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1.0 INTRODUCTION

This user's guilde defines the preparation and procedure required

to simulate a Lunar Module flight .using the Abort Guidance System
simulator on the CDC-3800 computer. It is assumed that the user

has a sound knowledge of the flight he wishes to simulate and the
Abort Guidance System.

- The Abort Guidance System (AGS) simulator consists of three log-
ically distinct sections:

"« PREPROCESSOR

* MAIN PROCESSOR

3

* PLOT PROCESSOCR

The simulator Preprocessor- section adds great flexibility to the
AGS simulator and allows the user almost unlimited input, output
and control functions. For instance, through the use of the sys-
tem processor's capabllity, the user may interface his own special
purpose routines with all other simulator routines.

That part of the system which simulates the AGS is the MAIN
Processor which includes an Executive system, Interpretive Com-
puter Simulation (ICS) section and an Environments model. Exec-
utive system functions are interface controls, editing operations
and a restart capability for the AGS simulator. In the ICS sec-
tion the Abort Electronics Assembly (AEA) is modeled in a bit-
by-bit fashion. The Environments model allows the user the choice
of a "fast" control model or a slower, more realistic simulation
of the LM control system. The latter includes various transfer
functions, pulse ratio modulation, Jjet firing logic, etc.

An extremely flexible plotting program is provided for the sim-
ulator by the PLOT Processor. Thls processor permits the user to
plot from any of the variables computed in the simulator system
or from a standard set of output parameters.
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2.0 OPERATING PROCEDURE

Two distinct modes of operation are avallable in the AGS simu-
lator: f

e Open Loop
e Closed Loop

In the Open Loop mode the AGS simulator operates without the
Environments models. This mode is requested by setting an Exec-
utive input flag (See Section 4.2). In this mode the AGS input
registers contain zero pulse levels and Astronaut interfaces are
bypassed. The Open Loop form of simulation helps in checking out
the AGS flight program; however, this limited form of simulation
is generally sufficient only in the first phases of AGS progra
checkout. ?

The Closed Loop mode is used if interaction between the AEA and
Environments 1s desired. This 1s the normal mode of operation
of the simulator and therefore no separate initialization pa-
rameter 1s required.

2.1 Simulator Deck Set-Up

The following deck .set-up must be used for operation of the AGS
simulator. A complete description of the CDC (Control Data Corp.)
control cards may be found in the 3600/3800 DRUM SCOPE Reference
Manual. Those cards enclosed in brackets are required but will
vary from run to run. Complete information on the generation of
these cards may be found in the sections referenced. Cards en-
closed in braces are optional but may be included 1f the corres-
ponding options are desired. ' -

T
9JOB

SDEMAND,HOOOOB, TN

7
9

[ALL I/0 EQUIP CARDS] (See Section 2.2)

EQUIP

ELOAD, 10

T
9RUN




672~21-FAS-208

ALL PREPROC INPUT CARDS
¥START |
g g (See Section 3.0)

ERELEASE, 10

;COMPASS, T 3, X = 15

gFTN

ANY USER SUPPLIED SUBPROGRAMS (See Section 2.3)
SCOPE . -

U |
0

ngNK, (0),LC.,(1),CHKPNTW

7
9

LOAD, 35

7
9

LOAD,15
T
gRUN

ALL MAIN PROCESSOR INPUT CARDS
$ ' (See Section 4.0)

RELEASE, 35
4

BANK, (1), /POINT/ : ,

~ WVWNOH V=l

gLOAD, 22

BRUN, . : (See Section 5.1)

ANY PREPROC PLOT DATA CARDS
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7

gLOAD , 45

TRUN, (See Section 5.2)

°
ANY STANDARD PLOT DATA CARDS

2.2 Simulator Logical Units

The tables below describe the input/output references to equip-
ment in terms of the programmed logical units (L.U.). These units
may be controlled by the simulator user with CDC control cards, as
indicated by the corresponding codes.

INPUT UNITS - These tapes require release control cards as indicated
by thelir codes:

a

Lalls DESCRIPTION - CODE
10 ' PREPROC LOAD & GO ' R1
35. ' MAIN PROC LOAD & GO R2

1 | - AEA MEMORY INPUT R2
21, UNIVERSE DATA INPUT R2
.22 PREPROC PLOT LOAD & GO R3

45 - STD. PLOT LOAD & GO e

OUTPUT UNITS - These units require equip and release cards as
indicated by their codes:

< Llls DESCRIPTION . CODE
30  GSE TEMELETRY ' E1,R2
31 CHECKPOINT DUMP TAPE " E2,R2
5 PREPROC CALCOMP E3,R3

49 STD. PLOT CALCOMP E3
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. WORKING UNITS .- These units are generally workling units and are

4o
41

put on the drum (no eguip cards requ:red) how-
ever, they may be controlled differently,as indi-
~cated by their codes: i

DESCRIPTION CODE
PREPROC ASSEMBLY T R1

PREPROC OUTPUT LOAD & GO S1,R2

PREPROC PLOT DUMPS s2,R3
- STD, PLOT DUMPS s2
“+ STD. PLOT WORK AREA ; ==
PREPROC WORK AREA R2
PREPROC WORK AREA R2

An explanation for the various codeé listed above is as follows:

Rl
R2

. R3

El

E2

E3

51

S2

This unit may be released after PREPROC execution.
This unit may be released after MAIN PROC execution.
This unit may be released after PREPROC PLOT execution.

This - unit may be equipped as a save tape or put on the
drum if so desired.

This tape must be equlpped as a save tape or a working

‘magnetic tape unlt

This unit must be equipped as a save tape if this option
was requested and density set at LO.

This unit may be equipped as a save tape 1f it 1s de-
sired to use these PREPROC generated routines on a
later run. In this case PREPROC loading and execution
may be bypassed and only this tape is loaded.

This unlt may be saved if it 1s desired to replot from
these plot tapes at a later date. 1In this case the
PLOT Processor may be run as a separate Job with the
desired input tapes.
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2.3 User Supplied Program Linkage
When a épecial'purpose program is to be loaded at object time, the
user must construct the‘following linkage in his subroutine:
SUBROUTINE ANYNAME1
;COﬁMON/TIME/SIMTIME(SO)
DATA (I = 0) |
IF (I.EQ.0) CALL SANDF (I,P,DT,ST)
IF (SIMTIME.LT.ST) GO TO 1

CALL SANDF (I,P,DT,ST)

GO TO 2 . ‘
° 1 CALL SCHED (DT, 8H ANYNAME1,P,1)
2
END

The user's first statements should begin at label 2. This linkage
is all that i1s necessary in order for the routine to be scheduled
as any other routine under the ¥PROGRAMS Preprocessor Option.

2.4 Checkpoint Restart

In order to restart an earlier job, one must use the L. U. 31
output tape from that job as input to the following restart control
deck:

7

[

gDEMAND , 40000B,, 7MT

7
gEQUTP



[ALL 1/0 EQUIP CARDS]

ELOAD,IO

i

9RUN.

¥PROGRAMS

7.7
8 8

¥START

T
8 8

gCOMPASS, I=3,X=15

11
5
7BANK, (0),LC.,(1),CHKPNTW
9 ; :

7
9L0AD,35

7
9RUN

I9-(l4) = {RESTART NUMBER (See Section u.e)}

$

-

072-21-LAS~-208
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3.0 PREPROCESSOR INPUT

The Preprocessor (PREPBOC) is a set of routines which constitute
the first of the three processors that comprise the AGS Simulator.
Function of the Preprocessor is to construct a set of routines
which are executed by the MAIN Processor. From a systems stand-
point, the sequence of events 1s as follows:

1) PREPROC is loaded.

2) Begin execution of PREPROC.

3) Read PREPROC data cards.

b) wfi%e out BCD card image of the routines on LUN 3.

5) Call in the Assembler, assemble routines, and write load
and go on LUN 15,

) 6) Load in MAIN Processor
7) Load LUN 15.
8) Begin execution of MAIN Processor.

PREPROC generates four types of programs: an input program, a
variable number of output programs, a "Timelist" program, and a
program containing jumps to subroutines, whose entry polnts have
been defined by PREPROC data cards.

The gross format of all PREPROC data sets 1s identical. A data
set 1s defined as an *¥ OPTION card plus all data cards pertinent
to that option and terminated by a standard SCOPE system end of
file card ( ). The first card of the data set contains an ¥ in
column 1 followed by the option name. ¥PROGRAMS, ¥OUTPUT, ¥*CALCOMP,
®*INPUT, *TIMELIST, ¥START are the only legal first cards. With
the exception of the ¥START option the order of the data sets is
immaterial. *START and EOF cards are always last, always needed
and serve as the PREPROC data terminator.

Three of the Preprocessor optlons, ¥*PROGRAMS, ¥*OQUTPUT, and *CALCOMP,
are Interconnected in that the latter two Options build programs
which are scheduled by the former.
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3.1 PROGRAMS Option

Although the program built by use of this option is the most sim-
ple, it adds great flexibility to the simulator and therefore is
most difficult to explain. By intelligent use of this option the
user has essentially unlimited capabllity to extend, modify or
"foul-up” the operation of the simulator. In a sweeping state-
ment any routine may be written, interfaced with any other sim-
ulator or system routine through common or call statements, ex-
. ecuted during the simulation at a specific time, recalled at a
periodic frequency, executed for a set length of time, or operated
in a time/priority mode. 1In production runs this extended capa-
bility will probably not be fully utllized. For such runs,
"standard" routines, like the standard print, checkpoint, plot
dump and termlnation programs,will be controlled by this option.
(See Section 6.1).

Sy 13 25 37 kg
ENTRY POINT  START TIME STOP TIME DELTA TIME  PRIORITY

The format for each data card is indicated above. All data cards
follow an ¥PROGRAMS card and are read in fixed format (A8, 4X,
4E12,8). ENTRY POINT is a BCD name (up to 8 characters) of the
program to be called and starts in column 1. START TIME is the
simulation time the routine is to be entered, and STOP TIME
designates the time executlon of the routine 1s to be terminated.
DELTA TIME sets the update frequency of the program, and PRIORITY"
i1s a number used to reorder-the execution of jobs if two or more
jobs are scheduled to be executed at the same time. A low number
is a high priority, 0 being "Do This Job First".

If it is-desired to vary the frequency of execution of any one
particular routine during the run, more than one card is required.
For this operation the cards (for the particular routine) must

be arranged one after the other in increasing start times among
the cards following the, *PROGRAMS card. An example 1is given
below.

EXAMPLE 1

A speclal print routine has been defined in the OUTPUT
Option called STATEVEC. It is desired that this proe
gram be executed every .02 seconds from 100. to 102.
seconds and every 5 seconds from 107. seconds until
normal termination, which i1s assumed to be 500, sec-
onds. Two cards for STATEVEC are needed. The first
schedules the high frequency print and the second, the
low frequency print. NOTE, THAT FOR THIS OPERATION,
THE ORDER OF THESE TWO CARDS MUST BE IN INCREASING
'START TIMES. ?
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¥ PROGRAMS

CALCOMP 104, 400. 2,
STATEVEC 100. 102. 02. 100.
STATEVEC _ 107. 500. 5. 100.
HIGHFQ 0. 500. 3., 50.
TERMIN 500.

7 -

8 8

3.2 OUTPUT Option

This PREPROC option generates a user controlled number of PRINT
programs that are executed in the MAIN Processor. Since Standard
print routines are available in the MAIN Processor (See Sections
6.1 & 6.2), the OUTPUT option need be used only when additional
parameters are to be printed. The corresponding print programs
are scheduled by use of the ¥PROGRAMS option.

The first data card read is an ¥*QUTPUT card followed by a program
name card. The alphanumeric symbol,or name, starts in cclumn 1
and consists of 1 to 8 characters composed of letters, numbers,
or special characters (#, <, ., v). This symbol may not begin
with a numeric character and is also used in the first field of
the ¥PROGRAMS data card which schedules this routine. Each

card following the name card defimes a variable, format, scale
factor and variable name the user wants to print. The variable
is' defined by giving its location (either decimal or octal) with-
in a common block. When successive variables are within the

same common block, the common block name does not have to be up-
.dated. Data may begin in any column and must contain no imbedded
blanks (except for the BCD varilable name). The data card format
is shown below.

COMMON BLOCK + OFFSET,BCD NAME, FORMAT, SCALE FACTOR,
CONV FACTOR

If the OFFSET is in octal, an O must follow the octal digits.
-BCD NAME can have as many as 8 characters and can consist of any
character except a comma (,). Legal FORMAT identifiers are O for
octal, E for 3800 floating point and I for decimal integer. If
B 1s used for the SCALE FACTOR, the data will be converted from
an AGS fractional number to 3800 F.P. before printing. (It

- should be obvious that, when a scale factor is used, the format
should be E.) The CONV FACTOR consists of up to 12 numeric
characters and is the number by which the variable will be mul--
tiplied before output occurs. If the SCALE FACTOR is not to be

used, then two commas must separate the CONV FACTOR and the FORMAT.

An example of the use of the OUTPUT optlon is given below.

