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ABSTRACT

It is a distinct advantage to have predictable real-time data against
which to compare the behavior of new real-time programs. The following
report describes a system used to check out programs written to decommutate
and process telemetry (TM) data in real-time. Although the system is
admittedly special purpose, it is believed that the principles used may have
wide application in real-time simulation.

The system hardware consists of a general purpose digital computer with
interrupt hardware, a TM data processor, and an inexpensive interrupt control
and interface buffer. System software consists of a real-time TM data
monitor and a conversational-mode interpreter used to construct data lists.

In use, the telemetry data is generated by the computer and '"transmitted"
to the TM processor via the interface.

A SOFTWARE PACKAGE FOR REAL-TIME SIMULATION

Rationale & Problem Description

Real-time program check out can proceed only to a certain point before
applying real-time constraints. Depending on a number of factors, this point
can range from very early to very late in the debugging process. Usually
the most critical portions of the program reside in that portion which requires
a real-time situation similar to the real-time specifications of the program,
to adequately verify that the program is working as intended. This is par-
ticularly true where the program is processing incoming data which is enter-
ing at a fixed but uncontrolled rate (i.e., uncontrolled by the program) and
output equipment is slow compared to the input rate.

A particular example of such a program is one designed to decommutate
and process telemetered data which is in the form of a serial bit stream.
Such a program was written for the Apollo Lunar Surface Experiments Package
(ALSEP). Specifically, the program (actually a group of programs) is
required to acquire sync, decommutate, process, and output data to a very
high speed line printer, or a digital-to-analog converter. In ALSEP, data is
generated, converted to digital form and commutated before transmission.
Some of this data is sub-commutated to as many as three lower levels.
Implied in these statements is the presence of a sync-code for each commutation
or "frame'. Total synchronization was quite complex.

The programming assignment was eased somewhat by the use of a
fairly advanced telemetry data processor. However, since it was a new
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machine and the programming staff initially unfamiliar with its operation,
adequate debugging aids became proportionally more important.

Due to the imposed bit rates, the required processing and the available
hardware and software, a real-time operating system was written. This included
a real-time input/output executive, subroutines for acquiring main frame sync,
arithmetic processes, and printing. The total ALSEP telemetry Jormat was
partitioned into its experiments. A program was written for each experiment;
that program was responsible for sync acquisition and processing peculiar to
that experiment.

It became apparent fairly early in the project that some means to
accurately simulate the ALSEP data format was needed. It was determined
that these needs could best be fulfilled by using a small general purpose
computer with interrupt hardware and a simple interrupt control/interface
buffer. A software package was written for the simulating computer. It
is this package that is the major topic of this report.

BASIC STRUCTURE

HARDWARE

1. Telemetry Data Processor: DPS 2000, manufactured by Bendix
Electrodynamics Division. This is a special purpose digital computer with a
section devoted entirely to telemetry sync acquisition and decommutation.

The instruction set is divided about equally among TM and typical data
processing commands. The particular version used has a 32 bit word, 4K
magnetic core storage and a 2 s cycle time. It is capable of handling TM

bit rates of up to 10° B. P.S. 1I/0O equipment consists of a 15 cps typewriter,

a 6000 LLPM line printer and a 300 cps paper tape reader. There was also

an eight channel D to A converter feeding a corresponding strip chart recorder.

2. Simulating Computer: PDP-8,manufactured by Digital Equipment
Corporation. This is a 12 bit, 4K machine with a 1.5 us cycle time. The
I1/0 configuration consisted of an ASR 33 teletype only.

3. Interrupt Control/Interface Buffer: The circuit is shown below.
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SOFTWARE
1. Monitor: The purpose of this program is to thread through data lists

and set up a waiting buffer from which an interrupt routine can draw data

in real-time for output to the telemetry processor. The monitor is also
capable of modifying the data stream in real-time via the teletype as the data
is loaded into the waiting buffer. These modifications consist of {1} permanent
changes to any part of the data, (2) temporary changes to any part of the data,
(3) temporary changes to the main frame sync code, (4) addition of bits to

the main frame for one MF time only, and (5) deletion of bits from the main
frame for one MF time only. The monitor is capable of subframing to any
level within core storage constraints. It is capable of handling fixed data,
incrementing or decrementing count data, and random data. It can accommodate
word lengths from 1 to 10 bits and has provision for three ''special cases"
(e.g., parity computation for a specific sub-set of words in the main frame

list).

