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TABLE 15-10 

ACTIONS INITIATED BY RELAY BANK 14 
IN THE MAIN PANEL DSKY 

Actions Taken 

Generates signal 402 (CDU FAIL) which controls 
indicator CDU FAIL on the Main Display and Control 
Panel, and signal 425 (CDU FAIL) which is sent to 
the CSM telemetry system. 

Generates signal 403 (PIPA FAIL) which controls 
indicator PIPA FAIL on the Main Display and Control 
Panel, and signal 426 (PIPA FAIL) which is sent to 
the CSM telemetry system. 

Generates signal 404 (IMU FAIL) which controls 
indicator IMU FAIL on the Main Display and Control 
Panel, and signal 427 (IMU FAIL) which is sent to 
the CSM telemetry system. 

Generates signal 404 (ENCODER ZEROING) which 
is sent to the CSM telemetry system. 

Spare 

TABLE 15-11 

ACTIONS INITIATED BY RELAY BANK 15 
IN THE NAVIGATION PANEL DSKY 

Actions Taken 

Generates signal 316 (ZERO OPT) which controls 
Optics. 

Generates signal 31 7 (ST AR TRKR ON) which 
controls Star Tracker. 

Spare 
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Any bank 14 relay in either DSKY may generate an OR signal which is 
entered into bit position 15 of register IN3 (table 15-6). In the Naviga­
tion Panel DSKY eleven signals are OR'ed (tables 15-9 and 15-11) and 
in the Main Panel DSKY thre e signals are OR'ed (table 15-10). The 
OR signal is supplied to bit positions 16 and 15 of register IN3. 

15-76. The relay word 15 octal addresses a bank of relays in the Navi­
gation Panel DSKY only. The signals generated by these relays are 
described in table 15-11. The relay word 16 octal addresses a bank 
of relays in the Main Panel DSKY only. None of these relays is pre­
sently used. 

15-77. NON-MA TRIX RELAYS 

15-7 8. Each DSKY also contains 1 2 simple (non-latche d) relays of 
which 10 are presently us e d to display various auxiliary information 
and generate various auxiliary signals. Bits 1 through 5 of register 
OUTl are under program control. These bits initiate d e signals on 
5 different lines, and each line controls one relay in ea ch DSKY. 
These five r e l ays on the Navigation Panel DSKY cont rol indicators 
FROG ALM, TM FAIL, CHECK FAIL, KEY RLSE, and COMP ACTI­
VITY. (Indicator CHECK FAIL indicates improper keyboard manipu­
lation, i.e. pressing wrong keys.) The Alarm Control (figure 15-7) 
generat es de signals on another 5 lines which control another set of 5 
relays on each DSKY. The five r elays on the Navigation Panel DSKY 
control indicators CTR FAIL, RUPT LOCK, TC TRAP, SCALER 
FAIL, and PRTY FAIL. F a il signals FROG ALM, TM FAIL, CHECK 
FAIL, CTR FAIL, RUPT LOCK, TC TRAP, SCALER FAIL, and 
PRTY FAIL are OR'ed and the OR signal is sent to the IMU. 

15-79. All 10 signals whi ch are generated by the 10 non-matrix re­
lays in the Main Pane l DSKY are fed into the CSM tel emet ry system. 
An OR signal of the eight fail ure signals controls indicator COMP 
FAIL ( Computer Fail) on the Main P anel DSKY. 
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15-80. INSTRUCTIONS 

15-81. WORDS FORMATS AND INSTRUCTION TYPES 

15-82. Data words, instruction words, and address words consist of 
sixteen bits when stored in Fixed or Erasable Memory. The bits are 
number.ed O through 15 reading from right to left. As indicated in fig­
ure 15-12, bit position O is always reserved for the parity bit, P. The 
parity bit provides a simple means of detecting single errors or any 
uneven number of errors when reading out of Fixed or Erasable Mem­
ory. If the number of ONE' s contained in bit positions 1 through 15 is 
an even number, bit position O contains a ONE. This brings the total 
number of ONE's contained in a word to an uneven number. If the num­
ber of ONE's contained in bit positions 1 through 15 is an uneven num­
ber, bit position O contains a ZERO. This leaves the total number of 
ONE's contained in a w ord at an uneven number. Bit position 1 con­
tains the lowest order digit and 15 the highest. Data words stored in 
Fixed or Erasable Memory consist normally of a sign bit (SG) in posi­
tion 15, fourteen value bits, and the parity bit. A ZERO in position 
15 represents a plus sign, a ONE a minus sign. 

15-83. Two types of instructions can be written in an AGC program: 
Basic Instructions and Interpretive Instructions. A Basic Instruction 
is composed of a three-bit order code in bit positions 15 through 13, 
a twelve-bit a ddress code (relevant address) in bit positions 12 through 
l, and the parity bit. The order code of an Interpretive Instruction 
consists of seven bits. An Interpretive Instruction Word can contain 
two such order codes in bit positions 14 through 8, and 7 through 1, or 
one such order code plus a seven-bit code. The seven-bit code indica­
tes the number of Interpretive Instruction Words immediately follow­
ing the first instruction word a string (group) of Interpretive Instruc­
tion and Address Words. An Interpretive Instruction Word is stored 
in F memory in its incremented and complemented form, and identified 
by a ONE in bit position 15. An Interpretive Addres s Word is stored 
in F memory in its incremented form. Normally, an Interpretive Ad­
dress Word contains a ZERO in bit position 15 to distinguish it from 
an Interpretive Instruction Word. If an Interpretive Address Word is 
not the first one of an address string, it may contain a ONE in bit po­
sition 15. An interpretive string consists of a string (group) of Inter­
pretive Instruction Words and a String of Interpretive Address Words. 

15-47 
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DATA WORD 

BIT POSITIONS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

---------- VALUE BITS ________ _.,. 