10
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EXAMPLE 2
¥OUTPUT ,
STATEVEC
MEMORY + 3410,LEM X,E,B23
DhILﬁ + 231,ALT,E,,.00016458
CFILE + 2,FLAG SW,I
MEMORY + 3410,0CTAL X,0 |
+ 3420,ATT Y,E,B23,57.296
4 2370,F00,0 ‘ : :

77
8 8

In the above example an output routine called STATEVEC will print
the variables called out and label them wlth the characters ap-
pearing in the BCD name fleld when the program STATEVEC 1s ex-
ecuted in the MAIN Processor. However, it should be remembered
that STATEVEC must be scheduled under ¥PROGRAMS.
If 1t is desired to use different print frequencies for some of
the variables, the data cards may be separated 1into additional
blocks under other program names. For instance, if the first two
variables in Example 2.are to be printed at a frequency different
_from the remaining variables, an additional ¥OUTPUT card and an
additional program name card are required, as shown in Example 3.
EXAMPLE 3
*QUTPUT
STATEVEC
MEMORY + 3410,LEM X,E,B23
DFILE + 231,ALT,E,,.00016458

T 1
8 8

¥QUTPUT

STATEVAR.

11
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CFILE + 2,FLAG SW,I

MEMORY + 3410,0CTAL X,0
+ 3420,ATT Y,E,B23,57.296
+ 2370,F00,0

G |
8 8

Time intervals corresponding to the desired frequencies are des-
ignated on the STATEVEC and STATEVAR data cards listed under
¥PROGRAMS.

Should it be desired that during a run the print frequency vary
for a particular routine, say STATEVEC, then additional STATEVEC
data cards are required under ¥PROGRAMS. . This is exemplified in
Example 1 of the previous section.

Dhring execution the variables are printed four across a page and

the name of each variable precedes its value. Current simulation-
time and the routine name (e.g., STATEVEC) are also printed.

3.3 CALCOMP Option

- This option generates a routline called CALCOMP which must be

scheduled by the user via the ¥PROGRAMS option. The routine name
(CALCOMP) is used on a data card following the ¥PROGRAMS card.
Data cards read by this option are of the same format as those
described under the *OQUTPUT option except that the name card
(second card in the ®*OUTPUT data set) is deleted. Also, all for-
mat options should be E since only floating point data is plotted.
Since only one routine (CALCOMP) is constructed by this option,
¥CALCOMP may appear only once. An example follows:

EXAMPLE 4
¥CALCOMP
MEMORY + 550,LEM X,E,B28
+ 560,LEM Y,E,B28
+ 570,LEM Z,E,B28

TIME + 1, TIME,E

12
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DFILE + 185,0MEGA X,E
+ 186,0MEGA Y,E
+ 187,0MEGA Z,E

T
8 8

It should be restated that the routine CALCOMP must be scheduled
under ¥PROGRAMS, as shown in Example 1.

Plotting of wvariables output by the CALCOMP option is controlled
by input cards read by the PREPROC FPlot Processor. It should
also be mentioned that only NNENNNRNE. c 2vailable from the
common blocks of the MAIN Processor. Also, the same plot fre-
quency must be used for all variables selected by the CALCOMP op-
tion. This frequency is designated by the appropriate time inter-
val on the CALCOMP data card following ¥PROGRAMS. Further, this
frequency can be made to change at a specific time during a run
by inserting a second CALCOMP data card under ¥PROGRAMS. In this
case the first CALCOMP data card must contain data (Start Time,
Stop Time, At) related to the first plot frequency and the sec-
ond data card similar data related to the second plot frequency;
these two cards must be arranged in the order of increasing start
times, as indicated 1n Section 3.1.

It should be pointed out that onlyqre available for
any one plot. Therefore, the user must carefully examine the
plot capabilities before selecting a plot frequency (or frequenciles).
If the run is very long, he may want to use two frequencies, one
high and the other low. The relationship below can be used to
determine the plot frequencies or time period for each plot fre-

quency.

TL . T2
ﬁtl Hz £1600
where T; 1s the time period for plotting at the frequency related
to At] and T, 1s the perlod for plotting at the frequency related
to At,. If only one frequency 1s desired, then the following re-
lationship must be adhered to:

T <
it < 1600

where T 1s the total run time.

13



3.4 INPUT Option

All of the card input for the MAIN Processor is accomplished by
one call to a general Read routine called INDATA. INDATA is a
super set of READDATA and contains some special input options de-
veloped expressly for the AGS Simulator (See Section 4.1). The
PREPROC INPUT option simply extends the number of data arrays

that INDATA can read into. If the "standard" input routine is all

that is necessary, then this PREPROC option is unnecessary (See
Section 4.2). The data cards read by the INPUT option are only
for bullding the extra arguments in the INDATA call. The actual
call to INDATA, which reads the simulation data, is done at in-
itial condition time of the MAIN Processor (See Section 4.0).

All extra common block names start in column 1 and require one
card each. The total number of arguments 1in the call cannot ex-
ceed 77, octal. The following example indicates how the INPUT
option is used: - '

EXAMPLE 5
It i1s assumed that the "standard" .input program contains
e four arrays .(here, common block and array are synonomous)
., named FLAGBUF, MEMORY DFILE, and CFILE. The input pro-
gram executed 1n the MAIN Processor will be equivalent to
the FORTRAN statement, -
CALL INDATA (FLAGBUF, MEMORY, DFILE, CFILE)
If a user wishes to also read into another common block
called MYDATA, three PROPROC data cards for this option
are necessary. These cards follow the ¥*INPUT card, as
shown below. ¢ . '
¥INPUT
MYDATA

T7
8 8

The equivalent FORTRAN statement is now
CALL INDATA (FLAGBUF, MEMORY,'DFILE, CFILE, MYDATAj
where MYDATA is block number 5.

‘It is important to note that the INPUT option is not scheduled
under ¥*PROGRAMS.

14
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3.5 TIMELIST Option

This PREPROC option allows the user to build a program to set data
into any common location at a specified time. Types of data are
3800 floating point, decimal integer, octal, or AGS type with scale
factor conversion.

The first data field describes the common block name and either an
octal or decimal offset. 1In the second data field is the time
(real simulation time) at which the data 1s to be entered. The
last field contalns the data, as follows:

3800 Floating Point - up to 12 numeric characters;
decimal point required

Deqimai Integer - no decimal point
Octal -~ octal characters followed by O
AGS Data - floating point number followed by B and integer
scale factor : :
EXAMPLE 6
¥TIMELIST
MEMORY + 4770,600.2,57.5B10
DFILE + 99,32.5,10
+ 452,900.2,7760
+ 388,10.5,599.

71
8 8

When using the scale factor option, the number to be scaled must
have a decimal point, e.g., 57B10 must be written. as 57.B10.

As 1n the case of the INPUT option, use of the TIMELIST option
does not require scheduling under ¥PROGRAMS.

.15
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4.0 AGS MATIN PROCESSOR INPUT

The AGS MAIN Processor 1s a set of routines which simulate the AGS
computer and its environment under executive control. MAIN Pro-
cessor data input is the flight program tape and card input.

At the beginning of execution of the MAIN Processor an initiali-
zation subroutine, which first reads in the flight program mem-
ory tape and then makes a call to the INDATA input routine, is-
called.INDATA 1s a modified form of the generalized input routine
READDATA. The use of this routine and the AGS modifications made
to 1t are described in Section U4.1. A complete description of
READDATA, along with documentation of several spe01al features,
may be found in the Appendix.

A standard calling sequence has been assembled in the initial-
ization call to INDATA (See Section 4.2.1) but, as noted in
PREPROC documentation, the INPUT option may be used to add argu-
ments (common blocks) to this call. The MAIN Processor data cards
will be used to insert data to these common blocks in order to
initialize the simulator.

4,1 The INDATA Routine

The INDATA rcutine is used in the MAIN Processor of the AGS sim-
ulator to read a set of data cards ‘to initialize the simulator and
the flight program. This set of data cards 1s terminated by read-
ing of a dollar sign (11 - 3 - 8 punch). Data fields on these
cards begin in column 1 and are usually terminated by reading the
last column (column 72) or by encountering a slash (0 - 1 punch).
All characters after the slash may be used as comments. A data
field usually assumes the following form (although other forms may
be used as described in the Appendix):

MC (S) = N1,N2,N3,... / COMMENT

where M specifies the mode of the data. Modes used in the AGS
simulator are

0 OCTAL
) INTEGER
Eor F FLOATING POINT (REAL)
C is an integer (Block Number) indicating into which variable
"~ (Block Name) in the argument list that data is to be entered

(See Section 4.2); if additional arguments are added by use of
*INPUT, their corresponding values will begin with the number

16
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after the last one in the standar@ list and follow in the order
of the cards following the ¥INPUT card.

S 1s a positive non Zero linear subscript indicating the element
of the array associated with it; an O following an element number
- will flag the displacement as octal rather than decimal.

N1, N2, ... is the numeric field, used in the AGS simulator as
described in the next several paragraphs.

DECIMAL FIELDS (I, E, or F)

A decimal fleld has the following components, the first of which
is mandatory:

Principal Part - a decimal number with or without a decimal point.
The decimal point, if any, may appear at the beginning of, end of,
or within the principal part. If omlitted, it 1s assumed to be
located at the right-hand end of the principal part. Omlitted for
mode TI.

Decimal Scale Factor - (optional) consists of the letter E or D
followed by a signed or unslgned decimal integer. The value pre-
ceding E or D will be multiplied by 10 to this power, The decimal
scale factor must follow the principal part. (NOTE: D and E are
completely interchangeable in this case). Restricted to mode E

or F. s

Conversion Factor - (optlonal) consists of the letter M separating
two decimal numbers in a field. The product of the two values will
be stored as one element. Restricted to mode E or F.

Binary Scale Factor - (optional) consists of the character B fol-
lowed by a signed or unsigned decimal integer. The number follow-
ing B represents the power of 2 which, when 2 to this power is
dilvided into the decimal value preceding the B, will produce an

18 bit fixed point number of AEA specifications. Negative values
are represented as two's ‘complement. Restricted to mode E or F.

EXAMPLE 7
E7 (85) = 1188.3, 1E3, -.987D-4 /VX, VY, VZ
F6 (185) = 1.0 /FAST CONTROL

Fi (51) = 2.76 M57.2957 /PITCH DEGREES

F2 (3070) = 3.0B2, -.5DB2, .25B-1, -.25B-1

17
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E2 (230)

]
N

.23E5B23

E2 (270) .QSTHBHM?.BHBlT.

i}
w

OCTAL FIELDS (I or O)

An octal field may be input in either of the following manners for
the AGS simulator:

Integer Mode - consists of a string of not more than 16 octal
digits (0-7), with or without a sign, followed by the letter 0O or
K. A positive decimal integer N placed after the 0 or K will
cause N zeros to be appended to the right of a positive octal
number. The effect of a minus sign preceding the number is to
"one's complement" the entire word after zeros are appended.
(Note: 0O and K are completely interchangeable in this case).

el

Octal Mode - operates as described above except the O or K need
not be used after the number. Obviously, all zeros must be
appended to the octal number as input. ,

EXAMPLE 8
I 11 (6) = 357013, 176K13 /BITWORDS
0 11 (1) = 1042, 377, 1143, 3000 /EXEMPT

4.2 TInitialization Blocks

The following common blocks have been 'assembled in the standard
initialization call to INDATA:

BLOCK NUMBER BLOCK NAME

FLAGBUF
MEMORY
BLK1
VEH1
VEH3 1
CONT
UNIVR
TARGT
TIME

G- NOERROR
11 : DEDABUF
12 _ SWCOM

\O O vl o

The sets of maps on the next several pages deséribe the MAIN Pro-
cessor input to these blocks for a nominal simulator run.

18
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1NS]HU¢?10H_TRQCE.Cﬁ&fﬂdﬁu-ﬂnm

¢
(
€
F 4
[
C % % % % % % % % % % % x % % x % % % ¥ % % % % % % ¥ % % ¥ % ¥ x *k ¥ i . & &
c
i
C

C* TRACE COMTROL. CELLS x

(9
CELL BLOCK . MNEMOILIC
C
e L ELAGRUS - s RO o o oo SN i
C 1
¢ TO - A _ 2
C 10
= o AT B I e L
¢ 11 FLAGiUF TOFF
B e e e e e e e
¢ TO
C 20 3 L. _ L i}
C : r
cC 21 _FLAGELUF B et s e B e e . T
(i 1 .
¢ __T0 i e Ll ) R e e e b e
c 30
C ' ! 4 r
¢ 3 FLAGBUF Loc2
ol 1 _ i}
cC T0
_ L &0 y N e A R "
5 €
C I LA P Ty
PR T . SR T S - - e = - e = e e e e oEm e S m om ow
<. . e b ST TN L el = " 1.
s C= TRACE VAKIABLE DESCRIPTION -
S e e o e e e e e e e i e
C NOTE -

FOUR ENTRIES ARE REQUIREQD FOR EACH TRACE REQUEST.
THE uLOCK IS DIVIDED INTO FOUR ARRAYS OF TEN WORDSe THE CORR&SPOhDINu
POSITIONS WITHIN THE ARRAYS CONTRCL THE TEN POSSIBLE TRACE REQUESTS.

