








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C

e

60
72
84
1200
12
20
66
1314
26
34
CALL SSGO
1382
94
1402
CALL C1/C0OGO
1450
62
70
CALL 0RO
1522
1534
1542
1590
1636
1672
1684
96
1708
CALL SUBSET
1720
1732
1744
56
68
80

92"

1804
16
28
40
52

1868

1880

1888

1900

1912

1920

1932

1940

1996

02501

U2561

A 2700
L1 290N
L2 2914
L3 02928

14 02715 ON356 LOAD

46 £1868 01200

49 01889 10000

31 50000 01220

49 50000 0

3450032007012¢52032007024950046010600019900100

3450078007ﬂ1?65007800702490120801062001202000070
31 NONON N1234

49 "C000 O .

34007 32007013600u32007024902a025119636113001022

31 500000 01402
49 50000
3@5003?0070136590320070249&00080105863050&000002

31 NADON 01470
49 00000 ©
340C0320070136090C320070249075000109000J9900100200000

31 Q00000 018542

49 NNCOO
3400108007013600108007023400094007013600094007N2
3400080007013600080007024907500010780019900100
108000200200001082002004000020

16 CrB54 03019

16 00775 ©¢3099

41 60000 COO0O0O0

49 (00500 0VLOCO

31 15000 01744

4G5.15000 00000

31 00031 01356

34 C0032 000701

36 0N032 ONT7N2

31 13000 15108

25 13001 15123

25 13003 15123

15 13021 00000

16 04105 000OM9

49 02402 00000

OO0OOM&ENBNSOTP502Z ZZ FORX 5 000

36 00000 00500 ‘ .

49 000C0. 0

14 C2715 ON753 PLOT - COGO PLOT

46 01920 01200

49 00%00 O

31 00000 01940

49 00000 O
34000700070136000700070234000560070136000560070249075000
1 08600 200 20000 1 08400 199 00100 2

37 02501 00100 LOG FILE WILL BE PUNCHED OUT .Z
37 02561 0010C REMOVE LOG CARDSs PUSH START 2
H00C0L0O0000000000090

1 05229 001 02718 WHERE TO START NEXT LOG ENTRY
1 05228 001 02900 UPDATED FIELD FOR ABOVE

1 05229 170 03000 LOAD AND UNLOAD LOG FILFE
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Fig. 2. SYSTEMS CARDS
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L. % Data Card (when required)
5. End Job Card

The FORMAT for the User ID card is as sﬁown in Fig. 3.
LOG

The 1620 does not have a clock so a system to keep
track of the time was devised. To do this a Clock card cone
taining the time and date are read in and entered into the log
In the same manner as the ID card. The Format is identical to
that of an ID card except the user's name is replaced by Power-
On, Clock, or Power-Off and the time and date replace the
use. See Fig. L. One clock card for each hour of the day 1is
pre-punched and entered into the log, on the hour, while the
machine is in use. This is accomplished by stacking them in
the read hopper along with the Jobs being processed. When the
log is punched and listed it contains the time power was
turned on for the particﬁlar day and the names and application
of all users to the next hour. The same Information with
hourly time is repeated until the power 1s turned off. As was
stated previously, the log table is automatically punched out
when full. A Log card provides the capability to punch out
the log whenever it is desired. ‘

The results of this log were amazing; on two differ-
ent days 34l starts were logged. One such log is shown in
Fig. 5.

EDIT ‘

Edlt 1s a'modified version of IBM!'s FORTRAN with

FORMAT PRECOMPILER. It will detect many of the common

errors, particularly language, key puncﬁing and specifica-
tion mistakes but it is not exhaustive.

Its suggested use is in conjunction with the SSGO
system which does not require Format. But it may be used
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DEPARTMENT OF CIVIL ENGINEFRING

COMPUTER LABORATORY

RUN LOG

HOURLY ENTRIES FOR THUMAR.2651964

12401
1400
2400
3400
4400
830

10.00
1400

830

6400
. 700

8,00

TOTAL

AM
AM
AM
AM
AM
AM
AM

PM

AM

PM
PM
PM
PM
PM
PM

PM

PM

AM

AM

AM

20
33
28
32
12
30
14

22

—— o e -

TOTAL ENTRIES

-t —— o G ——

15
14
15
17
21
16

12

18
21
34
32
35
15
30
16

25




DEPARTMENT OF CIVIL ENGINEERIMG

COMPUTER LABORATORY

AN
N

RUN LOG
POWER-ON THUeMAR 2651964 12401 AM
SUHRBTERs JOHN 1 s 9407

GARDNER D, s 1673F

GARDNER D, s 1673F

GARDNER 3D s 1673F

GARDNER D s 16 73F

GARDNER D, s 1673F

GARDNER D S 1673F

GARDNER sDe S 16 73F

GARDNER D, s 1673F

GARDNER D, s 16 73F

GARDNER sD s 1673F

GARDNER sD s 16 73F

GARDNER yD s 1673F

GARDNFR D, S 1673F

GARDNER D s 16 73F

CLOCK THUeMAR 42651964 1400 AM
GARDNER D, s 16 73F

GARDNER D, S 1673F

SUHRBTERs JOHN 1 s 9407

GARDNER D s 1673F

GARDNER 3D, 5 16 73F

GARDNER sD s 1673F

GARDNER sD, S 1673F

SUHRBIERs JOHN 1 s 9407

JESSIMAN 1 G 9430

JESSIMAN 1 G 9430

GARDNER D, s 16 73F

SUHRBIERs JOHN 1 s 9407

GARDNER sDs S 16 73F

SUHRBIERs JOHN 1 s 9407

cLoCK THU«MAR 42651964 2400 AM
SUHRBTER» JOHN 1 s 9407

GARDNER D s 1673F

GARDNER D, s 16 73F

GARDNER D s 1673F

GARDNER D s 16 73F

GARDNER D s 16 73F

GARDNER D s 1673F

GARDNER D, S 1673F

GARDNER D, s 16 73F

GARDNER D s 1673F

GARDNER D, s 16 73F

GARDNER D s 1673F

GARDNER D, s 16 73F

GARDNER Do s 16 73F

GARDNER D s 16 73F ‘
MURRAY sWoE o 1 S 256
CLOCK THU«MAR+26+1964 3,00 AM

Y25 I




SUHRBIERy JOHN
GARDNER D,
GARDNFR D,
GARDNFR D,
GARDNER D,
GARDNER D
GARDNER D,
MURRAY sWoE o
GARDNER D,
MURRAY sWeE o
GARDNER D,
MURRAY’W.E.
GARDNER D,
GARDNERsDo
GARDNER D,
GARDNER D,
GARDNER D,

cLoCK

GARDNER D,
GARDNER D
GARDNER D,
GARDNER D&
GARDNER D,
GARDNER D,
GARDNER D
GARDNER D,
GARDNER Do
GARDNER Do
GARDNER D,
GARDNER D,
MURRAY sWoE
GARDNER Do
GARDNER Do
GARDNER D,
GARDNER D,
GARDNER D,
GARDNER D&
GARDNER D
GARDNER D,
GARDNFR D,

POWER-OFF

POWER-ON

KIMsJIN HWAN
KIMsJIN HWAN
KIMyJIN HWAN
NEWMANs EDWARD Fo
JOHNSONWILLIAM
JOHNSONSWILLIAM
JOHNSONSWILLIAM
JOHNSONSWILLIAM
JOHNSONSWILLIAM
JOHNSONsWILLIAM

MMM

b pb e

b p b b et

1673
1673
1673
1673
1673

S

1673
S

1673
s
1673
1673
1673
1673
1673

NV FEOVNEFEONEFEONOODOOONnOn

THUeMAR 42651964 4,00 AM

1673
1673
1673
1673
1673
1673
1673
1673
1673
1673
1673
1673
S
1673
1673
1673
- 1673
1673
1673
1673
1673
1673

BDOOLOOOLOLOLOFEOBOOLOOOOnOnnonon

9407

F
F
F
F.
F

1673F

F

F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F

F’
F
F
F‘
F’
F
F
F
F

THUeMAR 2651964

THU«MAR¢26 1964

DSR
DSR
DSR

DSR
DSR
DSR
DSR
DSR
DSR

(GRONCROEG NG EG RN NA)

8790
8790
8790

NO
NO
NO
NO
NO
NO

9107
9107
9107
9107

9107

9107

530 AM

830 AM

o)

- 387
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JOHNSONSWILLIAM

JOHNSONsWILLIAM

JOHNSONSWILLIAM
JOHNSONSWILLIAM
JOHNSONsWILLTAM
JOHNSONSWILLIAM
HODNICKs Jo M.
LEARY DeFe

CLOCK

JOHNSON sWILLIAM
JOHNSONSWILLIAM
JOHNSONSWILLIAM
JOHNSONsWILLIAM
JOHNSONSWILLIAM
JOHNSONSWILLIAM
JOHNSONSsWILLIAM
JOHNSONSWILLIAM
JOHNSONSWILLIAM
FOSTER Ae Te

ROESSET JeMe

ROESSET JeMe

cLoCcK

MMM M| M

Bt W B M M £ M 1 B £ B0

NEWMANs EDWARD E.
NEWMANs EDWARD E.
NEWMAN, EDWARD E.

BAYNE A R
SEXAUER sWeL e
GOLDMANsF eWe
LAZARs JAY Le

TAYLORs WILLIAM A,

SHWIMER,s JOEL

CLOCK

GIBSONs C T
TELSONSMICHAEL
TELSONyMICHAEL
TELSONsMICHAFEL
TELSONsMICHAEL
TELSONsMICHAEL
TELSONsMICHAEL
SEXAUER’WOL.
SEXAUERsWel o
SEXAUER sWel o
HUIEsJel e

ALAM
KINGSNORTHs R C
LEARY D F
LFARY sDsF
LEARY D F
BATOR RICHARD

TAYLORs WILLIAM A,

MOORER's JAMES
SEXAUER sWel o
LAZARs JAY Lo

— et b e b e b

bbb b b e b bbb b b b

10

e

1

T P i gy

DSR NO 9107
DSR NO 9107
DSR NO 9107
DSR NO 9107
PSR NO 9107
DSR NO 9107
le15

le15

OOV unnonunon

THUGMAR 42691964 10,00 AM

DSR NO 9107
DSR NO 9107
DSR NO 9107
DSR NO 9107
DSR NO 9107
DSR NO 9107
DSR NO 9107
DSR NO 9107
DSR NO 9107
GRA SYSTEMS DEVELOP,
GTA SPECe PROJECT
GTA SPECe PROJECT

DO umuounounomovom

THU«MAR 42691964 1,00 PM

le15
1.15
le15
le15
l.15
1015

N DN

THUMAR 42651964 2,00 PM

I1BM SYSTEMS ENGINFER
le15
lel5
le15
1.15
le15
l1e15
1415
l1e15
1415
le15
1615
1e15
le15
1415
115
le15
le15

11 - 383

1,15

N b b b () ped b b b (G} bbb ok b o et b b pd e
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CLOCK

FAIRBURN, DON
MUMFORD s J,
TELSONsM,
MUMFORD s Jo

ALAM

TELSON M,

BATOR RICHARD
KINGSNORTHs R C
GOLKAs JOHN J.
LEARY D F

LEET KENNETH ,
TAYLORs WILLIAM A,
WANEK s GLENN R
PROKOPY, JOHN ¢
WANEK s GLENN
NAINIS

LAZARs JAY Le
MOORERs JAMES A,
MOORERs JAMES A,
MOORERs JAMES A,
MOORERs JAMES A,
KINGSNORTHs R C
LEARY D F
BERNHARDT sLeJs
BERNHARDT sLoJs
GOLKAs JOHN J,
BATOR RICHARD
MOORERs JAMES A,
MOORERs JAMES A,
MOORERs JAMES A,
MOORERs JAMES A,
PROSEKs Je Re
SNYDER’ Me Bc
LAZARs JAY L.