2. Interpreter: The purpose of this program is to construct the data lists
used with the monitor. This is a conversational-mode program that interprets
user responses to computer-generated requests for information and punches

a binary paper tape which can be loaded into the PDOP-8 along with the monitor.
it sets up the data lists to be used by the monitor. It has provision for
decimal or octal data input, and multiple addressing of a given subframe list.
Certain shortcuts are available for inputting data. There is an error recovery
facility available for the convenience of the user. Upon completing the input
of data, the data lists are punched on paper tape in binary, with a checksum.
Frame headers, counter addresses, and the data lists are printed.

SIMULATOR THEORY & IMPLEMENTATION

The algorithm used in the simulation treated the test data as 7 it were
actually being commutated. The data is arranged in circular lists, each
list having a pointer (or commutator arm to extend the analogy). Since ten
bits was a convenient maximum simulator word size, two bits remain unused
in the PDP-8 word. These two bits are used as flag bits to inform the
monitor that the list position being presently examined is a switch to a
lower level of commutation.

Since it was desired to have various types of data, as many as three
special cases, and various word sizes from 1 to 10 bits, it was necessary to
carry a descriptor word along with each data word. This is where maximum
core economy had to be exercised. Without any effort to pack information
efficiently, the total ALSEP simulator data would have occupied nearly all
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the available core, leaving virtually no room for the monitor. Each descriptor
word was therefore cut to 6 bits; two for special cases, two for data type,
and two for word size. To accommodate a bit count from 1 to 10 the
following approach was taken. The two word size bits are tested for zero.
If they are not zero, 7 is added to give the size of the current word. If
they are equal to zero, bits 29, 28, 27 of the data word are extracted and
right justified to become the current word size. Data type flags are used
to switch control to the appropriate routine. Count data in the data list
consists of a low core base address where the pointer, IP & RP are stored.
Random data is generated and the appropriate number of bits extracted as
data.

Alternating waiting buffers are used to allow the output routine to draw
its data from a completely filled buffer. These buffers each accommodate one
main frame. Data for the next main frame is always being generated by
the list processor. When the next frame is complete, control transfers to an
idle loop. At the completion of the ''transmission' of the current frame,
the buffers are switched and the construction of the following frame is
started.

SOFTWARE DETAIL

Monitor:
The monitor may be divided into three logically distinct sections:

(1) A list processing routine: The prime function is to thread through
the data lists,constructing a main frame list in one of two alternating
buffers for later output.

(2) An interrupt service routine (ISR} including output routine: The
prime function of the ISR is to respond to an interrupt, and identify it as an
interface, TTY input, or TTY output interrupt, and route program control

to the appropriate routine. The output routine sequences through the appropriate

buffer, transmittinz" one bit of data per interrupt.

(3) A real-time modifications routine controls the execution of
modifications via TTY commands.

A commented assembly listing follows.
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I LRSNSE
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JvP
RTL
RTL
rRTL
AND
DCA
Isc
TAD
TAD
DCA
TAD
ciAa
TAD
SNA
JMP

ADDR ZADDRESS OF PN
IAC
ADDR
ADDR]1  Z4DDR OF RPN
I ADDRI1
RTL
RAL
£1713 /2(N+1)
ADDR
NOPTR 72(N+1)+BA
I ADDRI1
L177713
TEMP /RP(ND
I ADDR 7P N)
RAR
TEMP Z1+RPINI+P(ND /2
NOPTR /Z2(N+1)+BA+1+RP(NI+P(NI/2
TEMP1 /ADDRESS OF HALF WORrD
I TEMpPl
o+ 4
/ROTATE RIGHT »>IX BITS
(7740 /HALF WORD RIGHT JUSTIFIED
I PICKUP /ZARGU. ADDRESS
PICKUP
NOPTR Z/2(N+1)+BA
I ADDR /2(N+1)+BA+P(N)
NOPTR ZADDRESS IN LIST
I ADDR
TEMP /RP(N)=-P(N)
RTN /IF AC=0, P(N)=0s IF AC NOTYUs P(NI=P(N?}

