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NEW DATA SYSTEM FOR INTEREM

J. BE. Francis and 0. ¢. Yonts

ABSTRACT

The new data system for INTEREM using a PDP-12 computer
is described. Listings of the control program and subrou-
tines along with interface wiring diagrams are included as
appendices.

INTRODUCTION

A PDP-12 computer is now being used for data acquisition on the
experimental CTR machines INTEREM and IMP.l This system replaces the
LINC-8 system previously used on INTEREM and described in ORNL Lh25.

The PDP-12 serves the dual purpose of data acquisition and data analysis,

SYSTEM DESCRIPTION

The FPDP-12 used in this system iz a 12 bit machine with 16 X of
core memory, two TU 55 magnetic tape transports, an RS¢8 magnetic dise
(256 K), 32 A-D converters, and a cathode ray display unit.k Bremstrahlung
spectra are collected by a HP BMOlB multichannel analyzer.2 The inter-
faces for this and other sensors are described in Appendix 4. The machine
parameters recorded are: pressure, mirror coil current, quadrupole coil
current, 3 cm microwave power input, and & mm microwave power input.

Date and run number are also recorded.

lThermonuclear Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL 4545, pp. 39 -
56.

o)
“Trademark of Hewlett-Packard Company.



SOFIWARE SYSTEM

The software consists of a control program and various subroutines
which are called into core from magnetic tape as needed. Use of sub-
routines makes program changes much easier as the need arises.

When read into core and started, the control program first calls
Dec @ & A,3 a question and answer subroutine. This subroutine has been
programmed to ask for the date and store it in the proper location in
memory; it also issues a warning to have a data tape on Tape Transport 1.
ATter the date has been entered via teletype, typing L¥ (line feed) causes
the program to continue. The remainder of the program is then read into
core writing over the Q & A subroutine in the process. The location of
the control program and subroutines is shown in the core maps, Figs. 1 - b,
When the last of the program is read into core, the system is waiting for
a dump of the multichannel analyzer. When the analyzer is dumped, the
data along with all machine parameters is read into core, converted to
single precision floating point format, aad stored on magnetic tape. The
run number in the control program is avtomatically updated along with the
next Lape storage locatioms. Since the serial cutput connection of the
HP analyzer was utilized, the internal programming of the analyzer must
be taken into account by the computer program. The beginning and end of
message signals are utilized to obtain a data word count which is used
Lo determine the number of points to be analyzed. Data output from the
i’P can be 256 words (one gquarter of memory), 512 words (two quarters),
or 1024 words (all four quarters). In addition, memory locations are
outputed every ten data words. The initial memory location is stored
and can be used to determine which quarter or quarters of memory were
dumped. The remainder are discarded along with the zeros following the
end of message signal.

Analysis of the spectra data is done by a FOCAL3 program. FOCAL
was chosen for its language simplicity and resultant ease of modification

by the experimenters. The FOCAL program calculates the corrected intensity,

3Trademark of Digital Equipment Ccrporation.



the electron distribution, average electron energy, and the plasma density.
Average electron energy and plasma density are printed out. There is an
optional print out of corrected intensities. The program now shifts to
the four-decade display mode with the following options: raw daba, cor-
rected intensity as a function of energy, electron energy distribution,

or all three. The options are obtained by pressing Sense Switch 1, 2,

and 3, respectively. If more than one quarter of the multichannel ana-
lyzer 1s dumped, momentary pressing of sense Switch 5 will result in
analysis of each quarter in turn; or if Switch 5 is left on, analysis
proceeds automatically. When the last quarter has been analyzed, the
program waits for another dump of the multichannel analyzer. O0ld data

can be recalled from tape by another program st any time. (See Appendix 2,
Program OLDATA.)

Appendix 1 contains a complete print ocut of the control program and
the various subroutines. The control program also contains the interrupt
routines, the routine for the HP analyzer dump, the temporary storage of
raw data, and the statements for the Q & A display. A brief description
of each subroutine follows. Some of the subroutines have names which
indicate their original compositions, not their final version, i.e.

DATA 256 originally handled 256 points, it now handles 102L4.

DATA 256. This program converts the six digit BCD output of the
analyzer to single precision floating point. It requires that the Dec
rautine SPFLT3 be in core.

NEWPRNT. This subroutine contains a series of utility programs.
These are: sample and store A-D converter outputs; CHANGE, a program
which converts SPFLT for use by FOCAL and then converts FOCAL output
for display; and print out routines for data tables, etc.

LOG 1024. Subroutine to take log of 1024 points as calculated by
FOCAL and scale for display.

DISFOCA. This is the program for displaying the results on the CR
display unit. The sense switch control routine mentioned above is in
this subroutine.

Appendix 2 contalns program OIDATA used to reccover data from tape

storage. Except for the data acquisition part, it is identical to



program CONTROL. However, since it is the raw data recalled, a modified
version of the calculations could be used.

Appendix 3 contains program MODFOCA. This program allows the
experimenter to modify his FOCAIL program, then rewrite it on magnetic
tape where program CONTROI, or OIDATA can read it into core,

Appendix 4 contains a description and wiring diagrams of the various

interfaces used in the system.

MEMORY FIELD MAPS FOR FICURES 1 - 4

Field . The first of four 4 K memory banks contains addresses
00008 - 77778. This is subdivided into LINC Instruction Fields (LIF)
or LINC Data iields (IDF) of 1000g locations. Fach LIF or IDF is further
subdivided into quarters. In Field ¢ these are designated Q¢, Ql, Q2,
and Q3. TIn all other fields the gquarter designation is Q4, Q5, Q6, and
Q7.

Field 1. Absolute addresses are 100008 - 177778. Addresses within
this field and all others or OOOO8 - 77778 as above. This field contains
IDF 4, 5, 6, and 7 as this is the field used for data storage. Since
each quarter of an [DF represents one LINC magnetic tape block, 16
blocks are required for storage of all data.

Field 2. Absolute addresses are 200008 - 277778 and IDF or LIF 108,
11g, 124, and 134.

Field 3. Absolute addresses are 300008 - 377778 and IDF or LIF 148,
15gs 168, and 17g.
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ORNL-DWG 70-12633

FIELD O
0000 400 2000 2400
INTERRUPT
ROUTINES OPEN OPEN OPEN
FOR
CONTROL
LIFg-Qg JUFBQ1 i LIFBI1-Q8 LIF1-Q1 2777
1000 1400 3000 3400
HP
SUBROUTINE
OPEN OPEN OPEN 3655
: OPEN
LIFg-Q2 1377 |LIFG-Q3 4777 LIF-1Q2 LIF1Q-3 3777
4000 4400 6000 6400
CONTROL SUBROUTINE o
PROGRAM NEWPRINT OPEN
LIF2-QP LIF-Qf  4777)LIF3-QF  |LIF3-Q1 6777
5000 7000 7400
SUBROUTIN
O+ A £ RESERVED
; FOR
SUBROUTINE SUBROUTINE DIAL~MS
2. NEWPRINT | 2. NEWPRINT :
LIF2-Q2 LIF2-Q3 5777 LIF3-Q2 LIF3-Q3 7777
Fig. 1. Core locations used in Field (.
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ORNL-DWG 70-12634

FIELD §
0000 2000
Bremsstrahlung | Bremsstrahlung
RAW RAW CALCOL ATION
DATA DATA
LDF4-Q4 LDF4-Q5 LDF5~-Q4 LDF5-Q5 B
st OPEN
CALCULATION
LDF4-Q6 LDF4-Q7 1777 | LDF5-Q6 LDF5-Q7 3777
4000 6000
CONSTANTS
USED EXPERIMENTAL OPEN
IN CONDITIONS
CALCULATIONS
LDF6-Q4 |LDF6-Q5 LDF7-Q4 LDF7-Q5 6777
CONSTANTS ,
USED RESERVED
N FOR
CALCULATIONS DIAL-MS
LDF6-Q6 lLDF? Q7 5777 LDF7-Q6 LDF7-Q7 7777
¥ig. 2. Core locations used in Field 1 when one quarter of HP PHA

is dumped.



ORNL-DWG 70-12635
FIELD 2

ALL
OF
FIELD 2
RESERVED
FOR
FOCAL

Fig. 3. TField 2 for FOCAL only.



ORNL-DWG 70-12636

FIELD 3
0000 2000
i DIS DIS
(oe) FOCA FOCA
LDF 14-Q4 LIF-14-Q5 LIF15Q4  |LIF-15-Q5
LOGASCAL SPFLT OPEN
LIF 14-Q6 LIF 44-Q7 1777|LDF-15-Q6  |LDF 15-Q7 3777
4000 5000
LOF-16 LDF-17
OPEN OPEN
5777 7777

fig. 4. Core locations in #ield 3. .
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PROGRAM CONTROL

APPAP *20

9021 /CONTROL FOR INTEREM

AA2 /UUSES A SYS TAPE

AAn3 79-22-70

[ Rl o X /JE FRANCIS AND O C YONTS

anas ZINTERUPT ROUTINE FOR H P ANALYZER

2006 PMODE

N7 *]

anin Aol 4303 JMS INRUP

asil aa02 7402 HLT

A312 20R3 Q@vva INRUP, @

3413 dP084 6353 6353 /7HP ANALYZER

2314 ABAS  T410 SKP

AnL1s 306 5425 JMP 1 anNAL

AN 6 ABA7T 6041 6041 /TELEPRNT FLAG

2a17 A%13  T410 SKP

AN20 av11 417 JMS TELEPRNT

2921 2012 6831 6031

an22 21/ We] 7410 S4p

3323 2014 4922 JMS READ

Aa24 2315 7299 NOP /FOR 10N

20295 @316 S493 JMP 1 1NRUP

ANeAh 2317 VG0 TELEPRNT. 2

2227 0220 6042 6342 /CLR FLAG

3332 AN21 5417 JMP I TELEPRNT

2231 AN22 00820 RIAD» ]

nA32 9223 6032 6032 /CLR FLAG

B33 An24a 5422 JMP 1 READ

334 3925 3490 ANALs 3408 /5 R TO READ H P DATA
ADDRS

A35 LMODE

aN36 SEGMNT o

2037 *40

NA4L4D A48 Q018 NOP

2741 3041 4074 S5TC ACsay

AA42 a4 A500 108

ana3 2043 6234 RIB

AN 4L aaas 2316 NOP

7245 ANas 4975 STC EM

A a6 Ba46 2040 ADD 0240

anai 2247 1620 BSE 1 /MAKE RETURN JMP

29459 2359 6000 6200

30851 2051 4A72 STC RTN

2352 da52 @321 ROR I 1 © /SAVE LINK BIT

2053 AI53 4873 STC LINK

37154 BA54 3692 PDP

aas5s5 PMODE

aAa64 vA55 4963 JiiS INRUP

2257 2as55 6141 LINC /RETURN L MODE

BB 60 LMODE

HNA61 2057 AVL6 NOP /FOR CHECK HLT

AA62 0350 1000 LDA

2353 P36l 0073 LINA

A264 A062 A261 ROL 1 1 /RESTORE LINK

3065 2063 10006 LDA

AA66 264 @dBT4 ACSAY

na67? A065 05808 108

AA79 2066 6244 6244 /RMF

ga71 8067 8509 108

a7 PA73 7000 7000 /FOR 10N

2373 2871 0006 DJR

AB374 paaTe @aae RIN. @ /JMP CHANGE FI1ELD



2675 @973 @830 LINK» 0

@76 PAT4 0QBD ACSAV, 0

0peT7 2075 0088 KM, e

2106 10N=6081
2101 RIR=6234
6162 LMODE

2123 SEGMNT 1
B1a4 *2p

2185 028 1822 EXTRA. LDA

2106 0321 0020 2 _

2107 2822 4101 STC EXITT+i
3110 0823 0642 LDF 2

ALt 2624 1009 LDA

112 @25 2377 RUNNUM
2113 8826 @244 ROL 4

2114 aR27 4102 STC RUN
7115 an30 1000 LDA

f116 @31 2375 QN

2117 0232 1049 STa

7120 333 0103 QUARTER
p12t1 @034 1120 apa 1

a122 2835 7776 -1

@123 2236 1844 sTA

n124 aB37 2375 Qv

7125 2043 06647 LDF 7

2126 wo4sl 1000 LDA

p127 6342 6034 6834 . /H P WORD COUNT
7130 3043 1120 apa I

0131 2844 7377 -400

2132 2045 G4TD AZE I

2133 9046 6100 JMP EXITT
3134 P47 1040 STA

G135 2958 6034 6034

2136 2251 @544 LDF 4 /SET TO READ IN DATA
8137 052 1000 LDA

2140 nA53 0103 QUARTER
@14l AA54  GO17 C oM

2142 2855 1120 aba I

#3143 2856 3835 5

2144 aB57 2241 ROL 1

3145 @060 1140 aDM

P146 2061 0102 R]UN /TAPE BN
B1aT BB62 1120 apa I

5159 BRS3 4000 4900 /SPECIFY QN FIELD I
8151 364 1040 sTa

3152 2865 0373 BN1

3153 2366 1120 apa I

2154 Br67 1001 1201

2155 3870 1040 STa

8156 8871 98075 BN2

8157 2072 G710 RDC U

2160 3973 0B88 BNl 3

@161 0074 G710 RDC U

2162 P975 DBOB BN 2

2163 2876 0682 LIF 2

0154 a077 6214 JMP RENTER
8165 9108 0682 EXITT, LIF 2

8166 191 @802 2 /FOR ADDRS
8167 3192  9O23  RUNs 6

2170 RUNNUM=377+2080
B171 QN=375+20800
3172 0193 0089 QUARTER» a

A173 PMODE



D174
@175

8176
@177
a2a9
a201
aza2
@203
Q204
4235
2206
2287
2210

az211
aziz
9213
2214
2215
az216
9217
222
9221
a222
@223
o224
@225
0226
ga27
6239
2231
ga32
3233
7234
@235
n236
2237
a24p
A241
2242

72243
pa44
A4s5
2246
@247
2250
p2s51
A5
A253
B254
P255
2256
2257
2260
2261
2262

D263
264
2265
n266

2240

2241
2242
2243
2244
2245
2246

3400

3441
3ag2
3443
3404
3485
3406
3407
3418
3411
3412
3413
3414
3415
3416
3417
3420
3421
3422
3423
3424

3425
3426
3427
343@
3431

3432
3433
3434
3435
3436
3437
3440
3441
3442
3443
3444
3445

3446
3447
3459

3451
3452
3453
3454

7009

6221
6222
5644
7610
7900
5640

7000

4336
1302
T440
5004
7300
1320
3321
1317
3335
1313
3327
1314
3330
1315
3331
7030
3332
1306
3333
4336

4336
13685
7440
7402
4336

2321
3721
2327
5231
1313
3327
4336
1307
T450
4360
1311
1312

7440
7402
4336

3326
7006
7206
3783

2240

NOP

10N -TO GET TO FOCAL GO

CDF+
CIF+

JMP I STARTF

STARTF, 7610
NOP
JMP

20
20

I «~6

/D0 JMS TO THIS LOCAT

/5UB ROUTINE FOR H P 5400 ANALYZER

/6 15 70 YONTS,FRANCIS

PMODE

*340
HPGO., NQP
USING ECHO
JMS
TAD
5zA
JMP
CLA
TAD
DCA
Tap
bCa
TAD
DCa
TaD
Dca
TaD
DCA
NOP
DCA
TAD
Dca
JMS
/ASSUME CR
JMS
TAD
SzZA
HLT
JMs
M LOCATION
15z
DCA
isz
JMP
TAD
pDCA
START, JMS
TAD
SNA
JMS
TAD
TAD

