (NEWIF1.G) to 1 

If FLAGWRD3 bit 3 (VINTFLAG) = 1: 

Perform 11 MOVEPCSM" 

Set FLAGWRDO bit 12 (MOONFLAG) = FLAGWRD8 bit 12 ( CMOONF1.G) 

If FLAGWRD3 bit 3 (VINTF1.AG) = 0: 

If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to 11 USEPI0S" 

Perform "MOVEPLEM'' 

Set FLAGWRDO bit 12 (MOONFLAG) = FLAGWRD8 bit 11 (LMOONF1.G) 

PBODY = 0 
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If FLAGWRDO bit 12 (MOONFLAG) = 1, PBODY = 2 

Proceed to "ALOADED" 

INTEGRVS IREI'URN = return address 

Switch FLAGWRD3 bit 8 (PRECIFLG) to 1 

PBODY = 0 

If FLAGWRDO bit 12 (MOONFLAG) = 1, PBODY = 2 

TDELTAV = 0 

TNUV = 0 

Perform "RECTIFY" 

Switch FLAGWRD3 bit 1 (DIMOFLAG) to 0 

Switch FLAGWRD8 bits 15 (RPQFLAG) and 13 (NEWIFLG) to 1 

ALOADED TDEC = TDECl 

If FLAGWRD.3 bit 4 (INTYPFLG) = O, proceed to "TESTLOOP" 

RVCON TAU = TDEC - TET 

Perform "RECTIFY" 

Perform II KEPPREP" 

TET = TET + TC 

RECTOUT Perform "RECTIFY" 

BATT= ERECT 

VATT = VRECT - -
TAT = TET 

TSmu = K: MUPBODY 

MUDEX = 0 (-2 i n index register 1, Xl) 
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If FLAGWRDO bit 1 2 1 MOONFLAG) = 1 , MUDEX = 8 
(-10 in index register 1, X1) 

INTEXIT Switch FLAGWRD9 bit 1 (AVEMIDSW) to 0 

Switch FLAGWRD3 bit 8 (PRECIFLG) to 0 

Switch FLAGWRD3 bit 5 (STATEFLG) to 0 

Perform II INTWAKE11 

Return via IRETURN 

RECTIFY B:R,ECT = gcv + 1:DELTAV 

gcv = B:R,ECT 

(awaken any jobs waiting to integrate) 

(with PBODY in index register 2, X2) 

(Scaling 

controlled 

yR.ECT = Y.CV + 1'.NUV 

VCV = VRECT - -
1:DELTAV = 0 

TNUV = 0 

TC= 0 

XPREV ~ 0 

Return 

by PBODY) 

TESTLOOP If FLAGWRD9 bit 5 (QUITFLAG) = 1: 

Switch FLAGWRD3 bit 5 (STATEFLG) to 0 

Proceed to II INTEXIT11 

i = PBODY 

Switch FLAGWRDO bit 13 (MIDFLAG) to 0 

If !Rev! ~ K:RMi: 

(MIDFLAG should 
remain zero in 
LUMINARY) 

Switch FLAGWRDO bit 13 (MIDFLAG) to 1 
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TSstep = K:p3D JIBGVI 3 / K:MUi (truncated to 
7 ~ 7~ a multiple of 

TSstep = 2 ~ntegral part of (TSstep / 2 J 128 centiseconds) 

If overflow or if TSstep > 2 K:DTd2MAX, TSstep = 2 K:DTd2MAX 

DTd2 = ½ (TDEC - TET) 

If overflow or if IDTd2j ~ ½ TSstep, DTd2 = ½ TSstep signDTd2 

If joTd~ < K:DTd2MIN, proceed to "A-PCHK" (convergence) 

If FLAGWRD3 bit 15 (POOHFLAG) = 1 and bit 8 (PRECIFLG) =O: ( "STATEINT") 

If DTd2 < ½TSstep, proceed to 11 A-PCHK" (don't integrate 
past even timestep) 

If FLAGWRD8 bit 13 (NEWIFLG) = 1: 

Switch FLAGWRD8 bit 13 (NEWIFLG) to 0 

If TET > TDEC, proceed to "INTEXIT" 
(don't integrate backwards) 

If (TDEC - TET) < 8 DTd2, proceed to "INTEXIT" 
(don't integrate unless more than 4 timesteps behind) 

TIMESTEP If FLAGWRDO bit 13 (MIDFLAG) = 0, proceed to 11 RECTEST" 
(MIDFLAG should remain zero in LUMINAJ.'tY ) 

If DTd2 ~CV • Y.~ < 0 , proceed to II RECTEST" 

If FLAGWRDO bit 12 (MOONFLAG) = 1, proceed to 11 LUNSPH11 

If FLAGWRD8 bit 15 (RPQFLAG) = 1: 

TSt = TET 

Perform "ISPOS 11 

BPQV = I Ssun 

i = PBODY 

If IB:GV - BPQVI < K:RSPHERE: 

Perform 11 0RIGCHNG11 
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LUNSPH 

( If I B:CV - B:PQVI < K: RSPHERE : ) 

Proceed to "INTGRATE" 

Proceed to 11 RECTEST" 

If IB:cvJ < K:RSPHERE, proceed to "RECTEST" 

If FLAGWRD8 bit 15 (RPQFLAG) = 1: 

TSt = TET 

Perform "LSPOS11 

B:PQV = -1.Ssun 

Perform "ORIGCHNG'' 

Proceed to " INTGRATE" 

ORIGCHNG Perform "RECTIFY" 

B:R,ECT = B:CV - B:PQV 

B:CV = B:R,ECT 

If FLAGWRDO bit 12 (MOONFLAG ) = 1: 

TS = - TS - yyy - yyy 
(note that TS is not defined) 

- 7YY 

YRECT = ycv - !Syyy 

ycv = YRECT 

If FLAGWRDO bit 12 (MOONFLAG ) = 1: 

PBODY = 0 

Convert F,V, E,RECT, ycv and YRECT to earth scaling 

If FLAGWRDO bit 12 (MOONFLAG ) = 0: 

PBODY = 2 
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(If FLAGWRDO bit 12 (MOONFLAG) = 0:) 

Convert gcv, flRECT, ycv and YRECT to moon scaling 

Invert FLAGWRDO bit 12 (MOONFLAG) 

Return 

RECTEST If j:r,DELTAvl ~ K:rectr, if IIDELTAvl / !Ecvl ~ K:RECRATIO, or 
if !INUVJ ~ K:rectv: 

Perform "RECTIFY" 

INTGRATE 'lV = TNUV 

ACCOMP 

YV = TDELTAV - -
Switch F1,AGWRDO bit 14 (JSWITCH) to 0 

DIFEQCNT = 0 

ALPHAV = YV - -

H = 0 

If FLAGWRDO bit 14 (JSWITCH) = 1: 

Proceed to "DCM •• " 

i = PBODY 

FV = 0 

BETAV = ALPHAV + RCV - - -
If F1,AGWRDJ bit 1 (DIMOF1,AG) = 1: 

j = - DIFEQCNT 

YECTAB j = !;ETAV 

ALPHAM = IALPHAvt 

Perform "GAMCOMP" 

ALPHAV = BETAV - -
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ALPHAM = BETAM 

If FLAGWRDO bit 13 (MIDFLAG) = 0: (MIDFLAG should remain 
zero in LUMINARY) 

Perform "OBLATE" 

Proceed to 11 NBRANCH" 

TSt = TET 

Perform II LSPOS11 

i = 2 (index MU of secondary body) 

If FLAGWRDO bit 12 (MOONFLAG) = 1: 

TSsun = - TSsun 

i = 0 

BETAV = TSsun - -
flPQV = !2_ETAV 

flPSV = :rsxxx (note that ISxxx is not defined) 

If MODREG = 23 or if FLAGWRD3 bit 1 (DIMOFLAG) = 1: 

j = 6 - DIFEQCNT 

YECTABj = !LPHAV - !2_ETAV 

EQVV = YECTABj 

Switch FLAGWRD8 bit 15 (RPQFLAG) to 0 

If FLAGWRDO bit 12 (MOONFLAG) = 1, flPSV = liJ'SV + liJ'QV 

Perform II GAMCOMP 11 (!2_ET AV = liJ'QV) 

!2_ETAV = flPSV 

i = 4 (to index MU of the sun) 

Perform 11 GAMCOMP" 
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Perform "OBLATE" 

Proceed to "NBRANCH" 

GAMCOMP BETAM = l~ETAV! 

OBLATE 

RHO = ALPHAM / BETAM 

q = RHO ( RHO - 2 unit!LPHAV · unitBETAV) 

DdBETA =Y1 + q 

2 3+3q+q 

Fq = q ------. 
1 + (1+q)3/2 

,'!'.Sgam = - K :MU. 
l 

RHO (unit!LPHAV + unit~ETAV Fq / RHO) 

BET~ DdBETAJ 

EV = EV + ,'!'.Sgam 

If overflow, proceed to "GOBAQUE" 

Return 

i = PBODY 

If ALPHAM ~ K :RD., return 
l 

If FLAGWRDO bit 12 (MOONFLAG) = 0 : 

COS¢= Z component of unitALPHAV 

Q.Z = f :UNITZ 

If FLAGWRDO bit 12 (MOONFLAG) = 1 : 

TSt = TET 

Perform "MOONMX" 

URPV = [MOONMAT] (unit!LPHAV - [MOONMAT] T 1M504) * 

COS¢= Z component of Q.RPV unit!LPHAV; 

TS = LMOONMAT p (_K: UNITZ (.K: UNITZ ,} 1M504) ) 

UX = LMOO NMAT i (_K: UNITX (_K : UNITX -:~ 1M504)) 

TJZ = '{' .S 
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P2' = 3 cos¢ 

P3 , = t (15 cos¢2 - 3) 

P4' =(1/3)(7 P3 1 cos¢ - 4 P2·') 

P5 ' = t (9 P4
1 cos¢ - 5 P3

1
) 

1s = P3' + ~_,:H~l. P4' + ~:H~l. P5 1 unit.£1,PHAV [ 

K • . 3. 2 • ( K • . 4. 3 · )] 

1s = 1s - [P ' + K: j3j2i (P ' + K: j4j3i P •)] uz 2 ALPHAM 3 AL PHAM 4 -

1S = 1S K:j2i/ALPHAM4 (computed quasi floating point) 

FV = FV + TS - - -
If overflow, proceed to "GOBAQUE" 

If FLAGWRDO bit 12 (MOONFLAG) = O, return 

'.!'..Sl = 5(URPVy2 - URPVx2) unit.£1,PHAV + 2 URPVx QX + 2 URPVy (QX l} QZ) 

rs= 5 URPVx (1 - 7 cos¢2) unit.£1,PHAV + (5 co3¢2 - 1) QX + (10 URPVx 
URPV z) QZ 

1s2 = (E32C31RM/ALPHAM) rs+ E3J22R2M 1s1 

is= 1s2/ALPHAM4 

EV= EV+ 1s 

If overflow, proceed to "GOBAQUE" 

i = PBJDY 

Return 
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GOBAQUE If I IDELTAV I = 

TAU= TC - H 

TET = TET - H 

O, proceed t o "POODOO" 
with TS= 204308 

Perform "KEPPREP" 

Perform "RECTIFY" 

Switch FLAGWRD8 bit 15 (RPQFLAG) to 1 

Proceed to "TESTLOOP" 

NBRANCH If DIFEQCNT = -24, proceed to "DIFEQ+2" 

If DIFEQCNT = -12: 

fSIV = [HIV + 4 F 

PHIV = PHIV + 2 FV - - -
If DIFEQCNT = 0: 

PHIV = FV - -

H = H + DTd2 

DIFEQCNT = DIFEQCNT - 12 

~PHAV = J;J + H (J!J + ½ H F) 

If FLAGWRDO bit 14 (JSWITCH) = 1, proceed to "DOW .. 11 

TAU = TC + DTd2 

TET = TET + DTd2 

Perform "KEPPREP" 

Proceed to "ACCOMP" 

(DTd2 rounded to nearest centisecond if 
DIFEQCNT = -24) 

DIFEQ+2 JY = JY + H (J!J + PHIV H / 6) 

'£[ = l!l + (fSIV + F ) H / 6 

If FLAGWRDO bit 14 (JSWITCH) = O, proceed to "ENDSTATE" 
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(W4n' W5n' W6n) = ZV 

(W W W ) = YV ln' 2n' Jn -

If overflow, proceed to "WMATEND" 

If n $ 1: 

TDECl = TDEC 

Proceed to third step of 11 INTEGRV" 

n = n - 1 

Proceed to "NEXTCOL" 

ENDSTATE If overflow, proceed to II GOBAQUE11 

'.J'.NUV = fV 

'.J'.DELTAV = 'Tj 

If FLAGWRD9 bit 2 (MIDAVFLG) = 1, proceed to 11 CKMID2" 

If FLAGWRDJ bit 1 (DIMOFLAG) = 0, proceed to "TESTLOOP" 

Switch FLGWRDlO bit 7 (REINTFLG) to 1 
(integration routine to be restarted) 

If FLAGWRDJ bit J (VINTFLAG) = 1: 

Perform "MOVEACSM" 

Switch FLAGWRD8 bit 12 (CMOONFLG) to 1 

Perform 11 SVDWN1" 

Set FLAGWRD8 bit 12 ( CMOONFLG) = FLAGWRDO bit 12 (MOONFLAG) 

If FLAGWRDJ bit 3 (VINTFLAG) = 0: 

Perform "MOVEALEM" 

Switch FLAGWRD8 bit 11 (LMOONFLG) to 1 

Perform 11 SVIMN2" 
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(If FLAGWRDJ bit J (VINTFLAG) = 0:) 

Set FLAGWRD8 bit 11 (LMOONFLG) = FLAGWRDO bit 12 

Switch FLAGWRDO bit 14 (JSWITCH) to 1 

n = 6 

If FLAGWRDJ bit 2 ( D60R9FLG) = 1, n = 9 

NEXTCOL YV = (Wln' W2n' W3n) 

'l}.J = (W4n' W5n' W6n) 

j = 0 

DIFEQCNT = 0 

ALPHAV = YV - -

H = 0 

(MOONFLAG) 

If FLAGWRDO bit 14 (JSWITCH) = O, proceed to "ACCOMP" 

i = PBODY 

j = - DIFE~NT 

BEI'AM = K:MU. 
l 

-TS = 3 (ALPHAV • uni tvECTAB . ) uni tVECTAB. - ALPHAV 
- J - J 

FV = TS BETAM/ h=cTA B .I 3 
- - ~~ J 

If FLAGWRDO bit 13 (MIDFLAG) = O, proceed to "NBRANCH" 
(MIDFLAG should remain zero in LUMI NARY) 

j = 6 - DIFE~NT 

i = 2-PBODY (earth or moon) 

BETAM = K:MU. 
l 

IS = J (ALPHAV • unityECTABj) unityECTABj - ALPHAV 

IS = I S BET AM / IYECTAB} J 
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If FLAGWRDO bit 12 (MOONFLAG) = 0: 

Shift TS right 6 places for scaling 

FV = FV + TS - - -
Proceed to "NBRANCH" 

KEPPREP KEPRTN = return address 

i = PBODY 

ROOTMU = ,J K:MUi 
1 

A5 = ½ unitECV • y_cv 

Q = (TAU - TC) I IEcvl 
1 2 cvl2 1 2 1 1 

Ts = 6 Q (K:Mui - IY. IEcvl ) ; 1Ecv1 (= - 6 s (; - a) ) 

XKEPNEW = XPREV + ROOTMU Q (1 - A5 Q + 2 A5
2 

Q2 + TS) 

MUDEX = 0 (-2 in index register 1, Xl) 

If FLAGWRDO bit 12 (MOONFLAG) = 1, MUDEX = 8 (-10 in index 
register 1, Xl) 

Proceed to 11 KEPLERN" (return directly to calling program 
from "KEPLERN") 

WMATEND Switch FLAGWRD3 bits 1 (DIMOFLAG) and 6 (ORBWFLAG) to 0 

Switch FLAGWRD5 bit 1 (RENDWFLG) to 0 

Switch FLAGWRD3 bit 5 (STATEFLG) to 1 

Perform "ALARM" with TS= 004218 

Proceed to "TESTLOOP" 

USEPIOS TSt = TDECl 

TET = TDECl 

Perform "MOONMX" 
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A-PCHK 

gcv = ~OONMAtj T (B:I,S + 1M504 * _BLS) 

Switch FLAGWRDO bit 12 (MOONFLAG) to 1 

Perform "MOONMX" 

!S = [MooNMArj T (_~: UNITZ + 1M504 * JS: UNITZ) 

ycv = K:OMEGMOON !S * RCV 

TDELTAV = 0 

PBODY = 2 

TNUV = 0 

If FLAGWRD3 bit 5 (STATEFLG) = O, proceed to "RECTOUT" 

Switch FLGWRDlO bit 7 (REINTFLG) to 1 

If FLAGWRD3 bit 3 (VINTFLAG) = 1: 

Perform "MOVEACSM" 

Switch FLAGWRD8 bit 12 (CMOONFLG) to 1 

Perform "SVDWNl" 

Se t FLA GWRD8 bit 12 ( CMOONFLG) = FLAGWRDO bit 12 (MOONFLAG) 

If FLAGWRD3 bit 3 (VINTFLAG) = 0: 

Perform 11 MOVEALEM" 

Switch FLAGWRD8 bit 11 (LMOONFLG) to l 

Perform "SVDWN2 11 

Set FLAGWRD8 bit 11 (LMOONFLG) = FLAGWRDO bit 12 (MOONFLAG) 

Pr oceed to II RECTOUT" 

MOVEPCSM XPREV = XKEPCSM 
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TC = TCCSM 

VCV =VCVCSM - -
RCV = RCVCSM - -
TNlN = NlNCSM - -
!DELTAV = QELTACSM 

TET = TETCSM 

VRECT = VRECTCSM - -
RRECT = RRECTCSM - -
Return 

MOVEPLEM XPREV = XKEPLEM 

TC = TCLEM 

VCV = VCVLEM - -
RCV = RCVLEM - -
:J:NlN = l{lNLEM 

!DELTAV = QELTALEM 

TET = TETLEM 

YRECT = YRECTLEM 

ERECT= B:RECTLEM 

Return 

MOVEACSM XKEPCSM = XPREV 

TCCSM = TC 

YCVCSM = ycv 

RCVCSM = RCV - -
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NUVCSM = INUV 

QELTACSM = IDELTAV 

TETCSM = TET 

yRECTCSM = YRECT 

flRECTCSM = flRECT 

Return 

MOVEALEM XKEPLEM = XPREV 

TCLEM = TC 

VCVLEM = VCV - -
£iCVLEM = gcv 

NUVLEM = TNUV - -

DELTALEM = TDELTAV - -

TETLEM = TET 

VRECTLEM = VRECT - -
RRECTLEM = RRECT - -

Return 

AVETOMID EGRESS= return address 

If FLAGWRD5 bit 1 (RENDWFLG) or FLAGWRDJ bit 6 (ORBWFLAG) = 1: 

(Integrate W-matrix through burn) 

Perform "INTSTALL" 

Switch FLAGWRDJ bits 1 (DIMOFLAG) and 2 (D60R9FLG) to 1 

Switch FLAGWRD9 bit 1 (AVEMIDSW) to J 

Switch FLAGWRDJ bit 3 (VINTFLAG) to 0 
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(If FLAGWRD5 bit 1 (RENDWFLG) or FLAGWRD3 bit 6 (ORBWFLAG) = 1:) 

TDECl = PIPI'IME 

Perform "INTEGRV" 

Perform "INTSTALL" 

Switch FLAGWRD3 bit 3 (VINTFLAG) to 1 

Perform 11 SETIF1,GS" 

TDECl = PIPI'IME 

Perform "INTEGRV" 

Perf arm "INTSTALL" 

RRECT = RN - -
RCV = RN - -
TET = PIPI'IME 

YRECT = YN 

ycv = YN 

TDELTAV = 0 

1'_NUV = 0 

TC= 0 

XPREV = 0 

(scaling controlled by LMOONFLG) 

Perf arm "MOVEALEM" 

TRKMKCNT = 0 

Perform "INTWAKE" 

Return via EGRESS 

MIDTOAVl IRETURNl = return address 

TSerror = 0 
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SWitch FLAGWRD9 bit 3 (MIDlFLAG) to 1 

If TDECl < TIMENOW + K:TIMEDELT: 

Switch FLAGWRD9 bit 3 (MIDlFLAG) to 0 

TSerror = 1 

Perform "ALARM" with TS= 017038 

TDECl = TIMENOW + K:TIMEDELT 

Skip next three steps 

MIDTOAV2 IRETURNl = return address 

Switch FLAGWRD9 bit 3 (MIDlFLAG) to 0 

TDECl = TIMENOW + K:TIMEDELT 

Perform "INTSTALL" 

Switch FLAGWRD3 bits 1 (DIMOFLAG), 3 (VINTFLAG) and 4 

Switch FLAGWRD9 bit 2 (MIDAVFLG) to 1 

Perform "INTEGRV" 

Switch FLAGWRD9 bit 2 (MIDAVFLG) to 0 

RNl = RATT - -

VNl = VATT - -

PIPTIMEl = TAT 

RTX2 = X2 (0 for earth, 2 for moon) 

RTXl = Xl (-2 for earth, -10 for moon) 

Inhibit i nterrupts 

TSt = PIPTIMEl - TIMENOW 

( INTYPFLG) to 0 

Force sign agreement between the two halves of TSt 

Return via IRETURN1 
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CKMID2 If FLAGWRD9 bit 3 (MIDlFLAG) = 1: 

If TDEC .? TIMENOW + K:TIMEDELT, proceed to "TESTLOOP" 

Switch FLAGWRD9 bit 3 (MIDlFLAG) to 0 

TSerror = 1 

Perform "ALARM" with TS= 017038 

TDEC = T IMENOW + K: T !MEDEL T 

Proceed t o 11 TESTLOOP" 

If ITDEC - TETj < K:JCSECS, proceed to "A-PCHK" 

TDEC = TIMENOW + K:TIMEDELT 

Proceed to "TESTLOOP" 

INTSTALL QPR.ET= return address 

If FLGWRDlO bit 14 (INTFLAG) or 7 (REINTFLG) = 1: 

Put present job to sleep 

When awakened, job will resume at second step of "INTSTALL" 
when jobs of higher priority have been completed 

Switch FLGWRDlO bit 14 (INTFLAG) to 1 

Return via QPR.ET 

INTWAKE If FLGWRDlO bit 7 (REINTFLG) = 1: (means restarted) 

TBASE2 = QPRET of present job 

Set restart group 2 to resume computations at 
next step 

QPRET (of present job)= TBASE2 

If FLGWRDlO bit 7 (REINTFLG) = 0: (i.e. if got a restart) 

Return via QPR.ET (of present job) 
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INTWAKEl Awaken job or jobs put to sleep in II INTSTALL" 

Switch flGWRDlO bits 14 (INTFLAG) and 7 (REINTflG) to 0 

Return via QPR.ET (of present job) 

INTWAKEU If UPSVFLAG = 0: 

Perform "INTWAKEl" 

Proceed to "UP0lIT4" 

RCV = RRECT - -
VCV = VRECT - -
TDELTAV = 0 

TNUV = 0 

TC= 0 

XPREV = 0 

i = 0 

(UPSVflAG is the third component of 
of a state vector update) 

Switch FLAGWRDO bit 12 (MOONFLAG) to 0 

If IUPSVflAGI = 2: 

i = 2 

Switch FLAGWRDO bit 12 (MOONFLAG) to 1 

If UPSVflAG > 0: 

Perform "MOVEACSM" 

Switch FLAGWRD8 bit 12 (CMOONFLG) to 1 

Perform "SVDWNl" 
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( If UPSVFLAG > 0: ) 

Set FLAGWRD8 bit 12 ( CMOONFLG) = FLAGWRDO bit 12 
(MOONFLAG) 

Switch FLAGWRD3 bit 6 (ORBWFLAG) to 0 

If UPSVFLAG < 0: 

Perform 11 MOVEALEM" 

Switch FLAGWRD8 bit 11 (LMOONFLG) to 1 

Perform 11 SVDWN2" 

Set FLAGWRD8 bit 11 (LMOONFLG) = FLAGWRDO bit 12 
(MOONFLAG) 

Switch FLAGWRD5 bit 1 (RENDWFLG) to 0 

CHANNEL 77 = 0 

UPSVFLAG = O 
Perform "INTWAKEl" 

( Proceed to 11 UPOUT4" 

P76 Switch FLAGWRDl bit 5 (TRACKFLG) to 1 

QELVOV = QELVLVC 

Proceed to "GOFLASH" with TS = K:V06N.33 (TIG) 
(I:f terminate, proceed to "ENDP7611; if proceed, continue 
at next step; if other response, repeat this step.) 

Proceed to 11 GOFLASH" with TS = K:V06N84 (DELVOV) 
(If terminate, proceed to "ENDP76"; if proceed, continue 
at next step; if other response, repeat this step.) 

Switch FL.AGWHJ.J2 bit 1 (NUUUFL.AGJ to 1 

TDECl = TIG 

Perform "CSMPREC" 

[

unit(unitB:,ATT * Y,ATT) 
1sv = unit(Y,ATT 1~ unit.BATT) 

- unit,BATT 

Perform "INTSTALL" 
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Set FLAGWRDO bit 12 (MOONFLAG) = FLAGWRD8 bit 12 ( CMOONFLG) 

VCV = TSv - - (scaling controlled by MOONFLAG) 

RCV = RATT - -
TET = TIG 

Switch FLAGWRD3 bit 4 (INTYPFLG) to 0 

TDECl = TETLEM 

Perform II INTEGRVS" 

Perform "INTSTALL" 

RRECT = RATT - -

RCV = RATT - -

TET = TAT 

VRECT = VATT - -
VCV = VATT - -
TDELTAV = 0 

TNlN = 0 

TC= 0 

XPREV = 0 

Switch FLGWRDlO bit 7 (REINTFLG) to 1 

Perform ''MOVEACSM" 

Switch FLAGWRD8 bit 12 (CMOONFLG) to 1 

Perform "SVDWNl" 

Set FLAGWRD8 bit 12 (CMOONFLG) = FLAGWRDO bit 12 (MOONFLAG) 

Perform 11 INTWAKE1" 

S·,li tch FLAGWRD2 bit 1 ( NODOFLAG) to 0 
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ENDP76 TRKMKCNT = 0 

Proceed to II GOT0P00H" 
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Quantities in Computations 

A5: Double precision interroodiate quantity used in calculation of 
XKEPNEW, scaled B7 (earth) or B5 (moon) in units of rooters per 
centisecond. 

ALPHAM: Double precision magnitude of !LPHAV, with identical scaling 
and units. 

PJ.,PHAV: Working storage for double precision position deviation vector, 
scaled B22 (earth) or Bl8 (moon) in units of rooters, or for total 
position vector, scaled B29 (earth) or B27 (moon) in units of rooters. 
Actually, PJ.,PHAV is changed to a unit vector, but this was not shown 
for ease in presentation. 

BETAM: Double precision magnitude of BETAV or rmgnitude of K:MUi with 
variable scaling and units. 

gETAV: Double precision total position vector of the spacecraft in 
relation to the earth, moon or sun, expressed in reference coordinates 
with variable scaling in units of meters. 

COS¢: Double precision argument for "OBLATE" equations, scaled Bl and 
unitless. Equivalent to the cosine of the angle between the unit 
polar vector (earth or mo~n) and the total position vector (earth or 
moon centered coordinates). 

DdBETA: Double precision ratio of D divided by BETAM where Dis the 
magnitude of the vector D = BETAV - !LPHAV; scaled Bl and unitless. 

~ELVLVC: Double precision value of velocity increment in local vertical 
coordinates, scale factor B7, units meters per centisecond. 

~ELVOV: Double precision, instantaneous delta-velocity vector to be 
added (at time specified in TIG) to the permanent CSM state vector 
maintained in the LGC to reflect a burn perforrood by the CSM; scaled 
B7 in units of rooters per centisecond and expressed in local vertical 
coordinates of the CSM at TIG. 

DIFEQCNT: Single precision cell used for program control purposes, having 
values of O, -12 and -24 at the beginning, middle and end of each 
integration step, scaled B14 and unitless. 

DTd2: Double precision time increment for precision integration corres­
ponding to half of one integration time-step, scaled Bl9 in units of 
centiseconds. 

EJ2CJ1RM: Single precision erasable memory constant, scale factor 
giving information on the c

33 
term for the lunar gravity model. 

cell contains c
31 

x 1.5 x rM x mu. The value corresponds to 
6 j m 9 80 c

31 
X 1.5 X (1.7J8Q9 X 10) X 0 .4902778 X 10 X 2- • 
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E3J22R2M: Single precision erasable memory constant, scale factor B58, 
giving information on the J22 term for the lunar gravity model. The 

cell contains J 22 x 3 x
6
r~

2 
x mum. The value cor~esponds to 

J22 X 3 X (1.73809 X 10) X 0.4902778 X 109 
X 2-5 • 

EGRESS: Single precision octal return address storage cell. 

Fq: Special function used in Encke's method of integration to achieve 
greater accuracy, double precision, scaled B1. See pages 11 and 190 
in Astronautical Guidance by R.H. Battin (McGraw-Hill, 1964). 

FV: Double precision disturbing acceleration vector, scaled B-16 (earth) 
or B-20 (moon) in units of meters per centisecond squared. See pages 
189-191 of Astronautical Guidance by R.H. Battin (McGraw-Hill, 1964) 

H: Double precision time since beginning of integration step, scaled 
B19 in units of centiseconds. 

i: Single precision index scaled B14. 

IRETURN, IRETURN1: Single precision octal return address storage cells. 

j: Single precision index scaled B14. 

KEPRTN: See CONG section. 

K:3CSECS: Double precision constant stored as 3 x 2-28 , scaled B28 in 
units of centiseconds. Equation value: 3. 

K:DTd2MAX:· Double precision constant stored as 4 x 105 x 2-20 , scaled 
B19 in units of centiseconds. Equation value: 200,000. 

-20 K:DTd2MIN: Double precision constant stored as 3 x 2 , scaled B19 
in units of centiseconds. Equation value: 1.5. 

K:j20 : Double precision constant stored as 1.75501139 x 102; x 2-72 , 
program notation II J2REQSQ", scaled B72 in uni ts of 2Ijleters / centi­
seconds squared. 1ifquation value: 6.25501139 x 10 ._2(Equivalent 
to 3.986032 X 10 X (6.378165 X 10) X 0.10823 X 10 .) 

K:j22: Double precision constant stored as 3.067493316 x 1017 
5 2-60 , 

program notation "J2REQSQ-2" , scaled B60 in unithof meters /centi­
second squared. ~quation value: 3.g62493316 x 10 . ~~quivalent 
to 0.4902778 X 10 X (1.738090 X 10) X 0.207108 X 10 .) 

K:j3j20 : Double precision constant stored as -1.355426363 x 104 x 2-27 , 
program notation "2J3RE/Jr, scaled B27 in units of me~5rs. Equation 
va~ue: -1.355426263 x 10. (Equivalent to -0.23 x 10 x 6.378165 x 
10 /0.10823 X 10- .) 
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K:j 3j 22: Doubl e preci s ion constant stored as - 1 .7623602 x 105 x 2-25 

program notation " 2J3RE / J 2- 2", Scaled B25 in units of meters. 
Equation ~lue: -1 .7623602

3
x 10 . (Equigalent to 

(-2 . 1 X 10 /0 . 2071 08 X 10-) X 1 ,73809 X 10 ,) 

K:j4j3o: Double precision constant stored as 4,991607391 x 106 2-
26

, 
program notation "J4REQ/J3," scalgd B26 in units of meters. 

5 Equation valu; : 4.991607391 x 10 . (Equivalent to -0.18 x 10- x 
6.378165 X 10 / - 0 .23 X 10-5.) 

K: j 4 j32: Double pre cision constant stored as O, program notation 
n J4REQ/J3-2 . 11 Equat ion value: 0. 

K: MUo: Double precision constant stored as 3 . 986032 x 1010 2-36, 
program notation 11 MUEARTH", scaled B36 in units of meters cubed/ 
centisecond squar ed . Equation value: 3. 986032 x 1010 . 

K: MU2 : Double precision constant stored as 4,9027780 x 108 2-30 , 
program notat i on "MUM", scaled B30 in units of m§ters cubed/centi­
second squared. Equation value: 4.9027780 x 10 • 

K:MU: Double precision constant stored as 1.32715445 x 1016 2-54 , 
pitogram nota t ion "MUEARTH-4," scaled B54 in units of m1~ers cubed/ 
centisecond squared. Equation value: 1.32715445 x 10 • 

-8 23 K:OMEGMOON: Double precision constant stored as 2.66169947 x 10 2 , 
scaled B-23 in ::Yits of radians per centisecond. Equation value: 
2.66169947 X 10- , 

K:p3D: Double precision constant stored as 0 .3 x 2-2 , scaled B2 and 
unitless. Equation value: 0 . 3 . 

K: RD0 : Double precis ion constant stored as 80 ,467,200 x 2-29 , program 
notation "RDE, 11 s caled B29 in un.i ts of meters. Equation value: 
80, 467, 200 . 

K:RD2: Double preci s ion cons t ant stored as 16,093,440 x 2- 27 , program 
notation "RDM, 11 cca l ed B27 in units of meters. Equation value: 
16, 093,440. 

K:RECRATIO: Doubl e pr ecision cons t ant stored as 0 .01, scaled BO and 
unitless. Equat ion value: 0 .01. 

K: rectr : Doubl e precis i on constant stored as 0 .75, program notation 
11 3/ 4," scaled B22 (eart h) or Bl 8 (moon ) in units of meters. Equation 
value: 3, 145, 728 (earth) or 196 , 608 (moon ) . 

ORBI - 28 



K:rectv: Double precision constant stored as 0.75, program notation 
11 3/4, 11 scaled BJ (earth) or B-1 (moon) in uni ts of meters per centi­
second. Equation value: 6 (earth) or 0.375 (moon). 

-28 K:RM(): Double precision constant stored as 1 - 2 , program notation 
"RME," scaled B29 in units of meters. Equation value: 536,870,910. 

K:fil12: Double precision constant stored as 1 - 2-28 , program notation 
11 RMM, 11 scaled B27 in uni ts of meters. Equation value: 134,217,727.5. 

K:RSPHERE: Double precision constant stored as 64,373,760 x 2-29 , scaled 
B29 in units of meters. Equation value: 64,373,760. 

-28 K:TIMEDELT: Double precision constant stored as 2000 x 2 , scaled B28 
in units of centiseconds. Equation value: 2000. 

li:UNITX, li:UNITZ: See SERV section. 

,1M504: Double precision libration vector of the moon, scaled BO in 
units of radians, and expressed in moon-centered, moon-fixed coordi­
nates. 

MODREG: Program number from DSKY; see DATA section. 

[ MOONMA~: See COOR section. 

MUDEX: See CONG section. 

n: Single precision index scaled Bl4 and used to indicate the column 
of the W-matrix that is being integrated. 

P2', P3', P4', P5': Double precision Legendre polynomial derivatives, 
scaled B6, B5, B7 and BlO, respectively. 

PBODY: Single precision index used to distinguish between constants 
pertaining to the earth (0) and the moon (2); scaled Bl4. 

fHIV: Double precision intermediate storage for the disturbing accelera­
tion vector, scaled B-13 (earth) or B-17 (moon) in units of meters 
per centisecond squared. Used to implement the second-order difference 
equation, 

Et+h = Et + h [Yt + ~ (2 ~t+½ti + ~tB 

which is valid to the fourth degree. (.B:t+h is the position deviation 
vector at time t + h, etc.) 
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PIPTIME, PIPTIMEl: See SERV section. 

PSIV: Double precision vector storage for intermediate values of dis­
turbing acceleration, scaled B-13 (earth) or B-17 (moon) in units 
of meters per centisecond squared. Used to implement the first-order 
difference equation, 

h 
Yt+h = Yt + 6 (~t+h + 4 ~t+½h + ~t) 

which is valid to the fourth degree. (~t+~ is the second derivative 

of the position deviation at time t +~'etc.) 

q: Double precision argument for Fq, scaled B2 and unitless . 

Q: Double precision intermediate quantity used in calculating an initial 
guess for the universal conic variable; scaling varies downward from 
BO (earth) and B2 (maon); units of centiseconds per meter. 

QPRET: Single precision octal return address associated with a particular 
job, saved when a job is put to sleep; actually one of several mutually 
exclusive cells, each addressed only within a particular job. "QPRET" 
for one job is independent of and not affected by the address stored 
in 11 QPRET" by another job. See MATX section. 

RATT: Double precision position vector output from orbital integration, 
valid at time TAT, scaled B29 in units of meters. (Called RATTl and 
scaled B29 (earth) or B27 (moon) for output to routines desiring 
segregated scaling .) 

BCV: Double precision conic portion of the position vector at TET, com­
puted from the osculating conic at rectification (TET - TC), scaled 
B29 (earth) or B27 (moon) in units of meters. 

BCVCSM, BCVLEM : The permanent state vectors for the CSM and LM contain 
six double precision vectors and three double precision scalars - a 
total of twenty-one double precision components. They are listed 
below along with the name of the equivalent working variable used 
in precision integration of each. 

C:SM 

_BCVCSM 
VCVCSM 
TCCSM 

LM 

RCVLEM 
VCVLEM 
TCLEM 
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CSM LM 

QELTACSM DELTALEM TDELTAV 
lftNCSM NtNLEM TNtN 
TETCSM TETLEM TET 
B:R,ECTCSM B:R,ECTLEM RRECT 
VRECTCSM VRECTLEM VRECT 
XKEPCSM XKEPLEM XPREV 

RHO: Ratio of position deviation to total distance from the primary 
body, or ratio of spacecraft radius to radius of secondary body 
(moon or sun, earth or sun), scaled Bl and unitless. 

flLS: See CONC section. 

EN, J1Nl: See SERV section. 

ROOTMU: See CONC sectim. 

B:PQV: Double precision position vector of secondary body with respect 
to the primary body, scaled B29 in units of meters; expressed in 
reference coordinates. 

RPSV: Double precision position vector of the sun with respect to the 
primary body, scaled B38 in units of meters and expressed in refer­
ence coordinates. 

RQVV: Double precision spacecraft position vector with respect to the 
secondary body, scaled B29 in units of meters; expressed in refer­
ence coordinates. 

RRECT: Double precision total position vector at the last rectification, 
scaled B29 (earth) or B27 (moon) in units of meters. See CONC section. 

RTXl, RTX2: Single precision values of index registers Xl and X2 re­
spectively at the end of integration to identify the nature of the 
origin of the state vector. 

TAT: Double precision state vector time-tag output from orbital inte­
gration, scaled B28 in units of centiseconds. 

TAU: See CONG section. 

TBASE2: Single precision cell normally used to retain time base in­
formation for restart group 2, for waitlist restarts. It is used 
in "INTWAKE" to retain the value of QPRET for restart purposes. 

TC: See CONG section. 
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TDEC: Doubl e precision time at the end of the desired integration 
interval, scaled B28 i n units of centiseconds. 

TDECl: Double precision storage f or TDEC in individual job regist ers 
s o that several jobs can maintain different values of TDEC 
simult aneously. (See descripti on of QPRET). 

TDELTAV: Do~ble precision deviation-fro~-conic-p8sition vector, s caled 
B22 (earth ) or Bl8 (moon) in units of meters. 

TET: Double precision time associated with the most recently computed 
state vector , scaled B28 in units of centiseconds. 

TETCSM: See description of ,BCVCS½ . 

TIG : See BURN section. 

TIMENOW: Current time, B28, centiseconds. See EXVB section . 

TNUV: Double precis i on deviation-from-conic-velocity vector, s caled 
B3 (earth) or B-1 (moon ) in units of meters per centisecond. 

TRKMKCNT: See RNAV section. 

t Ssun: Double pre ~ision vector contents of the MPAC when return from 
"LSPOS ", representing the unit position vector of the s un, scaled 
Bl a nd unitless. See COJR section . (It should be noted that TSsun 
is a lL~it vector s caled Bl bJt _EPQV, into which it is stored, is 
scaled B29 . However, the affected section should not be entered i n 
LUMINARY). 

UPSVFLAG: Single precision fla g l oaded with a state vector update 
(address of UPSVFLAG is just before that of ,BRECT) to indicate 
whether update i s fo r LM state or CSM state and whether it is in 
moon-centered or e~rth- centered coordinat es , scaled B14 and 
unitless . See ORBI - 22. 

QR?V: Double precision p8sition vector in moon-centered, moon­
fixed coordinates , scaled Bl and unitless. 

UX: Dou1 ,l e precision lunar X-axis expressed in reference coordinates 
for tl e oblateness calculations, scaled Bl and unitless. 

UZ: Double precision p8lar vector for earth or moon expressed in 
reference coordinat es f or the oblateness calculations, scaled Bl 
and unitless. 

YATT: Do·.1ble precision vel ocity vector output from orbital integration , 
valid at time TAT, scaled B7 in units of meters per centisecond. 
(Called JATTl ~nd scaled B7 (earth ) or B5 (moon ) f or output to routines 
desiring segregated scaling. ) 
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VCV: Double precision conic portion of the velocity vector at TET, 
computed from the osculating conic at rectification (TET - TC), 
scaled B? (earth) or B5 (moon) in units of meters per centisecond. 

:yECTABi: Temporary storage for total position vectors wit h respect to 
primary and one secondary body at the beginning, middle and end of 
each integration time-step for use in W-matrix propagation. 

yN, yNl: See SERV section. 

VRECT: Double precision total velocity vector at last rectification 
scaled B? (earth) or B5 (mo~n) in units of meters per centisecond. 

[ w]: See RNAV section. 

X1, X2: Index registers one (1) and two (2) respectively. 

XKEPNEW, XPREV: See CONG section. 

YV: Double precision position deviation vector scaled B22 (earth) or 
- Bl8 (moon) in units of meters. (State vector or W-matrix.) 

ZV: Double precision velocity deviation vector scaled B3 (earth) or 
B-1 (moon) in units of meters per centisecond. (State vector or 
W-matrix.) 
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Program Service Routines 

Inhibit interrupts 

Perform 11STARTSUB 11 

Switch DSPTAB11 to 100 000 000 x0x 0002 

ERCOUNT = 0 

FAILREG. = 0 for i = 0, 1, 2 
l. 

REDOCTR = O 

Channel 77 = 0 

( INTR) 

(TEST) 

(PGSR) 

(PGSR) 

DSRUPTSW = -5120 (INTR) 

D0FSTART Switch channel 11 to 20000
8 

(bit 14 is engine off) 

THRUST = -0 (DESC) 

D0FSTRTl RCSFLAGS = 00004
8 

(DAPA) 

ABDELV = 0 ( SERV ) 

NVSAVE and DSPFLG2 = 0 (PGSR) 

CH5MASK, CH6MASK, and PVALVEST = 0 (DAPA) 

EREST0RE = 0 (TEST) 

SM0DE = +0 (TEST) 

DNLSTC0D = 0 (TELE) 

AGSW0RD = 0 (EXVB) 

UPSVFLAG = 0 ( 0RBI) 

Switch channels 5, 6, 12, 13, and 14 to 00000
8 

If DSPTAB11 bit 4 (no attitude) and bit 6 (gimbal lock 
warning) both= 1: 

Switch channel 12 to 00050
8 

Make all restart groups inactive 

M0DREG = -0 

IM0DESJ0 = 374118 

DB= K:MAXDB 

RATEINDX = 2 

DAPBO0I.S = 213228 
Df'C'D , 

(DAPB) 

(DAPB) 

(DAPA ) 



EBANK = K: EBANK6 

STIKSENS = K:STIKSTRT (DAPA) 

RATEDB = K:RATESTRT (DAPA) 

HI ASCENT = K:FULLAPS (DAPB) 

DKTRAP = K: 770010CT (DAPA) 

LMTRAP = K:770010CT (DAPA) 

DKKAOSN and LMKAOSN = 60 ( OAP A) 

LMOMEGAN = 0 ( DAP A) 

DKOMEGAN = 10 (DAPA) 

DiillB = 002008 (DAPB) 

IMODESJJ = 16040
8 

(INTR) 

Switch FLAGWRDi to 000008 for i = O, 1, 2, 4, 5, 6 , 9 

FLAGWRD7 = 001008 

FLAGWRD8 = 000 xxO OxO 000 000 2 (leave bit 12 (CMOONFLG), bit 

11 (LMOONFLG), and bit 8 (SURFFLAG) alone) 

FLAGWRDJ = OOx OxO 000 000 0002 (leave bit 13 ( REFSMFLG) a.1d 11 ( NODOP07) 
alone) 

FLGWRDlO = OOx 000 000 000 0002 (leave bit 13 (APSFLAG) alone) 

FLGWRDll = 400008 (bit 15 is LRBYPASS) 

Proceed to 11 DUMMYJB2" 

STAH.TSUB D\ TMGOTO = "DNPHAS El" 

F 4..DMODES = 00102
8 

+ bit 6 of channel JJ (LR pos) 

STA.1 ,TSBl Set TIMEJ to cause program interrupt #3 in 10 milliseconds 

Set TIME4 to cause program interrupt #4 in JO milliseconds 

Set TIME5 to cause program int errupt #2 in 40 milliseconds 

E3ANK = K:EBANK6 

Switch RCSFLAGS bit 13 to 0 

T6NEXTTM0 = 37777
8 

(disable TIME6 clock) 
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Switch bit 15 of channel 13 to 0 

NXT6AXIS = 0 

NEXTP = 000008 

Switch DAPB00LS bit 3 (ACCS0KAY) to 0 

T5ADR = 11 DAPIDLER 11 

If FI.DWRD11 bit 15 ( IBBYPASS) = 1, proceed to 11 STARTSB2" 

If STILBADH ) 0, skip next line 

STILBADH = STILBADH + 1 

If STILBADV > 0, proceed to 11 STARTSB2 11 

STILBADV = STILBADV + 1 

STARTSB2 Switch channel 11 to 0xx 000 000 000 00x2 (leave engine on/off and ISS warning alone) 

RADM0DES = x00 x0x xxx xxx xx0
2 

Switch channel 12 to 0x0 xxx x00 xxx 000~ 
,::_ 

F1.GWRD11 = xxx xxx xxx xxx 0xx2 (set R12RDF1.G to zero) 

Switch FLAGWRD5 bit 4 (N0RRM0N) and bit 11 (R77FLAG) to 0 

Switch channel 13 to xxx 100 00x xx0 0002 

Switch channel 14 to 000 000 000 xOx 0002 

EBANK = K:STARTEB 

Set all 8 waitlist times to 81.93 seconds 

Set all 9 waitlist task addresses to 11 SVCT3 11 

Make all 8 job register sets available 

DSRUPTSW = -0 

NEWJ0B = -0 
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Make all 5 VAC areas available 

DSPTABi = -040008 for i = 0-10 

DELAYL0Ci = 0 for i = 0, 1, 2 

RlSAVE = 0 

INLINK = 00000
8 

DSPCNT = 0 

CADRST0R = +o 

REQRET = +0 

CLPASS = 0 

DSPL0CK = 0 

M0NSAVE and M0NSAVEl = 0 

VERBREG and N0UNREG = 0 

DSPLIST = +o 

MARKSTAT = +o 

EXTVBACT :.: 0 

IMUCADR = +o 

0PTCADR = +o 

RADCADR = +0 

ATTCADR = +o 

LGYR.0 = +o 

(HATX) 

(negative for output) (DSKY) 

(MATX) 

(DINT) 

(TELE) 

(INTR) 

(DINT) 

(DSKY) 

(DSKY) 

(DSKY) 

(DATA) 

(DATA) 

(DINT) 

(ALIN ) 

(EXVB) 

(IMUC) 

(ALIN) 

(RADR) 

( IMUC) 

F'LAGWh f) · = 00000
8 

(kill di splay inter f ace rout ine action) 

N0UT = 11 (-INTR) 

RADUSC = -1 (RADR) 

IMuDES3J = 001 110 000 x00 0002 (set PIPA good, downlink 

g~od, upl i nk good bits; leave DAP disable bit alone ) 
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V37 

V37LJAD 

CANV37 

SELFRET = 11 SELFCHK" 

DSPCOUNT = -19 

Return 

If IMODESJO bit 6 = 1: (IMU caged) 

Perform "ALARM" with TS= 015208 
Proceed to "V37BAD 11 

If MMNUMBER = 70, proceed to "P70" 

If MMNUMBER = 71, proceed to 11 P71" 

If MMNUMBER = 0: 

If FLAGWRD7 bit 6 (V37FLAG) = O, proceed to 11 CANV37" 

(Otherwise, 11SERVICER 11 is running; cause it to exit to 
11 CANV37") 

Switch FLAGWRD7 bit 5 (AVE GFLAG) to O 

End job 

If FLAGWRD2 bit 1 (NODOFLAG) = 1: 

Perform "ALARM" -with TS= 01520
8 

Proceed to "V37BAD" 

(TEST) 

(DSKY) 

If MMNUMBER 1 low 7 bits of K:PREMMli for some i from Oto 24: 

Switch bit 7 of channel 11 to 1 (operator error) 

Proceed to "V37BAD" 

MINDEX = i for which MMNUMBER = low 7 bits of K:PREMMl. 
l 

Perform "ENGINOF1" with interrupts inhibited 

If FLAGWRD7 bit 6 (V37FLAG) z, 0, proceed to "CANV37" 

Switch FLAGWRD7 bit 5 (AVEGFLAG) to 0 

End job 

Perform 11RELDSP 11 

Proceed to 11 PINBRNCH 11 (reinstitute any interrupted display) 

SUPERBNK = 0 
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Perfonn II INTSTALL" ( wait until i ntegration is free ) 

Switch FLAGWRD5 bit 6 ( 3AXISFLG) to 0 

Switch F LAGWRD3 bit 15 (POOHFLAG) to 0 

Switch FLGWRDll to 40000
8 

Switch FLA GWRD3 bits 9 (R0 4FLAG) a nd 14 (GLOKFAIL) to 0 

Swi t ch FLAGWRD6 bit 8 (MUNFLAG) to 0 

Switc h F LA GWRD9 bit 7 (ABTTGFLG) to 0 

Switc h DAPBOOLS bit 9 (XOVINHIB) to 0 

If MMNUMBER = 0 , proceed to " POOH" 

Ir FLAGWROO b i t 7 (RNDVZFLG) a nd 9 (P25FLAG) both = 0 : 

Switc h FLAGWROO b i t 8 ( IMU SE) to 0 

DNLSTCOD = K: DN LADMM¾INDEX 

11 '1i liit i nterrupts 

Prn eed to " SEI DOPOO " 

POOH r-iert'o nn 11 RELDSP 11 

SE1 DGPOO 

In hi bit i n te t-ru pts 

ww i i ~Ji HADMODE.'3 b it s 10 ( DESI GFLG) and 1 5 ( CDESFLA ) Lo 0 

.3wltc:h bit 2 til' channel 1 2 to 0 (d isable RR Erro r coun ter ) 

~,witch FLAGWH.Ji2 b it 1 (NOOOFLAG) t o 0 

Clea r P20 , P25 restar t logic and cause "G0PROG'3 " to 
e r talJ j sh "STATI NTl" 

S, itl r. F'LAGWRDO bits 7 (RNDVZFLG) , 8 (IMUSE) and 9 (P25FLAG) t o 0 

DNLSTC00 = 0 

AG -;woRD = DNLSTCOD 

Ss L bit 11 of F LA.GWRDJ (NODOP07) to 1 

P"' · '. rm 11 ALLCOAST 11 
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P..ESET22 

DSPFLG2 = 776578 

Switch FlAGWRDl bit 5 (TRACKFLG) and 7 (UPDATFLG) to 0 

If MMNUMBER = 0: 

Maintain 11 STATINT1 11 restart logic and clear all other 

MiJDREG = 0 

Proceed to "GOPROG2" 

If MODREG or MMNUMBER = 22: 

Switch FLAGWRDO bit 7 (RNDVZFLG), bit 8 (IMUSE) and bit 
9 (P25FLAG) to 0 

Switch RADMODES bit 10 (DESIGFLG) and 15 (CDESFlAG) to 0 

Switch channel 12 bit 2 to 0 

Clear P20, P25 restart logic 

Cause 11 GOPROG3" to establish 11 V37XEQ 11 

Proceed to 11 GOPROG2" 

If MMNUMBER 1 20 or 25: 

If FlAGWRDO bit 7 (RNDVZFLG) or bit 9 (P25FLAG) = 1: 

Proceed to 5th step of 11 RESET22" 

Proceed to 11 RESET22 11 

If MODREG = 20 or 25: 

Proceed to 4th step of "RESE'f?.2 11 

If MMNUMBER = 20 and FLAGWRDO bit 7 ( RNDVZFLG) = 1 and bit 9 
(P25FLAG) = 0, or if MMNUMBER = 25 and FLAGWRDO bit 9 (P25FlAG) 
= 1 and bit 7 (RNDVZFLG) = 0: 

Switch FLAGWRDl bit 5 (TRACKFLG) and 7 (UPDATFLG) to 1 

Maintain P20, P25 restart loGic and clear all other 

MODREG = MMNUMBER 

Proceed to 11 GOPROG2 11 

Proceed to 4th step of 11 RESET22" 
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VJ ?XEQ Inh i bit interr upts 

MMTEMP = K:PREMMlMINDEX 

ii = bits 15-1] of MMTEMP (priority ) 

BASETEMP = K:FCADRMMlMINDEX 

Es t abl ish j ob specifi ed i n BASETEMP 

MODREG = MMNUMBER 

Es tabJ.ish 11 DSPMMJOB 11 

Perform "RELDSP" 

Re l ease i nterrupt inhibit 

End job 

( EBAN K infri rma t h n i.n ( pri i ) 
h i ts 8 -10 of MMTEMP ) 

( pr30) 

VBRQ EXEC (En t ered f r om 11VERBFAN" on verb 30; DSPTEM1t p must be loaded 

with three s i ngl e preci s ion components as f ollows: 

DSP'l EMl 
DSPTEMl O 
DSPTEMl ~ 

Opp PPP 000 000 OOv 
000 sss s s s sss ss s 
f f f ffO OOx xxO eee 

whe r e "p" represents one of the bits of the five-bit prior i ty 
to be a ssigned to the j ob; "v" is a s ing1e binary bi t indica ting 
whether t he job is to be a s signed wor king stor age (1) or not (OJ; 
" s 0 is one of the 12 bi t s of t he 11 S-regi ster" portion of the 
address ; "f" i s one of the bits of t he f i ve-bit f i xed-memory­
hank code ; "x" is one of th e bi ts i n the t hree-bi t f ixed- bank­
P. xtens i on code; "e" is one of the bits in t he t hree- bi t era sable 
memor y- bank co de ; and "0" i s a binary zer o . ) 

Perform 11 RELDSP" 

Es tah] i sh j ob whose s t art i ng addr es s i s contained i n 2CADR f orm 
in DS?TEM1

1 
1:1.n d DSPTEMJ. 2 , wi t h pr i or ity and s t orage aJJ.o ca ticm 

, ,:,.or,ling t.o the i .. fo r mati on i n DSPTEM1
0

. ( "FINDVAC" or 11 NOVAC11 ) 

LnL, job 

VBflOWA IT ( En tered fro m 11 VERBFAN" on verb 31; DSPTE~l tp must be pr e l oaded 

wi t h three s ingle precis i. on components a s f ollows : 
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G0PR0G 

DSPTEMl.0 DSPTEM11 DSPTEM12 

time in centiseconds scaled B14 
000 sss sss sss sss 
fff ff0 0Ox xx0 eee 

where "s, f, x" and "e" have the meanings described above.) 

Perform "RELDSP" 

Call the task whose starting address is contained in 2CADR form 
in DSPTEM11 and DSPTEMJ..2, in DSPTEMl.0 centiseconds. ( "WAITLIST" ) 

End job 

RED0CTR = RED0CTR + 1 (hardware restart) 

RSBBQ = address of step performed before restart occurred 

If bit 4 of DSPTAB11 = 1: (no attitude lamp on) 

Switch bits 4 and 6 of channel 12 to 1 
(coarse align discrete, ICDU Error Counter enable) 

Perform II LIGHTSET" 

If bits 15-11 of EREST0RE f 0: 

Perform II STARTSUB" 

Proceed to 11 D0FSTRT111 

If EREST0RE f 0: 

If EREST0RE f SKEEP?: 

Perform "STARTSUB" 

Proceed to 11 D0FSTRT1" 

EBANK = bits 11-9 of SKEEP4 

i = SKEEP? 

Ei = SKEEP5 

i = SKEEP? + 1 

Ei = SKEEP6 

EREST0RE = 0 

Perform "STARTSUB" 

Switch FLGWRDl0 bit 14 (INTFLAG) to 0 

Switch DSPTAB11 to 100 000 x00 xOx 0002 
(bit 15 is flag for output; leave bits 9,6,4 alone) 
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Switch IM0DESJ0 to 011111 xO0 0xx xOx2 
(leave lMU , CDU, and both PIPA fai l monitor bits alone) 

DNLSTC0D = AGSW0RD 

Switch bit 4 of channel 14 to 1 

If FLAGWRD5 bi t 7 (ENG0NFLG) = 1: 

(thrust drive discrete) 

Switch bit 13 of channel 11 to 1 

Skip next line 

Switch bit 14 of channel 11 to 1 

Proceed to 11 G0PR0GJ" 

(engine on discrete) 

(engine off discrete) 

LIGHTSET If bit 5 channel 16 = 1 and channel 15 = 228 : 

ENEMA 

Perform 11 STARTSUB" 

Pro c~eed t o 11 D0FSTART" 

Return 

Inhibit interrupts 

Perform 11STARTSBl" 

3kip next line 

G0PR0G2 Perform 11 STARTSB2 11 

G0PR0G2A Perform "LIGHTSET" 

G0PR0GJ 

Switch FLGWRDl0 bit 7 (REINTFLG) and bit 14 (INTFLAG) to 0 

If restart information is stored improperly: 

Peri , . m II ALARM" with TS = 01107 8 

Pro ~eed t o 11 D0FSTRTl 11 

Establish 11 DSPM}LJ0B 11 (pr30 ) 

~el ease interrupt inhibit 

I nhibit interrupts 
(allows possibili ty of interrupt) 
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Switch FLAGWRDl bit 14 (DIDFLAG) to 0 

Switch FLAGWRDl bit 12 (RODFLAG) to 0 

Switch FLAGWRDO bit 11 (P21FLAG) to 0 

If all restart groups are inactive: 

If bit 15 of MODREG = 1, proceed to "ENDRSTRT" 

Proceed to "GOTOPOOH" ( 11 GOFLASH11 will put 11 DSPMMJOB 11 to 
sleep, leaving program number blank) 

Restart all jobs and tasks indicated by active restart groups 

ENDRSTRT Proceed to "DUMMYJB2" 

GOTOPOOH Switch DAPBOOLS bit 9 (XOVINHIB) and bit 6 (ULLAGER) to 0 

ALARM2 

Inhibit interrupts 

Switch F1AGWRD4 bit 1 (XDSPFLAG) to 0 

Release interrupt inhibit 

Proceed to "GOFLASH" with TS = K:V37N99 (noun not processed) 
(If terminate, repeat this step; if proceed, repeat this 
step; if other response, repeat this step.) 

Inhibit interrupts 

ALMCADR0 = "calling address+ 111 

A1MCADR
1 

= BBANK + SUPERBNK 

If FAILREG0 = 0: 

(S-register portion) 

(or 1 ed into bits 7-5) 

FAILREG
0 

= TS (TS contains alarm code) 

Proceed to 11 PROGLARM11 

If FAILREG
1 

= 0: 

F AILREG l = TS 

Proceed to 11 PROGLARM 11 

PROGL.ARM FAILREG
2 

= TS 

Switch bit 9 of DSPTAB
11 

to 1 and flag for output 

Release interrupt inhibit 

Return 
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BAILOUT Inhibit interrupts 

ALMCADR0 =- "calling address + l" 

Perform "ALARM2" 

(S-register portion) 

WHIMPER Resume (after this Resume, return is to next line) 

Proceed to "ENEMA" 

P00D00 Inhibi t interrupt s 

ALMCADR0 =- ,: Galling address + l" (S-register portion) 

Perform "ALARM2" (TS contains the alarm code) 

Switch FLAGWRD3 bit 5 (STATEFI..G) to 0 

S\Jitch FI..GWRDl0 bit 7 (REINTFI..G) to 0 

Switch FLA GWRD2 bit 1 (N0D0FLAG) t o 0 

lf FLAGWRD7 bit 6 (V37FLAG) = 1, proceed 

Make all restart groups i nac tive 

Proceed to "WHIMPER" 

CURTAINS Inhibit interrupts 

ALMC ADR0 = "calling address+ l" 

Perform "ALARM2" with TS = 00217 
8 

• Re turn 

BAIL0UTl Inhibit interrupts 

ALMCADRdp = TSlrlp 

t-'eri'orm "ALAhM'."' 11 starting at second line 

Inhibit i nterrupts 

Proceed to "WHIMPER" 

P00D00J Inhibit interrupts 
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ABORT 

P06 

Perform 11 ALARM2" starting at second line 

Proceed to 4th line of 11 POOD00" 

Proceed to "WHIMPER" 

Switch FLAGWRD2 bit 1 (NODOFLAG) to 1 

Inhibit interrupts 

TIME2SAV = TIMENOW 

= channel 3, channel 4 (sampled with special pre-
caution to assure that the two halves are consistent) 

Release interrupt inhibit 

If TIMENOW was incremented during the last 1/3200 of a second 
(channel 4 = xxx.5 centiseconds): (TIMENOW incompatible with 

channel 4) 
Proceed to second step of 11P0611 

TSt = TSt rounded to the nearest centisecond 

SCALSAVE = TSt 

Inhibit interrupts 

Perform 11RNDREFDR" 

Switch FLAGWRDO bit 8 (IMUSE) and bit 7 (RNDVZFLG) to 0 

Switch bit 11 of channel 13 to 1 (enable standby) 

Set restart tables to establish "POSTAND" when a restart is 
triggered by the recovery from standby 

Proceed to 11 GOPERF1 11 with TS= 000628 (If terminate, repeat this step; if proceed~ repeat this 
step; if other response, repeat this step.) 

POSTAND Switch bit 11 of channel 13 to 0 (disable standby) 

Inhibit interrupts 

TIMENOW = 0 

= channel 3, channel 4 (sampled with special pre-
caution to assure that the two halves are consistent) 
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VJ7RET 

ALARHl 

Release interrupt inhibit 

If TIMEN0W was incremented during the last 1/3200 of a second 
(channel 4 = xx:x.5 centiseconde): 

Proceed to second step of 11 P0STAND" 

TSt = TSt rounded to the nearest centisecond 

TS= TSt - SCALSAVE . (rescaled from B23 to B28) 

Force sign agre~ment in TS 

If TS < -0, TS = 223 + TS 

TS t = TIME2SA V + TS 

Force sign agreement in TSt 

TIMEN0W = Tii1EN0W + TSt 

Switch FLAGWRD2 bit 1 (N0D0FLAG) to 0 

Proceed to 11 G0T0P00H" 

If FLAGWRD0 bit 7 (RNDVZFLG) = 1: 

Cause 11 GOPROG3" to call 11P20LEMC1 11 in 15 seconds 

Proceed to "CANV37" 

If FLAGWRD0 bit 9 (P25FLAG) = 1: 

Cause "G0PR0G3 " to establish "P251EM1" 

Proceed to "CANV37" 

Inhibit interrupts 

ALMCADtldp = TSldp 

l 'roceed to second step of "ALARM2" 

VARALARE I nhi bit inter rupts 

ALMCADR0 = "calling address+ 111 

Perform "ALARM2 11 

Proceed to ALMCADR0 
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CCSHOLE Inhibit interrupts 

ALMCADR0 = "calling address+ 111 (S-register portion) 

Proceed to third line of 11 P00D00" with TS= 211038 

PGSR - 15 



Qna ntities in Computa t i ons 

AGSW0RD: See EXVB section. 

fillCAD~: Double precision storage for return address (address in most 
significant ha.lf, bank information in least significant half) of the 
routine that generated the latest alarm. 

BASETEMP: Single precision storage for octal address of program to be 
started by verb 37. 

BBANK : A computer hardware cell containing in bits 15-11 the fixed 
memory bank (FBANK) currently being used and in bite J-1 the 
erasable . memory bank number. 

DNLSTC0D: See TELE section. 

DSPFLG2: See DINT section. 

DSPTAB11 : See INTR section. 

DSPTEMl: See DATA section. 

Ei: Single precision memory cell whose address is in i. 

EBANK: See MATX section. 

EREST0RE: See TEST section. 

FAILRiGi (i = 0,1,2) : Three single precision register• used for atorage 
of alarm code inforaation. FAILREG0 1 are zeroed via an •error reset", 
FAILREG 2 is unaltered. All three re~Isters are ze roed by a Verb 36 
(fresh start). FAILRE~0 contains the first alarm code generated after 
the "Error Reset"; FAILREG1 contains the second; and FAIIREG

2 
always 

contains the most recent. 

IM0DESJ0: See I MTJC section. 

IM0DESJJ : See INTR section. 

K:770010CT : Single precision constant stored as 7?0018 , scaled B- 3 
i n units of revolutions per second. Equation value: -0.00389 . 
( ~quation value: - 1 . 4 degrees per secoAd . ) 

K: DNLADMMl. ( i = 0-21► ) : Table of 25 single precision indexes which 
determifie the do\offilist sent during each major mode. See table below. 

K:EBANK6: Single preci sion constant stored as 030008 , scaled B6 and 
tL1it less . Equation value: 6 . 

K:FCADRMMli ( i = 0-24): Table of 25 single precision addresses of the 
25 major mode programs. See table below. 
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-16 K:FULLAPS: Single precision constant stored as 5050 x 2 , scaled 
B16 in unite of kilograms. F.quation value: 5050. 

K:MAXDB: Single precision constant stored as 03434R; used to initial­
ize the attitude deadband. Scaled B-3 in revolutions and corresponds 
to approximately 5 degrees. 

K:PREMMli (i= 0-24): Table of 25 major mode numbers with associated EBANK 
settings and priorities. 

K:RATESTRT: Single precision constant stored ae 77445
8

, scaled B-3 in 
· unite of revolutions/second. Used to initialize location -RATEDB 

(referred to as RATEDB in DAPA section) in "DOFSTRTl". Equation 
value: -0.001663208. 

K:STARTEB: Single precision constant stored as 01400
8

, scaled B6 and 
unitlese. Equation value: 3. 

K:STIKSTRT: Single precision constant stored as 32321g, scaled B-15 
in revolutions per second/RHC counts. Used to initialize location 
STIKSENS in 11 DOFSTRT1". Equation value: 0.00002518. 

MINDEX: Single precision register used to select the appropriate 
table entries for a V37 selected program change (loaded based 
upon equality of MMNUMBER and bits 7-1 of K:PREMMli with the 
value of i.) 

MMNUMBER: Single precision storage for the desired value of the major 
mode register, scaled Bl4 and unitless. 

MMTEMP: Single precision storage for the number of the program being 
started by verb 37 (bits 7-1, bits 10-8 for EBANK) and for the priority 
with which the program is to be started (bit3 11-15). 

MODREG: See DATA section. 

NVSAVE: See NVWORD in the DINT section, 

RADMODES: See RADR section. 

REDOCTR: Single precision counter set to zero in a fresh start and in­
cremented whenever a hardware restart occurs; scaled Bl4 and unitless. 

RSBBQ: Storage for the value of the address where a hardware restart 
occurred. The most significant part contains the BBANK and SUPERBNK 
information; the least significant part contains the Q-register in­
formation. 

SCALSAVE: Double precision value of the standby clock (channels 3 and 4) 
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at the time program 06 enables standby, scaled B23 i n un i ts of centi­
seconds. 

SKEEP4, SKEEP5, SKEEP6, SKEEP7: See TEST section. 

STILBADH : See SERV section . 

STILBADV: See SERV section . 

SUPERBNK : See MATX section. 

TIMEJ, TD1E4, TIME5: See "Ma jor Var iables" section . 

TIME2SAV: Double precision value of TIMEN0W when program 06 enables 
standby, scaled B28 in units of centiseconds . 

TIMEN0W: See EXVB section. 
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MAJOR ~ODE CHANGE CONSTANTS 

i K:PREMMl K:FCADRMMl K:DNLADMMl 
prio EBANK MM (octal address) 

0 13 7 76 P76 2 (RENDEZVL) 
1 13 7 7, P75 2 ( RENDEZVL) 
2 13 7 74 P74 2 (RENDEZVL) 
3 13 7 73 P73 2 (RENDEZVL) 
4 13 7 72 P72 2 (RENDEZVL) 

5 13 7 68 LANDJUNK 4 ( DFSASCNT) 
6 13 7 63 P631M 4 (DFSASCNT) 
7 13 5 57 P57 5 ( LUNRSALN ) 
8 13 5 52 PROG52 0 (COOTALIL) 
9 13 5 51 P51 0 ( COSTALIL) 

10 13 7 47 P471M 3 ( ORBMANlTL) 
11 13 7 42 P42LM 3 ( ORBMANUL) 
12 13 7 41 P411M 3 ( ORBMANUL) 
13 13 7 40 P40LM 3 ( ORBMANUL) 
14 13 7 35 P35 2 (RENDEZV L) 

15 13 7 34 P34 2 (RENDEZVL) 
16 13 7 33 P33 2 (RENDEZVL) 
17 13 7 32 P32 2 (RENDEZVL) 
18 13 7 30 PJO 2 (RENDEZVL) 
19 13 7 25 PROG25 2 (RENDEZVL) 

20 13 7 22 PHOG22 5 ( LUNRSALL) 
21 13 7 21 PROG21 2 ( RENDEZV L) 
22 13 7 20 PROG20 2 (RENDEZVL) 
23 13 7 12 Pl21M 4 (DESASCNT) 
24 13 4 06 P06 0 ( COST ALI L) 
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Radar Control Routines 

RRAUTCHK If bit 2 of channel 33 = bit 2 (AUTOMODE) of RADMODES: 

Proceed to "RRCDUCHK" ( ON/OFF status of RR unchanged) 

Set RA.DMODES bit 2 (AUTOMODE) = bit 2 of channel 33 

Switch bits 15 (CDESFLAG), 14 (REMODFLG), 13 (RCDUOFLG), 
11 (REPOSMON) and 1 (TURNONFL) of RADMODES to 0 

If RADMODES bit 2 (AUTOMODE) = 1: ( RR just turned off) 

S1,1itch bit 2 of channel 12 to O ( disable RRCDU Error Counters) 

Proceed to 11RRCDUCHK 11 

Switch RADMODES bits 1 (TURNONFL) and 13 (RCDUOFLG) to 1 

Call 11 RRTURNON 11 in 0.01 second 

Proceed to "NORRGMON" 

RRCDUCHK If bit 7 of channel 30 = bit 7 (RCDUFAIL) of RADMODES: 

Proceed to 11RRGIMON 11 (RR CDU fail discrete unchanged) 

If RADMODES bit 2 (AUTOMODE) = 1, proceed to 11 NORRGMON 11 

(RR not in auto mode: might be reading LR data) 

Set RADMODES bit 7 (RCDUFAIL) = bit 7 of channel 30 

If RADMODES bits 13 (RCDUOFLG), 7 (RCDUFAIL) and 2 (AUTOMODE) 
= O, and FLAGWRD0 bit 7 (RNDVZFLG) = 1: 

Perform 11 ALARM 11 with TS= 005158 

Perform 11 SETTRKF 11 

RRGIMON If FLAGWRD5 bit 4 (NORRMON) = 1, proceed to 11 NORRGMON 11 

If FLAGWRD? bit 5 (AVEGFLAG) = 1: 

If FLAGWRD6 bit 8 (MUNFLAG) = 1, proceed to 11 NORRGMON 11 

If RADMODES bit 14 (REMODFLG), 13 (RCDUOFLG), 11 (REPOSMON) or 
2 (AUTOMODE) = 1, proceed to 11 NORRGMON 11 
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Perform "RRLIMCHK" with TS0 = CDUt and TS 1 = CDUs 

If TSchk = 0: (RR positioned out of limits) 

Switch RADMODES bit 11 (REPOSMON) to 1 

S.ri tch bi ts 14 and 2 of channel 12 to 0 
(Disable RR tracker and RRCDU Error Counter) 

Call 11 DORREPOS 11 in 0 . 02 second 

NORRGHON If RADMODES bi t 2 (AUTOMODE) = 1: 

Switch bit 1 of channel 12 to 1 (Zero RR CDUs) 

Return ( to caller of "RRAUTCHK" in the T4RUPT r outine) 

RRTURNON Perform "RRZEROSB" 

Delay 1 s~cond 

Switch RADMODES bit 1 (TURNONFL) to O (Turn-on complete) 

End task 

RRZEROSB Swi tch bit 1 of channel 12 to 1 (Drive RR CDUs to zero) 

SETTRKF 

Delay 0.02 second 

CDU t = 0 

CDU = 0 
s 

Switch bi t 1 of channel 12 to O (Release RR CDUs ) 

Delay 10 seconds (Allow time for CDUs to match gimbal angles) 

s ,..,itch RADMODES bit 13 (.1t DUOFLG) to 0 

If ICDUtl ~ K:p25, switch RADMODES bit 12 (ANTEN.l<'LG ) to 0 

11' ICDUt l :> K: p25 , swi tch RADMODE bit 12 (ANTENFLG ) t o 1 

Perform 11 SETTRKF 11 

Return 

If bit 1 of IMODES33 = 1, r eturn (lamp t est in progr ess) 

( bi t 8 = 1 ) 
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If RADM0DES bit 13 (RCDU0FLG) , 7 (RCDUFAIL) ,r 2 (AUT0MODE) = 1: 

If RADM0DES bit 4 (RRDATAFL) = 0, TS= 000008 (bit 8 = 0) 

If bit 8 of DSPTAB11 i bit 8 of TS: 

Set bit 8 of DSPTAB11 = bit 8 of TS (tracker fail light) 

Switch bit 15 of DSPTAB11 to 1 (flag for output) 

Return 

D0RREP0S Perform "SETRRECR" 

Delay 0.02 second 

RDES = 0 

If RADM0DES bit 12 (ANTENFLG)= 1, RDES = -½ (-180° for Mode II) 

Perform 11 RRT0NLY" 

RDES = 0 

If RADM0DES bit 12 (ANTENFLG)= 1, RDES = - K:1st (-90°) 

Perform 11 RRS0NLY11 

SWitch RADM0DES bit 11 (REP0SH0N) to 0 (repositioning complete) 

If RADM0DES bit 10 ( DESIGFLG) = 1 , proceed to II BEGDES" 
(someone waiting to designate) 

Switch bit 2 of channel 12 to 0 (disable RR Error Counter) 

End task 

SETRRECR If bit 2 of channel 12 = 0: (RR Error Counters disabled) 

switch bit 2 of channel 12 to 1 

LASTTCMD = 0 

LASTSCMD = 0 

Return 

RRT0NLY RRRET = return address 
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RRINDEX = 0 

Proceed to "RR1AX2" 

RRSONLY RRRET = return address 

RR1AX2 

RROUT 

RRINDEX = 1 

I f RADMODES bits 14 (REMODFLG) and 11 (REPOSMON) both= 1: 
(Remode requested while repositioning in progress) 

Switch RADMODES bit 11 (REPOSMON) to 0 

If RADMODES bit 10 ( DESIGFLG) = 1 , proceed to "BEGDES" 
(Soireone waiting to designate) 

Svitch bit 2 of channel 12 to 0 

End task 

I f RRINDEX = O, TS= RDES - CDUt 

If RRINDEX = 1 , TS= RDES - CDU 
s 

(disable RRCDU Error Counter) 

(one's complement difference 
of two's complement angles) 

If fTsf f K:0.0055 5 or RADMODES bit 2 (AUTOHODE) = 1, return 
via RRRET 

TRUNNCMD . = 0 for i = 0 and 1 
l 

TRUNNCMDRRINDEX = K:RRSPGAIN TS 

Perform "RROUT" 

Delay 0. 5 second 

Proceed to "RR1 AX2" 

TS= TRUNNCMD 1 

If /TS/ > K:rrlimit , TS = K:rrlimi t signTS 

~DUSCMD = TS - LASTSCMD 

ASTSCMD = TS 

TS = TRUNNCMD0 

If !TS I > K: rrlimit , TS = K:rrlimit signTS 

CDUTCMD = TS - LASTTCMD 

LASTTCMD = TS 
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Switch bits 12 and 11 of channel 14 to 1 
(Send contents of CDUTCMD and CDUSCMD to RR CDU's) 

Return 

RRDESSM DESRET = return address 

Switch FLA(l,.]RD() bit 6 (RRNBSW) to 0 

Perform II CDUTRIG'' 

Perform II SMI'ONB" 

TSlos = [SMNBMA'fl RRTARGET 

Perform 11 RRANGLES11 

Inhibit Interrupts 

Perform 11 RRLIMCHK11 with TS0 = MODEPRES0 _and TS1 = MOJDEPRES1 

If TSchk = 0: (not within limits in present mode) 

If FLAG,,lRD8 bit 8 (SURFFLAG) = 1: 

RADCADR = +o 

RADLIMCK = 0 

Proceed to II DESRETRN11 

Perform II RMODINV1' 

Perform II RRLIMCHK11 with TS0 = MODEALT0 and TS1 = MODEALT 1 

If TSchk = 0: (not within limits of either mode) 

Perform II RMODINV11 

RADLIMCK = 1 

RADCADR = +O 

Proceed to 11 DESRETRN 11 

Perform 11 RMODINV11 

Switch RADMODES bit 14 (REMODFLG) to 1 (request remade ) 
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RADLIMCK = 2 

Proceed to "STARTDES" 

RRDESNB DESRET = return address 

Switch FLAGWRD2 bit 12 (LOSCMF'LG) to 0 

DFSCOUNT = K:MAXTRYS 

Inhibit Interrupts 

Perform "RRLIMNB" with TS0 = TAN(b and TS1 = TANG1 

If TSchk = 0: (not within limits of present mode) 

Perform "RMODINV" 

Perform "RRLIMNB" with TS0 = TANG0 and TS 1 = TANG1 

If TSchk = 0: (not within limits in either mode) 

Perform "RMODINV" 

Perform "ALARM11 with TS = 005028 

Inhibit Interrupts 

Switch RADMODES bits 10 (DESIGFLG) and 15 (CDESFLAG) to 0 

Switch bit 2 of channel 12 to O (disable RRCDU Error 
Counters) 

End job 

Perform "RMODINV" 

Switch RADMODES bit 14 (REMO DFLG) to 1 

Release inte rrupt inhibit 

TAN CNB . = TAN G. for i = 0 and 1 
l l 

Perform " RRNB" (get LOS vector in NB coordinat es ) 
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flRT AR GET = !S 

Svlitch FLAGtIBDO bit 6 (RRNBSW) to 1 

Inhibit interrupts 

STARTDES Switch RADMODES bit 10 (DESIGFLG) to 1 

If RADMODES bit 11 (REPOSMON) , = 0: 

Perform "SETRRECR" 

Call "BEGDES" in 0.02 second 

DESREI'RN If RADCADR / O, end job 

Release interrupt inhibit 

Return via DESRET 

( see "DORREPOS" ) 

RRLIMCHK TSchk = 1 (Entered with angles in two's complement form) 

If RADMODES bit 12 ( ANTENFLG) = 0: (Mode I) 

If ITsol > K:0.30555, TSchk = O 

If \TS1 + K:5.5DECS\) K:0.35833, TSchk = 0 

Return 

MODF.2CHK If /Ts1 + K:82.DECS/ ). K:0.31667, TSchk = 0 

If f TS0 / ~ K:0.69444, TSchk = 0 

Return 

RRANGLES TSta = arcsin(-TSlos ) y 

TStb = ½ - arcsin(-TSlos ) y 

TSlos = 0 y 

!,S = unit!,Sloe 

If IISlosl < 2-20 : (unit vector poorly defined) 
(trunnion angle nearly 90 degrees) 

Proceed to "LUNDESCH11 
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SINTH ...: TSx 

COSTH = TSz 

Perform "ARCTRIG" (get THETA from SINTH and COSTH) 

If RADMODES bit 12 (ANTENFLG) = 0: (Mode I) 

MODEALTo = TStb converted to two's complement 

MODEALT1 = ½ + THETA similarly converted 

MODEPRES0 = TSta converted to two 's complement 

MODEPRES1 :: THETA similarly converted 

If RADMODES bit 12 (ANTENFLG) = 1 : 

form 

form 

MODEALT0 = TSta converted to two's complement form 

MODEALT1 - THETA s imilarly converted 

MODEPRES0 = TStb converted to two ' s complement f orm 

MODEPRES1 = ½ + THETA similarly converted 

Return 

RRNB T Str = T Al GNB0 converted to one 's complement form 

RRNBMPAC 

RMODINV 

TSsh - TANGtffi1 converted to one's complement f orm 

Skip next two lines 

TStr :: TS1 converted to one's complement form 

TSsh :-. TS2 converted to one's complement form 

TS - - sinTStr -y 

TS =-~z cosTSsh cosTStr 

T.., -.::,x - sinTSsh cosTStr 

Return 

If RADMODES bit 1 2 (ANTENFLG) = 1: 

Switch RADMODES bit 12 (ANTENFLG) t o O ( chanf ,i to Mode I) 

Return 
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BEGDES 

REM0DE 

S-witch RADM0DES bit 12 (ANTENFLG) to 1 

Return 

(change to Mode II) 

If RADM0DES bit 14 (REM0DFLG) = 0, proceed to "STDF.SIG" 

RDES = 0 

If RADM0DES bit 12 (ANTENFLG) = 1, RDES = -½ 

Perform "RRTONLY'' 

RDES = K:m45DEGSR 

Perform "RRSONLY'' 

RDES = K:m50DEGSR (Mode II) 

If RADM0DES bit 12 (ANTENFLG) = 0, RDES = RDES + K:m80DEGSR 

Perform "RRTONLY'' 

RDES = 0 

If RADM0DES bit 12 (ANTENFLG) = 0, RDES = - ½ 

Perform "RRTONLY'' 

RDFS = 0 

If RADM0DES bit 12 ( ANTENFLG) = 0, RDFS = -K: 1st ( -90°) 

Perform "RRSONLY'' 

Perform "RMODINV" 

S-witch RADM0DES bit 14 (REM0DFLG) to 0 

If RADM0DES bit 10 ( DESIGFLG) = 0, proceed to "RGOODEND" 

STDFSIG If RADM0DES bit 11 (REP0SM0N) = 1: 

S-witch RADM0DES bit 10 (DESIGFLG) to 0 

Proceed to II RDBADEND" 
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If RADMODES bit 15 ( CDESFLAG) = 1, proceed to "MOREDES" 

lf RADMODES bit 10 (DESIGFLG) = O, proceed to "ENDRADAR" 

If DESCOUNT ) 0: 

DESCOUNT = DESCOUNT -1 

Proceed to "MOREDES" 

S,,,itch bits 14 and 2 of channel 12 to 0 
(disable RR tracker and RR CDU Error Counters) 

Switch RADMODES bit 10 (DESIGFLG) to 0 

Proceed to 11 RDBADEND" 

MOREDES Establish "DODES" (pr26) 

DODES 

Call 11 STDESIG" in O. 5 second 

End task 

= CDU 
s 

TSlos = RRTARGET 

I f F1.AGWR DO bit 6 (RRNBSW) = 0: 

Perform "CDUTRI G" 

Perform "SMl'ONB" 

TSlos = [SMNBMA'!] unit(MLOSV BJtTARGET + K:MCTOMS 1_0SVEL ) 

TStr = TANG
0 

conver ted to one's complement f orm 

Tosh = TAJ, 1' 
1 

c onverte d to one I s comp lE:ment fo r m 

TANG1 = cosTSsh TSlosx - sinTSs h TSlosz 
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TRUNNCMD0 = - K:RDESGAIN 
( 

sinTStr sinTSsh ) 
cosTStr • !Slos 
sinTStr cosTSsh 

If RADM0DES bit 12 (ANTENFLG) = 1, TANG = - TANG 
(A relay in the HH reverses polarity of the1shaft commands 
in mode II; compensate by changing polarity of command. ) 

TRUN~CMD1 = K:RDESGAIN TANG1 

( 
sinTSsh cosTStr J 

,!S = -sinTStr 
cosTSsh cosTStr 

If FLAGWRD0 bit 6 (RRNBSW) = 0: 

Perform "NBTOSM" 

rs = [NBSMMA'ij 1s 

TSchk = 0 

TSd = TS • RRT.ARGET - K:C0S1d2DG 
p -

TS < O, TSchk = 1 ( single precision check of double 
sp ·· precision ouanti tv) 

If RADMOIJES bit 15 ( CDESFLAG) = 1 , proceed to "DORROUT" 

If TSchk = 0 and FLAGWRD0 bit 5 (L0K0NSW) = 0, proceed to "RRDESDUN" 

If TSchk = 0 and FLAGWROO bit 5 (L0K0NSW) = 1: 

Switch bit 14 of channel 12 to 1 (enable RR tracker) 

If bit 4 of channel 33 = 1 , proceed to "OORROUT" 
(designate until data good discrete is present) 

RRDESDUN TS= RADM0DES (with bit 10 forced to 0) 

Inhibit interrupts 

RADM0DES = TS 

Switch FLAGWRD2 bit 12 (L0SCMFLG) to 0 

Switch bit 2 of channel 12 to 0 (Disable RR Error Counter) 

Release interrupt inhibit 

End job 
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D0RR0UT If FLAGWRD2 bits 12 (L0SC:tv!FLG) or 14 (SRCH0PTN) :: 1: 

! S = ML0SV ~TARGET+½ K:MCT0MS k0SVEL 

RRTARGET = unitTS 

RRZER0 

ML0SV = l!Sf 
Inhibit Interrupts 

If RADM0DES bit 11 (REP0SM0N ) = 0, perform 11 RR0UT11 

If F1..AGWRD2 bit 12 (L0SCMTIG) = 0 , proceed to 11 END0FJ0B 11 

If L0SC0UNT = 0: 

Remove 11 STDESIG" from waitlis t if it is t here 

Release interrupt inhibit 

If NEWJ0B.). 0, ~rform "C!iANC1" 

If NEWJ0B = +0, proceed t o 11 R21LEJ-ii2" 

L0SC0UNT = L0SC0UNT - 1 

End job 

If RADM0JES bit 1 (TURN0NFL) or bit 11 (REP0SM0N) = 1 : 

Call "RGO0DEND" in 0. 01 second 

Re turn 

Inhibit i nterrupts 

Switch RADM0DES b it 13 (RCDU0i.i'LG) to 1 

Call "RRZ2" in 0 . 01 sec ond 

Tf RADM0DES bit 2 (AUT0M0DE) = 1 , pe r form "ALARM1' wi t h TS= 00 51 0
8 

Re lea se int.errupt i nhibit 

Return 

RRZ2 Perform "RRZER0SB" 

Proceed t o "ENDRADAR" 
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R04Z RSAMPDT = K: 1SECp1 

RTSTLOC = 0 

RFAILCNT = 0 

Inhibit interrupts 

BQ4! 