782490
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1347
19 50
1251
19 52
1353
1254
1255
1856
1857
19 69
1961
1462
14063
1064
1365
14645
167
174
1471
1972
1v73
1374
1875
1876
1077
11vy
1131
1132
1193
1134
1195
1196
1107
1119

111
1177
1208
1241
1202
1203
120 4
1285
1206
1207
1219
1211
1212
1213
1214
1215
1216
1217
1228
1221
1222
1223
122 4
1225
1226
.18

7241

1540
3500
1974
5699
4532
4237
2464
Wididid
4533
3123
1523
351

4137
1922
1459
5265
4533
3523
41317
1136
7449
5657
1922
7459

5276
1411

3126
1526
4534
T440
5657
2123
4533

3523
1149
%3310
2026
1926
7610
7240
7439
5213
1824
3927
1923
5216
1025
3927
1624
3839
1829
7941
3832
3836
1172
3931
3¥45
1172

RTNs

WRDCH»

CHWRD»

REDO»

FIKIT,

SETBUF»

COoMlo,

cLA
TAD
ncAa
TAD
JMpP
Jels
Jmis
JAP

JMS
DCA
TAD
DcAa
TAD
SNA
JMpP
Jis
pDCA
JMS
TAD
SLA
JMpP
TAD
SNA
JMpP
TAD
vcAa
TAD
JMS
SLA
Js"’i I
154
JMS
DCA
JpP

154
FAD
RAR
cLAa
SZL
JMP
TAD
DCA
TAD
JMP
TAD
DCA
TAD
DCA
TAD
Clia
DCA
DCA
TAD
DCA
DCA
TAD

IAC

I ADDK

I ADDR
NUP TR

1 PlCKUP
1 LNJW
CHWRD

I LIDLE

I LCONVT /CONVERLT g€
CHANGE

I CHANGE

PREVA

CHCONT

CONT

-2 /WAIT FOrR CONTROL CdAR
I LCONVT

I CHANGE /INSERT CORE CHANGE
CHCUNT

AUK

I CHwWKD
ConNTY

=2 /WAIT FOrR CONTRUOL CrAR
AR2

SAVY1

I SAVY1 ZLOAD NEXT CHAR

I LRANGE

I CHWRD
cHANGE /CHANGE LOCATIUN
I LCONVT

I CHANGE /CHANGE CO-& LOCAT+UNZ
REDO

*12049
AFIND
AFIND
SETBUF

LTBL1 /ADDRESS 0OF TABLEL

ATM-646
Page 11 of 43

o UCTAL

TABLEl /TABLE FOR GENERATING BITS

LTBLZ2 /ADDRESs JF TABLE 2
comM1l
LTBL2 /ADDRESS OF TABLE2

TABLE1l /TABLE FORr GENERATING BITS

LTBL1. /ADDRESS OF TABLEL

TABLEZ2 /TABLE FOR OUTPUTTING BITS

TBITS /TOTAL NuUMBER OF BITS

NBITS /RESET NUMBER OF BITS TU 8E PrRUCESSED

BITS
{-121

BTPWRD /RESET B8ITS PErR WORD COUNTER

PREVCT
{-121]

48¢40
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1227 3433 DCA NuSLLS
1233 5601 Juie 1 wLAILT Page 12 of 43