/AC SHOULD CONTAIN 240

524

HLT
BEGIN. JMS
TS

AND

RTL

RTL

pca I TEMPZ2

2

DIG1
5201

INRUP*1
CLL
ADRS2
TEMP
ADRS1
PERM
Ccl
COUNTL
c2
COUNT2
C3
COUNT3

COUNTA
Cs
COUNTS
DIGH

DIGL
NK12

DIG1

TEMP

{ TEMP
COUNTI
-4

C1
COUNT!
DIG1
Rl
DIG2
K3

K4

DIG1

MASK

/SPACE FOR TLS WHEN

/LOOK FOR CR

/LO0K FOR LF

/STORE STARTING PHA ME

7/LO0OK FOR CR
/YES
/NO RESTORE AC

/YES
/NO
/COLLECT aND PACK DIGI



2267
B2T70
B271

@p272
n273
n274
8275
8276
B277
A3n
A3al

BA382
@333
P34
P3A5
B306
a3n7
a31p
2311

ARL2
3313
B3l
6315
A316
@317
3320
f321

Aa322
p323
324
3325
@326
2327
2333@
9331

3332
#3333
3334
2335
?336
¥»337
B34a
A341

@342
8343
A344
A345
A346
a347
A35@
8351

B352
@353
3354
@355
a3zse
3357
2362
9361

n362
3363
A364

3455
3456
3457
34603
3461
3462
34632
3464
3465
3466

3467
3470
3471

3472
3473
3474
3475
3476
3477
3566
3551
3562
3503
3504
35845
3hdé
3507
3510
3511
3512
3513
3514
3515
3516
3517
3520
3521
3522
3523
3524
3525
3526
3527
3538
3531
3532
3533
3534
3535

3536
3537
3540
3541
3542
3543
3544
3545
3546
3547

4336
2326
17483
7946
7286
3733
4336
n326
1763
6211

3735
2335
6211

23306
5256
1314
3333
2332
524¢
5376
7402
7577
2000
7574
7766
7773
7563
7766
P215
7540
7774
7776
7773
70006
Ae20
3521
2929
AABD
L3a017]
000
N3G
2017
PABO
2009
Julale]
2030
8000
RBaG
3006

a0eo
7360
5353
5340
6356
3334
6352
6357
1334
7008

JM5 DIGI
AND MASK
TAD I TEMPZ
RTL

RTL

Dnca I TEMP2
JMS5 DIGH
aAND MAS3K
TAD 1 TEMPZ2
6211

/CDF]

/NOP FOR 6211 LEAVES DATA IN FIELD @

/NOP FOR

STOP>
S201 s
TEMP2 »
NK2@ 4 »
NK12,
C5»
K1,
K2,
K3,
K4,
Cits
C2,
C3s»
Chs
ADRSE »
ADRS2»
TEMP»

MASKSs
COUNT1 »
COUNT2>
COUNT3>
COUNT4»
COUNTS»
MES»
PERM.

DCA I PERM
ISZ PERM
6201

FIELD 8
ISZ COUNTZ2
JYiP BEGIN
Tap C2

DCA COUNTZ
I1SZ COUNT4
JviP START
JMP EXIT
HLT

~201

%}

-264

-12

-5

-215

-12

215

-244

-4

-2

-5

-10060

alulols]

TEMP

SIS ISRV S IS B B C BEN RS B

/CDF

/PERM 1S STARTING ADRS OF DATA IN FIELDI1

DLGL,

INPUT

2

CLa CLIL
6353
JMP .-1
6356
DcA MES
5352
6357
Tap MES
NOP

/SKP FLAGZ

/CLEAR FLAGS
/FETCH NEXT

/FOR TELETYPE ECHO
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2365 35508 7999 NOP

4366 3551 7000 NOP

2367 3552 1304 TAD NK2@4
@378 3553 7450 SNA

2371 3554 5376 JMP EXIT
23172 3555 7300 CcLA CLL

3373 3556 1334 TAD MES

B374 3557 5736 JMP L DIGH
@375 3560 00608 DIG2, @

D376 3561 4338 JM5 DIGH
a3717 3562 1385 TAD NX12
3420 3563 7449 S7ZA

2491 3564 7402 HLT

D402 3565 4336 JMS DIGIL
n4aa3 3566 2333 I5Z COUNTS
Bnay 3567 5365 JMP -2

BDans 3576 3334 DCA MES

BaD6 3571 1306 TAD CS

3407 3572 3333 DCA COUNTS
nal19 3573 1334 TAD MES

2411 3574 13087 TAD K1t

pa12 3375 5769 Jmp 1 DIGE2
aa13 3576 7000 EXITs NOP

a414 /READ 1¢ CHARACTER TRAILER AND EXIT
#3415 3577 7000 NOP

G4ate *3600

2417 3600 7399 Cia CLL

3420 3601 1250 TAD NC12
3421 3602 3260 DCA COUNTS6
aaz2e 3683 6353 TRAIL, 6353

aaz3 3684 5203 JMP .-

Bd424 3685 6352 6352

2423 3686 6356 6356

426 3607 6357 6357

na2v 3618 7300 CLa CLL

2430 3611 2260 1572 COUNT6
2431 3612 5283 JMP TRAIL
432 3613 1254 TAD SC4

2433 3614 3656 DCA I DACALL
2434 3615 1254 TAD 5C4

2435 3616 3655 DCa I QNCALL /QN INDEX FOR REWRITE
G436 LIELLLIIL SIS ISP 777772777
a3t /FOLLOVING ROUTINE STORES HP STARTING
waag /ADDRESS AND NUMBER OF POINTS STORED ON
ha4l /TAPE.

@442 3617 1247 TAD NC4

@443 36200 3244 DCA CTN4
Aa4a4 3521 1251 TAD STRTEM
3445 3522 3252 DCA TEMLOC
Baq6 3623 1652 MOVLOC», TAD I TEMLOC
naag 3624 6211 CDF+19

Bnase 3625 3653 DCa I PRMLOC
2451 3626 6281 CDF '2

HAUS2 3627 2253 15Z PRMLOC
3453 3633 2252 ISZ TEMLUC
Bas4 3631 2244 ISZ CTN4
3455 3632 5223 JMP MOVLOC
2456 3833 7399 CLA CLL

2457 3634 1645 TAaD 1 CA4
Bacy 3635 5211 COF+19

B461 3636 3653 DCA 1 PRMLOC
2462 3637 6291 CDF B

AU63 3640 7300 CLA CLL



dass
@465
A4a66
A4u67
Qa0
471
aaTe
2473
aata
LTS
3476
8477
ASA0
2501
@582
3503
2504
3525
@a5a6
25017
2510
2511
512
2513
0514
3515
#5116
3517
2520
2521
@522

3523
As524
B525
BS26
as27
A530
72531
72531
B531
3531
3531
B531
Bs531
72531
#531
3532
8532
2532
8532
2533
2533
3533
@533
2533
?533
9533
8533
#2533
»533
A533
®533

3641
3642
35643
3644
3645
3646
3647
3650
3651
3652
3653
3554
3655

3656
3657
36603

Ba20
po21
B2
2223
an24

2025
826
aa27
PB30

p231
2332
2033
8434
BAB35
BA36
o337
»B40
234l

AR42
@243
0044

2045
2046
a47
PRS0
#9051
2052
PB53
Bo54
2055
BO56
2057
0069

1246
3253
5804
2029
3532
6839
TT74
7766
2022
2030
6030
2034
4375

4376
2409
ufaulole)

3730
2247
D70
3250
3647

70080
P32
6000
79053

6103
2649
1116
2435
2205
1549
8317
1624
2217

1443
4740
4640

4049
4347
2025
2440
2140
2461
2401
4024
2129
2549
1716
4325

CTN4»
ca4q.
K6039 »
NC4»
NCi2,
STRTEM»
TEMLOC»
PRMLOC
5C4-
QANCALL>
ISR
DACALL»

TAaD K6830
DCA PRMLOC
JMP INRUP+1L
Bod
COUNTA
6333

-4

-12

2090

?

6230

4

4375

/ STORE
4376

TRANS»2400

COUNTG6+ 02

/PROGRAM CONTROL FOR INTERIM,USING
/THE PDP-12.7-38-70

LMODE
SEGMNT 2
*20

/INTEREMI1

SEGMNT 2

¥20

RDC

2247

’]DC

325@

LDF 7 /ANSWR

JMP QAINIT
TEST
ANSR
JMP QARFSH

/GET CONDITIONS TO BE PUT HERE

TEST.»

JMP LOAD

TEXT ZF INTEREM CONTROL

TO GO IN FIELD



0533
2533
a534
A534
534
3534
A534
B34
3534
8534
8534
2534
2534
@534
2534
@534
8534
2534
534
@534
#5535
hAsS3s6
?#537
8540
2541

3542
2543
@544
D545
B546
a547
2550
3551

3552
9553
2554
0555
B#556
B557
A560
8561

2562
2563
2564
a565
8566
ase7
2579
@571

2572
2573
3574
2575
D576
as77
D680
A601

G692
B693
D604
2685
B636
BAuT

061

2862
2463
2064
2a6s
0066
2267
2872
2371
pe72
Pe13
2074
110N A)
@876
2077
2106
Niv}
aroe

9163

2104
2195
3186
2147
9119
Alit
2112
3113
o114
3115
2116
2117
2120
a121
g1a2
#1123
g124
7125
2126
23187
2130
2131
w132

D133
¥ild4a
#0135

B136
2137

1611

2461\
4320
1405
#1223
2540
2431
2005
4084
1885
4004
n124
8556
4074
6257
7462
5774
6234

2316

1320
@708
4331
1420
3224
4332
26593
5320
1020
3230
4332
3651
6328
1920
3234
4332
2652
6320
1026
3240
4332
2653
6329

2654
BING
5263

ATAA
6265
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PUT A DATA TAPE ON UNIT1

PLEASE TYPE THE DATE. <2/<2/<2\Z
ANSR=6000
/ANSWR TO GO IN FIELD 1
QAINIT=1909
QARFSH=1053
LOAD- NOP /LOAD REST OF S5YS
/PROGRAM RDC FOCA MODIFIED FROM LINC-8
/FORMAT TO PDP-12 FORMAT. 7-31-70
ZTA=5

LMB=0600

UMB=0640
Lba I
RDC /NOT INST
STC DO /TELL IT TO READ
Lba 1
3224
STC X2
oMB 18
JMP X1
Lpba I
3239
STC X2
uMs 11
JMp X1
Lba 1
3234
STC X2
uMB 12
JHP X1
Lba I
3249
STC X2
uMB 13
JMP - X1

////END RDC FOCA
/7//L0AD DATA 256 FROM TAPE
LDF 14
RDC
5263
///END DATA256
//7/L0AD LOG4SCALE
RDC
6265
//7/7END L4S§



2610
2611
B612
B613
2614
8615
d61s6
@617
3620
3621
pe22
2623
n624
A 625
A626
B627
A630
B3631
3632
2633
0634
9635
2636
26317
n6an
a6al
Bsan
2643
644
2645
B6as
ad6n7
3650
Bs51

A552
3653
2654
3655
656
B657
B560
B661
2662
7663
D664
2665
B666
Bs567
B6TA
2671
A672
3673
BrATA
B675
D676
8677
aTBa
3791
arpe
g7a3
3734
2735

2140
2141

2142
2143
Q144

2145
2146

alay
0150
Pisl
2152
8153
2154

2155
3156
2157
160
a161
2162
a163
2164
2165
3166

A167
4179

417y
4172
4173

A174
8175
2176
A177
2200
2201

g202
2203
2224
2205
0206
B207

210
o211

B212
2213

2214
2215

D706
7267

655
2128
4252

A730
5253

a7a0
1257
703
2260
@700
3261

D646
Q700
4273
0780
5271
Q730
6272
2729
7273
2644

aaaz
6042

6241
7830
6141

6202
465
6400
2465
7000
6174

10009
0376
oAaATo
6000
8911
4376

649
2614

6400
6252

7009
6530

///L0AD

SPFLT
RDC
7267

///END SPFLT

///L0OAD

/7/7L0AD

DIS FDOCA PART 1
LDF 15

RDC

4252

DIS FOCA PART 2
RDC

5253

//7END DIS FGCA

/7/L04aD

//7L0AD

THREE BLOCKS OF
RDC

1257

RDC

2260

RDC

3261

FNEW CONSTANTS
LLDF &

RDC

H270

RDC

5271

RDC

&272

RDC

7273

LDF 4

/DATA STORAGE AREA

LOOK»

SING INT

CHECK>

LNCALL»

/CLEAR L

FLOAT>
/GO0 TO D

/PART OF

RENTER.

PDF

PMODE

TICF

ERUPT

10N

NOP

LINC

LMODE

JMP LNCALL
SNS I 5
JMP CONDIT
SNS I 5
JMP PRNTOU
JMP CHECHK
CONDIT=429
PRNTOU=1000

LDA

CALL

AzZE 1

JMP @6

CLR

STC CALL
NGaLL

JMP CONDIT
LIF 14

ATa EM

JMP 400
NEWPRNT SOURCE
JMP WRDATA
JMP PRNTOU
JMP CHANGE
CHANGE=569

NEWPRINT FOR PRINTOUT
/PRNTOUT 3BLKS
/PRNTOUT

/PRNTOUT

/BMODE FOR ION

/PREVENT TTY FROM CAU

/T0 GET ION
/RETURN TO LINC

/PART OF PRNTOUT

/7UPDATE AND WRC DATA
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a7a6 /PART OF NEWPRNT SOURCE

Q787 /REVERSE FOR FOCAL! INTERCHANGE

71 /7MANTISSE AND EXPONENT FOR FOCAL

2711 2216 05006 108

@72 P217 6082 6082 /10F FOR FOCAL IN FIE
LD &

BT713 3220 6241 JMP FOCAL

@714 221 6580 JMP CHANGE /CHANGE BACK

B715 /FOR SPFLPT

D7L6 /GET LOG

BrTy7 gagza o614 LIF 14

B720 g223 7000 JMP 1000

ar21 224 0560 108

ar22 0225 6042 6042

@723 p226e 0s5ep 108

Ba724 p227 6881 6331 /CLR TTY AND ION

AT2s /7HIT THAT OLD DISPLAY

A726 3230 0615 LIF 15

0727 2231 6020 JMP 20

2733 a232 s6202 J¥P LNCALL

8731 #2233 0601 LIF 1

0732 a234 6020 JMP EXTRA

2733 fp235 6167 JMP LOOK

734 2236 V000D HLT /FOR CHECK

@735 2237 2248 FOCAGO, 2248 /THIS LOCATION FOR RE
TURN FROM FOCAL

2736 /THE FOCAL EXIT CAN BE CHANGED

?737 249 8611 FOCAL, CLR

D742 241 2009 ADD 9

23741 p242 4251 STC EX1

3742 8243 00602 PDP

2743 PMODE

D744 4244 4637 JMS 1 FOCAGO

2745 4245 7000 NOP

aTa6 4246 6141 LINC

pra7 LMODE

B750 0247 D644 LDF 4

3751 0250 a6p2 LIF 2 /RESET DATA FIELD AND

INST FOR CONTROL

2152 Bn251 B8P EX1., %

B753 /PROGRAM TO WRITE DATA ON TAPE.

