




































































































































































































































































































































































































































































































































































































































































































































































































S 
LTSTTNG OF rESL �S�I�.�J�P�F�F�~�V� T ,('lOR OF �~�f�;�O�N� T Tor 

.r"" 
', .. / 

c()\n\1E NT Af)IJ. �I�N�S�T�r�~�I�J�C�T� ION �C�O�r�-�.�~�f�\�~� [NT S 
�[�~�E�A�D� 1 !:)" ') .- �~�;� \' 37 02701 D50C READ ID CARD 

12 41) 1::0536 U270] CHECK FOR RECORD ivlARK IN CC 1 
24 '+9 (:()500 :")O()OO IF A RECORD �~�~�A�R� K READ NEXT CARD 
36 14 n270] �~�)�O�O�J�4� IS THFRE AN -* TN CC 1 
4B 47 :) 5 0 0 :)12(1() READ NEXT CARD IF NOT -,( 

6° 1. �I�~� �0�?�7�'�~� ;iM044 (HFCK FOR IO ((7 ANn 8 
72 47 n()5 00 C;1200 IF NOT TD READ NEXT CARD 
84 39 C2701 nO'+00 PUNCH ID CARD 

LOG F 96 38 ",2900 uU702 ItJ R IT E ID INFO ON DISK 
608 11 C2905 ,)0001 INCREMENT SECTOR ADD 

20 14 02905 05400 IS LOG TABLE FULL 
32 46 00728 01300 BRANCH IF HIGH ZERO IS ON 
44 38 C2914 C0702 v.iR I TE UPDATED CONTROL FIELD ON DISK 
56 37 (;2701 )()500 READ SYSTEM ID CARD 
6B 45 C0692 <';2701 CHECK FOR RECORD iViA �I�~� K I N C( 1 
B0 49 0n500 nn()(':0, 

92 14' 02701 .000J4 CHFCK FOR * IN (C 1 
704 47 nC500 D120n 
716 49 �~�)� 0 980 �(�~� C) () 0 () TO DECODE SYSTEM �N�A�~�1�E� 

LOG PUNCHOUT 28 34 CJO()8 �~�I�O�I�0�2� RETURN CARRIAGF 
40 39 C2501 rnl00 TYPE LOG FILE �\�,�~�I� ILL BE PUNCHED OUT 
52 36 02928 U()702 TRANSFER LOG FILES TO CORE 

t: 64 26 02817 u3099 3099 IS HIGH ORDE.R pas OF FIRST LOG ENTRY 
76 45 O()800 02737 CHECK FOR END OF ENTRIES 
88 49 ()0848 00000 �,�4�~� 

:3 800 39 U2719 C10400 PUNCH 10 CARD "'1.",J 

12 11 ,c)0775 OOJOO INCREMENT ADDRESS TO GET FOLLO\II/ I NG LOGS 
24 14 00775 KOOQ9 LAST RECORD 
36 47 00764 01300 

0' IT 48 1 c:; �(�'�~�n�l�0� 0nn('o7 SFT A RI="(ORn MARK IN LOC 11"'11 0 

60 11 n () 85/+ OOJ()() INCREMENT TO GET ADD. OF NFXT TD 
72 : 14 C0854 J9919 IS THIS,LAST ID ENTRY 
84 47 00848 01200 
96 18 C)2928 00702 �~�1�0�V�E� ID LOG TO CORE 

988 16 02905 U5229 
20 18 02914 C0702 PLACE INITALIZED FIELD ON DISK 
32 34 n()000 00102 
44 39 02561 :'!OI00 TYPE REMOVE LOG �C�A�r�~�D�S�,� PUSH START 
56 4'1 01672 00000 

q68 48 00000 00000 
�S�Y�S�T�E�~�1� 80 14 02715 ON347 LG 

92 47 CI016 01200 
1004 49 0(:728 0000(1 CALL LOG PUNCH OUT 

16 14 02715 ON456 MONITOR 1 
28 46 01314 01200 
40 14 02715 00264 SUBSET 
52 46 01720 01200 
64 14 02715 00262 SSGO 
76 46. 01382 01200 
88 14 02715 OM544 EDIT 

1100 46 CJ1200 U1200 
12 14 ('271 C) �r�~�~�3�7�1� C1/(0(;0 �3�~�u� C 24 46 01450 01200 
36 14 1J2715 I"'1M356 (OGO 
48 46 01522 :)1200 J1. :I $". �-�:�j�~� 