TON  BEGINNING TIMES FOR TRACE. FLOATING POINT SECONDS. . ...
TOFF ENDI{IG TIMES FOR TRACE.
LOC1 BEGINNING LOCATION FOR TiACE. OCTAL AEA ADDRESS

L0C2  ENDING LOCATIONS FOR TRACEe . . .

% K K % ¥ ok %k ¥ K K k x K Kk % k Kk k K x ok k Kk % ¥ % % % % k % kx K ¥ % ¥ k£ & +

ASTRONAUT  INPUT

‘,.1n¢ﬁrwn;wr>ntﬁrvnfwr:nrwn

-

X K X X ¥ ¥ % * * % k x K ¥k F ok K X k k k k Kk ¥k ¥k ¥ Kk k K ¥k x ¥ ¥ k¥ Fx % x % 3

O
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- Y e g W W L mE B Em R L, g W BE e oms wm Ed ms Be WA W s P DS s omer w5 au .

C*x ASTRONAUT

m
—
-

Nnornonoonnno o
7 |

C 375

o

C~ ASTRONAUT VARIAbLE DESCRIPTION -

£ HOTE =
THIS BLOCK IS DIvIDEU INTO FOUR AXRAYS OF 100 WORDS!OF WHICH THE

_ USER mAY ACCESS 75. AN ASTRONAUT FUNCTION IS REQUESTED BY_SETTING
THE CORRESPONDING VARIAaLES WITHIN EACH ARRAY.

COonONNONONON0NnonNnNooonbnan

TIME
COLE

R

DATAZ

_FUNCTION

CEDA INPUT

DEDA GUTPUT

BLOCK " MNEMONMIC -
BLKL TIME
2
BLK1 "CODE
=
BLK1 - DATAL e Sin W
3 i
gLK1 ] DATAZ2
3

TINE IN FLOATING POINT SECONDS FOR THIS FUNCTION.
INTEGER CODE FOR REQUESTED FUNCTIONs (SEE LIST SBELOW)
OCTAL ADDRESS FOR USE WITH CODES 1 AND 2. (SEE BELOW)

FLOATING POINT DATA WORD FOR REQUESTED FUNCTION. (SEE BELOW)

_CODE  DATAL. __ DATA2.

1 ADDRESS © ___ DATA
ADJUST DECIMAL POINT TO PLACE
THE FIVE DIGITS THAT ARE TO
- BE ENTERED INTOQ THE DEDA
- IMMEDIATELY TO THE LEFT OF

THE DECIMAL POINTe.

2 ADDRESS : TIME DURATION OF DISPLAY IN
; : ; SECONMDS. MO ENTRY (ZERC)
WILL RESULT IN A 40 5
DURATION.



GUIDANCE 3 e : Oe = AGS -

C o
C . CONTHCL sqIvoH . _ : 1+ = PGNS
L
€ MODE COMTROL i prewwex % . G, s OFF
C SWITCH ' J 1g = AUTUVATIC
R 2e = ATTITUDE HOLD
C
€ ABOAT STAGE 5 g en Do RESET _ .. -
C BUT[ON le = ABORT STAGZE
- g eI . : s e TR ! . i
C ABOKT BUTTON 6 oty T s Oe = RESET
£ : ! le = ABORT
C
C  DOWiNLINK UPDATE T mmemene eesaae-
C
6 NOJE =
C ALLOh A MlNIMHW OF 6 S&C. AF1¥R ﬂ DG NLINK BEFORC AECTrER UPQATFu
C AND 4 SEC. BEFORE ANY QIHER ASTRO FUNCTION
C
C ! T
C LM UPDATE VIA 8 = o e e . e
€ DEDE _ o B [ 2 e A N e Ry e R ol
G i
£ _NOJE = . L .
C ALLGa A SINIMUM OF 18 SEC. AFTER AN UPDATE BEFORE SCHEDULING
g ANOTHER ASTRO FUNCTIOHNM. T e
C Fas
2 < S o
¢ CEM UPDATE VIA = TS _ T T
C CEDA
C
C WOTE - : -
ALLOZ A MINIMUM OF l& SEC . AFTER IN UPDATL bEFOR’ SCHEDULIh
ANOTHER. ASTRE FUNECTIOM. . S ormess = v o
ULLAGE 10 T e - 00— y

AXIS BY AXIS ‘
_ RCS THRUSTING k. S b B = AL 3 AXES
; i 1. = X AXIS ONLY

OOANCON0NO0NDN0ONONN000N000O

2., = Y AXIS ONLY
3. = Z AXIS ONLY
INACTIVE | 12
TPI SEARCH 13 - NOMINAL TIME OF | .NOWMINAL VALUE oF THLOS
ULLAGE IN FLTs PTe FLTe PTe DEGREES.
SECONDS ;
_RENDEZVOUS . 14 _  cmmewmm= 0, = MAKE_5.MARKS
RADAR Xe = MAKE X MA2KS
ENGINE ON/OFF 15 S E 0« = ENGINE OFF
- - _ 1. = ENGINE ON
DESCENT ENGINE 16  smmimm =~ 0.~ _NOT ARNED
ARM . 1. = ARMED



ASCENT ENGINE o ok 0. = NOT ARMED

ARM Le o= ARMED

DESCENT ENGIIE 48  =cee=——  PERCENT OF THROTTLE
BESIRED.

{0« TCG 1004)

BANDWIDTH SWTITCH 19 ————— ' " Be = MAXs
1_0 b MIN .

fooo0nhoenon

JET SELECT 20 T e T
SWITCH | 1. = & JETS

BK K K K K K K E R K 5 K & 4 K K K x kK K ok K KR X Kk x kK K K K F K

ENVIRONMENTS INITIALIZATION

Aok Kok ok ok K ok ko x R K x ok K Kk k & ¥ Kk ¥ » kK K K k K K k k ¥ K » ¥ ¥ X%
LOCATIONS WHICH MUST 8E INITIALIZED FOR A NOMINAL

£
£

1

oconocnconnocnnonnomnoo

Lg RUMe IN  SUCH A RN THE MAIN  ENGINE IS ASSUMED
OFF : _ @
ALL ENVIRONMEMTS INPUT VALUES ARE FLOATING POINT UNLESS OTHERWISE STATED
C* LM INITIALIZATION CELLS *
C
C : STt - s e =
CELL BLOCK MNEMONIC
C .
C 406 VEH1 STAGE
E 4 5
C
= VEH3 ENGARM
e L - 5 "
2 e e e g L o s o N
- C 654 VEH1 ; - wv(l1)
3 G B -
C ©55 VEBL . wWyid)
£ C 4
L AR R A S A il AR L S IO Sl I 0 T Bl
. C 656 VEH1 4 Wv(3)
C 4 _
. C : ) ’
CcC 176 VEH3 DFUELL
C 5 '
C. o T Tl = i " o 3 1
c 17 VEH3 AFUELL
C 5
c :
C 185 CONT : . FASTSY
c : 6
L. e y AR . I AT el TS e
c *
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:‘o 3 |

1

!

OO 0000000000000 00000

- NOTL -
. STABLE MEMBER  1s INITIALIZED e¥ . SPECIFYING EITHER TSI
OR =~ Rt g :

y e X,

VEHL - BMEERY . .o i e N s
. l} X 2

.

S aD
R
=

O
cr.
(&)

VEHL EULERZ
4

VEHL1 ! o EULERY . e L e
iy

D
o
o

VEH1 ' i, TSI(1)
A S i I :
10 | TO
65 i s I HEN R

b o¥
Uty
~

NOTE = : _ S SR AL e R _ .
VEHKICLE ATTITUDE IS ESTABLISHED BY INITIALIZING PeYresre
RELATIVE TO LOCAL VERTICAL _ OR BY INITIALIZING THE ATTITUDE
RELATIVE TO THE STABLZ MEMBEK, In THE LATTER CASE EITHER

L3

THE GIMBAL 'ANGLES (GAI, GAMr GAC ) OR TVS ARE INITIALIZED.
VEHL | S R D
4

v
o

VEH1 Ry T
A n o OIS S i I8 o 21 Bt S e et

v

(il

o
o

|
|
i
|
}
i
|
|

ne
@®
(o}

VEHL ROL.L
4

VEHI GAI

CESION SR R MRS L L e D N S S A AP SRR E.

O
o0
=

QO
L3}
n

VEH1 : GAM
m
VEH1 e GAD .
L e S O e e N D e T - .. s e e S i

L
o
o

\D
o
o

VEH1 ) Tvs(1)
4 _
10
TVS(9) .

0
~ —
£ C

VEH1 ASAERR . .
4 .
VEH1 PRNTCT {

St
(&)

o
oS

DTPRIN

N

o
=l
=
i
=
o

= LM VARIAGLE UESCRIPTIGNS =

STAGE 0, = ASCENT 1. = DESCENT
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OODON0 00000 ONN000HO0N000000N0000ANAAbOaOAONNOONO0n

OO0

OO

_ENGARM 0. =

2. = ©SM ATTACHED

i
=,

ez o

PITCHrYAWPRGLL  AKke  SUCCESSIVE  ROTATIONS ABOUT VEHICLE

Y

v Z v X AXES Xy VeZd RIGHT HANCED SYSTEM ) RELATIVE 70

INITIAL RIENTATION OF VEHICLE ALONG LOCAL VERTICAL
I.E« XA{EODY =YHODY £ 2u0DY

TBODY = V X R | _ :
LBODY  ALONG =pOSITIGN VECTGR TO SPACECRAFT FROM MAJOR GRAV-
1TATING QDY

UNITS DEGKREES

WV(L) #(2)» (3) ARE ANGULAR RATES OF VEHMICLE AROUND X&OLYr

YBUDY » ZBORY UNITS DEGREES/SECOND

TEULERYrZeX ARE EULER ANGLE ROTATIONS OF THE STABLE MEMBER

DFUELL  INITIAL FRACTION (0. TQ 1,) OF DESCENT__FUEL__LOAD
AFUELL . INITIAL FRACTION (0., To 1.) OF ASCENT FUEL " LOAD
_FASTSW s = SLOW CONTROL 1. = FEAST GCONTROL. .. ... ..

GAI Gl GAO  ARE INNER» MIDDLE AQD OUTER GIMBAL ANGLES
INPUT Un1ITS  LEGREES

RELATIVE T0 REFERENCE INERTIAL
INPUT  UNITS DEGREES

TS51 IS TRANSFORMATION MATRIX FROM__REFERENCE INERTIAL TO

- STABLE MEMBER COOKDINATES

13

TVS IS TRAISe. 4ATRIX FROM STABLE  MEMBER TO B80DY COORDINATES

_ ASAERR 15 FLAG INDICATING THAT _ERRORS ARE To BE

INCLUDED IN ACCFLEROMETER AMND - GYRO MODELS. O = 1.

PRNTCT LM CONTROLLED PRINT S, ITCHe. OPTIONS ARE THOSE LIST=-
ED IN M DOCUMENT. R

DTPR1N CONTROLS DELTA T BETWEEN LM PRINTS _ .
= 0« PRINT EVERY INTEGRATION (WITH PROPER PRNTCT

SETTING ) A e O T : I S

UNITS = SECONDS

ADLITIONAL  CELLS WHICH RAY BE INITIALIZED
e ~ VEH1 ___ASAERR FLAG SET TO 1. WHEN GYRO
4 AND ACC. BIASES ARE DESIKED

24



€ 2571 VEHL WOSBLIT (1) THLSE & CELLS CONTROL &
C 4 Pr3sl QUAD ERRORSI(SEE LM MANUAL)
C 478 VEH THBEITS SLE  MANUAL :
£ s U Y o] T ool N IO e e
-C 638 VEH1 HBJPY Y NOZZLE TRIM ANGLE(DES-
g 4y CENT) IN DEGRCEES INIT.
€ 639 VEH1 BJPZ 7 NOZZLE TRIM
. 4 g
(o 2 VEH3 AEBITS SEE LM MANUAL
C 164 VEH3 DEBITS SEE LM MANUAL
- 5 1o ;
C 165 VEH3 DEBUG SEF LM  MANUAL
c 5 RS _ o “WEN
€ 335 VEH1 SLOSH SET TO i« FOR SLOSH
it o 4 - __DURING THRUSTING b, meals o]
c
C <
c ___________________ - Sa B g W ®m W wn MBS oy o oem Y e gy R ee  omn e
i ;
C* UNIVERSE INITIALIZATION CELLS *
NGy Y S, I e T (R LU s nim ol c i B3 Ww
£ Al
CELL gLOCK MNEMOMIC
C .
g 56 UNIVR EPOCH
c 7
e Bl £ S A= Nz idig, (e W e ) O, i AN,
c 57 UNIVR ORIGIN
c 7
e
c &0 UNIVR RAXY
C 7
b i e SNt AR el IS T ISR e s L e ie W A I
c 81 UNIVR R(Y)
S o 7
C
= ic - gé UNIVE R(Z)
e 7 -
Ui ot . 158 o 0 bt Lt R bl N8 N S . =
€ B8P UNIVR “V(X)
C 7
C
c 8o UNIVR viY)
C 7
e - Rl o e o St W R SIS .. BN B
¢ 87 UNIVR Viz)
C 7 {
c .
c 91 UNIVi PRMTSw
C 7
e _ Jvol daw B - _ M
C
C 106 UNIVR PERT
c 7 :
¢
£ 1712 UNIVA YEAR
C ) 7 I = 3 . .
C
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UNIuEﬂsg VARIABLE DESCRIPTIONS *

EPCCH T
: JULY

IME

YEAR SPECIFIES

1967-1968 YEAR

CORIGIMN

INPUT UNITS = FEET
. i
TTTINPUT O UNITS - FELT/SEcc-o'”"‘
! PHNTb: Be -
—gz
2s =
PERT e 2

b A

-
-

MEASURED TN DAYS
1 (GREENWICH 1

EPHEMERIS DATA

1968 1

ORIGIN OF REFERENCE
1. = CENTER OF EARTH =

9086-1969

2. = CENTER OF MOON

- ORIGIN SHOULD CORREST

BODY (£AKRTH

R{X) s ROY) pR(Z)

OR  MOOy

VEHICLE

IME )

PERTOD

YEAR

)

FROM MiDHNLIGHT BEFORE
TO SINULATOR TIME=O.