CLOCK

KAVALLIEROS ANTONY
KAVALLIEROS ANTONY
NEWMANs EDWARD Ee
FAIRBURN DON
TENNISONs THOMAS Je
SIKESsPeGe

NAINTIS

ERNSTs D

DEDRICK D F
CHAPMAN, D G
MATTESsDeAs
HUIEsJolL o
KITTREDGE

TENNISONs THOMAS :Je.:n

JOSEPHsGUNTER
LEARY D F
PHILLIPSs CeRe
WANEK s GLENN
KINGSNORTHs R C

18

18

h)#tﬂh‘Hf‘h‘Nb‘h‘HbdFdh‘HbJhﬂmidh‘biéh‘mldh‘H\Dh‘mldhﬂhlﬁ
4

HHPHOBNHEEHNWHEREO OO O

lo(4)

THUGMARG2611964 3,00 PM

1409

1415 :

1415 )

1415 !

1415 s
1¢15 i ;
1415 : E
1415 il I
1415 g o
1415

1.15

le15

oo 1 Py 15 e

1415

1.15

1415

r1e 18

1415

lel5

1615

1,15

1615

1e15

1'e15

lel5

1e1l5

1415

115

le15

1415

le15

1el5

1415

le15

THUMAR 42691964 44,00 PM .

.27
1e27
le27
le15;
l+.15:
1415
1615
le15
1315
1515
1415
1415
S T L RN R
1615
1.15

R
Y25 )4

%
-'r.

1515




KUBO’ A. So .
SEXAUERsWel o
SEXAUERsWel o

SEXAUERsWel e

SEXAUERsWelL o
SEXAUERsWel o
SEXAUERsWel o
ALAM

MABRY Re Ee
PHILLIPSs CoRe’

DEDRICK D F
BERNHARDT oL e Joe

BERNHARDT sL o J

cLOCK

NEWMANs EDWARD

Ee

NEWMANs EDWARD E.

COOPERBERG
NEWMANs EDWARD
SEXAUERsWel e
MATTESsDeAs

JOSEPH»GUNTER -

WANEK s GLENN
SHWIMER,s JOFL
GOLDMAN sFeWe .
SEXAUERsWelL e
LEET KENNETH
HUIEsJoeLe
SEXAUERsWel e
SEXAUERsWel. e

.E.‘

BERNHARDT sLeJe

JOSEPHsGUNTER
SEXAUER sWelL e
DEDRICK D F
DEDRICK D F
GOLDMANsF oW,
MATTESsDeAs
WANEKs GLENN

BERNHARDT oL oJe

JOSEPHsGUNTER
JOSEPHsGUNTER
JOSEPH»GUNTER
GOLDMAN sF oW e

CHAPMANs D G

GRAASS J H

BERNHARDT sLeJe

CHAPMAN, D G -

BERNHARDT sLeJo

CHAPMANs D G
CHAPMAN, D G

cLocCK

NEWMANSE,

ROBINSONsJeVe

NEWMANE,
- BERNHARDTsLeJe
BERNHARDT sLeJe

IA

16

16

16

14

VI

N A G Q) bt 1 b bt 1 )

THU eMAR 42691964

PJhOH1Jk‘&+thOCEG)h‘pﬁdhﬂNfUhJOikoHb¢C\H'H}JFJdehJ@-qu,m

THUeMAR 261964 6400 PM

—=?nn

1,15
1415

1415

115
1e15
1e15
1,15
1015
1415
1e15
1615
1,15
1,15

 OPERATOR

1,15
1.15
le15

1615

1015

1415

1415
1415
1.15
1,15
1415
1415

1615

1,15
1415
1415
1415
1e15
1e15

 lel5

1415
1415
1415

- 1el5

1e15
1015
1415
'1.15’
1415
1415
115

9407

1415

1e15

5,00 PM

)o(s)

390
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CHAPMAN, D
CHAPMAN, D
CHAPMAN, D
LEARY D F

LEARY D F

CHAPMAN, D G
CHAPMAN, D G.
CHAPMANs D G
CHAPMAN, D G
LEARY D F

DO

cLoCK

ENGER,»TOM
ENGER,TOM
ENGER,TOM
LEARY D F
LEARY D F
CHAPMAN, D
CHAPMAN, D
CHAPMAN, D
LEARY D F
LEARY D F
MOORERs JAMES A,
MOORERs» JAMES A,
MOORERs JAMES A,
MOORERs JAMES A,
LEARY D F
BERNHARDT sLeJe
LEARY D F

CHAPMAN, D G

LEARY D F

CHAPMANs D G
GOLKAy Jo Je

LEARY D F
WILLTIAMS sRE
WILLIAMS,RE
BERNHARDT sLeJe
CHAPMAN, D G
DESMOND yBARBARA A,
DESMONDsBARBARA A,
HAUSSLING H J
MOORERs JAMES

[a NN

cLock

SKODONs JOHN Ge
SKODONs JOHN G
ENGER » TOM
ENGER » TOM
ENGER » TOM
DESMOND s BARBARA Ae
CHAPMANs D G
DESMOND s BARBARA Ae
BERNHARDT sL o Jo
GOLKAs Jo Jo

DESMOND +BARBARA A.

WILLIAMSSRE
GOLKAs Jeo Jo

et b ek b b b b b b b

b 1t et e pd o e ok fod o b b ek fod o b b b o b b ped

bt et bt e P bt b S () (D

1015
1015
1415
1615
1,15
1.15
lel15
1,15
1.15
l1es15

THUeMAR 42641964

l1e15
1415
1.15
1415
1.15
115
1415
1415
1le15
1415
1415
1.15
le15
1e15
1e15
1le15
1415
1615
1415
1,15
le15
1615 .
1,15
1415
1.15
1,15
1615
1615
1415
115

bt b pd fd b b

THUGMAR ¢26 91964

5011
5011
1.15
1615
1,15
115
115
1.15
1.15
1615
1,15
1615
1615

ot

7400 PM

8.00 PM

391
Y250




CHAPMAN,s D G
BERNHARDT sLeJe
HAUSSLING H J

cLocCk

ENGER 4 TOM
ENGER s TOM

SKODONs JOHN Ge
SKODONs JOHN G

ENGER » TOM
ENGER» TOM
ENGER,TOM
ENGER » TOM
ENGER,TOM.
CHAMPY s JeAo
HAUSSLING H J
GOLKAs Je Jo
HAUSSLING H J
CHAPMAN, D G
GOLKAs Je Jo
HAUSSLING H J
CHAPMAN, D G

BATOR RICHARD -

BATOR RICHARD
GOLKA’ Jo Je
HAUSSLING H J
BATOR RICHARD
GOLKAO Je Jo
GOLKAs Jo Jo
HAUSSLING H J

cLOCK

ENGER » TOM
GARDNER 3D,

SKODONs JOHN Ge
SKODONs JOHN Ge
SKODONs JOHN G,
SKODONs JOHN Ge

HARMAN o JACK
HARMAN , JACK
HARMAN o JACK
HARMAN  JACK
HARMAN » JACK
HARMAN s JACK
LEARY D F
LEARY D F
LEARY D F
POWER=-OFF

4 2 D e e s e

18
18

NUMBER OF ENTRIES 344

HEROOOO OO0 OONONn=

1 1415
1 le15
1 115

THUsMAR 2691964 9,00 PM

1615
1e15
5011
5011
1615
1615
1.15
le15
1415
TA 1,09
1615
1615
lel5
l1¢15
lel15
1615
l1e15
1415
l1e15
le15
1615
1415
1615
1,15
115

bod fed b Q) b b ) Q) bd et e b et el e (5} bt bl bl b ek () () P

THU«MAR 26191964 10,00 PM

le15
16 73F
5011
5011
5011
5011
9407
9407
9407
9407
9407
9407
1615
1415
1,15

FRTeMAR 2791964 12445 AM

AN
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to check source programs in FORTRAN II-D. Since SSGO does

not require Format statements, EDIT was modified to by-pass

thls type of statement.

Each statement in which an error is detected is
Punched out together with a diagnostic repoﬁt. It is a
useful debugging technique as well as an aid in Program
development. It is most useful to novice programmers.

If no errors are detected the meséage "NO ERRORS DETECTED"

is typed out. Shown in Fig. 6 1s a list of the error
messages.

SSGO

SSGO 1s a modified version of a LOAD and GO FORTRAN
which was based upon IBM's first 1620 CARD FORTRAN WITHOUT
FORMAT. This is a one-pass operation wlth 3 options. Any.
all or none of these options may be exercised by inserting,
immediately preceding the Data card, the following:

l. * Trace M to N
M is the number of the source statement where
tracing 1s to begin and N 1s the number of the
source statement where tracing is to cease. |

‘2. % Map. ' .

' Causes a storage map of the symbol table together .
with the unused memory to be punched out.

3. 3 Cards

The original version of this FORTRAN was modified
so that the compiler was located in the 2ndModudle while the
compiled object program was stored in the first 20K of core,
thus conserving both time and cards. The Cards card was,
therefore, used to obtaln a punched object deck. This of
course finds little use today since it 1s more expedient to
load on disk any program that might be needed later.




ERROR MESSAGES i EDIT

UNDEFINED STATFEMENT NUMBERS
UNREFERENCED STATEMENT NUMRBRERS
UNACCFPTARBLE FORM TO LEFT.OF = SIGN
MULTIPLE = SIGNS .