BASIC INSTRUCTION WORD 

BIT POSITIONS 15 14 13 12 11 10 9 B 7 6 5 4 3 2 0 

I ORDER __.o!4-------
14- CODE RELEVANT ADDRESS 

INTERPRETIVE INSTRUCTION WORD 
BIT POSITIONS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I p I 

1.-- ORDER CODE ~I- ORDER CODE OR NUMB~ 
OF INTERPRETIVE 

INSTRUCTION WORDS FOLLOWING 

INTERPRETIVE ADDRESS WORD 

BIT POSITIONS 15 14 13 12 I I 10 9 B 7 6 5 4 3 2 0 

ADDRESS CODE 

Figure 15-12. Word Formats 
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15-84. The variety of instruction types provided for the AGC can be 
divided into two main groups: Machine Instructions, which are built 
into the Sequence Generator (SQG) and Interpretive Instructions, which 
are built into program section Interpreter. 

15-85. MACHINE INSTRUCTIONS 

15-86. All Machine Instructions are listed in table 15-12. Order codes 
are given in octal numbers. A Machine Instruction consists of one, 
two, or more subinstructions. A subinstruction i s defined as a sequence 
of 12 Actions. An Action is defined as a set of control pulses (para­
graph 15-14). A subinstruction is executed in one MCT (11. 7 msec). 
The Machine Instruction can be grouped into Regul ar Instructions, In­
voluntary Instructions and Miscellaneous Machine Instructions. 
Table 15-12 also lists the number of MCT 's required to execute the 
various Machine Instructions. The MCT listed for the E x tra Code In­
structions includes the time needed to derive the order code for the 
instruction. All Machine Instructions are analyzed in Issue 2 of the 
AGCIS. 

15-87. Regular Instructions can be divided into Basic Instructions and 
Extra Code Instructions. Basic Instructions can be written into a pro­
gram, which is normally stored in F memory and executed as their 
order codes are entered into the SQ register (paragraph 15-15). The 
Extra Code Instructions cannot be written into a program. Their order 
codes are derived by indexing Basic Instructions (modifying with under­
flow additions) and are executed as the modified order codes are enter­
ed into register SQ. Basic and Extra Code Instructions are Regular 
Instructions, since their execution is under the control of programs. 
The symbol K after the instruction codes represents the relevant ad­
dress of the data to be processed. 

15-88. The Involuntary Instructions can be divided into Priority Pro­
gram Instructions and Counter Instructions. The execution of Interrupt 
Instruction RUPT is initiated by RP and TRP signals (paragraph 15-47). 
Instruction RSM (resume) is really a special instruction, NDX 0025, 
but has been added to the group of Priority Program Instructions since 
it concludes a program interruption. The execution of Counter Instruc­
tions PINC, MINC, SHINC, and SHANC is initiated by incremental pulses 
(paragraphs 15-51 and 15-52). Counter Instructions do not interrupt 
the execution of a program and cause only a small delay in the execu­
tion . 
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Initials Purpose 

TC K Transfer Control to K 

XCH K Exchange Data in A 
with Data of K 

CSK Clear A and Subtract 
Data in K 

TS K Transfer Data to K 

MSK K Mask (AND) with Data 
from K 

AD K Add Data from K and 
count on overflow or 
underflow 

In case of overflow 
In case of underflow 

TABLE 15-12 

MACHINE INSTRUCTIONS 

Order Code 
Written Entered 

into into 
Program SQ 

REGULAR INSTRUCTIONS 

Basic Instructions 

0 00 

3 03 

4 14 

5 15 

7 17 

6 16 

Subinstruction 

TC0 

XCH0, STD2 

CS0, STD2 

TSO, STD2 

MSK0, STD2 

ADO, STD2 

also PINC 
also MINC 

Execution 
Time 

in 
MCTs 

1 

2 

2 

2 

2 

2 

3 
3 
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Initials 

NDX K 

CCS K 

SUK 

MP K 

DV K 

TABLE 15-12 

MACHINE INSTRUCTIONS (cont) 

Order Code 
Written Entered 

Purpose into into 
Program SQ 

Index (Modify) Next 2 02 
Ins true tion 

Count, Compare, and 1 01 
Skip with Data at K 

Extra Code Instructions 

Subtract Data from K 6 13 
and count on overflow 
or underflow 

In case of overflow 
In case of underflow 

Multiply with Data at K 4 11 

Divide by Data at K 5 12 

Subins true tion 

NDX0, NDXl 

ccso, CCSl 

suo, STD2 

also PINC 
also MINC 

MP0, MPl, MP3 

DV0, DVl, STD2 

Execution 
Time 
in 

MCTs 

2 

2 

4 

5 
5 

10 

18 
1-rJ 
~ 
I 
N 
I 

1--' 

1--' 

u, 

n 
0 
z 
-n -C 
m z 
-t -
► .-



n 
0 z 
'Tl -C 
m z 
~ -
► ,-

I-' 

u, 
I 
u, 
N 

Initials 

RPT 

RSM 

PINC 

MINC 

SHINC 

SHANC 

TABLE 15-12 

MACHINE INSTRUCTIONS (cont) 

Purpose Subins true tion 

INVOLUNTARY INSTRUCTIONS 

Priority Program Instructions 

Interrupt program RPTl, RPT3, 
STDZ 

Resume program NDX0, RSM 

Counter Instructions & 
Increment content of addressed counter PINC 

Decrement content of addressed counter MINC 

Shift content of addressed counter SHINC 

Shift content of addressed counter and SHANC 
add one 

Execution 
Time 

in 
MCTs 

3 

2 

1 

1 

1 

1 
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Initials 

GO 

TCSA 

OINC 

LINC 

TABLE 15-12 

MACHINE INSTRUCTIONS (cont) 

Purpose Subins true tion 

MISCELLANEOUS MACHINE INSTRUCTIONS 

Start Instructions 

Computer GO GO 

Start at specified address TCSA 

Display and Load Instructions 

Display content of addressed location OINC 

Load addressed location LINC 

Whenever register S contains an address between 0047 

and 0053, the Adder is signaled to add angular data in­

stead of linear data (normal operation). 

Execution 
Time 

in 
MCTs 

1 

1 

1 

1 
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15-89. Some Miscellaenous Instructions are provided for starting, 
loading, and testing the AGC. Instruction GO can be initiated by an as­
tronaut, the start sequence, an alarm, or test equipment. 