21754 /PROGRAM WRITES ALL OF FIELD! ON TAPE 1

B755 a252 1408 @ JRDATa, LDA

3756 2253 0999 2

ATST w254 4317 STC EX2

2760 2255 1320 Lpa 1

761 2256 2714 WRC U

0762 3257 4331 STC DO

AT763 A260 1020 Lpa I

3T54 Basl 2061 H

A7T65 A262 1149 ADM

BTE6 2263 0377 RUNNU

3767 2264 2647 LDF 7

B178 3265 1940 STa

771 2266 6173 6173 /RUN NUM ON TAPR IN F
IELD 1

ATTE 2267 2244 ROL 4

#8773 273 1129 ADA I

BTTY a7l 7776 -1

23775 az7e 1623 RSE 1

Aa7t6 2273 3930 3029

3777 D274 1040 5TA

18033 275 B332 X2



1131

1992 o276
1953 22717
1004 3300
19925 7361
1004 6382
1667 #3733
1316 0304
1211

1912 2395
1813 2336
1314 A387
1015 a31e
1016 72311
1217 @312
1920 3313
1921 2314
1922 D315
1723 2316
1324 @317
1825 2329
1026 3321
1027 @322
1239 P323
1231 23324
1832 a32s
18033 2326
1634 0327
1235 A3308
1336 2331
1837 B332
1049 3333
1041 ¥334
1342 @335
1843 B336
1044 @337
1845 3340
1046 A341
1047 A342
1859 3343
1251 B344
1052

1353 #3375
1054 23756
19255

1056 @377
1057

1263

1861

1362

1263

1864

1065

NO ERRORS
ACSAY 00274
ADRS1 3517
ADRS?2 3526
ANAL 2025
ANSR 608
BEGIN 3458

1560
7900
Bo16
1120
Taal
2471
a3

ATa4
a223
@644
6320
D645
6320
2646
6320
2647
6320
a20a
1009
600
4344
pB65
7773
1629
1001
1140
8332
Bo16
2860
225
6325
1000
2332
1560
70002
1620
3020
4332
2299

2099
2000

DDAD
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/CHECK TAPE FULL

/UPDATE

EX2.
X1

X3

DO
X2,

X4»
QNX s
RTERS
CALL>»

RUNNU

BCL I
7030
NOP

ADA 1
-756
APO 1
HLT
RUNNU ON CONTROL TAPE
WRC
6283
LDF 4
JMP X1
LDF S
JMP X1
LDF 6
JMP X1
LDF 7
JMP X1
1}

LpAa

2

STC X4
SET 1 5
=4

Lba 1
1801
ADM

X2

NOp

2

XSK 1 5
JMP X3
Lba

X2

BCL I
1.1 /RESET FOR QN
BSE I
3000
STC X&
2

*375

5] /FOR INDEXING H P QUA

2

2

/777 THIS PROGRAM WRITES ON TAPE 1
//7/7/8E SURE TAPE 1 CONTAINS A DATA
//7//TAPE ONLY.

////1T ALSO UPDATES THE RUN NUMBER ON
77/ /TAPE (.

/77 /DANGER



N1
BN2
CAaLL
Chasg
CHANGE
CHECK
CONDIT
COUNT1
COUNT2
COUNT3
COUNT4
COUNTS
COUNT6
CTNg
c1

c2

C3

C4

CS
DACALL
DIGL
DIG2
Do

M
EXIT
EXITT
LXTRA
EX1
EX2
FLOAT
FOCAGO
FOCAL
HPGO

I NRUP
I0ON

d1

K2

K3

K4
X6939
LINK
LmB
LNCALL
LOAD
LGCK
MASK
MES
MOVLOC
NC12
NC4
NK12
NK204
PERM
PRML.OC
PRNTOU
RAINIT
QARFSH
aN
QANCALL
QANX
QUARTE
READ
RENTER

2073
2075
4376
3645
B530
4174
A4aa
3527
3539
3531
3532
3533
3666
3644
3513
3514
3515
35146
3506
3656
3536
3560
4331
BR75
3576
2100
2020
4251
4317
4211
a237
4249
3400
2003
6701
3507
35143
3511
3512
3646
BA73
2604
4292
4193
4167
3526
3534
3623
3650
3647
3505
3504
3535
3653
i20a
1209
1353
2375
3655
4375
2103
pa22
4214

21



RIB
RTN
RN
RUNNU
RUNNIM
SC4
START
STARTF
sSTOP
STRTEM
5201
TELEPR
TEMLOC
TEMPF
TEMPZ2
TEST
TRAIL
TRANS
uMB
WRDATA
X1

X2

X3

X4

ZTh

6234
ga72
2162
4377
2377
3654
3449
2244
3521
3651
3502
Bal117
3652
3521
3503
4332
3643
3657
Q649
4252
4320
4332
4325
4344
aAaas5

22



23

AABGE * 26

ABd1 /PROGRAM NEWPRNT 19-9-70

BBB2 /PROGRAM TO READ CONDITIONS ON

aBa 3 /INTEREM OR [MP DEPENDING ON CODE.

anv 4 SEGMNT 2

2005 *2080

@BBG @400 100@ CONDIT, LDA

007 2421 AR @

9B10 3402 4441 STC EX6&

11 3433 1020 LDa I

012 24AB4 0100 saM @ /80T AN INSTR

313 P4ds 4413 STC CHAN

2014 BUdE  BB65 SET I &

AB15 Qua7T 7740 ~37

BY16 2410 Y66 SET I 6

a017 @411 6077 6188-1 /aDDR FOR A-D DATA ST
ORAGE

@20 3412 @647 LDF 7 /1IN F1ELD1

an2l A413 2188 . CHAN» SaM @

2022 Paly 1966 sTa I 6

@23 B415 1920 LDa I

BA24 3416 VPO 1

an2s 2417 1140 aDM

AD26 2429 0413 cHAN

aa27 aa21 @225 XSK I 8

@830 2422 6413 JMP CHAN

2031 @a23 Q066 SET I 6

2032 p4a24 6173 6173 /CODE~-1

233 A425 @atl CLR

3034 BUR6  DSHD 108

@935 3427 6361 6361

936 3430 1666 STA 1 6

3337 @431 0911 CLR

P343 B432 (3530 108

ag41 @433 6362 6362

aa4n 2434 1066 stTa I 6

2043 #4355 0011 CLR

A3 44 2435 3590 108

o045 @437 6364 6364

BBAS /CODE WORDS STORED HERE

anat 2440 1966 sTA 1 6

2ASY B4l BEB  EX6. 2 /RETURN TO MAIN PROGR
aM

AEs1 /CHANGE FOR FOCAL TO SPFLT FORMAT

go52 *509

2053 #3591  100% CHANGE, Lba

PG54 3591 P00 ?

0055 A502 4633 STC 52

PYS6 2503 6533 JMP SR9 /CHANGE 1024PTS

357 2504 0647 LDF 7

PA5D P505 1008 LDA

G761 A506 6034 POINT

3062 POINT=6034 /HP WORD COUNT

20563 2587 09217 coyM

on64 3510 0644 LDF 4

2065 9511 1460 SAE I

AB56 p512 7377 -~a0a

BO67 @513 0456 SKP

ABTR 2514  £525 JMP SR7

ABTIL #5155 1460 SBE I

2HT2 2516 6777 ~1000

2073 @517 @456 SKP



2374
2a7s
A7 6
ATy
a1906
a121
ala2
2123
Q134
8135
alve
2107
21106
2111
12
8113
g11a
2115
g116
@117
3120
3121
2122
a123
124
3125
2126
127
2139
3131
2132
A133
2134
@135
3136
A137
2144
2141
3142
2143
alaa
g14s
A146
2147
%158
Aa151
152
A153
2154
?155
2156
G157
D160
0161
7162
2163
2164
N165
2166
m157
A1LTH
A171
2172

3523
aszi
n522
3523
A524
852s
83526
ns27
1530
@531
3532
3533
P534
#4535
p536
A537
2544
As4al
2542
@543
a544
3545
8546
3547
3550
8551
552
2553
2554
2555
3556
as557
2568
B561
p562
3563
2564
2565
3566
8567
8570
n571
AsS7T2
8573
AS74
D575
0576
A577
26349
2601

1209
1291
1292
13323

6538
1469
STT7
6000
6533
4556
6546
6602
4556
6546
5600
1220
6777
4556
6546
1220
6777
4556
645
6546
P644
6600
1600
20008
4577
2265
3777
aasa
2000
29357
1377
2216
1825
4601
1225
1844
2016
1026
2601
1345
2016
1320
nene
1149
aaa4a
vza7
6560
Grulele]
1405
2000

1229
2009
5343
2500

SR'7»

SR8,

SR,

CHNG»

NUM2.»

T2

EXITSR,
S2»
T3,

JMP
SAE
-200
HLT
JMP
STC
JMP
JMpP
STC
JMP
JMP
LDa
~100
STC
JMP
LDA
-100
STC
LDF
JMP
LDF
JMP
Lpa
0
STC
SET
3777
SET
2006
SET
~423
NOP
Lpa
STC
1.DA
STA
NOP
Lba
T3
STA
NOP
L.na
2
ADM
4
XSK
JMP
7]
EXIT
1}

24

SR8
i
7

SR9Y
NuUM2
CHNG
S22
NuM2
CHNG
S2

1

2
NUM2
CHNG
1

2
NUMZ
5
CHNG
4

S2

EXITSR
15
1 4

I 7

T2

/ERROR

/GO0 EXIT

/FOR NEXT 10200

/RESTORE DF

/STORE TEMP

/TEMP STORAGE

/177777 /DANGER// /777777
/777 THIS PROGRAM
//BE SURFE DATA TAPE IS ON TAPE UNIT 1

/77 /7DANG

/PRNTOUT
/8 21 74

ER
SEGM

NT 2

WRITES ON TAPE UNIT 1

/ TEXT FOR IMP DATA TABLE

PRNTUUS»

*108Q
Lpa
%}
STC
I10B

4}

EXITP



2173
2174
@175

ari7s
o177
a226
2201
p2g2
o283
B204
B205
A206
2ea7
a21e
@B211
7212
3213
g214
3215
a21e6
aa217
A2DA
w22l
Ao
223
3224
72225
3226

3227
A233
B231
P232
3233
D234
AR35
B236
a237
B240
z241
2242
3243
Ana4
agan
L)
B2at
BR5%
72251
AnS2
3253
2254
2255
A256
Ba257
B26s
3261
B262
B263
aA264
B265
B266
3267

1284
1085
1306

10a7
1319
1811
1012
1213
1914
1315
17216
1317
1222
1821

ig22
1023
1224
1825
1226
1327
1238
1331
1332
1933
1034
1335

1335
1937

1645
1641
1242
1343
1244
1245
12448
1347
1350

1251
1952
1853
1254
1255
1256
1257
19692
1961
1262
1253
1364
1265
1966
1367
1879
1271
1972

69082
35009
6046

0079
5343
1330
7423
1820
RS1O
1460
1403
7011
2679
6000

aeat
1330
7423
1330
1460
AA34
TA24
1228
994
T406
1090
6173

5672
7584

1928
B33
T486
2547
12002
6111
AD146
5672
1309

65175
1569
ATT7
B243
2473
Tim2
3165
4R
7115
3165
AH73
7125
3165
D479
7132
3165
DaTo
7137

25

6002 /10F
108
6946 /CAN BE DELETED WHEN

ASSEMBLED WITH ANOTHER
/GET CONDITIONS TO BE PUT HERE
SET I 10
TITLE3+4000 -}
LOOP» LDH I 10
JMP TY
LDA
19
54K 1
STOP3-1
JMP LOOP
SET I 14
ANSR
ANSR=6A00 /1IN FIELD 1
LDF 7 /TO BE IN RIGHT FIELD
LDH 1T 19
JMP TY
Lo I 19
SAE I
B34
JMP e =~4 /4 INST NOT LOCATIONS
LDAa 1
4
JMP SPACES
LDA
6173 /RUNNU FOR TAPE STORE
P HERE
5TC V5
JHP V1
/MICROVAVE POVER
/SCALE DETERMINED BY S5W SETTING

/9 18 70
LDA I
3
JMP SPACES
LDF 7
LDA
ap+11 /MICR POWR 1
NoP
STC VS
LDA

/GET SCALE CODE
CODE+R
BCL I
AT77
ROL 3
BLE 1
JUP Gl
app c2
aZE 1
JMP G2
ADD c2
Az 1
JMP  G3
app  c2
AZE I
JuP G4
ADD C2
azg 1
JMP G5



B27e
2271
272
B273
@274
3215
an16
a277
B382
8301
302
2303
2364
8325
2306
A337
3310
6311
g312
2313
2314
A315
2316
8317
3329
7321
B322
2323
0324
0325
2326
0327
B339
6331
3332
@333
8334
B335
8336
2337
2349
@341
2342
2343
B344
A345
3346
3347
?359
8351
2352
D353
2354
2355
B356
8357
A363
7361
1362
71363
D364
4365
2366

1873
1074
1275
1076
1277
1120
1191
1192

1133
11084
1135
1106
1107
1119
1111
1112
1113
1114
1115
1116
1117
1120
1121
1122
1123
1124
1125
1126
1127
1132
1131
1132
1133
1134
1135
1136
1137
1148
1141
1142
1143
1144
1145
1146
1147
1152
1151
1152
1153
1154
1155
1156
1157
1160
11561
1162
1163
1164
1165
1166
1167

3165
o472
7148
3155
2470
7137
k028
7143

1828
0960
7423
1920
0368
7423
1020
2260
7423
7166
7150
1920
2060
7423
1920
(527%s3%
7423
7166
7143
1029
062
7423
7166
7150
1220
2069
7423
7166
7143
7166
7150
7166
1899
2600
5147
7564
2000
1009
B33
5162
1000
1672
a342
3672
B342
5672
7584
A3aa
2Je1z1%]
6010
1776
2016
644

Gl

G2»

G3>

G5,

G6»

Rl»

NX»
R2.,

NX2»

ca.
Eds

26

ADD C2

AZE 1
JMP G6

ADD C2

AZE I
JMP G5

HLT /NO CODE
JMP Rt

/7PRNT TRAILING ZEROS

LDA 1

60
JMpPTY
Lpa I

6@

JMP TY
Lpa i1

60
JMPTY
JMP E4
JMP  RZ

Lpa 1

6@

JMP TY

LA 1

6@
JMPTY
JMP E4
JMP Rl

Lpa 1

69
JMPTY
JMP  E4
JMP R2

Lpa I

60

JMP TY

SMP  E4
JMP Rl

JMP E4
JMP  R2

JMP  E4

LDa

@

STC NX

JMp V1

2 /EXIT

LD

5}

STC NX2

Lna

Vs

SCR 2

ADD V5

SCR 2
STC VS
JMP VL

@ /EXIT

HLT

JMP 102
-1

NOP /EXIT

LDF 4 /RESET DATA FIELD

/SPACES FOR POWER2/////7///77/777777



A3STF
a37a
@371
2372
9373
5374
A37s
376
B377
D4BD
a401
o402
Baa3
Aana s
@405
aa06
DAan7
2410
fa4a11
aar2
2413
2414
nalLs
2416
2417
a4a29
pa21
a4a422
Aa23
Auny
A425
A4a26
daz7
3434
2431
2432
3433
G434
D435
2436
Qu37
Aa40
Aasgt
Fung
2443
pasy
Aa45
2446
447
Bas0
3451
F452
?453
2454
2455
3456
DAST
2469
aa6l
BH62
2463
AAHH