SUCCFSIVE OPERATION SYMBOLS OR OPERATORS
MISSING OPERATION SYMBOL OR OPERAND

RIGHT PARENTHESIS ENCOUNTERED BEFORE LEFT PARENTHESIS'

MISSING RIGHT PARENTHESIS

MIXED MODF FXPRFSSION '

NO VARTABLE TO LEFT OF = SIGN

EXPONENTIATION OF A FIXED POINT VARIABLE OR CONSTANT
VARIAGLE USED HAS NOT BEEN DEFINED

P
N

SUBSCRIPTED VARIABLE HAS NOT APPEARED IN A DIMENSION STATEMENT

FRROR IN SUBSCRIPT

NOT ALL OF THE INDICES ARE LEGAL

SECOND INDFX IS LESS THAN FIRST

THIRD INDEX IS ILLEGAL

STATEMENT NUMBER NOT ACCEPTABLE OR IS MISSING

DO STATEMENT 1S 'INCOMPLETE

DO LOOPS INCORRECTLY NESTED

DC LOOP TERMINATES ON TRANSFER STATEMENT

DECIMAL POINT-OMITTED FROM FLOATING POINT CONSTANT

DECIMAL EXPONENT FOLLOWING AN E IS INCORRECTLY EXPRESSED

THE EXPONENT FOLLOWING AN E HAS BEEN OMITTED
FLOATING POINT NUMBER FOLLOWED BY CHARACTER NOT AN E
STATEMENT NUMBER GRFATER THAN 9999

STATEMENT NUMBFR PREVIOUSLY DEFINED

UNNUMBERED CONTINUE :

STATFMENT CANNOT BE REACHED BY PROGRAM

ERROR IN STATEMENT NUMBFR(S)

MISSING COMMA AFTER RIGHT PARENTHESIS

INDEX IS TLLEGAL OR MISSING :
NON-NUMERIC CHARACTER FOLLOWS RIGHT PARENTHESIS
LEFT PARENTHESIS DOES NOT FOLLOW WORD IF

NO EXPRESSION WITHIN PARENTHESIS

MISSPELLED OR UNACCEPTABLE NONARITHMETIC STATEMENT
STATEMENT CONTAINS UNACCEPTABLE CHARACTER
STATEMENT CONTAINS DFCIMAL POINT NOT IN A CONSTANT
DIMENSION STATEMENT S IN INCORRECT FORM
UNNUMBERED FORMAT STATEMENT

INCOMPLETE FORMAT STATEMENT

VARTABLE IN DIMENSION STATEMENT PREVIOUSLY DEFINED
FORMAT STATEMENT NUMBER MISSING OR INCORRECTLY STATED
FIRST OR LAST CHARACTER IN LIST IS NOT ACCEPTABLE

THREE DIMENSIONS HAVE BEEN SPECIFIEDs OR IN INCORRECT FORM

COMMA MISSINGs OR LIST 1S MISSING OR INVALID
5YMBOL TABLE FULL

FIXED POINT CONSTANT GREATER THAN 9999
FLOATING POINT CONSTANT OUT OF RANGE
VARTABLE NAME LONGER THAN 5 CHARACTERS

Figo 6

N
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3.5 SSGO DEBUGGING AIDS

Trace‘

SSGO includes a built-in tra‘cé which is a very powerful >debugging aid.

Tracing is specified by the insertion of a control card after the END state-
ment of the following form:

* TRACE FROM n TO m

where n is the statement number where tracing is to begin and m is the
statement number where tracing is to ceaée.

The portion,' of the program which lies logically between the two
limiting statement numbers will be traced each time it is executed. If the
trace is selected, object program execution proceeds in normal mode at
full speed until control‘reaches the statement with statement number "'n''. -
From this point until control reaches the statement with stafement number

‘m'', in addition to the normal programmed output the.f.ollowing output

is punched:

1. For each arithmetic statement, the variable name to the left of the
= sign followed by the current numeric value of the right hand side.
Examples:

A = -.13570000
STA = .10600000E03
JOB = 8431

2. For each transfer statement, the type of tran‘sfer and the statement
number branched to. Example: ’ '
COMPUTED GO TO | A
TRANSFER TO STATEMENT NO. 0006

3. Reports of progress through DO loops afe.punched at the end of each
loop. Example: _ '
0012TH TIME THROUGH DO

The DO message assumes the index has an initial value of one and is
20 390
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For compatibility a Call Exit command was added to W
this processor. Format statements may be included but they
are ignored except the = character in an H field which
will cause erroneous compilétion; All Print statements
have been.modified to Punch to speed up the operation.

SSGO/EDIT

SSGO/EDIT is a further effort to conserve time and
to simplify the operation procedure. When this system is
specified the source statements, as they are encbuntered,
are temporarily stored on disk and processed with the EDIT
program. If no errors are detected control 1s returned to
SSGO which reads thé'source statements from disk instead
of from cards and proceeds to complle and execute. ‘If'ét
the completion’of the EDIT phase the program was found to
contaln errors, control is returned to the supervisor
rather than SSGO. ”

AT

SSGO/EDIT/GO | : e

SSGO/EDIT/GO is a special version of SSGO/EDIT.

At the end of the EDIT phase If no errors are de-
tected the message "NO ERRORS DETECTED" 1is typed.
Processing and execution are attempted just as with
«SSGO/EDITQ If at the'completion of the EDIT phase errors
were found the message "Turn SW-1 on to compile with
errors" is typed. If SW-1 is left off and the start button
on the console is depressed control is returned to the
supervisor. If the option to continue is selected, an
attempt is made to compile and execute.

SUBSET

~ SUBSET provides a direct call to FORTRAN II-D for a
Load and Go operation and essentially replaces 2 MONITOR
I CONTROL CARDS:

396
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Processing

As source statements are read and translated by the processor, the

‘object program is built up in lower core starting at location 07500. After

processing of the END statement and detection of the DATA card, control

is sent to 07500 and the object program is executed. The object program
occupies the first 20K module. The processor occupies fhe second 20K and
the third 20K is then reserved for special subroutines. Programs of the
order of 75 to 125 statements can be handled assuming no large arrays. For
SSGO debugging of programs involving large arrays, the arrays should be

temporarily dimensioned for small ranges to conserve space in the symbol
table. '

Error Indicators - Translation Phase

During translation, if certain kinds of errors are detected in the source

statements, -error message of the following form is typed:

G A = B*Ca5
ERROR NO. 5

The statement containing the error followed by the error number is typed.

The error numbers and their meaning are as follows:

ERROR NO. 1 Incorrectly formed statement
ERROR NO. 2 Subscripted variable not dimensioned
ERROR NO. 3 Constant out of range

ERROR NO. 4 Symbol table full

ERROR NO. 5 Mixed mode expression

After an error is detected, processing continues so that additional er-

‘\ rors may be checked for. However, the resulting object program should

R RY

not be executed as it will be incorrect.
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~ P?ROCESSING SSGO RUNS

A
L
Run Deck | ,
The make-up of a typical SSGO run deck is indicated in the following
diagram. ' \ |
T ¥ (ENOD OF JoB cARD)
DATA DECK
30 28 4.7
¥ DATA
|* TRAcE 2 To 8 (OPTIONAL)
[3 MAP (OPTIONAL)
{ ENO X
/ SOURCE DECK
|C Prob. I A.JoNEg 1~15- 64 AN
[¥# Ssao N
¥ 10 JQNE&,A. I 2 CLASS I.1§6 ‘

The * DATA control card is necessary for execution even if no input data

is required by the program since it is the signal to execute the program.

RETE
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# MONITOR
## FORX 5
SUBSET 1s provided to increase the compatibility
between the 1620 and 7094. Students enrolled in the pre-

ing Problems," offered by the Civil Engineering Department
use not only the 1620 but the 7094's. The 7094's are
accessible either by direct submission of card decks or

- through the 1050's or teletype units as time shared remote

consoles. 1620 SUBSET programs may be processed and exe-
cuted on the 7094 by merely changing the ID and systems card
to conform to that required at the 7094 Computation Center.

To speed up compilation time with SUBSET or FORTRAN
II-D all the Print statements in FORTRAN II-D have been
changed to Punch. The Type statements were left unchanged.

Error messages are no longer typed out but instead
are punched on cards; the incorrect statement on one card
and the coded error message on the followlng card. During
execution the floating point subroutines‘punch errors but
the carriage returns associated with the original type-
writer output still occur to provide a warning. The Data
card initially required by FORTRAN II-D is still required
but the word DATA starts in e¢c 7 the saﬁe as for SSGO.and
7094 FORTRAN. '

~viously mentioned course, "Computer Approaches to Engineer-

399
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AN
o
MAKE UP SUBSET RUN DECK
T++¥ (END OF JOB CARD) N
DATA  DECK / "
* DATA N
END N
SOURGCE PROGRAM DECK
, N
x SUBSET N\
%  ID JONES,A 1 2 115 \ —
, el
-
400
Fig. 8 '
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Error Reports - Translation Phase

As source statements are compiled, checks are made for source
program errors. If an error is detected, a'meséage of the following form
is punched: : ' ' .

SSSS + CCCC ERROR n

where SSSS is the last statement number encountered by the program prior

to the error, CCCC is the number of statements ‘following the last numbered
statement, SSSS + CCCC is the statenﬁent containing the error, and n is the
error code number. If an error is encountered before a statement number

is encountered, SSSS will be 0000. Comment cards, blank cards, and contin-
uation cards are not included in the statement count. Only one error per
statement is detected. The following is'a table of error code numbers and’

their meaning:

Error No. ' Condition

2 Syntax error in a nonarithmetic statement
(exception: DO statements).

ing, or subscripting, appears on a variable not previously
dimensioned.

Symbol table full (processing may not be continued).
Incorrect subscript.

Same statement number assigned to more than one statement.
Control transferred to FORMAT statement.

Variable name greater than 6 alphameric characters.

O 00 3 O~ b

Variable name used both as a nondimensioned variable name
and as a Subroutine or Function name.

10 Invalid variable within an EQUIVALENCE statement.

11 Subroutine or Function name or dummy variable used in an
EQUIVALENCE statement (subprogram only).

13 Within an Equivalence list, placement of two variables previ-

another either equivalenced or placed in Common.

Undeterminable, misspelled, or incorrectly formed statement.

3 Dimensioned variable used improperly, i.e., without subscript- |.

ously in Common, or one variable previously equivalenced and
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MAKE-UP OF 7094 FORTRAN RUN DECK

DATA CARDS

¥ DATA

SOURCE PROGRAM

c PROBLEM 1

W LIST8 (OPTIONAL) \
* XEQ | N\
Mi1217-9000, FMS, DEBUG, 1,1, 500,50 \

40 2
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b) Execute Card (Control Card)
*  XEQ

This must be the second card in your deck. It informs the processor

that your program is to be executed immediately after it is compiled.

c) List Card J(Control Card)
* LISTS8

This should be the third card in your deck. It informs the processor
that a listing of the equivalent machine language object program resulting
from the compilation is to be included in your printed output. This listing

is helpful in off-line debugging.

d) Source Program Deck

Source statements according to specifications. Last card must be

END statement.

e) Data Card (Control Card)

*  DATA

f) Data Deck
Data cards for testing your program at execution, prepared in ac-

cordance with Format statement specifications.

A typical run deck is shown in the diagram which follows. The above

control cards are the only ones which may be included.

Submission of 7094 Runs

Student decks, assembled as described above, should be delivered to
Room 1-151 before 4:30 PM a.nd'vde'posited in the IN box for the appropriate
subject (such as 1.15). The runs will be batched and delivered to the Com-

putation Center for processing overnight. Results are returned the following

3
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MONITOR 1

MONITOR 1 calls in the Monitor System provided by
IBM with the 1311 disks. This card merely transfers
control from the supervisor to the Monitor System.
Modifications mentioned in connection with SUBSET still
hold. The monlitor program was, however, modified so
that when an end of job'card is encountered, control is
returned to the supervisor. '

LOAD

LOAD is not really a system but simply a means to
simulate the load button on the 1622. It provides the
capability for stacking machine language programs along
with any of the other system jobs. The user must
provide his own loader and must terminate his program with
a specified branch to return control to the supervisor.
The add and multiply tables are brought into core with
the supérvisor and remain there when LOAD is called.

ka
COGO

The COGQO associated with this c¢all is a version of
COGO prepared specially for a 60K machine with a special
application in mind. It was designed to provide maximum
efficiency with this hardware configuration. The system
is stored on 600 sectors of disk and is transferred to
core when called as a unit so that all commands are always
in core and available. A new command FINISH was providgd
so that COGO jobs could be stacked with any of the other
systems jobs.

CI/C0GO

CI/COGO is a disk version of COGO designed for a
20K machine. It operates much like the card p;ug deck .
system except that the plug is read from disk rather than
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from cards. It like the plug deck system 1is limited, at

the present time, to typewriter output and is used Primarily
for demonstration only.

