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R-746
SIRU DEVELOPMENT FINAL REPORT
ABSTRACT

This report presents a complete description of the development and initial
evaluation of the Strapdown Inertial Reference Unit (SIRU) system sponsored by the
NASA Johnson Space Center under Contract NAS9-8242.

The SIRU configuration is a modular inertial subsystem with hardware and
software features that achieve fault tolerant operational capabilities. Thé SIRU
redundant hardware design is formulated about a six gyro and six accelerometer
instrument module package. The modules are mounted in this package so that their
measurement input axes form a unique symmetrical pattern that corresponds to
the array of perpendiculars to the faces of a regular dodecahedron. This six axes
array provides redundant independent sensing and the symmetry enables the
formulation of an optimal software redundant data processing structﬁre with self-

contained fault detection and isolation (FDI) capabilities.
This report consists of four volumes.

Volume I, System Development, documents the system mechanization with the
analytic formulation of the FDI and processing structure; the hardware redundancy-
design and the individual modularity features; the computational structure and

facilities; and the initial subsystem evaluation results.

Volume 1I, Gyro Module, is devoted specifically to the Gyro Module, the inertial
instrument and its digital strapdown torque-to-balance loop, the mechanical, thermal,
and electronic design and function, test procedures and test equipment and

performance results and analysis.

Volume III, Software, documents the basic SIRU software coding system used
in the DDP-516 computer. The documentation covers the instrument compensation
software, reorganizational and FDI processing, and the inertial attitude and velocity

algorithm routines as well as servicing, input/output, etc. software.
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Volume IV, Accelerometer Module, is devoted specifically to the Accelerometer
‘Module, the inertial instrument and its digital strapdown torque-to-balance loop,
the mechanical, thermal and electronic design and function and performance results

and analysis, as it differs from the Gyro Module,

In addition to this report, SIRU Utilization Report R-747, has been issued
documenting analyses, software and evaluation activities in the application of advanced

statistical FDI algorithms, calibration and alignment techniques to the SIRU system.

April 1973
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INTRODUCTION:

The purpose of creating the SIRU operating system was to implement
and verify operation of the algorithms shown in Figure 1 on an available
laboratory computer (Honeywell DDP-516) at an update rate of 100 times/
sec. These algorithms can be divided into two sets, an accelerometer
data processorand a gyrodata processor. In the strapdown implementation
it is important to process the accelerometer information into the inertiél
frame using the average attitude information over the AV accumulation

period.

The system begins to accumulate AV pulses from the torque to balance
instrument loops after initialization. After 5 ms the system begins to
accumulate Agpulses. Five ms later or 10 ms from initialization the
accelerometer pulse counters give an interrupt and the accelerometer data
processors perform the proper algorithms onthe 10 ms of AV accumulation.

"Five ms later the 10 ms of A6 accumulation is proéessed toupdate attitude.The
"accelerometer Aand gyro algorithm processing loops are performed
alternately every 5 ms thereafter resulting in the required staggering of
these tasks.(This software has also been run ét an update rate of 50 times/

second. Ref. SIRU Utilization Report R-747).

Figure 1 s:t_lowsvwhat is done during either the accelerometer or gyro
5 ms updates. On the accelerometer side we require the system to do the

following tasks.

TASKS 4

Al) Read the 6 accelerometer counters.

A2) Compensate accelerometers for average scale factor, bias and
the misalignments of each accelerometer's input axis around
their input and penduluoﬁs reference axes.

A3) Compensate accelerometers for errors due to Ru)z and Rw as
a function of the accelerometers' positions relative to one
another.

A4) Accumulate corrected accelerometer body output for failure
detection and isolation.

A5) Perform failure detection and isolation resulting in a current

failure status.
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AB)
A7)

AB)
A9).

ALO)

All)

Check parity equation for third fail.

Create least squares matrix (as a function of fail status) to
transform the 6 compensated AV'sintothe X, Y, Z body frame.
Do the 6 to 3 matrix multiplication. .

Unitize attitude quaternion prior to velocity algorithm proces-
sing. - . .

Do thevelocity algorithm, i.e., use the current attitude quater-
nion to generate the wvelocity transformation matrix and
transform the incremental body velocity into the inertial frame.

Accumulate AV inertial for output processing.

On the gyro side we presently require the system to do the following tasks:

Gl)
G2)
G3)
G4)
G5)
G6)
G7)

G38)
G9)

Read the table angle enéoder, the six gyros & interpolators.
Compensate the gyros for +ASF, NBD, ADIA, ADOA, ADSRA,
anisoelasticity, misalignments, anisoinertia, SRA cross-cou-
pling and OA coupling, _

Accumulate the corrected gyro body out[;ut for failure detection
and isolation, _ '

Perform the failure detection and isolation processing resulting
in a current failure status, ‘

Check the parity equation for third fail.

Create the least squares matrix (as a function of failure status)

~ to transform the six compensated A6's into the X; Y, Z body

frame,
Do the 6 to 3 matrix multiplication,
Compensate for earth rate.

Update the quaternion attitude.

In the time remaining, outpﬁt of the system's status is performed
either on the teletype, the CRT display or on an incremental digistor tape
for further analysis. The format is shown in the documentation of the

output programs. The information outputted includes the quaternion of

attitude, AV

I accumulated over some interval, a squared error monitor

and fail status for gyros and accelerometers, test-table angle encoder and

time since initialization.




SYSTEM ORGANIZATION:

The ‘main program (MPRO) in turn calls all the subroutines to
accomplish the tasks descx_'ibed in the introduction. These programs are

documented in the following sections in the order listed below:

P'rogra.m . Task A Page
MPRO main program 7
ALPO ' ' : 20
SFPOUT ' ' 31
SXOU Output 36
'SDGS ' 39
(FTLIBY) » Fortran library
READ Al,G1 . ‘ 43
ACOM ' A2 o 417
- GCOM ‘ 52
DCMT } . G2 ' 61
pcoa | ’ - 65
ROMS A3 o 69
PREX o . A4 78
GARC G3 ' 81
CGFIS , - | 87
ERDE | Gt | 93
CFSE . A5 .99
PFIS 112
GPRT G5 ’ 115
PRTY , o 118
PPEX A8 ' 123
GMIN G6 o 125
GPMA] AT 128
EMIN ] 138
S MGE3 G7 ’ 140
MV63 A8 1486
SPUN A9 149
VESP Al0 4 158
VACU ) All 169
ERC6 Gs 171

AA6S G9 174




Preceeding the documentation of these programs is a load map  showing

the core location of each subroutine.



LDRX 23665 1000 64
GO

MN

I BMPROD
MR

C RREAD
MR

C BGFIS
MR

C BGCOM
MR

C BERCSH
MR

C BEMIN
MR

C BGMIN
MR

C BDCODA
MR

C BACOM
MR

C BDCMT
MR

C RMV6e3
MR

C BRMG63
MR

C BVESP
MR

C BPFIS
MR

C BAAGS
MR

C BRVACU
MR

C BSPUN
MR

C BPREX
MR

C BERDE
MR

C BCFSE
MR

C BGARC
MR~

C BALPO
MR

C BRFPOUT
MR

C RXOU
MR

C FTLIBRY

SYSTEM LOAD MAP

e

- MR

C BGPMA

MR

C RPPEX

MR

C RGPRT

MR

C BPRTY

MR

C RDLGS

MR

C BROMS

LC

M _
#*START 01000
¥HIGH 14370
*NAMES 17132
*COMM 23777
*BASE 00244
LIST 00001
RUPT 01450
ASCT 01506
ICINIT 01656
INPIP 01731
INGYRO 01764
GFIS 02070
KEYG 02225
GCOM 02242
ERCO 02726
EMIN 03034
GMIN 03100
NCOA 03144
AOAP 03252
ROAP 03254
coap 03256
DOAP 03260
EOAP 03262
FOAP 03264
ACOM 03274
DCMI 03476
pemT 03551
MP63 03664
MG63 04012
VEL A 04206
F XX 04654
FXy 04656
FXZ 04660
FYX 04662
FYy 04664
FYZ . 04666
FZx 04670
FZy 04672

S F11 04674 -

PFIS

KEYP .
ATTA
VACU
SPUN
PARC
PACC
ERDE
SECA
GARC
GACC
DUTPUT
DODSP
FPOUYC
OuUT100
10MODE
X10u
XNOU
XNOUA
x00CT

‘CNOYY

CNOUA
coacT
cl0uy
DOPAGE
CRTOUT
CRTOUA
SORTX
F$AT
ARGS
T10U
TNOUA
TNOU
TO0CT
MATR
GMAT
PPRT
GPRT
PRTY
DGSWR1
DGSRD
ROMS
WXPR
WYPR
WZPR

LC
0K

SAVE RMPRO 64 14370 1000

0K

04726
05050

05060

05506
05560
06040
06166
06172
06524
07344
07524
07530
07600
10340
10552
10604
10636
10642
10646
10652
10670
10675
10750
11004
11176
11476
11504
11614
11614
11676
11747

1772

11777
12047
12102
12136
12630
127172
12774
13250
13311
14000
14333
14334
14335
23777



PROGRAM NAME

SOURCE: MPRO

BINARY: BMPRO
STARTING LOCATION: '1000
.GENERAL DESCRIPTION:

This is the main executive of the system operating program which
calls the appropriate subroutines to accomplish the algorithms defined in
the introduction and the definition of system tasks. Tt is divided into three
sections of code. First is initialization and the enabling of interrupt.
Next is a waiting loop (location LOOP) which checks to see if it is time for
output and if so, calls the proper output routines. When this waiting loop
is interrupted (every 5 milliseconds), the program sequence goes to the
1ast section (location RUPT) which in turn decides whether its time toupdate
the PIPA or gyro algorithms, goes to either PDO .or GDO, saves the
processing registers as they were at time of interrupt, calls the appropriate -
- algorithms following PDO or GDO, restores the processing registers and

returns to whatever was being processed at time of interrupt.

The initialization section first calls DCMI (see documentation for
progfam source name DCMT) to enable the gyro OA misalignment prara.me-
ters to be taken from the base sector and saved elsewhere in core. It
then zeroes out all locations in the base sector that don't contain compensation
parameters (namely locations '260-'421, '430-'477, '574-'677 and '744- 7).
It zeroes out the gyro and PIPA error accumulator residuals accessible
through the indexed external addresses CCAG and CCAP (gsee programs
with source names GARC and PREX). It zeroes out the 6 previous OA
coupling offsets (AOAP-FOAP accessible in the program DCOA through
the external address PAOA-PAOF). It zerces the four erroneous interrupt
counters (disk, ASR-33 teletype, miscellaneous and clock). It zeroes out
the gyro and PIPA fail keys (KEYG and KEYP) in programs GF1S and PFIS).
It zeroes WXPR, WYPR and WZPR (see program ROMS) and sets GACC
and PACC toequal -6001 (used towait 60 seconds in the error accumulator
programs GARC and PREX). TCNT (the time counter for the output loop)
is set to its maximum of '77777 so that an output will be done at t=0, It
puts a round of '40000 in the low order residuals of the gyro pulse counts,



PIPA pulse counts, gyro x, y and z delta thetas, PIPA x, y and z delta Vs,
the quaternion and the delta V inertial accumulators. The '40000 it stores
in '460 is to set lamda of the quaternion equal to 1. Tt then generates the
gyro and PIPA 6 x 3 matrices by calling GMIN and EMIN. It stores the.
address to go té when interrupted in '63 and calls ICINIT, which sets up
the interrupt cycle (see documentation for program source name READ).
Finguy it does a JST (internal ca{l) to GETM in order to set up the timing
and MODE for whichever of three output modes is desired.

The output waiting loop 31mply checks the time counter (TCNT) to
see if it is greater than or equal to the time at which to, output (CRIT)
TCNT is less than CRIT (1 e., it isnot time to output) and if sense sw1tches
three and four are not reset and set respectively . , the waiting loop will
just contmue to loop. The waiting loop continues to get interrupted so that

the PIP A and gyro processing can be updated every five milliseconds.

When enough updates have occurred and TCNT becomes greater than
CRIT, the program jumps to OUT, where output is started. If sense switches
three and four are set, the program will first initialize the quaternion to
1,0,0,0 (see documentation for AA6S). The program then continues at NOQZ
where all the data to be output is saved in a 52 word buffer called QTMP

as follows:

Note that TCNT 'is incremented by 1 after every gyro algorithm loop so
it counts in hundredths of a second. CRIT is set up by GETM and depends
on the output mode.

**To stop this program and returnto DOS (the disk operating. system) sense
switch four is set while sense switch three is left reset. By setting sense
switch three and then setting sense switch four, the quaternion will be
initialized at the time the next output starts,



Location Contents

QTMP-QTMP+7 * quaternion

QTMP+8-QTMP+13 Sum of delta V
inertial since the
last output

QTMP+14-QTMP+15 ' First and second gyro
_ fail status
QTMP+16-QTMP+17 First and second PIPA
fail status
QTMP+18-QTMP+19 Time elapsed since start
of program
QTMP+20-QTMP+21 Encoder angle of
, test table
QTMP+22-QTMP+23 gyro and PIPA
third fail indicators
QTMP+24-QTMP+37 gyro squared errors
QTMP+38-QTMP+51 PIP A squared errors

The delta V accumulators and the time counter are then zeroed after
which the proper output mode is gotten. Parts of QTMP are then rescaled
so that the output routine can handle them. Finally, a call to OUTPUT is

" made with the addresses of QTMP and MODE. Upon return from output a
jump back to LOOP is made.

The last section of this main program, starting at RUPT, handles
the PIPA and gyro interrupts as they come along every five milliseconds.
The first ‘interrupt, by the PIPA's, and every other one thereafter, will
cause program control to "jump store'" to RUPT where the SKS '507
instruction will not skip and the jump to PDO is executed. Here theprocessing
registers (A register, keys, B register and index register) are saved and
calls to the subroutines necessary to update the PIPA algorithms are made
(see the introduction and description of implementation methods). The PIPA
squared errors are then saved in the buffer PISE for future output, then
the processing registers are restored and a JMP RUPT causes program

control to go back to where it was when last interrupted.

The second interrupt, by the gyros, and every other one thereafter,
will cause control to "'jump store" to RUPT where the SKS '507 instruction

See previous page



will skip and the SKS '407 instruction will not, and the jum}; td GDO is
executed. Herethe processing registers are saved. The table angle encoder
is read after which calls to the subroutines necessary to ﬁpdate the gyro
algorithms are made (see the infroduction and description of implementation
methods). The 'output timer, TCNT, and the overall timer, TIME are
incremented before a jump to COMN restores the processing registers
and returns to where the program control was when the gyro interrupt
occurred. '

10



MICROCOMP TELECOMMUNTCATED DATA
DDP-516 ASSEMBLY LISTING

non1
0002
0003
000y
0005
nn%6
0007
2008
nnrg
no1n
o1
nei2
0013
anty
nnis
nn1e
nn17
0018
nn4a9
f020
0(\21
nNn22
nn23
nnou
0025
[ANAR XS
nn27
n"28
0029
nnaIn
nn319
nN32
0033
003y
0035
nnle
nn37
0n3g
nn39
nngn
0041
fOu2
Any3
ARAY Y1)
nnys
ANu6
noy7
nnyg
Anyo
SLLY
ans1
nns52
nng3
nasy
~N5S
nnse
6N

00000
00001
00002
00003
nONOY
eneos
00006
0neoy
00019

ane e

oon12
neot3
onnty
oenis
non1e
nnnv7
nnN20

0nn2i

nnn22
nnn23
noc2y

nre2s

onnze
o027
an030
00n3a
non3?
NGO33
nonly
0nQ35
npo3e
nnn3y
ono4o
gnout
onny?2
nnnu3
nnouy
nonas
onnue
gneu
noasn
0OGsSA
nones2
nens3
ceNsu
nNass
nonsa
nnnsa
onnen
0r061
nene2
nanegl
NNN6BY
nenes
No066
0noe”

N 10 00000
oon0c7

DO DIV a DOV aODIOO=4I2O0ODO DO

L B |
DO DO

[}
]

-9

06342
00654
0Cu22
ocooc
nenoo
nooou
0653
20500
onreoc
acone
nee
nces2
oc700

acnoo0

30000
30016
00651
01090
nc337
00340
neeooe
ncnoo
oce23
ne324
nC325
nC326
0C327
ne3in
00331

03¢n0ns

DO DDO WD

o4
4
ou

0u

ou
04
ou
ou
o4
n2

- 0u

ou
n2
ou
02
ny
04
0y
04
0y
04
0y
04
0y

2C507
NG506
n0s510
nes511
90332
0Cc333
20334
0C335

nC336 -

00650
ac337
0c 340
noeu?
ne637
INCYIY Y
20401
nnuo3
ocuns
noun7
ocus11
0ry13
00601
00603
00605

REL
CALL
DBL-
pLD

- LDX

DST
IRS

TRS

JMP
LDX
DST
TRS
IRS
JMp

LDX

PST
IRS
IRS
Jmp
LDX
DST
NST*
DST*
IRS
IRS
Jnp
DST*
DST*
DST*
DST*
PST*

DST*

SGL
STA
STA
STA
STA
STA*
STA*
STA*
STA*
STA*
Lpa
STA*
STA¥*
LDA
STA
LDA
STA
STA
STA
STA
STA
STA
STA
STA

STA

DCMI

DZRO .

=-98
422,

*-3
==40 .
1500, 1

 *=3

=-68
$700,1

*-3

11009, 1
CCAG
cca?

*-5
PAOA
PACB
PAOC
PAOD

" PAOE

PAOF

DSCT
ASCT
MSCT
ICNT
GYEK
PYEKR
RPXW
RPYW

. RPZW

=-€007
CCAG
CCAP
=177777
TCNT
=40000
1401
1401
1405
1407
1411
413
1601
1603

*605

11



MTCPOCOMP TELECOMMUNICATED DATA

0N58
ANALS
NN&N
0Nng1
NnNe2
[$RaN !
0NRY
NNRS
NNKR
ALY
ACRA
nNAO
nngn
nn71
[a¥ale do}
nn73
neTn
nnTs
[BYOMAS
nn17
naTQR
nr79
fAnn
nng 1
nnan
NN
nnqy
nngq
CNRA
nvy7
ArRAQ
nnpa
nnan
nraq
npap
nnny
nnay
nnae
nnar
nna7
nnag
NCan
ninn
N0
n1no
n1ny
NN
ning
0176
0177
N1nA
n119
’\1“".
N1
UR R D)
N1
A I BN

DDP-516

[ARAK S B X¢ ] N ou 00607
rPoNTA n 04 00611
nen2 0 04 00613
nenT3 0 04 0Cu15
oroTn N 04 NOL1Y
nonTs n 04 00u21
nNN76 n nou 00615
annT n Ny 00617
nNAnn n 0y nre21
neng n 04 00460
nn10?2 n Ny N0uR3
ANIN3 N N4 00467
cnh1ny N 0y 00473
neINs n o4 00477
N0I0AK N oot "0uL7Y
fAnNANT 0 04 00us3
nn11n n 04 nOuS?
on111 n 10 Ne00Nn
nN112 0 10 0COAN0
nn113 0 02 "0323
an11y N 04 N0063
nr115 no1n nenno
nr116 N 02 NCERYS
nN11Y 74 nNQ2C
np120 n 10 20310
N2 nANNGoI
0n122 5 02 00617
nni1nl N 11 00635
nN124 101000
nN125 C 21 20141
nNN126 nnNn2n1
nn127 191002
nO13G n0Y Ne121
nN131 10004y
nn132 001 00121
nn1YY 14 Nou7y
NNy 14 nes7
np13n 1wanyn
no136 T4 N020
nn137 UDRLUE
AOIMY =0 01 0C 63
nn1u 100004
on1u? 1N1N02
nnqu3 n N1 NC165
fN14Y nOnNoCT

AN LS N 02 0C342
NOTLR none Nouen
no1u? N onL N0U62
nnen NNy 004RY
WDLERLS! 204 NOUKG

*
*

Lon®

#* % *

one

ASSEMBLY LISTING

STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
CALL
CALL

.DA

STA
CALL
1.DA
SMK
JST

'607
1611

£1613
1415

1417
'421

1615

1617
1621
460
'463
"u67
'473
477
7
1453
'457
GMIN
EMIN
RDAD
'63
ICINIT
=6
GETM - TO SET UP TIME

FNB -

LDA
CAS
NOP
JMP
TAB
Ssu4
J MNP
SR3 .
JMP

ocp
oce
CRA
SMK’
INH
JMP*-

SR3
SSy
Jup
DBL
DLD .
DST
DST
DST
DST

-TCNT
- CRIT

onT

1.0OP
" LOoOP

EXIT CODING

7
'57

;20

DOS

~NOOZ

"DZIRO

*uhhn
‘462
ta6u
466

12



NICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING
N 04 nou70
0 04 0Cu72
0 04 20474
0 04 00476
no000SsS

0115
0116
0117
0118
0119
0120
0121
0122
"N123
0124
0125
n126
0127
n128
0129
0130
0131
f132
0133
n13y
0135
0136
0137
n138
n139
0140
a141
0142
n1u3
n1uy
0145
CN14E
0147
N148
0149
n15n
0151
n152
0153
0154
0155
0156
0157
0158
n159
0160
161
0162
0163
0164
0165
0166
0167
n168
0169
017¢
nT

8N 152
00153
00154
00155
00156
00157
N0 160
00161
00162
00163
00164
~0165
00166
00167
00170
09171
00172
ne17Y
no17Y
nn175

00176

0n117
00200
60201
00202
£n203
00204
00205
N0206
00207
onz219
ne211
00212
00213
00214
n0215
onN216
00217

00229

0r221
ne222
0Nn223
00224
00225
00226
0227
00239
00231
00232
00233
ne23u
00235
0n236
n0237
€0240
00241

0nN242

0
0
n
0
0
0

no6u46
20460
00463
00467
20473
oou77

onnnnT

DOO0ODVIODVDOODODOHOOLDODUDIOVDDOOLVIOODIOIPIVLIOIDIID2IUDODO

n2
ou
02
04
02
04
92
Ny
02
04
02
N4
02
0y

n0u60
00346

NOQ?

0046l .

001350
00470
00 352
00474
00354
00uuy
00356
00450
00360
ocusu
00362
0C316
20364
00320
00366
00776
00370
00322
00374
00324
0€372
00326

} 00376

00330
ne400
00332
0402
00u3le
0404
oCuuo
00u06
oouu2
ocu1e
00574
oou12
neul2
acu1y
nou3lu
00416
004136
ony2e
ncuuc

DST
DST

DST

DST
SGL
LDA
STA
STA
STA
STA
STA
DBL
DLD
DST
pLD
nST
DLD
DST
DLD
DST
DLD
DST
DLD
DST

DLD

DST
DLD
DST
DLD
DST
DLD
DST
DLD
DST
DLD
DST
DLD
DST
DLD
DST
DLD
DST
DLD
DST

DLD -

PST
DI.D
DST
DLD
DST
DLD
DST
DLD
DST
DLD

DST

DLD

1470
w72
'478
'476

=u0nn0

'460
"463
'467
w73 -
477

1469
QT HP
U6y
QTMP+2
470

" QTHMP+U

474
QTHP+6
44y
OTMP+8
450

"QTMP+10

usy
QTMP+12
1316
QTMP+14

© 320

QTMP+16
TIME
OTHpP+18
1322
QTMP+22
324
OTMP+20
1326
QTMP+24
1330

QT MP+26
1332
QTMP+28
436
QTMP+30
1440
QTMP+32
442
QTMP+34
'574
QTMP+36
PISE
QTMP+38
PISE+2

"QTEP+UO

PISE+4
QTHP+42
PISE+6

13




MICPOCOMP TFIFRCOMMUNTCATED DATA
ASSEMBLY LISTING

n172
n173
0174
~175
n174
n177
r179
n179
n18n
n1a1
n1R2
n182
SRET
n185
A18¢
0187
1181
n189
ni1an
0191
n192
n193
n19u
0195
n196
n197
n19s8
n199
n2nn
A0
0202
WPLE]
n20u

A205 00

0206

0207 00

nara
nona
0210
n211
n212
n2113
n214

A715

nz1h
217
noy18
n21°9
nazn
n721
nz22
n223
0224
na22s
0226
n227
nz28

DDP-516
nn2u3 0 04 00422
AO2UL O N2 0C4YL2
no2u5 0 04 00424
nM2u6 N D2 NCuLL
00207 0 04 00u26
00260 0 02 004Y6
fR281 0 N4 0CY3C
nNN2E2 N 02 00342
00253 0 04 906Uy
N0254 ¢ 04 HCUSO
nR255 0 04 OC4S5L
n0266  NABNNS
nD267 0 04 00637
f0260 010 A0310
an261  Ann0eT
NE262 0 02 00356
fO263  0u11 71
NO2EL 0 04 D356
nN265 0 02 00360
N0266 0411 71
nN267 N 04 0NC360
00270 N 02 00362
0n271 N1t 711
on271?2 N Ny N0362
273 0 35 NOEST
00274 1 02 00432
00275  N411 67
00276 1 04 00432
60277 0 12 00000
N300 9 12 00000
A0301 0 01 00274
0N3G2  AN0GS
nO303 0 10 2000
00364 0 0NO3LE
NN3INS 0 006636
fO306  ONNN0O
ne307 0 51 06121
nN310 G 000000
00311 14004
nN312 190020
00313 141206
nn31e 100019
rO31S N N2 NC6LL
AN316 0 94 N0636
nAN317 0 04 00000
00320 1 02 00632
0n321 0 04 00635
np322 -0 01 00310
0n323 N NCCOGC
nn324 0 HNCOCE
nN325 D 0NeA0D
00326 0 H00000
0n327 0 oncone
nN337 0 0009CO

GETM

*

RDAD
PAOA
PAOB
PAOC
paobD
PAO®

DST
DLD
DST
DID
DST
DILD
DST
DLD
DST
DST
DST
SGL
STA
JST
DBL
DLD
LLS
DST
DLD
LLS
DST
DLD
LLS
DST
LDY
DLD
LLS
DST
IRS
TRS
Jup
SGL
CALL
DAC
DAC
OCT
JMP

DAC

CRA ..

SR1
AOR
SPR2
LDA
STA

STA
LDA

STA
JMP*

XAC

XAC
XAC

XAC.

YAC -
XAC

QTMP+UYL
PISE+S8
QTMP+UG
PISE+10
QTMP+U48
PISE+12
QTMP+5(0
DZEO
tyuy
'450
45y

-TCNT

GETM

QTMP+8
7
QTMP+R
QTMP+ 10
7

QTMP+10

QTMP+12
7

QT MP+12
=-28

- QTMP+52,1

9
OTMP+52,1

.0
0.

*-5

_ouTPUT .

QT MP

. MODE

0
Loop

*%

MODE

TCON, 1
CRIT
GETM

RUPT
AORAP

- BOAP

COAP
DOAP
EOAP

14

GET MODE



MICPOCOMP TELECOMMINICATED DATA

0229
0230
0231
0232
0213
n23n
0235
0236
n237

n23s

n210

PDP-516
00331 0 000000
00332 0 000000
00333 9 000000
00334 0 090300
00335 0 000000
¢0336 0 N000CO
00337 1 000000
00340 1 000N00
00362 000000
00343 000000
0348 000000
00385 000001
CO346 000000
00347 000000
00350 000000
0A351 100000
00352 000009
00353 000000
65354 000000
00355  0000CO
00356 000000
n0357 000000
00360 000000
00361 000000
00362  00000H
00363 000900
00364  NNO0OON
00365 000009
00366 000000
00367 000000

© 00370 - 000000

00371 000090
00372  n00NND
00373 000000
n0374 000000
00375 000000
00376 000000 .
N0377 _ N000RO
00400 © 000000
00601 00NANO
0002 000000
noun3 200900
00404 00000
00405 " 000090
nOWo6  0000NN
00407 000000
00410 000000
00411 000000
00512 0N0000
0N413  N00000
00u1s 000000
00615 000000
£0416 000000
00417 000000
00420  090N00O
00421 000000

cnu22

000000

PROP
GYEK
PYEK
RPXW
RPYW
RPZW
CCASG
CCAP
DZRO

DOWNE

QTMP

ASSEMBLY LISTING

YAC
XAC
XAC
XAC
XAC
XAC
XAC
XAC
DBP

oCT

BsZ

POAD.
KEYG
KEYP
WXPR
WYPR
WZPR
GACC,1
PACC,1

0,1
52

15




MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

224"

noy
n2un
o247
n244
IARCEI R
n2uh
nan
noyK
n2u49
0250
n2581
n252
Ny
Aoy
n2%5
N256
nN287
f2Rg
n289
N2RN
n261
nN262
£263
N260
NIRS
26k
267
n268
D269
n27n
n271
nN272
n273
nN274
nN278
027F

0nu23
£ou2y
nAY25
00426
00427
anu3n
ER
neu32
~o813
nny3y
reu3s
Ny 36
cry37
nnuyn
GEYT
nrYy2
nruud
"nuuy
nouys
COuuR
foyyn

NRUsG
frcus
nNnys?
nnEs3
0gusy
nouss
nousa
LSy
AANTE AN
NOUE
ARATTY e
NeRE3
nouel
anues

NOULGSK -

nNugT
ADUT0
nnuT
rnu72
nou73
fNUTY

nouTs
c0uTs
nou7?
nnsrn

nnsnI
nnsn2
00503

000000
000n00
0nnno0o0
nnnneo
N00000
nnooeo
nnneno
209000
nanoern
ncnnoo
anNnoano
coonco
nonnNoo
NARNNQD
noooen
00n009
nooneo
alalalaXoly)
nonneoH
nonnno
oaanno

0 onnpee
14 N102

34 0807

A 01 2512
34 0407

D" D1 nCS65
34 0607

0 01 00501
34 0425

0 D1 NCuU7S
34 ouny

5 01 n0u67
0 12 n0s510
annyet

0 01 0Cus0O

14 0004

54 NOnu
101000

N 12 00526
101000

0 01 00U6S

14 1425

N 12 06507
101000

2 01 0CUsS

0 12 nts1
101009
14 nn27

PTSE BSZ

rRUPT

PSH

ASR

DISK

ICLK

STURR
SUUBR
REL
DAC
ocp
SKS
Jmp
SKS
Jmp
SKS
Jmup
SKS
JMp
SKS
JMP
IRS
ENB
JMPp*

ocp
INA
NOP
TRS
NOP
JMP

oce
IRS
Nor
JMP

IFS
NOP
ocp

14

RUPT
ASCT

* %

Y102
'5C7
PDO
407
GDO
'607
ICLK
'425

"DISK

a0y
ASPR
MscT

RUPT

ASCT

RSHM

11425
DSCT

ICNT

'27

16

SHUT OFF DGS

DISK RUPT

ASP RUPT
MISCELLANEOUS

DUMMPY

IN CASE OF SKIP

IN CASE OF SKIP




MICROCOMP TBLBCOHSUNICATED.DATA
DPP-516 ASSEMBLY LISTING

n277
0278
0279
0219
0281
0282
0283
n28y
n285
0286
0287

n288.

0289
n29n
0291
n292
n293
0294
n295
n296
n297
0298
n299
nico
n301
0302
0313
nN3nu
0305
03n6
0307
0308
n309
n3ie
N3
0312
0313
n314

0315

N31F
0317
n318
n319
0320
n321
nN322
n323
n324
0325
0326
0227
0328
0329
0330
02331
0332
0333

005Ny
nNSNS
DO5SNG
00507
00510
no511

00512
nns13
nosS1u

nnsis

00516
00517
nns2n

nes2t
70522
00523
00n524
nns525
nNs526
00527
ons3n
c0s3n
nns32
0N5S33
00534
00535
0Ns36
ors37
cos4un
onsu
nosu?2
0Ns4y3
cnsuy
00545
£o5u6
nesy?
nosse
ngss1
£NsS2
nnss3
0o0sSs54

0CS55
nesse
n05S57
nesSe0
nnse
nns62
00563

necseu

14 9067

N 01 NOURS
oconoo
000000
0noneon
00n0G3

N 13 00640
nonou3
¢nonos
A 04 006U
nnn201
0 0u 00642
0 15 00643

0 10 no0o0
nooun

10 00000
19 oncoe
1n aceoe
1¢ ocoo00
10 noOOC
10 20C00
10 00000
10 00Co0
10 os¢ooc
10 oCCOo
NONOBCT

02 N0326
04y 0Cu32
n2 0033¢C
o4 0043y
02 00332
J4 0CU36
N2 0cu3le
04 204uC
02 oouyo
04 00442
02 ncuu?
04 OoCuuy
02 20574
24 004u6
noonns

DODODDODIDIODODO

DOOODIDDIIDIDDIODIO

D 35 90643
0 02 0Ck42
n9n201
0 02 00641
171020
N 13 NC6u0
0017401

-0 01 20450

ASCT
DSCT
MSCT

ICNT
*

*
PDO

* #* % #*

CONMN

ocp
JNP
BSZ
BSZ
BSZ
BSZ

THA
TNK
SGL
STA
IAB
STA
STX

CALL
ENB
CALL
CALL
CALL
CALL
CALL
CaLL
CALLU
CALL
CALL
CALL
DBL
DI.D
DST
DLD

DST -

DLD
DST
DLD
DST
DLD
DST
DLD
DST
DLD
DST
SGL

LDX
LDA
IAB
LDA
OTK
THA

'ENB

JMP*

‘67
RSH

— b o

AREG

KEYS

BREG
XREG

INPTIP

ACON
ROMS
PARC
PPTS
PPRT
EMIN
MP63
SPUN
VELA
VACU

1326
PISE
*330
PISE+2
1332
PISE+4
*436
PISE+6
qu0
PISE+S8
1442
PISE+10
'S74
PISE+12

XREG
BREG

KEYS
AREG

ROUPT

17



MICROCOMP TELRCOMMUNICATRED DATRA
DDP-516 ASSEMBLY LISTING

N334
na3s
0336
n3317
0318
n339
n3gn
n3yq
n3y2
A 347
n 34y
nIys
n34F
A 347
CIUR
n3uq
0350
n3%1
n352
n3s3
r35y
niss
n154
n3s7
n3s5a
0159
ni3gn
n361
n362
n363
n3eu
N3&5
N6
0367
0368
A369
n37n
n3T4
n372
n371
n37y
rn37s
5376
N7
n378
n379
n380
r339
n337
01382
03y
n3asg
n3ag
n387
niga
n3ga
n3an

00565
00566
00567
nos7n
nos71
00572
00573

00574
N0Ss75
00576
0NR77
nna00
t0e0
0nNee?2
00603
CORNY
0NEOS
NO6Nn6
nnenT
nogn
0N611
feK12
onK13
nney
0Ne15
CNE16
nne1y
nngp2e
nne21
nne622
00623
00624
nNne62s
no626
0N627

NCA3H

n0631
00632
nre33
00634

nne3s
NN6 36
nnNeg37
nnéeut
nNosu1
noe6u2
NNEL3

0 13 00e6uod
000043
neaoes
0 04 Ne6d
000201
N C4 00642
N 15 00643

34 0007
001 00574
14 0406
n401 62

54 1016
101000

0 04 00324
54 1M 06
101000

A 0u 00325
14 0006

" 10 00000
nNOUC Y

n 10 00000
10 00000
10 00000
10 00000
19 00000
11 00000
19 00000
10 00€00
10 90000
12 00637
000007

0 02 00776
n 06 003uY
N 04 N0776
00n0ns

D DDDOD 2O D

N N1 0NCS55

030000
N13569
none2on
oontay

nonano
100000
N771717
anonnon
nannen
eono o
neoneo

*
*

GDO

*
®

IMA
TNK
SGL
STA
IAB
STA
STX

SKS
JMp
ocp
LRS
INA
NOP
STA
INA
NOP
STRA
oce
CALL
ENB
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
IRS
DRL
DLD
DAD
DST
SGL

JMP

OCT
DEC
DEC
DEC

BSZ
BS%
oCcT
BSZ
BSZ

BSZ

BSZ

AREG

KEYS

BREG
XREG

'007
*-1
1406
14
11016

'324
1006

1325

'006
INGYRO

DCHMT
GCOM
GARC
GFIS
GPRT
GMIN
MG6E3
FRCO
ATTA
TCNT

TIME
DONE
TIME

COMN

30000
6000
uec
100

777717

P N Qe 3

18

WATIT FOR DIGISEC
HOLD

WAIT 8 MCT'S
HIGH HALF

LOW HALF

END HOLD

30 SEC FOR TTY
4 SEC FOR CRT
+4 SEC FOR DGS




MICROCOMP TELECOMMUNICATED DATA
' 6 ASSEMBLY LISTING

0397
0392

-DDP~-51

006uY

0O6US

no6GU6
neeu?7

00650

00651
00652
00653
nOASY

000776
000002
000N06
040000
0177177
164217
177744
177674

177730

1776136

TINE EQU
© END

1176

19



PROGRAM NAME (Note: this is a FORTRAN program)
SOURCE: ALPO

BINARY: BALPO _
ENTRY POINTS (location): OUTPUT ('07530), DODSP ('07600)
GENERAL DESCRIPTION:

When called, this subroutine will output the information about the
system status either on the teletype or the CRT screen in the format shown
in Figure 2 or as a block of 104 bytes (6 single precision numbers giving
gyro and PIPA fail status and third fail indication a.nd 23 double precision

numbers; 4 for the quaternion, 3 for AV, 14 for gyro and PIPA squared

Il
errors, 1 for time and 1 for the encoder) on digistor tape. See the
documentation for MPRO (the main program which calls OUTPUT) and for

the output subroutines SDGS, SXOU and SFPOUT.