15-90. INTERPRETIVE INSTRUCTIONS 

15-91. All Interpretive Instructions are listed in table 15-13. Order 
codes are given in octal numbers. An Interpretive Instruction is de­
fined as a sequence of Basic Machine Instructions. The Interpretive 
Instructions can be written into a program, as can any Basic Instruc­
tion. However, the Interpretive Instructions are decoded by the Inter­
preter, which transforms them into a sequence of Basic Instructions. 

15-92. The Interpreter is a highly sophisticated program s~ction the 
purpose of which is to execute program portions written in interpretive 
language (paragraph 15-6 and Issue 12). The Interpreter consists of 
approximately 1500 Regular Instructions and contents. Interpretive pro­
gram portions are composed of Interpretive Instructions (Interpretive 
Instruction Words and Interpretive Address Words, as shown in figure 
15-12). Basic program portions are composed of Regular Instructions. 
Interpretive program portions consist of one or more program strings 
(word groups). Each program string has an instruction string (group 
of Interpretive Instruction Words) followed by an address string (group 
of relevant Interpretive Address Words). Interpretive program portions 
are able to perform double-precision (DP), triple-precision (TP), and 
vector double-precision (V) operations. 

15-93 . As indicated in figure 15-12, the order code of an Interpretive 
Instruction consists of seven bits, permitting 12 8 different order codes. 
The Interpretive Instructions can be grouped into Dual Quantity Instruc­
tions, Single Quantity Instructions, Index Register Instructions, and 
Miscellaneous Interpretive Instructions (table 15-13). 

15-94. Dual Quantity Instructions operate with two quantities, one con­
tained in the MPAC (multiprecision accumulator) or the VAC (vector 
accumulator) and other stored at locations K, K + 1, etc. For some 
instructions the quantity N is written into a program instead of an ad­
dress K. Address K defines the first location of a double-precision 
quantity, a triple-precision quantity, or a vector expression. A 
double -precision quantity is stored at K and K + 1 (2 8 value bits and 
two sign bits), a triple-precision quantity is located at K , K + 1, and 
K + 2 (42 value bits and three sign bits), and a vector is stored at K 

(text continued on page 15-61) 
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Initials 

DAD K 

TAD K 

DSU K 

TSU K 

BDSU K 

DMP K 

DMPR K 

DDV K 

BDDV K 

TSRT N 

TSLT N 

TSLC K 

SIGN K 

BPL K 

BZE K 

BMN K 

BHIZ K 

Table 15-13 

INTERPRETIVE INSTRUCTIONS 

Order Code Execution Time (MCTs) 

Dir ect Indexed 
Min Name and Purpose 

Address Address 
Ave Max 

Dual Quantity Instructions - DP and T P Ope rations & 
DP Add 034 036 91 123 174 

TP Add 074 076 112 144 195 

DP Subtract 044 046 99 131 182 

TP Subtract 114 116 121 153 204 

DP Subtract Backwards 050 052 105 137 188 

DP Multiply 054 056 171 203 254 

DP Multiply and Round 110 112 181 217 274 

DP Divide 064 066 283 315 777 

Backwards DP Divide 070 072 301 333 795 

T P Shift Right 104 106 143+2 lm 162+2lm 201+2lm 

T P Shift Left 060 062 78+25n 97+28n 136+3ln 

T P Shift Left and Count 100 102 77+0n 105+37n 152+40n 

Set Sign into MPAC 120 122 82 101 139 

Branch on Plus 160 162 111 116 146 

Branch on Zero 140 142 111 116 146 

Branch on Minus 020 022 111 116 146 

Branch on High Order Quantity 040 042 106 106 132 
Zero 
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....... TABLE 15-13 
u, 

1-rj I INTERPRETIVE INSTRUCTIONS ( continued) u, ~ 
0' I 

N 
Order Code Execution Time (MCTs) I 

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

Direct Indexed u, 

Initials Name and Purpose 
Address Address 

Min Ave Max 

Dual Quantity Instructions - Vector Operations & 
VAD K Vector Add 134 136 170 202 253 

VSU K Vector Subtract 014 016 181 211 264 

n BVSU K · Vector Subtract Backwards 144 146 281 311 364 n 0 0 z VXSC K Vector Times Scalar 010 012 330 430 510 z ,, 
DOT K Vector Dot Product 164 166 477 521 580 

.,, - -C 0 ffl VPROJ K Vector Project 174 176 727 741 870 m z I z .... VXV K Vector Cross Product 170 172 830 874 937 .... - -► MXV K Matrix Times Vector 124 126 1597 1629 1680 ► ,... .... 
VXM K Vector Times Matrix 130 132 1595 1627 1678 

VSRT N Vector Shift Right 150 152 330 350 382 

VSLT N Vector Shift Left 154 156 85+100n 100+102n 120+105n 

Dual Quantity Instructions - Sundry 

ITC K Interpretive Transfer Control 004 006 103 106 131 

STZ K Store Zero 024 026 65 86 112 

BOV K Branch on Ove rflow 030 032 106 107 134 
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Initials 

SIN 

cos 
ASIN 

ACOS 

DSQ 

SQRT 

ABS 

DMOVE 

TMOVE 
or TP 

VSQ 

ABVAL 

UNIT 

V MOVE 

VDEF 

TABLE 15-13 

INTERPRETIVE INSTRUCTIONS ( continued) 

Order Code Execution Time 

Name and Purpose 
Direct Indexed 

Min Ave 
Address Address 

Single Quantity Instructions - DP and T P Ope rations & 
DP Sin Function 103 107 808 876 

DP Cos Function 113 11 7 859 937 

DP Arc sin Function 063 067 1357 1436 

DP Arccos Function 07 3 077 1336 1419 

DP Square 133 137 136 156 

DP Square Root 123 127 336 363 

Absolute Value 053 057 48 76 

DP Move 153 157 60 + Loading 

TP Move 003 007 64 + Loading 
or Declare TP or 64 

Vector Square 043 047 465 510 

Vector Absolute Value 033 037 892 937 

Normalize Vector to Unit 023 027 1886 1944 
Vector 

Vector Move 013 017 60 + Loading 

Vector Define 17 3 177 116 128 

(MCTs) 

Max 

916 

1007 

1856 

1839 

168 

814 

96 

575 

1299 

2890 
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TABLE 15-13 
...... 
u, INTERPRETIVE INSTRUCTIONS ( continued) ~ 
I 