~ PLOT

PLOT like COGO is a problem-oriented language and at
this time 1s used to graphically display the results of
COGO. This is the very first attempt at the adaptation of
graphical displays to problem-oriented languages. At
present it contains only a minimum command set but program-
ming is under way to greatly expand the system for a wilde
variety of applications.

All the systems above mentibned are stored on a single
disk pack and are file protected. The Equivalence Table,
the Dim Table and the SeQuential Program Table all contain’
appropriate entries and are éognizant’of the existence of
the varilous systéms thus providihg additional protection.
All the systems in use have been modified so that as each
job is terminated control is returned to the supervisor.
Thus the supervisor provides a simplified procedure of
operation with adequate flexibility and compatibility for
an efficient system requiring a minimum of machine time
for a maximum number of users.
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TYPICAL ARRANGEMENT OF 1620 RUN DECKS .

/ it END -0F - JoB CARD

v USER DECKS To 8&
> ’ PROCESIED UNDER THE
») CoNTROt. of MONITOR T

&
/ [% MONITOR I

[¥ uUser 1D cARD

| / ++$+ END-OF- JOB CARD
) USER OEck ToO 8E
o? PROCESSED BY SUBSET
/ ¥ SUBSET NE
»* UUSER ID CARD -

USER DEcK TO BE
& PROCESSED BY CQOGO

& .
/ ¥ COoOGO ' | | |
v USER ID CARD

/ t++$ END-OF-JOB CARD /

/ £3$4+ END-OF- JOB CARD
; /

- USER DECK TO BE

* SSGO

¥ .USER 1D CARD

1%

‘Fig. 10
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1.2 AVAILABLE SYSTEMS

At the present time, the following systems can be called from disc by the
CESL MONITOR via System ID cards as follows:

* EDIT

A program for éditin’g FORTRAN source pfograms for
common prograi‘nming mistakes.

* SSGO_ S o '
‘A simplified load-and-go FORTRAN System especially

designed for instructional use.
* SSGO/EDIT

A combination of the first two which will check the program
with EDIT and process it with SSGO if no mistakes are
detected.

* SUBSET

(’ , A subset of FORTRAN II for the 1620 and 7094 designed for
- debugging 7094 programs on the 1620.

* MONITOR 1

Turns control of the machine over to the IBM 1620 Monitor I
System. This system in turn can call SPS Symbolic Program-
ming System, FORTRAN II-D, Disc Utility Program, etc.,
through additional control cards. Use limited to authorized
users. ‘

LOAD

*

For loading 1620 machine language programs included in
staéked, input. '
* COGO

A problem-orientéd language and processor for geometric
problems.

* PLOT :
A problem-oriented language for preparing plots and graphical

displays with the on-line plotter.

Additional sy.s tems are under development and will be added from time to

C . IR
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USE OF COMPUTERS IN DESIGN OF ELECTRONIC EQUIPMENT

(Presented at the Eastern Regional 1620 Users Group meeting in
Washington D.C., on May 7, 1964.)

by: Arnold Spitalny
Chief, Computer Branch
Norden Division
United Ailrcraft Corporation
Norwalk, Connecticut

The theme of this meeting is "Consolidation Thru Systems In-
tegration." The word "Systems" means many things to many people.
We are concerned now with a type of system considerably more complex
than most of those you are accustomed to dealing with. This is a
man-machine system for design and development of electronic equip-
ment. At Norden, we are concerned primarily with military electronic,
electro-optical and electro-mechanlcal equipment, such as radar,
displays, navigation systems and vehlcle control systems. However,
the same methods and techniques are applicable in many other areas.

The first problem in system design 18’51ways to define the
problem. What are the problems in the military electronics business°
Some of the basic trends are indicated 1n Pigure 1.

The rapid advance in electronic technology ‘over the past few
years has resulted in a very rapid rate of obsolescence for all
electronic equipment. The demand for increased capabllitilies and
speclalized customer requirements also results in a steadily increas-
ing complexity of equipment. Competition both in cost and tech-
nology is applying greater pressure all the tlime. Rellabillity re-
quirements of the Military are getting steadﬁly more severe and those
of NASA are practically out of this world. The combination of in-
creasing complexity and stricter reliability requirements results
in a demand for a wide variety of automatic check-out equipment,
manufactured in much smaller volume than the equipment they check
out. Most development programs are subjected to frequent changes
due both to changes in customer requlrements and to engineers thinking
of better ways to do things they have already designed.

Once the changes stop and production begins, there is usually
only a very short productlon run before rapid obsolescence takes over
and the entire cycle repeats. The end result is a steady increase
in the average amount of engineering work required to support a
given level of production. This 1s substantiated by the steady
industry-wlde increase in the ratio of engineering personnel to
manufacturing personnel. The basic problem then, is how to get
more engineering work done faster and better,

Figure 2 indicates the two basic approaches to this problem.
The obvious way is to hire more engineers. We do not consider that
an adequate solution over the long run. It is much better to see
if we can find a way to use the engineers we have more efflclently
by using computers to asslst engineers. Computers have been used
many times to assist engineers in a wide variety of individual tasks.
We are expanding these tasks and developlng new ones to provide an
over-all man machine system in which engineers use comﬁuters effect-

4.26.1
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ively for all tasks computers can do better than man. Under these
conditlons, engineers have the opportunity to concentrate their eff-

orts on those intellectual functions man can do far better than com- fh\
puters. ’ had

Figure 3 indicates some of the basic steps in developing such
a system. The filrst problem 1s to identify and select the design
tasks for which we should consider the possibility of using computers
to assist the englneers. For each of these tasks we must determine
a set of design rules, which would be in sufficient detall to con-
sider programming on a computer, Preliminary planning of methods and
procedures for each task must proceed far enough to provide a real-
istic basls for estimates of the cost of fully implementing the task ,
and of the benefits that would result from it, Evaluation of these
costs and beneflts 1ndicates that there are some tasks on which a
substantial early payoff can be achleved from a reasonable degree of
effort., Work is started on these tasks as soon as they are discovered.
In this way the program is put on a pay-as-you-go basls while planning
and development of the rest of the system continues.

Now that you understand the philosophy behind this program,
let's take a look at what has actually been done. Figure 4 is a
silmplified block dlagram of the entire serles of engineering act-
ivities from initial planning of a new project to releagse of final
documentation to other divisions of the company and to the customers.
The engineering tasks that presently involve the greatest proportion
of computer usage are marked A, Some of those for whlch we are
presently developing computer applications are identifled bv a B, AN
and those labeled C require the highest proportion of human decisions. N
Even in this area, computer techniques have been extenslvely used
to provlide engineers with the information they need for their declsions.
For example, the first step 1n developing a test console for fail-
ure analysls of radar modules was to code the input-output require-
ments of every module and analyze the requirements on the 1620 com-
puter. This provided information needed by the engineers to specify
signal generators and control and processing circults.

Computer simulation analysls has also been used extensively to
check the theoretical performance of proposed systems prior to comm-
itment of detalled designs. For example, in the case of an automatic
radar terrain-following system for alrcraft, the terrain character-
istics, radar performance, processing of radar informantion, alrborne
computer, action of the autopllot, and the response of the alrplane
were all simulated on the computer. Many flights were simulated
by using the computer. Conditions in the equipment that might cause
ailrplane crashes were eliminated before any equlipment was actually
designed, We are now working on development of simulation analysis
techniques which could be applied to any electronic system at the
block diagram level. This would be based on adaptation of the IBM
general-purpose system' simulator for the 7090 computer.
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Once the simulation analysls has provlided assurance that the
planned system wlll do the job satisfactorlly, it is time to specify
the detalled equipment and proceed with the design. Whenever possible,
standard modules and circults which have been previously developed
and bullt should be utilized, rather than develop completely new equip-
ment., The computer files data from previous designs which can help
to select such equipment. However, there wlll be many cases in which
completely new designs are necessary to meet the new requirements.

The critical bottleneck in electronlc system development is
usually design, development, and test of new electronic circults. The
traditional method requilres building a laboratory breadboard of tne
circult and conducting extenslve tests and modifications in the labor-

atory to determine how the circult would perform under varying conditions.

This 1s a very expensive and time-consuming procedure and never gives
optimum design, since the tendancy is to stop at the first thing that
appears to work.

Norden and IBM have jointly developed a set of computer programs.
for analysis of electronic circuits which provides the basis for a
real break-through in this critical problem area. With these programs
it 1s possible to predict the performance of many alternative circuilts
and select the best one before starting to bulld anything in the labor-
atory. In addition to predicting the voltage outputs which could be
measured in the laboratory, the computer programs also provide sensit-
ivity of all outputs to all circult parameters, thereby providing
much greater insight into the design problem and into the accuracy
requirements of the components.

A key feature of the circult analysis program is the use of a
very simple user-orilented input language. This permits preparation
of input data directly from schematic circult dlagrams or from equi-
valent circuit dlagrams. There 1s no need to derive any equations or
prepare any new computer program instructions when a completely new
and different circult is analyzed for the flrst time. Once the new
circuit has been described to the computer for purposes of circuit
analysls, many other things can be done with the same basic data.

We have extended the basic cilrcuit analysis to include a wide
variety of rellabllity analysis techniques. Tools now available to
the rellability englneers for evaluation of new proposed circult
designs 1include stress analysls, derating analysls, margin analysis,
mean time-between-failure calculation, and fallure effect analysis.
These can all be performed before the circuit 1s actually buillt and
reliability improvement recommendations can be incorporated in the
original system design.

41
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At this point the basic deslgn has been completed but a lot of hd

detalled work is required before the system can be bullt. A schematice
diagram of the final computer-checked design 1s needed to record the
design and to provide informatlion for engineers. We are working on
development of techniques for computer printout of schematic dlagrams.
"This will eliminate some routine drafting work. More important, it
will provide absolute assurance that the circuit in the dlagram corr-
esponds exactly to the circult analyzed.

The next problem is mechanical design or layout of the circuit.
The problems here vary depending on the type of manufacturing tech-
nology to be used. In conventlional transistor circultry, this 1s
usually the problem of laying out a printed circult board.

At Norden we are now concerned increasingly with developing
integral circults, such as that in Figure 5. The layout design problem
of these circults 1s far more complicated. It involves development of
a set of masks for the various etching, diffusion, and deposition steps
required for manufacture of a complex semi-conductor integral circuit
within a single silicon chlip. Norden 1s presently working on an
Air Force contract, developing techniques for automatic design and
manufacture of such circuits. This involves use of the same basic
circult input definition which was uged for circuilt analysis, extendeA
to include geometric as well as electronic information,. .
Norden has used computer technliques to assist in optical and e
mechanical dosign as well in electronic design. The 1620 optical design
package has been particularly helpful in developing optical designs
for new dleplay technlques., However, we have had to develop some of
our own optical design programs to eliminate excessive use of the type-
wrlter and provide data in the coordinates and format most useful to
the optical designer,.

The mechanical design work at Norden includes such things as
design of servo gear trains and critlical inertial gimbal platforms
as well as structures and housings for electronic equipment. Computer
‘techniques have been developed to asslst in mechanical layout and
design, and in vibration analysis. However, a lot more remains to be
done 1in this area. Once the electronic modules and the structure for
housing them have been designed, the next problem 1s to route all of
the interconnection cabling. This 1s sometimes referred to as the
problem of "Where do all the wires go?" In the Norden design system
the basic interconnection wiring data 1s key punched and fed into the
computer, The computer assigns terminal numbers, selects cables,
determines wiring length, sorts data, and prints out final wiring 1ists,
which are the shop instructions for wiring the equipment.