C" 
, .. /", 

60 
72 
84 

1200 

14 02715 ON356 
46 C1868 ()1200 
49 Gl8Bs :')0000 
31 50000 D1220 

12 49 500()n n 

LOAD 

2 0 34 5 ~~, () 3 2 I') (: 7 ;,' i ~ v ) :: rj 3 2007 0 2 495 0 0 46 0 1 06 00 01 990 0 1 00 
66 345 n0780n7013650C7S00702490120801062n01202nn007n 

1314 31 onnen nl~34 
26 49 r')o()on () 

34 340 (; (' 3 2 0 0 70 1 3 60 0 0 3 20 0 7 0 2 490 240 2 5 11 9 6 3 6 1 1 30 n 1 0 2 Z 

1382 
94 

1402 
CALL C1/COGO 

31 ')0nonn 01402 
49 50000' 
34500320Q701365Q0320070249400080105863050~OOOOOZ 

CALL rOGO 

145('1 
62 
70 

1522 
1534 
1542 
1590 
1636 
1672 
1684 

96 
1708 

CALL SUBSET 

A 
Ll 
L2 
L, 

1720 
1732 
1744 

56 
6A 
SO 
92 

1804 
16 
28 
40 
52 

1868 
1880 
1888 
190n 
1912 
1920 
1932· 
1940 
1996 

02501 
u2561 

2700 
2900 
2914 

02928 

31 nl"lonl"l (,)147n 
49 00000 () 
340C0320070136()QC320070249 0 750001090nCJ9Q00100lOOOOO 

31 OUOOO 01542 , .. 

49 nncoo r; 

3400108007013600108007023400094007013600094007n2 
3400080007013600080007024907500010780019900100 
l0800020C2000010820020C40000l0 
16 Cr.854 03019 
16 Cl0775 ()3099 
41 00000 ()OOOO 
49 00500 l)~jOOO 

31 15000 01744 
49 15000 00000 
31 000"31 01356 
34 00032 000701 
16 O()03? (H'l7"2 
31 13000 15108 
25 13001 15123 
25 13003 15123 
15 13021 00000 
16 04105 OOOM9 
49 02402 00000 
OOOOM6N6N907P50Z ZZ FORX 5 000 
36·00000 00500 
49 OOOCO 0 
14 02715 ON753 PLOT - cot;o PLOT 
46 01920 01200 
4<:> 00500 0 
31 ooooa 01940 
49 00000 0 
34000700070136000700070234000560070136000560070249075000 
1 08600 200 20000 1 08400 199 00100 Z 
37 0250100100 LOG FILE WILL BE PUNCHED OUT.Z 
37 02561 (J010e RE'MOVF LOG CARDS, PUSH START Z 
OOOOOQOOOOOOOOOOOOQO 
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 FILE 

381 



• • iI' 

• • • • .' 
PLOT 

B&G8nr..n· 
LOAD 
SIJB$£T 
SSGQ,£.D I T "GO 
~~!-;I' /~n'l T SSGO 
EDIT 

• fitOt1l TOR 1 . " . 
3400032007013600032007024900500010520002900100 

7 

. OlD OF . 
JOB 

SUPERMONITOR COLD START 

o 0 :~~.~ a o···s 0 :" 0 0 0 ~ 'Ii ~i; 0 0 ~ ~2: 0 '2: 0 0 0 '2; '2i 0 3(;' ~ 0 ; 0 0 ~;; 0 0 ~:. 0:': 00 !! 0 BOO 0 0 0 ~ 00000000 U U ODD 000.00000 
12)'5'7 •• "nnUMR.u ••• ~nn~»anua~~n~~ •• n»u"~uu~U.U~U.~NUMUH~WHN~~U"""v."n~nnu~"n~~. 
1 1 1 1 lIt 1 1 1 1 .. 1 1 1 1 1 1 1 1 1 1 1 1 1'1 1 1 1 1 1 1· 1 1 1 1 1 1 1 1 1 1 .~ tIl tIl 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 lIT 1 1 1 1 1 1 1 1 J: 1 1 