~ u, 
00 I 

Order Code Execution Time (MCTs) N 
I 

1--' 

Direct Indexed 1--' 

Initials Nam e and Purpose Min Ave Max U1 

Address Address 

Single Quantity Instructions - Sundry & 
COMP Complement 143 147 41 I 100 162 

SMOVE SP (Single Precision) Mov e 163 167 64 + Loading 
I 

n Order Code Execution Time (MCTs) n 
0 0 z Index Index z ,, Initials Name and Purpose Reg l Reg 2 Min A v e Max ,, -0 (T= l) (T=2) -C m m z Index Register Instructions z -t .... -
► -

AXT T, N Address to Index True (load 011 015 73 92 103 ► ... .... 
index register with giv en 
number) 

AXC TN Address to Index Complement 111 , 115 74 93 104 
(load index register with com-
plement number) 

INCR TN Increment Index Register 061 , 065 78 98 109 

LXA TK Load Index Re gi ste r Direct 
I 

021 025 78 97 108 
from Address 

LSC T, K Load Index Re gi ste r Comple- 031 035 76 95 106 
mented from Address 



n 
::,- TABLE 15-13 ~ 
~ 

(JQ INTERPRETIVE INSTRUCTIONS ( continued) (l) 

0... 

N 
Order Code Execution Time {MCTs) '° 

~ Index Index ~ 
'-< Initials Name and Purpose Reg l Reg 2 Min Ave Max ...... 

'° {T= 1) {T=2) 
O' 
~ 

Index Register Instructions ( continued) 

SXA TK Store Indexed Quantity in 041 , 045 77 96 117 
Address 

n XCHX T K Index Re gi ste r Exchange 051 055 79 98 109 n , 
0 XAD T K Add to Index Register 071 075 83 102 113 0 z , z ,, xsu TK Subtract from Index Register 101 105 81 100 111 .,, - , -C AST TN Address to Step True 121 125 73 92 108 CJ m , m z TIX T K Transfer on Index 131 135 86 105 116 z .... , .... - -► Miscellaneous Interpretive Instructions ► ,- ,-

EXIT Leave Interpretive Mode 001 63 81 91 

RTB K Return to Basic Mode 005 75 95 105 

NOLOD No Load 141 53 71 81 

LODON Load Indicator ON 171 53 71 81 

ROUND Round to DP 145 51 72 89 

ITCQ Interpretive Tran sf er Control 175 80 95 110 
~ 

to Address Stored in QPRET ~ 
I 

ITA K Inter pr eti ve Transfer of 151 70 88 108 N 
...... I 
u, 

Address 
..... 

I ..... 
u, u, 

'° 
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TABLE 15-13 

INTERPRETIVE INSTRUCTIONS ( continued) 

Order Code Execution Time 

Index Index 
Initials Name and Purpose Reg 1 Reg 2 

(T= 1) (T=2) 

Miscellaneous Instructions ( continued) 

ITC! K Interpretive Transfer Control 155 
Indirect 

SWITCH N Turn Switch on 161 

SWITCH N, K Branch on Switch on 161 

NOTES: m means the number of 14 bit shifts 

n means the number of single bit shifts 

& Load and store times in MCTs are as follows: 

Function 

Loading 

Storing in Storage 

Storing in Push-Down List 

SP 

68 

DP 

68 

96 

53 

Min 

69 

125 

125 

TP 

74 

102 

59 

Ave 

77 

140 

140 

(MCTs) 

Max 

97 

155 

155 

Vector 

150 

166 

123 
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through K + 5 (28 value bits and two sign bits for each of the three 
vector components). The highest order part of a quantity is always 
located at the first address, i.e., K. Thirty-one different Dual Quan­
tity Instructions are provided, but each can refer to a direct address 
K or an indexed address K, therefore, sixty-two different order codes 
apply. An indexed address K is derived by modifying a given address 
with the content of one of the two Index Registers. 

15-95. Single Quantity Instructions operate only with a quantity nor­
mally contained in the MPAC or VAC. These instructions can enter 
a quantity into an accumulator before the execution of the instruction, 
for this reason different order codes are provided for direct and in­
dexed addressing. Sixteen different Single Quantity Instructions and 
thirty-two different order codes are listed in table 15-13. 

15-96. Index Register Instructions operate with the content of one of 
the two index registers provided. The letter T after the initials of an 
instruction indicates the number of the index register to be used. 
Eleven different Index Register Instructions and twenty-two different 
order codes to indicate which index register is used are listed in 
table 15- 13. 

15-97. Finally, Twelve Miscellaneous Interpretive Instructions with 
ten different order codes are listed at the end of table 15-13 
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15-98. AGC PROGRAMS 

15-99. Many progra ms have been created for the AGC during the last 
two years . Most of them were used to develop and test various tech­
niques and are only of interest to MIT/ IL members designing pro­
grams. The programs which are of interest to others are those which 
have been or will be wired into core ropes. 

15-100. So far, the following five AGC programs have been selected 
for wiring into core ropes: 

Eclipse NASA Drawing No . 1003203 
Artemis NASA Drawing No. 1021100 
Moonglow NASA Drawing No. 1021101 
SUNRSE 33 NASA Drawing No. 1021102 
SUNRSE38 NASA Drawing No. 1021102 

Program Eclips e has been developed for the ''breadboard" AGC and is 
used with system AGE4. Program Artemis has been developed for 
testing AGC subsystems a t the factory. Program Moonglow is similar 
to program Eclipse, except that the program has been rearranged and 
existing program sections have been improved. Program Moonglow 
will be used with systems AGE4. The Sunrise programs represent the 
first family of Block I mission programs. Program SUNRSE33 (revi­
sion 33 of program Sunrise) is the first Sunrise program which has 
been wired into core ropes (three sets), and program SUNRSE38 is 
the final ve rsion of program Sunrise whi ch,will be wired into several 
core rope sets. Programs SUNRSE33 and SUNRSE38, which are id­
entical except for core rope module B21, will be used to test the first 

AGE systems. 