The baslc manufacturing definition of electronlc equipment is
in the form of a list of materials. Detalled lists of material must
be prepared’ for every assembly and sub-assembly in the system. These
lists of materials contain considerable detalled reference information q;;
about each part, as well as 1ts baslc part number designation. :
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This detalled printed information 1s maintained on disk files in the
1620 computer for all standard Norden parts. The engineer then has
only to designate the part numbers and quantities which are key-
punched for computer input. The computer extracts other reference
data from the disk and prints out the detalled lists of materials.
It also records and stores the list of materlal information on

disk file for later use 1n generating a wide varlety of other design
data documents, such as the unique parts lists, lists of electronic
components, tube complement lists, non-standard parts lists, and
many others. By generating all this detalled information from the
same basic system definitlion, we have greater assurance than ever
before that the information 1s correct and consistent, as well as
having it avallable much earller, in more complete form, and at lower
costs. This deslgn data is the basic output product of engineering
which is used by accounting, purchasing, manufacturing, and our
customers.

Now that you have seen the over-all system, you wmay want to
know what does all this really mean? How much difference does 1t make
in a complicated program?

Figure 6 indicates a complete equipment currently under dev-
elopment at Norden, the Module Analyzer Test Console (MATC) for
ground support of airborne radar equipment. It 1s something like
a fancy tube tester, except that instead of testing tubes 1t tests
complete modules of radar equlipment. Several hundred different
modules can be accommodated, including all its own lnternal modules.
The control card for the module under test selects the appropriate
input signals which are applied to the module, and the appropriate
processing clrcuits for examining the module output voltages, so
that the source o faillure or malfunction can be isolated to a
particular component within the modulie, This equipment was de-
veloped concurrently with the computer-alded deslgn system, Portions
of this system were used on 1t as they became avallable, o

The Tirst step in design of this equipment was tabulation
and compucer analysis of the input and output signal requirements
of all modules to be tested., This computer analysis assisted the
engineers in determining the signal source specifications and the
specifications for various signal processing circuits 1n the MATC
equipment. The same module data cards later were used for automatic
deslgn of the control cards which select the appropriate signal sources
and processing circults to be connected with each module when it 1is
tested. The complexity of this eauipment 1s indicated by the fact
that there are approximately 35,000 parts of which 4,500 are unique
items including about 2,000 electrical components., Two separate
units or test benches have been designed, each requiring about
10,000 interconnection wires., All of the interconnection wiring,
lists of materlials, and other design data for this program were
prepared on the 1620 computer, as well as analysis of mogt of its
circults.
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A
Design and development of a system of this complexity N
by traditional methods would normally take at least two or three years.
This equipment was designed and developed in 1-1/2 years with partial
use of experimental computer-alded deslpn techniques. A new system
of comparable complexity could be designed starting now in less than
one year, wlth no increase in the average manning level. When all
parts of the computer-aided design system are completed and data is
flowing smoothly from one computer operation to another, this time
will be considerably shortened. '

The over-all results of the program are summarized 1n Figure 7.
The time requlred to get from an englneering idea to 1ts incorporation
in a finished product 1g substantially reduced. The time required to
process changes to an existing design 1s cut to an extent that makes a
substantial difference in whether or not it is practical to incorporate
many last-minute changes. The total cost of an engineering effort 1is
substantially reduced by shortening the engineering time cycle, without
increasing the number of engineers. The resulting products delivered
to our customers are greatly improved as a result of providing more
thorough preliminary analysis and reliability checklng of designs.
Finally, the engineering records resulting from this design process
are far more complete and accurate than they ever were before.

AN

w20 O

Y. 26.(2



" 13-

Figure 7




SN

NETWORK ANALYSIS ON THE 1620

by

Martin J. Goldberg
Computer Applications Englneer
Advanced Englineering Sectlion
Norden Division of United Alrcraft Corporation
Norwalk, Connecticut

AT

s

.Presented at the Eastern Reglonal 1620
Users Group meeting in Washington D.C.,
on May 7, 1964.

22 June 1964 : x36017
$4.2°7.0



NETWORK ANALYSIS ON THE 1620

(Presented at the Eastern Regional 1620 Users Group meeting
in Washington D.C., on May 7, 1964,

by: Martin J. Goldberg
Computer Applications Engineer
Norden Division ‘
Unlted Alrcraft Corporation
Helen Street
Norwalk, Connecticut

"ABSTRACT

computer program for analyzing electronic circuits on a 40K
1620 with 1311 disc has been developed under a cooperative agreement
between the Norden Division of United Aircraft Corporation and IBM.

The Program 1s divided into four sections: language interpreter,
DC analysis, AC analysis, and transient analysis. The analyslis sections
are limited to linear circults, although the transient analysis section
can approximate some non-linearities. The language interpreter section
interprets input data on the circult to be analyzed. The data 1s writt-
en in a user-oriented language so that the Program can be used by in-
dividuals not familiar with programming, and also so that man-machine
communication is more efficient. The primary input is an equivalent
circuit schematic. Input data cards, prepared from the schematic,
describe the circuilt topology and parameter values,

From the above data, each analysis sectlon sets up the proper
matrix equations describing the network and performs the desired
analysis. .

The DC analysis sectlion obtalns the DC steady-state solution
for all node voltages and currents. In addition, there are several
optional routines such as worst-case analysls of node voltages, com-
putation of standard deviations of node voltages, determination of
sensltivities of node voltages to network parameters and the like.

The AC analysls section obtains the frequency response of the
network 1.e., magnitude and phase of node voltages and of currents
versus frequency.

The transient analysis section obtains the time response of
node voltages and currents. It 1s capable of accepting time vary-
ing input sources and also has the capabllity of switching parameter
values from one state to another. This allows for simulation of
change of state of transistors, dlodes, and other switching elements.

423
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The Program hags had a significant impact on circult design
procedures at Norden. Englneers are relleved of routine calculations
and are left with more time to apply to creative tasks. A high
degree of confidence that a circult will meet specifications is
obtalned before manufacturing. Thils 1s especilally lmportant in
the case of Integrated cilrcults. DMore rellable cilrcults are obtained
since statistical analyses which used to be too time-consuming to
perform at all now are done on the computer. In addition, over-
deslgn 1s reduced since the designer can readlly see the effect of
reduced tolerances on performance.

Norden has already extended the capabllity of the Program
beyond that of the version to be released by IBM, and i1s working
on further extenslons such as adding a non-linear capability,

/‘( ™
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1. INTRODUCTION:

This report will discuss the main features of the Network
Analysis Program developed Jointly by the Norden Division of
the United Alrcraft Corporation, and I.B,M, Detalls of operating
procedures and the mathematlical theory will not be dealt with at
length, The objective here 1s to describe the usefulness and
slgnificance of the program.

A speclfic sample circult wlll be discussed from preparation
of input data to obtaining the output from the computer,

The Network Analysis Program is used as a tool by the designer
of electronic circults. It can also be used to review the design
of existing circults for reliablity or optimization,

The Program is written in FORTRAN II for a 40K, 1620 with
1311 Disk Storage Drive, 1622 Card Read Punch, Automatic Divide
and Indlrect Addressing. The Program also requires the Monitor I
System..

2, Advantages of Network Analysls Program,

Figure 1 lists some of the advantages of the Program over
conventlional design technliques of hand calculations, breadboarding
and testing. Points 1 and 2 (figure 1) are obvlous advantages.
Point 3 emphasizes that conventional techniques cannot give accurate
gstatistical Information on the effects of component variations on
circuit performance., Because the deslgner does not have a high
degree of confidence that the circult will perform satisfactorily
under all extremes of component variation and environment, he is
forced to over-design.

The Network Analysis Program can perform complicated statistical
analyses on the circuit, analyses much too time consuming to perform
by hand calculation, With this tool the designer can optimize the
circult since the program readlily shows the effects of tolerances
on performance. .

Alternative circuilt configurations (point 4) can easily be
studied on the computer and the best c¢onfiguratlon chosen. In fact,
désigns incorporating new or expensive components can be studled
even if the actual components are not available for breadboardlng.

It 1s often possible to obtain insight into the operation of
a circult by use of the Program (point 5)., Also, the effects of
parameters, such as transistor current gain, can be determined.
On a breadboard one cannot vary the gain of a transistor directly.

4.27.9%
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| ADVANTAGES OF NETWORK ANALYSIS PROGRAM.

». ROUTINE CALCULATIONS ELIMINATED
. MORE TIME FOR CREATIVE DESIGN
. EFFECTS OF COMPONENT VARIATIONS

. ALTERNATIVE DESIGN STUDIED
. INSIGHT INTO COMPLEX INTERACTIONS

. BREADBOARDING & TESTING REDUCED
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The factors mentioned contribute to reducing the need for bread-
boarding (point 6), and even when breadboarding is still required the
amount of testing 1s reduced.

¥

3, Brief Description of Analysis Procedure

Before discussing the detalls of the Program, it 1s appropriate
to obtain an overall picture of the procedure and flow of information
involved in analyzing a circult by use of the Program. Filgure 2 1s a
flow-chart describing the procedure. \

From the specifications and requirements on the circuit, the de-
signer develops a circult schematic describing the configuration he
plans to use, An equivalent cilrcult schematic is then prepared from
the original circult schematic. The equivalent circult schematic
contains equivalent circuit representations for transistors and dlodes.
The equivalent circuit of a transistor or diode can be thought of as _
the model used by the Program to simulate them. The Program will accept
any equivalent circult chosen by the designer,

The input data cards are prepared by referring to the equivalent
circult schematic, using a user-oriented language to describe the
circuit.

The Network Analysis Program 1s divided into four main sections:
language interpreter,. DC analysis, AC analysis, and transient analysis.
The language interpreter translates the input data cards, setting up
lists of information for the analysis sections. It then calls on the
proper analysis sectlon as specified by the user, and the results of
the analysis are computed,

The user-oriented language used to prepare the input Data cards
is probably one of the most lmportant features of the program. It
allows the Program to be used by engineers not famlliar with the machine
or with programming. Also, it allows easy and fast communication be-
tween the circuilt designer and the computer. Very little of the full
potential of the Program would be reallzed without the capabilities
provided by the user-orliented language.

4, Basic Network Branch Defination

The baslic entity in the matrix approach used to set up and solve
the matrix equatlions of the network 1s the network branch., Figure 3
shows the basic branch with a definition of the important variables.
As shown, the branch is composed of three network elements: a passive
element (resistor, capacitor or inductor); voltage source; and current
source. The termination points of the branch are defined as nodes. We
may then imagine a network as composed of many branches.

427
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Y = CONDUCTANCE OF PASSIVE ELEMENT
E = VOLTAGE SOURCE
| = CURRENT SOURCE
i = BRANCH CURRENT

e = BRANCH VOLTAGE
e’ = NODE TO DATUM VOLTAGE

BRANCH DATA CARD:
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Then the variables defined in flgure 3 may be thought of as vectors
or column matrices with elements corresponding to each branch of the
network, The primary output of each of the analysis sections is the
node voltage vector, e', and the branch current vector, 1.

The arrows on the dlagram (figure 3) define the positive con-
vention for current flow and the positlve convention for the voltage
gource wilth polarlty as shown. This conventilon sghould be kept 1n
mind until later when preparation of input data cards for a specific
example 1s described.