1170
1171
1172
1173
1174
1175
1176
1177
1209
1291
1202
1203

1204
125
1206
1207
1210
1211
1212
1213
1214
1215
12186
1217

1220
1221
1222
1223
1224
1225
1226
1227
1230
1231
1232

1234
1235

1236
1237
1240
1241
1242
1243
1244
1245
1246
1247
1250
1251
1252
1253
1254
1253
1256
1257

1220
2024
7496
p64a7
1408
6113
2241
5672
504
1420
2304
74856

B6a7
1300
5110
23241
5672
7584
1920
29360
7423
1320
2063
7406

1000
6112
B241
5672
7584
1020
2260
7423
1820
PeB3
7406

B647

1306
6176

2342
BoY7
1560
7774
1120
aeas
5323
10392
5114
2017
A342
5672
1200
6176
2345
1569
T4
2470

/PRINT FIELD CURRENTS

/PRNT J

27

Lba I

4

JMP SPACES
LDF 7

LDA

AD+13

ROL 1

STC VS

JMp Vi1

LDAa I

i

JiiP SPACES

LDF 7

LDA

AD+10

ROL 1

STC V5

JMP V1

Lha I

64

JMP TY

Lba 1

3

JMP SPACES
FIELD

LDA

AD+12

ROL 1

STC VS

JMP V1

Lba I

69

JMP TY

Lba I

3
JMP SPACES

/PRINT INTEREM PRES
/FUR INTEREM

LDF 7
AD=6100
Lba
CODE+2
CODE=6174
SCR 2
com

8CL I
1774
apa 1
5

STC FACTOR
Lba

AD+14
cam

SCR 2
STC VS
LDA
CODE+2
SCR 5
BCL I
7774
AZE 1

/GET PWR
/TIMES TWO

/DATA HERE
/5TART OF AD DATA

/LINE UP FACTOR BITS

/PRES IN CHAN 14
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GR1635) 1260 17277 JMp Z2

BA66 1261 1129 apa 1

2467 1262 7776 -1

B470 1263 0470 AzZeE 1

naTi 1264 7272 JMP  Z4

A872 1265 1120 apa 1

wa73 1266 7776 -1

a474 1267 2479 AzZv. 1

aa1s 1276 7313 JMp  Z1

2476 1271 7310 Jup 723

Aa77 1272 1000 Za» LA /X 2 SCALE

2500 1273 1672 Vs

0501 1274 02341 SCR 1

2502 1275 5672 STC Vs

2503 1276 7313 JMp o Z1

?504 1277 10Q00 72 LbA s X 5 SCALE

2505 1303 1672 Vs

25906 1301 94241 ROL 1

2567 1382 5672 STC U5

2510 1303 102@ LbA 1 /CHANGE SCALE FACTOR BY 1

2511 1334 04101 1

“512 1305 1140 ADM

7513 1376 1323 FACTOR

A51 4 1387 7313 JMP Z1

a515 1319 1820 73, LDA I  /GAUGE OFF WRITE XX

a516 1311 7747 -39 /760-30=X

8517 1312 5323 STC FACTOR

2520 1313 7504 Zis JMP 21

@521 /PRINT PRES

ps22 1314 1020 Lpa 1

¥523 1315 8835 5 /PRNT E

2524 1316 7423 JMp TY

Bs52s 1317 1020 Lba I

As26 1323 4955 55 /PRNT MINUS

as27 1321 7423 JHMP O TY

2534 1322 1020 Loa 1 7LOAD FACTOR

2531 1323 23220 FACTORs @

©vws532 1324 1120 ADA |

?3533 1325 D269 69 /MAKE 12 CODE NUM

@534 1325 7423 JMP TY

9535 1327 08644 LDF 4 /7RESTOE LINC DATA FIE
LD

#3536 LIS/ 77/77/7/CONTINUE PROGRAM HERE

B537 1747727 7/70MP LEAVE TO RETURN TO MAIN PROGRAM

2542 1334 ©v16 LEAVE, NOP

2541 1331 05929 o8

D542 1332 6941 69341 /WAIT FOR FLAG FOR TL
S IN TY

2543 1333 7331 JMP -2

As544 1334 09500 108

D545 1335 6242 6042 /CLR TTY

BA546 1336 6509 108

A547 1337 6001 6931 /10N

2550 1340 0016 NOP /INTERUPT BACK ON

2551 1341 @644 LDF 4 /RESET DATA FIELD

7552 1342 7343 JMp EXITP

4553 1343 06032 EXITP.9 /RETURN TO PROGRAM

2554 TITLE3, TEXT Z

B»555 1344 4043

3555 1345 4084

3555 1346 0124

@555 1347 8540

3555 1359 4240



3555
B555
@555
9555
555
Aa555
B555
B555
72555
2555
3555
3555
2555
B555
2555
2355
3555
A555
#3555
2555
n555
@555
B555
a555
B555
3555

B556
B556
B557
2569
As561
A562
2563
3564
3565
3566
567
AsTH
a571
A572
A573
3574
3575
2576
3377
BEAE
2631
7602
B603
a634
635
A6H 6
asaT
261G
@611l
@as1e
A613
2614
3615
a616
0617
BH2H

1351
1352
1353
1354
1355
1356
1357
1368
1361
1362
1363
1364
1365
1366
1367
1370
1371
1372
1373
1374
1375
1376
1377
1409
1481

1492

1493
1434
1495

1485

1487
1410
1411
1412
1413
1414
1415
1416
1417
1428
1421
1422

1423
1424
1425
1426
1427

14302
1431
1432
1433
1434
1435
1436
1437
1443

49 49
2225
1640
15617
5640
4249
2027
2249
6142
4042
4920
2722
4962
4940
4815
2611
2514
d440
4040
1286
1185
1434
4340
2022
2523

2343

2216
2009
2000

2016

2317
5414
2000
5422
2265
Ba0s
1020
046
7423
3225
7415
X1 1]

D@57
220
5531
1300
1581

1460
3243
7434
7462
3543
2451
7455
3542
4451

29

DATE RUN NO. PUR 1 PWR 2 MFIELD
IELD PRESS
Z
NOP
STOP3, HLT
EXIT, @2

/SPACE ROUTINE
SPACES, NOP
/SET NO SPACES

Cor

STC SPNUM

app 9

STC EXITS

SET L 5
SPNOMs, @

Lpa 1

43

JMP TY

XSK I 5

JMP SPNUM+1
EXITS, @
/TYPR SUBRUOUTINE
TYs SET 17

@

STC TEMP

LDA

TEMP

/CHK LINE FEED

S5AE 1

43

JMP e+2

JiiP CR

ADD €37

apo

JMP LETR /LETTER CODE

aApD CRA

aApQ

JF
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As21 1441 7474 JMP SPES /SPECIAL CHARACTER
Bo22 lag2 1000 1.DA /FURM NUM
A623 1443 1501 TEMP

M624 l4a44 1120 apa 1

a625 1445 320384 200

n626 1446 Ta47 JMP PRINT
A6y 1447 0599 PRINT, 108

1639 1450 6041 6341

A631 1451 Ta47 JMP -2
3632 1452 95069 108

#4633 1453 6646 6046

8634 1454 6017 JMP 17 /EXIT
A635 1455 10308 LETR» LDA

A636 1456 1501 TEMP

A&E37 1457 1120 ADA 1

noead 1460 A300 309

A6a1 1461 Ta47 JMP PRINT
A6n2 1462 1028 CR» Loa 1
D643 1463 9215 215

1644 tana @590 163

645 1465 6v41 6041

0646 1456 7464 JMPe-2
A64a7 1467 @584 108

2650 1470 6046 6046

n6sl 1471 132¢ Lba 1

652 1472 4212 212

2653 1473 7447 JMP PRINT
D654 1474 19BA SPESs L.DA

3655 1475 1581 TEMP

7656 1476 1120 ana 1

A657 1477 0280 200

266V 1580 7447 JMP PRINT
661 1501 92083 TEMPS 14

AH62 1582 7757 C20. -23

A663 1563 7740 C37- ~-37

B664 /5008 TO GO BINARY TO BCD\
3665 /7ANSR IN L1 AND NEXT THREE BINS
3666 /8 1 68

B667 /IZNTER WITH NO. TO BE CV IN 5V
6T /BINARY TO DECIMAL
2671 1504 @811 vl CLR

2672 1565 20890 ann o
2673 15764 5612 STC V3
B6TA 1527 02071 SET I 11
B6eTH 151¢ 1664 L1-1

B6in 1511 1929 Lpa 1
2677 1512 1672 V5

ATAA 1513 1246 sTA

BT3l 1514 1630 S4

B792 1515 1048 5TA

B27TA3 1516 1624 S3

D744 1517 1230 LDA

a71As 1520 1664 Ya+2

N5 ES) 1521 1248 STa

BTaT 1522 1643 55

a7Ld 1523 2817 cuM

“hill 1524 5626 STC S4-2
ATL2 1525 7615 JiP V2
@713 1526 1203 LDa

714 1527 1657 Y1

9715 1532 1271 STA 1 9
aTLs 1531 1029 1.DA

B717 1532 1661 Y3
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Q728 1533 19346 5TA

AT7T21 1534 1630 sS4

D722 153% 1940 5TA

8723 1536 1624 53

724 1537 10069 LDa

725 1548 1663 ¥4+1

a126 1541 1940 5Ta

AT727 1542 1643 55

3738 1543 0217 coM

2731 1544 5626 5TC S54-2

2732 1545 7615 JHP V2

#8733 1546 1200 LDbA

a734a 1547 1657 Y1

@735 1559 1971 5Ta I 9

a3736 1551 1820 Lba 1

8737 1552 1661 Y3

A7 49 1553 1840 sSTA

74l 1554 1630 54

A742 1555 1949 STA

@743 1556 1624 53

D744 1557 10069 LbAa

D745 1568 1662 Y4

@746 1561 1049 STa

B7ra7 1562 1643 55

D750 1563 @17 COM

B751 1564 5626 STC S54-2

D752 1565 7615 JMP 2

3753 1566 1000 LDaA

A754 1567 1657 Yl

2755 1570 1971 ST 1 9

BI56 1571 1200 LDA

BaTs7 1572 1661 Y3

2768 1573 14608 SaE I

Aot 1574 7777 1717

B762 1575 0456 SKP /SAP [INCONDITIONAL

763 1576 9017 COM /TAKECARE OF MINUS ZERO

@764 1577 14671 sta 1 9

2765 16306 0B70 SET I 19

A766 1691 1664 L1-1

B767 1602 0076 SZT 1 16

RTTH 1683 7773 -4

#8771 1604 1639 NOs Lba 1 1@

A772 1605 1129 apa 1

2773 16806 0960 60 /FORM 12 CODE FOR TYP
E

g 167 7423 JMP TY

775 16168 0236 XSK 1 16

BTT6 1611 76064 JMP NG

a7Te 1612 Qa9 V3, @ /EXIT

1393 1613 02920 2080 /EXIT

1931 1614 3000 Q7. 2 /TEMP STORE

1292 /0CTALL NO. TO HOW MANY X,5

1463 1615 @811 V2, CLR

1894 1616 5&57 STC Y1

1825 1617 2069 ADD 9

1886 1680 5656 STC V4

1227 1521 2411 CLR

1919 1622 5657 STC Y1

1911 1623 1382 .ba

1812 1624 8289 53, ¥  /ADDRS OCTAL NO.

1413 1625 1129 A 1

1414 1526 0009 A /FACTOR =X

1315 1627 1340 STA



1216 1630
1617 1631
1020 1632
1921 1633
1222 1634
1823 1635
19324 1636
1825 1637
1926 1640
1327 1641
1830 1642
12331 1643
1332 1644
1233 1645
1834 1626
1@ <5 1647
1236 1655
137 1551
1340 1652
1341 1653
1342 1654
19243 1655
1244 1656
1045

1246 1657
1047 1660
1350 1661
1351 1662
1952 1663
1953 1664
1954 1665
1355 1666
1356 1667
1357 1670
1364 1671
1361 1672
1062

1963

1364

NO ERRORS

AD 61020
ANSR 60AQ
cHAaN 4413
CHANGE 45090
CHNG 4546
connE 6174
CONDIT 4429

CR 5462

c2 5165
ca2a 5522
c37 55923
TXIT 5435
ZXITP 5343
EXITS 5422
EXITSR 4577
EX6 nanl

=4 5166
FACTOR 5323

G1

5162

2000
pasl
7640
1020
2001t
1149
1557
7623
1476
7645
1120
8000
7652
1320
001
1146
1657
ANl
5660
3660
1249
1661
2029

alololo]
0602
@023
2012
Bi4a4a
1752
V20

2222
0003
BA0D
anao
4361450]

32

S4, @ /ADDRS OCTAL NO.

APO

JMP . t+5

LDa

1

AM

Y1l

JxP U2+s6

AZE I

JMP ety

aAng I
S5, @ /FACTUR X

JMP o t+6

Lpa 1

1

ADM

Y1

CLR

STC Y2

anbD Y2

STa

Y3 /CONTAINS LEFT OVER NO
V4» 4]
/EXIT
Y1 4]
Y2, 2
Y35, 9
Y4, 12

144

1750 /FACTORS TO GET DECIMAL
1.1 AQ/THESE FOR SPACES TEMP STORAGE OF DI
GITS

39

717

29

20
UsSs [} /TEMP STORE ~NO. TO BE
cv

RUNNU=377 /RUN NO. STORED HERE
/CHANGES 10824
/DELETE LN 68 FOR CONTROL QUARTERS



G2

G3

G4

G5

G6
LEAVE
LETR
LOOP
L1

NO
NUM2
NX
NX2
POINT
PRINT
PRNTOU
Q7
RUNNG
R1

R2
SPACES
SPES
SPNUM
SR7
SR3
SR9
STOP3
52

53

S4

55
TEMP
TITLES
TY

T2

T3

V1

vz

V3

V4

7S

Ti

Ya

T3

Y4

41

Z2

z3

z4a

5115
5125
5132
5137
5141

5330
5455
5311

5665
5604
4556
5147
5162
6834
5447
5960
5614
h377
5143
5150
5486
5474
5414
4525
4530
4533
S484
46530
5624
5638
5643
5501

