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Lt CHANGE NOTICE

SLCC Programmer's
Reference Manual

1 May 1973

The attached pages constitute Change 4 to the subject document; they are to be added to, or are
to replace pages in, this document.

This change incorporates the following items.

UCN
1 6050

The following pages should be removed and replaced with the appropriate pages as indicated in
the following table.

Changed, revised, added, and deleted pages, as noted by the appropriate label and
effectivity date at the lower edge of the page, are defined as follows.

o Change Page - Changes in content are identified by change bars or shading.

o Revised Page - Changes in technical content are so extensive or numerous that
cEnge b-rs or shading cannot be used effectiveiy.

Added Pages - The page is new to the document (contents may or may not be new).

Deleted Page - Contents of a page or a sequence of pages are deleted from the
document.

Pages to Be
Removed

Pages to Be
Inserted

Frontal Matter

Title Page Title Page

2-5, 2-6, 2-19, 2-20, 2-27/2-29

Section 2

2-5, 2-6, 2-19, 2-20, 2-27/2-28

A-9, A-10

Appendix

A-9, A-10
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CHANGE NOTICE

1 OCTOBER 1972

SLCC PROGRAMMERTS
REFERENCE MANUAL

The attached pages eonstitute Change 3 to the subject document; they are to be added to, or are
to replace pages in, this document.

This change incorporates the following items.

UCN: PTR:
14678 D-198

The following pages should be removed and replaced with the appropriate pages as indicated in
the following table.

Changed revised, added, and deleted pages, as noted by the appropriate label and
effectivity date at the lower edge ol the page, are defined as follows.

o Change Page - Changes in teehnica^I content are identified by change bars or
shading.

a Revised Page - Changes in technical content are so extensive or numerous
ttrat change bars or shading cannot be used effectively.

a Added Page - The page is new to the document (contents may or may not be new).

o Deleted Page - Contents of a page or a sequence of pages are deleted from the
document.

UCN Pages to Be
Removed

Pages to Be
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SLCC PROGRAMMER'S REFERENCE MANUAL

(I5 June 1972)

CHANGE NOTICE

The attached pages constitute Change 2 to the document. They are to be added to, or are to re-
place pages in, this document. Changes to the text are noted by vertical change bars in the
margin of the text. Revised pages are so identified by a label on the bottom of the page.

This change incorporates the following PCR.

PCR

137 56

The following pages should be removed and replaced with the appropriate pages as indicated in
the following listing.

Pages to be
Removed

Title Page

4-47 thru 4-50,
4-53,4-54,4-57,
4-61 thru 4-?0

4-47 thru 4-50,
4-53,4-54,4-51 ,4_59,
4-6I thru 4-70,4-?0A,
4-708

Pages to be
Inserted
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UCN

137 56

Fronta.

Title Page
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SLCC PROGRAMMER'S
RETERENCE MANUAL

(15 March Lg72)
CHANGE NOTICE

The attached pages constitute Change 1 to the document. They are to be added to, or are to re-
place pages i.n, this document. Changes to the text are noted by vertical change bars in the
margin of the text. Revised pages are so identified by a label on the bottom of the page.

This change incorporates the following PCRs and Technical Directive.

PCR TD

N-IU-9-721 3748

The following pages should be removed and replaced with the appropriate pages as indicated in
the foilowing listing.

Pages to be
Removed

Pages to be
Inserted

1 3748

TD-N-IU-9-72

Title Page

Sect

4-Bg, 4-90

Apper

A-15, A-16
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on IV
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SECTION I

INTRODUCTION

1.0 scoPE

The Saturn Operating System (Operating System) eontains many programs, routines, and sub-
routines which together provide the software control functions necessary for automatic cheekout
of the Saturn Launch Vehicle, (bottr Saturn V and Saturn I-B). The complexity of the use of
this Operating $ystem makes a detailed explanation essential.

The primary purpose of this document is to provide the test programmer with vital. information
needed for efficient use of the Operating System. Specific information needs of the test
programmer include:

What the testprogrammer is required to do in order to use the Operating System.
What the Operating System profride-f6r the test programmer.
What the test programmer fr-affise to do with Operating System capabilities.
How the programmer comm-iifrIffiith system hardware.

This manual is specifically prepared for experienced test programmers familiar with RCA 110A
programming techniques. It is not intended for use as a hardware description, or as a user's
manual for test engineers and test console operators.

c
a
o
a
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1.1 CONTENTS

Generally, this manual informs the test programmer of data word formats, required control infor-
mation, storage assignments, symbolic names for accessirrg data, program linkage and intercom-
munication techniques, and system MACRO instructions with their calling sequences and functions"
This manual also contains functional e:iplanations of various aspects of the Operating System
specifically oriented toward the test programmer.

The major areas discussed in this manual are Test Program Development, Operating System
Services, and System Input/Output. Each of these sections is divided into units of subparagraphs
which contaln a detailed diseussion of the functional concepts.

Tabulated data appear in the appendices, which cover Calling Sequences, Operating System Rou-
tine Linkage, Common Storage Areas, and a Glossary of Acronyms and References.

A brief summary is included at the beginning of each section providing a quick reference and
overview of the text. A functional point of view is given in reference to the detailed material
covered in the dection. Information is presented by order of importance wherever possible.

The following terms appearing in the text haye been restricted to definitions given here. The
word "programtt refers to test programs, while the word-"routine" refers to Function Executor
routtnes (unless Operating System routines are discussed). The word "subroutine" refers to
any progfam or routine called in and used by an operating core resident program or routine.

L-
r-3/1-4



\

U)oo
o'
f,

I
I

T
o

oa
o)
3
Cfr
ol
Ol
olEI
3o
=!+



SECTION II

PROGRAM DEVELOPMENT

2.0 SUMMARY

Thls gection presents informatlon useful to the programmer from the plannlng stage to the final
runnlng stage of a test program. Test programs and Function Executor routines are often dle-
cussed together slnce both lnterface wlth the Operating System and perform some related functionsl
however, they are dlscuseed separately whenever necessary.

Three unlts of development are presented:

r Program Structure
r Test Program Control Processing
r Program Loading and Editing

Program struehrre encornpasses characteristics such as name, slze, and standards for interfacing
with the Operating System. These standards include eommunication cells, tables, counters, inter-
rupts, linkage, and subroutines available or lncorporated into programs and routines.

Test Program Control processing provides an interface between the test engineer and the test pro-
gram. Starting with options, this section describes terms relating to program execution inclubing
returns, envlronment cheeks, and executlon of Function Executor routines.

The Program loadlng and Editing section begins with a description of a test program master tape.
Various card formate and program edlting capabilities are discussed; and also lnctuded is a para-
graph concernlng assembly and loading conventions for Frrnction Executor routines.

t
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2.T PROGRAM STRUCTURE
\___r,

Test programs and Function Executor routines have certain common characteristies termed design
requirements which are basic to the development of test programs operating in the LCCC and the
MLC" These characteristlcs are then deseribed individually, as follows:

a Names
r Size and Residency
. Test Program Communication Cells
o MDO Discrete Disallow Table
o Display Console Key Code
. General Storage
r Program Linkage With Operating Systern
a Internrpt Processing
r Test Subroutines
a Forced Test End Subroutines
r Function Executor Routine Communlcation Cells

2-3/2-4



2.L.1 Names

Standards have been established for defining names of test programs, function executor routines,

\ / test subroutines, and externally assembled tables. AIl names must be unique, four characters inv length, and the first IVAR used in the program, subroutine, or tab1e. These names are assigned
by utilizing the folloling format:

XYab
X must be alphabetic. It is selected to indicate the vehicle subsystem being tested, the vehicle
stage being tested, or the function the program is to perform. Table 2.1-l lists first characters
and a brief explanation of their respective indications:

Table 2.L-L First Character IVAR Assignments

Character Indication

A

B

C

D

E

F

G

H

I

J

K

L

M

N

o
P

a
R

S

T

U

V

w
x
Y

Z

Operating System

S-IC Stage Propellants

Control System

Diagnostics

Operating System

Fliglrt Computer

Guidance Platform

Spacecraft

Saturn IB Integrated Test

Operating System

IU Stage

Operating System

Measurements

Network and Mechanical Systems

S-IB Stage

S-tr Stage Propellants

S-II Stage

S-IVB Stage Propellants

Operating System

Telemetry

Utility Program

Saturn V Integrated Test

S-IC Stage

S-IVB Stage

Verification Programs For SLCC Programs

Postprocessing

Revised 1 May 1973 2-5



Y must be alphabetic. It is selected to either indicate the source language or better define the
program function. Table 2.1-2 lists second charaeters and gives a brief explanation of their
respective indications.

Table 2.L-2 Second Character MR Assignments

Character Indication

A

C

D

E

F

H

M

N

P

R

s

T

U

v
x

Z

Test Program Coded in ATOLL Source Language

SDS/Sanders Generated Programs

930 DEE-6 Program

Saturn V Function Executor Routine

Table

092 DEE-6 Program

Machine Language Subroutine for ATOLL Programs

NASA- iVtS FCri-KSC Generated Program s

Stand-Alone Utility Program

RCA Generated Programs

Stand-Alone Program

Test Program Coded in SI.AP or SLAP Com-
patible Source Language

On- Line Utility Program

Programs for Saturn V only

Program Capable of Running at All Saturn
Complexes

Posprocessing for Specific Types of Test
Programs

The third and fourth characters ab, can be either alphabetic or numeric, but must be selected to
ensure uniqueness. The alphabetic characters "I" and "O" will not be used as either the third or
the fourth,characters.

2.1.2 Size and Residency

2,1.2.1 Test Programs

The size of a test program operating in the LCCC is iimited to the area of core storage reserved
for it (banks 6 and ?). The test program as defined herein consists of communication cells, the
main routine. subroutines, tables. constants, control words, and messages. If more than two
banks are required, some of these tables. constants, and messages may be placed on drum and
called in when needed. Two 4000 word drum areas and one 1000 word area are reserved for
test program use. The IVAR's assigned to these areas are SSSS, SSST, and SSSU.

Additional tape resident subroutines may be called into core when needed. The size of these test
subroutines is limited to a maximum of 4093 words. When they are called for use, they may over-
lay any of the main test program resident in banks 6 or 7 except for the 20 communication cells.
However, subroutine overlays must not overlay a bank boundary. 

'\'-- //
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NOTE

Since test subroutlnes may overlay positions of a test program, the program-
mer should use caution, and eode accordingly when using the overlay technique.

Figure 2.1,! indicates the size and resideney of the test programs and test subroutines.

OVERLAY

COMMUN-
ICATION
cEl,rs (20)

BANK 6

(407 2)

lvlAIN ROUTINE, TA

I h r 
'",I BANK 7

| (40s2)
I

I

LES, CONSTANTS, ETC,

I

/resr pnocnau,

TABLES. I

CoNSTANTS I

\N,lESSACES

SSSS . BLOCK I
SSST - BLOCK 2

SSSU . BLOCK 3

Figure 2.1.1 Test Program Stee and Residency

2, L, 2,2 Function Executor Routines

Critieit functlon executor routines reside in core. Non-critical function executors are drurn-
resldent, and are read lnto the last half of bank 3 in the MLC. Both core resident and drum
resident function executors are limited to 3??5g locations to allow for two loc'ations to 

"o"lainchecksum data at the end of the function execut6r.

2.1.3 Test Program Communication Cells

Communieation between the test programs in the LCCC and the Operating System is aceomplished
through communication cells, which are the first 20 words of a test program. Functlon Executor

OVERI,AY

2-7



routinesintheMLCreservethefirsttenwords(seeparagraph2.l. 11). Thewordsinthecommunication
cells must eontain information as explained in the following list, with the exception that WORDS 3,
4, and 5 must be zero if the communication function described is not applicable to the test program.
Figure 2.1.2 summarizes the contents of the communication cells, Octal, deeimal, and relatlve
addressing is feasible. Decimal designations are used here:

r WORD 1 - A jump instruction (,mA) to the first test program lnstruction to be executed.
Used to initiate the execution of a test program.

r WORD 2 - Bits 14-0 must contain the address of the test programrs Forced Test End
routine. This routine ls a short routine which the test program executes before being
terminated. Bits 23-15 are not used.

o WORD 3 - Bits 14-0 contain the address, which may be an XVAR, of the test programrs
Programmable Interval Timer (PIT) No. 1 Interrupt routine. It is a short routine to be
executed as a PIT No. 1 interrupt occurs. The test program must indicate that it ls
expectlng an interrupt by setting bit 23 of this word to a one. Bits 22-15 are not used.
Control is then given to the test programts PIT No. 1 Interrupt routine using a TSP in-
structlon. PIT No. 1 Interrupt routine then returns control to Qperating System at the
address stored previously by the TSP instruction.

o WORD 4 - Bits 14-0 must contain the address (which may be an XVAR) of the test pro-
gramrs DDAS log mode (table full or half-full) Interrupt routine. This routine services
DDAS log tables on the interrupt level. The test program must lndicate it is expecting
an interrupt by settirg bit 23 to a one. Bits 22-15 are not used. Control is given to the
DDAS Log Mode Interrupt routine for test programs by a TSP instruction. This routine
then refurns control to the Operating System via the address just stored by TSP
instruction.

o WORD 5 - Bits 14-0 must contain the address of the area reserved for data lnput from
the LVDC. Bit 23 is set when data has been entered into this area. This bit must
be reset by the test program. Bit 22 of the word is set to a one each time an error
message from the LVDC is received. This bit must also be reset by the test program.
This cell is used to store LVDC data at the address specified. Bits 2l-15 are not used.

o WORD 6 - This is a BCD word stating the hardware power necessary to execute this
program, Each charaeter indicates the status of a piece of equipment. If the character
is a 0 or 1, power should be off or on, respectively. If the character is a P (blank),
power may be on or off and does not affect the check.

Each character position is associated with a particular unit. They are:

Bits 23-18 - LVDC
L?-LZ - ST-124M Platform
11-6 - Control Computer
5-0 - Control Computer Interface Unit

This word indicates to the Operating System the environment checks that should be made
prior to execution of the test program.

WORDS ?-10 - A NOGO capability is provided whele the test program can have the Oper-
ating System display options to terminate, restart, continue, or retry the test progra*.
These words contain the address needed to transfer control when an option is bhoEen by
the test engineer (refer to paragraph2,2.1.2 for a more detailed description of this pro-
cedure.)
WORD 11 - This word contains all card keys allowed to execute this program. The mas-
ter card key can execute any program and need not be defined in this word. A maximum
of four card keys are allowed. If less than four card keys are defined, they must be
right- justified.

2-B



,} IN PROCDSS INDICATOR . DIT 23
.:* ERROR TIESSAGE INDICATOR . BIT 22

***PSC INDICATORS - BITS 23 AND 2Z

Figure 2,L.2 Test Program Communication Cells

BIT NUMBER WORD NUMBER

40 15 L4 0 OCTAL DECIMAL RELATIVE

JBA INSTRUCTION TO START OF TEST PROGRAN{ 0 1 IVAR

ADDRESS OF FORCED TEST

END ROUTINE
1 2 IVAR+1

*
ADDRESS OF PIT NO, 1

INTERRUPT ROUTINE 2 o ]VAR+2

* ADDRESS OF DDAS LOG N{ODE

INTERRUPT ROUTINE 3 4 rvAR+3

* ** ADDRESS OF LVDC DATA INPUT BUTTER 4 5 IVAR+4

BCD WORD FOR POWER CIIECKS 5 6 rvAR+5

ADDRESS OF ABORT ROUTTNE 6
,| IVAR+6

ADDIIISS OF RESTART ROUTINE 7 8 IVAR+7

ADDRESS OF CONTINUE ROUTINE 10 o IVAR+10

ADDRESS OF RETIIY ROUTINE 11 10 IVAR+11

CARDS KEYS ALI,O',,VED TO EXECUTE TIIiS PROGRANI 11 ]VAR+12

3.WORD (12-CTTARACTER)

I)ESCIUPTIVE NATlE
OT TEST PROGIIANl

13 10 MR+I3

14 1J ]VAR+14

15 74 IVAR+15

ADDRLSS Of iNITtAL OPTIO:r-S

An"D \TALIDA TION i\lr\SK 16 15 ]VAR+16

AUTOMATIC EXECUTION INDICATOR L'7 16 wAR+17

R[SERVLI)

FOR FUTUIII
USE

20 L7 IVAR+20

21 18 IVAR+21

22 19 IVAn+22

9n IVAR+23
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WORDS 12-L4 - These words contain a l2-character descriptive name of the test
program.
WOnO 15 - Bits 14-0 contain the address of initial options to be displayed immediately
before execution of the test program. If this word is zeto, it is assumed no optlons are
defined, and a message to execute the test program is then displayed by the Operating
System. If the word ls not zero, the initial options are defined and dtsplayed.
WORD 16 - This word is assembled with bit 23 in the ON state if the test program can
be run under ATOLL PSC. If the test program uses either the test program drum
scratch area (SSSS, SSST, or SSSU) or bank ?, bit 22 is assembled in the ON state; this
i.ndicates that the AfOll Executive must be reloaded aJter execution of this test.
If bit 21 is set to the on state when the program is assembled, the test program will
automatically begin execution without its initial optlons being displayed. Test Program
Control places PX (in BCD) into the test program parameter input buffer area.
WORDS 17-20 - Reserved for future use.

NOTE

If the communication function for each eell does not apply to the test pro-
gram, the cell should be set to zero.

2.1.4 MDO Discrete Disallow Table

Eaeh test program operating in the MLC must define an MDO Dlscrete Disallow Table. This table
is assembled separately from the program with which it is associated and is transferred to the
MLC during execution" The table defines MDOrs that are not to be issued by the program itseU.

NOTE

Function Executor routines do not have MDO Discrete Disallow Tables.

The MLC has a maximum of 2016 MDO signals. This MDO Discrete Disallow Table consists of
84 data words contalning a total of 2016 bits. Each bit represents a speeific MDO. If the bit
in a specific position is set to 1, this indicates that the associated MDO is not allowed to be issued
by the test program in execution. If the bit position contains a 0, this indicates that the associated
MDO rnay be issued. Figure 2.1.3 shows the structure of the MDODiscrete Disallow Table. No-
tice that in each word the low-order bit positiorls correspond to the smaller discrete numbers for
the group.

BIT NUNlBER

MDOrs 23-0O

MDOts 47-24

MDO!s 71-48

MDOts 1967 - 1944

MDO!s 1991 - 1968

MDOrs 2015 - 1992
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2.1.5 Display Console Key Code

The purpose of the display console key code is to allow an operator to communicate with speciflc
test programs. The programmer places these codes in the eleventh (11) word 9f th9 test program
communication ceIls. A maximum of four codes may be specified (see Figure2.1'.4), Since there
are two pages, A and B, associated with each console, it is suggested that the programmer code
this cell so that only page A be allowed to communieate with the program. The low-order bit posi-
tion of eaeh code is used to indicate page A of the eonsole.

CONSOLE

PAGE BITS

t218

Figure 2.1.4 Console Key Coding

The binary value of this bit must be 0 to indicate page A when speci-fying the coneole codes given in
Table 2.1-3.

Table 2.1-3 Console Key Codes

Console Key Code Console Key Code Console Key Code

1

2

3

4

5

2

4

6

10

l2

6

1

B

I

10

t4

16

20

22

24

11

t2

13

t4

15

26

30

32

34

36

When a request is made to load and execute a test program, the key code of the test eonsole and the
test program name are transferred to Test Program Control. Test Program Control then com-
pares the code of the console with the codes specified by the test program. If these eodes cornpare,
the test program is loaded into core and executed. If none of the specified codes compare, the
request is automatically cancelled.

Any card key may be used to execute any Function Executor routine; however, when a routine is
being executed by one card key, only that card key or the master card keys may alter or ter-
minate the execution of the routine. A cell in bank zero (CME04) contains the card key code
associated with the routine in execution. This code is in bits 1B through 23; the remaining bits
will be zero.
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2.L,6 General Storage

The Operating System provides test programs and Function Executor routines storage areas in
bank zero of both computers for various essential functions. These functions are:

o Test Program Intercommunication
o Test Program linkage with Operating System
r Storage of Constants
. Storage of Control Data
. Storage of Parameters

Test program intercommunication is necessary because only one test program operates in the
LCCC at one time, and because the current test prograrn may have data for the next test program.
The eurrent test program would normally create a storage area in bank zero and place the data
there. When the next test program is read in, it may aceess this data. There are 100 storage
locations reserved in bank zero for this purpose, which are assigned to test programs by the Oper-
ating System group.

Portions of bank zeto are also saved for test program linkage with the Operating System. The
IVAR's of the Operating System routines are given in Appendix B,

Storage area is also reserved in bank zero for constants and parameter input areas. These &feas
may be used by all test programs. The IVARTs are given in Appendix C.

2,1.6.1 Special Counter

A special binary eounter is provided by the Operating Systern for the time-out routines to use. This "v
counter is set to zero at system initialization and is incremented every second. This time is in bank
zero communication cell CCS50.

NOTE

For a more accurate program-system timing relationshlp, relative time
should be accessed.

2.1.7 Linkage for Programs and Routines

One program (or routine) accesses another by a fixed,address in bank zero which is assigned
at assembly time. This address is provided by the Assembly Pool equate cards containing
constants or absolute address locations. An absolute address (specific entry points), such as
starting address of the program or routine, is referred to as an IVAR. This method of linkager
is used by programs and routines.

NOTE

Any IVAR is called an XVAR when accessed by another program; XVAR in-
dicates the program being used as a subroutine.

Locations have been reserved in bank zero for linkage with the Operating System. programs and
routines use a TSPO instruction indirect to link with various Opeiating Sysien routines-. The oper-
and of the TSPO instruction is the Operating System routine [VAR. Transfer is then made to the
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address stored in the bank zero MR loeatton. This address is the first instruction of the desired
Operating System routine. A list of Operating System routine IVAR's is given ln Appendix B.

2.L,1,t @
When a test program is requested, it is loaded and executed by the Operatlng System. The test
program may access various Operating System programs resident in the LCCC by using the
calling Eequenees defined in Appendix A. The Operating System routlnes in the LCCC that may
be used by test programs are given in Appendix B.

2.L.7.2 Function Executor Routine Linkage

When a function executor routine in the MLC is requested, the Operating System aceesses the r

first communication ceII of that routirre and determines where its first instruction is located. Con-
trol is then transferred to this routine and it is executed. When the routine is operating, lt may
access those Operating Systern programs resident itr the MLC by using the approprlate calllng
sequences appearing in Appendix A. When the function executor completes execution, it must
return control to the Operating System with the transfer instruction TSPO SMFR, ?.

If a function'exeeutor routine is terminated, the termination is always recognized on a llne 5
interrupt, and the Operating System aceesses the address of the forced test end subroutine from
the second communication cell of the rqutine. The Interrupt Processor transfers control to the
forced test end subroutine after processing the line 5 interrupt. Housekeeping is performed, and
the subroutine returns control to the Operating System.

The Operating System routines that a function executor routirre may access are given in Appendix B.

2. 1.8 Interrupt Processing

II the Operatlng System interrupts a test program or function executor routlne, the system stores
t}te contents of all six lndex registers and the left and right accumulators. After the interrupt has
been servlced, these registers are restored and control is returned to the point in the program or
routine of the interrupt. The test program or Function Executor routine is unaware ttrat the inter-
rupt has occurred.

NOTE

A test program must not use the following interrupt instructions:

r Activate Interrupts (ACI)
o Inhibit Interrupt (INI)
I Return After Interrupt (RAI)

2. 1.8.1. Programrnable Interval Timer (pIT) No. 1

Pit No. 1 ls used by the test prograrnmer for timing test programs in the LCCC. If a test
programmer uses thls timer, a PIT No. 1 subroutine must be provided within the test program.
The address of the first instruction word of this subroutine must be placed in the third word oft}te test program communication cell.

When PIT No. 1 is used, the test program must set bit 23 of the subroutine address word in the
commuuication cell. When the interrupt occurs, the Interrupt Processor checks bit 23. If it is a

2-13\



one, control is then transferred to the subroutine. If a PIT No. I interrupt occurs, and bit 23 was
a zeta, an error condition occurs and a message is printed and clisplayed.

NOTE

Slnce all other system lnterrupts are inhibited during the PIT No. I Interrupt
subroutine, its exeeution time must be of short duration.

Test programs must not use PIT Nos. 2 and 3.

2,t.9 Test Subroutines

A test program subroutine is a separate portion of the test program that resides on tape and ls
called into core by the test program when it is needed. They only overlay portions of the ICCC
test programs in banks six and seven, except for the communication cells. The size of a sub-
routine maybe up to a maximum of 4092 words. Thesesubroutines do notcontain OperatingSystem
communication cells, and therefore must be called and controlled by the associated test program.

When a test program is ready to use a subroutine, it transfers control to the Operating System with
the macro instruction LOAD and its calling sequence, TSPO SUBR, ? (Table A-6, Appendix A).
A TSPO SUBR, ? is used to give eontrol to the system. The IVAR of the desired test subroutine
is specified in the control word of the calling sequenee. Figure 2.1.5 shows the format of the
control word.

When the test subroutine has been loaded, either an error or a normal return is made. If the test
subroutine cannot be loaded into core, the Operating System returns control to the error refurn. If
the test subroutine has been loaded, control is transferred to the normal refurn.

TRA NSFER

2-\

I]RROR RITURN

NORNIAL RETURN

Figure 2.1.5 Load Macro Control lVord

2.1.10 Forced Test End Subroutine

All test programs and function executor routines are required to contain a forced test end sub-routine. This subroutine performs necessary housekeeping tasks when a test progra* o" 
"o"ti""is terminated. This termination may be due to a conditionJound by the test program Operating sys-t9p, 9r by a display console keyboard request. When a test progri* is to be telminated, the oper-ating System uses word 2 of the communication cells to deteimiie the address of the forced test

end roufine- Control is then given to this subroutine. After the housekeeping i."f." 
"*" 

plr-
formed, control is returned to Test Program Control by the program or routine.

1110t718
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2. 1. 11 Function Executor Routine Communication Cells

Function executor routines must provide communication cells similar to those of the test
programs. The test programmer reserves the first ten locations in his routine as communi-
batibn cells to interfaee with the Operating System resident in the MLC. The strueture and

contents of these cells are shown in the following figure.

23 15
BlT NUI"'BER

L4 0 0

WORD NUMBER

OCTAL DEC. REL.

JRA ADDRESS OF FUNCTION
EXECUTOR ROUTINE

0 t $ IVAR

ADDRESS OF FORCED TEST
END SUBROUTINE

1 2 +l

FUNCTION EXECUTOR
NAME IN BCD

2 3 L1

RE INITIALIZATION
IND]CATOR

3 4 +3

ADDRESS OF LVDC

DATA INPUT BUFFER
4 5 +4

RESERVED FOR

FUTURE USE

5

6

7

10
1l

6

7

I
9

10

+5
+6
+7
+8
+9

Figure 2.1.6 Function Executor Routine Communication Cells

For a function executor routine to display data via the Operating System's Remote Display and
Print Service routine of the System Message program, a card key code of zero must be indicated
in the control words. The message will then be displayed on the Display Console that requested
the routine.
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\_ 2.2 TEST PROGRAM CONTROL PROCESSTNG

The general processing accomplished by Test Program Control in loading and controlling the exe-
cution of a test program requires thetestprogrammer's attention in several areas of development.
These areas include:

o Option Capabilities
o Returns to Test Program Control
r Environment Checks
r General Storage Area

The following paragraphs describe four classes of options for the test programmer, three types of
returns to Test Program Control aJter or during program execution, hardware power checks that
may be required for program execution, and utilization of the contents of general storage locations.
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2.2.L Options

Test Program Control provides the capability to initiate the display of certain classes of options.
Each class contains anumber of different options. An option allows the test engineer to enter data
via the keyboard in response to a displayed message specified by the Operating System or the test
program. The messages types may take three forms. They are:

o Test program operation status
r Request for parameters
o Request for performance of specific program steps

The message describing the test program operation status would be Terminate, Restart, Continue,
orRetry. The message describing a request for parameters maytake the form of adescriptive mes-
sage asking for a number of different constants, such as voltage }imits, etc. The message de-
scribing a performance of a specific test program step would be either automatic or manual mode.

If a decision is required by the display console operator during a test function, the appropriate
class of options can be displayed by the test program. These options are classified as:

o Initial Options
o Standard Options
o Test Programmer Options
o Parameter Options

A test programmer may request a display of these options either prior to or during the execution of

\___i his program. Test Program Control accepts the request and displays the class of options specified.

When the options are displayed, the operator selects the desired option by typing in the appropriate
keyboard sequence. When the option is keyed in, the test program continues processing.

Test Program Control provides a MACRO instruction for each class of options. These instruc-
tions and their calling sequences are given in Table A-6, Appendix A.

2.2. L.1 Initial Options

Initial options are defined as those options that are required prior to the execution of a test pro-
gram. These initial options may be structured by the test programmer in the same format as
parameter options (refer to paragraph2.2.1.4). If initial options are required, their address is
specified in the fifteenth word of the test program communication cells (see Figure2.1.2).

After a test program has been loaded into core, Test Program Control always checks this com-
munication cell prior to execution of the program. If the ceII is non zero, Test Program Control
then displays the specified initial options.

When the options have been displayed, Test Program Control waits for the operator to enter the
required options. When they are entered, Test Program Control validates them if required, and
executes the test program.

If these initial options are not required, the test programmer should place a zero in this communi-
cation cell word. Test Program Control then displays the standard initial option: 'PROGRAM
xxxx LoADED, TO EXECUTE ENTER $PX'.