Also, shown in flgure 3 1ls a typlcal branch data card prepared
in the user-oriented language. It contains all necessary information
on a branch, The Bl Indlicates the data i1s for branch number 1. The
N = (0,1) indicates that the branch is connected to nodes O and 1
and that the assumed dlrection of current is from node O to node 1.
Then the values for the three branch elements are given.

5, Nodal Equatlons of Network*

Figure U4 shows the nodal equations which are set up automatically
by the program. These same equations would be set up by using the
conventlional manual technique of summing the currents at each node ,
using Kirchhoff's current law, ‘1\>
The only item which has not been defined 1s matrix A, It is
sufficient for our purposes to say that i1t defines the topology of
the network, that 1s, which nodeg each branch 1g connected to and
the assumed current direction for the branch. It is developed from
the nodal data suppllied for each branch.

The e' vector of the node voltages 1s solved for, This 1is done
by inverting the triple product (A' YA) and multiplying it times the
right hand slde of the equations, where the superscript t indicates
the transpose of A, Thils gives a nomlnal solution for the node volt-
ages. New solutlons corresponding to a change in value of one or
more parameters are obtained by a very fasg update technique, This
is a method of modifying the inverse of (A” YA) rather than starting
the solution over from the beginning. An example of the use of this
technique wlll be shown later.

6, Preparation of Input For Sample Problem.

A gpecific cxample will help to clarify the preceding discussion
and should siiow the relatlive easge with which a problem can be set up
for analysis by use of the user-orlented language.

% Technical Report TR 00,855, March 30, 1962, Machine Analysis of [
Networks and Its Applications. Franklin H. Branin, Jr., IBM Data >
Systems Division Poughkeepslie, New York.
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Figure 5 1s the schematic of a one transistor amplifier, From the
circuit schematic the equivalent circuit schematic (figure 6) is prepared.
The equivalent circuit of the transistor is enclosed within the dotted
lines. Numbers enclosed in squares are branch numbers and the circled
labels are node designations. The arrows indicate assumed current di:-
ections. The term G%M 3) indicates that there is a transconductance
from branch 4 to branch 3, The transconductance 1s used to model the
gain of the transistor and is related to the current gain.

A
L

The language interpreter has a dual function of interpreting spec-
ific data on the circuit and also interpreting certain control funtions
such as which analysils 1is to be performed, which optional outputs are to
be obtained and which input-output devices are to be used. Thus there
are two types of input- control statements and data statements.

The input cards required to perform a DC analysis of the sample
circult are shown in figure 6, The first card, DCNODE, is an example
of a control statement and indicates that a DC analysis 1s to be per-
formed. The next card 1s an example of a data statement. The Bl indicates
that the data is for branch number one of the circuit. The N = (0,1)
is nodal data indicating that the branch 1s connected between nodes O
and 1 and since node O ip mentioned first, the assumed direction of
current flow is from node O to node 1, The R =1. (.01) indicates
that the nominal value of resisgtance 1s 1 ohm and that the tolerance
is 1 percent. The tolerance is specified as a decimal percent tol-
erance enclosed in parenthesls. The E = -30. indicates that there 1s
a 30 volt voltage source in the branch and it 1s negative according N
to the basic branch definition of section 4, Data on the other branches e
18 prepared in a similar manner. Note that the resistance of branch
3 18 expressed as R = 5,E + 06 which is equivalent to 5. X 106 ohms.

Skipping to the card labeled Tl we have another type of data‘
statement for presentation ‘of data on ‘transistor number one. The
B = (4,3) means that the transconductance 1s from branch 4 to branch
3, Next, the value of the transconductance is given. It has a nom-
inal value of .0364, The tolerances are specified in an optional form
in which the minimum is .0361 and the maximum is .036 7.

Figure 7 shows additionalucontroleetatements and is a continuation
of figure 6. The SENSITIVITY statement indicates that an optional output
congisting of the senslitivities of each node in the circult with respect
to each parameter is to be computed. These outputs are discussed further
in sectlon 7. The POWER control statement asks for the power dissipation
in each branch to be computed - The STATISTICAL ANALYSIS statement calls
on a worst-case analysis and computation of the standard deviation of
each node voltage, The MODIFY control statement and the statement immed-
iately following it indicate that the resistance in branch 7 1s to be
modified from 35K to 40K 1n 5 equal steps.‘ » : e

31
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DCNODE

N=(0

N =02

N = (23)
N =(34)

N = (40)
N = (30)

B = (43)

NZ03

R
R
R
R

=1(01) ,
= 2000.(.10)
=5E + 06
1000.(.10)
10000.(10)
39.E3(.10)
= .0364(.0361 , .0367)
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It is implied that the node voltages at each step are tobe computed.
These new solutions are obtained at great speed by making use of

the update technique discussed in Section 5. The EXECUTE statement
causges all previous control statements to be executed in the order
in which they appeared. The END statement returns control to the
monitor system in the 1620, :

From the above discussion 1t should be evident that preparation
of ingut is relatively simple using the user-oriented language. In
fact the rules for preparing the input cards from the equivalent
circuit schematic can easlly be taught to an ald or keypunch operator.

7. Discussion Of Output Of Sample Problem,

Figure 8 shows the output of the node voltages and the sensitiv-
ities for the sample problem. There are four nodes in the problem,
not counting the ground or datum node. The values of each node
voltage are outputed from left to right. ' :

The sensitivities are the percent change in each node voltage
with respect to a positive one percent change in each parameter of
the network. The first set of sgensitivities are with respect to
the resistance in branch 1. They read from left to right for nodes 1
through 4 respectively. The sensitivities wlth respect to the other
parameters such as transconductances, voltage and current sources are
outputed in a similar form. The sensitivities are used to detect
critical parameters in the network. For example, scanning the first
column of sensitivities one can see that node 1 1s most sensitive
to the voltage source, El. The sensitivities are also used in the-
worst-cage and standard deviation computation.

The method used in obtalning the partial derivatives, from which
the sensitivities are computed, 1s a relatively efficlent method,
They are obtained from explicit matrix formulas obtained by taklng
the partial derivatives of the nodal equations described in Section
5. This is a much faster technique than some others which require
obtalning new solutlons for the node voltages with the parameters
increased by small amounts.

Figure 9 shows the results of a strees analysis which was called
for by the POWER control statement. Here the current, voltage and
dissipated power for each branch are outputed. Also, shown are the
results of the worst-case and standard deviation(l-sigma) computations
for each node voltage. Thus, the nominal, worst-case maximum and
minimum and standard deviation for each node voltage is listed. These
are based on the tolerances of the parameters and the computed sensit-
ivities. From this output is is evident that the designer can readlly

see the effects of component tolerances on the circuit and can optimize

the circuit Ly selecting the proper tolerances.
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NOs BRANCHES = 7

NO«

NODES = &

-15=

NOMINAL NODE TO DATUM VOLTAGES

24999E+01

SENSITIVITIES

PERCENT CHANGE IN NODE VOLTAGES FOR A ONE PERCENT CHANGE IN PARAMETERS

R

R

1
14770E~-04

2

44690E-07

3

1¢172E-03

4

34623E~06

5

1e342E-04

6

14192E-04

7

16572E-04
4y 3
1e171E-03
1 .

9¢999E~01
4

14690E-05

3

2502E-09

24062E+01

-14683E-04
~44530E-01
3e493E-00
1405CE-03
3,891E-01

=3+564E-01

4e0TEE=01

—3.#91E-OQ
9+509E-01

4eF0ODE-02

~Te456E~06

5¢493E-00

~1.747E-04
~24385E-03
~54962E-00
24809E-03
14040E-01
6+993E-01
~74997€-01
5.958E-00
94868E-01
1.310E-02

1e¢272E-05

Figure 8

44764E~00

-1+961E-04

~24677E-03

=64693E-00

-2¢313E~-02
1e¢431E-01

7e850E-01

~Be978E-01

64689E~00

"~ 14107E-00

~1+079E~01

1e428E-05
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STRESS ANALYSIS

BRANCH

~NOoOWV S WN -

CURRENT
¢5312E-02
e 4685E-02
*4685E-02
e4T64E-02
«4T764E-02
«5493E~-03
«6282E-013

-16-

VOLTAGE

~e2999E+02
- e9371E+01

«1513E+02

«7286E-00

¢4T64LE+01
¢5493E+01
«2450E+02

POWER

«1593E-00

¢4391E-01

"« 7089E~01

e3471E-02
«2270E-01
«3017E-02
¢1539E-01

WORST CASE AMALYSIS AND STANDARD DEVIATION

NODE

S W

NOMINAL
02999E+02
e2062E+02
¢5493E+01
e4T764E401

- MAX
¢3299E+02

02649E+02

07187Ef01
06426E+01

 Figure 9

MIN
02699E+02
e1475E+02
¢3799E+01

 ¢3102E+01

SIGMA
¢9998E-00
«8795E~00
«2809E-00
¢2739E~-00
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NODE VOLTAGES FOR MODIF1ED INPUT DATA

R 7 = 3.500E+04
NODE VOLTAGES
24999E+01

R 7 = 34600E+0%
NODE VOLTAGES
24999E+01

R 7 = 3,700E+04
NODE VOLTAGEXS
2¢999E+01

R 7 = 34800E+04
NODE VOLTAGES
2e999E+01

R 7 = 3¢900E+04
NODE VOLTAGES
2¢999E+01

R 7 = 44 E+04
NODE VOLTAGES
2e¢999E+01

-17-

1.968E+01 54985E-00
1.993E+01 5.8535-06
24017E+01 5e728E-00
2.040E+01 54608E-00
2.062E+01 5e493E-00
2.083E+01 54382E-00
Figure 10

5¢234E~-00
54105E~-00
4.9825400
4e864E-00
4e752E-00

4e644E-00
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Figure 10 shows the output obtalned as a result of the MODIFY
control statement, Sets of node voltages for each value of R7 are
obtained. The five solutlons are obtained in about the time it takes ™
to get one nominal solutlon, since the high speed update technique A
1s used to modify the original nominal solution.

8. Discussion of AC and Translent Analyses

The AC and translent analyses will not be discussed 1n as
much detail .as the sample DC problem. The outputs obtained from these
analyses are shown graphically in figure 11. In the AC analysis the
primary output is the frequency response of a network, This consists
of the magnitude and phase of each of the node voltages as a functilon
of frequency. The input is prepared in a similar manner to the DC
analysis, except that additional input such as values of capacitors,
inductors and mutual inductances must be gilven. .Also, the range of
frequencies over which the output 1s to be obtained is specified in
a manner similar to the method used in the sample problem for modlfying
a resistance. :

The primary output of the transient analysis 1s the time response
of the node voltages of the network. The transient analysis is
capable of handling time varying sources which may be inputs to a
circuit. Thus, input waveforems such as square waves, sawtooths, sine
waves, etc.,, can be handled. A certain amount of non-linear capab-
11ity exists in that switching of parameters from:one value to another
1s possible. Therefore, change of state of transistors and diodes
can be simulated. The switching is accomplished automatically and
the times at which switchling occurs can be made dependedt on computed s
quantities such as a certaln node voltage. For example, switchlng N
of certain parameter values from one value to another can be made
to occur when a specified node reaches, say, 10 volts.