22222 2 ~'12 2 2 2 2 2 2222" 2 2 2 2 2 2 2 2 2 2 22222· 2 2 2 ~ 2222222 2 ~ 22222222222222222 '12 2 2 2 2 2 22222'22 

:.: 3 3 3 3" 3 3 3 3 3 3 . 3 l 3 3:; 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 J 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ~ 3 3 3 J: 3 ;r 3 3 3 ~: 3 3 r 3, 3 3 3 3 3 3-33 

4~4444444444444444444444 444444444444444444444444~444~4444444444~:4444444444444 44 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 S .: 5 5 5 5 5 " 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,: 5 5 $ J: 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ~ 5 5 5 5 5 

6 6 6 6 i & 6 I" II i &' 6 6 & 6 6 6 & 66 & & & 6 6 6 6 6 6 6 6 6 6 6 6 i & 6 6 6·6 & 6 6 s' 6 666 6 6': 6 & 6 ~] 6 6 6 i~ 6 6 6 6 i 6 , 6 & & , 6 6 , I & • 

7 7 7 7 7 7 .,. 7 7 : . 7 7 7 7 7 7 7 7 7 7 1 . 7 1 7 7 1 7 7 7 1 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 '~7 7 7 7 77 7 1 7 7 1 7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 

88aala.118111888888aa8181.18888.ia88888888aS8888888888888888888888181.1 •• 1811111 

.I' 9 9 9 9 9 '99 9 9 9 9 I 9 9'99 9 9 9 9 9·9 99 9 I; ~ 9 9 9 9'9 9 9 9 9 9 9 9 9 ;; 9 9 99 9 9 9 9 9 9 9 : ~ 9 9 9 :~ 99 :'; 9 9 9 9 9 9 99 9 -'9 9 ,';9 9 9 S S 9 9 
123'5171'~"U~M.M»MM~Dnn~uana~.~u~~ •• n.H~~UU~U~~.UH~N»M"~~~H.AaPM._v.".n.»M~NnnN" -_. __ . _ "". .-.... 

I, Fig. 2. SYSTEMS CARDS 
. ~ ·"-'--rD-r·iE~~t1Atf,-EDWARD-t:----·-,--·-S-SYSTE~1S' DE'~E[OPMENT:----~-"-"---" 

r
M 

~ C c: c c :~ c :: ~ ~ 
,... ,.. r"' ... ~ 

r ... 

.;;w-~" 

..... --

eooOOOOOODO:OOOCODOCOOODOOODOOOOOO~OO=:::OO:DOOJOOOOOOO~OOOODOOOODOOODOODOOOOODO 
'234"'I."nnQM"au.~~~nnu»unH~.~U~M~.n.Uq~~u~U.~ •• H~UUMUH~.Q.~ap"u"v""~nnnH~"nnnQ 
1 1 1 1 1 1 1 1 1 1 J 1 Ie 1-1 1 11 Ie 11 I 1 1 1 1 1 1 11 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 1 1 1 1 I 1 1 1 '1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 

2222222Z222222.2222222222i222221222:22:2J222:222222222 2222222222222~2122222222222 

3333333a3333333:33JJ33333~33333333333333:33333S33::333 33J333333333333333333333333 

[444444C4444:44444[444:~444444444.444444444:44['44444J44~444444444444444444444444' 

555551555=:'II::55~555555=55555555S555555S~55~IJ==5115JJ555~555555555555555555555 

I , , , 1111'11:: '1111 , I = 1111. , • , 11.1 , I , III , liS' I'S I 1.111 JIG & , & & & & 6 & 6 6 6 6 & , 6 & , I , 6. 6 i 6 ':6 , 

177}}11J}}}J}1}1}17117}7}7J}7"}}7171}}117117)11}17:7777771777777177717771771777 

CI"I""""I'=IIIIIII"~:""".""'~'I""""'II' , •••••• " •• , ••••••••••••••• 

i. 

t . 
1 

9 9 S 9 S t : , I 9 • ,', I • 9 9 I • It: ~ I t 9 ,' •• S 9 I 9 9 ••• I • • II , • 9 t • t t • t I ,'11,' 9 • t •• IS. 9 • III. S • , S I. t s S I • " 
'z 3 4'1 II .lonaaQM.1117 ••••• 23 ...... ZI ••• ~M ....... 4141G ............................ ., ••••••••• 1711 •• 