. | " (NO FAILS INDICATED)
GUAT - 0.999999 - 0,000016 0.000U6S = C.uuuG3ds

DELVRF = 975.664062 8.601562 - - g,453125
LRIICRS Je2d  148S ’ :
0.01 1089 7 _ .
A-F Gyro 0.0l 001 A F PIPA
Squared 0,06 3,51 Squared
Error 0e35 " 0,35 | -Error
) 0.14 0.96 : '
0.5 8 .26 Total Squared Error
3YRO FAIL
PIra FAIL
TInE 130,00 (sec)

Ta3LkE ANGLE ¢,761531 (IN REVOLUTIONS)

Fig. 2 CRT System Status Display

20




MYCROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING
SUBRRONTINE ONTPNT (ARG, MODE)

0nnonnn DAC onnonn
nn00n 1 CALL PS$AT

oconno2 OCT 00nen2
oronn3 DAC 0a0nNne
onnedu DAC 0noo0o00

INTEGER ARG (52),MODE, SODSAV
DATA MODSAV /-1/ '

noonns JMP 0095000
on0nng ocT 177777
IF(MODE, EQ. 2) GOTO 100
ST 0ONDOS
annanT LDA* MODE
0non1n SUB  =10NADN2
neont SZE  0nHnnn
nO0OO12 JMP 000000
neeNnt3 JMP  _100
STG  0NON12
IF (MODE. EQ. MODSAV) GOTO 50
000014 LDA* MODE
060015 STB  MODSAV
a00N16 SZE 000000
N00017 JIMP 007000
pronor Jgmp 5N
STG 000017
C21L TOMODE (MODE)
nNN0N21 CALL TOMODE
000022 DAC* MODE
MODSAV=MODE
nnon23 LDA®  MODE
000024 STA  MODSAV
50 CALL DNODSP (ARG)
STG  _50
000025 CALL DODSP
000026 DAC* ARG
TF(MODSAV.EQ. 1) CALL C100U (2H =)
000027 LDA  MODSAV
000031 SR =1000091
000031 SZE 000000
nEoON32 JMP 000000
0000313 CALL C10U
000030 DAC  ='120236
STG 000032
RETHURY
c
C DIGTSTOR OUTPUT
c
000035 JMpx  00NONP
100  CALI DGSWRT (ARG, 52)
STG  _100
nO0G36 CALL, DGSWRT
N00n37 DAC* ARG
00004 N DAC  ='000064
TLER 0CT 000000
RETURN
Anony?2 JMPx  0NONIQ
END

21



MYICROCOMP TELECONMUNICATED DATA
NDP-516 ASSEMBLY LISTING

+8)

c
c
c
STG =¢000001
nnoou3 ncT 000001
STG 9000002
nenagy oCT 000002
0eenn3 DAC ARG
nnonny DAC MODE
STG ='000064
nonngs ocT 000064
000Nng DAC MODSAV
NOoN36 DAC 100
nnpe2s DAC _50
ocoenn DAC YOMODE
oooonn DAC pODSP
noonnn DAC c1i1ou
STG =9120336
0enaus acT 1203136
00nnngd DAC DGSWRT
SMBROUTINE DODSP (ARG)
onpnon DAC ©00000
neONNT CALL FSAT
neonn? 0CT onoon
oonnna DAC onnoon
COMMON/LIST/ LIST(Y
LOGICAL LIST
TXTEGER ARG {24)
CALT XNOUA (SHQUAT
neoeny JMP 0noooe
STG 000004
nnonns JMp 000000
000nN0ek NnCT 150725
000007 nCcT 140724
orgo01n ncT 120240
LIS AR ocCT 120240
STG €00005
nnon2 CATL ¥XNOUA
nenNo13 DAC 0npone
ononb DAC =t00NN10
neoni1sS ncT enoonn
Do 1" 1=1,7,2 .
AT AR RS LDA ='000901
onon17 STA I
CATI FPOUTC (ARG (T),1,6)
conn2n LDA I
oonn21 ADD ARG
noon22 ADD 000024
oenn23 JmMo 000025
apan2y . oCT 1771717
nnon2s STA T$1000
000N26 CALYL FPOUTC
00C027 DAC* T$10N0
noponan DAC =1000001
nooniI DAC =100N006
nnon3n ocT 000000
1°e CAYYL. XKWOWA(2H ,2)

22



HICROCOHP TELECOHHUNICATED DATA
DDP-516 ASSEMBLY LISTING

000033  CALL .XNOUA
0000134 DAC  =1120240
0non3is5 DAC- =1000002
. AN0036  OCT - 000000
000037 - LDA I
000041 ADD  =1000002
000041 CAS  ='000007
N00042.. JNP. - 000045
onoN43 . Jnp 000017
0noo4Yy - JMp . 090017
CALL X100 (138)
000045 CALL X10D
000046 DAC =1090212

CALL XNOURA (8B8HDELVRP

oencuy JMP 000000
000750 ocT 142305

000051 OCT 146326
000052 0CT 151306
0nnes3 0CT 120240

. STG 000047
000654 ‘CALL XNOUA
000055 DAC  C00050
nenNnse DAC  =1000010
000057 OCT 000000

DO 20 I1=9,13,2

NeNORD LDA  =1000011
000C61 STA I

¢ 8)

CALL FPOUTC (ARG (X), 15, 6)

neone2 LDA I

noo063 ADD ARG
000NKY ADD 0n00N66
neonss JMP 000067
000066 oCT 177777
000967 STA T$1000
000070 CALI. FPOUTC
onoN7 DAC* T$1000
nnoo72 DAC =t000017
0nonN7T3 DAC =1000006
NO00 7y oCT 000000
2n CALL XNOUA(2H ,2)
nooeTs CALL XNOTA
0nnnIe DAC =¢120240
0conT7 . DAC =1000002
0co010n OCT 000000
neo1n LDA I

900102 ADD =100N002
0ng103 CAS =1000015
000104 JMP 000107

000105 JMP 000061
000106 JMp 000061
CALL X10U(138)
onn107 CALL X1ton
000110 DAC =1000212
CAI1 XNOUA(BHERRORS
000111 JMP 000000
nno112 oCT 142722
0n0113 0cT 151317

¢ 8)
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MTCROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

000114 ocrT 151323
neco115 0CT 120240
STG 0001119
0C0116 CALL XNOUa
200117 DAC 000112
000120 DAC =1001010

000121 ocT 000090
DO 25 I=1,13,2
nNop122 1.DA =1010001
nee123 STA I-.
CALL FPOUTC (ARG (I+28),15,2)
non124 LDA I
000125 ADD ARG
anr126 ADD 000130
nont27 JMP CN0 1131
noN13N 0cT 000027
non131 sTa T$1000
000132 CALL FpOUTC
neN133 DAC* T$1000
oc0134 DAC =¢000017
no0135 DAC  ='000N02
nnp136 0CT enoone
CALL XNOUA(2H ,2)
neO137 CALL XNOUA
neofun DAC  =%129240
nepiun DAC =0009002
noOIL2 ocCT 0noonn
CALY, FPOUTC (ARG (T+138),15,2)
IGRLE 1.DA I
npn1uY ADD ARG
APOILS ADD 000147
nON146 Jmp 000150
No01u7 0OCT 000045
nNeo1sn STA T$1000
ACN151 CALL FPOUTC
nonis? DAC* T$1000
n0oe153 DAC  =t000017
000154 DAC =1000002
non155% orT noonnn
CATL X101 (138)
nno156 CALL X10U
nee157 DAC =100n212
25 CALL YNOUA(BH
0ng1Rn Jmp onnooo
0001R1 ocT 120240
0nCc162 0CT 120240
NON1R3 0OCT 120240
NPO16L 0CT 120240
STG 000160
0rO165 CALL XNOUA
00166 DAC 000161
non167 DAC =4t000010
000170 oCT  0C00N0
000171 LDA T
nNoo172 ADD =1000002
n00173 CAS - ='000015

000174 J"p ro0177

v 8)
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MTCROCOMP TELECOMMUNICATED DATA
NDP-516 ASSEMBLY LTSTING

nno17s5 Jmp 000123

nen176 amup no0123
: CALY X101 (138)
000177 CALL X100
neo200 DAC =100n212
CALL YNOUA (10HGYRO FATIL ,10)
£C0201 Jxp £00000
nen2n2 0CT 143731
neo2n3 . 0oCT 151317
neo2nu neT 120306
neo205 0cT 140711
neo2n6 NCT 146240
STG co0201
non207 CALL XNOUA
onn210 DAC c00202
nNo211 DAC =t000012
200212 OCT copoon
IF(ARG(15).EQ.0) 6O TO 25
N00213 1DA ARG
nno21y AnD 000216
n00215 - Jmp non217
ACN216 0ocT 000016
aN0217 STA T$INO0
000220 LDA* T$1000
n00221 SZE 000000
nre222 Jmp 000900
neo223 JMp - _35
STG €00222
CATL YNOURA (4H , 4
c00224 JMPp 000000
n00225 orT 120240
000226 OCT 120240
STG 00nn224
000227 CALL XNOUA
npo23n DAC 000225
NN 231 NAC =1 00N00Y
nc0232 0CT cononoe
CATL Y10U (ARG (15)+192)
nGe223 1.DA ARG
neN23y ADD 00n216
0eNn235 JMP 0ne237
npe236 0CcT onnp16
nr0237 STA T$1200
apn24n LDA* T$10NC
Ne0281 ADD =1000300
nen242 STA T$1001
N002u7 TALL  X10U
noo2uy DAC T$1901 :
IF(ARG(16).FED.0) GO TO 35
nen2us LDA ARG
100246 ADD 600250
neo2u7 JMp 000281
500259 ocT 0onn17
0en2s51 STA T$INAD
nEen2s2 LDA* T$1000
No0N2%3 SZF 009000
Nno254 JIMP 0noonoe
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MICRQCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY IISTING

rnNo2eg J¥p  _35
STG 0np 25y
CATL XNOUA (U4H . 4)
nNON2546 Jmp 000000
nnn2s57 ncT 120240
NONDED ncT 120240
STG 0N02S6
oNnDeg CAIYT XNOUA
NCNDAD DAC nNo2s7
0enN263 DAC =1000004
N1Ne264 ner 0nN0000
CATL Y10U (ARG {16) +192)
nonN2as T.DA ARG
N0N2AA ADD 0an270
Cer2eR7 JMp 000271
nen27re acT ¢cnoo17?
nNNR271 STA T$1000
cae27o LDAX  T$1000
nANNT3 ADD =1000300
nAN27Y STA TF1001
nen27e8 Cr»'T X100
nNASDTA DAC T$1001
TF(ARG(23) . NE,0) CALL XNOTA(I10°H
nna2717 LDA ARG
onelnn ADD 0N03n2
nnrn3ng JMp 0n0303
nOnINY ocT 000026
noee STA TH1000
ANQ 3Ny LDA%x  TE1000
INnNiIng SR 0nonon
nNnNp3Ng JMp 000000
onni3ng Jvp onnnon
onn3n neT 120240
nen3t nCcT 120240
ann32 ncT 152310
nrn3Iasg NCT 144722
nNe31u OCT - 1482240
STG oNnNn3in7
nng3ig CALL XNOUA
Nro3is DAC 000310
000317 DAC =tNON012
neNIRN ncT 09200900
STG 600306
35 CALL Y100 (138)
STG _35
non321 caLL  x1i1oun
nne122 DAC =100N0212

CATL XNOUR (10HPIPR FAIL ,10)
000323 J*p 000000

000324 ncT 150311
nno 225 oCcT 150301
non32e6 nee 120306
000327 neeT 140711
0ono33n 0CT 146240
STG 000323
ocn3 CALL XNOUA
onn332 DAC 000324
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MTCROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

JMP

000333 DAC  =1000012
000334 0CT 000000
. IP(ARG(17).EQ.") GO TO 4O
000335 LDA ARG
000336 ADD 000340
000337 JYP 000341
000340 O0CT 00020
000341 STA  T$1000
000342 LDA* T$1000
0001343 SZE 000000
0003044 JHP 000000
n0034s JNP 40

ST™G 0nn3su

XNOUA (4K . 4)

0001346 Jup 000900
n0N3u7 0CT 120240
000350 0CT 120240

STG (00346
000351 CALL ¥ NOUA
000352 DAC 000347
noNis3 DAC ~ ='000004
000354 OCT 000000

CALL X10U (ARG (17) ¢ 192)
000355 LDA ARG
000356 ADD 000360
0001357 Jup 000361
nNo36N 0CT 000020
000361 STA  T$1900
000362 LDA* T$1000
000363 ADD  ='0001300
000364 STA  T$10n1
000365 CALL X100
000366 DAC  T$1001
TP (ARG (18) .EQ.0) GO TO 40

000367 LDA ARG
nNo370 ADD 0001372
000371 JMP 000373
o372 0cT 000021
000373 STA  T$1000
000374 LDA* T$1000
000375 SZE 000000
00376 JMP 000000
000377 JMP  _40

ST6 000376
. CALL XNOUA (4H . 4)
0counn JMp 000000
000401 OCT 120240
000402 0CT 120240

STG 000400
Ne04n3 CALL XNOUA
nO0uLOY DAC 000401
000u40S DAC  ='000004
00046 OCT 000000

 CALL X100 (ARG (18)+192)

000407 LDA ARG
000410 ADD 000412
000411

0nou13
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MICFOCOMP TELECOMMUNTICATED. DATA

ocQul2
000413
onnuy
0oous
nnoG1e6
acnut?
noou2n
IF (A
A00021
neoQu22
Ae0u23
100024
neou2s
NeNN26
noeu27
nocu3n
nney 3
nCou3?
ArCL23
A RHIRES
oeQuls
oenulA

000417
neauun
ARNLGA
noory?

40 CATY,

noouul
0004GY
caty
000NuYS
nrnLLA
neouL
neCuSNH
neousS 1

nnnNus?
000453
neNney
neouss
CALY
GANUSA
npnes?
OrCuAD
NONLART
noDuG?2
00l UED
AnNDuKy
CATLYL
NODUES
[AIa XA XY o)
CAlT,
neous?
noousTn

DDP-516 ASSEMBLY LISTING
0cT 000021
STA T$1000
LnAa*x T$1000

ADD  =7000300C
STA  T$1001
CALL X1tou

DAC T$1001

RG(24) « NE.0O) CALL XNOUYA(10H

LDA ARG
ADD 0n0u2y
JMp onou2s
NCT cann27
STA T$100C
LNAx  T$1000
SN7Z cOnoNne
JMP oQoone
JMP 00NNNo
0OCT 120240
ncT 120240
orT 15231¢C
nCcT 144722
oCcT 142240
STG crou3t
CALL YNOUA
NAC ¢noul2
NDAC =1000012
necT Il Id
STG nocu3le
Y101 (138)
STG _un
CALY, X100
DAC =100N212
YNOIJA (RHTIME . 8)
JMP nenooe
orT 1523117
nCcT 146705
0OCT 12024¢C
NCT 120240
STH 0Nnuys
CALL XNOTA
DAC coouu6
DAC =100N010
NCcT cannoe
QUTI1C0 (ARG (19))
DA ARG
ADD CO0uUR
JMp npou6k?2
OCT nno0N22
STA TE1000
CALL onTINO
DAC® T$1000Q

X 1017 {138)
carrt  Xt1ou
DAC ='000212

XNOUA (84TABLE  ,8)
JMpP  ONANO0O
0CT 152301
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MICROCOMP TELECONNUNICATED DATA
DDP-516 ASSENBLY LISTING

ocT.

000471 ocT 181314
000472  OCT 142640
000473 0CT 120280
' STG 000467
N00u74 CALL XNOUA
00047S DAC 000470
n00476 DAC  =100001C
000477 0oCT 000000
CALL FPOUTC (ARG (21),0, 6)
000500 LDA ARG
000501 ADD 000503
000502 JNP 000504
000503 oCT 000024
000504 STA  T$1000
0o050s CAlIL FPOUTC
000506 DAC* T$1000
900507 DAC  ='000000
N00519 DAC  ='090006
000511 ocT  0N0000
CALL X 10U (138)
000512 CALL X100 .
000513 DAC  =100N212
CALL X107 (138)
000514 CALL X100
000515 DAC  =1000212
i RETURN :
000516 . JMP* 007000
END : '
STG  =1000001
000517 ocT 000001
, STG  ='000002
000520 0oCT 000002
STG  =1000004"
000521 oCT 000004
STG  ='000006
000522 0CT 000006
000003 DAC ARG
000000 DAC  LIST
000000 DAC  XNOUA
STG  ='000010"
000523 OCT 00010
000033 DAC - _10
STG Y :
000524 0CT 004640
_ STG  =1000007
000525  oCT 000007
00000 DAC  FPOUTC
STG  T$1000
000526 ocT 012244
STG  =1120240
000527 oCT 120240
000009 DAC X100
STG  =1000212
000530 0CT 000212
000075 pAC  _20
STG  =1000011
000531 000011
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0008132

nP0S533
100160

neos3u

000535
nenN32e

0n0536

neesiy
noouyl
ORI
e

STG
0cT
STG
OCT
DAC
STG
ocrT
STG
oCT
DAC
STG
0OCT
STG
ocT
DAC
DAC

=1000015
000015
=4000017
000017
_25
=1000012
000012
=1000000
0100000
3%
=10n0300
090300
T$1001
012244
_u0
ouT1ine
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PROGRAM NAME:

SOURCE: SFPOUT

BINARY: BFPOUT . .

ENTRY POINT (location): FPOUTC ('10340), OUTL100 ('10552)
GENERAL DESCRIPTION: '

FPOUTC is called by the output subroutine ALPO and prints on the
teletype or displays on the CRT (See documentation for subroutine SXOU)
a decimal number representation of the binary number designated by the
call. The call in FORTRAN is

CALL FPOUTC (ARG, S, P)

or in DAP
CALL FPOUTC
DAC ARG
DAC S
DAC P

OoCT 0

where ARG is the number to be printed, S is the number of bits after t.he
sign bit before the binary point, and P is how many decimal digits to print-

after the decimal point.

OUT100 is also called by ALPO and is used to print on the teletype
or display on the CRT 1/100 of a double precision integer. It is only used
tc print out the variable TIME, which is really a count of updates and needs
to be divided by 100 toscaleit to seconds. The call in FORTRAN is CALL
OUT100 (TIME), or in DAP

CALL OouT100
DAC TIME
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MICROCOMP TELECCMNUNICATED DATA
NDP-516 ASSBHBLY LISTING

AR RAN |
nAno
cne3
nnny
eoes
[ARATAS
cna7
nnag
ANCQ
cae
no11
0012
nn13
nn1y
an1s
ARAT BN
nn17
nNnAIg
nnN1Q
nn2n
no21
kAR
nN23
nnoy
nn2s
NI26
nn27
nn2a
nn29
en3e
nni3
[aXale 9
~AT
N3
an3s
N3G
N3
nNI3R
RRARES
AnAgn
(Y]
nono
AN ue]
nauy
anyq
nrug
nAp?
anyg
rnya
ARMA-RE
nne{
nng2
rnNen
nnay
NNRS
[ANARY Y
nney

000N
00001
foon?
poros
onony
nonos
f0006
onee?
0oo1n
onc1
non2
nnei3
0no1uy
cnnis
nnote

co017
noe20
nne21
non22
onn23
onn2y
nne2s
00026
o027
ann3n
npr3
oNn32

0nn33
nae3y
apn3s

AR RN N

00037
onpyn
npou
nony 2
pneys
nnouy
pnnus
fOOLG
npay7
nansn

nnngq
nONS2
~ONS 3
nansy
pnrss
LY

€n057
anngn
00061
00062

0 0950000

n 10

00000

000003

0 0o
0 o0
0 no

00000
00000
00000

140040

o4

ou

O DO DODIOOD
S
£

0 35
1 02

00166
00173
00202
00170

00172
00206
00167

00003
0Cc001

000201

102

nococ

noenoT?

n 04

No174

101490

n 01
0 12
0 07
0 07
n 04

00033
20166
00174
00174
00174

noones

-0 02

00004

101040

n 01

0nnst

101409

(UNIoR

0. 03

0Cc14y
0c210

0 05 00201

0 04

00046

noaney

0n2
5 0n
0 oy

0174
neeee
0Cc174

nognes

n N2
0anon
0 17
0 ou

ne173
6C

00207
00173

non2e

N NE

NC176

n10201

0 02
n 07
0 on

00167
ne 205
00167

F POy

DEC3
ARG

SCAL
PREC

C0n171 -

*

ARGP

INS2

SDON
NEXT

SUBR
REL
DAC
CALL
0ocT
PZE
PZE
PZE
CRA
STA
STA
.TA
STA
STA
STA
LDA
STA

‘LDX

1LDA
TAB
LDA
DBL
DST
SMI
JMpP
IRS
DSB
DSB
DST

SGL
LDA*
SNZ
JMNP
SMI
JMP
ANRA
ERA
STA
DBL
DLD
* K Xk
DST
SGL

LDA
LRL
DIV
STA
IAB
ADD

IAB
1.DA
SUB .
STA

FPOUTC

x%

PSAT.
3

SGFPL
INT
BLBL
STR
STR+1
STR+2
SIY
PPTR

ARG
11

FRAC

ARGP
SGFL
FRAC
FRAC
FRAC

SCAL

SDhON

TPLS
0oc77

RST

INS2
FRAC
FRAC
INT
16
TEN
INT
FRNT
PPTR

ONE
PPTR

32

SIGN FLAG

OVERLAYS CNTR



MICRNCOMP TELFCOMMIUNICATED DATA
DDP~516 ASSEMBLY LISTING

nnse
0059
0060
0h61
npe6?2
nos3
nreu
NNeS
NORA
cNR7
nNAY
0nga
nnTo
N7
ner2
ne73
nnTy
nnTs
onTe
0077
nnira
r(79
0oNngn
ncg 1
0182
nHe3
0nNRYy
npas
nIRE
1087
CN8R
nnHK9
coa9n
nrg
nNCa2
nNa3
nnay
nnas
cN9h
0097
npag
neao
n1no
0101
0nin2
n103
n1ny
nN10s
N106
nN107
n1cA
n109
n11n
nN111
n112
0113
N1y

00063
00064
00065
00066
0nne7
00n70
onnT A
n0072

onnT3
onnTy
nnreTs
n0no76
nne7?
00100
tN101
0102
N0103
00104
nnins

N0106

oY

n0110
00111
00112
0113
AR R
00115
nn116

ne117
nna20
nn121
nO122
nn123
to124
nn12%
t0126
ne127
00139
00121
00132
nn133
on13y
0n13s
n0136
cd0137
n0140
no1u
00142
00143

00tun
a0145
oc1ue

00147

nuoy 77

0 04 20000
102 00170
10Nn01
nnNn201
o414 70
o402 70

1 04 00170

n 02 00173
100040

0 01 00052
0 92 00166
101040

01 00104
n2 00170
05 00204
06 90170
10 90000
090170
n0N206
000000

DD DO

-0 22 0CNOS
140407
101400

-0 01 20000

04 NC172

10 oeo0o

onn203

02 00175
16 00207
000ney
-0 04 0C166
0 02 00174
0 16 00207
0 0R JC176
0 13 a¢173
10040
000201

0 06 00166
1000C1

0 12 00173
140100

0 08 NO1T74
naoncs
0 10 nceoo
¢ one173

n 12 06172
0 01 00117
-0 01 70000

o Mg 4 DOO

0 05 20200
141206

0 04 00153
0 35 oncCn2

sour

*
FLp

TPLS

LGR
STA
LDA
SRC
IAB
LGL
LRR
STA

LDA
SZE
JMP
LDAa
SNZ
JHMp
LDA
ERA
STA
CALL
DAC
DAC
oCT

LDA*
TCA
SMI

JMP% -

STA
CALL
DAC

LDA
MPY
DRL

DST -

DLD
MPY
DAD
TMA
CRA
TIAB
DAD
SRC
IRS
sSSP
DST
SGI.
CALL

DAC -

IRS
JmMp
JMPp*

ERA
AOA

"STA

DX

FPOU -
CNTR
X107
DOTC

LOW
TEN

TEMP
HIGH
TFEN
FRMT
DGT

TEMP
DGT
FRAC
X1ou
DGT
CNTR
FIP
FPOU
LST

INSY
DFEC3
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0115
0116
~117
n118
n119
n12n
n121
N122
0123
n12u
n128
n126
r127
0128
0129
n1n
£131

n132

r133
N3N
n135

n136
n137
n138
n139
ntun
N1y
N1u”

n143
Cul
Y145
Va6
nu7
n1u8
nN149
n159
n151
n152
n153
n154
AR B
r156
r157
1158
0150
01480
N161
nN162
n161
n16u
0165
N166
0167

00150
00151
nN152
00153
nn154
09155
n0156
0n157
00169
00161
00162
0n163
nn164

nN166
nn167
00170
nn171
0172
nn173
0n174
00175

an176
00177
nN200
01201
0n202
n0203
n020Y

£0205
nn206
N0207
nn210
nn211

06212
0n213
00214
00215
nn216
00217
00220
nn221
0222

140040
000201
102 00172
0 00 00000
140100
113 00172
000201
0 02 00000
0 07 00205
0 04 90000
100040
0 01 00152
0 01 00051

00000
000000
nnon00
nooNnoo
000000
nannno
noonen
000nrQ
noot173
N0017u
0nn175
000166
N00167

nON260
nno0no
0wy 71
o049t 0o
120240
000256
006400

noone 1
000006
onnnt2
000077
000000

N anno0ge

0 10 90000
-0 000212

1 02 00001

nnn201

1 02 00000

N 17 00240

0 Ny N0236

140040

TPLP
INS?

TEMP
STR

CNTR
INT
FRAC

DGT
HIGH
Low
SGFPL
PPTR

" FRMT

LsT
BST
BIBL
DOTC
NEGS

ONFE
STX
TEN
oc77
7ERE

0uTH

CRA
IAB
LDA
L2 2 )]
sSSP
InA
IAB
LDA
SUB
STA
SZE
Jup
JMP

DBP
DBP

RS2
RSZ
DBP

EQU
EQU
EQU
EQU
EQU

ocT

LLS
LRS

OCT

oCcT
ocT

DEC
DEC
OoCT
DEC
OCT
FIN

SUBR
REL
DAC
CALL
DAC*
LDA
IAB
LDA
DIV
STA

CRA

INT-1,1
INT-1,1
ONE

-TPLP
SDON

D

9
1
0

INT
FRAC
FRAC+1
TEMP
TEMP+1

260,0

1
0
120240

ouT1No

*k
ARGS
ouT1
1,1

0,1

D100
OTMP
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MICROCOMP TELECOMMUNTCATED _DATA
nnDP-516 ASSEMBLY LISTING

0168
n169
0170
n171
n17?
n173
nt74
0175
N176
0177
n178
n170
r18¢

ni181
0182

nn223
nn224
n0225
00226
n0227
00231
00231
nn232
00233
00234
nn23s

n0236
0nr237
00249
no2u1
00242

900201

2 17 nC240

141206

0 04 0n237

N 10 30000

0000236

0 NNO242

0 00C241

290009

9 12 00212
-2 01 00212

NO0OND
000nCH
N0o1uY
0none2.
nonn17

OTMP

- D10O

TAB
DIV
AORA
STA
CALL
DAC
DAC
DAC
oCcT

IPS -

JMp*

RS2

DEC
END’

D100

OTHMP+1
FPOUTC
oTMP
=15

=2

0

ouT1
ouT1

2

100
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PROGRAM NAME

SOURCE: SXOU

BINARY: BXOU

ENTRY POINTS (location): TOMODE ('10604), X10U ('10636),
XNOU ('10642), XNOUA ('10646), XOOCT ('10652)

GENERAL DESCRIPTION:

This subroutine is really an intermediary to the output calls to either
the FORTRAN teletype output routines (T10U, TNOU, TNOUA and TOOCT),
or the CRT output routines (C10U, CNOU, CNOUA and COOCT). The
subroutine ALPO (see documentation) first calls IOMODE with the argument
0 if it wants to output on the teltype or 1 if it wants to output on the CRT.
From then on, every call to X10U, XNOU or XOOCT will be rerouted to
look like the proper call to either the teletype or CRT routines.
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MICROCOMP TELECOMMUNICATED. DATA
DDP-516 ASSRMBLY LISTING
nong SUBR TOMODE

nnno SUBR X100
nonya SUBR XNOU,XNO
onny A SUBR XNOUA, XNOA
nnos SUBR XO0OOCT ‘
0NGe REL
ngna *
nnng 0Nooon N NNCOCH  IOMD DAC %
nNNNg ¢onp N 35 90000 LDX I0MO
A010 00002 -1 02 NeCoN LDAa* 0,1
NN1t1 N0NQ3 g 35 70063 LDX =
nNN12 0000y 100040 ' SZF¥
0c13 NCenns 0 35 00062 LDX =4
N1y 00006 3460907 DB,
ne1s 0onpy 1 02 nC022 DLD ADL,?
0nrYe 00NN 0 04 NCO16 DST LST
fNYT 00N 1 02 NC0O2u DLD ADL+2,1
naist N0012 0 04 0002C DST LST+2
1019 00013 nonNeos SGL
nnaIn NOnqy 0 12 00000 IRS I0MO
0”21 0OLIS -0 N1 D00NC JMpP*  IOMO
nn22 *
ne23 00016 anoneo LST DRP 0

noneT 200000
np2u4 NNN2o anoeoo DBP 0

nnn2g 000600

nn2e 0NN22 0 ononen ADL XAC T100
N2 0NN Q3 a4 agnoeo YAC TNOU
tN27 NBnoy 0 0000C0 XAC TNOUA
nn28 NAnjg nooonnco XAC TOOCT
0129 0Nnag n noooee XAC c100
AN3N NOC2RY 0 00N000 XAC cNOn
9331 ~ON3D 0N ONnorop XAC CNOUA
nN32 NOn31 0 000900 XAC coocCT
nna *

tN3u *

nnN3s nne3? n oon00n X100 DAC *%
N03R N0N133 n 35 00063 L DX =
nN37 NNnay n 02 nNNn3p LDA X100
fN3R8 NON3R N 01 00051 JMP COMN
non3a *

napn NOp26 0 000000 ¥NO DAC *%
Myt 00N3Y 0 35 0C061 1.DX =
nny2 00y 0 N2 N0036 LDA XNO
ry3 00nyt 0 01 00051 JMP COMN
nnuy *

nNLs5 00Ny 2 no000oen XNOA DAC  *x%
NNuR 0NNy 3 0 35 N0O0e0 LDX =
0047 000Uy 0 02 00Ny2 LDA XNOA
0nNu] nnnys 0 01 00051 JMP COMN
nayo ¥

nnsn 0fnuek 0 000900 X00C DAC * %
n51 N0N 7 0 35 n0NS7 LpXY =
0Ns2 00050 0 02 NCOu6 LDA Xo0cC
nnegl *

nnsy nonsy -1 04 NDD016 COMN STA* LST,?
nngs 00N52 1 02 00M6 LDA LST,1
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MYCROCNHMD TELECCMMUNICATED DATA
NDP-516 ASSEMBLY LISTING

NNSA N00S3 141206 AOR
NNRT NONRY 0 04 00056 STA
ANSR NONSS -0 01 00056 JMP* .
nnsa *

ANRN NONSE nNoonood TENP BSZ
N6 *

nNN62 NNAST 000003 END

onea0 pacnn2
nODAA nOo00 Y
neneg2 000004
fONR3 0000C0

TEMP
TENP -
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PROGRAM NAME

SOURCE: SDGS

BINARY: BDGS

ENTRY POINTS (location): DGSRD ('13311), DGSWRT ('13250)
GENERAL DESCRIPTION: ‘

These two subroutines are for reading and writing words on the digistor
tape. The SIRU system only writes on the digistor tape. A fortran statement;
C ALL DGSWRT (ARG, 52), or the DAP instructions,

CALL DGSWRT
DAC ARG
DAC ='64
oCT 0

when executed, will cause this subroutine to write a heading, 52 words of
information starting with ARG, and one word of parity on the digistor tape.

It will then return.
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MYCROCOMP TELECOMMUNICATED DATA
DDP~516 ASSEMBLY LISTING

nno1
0002
00n3
co0u
nons
none
oon?
recs
00n9
no10
no11
AN12
nn13
001l
ons
0016
0017
918
0019
0020
0n21
ne22

0023

0024
n025s
0026
0027
¢928
n029
nn3n
0931
no32
0033
0934
n03s
0036
n037
0938
0039
0N
0041
0ny?
00n3
frouy
0045
0046
0Ny
0048
0049
0050
NS
n52
0053
0050
nos55
0056
0057

00000
00001
00002
00003
00004
00005
00006

nonag -

00010
20011
non12
nonNi3
f0014
nenas
0one
00017
009020
6021

00022
00023

nen2y
00025
0nnz2e
onn27
0on3e
non3q
foenN32

nnn33
noN3y
0ne3s
nnn3e
0nn3T
00040

AUMES
nonu?2
nong3
peoay
gonues
nonué
00ou?
0n05n
0ens1
nons2
nons3
noesy
nnnss
noasSe
0nns7

0 000000

0 10

00000

000002

0 00
0 00
-0 02

00000
00000

00004

140407
101400

-0-01
0 0y

140040

na
02
10
1n
02
1
1¢

DOOLOOD

-0 92

~00000

00004

00143
00145
0c127
00127
00144
00127
00127

00b03

141340

N 10

00127

141340

D2ODOD
—
[\S)

0 02

00127

N0122

0een3
ocoou
00022

00143

141340

0 10

00127

141340

0 10
-0 01

00127
00000

0 000000

9 10

000002

9 00
n 0o
-0 02

0ceo00

00000
00000
00045

140407
101400

-0 01
0 o4

00041
00045

140040

n 04

00143

140040

0 10
0 05

00135
N0 145

DGSW

WARY
WCNT

qLyp

DGSR

RARY
RCNT

RLOK

REL
SUBR
SUBR

DAC
CALlL

“0CcT

PZE
P2E
LDA*
TCA
SMT
JNp*
STA
CRA
STAa
LDA
JST
JsT

"LDR

JST
JST

LDA*
ICA
JST
ICA
JST
JST
IRS
IRS
JMP

LDA
ICA
JST
ICA
JST
JMp*

DAC
CALL
ocT
PZE
PZE
LDA*
TCA
SMI
JMP*
STA
CRA
STA
CRA
JST
ERA

DGSRD
DGSHWRT

x¥

PEAT
2

WCNT
DGSW
WCNT

ACC
=201
WRT

WRT
=1177777
#RT

WRT

WAPY

WRT

WRT

PRTY
WARY
WCNT
WLUP

ACC

WRT

WRT
DGSHW

* %
FIAT

RCNT
DGSR
RCNT
ACC

RD
=1201
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MICRCCOMP TELRCOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

GLLY:
0059
no6o
n0e61
0062
noe3
no6Y
nees
nNek6
nes7
nn68a
0969
0070
0071
nA72
nnI3
0974
no75
nn76
0977
no7R
0079
0980
0n81
no82
0083
0nguy
0ngs
SLEYS
¢n]7
nnas
neag
cooo
nn91
€092
nnag3
nC9y
0095
0r96
0097
£298
noga
n100
0101
0102
0123
0104
0105
n166
0107
n108
01na
n110
n111
0112
n113
c114

on060
0co61
0cne62
0nn63
00064
f0N6S
ononee6
00067
onnTn
onnT g
o072
neo73
00974

o°eeTs

nonTe
nony7
001co
N0101
no102

00103

nnN10Y
00105
no106

00107
00110
00111
n0112
00113
fe114
no115
N0116
00117
on12o
nn121

nNH122
0n123
00124
no12s
f0126

00127
00130
00131
0132
00133

00134

nM135
nn136
nn137
00140

1000 40
0 01 60055
140040
0 10 00135
0 05 NO145
100040
0 01 00055
140040
0 1" 0C135
141340
n 10 00135
5 05 00144
100049
N 01 00OSS

10049

0 10 00135
11340

10 00135
04 0004u
1M 00122
12 000uy
12 0n04S
01 00076

ODODDO

140040

0 10 00135
141340

0 10 00135
0 05 00143
101040

¢ 01 00120
140040
100000
141206
-0 01 00041

0 000000

0 05 00143
o416 77

0 04 0C1tu3
-0 N1 00122

0 0NneCoCo
14 0002
T4 0O0D2
0 01 00130
14 0102

-0 01 00127

0 000000
14 0001

S4 N001

0 0100137

RLUP

WRT

SZE
JMP
CRA
JST
ERA

SZE -

JMP
CRA
JST
ICA
JST
FRA
SZE
JMP

CRA
JST
ICA
JST
STA*
JST
IRS
IRS
JMP

CRA
JST
ICA
JST
ERA
SNZ
JHMP
CR2
SKp
Aon
JMpx

DAC
ERA
ALR
STA
JMP*

DAC
ocCp
OTA
JMP
oce

JHDPx

DAC
ocp

" INA

JMP

RLOK-'
RD
=1201
RLOK-
RD

RD
=t177777

RLOK

RD

RD
BRARY
PRTY
RARY
RCNT.
RLUP

RD
RD
ACC

*43

DGSR

* %
ACC

ACC
PPTY

* %
2
2
*-2
1102

WRT
* %
'

1
*-1
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MICROCOMP TELECOMMUNICATED DATA

DDP-516

0115 00181 14 0101
0116 00142 -0 01 00135
0117
0118 00143 000000
0119
0120 0N144 177777

00145 000201

]

ACC
*

ASSENBLY LISTING

oce
JHP*

BSZ

END

1101
RD
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PROGRAM NAME

SOURCE: READ

BINARY: BREAD

ENTRY POINTS (location): ICINIT ('01656), INPIP ('01731),
INGYRO ('01764)

GENERAL DESCRIPTION:

The subroutine ICINIT will set up the gyro and PIPA interface to
interrrupt the main program every 5 milliseconds. The first interrupt
will be a PIPA interrupt and will occur when the PIPA counters have 10
milliseconds of data in them. The next interrupt will be a gyro interrupt
5 milliseconds later and will occur when the gyro counters have 10
milliseconds of data in them. From then on every 5 milliseconds the
interrupts will occur alternately. ICINIT will alsoread the initial interpol-

ator values of the gyros.

The subroutine INPIP will read the 6 PIP A pulse counters and store
them in the locations indicated by the listing with a scaling of 2_6 pulses.

For example, an octal 000400 represents one pulse or 4 cm/sec of AV,

The subroutine INGYRO will read the 6 gyro pulse courters, subtract
the old interpolator values, add the new interpolator values and store them
in the locations indicated by the listing. These are also scaled at 2-6
pulses. For example, an octal 000400 represents one pulse or 7 x 2_15

radians.
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MTCROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

nnetY SUBR ICINIT

0onn2 REL '

003 00000 0 0980000 ICIN DAC *%

NOCH 00001 14 0047 ocp w7 DISABLE GYRO
4005 00002 14 6057 ocp 57 DISABLE PIP
0106 00003 14 0077 ocp 77 RESBET PRESET’
0007 00004 0 02 00210 LDA =47

fCCS NODOS 74 0077 v OTA *77 ‘ - SET PRESET

NNo09 0N006 0 01 00005 Jnp *-1 o .
n010 00007 14 0027 ocp 127 CLR & ENB CLOCK
011 00010 34 0207 SKS 1207 WAIT POR PULSE
on12 00011 0 01 00010 JNP %1

0013 00012 Nuo00 56 LRL 18 WAIT 10 MICSEC,
nnN1s CON13 14 0CY7 oCP "17 © CLR AND ENABLE PIPA
0715 00N14 - 0 35 00207 LDX =-24 o :
anr1s 0NDI1S 14 0027 WLOP ocp 127 " CLR & ENB CLOCK
NN17 0NN16 - 34 0207 SKS 207 ' "° WAIT FOR PULSE "~
nO18 NNCT1T- C. 91 00016 JMP *-1 : : : '
N019 €0020 9 12 00000 IRS 0

aAnNdN 0NN21 0 01 00015 JMp HLUP : WAIT FOR 22
nD21 00N22 - 14 Q27 . . ocp. 27 Ny .
nNN22 nnn23 14 0067 ocp 167 _ DISABLE CLOCK
ne23 0nn2y o400 S6 LRL 18 ‘ 2 WAIT 18 MICS®C,
an24 0pn2s 14 n007 ocp "7 ENABLE GYRO
nN125 NEN26 34 0307 SKS 1307 SKIP IF INTRPLTR REDY
AN2F 0ONNB2T 0 01 N0026 Jup x-1

NN o . - -% READ INITIAL INTERPOLATOPR DATA

rr28 ONN3ID . 54 1307 INA 11307

N9 NON3 1 0 01 00030 JMP *-1 :
AN3N fNN32°. 0 04 00430 STA 430 . ° OLD INTRPPLTR DATA
nn31 NNN33 54 1317 INA '1317

nn32 onniy n 01 00033 Jmup *—1

nNn33 00035 0 .04 nC43T STA- ‘431

£n3y 0nN36 541327 INA 11327

AN35 ANNA3T 0 01 00N36 BN § ) 4 *-1

A03R ONALL 0 04 00432 - - STA w32

0037 0NNu1 54 1337, INA t1337

0n38 00042 n 01 00041 JMP *-1

0n39 NONY3 0 o 00433 STA 1433

anEA NNOLY sS4 1347 INA. %1347

D11 NHCLS 0 N1 000Uy JMp *-

NNy nNoNue D 04 0043y STA 143y

A3 0r0Y7 S4 1357 ' INA t 1357

nnun NNOS0 0 01 00047 JMP k-1

nous ANNGSHT 0 0u N0u3s STA 1435

ANye ANORS52 -0 N1 0N0000 JMP* ICIN

nnu7 *

nnu8g *

nnu9 x *

0nap : SUBR INPID

1051 REL

nNs2 NN0s53 0 0n00N0 INPI DAC *%

Ar53 00NSY 54 1107 INA 11107

AQSL NNNSS 0 01 00054 JMP *-1

nnss NNNSE 141240 ICR

nose6 00057 0 04 00600 STA ~ PIPA

0N57 NONGD 54 1117 INA 11117
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MICROCOMP TELECOMMUNICATED DATA
nPDP-516 ASSEMRLY LISTTY

onsA

0059

nogn
nOE 4
nNk2
nng1
nNGY
nNe6s
NOER
nng7
0res
nee9
nann
WL A
- 0nT72
nn73
nnTY
nnTs
nnve
nnT?
n178
0r79
pnan
ora1
£ng?
neas
NNRY
0085
0086
WhEY
0088
£089
ongo
©n91
0092
0ngR
009y
0nos
0oNanR
nng7
aneg
nn9q
n10o
N1/
nin2
0103
0104
3105
n1re
n157
c1ng
91na
n110
n111
N2
0113
3114

00061
00062
20063
nnngy
nnnes
0No66
nnne7
0onN7n
annT71
oce72
onn7l
nenTy
nOn7s
0nnT6
onoe77
on1en
00101
nnin2
20103
ng1cn

NN1C5

00106
0n107
0n110
WLERE
nn112
0n113
LLERY"
0r115
00116
ftnN117
nn12n
0n121
no122
0n123
0n124
00125
00126
00127
00130
nO131
nn132
00133

0 01 00060
141249
N 0y 00602
54 1127
5 N1 0006y
141249
0 04 NC60UY
546 1137
0 21 000TD
11240
D Du 00606
54 1147
n 01 0007y
w1249
n 2y o610
S4 1157
5 01 00100
141240
n 04 Nr612
14 "017
-0 N1 20053

000600
000602
000604
nnoeoé
nNoo0k10
no0n612

-0 000000
54 107

0 21 00107
141240

0 07 0Cu30
0 N4 00400
sS4 1017
001 90114
141240

0 07 o0u3
N 04 00u02
sS4 1027
001 00121
1412490

n 07 00u32
0 04 ocuny
54 1037

0 01 92C126
141240

0 07 00433
0 04 0CUO6
54 1047
n 01 00133

PIPRA
PIPB
PIPC
PIPD
PIPE
PIPF

INGY

NG
Jnp
ICR
STA
INA
Jnp
ICR
STA
TNA
Jmup
ICpR
STA
INA
Jmp
ICR
STA
TNA
Jnp
ICR
STA
ocp
Jmp*

EOU
EQU
EQU
EQU
EQU
EQU

SUBR
REL

DAC
INA
Jnp
ICR
SUB
STA
TNA
JMP
TCR
SUB
STA
INA
JMp
ICR
suB
STA
INA
JMP
ICR
SUB
STA

"INA

JMP

*-1

PIPB
1127
*-1

PIPC
11137
*-1

PIPD
*1147
*-1

PIPE
*1157
* -9

PIPP
117
INPI

600 -
PIPA+2
PIPB+2
PIPC+2
PIPD+2

" PTPE+2

INGYRO

*x%¥

*1007
*- 1

30
GYRA

*1017
-1

'431
GYRB
$1027
*=1

032
GYRC
*1037
%1

'433
GYRD
*1047
*-1
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MTCROCOMP TFELECOMMUNICATED DATA
DDP-516 ASSEMBLY LIYISTING

n115
N116
nN117
0118
n119
n12n
nN1221
nN122
0123
0124
n12%
0126k
n127
N128
7129
N3N
31
nN132
0133
t130
n13-
N136
n137
n138
n113q
01un
"4
2142
0143
Al N3
n14s5
T146
n147
n1ya
nqua
015"
n181
0152
n157
n154
r18s
n15A
n157
g1s8°
n1509
n160
N161
0162
C1R13
N1/ Y
n16s
D146
0167

nN135
fN136
n0137
N 140
ANARE |
nNIY2
on143
NC1uy
an1us

NI YN
nnu?
no 1580
nNN151
0152
nN0153
nN1Sy
ne1ss
00156

ALLR W R
£0160

NN161
~fA162
n0e3
CN16U
N116%
TN16Ak
"N 187
¢n179
nn171
nN172
rn173
nN1T7yY
noi7s
rnY176
no1Y
fn2c0
no2c
no2e¢2
~a2e
£n2ecu
noaes
IAAPAAR

co2c7
ne 210

1g12u0
0 07 0043y
0 04 00410
S4 1057
0 01 00140
141240
O 07 nC435
N Ny N0u12
14 0007

34 0307

N 01 N0146
54 1307

n 01 00150
0 04 NC4L3D
n 06 NOLOO
0 04 00ULO00
sS4 1317

A 01 %0155
004 N0u31
0 06 NOUO2
0 Ny NOUo2
54 1327

¢ 01 00162
C 0u 2Cu32
0 06 0CuOUY
D 0u 0OCUONL
5S4 1337

N 01 00167

0 04 NOY3s3
0 06 0CuOB
0 Ny JCUNG
54 1347
N 01 90174
0 04-00434
n 06 20410
0 o4 20410
54 1357

01 7C201
oru3s
06 NOL12
0u4 00412
nc106

20D DD
o]
&=

-
o
Py

090400
000402
aQou0y
onouo06
DOOu10
000412

177750
000057

GYRA
GYRB
GYRC
GYRD
GYRE
GYRP

ICR
SUB ‘434
STA GYRE
INA © 1057
JMp *-1
ICR
SUB '435
STA GYRF
oce v7

* READ INTERPOLATORS
SKS *307
JMP *-1
TNA *1307
JMP *-1
STA 430
ADD GYRA
STA GYRA
INA *1317
JMP *-1
STA 431
ADD GYRB
STA GYRB
INA *1327
JMP *- 1
STA 432
ADD GYRC
STA GYRC
INA *1337
JMP *-1
STA 1433
ADD GYRD
STA GYRD
INA *1347
JMP *-1
STA *434
ADD GYRE
STA GYRE
INA 11357
JMP *-1
STA 435
ADD GYRF
STA GYRF
JMP*x TINGY
EQU 400
EQN GYRA+2
EQU GYRB+2
EQU GYRC+2
EQU GYRD+2
EQU GYRE+2
END
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PROGRAM NAME

SOURCE: ACOM

BINARY: BACOM

ENTRY POINTS (location): ACOM ('03274)
GENERAL DESCRIPTION:

This subroutine compensates the accelerometers for scale factor,
bias and two misalignments, SO and SP, expressed as misalignments toward
the negative X, Y and Z axes. Considering just the A accelerometer, the

following equations are programmed.