CTARTING JULY 1.
% 189869,

IMERTIAL COCRDIMATE SYSTEM

OND TO PRINCIPAL GRAVITATING

POSITION IN REFERENCE INER=

TIAL COORDINATES RELATIVE TO SPECIFIED ORIGIN.

VIX) e VIY) e (2)

AS ABOVE

FIELD DUE TC SUN
AND ALSO

* TARGET INITIALIZATION CELLS %

m
-
r

i

L8]
&

L I - — R . T I — - m. g

BELCCE

TARGT

VIRTUALLY NO UN

INITIAL

LY )

I\'F‘C

VEHICLE VELOCITY 1IN SAMZ COORDINATES

CONTROLLED PRINT (EXCEPT

TIME AND STATE VECTOR (IN METRIC UNITS)
_ EACH TRAJECTORY INTEGRATION CALL » WHICH NORf=

SAME AS 1. PLUS

. PRIN

AT EACH UNIVRS CALL.

TING OF TIME AND wODE

SPHERICAL GRAVITY MODELS FOR TRAJECTORY INTEG--

: HATIO\IO ey -
NONZERO (USIALLY SET TO 1. ) = PERTURBATIOI'S TO G"

MINEMOINIC

_RT(X)

26

AMD COTHER (HIOUN=ORIGIN) BODY
NOWSPHERICAL FIELD OF PRINCIFAL BODY.



w
W

- TARGT - RT(Y)
a ! ;

TRERST T - URED LT
8

Q|
(=]

o
o

TARGT | VT (X)
8

\D 1
~

- ¥RRer T TNty

O
o
-{
p=J
o)
@
ot
-
-
Canl
™~
r S

|
|
]
|
|
b
i
|
|

e
b
20
>
e
a
.-
Lo
—
05.5)
e
=
|

- TARGET VARIAGSLE DESCRIPTION -

R e e R e N e R R o R o R s RN oW oW ol oW o N oW o R R g R oW o R oW oW N e X o X ol oW o X o ¥ 2R s R a R o RN o R o R oW o Rl o)
|
|
]
|
|
i
|
|
|
f
!
|
1
|
|
|
]
|
i
¥
]
|
|

DTPRINY TIME INTERVAL BETWEEN _STATE VECTOR PRINT

R TARGET(PASSIVE) VEHICLE POSITION VECTOR (SA4E ORIGIN
AS UNIVRS)

INPUT  UNITS - FEET

SAT. . TARGET VEHICLE VELOCITY (SAME COORLINATES A% RT)
INPUT  UNITS = FEET/SECOND ' )

!
i
b
1
1
1
[}
1
|
1
i
]
t
!
1
1
1
1
1
1
H
1
1
!
i
1
!
1
1
!
1
!
1
!
1
t
1
1
!

. C* LEM/ASTRONAUT SWITCH INITIALIZATION %

C
z € .
" LELL. .. - BLOCK Sogey Fe T e o e R e S O 0. R T PP L
c 11 SWCOM - Siwf11) ABCORT BUTTON
S 12 . C o 1«=SET O0+=RESET .
c 12 SWCOu Sull2) ABORT STAGE BUTTON
C 1z i N v . 1.=SET O.=RESET
¢ 13 SWCO;- Sw(i3) . BALANCE COUPLE SWITCH
G ) LE iz : e e - e BRI S TS0 S DI SABLED
c 1e=JETS 1¢5¢9¢13 ENABLED
c 1 SWCOM Sw(1) __ GUIDANCE CONTROL SWITCH
C a5 - D= AGS 1.= LGC
c 2 SWCOM Sk (2) MODE CONTROL SHITCH
- le e «=0FF 1eTAUTO 2.=ATT.HOLD
SR SWCOH . . Sut3). 4+ X TRANS. .
c 12 1.=0N 0.= OFF
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|

e i akalatskatakakeaReks)

SWCU.«; : S'g‘u‘ (qi (R £ b

4 : AHM
12 - 1+ ARMED De=10T ARMED
- SwWCON, ' Syu(5) siek g I
I e y L L, L e ARNMED Co=NOT ARVED
6 SWCOH - Syi6) Defie SAITCHISLOY MoDEL)
12 O+uwibE lesSHNARRGH
“ ¢ SWCOM Swl7) 210 JET X TRANS.SWITCH
; 12 ; _ Cutl @ WIET i34 JET
8 SWCGH Swlg) PR U BL U g R B e Sy
o) e AR e & e e s s o WaE IMNRETENT L JSOUT-UFSEETENT
] . SWCOM Sw(9) MANUAL START
. 2. .. - . 1.06FT Q.=PESLY
10 SWCOM Sw(io) MANUAL STOR
e o ln L oTma e 3.ZRET GuSREREY

1=f¥¥*1=**iiif;#*}ggiiﬁfg¥#15{#$E=¥$#Qf{¥éf{$§¥:
EXECUTIVE INITIALIZAYION

¥ K % ¥k kK Kk ok K K Kk k ¥ Kk K x k K K k 4 # ¥ k % ¥k b & ¥ F ¥ % * ¥ ¥ %k ¥ x k o

cooonononnococoncoononon

o000t onnnconon

C* EXECUTIVE INITIALIZATION CELLS *
e RN x iy
CELL BLOCK : MNEMOMIC
e e g
9
4 TIME T, - RG =1
ks N 9 . . SN o WS oy =W L L
5 TIME . TIMEFLG :
9
L - . TOPER. . }
g .

- C= EXECUTIVE VARIABLE DESCRIPTION =

TTUTIME SIMULATOR INITIAL TIME Ir FLOATING POINT SECONDS.
TIME FOR AEA MUST ALSO B INITIALIZED IN MEMORY BLOCK.

X
wn

FOR USE WITH CHECKPOINT RESTARTS, SET TO INTEGER NUMBER
OF CHECKPOINT T0O BE RESTARTED AT,

TIMEFLG ICS TIME CHECK FLAG. CHECKS TO SEE IF TOTAL TIME OF
EXECUTION OF A MINOR CYCLE IS LESS THAN OR EQUAL To
20 M5e SET TO =1,0 FOR T1S CHECK» ZERQ (OR MO E:TRY)

28



C LOFLL. . OPEN LOOP RUNe INTEGER: 1 IF OPEN LOOP

c : - 0 FOR NORMAL CLOSED LOoOP

c _

g ol ATl 0 W N e e el AR S W S :

C #* % & & % % & &% K %k %k x ¥ k% 5 % % "% 5% » % %k * of ¥ % ¥ % *k * % & ¥ *¥ 3 & 4 ¥
C : S ;

< EXEMPTING AEA LOCATIONS FROM ERROR MESSAGES

C . .

C = F & % & F %k % F % % % % % 5% % % % .% % % ¥ % % ¥ ¥ % % % % % * ¥ F k & ¥ ¥
< - _ e L 3

O S T T T T I
Cx EXEMPT InITIALIZATION CeELLS =x

C : 1

CELL ¢ BLOCK MREMORIC

0 LS e e e N0 X St - B o S =R . _

C 1 £ NOERROR OBLOCK '

€ 10

¢ 200 e

G

Lo o o = o = e S I Bl e A mm S me e e W e R W e NS e wm ew W em e e we e e
c

C= EXEMPT VARIAGLE DESCRIPTION =

C - .

= OBLOCK THIS ARRAY CONTAINS THE OCTAL AEA ADDRESSES OF LOCATIOWS TO

C EE EXEMPTED FROM OVERFLOL ERROR MESSAGES.
e SRS N W E SO R O 0 i

C

C * % x x % % % % % % % ¥ ¥ ¥ 3 kx ¥ ¥ % g % % % k% ¥ ¥ % % % % % % % * % % 4 ¥ /

ks
C INPUT DISCRETE WORD INITIALIZATION
C .
C * * % % & ¥ % % ¥ % %k x ¥ % ¥y & ¥ % k ¥ ¥ * k% x ¥ ¥k ¥ ¥k ¥ ¥ ¥ ¥ ¥ ¥ x *k ¥ %
c .
C""""“""--"'-"-“"-""-""—_ ____ e S e e B R e
94
. Cx BITWORD INITIALIZATION CELLS * = .
c
el BLOCK R Y
S G
cC 6 CEDAGUF e BITWORDL
C 11
o | , _
e 7 DEDAGUF BITWORD2 . _
el et e TS e P IR e I L SN e mE s n L s
¢
c ————————————————————————— W e B P e am o B mm , S Ew e A
C
C= BITWORD CESCRIPTION =
C
C NOTE = Mk =y N DR St e ) St DN LS e g m e
C THE 1TwWOrRDS #ILL B INITIALLY IN OFF STATES IF THERE IS NG INPUT.
C THE wCORD MUST BE INPUT Iii A LEFT CUSTIFIED OCTAL 3800 wORD FORMAT
C : .
C - DIS BIT NO. 3500 BIT MO, DIS wii ' DIS wD2
€ 5. L 46 __ DOWNLINK TEL STOP GSE DISCKFTE 1
C 2 45 OUTPUT TeL SToOP GSE DISCRETE 2
29



3 4h FOLLCY UP GSE DISCREIE 3
b 4y AUTOMATIC : DEDA CLEA®
5 2 BESCENT Eis OM CDEDA HOLD
6 41 ASCENT ENG ON . . DEDA ENTER. .
7 4o ABORT- -. DEDA READAUT
& 39 ABORT STuGE - - -

THESd.WORDS USE INVERSE LOGIC -~ A 1 IN A BIT POSITION DENOTES OFF.,

3770000600000000

BITWORD1  INPUT DISCKETE wORDL  INITIAL SET VALUE

BITWORDZ  INPULT DISCRETE woRD2 INITIAL SET VALUE = 3760006000000000

| %

4*****#*****##**$$****#****é$***$**##**f**#*#ff*?#**#*ﬁ**#*******#f$**¢**#¢q

ADDITIONAL CoMMON BLCCKS WHICH MaY NEED TO BE INITIALIZED
THESE BLOCKS ARE NOT IN THE STANDARD CALL TO INDATA  AND
MUST APPEAR 14 AN *INPUT REGUEST

slals sk lskaheiskaRataRetakakshehakeketahaks

***#******#*************************#*##*##*;******t****$***#t*******4***$***

1

* TO START_EXECUTIONy IN THE AGS: AT SOME POSITION OTHER THAM 4050 %

L BLOCK MNEMONIC
6 REGCOM .. PREG
NOTE =

THE NUMBEKR INTERED INTO PREG SHOULD GE THE OCTAL ADDRESS OF SOME
_ INSTRUCTION IN THE AGS FLIGHT PROGRAM WHERE EXECUTION IS TO BEGINK

* DEBUGING AID *
10 GET THE NAME AND TIME OF EACH ROUTINE CALLED BY THE EXECUTIVE PROGRAS.

m
-
-

BLOCK MNEMCNIC

1 MOPTUOB - _NOPTsW

THE SWITCH IS INITALLY SET OFF (SET TO ©)
TO GET THE FRINT INTER 4.1

OO0 O00 0000000 A0OC0N60000000
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. 5.0 PLOT PROCESSOR

The AGS plot package has been designed as a third processor for
the AGS simulator and operates in conjunction with the Preproces-
sor (PREPROC) and MAIN Processor. The PLOT Processor consists of
two separate CALCOMP plot routines. Either of these two plot -
routines (PREPROC or STANDARD) may be run as a separate job if the
dump tapes from a previous simulator run are used as input.

5.1 PREPROC Plot Input

The PREPROC plot routine works in conjunction with the CALCOMP
option, described in Section 3.3. Object of this routine is to
allow the user a completely flexible plot_output function. If
this output is desired, a g LOAD, 22 and RUN card, followed by
the data sets described below, is necessafy.