)
',
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2.2.L.2 Standard Options

Test Program Control provides the test programmer with the capability to display a class of
standard options, standard options being those which are predefined by Test Program Control. If
these options are displayed, the display console operator is expected to select one and enter his
choice. The test programmer may choose to display these options for error conditions or any
situation for which they are appropriate.

The choice of options in this class are:

r ENTER A TO TERMINATE
o ENTER B TO RESTART
o ENTER C TO CONTINUE
o ENTER D TO RETRY

Test Program Control provides the capability to display certain combinations of the above options.
The possible combinations are A and B, AB and C, AB and D, or ABC and D. Notice that the A
and B options are always displayed and the choice is for C and/or D. The means by whieh these
combinations are selected is via the calling parameters XX of a MACRO instruction. This
MACRO instruction and'the calling sequence of instructions is given in Table A-6 of Appendix A.
The instruction is identified by the NOGO MACRO name. The calling parameters XX are coded

t as either a C/or a D. If neither C nor D is desired, the XX parameters are left blank 0d0.

If a test programmer chooses to display the standard options, he must provide processing sub-
routines for each option. The addresses of the first instruction of eaeh subroutine are placed in
the seventh through the tenth word of the communication cells. The seventh word contains the
address of the first instruction word for the option A subroutine. The eighth word contains the
address of the first instruction word for the option B subroutine, and so on (see Figure 2.1.2).

The coding for these cells could be a pseudo operation code of" PZ5 and a symbolic name of the
option subroutine.

When these options are displayed, the test engineer makes a selection by entering $PY. Y is the
chosen option A, B, C, or D. Test Program Control recognizes the option and accesses the sub-
routine address contained in the communication ceil. Control is then transferred to the appropri-
ate subroutine.

2.2.1.3 Test Programmer Options

Test Program Control provides the capabiiity for test programmers to specify various options to
be displayed. These options are not predefined by Test Program Control; they are defined by the
test programmer. These options have a format which consists of a header message followed by
a maximum of four options.

The test programmer should specify these options as follows:

H---------------H
*ENTER A To xx----x
ENTER B TO XX----X
ENTER C TO XX-.--X
ENTER D TO XX----X

HH----H is the header message
*The text for each option entry

2-20
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The test programmer may choose to request this class of options when a special condition occurs
during the test function requiring a decision by the display console operator. The header message
may contain information about the condition thatoccurred..

The header message and options are specified by a MACRO instruction given in Table A-6 of Ap-
pendix A. The name of this MACRO is OPTION. Since this class of options is completely specified
by the test programmer, communication with Test Program Control is provided in the calling
parameters. The calling parameters specify ihe address of the header message, the option
identifiers, and information about the option.

The address is symbolized by the calling parameter HEADR. The option identifiers are A, B, C,
and D. To display any number of these, the test programmer codes a one for the options to be
displayed. ff the option is not to be displayed, a zero is coded.

Test Program Control requires certain information about these options, as follows: the number
of words in the option message, the address of the option message, and the address of the subrou-
tine which performs the processing for the particular option. This information is supplied by the
test programmer in a table. The address of the table is given in the MACRO lnstruction. The
structure of this table is shown in Figure 2,2.1. The first option identifier (A) is associated with
the Iirst two words of the table. The second option identifier (B) is associated with the seeond two
words of the table, and so on.

If a test programmer specifies this class of options to be displayed, Test Program Control looks
at the address of the header message, and then aceesses and displays the header message. Test
Program Control then checks the option identifier to see which are to be displayed. If the identifier
is coded non-zero, Test Program Control looks at the appropiiate address, and next accesses and
dispLays the option message.

When the options have been displayed, the test console operator selects an option by entering $py,
where Y is the option selected. Test Program Control accesses the corresponding address for the
entered option and transfers control to the appropriate subroutine.

2.2.L.4 Parameter Options

Test Program Control provides the test program with the capability to display options requesting
parameter inputs. This class of options may be used to request discrete numbers or some othei
type of parameters needed to continue processing. This request can be made during the test
function.

Test Program Control provides a MACRO instruction to initiate a display of this class of options.
This MACRO instruction is given in Table A-6, Appenctix A. The MACRO name is DSpLy and
the calling parameter is ADRS. This calling parameter specifies the storage address tor ttre
parameter option data and is contained in the calling sequence control word. Figure Z,Z.Z shows
the format of this control word and the general structure of the core locations which contain the
parameter option data. ---

When the request for a display of parameter options is made, Test Program Control accesses the
message, initiates the display, md waits for the parameter to be entered. The console operator
enters the parameters by typingin $PZ-------Z where Z-------Z specifies the parameters. A
maximum of B0 parameters is allowed. Thes'e parameters may be validated if the test programmer
so desires. If the parameters are to be validated, eontrol words for this validity check follow im-
ntediately after the parameter option message.
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BIT NO. 23

TBL

15 L4

+3

+6

NUN{BER OF WORDS IN OPTION

A MESSAGE
ADDRESS OF OPTION A MESSAGE

ADDRESS OF OPTION A SUBROUTINE

NUMBER OF WORDS IN OPTION

B MESSAGE
ADDRESS OF OPTION B MESSAGE

ADDRESS OF OPTION B SUBROUTINE

NUIV{BER OF WORDS IN OPTION

C MESSAGE
ADDRESS OF OPTION C MESSAGE

ADDRESS OF OPTION C SUBROUTINE

NUMBER OF WORDS IN OP?ION
D MESSAGE

ADDRESS OF OPTION D MESSAGE

ADDRESS OF OPTION D SUMOUTINE
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TRANSFER

ADRS

1_415

\ CONTROL
WORD

NOR},141 RETURN

Figure 2.2,2 Parameter Option Control Word and Core Strucfure

2.2.1,4,1 Pa"a-ejsl yaliqily_Ctstk: There are two types of validity check control words. One
type of control woidEontains-Ihe rnaximum number of input parameter characters expected, andl
immediately follows the message to be displayed. The second type of control word is the BCD validity
code mask word which contains codes used todetermine the valid parameter input eharacters. There
mty be as many mask words as required, depending on the number of parameter inputs. Figure
2.2,3 shows an example of the core structure and codingfor validity check control words,

BCD validity code mask words are structured by t}le test prog:rammer. The series of BCD vatidity
code mask words may contain various codes as follows:

0-Anything valid
1-Alphabetic
2-Binary
3-Octal
4-Decimal
5-Alphanumeric
6-PIus or minus sign
?-The letter X only
8-Decimal point
9:Blank or no entry

A series of these codes are placed into a code word separated by a space. Each series of eodes
between spaces would allow the corresponding parameter character io be transmitted to the param-
eter area. The first series of codes corresponds to the first parameter character and so on. A
space between the series-of valiclity codes indicates the end of the codes for a parameter character.
Tlre strtrcture of core and example of coding is given in Figure z.z,B,

CONTROL WORDS FOR TLIE

DISPLAY SYSTEi\1

BCD PARAMETER
OPTION DATA
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5, MESSAGE DISPLAIED
5, ENT'ER 3 CHARACTERS S

3

3, t6U 4g7U OVUW

DISPLAY

CONTROL
WORDS

(FOUR WORDS)

NO. OF EXPECTED

INPUT PARAMETERS

(oNE woRD)

3 BCD VALIDITY
CODE MASK

WORDS

(oNE OR MORE WORDS)

CORE

STRUCTURE CODING

Figure 2.2.3 Parameter Validity Check

The example given indicates in the first code line that there are 14 words of data in the displayed
message including the control words. The example specifies that a maximum of three characters are
to be entered by the test engineer. If more than 3 characters are entered the input parameters are
considered invalid. It is the responsibility of the test program to determine if rthe number of input
parameters is valid. The last three words in the coded example are the mask words. The 16
indicates that the first character entered can be an alpha or a plus or minus sign. The 48? indicates
that the second parameter character can be a decimal number, decimal point, or the letter X. The 0
indicates the third character canbe anything. The blank (U) iridicates the end-of the series of
mask words. If the test programmer does not want the parameter validated, the word following
the message to be displayed must be zero.

2.2,1.4.2 Parameter Storage: Parameter storage is an area thathas been reserved in bank zero
ofbothcomffiathathasbeenenteredviatheconso1e.Twenty-onewordsarere.
served. The entire storage area structure is shown in Figure 2.2,4. The first word specifies the
number of computer words that contain parameter characters. The next 20 words, although all
may not be used, are reserved for the parameter characters. The letter P shown in Figure 2,2.4
is a control letter indicating that parameter characters follow, and should always be specified.
Twenty words can aceommodate a maximum of B0 BCD eharacters.
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\__ 23 O BIT NO.

CLEPM

(CMEPM)

+1

(1-20) (No. oF coMPUTER
8 10 WORDS OF PARAMETER CHAMCTERS)

xx
PARAMETER

INPUT

xx

x

Figure 2.2.4 Parameter Storage Area for the LCCC and the MLC

A test programmer may access these parameters by using a bank zero load instruction. The
operand of this instruction is the storage area fVAB, plus the number for relative addressing. The
storage area IVAR is different for each computer. The parameter storage area in the Laurich
Control Center Computer (LCCC) has the IYAR CLEPM; fon the Mobile Launcher Computer (MLC),
the IVAR is CMEPM.
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2.2.2 Refurns to Test Program Control

Test Program Control provides returns to the Operating System for test programs operating in
the LCCC. Test Program Control provides entry points when the following test program events
occur:

o Self-termination and execution of another test program
o Abnormal termination
o Normal completion of the test function

Test Program Control provides a macro instruction for each type of return. These instructions
and their calling sequences are given in Table A-6, Appendix A.

2.2.2.1 Terminate and Execute

A test program may terminate itself and execute another test program by passing control to Test
Prog.ram Control entry point 5T16 (see Table 4-6, Appendix A. ) The name of the new program Lo
be executed is used in the calling sequence.

The self-terminating program may be either a test program or an ATOLL procedure, and may
execute either another test program or an ATOLL procedure.

NOTE

If the self terminating program or ATOLL procedure has already been
terminated, the request for terminate and execute will not be recognized.

2.2.2.2 Normal Completion

When a test program normally completes its test function, it usually returns control to Test
Program Control. The entry point is identified as ST1B. Test Program Control then displays
a message that the test function is completed.

2.2.2.3 Abnormal Termination

An abnormal termination is defined as a cancellation or termination which has been caused ex-
ternally either by Display Console inputs or program environment. Some possible causes for
abnormal termination are:

o Program unable to be loaded
o Console termination via $TEND entry
. Console termination via $TERM entry
o [rrvalid card key codes requesting programs
o Switch Selector Function conflict
o Control Computer Interface Unit and the Control Computer not in the required state
o ST-124 Platform and LVDC power not in specified state
o Data Link down

If a test program is executing, and any of the above occur (except TEND), Test Program Control
accesses the address of the test program's forced test end subroutine and transfers control to it.
After housekeeping tasks are performed, the test program returns control to Test Program Con-
trolviaSTl9, usingthetransferinstructionTSPOSTl9,7. If atestprogramwasnotexecuting
and any of the above occur, control is passed directly to ?est Program Control via ST19. If a
test program is terminated via a $TEND, the test program's forced test end routine is not en-
tered and control is not returned to the Operating System but is retained by Test Program Con-
trol.

Changed 1 May 1973
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2.2.3 Envlronment Check

Test Program Control provides the capability to check the operating environment of a test program
prior to execution. This environment check consists of a power on/of| check of various hardware
units. If a test programmer is not concerned with a specific hardware unit, he indicates this and
Test Program Control will not make the check. The hardware units that are checked for power on/
off are:

c Control Computer Interface Unit
r LVDC
o ST - 124M Platform
r Control Computer

When a power check is made of these unlts, Test Program Control makes use of the Data Link and
DDAS. If these two units are not operable, a message to this effect is displayed.

2.2.3.1 Power Check Communication CeIl Coding

For a hardware power check to be made, the test programmer codes the sixth word of the test
program communication cell. If no checks are to be made, this entire eell should be zero. The
following eodes used for power checks are, in BCD:

0 - Power should be off
I - Power should be on
/ - Power condition irrelevant

When a check is made for a specific hardware unit, the code is placed into the bit positions speci-
fied for that unit. Figure 2,2.5 shows the format for the power check communication cell.

If the results of the power check are not as specified, the test program is cancelled.

O BIT NO.

LVDC
ST - 124M
Pl,ATEORM

CONTROL

COMPUTER

COMPUTER

CONTT,OL

TNTEMACE UMT

Figure 2,2.5 Power Check Communication CeIl

2,2,4 Test Program Requests for Function Executor Routines

The Operating System provides the capability for test programs operating in the LCCC to request
the execution or termination of a function executor routine resident in the MLC. The Function
Executor Control program has a subroutine resident in the LCCC to process and transfer these
requests to the MLC. Both requests use a TSPO SMFX, ? to link with the function executor sub-
routine.

The macro name for each request is uuique. The assembler inserts this unique rlame into the first
control word of the calling sequence. The macro call instructions and the calling sequences are
given in Table A-6, Appendix A.

L172L'I18
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2.2. 4,1 Execute a Routine

When a test program requests a function executor routine to be executed, it must specify five
parameters in the calling sequence control words as shown in Figure 2.2.6: The first control
word is inserted by the assembler to indicate that the request is an execution request (FUNC).
If this word is omitted or if there is an error within it, a Halt Interruptable instruction is
inserted in the test program calling sequence and transfer is made to it. The five parameters
are as follows:

r Routine IVAR
o Time Intervals (seconds)
o Number of Parameter Words
I Parameter Address
o Return Code

The routine IVAR is the 4 BCD character name of the routine that is to be executed. This is
specified in the second control word.

The time interval (in seconds) is ttre time lapse between routine re-execution. This time mustbe specified in seconds and have three nCD digits. The limits of the time are 010.^ <SSS
5 999tqr. II jhq.rou.tine occurs once, then thiJparameter is BCD zeroes. f[" ti*L0p"i.i"t""is specified in the third control word.

The number of parameter words indicates the number of RCA-110A core locations required tocontain the parameters given to the routine for execution. This is specified in the fourth controlword. The maximum number of parameter control words is 20.

The parameter address is the core location of the first word containing the parameters. Thisis specified in bits 14 through 0 of the fifth control word.

The return code indicates whether Functlon Executor Control is to return control to the test pro-gram after the routine has started execution, or immediately after transmitting the ,"qu""i'
across the Data Link to the MLC. This code is specified in bits 1? through f S 

"ot 
ttre tiitfr clrrtrorword. If this field is_an octal_1, then control is to be returned after the iequest has been trans-mitted to the MLC. If this fleld is an octal 0, then control is to be returned after the routine hasreceived control.

When the function executor request has. been processed, or when the request has been sent tothe MLC (depending on the return code), control is returned to the test program at the corelocation following the control words. The return information is placed in the left accumulator.
The contents of the left accumulator and their significance are:

+ = Request camot be executed
- = Routine has begun execution
0 = Request has been transmitted to the MLC
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Figure 2,2.6 Execute Control Words

Terminate a Routine

A test program may terminate a function executor routine while it is currently in operation. The
test program links to the function executor and specifies only one parameter, which is the IVAR
of the routine to be terminated. The parameter is specified in the seeond control word of the
calling sequence as shown in Figure 2,2,7, The first control word of the sequence contains the BCD
characters FUNT. If this word is omitted or if there is an error within it, a Halt Interruptible
instruction is inserted ln the test program calling sequence and transfer ls made to it.

When Function Executor Control stacks the termination request, it returns eontrol to gre core
location following the IVAR control word. The left accumuiator contains the status of the request.
If the routlne has been termlnated, the sign bit (23) of the left accumulator is positive (0). Itthe
routine has not been terminated, the sign bit (23) of the left accumulator is negative (1).

TnANSFER

23 11).21,'.l

\

r U N T

x x x

NORNINL R[TURN

Figure 2.2.7 Terminate Control Words
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2.3 PROGRAM LOADING AND EDITING

Once a test program is initially coded it is assembled by one of three assembly systems: SLAP 2,
CHAPS or SOAR. SLAP 2 assembles programs on the R,CA 110A computerl CHAPS assembles
programs on the G8235 computerl and SOAR assembles programs on the IBM/360 computer.

The System Tape Arranging, Generating, and Editing program (STAG) is used to generate a system
master test tape. Inputs to this program are the output binary cards, binary tapes, or a combina-
tion of both from the three assembly programs. Figure 2.3. L shows the system flow for the gener-
atlon of a system tape.

The Operating System also provides patching capabilities for test programs. Patching instructions
are via keyboard and card input white the test programs are on-line.

v/IB

Figure 2.3.1 Test Program Master Tape Generation

assrltnly
PROGR.ANl

(SLAP2, CHAPS,
oR soAR)

1..'=-
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2. 3. 1 TeFt Program Sysjem MasteT Tape

The Saturn Operating $rstem provides the capability for test programmers to create and/or edit
a Saturn Test Program System master tape. This tdpe normally contains all the vehicle test
programs, and on-line diagnostic testprograms which operate in the LCCC. When a request to
Ioad and execute a test program occurs, this system test tape is accessed by the Operating System
and a search is made for the test program. This tape is to be resident on Magnetic Tape Station
No. 2 which is attaehed to krput,/Output Data Channel No. 1.

Each file of the test tape contains one complete test program. Within the file ls a series of data
blocks defining the test program. Each series of data blocks contains segments of the program
which are grouped according to their location in memory (MLC, LCCC drum, LCCC core, LCCC
tape). Each series of data blocks must be placed on the tape in the following order:

a. MLC,(MDO Disallow Table)
b. LCCC Drum
c, LCCC Core
d. LCCC Tape

The system master test program tape format is shown in Figure 2,3,2. The first file contains a
dictionary. This dictionary contains a file name and the file number for every test program exist-
ing on the tape. The file name is the test program IVAR. The file number indicates in which file
the test program resides. This dictionary is read in and placed on drum. When a request for test
program execution is made, the dictionary is searched to determine if the program request is
valid.

Each test program file contains a group of blocks which contain all segments of the test pro-
gram that is to reside in the same storage media. Thus, eaeh file may contain as many as four
groups of blocks. The first group contains the MDO Disallow Table. The second contalns all
segments which are to reside on the LCCC drum; the third contains all segments which are to
reside in the LCCC core; and the fourth contains all the test subroutines which are to remain
on tape.

Each block in the group usually contains a header. This header contains data as shown ln Figure
2,3,2. Each block contains a specific segment of the program, which ls usually a specific
routine within the program. The last block of data in the file is a reference block which also con-
tains a header. The data contained in the reference block is also shown in Figure 2.3,2,

2.3.2 Card Input

To assemble, generate, and edit a Saturn Master System Test Tape, certain control cards are neces-
sary. There are three card types: INPUT, STAG, and END cards.

The INPUT card describes the type of input e><pected for the STAG program. This input is either
binary cards, binary tape, or a combination of both. This input is the output from the SOAR, CHAPS
or SLAP 2 assembler runs. Only one INPUT card is required for each $IAG run. If there are two
such cards, the second card takes precedence and the input associated ririth the first is deleted. In
the case of a duplicate Object program, the program that appears first is processed. The INPUT
card also indicat es whether an edit run is to be made (f Otf ) or whether a block of program data
should be printed (DUMP).
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The $TAG card describes the file (test program) to be created or edited. One or more files
may be generated or edited by repeating this card. The STAG card sontains the file name (test
program fyAR); a code indicating where the program data blocks are to be resident (core, drum,
MLC, or tape); the reference address for the block of data; and the names of the various blocks of
data that are to reside in one of the areas (core. drum, MLC, or tape).

The END card indicates the end of the STAG run. It causes a second End of File (EOF) to be
written on the System Tape.

NOTE

ff card input is to be used with the System/360 STAG, a / /fiWl;tr^r'D card must
precede the //sYSIMooY* """u.

2.3.2.1 INPUT Card Format

The format for the INPUT card is shown in Figure 2.3.3. The word INPUT is specified in card
columns I through 12. Columns 16 through B0 speeify the words CARD, TAPE, EDIT, or DUMP.
E cards are used as input, the objeet deck immediately follows the INPUT card. The end of the
object deck is indicated by a type of cardpunched in column 1. The rows punched are 0, 7, 9, 11

and 12.

ff the input is tape, then the word TAPE is specified. If there are several tapes for input, the word
TAPE is repeated and separated by commas. The number of times the word TAPE appears should
agree with the number of input tapes.

8 12i

I

INPUT;

I

I cano
| (rAPE, rAPE......), 

EDIT

I nur'ae

I

I

I

Figure 2.3.3 INPUT Card Format
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If an edit run is to be made on an old master system test program tape, then the word EDIT is
specified.

If a block of program data is to be printed, the word DUMP is specified.

NOTE

The DUMP capability is available only when the IBM Syste m/ZAO computer
is used. The EDIT and PATCH capability are only available on the RCA 1104
computer.

2.3.2.2 STAG Card Format

The STAG card describes a file to be created on the output tape. One or more files per output
tape may be generated by repeating this card. The data on the STAG card may be continued to
the next card if it is followed by a comma and then a blank (/). The data on the next card must
begin in column 16. The named entries must immediately follow each other and be separated by
commas in most cases. Figure 2.3-4 shows the format for this STAG card.

The STAG Card format is described as follows:

r FILE NAME - This field specifies the character BCD test program MR to be used for
this file.

r EDITID - This field is optional and is used only when the EDIT option is specifled on the
INPUT card. If EDITID is DROP, the file indieated by FILE NAME will not be copied
from the old tape to the output tape. If EDITID is other than DROP, the file specified
by FILE NAME will be inserted on the output tape following the file specified 6y EDITID.
If the EDITID and FILE NAME are the same, the file specified by FILE NAME will re-
place the file on the old test tape. The cards specifying deletions, replaeements, or
insertions must be placed in the order of EDITID occurrence on the old master system
test program tape.

i16

I QzRz (Tn*r, r
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

t

I

I

FrLE NAME(EDI'I NAME), Qr, Rr (ar, T2, .... Tn), ....., r

Figure 2.3.4 STAG Card Format
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[*
NOTE

DROP must not be used as a file name.

r Q is a code to indicate the storage medla where t}te series of data program blocks are to
reside. Q may be any one of the following:

M - This code indieates that the data program blocks within each group are to be resident
in the MLC.

D - This code indicates that the series of data program blocks within each group are to
be resident on the LCCC drum.

0 (zero) - This code indicates that the series of data program blocks within each group
are to be resident in core.

O (oh) - This code indicates that the series of data program bloeks within each group are
to remain on tape and loaded into core when requested.

NOTE

All the data program blocks associated with each code must be grouped
together and each group must be specified in the following order:
(a) MLC (b) LCCC Drum (c) LCCC Core (d) LCCC Tape.-

. R is the reference address for the series of data program blocks and can be a bank
number (6, 7) or an IVAR. The first block in the iemaining series is assigned this
address and the remaining blocks follow according to their sequence on qa"ds or tape.. Qt, .T2, . .. , Tn)_ i-s a set of prelinked prograrn identifiers that make up one of a series
of data program blocks. If it is not possible to link an XVAR, the XVAR address is
inserted in the Instruction Address Word with a ? in bits 1? through 1b. Each successive
reference to this XVAR will be linked to the address of the XVARis flrst oecurrence.

A test file ean be generated by specifying only the TESTID for the FII,E NAI{E as shown below:

This will be the format for a normal test program where all additional subprograms are implied byXVAR's. This will allow patching and possibie program replacing at load iir"6. Anotfr"" wiy tospecify and generate a test file is to format the sTAG card is foliows:

4l_t!_u_iyplied programs referenced by the TESTID are balanced between banks 6 and ?, and theTESTID is the same as the FILENAME. No implied program may have an ORG specification.
2.3.2.3 END Card Format
This card contains only the word END in columns B through 10.
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2.3.3 On-Line Program Editing

The Operating System Utility Executive progfam provides test programmers with the capabil-
ity to patch portions of thelr programs. This on-line editing can be done via display console

keyboard eommands while the program ls resident in core or on drum. A test programmer
may change, display, and prlnt data from core or drum, The commands to perform these
functions are given in Tab1e A-9, Appendix A. The procedures that must be performed to
enter these commands are:

a. Depress TYPE to activate the keyboard.
b. Type in the approprlate input as given in Table A-9.
c. Depress EDIT EXECUTE.

A test programmer may also enter changes to his program vla card input. Patch eard format
is given in Figure 2.3.5. The finst card is a control card containing the word PATCOR in
columns B through 13. The next card is a data card containing a five-digit absolute octal
address of the core location that is to be changed, and the eight digits of new date (in octal)
that is to be placed into the specified address. The address is punehed into columns B

through 12, and the data is punched into columns 14 through 21. Column 13 contains a comma.
If u nurrber of patches is required, then a serles of these data and address cards may be
specified.

An END card and a blank card must be placed as the last cards in the patch card deck. Patches
are read in at the time the test program is loading when SS'ff-4 is active (in ttre down position).
Overlays called into core may also be patched by placing the desired patch cards in the reader
and activating Sense Switch 4 while the overlay is being loaded.

lxxxxx, rIIIIIII

8 1214

lxxxxx,IIIIIlII

lPArcoR

Figure 2,3,5 Patch Card Format
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2,3. 4 Function Executor Routine Assembly and Loading

A function exe€utor routine mav be resident in eore or on drum. Both core-resident and drum-
resid-ent function executor routines ean be assembled separately from the Operating System.
They are placed on the Operating System Master Tape via the STAG progfam. The STAG control
cards deslgnate whether it should be placed in core or on drum. Residency deperrds on whether
the routine has a critical monitoring activity. If the routine does critical monitoring, it will re-
side in core. It is loaded as an integral part of the system at load time. If a routine does not
have critical monitoring activity, it resides on drum. When the routlnes are called from drum
for execution, they will reside in bank 3 starting at location 34000.

Core-resident function executor routines are generated by STAC for loading into bank 3 of the
MLC. The format of the STAG card used to generate these routines ls as shown below:

Card Column 16
q 3(FE50, GEol, G816, CEO0, ME01), etc.

Control cards for drum-resident function executors are in the format shown below:

Card Column 10
D, SFEB (XXXX),

where XXXX is the function executor routine IVAR.
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SECTION III

OPERATING SYSTEM SERVICES

3.0 SUMMARY

The test programmer has at his disposal various Operating System services in the form of core-
resident routines (in both the MLC and the LCCC) destgned to save the test programmer time and
effort. These routines move, write, and convert data whenever the programmer applies them.
They are grouped and explained in the following three units:

r Inter-Computer Core Transfer Routine of Data Link Executive
r System Logging Program
o Utility Service Programs

The Inter-Computer Core Transfer is a routine that moves specified data between computers.

The System Logging routine provides a means of recording information available while the test
program is running. The data is saved by this program for a post-processing analysis iun.

The Utilities are a group of commonly used routines that provide many different servlces. There
are four basic data conversion routines and six routines which aecess and convert time data.
In addition there are two routines used for index register data storage.
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3.1 INTER-COMPUTER CORE TRANSFER

The Remote Core-to-Core Transfer routine of the Data Link Executive program provides a
communieation link between the MLC and the LCCC. It gives the capability for a test program
to read data from or write data into the MLC; and for a function exegutor routine to read data
from or write data into the LCCC.

NOTE

The computer from whieh the read or write request is made is defined as the
Iocal computer; the other is the re-mote computer.

A maximum of 10261n words may be transferred with one request. If a request ls made, no other
requests are accept6cl until the first one has been completely serviced.

The Operating System provides two macro instructions to read or write data. The names of the
macros are RCOR and WCOR for a read and write data, respectively. These macro names and
their calling sequences are given in Table A-7, Appendix A.

To read or write data, a test program or funetion executor routine must provide a TSPO instruc-
tion to transfer to SCTP, ?. The control words following this instruction contain the codes and
parameters required by the Operating System from the calling program to perform the operation.
Bits are set by the Operating System ln return parameters to indicate the status of a request.
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3. 1.1 Control Word Format

The. control word format contains pu.u*"[u.s for data transferred from one computer to the other.
The test programmer must supply the Operating System with these pararneters in order to perform
a data tranefer. These parameters are suppiied in macro instructions as operands (Refer to Table
A-7, Appendix A. ) When the macro is assembled, the parameters are placed ln a format as shown
in Figure 3. 1. 1.

The control word format contains the four parameters supplied by the test programmer necessary
to perform the transfer. The parameters are as follows:

r Control code
r Starting core address in local computer
o Number of worde to transfer
o Address of starting core location in remote computer.

The first control word following the TSPO instruction contains the control codes ar d two bit posl-
tions for the conventional operation status codes to be checked by the calling program for suecess
or fallure. The control eode is used to determine the type of operation. The read operation ls
coded 01; the write operation is coded 02. Blts 21 through 0 are reserved for this code.

O BIT NO.

CoNTROL CODE READ(01)
WRITE ( 02)

ADDRESS OF DATA
IN LOCAL COI\IPUTER

NU\4BER OF WORDS TO ?MNSFER

ADDRESS OF DATA IN
THE REMOTE CON4PUTER

WAIT RETURN

NOIU\{AL ITETUITN

NOTE

BITS 22 AND 23 OF THE TSPO + 1 WORD INDICATE THE FOLLOWING A.FTER THE TRANSTER OPERATION
IF TIIEY = 10, THE OPEMTION SUCCEEDED

IF THEY = 01, TljE oPERATION FAILED

IF THEY = 00, THE OPERATION HAS NOT YET COMPLETED

7423

TSPO + 1

+2

+a

+4

+s

Figure 3.1. 1 Control Word Format

3-5

+6



After a status return, the status code is supplied by the Operating System. Bits 23 and 22 are
used for this code, which indicates whether the data transfer has succeeded or failed.

