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CCS
INDEX

LOOPRATE

STORTORK

SMALLTIU

## Page 1466

ROTORQUE

EXTEND
INDEX
MP

CA
INDEX
s
EXTEND
MP
EXTEND
BZMF
INDEX
ADS

CCs
TCF
TCF

CA
INDEX
XCH
EXTEND

MP
CA
TCF
CA

DAPTEMP&
MO PJETS
L

DAPTEMP&
DAPTEMP1

BIT1@

NEGTORK
Q
DOWNTORK

DAPTEMPE
RATELOOP
ROTORQUE
ZERD
DAPTEMP&
TIP

ELEVEN

L
LOOPRATE
DAPTEMP2
DAPTEMP3

+1

# SIGNED TORQUE AT 1 JET-5EC FOR FILTER

# RESCALE TO 32; DNE BIT ABOUT 2 JET-MSEC

# INCREMENT DOWNLIST REGISTER.
# NOTE: NOT INITIALIZED; OVERFLOWS.

# 108.24 PLUS



Flops/x Computing Metrics Comparison
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Problem: Computez = aM (x + y)
where a 1sascalar and M a 3 3 matrix

Prolram (requires 7 words of storage)

MXV
VXSC

X

¥

M

A
STORE £ }

Operation 1)
Codes

2)
Operand
Adresses
Left-over 3)

address used
to store result

Explanation

The first address of an equation isusd to load
an accumulator; VAD requests a vector load.

Each op code results in a subroutine call
with the corresponding address left in a

standard location.

After all op codes have been "executed," the
remaining address 1s used to store the result.
Since the result o the last operation 1s a
vector, a vector will be stored in Z.
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Lunar Module Descent Profile
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line label

0184
@185
0186
@187
0188
@189
0190
@191
0192
0193
@194
0195
©196
@197

/4

P63SPOT3

P&63SPOT4

opcode

CA
EXTEND
RAND
EXTEND
BZF
CAF

TC
CADR
TCE
TCF

TC
CADR
TC
CADR

Reading an AGC Program

address
BIT6

CHAN33

P&35POT4
CODES00

BANKCALL
GOPERF1

GOTOPOOH
P63SPOT3
BANKCALL
SETPOS1

POSTJUMP
BURNBABY

comments
IS THE LR ANTENNA IN POSITION 1 YET

BRANCH IF ANTENNA ALREADY IN POSITION 1

ASTRONAUT : PLEASE CRANK THE
SILLY THING AROUND
TERMINATE
PROCEED SEECIF - HE'S LY TNG
ENTER INITIALIZE LANDING RADAR

OFF TO SEE THE WIZARD...

Antenna in Yes

position 17

Ask astronaut
to deploy it

hy

Astronaut Initialize
response? landing radar
Goto Goto
program POOH BURNBABY




Program Name Purpose Size (AGC words)

Executive?® Priority-driven large/long-running process manager ~350
Waitlist2® Time-sequenced small/short-running process manager ~300
Down-Telemetry?®  Transmit system data to ground ~200
Restart3V:31:32 Error recovery and restart protection ~1225
Interpreter?’ Space guidance domain-specific programming language interpreter ~2200
DSKY /0?28 Cockpit displays and keypad ~3500
Combined Total 22% of fixed memory ~7775
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Major Mode Programs Digital Auto Pilots

Fixed ;
Memory bertirater Critical
Routines
(Rope Core) . ;
Restart &
Phase Tables
Erasable e oy T
Memory | Mapped I/0 GNA&C State

Keypress / switch change
Engine gimble angle change Thruster on/off

Linear Acceleration change Engine gimbal angle up/down

Rotational Acceleration change INPUTS OUTPUTS Engine throttle up/down

Update display / light on/off

—O0
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Figure B. Computer usage by the Draper Laboratory Apollo effort.
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Female Share of Bachelor's Degrees in Computer Science, 1970-2016
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YERB LIST

01-05 DISPLAY OCTAL

06  DISPLAY DECIMAL

07  DP DEC DSPLY (sN38)
11-15 MONITOR OCTAL

16  MONITOR DECIMAL
17 DP DEC MON (=N38)
21-25 LOAD DATA

27 01 DSPLY FIXED MEMORY
30 EXECUTIVE(PRE/L N26)
31 WAITLIST (PRE/L N26)