AAPC = AAPC + AABD + —%AASF AAPC

2
where
| AAPC is accelerometer A's pulsze count
AABD is accelerometer A's bias
and
AASF is 26X accelerometer A's A scale factor
then

AAPC = —g(DVXB AAMX + DVYB AAMY + DVZB AAMZ)
5 !

DVXB, DVYB, DVZB are the AVX v,z outputs in the body frame and
9 »
AAMX, Y, Z are 29X accelerometer A's misalignments in the negative X,

Y, Z directions. See listing for coding.
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MICFOCOMP TELRCOMMUONICATED DATA
NDP-516 ASSEMBLY LISTING

noe
noe?
0NNy
(aXaTaN]
nang
CQ006
anpy
NAd8
nera
notn
nn11
AN12
oKa T Bt
0014
N5
nNN16
nnNtg
nnqQ
nr19
noa2e
nn21
nn2n
nna23
nnoy
nn2s
kel XS
n927
nn28
nn2a
Anae
AR
nn32
nni33
n034
nalg
nNNA3A
nn3y
nn3g
nNn3a
AR R4}
~Ny
fng 2
regs
Ty
nnys
Nayea
nou
nfNy8g
nouo9
c0os0
tn51
nnso
AR
onsy
nnss
0056
nns7

poNnD
nNneT
nANe?2
neno3
nNnoY
nnoes
onnes
nnenY
WGE )
[OGER]
nONn12
nnn3
prnty
cnn1s

neeae .

nonaT
nna20
onn21
nec22
£en23
noo2uy
nen2s
onn26
con27
pnn3n
noni3ig
09n32
fe033
nenly
0nn3s
onn3e
0nn37
nanyn

nonua

onou?
eroul
nonuy
neaus

annue

nnony7
0onse
OGS
neNg?
nens 3
NSy
ANORS
00056
nonsT
00060
noe61
NONR2
neN63
nnoey
0NNES
noNGA

2000 D DIOD DDDDMDDIIIDDDID DO

0 onoocro

0 02
n 16

00600
20700

000007

040
0 06
n 06
0 04
n 02
0 16
ny01
¢ 06

N N6
€ 04
0 02.

0 16
nuo
0 06
0 06
0 0Ou
0 n2
0 16
It TAR
n 06
5 06
n oy
¢ 02
0 16
o401
n 06
0 06
0 0u
D02
016
2601
ne
06
0y
N2
16
oy
02
16
04
02
16
ou
D2
16
nu
02
16
o4
02
16

72
00706
00600

.NCe00

00602
00701
72

0C710
90602
00602
00604
00702
72

00712
00604
20604
00606
00703
72

00714
00606
00606
00610
00704
72

NC716
00610
n0610

00612

00705
72

nn720
00612
NnNe12
00614
00722
c0166
0oCce614
00723
00170
nce1u
00724
on172
onsu
00725
00174
00614
ne726
00176
oce1u
00727

ACOM

REL
SUBR
DAC
LDA
MPY
DBL
LRS
DAD
DAD
DST
DLD
LALh
LRS
DAD
DAD

" DST

 DLD

MPY
LRS
DAD
DAD
DST
DLD
MPY
LRS
DAD
DAD

" DST

DLD
MPY
LRS

"DAD

DAD
DST

-DLD

MPY
LRS
DAD
DAD
DST
DLD

MPY

DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST

DLD ¢

MPY

ACON
x%x

AAPC
AASF

AABD
AAPC
AAPC
ABPC
ABSY

ABRD .

ARPC
ABPC
ACPC
ACSF

ACBD
"ACPC
ACPC
ADPC
ADSF

ADBD
ADPC
ADPC
AEPC
AESF

AEBD
AEPC
AEPC
AFPC
AFSP

AFBD
APPC
AFPC
DVXB
ARMYX
TACM
DVXB
ARMX
TBCM
DVXB
ACMYX
TCCM
DVXB
ADMX
TDCHM
DVXB
AEMX
TECM
DVXB
AFMYX
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MICROCOMP TEL.RCOMMUNICATED DATA

LY
0ns9
n060
n 061
ang2
0ne3
nneu
n06S
COR6
0067
¢ 068
nNR9
0n7n
n071
0172
nn73
nnTY
nn7s
noT6
0077
0n78
0n79
nn8o
0181
nna2
roa3
0n8y
nn8as
0086
6087
0088
0089
0090
nn9 1
0092
n093
0094
r095
ne9s
n097
regg
"099
n100
0101
0162
0103
(A KAT'S
0105
n106
n107
0108
n109
0110
n111
n112
0113
011y

PDP-516

nONET 0 04
0nnTe 0 02
n0oT1 0 16
00072 0 06
00073 0 04
00074 0 02
00075 0 16
00076 0 06
00n77 0 04
n0190 0 02
no101 0 16
00102 9 06
n0103 N 04
no10G N 02
0C10S 0 16
ne106 0 06
10107 9 04
or110 0 02
00111 N 16
00112 0 06
00113 0 Ny
00114 0 02
00115 0 16
0n116 5 06
n0117T 0 04
00129 0 02
00121 0 16
00122 0 06
00123 0401
00124 0 06
00125 0 04
00126 H 02
n0127 0 16
00130 0 06
00131 0401
00132 0 06
na133 9 o4
0n134 0 02
nN135 0 16
00136 0 06
00137 0401
00149 0 06
0n1u1 0 04
00142 0 02
00143 0 16
00148 0 06
00145 0401
00146 N 06
00147 9 0y
00159 0 02
00151 0 16
00152 0 06
00153 0401
00154 0 06
00155 0 0u
20156 0 02
00157 0 16

ne200
00616
00730
00166
N0166
nn616
00731
n0170
n0170
00616
0c¢732
00172

00172

N0616
N0 733
0174
00174
00616
0c734
00176
0Cc176
N0616
00735
n0200
00200
nce20
00736
00166
§7

20600
00600
0€620
00737
00170
67

00602

‘NOEO02

00620
nC740
ne172
67

0ceny
00604
n0620
ne741
00174
67

00606
nee0e6
00620
nn742
00176
67

00610
oc610
00620
00743

ASSEMBLY LISTING

DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
npY
DAD
DST

DLD .

MPY
DAD
DST
DLD
MPY

DAD ’

DST
DLD
mPY
DAD
LRS
DAD
DST
DLD
npYy
DAD
LRS

DAD -
DST .

DLD
MPY
DAD
LRS
DAD
DST
DLD
MPY
DAD
LRS
DAD
DST
DLD
MPY
DAD
LRS
DAD
DST

‘DLD

HPY

TPCH
DVYB
AAMY
TACH
TACHN
DVYB
ABNY
TBCH
TBCH
DVYB
ACHMY -
TCCH
TCCH
DVYB
ADNY
TDCHM
TDCH
DVYB
AEMY
TECH
TECHN
DVYB
AFNMY
TFPCH

" TPCH

DvV2B

" AANMZ

TACH

RAPC
AAPC
DVZB
ABHNZ
TBCH

ABPC
ABPC
DVZB
ACMZ
TCCH

ACPC
ACPC
DvVZ8B
ADNZ
TDCH

ADPC
ADPC
DvZB
AENZ
TECH

AEPC
AEPC
DVZB
AFPNZ
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MTCROCOMP TELECOMMONICATED DATA
DDP-516 ASSEMBLY LISTING

011s
0116
n117
n118
nN119
0120
n121
0122
"2
0120
n125
r125
n127
n128
n129
0110
n1311
n132
n113
c13
n135
n136
’\1”'7
A28
A13a
Ao
"1
nu2
nuR
2Muuy
a1us
01uA
N7
n1u8
n1u9
n150
9151
n152
n153
n154
0155
0156
n157
1159
~150
’\16(‘

01A1
01A2
N163
N164

N16s

on16n
nn161
nr162
No163
nn1eu
nNe165

NY166
no0167
anqIn
an171
00172
n0173
oe174
ngt175
nN176
00177
ce200
nnopT

0 06 0020C
n401 67
N 06 00612
N 04 00612
noonons
-0 01 400000
nj0600
000602
00060y
200mNE
none10
nnoe12
nno700
No0701
0no0702
nonIns
nonIny
nNONTCS
NonTnG
nonTIn
fAn0T12
nno71u
00on716
onnT720
nNo722
nnnT723
nNoT724
0r072%
nne726
0nn727
nN00739
nnn731
nn0732
0nn7233
AnNnT3n
dn0735
2900736
000737
210740
ANOTLY
000742
nAnnNTu3
nane1Y
nn0e616
200620
fonnen
nnonoo
0000n0
000000
000000
nonoeo
n0000n
00annn
no000
000000
n0n000
000000

AAPC
ARPC
ACPC
ADPC
AFPC
AFPC
AASPF
ABSP
ACSP
ADSP
AESP
AFSF
AABD

"ABBD

ACBD
ADBD
AEBD
AFBD
AAMX
ARBMYX
ACMX

ADMX

AEMY
AFMY
AAMY
ABMY
ACMY
ADMY
AEMY
AFMY
AAMZ
ABMZ
ACMZ
ADMZ
AEMZ
AFM7Z
DVXB
DVYB
DVZB
TACM

TBCM
TCCH
TDCH
TECH

TFCM

DAD
LRS
DAD
DST
SGL
J¥p*
gon
EQN
EQU
EQU
FQN
EOl
EQn
EQN
EQU
EQU
won
EQU
R QU
EQU
EOU
EQU
EQU
EQU
EQN
EOU
FQU
EQU
FOU
EQU
EQU
EQT
EQU
EQU
EQU
EQU
EQU
EQU
QU
REQU
rOn
EQU
EQU
EQU
EQU
DBP

DBP
DRP
DEP

DRP

NDBP

TPCHM
9

AFPC
AFPC

ACOM
600
AAPC+2
AADC+Y
AAPC+h
AADPC+8
AAPC+10
700
AASF+1
AASF+2
AASF+3
AASF+U
AASF+5
1706
AABD+2
ANBD+U
AABD+6
AABD+8
AABD+10
€722
ARAMY+1
AAMY+2
AAMY +3
AAMX+4
AAMY +5
AAMX+6
AAMX+T

" AAMX+8

AAMX+9
AAMX+10
ARMYX+11
AAMX+12
AAMX+13
AAMY+14
AAMX+15
AAMX+16
AAMX+17
'614
DVYB+2
DVXB+4
0

0
0
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MTCPOCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING
N166 END
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PROGRAM NAME

SOURCE: GCOM

BINARY: BGCOM

ENTRY POINT (location): GCOM ('02242)
GENERAL DESCRIPTION:

This subroutine qompensates the gyros for +ASF, NBD, ADIA, ADOA,
ADSR A, major compliance, GO, GS and OA coupling (by calling the OA
coupling compensation subroutine, DCOA), Considering just the A gyro its

compensation parameters are:

GANS = 2% X gyro A negative ASF

GAPS = 26 X gyro A positive ASF

GABD = gyro A's NBD

ADAX, Y,z = 212
drifts of gyro A for

x Acceleration dependent

accelerations on the
X, Y and Z axes
(a function of ADIA, oA, SRA)
AASD = 2 X A gyro acceleration
squared drift or major
compliance
GAMX, Y, Z = 210 x gyro A's misalignment
along the negative X, Y
and Z axes (functions
of GO and GS).

For the A gyro the following equations are implemented.

1 GAPS
GAPC = GAPC + GABD + —S'GAPC or
2 GANS

where GAPC is Gyro A's pulse count

GAPC = —(ADAX DVXB + ADAY DVYB + ADAZ DVZB)
2!

where DVXB, DVYB and DVZB are the accelerations (in units of AVX v,z
per update).
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GAPC = GAPC +—16(DVZB DVZB - DVXB DVXB - DVXB DVZB) AASD
2

where the parenthesized expression is proportional to DVAIA DV ASRA,
the product of the accelerations on A gyros [A and SRA.

CALL DCOA (see documentétion for subroutine DCOA)

GAPC = GAPC + —5(GAMX DTXB + GAMY DTYB + GAMZ DTZB)
2

where DTXB, DTYB and DTZB are A L-Gy and A6, during the last update.

(Note, since ACOM is the subroutine which compensates the accelerometers

and is a little simpler, it might be better to read its documentation first).
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MTCROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

non1
non?
onng
onny

nans,

nnng
nnn
neng
oecng
nnn
ne11
nOY2
N3
neta
nnqs
0016
any7
ale R 1]
nn1q
nno2on
nn21
0n22
no23
0n2y
nn2s5
0n26
nn27
nnog
nngq
an3n
nn3
nN32
on3ig
0n3y
an3s
0Nn3e6
ne3l7
nnais
nn39
nnyn
roy
nnyo
coyl
noyy
nnys
NAYe
nou
nnng
nnye
posn
nn5i
0052
nns3
nnsy
rnss
nnse
nNGs7

nn0n0o
nOON 1
00002
00003
nnnng
nnnns
0neee
00007
00010
00011
00012
00013

nnn1y

nNn s

non16
00017

¢on2n

eno2
o022 -

ane23
00024
pnn2s5
nnNnz2eé
con27
cne3n
00Nn31
cnn3?2
nnn3i
c0n3u
nees3s
00N36
00037
noo4un
AIATAE |
ooou2
nonu3
nonLny
onnus
0onLe
oony7
nans50
nonsSt
nans2
roNns3
nnNsy
onnss
nense

nonsT

onNnean
0nee1
coneg2
nnng3
nNnn6U
ceoNES
nONARG

0 000000
0 02 00400
000007 _
101400

0 01 00007
0 16 00506
100000

0 16 50500
0401 72

0 N6 00514
0 06 00400
0 04.00400
0 02 00402
101400

0 01 00021

0 16 00507

100000

nuo1 72

0 06 00516
0 06 00402
0 04 00402
0 02 nouou
101400

0 01 00033

n 16 00510

100000
0 16 00502
0401 72

n 06 00520
n 06 00404
0 04 0040y
0 02 00406
101400

0 01 00045
0 16 00511
100000

n 16 00503
0401 72

0 06 00522
0 06 00406
0 04 DOLOE
D 02 00410
101400

0 01 00057
N 16 00512
100000

0 16 00504
0401 72

0 06 00524
0 06 00410
0 04 00810
0 02 00412
101400

0 01 00071

GCONM

"0 16 00501

REL
SUBR
DAC
LDA
DBL
SHI
Jup
NPY

" SKP

MPY
LRS
DAD
DAD
DST
DLD
SMI
Jame
MPY
SKP
MPY
LRS
DAD
DAD
DST
DLD
SMI
Jup
MPY
SKP
uPY

- LRS

DAD
DAD
DST
DLD
SHrI
JMP
MPY
SKP
MPY
LRS
DAD
DAD
DST
DLD
SMI
Jup
MPY
SKP
MPY
LPS
DAD
DAD
DST
DLD
SHMT
JMP

GCon
x%

GAPC

*+3
GANS

GAPS

GABD
GAPC
GAPC

GBPC

*4+3
GBNS

GBPS

GBBD
GBPC
GBPC
GCPC

*+3
GCNS

GCPS

GCBD
GCPC
GCPC
GDPC

x+3
GDNS

GDPS
GDBD
GDPC
GDPC
GEPC

*43
GENS

GEPS
GEBD
GEPC
GEPC
GFPC

*43

54



MTCROCOMP TFIECOMMINICATED DATA
DDP-516 ASSEMBLY LISTING

ansg
00859
o060
A06 1
nCR2
nNe3
NN6Y
nees
AN X
need
rPaR
nrea
AnTNn
nn7
an72
nn73
nATy
nn7s
reTe
onT7
nnTR
ne79
anan
{181
n182
€ngl
Angy
angs
pnge
ang7
nngR
ro]o
T
N9 1
192
nng3
ooy
nngg
NNAaA
,’\!\Q'Y
rnog
f naa
n1an
f1n1
0102
n1083
N0y
n105
n106
n1n7
N19R
0109
0110
0111
n112
n113
N114

000g7
noNTA
nnnT
~ANOT2
nnnT3
nanTy
nnnTs
0nnTs
cOnTT
nn100
nnng
0nn2
nn163
AOICH
c0105
oning
n0107
no110
0111
nnN112
AN113
GLERTH
00115
n0116
nn117
00121
00121
00122
nn123
nn124
£n125
nn126
n127
no13N
nn131
0n132
n0133
00134
0n13s
fN136
nn137
nn1Ln
0141
00142
0n143
014y
nn14s
00146
nN1y7
00150
no151
00152
00153
nn154
nn15s
0N 156

nn157

DDDDODDIDODODOIDDND DIIDIDDODDIIIDDNDIIDIDIDDDDIDIDDDIIDDIDIODODOOO

0 16

nes13

100000

N 16
nuny
06
06
ou
02
16
ou
02
16
04
n2
16
ou
02
16
ou
02
16
ou
02
16
24
n2
16
06
oy
n2
16
06
0y
n2

06
ny
n2
16
06
au
02
16
06
nu
02
16
06
ou
02

16

20505
72

00526
ncu12
onut2
Nee1Y
00530
0450
00614
n0531
nrus2
61U
nc532
orusy
nCe1Y
00533
ACU56
n0614
ne s3Iy
00460
nee1L
06535
00462
00616
005136
0450
n0450
nNe616
06537
00452
00652
00616
nesue
neusy
ncusy
00616
00541
0456
nOYSE
00616
N0542
0cuse
neuRe
00616
00543
nnue2
noye6?2
n0E20
06544
00450
6

nCu00
00uno
00620
00545

MPY
SKP
MPY
LRS
DAD
DAD
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DID
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
ILRS
DAD
DST

" DLD

MPY

GFNS

GFPS

GFBD
GFPC
GFPC
DVXB
ADAX
TACM
DVXB
ADBX

" TBCHM

DVXB
ADCY
TCCHM
DVYB
ADDX
TDCHM
DVXB
ADEX
TECH
DVXB
ADFX
TFCH
DVYB
ADAY
TACH
TRCHM
DVYB
ADRY
TBCM
TBCH
DVYB
ADCY
TCCHM
TCCHM
DVYB
ADDY
TDCH
TDCM
DVYB
ADEY
TECHM
TECHM
DVYB
ADFY
TFCHM
TFCHM
DVZB
ADAZ

" TACM

12

GAPC
GAPC
DVZB
ADBZ



MICROCOMP TELECOMMUNYICATED DATA
DDP-516 ASSENBLY LISTING

n115
0116
0117
0118
0110
0120
0121
0122
n123
0124
n125
0126
0127
n128
n129
0130
0131
0132
0133
0134
n13s
0136
n137
n138
n139
n1ue
0141
n142
0143
014y
n145
URLE:
0147
N14R
0149
0150
0151
nN152
0151
0154
0155
N156
0157
0158
n159
c160
0161
n162
0163
0164
0165
0166
0167
r168
n169
0170
n171

00160
00161
00162
00163
nniey
np165
00166
00167
no170
nn171
tn172
0n173

0174

c0175
nn176
0n177
00200
00201
00202
00203
00204
0noars
nN206
00207
00210

tNn211

0212
00213
N2
nn215
n0216
an217
00220
00221
00222
ne223
nn224
nn225
00226
ne227
00230
r0231
00232
00233
00234
nn23s5
nn216
nn237
00240
0n241
ne2u2
00243
no2uu
0n2us
no2u6
ANy
00250

0 06
0u01
0 06
0 04
0 02

-0 16

DDODODODDDOIDIDODIDODDODIDDIDIDIODOOOIDIDDOOD
—
o,

00452
64

00402

00402
00620
00546
o0usy
648

00404

00404

00620
0es47

00456

6u

00u06
00406
00620
n0550
00u60
6u

00u10
00410
00620
00551
nou62
6u

00412
00412
00614
00614
00434
00616
N0616
00436

- 00620

00620
00u40
006 14
00616
00442
00614
00620
oouby
neé616
00620
00uu6
ocu4o0

o043y’

ocuuy
o0ou22
72

00400

.nou0o

0o0u4o0
00u3y
oouuy

0cu23

DAD
LRS
DAD
DST
DLD
ey
DAD
LRS
DAD
DST
DLD
MPY
DAD
LRS
DAD
DST
DLD
NPY
DAD
LRS
DAD
DST
DLD
MPY
DAD
I.RS
DAD
DST
DLD
NPY
DST
DLD
MPY
DST
PLD
MpPY
DST
DLD
MPY
DST
DLD
NPY
DST
DLT
MPY
DST
DLD
DSB
DSB
MPY
LRS
DAD
DST
DLD
DSB

DAD

MPY

TBCH
12

GBPC
GBPC -
DVZB
ADCZ
TCCH

GCPC
GCPC
DvZB
ADDZ
TDCH

GDPC
GDPC
DVZB
ADEZ
TECH
12

GEPC
GEPC
DVZB
AD¥Z
TFCH
12

GFPC
GFPC
DVXB
pvVXB
XsQu
DVYB
DVYB

_YsQU

DVZB
pvze
250U

-DVXB

DvVYB
XWHY
DVXB
DVZB
XZEE
DVYB
DVZB
YZEE
25Q0
XsQU
XZEE
AASD

GAPC
GAPC
2500
X5QU
XZEE

BASD
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

n172
n173
0174
n17%
n176
n177
n178
0179
n180
0181
n182
n1817
n18y
0185
n1ae
~f187
r188
n189
p1an
n191
n19)
r1a2
"194
0195
n196
r197
r198
n199
n2n0
n2n1
0202
0203
0204
0205
nane
nan7
0208
n20q
n21n
n211
0212
0213
n214
n21s
0216
0217
6218
0219
n22n
n221
£222
n223
0224
0225
n226
n227
n228

nn2s51
an2s52
00253
0n2s5y
00255
ra256
0n2s7
00260
0N261
r0262
0Nn263
nN26u
0n265
nN266
0267
ro270
nn271
rn272
nn273
r0274

£Nn275

r0274
0n277
0N 300
00301
£N302
00303
00304
00305
00306
nn307
00310
00311
00312
00313
0N314
00315
Nn316
nn317
00320
r0321
n0322
00323
nn324
00325
00326
00327
00330
00331
nn332
00333
n033y
00315
nn33e
n0337
00340
GLET'S

D2 DD DDDIODODIDD

0401
NA
04
02
07
n7
16
Y401
06
ou
02
07
06
16
Y401
06
0u
02
07
07
16
naon
N6
ou
n2
n7
06
N 16
0401
0 06
0 0u

DDVDODODDODDIDIDDIDODOIDIIOOD

DD D DD

72

0cu02
0c42
ney 3y
noule
neuy?
nOu24
72

0uny
00404
U3y
noui6
ncuu2
ncu2s
72

NOu06
06une
N0 436
nouyo
neuLe
NCu26
72

acu10
00410
00436
0nuuc
NOBLE
00427
72

00412
0Cu12

noeoos

0 10

ncooo

000007

02
16
ou
02
16
ou
02
“16
ocu
n2
16
0u
02
16
oy
02
16
o4
02
16
06
ou
02

nog1y
0Nnss2
ocuse
0ou1y
N0553
ocus?
ocu
00554
oeusy
ety
nOSs5
nCcuse
nouy
0rssé
ocu6el
nryty
00557
nnu62
00416
0es560
0ouso
neusoe
neute

LRS
DAD
DST
DLD
DSB
DSB
mPY
LRS
DAD
DST
DID
DSB
ADD
MPY
LRS
DAD
DST
DIL.D
DSB
DSB
MPY
LRS
DAD
DST
DLD
DSB
ADD
MPY
LRS
DAD
DST
SGL
CALL
DBL
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MpPY
DAD

- DST

DLD

GRPC
GBPC
XS0U
YSQU
XWHY
CASD

GCPC
GCPC
Xson
YSou
XWHY
DASD

GDPC
GDPC
YsSQU
2500
YZEE
EASD

GEPC
GEPC
YsoQu
Z25QU
YZEE
FASD

GFPC
GFPC

DCOA

DTXB
GAMX
TACM
DTXB
GEMX
TBCH
DTX3
GCMX
TCCH
DTXB
GDMX
TDCH
DTXB
GEMX
TECHM
DTXB
GFMX
TFCHM
DTYB
GANMY
TACHN
TACHM
DTYB
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MICPNCOMP TELECOMMUNICATED DATA

0229
n23n
0231
0232
0233
n23a
0235
N2136
0237
nN238
n239
0240
n2u1
na2y2
0243
nN2uy
0249
a246
n247
n2uR
nYYo
np&n
0281
0252
0283
n2sy
n25S
n256
n287
N288
n259
0260
N261
N262
nN263
D260
N268%
N266
nN2A7
N26R
n269
nN27n
0271
n272
n273
n27u
r275
nN276
N1
n278
N279
naan
nN281
nN282
0283
na28y
N28%

PDP-516
na3u? n 16 00561
0N3u3 0 06 0CU52
0034y 0 04 00uS2
TR n 02 00416
c03uA N 16 N0SE2
0nu? n 06 0CUSY
£n3sn 0 04 NOGSY
0nn3s51 0 02 NOU16
nn3s?2 N 16 N0563
001353 0 N6 00US6
fn3sy 0 N4 00456
nniss 002 00U16
GO ELYS 1 16 N056U
rnisy D 06 NOUEO
fN3IR0 0 04 00460
NnI61 0 02 00416
N0362 0 16 00565
nn3e3 n 06 00462
Co36l noou NOuG2
0n365 0 02 00620
rC366 0 16 00566
CN3ET n N6 00450
n037¢ N401 66
nnitTe 8 N6 00u00
00372 n 04 NOLEQ
nO3T73 0 02 00u20
00374 N 16 00567
no3Ts n 06 00452
rr3Te 401 66 :
00377 N Nk DOLO?2
nounn 0 04 NCuO2
00uc 0 02 N0u20
rNYn?2 N 16 00570
noyn3 0 06 00454
nouNY n401 .66
noyos 0 06 0CUOY
oNE0e 0 04 00404
00un67 n 02 nou2e
LR E! 0 16 NOST1
cOu11 N NE N0usS6
nou12 Nun1 66
ros13 D 06 00406
o0u1y 0 04 00u06
nnu1s 0 02 0Cu20
prY16 0 16 00572
nOu17 0 06 00460
nou2n D401 66
nou21 N 06 00810
nnu2?2 0 04 NCu10
0nNu23. D 02 00420
cou2y n 16 00573
rRY2s 0 06 00462
nou26 nun1 66
00u27 n 06 0CH12
nou3o0 0 04 00412
nOu3 000005
cnu32 -0 01 00000

ASSEMBLY LISTING

MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
LRS
DAD
DST
DLD
MPY
DAD
LRS
DAD
DST
DLC
NPY
DAD
LRS
DAD
DST
DLD
mPY
DAD
LIRS
DAD
DST
DLD
MPY
DAD
LRS
DAD
DST
DLD
MPY
DAD
LBS
DAD
DST
SGL

JMP*

GBMY
TBCH
TBCH
DTYB
GCMY
TCCM
TCCHM
DTYB
GDMY
TDCHN
TDCH
DTYB
GEMY
TECH
TECH
DTYB
GFMY
TFCH
TFCH
DTZB
GAMT
TACHM
10

GAPC
GAPC
DTZB
GBMZ
TRCH
10

GBPC
GBPC
DTZB
GCMZ
TCCM
10

GCPC
GCPC
DTZB
GDMZ
TDCM
10

GDPC
GDPC
DTZB
GEMZ
TECN
10

GEPC
GEPC
DTZRB
GF M7
TFCM
10

GFPC
GFPPC

GCOM

58




MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

n286
n287
0288
0289
n290
n291
0292
0292
n29u
0295
N29A
0297
n298
n299
0300
N3N
N3In2
~303
n3ny
niIns

NIk

N3N
NINRK
n3no9
N340
N3
n312
n313
N3y
ni3is
0316
n317
n318
0319
0320
n321
n322
n3n3
Nz
n32%
n326
n327
n32R
329
n33n
n3i
n332
n313
HERE
11335
13136
n337
0338
0239
n3un
n3u1
n3u?2

noou00

000402

noouo0y
000806
neny1o
000412
000500
500501
nnose2
n0ose3
000s04
nonses
009506
000507
000510
000511
n00512
0n0ns13
000514
N00S16
000520
anns22
NO0s524
0nns26
nons3n
000531
nnnsi2
nnns33
0N0534
0ons3s
nnesi3e
noos3?
noosun
009541
nonsy2
nnnsu3
nnosuy
neosLsS
noosu6
nansu7
nn0s55N
nnns51
nnnss2
nnoss3
200554
N00555
nNnnsse6
nonssy
nn0s560
0Nnn561
000562
N0nsS63
NGQasSAL
nnnses
N00%566
000567
nnns70

GAPC
GBPC
GCPC
GDPC
GEPC
GFPC
GAPS
GBPS
GCPS
GDPS
GFPS
GFPS
GANS
GBNS
GCNS
GDNS
GENS
GFNS
GABD
GBRD
GCBD
GDBD
GEBD
GFBD
ADAX
ADBX
ADCX
ADDX
ADEX
ADFX
ADAY
ADRY
ADCY
ADDY
ADEY
ADFY
ADA7
ADB7Z
ADCZ
ADDZ
ADFRZ
ADFZ
GAMX
GBMX
GCMY
GDMX
GEMX
GFMY
GAMY
GBMY
GCMY
GDMY
GEMY
GPMY
GAMZ
GBMZ
GCNMZ

EOU
QU
EQU
BOU
EOU
EQU
EOT
EQU
EQU
EQU
FOU
EQU
EQU

POU -
FOU

EQU

‘FEQU

EQU
Fou
EQU
FQU
EQU
EOU
EQU
EQU
EQU
EQU
EQU
EQT
EQU
EQU
EQU
EQT
EQU
EOU
EON
EQU
ROU
EQU
EQU
FOU
loli]
£Q0
FOU
EQU
EQU
EQU
EQU
EQU
EQU
FOD
EQU
EQU
EQU
EQU

"EQU

EQON

- Y400

GAPC+2
GAPC+4
GAPC+6
GAPC+8
GAPC+10
1500
GAPS+1
GAPS+2
GAPS+3
GAPS+yY
GAPS+5
GAPS+6
GAPS+7
GAPS+8
GAPS+9
GAPS+10
GAPS+11
*514
GABD+2
GABD+U
GABD+6
GABD+8
GABRD+1C
*530
ADAX+1"
ADAX +2
ADAX+3
ADAX+4
ADAX+5
ADAX+6
ADAX+7
ADAX+R
ADAX+9
ADAY+10
ADAX+1Y
ADAY+12
ADAY+13
ADAX+14
ADAX+1S
ADAX+16
ADAX+17
1552
GAMX+1
GAMY+2
GAMY+3
GAMY +4
GAMX+5
GAMY +6
GAMX+7
GAMX +8
GAMX+9
GAMX+10
GAMYX+11
GAMY+12
GAMY+13
GAMX+14
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MICROCOMD TELECOMMUNICATED DATA
nnP-516 ASSEMRLY LISTING

niusl
N3uu
~n3us
n3ue
~3u7
nIug
n3yn
n3sn
~f381
n3IsD
n3g1
nN3sy
13545
D356
AYIRT
03519

n35q

036N

AR

NIR2

NIRT

n36u

01365

NIRK

nie?

0368

nisa

n3TN

0Nnu3y
cou3s
nou3le
~fou37
nouun
nnuyd
nouy 2
ooyl
0duuy
nrgys
0n4u6
nouy7
anusn
nous
onys?2
reusy3
cnusy
nNyss
noush
onuysy
aoue0
noued
NNQBA2
NOu63

Nnos71
NOoNK72
00573
00ny22
nnou23
nonuy24
003425
nNNE26
annu27
NOOS 14
NNNET6
noNAk20
000414
DONYG
nnou20
19000
nnonoo
nnoneo
nanNecoa
noonno
neonna
apnnan
nanang
annnon
coannno
0oonon
noooon
000000
nnonoo
neennn
0oonnn
nonnno
noono00n
000nng
000000
000000
003000
noonnn
fOANNN

GDMZ
GEMZ
GFMZ
AASD
BASD
CASD
DASD
EASD
FASD
DVYB
DVYB
DVZB
DTXB
DTYB
DT2B
LS00

¥YsQu
ZSQU
XWHY
XZEE
YZEE
TACH
TBCM
TCCH
TDCH
TECH

TFCM

EQU
EQU
EQU
EQU

EQU -

EON
EQU
EQU
EQU
EQD
EQU
EQU
EQU
EQU
EQN
DBP

DRP
DBP
DBP
DBP
DBP
DBP
DBP

DBP

DBP-

DBP

DBP

FND

‘GAMX+15

GAMX+16
GAMX+17
Y422
ARSD#+1
AASD+2
AASD+3
AASD+4
AASD+S
614
DVXB+2
DVXB+U
41y
DTYXB+2
DTXB+4
0

0
0
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PROGRAM NAME

SOURCE: DCMT

BINARY: BDCMT

ENTRY POINTS (location): DCMI ('03476), DCMT ('03551)
GENERAL DESCRIPTION:

The subroutine DCMT modifies the misalignments of the STRU gyros
about their output axes as a function of WIA' their input axis rate which is
poportional to the number of pulses each gyro got in one update (At = .01
sec.). The subroutine DCMI is called by the initialization section of the
main program and gets these misalignments from the base sector and stores
them in the buffer section between the subroutines DCMI and DCMT. 1t
does this only once and sets the word ONLO to 1 so that if the main program
is restarted, itwon't get misalignments from the base sector that are already

modified.

Subroutine DCMT, which is called every update, takes these OA
misalignments stored in the buffer, modifies them according to the gyro's
TA rate and stores them back in the base sector to be used by the gyro

compensation program GCOM.,
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

00N
non?2
nno3
00Ny
nnrnsg
006
nnn
0cA8
rena
000
LRE!
nn1?
o
(iR
nn1s
nn1e
nnt1T7
nr1R
Ar1q
Apor
nn2q
nn2 Y
nna23
na2a
anos
nn26
nnRy
nn2e
on2a
nnip
nn3a
nni3o
nn33
0Nl
nn13s
NN 36
nn37
01138
rnNia
nnyn
Ay
nnu2
nny3
nnuy
noys
0nu6
oy
nnyg
noyo
nesn
nns
0052
ANg3
[oARY Y
rN55
nnse
00587

nanno
nanna
0N
neon3
oonNy
00N0S
nnoneg
nnan7
ennn
LLER

npr Y2

noant3
onn1y
rANTS
nNNIG
nnrq3

nni2n

nAN2A
pon32
non23

ron2u

ann2s

nn026

onn27
nnn3n
nnn3T
0032
£N033

Y ETER

nn035
nON34

nne37
noenun
onnun
nney 2
nnnu3
nonuy
aonus
nonuek
(AIARAY ' S0)
nnnsdH
ones

5O D00O0SD2IODIDDOIDOODODIDIODDO
o
N

0 000000
0 02 000136
100040

-9 01
02
on

02.

o4
02

-0 01

neeoo
00552
00037
N0566
00040
005S3
00041
00567
00042
00554
00043
00562

00044

nN5SS
NCOuS
00563
00046
0056l
0c047
00572
00050
00565
00051
00573
00052
00036
00000

noonen
00N552
noQsSe66
nnoss3
nonse7
nnossy
0n0562
nonses
200563
nonNseY
nnOs12
00Nn565
000573
000000
0nonnen
000nen

00nnno
00nnno
nonene
0nnnod
n000oNo
000000
000000

DCMI

ONLO
GAMX
GAMZ
GBMX
GBMZ
GCMX
GCNY
GDMX
GDMY
GEMY
GEMZ
GFMY
GFMZ
AMXB
AMZB
BMXB
BMZB
CMXB
CHMYB
DMXB
DMYB
EMYB
EMZB
PMYB

REL
SUBR
SUBR
CAC
LDA
SZE
JMP*
LDA
STA
LDA
STA
LDA
STA

‘LDA

STA
LDA
STA
LDA
STA
LDA

. STA

LDA
STA
LDA
STA
LDA
STA

-LDA

STA
LDA
STA
IRS
JMP*
OoCT
EQU
EQU
EQU
EQU
FQU
EQU
EQU
EQD
EQU
EQU
EQU
EQU
ocT
ocT
ocT
oCcT
ocT
ocT
OCT
ocT
ocT
OCT
ocT

DCHI
DCHT
L 2 '

ONLO

DCHMI
GANX

"AMXB

GANZ
ANZB
GBMX
BNXB
GBMZ
BMZB
GCHMX
CMXB
GCMyY
CHMYB
GDMX
DMXB
GDMY

"'DMYB

GEMY
EMYB
GENMZ
EMZB
GFHMY
FMYB
GPNMZ
FMZB

- ONLO

pcut

0

1552
GANX+12
GAMX+1
GAMX+13
GAMX+2
GAMX +8
GAMY+3
GAMX+9
GAMYX+10
GAMX+16
GAMX+11
GANX+17

OO0 O0ODODODOO
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING
000000

0 000N00

ness
nns9
00RO
0een
no62
0063
nn6y
nnes
NOGA
0nne7
2N6R
nng9
nn70
nn71
0n72
nn73
onTy
nn7s
nNT6
nn717

neTgs

nni9
1980
nng1
nN9R2
0083
nagy
nngs
(ngek
naR7
noag
onga
fegn
cnai
0C9?2
093
ne9un
n09s

neo9e.