A Plot Data Set 1s defined as the total set of data cards neces-
sary to produce one CALCOMP graph. The graph may have up to
three variables plotted against one independent variable. There
are two types of data cards within a2 data set. One card, calied
the Header Card, contalns twelve fields and controls the type of
plot, scaling, etc; the other card is a Title Card and contains
the BCD information the user wants for labeling the graph and the
name used on the X and Y-axes.

LY

THE HEADER CARD

. One Header Card is required for each plot; a total of three is

required when three plots are displayed on one graph. The format
for Header Cards is (2A8, 6I2, LE12.8). The fields, in sequential
order, are as follows: ' '

,

Card
Columns Name Description
1-8 XNAME The BCD name of the variable to be
plotted on the X-axis. This name must
agree with one aof the names used in the
*CALCOMP data cards.
9-16 YNAME BCD name of the variable to be plotted

on the Y-axis. This must agree with a
variable name used in the ¥CALCOMP
data cards.
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Card

Columns

17-18

19-20

21-22

23-24

25-26

27-28

29-40

Name

NH2

IX

LY

JJ

NP

Al

. |
EFWNHOWONOMEWNKF O

672-21-EAS-208

Description

A fixed point 80 or 0 depending on
whether another Y-axis is to be gen-
erated. The first Header Card must
contain an 80 since at least one Y-
axis must always be generated.

A fixed point number giving the desired
length of the X-axis in inches.

A fixed point number giving the length

‘of the Y-axis in inches. If both IX

and IY are 0, the plot will be 10" x
10" '

JJ  Plot g

0 Line
1 Symbol at each data point
N Symbol at each Nth data point

-N Only symbol is plotted (no line)

Number of plots on graph. Fixed point
Ly o2, ur 35

=

Plot Symbol

Routine selects a different symbol
for each function on a given frame
Octagon

Triangle

-+ 2

X

Diamond

Up arrow

Half closed X
Z

Y

Square

#*

Closed X
Prime
Star

X-axis minimum. Floating point; if the

manual scaling option is used, no point
falling outside the desired 1imits will
be plotted.

ae
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Card

Columns Name | Description
Hl—52 A2 X-axis maximum. Rest same as Al.
53-64 Bl Y-axis minimum. Rest same as Al.
65-76 B2 Y-axis maximum. Rest same as Al.

TITLE CARDS

At least three title cards are needed for each graph. If mul-
tiple plots are requested (NP), and if a new Y-axis 1is desired,
an additional Y-axis title card is needed. The title cards are
read in (10A8) format and a complete card 1s used for each title.
The first card following the Header Card is the graph title, the
second is the X-axis label and the third 1s the Y-axis label.

SCALING OPTIONS

There are two scaling options, Automatic Scaling and Manual Scaling.
If the former is to be used, the user enters zero for Al, A2, Bl and
B2. Otherwise, he chooses his own limits and sets Al, A2, Bl and

B2 accordingly. i ,

SINGLE PLOT

L

For a single plot (one plot, X vs. Y) the following cards are
_necessary: ' ;

1 Header Card (NP = 1, NH2 = 80)
1 Plot Title Card ’
1 X-Axis Title Card

1l Y-Axis Title Card

MULTIPLE PLOTS

If two plots and a single Y-axis are desired, the cards indicated
below are required:

l1st Header Card (NP = 2, NH2 = 80)

1 Plot -Title Card

33
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1 X-Axis Title Card

3 Y-Axis Title Card

2nd Header Card (NP = 2, NH2 = 0)

For this case no additional title cards are necessary following
the second Header Card. ,

When multiple plots and multiple Y-axes are desired, additional
Y-axis cards are necessary. For example, if the user needs three
Y-axes, he must use the following cards

80)

1st Header Card (NP = 3, NH2
1 Plot Title Card
1  X-Axis Title Card

1st Y-Axis Title Card

]

2nd, Header Card (NP = 3, NH2 80)

2nd Y-Axis Title Card

80)

3rd Header Card (NP = 3, NH2

. 3pd Y-Axis Title Card

EXAMPLE 9

TIME LEM L 80 00515 Bis ' 0. 0. 0.
' LEM X POSITION VS. TIME
” TIME IN SECONDS
: X POSITION IN FEET ’
LEM X LEM Y 80 00515 -=5.E+6 +5.E+6 ~5.E+6 +5.E+6
! ORBIT PLOT
X POSITION IN FEET
Y POSITION IN FEET
0
¥

TIME OMEGA Y 80 0 0 0 3 0. 0. 0. 0.

BODY RATE X = LINE, = QCTAGON, Z = TRIANGLE
TIME IN SECONDS
BODY RATE IN RADIANS/SECOND
TIME OMEGA Y Q0 0 0-5 3 1 0. - O 0s [
TIME OMEGA 2 0 0 0-5 3 2 0. 0. 0. 0.
17 :
8 8
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A g é EQF terminates the complete plot data.- As can be seen, N
data sets can be generated, where N = 8, '

5.2 Standard Plot Input

Variables are plotted by the standard plot routine from a set of
parameters output under user control (¥PROGRAMS) by the ZAIN Pro-

cessor subroutine PLOTAP. If this output is desired, a § LOAD,
45 and a g RUN card, followed by the data set described Delow, 1s
necessary-

5.2.1 Standard Plot Data Description

The standard plot routine plots from a set list (See Section 5.2.2)
of variables and produces a set of CALCOMP graphs. Each graph may
have up to three varliables plotted against one independent variable.
A job title card, one plot title card for each graph, the sets of
variable request cards, and a Job end card are required for standard
plot output. Description of these cards and the associated data
sets follow =

JOB TITLE CARD

One job title card is necessary for a set of graphs. It 1s the
first card in the data deck.

Card
Columns Name Description
1 IAST Asterisk in the first column of the
- card.

2-73 ITITLE Job title to be printed on each page

: of printed output and at the bottom
of each plot.
75-=79 IPRNT Print flag; if tabular print desired,
: insert word "PRINT".
PLOT TITLE CARD ‘ .

One plot title card is required for each graph This card 1s the
first card in each plot sequence.

Card - )
Columns Name Description
L IDS Dollar sign in first column.

2=T73 GTITLE Grid title to be applied to this plot.
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VARIABLE REQUEST CARD

One of these cards must appear for each variable 1n a particular
plot. The first card is reserved for the indepencdent variable and.
the ones that follow are for the dependent variables. At least
two, but no more than four, of these cards must be present for
each plot

~ Card
- Columns Name Description
1-8 NAME Variable name as taken from 1list of
standard variables. Left justified.
10-29 . TITLE NAME to be applied to axis on which
: variable is presented.
35-49 MIN Minimum value, for varlable; if blank,
‘ it will be computed. (E15.8).
i 55-69 MAX Maximum value for variable; if blank,
it will be computed. (E15. 8)
9 IPL Used to determine end of variable

requests for particular plot.

1 - another wvariable follows
0 - 1last request is this sequence.

JOB END CARD

This card terminates data card input. It must be the last card
in the data deck.

Card

Columns Name Description
i - IDS Dollar sign in column 1
2-4 END Word "END"

Example 10 shows how the cards are to be arranged for standard
plotting. _



EXAMPLE 10

* CASE 2.7 A SECCND TPI e
$CS5M POSITION COORUDINATES IN Acs COORDINATE SYSTEM

TIME MISSION TIME (SEC) .

RX X COMPONENT (FEET)

RY Y COmPONENT (FEET) e 5t

RrRZ Z COMPONENT (FEET)

$CSM VELOCLTY COORUINATES 1M AGS COORDIMATEL. SYSTEM

TIME MLIS3101; TIME (SEC)

VX X COMPCMNENT (FT/SEC)

VY Y COMPONENT (FT/StC)

vz Z COMPONENT (FT/SEC) i Ty
$CSM POSITLON CCORDINATES IN INHERTIAL CGORJINATE SYSTEH
TIME MISSION TIME (SEC)

RX1 X COMPONENT (FEET)

RY1 Y COMPCONENT (FEET?

RZ1 - Z COMPGHNENT (FEET)

$CSM VELOCITY COORDINATES IN INERTIAL COORUINQTE SYSTEM. .
TIME MISSION TIME (SEC)

VXI X COMPONENT (FT/SEC)
VY1 Y COMPCNENT (FT/SEC)
VZI 2 COMPCNENT (FT/SEC)
$LM POSITION COGRDIMATES IN AGS COORDINATE SYSTEM
- TIME _MISSION TIME (SEC) R It r
LRX X COMPGNENT (FEET) :
. LRY - Y COMPCGNENT (FEET)
S LRZ . Z COMPUNENT (FEET)
$LM VELOCITY COCRODINATES IN AGS COORDINATE SYSTEM
TINME . MISSION TIME (SEC)
BYE . . X CONMPOMNERT SFTZSEC) . O | o e
P LVY | Y COMPCHNENT (FT/SEC) : -
- LVé - .Z COMPCNENT (FT/SEC)

_$LM POSITION COGRDINATES IN INErTIAL COURDIHATE SYSTEM
TInE MLISSION TIME (SEC)

LRX1 X COMPONENT (FEET)
SLRYE Y COMPONENT (FEETL. . . - .
LRZI Z CONMPGNENT (FEET)
(LK VELOCITY COGRDINATES IN INERTIAL COGRDINATE SYSTEW
TINE MISSION TIME (SEC} -,
LVXI X COMPONENT (FT/&LC) Aot o _ e
SLYYI Y COMPONENT (FT/SEC .
“LVZ1 _ 2 COMPONENT (FT/StC) BT S . I

$TOTAL PROPELLANT FLOW RATE
AGS TIME AGS TIME (SEC)

WwDoT PROPELLANT FLOw RATE

SRANGE FROM LM TO CsM

TInME MISSION TIME (SEC) _
RRPR __ . ENVIRONMENTYS . . o T
RR AGS

CSEND

PRIN

! ' 1
™Y bl bd Lad ™ bkd La La o T e pisl ) is T e

™ b b A

Py



5.2.2 Btendard Plot Variables

WO = NUMBERS IN THIS COLUMN REFER TO THE POSITION OF
NO THE VARIOUS PLOT PARAMETERS IN THE OUTPUT RECORD
OF THE PLOT TAPE.

PARAM = MuENMONIC ASSOCIATED WITH EACH VARIABLE. USED TO
NAME REGUEST VARIABLE For PLOT PROCESSING.

_ UNITS = UnITS OF PARAMETER ON OUTPUT TAPE.

REMARKS = BRIEF DESCRIPTION ¢F PARAMETERS TO HELP IDENTIFY THEM. -
wD PaRAM =
NO NAME UNITS REMARKS
1 TInME SEC PRESENT TIME
2 AGS TIvME SEC . AGS TIME -
3 AlIPR LM COSINE MATHIX {STABLE MEMBER To PouY ﬁXIS
4  ALZPR TRASFORMATICN - ENVIRONHFNTS} e
5 Al3PR
7 AcZPR
= 8 A23PR . SO SO S ) SOU SRS T el e
9 A31PR
10 pozPR 2
11 A3zPR E
iz EX RADIANS 155 ATTITUDE CONTROL ERROR COMMANDS AGBOUT THE
13 EY Xe Yr AND Z BODY AXIS
14 EZ = o sy
i5 EXxp ARC MIN ALIGNMENT ERRORS AROUT x. Ye AND Z BOGY AXIS,.
16 EYpP - (AGS VS ENVIRONMENTS) - -
17 EéZp
—a—=08 -Al% Sy L COSINE MATRIX (STABLE MEMBER TO BOUY AXIS
19 .Alz TRANSFORMATION = AGS}

- _20 Alz e e e L e e
21 A21 : ’
23 Aex
24 A3y
25 Adz
27 DAXPR RADIANS ROTATIONAL DISPLACEMENTS OF THE VEHICLE A#OUT ITS
28 [DAYPR RADIANS Xe Yr ANL Z AXIS LAST 20 MSEC  (ENVIRONMENTS)
29 DAZPR RADIANS ‘ _

30 DAax RADIANS ROTATIONAL DISPLACEMENTS OF THE VEYICLE aBCQUT ITS
31 DAY RADIANS X¢» Yo ANC Z AXIS LAST 20 MSEC lAGS)

32 DAZ RADIAHNS : £ & = =
33  UVXPR FT/SEC VELOCITY GAINED ALQMNG THE Xe¢ Yo AND 4 BODY AXIS
-34% DVYPR FT/SEC LAST 20 MSEC (ENUIHOWHHNTS)

35 DVZPR FT/SEC . ¢

e~ B36- DYX FT/SEC VELOCITY GAINED ALONG THE X» Yr AND Z BODY AXIS
37 DVY - FT/SEC LﬁST 20 HSLL (Aec) :
&8 - DVz FT/SEC

39 VU1lXPR FT/SEC COMPONENTS OF THE SENSED ACCUnULﬂTED VELOCITY IN
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VDIYFR
VO12ZPR ...