32  RECYCLE
33  PROCEED
(REQ W/ VvV 21-vZ3)
34 TERMINATE
(EXCEPT N49,460,43, 88)
35  TEST LITES
36  FRESH START
37  CHAMNGE PROGRAM

4020 ZERO ICDU'S

4072 ZERO RR CDU'S

41 20 IMU CRS ALN

41 72 RR CRS ALN

42  GYRO TORQ

43 LOAD FDAI ERROR
NEEDLES (P0O)

44 TERM RR DESIGNATE

47 INITIALIZE AGS

48 DAP DATA LOAD

49 CREW ATT MNVR (P0OO)

50 PLEASE PERFORM

52 REQST CURSOR MK

53 REQST SPIRAL MK

54 REQST X OR Y MK

55 INCRMT CLK (H,M,5)

56 TERM TRACKING
T ey W

NOUN LIST

* = LEGIT LOADABLE NOUN & DATA
VALID ANYTIME NOUN CALLED

V - DATA VALID ANYTIME NOUN CALLED

L - LEGIT LOADABLE NOUN

X = LEGIT LOADABLE NOUN (HR, MIN, .015)
(IF LOAD, ENTR R1,R2,R3)

01,02,03 * SPECIFIED QCT ADRS

05 L
07 L
08 v
oV
10 *

1 X
12 L

£

NOT EDCT] E.xxxxx]
NO02 | LOCT] | [XxXxxx.]
No3 | [OCT] (.019]
GRAVITY ERR £ [.01°(R1)]
SIGHT & DIFF/SVY-RR LOS #£[.01%(R1))
OPTION CODE[OCT]
(SEE P21, P22, P52, P57)
ADRS/CHNL, BIT ID, ACTION [OCT]
(SEE "FLAGWRD/CHNL SET/RESET")
ALARM DATA [OCT]
(ALMCADR, "BBCON", ERCOUNT)
ALARM CODES [OCT]
(1ST, 2ND, MOST RECENT ALM)
SPECIFIED CHNL [OCT(R1)]
CAN'T 34, | CAN'T 3, 4, 7,15
READ 35 LOAD 14,30,31,32
IF LOAD CH 33, RESETS BITS 15=11
T CS1 OR T APOAPSIS [H, M, .015]
(0,0,0 = COMPUTE T APOAPSIS)
OPTN CODE [OCT (0000X, 0000Y)]
| X(SPFY) | vy=1 | v=2
V82 | 2 (VEH) M | csm
V89| 3 (TK ATT) | +2Z +X
V43 | 4 (RADAR) | RR LR
41 7216 (RRFN) | LOCK | DESIG
.0

1

DSPY | OCT DEC )

59

&0
61

62

64
65V

&6 /T
67

68 |
69 L |
0L .

76 L

4
B
--BE W T B T R

77
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SUBJECT:
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MAT 1963 LONIICK . I =

C3A Trak (4] OFLy DE1=11.8 : Action ) Indad
UNITED STATES GOVERNMENT R RAGAN i v i o 1
e o 0. HZAS o Sy
Memorandum ]
- v iTie Wit -
See list ‘ : OCT 12 1686
FM/Deputy Chief, Mission Flanning Gagis™ L6 FML-130

Analysis Division

Altitude and velocity limits ,impoae% Eb;t% ?_Eacecraif‘t; computer
rogram on the AS-503 mission I
P DUE DATE

As you know, we are currently figuring on using the AS-278 spacecraft
computer programs for AS-503. Ed Copps called me the other day to
state that the orbital integration routines in tne AS-273 program are
scaled such that they will only work for altitudes lsss than about
5,400 nautical miles above the surface of the earth and velocities no
greater than about 32,7C0 feet per second. (I am told the maximum
values to be encountered in & nominsl mission are about 3,900 nzatical
miles and 29,500 feet per second). He was looking for reassurance that

“this scaling would not present a constraint on the AS-5032 mission, and

I told him thet I didn't thipk it would but I would check here at MSC.
In the meantime, MIT is proceeding, assuming that these limits are not

. unacceptably restrictive for the AS-503 mission. If anyone knovs a

reason why this is not satisfactory, please let me know Immediately.

Howard W. Tin ; I9T.
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https://www.youtube.com/watch?v=uw1Wq-0TPCY&t=206s
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bssw.io blog post

Mercury 13

AGC Restoration

AGC Source Code on GitHub

Virtual AGC Project

Ultimate AGC Talk

Spaceflight Computing History

AGC Software Cost Model

Hidden Figures (the book)
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