£na7
nnrag
nroa
0100
n101
0102
n103
n16y
0105
0106
n107
D18
r109
0119
n111
f112
n113
0118

onns?2
onns3
onnsy
0ness
0nnNse
onesy
06ngen
00061
nnne?2
00063
0nNo6Y
0065
nones
fnne?
NonT7n
nonT1
00072
co073
00074
pNNTS
0nn76
nonTa
no100
nn101
09102
ne103
BRI
nn1ns
c0106
0n107
00110
WIRRR
nN112
nN113
nO114
rN11s
00116
nnt117
00120
nn121
rn122
nN123
o0 124
~0125
nO126
rN127
nN 130
no131
00132
00133
nn134
nn13s5
nn13e6
60137
co1u0
no141

ce1u2

N 02
0 16
0401

0 06

0 04
0 02
0 16
oun1
0 06
0 0u
N 02
0 16
0401
0 06
0 0y
0 02
0 16
0401
0 ne
0 04
002
0 16
0401
n 06
0 0u
0 02
n 16
0401
0 06
0 0u
0 02
0 16

0401

0 06
0 04
0 02
0 16
ou0
0 06
0 0u
0 02
n 16
0401
h 06
0 o4
5 92
n 16
ouc
n 06
n oy
0 02
0 16
Nuo1
0 06
0 04

00400
00151
00

00037
00552
00400
00152
n0

00040
00566
00402
00153
oc

N0041
90553
00402
00154
oe

00042
00567
a040y
N0 155
an

00043
90554
00404
00156
ne

nnouy
00562
00406
06157
00

NoOuS
n0555
00406
N0 160
0e

90046
nNNsSe63
n0410
00161
0c

00047
00564
00410
00162
00

n0050
00572
00812
00163
00

00051
00565

FMZB OCT
DCMT DRAC

LDA
MPY
LRS
ADD
STR
LDA
nPY
LRS
ADD
STA
LDA
MPY
LRS
ADD
STA

"1L.DA

MPY
LRS
ADD
STA
LDA
MPY
LRS
ADD
STA
LDA
MPY
LRS
ADD
STA
LDA
MPY
LRS
ADD
STA
LDA
MPY
LRS
ADD
STA
LDA
MPY
LRS
ADD
STA
LDA
mPY
LRS
ADD
STA
LDA
MPY
LRS

"ADD

STA

*¥

GAPC
APRX

AMXB
GAMX
GAPC
APRZ

AMZB
GAMZ
GBPC
BPRY

BMXB
GBMX
GEBPC
BPRZ

BMZB
GBMZ
GCPC
CPRX

CMXB
GCMX
GCPC
CPRY

CMYB
GCMY
GpPC
DPRX

DMXB
GDMX
GDPC
DPRY

DMYB
GDMY
GEPC
EPRY

EMYB
GEMY
GEPC
EPRZ

EMZB
GEMZ
GFPC
FPRY

FMYB
GFMY

63




MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0115
n116
n117
n118

0119

0120
n121
0122
123
n12u
n125
n126
n127
0128
0120
c130
n131
0132
132
N34
N135
0135
~1137
0138

nn1u3
00144
00145
t0146
to1u7
00150

0151
nn1s2
00153
0n154
0n15s
[ARATS RO
rr157
no160
00161
RS
00163
ne16L

n139

0 02 00412
0 16 00164
0401 00
n 06 00052
0 o4 00573
-0 01 00053
nonuon
000u02
000404
nOo4n6
000410
N0Ny12
nnenong
sXalateXols)
nnnoeo
a00Nn0o0
000000
nonnog
noonoo
nonnen
000090
nannnn
000900
nannno

GAPC
GBPC
GCPC
GDPC
GEPC
GFPC
APRYX
APRZ
BPRX
BPR7
CPRX
CPRY
DPRY
DPRY
EPRY
FPR7
FPRY
FPRZ

LDRA
MPY
LRS
ADD
STA
JMP*
EQU
EQU
EQU
EQUD
EQU
EQU
ncT
0CT
oCT
oCcT
oCcT
ocT
ocT
ocT
ocT
ocCT
oCT
ocT
END

GFPC
FPR2Z

0
FMZB
GFPNZ
DCMT
'400
GAPC+2
GAPC+Y
GAPC+6
GAPC+8
GAPC+10Q

DDODODDODHDOODO

64




PROGRAM NAME

' SOURCE: DCOA

BINARY: BDCOA

ENTRY POINT (location): DCOA ('03144) .

ACCESSIBLE VARIABLES (location): AOAP ('03252)

BOAP ('03254), COAP ('03256), DOAP ('03260), EOAP ('03262),
FOAP ('03264)

GENERAL DESCRIPTION:

The SIRU gyros sense not only a rotational input about their input
axes, i.e., the A6 pulses over some interval would equal the integral of
WIRA over that interval, but also they sense a change in the rotational
input about their output axes, i.e., the A6 pulses over some interval would

equal (-1)/H times the integral of W over that interval. The. latter

ORA
can essentially be considered an error source since the gyro output is

supposed to represent only the former input axis rotation.

The integral of Wy, from t; tot, is simply Wop o (tz) - WoRA
oRra () - (-D/H
WoRra (t;). Tocompensate this error, one simply has to add (D/H) (WA
(t;)) and subtract ((/HNWqopa(t)) attimet
the rate W

(tl). The A6 errorduring that interval is simply (-1}/H W

9 Over one update interval
(for say the E gyro) equals

ORA
A6
X
At
Since At is constant, we can express WORA as KABX and rewrite the

compensation quantity as

+HE KD 80_(1) - (] K) a6, (t) .

This subroutine is called once per update and calculates the first of
the two compensation terms above. The second term is saved from the
previous update. DTXB, DTYB and DTZB are AGX, AGY and AOZ
respectively.

GAIH,GBIH ............... GFIH are the scaled constants equal to
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{(Note that since the E gyro has its ORA along the plus x axis, GEIH will
be positive whereas the F gyro, whose ORA is along the minus X axis will
have a negative GFIH.) The method for compensating the E gyro is as

follows: (the others are analogous)

- EOAO

_— L
DTXB GEIH = A9X(t2)(H K)

and

GEPC = EOAO + GEPC - EOAP
' _ 1
where EOAP = Af_(t))GK)

(Note, EOAP (previous EQAO) must be set to zero at t = 0 and is therefore

an accessible variable to the main program).
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MTCROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

nae i
0ono?2
Ane3
6nou
nnes
NONR
nony
neng
nnno
nNnan
not11
nn12
nn13
nno1y
(AL B
na16
nn17
nn1R
nn1q
0no20
021
nn22
nn23
nn2y
0125
NN24K
nn27
nnag
nnoq
ro3n
nn31
on32
'\."\33
0N3y
nn3s
nnlg
no7
19138
rfN1lg
neuo
noys
nny
onul
noyy
nonyg
0ous
cny7
nnyg
0ouQ
nnso
0ns1
0ns?2
cns3
nnsa
nnssg
0056
nnsy

nanne
cnnna
nn00?2
nnne3
onnce
0c0ns
n0n06
nnoc?
0n010
0n011
00012
00013
00014
nnes
00016
00017
00020
00n21
n0N22
00023
00n2y
00025
00026
00027
00039
00031
n0on32
09033
£103uy
0n035
0nn36
00037
00040
00041
00042
nONy3
0004y
00045
0006
an0u7
00159
00051
00052
00053
00054
00C55
n00S6
00057

0on60

QOO0 O0OOOIIDODODODODOODIOUDIIIIIODOODOODIODODONDNODIDIDOOO D
=]
&

o o0noneo

0 n2

0nnony
N

16
ny

00410

0012¢
0C102
o041y
0c127
0on104
ncy16
20122
nerer2
neute
on123
Neo7u
oou20
0C124
0Co76
neu2e
20125
ne1ne
00406
no114
acu0e
oeer2
0cu00
n0106
ncuoo
0Cc074
nouo?2
ne110
noun2
90076
ocudy
0C112
oCc4ou
0c102
ocu10
0C116
o410
00104
neu12
nn120
ocu12
00072
00106

> 00074

00110
00076
0e112

DCOA

REL
SUBR
SURR
SUBR
SUBR
SUBR
SUBR
SUBR
DAC
LDA
DBL
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DLD
MPY
DST
DAD
DSB
DST
DLD
DAD
DSB
DST
DLD
DAD
DSB
DST
DILD
DAD.
DSB
DST
DLD
DAD
DSB
DST
DLD
DAD
DSB
DST
DLD
DST
DLD
DST

‘DLD
DST

DCOA
AQAP
BOAP
COAP
DOAP
EQAP
FOAP
x %

DTXB

GETH
EORO
DTXB
GFIH
FORAO
DTYB
GATH
AORAO
DTYB
GBIH
BOAO
DT7B
GCTIH
Coro
DTZB
GDIH
DO RO
GDPC
DOAP
GDPC
AOAO
GAPC
AOAP
GAPC
BOAO
GBPC
BOAD

"GBPC

CORAO
GCPC
COAP
GCPC
EOAO
GEPC
EOAP

" GEPC

FOAO
GFPC
FOAP
GFPPC
AQAO
AQAP
BOAO
BOAP
Coro
coap
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MICROCOMP TELECOMMUNICATED DATA

LY
nnga
fnen
nNng1
nee2
0NE3
NORY
CO6S
nNG6

tRR7Y
AR
AcgQ
N0
nn71
nn72
AnT72
rrT
naT8
0nTE
0077

78
nn79
WBET
nra
nAng2
WHEE
nngy
nnns
nege
nna7
nn8R
nerag
nran
arg1
10972
nnol

DDP~516
n0061 0 02 60100
0N062 0 04 00114
noNes 0 02 00102
0cney 0 04 00116
tN06RS 0 02 00108
nnnee6 0 04 00120
00067 0n0005s
noe70 -0 01 00000
onn72 noooneo
oon73 000090
nan7y LLLLLGLE
nanTs noonoo
nNANTe 000000
nae77 1Innengo
nf3100 nanneo
nN0101 0n9000
NnN102 000000
00103 n00000
Nty o0onny
rQrs c0n000
a“nN106 noneno
nnc 7 nonNoeo
AR I R oonnnn
oNr111 neonoo
nNN112 nooncHo
00113 annnoo
[aRAT I B 11 nnoonn
NnN11% 000000
AN116 000000
N7 009000
nn12n noonno
rne21 000000
c0122 000000
nn123 000000
nn124 000000
nn12s 009000
aN126 neonoo
nn127 ononno
nnounn
200402
000u4Cy
NONYOAK
nooun
0Nou12
noouyty
000416
000420

AOAO

BOAO

COAO

DOAO

EOAO

FOAO

ACapP

ROAP

COAP

DOAP

" EOAP

FOAD

GATIH
GBTH
GCIH
GDIH
GETH
GFIH
GAPC
GBPC
GCPC
GDPC
GEPC
GFPC
DTXB
DTYB
DTZB

ASSEMBLY LISTING

DLD
DST
DLD

DST .

DLD
DST
SGL
JNP*
DBP

DBP
DBP
DBP
DBP
DBP
DBP
DRD-
DBP
DBP
DRP
DBP
ocT
oCT
ocT
oCT
OCT
ocT
EQU
EQU
EQU
EQU

EQU
EQU

EQU -

EQON
QT
END

DOMO
DORAP
EORO
EORP
FOAO
FOAP

DCOA

o O

o

(> No NeRo No R

"woo
GAPC+2
GAPC+U
GAPC+6
GAPC+8
GAPC+10
Y41y
DTXB+2
DTXB+4
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PROGRAM NAME

SOURCE: ROMS

BINARY: BROMS

ENTRY POINTS (location): ROMS ('14000)
ACCESSIBLE VARIABLES: WXPR ('14333),
WYPR ('14334), WZPR ('14335)

GENERAL DESCRIPTION:

When the SIRU strapdown system is subjected to a rotational environ-
ment its accelerometers will sense acceleration due to sz and wR. Since
the accelerometers do not all sense acceleration at the same point, these
rotation-induced accelerations will make the accelerometers appear to be
in disagreement. This subroutine compensates the accelerometers to make
them look as if they are all sensing acceleration at the same point (since
the location of this point is not critical we pick the center of the A

accelerometer sothat atleastthe A accelerometer neednot be compensated).
Cdn.sid‘er some p"oint which has an R vector from the center of the A
. accelerometer of (RX, RY, RZ). The acceleration sensed at this point .

different from the acceleration sensed at the center of the A accelerometer

is:’
- - 2, 2 . .
1(wxwyRY + wxszZ wy Rx- w, RX + wyRZ wZRY)
- 2 2 . .
+ J(wyszZ + wywaX -w, RY -w, "RY + w, RX - waZ)
- 2 2 . . .
+ -k(wzwaX + wzwyRY W, RZ wy RZ + waY wyRX) _

B, C, D, E and F accelerometers can be corrected by adding the
negative of the acceleration each one senses due to rotation. For the F
accelerometer this would be

-S (Z axis acceleration) + C (V axis acceleration)

where

C = cosine, S = sine
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or
. v . .2 2 . .
S(w,w,RFX + 0,0 RFY - 0 “RFZ - v “RFZ + 0, RFY - 0 RFX)

2

2 e . ,
+C(9yszFZ + wywaFX T Wy RFY S w, RFY + szFX' - waFZ)

these terms can be combined to give:

C RFX(wywx + wz)

.2 2
+CRFY(wX wz)

+ C RFZ(wywz - u')x)

+ S RFX(-wzwx + (by)
+S RFY(-way - d)*)

2

"+ SRFY(w 2 + v %)
x Y

a similar set of corrections can be derived for accelerometers B, C, D
and E.

. o | 2 2
This subroutine first calculates wy wy’ Wy Wi wy Wos W wy, W,
W Wy and w, using Aex, Aey and _AGZ over one update interval as an

indication of W “)y and w,. It then calculates.

w

PARI1 = wywx + d)z
"PAR2 = wxz + wzz
PAR3 = wywz - (IJX
PAR4 = w, W - wy
PARS = wzwy - Wy
PARG6 = wxz + wy2
PART = wyz +u?
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PARS = wxwy -,

PARS = W, W, + wy‘

F's correction can now be defined as:

C RFX PAR1
-C RFY PAR2
+C RFZ PAR3
-S RFX PAR4
-S RFY PARS
+5 RFZ PARG6

Without doing the whole derivation B's correction can be defined as:

-C RBX PAR4
-C RBY PARS5
+C RBZ P ARS6
-~S RBX PAR"7
+S RBY PARS
+S RBZ PARS

C, D and E have similar corrections.

The terms in the above equations such as -C RBX are constants and
are stored as such in this subroutine. They are functions of the following
table of distances which was made from detailed drawings of the SIRU

-~

PI-frame and SIRU accelerometers.

XIS | p B C D E F
R(cm)
X |o| -8.603 13. 937 13,937 2.718 0. 902
-1.816 | -24.021 | -15.418 | -27.081 | 11.130
z 0 2. 482 0.665 1,085 1. 085
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MICPOCOMP TELECOMMUNICARTED DATA
DDP-516 ASSEMBLY LISTING

GLLE]
0002
nnod
0noy
ones
nnne
0nnnT
1008
0nna
0010
0011
nn12
noT3
no1y
0Nn15
nn1a
nN17
0018
nNN19
nn20

no21

0022
nn21
on24y
nn2s
nn26
nn27
nn2s
0n29
nni3n
0031
0032
N33
0n3y
nn3s
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0037
AME RS
nn3a
fanun
0Ny
nny2
00yl
nngy
nays
ocue6
onu7
rnus
0nug
neso
onsy
nns2
0ns3
00sy
0nss
0056
0ns?

14009
14001
14002
14003
14004
1un05
1unoe
14007
14010
14011
14012
14013
14014
14015
1u016
14017
1un2n
14021
14022
14023
1024
14025
14026
14027
14030
14031
14032
160033
1un3u
140135
1un36
14037
1woun
14041
1wuny?2
1un43
14044
141745
14006
1uou?
1059
14051

14052

14053
1UNsSy
14055
14056
14057
14060
14061
14062

0000G0
02 0041y
16 00416
04 14322
02 00414
16 00420
04 14323
02 D0u16
16 00420
04 14324
noL14
16 D0L14
04 10325
02 00416
16 00416
04 14326
02 nCu20
16 00420
ou 14327
02 0C414
07 14333
0415 72
n 04 14330
n 02 0CU16
0 07 18334
nu1s 72
0 04 14331
0 02 00420

DDDDODO2O0ODIDDIOLDIIDOODIDO
[
N

-0 07 14335

0415 72

N 04 14332
0 06 14322
N ou 10262
0 16 143136
nnoon?

0 04 14304
0000605

0 02 14325
n-n06 14327
0 04 14264
0 16 14337
nnooey

0 06 14304
0 04 14304
000005

0 02 14324
0 07 14330
0 04 14266
0 16 14340
000007

N 04 14316

ROMS

ABS
ORG
SOBR
SUBR
SUBR
SUBR
DAC
LDA
MPY
STA
LDA
MPY
STA
LDA
MPY
STA
LDA
MpY
STA
LDA
MPY
STA
LDA
MPY
STA

. LDA

SUB
ALS
STA
LDA
SUB
ALS
STA-
LDA
SUB
AlLS
STA
ADD
STA
MPY
DBL
DST
SGI.
LDA
ADD
STA
MPY

DBL

DAD
DST
SGL
LDA
SUB
STA
MPY

" DBL

DST

*14000
WXPR
‘WYPR
WZPR
ROMS
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0058
cnsa
nne0
N0 61
N0A2
n0A3
0064
0N65
NNEKK
0r67
n168
0n6Q
npN
ne7A
n672
0073
0074
0n7s
NNTRA
r077
no78
0n79
€980
rng
nne2
nng3
fngy
nnns
0ngs
nng7
0eas
nngqg
nnan
n091
N9 2
nno3
nnay
anasg
0096
nna7
0n9s
nnaa
0100
0101
0102
0113
ni0y
n1rs
N0k
0107
nion
0109
n11n
0111
n112
0113
AR R

14063
14064
14065
14066
14067
14070
1071
14072
14073
14074
14075
14076
14077
14100
14101
14102
14103
14104
14105
14106
14107
14110
13111
14112
14113

14114

16115
14116
14117
14120
14121
14122
14123
14124
14125
14126
14127
14130
14131
14132
14133
14134
14135
14136
14137
14140
16141
1142
14143
14144
14145
14146
14147
14150
14151
14152
14153

0 06 14304
0 04 14304
000005

0 02 14323
0 07 14331
0 04 14270
0 16 14341
000007

0 06 14304
0 0u.14304
000005
002 14324
0 07 14330
0 04 14272
0 16 14342
000007

0 06 14304
n 04 14304
000005

n 02 14325
0 06 14326
004 14274
n 16 14343
noNoCT

D Nu 14306
n 06 14304
nuo1 67

0 06 00612
n 0w 00612
000105
002 14326
0 06 14327
0 04 14276
0 16 14351
000007

n 04 14310
0 04 14312
no0nN0S

0 02 14322
0 07 18332
0 04 14300
N 16 14352
000507

0 06 14310
0 04 14310
000005

n 02 14323
0 06 14331
0 04 18302
n 16 14353
000007

06 14310
ou 14310
02 14264
16 14345
06 14306
07 14316

QODDODO DO

DAD
DST
SGL
LDA
sSoB
STA
MPY
DBL
DAD
DST
SGL
LDA
SUB
STA
MPY
DBL
DAD
DST
SGL
LDA
ADD
STA
MPY
DBL
DST
DAD
LRS
DAD
DST
SGT,
LDA
ADD
STA
MPY
DBL
DST
DST
SGL
LDA
SUB
STA
MPY
DBL
DAD
nsST
SGL
LDA
ADD
STA
MPY
DBL
DAD
DST
DLD
MPY

DAD

DSB

CORP
CORP

WXWZ
wYDT
PARY
SRFX

CORP
CORF

WYwz
WXDT
PARS
SRFY

CORP
CORF

WXsSQ

‘WYSQ

PAR6
SRF2

CORE
CORF

'612
'612

WYSo
WZsSQ
PAR7
CRDX

CORD
CORC

WXWY
WZDT
PARS
CRDY

CORD
CORD

WXWZ
¥YDT
PAR9
CRDZ

CORD
CORD
PAR2
CREY
CORE
TEM1
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MICROCOMP TELECOMMUNICATED DATA

r115
n16
0117
f119
0119
n120
n121
n122
n1213
N124
n12s
n126
n127
n28
nN129
n13n
0131
0132
0133
0134
n13s
0136
n137
n138
N 139
r1Yce
RIS
R
n143
n1yy
0145
r1un
n1y?
0148
n{yQ
A15n
n151
r152
nN153
n154
n1ss
0156
n157
n158
0159
0160
0161
N162
n163
D164
0165
n166
0167
N1RR
Nn169
0170
"7

DDP-516
1154 0 Ou
14155 0 02
14156 N 16
14157 0 06
14160 0 04
14161 0 02
14162 0 16
18163 0 06
14164 0401
1165 N 06
14166 0 Nu
14167 0 02
14170 0 16
14171 0 04
14172 N 06
14173 0 0y
14174 0 02
1175 0 16
1176 0 06
14177 0 Nu
14200 0 02
14201 0 16
14202 0 06
14203 D401
14204 0 06
14205 0 04
14206 0 02
14207 0 16
1210 0 06
14211 0 a7
14212 0 04
14213 0 02
w214 2 16
14215 0 06
14216 0 0u
14217 0 02
14220 9 16
14221 0 06
14222 0 04
1223 0 02
14224 9 16
14225 006
14226 0401
14227 0 06
14230 0 04
14231 0 02
14232 0 16
14233 0 N
1423 0 02
1235 N 16
14236 0 06
14237 0 04
w20 0 02
14201 0 16
w242 006
1203 0 Ny
w2ey 0 02

14306
164270
14346
14306
14306
14272
14350
14306
67

DOR10
0C610
14262
14354
14320
14310
14310
14264
14355
14310
14310
14266
14356
14310
67

50606
00606
14300
14357
14312
14320
14312
14392
14360
14312
14312
14264
14361
14312
14312
14266
14362
14312
67

00604
0reny
14270
14363
1314
14272
1u364
18314
18314
14276
18365
18314
14314
14300

ASSEMBLY LISTING

DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
LRS
DAD
DST
DLD
MPY
DST
DAD
DST
DLD
MPY
DAD
DST
DLD
“PY
DAD
LRS
DAD
DST
DLD
MPY
DAD
DSB
DST
DLD
MeyYy
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
LRS
DAD
DST
DLD
MPY
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD

" DST

DLD

CORE
PARY
SREX
CORE
CORE
PARS
SREY
CORE

*610
'610
PAR1
SRDX
TEM2
CORD
CORD
PAR2
SRDY
CORD
CORD
PAR3
SRDZ
CORD

'606
'606
PARS
CRCY
CORC
TEM2
CORC
PAR9
CRCZ
CORC
CORC
PAR2
SRCY
CORC
CORC
PAR3
SRCZ
CORC

1604
'60U
PARY
CRBX
CORB
PARS
CRBY
CORB
CORB
PAR7?
SRBX
CORB
CORB
PARSB
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

n172
n173
n17y
0175
0176
0177
N178
0170
0180
0181
n182
0183
0184
0185

0186
0187
0188
n189
n 190
¢191
0192
n197
n194
n195
8196
0107
n1a8y
n1a9
n200
n201
n2n?
nanAa
nanu
0205
n206
nar7a
n2ne
0209
n210

n211
r212

14245
14246
14247
14250
14251
14252
14253
14254
14255
14256
14257
14260
14261
14262
14263
14264
14265
14266
14267
142790
14271
14272
14273
14274
14275
14276
14277
141360
14301
14302
14303
14304
14305
14306
1307
143190
14311
14312
18313
143140
1315
11316
w217
1u32¢
16321
141222
14323
14224
14325
141326
16327
141330
14331
14332
14333
14334
1335

0 16
0 06
0u01
0 06
0 04

14366
14314
67

N0602
00602

06000CS

(=]

02
0 04
0 02
n ou
0 02
0 04
=N 01

ocu14
14333
00416
4334
00420
14335
14000

000000
000000
nonnon
N00000
000000
000000
D00NN0
000000
noonnnon
000000
2G0N0ND
nannaon
noooenn
noonnn
000000
000000
000000
nnoooo
noo0on
nnoeooo
nonooo
nNno00nn
noonoo
noonno
noonno
nnoeoo
000000
neonoon
Gonnoo
000000
neooen
nnooon
no00on
0oo0o00n
nannoo
nonooo
nnoonoo
000000
000000
000000
000non
n00000
000009
000000

PAR1
PAR2
PAR3
PARY
PARS
PARG

PAR7

PARS

PAR9
CORP
CORE
CORD
CORC

CORB

TEM2

WXWY
WXwz
WYwz
WXSQ
WYsQ
w2sQ
WXDT
WYDT
WZDT
WXPR
WYPR
WZIPR

MPY
DAD
LRS
DAD
DST
SGL
LDA
STA
LDA
STA
LDA
STA
JMP*
DBP

DBP
DBP
DRP
DBP
DBP
DBP
DBP
DBP
DBP
DBP
NBP
DBP
DBP
DBP
DBP
OCcT
oCcT
ocCT
oCT
ocCT
OCT
ocCT
ocT

ncT
OCT

0OCT

ocCT

SRBY
CORB

1602
1602

WX
VXPR
vy
WYPR
Lk
WZPR
ROMS

0O O O O o Q9O o O o

[

COO0ODODODODOD (=]
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MICROCOMP TElECOMMUNICATED DATA
DDP-516 ASSEMBLY LYISTING

0213
f214
n21s
0216
n217
h218
n219
0220
n221

0222
6221
f224
0225
0226
h227
0228
n229
n230
n2131
n232
n2133
N234
n235
0236
n237
f238
1219
naun

14336
14337
14340
14341
14342
14343
14344
14345
14346
14347
14350
141351
141352
141353
14354
14355
14356
14357
1436C
141361

14362

14363
14364
143€5
14364

001145
161152
001342
177205
166667

- N00710

174307
134003
135679
107535
026176
155364
153404
n107040
164433
163254
177351
140046
n03230

023566 -

0n2023
"13336

- 002323

097042

176405

noouL
(A IALR L
nonNu20

CRF¥Y
CRFY
CRFZ
SRFX
SRFY
SRP7
CREX
CREY
SREX

SREY
CRDX
CRDY
CRDZ
SRDX
SRDY
SRDZ
CRCY
CRC7Z
SRCY
SRCZ
CREY
CRBY
SRBX
SRBY
WX

WY

w7

DEC
DEC
DEC
DEC
DEC
NDEC
DEC
DEC
DEC

DEC
DEC
DEC
DEC
DEC
DEC

DEC .

DEC
DEC
DEC
DEC
DEC
DEC
DEC

DEC

QU
EQU
QU
END

76.703B12
-946,8B12
92.26B12
-47,4058B12
-585,15R12
57.02B12
-231,19B12
-2303.69B12
-142,88

1423,76B12
-1185.55B12
-1311.52B12
56,609B12
-732.71B12
-810.56R12

- =34,986B12

-2043.33B12
211,09€B12

"1262,85812

130, 464812
731.,813B12
154.49812
452,29B12
-95,u48R12
41y
416
'420
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PROGRAM NAME:
SOURCE: PREX

BINARY: BPREX

ENTRY POINTS (location): PARC ('06040)
ACCESSABLE VARIABLES (location): PACC ('06166)
GENERAL DESCRIPTION:

This subroutine is essentially equivalent to GARC, the gyro error
accumulator, except it only accumulates compensated pulses from the six
PIPAs. The only other difference is that when it is time to purge the
PIP A accumulators, it puts a 1 in location '765 (note the instruction IRS
'765) which clues the PIPA parity equation solver {(program source name
PPEX, subroutine entry point PPRT) not to do its calculation. This feature

is solely for timing considerations.
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSFEMBLY LISTING

WLR|
non2
onna3
anoy
nnos
NCO6
nnn7
0¢08
0009
n010
0011
nn12
nn13
NNy
nn1s
0n16
nn17
nH18
nn19
0020
n021
ne22
n023
nn2y
0025
nN2e
rn27
nn2sg
nn20
nnio
9931
nn32
0n33
tN3u
nn3s5
nnle
No37
£n38
nn39
nouo
0041
nou2
noal
nouY
0045
WY
0057
oous
nnga
onsn
00s1
ans2
¢ns3
nO5Y
noss
nnse
0nns?

00noo
00001
00002
00003
00004
00005
cnNnNo6
cone?
coo10
c0011
tno12
tnNnal
enny
onns
00016
c0017
00020

0NOn21

neo22
con223
00024
00025
00N26
oon27
cn030
00031
con32
00n33
0nn3y
oen3s
nenN3e
00037
00Quo
neoun
onny 2
coou3
fnouy
coous
00046
00047
00050
00051
00052
00053
c0054
000S5
nonse
00057
cocen
N0061
c0ee2
nnee s
0nn6y
00065

000000
12 00126
01 00023
12 00765
02 00171
04 00126
35 00130
00007

02 00316
07 00106
00316
00124
n0106
0C1086
00316
00124
00000
00000
00010

D OO D edcdd = ed ad d d D DODDDOD

0401 61

0401
0 0u
0 02
o4
n ne
n oy
0401
0 04
0 02
0401
0 06

n401
0 04
002
0401
8 C6
0 04

PARC

LUPE

NPCC

REL
SUBR
SUBR
DAC
IRS
J NP
IRS
LDA
STA
LDX
DBL
DLD

DSB _

DST
DLD
DSB
DST
DLD
DST
IRS
IRS
JMP
LDA
DBL
LRS
DAD
DST
LRS
DST
DLD
LRS
DAD
DST
LRS
DST
DLD
LRS
DAD
DST
LRS
DST
DLD
LRS
DAD
DST
LRS
DST
DLD
LRS
DAD
DST
LRS
DST
DLD
LRS

" DAD

DST

PARC
PACC
*%
PACC
NPCC
4765
=-6000
PACC
=-12

PAPA+12,1
ARES+12,1’
PAPA+12,1
ARRS+12,1
ARES+12,1
ARES+12,1
PAPA+12,1
ARRS+12,1
0

0

LUPE

PAPC

15
PAPA
PAPA
5
AARP
PBPC
15
PBPA
PBPA -
5
BARP
PCPC
15
PCPA
PCPA
5
CARP
PDPC
15
PDPA
PDPA
5 -
DARP
PEPC
15
PEPA
PEPA
5
EARP
PFPC
15
PPPA
PFPA
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0CSR
0ns9
0NR0
nren
Nne6?2
o6
006L
noes
0né66
nog7
nnes
nNre9
M7
0071
ncr?2
nn7?
0C7Ty
0075
nd76
nn77
0n78
0079
£180

nngan
0nK2
cng2
008
OOQS
C0R6
0087
0088
nea9
neae
nCon
6ga2
0na3
nnay

ccas
nras

N00E6
cNne7
con7n
0no71

conT2
crn73
nooTu

LA A

noo07e
ennTT
0109
€n101
0102
00103
00104
00105
00106
tn107
00110
0111
fnY12
00113
00114
00115
00116
00117
£n120
00121
00122
00123
no124u
nn12s
0N126
n0127
00130
00131

ogn1 73
0 04 00756
000905
-0 01 00000
000600
000602
000604
000606
no0NK10
0nne12
nno3e2
onoley
n0N306
non3io
000312
00n314
000744
no0n746
no0750
0nno752
nN00754 -
000756
0n0000
noonon
n00009
0n00n0
000000
0nQo0o
0necoeo
nonnno
000000
000000
000000
020000
000000
n00n00
nonang
nono0o0o0
nnno0oo
000000
nnonoo
000000
000009
000009
000009
oonnco
nnooeo
nnenoo
000000
100000
164217
0onnngo
177764
164220

PAPC
PBPC
pCPC
PDPC
PEPC
PFPC
PAPA
PBPA
PCPA
PDPA
PEPA
PFPA
R ARP
BARP
CARP
DARP
EARP
FARP
ARES

BRES

CRES

DPRES

ERES

FRES

SRES

ARRS

BRRS

CRRS

DRRS

ERRS

FRRS

SRRS

PACC
STSE

LRS
DST
SGL
JMI*
EQU
EQU
EQOU
FQU
EQU
EQU
EOU
EQU
FEQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
DBP

DBP
DBP
DBP
DBP
DBP
DBP
DRP
DBP

DBP

DBP -

DRP
DBP.
DBP
DEC

oCT
END

5
FARP

PARC -
*600
PAPC+2
PAPC+U
PAPC+6
PAPC+8
PAPC+10
*302
PAPA+2
PAPA+Y
PAPA+6
PAPA+S
PAPA+10
t T4y
AARP+2
AARP+4
AARP+6
‘AARP+8
AARP+10
0

0
0

o O O o o

o

-6001
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PROGRAM NAME:
SOURCE: GARC

BINARY: BGARC

ENTRY POINTS (location): GARC ('07344)
ACCESSABLE VARIABLES (location): GACC ('07524) .
GENERAL DESCRIPTION:

This subroutine accumulates the 6 compensated gyro pulse counts
(GAPC, GBPC, GCPC, GDPC, GEPC and GFPC) in the six gyro pulse
accumulators (GAPA, GBPA, GCPA, GDPA, GEPA and GFPA) and then
stores the accumulations in the six arguments (AARG, BARG, CARG, DARG,
.E ARG, and FARG) for the squared error calculator (see documentation
for program source name CFSE, subroutine entry point SECA). It also

accumulates
S| aex| +|aey| + |0z
to beused to increase the maximum allowable total squared error to allow

for dynamic scale factor and misalignment errors (see documentation for
GFI1S).

The 6 compensated gyro pulse counts are double precision numbers
with the high order word being of significance and the low order word being
carriedalong as aresidual. " Thus, every time an LRS 15 instruction operates
on a gyro pulse count in the accumulator, it is simply to shift the residual
out. Scaling can best be expressed by giving the representation of one
gyro pulse for GAPC, GAPA and AARG.

~GAPC oct 00400, 00000
GAPA oct 00000, 00400 :
AARG oct 00000, 00010

Therefore, the bit granularity of the arguments used by the squared error

calculator is + 1/8 pulse.

In order that the gyro pulse accumulators don't overflow, they are
periodically purged of old accumulation. Define A (tl' t2) to be the
accumulation of gyro pulses betweentimes t, and t2. Every minute starting
at t = 60, the following purge is performed (let us look just at the A gyro

accumulator).
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GAPA = GAPA - ARES
ARES = ARRS - ARES
ARRS = GAPA

ARES = A gyro residual,
ARRS = A gyro residual residual.

following this procedure we get:

at time = 60
GAPA = GAPA - ARES
GAPA = A (0, 60) - 0 = A (0, 60)
ARES = ARRS - ARES =0 -0 =0
ARRS = GAPA = A (0, 60)
at time = 120
GAPA = GAPA ARES
~ GAPA = A (0, 120) - 0 = A (0, 120)
- ARES = ARRS - ARES = A (0, 60) - 0 = A (0, 60)
ARRS = GAPA = A (0, 120)
at time = 180
GAPA = GAPA - ARES _
GAPA = A (0, 180) - A (0, 60) = A (60, 180)
ARES = ARRS - ARES = A (0, 120) - A (0, 60) = A (60, 120)
ARRS = GAPA = A (60, 180)
at' time = 240

GAPA = GAPA - ARES
GAPA = A (60, 240) - A (60, 120) = A (120, 240),
ARES = ARRS - ARES = A (60, 180) - A (60, 120) = A (120, 180)

ARRS = GAPA = A (120, 240) etc.

the flow chart foliows.
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0001
onn?
onna
onoy
enns

nong

nana
neos
nnnra
nnan
¢n11
002
NN
0010
0015
NN
0017
NNI1R
nn19
co2n
021
nn22
nn23
ca2u
nn2s
cN26
o0e27
cnnna
0n29
f130
0NN31
nn32
ne33
(ARAR
0nis
NNn3g
nni3a
tn38
nni3q
Ny
noun
nnuy?2
nous
anuy
nnus
nnuR
nny 7
npus
neawa
ALY
NNsA
0nNs?2
nns3
nnsy
nnss
nnse
nng

onnen
nnnon
nooac2
nN00C3
noncy
0o00s
nenee
nnne7
ann10
onn11
noe2
ocnn13
00014
ennas
nente
nne1T
nQgn20
nnn2s
noe22
00723
non2y
noe2s
Nor26
nnn27
cen3n
00031
o0ON32
no033
anr3y
o0n3s
con3e
onn3y
cenun
nenun
neng?
nNay3
noouy
oneus
00046
onoou?
nnnso
anfsA
onns2
nons3
rensy
U U]
nOosSe
oonsy
nneen
none
onee62
N00R3
00064
0ores

oonnoo

12

> N No No o Ro Na ]
o
N

00160
00032
n0163
00160
00162

nNNO0Q7

02
07
ou
02
n7
ou
02
0u
12
12
01
02
07
ny
02
n7
0u
02
N4
n 02

D ODDODDO DD DD b e d b d b

00302
NC140
ne302
00156
oc140
n014¢
00302
NC156
neeoo
oceon
10007
0C 774
00140
n¢774
1C156
nevuc
0C14c
Ne774

0r156

ocunc

nooo0c?y

o040
0 06
0 Ou

o401

0 04
0 02
nyn
¢ 06
2 04
0oun
(ANRT
0 02
aucH
0 06
0 04
oun
0 0u
nn2
oun
0 06
n ou
o401
0 0u
0 02
nuo1
0 06

61
NC266
N0266
73
neru
ocun2
61
nc270
0¢270
73
NeTu6
aCuoy
61
0c272
00272
73
0c750
ncu06
61
0C274
0r274
73
ne7s52
ocue6
61
00276

GARC

LUPE

NGCC

RFL
SUBR
SURBRR
DAC
IRS
JMP
LDA
STA
I.DX
DBL
DLD
NSB
DST
DLD
DSB
DST
DLD
DST
IRS
IRS
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GAPA+12,1
ARFS+12,1
GAPA+12,1
ARRS+12,1
ARES+12,1
ARES+12,1
GAPA+12,1
ARRS+12,1
0
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15
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FOU
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DRP
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DTXRB
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0

0
0
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DRP
DBP
DBP
DRP
DEP
DBP
DéP
DRP
DEP
DEBP
DEP
DEC

oCcT
END
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PROGRAM NAME

SOURCE: GFIS

BINARY: BGFIS

ENTRY POINTS (location): GFIS ('2070) ,
ACCESSABLE VARIABLES (location): KEYG ('2225)
GENERAL DESCRIPTION:

This subroutine controls the logic for the gyro failure detection and
isolation. When called (once every gyro update) it decides which failure
(first or second) should be searched for ﬁsing such considerations as gyro
fail status and which search it made the previous time, It will then store
inlocations '760 and '761 the maximum allowable total squared error (M ASE)
for either the first (FMSE) or second (SMSE) failure search. (FMSE and
SMSE are modified at the beginning of this subroutine to allow for dynamic
errors. Location '774 contains a proportion of the sum of the absolute
values of the total rotations about axes X, Y and Z. Adding the square of
this sum to FFAD and SFAD gives the modified maximum allowable total
squared errors FMSE and SMSE).

It will store in location '762 the squared error ratio for either the
firstfail (FFRT) or second fail (SFRT) isolation criteria (see documentation
for SECA, program source name CFSE), In location '763 it will store the
number of the instrument to be considered failed (see documentation for
ERDE). It will then call ERDE which, in turn, calls the squared error
calculator SECA (program source name CFSE). Since the gyro error
accumulator (GARC) has been called prior to GFIS, SECA has the proper
arguments for the instrument accumulated measurements, GFIS gives SECA
the proper total allowable squared error and the proper squared error
ratio. After the squared errors have been calculated and a decision of
detection and/or isolation has been made, ERDE will store the decision
code in location '764 and return to GFIS. GFIS will then decide what the
gyro fail status should be and store thenumber of the gyro first and second
failures in location '316 and '317 respectively. The logic of this program
is shown in the following flow chart. Note that sense switch 3, if set, will

prevent any failure from healing.
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PROGRAM NAME

SOURCE: ERDE

BINARY: BERDE

ENTRY POINTS (location: ERDE ('06172)
GENERAL DESCRIPTION:

This subroutine is called by either the gyro failure detection and
isolation logic subroutine (GFIS) or the PIP A failure detection and isolation
logic subroutine (PFIS) and in turn calls the squared error calculator (SECA,
program sourcename CFSE). Core location '763 tells this subroutine which
instrument is to be considered failed. If location '763 is zero, it means
that no instrument is to be considered failed and when it calls SECA, it
must indicate this with a-7 in the index register. SECA will then calculate
theno fail squared error equations and return with a code in the A register
which ERDE will store in core location '764 so that its calling program
(either GFIS or PFIS) can use the result,

If the failure key (location '763) is a 1,2, 3, 4, 5 or 6, it indicates
that the second fail squared error equations are to be calculated considering
A, B, C, D, E or F as the failed instrument. Again, ERDE will store the
return from SECA in location '764 for use by GFIS or PFIS, 1If '763 is al
and instrument A is to be considered failed, MA (see description of SECA,
program source name CFSE), the accumulated measurement of instrument

A, must be replaced by
v0.2 (MB - MC - MD + ME + MF)

the calculation of MA using MB, MC, MD, ME and MF. Then when SECA
calculates the first fail squared error equations using the new MA and the
old MB, MC, MD, ME and MF, it gets the same results it would have gotten
had it used the second fail squared error equations considering A failed.
Similarly, if the fail key ('763) is a 2, B is considered failed and MB must
be replaced by

v0.2 (MA + MC + MD + ME + MF)

Also, with instrument B failed, the index register must contain a -2 when
SECA is called. Similar steps are taken when instruments C, D, E or F
aretobe considered failed. The flow chart for the subroutine ERDE follows:
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V.2 (MB-MC ! ;ofzima x| 2ma+ ' W 2imMaq ' 2 va e
I 1
-MD‘ME‘*MF): 'MC + MD + ME | MB+ MC+ME \MB-MC+ !  MB+MC- |
. L. MF) ! - MF) v imp-MF) ! MD-mE)
- _d L [ | ' - - oy - = ___‘____J

_ . : e
C “ '. ¢all SECA o
i
1}
- - - doo--n
,r . . IError Result-r('764)[ . . ¢

—— e g -
1
$ Lo . -

[ i |

! Return !
[

|

FLOWCHART - ERDE
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MICROCOMP TFLRCOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

nne
nnn?
nnnag
nnny
nnee
nnnea
nnnTy
nnng
neng
nnan
N1
nn12
nnN13
(AR
[ARAIS Y
ANtA
nnt7
nN~1R
n"1a
nn20
nn21
nr22
nnz‘;
0n2n
nnas
nNN2A
on27
ﬂ’\)_g
nn2a
AN EA
nn
0n32
JARAKE
2°34
in3s
nN36
nny
nrig
rN3a9
nagn
nny g
nan?
Aeul
nouy
AENCES
nNnNyeA
nnu7
nOug
NN
a0sn
251
ang?2
nes3
nngy
0NRY
N056
nngy

nannn
nnnp
nnee?2
0nnng
0n00Y
0nons
annng
nnnng
GOLET)
ALLER
00812
00013
0n01Y
pnns
nee16
00017
0n020
00021
nn022
nnn23
nee24
nnnos
nO02A
nnn27
nno30
fon3
00032
nnna3
onn3y
SLLETS
0rnie
0rn3y
AnOun

nnng

cnng D
neoy3
aonyy
rNausS
nacue
onng7
nAnNso
¢nns
nONns?2
00053
anosy

.0nng5n

cNese
onnsy
oreen
oneen
AR )
N0063
AR Y
0N0es
nNo6s

Yo I T e Jie R RN, I & 2 B Je Jo

0 nnoooe
n 02 50763
100040

DDDDDY DD DD

0

> v N I e 3

(&

DODOODD

01
35
10
94
N1
ng
01

oce10
00331
00000
0¢7e64
ao0000
00000
oco

nnno2¢e
nnoosT
0nt116
000166
nne225
000264

02
06
06
37
07
0y
16
ou
02

nnNneT

NN746
00754
00756
80750
ne752
00160
00155
00162
0r160

00201
16 Q0155
0 06 NC16U
non201
140040
0 06 00162
n Nu NC162
0 02 fC16C
0 16 00156
n 06 0C164
140329
000201
140049
170001
140401

06
ou
38
10
o4
n

02
06
n6
06
ne
ou
16

0r162
acT7uy
ne327
oenne
0764
neeoe

000007

CC7uy
0¢75¢C
00752
ne754
ne756
oe16c
9C155

ERDE

AROP

EASE

AFAL

BFAL

REL
SUBR
DAC
LDA
SZE
Jup
LDX
CALL
STA.
JMP*
STA
JMP*
DAC
DAC
DAC
DAC
DAC
DAC
DRL
LDA
ADD
ADD
SUB
SuUB
STA
MPY
STA
LDA
IAB
MPY
ADD
IAB
CRA
ADD
STA
I.DA
MPY
ADD
CSA
IAB
CRA
SRC
CHMA
ADD
STR
LDX
CALL
STA
JMP*
DBL
LDA
ACD
ADD
ADD

. ADD
- STA

MPY

FRDE
*¥

*t763

AROP
==7
SECA
t764
ERDE
0
EASE,1
AFAL
BFAL
CFAL
DFAL
EFAL
FFAL -

MB
ME
MF
MC
MD
TEM1

RPTT
TEM2
TEM?