/RETURY FRIC b
/AC=y NURMAL KETURN
/AC=-1 OUTPUT JF TASLE Gl aTeEd

/ CHANGE 1aae o
1231 5231 RADND » JiP .
1232 5232 SCASEs JriP .
1233 5233 JVIP e
123« Jadad SEND 2
1230 129 cLA
1236 1 431 Tan 1 {aglg2 /ZOATA WIRD xeauy Fos JoilPdl
1237 Ta 4 AL
24 3439 oA I adLE2
1241 1377 IAD (6471) JEENERATE 311 solPul Lo TRUCTIOUN
1242 T 424 SN /IP COUDE 6471=5KEND 151
1243  Twadl iag /0P CODE c472=5eND o 31
1244 3245 NDCA e+
1245 3399 W /GENERATED LNSTRUCTION
1246 2431 I54 wBirexD 7/781Ts Qo wdsl real
1day 3266 Jel?  INCTBT
1293 3439 DoA 1 FABLEZ  ZUPOATE DATA CuuNTEx-AnL slis 1IN
1251 25 31 o T2 JPREDENT DATA wonDd PRoCEossmy
1202 1172 FAD L=12) /RE-INIT BITS PE GddD Clun i
1253 3031 JCA BT WD
1254 1032 Fap NsITs  /Z¢a NEG #) sglITsS dutediirew Iy THIS Fi
1255 1127 TAD FLAG /ZCHANGE LENGTA JF @R
1256 71544 Svia
1257 5265 JMP ) TNI W /DU NJOT O ADD Us dseolE o w END JF o ar
1284 3932 DCA NlTs /SET 31T COUNT
1261 1127 TAD FLAG
1262 1431 TAL 3TPwRD
1263 3931 DCA 3T¢axD ZADD Jx% vELElE olTs IN NEAT wirkb
=54 3127 DCA FLAUG /CLEAR App=-pDEL Uiy
1265 1299 NOTNJI s CLA
1266 2432 INCIsT, Is4 NolTs
1267 5634 Ji 1 bEND ZNORMAL BRI T4 sIie IN rfaols

12749 4299 JMs F1ALT
1271 722031 CLAa IAC

1272 5634 JEP 1 SEND

1273 9390 RANGES J /Crar IN AC D16l

1274 3126 PDUA aAvdl /CHAR #1d3T o sei dLEN 260 AND 267
1272 1128 [AD 5AVJI1

1276 1376 Tay (=2719)

1277 7519 SHA

1394 53u 4 JiP? e+ 4

1391 124w JUIIL» CLA

1392 1126 TAD 5AVIIL

1303 5673 JMP I RANGE

1394 7234 cLAa

1385 1126 FTAL 5AaVva1l

136 1375 TAD (-269)

1337 7519 SPA

1319 5381 JMP QJToL

1311 1250 cLA

1312 5673 JMP 1 RANGE

1313 ¥dads  CONVIS 4 /CONVERT 3CD Tu JCTAL
1314 7280 cLa

1315 3125 DCA ANSW /ANSWER
1316 1411 LOUPL» TAD 1T XR2

98¢40
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1317
1326
1321

1322
1323
1324
1325
1326
1327
1334
1331

1332
1333
1334
1335
1336
1337
1344
1341

1342
1343
1344
1345
1346
1347
1354
1351

1352
1353
1354
1355
1356
1372
1373
1374
1375
1376
1377
1621

1622
1623
1624
1625
1626
1627
1630
1631

1632
1633
1634
1635
1636
1637
1649
1641

1642
1643
1644
1645

3126
1411
I374
3411
1126
4273
745
2342
1373
T454
5332
72099
112¢
1372
1449
52317
7209
1125
5713
1125
7134
7134
7144
1126
1375
3125
5316
7281
1411
D374
3011
5337
1524
71566
1717
7524
7510
6471
3114
T34 4
3115
64 41
5227
5344
6031
52748
6836
3116
1352
7449
5253
7281
3452
1116
6046
1105
1449
5261
2022