15-101. An AGC program is defined as the entire content of F mem­
ory (parag r aph 15-5). An AGC program can be broken down in two 
ways: phy sically and functionally . Physically, an AGC program c on­
sists of va rious program sections . A program section may c onsist 
of several major routines which a re composed of minor routines and 
subroutines. A subroutine is a sequence of instru ctions which starts 
a t a location with a symbol (name) and ends at the next location with 

a symbol. 
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15-102. An AGC program can execute or perform various functions; 
these functions are categorized into the following three classes: 

Mission Functions 
Aux iliary Functions 
Utility Functions 

15-103. Mission Functions such as prelaunch alignment, system test, 
free-fall integration, navigation, etc. are operations directly concern­
ed with an Apollo Mission . A Mission Function may consist of several 
Function Phases (not to be confused with Major Mission Phases as de­
fined in paragraphs 1-11 through l -19). A Function Phase may require 
the execution of several Jobs, Tasks, and other routines. A Job is a 
routine which has been assigned a certain priority of execution (para­
graph 12-4). A Task is a routine which must be executed at a certain 
time (paragraph 1 2 -7). The various Jobs, Tasks, and other routines, 
which have to be executed as a certain Mission Function is performed, 
may be embedded in various Mission Program Sections (program sec­
tions mainly c oncerned with Mission Functions) as well as Auxiliary 
Program Sections and Utility Program Sections (program sections 
mainly concerned with Auxiliary and Utility Functions). 

1 5 -104. Aux iliary Functions such as start computer, accept informa­
tion, display information, c ontrol optics, etc. are operations executed 
automati cally at the occurrence of certain e v ents, requests, or com­
mands. Auxilia ry Functions may require the execution of Jobs, Tasks, 
or other routine s. The various Jobs, Tasks, and other routines, which 
h a ve to be exe cuted as a c ertain Auxiliary Function is performed, may 
be embedded in various Auxiliary Program Sections as well as in var­
ious Utility Program Sections . 

15-105. Utility Functions are operations which are not directly con ­
c e rned with Mission Functions or Auxiliary Functions but support them. 
The Utility Functions are embedded in the Utility Program Sections. 
The execution of Jobs is controlled by the Job Control, (Executive, 
paragraph 12- 9 ). The e x ecution of Tasks is controlled by the Task 
Control ( Wa itlister, paragraph 12-69). The execution of most Mission 
Functions is c ontrolled by the Master Control ( paragraph l 6- ) . The 
Interpreter e xecutes program portions written in interpretive language 
(paragraphs 1 5 -92 and 6-4). Some basic routines, whi ch are used in 
the e xecution of int e rpr e tive program portions, are situated in program 
section RT B Routines. Most routines needed when switching between 
memory banks ar e situated in program section Interba nk Communica­
tion. The routines needed to transfer program c ontrol at the occur­
rence of certain interrupt signals (paragraph 15-48) are situated in 
program section RPT and GO Transfer Routines. 

1 5-64 Chang e d 2 July 1964 
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15-106. SUNRISE PROGRAMS 

15-107. Programs SUNRSE33 and SUNRSE38 consist of 20 program 
sections which are listed in tables 15-14A and 15-14C in the same se­
quence as they appear in the program listings. Mission Program Sec­
tions are marked M, Auxiliary Program Sections A, and Utility Pro­
gram Sections U. Tables 15-14B and 15-14D are memory maps using 
the program section numbers of tables 15-14A and 15-14C. For E 
register assignments of programs SUNRSE33 and SUNRSE38, see table 
15-15. 

15-108. The Sunrise programs have the following Mission Functions 
built in: 

System Tests 
Prelaunch Alignment 
Free-Fall Integration 

The execution of the System Tests is not under the control of the Mast e r 
Control, only the execution of the Prelaunch Alignment and of Free -fall 
Integration. Later Block I AGC programs will have additi onal Missio n 
Functions built in. Provis ions have already been made in program 
SUNRSE33 to execute up to 12 Mission Functions concurrently under 
the control of the Master Control. 

15-109 . The Sunrise prog rams have the three following built m system 
tests; each is executed individually on request via a DSKY: 

AGC Selfcheck 
!MU Alignment Test 
PIPA Scal e Factor Determination 

All system tests are contained in program se c tion AGC Selfcheck and 
System Tests. Later AGC programs will have additional systems 
tests built in. 

15-110. Mission Function Prelaunch Alignment first vertically erects 
the !MU, which takes about 5 minutes, and then gyro compasses the 
!MU to a de sired a z imuth. The gyros compass loop has a time con­
stant of about 1 7 minutes. The alignment takes the motions of the 
spacecraft on the launch pad into account. Expected accuracies in 
the laun ch pad are 0. 2 milliradians in the vertical alignment and 5 in 
the azimuth alignment. Program sections Prelaunch Alignment and 
IMU Alignment Routines are involve d in the alignment operations. 

1 5 -111. Mission Function Free -Fall Integration, as applied in the 
Sunrise programs, is used for orbital integration only. The free-fall 
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TABLE 15-14A ~ 

I ?:J 
O' PROGRAM SUNRSE33 -- PROGRAM SECTIONS 

I 

O' N 
I 

I--' 

Program Section Memory Locations Used 
I--' 

V, 

Number Name Class FF FS 

1 RPT And GO Transfer Routines u 2000 - 2036 
2 Interpreter u 4000 - 5652 

2130 03, 6000 - 03,7435 
3 Job Control (Executive ) u 2037 - 2123 04, 6000 - 04,6351 
4 Task Control (Waitlister) u 2124-2127 

2131 - 2216 04,6352 - 04,6501 

n 5 Master Control (Progress Control) u 2217-2300 04, 6502 - 04,6743 n 
0 6 Fresh Start And Restart A 04, 6744 - 04, 7264 0 
z 7 DOWNRUPT Processor A 2301 - 2426 z .,, 8 T4RUPT Output Control A 2427 - 2466 10,6000 - 10, 7053 "Tl -- C C 9 Modeswitching And Mark A 2467 - 2515 05,6000 - 05,6675 
m 05,7740 - 05, 7777 

m 
z z 
-4 10,7054 -10,7644 -4 -- 10 AGC Selfcheck A 05,6676 - 05, 7344 )> 
► ,- 1 1 Interbank Communication u 2516 - 2604 ,... 