RPTT
HALF

TEM2
TEM2
TEM1
RPTT#+1
HALP

TEM2
MA
=1
SECA
'T64
ERDE

MA
MC

ME
MF
TEM1
RPTT
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MTCROCOMP TFLECOMMUNTCATED DATA
DDP~516 ASSEMBLY LISTING

nosA
0059
060
n061
0062
n063
0C64
n065
0n66
NOR7
nN6R
0069
ongn
ne71
ne72
nnT3
nnTy
np7s
0076
n077
no78
nn7a
nngn
GALER
nNR?
nra3
nnay
nngg
0086
nng7
nnas
nng
coan
nna
n09?2
nna3
nray
nCcas
angg
rnrg7
nnan
rfroQ
0ann
NN
n1no
n1n
n1ny
nqnsg
n106
niny
n108
n109
9119
n111
n112

n113

croe7
0ne7o
nnn71
con2
cNr73
nanTy
nONT S
cNnT6
cnn17
0nng
nNn101
no102
no103
no1ny
0n10s
00106
nnnT
c0110
f0111
0n112
nNn113
00114
rtN11s
00116
nn117
00120
ne12
on122
0n123
no124
no12%5
nnN126
0N127
00130
ne131
cN132
nn133
cnN13y
0n135
n0136
nn137
enan
nnu
no1y?2
nNny3
nn144
nn14s
nnus
rO1L7
nnasn
nN1S1
nn157
r0153
nNn1sy
00155
00156
00160

DDODODO

0 04
0 n2

N0162
0C 160

nen2n

0 16
n Nk

00155
neten

non201
140040

0 06
0 04
0 02
0 16
0 06

00162
00162
0C 160
Ne156
c0164

140320
nnog201
woono
1Nnn01
140401

06
0y
35
1N
o4
01

DO DO DDOD

92

06
n7
n7
o4
16
04
02

QO DHDDDD DD D

o0&

10162
00746
10326
ocone
ner6u
ncooo

NoANn7

00746
00752
ne756
00744
00754
00160
0C155
00162
nNCc160

0N 201

£ 16
0 06

ne1ssS
0C164

nne261
140040

o 06
o 04
n 02
0 16
0 06

00162
00162
0160
00156
00164

140320
nno261
140040
100001
1404801

06
ou
35
10
04
-0 01

00162
00750
00325
ncecooe
00764
a0coe

034476
022705
0onnng

STA
LnDA
IAB
MPY
ADD
IAB
CRA
ADD
STA
LDA
MPY
ADD
CSA
IAB
CR2
SeC
CMA
ADD
STA
I.DX
CALL
STA
JMpx
CFAL DBL
LDA
ADD

ADD

SUB
SuB
STA
MPY
STA
LDA
IAB
MPY
ADD
IAR
CRA
ADD
STA
LDA
MpY
ADD
CSA
TRB
CRA

spc

CMR
ADD
STA
1.DY
CALL
STA
JMpP*
RPTT DEC

TEM1 DRP

TEM2
TEM1

RPTT
HALF

TEM2
TEM2

TEM1
_RPTT+1

HALP

TEM2

MB
=-2

SFCA
1764
EPDE

. MB

MD

.. MF

MA
MFE
TEM1
RPTT
TEM?2

. TFM1

" RPTT

HALF

TEM2
TEM2
TEM1
FPPTT+1
HALF

TEM2
MC

==3

SECA

1764

ERDE.

. < BU72135955B80.

¢
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MTCROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0114
0115

1116
0117
n118
1119
n120
n121
n122
0123
0124
N125
0126
N127
n128
0129
n13n

131

n132
n122
n134
n135
n136
0137
n138
0129
0140
214
r142
N143
0144
n14%

0144

0147
0148
niu9
0150
1191
0152
n153
n154
N155
N156
0157
n158
n159

0159,

nN161
N1/2
N163
0164
0165
nN166
N167

0n01€1
00162
D163
00164
00165

0n166

n0167
0170
00171
00172
tN173
00174
~0175
0N176
00177
on20n
no201
0n202
¢0203
0e204
nn2ns
00208
cn207
£n210
fn211
ne212
c0213
en214
00215
nn216
00217
00220
cn221
nn222
00223
N0224
n0225
n0226
00227
n023n
no231
00232
02233
n0234
00235
00236
00237
on2ur
co2u1

co242 -

00243
nQ2uy
0n24s
C024¢
on2u7
0n2sn
en251

DODOOIO

OO BOoODsDOD
>
2

000000
n00000
000000
nonoon
ounono
000007

02 00746

06 00750

06 00754

07 00744
N7 00756
04 00160
16 00155
o4 00162

02 0C1s60

000201
0 16 00155
0 06 0C164
nno201
1400 49
C N6 ND162
0 04 90162
0 02 00160
0 16 00156
0 06 00164
140320
non2n9
1400 40
100001
140401
05 0C162
04 9€752
35 00330
18 90000
04 00764
5 01 00000
100007
02 9C7u4
06 007u6
06 00752
07 90750
07 00756
o4 00160
16 00155
04 00162
02 00160
000201
n 16 20155
0 06 1164
000201
140040
n 06 00162
0 04 00162
0 02 00160
n 16 00156
0 06 2C16L
140320

QD IDDOIDDOO
D
~

TEM2 DBP
HALF OCT

DFAL DBI
LDA
ADD
ADD
sSUB
SUB
STh
NPY
STA
LDA
TAB
MPY
ADD
IAB
CRA
ADD
STA
LDA
MPY
ADD
CSA
IAB
CRA
SRC
CHMA
ADD
STA
1LDY
CALL
STA
JMP*

EFAL DBL
LD}
ADD
ADD
SUB
SUB
STA
MPY
STA
LDA
IAB
MPY
ADD
TAB
CRA
ADD
STA
DA
MPY

" ADD
CSA

"0,40000

MB
MC
ME
MA
MF
TEMY
RPTT
TEM2
TEM1

RPTT
HALF

TEM2
TEM2
TEM1
RPTT+1
HALF

TEM2
MD
==4
SECA
*764
ERDE

MP

TEMI
RPTT
TEM2
TEM

RPTT
HALF

TEM2
TEN2
TEM1
RPTT+1
HALF
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MTYCROCOMP TFIL.RCOMMUNTCATED DATRA
DDP-516 ASSEMBLY LISTING

N168
n169
NN
0171
0172
0173
0174
n175
£176
177
n178
n179
n1gn
0181
N182

783"

n184
n185
n186
n187
N18RK
n189
n1a0
0101
0192
n193
n194
0195
AqaR
n197
n198
n199
’\zﬁl\
n2n1
8202
n2n3
nony
nans
"2N6
n2n7
n2n0A
nIrg
f\21f\
n211
n212
n213
n214
n21s

nn252
00253
00254
re2ss
002546
00257
00269
nn261
nn262
nnN2e63
npN264
ne26s
NO2E6
cn267
00270

00271

¢0272
0Nn273
nn274
nN275

f0276

0n277
00210
00301
nn3ng
~an3g
0030y
nnN3ns
tN306
2307
00319
nn3tg
nni3t2
r0313
NO3TY

00315

nn3a
nN31a
nn3z2n
nnN3z
nn322

on323
nn32y

0n32s

NN 326
nN327
0e33n
0n3an

000201
140040
100001
140401

06 00162
08 00754
35 00324
1% 00000
04 00764
01 00000
00T
02 0074y
N6 90746
06 00750
07 70752
07 00754
04 H0160
16 00155
04 70162
02 00160
An0201

0 16 00155
0 06 00164
n09201
160040

0 06 00162
0 04 00162
0 02 00160

oW

DO 0D

D

DDDDDODODO

N 16 00156

N 06 00164
140320
000201
140040
1003201
140401
N N6 NC162
0 04 00756
0 35 nn323
0 10 00000
0 04 00764
-0 01 2C000
nantuy
onnue
nne7sn
nnnTs2
nnoTsy
LI AT
177772
177773
177775
177776
177777
177774
177771

FFAL

MA
MR
“C
MD
ME
MF

TAB
CRA
SRC
CHMA
ADD
STA
LDX
CALL
STA
JMP*
DBL
LDA
ADD
ADD
SUB
SUB
STA
MpY
STA
LDA
IAB
mpy
ADD
IAB
CRA
ADD
STA
1DA
MPY
ADD
CSA
IAB
CRA
SRC
CMA
ADD
STA
LDX
CALL
STA
JMP*
EQU
EON
EQU
rOn
FOU
EQU
END

TEM2
ME
==5
SECA
*764
ERDE

MA
MB
Mc
MD
ME
TEM?
RPTT
TEM2
TEM1

RPTT
HALF

TEMN2
TEM2
TEMY
RPTT+1
HALF

TFEM2
MF
==6
SECA
1764
ERDE
"4y
MA+2
MA+U
MA+6
MD+2
MD+4
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PROGRAM NAME

SOURCE: CFSE

BINARY: BCFSE

RELATED MEMOS: FAILURE ISOLATION IN SIRU (OEHRLE)
ENTRY POINTS (location): SECA ('06524)

GENERAL DESCRIPTION:

This subroutine, when called, will calculate either the first or secénd
squarederrors of instruments A-F from a set of accumulated measurements
(MA - MF) stored in the base sector of the DDP 516, decide whether the
total squared error is greater than some limit (also stored in the base
‘sector) and if it is, decide if any instruments sqﬁared error exceeds a
certain fraction (also stored in the base sector) of the total squared error.
Then it will return with a code in the A register indicating the result of
the above decisions. If during the calculations the error in any instrument
exceeds or equals 212 pulses (an overflow condition), or if the total squared
error exceeds or equals 224 pulses squared, the return code in the A register
will indicate that the'calculations could not be completed due to huge errors

in one or more instruments,

The arguments MA - MF (see documentation for subroutines GARC
+ PREX) are stored in locations '744 - '757 and are six double precision
numbers. If the calling program (see documentation for subroutine ERDE)
wishes the squared errors calculated for the second fail detection with
say instrument A failed, it will replace MA with what MB - MF calculate
for MA (substituting this new MA and the old MB - MF into the first fail
equations calculates the second fail squared errors for instruments B - F
and therefore, eliminates writing 6 sets of second fail equations) and put a
-1 in the index register.- If instrument B is failed it will calculate MB

from the other 5 measurements and put a -2 in the index register, etc.

The following are the return codes:
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code

meaning

TSE (total squared
error) did not exceed
MASE (maximum
allowable squaréd
error stored in the base

sector in location '760). .

TSEO did exceed MASE
and the squared error

of instrument A (for

code 1) B (for code 2)
etc. exceeded FONT TSEOQ
(FONT is the squared
error ratio criteria

to isolate

a failure. It is .44

for a first fail isolation

and .38 for a second
fail isolation and is put
in the base sector in
location '762 by the
calling program (see

documentation for subroutines GFIS & PFIS),

TSEO exceeded MASE
but no instrument's

squared error exceeded

FONT TSEO

There was a huge

12 pulses

error >2
when calculating the
error of instrument
A (for code of 8) B (for code

of 9) etc.
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14 In summing ASEQO
' through FSEO (A squared error
through F squared error)
to get TSEO, an
6verflow bccurred
(the sum was 2224

pulses squared)

The subroutine flow chart follows:
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MICROCONP TELECOMMUNICATED DATA
' DDP-516 ASSEMBLY LISTING

noN1

nno2

nno3
S 0N
cons
0006
0007
nros
noea
n01¢
NN
0012
0013
0014
onIs
0n16
nn17
nnig

0019

nn20
0021
No22
nn23
-0N24
nnz2s
nn26

ro27

0n28
nn2a
0030
nn31
0032
n0n33
ne3y
0n3s
0n36
0n37
np3sg
0039
poun
00u1
onu?2
nou3
nouy
onus
0046
pou?
0048
nou9
0050
0051
0052
(W X]
nosYy
gnss
0056
ansy

00000
00001
0nno2
none3
00004
00005
00006
onee?
o0n1n
00011
0no12
onn1t3
neny
onp 15
00016
00017
00020
00021
00022
00023
00024y
non2s
nen2e
0nn27
00030
00031
0n032
0Nno33
0003y
00n3s
00n36
con3y
0nnyo0
co0o0an
00042
noou3l
noouY
00nys
000u6
00047
00050
n0Ns51
noos2
cons3
pooSY
00055
no0nse
00057
00060
00061
00nNE2
00063
noo6y
00065
00N66

0 000000
000007

0 12 00000
5 01 00012
140040
000201
140040
04 0224
04 00326
91 5060
02 00750
06 NC752
07 00746
07 90754
07 0C756
04 N0216
16 00213
04 00220
002 00216
n00201

20020000 D000 D

SECA

ACAL

0 16 00213 -

0 06 00222
nnn2o
_140040
0 0600220
0 04 00220

0 02 00216
0 16 00214

0 06 00222
140329
nno201
140040
100001
140401
0 06 00220

0 06 NO7uu

"0 04 00224
101400

0 01 00051
0 07 00224

0 07 00224

101040
0 01 00054
0 01 00565
000201
04 00326
16 00326
04 00326
12 00000
01 00070
140040
000201
140040
0 04 00226
0 0 00330

D

[N NoNe

AEPO

_ SESE

BTFC

SUBR
REL
DAC
DBL
IRS
JMP
CRA
IAB
CRA
STA
STA
JMP
L DA
ADD
sSuB
SUB
SUB
STA

MPY .

STA
LDA

IAB -

MPY
ADD
IAB
CRA
ADD
STA
LDA
MPY
ADD
CSA
IAB
CRA
SRC
CHMA
ADD
ADD
STA-
SMI
JMP

SUB

SUB
SNZ-
Jup
JMP
IAB
STA
MPY
STA
IRS
JmMp
CRA
IAB
CRA
STA
STA

SECA

* %

ACAL

AEO - .
ASEO
BT FC
MC
MD
MR
ME
MF
TEMI
RPTT
TEM2
TEM1

- RPTT"

HALP

TEM2.
TEM2
TEM1 .
RPTT+1
HALP

TEM2
MA
AEQD

AEPO

- AEQ

AEO -

SESE .
HUAR

ASEO
ASEO
ASED

BCAL

BEC
BSEOQ
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MICFOCOMP TELECOMMUNICATED DATA
nPOP-516 ASSEMRLY LISTING

£0s8
onsa
nNaN
AR N
nngo
0NnA3
nNnay
nCRS
nOR6G
NNR7T7
neR8
nopa
nnn
nnT1
nnaT2
NN
NATY
nras
~NTR
nnaY
neaa
079
nnan
nng
0na2
8183
orau
r185
R4
0ngy
nrAn
NN839
npan
€09
n692
nCea3
0094
onasg
NNAR
(A
nergna
c0oQ
010"
c101
0102
nin
0104
nN1ns
01046
n1n7
n10R
0109
0110
ARRRI
0112
n113
0114

¢n067
ern70
0071
ann72
nne73
oAty
00n7s
nnenae
0nn77
WOREY
RT
enn?
0103
nning
00105
nping
00167
"O110
fn11
nN112
nn112
00114
nN11S
P0116
0e117
nn120
n0121
nn122
0n123
nc124
0125
n0126
n0127

001307

00131
nn132
ne133
P03y
nN135
nn136
nn137

nun

00141
0nN1u2
ro1u3
nniuuy
on1us
fO146
cotu
nn15H
n0151
cC152
nN153
tC154
rn1ss
CN156
nn1s57

25O DNDOS DO

2 01 N0
1uenun
000201
1u0%u0
N7 00744
N7 00750
N7 00752
07 nCI54
07 o056
ou nC216
16 00213
ny ne220
P 02 N0216
0NnNn261
N 16 NN213
N 26 NC222
oann201
140000
n o0A D0220
oy 20220
02 00216
16 NC214
N np 20222
140320
ana2n
1400un
170001
140401

™D D

0 06 NG22G-

D 06 OCT46
0 0u N0226
1014109

0 01 00132
D 07 20226
207 9022¢€
101047

N2 20135
0 01 20870
nee201

0 04 00337
16 0033¢C
0u AN33¢C
12 nOCOC
NN ne151
1wnnun

nne2n19

1un04n

0 nu one230
o4 00332
01 nC24u
02 n0T44
06 QC7T54
N7 0746
57 00752
07 00756
on 90216
14 N0 213

D DD

D2DDODIIDDO

BCAL

BEPO

LTSE

CTFC

CCAL

JMp
CRA
IAB
CRA
SUB
SUB
SUB
SUB
SUB

STA -

MPY
STA
LDA
TAB
MPY
ADD
IrB
CRA
ADD
STA
LLA
MPY
ADD
CSA
TAB
CRA
SRC
CMA
ADD
ADD
STA
SMY
Jme
SUR
SuB
SNZ
JMP
JMP
IAR
STA
MPY
STA
IRS
JmMp
CPA
IAB
CRA
STA
STA
JMP
LD
ADD
sUB
SUB
SUB
STA
MPY

CTFC

MA
MC
MD
MFE
MF
TFEM1
RPTT
TEM2
TEM1

RPTT
HALP

TEM2
TEM2
TEM1
RPTT+1

"HALP

TEM2
MP
BED

BEDPD
BED
BE®D

LTSE
HOBR

BSE?)
BSEO
BSE?

CCAL

" CEN

CSEO
DTFC
MA
ME
MR
MD
MF
TEM?
RPTT

105



MICROCOMP TELECOMMUNICATED DATA
" DDP-516 ASSEMBLY LISTING

0115 00160 0 04 00220 STA
0116 00161 0 02 0C216 LDA
0117 00162 000201 IAB.

0118 00163 © 0 16 00213 MPY
0119 00164 0 06 00222 ADD
0120 00165 000201 IAB
0121 00166  1400uN CRA
0122 00167 - 0 06 00220 ADD
0123 00170 "0 0u 00220 STA
0124 00171 0 02 00216  LDA
0125 00172 0 16 00214 MPY
0126 00173 0 06.00222 ADD
0127 00174 160320 . csa
0128 00175 000201 IAB
0129 00176 140040 CRA

© 6130700177 100001 . SRC
0131 00200 140401 cHA
0132 00201 0 06 €220 ADD

10133.00202 0.06 00750 ADD
N134 00203 0 04 00230 STA
n135 00204 101400 SMT
N136 00205 0 01 00210 Jmp
n137 00206 0 07 00230 SUB
0138 00207 0 07 0N230 SUR
0139 00210 101040 CEPO SNZ
0140 00211 0 01 00240 INP
0141 00212 0 01 00573 amp
0142 00213 03u4u76 RPTT DEC

00214 022705
0143 00216 000000 _TEM1 DBP
00217 000000 :
n1uL 00220 000000 TEM2 DBP
00221 . 000000
0145 00222 000000 HALP OCT
00223 040000
0146 00224  £OONNO AEC DBP
.. 00225 000000
0147 00226 000000 _BEO DBP
00227 . N00000
n148 00230 000000 CE0 DBP
00231 000000
f149 00232 000000 DEM DBP
00233 000000 :
10150 00234 000000 EEN DBP
00235 000000 .
0151 00236 000000 FPEN DRP
00237 000000
0152 - 000326 ASEQ EOU
0153 n0n330 BSEO EQU
0154 n00332 CSEQ EQU
0155 n00436 DSE0 EQU
0156 - 0004L0 ESE0 EQU
0157 000442 FSFO EQU -
0158 000574 TSEO EQU
0159 00240 000201 NBSE IAB
0160 00241 0 04 00332 STA
0161 00202 0 16 00332 mPY

TEM2
.TEN1

RPTT
HALF

TEN2
TEM2
TENM1

- RPTT+1

HALF

CEPO

CEO

CEO.

NBSE

HUCE
+4872135955BR0
0

0

0,40000

(=] [=] o O o

'326
'330
'332.
'436
40
uy2
'ST4.

CSEO0
CSEO
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMRLY LISTING

n162
163
r1gu
n1sc
P16 6
n167
n168
n1g0
0170
171
n172
N1 7
0174
175
n176
0177
n1719
r179
"nqgn
r1s1
n1a 2
n1a1
NRY
‘N85
n18F
n187
n181%
r189
n1an
n191
192
n1g91
n194
n1as
N19r
n197
ntan
fr1aa
nann
n201
0202
nang
n2ny
n205
€206
nan7
n208
n2no
r21n
n211
n212
n213
n21u
n215
n214
n217
n218

no2us3
no244
6n2us

no24s6-

00247
no250
00251
nn2s2
602572
ne2se
nN255
t0254
np2s7
0N260
0n2aA1
nN262
NN263
An26Y
£N265
nNe264A
nN267
ne270
An271
nnN272
ce273
no27u
£n275
re276
nn277
£o3en
rN3n
00302
fN 303
"oy
n03CS
f"0306
nnanyg
fO3n
no311
rnit2
£n3313
no31y
nn3ts
nn3ie
nn317
nn32n
nn321
ne3i22
n0323
no324
nN0325
nNN3I26
00327
nn33n
r0I3
ne33R
nni33t

DD IDDDDDIDDO

0 0w NC332
0 12 areoC
2 01 00254
140040
con2n1
140040
N4 90232
04 0nu3e
nY 00322
N2 0074y
N6 10756
27 20746
07 007590
07 2CI54
o4 0C216
1A 00213
ou 0220
N2 nr216
npn2ra
" 16 06213
nonNE Qr222
nnaoar
weoyn
no0e D220
ANy 0220
nor2 20216
n 16 NC214
0 06 0C222
1451329
non201
unnun
100001
140401
n e NC220
606 NCT52
N ou 00232
171400
N1 ac313

.0 07 n0232

0 n7 Nr232
191040 .
NN NN316
¢ 01 296576
nana2e

0n NCu36
16 2C436
ou 00476
12 nonon
N1 nNc332
14N640
nnNa20
149049

0ou "0234
oy nouuon
N1 NCuoC
2 00750
36 ICTS6

i B T B e |

DD DD

DTFC

DCAL

DEPD

RSSE

ETFC

ECAL

STA
IRS
JMP
CRA
IAB
CRA
STR
STA

Jnp -

LDA

ADD

SuUB
SOR
SNB
STA
MPY
STA
LDA
IAB
MPY
ADD
TAB
CRA
ADD
STA
IDA
MPY
ADD
CSA
IAB
CPRA
SRC
CHA
ADD
ADD
STA
SMT
JMp
suB
SUR
SNZ
JMP
JMP
TAB
STA
MPY
STA
IRS
JMp
CRA

IAB
CRA™

STA
STA
Jmp
LDA
ADD

.0

CSEO

DCAL

DE®
DSE9
ETF¥C
MA
MF
MB
MC
'ME
TEM1
RPTT
TE#2
TEM

RPTT
HALT

TEM2
TEM2
TRM1
RPTT+1
HAT®

EFC
ESEN
FTFC
MC
MF
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MICPOCOMP TELECOHMU&ICATED DATA

0219
n220
n221
n222
n223
0224
0225
n226
0227
0228
0229
£23C
n231

n232

0233

nN235%
0236
0237
n2138
0239
n24n
n241
n2u42
n2u3
n2uy
0285
02u6
02u7
n248
n249
n25n
0251
0252
0253
n2s5u4
n255%
n256
n287
0258
n2s59
0260
n261
N262
0263
n26u
0265
nN266
n2r7
n268
n269
n27n
n271
n272
n273
0274
n275

DDP-516

00334 0 07 0C744
n0335 0 07 D046
00336 0 07 00752
00337 N 04 00216
00340 0 16 0N213
00301 0 04 NO220
0n3y?2 0 02 ND0216
00343 n00201

00344 - .0 16 00213
00345 0 06 00222
n0us 000201 :
00347 140040

nCc3sn n 06 00220
n0351 0 04 0220
00352 0 02 00216
00353 0 16 NC214
00354 0 06 00222
00355 1403290

003545 0002c1

00357 1400u40

N0360 100001

00361 140401

ne362 0 06 00220
00363 0 06 00754
0n3en 0 04 00234
00365 101400

00366 0 01 00371
00367 0 N7 00234
00372 0 07 00234
00371 1010u0

nn372 0 N1 00374
00373 0 01 0N6O1
00374 000201

00375 0O 04 NOuL4Q
00376 0 16 Q0uuQ
00377 0 0Ou OQuugC
cOuoo 0 12 00000
00un1 0 01 N0410
00402  1u00UL0

00403 . 000201

00u0Y 140040

neuns 0 04 00236
ooune 0 04 00UU?2
oouQ? 0 01 0CUusSé
00410 0 02 00752
00811 0 06 00754
001412 N 07 O0CTul
nout3 0 07 00746
nou1Y ¢ 07 00750
00415 3 04 00216
00416 n 16 00213
oou17 0 08 00220
00420 0 02 00216
0ou21 n00201

00422 n 16 00213
00u23 0 06 0C222
0nu24y nNo201

EEPO

LESE

FTFC

ASSEMBLY LISTING

SUB
SUB
SUB
STA
MPY
STA

LDA -

IAB
MPY
ADD
TAB
CRA
ADD
STA
LDA
MPY
ADD
CSA
IAB

" CRA

SRC
CHA
ADD
ADD
STA

SHMI -
JMP

SUB
SUB
SNZ
JNP
JMP
IAB
STA
upPYy
STA
IRS
JmMp
CRA
IAB

. CRA

FCAL

STA .-

STA
JMP
LDA

ADD
SUB

SuB

SuUB’

STA
MPY
STA

LDA -

IAB
MPY
ADD
IAB

MRA
MB
MD
TEM1
RPTT
TEM2
TEM1

RPTT
HALF

TEN2
TEM2.
TEMY
"RPTT+1
HALF

TEM2
ME
EEO_

EEPO
EEO0 .
EEC

LESE
HUEE

ESEQ
"ESED
ESEO"

FCAL

FEO
'FSEOQ"
NTFC
mp -
ME
MA
"MB
MC
TEM1
RPTT
TEM2
“TEN1

RPTT
HALPF
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MICROCOMP TEISCOMMUNICATED DATA
NNP-516 ASSEMBLY LYISTING

0276
no7y
ny78
na70
n2an
nzaq
N2R2
n28]13
£28u
n28e
N28¢
N287
nN288
no>2ca
nl9n
n291
n2aQn
n293
no9L
n295
r2ag
n297
029n
0299
n3Inn
BRMEI
ninop
nIng
nany
n3ng
ning
3
RN
n3na
n31e
n311
"2
23172
2314
r31s
n31¢
317
n31R
n319
n32N
N321
1322
0323
n32u
r\32:
n32¢
A
n328
nggo
0311
02321
nlp

ony2s
A TSNS
noyR7
cog3n
0ru3
rrg3n
nog3
nry3g
(AR 1)
onn3a
any37
nAayyn
rayL g
0Quy?
nnuyl
nouuy
roayns
neyue
Ny
nNusH
~ong
nnns2
L83
onusy
noyss
NeusA
nnrysy
AN TY R
noue
PDU6ED
~OURT
nOUAY
nougs
NOURA
ChYe?
e XaRI 0 Iy
0egT1
o0uT72
nnu3
neuTy
nenTs
rouTe
nnyT7
nesan
£N5n
resn?
naSN3
no&GY
rrsng
nesnNg
nnsny
AL )
frs11
nn512
0513
n051y
nns1s

140040

n 06 NP220
n o4 90220
0 02 00216
216 00210
9 06 00222
149320
£90201
140240
100001
149401

0 N& 00220
0 06 NCT56
ANy 90236
101400

9 01 0ruy7
n N7 236
3 07 00236
101040
001 0Cu52
roY 006N
N0N2N
N0 0Cuu2
0 16 0OBY2
N 04 NOLY2
N 9& NC326
100001

0 01 00562
~oe6 00230
100001

0 01 NCSAD
N o0R 0C332
109001

n 01 0nsE2
N N6 0ru3e
1n0nr

a 01 00562
n 06 Neuno
100001

N 01 NeSE2
0 04 NCKTH
2 07 90760
107400

01 06557
02 0057y
16 70762
Ny 06220
N n2 NPSTY
SLLPLY

2 16 00762
00201
140080

06 NC220
cy 90220
35 00617
N2 NN326
07 9M220

D000

2 DD LD

FEDPO

ymMs®E

NTFC

CRA
ADD
STA
LDA
MpPYy
ADD
CSA
TAB
CRA
SRC
CMA
ADD
ADD
STA
SMI
JMD
SUB
SUR
SNZ
JMP
JMP
IAR
STA
MPY
STA
ADD
SRC
JMP
ADD
SRC
JMD
ADD
SRC
Jmp
ADD
SRC
I.TMP
ADD
SRC
JMP
STA
SUB
SPL
Jmp
LDA
MPY
STRA
LDA
TAB
MPY
TAB
CRA
ADD
STA
.DX
LDA
suB

 TEM2

TEM2
TEM1
RPTT+1
HALF

TEM2
MF
FEO

FEPO
FEQ
FED

VMSE
HUFE

FSEO
FSFEO
FSE)
ASEO

OVFL
BSED

OVFL
CSEN

OVFL
DSFN

OVFL
ESED

OVFL
TSEN
MASE

ZRTU
TSEOD .
FONT
TEM2
TSEO

FONT

TEM2
TEM2
=1

ASFO
TEM2
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MICROCOMP TELECOMMUNICATED DATA
: DDP-516 ASSEMBLY LISTING

0333
0334
0135
0336
0337
0338
03129
0340
0341
n3u2
0343
0344
0345
0346
0347
0348
0349
0350
0351
0352
n353
0354
n355
n356
01357
0358
0359
0360
0351
0362
ni63
n364
n365
n366
01367
n368
0369
0370
0371
0372
n373
0374
0375
0376
n377
n378
01379
0380
n381
0382
01383
1394
0385
0386
0387
n3as
01389

00516
nes1?
00520
00521
00522
00523
00524
nos525

00526 -

nns27
00530
0C531
00532
00533
00534
00535
00536
0Nns537
cosu0
00541
00542
00543
o054y
nosus
00546
00547
00550
00551
00552
005°3
0055u
00555
00556

ons5S7T

0ns6n
00561
n0562
00563
00564
N0565
00566
nN0567

00570 .

00571
€0572

00573 -

00574
00575
00576
00577
00600
00601
00602
00603
00604
00605
00606

101409
0 01 00554
n 12 00000
0.02 00330
0 07 00220
101400
n 01 00554
0 12 00000
0 02 00332
0 07 00220
101400
0 01 00554
0 12 ooooc
N N2 N0U36
0 07 0n220
101400
0 01 00554
0 12 000N0C
Q0 02 00440
n 97 00220
101400
n 01 00854
n 12 00NO0
0 02 00uu2
0 07 00220
101400
0 01 00554
onnoes
n 02 00616
-0 01 0C000
QnNnecs
n 02 NOOOC
-0 01 00000
000NQ5
140040
-0 01 00000
N00oos
0 02 NO615
-0 01 00000

. 000005

0 02 00614
-0 01 0C00O

000005

0 N2 00613
-0 01 00000

000005

0 02 00612
-0 01 00000

n0onos -

0 02 ON611
-0 01 00000

000005

n H2 00610
-0 01 00000

000005

5 02 00607
-0 01 00000

FOND
ZRTU
OVFL
RURE
HURE
HUCE
HUDE
HUEE

HUFE

sSnur

JMP

IRS
LDA
SUB
SMI
Jmp
IRS
LpA
sSuUB
SHTY
JMP
IRS
LDa

-SUB

SMI
JMP
IRS’
LDA

'SUB

SMT
Jup
IRS
I.DA
SUB
SMI

JMp

SGL
LDA
JNP*
SGL
LDA
JMP*
SGL
CRA
JMp*
SGL
LDA
JMPx
SGL
LDA

JMP*.

SGL
DA
JMP*
SGL
LDA
JMP*
SGL
LDA
JHPpx
SGL
LDA

JMp*

SGL
L.DA
JMD*

FOND

BSEO
TEN2

FOND

CSEO
TEM2

FOND

DSED

TEM2

FOND

ESEO
TEM2

FOND

FSED
TEM2

FOND

SECA
SECA

SECA

=14
SECA

SECA

SECA
SECA

SECA

=12
SECA

=13
SECA
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MICROCOMP TELECOMMINICATED DATA
DDP-516 ASSEMBLY LTSTING

n3an
n391
n3a2
2397
n3au
r3as
n3a4
n397
niag

N0AG7

00610
0611
nNns12
00613
Nog1Yy
nnNe1s

LIS TS
S NN61T

AN0T62
An07uu
000746
ANATS0
0100752
non754
000756
100760
000015
A LLET"
nnon13
n0NN12
nnon 11
N0no10
nrO0 16

S nonnp7-

099001

FONT BOU
MA 20U
ME  ROU
MC  TOn
MD  FOU
ME  EQU
MF  EOT
MASE EQU

END

1762
744
MA+2
MA+U
MA+6
MD+2
MD+U4
1760

111



PROGRAM NAME

SOURCE: PFIS

BINARY: BPFIS

ENTRY POINTS (location): PFIS ('04725)
ACCESSIBLE VARIABLES (location): KEYP ('05050)
GENERAL DESCRIPTION:

This subroutine controls the logic for the PIPA failure detection and
isolation. Tt is identical to the subroutine GFIS, which controls the gyro
failure detection and isolation, except that the PIP A fail status is contained
inlocation '320 and '321 instead of '316 and '317 and that the PTP Amaximum
allowable squared errors (FMSE and SMSE) are not modified at the beginning
of this subroutine as are the gyro's at the beginning of GFIS. So see

documentation for the subroutine GFIS.
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MICPOCOMP TELFECOMMUNICATED DATA
nNP-516 ASSEMRLY LISTING

nneg
oon?
0on3
nong
nons
nnoe
0907
aeos
0nng
n1e
nn1g
nn12
€913
N3y
no1s
nn1s
0117
0018
nn"i19
on2n
021
nnn2
0023
no2u
nn2s
nnN2e
nnz27
rC28
nN"29
nn3on
N3
nN32
nn33
1934
nn3s
0Nn3s
n137
rnN3g
rN39
nouo
non
nny 2
nAy3
fouY
nnus
0nuA
Nnu7
0nug
Anga
nnsn
nns1
nngo
rng3
ansy
nnss
CrSh
nnsa

onoee.

00101
0Orn2
cnne3
ooocy
nnnpsg
00006
cone?
00010
noc11
0rnq2
ppN13
nno 1y
£nn1s
non16
one17
nne 20
00021
00022
nnn23
0en2y
0nn25
nnn26
00027
00030
cnn3
00032
nNn33
0on3y
cen3s

ren3e

0037
conud
n0Nu
000Yy?2
noou 3
conuy
nnnus
nnnue
nnnu?
000S0
nons1
n00ns2
00053
n00sSy
0n0ss
0N0s56
nnng7
0n0ED
0nne61
0N0E2
nnng3
raney
6N06S

0 0nnoneo

0 02

00320

110040

0

nces

1uncuo

0 0ou
e 04
2 02
0 04

ne122
nNe763
fe117
00762

onnney

n 02
0 04

00120

ne760

nnenos

o 01
0 02

0ce32
ne122

100040

n o
N2
Ny
nu
02
0y

D ODDD D

neony
ne32ze
or122

0C763 -

a0120
00762

A000CT

0 02
¢ 04

0n126
0c760

nnonos

0 10
0 02

nreoon
ne122

1c004u0

9 01
0 02

00103
or 764

100G 40

0 0

neouwy

10000y

-0 0

ornec.

140040

N0y

n nu
-0 M
0 07

00320
00321
oeearn
on13p

101400

-0 M
02
1
M
(R
1M
o0
01
n2

DD IO DODODD

ncene
(Al T
0¢ 320
neese
nnece
np321
00061
nenTe
0C320

1010un

oM
0 n2

oenTa
ne3sz2t

101040

PFIS

FFTR

ALOF

COoCaA

NOZE

REL
SUBR
SUBR
DAC
1LDA
SZE
JMp
CRA
STA
STA
LDA
STA
DBL
DLD
DST
SGL’
JMP
1LDA
S7.F

JMP

LDA
STA

- STA

LDA
STA
DBL
DLD
DST
SGL
CALL
LDA
SZE
JMP |
LDA
S7.E
JMP
SR3
JMP*
CRA
STA
STA
JMP*
SUB
SMT
JMP*
LDA
CAS
JMP
JMD*
CAS
JMp
JMp
LDA
SNZ
JMP
LDA
SNZ

PFIS
KEYP
*%

*320
ALOP

KEYP
t763

FFRT -

'762

FMSE
1760

CoCA
_KEYP

"FFTR

1320

KEYP
1763
SFRT
1762

SMSE
1760

ERDE
KEYP

SFSR
'764

NOZE
PFIS

1320
v321
PFIS

PFIS
Y764
. %320
x4 2
PFIS
321
*4+)
SPCA
*320

*+6‘
1321
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

nnss
0059
none60
0061
nNe2
0NE3
oo6l
nC 65
nNe6
0n67
0ne68
nne9
0070

0071

nnT?
0n7a
ANy
0n7s
nNTA
neT7
0078
nn19
0N8o
tn8Y
nQ8?2
nnR3
nosa
NrRs

0086
0ng?

cnga

00066
onee?

00070

00071
noo72
00073
onnTy
no075
00076
00077
0on100

00101

00102
00103
en10y
00105
on1nNG
00107
nn11n
00111
nn112
00113
No11Y
n0115
rN116
00117
nO129
0n122
nn123
DO124
nR125

00126 -

no127
00130

0 01 00076
100004

-0 01 0ceoo0
D 02 00764
0 04 0r320
140040
0 04 00321

-0 01 0CCO0

002 0C320
0 08 00321
02 00764
04 00320
00000
02 NN76U
07 00130
101400
-0 01 00OOOD
n 02 00321
101040
0 01 00114
100004
-0 01 00000
0 N2 00764
0 06 00321
-0 01 00000
038343
030600
0noono0n
nnonoon
n00N00
n20000
000000
014632
0n0oe7

L
DOO0DD
o
-

SPCA

SFSR

FFRT
SFRT
KEYP
FMSE

SMSE

JMp
SR3
JMP*
LDA
STRA
CRA
STA
JMPp*
LDA
STA
LDA
STA

JME*

LDA
SUB
SMI
INpx

‘LDA

SNZ
JMP
SR3
Jup*
LDA
STA
JHP*
oct
0CT
DBP

0OCT
OCT

END

© SPCA

PFIS
*764
1320

€321
PFIS
*320
*321
764
*320
PFIS
'764
=7

PF1S
*321

x4 3

PFIS
*764
'321
PFIS
34343
30600
0

0, 20000

0, 14632
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PROGRAM NAME

SOURCE: GPRT

BINARY: BGPRT _
ENTRY POINT (location): GPRT ('12712)
GENERAL DESCRIPTION:

This subroutine, when called, will in turn call PRTY to solve for the
gyro parity equation if there are already 2 gyro failures. If the appropriate
parity equation indicates an overflow or exceeds a certain limit it will
store a 1 in octal location 322, Otherwise, octal location 322 will stay
zero. The limit the equation must exceed (GMSE) is three pulses (GBSE =
OCT 0, 30) plus some appropriate fraction of the

ZIA" |+ IAe |+ iAe |
X y z

which is stored in '774 by the gyro error accumulator GARC and allows
for dynamic errors. This limit is calculated by the first four instructions

of this subroutine.