Set RADMODES bits 9 (ALTSCALE), 6 (LRPOSFLG), and 3 (RRRSFLAG) = 
bits 9, 6, and 3 of channel 33 

Release interrupt inhibit 

If FLAGWRD3 bit 9 (R04FLAG) = 0: (R77) 

RSAMPDT = K: 250MSp1 

RTSTBASE = 2 

RTSTMAX = 6 

Call "RADSAMP" in 0.06 second 

Proceed to "PINBRNCH" 

OPTIONX1 = 1 

OPTIONX0 = 4 

Perform "OOXDSPFR" with TS = K:V04N12 (OPTIONX0, OPTIONX1) 
(If terminate, proceed to "R04END"; if proceed, skip 
next two steps; other response, repeat this step) 

Perform "BLANKET" with TS= 000048 (blank R3) 

End job 

RTSTDEX = OPTIONX1 

If RTSTDEX ~ 1 : (Bits 3 and 2 are both O; RR) 

RTSTBASE = 0 

If bit 2 of channel 33 = 1: (RR not in AlJI'O mode) 

DSPTEM1 = 00201 8 
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(If bit 2 of channel 33 = 1:) 

Proceed to II OOMARK411 -with TS = K:V50N25 (DSPTEM1) 
(If terminate, proceed to 11 R04END"; if proceed, 
repeat at second previous step(to assure that RR 
has been switched to AUTO); other response, repeat 
at previous step.) 

S'Witch bit 14 of channel 12 to 1 

RTSTMAX = 2 

(enable RR tracker) 

If RTSTDEX ) 1 : (Bit 3 or 2 is 1; LR) 

RTSTBASE = 2 

RTSTMAX = 6 

Call 11 RADSAMP 11 in RTSTMAX centiseconds 

Release interrupt inhibit 

If RTSTDEX f 1: (RR ) 

Proceed to II OOXDSPF11 with TS = K: V1 6N72 ( CDUt and CD U ) 
(If terminate, proceed to "R04END"; if proceed, c~ntinue 
at next step; other response, repeat this s t ep. ) 

Proceed to "OOXDSPF'' with TS = K: V16N78 (DNRRANGE, DNRRDOT, 
( Tf terminate, proceed to "R04END" ; if proceed, TTOTIG) 
continue at next step; ot her r esponse , repeat at 
previous step. ) 

If RTSTDEX) 1: (LR ) 

Proceed to II OOXDSPF'' with TS = K: V16N66 (RSTACK6, channel 33) 
( If terminate, proceed to II R04END" ; if proceed, continue 
at next step; other response, repeat this step.) 

Proceed t o 11 00XDSPF'' 'With TS= K:V16N67 (RSTAGK 2 ) 
( If terminate, proceed to 11 R04END11 ; if procee ~; ,4 

continue at next step ; other response , rape tat 
previous step. ) 

RSAMPDT = +O 

Delay 2 seconds 

(to stop 11 RADSAMP" ) 
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R04END 

RSAMPDT = K:1SECp1 

RTSTLOC = 0 

If RTSTBASE = +O, TS = 2 

If RTSTBASE) O, TS= 1 

RTSTDEX = TS 

Proceed to "R04X" 

RSAMPDT = +O 

Delay 1.28 seconds 

Inhibit interrupts 

switch bit 14 of channel 12 to O (disable RR tracker) 

Switch FLAGWRD3 bit 9 (R04FLAG) to 0 

Proceed to "ENDEXT" 

RADSAMP If RSAMPDT = +O, end task 

Call 11 RADSAMP" in ( JRSAMPDT/ - 1) centiseconds 

Establish 11 DORSAMP11 

RTSTDEX = RTSTBASE + RTSTLOC / 2 

End task 
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DORSAMP If RTSTDEX = 0, perform 11 RRRANGE 11 

If RTSTDEX = 1 ' perform 11 RRRD0T 11 

If RTSTDEX = 2, perform 11 LRVELX 11 

If RTSTDEX = 3, perform "LRVE1Y" 

If RTSTDEX = 4, perform 11 LRVELZ 11 

If RTSTDEX = 5, perform 11 LRALT 11 

Perform 11 RADSTALL 11 

If RADGOOD = 0, RFAILCNT = RFAILCNT + 1 

Inhibit interrupts 

If FLAGWRD5 bit 11 (R77FLAG) = 0: 

RSTACKRTSTLOC = SAMPLSUMdp 

If RADMODES bit 6 (LRPOSFLG) 1 bit 6 of channel 33: 

Perform "ALARM" .;ith TS = 005228 

RFAILCNT = RFAILCNT + 1 

If RTSTL0C f RTSTMAX: 

RTSTLOC = RTSTLOC + 2 

End job 

RTSTLOC = 0 

End job 

RRRANGE TSset = 000 11 8 (bits 1 and 4 = 1) 

Perform "INITREAD" 

RRRD0T 

Return 

TSset = 00012
8 (bits 2 and 4 = 1) 

Perform 11 INITREAD" 

Return 
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TSset = 000148 (bits 3 and 4 = 1) 

Per-t'orm 11 INITREAD" 

Return 

TSset = 000158 ( bits 1 , 3 and 4 = 1 ) 

Perform 11 INITREAD11 

Return 

TSset = 000168 (bits 2, 3 and 4 = 1 ) 

Preform 11 INITREAD 11 

Return 

LRALT (bits 1, 2, 3 and 4 = 1) TSset = 000178 

Perform 11 INITREAD11 

Return 

INITREAD Inhibit interrupts 

Perform 11 PRERADAR 11 

TIMEH0LD = TIMENOW + K:40ms 

Release interrupts 

Return 

PRERADAR RADUSE = TSset 

NSAMP = 0 

SAMPLSUM = 0 

(enter in accumulator) 

TIMEH0LD = 0 sp (for use in 11 INITREAD 11 coding, and reflected above) 

0LDATAGD = bits 4, 5 and 8 of channel 33 

Switch RADM0DES bits 4 (RRDATAFL), 5 (LRALTFW) and 
8 (LRVELFW) to 0 

Switch bits 4 - 1 of channel 13 to 0 

TS= RADUSE 
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Perform 11 RADSTART 11 

Return 

RADSTALL Inhibit interrupts 

If RADCADR) 0 or if RADCADR ( -1: 

TS1dp = return address of r outine calling "RADSTALL" 

Proceed to "BAIL0UT1" with TS = .312108 

If RADCADR = -1: (operation already complete and good) 

RADCADR = +0 

Release interrupt inhibit 

RADCD0D = 1 

Return 

If RADCADR = -0: (operation already complete and bad) 

RADCADR = +0 

Release interrupt inhibit 

RADCD0D = 0 

Return 

RADCADR = return address (to caller of "RADSTALL") 

Put present job to sleep 

When awakened, return via L0C 

ENDRAD A.R If RADM0DES bit 7 (RCDUFAIL) = 0, proceed to "RDfiil.DEND" 

ROO0D, ~D If RADCADR = +0: 

RAD CADR = -1 

End task 
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If RADCADR = -0 or RADCADR = -1: (should never be true) 

RADCADR = +o 

End task 

LOC = RADCADR 

RADGOOD = 1 

Wake job put to sleep in "RADSTALL" 

RADCADR = +Q 

End task 

RDBADEND If RADCADR = +O: 

RADCADR = -0 

End task 

If RADCADR = -0 or RADCADR = -1: (should never be true) 

RADCADR = +o 

End task 

LOC = RADCADR 

RADGOOD = 0 

Wake job put to sleep in "RADSTALL" 

RADCADR = +o 

End task 

R 12READ If FWWRD11 bit 10 (.NOLRRliD) = 1, end task 

Switch F1GWRD11 bit 3 (R12RDF1G) to 1 

TSset = K:VBIT¾SELECT (148 ,168 ,158 for 0,1,2: x,z,y respectively) 

Perform 11 PRERADAR 11 

NSAMP = 6 

End task 
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RADAREAD (entered on interrupt 90-100 ms after bit 4 of channel 13 is set) 

RADBITS = bits 3 -1 of channel 13 (radar selection bits) 

If RADBITS f- 0: 

DNRADATARADBITS = RNRAD 

If RADBITS = 0 or RADUSE ~ 0: 

If RADBITS = O, RADUSE = 0 

(radar data) 

Perform "ALARM" with TS = 00520
8 

Resume 

If RADBITS - 3 ~ O, proceed to 11 RENDRAD 11 

If FLAGWRD5 bi t 11 (R77FLAG) = 1: 

RADUSE = 0 

Cause "End task" to act as Re sume in "RGOODEND" 

Pro ceed to 11 RGOODEND" 

I f RADBITS - 7 = O, proceed to 11 LRHEIGHT11 

TSdp = RNRAD + K:LVELBIAS (RNRAD processed as 15-bit integer ) 

SAMPLSUM = SAMPLSUM + TSdp 

i = 8 

Proceed t o 11 DGCHECK 11 

LRHEIGHT i = 5 

If bit 9 (ALTSCALE) of RADMODES f- bit 9 of channel 33: 

Proct- <3 d t o 11 SCALCHNG11 "1ith j = 9 

TS dp = RNRAD 

If RADMOllES bi t 9 (ALTSCALE) = 1, TSdp = 5 TSdp (high scale) 
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Proceed to 11 DGCHECK 11 

RENDRAD TTOTIG = TTOGO (for N78) 

If RADMODES bit 7 (RCDUFAIL) = 0 or RADMODES bit 11 (REPOSMON) = 1: 

Proceed to 11 RRBADEND11 

i = 4 

If bit 1 of RADBITS = 0: 

TSdp = RNRAD - K:RDOTBIAS 

Proceed to 11 DGCHECK 11 

If bit 3 (RRRSFLAG) of RADMODES 1 bit 3 of channel 33: 

Proceed to 11 SCAI..CHNG 11 with j = 3 

TSdp = RNRAD 

If RADMODES bit 3 (RRRSFLAG) = 1: 

TSdp = 8 TSdp 

Proceed to 11 DGCHECK 11 

(high scale) 

DGCHECK If bit i of channel 33 = 0 and bit i of OLDATAGD = 0: 
(bit 8 is LR velocity, 5 LR altitude, 4 RR data) 

BADRAD 

Proceed to 11 GOODRAD 11 

Proceed to 11 BADRAD 11 

Set bit i of RADMODES to 1 

If NSAMP > 0: 

Proceed to 11 R12EXIT 11 

Perform 11 RADLITES 11 

RADR - 21 

(OLDATAGD updated with bits 8,5,4 
of channel 33 before either good 
or error exit) 



RRBADEND RADUSE = 0 

Cause "End task" to act as Resume in 11 RDBADEND 11 

Proceed to 11 RDBADEND 11 

SCALCHNG Invert bit j of RADMODES (9 for ALTSCAIE , 3 f )r RRRSFLAG) 

GOODRAD 

If NSAMP ). 0: (R12 control cell) 

NSAMP = NSAMP - 1 

Proceed to 11 READVEL11 

Switch FLAGWRD5 bit 10 (RNGSCFLG) t o 1 

OLDATAGD = bits 4 , 5 and 8 of channel 33 

Proceed t o 11 RRBADEND 11 

If NSAMP) O, proceed to "R12EXIT" 

SAMPLSUM = TS dp 

Perform 11 RADLITES 11 

RADUSE = 0 

Cause "End task" to act as Resume in 11 RGOODEND11 

Proceed t o 11 RGOODEND 11 

h 1.J::XI 'i' NSAMP = NSAMP - 1 
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If NSAMP = 0: 

If RADM0DES bit 8 (LRVELFLG) = 1: (velocity fail) 

STILBADV = 2 

Proceed to "R1 2DL11 

If STILBADV > 0: 

STILBADV = STILBADV - 1 

Proceed to "R12DL" 

Switch FLGWRD11 bit 7 (VELDATA) to 1 

Proceed to 11R12DL" 

If NSAMP = 3: (just got altitude) 

HMEAS = TSdp 

If RADM0DES bit 5 (LRALTFLG) = 1: (altitude fail) 

STILBADH = 2 

Perform 11 RADLITES 11 

Proceed to "READVEL11 

If STILBADH > 0: 

STILBADH = STILBADH - 1 

Perform "RADLITES" 

Proceed to "READVEL" 
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(If NSAMP = 3:) 

Switch FLGWRD11 bit 4 (RNGEDATA) to 1 

Perform 11RADLITES" 

Proceed to 11READVEL11 

If NSAMP = 4: (need to start getting altitude) 

TSset = 000178 

Perform 11 RADSTART 11 

Re sume 

READVEL Set bits 3-1 of channel 13 = 0 

TSset = RA.D USE 

R12DL 

Parform 11 RADSTART 11 

Re sume 

TS = VSELECT 

If TS = O, VSELECT = 2 

If TS f O, VSELECT = TS - 1 

VMEAS = SAHPLSUM 

HMEASDL = HMEAS 

MKT I ME = PIPTIME1 

(AOG , AIG, AMG) = QDUTEMP 

Perform 11 RADLITES 11 

RADUSE = 0 

Switch FLGWRD11 bit 3 (R1 2RDFLG ) to 0 

Rasume 
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LRP0S2 Inhibit Interrupts 

Switch RADM0DES bit 6 (LRP0SFLG) to 1 

If bit 7 of channel 33 = 0: (already in position two) 

Ca.11 11 ROO0DEND 11 in 0. 01 second 

Relea.se interrupt inhibit 

Return 

switch bit 13 of channel 12 to 1 

Ca.11 11 LRP0SCAN11 in 6 seconds 

Relea.se interrupt inhibit 

Return 

(comma.nd LR to position 2) 

LRP0SCAN SAMPLIM = 000048 

Dela.y 1 second 

If bit 7 of channel 33 = 0: (position 2 achieved) 

Dela.y 2 seconds 

Switch bit 13 of channel 12 to 0 

Proceed to II RGO0DEND11 

If SAMPLIM ) 0: 

SAMPLIM = SAMPLIM - 1 

Proceed to second step of 11 LRP0SCAN11 

Switch bit 13 of channel 12 to 0 (terminate positioning commands) 

Proceed to II RDBADEND" 

RRLIMNB TSchk = 1 

If RADM0DFS bit 12 (ANTENFLG) = 1, proceed to 11 M0DE2CHK11 
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If !TSol > K:0.30555, TSchk = 0 

If TS
1 

> 0 and jTS
1 

+ K:5.5DEGS i > K:0.35833, TSchk = 0 

If TS
1 
~ 0 and ITS 1 + K:20.5DEGSj > K:0.35833, TSchk = 0 

Return 

LUNDESCH If FLAGWRD8 bit 8 ( SURFFLAG) = 1 : 

RADLIMCK = 0 

Rli.DCADR = + 0 

Proceed to 11DESRETRN 11 

If FLAGWRD0 bit 7 (RNDVZFLG) = 0, end job 

Perform 11RM0DINV11 

RADLIMCK = 1 

RADCADR = + 0 

Proceed to 11 DESRETRN" 

RA DST ART TS = LO SCALAR 
J 

TS1 = low 5 bits of TSJ 

RADDEL = 1ow 5 bits of ( 000408 - TS
1 

) 

If RADDEL !f 000028 , proceed t o 11 RADSTART 11 

S,3t bi ts TS of channel 1 J to 1 

RADTIME 

Return 
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C13STALL If bit 4 of channel 13 = 0, return 

TS
4 

= LOSCALAR + RADTIME (L0SCALAR may have overflowed 
once since RADTIME was last 

If Ts4 ~ K:90MSCALR + RADDEL, return loaded, but this occurrence 
has been compensated for in 

If TS4 <(K:mDTSCALR + K:90MSCALR + RADDEL), return the coding) 

Proceed to second step of 11C1JSTALL" 

RAD LITES If i <.. 5, proceed to second step of 11SETTRKF11 

LITIT 

If i = 8: (LR velocity data good) 

TS = 000048 

j = 3 

If i = 5: (LR altitude data good) 

k = +1 

TS = 000208 

j = 5 

If bit i of RADM0DES = 1, proceed to "0NLITES" 

If bit k of FLGWRD11 = 1, proceed to second step of 11SETTRKF 11 

TS= 000008 

If bit j of DSPTAB11 1 bit j of TS: 

Set bit j of DSPTAB11 = bit j of TS 

Switch bit 15 of DSPTAB11 to 1 

Return 

(bit 5 is LR altitude 
fail lamp) 

(bit 3 is LR velocity 
fail lamp) 

0NLITES Switch bit k of FLGWRD11 to 0 

Proceed to "LITIT" 
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Quantities in Computations 

AOG, AIG, AMG: See RNAV section. 

CDUt, CDU: 1.GC input counters incremented directly from the CDU to 
maintain 1.GC knowledge of the RR trunnion and shaft angles, respec­
tivel y. Single precision angles stored in two's complement 
form and scaled B-1 in units of revolutions . 

CDUSCMD , CDUTCMD: 1.GC output counters connected to the RR shaft and 
trunnion channels of the CDU. The contents of each of these counters 
is a rate command scaled B14 in units of RR pulses (one's comple­
ment form) and is sent to its respective CDU Error Counter by setting 
the appropriate enabling discrete in channel 14. See definition of 
K : RRSPGAIN • 

CDUTEMP: See SERV section. 

COSTH: See COOR section. 

DF.SCOUNT: Single precision counter defining the maximum amount of time 
allowed for an attempt to designate, scaled B14 and unitless. 

DF.SRET: A single precision octal return address storage cell. 

DNRADATA.: Special storage for do"1lllink of radar data. i = 1, 2, 4, 5, 6, 
and1 7 to index six single precision cells (consecutive except 
between i = 2 and 4) alternately labP-lled DNRRANGE, DNRRDOT, DNLRVELX, 
DNLRVELY, DNLRVELZ and DNLRALT, respectively. 

DSPTAB 11 : See INTR section. 

DSPTEM1: Temporary storage cell used mainly for display interface purposes. 

HMEAS: See SERV sect i on. 

HMEASDL: Double precision temporary storage of HMEAS, for down telemetry, 
scaled B28 in units of Landing Radar low scale altitude bits. 

IMODESJJ: See INTR section. 

K: 0.00555 : Single precision constant stored as -.00555, scaled B-1 in 
units of revolutions. Equation value: +0.002775. (Equivalent to+ 1°) 
Note: Because a constant is stored in one's complement form, its 
equation val ue changes if it is compared with the absolute value of a 
negati ve two 's complement number. In such a comparisoB, ~ single 
precision constant assumes an equation value of 11 A + 2 - 1411 where b 
is the scale factor of the constant and A is the stated equation value 
of the constant. In the case of the constant 11 K:p25" for instance, 
A is 0.25 and bis -1. 
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K:0.30555. K:5.5DEGS, K:0.35833: Three single precision constants for 
checking whether the radar position angles are within the bounds of RR 
Mode I. Stored as -0.30555, 0.03056, and -0.35833, scaled B-1 in 
units of revolutions. Equation values: +0.152775, 0,01528 and 
+0.179165, respectively. See note above. (Equivalent to +55 degrees, 
5.5 degrees, and +64.5 degrees.) 

K:0.31667, K:82DEGS, K:0.69444: Three single precision constants for 
checking whether the radar position angles are within the bounds of RR 
Mode II. Stored as -0.31667 , 0.45556 and -.69444, scaled B-1 in 
units of revolutions. Equation '\a lues: +0.158335, O. 22778, and 
+0.34722. See note above. (Equivalent to +57 degrees, 82 degrees and 
+125 degrees.) 
The l:imits of Mode I are: -55° ~ trunnion !f 55° and -70° f shaft~ 59°. 
The l:imits of Mode II are: 125° < trunnion <-125° and 
-139° < sha~t <. -25° 

0 
The latter corresponds to l:imits on the LOS 

angle of 41 and 155. 

K:1s¾: Single precision constant, program notation "HALF" stored as 0. 5, 
scaled B-1 in units of revolutions. Equatiou value when used as a 
two's complement, negative number: 0.25 - 2-7 5. (Equivalent to 
about 90 degrees.) 

K:1SECp1: Single precision constant stored as 101 x 2-14, scaled B14 in 
units of centiseconds. Equation value: 101. 

K:20.5DEGS: Single precision constant stored as 0.11389, scaled B-1 
in units of revolutions. Equation value: 0.05695. (Equivalent to 
20.5 degrees.) 

K:250MSp1: Single precision constant stored as 26 x 2-14 , scaled B14 
in units of centiseconds. Equation value: 26. 

K:40ms: Single precision constant, program notation "BIT3", stored as 
00004g, scaled B14 in units of centiseconds. Equation value: 4. 
(Equivalent to half the nominal value of one radar sampling cycle.) 

K:90MSCALR: Single precision constant stored as 9 x 2-9 , scaled B9 in units 
of centiseconds. Equation value 9. (Equivalent to 90 milliseconds.) 

-2 K:COS1d2DG: Double precision constant stored as 0.999961923 x 2 , scaled 
B2 and unitless. Equation value: 0.99996192. 
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K:LVELBIAS: Single precision constant stored as -12288 x 2-14 , scaled 
B14 in units like those of RNRAD. Equat ion value: -12288. (Program 
comment states, "Landing radar bias for 153.6 kc. 11 ) 

K:m45DEGSR: Single precision constant stored as 700008 , scaled B-1 in 
units of revolutions. Equation value when used as a two's complement 
number: -0. 125. (Equivalent to - 45 degrees;,) 

; K: m50DEGSR: Sbglo precision constant stored as - 0 .27778 , scaled B-1 b 
• units of revolutions. Equation value when used as a two's complement 
• number: -0.13892 . (Equivalent to -50.00976 degrees.) 
• 

K:m80DEGSR: Single precision constant stored as -0.44444, scaled B-1 in 
units of revolutions. Equation value when used as a two's complement 
number: -0.22225. (Equivalent to -80.01 degrees.) 

K: mDTSCALR: Single precision constant stored as - .59375 x 2-9 , scaled B9 
in units of centiseconds. Equation value -. 59375 . (Equivalent to 
-5.9375 milliseconds) 

K:MAXTRYS: Single precision constant stored as 60 x 2-14, scaled B1 4 and 
unitless. Equation value: 60. (Equivalent to 30 seconds of time for 
RR designate.) 

- 13 K:MCT0MS : Double precision constant stored a s 100 x 2 , scaled B13 in 
units of centiseconds. Equation valile: 100. 

K:p25: Single precision constant stored as - 0.5, scaled B-1 in units of 
revolutions. Equation value: +0.25. (Equivalent to +90 degrees) 

K:RDESGAIN: Single precision constant stored as 0. 53624, scaled B12 in 
units of RR dr ive pulses per radian of error. Equatio~ value 2196.5 . 
(Equivalent to 0. 5 x 2 sec-1 x 360 deg/rev x (10/384)- pulses per 
degree per second. The first two terms null 0 . 5 of the error in 
½ second, and the fourth is derived from the fact that a saturated 
error counter causes a drive rate of 10 degrees per second.) 

-28 K:RD0TBIAS: Double precision constant stored as 17000 x 2 , scaled 
B28 in units of radar counts (same as RNRAD). Equation value: 17000. 

K: rrlimit: Single precision constant, program notation 11 -RRLIMIT", 
stored as -384 x 2- 14, scaled B14 in units of RR drive ~ulses . 
Equation value: 384. (See K:RRSPGAIN f or explanation.) 
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K:RRSPGAIN: Single precision constant stored as 0.59062, scaled B15 in 
units of RR drive pulses per revoluyion of error. Equation w.ue: 
19353. (Equivalent to 0.7 x 2 sec- x 360 deg/rev x (10/384)-1 pulses 
per degree per second. The first two terms "null 0.7 of the error in 
½second," and the fourth is derived, from the fact that a saturated 
error counter causes a drive rate of 10 degrees per second.) 

K:VBITS.: A series of three single precision octal constants. Equation 
values: 000148 , 000168 and 0001 58 for i = O, 1 and 2 respectively. 

LASTSCMD, LASTTCMD: Storage for the previous value of total RR shaft and 
trunnion CDU error counters; scaled B14 in units of RR drive pulses. 
Used to compute a desired change in the rate command to be added to 
CDUSCMD or CDUTCMD. 

LOC: See MATX section. 

LOSCALAR: A 14 bit register corresponding to channel 4 of the computer. 
It is incremented 1 bit every 1/3200 of a second and is driven by 
a 102.4 kc signal from the computer oscillator. It overflows (and is 
propagated to channel 3) every 5.12 seconds. This register is 0.005 
second out of phase with the TIMENOW registers. It is equivalent to a 
single precision time cell scaled B9 in units of centiseconds. 

LOSCOUNT: Single precision counter defining the interval between computa-
tion of a new line-of-sight vector, scaled B14 and unitless. 

,b()SVEL: See RNAV section. 

MKTIME: See RNAV section. 

MLOSV: See RNAV section. 

MODEALT
0

, MODEALT1: Value of the trunnion and shaft angles, respectively, 
which are necessary to point the RR along the desired line-of-sight 
in the alternate mode of the RR. Single precision angles in two's 
complement form, scaled B-1 in units of revolutions. Program notation 
11 MODEB 11 • 

MODEPRES0 , MODEPRES1: Value of the trunnion and shaft angles, respectively, 
which are necessary to point the RR along the desired line-of-sight 
in the present mode of the RR. Single precision angles in two's com­
plement form, scaled B-1 in units of revolutions. Program notation 
11 MODEA 11 • 

[NBSMMAT]: See COOR section. 

NEWJOB: See MATX section. 
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NSAMP: A single precision counter, scaled B14. Controls the number of 
sampling cycles in the total sampling interval for R12 landing radar 
measurements. 

OLDATAGD: A single precision cell containing the status of radar "data 
good" discretes at the beginning of a sample. (See RADMODES) 

See EXVB section. 

PIPTIHE1: See SERV section • 

. RADBITS: A single precision cell used to identify the type of radar readi~ 
being taken and used to index the appropriate buffer cell for radar 
d~ta. RADBITS = 1, 2, 4, 5, 6 or 7 ~r RR range, RR range rate, LR 
X-velocity, LR Y-velocity, LR Z-velocity and LR altitude data, 
respectively; scaled B14 and unitless. 

RADCADR: Single precision octal storage for address to return to 
program that is sampling the radar and waiting for sample to be 
completed. 

RADDEL: Computed in 11RADSTART 11 it is a single precision time until the 
next T5 interrupt, scaled B9 in units of centiseconds. Derived from 
the low five bits of LOSCALAR. 

RAD GOOD: Temporary variable introduced as a substitute for variable 
return address; set to 1 or Oto indicate whether a radar operation 
was successfully completed or not. 

RADLIMCK: Temporary variable indication which of three return options 
from "RRDESSM" is taken. 

RADMODES: A flagword whose bits have the following significance when 
set ( 1 ) • 

Bit Mnemonic Meaning 

1 5 CDESFLAG Continuous designate; used iri conjunction with bit 10 

14 REMODFLG RR remode required 

13 RCDUOFLG RR zeroing in progress 

12 ANTENFLG RR in Mode II (in Mode I if zero) 

11 REP0SM0N RR repositioning in progress; RR was outside of 
prescribed limits. 

10 DESIGFLG RR designation in progress 

9 ALTSCALE LR range high scale (low scale if bit is zero) 

8 LRVELFLG LR velocity data bad (LR vel data good if bit is zero) 
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RADMODES: (continued.) 

Bit Mnemonic Meaning 

7 RCDUFAIL RR CDU operative (RR CDU failed if bit is zero) 

6 LRPOSFLG LR commanded to and presumed to be in position #2 

5 LRALTFLG LR position data bad (LR pos data good if bit is zero) 

4 RRDATAFL RR data bad ( if zero, the RR data is "good 11 ; the RR 
tracker has acquired a targett hopefully the CSM 
and hopefully not a side lobeJ. 

3 RRRSFLAG RR range high scale (low scale if bit is zero) 

2 AUTOMODE RR not turned on or not in automatic mode of opera-
tion (if zero, the RR is on and it is in the 
automatic mode) 

1 TURNONFL RR turn-on in progress 

RADTIME: Single precision storage for the complement of the value of 
LOSCALAR at the time bit 4 of channel 13 was set,, scaled B9 in 
units of centiseconds. 

RADUSE: Single precision octal stora~e for bits which indicate the type 
of radar reading to be performed (00011 8 - RR range; 000128 - \RR range 
rate; 00014-o - LR I-velocity; 000158 - LR Y-velocity; 00016

8 
-

LR Z-veloci~y; 00017R - LR altitude.) 

RDES: Desired RR position angle (shaft or trunnion); a single precision 
variable in two's complement form, scaled B-1 in units of revolutions. 

RFAILCNT: Single precision counter scaled B14 and used to keep track of 
the number of unsuccessful attempts to read the radar data. 

RNRAD: Single precision LGC counter advanced directly by whichever radar 
circuit is enabled for sampling, scaled B14 in units of counts. 
Sample Type Value of 1 count 
RRRDOT -0.19135344 meters/second -0.6278 fps 
RRRANGE 

low scale 2.859024 meters 9.38 feet 
high scale 22.872192 meters 75.04 feet 

LRVELX -0.1962912 meters/second -0.6440 fps 
LRVELY 0.3694176 meters/second 1. 212 fps 
LRVELZ 0.2642006 meters/second 0.8668 fps 
LRALT 

low scale 0.3288792 meters 1. Cf790 feet 
high scale 1.644396 meters 5.3950 feet 
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RRINDEX: Single precision index to indicate whether the content of RDES 
is a desired shaft angle (1) or a desired trunnion angle (0), scaled 
B14. 

RRRET: Single precision octal return address storage. 

_ERTARGET: Desired line-of-sight vector, a double precision unit vector 
scaled B1 in stable member or navigation base coordinates (see 
FLAGWRDO bit 6) • 

RSAMPDT: A cell used for storage of the low-speed sampling interval, in 
centiseconds scaled B14. 

RSTACK;: A series of 4 double precis1on cells loaded with radar sample 
dlita for display in nouns 66 and 67. ( i = 0, 2, 4, 6) 

RTSTBASE: Single precision quantity scaled B14 used to set RTSTDEX f or 
LR or RR sampling in an automatic sampling mode. 

RTSTDEX: An option loaded by the astronaut or set by the program t o desig­
nate the specific radar data to be sampled single precision, 
scaled B14. 

RTSTIDC: A single precision index used to position sampled data in the 
downlink communication cells RSTAC¾TSTIDc· 

RTSTMAX: A single precision limit on the number of RSTACKi cells to be 
loaded, scaled B14. 

SAMPLIM: A limit on the number of cycles through 11 LRP0SCAN 11 that may be 
executed in a given interval before repositioning of the LR is 
abandoned, scaled B14. 

SAMPLSUM: Double precision total of radar data accumulated inn sampling 
intervals (n always 1 for RR and LRALT), scaled B28 in units of 
radar input counts. 
Sample Type 
RRRDOT 
RRRANGE 
LRVELX 
LRVELY 
LRVELZ 
LRALT 

Value for 1 
-0.19135344 
2.859024 
-0.1962912 
0.3694176 
0.2642006 
0.3288792 
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SINTH: See COOR section. 

See COOR section. 

STILBADH, STILBADV: See SERV section. 

TANG0 , TANG1: Single precision storage for desired values of or desired 
changes in the RR trunnion and shaft angles, respectively. Scaled 
B-1 in units of revolutions, two's complement form in the "RRDESNB" 
and 11 R21LEM" routines. Scaled B2 in units of radians (one's comp­
lement form) in the 11 DODES 11 routine. 

TANGNB0 , TANGNB1 : Temporary two's complement storage (astronaut desired 
or radar marked) radar position angles (trunnion and shaft, respect­
ively), scaled B-1 in units of revolutions. 

THETA: See COOR section. 

TIMEHOLD: Double precision time at the middle of the total sampling 
interval (assuming no bad samples), scaled B28 in units of centi­
seconds. 

TIMENOW: See EXVB section. 

TRUNNCMD0 1: Single precision storage for the desired values of the 
RR t~unnion and shaft angle drive rates, respectively. Scaled 
B14 in units of RR drive pulses. An alternate mnemonic for 
TRUNNCMD1 is SHAFTCMD. 

TTOGO: See BURN section. 

TTOTIG: Double precision time to TIG, loaded in the radar read routine 
11 RENDRAD 11 with TTOGO at the time of the radar reading, scaled B28 in 
units of centiseconds. 

VMEAS: See SERV section. 

VSELECT: See SERV section. 

RADR - 33 



RN_A_1l 



Rendezvous Navigation 

PROG20 If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

(PROG22) Switch FLAO,lRD1 bit 8 (VEHUPFLG) to 0 

Proceed to 11 PROG20A11 

ORBCHGO Switch FLAGWRD1 bit 8 (VEHUPFLG) to 1 

OPTION2 = 1 (CSM orbit option) 

Proceed to "GOPERF4" with OPTION1 = 00012
8 

(If terminate, proceed to "GOTOPOOH"; if proceed, continue 
at next step; other response, repeat this step.) 

If OPTION2 = 1 , proceed to II PROG20A11 

Proceed to 11 GOFLASH" with TS= K:V06N33 
(If terminate, proceed to "GOTOPOOH"; if proceed, continue 
with next step; other response, repeat this step.) 

Perform "INTSTALL11 

TSlnchtm = TIG 

TDEC1 = TIG 

Switch FLAGWRD3 bits 4 (INTYPFLG), 3 (VINTFLAG), 2 (D60R9FLG) 
and 1 (DIMOFLAG) to 0 

Perform 11 INTEGRV" 

RSUBL = RATT - -

TDEC1 = TAT 

Perform "INTSTALL" 

Switch FLAGWRD3 bit 3 (VINTFLAG) to 1 

Switch FLAGWRD3 bits 4 (INTYPFLG) and 1 (DIMOFLAG) to 0 
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If FLAGWRD5 bit 1 (RENDWFLG) = 1: 

Switch FLAGWRD3 bits 1 (DIMOFLAG) and 2 (D60R9FL.G) to 1 

Perform II INTEGRV 11 

.YSUBC = Y.AT'! 

flSUBC = gATT 

~CSM = unit(ESUBL*unit(ESUBC*YSUBC)) 

CSTH = unit(flSUBC)•QCSM 

SNTH = -V, - CSTH2 
1 

!!VEG = ESUBC 

yvEC = -Y:SUBC 

Switch FLAGWRD7 bit 9 (RVSW) to 0 

Perform 11 TIMETHET 11 

NEWVEL = -TS - -v 

NEWPOS = TS - - r 

TS = T transtm 

liCSMVEL = INEWVELI unit(unit(N,EWPOS*ESUBL)*REWPOS) 

Perform 11 INTSTALL" 

TET = TSln ht - TSt t c m rans m 

E,'tECT = liEWPOS 

BCV= NEWPOS 

YRECT = NCSMVEL 

ycv = NCSMVEL 

IJELTAV = 0 
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'.!'_NW= O 

TC= 0 

XPREV = O 

PBODY = 2 

Perform "MOVEACSM" 

S-witch FLAGWRD8 bit 12 (CMOONFW) to 1 

Perform 11 SVDWN1" 

Set FLAGWRD8 bit 12 (CMOONFW) = FLAGWRDO bit 12 (MOONFLAG) 

Perform 11 INTWAKE1" 

PROG20A Perform 11R02BOTH 11 (IMU status check routine) 

Switch FLAGWRD1 bit 5 (TRACKFW) and 7 (UPDATFW) to 1 

S-witch FLAGWRDO bit 7 (RNDVZFW) to 1 

Switch FLAGWRD2 bits 14 (SRCHOPTN) and 13 (ACMODFW) to 0 

S-witch FLAGWRDJ bit 9 (R04FLAG) to 0 

Switch FLAGWRD5 bit 4 (NORRMON) to 0 

Switch FLAGWRD2 bit 12 ( LOSCMFW) to 0 

S,,,ri tch RADMODES bi ts 10 ( DESIGFW) and 15 ( CDESFLAG) to 0 

Switch bit 2 channel 12 to 0 

Switch FLAGWRDO bit 10 (FSPASFW) to 1 

P20LEM1 TRKMKCNT = 0 

P20LEM2 TDEC1 = TIMENOW 

Perform "1PS20.1" (get RR target vector) 
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If MLOSV ~ K:FHNM: 

RRATE = VELLOS • unit B:RANGE 

If \ER.ANGE\ ~ K:999.99NM: 

RANGE= K:999.99NM 

Skip next step 

RANGE= !fl:R.ANGEI 

RTHETA = 0 

If FLAGWRD0 bit 10 (FSPASFI.G) = 0, proceed to "P20LEMC5" 

If FLAGWRD8 bit 8 ( SURFFLAG ) = 0: 

Perform 11 ALARM" with TS= 005268 

Proceed to "P20LEMC5" 

If RRATE ~ 0, proceed to 11 TRMTRACK 11 

Perform 11 GODSPR11 with TS= K:V16N54 (monitor RANGE and RRATE) 

Proceed to 11 P20LEMC5" 

P20LEMA If FLAGWRD8 bit 8 ( SURFFLAG) = 0; 

Perform 11 R61LEM11 

Proceed to "P20LEMB" 

If FLAGWRD8 bit 8 ( SURFFLAG) = 1 , perform 11 CLEANDSP 11 

P20LEMB Change priority to 268 

If FLAGWRD1 bit 5 (TRACKFI.G) = 0, proceed to "P201EMWT" 
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P20LEMB7 If bit 2 of channel 33 = o, proceed to 11 P20LEMB3" (RR auto mode) 

If MODREG :/ 20 and if MODREG-:/- 22: 

Perform 11 PRIOLARM11 with TS= 0051¼ 
(If terminat e, proceed to 11 TRMTRACK 11 ; if proceed, 
proceed t o 11 P20LEMB 11 ; other response, proceed to 
11 P20LEMB 11 .) 

End job 

Proceed to 11 GOPERF1" with TS= 00201g 
(If terminate, proceed to "TRMTRACK"; if proceed, proceed 
to 11 P201EMB"; other response, continue at next step.) 

If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

Switch bit 7 of channel 11 to 1 (operator error lamp) 

Proceed to 11 P201EMB" 

Proceed to 11 R231EM" (manual acquisition monitor) 

P20LEMC5 Switch FLAGWRDO bit 10 (FSPASFI.G) to 0 

Delay 5 seconds 

Proceed to 11 P20LEM2 11 

P20LEMB1 Switch FLAG'WRD2 bit 13 (ACMODFLG) to 1 

Proceed to "P201EMB" 

P20LEMB3 If RADMODES bit 13 (RCDUOFLG) = 1: 

Delay 2.5 seconds 

Proceed to 11 P201EMB3" 

(RR just turned on and 
still zeroing) 

If FLAGWRD2 bit 14 (SRCHOPTN) or 13 (ACMODFLG) = 1: 

Switch FLAGWRD2 bits 14 (SRCHOPTN) and 13 (ACMODFLG) to 0 

Proceed to 11 P20LEMWT 11 
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P20LEMC3 TDEC1 = TIMEN0W 

Perform "UPPSV" 

P20LEMC If FLAGWRD0 bit 7 (RNDVZFLG) = 0, end job 

If FLAGWRD1 bit 5 (TRACKFLG) = 1, proceed to "P20LEMF" 

Call "P20LEMD1" in 15 seconds 

End job 

P20LEMD1 If FLAGWRD1 bit 5 (TRACKFLG) = 0: (stall until TRACKFLG 
is set again, then 
continue at automatic 
acquisition) 

Call "P20LEMD1" in 15 seconds 

End task 

Establish "P20LEMC3" 

End task 

P20LEMF Proceed to "R211EM" 

P20LEMWT Call "P20LEMC1" in 2.5 seconds 

End job 

P20LEMC1 If FLAGWRD0 bit 7 (RNDVZFLG) - 0, end task 

If FLAGWRD1 bit 5 (TRACKFLG) = 0: 

PR0G21 

Call "P20LEMC1" in 15 seconds 

End task 

Establish "R22LEM.42" 

End task 

0PTION2 = 1 

Proceed to 11 GOPERF411 with 0PTION1 = 2 

(pr26) 

(pr26) 

(If terminate, proceed to 11 GOT0P00H 11 ; if proceed, continue 
at next step; other response, repeat this step.) 
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DSPTEM1dp = 0 

Proceed to 11 GOFLASH 11 with TS= K:V06N34 (get time in DSPTEM1) 
(If terminate, proceed to 11 GOTOPOOH"; if proceed, 
continue at the next step; other response, repeat this 
step.) 

TS = DSPTEM1 dp 

If TS= O, TS= TIMENOW 

TDEC1 = TS 

Perform 11 INTSTALL" 

If FLAGWRDO bit 11 (P21FLAG) = 1: 

Proceed to "P21CONT 11 

Switch FLAGWRDJ bit 3 (VINTFLAG) to 0 

If IOPTION21 ~ 2-: ( CSM option) 

Switch FLAGWRDJ bit 3 (VINTFLAG) to 1 

Switch FLAGWRD3 bits 1 (DIMOFLAG) and 4 ( INTYPFLG) to 0 

Perform 11 INTEGRV" 

P21VSAVE P21TIME = TAT 

f21BASER = flATT (scaled B29 or B27) 

f21BASEV = YATT (scaled B? or B5) 

P21VEL = jYATTI (insured scaling of B? for N91 display) 

P21GAM = arcsin (unit flATT • YATT / P21VEL) (flATT-B29, YATT-B?) 

P21 ORIG = PBODY 

If I OPTION21 ~ 1: 

(PBODY in index register 2) 

If FLAGWRD8 bit 8 ( SURFFLAG) = 1 : 

Skip next line 

Switch FLAGWRDO bit 11 (P21FLAG) to 1 
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Switch FLAGWRDJ bit 12 (LUNAFLAG) to 0 

If P21 ORIG -/- 0 : 

Switch FLAGWRDJ bit 12 (LUNAFLAG) to 1 

ALPHAV = !1/tTT 

TSt = TAT 

Switch FLAGWRD1 bit 13 (ERADFLAG) to 0 

Perform "LAT-LONG" 

P21ALT = ALT K:K.01 · (ALT/ 100 for N91 display) 

Proceed to "GOFLASH" with TS= K:V06N43 (LAT, LONG, ALT) 
(If terminate, proceed to "GOTOPOOH"; if proceed, proceed 
to "GOTOPOOH"; other response, continue at next step.) 

DSPTEM1ap = P21TIME + K:600SEC 

Proceed to the fourth step of "PROG21" 

P21CONT RCV = P21BASER 

PROG25 

- -
y_cv = f21BASEV 

TET = P21TIME 

Switch FLAGWRDJ bit 1 (DIMOFLAG) to 0 

Switch FLAGWRDO bit 12 (MOONFLAG) to 0 

If P210RIG :/- 0: 

Switch FLAGWRDO . bit 12 ( MOONFLAG) to 1 

Perform "INTEGRVS" 

Proceed to "P21VSA VE" 

Perform "R02BOTH 11 

Switch FLAGWRD1 bit 5 (TRACKFLG) to 1 
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P25LEM1 

Switch FLAGWRDO bit 9 (P25FLAG) to 1 

Switch FLAGWRDO bit 7 (RNDVZFLG) to 0 

If FLAGWRDO bit 9 (P25FLAG) = O, end job 

If FLAGWRD1 bit 5 (TRACKFLG) = 0: 

Delay 60 seconds 

Establish "P25LEM1" 

End job 

R65CNTR = 7 

Perform "R65LEM11 

Proceed to "P25LEM1" 

(pr14) 

LPS20.1 LS21X = return address 

CSMIN'l' 

If FLAGWRD2 bit 12 (LOSCMFLG) = 1: 

If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to "CSMINT" 

Perform "LEMCONIC" 

1,MPOS = gATT 

LMVEL = VATT - -
TDEC1 = TAT 

Perform "CSMCOHIC" 

YELLOS = YATT - !_MVEL 

!S = [ REFSMMAT] (YATT - 1,MVEL) 

Remove 11 STDESIG11 from waitlist if it is there 

b()SVEL = !S 

!S = BATT - !_MPOS 

!!RANGE= 1S 

If OVFIND 1 O, OVFIND = O 

RNAV - 8 



UPPSV 

IS1 = unit (IS x 29 ) 

If OVFIND ::/ 0: 

(IS scaled B20 in units of meters) 

(OVFIND re~et to 0) 

Proceed to fourth line of 11 P20LEM2 11 

£1RTARGET = [REFSMMATJ unit 1s 

MLosv = I 1s I 
Switch FLAGWRDO bit 6 (RRNBSW) to 0 

Proceed to LS21X 

LS21X = return address 

Perform "INTSTALL" 

Perform "SETIFLGS" 

If FLAGWRD5 bit 1 (RENDWFLG) = 1 : 

Switch FLAGWRD3 bit 1 (DIMOFLAG) t o 1 

If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

Switch FLAGWRD3 bit 2 (D60R9FLG) t o 1 

If FLAGWRD1 bit 8 (VEHUPFLG) = 0: 

Switch FLAGWRD3 bit 3 (VINTFLAG) t o 0 

Perform "INTEGRV" 

Perform "INTSTALL" 

Switch FLAGWRD3 bit 3 (VIlITFLAG) t o 1 
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rPPSV4 

R61LEM 

R651D1 

( If FLAGWRD 1 bit 8 ( VEHUPFLG) = 0 : ) 

TDEC1 = TETLEM 

Proceed to 0 UPPSV4" 

Switch FLAGWRD3 bit 3 (VINTFLAG) to 1 

Perform 11 INTEGRV 11 

Perform 11 INTSTALL11 

TDEC1 = TETCSM 

Switch FLAGWRD3 bit 3 (VINTFLAG) to 0 

Perform 11 SETIFLGS11 

Perform "INTEGRV" 

If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

Proceed to 11 P201EMC" 

Y,,.P0S = flCVLEM (rescaled by 2-2) 

( by 2-2) 1_MVEL = ycvLEM rescaled 

Return via LS21X 

GENRET = return address 

Switch FLAGWRD1 bit 10 (R61FLAG) to 1 

Proceed to "R61C+L0211 

GENRET = return address 

S·,dtch FLAGWRD1 bit 10 (R61FLAG) to 0 

R61C+L01 If bit 4 of channel 33 = 1, proceed to 11 R61C+L02" 

Perform "RRRD0T" 

Perform 0 RADSTALL" 

Perform 11 RRRANGE 11 
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Perform 11RADSTALL" 

R61C+L02 If FLAGWRD1 bit 5 ( TRACK~'LG) = 0: 

Proceed to "P20LEMWT 11 

§CAXIS = ~:UNITZ 

TDEC1 = TIMENOW + K:JSECONDS 

Perform "1PS20.1" (get RR target vector) 

POINTVSM = RRTARGET - -
Inhibit interrupts 

IScdu = Q.DUD 

Release interrupt inhibit 

Perform 11 VECPNT1 11 

IHETAD = IS 

If FLAGWRD1 bit 5 (TRACKFLG) = 0: 

Proceed to 11 P201EMWT" 

If bit 10 of channel JO or bit 14 of channel 31 = 1: 

Perform 11 BALLA.NGsn 

Proceed to 11R61C+L06 11 

!Sref = flRTARGET 
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Perform 11 CDUTRIG11 

Perform 11 SMTONB 11 

If TSrefz - K : C0S15DEG Lo: 

Inhibit i nterrupt s 

Perform 11 ZATTEROR11 

Perform 11 SETMINDB 11 

Switch FLAGWRD5 bit 6 (3AXISFLG) to 0 

Switch FLAGWRD4 bit 12 (PDSPFLAG) to 1 

Perform 11 R60LEM11 

Inhibit interrupts 

Pe?"form 11 RESTORDB 11 

S~itch FLAGWRD4 bit 12 (PDSPFLAG) to 0 

Proceed to 11 R61C+L06 11 

Inhibit interrupts 

CDUD = THETAD - -

Release interrupt inhibit 

R61C+L06 If FLAGWRD1 bit 10 (R61FLAG) = 1 or R65CNTR = O, return 
via GENRET 

R65CNTR = R65CNTR - 1 

RNAV - 12 



R21IEM 

Delay 6 seconds 

Establish "R61C+L01" 

End job 

Switch bit 14 channel 12 to 0 

If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

TANG0 = 0 

TANG1 = 0 

If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

If RADMODES bit 12 (ANTENFLG) = 1: 

Proceed to "R21IEM10" 

TANG1 = -¾ ( -90°) · 

Switch FLAGWRDO bit 5 (LOKONSW) to 0 

Perf arm "RRDESNB" 

Perform "RADSTALL" 

If RADGOOD = 0: 

( pr 26) 

Perform "PRIOLARM1' with TS = 00503~ 
(~f terminate, proceed to "TRRTRACK"; if proceed, 
_l)roceed to "R21-IEM"; other response, proceed 
to "P20IEMC3".) 

End job 

R21IEM10 Switch FLAGWRD2 bit 12 (LOSCMFLG) to 1 

DESCOUNT = K:MAXTRIES 

R21IEM2 LOSCOUNT = 3 

R21 IEM1 TDEC1 = TIMENOW + K:HALFSEC 

Perform "1PS20 .1" (get RR target vector) 
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Switch FLAGWRDO bit 5 (LOKONSW) to 1 

Switch FLAGWRD5 bit 4 (NORRMON) to 0 

Perform "RRDESSM'' 

If RADLIMCK = 0: (not within mode 2 limits on lunar surface) 

Proceed to "R211EM4" 

If RADLIMCK = 1: (not within limits in either mode) 

Proceed to !'P201EMA" 

(Otherwise, RADLIMCK = 2) 

Perform "RADSTALL" 

If RADGOOD = 0: (lock-on not achieved) 

Perform "PRIOLARM'' with TS = 00503 
(If terminate, proceed to "T~RACK"; if proceed, 
proceed to "R241EM"; other response, proceed 
to "P20I.EMC3".) 

End job 

Switch FLAGWRD2 bit 12 (LOSCMFLG) to 0 

If FLAG\tlRD8 bit 8 (SURFFLAG) = 1, proceed to "P201EMWT" 

Proceed to "R21DISP" 

R21LEM4 REPOSCNT • K:MAXTRIES 

Switch FLAG\tlRDO bit 10 (FSPASFLG) to 1 

Switch FLAG'WRD2 bit 12 ( LOSCMFLG) to 0 

REPOS™ = TIMENO'W + K:TENSEC 

TDEC1 = TIMENO'W + K:TENSEC 
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60TIMES Perform "LPS20.1 11 

Perform "RRDESSM" 

If RADLIMCK = 0: 

If REP0SCNT = 0: (looked 600 seconds ahead did not find) 

Perform "PRIOLARM11 with TS = 530g 
(All responses go to "TRMTRACK") 

End job 

REP0SCNT = REP0SCNT - 1 

REP0STM = REP0STM+K:TENSEC 

TDEC1 = REP0STM (old designate time plus 10 seconds) 

Proceed to 11 60TIMES11 

If RADLIMCK = 1 : 

End of job 

If RADLIMCK = 2 : 

Remove "BEGDES" from waitlist 

If FLAGWRD0 bit 10 (FSPASFLG) = 0: 

Proceed to "R21LEM8 11 

Switch FLAGWRD0 bit 10 (FSPASFLG) to 0 

REP0STM = REP0STM+K:TENSEC 

TDEC1 = REP0STM (old designate time plus 10 seconds) 

Proceed to "60TIMES 11 
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R21LEM8 TDEC1 = REPOSTM 

Perform "UPPSV" 

Switch RADMODES bit 15 (CDESFLAG) to 1 

Switch FLAGWRDO bit 5 (LOKONSW) to 0 

Switch FLAGWRD5 bit 4 (NORRMON) to 1 

Perform "RRDESNB" 

Call "R21LEM9" in (REPOSTM-TIMENOW seconds) 

End of job 

R21LEM9 Remove "STDESIG" from waitlist 

Switch RADMODES bits 10 (DESIGFLG) and 15 (CDESFLAG) to 0 

Switch bit 2 of channel 12 to 0 

Establish "R21LEM10" 

End task 

(pr26) 

R21DISP Perform "GOPERF2R" with TS= K:V06N72. (CDUt. , C~U,s) 
(If terminate, proceed to 11 TRMTRACK 11 ; if proceed, proceed 
to "P201EMWT"; other response, repeat this step.) 

Perform "BLANKET 11 ·with TS= 00100g 

End of job 

R22LEM42 If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

R65CNTR = 2 

Perform "R65LEM" 

Proceed to "R22LEM" 

Delay 2 seconds 

Proceed to "R22LEM" 
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R22LEM If FLAGWRDO bit 7 (RNDVZFLG) = O, end job 

If FLAGWRD1 bit 5 (TRACKFLG) = O, proceed to "R22WAIT" 

If bit 14 of channel 12 = 0: (RR tracker disabled) 

Proceed to "P20LEMA" 

If bit 2 of channel 33 = 1: (RR AUTO mode switch not set) 

Proceed to second step of "P20LEMB7" 

If RADMODES bit 13 (RCDUOFLG) = 1: 

Proceed to "R22LEM42" 

Perform "LRS22.1 11 

If TSerror = 1, proceed to "P20LEMC" 

If TSerror = 2 : (actual LOS differs from computed LOS) 

Perform "PRIOLARM" with TS= 00525g 
(If terminate, proceed to "TRMTRACK"; if proceed, 
skip next step; other response, repeat this step.) 

End job 

Proceed to "PRIODSP" with TS= K:V06N05 (dis:elay deviation) 
(If terminate, proceed to "TRMTRACK"; if proceed, 
continue at next step; other response, proceed to 
"P20LEMC".) 

If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

If FLAGWRD1 bit 5 (TRACKFLG) = O, proceed to "R22WAIT" 

If arc co sRRBORSIT z :! K: 30DEG: 

Perform "R61LEM" 

Proceed to "R22WAIT" 

RNAV - 17 



If FLAGWRD1 bit 6 (NOUPFLAG) = 1: 

Proceed to "R22LEM42" 

If FLAGWRD1 bit 7 (UPDATFLG) = 0: 

Proceed to 11R22LEM42" 

Perform "l.SR22.3" 

TRKMKCNT = TRKMKCNT + 1 

If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

R65CNTR = 5 

Perform "R65LEM" 

Proceed to "R221EM" 

Delay 2 seconds 

Proceed to "R22LEM11 

R22LEM96 N49FLAG = 0 

Establish "N 49DSP" ( pr27) 

If N49FLAG = O, repeat this step (delay until N49FLAG f 0) 

If N49FLAG < 0: 

If N49FLAG = - 2, proceed to 11 R221EM" 

Proceed to 11 ASTOK 11 

Return via LGRET 

R22JAIT Call "P20LEMC1" in 15 seconds 

Proceed to second step of 11 P20LEMWT" 
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R22RSTRT Perform "RRRDOT" 

Perform "RADSTALL" 

(If a restart occurs while reading radar 
come here) 

N49DSP 

R23LEM 

If RADGOOD = 0, proceed to "P20LEMC" 
(could not read radar) 

Proceed to "R22LEM11 

Proceed to 11 PRI1DSP11 with TS= K:V06N49 
(If terminate, set N49FLAG to - 2 and end job; if 
proceed, set N49FLAG = -1 and end job; other 
response, set N49FLAG to+ value and errd job.) 

Switch FLAGWRD5 bit 14 (NORRMON) to 1 

Perform 11 SETMINDB" with interrupts inhibited 

Switch bit 14 of channel 12 to 1 (RR track enable) 

Proceed to "GOPERF1 11 with TS = 00205 (request manual acquisition) 
(If terminate, proceed to "R23L~"; if proceed, continue 
at next step; other response, proceed to 11 R23LEM3 11 .) 

Inhibit interrupts 

Perform "RRLIMCHK" with TS0 = CDUt and TS1 = CDUs 

If TSchk = 0: (Manual acquisition not within limits) 

Perr'orm "PRIOLARM'' with TS = 00501 
(If terminate, proceed to 11 R2~LEM211 ; if proceed, 
repeat this step; other response, proceed to "R23LEM3" .) 

End job 

Perform "RESTORDB" 

Release interrupt inhibit 

Switch FLAGWRD5 bit 4 (NORRMON) to 0 

Proceed to "P20LEMB1" 
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R23LEM2 s,,.ritch FLAGWRD5 bit 4 (N0RRM0N) to 0 

Proceed to "TRMTRACK" 

R23LEM3 Perform "R61 LEM'' 

R24LEM 

R24END 

Proceed to third step of 11 R23LEM" 

Switch FLAGWRD2 bit 14 (SRCH0PTN) td 1 

Switch FLAGWRD2 bit 12 (L0SCMFLG) to 0 

DATAGO0D = 0 

0MEGDISP = 0 

Perform 11 PRIODSPR11 with TS = K:V16N80 (monitor DATAGO0D, 0MEGDISP) 
(If terminate, proceed to 11 TRMTRACK11 ~ if oroceed, proceed 
to 11 R24END"; other response, proceed to "R24LEM3".) 

Proceed to "LRS24. 111 

Remove II CALLDGCH11 from wai tlist ( kill it) 

Switch RADM0DES bits 10 (D~IGFLG) and 15 (CDESFLAG) to 0 

Switch bit 2 of channel 12 to 0 (disable RR CD:J err::>r •Jounters) 

Proceed to II P20LEM1 11 

R24LEM3 Remove II CALLDGCH 11 from wai tlist ( kill it) 

Switch RADM0DES bits 10 ( DESIGFLG) and 15 (CDESFLAG) to 0 

Switch bit 2 of channel 12 to 0 (disable RRCDU Error Counters) 

Delay 0.5 second 

If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

Perform II R61 LEM" 

RADCADR = +0 

RNAV - 20 



LRS22.1 

Proceed to fifth step of 11 R24LEM" 

Switch FLAGWRD5 bit 10 (RNGSCFLG) to 0 

Inhibit interrupts 

Set RADMODES bit 3 (RRRSFLAG) = bit 3 of channel 33 (RR range 
scale) 

Release interrupt inhibit 

READRDOT Perform 11 RRRDOT 11 

Perform 11 RADSTALL11 

(read RR range-rate) 

If RADGOOD = 0: 

TSerror = 1 

Return 

I~hibit interrupts 

TS5&b = TIMEHOLD 

RDOTMSAV = SAMPLSUM 

TS = CDU 3 y 

TS4 = CDUz 

TS 2 = CDUx 

TSt = TIMENOW 

TANG0 = CDUt 

TANG 1 = CDUs 

Release interrupt inhibit 

Perform 11 RRRANGE 11 

Perform 11 RADSTALL 11 
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If RADGOOD = 0: 

If FLAGWRD5 bit 10 ( RNGSCFLG) ; 1 : 

Proceed to 11READRDOT 11 

TSerror = 1 

Return 

Inhibit interrupt s 

RANGRDOT = DNRADATA1&2 

MKT IME = TS 5&b 

AIG = TSJ 

AMG = TS
4 

TANGNB0 = TANG0 

TANGNB 1 = TANG1 

AOG = TS 2 

release interrupt inhibit 

RDOTM = K:RDOTCONV RDOTMSAV (scarled to (meters/centisecond )/27 ) 

RRTRUN = TANG0 converted to one's complement form 

RRSHAFT = TANG1 similarly converted 

RM = K:RANGCONV SAMPI.SUM 

Perform 11RRNB 11 (determine actual LOS from radar position angles) 

f!RBORSIT = !S 

TDEC1 = TSt 

Perform 11 LPS20.1 11 (get estimate of LOS based of present state 
vector information) 
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Perform "CD➔~TR*GS" with _!NG = (AOG, AIG, AMG) 

Perform "SMTONB" 

]'S = ~MNBMAT] ]RTARGET 

DSPTEM1 = arccos (!S • .ERBORSIT) (angular error between 

If DSPTEM1 ~• K : THREEDEG : 

TSerror = 2 

Return 

TSerror = 0 

Return 

LSR22.J If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

Proceed to "LSR22.4" 

the two) 

Switch FLAGWRD5 bit 9 (DMENFLG) to 1 

If FLAGWRD1 bit 8 (VEHUPFLG) = 1 : 

Perform "INTSTALL" 

Switch FLAGWRDJ bit 3 ( VINTFLAG) to 0 

Perform "SETIFLGS" 

TDEC1 = MKTIME 

Perform "INTEGRV" (LM) 

Perform "INTSTALL" 

Switch FLAGWRDJ bit 1 (DIMOFLAG) to 0 

If FLAGWRD5 bit 1 (RENDWFLG) = 1: 

Switch FLAGWRD3 bits 1 (DIMOFUG) and 2 (D60R9FLG) to 1 

Switch FLAGWRD3 bits 3 (VINTFLAG)and 5 (STATEFLG) to 1 

Switch FLAGWRDJ bit 4 (INTYPFLG ) t o O 

TDEC1 = MKTIME 
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( If FLAGWRD1 bit 8 ( VEHUPFLG) = 1 : ) 

Perform "INTEGRV" 

If FLAGWRD5 bit 1 . (RENDWFLG) = 0: 

Perform 11 WLINIT 11 

Proceed to "RANGEBQ" 

Perform "INTSTALL" 

Switch FLAGWRDJ bit J (VINTFLAG) to 1 

Perform "SETIFLGS" 

TDEC1 = MKTIME 

Perform "INTEGRV" 

Perform "INTSTALL" 

Switch FLAGWRDJ bit 1 (DIMOFLAG) to 0 

If FLAGWRD5 bit 1 (RENDWFLG) = 1 : 

Switch FLAGWRDJ bits 1 (DIMOFLAG) and 2 (D60R9FLG) to 1 

Switch FLAGWRDJ bits J (VINTFLAG) and 4 (INTYPFLG) to 0 

Switch FLAGWRDJ bit 5 (STATEFLG) to 1 

TDEC1 = MKTIME 

Perform "INTEGRV" 

If FLAGWRD5 bit 1 (RENDWFLG) = 0: 

Perform "WLINIT" 

Proceed to "RANGEEQ" 

LSR22.4 Perform "INTSTALL" 

Switch FLAGWRDJ bit 5 ( STATEFLG) to 1 
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Switch FLAGWRD3 bit 3 (VINTFLAG) to 0 

TDEC1 = MKTIME 

Perform "INTEGRV" 

Switch FLAGWRD5 bit 9 (DMENFLG) to 0 

Perform "INTSTALL" 

If TRKMKCNT = 0: 

Perform "WLINIT" 

Switch FLAGWRD3 bit 3 (VINTFLAG) to 1 

Perform "SETIFLGS" (Standard flag setting for integration) 

TDEC1 = MKTIME 

Perform "INTEGRV" 

Proceed to "RANGEBQ" 

Switch FLAGWRD3 bits 1 (DIMOFLAG) and 3 (VINTFLAG ) to 1 

Switch FLAGWRD3 bits 2 (D60R9FLG) and 4 (INTYPFLG) to 0 

TDEC1 = MKTIME 

Perform "INTEGRV" 

Proceed to "RANGEBQ" 
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RANGEBQ If FLAGWRD8 bit 8 ( SURFFLAG) = 0 : 

R65CNTR = 0 

Perform "R65LEM'! 

WHCHREAD = 1 (RANGE code in N49) 

fSrlc = QELTACSM + ECVCSM - QELTALEM - ECVLEM (scaling controlled 
by LMOONFLG) 

'Q.LC = unitfSrlc (quasi-floating point) 

!2_VECTOR
0 

= !II,C 

If FLAGWRD1 bit 8 (VEHUPFLG) = O, !2_VECTOR
0 

= - ULC 

!2_VECTOR1 = 0 

!2_VECTOR2 = 0 

DELTAQ = RM - I _!Srlc I 
VARIANCE= RANGEVAR [!Srlc\ 2 

If VARIANCE~ RVARMIN, VARIANCE= RVARMIN 

Perform "LGCUPDTE" 

WHCHREAD = 2 (R-RATE code in N49) 

!Srlc = QELTACSM + ECVCSM - QELTALEM - ECVLEM: 

!I,LC = unitfSrlc (quasi-floating point) 

!2_VECTOR1 = fSrlc 

If FLAGWRD1 bit 8 (VEHUPFLG) = O, !2_VECTOR1 = - _!Srlc 

!Svlc = .IBJVCSM + YCVCSM - ElJVLEM - VCVLEM 

TSrdot = !II,C • fSvlc 

VARIANCE= RATEVAR TSrdot2 

If VARIANCE< VVARMIN, VARIANCE= VVARMIN 

DELTAQ = j!Srlcf (RDOTM - TSrdot) 

!2_VECTOR0 = ('Q.LC * _!Svlc) * 'Q.LC 
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If FLAGWRD1 bit 8 (VEHUPFLG) = O, !!VECTOR0 = - !!VECTOR0 

f!VECTOR2 = 0 

appropriate scaling change made (See definition of liVECTOR0 ) 

VARIANCE= VARIANCE l1sr1c1
2 

Perform "LGCUPDTE" 

If FLAGWRD8 bit 8 (SURFFLAG) = 1, return ( to caller of 11 LSR22. 311 ) 

~G = (AOG, AIG, AMG) 

Perform II CD*TR*GSi1 

Perform II NBTOSM" 

KNBref = (REFSMMA'£1 T[NBSMMATI K: UNITX 

:;arnref = (REFSMMATJT firnsMMAtj K: UNITY 

~NBref = ffer,FSMMAT] T ~BSMMAfl K: UNITZ 

ISrlc = QELTACSM + ECVCSM - QELTALEM - RCVLEM 

ULC = unitTSrlc - -

SINTHETA = - ULC • ,XNBref 

RXZ = JISrlcf✓ 1 - SINTHETA
21 

WHCHREfiD = 3 (shaft code in N49) 

SHJTH = )ILC • K_NBref 

COSTH = )ILG • ~NBref 

Perform ''ARCTAN" 

DELTAQ = RXZ (K :2Pid8 RRSHAFI' - K:2Pid8 THETA - X789) 
X 

~VECTOR0 = - unit(QLC*,XNBref) 

If FLAGWRD1 bit 8 (VEHUPFLG) = 0, f!VECT OR0 = - ~VECTOR
0 

!?_VECTOR
1 

= 0 

gVECTO½ = (RXZ, 0, 0) 
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VARIANCE= RXZ2 (SHAFTVAR + K:IMUVAR) 

Perform 11 LGCUPDTE11 

!Srlc = QELTACSM + ECVCSM - QELTALEM - ECVLEM 

ULC = uni tTSrlc - -
SINTHETA = - ULC • ,XNBref 

RXZ = I 1:sr1fv'1 - SINTHETA
2 

• 

WHCHREAD = 4 (trunnion code in N49) 

~VECTORQ = - (~LC* XNBref) * ~LC 

If FLAGWRD1 bit 8 (VEHUPFLG) = O, !?_VECTORQ = - ~VECTORo 

!?_VECTOR1 = 0 

~VECTO~ = (O, RXZ, 0) 

VARIANCE= RXZ
2 

(TRUNVAR + K:IMUVAR) 

DELTAQ = RXZ (K:2Pid8 RRTRUN - K:2Pid8 arcsinSINTHETA - X789) 
y 

Perform II LGCUPDTE11 

Return (to caller of 11 LSR22.J 11 ) 

LRS24.1 NSRCHPNT = 0 

Switch bit 14 of channel 12 to 1 (enable RR tracker) 

If FLAGWRD2 bit 14 (SRCHOPTN) = O, end job 

Inhibit interrupts 

Call II CALLDGCH 11 in 6 seconds 

Release interrupt inhibit 

If RADMODES bit 14 (REHODFLG) = 1, end j ob 

TDEC1 = TIMENOW + K:1 .5SECS 

Perform 11 LEMCONIC11 

RLMSRCH = RATT - -
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TSv = VATT - -

TDEC1 = TAT 

Perform "CSMCONI C" 

_10SDESRD = unit(B:f!.TT - EI,MSRCH) 

VXRCM = unit(unityATT. * B:fl.TT) 

TS = -v [REFSMMA'd (yATT - irsv) 

If NSRCHPNT = 0: 

gRTARGET = ~FSMMAi) LOSDESRD 

If NSRCHPNT = 1 : 

UXVECT = unit(YXRCM * _10SDESRD) 

UYVECT = unit(_10SDESRD * QXVECT) 

gRTARGET = [REFSMMA'i) unit(K:OFFSTFAC UYVECT + _10SDESRD ) 

If NSRCHPNT .:) 1 : 

UXVECTPR = UXVECT - -

UYVECTPR = UYVECT - -

UXVECT = unit(K:SIN60DEG JIYVECTPR + K: COS60DEG QXVECTPR) 

UYVECT = unit( K: COS60DEG JIYVECTPR - K: SIN60DEG QXVECTPR ) 

RRTARGET = (REFSMMATJ unit (K : OFFSTFAC JIYVECT + _10S DESRD) 

LOSVEL = TS - -v 

Inhibit bterrupts 

Femove 11 STDESIG11 from vaitlist if it is there 

Svitch RADMODES bit 15 (CDESFLAG) to 1 

Perform 11 RRDESSM11 
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If RADLIMCK -:/- 2: (not within limits) 

Perform "ALARM'' with TS = 005278 

Inhibit interrupts 

Remove a call to "CALLDGCH" from vaitlist if it is there 

End job 

OMEGCALC TANGNB0 = CDUt 

TANGNB1 = CDUs 

Perform 11 RRNB11 (get LOS vector in nav. base coordinates) 

OMEGDISP = arccos TS 
z 

End job 

CALLDGCH If FLAGWRDO bit 7 (RNDVZFLG) = O, end task 

Establish II DATGDCHK" 

End task 

(pr25) 

DATGDCHK If bit 4 of channel 33 = 0: (RR data good) 

DATAGOOD = K:ALL1S 

Inhibit interrupts 

Remove 11 STDESIG 11 from vaitlist if it is there 

End job 

If NSRCHPNT = 6, proceed to II LRS24. 111 

NSRCHPNT = NSRCHPNT + 1 

Proceed to second step of 11 LRS24.1" 
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WLINIT 

(pages RNAV - 31 through RNAV - 35 containing R29 have been ornttted) 

(routine 29 has been deleted) 

p = WRENDPOS 

v = WRENDVEL 

If FLAGWRD8 bit 8 (SURFFLAG) = 1: 

p = WSURFPOS 

v = WSURFVEL 

s = WSHAFT 

t = WTRUN 

p O 0 0 0 0 0 0 0 
0 p 0 0 0 0 0 0 0 
0 0 p 0 0 0 0 0 0 

0 0 0 V O 0 0 0 0 
(w] = 0 0 0 0 V 0 0 0 0 

0 0 0 0 0 V 0 0 0 

0 0 0 0 0 0 s O 0 
0 0 0 0 0 0 0 t 0 
0 0 0 0 0 0 0 0 0 

Switch FLAGWRD5 bit 1 (RENDWFLG) 

TRKMKCNT = 0 

Return 

to 1 

LGCUPDTE LGRET = return address 

Perform 11 INCORP1 11 

R22DISPR = jQELTAX0 f 

R22DISPV = JQELTAX1/ 

If R22DISPR > RMAX or if R22DISPV) VMAX: 

Proceed to II R22LEM9611 (get astronaut OK) 
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ASTOK 

INCORP1 

Perform 11 INCORP2 11 

Return via LGRET 

EGRESS= return address 

ZI = r1~1w3j f!VECTOR0 + ~1W51W6j ~71w81w9t - 0 w12iZ2w.32 0,2 W 52 W 62 f!VECTOR1+ 72w82w9 VECTOR2 
W13 2.3W.3 .3 4.3w5Jw6.3 · 7.3w8.3w9 

£I1 [
19¢j f!VECTOR0 + f~5~1 [7~8~9r = W 15i,t5 .35 f!VECTOR1+ w75 85 9 

VECTO~ 
if.-5w55w65 

w1626w.3 46 56 6 w76w86w9 

£I2 = ~1❖7~3~ f!VECTOR0 + ~47w57w6~ ~77w87w9r 
18w28w.38 if.8w58w68 f!VECTOR1+ 78w88w9 VECTOR2 

19 29 .39 49w59w69 79w89w9 

If FLAGWRD5 bit 9 (DMENFLG) = 0, £I2 = 0 

TS= VARIANCE+ £Io ·~Io+ ~I1 • ~I1 + ~I2 · ~I2 

GAMMA = 1 / ( ✓VARIANCE TS' + TS) 

Proceed to II NEWZCOMP" 

INCOR2-.3 QMEGA0 = £Io ~11~1~3~ 12i,t2 .3 
13 2.3w.3 

+ ~I1 ~1~4w3j w15{25w.35 
w16 26w.3 

r7w27w3~ + ~I2 w18~8w.38 
W19 29W.39 

QMEGA1 = ~IO ~
1
w51 w6~ + ~I1 i~5~i 2~52~62 iJ.5w55w65 

4.3 5.3 6.3 46 56 6 

QMEGA2 = ~IO [71w81w9~ W72W82W92 
w73w8.3w9.3 

+ ~I1 87❖~9~ w75 85 95 
w76w86w9 

If FLAGWRD5 bit 9 (DMENFLG) = O, QMEGA2 = 0 

QELTAXo = QMEGAo DELTAQ I TS 

QELTAX1 = QMEGA1 DELTAQ / TS 

QELTA~ = QMEGA2 DELTAQ / TS 

Return via EGRESS 
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NEWZCOMP Set TS1 to the largest ,~Iii ( i = o, 1 , 2) 

TS -2 - (number of leading zeros in TS1) - 2 

Shift each ZI. left by 
- l 

TS2 places (i = o, 1 ' 2) 

Proceed to II INCOR.2-3 11 

INCORP2 EGRESS= return address 

Perform II INTSTALL11 

(effect of TS2 taken into account in 
subsequent scaling shifts) 

(wait until orbital integration is free) 

QMEGAMo = GAMMA QME GA0 

QMEGAM1 = GAMMA QMEGA1 

QMEGA~ = GAMMA QMEGA2 

Switch FLGWRD10 bit 7 (REINTFLG) to 1 
(Assure that this job retains control of the 
integration routines even in case of a restart) 

[1 1 w21 w3~ 
w12 w22 w32 = r w21 w3~ 12 W22 WJ2 i~~~1 (OMEGAM0 , OMEGAMo , OMAEGAM0 ) 

W13 W23 WJJ w13 w23 wJJ ZI y X y z 
0 z 

~41 w51 w6~ _ [w41 w51 w~ r ox (OMEGAM1 , OME GAM1 , OMEGA~ ) W42 W52 w62 - w42 W52 w - ZIO 

43 w5J w6J w43 w53 w6 ZioY 
X y z 

z 

If FLAGWRD5 bit 9 (DMENFLG) = O, skip next step 

[71 Ws1 w9~ ~71 ws1 w9~ -r:~~j w72 ws2 w92 = 72 W82 W92 ( OMEGA~ , OMEGA~ , OMEGA~ ) 

w73 w83 w93 ~73 w8J w93 
ZI y X y z 

0 z 

~14 W24 W3j ~14 W24 W3j [ ZI1 j 
W1 5 W25 W35 = w15 W2 5 w35 - ZI1; (OMEGAMo , OMEGAM0 , OMEGAM0 ) 

w16 w26 w3 
X y z 

w1 6 w26 WJ ZI1 
z 
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If FLAGWRD5 bit 9 (DMENFLG) = O, proceed to 11 FAZC 11 

ZI1 1,174 1,184 l,19j 1,174 1,184 l,19~ 
w75 w85 w95 = w75 w85 w95 

ZI x (OMEGA~ ,OMEGA~ ,OMEGA~ ) 1 

w76 w86 w96 w76 w86 w96 ZI y X y z 
1 z 

w1 s w28 w38 
1,117 1,127 l,13~ 

= w18 W2g w3 
r7 1,127 l,13~ ZI X 

2 
ZI2 j 

( OMEGAM0 , OMEGA.Mo , OMEGAMo ) 

W19 W29 W3 W19 W29 W39 
ZI y X y z 

2 
z 

zr2 

48 w58 w68 
£471,157 l,16~ [47 1,157 w6~ = w48 w58 w68 - ZI x 

2 ( OMEGAM1 , OMEGAM1 , OMEGAM1 ) 

49 w59 w69 w49 w59 w6 
ZI y X y z 

2 
z 

zr2 

w78 Wgg w98 = w78 Wgg w98 
~77 1,187 1,19) f 77 1,187 l,19~ - zr2 (OMEGA~ ,OME~ ,OMEGA~ ) 

w79 Wg9 w9 W79 Wg9 W99 
ZI y X 

2 
z 

FAZC 1X789 = K789 + QELT~ 

If FLAGWRD1 bit 8 (VEHUPFLG) = 1, perform 11 MOVEPCSM11 

If FLAGWRD1 bit 8 (VEHUPFLG) = O, perform 11 MOVEPLEM11 

1s = 1DELTAV + QELTAXo 

PBODY = 0 (scaling controlled by ·PBODY) 

If FLAGWRD8 bit 11 (I.MOONFLG) = 1, PBODY = 2 

If overflow: 

liCV = QELTAXa + flCV 

ycv = QELTAX1 + ycv 
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FAZABJ 

( If overflow:) 

Perform "RECTIFY" 

Proceed to "FAZABJ" 

TDELTAV = TS - -

If overflow: 

y_cv = 12_ELTAX1 + vcv 

Pe rform "RECTIFY" 

Proceed to "FAZABJ" 

TNUV = TS 

If FUGWRD1 b it 8 (VEHUPFLG) = 1: 

Perform "MOVEACSM" 

Perform "SVDWN1" 

If FLAGWRD1 b it 8 (VEHUPFLG) = 0: 

Perform "MOVEALEM" 

Perform "SVDWN2" 

If FLAGWRD5 b it 9 (DMENFLG) = 1 : 

!789 = '.[X789 

Perform "INTWAKE" 

Return v ia EGRESS 

V67CALL If OVFI ND = 1 , Switch OVFIND to 0 

Switch FLAGWRD7 bit 8 (V67FUG) to 0 

Perfo rm "INTSTALL" 
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OVFIND = 0 

WWPOS = K:DPPOSMAX 

WWVEL = K:DPPOSMAX 

WWBIAS = K:DPPOSMAX 

If WWPOS) K:FT99999: 

WWPOS = K:FT99999 

Perform "INTWAKE" 

TS = WWPOS wpos 

TS l = J-MVEL wve · 

TS b' = WWBIAS w ias 

(rescaled for 
display) 

(if one over­
flows, all 
limited to 
posrnax) 

Proceed to "GOXDSPF" with TS= K:V06N99 (WWPOS, WWVEL, WWBIAS) 
(If terminate, proceed to "ENDEXT"; if proceed, proceed to 
next step; other response, repeat this step.) 