The second control word eontains the address of the first data word in the local eomputer. Thus
for a rehd, this address is the location in the local computer where the data is to be placed; for a
write this address is the location in the local computer from which data is acceseed. Both are
15-bit addresses.

The third control word contains the number of words to be transfemed. A maximum of 1026.Owords
may be transferred. The entire word is reserved for this information. r

The fourth control word contains the address of the first data word in the remote computer. For
a read, this address is the location where data is to be accessed; for a write this address is the
location where data is to be placed. This is a 15-bit address.

3. 1.2 Returns from the Remote Core-To-Core Subroutine

Returns are made from the Remote Core-to-Core subroutine to the requesting test program or
function executor when the Remote Core-to-Core subroutine is busy or the request has been
stacked.

If Remote Core-to-Core is busy, control is returned to the requesting program's WAIT transfer
instruction, which immediately follows the four control words (refer to Figure 3. 1. 1).

When the request has been stacked, control is returned to the location following the WAIT return.

The Remote Core-to-Core subroutine sets either bit 23 or 22 of the Y+l word of the calling macro
to indicate success or failure in transferring data. The test programmer may analyze thJstatus 

\--'
of the operation by checking the return codes (bits 23 and 22) as required. If bit 23 equals 1,
the operation was successful; and if bit 22 equals 1, the operation failed.
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\- B,z sYSTEM LoccING

The Operating System provides a data logging service for postprocessing and evaluation of vehicle
checkout. Four types of logging functions are discussed in this section as follows:

o Test Program Control and Function Executor Control Data
e Vehicle Data
r Display Data
r IODC Hardware Malfunction Messages

Test Program Control and Function Executor Control data is defined as the control data which
provides an interface between test programs and the Operating System. Vehicle data is defined
as information data that is tratrsferred betrveen test programs and the vehicle. Display data
is defined as data which is transferred between test programs and the Display System.

The System Logging program logs all data requested by other Operating System programs or by
test programs and function executors (refer to the program description for the System Logging
program in Volume I of this document for word formats of data logged on log tape). This program
logs the following specific control data which is common to all requests:

r BCD ID na.me of reeuesting program
r BCD IVAR name of test program in progress
r Variable word containing logged data identifier
r Number of data words logged
r Computer indicator (LCCC or MLC)
e GMT from IODC 7 (2 bits)

If a test programmer chooses to log data, he may use the ealling sequence given in Table A-7 of
Appendix A. The program requesting logging service links to the System Logging program
with a TSPO SLOG, ?. The test programmer must specify calling parameters in the eontrol
words of the calling seguence. These parameters are:

r BCD four-character IVAR of the test program requesting data to be logged
r Variable word which identifies the data to be logged
r Absolute address of the first data word to be logged
o Number of data words to be logged.

Figu.re 3,2.t shows the format for these parameters.

When a request is made and cannot be stacked, the System Logging program returns eontrol to
the full return core location, which immediately follows the four control words. If the request
has been stacked or the data has been logged, a return is made to the normal return core loca-
tion with bit 23 set in the fourth control word to indicate the status (Figure 3.2.1).

When a test programmer has data to be logged, he should not duplicate data that the Operating
System logs. The data that the system logs is explained in subsequenLparagraphs.

3.2.1 Logging by Test Program Control

When Test Program Control interfaces with a test program, it logs eontrol data associated with
the request, execution, and processing of the test program. This data includes:

\_, : titliiJi:ff;iJ;:HT#"
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TRANSFER

23 18

I
l7 L2 1L b

A
5 0

R

IDENTIFIER OF DATA TO BE LOGGED

NUMBER OF DATA WORDS

23 15
NOT USED

14
ADDRESS OF DATA

CONl'l1oI,
WORDS

FULL RETURN NOTE

BIT 23 OF THE LAST CONTROL WORD INDICATES THE STATUS AFTER NORMAL RETURNS
NORMAL P.ETURN BIT 23 = 1, DATA lryAs LOGGED

BIT 23 =0, REQUEST WAS STACKED

Figure 3.2.L Control Words for Logging Data

r Descriptive name of the test program
r Starting GMf (27 bits) of the test program
o Ending GMT (27 bits) of the test program
r Starting countdown time of the test program
o Type of termination of the test program (see paragraph 2.2.2)
t Cause of external abnormal termination (see paragraph 2.2.2.3)

3.2.2 Logging By Function Executor Control (LCCC)

When a function executor routine is called, either try display input or by a test program, Function
Executor Control in the LCCC logs the request. The logged data is as follows:

r The origin of request CONS for display input or TEST for a test prograrn request.
r Console control words
r Request mode (FUNC or FUNT)
r IVAR of function executor routine requested
r Time interval requested
l Parameters or address of parameters

3.2.3 Logging By Display Service Programs

The display programs of the Operating System log all data transmitted to and from the Display
Console. The data logged as input from the Display Console is:

r Function Executor routine commands and parameters
o Test program commands and parameters
r Utility commands and parameters
r Discrete commands and status requests

Data that is sent to the console for display is also logged. This information includes:

o Display control words
o Variable displayed data such as BCD, raw binary, and preformatted

3-B



3,2.4 Logging Vehicle Data

All data sent to and received from the vehiele is logged. The type of data logged lncludee LVDC
and diserete data.

LVDC data logged includes:

r History Status table when full
o Error messages from the LVDC
r Number of data words that could not be transmitted to the LVDC due to a Data Llnk

failure.

The Discrete Executive initiates logging at both computers. There are a number of different
types of discrete tables each containing specilic data. These tables are:

r LDO and MDO Proflle table
r LCCC and MLC Diserete Status tables for IODC's 5 and ?
r General Discrete Log table (LDI, LDO, and MDI Changes)
r MDO Issue table

Specific discrete data that is logged is as follows:

o Discrete numbers
r Address of first invalid entry
r Initial cMT (27 bits) for LCCC and MtC
o Current GMT for DOts'. Relative time (18 bits) for DIts
o Discrete issued because of DI activity
a DO complement group number
r DI group number
o Status of discrete group

3.2.5 Logging by System Message Routine

All IODC device error messages are logged by the System Message routine. The type of data
includes the following:

r Specific device which failed
r IODC commands upon which failure occurred
o Control words
t Errors sensed
r Number of attempts

General and remote messages which are pritrted are also logged by the System Message program.
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3.3 UTILITY SERVICES

The Operating System provides routlnes that test programmers may use to perform various utiltty
functions. These utility functions include accessing, converting time, printing data from memory
or drum, and saving index registers and accumulators. These routines are available in both coilr-
puters and may be used by test programs and Function Executor routines.

3. 3. 1 Data Conversion

The Operating System provides the capability for test programmers to convert various types of
coded data. The types of conversion available are:

r Octal to Binary
r Binary to Octal
r Binary to BCD
. BCD to Binary

The first three types of conversion are accomplished by utility routines provided by the Operating
System. The BCD to Binary conversion is performed by the normal eonversion instructions -
BTD, BTDI, DTB and DTBI. The conversion tables required for these instructions can be ac-
cessed in bank zero by the test programmer.

The calling sequences used to link with the utility routines are given in Table A-8, Appendix A.
There are no control words required for these routines. The data to be converted is placed in
the accumulators prior to transferring to the routines. The Operating System then places the

\-- converted numbers in the accumulators and returns control to the location following the Test
Program or Function Executor routine tiansfer instructlon. The test programmeimay code this
location as required.

3. 3. 1. 1 Octal to Binary (SUOB)

This data conversion routine aecesses an eight'digit octal number and converts it to an equivalent
binary number. If there are any leading blanks, they are converted to zeroes. The test program-
mer places this octal number into both accumulators prior to transferring control to the routine.
The four least significant digits and the four most significant digits must be placed into the left and
right accumulators, respectively. Control is transferred with the instruction TSPO SUOB, ?.
When the Operating Systern completes the conversion, the converted binary number is placed into
the right accumulator so that the test program may access it.

3. 3 . 1. 2 Binary to Octal (SUBO)

This data conversion routine accesses a24-bit binary number and converts it to an equivalent
eight-digit octal number. The test programmer must place this binary number into the left accu-
mulator prior to transferring control to this routine. Control is transferred with the instruction
TSPO SUBO, ?. When the Operating Systern completes the conversion, the converted eight-digit
octal number is placed into both accumulators. The four least signifieant digits and the four most
significant digits of this number are placed into the left and right accumulators, respeetively.

3. 3. 1. 3 Binary to BCD_(SUBD)

This data conversion routine accesses a double-precision binary number and converts it to equiva-
lent BCD characters. This double-precision number has a decimal point to the left of Bit 23 in the
right accumulator, and must not exceed*999.999. If the number is positive, it is not necessary
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to code the BCD plus sign. The test programmer must place this binary number into both accumu-
lators prior to transferring control to the routine. Control is transferred with the instruction
TSPO SUBO, Z. When the*Operating System completes the conversion, the converted BCD number
ls placed into both aceumulators. The left accumulator contains the decimal point and three frac-
tion digtts. If the number is negative, the right accumulator contains the sign and three integer
digits. If the number is positive, the right accumulator contains four BCD digits.

NOTE

If the test programmer tries to convert a number larger than*999.999, the
Operating System returns the number 1999.999.

3.3. 1.4 BCD to Binary

The Operating System provides integer and fraction conversion tables for BCD-to-binary conver-
sions. The test programmer may use the normal conversion instructions to convert BCD charac-
ters to a binary representation. The address of these tables is equated to a symbolic table name.
The IVAR's and the tables are defined as follows:

r STSW - Integer Table
o STSF - Fraction Table
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-- 3 . 3. 2 Accessing and Converting Time

The Operating System provides the capability for test programmers to access three forms of time
and convert them to a desired specific data format. The three forrns of data are Greenwich Mean
Time, Relative Time, and Countdown Time. These rnay be converted to two types of data format:
BCD and binary.

Greenwich Mean Time is hardware-counted in Gray Code. A test programmer may aecess this
time in binary or in BCD. The binary Greenwich Mean Time is 2? bits long and is in hours, min-
utes, seconds, and milliseconds. The BCD Greenwich Mean Time has the format HHMM/SS. X)Oq
where HH is the hour, MM are the minutes, and SS are the seconds. An example of this BCD
format is 2359,/59.999. It should be noted that the hours and minutes are in a military time format.

Relative time is a millisecond binary count. It is set to zero at initialization time, The test pro-
grammer may use this for time-out procedures. He may access the current relative time or he
may have the Operating System check for a specific time lapse. The time interval is specified by
the test programmer.

Countdown time is a binary count in seconds. The test programmer may access this time supplted
by the Operating System in both binary and BCD formats.

To access these various forms of time and specifie data format, the test programmer may use the
calling sequences and coding examples as given in Table A-8, Appendix A. The operating svstem
has only one return to the test program or function executor routine. The return i's to ttre"crjre
location which follows the last coded instruction in the calllng sequence. The test programmer
may code this location as he requires.

3. 3. 2. 1 Read Greenwich Mean Time and Convert to Blnary (SFEB)

The test programmer transfers to this routine in either computer with the instruction TSpO SREB,
7. He need not specify any input parameters to the Operating System.

In the LCCC, this routine reads raw Greenwich Mean Time and converts it to an equivalent
27-bit binary uumber. In the MLC, this routine computes GMT from an LCCC-supplied refer-
ence and a PIT reference and converts it to an equivaient 2?-bit binary number. A new GMT
reference is supplied by the LCCC with every LDI-MDO transmission.

When the routine completes the conversion, it returns control to the core location which follows
the test programmer's transfer instruction. The binary Greenwich Mean Time value will be in
the left and riglrt accumulator. The left accumulator contains the four most significant bits
in positions 3 through 0. The right accumulator contains the 23 least significant bits in positions
22 through 0.

3,3.2.2 Read Greenwich Mean Time and Convert to BCD (SRED)

This routine reads raw Greenwich Mean Time and converts it to an equivalent BCD number. The
test programmer transfers to this routine with the instruction TSPO SRED, ?. He need not spe-
cify any input parameters to this routine. When the routine completes the conversion, the con-
verted Greenwich Meau Time number is placed into the three core locations which follow the test
programmer's transfer instruction. This format is HHMM/SS. XXX, where HH is the hour, MM
are the minutes, SS are the seconds, and XXX are the milliseconds. Figure 3.3.1 shows the core
layout and bit configurations of this data. The routine returns control to the test program at the
next core location which follows the retum data. The test programmer may code this location
as he requires.
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TRANSFER

23 11 O BIT NO,

RETURN

Figure 3.3. 1 BCD Format of Greenwieh Mean Time

3.3.2.3 Convert Greenwich Mean Time from Binary to BCD (SRCN)

This routine accesses Greenwich Mean Time in binary and converts this number to an equlvalent
BCD Greenwich Mean Time. The test programmer transfers to this routine with the lnstructton
TSPO SRCN, 7. Hemustspecify2Tbinarybitsof GMTintheaccumulators. Thefourmostsignificant
bits (MSB) are placed into bit positions 3 through 0 of the left accumulator. The 23 least signifi-
cantbits (LSB) are placed in bit positions 22 through 0 of the right accumulator (see figure 3.3.2).
When this routine completes the conversion, the data is placed into the three locations which follow
the test programmerrs transfer instruction. This format is HHMM/SS.>OO<, where HH is the hogrs,
MM are the minutes, SS are the seconds, aldXXX are the milliseconds. Figure 3.3.1 shows the
core layout for this data. This routine also returns control to the core location which follows the
return data. The test programmer may code this location as he requires.

3

MSB

LLTT ACCUilIULATOR

23 | 2',2 o

I,LT\ST SIGNIITICANT BITS

RIGIIT ACCUTIULATOR

Figure 3.3.2 Greenwich Mean Time Conversion Using Accumulators
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3.3.2.4 Read Relative Time IStsEI)

This routine provides the necessary processing for test program to access the current relative
time. The test programmer causes transfer to this routine with a TSPO SRRT, ?. Input para-
meters need not be specified. The routine senses this time from the sense register and places
it into the left accumulator. The time is a binarv count ln milliseconds. After accessing thetime, the routine returns control to the core location followingthe test program transfer instruc-
tion, which the test programmer may code as required. The routine saves and reloads the con-
tents of the index registers but does not save and reload the contents of the accumulators.

3.3,2.5 Read Relative Time and Check for Delay (SRDC)

This routine accesses relative time and checks for a time interval lapse, The test programmer
transfers to this routine with the instruction TSPO SRDC, 7. He must suppty two input parameters:
one is the base reference relative time, which is placed into the right accumulator; the other is the
amount of the time interval in which the delay check is to be made. The routine determines
whether the interval has or has not elapsed. This millisecond interval (in binary) is placed in the
core location which follows the test program transfer instruction. When the routine completes
processing, it places the return information in the left aecumulator. If the accumulator is nega-
tive, the time interval has elapsed. If the accumulator is positive, the time interval has not
elapsed. The accumulator contains the amount of time left before the interval expires.

3.3.2.6 Read Countdown Time (SCDC) - LCCC OnIy

This routine accesses the raw countdown time from the krzut/Output Sense Register and converts it
to a BCD and binary format. This time is T t(days, hours, rninutes, and seconds). This routine
may be accessed by the instruction TSPO SCDC, 7. The test program is not required to speeify
any input parameters when the routine is aceessed. When the Operating System completeJthe
routine, the converted time is placed into the five core locations which follow the transfer instruc-tion. Coding to generate these locations is given in Table A-8, Appendix A. The format of the
converted information is shown in Figure 3.3.3. The first three locations contain the countdown
time in BCD format. An example of this countdown time is T + 02 2359.59. The next two core
locations contain the binary equivalent of this time: the 23 least significant bits are placed in the
first-locatign;.the-four most qignificant bits are contained in the second location and are rightjustified. It should be noted that the time may be negative. If it is, the binary ret rn-infoimation
is in two's complement form. When the operating System completes this routlne, it returns con-
trol to the sixth core location following the transfer. The test programrner codes this return line
as required. To obtain coutrtdowu clock time at the MLC, the user must request a DDAS read
using MODE = 7 in the calling sequence (refer to Table A-?, Appendix A for a description of the
calling sequence).

\
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TRANSFER

oa 18 17 12 11 65

T ! D D

b H H M

M a S S

23 LEAST SIGMFICANT BITS (BINARY)

4MSB ( BINARY.RIGHT ruSTIFIED)

RETURN

Figure 3. 3. 3 Countdown Time Format

A test programmer may want to know whether countdown time is holding or counting. The Operat-
ing System provides a communication cell which indicates this. This celI may be accessed by re-
ferring to its symbolic name SCDI. If the cell is equal to zero, countdown time is decrementing.
If the cell is not equal to zero, then countdown time is holding.

3.3.3 Printing Data

The Operating System provides the test programmer with the capability of printing data from
LCCC core. The data is printed in octal form at the computer where the request originated;
all HSM parity errors are flagged by the letters PE which are printed to the left of the location
contents. Two routines provide the processing for the storage devices.

3.3.3. 1 Print Core Data Routine (SUDC) - LCCC Only

This routine prints data contained in HSM of the LCCC after printing the following header
information: data start and end address, current date, relative GMT, tape identification, and
the index register contents

The starting and ending 15-bit addresses of the designated data must be specified in the left
aud right accumulators respectively. The test programmer transfers control to this Print
Core routine with the instruction TSPO SUDC, 7. The Operating System returns control to
the next Iocation which follows the TSPO instruction. The test programmer codes this loca-
tion as required.
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3. 3. 4 Saving Register Data

The Operating System has two routines which provide the eapability to save and restore data in the
computer registers and accumulators. The test programmer will usually provide the Operating
System with an identical address for storing and accessing register data. This address is specified
in the seeond word of the calling sequence and may be 15 bits long. The test programmer transfers
control to these routines by coding calling sequences as given in Table A-8, Appendix A.

When the Operating System completes the execution of these routines, control is returned to the
third loeation of the calling sequence following the address control word.

3.3. 4. 1 Store Register Data (SSXR)

This utility routine will store the contents of the right and left aecumulators and the six index reg-
isters. Data will be stored into eight locationsl the starting address is specified by the test pro-
gram. The test program transfers control to this routine with the instruction TSPO SSXR, ?. The
Operating System will store the contents of specific registers into specific locations for the eight
storage words. Figure 3.3.4 shows the eight-word layout for the register data. The flrst two
locations will contain the right and left accumulator, respectively. The next six locations will con-
tain the six index registers.

ADRS

+1

+2

+3

.t4

+5

+6

+'l

RIGI-IT ACCUMUI,ATOR

LEFT ACCUT\4ULATOR

INDEX REGISTER 1

INDEX REGISTER 2

INDEX REGISTER 3

INDEX REGISTER 4

INDEX REGISTER 5

INDEX REGISTER 6

Figure 3. 3. 4 Register Storage Locations

3. 3 . 4. 2 Retoad Register Data (SRXR)

This routine will restore the data of the right and left accumulator and six index registers previously
stored by a store register data request. The test programmer must transfer control to thii rou-
tine with the instruction TSPO SRXR, 7. If the test programmer requires data reloaded whieh is
different from data that was previously stored, he must first place the data into the locations in-
tended lor specific registers as shown in Figure 3.3.4,
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SECTION IV

SYSTEM INPUT/OUTPUT

4.0 SUMMARY

This section encompasses all data movement to and from the Launeh Vehic1e, the Display Con-
soles, andthe various peripheral devices viathe two computers (the LCCC andthe ULC). The
major segment of data movement is initialized by test programs.

System input/output is divided into the following three units:

o Launch Vehicle
r Display System
o Peripheral. Devices

The Launch Vehicle data flow is accomplished using the discrete Input,/Output Data Channels(IoDc's), the input,/outnut sense lines, address lines and registers, and thl Digital-pata ecquisi-
tion System (DDAS). The IODCrs, sense llnes, and address lines provide bothlnput and output
wtrile DD.{S provides only input to the Operating System and the test programs.

The Display System hardware is the means by which the test engineer communicates with the testprogram. Three software programs provide and control input,/output data for the Display System.

The types of o.utput information displayed for the test engineer include options, tutorial messages,
and fixed atrd./or variable data. He in-turn provides instructions to the test program by entering
input data through the display console keyboi.rd. The alternatives are provideO by the iest pro-
grammer.\.-_

--r--
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4.1 LAUNCH VEHICLE INPUT/OUTPUT

The Saturn Operating System provides a number of programs which have the capability to com-
municate with various vehicle systems and subsystems. These programs include:

o Discrete Service
o LVDC
r Analog Input
r DDAS Interface

These programs are used to transfer both data and control sigrnls between the Saturn Launch
Vehicle and the test programs operating in the LCCC. These Operating System programs are
resident in both computers, with the exception of the DDAS Executive program, whish resides
only in ttre LCCC.

The test programs and function executor routines access the Operating System programs by
using the appropriate calling sequences. These sequerlces are given in the tables of Appendix A.

Figure 4.l.l shows the general flow of data in relation to the test programs, function executor
routines, Operating System programs, and the vehicle.

4. 1. 1 Discrete Input/Output

The Operating System provides test programmers with the necessary processing to check status
of or issue discretes in the LCCC and the MLC.

The Operating System Discrete Service programs consist of subroutines (applicable ones shown in
Table 4. 1-1) which may be requested manually or automatically.

These subroutines accomplish the following:

. Issue single or multiple discretes
r Check status of single or multiple discretes
a Issue switch selector channel functions
r Issue an MDO and check the MDI response within a specified MDO time interval

The Operating System provides macro nalnes and calling sequences, which enable the test pro-
granrs and function executor routines to call the discrete routines, supply pararneters, and link
with the Discrete Service programs. Table 4. 1-1 shows the macro nanle, IVAR linkage, and
discrete routine function. The table also iudicates whether the test progra.ms in the LCCC or the
function executor routines in the MLC can acrcess the routine
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Table 4.[-L Discrete Funetions

4.1.1.1 Issue Single or Multiple Discretes

The operating System provides the test programmer the capability to issue a single dlscrete or
issue a group of discretes. There are three issue discrete subroutines; the calling sequences for
these subroutines are given in Table A-2, Appendix A, of Volume I. The subroutines are:

. Issue Single MDO
r Issue Sing1e LDO
o Issue Multiple MDO's

The Issue Single MDO subroutine may be accessed by either a test program operating in the LCCC
or a Function Executor routine operating in the MLC. The test program links to thls subroutine
with a TSPO SACA, 7 and specifies two calling parameters in the control word wtrich follows the
transfer instruction.

The two calling parameters are:

r MDO number
r MDO state to issue

These are specified in bits 11 through 0 and bit23, respectively, as shown in Figure 4,1,2.

MACRO Function
MACRO

Name
IVAR

Linkage Computer

Issue Single MDO

Issue Multiple MDO

Issue Single LDO

Issue Pulsed MDO & Check MDI

Issue Switch Selector Function

Cheek Status of Single MDI

Check Status of Multiple MDI

Check Status of Single MDO

Check Status of Single LDI

Check Status of Multiple LDI

Check Status of Single LDO

SMDO

MMDO

SLDO

PDOCK

SWSEL

SMDI

MMDI

CMDO

SLDI

MLDI

CLDO

SACA

SADA

SAPA

SAJA

SAKA

SAEA

SAFA

SANA

SAGA

SAHA

SAMA

LCCC/MLC

LCCC/MLC

LCCC

LCCC/MI,C

LCCC/MLC

LCCCIMLC

LCCCIMLC

LCCC/MLC

LCCC

LCCC

LCCC
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TRANSFER

DISCRETE STATE

TO ISSUE ,t DISCIT.ETE NO.

N-ORI\lAL ItETtJRN

BIT 23, 1 : ISSUE LDO(I\IID) oN

BIT 23,. 0 : ISSUII LDO(illDo) OFIr

Figure 4.1.2 Issue Single Discrete Control Word

The r,qsue Multiple MDO subroutine may be accessed both by test programs operating in the
LCCC, and by Function Exeeutor routines operating in the MLC. This subroutine will issue a
group of discretes from the MLC. The test program or routine may link to this subroutine with a
TSPO SADA, 7. The programmer must specify four calling parameters. They are:

I High and Low Discrete Numbers
r State Mask Word
r Issue Mask Word

?hese parameters are specified in the control words as shown in Figure 4.1.8.

TI{ANSFER

LOWEST NIDO NO. OT GROUP TIIGIIIST TID() NO. .OT GROUP

STATL N1ASK TYORD

ISSUE ITASK \VOI{I)

NOR]\IAL RETURN

11L2
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When multiple discretes are specified, a rnaximum of.24 may be issued. The low and high ourn-
bers speeified must be inclusive of the group of 24 diseretes and are specified in bits 23 through
12 and 1l through 0, respectively, in the finst control word.

The state mask word for the discrete group eontains a 24-bit configuration indicating which of the
two states to issue. If a bit is a 1 or 0, the corresponding diserete is issued on or off, respective-
ly. The high- and low-order bit of this word corresponds to the high and low number, respectively,
of the discrete group. The mask word is specified in the seeond control word and must be oetal
and rlght justified.

The issue mask word of the discrete group contains a bit configuration indicating which discretes
are to be issued within the group. If a bit is a 1 or 0, the corresponding discrete is to be issued
or not issued in the state specified by the state mask word. The high- and low-order bit of the
issue mask word eorresponds to the high and low discrete of the group. The issue mask word is
specified in the third control word of the calling sequence, and is octal and right justified.

When a discrete operation is eomplete (either subroutine), control is returned to the core location
following the control word(s) of the calling seguence. This core location is specified as the NOR-
MAL return.

The left and right accumulators contain the return information pertaining to the operation. If the
operation is successful the sign of the left accumulator is positlve. If not, the sign of the left
accumulator is negative and contains codes in bits g through 0 which indicates the type of failure.
The codes and possible fallures are:

01 - Discrete Out Inhibited

02 - Discrete Out Disallowed

03 - Data Link Failed

04 - System in Idle Mode

05 - Discrete Out Parity Error
06 - MTOAD Failure

10 - Calling Parameter Input Error

If the left aecumulator contains codes 01 or 02, the right accumulator contains the mask word for
the inhibited or disallowed discretes. If a bit of the right accumulator is a 1, the corresponding
discrete is either inhibited or disallowed. This mask word is octal and right justified; bit config-
uration corresponds to the input mask words.

4. 1. 1. 2 Check Single or Multiple Discrete Status

The Discrete Service programs provide the capability of checking the state (on or off) of a single
discrete or a group of.24 or less discretes. There are a total of six subroutines provided for the
various discrete functions; four of these subroutines check the status of the following single
discretes:

o Discretes In to the MLC (NmI)
o Discretes In to the LCCC (LDI)
o Discretes Out from the MLC (MDO)
o Discretes Out from the LCCC (LDO)
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Two subroutines check the status of a group oL 24 or less multiple discretes; they eheck the status '.-_/
of multiple MDI's and LDI's.

Table 4.7-2 shows pertinent data for each subroutine.

Table 4.1-2 Discrete Status Check Subroutines

A description of the subroutine calling sequences is given in Table A-2, Appendix A, of Volume I.

The two single MDI and LDI Subroutine calling sequences require two calling parameters, which
are specified in the eontrol words as shown in Figure 4.1.4. These parameters are the discrete
number and the expected status code.

The discrete number is the number of the single discrete whose status is to be checked. Since the
discretes checked are both discretes in to the computer, the numbers range from 1 through 3024,
This calling parameter is specified in bits 11 through 0.

The expected status code indicates the discrete state which is to oecur when checked. This code
is specified in bit 23. If the state is to be on, then bit 23 is a one; if the state ls to be off, then
this bit is a zero.

T1IANSFI]R

23

EXPECTEI)

I DISCRETE NUIUBER

RETURN

DISCRETE

STA TE

Discrete
Function

Discrete
Type

Computer
Checked

MACRO
Name

Link
Operand

Accessed By

Test
Program

Function
Exec.utor
Routine

Single MDI
Single MDO
Multiple MDI
Single LDI
Single LDO
Multipte LDI

IN
OUT
IN
IN
OUT
IN

MLC
MLC
MLC
LCCC
LCCC
LCCC

SMDI
CMDO
MMDI
SLDI
CLDO
MLDI

SAEA
SANA
SAFA
SAGA
SAMA
SAHA

x
x
x
x
x
x

x
x
x

4-B

Figure 4.7,4 Single Discrete Status Check Control Word



The single MDO and LDO subroutine calling sequences require only one calling parameter, which
is the discrete out number. Since the discretes checked are discretes out from the computer, the
number ranges from 01 through 2015. This parameter is specified in bits 11 through 0 of the con-
trol words shown in Figure 4.1,4.

The Multiple MDI and LDI subroutines each require three parameters specified ln the two control
words as shown in Figure 4.1.5. The parameters are the low and high discrete numbers, and the
expected status mask word. The low and high discrete numbers specify a number of discretes to
check at one time.

NOTE

The numbers specified must not faIl outside of a predefined group of 24
discretes.

These groups are as shownin Figure 2.1.1of paragraph 2.1.1. The low and high discrete num-
bers are specified in bits 23 through 12 and bits 11 through 0, respectively.

The expeeted status mask word is a binary-bit conliguration indicating the state of the specified
discrete group, and must be right justified. The high-order bit indicates the expeeted status of
the mask word high-order discrete number. The low-order bit of this mask word corresponds
to the low-order discrete number. This mask word is specilied in the second control woid of the
calling sequences.