9. Program Extentlons

Norden has extended the Network Analysis Program beyond the vv
version to be released by IBM. Some of these extensions are shown
in figure 12, :

The Failure Effect Analysls searches for failures of components
which may be over-stressed when certain other components fail, For
example, each resistor in a network 1s alternately shorted and opened
and the corresponding stress levels in the other components are checked
to see that they do not exceed recommended values beyond which a
failure may occur,

The Derating Analysis compares the stress levels computed in
the Stress Analysis (described in the sample problem) with recommended
rated values which are stored for each standard part on the 1311 disk
file. Percent operating to recommended and percent operating to
rated stress are then computed. Also, the fallure rate of each
component and for the entire circuit is computed.

139
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EQUIVALENT CIRCUIT STORAGE

Norden DIVISION OF UNITED AIRCRAFT CORPORATION

Figure 12
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The Degradatlion Analysis accounts for the effects of aging or
some other criterion on a circult., For example, the nominal tolerances
on the parameters are adjusted to account for degradation with aging
and the worst-case and standard deviations are computed with the
adjusted tolerances.

One of the dlsadvantages of the program as 1t presently exists
1s the necesgsity of preparing an equivalent circuilt schematic includ-
ing the equlvalent circult models of the transistors and dilodes.
Norden 1is extending the Program to include storage of the equlvalent
circult so that the user need only specify the type transistor or
diode he is using. The necessary data would then be pulled autom-
atically from storage. This will greatly facilitate the setting up
of a problem for the computer.

One of the most important limitations of the Program is the
lack of non-linear capability. Thlis problem makes ltself evident
in cases where it 1s necessary to account for the non-linear char-
acteristics of transistors and dlodes. At present, the user must
select an operating point for a transistor from which the parameter
values for the equivalent circult model are selected, If after
analysls, the operating point does not burn out to be the same as
that which was expected, the model will not be accurate. This
problem also occurs in the translent case when transistors change
state and it may be necessary to account for the non-linear trans-
ition, say, from the off state through the active to the saturated
state, Norden 1s working on extending the program to account for
the above non-linearities.
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AN EXPERIMENTAL PERSONALIZED ARRAY TRANSLATOR SYSTEM

by

H. Hellerman

IBM Watson Research Center
Yorktown Heights, New York

ABSTRACT: A system designed for intimate man-machine interaction
in a general purpose problem-solving environment is experimentally
operational. The system utilizes an array-oriented symbolic source
language containing powerful statement types. These include Numeric,
Boolean, Relational, and Selection operators on operands which can be
entire arrays. The system also permits simple specification of test
and argument arrays in single statements.

The completely symbolic operating system includes display and entry
of program and data. Sequence control is aided by an interrupt switch
which allows the user to interact with the program during execution.
In addition to normal stored program sequencing, the system provides
trace options and the ability to enter any statement for immediate
execution. '

Present implementation of the system is with an interpretive translator
on an IBM 1620 computer.

Research Paper
RC-1091 .
December 19, 1963
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DEBUGGING IN THE FOR II SYSTEM

by

R. D, Burgess
Mechanical Technology, Inc.

445

H290



(’im

Debugging in the FOR IT System

This paper briefly describes the 1620 FOR II programming system. Machine
language features pertinent to FOR II, difference between FORTRAN with FORMAT
and FOR II, indexing in FOR II, subroutine linkage and construction of the
object deck are covered. Stress is placed on debugging techniques such as use
of the Symbol Table, Instruction Register No. 2, and general debugging aids.

Knowledge of FORTRAN with FORMAT is assumed.
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PROGRAMS TEAMS CHATRMEN

1620 USERS GROUP - EASTERN REGION

Mr, Frank J. Wells, Chairman
Electric Utility Team

1620 Users Group - Eastern Region
Long Island Lighting Company

175 01d Country Road

Hicksville, Long Island, New York

Area 516 - Phone: WE 1-6300

Dr, James R, Oliver, Chairman
Operations Research Team

1620 Users Group - Eastern Region
USL Computer Center

Box 133 - USL Station

Lafayette, Louisiana 70506

Dr. Frank N, Dickinson, Chairman
Statistics and Mathematics Team
1620 Users Group - Eastern Region
Agricultural Research Center
Biometrical Services - U,S.D.A.
Beltsville, Maryland

Mr, J. J..Owen, Chairman

1710 Users Sub-Group

Union Bag-Camp Paper Corporation
P.0. Box 570

Savannah, Georgia

Area 912 - Phone: AD 6-5771

Mr. Thomas Scott, Chalrman
Structural and Civil Engineering Team
1620 Users Group - Eastern Region
Sun 0il Company

1608 Walnut Street

Philadelphia 3, Pennsylvania

Phone: KI 6-1600

Mr. Arnold K. Canner, Chairman
General Data Processing Team
1620 Users Group - Eastern Region
Transitron Electronic Corporation
168 Albion Street

Wakefield, Massachusetts

Area 617 - Phone: 245-4500

Mr. William Heltzel, Alternate Chairman

Structural and Civil. Engineering - Team
1620 Users Group - Eastern Region

‘Newport News Shipbuilding & Drydock Company

Newport News, Virginia

8s2.1



Programs Teams Chairmen (Cont.)

Mr, N, Goldman, Chairman
Education Institutions Team

1620 Users Group - Eastern Region

Boston University
700 Commonwealth Avenue
Boston, Massachusetts

Phone: CO 7-1200

Mr, T. H, Korelitz, Chairman
Chemical Engineering Team

1620 Users Group - Eastern Region
The Badger Company

363 Third Street

Cambridge, Massachusetts

Mr. K. W, Brady, Chairman
Rate Engineering Team

1620 Users Group - Eastern Region.

Long Island Lighting Company
250 01d Country Road
Mineola, New York

Area 516 - Phone: PI 7-1000 -
Ext., h22

er. Arnold Spitalny, Chairman

Electronics Team

1620 Users Group - Eastern Region
United Aircraft Corporation ‘
Norden Division

Norwalk, Connecticut 06852

Area 203 ~ Phone: 838-bb71

Mr, C. Bailey, Chairman
Plotting Team

1620 Users Group - Eastern Region

IBM Corporation
Endicott, New York

Mr, C, S. Schroedel, Acting Chairman - 5/64
Process and Chemical Engineering Team

1620 Users Group - Eastern Region

Sun 0il Company

1608 Walnut Street

Philadelphia, Pennsylvania

Phone: KI 6-1600

 Mr, Martin Goldberg, Alternate Chairman and

Secretary
Electronics Team
1620 Users Group = Eastern Region

- United Aircraft Corporation

Norden Division
Norwalk, Connecticut 06852

Area 203 - Phone: 838-hh71

Mr, E, E, Newman, Alternate Chairman
Plotting Team

1620 Users Group - Eastern Region
Department of Civil Engineering - Room 1-179
Magsachusetts Institute of Technology
Cambridge 39, Massachusetts




May 28, 196l

Report of Meeting of Programs Teams Chairmen
1620 Users Group -~ Eastern Region
Arlington, Virginia - May 7, 1964

At a meeting of eight of the eleven Programs Teams Chairmen

who ran sessions at this meeting of the 1620 Users Group - Eastern
Region, the following items were discussed as indicated:

1.

2.

3.

5.

It was suggested that the attendants at these sessions be asked to
introduce themselves so that a spirit of comradery could be fostered
particularly among those who wanted to have themselves considered as
"permanent" members of the Teams. The question of the contimuity of
the Teams! efforts between meetings was discussed in this context.

It was requested that rosters of the attendants at these sessions be
compiled with indications of those who wanted themselves to be con-
sidered as "permanent™ members of the Teams.

It was requested that a meeting secretary be appointed for each Pro-
grams Team to take notes on discussion topics and papers whose authors
did not want them published in toto. It was pointed out that the
authors of papers presented at these meetings are not requested to
have them published in the Proceedings.

A survey was asked for from each Programs Team Chairman of the inter-
ests which the "permanent" members of his Team have in the sessions
of other Programs Teams. It was pointed out that this information
would be useful to the Program Chairman of the meeting in scheduling
the Programs Teams sessions. In this context, it was suggested that
the Programs Teams, in general, could be organized as far as their
interests are concerned along lines suggested by the program groupings
in the latest quick index.

The structure of the meeting, namely programming and operating systems
during the first day and a half followed by applications systems and
programs during the remaining day and a half, was reviewed with the
Programs Teams Chairmen with the suggestion that only those topics

in programming and operating systems of exclusive interest to a parti-
cular Programs Team be included in that Team's session agenda.

The matter of contimuity in Team activities and leadership between
meetings was discussed. All of the Programs Teams Chairmen at this
meeting agreed to continue their leadership at least until the next
meeting of the Users Group.

These items were subsequently reviewed with the three Programs

Teams Chairmen not present at this meeting.

DDW:sk

D. D, Williams
Program Chairman
196l Spring Meeting

1620 Users Group - Eastern Region
5.3.1
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SURVEY OF TYPE 1620 PROGRAMMING SYSTEMS

1620 Users Group - Eastern Region Meeting
Washington, D.C.
May 6, 7 and 8, 196l

Machine
sttem ' Reguirements

IR Corporation

Statement Languages

1, FORTRAN with Format (Card) - F0-004, Ver IT 20K

2. FORTRAN with Format (Tape) - FO-00L, Ver II 20K

3. FORTRAN II (Card) - FO-019 LOK
Indirect Addressing
Automatic Divide

L. GOTRAN (Card) - PR-011 ~ 20K

S. GOTRAN (Tape) - PR-010 20K

Symbolic Languages

1. Symbolic Programming System (Card) - 20K
SP-009
2., Symbolig Programming System (Tape) - 20K
. SP=00 :

3. 1620/1710 SPS (Card) - SP-020 ‘ 20K

h. 1620/1710 SPS (Tape) - SP-021 20K

S 1710 SPS II (Card) - SP-007 20K

6. 1710 SPS II (Tape) - SP-006 20K

7. SPS III (Card) - SP-027 20K :
Indirect Addressin

8. SPS IIT (Tape) - SP-028 20K

Indirect Addressing

Statement and Symbolic Languages

1., Monitor I (Card) - PR-025 20K ‘
a, SPS II-D - 1311 Disk Drive
b, FORTRAN II-D Indirect Addressing
Automatic Divide
2. Monitor I (Tape) - PR-026 20K
a, SPS II-D 1311 Disk Drive

b. FORTRAN II-D , Indirect Addressing
: Automatic Divide

Detail
Pagg

W N -

NN N &

S.u.1
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Systenm

Statement Langusges

0

2,

3.

k.
S

9.

10.

12,

13.

AFIT Improved FORTRAN
(Cardg - 01010010

Complex FORTRAN (Tape) -
06.0.008

FORTRAN 90 Compiler and
Subroutines (Card) -
02,0.01}

FORTRAN 1/2 (Tape) -
01,6.037
FORTRAN I for Magnetic

Tape System (Card) -
02,0.018

FORTRAN I for Magnetic
Tape System with Auto-
matic Floating Point
(Card) - 02000025

FORGO (Load & Go FORTRAN)
(Card) - 02,0,008

FARGO (Card) - 02.0.027

FOR-TO-G0 (2 Pass FORGO)
(Card) - 02,0,009

Load & Go FPORTRAN
(Card) - 01,1.009

Load & Go FORTRAN
(Tape) - 01,1,008

NOVATRAN I (Tape) -
02,0,012

UTO FORTRAN (Card) -
02,0,024

- Page 2 -

Author

Users

Pratt
Air Force Institute
of Technology

Maskiell
McGraw-Edison Company

Borst
Bausch & Lomb Optical
Company

. Anderson
Allen-Bradley Company

Wenrick
ACF Industries, Inc,

Wenrick
ACF Industries ’ Inc.