If TS l - WWVEL + TS - WWPOS + TS bi - WWBIAS f 0: (crew input) wve wpos 'W as 

Switch FLAGWRD7 bit 8 (V67FLAG) to 1 

If FLAGWRD? bit 8 (V67FLAG) = O, proceed to "ENDEXT" 

TS0 = WWPOS (double precision - rescaled f or internal use) 

TS1 = WWVEL (double precision) 

TS2 = WWBIAS (double precision - rescaled for internal use) 

RNAV - 41 



If FLAGWRD8 bit 8 (SURFFLAG) = 1 :· 

WSURFPOS = TS0 _ single precision 

WSURFVEL = TS1 single precision 

WTRUN = TS2 single precision 

WSHAFT = TS2 single precision 

Switch FLAGWRD5 bit 1 (RENDWFLG) to 0 

Proceed to "ENDEXT" 

WRENDPOS = TS0 single precision 

WRENDVEL = TS1 single precision 

WTRUN = TS2 single precision 

WSHAFT = TS2 single precision 

Switch FLAGWRD5 bit 1 (RENDWFLG) to 0 

Proceed to "ENDEXT" 
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DSPRRLOS Establish 11RRLOSDSP 11 (pr05) 

Change priority to 048 

Perform "GOXDSPFR" with TS = K:V16N56 (RR-AZ,RR-ELEV) 
(Any response( switch bit 5 of EXTVBACT to 0 
and end job.) 

Perform "BLANKET" with TS= 000048 (Blank RJ) 

End job 

RRLOSDSP TS1 = CDUt 

TS2 = CDU 8 

Perform "RRNBMPAC" 

TS = unit (TS, O, TS) 
- e X Z 

TS = TS 
- a -

COSTH = TS • K_:UNITZ 
- e 

SINTH = _K:UNITX • TS 
- e 

Perform "ARCTRIG" 

If THETA ( O, THETA= 1 + THETA 

RR-ELEV= THETA 

SINTH = TS • _K:UNITY - a 

COSTH = TS • TS - a - e 

Perform "ARCTRIG" 

If THETA < 0, THETA = 1 + THETA 

RR-AZ = THETA 

Delay 1 second 

If bit 5 of EXTVBACT = 1, proceed to 11RRLOSDSP" 

Proceed to 11 ENDEXT" 
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Quant iti es i n Computations 

f:LPHAV: See ORBI section. 

ALT: See COOR section . 

ANG: See COOR section . 

AOG, AIG, AMG: Si ngle precis i on storage for ICDU angle s , scaled B- 1 i n 
units of revo l uti on s and stored i n t wo 's compl ement form . 

~VECTORO: Double pr ecisi on ve ctor def i n i ng the resolution of a navigation 
measurement i nt o correction s to the position components of the state 
vector and the W-ma trix; scaled B1 and un i t l e s s or scaled B5 in units 
of meter s per centisecond . Scaling in range rat e incorporation is 
changed depending on whether liVECTOR0 or gVECTOR

1 
has the largest un­

scaled magnitude. That term i s then normalized and BVECTOR.o!. liVECTOR
1

, 
DELTAQ and VAHIANCE are rescaled t o reflect the change in liVECTOR0 • 

~VECTOR1: Double prec i s i on vector def i ning the re solution of a navigation 
measur ement i nto correcti ons t o t he veloci t y component s of t he s t a te 
vector and the W-matri x ; scaled B24 in units of me t er s . Scaling 
change is described i n ~VE CTOR

0
• 

~VECTOR
2

: Double prec i s i on vec t or def i ni ng the resolution of a navigat i on 
measurement i nt o correcti ons t o the Rendezvous Radar position bi a se s 
(shaft and trunn i on ) and the RR components of t he W-matrix; scal ed 
B25 i n units of meters . 

CDUt See RADR secti on . ,s 

CDU : See COOR section . 

CDUD : See DAPA section . 

COSTH : See COOR secti on. 

CSTH : See CONC secti on . 

DATAGOOD : Single precision di splay r egister, scaled B14 aud unit less. 
Us ed i n Rout ine 24 to indicate to the astronaut that the RR has 
acquired a t arget . 
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gELTACSM, QELTALEM: See flCVCSM in ORBI section. 

DELTAQ: Double precision difference between measured and predicted 
values of a navigation measurement; range measurement scaled B29 
(earth) or B27 (moon) in units of meters; range-rate measurement 
scaled B.3.3 ( earth) or B.31 (moon) in uni ts of meters squared per 
centisecond; RR position angle measurement scaled B29 (earth) or 
B27 (moon) in units of meters. Scaling change described in ~VECTOR

0
• 

~ELTAX
0

: Double precision position correction vector scaled B29 (earth) 
or B27 (moon) in units of meters. 

£ELTAX1 : Double precision velocity correction vector, scaled B7 (earth) 
or B5 (moon) in units of meters per centisecond. 

£ELTAX2: Double precision Rendezvous Radar position bias correction 
vector (shaft and trunnion with third component zero) scaled B5 
(earth) or B3 (moon) in units of radians. 

DESCOUNT: See RADR section. 

DNRADATA.: See RADR section. 
l 

DSPTEM1: Temporary storage cell used mainly for display interface 
purposes. 

EGRESS: Single precision octal return address storage cell. 

!ITVBACT: See :IIVB aection. 

GAMMA: Double precision ~ei~hting factor in update of W-matrix, scaled 
B-40 in units of meters- or B-48 in units of centiseconds squared per 
meter4. 

GENRET: Single precision octal return address storage cell. 

-28 K:1.5SECS: Double precision constant stored as 150 x 2 , scaled B28 
in units of centiseconds. 

-2 K:2Pid8: Double precision constant stored as J.14159265.3 x 2 ,scaled 
BJ and unitless. Equation value: 6.28.3185.306. 

K:JODEG: Double precision constant stored as 0.08.33.3.3.33.3, scaled BO in 
units of revolutions. Equation value: 0.08.3333333. (Equivalent to 
JO degrees.) 
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-28 K:3SECONDS: Double precision c0nsta.nt stored as 300 x 2 scaled B28 
in units of centiseconds. Equation value: 300. (Equivalent to 
3.0 seconds.) 

6 -28 K: OOSEC: Double precision constant stored as 60000 x 2 , scaled B28 
in units of centiseconds. Equation value: 60000. (Equivalent to 
10 minutes.) 

K:999.99NM: Double precision constmt stored as 1851982 x 2-29 , scaled 
B29 in units of meters. Equation value: 1851982. (Equivalent to 
999 • 99 n • ~i. ) 

K:ALL1S: Single precision constant stored as 11111 x 2- 14
, scaled B14 

and unitless. Equation value: 11111. 

K:COS15DEG: Double precision constant stored as 0.96593 x 2-
1

, scaled 
B1 and unitless. Equation value: cosine of 15 degrees . 

K:COS60DEG: Double precision constant stored as 0.5, scaled BO and 
unitless. Equation value: 0.5. 

K: DPPOSMAX : Double precision constant stored as 377778 377778 . 

K: FHNM : 
B20 
400 

- 20 Double precision constant stored as 740800 x 2 , scaled 
in units of meters. Equation value: 740800 . (Equivalent to 
nautical miles. ) 

K: FT99999 : Double precision constant stored as 30479 x 2- 19 , scaled 
B19 in units of meters. 

- 28 K:HALFSEC : Double precision constant stored as 50 x 2 , scaled B28 
in un its of centiseconds. Equation value: 50. 

K:IM1NAR: Double precision constant stored as 10-
6 

x 212 ,_~caled 
B- 12 in units of radians squared. Equation value: 10 

K: K. 01: Double precision constant stored as 0.01, scaled BO . Used 
to convert output from "LAT-LONG" from units of meters to meters/100. 

-14 K: MAXTRIES : Single precision constant stored as 60 x 2 , scaled B14 
and unitless. Equation value: 60 . 

K: OFFSTF ~C: Double precision constant stored as 0. 05678, scaled BO 
and unitless. Equation value: 0.05678 . 

K: RANGCONV : Double precision constant stored as 2 . 859024 x 2- 3 , scaled 
B3 in units of meters per count. Equation value: 2.859024. 
(Equivalent to 9.38 feet per count or 2.859 meters per count.) 
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K:RDOTCONV: Double precision constant stored as - 0.0019135344 x 27 , 
scaled B-7 in units of meters per centisecond per count. Equation 
value: -0,0019135344, (Equivalent to -0.6278 fps or -0.19135 
meters per second per count.) 

K:SIN60DEG: Double precision constant stored as 0.86603, scaled BO and 
unitless. Equation value: 0.86603. 

-28 ' K: TENSEC: Double precision constant stored as 1 000 x 2 scaled B28 
in units of centiseconds. Equation value: 1000. (Equivalent to 
10 seconds.) 

K:THREEDEG: Double precision constant stored as 0.008333333, scaled BO 
in units of revolutions. Equation ialue: 0.008333333. (Equi valent 
to 3. 0 degrees.) 

K:UNITX, K:UNITY, K:UNITZ: Double precision constant unit vectors, 
scaled B1 and unitless. Equation value: (1, O, 0) , (O, 1, 0) 
and (0, O, 1 ), respectively. 

LAT: See COOR section. 

LGRET: Single precision octal return address storage cell. 

y.1POS: Double precision temporary storage vector of the LM position, 
scaled B29 in units of meters. 

LMVEL: Double precision temporary storage vector of the LM velocity~ 
scaled B7 in units of meters per centisecond. 

LONG: See COOR section. 

LOSCOUNT: See RADR section. 

LOSDESRD: Double precision desired line-of-sight vector from the LM to 
the CSM, a unit vector scaled B1 and unitless . 
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1,0SVEL: Double precision velocity vector of CSM with respect to LM, 
scaled B7 in units of meters per centisecond, stored in SM coord. 

LS21X: Single precision octal return address storage cell. 

MKTI.ME: Double precision time of PIPA readings which are associated with the 
LR altitude measurement for downlink purposes, scaled B28 in units of 
centiseconds. Also the time of RR range rate measurement, considered 
to be RR time of mark. 

MLOSV: Double precision magnitude of the LOS vector, scaled B2O in units 
of meters. 

MODREG: See DATA section. 

N49FLAG: Single precision flag to control the delay in 11 R22LEM96 11 • 

[ NBSMMA'f] : See COOR section. 

!::!CSMVEL: Double precision velocity vector for the velocity after a 
plane change in routine 11 ORBCHG0 11 , scaled B7 ( earth) or B5 (moon) 
in uni ts of meters per centisecond. 

!::!EWPOS: Double precision position vector for the state prior to a 
plane change maneuver, scaled B29 (earth) or B27 (moon) in units 
of meters. 

NEWVEL: Double precision velocity vector for the state prior to a 
plane change maneuver, scaled B7 ( earth) or B5 (moon) in uni ts 
of meters per centisecond. 

NSRCHPNT : Single precision counter to direct the search pattern in 
routine 24 to one of its six options, scaled B14 and unitless. 

!::!UVCSM, !::!UVLEM: See RCVCSM in ORBI section. 

QMEGA: Double precision vector containing part of the weighting factors 
~o detennine the impact of a navigation measurement on each of the 
position components of the state vector and W-matrix; scaled B39 
in units of meters squared or B43 in units of meters cubed per centi­
second, for no rescaling. 

QMEGA: Double precision vector containing part of the weighting factors 
lo detennine the impact of a navigation measurement on each of the 
velocity components of the state vector and W-matrix; scaled B2O in 
units of meters squared per centisecond or B24 in units of meters 
cubed per centisecond squared, for no rescaling. 
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QMEGA2: Double precision vector containing part of the weighting factors to 
determine the impact of a navigation measurement on each of the RR 
position biases and the RR components of the W-matrix; scaled B15 in 
units of meters or B19 in units of meters2/centisecond for norescali~ 

QMEGAMn!. QMEGAM1 , QMEGAM2: Double precision product of GAMMA with QMEGAO, 
QFlliGA1 and QMEGA2; with variable scaling and units. 

OMEGDISP: Double precision angle between line-of-sight vector and LM +z 
axis, scaled BO in units of revolutions. 

OPTION1, OPTION2: See DATA section. 

OVFIND: Single precision cell which is set to some non-zero value if 
an overflow occurs. 

P21ALT: Value of ALT K:K.O1 computed in 11 P21VSAVE" for (optional) 
display in R1 of N91, scaled factor B29 , units (meters/1OO) : 
see K:K.O1. 

E21 BASER: Value of P21 "base" vector for position, scale factor B29 
(earth) or (moon), units meters (earth/moon). Loaded after completion 
of integration to specified input time, and used to initialize 
the integration if bit 11 (P21FLAG ) of FLAGWRDO = 1, thus permitting 
computation time to be saved if it is desired to iterate about a 
point which is a number of orbital integration time steps removed 
from the "permanent" CSM/LM state vector. 

P21 BASEV: Value of P21 "base" vector for veloci ty , scale factor B7 ( earth) 
or B5 (moon), units meters/centisecond. See E21BASER. 

P21GAM: Value of flight path angle computed in "P21VSAVE" for (optional) 
display in R3 of N91, scale factor BO, units revolutions. 

P21ORIG: Single precision cell used to determine scaling pertaining to 
either earth or moon centered vectors; value of O (earth), 2(moon) 
scaled B14. 

P21TIME: Cell used to retain time information, scale factor B28 , units 
centiseconds. Used in P21 to contain the time tag of E21BASER and 
E21BASEV, and to permit the incrementing of the time for which the 
N34 display is generated. 

P21VEL: Double precision storage fo r the magnitude of the predicted 
velocity of the vehicle (crew option CSM or LM) at the time 
specified in Noun 34, scaled B7 in units of meters/centisecond. 
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PBODY: See ORBI section . 

n. 

POINTVSM : See ATTM section . 

R22DISPR, R22DISPV: Double precision registers for display of navi­
gation update to position and velocity , scaled B29 and B7 in units 
of meters and meters per centisecond respectively. (Listing 
mnemonic s R22DISP and R22DISP+2). 

R65CNTR : Single precision number of passes at six second intervals to 
be accomplished of routine 65 , scaled B14 and unitles s . 

RADCADR: See RADR section . 

RADGOOD : See RADR section . 

RADLIMCK : See RADR section . 

RADMODES : See RADR section. 

RANGE: See EXVB section. 

RANGEVAR: Double precision, pad loaded variance expected in measured 
range, scaled B-12 and unitless. Previously a fixed memory con­
stant with an equation value cf 0.0033333 squared. 

RANGRDOT: Double precision word used to store DNRADATA1 2 for tele-
metry use . ' 

RATEVAR: Double precision, pad loaded variance expected in measured 
range rate, scaled B-12 and unitless. Previously a fixed memory 
constant with an equation value of 0.0043333 squared. 

gATT: See ORBI section . 

BCV: See CONG section. 

flCVCSM, flCVLEM: See ORB! section. 
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RDOTM: Double precision measured range rate, scaled B7 in units of 
meters per centisecond. 

RDOTMSAV: Double precision temporary storage location for SAMPLSUM, 
scaled B28 in units of radar counts (where one count represents 
-0.19135344 meters/second). 

[REFSMMAT]: See COOR section . 

REPOSCNT: Single precision cell used as a counter for limiting the 
number of calls to integration in R26 scaled B14. 

REPOSTM: Double precision storage used to save the time of the state 
vectors used in the previous. RR target vector calculation, scaled 
B28 in units of centiseconds. 

EIMSRCH: Double precision LM position vector scaled B29 in units of 
meters. 

RM: Double precision magnitude of measured range, scaled B29 in units 
of meters. 

RMAX: Pad loaded maximum value of position update allowed without astro­
naut approval, scaled B19 in units of meters. (Single precision.) 

RR-AZ: Double precision angle measured from the X-Z nav. base plane 
to the RR LOS vector, scaled BO in units of revolutions. 

RR-ELEV: Double precision angle measured from the Z nav. base axis to 
the projection of the RR LOS vector in the X-Z nav. base plane, 
scaled BO in units of revolutions. 

RRANGE: Double precision position vector of the CSM with respect to the 
LM, scaled B29 in units of meters. Stored in reference coordinates. 

RRATE: See EXVB section. 

RRBORSIT: Double precision measured line-of-sight vector, a unit vector 
scaled B1, unitless and expressed in nav. base coordinates. 

RRECT: See CONG section. 

RRSHAFT: Double precision measured value of Rendezvous Radar shaft angle, 
scaled BO in units of revolutions. 

RRTARGET: See RADR section. 
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RRTRUN: Double precision measured value of RR trunnion angle, scaled 
BO in units of revolutions. 

g8UBC: Double precision CSM position storage vector used in the 11 0RBCHG0" 
routine, scaled B29 (earth) or B27 (moon) in units of meters. 

g8UBL: Double precision IM position storage vector used in the 11 0RBCHG0" 
routine, scaled B29 (earth) or B27 (moon) in units of meters. 

RTF.ETA: See EIVB section. 

RVARMIN: Single precision, pad loaded minimum expected value of VARIANCE 
in a range measurement, scaled B12 in units of meters squared. 
Changed by the program to a triple precision value scaled B40 
in units of meters squared. Previously a fixed memory constant 
with an equation value of 8.1 squared meters squared or 27 
squared feet squared. 

fl.VEG: See CONG section. 

RXZ: Double precision component of the lDS vector in the IM X-Z plane, be­
fore normalization scaled B29(earth) or B2?(moon) in units of meters. 

SAMPLSUM: See RADR section. 

SCAXIS: See ATTM section. 

SHAFTVAR: Single precision p&d loaded variance associated with the measured 
value of the RR shaft angle, scaled B-12 in units of radians squared. 

SINTH: See COOR section. 

SINTHETA: Double precision sine of the RR trunnion angle, scaled B1 
and uni tless. 

[SMNBMATJ: See COOR section. 

SNTH: See CONG section. 

T: See CONG section. 

TANG
0 1 : See RADR section. 
' 

TANGNB0 1 : See RADR section. , 
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TAT: See ORBI section. 

TC: See CONC section. 

TDEC1: See ORBI section. 

'.!:_DELTAV: See ORBI section. 

TET: See ORBI section. 

TETCSM , TETLEM: See ~CVCSM in ORBI section. 

THETA: See COOR section. 

'.!:_HETAD: See AT™ section. 

TIG: See BURN section. 

TIMEHOLD: See RADR section. 

TIMENOW: See EXVB section. 

'.!:_NUV: See ORBI section. 

TRKMKCNT: Single precision count of number of navigation updates made 
during P2O or P22, scaled B14 and unitless. 

TRUNVAR: Single precision pad loaded variance associated with the measured 
value of the RR trunnion angle, scaled B-12 in units of radians2. 

'.!:,X789: Temporary storage for updated f789 vector. 

~CSM: Double precision unit vector of the extimated CSM position at 
the orbit change maneuver point, scaled B1 and unitless. 

![LC: Computed line-of-sight vector, a unit vector scaled B1. 

UXVECT: Double precision unit vector used in defining ~YVECT for the 
RR search routine (R 24), scaled B1 and unitless. 
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UXVECTPR: Double precision storage for the ![XVECT of the previous 
position of the RR in the search routine (R 24), scaled B1 
and uni tless. 

UYVECT: Double precision unit vector used to give the direction 
of the offset factor from the computed LOS in determining the 
desired RR boresight vecta· for the RR search routine (R 24), 
scaled B1 and unitless. 

QYVECTPR: Double precision storage for the QYVECT of the previous 
position of the RR in the search routine (R 24), scaled B1 
and uni tless. 

VARIANCE: Triple precision variance associated with a navigation 
measurement, scaled B40 in units of meters squared or B48 in 
units of meters4 per centisecond squared. Scaling changed as 
described in gVECTOR0 in this section. 

VATT: See ORBI section. 

VCV: See CONG section. 

Y,CVCSM, Y,CVLEM: See RCVCSM description in ORBI section. 

VELLOS: Double precision velocity vector of CSM with respect to U1, 
scaled B? in units of meters per centisecond. Stored in ref. coord. 

VMAX: Pad loaded maximum value of velocity update allowed without 
astronaut approval, scaled B? in units of meters/centisecond, single 
precision. 

Y,RECT: See CONG section. 

Y,SUBC: Double precision CSM velocity storage vector used in the 11 0RBCHG0" 
r outine scaled B? (earth) or B5 (moon) in units of meters per 
centisecond. 

VVARMIN: Single precision, pad loaded minimum expected value of range 
rate measurement variance, scaled B-12 in units of meter s squared 
per centisecond squared. Changed by the program to a double pre­
ci~ion value scaled B4 in the same units. Previously a fixed memory 
constant with an equation value of 0.0013 squared meters squared per 
centisecond squared or 0.44 squared feet squared per second squared. 

VVEC: See cm:c section. 
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yxRCM: Double precision unit vector defining the CSM orbital plane for 
the RR search routine, scaled B1 and unitless. 

In 

Double precision "error transition matrix," a 9rJ matrix (whose 
last three rows and columns are not always maintained) defined such 
that the covariance matrixE equals W wT. The individual elements 
of the matrix are denoted by two subscripts, the first indicating 
the row, the second indicating the column. The first three rows are 
scaled B19 in units of meters; the middle three rows are scaled 
BO in units of meters per centisecond; the last three rows are 
scaled B-5 in units of radians. Because of LGC limitations on 
vector manipulations, the elements of the W-matrix are stored 
in the following order: 

Address Standard Address Standard Address Standard 
w+o w11 W+54 w41 W+108 w71 
W+2 w21 W+56 w51 W+110 w81 
W+4 w31 W+58 w61 W+112 w91 
W+6 w12 W+60 w42 W+114 w72 
W+8 w22 W+62 w52 W+116 w82 
W+10 w32 W+64 w62 W+118 w92 
W+12 w13 W+66 w43 W+120 w73 

. 
W+46 w38 W+100 w68 W+154 w98 
W+48 w19 W+102 w49 W+156 w79 
W+50 w29 W+104 w59 W+158 w89 
W+52 w39 W+106 w69 W+160 w99 

other words: 

0 6 12 18 24 30 36 42 48 
2 8 14 20 26 32 38 44 50 
4 10 16 22 28 34 40 46 52 

54 60 66 72 78 84 90 96 102 
[wl = w+ 56 62 68 74 80 86 92 98 104 

58 64 70 76 82 88 94 100 106 

108 114 120 126 132 138 144 150 156 
110 116 122 128 134 140 146 152 158 
112 118 124 130 136 142 148 154 160 

WHCHREAD: Single precision code to indicate which navigation measure-
ment is being incorporated into a state vector scaled B14 (1-range, 
2-range rate, 3-shaft, and 4-trunnion). 
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WRENDPOS, WRENDVEL, WSURFPOS, WSURFVEL, 'WSHAFT, 'WTRUN: Single prec­
ision initial estimates for the uncorrelated variance in spacecraft 
position, spacecraft velocity in flight and on the surface, and 
Rendezvous Radar position estimates, scaled B14, BO, B14, BO, B-5, 
B-5 in units of meters, meters per centisecond, meters, meters per 
centisecond, radians and radians respectively, pad loaded value. 

WWPOS, WWVEL, WWBIAS: Double precision square roots of the sums of the 
squares of the position, velocity, and shaft alements of the W­
matrix, scaled B19, BO, and B5, respectively, in units of meters, 
meters per centisecond, and radians. 

!789: Double precision vector containing the best estimate of bias 
necessary to offset RR position error, scaled B5 (earth) or BJ 
(moon) in units of radians, pad loaded value. 

XNB f' YNB , ZNB : Double precision unit vectors in the directions - re - ref_ - ref_ of the IN+ X, +Y and +Z navigation base axes respectively, scaled B1 
and unitless; expressed in reference coordinates . These are ::1 : t t· _<: 
same cells as !NB. 

XPREV: See CONG section. 

~I1 , ~I 2: Double precision intermediate vector quantities in the 
navigation measurement updates of the state vector an:l. the W-matrix, 
scaled B20 in units of meters or B24 in units of meters squared per 
centisecond before rescaling. 
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Servicer 

PREREAD Establish "LASTBIAS" (pr21) 

(PIPI'IME1 unchanged) Perform "PIPASR" skipping first step 

Switch FLAGWRD7 bits 6 (V37FLAG) and 5 (AVEGFLAG) to 1 

Switch FLAGWRD2 bit 15 (DRIFTFLG) to 0 

Establish "N0RMLIZE" 

I Delay 2 seconds 

(pr22) 

READACCS TS= TIME5 - 16377 

PIPASR 

If TS f 0, TIME5 = TIME5 - 1 sign(TS) 

Perform "PIPASR" 

Establish "SERVICER" (pr20) 

Switch bit 9 of channel 11 to 1 

If FLAGWRD7 bit 5 ( AVEGFLAG) = 0: 

(test connector output) 

AVEGEXIT = II AVG END II 

End task 

If FLAGWRD6 bit 8 (MUNFLAG) = 1: 

If FLGWRD11 bit 15 (LRBYPASS) = 0: 

Call II R1 2READ" in 1 • 75 seconds 

PIPCTR = 7 

Call 11 R1 O.J R11" in 0. 2 second 

Call 11 READACCS 11 in 2 seconds 

End task 

PIPTIME1 = TIMEN0W 

DELV = 0 
z 

DELV = 0 y 

DELV = 0 
xls 

TEM = - PIPA - -
DELV = PIPA - -
fIPA = 0 (-0) 

(single precision into more significant 
halves of ~ELV components ) 

PGUIDE = PIPTIME1 - PIPTIME 
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CDUTEMP = CDU 

PIPATMP = DELV 

Return 

N0RMLIZE If FLAGWRD6 bit 8 (MUNFLAG) = 1: 

li = [REFSMMA!} fiN1 

Perform 11 MUNGRAV 11 with !Sr= li 

y_ = [ REFSMMAT] y_N1 

IDfYP = unit(Y.CSM * fiCSM) 

If FLAGWRD6 bit 8 (MUNFLAG) = 0: 

Perform 11 CALCGRAV" with !Sr = fiN1 

Inhibit interrupts 

Perform 11 C0PYCYC 11 skipping first two steps (MASS unchanged) 

Release interrupt inhibit 

End job 

SERVICER 1dPIPADT = K:PRI031 

Perform 11 1 /PIPA 11 

ABDELV = I Q.ELV I 
ABDVC0NV = K:KPIP ABDELV 

MASS1 = MASS 

If FLAGWRD8 bit 8 (SURFFLAG) = 0: 

TSv = K:DPSVEX 

If FLGWRD10 bit 13 (APSFLAG) = 1, TSv = K:APSVEX 

MASS1 = MASS1 + MASS ABDVC0NV / TSv 

DVT0TAL = DVT0TAL + K:KPIP1 IQ.ELVI 

Perform 11 QUICTRIG 11 with ~NG= ~DUTEMP 

XNBPIP = (C0SIGA C0SMGA, SINMGA, - SINIGA C0SMGA) 
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ZNBPIP = COSIGA COSOGA - SINIGA SINUGA SINMGA 
z 

ZNBPIP = - SINOGA COSMGA 
y 

ZNBPIP = COSOGA SINIGA + COSIGA SINOGA SINMGA 
X 

INBPIP = ~NBPIP * XNI3PIP 

AVERAGEG If FLAGWRD6 bit 8 (MUNFLAG) = 1, perform "RVBOTH" 

If FLAGWRD6 bit 8 (MUNFLAG) = O, perform "CALCRVG'' 

Perform "COPYCYC" 

DVMON 

PIPATMP = 0 

Switch Fl.AGWRD2 bit 11 (STEERSW) to 0 

If FLAGWRD? bit 7 (IDLEFLAG) = 0: 

If Fl.AGWRD6 bit 2 (AUXFl.AG) = 1: 

Proceed to "DVMON" 

Switch FLAGWRD6 bit 2 (AUXFLAG) to 1 

Switch DAPBOOI.S bit 14 (USEQRJ'I'S) to 1 

Proceed to "SERVO UT" 

Switch FLAGWRD6 bit 2 (AUXFLAG) to 0 

Switch DAPBOOI.S bit 14 (USEQRJ'I'S) to 1 

Proceed to II SERVOUT" 

If ABDELV ~ DVTHRUSH: 

If DVCNTR = 0: 

If 11 COMFAIL11 is already active: 

Proceed to II SERVO UT" 

Establish "COMFAIL" 

Proceed to II SERVOUT" 

SERV - .3 

(determined from 
restart tables) 
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(If ABDELV <::: DVTHRUSH:) 

DVCNTR = DVCNTR - 1 

Inhibit interrupts 

Perform "STOPRATE" 

Switch DAPBOOIS bit 14 (USEQRJTS) to 1 

Proceed to II SERVOUT" 

Switch FLAGWRD2 bit 11 (STEERSW) to 1 

DVCNTR = 1 

If FLCMRD10 bit 13 (APSFLAG) = 0: 

If bit 9 of channel 32 = 1: 

Switch DAPBOOIS bit 14 (USEQRJTS) to 0 

Proceed to "SERVO UT" 

Switch DAPBOOLS bit 14 (USEQRJTS) to 1 

SERVOUT Release interrupt inhibit 

Perform "1 /ACCS" 

SERVDURN = TIMENOW
18 - PIPTIME

18 

Proceed to AVEGEXIT 

COPYCYC Inhibit interrupts 

MASS= MASS1 

_QDT = _QDT1 

PIPTIME = PIPTIME1 

VN = VN1 - -
RN = RN1 - -
Return 

SERVEXIT End job 
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AVGEND 1dPIPADT = less significant half of PIPTIME 

Switch FLAGWRD2 bit 15 (DRIFTFLG) to 1 

Perform II PIPFREE11 

Switch bit 9 of channel 11 to 0 (test connector output) 

Switch FLAGWRD7 bit 11 (SWANDISP) to 0 

Switch FLAGWRD6 bit 8 (MUNFLAG) to 0 

Perform 11 AVET0MID11 

Switch FLAGWRD7 bit 6 (V37FLAG) to 0 

Proceed to 11V37RET 11 

SERVIDLE AVEGEXIT = 11 SERVEXIT11 

Switch FLAGWRD7 bit 7 (IDLEFLAG) to 1 

Switch FLGWRD11 to 400008 (bypass all LR updates) 

If FLAGWRD6 bit 8 (MUNFLAG) = 1: 

Maintain Group 2 in restart logic 

Maintain Group 5 in restart logic 

Establish 11 GOT0P00H11 in Group 4 of restart logic with priority 31 8 

Clear all other restart logic 

Proceed to "WHIMPER" 

CALCRVG QELVREF = K: KPIP1 QELV [ REFSMMAT] 

,BN1 = ,BN + PGUIDE (yN + ½ QELVREF + ½ QDT) 

Perform II CALCGRAV11 with !Sr = ,BN1 

VN1 = VN + DELVREF + ½ ( GDT + GDT1) - - - - -
Return 
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CALCGRAV RMAC.SQ = I ,'!'.Sri 
2 

UNITR = uni tTSr 

RVB0TH 

- -
If RTX2 = 0: (earth orbit) 

TSsel = K:UNITZ • UNITR - -
TS = ( 1 - 5 TSsei2) / 20 

TSrdr = K: RESQ / RMAC.SQ 

UNITGOBL = TSrdr K:20J TS QNITR + TSrdr K:2J TSsel K:UNITZ 

.QDT1 = K:mMUDTRTX2 (QNITGOBL + QNITR) / RMAC.SQ 

If RTX2 = 2: (lunar orbit ) 

.QDT1 = K:mMUDTRTX2 QNITR / RMAGSQ 

Return 

li1S = ECSM + PGUIDE (ycsM + ½ .QCSM) 

Perform "MUNGRAV" with _'!'.Sr= li1S 

y1s = ycsM + ½ (.QCSM + .QDT1) 

GCSM = GDT1 - -
RCSM = R1S - -
VCSM = V1S - -

_'!'.Sdv = K:KPIP2 DELV 

li1S = li + PGUIDE (y + ½ _'!'.Sdv + ½ .QDT) 

Perform 11 MUNGRAV 11 with _'!'.Sr = li1S 

y1 s = y + _'!'.Sdv + ½ (.QDT + .QDT1 ) 

ABVEL = I y1s I 
HD0TDISP = UNITR V1S 

.Q.ELVS = li1S * ~ 

HCALC = I li1S I - LANDMAG 

Proceed t o 11 MUNRETRN 11 

(sign agreement forced between the two 
halves of HCALC) 
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MUNGRAV QNITR = unit!Sr 

RMAGSQ = I !Sri 
2 

Q.DT1 = K:mMUDT 2 QNITR / RMAGSQ 

Return 

MUNRETRN If FLGWRD11 bit 15 (LRBYPASS) = 1, proceed to "C0PYCYC1" 

If FLGWRD11 bit 9 (X0RFLG) = 0: 

If HCALC ~ K: 30kft, proceed to "R12 11 

Switch DAPB00LS bit 9 (X0VINHIB) to 1 

Switch FLGWRD11 bit 9 (X0RFLG) to 1 

If HCALC = 0: sp 

If HLROFF > HCALCls: 

Switch FLGWRD11 bit 8 (LRINH) to 0 

R12 If FLGWRD11 bit 10 (N0LRREAD) = 1, µroceed to "C0NI'SERV" 

TS= (bits 7-6 of channel 33) shifted right 5 places 

If TS= 002 or 11 2: 

If CTR511 > 0: 

TS = CTR511 - 1 

If CTR511 = +0: 

(limited~ +0) 

Perform "ALARM" with TS= 00511 8 

If jcTR511 I = o: 

TS= -0 

CTR511 = TS 

Proceed to "C0NI'SERV" 

CTR511 = 4 

TS1 = TS 

TS = LRP0S 

LRP0S = TS1 

SERV - 7 



If LRPOS :/ TS, proceed to "CONTSERV" 

UPDATCHK If FLGWRD11 bit 4 ( RNGEDAT A) = 0, proceed to "VMEASCHK" 

If bit 1 of LRPOS = 1, i = 24 

If bit 1 of LRPOS = O, i = 0 

(pos ition 2) 

(position 1) 

'.[S1 = K:HSCAL HMEAS _li:HBEAMNBi [xNBPI~ 

TSdeltah = 1:.S1 • ]NITR - HCALC 

TS= R1S - (TS1 +LAND) z z z 

If !Ts! > 218 meters: 

TS= K:posmax signTS 

If FLAGWRD1 bit 11 (NOTERFLG) = 1: 

Proceed to "TERSKIP" 

TEM2 = 0 

TEM5 = 4 

TERLOOP TS= TS sp 

TEM1 = - ABSCOTEM5 

If I TSI < TEM1, TEM4 = TS 

If TS > TEM1, TEM4 = TEM1 

If TS S TEM1 , TEM4 = - TEM1 

TSdeltah = TSdeltah + SLOPEOTEM5 (TEM4 + TEM2 ) 

TEM2 = TEM1 

If TEM2 + TEM4 = 0: 

If TEM5 > 0: 

TEM5 = TEM5 - 1 

Proceed to "TERLOOP" 

TERSKIP DELTAH = TSdeltah 

If FLGWRD11 bit 11 (PSTHIGAT ) = 0 , proceed to "NOREASON" 

TS= jDELTAHI - DELQFIX - HCALC/8 
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LRLCTR = LRLCTR + 1 

If TS> 0: (DELTAH too large) 

Switch FLGWRD11 bit 13 (HFAILFLG) to 1 

If LRRCTR -/- 0 and LRLCTR - LRRCTR < 4: 

Switch FLGWRD11 bit 1 (HFLSHFLG) to 1 

LRRCT R = LRLCTR 

Proceed to "VMEASCHK" 

Switch FLGWRD11 bit 13 (HFAILFLG) to 0 

Switch FLGWRD11 bit 1 (HFLSHFLG) to 0 

NOREASON If FLGWRD11 bit 8 (LRINH) = 0, proceed to "VMEASCHK" 

If HCALC > LRHM.AX, proceed to "VMEASCHK" 

TS= DELTAH LRWH (LRHM.AX - HCALC) / LRHM.AX 

'.[Sr = B1 S + TS QNITR 

B1 s = '.[Sr 

VMEASCHK If FLGWRD11 bit 3 (R12RDFLG) = 1: 

If a new job of higher priority exists, perform it 

Proceed to "VMEASCHK" 

If FLGWRD11 bit 7 (VELDAT A) = 0, proceed to "V ALTCHK" 

If bit 1 of LRPOS = 1, i = 24 

If bit 1 of LRPOS = O, i = 0 

If VSELECT = 0, '.[Suv = 

If VSELECT = 1 ' '.[Suv = 

If VSELECT = 2, '.[Suv = 

j = 2 VSELECT 

YBEAM = '.[Suv [XNBPI~ 

rs= y1s + QELVS 

VEST= '.[S • VBEAM 

K: VZBEAMNB. 
- 1. 

K: VYBEAMNB. 
- 1. 

K:VXBEAMNB. 
- 1. 
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WSTOR 

DELTAV := K:VSCAL. VMEAS - VEST 
J 

Ts:= IDELTAvl - (ltsl/s + VELBIAS) 

LRMCTR := LRMCTR + 1 

If TS> 0: (DELTAV too large) 

Switch FLGWRD11 bit 14 (VFAILFLG) to 1 

If LRSCTR :/- 0 and LRMCTR - LRSCTR < 4: 

Switch FLGWRD11 bit 2 (VFLSHFLG) to 1 

LRSCTR := LRMCTR 

If VSELECT := 0: 

Switch FLGWRD11 bit 12 (VXINH ) to 1 

Proceed to "VALTCHK" 

Switch FLGWRD11 bit 14 (VFAILFLG) to 0 

Switch FLGWRD11 bit 2 (VFLSHFLG) to 0 

If FLGWRD11 bit 12 (VXINH) := 1: 

Switch FLGWRD11 bit 12 (VXINH) to 0 

If VSELECT := 2, proceed to "VALTCHK" 

If FLGWRD11 bit 8 (LRINH) := O, proceed t o 11VALTCHK 11 

If ABVEL < LRVF: 

TS:= LRWVFVSELECT 

Proceed to "WSTOR" 

If LRVMAX < ABVEL : 

TS:= 0 

Proceed to 11WSTOR 11 

TS := LRWVVSELECT (LRVMAX - ABVEL ) / LRVMAX 

If MODREG > 64, TS := LRWVFF 

TS := (TS, 0) 
dp 

ISv := y1 s + TSdp DELTAV YBE AM 

y1 S := I Sv 
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VALTCHK If FLGWRD11 bit 11 (PSTHIGAT) = 1, proceed to "CONTSERV" 

If TTF > - RPCRI'IME: 

If RPCRI'Q.SW < XNBPIP 
- X sp 

Establish "HIGATJOB" (pr32) 

Switch FLGWRD11 bit 11 (PSTHIGAT) to 1 

Switch FLGWRD11 bit 10 (NOLRREAD) to 1 

Proceed to the second step of "CONTSERV" 

Proceed to "CONTSERV" 

HIGAT JOB Perf arm "LRPOS2" 

Perform "RADSTALL" 

LRPOS = 1 

Switch FLGWRD11 bit 10 (NOLRREAD) to 0 

End job 

CONTSERV Inhibit interrupts 

Switch FLGWRD11 bits 4 (RNGEDATA) and 7 (VELDATA) to 0 

COPYCYC1 Release interrupt inhibit 

HCA LC = I li 1 S I - LA.NDMAG 

HCALC 1 = HCALC 

ALTBITS = K:ALTCONV HCALC 

:[HZP = unit(:[NITR * :[HYP) 

RN1 = R1S [REFSMMATJ 

VN1 = V1S [REFSMMA'fl 

rs= K:ARCONV1 l:[NITR * y1sl
2 

/ jli1sl 
Inhibit interrupts 

RUNIT = UNITR - sp 

DALTRA TE = TS 

R = R1S 

V = V1S 

Return 

sp 

( to caller of 11 RVBOTH" ) 
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R10, R11 If FLAGWRD7 bit 5 ( AVEGFLAG) = 0, end task 

If PIPCTR = 0: (PIPTIME + 1.95 seconds ) 

Skip next two ( 2) steps 

PIPCTR1 = PIPCTR - 1 

Call "R1 0, R11 " in 0. 25 second 

If FLGWRD11 bit 1 (HFLSHFLG) = 1 : 

Invert bit 5 of DSPTAB11 

Switch bit 15 of DSPTAB11 to 1 

If FLGWRD11 bit 2 (VFLSHFLG) = 1: 

Invert bit 3 of DSPTAB11 

Switch bit 15 of DSPTAB11 to 1 

If FLAGWRD9 bit 9 ( LEI' ABORI') = 0: 

Proceed to 11 LANDISP" 

If M0DREG = 71, proceed to 11 LANDISP" 

If bit 4 of channel 30 = 0: 

Proceed to "P71A" 

If M0DREG = 70, proceed to "LANDISP 11 

If bit 1 of channel 30 = 0: 

Proceed to "P70A" 

(flag for output) 

(flag for output ) 

(abort stage ) 

(abort ) 

LANDISP PIPCTR = PIPCTR1 

If FLAGWRD7 bit 11 ( SWANDISP) = 0 , proceed to 11 DISPRSET" 

LADQSAVE = 11 ALTRDUT1 11 

If IM0DES33 bit 7 = 1, LADQS AVE = "ALT0UT1 11 

If FLAGWRD1 bit 14 (DIDFLAG) = 1, proceed to 11SPEEDRUN" 

Swi tch FLAGWRD1 bit 14 (DIDFLAG) t o 1 

Switch IM0DES33 bit 7 to 0 (display rate first ) 
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INI'LZE 

If FL.AGWRDO bit 2 (R10FL.AG) = 1, end task 

Switch bit 8 of channel 12 to 1 

TRAKLATV = O 

TRAKFWDV = 0 

LATVMETR = 0 

FORVMETR = 0 

Call "INI'LZE" in 0.08 second 

End task 

Switch bit 2 of channel 12 to 1 

Switch IMODESJJ bit 8 to 1 

End task 

(set inertial data display moding 
discrete) 

(enable RRCDU error counter ) 

SPEEDRUN DT = TIMENOW - PIPTIME sp 

yvECT = ½ QDT DT / K:1SEC 

Y1/ECTsp = yvECT + Y + K:KPIP1b5 (fIPA + fIPATMP) 

Delay 0.04 second 

TS= VVECT + DELVS 
- - - ms 
VHY = IS QHYP 

VHZ = IS .QHZP 

LATVEL = K:VELCONV (MJ2 VHY + M22 VHZ) 

FORVEL = K:VELCONV (MJ2 VHZ - M22 VHY) 

If bit 6 of channel JO= 1: 

Proceed to "DISPRSET" 

(inertial data display discrete is 
reset ) 

If FL.AGWRDO bit 2 (R10FL.AG) = 1, proceed to LADQSAVE 
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If jFORVELI < K:MAXVBITS: 

If TRAKFWDV FORVEL .:> 0: 

TS= FORVEL - FORVMETR 

If TRAKFWDV = 0 and FORVEL FORVMETR LO: 

If ITS I> K:MAXVBITS, TS = K:MAXVBITS signTS 

If TRAKFWDV FORVEL < 0: 

TS = - FORVMETR 

TRAKFWDV = 0 

If IFORVELI ~ K:MAXVBITS: 

If FORVMETR FORVEL < 0: 

TS= K:MAXVBITS signFORVEL 

i = 0 

If FORVMETR FORVEL ~ 0: 

If TRAKFWDV FORVEL ~ 0: 

TS= K:MAXVBITS signFORVEL - FORVMETR 

i = 1 aignFORVEL 

If TRA.KFWDV FORVEL~ 0: 

TS= K:MAXVBITS aignFORVEL 

i = 0 

TRAKFWDV = i 

CDUSCMD = TS 

FORVMETR = FORVMETR + TS 
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It I LJ.TVELI < K:MilVBITS: 

If' TRAKLATV LiTVEL 2 0: 

TS = U.TVEL - U.TVME'l'R 

If TRAKLATV = O and U.TVJ:L UTVMETR ~ O: 

If ITsl .> K:MAXVBITS, TS= K:MAXVBITS signTS 

If TRAKLATV LATVEL ~ 0: 

TS= - LATVMETR 

TRAKLATV = 0 

If I LATVELI .'.> K:MilVBITS: 

If LATVMETR LATVEL< 0: 

TS= K:MAXVBITS signLATVEL 

i = 0 

It' LATVMETR LATVEL2 0: 

I!' TRAKLATV UTVEL ~ 0: 

TS= K:MAXVBITS signLATVEL - LATVMETR 

i = 1 signLATVEL 

If TRAKLATV LATVEL < 0: 

TS= K:MAIVBITS signLATVEL 

1 = 0 

TRJ.KLATV = 1 

CDUTCMD = TS 

LATVMETR = LATVMETR + TS 

If bit 2 of channel 12 = O, proceed to "DISPRSET" 

Switch bits 11 and 12 of channel 14 to 1 

Proceed to LADQSAVE 

ALTRDTJ1'1 Switch IMODES33 bit 7 to 1 

Switch bit 2 of channel 14 to 1 (select altitude rate display ) 
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ALTRATE = DT DALTRATE + K:ARCONV flUNIT • yvECT 

ALTM = - ALTRATE 

If ALTM ~ 0, ALTM = ALTRATE with bit 15 switched to 1 

Switch bit 3 of channel 14 to 1 (altitude meter activity bit) 

End task 

ALTOUT1 Switch IMODES33 bit 7 to 0 

Switch bit 2 of channel 14 to 0 

TS= K:ARTOA 

If ALTBITS >- 0: 

ALTSAVE = ALTBITS 

ALTBITS = - 1 

TS= K:ARTOA2 DT 

ALTSAVE = ALTSAVE + TS ALTRATE 

If ALT SAVE~ 0, ALT SAVE = 0 

TS= ALTSAVE 

(select altitude display) 

If ALTSAVE ~ K:altlim, TS= 214 (fractional part of (ALTSAVE/214)) + 214 

ALTM = TS 

Switch bit 3 of channel 14 to 1 

End task 

DISPRSET If FLAGWRDO bit 2 (R10FLAG) = 0: 

If U1.0DESJ3 bit 8 = 1: 

(altitude meter activity bit) 

Switch bit 2 of channel 12 to 0 

Switch bit 8 of channel 12 to 0 

Switch bits 7 and 8 of IMODES33 to 0 

Switch FLAGWRD1 bit 14 (DIDFLAG ) to 0 

End task 
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Quantities in Computations 

1dPIPADT: See IMUC section. 

ABDELV: Single precision magnitude of sensed change in velocity (QELV), 
scaled B14 in units of cent imeters per second. 

ABDVCONV: Double precision magnitude of QELV converted to units of 
meters per centisecond and scaled B5. 

ABSCO . (i = 0,1,2,3,4): Set of single precision negative quantities us ed in 
th~ terrain model computations, scaled B18 in units of meters; part of the 
erasable load. 

ABVEL: Double precision magnitude of velocity for display, scaled B? in 
units of meters per centisecond. 

ALTBITS: Double precision altitude computed for display on the 
tape-drive .. altitude meter, scaled :828 in units of Analog-altitude­
display bits. Set t o -1 to indicate that it has not been updated 
since the last time it was sampled to drive the display. 

ALTM: Single precision cell used . to provide altitude and altitude 
rate information to the tape-drive altitude and altitude rate meters, 
scaled B14 in units of Analog-altitude-display bits or Analog­
altitude-rate-display bits. One Analog-altitude-display bit is 
equivalent to 0.714756 ~eters (2.345 feet), and one Analog- altitude­
rate-display bit is equivalent to 0.1524 meters per second (0.5 feet 
per second). Data is provided to the meters in serial binary form 
at a 3200 pps rate when bit 3 of channel 14 is set, and bit 2 of 
channel 14 is set or reset by the program to distinguish between 
altitude- rate (1) and altitude (0) information. 

ALTRATE : Single precision altitude rate calculated for display on the 
tape-drive altitude rate meter, scaled B14 in units of Analog- altitude­
r ate-display bits. 

ALTSAVE : Double precision storage for previous altitude value for al t i tude meter 
di splay, scaled B28 in units of Analog-altitude-display bits. 

ANG: See COOR section. 

AVEGEXIT: Double precision variable address (program notation also 
AVGEXIT) to branch to the guidance routines specified by whichever 
program is controlling a burn. 

CDU: See IMUC section. 

CDUSCMD, CDUTCMD: Single precision cells loaded with values to be 
transmitted to the Error Counters in the two Rendezvous Radar 
channels of the Coupling Data Unit (RRCDU), for use in controlling 
the shaft and trunnion angles of the RR or for positioning the 
forward and lateral velocity meters. Information is gated out of · 
the cells if bits 11 and 12 respectively of channel 14 are set, and 
the RRCDU Error Counters recognize the information if bit 2 of 
channel 12 is set. (Error Counters reset to zero whenever bit 2 
of channel 12 is reset.) A saturated Error Counter (384 pulses) 
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corresponds to an RR drive rate of 10 degrees per second; each bit 
represents 0.1698 meters per second (0.5571 feet per second) when 
used to drive the velocity meters. 

CDUTEMP: Single precision vector storage for the reading of the ICDU 
at the time of a PIPA read, scaled B-1 in units of revolutions 
and stored in twos complement form. 

COSIGA, COSMGA, COSOGA: See COOR section. 

CTR511: Single precision counter scaled B14 and unitless; program 
notation 511CTR. 

DALTRATE: Single precision expected rate of change of ALTRATE, scaled 
BO in units of Analog-altitude-rate-display bits per centisecond . 

DAPBOOLS: See DAPA section . 

DELQ,FIX: Double precision Landing Radar Data reasonableness test 
parameter, scaled B24 in units of meters; part of the erasable load. 

DELTAH: Double precision difference between the LR measured altitude and 
calculated altitude where calculated altitude is with respect to the 
landing site radius or the terrain model depending on whether the terrain 
model is being used or not, scaled B24 in units of meters. 

DELTAV: Double ~recision difference between the calculated velocity 
component and that measured by the Landing Radar, scaled B6 in 
units of meters per centisecond. 

DELV : Double prec_;_sion sensed-change-in-velocity vector, scaled BL'+ 
in units of centimeters per second (one PIPA pulse represent q one 
centimeter per second on the LM) and expressed in Platform coordinates . 

DELVREF: flouble precisl .J;, sensed-change- in-veloc it;:{ vector converted 
to a scaling of B? in uni ts of meters per centisecond and expressed 
in the Reference coordinate system. 

DELVS: Double precision vector differenc e between velocity relative 
to the rotating moon and inertial velocity, scaled B5 in units of 
meters per centisec o;,d aad expressed in the Platform coordinate 
system. 

DSPTAB
11

: See INTR section. · 

DT: Single precision time interval from beginning of navigation interval 
to the time of the generation of the display on the tape-drive meters, 
scaled Bl4 in units of cent iseconds . 

DVCNTR: Single precision counter set to determine the length of the 
l1rust moni tor, scaled Bl4 in units of navigation cycl es . 

DVTHRUSH: Single precision delta-v threshold, scaled B14 in units of 
centimeters per second; set according to the engine in use. 

DVI'OTAL: Dru ble precisiDn sum of velocity gained, scaled B? in units 
of meters per centisecond . 

FORVEL: Single precision forward velocity component (Body coordinates) 
of the 1M relative to the rotating moon, scaled B14 in forward 
velocity display units. 
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FORVMETR: Single precision storage for the total value of velocity 
displayed on the Forward velocity meter, scaled B14 in forward 
velocity display units (see definition of CDUSCMD). 

QCSM: Double precision gravity vector at the CSM, scaled B8 in units 
of meters per centisecond and expressed in the Platform coordinate 
system. 

QDT, QDT1: Double precision gravity vector, scaled B8 in units of meters 
per centisecond and expressed in the Platform coordinate system. 

HCALC, HCALC1: Double precision calculated altitude above the landing 
site radius, scaled B24 in units of meters. HCALC1 is for display. 

HDOTDISP: Double precision calculated value of altitude rate, scaled 
B7 in units of meters per centisecond. 

HLROFF: Single precision quantity representing the altitude at which LR 
altitude updates are inhibited during the final phase of descent, scaled 
B10 in units of meters. 

HMEAS: Double precision Landing Radar measurement of altitude, scaled 
B28 in units of Landing Radar low scale altitude bits. 

IMODES33: See INI'R section. 

K:1SEC: Single precision constant stored as 100 x 2-14 , scaled B14 in 
units of centiseconds. Equation value: 100. 

K:2J: Double precision constant stored as 3.24692010 E-3, scaled BO 
and unitless. Equation value: 3 x 0.0010823067. 

K:20J: Double precision constant stored as 3.24692010 E-2, scaled BO 
and unitless. Equation value: Ten times K:2J. 

K:30kft: Double precision constant stored as 1.6768072 E7 x 2- 24 , 
program notation "1-30KFT", scaled B24 in units of meters. Represents 

224 - 9144 meters (K :posmaxdp plus one least increment minus 91 44 meters ) . 
Used to check current altitude against 9144 meters. Equation value: 9144 
(Equivalent to 30,000 feet ) . 

K:ALTCONV: Double precision constant stored as 1.399078846 x 2-4 , scaled 
B4 in units of Analog-altitude-display-bits per meter. Equation 
value: 1.399078846. (Equivalent to 0.714756 meters, or 2.345 feet per bit. 

K:altlim: Single precision constant value of bit 16 in a quantity scaled 
B14 in units of Analog-altitude-display bits. Equation value: 32768 . 
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-5 K:APSVEX: Single precision constant stored as -3030. E-2 x 2 , scal ed 
B5 in w1its of meters per centisecond. Equation value: -JO.JO. 

K:ARCOdV : Single precision constant stored as 244028, scaled BlO i n 
units of Analog-altitude-rate-display bits/ meter per centisecond . ­
Equation value: 656 .125. (Equivalent to 0.1524 meters per second, 
or 0 .5 feet per second, per bit.) 

K:ARCONVl: Double precision constant stored as 656. 167979 x 2- 10 , 
scaled B10 in units of Analog-altitude-rate-display bits/ meter 
per centisecond . Equation value : 656 .167979 . (Equivalent to 
C. 15.'."2'; meters per second , or 0 . 5 feet per second, per bit.) 

K:ARTOA: SinBle precision constant stored as 0.1066098 x 2- 1, scal ec 
~1 l1 units of seconds times Altitude bits / Altitude rate bits . 
Equation value: 0. 1066098. (Equivalent to 0 .5 seconds x 0 . 5 / 2 .345.) 

K: ARTOA2 : Single pr ecision constant stored as O. 0021322 x 2 8 
, scalr: ·: 

B-8in units of Altitude ~its per centisecond / Altitude rate bits per 
second. Equation value: 0 .0021322 . (Equivalent to 0.01 x 0 . 5 / 2 .345.) 

K:DPSVEX: Single precision constant stored as - 29 . 5588~68 x 2- 5 , 
scaled B5 in units of meters per centisecond . Equation value: 
- 29 . 5588868 

~ : HBEAMNB1: D~uble preci~i~n unit_vectors rep:e~entin~-~he LR altitude 
beam direction for position 1 (i=O) and position 2 (i-24) expressed 
in the Body coordinate system, scaled BO and unitless. 

i St ored (and Equation ) Value 
O (-0.7147168647, - 0 .0731086602, - 0 . 6955824372) 

24 (-0. 9374036070, -0.0364014993, - 0.3463371311) 

K: HSCAL: Double precision constant stored as - 0 .3288792, scaled BO 
in units of meters per bit . Equation value: - 0 .3288792 . (Equivalen:, 
to 1 .0790 f eet per bit.) 

K:KPIP: Single precision constant stored as 0 .0512, scaled B- 9 in units 
of meters per centisecond / centimeters per second. Equation value: 
0 .0001. 

K:KPIPl: Double precis ion constant stored as 0.0128, scaled B-7 in uni~s 
of meters per centisecond / centimeters per second . EquaLion val ue: 
0 . OC.101. 

K:KPIPlb5: Doubl e precision constant stored as 0 .0512, scaj_ed jj- 9 in 
units of meters per centisecond / centimeters per second . Equatior. 
value : 0.0001 . 

K: KPIP2: Double precis i on constant stored as 0 . 0064 , scaled B- 6 in 
units of meters per centisecond / centimeters per second. Equation 
value: 0 .0001. 

K:MAXVBITS : Single prec i sion constant stored as 005478 , scaled B14 in 
forward/lateral velocity display units . Equation value: 359 . 
(Equivalent to 61.0 meters per second or 200.0 feet per second . ) 
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-41+ K:mMUDT0 : Double precision constant stored as -7.9720645 El2 x 2 , 
scaled .844 in units of meters cubed per centisecond. :Equation value: 
-7 .9720645 El2. (:Equivalent to -200 cs x 0.3986032 Ell rr3/cs2.) 

K:mM,UD';: Double precision constant stored as -9. 8055560 ElO x 2-41+, 
scaled .844 in units of meters cubed ~er centisecond. (Also called 
-'MlJDTMUN with a scale--factor of B38,) :Equation value: -9.8055560 ElO. 
(:Equivalent to - 200 cs x 0,4902778 E9 meters cubed per centisecond 
squared.) 

K:PRI031: Single precision const ant stored as 310008, scaled B8 in 
units of centiseconds. Equation value: 200. 

K:RESQ: Double precision constant stored as 40,6809913 El2 x 2-58, 
scaled B58 in unit s of meters squared. :Equation value: 6,378,165 
squared. 

f:UNITX, f:UNITY, f: UNITZ: Thr ee double precision vector constants 
stored as (0.5, 0, 0), (0, 0.5, 0) and (0, 0, 0.5), scaled Bl and 
unitless. :Equation values: (1, 0, 0), (0, 1, 0) and (0, 0, 1). 

K:VELCONV: Single precision constant stored as 223168, scaled BlO in 
~orward/lateral velocity -display units/ meter per centisecond. 
:Equation value: 588.875. (:Equivalent to 0.1698 meters per second, 
or 0.5571 feet per second, per bit.) 

K:VSCAL0 : Double precision constant stored as 0.5410829105, program 
notation VZSCAL, scaled B-10 in units of meters per centisecond 
per bit. :Equation value: 0.002642006 / 5. (:Equivalent to 
0.8668 fps per bit; the "5" averages the sum of five samples.) 

K:VSCAL2 : Double precision constant stored as 0 ,7565672446, program 
notation VYSCAL, scaled B-10 in units of meters per centisecond 
per bit. Equation value: 0.003694176 / 5. (Equivalent to 
1.212 fps per bit; the "5" averages the sum of five samples.) 

K: VSCALL.: Double precision constant stored as - 0 . 4020043 770, program 
notation VXSCAL, scaled B-10 in units of meters per centisecond 
per bit. Equation value: -0.001962912 / 5. (Equivalent to 
-0.641+ fps per bit; the "5" averages the sum of five samples.) 

K:VXBEAMNB.: Double precision unit vector representing the LR X velocity 
measureffient direction for position 1 (i=O ) and position 2 (i=24) 
expressed in the Body coordinate system, scaled BO and unitless. 

i Stored (and Equation) Value 

0 (0.9135454576, 0. 0425155563, 0.4045084971 ) 

24 (0.9999999999 , o.o , o.o ) 

K:VYBEAMNB.: Double precision unit vector representing the LR Y velocity 
measureffient direction f or position 1 (i=O ) and position 2 ( i=24) 
expressed in the Body coordinate system, scaled BO and unitless. 

i Stored (and Equation) Value 

o (0.0 , 0.9945218954,-0.1045284632) 

24 (0.0 , 0.9945218954,-0.1 045284632) 
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K:VZBEAMNB.: Double precision unit vector representing the LR Z velocity 
measurefilent direction for position 1 ( i=O) and position 2 (i=24) 
expressed in the Body coordinate system, scaled BO and unit less. 

i Stored (and Equation) Value 

O (-0.4067366430, 0.0954915028, 0.9085409600) 

24 (0 .0 , 0. 1045284632, 0.9945218954) 

LADQSAVE: Single precision octal return address storage. 

1AND, LANDMAG: See DESC section. 

LATVEL: Single precision lateral velocity component (Body coordinates; 
positive to the right when looking forward) of the LM relative to 
the rotating moon, scaled B14 in forward/lateral velocity units. 

LATVMEI'R: Single precision storage for the total value of velocity 
displayed on the lateral velocity meter, scaled B14 in forward/lateral 
velocity display units. 

Lm-IMAX: Single precision maximum limit for altitude calculations 
that are allowed to be updated by the Landing Radar measurement, 
scaled B14 in units of meters; part of the erasable l oad. 

LRLCTR: Single precision counter of the number of comparisons made 
between HMEAS and HCALC, scaled B14 and unitless. 

LRMCTR: Single precision counter of the number of comparis ons made 
between measured velocity and calculated velocity, scaled B14 and 
unitless . 

LRPOS : Single precision quantity indicating the present pos ition of the 
Landing Radar, scaled B14 and unitless. LRPOS = 102 for position 1 
and LRPOS = 012 for pos ition 2. 

LRRCTR: Single precision counter used in conjunction with LRLCTR to 
determine if at l east four good comparisons between !-!MEAS and 
HCALC have been made since the last unreasonable one, scaled B14 
and unitless. 

LR J1:!'R : Singl e precision counter used in conjunction with LRJv1CTR to 
jetermine if a t least four good comparisons between me~sured velocity 
and cal culated velocity have been made since the last unreasonable 
one, scaled B14 and unit less. 

LRVF : Single precision erasable memory constant representing the velocity 
at whi ch the velocity update coeffic ients are changed, scaled B7 in 
units of me ters per centise cond. Part of the erasable load. 

LRVMAX: Single precision maximum limit for velocity calculations that 
are allowed to be updated by the LR measurement scaled B7 in units 
of meters per centisecond. Part of the erasabl~ load. 
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LRWH: Single precision weighting factor for the incorporation of LR 
altitude measurements into the LM state vector, scaled BO and 
unitless. Part of the erasable load (loaded as the weighting factor 
for P63) and set equal to LRWH1 (see DESC section) at the start of P64. 

LRWV. (i = 0,1,2): Single precision weighting factors for LR Z, Y, and X 
a.i:is velocity updates respectively, scaled BO and unitless. Part of 
the erasable load. 

LRWVF. (i = 0,1 ,2): Single precision weighting factors for LR Z, Y and X 
axis velocity updates respectively, scaled BO and unitless. Part of 
the erasable load. 

LRWVFF: Single precision weighting factor for LR velocity updates during P66, 
scaled BO and unitless. Part of the erasable load. 

M22, M32: See DAPA section. 

MASS, MASS1: Double precision mass of the vehicle, scaled B16 in units of 
kilograms. Loaded by the astronaut (routine 03) and updated during 
average-g navigation. 

MODREG: See DATA section. 

PGUIBE: Double precision length of the navigation-guidance period, 
scaled B28 in units of centiseconds. 

PIPA: Single precision sensed-change-in-velocity vector, scaled Bl4 in 
units of centimeters per second and expressed in the Platform coordinate 
system. The three components are incremented directly from the 
Pulse-Integrating, Pendulous Accelerometers on the stable member of 
the Inertial Measurement Unit. 

PIPATMP: Single precision vector storage for the current PIPA reading 
for use by the analog display routines, reset to zero after the 
current reading is incorporated into the navigation state vector; 
scaled Bl4 in units of centimeters per second and expressed in the 
Platform coordinate system. 

PIPCTR: Single precision counter scaled Bl4 and unitless; used to 
determine time elapsed from the beginning of the navigation cycle 
in 11R10,Rll 11 • 

PIPCTR1: Single precision temporary storage for PIPCTR. 

PIPTIME: Double precision time of the most recent PIPA read cycle, 
scaled B28 in units of centiseconds; time at which the state vector 
is valid. 

PIPTIME1: Temporary storage for PIPTIME to avoid changing the down­
link state vector until it is updated homogeneously. 

R: See DESC section. 
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R1S: Temporary storage for B t o avoid changing the state vector on the 
downlink until it is updated homogeneously,, s caled B24 in units of 
meters and expressed in the Platform coordinate system. 

] CSM: Double precision position vector of the CSM measured from the 
center of the earth or moon , program notations R-OTHER and R(CSM), 
scaled B29 or B24 (descent guidance) in units of meters and expressed 
in the Reference or the Platform (descent) .coordinate system. 

[ REFSMMA.fl : See COOR section . 

RMAGSQ: Double precision square of the magnitude of the position vector, 
scaled B58 (CALCGRAV) or B48 (MUNGRAV ) in units of meters squared. 

RN : Double precision vector position of the LM measured from the center 
of the earth or moon, scaled B29 in units of meters and expressed in 
the Reference coordinate system. 

RN1: Temporary storage for EN to avoid changing the downlink state vector 
until it is updated homogeneously. 

RPCRI'QSW: Single precision required X component of the X- body axis in 
Platform coordinates at the time of LR reposition to position 2, 
scaled B1 and unitless; part of the erasable l oad and may be altered 
by V59 . 

RPCRI'IME: Single precision value of TTF at which the LR may be 
repos i t i oned to postion 2, scaled B17 in uni ts of centiseconds; 
part of the erasable l oad and may be altered by V59. 

RI'X1, RTX2: See ORBI section . 

RUNIT: Single precis i on unit vector along the posit i on vector of the LM 
with respect to the center of the moon, scaled B1, unitless and 
expressed in the Platform coordinate system. 

SERVDURN: Single precision quantity represent i ng the length of time between the 
time of PIPA reading at the start of the Servicer cycle and the time of exit 
to t he guidance r outines, scal ed B14 i n units of centi seconds . 

SINIGA, SINMGA, SINOCrA : See COOR section. 

SLOPEO. ( i = O,1, 2,J, 4): Set of single precision quantit ies used in the terrain 
mod§l computations , scaled B6 in units of radians ; part of the erasable l oad. 

STILBADH, STILBADV : Single precision counters, scaled B14 and unitless. 

TEM: Single precision storage for -fIPA, scaled B14 in units of centimeters 
per second. IEM is used i n the R. O.D. computations of t he DESC section. 

TEM1, TEM2, TEM4, TEM5: Temporary storage locations . 
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TIME5: see DAPA section. 

TIMENOW: see EXVB section. 

TRAKFWDV: Single precision flag set to 1, 0 or - 1 to indicate 
whether the previously computed value of FORVEL was limited to 
K:MAXVBITS or not, scaled B14 and unitless. 

TRAKLATV: Single precision flag set to 1, 0 or - 1 to indicate 
whether the previously computed value of LATVEL was limited to 
K:MAXVBITS or not, scaled B14 and unitless. 

TTF: see DESC section. 

UHYP: Double precision unit vector normal to the CSM orbital plane, 
scaled B1 and unitless. 

UHZP: Double precision unit local vertical vector in the forward 
direction, scaled B1 and unitless. 

UNITGOBL: See BURN section. 

UNITR: Double precision unit vector along the vector from the center of 
the moon or the earth to the LM, program notation UNIT/R/, scaled Bl, 
unitless and expressed in the Platform or Reference coordinate system . 

V: See DESC section. 

VlS: Temporary storage for Y. to avoid changing state vector on the d:iw:n­
link until it is updated homogeneously, scaled B7 in units of meters 
per centisecond and expressed in the Platform coordinate system . 

VBEAM: Double precision unit vector along one of the three Landing R~.dar 
velocity measurement directions, scaled Bl and expressed in Platform 
coordinates at LRVTIME. 

VCSM: Double precision inertial velocity vector of the CSM, p~ogram 
notations V-OTHER and V(CSM), scaled B7 in units of meters per 
centisecond and expressed in the Reference or the Platform (for 
Descent) coordinate system. 

VELBIAS: Double precision erasable constant representing the Landing 
Radar velocity reasonability test limit, scaled B6 in units of meters 
per centisecond; part of the erasable load. 

VEST: Double precision projection of calculated velocity onto the par­
ticular LR velocity component direction being processed, scaled Bb 
i n units of m':!ters per centisecond . 

VHY, VHZ: Single precision lateral and forward components of ·,relocity 
relative to the rotating Tioon expressed in the Platform coordinate 
system (lateral velocity positive to the right when looking forward); 
scaled B5 in units of meters per cent isecond . 

VMEAS: Double precision velocity measurement from the LR sampling, 
scaled B28 in units of Landing Radar velocity bits. 
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VN: Double precision inertial velocity vector of the LM, scaled B7 
in units of meters per centisecond and expressed in the Reference 
coordinate system. 

YN1: Temporary storage for YN to avoid changing the state vector on 
the downlink until it is updated homogeneously. 

VSELECT: Single precision index used to distinguish among the axes of the 
Landing Radar coordinate system, scaled B14 and unitless. Values of 
0,1, or 2 indicate that the Z,Y or X axis velocity respectively have been 
read. 

yYECT: Single precision velocity vector used in the calculation of 
forward, lateral and vertical velocity components of the analog 
display, scaled B5 in units of meters per centisecond and expressed 
in the Platform coordinate system. 

WM: see DESC section. 

pIBPIP, x_NBPIP, ~NBPIP: Double precision unit vectors along the X, 
Y and Z spacecraft axes, scaled B1 and expressed in the Platform 
coordinate system at PIPTIME. 

[XNBPIP]: Double precision matrix with the first row equal to the 
components of ~BPIP, the second row equal to the components of 
XNBPIP, and the third row equal to the components of fNBPIP, 
s caled B1 and unitless. 
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UPRUPT 

Up and Down Telemetry 

SAMPTIME = TIMEN0W 

TS = INLINK 

INLINK = 000008 

If FLAGWRDJ bit 11 (N0DOP07) = 0 : 

(for noun 65 ) 

UPSUM = UPSUM + TS (sum uplink bits) 

UPSUMCNT = UPSUMCNT + 1 

Switch bit J of channel 11 to 1 (uplink activity lamp) 

TS should be of the form xxxxx kkkkk xxxxx where five x1 s 
represent the five bit keycode and five k?s represent the 
complement of that keycode. If TS is not of this form: 

Switch FLAGWRD7 bit 4 (UPL0CKFL) to 1 

Resume 

TScode = low 5 bits of TS 

If TScode = 228: (error reset) 

Switch FLAGWRD7 bit 4 ( UPLOCKFL) to 0 

If TScode i 228: 

If FLAGWRD7 bit 4 (UPLOCKFL) = 1, resume 

Establish "CHARIN" 

Set MPAC0 of "CHARIN" job = TScode 

Resume 

UPTMFAST If bit 11 of IM0DESJJ = 0: Perform "ALARM" with TS = 011068 

Return 

DNTMFAST If bit 12 of IM0DESJJ = 0: Perform "ALARM" with TS= 011058 

Return 

D0DOWNTM If bit 7 of channel 13 = 1: 

Proceed to address specified in DNTMGOT0 

Perform "ClJSTALL" 

Set bit 7 of channel 13 to 1 

(word order code) 
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Proceed to address specified in DNTMGOTO 

DNPHASEl SUBLIST= -1 

DNECADR = -1 

DNTMGOTO = 11 DNPHASE2 11 

CTLIST = K:DNTABLEDNLSTCOD 

Perform 11WOZER0 11 

Channel 34 = -DNLSTCOD 

Channel 35;:; K:LOWIDCOD 

Resume 

DNPHASE2 If DNECADR and SUBLIST are both (0: 

If CTLIST < 0: 

(control list) 

Proceed to 4th line of 11 DNPHASE1 11 

ADR = ECTLIST 

If ADR >0, CTLIST = CTLIST + 1 

If ADR <: 0: (end of list) 

CTLIST = -CTLIST 

ADR = -ADR 

DNECADR = ADR 

If DNECADR = K:timeadr, perform 11WOZER0" 

DOWNTYPE = bi ts 14-12 of DllECADR 

If DOwNTYPE < 6, proceed to "FETCH2WD" 

If DOWNTYPE = 6, proceed to 11 DODNPTR 11 

Pl'Oceed to 11 DODNCHAN 11 

If DNECADR > 0, proceed to "FETCHZwD 11 

Proceed to 11 NEXTINSL 11 

DODNCHAN i = low 8 bits of DNECADR 
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DNECADR = -1 

Channel 34 = channel i 

Channel 35 z channel j 

Resume 

FETCH2WD EBANK = bits 11-9 of DNECADR 

TS= low 8 bits of DNECADR 

D0WNTYPE = D0WNTYPE - 1 

DNECADR = 211 DOWNTYPE + 28 EBANK +TS+ 2 

DODNPI'R 

(putting D0WNTYPE into bits 14-12, EBANK into bits 
11-9; making DNECADR negative after DOWNTYPE is 
reduced below zero) 

ADRl =TS+ 14008 

ADR2 =TS+ 1401
8 

Channel 34 = EADRl 

Channel 35 = EADR2 

Resume 

SUBADR = EDNECADR - 30000
8 

If SUBADR .( 0: 

SUBLIST= DNECADR 

i = 0 

SUBADR =jSUBADRI- 000018 

Proceed to 11 SNAP1.00P11 

SUBLIST= DNECADR 

(snapshot) 

(address of sublist) 

NEXTINSL SUBADR = ESUBLIST - 30000 
8 

If SUBADR > 0, SUBLIST= SUBLIST+ 1 
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If SUBADR < 0, SUBLIST = -1 

DNECADR = jSUBADRI 

DOWNTYPE = bits 14-12 of DNECADR 

If DOWNTYPE < 6, proceed to 11 FETCH2\i1D11 

If DOWNTYPE: 6, proceed to 11 DODNPTR 11 

Proceed to 11 DODNCHAN 11 

SNAPLOOP EBANK = bits 11-9 of SUBADR 

ADRl = 14018 + low 8 bits of SUBADR 

ADR2 = 14028 + low 8 bi ts of SUBADR 

D1TMBUFFi = EADRl 

j = i + 1 

DNTMBUFFj = EADR2 

i = i + 2 

SUBLIST= SUBLIST+ 1 

SUBADR = ESUBLIST - 30000 
8 

If SUBADR >O: (continue snapshot) 

S•JBADR =ISUBADRI- 1 

Proceed to 11 SNAPLOOP" 

SUBLIST = tSUBADRI - 1 

DNECADR = -1 

SUBADR = SUBLIST 

SUBLIST = -1 

EBANK = bits 11-9 of SUBADR 

ADRl = 14018 + low 8 bits of SUBADR 

ADR2 = 14028 + low 8 bits of SUBADR 

Channel 34 = EADRl 
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Channel 35 = EADR2 

Resume 

DNDUMPI DUMPLOC = 000008 

DNTMGOTO = II DNDUMPI3 II 

Perform "WOZERO" 

Channel 34 = K:ERASID 

Channel 35 = K:LOWIDCOD 

Resume 

DNDUMPI3 DNTMGOTO = 11 DNDUMPl" 

Channel 34 = DUMPLOC 

Channel 35 = least significant half of TIMENOW 

Resume 

DNDUMPl DNTMGOTO = 11 DNDUMP 11 

DNDUMP 

Proceed to 11 DNDUMP2" 

DUMPLOC = DUMPLOC + 2 

TS= low 8 bits of DUMPLOC 

If TS > 0, proceed to "DNDUMP2" 

(Otherwise, TS= 0 and dump is changing banks) 

If bit 13 of DUMPLOC z 0: 

Proceed to second line of 11 DNDUMPI 11 

Proceed to 11 DNPHASEl" 

DNDUMP2 EBANK = bits 11-9 of DUMPLOC 

TS= low 8 bits of DUMPLOC 

ADR2 = 14018 + TS 

ADRl = 14008 + TS 
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svm.rn1 

SVDWN2 

WOZERO 

Channel 34 = EADRl 

Channel 35 = EADR2 

Resume 

E-OTHER = gcv + !DELTAV 

Y-OTHER = ycv + INUV 

Return 

If FLAGWRD9 bit l (AVEMIDSW) = 0: 

EN= gcv + !DELTAV 

YN = ycv + 1'_NUV 

PIPTIME = TET 

Return 

Perform "ClJSTALL" 

.&,itch bi.i. 7 of channel 13 to 0 

Return 
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Quantities in Computations 

ADR: Single precision temporary storage for the address taken from 
the control list. If it is negative this indicates the end of 
a downlist. 