T1{A NST-[R

LOW NUNII]ER IIIGI{ NUIUBER

EXPECTUI] STATUS NlASK WORD

\- 11T2

Figure 4.1.5 Multiple Diserete Status Check Control Word

When the status has been checked foreither operation, control is returned to the loeation following
the control.word(s). This is a normal return. Information pertaining to the status of the operation
is returned in the left and right accumulators.

The return data for the single and multiple MDI and LDI operations indicates whether the
status of the discretes was or was not as expected, If the status was as expected, bit ZB of the
left accumulator is zero. If the status of the discretes was not as e:ipected, bit 2i of the left
accumulator is a one.

If the left accumulator has bit 23 set to one for the muitiple discrete cheek, the right accumulator
tells which discretes had an unexpected status. If a discrete is of unexpecled statls, the corre-
sponding bit is a one. The high-order bit corresponds to the high discrete number.
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Return data for the single discrete out checks indicates whether the discrete was on or off . If the 
\!--'

discrete out was on, bit 23 of the left accumulator is zero arrd the remaining bits are non-zero. If
the discrete out was off, bit 23 is a one and the remaining bits are non-zero.

It should be noted that three of the discrete status check subroutines can be aceessed by test pro-
grams operating in the LCCC to check discretes in the MLC. Requests from the LCCC to check
discretes of the MLC are sent over the Data Link. If the Data Link fails before the status check
is made, this fact is indicated by setting the left accumulator to zero.

4. 1. 1. 3 Issue MDO and Check MDI

An Operating System Discrete program provides test programs resident in the LCCC with the
capability to issue an MDO and check whether an MDI response has occurred within a specified
time interval. When the MDO is issued, a timer is set at the same instant. The subroutine then
checks whether the MDI has returned before the time interval has elapsed. If the MDI did not
respond within the specified time interval, then applicable information is placed into the accumu-
lators. If the MDI did respond within this specified interval, the time difference between the MDO
issuanee and the MDI response is returned to the iest program. Figure 4.1.6 shorus the timing
relationsNp.

The calling sequence used for this operation is given in Table A-2, Appendix A, of Volume I. The
test prograrnmer links to this subroutine with a TSPO SAJA, ?" He must speeily the calling para-
meters in the two control words of the calling sequence. These parameters are:

. MDO number and state issued
r MDI number and returned state
o Maximum time in milliseconds in which MDI response is eryected
o State to set MDO a-fter time expiration

The format for these parameters is shown in Figure 4.1.7. The first control word contains the
MDO state to be issued and the MDO and MDI numbers. The bit positions for these parameters
are also shown in the figure. The second control word contains the state to set the MDO aJter the
time has expired, the MDI state to expect, and the maximum time in milliseconds. (see figure
4.7,7) .

When the Operating System completes the operation, return inJormatlon is placed into the left and
right accumulators. Control is then transferred tothecore locatlon immediately following the
the second control word. The left and right accumulators contain the status information and error
eodes. The contents of the left accumulator are indicated as follows:

o + Time difference between MDO issuance and MDI response (see figure 4.1.6)
r 0 MDO issued, but no MDI resPonse
r - Inhibited MDO, disallowed MDO, or improper MDI response

If the left aceumulator is negative, bits B through 0 contain specific error codes. These codes are:

001 - Inhibited MDO

002 - Disallowed MDO

003 - Data Link Failure

004 - System in IdIe Mode

005 - MDO Parity Error
006 - MTOAD Failure

010 - Cailing Parameter Error

4- 10
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Figure 4.1.6 MDO-MDI Timing Relationship

Figure 4,L,7 Issue MDO and Check MDI Response Control Word
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Additional eoded error irdormation may be plaeed into the right accumulator if the left accumulator
is negative. The additional error information is right justified. These codes are:

01 - MDO inhibited on first pass

02 - MDO disallowed on first pass

03 - MDO inhibited on second pass

04 - MDI did not respond within specified time interval

4.1.1.4 Issue a Switch Selector Function

The Operating System provides the capability to lssue commands to a speeific vehicle stage via a
Switch Selector channel. A test program resident in the LCCC or a Function Exeeutor routine in
the MLC may issue a command.

The calling sequence used to issue a Switch Selector command is given in Table A-2, Appendix A,
of Volume I. The test program or routine links to this subroutine with a TEPO SAKA, ?. The test
programmer specilles four calling parameters in the control words of the calling sequences as
strown in Figure 4. 1. B. The parameters are as follows:

o Channel Number
r Selected Stage Code
r Read Command Code
o Complement Channel Number

The channel number indicates which of the 128 possible commands is to be issued. This is speci-
fied in bits 7 through 0.

]'ItA NSFER

23

SUPPITESS

I)ISPLAY

:oDE 1'() ISSUL TRUL OR COI\tpL[N.iltNT CHANNEL NT]N,illrrti

NOTE
FIELDS ARE TO BE CODED BY TEST PROGRAMMER AT,TER CALLING SEQUENCE ASSE}v{BLY

t2131415

,1 0
CoNS(ILT

NUi\IBER

f t

SE,L[C1'LD

STAGE

CODE

CILANNEI, NUNII]ER

F_ NorE ____q
NORMAL RETURN

CODE TO INDICATE ISSUI OR NOT ISSUE READ COMN{AND
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The selected stage code indicates the stage to receive the command. The stage eodes are specified
in bits 12 through B. The stage eodes are as follows:

t 01 = S-IC
,02=S-il
, 04 = S-IVB
r 10 = S-IB
.20=IU

The read command code indicates that the command is or is not to be issued when verifieation of
the signal command code is received. This code is specified in bit 13. If the command is to be
issued, bit 13 is a one; if not, the bit is a zero.

The complement channel number code indicates whether the complement or true ehannel number is
to be issued. This code is specified in bit 14. If the eomplement is to be issued, bit 14 is a one;
if not, this bit is a zero.

The corrtrol word eontains two additional fields inthe high-order bit positions. These fieids are
coded a.fter the use of the MACRO instruction, since the MACRO only specifies the four above-
mentioned fields. These two fields are the display console number and suppress message dis-
play.

The display console number fietd is specified in bits 19 through 15. If the test programmer wants
the Operating System to display the error message on the eonsole requesting the program, the
console number field is set to zero. Since any eonsole may request execution of a Function Ex-
ecutor routine, the test prograrnmer coding a routine may specily the Display Console on which a
message is to be displayed.

The suppress message display field is specified in bit 23. If the test program is to have lts own
message displayed, this must be set to one.

NOTE

Bits 22, 21, and 20 of the control word must be zero.

When the discrete program has issued the command, it returns control to the core Loeation which
follows the control word. The left and right accumulator contain the operation status irrformatlon.
The left accumulator indicates the following:

+ = Command successfully issued
- = Hardware Iailure
0 = Environment failure

For a suceessful issue of a Switch Selector function, the left accumulator is positive. No message
is displayed. The right accumulator is zero.

A hardware failure indicates that a command has not been verified in the vehicle, the left ac-
cumulator is negative. The right accumulator contains error code 14.

Environment failures result in Switch Selector functions not being issued. The left accumulator is
zero. An environment failure code is placed into bits B through 0 of the right accumulator. These
codes and the failures are as follows:

01 = Calling parameter error
02 = Channel and stage inhibited by ESE

03 = Stage power off

4- 13



04 = Stage zero signal not present
05 = Stage is hardware-inhibited
06 = Manual panel using Switch Selector
0? = Interface not clean
10 = Inhibited MDO during issue
11 = Inhibited MDO by ESE during Read
12 = IU power off
13 = LVDC uslng Switch Selector
14 = Data Link failure
15 = System in IDLE mode
16 = Read verifv sigaal not received

NOTE

For all error codes, the Switch Selector command is not issued.
If the Switch Selector issue fails, the complement channel number
code is not automatically issued, but must be specified for issue by
the test programmer in the calling parameter.
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\- 4.L.2 LVDC Inpqt/Output lnterface

The Operating System's Launch Vehicie Digital Computer (LVDC) Interface program enables test
programs and function executor routines to communicate with the LVDC in the following ways.

r Read data from or write data to the LVDC.
o Notify the LVDC that data is available.
o Command the LVDC to perform a specific routine (status command).

The LVDC Interlace progratn is resident in both the LCCC and the MLC. The LCCC program
accepts the requests to perform these functions and sends the request to the MLC program, which
performs actual LVDC data input/output processing. This data and signal flow is shown in
Figr.lre 4. 1. 1 of this volume.

4, L,2.1 Program Linkage

Program linkage between the LVDC and the test program or function executor routine establishes
eommunication with the LVDC. The LVDC Interface program provides calling sequences which
may be used to request execution of the LVDC data and control functions. These calling seguences
are given in Appendix A of Volume I.

The first instruction of the calling sequence is a transfer instruction to link the test program or
function executor routine with the LYDC Interfaee program. This instruction is a TSPO SFLT, ?.
The next instruction of the calling sequence contains the control word, and the control data for
each type of request. The control word format is shown in subsequent paragraphs.

'\-- The next two instructlons are reserved for error and normal returns from the LVDC Interface
program. If this program detects that the Data Link failed or that the operation was not exeeuted,
return is made to the error location" The left accumulator will contain error information in bit
23, If the Data Link failed, bit 23 ls a zero. If the operation was not executed, bit 23 is a one.
If the operation was successfully completed, the LVDC Interface program transfers control to the
normal return core location which is coded as required by the programmer. The following is a
coding example for performing an LVDC read:

Description

Enter

Control Word

Error Return

Normal Return

Coding

TSPO SFLT, ?

BCD, READ

TRA ERROR

As Required

4.L.2" 2 Test Program and Function Executor Routine LVDC Comrnunication Cells

Word 5 of test progranl and worcl 4 of function executor routine communications cells contains the
address of the LVDC data input buffer. It is reserved for those programs which communicate with
the LVDC. Bits 14 through 0 of the cell contain the address of the test programrs or function
executor routiners LVDC data input buffer. Bits 23 and 22 of this word are used for control
information. When data has been received from the LVDC, the address of the input buffer is
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accessed, data is placed into the buffer, and bit 23 of the cell is set to one. No more data is
placed into the bu.ffer until bit 23 is set to zero. When the test program has accessed and
processed the data, it sets this bit to zero.

Bit 22 of the cell is used to indicate that an error message has been received from the LVDC.
This error message is not placed into the buffer area but into a special bank zero buffer for LVDC
errors. When an error is received, bit22 of the communication cell is set to one to indicate to
the test program that the error has occurred. When the test program acknowledges the error and
processes accordingly, the test program rebets bit 22 to zero. Figure 4.L.4 shows this communi-
cation cell.

4.1.2.3 LVDC Input to Test Programs and Functlon Executor Routines

A test program or function executor routine must supply an lnput buJfer for lncoming LVDC data.
Figure 4. 1.9 shows the buffer format and a coding example of this input buffer,

23

NOTE 1 ADDRESS OF FIRST WORD OF LVDA DATA INPUT BUTFER
COMMUNICATION
CELL (WORD 5)

BUf FiiR NUt\l N

BSS N.1
etc.

NOTE 2 I N . N(). OF WORDS IN DUFFER

BUFFER AREA

FOR INPUT
DATA FRON{

TI]E LVDC

NOTE 1r BIT 2l) = 1

BIT22=l

NOTE 2: BIT 2:] = I
IIIT 22 = I

- 31Ii'J.:ylooo \ *uru, By rESr pRocRAM oR FrrNcrroN ExEcuroR RourrNE- r,vDC ERlroR I ',t"""-

- SEND Dr\TA; DONrf ISSUE SYNC

- SEND DATA; ISSUI SYNC AND DON'T WAIT rOR RESET

Figure 4. 1.9 LVDC Input Data Communication Celt and Buffer Structure
for Test Programs and Function Executor Routines

The test program or function executor reserves storage location words for LVDC input data. Thefirst word of this buffer area contains the number of actual words that are needed to hold the inputdata. The size of the buffer area can be up to 512 words, and the address of the first word of the
buffer is placed into the fifth word of the test program or function executor communication cell.

When the Operating System has data for the test program or function executor routine, it accesses the
address of the buffer area from the communication cell. It then places the actual number of words
required for the input data into the first word of the buffer area and places the data into the
locations which follow the number of data words. Since the Operating System has determined the
actual number of data words used, the requesting program can now determine how many words to
process"
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Another means to access data from the LVDC is to use tlte macro instruction READ. This macro
allows the test program or function executor routine to access one LVDC data word. When one
LVDC data word is accessed, two RCA-110A data words are generated. The first generated word
contains I tag bits and the two ieast significant bits of the LVDC word. The second generated data
word containi the 24 most significant bits of the LVDC data word. Figure 4. 1. 10 shows these word
structures.

TRANSTER

111.2

R ll D

ERROR REI]TJRN

NORI'{AL RETURN

TAG
IIIiGISTER

CONI'ROL WORD T()ITNlA T

LVDC DATA WORD

24 MOST SIGNIFICANT BITS (USB)

IIRST GENI]IIA]'TD WOITI) SI'CONI) GEN[]l Tllll WORD

Figure 4. 1.10 LVDC Data Word Conversion

The control word of the macro instruction contains the BCD word READ. This indicates the type
of request to the LVDC Interface program. After the LVDC data word is accessed, the data is
placed into the left and right accumulators. The left accumulator contains the second generated
word and the right accumulator contains the first generated word.
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4.L,2,3. 1 LVDC Error Table: An error message may come from the LVDC and be placed in a
bank zero buffer area instead of the test program or function executor routine input buffer area;
in this way the LVDC program creates an error table. If a test programmer required data
contained in the LVDC Error table he accesses this table by referring to its IVAR, CLFER in the
LCCC, and SLVERR in the MLC. The size of this table is 14 data words; each contains specific
error information. Figure 4. 1. 11 shows the error table fortnat.

CLFER (LCCC) 23 O BIT NO.

OR

SLVERR (MLC)
+1

Figure 4. 1. 11 LVDC Error Table Format (LCCC and MI,C)

4.,L.2.3.2 LVDC History Table: The LVDC history table is a three-word storage area in bank
zero of both the LCCC and the MLC. This storage area contains the status codes of the twelve
previously performed LVDC routines.

A test program or function executor may determine which routines have been performed by
accessing this table by its IVAR, CCELV. The format of this table is shown in Fizure 4.1.L2.

STATUS CODE OF CURRENTLY

OPEMTING LVDC ROUTINE

STATUS CODE O['LVDC
ROUTINE THAT HAS ruST COMPLETED

STATUS CODE OF TItE
EARLIEST LVDC
ROUTINE EXECUTED

ERROR MESSAGE WORD

HOP AND SAVE CONSTANT

CONTET.JTS OF ERROR MONITOR REGISTER

ERROR TIME WORDS
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+2

+4

+5

+6

t-
h,
t.
I



,i

The status eodes of the LVDC routines appear in chronological order. The status code of the
routine in operation appears in the most significant six bits of CCELV, and so forth, with the status
code of the first of the Iast twelve sequential routines in the least significant six bits of CCELV + 2.

4.1,2.4 Test Program Output to LVDC

The test programmer may send data to the LVDC by using the macro instruction SWRTE. The
control word format and the coding structure for this request is shown in Figure 4.1. 13. The
calling parameter ADDRS indicates to the LVDC Interface program the storage loeation of the data
area. This address is specified in bits 14 through 0. The first word of the data area contains the
number of data words. This word is followed by the output data that is sent to the LVDC.

O BIT NO.

ADDRS

ADDRS NUM N

BSS N.l

NUMBER OF DATA WORDS

\--'

Figure 4.1.13 Output Storage for LVDC Data

4,1,2.5 Control Requests to LIIDC

The control functions for commanding the LVDC to perform a specific routine and notifying it that
data is available, are requested by the macro instructions SCMND and SYNC, SYCNB, and
RSYNC. The control word format to request these functions is shown in Figure 4.1.14,

The control word requires input parameters and a request code. The input parameters are
specified by the test program in bits 14 through 0 of the control word. The request codes which
are assigned by the operating system are specified in bits 1? through 1s.

18 17 t5 74

REQUEST

CODE
XX = COMMAND STATUS CODE
X = NUMBER OF TIMES TO SET SYNC

2 = COIvIN4AND

REeuESr coDE i=:T:II!
6 = SET SYNC, DO NOT WAIT FoR RESET
1 = RESET SYNC

Figure 4.1.14 LVDC Command anct Control Words (SYNC Example)

O BIT NO,
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The macro instruction SCMND is used to request that the LVDC perform a specific routine. The
request code must be a2. The input parameter for this request is a two-digit octal code for the
routine desired. Regular and special status codes for LVDC routines are given in Tables 4.1-3
and 4.1-4.

The status codes given in the following table are issued to command the specified LVDC routlne.
Some routines are assigned two codes -- an octal code and a complement code. For these
routines, the status command reflects the octal code, whether the oetal code or the complement
code was used.

The status codes given in the foliowing table are issued, but cannot be commanded. None of the
routines have complement codes.

Table 4.L-3 LVDC Routine Regular Status Codes

Complement Code Routine Name or Function

00
01
a2
03
04
05
06
0?
10
11

L2
13
t4
15
16
t7
20
2L
22
23
24

76
75
74
73
72
7l

Mode Sort Routine Ground Entry
Program Continue Routine
Accelerometer Pulse Count Routine Entry
Gimbal Angle Monitor Routine Entry
Discrete Input Routine Entry
Discrete Output Routine Entry
G&C Steering Test Entry
DOM Test Routine Entry
Ladder Frror Test Routine Entry
Prepare To Launch (Simulated Flight) Without A platform
Prepare To Launch (Flight) With A Platform
Exercise Attitude Command Routine-Mode 1 Entry
Computer Interface Unit Read Routine Entry
Switch Selector Routine Entry
Sector Sum Check Routine Entry
Exercise Attitude Command Routine-Mode Z Entry
Sector Dump Routine Entry
Verify and Prepare to Load Routine Entry
Memory Error Test
Load Routine Entry
Minor Loop, Switch Selector and Real Time

Counter Tests Entry
Unassigned
Prepare to Launch (Simulated Flight) With A platform
Repeatable Simulated Flight Linkage Routine
Telemetry Test Routine
Command Receiver Linkage Routine
Power Up and Initialize Routine
Unassigned
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Table 4.L-4 LVDC Routine Special Status Codes

Octal Code Routine Name or Function

45
46
47
51
56

26
34

3?
42
43

66
?0
17
77
25
27
33
4l
44
50
61

Forced Begin and Initialize Routine Entry
Exercise Attitude command Routine Error Entry - Initial converter

Still Not Selected
Reserved for Simulated Flight
Reserved for Flight
Exercise Attitude Command Test - Maximum Attained on One or

More Axes
Read Input Data Subroutine - Overtime Message
Exercise Attitude Command Test Driving Towards Null
Error Monitor Subroutine Entrv
Forced Begin Routine Error - EMR Non-Zero
Verify and Prepare to Load Routine - Try to Load Without Load of

Previous Data (If Any)
Completion of Repeatable Simulated Flight Run
Reserved for Simulated Flight
Forces the EMR Subroutine to Return to Forced Bepin FBDA
Issued to Mode Register Only When in Special Loader Mode Sort
Unassigned
Unassigned
Unassigned
Unassigned
Unassigned
Unassigned
Unassigned

The macro instruction SYNC is used to send a SYNC signal to the LVDC a specified number of
times. The LVDC resets the signal to acknowledge receipt of the sync signal. This process is
continued until all sync signals have been received by the LVDC. The number of tirnes SyNC is
set !s specified by the test programmer. After the operation is complete, the number of times
the SYNC signal has been set is returned in the left accumulator in bits 12 through 0. This SyNC
count is made in order to check program performance. The request code for a set SyNC
operation is a 4.

The macro instruction SYNCB is used when the LVDC is to be notified that data is available. The
SYNC signal is only set once and the test program does not wait for the LVDC to reset it. There
is no input parameter for this request. The request code for a SYNCB operation is a 6.

The macro instruction RSYNC is used to reset the SYNC signal, instead of having it reset by the
LVDC. There is no input parameter for this request. The request code for a nSyNC operition
isa1.
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4. 1.3 Hardwire Anaiog Voltage Input

The Operating System provides ilre test programmer with the capability to read hardwire analog

DC voitages. 
- 

Two p"og"ams, the LCCC DC Analog Input Interface and the MLC DC Analog Input,
provide this capability for the test programmer.

The LCCC DC Analog Input Interface program is used by test programs resident in the LCCC.

This program allowJthe test programs to read DC hardwire analog voltages from the MLC.

The MLC Analog Input program is used by MLC function executor routines to read MLC DC

hardwire analog voitages. This program also accepts requests to read DC analog voltages from
test programs iesiderrt in the LCCC sent via Data Link from the LCCC DC Analog Input Interface
program.

These Operating System analog programs provide macro instructions to initiate read operatiotts.
The macro na.mes and their coding are given in Table A-5, AppendixA. The test programmer

must provide the test point number in the callihg parameters. When the operation is completed,
return indicators are placed in the right and left accumulators.

There are no error indications returned by the MLC DC Analog Input program. The LCCC DC

Analog Input Interface program returns an unsuccessful indicator if the Data Link failed during
processing bf the request.
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4"1.4 Digital Data Acquisition System (!DAS)

DDAS provides communication capability for test progratns to read DDAS measurements and
calibrations from the vehicle. The Operating System provides test programs operating in the
LCCC and function executor routines operating in the MLC with the capability to communicate
with the DDAS via the DigitaL Data Acquisition System Interface program. A bloek diagram of
DDAS hardware and software is depicted in Figure 4. 1. 1.

Data may be read from all stages oI the vehicle in various modes. The control data required for
reading of DDAS data by the Digital Data Acquisition System Interface program is specified in
calling sequences control words and control C words. The control data is specified by the test
programmer.

The Digital Data Acquisition System Interface program provides the test program with the capa-
bility to request DDAS read operations. It also provides the capability to request termination or
deletion of a previous read request. These requests are initiated with macro instructions and
their calling sequences as given in Table A-?, Appendir A.

4,1,4.1 DDAS Log Table

The DDAS Log Table is the storage loeation which eontains the DDAS data read from any or all of
the vehicle stages. This data comes from the vehicle via the DDAS Computer Interface into the
RCA-I10A. The format of the words corrtained in the DDAS Computer Interface is either 40- or
20-bit words for each DDAS address. If the transfer mode transfers 40 bits, two RCA-110A data
words are needed for the DDAS Log Table. If the transfer mode transfers 20 bits, then one
RCA-110A word is needed. Figure 4.L.15 shows the format of the RCA-110A word for each DDAS
group.

4.L,4.2 DDAS Control Words

When a test programmer requests a DDAS read operation, he must supply three or more control
words for effective data transfer. These control words are identified as A, B, and C. Control
word A contains information pertaining to the DDAS Log Table. Control word'C contains lnforma-
tion pertaining to each stage from which DDAS data is read. If DDAS data is to be read from more
than one stage, the same number of C control words are specified as there are stages read. Con-
trol word B contains information pertaining to control word C. Since there may be more than one
C control word specified, inlormation pertaining to control word C must be specified in control
word E. Specific information for each control word follows: Control word A contalns the following:

r Total number of RCA-110A data words used for the DDAS Log Tabte (the number of
words is the total number required for DDAS from all stages).

o DDAS Log Table address
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GROUP A

GROUP B

GROUP C

129

ONE RCA 11,0A LOG TABLE WORD

GROUP D

,il "orr*r*-
INTERFACE

RCA 11OA

NOTE:

1. GROUPS A THROUGH D CONTAIN 10 BITS OF INFORN,IATION EACH.
2. C AND D ENTER ONLY IF 40 BITS ARE BEING TRANSTERRED.

Figure 4.1.15 Digital Data Acquisition System / nCa-f fOA Interface Data Word Format
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Corrtrol Word C contains:

o Particular stage number
r DDAS stage address (multiplex, frame, channel, group)
o DDAS submode
r Number of DDAS Computer Interfaee sequential data words for the particular stage

specified

Corrtrol word B contains the following:

r Bank loeation of the DDAS Log Table
r Total number of C control words
o Total number of DDAS Computer Interface data words for all DDAS read from all stages

The format for these control words is shown in Figure 4.1,16. A more detailed descrlptionfor
coding is given in the RCA-11OA Programmers Reference Manual.

4.L.4,8 DDAS Transfer Modes

A test programmer may read DDAS data in three types of modes: 1og, single scan, and speeial.

The log mode is a DDAS Input/Output Data Channel transfer mode identified as a "continuous
update" mode. When the DDAS data has been updated, it is transferred from the specified DDAS
address to the computer log table. Data updated for each DDAS address occurs every 280 milli-
seconds. When the last DDAS address (specified in the last C control word) has been read, eontrol
returns to the first C control word and additional data continues to be read into the eomputer logtable. The DDAS read operation continues until a termination is requested by the test program or
a hardware error occurs.

NOTE

To avoid difficulty in identifying data stored in the log table, log table length
should be equal to the total number of words to be read, or a multiple
thereof . The log table length must always be an even number of words for
log mode transfer.

In the single scan mode, the IODC performs one complete cycle of operation and terminates.
The difference between single scan and log mode is that in the tog mbde the IODC will receive
DDAS data only when the specified word has been updated, The IODC will not terminate
until the log table is full, hau-full, or a terminate command is received"

The special mgde transfers 40-bit words to the RCA-110A instead of the normal Zo-bit words. Thisoperation is identical to the 1og mode, except that data is read from only one DDAS address for eaehC control word. Data is transferred from this address as many times as specified by the word
sequence count and stored irr sequential locations in the log tabie.

The DDAS Interface program provides additional options with the above transfer modes. These
options are:

o Sequential Transfer
r Updated Block Transfer
o Normal Sequence
r Log Mode Termination (when one 1og table is half-full)
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NO. OF LOG TAI]LE

RCA11OA WORDS
LOG TABLE STARTING
ADDRTSS

BANK

ADDRESS

f,T LOG TABLE

NO. OF C CONTROL

lVORDS
TOTAL NO. OF SEQUENTIAL
DDAS INTER.FACE WORDS

STAGE

NUIVlBER

MULTI-
PLEX[R FRAl\{E CTIANNEL T

DDAS
SUBMODE

NO. OF DDAS SEQUINTIAL DATA
WORDS FOR SPECIFIED STAGE

GROUP A, B, C, D

OOO . GROUND STATION XNIITTER
001 - s-I c
010 - s-II
011 - S-M

11r218

CONTROL A

B

100 - IU
101 . TELEI\.IETRY CHECKOUT
110 \ spenEs
ttt )

Figure 4.1. 16 DDAS Control Word and Storage

Sequential transfer, update block transfer, and normal sequence are DDAS Computer Interface
transfer modes which are further explained in the RCA-110A Programmerts Reference Manual.

The log mode termination capability will only interrupt log mode processlng when halJ of the log
table data words have been updated.

4.L,4.4 DDAS Calibration and Measurement Processing

Whenever a test program or function executor routine is using the DDAS Interface program for
calibration and measurement of DDAS readings, it must set a bit in communication celt CCxCT to
indicate to the DDAS Interface program which stage of the vehicle is being used for the calibration
or measurement. If a test program or routine tries to read DDAS data from the same stage of the
vehicle on which calibration and measurement is being performed, the DDAS data being read may
be invalid. Prior to performing a read, the DDAS Interface program checks the communication
cell CCXCT to see if the stage from which DDAS data is to be read is also being used for calibra-
tion or measurement. If so, the DDAS Interface program sets a bit in the read request control
word to indicate the above condition.

The format of this eommunication cell is shown in Figure 4.1.71. One of the bits ? through 0 is
set to one if a particular stage is being used to calibrate or measure a DDAS reading. Bit position
0 is set to one iJ the DDAS Ground Station transmitter is being used. Bit position 1 is set t-o ole jJ
the S-IC stage is being used and so on.
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NOTE

When a calibration or measurement test program or routine has completed,
it must set the bit to zero.

4,L,4,5 Log Mode Interrupt Processing

A test program may request a log (continuous update) mode read operation. When this log table
has one-half of its contents updated or is completely updated during the DDAS log mode read
operation, a DDAS l/OOata Channel termination interrupt occurs. The Interrupt Processor of
the Operating System has control and transfers control to the test program's Log Mode
Interrupt Subroutine.

Any test program which uses log mode processing must contain a Log Mode Interrupt subroutine
(refer to Figure 2.1.2). The address of this subroutine must be specified in the test programs
fourth communication cell.

Prior to requesting a DDAS log mode read request, the test program must set bit 23 of the
communication cell to a one (1) . If a DDAS t/O nata Channel termination interrupt occurs,
the Interrupt Processor checks bit 23 of the communication ceIl to see if log mode interrupt
processing is being performed. If bit 23 is a one (1), the Interrupt Processor accesses the
address of the test program Log Mode Interrupt subroutine in the eommunication ce|l and
transfers control to the subroutine. When the subroutine performs the necessary housekeeping,
it returns control to the Interrupt Processor. If a DDAS t/OOata Channel termination interrupt
occurs and bit 23 is not a 1, an error has occurred and a message is displayed and printed.

NOTE

The DDAS Log Mode Interrupt Subroutine must be of short duration since
most interrupts are inhibited during the subroutine.