5344
5423
4569
4691

5504
5615
5612
5656
5672
5657
5660
5561

5662
5313
5277
5318
s272

33
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Baan *20

aa01 /PRAGRAM LOGiId24 / LOG SUBROUTINE

3082 /7LOGASCAL MODIFIED TO LOG1@24

0033 /9-24-79

2004 /MODIFIED FROM LINC-8 TO PDP-12

2n8s 77-27-70

UGS /PROGRAM L0OGASCAL

%1514 /SET NEG TO BOTTOM 0OF ScalL

po1G /CALCULTE LOG OF SMOOTHED DAT& AND SCALE FOR DIS
PLAY

8011 /11 13 68

Be12 LMB=0 620

2013 UMB=A 642

D14 *1009

2815 1009 0011 CLR

2a16 1001 2009 ADD B

2a17 1992 S160 STC El+1

320 1983 7041 JMP 5R6 /FULL 1024 PTS

pazi 1004 po647 LDF 7

aaze 1295 10006 LbA

2823 1906 6234 POINTS

2324 1887 0017 COM

aAn2s 1010 1460 SAE I

2826 1811 73717 1% 0]

a7 1912 8456 SKP

B30 1813 7825 JMP SR4

#3231 1214 1469 SaE 1

pB32 1915 6777 -1030

2933 1816 0456 SKP

7aa34 1917 7833 JMP SRS

BA3S 1620 14€9 SAE I

AA36 1221 S777 -2000

2837 1922 9456 SKP

D3N 1p23 704l JMP 5R6

Aual 1224 20329 HLT

2842 1025 1248 SR4.» STA

a343 1326 1871 NUM

2044 1827 5114 STC PTR2

245 12398 02644 LDF 4

246 1031 7661 Jip CALCZ2

2047 1832 7157 JMP E1 /MAIN EXIT

[0]53614] 1833 twnakd  SRS.» STA

2051 1834 10671 NUM

B0S2 1235 5114 STC PTR2

2753 13356 0644 LDF 4

157 18637 7961 JiiP CALC2

2355 1248 7157 JMp El

56 1241 1027 SR6. Lpa I

3357 1342 6777 -13928

3063 1343 1042 STA

2061 1pas 1071 NUM

apo62 1245 5114 STC PTR2

An63 1046 0h4a4 L.DF 4

BAGL 1347 7461 JMP CALCE2

PA6S 1950 1023 LDA I

2266 1351 6777 ~16606

aa67 1252 1349 STA

aABTHA 1953 1871 N

2071 1354 5114 STC PTR2

AT 1355 0645 LDF 5

AT 1856 1961 JhiP CALC2

374 1857 4644 LDF 4



ARTS
3376
SATT
a1Aa
2191
aiaz
A1m3
Apan
BL0S
21606
[ORREN
i1
91l
2112
A113
3114
?211s
[ I EY
2117
A12a
2121
@12
2123
@124
"n125
2126
T
3130
@131
A132
2133
a134
3135
2136
A137
142
dr4al
2142
2143
a1 a4a
2145
Atas
2147
A150
151
2152
7?1153
Al1sa
B155
2156
G157
A1a0
@161
Bln2
Bwied
3164
165
A166
9167
2LTA
2171
n17a
A173

1763

1961
1062
1963
1264
1265
1366
1957
1470
1871
1972
19373
174
1075
1676
1277
1100
1181
1182
1123
11804
1185
1186
1137
1119
1111
1112

1113
1114
1115
1116
1117
1123
1121
1122
1123
1124
1125
11246
1127
1133
1131
1132
1133
1134
1135
1136
1137
1140
1141
1142
1143
1144
1145
1146
1147
1159
1151
1152
1153

7157

2D11
2809
51%86
ap65
1777
DI66
7177
BA67
DARY
1825
5313
1325
5311
1
1319
3451
7359
7166
1908
1312
1366
1994
1313
1866
ag27
T2

AAEH
aann
2072
3777
1932
5337
1229
B3a4
5132
1232
Za17
1143
1132
16594
1337
D344
3161
1952
3144
2451
7147
3153
Aas51i
7154
1323
@377
1952
7154
1329
TANT
1452
7154
7338

35

JMP E1
VR AR
caLL2s CLR
apnp @
STC EXIT2
SET I 5
YN /ADRS OF DATA
SET I 6
7777 7ANSE START AT 601D
SET I 7
NUNM %} /MINUS NOSPTS
Jls Lha I 5
5TC L2
Lba 1 5
STC L2+1
L.DA
L2
APO
JMP X1 /SET TO ZERO IF NEGe.
JiP L1 /CALC LOG
LDa
1.3
STA 1 6 /RETURM ANSR
Lna
L3+1
STa 1 45
X84 1 7
) JMP Ji
/SCALE FOR DISPLAY
/5CALING RTN
H2, SET I &
PTR2. ]
' SET 1 12
G6» 3777
Lpna 1 12
STC Ti
Lbpa 1
SCR 4
STC  J2
Lpa I 12
CuM
A
J2
LA
Ti
J2s SCR  4/SET uEXPUNENT4
ADD 4
5Ta 12
ADD  H4g+l
aApyg
JmMP  H3/SET TO -~377
aApD  J3
APU
JmMP Ml
Ha, Loa 1
377
STA 12
Jkie Hl
H3» Lba 1
~377
5T4a 12
JEpP Hl
J3s 7T
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dL74 1154 0226 Hl. XSk I 6

2175 1155 7117 JuP o G6+1

2176 1156 927n16 EXIT2» NOP

2177 1157 0682 El, LIF 2 ZEXIT WITH LOG OF NUM
SCALED

B200 11686 0816 NOP /EXIT STORED HERE

azol /G0 TU DISPLAY

A202 /CONST TO SET

w203 /LOWER SCALE

2204 1161 72008 G4 =577

2205 1162 02009 Va.- 7}

H2n6 1163 000D 7

A287 1164 Q@80 VS, 0

2219 1165 3320 s

2211 /ENTER WITH

212 /NO« IN 2L

w213 /EXIT WITH

2214 /L.0G IN 3L

08215 1166 4857 Ll» SET 17

A216 1167 02060 5}

217 1179 1000 LDA

2229 1171 i310 L2

2221 1172 2479 AZE 1

n222 1173 7270 JMP  Z6

2223 1174 0261 ROL I 1

B224 1175 1568 BCL I

2225 1176 4089 4929

fNaARs 1177 5343 STC T3

ga27 1200 2263 SET 1 3

2234 1201 1337 T1

w231 1202 1220 LnDaA 1

aa3a 1203 7776 -1

4233 1204 3311 ADD  L2+1

B34 1205 7734 JMip 1736

1235 12006 7671 JMpP 1671

D236 1207 1337 T1

AR237 1212 1274 Ct

240 1211 1341 T2

w241 1212 5344 STC T3+1

0242 1213 7671 JMP 1671

H243 1214 1343 r3

3244 1215 1343 T3

0245 1216 1326 L2

2245 12y7 7671 JMpP 1671

247 1228 1326 e

2250 1221 1326 Z2

w251 1222 1324 Z1

3257 1223 7671 oMP 1671

12,3 1224 1324 41

2254 1225 134 GS

w255 1226 1345 Ta

D256 1227 7671 J.P 1671

4257 1238 1343 T3

N26@ 1231 1325 z2

a2s61 1232 13308 Z3

a2n2 1233 7671 ~MP 1671

1263 1234 1334 %3

D254 1235 1302 C4

A265 1236 1337 T1

M266 1237 7437 uMpP 1437

257 L4 1337 Tl

a7 1241 1346 T4

2271 1242 1345 T4



aija
2273
Bal4a
DATS
AsTH
az277
2394
A3A1

a3ag
2393
1374
3335
3386
A3a7
v310
a311

1312
72313
33la
2315
3316
2317
B329
73321

a322
B323
3324
2325
@326
az27
833%
?B331

@332
3333
A334
N335
7336
6337
A340
2341

a3a2
2343
B344
?345
A348
n3azv
2359
@351

7352
#3353
A354
4355
@356
3357
@360
#3361

A362
3363
2364
A365
2366
AIGT
A3TH

1243
1244
1245
1246
1247
125@
1251
1252
1253
1254
1255
1256
1257
1260
1261
1262
1263
1264
1265
1266
1267
1279
1271
1272
1273

1274
1275
1276
1277
1309
1381
1392
1323
13064
1385
1336
1337
1314
1311
1312
1313
1314
1315
1316
1317
1328
1321
1322
1323
1324
1325
1326
1327
1338
1331
1332
1333
1334
1335
1336

7671
1326
1399
1337
THA37
1346
1337
1346
7671
1343
1276
1337
T446
1346
1337
1346
T446
1346
13414
1312
6817
Wil
5312
5313
5017

2321
T776
3367
7776
3216
7775
3107
1774
3210
7772
3B0D
20060
Doaad
2000
2009
082
12151010
2000
jadalilel
20020
1510141%)
(6161014}
03049
Jolola
Bo2e
paas
5x1a1]
P39
2000
DADD
B339
2000
BIaY
aaos
8a30

JMP
2
c3
T1
JMP
Ta
Ti
T4
JMP
T3
ce
T1
JMP
T4
T1
T4
JMP
T4
T2
L3
JMpP
L6 GLR
STC
STC
JHMP
/CONSTe USED
/1IN SERIES
/EXPANSTON
Cls 2321
7776
C2s 3367
7776
C3» 3216
7775
Ch, 3197
7774
CSs 3218
71712
B4, 7]
2
L2 7}
&
L3, A
5]
T7s 4}
9]
Vi, 4}
4}
Ve, 4]
@
U3s 14}
' ]
Z1ls @
7]
L2 ?
[5]
Z3., 4
1]
o
S4, [a5]03%]
%]
55, 5]
@

37

1671

1437

1671

1446

1446

17

L3
L3+1
17



3371
0372
9373
#374
8375
9376
@377
2400
aag1
page
P43
A4 4
2465
PaRs
aan7
3410
Balt
aa1e

1337
1340
1341
1342
1343
1344
1345
1346
1347
1350
1351
1352
1353
1354
1355

NC ERRORS

cALC2

c1

ce

C3

Ci

cH

EXIT2

21

EA

G3

o4

56

Hi

2

H3
4

Jl

J2

J3

3

L1

L2

1.3

NI
PUINTS
PTR2
SRA
SRS
S8A

5061

5274
5276
K303
5302
5304
5156
5157
5336
5345
5161

5115
5154
5113
5147
5143
5092
5132
5153
2690
5166
5319
5312
5471

6534
51ta
[425
5733
5141

5333
335
3337
5341

5343
5346
5314

U

22008
anan
)ulols
1 51%10]
2000
s1110]
7773
5117 1%]
515205}
311
2000
5355
5318
5311
anaAg

38

Ti» 7]
7
T2» a
[4]
T3, 4]
[4]
G3» -4
T4 7]
%]
X1, CLR
ADD ®/5ET EXIT
STC X2
STC L2/SET LOG EQYJAL ZERO
STC L2+
X2> B /EXIT

POINTS=6034
/CHANGE FULL 1924 PTS LN 16



U5
X1
X2
71
2

2

46

5164
53541
5355
5324
5326
5330

5279

39



14d1o]
ABB1
vaaz
2033
2034
20485
agv6
3237
AG10
@31t
2a12
#8313
an14
av1sS
AAL6
AAL 7
13210
anei
pA22

2923
BR24
Aa2s
Bu26
hA27
3934
AN 31
2032
o33
BA34
?aE35
on35
2237
A4
Baal
2042
A3
P44
0o 4s
agan
aAca7
BU53
2051
pase
Ans3
aa5L
2955
2856
57
ANED
2061
AR62
63
o064
2065
2066
BAan7
AR FA
BaTi
an72
2973
DATH

aAnee
2321
aaee
2e23

B6e24
Ba25

5626
ag27
3030
2031
2032
2433
B34
AN3s
Ad36
3837
AQ 40
RIGESE
de4a2
3343
Doan
G045
AAa6

2047

3A50
2051

BB52
7253
2054
BB55
2055
3057
AAEGA
AR61
A0 62

2063
3364
2265
AB66
1267
PB78
3071

a0t
2000
{467
n016

2073
7762

2071
ARG
ear2
1772
1020
7400
9151
1190
3264
9232
6034
1820
D059
1140
oLl
%230
6032

64779

2465
64565

3461
6063
D462
6873
3463
6103
Aass
5113
6144

1390
[a1%15)%]
4143
a6a4n
1629
3777
4131

40

*20
/PROGRAM DIS FOCA. A DISPLAY PROGRAH
/FOR DIFFERENT SPECTRA
/9 24 19
/FOR INTEREM. WRITTEN FOR LINC-8 AND
/MODIFIED FOR PDP-12.7-31-7@
LMB=d608
UMB=3 644
/DISPLAY DATA
71 4 69
/TAKES TWO QUARTERS
*20
CLR
ADD @
S5TC Ei+2
QL NOP
/DIS VERT
SET I 1@
~15 /DI SPLAY MARKER EVERY
20PTS
SET I 11
(7}
Fl, SET 1 12
-5
Loa I
=377
DIsS 11
ADA
Q4
XSK I 12
JMP .4
Lba I
50
A D
11
XSK I
JidP F1
/CA LNCALL
JMP A8
/CHK SNS 5
SNS I S
JYMP 1
/EXIT ON SNS
/DISPLAT DATA 256 POINTS
/DETERMINED BY SENSE SW
SNS I 1
JMP SR1
SNS I 2
JMP SR2
SNS I 3
JHMP SR3
SNS I 4
JMpP SR4
JHMP CONTIN
sr7r777
SRi » LDA
2
STC EXITD
LLDF
LDA
3777 /1 TO 256
STC aQu

/DATA HERE

-



apiIs
AAT6
FDT7
P130
2191
A192
2133
Ataa
Bles
3126
2187
21182
#1111
griz
2113
f114
G115
2116
72117
n123
2121
pra2
2123
2124
2125
3126
n127
P138
2131
7132
2133
0134
2135
3136
@137
2140
#1141
@142
7143
@144
p14as
3144
BrAT
2150
B151
7152
73153
3154
4155
2156
n"157
2169
2161
AL62
163
2164
2165
2166
G167
A1T7a
B171
3172
173

an72
3373
3074
3a75
P3T6
2077
2100
a1a1
n1a2
9103
0104
2195
2106
3107
a11e
Bi1
2112
3113
a4
a115
0116
0117
0129
121
pras
2123
o124
f125
2126
a127
7139
2131
2132
?133
#3134
2135
2136
0137
0140
a141
a148
2143
B144
2145
Pl4as
2147
2150
@151
0152
2153
154
2155
0156
@157
2160

2151
2162
2163
Al164
2165
2166
a167

6123
1800
6351610
4143
3644
1929
2777
4131
6123
1200
anvn
4143
2645
1920
3777
4131
56123
1890
U203 35)
4143
2645
1020
2777
4131
6123
2216
2371
@776
2973
1377
ae72
Apad
3171
1920
3001
1149
2011
2232
1432
2233
6132
2216
@816
647
1890
65173
4419
1002
02909
2004
ao11
1020
D410
6312
6232

as47
Bs61
26549
2367
6003
D962
7775

PP
SR2 s DA
J
STC
LK
LG
277
SIc
JilpP
SR3> Lha
1]
STC
LDF
LA
3777
STC
Jip
SR4.» Lbha
@
STC
LDF
LDaA
2777
STC
JMP
DISP>» NOpP
QA2 SET
776
SET
=400
SET
QN> 4]
Q5» Dis
LnAa
1
ADM
11
QA3 XSK
LDA
X581
JMP
EXITUs NOP
CONTINs NOP
LDF
LDa
6173
STC
LDA
209
ESF
CLR
LDA
Q7

41

PDIs

aRL Y
A
L

N
DI S

EXLTD
53

I
QN
DISP

EXITD
5
I

QN
nisp

I11
I 13
/-144
I 12

I 11
1

I 12
112
1 13
as

7

Q7

I

/7768-1024

/ADDRESS OF DATA

JMpP Y1 s/CV LN TO BCD

JMP X6 /DIS LN

/DISPLAY DAT
LDF
SET
D650
SET
3510 15)
SET
-2

-
7

11
I 7

I 2



@174
2175
2176
[} W
A200
a2a1
a2a2
2203
A264
A285
2206
22a7
7210
7211
w212
2213
A1 4
@215
216
a217
p220
N221
n222
7223
@224
pe2as
[aho22Es)
227
2239
2231
2232
2233
n234
2235
2236
2237
0240
a241
3242
@243
pesa
A245
p246
aga7
P2506
B251
Bas2
2253
P254
B255
AR56
2257
7A269
261
62
n263
264
2265
6266
267
A270
n271
272

2170
2171
aLriae
0173
B174
Q175
Bl176
Gr77
0200
2201
n202
aza3
2204
3205
A206
2207
210
9211
@212
9213
2214
ar1s
2216
0217
2220
ga21
@222
n223
A224
0225
0224
fa227
3230
9231

0232
2233
P234
9235
3236
2237
A24n
aral
@242
3243
Q244
g245
A246
A247
3259
B251
3252
1253
0254
D255
N256
N257
02692
0261
2262
0263
02584
2455

1327
1560
7768
A241
1129
3266
4083
1820
2320
1743
1763
g222
6170
19020
2210
1140
a0a1
0262
7775
1327
1327
1560
7760
B2a1
1122
a266
4393
1220
2327
1743
1763
geaz2
6214
6923

a4
DAYA
061
3659
n266
1174
naeT
dasn
1p27
1562
7760
2241
1126
2265
4033
Alv4a
1743
1763
1329
aaaa
1142
2081
2226
6242
6204
6823
AL77
069D

J2s

J3.