ADRl, ADR2: Single precision addresses (without EBANK information) 
of the two consecutive registers to be transmitted on the downlink. 

CTLIST: Single precision address of the next entry in the downlink 
control list. When the final downlist quantity is read, CTLIST is 
complemented to cause downlist to be started again. 

DNECADR: Single precision octal address of the first of two con­
secutive registers to be transmitted on the downlink (in bits 8-1). 
Bits 14-12 contain a code indicating the type of sample to be taken 
(see DOWNTYPE). Bit 15 is set (DNECADR made negative) to 
indicate that control is to be returned to the control list. 

DNLSTCOD: Single precision index (range 0-5) indicating which of the 
downlists is to be telemetered, scaled Bl4 and unitless. Loaded 
by various programs to select the proper downlist. See K:DNTABLE. 

DNTMBUFF: A series of single precision buffer cells used to store a 
simultaneous "snapshot" of a series of E-memory cells all sampled 
at the same downlink interrupt, thereby making the data time 
homogeneous. 

DNTMGOTO: Single precision octal address controlling the phase of 
operation of the downlink program. 

DOWNTYPE: Variable describing bits 14-12 of DNECADR in the normal 
downlink mode. If DOWNTYPE = 7, the address in DNECADR is inter­
preted as that of a channel. If DOWNTYPE is less than 6, the 
address in DNECADR is interpreted as that of a series of N con­
secutive registers (N = 2 (OOWNTYPE + 1)). If DOWNT~E = 6, the address 
in DNECADR is interpreted as that of a sub-list and control is 
transferred to the sub-list decoder ( 11 DODNPTR"). 

DUMPLOC: Single precision E-memory register which contains the c.: ,unter 
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and ECADR for each dump-word being sent. Bits 8-1 provide the 
relative address within the EBANK; bits 11-9 define the EBANK 
(propagated from bit 8); bits 13-12.serve as a counter of the 
number of complete dumps which have occurred. When bit 13 be­
comes 1 then memory has been dumped twice and the dumping stops. 

EADRI Single precision register whose address is in ADR. 

EBANK: See MA.TX section. 

I.MODES33: See INTR section. 

INLINK: Single precision serial input register for receipt of uplink 
data. When the required sixteen bits of data are received from 
the uplink decoder, program interrupt #7 is generated. 

K:DNTABLE1 (i = 0-5): Table of six octal starting addresses of the 
downlink lists. 

i List address 

0 "CO~ALlli" 
1 "AGSI/UPQ " 
2 '' RENDE ZVl].'1 
3 "ORBMANUV" ·· 
4 "DESC/ASC" 
5 ".SURF A.LIN" 

K:ERASID: Single precision octal constant stored as 017768 • Used as 
E-memory octal dump downlist I.D. word, loaded in downlink word la. 

K:LOWIDCOD : Single precision octal constant stored as 773408• Loaded 
into downlist word lb of each of t~e six downlink lists. Sometimes 
referred to as the "sync" bits. 

K:timeadr: Single precision constant stored as 777538, program 
notation MINTIME2. Equation value: 00024

8
, address of TIMENOW. 

MPAC
0

: See DSKY section. 

PIPTIME: See SERV section. 

li-OTHER, Y-OTHER: Double precision navigation state vectors of the CSM , 
scal ed B29 and B7 respecti"flely in units of meters and meters/centi­
second. See ECSM, ycsM in SERV section. 

ECV, ycv: See CONG section. 

RN: See ~ERV section. 

SAMPTIME: See DSKY section. 
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SUBADR: Single precision address code word like DNECADR but taken 
from a sub-list. 

SUBLIST: Single precision address of the next entry in a downlink 
sub-list. 

!DELTAV, !NUV: See ORBI section. 

TET: See ORBI section. 

TIMENOW: See EXVB section. 

UPSUM: Single precision sum of bit patterns received from uplink; 
used during ground testing only. UPSUM is scaled Bl4. 

UPSUMCNT: Single precision count of uplink codes received; used 

during ground test only. UPSUMCNT is scaled Bl4 ; program notation UPS UM + 1. 

YN: See SERV section. 
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General Downlink Information 

The LM Guidance Computer (I.Ge) downlink takes the form of 40-bit words 
transmitted as a bas i c rate of 50 words/second (part of a t e lemetry 
s tream at 51. 2 kbps ). A "low bit rate" of one-fifth of thi s transmission 
rate also exists, although no computer words are included in low bit rate 
data. Each 40-bit word is divided into four parts: 

a) The first bit is the word order code bit, set zero for the first 
word pair and the fifty-fir s t word pair and one for the other 98 
pairs in the standard telemetry cyc l e. 

b) Bits #2. - #17 contain the first word of the word pair (bit 15 
i s in bit #2., bit 14 in bit #3, ..• bit 1 in bit #16 , and an odd 
parity bit in bit #17). The odd parity bit makes the total number 
of binary "ones " in bits #2. - #17 an odd number. 

c) Bits #18 - #33 contain the second word of the word pair (bit 
15 i s in bit #18 , bit 14 in bit #19 , bit 1 in bit # 32, and an 
odd pari ty bit f or bits #18 - #33 in bit #33). 

d ) Bit s #34 - #40 are the same as bit s #2. - #8 (bits 15-9 of first 
wor d of th e word pair), so that the t otal number of bits in the 
di g i t al downlink from the computer i s a multiple of 8 bits (i.e ., 
5 X 8 = 40 ). 

The computer hardware monitors the period of th e t e l emetry interrupts 
r ecei ved fr om t he t e l emetry system, and rejects the interrupt (takes no 
acti on) if the interrupts occur too rapidly. The mechanization requires 
a computer 100 pps pul se to oc cur between each accepted t e lemetry inter­
rupt (which, under normal conditions, only occur once every 20 ms, or 
at a 50 pps rate ). A channel bit (channel 33 bit 12 ) is s et to a binary 
zero if an int errupt i s rejected , and an alarm pattern (11058 ) i s also 
pr oduced . 

The convention is established in the program that "bit 15" is the sign 
bit (a binary one if quantity negative) and "bit l" is the least sig ­
nificant magnitude bit . Using "a" for the first word of a pair and "b" 
for the second wor d , t he bit stream would appear as follows: 

woe 15a 14a 13a 12a lla 10a 9a Sa 7a 6a 5a 4a 3a 2a la Parity . a 

15b 14b 13b 12b llb 10b 9b Sb 7b 6b 5b 4b 3b 2b lb Parityb 

15a 14a 13a 12a lla 10a 9a 

(woe i s the "word order code", di scussed in i tem (a) above.) 
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Most telemetered words have negat i ve number s expres s ed in one s complement 
form, and in general the s i gns of the mo st significant and least signi f ­
icant portions will not agree, since the indi vidual port i ons of a multiple 
precision quantity are considered generally as separate "words" in the 
computer arithmetic unit. Several words in the downlist are used as control 
quant i t i e s in the program and have explic it meanings as s i gned to their 
individual bits. These words have their si gn bit s set separate l y from 
the rest of the word, and hence are not subject to the same conver sion 
process as other "negative" quantit i es . 

Scaling, units, and defin i tion references for each parameter are 
contained in the tables . 

The downlink program has the capability t o sample a se l ected se t of 
erasabl e l ocations essentially at the s ame time with the cont ent s of thes e 
locat ions stor ed in a set of unshared erasable to be downlinked when 
individual te l emetry interrupt s are received . By this means a t ime -homo ­
geneous set of downlink information can be obtained provided the program 
l oading the cells invol ved observes proper restri ct i ons . These se l ected 
buffered areas are commonl y called "snapshots" . The LUMINARY downli s t s 
have the following snapshot s : 

Coast and Align Li s t Words 2-8, 52-58 

AGS Initialization and Update List Word s 52 - 58 

Rendezvou s and Prethrust List Words 2-8 , 9- 13, 52 -58 

Orbital Maneuvers List Words 2-8, 52 -58 

Descent and Ascent List Words 5-6, , 7...,13, 52-58 

Lunar Surface Align Li st Words 2-8 , 9- 13, 52-58 

TELE-11 



Downlink Sequences 

There are six different 100-word lists which can be sent by the program 
during the flight (plus the special erasable memory dump) . For conven­
i ence, these li sts have been a ssigned serial numbers, #0 through #5 (listed 
in order of increasing ident i fication words) . During a given program, a 
certain list is transmitted a s defined be l ow : 

List #0 

List #1 

List #2 

The Coast and Align List is transmitted during : 

POO LGC Idling 

P51 IMIJ Ori entation Determination 

P52 IMU Realignment 

P06 LGC Power Down 

The AGS Initialization and Update List i s transmi tted 
during : 

P27 LGC Update 

R47 AGS Initialization 

The Rendezvous and Prethrust List i s transmitt ed during : 

P20 Rende zvous Navi gation 

P21 Ground Track Determination 

P25 Preferred Tracking Attitude 

P30 External DELTA V Mane uver Gu i dance 

P32 Coelliptic Sequence Initiation ( CSI) 

P33 Constant Differential Altitude ( CDH) 

P34 Transfer Phase Initiation (TPI ) 

P35 Transfer Phase Midcourse (TPM) 

P72 CSM CSI Target ing 

P73 CSM CDH Targeting 

P74 CSM TPI Targeting 
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List #3 

List #4 

List #5 

P75 CSM TPM Targeting 

P76 Target DELTA V 

The Orbital Maneuvers List i s transmitted during : 

P40 DPS Thrust 

P41 RCS Thrust 

P42 APS Thrust 

P47 Thrus t Monitor 

The Descent and Ascent List i s transmitted during : 

Pl2 Powered Ascent Guidance 

P63 Braking Phase Guidance 

P64 Approach Phase Guidance 

P66 Terminal Descent Phase Guidance 

P68 Confirm Lunar Landing 

P70 DPS Abort Guidance 

P71 APS Abort Guidance 

The Lunar Surface Align List is transmitted during : 

P22 RR Lunar Surface Navigation 

P57 Lunar Surface Alignment 

Several cells are i dentified a s "Spare" : by program a ssembly 
technique, the word on the downlink has the first hal f a s 000008 a.nd 
t he second half a s a quantity of negligible useful n2s s for post - f ligh t 
pr ocessing (the content s of the computer accumulator r eg i ster, cell 0000, 
when the telemetry interrupt was recognized) . 

Words marked with an asterisk in the list were transmitted as a 
result of a double precision pickup in the downlink program and have 
no known importance. 
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COAST and IMU ALIGNMENT LIST 

WORD# RiIRST REGISTER SECOND ~"LISTER J!1RASABLE ADDRESS 

1 LIST ID (777773) SYNC PATTERN ( 773403) 

2 R-OTHERo (X comp.) R-OTHER1 (X comp.) 

. 3 R-OTHEf½ (Y comp.) R-OTHER3 (Y comp. ) 1715 -1722 

4 R-OTHER4- ( Z comp. ) R-OTHE~ (Z comp.) 

5 V-OTHERo (X comp.) V-OTHER1 (X comp. ) 

6 V-OTHER2 (Y comp.) V-OTHER3 (Y comp.) 1723 -1730 

7 V-OTHER4 (Z comp.) V-OTHE~ (Z comp.) 

8 TETCSM (T-OTHER) TETCSM (T-OTHER) 1570-1 

9 AGSK (K-FACTOR) AGSK (K-FACTOR) .3371-2 

10 TALIGN TALIGN 2774-5 

11 DOWNTORK2 (POSTORKU) DOWNTORK3 (NEGTORKU) 3115, 3116 

12 DOWNTORK4 (POSTORKV ) DOWNTORK5 (NB}TORKV) 3117, 3120 

13 DNRADATA1 (DNRRANGE) DNRADATA2 (DNRRDOT ) 1330, 1331 

14 TEVENT TEVENT 1341-2 

15 REFSMMATo ( R1 C1) REFSMMAT1 ( R1 C1) 

16 REFSMMAT 2 ( R1 C 2) REFS~T3 (R1c2 ) 

17 REFSMMAT 4 ( R1 c3 ) REF $_\WAT 5 ( R1 C3) 173l - 1744 

18 R&~SMMAT6 ( R2C1 ) REFSMMAT7 ( R2C1 ) 

19 REFSMMATg ( R2C 2) REFSM.'1AT9 ( R2C2 ) 

20 REFSMMAT10 ( R2C3) REFSM'1AT11 ( R2C3) 

21 AOTCODE *SINIGA 0734, 0735 

22 RLS0 (X-comp) RLS1 (X-comp ) 

23 RLS2 ( Y-comp ) RLS
3 

(Y-comp ) 2020 - 2025 

24 RLs4 (Z-comp) RLS
5 

( Z -co.np ) 
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W!JRD_ii FIRST REGISTER SECOND REGISTER ERASABLE ADDRESS 

25 DNRADAT A4 ( DNLRVELX) DNRADAT½ (DNLRVELY) 1333, 1334 

26 DNRADAT ½ ( DNLRVELZ) DNRADAT ~ ( DNLRALT) 1335, 1336 

27 VGPREV0 (VGTIG-X comp) VGPREV1 (VGTIG-X comp) 

28 VGPREV2 (VGTIG-Y comp ) VGPHEV3 (VGTIG-Y comp) 3700 - 3705 

29 VGPREV4 (VGTIG-Z comp) VGPREV5 (VGTIG-Z comp) 

30 REDOCTR THEI'ADo (X-ANGLE) 0320, 0321 

31 THETAD1 (Y-ANGLE) THETAD2 (Z-ANGLE) 0322, 0323 

32 RSBBQ RSBBQ+l 1432, 1433 

33 OMEGAP OMEGAQ 3021, 3022 

34 0:1EGAR ALPHAQ JJ23, 3024 

35 CDUXD CDUYD 3234, 3235 

36 CDUZD *DELCDUX 3236, 3237 

37 CDUX CDUY 0032, 0033 

38 CDUZ CDlIT 0034, 0035 

39 FLAGWRDO FLAGWRDl 

40 FLAGWRD2 FLAGWRD3 

41 FLAGWRD4 FLAGWRD5 
0074 - 0107 

42 FLAGWRD6 FLAGWRD7 

43 FLAGWRD8 FLAGWRD9 

44 FLGWRDlO FLGWRDll 

45 D3PTAB0 DSPTAB1 

46 DSPTAB2 DSPTABJ 

47 DSPTAB4 DSPTAB5 
1022 - 1035 

48 DSPTAB6 DSPTAB7 

49 DSPTAB3 DSPTAB9 

50 DSPTAB10 DSPTAB11 
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WORD #._ 

51 

52 

53 

54 

55 

56 

57 

53 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

FIRST REGISTER 

T IMENOW ( T IME2) 

RN0 (X comp.) 

R.N2 (Y comp.) 

RN4 (Z comp.) 

VN0 (X co:np.) 

VN
2 

(Y comp.) 

VN
4 

(Z comp.) 

PIPTIME 

OMEGAPD 

OMEGARD 

*CHANNEL76 _ 

CADRFLSH2 

FAILREG1 

RADMODES 

OGC 

IGC 

MGC 

BESTI (STAR ID 1) 

STARSAVlo (X comp.) 

STARSAVl2 (Y comp.) 

ST ARSAV14 ( Z comp. ) 

STARSAV20 (X comp.) 

STARSAV22 (Y comp.) 

ST ARSAV 24 ( Z comp. ) 

SERVDURN 

TET 

SECOND _R?.G!.STER 

T IMENOW ( T IMEl ) 

RN1 (X comp.) 

R.N3 ( Y comp.) 

RN5 ( Z comp.) 

VN
1 

(X comp.) 

VN
3 

(Y comp.) 

VN
5 

(Z comp.) 

PIPTIME 

OMEGAQD 

*ECDUW 

GHANNEL77 

FAILREGo 

FAILREG2 

DAPBOOLS 

OGC 

IGC 

MGC 

BESTJ (ST AR ID 2) 

STARSAVl1 (X comp.) 

STARSAV13 (Y comp.) 

ST ARSAV15 ( Z comp. ) 

STARSAV21 (X comp.) 

STARSAV23 (Y comp.) 

STARSAV25 (Z comp.) 

DUMIDOPS · 

TET 

TELE-16 

ERASABLE ADDRESS 

0024-5 

1217 - 1224 

1225 - 1232 

1233-4 

3242, 3243 

3244, 3245 

0374, 0375 

0376, 0377 

0110, 0111 

2737 - 2740 

2741-2 

2743-4 

2755, 2756 

2760 - 2765 

2766 - 2773 

1355, 1356 

151~7 



:\f'JRD # FIRST REGISTER SEQ.Q.ND REGISTER ERASABLE ADD:f!!SS 

77 CDUS PIPA (X) OJ36, 0037 

78 PIPA (Y) PIPA (Z) 0040, 0041 

79 LASTTCMD (LASTYCMD) LASTSCMD (LASTXCMD) 0112, Oll3 

80 LEMMASS CSMMASS 1326, 1327 

81 IMODES}J IMODES33 1277, 130'.) 

82 TIG TIG 3441-2 ' 

83 OMEGAP OMEGAQ })21, 3022 

84 OMEGAR ALPHAQ 3023, 3024 

85 CDUXD CDUYD 3234, 3235 

86 CDUZD il-DELCDUX 3236, 3237 

87 CDUX CDUY 0032, 0033 

88 CDJZ CDUT 0034, 0035 

89 ALPHAQ ALPHAR 3024, 3025 

90 DOWNI'ORK() (POSTORKP) DOWNTORK1 (NEGTORKP) 3113, 3114 

91 CHANNELll CHANNEL12 

92 CHANNEL13 CHANNEL14 

93 CHANNEL30 CHANNEL31 

94 CHANNEL32 CHANNEL33 

95 DSPTAB0 D3PTAB1 

i 96 DSPTAB2 DSPTAB3 

97 DSPTAB4 DSPTAB5 ' 1022 - 1035 
98 D3PI'AB6 DSPI'AB7 

99 D3PTAB8 DSPTAB9 

100 DSPTAB10 DSPTAB11 
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AGS INITIALIZATION & UPDATE LIST 

WJRD #.._ FIRST RF.GISTER SECOND REGISTER ERASABLE ADDRESS 

1 LIST ID (777768 ) SYNC PATTERN (773403) 

2 AGSBUFFo (LM X POS) * AGSBUFF1 (not used by AGS) 220:J, 2201 

3 AGSBUFF2 (LM Y POS) *AGSBUFF3 (not used by AGS) 2202, 2203 

4 AGSBUFF4 (LM Z POS) *AGSBUFF5 (not used by AGS) 2204, 2205 

5 AGSBUFF12 (Vector time *AGSBUFF13 (not used by AGS) 2214, 2215 
M38) 

6 A'J.SBUFF1 (LM X VEL) * AGSBUFF2 (not used by AGS) 2201, 2202 

7 AGSUBFF3 (LM Y VEL) * AGSBUFF4 (not used by AGS) 2203, 2204 

8 AGSBUFF5 (LM Z VEL) * AGSBUFF6 (not used by AGS) 2205 , 2206 

9 AGSBUFF13 (Vector time *VONE2 (not used by AGS) 2215, 2216 
LSB ) 

h"l AGSBUFF6 (CSM X POS) * AGSBUFF7 (not used by AGS) 2206, 2207 

11 AGSBUFF3 ( CSM Y POS) * AGSBUFF9 (not used by AGS ) 2210, 2211 

12 AGSBUFF10 (CSM Z PJS) * AGSBUFF11 (not used by AGS) 2212, 2213 

13 AGSBUFF12 (Vector time * AGSBUF? (not used by AGS) 2214, 2215 
MSB ) 

13 

14 AGSBUFF7 (CSM X VEL) * AGSBUFF 8 ( not used by AGS ) 2207, 2210 

15 AGSBUFF9 (CSM Y VEL) * AGSBUFF10 (not used by AGS) 2211, 2212 

16 AGSBUFF11 (CSM Z VEL) * AGSBUFF12 (not used by AGS ) 2213, 2214 

17 AGSBUFF13 (Vector time *VONE2 (not used by AGS) 2215, 2216 
LSB ) 

18 COMPNUMB UPOLDM8D 1167, 1170 

19 U_.JVERB UPCOUNI' 1171, 1172 
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1{0RD # [.IRST REGISTER SE..QOND_BE,G ISTER ERASABLE ADORES~ 

20 UPBUFFo UPBUFF1 

21 UPBUFF2 UPBUFF3 

22 UPBUFF4 UPBUFF5 

23 UPBUFF6 UPBUFF7 

24 UPBUFF8 UPBUFF9 
1173 - 1216 

25 UPBUFF10 UPBUFF11 

26 UPBUF?12 UPBUFF13 

27 UPB:JFF14 UPBUFF15 

28 UPBUFF16 UPBUFF17 

29 UPBUFF18 UPBUFF19 

30 REDOCTR THETADo (X-angle) 0320, 0321 

31 THETAD1 (Y-angle) THETAD2 ( Z-angle) 0322, 0323 

32 RSBBQ RSBBQ+l 1432, 1433 

33 OMEGAP OMEGAQ 3021, 3022 

34 OMEGAR ALPHAQ 3023, 3024 

35 CDUXD CDUYD 3234, 3235 

36 CDUZD *DELCDUX 3236, 3237 

37 CDUX CDUY 0032, 0033 

38 CDUZ CDUT 0034, 0035 

39 FLAGWRDO FLAGWRDl J 40 FLAGWRD2 FLAGWRDJ 

41 FLASWRD4 FLAGWRD5 0074 - 0107 

42 FLAGWRD6 FLAGWRD7 

43 FLAGWRD8 FLAGWRD9 

44 FLGWRDlO FLGWRDll 
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WJBQ.Jt FIRST REGISTER SECOND REG I STER ERASABLE ADDRE~~ 

45 DSPI'ABo D3PI'AB1 

46 DSPI'AB2 DSPI'AB3 

47 DSPI'AB4 
DSPI'AB5 1022 - 1035 

48 DSPI'AB6 DSPI'AB7 

49 DSPI'AB3 DSPI'AB9 

50 DSPI'AB10 D3PI'AB11 

51 TIMENOW (TIME2) T IMENOW ( T IMEl) 0024-5 

52 RNo (X comp.) RN1 (X comp.) 

53 Rl\J2 (Y comp.) RN3 (Y comp.) 1217 - 1224 

54 RN4 (Z comp.) RN5 ( Z comp. ) 

55 VN0 (X co:np.) VN1 (X comp.) 

56 VN2 (Y comp.) VN
3 

(Y comp. ) 1225 - 1232 

57 VN
4 

( Z comp.) VN5 
(Z comp.) 

58 PIPI'IME PIPTIME 1233-4 

59 OMEGAPD OMEDAQD 3242, 3243 

68 OXEGARD *ECDUw 3244, 3245 

61 *CHANNEL 7'6 ·, CHANNEL?? 

62 CAD.RFLSH2 
FAILREG0 0374, 0375 

63 FAILREG1 FAILREG
2 0376 , 0377 

64 RADMODES DAPBOOLS 0110, 0111 

65 DOWNI'ORK2 ( POST OR.KU) DOWNTORK3 (NEGTOR.i<U) 3115, 3116 

66 DO:..JNI'ORK4 ( POST OR.KV) DOWNI'ORK5 ( NEGTORKV) 3117, 3120 

67 SERVDURN DUMLOOPS 1355, 1356 

68 SPARE SPARE 

69 AGSK (K-FACTOR) AGSK (K-FACTOR) .3371-2 
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k:[ORD # FIRST REGISTER SECOND REGISTER ERASABLE ADDRESS 

70 UPBUFFo UPBUFF1 

71 UPr3UFF2 UPBUFF3 

72 UPBUFF4 UPBUFF5 

73 UPBUFF6 UPBUFF7 

74 UPBUFF8 UPBUFF9 1173 - 1216 

75 UPBUFF10 UPBUFF11 

76 UPBUFF12 UPBUFF13 

77 UPBUFF14 UPBUF?15 

78 UPBUFF16 UPBUFF17 

79 UPBUFF18 UPBUFF19 

80 LEMMASS CSMMAS3 1326, 1327 

81 IMODES30 IMODES33 1277, 1300 

82 SPARE SPARE 

83 Ot1EGAP OXEGAQ 3021, 3022 

84 OMEGAR ALPHAQ 3023, 3024 

85 CDUXD ::rnUYD 3234, 3235 

86 CDUZD * DELCDUX 3236, 3237 

87 CDUX CDlJY 0032, 0033 

88 CDUZ CDUT 0034, 0035 

89 ALPHAQ ALPHAR 3]24, 3025 

90 DOWNTORKo (POSTORKP ) DOO-TORK1 ( NF.GTORKP ) 3113, 3114 

91 CHANNELll CHANNEL12 

92 CHANNEL13 CHANNEL14 

93 CHANN~L30 CHANNEL31 

94 CHANNEL32 CHANNEL33 
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W')Rij FIRST REGISTER SECOND REGISTER ERASABLE ADDRE SS 

95 DSPI'AI3o DSPI'AB1 

96 DSPI'AB2 DSPI'AB3 

97 DSPI'AB4 DSPI'AB5 1022 - 1035 

98 DSPI'AB6 DSPI'~ 

99 DSPI'ABg DSPI'AB9 

100 DSPI'AB10 DSPI'AB11 
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RENDEZVOUS & PRETHRUST LIST 

WORD.Ji. FIRST REGISTER SECOND REGISTER ERASABLE ADDRESS 

1 LIST ID ( 777758) SYNC PATTERN (773408) 

2 R-OTHERo (X comp. ) R-OTHER1 (X comp.) 

3 R-OTHER2 (Y comp. ) R-OTHER3 (Y comp.) 1715 - 1722 

4 R-OTHER.f+ (Z comp. ) R-OTHE~ ( Z comp.) 

5 V-OTHERQ (X comp. ) V-OTHER1 (X comp. ) 

6 V-OTHER2 (Y comp. ) V-OTHER3 (Y comp.) 1723 - 1730 

7 V-OTHER.f+ (Z comp. ) V-OTHE~ ( Z COm?•) 

8 TETCSM (T-OTHER) TETCSM (T-OTHER) 1570-1 

9 RANGRDOT RANGRDOT+l 3760, 3761 

10 AIG AMG 3457, 3460 

11 AX TRKMKCNT 3461, 3462 

12 TANGNBo ( RR trunnion ) TANGNB1 ( RR shaft ) 3752, 3753 

13 MKTIME MKTIME 3754-5 

14 DELLT4 (TF Lambert ) DELLT4 (TF Lambert) 3451-2 

15 RI'ARJ-o (X comp.) RI' Affi1 (X comp.) 

16 RI' Affi2 (Y co.mp.) RI'Affi 3 (Y comp. ) 3443 - 3450 

17 RI'Affi4 ( Z comp.) RI'Affi5 ( Z comp.) 

18 DELVLVCo (DELVSLV-X) DELVLVC1 (DELVSLV-X) 

19 DELVLVC2 (DELVSLV-Y) DELVLVC3 (DELVSLV-Y) 3433 ·- 3440 

20 DELVLVC4 (DELVSLV-Z ) DELVLVC5 ( DELVSLV-Z ) 

21 TCSI (CSI time) TCSI (CSI time ) 3633-4 

22 DELVEETlo (X comp. ) DELVEETl1 (X comp.) 

23 DELVEET12 (Y comp. ) DELVEETl3 (Y comp.) 2266 - 2273 

24 DELVEETl4 ( Z comp. ) DELVEETl5 (Z comp.) 
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WJRD # 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

FIRST REGISTER 

SERVDURN 

TPASS4 (TPF time ) 

X789x (RR shaft bias) 

l:789y ( RR trunnion bias) 

LASTTCMD(LASTYCMD) 

REDOCTR 

THETAD1 (Y-angle) 

RSBBQ 

OMEGAP 

OMEGAR 

CDUXD 

CDUZD 

CDUX 

CDUZ 

FLAGWRDO 

FLAGWRD2 

FLAGWRD4 

FLAGWRD6 

FLAGWRD8 

FLGWRDlO 

DSPTAB0 

DSPTAB2 

DSPTAB4 

DSPTAB6 

DSPTAB8 

DSPTAB10 

SECOND REGISTER 

DUMLOOPS 

TPASS4 (TPF time ) 

X789x (RR shaft bias) 

1:789y (RR trunnion bias) 

LASTSCMD (LASTXCMD) 

THETAD0 (X- angle ) 

THETAD2 (Z-angle) 

RSBBQ+l 

OMEGAQ 

ALPHAQ 

CDUYD 

*DELCDUX 

CDUY 

CDUT 

FLAGWRDl 

FLAGWRD3 

FLAGWRD5 

FLAGWRD7 

FLAGW.RD9 

FWWRDll 

DSPTAB1 

DSPTAB3 

DSPTAB5 

DSPTAB7 

D.3PTA89 

DSPTAB11 ) 

TELE-24 

ERASABLE ADDRESS 

1355, 1356 

3630-1 

1700-1 

1702-3 

0112, 0113 

0320, 0321 

0322, 0323 

1432, 1433 

3021, 3022 

3023, 3024 

3234, 3235 

3236, 3237 

0032, 0033 

0034, 0035 

0074 - 0107 

1022 - 1035 



WORD# FIRST REGISTER ~~COND REGISTER ERASABLE ADDRESS 

51 TIMENOW (TIME2) T IMENOW ( T IMEl) 0024-5 

52 RNo (X comp.) RN1 (X comp.) 

53 RN2 (Y comp.) RN3 (Y comp.) 1217 - 1224 

54 RN
4 

(Z comp.) RN5 (Z comp.) 

55 VN0 (X comp.) VN1 (X comp.) 

56 VN2 (Y comp.) VN
3 

(Y comp.) 1225 - 1232 

57 VN
4 

(Z comp.) VN
5 

( Z comp.) 

58 PIPI'IME PIPI'IME 1233-4 

59 OMEGAPD OMEGAQD 3242, 3243 

60 
f 

OMEGARD * ECDUW 3244, 3245 

61 ~HANNEL7p CHANNEL?'? 

62 CADRFLSH2 FAILREGo 0374, 0375 

63 FAILREG1 FAILREG2 0376, 0377 

64 RADMODES DAPBOOLS 0110, 0111 

65 DJWNI'ORK2 (POSTORKU) DOWNTORK3 ( NE'J}TORKU) 3115, 3116 

66 DOWNTORK4 (POSTORKV) DOWNI'ORK5 (W..GTORKV ) 3117, 3120 

67 SPARE SPARE 

68 TCDH TCDH 1774-5 

69 DELVEET20 (X comp. ) DELVEET21 (X comp.) 

70 DELVEET22 
(Y comp.) DELVEET2

3 
(Y comp.) 2274 - 2301 

71 DELVEET2
4 

(Z comp. ) DELVEET2
5 

(Z comp.) 

72 TTPI TrPI 3635-6 

73 DELVEET3o DZLVEET31 

74 DELVEET32 DELVEET33 2365 - 2372 

75 DELVEET34 DELVEST35 

76 ELEV ELEV 2256-7 
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~Y:J2.Jj_ FIRST REGISTER SECOND REGISTER ERASABLE ADDRESS 

77 CDUS PIPA (X) 0036, 0037 

78 PIPA (Y) PIPA (Z) 0040, 0041 

79 LASTTCMD (LASTYCMD) LASTSCMD (LASTXCMD) 0112, 0113 

80 LEMMASS CSMMASS 1326, 1327 

81 IMODES30 IMODES33 1277, 130'.) 

32 TIG TIG 3441-2 

83 OMEGAP OMF.GAQ 3021, 3022 

84 OMEGAR ALPHAQ 3023, 3024 

85 CDUXD CDUYD 3234, 3235 

86 CDUZD *DZLCDUX 3236, 3237 

87 CDUX CDUY 0032, 0033 

88 CDUZ CDITT 0034, 0035 

89 ALPHAQ ALPHAR 3024, 3025 

9J DOWNTORKo (POSTORKP) DOWNTORK1 (NEGTORKP ) 3113, 3114 

• 91 CHANNELll CHANNEL12 

12 CHANNEL13 CHANNEL14 

93 CHANNEL30 CHANNEL31 

94 CHANNEL32 CHANNEL33 

95 TET TET 1516-7 

96 CENT ANG CENTANG 3620-1 

97 NN NN 3466-'i' 

98 DIFFALT DIFFALT 3577 - 3600 

99 DELVTPF DELVTPF 2347 - 2350 

100 SPARE SPARE 
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ORBIT AL MANEUVERS LIST 

WORD If.. FIRST RE.GISTER g_ECOND RE.GISTER ERASABLE ADDRESS 

1 LIST ID (77774g) SYNC PATTERN (773408) 

2 R-OTHER() (X comp. ) R-OTHER1 (X comp. ) 

3 R-OTHER2 (Y comp.) R-OTHER3 (Y comp.) 1715 - 1722 

·4 R-OTHER4 ( Z comp. ) R-OTHEI½ ( Z comp.) 

5 V-OTHER() (X comp. ) V-OTHER1 (X comp.) 

6 V-OTHER2 ( Y comp. ) V-OTHER3 (Y comp.) 1723 - 1730 

7 V-OTHER4 ( Z comp. ) V-OTHERs ( Z comp.) 

8 TETCSM (T-OTHER) TETCSM (T-OTHER) 1570-1 

9 DELLT4 DELLT4 3451-2 

10 RI'Affio (X comp.) RI' Affi1 (X comp. ) 

11 RI'ARG2 (Y comp.) Rl'Am3 (Y comp.) 3443 - 3450 

12 Rl'AID4 (Z comp.) Rl'Affi5 ( Z comp. ) 

13 ELEV ELEV 2256-7 

14 TEVENT TEVENT 1341-2 

15 REFSMMATo ( R1 C1) REFSMMAT1 ( R1 C1 ) 

16 REFSMMAT2 ( R1 C2) REFSJ:1MAT 3 ( R1 c2 ) 

17 REFSMMAT4 (R1C3) REFSMMAT5 ( R1 C3 ) 1731 - 1741. 

18 R.2:FSMMAT6 ( R2C1 ) REFSMMAT7 ( R2C1 ) 

19 REFSMMATg ( R2C2) REFSMMAT9 ( R2C2 ) 

20 REFSMMAT10 ( R2C3 ) REFSMMAT11 ( R2C3 ) 

21 TCSI TCSI 3633-4 

22 DZLVEETlo (X comp. ) DELVEET1 1 (X comp.) 

23 DELVEETl 2 (Y comp. ) DELVEETl 
3 

(Y comp.) 2266 - 2273 

24 DELVEET1
4 

(Z comp. ) DELVEET1
5 

(Z comp.) 

TELE-27 



w:JRD #.. FIRST REGISTER SECOND ilEGISTER ERASABLE ADDRESS 

25 VGPREV0 (VGTIG-X comp.) VGPREV1 (VGTIG-X comp.) 

26 VGPREV2 (VGTIG-Y comp.) VGPREV
3 

(VGTIG-Y comp.) 3700 - 3705 

27 VGPR!.~ 
4 

(VGTIG-Z comp.) VGPREV
5 

(VGTIG-Z comp.) 

28 DNRADATA6 (DNLRVELZ) DNRADAT ~ ( DNLRALT) 1335, 1336 

29 TPASS4 ('l'PF time) TPASS4 (TPF time) 3630-1 

30 REDOCTR THETADo (X-angle) 0320, 0321 

31 THETAD1 (Y-angle) THETAD2 (Z-angle) 0322, 0323 

32 RSBBQ RSBBQ+l 1432, 1433 

33 OMEGAP OMEGAQ 3021, 3022 

34 OMEGAR ALPHAQ 3023, 3024 

35 CDUXD CDUYD 3234, 3235 

36 CDUZD *DELCDUX 3236, 3237 

37 CDUX CDUY 0032, 0033 

38 CDUZ CDUT 0034, 0035 

39 FLAGWRDO FLAGWRDl 

40 FLAGWRD2 FLAGWRD3 

41 FLAGWRD4 FLAGWRD5 
0074 - 0107 

42 FLAGWRD6 FLAGWRD7 

43 FLAGWRDS FLAGWRD9 

41+ FLGWRDlO FLGWRDll 

45 DSPTABo DSPTAB1 

46 DSPTAB2 DSPTAB3 

47 DSPTAB
4 DSPTAB5 

1022 - 1035 
48 DSPTAB6 DSPTAB7 

49 DSPTABg DSPTAB
9 

50 DSPTAB10 DSPTABll 

TELE-28 



}!ORD # FIRST REQISTER SECOND REGISTER ERASABLE ADDRESS 

51 TIMENOW (TIME2) TIMENOW ( TIME1) 0024-5 

52 RNo (X comp.) RN1 (X comp.) 

53 RN2 (Y comp.) RN3 (Y comp.) 1217 - 1224 

54 RN
4 

(Z comp.) RN5 ( Z comp.) 

55 VN0 (X comp.) VN1 (X comp.) 

56 VN2 (Y comp.) VN
3 

(Y comp.) 1225 - 1232 

57 VN
4 

(Z comp.) VN
5 

(Z comp.) 

58 PIPTIME PIPTIME 1233-4 

59 0:-IBGAPD OMEGAQD 3242, 3243 l 

60 OMEGARD 
. 
*ECDUW 3244, 3245 

t 61 * .CHANNEL76 
J CHANNEL77 

62 CADRFLSH2 FAILREGo 0374, 0375 

63 FAILREG1 FAILREG2 0376, 0377 

64 RADM'.)DES DAPB:JOLS 0110, 0111 

65 DOWNI'ORK2 (POSTORKU) DOWNI'ORK3 (NEGTORKU) 3115, 3116 

66 DOWNTORK
4 

(POSTORKV) DOWNTORK
5 

( NF.GTORKV) 3117, 3120 

67 $ERVQURN DUMLOOPS 1355, 1356 

68 TCDH TCDH 1774- 5 

69 DELVEET2o (X comp.) DELVEET21 (X comp.) 

70 DELVEET22 (Y comp. ) DELVEET23 ( Y comp.) 2274 - 2301 

71 DELVEET24 (Z comp. ) DELVEET25 (Z comp. ) 

72 TTPI TTPI 3635 - 6 

73 DELVEET3o (X comp. ) DELVEET31 (X comp . ) 

74 DELVEET32 (Y comp. ) DELVEETJ3 (Y comp.) 2365 - 2372 

75 DELVEET34 (Z comp. ) DELVEET35 (Z comp . ) 

76 DNRADATA1 (D~RRANGE ) DNRADATA2 (DNRRDOT) 1330, 1331 

'.IBLE-29 



:r{iJRD.Ji. [.IRST REGISTER SECOND REGISTER ERASABLE ADDRESS 

77 DNRADATA4 (DNLRVELX) DNRADATA5 (DNLRVELY) 1333, 1334 

78 DNRADAT¼ ( DNLRVELZ) DNRADAT ~ ( DNLRALT) 1335, 1336 

79 DIFFALT DIFFALT 3577 - 3600 

80 LEMM.ASS CSMMASS 1326, 1327 

81 IMODES30 IMODES33 1277, 1300 

82 TIG TIG 3441-2 

83 OMEGAP OME.GAQ 3021, 3022 

84 OMEGAR ALPHAQ 3023, 3024 

85 CDUXD CDUYD 3234, 3235 

86 CDUZD * DELCDUX: 3236, 3237 

87 CDUX: CDUY 0032, 0033 

88 CDUZ cnur 0034, 0035 

89 ALPHAQ ALPHAR 3024, 3025 

90 DOWNTORKo (POSTORKP) DOWNTORK1 (NF.GTORKP) 3113, 3114 

91 CHANNELll CHANNEL12 

92 CHANNEL13 CHANNELl4 

93 CHANNEL30 CHANNEL31 

94 CHANNEL32 CHANNEL33 

95 PIPTIMEl PIPTIMEl 3560-1 

96 DELVo (X c omp. ) DELV1 (X comp. ) 

97 DELV2 (Y comp.) DELV3 (Y comp. ) 0324 - 0331 

98 DELV4 ( Z comp. ) DELV5 ( Z comp. ) 

99 SPARE SPARE 

100 TGO TGO 3516-7 

'IELE-30 



DESCENI' AND ASCENT LIST 

i;{ORD /j_ FIRST REGISTER SECOND REGISTER ERASABLE ADDRESS 

1 LIST ID (77773g) SYNC PATTERN (77340g ) 

2 SPARE 3PARE 

3 SPARE SPARE 

4 SPARE SPARE 

5 FC *RD0TV 3615,3616 

6 GTCTIME GTCTIME 3752-3 

7 MKTIME MKTIME 3754-5 

8 HMEASDL HMEASDL 3776-7 

9 VMEAS VMEAS 3652-3 

10 AIG (Y-angle ) AM}- (Z-angle) 3457, 3460 

11 AOG (X-angle ) VSELECT 3461, 3462 

12 LATVEL F0RVEL 3700, 3701 

. 13 SERVfimlN DUMLO0PS 1355, 1356 

14 TEVENT TEVENT 1341-2 

15 UNFC0 (X comp.) UNFC1 (X comp.) 

16 UNFC2 ( Y comp.) UNFC3 (Y comp.) 3252 - 3257 

17 UNFC, ( Z comp.) UNFC5 ( Z comp.) 
'+ 

18 VGVECTo (X comp.) VGVECT1 (X comp. ) 

19 VGVECT2 (Ycomp.) VGVECT3 (Y comp. ) 3645-3652 

20 VGVECT4 (Z comp.) VGVECT5 (Z comp.) 

21 TTF TTF 3642-3 

22 DELTAH DELTAH 3664-5 

TELE-31 



y!ORD #. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

4 5 

46 

47 

FIEST REGISTER 

RLSo (X comp.) 

RLS 2 (Y comp.) 

RLs
4 

(Z comp.) 

ZDarD 

X789x (RR Shaft bias) 

SECOND REGISTER 

RLS1 (X comp.) 

RLS
3 

( Y comp.) 

RLS
5 

( Z comp.) 

ZDarD 

X789x (RR Shaft bias) 

X789y ( RR Trunnion bias) X789y ( RR Trunnion bias ) 

LASTTCMD (LASTYCMD) LASTSCMD (LASTXCMD) 

REDOCTR 

THETAD1 (Y-angle) 

RSBBQ 

O:"fEGAP 

OMEGAR 

CDUXD 

CDUZD 

CDUX 

CDUZ 

FLAGWRDO 

FLAGWRD2 

FLAGWRD4 

FLAGWRD6 

FLAGWRD8 

FLGWRDlO 

DSPI'Af?o 

DSPI'Af3:2 

DSPI'A1t 

THETADo (X-angle) 

THETAD2 (Z-angle) 

RSBBQ+l 

OMEGAQ 

ALPHAQ 

CDUYD 

* DELCDUX 

CDUY 

CDUT 

FLAGWRDl 

FLAGWRD3 

FLAGWRD5 

FLAGWRD7 

FLAGWRD9 

FLGWRDll 

DSPI'ABi_ 

DSPI'AB-j 

DSPI'AB 5 

TELE-32 

ERASABLE ADDRESS 

2041 - 2025 

2Z76~7 

1700-1 

1702-3 

0112, 0113 

0320, 0321 

0322, 0323 

1432, 1433 

3'.)21, 3022 

3023, 3'.::J 24 

3234, 3235 

3236, 3237 

0032, OJ33 

0034, 0035 

0074 - 0107 

1022 - 1035 



!{CI P..D ,t FIRST REGI~TER SECOND REGISTER ERASABLE ADDRESS 

48 DSFTAB6 DSFTAB7 

49 DSFTABg DSFTAB9 1022 - 1035 

50 DSFTAB10 DSFTAB11 

51 TIMEN0W (TIME2) TIMEN0W ( TIME1) 0024-5 

52 RNo (X comp. ) RN1 (Xcomp.) 

53 RN2 (Y comp.) RN3 (Y comp.) 1217 - 1224 

54 RN4 (Z comp. ) RN5 (Z comp.) 

55 VNo (X comp. ) VN1 (X comp. ) 

56 VN2 (Y comp.) VN3 (Y comp.) 1225 - 1232 

57 VN4 ( Z comp.) VN5 (Z comp.) 

58 PIFTIME PIFTIME 1233-4 

59 OMEGAPD JMEGAQD 3242, 3243 

60 OMEGARD *ECDUW 32M-, 3245 

6;. ➔fCHANNEL 76 CHANNEL77 

62 CADRFLSH2 FAILR"ffio 0374, 0375 

63 FAILRF.G1 FAILREG2 0376, 0377 

64 RADMODES DAPBOOLS 0110, 0111 

65 DOWNTORK2 (POSTORKU) DOWNTORK3 ( NF.GT ORKU) 3115, 3116 

66 DOWNTORK4 (POSTORKV) DOWNTORK5 ( NEGTORIC\T) 3117, 3120 

67 ffiUo (X comp. ) ffiU1 (X comp. ) 

68 RGU2 (Y comp. ) RrU3 (Y comp. ) 2623 - 2630 

69 RGU, 
·+ 

(Z comp. ) ffiU5 (Z comp. ) 

70 VGUo (X comp. ) VGU1 (X comp. ) 

71 VGU2 ( Y comp. ) VGU3 (Y comp. ) %26 - 3633 

72 VGU4 ( Z comp. ) VGU5 (Z comp. ) 

TELE-33 



~ ) RD # FIRST REGISTER SECOND REGISTER ERASABLE ADDRSSS 

73 LANDo (X comp.) LANDi (X comp. ) 

74 LAND2 (Y comp.) LAND3 (Y comp. ) 3634 - 3641 

75 LAND4 ( Z comp.) LAND5 ( Z comp.) 

76 AT AT 2262-3 

' 77 TLAND TLAND 2026-.7 

f 73 DVTOTAL DVTOTAL 3507-3510 

79 LASTTC:MD (LASTYCMD) LASTSCMD (LASTXCMD) 0112, 0113 

80 LEMMASS CSMMASS 1326, 1327 

81 !MODES30 U.10DES33 1277, 1300 

82 TIG TIG 3441-2 

83 OMEGAP OMEGAQ 3021, 3022 

84 OMEDAR ALPHAQ 3023, 3024 

85 CDUXD CDUYD 3234, 3235 

86 CDUZD * DELCDUX 3236, 3237 

87 CDUX CDUY 0032, 0033 

8,3 CDUZ CDUT 0034, 0035 

89 ALPHAQ ALPHAR 3Cl24, 3025 

9J DOWNTORKc) (POSTORKP) DOWNT0RK1 (NEGTORKP) 3113, 3114 

91 CHANNELll CHANNEL12 

92 CHANNEL13 CHANN.E:114 

93 CHANNEL30 CHANNEL31 

94 CHANNEL32 CHANNEL33 

95 PIPTIMEl PIPTIMEl 3560-1 

96 D3LV0 (X comp.) DELV1 (X comp. ) 

97 D3LV2 (Y comp.) DELV3 (Y comp. ) 0324 - 0331 

98 DELV4 (Z comp.) DELV 5 ( Z comp. ) 

TELE-34 



~JRD # 

99 

100 

FIRST REGISTER 

PSEUD055 

TTOGO 

SECOND REGISTER 

FC 

TTOGO 

TELE-35 

ERASABLE ADDflESS 

3614, 3615 

3453-4 



LUNAR SURFACE ALIGNMENT LIST 

WORD# FIRST RF.GISTER SECOND REGISTER ERASABLE ADDffiSS 

1 LIST ID (777723) SYNC PATTERN (773403) 

2 R-arHER() (X comp.) R-OTHER1 (X comp.) 

3 :l-OTHER2 (Y comp.) R-arHER3 (Y comp.) 1 715 - 1 7'22.. 

4 R-OTHER4 (Z comp.) R-OTHEf½ (Z comp.) 

5 V-arHERJ (X comp.) V-OTHER1 (X comp.) 

6 V-OTHER2 (Y comp.) V-OTHER3 (Y comp.) 1723 - 1730 

7 V-OTHER, (Z comp.) V-OTHER, (Z comp.) 
.:+ 

8 TETCSM (T-OTHER) TETCSM (T-OTHER) 1570-1 

9 RANGRDar RANGRDOT+l 3760, 3761 

10 AIG AM} 3457, 3460 

ll AOO TRKMKCNT 3461, 3462 

12 TAM::tNBo ( RR trunnion) TAM::tNB1 ( RR shaft) 3752, 3753 

13 MKTIME MKTIME 3754-5 

14 TALIGN TALIGN 2774-5 

15 REFSM~o ( R1 Cl) REFSMMAT1 ( R1 C1 ) 

16 RE~S}l\fAT 2 (R1C2) REFSMMAT3 ( R1 c 2 ) 

17 ffi:FSMMAT4 (R1C3) REFSMMAT5 (R1C3 ) 
1731 - 174-4 

18 REFSMMAT 6 ( R2C1) REFSMMAT7 ( R2C1 ) 

19 REFSMMAT3 (R2C2) REFSMMAT9 ( R2C2 ) 

20 REFSMMAT10 ( ~c3 ) REFSMMAT11 (~c3 ) 

21 YNBSAVo (X comp.) YNB.3AV1 (X comp.) 

22 YNBSAV2 (Y comp.) YNBSAV
3 (Y comp.) 223-S - 2243 

23 YNBSAV 
4 

( Z comp.) YNBSAV 
5 

(Z comp. ) 

TELE-36 



WORD# FIRST REGISTER SECOND REGISTER ERASABLE ADDRESS 

24 ZNBSAVo (X comp.) ZNBSAV1 (X comp.) 

25 ZNBSAV2 (Y comp.) ZNBSAV3 (Y comp.) 2244 - 2251 

26 ZNBSAV, (Z comp.) ZNBSAV 5 ( Z comp.) 
•:+ 

27 X789x (RR shaft bias) X789x (RR shaft bias) 1700-1 

23 TET TET 1516-7 

29 LASTTCMD (LASTYCMD ) LASTSCMD (LASTXCMD) 0112, 0113 

30 REDOCTR THETADo (X-angle) 0320, 0321 

31 THETAD1 (Y-angle) THETAD2 (Z-angle) 0322, 0323 

32 RSBBQ RSBBQ+l 1432, 1433 

33 OMEGAP OMEGAQ 3021, 3022 

34 OMEGAR ALPHAQ 3023, 3024 

35 CDUXD CDUYD 3234, 3235 

36 CDUZD *DELCDUX 3236, 3237 

37 CDUX CDUY 0032, 0033 

38 CDUZ CDUT 0034, 0035 

39 FLAGWRDO FLAGWRDl 

40 FLAGWRD2 FLAGWRD3 

41 FLAGWRiJ4 FLAGWRD5 
0074 - 0107 

42 FLAGWRD6 FLAGWRD7 

43 FLAGWRD8 FLAGWRD9 

44 FLGWRDlO FLGWRDll 

45 DSPI'ABo DSPI'AB1 

46 DSPI'AB2 DSPI'AB3 

47 DSPI'AB4 DSPI'AB5 
1022 - 1035 

48 DS?I'AB6 DSPI'AB7 

49 DSPI'AB8 DSPTAB9 

50 D.SPI'AB10 DSPI'AB11 
TELE-37 



W'.JRD_fl 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

FIRST REGISTER 

TIMENOW (TIME2) 

RNo (X comp. ) 

Rl~2 (Y comp.) 

RN4 ( Z comp. ) 

VNo (X comp.) 

VN2 (Y comp. ) 

VN4 ( Z comp.) 

PIPTIME 

OMEGAPD 

OMEGARD 

*CHANNEL76 

CADRFLSH2 

FAILREG1 

RADMODES 

OGG 

IGC 

M::XC 

BESTI (STAR IDl) 

STARSAVlo (X comp.) 

STARSAV1 2 (Y comp.) 

STAR:3AV14 ( Z comp.) 

ST ARSAV20 (X comp.) 

STARSAV22 (Y comp.) 

ST ARSAV21 (Z comp. ) 
'-+ 

GSAVo (X comp . ) 

GSAV 2 ( Y comp.) 

GSAV 4 ( Z comp.) 

SECOND REGISTER 

TIMENOW ( TIME1) 

RN1 (X comp.) 

RN3 (Y comp.) 

RN5 (Z comp.) 

VN1 (X comp.) 

VN3 (Y comp. ) 

VN5 ( Z comp.) 

PIPTIME 

OMEGAQD 

*ECDUW 

CHANNEL77 

FAILREGo 

FAILREG2 

DAPBOOLS 

OGG 

IGC 

BESTJ (STAR ID2) 

ST ARSAVl l (X comp. ) 

STARSAV1 3 (Y comp. ) 

STARSAV1 5 ( Z comp. ) 

STARSAV21 (X comp. ) 

STARSAV23 (Y comp. ) 

STARSAV25 (Z comp. ) 

GSAV 1 (X comp.) 

GSAV 3 (Y comp.) 

GSAV 5 ( Z comp. ) 

TELE-38 

ERASABLE ADDRESS 

0024-5 

1217 - 1224 

1225 - 1232 

1233-4 

3242, 3243 

3244, 3245 

0374, 0375 

0376, 0377 

0110, 0111 

2737 - 2740 

2741-2 

2743-4 

2755, 2756 

2760 - 2765 

2766 - 2773 

2230 - 2235 



WORD# 

78 

79 

80 

81 

82 

8.3 

84 

85 

86 

87 

88 

89 

90 

91 

92 

9.3 

94 

95 

96 

97 

98 

99 

100 

FIRST REGISTER 

AGSK (K-FACTOR) 

LASTTCMD (LASTYCMD) 

LEMMASS 

IMODES30 

TIG 

OMEGAP 

OMEGAR 

CDUXD 

CDUZD 

CDUX 

CDUZ 

ALPHAQ 

'AOTCODE 

CHANNELll 

CHANNEL13 

CHANNEL30 

CHANNEL32 

PIPTIMEl 

DELVo (X comp. ) 

DELV2 (Y comp. ) 

DELV 4 ( Z comp. ) 

TSIGHT 

CURSOR 

SECOND REGISTER 

AGSK (K-FACTOR) 

LASTSCMD (LASTXCMD) 

CSMMASS 

IMODES33 

TIG 

OMEGAQ 

ALPHAQ 

CDUYD 

*DELCDUX 

CDUY 

CDUT 

ALPHAR 

*SINIGA 

CHANNEL12 

CHANNEL14 

CHANNEL31 

CHANNEL33 

PIPTIMEl 

DELV1 (X comp. ) 

DELV.3 (Y comp.) 

DELV 5 ( Z comp. ) 

TSIGHT 

SPIRAL 

TELE-39 

~RA3ABLE ADDRES§_ 

.3.371-2 

0112, 011.3 

1326, 1.327 

1277, 1.300 

.3441-2 

.3021, .3022 

.302.3, 3024 

3234, .32.35 

.3236, 3237 

0832, 003.3 

00.34, 0035 

3024, 3025 

0734,07.35 

.3560-1 

0.324 - 03.31 

3561-2 

1235, 12.36 



The following table gives the downlink parameters, basic scale factors, 

units, and sections referenced for definitions. The pages following this 

table contain a list of definitions compiled from the listed references. 

Mnemonic 

AGSBUFF
O
_
13 

(12SP) 
(2DP) 

AGSK (DP) 

AIG (SP) 

ALPHAQ (SP) 

ALPHAR (SP) 

AMG (SP) 

AOG (SP) 

AOTCODE (SP) 

AT (DP) 

BESTI (SP) 

BESTJ (SP) 

CADRFLSH 2 (SP) 

CDUS (SP) 

CDUT (SP ) 

CDUX (SP) 

CDUY (SP) 

Scale Factor 

Position -
B25 (EARTH) 
B23 (MOON) 

Velocity -
Bl5 (EARTH) 
Bl3 (MOON) 

Time - Bl8 

B28 

B-1 (2 1 s comp) 

B-2 

B-2 

B-1 (2 1 s comp) 

B-1 (2 1 s comp) 

OCTAL 

B-9 

Bl4 

} Bl4 

OCTAL 

B-1 (2 1 s comp) 

B-1 (2 1 s comp) 

B-1 (2 1 s comp) 

B-1 (2 1 s comp) 

TELE-40 

Units 

feet 

feet/second 

seconds 

centiseconds 

revolutions 

revolutions/second 
squared 

revolutions/second 
squared 

revolutions 

revolutions 

optics code 

meters/centisecond 
squared 

six times the 
decimal equivalent 
of the star IDs 

address 

revolutions 

revolutions 

revolutions 

revolutions 

Definition 
Reference 

EXVB 

EXVB 

RNAV 

DAPA 

DAPA 

RNAV 

RNAV 

ALIN 

ASCT 

ALIN 

ALIN 

DINT 

RADR 

RADR 

IM UC COOR DAP A 

IMUC COOR DAPA 



Definition 
Mnemonic Scale Factor Units Reference 

CDUZ (SP) B-1 (2 1 s comp) revolutions IMUC COOR DAPA 

CDUXD (SP) B-1 (2 1 s comp) revolutions DAPA 

CDUYD (SP) B-1 (2 1 s comp) revolutions DAPA 

CDUZD (SP) B-1 ( 21' s comp) revolutions DAPA 

CENTANG (DP) BO revolutions TRGL 

CHANNELS (see CHANNEL tables) (Channel 76 is not functional) 

COMPNUMB (SP) B14 counts EXVB 

CSMMASS (SP) Bl6 kilograms DAPB 
CURSOR (SP) B-1 (2 1 s _comp) revolutions ALIN 

DAPBOOLS ( see FLAGWORD tables or DAPA) ,. 

DELCDUX (SP) B-1 (2 1 s comp) revolutions DAPA 

DELLT4 (DP) B28 centiseconds TRGL 

DELTAH (DP) B24 meters SERV 

QELV (JDP) Bl4 centimeters/second SERV 

DELVEETl (JDP) B? meters/centisecond TRGX 

DELVEET2 (JDP) B? meters/centisecond TRGX 

QELVEETJ (JDP) B? meters/centisecond TRGL 

QELVLVC (JDP) B? meters/centisecond TRGX 

DELVTPF (DP) B7 meters/centisecond TRGL 

DIFFALT (DP) B29 meters TRGX 

DNRADATA1 (SP) Bl4 counts RADR 

DNRADATA2 (SP) Bl4 counts RADR 

DNRADATA4 (SP) Bl4 counts RADR 

TELE-41 



--~-·- ....... -... ... 
Mnemonic Scale Factor Units Reference 

DNRADATA
5 

(SP) Bl4 counts RADR 

DNRADATA6 (SP) Bl4 counts RADR 

DNRADATA7 (SP) Bl4 counts RADR 

DOWNTORKO-S (6SP) B5 jet-seconds DAPA 

DSPTABO-ll (see DSKY section) 

DUMLOOPS (SP) Bl4 counts MATX 

DVTOTAL (DP) B7 meters/centisecond SERV 

ELEV (DP) BO revolutions TRGL 

FAILREG0_2 (3SP) OCTAL alarm code PGSR 

FC (SP) Bl4 throttle pulses DESC 

F LAGWRD O-ll (see FLAGWORD tables) 

FORVE L (SP) Bl4 velocity units SERV 

GSAV (3DP) Bl unit vec t or ALJN 

r uTCTIME (DP) B28 centiseconds DESC 

I HMEASDL (DP) B28 counts RADR 

IMODES30, 33 ( see IMUC and INTR Sections) 

LAND (3DP) B24 meters DESC 

LASTSCMD (SP) Bl4 pulses RADR 

LASTTCMD (SP) Bl4 pulses RADR 

LATVEL (SP) Bl4 velocity units SERV 

LEMMASS (SP ) Bl6 kilograms DAPB 

MKTIME (DP) B28 centiseconds RNAV 

HN (DP ) Bl4 counts TRGX 

OGC , IGC , MGC (3DP) BO revolutions COOR 

OMEGAP (SP) B-3 revolutions/sec DAPA 

OMEGAQ (SP ) B-3 revolutions/sec DAPA 

OME ' AR (SP) B-3 revolutions/sec DAPA 

TELE-1...2 



Definition 
Mnemoni c Scale Factor Units Reference 

OMEGAPD (SP) B-3 revolutions/sec DAPA 

OMEGAQD (SP) B-3 revolutions/sec DAPA 

OMEGARD (SP) B-3 revolutions/sec DAPA 

PIPA (JSP) Bl4 counts SERV 

PIPTIME (DP) B28 centiseconds SERV 

PIPTIMEl (DP) B28 centiseconds SERV 

PSEUDO55 (SP) Bl4 throttle pulses DESC 

RADMODES (see FLAGWORD tables or RADR) 
RANGRDOT (2SP) (Same as DNRADATA1 2 ) 

' R-OTHER (JDP) B29 meters TELE 

REOOCTR (SP) Bl4 counts PGSR 

[REFSMMATO_1iJ (6DP) Bl unit vector COOR 

RGU (JDP) B24 meters DESC 

RIS (JDP) B27 meters DESC 

RN (JDP) B29 meters SERV 

RSBBQ (2SP) OCTAL address PGSR 

RTARG (.3DP) B29 meters TRGL 

SERVDURN (SP) Bl4 centiseconds SERV 

SPIRAL (SP) B-1 (2 1 s comp) revolutions ALIN 

§TARSAVl (JDP) Bl unit vector ALIN 

STARSAV2 (JDP) Bl unit vector ALIN 

TALIGN (DP) B28 centiseconds ALIN 

TANGNBO (SP) B-1 (2 1 s comp) revolutions RADR 

TANGNB1 (SP) B-1 (2 1 s comp) revolutions RADR 
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Definition 
Mnemonic Scale Factor Units Reference --
TCDH (DP) B28 centiseconds TRGX 

TCSI (DP) B28 centiseconds TRGX 

TET (DP) B28 centiseconds ORBI 
TE'.OOSM (B.r-) B.28 centiseconds ORBI 

T:VE i:-1' (:JP) "Q')Q centiseconds ~'LT~J ~,..,~ 
TGO (DP) B28 centiseconds BURN 

THETAD (3SP) B-1 (2's comp) revolutions ATTM IMUC 

TIG (DP) B28 centiseconds BURN 

TIMENOW (DP) B28 centiseconds EXVB 

TLAND (DP) B28 centiseconds DESC 

TPASS4 (DP) B28 centiseconds TRGL 

TRKMKCNT (SP) Bl4 counts RNAV 
TSIGHT (DP) B28 centiseconds ALIN 
TTF (DP) Bl? centiseconds DESC 

TTOGO (DP) B28 centiseconds BURN 

TTPI (DP) B28 centiseconds TRGL 

UNFC ( 3DP ) variable variable BURN DESC 

UPBUFF 0_19 (20SP) OCTAL variable EXVB 

UPCOUNT (SP) Bl4 counts EXVB 

UPOLDMOD (SP) Bl4 program number EXVB 

UPVERB (SP) Bl4 last digit of verb EXVB 

Y.-OTHER (JDP) B7 meters/centisecond TELE 

VGPREV ( JDP) B7 meters/centisecond BURN 

VGU ( JDP) BlO meters/centisecond DESC 

VGVECT (3DP) B7 meters/centisecond ASCT 
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Definition 
Mnemonic Scale Factor Units Reference --
VMEAS (DP) B28 counts SERV 

VN (3DP) B7 meters/centisecond SERV 

VSELECT (SP) Bl4 LR velocity code SERV 

X7890_1 (DP) B5 (EARTH) radians RNAV 
B3 (MOON) 

X7892_
3 

(DP) B5 (EARTH) radians RNAV 
B3 (MOON) 

YNBSAV (3DP) B1 unit vector ALIN 

ZDOTD (DP) B7 meters/centisecond ASCT 

ZNBSAV (3DP) B1 unit vector ALIN 

AGSBUFFo,2,4: Single precision X, Y, and Z components of the LM position 

vector, scaled B25 (earth) and B23 (moon) in units of feet and in stable 

member coordinates. 

AGSBUFF1,3,5: Single precision X, Y, and Z components of the LM velocity 

vector, scaled Bl3 (moon) or B15 (earth) in units of feet/second and in 

stable member coordinates. 

AGSBUFF6 8 10: Single precision X, Y, and Z components of the CSM position , , 
vector, scaled B25 (earth) or B23 (moon) in units of feet and in stable 

member coordinates. 

AGSBUFF7 ,9 ,11 : Single precision X, Y, and Z components of the CSM velocity 

vector, scaled Bl5 (earth) or Bl3 (moon) in units of feet/second and in 

stable member coordinates. 

AGSBUFF12 ,13 : Double precision difference between the timetag of the state 
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vectors in AGSBUFF0_11 and the time stored in AGSK , scaled Bl8 in units 

of seconds. 

AGSK: Double precision time of AGS initialization, scaled B28 in units of 

centiseconds. 

ALPHAQ, ALPHAR: Single precision storage for the most significant halves 

of AOSQ and AOSR for down telemetry, scaled B-2 in units of revolutions 

per second squared. 

AOSQ, AOSR: Double precision disturbing acceleration due to thrust vector/ 

e. g . offset or other external torques, scaled B-2 in units of revolution s 

per second squared. 

AOG , AIG, AMG: Single precision storage for ICDU angle s , scaled B-1 in 

units of revolutions and stored in two's complement form. 

AOTCODE: A single precision scalar containing the star selection code in 

bits 6-1 (an octal number from 1 to 45g for stars, 0 for a plane t , and 

46g- 50g for sun, earth, and moon), and the AOT detent code in bits 9-7 

(1,2 , 3 ,4,5 or 6 for AOT detents; 0 for COAS calibration; 7 for CO AS 

po sition to be specified.) 

AT: Double precision LM thrust acceleration magnitude, scaled B-9 in units 

of meters per centisecond squared. 

BESTI: Single precision value, scaled Bl4, of the index paramet er fo r star 

ril of t he "best" star pair as determined by "R56. 11 I t i s the star f a rthest 

f rom the AOT center detent position and will be zero i f no st Hr pair s are 

fo und that are satisfactory. In "R59" it is the val ue of t he· index param­

eter of the first celestial body used for marking (if two bodie s are t o be 

TELE-46 



used). It is equal to six times the decimal equivalent of the "star 

selection code." 

BESTJ: See BESTI. In "R56" it is the index parameter for star #2 which is 

the closest star to the AOT center detent position. In "R59" it is the 

index parameter of the second celestial body used for marking (if two 

are to be used) or the index parameter of the single body being used 

(Technique 3 alignment). 

CADRFLSHi (i = 0,1,2): Three single precision cells for storage of return 

address information required by priority, mark and normal display re­

quests. In the program CADRFLSH is used for storage of the 

address of the step after that at which the display interface routine 

is called. (CADRFLSH 2 is the only one on the downlink) 

CDUT, CDUS: LGC input counters incremented directly from the Coupling Data 

Unit to maintain LGC knowledge of the RR trunnion and shaft angles, res­

pectively. Single precision angles stored in two's complement form and 

scaled B-1 in units of revolutions. 

QDU (CDUX:, CDUY, CDUZ): Single precision vector containing the measured 

values of the IMU gimbal angles (outer, inner, and middle gimbal in X, 

Y, and Z components, respectively), scaled B-1 in units of revolutions 

and stored in two's complement form. Each component is an LGC input 

counter incremented directly from the Coupling Data Un it in response to 

changes in the IMU gimbal angles. 

CDUD: (CDUXD, CDUYD, CDUZD) Single precision vector ioterface vith steerina 
0 

and attitude maneuver 
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routines containing the desired values for the IMU gimbal angles (outer, 

inner, and middle gimbal angles in X, Y, and Z components, respectively), 

scaled B-1 in units of revolutions and stored in t wo ' s complement form. 

CENTANG: Double precision central angle between t he pas sive vehicle's position 

at TIG and at intercept, scaled BO in units of revolutions. 

COMPNUMB : Single precision number of components (each s i ngle precision octal) 

in a program 27 update, scaled Bl4 and unitles s . 

CSMMASS: Single precision astronaut input of the mass of the CSM, scaled Bl6 

i n un its of kilograms. 

C!IRSOR: Single precision angle t hrough which the reti cle must be r otated t o 

place the cursor on a star for a given viewing posit i on . Used only on the 

l unar surface, scaled B-1 in un its of revolutions . 

DELCDU : I nterface wi t h steering and attitude maneuver rout hies , minu s de sired 

change in gimbal angles per 100 millisecond period, scaled B-1 in un its of 

r evolutions, stored in two's complement form. 

DELLT4: Double precision maneuver transfer t ime, scaled 828 in un i t s of centi seconds. 

DELTAH : Double precision quantity represent i ng the differ8nce between the LR 

measured altitude and calculated altitude where cal culrli. f::d altitude i s wit h 

re spect to the landing site radius or the t he terrain model depending on whether 

the t errain mode l i s being used or not, s caled B24 in units of meters. 

f :'LV : D ,uble pr ecision sensed- change- in-velocity vector, sea ed Bl4 in uni ts of 

centiueter s per second (one PIPA pulse r epresents one . .::en t.i meter per second 

on the LM ) and expressed in Platform coor dinates. 

~ELVEETl: Double precisi on vecto r corre sponding to the velocity- to-be-ga i ned 

vector for the CSI burn, scaled B7 in uni t s of meter s per centisecond. 

Parallel to the orLital plane of t he passive vehicle and per pendicular to 

the a ctive vehi cle positi on vector at TCSI . 

.QELVEET.'.2: Double precision vector corresponding t o the vel ocity-to-be-gained 
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vector for the CDH burn, scaled B? in units of meters per centisecond. 

Parallel to the orbital plane of the passive vehicle. 

QELVEET3: Double precision velocity to be gained vector, scaled B7 in units 

of meters per centisecond. Calculated by the 11 INITVEL 11 routine. 

QELVLvc r: Double precision velocity vector expressed in local vertical coor­

dinates, scaled B7 in units of meters per centisecond. In the local ver­

tical coordinate system, Xis along the horizontal component of velocity, 

Z points toward the center of attraction, and Y completes a right-handed, 

orthogonal system. 

DELVTPF: Double precision magnitude of the velocity to be gained in the 

final rendezvous maneuvers of the terminal phase, scaled B? in units of 

meters per centisecond. 

DIFFALT: Double precision difference of passive and active vehicle altitudes 

at the time of CDH, scaled B29 in units of meters; negative if the passive 

vehicle is below the active vehicle at CDH, and displayed to the astronaut 

during P32-72 and P33-73. 

DNRADATA1: Special storage for downlink of radar data. i = 1,2,4,5,6, and 

7 to index six single precision cells (consecutive except between i = 2 

and 4) alternately labeled DNRRANGE, DNRROOT, DNLRVELX, DNLRVELY, DHLRVELZ, 

and DNLRALT, respectively. RNRAD is a single precision LGC counter advanced 

directly by whichever radar circuit is enabled for sampling, scaled B:4 in 

units of counts. 

Sample Type 

{~ DNRRD0T 

Value of 1 count 

-0.19135344 meters/second 
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Sample Type 

DNRRANGE 

Low scale 
High scale 

H DNLRVELX 

,Hf DNLRVELY 

lH< DNLRVELZ 

DNLRALT 

Low scale 
High scale 

Value of 1 count 

2. 859024 meters 
22 .872192 meters 

-0.1962912 meters/second 

0.3694176 meters/second 

0.2642006 meters/second 

0.3288792 meters 
1. 644396 meters 

9 . 38 feet 
75.04 feet 

-0. 6440 fps 

1. 212 fps 

0.8668 fps 

1.0790 feet 
5,3950 feet 

1:DNRROOT has a bias to be subtracted from the raw counts . 

K: ROO TB IAS : - 28 Double precision constant stored as 17000 x 2 ., scaled B28 in 

un its of radar counts (same as RNRAD). Equation value: 17000. 

,H<DNLRVEL : These have a bias to be added to the raw counts. 
s 

K: LVELBIAS : Single precision constant stored as -12288 x 2- 14 , scaled Bl4 in 

unit s like those of RNRAD . Equation value: -12288 . 

DOWNTORK. ( i= 0- 5) : Single precision table of quantities for downlink which 
l 

g ive cumulative jet on times for the various axes; the correspondence is 

(0 , +P, 1, - P; 2 , +U , 3 , - U; 4, +V, 5 , -V); Scaled B5 in units of seconds . 

D\ IMLOOPS : Single precision count of passes through Dummy Job, scaled Bl4 counts. 

DV'l'C' fAL : Do uble precision sum of velocity gained, scaled B7 in un its of meters 

l <ff ~ent j second . 

E,,r.:V : Do uble precision elevat ion angle of the line-of- s ight to the passive 

vehicle ; measured from the vector which is perpendicular to the active 

vehicle posit i on vector, perpendicular to ,EA.CT l< EPASS , and whose dot 

product with the active vehicle velocity vector is positive. An angle 
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between O and l (0 and 360 degrees) scaled BO in units of revolutions. 

ELEV is greater than 1/2 (180·::degrees) if the passive vehicle is below 

the active vehicle's local horizontal. ELEV is an astronaut input in 

P32-72 and an optional input in P34-74. 

FAILREGi (i= 0,1,2): Three single precision registers used for storage of 

the alarm code information . FAILREG0 1 are zeroed via an "ERROR RESET", 

' 
FAILREG2 is unal.tered. All three registers are zeroed by a Verb 36. 

FAILREG0 contains the first alarm after the "ERROR RESET"; FAILREG1 contains 

the second; .and FAILREG2 always contains the _most recent. 

FC: Single precision storage for the magnitude of desired thrust, scaled 

Bl4 in units of DPS throttle pulses. 

K:SCALEFAC: -16 Double precision constant stored as 797.959872 x 2 , scaled 

Bl6 in units of DPS throttle pulses/kilogram meter per centisecond squared. 

Equation value: 797.959872. (Equivalent to 12.532 newtons or 2.8173 

pounds force per pulse.) 

FORVEL: Single precision forward velocity component (Body coordinates) of 

the LM relative to the rotating moon, scaled Bl4 in forward velocity display 

units. 

K:VELCONV: Single precision constant stored as 223168, scaled B10 in 

forward/lateral velocity display units/meter per centisecond. 

Equation value: 588.875. (Equivalent to 0.1698 meters per second, 

or 0.5571 feet per second, per bit.) 

QSAV: Double precision storage for unit gravity vector determined in previous 

pass through 11P57," scaled Bl and expressed in navigation base coordinates. 

GTCTIME: Double precision sampled PIPTIME of the Average-g cycle for which 

the Guidance Thrust Command is computed,scaled B28 centiseconds. 

HMEASDL: Double precision Landing Radar measurement of altitude, scaled B28 in 

units of low scale landing radar altitude bits. 

K:HSCAL: Double precision constant stored as -0.3288792, scaled BO in units 

of meter.s per bit. Equation value: -0. 3288792. (Equivalent to l. 0790 

feet per bit.) 
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1,AND: Double precision position vector of the landing site, scaled B24 

in units of meters, measured from the center of the moon and expressed 

in the Platform coordinate system. 

LASTSCMD, LASTTCMD: Storage for the previous value of total RR shaft and 

trunnion CDU error counters; scaled Bl4 in units of RR drive pulses. 

Used to compute a des:n-ed· ,change in the rate command to be added to 

CDUSCMD or CDUTCMD. 

K:RDESGAIN: Single precision constant stored as 0.53624, scaled Bl2 

in units of RR drive pulses per radian of error. Equation value 2196.5. 

(Equivalent to 0. 5 x 2sec-l x 360 deg/rev x '(10/384)-l pulses per degree 

per second. The first two terms null 0.5 of the error in 1/2 second, and ; 

the fourth is derived from the fact that a saturated error counter causes' 

a drive rate of 10 degrees per second.) 

K:RRSPGAIN: Single precision constant stored as 0.59062, scaled Bl5 in 

units ~f RR drive pulses per revolution of error. Equation value: 19353. 

(Equivalent to 0.7 x 2sec-l x 360 deg/rev x (10/384)-l pulses per degree 

per second. The first two terms "null 0.7 of the error in 1/2 second," 

and the fourth is derived from the fact that a saturated error counter 

causes a drive rate of 10 degrees per second.) 

LATVEL: Single precision lateral velocity component (Body coordinates; 

positive to the right when looking forward) of the LM relative to the 

rotating moon, scaled Bl4 in forward/lateral velocity units. 

K:VELCONV: Single precision constant stored as 223168 , scaled Bl0 in 

forward/lateral velocity display units/meter per centisecond. 

Equation value: 588.875. (Equivalent to 0.1698 meters per second, or 

0.5571 feet per second, per bit.) 

LEMMASS: Single precision astronaut input of the mass of the IM, scaled B16 in 

kilograms. 
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MKTIME: Double precision time of PIPA readings which are associated with 

the LR altitude measurement for downlink purposes, scaled B28 in units 

of centiseconds. Also the time of RR range rate measurement, considered 

to be RR time of mark. 

NN: Double precision number designating the apsidal crossing after CSI at 

which the CDH burn will be executed, scaled Bl4 and unitless. (NN = 1 

indicates that the CDH burn will be executed at the first apsidal crossing 

after CSI.) NN is used in P34, 35, 74 and 75 as a flag to specify pre­

cision or conic integration. In "S3435.2," it is used to set VTARGTAG. 

OGG, IGC, MGC: Double precision commanded gimbal angles scaled BO in units of 

revolutions or (equivalently) scaled B21 in units of gyro torque pulses 

of 2- 21 revolutions each. 

OMEGAP, OMEGAQ, OMEGAR: Single precision estimated vehicle rate, calculated 

using commanded accelerations and times, scaled B- 3 in units of revolutions 

per second. Limited to ±0.12499 (±44-997 degrees/second) by overflow checks. 