12 Alarm Processor A 2605 - 2667 
13 Initialization And Test M 22, 6000 - 22, 6304 

(') 14 Orbital Integration Initialization M 22, 6305 - 22, 7743 
::r' 23, 6000 - 23, 6107 
~ 
::s 15 Prel2.unch Alignment M 23, 6110 - 23, 7020 {JQ 
(1) 16 R TB Routines u 23, 7021 - 23, 7165 CL 

N 17 System Test M 30, 6000 - 30, 7356 
c..., 18 
C 

IMU Alignment Routines A 25, 6000 - 25, 6624 
I--' 19 KEYRUPT And UPRUPT Processor A 04, 7265 - 04, 7375 '< 
>-' 20 Keyboard And Display (Pinball) A 2670 - 3117 21, 6000 - 21, 7621 
'° 24, 6000 - 24, 7630 O' 
~ 
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TAB LE 1 5 -14 C 

PROGRAM SUNRSE38 -- PROGRAM SECTIONS 

Program Section Memory Locations Used 

Name Class FF FS 

RPT and GO Transfer Routines u 2000 - 2036 
Interpreter u 4000 - 5652 

2130 03,6000 - 03, 7435 
Job Control (Executive) u 2037 - 2123 04,6000 - 04, 6351 
Task Control (Waitlister) u 2124 - 2127 

2131 - 2216 04,6352 - 04, 6501 
Master Control (Progress Control) u 2217 - 2300 04,6502 - 04, 6743 
Fresh Start And Re start A 04,6744 - 04, 7264 
DOWNRUPT Processor A 2301 - 2426 
T4RUPT Output Control A 2427 - 2466 10,6000- 10,7053 
Modeswitching And Mark A 2467 - 2515 05,6000 - 05,6675 

05,7345 - 05, 7416 
05,7740 - 05, 7777 
10, 7 054 - 10, 7732 
10,7740- 10, 7765 

AGC Self check A 05,6676 - 05, 7 344 
Interbank Communication u 2516 - 2604 
Alarm Processor A 2605 - 2667 05,7634 - 05, 7642 
Initiali zation And Te st M 22,6000 - 22, 6304 
Orbital Integration Initialization M 22,6305 - 22, 7743 

23,6000 -23,6107 
Prelaunch Alignment M 23,6110 - 23, 7020 
RT B Routines u 23,7021 - 23, 7165 
System Test M 30,6000 - 30, 7357 

30,7400 - 30, 7402 
!MU Alignment Routines A 25, 6000 - 25, 66 26 
KEYRUPT And UPRUPT Processor A 04,7265 - 04, 7375 
Keyboard And Display (Pinball) A 26 7 0 - 311 7 21,6000 - 21, 7621 

24,6000 - 24, 7630 
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integration is based on Encke I s method. Program sections Orbital 
Integration Initialization and Orbital Integration are involved in com­
puting position and velocity for an earth orbit whose initial conditions 
may be specified via a DSKY. 

15-11 2. The Auxiliary Functions which can be performed by a Sunrise 
program are listed below: 

KEY RUPT (accept keyboard information) 
UPRUPT (accept uplink information) 
MARK ( store Opti cs information) 
Mark A cce pt (accept Optics information) 
Display accepted information 
Display data contained in specified locations 
Monitor data contained in specified locations 
Enter data into specified locations 
Request the execution of a Job or a Task 
Set Mission Function and Function Phase 
Re start the computer ope ration 
Transfer next word to DSKY 1 s 
Drive IMU CDU 1 s 
Drive Optics CDU 1 s 
Check IMU mode 
Check Optics mode 
Scan IMU FAIL, PIPA FAIL, and CDU FAIL 

bit and display failure 
Check Downlink Rate 
Provide the next word for downlink 

transmission 

Described 
in Issue 17, 

} 
Described in 
Issues 16 and 17, 

Described in 
Issue 18. 

15-113. Th e Utility Functions of the Sunrise programs are the same 
as those described in paragraph 15-105. 
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0060 

0061 

0062 

0063 

TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 

Initials 

& Name and Purpose 

The following registers are used by program sections 
Interpreter, Interbank Communication, and Pinball. 

BANKSET 

ADDR 
(ADDRWD} 

ORDER 

UPDATRET 

CHAR 

ERCNT 

DECOUNT 

TEMl 1 

SGNON 

Holds complemented number of the bank in which the interpretive rou­
tine currently executed is stored. 

Holds any 9-bit address referring to a Work Area; holds any 10-bit 
address referring to E memory; holds any 12-bit address for address­
ing F memory by means of register S; holds first Interpretive Address 
Word of a string in its true form temporarily; holds number N after 
decoding an Interpretive Address Word. 

Holds Interpretive Instruction Word (in its true form) to be decoded; 
holds second order code of a decoded Interpretive Instruction Word; 
holds 00000 if no second order code exists or processing of it has 
been started. 

Holds return address entered by subroutines UPDATNN and UPDATVB 
of Pinball. 

Temporary storage used by subroutine CHARIN of Pinball. 

Error light reset counter, used by Pinball. 

Scaling and display counter, used by Pinball. 

Temporary storage used by routines DOT2 and INCRT4 of Interpreter. 

Sign On indicator, used by Pinball. 
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0063 

0064 

0065 

0066 

0067 

0070-0075 

0070 

TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 

& 
NOUNTEM 

DISTEM 

DECTEM 

DECTEMl 

MODE 

ENTRET 

LOADIND 
(NEWEQIND) 

MONTEM 

WORKLOC 
(FIXLOC) 

VACLOC 

VBUF 

TEMQS 

Name and Purpose 

Counter for mixed noun fetch, used by Pinball. 

Counter for octal display verbs, used by Pinball. 

Counter for decimal display verbs, used by Pinball. 

Temporary storage for numbers, used by Pinball. 

Holds 77776 when Interpreter is in DP mode; holds 77775 when Inter­
preter is in TP mode; holds 77777 when Interpreter is in Vector mode. 

Temporary storage used by subroutine ENTER of Pinball. 