GPRT will then set ('322) to zero and determine if there are 2 gyro
failures (the gyro first and second fails are stored in octal locations 316
and 317). If there arenot 2 failures, it will return. Otherwise, it calculates
in the A register the code necessary to tell PRTY which parity equation to

calculate. The codes are:

Parity Equation 2 failures code
CDEF A, B 0
BDEF A, C 7
BCEF A, D 14
BCDF A, E 21
BCDE A F 28
ADEF B, C 35
ACEF B, D 42
ACDF B, E 49
ACDE B, F 56
ABEF C,D 63
ABDF C,E 70
ABDE C,F 77
ABCF D, E 84
ABCE D, F 91
ABCD E, F 98
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The general method for calculating the code is the same as that used by
GMIN for the gyro matrix generator. When PRTY returns, GPRT determ{nes
if the parity equation either exceeds its limit or has overflowed. In either

case, it will indicate’so by changing octal location 322 toa 1 before rét‘urning.
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MYCROCOMP' TELECOMMUNICATED DATA
DDP-516 ASSEMRLY LISTING

(AL
nono
£ong
nodY
nnos
neng
onng
nnng
cang
NNt
nn11
nh12
nn3
AR’
ARAR
D1k
AR By
ANYR
AR
rn2n
0021
nnz2
no23
0024

nn2s.

nN2¢
nn27
nn28
0029
nn3n
n131
0132
20313
nn3y
nn3s
1036
0037
0938
0n39
nogn
00y

noy2
0043

00uy

0045

nooen
nene
neon?
nnoo3
ooy
nonns
onaneG

nopony

nonan
o011
nont2
nne3
ooty
MAEEAN B
00016
nnn17
non2y

.Aen21

nnn22
onn23
0002y
nnn2s
oen2e

00027
0ne30

cn031
nnon32
nnni3y
0003y
00035
non3e

0on37”

0noun
anng t
Qony 2
00043
nonngy
noous
noenue
annyT
00nsQ
00051
onns2
000573
nnnsy
annss
neose
nansT
N00RO

00061

0 npcoco

n 02
ngos
n 06
O 04

774
75

20053
neost

140040

-0 0y

n o2

00322
Mn317

191049

-0 M
0 n
n 01

00000
N0 316
ono24

101000

0 06
0 oy
0 02
0415
0 07

-0 06

01

02

n6

0y

n 02
nu1s
o 07

-0 06
210

D

w Jpow T Y

00045
00046
0n31e
75

n0316
neone
00033
nC 316
20045
00046
00317
15

00317
000u6
noeno

191200
100400

0 01

nooy2

nonneT

0 97

0050

101400

012

ne3zz

annnaos

-n 09

00000

-0 00N054

nonnno
000009
000009
nd0o3n
nonnno
0000130
000000
177762
000016

- 000043

000061
nN0NN70

GPRT

SFLA

PRCL

OVR?P

ADST
TDPT

GMSE

GBSE

CRPS

SUBR
REL
DAC
LDA
ARS
ADD
STA
CR2
STA
LDA
SNZ
JMP*
CAS
JMP
NOP
ADD
STA
LDA
ALS
SUB
ADDx
JMP
1L.DA
ADD
STA
LDA
ALS
SUB
ADD*
CALL
NOP
5PL
JMP
DBL
DSB
SMT
IRS
SGL
JMPx
DAC
DBP

OCT

oCT

oCT

END

GPRT

2
*774
3
GBSE+1
GMSE+1

'1322

1317

GPRT
1316
. SFLA

ADST
IDPT
'316
3
1316
IDPT
PRCL
1316
ADST
IDPT
1317
3
1317
IDPT
PRTY

QVRF
GMSE
1322
GPRT
CRPS
0

0,30
0,30

0,177762,16,43,61,70
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PROGRAM NAME:

SOURCE: PRTY

BINARY: BPRTY

ENTRY POINTS (location): PRTY ('12774)
GENERAL DESCRIPTION:

This subroutine calculates :the parity equation ﬁséd to detect third
: failures from the arguments stored in locations '744 - '757 by the gyfo or
PIPA error accumulators. It is called by GPRT if and when the gyro fail
status indicates 2 failures and by PPRT (program source name PPEX) if
and when the PIPA fail status indicates 2 failures. When called the A
register contains a code to tell which of the fifteen parity equations to
calculate (see documentation for GPRT). For examplé, if instruments C
and F were failed, the code would be 77 {octal 115) and the JMP* PONT,
the fifth instruction in PRTY would effect a jump to the block of code:

(note, at this point the (A, B) register contains a double precision zerao).

DSB MB
DSB ME
DST SINT
DLD MA
DAD MD
DST COSsT
JMP CALC

SINT is the sine term of the parity equation = - MB - ME. COST is
the cosine term of the parity equation = MA + MD, Each of the 15 parity
equations has a block of code (7 instructions each) similar to the block .
above., The jump to CALC will stért a sequence of instructions which will
multiply SINT by SINE = sine a and COST by COSN = cosine ¢ and then add
the two results and take the absolute value. If the high order word of this
double precision result is zero (which indicates that the abAs:,olute Vélue of

15 or 21 2 instrument pulses), this subroutine

the parity equation is less than 2
will return with the parity equation result in the (A, B) register, If the
high order word is not zero, (A, B) will contain a double precision -1 at

the return.
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MTCROCOMP TELRCOMMUNICATED DATA
DDP-516 ASSEFMBLY LISTING

0an
oNne?
nnn3
nonu
nnes
nace
nonT
aeNg
nnnag
nen
no1
nn12
ngag
or1u
no1s
nN1a
nn17
notg
nni19
nnoan
0n21
nnp2
nn23
nnay
Nn2s
’\(‘26
na27
nn28
nn29
nnan
nnat
nn2
0n33
Na3y
0135
no3aA
nn2?
01138
noza
onun
naut
nny?
g3
nnuu
nnus
nou6
non7
nnug
neu9
nnso
nest
0ns2
0053
0054
0onss
anse6
W)

noeon

0noacH

onc02
onenl
oncey
nocnes
HUINARS
naney
nnean
anng
enr2
£0013
ANty
nnnas
nnoe
nant7
nap2ce
NG9
nnn22
ARLEAD
nno2u
£n025
pno2s6
aen27
nnnln
nnnii
one32
onn33
00”34
npn3s
00036

tNnN37’

oneuo
nany1
nnnu2
rony3
NNy
annys
nNoLE
0eeuy
nnnso
nnnsq
01052
f00s3
0005y
0n0ss
nonseg
nansy
0nngn
00061
00062
n0063
n9n64
00065
00066

¢ onp0coe

0 06
0 04

00252
ne2s3

naone?

02
N1
02
07
ou
0?2
c7
ou
01
02
06
04
N2
97
o4
0
n2
06
Ny
02
07
0u
01
97
07
ou
n2
a6
ou
01
07
17
on
02
06
nag
21
n2
na
ou
02
97
24
01
32
07
0a
02
07
ou
01

DO DDMIODODDDAODIIVDIODIDHIDIDDODIOMDDIDIDODD

DODODOODDODOD DL DI

>

nc232
00253
00752
£0756
nC2136
n0756
ar 754
n023u
00156
N0752
06754
0023
06756
00746
002136
nR156
00750
00756
no23u
00754
NN746
nN236
00156
nC146
00750
Ne23u
00752
00756
00236
nC156
00746
06752
00234
nc750
00754
06236
00156
06754
NCTuu
00236
00756
n0752
00230
00156
N07uy
00756
00236
00750
00754
n0234

20156

PRTY

ABFA

SUBR
REL
DAC
ADD
STA
DBL
DLD
JMPx
DLD
DSR
DST
DLD
DSB
nDST
JHP
DLD
DAD
DST
DLD
DSB
DST
Jep
DLD
DAD
DST
DLD
DSB
DST
Jne
DSB
D5B
DST
DLD
DAD
DST
JMP
DSB
DSB
DST
DLD
DAD
DsST
JMP
DLD
DSB
DST
DLD
DSB
DST
Jmp
DLD
DSB
DST
DLD
DSB
DST.
JMP

PRTY

* %k

ADAB
PONT

DZRO
PONT
MD

COsT
-MF
ME
STNT
CaLC
MD -
ME
SINT

MB
CcOSsT
CaLc
MC
‘MF
SINT
ME
MB
Cos?
CAlC
MB
MC
STNT
MD
MF
COST
CALC
MB
MD
SINT
MC
ME
COoSsT
CALC
ME
MA
COST
MF
MD
SINT
CALC
MA
MF
cosT
mMC
ME
SINT
CALC
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MICROCOMP TELECOMMUNTCATED DATA
' ASSEMBLY LISTING

¢os8
0059
0060
0061
0062
nN063
0064
0065
0066
0067
€968
€069
0070
0n71
0072
0n73
0074
nnIs
0076
nn77
0078
an79
ocsn

. 0ng1

n082
Ang3
0084
0085
GLETS
0087
088
0089
0990
0091
0092
0093
0094
¢095
0096
0097
0098
6099
0100
n1n1
0102
0103
0104
0105
0106
n107
0108
0109
0110
n111
0112
0113
0114

DDP-516

00067
noo70
00071

00072

00073

00074

00075

00076 -

00077
00100
0e101
00102
00103

noica

00105
00106
00107
00110
00111
00112
00113
00114
00115
00116
on117
not2n
no121
00122
00123
00124
00125
N0126
no127
©0130
00131
nN132
N33
00134
00135
0N136
00137
N0140
00141
00142
on1u3
en144
00145
00u6
00147
00150
00151
00152
00153
00154
N0155

00156

00157

0

OO o000 0D0000DOOIOIODROODIOIO0IROVIOVOIVOIITVDOOOCOOOOODIDOD

- 00744

00752

00234

00750
00756
00236
00156
00744
00750
00234
00752
00754

00236.

00156
nO 744
00746
00234
00754
00756
00236
00156
00744
n0756
00234
00752
00746
00236
00156
00746
00754
00231
00744
90752
00236
00156
00746
00756
00234
00744

00750 -

00236
00156
00744
00754
00234

00750

00746

00236

00156
00744y
00746
00236
00750
00752
00234
00234

00245

CALC

DLD
DSB
DST
DLD
DSB
DST
JHMP
DLD
DSB
DST
DLD
DSB
DST
JMp
DSB
DSB
DST
DLD

DAD

DST
JMP
DLD
DAD
DST
DLD
DSB
DST
JMp
DSB
DSB

DsST

DLD

DAD .

DST
JHNP
DSB
DSB
DST
DLD
DAD

-DST

JMp
DLD
DAD
DST
DLD
DSB
DST
JMP
DLD
DSB
DST
DLD
DAD
DST
DLD
MPY

MB
cosT
CALC
MB
ME
SINT
MA
MD
cosT
CALC
MR
MF
SINT
MA
MC
COST
CALC
MA
ME

.. SINT

MC
MB
COST

" CALC

MR
MB
COST
MC

MD
SINT
SINT
SINE+1
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MTICROCOMDP TELFRCOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

n115
116
n117
n118
0119
0129
121
nN122
1123
0124
n12s
126
n127
r128
n129
n13n
n131
n132
0133
n134
0135
n136
n137
n138
0139
2140
0181
0142
143
D14y
0145
N14%
n1u7
n1uR
0149
n1s0
0151
nN152
0153
154
n155
n1%6
n157
0158
n159
0169
N161
n1eRD

N163
n16u
0165

r164k

cN16n
00161
n0162
nN163
cN16Y
nN16s
D166
na167
no17c
oN171
no172
r0173
nNO174
00175
00176
00177
no200
no201
00202
0203
00204
co020s
00206
no207
00210
n0211
00212
cn213
0nN214
0215
00216
nn217
on2245

nn221

00222
ne223
nnz224
nn22s%
fN226
00227
no23°

ne232
nN233
eN234
n0235
nN236
00237
00240
nn2u41
00242
nn24u3

D401
0 04
0 02
9 16
0401
9 06
0 06
0401
N Ny
602
0 1k
0 06
0 Ny
non2
0 16
0401
0 o4
D 02
016
0401
n 06
0 06
n491
0 04
02
16
06
06
0 04

D

D DD

77
0e240
no24y
0€235
77
ne2u40
20250
62
aC240
ne234
244
ne240
nr23u
ne236
00247
77
no2u0
ne2u6
00237
77
o0240
nn2s0
62

NC236
ne2u6
ac2an
ne23u
50236

101400

e 0
0 07
007
o 04

30222
0¢236
00236
00236

100049

¢ o

ne226

LT

-0 N

0 02

-n 01

nenon
no242

Copaenns

arean

nNooTuY
NN07us
oenTso
N007s52
n9c75y
000756
000000
300000
ngnneo
nnonnn
nonooen
0n60ca
neonnn
nnnnng
177777
n77777

002uc

HUER

LRS
DST
DLD
MPY
LRS
DAD
DAD
LRS
DST
DLD .
MPY
DAD
nST
DLD
MPY
LRS
DST
DLD
MPY

" LRS

DAD
DAD
LRS
DST
DLD
MPY
DAD
DAD
DST
SKI
JmMp
DSB
DSB
DST
SZE
JMP
SGL
JMPpx%x
DLD
SGL
JMPx*
EQU
EQU
EQU
0N
EQU
EOU
DBP

DBP
DBP
DBP

ocT

1
TEM1
SINE
SINT+1
1
TEM1
HALF
14
TEM1
SINT
SINE
TEM1
SINT
COST
COSN+1
1
TEM?
COSN
COST+1
1
TEM1
HALP
14
TEM1
COST
COSN
TEM1
SINT
COST

x4 4
COST
cosT
COsT

HUER

PRTY
NEGI

PRTY
"Tuy
MA+2
MR+Y
MA+6
MA+8
MA+10D
0

0
0
¢

177777,77777

121



MICROCOMP TELECOMMUNICATED DATA
: DDP-516 ASSEMBLY LISTING

0167

0168
0169
0170

0171
0172

00244
0024%
00246

00247.

00250
00251
00252

00253 .

041513
012033
066342
010027
000000
020000
0 N0O006
000000

SINE

COS¥N

HALF

ACAB
PONT

oCT

0CcT

ocT

DAC

oCcT

END

41513,12033

' 66342,10027

1 0,20000

ABFRA

0

122




PROGRAM NAME

SOURCE: PPEX

BINARY: BPPEX

ENTRY POINT (location): PPRT ('12360)
GENERAL DESCRIPTION:

'Thi's subroutine determines PIPA third failures in a.similar way to
the way GPRT determines gyro third failures. However, it does not allow
for dynamic errors as does GPRT and will not do its parity equation
calculation if octal location 765 is set to 1. This would indicate that on
this update the PIPA error accumulator (program source name' PREX,
subroutine entryA point PARC) is purging its accumulation. The timing
considerations are so stringent that at times; doing both jobs .would‘ be
impossible. Other than the above-considerations, look to.GPR’I“ fbr

documentation of the methods used.
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‘w
by

MICROCOMP TELECOMMUNICATED DATA

oneT
ongc2
00c3 00000
onou NONNY
0ngs 00002
0006 00003
oo0n7 00004
ncong 0N00S
ong9 CooNs6
ce10 00007
nN211 00010
0n12 Noo1
no13 Q0012
o1 00N13
nn15 00Ny

nn1e 02015

001700016
0018 00017
0019.00020
0020 00021
0021 00022
0022 0N023
0023 00024
n024 00025

0025 00026

0nN26 00027
nn27 0NN30
0on2g 0N031
nn29 Q0ON32
0030 £ONN33
cNn31 00N3y
na32 0N03s5
nN33 00036
0134 AN037
0035 0oPOLo
0N3e N0NU1

£N37 000Y2

ry38 N0NU3
0739 000uY
cou0 00045
00u1 00046
nou2 00047
00u3l 00050
00051
nouL 00052
00053
0045 00054
noo0ss
00056
nnos7
nonNeo
nooe61
0nue ‘

0 000000

-0 02

00765

101040

0 01

00007

140040

0 04
-0 01

00765
00000

140040

0 o4
0 02

00323

00321

101040

-0 01
0 1N
0 01

ocene
00320
00026

101000

N 06

oo0u7
00050

"DDP-516 ASSEMBLY LISTY

PPRT

GOAH

no3ze

75

20320
oeeso
00035
00320

00047
00050

00321
75

00321
Q0050
ocoeoo

101000
100400

0 0%

000y

nooneT

0 07

20052

101400

0 12

00323

009n05

-0 01

n¢co0

0 N00D54
1000000
000000
000000
N000UO.
000000
177762
0000 16
000043
000061
000070

SFLA

PRCL

OVRF
ADST
IDPT
PMSE

CRPS

NG .
SUBR
REL
DAC
LDA
SNZ
JMP
CRA
STA -
JMPpx
CRA
STA
LDA
SN2
JMp*x

- CAS

Jup
NOP
ADD
STA
LDA

"ALS

SUB
ADD*
JMP

LDA .

ADD
STA
LDA
ALS
SUB
ADD*
CALL
NOP
SPL
JMP
DBL
DSB
SMI
IRS
SGL
JMP*
DAC
DBP

ocT

OCT

END

PPRT

oxx

1765
GOAH

765
PPRT

9323

'-321‘

PPRT
320"
SFLA

ADST

_IDPT
*329
3

1320

IDPT
PRCL
8320
ADST
IDPT
321
3
321
IDPT
PRTY

OVRF
PMSE
'323
PPRT
CRPS
o _
0,40

0,177762,16,43,61,70
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PROGRAM NAME

SOURCE: GMIN

BINARY: BGMIN

ENTRY POINTS (location): GMIN ('03100)
GENERAL DESCRIPTION:

This subroutine, when called, will calculate, usingthe gyro fail status
from locations '316 and '317, the code which tells the gyro least squares
matrix generator (see documentation for program source name GPMA,
subroutine entry point GMAT) which of the 22 matrices to generate. Prior
" to the call to GMAT, this code is put in the A register. The codes are:

fail status code
no fail 0

A fail 9

B fail 18
C fail 27
D fail 36
E fail 45
F fail 54
AB fail 63
AC fail _ 72
AD fail 81
A¥ fail 90
AF fail 99
BC fail i08
BD fail 117
BE fail 126
BF fail 135
CD fail 144
CE fail 153
CF fail 162
DE fail 171
DF fail 180
EF fail 189

If there is no second fail, i.e., ('317) =-0, then the code is simply 9 x
('316), or the number of the first fail (0 - 6) times 9. If there is a second
fail, first a decision is made as to which of the two fails is larger, i.e., F
fail (6) is larger than B fail (2). The code is then generated by taking 9 x
the larger fail plus 45 if the smaller fail is A (1), 81 if the smaller fail is
B (2), 108 if the smaller fail is C (3), 126 if the smaller fail is D (4), or
135 if the smaller fail is E (5). 45, 81, 108, 126 and 135 have the octal
equivalents 55, 121, 154, 176 and 207 respectively. The program flow chart
follows, ’
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IS SECOND FATL  *
(*3117) LARGER  +
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o
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-
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|
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MICROCOMP TELECOMMUNYCATED DATA
DDP-516 ASSEMBLY LISTING

0001
0002
non3
. 0094
0nnns
ange
nno7
0608
0009
no1n
nn11
0012
nn13
0Ny
0015
nn1g
nn17
nn18
nn19
0020
nn21
0022
nNn23
noou
0025
nNn26
€127
nn28
nn2o
on3n
nn31
nn32

foeen
nono
cnen
none3
nonNey
onoes

00006 .

00007
rr010
0nnT
rN012
0NN 13
nnn1y
00015
eno16
00017
00020

o0nn21

aen22
nongs
cnNNnoy
ane2s
nnnze
00027
nno3on
00031
neo32
00033
nfNn3y
0nn3s
nnni3e
00037

S nnnyn

nn33

nnny 4
neou?

N 000000

n n2

0on317

101040

01
11
01
21
06
oy

DODDODDIDD

1415
né
N6
01
n2
e
ny
02
ny1s
0 06
-0 06
n N9
0 02
ngts5
0 ne
0 10
-0 01

DDDDLOD

n?2

NCo26
nNc316
are16
nen2e6
0oen33
neoiy
00316
75

00316
neoly
16031
10316
oce33
nno3u
nec31n
75

00317
oro3u
oen3t
0¢316
75

00316
noeno
ognen

0 000025
noocoo
0onnno
nonass
noo121
000154
nnp176
000207

GMIN

SFLA

O0OFA

PMCL

ACST
IDPT
SUTA

REL
SUBR
DAC
LDA
SN7
JMpP
CAS
JMP
JMpP
ADD
STA

‘LDA

ALS
ADD
ADD*
JMP
LDA
ADD
STA
LbA
AlS
ADD
ADD*
JMP
LDA
ALS
ADD
CALL
JMPpP*
DAC
BS7
oCT

END

GMIN
¥

1317

OOFA
*316
SFLA
OOFA
ADST
IDPT
1316
3
1316
IDPT
PMCL
'316
ADST
IDPT
*317
3
1317
IDPT
PMCL
'316
3
1316
GMAT
GHMTN
SUTA
>
0,55,121, 154,176,207
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PROGRAM NAME

SOURCE: GPMA

BINARY: BGPMA

ENTRY POINTS (location): MATR ('12102), GMAT ('12136)
GENERAL DESCRIPTION:

This program contains the two subroutines GMAT and MATR which
generate the appropriate gyro or PIPA 6 x 3 least square ‘matrix when
called (with the proper code in the A register) by GMIN or EMIN (see
documentation for GMIN and EMIN). These subroutines make use of two
tables. The first, the double precision data table (DPDT), contains all the
double precision fractions used in any of the 22 (1 no fail, 6 single fail and
15 double fail) least square matrices. For example, the first fraction in
the table is a double precision 0(DBP 0), the second is

§lnze—a 0. 26865556403

(OCT 20645, 45016), the third is

_ sine o cos a
2 2

The second table (TABL) contains 22 sets of pointers, each set of

, the fourth is

which indicates which constants from the first table belong to a particular
matrix. Each set is made of 9 16 bit words, or 18 bytes. Since there are
18 elements to each 6 x 3 matrix, each byte points to one element. For
example, the first nine words (octal 1000, 3004,6, 4004, 10, 1000, 6, 1000,
4002) point to the constants for the no fail matrix. The next nine point to
the constants for the A fail matrix. The code that GMIN or EMIN generates
before calling GMAT or MATR tells where in the TABL to get the first of
the nine words that point to the matrix corresponding to the gyro or PIPA
fail status. Consider again the first nine words in TABL pointing to the
no fail matrix constants. The first oi the nine words is octal 1000 or
binary 00000010 00000000, which when broken into bytes becomes octal 2,
0. All nine broken in to bytes become 2, 0, 6, 4, 0, 6, 10, 4, 0, 10, 2, 0, O,
6,2,0, 10, 2. Calling sine ¢ S and cos a C, these 18 bytes point respectively
to

S c S < s c s £
2 > 03 2 2 2 2 0’ 2 2 2 > 0) OJ 2 ) 2 E OJ 2 and

>
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which are t.he'18 elements of the no fail matfix. The flow chart for GM'AT_ ’

(MATR is analogous) follows:
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| BO“D = ADTR « (p) |
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i \
& 2

-
¢
1
| ADDRESS TS 1IN t
t
1
v

AUTOFLOW CHART SET - DRAPER  OEHRLE'S PLOWCHART - GHAT

1<

( BOMD = BOMD ¢ 1 |
t 0P PYT THE 1
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¢
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t
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i
t
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| THE DOIPLE |
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) TRYP )
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LOCATTCN *407 4 1
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377, THE FI®ST
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MICROCOMP TELECOMMUNICATED DATR
DPP-516 ASSEMBLY LISTING

0non
oon?
nno3
0004
05005
WY
onn7
NDNOR
nnng
0010
nn11
nn12
nN13
no1Y
0015
nN1e
net7
0n18
nn19
pe2n
nen21
nn22
nn23
N2
nNnJs5
nNN26
0027
£9249
n920
030
nn3
0032
nN33
0n3u
nn3is
nNie
cn37y
nn3g
039
nnun
cnun
nou?
nou3
nooy
nous
QnNue
0047
noug
rnga
noasn
nns1
nns2
nnGg3
nnsy
055
0Ns6
0nns7

0000n
aone
nnne?
conns
0000u
0ones
0nnee6
90007
nento
nont
nno2
annaa
oonry

00015

00016
oonty
0o0e2n
onrn2
cnQ22
onn23
0an2a
cQ025
to026
non27
00n3e
00031
onn32
oneas
0003y
non3s
nenN3e6
nnnlg
00n40
ooow
ocou2
onny 3
oncuy
onous
nnoue
foouy
021050
ceos
00052
nens3
o005y
nnnss
anns6
0nns7g
nNogn
nnng
none2
00063
cnceu
0n0es

nnnoeo
06 00070
04 00071
35 00524
N1 00006
0 12 0C071
-0 02 00071
141140
n 0r NDNT3
N 08 0Ce72
n0on07
-0 N2 00072
1 94 0C666
H00N0S
0 12 00000
N 12 90000
-0 02 00071
141959
0 06 20073
3 04 20072
fonaQ7
-0 02 00N72
1 04 0ON6ERE
noones
0 12 00000
12 cono0
01 00095
01 a0000
gangen
06 oco7n
Du 0007
35 2C524
01 0C0u2
12 ocoM
02 0C071
141140
0 06 2073
n 04 NC072
noooeGy
-0 02 00072
1 04 00400
000005
n 12 00000
812 0caone
-0 02 9C071
141050
1 06 00073
0 04 00072
aponey
-0 02 00072
1 04 o0u00
nnnees
n 12 0¢0Q¢C
f 12 20000

ODC 202D

QO DO DODIDIDD

i
o

MATR

FULL
BEGWN

GMAT

GULL
GEGN

SUBR

SUBR

RFL
DAC
ADD
STA
LDX
JMP
IRS
LDAx
ICL
ADD
STA
DRL
DLD*
DST
SGIL
IRS
IRS
LDA*
CAL
ADD
STA
DBL
DLD*
DST
SGL
IRS
TPRS
JMP
JMPx
DAC
ADD
STA
Iny
JMD
TRS
L DA*
ICL
ADD
STA
DBL
DLD*
DST
SGL
IRS
IRS
LDA*
CAL
ADD
STA
DBL
DLD*
DST
SGIL
IPS
IRS

MATR
GMAT

*x¥x

ADTB
BOMD
=1177734
BEGN
BOMD
BOMD

ADPT
TEMP

TEMP
‘666,11

0
0
BOMD

ADPT
TEMP

TEMP
'666,1

0

0
FULL
MATR
* %k
ADTB’
BOMD
=v177734
" GEGN
BOMD
BOMD

ADPT
TEMP

TEMP
'400,1

0

.0

BOMD

ADPT
TEMP

TEMP
'400,1
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0058
1659
0060
0061
1062
N063
co6l
0065
N0AE
0067
nneE"
0069
no70
0071
nn72

nn73

0077
nnI8
0079
rngn
0ng
| nng2
6083

oc8u

0085

0086

ong?

noRA

0089

00066 -

00ne7
00070

0o071:

00072
0nn73
onnTy
00075
00076
00077
nonn
co101
ne102
00103
N0
R
P0106
fo1e7
00110
co111
0112
006113
0011y
00115
00116
0n117
n0120
00121
00122
on123
nny24
r0125

00126

00127
001390
nec131
00132

nnN131

00134
0n135
00136
00137
0c140
no141
no142
00143
0014y
00145
00146
00147
00150
00151
00152
00153
00154
00155
N0156

0 21 00041
-0 01 0003
0 000216

009900
000000
0 0ONON7u
000000
noonoo

" n20645

045016
157132
032762
033161
nou4c13
144616
073765
011231
036014
1665u6
nu1764
047311
072023
130466
fN575%
034776
033025
143001
084753
042575
013015
135202
064763
007414
N07002
170363
070776
014130
066010
163647

011770

ousu7y
n43011
132303
034767
074674

016047
103103
061731
n03155
003010
174622
074770
n43503
066422
134274
011356
N49326

ADTB

BOMD

TEMP
ADPT

DPDT

JMP
JHpx
DAC
BSZ
BSZ
DAC
DRBP

OCT
QCT
oCcT
ocT

oCcT

ocT

OCT

0OcT

ocT
ocT
QCT
oCcT
ocT
ocT
OCT

OCT

0CT
ocT
OoCT

oCT

GULL

. GHAT

TABL.
;

]

DPDT

0
20645,45C16
157132, 32762
'33161,048013
144616,73765
11231,36014
166546,41764
87311,72023
130466,5755
34776, 33025
143001, 44753
42575, 13015
135202,64763
7418,7002
170363,70776
18139,66019
163647,11770
45474,43011
132303,34767
74674, 16047
103103, 61731
03155,03010
174622,74770
43503, 66422
134274, 11356

40326,63412
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MTCROCOMP TELECOMMIINICATED DATA
DDP-516 ASSEMBLY LISTING

cnon
nC91
€092
ncal
rnay
0195
rNak
097
cnag
0na9
fAnn
n101
0102
0103
1oy

n1as

0108
0109
n11n
r111
n112

n113

00157
n0160
tN161
0N1€2
00163
no16u
00165
00166

No167 -

eo17n
0n171
nn172
nn173
0n17u
nn175
eN176

nn1T7

0na20e
0n201
00202
nn203
on2cy
np2ns
nn206
ro207
no21¢
00211
n0212
00213
0on214
n0215
002146
no217
00220
nn221
00222
00223
00224

ne22s

00226
nn227
nn230
nn231
np232
09233
00234
nnz23s
ce2346
on237
no2u0
o241
nn24?2
00243
002uu
00245
n0246
00247

063412
137451
f1u366
055581
046021
127126
031757
031179
027424
146607
850354
NuU6660
071432
131117
N063u6
076664
072435
11113
nns3gl
D24022
250026
153755
027752
N05145
057377
172632
020401
026013
n24414
151764
N53364
29010090
203004
nooeoe
oounoy
0nnno1o
001000
000006
001000
004002
0n000C0
000014
000016
N14004
020030
001040
015006
011032
004022
nosneo
nornen
000000
n14004
017030
001036
016706
011934

TABL

ocT

oCcT

oCcT

oCT

acT

ocT

OCT

0CT

OCT

oCcT

OCT
OCT
0ocT
0ocT
0ocT

oCcT
ocr
OCT
OCT
oCcT
oCT
oCcT
0CT

OoCT

137451,14366
50651,46021
127126 ,31757
31170,27424
146607 ,50354
46660,71432
131117,6346
76664,72435
101113,5343
24022,50026
153755 ,27752
05145,57377
172632,2G401
26013,20814
151764 ,53364

1660,3004,56
5004,1C,1000
6,1000,8002

c,14,16

14004,2003C, 1040

15006, 11632,4022

s¢fo,7000,0

14004,17030,1036

16006,11034,4022

133



MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0114
0115
0116
n117
¢118
n11
0120
0121
r122
n123
0124
n125
n126
0127
0128
0129
0130
0131

0132

00250
nn2s51
0n252
00253
00254
00255
00256
on2s57
00260
002€1
00262
00263
00264
ne26s
00266

00267

00279
00271
00272
nn273
00274
00275
00276

nn277

00300
onin
no3c2
nn3c3
n030u
00305
no3ne
00307
0Nn310

n0311 -

00312
00313
00314

00315 .

00316
00317
00320
00321
00322

00323

00324
00325
00326
00327
00330
00331
00332
00333
00334
00335
00336
00337
00340

004022
011032
nN03024
016006
00n00o
noon29
005000
017026

001740

014002
N11034
003724
015006
010014
0000090
nonnngo
020026
n01036
014n02
eNIN3e
013004
017026
ooun2y
216210
011132
nonoan
000000
010012
001040
013204
020026
0oun2y
015010
011034
00Nn016
005000
0nonng
0000090
092000

- 000009

N22004

000044 -

091000
000006
023000

004046

000000
000110
046056
000000
000104
025120
027066
037054
032072
000000
000110

.0CT

OoCT

oCT

OCT

0oCcT

ocT

OCT

oCT

oCcT

0OCT

0cT

ocT

oCT

oCT

oCT

OCT

oCcT

ocT

oCcT

111032,3024, 16006
0,20,5000
17€26,1040, 14002
11034, 3024, 15006

110014,0,0
20026,1036, 16002
1@36,13ocu,17026
4024, 16010, 11032
0,0,10012
1040, 13004,20026
4024,15010, 11034
16,5000, 0
0,0,0
22004,44,1000
6,23000,4046
0,110,46056
0,104,25120
27066,37054,32072

0,110,45056
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MICRCCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0133

nN135
N136
0137
n1138
n139
nun
0141
0142
n1u3
Ny
01us
r146
n147

n1ye

00341
nNo3y2
nC3y3
0034y
00345
00346
oniy?
00350
00351
10152
0n3s3
00354
00355
n0356
0n357
0360
00361
nn362
0nN3e63
nNl6Yy
o0n36s5
00366
n0367
nnN3Tn
00371
ne372
00373
~fN3TY
003758
nN374
00377
oou0n
rou0

noun2

00403
onucy
no4os
nOuUNG
noucT
Co410
CUYER!
nAW12
RE
nou1g
RE
nou16
noy 17
nou20
nng21
00u22
PR
nnu2y
ney2s
00u26
nou27
00430
fou3

045056
042054
nso00n0n
n000eo
026062
0135056
N3u407s
ng0Neo
000054

047102

034100
n30n64
035054
100000
000112
030106
000000
000054
050102
032074
026070
n37960
N45156
043000
n00000
043112
027000
900000
900000
000104
025116
025062
035060
n34n76
n43114
027700
000000
042054
047000

000000

N30066
n3TNns2

n32072

025116
ou1nno
nnncno
032074
025079
037056
nooeen
(I I )
939106
025120
ny1oeo
ononco
134100
027064

oCT

ocT

ocT

ncT

ocCT

ocCT

" 0OCT

oCcT

oCcT

ocT

ocT

ocT

- oCT

OCT

ocT

ocT

0ocT

0OCT

0CT

42054,50000,0
26062,35056,34076
0,54,47102

34100, 30064, 35054
0,112,30106
o,su,561oz
32074,26070,37060
45056, 43000,9
43112,27000,0
0,104,25116
25062,35060, 34076
43114,27€00,0
42054,47000,0
30066,37052,32072
25116,41€00,0
32074,25070,37056
0,114,30104
25120, 41609,0

34100,27064,35052

'
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBRLY LISTING

n182

n153

p1sYy

0158

0156

0157

n158

n159

0160

P61

162

0163

Nipl

n165

0166

ni167

nis4

0169

n170

WLYEY)
nHuB33
nny 3y
nou3s
nNOL36
nou37
W
nouy

oQuy 2

ooy
nouLy
rO4YLS
nouué
onyg7
nousn
00us1
naus?
nngs3
nousy
nouss
00454
004s?
n0uB60
00461
00462
00463
noueL
00465
00u66
nOU67
nou70
00471
neuT2
nou73
nouTYy
00uTS
076

nAETT

IALY I
00501
nos02
00503
00SGu
eQ505
00806k
00507
00510
00511
00512
nns13
00514
00515
00516
00517
00520
nns21
00522

035052
DBENSH
043N
nenonn
023000
0039750
00106
noaNnNY
00000
napnnn
000042
nN01N00
022002

. N3INSE

N33074
N25062
gonnen
000060

063112

000000
100120
Nu2052
03515y
131100
030066
000000
000060
043114
047102
025000
000000
035052
n31100
n27066
030110
046000
SDHLLI
000N Q0
nDN116

 Du2n52

037060
n33074
nN26062
030110
045000
000000
050102
025000
000000
0101000
n21004
ooonu?2
004059
000010
023000
000000
0noeno

oCcT .

ocT

oCcT

oCcT

ocT

acT

- oCT

ocT

ocT

ocT

oCcT

0CcT

ocT

OCT

ocT

ocT

oCcT

oCT

ocT

46056 ,43020,0
23000, 3050, 6
0,0,0
42,1000,22002
37056,3361u,25052
0,60,43112 |
0,129,u2052
35054, 31100, 30066
0,60,63114
47102,25000,0
35052,31100,27066
30110,46000,0
0,116,42052
37060, 33074, 26062
30110, 45000, 0
50102,25000,0
1000,21004,42

4050, 10,23000

0,0,0
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MYCRCCOMP TFLECOMMIUNICATED DATA
DDP-516 ASSEMBLY LISTING

nns23 naonnny
171 00524 177734 END
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PROGRAM NAME

SOURCE: EMIN

BINARY: BEMIN

ENTRY POINTS (location): EMIN ('03034)
GENERAL DESCRIPTION:

This subroutine, when called, will calculate, using the PIPA fail status
from locations '320 and '321, the code which tells the PIPA least squéres’
matrix generator (see documentation for program source name GPMA,
subroutine entry point MATR) which of the 22 matrices to generate. Prior
to the call to MATR, this code is put in the A register, For an explanation
of the codes and a flow chart of this subroutine, see docurﬁentation for

program source name GMIN,
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MICPOCOMP TFLECOMMUNICATED DATA
DDPP-516 ASSEMBLY LISTING

nong REL

one? SUBR EMIN
nAN3 0ONON 0 900900 EMIN DAC = **
nOOL ARNNA D 02 00321 1.DA 1321
ANDS NODE2 11040 SN2

0NNE NpNN3 0 01 NOD2E JMP  OOFA
nonT nnnou N 11 00320 CAS 1320
ANOR ONNOS n N1 00016 JMP SFLA
nAca ONOCce - N N1 NO0D26 Jmp O0FA
nn1n 0NN 2 06 NOO33 ADD ADST
nN11 0nnan 5 04 0003y STA INPT
nr12 00N1 N 02 00320 LDA *320
0N13 0ONY2 0415 75 " ALS 3
nn14 0nN13 n 06 NG320 ADD '320
0115 COMTY =0 06 NOC3Y ADD* IDPT
Ar16 CNNDAS n 01 00031 Jmep PMCL
NN1T7 00016 f 02 NN320 SFLA LDA 1320
no18 0R017 0 06 NON33 ADD ADST
0nN19-00020 n 04 N003Y STA IDPT
ANZA AONADY n-02 10321 1.DA 1321
AN21 0NN22° W15 715 ~ALS 3
np22 onp23 N o0R NN321 ADD '321
nr23 0nn24 =N NA NOCY ADD* IDPT
NNy 0A025 A 01 0031 N PMCL
AN25 fON26 N N2 N0320 NOPA LDA 1320
an2s 0ONN27 ny1s 715 ALS 3
AN27 fAN3Y noRA 0032C ADD 1320
£a28 0CN3A 5 10 00000 PMCL CALL  MATR
£0N20 00N32 -0 01 00000 . -JMP* EMIN
NNO . ANN33 " 0-NN0N35 T ARST DAC SUTA ,
£Nn31 00N3u . ONENON IDPT BSZ 1 ' .
An32 0NN3S 000000 SUTA OCT 0,55,121,154,176,207

nNN3e  DOO0SS
0nn37T  00n121:
GeNuo T N001Ss
T Annut1 T nant17e
. f00u2  NNo2c7 :
WLRKE o : END
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PROGRAM NAME

SOURCE: MG63

BINARY: BMG63

ENTRY POINTS (location): MG63 ('04012)
GENERAL DESCRIPTION:

This subroutine performs the 6 x 3 matrix multiplication .which
transforms the six gyro A6 outputs into the x, y, z frame. The 6 x 3
matrix is stored as double precision fractions in locations '334 — '377
and it is the least squares matrix corresponding to the gyro fail status.
The six gyro pulse counts are single precision fractions- scaled at 7 2-8
radians (for example, 1 gyro pulse would be represented as an octal 000400
= 7 215 radians) and are stored in locations'400,_'402, '404, '406, '410,

and '412 respectively.

ABX, AOY and A6Z are first formed in temporary double precision
accumulators DTXU, DTYU and DTZU, double-precision fractions é‘caled .
at 7 2'-8 radians. These are then multiplied by 7/4 and added into DTXB,
DTYB and DTZB (locations) '414-'415, '416-'417 and '420-'421), which are
double precision fractions now scaled at 2_6 radians, Since the attitude
algorithm (see documentation for ATTA, program name AA6S) only uses
the high order of DTXB, DTYB and DTZB, the low order is saved as a
residual and-at the beginning of MG63 only the high order is zeroed.