(,CX(,7

T[L[T4ETRY CHECKOUT

IU

S IVB

SII

DDAS GRD STATION TRANSMTTTER

Figure 4.1.17 Calibration In Progress Communication CelI
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TRANSFER

DDAS TRANSFER MODE

ADDRESS OF DDAS

CONTROL WORDS

2L

F_Norr___-l
ERROR RXTURN

NORMAL RETURN

NOTE

u'' 
ii= 1 : H:: Hi3 f^:?Ti#J'
20 = L - DDAS READ IS IN PROGRESS\
" = t l- - DDAS cALERATE IS IN PRocREsszs= t )

Figure 4.1.18 DDAS Read Request Word Format

4.1.4.6 DDAS Read Requests

The DDAS Interface program provides test programs and Function Exeeutor routines the capability
to request a DDAS read operation in various DDAS transfer modes. There are two types of read
requests. One stacks the read requests and returns control to the ealling program immediately;
the other read request performs the DDAS read operation before refurning control to the test
program"

The DDAS read request which is stacked may be performed by the MACRO instruction XDDS and its
calling sequence as given in Table A-? of Appendix A. When this MACRO is coded, the test
programmer must specify two calling parameters. These calling parameters are assembled into
the calling sequence eontrol words as shown in Figure 4. 1. 18. The parameters are as follows:

o DDAS Transfer Mode Code
r Address of DDAS Control Word Table

The DDAS transfer mode code indicates to the Operating System which transfer mode the test pro-
grammer desires to read DDAS. There are B possible modes and the code for each is contained in
the first control word. The codes and corresponding mode are as follows.

0 = single scan-sequential transfer with no remote DDAS capability
2 = Log Mode - updated block transfer
3 = Special Mode

1 = log Mode - updated block transfer with termination ylpq llre log table is 1/2 fu1
5 = Special mode with termination when the log tabte is l/2 tvLL

10 = Log Mode - updated block transfer with a normal sequence submode
12 = lrgg Mode - updated block transfer with a normal sequence submode and a termina-

tion when the log table is l/2 full
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The control word address is the core location of control word A and is specified in the seeond con-
trol word. When the stack read request is made, the request may or may Jrot be stacked. There
are two return locations provided for each possibility. They are identified as the NORMAL and
ERROR return. When the request has been stacked, then the DDAS Interface program returns to
the NORMAL return, Within the LCCC, when the request has not been stacked, ieturn is made
to the ERROR return. The possible error condition is Stack FuII. Within the MLC, returns to
the ERROR return may be caused by any of the following:

r Improper Scan Mode specified
l Incorrect Log Table length specified
o Illegal number of control C words used
o Data Link Failure

When a return is made to one of the return locations, bits are set in the control word containing the
mode code. The bits and their significanee are:

DDAS read is eomplete
DDAS read has failed
Requested read in Progress

DDAS calibrate test is in progress. Data may be bad.

The Read and Hold request initiates a DDAS read operation in the single scan-sequential transfer
mode only. Control is not refurned until the entire read operation is complete. Request for this
operation is made with an XDDRH MACRO instruction and its calling sequence.

!!e tes.t program or Function Executor routine links to the DDAS Interface program with TSpO
SXRH, ?. The only calling parameters required for this request is the address of the DDAS control
word table. This address is specified in the first control word of the read and hold calling
sequence.

The return locations and parameters are similar to those as in the stack read request.

4,L,4,7 Terminate or Delete a Read Request

The DDAS Iuterface program provides the test programmer the capability to

r Delete a previous read request that has been staeked.
r Terminate a current DDAS read operation.

The terminate or delete request may be performed byspecifying theXDDATMAcRoinstruction andits calling sequence-._ The test program or Function Executor r*outine links to tfre interta;;;;"-gram with a TSPO SXAT, 7.

The calling parameter that must be supplied by the test programmer is the address of the firstcontrol word of the original read request. This addresJ miy be symbolic or absolute and is speci-fied in the control word as shown in Figure 4.1.19.

Im.l the request has terminated the read operation or has deleted the original read request that
has been stacked, control is returned to the core location identified as ttiJ normal return. Thisreturn location follows the control word. Bits are set in the control word to indicate the results
oJ the request. If bit 22 is set to 1, then the original read request that had been stacked has beendeleted. If bit 23 is set to 1, then a read request was ln operition and has been termtnateA.

Bit 23=1
22=L
20=1,
19=1 (
z}=tl
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ADDRESS OF FIRST CONTROL

WORD OF ORIGINAL READ

REOUEST

NAL READ REQUEST DELETED

IGINAL READ REQUEST TERI\,{INATED

NORMAL RETURN

Figure 4.1.19 Terminate or Delete Control Word

4.1.4. B MLC Remote DDAS Requests

Requests for DDAS data from the MLC are processed by the Remote DDAS/Count-Clock routine.
A request is validated and transmitted to the LCCC, where the DDAS reading is initiated. Con-
trol is returned to the caller when the request has been transmitted to the LCCC successfully.
Complete bits are not set for the caller until the requested DDAS data has been returned from
the LCCC, Refer to Table A-7, Appendix A, for a description of calling sequences.

The restrictions on MLC DDAS requests are as follows:

r These requests are limited to two DDAS nrodes: Single Scan Sequential Transfer
and Log Mode Terminate on Haif Full.

Control A, B, and C words must be contiguous in core.

A maximum of B Control C words and 50 DDAS data words are allowed. The
data word input buffer must be 7 words larger than the number of expected
data words to allow for storage of GMT in binary, and for value of countdown
clock in BCD and in binary at the time of DDAS read.

The format of the DDAS data table is as shown below.

Word 1

8 (Address indicated in Controi A
word)

etc.

The address specified in the Control A word is the starting
address of tl-re DDAS data words in the buffer table. The
information contained in the first 7 words of this table precedes
the DDAS data words.

2

3

4

5

6

7

23 LSB GMT (BTNARY)

4 MSB GMT (BINARY)

T-DD (BCD)

HHM (BCD)

M. SS (BCD)

INDICATOR 4 MSB CDC (BINARY)

DDAS DATA

woRDS (MAXTMUM
oF 50)

NOTE
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4.2 DISPLAY SYSTEM INPUT/OUTPUT

The Saturn Operational Display System provides the test programmer with the capability to
communicate with the system's fifteen display consoles through the Display Control Computer (DCC)
in the Launch Control Center. The Saturn Operating System provides three programs whibh are the
communication link between the test progiam and the test engineer. These programs are:

o Display Data Link (DLSL)
r Display Service (SDSR)
o Remote Dispiay Service (SRDY)

The Display Data T,ink program is resident in the LCCC. It accomplishes two things for the test
programmer: it accepts test engineer parameter input and,routes this inpuL data to the test program
via Test Program Control (ET01); and it accepts messages from the test program via the Display
Service Program and sends them to the DCC.

The Display Service program, resident in the LCCC, serves the test programmer by placing binary
and BCD data from the test program into acceptable format for the DCC and the display console. This
program supplies X and Y console coordinates, refresh memory addresses, and routes all test program
messages to the proper console (these three functions may be specified by the test programmer if
he so chooses). The data and control information is then sent to the Display Data Link program.

The Remote Display Service program ls resident in the MLC and serves as a communieation link
between the Operating System programs, function executor routines, and the display console via the
Display Service and Display Data Link programs. The Remote Display Service program transfers
messages via the Data Link to the Display Service program.

Figure 4.2.7 shows a block diagram of the major elements of data flow and communication links
between the test programs, function executor routines, and the display console.

4,2.1 Operational Display System

The display eonsoles sf the Saturrr Operattonal Display System provide an lnterface between the test
program and the test engineer.

The display portion of each console consists of a cathode ray tube (CRT) capable of display on a 12 by
12 inch area.

4,2.2 Typqs of Displaygd Dlrtq

Data to be displayecl upon the console may be e lassified as variable or background data.

4.2.2.L Variable Data

Variable data is defined as information which is dynamic in nature and is continuously being scanned
for update. Variable data is generated and continuously updated during executi,on of i test program
or functiotr executor routine in the LCCC or the MLC. The test programmer may provide that this
data coded BCD or preformatted (in refresh memory format) within the test progranr or function
executor routine, transrnitted to the DCC, and processed as necessary for displiy. The test programmer
nray also choose to code, f or the Display Description tape, a display description containing a format
table. The format table serves to convert raw binary variable data generated or retrieved by the test

\=-
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program or function executor routine into a form suitable for display (i. e., in refresh memory (RM)
format). Refer to paragraphs 4.2.7,5, 4.2.7,6, and 4.2.7.7 for further explanation of variable data.

4.2,2.2 Background D?ta

Background data is defined as inJormation which is static in nature and is not subject to change by the
Operational Display System itself . This data is used to provide reference in-formation for variable data
which is continuously being updated. Background data may be provided by only one of the following for
each set of variable data: by the precoded data (which is preformatted or in RM format) in a Display
Description tape record, or by a 35mm film chip projected by the Operational Display Systemrs
Random Access Slide Projector (RASP). Refer to paragraphs 4.2.7.3 and 4.2.7.4 for further
explanation of background data.

4.2.3 Digital Data and Slide Data

Variable data and the precoded background data stored within a dispiay description are commonly
termed digital data; these types of data are generated for display via the LCC and the DC computers.

Data provided by a projected 35nrm film chip is termed slide data; this data becomes an image
generated for display vla TV camera.

4.2.4' Digital Data Symbols

The test programmer may utilize digital data symbols of two main types--alphanumeric characters
and vectors. Alphanumeric characters consist of alphabetic, numeric, and special charactersr each

\ ) of which may appear in a large or small configuration, and may be displayed either sequentially or\--' randomly.

Vectors may be used to provide the axes of graphs, as symbols indicating magnitude and direction or
a relay closure, or sirnply as lines to separate columns of alphanumeric characters.

DaLa to be prepared for generation via slide may consist of any type of data, but will mainly consist
of alphanumeric characters and vectors (refer to paragraph4.2.6.3 for further explanation of display
of slide data or slide data mixed with variable digital data).

4.2.5 Display Screen Configuration

The CRT display area is designed so that all displayed information may be referenced in terms of its
lZ-inch square X/Y coordinate system. The 12*inch square has been defined in terms of a 512 by
512 digital unit (dit) grid rnatrix. The zero reference point (X/Y coordinate 000/000) is at the upper
left corner of the matrix. The coordinate 000/511 is the lower left corner reference point; the
coordinate \fi/AA0 is the upper right corner reference point; and the 5111511 coordinate is the lower
right corner reference point.

Thts grid system yields 262t 144 intersection points which the test programmer may uniquely ref erence
with an X/Y coordinate. However, areas at the top and bottom of the CRT display area are reserved for
the display of special informatlon by the Operating System and Display System, and should not be
referenced by the test programmer. (Exception: when digital data is mixed with slide data, the Special
Slide Flag bit provided in the format of a display description may be coded to disable both reserveti
areas from their usual use, and toallow variable digital data to be displayed within these areas. )
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Information displayed in the area at the top of the screen (termed status area) is as follows: test pro-
gram or ATOLL procedure status; Operating System status; operator number and console page; GMT
in hours, minutes, and seconds; and additional information pertaining to display console operation,
The status area locations are 000 through 022 in the Y direction, and 000 through 511 in the X direction.

The area at the bottom of the screen is used to display information as follows. The upper hall of this
area is used by the Operating System to display inJormation to the test engineer; the lower half (termed
scratch pad area) is used to display information entered on the keyboard by the test engineer (which
he may choose to retain for future reference). This area of the console covers grid locations 455
through 511 in the Y direction, and 000 through 511 in the X direction.

The test programmer may then reference all data for display in locations 000 through 511 in the X
direction, and in the respective Y locations for the various types of data given below:

o For vectorsl Y locations 023 through 454.
o For small characters; Y locations 031 or 035 through 454.

If characters are referenced at location 031, they will appear when displayed
immediately adjacent to any data displayed in lower status area; if characters are
referenced at location 035, they will be displayed appropriately spaced below
any data displayed in lower status area.

r For large characters: Y locations 039 or 048 through 454.
ff characters are referenced at location 039, they will appear when disptayed
immediately adjacent to any data displayed in lower status area; if characters
are referenced at location 048, they will be displayed appropriately spaced below
any data displayed in the lower portion of the status area.

Further requirements for referencing data are given in paragraph 4.2.6.

4.2.6 Referencing of Displayed Data

The test programmer may reference each displayed character or vector according to the display console
grid scheme described in paragraph 4.2. 5. The test programmer must reference data accoiding to
the type and cornbinations of data to be displayed, as follows:

o Display of digltal data (variable data, variable data with
precoded data as background, or precoded data alone). Refer to
paragraphs 4.2.6.1 and 4. 2.6.2 for details of referencing.

r Display of digital (variable) data mixed with slide data as background,
or slide data alone. Refer to paragraph 4.2.6.3 for details of referencing.

4.2.6. 1 Referencing Alphanumeric Digital Data

The test programmer references all alphanumeric digital data by specilying the X/y console
coordinates at the lower left corner of the character. A small character may be specified for display
in each 10 by 13 dit (along the X and Y axes, respectively) area of the allocated display area. A
maximum of 51 small characters may be specilied for display in each row along th; X-axis; and a
maximum of 39 small characters for display in each column along the Y axis. 1 la.g" character may
be coded for each 20 by 26 dit area. A maximum of 25 large characters rnay be specified for display
in each row along the X axis; and a rnaximum ol 19 for dispiay in each column along the y axis.
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4.2,6.2 Referencing Vectorial Digital Data

The test programmer defines a resultant vector with an X/V set of coordinates for both the origin
and the termination points; for example, 020/030 and 040/060 are the X/Y coordinates for the origin
and termination points, respectively, of the vector thus defined. (A resultant vector is any vector
whii:h can be defined in terms oJ two- (X and Y axis) component vectors).

The vector must then be defined in terms of its X and Y component vectors. The maximum length
of an unconnected vectot is two inches. If the test programmer wishes to display a resultant vector
of more than two inches, he must first divide it into a number of vector segments, each with a length
of two inches or less. Each vector segment would then be broken down into its X and Y component
vectors, and ihe number of digital unit (dit) increments for each component determined. The dit
increments for the X and Y components are then added to the origin coordinates of the first vector
segment to determine its termination point (which is also the origin point for the second vector
segrnent). The number of X and Y increments for a 2-inch vector is determined as follows:

a. Determine the inch length of the X and Y component vectors by
measuring them off.

b. Calculate the number of increments along each component with the ratio
formula:

*=+Band #=+#
where:

I(X) = Number of increments along X component, in dits
I(Y) = Number of increments along Y component, in dits
12 = Length and width of CRT display area, in inches

512 = Nunrber of increments along each dimension
of CRT display area, in dits

c. Add the calculated number of incretnents to the X and Y coordinates of the origin
point to deterrnine the X and Y coordinate of the termination point.

For a number of connected vector segments, the test programmer must specify an origin point
for the first connected vector segment, and termination points for the remaining connected vector
segments.

The figure below illustrates the nrethod f or deterrnining the two termination points of vector segments
maling up a connected resultant vector, and the data w"ord cocling f ormats to represent them. The
resultant connected vector of 3.5 inches is divided into two connected vector segments of 2 and 1. b
inches. The X and Y component vectors are determined to be 1.8 inches and 1 lnch, .u"p""[iuuiy, fo"
the first vectorl and 1.3 inches and . 75 inch, respectively, for the second vector. According to-fne
iatio f ormula given above, the number of incremdnts is dbiermined to be ?6 by 61 aits ioi 

-t-rre'f 

"rdY components of the first vector segment, and 55 by 32 dits for the X and Y components of the second
vector segment. The termilration point of the first vector segment (also the origin point of the second
vector segnrent) is then determined by adcling the f irst set of increments to the irigin point of the first
segtnent. The terrnination point of the second vector segment is determined by adding the second
set of increments to the termination point of the first vector segment. The coordinates of each vector

r are shown irr the refresh memory data word formats of the figure.
r/
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ul 4.2.6.3 Referencing Digitat Data Mixed with Slide Data

Figure 4,2.3 illustrates the display console format defined for display of digital data mixed with
slide data or slide data alone. Although displayed information can originate on any grid point, this
format has been developed to provide a standard set of grid coordinates for digital data and to be
consistent with character origin grid locations specified in the Sanders Associates "Saturn V Operational
Display System Program Specifications,r" dpted.2 April 1965. Refer also to the "Saturn V Operational
Disirlai System Slide Speciiication, " MSI'C No. III-6-6A2-64, IBM No. 6?-F11-0009, dated 15 September
196?, for further information.

Figure 4.2.3 Display Console Grid Formatfor Display of DigitalData Mixed with
Slide Data or Sli.de Data Alone.
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The grid scheme serves three purposes:

a. provides a L/2 iacn border within the 12-inch square display
area to allow for slide,/digital worst-case compatability
conditions.

b. Provides grid reference units (boxes) for digital data so that
the characters, when displayed under worst-case conditions,
will not appear outside the area allowed by the boxes. (A small
character can be contained in one small grid box, and a large
eharacter in four small grid boxes).

c. Facilitates positioning of slide data relative to digital data.

4.2.6.3.1 Requirements for Digital Data

For display with stide data, digital alphanumeric character sizes are specified as follows:

r Sma}l characters are 0.2 inch in height by 0. 15 inch in width.
r Large characters are 0.4 inch in height by 0. 30 inch in width.

The display console format allows for display of :

r 51 small characters Per row
t 25 large characters Per row
r 39 rows of small characters \.-.
r 19 rows of large characters

4.2.6.3.2 Reqqirements for S1ide Dala

Slide data is permitted to be of any type and rnaximum size, but must conform to the minimum
requirements given in the table below when it is to be used to group digital data.

Table 4.2-7 Minimum Requirements for Slide Data Used to Group Digital Data

Item Requirement

Distance between any two distinct
groups of data

Height of slide boxes (used to group
digital alphanumeric data)

a. For small character
digital data

b. For large character
digital data

0 .06 inch

1. 16 inch

1.36 inch
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Table 4.2-l Minimurn Requirements for Slide Data Used to Group Digital Data (Continued)

4.2,7 Display Desgription

A display description (DD) is a tape record of data to be displayed as requested during SLCC
programming system operations. A test programmer may specify any one or all of the following

Wpes of data in a display description:

o Background (static) data
o Format tables (for use in formatting variable data for display)
I Addresses of items to be DMON-monitored for variable data

A display description must also contain the console reference locations for background and/or
variable data to be displaYed.

Background data may consist of a predrawn slide or of precoded background data (alphanumeric
data, vector data, or both). In any slngle display description, the test programmer may specify
either slide or any type of precoded background data, but never both.

Format tables are data sets which contain conversion coefficients for transformation of any

variable data in binary form into engineering units for display. Variable binary data may be

displayed in the graphic or tabular modes (graphic mode data consists of analog data; tabular
mode data may consist of analog or discrete data). Three types of format tables are required to
convert graphic and tabular binary data into a form suitable for display:

o Graphic analog
r Tabular analog
o Tabular discrete

Item Requirement

Width of slide boxes Determined by the area occupied by the
sequence of digital characters, summed with
both of the following:

a. The required margin at left of the
character sequence--0. 48 inch
for small and large characters--
and,

b. The required margin at the right of
the sequence--0.40 inch for srnall
and 0.31 inch for large characters.

1

4-4t



Analog data describes a rnagnitude (in binary) for either graphic and tabular mode display. These
clata are considered binary in form when the number of bits of data is specified in the associated
format table. Graphic analog data produces numeric data for display.

Tabular discrete data is considered binary in form when only one data bit of each 24-bit word
transmitted is interrogated, and this bit is specified in the associated format table. Related to
this bit in the format table are two one-word messages to be displayed. One message is dis-
played if the bit checked ls set, and the other is displayed tf the bit checked is not set.

A display description may be considered standard or non-stanclard in format. As shown in Table
4,2-2, 10 numbers (513-522) have been reserved for DD's in standard format. These DD's have
not been implemented at present, but are represented by dummy DD's on the Display Description
tape (dummies also exist on tape for other DD's not yet in use). The standard DD may contaln
precoded background data, which would be placed in the Display System's spare refresh memory
(one spare accessible by all of the systemls present configuration of 15 consoles); format tables
for variable data; and/or addresses of predefined DMON items.

The remaining DD's (included under the three categories in Table 4.2-2 called Slides, Operations
Lists, and Non-standard Formats) may be consldered non-standard in format; that is, they are
display descriptions each specified by the test programmer to meet a unique display requirement.
DD's in these categories may contain precoded background data (or; for those in the Slides eate-
gory, a reference number to a slide); format tables, and/or addresses of predefined DMON items.

4.2.7.1 Display Description Numbers

Each display description has a display description number,"running from 1 through 1022. These
numbers are assigned to four different display description categories as given in Table 4.2-2.

Table 4.2-2 Display Description Numbers By DD Category

S TANDARD DIS PLAY DESC RIPTIONS

DD Numbers by Category Data Combinations

Standard Formats

5r3-522 Variable data alone

Variable data with precoded background data

Precoded background data alone

a

a

NON- STANDAhD DISPLAY DESCRIPTIONS

DD Numbers by Category Data Combinations

$lides
t-512

(DD numbers 11-35 contain
predefined DMON items)

a Slide data alone

Slide data with variable dataa

4-42



Table 4.2-2 Display Descriptions Numbers by DD
Category (continued)

4.2,7,2 Display Deqcription Categqries and Data Types

The following figure classifies display descriptions in two major categories, and gives a break-
down of data types within these two categories.

Slide (Background)
Data Only

Slide (Back-
ground) Data
and Format
Tables

Precoded
Background
Data OnIy

Vector
Data

Format Tables
Only

Precoded
Background
Data and
Format
Tables

Alphanumeric
Data

Alpharmmeric
and Vector

Data

NON -S TANDARD DIS PLAY DES C RIP TTONS ( c ontinued)

DD Numbers by CategorY Data Combinations

Operations Lists

523-542 Precoded background data alone

Non,Standard Formats

543 - 1022

a Varable data alone

Varable data with precoded background data

Precoded background data alone

a

a

DIS PLAY DESC RIPTTON CATEC,ORIES

Non-Slide

Figure 4.2.4 Display Description Categories and Data Types
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Dispiay descriptions are contained on a binary tape generated by the Display Description Tape
Generator (DDTG). If a test programmer wishes to access a display description (to use in for-
matting variable data for display, and perhaps also to provide background information for this
data), he specifies a display description number which the test program calls via the Display
Service routine (SDSR). After SDSR has retrieved the display description from tape, it sends the
format tables to DCC memory, and any precoded background data to DCC refresh memory for
display"

Only then may the binary variable data be sent to the DCC for formatting and display.

4.2.7.3 9lide Background Data

Data to be used to provide slide background data is drawn as an engineering master and photo-
graphed to provide a 35mm film chip. The film chip is then mounted in a slide mount compatible
with the Saturn Operational Display System equipment. The completed slide is placed in one of
two available slide projector banks which are accessible by any display console.

Each slide is assigned the DD number of the display description with which it is associated.
Slides are grouped according to the two slide projector banks, identified as banks A and B, in
which the slides are placed. Bank A is capable of containing 256 slides (DD numbers I through
256), and bank B is capable of containing 256 slides (DD numbers 257 through 512).

4.2.7.4 Precoded Background Data

Instead of a reference to a slide, a test programmer may specify precoded data as background
information to variable data. Alphanumeric characters coded in BCD, vectors coded in refresh
memory format, or both may be specified. Precoded background data displays may consist of
any single type or combination of the following data types:

r Smalt characters (up to 396)
r Large characters (up to 198)
o Connected vectors (up to 198)
o Unconnected vectors (up, to 98)

In each display description, the test programmer is allocated a 250-word area in which to place
precoded background data.

4.2.7.5 Graphic Mode Data

The display of data in the graphic mode is defined as a display of a general curve which relates a
variable parameter to time. In this mode, the test programmer may code for display a curve
which best fits the engineering data. A graphic mode curve may be displayed only if the required
conversion data is in specified format ta_bles. The curve i-s calculated using the general form of
a fourth-degree polynomial: a0 + a1 xl * ,2 *2 * u3 *3 + a4 x4 . The variable ,,x,'
represents a number (i.e., engineering data such as an analog voltage); the letter,na', represents
the calibration coefficients used in conversion of binarv data for display in the graphic mode.
The calculated value of the polynomial expression yields the Y coordinate for the graph.
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The Display Control Computer creates, as an artificial time value in seconds, the value for the
X coordinate of the graph. To generate this value, the DCC assurnes one second of elapsed time
between transmission of each message of binary data (transmission of binary data entails trans-
mission of one item of information at a time; any additional data transrnitted at that time is ig-
nored). In the graphic mode, use of this technique restricts the plotting of a curve to that of a
curve of one variable.

The followirrg restrictions for the graphic mode mttst also be considered by the test programmer:

r The Y axis must begin at zero and the computed functious must be positive.

r The Y axis must not be defined as negative. It must extend from zero to some
positive value.

4.2,7.6 Tabular Mode Data

Display of data in the tabular mode is defined as a display of alphanumeric characters; for exam-
ple: a binary representation of discrete information (alphabetics) or a binary expression of an
analog measurement (numerics). Tabular mode format tables (analog or discrete) must be placed
in DCC memory before variable data is transmitted to the DCC.

When discrete data is sent to the DCC, a prespecified bit is checked and a prespecifled message
displayed, depending on ilte bit value. If analog information is to be displayed in the tabular mode,
the numeric value is calculated using the general polynomial. Desired accuracy of this value is
determined by the number of coefficients prespecified. Thus, if a Iinear conversion is sufficient,
only the first two coefficients must be specified. OnIy four significant digits of a numeric value
calculated in the tabular mode are displayed (if computed value is +81?1.009, +8171 appears on
the display screen).

4.2.1.? Format Tables

Format tables contain information whieh allows the DCC to format variable data for display. The
variable data must be a binary representation of the parameter being monitored, which may be
an analog or a discrete measurernent. When the variable data is to be displayed, the data from
the format tables is accessed to convert the data into the tabular or the graphic mode for console
display. Tabular displays may come from either analog or discrete input data; graphic displays
may come only from analog input data.

Because format tables must be defined for graphic and tabular mode displays, three different
kinds of fonnat tables are defir,ed: graphic analog, tabular analog (Iinear and non-linear), and
tabular discrete.

Each of these kinds of tables contains data unique to its lunction and is assigned an appropriate
DD nurnber. The format table data is coded, punched on cards, placed on tape, and accessed when
required. The forrnat tables for DD's are arranged into groups which are numbered 0 through 7.
The purpose of this group number assignnrent is to permit fiexibility of binary data acquisition;
that is, an entire set of raw binary data need not be transrnitted for its associated DD, but rather
only that binary data related to a group withitt the defirred set of format tables. Group ? is reserved
for graphic analog tables, and group 0 is reserved for predefined DMON items. Groups 1 through
6 are used by tesi prograllls for tabular analog and tabuiar discrete tables.
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The graphic analog format table contains the data required to generate graphic curve represen- '"----/

tation of a series of binary values of analog voltages with respect to time, as follows.

r X and Y coordinate location of the graphts origin.
o Number of data bits in the field to be eonverted to display format.
r Number of shifts required to left-justify the data field in a 24-bit word.
r Code to indicate whether a negative value is represented in oners or tworg

complement form.
r Graph range as a function of time.
o Calibration coefficients (from two to five).
I Maximum Y value indicating the maximum range in which the converted data

may be graphed on the display console.
r Number of increments in the X and Y direction required for the entire graph.

The tabular analog format table contains the data required to compute and display the 4umeric
value of a binary analog measurement, as follows.

r X and Y coordinate location to display the first digit of the computed value.
r Code to indicate whether large or small characters are desired.
o Number of bits in the data field to be converted to the numeric value.
r Number of shifts required to left-justify the data field in a 24-bit word.
o Code to indicate whether a negative value is represented in onets or twots

complement form.
o The upper and lower limits between which the computed value lies.
r Calibration coefficients (from two to five).

The tabular discrete format table eontains data to detect the desired discrete information and \--
display information about the bit value, as follows.

o X and Y console coordinate indicating where the discrete message is to begin.
o Code to indicate whether the message is to be displayed in large or small characters.
r Number of shifts required to left-justify the data bit to be checked in a 24-bit word.
r Two four-character messages: one to be displayed if checked bit value is one;

the other if checked bit value is zero.
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.4.2.7.8 Refresh Memory Space Allocations for Display Description Data

Figure 4.2.5 shows the refresh memory space allocations for display description data. For display
of variable data (alone or with precoded background data) or precoded background data alone, the
test programmer must code for the locations and contents shown in the top half of the figure. When
he wishes to dispiay a slide (alone or with variable data), he must code for the Iocations and contents
shown in the bottom half of the figure.

Figure 4.2.5 Refresh Memory Space Allocations for Display Description Data

Variable Data
(alone or with
Background
Data) or Back-
ground Data
alone on Dis-
play Screen

Locations
4-tll

Locations
172-223

Locations
224-735

Locations
?36-1647

Locations
1648-2047

Status
Line
Data

Scratch
Pad
Data

Background Data,
If Any

EDIT
EXECUTE
(Keyboard)
Data

Variable
(Real-Time)
Data

Projected
Slide (alone
or with
Variable Data)
on Display
Screen

Locations
4-ttt

Locations
112-223

Locations
224-330

NOTES
1. Only tfre iirst gg0 refresh

memory locations are
displayed when slide and
variable data are dis-
played together.

2. Use of special slide
flag (in a display des-
cription) enables use of
locations 4 through 330
for storage of variable
data.

Status
Line
Data

Scratch
Pad
Data

Variabie
(Real-Time)
Data

U
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I

4.2.8 DD Symbolic and Binary Tape Input

AIl predefined non-standard display descriptions reside on a binary display descniption tape.
Magnetic Tape Station (ufS) 6, IODC 2, used for display descriptions, is on-line tb ttre t bCC.
A test programmer or a test engineer can request a display description by sending certain control
words with the display description number to the Display Service program (SDSR): This program
searches the display description tape, accesses the desired descriptilon, and then sends the control
and data words for the DD to the DCC.