Vo1X
VULY

S vDiZ

TXEA
TYEA
TZEA
InNf Gl
MIDGHL
QUTGML
ACCEL
DELVS
LHEULL

LHEULZ

LhEUL 2
AT

WT
DELVGX
DELVGY
DELVGZ
wWoCT
ACCABA
ACCY=A
ACCZBA
RXPR
RYPR

'RZPR

VXPR
VYPR
VZFR
RX
KY
Rz

VY

vz
RX1
RYI
RZYI
VX1
VYI
VLY
RPR
GAMI
PH]
ROCTPR
ALTPR
VPR
LAKDA
PHIP
VHPR
LRXPR
LRYPR
LRZPR
LVIPR
LVTPR

"LVZPR

LRX

FT/SEC
FT/SEC

. PIASEC ™
- FT/SEC
FT/SEC

LBS
LBS

LBS
DEGREES
DEGREES
DEGREES
FT/S75
FT/SEC
DEGREES
CEGREES
DEGREES
FT/S/S
LBS -
FT/SEC
FT/SEC
FT/SEC
LBS/SEC
FT/S/S
FT/5/5
FT/S/5
FEET
FEET
FEET
FT/SEC
FT/SEC
FT/SEC
FEET
FEET
FEET
FT/SEC
FT/SEC
FT/SEC
FEET
FEET

© FEET

FT/SEC
FT/SEC
FT/SEC
FEET
DEGREES
LEGREES
FT/SEC
FEET
FT/SEC
DEGREES
DEGREES
FT/SEC
FEET
FEET
FEET
FT/SEC
FT/SEC
FT/SEC
FEET

BoDY COoOR [JI;IA!L..:-.& UFDATLL DV 80 MSEC
(ENVIRONMENTS}. - - ;

COMPONENTS OF THE SENSID ACCUSULATED VELOCITY 1IN
soDY COOWDINAT’br_UPQﬁELu L&;HY 40 MSEC (AGS). -

AND 2 BODY |

THRUST ALONG THE Xe Yr. AXIS

(ENVIRONMENTS)

INNERe MIDCLE, OUTER GIMIAL AMNGLES NECESSARY FOR
TRANSFORLATION TO BODY AXIS CCORNIMNATES FiROM
STABLE MEMBER COORDINATE

MAGNITUDE OF TOTAL ACCELERATION (ENVIKONMENTS)

MACNITUDE, GF SENSED ACCUMULATED VELOCITY (EnV)

EULER ROTATIONS REQUIRED TO TRAMSFORM Xr Ye AND 2

AXIS INTO THE BODY AXIS SYSTEM

MAGNITUDE CF TOTAL ACCELERATION ALONG BODY AXIS~AGS
TOTAL WEIGHT CF VEHICLE (ENVIROKMENTS)
COMPONENTS OF THE VELOCITY YET TO BE GAINED (AGS)

TOTAL PROPELLANT FLOW RATE N

ACCELERATIONS ALONG THE Xr Yr AMD Z BODY AXIS
(EMVIRONMENTS) : :

POSITION CCOORDINATES COMPUTED IN THE INERTIAL
SYSTEM AnD TRANSFORMED TO AN AGS ALIGNED
COORDINATE SYSTEM =CSM (ENVIRONMENTS)

VELOCITY CCORGINATES COMPUTED IN THE INERTIAL
SYSTEM AMD TRANSFORMED TO AN AGS ALIGNELD
COORDINATE SYSTEM =CSM (ENVIRONMEMTS)

POSITION CGORULINATES IN THE Aos COORDINATE SYSTEM=-
csM (AGS)

VELOCITY CUORDINATES COMPUTED IN THE ﬁGS LOORJINATE
SYSTEM =~ CSM (AGS} o

POSITION CQORDINATES IN AN IN;RTIAL*COORQINATr
SYSTEM = €S (ENVIRONMENTS) -

VELOCITY CQORDINATES IN AN INERTIAL COORUINATr
- SYSTEM ~ CSM (ENVIRONMENTS) o

MAGNITUDE cF RADIUS VECTOR = CSM (EMVIRCHMENTS)
AtGLE BETWEEN LOCAL HORIZ. AND INST. VEL. VEC.=ENV.

GEODETIC LATITUDE = CSM - - e i
RADIAL VELCCITY = CSM (ENVIROH”ENT')

ALTITUDE ALONG RADIUS VECTCR ABOVE BODY=~C3M (ENV)
MAGNITUDE oF VELOCITY 'VECTOR = CSM (ENVIRONMENTS)
108STe LONGITULE EASTWARD FROM GREEMWICH = CSM

GECCENTRIC LATITUDE = CS¥

HORIZONTAL VELOCITY = €CSM (ENVIRONMENTS)

POSITION CCORUINATES COMPUTED IN THE INERTIAL
SYSTEM ArD TRANSFORMED TO AN AGS ALIGNED
COORDINATE SYSTEM = LM (ENVIROMMENTS

VELOCITY CCORUINATES COMPUTED I TeE INEKTIAL
SYSTEM AMND TRAMSFORMED TO AN AGS ALIGNED -
COORDINATE SYSTEM = LM (ENVIRONMENTS)

POSITION CCORLIMATES IN THE AGS COORDINATE SYSTEM-
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a9
100
104
10
10s
104
LUb
Lio
lu?
10¢
109
110
111

lie
113
114
o 1 &
llo
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
- 141
142

143

144
145
146
147
148
149
150
1351
152
353
154
155

156

LRY
LKZ
LY X
vy
LV

LRXI

LRY Y
Lrzl
LVXI
LvyYI
LvZI
LEPR -
LGAMI

LPHI

LRCOTPR

LALTPR
R

LVPR
LLAMDA
LPHIP
LVHPR
v
Al1BO
Al28D
ALZED
A31B0D
ASZBOD
ASEEBD
ORAVX
GRAVY
GRAVZ
ALT
PERGPR
APCGPR
DELVG
PERG
APQOG

2aJl

282
28U3
DQRSX
pDasy
DQSZ
IncL
DESNOD
ECC

RPERG

VPERG
PERIOD
RAFOG
VAFPOG
TPERG
ERX
ERY
ERZ
EVXx.
EVY

Eve

FEET
FEET

F1/SEC
ET/EEC

FT/SEC
FEET
FEET
FEET
FT/SEC
FT/SEC
FT/SEC
FEET
DEGREES

- DEGREES

FT/SEC
FEET
FEET
FT/SEC
DEGREES
DEGREES
FT/SEC
FT/SEC

FT/5/5
FT/5/8
FT/5/S
FEET
NeMI,
NeMI.
FT/SEC
NeMI,
N!MI.
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
DEGREES
UEGREES

FEET
FT/SEL

FEET
FT/SEC
SEC
FEET
FEET
FEET
FT/SEC
FT/SEC

fT/SEC

LM (AGS)

VELOCITY ‘CCORDINATES COMPUTED IN THE AGS CUORIIHA.
SYSTEM = LM (A&S) SR N

Li4 POSITION CCORDINATES IN AN IMERTIAL COUKUIJATE
_ SYSTEM tEviﬁomwanTsy

VELOCITY CCORbINATES IN QN IN_RTIﬂL COORUIIAT[
SYSTEM = LM (ENVIRONMENTS)

Li4 MAGNITULE GF RADIUS VECTOR (ENVIROMWMENTS)-

LM ANGLE BETWEEN LOCAL HORIZONTAL AMD
_INSTATANEOUS INERTIAL VELOCITY VECTOR (ENV)

Lt GEODETIC LATITUDE

L4 RADIAL VELOCITY (ENVIRONMENTS)

Ltz ALTIDUDE ALONG RADIUS VECTOR ABOVE BODY (EmV)

L4 MAGNITUDE OF RADIUS VECTOR (ENVIROMMENTS)

L4 MAGNITUDE ©OF VELOCITY VECTOR (EMVIRONMENTS)

L INSTe LCNGITUDE EASTWARD FROM GREENWICH

Lt GEOCENTRIC LATITUDE :

Ly HORIZONTAL VELOCITY (ENVIRONMENTYS)

MAGNITUDE OF THE VELOCITY VECTOR

DIRECTION COSINE FOR DESIRED THRUST DIRECTION
OF Z BODY AXIS (ENVIRONMENTS)

*GRAVITY ACCELERATION COMPOMENTS ALGHb X» Yr Z BODY

AXIS (ENVIRON1ENTSJ

ALTITUDE ALONG RADIUS VECTO? ADCVE BOuY (AGS)
PERIGEE ALTITUDE ABOVE SPHERICAL REFERENCE BODY=EMV
APOGEE ALTITULE ABOVE SPHERICAL REFERENCE BGDY -Ef:v
MAGNITUDE oF VELOCITY YET TO 2E GAINED (aAGS)
PERIGEE ALTITURE ABOVE SPHERICAL REFERENCE BoODY=AGS
APOGEE ALTITULE ABOVE SPHERICAL REFERENCE BODY =AGS
VELOCITY DeSIkKED IN EXTERMAL DELTA=V MODE IN
HORIZONTALe CUT OF PLANE» AND RADIAL DIHECTION
RESPECTIVELY
VELOCITY GAINED IN EXTERNAL CELTA=-V MODE INM AGS
INTERNAL COORDINATtS
ORBIT INCLINATION WITH RESPECT TO EQUAT. PLANE=AGS
ANGLE BETWEEN DESCENDING NODE AMD LONGe. OF X AXIS
ORRIT ECCENTRICITY
PERIGEE RADIUS (ENVIRONMENTS) st
PERIGEE VELOCITY
r‘\uIT PERI(JD
APQGEE RADIUS {ENVIRONMENTS)
APCGEE VELCCITY -
TIME T0 PERIGEE (AGS)
NAVIGATION ERKORS IN PQSITION COORDINMATES OF AGS
COORDINATE SYSTEM - ‘

NAVIGATION ERRCRS- IN VE ELOCITY CLOR,INHTLb OF
AGS COCRCUINATE SYSTEM

- .



157
158

159

- 160

361"
162

163
164
165
le6
167
168
169

170

190
191
it
193

EVii i
EALTRT
EALT
RLGT
YPR
VYCPR
VH

Y
WVEL
RRPR
RRETPR
KMSER
RK
RRRT
RiSEV
Thin
RRRTE
XPCH
ZPCH
WEGANG

XAZ
ZAZ

OMEGAX

OMEGAY
OMEGAZ

SALPAR

CALPAK

SBLTAR

CoETAR

§GAHAR

CCAMAR

- EXR

EYr
Ernt
ALTR
ALTRTR
LATVR

“FI5EC

FT/SEC
FEET

FT/SEC

FEET

- F1/SEC

FT/SEC
FEET
FT/SEC
FEET
FEET
FEET
FEET
FT/SEC
FT/SEC
FEET
FY/SEC
DEGREES
DEGREES
DEGREES
DEGREES
UEGREES
DEG/SEC
LEG/SEC
DEG/SEC

“ FEET

FEET
FEET
FEET
ET/SEC
FT/SzC

LCCAL HORIZONTAL VinOliTy LRROE

CALTITUDE RATE ERROR

ALTITUDE ERROR

RADIAL "VELCCITY (AGS) el

LM DISTANCE OUT OF (SM omuerL PLASE (ENVIRONGENTS)

WEDGE VELOCITY (ENVIROMMENTS)

HORIZONTAL VELOCITY {Aoq) &

LM DISTANCE OUT OF CSM ORBITAL PLANE (AGS)

WEDGE VELOCITY (AGS)

RANGE FROM LM TO CsM (ENMVIRCONMENTS) . - i

RANGE RATE FROM LM TO CSM (FNVIRONaEnTS}

MAGNITUDE OF THE POSITION ERRCR

RANGE FROM LM TO Cs# (AGS!

RANGE RATE FRCM LM TO CSM (AGS)

MAGNITUDE OF VELOCITY ERROR

RANGE ERROR

RAMGE RATE FROM LM TO CSM ERFOR

ANMGLE BETWEEN X AND Z AXIS AND LOCAL HORIZONTAL
PLANE (E}VIRONMENTS)

ANGLE BETWEEN UNIT VECTOR PERFPENDICULAR TO LM AND
CSM ORBITAL PLAKNES (EMVIRONMENLTS)

ANGLES BETwEEN PROJECTION OF X AND Z BODY AXIS INTO
LOCAL HORIZONTAL PLANE AND PROJECTION OF INERIAL
VELOCITY VECTOR INTO LOCAL HORIZONTAL PLANE

ANMGULAR VELOC1TY VECTOR OF NAV BASE
IN NAV BASE COORDINATES (ENVIRONMEHNTS)

SINE OF EULER ANGLE ALPHA REGISTER USED FOR
CONTROL OF TOTAL ATTITUDE DISPLAY (AGS)

-COSINE OF EULER ANGLE ALPHA REGISTER USED FGOR

CONTROL COF TOTAL ATTITUDE GISPLAY (AGS)
SINE OF EULER ANGLE BETA REGISTER USED FOR
CONTRCL GF TOTAL ATTITUDE DISPLAY (AGS)
COSINE OF EULER ANGLE BETA REGISTER USED FOR
CONTROL OF TOTAL ATTITUDE DISPLAY (AGS)
SINE OF EULER ANGLE GAMMA REGISTER USED FOR
CONTROL OF TOTAL ATTITUDE DISPLAY (AGS)
CCSINE OF EFULER ANGLE GAMMA REGISTER USED FOR
CONTROL OF TOTAL ATTITUDE DISPLAY (AGS)
ROTATIONAL ATTITURE ERRORS ABCUT THE XeYr AKND
Z BODY AXIS REGISTERS USED FOR CONTROL OF
THE VEHICLE AND FOR DISPLAY (AGS)
ALTITUBE REGISTER FOR CONTROL OF NAV LISPhAYS (AGS)
ALTITUDE RATE REGISTER FOR COMNTROL OF MNAV DISP =~ACS
LATERAL VELQCITY REGISTER FOR CONT“OL OF nAvV
DISPLAYS = AGS

b
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6.0 SIMULATOR OUIPUT

.6.1 MAIN Processor User Routines

Several routines have been.written and lncorporated in the AGS
MAIN Processor for user controlled functions. The scheduling of
these routines is controlled by the user via the ¥*PROGRAMS Prepro-
cessor option. Listed below are names of the routines currently
available and a brief description of thelr functions.

e CHKPNTW - checkpoint write
Thils routine will generate checkpoint dumps for restart
of the simulator.