Coir T,

INTOL,

BYCiR»s

CO™MA,

DCA
TAD
AND
DCA
TAD
Jis
SNA
Jwii?
TAD
SWA
Jiip
cha
TAD
TAD
SLA
Jiir
CLA
TAD
JmipP
TAD
cLL
CLL
CLL
TAD
TAD
DCA
JMP
cLA
TAD
AND
DCA
JMP
1621

pca
RAL
Dca
TSF
JMP
JMP
KSF
Jvp
KRB
DCA
TAD
SZA
JMP
cLa
DCA
TAD
TLS
TAD
SZA
JimP
152

S5AVY1
ARZ
17114
AR
SAVYl
RANGE

INTUL
(-212)

BYCR

SAVY1
(=254

I LeEksur

ANS W

I CONVT
AND W
AL
RAL
AL
SAVEL
(-261)
ANS W
LOOPr1
1AaC
AR2
(1717
AR2
CHPT

SAVEA / SAVE AC

/5AVE LINK
TTY OUTPUT INTERRUPT

SAvVel
/SKIpP ON
o +2
CLEAR /CLEAR TTO FLAG
BITOUT /CLOCK INTERRUPT
/TTY INPUT INTERRUPT
CHAR /BRING IN CHAR FRrROM
UR

TTY

RSTOR
1AC
OK
CHAR

MCOMA
/COMPARE WwITH COwMtA
CHCR
CONT

/NO. OF CONTROL CHAR

ATM-646

Page 13 of 43
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1646
1647
1656
1651

1652
1653
1654
1655
1656
1657
1664
1661

1662
1663
1664
1665
1666
1667
1673
1671

1672
1673
1674
1675
1676
1677
1769
1791

1762
1793
1704
1745
1746
1747
1711
1711

171
1713
1714
1715
1716
1717
1729
1721

1722
1723
1724
1725
1726
1727
1739
1731

1732
1733
1734
1735
1736
1737
1749
1741

1742
1743

1116
3413
1d1d
377
3106
7249
1115
71149
1114
&gl
S4d13
12400
1116
1196
7454
5245
1299
2246
4444
1452
3253
722159
1999
3446
1115
347
1114
34 5¢)
6001
5443
HY 42
1299
352
5253
49532
1281
1411
3923
1291
1911
w377
3411
1411
1146
7444
5517
4137
1823
T3 41
1124
7519
5517
1103
1500
5517
7200
1423
1129
3142
1542
3182
5592

RSTURS

CHC s

BITOUT,

CLEARS

IDLES
PHASEL,

GO1,

TAD
nCa
TAp
AND
pca
CLA
Tap
CcLL
Tap
10N
Jir
CLa
TAD
TAD
ONA
JMi?
CLA
Jil?
Jols
S5NA
JiP
cLA
TAD
DCA
TAD
DCA
TAD
peA
ION
Jrli?
TCF
cLa
ncAa
JMpP
Jdvs
CLA
TAD
BCA
CLA
TAD
AND
DCA
TAD
TAD
SZA
JuiP
JasS
TAD
Cla
TAD
SPA
JitP
TAD
SYA
Jir
cLA
Tap
TAD
DCA
TAD
DCA
JMP

ATM-646
Page 14 of 43

CHAR
I AR1 /ZINSERT CHAR IN TABSLE
ARl /TABLE IS5 CIRCULAR
(1711 /XRD MUST 3£ 164y
ARr1 /THRY 1617

SAVEL /RESTIRE AC AND LInX
RAR
SAVEA

Iy ZINTERRUPT COMPLETED, nalury

CHAR
Yo /CHECA FOR CARRIAGE nRETURN

CoviA /CONTHROL CrAx

CumMmA+1 /NON=CIONTROL CHAAR

I LSEND Z0UTPUT BIT TO wPsS=-20is
/AC=» NORMAL EXIT
RoTOR /AaC=1 OUTPUT TABLE CHANGED

9
SAVEALD  /SAVE ADDRESS JF INTERRUPT

SAVEL

SAVEPL

SAVEA

SAVEPA

I LSTRT

UK
RSTIR
I LNOW

I ARz

Crianil /NEAT UHARK TU PRIOCESS

1ac

A2

CL717)

ARrR2 /SET XX2=XR2+1

I XRr2 )