Holds 00001 if MPAC or VAC has to be reloaded by the Interpreter; 
holds 00000 if the present content of MPAC or VAC is to be operated 
with. Also used as temporary storage by Interpreter. 

Temporary storage used by subroutine MONITOR of Pinball. 

Holds address of Work Area currently used by the Interpreter. One 
out of five addresses is entered by the Job Control. 

Holds address of VAC currently used by the Interpreter. VACLOC = 

WORKLOC + 32D. One out of five addresses is entered by the Job 
Control. 

Temporary storage (6 locations) for vector operations of Interpreter. 

Temporary storage used by subroutine SWCALL of Interbank Commu­
nication. 
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0071 

0072 

0072-0073 

0074 

0075 

TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV . 0 (cont} 

Initials 

& 
BANKTEM 

TEMB 
{B) 

SIGNRET 

PROGREG 

MIXTEMP 

ESCAPE2 

TAGl 

AWORD 
(POLISH) 

TEMQ3 

WDCNT 

INREL 

Name and Purpo s e 

Temporary storage used by subroutine SWCALL of Interbank Commu­
nication. 

Argument storage used by subroutine ARCCOS of Interpreter. 

Holds return address entered by subroutine ON of Pinball. 

Temporary storage for program codes, used by Pinball. 

Temporary storage for mixed noun data, used by Pinball. 

Negative Argument Switch. Contains a TC K instruction during exe­
cution of Interpretive Instruction ARCCOS . 

Holds address of Work Area currently used by the Interpreter, plus 
zero or one dependent upon whether Index Register Xl or X2 is to be 
used, or plus two or three dependent upon whether Step Register Sl or 
S2 is to be used. 

Holds an Address Word in its true form; holds 10-bit E address of 
Store Code Address Word. 

Holds return addresses entered by subroutines DDV Kand SQRTDIV. 

Character Counter, used by subroutine DSPWP of Pinball. 

Input buffer selector (X, Y, Z, display register} of Pinball. 
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0076-0100 

0100 

0101 

0102 

0103 

TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 

& 
BUF 

SGNDMAX 

TEM3 

TEM2 

DSREL 

TEM4 

TEMQ 

DSMG 

lDADDTEM 

TEM5 

TEMQ2 

BASE 

COUNT 

Name and Purpose 

Temporary storage (3 locations) for DP and TP operations of Interpret­

er. Registers BUF+ 1 and BUF+Z used as temporary storage by LOAD 
routine. 

Temporary storage used by subroutine TPAGREE of Interpreter. 

Temporary storage used by subroutine TPAGREE of Interpreter. 

Temporary storage used by subroutines TRAD, DADl, STD2, DMPl, 
DDV, DOT2, INCRT2, STB, and CROSS of Interpreter. 

Temporary storage used by subroutine DAD 1 of Interpreter. 

Temporary storage used by routines DMPl, INCRT4, and CROSSl of 
Interpreter. 

Holds return address entered by routine TPAGREE of Interpreter. 

Temporary storage used by subroutine DSPIN of Pinball. 

Mixed noun indirect address storage, used by Pinball. 

Temporary storage used by routines TRAD, DMP, DAD, and VACCOM 
of Interpreter. 

Holds return address entered by subroutine SQRT3 of Interpreter. 

Temporary storage used by subroutine CROSS 1 of Interpreter. 

Temporary storage used by subroutine DSPIN of Pinball. 
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TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 

& 
TEM6 

TEM8 

TEM9 

WRDRET 

WDRET 

DECRET 

21 /22REG 

TEMl0 

IND 

MIXBR 

DVSW 

SGNOFF 

NVTEMP 

SFTEMPl 

Name and Purpose 

Temporary storage used by subroutine CROSSl of Interpreter. 

Temporary storage used by subroutines ST02, DOT2, and ROUND of 
Interpreter. 

Temporary storage used by subroutines POLY, MXV, and VXM of 
Interpreter. 

Holds return address entered by subroutine 5 BLANK of Pinball. 

Holds return address entered by subroutine DSPWP of Pinball. 

Holds return address entered by subroutine PUTCOM of Pinball. 

Temporary storage used by routine CHARIN of Pinball. 

Temporary storage used by subroutine POLY, MXV, and VXM of In­
terpreter. 

Temporary storage used by subroutine CROSSl of Interpreter. 

Indicator for mixed and normal noun, used by Pinball. 

Divide Switch, holds 0000 for normal divide or any other quantity for 
backward divide of Interpreter. 

Temporary storage used by subroutine ON of Pinball. 

Temporary storage used by subroutine NVSUB of Pinball. 

Holds high order part of SF constant for Pinball. 
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0107 

0110 

01 11 

0112 
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TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 

~ 

DECTEM2 

BRANCHQ 

CODE 

SFTEMP2 

COMPON 

DSEXIT 

EXITEM 

BLANKRET 

ARETURN 

LSTPTR 

RELRET 

FREERET 

ESCAPE 

CADRTEM 

Name and Purpose 

Temporary storage for numeric used by Pinball. 

Holds the return address for a branch operation of the Interpreter. 

Temporary storage used by routine DSPIN of Pinball. 

Holds low order part of SF constant for Pinball. 

Component counter for UNIT ope ration of Interpreter. 

Holds return address entered by subroutine DSPIN of Pinball. 

Holds return address entered by scale factor select routine of Pinball. 

Holds return address entered by subroutine 2BLANK of Pinball. 

Holds return address during the execution of Interpretive Instructions 
ASIN and ACOS. 

List pointer for routine GRABUSY of Pinball. 

Holds return address entered by subroutine RELDSP of Pinball. 

Holds return address entered by subroutine FREEDSP of Pinball. 

Return Address Switch contains a TC instruction during the execution 
of Interpretive Instructions ASIN and ACOS. 

Temporary storage used by GRAB subroutines of Pinball. 
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TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 

& Name and Purpose 

The following registers are used by program sections Interpreter and Job Control. 

0114-0123 

0114-0116 

011 7 

0120 

0121 

0122 

0123 

Job Area 1 

MPAC 

IWLOC 
(LOC) 

AWLOC 
(ADRLOC) 

OVFIND 

PUSHLOC 

PRIORITY 

Defined by the following 8 locations. 

Multi precision Accumulator (MPAC, 3 locations). 