The DD tape contains 1 fiie of 65 records and 15 files of 64 records (actual or dummy), for a total
of 1025 records. Each file is closed out by an End-of-File (EOF) mark. The first record of the
first file is a l2-word header ID record, Eaeh of the other records on tape contains the
information for one display description, or is a dummy record (contains all-zero words, except for
the DD number in word 2). Within a file on tape, DDrs are placed in ascending numerical order by
DD number. Figure 4.2.6 provides a graphic representation of the format of the data as it appears
on the binary DD tape.

The binary DD tape is generated via the RCA-110.{ Display Description Tape Generator (DDTG),
from three possible sources of input: symbolic cards, symbolic tape (created via ATOLL), and an
old binarSz master DD tape. The following input combinations may be used.

a. Complete symbolic DD card deck
b. Symbolic update cards and symholic tape
c. Symbolic update cards, symbolic tape, and old binary DD tape
d. Symbolic tape
e. Symbolic tape and old binary DD tape
f. Symbolic update cards and old binary DD tape

The symbolic DD tape is composed of a variable numier of records, eaeh one a 21-word card
image in binary packed mode. Each DD is preceded by a 20 word record containing a pROG card
image and followed by an END card image, an EOF mark, or both. A double EOF designates the
end of the symbolic tape.

Figure 4.2.7 illustrates the systerh flow in generation or update of a display description tape.

4.2.8.1 DD Data Cards

Display description data is first coded and then punched on cards. These cards are used as input to
DDTG to generate a new binary DD tape, or to the ATOLL Compiler to generate a symbolic tape to
be used as input to DDTG. There are five types of data cards: A, B, D, 3, and 4. Card type A is
used to define linear tabular analog data. Card type B is used to define precoded backgrouna aata.
Card type D is used for tabular discrete data. Card types 3 and 4 are uied together to*detine non-
Iinear tabular analog data or graphic analog data.
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HEADER ID RECORD

Date Info (BCD)

Tape ID InIo (BCD)
(From ID Control Card)

Tape ID InJo (BCD)
(From ID Control Card)

ATOLL System Tape # (BCD)

ATOLL System Tape # (BCD)

\

1

q.

Word I

Words 2 thru 5

Word 6

Word 7

Word 8

Word 9

Word 10

Word Il

Word 12

MM.,/D MM=Month

D, Y DD =DAY

YY =Yer

ATVV
V-NN
(or)

VNW\I

AT = (Represents) ATOLL
VW = Vehicle Number

NN = Revision Level
NWN = Work Tape Revision l-evel

wh ere:

DATA RECORD

Word 1

Word 2

Word 3

Word 4

23 12111 0
I,,1.r. Nunrber ,,tDD Wordsl Tolal Nun)ber of DMON Wurds

23122 15114 0
1 | nor Used I Oisptal DescripLior Numoer

23 Zero Word 0

Spec.
Slide
Flag

22 0

Total Number of Background Words = 248

248 Words
Maximum

Background Data Words (First Fiye Words of Table
Indi@te the DD and Revision Numbers)

Word N

WordN+1
WordN +2

WordN+3
WordN +4

WordN +5

WordN+6
WordN+7
WordN+8

Total Numbe. of Format Words 
= 

225

-N-*rb"a 
"f 

W""d" ,r Grarp O

Number of Words in Group 1

Number of Words in Group 2

Number of Words in Group 3

Number of Words in Croup 4

Number of Words in Group 5

Number of Words in Croup 6

Nunlber of Words itr Group ?----T--
I

I

I

225
Words

Maximum

39 Words
Maximum

ot included in
)tal number of
D word count

FORMAT DATA FOR GROUP O

FORMAT DATA FOR GROUP 1

FORMAT DATA FOR GROUP2

FORMAT DATA FOR GROUP 3

FORMAT DATA FOR GROUP 4

FORMAT DATA FOR GROUP 5

FORMAT DATA FOR GROUP 6

FORMAT DATA FOR GROUP 7 (If Group ? Data, No other
other Format Table Data is present in the DD)

PREDEFINED DMON ADDRESSES = 39
(One Cotrtrol C Word per Address)

AII-Zero Word

ATOLL Systenr Tape # (BCD)

ATOLL Systenr Tape # (BCD)

\ Bit 23 = 1: lndicates
F to DMoN craphic-
J 1_\,pe Data

Word 3

Word 4

L
These 9 Words
Are lvlirDdatory,
Regardless of
Number of Words
In Fornat Tables

Predefined DMON
Items

Tabulirr Amalog
and./or Tabul:rr
Discrete (Test
Programs)

Graphic AnirloB

Not
tota
DD

(I word)

(l word)

(l word)

Figure 4.2.6 Display Description Binary Tape Format - Header and

ATVV

V.NN
(or)

VNWN

DD Data Record (Sheet AA)
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STRING
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POSITION VARIAtsLE DATA
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NUMBER OF SHIFTS TO
I,EFT-JUSTI]TY DATA IN
A 24-BIT WORD.

BITS OF DATA
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I{ECK
WE1T IJMIT CIIECK

2 1'O 5 CALIBITATION COI]FFICIDN'I'S*
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Figure 4.2.6 Display Description Binary Tape Format - Groups 0 through 6 Format Table
Data Words (Sheet AC)

T
Y
P
tl

22 20

COEF.

19 13

NOT USED

72

C
O

NT

P

11 10
L-

'nnr_
,S

o 5

BITS

4 0

SHIFTS

0
, 1-

/

EIS

I,
A

fuunruan o]r cA
I conrrrcrnN'rs
1 nrscnl:rr o

[-nueloc - z-.,

CON{PLEMENT IF

I,IBITATION -NUMBER 
OF B

NO LIMIT CIIBCKI
LOWER LIMIT CI{
UPPER LIMIT CI{]
UPPER AND LOw]NEGATIVE

00
01

10

11

4-51



POSITION GRAPH ORIGIN

181 17 el8 0
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{ 1 = ANALOG. DISCRETE HAS NO MBANING FOR GROUP 7
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BRATION COEFFICIENT)

z.) 0
GRAPH RANGE AS A FUNCTION OF Y IN B1O*

18
ZEROES

T7 9

GRAPH SIZE
x (e BrTS)

8 0

GRAFH SIZE
Y (9 BITS)

0
GRAPH ITANGE AS A FUNCTION OF TIMB IN BO*

*See Sheet AE of this figure for formzrt of calibration coefficients.

Figure 4,2.6 Display Description Binary Tape Format - Group 7 Format Table Data Words
(Sheet AD)
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0

1

SCALE CODE TABLE

** ZERO COEFFICIENTS MUST HAVE SCALE CODE OF B 20

figure 4.2.6 Display Description Binary Tape Format - Calibration Coefficients
for Format Table Data (Sheet AE)
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INTEGER BITS - FRACTION BITS

SPECIFIED

B-X
BINARY PT.
OF COEFF.

SCALE
CODE

NO.
INTEGRAL
BITS

NO.
FRACTION
BITS

B7 000 13 I

B9 001 11 9

B11 010 I 11

813 011 7 13

B15 100 5 15

817 101 ,1 t7

819 110 1 1"9

B 20** 1t-1 0 20

810 N/A L3 10

BO N/A OD 0
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Refer to Appendix F of this volume for a description of equations and relationships to be used in
calculating unknowns for analogs and discretes, and of legal values for DDAS analogs and discretes.

Background table data is found on a type B card only. Format table data may be found on type A,
D, and 3 and 4 cards. There are eight groups of format table data with group 0 being used for
DMON data, group ? used for graphic analog data, and groups 1-6 used for tabular analog and
tabular discrete data (test programs). DMON format table data may be found on type A, D, and
3 cards. If group ? forrnat table data Is contained in a DD, uo other grouprs format table data can
be contained in that DD.

The following tables define field contents for each DD data card type.

Card TVpe A (Linear Tabular Analog Data)

Column(s) Contents Comments

1

3-5

?-9

11

17-30

33 -40

41-48

49-56

57-64

13

15

Group Number

One's or TWo's
Cornplement if
Negative

DMON Address

x Coordinatl

v coordinat/

Character Size

Lower Signal

Upper Signal

Lower Limit

Upper Limit

Ranse)

*r*"j

Defines card type as A.

Defines position of variable data to be displayed.
May be any value within the range of 0-b11
(X coordinate), and 0-438 (y coordinate).

Defines character size, as follows.
S = Small characters
L = Large characters
Blank = Small characters are assumed

Must be groups 0-6 for tabular analog data.
Group 0 for DMON, or from group 1 through
group 6 for test programs. Group 0 is assumed
if a group number is not specifled. If group 0 is
specified, columns 17-30 must contain an analog
address.

1 or 2 for one's or two's complement, respec-
tively. If blank, 2 is assumed.

Left-justified (specified onty if group 0 was
given in column 13).

Right-justified. May be any value within the
range of t 8191.99.

May be any value within the range of 1B1g1. gg,
right-justified; or either or both fields may be
left blank. If displayed value exceeds either
limit specified, the value blinks. A blank in
either field is assumed to indicate the limit
requires no limit-checking.
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Column(s) Contents Comments

6?-68

70-?1

73- B0

Number of Bits
of Data

Number of Shifts
to Left-Justify Data
in a 24-Bit Word

Sequence Number

Must be 11. If blank, 11 is assumed.

This value is 1 for a group B DDAS measure-
ment, or 13 for a group A DDAS measurement.
If fieid is left blank, DDTG can calculate the
number of shifts from the analog address
specified in columns 1?-30. These columns
and columns 17-30 must not both be blank.

First two characters are alphabetic, the
remaining 6 characters are numeric
(beginning with 000000, 000100, 000200, etc).

Card TVpe A (continued)

Card TYpe B (Background Data)

Column(s) Contents Comments

1

3-5

7-9

11

13-?1

?3-80

X Coordinat)

Y Coordinatf

Character Size
or Vector Coor-
dinate

Background Data

Sequence Nutnber

Defines card type as B.

Same as for a type A card.

S designates small character for BCD back-
ground data. S is assumed if L, P, or V is not
specified, or if column 11 is blank.
L designates large characters for BCD back-
ground data.
P designates the position point of a vector at
X-Y coordinates.
V designates the termination of a vector at X-Y
coordinates. For vectors, a position point must
be specified before a termination point. Several
termination points may be specified in sequence;
in this case, th'e position point is assumed to be
the last termination point.

Data to be dispiayed is left-justified. If
colurnn 11 is a V or P, columns 13-71 must be
blank. This field is scanned from right to left
to determine amount of background data present.

Same as for a tytte A card.
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I

Card Type D (Tabular Discrete Data)

Card TVpe 3 (Non-Linear Tabular Anaiog Data)

Co1umn(s) Contents Comments

1

3-5

7-0

11

13

17-30

33 -36

4l-44

47 -48

73-80

X Coordinate)

Y Coordinat)
Character Size

Group Number

DDAS Discrete
DI Address

Message Displayed
if Discrete Bit is
a0.

Message Displayed
if Discrete Bit is
at.

Number of Shifts
to Left-Justify Data
in a 24-Bit Word

Sequence Number

Defines card type as D.

Same as for type A card.

Same as for a type A card.

From 0 to 7. Must be group 0 if a discrete
address is present in columns 17-30.

Left-justified. If a DDAS address is present,
must be group 0. If a DI is specified, the DI
number must range from 0-3023.

If blank and columns 4L-44 are blank, DDTG
inserts the message OFF. If blank and columns
41-44 are not blank, DDTG leaves this field blank.
If a message is specified, it must not be the same
as a message specified in columns 4l-44.

If blank and columns 33-36 are blank, DDTG
inserts the message ON. If blank and columns
33-36 are not blank, DDTG leaves this field blank.
If 

'a 
message is specified, it must not be the same

as a message specified in columns 33-36.

If specified, must be right-justified. For DI,
must be in range of 0-23. If blank and DDAS or
DI address is present in columns 1?-30, DDTG
calculates the number of shifts. These columns
and columns 17-30 must not both be blank.

Same as for a type A card.

E

Column(s) Contents Comments

1

3-5

7-9

11

X CoordinatJ

Y Coordinate J

Character Size

Defines card type as 3.

Right-justified. Defines beginning point of
first character. May range from 0-511
(X coordinate), and from 0-438 (Y coor<linate).

Same as for type A card.
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Card TVpe 3 (continued)

Card Tlpe 4

Column(s) Contents Comments

17-18

20-2L

35 -48

73-80

13

23

Group Number

Number of Bits
of Data

Number of Shifts
to Left-Justify Data
in a 24-Bit Word

One's or TWo's
Complement if
Negative

DMON Address

Sequence Number

Must be group 0-6 for non-linear tabular analog
data. If group 0, must have DMON address in
columns 35-48.

Must be 11, right-justified.

The value is 1 for a group B DDAS measurement,
or 13 for a group A DDAS measurement, both
right-justified.

L ot 2 for one's or two's complement, respec-
tively. If blark, 2 is assumed.

Must contain a DMON address, left-justified, if
group 0 is speeified in column 13.

Same as for a type A card.

.--l
Cotumn(s) Contents Comments

1

3-10

13-20

23-30

33-40

43-50

73-80

4

Coefficient 0

Coefficient

Coefficient

Coefficient 3

Coefficient 4

Sequence Number

Defines type as 4.

May b9 any value within the range of + 8191.9g,
right-justified. Must not be blank.

n4"y.bg any-.value-within the {angg of + 8191.99,
right-justified. Must not be blahk.

May be any value within the range of + 8191.9g,
right-justified. If blanh, coefficients 3 and 4
.are assumed blark also.

May be any value within the range of + 8191.99r
right-justified. If blank, coefficient 4 assumed
blank also.

May be any value wit}in the range of + B1g1. gg,
right-justified.

Same 4s for a type A card.
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(_-,
Card Tlpe 3 (Graphic Analog Data)

Card Type 4 (Graphic Analog Data - Format 1)

Column(s) Contents Comments

1

3-5

7-9

11

13

1? -18

20-2t

2B-30

35 -48

73 -80

23

X Coordinatel

Y Coordinate I
J

Blank

Group Number

Number of Bits of
Data

Number of Shifts to
Left-Justify Data in
a 24-Bit Word

One or T\po's
Complement if
Negaiive

Graph Range as a
Function of Titne

DMON Address

Sequence Number

Defines card type as 3.

Defines beginning point of vector. May range
lrom 0-511 (X coordinate), and from 0-438
(Y coordinate), both right-justified.

Must be blank.

Must'be group ? for graphic analog data.

Must be 11, right-justified.

Must be 1 for a group B DDAS measurement,
13 for a group A DDAS ineasurement, both
right- justified.

L or 2 for one's or two's complement, respec-
tively. If blank, 2 is assumed.

May be any value from 0-450 dits, right-
justified.

Must be specified, le{t-justified.

Same as for a type A card.

or

Column(s) Contents Comments

1

3- 10

13-2 0

23-30

33- 40

4

Coefficient 0

Coefficient

Coefficient

Coeff icient

Defines card type as 4.

May be any value within the range of
J gfgt. 99, right-justified.

May be any value within the range of
I 8191. 99, right-justified.

May be any value within the range of
I 8191.99, right-justified. If left blank,
coefficients 3 and 4 are assumed blank also.

May be any value within the range of
I 8191.99, right-justified. If left blank,
coefficient 4 is assumed blank also.
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Column(s) Contents Comments

43 -50

53-60

63-65

67-69

73 -80

Coefficient 4

Graph Range Along
Y Axis

Graph Size in X
Direction

Graph Size in Y
Direction

Sequence Number

May be any value within the range of i 8199.99,
right-justified, or blank.
May be any value within the range ot I 8199.99,
right-justi{ied.

May be any value from 0-511 dits, right-
justified.

May be any value from 0-438 dits, right-
justified.

Same as for a type A card.

or

t'-,

Card TVpe 4 (Format 1) continued

Card TYpe 4 (Graphic Analog Data - Format 2)

4.2.8.2 ATOLL and DDTG Control Cards

Besides DD data cards, certain control cards must be supplied to the ATOLL Compiier to cause
generation or update of a DD symbolic tape and/or processing of DD data to generate a binary DD
tape (DDTG). Soure of the information to be placed on control cards must be obtained from tLe
urost current DDTG asseurbly listing.

4-60

Column(s) Contents Comments

13-20

23-30

53-60

63 -65

67-69

73 -80

1

3

4

R

Lower Signal Rang;)

Upper Signal *"rs"j
Graph Range Along
Y Axis

Graph Size in X
Direction

Graph Size in Y
Direction

Sequence Number

Defines card type as 4.

Signals DDTG to calculate the two coefficients
for a first-degree polynomial from the upper
and lower signal ranges in the next two fields.

Both signal ranges must be values within
I 8191. 99, right-justified.

May be any value within the range of I g19g. gg,
right- justified.

May be any value from 0-511 dits, right-
justified.

May be any value from 0-438 dits, right-
justified.

Same as for a type A card.

\----l 
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.r B six ATOLL control cards (.loe, oPTN, EDIT, PROG, PROC, and EOJ) are used in DD symbolic
- 1 | , tape generation, and in calling up DDTG to process DD data for binary tape generation. Refer to\s Appendix A of this volume for controi card formats; and to paragraph 4.2.8.3 for sample control

card deck set-ups.

When called by ATOLL to process DDts, DDTG recognizes six control cards which specify the
type of input and order of processing. The format for each of these cards is as follows.

a. OPT card

Column(s) Contents Comments

B-10

1 6-20

2l

22-26

OPT

BTAPE

Comma

PTAPE

Identifies card.

Specifies use of an old binary master tape on
IODC 2-6 as input.

Specifies output of a print tape (packed BCD,
LIEF format of one line per record) on
roDC 1-5.

If no OPT card is present, input from an old binary master tape is not expected, and a

L.} :i'#iiffiTr:",'#;ifi?[l ,,';',lT;rffr'"';:"'"""];u'1"'H l*:3""i:1',""r"#"ii3i""1t:'

b. Header card

Column(s) Contents Comments

t-2

*

L4-2t

ID

Tape Identification

Identifies card.

User may place data of his choice in this field.

c. PROG card

Column(s) Contents Comments

1-6

B-11

(Continued on
next page)

/b paoc

AXXX

Identifies card.

The letter A is replaced by the letters S or D
which signify that the DD is a slide or a
display. The letters )O(X are replaced by the
number of the DD, from 0 through 511 for S

and 0 through 510 for D.

L. * Date information on the ID card is no longer valid and will not be used, since the date is now

\- ,F taken from the ATOLL /blOS control card.

I
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c. PROG card (continued)

Column(s) Contents Comments

13-15

7L

72

Series Number

T

Must be three characters (alphanumeric or
numeric).

Indicates to DDTG that the DD number specified
in columns 9-11 is on symbolic tape on
IODC 2-9.

Indicates use of the special slide flag in the DD.

f. INDEX card

Column(s) Contents Comments

1-5 INDEX Indicates to DDTG that indexing of an old
binary master DD tape on IODC 1-3 is
desired.

If anINDEX card is specified it must be the only DDTG control card in the deck; once it is read
no other DDTG control will be processed. However, if it is found embedded in the control card
deck it will cause DDTG to terminate.

4.2.8.3 Sample ATOLL and DDTG Control Card Decks for Generating Symbolic and
Binary DD Tapes

With regard to display description data, ATOLL provides the capability to generate a DD
symbolic tape by processing cards, or cards and symbolic tape. If requested (PROC card),
ATOLL also calls DDTG into execution to create a binary DD tape using any combination of
the three sources of DD data (cards, symbolic tape, binary master tape). The following are
sample control card decks for typical DD tape generation tasks.

a. To edit symbolic cards on to a symbolic tape (ATOLL only), the following
. deck set-up is used.

NOTE
In the following card samples, for JOB x DATA the
X=IB or V for the S-IB or S-V system. When the
IB system is used, the card will be punched as follows:
CC 6=b, CC's 7 & 8=13, CC g=b, CC's 10 thru l3=DATE. \ --l
For the S-V system CC 7=V.

4-62 Revised I5 June 1g?2

d. END card

Column(s) Contents Comments

B-10 END Indicates to DDTG the end of information for a
DD. DDTG then processes the DD and writes
it to tape.

e. EOD card

Column(s) Contents Corlments

B-10 EOD Indicates to DDTG the end of information for all
DD's. DDTG then completes all processing and
returns control to ATOLL.

F
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01234s678
L234567890t23 4567 890L234567 890t234s678901234567 890L234567 890L234567 8901234s67 890

/ JOB X DATE (See Note, Page 4-62)

/ OPTN CARD

/ EDIT
/ PROG AXXX SER NEW PF TF

SYMBOLIC DD DATA CARDS TO BE PLACED ON TAPE

/ EOJ

b. To edit symbolic cards on to a symbolic tape and then to generate a binary DD tape and an

index listing of the binary DD tape (ATOLL and DDTG), the following deck set-up is used.

0L2345678
L234567890L234567 890L234s67 890L234567 890L234s678901234567890L234567890L234567 890

/ JOB X DATE (See Note, Page 4-62)

I OPTN CARD

/ EDIT 
TF/ PROG AXXX SER NEW PF

*:K SYMBOLIC DD DATA CARDS TO BE PLACED ON TAPE

/ PROC

:kr'r Qtrftf DECK SET-UP AS ILLUSTRATED IN ITEM F OF THIS PARAGRAPH.

/ EOJ

c. To edit symbolic tape and cards on to a symbolic tape (AIOLL only), the following deck

set-up is used.

012345678
L234567890L23 4567 890L234567 890t234567 8901234567 890L234s67 890L234s67 890L234567890

/ JOB X DATE (See Note, Pagc 4-62)

/ EDIT
ADD

/ PRoG AXXX SER REVN DRoP PF TF
PF

*:K SYMBOLIC DD DATA UPDATE CARDS

/ EOJ

Revised 15 June 19?2 4-63
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d. To edit symbolic tape and cards on to a symbolic tape, and then to generate a binary DD ',___/
tape and an index listing of the binary DD tape (ATOLL and DDTG), and print revision
history data, the following deck set-up is used.

012345678
L234567 890L234567890L234567 890t234567 890L234567 890L234s67 8901234567 8901234567 890

/ JOB X DATE (See Note, Page 4-62)

/boPTNbHrST

/ EDIT
ADD

/ PROG AXXX SER REVN DROP PF TF
PF

:I* UPDATE CARDS

/ PROC

?K:K CARD DECK SET.UP AS ILLUSTRATED IN ITEM F OF THIS PARAGRAPH

/ EoJ

e. To generate a binary tape (DDTG only) from the symbolic DD data input combination
specified on the OPT and/or PROG cards and an index listing of the binary DD tape,
the following card deck set-up is used.

012345678
L234567 890L234567 890L234567 890L234567890L234567890L2345678901234567 8901234567890

/ JOB X DATE (See Note, Page 4-62)

/ OPTN CARD

/ EDIT
/ PROC

,T,T CARD DECK SET-UP AS ILLUSTRATED IN ITEM F OF THIS PARAGRAPH

/ EoJ

f. For processing of DD input by DDTG to generate a binary tape, the following cards are
used in conjunction with decks illustrated in items b, d, and e.

012345678
L234567890L234567890L234s67890L234567 890L234567890L234567890L234567 8901234567 890

* OPT BTAPE,PTAPE
ID (HEADER CARD - CoNTAINS INFORMATIoN FoR VARIABLE HEADER RECoRD)

/ PROG AXXX SER TF

(DD DATA CARDS FOR EACH PROG CARD ON WHICH A I'TII WAS NOT PLACED

IN COLTJMN 71 TO INDICATE THE DD TS ON S]T{BOLIC TAPE)

:t (COMMENT CARDS - MAY APPEAR AI\M^IHERE IN A DECK)

END

EOD
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g. The following cards are used to generate an index listing of a previously generated
binary DD tape on IODC 1-3.

012345678
12345 67 8901 23 4567 890 1 2345 67 890123 45 67 8901 2345 67 8901 234567 890 t 234s 6'7 890t 234s 67 890

/bJOBbDATE(See Note, Page 4-62)

ibOPTNbCARD
/bEDrT
/bPROC

INDEX

4.2.8.4 DDTG Progrqm Output

In addition to generating a binary master tape, an index listing of the binary master, and a print
tape (if requested), DDTG also prints out the following data on the line printer.

a. Initial option messages (fotlowed by a program halt). One of the following initial
messages will be printed depending on the use of the DDTG INDEX control card.

NO INDEX CONTROL CARD READ

Message Comments
M-Register
Event Code

$DDTG PROCESSING - TAPE ASSIGNMENTS

SYMBOLIC INPUT ON 1-5
BINARY IVIASTER INPUT ON 2-6
BINARY MASTER OUTPUT ON 1-3
PRINT TAPE OUTPUT ON 2-9

This message describes the
IODC tape station assign-
ments required and the use
of SSW-8 before the program
can continue execution.

11118

SSW.8 ON WILL INHIBIT PRINTING
OF AN INDEX LISTING OF NEW
BINARY MASTER

PRESS START TO CONTINUE

INDEX CONTROL CARD READ

INDEX LISTING REQUESTED-BINARY
MASTER TO INDEX ON 1-3

** PRESS START

This message describes
the IODC tape assign-
ment before the program
can continue execution.

111100008
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b. Error messages (each followed by a program halt)

Message Comments
M-Register
Event Code

INVALID OPTION CARD Options not punched properly.
Insert new option card and
press START.

11e

ILLEGAI. CARD. PROG CARD EXPECTED Place correct card in reader
and press START.

33g

PROG CARD NOT IN SEQUENCE DD number not greater than
Iast DD number, or slide card
encountered after displays are
being processed. Replace
with correct card and press
START.

22g

INVALTD PROG CARD The character T or a blank
was not coded in column 71,
or the character F or a
blank was not coded in
column 72. Replace with
correct card and press
START.

44g

LOGICAL EOT ENCOUNTERED ON
SYMBOLIC IN TAPE

Double EOF found while
searching for PROG card.
The DDTG being searched
for and subsequent DD's are
dummied, copied from the
binary master tape, or pro-
cessed from symbolic cards,
whichever is applicable.

66g

DESIRED PROG PRECEDES NEXT PROG
ON SYMBOLIC IN TAPE

PROG card images on tape
are out of order or missing.
Press START to read next
PROG card from reader.

55g

UNABLE TO EXECUTE OPERATION
FOR OCTAL ID
xx

The letters )O( are replaced
by the octal code of the SIOC
operationattempted. The
following codes may appear
in this message: 31, 32, 35,
36, 40, 4L, 43, 42, 26, 21,
and 10 (refer to Appendix A
of Volume I, Table A-3 for a
definition of these codes).

101010108

4-66 Revised 15 June 19?2



Message Comments
M-Register
Event Code

UNABLE TO USE MTS X-Y, DDTG
( TERMINATED OR CONTINUING)

The letters X-Y are replaced
by the number of the IODC
and magnetic tape station
which is inoperative.

7070?0708

(if the pro-
gram is ter-
minated)

PROCESSING COMPLE TE DDTG
TERMINATED

7777 
8

(if the line
printer is
inoperative)

THE DATE IS NO\M TAKEN FROM THE
ATOLL /wOB CONTROL CARD

This message is to inform
the user that date information
is no longer valid on an ID
control card. (This will not
prevent further processing)

11111111 
B

$DDTG TERMINATED - AN INDEX CARD
IVAS ILLEGALLY READ

An INDEX control card can
not be embedded in a DDTG
control card deck.

N/A

c. DD processing information - The following
page for DD's Processed bY DDTG.

Printer
Columns

information is printed on each printer

1111111111111111
0000011111111112
567 890L234567 890

ERRORS - WRITTEN ON TA?E

ERRORS - NOT WRITTEN

NO ERRORS

TOTAL NIJUBER OF WORD

FeH
S

-xxx/sER/REV
D

DD CARD IMAGES

each

USED

\ One of E,hese

I *"s."ges i,
I printed for

) DD processed

wl.Iww 't A1

Jno

\\- 
Revised 15 June 19?2
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R. M. = Refresh Memory counter, wttich provides a running count of the number of words
(NNN) used by refresh memory (background data).

F.B. = FormatBuffercounter, whichprovidesarunningcountof thenumberof words
(NNN) used for format data.

DMON = Display Monitor counter, which is a running counter of the number of words (NNN)
required for DMON addresses.

C)O( = Update History
DD CARD IMAGES = Each DD card image is printed as it is punched, or as it appears on

symbolic tape.
TAPE ID = Up to 8 characters of tape ID information (taken from ID header card, or from

old binary tape).
DATE = B Character date taken from the ATOLL /blOe control card. (Format is MM/DD/YY

where MM = Month, DD = day, and YY = year)
SY TAPE # = B Character ATOLL compiler ID supplied via an ATOLL bank zero cell.

(this aata is built by STAGwhile generating an ATOLL compiler system tape. )
UPDATE HISTORY = The update history of a specific DD card image on symbolic tape if it

has been changed and the revision number when it was changed.

erx*zsrnzREV='r3"#ttT?t:?iif 
3";.'l;ffi:3',t-ffii::'ll*'r'"ffi',i:18:?f "

REV indicates the revision number of the tape. The first three items
are obtained from the PROG card; and the last from the symbolic input
tape (or, if no symbolic input tape is used, also from the PROG card).

PAGE X)O( = Page number, which is a running count of the number of printer pages used
for each DD. This number is reset to 1 each time a new PROG card is
encountered.

ERROR CODES = Up to 12 error codes, which denote DD data card errors found by DDTG
)O1X)OOOOOOOO( during card validation. An explanation of each of these codes is as

follows.
\MWWW = Total number of words used in the DD.

Error
Code

Cause of Error Program Action

A Illegal DMON address, S-IB stages
used for S-V system, or S-V stages
used for S-IB system.