MCR /7CHECK FOR CARRIAGE RETURWN

I LERROR /NO CARRIAGE RETURN
CHCUNT
crAarl

LAasT /ZAIGAEST ASCII vaLJeE FOrR CODE

I LERROR
FIRST

I LERROR

CHAR1 /COMAPUTE ADDRESS OF FUNCTION
ADTBL '

TEMP3

I Teur3

TEMP3

I TEMP3

88¢a0
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1744
1745
1746
1747
17359
1751
1752
1753
1754
1755
1736
1737
1764
1761
1762
1763
1764
1777
2493
2941
202
2033
200 4
2095
234 6
2087
20149
2011
2012
2813
2014
2815
2816
2017
21628
2421
262¢
DA2E
224
20825
23246
2327
2838
20631
2032
2833
2834
2335
2036
2437
21 44
2041
28 42
28043
2044
2845
2846
2847
2359
2851
2052

1454
1753
2031
1754
2342
1755
1762
5353
5354
4532
4533
7341
3127
5464
4532
4533
5369
1717
2434
7200
5214
1513
7919
12893
7439
5216
1434
a3717
1511
3434
1512
5513
1376
5212
12 42
1434
5213
HAYD
72904
1822
7459
5225
5623
4223
4533
79 41
30854
4256
35Y6 1)
BBYd
DYoo
5464
4223
4533
73 41
3853
7061
3144
7326
1821
3145

TBLC»

Cs
PTAPE,
ADDBTS,

DELETES

RESET3,

RESET1»

RESETS,
RESETT7,
RESET6,
RESET4s

RESET2,

NO Ws

NOISEs

KLEP1»
AKEEP1»
NFLAG,

BARKER,

ATM-646
Page 15 of 43

WRDCH /oA

cV

/VQB“

NOISE Al
PTAPE VALY I
BARKER /UE"
ADDBTS VA
DELETE /G

JMP
JMP
JMS
JMUs
cla
pca
JMP
JnS
JMs
JP

152
CLA
JMP
TAD
RAR
CcLA
SZL
JMP
TAD
AND
TAD
DCA
TAD
JmpP
TAD
J4P
CLA
TAD
JMP
2

CLA
TAD
SnNA
JMP
JMP
JMS
JMS
CIA
bCA
JMS
&

3

)

JMP
JMS
JMS
CIA
DCA
IAC
DCA

I LNOY
I LCONVT

FLAG ZCONTAINS # OF 3873 1O ALD Jr DELETE
I LIDLE
I LNOW
I LCONVT
=4
* 2000
I DATAL /INC. COUNTER-UPDATE 1T

RESET6
I LSBIT /SET POINTER = INIT. POINTER

RESETA4
I DATA1L

(56B)
I LLMT2
I DATA1
I LPRVCT /POINTER 1Y BITS
I LLNK@1

(4083)

RESETS
CMA  /DECe COUNT
I DATA1.

RESET7

CONT

=2

I NOW
NOW

I LCUNVT

NSENO
SETCH

I LIDLE
NG W

I LCONVT
BARNO

BFLAG

7326

TAD
DCA

BASEAD
AKEEP2

68250

fLL.
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2853
2054
2055
2056
2057
20 68
2061
20 62
2863
2064
2065
2866
2067
2074
2071
2872
2073
2074
2075
2076
2077
2100
2141
2192
2143
2124
2145
2106
2187
2119
2111
2112
2113
2114
2115
2116
2117
2124
2121
2122
2123
2124
2125
2126
2127
2139
2131
2132
2133
2134
2135
2136
21317
2148
2141
2142
2143
2144
2145

R A e

70 48
3545
5464
w3ad
4137
7291
3136
4223
4535
1299
3136
1951
3656
2256
1123
3656
2256
7231
3656
2256
5656
2893
3147
6931
7333
642
7280
1452
T449
53¥2
7981
3952
1197
60 46
6331
5706
TRy ]

7238

1330
4381
1289
1327
4399
5717
w212
D215
4317
7204
1124
4308
72349
4317
7200
3422
1375
3418
1375
3911