42

LDH I 7
BCL 1
TT160
ROL 1
ADA 1
Al
STC
Lpa
320
DSC
DSC
XSK
JMP
Lba
18
ADM
1
SET 1 2
-2
LDH 1
LDH I
BCL I
7760
ROL 1
ADA 1
al
STC
LDA
328
DSC
DSC
XSK
JMpP
JiHP

— W

-, =W
N W

/INDEX OVER DELIMITER

=

— L)

N W

O CL W

3
1

/DISPLAY LN

X6

X5

Qa4
QA6

SET 4

a

SET I 1

0658

SET 1 6

-3

SET 1 7

L1 /LN STORED HERE
LDA I 7

BCL I

7763

ROL 1

ADA
al
STC
5AM
DSC
DSC
LDA
4
ADM
1
XS4 1 6

JMP X5

JMP 4

JMP Q1

177 /INDEX FOR H LINR
1

=W



22173
n274
BRTS
az276
@271
a300
2301
a3ae
@303
0304
8305
3306
a307
A3LH
a311
a312
?313
a3l4
A3L5
a316
2317
A320
A321
@322
B323
A3I24
2325
8326
2327
9338
2331
?332
2333
3334
7335
5336
2337
A340
@341
B342
A343
A344
@345
a3a6
@347
A350
3351
a352
2353
B354
3355
B356
2357
AZ 6O
3361
2362
2363
2364
A365
2366
2367
a370
2371

266
0267
0279
2271
neta
0273
az274
3275
0276
ARTT
2390
3301
2302
303
2304
2385
A336
A307
310
?311

3312
2313
@314
a315
316
#3117
2320
a321
a322
2323
A324
A325
2326
p327
330
3331
7332
#3333
2334
@A33%
3336
@a337
a343
3341}
a342
@343
2344
@345
2346
a347
23359
2351
2352
9353
3354
2355
3356
23357

4136
3641
2101
Ar77
4523
2151
4128
2651
2414
a4a77
5172
2651
1506
4225
4443
6958
5126
2651
5120
3651

4323
2080
4406
071
gas57
19028
o000
1042
a424
1042
A429
1063
JAST
1349
ba37
aa17
fqA22
5411
1306
3452
1371
1220
aas4
1949
pasa
1045
P4a20
1209
f456
1249
BH37
nar7
4422
6411
1900
o452
1971
1820

43

als 136
3641
2191
AL
4523
2151
4122
2651
2414
DaT7
5172
B5651
1506
4225
4443
6350
5126
2651
5120
3651
/SUB TO GO BINARY TO 8CDN\
/ANSR IN 1L AND NEXT THREE BINS
/8 1 68
ZJENTER WITH ADDRES OF NO.TO BE CV IN ACCUMULATOR
/7BINARY TO DECIMAL
Vis STC «+6
ADD @
STC V3
SET I 11
L1-1
Lpa I
@ svVALe INSERTED BY PROGRAM
STA
sS4
STA
53
LDA
Y4+2
STA
S5
cOoM
STC S4-2
JMpP vz
LDa
Y1
STa I 9
LDa 1
Y3
S5Ta
S4
STA
S3
LDba
T4+1
STA
55
coM
STC S4-2
JMP V2
LDA
Y1
Sstra 1 9
Lba 1



372
2373
B374
2375
3376
G377
AHAA
a4a01

a402
Aua3
Aana
aa9s5
Ban6
Qug7
3418
Aall

aq12
2413
2414
AH18
416
a1
3420
2421

Aa22
A423
da24
a4a2s
da246
2427
BAa36
Pa3l

B432
@433
Q@434
Au3s
Ga36
an37
oang
gdaal

Baaz
Aan3l
Aa4a4
paas
Ba46
a4t
Ansn
451

2452
nas3
24asa
A4as5
Base6
BuST
Pasd
B4aa1

345
G463
Buch
Anss
3466
na67
Aa7a

23360
2361
2362
363
364
B365
8366
B367
B373
Aa371
6372
B373
B37A
2375
375
3377
ALane
2401
0ad2
3433
gala
Q425
B4aas6
2437
aaie

a411
nay2
6413
aal 4
D413
416
aayrd
RH2n
Aa21
N4422
2423
aa2a
aa2s
3426
aaz7
AH3P
2431
pa3e
P433
A4a3a
A43%
ANn36
2437
Dany
d4a4ai
Puaae
443
Aass
Q4a4s
Ban6
Aanv
das
das1
23452
A453
AnsA
Bass

454
18492
B4a24
1040
3429
16060
B45S
1949
0437
2817
4422
5411
1060
Ba4s2
1871
1208
das4
1468
77717
D456
o0LY7
1971
(o117}
135215}
ABAY

2011
4452
2000
4451
2011
4452
1900
2300
1123
2339
1249
aaaa3
B34as1
6434
1827
ARG
1140
pasz
6417
AaTe
6441
1120
2000
6446
1020
2001
1140
3452
a1l
4453
2453
4454
2000
2000
2988
15153030
2012

V3.,

Q7
/0CTALL
Ve

53,

S4.

S5

V4.
Yis
Y2,
Y3,
Y4r

44

Y3

sSTA

54

STA

S3

LDA

Y4

sTA

S5

COoM

STC Sa-2

JMP V2

LbAa

Y1

STA I 9

L.DA

Y3

sax 1

7777

SKP

cOoM / TAKECARE
sSTa I 9

B /EXIT

2P0 /EXIT

# /TEMP STORE
NO. TO HOW MANY
CLR

STC Y1

ADD O

STC V4

CLR

STC Y1

LDA

® /ADDRS OCTAL
aADA I

(4] /FACTOR -X
STA

4] /ADDRS OCTAL
APO

JMP e t+6

Lpa I

1

ADM

Tl

JMP U2+6

AZE 1

JMP .t4

aDa I

@ /FACTOR X
JMP e t+5

Lna I

1

ADM

Y1

CLR

STC Y2

ann y2

STC
[}

2
4]
%
12

OF MINUS ZERO

X»S

NOe«

Y3 /3Y CONTAINS LEFTOVER

/EXIT

NO.



A4a71 nase
472 2457
2473 0460
a4 Basl
LN A) 0462
aa7s 2463
2477 D454
A500 3465
as41 aass
592 Qas7
92563 nare
o594 a471
2565 Baze
536 B47T3
as5a7

@513 474
2511 2475
2512 3476
NO ERRORS

a1 4266

A6 4479
CONTIN 4laa
DISP 4123
EXITD 4143

El 4465

1 4630

J2 4179

J3 4214
LM A600

L1 4450

QN 4131

Q1 4023
(8324 4124

03 4137

Q4 4264

a5 4132

26 4265

Q7 4410
SR 4063
SR2 4873
SR3 4193
SR4 4113

53 4420

S4 4424

55 4437
e 3642

Vi 4312

ve 4411

J3 4436

v aasi

K5 4242

K5 4232

Tl 4452

Y2 4453

Y3 4454

Y 4 4455

2144
1758
208

2209
Q800
A28
220@
P62
Y16
Baleé
642
1000
2376
ds44

2478
6000
6465

45

144

1759 /FACTORS TO GET DECIMAL
Ll B#3/THESE FOR SPACES TEMP STORAGE OF DIG
ITS

29

3%

151%]

510]
El, A602/CHANGE MEMORY BANK

NOP /SPACE TO CHANGE UMB IF NEEDED

NOP /SPACE FOR RETURN
Ab6s LDF 2

Lba

2376 /LNCALL

LDF 4 /DATA HERE FOR FOCAL
/THIS LOCATION MUST BE CHANGED IF DATA CHANGED
AZE 1
JUp @
JMP El /LNCALL SET RETURN TO CONTROL






b

APTENDIX 2






D239
2331
2882
o893
2204
aons
2006
2027
o210
P311

ealiz
aa13
6014
aa15
2016
o217
aa2a
2321

go22
3423
324
agas
026
2927
B30
00631

3032
2033
034
2335
27236
aa37
2349
2941
2941
2241
2341
2341
2041
a2341
2941
2041
AN42
2042
2042
va4z
o042
2042
2042
2342
2242
3042
2242
2042
nAa42
3042
2942
2842
28942
2042
2342

2249
2241
2242
2243
2244
2245
2246

2020
2021
ao22
0p23
2024

8325
2326
27
6333

6231

va32
2933
2234
2835
29236
B237
049
a041

2242
2043
2044
8245
2046
047
pas5a
P51
2252
Q@53
2254
8855
20856
2057
2060
P61
0062
0063

7000
6221
6222
5644
7610
7000
5640

3700
2247
2709
3252
0643

7002
a3
8351
7453

6864

4943
4711
1624
As522
3515
4803
1716
2422

1714
4320
1405
2123
2540
2431
2005
4024
1605
4022
2516
4816
2515
0265
2256
7462
7461
3420

b9

PROGRAM OIDATA

*20
//7/777/PROGRAM OLDATA// /77777777
/THIS PROGRAM RECALLS DATA STORED ON
/TAPE BY PROGRAM INTEREM CONTROL.
/18-16-72

PMODE

*2240

NOP

CDF+23

CIF+208

JMP I STARTF
STARTF, 7610

NOP

JYP I -6

LMODE

SEGMNT 2

*20

/INTERENM]
SEGMNT 2
*29
RDC
2247
RDC
3250
LDF 3 /ANSWR TO GO IN FIELD

JMP QAINIT
TEST
ANSR
JMP QARFSH
/GET CONDITIONS TO BE PUT HERE
JMP LOAD
TEST>» TEXT Z

INTEREM CONTROL

PLEASE TYPE THE RUN NUMBER.<2<1\Z



BA4a3
gRaa
aaas
ag4a6
47
27359
9Aa51
2852
2853
Ans54
aas5s
aa56
A657
[s1%51%
@061
PA6E
ans63
[717X2]
BA65
0Bs6
@067
@370
anTl
@072
POT3
@74
2075
2076
AATT
3183
3131
o192
2103
3134
a1as
£ RGESY
21937
n119
3111
3112
7113
AtlAa
2115
3116
2117
3129
[EB R=R1
Ar1ao
23
23124
5125
2125
2127
»139
9131
2132
7133
3134
3135
3136
D137
2149
Artay

PAs4

aa265
2066
V67
anie
B371
oa72
373
o074
2675
076
o777
2104
2101
2192
2163
2104
@135
2106
2137
2112
2111
2112
2113

2114
#1115
116

2117
2120

Bl12i
23122

A126
G127

21349
7131
2132
2133
3134
4135
2136
2137

ga16

1620
D702
4335
1926
3224
4336
3650
6324
1020
3230
4336
2651
6324
1220
3234
4335
2652
6324
102@
3249
4336
2653
6324

D654
2709
5263

B709
6265

BTO6
7267

B655
AT
n252

3790
5253

G709
1257
D733
2262
ATP0
3261
D646
2730

50

/ANSWR TO GO IN FIELD B

QAINIT=1000

QARFSH=1853
LOAD., NOP /L0AD REST OF SYS
/PROGRAM RDC FOCA MODIFIED FROM LINC-8
/FOBMAT TO PDP-12 FORMAT. 7-31-76

ZTA=5

LMB=0608

UMB=@ 649
LA 1
RDC /NOT INST
STC DO /TELL IT TO READ
Lpa I
3224
STC X2
UMB 198
JrP X1
LDA I
3230
STC X2
ugMB 11
JMP X1
Lpa 1
3234
STC X2
UMB 12
JMP X1
Lpa 1
3240
STC X2
uMB 13
JMP X1

////78ND RDC FOCa
//7/1.0AD DATA 256 FROM TAPE
LDF 14
RDC
5263
/7/7END DATARZS6
/7/7L0AD LOG4SCALE
RNDC
6265
//7/7END L4as
/771,040 SPFLT
RDC
7267
/77 END SPFLT
//7.,0AD DIS FOCA PART 1
LDF 15
RDC
4252
s7/7L0OAD DIS FOCA PART 2
RBC
5253
//7/7END DIS FOCA
//71,0AD THREE BLOCAS OF NEWPRINT FOR PRINTOUT
RDC
1257
RDC
2260
RDC
3261
LDF 6 /1.0AD FNEW CONST
RDC