DDTG inserts a standard discrete
(AP1B0-19R03-01) or analog
(AP1B0-19 -03-00) address and continues
processing.

B Background data exceeds limit DDTG continues to validate type B cards
but not to process them. Other card types
are not affected.

C No coefficients present and no upper
and lower ranges to calculate them
from, or limits are invalid or are
not right justified.

DDTG inserts a standard upper and lower
range of 5-0, respectively, and continues
processing.
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Error
Code

Cause of Error Program Action

D IIIegai size indicator on card being
processed, or two's complement
field is in error.

A small character size is assumed, and a
two's complement assumed.

E Invalid card type (only A, B, D, 3,
4, and * are acceptable), or data
is coded in the Background Data
field on a type B card when a P or
V has been specified in the Size
fieId.

DDTG prints this card only, and continues
processing with the next card.

F Format data exceeds table size DDTG validates the rest of this card and
other cards with format data only, and pro-
cesses aII other cards.

I IIIegaI card: no DMON address
present and no group number
present, or bad group number

DDTG inserts the standard DMON analog
address (AP1B0-19-03-00) and a group
number equal to zero and continues pro-
cessing.

M Identical entries on type D card
in {ields entitled If Discrete Bit Is
a 1 and If Discrete Bit is a 0.

DDTG continues processing, and inserts
the entry as it appears on the card.

o Card out of place: type 4 card
preceded type 3 card.

DDTG stops processing, validates the
rest of the cards in the DD, and dummies
the DD being processed.

P Illegal card deck set-up: no
type 4 card follows a type 3 card,
or there is an incorrect format
on a type 4 card which follows a
type 3 card.

R Number of Bits of Data and
Number of Shifts to Left-Justify
fieids on a type 3 or type A card
do not agree, or an illegal
number is specified in the
Number of Shifts field on a type D
card.

DDTG inserts a standard value and qontinues
processing. For type 3 or A cards, the
value is 11 bits, and shifts for group A or
B DDA.S measurements are made to equal
13 or 1, respectively. For type D cards,
the standard value is 1 bit and 0 shifts for
discretes.

T DMON data exceeds table size DDTG continues to process only type B card
and to validate aII other cards in this DD.

x Invalid X- Y coordinates DDTG continues to process DD, inserting a
standard of X=010 Y=010 for each error of
thls type found.
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Error
Code

Cause of Error Program Action

G One of the two required coef-
ficients on the Wpe 4 card is not
present or is invalid, or one of
the non-required coefficients is
invalid

DDTG continues processing. A standard
value of 5 is inserted for required coef-
ficients, while non-required coefficients
are ignored.

N Graph range as a function of time
not present or invalid

DDTG continues processing and inserts a
standard value of 6.

J Graph range as a function of Y
not present or invalid

DDTG continues processing and inserts a
standard value of 5.

K Graph size in X direction not
present or invalid

DDTG continues processing and inserts a
standard value of 250.

L A non-required coefficient is
missing after another has been
found

DDTG uses only the two required coeffi-
cients, if available, and validates the other
cards for the DD.

H Graph size in Y direction not
present or invalid

DDTG continues processing and insert-s a
standard value of 320.

* More than 12 errors occurred on
one card (only room for 12 error
codes)

DDTG continues processing, making any
changes necessary to continue processing
this DD.

w A card containing graphic analog
format table data for DMON has
been read, and other cards read
for that DD did not aII contain
graphic data (group 7).

DDTG continues processing, inserting a
standard address (as shown for A error
code), and using a standard group number
of 0.

z The DD exceeds the ma:rimum
allowed word size of 550 words.

DDTG stops processing, validates the cards
in the DD, and then dummies the DD being
processed.

1-9
or
+

DDTG has detected a mispunched
card column. The number in the
error code column denotes the
number of mispunched columns.

A number of punch errors greater
than nine (9) is indicated by the
+ symbol.

DDTG continues processing.
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At the end of each job, DDTG prints the following diagnostic and post-processing
information.

/ Ig=\ ,r'" rN ExPLrcrr ERR'RTHERE ARE 
[-ru^^ ,1

In this diagnostic message, NNN is replaced by the number of DD's in explicit error.

post-processing data for DD's processed is printed by DD number, with a maximum of
5bb Db's per page (a11 post-processing data may be contained on two pages), as follows.

cI234s
L23 4567 890 L23 456 7 89 0 L23 4s 67 89 0L23 4567 890 L23 4s6 7 8 90

THE FOLLOWING DD I S HAVE BEEN Ipnocrssro I oo,o
\ oumtrro I

fooa froos

fore frozo

fo:+ ,90:s

111111 1111111l1
000011111r11r12
67 890L234s67 890

WRITTEN TO TAPE

for+

fozs

foaa

fooo foor fooz f,oo:

fois f,oro forz fors

fo:o fio: r fo:z ,!o::

\--l

fsoo
!soz
D

The following is an example of the index data printed by DDTG. A maximum of 250 indexed
DDrs can be printed per page. Each contains data to inform the user that the DD is actual or a
dummy, provide the DD revision number, and provide the ATOLL Compiler ID used to generate
each specific DD. Each page contains a header message to inform the user of the type of data
being printed.

tS5ot
D|+n f +rs f+er
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012345
I 2345 67 890 12345 67 89 0t 234567890 I 23 45 67 8901234567890

INDEX LIST OII DD BINARY MASTER (HEADER RLCORD CONTAINS DD TAPE ID MM/DD/YY ATVVV-NN)

llllillllllllll
000011ulllt1l2
678901234567890

Booo/out'luv DD READ $oot/ouurutv DD READ $ooz/nrvu/No svs re $oo:/nrvN/No svs rr $oo+/nrvN/ervvv-NN

$z+s/navN/nrvvv-NN $z+o/outuuv DD READ Bz+;/navN/uo svs rp $z+si 
puuuv DD RrAD $z+rTnrvNTarvvv-NN

-_?

HEADER MESSAGE LEGEND

DD TAPE ID

M} /DD/YY

ATVVV-NN

I

. #*r/REvN/Arvvv-NN =

#**/N-eb/uo sYS rP

$xxx/ouMMY DD READ

MESSAGE TEXT LEGEND

The tape ID data taken from the ID Header Control Card.

The date taken from the ATOLL /4JOB Control Card.

The ATOLL compiler ID information.

DD generated using an ATOLL tape containing the
system tape number.

DD generated or copied which contained no ATOLL
system tape number.

Dummy DD generated.
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4.2.9 Display Requests

There are two calling sequences used by test programs and function executor routines for re-
questing a display of variable data. The test programs resident in the LCCC use the macro
instructlon DISP and link to the Display Service routine with the instruction TSPO SDSR, 7. The

function executor routines resident in the MLC link to the Remote Display Service routine with
the instruction TSPO SRDY, ?. The calling sequence for the macro instruction DISP (LCCC) con-
tains a control word which iollows the transfer instruction. This calling sequence control word
contains the address of the control words for the data type and the data to be displayed. The

address is specified in bits 14 through 0. Bits 23 and22 of the first control word contain the
codes for the status of the display request operation. Figure 4.2,8 shows the format of this con-

trol word. The MLC calling sequence control word contains the codes for the status of the re-
quest. The status code is determined after the attempt to transmit the request to the LCCC. If
the disptay fails in the LCCC, the message is automatically printed.

When the test program gives control to the Operating System, the request is stacked at priority
Ievel zero. The Operating System then requests level l/2 processing and returns control to one
of two core locations. These core locations are busy and normal return, and foilow, respectively,
the calling sequence control word. The Operating System returns control to the busy return if the
request has been stacked. For the normal return, bits 23 and 22 in the first control word are set
to a status code indicating whether the data was successfully or unsuccessfully displayed.

CALLING SEQUENCE CONTROL WORD (Y+1 WORD OF LCCC CALL; Y+2 WORD OF MI,C CALL)

23 22 21 15

NoT USEI)

1.4 0

ADDRESS OF DATA

4

SUCCESS,/FAIL
INDICATION
rOR MLC

sucCEss/FAIL
INDICATION
rOR rcCC*

DATA

DATA N WORDS

DATA CONTROL WORDS

23 22 18

DESTINATION
CODE

t7 12

DATA
TYPE

11 0

NUMBER OF DATA WORDS
N

23 19

OPEMTOR
NUMBER

18

P
A
G
E

L7 0

NOT USEI)

23 U

Figure 4.2.8 Display Request Control Word Format
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The codes and status in bits 23 and 22 of. the data control word sent to the LCCC are as follows:
Bits 23 and 22 = 01 - Data not displayed

= 10 - Data displayed

The codes and status in bits 23 and 22 of the calling sequence control word from the MLC are as
follows:

Bits 23 and 22 = 01 - Data Link failure prevented transmission to LCCC
= 10 - Request was transmitted to LCCC

The test programmer may code this return location as required.

Refer to Table A-4 of Appendix A for a description of LCCC and MLC display request calling
sequences.

4.2.9.1 Message Types

Six types of data have been classified:

r Binary
r Packed BCD
o Preformatted
o Memory
r Display Description
o TV Transmit, Operator Select, and Command Function Clear Select

Each type is transferred to the Operational Display System and identified by a certain message type
code. Each message contains control and data words. Binary messages may contain either analog
or discrete data, and are formatted for display with the format tables of a display description. Packed
BCD messages are used to send BCD variable data to the Display System. Preformatted messages
(i.e. , in refresh memory format) contain data to display either BCD or vectors. Memory messages ,

contain control information for the Operating System to access 16 words of data from either core or
drum and to display them. A display description number is used by the Operating System to access
the display description from the tape.

4.2.9.2 Data Control Word Format

When a test program or function executor routine requests a display of any of the six types of data,
it must indicate to the Operating System which data type is to be displayed. The code for the data
type, and other control information is specified in control words. These control words precede the
data words, and are transferred with the data to the Operating System. The address of the first
control word is given to the Operating System in the calling parameters of the display macro in-
structions.

The general format of these control words is given in Figure 4.2.8 and remains the same for the
six data types. The contents of the words differ for each type of data and are coded by the test
programmer as specified in subsequent paragraphs. The first control word contains three fields.
They are:

o Destination
o Data Type
o Number of Data Words

The Destination field is contained in bits 23 through 1B; this field contains either a 01 or 02 octal
code. These codes are used by the DCC as control information. The Data Type field is contained
in bits 17 through 12; this field contains different octal codes for the different types of data and
indicates the type of data to be sent.
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The Number of Data Words field is contained in bits 11 through 0. It indicates to the Operating
System the number of data words following the two control words. This field is specified by the
test programmer a"fter calculating the total number of data words needed to contain all the in-
formation to be displayed.

The second control word contains two control fields. They are:

o Operator Number
o Page

The Operator Number fietd is contained in bits 23 through 19, and identiJies the display console
operator to which the data is to be sqnt. Since this field contains five bits, it can contain numbers
from 0 through 31 (the Saturn Launch Computer Complex has at present a configuration of 15

consoles).

The Page field is contained in bit 18. There are two possible storage areas of refresh memory which
can be displayed upon the console; these areas are referred to as page A and page B. This field in-
dicates which of the two storage areas is to contain the data. If bit 18 is a 0, the data is stored in
the area allocated for page A. If bit 18 is set to 1, the data is stored in the area allocated for page B.

If a test program is operating and the two fields of the second control word are empty, the Operating
System assigns to them the operator number and page that requested the test program. If a test
prograrn is not operating, the Operating System sends the data to the master console.

As previously mentioned, the contents of some of ihese control f ields differ for each type of data.
Table 4.2-3 shows the contents of each fleld for each data type.

4,2.9.3 Binary Controi and Data Word Formpt

The complete binary control and data word format is shown in Figure 4.2.9. Two additlonal
fields are added to the second control word. These are:

r Display Description Number
r Group Number
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Data
Type

Field

Destination
Code

Data Type
Code

Number of
Data Words Operator No. Page

Binary

Paeked
BCD

Pre-
formatted

Memory

Display
Description

TV Transmit
&

Ope_rator
Select

(01)e

(01)s

(01)a

(01)e

(02)s

(01)s

(03)8

(oz)a

(10)a

(11)s

(01)s - Keybd
Req.

(02)s - Test
Prog.
Req.

(16)e

N

N

N

1,I=(20)r=1610

(10)e

0-15

0-15

0- 15

0-15

0-15

0- 15

A=0
B=1

A=0
B=1

A=0
B=1

A=0
B=1

A=0
B=1

1

Table 4,2-3 Data Control Word Codes

Figure 4.2.9 Binary Control and Data Word Format

23 18

DESTINATION CODE

(01)e

L'I

DATA TYPE
(03)s

CODE

11 0

N = NUMBER oF DATA WORDS

23 19

OPERATOR

NUMBER

1B
P

A
G

E

17 15

GROT'P

NUMBER

74 0

I]ISPlAY DESCRIPTION NUMBER

0

DATA = N WORDS
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The Display Description Number field is contained in bits 14 through 0. The test programmer must
ensure that the format tables in a display description have been transmitted to DCC memory prior
to sending the variable binary data. This field is used to specify the number of the desired display
description. The Operating System extracts this description from tape and sends it to the DCC
prior to sending the binary data.

The Group Number field is contained in bits 17 through 15. It is also required for display of binary
data. Since format tables are needed to convert the binary data to the appropriate forrnat, the group
number specifying the desired format table is also specified by the test programmer.

4.2.9.4 Packed Binary Coded Decimal (BCD) Control and Data Wqrd Format

The control and data word formats for packed BCD data are defined in the following figure.

Figure 4.2.10 Packed BCD Control and Data Word Format

The special bits of the second control word are defined in this and the following paragraphs. If the
message is to be displayed on page A of all three master consoles, the test programmer sets all
bits of the Operator Number and Page fieids to ones (the Operating System sets the MASTER bit
to one). If the message is to be displayed on the maintenance console (1A) only, the test pro-
grammer sets the bits of the Operator Number field to all ones and the PAGE bit to zero. The
MASTER control bit (bit 11) should always be coded zero by the test programmer. The ?-SEC
DELAY BYPASS bit (bit t3) can be coded as one to allow bypass of the ?-second minimum display
time for the most recently displayed message before a console page clear can oceur. If bit 1g
is coded as zero, the 7*second minimum display time remains in effect.

1B

DESTINATION CODE
(01)s

t'l 12

DATA TYPE CODE
(0?)a

11 0

NUMBER oF DATA WoRDS : N+-2-

L

23 19

OPERATOR
NUMBEB

18p
A
G
E

17

AUDI.
BLE
ALAFM

16 14

NOT
USEO

13

7-SEC.
OELAY
BYPASS

12

NOT

USED

11

M

S
T
E
F

10

NO
LOG

I

ALL

s

RM

7
t-c
c

H

A

6
CLFI
P

E

5 o

CONSOLE
LINE COUNT

0

REFRESII N'IEMORY ADDRESS

23 12

X COORDINATE

11 0

Y COORDINATE

a

DATAIIUMBER OF DATA WORDS

(Maxlmum of 98)
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NOTE

Bit 13 is checked only if the console page is less thanfuII, and the CLR PAGE bit
(bit 6 is set)

The NO LOG control bit (bit 10) should always be coded zero by the test programmer, i. e. , all test pro-
gram rnessage requests are logged on log tape. This bit is set to one by the OperatingSystemtobypass
normal Ioggingof certainmessage requests. If the ALL control bit(bit g)is set to oneandtheoperatornum-
ber is zero, the message is displayed to the operator whose nurnber is specif ied in the Operator Number f ield.

If the refresh memory(RM) control bit (bit 8) is set to one, it indicates to the Operating System that the
test programmer has specified his own refresh memory address and X/Y console coordinates. If this bit
is zero, the Operating System supplies this data.

NOTE

If the test programmer uses this feature, he must keep track of RPM storage lo-
cations for any existing data and is responsible for proper housekeeping.

The LG CHAR bit (bit ?) can be set to one by the test programmer to cause the message to be displayed in
Iarge characters, or tozero to cause the message tobe displayedinsmall characters. The CLR PAGE con-
trol bit is bit 6. II this bit is set to one, the entire console page is to be cleared priortodisplayof the cur-
rent data, unless a displaydescriptionis on the page. The CLR PAGEbit being set will notclear a display
description. A display description can be cleared under program control with a requestfor DD1023 (1???g).
This DD contains no data; and when displayed, causes a blank display screen.

NOTE

If the console page is less than full when a message is requested and the CLR
PAGE bit for the message is set to one, the most recently displayed message may
be held for display a minimum of 7 seconds before the page is cleared, depending on
the condition of the 7-SEC. DELAY BYPASS bit (bit 13). ff this delay is requested, the
message request is stacked for display. If the delay is bypassed, the page is immediately
cleared, and the requested message is displayed at the top of the console page.

The LINE COUNT control bits are bits 5 through 0. These bits are coded to contain the number of lines
in which the message is to be displayed. A maximum of 63 lines can be specified, although the display
console can only display a maximum of 39 lines of data. Six lines oI the display area are reserved for
display of special information, which leaves a maximum of 33 lines in which a message can be displayed.

NOTE

An incorrect line count may result in an overwrite on the display console.

The two control words for the refresh memoryaddressandtheXfYconsole coordinates are used in con-
junction with the RM control bit. The ref resh rnemory address specif ies the starting location in which the ctata
is to be stored. The X/Y coordinates speci{y the starting location on the display coniole for the message to be
displayed.

4.2.9.5 Preformatted Control and Data Word Format

The format of the message control and data words to transmit preformatted data (characters or vec-
tors) to the Display System is shown in the following figure.
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23 DESTINATIoN coDE 18

(01)e

L7 DATA TYPE CODE 12

(lo)8
11 NLJuBER Of' DATA l,lORDS : N 0

23 oPERAToR
NUMBER

19 ,U 
T,
G
E

17 Nor usED
13

G
M

T

11 0
NOT USED

23 0

REFRESH MEMORY ADDRESS

23 DATA = N.l WORDS

(SEE FIGURES 4.2.12 and 4.2.L3 FOR CHAMCTER AND VECTOR DATA FORMATS)

0

NO]E

GMI BIT = 1 - GMI VA.LUE COITIAINED IN
LAST DATA WORD OF DISPLAY REQUEST

Figure 4,2.11 Preformatted Control and Data Word Format

The first two control words contain the standard control information, including the GMT bit (bit 12)
set 1 by DMON if GMT is to be displayed in the message. The refresh memory address is the loca-
tion in refresh memory in whieh the preformatted data is to be stored, and must be specified by the
test programmer. The data words which follow this address word contain the preformatted data,
which consists of charaeters and/or veetors.

-T,
I

CONTRO1

WORDS

_i_
i

DATA
I"'ORDSI

\- 4.2,9.5.t Preformatted Character Display

The required refresh memory format to request display of two characters is shown in the following
figure.

23 14

X COORDINATE

13 10

S

I
z
E

11 10 o

Y COORDINATE

1

0

0

I

CHAXAC'IER POSIT]ON WOFD (SEE NOIE 1)

23

SECOND

CI{ARACTER
DISPLAYEI)

16 15 L4

B

t
I
N

K

13

I 1

11 10

FIRST

CHAP.ACTER

DISPLAYED

4 2

B

L

I
N

K

1

1

0

1

CHARACTER DATA WOFD (SEE NO1E 2)

Figure 4,2,12 Refresh Memory Format for Character Display
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Figure 4.2.12 Refresh Memory Format for character Display (continued)

NCIE 1

MAY OR MAY NC['BE SPECIFIED IN CONJUNCTION
WTTH CHARACAER DATA WORDS. ]F NOT SPEC]-
FIm, CHAMCTER DATA POSITIONIN0 IS
DETERMINED BY REF'FESH IUEMOHY ADDRESS IN
THIRD CO}EROL WORD OF IVESSAGE FEQUEST.

NOTE 2

SIZE BIT
(Flrst Word)

BITSO&1
(Both Words)

BLINK BIT
(Second Word)

=1-I,AFGECHARACTERS
=O-SMAITCHARACTERS

= 01 - CF{ARACTER POSITION WORD
= 11 - CHAFACT'ER DATA WORD

= 1 - DISPLAIED DATA IS BLINKTNG
= O - DISPLAYED DAIA IS NOT BLINKIN'I

Two data words are used: one contains X/Y coordinates for the displayed information, and
the other contains the characters to be displayed.

The first data word contains the X/Y coordinates for the first character to be displayed on the
display screen (these coordinates specify the lower teft-hand corner console position for thecharacter). This word also contains a size field and Data word code field. ^rrr" 

size field is
specified in bit 12, and indicates whether the two characters are to be displayed in large or
small configurations. If the characters are to be large, bit 12 is set to 1; it the chara6ters
are to be small, bit 12 is set to 0. The Code field is specified in bits 1 and 0 in both words.
The code 01 in these bit positions indicates to the Operating System that this word is a
character position wordl the code 11 indicates this word is a character data word.
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The test programmer specifies the two eharacters to be displayed in bit positions 22 through 17
and 10 through 5 of the second data word. The charaeter specified in bit positions 10 through 5

is the first character to be displayed. Associated with each character is the Blink field and the
Data Word Code field. The Biink field is set to one if the character is to blink when displayed;
the bit is set to zero i.f the displayed character is not to blink. The Data Word Code field is
specified inbits 1 and 0; the code 11 in these bit positions to indicate that this data word contains
the characters to be displayed.

If a character or a group of characters is to be displayed in a random fashion, a position data
word is required with each character or group of characters. If a string of sequential characters
is to be displayed, the test programmer need only specify one position word indicating the
location of the first character.

4.2.9.5. 2 Preforryatted Vgctor Display

The required refresh memory format to display a vector segment is shown in Figure 4,2.13.
Display of a vector segment requires two words: one word contalns the X/Y coordinates for the
origin point; the other contains the X/Y coordinates for the termination point. The X and Y
coordinates for each set of origin and termination points are given in bits 22 through 14 and
bits 10 through 2, respectively.

23 t4

X COORDINATE FOR

VECTOR ORIGIN POINT

13 72 11 10 2

Y COORDINATE FOR

VECTOR ORIGIN POINT

1

0

0

1

VECTOR ORJGIN COORDINATE (POSITION WORD)

BLINK BIT = 1 - DISPLAYED DATA IS BLINKING
(second word) = 0 - DISPLAYED DATA IS STEADY

BITS 1& O -01 . VECTORORIGINXiY COOMTUATN
(Borh lvords) = 10 - vECTOR TERMINATTON X,/y COoRDINATE

Figure 4.2,13 Refresh Memory Format for Vector Display

oo L4

X COORDINATE FOR

VECTOR TERMINATION
POINT

13;-
D

L

I
N

K

72 1L 10 2

Y COORDINATE FOR

VECTOR TERMINATION
POINT

1

1

0

,0

VECTOR TERMINATION COORDINATE (VECTOR WORD)
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The first data word contains the origin coordinates and is considered the position
tions 1 and 0 contain the code 01 to indicate to the Operating System that this data
vector origin point.

word. Bit posi-
word contains the

The second data word contains the X/y coordinates of the termination point, the Blink field,
and the Data Word Code field. The Data Word Code field, in bit positions 1 and 0, contains the
code 10 to indicate to the Operating System that this data word contains the vector termination
point.

ff connected vectors are to be displayed, only one position wot'd is necessary; the rernaining data
words specify the termination point of succeeding conneeted vectors. If unconnected vectogs are
dlsplayed, a position word and words specifying a termination point are required for each un-
connected vector.

4.2.9.6 Memory Control and Data Word Format

The control word format for displaying memory data is shown in Figure 4.2.14, An additional
field, shown in control word 2, contains the address of the core or drr-rm storage area in which
the data ls located (the address specified can be the IYAR of the first word of the data). This
control word format is used to display only 16 data words; therfore, the Number of Data Words
field is coded with the constant 16.

TAG

23 1B

DESTINATION CODE
(01)s

17 t2

DATA TYPE CODE
(11)"

tt 0

NUMBER OF DATA WORDS = 16

23 19

OPERATOR
M]MBER

18

P

A
G

E

17 ltr 14 o

CORE OR DRUM ADDRESS

(IVAR)
TAG+I

NUMBER OF DATA WORDS - 16

4 -80

Figure 4,2.14 Display Memory (Drum or Core) Control anrl DataWord Format



4.2.9.7 Format for Display Description Control Words

The control word format for a display description is shown in Figure 4.2.15. The additional controlfield i.s the display description number. To utilize the contents of a display description, the test pro-
grammer specifies the display description number in bits 14 through 0 of the seconh control word. It
should be noted that this format does not indicate any data. This data exists on tape and is accessed
by the Operating System. Since no data is required, , there are no data word fieldj provided.

DATA

23 18

DESTINATION CODE
(02)a

17 tz
DAf,A TYPE CODE
(01)g - Keyboard

t(cquest
(02)a - Test Progran

Reques t

11 o

oa 19

OPERATOR
NUMBER

18

P
A

G
E

77 15 L4 0

DISPLAY DESCRIPTION NUMBER

Figure 4.2.L5 Display Description Control Word Format

4.2.9. B Format for TV Transmit. Operator Select. and Command Function
Clear Select Control and Data Words

The control words for an Operator Select, Command Function Clear Se1ect, and TV Transmit
are shown in Figure 4.2.L6. The format for the TV Transmit and Command Function Clear
Select are similar to the Operator Select, with the exception being the second control word.

Operator Select
19 18 17 t2 11

0 1 16 0010
Op. No. 1 L4 000 x

0 0 1st. Char. 0 0 0 0
0 0 2nd. Char. 0 0 0 0

Command Function Clear Select

18 L7 12

rt

23

11t923

Op. No. 0 0 0

TV Transmit

l7 11t21B1923

Op. No. 1 42 0 0 0 x

Where X = 0 for Command Function Clear Select Off
1 for Command Function Clear Select On

Figure 4.2.L6 operator select; TV Transmit control word Format

)
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The Command Function Clear Select capability allows ATOLL programs, executing test programs
and function executor routines to clear a selected command function. Command functions which
may be cleared from a selected console and the affect of theclear select are described in the
folowing table:

Command Function Affect of Clear Function

Type Present Mode Terminated, Request Mode
Initiated.

Vector Present Mode Terminated. Requested
Mode Initiated.

Operator Select Transfers display to its own refresh memory.
S1ide Select Present Mode is terminated. Transfers

display console to its own refresh memory.
The requested mode is initiated.

CCTV Select Identical with Stide Select
Format Select Identical with Slide Select
Display Test Identical with Slide Select
Hard Copy Hard Copy request is cancelled and

requested mode is initiated.

As illustrated in Figure 4.2.16, the following events would occur as a result of setting bit zero
(X) of the second control word. \__-

. Operator Select - The existing command function on the console (Op. No. ) represented by
bits 19-23 would be cleared and its display would transfer to its own refresh memory.
Subsequently an Operator Select would be performed on the console specified in bits 12-17
of control words 3 and 4.

o TV Transmit - With bit zero set, the existing command function on the console (Op. No. )
represented by bits 19-23 would be cleared and a TV Transmit function would be performed
on the refresh memory of the console represented in bits 12-17 of control words 3 and 4.

o Command Function Clear Select - When the second control word is coded as illustrated,
the command function existing on the console (Op.No.) will be cleared.
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4.3 PERIPHERAL DEYICES INPUT/OUTPUT

The Input/Output Control for Data Channels One and Two (SIOC) program provides communication
for test programs with the magnetic tape stations, magnetic drums, card readers, and line print-
ers at the LCCC, and for function executor routines with magnetic drum at the MLC. These
peripheral devices and their IODC assignments are as shown in Figure 4,3,L. The basic opera-
tions are read, write, and control. The program that performs these operations (SIOC) may be
accessed by use of the calling sequences given in Table A-3, Appendix A,

There are a number of different calling sequences for read, write, and control operations. Each
calling sequence contains the appropriate input parameters required for the particular operation.
The control word formats and bit positions are indicated in the following paragraphs of this sec-
tion. These formats are used with the coding examples given in the calling sequences.

Each calling sequence also contains a transfer instruction. This instruction is a TSpO SIOC, ?,
which links the test program or function executor routine to the SIOC program. The numbei ol
control words in the calling sequences varies according to ihe type of operation desired. The
two core loeations which follow the control words are reserved for Operating System returns to
the test program or function executor routine. The Operating System returns control to the first
of these two core locations if the SIOC request stack is fuIL This condition is indicated as the
WAIT return. This location must be coded to transfer to the routine which processes thie stack
full condition. The core location which follows the WAIT location is the normal return. The
Operating System returns control to this location on three conditions: request stacked, operation
failed, and operation completed. The Operating System sets bits 23 and 22 with certain codes
to indicate that one of these three conditions has occurred. These bits are known as the opera-
tion status bits. The codes and corresponding conditions are as follows:

00 - Request Stacked - Bit 23 = 0, Bit 22 = A
01 - Operation Failed - Bit 23 = 0, Bit 22 = |
10 - Operatiorr Succeeded - Bit 23 = 1, Bit 22 = 0

This location shoulcl be coded to check the type of condition that occurs and to then process
accordingly.

.)
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Figure 4.3. 1 Saturn Peripheral Device Assignments
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4.3.1 Magnetic Tape Input/Output

The Operating System provides a variety of tape operations that may be performed by the test pro-
grams. Theso operations are read, write, backspace, skip, write end of file, and rewind tape.
Read,/write tape operations have priority over the backspace and skip tape operationsl and thus, the
test programmer should not attempt a read/write operation until the backspace or skip tape opera-
tion has been completed. The test programmer may check the operation status bits as a precaution
against this oceurrence.