_IO~I..... Fls- 3_ L ·'··OSlm .. m--WD·--· .. -----····~--'-·-·· .. ·· .... ·- -'--_.'-" ... C 



4· * Data Card (when required) 
5· End Job Card 

8 

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

The 1620 does not have a clock so a system to keep 
track of the 'time was devised. To do this a Clock card con­

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 1s replaced by Power­
On, Clock, 'or Power-Orr and the time and date replace the 

use. See Fig. 4. One clock card for each hour of the day is 
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 ~ontains the time power was 

turned on for the particular day and the names and application 
C of all users to the next hour. Tq.e .same information wi th 

hourly time is repeated until the power is turned off. As was 
stated previously,' the logta~le is automatically punche.d . out 
when full. A Log card provides the capability to punch out 
the log whenever it is desired. 

C'') 
1',/ 

The results of this log were amazing; on two differ­
ent ,days 344 starts were logged. One such log is shown in 
Fig. 5. 

EDIT -
Edit 1s a modified version of IBM's FORTRAN with 

FOR~~T PRECOMPILER. It will detect many of the common 
.. 

errors, particularly language, key punching 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 

38J 



fir-

If 

•• 
If 

• 
• 
• 
• • 

9 

o Q 00000000 0 ~ 0 000000000000000 O~' O~· 0 {) O~· 0 0 00' 000000000000000000000000000000'0000000000 
~234$17 •• a"n»M~~Udg~~nn~~auan~~n»~»~v3U"~~U~U"~~UR~M~MHHnMU~~"UM •• VQ"ronn»H»nnnn" 
1-11 1 1 1 1 1 1111 1 1 1.1 1111 1 11 1 1 11 tIll 1111 1 11 ': 1 . : 11 11 111 t 1_111-1 1111 111 111111111111 1 11"-11 

222222222222222222222222222222222222222222222-22222222222222222222222222222222222 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 : ' 3 3 : '3 - 3 3 .- 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

;: 4 4 4 4 4 4 ;~ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 , ' 4 4 4 4 4 4 4 4 4 4 4 . 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4 4 4 4 4 4 

555555555555:555.:555555555555555555555555555555555555555555555555555555555555555 

6666666666::66.~66666666666666666,:66&66666 :i666666666666666666666666666666666&66 

77711771707177777177777777777777771717711777717777777777777771777777177717777177 

::: 8 8 8 8 8 8 8 B 8 8 8 8 8 a a 8 8 8 8 8 8 8 a a a 8 8 8 8 : : 8 . , a 8 8 _ ~ 8 8 ~.: 8 8 8 8 a a 8 88 a 8 a a 8 8 8 a a B 8 8 8 8 8 8 8 a a a I 8 •• I 8 8 8 a a I 
l' 9 ~ 9 9 9 9 ~ 9 99999 C 99 9 99 '9 9999 9-i 9999999999999 9 9~9 f999 9 99 9 9 9 9 9 999999999999999 99I. 999' 999 

.If'''' 
"",y' 

~ lZJ451).,a"nqM.RU •• HanD~nava~~~unu»~»»~~~UU~~U~QURRU~MH~~NUM~U~Mu~~."~nnnH~~nnnq 
t~~ ... .... ~ __ .~,,'"-:-___ I!M~~_:. _ _~_ ... ~._.... >'", ."''aj'~~CO': .'~"""""""'''''''''' __ "",,::'''~~.''- ~...,..~~~ .. " 

\-

Fig e' 4 e CLOCK CARDS 
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('" 

C 

DEPARTMENT OF CIVIL ENGTNEERING 

COMPUTER LABORATORY 

RUN lOG 

HOURLY ENTRIES FOR THU.MAR.26,1964 

TIME PROJ. 