The internal subroutine MUPY will dothree single by double multiplies

and adds, performingthe functions expressed by the following equations:

. DTXU = DTXU + (GMAT + I) PTMP
DTYU = DTYU + (GMAT + 2 + 1) PTMP
DTZU = DTZU + (GMAT + 4 + I) PTMP

where (GMAT + 2 + I) is the double precision fractional matrix element
stored in locations '334 + 2 + I and '334 + 3 + I,where I is the contents of
the index register. 1If, for example, I = 6 and PTMP = GBPC (gyro B

140




pulse count), the above equations can be written:

DTXU + ('342, '343) GBPC .

DTXU =
DTYU = DTYU + ('344, '345) GBPC-
- DTZU =

DTZU + ('346, '347) GBPC

The 6 x 3 matrix is shown below and it can be seen that the above
example shows how all of gyro B's contribution to the X, Y and Z axes can.
be -gotfe'ri by setting T = 6, PTMP = GBPC and doing the internal subroutine
MUPY. ' , '

- ('334, '335) ('342, '343) ('350, '351) ('356, '357) ('364, '365) ('372, '373)

(1336, '337) ('344, '345) ('352, '353) ('360, '361) ('366, '367) ('374, '3175)
(1340, '341) ('346, '347) ('354, '355) (362, '363) ('370, '371) ('376, '377)

- B x 3 mairix storage locations.

The flow chart for MG63 follows:
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MICROCOMP TELRECOMMUNICATED DATA
DDP-516 ASSEFMBLY LISTING

nnn9
h{\(\z
nnn3
NNty
cnos
nnneg
nneT
neos
nana
nnae
on1g
no12
frn3
LS 1)
nnis
nNN1e
0n12
ALCE RS
nnN1a
nn2n
nrn21
nN2?2
nn213
nAJu
ne2s
nnog
nnd7g
nn28
ne2a9
cNan
N33
nn3p
nn3a
nN3n
r1135
rN16
nn37
("3R
("39
noyn
nnun
nNy2
neus
nogy
a0us
nogaA
neyT
nnuR
anga
nngn
09181
nns2
1051
nn54
aAngeg
ULLYS
ans7

oennnn
[CANAKAN
copn2
noon3
0nnny
onons
apnee
feneT
oane 10
DIGARD]
onnt2
20013
nanty
nonA1s
ceni16
onnty
neo2n
nne21
cnr22
fnenD]g
con24u
cne2s
cNe2e
nen27
one3n
noe 3l
nnn32
nne3ll
nnn3y
nnei3s
nnnag
nnni3T
nneuc
oong
anuz
nnnul
nonyy
norus
NO2UA
nanyy
ANGEND
nong
nnns?
0053
noNsy
nnngsg
AT
tangy
nraneon
nnngp
nnoe2
fOn63
nnnGY
Congs
0ONG6s

2D DO O D

0 NoeNoo
wonun

ou
ny
04
Cy
ou
0y
ou
0u
04
Ny
02
()}
10
35
02
ny
1!\
35
02
nu
1
35
0?2
nu
11
35
n2
ny
10
35
02
ou
10

DD O DDV DDIDODIDNDDODIODIIDOOIIDODIDIIOOLDODO

00102
00103
nr10u
nc105
00106
90107
Nou1y
neu16
00420
n0000
0400
30100
0112
0173
20602
80100
0112
NC1T2
ACuoY
100
nr112
00171
NOBOR
a0100
AC112
nr17C
neae
ne10c
0112
0167
NOu12
acqne
ne112

009NnecT

nn2
a2 07
9401
06
06
n6
04
02
07
1401
06
0F
06
ou
02
) 07
nani
0 06
n g

2O PO

neou
nc102
76

20192
Nc19n2
nouy
anuy
007y
010U
T¢€

0c10u
nnang
fcue
nnu1e
0C074
ne1te
76

00196
0c1neG

REL
STRR
NAC
CRA
STA
STA
STA
STA
STA-
STA
STA
STA
STA
STA
LDA
STA
JST
1DX
LDA
STA
JST
I DX
LDA
STA
JsT
LDX
LDA
STA
JST
1DY
LDA
STA
JST
LDYX

‘TL.DA

STA
JST
DRL
DLD
DSB
LRS
DAD
DAD
DAD
DST
DLD
DSB
LRS
DAD
DAD
DAD
DST
DLD
DSB
LRS
DAD
DAD

MG63

TRk

DTYD
DTXU+1
DTYN
DTYN+1
DTZN
DTZU+1
DTXB
DTYB
DT7B
0
GAPC
PTMP
MUPY
=6
GBPC
PTMP
MUPY
=12
GCPC
PTMP
MUPY
=18
GDPC
PTMD
MUPY
=24
GEPC
“PTMP
mopy
=30
GFPC
PTMP
MUPY

DBPO
DTXU
2
DTXU
DTXN
DTXB
DTXB
DBPO
DTYD
2
DTYU
DTYU
DTYB
DTYR
DBPO
DTZU
2 .
DT7.U
DTZ"
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MICROCOMP TFELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0nsg
0059
NCRO
0061
no62
neg3
006U
nnes

00NRAK

0967

no68

9069
0070
0n71
072
0n73
anTy
ne 718
0076
nn77
noTR
nn79
€180
0ng1
noA82
nng3
cnay
neas
£nR6
negy
no8s
0NK89
neag
cCa
n092
0093
pO9Y
0095
c096
nng7
nn9s
0n99
0100
0101
0102
0103
0104
0105
0106
0107

00067
nooTo
nnoT71

nNno72

fnoTa
00C75
0nn7e6
00077
no1Cco
oniIng
no1e2
0n103
00104

00105

00106

00107

00110
00111

rO112
00113
£o114
ne115

00116
00117

fQ120
nnN121
00122
0n123
00124
00125
0N126
00127
00130
00131
00132
00133
nn134
00135
00136
00137
00140
09141
nC1u2
00143
00144
00145
00146

0 06
0 04

0Cu20
0042¢C

noones

-0 01

00Qo0

00000n
000000
000000
000000
n00n00
000000
000000
000099
000000
n00N00
000000
000000
000000
040000
n00B14
000416
000420
690400
000402
00040y
000406
NO0L 10
n00412
000334
0 000000
n0n007

1 16
0 04
0 n2
1 16
0 06

cr334
00076
00100
003135
ne110

140320
000201
140040
100001

06
06
oa
02
16

DO adDdDOD

140401 .
00076

00192
00102
00100

00336

00076
00100
00337
00110

140320
000201
140040
100001
140401

0 06
0 06
0 04

0eeT6
00104

00104

DBPO

TEMP

PTMP

DTXU

DTYY

DTZY

HALF

DTYB
DTYB
DTZB
GAPC
GBPC
GCPC
GDPC
GEPC
GFPC
GMAT
Mury

DAD
DST
SGL
JMP*
DBP
DBP
DBP
DBP
DBP
DBP

oCT

EQU

FQU
EQU
EQU
EQU
EQU
EQU
EOU
EQU
EQU -
DAC
DBL
MPY
DST
DLD
MPY
DAD
CSA
IAB
CRA
SRC
CMA
DAD
DAT
DST
DLD

MPY -

DST
pLD
MPY
DAD
CSA
IAB
CRA
SRC
CMA
DAD
DAD
DST

DTZB
DTZB

MG63

0
0,40000

41y
DTXB+2
DTXB+4
'u00
GAPC+2
GAPC+4
GAPC+6
GAPC+8
GAPC+10
*334

* %

GMAT, 1
TEMP
prTMp
GMAT+1,1
HALF

TEMP
DTXU
DTXU
PTMP
GMAT+2 1
TEMP
PTHMP
GMAT+3,1
HALF

TEMP
DTYU
DTYU
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MTCPACOMP TELECOMMINTCATED DATA

n1ag
r1nq
n1e
CRRE!
n112
n113
N1y
"1y
2114
r117
n11R
n110
n1oae
121
1122
n123-
"1y

DPP-516
0017 0 02 ne100
nO1SH 1 16 00340
N01S1 0 04 00076
00152 0 02 00100
0N153 1 16 00341
0154 0 06 00110
FA1SS 140320
nN1S6 0N0N201
fOTST 140040
NO16C . 109701
NN161 140uNg
nfN162  0.06 00076
fN163 N 06 D01NG
0164 D 04 0106
P65 NODNNS
0166 =0 01 00112
rN16T  NO0NIE
n017H 200030
nNN1T71 00N022
00172 000014
fC173 00N0CK

ASSEMRLY LISTING

DLD
MPY
DST
DLD -
MPY
DAD
CSA
IAB
CRA
SRC
CMA
DAD
DAD
DST
SGL
JMP*
END

PTMP
GMAT#U,1
TEMP
pPTHP
GMAT+5 ,1
HALF

TEMP:
DT7N
DTZN

MUPY
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PROGRAM NAME

SOURCE: MV63

BINARY BMV63 _
ENTRY POINTS (location): MP63 ('03664)
GENERAL DESCRIPTION: -

This subroutine performs fhe 6. x 3 matrix multiplication which
tra.nsforins the 6 PIPA AV outputs into the X, Y, Z frame. It is an almost’
identical program to MG63 (see documentation for MG63) except that AVX,
AYY and AVZ do not have to be scaled by 7/4 as in the gyro 6 x 3
- multiplication. '
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MTICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBRLY LISTIKG

nnng
nnn2
0003
nnoy
nnons
nnneg
nnna
neeg
nnna
nN1n
nntY
N2
rn13
NNy
nn1s
neté
nn17
nN18g
cn19
nn2n
nn21
nn22
nn23
rn24y
nn2s
NN2F
nna7
nn2g
nnNRa
£N30
nn
nn32
nni3

on3y
nn1s

nNNA
0n37
ne3s
nn1ig
noue
nryq
YY)
ney?
nouy
nnus
nous
nny7
naug
nouo
nnso
nng1
nos2
nns3
nney

00000
00nod
onon2
0003
nonoy

nopgs
00n0n6 -

nono7
00010
GLIER
0nn12
non13
nonty
0np1s
nnNn1e
00017
00n20
00021
noN22
n0n23
nNNNoY
0nn2s
0en2e
nen27
nNR30
nnn31
00032
IEE
0nn3y
0en3s
nn036
nnnil7
onngn
cong
cony2
N0y 3

notuY
nanys
ALA O R
nneuy
09050
annsa
0nns2
0nns3
onnsy

DTODDODODOOHIDIOIDIDIDDDDIODIDDIDHTODODODO

0 0n00en
1wunnuo0

0nQon

0y
04
o4
04
n2

01

No61U
nce16
00620
00000
00600
neeue
nnogy
ne125
Neen?2
acoun
nNoNuu
nc12y
needy
nooup
0couy
nn123
Neene
Neeouo
neouy
nN122
Ne610
orogo
arony
on121

2 00612

neGouo
neouyy
noeon
0

neonno
neonen
nnonngy
nonnng
nyannro
NNtA 1Y
NO0AR16
NONEDD
Nonann
No0R02
nan60Y
N30606
nNnne10
nNOoNeK12
nanNe22
0 nO0000
nojeoT

1
0
n
9

it

16
oy
n2
16
06

00622
npe36
oeoun
nee23
00042

140320
010201

MP63

TEMP

PTHP

HALF

DvY®B
DvVYR
DVZB
ARPC
ABPC
ACPC
ADRPC
AEPC
AFPC
PMAT
MOPY

REL
SUBR
DAC
CRA
STA
STA
STA
STA
LDA -
STA
JST
LDX
LDA
STA
JST
LDX
LDA
STA
JST
LDX
T.DA
STA
JST
LDX
LDA
STA
JST
LDX
LDA
STA
JST
JMP*
DBP

DBP
oCT

ROU
EQU
FOU
FOU
EQU
EQU
EQU
EQU
EQU
rOU
DAC
DBEL
MPY
DST
DLD
MPY

‘DAD

CSA
IAB

P63

DVXB
DVYB
DvVZB

AAPC
PTMP
MUPY
ABPC
PTMP
MNIPY
=12
ACPC
PTMP
MUPY
=18
ADPC
PTMP
MUPY
=24
AEPC
PTMP
MUPY
=30
AFPC
PTMP
MUPY
Mp63
0

0
n,u0000

'614
DVXB+2
DVYB+4
t600
AAPC+2
AAPC+4
AAPC+A
AADPC+8
AAPC+10
1622
x%

PMAT, 1
TEMP
PTMP
PMAT+1,1
HALF
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MICROCOMP TELECOMMUNICATED DATA
. ... DDP-516 ASSEMBLY LISTING
N055

- NOD006

TENP
DVXB
DVXB
PTHP

" PMAT#2,1

TEMP
PTHP
PMAT+3,1
HALF :

TEMP
DVYB

- DVYB’

PTHP .
PHAT+4,1
TEMD
PTMP
PNAT+5,1
HALP

TEMP
DVZB
DVZB

NOPY

00055 - 140040 CRA
n056 00056 100001 SRC . -
nN0S7 00057 140401 CHMA
0058 00060. O 06 00036 DAD
0059 00061 0 06 00614 DAD -
0060 00062 0 04 00614 DST
No61 00063 0 02 00040 " DLD
0062 00064 . 1 16 00624 MPY
0N63 NO065 - 0 Ou 00036 DST
nC6L 0N066 0 02 00040 DLD -
on6s 0n067 1 16 00625 MPY -
0N6E.0NDT0 0 06 00042 DAD

0067 00071 140320 CSA
0068 00072 000201 IAB
.0069 00073 140040 CRA
0070 00074 100001 SRC .
0071 00075 140401 CHMA~
0072 00076 0 06 00036 DAD
0073 00077 0 06 00616 DAD
0074 00100 0 04 00616 DST
0075 00101 0 02 00040 DLD
n076 00102. 1 16 00626 MPY
0077 00103 0 04 00036 DST
0078 00104 0 02 00040 DLD
0079 00105 1 16 00627 "MPY
0080 00106 0 06 00042 DAD
0n81 00107 140320 CSA
nn82 00110 000201 . IAB
0083 00111 1450040 CRA
0084 00112 100001 SRC
0085 00113 140401 CHA
0086 00114 0 06 00036 DAD
0087 00115 0 06 00620 DAD
€088 NO0116 ~ 0 D4 00620 pST
nng9 00117 no0oons5 - SGL
nean 00120 -n 01 0004y JMpx*
ne91 00121 000036 END

00122 000030 ,

00123 000022 -

00124 000014 :

00125
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PROGRAM NAME

SOURCE: SPUN

BINARY: BSPUN

ENTRY POINTS (location): SPUN ('05560)
GENERAL DESCRIPTION:

This subroutine when called will correct the quaternion in order to’
maintain it as a unit quaternion. It imposes the constraint that
o 221 021 524 022 1]
X y =z

Ideally the equations to be implemented would be

A= xd
pX'=/‘Xd
' = d
ﬂy py
'=¢. d
z z
where
d=‘/ o1
2 2 2 2
7t+px +py+pz.

However, since the sum of the squares of the elements of ‘the quaiernjon

never deviates significantly from 1, we can simplify as follows:

~ 2 2 2 2
€ =X tpy +py

or 2 2 2 2

SO
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o~ ‘ __E_
Al= (1 2)
vaz px(l -%)

T 1 _ €
Py py( 5)

ST - £
Py =P, (1 -3)

Using the scaling and terminology for the quaternion described in the

program AA6S

_ . N , . ,
(i.e., L = 22\', RX :'z—x, RY =-—2Land Rz :'_gz‘”)
we derive the new constraint that
L2 + Rx% + RY2 + RZZ equal 1/4
L'=LD
RX' = RX D
RY'=RY D
RZ'= RZ D
w_here
b= 1
2/12 + RX® + RY2+ RZ?
=12+ RX? + RY? + RZ? -+
L+ RX? + RY? + RzZ%= £+ E
12+ rY? + RY? 4 rz? = \/%+ Ex1+ E
Dz—l——'-"-l ~ 2E
1+ 2B
SO

L'= L (1-2E)
RX' =RX (1-2E)
RY' = RY (1-2E)
RZ' =RZ (1-2E)




or

AL= -2E L
ARX = -2E RX
ARY =-2E RY

. ARZ = -2E RZ

Now expand the AL term (the ARX, ARY and ARZ- terms are analogous).

Since AL is very small we shall really calculate

924p1, = -92%p .
define FACT = -229E. Then
AL . FACT L
24
2
since
L= L1 +———Ll25 + Lg?’o
- . 9t 2°
then
_ FACT L1, FACT L2 , FACT L3
AL = 524 * 35 T 54

2 2

and we need only calculate

ar - FACT L1
24
2
repeating we have
E=1%2+RX%+RY%+Rz2-1/4
and
2 2
2 2 1.2 L3 L1 L2 .1 L3 1.2 L3
12= L1°+ + + + +
230 260 214 229 244
2 2 - o
RX2 - RX12 + RX2 + RX3 + RX1 RX2 + RX1 RX3 n RX2 RX3
30 60 14 29 44
2 2 2 2 2
RY2 = ...
rRz? =
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substituting and gathering terms we get

2 2 2

E= L12+ rx1% + RY1% + RZ1

2 2

+ RZ3

22 | 132 + Rx3® + RY3

230 - ' 260

, L22+ rx2?+ Rv2% + Rz2?

Ll 12 + RX]1 RX2 + RY1 RY2 + RZ]1 RZ2 -
- 14
2

+

Ll L3 + RX1 RX3 + RYl RY3 + RZ] RZ3
29
2

+

L2 I3 + RX2 RX3 + RY2 RY3 + RZ2 RZ3 _

A
o4 4

_
We now want to calculate

FACT = -22%g

Since FACT has only 15 bits of significance, all terms contributing to E
with denominators greater than 240 can be ignored. This eliminates the
terms

2

L3 e ong L2L3.,,
2 Q44

The flow chart for the implementation on the DDP516 of the above
derivation follows. '
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AUTOPLOW CHART SET - DRAPER ORHFLE'S PLOVCHART - SPON paGe 01
of 01

e e e e e =y

| SUMM = L2 %32/ 2 %% 3 +

! L1 2Hw2 +

! RX2 %% 2/2 %%3 + -
\ (RX1 RX3)/ 2% % 2 +

! RY %2/ 2 %43 +
]
]
]
]

(RYLRY3/2 %32
RZ ¥%2/ 2%%3
{RZ1 RZ3) 2%%2

[ S -
|
|
X2 | a2
ey
] sShny = [} -
1 {Siinn) /20515 | o
e o PO S |
|
t
13 | 3
— ——— ==
| SyU%® = syv® + (L1 |
I L2 + PX1 PX2 ¢ |
1 RY1 RY2 + RZ1 |
t RZ2) /2%e2 !
A e e e e
|
!
X [ ny
oo mmm— ey s T
1 EULE R |
[} {THRD) /2%*15 = i
| (SUnmMy 2%€12
— e s
|
[ .
L & | ne
e S
I SMm = suMm 4+ 1
] L1s#2 ¢ X122 + ]
| RY193%2 o+ PTIR#2
e e ———eed
|
!
X6 | ne
e ey
| AR = SuMd - A8
| (DOUBLE PRECISION
] ACCUMULATOR) |
—
t
|
X7 | 07
| Attt
{ A,B = A,3 2%%15 |
I (AT THIS POINT [}
! A,B IS FITHER 1,7 .
1 AR 177777, S0
| IAB, CP} IS SAME |
I AS 2%%15 '
e e e s
|
1 . : . :
1 CR e
e e e N
1
§
xa ] c9
e —
1 FACT =
t ~2¢%10(A,%) | )
)
|
|
| L =1 ¢ (FACT |
* . | L1) /2%+24 ]
e e
|
|
Xt [} 1"
L | -
1 RX = PX + (FACT |
I RX1) /2%*24 |
[
!
|
X12 | 12
L |
I PRY = PY ¢ (PACT |
[} FY1) /2420 [}
I ’ P >n
| : | x13 t 13
] [ [ e —
- | RZ = R7 ¢ (PACT |

) PZ1) /2% 24 \
-

FLOWCHART - SPUN : i

PETYRN
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o

MICROCOMP TELECOMMUNICATED DATA

- 0001

0002
0003
0004
0005
5006
0007
neos
0009
0010
0011
0012
0013

0014

0015
0016
0017
0018
o019
0020

0921

0022
0023
0924
0025
0026
0027

on2s.

0029
0030
€031
0032
0033
0034
0n3s

0036

0037
0038
0039
0040
0041
0042
0043

0044

pous
0046
nou7

0ous

0949
0050
0051

- 0052

0053
00S4
0053
0056

0057

DDPf516 ASSEMBLY LISTI

00000
00001
00002
00on03

onoouy
00005
00006 -

00007
00010
00011
00012

ono013

0001y
00015
0n016
00017

00020
00021

00022
00023
00024
00025

00026

00027
00030

00031

00032
00033
00034
00035
00036

00037

noo4o

oonu.

00042

00043

ooouy

00045

onoue
ooou?
00050
00051
00052
00053
00054
00055
00056

00057
00060

00061
00062
00063
00064

00065
00066

0 000000

0 02 00461
000007

0 16 00u61
ouo1 77

0 04 00244

0 02 00u62

000201

0 07 00254
0 16 00460
0 06 002u4
0801 76
0 04 00242
0 02 00464
000201

0 16 0CU465 .

0401 77
0 04 00244
n 02 00466
000201

0 07.00254
0 16 0046l
0 06 00244
0401 76

0 06 00242
0 04 00242

SPUN

WG
REL
SUBR

DAC

LDA
DBL
HPY
LRS
DST

. DLD -

IAB
DSB
MPY .
DAD
LRS

"DST.

DLD-
IAB
MPY

.LRS

DST
DLD
IAB
DSB
MPY

" DAD

0 02 00470

000201
0 16 00471
oso1 77

0 04 00244 -
-0 02 00472

000201

0 07 00254

0 16 00470
0 06 00244
0401 76

-0 06 00242

0 04 00242
0 02 00474
000201

0 16 00475
0401 77

0 04 00244

0 02 00876
000201
0 07 00254
0 16 00474
0 06 00244
0401 76

0 06 00242
0401 61

0 08 00282
0 02 00460

0 16 00861

LRS
DAD
DST
DLD
IAB
MPY
LRS
DST
DLD
IAB
DSB’

.MPY

DAD
LRS
DAD
DST

- DLD

TAB

MPY
LRS
DST
DLD
IAB
DSB

"MPY

DAD
LRS"
DAD
LRS
DST
DLD
BPY

SPUN
R
L2

L2

- OyPP

13

PUDG
"OVFP
2'j -
SOMM

RXY
RY2
OVFP
RX3
PUDG

" RX1
OVFP

sSuMy

. SUMN

RY1:
RY2

OVFP
RY3 .

FODG
RY1
OVFP

SUMM
SuNN
RZ 1

RZ2

~ OVFP

RZ3

FPUDG
RZ1
OVFP

SUNNM
15
- SUNN

-»L2 5
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MICROCORP TELECONMONICATED DATA

nos8
€059
c060
0161
0062
n063
o064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075

0076
0077

no78
c079
0080
ces1
0082
0083
0Nn8y
008s
no8ek
co8?
.0088
0089
oesn
0091
c092
0093
0094
0095
c096
0097
0098
. 0099
0100
0101
n102
0103

0104

0105

0106.

0107
0108
0109
0110
0111
0112
0113
0114

- DDP-516

00067 0 04 00244
00070 0 02 00ué6h
00071 0 16 00465
00072 0 06 00244
00073 0 04 00244
00074 0 02 00470
00075 0 16 00471
00076 . 0-06 00244
00077  0.04 00244
00100 0 02 00474
00101 0 16 00475
00102 0 06 002u4
00103 0u01 76
00104 -~ 0 06 00242
00105 0 04 00242
00106 0811 75
00107 140040
00110 0 04 00252
00111 0 02 00242
00112 - 0401 64
00113 0 04 00262
00114 0 02 00u60
n0115 0 16 00460
00116 0 06 00242
00117 0 04 00242
00120 0 02 00u6Y
00121 0 16 00464
00122 0 06 00242
00123 0 04 00242
00124 0 02 00470
00125 0 16 00470
00126 0 06 00242
00127 0 08 00242
00130 0 02 00474
00131 0 16 00474
00132 0 06 00242
00133 0 07 00250
00134 000201
00135 140040
00136 000201
00137 0 06 00252
00140 0411 66
00141 0 06 00256
00142 140407
00143 0 04 00246
00144 -0 16 00460
00145 0 06 00256
00146 000201
00147 140040 .
00150 000201 ..
00151 0401 67
00152 0 06 00462
00153 0 04 002un
00154 140040
00155 0 04 00462
00156 0 02 002u4
00157

0401 61

ASSEMBLY LISTING

pST
DLD
nPY
DAD
DST
DLD
MPY
DAD

" DST
DLD.
MPY.
DAD

LRS
DAD
DST
LLS
CRA
DST
DLD
LRS
DST
DLD
MPY
DAD
DST

DLD

MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD

DSB -

IAB
CRA
IAB
DAD
LLS
DAD

TCA

DST
MPY
DAD

IAB.

CRR
IAB
LRS
DAD
DST
CRA
DST
DLD
LRS

OVFP
RX1

'RX2

OVFP
OvPP
RY?

RY2"
OVEP
OVFP
RZ1 .
R22.
OVFP -

sonN
SunM

THRD -

SonN
12
SUMH

1.1
SUMN
SUMNM |
RX1
RX1
SuMHM -
SUMNM
RY1
RY1
SUMN
SUMN
RZ1
RZ1
sumn
TWNZ

THRD
HALP
FACT

L1
HALF

L3
OVFP

L3

OVFP
15
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MICROCOMP TELECOMNUNICATED DATA

0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
n127
0128
. 0129,
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
n1u1
0142
0143
014y
© 0145
0146
0.147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157

- 0158

0159

- 0160

0161
0162
N163
0164
0165
0166

0167

000000

ASSEMBLY LISTING

DAD

DST .

DLD
MPY
DAD
IAB
CRA

IAB
LRS

DAD
DST
CRA
DST
DLD

" LRS

DAD
DST

. DLD

MPY

" DAD

IAB
CRA
IAB

‘LRS

DAD .
DST
CRA
DST
DLD

" LRS

sonn
OvVFP
FACT

TUNZ

DDP-516

00160 0 06 00460
00161 0 04 00460
00162 0 02 00u6Y
00163 0 16 00246
00164 0 06 00256
00165 000201
00166 140040
00167 000201
00170 0401 67
00171 0 06 00u66
00172 0 Ou 00244
00173 140040
00174 0 04 00466
00175 0 02 002u4
00176 0401 61
00177 0 06 00464
00200 0 04 0046Y
00201 . 0 02 90470 .
00202 0 16 00246
00203 0 06 00256
00208 000201
00205 - 140040
00206 000201
00207 0401 67
00210 0 06 00472
00211 0 08 00244
00212 140040
00213 0 04 00472
00214 0 02 NO2ub
00215 0401 61
00216 0 06 00470
00217 - 0 04 00470
00220 0 02 0C474
00221 0 16 00216
00222 0 06 00256
00223 000201
00224 140040
00225 000201
00226 0401 67
00227 - 0 06 00476
00230 0 04 D02uY4
00231 140040
00232 0 04 00476
00233 0 02 002uu
00234 0401 61
00235 ° 0 06 00474
00236 0 04 00474
00237 000005
00240 =0 01 00000
00262 000000
00243 000000
00244 000000
00245 000000
00246 000000
00247 000900
00250° 020000
00251

DAD
DST
DLD
MPY
DAD
IAB
CRA
IAB
LRS
DAD
DST
CRA
DST
DLD
LRS
DAD
DST
SGL
JNpx
DBP

DBP
DBP

ocCT

FACT
HALP.

RY3
OVFP

- RY3

OVFP
RY1
RY1
RZ1

FACT
HALF

RZ3
OVFP.

RZ23
OVFP
15
RZ1
RZ1

SPUOR

20000,0
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MICROCOMP TELECOMMUNICATFED DATA
DDP-516 ASSEMBLY LISTING

n168
n169
8170

n171
n172
n173
n174
1175
n176
n177
n17R
~f179
n18n
n181
n182
0183

nn2s52
0n2s3
00254
00285
an256
nn257

noonen
D0000n
040000
nannnn
neonno
nyoneo

TNONuRH

INou6

. N0oL62

nNN0u6Y
100u6S
nOnYES
090479
LLLTRR
000472
00047y
000475
000476

THRD
PUDG
HALF

|

L2

L3

PY1
RX2
RY3
RY1
RY2
RY3
RZ1
R7.2
R73

DBP

ocT’

OCT

EQU
EQU
EQU
EQU
FOU
EON
EOQU
EON
EQU
EQU
EQN
EQU
END

0
T 40000,0
0,40000

‘460
L1+1
1142
L1+4
L1+5
L1+6
L1+8
L1+9
L1410
L1412 -
L1+13
L1+14
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PROGRAM NAME
SOURCE: VESP

BINARY: BVESP

RELATED MEMOS: T-493

ENTRY POINTS (location): VELA ('04206) |
ACCESSABLE VARIABLES (location): FXX ('04654),
FXY ('04656), FXZ ('04660), FYX ('04662), FYY ('04664),
FYZ ('04666), FZX ('04670), FZY ('04672),

PZZ ('04674) - -

GENERAL DESCRIPTION:

This subroutine, when called, will construct a cosine matrix from
the quaternion which transforms a vector in the body frame to the inertial
frame. It will then multiply the AV in the body frame by this matrix to
get AV in theinertial frame. The cosine matrix can be expressed in terms
of the quaternion elements as: ‘

- 2 2
1-26," *o, ) 2pypg - de,)  2(pue, t 2e.,)
@ =| 2000 +2 ) 1-20.2+p.2  20.p. - 2p.)
= PyPyt AP, Py TP, PyPs =~ My
2( - 2p.) 2( Fr)  1-20.2+p.9
| 2loyp, - Rey PyPy T Aoy Py t Py

This can be written as:

£ £ £ ]
XX Xy Xz
f f £
yx Y yz
szx fzy {2
where =1 - 2 2
) fxx =1 2(py te, )
ey = 2(pypy = 2o,
e = 2-(pxpz + )tpy)
A T
fzz- 1» 2(p, +py)
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Observe that all elements of the matrix consist of various combinations
2
y)

of the nine quaternion products: 9)2(, [
2
)‘-px’ _)\py and- kpz. Therefore, in the subroutine

pZ’ pxpyt PXPZ’PyPZ'

implementation the nine quaternion products are first calculated. Cnly 30
bits of each quaternion element is used and the cosine matrix elements

are calculated to have a word size of 30bits also. Scalingis as follows:

2L1 fL2
,14

>
it

oRX1 +BX2

B!

P 2RY1 + ==
y

’ RZZ
Py ZRZl +-;1T

2
2_ 4rx)2 4 BXLRX2  RXZ
512 528

Px

or
2

p ' 2
RXSQ =—%X-= gRrx12 + RXLRX2 , RX

2 213 229

the other 8 quaternion products are scaled the same as p}z{.

We also define:

eS|
>
b
|
»’&H’
]
1
A
o)
[\~
[\V)
+
©
N
[\&]
S———
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or

FXX =%- RYSQ - RZSQ

FZZ =3~ RXSQ - RYSQ

Now we can write the equations to be implemented as:

DVIX = 4 (FXX DVXB + FXY DVYB + FXZ DVZB)
DVIY = 4 (FYX DVXB + FYY DVYB + FYZ DVZB)
DVIZ = 4 (FZX DVXB + FZY DVYB + FZZ DVZB)

where DVIX is AV in the inertial frame scaled the same as DVBX, AV in
the body frame. The flow chart for the implementation on the DDP-516 of

the above derivation follows:
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" AUTOFLOW CHART SET - DRAPER OEHRLE'S FLOWCHART . VELA PAGE 01
of 01

F——— ———— =

: CALCULATE:

t
| RXSQ, RYSQ, R2SQ - '
' L RX, L RY, LRZ '

., RXRY, RX RZ, RYRZ ;

—_—— - - - b=

'FXX = 1/4 - RYSQ - RZSQ
‘va=axm{.uaz' :
|FXZ < RXRZ+LRY
JFYY = 1/4 - RXSQ - RZSQ
|FYZ = RY RZ - L RX :
| FYX = RX RY + L. RX |
'Fzz = 1/4 . RXSQ - RYSQ
FZX-RXRZ - L RY !
(FZY = RY RZ + L RX

P oo
i
i
r-——————-—-—= - =——-=- -
L 5!
t |pVIX FXX1 FXY1 FXZ1 DVBX :
: DVIY| = 4 |FYX1 FYYl FYZ1 DVBY| |
, {pviZ . FZX1 FZYl FZZ1 DVvBZ| |
Ll e D el oI . 4
r T - T == J""——'—"'—""-'—‘ﬁ
I F F 1
v IDVIX DVIX | FXX2 FXY2 FXZ2 DVBX | ,
: DVIY [ = [DVIY| + 1/2%#%x13 [FYX2 FYY2 FYZ2 DVBY | |
, [pviz DVIZ FZX2 FZY2 FZZ2 pvBZ | !
L. L ]
S T — e — —— <
]
L -
= - R J
L _ _ _RETURN _ _

FLOWCHART - VELA
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0001

0002
0003
000y
0n0s
0006
0007
0008
0noo
0010
nn1q
0012
0013
0014
0015
0016
0017
0018
0019
0020

0021

0022
0023
0024
0025
0n2e
n027

0028,

fQ29
0030

. 0031

0032
0033
0034
nn3s
0036
0037
0938
0039
0040
cou
0942
0043
0044
nous
0086
0047
0048
0049
0050
0051
0052
0053
n0SY
0055
0056
0057

00000
00001
00002
00003
00004
00005
00006
00007

00010

00011
0no12
noo3
00014
00015
00016
00017
00020
00021

00022

00023
noo2u
00025

noe2e

00027
00030
00031
00032
00033
00034
00035
00036
00037
00040
00041

ooou2 -

onou3
0004y
onous
00046
noou’
00050

00051 -

00052
00053
00054
00055

0 000000

0 02 00465
000007 .
0 16 00465
000201
1400 40
0401 717

0 04 00u4YL
0 02 00464

0 16 00465
.0 06 00UuY

0 06 00512
0401 63

0 04 0044l
0 02 00464

~ 0 16 NOUGY

ocu11 77
0 06 Q04uy

0 048 00470 .

0 02 00470
000201 -
0 16 00471
000201
140040
o401 77

0 04 00uuL
D 02 00470
0 16 00471

0 06 00512
0401 63
0 04 OoCuuy
0 02 00u70
0 16 N0470
o411 77

"0 06 00uuny

0 Ou 00472
0 02 00474
000201

0 16 00475
000201
1400 40
0401 77

0 04 00uuy

0 02 00474
0 16 00475

VELA

-0 06 O0uGL-

REL
SUBR

SUBR '

SUBR
SUBR
SUBR
SUBR

SUBR -
SUBR-

SUBR

SUBR

DAC
LDA
DBL

MPY

FPYX
FXY
FX2
PYX
FPYY
FYZ
PZX
PZY

.PZZ
VELA
¥

"RX2

RY2.

IAB -

‘CRA

LRS
DST

"DLD

mpY
DAD
DAD
LRS
DST
DLD
MPY
LLS
DAD
DST
DLD
IAB
MPY
IAB
CRA
LRS
DST
DLID
MPY
DAD

" . DAD

LRS
DST
DLD
MPY
LLS
DAD
DST
DLD
IAB
NPY
IAB
CRA
LRS
DST
DLD

mPY

T1
RY1
RX2 .

SQRD
13
T1
RX?1
RX1

T1
RXSQ
RY1

RY2

T
RY?
RY2

SQORD
13
T
RY?
‘RY1

RYSQ

"~ RZ1

RZ2

T
RZ1

" RZ2
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMRBRLY LISTING

0058
nns9
ne6o
nNg
0062
0063
ar6y
nnss
0066
C0RT7
r068
NNKQ
anTa
nn71
nn72
An73
nnTy
(AR I A
nNT6
nnT7
noTg
nnra
ARET
0181
nn82
0na3
nngy
rnqacg
nraeg
nna7g
nees
nnRa
f‘oqt\
nead
rf092
nnail
nragy
nnrgs
crag
nng7
nnog
nnNnao
n10D
0101
0102
0103
n1ny
0105
0166
n107
0108
0109
0110
N111
n112
n113
ni1y

00056
nonsy
nooee
00061
nnpe?2
00063
nnesu
00065
0Nnneg6
ooneg7
nooe
non
arn2
00n73
non7a
non7s
00nTé
nenT?
20100
nec1nd
c0102
neng
N0104
nnins
ARING
nn1n?
nnt1n
nni111
20112
00113
nC114y
nh115
cN116
nn117
nn120
nn121
0ni122
fn123
not24
nnt2s
n0126
nn127
nn13n
rn13
ne132
nnN133
no134
00t 135
00136
00137
nNILn
00141
nfOt1L2
ne14e3
0014y
00145
00146

QODDODDODIO

0 06 20uuy
0 06 00512
nudY 63
0 04 oOuuuy
0 02 00474
0 15 00474
ous1y 717
0 06 00uUuY
0N 04 ocu7Yy
0 92 00ued
0eo201
N 16 0046S
n00201
140040
0 04 aCuuu
02 o0uen
16 NCu6S
06 ocuuy
0ou ncuuy
02 0Cue6l
16 2Cu61
06 0Onuuy
26 NS4
ou01 62
N o4 0CuuYL
n 02 00460
N 16 0046U
ng11 77
0 06 NCuuY
0 au AQuTE
N 02 20460
non201
0 16 0047
noo 201
140040
0 04 Q00uuy
N2 20460
16 10471
N6 Aruuy
04 2Cuuy
-02 0oou70
16 00461
06 Nouuy
06 00514
nuc1 62
0 04 0044u
N 02 nCu6o
0 16 20470
o1t 77
0 06 00Uyl
0 08 00500
0 02 nouel
nnn 201
0 16 00475
hpo2nt
1wunoun
3 04 ocuul

OODOHDDID

DAD
DAD
LRS
DST
DLD
MPY
11ls
DAD
DST
DLD
IAB
MPY
IAB
CRA
DST
DLD
MPY
DAD

DST
DID .

MPY
DAD

DAD-

LRS
DST

DI.D-

MPY
11S
DAD
DST
n1D

IAB .

MPY

IAB .

CRA
DST

DID-

MPY
DAD
DST
DLID
MPY
DAD
DAD
LRS
DST
D1D
MPY
LLS
DAD
DST
DLD
IAB
MPY
IAB
CRA

DST

TI

. SORD

13
T
RZ1
RZ1

T1
RZSQ

RX2

T1

RX2
T1
T
RX1
L2
T1
CPRD
14
™
L1
RX 1

T1
LRX
L1 .

RY?2

T1
L1 -
RY?2
T
T1
RY1
L2
T
CPRD
14

L1
RY?

T1
LRY
L1

RZ2

T1
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MICROCOMP TELECOHH"NICAT?D DATA

0115
0116
0117
0118
0119
0120
0121
0122
N123
n124
0125
N126
0127
0128
0129
0130
0131
0132
0133
0134
0135
n136
0137
0138
0139
0140
n1u1
N142
0143
0144
0148
0146
n147
0148
0149
0150
0151
0152
n153
n1s54
0155
0156
0157
. 0158
n159
0160
n161
0162
D163
0164
0165
N166
0167
0168
N169
0170
0171

DDP~-516
00167 0 02 00460
00150 0 16 00475
00151 0 06 00444
00152 0 04 00444
00153 0 02 0047y
00154 0 16 00461
00155 0 06 0044y
00156. 0 06 00514
00157 0401 62
00160 0 04 00uuy
00161 0 02 00460
00162 0 16 0047y
00163 0411 77
00164 0 06 004uY
00165 .0 04 00502
00166 0 02 0Nu6Y
00167 - 000201
00170 0 16 00471
00171 000201
00172 140040
00173 0 Ou 0044y
00178 0 02 00464
00175 0 16 00471
00176 0 06 00uu4b
00177 0 04 0044y
00200 0 02 00470
00201 0 16 00465
00202 0 06 00uuY
00203 0 06 00514
00204 0401 62
00205 0 04 004uy
00206 0 02 00464
00207 0 16 00470
00210 0411 77
00211 0 06 00444
00212 - 0 Oy 0CS04
00213 0 02 0046t
00214 000201
00215 0 16 ‘00475
00216 000201 :
00217 140040
00220 0 04 00L4s
00221. 0 02 0046
00222 0 16 00475
00223 0 06 00444
nn224 . 0 04 NOLLL
00225 0 02 00474
00226 0 16 00465
N0227 0 06 0CLUY
00230 0 06 00514
00231 0401 62
00232 0 04 00444
00233 0 02 00464
00238 0 16 00474
00235 0411 77
00236 0 06 004uY
00237 0 04

00506

ASSEMBLY LISTING

DLD
nPY

DAD

DST
DLD
BPY
DAD

DAD

LRS

DST

DLD
MPY
LLS
DAD

- DST -

DLD
TAB
MPY
IAB

" CRA
DST
DLD
MPY
DAD

- DST
DLD
MPY
DAD
DAD
1LRS
DST
DLD
MPY
1LS
DAD
DST
DLD
IAB
MPY
IAB

_ CRA
DST
DLD
‘MPY
DAD
DST
DLD
MPY
DaD
DAD
LRS
DST
DLD

nPY

LLS
DAD
DST

RY1
RX2

™

CPRD
14
T
RX1
RY1

T1
RXRY
RX1

RZ2

T4
RX1
RZ2
™
T
RZ
RX2
™
CPRD
14
T
RX1
RZ1

T1
RXRZ
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MICPOCOMP TRIRCOMMUNICATED DATRA

n172
0173
0178
n175
N176
0177
n178
n179
n1gn
n181
n132
n183
n1gu
N1RS
N1R6
0187
018R
n189
nian
N191
0182
nq03
n1aY
n19s
r196
n197
n19e
0199
n20n
0201
n202
n203
n2ny
n208
n2ne6
0207
G2NR
n209
0210
n211
n212
n213
021y
nN21%
0216
n217
n218
n219
0229
n221
n222
0223
0224
0225
0226
0227
0228

DDP~516 ASSEMBLY LISTING

00240
nn2u1
nn24u2
np2u3
0o2uy
nn2u4s
no2u6
co2u7

np259

nn251
nn2s52
np253
no2s4
n0255
nn2s56
0n257
on26n
nnN261
10262
ne263
nQ26u4
00265
0N2AAK
nN267
0n27n
neoTe
nec272
ne273
00274
nn279%
nQ276
00277

oninn

nn3en
nnin2
00303
on3oy
0305
ne3Ng
nN307
nn3n
nni
0n312
nna1l
nh3u
nN 315
00316
00317
00132n
c0321
n0322
00323
0024
ne32s
nn32e
00327
N0130

5 02

cu7e

0npn201

0 16

aenTs

a0n2n1
140040

ou
02
16
N6
ng
02
1A
06
N6
a0
0 0y
n 02
0 16
AR
06
au
n2
07
n7
nu
92
07
ou
N2
N6
ny
02
07
07
ny
02
07
0u
02
06
nu
n2
07
07
ou
02
07
ou
02
06
na
02
16
ou
02
16
N6k

DD DDODO

>

DODODDODDHDIDODDODIDIIDODIIIDOUOIDIDDONDOOIDDOOLDIOWDI2DID

nruyy
acu10
ocuTs
0444
atuuy
nouTy
acg7
nouuy
270514
62

aouuy
aeaTo0
ocu7u
17

o0une
ncs510
nesS16
oou72
neuty
20846
Al
20502
ncuso0
0rso0e6
Nes00
10u52
0C516
acuc
ooun7u
nouse
0051¢
neae
neast
0csou
Nesn2
neusy
00516
neu7ce
nou72
neu66
nosee
10500
frug2
nes1e
neuTe6
ncuey
00u46
0c614
00666
nouso
00616

N0666

DLD

_ IAB

uPY

‘IAB

CRA
DST
DLD
MPY
DAD
DST
DLD

MPY .