51

a1an D14ad 4270 4278

2143 3l4ay I790 RDC

Blai Pl4z 5271 5271

145 D143 0700 RDC

?146 Bl44 os272 6272

aiav 2145 2799 RDC

3154 Blas 7273 7273

ALnt Bal4a7 8644 LDF 4

ais2 /DATA STORAGE AREA

a153 CONDIT=409

2154 PRNTOU=10408

@155 2150 02016 NOP/FLOATS LIF 14

2156 /DATA ALREADY IN SPFLT

¥157 /G0 TO DATA EM

0166 g151 n@el6e NOP/ JP 400

ate6t 2152 46214 JIMP RDCDATA

2162 2153 6@ls NOP/ JMP CONDIT /PART OF PRNTOUT

a163 /JUSE CONDITIONS ON TAPE

2164 /PART OF NEWPRNT SOURCE

A165 B154 7008 JMP PRNTOU

#1656 A155 6529 JMpP CHANGE

2167 CHANGE=500

23178 /PART OF NEWPRNT S50URCE

B171 /REVERSE FOR FOCAL! INTERCHANGE

ar72 7MIANTISSE AND EXPONENT FOR FOCAL

a173 ¥156 @500 108

B174 157 o622 6002 /10F FOR FOCAL IN FIE
LD 2

0175 2168 6201 JMP FOCAL

2176 al161 65080 JMP CHANGE /CHANGE BACK

2177 /FOR SPFLPT

A203 /GET LOG

2241 20162 3614 LIF 14

g202 3163 7400 JMP 1043

A283 3164 2509 108

3204 2165 6042 6342

@245 B166 %00 108

D206 @167 6901 6321 /CLR TTY AND ION

a2a7 /HIT THAT OLD DISPLAY

A219 A17a  B615 LIF 15

3211 9171 6v20 JMP 20

2212 172 201s NOP

A213 B173 620 Jdip 28 /FOR NEXT CURVE

2214 2174 30068 HLT /FOR CHECK

2215 /G0 ACROSS PAGE BOUNDARY

a216 3175 08a0 HLT

a217 2176 @339 HLT

AREY 2177 0903 HLT

ga21 240 @09 HLT

N222 /THE ¥FOCAL EXIT CaN BE CHANGED

Ge23 gedl  p@1l FOCAL, CLR

3224 a2 2000 ADD 9

6225 @203 4212 STC EX1

0n226 A234 BB02 PDP

a2at PHODE

#2239 4205 4613 JMS I FUOCAGO

#9231 4206 TH98 NOop

2232 4207 6141 LING

w233 LMODE

3234 n218 Aé644 LDF 4

2235 perl o642 LIF 2 /RESET DATA FIELD AND

INST FOR CONTROL
2236 2212 0oB  EX1. A
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2237 @213 2240 FOCAGOs 2240

fA240 /PRUGRAM TU READ DATA FROM TAPE.
d241 /PROGRAM READS ALL OF FIELD! ON TAPE 1
2242 2214 1808 RDCDATALLDA

p243 2215 0968 @

A24a4 @216 4315 STC EX2

a245 Vw217 1026 LDa 1

A246 6220 91710 RLC U

A247 221 4335 STC DO

nasa 2222 1008 LDA

72251 2223 8351 ANSR

2258 #9224 1569 BCL I

AR53 w225 T769 7762

naes4 6226 1249 MUL

2255 2227 @316 N

2256 9230 4317 S5TC TEMP

A257 9231 1929 LDa

B269 B232 V352 ANSR+1

h261 0233 0346 5CR 6

2262 2234 1560 BCL 1

3263 2235  T76d 1769

264 8236 1140 ADM

2265 2237 @317 TEMP

w266 2248 2321 ADD M3@

267 8241 2471 APO 1

w279 P42 29929 HLT /BN TOO BIG
B271 @243 2322 ADD P30 /RESTOR BN
2272 g4 A244 ROL 4

A273 8245 4317 STC TEMP

agia pR4as 1090 Lba

“a27s a247 ©353 ANSR+2

n276 B250  B346 SCR 6 /YMO0VE NOU OVER
2277 2251 1568 BCL I

N33 A2%2 7773 1779

A3l 4253 2322 ADD M1

n342 Bes4a #241 RUL 1 /MUL BY TUuC
w363 9255 2317 ADD TEMP /DATA BLK TO BE READ
2334 2256 1629 358 1

2325 2297 4930 4039

336 a263 12402 STA

23317 I26L v27) baTtal

@31 2262 1129 aADa 1

?311 4263 1381 1921

7312 2264 1340 STA

“w313 A265 V272 DATA2

?314 A266 2644 LDF 4

2315 2267 A717 RBC U

9316 2270 930w DATAl,

2317 ?a271 0710 ®]DC U

2320 Y272 208 DATAZ, 2

3321 Ba273 1200 L.DA

8322 3274 3317 TENP

3323 A275 1126 ADA 1

2324 7276 B9l4 14

72325 3277 1620 355 1

326 @3R3 4090 40300

3327 2391 1942 STa

2339 A3m2  A311 DATA3

2331 B¥333 1129 ADA 1

2332 72334 1001 1601

9333 2325 1046 STAa

2334 236 4313 DATAA

A335 A3a7 a64at LDF 7 /PUT CONDITION IN 7



@A336 8310
3337 2311
A340 2312
3341 2313
p342 #3314
2343

A34a4

2345 B315
3346 3316
3347 a317
3354 78320
3351 7321
A352 3322
@353 3323
2354 3324
3359 3325
23556 2326
2357 n327
3368 9339
2361 ”331
3342 3332
B363 68333
3364 %334
3365 w335
2366 A336
3367 337
B370 2343
g371 2341
A372 A342
Aa373 2343
2374 2344
n375 @345
@376 2346
B3F7 2347
2490 3350
3491 8351
aau2 9352
Aaan3 @B383
aana

aaps D376
34906

aan7 @377
Aa1a

7411

NO ERRORS

ANSR 4351
ANSRZ2 4323
CALL 4376
CHANGE 9500
CONDIT 2409
DATAL 4273
DATAZ 4272
DATA3 4311
DATA4 4313

Do 4335
BX1 4212
EX2 4315
FOCAGD 4213
FocaL 4291
LMB 2603
L0an #H 64

ATLa
adudalv]
n71e
otultio]
3644

BBYY
pO12
a15101%]
7776
7749
BB37
533030
1080
713151Y]
4350
aAn6s
7773
1820
1291
1149
2336
3016
B009D
a225
6331
1009
#3386
1568
7009
1620
3090
4336
anea
330V
22091517
BH00

aago

ap2d

53

BRDC U
DATA3. @

RDC U
DATA4, O

LDF &

(2017707077277 7777
/NO UPDATE

EX2, 4]
TENS> 12 /FACTOR TEN
TEMP » 5] /STORE CURVE NUM
M1 -1
M39 s ~37
P33, 37
ANSR2, @ /NOT REALLY NEEDED
X1, LDa
1]
STC X4
SET I 5
-4
X3, Loa 1
1001
ADM
X2
DOs NOP
X223 ]
XS54 1 5
JMP X3
LDA
X2
BCL 1
7036
BSE [
3290
S5TC X2
X4 (]
ANSR>» 2
2 /7FOR QANDA
3 /3 LOC FOR ANSR
*376
CAaLLs @
RIINNII, @

VI FS SIS I L2077 7777777777777/
/BE SURE A DATA TAPE IS ON UNIT 1



M1

N30
PRNTOU
P33
QAINIT
NARFSH
RDCDAT
RUNNU
STARTF
TEMP
TEN
TEST
Mg

X1

Xe

X3

X4

ZTA

4320
H321
1060
4322
1000
1853
4214
Q4377
2244
4317
4316
4032
2648
4324
4336
4331
4350
(4151735}

54
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AAAN
Bda1
1" ]n b=
20083
2304
2aas
2836
ean7
1/ R
2011
gnie
ga13
puia
2A15
BO15
o017
2020
2021
gaz2
8023
24
2325
enee
Buz27
230
2931
2932
@933
2834
3135
2436
an37
Ay an
aaal
8342
2243
aa44
anas
dvas
aa47
BAS5D
aast
gas2
aa53
3as4a
aass
.1 3:33
aes7
2968
20961
PO62
3063
gae64a
2NES
3366
2367
307
2871
nar72
2873
AT 4
ABTS

2020
pa21
anz2
az23
2024
aN25
2826
0627
2030
2831
3032
0333
2034
2935
@336
2837
AG 4l
P34l
0@42
99043
08844
2845
2046
2047
0850
2851
2052
20853
2854
28535
2856
28s7
2368

4261
4862
4963
4364
4965

2@66
2867
279
2071
pe72
2873
B274
2075
BB76
2877
2180
2101

2965
7773

10209

3700
2475
1320
3224
4876
B650
6066
1920
3238
4976
2065
7773
a651
6366
1820
3234
4976
2A65
7173
2652
6066
1329
3240
40876
@653
2865
7773
6066
643
agae2

6221
6222
5664
A200
7402

1000
e
4101
1820
1ea1
1140
20676
D700
7771
8225
6Q74
P00

57

PROGRAM MODFOQCA

*20

//r7s77/PROCRAL WOD FOCA/Z7777777
/PROCRAM TO READ AND START FIELD 2 FOCAL
/START 40¢% LMODE TO WRITE IT ON TAPEL

79-3-78

/PROGRAM RDC FOCA MCDIFIED FROM LINC-8

/FORMAT
ZTa=S

LMB=3 609
UMB=0640

START.

X1»

X3»

DO,
X2,

Els

TO PDP-12 FORMAT. 7-31-70

SET I S
-4
Loa I
RDC /NOT INST
STC DO /TELL IT TO READ
Lpa i
3224
STC X2
uMB 10
JMP X1
Lba i
3230
STC X2
SET I 5
-4
uMB 11
JMP X1
Loa 1
3234
STC X2
SET I S
-4
uMB 12
JMP X1
LbAa 1
3249
STC X2
gMB 13
SET I S5
-4
JMP X1
ums 3
PDP
PMODE
CDF +20 /FIELD 2
CIF +20 /FIELD 2
JMP [ START
200 /F0CAL START
HLT
LMODE
LDA
2
STC El
LDA 1
1001
ADM
X2
RDC
7777
XS4 1 §
JMP X3
2
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AAT6

Q77 /77777 /7YBRNING THIS CHANGES FOCAL IN FIELD 2

21 '@ LMODE

3131 SEGMNT 2

2102 +409

3103 /PROGCRAM RDC FOCA MODIFIED FROM LINC-8

2104 /FORMAT TO PDP~12 FORMAT. 7-31-70

2185 ZTA=S

2136 LMB=@6020

A1A7 B =0 649

~110 Q4306 BB6S SET 1 S

2111 A4anl 7773 -4

w12 3492 1029 Lba I

2113 2423 2794 WRC /NOT INST

Bl114 gans 4875 STC DO /TELL IT TO WRITE NE
PROGRAM

I115% J445 1020 Lba 1

B116 yane 3224 3224

A117 2407 4376 STC X2

3120 B4l 0650 UuMB 12

121 D4all 65066 JMP X1

7122 3412 10208 L.pa I

1123 Q413 3230 3239

Ai24a aa14a4 4076 STC X2

A128 Aa1s  Ba65 SET I 5

n12s 3416 7773 -4

27 B417 ©651 uMB 11

3138 P42 6066 JMP X1

A131 pa21 1229 LbA I

3132 422 3234 3234

%133 B423 4Q76 STC x2

9134 aAa24 WOA65S SET 1 5

2135 425 7773 -4

2136 2426 J652 uMB 12

@137 Aau27 6066 JHMP X1

914 2430 1820 Loa I

a14l 2431 3242 3240

Braz An3z2 4076 STC X2

2143 n433 ©653 UJMB 13

Alaa 3434 3065 SET 1 5

145 w435 7773 -4

146 2436 6U66 J¥vP X1

A1a7 BA4a37 @643 M3 3

[ at] Daag  Apu2 PDP

4151 PMODE

4152 4441 6221 CDF +20 /FIELD 2

A183 Q442  T4D2 HLT

7154 740/ /7 dARNING TdIS CHANGES FOCAL IN FIELD 2

N0 TRRORS

DO A375

o1 n1ml

[0S 15349

START 4364

130343 A6am

X1 ADARB

X2 4376

X3 4271

2TA 2095



ABAA
515150
BBaa
ABA3
ANN 4
agas
LRI
ann
3A14
patLl
Ba12
2313
gata
anLs
anLa
aal17
QanmG
2021
@ase
a023
AA24
AR2H
[LIC R RS
aan7
aI39
ga31
3332
#3n33
3434
Aa3s
BA36
A337
Ao
Adal
2042
Anai
A Al
AD45
3V46
aaa7
aase
Arnsy
RS2
P553
2254
BI55
nHs6
ARS7
[210%515}
Bl
Vo622
A04673
AA6H
AR65
aAs56
aAnBT
ADTEH
ABT1
B8 7e
Aa73
A3T4
G775

7639
7681
7602
7603
76004
7605
1646
7687
7610
7611
7612
7613
7614
7615
7616
7617
T6R4
7621
75622
7623
7524
7625
7626
7627
7630
7631
7632
7633

1354
2666

5336

T3040

2725

7620

1200
6201
6202
5634
T334
73393
1216
3613
1215
3514
5617
3141
3142
1577
AT
ne3t
4453
1336
7569
4566
1337
3311
1311
1104
45432
4550
1966
1319

59

+29

/ FOR FOCALW IN FIELD 2 DATA IN FIELD 1
PMODE

/SUBROUTINE START AT 76040

/F0CALL OVERLAY FOR S P FLOAT

/DEFINITIONS

INTEGER=53

FLAC=44

SPNOR=4560

CETC=4545%

EVAL=1613

CHAR=66

PUSHU=4540

FIZLD2=6221

FIELD1=6211

ERROR4=4556

EFUN3I=136

FNTAB3=374

PIISrA=4542

POPA=1413

/7
*63
1354 /80 INTERUPTS
2566
*2732
53386
*2762
TH0D
1201
21725 /NOQ HSR
*FNTAB+14
XFNEW
*7600
/EXIT TO FIELD ZEROD
NUP
CoF @
CiF ©
JMP I RETURS
RETURN, NP JENTER WITH JMS
CLA CLL
TAD RBO777
DCA I A3141
TaD K1577

DCa I a3t42

JMP 1 WHEE
A3141,3141
A3142,3142
K1S577-1577
ABTTTsB7717
WHEE,231
XFNEW,JMS 1T INTEGER/MNAKE 12 BITS
TAD M2451

544

ERROR4/JMS T 166
TAD P2451

PDCA TEMP

Tap TEMP

RAL CLL
PiSHA/JMS I 142
SPNOR /JMS I 168
Tap CHAR

TAD HMCOM¥A



ABT6 7634
AATT 7635
2108 7636
3161 7637
pig2 7640
2123 7641
104 76472
21as5 T643
2125 T84
3167 7645
2112 7646
at11 7647
ati12 7650
2113 7651
114 7652
2115 7653
2116 7654
m117 7655
11209 7656
n12] 7657
o8 §23>] 7660
3123 7661
2124 7662
1125 7663
2126 7664
12 §= 7665
2134 7666
1131 1667
w132 7678
3133 7671
7134 7672
2135 7673
2136 7674
137 7675
A1 42 7676
A1at T677
3142 7730
“14a3 7701
144 7782
145 7793
“la6 7794
w147 7705
1157 71776
3151 TTD7
1152 7719
153 7711
3154
Nl ERRURS
43141 7613
n31a2 1614
0HAR AAAA
TEN <D 2136
D 7654
TRRURA A5AK6
DAVZE N 1613
T.Dbl 4211
FITing 6221
£LAac A3 h 4
“NTas  A374
SETC 4545
ITITZGD 953

7640
5262
4545
4540
1613
1413
3305
1944
6211
3705
6221
2305
1045
6211
3705
6221
4569
1066
1304
7640
4566
5536
1413
3303
6211
1783
6221
3044
2303
6211
1793
6221
3045
7908
7600
7829
7390
3046
5254
LY
7527
AQAD
a104
3674
7524
3000

60

Sza CLA

JMP XFNEW3

GETC/JMS 1 145

PUSHJ /JMS 1 140

EvunL

PUPA/TAD 1 13

DCA PNTR

Tab FLAC

FIELD1

DCA 1 PNTR

FIELD2

ISZ PNTR

TAD FLAC+1

FIELDY

DCA I PNTR

FIELD2

ZNDs»SPNOR

TAaD CHAR

TAD RPAR

S5z4 CLA

ERROR4

JMP I EFUN3I

XFNEW3-POPA

DCA PTR

FIELDI1

TADp I PTR

FIELDZ

DCA FLAC

I1SZ PTR

FIELDI

Tab 1 PTR

FIELDZ2

DCA FLAC+I1

NOP/I1SZ PTR

~OP/FIZLDY

NOP/TAD I PTR

NOP/FIELDZ2

DCa FLAC+2

JMP END

PTR»9

RPAR» ~251

PNTR>0

“2451,-3674/FNR S P OnNLY

P2451,3674/F0R S P ONLY

FCUMA» =254

TEMP»0
LISTAPE=}



Aa7TTv
1577
MO OMMA
M24asi
PATR
2 0PA
PTR
PUSHA
PUSHU
Paast
RUETURN
BEAR
SFLOR
TEMP
WHEE
XFNRY
XFNEW3

7616
7615
7714
Tid5
7195
1413
TTH3
4542
4549
7797
764
7784
4560
T711
76117
T629
7662

61
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INTERFACES

Input to the POP-12 from the experimental equipment is by way of
the built-in A-D converters and by interfaces made up of M-series logic
modules from Digital Equipment Corporation.