OMEGAPD, OMEGAQD, OMEGARD: Single precision rate biases generated in the 

attitude maneuver and steering routines, scaled B- 3 in units of revolutions 

per second. 

PIPA: Single precision sensed-change-in-velocity vector , scaled B14 in units 

of centimeters per second and expressed in the Platform coordinate system. 

The three components are i ncremented directly from the Pulse-Integrating, 

Pendulous Accelerometers on the stable member of the Inertial Measurement 

Unit. 

PIPTIME: Double precision time of the most recent PIPA read cycle, scaled B28 

in units of centiseconds; time at which the average- g and free - flight state 

vector is valid. 

PIPTIMEl: Temporary storage for PIPTIME to avoid changing the downlink state 

vector until it is updated homogeneously . 
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SEUD055 : Single precision storage for telemetry of the throttle command 

sent to the descent engine, scaled Bl4 in units of throttle pulses. 

R-OTHER: Double precision navigation position vector of the CSM, scaled B29 

in un i ts of meters. See RCSM in SERV section. 

REDOCTR : Single precision counter set to zero in a fresh start and in­

cremented whenever a hardware restart occurs; scaled Bl4 and unitless. 

l!'EFSMMA'U : Double precision, 3x3 transformation matrix, scaled Bl and 

unitless. Defined such that £sm = [REFSMMATI £rf where A is a vector 

expressed in stable member and reference coordinates, respectively. 

RGU: Double precision position vector of the LM, scaled B24 in units of 

meters, measured from the landing site on the moon's surface and expressed' 

in the Descent Guidance coordinate system. 

RLS : Double precis ion vector position of the landing site relative to the 

center of the moon, scaled B27 in units of meters and expressed in the 

Selenographic (moon-fixed) coordinate system; part of t he erasable load. 

fiN : Double precision vector position of the LM measured from the center of 

the earth or moon, scaled B29 in units of meter s and expressed in the 

Reference coordinate system. 

RSFB : Storage fo r the value of the address where a hardware restart occurred. 

The most significan t part conta ins the BBANK and SUPERBNK information· the 
' 

least sign ifican t part contains the Q-register information . 

-,r.:,ti-: : Tar-get posit i on vector input to 11 INITVEL". Scaled B29 in units of 

meters. Upon exit , 11 INITVEL 11 loads BTARG with the biased t arget position 

SERVDlJRN : Average- G cycle duration which is computed as the difference of 

TI MEl at the Average- G routine exit ( "SERVOUT 11 ) and the least significant 

half of PIPTIME . The quantity is scaled Bl4 centiseconds, and is corrected 

for overflow (always .). O) . 
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SPIRAL: Single precision angle through which the reticle must be rotated to 

place the spiral on a given star. Used only on the lunar surface, scaled 

B-1 in ""i i.ts of revolutions. 

§TARSAVl, §TARJAV2: Double precision vectors scaled Bl and unitlef ~. Used 

to store the two "measurement" vectors for comparison with two "reference" 

vectors to determine IMU alignment. Expressed in stable member coordinate s . 

TALIGN:1 Double precision time for determination of IMU aligmnent, scaled B28 

in units of centiseconds. 

TANGNB
0

, TANGNB1 : Temporary two's complement storage (astronaut desired or 

radar marked) radar position angles (trunnion and shaft, respectively), 

scaled B-1 in unit of revolutions. 

TCDH: Double precision time of ignition of the CDH burn , scaled B28 in 

units of centiseconds; an astronaut input in P33-P73. 

TCSI: Double precision time of ignition of the CSI burn, scaled B28 in 

units of centiseconds. It may be either an astronaut input or computed 

by the program. 

TET: Double precision time associated with the most recently computed 

state vector, scaled B28 in units of centiseconds. 

TETCSM: Double precision state vector time for CSM scaled B28 in units 

of centiseconds. 

TEVENT: Double precision time-of-event for downlink infornation, scaled 

B28 in ·units of centiseconds. 

TGO: Double precision predicted length of burn, scaled B28 in units of 

centiseconds. 

THETAD: Single precision vector containing the gimbal angles that define 

the desired orientation between the IMU and spacecraf-t for attitude 
maneuvers or IMU alignments; scaled B-1 in units of revolutions and 
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stored in two I s complement form. 

TIG: Double precision predicted time of ignition input to the b..irn routines, 

or predicted cutoff time, scaled B28 in units of centiseconds. 

TIMENOW: Double precision computer clock, incremented evecy centisecond 

(one hundredth of a second) by the LGC oscillator; scaled B28 in units 

.,f centiseconds. 

TLAND : Double precision nominal time of lun~r landing, scaled B28 in units 

of centiseconds; part of the erasable load. 

TPASS4: Do'.1ble precision scheduled time of target intercept, scaled B28 

in units of centiseconds. 

Tfl.KMKCNT : Single precision count of number of navigation updates made during 

P20 or P22 . scaled Bll and unitless. 

TSIGl:IT: Double precision time of latest sighting, scal~d B28 in units of centiseconds. 

TTF: Double precision negative time from now until achievement of target 

conditions of the present guidance phase, scaled B17 in units of centiseconds. 

TTOGO : Doubl e precision time until engine ignition (or cutoff ) , scaled B28 

in units of centiseconds. 

TTPI : Double precision time of terminal phase initiation, scaled B28 in 

units of centisec onds; an astrotlaut input in P32-P72 and P34- P74. 

QNFC: Double precision desired thrust acceleration vector, with 

variable scaling in units of meters per centisecond squared and expressed 

in the }'latf orm coordinate system. During the pre-ignit i on phase com­

putat i ons for the powered descent m9..Ileuver (P6J ) , QNFC represents the 

Delta-V vector f or the pre-full throttle thrust, scaled B7 in units of 
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meters per centisecond. 

UPBUFF0_19 : Single precision buffer cells for P27 updates. 

UPCOUNT: Single precision number of components received in a P27 update, 

scaled Bl4 and unitless. 

UPOLDMOD: Single precision storage for the value of MODREG at the initial­

ization of a P27 update, scaled B14. 

UPVERB: Single precision indication of the verb that initiated 

a P27 update, scaled Bl4 ani unitless . 

V- OTHER: Double precision navigation velocity vector of the CSM scaled 

B7 in units of meters/centisecond. 

YGPREV: Double precision previous value of YG, program notation also VGTIG, 

scaled B7 in units of meters per centisecond and expressed in t he ref­

erence coordinate system. 

YGU: Double precision velocity vector of the LM relative to the rotating 

moon, scaled BlO in units of meters per centisecond and expressed in 

the Descent Guidance coordinate system. 

YGVECT: Double precision velocity-to-be-gained vector in Platform coor­

dinates, scaled B7 in units of meters per centisecond. 

VMEAS: Double precision velocity measurement (sum of 5 samples) from the 

LR sampling, scaled B28 in units of Landing Radar velocity bits . 

K:VSCAL0: Double precision constant stored as 0. 5410829105 y program no­

tation VZSCAL, scaled B-10 in units of meters per centisecond per bit. 

Equation value: 0.002642006/5. (Equivalent to 0. 8668 fps per bit ; the 

"5" averages the sum of five samples.) 
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K:VSCAL2: Double precision constant stored as 0.75656724/4,6 , program no­

tation VYSCAL, scaled B-10 in un its of meters per centisecond per bit. 

Equation value: 0.003694176/5 . (Equi valent to 1. 212 fps per bit; the 

"5" averages the sum of five samples.) 

K:VSCAL
4

: Double precision constant stored as -0.4020043770, program no­

tation VXSCAL~ scaled B-10 in units of meters per centisecond per bit. 

Equation value: -0.001962912/5 . (Equivalent to -0.644 fps per bit; 

the "5" averages the sum of five samples.) 

Y:N: Double precision inertial velocity vector of the LM, scaled B7 in 

units of meters per centisecond and expressed in the Reference coordinate 

system. 

VSELECT : Single precision index used to distinguish among the Z (O), 

Y (1) and X (2) axes of the Landing Radar coordinate system, scaled 

Bl4 and unitless. 

~789: Double precision vector containing the best estimate of bias 

necessary to offset RR position error, scaled B5 (earth) or BJ (moon) 

in units of radians. 

XNBSAV, ~BSAV: Double precision unit vectors in the directions of the 

Y and Z navigation base axes, scaled Bl and expressed in moon-fixed 

coordinates. 

ZDO TD: Double precision desired doimrange velocity scaled B7 in units 

of meters/centisecond . 





Testing Routines 

VBTSTLTS Inhibit interrupts 

TSTLTS2 

If MODREG 1 0, proceed to "ALM/END" 

Switch bit 1 of IM0DES33 to 1 (indicate lamp test in progress) 

Switch bits 7, 6, 5, 4, 3 and 1 of channel 11 to 1 
(Illuminate operator error lamp; initiate verb-noun flash; illuminate 
key release, temperature caution, uplink activity, and ISS warning 
lamps) 

Switch DSPTAB11 to 100 000 110 1111002 
(Signal 11T4RUPT 11 to light the program alarm, tracker fail, 
gimbal lock warning, no attitude, and LR fail lamps) 

Perform 11 ClJSTALL11 

Switch bit 10 of channel 13 to 1 (Light restart, standby 
and computer warning lamps) 

Switch DSPTABi to -056758 for i = 10 thru O (display all 8 1 s) 

Switch DSPTABi to -076758 for i = 1, 4 and 6 

NOUT = 11 

Release interrupt inhibit 

Call 11TSTLTS 2" in 5 seconds 

End job 

Establish 11 TSTLTS3" 

End task 

(display+ signs) 

(pr30) 

TSTLTS3 Inhibit interrupts 

Switch bits 7, 4, 3 and 1 of channel 11 to 0 
(Leave verb-noun and key release flashing) 

Perform 11 Cl3STALL11 

Switch bit 10 of channel 13 to 0 

TS= bit 4 of channel 12 

Switch DSPTAB11 to 40000
8 

+ TS 

Switch bit 1 of IM0DES33 to 0 

TEST - 1 

(leave no attitude lamp 
lit if in coarse align) 



3H0WSUM2 

3DI SPLAf 

S..i tch b i t s 13 , 12 and 11 of IM0DES33 to l 
(Reset PIPA fail, fuwnlink fail and Uplink f ail bit s ) 

~.itch b it s 13 , 12 and 10 of I M0DES30 to l 
(Reset IMU fail, ICDU fail and PIPA fa i l b it s) 

&Titch bit 15 of IM0DES30 to 0 (Reset IMU temperature bit ) 

Switch RADM0DES bit 7 (RCDUFAIL) to l 

Sritch RADM0DES bits 8 ( IBVELFI.G) , 5 ( IBAill'FLG) a nd 4 (RRDATAFL) to 0 

Re lease interrupt inhibit 

Establi sh "DSPMMJ0B " 

M0 NSAVEl = 4oooog 

(pr 30) 

Switc h bit 6 of channe l 11 to 0 (ve rb-noun flash off) 

Perform "RELDSP " 

If CADRST0R f +o , pr oceed to "PINBRNCH " 

End job 

Fer form "PRI 0CHNG" with A == 0 70008 

S<EEP6 = l 

SM0DE = +o 

SELFRET = "SELFCHK" 

Proceed to "STSHOSUM" 

EKEEP3 = SKEEP2 

SKEEP2 = TSbank 

MPAC
2 

= " SKEEPl" 

(change priority to 0 78) 

froceed t o " GOXDSPF" with TS :=: K: V05 J\Ol (EKEEPl, SKEEP2 , SKEEP3) 
(I f terminate , c ontinue at next step; i f proceed, proceed 
to " NXTBNK"; if other response , repeat a t previous step . ) 

SKEEPl = "SELFCHK" 

Proceed to "ENDEXT " 
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SELFCHK SKEEPl = 11 ER.ASCHK 11 

Perform 11 CHECKNJ 11 

' 
If SM0DE = +o: 

Proceed to second step of 11 SELFCHK 11 

If SMODE = -0: 

SC0UNT = SC0UNT + 1 

Proceed to address specified in SKEEPl 

If I SM0DE I > 108: 

SM0DE = +o 

Proceed to "SELFCHK" 

SC0UNT = SC0UNT + 1 

If lsMODEI = 1, 2, 3, 6, 7 or 108 : 

Proceed to address specified in SKEEPl 

If \SMODEI = 4, proceed to 11ERASCHK 11 

If lsMODEI = 5, proceed to 11 R0PECHK 11 

CHECKNJ SELFRET = return address 

Proceed to "ADVAN" 

(idle loop) 

(Returns to caller of " CHECKNJ" via SELFRET if or when no 
jobs require processing.) 

ERASCHK SKEEP2 = 1 

EBANK = 0 

SKEEP7 = 014618 (address of first non-special cell in bank 0) 
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SKEEP3 = 01 777 8 (last address in bank 0) 

ERASLOOP Inhibit interrupts 

SKEEP4 = EBANK 

SKEEP5 = ESKEEP7 

i --= SKEEP7 + 1 

SKEEP6 = E. 
l 

ERESTORE = SKEEP7 

ESKEEP7 - SKEEP7 

E. - SKEEP7 + 1 
l 

TS = ESKEEP7 - Ei 

If TS -/= -1, perform 11 PRERRORS 11 

If ERESTORE-/= -r-0: (did not perform 11 PRERRORS 11
) 

ESKEEP7 - ESKEEP7 

E. = - E. 
l l 

TS = Ei - ESKEEP7 

If TS J -1, perform "PRERRORS" 

If ERESTORE I +o: 

ESKEEP7 = SKEEP5 

E . = SK.EEP6 
l 

ER.ES TORE = t-0 

Release interrupt inhibit 

Perform "CHECKNJ " 

(restore original contents) 

EBANK = SKEEP4 

SKEEP7 = SKEEP7 + 1 

(in case it was changed by another job) 

If SKEEP7 f- SKEEP3, proceed to 11ERASLOOP 11 
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If SKEEP2 > 0: 

SKEEP2 ~ SKEEP2 - 1 

SKEEP7 --= 000618 

SKEEP3 ~= 013 73 8 

(first non-special cell in unswitched 
erasable) 

Proceed to 11 ER.ASLO0P 11 

(Otherwise SKEEP2 = 0) 

SKEEP2 ·= l 

EBANK = EBANK + 1 

If EBANK :.. 2 : 

SKEEP7 ~ 01400
8 

SKEEP3 =- 01773 8 

Proceed to 11 ERASLO0P 11 

If EBANK < 108 : 

SKEEP7 ·-= 01400
8 

SKEEP3 = 017778 

Proceed to 11 ERASLO0P 11 

EBANK = 3 

SKEEP2 = 50
8 

CNTRLO0P TS = - contents of cell specified by (SKEEP2 ~ 10
8

) 

If SKEEP2 > 0: 

SKEEP2 ~ SKEEP2 - 1 

Proceed to 11 CNTR.IJJ0P 11 

CYR = 252528 (should cycle right and become 125258) 

.CYL = 252528 (should cycle left and become 52524.8) 

SR = 252528 (should shift right and become 125258) 
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EDOP = 252528 (should shift right 7 and beco~ 001258 ) 

TS , 252528 + CYR + CYL + SR+ EDOP + 524.008 

If TS f -1, perform 11 PRERRORS 11 

TS ~- CYR + CYL + SR+ EDOP + 1 

If TS J -1 , perform 11 PRERRORS 11 

SCOUNT
1 

= SCOUNT
1 

+ 1 

SKEEPl ==- 11ROPECHK 11 

Proceed to second step of 11 SELFCHK 11 

PRERRORS If ERE.STORE J +O: 

ES KEEP? -- SKEEP 5 

E. = SKEEP6 
l 

ER.ES TORE cc +D 

Inhibit interrupts 

SFAIL = return address 

ALMCADR0 = SFAIL 

ERCOUNT ~ ERCOUNT + 1 

TS = 011028 

Perform 11 ALARM2" 

If SMODE ~ +O: 

SMODE -~ +O 

Proceed to 11 SELFr.HK 11 

(restore original contents) 

If SMODE < 0, proceed to 11 SELFCHK 11 

Return via SFAIL 
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ROPECHK SKEEP6 = -0 

STSH0SUM SKEEP4 = 0 

SKEEP7 = 1 

SKEEPl 0 

SKEEP3 = 000008 

SKEEP5 = 1 

C0MADRS L = SKEEP4 

FXADRS 

FCADR ~ bits 15-11 of SK.EEP4 + SKEEP3 

Perform 11 SUPDACAL 11 

SKEEP2 = A (contents .of fixed memory cell specified by 
FCADR and L) 

SKEEPl = SK.EEPl + SKEEP2 with end aroWld carry of ± overflow 

TS ~- 02000
8 

+ SKEEP3 - SKEEP2 

Proceed to 11 ADRSCHK 11 

SKEEP2 = contents of cell specified in SK.EEP3 (fixed-fixed 
banks 2,3) 

SKEEPl = SKEEPl + SKEEP2 with end around carry of+ overflow 

TS = SKEEP3 - SKEEP2 

ADRSCHK TSadr = bits 10-1 of SKEEP3 

If TSadr = 01777
8

, proceed to 11 S0PTI0N11 (end of bank) 

If SKEEP5 < 0, proceed to 11 S0PTION' 1 (2 consecutive TC SELF 
instructions have been encountered, indicating that the 
res t of the bank is unused) 

If TS = -0: (contents of cell equals its address) 

If SKEEP5 = 0, SKEEP5 = -1 (2nd consecutive TC SELF) 

If SKEEP5 > 0, SKEEP5 = SKEEP5 - 1 

If TS /= -0, SKEEP5 = 1 
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AD RS I l 

(SKEEP6 = 1 or - 0) 

If SKEEP6 > 0 and NEWJOB > 0: 

Proceed to "CHANGl " 

When j obs of higher priority are finished (if any), 
11 CHANG1 11 will r eturn here 

Proceed to 11 ADRS--1 111 

If SKEEP6 '"" -0, perform 11 CHECKNJ 11 

3KEEP3 ~ SKEEP3 --t 1 (increment address) 

If SKEEP7 ~ -r-0, proceed to 11 COMADRS 11 

Proceed to 11 FXADRS" 

SOPTION TSbank i ntegral part of SKEEP4 (rescaled f r om P,4 to B14) 

NXTBNK 

TS - s3 (fract i onal part of SKEEP4 ) (rescaled from B4 to B14) 

If TS f 0: 

TSbank - TS -1 TSbank - 30
8 

If SKEEP6 / 0 , pr oceed to 11 SDISPLAY" 

SKEEP 1 '- / SKEEP 1 I 
If SKEEPl f TSbank , perform 11 PRERRORS 11 

I f SKm'4 = 33 .048 : 

If SKEEP6 f 0, proceed t o 11 STSHOSUM1 1 

Proceed t o "SELFCHK" 

SKEEP4 ~ SKEEP4 + 1 

If SKEEP4 ~ 308 , SKEEP4 = SKm'4 + 0 .03 8 (011 in bit s 7-5 
for 211 SUPDACAL 11 ) 

If SKEEP4 ::> 408 , SKEEP4 = J0.048 (100
2 

in bits 7-5 
for 11 SUPDACAL 11

) 

(Only differ enc e between address in banks 308-338 and 40
8

-43
8 is the SUPERBNK sett ing . ) 
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If SKEEP? > O: 

SKEEP7 = SKEEP7 - 1 

SKEEPl '-" 0 

SKEEPJ - 000008 

SKEEP5 - 1 

Proceed to "C0MADRS" 

If SKEEP7 = +0: 

SKEEP7 '·- -1 

SKEEPJ -= 04000 
8 

SKEEPl - 0 

SKEEP5 = 1 

Proceed to 11 FXADRS 11 

If SKEEP7 = -1: 

SKEEP7 ··, -0 

SKEEPJ = 06000 8 

SKEEPl = 0 

SKEEP5 = 1 

Proceed to 11 FXADRS 11 

SKEEP7 = 64 

SKEEPl = 0 

SKEEPJ = 000008 

SKEEP5 = 1 

Proceed to 11 C0MADRS 11 
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REDO MO DREG = 07 

Establish "DSPMMJOB" (pr30) 

Perform "IMUZERO" 

Perform "IMUSTALL" 

If ISS GOOD = 0, proceed to "SOMERR2" 

NDXCTR = 0 

TORQNDX = 0 

OVF1DWCK = 0 

Set matrix [XNBJ = 0 

DSPTEMl +ldp = LATITUDE 

DSPTEMl = AZIMUTH 

rescaled B- 2 revs 

twos complement, B-1 in revs 

Proceed to 11 GOFLASH 11 with TS = K: V06N 41 
(If terminate, proceed to "ENDTESTl"; If proceed, continue 
below; if othe r response, repeat this step ) 

AZIMUTH= DSPTEMl 

LATITUDE = DSPTEMl + 1 

WANGI = -c os (LATITUDE ) 

WANGO = sin(LATITUDE) 

1 

[XNBJ = 0 
0 

0 

sin( AZIMUTH ) 

-cos (AZIMUTH ) 

Perform II CALCGA" 

Perform II IMUCOARS'' 

ones complement, BO revs 

rescaled t o BO revs 

0 

cos (AZIMUTH) 

sin(AZIMUTH ) 

If FLAGWRD3 bi t 14 (GLOKFAIL ) = 1: 

NDXCTR = NDXCTR + 1 

Switch FLAGWRD3 bit 14 (GLOKFAIL) to 0 
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Perform 11 IMUSTALL 11 

If IS.SGOOD = 0 , proceed to 11 SOMERR2 11 

If NDXCTR > 0 : 

Proceed to II PIPACHK" 

Perform II IMUFINE 11 

Perform 11 IMUSTALL 11 

If ISSGOOD = O, proceed to 11 SOMERR211 

Call 11 GOESTIMS 11 in PERFDLAYdp centi-seconds 

A = 11 ESTIMS 11 

Proceed t o 11 JOBSLEEP 11 

GOESTIMS Awaken job wi t h starting address 11 ESTIMS 11 

End task 

ESTIMS Inhibit interrupts 

Call 11 ALLOOP 11 in lSECXT Centi-seconds 

PIPA = 0 - -
Release interrupt inhibit 

Zero 77 erasable memory cells starting at location 11 ALXIS -11' 

GCOMPSW = 0 

ALXIS = 144 

CMPX1 = -1 

ALK = K: soupyO 

ALK
2 

= K: soupy2 

QELV = Q 

GCOMP = 0 
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If TORQNDX ~ 0 : 

~RVECTOR = K:omegms (sinLATITUDE, -cosLATITUDE, 0) 

SLEEPIE 

TORQUE 

PIF ACl!K 

TStmark = TIMENOW 

ERCOMP = 0 - -

Proceed to 11 SLEEPIE 11 

If TORQNDX > 0, perform 11 EARTHR*" 

End job 

DSPTEM2 = 0 

DSPTEM2 +1 = DRIFTI 
sp 

TS= POSITON - 1 

SOlITHDRTS = DRIFTisp 

Perform "SHOW" 

Proceed to 11 PIPACHK 11 

If NDXCTR = O, perform 11 EARTHR*" 

DATAP L +4 = 17 

LENGTI! T = 58 

RES ULTCT = 1 

PIP~IPINDEX = O 

DATAPL ::: 0 
sp 

Perform 11 CHECKG11 

Call 11 PIPATASK 11 in . 0 2 seconds 

End job 

HPATASK LENGTHOT = LENGTHOT - 1 

If LENGTHOT > 0 : 

Call 11 PIPATASK 11 in 5. 12 seconds 

Establish "PIPJOBB" 

End task 
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PIP J0BB If N DXC TR :: 0, perform II EARTHR* 11 

If LENGTH0T > 0, end job. 

RESULTCT = 5 

Perform 11 CHECKG 11 

If DATAPL+1 < 0, DATAPLtl, = - DATAPLt4 
sp --Sp sp 

If DATAPLt1 = o, procaad to 11 CCSH0LE" 
ap 

DATAPLt4dp = DATAPLt4dp - DATAPL+0dp 

TS= DATAPLt6dp - DATAPLt2dp 

If TS < 0 : 

TS = TS + :l8 
(the 228 corresponds to 2

23 centiseconds) 

DSPTEM2dp = K:dc 585 DATAPL+4dp / TS (with forced sign agreement) 

If NDXCTR > 0 : 

THETAD = 0 

Perform II IMUC0ARS 11 

Perform 11 IMUSTALL11 

If ISSGO0D = 0 , proceed to "S0MERR2" 

Perform 11 SH0W 11 

LENGTH0T = 3990 

TS= P0SIT0N - 2 

DRIFTT
3
p = - S0UTHD~S 

If PIP INDEX > 0: 

ERC0MP = ERC0MP + K:bt5 
X X 

ERC0MP = ERC0MP - K:bt5 
y y 

If PIPINDEX = 0: 

ERC0MP = ERC0MP - K:bt5 
y y 

ERC0MP = ERC0MP + K:bt5 
z z 
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VALMIS 

Perform 11 EARTHR*" 

ERVECTOR ::: 0 
X 

TORQNDX::: (1 - 2- 28 ) 

1.DSVEC ::: CDU 
X 

Proceed to "ESTIMS" 

DSPTEM2 +1::: DRIFTO 
sp 

DSPTEM2 ::: 0 

Perform 11 SHOW 11 

ENDTESTl Switch FLAGWRDO bit 8 ( IMUSE) to 0 

MODREG::: - 0 

CHECKG 

E!'tta bliRh "DSPMM.JOB" 

Proceed to 11 EN DE XT 11 

QPLACE::: return address 

Inhibit interrupts 

ZERONDX::: - PIPAPIPINDEX 

If PIPAPIPINDEX + ZERONDX::: 0 : 

Release interrupt inhibit 

( pr30) 

Check for new job and perform it if required; if a new job 
is performed, proceed to 2nd line of 11 CHECKG 11 

If a new job is not performed: 

Inhibit interrupts 

Proceed to 4th line of 11 CHiCKG 11 

DATAPLRESULTCT::: PIP~IPINDEX 

DATAPLRESULTCT + 1 ::: (Channel 3, Channel 4) (sample with 
special precaution to assure that the two halves are consistent) 

Release interrupt inhibit 

Proceed to address specified by QPLACE 
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SHOW DSPTEM2 +2 = POSITON 

Proceed to "a:JFLASH" with TS = K:V06N98 
(if terminate, proceed to "ENDTESTl"; if proceed, 
proceed below; if other response, proceed to "SHOW") 

Return 

EARTHR 11 TSt = TIMENOW 

ALLOOP 

TSt1 = TSt - TStmark 

If TSt1 < 0: 

TSt1 = TSt1 + 228 centi -se conds 

~RCOMP =~COMP+ [xsM] TSt1 ~VECTOR 

TStmark = TSt 

TS= 11 ERCOMP 11 

Perform 11 IMUPULSE 11 

Perform 11 IMUSTALL 11 

If ISSGOOD = O, proceed to 11 SOMERR2" 

Return 

If OVFLOWCK > 0, end task 

TS = ALTIM 

If TS = +O: 

ALTIMS = +O 

ALTIM = - 0 

If TS = -0: 

ALTIM = +o 

If TS < 0: (should no t be positive ) 

ALTIM = - ( IALTIMj - 1) 

If GEOCOMPS - 1 = 0 <Jr LENGTHOT > 0 : 

Call "ALLOOP" in lSECXT centi-seconds 

TEST - 15 



ALFLT 

DELV = PIPA - - (most significant half only) 

PIPA = 0 

Es tablish "ALFLT" 

End t ask 

If GEOCOMPS > O, perform 11 1/ PIPA" 

IS= [xsM)T QELV 

DPIPAY = - TS 
y 

DPIPAZ = TS 
z 

If GEOCOMPS > 0 , pr oceed to 11 PERFERAS 11 

If ALTIMS ~ 0: 

TS= 144 - ALXIS 

ALTIM = ALFDKTS 

ALT IMS = ALFDKTS + 1 

ALDK = ALFDKTS + 2 

A~DK 2 = ALFDKTS + 
4 

ALDK 4 = ALFDKTS + 6 

ALDK6 = ALFDKTS + 8 

ALDK8 = ALFDKTS + 10 

ALXIS = ALXIS - 12 

INTY = INTY - K:pipasc DPIPAY 

DELM = K:vesc VLAUN - INTY 
y y 

INTZ = INTZ - K:pipasc DPIPAZ 

DELM = K: vesc VLAUN - INTZ 
z z 

ALK = ALDK ALK 
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INTY = INTY + ALK DELM 
y 

ALK
4 

= ALK
4 

+ ALDK
4 

ANGX = ANGX + 4 ALK 
4 

DELMY 

VLAUN = VLAUN + K:ask0 DELM 
y y y 

ANGZ = ANGZ + ALK 2 DELMY 

ALK
6 

= ALK
6 

+ ALDK
6 

DRIFT0 = DRIFT0 + 4 ALK6 DELMY 

ACCWD = ACCWD + K:ask2 DELM 
y y y 

INTZ = INTZ + ALK DELM 
z 

DRIFTI = DRIFTI + 4 ALK8 DELMz 

VLAUN = VLAUN + K:ask0 DELM 
z z z 

A.f'.JGY = ANGY + ALK2 DEil\ 

ACCWD = ACCWD + K:ask2 DELM 
z z z 

:IS = (TRANSM~ (P0SNVY, VLAUNY, ACCWDY) 

(P0SNV, VLAUN , ACCWD) = TS 
y y y -

TS = rTRANSM17 (P0SNV , VLAUN , ACCWD ) 
- L 

1J z z z 

(P0SNV , VLAUN , ACCWD ) = TS z z z -

SNANGi = sin(K:georgj ANGi) 

CSANGi = cos(K:georgj ANGi) 

(i = x, y, z) 

(i = x, y, z) 

P£RFERAS Proceed to erasable memory cell 3400 (E7, 1400) 

This is the point where the program apparently returns from erasable 
memory. 

If LENGTH0T > 0: 

LENGTH0T = LENGTrl0T - 1 

Proceed to 11 SLEEPIE 11 

If T0RQNDX > 0, LOSVEC1 = CDU 
X 
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QGC = [xsM] (-K:georgj)(ANGX, ANGY, ANGZ) 

TS = 11 0GC 11 

Perform 11 IMUPULSE 11 

Perform "IMUSTALL" 

If ISSGOOD = O, proceed to 11 SOMERR2 11 

If TORQNDX > O, proceed t o 11 VALMIS 11 

~RVECTOR = K:omegms (sinLATITUDE, -cosLATITUDE, 0) 

TStmark = TIMENOW 

ERCOMP = 0 

Proceed to "TORQUE" 

SOMEERRR OVFLOWCK = 1 

SOMERR"-

Perform II ALARM 11 ·..ri th TS = 01600g 

Proceed to 11 ENDTEST 111 

Per fo rm "ALARM" wi th TS= 01601 11 

Switch FLAGWRDO bi t 8 ( IMUSE ) to 0 

E:-id job 
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Quantities in Computations 

1SECXT: Single precision quantity, scale factor B14, units centi-seconds, 
giving required period of computations for "ALLOOP". 

A: See MATX section. 

ACCWD , ACCWD: Double precision value of horizontal acceleration of 
lafuich vehfcle (due to sway) in north-south and east-west directions 
respectively, scale factor B9, units cm/sec 2• 

ALDK, ALDK
2

: Set of double precision buffer cells used to contain the 
values of the time constants for the erection angles (PIPA outputs 
and east axis leveling angle), scale factor BO, as read from the 
ALFDK table set. 

ALDK
4

, ALDK
6

, ALDK
8

: Set of double precision buffer 
the values of tfie slopes of the gains for azimuth 
and north-south drift respectively; scale factor 
table set. 

cells used to contain 
angle, vertical drift, 
BO, read from ALFDK 

ALFDK.: Table of erasable memory quantities used in "ALFLT" to update 
values of parameters to be used for filtering in gyro drift 
computations. The table consists of five double precision constants, 
one single precision constant (the setting for ALTIM), and a reset 
value of ALTIMS (which could be e.g. -1 for all tables). Values 
must be initialized by an erasable memory load (with the first value 
at 11 ALFDK 11 , with settings for ALTIM, ALTIMS, ALDK, ALDK2, ALDK , ALDK6 , 
and ALDK

8 
stored in that order (first two single precision, reMainder 

double precision). Scale factor of first two assumed B14, and the 
remainder assumed BO, in this writeup. 

ALK, ALK
2

, ALK, ALKQ, ALK8 : Values of gains updated each cycle in 
gyro drift ~etermination computations. ALK and ALK 2 are initialized to 
non-zero values in 11 ESTIMS 11 and multiplied by time constants for 
PIPA outputs and erection an~les respectively, with scale factors due 
to initialization of BO (ALK) and B2. The others (ALK

4
, ALK6 , and ALK8 ) 

are initialized to O valuas in 11 ESTIMS 11
, and are incremented each 

cycle to achieve varying gains for azimuth angle, vertical drift, and 
north-south drift respectively: all are considered to have scale 
factor BO (see ALFDK). 

ALMCADR: See PGSR section. 

ALTIM: Single precision value of time remaining prior t o change in 
filter constants for drift measurements, scale factor B14, units 
seconds. To cause a set of gains to be used for T seconds, ALTIM 
is set to-(T - 2). 

ALTIMS: Single precision flag cell set to O when a gain change should 
be made (see ALTIM), and then reset (e.g. to -1) when the gain change 
has been done, seal e factor B 14. 

ALXIS: Single precision cell, scale factor B14, used to control selection 
of values from ALFDK. erasable memory table (set to 144 in 11 ESTIMS 11

). 
i 
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ANGX, ANGY, ANGZ: Values of determined angle changes about vertical, 
south, and east axes respectively, scale factor BO, units revolutions : 
they are azimuth alignment angle, south axis leveling angle, and 
east axis leveling angle respectively. 

AZIMUTH : Double precision erasable memory constant, scale factor BO, 
units revolutions. It gives the azimuth of the vehicle Z-axis east 
of north. 

CADRSTOR: See DINT section. 

QDU: See COOR section. 

CMPX1: Single precision cell, scale factor B14, used to set proper 
contents of index register X1 to permit use of an index loop (X1 
i s Sco t sue ess i ve l y to + 1) to perform calculations in 11ALFLT". 

CSANG . (i = X, Y, Z) : Values of cosine of ANGX, ANGY, and ANGZ , scale 
l 

f actor B1, stored in push-down list locations 16D, 18D, and 20D 
r ,-: spect i vely. 

CYR , CYL, SR, EDOP: Cycle right, cycle left, shift right and shift right 
'7 r egisters. 

DATAPL: Set of cells used to retain "prelaunch data", loaded in 11 CHECKG 11 

with sampled accelerometer value and corresponding value of time 
i~formation i n ( channel 3, channel 4) scaling (B23 cs). 

DELM, DELM : Value of measurement quantity in south and easterly y z 
directions used in drift test, scale factor B-2, units radians. 

DELV: See SERV section. 

DPIPAY, DPIPAZ: Value of accelerometer output modified for use in 
gyro parameter calculations. They axis of this system is south and 
and the z axis is east (from [XSM) ). Scale factor is B14, units 
accelerometer counts. 

DRIFTI: Value of gyro drift measurement output displayed in "TORQUE", 
scale factor (assumed) BO, units radians, giving the south gyro 
drift. 

DRIFTO: Value of gyro drift measurement output displayed in "VALMIS" , 
scale factor (assumed) BO, units radians, giving the vertical gyro 
drift. 

DRI FTT: Input drift to gyro drift determination routine (to separate 
east gyro drift from azimuth error), scale factor BO, units radians. 
It has only its most significant half loaded by calling routines , 
with the least significant half set to O. 
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llSPTAB i ( i = 0 - 10): See DSKY section. 

DSPTAB 11 : See INTR section. 

DSPTEM1, etc: See DATA section. 

EADR: Contents of single precision erasable memory register whose 
address is ADR. 

EBANK: See MATX section. 

ERCOMP: Value of gyro compensation to be sent to gyros, scale factor 
B21, units pulses (or scale factor BO, units revolutions, s ince 
one pulse is 2-21 revolution). 

ERCOUNT: Single precision count of errors encountered in the erasable 
memory self-check, scale factor B14, initialized at Oby a fresh start. 

ERESTORE: Single precision storage for the address of the first of two 
erasable memory cells currently being tested by the 11 ERASCHK 11 routine. 
Set to +o when the 11 ERASCHK 11 is complete or not functioning. 

ERVECTOR: Earth rotation vector initialized in 11 ESTIMS 11 , scale factor B1, 
units gyro pulses / centi-second. 

FCADR: See MATX section. 

GCOMP: Value of required gyro compensation command, computed with a 
scale factor B14, but used in 11 IMUPULSE 11 with a scale factor B21 
(or, alternatively, with a scale factor BO revolutions rather than 
B21 gyro pulses, since there are 221 gyro pulses/ revolution). 

GCOMPSW: Single precision control cell used to bypass the performance 
of 11 1/PIPA" and "NBDONLY" if it is negative. 

GEOCOMPS: Single precision control cell which when positive will 
cause the calculations performed in "ALFLT 11 to be skipped and 
control transferred to the erasable memory programs. Normally 
set to O. 

IMODES30: See IMUC section. 

IMODES33: See INTR section. 

INTY, INTZ: Value of filtered accelerometer output (corrected for vehicle 
sway etc.) used in gyro drift test, scale factor B-2, units radians. 
Could also be considered to be "south" and 11 east" velocity increments 
expressed in units of g's (see K:pipasc). 
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ISSGOOD: See IMUC s ection. 

K:askO : Constant, program notation 11 ALSK", scale factor B12, stored as 
05427 12577

8
, equation value 709 .833965. Value corresponds to 

0 .72402338 x 980 .402 x r 12 wh-~re first term is wind- induced sway 
velocity gain, second converts DELM to units of cm/sec (i.e. units of 
VLAUN), and third tennis scale factor. 

K:ask2: Constant, program notation "ALSK +211 , scale factor B12, stored 
as 77567 442028 , equation value_1~4.2167470. Value corresponds to 
0 . 03490074 x (-1) x 980.402 x 2 , where first term is wind-induced 
accelerometer g~in, second is an equation factor, third converts to 
units of cm/sec , and fourth term is scale factor. 

K:bt5 : Constant, program notation 11 BIT5", scale factor BO, units 
revolutions, stored as 00020

8
, equation value 0.00098. Value is 

2- 10 revolution corresponding to about 360/1024 = 0.35°, serving 
to offset platform to account for acceferometer dead zones. Could 
also be considered to have value of 21 gyro torquing pulses; there 
are 221 pulses/ rev. 

K:dc585: Constant, program notation 11 DEC585", scale factor B9, stored 
as 06200

8
, equati on value 100 .0. The 100 corresponds to 1. 0 x 100, 

where f irst term is accelerometer nominal scale factor (cm/sec per count) 
and second converts denominator in 11 PIPJOBB" from unit~ of centi-seconds 
to seconds. Result has scale fact.Gr B14, units cm/sec (measured 
gravity , with integral part in R1 of N98 and fractional part in R2). 

K:georgj: Constant, program notation 11 GEORGEJ 11 , scale factor B-2, stored 
as 24276 140668 , equation value 0 .159154942. Value corresponds to 

( 1/2~) x 22 , t o convert between radians and revolutions (the interpre­
tive language trig functions require angle measurements in revs). 

K:omegms: Constant, program notation 11 0MEG/MS 11
, scale factor BO, units 

gyro pulses / centi-second, stored as 07623 265528 , equation value _2 0 .243390478. Value corresponds approximately to (1/86164.0932) x 10 x 
221 , where fi rst term is earth rotation period in seconds (used to de­
riv e constant), second converts to centi-seconds, and third is number 
of gyro torquing pulses in one r evolution. 

K:pipasc: Constant, program notation 11 PIPASC 11 , scale factor B-7, stored 
as 04133 02265 , equa1ion value 0 .00101 9989 . Value corresponds to 
1 . 0 x (1/980 .4~2) x 2 where first term is nominal accelerometer scale 
factor (cm/ sec per count), second is normalization factor (acceleration 
due to gravity), and third i s scale factor. For convenience in 
description, a fourt h factor of "1/second" has been assumed reflected in 
lhis constant, giving for units of result (in INTY etc.) radians. 
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K:soupyO: Constant, program notation 11 SOUPLY 11 , scale factor BO, st0red 
as 35730 00035

8
, equation value 0.935058704. Used in "ESTIMS" to 

initialize ALK. 

K:soupy2: Constant, program notation 11 SOUPLY +2 11 , scale factor B2, 
stored as 10317 175508 , equation value 1.05065691. Used in 
"ESTIMS" to initialize ALK2• 

K:V06N98: See list of major variables. 

K:vesc: Constant, program notation 11 VELSC 11 , scale factor B-9, stored 
as 57223 66451

8
, equat~on value -0.001019989. Value corresponds to 

(-1) x (1/980.402) x 2, where first term is an equation factor, 
second converts for acceleration due to gravity, and third is scale 
factor. 

L: See MATX section. 

LATITUDE: Erasable memory (double precision) constant, with scale 
factor BO, units revolutions. It gives the local vertical astronomi­
cal latitude of the pad. 

LENGTHOT: Single precision cell, scale factor B14, used to contain time 
duration information. It is loaded in 11 PIPACHK 11 and "PIPJOBB" and 
dflcremented in 11 PIPATASK 11 and 11 PERFERAS 11 • 

LOSVBC, LOSVEC 1: Single precision cells, scale factor B-1, units 
revolutions, used to contain the value of CDU in 11 PIPJOBB 11 and 
when the program returns from erasable memory~ for use in DSKY 
monitoring of performance (by an address-to-be-specified noun). 

MODREG: See DATA section. 

MONSAVE1: See DATA section. 

MPAC 2: See DINT section. 

NDXCTR: Single precision cell, scale factor B14, initialized to O in 
"REDO" and incremented to 1 for a "gimbal lock" return from 
"CALCGA" (angle of 60 degrees or more). 

NEJJOB: See MATX section. 

NOUT: See INTR section. 

QGC: See COOR section. 

OVFLOWCK: Single precision flag which will terminate the IMU performance 
test if set. It is initialized to zero in 11 RE00 11 and set in 
"SOMEERRR" to indicate overflow has occurred somewhere in the 
erasable memory program calculations. 
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1th. DLAY: Communicat ion cell with routine calling 11 GOESTIMS 11
, apparently 

not loaded by program control. Scale factor B28, units centi-seconds. 
( the 11 LONGCALL" entrance to th e wai tlist system is used). 

PIPA: See IMUC section. 

PIPINDEX: Single precision cell, scale factor B14, used to select 
accelerometer axis under test (0,1, and 2 for X, Y, Z respectively). 
Must be loaded manuall y. 

P0SIT0N : Single precision cell, scale factor B14, used for indexing and 
di. splay purposes (used in previous programs to select desired stable 
member orientation from fixed memory information). Must be loaded 
manually ( inputs in II SHOW" do not change it. ) . 

P0SN V , P0SNV : Values of horizontal displacement of launch vehicle 
y z 

i1 south and east directions respectively, assumed scale factor 
B•) , uni t s cm ( assumed since s caling of [TRANSM1] elements not 
known, but treated as B1) 

~f l.ACE : Single precision cell used to retain return address informat ion. 

RADM0DES: See RADR sect:on . 

RESULTCT: Single pr ecision cell, scale factor B14, used to select the 
pr oper storage locations in 11 CHECKG 11 ; it is set to 1 at the start 
of the acceler ometer sampling interval and to 5 at its end, to 
c~use storage in appropriate DATAPL locations. 

SC0UNT, SC0UNTJ: Single precision counters, scale factor B14, used to count cy­
cles through the self-check and erasable memory test routines , respectively. 

SELFRET: Single pr ecis ion storage for the address of the current position 
in the self-check routine , for return after other jobs are completed. 

SFAIL: Single precision address in the self-check routine where an error 
was detected . 

Sl~EP 1: Single precision storage for the branching address in the 
s el f-test r outine, or for an octal bank sum (the sum of the contents 
of all the cells in a bank of fixed memory), accumulated with end 
around carry of a+ or - overflow (+1 for+ overflow; -1 fo r - overflow). 
(Example of end around carry of overflow: 25701

8 
+ 32405

8 
= 20307

8
) 

SKEEP2: Single preci sion cell used in the bank sum display as temporary 
storage for the bank number. Used in the erasable-memory self-check 
to indicate whether the bank being checked is a normal bank or the 
unswitched bank. Used in the fixed-memory self-check as temporary 
storage for the value in the cell being checked. 
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SKEEP3 : Single precision cell used as temporary storage for the "bugger 
word" during a bank sum disp l ay. ( The bugger word is the Ja st word in 
a fixed memory bank which ad justs the sum t o make it equivalent t o the 
bank number.) Used in the erasable-memory s elf-check as storage fo r 
the last address in the bank to be checked. Used in the fixed-memory 
self-check as storage for the address of the next fixed-memory cell 
whose contents are to be added to the bank sum. 

SKEEP4: Single precision storage for the value of the EBANK in the 
erasable-memory self-test routines, scaled B6 and expressed as an 
octal number. Single precision storage for the value of the FBANK 
number in the fixed-memory self-test routines, scaled B4 and expressed 
as an octal number with the SUPERBNK setting in bits 7-5, the 64ths 
octal digit. 

SKEEP5: Single precision storage for the cont ents of the first of two 
consecutive E-memory cells being checked; or single precision index 
indication (by being set to +o and then to - 1 ) that two consecut ive 
fixed-memory cells contain their own addresses (TC SELF), thus sig­
nifying that the remainder of a bank contains no information. 

SKEEP6: Single precision storage for the contents of the second of two 
consecutive E-memory cells being checked; or a single precision flag 
set to -0 to indicate a standard fixed-memory check or 1 to indicate 
a verb 91 bank sum display. 

SKEEP7: Single precision address of the first of two consecutive 
E-memory cells being checked; or a single precision index counted 
down to signal banks 2 and 3 so that they may be addressed directly 
instead of through the FBANK setting. 

SMODE: Single precision index set equal to +o to stop the LGC self-test; 
set to -0, ± 1, ± 2, ± 3, ± 6, ± 7, or± 108 to cause the self-test 
routine to alternate between 11 ERASCHK 11 and "ROPECHK"; set to± 4 to 
cause the self-test routine to perform only 11 ERASC HK11

, and set± 5 to 
cause the self-test routine to perform only 11 ROPECHK". If an error is 
encountered, the self-test routine will return to idle unless SMODE 
is negative. 

SNANG.: (i = X,Y,Z), value of sine of ANGX, ANGY, and ANGZ, scale factor 
B-2, stored in push-down list locations 10D, 12D, and 14D respectively. 

SOUTi-lDR.: Indexed cell used in "TORQUE" to retain t he value of DRIFTI 
i Sp 

for subsequent initialization of DRIFTT in 11 PIPJOBB 11 , for proper 
initialization (e.g. to 1) and subseque~t incrementing (e.g. to 2) 
of POSITON. 

!HETAD: See ATTM section. 

TIMENOW: See EXVB section. 
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TORQNl i : Quantity set to O if no torquing is done and to 1 (scale fac tor 
BO) if torquing is to be done via 11 EARTHR* 11 at the start of 11 SLEEPIE11 • 

['r'1.ANSM]: Transformation matrix used as a sway transition matrix, 
contained in erasable memory (must be initialized to values a s 
part of an erasable memory load before running test). Assumed 
scaling in this writeup for all elements is B1 (after being used to 
perform multiplication, a left shift of 1 is done). 

TStmark: Value of time when previous earth-rate compensation was made, 
s cale factor B28, units centi-seconds. 

VLAlm , VLAUN : Value of horizontal velocity of launch vehicle (due 
toysway) i~ north-south and east-west directions respectively , 
scale factor B9, units cm/sec . 

,JAfJGI ; Value of (-cos LATITUDE) loaded in "REDO", scale factor BO. 

W Al,i;li : Value of (sin LATITUDE) loaded in "REDO", scale factor BO. 

[XNij See COOR section. 

fxsr-1) See COOR section. 

ZERONDX: Single precision cell, used as an input parameter to an 
Prasable memory zeroing routine, (not shown in this writeup). 
lt. is loaded in 11 CHECKG 11 with accelerometer information whenever 
cl ecks for accelerometer output are made after an interruption. 
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Targeting - Lambert 

E2k Switch FLAGWRD2 bit 5 (AVFLAG) to 1 

Skip next step 

P74 Switch FLAGWRD2 bit 5 (AVFLAG) to 0 

Switch FLAGWRDl bits 5 (TRACKFLG) and 7 (UPDATFLG) to 1 

Proceed to "GOFLASH" with TS= K:V06N37 (TTPI) 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; other response, repeat this 
step.) 

CENTANG = K:130DEG 

NN = 0 

ELEV sa: 0 

(most significant half only) 

Perform 11 DISPLAYE 11 

Switch FLAGWRD2 bit 7 (ETPIFLAG) to 0 

TIG = TTPI 

If ELEV t O, switch FLAGWRD2 bit 7 (ETPIFLAG) to 1 

Perform "SELECTMU" 

Perform "VN1645" 

PJ4/P74C Switch FLAGWRD7 bit 15 (ITSWICH) to 1 

If FLAGWRD2 bit 7 (ETPIFLAG) = 0: 

Switch FLAGWRD7 bit 15 (ITSWICH) to 0 

NOMTPI = 0 

INTLOOP TDECl = TTPI + NOMTPI 

Perform "PRECSET" 

Perform "S33/34,l" 

If TSnosol / 0: 

(get EACT3, Y:ACT3, B:PASS3, y:FASS3) 

(get ELEV or TPI time) 

(no solution) 
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(If TSnosol '4= 0) 

Perform "ALARM" vi.th TS = 00611 8 
Proceed to 11 GOFLASH 11 with TS= K:V05N09 

(If terminate, proceed to 11 GOTOPOOH"; if proceed, 
proceed to the second step of "P74"; other 
response, proceed to pr.evious step.) 

If FLAGWRD7 bit 15 (ITSWICH) = 1: 

SW'itch FLAGWRD7 bit 15 (ITSWICH) to 0 

Proceed to 11 INTLOOP 11 

If FLAGWRD2 bit 7 (ETPIFLAG) = O, perform 11 DISPLAYE 11 

If FLAGWRD2 bit 7 (ETPIFLAG) = 1: 

Proceed to 11 GOFLASH 11 W'ith TS = K:V06NJ7 (TTPI) 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; other response, repeat 
this step,) 

CSTH = cosCENTANG 

SNTH = sinCENTANG 

fl.VEG = B,PASSJ 

YYF,C = y_p ASSJ 

(both shifted left tW'o if necessary to 
make the scaling B29 and B7 (earth) 
or B27 and B5) 

SW'itch FLAGWRD7 bit 9 (RVSW) to 1 

Perform "TIMETHET" 

INTIME = TTPI 

TPASS4 = TTPI + T 

Perform "S34/35.2 11 (get ;Q,ELVEETJ and ;Q,ELVLVC) 

DELVTPI = IQELVEETJI 

DEL VTPF = f-PASS4 - Y..TPRIME I 
RVEC = liACTJ 

YYF,C = Y..IPRIME 

Perform 11 PER.IAP0" 
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POSTTPI = TShp 

TIG = TTPI 

Proceed to "GOFLASH" with TS= K:V06N58 (POSTTPI, 
DELVTPI, DELVTPF) 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; other response, repeat this 
step.) 

(get QELVSIN) Perform "S34/35.5" 

Perform 'VN1645" 

Proceed to "P34/Y74C" 

(astronaut recycle or finalize options) 

DISPLAYE NORMEX = return address 

Proceed to "GOFLASH" with TS= K:V06N55 (NN, ELEV, and CENTANG) 

(If terminate, proceed to "GOTOPOOH"; if proceed, 
return via NORMEX; other response, repeat this step.) 

S34/35.5 SUBEXIT = return address 

If FLAGWRD2 bit 6 (FINALFLG) = 0: 

Switch FLAGWRDl bit 7 (UPDATFLG) to 1 

Perform "S34/35.4" 

Proceed to "GOFLASH" with TS= K:V06N59 (DVLOS) 
(If terminate, proceed to "GOTOPOOH"; if-proceed, 
continue at next step; other response, repeat 
this step.) 

Return via SUBEXIT 

Switch FLAGWRD6 bit 3 (NTARGFLG) to 0 

GDTd2 = DELVLVC - -
Proceed to "GOFLASH" with TS= K:V06N81 (QELVLVC) 

(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; other response, repeat this 
step.) 
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TSsum = 0 

i = 5 

NTARGCHK TS • GDTd2. - DEL VL VC. 
l l 

TSsum .. TSsum + TS 

If i) 0: 
i • i - 1 

(check for astronaut overwrite 
of Q_ELVLVC) 

Proceed to 11 NTARGCHK11 

If TSsum 'f 0: 
Switch FLAGWRD6 bit J (NTARGFLG) to 1 
Perform "SJ4/J5.J" 

Q_ELVSIN = Q_ELVEETJ 

Perform "SJ4/J5.4" 

Proceed to "G0FLASH" with TS = K:V06N59 (Q.VL0S) 
(If terminate, proceed to "G0T0P00H"; if proceed, 
continue at next step; other response, repeat this 
step.) 

Return via SUBEXIT 

lli Switch FLAGWRD2 bit 5 (AVFLAG) to 1 

TK = ATIGINC 

Skip next two steps 

EZ2. Switch FLAGWRD2 bit 5 (AVFLAG) to 0 

TK = PTIGINC 

Switch FLAGWRDl bits 5 (TRACKFLG) and -7 (UPDATFLG) to 1 

Perform "SELECTMU" 

Perform "VN1645" 

P35/P75B TSTRT = TIMEN0W 
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TIG = TSTRT + TK 

INTIME = TIG 

TDECl = TIG 

Perform "PRECSET" 

gLOS = unit(gPASSJ - RACTJ) 

QNRM = unit(RACT3 * YACTJ) 

Perform "S34/35.2" 

Perform "S34/35. 5" 

Perform "VNl645 11 

Proceed to "P35/P75B" 

(Lambert solution) 

(get Q.ELVSIN) 

(astronaut recycle or finalize ) 

S33/34,1 NORMEX = return address 

ELCALC 

TITER• -K:posmaxsp 

SECMAX = K:MAX250 

RAPREC = RACT3 

VAPREC • YACTJ 

gPPREC • gPASSJ 

yPPREC • yPASS3 

gLOS = unit(gPASS3 - f};ACTJ) 

QNRM • unit(RACTJ * YACT3) 

]lP - unit(l[LOS - (gLOS · unitRACT3) unitBJ.CT3) 

TSelev = arccos(]F • gLOS sign(QNRM * BflCTJ. ]lP)) 

(TSelev is positive, between O and 180 degrees - 0 and½ rev) 

If gLOS , RACT3 ( 0: 

TSelev = K:posmaxdp - TSelev 
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If FLA1WRD7 bit 15 (ITSWICH) = 0: 

TTPI = TTPI + N:JMTPI 

If FLAGWRD2 bit 7 (El'PIFLAG) ::: 0 

ESEV = TSelev 

TSnosol = 0 

Return via NOR~ 

DELELO = DELEL 

DELEL = TSelev - ELEV 

If I DELEL I < K: ELEPS: 

T Sn-:isol = 0 

Return via NORME:X 

If TITER= 1: 

TSn,'Jsol = 1 

Return via NORMEX 

TITER= TITER - 1 

TSrdif = j]PASS3j - j].ACT3j 

TS=(½ - ELEV) signTSrdif 

If TS < 0: (desired ELEV impossible) 

TSnosol = TS (f 0) 

Return via NORMEX 

T Scsd = -cos ( ½ - ELEV) j].ACT 3 I / I.BP ASS3 I 

TS = 1 - IT Sc s d I 
If TS < 0: 

TSnosol = TS 

Return via NORMEX 
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TS16 = I_BPASS3 i unit(]NRf.1 * unitB,ACT3) • :£ACT3 

IS = unit_BPASS3 * YPASS3 

TS16 = TS16 - jB,ACTJ I unit(IS * unit]PASS3) • yPASS3 

TSs = unit,BACT3 * unit]PASS3 • ]NRM 

TSc = arccos(unit,BACT3 · unit_BPASS3) signTSs 

TSca = (½ - arccosTScsd ) signTSrdif + ELEV - ½ + TSc 

TSt = K:TWOPI TSca j,BACT3 I I.BPASS3 I / TS16 

If jTSt I ?'.: SECMAX, TSt = SECMAX signTSt 

If TITER < 0: (first pass) 

TITER = 14 

DELTEEO = TSt 

DZLTEE = TSt 

Proceed to "ADTIME" 

If DELEL DELELO < 0: (solution is surrounded) 

SECMAX = SECMAX / 3 

DZLTEEO = - iTSt l signDELTEEO / 2 

DZLTEE = DELTEEO 

Proceed to "ADTIME" 

If IDELELOI < IDELELI: 

DELTEEO = -DELTEEO / 2 

DZLTEi = 3 DELTEEO 

Proceed to "ADTIME" 

DELTEEO = ITStl signDELTEEO 

DZLTE~ = DELTEEO 
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ADTIME N0MTPI = N0MTPI + DELTEE 

Perform "INTINT" with '.£.Sv = YAPREC, '.£.Sr= .B:APREC, TSo = 0, 

TSt = N0MTPI, and TSintyp = N0MTPI 

~CT3 = RATT 

YACT3 = VATT 

Perform "INTINT" with '.£.Sv = Y,PPREC, '.£.Sr = EPPREC, TSo =0, 

TSt = N0MTPI, and TSintyp = N0MTPI 

&ASS3 = ~TT 

YPASS3 = YATT 

Proceed to "ELCALC" 

SJ4/J5 . 2 SUBEX IT = return address 

!Sv = yPASS3, !Sr = ~PASS3, TSo = INTIME, and TSt = TPASS4 

If most significant half of NN = 0 : 

TSintyp = K:TW0PI 

Perform "INTINT" 

If most s ignificant half of NN 1 0: 

TSintyp = 0 

Perform "INTINT" 

RTARG = RATT - -

YPASS4 = YATT 

ACTCENT = arccos(unitRACT3 . unitETARG) sign(unit.B:ACT3 * 
unitRTARG . lLNRM) -

If ACTCENT < 0, ACTCENT = K:posmaxdp + ACTCENT 

DELLT4 = TPASS4 - INTIME 

VTARGTAG = NN 

CNANGL = K:EPSF0UR 

RI NIT = ~CT3 

YINIT = YACT3 

Perform "INITVEL" 
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l-uni tRACT3 
QELVLVC = -1I_NRM 

-unit.B:ACT3 

Return via SUBEXIT 

QELVEET3 

s34/35,3 NORMEX = return address 

s34/35,4 

INITVEL 

l -unitRACT3 
QELVEET3 = QELVLVC -1I_NRM 

-unit.B:ACT3 

Perform "INTINT" with ISv = QELVEET3 + Y:ACT3, ISr = .B:ACT3, 
TSo = TIG, TSt = TPASS4, and TSintyp = K:posmaxdp 

RTARG = RATT - -

r ULOS 
* ![LOS ] DVLOS = -~it(ULOS * 1I_NRM) QELVEET3 

-unit(l[LOS * 1I_NRM) 

Return via NORMEX 

NORMEX = return address 

[ ULOS 
*, ![LOS l DVLOS = -~it (1I_LOS * 1I_NRM) QELVEET3 

-unit(l[LOS * l[NRM) 
' 

Return via NORMEX 

Switch FLAGWRDl bit 2 (GUESSW) to 1 

HAVEGUES NORMEX = return address 

ETARGl = ETARG 

If MUDEX / O, rescale EINIT, Y:INIT, and RTARGl 

RTMAG = IBTARGll 

ITCTR = -1 

COZY4 = cosCNANGL 

RlVEC = RINIT - -
R2VEC = RTARGl - -
TDESIRED = DELLT4 

1I_N = unit(unitEINIT * Y:INIT) 

COZY4 = (unitETARGl 'unitflINIT) + COZY4 
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Switch FLAGWRD7 bit 10 (NORMSW) to 0 

I NITVEL2 If COZY4 < 0: 

Switch FLAGWRD7 bit 10 (NORMSW) to 1 

R2VEC = jR2VECj unit(li2VEC - (R2VEC · ~N) ~N) 

If ITCTR < O, liTARGl = li2VEC 

Xl = -MUDEX - 2 (-2 for earth sphere, -10 for lunar sphere) 

TS= unitRlVEC * unitR2VEC - - -
TSz = Z component of rs 

If TSz ::> 0, Xl = Xl + 10 

If TSz ~ 0, Xl = Xl + 2 

If Xl = o, rs= -IS 

TS = (IS* unitlilVEC) 'unit R2VEC 

If TS~ O, GEOMSGN = K:MU0 
If TS< O, GEOMSGN = -K:MU0 
ITERCTR = 20 

Perform "LAMBERT" 

(only most significant half of 
K:MUo is used for setting GEOMSG N) 

Switch FLAGWRDl bit 2 (GUESSW) to 0 

VIPRIME = VVEC - -

If VTARGTAG = O, proceed to "INITVEL7" 

Perform "INTSTALL" 

Switch FLAGWRDO bit 12 (MOONFLAG) to 0 

If ~filDEX / O, switch FLAGWRDO bit 12 (MOONFLAG) t o 1 

RlVEC = RINIT - -
RCV = RINIT - -

VCV = VIPRIME - -

TET = INTIME 

TDECl = INTIME + DELLT4 

Switch FLAGWRDJ bit 4 (INTYPFLG) to 0 
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Perform "INTEGRVS" 

VTARGET = VATT - -
ITCTR = ITCTR + 1 

If ITCTR I VTARGTAG: 

R2VEC = R2VEC + ETARGl - B:ATT 

Proceed to "INITVEL2" 

RTARGl = B:2VEC 

INITVEL? QELVEET3 = YIPRIME - YINIT 

VTPRIME = VTARGET - -

(bias target vector) 

If MUDEX / O, rescale :£TPRIME, YIPRIME~ QELVEET3, and ETARGl 

MUE = K:MUTABLEMUDEX 

MUdA = (MUE) (RdA) / Rl 

Rescale MUE 

MUASTEER = MUE 

ETARG = ETARGl 

Switch FLAGWRD2 bit 8 ( XDELVFLG) to 0 

Return via NORMEX 
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Quantities in Computations 

ACTCENT: Double precision central angle between active and passive 
vehicles, scaled BO in units of revolutions. 

ATIGINC: Double precision time between midcourse burn targeting by 
the active vehicle and TIG, scaled B28 in units of centiseconds. 
Part of the erasable load, 

CENTANG: Double precision central anele between the passive vehicle's 
position at TIG and at intercept, scaled BO in units of revolutions. 

CNANGL: Double precision central angle of a cone around -RINIT, scaled 
BO in units of revolutions. Target vectors within this cone are pro­
jected into the orbital plane of the active vehicle because of the 
sensitivity of the transfer plane orientation to a change in RTARG 
when RTARG is close to -RINIT. 

COZY4: Value used by 11 INITVEL11 to determine if the original target 
position vector falls within the cone specified by CNANGL. Scaled 
B2 and unitless. 

CSTH: See CONG section. 

DELEL, DEL.ELG: Double precision present and previous increments to 
ELEV during the TPI-time/elevation-angle iteration, scaled BO 
in units of revolutions. 

DELLT4: Double precision maneuver transfer time, scaled B28 in units 
of centiseconds. 

DELTEE, DELTEEO: Double precision increment to NOMTPI during the 
TPI-time/elevation-angle iteration, scaled B28 in units of 
centiseconds. 

~ELVEET3: Double precision velocity-to-be-gained vector, scaled B? in 
units of meters per centisecond. Calculated by the 11 INITVEL 11 routine. 

DELVLVC: See TRGX section. 

DELVSIN: See TRGX section. 

DELVTPF: Double precision magnitude of the velocity to be gained in 
the final rendezvous maneuvers of the terminal phase, scaled B? in 
units of meters per centisecond. 

DELVTPI: Double precision magnitude of velocity to be gained, as 
calculated by P3~P74. Scaled B? in units of meters per 
centisecond. 
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DVLOS: Double precision velocity-to-be-gained vector, scaled B7 in units 
of meters per centisecond and expressed in "line-of-sight" 
coordinates. (See "S34/35.3" for definition of "line-of-sight" 
coordinat€s.) 

EI.EV: Double precision elevation angle of the line-of-sight to the 
passive vehicle; measured from the vector which is perpendicular 
to the active vehicle position vector, perpendicular to EA,CT * B:PASS, 
and whose dot product with the active vehicle velocity vector is 
positive. An angle between O and 1 (0 and 360 degrees) scaled BO 
in units of revolutions. ELEV is greater than½ (180 degrees) if 
the passive vehicle is below the active vehicle's local horizontal. 
ELEV is an astronaut input in P32-72 and an optional input in P34-74. 

QDTd2: A temporary storage location for QELVLVC. If DELVLVC is over­
written by the astronaut, the previous value of QELVLVC will 
still be in QDTd2, thus making possible a program comparison of 
the two values, and detection of the astronaut overwrite. 

GEOMSGN: Single precision flag to assure that a unit normal vector 
computed in "GEOM" will have the same relation to the orbital 
plane of the active vehicle as QN will have when computed in "INITVEL". 

INTIME: Double precision time-tag associated with RINIT and YINIT, 
scaled B28 in units of centiseconds. 

ITCTR: Single precision counter measuring the number of iterations 
through the loop which biased a Lambert target vector to achieve 
a more accurate estimate of velocity required, based on precision 
integration of the biased conic solution. 

ITERCTR: See CONG section. 

K:130DEG: Double precision constant stored as 0.3611111111, scaled BO 
in units of revolutions. Equation value: 0.3611111111. 

K:ELEPS: Double precision constant stored as 0.2777777'7 x 10-3 , 
scaled BO in units of revolutions. Equation value: 0.00027777777. 
(Equivalent to 0.1 degrees.) 

K:EPSFOUR: Double precision constant stored as 0.0416666666, scaled 
BO in units of revolutions. Equation value: 0.0416666666. 
(Equivalent to 15 degrees.) 

K:MAX250: Double precision constant stored as 25000 x 2- 28 , scaled 
B28 in units of centiseconds. Equation value: 25000. 

K:MU
0

: See ORBI section. 

K:MUTABLE: See CONG section. 
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K:TWOPI: Double precision constant stored as 6.283185307 x 2-4 , 
scaled B4 and unitless. Equation value: 6.283185307. 

MUASTEER: Equal to MUE, but rescaled to B42 (earth) or B36 (moon). 

MUdA: Ratio of gravitational constant (MUE) to semi-major axis. 
Scaled Bl4 (earth) or BlO (moon). 

MUDEX: See CONC section. 

MUE: See TRGX section. 

NN: See TRGX section. 

NOMTPI: Double precision iterative addition to TTPI, scaled B28 
in units of centiseconds. 

NORMEX: Single precision octal return address storage. 

POSTTPI: Double precision perigee altitude, calculated in P34-74, 
scaled B29 in units of meters. 

PTIGINC: Double precision time between midcourse burn targeting by 
the passive vehicle and TIG, scaled B28 in units of centiseconds. 
Part of the erasable load. 

Rl: See CONC section. 

ElVEC, R2VEC: See CONG section. 

RACT3, YACT3: Double precision position and velocity vectors of the 
active vehicle prior to a particular burn, scaled B29 and B7 
respectively in units of meters and meters per centisecond. 
Both vectors are also used as temporary storage for intermediate 
active vehicle position and velocity vectors. 

B,APREC, YAPREC, gPPREC, YPPREC: Double precision vector storage 
for RACT3, YACT3 _and EPASS3, YPASS3 as they were at entry to 
"S33734.l". 

BATT, YATT: See ORBI section. 

flCV, VCV: See CONG section. 

RdA: See CONC section. 

flINIT, YINIT: Double preeision active vehicle position and velocity 
vectors, scaled B29 and B7 respectively in units of meters and 
meters per centisecond. Rescaled at the beginning of 11 INITVEL" 
to B27 and B5 respectively if the CSM is within the moon's 
sphere of influence. 
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RPASS3 , VPASS3 Double prec i sion pos ition and ve locity vectors of 
- the passive vehicle prior to a particular burn, scaled B29 and 

B7 in units of meters and meter s per centisecond respectively. 
Both vectors are also used as temporary storage for intermediate 
passive vehi cle pos ition and velocity vectors . 

RTARG : Target position vector input to "INITVEL". Sc aled B29 in 
uni ts of meters . Upon exit, "INITVEL" loads RTARG with the 
biased target position vector, if such a biased vector is cal culated . 

RTARGl: Value of ~TARG used within "INITVEL", scal ed B29 ( earth) 
or B27 (moon), in units of meters . 

RTMAG : Magnitude of ~TARGl, scaled B29 (earth) or B27 (moon), in unit s 
of meters. 

~VEC, VVEC : See CONC section . 

SECMA.X: Double precis i on maximUJll limit on change s to NOMTPI, 
scaled B28 in units of centiseconds . 

SNTH : See CONC section . 

SUBEXIT : Single pr ec i s ion octal return addre ss storage. 

T: See CONC section . 

TDECl: See ORBI section . 

TDESIRED : See CONC section . 

TET : See ORBI section . 

TIG : See BURN sec tion . 

TIMENOW: See EXVB section . 

TITER : Sing le precision iteration counter. 

TK: Double precision time between the initiat i on of P35 - 75 and 
the ignition of a midcourse correction burn, sca l ed B28 in unit s 
of centiseconds. Program notation is "KT". 

TPASS4 : Double precision scheduled time of target i ntercept, 
sc aled B28 in units of centiseconds . 

TSTRT: Doub l e precision time of initiation of P35 -75, scaled B28 
in unit s of centiseconds . 

TTPI : Doub l e precision time of terminal phase initiat ion, scaled 
B28 in units of centi seconds ; an astronaut input in P32 -72 and 
P34 -74. 
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QLOS: Double precision unit vector along the line-of-sight vector , 
scaled Bl and unitless. 

UN: Double precision unit vector perpendicular to the active 
vehicle orbital plane, scaled Bl and unitless. 

UNRM: Double precision unit vector perpendicular to the active 
vehicle orbital plane, scaled Bl and unitless. 

UP: A unit vector perpendicular to !3:ACTJ and perpendicular to 
gi.CTJ * QLOS, whose dot product with QLOS is positive, scaled 
Bl and unitless. 

VIPRIME: Double precision velocity vector computed by the Lambert 
routine at the time INTIME. Scaled B7 in units of meters per 
centisecond. 

YPASS4: Double precision velocity vector of the passive vehicle 
at the time of target intercept. Scaled B7 in units of meters per 
centisecond. 

VTARGET: See CONG section. 

VTARGTAG: Single precision cell, scaled Bl4, which specifies the 
number of iterations through the LAMBERT/INTEGRVS routines. I~ 
VTARGTAG = O, "LAMBERT" is performed to obtain initial and final 
velocity vectors, and 11 INTEGRVS 11 is not entered. If VTARGTAG '7 O, 
11 INTEGRVS 11 output is used to bias the target position vector 
in order to obtain a more accurate "LAMBERT" solution. 

VTPRIME: Double precision velocity vector, equal to VTARGET, 
which is calculated in the 11 INITVEL 11 routine. Scaled B7 in units 
of meters per centisecond. 

Xl: Index register 1. 
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c.: 
CZ: 
E-



Targeting - External Delta-V 

P30 Switch FIAGWRDl bi ts 7 (UFDATFI.G) and 5 ( TRACKFI.G) to 1 

Proceed to "GOFLASH" with TS = K:Vo6N33 (TIG) 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; other response, repeat this step.) 

Proceed to "GOFLASH" with TS = K:Vo6N81 (DELVLVC) 
(If terminate, proceed to "GOTOPOOH''; if proceed, 
continue at next step; other response, repeat this step.) 

Switch FIAGWRDl bit 7 (UPDA.TFI.G) to 0 

Perform "830.l" 

Switch FLAGWRDl bit 7 (UPDA.TFI.G) to 1 

Switch FLAGWRD2 bit 8 ( XDELVFI..G) to 1 

Proceed to "GOFLASH" with TS = K:V06N42 (HAPO, HPER, DELVSAB) 
(If terminate, proceed to 11 GOTOPOOH 11 ; if proceed, 
continue at next step; other response, repeat this step.) 

Switch FIAGWRD2 bit 6 (FINAI.FI.G) to 1 

Perform "VIU645" 

Go back one step 

P32 Switch FLAGWRD2 bit 5 (AVFLAG) to 1 

Skip next step 

P72 Switch FLAGWRD2 bit 5 (A VFLAG) to 0 

CENTANG = 0 

Switch FLAGWRDl bits 5 (TRACKFLG) and 7 (UPDATFLG) to 1 

NN = 0 

TCSI = 0 

(least significant half only) 

VN0611 Proceed to "GOFLASH" with TS = K:V06Nll (TCSI) 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; other response, repeat 
this step.) 

If - (TCSI) -< 0: 
Proceed to "VN0655" 
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VN065 5 

TDECl = TETLEM 

Perform "PRECSET" 

RVEC = E:ACTJ 

yvEC = :£ACTJ 

Switch FLAGWRD? bit 9 (RVSW) to 1 

RDESIRED = K:posmaxdp 

Perform "TIMERAD" (compute time t o apogee) 

TCSI = T + TDEC2 

Pro,~eed t o "VN0611" 

Proceed t o "GOFLASH" with TS = K :V06N 55 (NN , ELEV, CENTANG) 
( If terminate, proceed t o "GOTOPOOH"; if proceed, 
continue at next step; other response, repeat this 
step. ) 

Pr oceed t o "GOFLASH" with TS= K:V06NJ7 (TTPT) 
(If t erminate, proceed t o "GOTOPOOH"; if proceed, 
continue at next step; other response, repeat this 
step. ) 

TIG =- TCSI 

Perform "SELECTMU" 

Pe rform "VN1645" 

PJ2/P72B Perform "ADVANCE" 

(switches FINALFLG t o 0) 

(switches UPDATFLG t o 0) 

(advances LM and CSM vectors to TIG, 
sets XDELVFLG) 

Pe rform "INTINT" with :r_sv = yPASSl, :r_sr = EPASSl, TSo = TCSI, 
TSt = TTPI, and TSintyp = K:TWOPI 

£1PASS3 = EATT 

yPASSJ = :£ATT 

Proceed to 11 CSI/A11 

P32/P72C If FLAGWRD2 bit 6 (FINALFLG) = 0: 
Switch FLAGWRDl bit 7 (UPDATFLG) t o 1 

Pr oceed t o "P32/ P72E" 
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PJ2/P72E If Tl T0T2 ~ K: 60MIN: 

T1TOT2 = T1T0T2 - K:60MIN 

Proceed to "P32/P72E" 

P32/P72F If T2TOT3 ~ K: 60MIN: 

T2TOT3 = T2T0T3 - K:60MIN 

Proceed to 11 P32/P72F11 

Proceed to 11 GOFLASH 11 with TS= K:V06N. 75 (DIFFALT, T1T0T2, T2T0T3) 
(If terminate, proceed to 11 GOT0POOH11 ; if proceed, continue 
at next step; oth0r r,c•.:; p::ms• ' , r e pPa t th i s step .) 

[INCMAT] = j~ l~ttgACTl {c !:!Pl J 
l- uni tRACTl 

Q.ELVLVC = [LVCMA'l] Q.ELVEETl 

Proceed to 11 GOFLASH 11 with TS = K:V06N81 (DELVLVC) 
(If terminate, proceed to 11 GOTOP00H 11 ; if proceed, continue 
at next step; oth,' r r ,~s ponse , r ":p•,at t hi s step . ) 

Q.ELVSIN = [LVCMAT] T Q.ELVLVC 

DELVSAB = IJ2.ELVSINI 

Q.ELVEETl = Q.ELVSIN 

r, :., [- unit gACT2 ➔1 
!_!_Pl ] 

I LVCMATJ = - UPl 
- - uni tRACT2 

Q_ELVLVC = [LVCMAT] Q_ELVEET2 

(gACTl set equal to gACTZ) 

Proceed to 11 GOFLASH 11 with TS = K:V06N82 (Q.ELVLVC) 
(If terminate, proceed to 11 GOT0POOH11 ; if proceed, continue 
at next step; other n -:s p'Jnse, r ,; pe a t this step . ) 

TTPI0 = TTPI 

Perform 11 VN1645" 

Proceed to 11 P32/P72B11 

(astronaut recycle or finalize) 
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ill Switch FLAGWRD2 bit 5 (AVFLAG) to 1 

Skip next step 

ffi Switch FLAGWRD2 bit 5 (AVFLAG) to 0 

Switch FLAGWR.Dl bits 5 (TRACKFLG) and 7 (UPDATFLG) to 1 

Proceed to 11 GOFLASH 11 with TS =K:V06N,l.'.3 (TCDH) 
(If terminate, proceed to 11 GOTOPOOH 11 ; if proceed? continue 
at next step; other rE:sponse , r epeat this step. J 

TTPI = TTPIO 

TIG -'- TCDH 

Perform 11 SELECTMU 11 

Perform 11VN1645 11 

P33/P73B Perform 11 ADVANCE 11 

Perform 11 CDHMVR 11 

(switches FINALFLG to 0) 

(switches UPDATFLG to 0) 

(IM and CSM vectors to TIG, set XDELVFLG) 

Perform 11 INTINT 11 with !,Sv = YACT3, TSr = B:ACT2, TSo = TCDH, 
TSt = TTPI,and TSintyp = 0 

_BACT3 -- RATI 

Y.ACT3 -=- VATT 

Perform 11 INTINT 11 with !,Sv = yPASS2, !,Sr ~ &ASS2, TSo = TCDH, 
TSt . TTPI ,and TSintyp = 0 

gPASS3 -- RATT 

yPASS3 VATT 

Switch FLAGWRD7 bit 15 ( ITSWIC ;J ) to 1 

NOMTPI =- 0 

Perform 11 s33/34.1 11 (get transfer time to TPI) 

If TSnosol I 0: (no solution) 

Perform 11 ALARM11 with TS = 006118 
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(If no solution) 

Proceed to "GOFLASH" with TS= K:V05N09 
(If terminate, proceed to "GOTOPOOH"; if proceed, 
continue at next step; other resp~nse, proceed to 
second step of "P73".) 

NOMTPI = 0 

If FLAGWRD2 bit 6 (FINALFLG) = 0: 

Switch FLAGWRDl bit 7 (UPDATFLG) to 1 

TTPI = TTPI + NOMTPI 

TlTOT2 = TTPI - TCDH 

E.J1Ll:73E If TlTOT2 ~ K: 60MIN: 

TlTOT2 = TlTOT2 - K: 60MIN 

Proceed to "P33/P73E" 

T 2TOT3 = TTPI - TrPIO 

P33/P7JF If 1T2TOTJI ~ K:60MIN: 

T2TOT3 = T2TOT3 - K: 60MIN signT2TOT3 

Proceed to "P33/P73F" 

Proceed to "GOFLASH" with TS= K:V06N75 (DIFFALT, TlTOT2, T2TOTJ) 
(If terminate, proceed to "GOTOPOOH"; if proceed, continue 
at next step; other response, repeat this step.) 

. [-unit,BACTl * ]Pl] 
[ LVCMATJ = -]Pl 

-unit,BACTl 

DELVLVC = [LVCMAT J DELVEET2 - -
Proceed to "GOFLASH" with TS = K:V06N81 (DELVLVC) 

( If terminate, proceed to '\10TOPOOH"; if proceed, continue 
at next step; other response, repeat this step.) 