5464

SETCH»

QUTCH»s
DCA
HELP, ION
NOP
IOF
CLA
TAD
SL4
JHMP
IAC
DCA
TAD
TLS
IowN
J“/‘P
ENDL s

JdMS

JMS

LFEED»

CRs
ERRORS

Jis

TAD

TAD

CHMA
pca
JMr
%]

JMSs
cLA
DCA
JUS
JMS
CLA
DCA
TAD
DCA
Isc
TAD
DCcA
152
IAC
Dca
154
JiP

ATM-646
Page 16 of 43
I AKEEPZ2
I LIDLE

CHCONT
IAC

ADK

NOW

1 LCHwWRD

/CHECK FOR CONTRUL CrAr IN BUFFER
/CHANGE COxE wUsD

AOK

PREVW

I SETCH /SAVE OLD CURE
SETCH
CHANGE
I SETCH
SETCH

A0 RD

ZADDRESS JF CHANGED wWORD

1 SETCH /SET FLAG
SETCH
I SETCH

TEAPST

HELP

OK

TEMPST

()
CLA
TAD

I QUTCH

Cr

OUTCH

CLA
TAD

LFLED

OJTCH

JiP
212
215
JMS
CLA
TAD

I ENDL

ENDL /OUTPUT CARRIAGE RETURN AND LINE FEED

WUEST ZHUESTION #ARK

OUTCH

cLA
JMS
cLAa
DCA

ENDL

CONT /LExD OUT nNOe OF CONTROL CHAR

(1609)

bcaAa

AR1

(1689)

DCA
JMpP

XR2
I LIDLE

06240
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&

2146 ddy

21 a7
2159
2151
2152
2153

7280
1236
3637
3534
5746

2154 Juau

2155
2156
2157
2169
2174
2175
21745
2177
J1 7
J17d

1374
3045
3144
a4
1611
1 ol
A i

35y

a1

Tiil4a

J1 1= (166
1145 i T
9174 IS
170 V77

DEWES
a17i

ADM1Al
ADD3TS
ADDR
Al
A0 5L
AFLIND
An e |
AR S P2
AND v
AOK
ARADND
AnG1
BARA LR
34:4NU
BASEALD
BFLAG
S31TuUT
81T5S
BTPAND
8YC=
CHANGHE
CHAR
CHAL
CHBRK
CHCONT
CHCR
CHECK
CHWRD
CLEAR

DT

1 6494

J.306
1755
S1a)
J1al

DR R

A26

2331

3145

J125

Jg136

3941

B 424
21 42

Uvin3
dd 21

d144

16749
336
39331
1352
J123
116
B023
g 132
D137
1661
Y537
1457
1734

ATM-646

RSNSEs 4 Page 17 of 43
CLA
TAD KEEPI
DCA I AKEEPI/RESTUORE VALUE
OCa 1 LNFLAG /SET NJLol FLag = J
JviP 1 RSNSE
TR FRY]

Tau (1611

DA 1 AKEEP2/rIRST TEN 8ITS OF SAKER CJDE

DCA PR AG /CLEAR BARKER CUDE fFLAG

Joar I Rssar

D

L6240
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cMpPT
CNT
COMA
COM-aN
CoOMnN1
CoMl
CONT
CONVT
COUNT
COUNT1
Cr

Cv
DATAlL
DA TAZ
DELETE
ENDL
ERROR
FIRST
FIXKIT
FLAG
Gul
GEL7slT
HELP
IDL &«
IDLEL
IDLE2
INCTRBT
INTOL
INTR
IODCNT
KEEF 1
LAST
LBFLAG
LCHwWKD
LCNT
LCONVT
LERROR
LFEEZD
LFIXIT
LIDLE
LIMITI
LIMITZ2
LINKAL
LLMT2
LLNKJ 1
LNFLAG
LNOW
LOur1
LOUTPT
LOWER
LPICKU
LPRVCT
LRANGE
LRSBRK
LRSNSE
LRST1
LRST2
LST3
LRSTS