McClure
University of Wisconsin

Heywdrth
University of Alberta

“McClure
University of Wisconsin

Mailloux
University of Alberta

Mailloux
University of Alberta

Northrop
Fairchild Camera & Instr.

Lee
University of Toronto

Machine o
Requirements

20K

20K

20K
Automatic Divide
Indirect Addressing
Move Flag

20K

20K
Auntomatic Divide
Indirect Addressing
2 Tape Drives
Move Flag

60K
Automatic Divide
Indirect Addressing
2 Tape Drives
Move Flag

Lok
Indirect Addressing
Automatic Divide

60K
Indirect Addressing
Automatic Divide
1 Magnetic Tape Drive
Move Flag

LOK
Indirect Addressing
Katomatic Divide

LOK

N

amy'

Indirect Addressing

LoK
20K

20K

5.)402



15,

16.

17.

- Page 3 -

Systen

UTO FCRTRAN Prbcessor
and Subroutines (Tape) -
02,0.017

Automatic Floating FORTRAN
Processing System -
01.6.076 :

PDQ FORTRAN (Card) -
2,0.031

Multiprocessing FORTRAN
(TtpO) - 1010%5‘

60K Load & Go FORTRAN
(clrd) - 1.1.019

NCE Load & Go FORTRAN
(le) - 2,0.032 v

NCE Load & Go FORTRAN
(Card) - 2.0.029

Author

Field
University of Toronto

Brittain
Sunstrand Aviation

Maskiell
McGraw-Edison Company

Carr
Indiana Tech, College

Mailloux

University of KAlberta

Rumrill & Fowler -
- Newark College of

Engineering

Rumrill & Fowler
Newark College of

Engineering

Machine
Requirementa

20K

kutomatic Divide
Indirect Addressing
Automatic Floating Point
Move Flag

: 20K
Automatic Divide

20K

60K
Indirect Addressing

20K
Automatic Divide
Indirect Addressing
Model 1

20K
Automatic Divide
Indirect Addressing
Model 1

5.4.3
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- Page Ii -

stem

Symbolic Languages

1.

2.

3.

k.

Fast Assembler (Card) -
0200.028

OSAP Assembly System
(Card) - 01.1,012

SpPS I for Hagnetic Tape

SPS II for Magnetic Tape
System (Card) - 01.6,077

LAMP (Card) - 1,1,001
Relocatable Assembly

Sysm (Card) - 1,1.020
AFIT SPS (Card) - 1.1,023

FAST Assembler (Card) -
2,0,028

Anthor

Heyworth
University of Alberta

Numerical Computation
Laboratory
Ohio State University

Wenrick
ACF Industries, Inc,

Wenrick
ACF Industries, Inc,

Matthys
IBM Corporation

Richardson
Australisn AEC

Pratt
Alr Force Institute
of Technology

Mailloux & Davis
University of Alberta

A

N

Machine
Requirements

60K
Akutomatic Divide
Indirect Addressing
2 Magnetic Tape Drives
Move Flag

- 20K
"Indireet Addresaing

60K

60K
3 Magnetic Tapes

Automatic Floating Point

20K

60K
Indirect Addressing (

LOK
Indirect Addressing
Kutomatic Divide
Move Flag

60K
2 Magnetic Tapes
Indirect Addressing
Automatic Divide
Move Flag

g

S.ily
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m,

1,

Detail Page 1

FORTRAN with Format (Card)

« Program
Card FORTRAN Compressor -

BT 01.3.&7?

2
3.
L.
5.
6.

Te
8.
9.

10.

1.

12,

13,

1,

15,

Dynamic Trace - 01.h.011‘

PORCOM Subroutine - 01.6,051

Format FORTRAN Object Deck
Compressor - 01.2,009

FORTRAN Format Checker -
01.1.017

Gamma Function Subroutine -
Positive Arguments -
070000h8 ’

Plot Subroutine - 06.0,119

Plot Subroutine - 01.6,056

Random Number Subroutine
07.0.021

Subroutine for Plotting with
a CAL-COMP Plotter -
01.6.068

Link Subroutine - 13,0,002

Plot Subroutine - 13,0,001

FORTRAN Compressor - Loader -
1.,2,007 : ‘

FORTRAN Memory Dump - 1.3.00&

FORTRAN Compressor and 75
Colusn Dump - 1,3,008

Author

Brush
IBM Corporation

Lesson
IBM Corporation

. Pope
Utsh State University

Giwer
Brooklyn College

Font
Dept. of Public Works
' (Pnorbo Rico)

Pachon
Automatic Electric
Labs, Inc,

Vanschaik
IBM Corporation

Reynolds

Sprague Elestric Company

Fink
IBM Corporation

Fassino
Todd Shipyard Corp.
Poore
Louisiana PI

Poore
University of Kentucky

Sabath
Eastnan Kodak

Unland
Dow Chemical Company

Moore
IBM Corporation

ki

Machine
.Roguiremnts

 Indirest Addressing

Indirect Addressing
Move Flag

Indirect Addressing

20K
Indirect Addressing
Automatic Divide

No katomatic Divide

Automatic Divide
Special Instructions

20K
20K

Indirect Addressing

60K
Indirect Addressing

Indirect Addressing




16,

17.

18,

19.

2.

Program
FORTRAN Compressor and Multi-

Programmer - 1.6,0L45
FORCOH - 1060051
FORSTAD - 1.6.054

Modified CDS FORCOM Sub~
routine - 1,6,096

FORTRAN Pre-Compiler -
FO-006

Plot Subroutine « MpP-14X

Detail Page 1

(Continued)
‘ Machine
Author Requirements o
Gardner ' 20K \
General Foods o
Pope Indirect ‘Addz?eseing
Utah State University
Anderson
General Electric
Webster ' Indirect Addressing
Victoria Electricity
Commission
IBM Corporation
IBM Corporation Mutomatic Divide

CAL-COMP Plotter

TN

““‘-\)’/

S.h.6



Detail Page 2

FORTRAN with Format (Tape)

-

; Machine
Progrem Author Requirements
1. Bessel Function Subroutine - Sundvell 20K
07.0.037 General Nuclear Automatic Divide
Eng. Corp.
2, CAL-COMP 565 Plotter Sub- Michel Indirect Addressing
routine Pen - 13,0,005 Argonne National Lab,
3. Dynamic Trace - 01.4,012 Leszon .Indirect Addressing
IM Corporation Move Flag
k. Random Number Subroutine - Fink
-07.,0,022 IBM Corparation
5. Random Number Subroutine - Sanders
07.0.009 Abbott Laboratories
6., FORTRAN Lister - 1,1.007 Pratt
Alir Force Institute
of Technology
("'*\ 7.  FORTRAN Pre-~Compiler - IBM Corporation
o FO—OOS
C
5 01‘07
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1,

2,

3.

.

5.

9

10.

11,

12,

13,

Detail Page 3

FORTRAN II (Card)

Program Author
Dump Digit-X Unload Memory Orth

Program - Self Load, Southern Services, Inc,
FORTRAN II and Format .
Subroutine - 01.6,092

FORCOM Subroutine - 01,6,07L Webster
State Electricity
Commission of Vietoris

(Australia)
FORTRAN II Symbol Table McIlvein
Punch - 01,6,067 Catalytic Construction Co.
FORTRAN II Diagnostician - Burgeson
01.6.019 IBM Corporation
Format Statement Preselector - Morgen
01.6.086 Washington State
Highway Department
Relocatable Cos, Sin, and White ‘
Exp. Subroutines - Mayo Clinic Computer
Relocatable Plot Subroutine - White
13.0.004 Mayo Clinic Computer
Facility
Random Exponential Number Bray
Generator Subprogram - -~ Boeing Scientifie
06.0.111 Research Labs,
Random Normal Number Bray
Generator Subprogram - Boeing Scientifie
06.0,108 Research Labs.
Subroutine for Plotting with Fassino
CAL-COMP Plotter - 01.6.065 Todd Shipyard, Inc,
1620 SORT-Library Function - Anderson
01.6,069 Sandia Corporation
Symbol Table on Cards - Christensen
01.3.011 Sylvania Electric
System - West
Automatic Floating Point IBM Corporation

Subroutines - IM-02}

Machine
Requirements

60K

60K
Move Flag

Indirect Addressing

Kautomatic Floating Point

Move Flag

Move Flag
Floating Point Hardware

INF Instruction

Automatic Floating Point

s.4.8
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®

Progym

1, Relocatable TNS snd TNF
Subroutines - 1,6,063

15, ALTER II

Detail Page 3

(Continued)
Machine
Author Requirements
White Move Flag
Mayo Clinic Computer
Facility
Levin

Hazeltine Research Division

5.4.9 47 O




1.

2.

3.

k.

5.

6.

7.

Detail Page 4

Symbolic Programming System (Card)

Program
Additional Instructions

Macro Subroutine - 01.1.002

Input-Output Subroutines -

01,6,028

Multiple Precision Floating

Point Arithmetic Sub-
routine - 01.600,11

Relocator Program - 01.2.005

SPS Modifier for Magnetie
Tape Operation - 01,6.039

Multi-Purpose SPS Compressor -

1.1,006

Float - 1.60083

Author

Petersen
Washington State
Highway Department

Dykstra
QGeneral Foods Research

Center

Hoffman
Boeing Company

Glans
Purdue University

Holline
Bell Telephone Labs,

Bate
Wolf Research
and Development

Ginsburg
U.S. P.H.S,

Machine
Requirements
Indirect Addressing

20K

60K
Indirect Addressing
KAutomatic Divide
"Move Flag" Instruction

20K
Indirect Addressing
"Move Flag" Instruction

Indirect Addressing
Automatic Divide
Move Flag

. 5.1.10
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Symbolic Programming System (Tape)

Program Author
1, Assembly Program for SPS Pratt
Subroutines - 01,1,003 Air Force Institute
of Technology
2. Floating Point Input/Output Pratt
Subroutines - 01,6,023 Air Force Institute
of Technology

Detail Page S5

Machine
Requirements

20K

20K

S.h.11
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1.

2.

3.

L.

5.

7.

8.

1.

Progran

Floating Point Conversion
Subroutines - 1,6,053

Label Reference Indexer -
1.1.014

Label Reference Indexer
Without Indirect

L105 Floating to Fixed -

1.6.0L8

L106 Floating to Fixed -
- 1.6.049

. Object Deck Analyzer -

1,6.,060

Symbol Table Punch -
1.3,010

Storage and Label Analyzer -

1.6.093

Label Reference Indexer -
1.1.022

1620/1710 SPS_(Card)

Author

Pratt |
Aiy Force Institute
of Technology

Pratt
Air Force Institute
of Technology

Pratt
Air Force Institute
of Technology

. Engelhardt
IBM Corporation

Engelhardt
IBM Corporation

Bezrseh
John Hanceck

Bradshaw
Christian Brothers
‘ College

Bowman
IBM Corporation

Pratt

Air Force Institute

of Technology

Detall Page 6

Machine
Requireuents

Indirect Addressing

Indirect Addressing
Indirect Addressing
 Indirect Addressing

Ind:lrect Addressing

Indirect Addressing

B %1
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