!2ELVSIN = [LVCMAT ] T .QELVLVC 

DiLVSAB = i.QELVSINI 

!2ELVE1~2 = .QELVSIN 
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Perform "VN1645" (astronaut recycle or fin~lize) 

Proceed to "P33/P73B" 

S ELECTM~ MUD EX = 0 

If FLAGWRD8 bit 12 (CMOONFLG) = 1, MUDEJC = 8 

i = MUDEX + 6 

Ri'ldMU = K: MUT ABLEi 

MJE = K:MUTABL~UDEX 

If FLAGWRD8 bit 12 (CMO:JNFLG) = 1, rescale MUE (sr6) 

Switch FLAGWRD2 oit 6 (FINALFLG) to 0 

Return 

SUBEXIT = return address 

p~A = K:DPmpOl 

If FL.AGWRD2 bit 6 (FINALFLG) = 1: 

pM}A = 2 K:DPmpOl 

If FLAGWRD3 bit 13 ( REFSMFLG) = 1 and MOD Rill < 64: 

Perform "GET+M1A" with !,S = ]ELVSIN 

Perform "COMPrGO" 

Delay 1 second (via "DELAYJOB") 

Proceed t o "GOFLASH" with TS = K:Vl6N45 (TRKMKCNI', TTOOO, pMGA ) 
(If terminate, contine at next step; if proceed, proceed to 
"N45PRJC "; other response, proceed to "CL UPDATE".) 

DISPDEX = Z (to stop computation of TT030) 

Proceed to 11uOTOPOOH" 

N45PROC If FLAGWRD2 bit 6 (FINALFLG) = 1: 

DISPDEX = Z 

Proceed to "GOTOPO:JH" 
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Switch FLAGWRD2 bit 6 (FINALFLG) t 0 1 

CLUPDAT E DISPDEX = Z 

Switch FLAGWRDl bit 7 (UPDATFLG) t0 0 

Return via SUBEXIT 

Q'l'E.~P = return address 

TDECl = TIG 

Perform "LEMPREC" 

EJ'IG = ]A.TT 

YTIG = }'.ATT 

[

-unit (VTIG * RI'IG ) lf unitEJ'IG] 
[LVCMATJ = unit (}'.TIG *-.BI'IG) 

-unit.BI'IG 

QELVSIN = QELVLVC 

DELVSAB = IQELVSIN I 

'.£.Sr = .BI'IG 

'.£.Sv = }'.TIG + QELVSIN 

Perform "PERIAPOl" 

[LVCMAT ] 

HPER = TShp ( pericenter altitude) 

If HPER ~ K:MAXNM: 

HPER = K: MAX NM 

HAPO = TSha. (apocenter altituie ) 

If HAPO ~ K: MAXNM: 

HAPO = K:MAXNM 

Return via QT.EMF 

ADVANCE SUBEXIT = return address 

TDEGl = TIG 
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Perform "PRECSET" 

Switch FLAGWRD2 bit 8 (XDELVFI.G) to 1 

YPASS2 = YPASS3 

yPASSl = YPASS3 

BP AS S2 = BP ASS 3 

BPASSl = ]PASS3 

QPl = unit (unit,BPASSl * yPASSl) 

WIG = ].ACT3 

,EACT2 = j]ACTJI unit(]ACTJ - (]ACT3 • ]Pl) ]Pl) 

,EACTl = ]ACT2 

YTIG = YACT3 

YACT2 = IYACT31 unit(YACT3 - (YACT3 • ]Pl) ]Pl) 

YACTl = YACT2 

Return via SUBEUT 

.E_RECSET NO RMEX = return address 

TDEG2 = TDECl 

Perform "LEMPREC 11 

If FLAGWRD2 bit 5 (AVFLAG) = 1: 

,EACrJ = ,BATT 

YACT3 = YATT 

If FLAGWRD2 bit 5 (AVFL.AG) = 0: 

,BPASS3 = ,BATT 

YP ASS3 = YATT 

TDECl = TDEC2 

Perform "CSMPREG" 
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INI'INT 

CDHMVR 

If FLAGWRD2 bit 5 (AVFLAG) = 1: 

,EPASSJ -= _BATT 

Y..PASS3 = YATT 

If FLAGWRD2 bit 5 (AVFLAG) = 0: 

EACT3 = _BATT 

Y..ACT3 = YATT 

Return via NOR.MEX 

RTRN = return address 

Perform "INTSTALL" 

Switch FLAGWRD3 bit 4 ( INTYPFLG) to 0 

If TSintyp f O, Switch FLAGWRDJ bit 4 to 1 

TDECl = TSt 

Switch FLAGWRDO bit 12 (MOONFLAG) to 1 

(conic integration ) 

If FLAGWRD8 bit 12 (CMOONFLG) = O, Switch FLA'J.WRDO bit 12 to 0 

TET = TSo 

RCV = .'.!'.Sr 

y_cv = !Sv 

Perform "INT.0}RVS" 

Return via RT RN 

SUBEXIT = return address 

JINV E,::; = unit ]ACT 2 

CSTH = unit,BPASS2 · JlNVEC 

TS = - _BACT2 * ,BPASS2 • JIPl 

SNTH = Ji - CSTH2 signTS 

Y;JEC = YPASS2 
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CSI/B~ 

_&EC = BP ASS2 

Switch FLAGWRD? bit 9 (RV'SW) to 0 

Perform "TIMETHET" 

DIFFALT = l!Srl - i.EACT21 

::~:A(:S~. / ;:C { SMAL~tIFFALf r2 

/ 2 MU'i MUE TS 2 
TSb = ../j_EACT2 I - Sl:-fALLA - DIFFALT - a 

YACT3 = TSa ]NVEC + TSb J.nit(]Pl ➔* ]NVEC) 

QELVEET2 = YACT3 - YACT2 

Return via SUBEXIT 

Switch FLAGWRD6 bits 12 (SJ2.1FJB) and 14 (S32.1F2) to 1 

Switch FLAGWRD6 bits 13 (S32.1F3A) an115 (SJ2.1Fl) to 0 

LOOPCT = 0 

CSIALRM = 0 

TS= I.EACTll (1 + i.EACTll / i.flPASS31) 

TS= ✓2 MUE / rs 

DELVCSI = TS - unit(]Pl * unit_EACTl) • YACTl 

DELDV = K: INITST 

LOOPCT = LOOPCT + 1 

If LOOPCT 2: K:LOOPMX, proceed to "SCNDS:JL" with TSsp = 6 

If IDELVCSII 2: K:DVMAXl: 

If FLAGWRD6 bit 15 (S32.1Fl) = 1 or if FLAGWRD6 bits 
12 (S32.1F3B) and 13 (SJ2.1F3A) both equal 1, proceed 
to "SCNDSOL" with TSsp = 7 

Switch FLAGWRD6 bit 15 (S32.1Fl) to 1 
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(If IDELVCSII ~ K:DVMAXl) 

DELVCSI = K:DVMAX2 signDELVCSI 

QELVEETl = DELVCSI unit (]Pl 1f uni t]ACTl ) 

YACT4 = :£ACT1 + .QELVEETl 

yYEC = YACT4 

,EVEC = ]ACTl 

(ignoring overflow if any) 

Switch FLAGWRD7 bit 9 (RVSW) to 1 

S~H = K: SN359+ 

CSTH = K: cs359+ 

Perform "TIMETHET" 

HllFPAl = T/ 2 

Perform "PERlAPJ" 

POSTCSI = TShp 

If CENTA"OC. f O, proceed to "CIRCL" 

If ECG < K:ONETHTH, proceed to "CIRCL" 

If ( IBACTl • Y.ACT4 i / Rl) < K: NICKELDP, proceed to "CIRCL" 

TScs = P - 1 

TS = ./Pfil RI'ldMU / Rl 

If FLAGWRD8 bit 12 (CMOONFLG) = 1, rascale TS (s13 ) 

RDOTV = ]ACTl • YACT4 

TSsn = IRDJTVI TS 

TSden = Jrscs2 + TSsn2 

SNTH = T Ssn / TSden 

CSTH = TScs / TSden 

YVEC = -YACT4 signRDOTV 

,EVEC = RACTl 
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S~itch FLAGWRD? bit 9 (RVSW) to 1 

Perform "TIMETHEI' 11 

If R~JTV < O; TCDH = NN HAFPAl - HAFPAl + T + TCSI 

If RDOTV? O, TCDH = TCSI + NN HAFPAl - T 

Skip next step 

TCDH = TCSI + NN HAFPAl 

If TTPI < TCDH, proceed to "SCNDSOL" with TS8 p = 5 

Perform 11 INTINI' 11 "7ith 1'.Sv = Y.ACT4, 1'.Sr -= ].ACTl, TSo = TCSI, 
TSt = TCDH, and TSintyp = K:TWOPI 

,BACT 2 = ]A.TT 

YACT2 = Y.ATT 

Perform 11 INI'INT 11 "7ith 1'.Sv = Y.PASSl, 1'.Sr = ,BPASSl, TSo = TCSI, 
TSt = TCDH, and TSintyp = K:TWOPI 

B,PASS2 = ]A.TT 

YP ASS2 = YATT 

Perform 11 CDHMVR11 

1'.Sr = ]ACT2 

1'.Sv = YACT3 

Perform 11 PERIAPOl 11 

POSTCDH = TShp 

Perform 11 INTINT 11 "7ith 1'.Sv = YACT3, 1'.Sr = ].ACT2, TSo = TCDH, 
TSt = TTPI, and TSintyp = K:TWOPI 

!!ACrJ = ,BATT 

YACT3 = YATT 

!Su= cosELEV unit(]Pl * unit].ACT3) + sinELEV unit,BACT3 

TSrsin = 1'.Su • B,ACT3 

TS = ,EPASSJ • ,BPASSJ - B,ACT3 • JiACTJ + TSrsin
2 
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If TS < 0: 

If LIJDPCT = 1: 

CSIALRl1 = 1 

Proceed to "ALMXIT" 

D2LDV = DELDV / 2 

DJLVCSI = DVPREV - DELDV 

Proceed to "CSI/Bl" 

TSk2 = -TSrsin - /fs. 

TSkl = -TSrsin + ,Ifs 

TS = TSk2 

If jTSk2j ~ ITSklj, TS = TSkl 

l[RPESTIM = unit(]ACT3 + TS !Su) 

TS = (unit]PASS3 * l[RPESI'IM) · (uriit:£PASS3 * unit]PASS3 ) 

GAMP32 = arccos(l[RPESTIM · unit]PASS3) signTS 

If FLAGWRD6 bit 14 (S32.1F2) = 1, proceed to "FRSTPAS" 

TSslope = (GAMP32 - GAMPRKv ) / (DELVCSI - DVPfil.""'V ) 

DVPID.."V = DELVCSI 

If FLAGWRD6 bits 12 (S32.1F3B ) and 13 (S32.1F3A ) are both l: 

TS = GA\fPRE\J (GAMP32 - GAMPREV) 

If TS ~ O, proceed to "FIFTYFPS" 

D3LDV = K:INITST sign DELDV 

Switch FLAGWRD6 bit 13 (S32.1F3A) to 1 

S~itch FLAGWRD6 bit 12 (S32 .1F3B ) to 0 

Proceed to "FRSTPAS" 
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If ~LAGWRD6 bits 12 (S32.1F3B) and 13 (S32.1F3A) are both 
O, proceed to "FIFTYFPS" 

DELDV = GAMP32 / TSslope 

GAMPREV = GAMP32 

If IDELDV I < K:EPSILNl, proceed to "CSI/SOL" 

If jDELDV I > K:DELMAXl, DELDV = K:DELMAXl signDELDV 

DELVCSI = D&..VCSI - DELDV 

Proceed to "CSI/Bl" 

FRSTPAS GAMPRh"'V = GAMP32 

DiJPREV = DELVCSI 

DELVCSI = DELVCSI - DELDV 

Switch FLAGWRD6 bit 14 (SJ2.1F2) to 0 

Proceed to "CSI/Bl" 

f:£FTYFPS DELDV = K:FIFPSDP signTSslope signGAMPREV 

DZLVCSI = DELVCSI - DELDV 

GAMPREV = GAMP32 

Switch FLAGWRD6 bits 12 (S32.1F3B) and 13 (S32.1F3A) to 1 

Proceed to "CSI/82" 

SGNDSOL If FLAGWRD6 bit 12 (S32.1F3B) = 0 or bit 13 (S32.1F3A) = 1: 

Proceed to "ALMXIT" 

CSIALR\f = 't'Ssp 

Switch FLA3WRD6 bits 12 (SJ2.1F3B), 13 (S32.1F3A), and 15 (832.lFl) 
to 0 

Switch FLAGWRD6 bit 14 (S32.1F2) to 1 

LOOPCr = 0 

Proceed to "CSI/B" 
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ALMXIT TS = OJ600g + CSIALR~ - 1 (i.e., 00605g if CSIALRM = 6) 

Perform "V A.RALAR~" 

Proceed to "GOFLASH" with TS= K:V05N09 
(If terminate, proceed to "GOTOPOOH"; if proceed, repeat 
this step; other response, continue at next step.) 

Proceed to third step of "P72" 

CSI/SOL i = MUDEX 

GET .LVC 

If POSTCSI < K: PMINi, proceed to "SCNDSOL" with TSsp = 2 

If POSTCDH < K:PMINi, proceed to "SCNDSOL" with TSsp = 3 

TlTOT2 = TCDH .- TCSI 

If TlTOT2 < K:TMIN, proceed to "SCNDSOL" with TSsp = 4 

T 2TOT3 = TTPI - TCDH 

If T2TOT3 < K:TMIN, proceed to "SCNDSOL" wlth TSsp = 5 

Proceed to "P32/P72C" 

[

unit (unit ( uni tRINIT * VINIT) * 
QELVLVC = -unit(un:ttB,INIT-* Y:INITJ 

-unit~NIT 

Switch FLAGWRD5 bit 2 (MGLVFLAG) ta 1 

Return 

uni t].INIT ]] 
!S 

GEI'+MGA JGAX = (REFSMMAT21, Ri<.:FSM.'1.AT22, REFSMMAT23) 

pM:zA = arcsin(unit unit!S • JGAX) 

If p~GA < O, pMGA = 1 + pMJA 

Switch FLAGWRD5 bit 2 (MGLVFLAG) ta 0 

Return 
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Quantities in Computations 

CENTANG: See TRGL section. 

CSIALRM: Single precision decimal number that is converted to octal and 
added to 005778 to be displayed to indicate any failure in the CSI 
targeting iteration. 

CSTH: See CONC section. 

DELl)V: Double precision increment to DELVCSI in one CSI iteration, scaled 
B7 in units of meters per centisecond. 

DELVCSI: Double precision magnitude of velocity to be gained during the 
CSI burn, scaled B7 in units of meters per centisecond. 

DELVEETl: Doubl e precision vector corresponding to the velocity-to-be­
gained vector for the CSI burn, scaled B7 in units of meters per centi­
second. Parallel to the orbital plane of the passive vehicle and 
perpendicular to t he active vehicle position vector at TCSI. 

DELVEET2: Double precision vector corresponding to the velocity-to-be­
gained vector f or the CDH burn, scaled B7 in units of meters per centi­
second . Parallel to the orbital plane of the passive vehicle. 

DELVLVC: Double precis ion velocity vector expressed in local vertical 
coordinates, scaled B7 in units of meters per centisecond. In the 
local vertical coordinate system, Xis along the horizontal component 
of velocity, Z points toward the center of attraction, and Y completes 
a right-handed, orthogonal system. 

DELVSAB: Double precision magnitude of velocity to be gained for input 
to the thrusting programs, scaled B7 in units of meters per centisecond. 

DELVSIN: Double precision velocity vector for input to the thrusting 
programs, scaled B7 in units of meters per centisecond and expressed 
in reference coordinates. 

DIFFALT: Double precision difference of passive and active vehicle 
altitudes at the time of CDH, scaled B29 in units of meters; negative 
if t he passive vehicle is below the active vehicle at CDH, and displayed 
to th e astronaut during P32-72 and P33-73. 

DISPDEX: See BURN section. 

DVPREV : Previous value of DELVCSI. 

ECC: Double precision eccentricity, scaled B3 and unitless. 

ELEV : See TRGL section. 

GAMP32, GAMPREV: Double precision error angle (and previous value of 
that angle) between projected rendezvous point and desired rendezvous 
point, scaled BO in units of revolutions. 
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HAFPAl: Double precision time corresponding L, half 0f .<J period in the 
post-CS I, pre-CDH orbit, scaled B28 in unit'..' of centiseconds. 

HAP0, HPER: Double precision heights above the earth or moon at ap0gee 
and at perigee respectively, scaled B29 in units of meters. 

IGAX: Double precision unit vector along the inner gimbal ruc.J, scaled 
Bl a~d expressed in reference coordinate3, 

6 , -28 
K: OM:IN: Double precision constant stored as 3b0000 x 2 , scaled B28 

in units of centiseconds. Equation value: 360000. 

K:CS359+ : Double precision constant stored as 0 .499999992, scaled Bl 
and unitless. Equation value: 0.999999984. 

K:DEI.MAXl: Double precision constant stored as 0.6096000 x 2-7 , scaled 
B7 in units of meters per centisecond . Equation value: 0.6096. 
(Equivalent to 200 feet per second.) 

K:DPmpOl: Double precision constant stored as 777778 613378 , sc~led BO 
in units of revolutions. Equation value: -0.455078125 x 2-14. 
(Equivalent to - 0.01 degrees.) 

K:DVMAXl: Double precision constant stored as 3.0480 x 2-7 , scaled B7 

in units of meters per centisecond. Equation value: 3.0480. 
(Equivalent t o .lO00 fps.) · 

K:DVMAX2: Double precision constant stored as 3.014472 x 2-7, scaled B7 
in units of meters per cent isecond. Equation value: 3.014472. 
(Equivalent to 989 fps.) 

K:EPSILNl: Double precision constant stored as 0.0003048 x 2-7, scaled 
B7 in units of meters per centisecond. Equation value: 0.0003048. 
(Equivalent to 0.1 fps.) 

K:FIFPSDP: Double precision constant stored as -0.152l.-'.)0 x 2-7, sc aled 
B7 in units of meters per cent.isecond. Equation value: -0.1524. 
(Equivalent to - 50 fps.) 

K:INITST: Double precision constant stored as 0.03048 x 2-7, scaled B7 
in units of meters per centisecond. Equation value: 0.03048. 
(Equivalent to 10 fps.) 

-28 K:LO0PMX: Double precision constant stored as 16 x 2 , scaled B28 and 
unitles s . Equation value: 16 . 

K:MAXNM: See EIVB section. 

K:MUTABU¼UDEI: See CONG section. 

K:NICKELDP: Double precision constant stored as 
scaled B7 in units of meters per centisecond. 
0.021336. (Equivalent to 7.0 fps) 

-7 0.021336 X 2 1 

Equation value: 

K:ONETHTH: Double precision constant stored as 0.0001 
scaled B3 and unitless. Equation value: 0.0001. 

..,-3 
X ,_ ' 
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-29 K:PMIN0 : Double precision constant stored as 157420 x 2 , scaled B29 
in units of meters; program notation PMINE. Equation value: 157420. 

K:PMIN8 : . 668 - 29 Double precision constant stored as 10 X 2 , scaled 
B29 in units of meters; program notation PMINM. Equation value: 10668 . 

K :SN359+: Double precision constant stored as -0.000086601, scaled 
Bl and unitless. Equation value: -0.000173202. 

-28 K:TMIN: Double precision constant stored as 60000 x 2 , scaled 
B28 in units of centiseconds. Equation value: 60000. 

K:TWOPI: Double precision constant stored as 6.283185307 x 2-4 , scaled 
B4 and unitless. Equation value: 6.283185307. 

LOOPCT: Double precision iteration counter, scaled B28 and unitless. 

[LVCMATJ: Double precision, 3x3 transformation matrix defined such 
that !lv = [LVCMATJ ~ef, where~ is a vector expressed in local 
vertical and reference coordinates respectively. 

MODREG: See DATA section. 

MUDEX: See CONC section. 

MUE: Double precision gravitational constant, scaled B36 in units of 
meters cubed per centisecond squared. 

NN: Double precision number designating the apsidal crossing after 
CSI at which the CDH burn will be executed, scaled Bl4 and 
unitless. (NN = 1 indicates that the CDH burn will be executed 
at the first apsidal crossing after CSI.) NN is used in P34-74 and P35 
-75 as a flag t o specify precision or conic integration. In 
"S34/35.2'', it is used to set VTARGTAG. 

NOMTPI: See TRGL section. 

tJOR.MEX: Single precision octal return address storage. 

P: See CONC section. 

pMGA: Double precision middle gimbal associated with a desired thrust 
direction, scaled BO in units of revolutions. 

POSTCDH: Double precision height above the earth or the moon at the 
perigee of the orbit of the active vehicle after the CDH burn, 
scaled B29 in units of meters. 

POSTCSI: Double precision height above the earth or the moon at the 
perigee of the orbit of the active vehicle after the CSI burn, scaled 
B29 in units of meters. 

QTEMP: Single precision octal return address storage. 
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Rl: See CONG section. 

B:ACTl, VACTl: Double precision position and velocity vectors of 
the active vehicle at TCSI, prior to the CSI burn, scaled B29 
and B7 in units of meters and meters per centisecond respectively; 
r otated into the orbital plane of the passive vehicle. 

RACT2, VACT2: Double precision position and velocity vectors of the 
- acti;e vehicle at TCDH, prior to the CDH burn, scaled B29 and 

B7 in units of meters and meters per centisecond respectively; 
rotated into the orbital plane of the passive vehicle. 

B:ACT3, YACT3: See TRGL se ction. 

B:i\TT, YATT: See ORBI section. 

ECV, VCV: See CONG section. 

RdA : See CONG section. 

RDESIRED: See CONG section. 

RDOTV : Double precision dot product (B,ACTl . YACT4) scaled B36 in 
units of meters squared per centisecond. 

[REFSMMAT] : See COOR section. 

EINIT, YINIT: See TRGL section. 

EPASSl, yPASSl: Double precision position and velocity vectors of 
the passive vehicle at TCSI, scaled B29 and B7 in units of meters 
and meters per centisecond respectively. 

EPASS2, yPASS2: Double precision position and ve l oc ity vectors of 
the passive vehicle at TCDH j scaled B29 and B7 in units of meters 
and meters per centisecond respectively. 

EPASSJ, yPASS3: See TRGL section . 

RTldMU: Double precision storage for the inverse of the sqlare 
r oot of MUE, scaled B-17 (eartli) or B-14 (moon) in units of 
centiseconds/meters to the three -halves po~er. 

ETIG, YTIG: Double precision position and velocity vectors for 
input to the thrusting programs, scaled B29 and B7 in units of 
meters and meters per centisecond. 

RTRN: Single precision octal return address storage. 

EVEC, VVEC: See CONG section . 
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SMALLA: Double precision semi-maj or axis, in units of meters. 

SNTH : See CONG section . 

SUBEXIT: Single precision octal return address storage. 

T: See CONG section. 

TJ '1 'r' T2 : Double precision transfer time between CSI and CDH, scaled B28 
in units of centiseconds; displayed to the astronaut in P32-P72. 
Transfer time between CDH and TPI when displayed to the astronaut in 
P33- P?3 . 

T2TOT3: Double precision transfer time between CDH and TPI (P32-P72) or 
time difference between TTPI in P33 and TTPI used in P32 (displayed 
in P33-P73); scaled B28 in units of centiseconds. 

TCDH: Double precision time of ignition of the CDH burn, scaled B28 
in units of centiseconds; an astronaut input in ~33-P73. 

TCSI: Double precision time of ignition of the CSI burn, scaled B28 in 
units of centiseconds. It may be either ~n astronaut input or 
computed by the program. 

TDECl : See ORBI section. 

TDEC2 : Temporary storage f or TDECl to assure that both active and 
passive states are advanced to the same time. 

TET: See ORBI section . 

TETLEM: "Permanent " time value for the LM state vector, scaled B28 
in units of centiseconds . 

TIG: See BURN section. 

TRKMKCNT: See RNAV section. 

TTOGO: See BURN section . 

TTPI : See TRGL section . 

TTPIO: Double precision storage f or TPI time used in P32-72 for information 
in PJJ-73, scaled B28 in units of centiseconds. 

UPl : Double precision unit vector perpendicular t o the orbital plane 
of the passive vehicle , scaled Bl and unitless . 

UNVEC : Double precision unit vector along E:ACT2, scaled Bl and unitless. 

URPESTIM : A unit vector in the direction of the passive vehicle position 
vector that would satisfy the required TPI conditions, derived from 
the estimate of DELVCSI. 
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YAC T4: Double precision velocity vector of the active vehicle at 
TCSI after the addition of the velocity gained in the CSI burn, 
scaled B7 in units of meters per centisecond. 

Z: Z register, or program coun ter. Contains address of the next step. 
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Program and Routine List 

Programs Routines 

Number Title in Pa.ge Number Title in Pa.ge 
(GSOP) this document (GSOP) this document 

00 POOH PGSR-6 00 GOTOPOOH PGSR-11 
06 P06 PGSR-13 01 ABCLOAD DATA-19 
07 SYSTEST EXVB-10 02 R02BOTH IMUC-19 
12 Pl2™ ASCT-1 03 DAPDATAl DAPB-19 
20 PROG20 RNAV-1 04 R04 EXVB-7 
21 PROG21 RNAV-5 05 SBANDANT EXVB-27 
22 PROG22 RNAV-1 09 RlO,Rll SERV-12 
25 PROG25 RNAV-7 10 LANDISP SERV-12 
27 V?xUPDAT EXVB-8 11 RlO,Rll SERV-12 
30 P30 TRGX-1 12 MUNRETRN SERV-7 
32 P32 TRGX-1 13 LUNLAND DESC-4 
33 P33 TRGX-4 20 RADAREAD RADR-19 
34 P34 TRGL-1 21 R21LEM RNAV-13 
35 P35 TRGL-4 22 R22LEM RNAV-17 
40 P40LM BURN-1 23 R23LEM RNAV-19 
41 P41LM BURN-2 24 R24LEM RNAV-20 
42 P42LM BURN-1 25 RRAUTCHK RADR-1 
47 P47LM BURN-13 26 R21LEM4 RNAV-14 
51 P51 ALIN-1 
52 PROG52 ALIN-14 30 V82CALL EXVB-17 
57 P57 ALIN-25 31 V83CALL EXVB-24 
63 P63LM DESC-1 33 ALINTIME EXVB-6 
64 STARTP64 DESC-5 36 R36 EXVB-26 

40 DVMON SERV-3 
66 STARTP66 DESC-11 41 MIDTOAVl ORBI-19 
68 LANDJUNK DESC-18 47 AGSINIT EXVB-12 
70 P70 or P70A ASCT-3 50 CAL53A ALIN-18 
71 P71 or P71A ASCT-3 51 R51 ALIN-19 
72 P72 TRGX-1 52 R52 ALIN-21 
73 P73 TRGX-4 53 AOTMARK ALIN-3 
74 P74 TRGL-1 54 CHKSDATA ALIN-13 
75 P75 TRGL-4 55 R55 ALIN-22 
76 P76 ORBI-23 56 TRMTRACK EXVB-6 

57 MARKRUPT ALIN-6 
58 PLANET ALIN-12 
59 R59 ALIN-30 
60 R60LEM ATTM-1 
61 R61LEM RNAV-10 
62 R62DISP ATTM-11 
63 V89CALL ATTM-11 
65 R65LEM RNAV-10 
76 TESTXACT EXVB-2 
77 R77 EXVB-9 
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Noun List 

The following is an interpretation of the list of nouns that are used 
or defined in the LUMINARY program (See DATA section). Other nouns 
are either illegal or meaningless when used with the LUMINARY program. 
The list includes the tag assigned to the components of each noun 
(in this document); the number of components in each noun; the magnitude 
and units used in a decimal display of each noun; the section in which each 
component of each noun is defined; and an indication if the noun is a 
"no-load" or "decimal only" noun. Routines making use of a noun are listed 
in parentheses under the above information. 

Special Considerations: 

1. The X, Y and Z components of a vector quantity are displayed in R1-RJ 
respectively with the same scaling and units for each component. 

2. Single component nouns appear in R1 only. 

Noun Tag Decimal Display Comment 

00 spare 

01 3 .XXXXX without regard Address supplied 
to scaling or units 

(OHWELL1, OHWELL2, SDISPLAY) 

02 3 xxxxx. without regard Address supplied 
to scaling or units 

(UPVERIFY) 

03 3 XXX.XX degrees Address supplied 
(none) 

04 DSPTEM1 1 DATA XXX.XX degrees 
(GVDETER) 

05 DSPTEM1 1 DATA XXX.XX degrees 
(R22LEM, CHKSDATA) 

06 OPTION1 3 DATA Octal only 
OPTION2 DATA Octal only 
OPTION3 DATA Octal only 
(DSPOPTN,GOPERF4, GOPERF,4.R) 
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Noun Tag Comp, Def, Decimal Display Comment 

07 XREG 3 DATA Octal only When used with verb 25, 
YREG DATA Octal only noun 7 is used to switch a 
ZREG DATA Octal only specified bit or bits of a 
(none) flagword or channel. In that 

case, ECADR of the flagword 

(See 11 ABCLOAD 11 routine) or channel is loaded into 
XREG, bits to be changed are set 
in YREG (010048 indicates that 
hit9 10 Me 3 ffl"'e to be 
switched), ZREG is set to zero 
if bits are to be reset, posi-
tive non-zero i f bits ar e to 
be se t . 

08 ALMCADR 3 PGSR Octal only 
ALMCADRO PGSR Octal only 
ERCOUNT1 TEST Octal only 
(none) 

09 FAILREG0 3 PGSR Octal only 
FAILREG1 PGSR Octal only 
FAILREG PGSR Octal only 
(used w~enever alarm codes are displayed) 

10 1 Octal only Channel to be 
(none) specified 

11 TCSI 3 TRGX OOXXX. hours Decimal only- three 
OOOXX. minutes components must be 
OXX.XX seconds supplied 

(VN0611) 

12 OPTIONX0 2 EXVB Octal only 
OPTIO~ EXVB Octal only 
(VBCO , V82CALL, R04Z, V89CALL) 

13 TCDH 3 TRGX OOXXX. hours Decimal only- three 
OOOXX. minutes components must be 
OXX.XX seconds supplied 

( P73 ) 

14 DSPTEMX0 3 DATA xxxxx. without regard 
DSPTEMX DATA xxxxx. to scaling 
DSPTEMX1 DATA xxxxx. or units 
(none) 
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Noun Tag Comp, Def, Decimal Display 

15 
(none) 

1 Octal only 

16 DSPTEMXdp 3 DATA OOXXX. hours 
OOOXX. minutes 
oxx.xx seconds 

(AGSDISPK, R36, AGSVCALC) 

17 spare 

18 [DAI 3 ATTM XXX.XX degrees 
(V89RECL,TOBALLA, REDOMANC) 

19 spare 

20 CDU 3 IMUC XXX.XX degrees 
(GYCOARS, VBZERO, VBCOARK) 

21 PIPA 3 IMUC xxxxx. pulses for each 
(none) 

22 THETAD 3 IMUC XXX.XX degrees 
(VBCOARK, IMUATTCK, P51, R62DISP, P52D, INITBY) 

23 spare 

24 

25 

DSPTEMXdp 3 

(ALINTIME) 

DATA OOXXX. hours 
OOOXX. minutes 
OXX.XX seconds 

DATA XXXXX. 
DATA XXXXX. 
DATA XXXXX. 

without regard 
to scaling 
or units 

DSPTEM1
0 

3 
DSPTEM1 1 DSPTEM1 
(GOPERFf, GOPERF1 R, R04X) 

26 DSPTEM1 0 3 DATA Octal only 
DSPTEM1 1 DATA Octal only 
D-SPTEM1 DATA Octal only 
(non9J 

2 

27 SMODE 1 TEST XXXXX. unitless 
(none) 

28 spare 
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Comment 

Increment machine 
address 

Decimal only - three 
components must be 
supplied 

Decimal only- three 
components must be 
supplied 

Used to load address, 
bank and priority or 
delay information before 
a verb 30 or verb 31 



Noun Tag Comp. Def. Decimal Display Comment 

29 spare 

JO spare 

.31 spare 

.32 mTPER .3 EXVB OOXII. hours Decimal only- three 
OOOXX. minutes components must be 
OXX.XX seconds supplied 

(none) 

.3.3 TIG .3 BURN OOX:XX. hours Decimal only - three 
OOOXX. minutes components must be 
OXI.XI seconds supplied 

(P76, P.30, ORBCHGO, P12LM) 

.34 DSPTEM1dp .3 DATA oonx. hours (=TALIGN) Decimal only 
OOOIX. minutes three components must 
OIX.XX seconds be supplied 

(PROG21, P52B, P570PT) 

.35 TTOGO .3 BURN OOXXX. hours Decimal only - three 
OOOll. minutes components must be 
Oll.XX seconds supplied 

(none) 

.36 TIMENOW .3 EXVB OOXll. hours Decimal only - three 
OOOXX. minutes components must be 
OXX.ll seconds supplied 

(none) 

.37 TTPI .3 TRGL OOXII. hours Decimal only - three 
OOOXX. minutes components must be 
OXX.XX seconds supplied 

(VN0655, P74, INTLOOP) 

.38 TET .3 ORBI OOXXX. hours Decimal only - three 
ooon. minutes components must be 
OXX.XX seconds supplied 

(none) 

.39 spare 
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Noun Tag Comp. Def. Decimal Display Comment 

40 TTOGO 3 BORN XX XX min-sec No load - decimal 
DELVSAB TRGX XXXX.X fps only 
DVTOTAL ' SERV XXXX.X fps 
(POSTBORN, CLOKJOB, V99RECYC) 

41 DSPTEM1 0 2 DATA XIX.XX degrees 
DSPTEM1 1 DATA :XX.XXX degrees 
(REDO) 

42 HAPO 3 TRGX XIXX.X nautical miles Decimal only 
HPER TRGX XXXX.X nautical miles 
DELVSAB TRGX XXXX.X fps 
(P30) 

43 LAT 3 COOR XIX.XX degrees Decimal only 
LONG COOR XIX.XX degrees 
ALT COOR XXXX.X nautical miles 
(P21VSAVE, LANDJUNK) 

44 HAPOX 3 EXVB XXXX.X nautical miles No load - decimal 
HPERX EXVB XXXX.X nautical miles only 
TFF EIVB xx xx min - sec 
(V82GOFLP, V82GON) 

45 TRKMKCNT 3 RNAV XXXXI. unitless No load - decimal 
TTOGO BURN xx xx min-sec only 
~GA TRGX :XXX.XX degrees 
VN1645) 

46 DAPDATR1 1 DAPB Octal only 
(DAPDATA1) 

47 LEMMASS 2 DAPB xx.ax. pounds mass Decimal only 
CSMMASS DAPB .ax.xx. pounds mass 
(DAPDATA2) 

PITTIME 2 DAPB XIX.XX degrees Decimal only 
ROLLTIME DAPB XIX.XX degrees 
(DAPDATA2, TRIMDONE) 

49 R:22DISPR 3 R..~AV XXXX.X nautical miles Decimal only 
R22DISPV RNAV XI.XX.I fps 
WHCHREAD RNAV xxxxx. 
(N49DSP ( R22LEM96 ) ) 

50 spare 
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Noun Tag Comp. Def. Decimal Display Comment 

51 PITCHANG 2 EXVB XXX:.XX degrees Decimal only 
YAWANG 
(SBANDEX) 

EXVB XU.XX degrees 

52 ACTCENT 1 TRGL XXX.XI degrees 
(none) 

53 spare 

54 RANGE 3 EXVB XXX.XX nautical miles Decimal only 
RRATE EXVB XXXX.X fps 
RTHETA EXVB llX.XX degrees 
(DISPN5X, P20LEM2) 

55 NN 3 TRGI XIXXX. unitless Decimal only 
ELEV TRGL XX:X.XI degrees 
CENTANG TRGL XIX.XX degrees 
(DISPLAYE, VN0655) 

56 RR-AZ 2 RNAV XIX.XX degrees 
RR-ELEV RNAV XXX.XI degrees 
(DSPRRLOS) 

57 spare 

58 POSTTPI 3 TRGL XXXX.X nautical miles Decimal only 
DELVTPI TRGL XXX:X.X fps 
DELVTPF TRGL XXXX.X fps 
(INTLOOP) 

59 DVLOS 3 TRGL XXXX.X fps Decimal only 
(S34/35.5, NTARGCHK) 

60 FOIWEL 3 SERV XIXX.X fps Decimal only 
HDOTDISP SERV XXXX.X fps 
llCALC1 DESC XXXXX. feet 
(VERTDISP) 

61 TTFDISP 3 DESC XX XX min-sec No load - Decimal 
TTOGO BURN XX XX min-sec only 
OUTOFPLN DESC XXXX.X naut ical mi l es 
(CLOKJOB) 
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Noun Tag Comp. Def. Decimal Display Comment 

62 ABVEL 3 SERV XXXX.X fps No load - decimal 
TTOGO BURN xx xx min-sec only 
DVTOTAL SERV XXXX.X fps 
(CLOKJOB, V99RECYC) 

63 ABVEL 3 SERV XXXX.X fps Decimal only 
HDOTDISP SERV XXXI.X fps 
HCALC1 DESC IXXXX. feet 
(CLOKJOB, P63DISPS, CUTOFF, V99RECYC , ASCTERMl) 

64 FUNNYDSP 3 DESC xx xx No load - decimal 
HDOTDISP SERV XXXX.X fps only 
HCALC SERV XXXIX. feet 
(P64DISPS) 

65 SAMPTIME 3 DSKY OOXIX. hours Decimal only - three 
OOOXX. minutes components must be 
OXX.XX seconds 

(none) 
supplied 

66 RSTACK6 2 RADR xxxxx. feet No load - decimal 
Bits 7-6 oooox. unitless only 
of Channel 
33 
(R04X) 

67 RSTACK0 3 RADR xxxxx. fps 
RSTACK2 RADR xxxxx. fps 
RSTACK RADR nxxx. fps 
(R04X) 4 

68 RANGEDSP 3 DESC XXXX.X nautical miles No load - decimal 
TTFDISP DESC xx xx min - sec only 
DELTAH SERV XXXXX. feet 
(DSP68, WAIT68) 

69 DLAND I 3 DESC XXXIX. feet Decimal only. Component: 
{none) · in z,y,x order. 

70 AOTCODE0 3 ALIN Octal only Note that noun 70 is 
AOTCODE Octal only displayed Yith ver b 01. 
AOTCODE 1 Octal only The second and third 
(R52, R?9) components are meaning-

less. 
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Noun Tag Decimal Display Comment 

71 AOTCODE0 3 ALIN Octal only 
AOTCODE1 Octal only 
AOTCODE Octal only 
( GETDAT~ CHANGEVB, GETMKS) 

Like noun 70 

72 CDUt 2 RADR XXX.XX degrees (360 degrees - CDUt displayed) 
CDU RADR XXX.XX degrees 

73 

74 

75 

76 

77 

78 

79 

80 

81 

(ROZ.X, VBZERO, VBCOARK, R21DISP) 

TANG0 2 
TANG 
(VBCOARK) 

RADR 
RADR 

XXX.XX degrees (display of TANG0 is the comp­
XXX.XX degrees lement of the value stored) 

TTOGO 3 BURN 
YAW ASCT 
PITCH ASCT 
(CLOKJOB , V99RECYC) 

DIFFALT 3 TRGX 
T1TOT2 TRGX 
T2TOT3 TRGX 
(P32/P72F, P33/P7JF) 

ZDOTD 
ROOTD 
XRANGE 
(P12LM) 

TTOGO 
YDOT 
(none) 

3 

2 

DNRRANGE 3 
DNRRDOT 
TTOTIG 
(R0/4X) 

ASCT 
ASCT 
ASCT 

ASCT 
ASCT 

RADR 
RADR 
RADR 

CURSOR 3 ALIN 
SPIRAL ALIN 
POSCO DE ALIN 
(DSPV6N79, 79DISP) 

DATAGOOD 2 
OMEGDISP 
(R24LEM) 

RNAV 
RNAV 

XX XX min-sec 
XXX.XX degrees 
XXX.XX degrees 

XXXX.X nautical miles 
XX XX min-sec 
XX XX min-sec 

XXXX.X ft/sec 
xxxx.x ft/sec 
XXXX.X nautical miles 

XX XX min-sec 
XXXX.X fps 

XXX.XX nautical miles 
XXXXX. fps 
XX XX min-sec 

XXX.XX degrees 
XXX.XX degrees 
XXXXX. unitless 

XXXXX. unitless 
XXX.XX degrees 

QELVLVC 3 TRGX XXXX.X fps 
(P30 , S34/35.5, P32/ P72F , P33/P73F) 
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No load - decimal 
only 

No load - decimal 
only 

Decimal only 

No load - decimal 
only 

No load - decimal 
only 

Decimal only 

Decimal only 



Noun Tag Comp. Def, Decimal Display Comment 

82 DELVLVC 3 TRGI XXXX.X fps Decimal only 
lP32/P72F) 

83 DELVIMU 3 BURN XXXX:.X fps Decimal only 
(P47BODY) 

84 DELVOV 3 ORB! XXXX.I fps Decimal only 
(P76) 

85 VGBODY 3 BURN XI:XX.I fps Decimal only 
(TIGNOW, CUTOFF, P411M, TIG-30A) 

86 DELVLVC 3 TRGX XXXX.X fps Decimal only 
(none) 

87 AZ 2 ALIN XXX.XI degrees 
EL ALIN XXX.XX degrees 
(GETDAT, GETAZEL) 

88 STARAD 
(PLANE~) 

3 ALIN .XX:XXX unitless Decimal only 

89 LANDLAT 3 ALIN XX.XIX degrees Decimal only 
LANDLONG ALIN XX.Ill degrees 
LANDALT ALIN Xll.XX nautical miles 
(N89DISP) 

90 RANGE 3 EXVB XIX.XX nautical miles Decimal only 
RRATE EXVB nxx.x fps 
RTHETA 
(R36) 

EXVB XIX.XX degrees 

91 P21ALT 3 RNAV XXXXXB. nautical miles 
P21VEL RNAV xxxxx. ft/sec 
P21GAM RNAV xxx.xx degrees 
(none) 

92 THRDISP .3 DESC XXXXX. percent 
HDOTDISP SERV XXXX.X fps 
HCALC1 OF.SC XXXXX. feet 
(none) 

9.3 OGC .3 COOR XX.XXX degrees 
IGC COOR XX.XXX degrees 
MGC COOR XX.XXX degrees 
(IMUFINEK, R55, INITBY) 

94 spare 

95 spare 

96 spare 
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Noun Tag Comp. Def. Decimal Display Comment 

97 DSPTEM1 0 3 DATA xxxxx. unitless 
DSPTEM1 1 DATA XXXIX. unitless 
DSPTEM1 2 DATA xxxxx. unitless 
(none) 

98 DSPTEM20 3 DATA XXXXX. unitless 
DSPTEM2 DATA .XXXXX unitless 
DSPTEM21 

DATA XXllX. unitless . 2 
(SHOW) 

99 WWPOS 3 RNAV xmx. feet Decimal only 
WWEL RNAV XXXX.I fps 
WWBIAS RNAV XX.XXX radians 
(V67CALL, GOTOPOOH - in GOTOPOOH, the noun is not processed) 
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Alarm Codes 

All alarm codes are listed in octal. The names of the "Routines" where 
each code is generated refer to the titles as they appear in this document. 

00107 

08111 
0:)112 

00113 
00114 
00115 
00206 

00207 
00210 

00211 
00212 

00213 

08214 
00217 

00220 

00401 

00402 
00,4.04 
00405 
00421 
00501 
00502 
00503 

00510 

00511 
00514 
00515 
00520 

L YMKRUPI' 
L SURFAGAN 
L MARKCHEX 
L MARKRUPI' 

L MARKRUPI' 
L YMKRUPI' 
L MARKRUPI' 
L IMUZERO 

L IMUM0N 
L IMUCHK 
L R02BOTH 
L IMUZERD 
L C0ARS2 
L PIPFREE 
L C33TEST 
L TN0NTEST 

L IMUM0N 
L CURI'AINS 

L AGSINIT 
L RD2B0TH 
L KALCMAN3 
L CALCGA 
L DCM~L 
L N0ATTCNI' 
D R59ALM 
D R51 
L WMATEND 
p R231EM 
L RRDESNB 
L RRDESK2 
P R21LEM 
P R21LEM1 
L RRZERO 

L RJ..2 
P P20LEMB7 
L RRCDUCHK 
L RADAREAD 

Significance 

Five or more mark pairs already recorded 

Mark missing 
Mark or mark reject attempted with the respective 
routine inoperative 
No inbits in channel 16 
W:-ong mark 
No marks in last pair to reject 
ICDU zero attempted while in coarse align because 
of gimbal lock warning 
ISS turn-on request not present for 90 seconds 
IMU not operating when required 

Coarse align error 
PIPA fail when primary PIPA fail monitor has 
been disabled (PIPA not in use) 
"Turn-on delay initiate" signal from IMU present 
without "IMU operate" signal 
Program using IMU when it was turned off 
Bad ret~rn from stall routine (e.g., switching 
fail) 
IMU not aligned - no REFSMMAT 

Desired gimbal angles yield gimbal lock 

FINDCDUW not controlling attitude 
Desired star not available in any detent pJsition 
"R56" did not find star pair for optical sighting 
W-matrix overfloN 
Manual RR acquisition not within limits 
Bad RR gimbal angle input (verb 41) 
RR designate failure 

RR zero requested (verb 40) with RR auto discrete 
absent 
LR not in proper position 
RR auto discrete removed while RR in use 
RR CDU fail discrete detected 
RR read interrupt initiated when not called for 
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00522 
00523 

00525 

00526 

00527 
00530 

00600 
00601 

0'.)602 

OJ603 
JO,S04. 

Q,J605 
OJ606 
08611 

00701 
00777 
01102 
01105 
01106 
01107 

01301 
01406 

01407 
01410 

01412 
01466 
01520 
01600 
01601 
01703 

01706 
02001 
02002 
'.)2003 
02004. 
03777 
04777 
07777 

Routines 

L DORSAMP 
L LRP2COMM 

P R22LEM 

L P20LEM2 

L LRS24.l 
P 60TIMES 

D CIR'.::L 
D CSI/SOL 

D CSI/SOL 

D GSI/SDL 
D CSI/SOL 
D CIR~L 
D CSI/Bl 
D CSI/B2 
D INI'LOOP 
D P33/P73B 
D JSPOPTN 
L SETISS·,J 
L PRERRORS 
L DNI'MFAST 
L UPI'MFAST 
L GOPROG3 

L ARCSUB 
L 1406ALM 

L VGAIN* 
L STEER? 
L P66HZ 
L EXGSUB 
L P66 
L V37 
L SOMEERRR 
L SOMERR2 
L MIDTOAVl 
L CKMID2 
D P40ALM 
L TRYUORIJ 
L +XORULGE 
L SELECTP 
L FAILOOP 
L SETISSW 
L SETISSW 
L SETISSW 

Significance 

LR. position change during LR reading 
LR position 2 not achieved ill 13 seconds 

Actual RR LOS differs from computed LOS by 
more than J::> 
Range greater than 408 nautical miles 

LOS not in mode limits 
LOS not in coverage (P22) less than 10 ~inutes 
from now 
Imaginary roots on first iteration of CSI solution 
Projected perigee altitude after CSI less than 
minimum 
Projected perigee altitude after CDH less than 
minimum 
Time between CSI and CDH less than minimum 
Time between CDH and TPI less than minimum 

Too many iterations 
Projected DELVCSI exceeds maximum 
No TPI ignition time solution for given elevation 
angle 
Illegal option code was selected 
ISS warning caused by PIPA fail 
AGC self test error 
Downlink too fast 
Uplink too fast 
Phase table discrepancy; restart failure; causes 
fresh start. 
Arcsin or arccosine inp~t too large 
Bad return from ROOTPSRS routine during descent 
guidance 
VG increasing 
Unintentional overflow in descent (P63 ·:>r P64) 
guidance 
Calculation of descent ignition time not converging 
Too many throttlings have been missed 
Verb 37 not permitted at this time 
Overflow in drift test 
Bad IMU torque 
Insufficient time remaining before scheduled 
ignition 
Incorrect program requested for vehicle configuration 
Jet failures have disabled Y-Z translation 
Jet failures have disabled X translation 
Jet failures have disabled P rotation 
Jet failures have disabled U-V rotation 
ISS warning caused by ICDU fail 
ISS -warning caused by ICDU and PIPA fail 
ISS -warning caused by IMU fail 
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~arm 

10777 
137'77 
14777 
20105 
20430 
20607 

21103 
2120,4. 

21302 
21406 

21501 

31104 
31201 
31202 
31203 

31206 

31207 
31210 

31211 
31502 

3200J 

L 
L 
L 

Routines Significance 

SETISSW ISS warning caused by IMU fail and PIPA fail 
SETISSW ISS warning caused by IMU and ICDU fail 
SETISSW ISS warning caused by IMU, ICDU and PIPA fail 
AOTMARK Optical mark routine called when already busy 
GJBAQUE Acceleration overflow in integration 
TIMERAD,TIMETHET No solution 
COMMNOUT 
CCSHOLE 
DLY2 
LONGCALL 
SQRr 
1406POO 

DSPALARM 

DELLOOP 
FINDVAC2 
NOVAC3 
DLY2 
WTLST5 
NV50DSP 
FLASHSUB 
AOTMARK 
GOMANJR 
IMUSTALL 
AOTSTALL 
RADSTAL.T., 
AOTMARK 
MAKEPLAY 
MAKEPRIO 
FLASHSUB 
PAXIS 

Theoretically impossible branch taken 
Zero or negative time applied to waitlist, delay 
or LONGCALL 
Negative argument input to square root routine 
Bad return from ROOTP3RS routine during descent 
pre-ignition phase 
Invalid display interface information from 
internal program 
Too many users of delay routine 
Too many jobs requiring working storage 
Too many jobs 
Too many tasks 

More than one program active 
routines at one time 
No working storage available 
Two users of the same device 
A(JT , IMU, KALCMAN3 ) 

in display interface 

for marks 
or routine (rad~r, 

Illegal interrupt of extended verb 
Illegal flashing display 

DAP still in progress from last TIME5 interrupt 
when another TIME5 interrupt is initiated 

L Alarm lights "Program Caution" light and the code is stored in noun 01 
(which is on telemetry) 

D Alarm does all of "L" plus the alarm code is displayed as p~rt of 
program logic 

P Alarm does all of "D" functions except with a priority display. 

If the first number is a 3 in the code, the alarm does all of "L" functions 
plus a "BAILOUT" or software restart. 

If the first number is a 2 in the code, the alarm does all of "L" functions 
plus a "POODOO" which terminates all program activity. 
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Check1ist 
Code Routine 

13 P52D 

14 P57POST 

R51K 

ASTNRET 

15 

R51 

62 P06 

Checklist Codes 

Meaning 

Key in Normal Coarpe Align or Gyro Torque Coarse 
Align 

Terrni..nate: Proceed to "GOTOPOOH" 
Proceed: Do Normal Coarse Align; "REGCOARS" 
Enter or Resequence: Do Gyro Torque Coarpe 

Align 

Key in Fi..ne Alignment Option 
Terminate: Proceed to "GOTOPOOH" 
Proceed: Align LM based on keyed in option 

( 11 ATTCHK 11 ) 

Enter or RePequence: Determine LM's position from 
gravity vector if option 2 alignment 

Key in Fi..ne Alignment Option 
Terminate: Proceed to "GOTOPOOH" 
Proceed: Check alignment by recycling through 

Routine 51 
Enter or Resequence: Exit Routine 51 

Key in Fine Alignment Option 
Terminate: Proceed to "GOTOPOOH" 
Proceed: Check alignment by performi..ng R0utine 

51 and continui..ng 
Enter or RePequence: Continue wi.thout check 

Perform Celestial Body AcquiPiti0n; Key in Proceed 
Option 

Terrn i.nate: Proceed to "GOTOPOOH" 
Proceed: Continue to marking process 
Enter or RePequence: Perform CoarPe Align to 

zero IMU; Then redisplay code 15 

Perform Celestial Body Acquisi..ti..on; Key in Proceed 
Option 

Term i.. nate: Proceed to "GOTOPOOH" 
Proceed: Continue with"R51" 
Enter or Resequence: Proceed to "R51E" 

(maneuver LM and mark) 

Swi..tch AGC Power down; Enter Ptandby mode 
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Checklist 
Code Routi.ne 

201 

P20LEMB7 

203 P40AtIT0 

205 R23LEM 

500 ASTNRET 

Meaning 

Switch RR to automatic tracking mode 
Terminate: Exit Routine 04 
Proceed: Continue with Routine 04 (after 

checking that RR is switched to auto mode) 
Enter or Resequence: Repeat checklist reque~t 

Switch RR to automatic tracking mode 
Terminate: Exit Program 20 or 22 
Proceed: Continue Program 20 or 22 
Enter or Resequence: Perform "R2JLEM" 

(manual acquisiti.on monitor) i.f not on lunar 
surface; then continue Program 20 

Switch Control to PGNCS; switch DAP to AtIT0; 
switch Throttle Control to Auto (if descent) 

Terminate: Proceed to 11 G0T0P00H 11 

Proceed: Continue present program i.f switches are 
properly set 

Enter or Resequence: Continue present program 
regardlesB of ~witch setting 

Perform Manual Acquis iti.on of CSM with RR 
Termi.nate: Exit Program 20 
Proceed: Continue i. n Routine 23 
Enter or Resequence: Perform Automati.c Maneuver; 

then continue i.n Routi.ne 23 

Switch LR antenna to positi. on 1 
Terminate: Proceed to 11 GOT0P00H 11 

Proceed: Ini. ti.al i.ze Landing Radar Control 
( 11 SETPOS1 11 ), if LR is in position 1 and 
continue 

Enter or Reseguence: Initialize Landing Radar 
Control ( 11 SETP0S1 11 ) and continue regardle~s 
of Landing Radar Position 
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Option Codes 

This is a list of the option codes displayed in R1 in conjunction 
with a V04N06 (OPTION1) or V04N12 (OPTIONX0) to request the astronaut to 
load into R2 the option he desires for program LUMINARY (OPTION2 or 
OPTIONX1 respectively). In the case of option code 10 in R1, an OPTION3 
is also defined as a flagword indicator which is set by the program and 
loaded into R3. V05 is used in this case. 

Option 
Code 
R1 Purpose 

00001 Specify IMU 
Orientation 

Input of R2 

1- Preferred Attitude 
2- Nominal Attitude 
3- Attitude specified by 

present REFSMMAT 
4- Landing Site Attitude 

00002 Specify Vehicle 1- This Vehicle (LM) 
2- Other Vehicle (CSM) 

00003 Specify 1- Point Z-axis (preferred) 
Tracking 2- Point X-axis 
Attitude 

00004 Specify Radar 1- RR (Rendezvous Radar) 
2- LR (Landing Radar) 

00006 Spe~ify RR 1- Lock-on 
Coarse Align 2- Continuous Designate 
Option 
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Option 
Code 

Routine Types 

P52B R1-0PTION1 
P570PT R2-0PTION2 

PROG21 R1-0PTION1 
R2-0PTION2 

V82CALL R1-0PTIONX0 R2-0PTIONX1 

V89CALL R1-0PTIONX0 R2-0PTIONX1 

R04Z R1-0PTIONX0 R2-0PTIONX1 

VBCOARK R1-0PTIONX0 R2-0PTIONX1 



Option 
Code 
R1 Purpose 

00010 Specify 
Alignment 
Option 

Input of R2 

0- Time critical - Stored 
LM Attitude or Present 
REFSMMAT 

1- REFSMMAT + Lunar Gravity 
Vector 

2- Two Bodies 
3- One Body+ Lunar Gravity 

Vector 

RJ-OPTIONJ Definition 
Bit 7 = 1: REFSMMAT is defined 

= 0: REFSMMAT is not defined 

Opt ion 
Code 

Routine Types 

DSPOPTN R1-0PTION1 
R2-0PTION2 
RJ-OPTIONJ 

Bit 4 = 1: Stored LM attitude available 
= 0: Stored LM attitude not available 

All other bits are zero 

00012 Specify CSM 
Orbit Option 

1- No Orbit Change 
2- Change Orbit to pass 

over the LM 
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ORBCHGO R1-0PTION1 
R2-0PTION2 



Priority 

35 

33 

32 

31 

30 

27 

26 

25 

23 

22 

NBDONLY 

MAKEPLAY 

HIGATJOB 
JAMI'ERM 

TTFINCR 
GOTOPOOH 
TSTLTSJ 
MONDO 
CHARIN 
UPJOB 
PROCKEY 
DSPMMJOB 

1/ACCSET 
1/ACCJOB 
N49DSP 
CI..DKJOB 

DODES 

P20LEMB 
P20LEMC3 
R22LEM42 

R61C+L01 

NE'WDELHI 
R21LEM10 
RELINUS 

ENDEXT 
DORSAMP 
DATGDCHK 
COMFAIL 
GOABORI' 
RODCOMP 

REDO 
NORMLIZE 
GETRVN 
RODCOMP 

Job Priorit ies 

Routine Where Priority Established ( or changed) 

SVCTJ 

MAKEPLAY 

VALTCHK 
NVDSP 

TTFINCR 
SERVIDLE 
TSTLTS2 
MONREQ 
KEYRUPT1 
UPSTORE 
PROCEEDE 

(change) 

(change) 

UPRUPT 

TSTLTS3 REDO UPUPDATE UPOUT4 V37XEQ GOPROG3 
ENDTEST1 STARTP66 STARTP64 

DAPIDLER 
VOPENED RCSMONIT SETMINDB SETMAXDB PFLITEDB 
R22LEM96 
CLOKTASK 

MOREDES 

P20LEMB (change) 
P20LEMD1 
P20IBMC1 

R61C+L06 

UPDTCALL 
R21LEM9 
RELINUS (change) 

TICKTEST 
RADSAMP 
CALLDGCH 
DVMON 
ABRI'JASK 
RODCOMP (change) 

SYSTEST 
PREREAD 
GETRVN (change) 
RODTASK 
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Priority Job Routine Where Priority Established (or changed) 

21 

1/GYRO 1/PIPA 
LASTBIAS PREREAD 
P66HZ P66HZ (change) 

20 ALFLT ALLOOP 
PIPJOBB PIPATASK 
RRDESK2 VBCOARK 
S40.13 P40SJUNK 
P47BODY STARTP47 
SERVICER READACCS 
TTFINCR TTFINCR (change) 
POSTAND P06 

17 CUTOFF GOCUTOFF ENGOFF1 
P41BLANK TIG-35 
TIG-JOA TIG-JO. 1 
UPTHROT UPTHROT (change) 

16 TIGNOW TIGTASK 

1 5 PLAYJUM1 NORMRET 
CHANGEVB REMARK 
GETDAT AO'IMARK 

14 P25LEM1 RELINUS P25LEM1 VJ7RET 

13 ADDGRAV GRABGRAV 
ASTNRET CLOKJOB 
P76 V37XEQ 
P75 VJ7XEQ 
P74 VJ7XEQ 
P73 VJ7XEQ 
P72 VJ7XEQ 
P35 V37XEQ 
P34 VJ7XEQ 
P33 V37XEQ 
PJ2 VJ7XEQ 
PJO VJ7XEQ 
LANDJUNK V37XEQ 
P6JLM VJ7XEQ 
P57 VJ7XEQ 
PROG52 VJ7XEQ 
P51 VJ7XEQ 
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Priority Job Routine Where Priority Established (or changed) 

13 (cont.) 
P47LM V37XEQ 
P42LM V37XEQ 
P41LM V37XEQ 
P40LM V37XEQ 
PROG25 V37XEQ 
PROG22 V37XEQ 
PROG21 V37XEQ 
PROG20 V37XEQ 
P12LM V37XEQ 
P06 V37XEQ 

12 POSTBURN GOPOST ENGINOFF 

10 TRIMDONE PITCHOFF 
R62DISP CREWMANU 
ATTACHIT ATTACHED 
V89CALL V89PERF 
RELINUS CHKLINUS 
S40.9 UPDATEVG 

7 DAPDATA1 DAPDISP (change) 
ALINTIME ALINTIME (change) 
V82CALL V82PERF (change) 
R36 V90PERF 
V82GOFF1 V82GOFLP 
V82GON1 V82GON 
SHOWSUM2 SHOWSUM2 (change) . 

5 RRLOSDSP DSPRRIDS 
V67CALL V67 
DISPN5X R31CALL 
SBANDEX SBANDEX (change) 
STATINT1 STATEINT POOH 
DYNMDISP P41LM 

4 DSPRRLOS DSPRRLOS (change) 
AGSINIT V47TXACT 
SBANDANT VB64 

SBANDEX SBANDEX (change) 

3 V83CALL R31CALL 
GETRVN GETRVN (change) 

0 DUMMYJB2 (not established - proceeded to by EJSCAN) 

same as MAKEPLAY GODSPRSl 
user ENDRET ENDRET (change) 

NV50DSP NV50DSP (change) 
(caller) GOODMANU 
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Index of Routines 

This index includes, in addition to the list of all routines 

described and their locations in this document, a list of each 

place the routine is "referenced." This includes any reference 

to a routine by name, for example, by means of "Perform", "Proceed 

to", ~Estatlish", checking of routine address, etc. It does not 

incl».ne, as a reference, routines that flow into (are followed 

directly by) another routine. 

+ON DSKY-10 2INTOlIT DSPSIGN 

+xoRULGE DAPA-19 RCS 

-ON DSKY-10 DSPSIGN 

*ENTER · BURN-10 V99RECYC 

*PROCEED.: BURN-5 V99RECYC 

1/ACCJOB DAPB-1 PFLITEDB RCSMONIT SETMAXDB SETMINDB VOPENED 

1/ACCONT DAPB-4 1/ACCS 

1/ACCRET DAPB-11 DOCKTEST 

1/ACCS DAPB-1 1/ACCJOB SERVOlIT 

1/ACCSET DAPB-1 DAPIDLER 

1/GYRO IMUC-1 1/PIPA NBD2 

1/PIPA IMUC-2 ADDGRAV ALFLT SERVICER 

l;\ILOOP COlfC-11 1/WLOOP 

llDSPIN DSKY-13 -ON DSP2DEC SGNCOM +QN 

1406ALM DESC-17 TTF/8CL 

1406POO DESC-17 TTF/8CL 

1STAR ALIN-30 ASTAR P570PT.3 

1ST02S MATX-8 
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1 T02SUB MATX-8 1ST02S 2V1ST02S V1ST02S 

2BLANK DSKY-13 5BLANK DSPMMJOB MMCHANG NOUN REQMM 

2INTOUT DATA-14 DECDSP3 

2STARS ALIN-30 P570PT2 

2V1ST02S MATX-8 

360-CDUO DATA-14 DECDSP3 

5BLANK DSKY-12 2INTOUT BLANKSUB CLEAR REQDATZ 

60TIMES RNAV-15 60TIMES 

79DISP ALI N-32 I NCAZ 

8192AUG IMUC-12 8192AUG STRTGYR2 

A- PCHK ORBI-16 CKMI D2 TESTLOOP 

ABCLOAD DATA- 19 VERBFAN 

ABLOAD DATA-1 9 VERBFAN 

ABORT PGSR- 13 

ABORTID..111 ASCT-7 P70 P71 

ABRTIGN BURN-5 IGNITION 

ABRTJASK ASCT-3 P71A 

ACCOMP ORBI-8 NBRANCH NEXTCOL 

ACCTHERE DAPB-7 BOTHA.XE'S 

ACD'I4Cl2 DAPA-31 DONEYET2 PAXFILT 

ADDGRAV ALIN-35 GRABGRAV 

ADRS+1 TEST-8 ADRSCHK 

ADRSCHK TEST-7 COMADRS 
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ADTIME TRGL-8 ELCALC 

ADVAN MATX-;10 CHECKNJ 

ADVANCE TRGX-7 PJ2/P72B PJJ/P73B 

AFCCALC1 DESC-7 

AFTERTJ DAPA-24 BACKHAND MINRTN TJLAW4 

AGSDISPK EXVB-12 AGSDISPK 

AGSINIT EXVB-12 V47TXACT 

AGSVCALC EXVB-12 AGSDISPK 

ALARM PGSR-11 INTLOOP PJJ/P73B CALCGA WMATEND MIDTOAV1 
CKMID2 UPTMFAST DNTMFAST PRIOLARM RRDESK2 
LRP2CO~ Rl2 VJ? GOPROGJ RADAREAD LRS24. 1 
RRCDUCHK RRDESNB RRZERO P20LEM2 
YMKRUPT MARKCHEX R51 DSPOPTN R59ALM SETISSW 
IMUZERO COARS2 IMUCHK MARKRUPT KALCMANJ AGSINIT 
PIPFREE IMUMON TNONTEST CJJTEST R02BOTH 
VGAIN* 1406ALM P40ALM DCMCL NOATTCNT 
EXGSUB STEER? TRYUORV SELECTP +XORULGE P66 
FAILOOP P66HZ SOMEERRR SOMERR2 SUR.FAGAN DORSAMP 

ALARM1 PGSR-14 ARCSUB 

ALARM2 PGSR-11 BAILOUT BAILOUT1 CURTAINS POODOO POOD001 
VARALARM ALARM1 PRERRORS 

ALFLT TEST-16 ALLOOP 

ALGORTHM DAPA-28 NEGUSUM 

ALINTIME EXVB-6 GOEXTVB 

ALLCOAST DAPA-32 SEUDOPOO COASTSET GOPOST GOCUTOFF 

ALLOOP TEST-15 ESTIMS ALLOOP 

ALM/END EXVB-2 GOEXTVB VBZERO IMUFINEK IMUATTCK 
CREWH.ANU R77 V89PERF GOSHOSUM VBCOARK 
S-YSTEST -RDRUSECK ATTACHED VBTSTLTS TESTXACT 
LRP0S2K V90PERF 
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ALMCYCLE DATA-17 TESTNN ABLOAD ABCLOAD PUTCOM PUTNORM 
PUTDCSF2 BINROUND DPINSF+2 DEGINSF HMSIN 
MMCHANG 

ALMXIT TRGX-15 CIRCL SCNDSOL 

ALOAD DATA-18 VERBFAN 

ALOADED ORBI-4 INTEGRV 

ALTDSPLY DAPA-3 CHEIG3ITS 

ALTOUT1 SERV.1.6 LANDISP 

ALTROUT1 SERV.1.5 LANDISP 

AOTMARK ALIN-3 P51C R51E R590UT 

AOTSTALL ALIN-3 P51C R51E R590UT 

APSIDES CONC-2 PERIAPO 

ARCCOS MATX-3 

ARCSIN MATX-3 

ARCSUB MATX-3 ARCCOS ARCSIN 

ARCTAN COOR-5 LAT-LONG RANGEBQ BALLANGS 

ARCTRGSP BURN-24 NB2CDUSP 

ARCTRIG COOR-6 CALCGA CALCGTA RRANGLES RRLOSDSP 
AROUTlSF DATA-27 DECDSPJ 
ARTOUTSF DATA-10 DECDSPJ LRPOSOUT 

ASCENT ASCT-7 ATMAG P12LM 

ASCTERM ASCT-11 CMPONENT 

ASCTERM1 ASCT-11 ATMAG 

ASTAR ALIN-33 R59RET 

ASTNRET DESC-3 CLOKJOB 

ASTOK RNAV-37 R22LEM96 

ATMAG ASCT-7 UPTHROT ABRTIGN 
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ATTACHED EXVB-8 GOEXTVB 

ATTACHIT EXVB-28 ATTACHED 

ATTCHK ALIN-26 GVDETER P57POST SURFDISP 

ATTCK2 IMUC-19 IMUATTCK 

ATTSTEER DAPA-23 CHEKSTIK RHCACTIV TSNEXTS 

AVEIT ALIN-10 JUSTOA 

AVERAGEG SERV-3 

AVESTAR ALIN-10 AVEIT 

AVETOMID ORBI-18 AVGEND 

AVGEND SERV-5 READACCS 

AXISGEN ALIN-14 INITBY R51E P51C 

AZEL ALIN-21 R52 

BACKHAND DAPA-23 TOPSEUDO 

BACKP DAPA-7 

BADRAD RADR-21 DGCHECK 

BAILOUT PGSR-12 PAXIS MAKEPLAY MAKEPRIO NV50DSP FLASHSUB 

BAILOUT1 PGSR-12 FINDVAC2 NOVACJ GOM.ANUR RADSTALL DLY2 
IMUSTALL AOTMARK AOTSTALL DELLOOP WTLST5 

BALLANGS ATTM-2 R60LEM R61C+L02 REDOMANC V89RECL 

BANKCALL MATI-25 

BANKJUMP MATI-25 

BEGDES RADR-9 DORREPOS RR1AX2 STARTDES 60TIMES 

BIGIQ DAPB-22 COMMEQS 
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BINROUND 
BITSOFFl 
BITSOFF2 

BLANKDSP 

BLANKET 

BLANKSUB 

BLOAD 

BOTHAXES 

BOTHPAD 

BOTHSGN 

BRNCHCTR 

BURNBABY 

BYLMATT 

Cl3STALL 

C33TEST 

CA+ECE 

CAGESUB 

CAGESUB1 

CAGESUB2 

CAL53A 

CALCGA 

CALCGRAV 

CALCGTA 

CALCN83 

DATA-24 PUTDCSF2 
DATA-21 CHANBITS 
DATA-21 CHANBITS 

DATA-2 NVSUB 

DINT-6 CHKLINUS R04Z OOPRRLOS R21DISP 
VBCOARK SBANDEX 

DAPDATA1 DAPDATA2 TRIMDONE 

DSKY-11 PASTEVB NV50DSP 

DATA-18 VERBFAN 

DAPB-5 STMIN-

EXVB-18 V82GOFF1 

DSKY-5 NEGSGN POSGN 

CONC-5 KEPLOOP 

BURN-3 P12RET P40IN P41LM ASTNRET 

ALIN-26 DSPOPTN 

RADR-25 WOZERO T6JOBCHK JTLST ZEROENBL STARTP64 
ERROR DODOWNTM REDESMON Cl3STALL TSTLTS3 
VBTSTLTS 

IMUC-7 TNONTEST 

IMUC-9 GLOCKMON 

IMUC-8 TNONTEST 

IMUC-8 IMUMON 

IMUC-8 TNONTEST 

ALIN-18 REGCOARS 

COOR-6 REDO S52.2 INITBY GVDETER 

SERV-6 NORMLIZE CALCRVG 

COOR-7 GYCOARS R55 INITBY 

BURN-13 STARTP47 
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CALCN85 

CALCPERR 

CALCRGVG 

CALCRVG 

CALCSMSC 

CALCTFF 

CALCTPER 

CALLDGCH 

CANV37 

CCSHOLE 

CDHMVR 

CDULOGIC 

BURN-12 ULLGNOT POSTBURN 

DAPA-16 MOREIDLE PURGENCY 

DESC-6 EIGSUB TTFINCR 

SERV-5 AVERAGEG 

COOR-1 INITBY P570PTO P570PT1 R56 REFMF S52.2 

EXVB-22 SRJ0. 1 

EXVB-22 SRJ0.1 

RNAV-30 R24END R24LEM3 LRS24.l 

PGSR- 5 V37 V37RET 

PGSR-15 EJSCAN SPECTEST T6JOBCHK PIPJOBB 

COOR-1 RANGEBQ READRDOT AVESTAR INITBY JUSTOA BALLAINGS 
SETPOS 

TRGX-9 P33/P73B CIRCL 

MATX-7 

CDUTODCM ATTM-9 KALCMANJ VECPOINT 

CDUTRIG COOR-1 COMPDISP DODES R61C+L02 RRDESSM SBANDANT INITBY 
ADDGRAV P570PTO P570PT1 R56 R59 S52.2 S41.1 REFMF _ 
P57POST P570PTJ 

CGCALC DESC-8 AFCCALC1 

CHANBITS DATA-20 ABCLOAD 

CHANG1 MATX-13 DORROUT ADRSCHK V82GON 

CHANG2 

CHANGEVB 

CHANJOB4 

CHARALRM 

CHARIN 

CHECKG 

MATI-14 

ALIN-9 REMARK 

MATI-14 ADV AN CHANG1 EJSCAN 

DSKY-2 CHARIN PRDCKEY 

DSKY-1 KEYRUPT1 UPRUPT 

TEST-14 PIP!CHK PIPJOBB CHECKG 
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CHECKNJ TEST-3 SELFCHK ERASLOOP ADRSCHK 

CHEKBITS DAPA-3 DAPIDLER PAXIS 

CHEKSTIK DAPA-21 TSNEXTS 

CHKLINUS ATTM-12 TOBALLA REDOMANC 

CHKSDATA ALIN-13 P51C R51E SURFLINE 

CHKVISFZ DAPA-11 SUPERJOB 

CIRCL TRGX-12 CSI/B2 

CKMID2 ORBI-21 ENDSTATE 

CLEAR DSKY-6 CHARIN 

CLEANDSP DINT-3 P41BLANK V99RECYC P2OLEMA 

CLOAD DATA-18 VERBFAN 

CLOCPLAY DINT-18 CLOKJOB V99RECYC 

CLOKJOB BURN-9 CLOKTASK 

CLOKTASK BURN-9 CLOKTASK COMPTGO STCLOK3 

CLOSEOUT DAPA-3O BACKHAND TJLAW4 FEEDBACK XTRANS FAILOOP DOROTAT 

CLUPDATE TRGX-7 VN1645 

CMPONENT ASCT-9 MAINENG 

CNTRLOOP TEST-5 CNTRLOOP 

COARS IMUC-15 IMUCOARS 

COARS2 IMUC-15 COARS2 

COARSE ALIN-2 CAL53A INITBY LUNG P51 COARSE 

COASTSET BURN-8 ENGINOF2 

COMADRS TEST-7 ADRs+1 NXTBNK 

COMFAIL BURN-11 DVMON 

COMFAIL2 BURN-12 CLOKJOB 
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COMFAIL3 BURN-12 CLOKJOB 

COMFAIL4 BURN-12 CLOKJOB 

COMMEQS DAPB-22 1/ACCS 

COMMINIT ASCT-6 GOABORT 

COMMNOUT CONC-2 TIMER.AD 

COMPDISP EXVB-25 GETRVN 

COMPTGO BURN-9 VN1645 

CONST ASCT-9 MAINENG 

CONTMANU ATTM-7 NEWANGL 

CONTSERV SERV-1 1 Rl2 VALTCHK 

COPYCYC SERV-4 NORMLIZE AVERAGEG 

COPYCYC1 SERV-11 MUNRETRN 

CORFOUND MATX-12 NOVACJ 

COSINE MATX-1 

CREWMANU EXVB-6 GOEXTVB 

CSI/A TRGX-10 P32/P72B 

CSI/B TRGX-1O SCNDSOL 

csI/B1 TRGX-1O CIRCL FRSTPAS 

CSI/B2 TRGX-10 FIFTYFPS 

CSI/SOL TRGX-15 CIRCL 

CSMCONIC ORBI-3 V89RECL LRS24.1 CSMINT 

CSMINT RNAV-8 LPS2O.1 

I CSMPREC ORBI-2 P41SPOT AGSVCALC V82GOFF1 DOCMBASE R36 
P76 PRECSET 

CSMVEC EXVB-1O GOEXTVB 
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CTRCHECK 

CURTAINS 

CUTOFF 

DAPATTER 

DAPDATA1 

DAPDATA2 

DAPDISP 

DAPIDLER 

DAPT4S 

DATGDCHK 

DCMCL 

DCMTOCDU 

DECDSP 

DECDSP.3 
DECCEND 
DECEND 
DECENDl 
DEGINSF 

DEGOUTSF 

DELAYJOB 

DELCOMP 

DELLOOP 

DELTIME 

DERCLOOP 

DESCBITS 

DESRETRN 

DAPB-18 POSTHRST 

PGSR-12 P51C COARSE GYCOARS R51E INITBY R590UT R55 

ASCT-12 ENGOFF1 GOCUTOFF 

EXVB-7 GOEXTVB 

DAPB-19 DAPDATA1 DAPDISP 

DAPB-20 DAPDATA2 

EXVB-6 GOEXTVB 

DAPA-.3 STARTSBl MOREIDLE P66HZ 

DAPA-.32 PROCEEDE 

HNAV-30 CALLDGCH 

BURN-21 FINDCDUW 

ATTM-9 FINDGIMB NEWANGL 

DATA- 9 VERBFAN 

DATA-10 
DSKY-8 NUM 
DSKY-8 DECCEND 
DSKY-8 ENTER 
DATA-24 PUTDCSF2 

DATA-11 DECDSP.3 .360-CDUO 

MATX-18 

ATTM-9 VECPOINT WCALC 

MATX-18 DELLOOP 

CONC-12 COMMNOUT KEPLOOP L.AMBLOOP 

DESC-17 DERCLOOP 

DESC-17 MARKRUPI' 

RADR-7 LUNDESCH RRDESSM 
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DETENTCK DAPA-13 TSNEXTP 

DGCHECK R.ADR-21 LRHEIGHT RADAREAD RENDRAD 

DIFEQ+2 ORBI-12 NBRANCH 

DISPCHNG BURN-5 TIG-5 P40SJUNK 

DISPEXIT DESC-9 P66 STEER? 1406ALM RODCOMP LUNLAND 

DISPLAYE TRGL-J P74 INTLOOP 

DISPN5X EXVB-24 RJlCALL 

DISPRSET SERV-16 LANDISP SPEEDRUN 

DLY2 MATX-20 DELLOOP WAITLIST VARDELAY 

DNDUMP TELE- 5 DNDUMP1 

DNDUMP1 TELE-5 DNDUMPIJ 

DNDUMP2 TELE-5 DNDUMP1 DNDUMP 

DNDUMPI TELE-5 DNDUMP DNEDUMP 

DNDUMPIJ TELE-5 DNDUMPI 

DNEDUMP EXVB-9 GOEXTVB 

DNPHASE1 TELE-2 STARTSUB DNDUMP DNPHASE2 

DNPHASE2 TELE-2 DNPHASE1 

DNTMFAST TELE-1 CJJTEST 

DOCKED DAPB-2 1 /Aces 

DOCKTEST DAPB-4 SPSCONT 

DOCMBASE EXVB-24 V8JCALL 

DODES RADR-10 MOREDES 

DODNCHAN TELE-.2 NEXTINSL DNPHASE2 

DODNPTR TELE-J NEXTINSL DNPHASE2 
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DODOWNTM TELE-2 Called via prog~am interrupt #8 

DOFSTART PGS.R-1 LIGHTSET 

DOFST.RT1 PGS.R-1 GOP ROG 3 GOPROG 

DOIT DESC-15 THROTTLE 

DONEYET2 DAPA-32 TIMQGMBL 

DO.ROTAT DAPA-24 AFTERTJ 

DO.R.REPOS RAD.R-3 RRGIMON 

DORROUT .RAD.R-12 DODES 

DO.RSAMP .RADR-16 RADSAMP 

DOT6RUPT DAPA-1 Called via program interrupt #1 

DOW •. ORBI-14 INTGRATE NBRANCH 

DPDAT1 DAPB-19 DAPDATAl 

DPINSF+2 DATA-24 PUTDCSF2 

DPOUT DATA-11 DECDSP3 

DSP2DEC DSKY-11 DSPDPDEC 

DSP68 EXVB-30 WAIT68 IRON 

DSPA DATA-7 DSPAB VERBFAN 

DSPAB DATA-8 VERBJ'AN DSPABC 

DSPABC DATA-8 VERBFAN 

DSPALARM DATA-5 NVSUB TESTNN MIXNOUN DSPA DSPB DSPC 
DSPAB DSPABC DECDSP3 DSPDPDEC BLOAD ABLOAD 
ABCLOAD PUTDCSF2 VERBFAN CLOAD 

DSPB DATA-7 VERBFAN 

DSPC DATA-7 VERBFAN 

DSPCOM2 DATA-8 DSPA DSPC DSPB 

DSPDC2NR DSKY-11 M/SOUT 
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DSPDCEND DATA-14 DECDSPJ ARTOUTSF DEGOUTSF M/SOUT 2INTOUT 
RRANGOUT RRDOTOUT AROUTlSF 

DSPDCPUT DATA-9 DSPDCEND 

DSPDCWD1 DSKY-9 DSPDCWD1 DSPDC2NR DSPDECVN DSP2DEC 

DSPDECVN DSKY-11 2INTOUT UPDATNN UPDATVB DSPMMJOB 

DSPDECwD DSKY-9 HMSOUT DSPDCEND 

DSPDPDEC DATA-15 VERBFAN 

DSPFMEM DATA-26 VERBFAN 

DSPIN DSKY-13 NUM WDAGAIN DSPDCWD1 5BLANK M/SOUT 

DSPIN1 DSKY-13 11DSPIN DSPIN 

DSPMMJOB DATA-17 STARTP66 UPOUT4 STARTP64 REDO 
TSTLTSJ ENDTEST1 UPUPDATE VJ7XF.Q GOPROG3 

DSPOCTwD DSKY-9 TESTNN DSPCOM2 DSPFMEM 

DSPOPTN ALIN-26 DSPOPTN 

DSPRRLOS RNAV-43 VERB85 

DSPSCAN INTR-4 T4RUPT QUIKDSP DSPSCAN 

DSPSIGN DSKY-10 DSPDECWD DSPDC2NR DSP2DEC 

DSPV6N79 ALIN-11 YMKRUPT CHANGEVB DSPV6N79 SURFAGAN 

DUMMYJB2 MATX-10 DOFSTRT1 ENDRSTRT EJSCAN 

DVMON SERV-3 AVERAGEG 

DXCOMP CONC-4 PERIODCH 

DYNMDISP BURN-12 P41LM DYNMDISP 
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EARTHMX COOR-2 LAT-LONG LALOTORV 

EARTHR* TEST-15 PIPACHK PIPJOBB SLEEPIE 

EJSCAN MATX-16 PRIOCHNG JOBSLEEP EJSCAN 

ELCALC TRGL-5 ADTIME 

ENDEXT DINT-17 R62DISP V89CALL V89RECL AVEIT R04END V67CALL 
RRLOSDSP VBCOARK IMUFINEK IMUATTCK ALINTIME 
V7JUPDAT AGSINIT AGSDISPK AGSVCALC UPOUT4 COMPDISP 
DAPDATA2 DAPDATA1 TRIMDONE SDISPLAY WAIT68 SBANDEX 
ENDTEST1 ENDR03 V82CALL TICKTEST V82GON2 RJ6 

ENDIMU IMUC-18 IMUZER.02 COARS2 IMUFINED 

ENDINT ORBI-2 STATINT1 

ENDMANU1 ATTM-2 TOBALLA R61 TEST 

ENDMANUV ATTM-2 REDOMANC 

ENDOFJOB MATX-16 DORROUT LRS24. 1 OMEGCALC DATGDCHK 
TESTNN DSPCOM2 HMSOUT DSPDPDEC MONITOR 
ALMCYCLE OKTOPLAY MAKEMARK OKTOCOPY XCHSLEEP 
NOUN ENTER R61C+L06 DSPDCEND 

ENDP76 ORBI-25 P76 

ENDPRCHG MATX-15 EJSCAN 

ENDRADAR RADR-18 STDESIG RRZ2 

ENDRET DINT-16 NORMWAKE MARKWAKE 

I 
ENDROJ DAPB- 21 DAPDATA2 

ENDRSTRT PGSR-11 GOPROGJ 

ENDSTATE ORBI-13 DIF~+2 
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ENDTEST1 TEST-14 REDO SHOW SOMEERRR 

ENDTFF EXVB-23 CALCTFF 

ENDTNON IMUC-1O TNONTEST ENDTNON 

ENEMA PGSR-1O WHIMPER ABRTJASK 

ENGINOF1 BURN-8 VJ? 