1337
FITT
1645
621
3635
1216
3322
1313
W35
i) 62
2134
1753
AH34
B3 37
1762
2117
2131
U1v3
12949
g127
1725
0474
2192
1718
w723
3749
1266
1342
S92
1476
2036
2134
¥131
J135
3747
J133
wll7
2127
D 63
W64
DI 63
D97
w47l
¥J1l11
4113
4139
0132
1316
9J 42
23555
3355
wilz
B134
121
d122
4D T
4871
do73
aa12

ATM-646
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LS8IT
LSEND
LoTkT
LTsLl
LT3L2
LTEGT
MCOMA
MCR
NBITSH
NFLAG
NOBLT>
NOISE
NOP TR
NO TNO w
NO b

OK

our
ourTeH
ouToL
QuTPUT
PHAS 1
PICKU?
PREVCT
PrREV
PRVCT
PTaArPE
QUEST
RADNO
RANGE
REDO
RESETI1
RESET2
RESET3
RESET 4
RESETS
RESET6
RESET7
RNDATA
RSBrK
RSNSE
RSTOx
RN
SAVEA
SAVEAD
SAVEL
SAVEPA
SAVEPL
SAavVeEd 1
SAVU1
SBIT
SCASE
SEND
SETH3UF
SETCH
SETIN
SETInNI
SPCASE
START
TABLE1
fABLEZ2

3119
J 44
Wl 43
DI 4
Jue2 s
V614
41d5
wlyé
3332
2340
U333
2931
SR/
1265
2023
dd54
Jd>52
JT19
2199
1391
W HIJu
1711
1 ) J ]
g 45D
21351
166
1754
J124
1231
1273
14972
293
2329
~2i131)
2416
2912
2014
2013
0 61
2154
2146
1653
1851
J114
DA 46
Jlis
A 51
3d 47
Wa 61
D126
DD 67
1232
1234
1213
2456
AT 45
D664
Ad 49
Y421
a2
D 34

ATM-646
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2

Bifls
TBLC
TEMP
TEMPST
TEMP 1
TEMP3
WRDCH
AR
Ar2
XR3
XR4
XRS5

W29
1744
Y76
w187
Y75
dlv2
1454
JI1Y
Wdll
ba12
B213
DYl a

ATM-646
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Interpreter:
The interpreter may be divided into three logically distinct sections:

(1) A data list building section which operates in a conversational or
question-and-answer mode. In this section data is inputted to the PDP-8
by the user via the teletype. When a data word is specified it is ctored in
appropriate locations. Frame list storage is automatically allocated.
Control of the builder section is retained by this section until all of the data
words have been accounted for. At that point control is passed to the output
portion of the program which contains the remaining two sections.

(2) A punch section which punches a binary tape of the main frame
description, counters and the data lists. A second block of data is punched
which consists of some important registers used by the interpreter. These
registers, when loaded over the interpreter, offer the user a convenient
restart procedure.

(3) A dump section which lists the sizes and header locations of each
frame list, a dump of the counters, and a dump of the data lists.

A commented assembly listing follows.

Prepared by: . f
. Coleman
7
Approved by f : "Z(é é}\

F.G. Conklin
GSE Group Engineer




)
3.3.31
a2
Suj 3

485
) 6
adaaT
i) 1
D11l
a1
D013
A1 4
3915
DBl 6
D017
JI20
J321
Bz
F3I23
did2 4
G225
DI26
B 27
1310 39
3231
Jyag32
JB33
3434
D935
JI36
Bd37
41 40
2941
g 42
Did 43
DD 44
Bd 45
dD 46
w4
Y 56
Wa51
352
Pas53
dd54
Bass
BI56
@57
Bid 68
v 61
P3 62
3063
64
Jod 65

1402
1225
247
1avd

1135
1377
iI116
1225
1377
Jdidd
JHiad
iddy
I E
JJ99
JAdd
A0
2547
1326
JI9Y
Judd
3a29
634
7164
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