DAD
DAD

"LRS

DST
DLD
MPY

.LLS
DAD-

DST
DLD
DS®

DSB
DSB
DST
DLD
DSHB
DST
DLD
DAD
DST
DLD
mPY
DST
DLD
MPY
DAD

RY1

RZ2

T1
RY1
R22
T
T1
RZ1
RY?2
T1
CPRD
14
T1
RY1
RZ1

T1
RYRZ
ONOT
RYSQ
RZSQ
FXX
RXRY
LR7
FXY
RXRZ
LRY
FXZ
ONOT
RXSQ
RZSO
FYY
RYRZ
LRX
FYZ
RXRY
LRZ
FYX
ONQT
RXSQ
RYSO
FZ2
RXRZ
LRY
FZX
RYRZ
LRY
FZY
FXX
DVBX
DVIX
FYY
DVBY
DVIX
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0229
0230
0231
0232
0233
0234
n213s
0236
0237
-0238
n239
0240
n241

02482

n2u3
0244
0245
0246
0247
n248
0249
n250
0251
0252
0253
0254
0255
0256
0257
0258
£259
0260
n261
6262
263
n264
0265

0266

0267
0268
0269
0279
n271
0272
0273
0274
0275
n276
0277
0278
n279
0280
0281

0282

0283
n28y
0285

00331
00332
00333
00334
00335
00336
00337

00340

0nN3u1
00342
00343
0034y
00345
No3ua6
00347
60350

00351

00352
00353
n0354
00355
00356
00357
00360
00361
00362
00363
00364
00365
00366
00367
00370
0on37
00372
00373
00374
00375
00376
00377

00400

00401
nouo?2
00403
oouny
00405

onuoe. .

nouo7
oou10
00411
00412
00u13
00414
00u15
nou16
00417
0042C
00421

COO0DOODDNOOCOOODODODOODPIOIDOONIPOOIODOIIDOODDOOIDDD
o
N

0 0u
0 02
0 16
0 06
Nyt
ou
02
16
04
02
16
06
oy
02
16
06
41
oy
02

00666
nous52
00620
00666
76

00666
oousy
00614
00670
Nous56

No616-

00670
00670
0Ccu60
00620
00670
76

00670
nou62
00614

. 0Ce72

00u6Y
00616
00672
00672
00U66
00620
00672
76

00672
00614
00647
nouuy
00616
0cu51
nouul
oouuL
00620

"0nus53

nnuuy
nes512
63

00666
nNee66s
00614
ncuss

ocaay

nN616
00457
00Uy
00644
0620
00461
0044
00512
63

00670

DST
DLD

MPY -

DAT
LLS
DST
DLD
upPY
DST
DLD
MPY

DAD

DST
DLD

. MPY

DAD
LLS
DST
DLD

- MPY

DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
LLS
DST
DLD
MPY
DST

DLD

MPY
DAD
DST
DLD
MPY
DAD
DAD
LRS
DAD
DST
DLD

" MPY

DST
DLD

"MPY .

DAD
DST
DLD
¥PY

DAD-

DAD
LRS
DAD
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MICROCOMP TFLECOMMUNICATED DATA

n28¢
n2q7
‘n2R\
n2eg
n29n
n291
n292
N293
n294
n295
N29¢
0297
n298
n299
an3Inn

n301
n3n2
n3ra
N30y
0305
0306
n3n7
030e
n309
2310
n311
0312
0313
N3y
n31s8
N316
N317
0318
n319
0320
0321

n322

DDP-~516

0ny22 0 nu 00E70
nNou23 N 02 0061L
nouRy 0 16 00463
neu2s ¢ 04 N0uuY
nnu2g 0 02 NN616
nou27 0 16 O0UES
00830 0 06 OCLUL
nnu3g n Ny Nouuy
nOB32 - 0 02 N0E20
nOu33 n 16 00UET
ALY N 06 NOBLY
0nu3s N 06 N0512
nnuyle nunt 63
nou37 0 06 00672
00uu0 0 04 00672
nouL Y nonnes
nouL2 -0 Ny NO000
anuug ANNoan
nouus [aoneeo
nOuLE neonon
nouyy annann
ARLSN 000000
rous nanecnn
nNysS? 000000
nous3 ApoNen
00us5y nO0N00O
nnuss npoenn
Y ponann
nousy nonneo
NOLEQ aonnnn
fOL61 noonN0o
0CU6?2 o0onnn
reu6l noOn 0o
noney N00NON
NOUKS 000000
NOUGA 000000
nnue7 000000
0nuT0 £nNonon
cou7 nnnnoo
nou72  NONNOo
nou73 nonnono
nouTYy noacoon
cou7s nooorn
nouTs nONNO0
noy17 noonno
00500 nooonoo
nns01 sonacn
nose?2 connno
nosn3 nnooon
nosSNyY nonnon
00505 nonnnn
nasoes 000000
neseT7 neoonen
00510 nenoon
n0511 nennNnog
nns12 oonnon
0ns13

n10000

T1

PXY

FXY
FX2Z

FYX

FYZ
FZY
FZY
FZ7
RXSQ
RYSQ
RZSQ
LRX
LRY
LRZ
RXRY
RXRZ
RYRZ

SORD

ASSEMBLY LISTING

DST

DLD

MPY
DsST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DAD
T.RS
DAD
DST
SGL
JNP*
DBP
DRP.
DBP
DBP
DBP
DRP
nBP
NDBP
DRP
DRP
DBP
DBP
DBP
DBP

DBP

DBP

DBP

DBP

oCT

DVYY
DVBY
FZX+1
T1
DVRY
FZY+?

T
DVBZ
FZZ+1
T1
SQORD
13
DVIZ
DVIZ

VELA -

o O o

QO O o O

(=]

0,10000
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MICROCOMP TELECOMMOUNICATED DATA
DDP-516 ASSEMBLY LISTING

0323 00514
00515

0324 00516
00517

0325

0326

0327

0328

0329

0330

0331

0332

0333

N33y

0335

0336

0337

0338

0339

000000
n2n000
020000
000000
000460
nonue
000u6Y
000u65
noou70
000471
noou74
000475
000614
000616
000620
000666
090670
000672

CPRD

0CcT:

ONQT OCT

L1
12
RX1
RX2
RY1
RY2
RZ1
RZ2
DVBYX

-DVBY

DVBZ
DVIX
DVIY
DVYZ

EQU
EQU
EQU

- EQU

EQU

EQU. -

20U
EQU
EQU
EQU

EQU.

EQU
EQU
EQU
END

0,20000
20000,0

1460
L1+
L1+4
L1+5
L1+8
L1+9
L1412
L1+13
614
DVBX+2
DVBX+4
*6656
DVIX+2
DVIX+4
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PROGRAM NAME:
SOURCE: - VACU

BINARY: BVACU

ENTRY POINTS (location): VACU ('05506)
GENERAL DESCRIPTION:

This subroutine, when called; accumulates delta yelocity in the inertial
frame (DVIX, DVIY and DVIZ calculated by the velocity algorithm, program
sourcename VESP subroutine entry point VELA), The three accumulators
(XAV1-XAV3,YAV1-YAV3and ZAV1-ZAV3)aretiriple precision accumula-
tors and a brief examination of this subroutine will show that it performs

the following three tasks:

XAV = XAV + DVlI,X
J
91*
YAV = YAV + 2VIY
i5
2
ZAV = ZAV + Dvllf
2
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MICROCOMP TELECOMMUNICATED DATA
' DDP-516 ASSEMBLY LISTING

0001
ono2
0003
0004
0005
0006
0007
0008
000a
0010
0011
0012
nnN13
0014
0n1s
0016
0017
0n18

.on19:

0020
0021
0022
0023
0024
0025
0026
nnz27
0028
0029
0030
n031
0032
€033
0034
0035
0036
0037
0038
0039
0n40
oou1
0042
0043
00l
0045
0nu6
0047
0048

0049 -

0050
0051
0052

00953

00000

00001
00002
00003
00004
00005
00006
00007
00010
co011
00012
00013
co01Y
00015
00016
00017

00020

00021
oon22
00023
00024

00025,

cne2e
00027
00030
00031
00032
00033

00034

00035
00036
00037
conuo0
00041
coou2
nooa3
0004y
goous
oonae
coou7
00050

0 000000
000007
0 02 00666
140040
0 06 00446
0 04 00446
000201
140040
000201

VACH

0 06 00666

0401 61

0 06 004uy
0 04 00Luy
-0 02 00670
140040

0 06 00452
.0 04 00452
000201
140040
000201

0 06 00670
0401 61

0 06 00450

0 04 00450 -

0 0200672
140040
0 06 00456
0 04 00u56
000201
140040
000201

0 06 00672

0401 61
0 06 00454
0 04 00454
000005 .
140040
0 04 004u6
0 04 0oCu52
0 04 00Uu56
-0 01 00C00
000666
000670
n00672
000uuy
000446
000450
000452
000454
0oous6

DVIX
DVIY
DVIZ
XAV1
XAvV3
YAV?
YAV3
ZAV1
ZAV3

REL
SUBR
DAC -
DBL
DLD
CRA
DAD

- DST,

IAB
CRA
IAB
DAD
LRS
DAD
DST
DLD
CRA
DAD
DST
IAB
CRA
IAB
DAD
LRS.
DAD
DST
DLD
CRA
DAD
DST
IAB
CRA
IAB
DAL
LRS
DAD
DST
SGL
CRA
STA
STA
STA
JMp*
EQU-
EQU
EQU
EQU
EQU
EQU
EQU
BQU-
EQU
END

VACD

DVIX

XAV3
XAV3

DVIX

XAV
XAVY
DVIY

YAV3
YAV

DVYY
15
YAV?Y
YAV |
DVIZ

ZAV3
ZAV3

DVIZ
15
ZAV1
ZAVY

XAV3.
YAV3
ZAV3
VACU
'666
DVIX+2
DVIX+U4
gy
XAV1+2
XAVI+4
XAV1+46
XAV1+8
XAV1+10
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PROGRAM NAME

SOURCE: ERCs

BINARY: BERCS6

ENTRY POINTS (location): ERCO ('2726)
GENERAL DESCRIPTION:

This subroutine will do the equivalent of torquing a gyro in a gimbal
IMU. - It essentially compensates the gyros for a drift in the inertial frame
and is used to take out WIE, earth rate, thus the acronym ERCO or earth
rate compensation. It does this by transforming the negative of the drift
in the inertial frame into the body frame and adding it to the gyros as an
equivalent NBD., It makes use of the cosine matrix (C%3 developed from

the quaternion by the subroutine VELA which transforms the AV, into AVI‘

B
The gyro drift in the body frame due to earth rate is:

“IEXB| o |“IEXI
P

“reys |~ B |“IEYI

YIEZ B YIEZI

C§3 is created by VELA and its elements are .FXX, FXY, FXZ, FYX, FYY,
FYZ, FZX, FZY and FZZ. This subroutine gains access to the constants
by using the pseudo-op XAC or external address constant. For example,
the pseudo-op XFXX XAC FXX puts the address of FXX in the location
called XFXX. Of course, the transpose of the above matrix (Clg) is FXX,
FYX, FZX, FXY, FYY, FZY, FXZ, FYZ and FZZ.

The X, Y and Z inertial rates to be compensated for are stored in
octal locations 250, 251 and 252 respectively. These are specially scalad
constants that are the negative of the earth rate sensed on these inertial
axes. If, for example, the X, Y and Z inertial axes were north, east and
down at this 1atitude(420, 21', 511, locations 250, 251 and 252 would contain
the octal constants -44121, 0 and 40763. The AOX, ABY ahd AGZ to be
compensated aré: contained in octal locations 414, 416 and 420. The

subroutine itself is so straight-forward that no flow chart is necessary.
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0001
0002
0003
0004
0005
0006
0007
0c08
0009
n010
0011
0012

001y
0N s
0016
ont7
0018
0020
0021
0022
0023
0024
0n2s
0n26
0027

¢n28-

0029
€030

- No31

nn32
0033
no3y

n035.

0036
0037
0938
0039
00u0
0041
nnu2
0nu3
0Ny
oous
nou6
0047
nous
0049
0050
0051
0052
0053
005y
0055

0056

00000
00001
00002
00003
N000Y
00005
00006
00007
00010
00011

00012
00013
00014 -
00015 -
00016
00017

000.20
00021

00022

00023

00028
00025

00026
noo27
00030
n0031
00032
00033
onn3y
00035

N0036.

0non37

oooun .

ooonut
00042
00043
0004y
0n04s
00046
00047
00050
00051
00052
000s3
00054
00055

0nnse '

00057
00060
00061
00062
00063
00064
00n6sS
00066

DO00DOIVVIIDIIIVOOLCOIIVODODODD
(=]
N

0 000000
000007

-0 02

401

-N401

|
DO00OOCOCODOD0DIOD
o
N

Nnoo74
n0o72
00250
00064
0co077
00072
00251
00064

00064

00102
00072
00252
0noe6u
64

00414

00414

00075
20072
00250
00066
00100
00072
00251
00066
00066

00103 -

00072
00252
00066
64

00416
00416
00076
00072
00250

noo70

00101
00072
00251
00070
00070
no104

00072

00252
00070

| 6l

0cu20
00420

000005

-0 01

00000

000000
000000
0o000nn

REL
SUBR
ERCO DAC
. DBL
DLD*
DAD
MPY
DST
DLD*
DAD
MPY
DAD
DST
DLD*
‘DAD
MPY
DAD
LRS-
DAD
DST
DLD*
DAD
MPY
DST
DLD*
_DAD
MPY.-
DAD
DST
DLD*
DAD
MPY
DAD
LRS
DAD
DST
DLD*
DAD
MPY
DST
. DLD*
DAD
MPY
DAD
DST
DLD*
DAD
MPY
DAD
LRS
DAD
DST
SGL

JNp*

XfRC DBP

YERC DBP

. ERCO

x %

XFXX
MRRD
4250

" XERC

XPYX
MRRD
1251
XERC
XERC
XFZX

" MRRD

1252
XERC

1

414
XFXY.
MRRD
1250
YERC
XFYY
MRRD
1251
YERC
YERC
XFZY
MRRD
1252
YERC
12
'516
'416
XPXZ
MRRD
1250
ZERC
XFYZ
MRRD
1251
ZERC
ZERC
XF232
MRRD
1252
ZERC

1420
W20

" BRCO
0

0 .
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MICROCOMP TELECOMMUNICATED DATRA
DDP-516 ASSEMRLY LISTING

‘ 00067
n"O57 ODNTC

00071
An58 AONT2

cnn73
nesa ane7Y
noen 00075
neg1 PONTER
n0g2 0ONT7
nne3 NO100
nNgy 00101
NOES ANA02
NOEE 00103
NOET NN 10L
LIy

DD PO OD

0000nH
anoenno
nnoono
neoanon
cunono
000000
nopoce
nnecoco
nonpeo
gacoco
oneneo
gnogen
0n00c0
000nno

ZFRC

MRRD

XFXX
XFXY
XFX2
XPYX
TFYY
XFYZ
XFZX
XP2Y
XPZ2

DRP

oCT

XAC
XrC
XAC
XAC
YAC
XAC
XAC
XAC
XAC
END

0
0,40000

FY X
FXY
FX2
PYX
FYY
PYZ
FZX
F7Y
FZ22
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PROGRAM NAME

SOURCE: AA6S

BINARY: BAAS6S

RELATED MEMOS: T-493

ENTRY POINTS (location): ATTA ('05060)
GENERAL DESCRIPTION:

This subroutine when called will pe.rform a third order attitude -
algorithm to update the quaternion of rotation. The equation répresent‘iﬁg

the algorithm can be expressed as:

Py = ASa +Rp + S(pya/Z - pza/y)

py' = 7LSa/y + pr + S(pza/X - pxa/z)
pz' = XSe, + Rp, + S(Bzary - pan)
A = -S(p . @ + R)
where
s = ad
M= a+ ¢«
= _i
R = (1 2M)
S = (1-+M)

expanding this equation, if we define A = A0_AO0_+ A6_AB_+ A6 A6
i X X Yy ¥ z Zz

p. A8 - p_Ab
p' = A -—2%)%9—’5+(1 -Do, +(1'§AI)< y =z % Y)

therefore:

- Ag - p D
ot . A0 i Aaa0 i Bp . pyAGZ p2A91-A (pL 6, Po ey)
x

Px7 2 48 '8 2 48

to determine ,oy', replace x, y, z subscripts by y, z, x-in the equation for

p.'. To determine ,az‘, replace x, y, Z subscripis by 2, %, y in. the eq'uatiqn A

X
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for px'. Then,

A" = -S(5 - @) + Rx
therefore:
(p.ab6_+p DO +p AB)
_ A x“x 'y 'y "z "z A8
Al = )\_5)\__ 5 +48(pXA9X+pyA0y+perz)

In the present DDP516 implementation the actual numbers in the computer

are scaled as follows:

DX = 286 oras = px27®
X X
N -6
DY = 20 _orAg = DY 2
y y
6 -6
Dz = 2%6, ora6 = Dz 2
RX = —orp, = 2RX
Py - 9R
RY = 5 Or Py = Y
RZ = —Forp, = 2RZ
L = —;—ork = 2L
D% = 212A ora = D?2712 - (Dx? + DY? + Dz2) 2712

now substituting this scaling into the equation given above we find:

2 2

2RX' = prx +LDX._LD DX D RX
2 32 2
, RY DZ - RZDY _D’(RY DZ - RZ DY)
6 3 g2l

if we define
- ARX = RX' - RX

then,
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_ LDX LD?DX_D?RX, RYDZ-RZDY D2RY DZ - DZ DY)
ARX 7 22 15 * 7 - 32
2 32 2 2 - 32
also,
) ”
o1t = oL -D°L _RXDX+ RYDY+ RZ DZ
T 5
2 2
, D’(RX DX + RY DY + RZ DZ)
3 521
and if
AL = L'- L,
AL < -D’L _RXDX+ RYDY+ RZDZ, D?(RX DX+ RY DY+ RZ DZ)
NE S 3 922

The equations for ARY and ARZ are obtained in a ‘similar ma.’ﬁner.

A 16 bit word in the DDP516 is made up of a sign bit and 15 bits of
fraction. For example, 0110 000 000 000 000 represents +.75 decimal.
Each quaternion component is made up of three of these numbers. For
example, L will be represented by

Lz L3

215 230 ’

L1 +

which is equivalent to a 45 bit signed fraction where ‘the sign bits of L2
and L.3 are ignored.. In core L1 is in location '460, L2 in '461 and L3 +
"40000* isin '463. Location '462 is normé.lly zero except when '463 overflows
into '462 which is then added to '461. RX, RY and RZ follow L in core in

locations '464, '470 and '474 respectively. A unit quaternion in core
(A= 1,.px = 0, py =0, L, = 0

or
L=1/2, RX =0, RY =0, RZ =0)

would look like the following (in octal):

*Since only L1 and L2 are used in the velocity algorithm, the '40000 (1/2)
added to L3 is for rounding.
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loc.

loc.

RX

loc.
RY

loc.
RZ

'460
040000
L1
'464

000000

RX1
'470
000000
RY1
474
000000
RZ1

'461
000000
L2
'465
000000
RX2
'471
000000
RY2
475
000000
RZ2

'462
000000

'466
000000

1472
000000

'476
000000

DX, DY and DZ are single precision fractions.

bits and will be represented by

2

D1 +

D22

215

1463
040000
L.3+'40000
1467
040000
RX3+'40000
1473
040000
"RY3+'40000
477
040000
RZ3+'40000

However, D2

will be 30

With these considerations in mind the quaternion update equations can be

expanded as:

ARX =

L1DX+L2DX+L3DX

S ,22 537
2 2. 2
_pxp?111 DxD*1 L2 DX D1 L3
3x 922 3x237 3x 292
2 2 2
_ DxD% 11 DXD?2 L2 DX D213
2x237 02 2267
_ Dp?1Rx1 D% RX2 D?1 RX3
,15 530 445
2 2 2
_ D% Rrx1 _ D%2 RX2 D?2 RX3
530 445 560
RY1 DZ , RY2 DZ . RY3 DZ
+ 7 T .32 T 3%
2 22 2
RZ1 DY RZ2 DY RZ3 DY
S 22T 37
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_p’1Rvipz D% Ry’pz D% RY3DZ

3x222 3x 237 3x252
, D1 Rz1 DY , D%1 Rz2 DY , D%1 RZ3 DY
27 37 52
; 3%X2 3xX2 S0 3X2

_ D% ry1 Dz _ D?2 Ry2 Dz _ D2 RY3 DZ

3x2?7u 3% 252 3x 287
'+D2RZIDY p%2 rz2 DY , D%2 RZ3 DY
, 237 52 67
3% 2 3x2
aL - .D%111 pfire p*113 p®211 pP2r2_ p’21s
,15 530 35 T 30 T 8 460
_ RX1DX _RX2DX _RX3DX _RY1DY RY2DY RY3DY
57 522 37 7 32 T .37
_ RZ1DZ _RZ2DZ _RZ3 DZ
o7 22 L37

D 1RX1DX D 1 RX2 DX D 1RX3DX

+

ax222 3><237 - 3x 252
, D’1Ry1DY | D21 RY2 DY , D1 RY3 DY
S YT .37 ot 53
3x222 . 3%2 3% 2
. D1 rz1 Dz , %1 RZ2 Dz D% RZ3 DZ
22 37 53
3x222. 32 3x2
. p%2 Rx1 Dx , D%2 RX2 DX , D%2 RX3 DX
T 59 67
ax2d 3x2 3% 2
2 2 2
, D’z rY1 DY, D*3 RY2 DY , D®2 RY3 DY
Tyt 52 67
3x2 3% 2 3% 287
p?2 Rz1 Dz , D2 RZ2 Dz , D%2 RZ3 DZ
+ — 37 52 67
3% 2 . 3%t 3x2f

With ARY and ARZ defined in a similar manner. .
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The algorithm that is written considers L, RX, RY and RZ to have

only 37 bits of significance. Therefore, all terms in the final equations

37

with denominators greater than 2 can be ignored. This simplifies the

final equations to be programmed to:

2
ARx < Ll 17:)X+.L22132X_ DX D L1
2 2 3% 2
_ D%1 Rx1 _D?1 RX2 D%2 RX1
,15 530 530
, RY1DZ  RY2DZ RZ1DY RZ2DY .
7 22 T T 22
2 2 2 2
2 2
D%1 RY1 DZ . D1 RZ1 DY
52 T 22
3% 2 3% 2
and,
D111 Dp’112 D% LI
AL = -5 -"35 "~ 30
2 2 2
RX1 DX _RX2 DX _RY1 DY RY2 DY _RZ1DZ RZ2 DZ
o7 522 o7 572 o7 522
D%1 RX1 DX . D°1 RY1 DY , D°1 RZ1 DZ
* 22 T 22 T 22
3x2 3% 2 3% 2

The final simplification is to replace

(-2D0%1)/3

with a variable called D3 and to calculate 2 ARX, 2 ARY, 2° ARZ and 2"
AL before deriving ARX, ARY, ARZ and AL. The program equations then

are:.
27ARX _ LlDX+L2 DX+DXD3L1
215 216

p?1 RX1 _D?1 RX2 D2 RXI
;8 523 523

RY2 DZ
215

RZ2 DY

- RZ1 DY - 215

+ RY1 DZ +

D3 RY1 DZ D3 RZ1 DY

216 216

+
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and,

7 - p?11r1 p%112 p¥LiL
2"aL = DLLL.DLL2 D2LL
S N 5
- BRX1 DX -BX2DX ooy BY2DY ooy, RZ2DZ -
2 2 2
D3 RX1 DX D3 RY1 DY _ D3 RZ1 DZ
,16 516 - 16
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AUTOFLOW CHART SET - DRAPER OEHRLF'S PLONCHARPT - ATTA PAGE 01

of 01
s .
’ W / -
t
|
| ]
)
1 D**2 = DX%+2 ]
1 DY*e2 « DTes2
L A 1
i
|
X2 | 22
| Stk al
| n3 = (-2 |
| (D*s2) 1) /3
S S R —
]
|
1 n3
o e e ey
I S1 = -RZ2 DY ¢
)\ PY2-DZ & L2 DX |
| IS S S — 4
1
i
Xt ' 04
_______________ —_—
| S2 = (D**#2) 1 RX1 |
| ¢ ((D**2)1 RX2 + |
1 (D¥*2) 2 |
I RX1) /2%%15 '
e e e e e e o e et e
X5
|
i DLRY
t RY?! D7 4 LY DX
________________ —
1
| .
X6 1 C 56
r""_—‘w“_"‘__-‘-‘-ﬂ
[ (A,B)Y’= ST + (n3
1 DLPX) /2 '
S S Sy —
]
'
X7 | ~7
P S 5
| (h,R) = o .
1 (A, P)/2%*7 - 52 4 - - '
SO — | :
|
|
L) t ]
ey
I DL?Y = (A,B) /2%%8 |
| + DL7Y )
e e e — 2
|
|
X0 | 9
o e 8]
f T4® JAST 7 STEPS 1
} CATCULATFD DT:YX = | . °
] 2**7 DELTA RN, |
} TEPFART THFM™ WTTW t
I CHANGFS IN THE |
i VA?TAPLES TO GRT | -
)} MLPY NLF7 AND DLL
3
|
X11 | 1
P ey
| PX = RX |
i (DLPY) f2427
————d
| .
1
X12 1 12
| S
| PY = RY + |
1 (DLRY) /2%%7 '
— s
1
|
x13 ! 13
o Temm s Y
! PZ = RZ ¢ | - .
] (DLRZ) 2%97 i
——— e e ————
, FLOWCHART - ATTA
!
1 16
* BIIT ¢
RETURN

#  The Double Precision Accumulator
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LISTING

0001
0n02
noo3
noou
0005
0006
0007
neos
00neo
0010
0011

0n12

0013
0014
LR
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025

0026

0027
0028
0029

. €930

0031
0032
0033
0034
0035
0n36
0037

0038

0939
0940
0041
nou?2
0043
.00uy

0045s-

00u6
0047
. 00u8

. 0oou9

0059
0n51
0052
0nsa
nosu
0058
n056
0057

00000

nono1 -

00002
00003
00004

00005 .

00006
co007
00010
00011
00012

00013

0001y
0nn1s
00016
00017
00020
00021
00022
00023
onoz2u
00025
00026
00027

0030

00031
00n32
00033
00034

00035 -

00036

00037

00040
onou

00042

00043
coouY
00045
00046
00047
00050
00051
00052
cnns3
00054
00055
00056
00057
00060
00061
00062

00063
‘00064

00065
00066

QOOQOOOOOOOQOIOOOODOOOOOOOQQOQOOOOOQQOQOODOOQ‘OOOD
(=]
N
(=4
[}
&
o
p ~

0 000000
0 02 0041y
000007

ATTA

REL

SUBR .

DAC
LDA
DBL
NPY
DST
DLD
nPY
DAD
DST

DLD

npPYy
DAD

DST

npY
DAD
DST

_DLD
‘MPY .

DST .
DLD
MPY.
DSB
DST
DLD

" MPY

DAD
DST
DLD
MPY

" DST

DLD
MPY
DAD
LRS
DST
DLD
MPY
DAD
DST
DLD
uPY
DST
DLD
MPY
DSB

.DST

DLD
mPY
DAD
DST
NPY
LRS
DAD
LRS
DSB

=*125253

. TRND

D3
DY
RZ2
s1 .
DZ
RY2
s

- 81

DX
-L2
s1
S1
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ASSEMBLY LTSTING

NS 00067 0 ne DOUD2 DAD SRND
nis59 NNOT0 nuyo1 70 - LRS .8
N060 0C0OT1 0 06 NCHYN2 DAD  DLRX
N1 0N0T2 0 04 00402 DST DLRYX
0062 00073 5 02 nNeu20 PLD DZ
nNE3 NOeTL N 16 0GUBS MPY RX2
Q0Bl 00075 0 04 Douly DST . S1-
nNeEs NNO76 N 02 00u1u DLD pX
nNR6 NOCTT 0 16 0CuUTS MPY RZ?2
0e67 ONI0O 0 07 ocu1y DSB S1
NDE8 N0.101 N 08 0Cu1Y DST S1
ACEA ON102 0 02 00416 DLD DY
an7e 20103 0 16 0CuU61 MPY - 12
0r71 N0104 0 06 NCu1ly DAD 51
0072 00105 0 04 004U DST S1
€H73 00106 n 02 0Cu70 DID . RY1
0n7u 001N7 n 16 nCu11 MPY D2
ne7s 00110 ¢ 0y NCu16 DST S2
nn76 00111 0. 02 anu10 pLL D1
06077 C0112 n 16 0047 MPY - RY2
ne78 €N113 0 06 NOU1E DAD 52
nCT79 NO11L oun1 61 LRS 15
NGAs N0115 0 04 0NrU16 DST  S2
nY81 NN116 0 02 20410 DLD DI
arR2 0N117 ¢ 16 00470 MpPY RY 1
0083 00120 n NG 0416 DAD S2
neay no121 0 0u 00416 DST S2
0285 00122 D 02 00420 DLD DZ
noge 0N123 0 16 00464 MPY RX1
nn87 00124 9 04 N0uoY DST DLRY
nH88 N0125 0 02 0081y DLD DX
nN89 NN126 0 16 NruTy MPY RZ 1
ACan 0127 0 07 anuny DSB DLRY
¢Cat1 00130 0 04 00404 DST DLRY
nna2 00131 002 00B16 DLD - DY
nc93 00132 0 16 NCu6B0 MPY 11
onay nN133 n 06 004NY DAD DLRY
£nas 00134 0 04 NeuoY DST DLRY
nras 00135 N 16 NOWI2 MPY D3
fN97 NN136 nynt 77 LRS 1
£r09s nn137 0 06 NCUIY DAD S1
0099 Q014N oun1 7 LIRS 7
nN1nn 00141 n 07 oCBIG DSB S2
0101 00142 0 N6 NOU22 DAD SRND
n102 00143 0401 70 1PS 8
nN103 NN1uy 0 06 004NG DAD  DLRY
n1ny P05 0 Ny 00UNY DST - DLPRY
2105 00146 0 02 00uty DI.D DX
n106 NN147 N 16 /0471 mpY RY?2
0107 0NISH o D4 nouly DST S1
0108 N0O151 N 02 N0U1E DLD . DY
0109 00152 N 16 NCUES MPY RX2
0110 00153 0 07 0Ca1n DSB S1
€111 00154 0 04 00U1YY . DST S1
0112 00155 n 02 nou20 DLD  DZ
f113 NO156 N 16 D046 vPY L2
t114 00157 n 06 DCLIL DAD S1
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MICROCOMP TELECOMMUNICATED DATA

0115
n116
0117
0118
0119
n120
n121
0122
0123
0124
0125
0126
0127
n128
0129
n13n
n131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
n142
0143
N1ty
0145
n1u6
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
D168
0169
0170
0171

DDP-516
00160 0 08
00161 0 02
00162 0 16
00163 0 04
00164 0 02
00165 0 16
00166 0 06
00167 0401
00170 0 04
00171 0 02
00172 0 16
00173 0 06
00174 0 Ou
00175 0 02
00176 0 16
00177 0 Ou
00200 0 02
00201 0 16
00202 0 07
00203 0 0t
00204 0 02
00205 0 16
00206 0 06
00207 O Ou
00210 0 16
00211 0401
00212 0 06
00213 0un1
00214 0 07
00215 0 06
00216 D401
00217 0 06
00220 0 O
00221 0 02
00222 0 16
00223 0 04
00224 0 02
00225 0 16
00226 . 0 06
00227 .0 04
00230 0 02
00231 0 16
00232 0 06
00233 0 04
00234 0 02
00235  0.16
00236 0 Ou
00237 . 0 02
00240 0 16
00241 0 06
00242  Nu01
00243 0 O
00244 0 02
00245 0 16
00246 0 06
00247 O 04
00250 0

neu iy
0ou7Yy
oou11
o0u16
ocu10
0ou47s
ocu1e
61

00416
neu10
ocu7u
N0u16

00u16.

0041y
ooa70
00406
Nou1e
OCusy
nouos6
0cu06

00420

noueo

00406 .

onyos6
neu12
77
00u1u
71
00416
o0u22
70
00406

00406

o041y
00465
00414
N0u1se
00471
0041y
neuty
00420
00475
0cuy
00814
00u60
00411
00416
acu10
00us1
0o0u16
61

oecu16
00410

00460

00u16
00416

oou1y

ASSEMBLY LISTING

DST
DLD
MPY

DST.

D1D
MPY
DAD
LRS
DST
DLD
MPY
DAD
DST
DLD

‘MPY

DST
DLD
MPY

DSB

DST
DLD
MPY
DAD
DST
uPY

. LRS

DAD
LRS
DSB
DAD
LRS

" DAD’

DST
DID
MPY
DST
DLD
MPY
DAD
DST
DLD
MPY
DAD
DST
DLD
MPY
DST
DLD

MPY .

DAD
LRS
DST
DLD
MPY
DAD
DST
DLD
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MTCROCOMP TELECCOMMUNICATED DATA

0172
0173
~174
0175
0176
0177
0178
n179
0180
0181
0182
0183
n181
0185
n186
0187
n188
n189
¢190
n191
n192
01913
0194
n195
n1ag
~197
n198
0109
0200
0201
0202
n203
n2ny
0205
n206
n207
0208
nana
0210
0211
0212
0213
0214
0215
n216

n217

0218
n21a
n220
n221
n222
223
0224
0225
0226
n227
n228

DDP-516
00251 0 16 N0U6UL
00252 0 04 0MuOC
00253 0 02 00416
nNN254 0 16 NCLTO
00255 0 06 00u00
N0256 O 04 004CO
00257 0 02 0C42C
00260 140407
00261 0 16 0047y
nN0262 0 07 NC40Q
00263 0 04 00400
NO264 0 16 00412
00265 0401 77
AN2E6 0 07 Nou1L
00267  ©ud1 71
00270 € 07 00416
00271 0 06 00422
00272 0401 70
00273 0 06 20400
00274 0 04 004nC
00275 14040
DF276 000201
00277  0unt 11
nO3N0 140040
0301 0 0NF 00UG2
00302 0 0n 00u62
AELERELY LY
rO304 140040
00305 0 06 0CUBO
NO3INE 0 04 00460
0307 0 02 00400
n0310 0401 71
N0311 0 N6 0CUGRN
nN312° 0 Na NDLED
00313 0 02 00402
00314 140040
nO315 000201
00316 0401 71
N0317 140040
00320 0 06 0CU66
N0321 0 08 00466
nN322 000201
00323 140040
0N324 N 06 NOLGL
N0225 0 04 00uU6Y
00326 0 02 00402
00327 0401 71
nNN330 0 N6 0Cu6L
00331 0 Ny 0CueL
nC332 0 02 H0u0L
00333 140040
nC334 000201
AN335  Nud1 71
nN336  14N040
00337 0 06 00472
00340 N 0y 00472
n0341 000201

ASSEMBLY LISTING

MPY
DST
DLD
MPY

.DAD

DST
DLD
TCA
MPY
DSB
DST
MPY
LRS
DSB

‘LRS

DSB
DAD
LRS
DAD

‘DST

CRA
IAB
LRS
CRA
DAD
NST
IAB
CRA
DAD
DST
DLC
LRS
DAD
DST
DLD
CRA

IAB-

LRS
CRA
DAD
DST
IAB
CRA
DAD
DST
DLD

- LRS

DAD
DST
DLD
CRA
IAB
LRS
CR2
DAD
DST
IAB

RX1
DLL
DY
RY1
DLL
DLL
DZ
RZ1
DLL
DLL
D3

S1
S2
SEND

DI.L
DLI

L3
L3

L1
L1
DLL

L1
L1
DLRX

RY3
RX3

RX1
RX

_ DLRX

RX1
RX1
DLRY

RY3
RY3
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MICROCOMP TELECOMMUNICATED DATA
DDP-516 ‘ASSEMBLY LISTING

0229 00342 140040 CRA
0230 00343 0 06 00470 DAD RY1
0231 0N34y 0 08 N0u70 DST ~ RY1
n232 001345 0 02 00494 DLD DLRY
n233 00346 0401 71 . LES 7
n234 nO3IY7 0 06 NCu70 DAD RY1
0235 00350 0 04 neu70 DST - RY1
N236 0N351 n N2 00LO6 DLD - DLRZ
n217 00352 140040 CRA
0238 00353 000201 IAB
n239 nNn3sy nu0t1 71 L.RS 7
0240 001355 140040 CRA
0241 00356 0 06 00LT6 DAD RZ3
0242 00357 0 04 0076 DST RZ3
n2u3 0N36C  NNN2CH IAB
n2u44 00361 140040 "CRA
0245 00362 0 06 OCUTH DAD RZ1
n246 0N363 N nu 0cuTY DST RZ1
0247 0N364 0 N2 COUOE DLD DLRZ
0218 00365 nyo1 71 ‘LRS 7
n249 NO366 0 06 0047y - DAD R21
6250 0N367 0 04 NeyTy DST RZA1
n251 00370 oonons SGL
N252 00371 140040 © CRA :
£253 NN372 0 04 90462 STA 13
n254 00373 n 04 0rUEE STA RX3
n255 N0374 n ou oou72 " STA _RY3
N256 NO3TS N QU D0BT6 STA RZ3
n257 003376 -0 01 O0CNOO JMP* ATTA
n258 NNUOO nOo00AD DLL DBRP 0
nou01 000000 o
nN259 00402 nonnny .DLRX DBP" 0
. 0nhuo03 n0o000o ,
0260 0040 0O0N0N DLRPY DBP 0 .
nnuos nannng
0261 00406 000000 DLRZ DRP @
0ooun7 00onnn
N2R2 00HB10 0000090 D1 ocT 0
n263 00uU11 nooono n2 ocT - 0
D264 00412 ~ 000000 D3 DBP 0
neG13 noon0o
N265 00414 000000 S1 DBP 0
0nu 15 000000 ‘ ,
n266 00816 100000 52 DBP 0
onu17 000000
n267 NOL20 0eeenn TRND OCT 0,40000
00421 - Qunona
n268 NOLU22 000000 SRND OCT 0,200 .
: onu23 000200 - e
0269 000414 DX EQU RT
9270 T 000416 DY EQU DX+2
0271 000420 DZ EQU DX +4
0272 noougn LA EQU 1460
n273 000461 L2  EQU L1+1
0274 000462 L3 EQU 11+2
0275 000864 RX1 EQU L1y

027¢€ NNCBES  RX2  EQU L1+5
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MICROCONP TELECOMMUNICATED DATA
6 ASSEMBLY LISTIKG

0277
0278
0279

0280

0281
n28a2
N2R3

0284 00424 . 125253

nNDP-51

000466
000470
N00871 -
000472
000474
000475

. 000476

RX3
RY1
RY2
RY3
RZ1
RZ2
RZ3

EQU
EQU
EQD

EQU

EQU

"EQU

EQU

-END

L1+6

~L1+8

L149

L1410

L1+12
L1+13
L1+14
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