ENGINOF2 BURN-8 ENGOFF1 

ENGINOFJ BURN-8 BURNBABY 

ENGINOF4 BURN-8 COMFAIL2 

ENGINOFF BURN-7 ENGOFTSK 

ENGOFF1 ASCT-11 MAINENG 

ENGOFTSK BURN-7 P42IGN STEERING 

ENTER DSKY-6 CHARIN 

ENTERUV DAPA-22 RHCACTIV 

ENTPASO DATA-3 ENTER NVSUB ALMCYCLE 

ERASCHK TEST-3 SELFCHK 

ERASLOOP TEST-4 ERASLOOP 

ERROR DSKY-7 CHARIN 

ESTIMS TEST-11 PIPJOBB GOESTIMS REDO 

EXBRAK DESC-8 CGCALC 

EXDSPRET DINT-4 VBCOARK IMUFINEK IMUATTCK AGSVCALC 

EXGSUB DESC-2 CGCALC 

EXNORM DESC-8 CGCALC 
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EXTLOGIC 

FAILOOP 

FAZAB3 

FAZC 

FEEDBACK 

FETCH2wD 

FIFTYFPS 

FINDCDUW 

FINDGIMB 

FINDVAC 

FINDVAC2 

FIRSTTME 

FIXDELAY 

FLASHSUB 

FLATOUT 

FRSTPAS 

FXADRS 

GAMCOMP 

GEOM 

GET.LVC 

DESC-8 AFCCALCl 

DAPA-27 SELCTSUB FAILOOP 

RNAV-40 FAZC 

RNAV-39 INCORP2 

DAPA-26 DOROTAT 

TELE-3 ~NPHASE2 NEXTINSL 

TRGX-14 CIRCL 

BURN-20 ASCTERM STEER? VGAIN* P6EHZ 

ATTM-4 VECPOINT 

MATX-11 

MATX-11 SPVAC 

BURN- 18 RASTEER1 

MATX-24 

DINT-13 NVDSP NV50DSP 

DESC-15 P6JZOOM 

TRGX-14 CIRCL 

TEST-7 ADRS+1 NXTBNK 

ORBI-10 ACCOMP 

CONC-9 LAMBERT PARAM 

TRGX-15 S40.1 S40.1B 
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GET+_MGA TRGX-15 VN1645 

GETAZEL ALIN-21 R52 

GETCADR MATX-24 LONGCYCL 

GETCOMP DATA-21 BLOAD CLOAD ABLOAD ABCLOAD PUTNORM PUTCOM 

GETDAT ALIN-4 AOTMARK GETDAT PASTIT 

GETI DATA-22 PUTCOM DEGINSF 

GETINREL DSKY-4 5BLANK NUM POSGN CLEAR +ON -ON NEGSGN DECENDl 

GETLMATT ALIN-26 DSPOPTN 

GETMKS ALIN-6 MARKCHEX SURFAGAN OPTAXIS 

GETRANS BURN-14 UPDATEVG 

GETRVN EXVB-26 V83CALL REV83 

GETX CONC-1O TIMERAD TIMETHET LAMBLOOP 

GLOCKMON IMUC-8 PROCEEDE 

GOABORT ASCT-4 ABRTJASK 

GOBAQUE ORBI-12 GAMCOMP OBLATE ENDSTATE 

GOCUTOFF BURN-11 *ENTER 

GODSP DINT-1 ASCTERMl 

GODSPR DINT-1 REDOMANC GYCOARS P2OLEM2 

GODSPRET DINT-1 P51 P41LM 

GODSPRS1 DINT-5 GODSPR. GOFLASHR GOPERF1R GOPERF2R GOPERF4R 
REGODSPR REFLASHR GOXDSPR GOXDSPFR GOMARK2R 
PRIODSPR 

GOESTIMS TEST-11 REDO 

GOEXTVB EXVB-1 VERBFAN 
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GOFLASH 

GOFLASH2 

GOFLASHR 

GOLOADV 

GOMANUR 

GOMARK2 

GOMARK2R 

GOMARKJ 

GOMARKJR 

GOMARK4 

GOODMANU 

GOODRAD 

GOPERF1 

GOPERF1 R 

GOPERF2 

GOPERF2R 

GOPERF4 

GOPERF4R 

DI NT-1 

DINT-5 

DINT-1 

EXVB-6 

ATTM-1 

DINT-4 

DINT-4 

R62DISP V89CALL V89RECL PLANET CHKSDATA DISPLAYE 
P52B R59 GVDETER R59ALM 79DISP INITBY DSPOPTN VNO611 

R55 R52 P52D REDO SHOW ORBCHGO PROG21 REP4OALM 
P12LM CUTOFF LANDJUNK GOTOPOOH P76 N89DISP GETAZEL 
P74 I NTLOOP SJ4/J5.5 lt51 P21VSAVE P57OPT 

PJO P32/P72F P7J PJJ/P7JB 
P3J/P7JF VN1645 ALMXIT NTARGCHK VNO655 

GODSP GODSPRET GOFLASH GOPERF1 GOPERF2 
GOPERF4 REGODSP REFLASH CLEANDSP GOXDSP 
EXDSPRET GOXDSPF GOMARK2 GOMARKJ GOMARK4 
KLEENEX PRIODSP CLOCPLAY 

POSTBURN 

GOEXTVB 

REOOMANC 

P47BODY 

DINT-4 AGSVCALC 

DINT-4 TRIMDONE WAIT68 

DINT-5 PASTIT RO4X 

ATTM-8 NOGO 

RADR-22 ffiC HECK 

DINT-1 P51 P52D R51 R51K P57POST P2OLEMB7 R2JL.EM 
P4OAUTO ASTNRET PO6 

DINT-2 

DINT-2 

DINT-2 TOBALLA R21DSP 

DI NT-2 ORBCHGO PROG21 

DINT-2 P52B P57OPT 
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GOPOST 

GOPROG 

GOPROG2 

GOFROG2A 

GOPROGJ 

GOSHOSUM 

GOTOPOOH 

GOXDSP 

GOXDSPF 

GO.XDSPFR 

GOXDSPR 

GRABGRAV 

GREED 

GTS 

GTSQRT 

GUILDRET 

GVDETER 

GYCOARS 

GYROEXIT 

BURN-11 *ENTER. 

PGSR-9 Called via program interrupt #11 VERB69 

PGSR-10 TRMTRACK SEUDOPOO V37RET RESET22 

PGSR-10 

PGSR-10 GOPROG 

EXVB-10 GOEXTVB 

PGSR-11 TERMASC P12LM TERM40 STOPCLOK P40AUTO P21VSAVE 
P47BODY SERVIDLE ASTNRET P64DISPS LANDJUNK N89DISP 

DINT-3 

DINT-4 

DINT-4 

DINT-3 

ENDP76 P74 INTLOOP DISPLAYE S34/35.5 GETAZEL 
VERTDISP PJO P570PT KILLAOT 
P32/P721" P73 PJJ/P73B P33/P73F VN1645 VN0611 
N45PROC ALMXIT NTARGCHK GOPROGJ POSTAND 
ORBCHGO PROG21 GVDETER DSPOPTN INITBY REP40ALM 
P57POST 79DISP R59ALM R59 R55 R52 R51K R51 
REGCOARS P52D P52B CHKSDATA VN0655 
R61TEST R02BOTH P51 P51C IMUCHK 

SDISPLAY VBCOARK IMUFINEK IMUATTCK AGSDISPK 
OHWELL1 OHWELL2 UPVERIFY V82CALL V82GOFLP 
V82GON DISPN5X RJ6 ALINTIME R04X DSPV6N79 
GETDAT V67ClLL 

DAPDATA1 DAPDATA2 VBCOARK SBANDEX DSPRRLOS 
R04Z DSP68 

ALIN-35 GREED 

ALIN-35 ADDGRAV 

DAPA-28 QRAXIS TRYGTS 

DAPA-34 RSTOFGTS 

DESC-4 IGNALOOP 

ALIN-33 BYLMATT GVDETER 

ALIN-17 P52D 

IMUC-13 STRTGYR2 8192AUG 
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HAVEGUF.S 

HIENERGY 

HIGATJOB 

HMSIN 

ID1SOUT 

IDLERET3 

IFAILOK 

IGNALOOP 

IGNITION 

IMUATTCK 

IMUBAD 

IMUCHK 

IMUCOARS 

IMUFINE 

IMUFINED 

IMUFINEK 

IMUGOOD 

IMUMON 

IMUPULSE 

IMUSTALL 

TRGL-9 S40.9 

CONC-8 LAMBLOOP 

SERV-11 VALTCHK 

DATA-25 PUTDCSF2 

DATA-11 DECDSP3 

DINT-15 RECALTST 

IMUC-17 IMUFINE 

DESC-2 EXGSUB 

BURN-5 *PROCEED TIG-0 

EXVB-5 GOEXTVB 

IMUC-18 ENDTNON STRTGYRO 8192AUG COARS COARS2 IMUZER02 
ENDIMU IMUFINED 

ALIN-36 P51 P57 

IMUC-14 REDO PIPJOBB VBCOARK COARSE 

IMUC-17 REDO IMUFINEK COARSE . 

IMUC-17 STRTGYR2 IMUFINE 

EXVB-4 GOEXTVB 

IMUC-18 

IMUC-4 PROCEEDE 

IMUC-10 EARTHR* PERFERAS IMUFINEK 1/GYRO STRTGYR2 
GYCOARS R55 INITBY 

IMUC-17 REDO PIPJOBB PERFERAS VBCOARK IMUFINEK 
AGSVCALC VBZERO 1/ GYRO COARSE R55 
INITBY GYCOARS EARTHR* 
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IMUZERO IMUC-13 REDO AGSVCALC VBZERO 

IMUZER02 IMUC-14 IMUZERO 

INCAZ ALIN-31 INCAZ 

INCOR2-3 RNAV-37 NEWZCOMP 

INCORP1 RNAV-37 LGCUPDTE 

INCORP2 RNAV-38 ASTOK 

INFINITY CONC-12 WLOOP 1/WLOOP POLYCOEF 

INITBY ALIN-28 SURFLINE 

INITCDUW BURN-20 GOABORT P41SPOT 

INITREAD RADR-17 LRALT LRVELX LRVELY LRVELZ RR.RDOT RRRANGE 

INITV CONC-8 LAMBLOOP SUFFCHEK 

INITVEL TRGL-9 S40.1B S34/35.2 

INITVEL2 TRGL-10 INITVEL2 

INITVEL? TRGL-11 INITVEL2 

INJTARG ASCT-5 GOABORT 

INTEGRV ORBI-3 STATINT1 CSMPREC LEMPREC CSMCONIC LEMCONIC 
DIFEQ+2 AVETOMID MIDTOAV2 LSR22.3 LSR22.4 
ORBCHGO UPPSV PROG21 UPPSV4 

INTEGRVS ORBI-4 EXGSUB P76 INITV.EL2 INTINT P21CONT JTHINT REV83 

INTEXIT ORBI-5 TESTLOOP 

INTGRATE ORBI-8 TIMESTEP LUNSPH 

INTINT TRGX-9 ADTIME S34/35.2 S34/35.3 P32/P72B P33/P73B 
CIRCL 

INTLOOP TRGL-1 INTLOOP 

INTLZE SERV-13 LANDISP 

INTSTALL ORBI-21 EXGSUB STATINT1 CSMPREC LEMPREC CSMCONIC 
LEMCONIC AVETOMID MIDTOAV2 P76 INITVEL2 
INTINT UPJOB GETRVN OTHCONIC ATTACHIT CANV37 
INCORP2 LSR22.3 LSR22.4 UPPSV V67CALL ORBCHGO 
INTSTALL TRMl'RACK REV83 PROG21 
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INTWAKE ORBI-21 INTEXIT AVETOMID ATTACHIT FAZABJ 
V67CALL 

INTWAKE1 ORBI-22 INTWAKEU P76 ORBCHGO 

INTWAKEU ORBI-22 UPEND7O UPEND71 UPEND72 UPERROUT 

INVRSEQN CONC-11 GETX WLOOP 

ISSZERO IMUC-7 IMUMON TNONTEST 

ITERATOR CONC-12 LAMBLOOP 

ITURNON2 IMUC-1O IMUJY,1ON 

JAMTERH DINT-18 NVDSP 

JETSOFF DAPA-17 TSNEXTP DETENTCK PURGENCY P~~TSLEC SELECTP 

JOBSLEEP MATX-15 REDO TCGETCAD 

JOff..JAKE MATX-17 JAKER 

JOBWAKE4 MATX-17 JOBWAKE4 

JOBXCHS DINT-9 MAKEMARK MAKEPRIO 

JTLST DAPA-2 PJETSLEC DOROTAT 

JUSTOA ALIN-12 SURFSTAR 
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KALCMAN3 ATTM-4 GOMANUR 

KEPCONVG CONC-5 ' KEPLOOP BRNCHCTR 

KEPLERN CONC-3 KEPPREP 

KEPLOOP CONC-4 BRNCHCTR 

KEPPREP ORBI-15 RVCON GOBAQUE NBRANCH 

KEYRUPT1 DSKY-1 Called via program interrupt #5 

KILIAOT ALIN-36 GETDAT PASTIT DSPV6N79 

KLEENEX DINT-5 

LALOTORV COOR-4 N89DISP 

LAMBERT CONC-6 INITVEL2 

LAMBLOOP CONC-7 HIENERGY LAMBLOOP 

LAMENTER CONC-12 INITV 

LANDISP SERV-12 R1 O,R11 

LANDJUNK DESC- 18 

LASTBIAS IMUC-3 PREREAD 

LAT-LONG COOR-3 IANDJUNK N89DISP P21VSAVE 

LEMCONIC ORBI-3 S52,3 V89RECL LPS20,1 LRS24,1 SBANDANT 

LEMPREC ORBI-2 LOCSAM P57D AGSVCALC V82GOFF1 V8JCALL 
REV83 R36 . S30, 1 
PRECSET P12LM S40,1B P63LM 

LEMVEC EXVB-9 GOEXTVB 

LGCUPDTE RNAV-36 RANGEBQ 

LIGHTSET PGSR-10 GOPROG GOPROG2A 
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LITIT RADR-25 ONLITES 

LOADLV DINT-14 ALOAD BLOAD CLOAD ABLOAD ABCLOAD PUTNORM 
HMSIN GOLOADLV BITSOFF2 

LOCSAM ALIN-13 PLANET R51 

LODNNTAB DATA-4 TESTNN ALOAD BLOAD CLOAD ABLOAD ABCLOAD 
UPDATNN 

LOENERGY CONC-8 LAMBLOOP 

LOGSUB MATX-6 

LONGCALL MATX-23 

LONGCYCL MATX-23 LONGCALL LONGCYCL 

LPS20.1 RNAV-8 P20LEM2 R21 LEM1 R61C+ LO 2 READRDOT 60TIMES 

LRALT RADR-17 DORSAMP 

LRHEIGHT RADR-20 RADAREAD 

LR.OFF EXVB-7 GOEXTVB 

LRON EXVB-7 GOEITVB 

LRP2COMM EXVB-.30 LRPOS2Kl 

LRPOS2 RADR-23 LRP2CO.MM HIGATJOB 

LRPOS2K EIVB-7 GOEITVB 

LRPOS2Kl EXVB-7 LRP002K 

LRPOSCAN RADR-23 • LRPOS2 LRPOSCAN 

LRPOSOUT DATA-11 DECDSP3 

LRS22.1 RNAV-21 R22LEM 

LRS24.1 RNAV-28 DATGDCHK R24LEM 
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LRVELI 

LRVELY 

LRVELZ 

LSORIENT 

LSPOS 

LSR22.3 

LSR22.4 

LUNDESCH 

LUNG 

LUNLAND 

LUNSPH 

M/SOUT 

MAINENG 

MAKECADR 

MAKEMARK 

MAKEPLAY 

MAKEPRIO 

MANUSTOP 

RADR-17 DORSAMP 

RADR-17 DORSAMP 

RADR-17 DORSAMP 

ALIN-18 P52LS P57D 

COOR-7 LClCSAM SBANDANT TIMESTEP LUNSPH ACCOMP 

RNAV-23 R22LEM 

RNAV-24 LSR22.3 

RADR-24 RRANGLES 

ALIN-34 GVDETER 

DESC-4 P63IGN 

ORBI-7 TIMESTEP 

DATA-13 DECDSP3 

ASCT-8 

MATI-26 

DINT-7 

DINT-6 

DINT-8 

ATTM-8 

MAKEPLAY 

GOFLASH2 GODSPRS1 BLANKET 

MAKEPLAY 

NEWANGL 
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MARKCHEX ALIN-9 PASTIT SURFAGAN 

MARKPLAY DINT-8 MAKEMARK JOBICHS ICHSLEEP NV5ODSP MARKWAKE 
PINBRNCH 

MARKRET DINT-16 TERMATE 

MARKROPT ALIN-6 Called via program •interrupt #6 

MARKWAKE DINT-17 NORMRET 

MFREF COOR-8 SAMETYP P57OPTJ 

MIDTOAV1 ORBI-19 P41SPOT 

MIDTOAV2 ORBI-2O P47LM 

MINIMP EIVB-9 GOEITVB 

MINQR DAPA-21 TSNEITS 

MINRTN DAPA-21 MINQR 

MIXNOUN DATA-5 TESTNN 

.MKRELEAS ALIN-4 AVEIT 

MMCHANG DATA-26 ENTER VERBFAN 

MODE2CHK RADR-7 RRLIMNB 

MONDO DATA-16 MONREQ 

MONITOR DATA-15 VERBFAN 

MONREQ DATA-15 MONITOR MONREQ 

MOONMI COOR-J P12LM P6JLM LANDJUNK OBLATE USEPIOS 
LAT-LONG LALOTORV MFREF REFMF P52LS P57POST 

MOREDES RADR-1O STDESIG 

MOREIDLE DAPA-J CHEKBITS 

MOVEACSM ORBI-17 ENDSTATE A-PCHK INTWAKEU P76 ORBCHGO FAZABJ 

MOVEALEM ORBI-18 ENDSTATE A-PCHK AVETOMID INTWAKEU 
FAZABJ 
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MOVEPCSM 

MOVEPLEM 

MUNGRAV 

MUNRETRN 

N45PROC 

N49DSP 

N89DISP 

NB2CDUSP 

NBD2 

NBDONLY 

NBRANCH 

NBTOSM 

NEEDLER 

NEEDLES 

NEGPROD 

NEGSGN 

NEGUSUM 

NEWANGL 

NEWDELHI 

NEWSTATE 

NEWZCOMP 

NEXTCOL 

ORBI-16 INTEGRV F!ZC 

ORBI-17 INTEGRV FAZC ATTACHIT 

SERV-7 P12LM P41SPOT NORMLIZE RVBOTH 
IGNALOOP 

SERV-7 RVBOTH . 

TRGX-6 VN1645 

RNAV- 19 R22LEM96 

ALIN-16 P52LS P57POST 

BURN-23 DCMCL 

IMUC-2 LASTBIAS 

IMUC-1 SVCTJ 

ORBI-12 ACCOMP DOW •• 

COOR-1 COMPDISP DODES RANGEBQ AVESTAR JUSTOA 
P570PT1 P570PT3 INITBY GVDETER P57POST RODCOMP 

DAPA-4 ALTDSPLY 

DAPA-5 

BURN-18 RASTEER1 

DSKY-4 CHARIN 

DAPA-29 GTS ALGORTHM NEGUSUM 

ATTM-6 NEWDELHI 

ATTM-8 UPDTCALL 

CONC-12 COMMNOUT 

RNAV-38 INCORP1 

ORBI-14 DIFEQ+2 
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NEXTINSL 

NOATTCNT 

NOGO 

NOMINIMP 

NOREASON 

NORMBNCH 

NORMLIZE 

NORMRET 

NORMWAKE 

NORRGMON 

NOTMUCH 

NOUN 

NOVAC 

NOVAC2 

NOVACJ 

NTARGCHK 

NUM 

NV50DSP 

NVDSP 

NVSUB 

NVSUBEND 

NXTBNK 

TELE- 3 DNPHASE2 

BURN-23 FINDCDUW DCMCL 

ATTM-8 KALCMANJ NEWDELHI 

EIVB-9 GOEITVB 

SERV-9 TERSKIP 

DINT-18 PINBRNCH 

SERV-2 PREREAD 

DINT-16 TERMATE ENDEXT 

DINT-17 NORMRET 

RADR.;2 RRCDUCHK RRGIMON RRAUTCHK 

DAPB-6 BOTHAXES 

DSKY-2 CHARIN 

MATX-12 

MATX-12 FINDVAC2 

MATX-12 NOVAC3 

TRGL-4 NTARGCHK 

DSKY-2 CHARIN 

DINT-11 NV50DSP 

DINT-11 NV50DSP TERMATE NORMBNCH PLAYJUM1 
REDOPRIO 

DATA-1 NV50DSP ENDRET PINBRNCH TESTXACT 

DATA-2 NVSUB DSPALARM 

TEST-8 SDISPLAY 
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OANB ALIN-5 AZEL INCAZ OPTAXIS 

OBLATE ORBI-1O ACCOMP 

OCCULT ALIN-24 PIC3 

uHWELL1 EXVB-14 UPUPDATE OHWELL 1 

OHWELL2 EXVB-14 UPUPDATE OHWELL2 UPVERIFY 

OKTOCOPY DINT-9 JOBXCHS 

OKTOPLAY DINT-6 MAKEPLAY 

OMEGCALC RNAV-3O 

ONLITF.S RADR-25 RADLITES 

OPTAXIS ALIN-5 GETDAT 

ORBCHGO RNAV-1 

ORIGCHNG ORBI-7 TIME.sTEP LUNSPH 

OTHCONIC EXVB-25 REV83 

OTHINT EXVB-25 GETRVN 

OUTSNUFF EXVB-9 GOEXTVB 
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P06 PGSR-13 

P12IGN BURN-5 

P12INIT ASCT-6 

P12LM ASCT-1 

P12RET ASCT-2 
P20LEM1 RNAV-3 
P20LEM2 RNAV-3 
P20LEMA RNAV-Ja 
P20LEMB RNAV- 3a 

P20LEMB1 RNAV-4 

P20LEMB3 RNAV-4 

P20LEMB7 RNAV-4 

P20LEMC RNAV-5 

P20LEMC1 RNAV-5 

P20LEMC3 RNAV-5 
P20LEMC5 RNAV-4 
P20LEMD1 RNAV-5 

P20LEMF RNAV-5 

P20LEMWT RNAV-5 
P21CONT RNAV--7 
P21VSAVE RNAV-6 

P25LDU RlUV-8 

PJO TRGX-1 

P32 TRGX- 1 

PJ2/P72B 

P32/P72C 

PJ2/P72E 

PJ2/P72F 

TRGX-2 

TRGX-2 

TRGX-3 

TRGX-.3 

P06 

IGNITION 

P12LM GOABORT 

CMPONENT 
R24END 
P20LEMC5 CSMIN.r 

R21LEM1 R22LEM 
P20LEMB1 P20LEMB7 P20LEMA . 

R2JLEM 

P20LEMB7 P20LEMB3 

R22LEM 

R22LEM R22RSTRT UPPSV4 

RELINUS V37RET P20LEMWT R22WAIT P20LEMC 1 

P20LEMD1 R21LEM1 R21LEM 
P20LEM2 
P20LEMC P20LEMD1 

P20LE!v£ 

P20LEMB3 R21DISP R22WAIT P20LEMB R61C+L0a. R21LEM1 

PROG21 

P21CONT 

V37R!:T P251!241 RELnIDS 

P32/P72F 

CSI/SOL 

P.32/P72E PJ2/P72C 

P.32/P72F 
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P33 TRGX-4 

P33/P73B TRGX-4 P33/P73F 

P33/P73E TRGX-5 P33/P73E 

P33/P73F TRGX-5 P33/P73F 

P34 TRGL-1 

P34/P74C TRGL-1 INTLOOP 

P35 TRGL-4 

P35/P75B TRGL-4 P35/P75B 

P40ALM BURN-2 P40IM P42LM 

P40AUTO BURN-13 UPTHROT BURNBABY P40AUTO 

P40IGN BURN-6 IGNITION 

P40IN BURN-1 P40IM 

P40IM BURN-1 

P40SJUNK BURN-4 TIG-5 

P40SPOT BURN-3 BURNBABY 

P40ZOOM BURN-7 

P41BLANK BURN-4 TIG-35 

P41LM BURN-2 

P41SPOT BURN-3 BURNBABY 

P42IGN BURN-6 P63IGN ABRTIGN IGNITION 

P42LM BURN-1 

P42STAGE BURN-1 REP40ALM 
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P47BODY 

P47IM 

P51 

P51B 

P51C 

P52B 

P52D 

P52LS 

P57 

P57D 

f570PT 

P570Pl'O 

P570PI'l 

P570PI'2 

P570PI'3 

P57POST 

P63DISPS 

P63IGN 

P63LM 

P63ZOOM 

P64DISPS 

P66 
P66HZ 
P66VERT 

BURN-1.3 STARTP47 P47BODY 

BURN-1.3 

ALIN-1 P51 P51C 

ALIN-1 P51 

ALIN-1 P51C 

ALIN-15 

ALIN-16 P52B P52D P52LS 

ALIN-15 

ALIN-25 

ALIN...26 P570PT 

ALIN-25 P570PT 

ALilf-27 ATTCHK 

ALIN-27 ATTCHK 

ALIN-28 ATTCHK 

ALIN-28 ATTCHK 

ALIN-36 SURFLINE INITBY SURFDISP 

DESC-9 DISPEXIT 

BURN-6 IGNITION 

DESC-1 

BURN-7 ZOOM 

DESC-9 DISPEXIT P64DISPS 

DESC-11 LUN LAND 
DESC-lla P66 
DESC-12 P66HZ 
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P7O ASCT-3 V.37 

P7OA ASCT-3 RlO,Rll 

P71 ASCT-3 V,37 

P71A ASCT-3 P?OA RlO,R11 

P72 TRGX-1 ALMXIT 

P73 TRGX-4 P3.3/ P73B 

P74 TRGL-1 I NTLOOP 

P75 TRGL-4 

P76 ORBI-23 

PACKOPTN ALIN-26 P57OPT 

PARAM CONC-9 TIMERAD APSIDES TIMETHET 

PASTEVB DATA-16 MONDO DSPALARM 

PASTIT ALIN-6 CHANGEVB 

PAXFILT DAPA-1O PAXIS 

PAXIS DAPA-6 STARTDAP SPSCONT 

PERFERAS TEST-17 ALFLT 

PEGI DAPA-15 RATERROR 

PERIAPO CONC-13 UTLOOP CSI/B2 

PERIAPOl CONC-13 S,3O.1 CIRCL 

PERIODCH CONC-3 PERIODCH 

PFAILOK IMUC-1O UNZ2 

PFLITEDB DAPB-18 P12RET P4OIN ASTNRET 
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PICl 

PIC3 

PICEND 

PINBRNCH 

PIPACHK 

PIPASR 

PIPATASK 

PIPFREE 

PIPJOBB 

PIPUSE 

PITCHOFF 

PITFALL 

PJETSLEC 

PLANET 

PLAYJUMl 

POLYCOEF 

POODOO 

POOD001 

POOH 

POSGN 

POSTAND 

ALIN-22 

ALIN-22 

ALIN-24 

DINT-17 

TEST-12 

SERV-1 

TEST-12 

IMUC-3 

TEST-13 

IMUC-3 

DAPB-21 

DESC -16 

DAPA-16 

ALIN-12 

DINT-? 

COOC-11 

PGSR-12 

PGSR-12 

PGSR-6 

DSKY-4 

PGSR-13 

PICl PIC3 

PIC3 

PICl 

TSTLTSJ ABORTALM VBRELDSP IDLERET3 ALM/END 
VBZERO RRDESEND TRMTRACK LROFF LRP2COMM 
DAPATTER TOTATTER SNUFFOUT CSMVEC DNEDUMP 
OUTSNUFF MINIMP NOMINI MP R??END WMATRXNG UPDATOFF 
ATTACHIT VJ?BAD R04Z RATEDSP V59GP63 TERDFF 

REDO TORQUE 

PREREAD READACCS NBDONLY LUNG GRABGRAV 

PIPACHK PIPATASK 

AVGEND 

PIPATASK 

LASTBIAS 

TRIMGIMB 

Called via program interrupt #10 

TSNEXTP PEG! PURGENCY 

P51C R51E AZEL R59RET ASTAR R59 

OKTOPLAY XCHSLEEP NV50DSP NORMRET NORMWAKE 
NORMBNCH 

WLOOP 

AOTMARK 1406POO DSPALARM 
POODOOl CCSHOLE 

GOBAQUE COMMNOUT TIMETHET TIMERAD 

SQRT DLY2 LONGCALL 

CANV37 

CHARIN 

POSTAND P06 
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f 

POSTBURN 

POSTHRST 

POSTJUMP 

PRECSET 

PRERADAR 

PREREAD 

PRERRORS 

PRIOCHNG 

PRIODSP 

PRIODSPR 

PRIOLARM 

PROCEED 

PROCEEDE 

PROCKEY 

PROG20 

PROG20A 

PROG21 

PROG22 

PROG25 

PROG52 

PROGI..ARM 

PURGENCY 

PUTCOM 

PUTCOM2 

BURN-8 ENGINOFF GOPOST POSTBURN 

DAPB-17 SPSRCS SPSSTART 

MATX-25 

TRGX-8 INTLOOP PJ5/P75B ADVANCE VN0611 

RADR-17 Rl2READ INIT BEAD 

SERV-1 STARTP47 ULI.GNOT 

TEST .. 6 ERASLOOP CNTRLOOP SOPTION 

MATX-15 SHOWSUM2 

DINT-5 R22LEM N49DSP 

DINT-5 PRIOLARM R24LEM 

DINT-18 R21LEM1 R22LEM R23LEM P20LEMB7 
R21Lffl 60TIMES 

DINT-15 RECALTST 

INTR-3 T4RUPT 

INTR-3 PROCEEDE 

RNAV-1 

RNAV-3 PROG20 ORBCHGO 

RNAV-5 P21VSAVE 

RNAV-1 

RNAV-7 

ALIN-14 

PGSR-11 ALARM2 

DAPA-16 TSNEITP DETENTCK RATERROR 

DATA-21 ALOAD BLOAD CLOAD ABLOAD ABCLOAD 

D!T.1-25 PUTCOM PUTNORM BDraOUND DPINSF+2 DiGINSF 
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PUTDCSF2 DATA-23 PUTCOM PUTNORM 

PUTNORM DATA-22 PUTCOM 

QERRCALC DAPA-l8 MOREIDLE QRAXIS 

QRAXIS DAPA-18 SKIPPAXS PJETSLEC JETSOFF 

QRI'IME DAPA-23 ENTERlN 

QUAOOUID DESC-7 

QUICTRIG BURN-23 FINDCDUW SERVICER RODCOMP 

QUIKDSP INTR-4 T4RUPT 

R02BOTH IMUC-19 V89CALL PROG52 Pl2LM P40LM P47LM P6JLM 
P42STAGE P41LM PROG20A PROG25 

R04 EXVB-7 GOEXTVB 

R04END RADR-15 R04Z R04X 

R04X RADR-13 R04X 

R04Z RADR-13 R04 R77 

RlO ,Rll SERV-12 RlO, fill READACCS ABRI'JASK 

Rl2 SERV-7 MUNRETRN 

Rl2DL RADR-22b Rl2EXIT 

Rl2EXIT RADR-22 BADRAD GOODRAD 

Rl2READ RADR-19 READACCS 

R21DISP RNAV-16 R21LEM1 

R21LEM RNAV-13 P20LEMF 

R21LEM1 RNAV-13 

R21LEM2 RNAV-13 DORROUT 

R21LEM4 RNAV-14 R21LEM1 

R21LEM8 RNAV-16 60TIMES 

R21LEM9 RNAV-16 R21LEM8 

R21LEM10 RNAV-13 R21LEM R21LEM9 

R22LEM RNAV-17 R22LEM96 R22RSTRI' R22LEM R22LEM42 

R22LEM42 RNAV-16 P20LEMC1 R22LEM 

R22LEM96 RNAV-18 LGCUPDTE 

R22RSTRT RNAV-19 

R22WAIT RNAV-18 R22LEM 
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R23LEM 

R23LEM2 

R23LEM3 

R24END 

R24LEM 

R24LEM3 

RJlCALL 

R36 

R51 

R51E 

R51K 

R52 

R55 

R56 

R59 

R59ALM 

R590UT 

RNAV -19 

IDJ°AV -20 

RNAV -20 

RNAV -20 

RNAV -20 

RNAV -20 

EXVB-23 

EXVB-26 

ALIN-19 

ALIN-19 

ALIN-20 

ALIN-21 

ALIN-22 

ALIN-22 

ALIN-30 

ALIN-33 

ALIN-33 

P20IEMB7 R23LEM3 

R23LEM 

R23LEM 

R24LEM 

R24LEM3 R21LEM R21LEM1 

R24LEM 

V83PERF R31CALL 

V90PERF R36 

P52B REGC0ARS R51 R51K ASTNRET 

R51 R51E 

GYC0ARS 

R51E AZEL 

R51E 

R51 

79DISP R59ALM R59 

INCAZ ·c 
" 

R59 R59ALM 
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R59RET 

R60LEM 

R61 C+L01 

R61C+L02 

R61 C+L06 

R61 LEM 

R61TEST 

R62DISP 

R65LEM 

R77 

R77END 

RADAREAD 

RADLITES 

RADSAMP 

RAD3TALL 

RADSTART 

RANGE BQ 

RASTEER1 

RATEDAMP 

RATED ISP 

RATELOOP 

RATERROR 

RCS 

RCSMON IT 

RDBADEND 

RDRUSECK 

R590UT ALIN-33 

ATTM-1 R62DISP V89RECL R61C+L02 P40IN P41LM 
ASTNRET AZEL 

R61C+L06 

R61C+W1 R61LEM 

R61C+L02 

RNAV-10 

RNAV-11 

RNAV-12 

RNAV-10 

ATTM-2 

P20LEMA R24LEM3 R22LEM R23LEM3 

TOBALLA 

ATTM-11 CREWMANU 

RNAV-10 P25LEM1 R22LEM R22LEM42 RANGEBQ 

EXVB-9 GOEXTVB 

EXVB-9 GOEXTVB 

RADR- 20 Called via program interrupt #9 
RADR-25 GOODRAD Rl2EXIT Rl2DL BADRAD 

RADR-1 5 R04X R04Z RADSAMP 

RADR-1 8 DORSAMP R22RSTRT R21 LEM1 
READRDOT R21LEM VBZERO RRDESK2 

LRP2COMM HIGATJOB R61C+L01 

RADR- 24 PRERADAR Rl2EXIT 

RNAV-26 LSR22 . 3 LSR22.4 

BURN-17 S40.8 

DAPA-15 DETENTCK 

EXVB-7 GOEXTVB 

DAPA- 6 RATELOOP SUPERJOB 

DAPA-14 DETENTCK RATEDAMP 

DAPA- 18 QRAXIS TRYGTS 

DAPA-33 PRO CEEDE 

RADSTART READVEL 

RADR-19 ENDRADAR LRPOSCAN STDESIG RRBADEND 

EXVB- 29 VBZERO VBCOARK LRPOS 2Kl R04 R77 
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READACCS 

READRDOT 
READVEL 
RECALTST 

RECTEST 

RECTIFY 

RECTOUT 

REDESIG 

REDESMON 

REDO 

REDCMANC 

REDOPRIO 

REFLASH 

REFLASHR 

REFMF 

REGCOARS 

REGODSP 

REGODSPR 

REJECT 

RELDSP 

RELDSPl 

RELINUS 

REMARK 

REMODE 

SERV-1 READACCS 

RNAV -21 READRDO! 
RADR-22b RJ..2EXIT SCALCHN1 
DINT-15 VBRESEQ LOADLV 

ORBI-8 TIMESTEP LUNSPH 

ORBI-5 INTEGRVS RVCON RECTOUT ORIGCHNG RECTEST 
GOBAQUE FAZC 

ORBI-4 A--PCHK 

DESC -5 TTFINCR 

DESC -16 PITFALL REDESMON 

TEST-10 SYSTEST 

ATTM-1 TOBALLA 

DINT -9 NV50DSP 

DINT-3 CLOKJOB P64DISPS VERTDISP 

DINT-3 TIGNOW 

COOR-8 LANDJUNK GETLMATT SURFDISP 

ALIN -3 5 P52D 

DINT-2 TIG- JOA CLOKJOB P6JDISPS P64DISPS 

DINT-3 

ALIN-9 MARKRUPT 

DINT-13 TSTLTS3 ABORTALM VBRELDSP VERBFAN VBRESEQ VBRQEXEC 
LOADLV RECALTST VJ?BAD POOH VJ7XEQ VBRQWAIT 

DINT-13 VBRELDSP MONITOR 

ATTM-12 CHKLINUS 

ALIN-9 VACSTOR 

RADR-9 
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RENDRAD RADR- 21 RADAREAD 

REP40ALM BURN- 2 REP40ALM 
REQDATX DSKY-5 ALOAD ABLOAD ABC LOAD 

REQDATY DSKY-5 BLOAD ABLOAD ABCLOAD 

REQDATZ DSKY-5 TESTNN CLOAD ABCLOAD 

REc;w,f DSKY-5 MMCHANG 

RESET22 PGSR-7 RESET22 

RESET57 EXVB-30 WAIT68 

RESTORDB DAPB-18 ALLCOAST DAPDATA2 ENDR03 TERMASC TERM40 
TRMTRACK R23LEM R61C+L02 

RETURNTJ DAPB-16 Z123COMP ZONE1 ZONE2 ZONE3 ZONE4 RlJFLAW2 
RlJFLAW12 ZONE5 

REV83 EXVB-24 COMPDISP 

RGOODEND RADR-18 GOODRAD LRPOS2 LRPOSCAN RADAREAD REMODE RRZERO 

RGVGCALC DESC-6 TTFINCR REDESIG 

RHCACTIV DAPA- 22 CHEKSTIK 

RMODINV RADR- 8 LUNDESCH REMODE RRDESNB RRDESSM 

RNDREFDR IMUC-1 5 P06 IMUMON 

RODCOMP DESC- 12 P66VERT RODTASK 

RODTASK DESC-1 2 P66VERT 

ROOTLOOP DESC- 17 ROOTLOOP 

ROOTPSRS DE SC-17 TTF /8CL 

ROPECHK TEST-7 SELFCHK CNTRLOOP 

RPCOMP2 ASCT-1 2 ASCENT CMPONENT 

RR1AX2 RADR- 4 RR1AX2 RRTONLY 

RRANGLES RADR-7 RRDESSM 
RRANGOUT DATA- 26 DECDSP3 

RRAUTCHK RADR- 1 PROCEEDE 

RRBADEND HADR-22 RENDRAD SCALCH:OC. 

RRCDUCHK RADR-1 RRAUTCHK 
RRDESDUN RADR-11 DODES 
RRDESEND EXVB- 5 GOEXTVB 
RRDESK2 EXVB- 5 VBCOARK 
RRDESNB RADR-6 RRDESK2 R21LEM R21LEM8 
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RRDESSM RADR-5 LRS24.l R21LEM1 60TIMES 

RRDOTOUT DATA-27 DECDSPJ 

RRGIMON RADR-1 RRCDUCHIC 

RRLIMCHK RADR-7 RRGIMON RRDESSM R23LEM 

RRLIMNB RADR-23 RRDESNB 

RRLOSDSP RNAV-43 DSPRRLOS RRLOSDSP 
RRNB RADR-8 RRDESNB OMEGCALC READRDOT 
RRNBMPAC RADR-8 RRLOSDSP 
RROUT RADR-4 DORROUT RR1AX2 

RRRANGE RADR-16 DORSAMP READRDOT R61C+L01 

RRRDOT RADR- 16 DORSAMP R22RSTRT READRDOT R61C+L01 

RRSONLY RADR-4 DORREPOS REMODE 

RRTONLY RADR-3 DORREPOS REMODE 

RRTURNON Ro\DR-2 RRAUTCHK 

RRZ2 RADR-12 RRZERO 

RRZERO RADR-12 VBZERO 

RRZEROSB RADR-2 RRTURN ON RRZ2 

RSTOFGTS DAPA-29 

RUFLAWl DAPB-15 TJETLAW 

RUFLAW12 DAPB-16 RUFLAWl 

RUFLAW2 DAPB-15 TJETLAW 

RUFLAWJ DAPB-16 TJETLAW 

RVBOTH SERV-6 AVERAGEG 

RVCON ORBI-4 

SJO.l TRGX-7 P30 

s33/34.1 TRGL-5 INTLOOP P33/P73B 

s34/35.2 TRGL-8 INTLOOP P35/P75B 
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s34/35.3· TRGL-9 

S34/35.4 TRGL-9 

S34/35.5 TRGL-3 

s40.1 BURN-15 

S40. IB BURN-16 

S40.2,3 BURN-16 

S40.8 BURN-14 

S40. 9 BURN-17 

s40.13 BURN--18 

s40.132 BURN-19 

S40.13D BURN-19 

S41.1 BURN-12 

S52.2 ALIN-18 

S52.3 ALIN-18 

SAMETYP ALIN-27 

SBANDANT EXVB-27 

SBANDEX EXVB-28 

SCALCHNG RADR-22 

SCALLOOP DAPA-34 

SCNDSOL TRGX-14 

SDISPLAY TEST-2 

SELCTSUB DAPA-27 

SELECTMU TRGX-6 

SELECTP DAPA-17 

NTARGCHK 

S34/35.5 NTARGCHK 

INTLOOP P35/P75B 

P40IN P411M 

S40.1 

P40IN P411M 

UPDATEVG 

UPDATEVG 

P40SJUNK 

S40.13 S40.13D 

s40.13 

P41U1 DYNMDISP CALCN83 CALCN85 

P52D CAL53A 

P52B 

P570PT1 

SBANDEX VB64 

SBANDANT 

LRHEIGHT RENDRAD 

SCALLOOP 

CSI/Bl CSI/B2 CIRCL CSI/SOL 

SOPTION 

+XORULGE DOROTAT 

P74 P75 P73 VN0655 
_; 

TRYUORV PJETSLEC SELECTP 

X - 42 



SELFCHK TEST-3 SHCMSUM2 SELFCHK CNTRLOOP PRERRORS NXTBNK 
STARTSB2 SDISPLAY 

SERVEXIT SERV-4 TERM4O STEERING CALCN85 CALCN83 SERVIDLE 
ABRT J ASK ULLGNOT 

SERVICER SERV-2 READACCS ABRTJASK 

SERVIDLE SERV-5 POODOO 

SERVOUT SERV-4 · AVERAGEG DVMClf 

SIT57 llYB-30 :DSP68 

SETCOARS IMUC-15 GLOCKMON IMUCOARS 

SETGLOCK IMUC-9 GLOCKMON 

SJ:TIFLGS ORBI-2 STATINTl ATIT~MID LSR22.3 lSR22.4 UPPSV UPPSV4 

SETISSW DlUC-8 PIPUSI PIP1'RD IMUMON CJ3TIST UliZ2 PFAILOK IFAII.OIC 
IMUZER02 

SETLOC MATI-13 CORFOUliD SPECTEST JOBWAKE4 

SETMAXDB DAPB-18 RESTORDB 

SETMINDB DAPB-18 CUTOFF P411M TIGNCM R61C+102 R2JLEM RESTORDB 

SETRRECR RADR-3 STARTDES DORREPOS 

SETTRKF RADR-2 RRCDUCHK RADLITES RRZEROSB 

SEUDOPOO PGSR-6 Cl:NV37 

SGNCOM DSKY-4 POSGN NEGSGN 

SHOW TEST-15 TORQUE PIPJOBB VALMIS SHOw 

SHOWSUM2 TEST-2 GOSHOSUM 

SIGNTEST DSKY-5 POSGN N'EGSGN 

SINE MATX-1 
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SKIPPAXS DAPA-11 

SLAPl PGSR-1 VERBFAN 

SLEEPIE TEST-12 ESTIMS PERFERAS 

SMTONB COOR-2 SBANDANT S41.1 FINDCDUW SETPOS R59 ADDGRAV 
DODES RRDESSM R6lc+L02. READRDOT 

SNAPLOOP TELE-4 SNAPLOOP DODNPTR 

SNUFFOUT EXVB-8 GOEXTVB 

SOMEERRR TEST-18 

SOMER.R2 TEST-18 REDO PIPJOBB EARTHR* PERFERAS 

SOPTION TEST-8 ADRSCHK 

SPARCSIN MATX-9 

SPCOS MATX-2 

SPECTEST MATX-13 JOBWAKE4 

SPEEDRUN SERV-13 LANDISP 

SPSCONT DAPB-J 1/ACCS 

SPSIN MATX-2 

SPSRCS DAPB-17 PURGENCY TJLAW4 
SPSSTART DAPB-17 SPSRCS 

SPVAC MATX-11 

SQRT MATX-5 

SRJO.l EXVB-20 BOTHPAD V82GON2 

STARTDAP DAPA-5 DAPIDLER 

STARTDES RADR-7 RRDESSM 

STARTP47 BURN-13 P47LM 

STARTP64 DESC-5 GUILDRET 

STARTP66 DESC-11 LUNLAND GUILDRET 
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STARTSBl PGSR-2 ENEMA 

STARTSB2 PGSR-3 GOPROG2 STARTSBl 

STARTSUB PGSR-2 SLAPl GOPROG LIGHTSET 

STATEINT ORBI-1 ENDINT 

STATINTl ORBI-1 POOH STATEINT SEUDOPOO 

STCLOKJ BURN-9 P4OSPOT COMFAIL EXGSUB 

STDESIG RADR-9 BEGDES MOREDES DORROUT CSMINT R21LEM9 LRS24.l 

STEER? DESC-9 EXBRAK 

STEERING BURN-7 ULLGNOT 

STIKLOAD DAPB-19 

STMIN- DAPB-~ ACCTHERE 

STOPCLOK BURN-1O CLOKJOB V99RECYC 

STOPRATE DAPA-32 TRMTRACK ALLCOAST STEERING NOATTCNT DVMON 
I P66 F66HZ NOGO i4O6ALM STEER? ATMAG 

I STRTGYRO IMUC-11 IMUPULSE TWOPULSE 

STRTGYR2 IMUC-11 STRTGYR2 

STRTP66A DESC-11 LUNLAND 

STSHOSUM TEST-7 SHOWSUM2 NXTBNK 

SUFFCHEK' CONC-8 LAMBLOOP HIENERGY 

SUPDACAL MATX-26 C~DRS 

SUPERJOB DAPA-1O PAXFILT BACKP 

SURFAGAN ALIN-11 DSPV6N79 

SURFDISP ALIN-3O 

SURFEND ALIN-11 DSPV6N79 

SURFLINE ALIN-28 SAMETYP R59RET 
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SURFSTAR ALIN -11 AVESTAR 

SURFSTOR ALIN-8 YMKRUPT 

SVCT3 IMUC-1 SVCTJ TJRUPT STARTSB2 DLY2 WTLST5 

SVDWNl TELE-6 ENDSTATE A-PCHK INTWAKEU P76 ATTACHIT 
ORBCHGO FAZAB3 

SVDWN2 TELE-6 ENDSTATE A-PCHK INTWAKEU FAZAB3 

SWCALL MATX-25 

SWRETURN MATX-25 

SYNCT4 INTR-5 QUIKDSP SYNCT 4 

SYSTEST EXYB-1O GOEXTVB 

TJRUPT MATX-22 TASKOVER Called via program interrupt #J 

T4RUPT INTR-2 QUIKDSP SYNCT4 T4RUPT Called via program 
interrupt #4 

T5RUPT DAPA-1 Called via program interrupt #2 

T6JOBCHK DAPA-1 Daf6RUPT 

TASKOVER MATX-22 WAKER LONGCYCL VARDELAY 

TCGETCAD MATX-19 DELLOOP 

TDISPSET DESC-1O TTFINCR TTF /8CL 
TERLOOP SERV-8 TERLOOP 
TERMASC ASCT-12 CUTOFF 

TERMATE DINT-15 RECALTST 

TERM4O BITRN-9 PO3TBUR.N TIG:~ow 
TiMFF £XVB-8 
TERSKIF 3ERV-8 UPDATCHK 
TESTLOOP ORBI-5 ALOADED GOBAQUE ENDSTATE WMATEND CKMID2 

TESTNN DATA-3 MONDO 

TESTXACT EXVB-2 Vi3COARK IMUATTCK V47XACT DAPDISP CREWMANU 
ALINTIME RO4 VB64 V67 V73UPDAT V82PERF V83PERF 
VERB85 V9OPERF GOSHOSUM SYSTEST IMUFINEK LRON 
V89PERF 
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TFFELl EIVB-2.3 CALCTFF 

THRCYI'TLE DESC-14 STEER? RODCOMP 

THRCYI'UP ASCT-6 UPTHRCYI' 

TICKTEST EXVB-19 V82CALL TICKTEST 

TIG-0 BURN--5 TIG-5 

TIG-5 BURN-4 TIG-30 Ca,fFAIL2 

TIG-30 BURN-4 TIG-35 

TIG-30.1 BURN-4 TIG-35 

TIG-30A BURN-4 TIG-30.1 

TIG-35 BURN-3 P41SPOT 

TIGNOW BURN-8 TIGTASK POSTBURN 

TIGTASK BURN-5 TIG-0 

TIMEDIDL · !IVB-15 UPEND73 UPEND70 

TIMEGMBL DAPA-31 TRYGTS SPSCONT 

TIMERAD CONC-1 VN0611 

TIMESTEP o:un-6 

TIMETHET CONC-2 tNTLOOP CDHMVR CSI/B2 ORBCHGO 

TIMQG.MBL I:APA-31 TIMEGMBL 

TJETLAW DAPB-12 PURGENCY TJLAW4 

TJLAW VAPA-24 

TJLAW4 DAPA-24 TJLAW 

TNONTEST IMUC-6 IMUMON 

TOBALLA ATTM-1 REDCMANC ENDMANlN 

TOPSEUDO DAPA-23 ENTERtN 

TORQUE TEST-12 PERFERAS 

TCYI'ATTER EXVB-7 GOEXTVB 
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TRIMDONE 

TRIMGIMB 

TRMTRACK 

TRYGTS 

TRYUORV 

TSNEXTP 

TSNEXTS 

TSTLTS2 

TSTLTS3 

TTFINCR 

TTF /8CL 

TWIDDLE 

DAPB-21 PITCHOFF 

DAPB-21 DAPDATA2 

EXVB-6 R61TEST GOEX'I'VB R22LEM R23LEM~ P2OLEM2 6OTIMES 
P2OLEMB7 R21LEM R21LEM1 R24LEMR21DISP 

DAP A-27 QRAXIS 

DAPA-11 TRYUORV 

DAPA-12 CHKVISFZ TRYUORV 

DAPA-2O RCS +xoRULGE 

TEST-1 VBTSTLTS 

TEST-1 TSTLTS2 

DESC-5 GUILDRET 

DESC-6 RGVGCALC 

MATX-19 

TWOPULSE IHUC-19 ill'RTGYR2 8192Affi 

ULLGNOT BURN-4 TIG-3O 

ULLGTASK BURH-4 TIG-3O STOPCLOK GOPOST GOCUTOFF 

UNZ2 IMUC-9 ISSZERO ENDTNON 

UPDATCHK 

UPDATEVG 

UPDATOFF 

UPDATNN 

UPDATVB 

UPDTCALL 

UPEND7O 

UPEND71 

UPEND72 

UPEND73 

SERV-8 

BURN-14 STEERING CALCN85 VGAIN* 

EXVB-11 GOEXTVB 

DATA-17 MONDO NVSUB 

DATA-17 CLEAR NVSUB PASTEVB ALMCYCLE ABLOAD ABCLOAD 

ATTM-8 CONTMANU 

EXVB-16 UPJOB 

EXVB-16 UPJOB 

EXVB-17 UPJOB 

EXVB-15 UPSTORE 
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UPERROUT EXVB-17 UPEND71 UPEHD72 

UPJOB EXVB-16 UPSTORE 

UPOtIT4 EXVB-17 OHWELLl OHWELL2 UPVERIFY UPEND73 INTWAKEU 

UPPSV RIAV-9 P20~C3 R21IEM8 

UPPSV4 RNAV-10 UPPSV 

UPRUPT TELE-1 Called via program interrupt #7 

UPSTORE EXVB-15 UPVERIFY 

UPTHROT ASCT- 6 GOABORT 

UPTMFAST TELE-1 CJJTEST 

UPUPDATE EXVB-14 V73UPDAT 

UPVERIFY EXVB-15 OHWELL2 UPVERIFY 

USEPIOS ORBI-15 INTEGRV ATI'ACHIT 

VlST02S MATX-8 

VJ7 PGSR-5 MMCHANG VERB96 

VJ7BAD PGSR- 5 VJ? 

VJ7RET P3SR-14 AVGEND 

VJ7XEQ PGSR-8 RESET22 

V47fIACT EXVB-6 GOEXTVB 

V59GP63 EXVB-30 LRPOS2K 

V67 EIVB-8 GOEXTVB 

V67CALL RNAV-40 V67 

V70UPDAT EXVB-8 GOEXTVB 

V71UPDAT EXVB-8 GOEXTVB 

V72UPDAT EXVB-8 GOETI'VB 

V73UPDAT EXVB-8 GOEXTVB 

V82CALL EXVB-i7 V82PERF 
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V82GOFF1 EXVB-18 V82GOFLP 

V82GOFLP EXVB-17 V82GOFLP 

V82GON EXVB-19 V82CALL 

V82GON1 EXVB-19 V82GON V82GON2 

V82GON2 EXVB-20 V82GON1 

V82PERF EXVB-10 GOEXTVB 

V83CALL EXVB-24 R31CALL 

V'~3PERF EXVB-10 GOEXTVB 

V89CALL ATTM-11 V89PERF 

V89PERF EXVB-10 GOEXTVB 

V89RECL ATTM-11 V89RECL 

V90PERF EXVB-10 GOEXTVB 

V99RECYC BURN-10 *ENTER 

VACSTOR ALIN-8 YMKRUPT 

VALMIS TEST-14 PERFERAS 

VALTCHK SERV-11 VMEASCHK 

VARALARM PGSR-14 AlMXIT 

VARDELAY MATX-24 

VB64 EXVB-8 GOEXTVB 

VBCOARK EXVB-3 GOEXTVB 

VBPROC DINT-14 PROCKEY VERBFAN 

VBRELDSP DSKY-8 Cl-lARIN 

VBRESEQ DINT-14 VERBFAN 

VBRQEXEC PGSR-8 VERBFAN 

VBRQWAIT PGSR-8 VERBFAN 
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VBTERM DINr-14 VERBFAN JAMI'ERM 

Vi3TSTLTS TEST-1 VERBFAN 

VBZERO EXVB-3 GOEXTVB 

VECPNrl ATTM-3 R61C+L02 

VEG.POINT ATTM-3 R60LEM REDOMANC V89RECL 

VERB DSKY-2 CHARIN 

VERB69 EXVB-8 GOEXTVB 

VERB85 EXVB-10 GOEXTVB 

VERB96 EXVB-11 GOEXTVB 

VERBFAN DATA-5 ENI'PASO TESTNN MIXNOUN 

VERTDISP DESC-10 DISPEXIT 

VGAIN* BURN-14 FIRSTTME 

VMEASCHK SER\l-9 UPDATCHK NOREASON TERSKIP VMEASCHK 

VN0611 TffiX-1 VN0611 

VN0655 TffiX-2 VN0611 

VN1645 TffiX-6 P74 INrLOOP P75 P35/P75B P30 VN0655 
P32/P72F P73 P33/P73F 

VOPENED DAPA-33 RCSMONIT 

WAIT68 EXVB-30 WAIT68 

WAITLIST MATX-19 

WAKER MATX-19 DELLOJP 

WANI'APS BURN-4 TIG-30 

WCALC ATTM-6 KALCMAN3 

WDAGAIN DSKY-9 WDAGAIN 

WHIMPER PGSR-12 SERVIDLE POODOO BAILOUTl ABORI' 

WITCHONE DINr-10 OKTOPLAY OKTOSOPY JOBXCHS 
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WJ_, INIT Rl'IAV-36 LSR22.3 LSR22.4 

WLOOP CONC-1O WLOOP 

WMATEND ORBI-15 DIFEQ+2 

WMATRXM:r EXVB-1O GOEXTVB 

WOZERD TELE-6 DNPHASEl DNPHASE2 DNDUMPI 

WRITEP DAPA-17 T6JOBCHK PJETSLEC JETSOFF 

WRITEU DAPA-26 T6JOBCHK DORDTAT XTRANS FAILOOP 

WRITEV DAPA-26 T6JOBCHK DORDTAT XTRANS FAILOO~ 

·wsTOR SERV-1O VMEASCHK 

WTLST5 MATX-21 DLY2 WTLST5 

XCHSLEEP DINT-1O JOBXCHS 

XMKRUPT ALIN-7 MARKRUPT 

XTRANS DAPA-26 TSNEXTS AFI'ER'I'J 

YMKRUPT ALIN-7 MARKRUPT 

Z123COMP DAPB-13 T JETLAW ZONE4 

ZATTEROR DAPA-32 NEWDELHI R61C+LO2 NOMINIMP CUTOFF P4lLM TIGNOW 
LANDJUNK STARI'DAP DETENTCK TSNEXTS RHCACTIV 
PFLITEDB 

ZDOTD~MP ASCT-12 ASCENT 

ZERDENBL DAPA-13 DETENTCK RATERROR 

ZONEl DAPB-13 TJETLAW ZONE4 

ZONE2 DAPB-14 T JET LAW ZONE4 

ZONE3 DAPB-14 TJETLAW ZONE4 

ZONE4 DAPB-14 TJETLAW 

ZONE5 DAPB-14 TJETLAW 

ZOOM BURN-? P4OIGN TIG-O COMFAI~2 
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Index of Quantities 

The following is a list of the pages where each quantity of the 

LUMINARY program has been referenced in the equation portion of this 

document. The quantities are listed alphabetically, with symbols 

preeeding numbers and numbers preceding letters. Quantities, 

such as channels, flagwords, etc., that are specifically tabulated 

elsewhere in this document have been omitted from this list. 

Following each quantity is the list of pages where the quantity 

is referenced. This list of pages is broken up by sections with 

the section that defines the quantity being written first and 

underlined. The pages within each section where quantities are 

defined have been omitted. 
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ldAC0ASTi DAPB-4,9,13 

ldAC0STTi DAPB-5,6,7,8,9 

ldANETi DAPB-2,3,4,8,9,13,14,16;DAPA-23 

ldANETP DAPA-15 

ldATEMl DAPB-7,8,9 

ldATEMP DAPB-6,7,8 

ld.MU C0NC-3, 6, 9 

ldPIPADT IMUC-l,2,3,9;ALIN-l,17,19,29,39;SERV-2,5 

ldROJTMU C0NC-3, 5, 6, 9, 12 

lJACCP QAPB-2,4;DAPA-7;BURN-23;ATTM-7 

lJACCQ DAPB-2,3;DAPA-7;BURN-23;ATTM-7 

lJACCR DAPB-l,2,3,22;DAPA-7;BURN-22;ATTM-6 

lJACCU DAPB-2,6,7,22 

lmCSTH C0NC-6,7 

lSECXT TEST-11,15 

2ld22REG DSKY-1,7,8 

2JETLIM DAPA-15;DAPB-l 

2LATE466 DF.SC-11 

A2CNTRAL DAPA-28,29 

A5 0RBI-15 

A MATX-2,9,11,12,15-20,23-26;TEST-2,7,11;ATTM-12 

Ai DESC-17,6 

ABDELV SERV-2,3,4;PGSR-1;DESC-14;DAPB-2,3 

ABDVC0NV SERV-2;ASCT-7 

ABSA0S DAPB-5,6,7 

ABSC0 SERV-8 
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ABSEDOTP 

ABSTJ 

ABTRDOT 

ABVEL 

ACCDOTQ 

ACCDOTR 

ACCFCTi 

ACCWDy,z 

Accsw. 
l. 

ACCSWTK.'1 

ACENI'RAL 

ACFTEMi 

ACTCENI' 

ADIAX 

ADIAY 

ADIAZ 

ADR 

ADRl 

ADR2 

ADRSDIFl 

ADRSDIF2 

ADSRAX 

ADSRAY 

ADSRAZ 

AFCMAG 

AGSBUFFi 

DAPA-17,25,26 

BURN-3;DATA-36;ASCT-ll,12;DESC-9;SERV-6,10 

DAPB-2,J;DAPA-31 

DAPB-2,J;DAPA-31,32 

DAPB-4,9,10,13,14 

TEST-17 

DAPB-8,16 

DAPB-7,8 

DAP A-28, 29, 30 

DAPB-7,8,9,10 

TRGL-8;DATA-35 

IMUC-2 

IMUC-2 

IMUQ.-2 

TELE-2 

TELE-2 

TELE-2 

DAPJi-12,16 

DAPB-12,15,16 

IMUC-2 

IMUC-2 

IM~Q.-2 

DESC-7,13,14 

EXVB-12,13;TELE-18 
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AGSK 

AGSWORD 

AH 

AHMAG 

AHZLIM 

AIG 

AK 

ALFDK­i 

ALLOWGTS 

ALMCADR 

ALPHA 

ALPHAM 

ALPHAQ 

ALPHAR 

EXVB-12,lJ;TELE-14,20,39 

EXVB-lJ;PGSR-1,6,10 

ASCT-9,10 

ASCT-9,10 

DESC-11a 

RNAV-22,22b,23,27;TELE-2J,31,36 

DAPA-4,5 

TEST-16,17 

TEST-16 

TEST-11,16,17 

DAPA-5,28,Jl,32;DAPB-2,3,4 

PGSR-ll,12,14,15;DATA-34;TEST-6 

CONC-3 ,4; RNAV-7 

COOR-J,4;0RBI-8,9,10,11 

DAPA-5,9,J2;TELE-15,17,19,21,24,26,28,30,J2,34,37,39;DAPB-l,4 

QAPA-5,9,10,32;DAPB-l,4;TELE-17,21,26,J0,34,39 

ALPHASB DATA-35 
(PITCHANG) EXVB 

_!LPHAV 

ALT 

ALTBITS 

ALT IM 

ALTIMS 

ALTM 

ALT RATE 

ALTSAVE 

COOR- J,4,5;ALIN-16,J6;0RBI-8,9,10,ll,12,14;DESC-18 

COOR-4,5;ALIN-16;RNAV-7;DATA-35 

§.§EY.-11,16 

TEST-15 ,16 

TEST-15,16 

SERV-16 

SERV-16 

SERV-16 
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ALXIS 

AM 

AMG 

ANET 

£NG 

£NGTER\f 

ANGX 

ANGY 

ANGZ 

AOG 

AOSQ 

AOSQTER~ 

AOSR 

AOSRI'ERM 

AOSU 

AOSV 

AOTAZi 

AOTCODEi 

AOTELi 

AOTG001) 

ARUPI' 

AT 

ATIGINC 

ATP 

ATPSQ 

ATR 

TEST-11,16 

ATTM-5 ,6 

RNAV-22,22b,2J,27;TELE-23,31,36 

DAPB-6,7,8 

COOR-l;ALIN-10,ll,29;ATTM-2;BURN-20,23;SERV-2;RNAV-23,27;DESC-13 

DESC-6 

TEST-17,18 

TEST-17 ,18 

TEST-17 ,18 

RNAV-22,22b,23,27;TELE-23,31,36 

DAPA-5,9,30,31,32;DAPB-l,4;BURN-5 

DAP!-5,7,9,32 

DAPA-5,9,10,28,31,32;BUR.N-5;DAPB-l,4 

DAPA-5,7,9,10,32 

DAPB-4,5 

DAPB-4,5 

ALIN-5,21,31 

ALIN-12,19,21,30,32;TELE-14,39;DATA-37 

ALIN-5 

ALIN-1,3,4,19,33 

DAPA-10,JO;MATX-23 

ASCl-4,6,7,lO;TELE-34 

TffiL-4 

ASCl-2,10 

ASCT-10 

ASCT-9 
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ATTCADR ATTM-l,8;PGSR-4 

ATTPRIO ATTM-1 

ATY !SCT-2,9,10 

AVEGEXIT SERV-l,5;BURN-4,5,6,8,9,13;ASCT-2,4,6,7 

.AXISCTR DAPA-16,21,23,24,25,26,27;DAPB-12,14,16,17 

AXISDISTi DAPB-10,11,13,14 

.AXDSTEMi DAPB-8,9,11 

AZ ALIN-5,2l;DATA-38 

A'Z504 COOR-2 

AZBIAS DESC-9 

AZIMUTH TEST-10 

AZINCR DESC-5,6 

AZINCRl DESC-5,10,16,6 

BALLEXIT ATTM-2 

BANKRUPI' MATX-22,23 

BANKSETi MATX-3,5,10,11,13-18 

BASEOTP ~B-24,25 

BASEOTV EXV~-24,25 

BASETEMP PGSR-8 

BASETHP ~B-24 

BASETHV EXVB-24,25 

BASETIME EXVB-24,25 

BBANK PGSR-11 

BCDU ATTM-4,7 

BESI'I !LIN-12,21,22,23,24,30;TELE-16,38 

Y-6 



BESTJ 

BETAM 

BETASB 
(YAWANG) 

J!ETAV 

BRA.TE 

BRUPI' 

WECTO~ 

CADRFLSHi 

CADRSTOR 

CAM 

QDU 

ALIN-12,21,22,23,24,30;TELE-16,38 

ORBI-9,10,14 

DATA-35 
EXVB 

ORBI-8,9,10 

ATTM-6, 7 

DAPA-10,30 

DATA-7,8;MATX-5,15,16,17 

MATX-18,19,25,26 

RNAV-26,27,28,37 

DINI'-6,7,9,13,14,16;TELE-16,20,25,29,33,38 

DINT-10,ll,14,15;DSKY-l,8;DATA-4,15;PGSR-4;TEST-2 

Major Variables COOR-l;TEST-14,l?;RNAV-21 ;ALIN-6,18; 
ATTM-3,4;IMUC-7,8,9,14,15,16;TELE-15,17,19,21,24,26,28,JO,J2, 
34,37,39;BURN-20;SERV-2, ,DAPA-4,6,12,14,15,16,18,32,33; 
DAT A-34; DESC-1 J 

CDUs Major Variables TELE-17,26;DATA-37;RADR-2,4,10,14;RNAV-19, 

QDUD 

CDUi CMD 

CDU.TMP 
]. 

CDUSCMD 

CDlITCMD 

QDUTEMP 

21, 30, 43 

Major Variables TELE-15,17,19,21,24,26,28,30,J2,34,37,39; 
DATA-37;RADR-2,4,10,14;RNAV-19,21,30, 43 

DAP~-6,12,14,15,16,18,J2;BURN-20,21;ATTM-5,7,8;TELE-15,17,19, 
21,24,26,28,3D,32,34,37,39;RNAV-ll,12 

IMUC-5,16,19;DAPA-4,5 

DAPA-6,7,8 

RADR-4, 5; SERV- 14 

RADR-4,5;SERV-15 

SERV-2;RADR-22b 

Y-7 



CEARTH 

CENTANG 

CH5MASK 

CH6MASK 

ALIN-13,24 

TRGL-1,2,3;TRGI-1,2,11;TELE-26;DATA-36 

DAPA-27,33;DAPB-7,8;PGSR-1 

DAPA-88,33;PGSR-1 

Channel 77 Channel definitions-;ORBI-23;TELE-16,20,25,29,33,38 

CHAR DSKY-1,2,3 

CLPASS DSKY-2,5,6,7;DATA-2,3,17,18;PGSR-4 

CMOON ALIN-13,24 

CMPX1 TEST-11 

CNANGL 

CNTTHROT 

COASTDBi 

CODE 

COEFFQ 

COEFFR 

COF 

COFSKEW 

GOGA 

COG.AMAX 

COG.AMIN 

COMMAND 

COMPNUMB 

COPINDEX 

COSF 

COSIGA 

COSMJ. 

COSMGA 

COSOGA 

TRGL-8,9;BURN-16,17 

DESC-11, 13 

DAPB-10,11,13 

QSKY-2,4,9,10,ll,12,13;DATA-2,13 

DAPA-19,22;DAPB-2,3,4,22 

QAPA-19,22;DAPB-2,3,4,22 

~TTM-3,4,5,6,9,10 

ATTM-4,5 ,6 

CONC-1,7-11 

CONC-6,7,8 

Q.ONC-7,8 

IMUC-15 ,16 

EXV~-14,15,16,17;TELE-18 

DINT-6,7,8,9,ll,l2,l3,14,16,18 

CONC-1 

COOR-1, 2; ATTM-2; BURN-23; SERV-2, 3 

DAPA-32,33 

COOR-l,2;BURN-22,23;SERV-2,3;ATTM-2 

COOR-l,2;ATTM-2;BURN-22,23;SEffJ- ,3 
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cos/ 

CO3TH 

COSTHETi 

COTROLER 

COUNI' 

COZY4 

ORBI-1O,11 

COOR-4,5,6,7;RADR-8;RNAV-27,43;ATTM-2 

ASCT-11 

QAPA-5,18,21,23,27 

DSKY-2,9,12,13;DATA-13 

TffiL-9,1O 

CSANG TEST-17 
i=x,y,z--

CSIALRM TffiX-1O,13,14,15 

CSMMASS 

CSTH 

CSTHm.RHO 

CSUM 

CTLIST 

CTR511 

CURSOR 

DAPB-l,2,19,2O;DATA-35;TELE-17,21,26,3O,34,39 

CONC-l,6,lO,ll;RNAV-2;TffiL-2;TffiX-9,ll 

CONC-6,7 

ALIN-13,24 

TELE-2 

SERV-?;DESC-4 

A.LIN-11,31,32;DATA-37; 

Cxi CONC-12 

CYL TEST-5,6 

CYR TEST-5,6 

Dl2 ASCT-9 

D21 ASCT-9 

DA QESC-17 

DALTRATE SERV-11, 16 

DAPARUPI' DAPA-1O,3O 

DAPBQRUPI' QAPA-1O,3O 

DAPDATRl DAPB-19; DAT A-35 

DAPZRUPI' DAPA-6,1O,3O 

TELE-39 
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DATAGOOD 

DATAPL 

DE 

DBBi 

DBVALi 

LDCMAT J 

DGOGA 

DdBETA 

DECBRNCH 

DECOUNT 

DEL 

DELAYLOC 

QELCDU 

DELDEP 

QELDV 

DELEL 

DELELO 

DELINDEP 

DELLT4 

DELM 
y ,z 

[ DELMATJ 

DELPEROR 

DELQ.EROR 

DELQFIX 

D.ZLREROR 

DELT 

,B.NAV-20,JO;DATA-37 

TEST-12,13,14 

DAPB- ,5,18;PGSR-l;DESC-5,ASCT-3 

DAPB-5,6,8,9,11 

DAPB-4,5,6,10 

ALIN-2,14,29;COOR-7 

CONC-7,8 

DSKY-1,2,3,4,5,6,8, 12;DINT-14;DATA-3,4, 19,20,21,22,25 

DATA-9,ll,13,14,18,19,21,22,24 

QAPA-29 

MATX-18,19;PGSR-4 

DAPA-6,32;ATTM-7,8;BURN-22 

CONC-8,12 

TffiX-10,13,14 

TffiL-6, 7 

TffiL-6, 7 

CONC-8,12,13 

TRG~-8,9,10;TELE-23,27;BURN-14,16 

TEST-16,17 

ATTM-3,4,6,9,10 

Q4f'A-32;BURN-23;ATTM-7,8 

DAPA-18,32;BURN-23;ATTM-7,8 

SERV-8 

QAPA-18,32;ATTM-6,8;BURN- 22 
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QELTACSM 

DELTAH 

QELTAI...Ef.'l 

DELTAQ ­

DELTAV 

DELTEE 

DELTEEO 

DELTTFAP 

QELV 

DELVCSI 

QELVCTL 

!2,ELVEETl 

J2ELVEET2 

QELVEET3 

QELVIMU 

DELVLVC 

QELVOV 

QELVREF 

QELVROD 

DELVS 

DELVSAB 

DELVSIN 

DELVSLV 
(~ELVLVC) 

DELVTPF 

DELVTPI 

DELI 

DEP 

ORBI-17,18;RNAV-26,27,28;EXVB-29 

SERV-8,9;DESC-2;TEI.E-31;DATA-36;EXVB-3O 

0RBI-17,18;RNAV-26,27,28;EXVB-3O 

RNAV-26 ,27, 28 ,37 

RNAV-36,37,39,4O 

TRGL-7,8 

SERV-l,2,5,6;BURN-20;TEST-ll,16;ALIN-35;IMUC-2;TELE-30,34,39 

TRGX-10,11,13,14 

TffiX-3,ll;TELE-23,27 

TRGX-3,5,lO;TELE-25,29 

TffiL-2,4,9,ll;TELE-25,29;BUR.i1-16,18 

BURN-13; DAT A-37 

ORBI-23;TRGL-3,4,9;TffiX-l,3,5,7,15;DATA-37,38 

ORBI-23;DATA-37 

BURN-13,14,15;SERV-5 

DZSC-11, 12, 13 

SERV -6, , 9, 13 

BURN-14,15,16;TffiX-l,3,5,7 

BURN-13,15;TffiL-4; TffiX-3,5,6,7 
TELE-23 

OR.BI 

TffiL-2,3;TELE- 26;DATA-36 

TffiL-2,3;DATA-36 

CONC-8, 12 

Y-11 



DEPREV 

DESCOUNI' 

DESIGNRX 

msIGNRZ 

DESIGNV 

DESKIGNV 

DESKIGNX 

DESKIGNY 

DESRET 

DIFEQCNT 

DIFFALT 

DISPDEX 

DKDB 

DKKAOSN 

DKOMEGAN 

DKTRAP 

.QLAND 

DLANDX 

DLANDY 

DLANDZ 

DNECADR 

DNLSTCOD 

CONC- 8 ,12 

RADR-6,lO;RNAV-13 

QESC-2 

DESC-2 

DESC-2 

RADR-5 ,6, 7 

ORBI-8,9,12,14 

TRGX-3, 5, lO;TELE-26,JO;DATA-37 

BURN-2,3,4,5,6,8,9,10,ll,12;DZSC-3;ASCT-3;TffiX-6,7 

DAPB-1 7 · PGSR-2 -- ' 
fGSR-2;DAPA-8 

PGSR-2;DAPA-8 

PGSR-2; DAP A-8 

DESC-5 

DESC;DATA-36 

DESC;DATA-36 

DESC;DATA-36 

TELE-2;EXVB-13,14,17;FGSR-l,6,10 

DNRADATAi RAD~-14,20;RNAV-22, ;TELE-14,15, ,20,28,29,30 

DNRRAN}E 

DNRRDOT 

RADR;DATA-37 

RADR;DATA-37 
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DNI'M3-CYI'O TELE-l,2,5;EXVB-9;PGSR-2 

DNI'MBUFF TELE-4 

DOCKTEMP DAPB-1,4 

DO;.iNI'ORKi QAPA-?;TELE-14,17,21,25,26,29,30,33,34, 

DOWNTYPE TELE-2,3,4 

DPIPAY TEST-16 

DPIPAZ TEsr-16 

DRDCYI' .@CT-8,9 

DRIFTER QAPB-4,5 

DRIFTI TEST-12,17 

DRIFTO TEST-14,17 

DRIFTT TEST-13 

DSPCNT INTR-4,5;PGSR-4 

DSPCOUNT DSKY-l,2,3,4,5,6,9,10,ll,12,13,8;DINT-14,18;DATA-2,3,4,8,9,10,12, 
13,14,15,17,26;PGSR-5;INTR-3 

DSPFLGi DINT-6,7,8,9,ll,12,13;P3SR-l,6,7 

DSPLIST DINT-9,10,12,13,14;PG3R-4 

DSPLOCK DINI'-6,9,13;DSKY-l,7,8,ll;DATA-l,15,16,17;PGSR-4 

DSPTABi DSKY-7,13,14;DATA-2;PGSR-4;RADR-3,25;TELE-15,17,20,22,24,28,32, 
33 ,37; INI'R-4;TEST-l 

DSPTEMi DATA-26,34,J5,33;DINI'-l,2;P3SR-8,9;RADR-13,14;RNAV-6,7,2J; 
ALIN-1J,14,15,25,J4;TEST-10,12,1J,14,15 

DSPTEMlC DATA-J4;EXVB-6,12,13,26 

DSRUPTSW INTR-2,4,5;PGSR-l,3 

DT ~ERV-15,13 

DTd2 ORBI-6 ,12 

DUMLOOFS MATI-10;TELE-20,24,29,J1 

DUMPLOC TELE-5 
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DVi 

DVCNTR 

DVLOS 

DVPREV 

DVTHRUSH 

DVTarAL 

DXCRIT 

DXERROR 

DYDar 

DYERROR 

DZDar 

DZERROR 

E 

EJ2CJ1RM 

EJJ22R2M 

ASCT-4,6,7 

SERV-3,4;BURN-l,ll;DESC-l;ASCT-l,4 

TffiL-3,4,9;DATA-36 

TffiX-13, 14 

SERV-3,4;BURN-l;DESC-l;ASCT-l,5 

SERV-2;BURN-J,8,2;DATA-35,36;TELE-34 

DESC-17 

DAPA-8,13,15 

ASCT-8,9 

DAPA-8,13,22 

ASCT-8,10 

QAPA-8,13,22 

DAPB-12,1J,16;DAPA-15,16,24 

ORBI-11 

QRBI-11 

[EARl'HMAT] COOR-2,4,5 

EBANK 

ECC 

EDOP 

EDar 

EDOTQ 

EDOTR 

EDOTSQ 

MATX-10,ll,13,14,15,16,19,20,21,22,23,24;TEST-3,4,5;TELE-3,4,5; 
DINT-5,ll,12;DATA-3,4,5,ll,13,14,17,20,21,22;EXVB-16,17;PGSR-2, 
3,9 

CONC-2; T ffiX-11 

DAPB-12,13,14,15,16,17;DAPA-14,15,16,24 

DAPA-18,19,30 

DAPA-18,19,28 

DAPB-12,13 
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EDRIVE 

EGRESS 

EI 

EL 

ELBI.AS 

ELEV 

ELINCR 

ELINCRl 

ELVIRA 

ENGOFFDT 

ENTRET 

EPSILOj 

EPSILONL 

EPSILON!' 