®* HIGHFQ - high frequency standard print
This routine prints ocut the standard high frequency
print variables.

& LOWFQ - low frequency standard print
This routine prints out the standard low frequency
print variables.

e MEMDUMP - memory dump
This routine provides an octal dump of AEA memory. (No
delta ‘time)

e PLOTAP - standard plot tape outﬁht
This routine will dump out on tape the variables in the
standard plot output for plotting in the PLOT Processor.

e TERMIN - termination routine

This routine will terminate the MAIN Processor executbtion.
(No delta time).

6.2 Standard Print Output

Parameters listed under Initialization Print will be printed at
the beginning of the simulation run. Those parameters listed
under High Frequency Print and Low Frequency Print are controlled
by the routines HIGHFQ and LOWFQ, respectively. .

6.2.1 Initialization Print

CSM ORBITAL PARAMETERS

AP@GPR ~  PERGER - RAP@G RPERG ~ PERI@D

VAPOG VPERG ECC . INCL"” DESN@D

h2
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LM RI TO SM EULER ANGLES

. EULER1 EULERZ2 EULERS3

6.2.2 High Frequency Print

M

TIME AGS TIME
A11PR A12PR A13PR EX EXP
A21PR - A22PR A23PR EY SR -
A31PR " A32PR A33PR EZ EZP
K11 A12 - . A13 DAXPR  DaxX

*  aPi A22 - IA23 DAYPR DAY
‘A31 © A32, A33 ~ DAZFR DAZ
DVXPR DVX VD1XPR VDX TXBA
DVYPR DVY VDIYPR VD1Y TYRA
DVZPR DVZ VD1ZPR vD1z TZBA
INRGML LHEUL1 DELVGX ACCXBA El
MIDGML, LHEUL? DELVGY  ACCYBA E2
GUTGML, LHEUL3 DELVGZ ACCZBA STAGED
ACCEL AT EXT1, EXT2 - DELVS
DEDAAD DEDADT WT WD@'T

OMEGAX OMEGAY OMEGAZ

-AGS FLAGS, SWITCHES, AND REGISTERS

S00 S07 S10 S11 S1h
S16 817 8507 S623 DEL2

DEL5 - - DEL20. DEL21 - MU MU10

u3
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FLAGS, SWITCHES, AND REGISTERS (conf.)

BRNCON
SBETAR
EYR

TELEMR

6.2.3 Low Frequency Print

TIME

RXPR
RYPR
RZPR
VXPR
VYPR

VZPR

TIME

RXPR
RYPR
RZPR
VXPR
VYPR
VZPR
A11BD
A12BD

DISCW1
CBETAR-

EZR

DEDA R

RX
RY
R
VX
VY

VZ

‘RX
RY
RZ
VX
vy
VZ
A31BD

A32BD

DISCW?2
SGAMAR
ALTR

DEDA R

 CsM

RXT
RYI
RZI

- VXI

b 40

VZI

LM

AGS TIME

RXI
RYI
RZI
VXI
vyl
VZI
GRAVX

GRAVY

4y

SALPAR
CGAMAR

ALTRTR

‘RPR

GAMI
PHI

D@TPR
ALTPR

RPR
GAMI
PHI

RDZTPR

- ALTPR

R
ALT-

PERGPR

CALPAR
EXR

LATVR

VPR
LAMDA
PHIP
VHPR

. VPR
LAMDA
PHIP

VHPR

DELVG

PERG
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LM (cont.) ‘
GRAV?Z APPGPR APGG
INCL RPERG RAP@G
DESN@D VPERG VAPHG
ECC PERI®D TPERG
EVH . " RDPT VH
EALTRT QPR Y
EALT VYOPR - VYO
RRE WEDANG
RRRTE XPCH XAZ

ZPCH ZAZ

Standard Print Output Definitions

28J1 DQSX

2872 DQSY

28J3 DQSZ

ERX EVX

ERY EVY

ERZ - EVZ

RRPR RR

RRRTPR RRRT

RMSER RMSEV
NOTES: A.

B.

Mnemonic

28J1, 28J2

2873

All, Al2

Al3 .

A11BD, A12BD,
A13BD

A31BD, A32BD,
A33BD .

This letter following a definition
indicates the related parameters
are calculated in the ENVIRONMENTS
simulation. = '

This letter following a definition
indicates the related parameters
are calculated in the AGS flight program.

Definition

Veloclity desired in the external AV
mode in the horizontal, out of plane,
and radial direction, respectively.
(feet/sec)

LM cosine matrix (stable member to
body axis transformation).

Direction cosine for the desired thfust
direction of the X body axls.B

Direction cosines for the desired thrust
direction of the Z body axis.B
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Mnemonlc

A11PR, Al12PR,
A13PR, A21PR,
A22PR, A23FR,
A31PR, A32PR,

A33PR
DELT?2
DEL 5
"DEL 20
DEL 21
El

E2

EXT1
EXT?2

MUB

MU0
S00
S07

S10
S11
S16
S17
S507
$623
ACCEL

672-21-EAS-208

Definition

IM cosine matrix (stable membe to body
axls transformation). ;

Staged-Flag

Altitude hold flag.

‘LOGIC flag for englne control.

Lunar surface flag.

Flag indicating descent engine on or orr.B

Flag indicating'ascent engine on or off.B

Flag indicating that PGNCS commanding
descent engine on or off.

Flag indicating that PGNCS commanding
ascent engine on or off.

Ullage counter.
Minor cycle counter. s
AGS function selector

Reference frame selector for external
AV mode.

lGuidance mode selector,

RCS - DES/APS selector.

CDH Apsidél sélector.

CSI elliptical/circular orbit logic.
Orlent Z body axils to thrusf axis.
Crew selection of steering vector.

Magnltude of the total acceleration
(ft/sec?).h



Mnemonic

ACCXBA, ACCYBA,

ACCZBA

AGS TIME
ALT

ALTPR

ALTR
ALTRTR
APOG
APOGPR
AT
BﬁNCON
CALPAR
CBETAR

CGAMAR

DAX, DAY,
. DAZ

DAXPR, DAYPR,
DAZPR

672-21-EAS-208

Definition

Acceleratlons along the X, Y and Z body
ax1s (feet/sec?).

AGS time (sec).B

Altitude of vehicle above the surface of
the reference body measured along the
radius vector (feet)B

Altitude of vehicle above the surface of
the reference body measured along the
radius vector (feet}h

Altitude register used for the control of
the Navigation Displays.

Altitude rate register used for control
of the Navigation Displays.

" Apogee altitude above the spherical ref-

erence body (nautical miles).

Apogee altitude above the spherical ref-
erence body (nautical miles).A

Magnltude of the total acceleration
(ft/sec?).A

Branch control output in octal.
Cosine of the Euler angle alpha register

which is used for control of the Total
Attitude Display.

‘Cosine of the Euler angle beta register

whiech is used for control of the Total
Attitude Display. ' '

Cosine of Fuler angle gama register which
1s used for control of the Total Attltude
Display.

Rotational displacements of the vehilcle
about 1its X, Y, and Z axis last 20 msec
(radians). '

Rotational displacement of the vehicle
about its X, Y, and Z axis last 20 msec
(radians).

L7




Mnemonic

DEDAAD

DEDADT
DEDA R

DELVG
DELVGX, DELVGY,
DELVGYZ

DELVS

DESNOD

DISCW1
DISCW2
DQsSX, DQSsY,

DQSZ

DVX, DVY,
DVZ

DVXPR, DVYPR,
DVZPR

EALT
EALTRT
ECC

ERX, ERY,
ERZ

672-21-EAS-208

Definition

Data Entry and Display Assemblﬁ (DEDA)
address last entry or readout.

DEDA data last entry or readout.B

Data Entry and Display Assembly (DEDA)
reglster, a four bit input and output
register which communicates serially
with the DEDA and the AEA.

Magnitude of the velocity yet to be
gained (feet/sec).B

Components of the velocity yet to be
gained (feet/sec).B

Magnitude of the sensed accumulated
velocity (feet/sec).A

Angle between the descending node and the
longitude of the X axis in the AGS ref-
erence coordinate system (degrees).’?

Discrete word 1, an 8 bit AEA input
register.

Discrete word 2, a 7 bit AEA input
register. :

‘ Velocity gained in the external AV mode

in AGS inertial coordinates. (feet/sec).B

Veloclty gained along the X, Y, and Z
body axis last 20 msec (feet/sec).B

Veloecity gained along the X, Y, and Z
body axis last 20 msec (feet/sec).A

Altitude error (feet).
Altitude rate error (feet/sec).
Orbit eccentricity.

Navigation errors in position coordinates
of AGS coordinate system (feet).
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Mnemonic
EULER1,

EULER2,
EULER3

EVH
EVX, EVY, EVZ

EX, EY, EZ

a

5.y

EXP, EYP, EZP

EXR, EYR, EZR
GAMI

GRAVX, GRAVY,
GRAVZ

INCL

INRGML, MIDGML,

OUTGML

LAMDA

LATVR

LHEUL1, LHEULZ2,
LHEUL3

672-21-EAS-208

Definition

First, second and third Euler rotations
required for transformations to Stable
Member coordinates from Reference Inertial
coordinates (degrees).

Navigatlion errors in veloeclty coordinates
of AGS coordinate system (feet/sec).

Navigation errors in velocity coordinates
of AGS coordinate system (feet/sec).

AGS attitude control error commands about

the X, Y, and Z body axis (radians).B

Alignment errors about X, Y and Z body
axlis. (arc min) (AGS vs Environments)

Rotational attitude errors about the X,
Y, and Z body axis reglsters used for
control of the vehicle and for display.

Angle between the local horizontal and
the instantaneous inertial velocity
vector (deg). ' .

Gravity acceleratlon components along
the X, Y and Z body axis (feet/sec?).A

Orbit inclination with respect to
equatorial plane (degrees).f

Inner, middle, outer Gimbal angles
necessary for transformation to Body

‘axlis coordinates from Stable Member

coordinates (degrees).

Instantaneous longitude of the vehicle
measured positive eastward from the
Greenwlch Meridian (degrees).

Lateral velocity register used for control

of the Navigation Displays.

FEuler rotations required to transform
from a local horizontal coordinate system,
where ‘the X axis 1s defined by (R x

X the Z axis is defined -R, and the Y
axls completes a right hand system, into
the body axis system (degrees). .



Mnemonic

OMEGAX, OMEGAY
OMEGAZ

PERG

PERGPR

PERIOD
PHI
PHIP
RAPOG
R
RD@T
‘RDPTPR
RMSER

RMSEV

RPERG
RPR
RR
RRE
'RRPR
RRRT
RRRTE
RRRTPR

RX, RY, RZ

RXI, RYI; RZI

672-21-EAS-208

Definition

Angular velocity vector of nav base in
nav base coordinates degrees/sec.

Perigee altitude above the spherical
reference body (nautical miles).

Perigee altitude above the spherical
reference body (nautical miles).®

Orbit period (seconds).
Geodetic Latitude (degrees);
Geocentric Latitude (degrees).
Apogee radius (feet).?

Magnitude of the radius vector (feet).B

Radial Velocity (feet/sec).B

Radial Vélocity (feet/sec).A

Magnitude of tﬁe position error (feet).

Magnitude of the velocity error
(feet/sec). |

Perigee radius (féet).A

Magnitude of the radius vector (feet).A
Range from LM to CSM (feet).B

Range error (feet). -

Range from LM to CSM (feet).h

Range rate from LM to CS3SM (fe.et/sec)'.‘B
Range rate from IM to CSM error (feet/sec).
Range rate from LM to CSM (feet/sec).?

Position coordinates in the AGS coordinate
system (feet).B

Position coordinates in an inertial coord-
inate system (feet).
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Mnemcnic Definition

RXPR, RYPR, Position coordinates computed in the in-
RZPR ertial system and transformed to an AGS

aligned coordinate system (feet).A

SALPAR Sine of the Euler angle alpha register
which is used for contrel of the Total
Attitude Display.

SGAMAR Sine of Euler angle gamma register which

: is used for control of the Total Attitude
Display.

STAGED Flag indicating that the descent engine
has been staged.