Connections to the A-D converters are made acrogs resistors of a
value chosen to glve either direct readings or some simple multiple
thereof. For instruments with multiple scales, we have added the
switching circuit shown in Fig. 4-1 to the range changing switch. The
output goes to a Type M734 logic board which can input three 12 bit
words. Since the simple switch takes only three bits, four switches can

be connected to a single word. Decoding is by program CONTROL.

WIRING SECTION

Figure L4-2 shows the connections on the DWYBA I/0 and data break
bus of the PDP-12. This is the location to make cable connections to
and from the various computer buses. The notation is that used by
Digital Equipment for all its units.

Figure 4-3 shows a block diagram of the interface board (Dec Type
H910) as set up for INTEREM. All interface wiring indicated in subse-
guent drawings follows PDP-12 notation, i.e. 6A12 would be Row A, Slot 6,
Pin 123 6BL1 would be Row B, Slot 6, Pin L1. The logic modules M732 and
M734 are double width boards and have connectors on both Row A and B.
The M9O3 cables, M@F2, and MO624 modules are single width units.

Figure 4-4 shows the typical connections to the M734 logic board
used for the scale factors mentioned above. When the indicated I/0
command is given by the program, the indicated word is strobed into a
core memory location where it is available for decoding and use as
necessary. The instruction 6361 produces IOT1l which strobes word A into
the AC bus driver. &Similarly, 6362 and 6364 strobe in words B and C.

The Hewlett-Packard pulse height analyzer is interfaced by means
of a M732 logic module. The M732 and the M624 bus driver provide a
complete positive logic input interface for the PDP-12. It can receive

12 parallel bits from the external device and transmit 12 bits to the
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computer by BAC bus. 1t accepts device selector code from the MB bus
and IOP pulses from the 10P bus to perform flag clearing, transmitting
ready and start pulses to and from the HP analyzer and output strobe to
the computer. The high speed serial punch output connections of the
P analyzer are utilized. Connections to this output are shown in
Fig. 4-5. The connections to the M732 and M62L4 are shown in Figs. 4-6
and 4-7.

Unused TTL gates in M-series logic modules must be held high (+ 3 v).

This is done with the M§#2 Togic 1 source. Connections to the MJP@2 are
shown in Figs. 4-8 - L-10.
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ORNL-DWG 74-5246
107 107% 107°
5107 [
107> e

104

o|d|lw
Ele|
alaol
e DV D NC
oo ]
24 3 7
¢
Ol O O 7
e e e
Fig. L4-1 Typical range change switching circuilt for a pressure

gage.



PRl
PBl

PB1
P8I

PBIL
PBI

PBI

PBIl

FBI
PBI1

PBI
PBI

PBI B INITIALIZE H

PINS A1, CI, Fi, Kt

BacC

BAC
BAC

8ac
BAC

BAC
BAC

BAC

BAC

BaC

BAC

BAC

oo

a1
@20

a3t
B4 (1)

8511
®6 {1}

29 (1)
19 t1)

14t

B I0P

8 IoP 2

8 I0P 4

8 75 3 (0
B TS5 1

ARE GROUNDED

[

U2 uz
V2 v2i
; ;

PBI

PBI1
Pyl

PRI
PBI

[-18
PBI

PBI

PBI

P8l
Pa1

BME

BME
BMB

BMA
BMB

aMa
BME

BMR

BMB

BMB

BMB

BMB

amB

BMB

BMB

BMB
BMB

8MB

B8 (*}

21 (N
@2 {1]

23 (®
#3 (1)

@4
84 (1)

a5 (@)

26 (A
26 (1)

a7 (@)

B7 (1)

88 (0}

28 (1)

29 (1)
19 14)

[LINCE)

N1, R, TH, €2, F2, 42, L2, N2, R2, AND U2
ON ALL M9g3's

T

T

-

T

M903  M9@3
agz LA
—
A A‘l
= R'l—i‘ PCI AC P9 BUS
]
o PCI AC @1 BUS
PCt AC 82 BUS
- PCY AC @3 BUS
5 PCI AC @4 BUS
Kt
- PCY AC $5 BUS
ELAE BCY1 AC @6 BUS
Ny
o PCY AC @7 BUS
ﬁ.|
! PCY AC 28 BUS
T‘i
c2
02 PCY AC @9 BUS
£2 PCI AC 18 BUS
F2
7H2 BC4 AC 11 BUS
Y] 3,
k2 L2 PCI SKIP BUS
L2 :
e PCYINT RQST BUS
in2
i
0 PCY AC CLR CONT BUS
52 P81 BRUN (@)
12 PBL 8 TT INST
u2
vE PCY LINE MUX L

Fig. L4-2.

PC2
pC2

pC2
pC2

P2
rC2

PC2

PB1 B BREAK (@) H

PBI 8 ADD ACC PT @) H —¥
PCl MB INCREMENT L

PBI B INITIALIZE L 1

DATA

DATA
DATA

oaTA
0aTA

DATA
DATA

oarta

DATA

DATA

DATA

DATA

BRK

DaTa

DW@BA connections.

ADD
ADD

AQD
400

40D
ADD

ADO

ADD

ADD

ADD

ADD

Q9L
oL

pce
PC2

PC2
pC2

PC2
PC2

PC2

PC2
PC2

PC2

PCY

PCY CA

ORNL-DWG

M923
AR5

DATA 22 L

DATA @
DaTA @2 L

DATA @3 (
DATA 04 L

DATA 25 ¢
DATA 26 &

DATA @7 L

DATA 28 L

DATA @9 L

DATA 12 L

DATA 1 L

3 CYCLE L

INCREMENT L

PBI B WC OVERFLOW {@) L

PC1 EXT
PCYEXT

PCYEXT

DATA ADD 2 L
DATA ADD ¢ L

DATA ADD @ L

70-13242

Mo@23

j
W& D

oo~
R

l

; El:' RN

x
~

89
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t 2 3 5 6 T 8 9 19 3 12 13 t4 15 16
CABLE M&624 | M732 | M9GT | MT34 {PRESS |CABLE| BIAS | BIAS
M903 {M9@3 | MO@3 BUS | 635X | DIODE GAGE Magz | Mg@2
DRIV CLANMP SWS
6361 | 6362
1 2 3 5 6 7 8 9 18 " 12 13 14 15 16
M732 { MSE7 [MT734 HP {CABLE| BIAS
DICDE CABLE Mag2
CLAMP
6364

Pig. 4-3.

Block disgram of interface board.

69



ORNL-DWG 70- 13246

s NN N AN o o)A ey
o olwlxix Zlalul-lIsi>tz|e
o da|g | q(d| gl a|<| ] g1
e e e R R R S )
] J_ 1 1 _vl‘ I I» ] 1 | |
2 wizlsle| Dz 2ld| 03|35
<<<<l<l<<(<(<(<l<<
10T 123456 7891gM1
WORD A SLOT 9
A
_20ke | FROM 10O FROM TO
_?_if.?_:?“?. p 2| BA! —6AB!
Zﬂﬂg;:gﬁﬂg_ T 635Y . SLOT 9 SLOT 9 . | 801 - 6aE!
2AK2 ~9AJ2 CSOEDLE SLOT 9 ; ;> [sct TeAF2
2AM2—9AK2 11AK2 ~AS2 6AH 1
e DEVICE A2 ATz | 3 3
SELECTOR| HAM2-ATZ | a 6442
TAMZ - 3AM2 0P 1
BF1 —~ 6AKHA
TANZ2 ~9AN2 I10P2 5 [ I=al AR
7TAP2 —9AP2 10P4 o1 6 WORD 8
H"AT2-BD2 |, Ty DRI
11AU2 -BE2 8
1AV2--BF2 |
1{AN2 --BU! 12
11AR2 ~-BV ¢
e 1
1072 T
AB WORD € SLOT 9
ACH 1074
@1 23456789101
Nl oo N | ] ovf oy oaf o e
O ITl»ix|u|l=(zlala]n|+]|>2]>
- ? Mim|m|o|m|a ? m ? T ?
t I | 1 [} ] I
A MR S NP R
T O|d|mjojo|ajolol ool oo
v ZIZIDITIZITiZIZN D Tl
POWER
e —~AA2, BA2 — +5V
~—AC2, ATt, BC2, BT{—— GRD
+3 AL2 UNUSED INPUTS
Tig. L-b. Connections to M634 board.

T0
BUS
INPUT
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INSIDE He Y INSIDE HP
CONNECTIONS POP_12 CONNECTIONS A
FROM X5 (A) Se02 ;51 P? CODE LEVEL' _ iompe2 FROM X6(11 00P 2 13 < PUNCH COMMAND oo
t i
FROM X5 (8) S004 E 2 E CODE LEVEL 2 g2 FROM X6{2) SOSPC! L\«4 E NC
‘ i
FROM X5 1(C) 002 % 3 i CODE LEVEL S \gpme2 FROM X602} SORDY § 15 § FLAG 1weve
FROM X5 (D} SO0 3 é 4 é CODE LEVEL &  pak» EROM X6(13) S0SPC 2 AL\«e g NG
i |
FROM X5 (E) 5004 E 5 E CODE LEVEL S heme FROM X6(3} SOSPC3 3 <17 S NG
t t
FROM X5 (F) S0D5 ; . f CODE LEVEL 6 oo, FRoM X6(5) SOSPC 4 § . § Ne
FROM X5 (U) S0D 6 § 7 % COBE LEVEL 7 i B85 2 ;gi)af\?")}(é;?g); TTYA ; 19 E RESERVED NE
FROM X5 (V) SO 7 § 8 i COOE LEVEL S ipave FROW xeus), TTY8 E »0 E RESERVED "
FROM X 5 (W) 5008 E 9 5 RESERVED NC iggx’fgék) LRAL E 21 E RESERVED NG
EROM X5 (X) S0D9 § © ; RESERVED Ne ;g%gjﬁgqgg TTYD é 27 § RESERVED NG
croM X5 (¥) 50012 % y % RESERVED N FRow xeto, TTYE s - % RESERVED "
1
FROM X512} SoDM ¢ i RESERYED NC < CND L oa e ND TO J1 {HH)

Pig. 4-5. Connections from HP 54018 multichannel analyzer.

TL
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FROM GND TO . oM 1O
i — 9 FLAG P FLAGL _78u1-nC
7AC2- 7a52—LONE 1+ 1> b SKIP__7851-6as2

“Z; N . 7BRI~6BP2
7AC2-7AT2—DONE 2= 94 FLAG P-

2
1@8U2-7ay2—DONE 2 F {>L 2 | —FLAG2  Loui ne
FROM  TO ) l
{AV?—7AL 2 INITIALIZE

7861 ENABLE q
8aK2—7AM2—iOP!
8AM2- 7AN2 —-10F.2 DEVICE
sap2--7ap2-—-tOP4 SE CLEAR AC _
: FLECTOR o 7BP{—6AU2
2A52-7aA) —BMB3 (1) 635X SELECT. 720
7 BMB1G (1)
2AT2-7ABY e et
: BMBE1 (1) *~"| "oATA oUT STROBE ' ©
N (10TexY6)
BMB3(@P)H  —
2Ar1--7a02—SHES B o0
2ami— racp—BUBALLN | 00T ) ey
BMB5 (1)H
2as(—7AF2—BMBS(1)H
2AE2-7TAH2 — BMBEUIIH | ]
28H2-TAJ2 BMB:E‘?’;: PULSE 1= 0
. BMBS (1
2AP2-TAKe TIMING PULSE 14 7prp— o
GENERATOR b PULSE 2= Spea e
PULSE 2+ 7 av2—1igBv2
: (HP READY)
DATA INPUT DATA OUTPUT
FROM TO B [ FROM 0
88C2-78H2 __DATA @ |, 7BA1 _ACE  6AAI
DATA 1 7BBY _ ACY _ BADY
88F2 7842 —2 o
8aBJ2-7BK2 —DATA 2 _TBC1 _ AC2 __ 6AE2
8BL2.-78L 2 — DATA 3 b 7BDY ___AC3 _ 6AF{
3 . AH2
19872 78M2 —LATA S 28T |- IBE(___AC4 6 o
1@8s2--78N2 —DATAD STORAGE |n .7BF1 _AC5  BAJ! BUS
DATA & REGISTER 7BHi __AC6 __ 6AK2  pRriveR
1GBP 2~ 7BP2 b
DATA 7 7B _ACT  BAL2 INPUT
1GAM2— 7T8R2 .-
, 1l 7BKY ACS 6AM?2
1gBK2 7852 —2A1A B o
> 78L1___AC9 _ BANI
1g84H2- 7872 —-RATA2 L
' 4] 7BM! ACIB  GARY
10BE2—78U2 —DATAL oﬁ
DATA 11 TBNL__ ACH  6AVY
19802 -78v2 LAl

Connections to M732 logic module (EP interface).
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BUS DRIVER
GAAi-—*ﬂ“ 6AE, —1
? 6ABy — 3AB1
G - -
6AD, 6AH, ~1-9
1 BAE¢ —3AD1
- -
6AF, 6AK2 1=
3 BAH{ — 3AHY
—q -
8AJ,4 6AM,
5 BAK, — 3AL4
= o
6AL P N
7 6AM, —3APY mJ
=
8AN; —i S, SKP_} 4
9 SAP4 — 3AD2
- Dy B
BARy —I-q
19 B6AS( —3AE2
|
6AV1 19
11 6AVy — 3AH2 Up CLRAC
g .
POWER
- AD
—— 2, T4 e

Fig. L4-7.

ORNL—~DWG 70~-13245

Fp = 3AE4

Jy e 3AJ1
Ly e 3AMY
N, 3434
R, e BAM2
dp e 3AK2

3AP2

Connections to MA24 bus driver.
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ORNL— DWG 70— 43247

SLOT 4134 Dz 19AD2 SLOT 10 A
CABLE IOT
g2 1DAE2 6361
Fe B
HZ2 1DAH2 ~—
J2 R—
K2 19AK 2 ———i
L2 E—
M@@2 M2 10AM2
N2 18AN2
P2 10AP2 —
R2 10AR2 —
S2 10AS2 —
T2 10AT2 —
uz2 19AU2 —
Ve 1BAV2 ——
POWER

e N2+ DV
~— C2 — GRD

Fig. 4-8. Connections to Bias Supply 1.
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ORNL—DWG 70— 13265

SLOT 128 D2 118D2 —— SLOT 148B
CABLE IOT
E2 11BE2 ~—— 6364
Fe —
HZ2 11BH2 et
J2 o
K2 MBK2 —
L2 E—
Mada2 M2 11BM2
N2 f1BN2 -t
P2 MBP2 —
R2 11BR2 ——
52 k 11882 —
T2 “UBT2 —r
uz 11BU2 —
\'4 11BV2 -
POWER

~a— C2 — GRD

Fig. 4-9. Connections to Bias Supply 2.



ORNL—-DWG 70-13264

SLOT 42A +—— D2 11AD2 ~— SLOT 114
o £ 2 14AED
2 E— CABLE
I0T
e 12 11AH2 6362
b |2 S
— K2 1HHAK2 ———
S, S—
Mog2 — M2 tMAM2
roveen - N 2 11AN2 ——
e 22 1A AP2 wrommmeees
- R2 1M AR2 -~
(oo S 2 11AS2 ——
— T2 1HAT2 ——
oo J 2 AHAUZ e
— V2 11AV2
POWER

— A2 Y
~— 2 — GRD

Fig. 4-10. Connections to Bias Supply 3.