The test programmer must Supply input parameters for these tape operations in a three-word for-
mat (see figure 4.3.2), These parameters are the operation code, Iogical tape number, data
address, and number of words. The Operation Code is a two-digit octal code indicating the type
of operation. The logical tape number is the number assigned to access a particular tape unit.
The data address is the address of the first core location where data is accessed for a write
operation or where data may be placed on a read tape operation. The number of words to be
written on tape is given with a maximum of 4095 words per data block.

NOTE

The only tape accessible by test programs is the seratch tape, assigned
logical number 3 of IODC 1, at the LCCC.

WAIT

RETURN

NOTE

a BITS 23, 22: OPI.RATION STATUS

O BIT 21: END oF FIrE (EOF) DETICTID oN IiEAD

TRANSFER

23 22 2T 20 19

NOT
USED

18
NUMBI'IT OF FILES/ 10

IIECONDS TO BE
SKIPPED

I 6

TAPE

NU]\,1BER

5 0
TN PIi

OPERATOR

CODI]

23
0

I-tSM DATA ADDRIJSS

PLACED ON READ OR

W,]JERE DATA IS TO BE

ACCIISSED FOR WRITE

23
0

NUII{BER OF WORDS TO BE R[,AD FROM OR WRITTEN ON TAPI'

Figure 4,3,2 Word Formats for Tape Operations
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4.3.1.1 Read Tape

There are four read tape routines: read packed tsCD data, read unpacked BCD data, read packed
binary data, and read unpacked binary data. The macro name and operation e.ode for each is
indicated in Table A-3, Appendix A. Figure 4.3.2 shows the control word format for these

operations. The operation code is placed in bits 5 through 0 of the first control word. The tape

number for the specific operation is placed in bits 6 through g of the same control word. The core
address for data to be placed after the tape read operation is specified in bits 14 through 0 in the
second control word. The number of words to be read is contained in the third control word, bits
11-0, with a rnaximum read of 4095 words per data block

NOTE

When the Operating System completes an End-of-File read, bit 21 of control
word is set to a one, and one computer word (17000000) is read into core.

4.3. 1. z trftlg rg!9

There are two write tape routines. One is for writing packed BCD data; its macro name is
WTDP, and its operation code is 035. The other routine writes packed binary data; its macro
name is WTBP and its operation code is 036. Figure 4.3.2 shows the control word format for
these operations. It is similar to the read tape operation as explained in the preceding paragraph
except for the data address. The data address is the first core location where the data is to be
accessed for a write tape operation"

4.3. 1.3 Backspace Tape

This routine backspaces any number of records or files as specified by the test program. The
specific operation is specified with the appropriate code. To backspace records, the macro
name is SKRB and its operation code is 040. To backspace files, the rnacro name is SKRB and
the operation code is 041. Figure 4.3.2 shows the control word format for the input parameters.
The operation code is specified in bits 5 through 0. The logical tape number is specified in bits
6 through 9. The number of records or files to be backspaced is specified in bits 10 through 18.
The last trvo control words shown are not used for this operation.

NOTE

When a backspace file command is given the tape is moved backward passed
the EOF and then a skip record forward is initiated. Therefore, the tape is
positioned in front of the EOF.

4.3.L.4 Skip Tape Forward

This routine skips tape forward for any number of records or files. The number of records or
files is specified by the test programmer. He specifies the specific operation with the appropriate
code. To skip a specified number of files forward, the macro name is SKFF, and its operation
code is 043. To skip a specified number of records forward, the macro name is SKFF and the
operation code is 042. The control word format for these operations is the same as the backspace
operation, and is shown in Figure 4.3.2.
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4.3. 1.5 Write End of FiIe

This routine writes an End of FiIe (EOI.) on tape. The macro name is WEOF and its operation
code is 026. Figure 4,3,2 shows the control word format for this operation. The operation code
is specified in bits 5 through 0 and the tape uumber is specified in bits 6 through 9.

4.3. 1.6 Rewind Tape

This routine rewinds tape. The macro name is REWD and the operation code is 027. Figure
4.3,2 also shows the format for the input parameters. This format is the same as for a Write
End-of-File operation as explained in the preceding paragraph.

4.3.1.7 Re-Allocate LCCC Tape Station

LCCC Magnetic Tape Stations (MTS's) are initially assigned as follows: MTS's 1 through 5 are
on IODC 1, and MTS's 6 through g are on IODC 2, This routine provides a display of current
MTS assignments if $ULTA is entered via the display console keyboard. It may also be used
to assign an MTS to another IODC by entering $ULTA X-Y (X and Y are replaced by the new
IODC and MTS numbers, respectively).

4.3,2 Drum Input/Outpt

The Operating System provides read or write operations for commutdcation with the magnetic
drum. There ar:e two macro instructions and calling sequences used for these operations. The
test program or function executor routine must supply input parameters with these calling se-
quences. The pa.rarneters are the operation number, the core address, the number of words, the
drum IVAR and the drum increment from that IVAR.

The control word format for these parameters is shown in Figure 4.3.3. The operation eode indi-
cates whether a drum read or write operation is desired. ?he core address is the location where
the data is to be accessed from for a write or urhere data is to be placed on a read. This address
may be symbolic or absolute. The number of words indicates the number of data words expected
to be read or written. There may be a maximum of 4095 words for one operation. The drum ad-
dress is the drum location from which data is to be accessed, or where data is to be placed. This
address may be a four-character BCD MR name for either the read or wrlte operation. The
drum increment address is the absolute amount added to the drum MR address so that the re-
sultant address is the drum location of data to be read or written.

NOTE

Test programs may access dru,m areas SSSS, SSST, and SSSU.

The read drum operation accesses a specified number of data words from drum_ and places them
in core. The macro name is RDRM and the operation corie is 01., Figure 4.3.3 shows the con-
trol word format for this operation. The operation code is specified in bits 5 through 0 of the first
control word. The core address is specified in bits 14 through 0 of the second word. The number
of words read or written is specified by bits 11-0 in the third word. The drum address for read or
write is specified by all bits in the fourth word. The Iast control word contains the drum incre-
ment address.

A write drum operation accesses a specified number of data words from core and writes them on
drum. The macro rlame is WDRM and its operation code is 02. Figure 4.3.3 shows the control
word format.
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RD-01
WR= 02

14 0
CORE LOCATION OF DATA FOR

READ OR WRITE

0

NUMBER OF WORDS TO REND OR \,YRITE

DRUM NDDRESS FOR DRUM READ OR WRITE
(BCD rvAR)

0

DRUM INCREMI]NT NDDRLSS (ABSOLUTE)

TRANSFER

WAIT
NORMAL

Figure 4.3.3 Drum Read and Write Control Words

4.3.3 Card Reader Input - LCCC

The Operating System does not permit the test program to punch out data on cards; it only permits
the reading of data. This data may be read fryom cards either in binary or BCD form. The mode
for reading BCD data is multiple character Input. This mode places two or four card column BCD
characters into one data word.

The Operating System provides two macro instruBtions and their calling sequences for these oper*
ations. They allow the test program to link to the two Operating System routines which perform
card read operations. The test prograrn must supply three parameters for the Operating Systern.
They are the operation code, the data word address, and the number of data words. The operatiol
code indicates the type of card read operation to be performed. The data word address is lhe 

"orelocation where the first data word is to be placed. This address may be symbolic or absolute.
The number of words indicates the total number of data words required to contain the input data.

If the card format is BCD, 4 colurnns arg required for each word allowing a maximum of 20 words
per card. For binary data, one word is accommodated in every two columns to allow a maximum
of 40 words per card.
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4.3.3. 1 Read Binary Card Data - LCCC

This routine reads data from cards ptrnched in a binary format. The macro name is RBIN andthe operation code 011. The format for the control words is shown in Figure q.g.+. -it" opu"r-
tion code is placed in the first control word. The address of the first coie location where Aita is
to be placed is specified ln bit positions 14 through 0 of the second control word. The number of
data words required for the input data is specified in the third control word bits 11-0.

4.3.3.2 Read BCD Card Data- LCCC

This routine reads data from cards punched in a BCD format. The macro name is RBCD and the
operation code 010, respectively. The control word format for the specified parameters is shownin Figure 4.3,4. This format is the same as the Read Binary Card Iiata opeiation.

TRANSFER

0

OPERATION CODE

23 74 0

DATA ADDRESS FOR READ
OR WRITE

0

NUil4BER OT DATA WORDS

WAIT

NOnUal

Figure 4.3.4 Read Card, Write printer Control Words
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4.3. 4 Line Printer Output

Direct use of the 1ine printer by the test programmer is allowed only at the LCCC. The MLC printer
is used by the Operating System only in the event of a Data Link failure; lf this occurs, all messages

intended for the LCCC printer are generated out instead at the MLC printer. Thus, function executor

messages normally printed at the LCCC via the Remote Display and Print Service routine of the Sys-

tem Message program are printed instead at the MLC. In the case of general messages, only the

message number, GMT, and variable data words are printed. When error messages or system mes-

sages are generated, the tine printer immediately skips eight lines on the printed page. This action

tends to cause all error messages to be more noticeable. Additionally, GMT and CDC are printed

within 30 seconds of any line printer activity.

Whenever a print operation is performed, the multiple character mode is used. This mode accepts

data to be printed in a four character per word format. Data will be printed only for the two foilow-

ing conditions:

r When sufficient data is transferred to fill the 120 character (30word) printer buffer'
o When the data transferred contains a carriage return cod'e.

For multi-line printing, the buffer will continue to print as long as a carriage return code is not

found, or a fuII line of 30 wolds is put into the print buffer. During the multi-Iine printing, no pro-
vision is made for double- or triple-spacing; however, the output data may contain the carriage re-
turn for activating line spacing. The programmer may position the printer up 16lines by means of

setting bit 6 of the Sense Control Panel.

The test program may perform two types of operations with the printer. They are print data and

position the page. There are three macro instructions with their calling sequences used to perform
these operations. They are print data, print data and position to the top of the next page, and position

the printer page to a desired location.

The Operating System requires three parameters to perform these operations. They are the data

word address, the number of data words, and the page position code. The data word address is
the core location of the first data word and indicates from where the data may be accessed for print-
ing. The address may be either symbolic or absolute.

The number of data words indicates to the Operating System the number of data words to print. The

page position code indicates to the Operating System where to position the page for printing. These

codes are shown in Table 4.3.1.

Table 4.3-1 Page Position Codes

Printer
Code

Control Loop
Channel
Number

Page
Position

1 2 Top of Page

2 3 Triple Space

3 4 L/4PageSpace

4 5 Double Space

5 6 L/2 Page

6
,l Single Space

n
t 8 End of Page
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4,3.4.1 Print Data

This routine prints a specified number of data words. The MACRO name is WRPT, and the opera-
tion code is 014. The format for the three parameters are shown in Figure 4.9.4, paragraph
4,3.3.2. The operation eode is specified in the first control wordl the data address is specified
in bits 14 through 0 of the second control word; and the number of words to be printed is specified
in the third control word.

4.3.4.2 Print Data and Pgsition Page

This routine prints a specified number of data words and then positions the top of the next page for
further printing, The operation code is 015. The parameters are specified as explained in the
preceding paragraph. Figure 4.3.4 shows the format of these parameters.

4.3.4.3 Position Printer Page

This routine positions the printer form to the desired location as specified by the test program.
Figure 4.3.5 shows the control word format for this operation and indicates the two required para-
meters specified by the test program. The operation code is contained in bits 5 through 0 and is ip
octal. The page position code is contained in bits 13 through 10. This code is an octal number 1
through ? (Table 4.3-1).

T'RANSFER

22 2T 1.1 13 10

POSIl'ION
PAGE CODE

fr 6 5 0.

16s

OPERNTION

CODE

WAIT

NORMAL

Figure 4.3.5 Page Position Control Word Format
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** When standard options are displayed via ST12, the 100 word limit restriction on the
programmer supplied header message is reduced by the number of words required for
Standard Options A, B, C and D. The word count of these options are:

OptionA&B 19words
Option C 5 words
Option D 5 words

Descriptions of options selected and resultant program operation is provided in Section II
of this document.
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APPENDD( B

TEST PROGRAM AND TUNCTION EXECUTOR ROUTINE LINKAGE
WTTH OPERATING SYSTEM

LCCC MLC
FUNCTION

Name Name

SACA

SADA
SAEA
SAFA
SAGA
SAHA
SAJA
SAKA
SAMA
SANA
SAPA
SCDC
SCTP
SIOC
SLOG
SRCN
SRDC
SREB
SRED
SRRT
SR)G
s$(R
SUBD
SUBO
SUOB
SUDC
SFLT
SDSR
SDAl
SDA2
ST11
ST12
ST16
sT1?
STlB
ST19
SUBR
SMFX
SMFR
$(RS
$(RH
$(AT

SLSG

SACA

SADA
SAEA
SATA

SAKA

SANA

SCDC
SCTP
sroc
SLOG
SRCN
SRDC
SREB
SRED
SRRT
SR>(R
SSXR
SUBD
SUBO
SUOB

SFLT
SRDY
DALl

SXRS
SXRH
SXAT

llssue Single MDO
I

llssue Multiple MDO
lCtrect< Single MDI Status

lCtrect< Multiple MDI ftatus
lCheck Single LDI
IChect< Multiple LDI
llssue Pulsed MDO Check MDI
llssue Switch Selector Channel
lCtrect< Status of LDO
lCheck Status of MDO
lIs"ru Single LDO
lRead Countdown Clock
lRemote Core-to-Core of Data Link Exeeutive
lsystem I/O Control IODC 1 and 2

lSV.tu* Logging Program
lConvert GMT to BCD
lOetermine Relative Time Interval
lRead GMT Return in Binary
lRead GMT Return in BCD
lRead Relative Time
lRestore Indexes
lSave Indexes
lBinary to BCD Conversion
leinary to Octal Conversion
lOctal to Binary Conversion
lMemory Dump Routine
llYoc Inter{ace
lDisplay Request
lRead Analog
llssue Analog
lDisplay Plogrammer Options
lDisplay Standard Options
'SelI-Terminate and Execute
Request Parameters
Test Program Norrnal Completion
Abnormal Termination Return
Locate a test subroutine
Call or Terminate a Function Executor Routine
Returns to Function Executor
Request DDAS Read
Request DDAS Read and Delay Return
Delete DDAS Read and Terminate Log Mode Read

Linkage to Load Test program Segment
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APPENDD( C

STANDARD STORACE AREAS

ADDRESS

0430
0431
0432
0433
0434
0435
0436
043?
0440
044t
0442
0443
0444
4445
0446
0447
0450
0451
0452
0453
0471

051?
0520
0521
0522
0523
0524
0525
0526
0527
0530
053 1
0532
0533
0534
0535
0536
053 7
0540
0541
0542
0543
0544

IVAR OPER

NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
I\iUM
NUM
NUM
NUM
NUM
NUM
BSS
NUM
BSS
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM
NUM

CCKMO9
CCKMOB
CCKMO?
CCKMO6
CCKMOS
CCKMO4
CCKMO3
CCKMO2
CCKMOl
CCKZER
CCKPOl
ccKpo2
CCKPOS
CCKPO4
CCKPOS
CCKPO6
CCKPOT
CCKPOB
CCKPOg
CLFER
CLEPM

CCEDSl
CCEDSz
CCFAZM
CCAZCL
CCTHEO
CCFLAZ
CCFINI
CCPZCL
CLTIME

CLSIMF
CLVPWR
CLVMEM
CLVGCO
CLVLDR
CLVMAP
DRMP
CSPTTG
CLVTLC
CCAVTO

CONTENTS

-9
-B
-7
-6
-5
-4
-3
-2
-1

0
1

2

3
4
5

6
F
I

B

I
L4

0
21

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

FUNCTION

Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant PooI
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
Constant Pool
LVDC Error Table
Test Program Parameter
Input from T. P. C.
EDS Program (Cape) start
EDS Program (Cape) Reset
Platform Firing Azimuth
Platform
Platform Theadolite Azimuth
Platform
Platform
Platform
LVDC Time Constant

LYDC Simulator Flight FIag
L\rDC Power Flag
LYDC Memory protect Flag
LVDC GCO Line Status
LVDC Special Loader Flag
LYDC Core Map Status
DDAS/RACS
Tower Test Table Indicator
Initial Verify Bypass Indicator
Auto NuIl Check-No Run Flag
Permanent Storage for pTp4
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APPENDIX D

GLOSSARY OF ABBREYIATIONS AND ACRONYI4S

ABC

ACE

ACS

A/D

AGCSC

AMP

APS

ATOLL

AVP

BCD

BKUP

BO

BPI

BZA

CALIPS

CCN

CCW

CDC

CHAPS

CIF

CIU

CM

CMR

Airborne Computer

Automatic Checkout Equipment

Airborne Command Sirnulator

Analog To Digital

Automatic Ground Control System Computer

Accelerorneter Monitor Program

Auxiliary Propulsion System

Acceptance, Test, Or Launch Language

Address Verification Pulse

Binary Coded Decirnal

Backup

Breakout

Bits Per Inch

Bank Zero Address

Calibrated Pressure Switches

Control Computer Input Substitute

Counter Clockwise

Countdown Clock

Computer Hybrid Assembly Program

Central Instrumentation Facitity

Computer Interface Unit

Command Module

Command Module Repeater

D-1



c/o

COD

CRG

CRP

CRT

CTL

CW

D/A

DC

DCC

DCE

DCS

DD

DDAS

DEE

DI

DIN

DIT

DMON

DO

DOM

DOV

ECS

EDS

EMR

APPENDD( D (Continued)

Checkout

Crossover Detector

Control Rate Gyro

Computer Reset Pulse

Cathode Ray Tube

Control

Clockwise

Digital To Analog

Display Console

Display Cont4ol Computer

Display Control Equipment (Brown Racks)

Digitatr Command System

Display Description

Digital Data Acquisition System

Discrete Events Evaluator

Discrete In

LVDC Discrete In

Data Input Table

Display Monitqr Prograrn

Discrete Out

Data Output Multiplexer

Discrete Out Vehicle

Environmental Control System

Em er gency Detection System

Error Moniter Register

D-2



EMW

ENBL

ESE

EST

ETW

G&C
or

GandC

GCO

GCP

GMT

GND

GN2
or

GNz

GRR

GRRA

GS

GSE

HSM

ICS

ICSN

IDB

IND

INH
or

INHB

APPENDD( D (Continued)

Error Message Word

Enable

Electrical Support Equiprnent

Eastern Standard Time

Error Time Word

Guidance and Control

Ground Checkout

Guidance Computer

Greenwich Mean Time

Ground

Gaseous Nitrogen

Guidance Reference Release

Guidance Reference Release Alert

Ground Stage

Ground Support Equiprnent

High Speed Memory (RCA 110A Core Memory)

Inhibit Command System

Inhibit Cornmand System Not

Inertial Data Box

Indication

Inhibit

U
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INI

INT

t/o

IOA

IOAR

IOCS

IODC

IOR

IOS

IU

IUED

IVAR

JR

JS

KSC

L

LCC

LCCC

LDI

LDO

LET

LIEF

LH, LH2,
or LH2

LO

APPENDIX D (Continued)

Inhibit Interrupt

LVDC Intenrupt

Input/Output

Input/Output Address Line

Input/Output Address Register

Input/Output Control System

Input/Output Data Channel

Input/Output Register

Input/Output Sense Line

Instrument Unit

Instrument Unit And Electrical Support Equipment

Internal Variable

Priority Request Register (Interrupt Requests)

Friority Status Register

Kennedy Space Center

Left Accumulator

Launch Control Center

Launch Control Center Computer

Discrete In To The Launch Control Center Computer

Discrete Out From The Launch Control Center Computer

Launch Escape Tower

Launch InJormation Exchange Facility

Liquid Hydrogen

Liftoff

D-4
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LOX

rsB

I,sD

LV

LVDA

LVDC

MCD

MDI

MDO

MLC

MLF

MI"SR

MLTP

MSB

MSFC

MTOAD

MTS

N/C

OAT

OCR

PAM

PARM

PCM

PG[,{,

APPENDIX D (Continued)

Liquid Oxygen

Least Sigi'rificant Bit

Least Significant Digit

Launch Vehicle

Launch Vehiele Data Adapter

Launch Vehicle Digital Computer

Measurement Calibration Data

Discrete In To The Mobile Launcher Cornputer

Disctete Out From The Mobile Launcher Computer

Mobile Launcher Computer

Mobile Launch Facility

Machine Language Subroutine

Machine Language Test Program

Most Signlficant Bit

Marshall Space Flight Center

More than One Address Detected

Magnetic Tape Station

Normally CIosed

Overall Test

Orbital Checkout Ready

Pulse Amplitude Modulation

Parameter

Pulse Code Modulation

Program

f-,
D-5



PIT

PS

PSC

PTCS

PU

R

RACS

RG

RM

RTNE

rtSCR

RT

RTIP

s/c

SDF

SIMP

SLA

SLAP

SLCC

SM

SOAR

SPR

SS

or
SSw

APPENDD( D (Continued)

Programmable Interval Timer

Power Supply

Predefined Sequenee Control

Propellant Tanking' Computer System

Propellant Utilization

Right Accumulator

Remote Automatic Calibration System

Rate Gyro

Refresh Memory

Routine

Range Safety Command Receiver

ReaI Time

RACS Test In Progress

Spacecraft

Saturn Development Facility

Simulated Plus Time

Sorvice Lunar Adapter

Symbolic Language Assembly Program

Saturn Laungh Computer Complex

Service Module

Saturn Oriented Assembly Routine

Spare

Sense Switch

D-6



SSB

SSF

STAG

srAQ

syDr

SWSEL
or

SSEL

SYL

TAME

TEMPO

TLC

TM

TMR

TOK

TP

TPC

VAB

XVAR

APPENDD( D (Continued)

Single Sideband

Switch Selector Funetion

System Tape Arranging, Generating, And Editing Program

Station Acquisition

Saturn V Development Facility

Switch Selector

Syllable

Tape Maintenance And Assembly System Program

Tape Maintenance Assembly Program

Total Loss Of Control

Telemetry

Triple Modular Redundancy

Thrust OK

Test Procedure

Test Program Control

Vertical Assembly Building

External Variable
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APPENDD( E

REFERENCES

A number of reference documents contain specific or detailed information supplementing this
manual. These documents are:

o RCA 110A Programmer's Reference Manual

r SLAPS 2 Assembly Language Programmer Reference
Manual

r Astrionics System Handbook

. Saturn V Operational Display System Software Program
Specifications

r Specification for the Operating System for the $aturn
Launch Computer Complex - Revision 2 MSFC-DRL-
008A, Line Item No. 103; IBM No. 66-232-0001
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Mathematical Equations and Retationships Used to Calculate Unknowns for Analog and
Discrete Signals

I. Hardwire Discrete - Any LDI or MDI from 0-3023.

1) Calculate number of shifts to left-justify data.

Number of shifts = 23-(R)

R = The remainder generated when the specified discrete number (in decimal) is
divided by 24.

i.e. 'MDI2B?2-119- l9
24

R=16

Number of shifts =23 - '(16) ='l

2t Calculate number of bits of data: Predefined as follows. For a discrete, number of
bits = 1

II. DDAS Discrete Signal

DPIB1-01R02-00 is an illegal DDAS discrete since a bit position of 00 is not allowed for
DDAS discretes (13-14th characters). The 4th character determines the group (A or B)
ln the discrete DDAS data formatted as follows.

t2 t3 L4 15

NOT
USED

NOT
USED

DPl81 - 18R02-pl
-T-
t
dlt position for a DDAS discrete

1) Calculate number of shifts to left-justi{y data:

For Group 4 = (13 + bit position value)
i.e. DP1A1 - 18R02-05

Number of shifts for Group 6 = (13 + 5) = 18

For Group B = (1 + bit position value)
i.. e. DP1B0- 15R03-0?

Number of shifts for Group B = (1 + 7) = g

2) Calculaie number of bits of data: Predefined - for a discrete, number of bits = 1.

F-1
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III. DDAS Analog

DP1A1-05-01-02 is an illegal DDAS analog address since a bit position other than 00 is not
allowed for a DDAS analog (13-14th character). The 4th character determines the group
(A or B) in the DDAS analog data, which is formatted as follows.

13 14 15

ry.

1) C+lculate number of shifts to left-justify data: Predefined as follows.
For Gpoup A = Shift left 13 positions
For Group B = Shift left 1 position

2) Calculate number of bits of rlata = Predefined as follows.
Numtrer of bits = 11

Calculate Coefficients

NOT
USED

where:

1. e.

MSB

SIGN

LSB

NOT USED

uu-L*

97510

U" = Upper Signal Range
Ls= Lower Signal Range
EB = Entered Bias
Ip=2416xA.1

Dp1Al-05-00

MSB

SIGN

Value I 8191.99
Value f 8191.99

Upper Signal Range =27.3
Lower Signal Range = 13.6
Entered Bias = 0 (for DDTG)

Ao=EB-Ir+L.

41 =

A1 =

Ip

A

27.3 - 13.7 13. 6 0.014

975 ,?5

* 24 x 0.014 = 0.336

= 0 - 0.336 + 13.? = 13.364

01 ! *oorn, I ,o 01 r GROUPA
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T,egal Values for DDAS Analog and Discrete Signals

A
B
C
D
E

P1
A
or
B

0
1

2

3

or
v

01
to
Soto

R,G
J,K
L,H
-ror
U

00
to
loto

oo 
1o

to
loro

| 2-3 4 5 6 ?-B I 10-11 t2 13-L4

Char-
acter
No. or
CoIumn

A = S-IC
B = S-II C, D, F, G, J, K Discrete
C = S-IVE M, N, R, S, T, U Y Signal
D = Inst. Unit -,L, H = Analog Signal
E = ESE Monitor

The telemetry PCM channel assignment for a measurement is defined by an alphanumeric
code which requires .14 columns. This code is defined as foliows.

1. PCM,/FM TeI-emetry.Channel Assignments:

a. Colurnn 1

Colutnn 1 contains a letter that designates the stage of the vehicle from which the
measurement is telemetered as follows;

A S-IC
B S.II
C S.IVE
D Instrument Unit
E ESE

b" Columns 2 and 3

Colutnns 2 and 3 contain a letter and a number which serves to identify the
RF data link as weII as the type and sequential number of the primary tele-
meter which utilizes the link. The letter Pl designates a pcM/rna type
telemeter.

tr

ti
0)
X. o.)

O.i0)
H.iL
.l#tr6isd

IHJ
UE.l'r{

l-r
C)

U
HO-lr-x i 6q)t e :E'.E EF{ O >FA

o)
b0
d+)
V)
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c. Columns 4 and 5

Columns 4 and 5 contain a letter and number which serve the dual purpose of de-
fining a multiplexer (physically) and a part of the PCM programming format
(address).

(1) Physical Relationship

A multiplexer is an A0 urultiplexer physicaliy iI it is defined as A0 in the PCM
programming forrnat in the normal flight mode. A given multiplexer can be
A0, A1, 1^2, 43, 80, 82, or 83 depending on the way in which the multi-
plexers are programmed in the normal flight mode,

(2) PCM Programming Format

The letters A and B each define one-half of the PCM wavetrain (group). A
and B operate at a basic rate of 3600 words/second and are interlaced for
?200 words/second in the PCM format. The numbers 0, 1, 2, and 3 are
used with the letters A and B to define a part of the PCM programming for-
mat as follows.

A0 LZ or 120 samples/second
B0 tZ or 120 samples/second
A1 4 or 40 samples/second
AZ 4 or 40 samples/second
AB 4 or 40 sarnples/second

d. Column 6

Column 6 contains a letter (V) or dash (-)to indicate whether or not the assigned
measurement is at any time switched to another channel or address. A dash (-)
indicates that no switching occurs; the letter V indicates that switching does occur.
The remarks column and/or General Notes Section of the IP&CL defines the exact
switching condition. These switching conditions include, but are not limited to:
FM/FM to DDAS lor prelaunch checkout, inflight switching inciuding flig'ht period
switching, power transfers, and PCM mode shift.

e. Column 7 and B

Column ? and 8 contain the numbers 0f. through 30 which identifies a main channel
of a Model 2?0 nrultiplexer or the equivalent PCM address for digital data.

f. Column I

Column I contains a letter or dash (-) to identify the type multiplexing or meas-
urement routing as follows:

G - Discrete measurement routed direct to PCMIDDAS Moclel 301 Assembly.
J - Discrete measurement routed to Number 1, Model 410 multiplexer.
K - Discrete measurernent routed to number 2, Model 410 multiplexer.
L - Analog measurement routed to a remote low-level sub-multiplexer.

F-4



R - Discrete measurement routed to a remote digital sub-multiplexer.
H - Analog measurement routed to a remote high-level sub-multiplexer.
Dash - Analog measurement routed directly to a Model 2?0 multiplexer.

+U - Discrete measurement routed directly to a Model 270 multiplexer.

s. Colum4q 1Q eryl l1

Columns 10 and 11 contain the numbers 00 through 10 which identify Model 2'i0
multiplexer sub-channels or the equivalent PCM address for digital data. The 00
indicates aII ten sub-channels or frames are used.

h. Column 12

Column 12 contains a dash (-) for separation.

i. Columns 13 and 14

Columns 13 and 14 contain the numbers 00 through 10, which identify a particular
digital bit. The 00 indicates atl 10 bits are used.

NOTE

The numbers 01 through 10 correspond to the Most Significant
Bit (MSB) (29) ttrrough the Least Significant Bit (20), i. e.,
MSB = Bit 01, LSB = Bit 10.

In this case, bit identification is contained in columns 13 and *14. This includes,
but is not restricted to, measurements routed through the bilevel summing device.
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