Holds 12-bit address of Interpretive Instruction Word to be decoded. 

Holds 12-bit address of last TC INTPRET; holds address of last Inter­
pretive Instruction Word in string currently executed; holds address of 
any Interpretive Address Word in current string. 

Overflow Indicator. Normally holds 00000; holds 00001 or 77776 in 
case of overflow or underflow. 

Holds address of next available Pushlist location in bit positions 10 
through 1. (Register PUSHLOC of other Job Areas also holds the bank 
code of the Job occupying that Job Area in bit positions 15 through 11 ). 

Holds 77777 when this Job Area is available. When this Job Area is in 
use, the register holds a ZERO in bit position 15 and the priority code of 
the Job using this Job Area in bit positions 14 through 10. (Register 
PRIORITY of other Job Areas also holds the address of the assigned Work 
Area in bit positions 9 through 1) The register may contain this informa­
tion in noncomplemented form (all Job Areas) or complemented form 
(Job Areas 2 through 8 only), dependent whether the Job is in the active 
or dormant state. 
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0124-0133 

0134-0143 

0144-0153 

0154-0163 

0164-0173 

0174-0203 

0204-0213 

0214 

0215-0267 

0215-0254 

0255-0262 

0263-0264 

0265-0266 

TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 
Name and Purpose & 

Job Area 2 Similar to Job Area 1. 

Job Area 3 Similar to Job Area 1. 

Job Area 4 Similar to Job Area 1. 

Job Area 5 Similar to Job Area 1. 

Job Area 6 Similar to Job Area 1. 

Job Area 7 Similar to Job Area 1. 

Job Area 8 Similar to Job Area 1. 

VAClUSE Holds 00000 when Work Area 1 is in use; holds 00214 when Work Area 
1 is available. 

Work Area 1 Defined by the following 53 locations. 

-
PUSHLIST Modified pushlist (32 locations), 

0037. 
Work Area addresses 0000 through 

VAC Vector Accumulator (VAC, 6 locations), Work Area address 0040. 

Xl, X2 Index Registers 1 and 2, Work Area addresses 0046 and 0047. 

Sl, S2 Step Registers 1 and 2, Work Area addresses 0050 and 0051. 

( continued next page) 
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0267 
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0271-0343 

0344 

0245-0417 
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0474 

0475-0547 

0550 

TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 
Name and Purpose & 

QPRET Holds return address, Work Area address 0052. 

VAC2USE Holds 00000 when Work Area 2 is in use; holds 00270 when Work Area 
2 is available. 

Work Area 2 Similar to Work Area 1. 

VAC3USE Holds 00000 if Work Area 3 is in use; holds 00344 if Work Area 3 is 
available. 

Work Area 3 Similar to Work Area 1. 

VAC4USE Holds 00000 if Work Area 4 is in use ; holds 0042 0 if Work Area 4 is 
available. 

Work Area 4 Similar to Work Area 1. 

VAC5USE Holds 00000 if Work Area 5 is in use; holds 00474 if Work Area 5 is 
available. 

Work Area 5 Similar to Work Area 1. 

NEWJOB A multiple of eight is entered by the Job Control to indicate that the 
execution of a Job of higher priority has been requested. The tag 
specifies in which Job Area the active Job of highest priority is lo-
cated. 1--' 
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0551-0555 

0556-0563 
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TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 
Name and Purpose & 

The following registers are used by program section Task Control only. 

LST 1 through Timelist (5 locations), holds times at which executions of Tasks have 

LST 1+4 to be initiated. 

LST2 through Addresslist (6 locations), holds addresses of Task to be executed. 
LST2+5 

The following registers are used by program sections Job Control, Task 
Control, Function Control, and interrupted or interrupting routines. 

RUPTAGN Contains 7 7 77 7 if program control is to return to the interrupted Job 
upon the completion of a Task; contains 00001 if the next Task is to be 
executed immediately. 

KEYTEM2 Temporary storage used by KEYRUPT and UPRUPT. 

EXECTEMl Holds back number of the requesting routine, used by Job Control. 

RUPTSTOR Temporary storage used by Job Control. 

PHASE Temporary storage used by Function Control. 

EXECTEM2 Holds the complete starting or reactivating address of the Job to be 
executed; used by Job Control. 

PROG Temporary storage used by Function Control. 
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TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 

& 
EXECTEM3 

PHASEDIG 

ITEMP3 

SRRUPT 

EXECTEM4 

PHASELP 

EXECTEM5 

NEWPRIO 

PHASEWD 

NVAL 

DELT 

ITEMPl 

WTEXIT 

ITEMP2 

Name and Purpose 

Holds the address of a Pushlist register, used by Job Control. 

Temporary storage used by Function Control. 

Temporary storage used by T4RUPT. 

Temporary storage used by T4RUPT. 

Temporary storage used by Function Control. 

Temporary storage used by Function Control. 

Temporary storage used by Function Control. 

Holds the priority of the active Job of highest priority in bit positions 
14 through 10, and the address of a Work Area in bit positions 9 through 
1, used by Job Control. 

Temporary storage used by Function Control. 

Holds ~tR of the requested Task. 

Holds the tag specifying into which place of the Waitinglist the requested 
Task is to be entered, used by routine WAIT LIST. 

Temporary storage used by routine T 3R UPT. 

Holds the address used for computing the return address of the request­
ing routine, used by Load and WAIT LIST routine. 

Temporary storage used by Function Control. 1--' 
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0573 
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TABLE 15-15 

E REGISTER ASSIGNMENT II FOR SUNRSE33 REV. 0 (cont) 

Initials 
Name and Purpose & 

KEYTEMPl Temporary storage used by KEYRUPT and UPRUPT. 

DSRUPTEM Temporary storage used by subroutine DSPOUT of T4RUPT. 

LOCCTR Holds the tag specifying the Job Area used by the Job recently request-
ed or reactivated, used by Job Control. Also used as temporary 
storage by Pinball. 

PHASDATA Temporary storage used by Function Control. 

BANKRUPT Holds bank code of interrupted program section entered by interrupting 
program section. 

Used by various program sections, will be defined later. 

& Symbols in ( ) are used in MIT /IL listings. 
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