TELEMR - Telemetry Register, a 24 bit shift regis-
ter which 1s used to output serial telem-
etry data.

TIME Present time (sec).f

TPERG Time to perigee (sec).B

TXBA, TYBA, Thrust along the X, Y and Z body axis

TZBA , (pounds).A :

v " Magnitude of the velocity vector (ft/sec).B

VAPOG Apogee velocity (ft/sec).

VD1X, VD1Y, Components of the sensed accumulated

VD1Z - velocity in body coordinates, updated
every 40 msec (ft/sec).

VD1XPR, Components of the sensed accumulated

VD1YPR, veloclty in body coordinates, updated

VD1ZPR every L0 msec in AGS (ft/sec).®

VH Horizontal velocity (£t/sec).B

VHPR Horizontal veloéity (i‘t/sec).A "

VPERG Perigee velocity (ft/sec)

VX, VY, VZ Velocity coordinates éomputgd in the AGS

coordinate system (ft/sec).
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Mnemonie
VXPR, VYPR,
VZPR

VXI, VYI, VZI

" YPR
WD@T
WEDANG

VYO
VYOPR

XAZ

XPCH

ZAZ

ZPCH

672-21-EAS-208

Definition

Veloecity coordlinates computed in the in-
ertial system and transformed to an AGS
aligned coordinate system (ft/sec).

Velocity coordinates in an inertial
coordinate system (f‘t/sec)A

" Wedge distance, LM dlsrance out of CSM

orbltal plane (feet)

‘Wedge distance, LM dlstance out of CSM

orbltal plane (feet)
Total propellant flow rate;(poundé/sec).A

Wedge ahgle, angle between unit vectors
perpendicular to CSM and LM orbital planes
(degrees).A .

Wedge veloclty (ft/sec).B
Wedge velocity (ft/sec).A

Angle between the projection of the X body
axls into fhe local horizontal plane and
the projection of the inertial velocity
vector intﬁ the local horizontal plane
(degrees).

Angle between X body axis and local hori-
zontal plane. (degrees)

Angle between the pfojection of the Z

"body axis into the local horizontal plane

and the projection of the inertial velocity
vector 1nto the local horizontal plane.

(degrees).A

Angle between Z body axis and local hori-
zontal plane (degrees).
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6.3 Trace Format

The Trace consists of nine output parameters. They are as follows:

Instruction address (octal)

Instruction name

Operand address (octal)

Contents of the A-register (octal)

Contents of the Q-register (octal)

Contents of the operand address (octal)
Contents of the index register

The overflow indicator (1 means overflow)
Contents of the minqer cycle counter (decimal)

O O=1 M\ =W -
et e M N N N N N N

These parameters represent the state after instruction execution.

EXAMPLE 11

]

LOC.  NAME GP.ADD AREG QREG ar. INDX O.F. CYCLE
7010 ADD 0760 377600 001000 210010 O : 4 koo
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Tdentification

READ DATA, Mnemonic Input Routine

CDC 3600/3800 COMPASS Subroutine

D. H. Hay and Bruce Johnson, May 20, 1964
Computation and Analysls Division

Manned Spacecraft Center '

Acknowledgement

This subroutine is a direct translation of the IBMAP subroutine,
SG RDAT, developed by Mr. Robert P. Crabtree of the Manned Space-
craft Center. The F@RTRAN calling sequences and input data card
formats are ldentical for the two routines. Conversion algorithms
and diagnostic procedures are similar. g

Purpose

This subroutine allows the F@RTRAN 63 or C@MPASS user to enter data
into his program at execution time without the use of, or the re-
strictions normally imposed by, formats. As many or as few var-
iables as desired may be entered wlith each data set. Variables not
entered will not be changed in value but will remain as they were
before the subroutine was called. The data can be either punched
in.a free field or in a fixed field as all blanks are ignored. Legal
modes include Integer, Real (either "F" type or "E" type), Complex,
Double Precision, Alphabetic (BCD or HOLLERITH), and Octal. Option-
al exlts are provided allowing the user to gain control if an error
in the data cards or an end-of-file on the input tape 1s encountered.

Restrictions
This subroutine can be used only on the CDC 3600/3800 under the
SCOPE/SCAMS Operating System. The slze of the numbers and the
accuracy retained on floating point numbers are limited only by the
size of the word and the floating point/double:precision hardware
associated with the CDC 3600/3800.

Method
Standard double'precision conversion techniques are employed through-
out. Where a single precision value is desired, only the single

precision result is kept, and in the case of the flocating point
numbers, the most significant portion is rounded before being stored.
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Error checks are liberally distributed throughout the conversion
code to insure that all ill-formed data cardu are detected rather
than improperly converted.

Usage

1.

T statement.

Calling Sequence

CALL RDATA (ARGy, ARGp, ..., ARC,)

Where ARGl,-ARGg, ..., ARGy are variables or names of arrays
Into which data is to be entered. The name READ DATA may be

~substituted for RDATA in the above sequence.

Data Set ‘ ‘ X

A Data Set is a card or a group of cards which will be read
wlth one call of the RDATA subroutine. A Data Card is usually
terminated after the last column (column 72) has been scanned
but may be terminated prior to this by placing a slash (0-1)
in the column where termination is desired. All punches to
the right of the slash will be ignored, and the scan will con-
tilnue with the first column of the next data card. A Data Set
is terminated when the scan encounters a dollar sign (11-3-8);
the rest of the data card 1is ignored and control is returned
to the first executable statement after the "CALL RDATA"

L]

Data Fields

A Data Field is a continuous set of columns on a data card
which causes one value to be entered into the calling pro-
gram. A Data Fleld .starfs in column 1 of the data card or 1in
the first column following the comma which has terminated the
prevlous Data Field and is terminated by a comma, slash, dollar
sign or the end of the data card (column 72). A Data Field
cannot be split between two data cards and may assume one ok
the following forms:

1. MC(S)
2. MC = N,
3. (8) = N,
k. N,

- ! .-5' 3

where M specifies the Mode of the variable or array into which
the data 1s-to be entered as follows:
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Integer
or B Real (Floating Point) -
~Complex

Double Precision

G o Q = H -

is an integer indicating into which
variable in the argument list that data
is to be entered (i.e., a "1" would in-

" dicate the variable which corresponds to
ARG, a "2" to ARG,, etc.)

S "is a positive non zero linear subscript
‘*indicating the element of the array as-
sociated with it. This subscript will be
automatically doubled internally for com-
plex and double precision numbers so that
the linear subsecript notation will agree
with that used by FORTRAN 63.

N is a numeric field; as described under
Section 4.

AbData-set must start with a Data Field of form (1) or (2)

(see above). If form (2) is used for arrays, S will auto-

~matically be assumed to be 1. Once an array (MC) has been

defined, subsequent fields of form (4) will cause the value
of the fields to be entered into consecutive elements of the
array defined. An empty field (two commas, punched in con-
secutive columns or separated by blank columns) will cause the
corresponding array element to be left at its previous value
(i.e., it will be skipped). The linear subscript may be re-
defined at any time by using form (3) without renaming the
mode and argument count. As 1indicated above, all data flelds
should be separated by commas. .There should not be a comma
after the last data field on the card, however, because the
end of a card acts as an implied comma and an additional
comma would produce an empty field between it and the end of
the card.

Numeric Fields

'a. Decimal Filelds

A decimal fileld has two components, the second of which 1s
optional: e
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1 The Principal Part - a decimal number with or without a
decimal point. The decimal point, if any, may appear
at the beginning of, end of, or within the principal
part. If omitted it is assumed to be located at the
right-hand end of the principal part.

2. The Exponent Part - consists of the letter E or D fol-
lowed by a signed or unsligned decimal integer. The Ex-
ponent part must follow the Principal Part. (Note:
the "D" and "E" are completely interchangeable in this
case. )

b. Octal Fields

An octal field conslsts of a string of not more than 16 (or
32 for double precision variables) octal digits (0 through
) with or without a sign and followed by the letter J.
A positive decimal integer N placed after the @ will cause
N zeros to be appended to the right of a positive octal num~
ber. The effect of a minus sign 1s to ones complement the

- entire word after the zeros are appended. For instance,
-17410 would appear as e

TT7T7607TTTTTTTTTT
while 17¢10 would appear as
0000170000000000
The number -6015 would appear as
_ LETHTTITTITTITITTT
whereas 6@15 becomes
| 6000000000000000
For double precision variables the minus sign will cause both
the high and low order parts of the number to be complemented
so that -101@15 would produce the two words
77?77777?7777767
6TTTTTTTTTTTTITT7

The high order part of the octal number 1s placed in the most-
significant portion of the double precision variable locations.
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¢c. Alphabetic Fields

Alphabetic information may be read into Real or Complex
variables (not Integer or Double Precision) through the use
of an Alphabetic Field which may take on one of the fol-
lowing forms:

1. nHXXZ...XXX%;
2 2. Hitxxx,..z2xxt,

Form (1) 1s recognlized by the presence of a count (n)
preceding the "H". 1In this case the n characters (here
blanks are treated as legitimate alphabetic characters)
following the "H" are taken as a hollerith string. Form
(2) is recognized by the lack of a count (or a zero count)
in front of the "H". 1In this case the character punched in
the first column after the "H" is taken as a termination
character (t) and all characters follow1ng the hollerith
string.

. Any legal hollerith character can be used as a termination
character except, of course, the termination character
cannot appear in the hollerith string.

Hollerith strings are broken down into eight characters
per word and stored in ascending elements of the associa-
ted array. If the last word is not full, the characters
are left adjusted and trailing blanks are added on the
right. Alphabetic fields may be continued from card to
card, column 1 being considered adjacent to column 72 of
the preceding card. This 1s the only exception to the
rule that fields cannot be split between cards. Alpha-
betic fields, like all other fields, should always be fol-
lowed by a comma, slash, dollar sign, or end of card.

Special Features

To facilitate keypunching, the asterisk (11-4-8) may be used
to denote subscription. That is MC¥S = ... is equlvalent to
MC(S) = ..., 1s equivalent to (S)=....

The letter "K" may be used in place of the letter "@" in Octal
fields to eliminate the confusion caused by the similarity be-
tween the letter "@" and the digit "0".

59



6.

672-21-EAS-208

Alternate Exits

Normally, the RDATA subroutine, upon detecting an end-of-file
on the input tape, will bring out the comment, "¥¥ALL DATA
PRCCESSED*#¥ " and terminate execution through the subroutine
EXIT. This action may be modified by the followlng sequence
in the calling program:

ASSIGN i to n
CALL SETEOF (n)

where 1 1s a statement number and n 1s a non-subscripted
integer variable. After this sequence has been executed, an
end-of-file on the input tape wlll cause control to be passed
to statement number i1 without printing the comment. In add-
ition, the 1nput tape wlll be back-spaced so that subsequent
entries to this (or any other input) routine will again cause
an end-of-file condition. The sequence

]

CALL SETEOF (G0)

will cause the end-of-file action to be reset to its normal
state.

When a conversion error (illegal character, overflow, etc.) is
detected, the normal procedure is to print out the bad card
along with a comment deséribing the error condition, and then
terminate execution through the subroutine Q8QERROR. This
action may be modified by the following sequences in the call-
ing program:

-~ ASSIGN 1 to n
CALL SETERR (n)
After this sequence has been executed, an error will still
cause the comments to be printed, but control will be passed
to statement 1 rather than QSQERROR The sequence
. CALL SETERR (0)

will cause the error action to be reset to its normal state.

Alternate Input Unit

Normally, logical unit sixty is used to input data cards.
This condition may be modified by the following sequence,
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CALL SET UNIT (n)

This call will cause data to be read from logical unit n until
the input unit is re-designated by another SET UNIT call.

. Example

Programf ¥ ' s | =
COMPLEX CX1
DOUBLE PRECISION TERM |
DIMENSION X(50), FMT(24), Y(50)
100 CALL RﬁATA (N, X, Y, CX1, TERM, FMT, ALPHA)
WRITE (6, FMT) e

L B |

Data Cards:

F6 = H¥(16H1EXAMPLE PROGRAM)*

]

n

"~ 11 =3 / NUMBER OF DATA POINTS FOR THIS CASE

L}

E2 = 17.96347,,1.732E10, C4 = 1,2; E3 = -1.418, D5 =

3.14159265358979328
E3(5) = 1E-6, 1E-7,, 1E-9, (20) = 1lE-21 $

4

.0

This program in conjunction with this data set will cause the
following to be true:

FMT (1) = (l6H1E
FMT (2) = XAMPLE
: (alphabetic information)
FMT (3) = PROGR
FMT (4) = AM)
N = 3 (integer)
X(1) = 0.17963470 E 02
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X(3)
CX1
TERM
Y(1)
Y(5)
Y(6)
Y(8)
Y(20)

]

.14140000
.10000000
.10000000
.10000000

.10000000

E
E

E
E
E

All other variables and array
were before RDATA was called.
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(réal)

17320000 E 11
.19000000 E 01, 0.20000000 E 01 (complex)
.31415926535897932 D 01 (double precision)

01
-05 |
-06 (real)
-08

=20

pqsitioﬁs will remain as they

ey

Rl

i
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