ERADM 

ERCOMP 

ERCOUNT 

ERESTORE 

~RVECTOR 

EXECTEMi 

EXTVBACT 

F 

FAILREGi 

FBANK 

FC 

DAPA-4,5 

ORBI-18,19;RNAV-37,38,40 

COOR-3 

ALiij-5,2l;DATA-38 

DESQ.-6 

!ffiL-1,3,6,?;TRGX-2,12;TELE-25,27;DATA-36 

DESC-5 

DESC-5 ,10 ,16 ,6 

DESC-16 

ASCT-8 

DATA-1,3,5,8,12,14,15,16,17 

DAPB-22 

CONC-6,8 

CONC-4,5 

COOR-3,4,5 

TEST-12,13,15,18 

TEST-6;DATA-34;PGSR-l 

TEST-4,6;:ffiSR-l,9 

TEST-12,14,15,18 

MATX-11,12,13,17,18 

EXVB-2,19,20,23,26,28,30;DINT-17;PGSR-4 

BURN-1,2,15,19 

PGSR-l,ll;DSKY-7;DATA-34;TELE-16,20,25,29,33,38 

MATX-10 . thru 26;DATA-26 

DESC-14;TELE-31,35 
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FCADR 

FCODD 

FCOLD 

[DAI 

FIREDBi 

FIREFCT 

FIXLOC 

FL.AGOODW 

FLAT 

FLATEMP 

FLPASSO 

FLPAUTNO 

FORVEL 

FOR''JMETR 

FP 

Fq 

FREEDSKY 

FUNCTION 

FUNNYDSP 

EV 

FWEIGHT 

GACC 

GAINi 

GAMMA 

GAMP32 

MATX-25,26;TEST-7 

QESC-14 

DESC-11,14,15 

ATTM-l,2,12;DATA-34 

DAPB-10,11,12,13,14,16 

DAPB-13,14,15,16;DAPA-16 

MATX-13,14 

BURN-20,21,22 

DAPB-10,11,13,14 

DAP12,-4, 5, 6, 8, 10 

DESC-1,4, ,8;BURN-6 

BURN-20,22 

SERV-13,14;DATA-36;DESC-10;TELE-31 

SER'{- 13, 14 

DESC-14, 15 

Q.RBI-10 

DATA-l,2;DSKY-ll;DINT-ll,12 

DAPA-29,34 

DESC-1 Q DAT A-36 

ORBI-8,10,11,12,14,15 

QESC-11,13,14,15 

ALIN-34,35 

DESC-8 

RNAV-37,38 

T ffiX-13, 14 
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GAMPREV 

GAMRP 

[GCMAT ] 

Q.COMP 

GCOMPSW 

Q:CSM 

GCTR 

Q:DT 

Q.DTl 

Q.DTd2 

GEFF 

GENMASK 

GENRET 

GEOCOMPS 

GEOMSGN 

GOBLTIME 

Gour 

Q:SAV 

GTCTIME 

GTMP 

GYROCMD 

GYRODEX 

H 

HAFPAl 

HALFA.ffi 

HAPO 

TRGX-13,14 

COQ.B:-3,4 

DESC-2,6,7,8,9 

!EST-ll;ALIN-l,17,19,29,35;IMUC-l,2,3 

TEST-ll;ALIN-35;IMUC-l,2,3 

SERV-6;BURN-3 

ALIN-34,35 

SERV-4,5,6, 13 ;DESC-2,7,13 

SERV-4,5,6,7;BURN-J;DESC-2;ASCT-7 

TRGL-3-,4 

h:SCT-7,8,9 

DINT-11,12,13,14,16 

RNAV-10,12 

TEST-15,16 

TffiL-lO;CONC-7,9,lO;BURN-17,18 

BUR.i'T-3, 18 

ALIN-34,35 

ALIN-27,28,J4,J6;TELE-J8;DESC-18 

DESC-14;TELE-31 

COOR-? 

IMUC-5,12,13,15,19 

IMUC-11, 12 

ORBI-8,12,14 

Tffi~-11,12 

DAPA-34 

TffiX-l,?;DATA-35 
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EXVB-18,19,2l;DATA-35 

ALIN-19,24 

HAPOX 

HAVEPAIR 

HCALC 

HCALCl 

HDOTDISP 

2ERV-6,7,8,9,ll;DATA-36;DESC-10 

SERV-ll;ASCT-ll,12;DZSC-9,10,13;DATA-36 

SERV-6;ASCT-7,ll,12;DESC-12, lJ;DATA-36,38 

HH DAPB-13,14,15 

HIASCENT QAPB-l;PGSR-2 

HIGHCRIT DESC-14 

HITEMIN DATA-25 

HITEMOUT DATA-12,13 

HLROFF SERV-7 

HMEAS SERV-8;DESC-2;RADR-22a,22b 

HMEASDL RADR-22b,TELE-31 
\ 

HOLDQ DAPB-12,16 

HPER TffiX-l,?;DATA-35 

HPERMIN EXVB-18,20,21 

HPERX EXVB-18,19,2l;DATA-35 

i CONC-3,6,9,10,11;0RBI-5,6,8,9,10,12,14,15,22 

IDADTEMi DATA-4,5,11,13,14,21 

IGAX TffiX-15 

IGC COOR-6,7;ALIN-22,28,30;TELE-16,38;DATA-38jEXVB-4 

IGNAOSQ BURN-5 

IGNAOSR BURN-5 

IMUCADR IMUC-l,10,13,14,17,18,19;ALIN-2;EXVB-3,4,13;PGSR-4 

INDEP ~QNC-8,12,13 

ININDEX DAPA-29,34 

INGTS QAPA-5,21,27;DAPB-2,3,4 
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INLINK 

INREL 

INTIME 

INTY 

INI'Z 

IRETURN 

IRETURNl 

IS.X-OOD 

ITCTR 

ITERCTR 

j 

J1PARM 

J2PARM 

JETRATEF 

JETRATEQ 

JETRATER 

JPARM 

K:0.00555 

K:0.180 

K:O.lsecBO 

K:0 .30555 

K:0.31667 

K:0.35833 

K:0.4gts 

TELE-l;PGSR-4 

DSKY-2,3,4,5,6,10,12,8 

TRGL-2,5,8,10 

TEST-16,17 

TEST-16,17 

ORBI-2,3 ,4, 5 

ORBI-19,20 

IMUC-l,18,19;ALIN-2,17,22,30;EXVB-5;TEST-10,ll,13,15,18 

lffiL-9,10,11 

QONC-3,5,8;TRGL-10 

ORBI-8,9, 14 

ASCT-5 

ASCT-5 

DAPA-7,9 

DAPA-7,9 

DAPA-7,9 

ASCT-5, 12 

RADR-4 

DATA-11 

QAPA-17 

EAJ)R-7 ,24 

RADR-7 

RADR-7 ,24 

DAPA-31 
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K:0 .69444 RADR-7 

K:l .5SECS RNAV-28 

K:lOOCS ASCT-9 

K:100msT6 DAPA-6,7,9 

K:lOOPCTTO ASCT-4 

K:lOSECS .£.SCT-10 

K:lJODEG TffiL-1 

K:136msT6 DAPA-17 

K:150msQR QAPA-23,25 

K:150msT6 DAPA-17 

K:160msT6 DAPA-16 

K:180DEGS DESC-6 

K: 1B1 COOR-3,4 

K:ldlOOms QAPA-9 

K:ld27 COOR-? 

K:ld2DEG DESC-.6 

K:ld32 COOR-7 

K:ld365 COO R-7 

K:ld40 DAPA- 8 

K:lDEGDB ASCT- 3 

K: ldRI'MUE EXVB-18,20 

K: ldRI'MUM EXVB-18 ,19 

K: 1dSQRJ ALIN-12 

K: 10VSQRT2 EXVB-28 

K: 1s-f RADR-3,9 

K: 1SEC EXVB-19 ;SERV-13 

K: 1SEC2D BURN-19 

K: 1SECp1 RADR. 13' 15 
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K:20. 5DEGS RADR-24 

K:20J SERV-6 

K:250MSpl RADR-13 

K:25B5 DAPA-15 

K:25KFT ASCT-10 

K:2J SERV-6 

K:2pi+l BURN-17 

K: 2PI+3 BURt1-17 

K: 2Pid8 RNAV-27 ,28 

K: 2PISC CONC-3,11 

K:2SEC ASCT-4 

K:2SEC18 h$CT-7 

K:2SEC9 ASCT-7 

K:2secB14 DINT-16 

K:2SECS DESC-15 

K:3.5SEC BURN-19 

K:30DEG RNAV-17 

K:30kft SERV-7 

K:35DEG ALI N-,33 

K:3:JSECS ORBI-21 

K:3SECONDS RNAV-11 

K:3SECS DESC-14 

K:40cyc DAPA-15,22 

K:40DEC ~CT-10 

K:40ms RADR-17 
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K:42DEG ALIN-33 

K:49FPS ASCT-2 

K:4FMAXNOM DESC-14 

K:4SEC BURN-18 

K:4SEC17 .£.SCT-8 

K:4SECb28 DESC-13 

K:4SECS DESC-15 

K: 5. 5DEGS RADR-7 ,24 

K: 504RM COOR-3, 5 

K:59:99SEC DAT4-25 

K:59MIN DATA-25 

K: 5DEGREES ALIN-13,28 

K: 5FAILTABi DAPA-33 

K: 5SECDP BURN-3 

K: 5SECS BUR_N-19 

K: 600SEC RNAV-7 

K:60MIN 1'._ffiX-3, 5 

K:60msT6 DAP4-21 

K:6FAILTABi DAPA-33 

K:6SEC BURN-19 

K:6SEC18 ASCT-7 

K: 70degs IMUC-8 

K:770JlOGT PGSR-2 

K: 82DEGS RADR-7 

K: 85degs IMUC-9 

K:89SECS BURN-19 
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K: 90:t-'iSCALR RADR-25 

K:999.99NM RNAV-3a 

K:99999CON ~-2 

K:aarg COOR-7 

K:ABAFCNST DESC-14 

K:ABOUTl .ALIN-12,32 

K: AFTffiUIDi DESC-8 

K:.ALLlS RNAV-30 

K:.ALTCONV SERV-11 

K: altli.m SERV-16 

K:a;nod .Q.OOR-7 

K:ANGLTIME ATTM-6 

K:aosint DAPA-9,10 

K:APSVEX BURN-l;SERJ-2;ASCT-6 

K:ARATE ATTM-6 

K:ARCONV SERV-16 

K:ARCONVl SERV-11 

K:ARI.'OA SERV-16 

K: ARI'OA2 SERv-16 

K:askO TEST-17 

K:ask2 TEST-17 

K:ATA ASCT-6 

K:ATD ASCT-4 

K:ATDECAY ASCT-6;BURN-l 

K: AT RCS ASCT-8 

K:AZO QQQ!-2 

K:AZEACH DESC-16 -
K:b0tobm14 DATA-23 
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K:b0tobm3 DATA-23 

K:b0tobm7 DATA-23 

K:bl4tobO DAT A-10, 26, 27 

K:B2dA2 COOR-4 

K:B2XSC COOfl-4,5 

K:b7tob0 DA'.!'4-10 

K:barg COOR-7 

K:BDOT COOR-3 

K:BEE17 CONC-8 

K: BEE19 CONC-6 

K:BEE22 CONC-4 

K:biascale BURN-22,23 

K:BIASCALE ATTM-6, 7 

K: BIASFACT DESC-11 

K:BITlO DAPA-7 

K:BITlH QESC-13 

K: BIT6 DESC-15 

K:bklim DAPA-23 

K:bkscl DAPA-23 

K:bmod COOR-7 

K: BSUBO COOR-3 

K:bt5 TEST-13 

K:CALLCODE DAPA-9,10 

K:carg COOR-7 

K: CATLOCri ALIN-12,22,23,24,31 

K: CDUZDLIM BURN-21 
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K:Ci QONC-12 

K: cmod COOR-7 

K:COARSTOL IMUC:-16 

K:COGLOLIM CONC-7 

K:COGUPLIM CONC-6 

K:commax IMUC-16 

K:C0S15DEG RNAV-12 

K:COSld2DG RADR-11 

K:COS60DEG RNAV-29 

K:COSI COOR-3 

K:CS359+ TffiX-11 

K:CSS33 ALIN-22,23 

K:CSS40 ALIN-23 

K:CSS5 ALIN-13 

K:CSSUN ALIN-13 

K:CSTODAY QOOR-7 

K:D29.9SEC BURN-3 

K:DAXMAXi BURN-22 

K:DAYd2MAXi ~URN-22 

K:DAZMAXi BURN-22 

K:dc585 TEST-13 

K:DDUMCRIT DESC-3 

K:DECROUND D3KY-9 

K:DEG.5 ALIN-31 

K:DEG30 ALIN-31 

K:DEG359 ALIN-19 
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K:DEGCONl QATA-24 

K: DEGR~El ALIN-19 

K:DELERLIM BURN-22,23 

K:DELMAXl TffiX-14 

K:DEPRCRIT DESC-6 

!:DNLADMM\ PGSR-6 

K: DID' ABLEi TELE-2 

K:DOTSWFMX BURN-21 

K:DPlMIN ATTM-11 

K:DP9dl0 CONC-5,13 

K:DPrnpOl TffiX-6 

K:DPPOSMAX RNAY.-41 

K:DPSTHRSH DESC-1 

K:DPSVEX ASCT-4;BURN-l;SERV-2 

K:DTd2MAX ORBI-6 

K:DTd2MIN ORBI-6 

K:DTdDELT BURN-22 

K:DTDECAY BUR~-1 

K:DTdTAU ATTM-7 

K:DUNFVLIM BURN-20,21 

K:DVA ASC'r_-6 

K:DVD _ASCT-4 

K:DVMAXl TffiX-10 

K:DVMAX2 TffiX-11 

K:dvtoacc BURN-22 

K:EARTHMU BURN-18 
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K:EBANK6 PGSR-2 

K:eclim DAPA-5 

K:EE COOR-4,5 

K:ELEACH DESC-16 

K:ELEPS TffiL-6 

K:EPSl BURN-16,17 

K:EPS2 BURN-16,17 

K:EPSFOUR TffiL-8 

K:EPSILNl '.!'._ffiX-14 

K:ERAD COOR-4,5 

K:ERASID TELE-5 

K:FAPS BURN-1,19 

K:FCADRMMli PGSR-8 

K:FDOT COOR-3 

K:FDPS BURN-1 

K:FEXTRA DESC-14,15 

K:FHNM B,NAV-3a 

K:FIFPSDP TRGX-14 

K:fmax DESC-14 

K:FMAXODD l)ESC-14 

K:FMAXPOS DESC-14 

K:FOURSECS BURN-15 

K:FRCS2 BURN-2,18 

K:FRCS4 BURN-2 

K:FSUBO COOR-3 

K:FT99999 RNAV-41 
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K:FULLAPS PGSR-2 

K:GAINFLTRi BURN-20,21 

K:georgj TEST-17, 18 

K:GHZ DESC-11 a 

K:gloktest C00R-6 

K:GSCALE DESQ.-7 ,13 

K: gtstmin DAPA-31,32 

K:GUIDDURN DESC-1 

K:GYROFRAC IMUC-12 

K:gyromin IMUC-12 

K:gyrtm IMUC-12,13 

K: HALFSEC RNA1-13 

K:HBEAMNBi SlIBY,-8 

K:HI5 BURN-22 

K:HIGHESTF DESC-8 

K:HIMINCON DATA-13 

K:HINJEC! ASCT-6 

K:HISECON DATA-13 

K:HLROFFF ~-2 

K:HRC0N DATA-25 

K: HRC0Nl QATA-12 

K:HSCAL §ERV-8 

K: IDADTABi DATA-4,5 

K: IDLERI'l DINT-14 

K: IMUVAR RNAV-28 

K: INDXYZi DAPA-11 

K: INITST TR1X-10 ,13 

K: j2i 0RBI-11 
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K:j3j2i Q..RBI-11 

K: j4j3i ORBI-11 

K:K.O1 RNAV-7 

K:KlVAL BURN-19 

K:K2VAL BURN-19 

K:K3VAL ~URN-19 

(K:KONMA'fl QOOR-8 

K:KPIP SER'J-2 

K:KPIPl SERV-2,5 DESC-12,13 

K:KPIP1b5 SERV-13 

K:KPIP2 SERV-6 

K:LINRAT DAPA-14,22 

K:LOCKANGL ATTM-4 

K:lomo COOR-? 

K:lomr COOR-7 

K:lono COOR-? 

K:lonr COOR-? 

K:LOOPMX TffiX-1O 

K:loso COOE-7 

K:losr QOOR-7 

K:LOWIDCOD TELE-2,5 

K:lungt ALIN-35 

K:LVELBIAS RADR-2O 

K:m45DF.GSR RADR-9 

K:m5ODEGSR RADR-9 

K:m5Osc CONC-3 
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K:m80DEGSR RADR-9 

K:MAX250 TRGL-5 

K:MAXANG ATTM-5 

K:MAXDB ffiSR-1 

K:MAXNM EXVB-2l;TRGX-7 

K:MAXTHRUST BURN- 7,8;ASCT-6 

K:MAXTRIES RNAV-13,14 

K:MAXTRYS RADE-6 

K:MAXVBITS SERV-14,15 

K:MCTOMS RADR-10, 1.2 

K:MDl DATA-17 

K:MDOTAPS BURN-1 

K:MDOTDPS ASCT-4;BURN-l 

K:MdSCONl QATA-13 

K:MdSCON3 QATA-13 

K:m.DT SCALR RADR-25 

K:mFOURDEG DAPA-16 

K:mFOURDT BURN-15 

K:MINABDV ASCT-7 

K:MIN.AMJ. ATTM-5 

K:MINCON DATA- 25 

K:MINCONl DATA-12,13 

K:MINCON2 QATA- 12 

K:minimptj DAPA-12,13 

K:MINPERE EXVB-18,20 

K:MINPERM EXVB-18,20 
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K:MINI'IMES QAPA-17 

K:rnMUDTi SERV-6, 7 

K:MOONRATE ~CT-l;DESC-1 

K:MUi ORBI-4,6,l0,14,15;TffiL-10 

K:MUMm37 ASCT-12 

K:MUTABLE QONC-3,6,9;TffiL-ll;TffiX-6 

K:NDl DSKY-2,5;DATA-17,26 

K:NEWPHASEi QESC-4 

K:NICKELDP 1ffiX-ll 

K:NNADTABi DATA-4 

K:NNI'YPTABi DATA-4 

K:NODDJT 

K: NODIO 

K:OCTO·J240 DAPA-31,32 

K: OCTJl QAPA-31,32 

K:OFFSTFAC _BNAV-29 

K:OMEGMOON ORBI-16 

K:omegms TEST-12,18 

K:ONE ASCT-7 

K:ONESEK ATTM-6, 7 

K: ONETENI'H DAPA-5; IMUC-19 

K:ONETHTH TRGX-11 

K:p25 RADR-2 

K:p3D ORBI- 6 

K:P64DB DESC-5 

K:Pidl6 EXVB-23 

K:pip2sec IMUC-3 
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K:pipasc TEST-16 

TRG~-15 

K:p~smaxdp Major Variables 
TRGX-2; SERV-8 

CONC-2,3; ATTM-5,9,lO;TR}L-5,8,9; 
DATA-3,18,34;DSKY-9;EXVB-21,22,23 

K:posmaxsp BURN-23,24,25;TRGL-5;DESC-10 ,7,14;MATX-2,9 

K:PREGUIDEi DESC-5 

K:PREMMli PGSR-5,8 

K:PRI031 SERV-2;ALIN-34 

K:PRLIMIT ASCT-9 

K:PROJMAX DESC-9 

K:PROJMIN DESC-9 

K:pTJMINT6 DAPA-20,21,25 

K: QI'SN45 COO R-6 

K:quadsPi QAPA-17 

K:quadsQ~ DAPA-27 

K:RlDl 

K:R2Dl 

K:R3Dl 

K:r52el 

DSKY-5,ll,12;DATA-8,9,12,13,14,26 

DSKY-5,ll,12;DATA-8,9,12,13,14 

DSKY-5,ll,12;DATA-8,9,12, 13,14 

ALIN-21,31 

K:RANGCONV RNAV-22 

K:RATESTRI' PGSR-2 

K:RDi ORBI-10 

K: RDESGAI N RADR-11 

K: RDOTBIAS ,E.ADR-21 

K:RDOTCONV RANV-22 

K: RDOTDNOM ASCT-2 
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K:RECRATIO ORBI-8 

K:rectr ORBI-8 

K:rectv ORBI-8 

K:RELTABi DSKY-2, 9; INI' R-4 

K:REMDIST EXVB-27 

K:R"ESQ SERV-6 

.K:RIMUZ DESC-11, 12 

lC:RMi ORBI-5 

K:RNDCON DATA-13 

K:ROE ALIN-13 

K:ROOTHALF DAPA-34 

K:RPAD CONC-13;EIVB-18,20 

K:rrlim.it BAf)R-4 

K:RRSPGAIN RAD11.-4 

K:RSCALE EXVB-12,13 

K: RSPHERE Q.BJ3I-6,7 

K:RSUBE ALIN-13 

K:RSUBEM ALIN-13 

K:RSUBM ALIN-13 

K: RUTMXTAB DATA-4 

K:S40.136 BURN-19 

K:S40.136* BURN-19 

K:SCALEFAC DESC-13,14 

K:SECONl DATA-12,13 

K:SECON2 DATA-12 

K:SFINTABi DATA-21,22 
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K:SFOUTAB
1 QATA-9 

K:SHFTFACT DESC-13 

K:Si Q.ONC-12 

K:SIN60DEG RNAV-29 

K:SINGIMLC .@'TM-3 

K: SINI COOR-3 

K:SINVECl ATTM-3 

K:SINVEC2 ATTM-4 

K:SN359+ '.!'..ffiX-11 

K:soupyi TEST-11 

K:STARI'EB PGSR-3 

K:STIKSTRI' PGSR-2 

K:T 2A ASCT-8 

K:T J ASCT- 9 

K:T6lim DAPA-1 

K:T6tosec DAPA-6 

K:TARGTDEX1 DESC-6,7,8 

K:TBUPA .£SCT-6 

K:TENSEC Ri1A'l_-14, 16 

K:TFFi EXVB-23 

K:TGOA ASCT-1 

K:THETACON BURN-15 

K:THREEDEG RNAV-23 

K:THRESHl BURN-1 

K:THRESH2 BURN-l;ASCT-1,5 

K:THRESHJ BURN-1 
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K:THROTLAG DESC-15 

K:timeadr TELE-1 

K:TIMEDELT ORBI-20 ,21 

K:TMIN TffiX-15 

K:TREDESCL DESC-10 

K:TRIMACCL DESC-2 

K:trvtoc DAPA-5 

K:TSCALE EXVB-13 

K:TSCALINV DESC-10 

K:TSIGIITl ALIN-19 

K:ttf24b6 DESQ-6 

K:ttf6b3 DESC-6,7 

K:TWOPl TffiL-7,8;TRGX-2,12 

K:typmanPi QAPA-18 

K:typmanQ~ QAPA-27 

K:UNFVLIM 

K:unia 

K:unib 

K:unic 

K:unid 

K:unie 

K:unif 

K:unig 

f:UNITX 

f:UNITY 

BURN-21 

CONC-11 

CONC-11 

CONC-11 

CONC-11 

CONC-11 

QQ.NC-11 

CONC-11 

SERV 
3,13; 

SERV 

ORBI-10;BURN-16,20;ATTM-3,ll;ALIN-5,14,29,32,34;DESC­
RNAV-27,43;EXVB-28 

ATTM-3,4;ALIN-14,29,34;RNAV-27,43;EXVB-25,28 
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SERV-6;0RBI-10,16;ATTM-ll;ASCT-l;ALIN-14,29,34;DESC-l;RNAV-ll, 
27,43;EXVB-28 

K:VB21 

K:VB22 

K:VB23 

K:VB25 

K:VBITS
1 

K:VDl 

K:VECANGl 

K:VECANJ-2 

K:VELC0NV 

K:vesc 

JS : V iBEAH·iB 

K:VINJNOM 

K:VNDSPC0N 

K:VSCALi 

K:VSCALE 

K:WEARTH 

DATA-19 ,20 

DATA-19, 20 

DATA-20 

DATA-25 

RADR-19 

DSKY-2;DATA-l 7 

ATT!i-4 

ATTM-4 

§_ERV-13 

TEST-16 

SERV-9 (i=x,y,z) 

ASC1-2 

DSKY-11 

SERV-10 

EXVB-12,13 

g_o:rn-2 

K:WHATALMi QESC-7 

K:WHATDISPi DESC-9 

K:WHATEXITi DESC -8 

K:WHATGUIDi DESC-6 

K1PARM Asc·r -5 

K2CNI'RAL DAPA-28,29 

K2PARM ASCI_-5 

KZI'HErA DAPA-28,29,30 

KCENrRAL QAPA-28, 29, 30 

KEPCl C0NC-3,11,12 
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KEPC2 

KEPRTN 

KPARM 

L 

LADQSAVE 

LAGdTAU 

_1AND 

LANDALT 

LANDLAT 

LANDLONG 

LANDMAG 

_1ANDTEMP 

LASTSCMD 

LASTTCMD 

LASTTPIP 

LAT 

LATITUDE 

LATVEL 

LATVMETR 

,!;AXIS 

y:504 

LEADTIME 

LEMMASS 

LENGTHOT 

LGRET 

CONC-J,12 

CONC-4,6;0RBI-15 

.£.SCT-5,12 

MATX-12,18,19,21,23,24,25,26;TEST-7 

SERV - 12 , 1 J, 1 5 

DESC-13 

DESC-l,J,5,6,8;TELE-J4;SERV-8 

&IN-16; DATA-38 

ALIN-16;DATA-J8 

!I,IN-16; DAT A-38 

ASCT-l,6,lO;SERV-6,ll;DESC-1,5,6,lJ 

DESC-5,6 

RADR--J,4;TELE-17,24,26,J2,J4,J7,J9 

RADR-J,4;TELE-17,24,26,J2,J4,37,39 

DESC-11,13 

QOOR--4;RNAV-7;DATA-J5;ALIN-16 

TEST-10,12,18 

SERV-1J,15;TELE-J1 

SERV-1J, 15 

ASCT-7,8,9,10 

COOR--2 ,4, 5 

DESC-7 

QAPB-l,2,19,20;DATA-J5;TELE-17,21,26,JO,J4,39 

TEST-12,13,15,17 

RNAV-18,36,37 
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LGYRD 

1M5O4 

LMKA0SN 

LMOMEGAN 

LMPOS 

LMTRAP 

LMVEL 

LOADSTAT 

LOCCTR 

LONG 

LONGCADR 

LONGEXIT 

LONGTIME 

LO8KANGL 

LOOPCT 

LOSCALAR 

LOSCOUNT 

LOSDESRD 

LOSVEC 

LOSVEC 1 

_1OSVEL 

LOTEMOlIT 

LOWCRIT 

IMUC-1O,ll,12,13;PGSR-4 

COOR-3,5,8,9;ORBI-1O,16;DESC-1,18;ALIN-16,36;ASCT-1 

DAPA-8;PGSR-2 

DAP A-8; PGS R-2 

_B.NAV-8,1O 

,ENAV-8,1O 

DINT-14,15;DATA-2 

MATX- 3,5,1O,ll,13,14,15,16,17 ,18;ALIN-4;IMUC-18,19;RADR-18,19; 
DINT-7,8,9,1O,12,13,14,15,17 

MATX-12,13,17,18 

QOOR-4;ALIN-16;RNAV-7;DATA-35 

MA'.J'.~-23,24 

MATX-23,24 

MATX-23,24 

DESC-6 

TffiX-1O ,13 ,14 

EA,DR-24,25 

RADR-12; RNAV-13 

RNAV-29 

TEST-14 

TEST-17 

RNAV-8,29;RADR-1O,12 

DATA-12,13 
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LPVTAR-1 

LRHMAI 

LRLCTR 

LRMGTR 

LRPOS 

LRRCTR 

LRSCTR 

LRVF 

LRVMAX 

LRWH 

LRWH1 

LRWVi 

Lffi.JVFi 

LRWVFF 

LS21X 

LSTli 

LST2i 

LUNDEX 

[ LVCMAT] 

Mll 

M21 

SERV-9 

SERV-9;DESC-4 

SERV-10;DESC-4 

SERV-7,8,9,11;DESC-4 

SERV-9; DESC-4 

SERV -10; DESC-4 

SERV-10 

SERV-10 

SERV-9;DESC-5 

DESC-5 

SERV-10 

SERV-10 

SERV-10 

B,NAV-8, 9 ,10 

MATX-20, 21, 22 

MATX-20, 21, 22 

QESC-6,7,8 

T ffiX-3, 5, 7 

DAPA-4,8,16,32 

Q_APA-4,8,18 
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M22 

MJl 

MJ2 

MAGVEC2 

MARK2PAC 

MARKCNTR 

MARKSTAT 

MARKVACi 

MASS 

MASSl 

MAX 

MAXFORCE 

ml)ELGMB 

MDOT 

MEASRATE 

mEPSILON 

[MFI ] 

MFISYMJ 

[MFS ] 

MGC 

MIN 

MINDEX 

MINFORCE 

MIS 

MIXBR 

MIXTEMP 

QAPA-4,8,18,JJ;SERV- 13, 16 

QAPA-4,8,18 

DAPA-4,8,18,JJ;SER'v- 13, 16 

CONC-6,9 

DINT-11,17 

ALIN-~,7,8,9,10,11 

.£1,IN-J,4,6,7,8,9,ll;PGSR-4 

ALIN-J,4,8,9,10,11,12 

SERV-2,4;BURN-15,18,19;DESC-8,1J,14;ASCT-4;DAPB-l,2,J,19,20 

~ERV-2,4 

CONC-8,12,13 

DESC-13 

BURN-22 

BURN-1,19 

DAPA-8 

DAPB-22 

~TM-4,5 

ATTM-5 ,6 

ATTM-4 

COOR-6,7;ALIN-22,28,JO;TELE-16,J8;DATA- J8;EXVB-4 

CONQ_-8,12,13 

PGSR-5,6,8 

D3SC-1J 

E['TM-J,4,6 

DATA-J,4,7,8,9,10,ll,12,13,14,15,21,24,25 

Q!TA-5 
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MKDEX ALIN-8,9,10 

~KTIME RNAV-22,22b,23,24,25;TELE-23,31,36 

MLOSV RNAV-3a,9;RADR-10,12 

MMNUMBER fGSR-5,6,7,8;EXVB-ll;DATA-26;ASCT-3 

MMI'EMP PGSR-8 

MN COOR-3 

[M.NMATl] COOR-3 

[MNMAT2] COJR-3 

[MNMAT3] COOR-3 

MODEALTi RADR-5,8 

MODEPRESi RADR-5,8 

MODREG QATA-17;EXVB-5,6,7,9,10,14,17;TffiX-6;PGSR-l,7,8,ll;RNAV-4; 
ASCT-3 ,4, 5 ;ATTM-2; BURN-3 ,5, 7 ;ORBI-9; SERV-10, 12;TEST-l,10 ,14; 
DESC-4,5,11,15,16 

MONSAVE QATA-15,16;PGSR-4 

MONSAVEl DATA-l,5,15,16;PGSR-4;DINI'-13,14;DSKY-8,ll;TEST-2 

MONSAVE2 DATA-1,15,16 

[MOONMAT ] COOR-3, 5, 8, 9; ORBI-10, 16; ALIN-_16 ,_36; ASCT-1 ; DES_C-1 , 18 

MPACi 

MR 

mTPER 

MUASTEER 

MUdA 

MUDEX 

MUE 

n 

MATX-l,3,5,6,7,8,9,12,14,16;TEST-2; , 

QOOR-3 

EXVB-18,19,2l;DATA-34 

TffiL-ll;BURN-17 

T ffiL-11; BURN-1 7 

IMUC-10,ll;DAPB-2,3 

CONC-J,6,9,13;0RBI-4,5,15;BURN-16;TffiL-9,10,ll;TffiX-6,15 

TffiX-6,lO;TffiL-11 

ORBI-13,14 
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N49FLAG 

NBDX 

NBDY 

NBDZ 

RNAV-18,19 

IMUC-2 

[NBSMMAT] .QOOR-l;DESC-13; ;EXVB-25;A1IN-10,12,27,28,29,34;RADR-ll; 

NCDU 

,NCSMVEL 

NDXCDUW 

NDXCTR 

NEGUi 

NEWJOB 

NEWLOC 

liE\vPOS 

NEWPRIO 

NEXTIME 

NEXTP 

NEXTU 

NEXTV 

NGUIDSUB 

NIGNLOOP 

NN 

NNADTEM 

NNTYPTEM 

NOMl'PI 

RNAV-27 

&TM-6,7 

.ENAY-2 

BURN-20 

!EST-10,11,12,13 

DAPA-l,3,5,6,10,11,12,17,29,31,32 

.:'1ATX-10,13,14,15,17;TEST-8;EXVB-19;PGSR-3;RADR-12 

MATX-11,12,13,17,18 

MATX-11,12,13,15 ,17 

DAPA-1,3,6,12,17;PGSR-3 

DAPA-l,3,6,19,20,25,26,27 

DAPA-l,3,6,19,20,24,26,27 

J2.ESC-l,2 

TRDX-l,2,12;TffiL-l,3,8;T~LE-26;DATA-36 

DAT4-3,4,5,7,8,9,17,21,23 

DATA-4,7,8,9,10,21,22,24 

1ffiL-l,6,8;TffiX-4,5 
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NORMEX 

NOTJNADD 

NOUNCADR 

NOUNREG 

NOUNTEM 

NO UT 

NPrRAPS 

NQTRAP3 

NRI'RAPS 

NSAMP 

NSRCHPNT 

NUMBERI' 

NUMJETSi 

Nlfl/CSM 

Nl]VLEM 

NVQTEM 

NVSAVE 

NVTEMP 

NVWORDl 

NVWORD1 

NXT6AXIS 

OGABIAS 

OGG 

OLDATAGD 

CONC-lJ;TffiL-3,5,6,9,ll;TRGX-8,9 

DATA-3,4,5,7,8,9,ll,12,13,14,15,17,18,19,20,21,22,24,25 

DATA-3,4,7,15,17,21,22,23,26 

DATA-l,2,4,15,16,17,20,26;DSKY-2,3,5;DINT-15;EXVB-3;PGSR-4 

DATA-5 

INTR-2,4,5;DSKY-13;TEST-l;DATA-2;PGSR-4 

DAPA-6,8 

DAPA-6,9 

DAPA-6,9 

RADR-17,19,21,22, 22a,22b 

RNAV-28,29,30 

DAPA-ll,12,13,15,16,17,18,20,21,23,24,25,26,27 

DAPA-7,17,26 

ORBI-17,18;EXVB-29;RNAV-26 

ORBI-17,18;EXVB-29;RNAV-26 

DATA-1,2 

PGSR-_2 

DATA-1,2 

BURN-9,lO;DINT-13 

DINT-7,8,9,ll,13,15,16 

DAPA-l,2,6;PGSR-3 

BURN-20,2l;DESC-9 

COOR-6,7;TEST-18;ALIN-17,22,28,JJ;TELE-16,38;DATA-38;EXVB-4 

RADR-17, 21, 22 
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QLDPIPA 

OLDPMIN 

OLDQRMIN 

OLDSENSE 

OLDXFORP 

OLDYFORP 

OLDZFORQ 

Q_MEG1½_ 

OMEGAM, - ]. 

O~GAP 

OMEGAPD 

O~EGAQ 

OMEGAQ,l) 

QMEGAR 

OME}ARD 

OMEGAU 

OMEGAV 

OMEGDISP 

OPTCADR 

OPTIONl 

OPTION2 

OPTION3 

OPTIONXi 

OUI'HERE 

OUTO 

OUTOFPLN 

Q.ESC-11, 12 

.QAPA-5 ,12,13 

QAPA-5,20,21 

DAPB-17, 18 

DAE_4,-5,7 

Q~A-5,7 

QAPA-5,8 

RNAV-37 ,38 

RNAV-38,39 

DAPA-5,8,9,14,16;TELE-15,17,19,21,24,26,28,30,32,34,37,39 

DAPA-16,32;B~RN-22,23;ATTM-7,8;TELE-16,20,25,29,33,38 

QAPA-5,8,9,18,22;TELE-15,17,19,21.,24,26,28,30,32,34,37,39;DESC-11,1 2 

DAPA-18,32;BURN-22,2.3;ATTM-6,7,8;TELE-16,20,25,29,33,38 

DAPA-5,8,9,18;TELE-15, 17,19,21,24,26,28,30 ,32,34,37,39 

DAPA-18,32;BURN-22;ATTM-6,8;TELE-16, 20,25,29,33,38 

QAPA-19,24 

DAPA-19,24 

RNAV-20,JO;DATA-37 

ALIN-3 ,4; P2rSR-4 

DATA-34;RNAV-l,6;ALIN-15,25,26 

DATA-34;RNAV-l ,6;ALIN-14,15,25,26,27,30,36 

QAT A-34; ALIN-26 

~B-4,17,18;DATA-34;RADR-13;ATTM-ll 

DINT-15,16,17 

I NT R-2,4 

]2_ESQ.-3; DAT A-36 

Y-44 



OVFIND 

OVFLOWCK 

p 

P. I 
1 

P21ALT 

f21BASER 

f21BASEV 

P21GAM 

P210RIG 

P21TIME 

P21VEL 

PBODY 

PCONS 

PERFDLAY 

PERRDR 

PGUIDE 

fHIV 

PIF 

PIFPSET 

PIPA 

fI'PABIAS 

fIPASCF 

PIPATMP 

PIPCTR 

PIPCTRl 

RNAV-8,9,40,41;MATX-13,14 

TEST-10,15,18 

CONC-l,2,7,8,9,ll;TRGX-ll 

ORBI-11 

RNAV-7 ;DATA-38 

RNAV-6, 7 

gNAV-6, 7 

RNAV-6;DATA-38 

RNAV-6 

RNAV-6,7 

RNAV-6;DATA-38 

QEI3I-3,4,5,6,7,8,10,ll,14,15,16;BURN-16;ALIN-13;RNAV-3,6,7; 
EXVB-18,27,29 

ASCT-8,9,12 

TEST-11 

DAPA-4,12,13,15,16 

SERV-1,5,6 

DESC-15 

QESC-14,15 

~ERV-1,13, ;DESC-12;ALIN-l,17,19,29;IMUC-3;DATA-34;TEST-ll,12, 
14,16;TELE-17,26 

IMUC-2;DESC-ll 

SER'l-2,3,15;DZSC-12 

SERV-1, 12 

SERV-1, 12 
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PIPINDEX TEST-12,13,14 

PIPI'IME SERV-1,4,5,12,13;DE~C-11,12114!1?!18jBURN-14,15,17,18;0RBI-19: 
ALIN-35,36;ASCT-8,10;IMUC-J;TELE-16,20,25,29,J3,J8,6;EXVB-26 

PIPI'IMEl SERV-1,4, ;DESC-2,J,4;BURN-3;0RBI-20;TELE-JO,J4,39 ;RADR-22b 

PITCH ASCT-2;DATA-J7 

PITCHANG EXVB-27,28 

PITTIME DAPB-20,2l;DATA-35 

PJETCTRj_ DAPA-5,ll;DAPB-18 

PLANVEC ALIN-1,2,20 

PLAST Q4PA-8,1J,14 

pMGA TRGX-6,15;DATA-35 

fOINTVSM ATTM-3,ll;ALIN-2l;RNAV-ll;DESC-3;BURN-16 

POLDPIPA DESC-12 

POLYTEMP DAPA-12,11,17,18,19,25,26,27 

POSCODE ALIN-31,32 

POSIT ON I TEST-12, 13, 15 

POSNVy,z TEST-17 

POSTCDH TffiX-12,15 

POSTCSI TffiX-11,15 

POSTTPI 1ffiL-3;DATA-36 

PREC DESC-6,17 

PRATE ASCT-8,9,12 

PRIORITYi MATX-12,13,14,15,16,17,18 

PRIOTIME DINT-9,15 

PRDJ DESC-9 
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PRO.Jl 

PROJ2 

PSEUD055 

,ESIV 

PTIGINC 

PUSHLOCi 

F'VALVEST 

q 

Q 

DESC-9 

DESC-9 

DESC-15;TELE-35 

ORBI-12 

TRGL-4 

MATX-13,14 

DAPA-33;PGSR-l 

ORBI-10 

ORBI-15 

Q-register MATX-ll,12,13,15,17,l8,l9,20,22,23,24,25 

QACCDOT DAPA-5,9,10,29,3l;DAPB-3 

.QAXIS ASCT-2,5,6,7 

QCDUWUSR BURN-20,23 

QDAPK QAPA-JO;DAPB-3 

QERRDR QAPA-4,18,20,23,30 

~IMTIMR DAPA-5,10,28,32 

QHZ DESC -11a 

QKALERR DAPA-9 

QLAST QAPA-8,13,22 

QJ.,1AJ ALIN-17,18,19,20 

QMIN ALIN-13,22,24,31,34,35,32 

QPLACE TEST-14 

Q.PRET MATX-12,16;0RBI-21,22;EXVB-29 

QRATEDIF DAPA-22 

QRCNTR QAPA-28,29,30 
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QRUPI' MATX-22,23;DAPA-10 

QTEMP BURN-15,16;TffiX-7 

QTEMPl BURN-14 

QTERM ;g;_x.VB-22,23 

R DESC-2, 3, 6, 8, 11 , 13; SERV-2, 6, 11 ; ASCT-11 , 2, 5, 7, 12 

E-arHER TELE-14,23,27,36,6 

Rl CONC-l,2,3,5,6,8,9,ll,12;TffiX-10;TffiL-11 

E1S SERV-6,8,9,11 

RlSAVE DINT-14;PGSR-4 

RlVEC CONC-6;TffiL-9,10 

R2 CONC-9,12 

R22DISPR RNAV-36;DATA-35 

R22DISPV RNAV-36;DATA-35 

_B2VEC CONC-6;TffiL-9,10,ll 

R60SAVE DESC-3 

R65CNT R RNAV-8, 12, 16, 18, 26 

RA DESC-7 

RACCDOT DAPA-5,10,ll,29,31;DAPB-3 

RACTl TffiX-3,5,8,10,11,12 

l}ACT2 TffiX-3,4,8,9,10,12 

l}ACT3 TffiL-2,5,6,7,8,9;TffiX-2,4,8,9,12,13 

RADBITS RADR-20,21 
RADCADR RADR-5,7,18,19,24;RNAV-20;PGSR-4 

RADDEL RADR-24, 25 

RADGOOD RADR-16,18,19;RNAV-13,14,19,21,22; EXVB-5,7,30 

RADLIMCK ]ADR-5,6,24;RNAV-14,15,30 
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RADTIME 

RADUSE 

RAMIN 

RANGE 

RANGEDSP 

RANGEVAR 

RANGRDOT 

RAPO 

RAPREC 

RATEDB 

RATEINDX 

RATEVAR 

RGO 

RCSFLAGS 

RCSM 

RCV 

RCVCSM 

RCVLEM 

RdA 

RDAPK 

RDES 

RDESIRED 

RDOT 

RADR-24,25 

RADR-17,20,22,22b 

ASCT-12 

EXVB-24,25,27;DATA-36,38j RNAV-32 

DESC-6;DATA-30,36 

RNAV-26 

RNAV-22;TELE-23,36 

EXVB-21 

TRGL-5,8 

DAPA-15,22,23;DAPB-20;PGSR-2 

DAPB-19;PGSR-l;ATTM-6 

RNAV-26 

ORBI-4,20,23,24;BURN-3,16;DESC-2,3;ALIN-13,l8,26;ASCT-l;ATTM-ll; 
RNAV-l,2,6,7,8,28,29;TffiL-8,9,ll;TffiX-2,4,7,8,9,12;EXVB-12,13,18, 
24,25,26,27 

ASCT-2,5,6,7,9 

DAPA-3,4,5,10,ll,12,14,17,21,22,23,29,31;PGSR-l,2 

SERV-2,6;BURN-3;ASCT-5,12; ;EXVB-26 

CONC-5,6;DESC-3;0RBI-5,6,7,8,15,16,17,18,19,22,24;RNAV-2,7,39; 
TffiL-lO;TffiX-9;TELE-6;EXVB-24,25 

ORBI-17;RNAV-26,27,28;EXVB-29 

ORBI-17,18;RNAV-10,26,27,28;EXVB-29 

CONC-l,2,7,9,10,ll,12;TffiL-ll;TffiX-10 

DAPA-28;DAPB-3 

RADR-3 ,4, 9 

CONC-l;TffiX-2 

ASCT-2,7,8,9,10,12 
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ASCT-2,5,8;DATA-37 

RNAV-22,26 

RNAV-21,22 

RDOTD 

RDOI'M 

RDOTMSAV 

RDOTV 

REDOCTR 

TRGX-11,12 

PGSR-l,9;TELE-15,19,24,28,32,37 

[ffi:FSMMAT] COOR-8,DESC-1,2,6, 18;BURN-3, 13, 14, 16;; SERV-2,5, 11 ;ALIN-2, 14, 15, 17 
18,19,20,21,22,25~30,31,36;ASCT-l,6;ATTM-ll;TELE-14,27,36;RNAV-
8,9,27,29;TRGX-15;EXVB-12,13,25,26,27 

REPOSCNI' RNAV-14,15 

ffi:POSTM RNAV-14,15,16 

REQRET QSKY-2,5,6,7;DINI'-18;DATA-l,2,16,17;PGSR-4;INI'R-3 

RERROR DAPA-4,18,20,23,28 

RESULTCT TEST-12,13,14 

RETJADR DAPA-21,23,24,25,27 

RFAILCNI' RADR-13,16 

[RFSTMAT] !1,IN-14 

ffi TMI' IMR DAP A-5, 11, 28, 31 

ffiU DESC-2,6,7;TELE-33 

RHCP DAPA-13,14,15 

RHCQ DAPA-13 

RHCR DAPA-13,14 

RHO QRBI-10 

EINIT TffiL-8,9,10;TffiX-15;BURN-14,15,16 

RLM EXVB-28 

B:I,MSRCH RNAV-28, 29 

RLMTEMP EXVB-28 

.RLMYTEMP EXVB-28 

RLS DESC-l,18;CONC-13;0RBI-16;COOR-3,5;ALIN-15,27,28,36;ASCT-l; 
TELE-14,32;EXVB-18,20 
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RM RNAV-22,26 

RMAG ASCT-7,9,10,12;BURN-17 

RMAGl EXVB-20,22,23 

RMAGS Q SERV-6,7 

RHAX RNAV-36 

,EN SERV-4.5:0RBI-1Q:BURN-14,17,18;DESC-18;ALIN-36;TELE-6,16,20,25,29, 
33,38; EXVB-19,26 

li,Nl SERV-2,4,5,ll;ORBI-20 

RNRAD RADR-20, 21 

RODCOUNT DESC-4,12,17 

RODSCAL1 DESC-11,12 

RODS CALE DESC-11 

ROLLTIME DAPB-20,2l;DATA-35 

RONE EXVB-18,19,20,22,25,26 

ROOTGOOD DESC-7,17 

ROOTMU CONC-3,5,6,8,9,12;0RBI-15 

ROOTPS DESC-7, 17 

ROTINDEX DAPA-11,12,17,18,19,25,27 

RDTSENSE DAPB-12,13,14,15,16 

RP ASCT-5,6,12 

RPADTEM ~XVB-18,20,21 

RPASSl TRuX-2,8,12 

RPASS2 TRGX-4,8,9,10,12 

~PASS3 TffiL-2,5,6,7,8;TffiX-2,4,8,9,10,12,13 

RPASS36 EXVB-26 

RPCRI'IME SERV-11;EXVB-30 

RPCRI'QSW SERV-11 ;EXVB-30 
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RPER EXVB-21 

RPPREC !RGL-5,8 

EPQV ORBI-6,7,9 

RPSV ORBI-9 

EQVV ORBI-9 

Rn-AZ RNAV-43;DATA-36 

RR-ELEV RNAV-43;DATA-36 

B,RANGE RNAV-Ja,8 

RRATE ~-24,25,27;DATA-36,38 ;RNAV-Ja 

,BRB:JRSIT _liNAV-17,22,23 

B.RECT ORBI-4,5,7,17,18,19,22,24; CONC-J;RNAV-2 

RRECTCSM ORBI-17,18;ALIN-18;ASCT-6;EXVB-29 

ER.ECTLEM QRBI-17,18;EXVB-29 

RRINDEX RADE-4 

RRRET RAD R-3 , 4 

RRSHAFT RNAV-22,27 

ERTARGET RADR-5,7,10,ll,12;RNAV-9,ll,23,29 

RRTRUN RNAV-22,28 

RSAMPDT EADR-13,14,15;EXVB-9 

RSBBQ PGSR-9;TELE-15,19,24,28,32,37 

RSTACI½_ RADR-14,16;DATA-36 

RSUBC RNAV-2 

_ESUBL R.i.\JAV-1,2 

Rl'ldMU TRGX-6 ,11 

Rl'ARG TRGL-8,9,ll;TELE-23,27;BURN-17 

RI'ARGl TRGL-9,10,11 

Rl'ERM §XVB-22,23 
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RI'HETA EXVB-24,26,27;DATA-26,38;RNAV-3a 

£1TIG TffiX-7,8;BURN-15,16,17 

RI'MAG TRGL-9;BURN-17 

RI'NCONC CONC-1,2,6 

RI'NHOLD DESC-14,15 

RI'NPRM CONC-9 

RI'RN TRGX-9 

RI'STBASE RADR-13,14,15 

RI' STDEX RAJll}-13, 14, 15, 16 

RI'STLOC RADR-13,15,16 

RTSTMAX RADR-13,14,16 

RI'Xl ORBI-20;BURN-16 

RI'X2 ORBI-20;BURN-16,18;SERV-6 

EUNIT SERV-11,16 

RUPI'AGN MATX-22,23 

RUPl'REGl MATX-18,19;IMUC-12 

RUPl'REG2 IMUC-12 

RUTMXTEM DATA-4,5,9,21,25 

RVARMIN RNAV-26 

BIJEC CONC-l,2,13;RNAV-2;TRGL-2;TRGX-2,10,ll 

RXZ R.~AV-27,28 

SAMPLIM RADR-23;PGSR-4 

SAMPLSUM RADR-16, 17, 20, 22, 22b; RNAV- 21 , 22 

SAMPl'IME DSKY-l;DATA-15,36;EXVB-12;TELE-l 

SAVEHAND. DAPA-13,21,22 
l. 
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SAVET 

£AX 

SCALSAVE 

§CAXIS 

SCOUNT 

SCOUNI'1 

SECMAX 

SELFRET 

SENSETYP 

SENI'CODE 

SERVDURN 

SFAIL 

SFTEMPl 

SGNOFF 

SGNON 

SGNRDOT 

SHAFTVAR 

SHFTFLAG 

SINIGA 

SINMGA 

SINOGA 

SINI'H 

SINI'HETA 

s;rnEPl 

SKEEP2 

BURN-3 

,!LIN-22,23,24 

PGSR-13,14 

ATTM-3 ,4,ll; ALIN-5,ll,12,21,31,32;BURN-16;DESC-3;R.:.iAV-ll 

TEST-3 

TEST-6 

TffiL-5, 7 

TEST-2,J;MATX-lO;PGSR-5 

DAPA-16,19,25;DAPB-12 

1NI'R-2, 4, 5 

SERV-4;TELE-16,20,24,29,31 

TEST-6;DSKY-8 

DATA-9,10,11,21,22,23,24,26,27 

DSKY-4,10 

DSKY-4,10 

CONC-1 

RNAV-28 

DAPA-29,34 

COOR-l,2;ATTM-2;BURN- 23;SERV- 2,3 

COOR-l,2;ATTM-2;BURN-22,23;SERV-2,3 

COOR-l,2;ATTM-2;BURN- 22,23;SERV-3 

COOli-4,5,6,7;ATTM-2;RADR-8 ;R.i.1AV-27,43 

RNAV-27 ,28 

!EST-2,3,6,7,8,9 

TEST-2,3,5,7 
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SKEEPJ TEST-2,4,5,7,8,9 

SKEEP4 TEST-4,7,8;PGSR-9 

SKEEP5 TEST-4,6,7,9;PGSR-9 

SKEEP6 TEST-2,4,6,7,8;PGSR-9 

SKEEP? TEST-J,4,5,6,7,8,9;PGSR-9 

SKIPUVi QAPA-6,23,24,26,28 

SLOPEO SERV-8 

SMALLA TRGX-1O 

[ SMNBMAT ] COOR-2;ALIN-Jl,J5;EXVB-28;RADR-5,1O;RNAV-12,23; DESC-18 

[ SMSTMAT] ALIN-14 

SMODE TEST-2,J,6;DATA-J4;PGSR-l 

SNA:t\Gi·=x y zTEST-17 
' ' 

SNTH 

SOUTHDI½_ 

SPIRAL 

SR 

_gTAR 

STARAD· - ]. 

§rARAD12 

STARIND 

§TARSAVl 

§TARSAV2 

SI'IKSENS 

STILBADH 

STILBADV 

CONC-l,6,7,1O,ll;RNAV-2;TRGL-2;TRGX-9,ll 

TEST-12,13 

ALIN-11,Jl,J2;DATA-J7;TELE-J9 

TEST-5,6 

ALIN-Jl,32,34,35 

ALIN-l,2,5,1O,12,lJ,14,2O,28,29,JJ;DATA-J8 

!1,IN-34 

ALIN-1,12,19,2O,21,JO,JJ 

ALIN-l,2,2O,27,28,JJ,34;TELE-16,J8 

ALIN-2,1O,2O,27,28;TELE-16,J8 

QAPA-14,22;DAPB-19;PGSR-2 

SERV PGSR-J;RADR-22a;DESC-3 

SERV PGSR-J;RADR-22b;DESC-4 

SI'MP COOR-? ,8 
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SUBADR 

SUBEXIT 

SuBLIST 

SUPERBNK 

Sxi 

T 

T-OTHER 

TlTOT2 

T2TOT3 

T5ADR 

T6NEXTAX1 

T6NEXTAX3 

T6NEXTTM() 

T6NEXTTM2 

·TALIGN 

TANGi 

TANGNBi 

'.!'._ARGADGi 

'.!'._ARGRD(½_ 

T AffiVDGi 

TAT 

TAU 

TAUHZ 

TAUROD 

TBASE2 

TBUP 

TELE-3,4 

Tffi~-3,4,8,9;TffiX-6,7,8,9,10 

TELE-2,3,4 

MAT!-10,ll,14,16,17,19,22,2J,24,26;PGSR-5,ll 

CONC-5,12 

CONC-5,6,7,8,12;RNAV-2;TffiL-2;TffiX-2,ll,12 

TELE-14,23,27,36 

TRGX-3,5,15,;DATA-37 

TffiX-3,5,15,;DATA-37 

QAPA-l,J,6;DAPB-4;PGSR-3 

DAPA-1,2,6 

DAPA-1,2,6,17,26 

DAP4-l,2,6;PGSR-2 

DAPA-1,2,6,17,26 

ALIN-15,16,25 

RADR-4,6,10,ll;DATA-37;RNAV-13,21,22, 

RADR-6,8;RNAV-22,30, ;TELE-23, . ,36 

DESC-7 

DESC-6, 7 

QESC-7 

ORBI-4,20,24;BURN-3;DESC-2;RNAV-l,6,7,8,29 

CONC-3 ,4, 5; ORBI-4, 12, 15 

DESC-11a 

DESC-13 

ORBI-21;ATTM-12 

ASCT-4,6,7,8,9,12 
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TC 

TCCSM 

TCDH 

TCGFi 

TCGii 

TCLEM 

TCP 

TCQR 

TCSI 

TDEC 

TDECl 

TDEC2 

TDECAY 

I_DELTAV 

TDESIRED 

TEMPR60 

TENDi 

TEPHEM 

TERRL.AMB 

TET 

TETCSM 

TETLEM 

TEVENT 

TFF 

QONC-5,6;0RBI-4,5,12,15,17,18,19,22,24;RNAV-3 

ORBI-17;EXVB-29 

TffiX-4,5,12,15;TELE-25,29;DATA-34 

QESC-8,10 

DESC-8 

ORBI-17,18;EXVB-29 

DAPA-6,15 

DAPA-6,22,23 

TffiX-l,2,12,15;DATA-34;TELE-23,27 

ORBI-4,6,13,21 

ORBI-l,4,13,15,19,20,23,24;BURN-3,l6;ALIN-l3,l8,25;ASCT-l; 
ATTM-ll;EXVB-12,lJ,18,24,25,26,27;DESC-l,2,3;TffiL-l,5,10; 
TRGX-2,7,8,9;RNAV-l,3,5,8,10,ll,13,14,15,16,22,23,24,25,28,29 

BURN-1,15 

ORaI-4,5,8,12,13,16,17,18,19,22,24;RNAV-2,39,40;TELE-6 

CONC-6, 8; T ffiL-9 

SERV-l;DESC-11,12 

ATTM-1,2 

COOR-2,3,7;EXVB-16 

ORBI-4,6,7,9,10,12,15,17,18,19,21,24;DATA-34;DESC-3;EXVB-25; 
RNAV-2,7;TffiL-lO;TffiX-9;TELE-6,16,26,37 

ORBI-l,17,18;EXVB-16,29;RNAV-10 

ORBI-17,18,24;EXVB-16,29;TffiX-2;RNAV-10 

BURN-5,8;ASCT-4;TELE-14,27,31 

EXVB-18,19,21 
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TFFldAL.F 

TFFALFA 

TFFDEL~ 

TFFdRI'MU 

TFFNP 

TFFQl 

TFFRTALF 

TFFTEM 

TWFVSQ 

TFFX 

TGO 

TGOl 

THETA 

THETAD 

THETCRIT 

THISTPIP 

THRDISP 

THRUST 

TIG 

TIGSAVE 

TIMEl 

TIME2SAV 

TIME3 

EXVB-20,21,23 

EXV~-20, 21, 23 

EXV~-18,19,20,23 

EXVB-20,21,22,23 

EXVB-22,23 

EXVB-20,22,23 

EXVB-23 

EXY)J-20 

EXVB-23 

BURN-5,6,15,19;ASCT-l,4,5,8,9,12;TELE-30 

COOR-4,5,6,7;ALI N-13;ATTM-2;RNAV-2,7,43;RADR-8 

IMUC-15,16,19;ALIN-l,16,18,29,33,34;ATTM-l,2,4,5,8,ll;BURN-22; 
COOR- 6;DAPA-4;DATA-34;RNAV-ll;TELE-15,19,24,28,32,37;TEST-13; 
EXVB-3,5 

DESQ.-12, 13,15 

DESC-14;DATA-38 

ASCT-6;BURN-7,8;DESC-15;PGSR-l 

BURN-3,5,6,7,9,12,1~ ,16;ALIN-25; ASCT-1,4,5;DATA-34;DESC-3;EXVB-26; 
ORBI-23,24;RNAV-l;TELE-17, 26,30 ,34,39;TffiL-1,3, 5,9;TffiX-l, 2,4,7 

BURN-14,15 

ATTM-12 

ffiSR-13,14 

INTR-l;MATX-20,22;PGSR-2 

INTR-l,2,4,5;PGSR-2 
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TIME6 

TIMEHOLD 

DAPA-l,2,6;INrR-l 

RADR-17 ;RNAV-21 

TIMENOW EIVB-6,12,15,16,18,24,26,27;GOOR-8;ALIN-1,6,15,17,19,21,25,29, 36 
ASCT~1,4,5,8;ATTM~,7,11;BUR?f-5,6,7,8,9,12;DF.SC-1,11,12,14,15 
DINr-9,15;DATA-15,34;DSKY-l;IMUC-l,9;0RBI-l,20,21; RADR-17; 
RNAV-3,5,6,ll,13,14,16,21,28 _ .;PGSR-13,14; SERV-1 ,4,13;TELE­
l,5,16,20,25,29,33,3S;TEST-12,15,18;T.RGL-4 

TITER TRGL-5,6,7 

TJi DAPA-5,6,7,12,13,15,16,17,20,21,24,25,26,27;DAPB-14,16,17,18 

TK T.RGL-4,5 

TLAND QESC-l;ALIN-15,16;TELE-34 

TM ATTM-6,7 

[TMFI] ATTM-4,5 

[TMIS ] .@'TM-4 

TNEWA BURN-14 

TNlN ORBI-4,5,8,13,16,17,18,19,22,24;RNAV-3,40;TELE-6 

TOOFEW DESC-11 

TORQNDX TEST-10,12,14,17,18 

TPASS4 T.RGL-2,8,9;BUR~-14,16,17;TELE-24,28 

TPIP DESC-1,4,5 

TPIPOLD DESC-4,5 

TPREV CON~-7,8 

TRAKFWDV SERV-13,14 

TRAKLATV SERV-13,15 

[TRANSMl] TEST-17 

TRAPEDP QAPA-5,7,8 

TRAPEDQ DAPA-5,7,8,9 
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TRAPEDR 

TRAPSIZE 

TREDES 

TRKMKCNI' 

DAE_4-5, 7 ,8,9 

DAPA-8,9 

DESC-9 ,10 

.!fil!Y-3,18,25,36;BURN-9;DATA-35;0RBI-19,25;TELE-23,36; 
TffiX-6 

TRUNNCMDo,l RADR-4,ll;RNAV-35 

TRUNVAR 

TSIGI-IT 

TSsun 

TSTART82 

TStm.s.rk 

TSTRI' 

TTF 

TT FA.DJ Lj_ 

TTFDISP 

TT F Jffi Z:i_ 

TTFTMP 

TTFVDGZ:i 

TTHROT 

TTO 

TTOAXIS 

TTOGO 

TTOTIG 

TTPI 

TTPIO 

TWEEKIT 

RNAV-28 

ALIN-l,8,12,13,20,33iTELE-39;COOR-8 

ORBI-6,7,9;COOR-8 

EX.VB-18,19 

TEST-12,15 ,18 

TffiL-4, 5 

DESC-2,4,5,7,8,10;SERV-11;TELE-31 

DESC-10;DATA-36;EXVB-30 

DESC-4, 5 

DESC-6 

DESC-14,15 

ASCT-4,6,8 

QAPB-13,14,15 

ASCT-8;BURN-8,9,12;DATA- 34,35,36,37; RADR-21;TRGX-6;TELE-35 

RADR-14_, 21 _; DAT A-37 

TffiL-l,2,3, 6;DATA-34;TELE-25,29,35;TffiX-2,3,4,5,12, 15 

TffiX-3,4,5 

CONQ.-7,12 

Y-60 



1X789 

TXO 

1!2 

UAXDISTi 

QCSM 

UDBl 

UDB2 

UDB3 

UDB4 

DERR.OR 

:QHYP 

UHZP 

QLC 

QLOS 

UN 

QNFC 

QNFV 

.Q.NITGOBL 

.Q.NITR 

QNITW 

QNP36 

QNRM 

UNVEC 

QNWC 

,ENAV-39,40 

~CT-6,10 

CONC-1,9,10 

DAPB-9,11 

RNAV-2 

DAPB-9,11 

DAPB-9,11 

DAPB-9,11 

DAPB-9,11 

QAPA-23,24 

SERV-2' 11 ' 13 

SERV-11,13,16;ASCT-7 

RNAV-26,27,28 

TRGL-5,9 

CONC-l,8,10;BURN-18;TRGL-9,10 

BURN-l4,20;ASCT-2,10,ll; DESC-2,3,6,7,8,11a,12;TELE-31 

BURN-20,21 

BURN-18;SERV-6 

BURN-16,18;ASCT-2,5,7,8,9,10,ll;DESC-8;SERV-6,7,8,9,ll 

COQR-2 

EXVB-26,27 

TRuL-5,7,8,9 

TRGX-9 ,10 

BURN-20;ASCT-10;DESC-8,9 

Y-61 



JINX 

UNY 

UNZ 

QP 

QPl 

UPBUFFi 

UPCOUNI' 

UPOLDMOD 

UPSUM 

UPSUMCNI' 

UPSVFLAG 

UPI'EMP 

UPVERa 

UPVERBSV 

QRl 

URATEDIF 

URPESTIM 

URPV 

QRRECT 

USERPRIO 

ur 

lW 

1[X 

QXP 

lJXP I 

UXVECT 

UXVECFR 

UYP 

BURN-20,21,23,24 

BURN-20,21,24 

BURN-21,24 

TffiL-5 

TffiX-3,5,8,9,10,11,12 

EXVB-14,15,16,l?;TELE-19,31 

~VB-14;TELE-18 

EXVB-14,l?;TELE-18 

TELE-1 

TELE-1 

QRBI-22,23;PGSR-l 

~VB-15,16 

~B-14,15,16;TELE-18 

~B-8,14 

CONC-1,8,9,10,12 

QAPA-22,23 

TffiX-13 

QRBI-10,11 

CONC-3,5 

DINI'-6,lJ,16 

BURN-15,16 

QAf'B-5,7, 8,9 

ORBI-10,11 

ALIN-5,10 

ALIN-5,11 

RNAV-29 

_RNAV-29 

~IN- 5,10 

Y-62 



UYP' 

QYVECT 

QYVECTPR 

!J:Z 

V 

V-0THER 

VlS 

V82FLAGS 

VACiUSE 

jACTl 

:[ACT2 

:_TACTJ 

:'{ACT4 

VAPREC 

VARIANCE 

VATT 

VEE.AM 

VBIAS 

VCSM 

vcv 

VCVCSM 

VCVLEM 

VDGVERT 

VE 

~IN-5,11 

,ENAV-29 

RNAV-29 

QRBI-10,11 

DESC-J,6, 11 ,13;ASCT-2,7J 

TELE-14,23,27,36 

SERV-6,9,10,ll;ASCT-l,2 

EXVB-17,18,19 

MATX-11,16 

TffiX-8,10,11 

TffiX-8 ,10 ,12 

TffiL-5,7,8,9;TRGX-2,4,8,9,10,12 

T ffiX-11, 12 

TffiL-5,8 

RNAV-26,27,28,37 

SERV-2 ,6, 11 , 13 

Q@I-4,20,23,24;BURN-J,16;DESC-J,6;ALIN-18;ASCT-l;RNAV-2,6,8,29; 
TRGX-2,4,7,8,9,12;TRGL-8,ll 

SERV-9 ,10 

DESC-11,13 

SERV-2,6;BURN-3; EXVB-26 

0RBI-5,6,7,15,16,17,18,19,22,24;C0NC-6;RNAV-2,7,39,40;TffiL-10; 
TffiX-9;TELE-6;EXVB-25;DESC-3 

0RBI-17;RNAV-26;EXVB-29 

QRBI-17,18;RNAV-10,26;EXVB-29 

DESC-11,12,13 

ASCT-4,6,7,8 

Y-63 



VEARTH 

VEG1 

YEC2 

VECQTEMP 

YECTABj 

VEI.BIAS 

YELLOS 

VERBREG 

VERBSAVE 

VEST 

VEX 

VG 

VGBODY 

VGDISP 
(DELVSAB) 

VGPREV 

ALIN - 1 2, 1 3 , 24 

COOR-8;ALIN-27,28,33 

COOR-8;ALIN-27,28,33 

ATTM--3,4 

ORBI-8,9, 14 

RNAV-8,Ja 

DATA-1,2,3,4,5,8,15,16,17,19,20;DSKY-2,3,7;DINT~15;INTR-3 

DATA-3,17 ,25 

~URN-1,15 

BURN-14 

BURN-2,8,12;ASCT-8,12;DATA-38 

DATA-35 
BURN 

BURN-2,12,14,15,16,18;TELE-15,28 

VGU DESC-2,6,7 ;TELE-33 

VGVECT 

VHY 

VHZ 

VHZC 

VINIT 

VIPRIME 

VLAUN 
y' z 

VMAX 

VMEAS 

ASCT-8;TELE-31 

SERV-13 

SERV-13 

DESC-11, 11 a 

TffiL-8,9,ll;TffiX-15;BURN-14,15,16 

TffiL-2,10,ll; BURN-18 

TEST-16,17 

SERV-10,13;TELE-31;RADR-22b 

Y-64 



VMOON 

VN 

VNl 

VONE 

VONEPR 

VPASSl 

VPASS2 

YPASS3 

:£PASS4 

VRATEDIF 

VPPREC 

VRECT 

VRECTCSM 

VRECTLEM 

VSELECT 

VSUBC 

VSUN 

VTAffi.ET 

VTAffi.TAG 

VTIG 

VTPRIME 

VVARMIN 

VVEC 

VVECT 

VXRCM 

EXVB-27;ALIN-12,13,24;COOR-8 

SERV-4,5;0RBI-19;BURN-14;TELE-6,16,20,25,29,33,38; 

SERV-2,4,5,ll;BURN-3,18 ;ORBI-20 

§XVB-18,19,20,25,26 

EXVB-20,22 

TRGX-2,8,12 

Tffi.X-4,8, 9 ,12 

TffiL-2,5,7,8;TffiX-2,4,8,9,13 

TRGL-2,8 

DAPA-22,23 

TRGL-5,8 

ORBI-4,5,7,17,18,19,22,24;RNAV-2;CONC-3,5,6 

ORBI-17,18;ALIN-18;ASCT-6;EXVB-29 

ORBI-17,18;EXVB-29 

SERV-9,10;TELE-31;RADR-22b;DESC-4 

B,NAV-2 

COOR-8;ALIN-12,13,24 

CONC-9 ;Tffi.L-11 

CONC-9;BURN-16,17;TRGL-8,10,ll 

TffiX-7,8;BURN-15,16,17 

Tffi.L-2,11 

RNAV-26 

CONC-l,2,8,12,13;TffiL-2,lO;TffiX-2,9,ll;RNAV-2 

SERV-13, 16 

Y-65 



[W] 

WAITADR 

WAITBANK 

WAITDELT 

WAITEXIT 

WAITTEMP 

WANGI 

WANGO 

WCENTRAL 

WCHPHASE 

WCHPHOLD 

WHCHREAD 

WHICH 

WM 

WRENDPOS 

WRENDVEL 

WSURFPOS 

WSURFVEL 

WSH.AFT 

WTRUN 

WWBIAS 

WWPOS 

'tfwVEL 

X 

X 

,B~AV-36,37,38,39,41;0RBI-13,14 

MATX-18,19,20,21,24 

MATX-20, 21, 22 

MATX-19,20,21,24 

MAT~-18,19,20,21,22,24 

MATX-21 

TEST-10 

TEST-10 

DAPA-28,30 

DESC-l,4,5,6,7,8,ll;BURN-6 

DESC- ,8,9,ll;BURN-6 

RNAV-26,27,28;DATA-35 

BURN-1,2,3,4,5,lO;DESC-l;ASCT- 2,4 

DESC-l,5,6,11;SERV-6;ASCT- 1,5,12 

RNAV-36,42 

RNAV-36,42 

RNAV-36,42 

RNAV-36,42 

RNAV-36,42 

RNAV-36,42 

RNAV-4l;DATA-38 

RNAV-4l;DATA-38 

RNAV-41; DAT A-38 

CONC-11 

CONC-4,5,6,11,12 

Y-66 



XJ 

X2 

X789 

XDC 

XI 

XKEPCSM 

XKEPLEM 

XKEPNEW 

XM1IX 

XMIN 

XNB 

XNB - ref 

XNB 
- sm 

XNBPIP 

XPREV 

XRANGE 

XRED 

XREGLP 

XSM 

XSMD 
- rf 

[XSMDMATJ 

XSQCxi 

XXXALT 

XYMARK 

y 

TffiL-10; ORBI-20 

T ffiL-10; ORBI-20 

RNAV-27,28,39,40;TELE-24,32,37 

ALIN-17 

CONC-4,5,11,12 

ORBI-16,l?;EXVB-29 

ORBI-17,18;EXVB-29 

CONC-4;0RBI-15 

CONC-3,4,5 

CONC-4,5 

QOOR-6;TEST-10;ALIN-18 

RNAV-27 

COOR-l,2;ALIN-18,22,29,34 

SERV-2,J,8,9,11;BURN-21;DESC-6,9 

CONC-4,6;0RBI-5,15-19,22,24;Ri~AV-3 

ASCT-2,5;DATA-37 

QATA-9,20,21,34;DSKY-2,3,12,8 

DATA-2l;DSKY-8,12 

QOOR-6;TEST-15,16,18;ALIN-18,19,29,34 

COOR; BURN-16,17; ALIN-17,25,26,28 

ALIN-17,28,30 

CONC-5,6,12 

ALIN-5,6,7,8,9,10 

ASCT-2,5,7,9 

Y-67 



YAW 

YAWANG 

YCO 

YCONS 

YDC 

YDOT 

YDOTD 

YLIM 

YNB f re 

YNB 

YNBSAV 

YNBPIP 

YNB 
- sm 

YRATE 

YREG 

YREGLP 

YSM 

X.SMDrf 

X.SMrf 

YSM 
- SC 

YSM 
- scd 

YV 

z 

Z3TEM 

ZAXIS 

_ASC'!'_-2; DAT A-37 

EXVB-27,28 

ASCT-2,5,6,9 

ASCT-7,8,9;DATA-37 

ASCT-6,8 

RNAV-27,28;ALIN-18 

COOR-6 

ALIN-27;TELE-36;COOR-8 

SERV-3;DESC-6 

COOR-2,8;ALIN-18,27,29 

DATA-9,21,25,34;DSKY- 2,3,12,8 

DATA-21,25;DSKY-8,12 

COOR; ALIN-16,17,18; BURN-17 

COORJ ALIN-18,19,29,34 

ATTM-3,4 

ORBI-8,12,13,14 

!R.1X-6,7;BURN-2,5,10,ll,12 

DAPB-4,10 

ASCT-2, 7,8,10 

Y-68 



ZDC 

ZDOT 

ZDOTD 

ZERLINA 

ZERDNDX 

ZNBPIP 

fNBrf 

~NBref 

ZNBSAV 

ZNB 
- sm 

ZONEJLIM 

ZOOMTIME 

ZREG 

ZREGLP 

ZRUPI' 

ZSM 

ALI N-17 

ASC!-7 ,8 

ASCT-2,8,12;DATA-J7;TELE-32 

DESC-16 

TEST-14 

RNAV-37 ,38 

RNAV-37,38,39 

RNAV-37,38,39 

COOR-6 

SERV-J;BURN-21 

COOR; ALIN-18; EXVB-25,26 

RNAV-27 

COOR-9;ALIN-27;TELE-J7 

COOR-2,8;ALIN-18,22 

DAPB-1O,13,14 

BURN-5,6;DESC-2,J 

DATA-4,9,2O,21,25,34;DSKY-2,3,l2,8 

DATA-21,25;DSKY-8,12 

£fil-1O,JO 

COOR-6 

QQ.QR.;ALIN-18,19,29,34 

.QQQE;ALIN-17,18;BURN-17 

ORBI-8,12,13,14 

Y-69 

NASA-MSC 


	000_cover20210820_16431855
	001_intro_20210820_16454237
	002_alin_20210820_16485824
	003_alin_20210820_16501489
	004_asct_20210820_16510688
	005_asct_20210820_16514858
	006_attm_20210820_16521096
	007_attm_20210820_16525377
	008_burn_20210820_16533377
	009_burn_20210820_16544520
	010_conc_20210820_16571348
	011_conc_20210820_16580149
	012_coor_20210820_16582869
	013_coor_20210820_16585914
	014_dapa_20210820_16592711
	015_dapa_20210820_17003860
	016_dapb_20210820_17011024
	017_dapb_20210820_17020896
	018_data_20210820_17024183
	019_data_20210820_17034025
	020_desc_20210820_17043400
	021_desc_20210820_17052663
	022_dint_20210820_17070626
	023_dint_20210820_17075391
	024_dsky_20210820_17081545
	025_dsky_20210820_17090160
	026_exvb_20210820_17093096
	027_exvb_20210820_17104120
	028_imuc_20210820_17122649
	029_imuc_20210820_17133826
	030_intr_20210820_17142330
	031_intr_20210820_17151265
	032_matx_20210820_17154150
	033_matx_20210820_17163137
	034_orbi_20210820_17170049
	035_orbi_20210820_17180467
	036_pgsr_20210820_17182515
	037_pgsr_20210820_17192445
	038_radr_20210820_17195626
	039_radr_20210820_17213507
	040_rnav_20210820_17221329
	041_rnav_20210820_17232678
	042_serv_20210820_17252692
	043_serv_20210820_17260920
	044_tele_20210820_17265028
	045_tele_20210820_17281085
	046_test_20210820_17284737
	047_test_20210820_17293111
	048_trgl_20210820_17300087
	049_trgl_20210820_17305340
	050_trgx_20210820_17313688
	051_trgx_20210820_17321916
	052_tables_20210820_17325698
	053_tables_20210820_17343027
	054_index_20210820_17350104
	055_index_20210820_17361515
	056_qty_20210820_17365559
	057_qty_20210820_17383351