12.01 AM - 1.00 AM 0 

1.00 AM - 2.00 AM 0 

2.00 AM 3.00 AM 0 

3.00 AM - 4.00 AM 0 

4.00 AM - 5.30 AM 0 

8.30 AM - 10.00 AM 2 

10.00 AM - 1.00 PM 0 

1.00 PM - 2.00 PM 6 

8.30 'AM - 10.00 AM 2 

2.00 PM - 3.00 PM 20 

3.00 PM - 4.00 PM 33 

4.00 PM - 5.00 PM 28 

5.00 PM - 6.00 PM 32 

6.00 PM - 7.00 PM 12 

,1.00 PM - 8.00 PM 30 

8.00 PM - 9.00 PM 14 

9.00 PM - 10.00 PM 22 

10.00 PM - 12.45 AM 4 

-----~-

TOTAL NUMBER OF ENTRIES 203 

'Y=\ c::... S 

TOTAL ENTRIES 

--.. ----~- ... ----.. -

15 

14 

15 

17 

21 

16 

12 

9 

18 

21 

34 

32 

35 

15 

30 

16 

25 

15 

-- ..... -~- ... 
385 

344 
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. . ..... , .. , ................ ~.~ .... ~ .... ••• _" ._ ••••• ~ ••• " •••• " ........... M ... """" .... ~~~". __ ~ ••• 

"' i 1'./ 

DEPARTMENT OF CIVIL ENG I NEER I ,,<~ 
COMPUTER LABORATORY 
RUN lOG 

;11(""-'" 
( 

POWER-ON THU.MAR.26,1964 12.01 A.M "'"---"," 

SUHRBIER. JOHN 1 S 9407 
GARDNER.D. S 1673F 
GARDNER.D. S 1673F 
GARDNER.D. S 1673F 
GARDNER.D. S 1673F 
GARDNER.D. S 1673F 
GARDNER.D. S 1673F 
GARDNER,D. S 1673F 
GARDNE'R,D. S 1673F 
GARDNER,D. S 1673F 
GARDNER,D. S 1673F 
GARDNER.D. S 1673F 
GARDNER.D. S 167~F 
GARDNFR,D. S 1673F 
GARDNER.D. S 1673F 

CLOCK THU.MAR.26.1964 1.00 AM 

GARDNER.D. S 1673F 
GARDNER,D. S 1673F 
SUHRBtER. JOHN 1 S 9407 
GARDNER.D. S 1673F 
GARDNER,D. 5 1673F "1"" 
GARDNER.D. 1613F I 

S \'·j~,.7 

GARDNER.D. S 1673F 
SUHRBIER. JOHN 1 5 9407 
JESSIMAN 1 G 9430 
JESSIMAN 1 G 9430 
GARDNER.D. S 1613F 
SUHRBIER. JOHN 1 S 9407 
GARDNER.D. S 1673F 
SUHRBIER, JOHN 1 S 9407 

CLOCK THU.MAR.26,1964 2.00 AM 

SUHR8tER, JOHN 1 S 9407 
GARDNER.D. 5 1613F 
GARDNER,D. S 1673F 
GARDNER.D. S 1613F 
GARDNER.D. S 1673F 
GARDNER.D. S 1613F 
GARDNER.D. S 1673F 
GARDNER.D. S 1673F 
GARDNER.D. S 1673F 
GARDNER,D. S 1673F 
GARDNER.D. S 1673F 
GARDNER.D. S 1673F 
GARDNER.D. S 1613F 
GARDNER.D. S 1613F C GARDNER.D. S 1673F 

" ... " 

MURRAy.W.E. 1 S 386 
CLOCK THU.MAR.26.1964 3.00 AM 

~.:(JS: II 

._-------- -" .... --.. -...... -.-... ---... - ..... -..• --~ ----.... --~--------... 



10(1..) 

SUHRBIER, JOHN 1 S 9407 
GARONERtD. S 1673F 
GARDNFRtD. S 1673F 

(" GARDNF'RtD. S 1673F 
GARDNER,D. S 1673F 
GARONERtD. S 1673F 
GARONERtD. S 1673F 
MURRAY,W.E. 1 S 
GARONER,O. S 1673F 
MURRAV.W.E. 1 S 
GARDNER,D. S 1673F 
MURRAV,W.E. 1 S 
GARONfR,D. S 1673F 
GARDNER,D. S 1673F 
GARDNER,D. S 1673F 
GARDNER,D. S 1673F 
GARDNERtD. S 1673F 

CLOCK THU.MAR.26.1964 4.00 AM 

GARDNER.D. S 1673F 
GARDNER,D. S 1673F 
GARONER,O. S 1673F 
GARDNER.O. S 1673F 
GARDNER.D. S 1673F 
GARDNER,D. S 1673F 
GA.RDNER .0. S 1673F 
GARDNER,D. S 1673F 

(~"I. GARDNER.D. S 1673F 
,"" GARDNER,O. S 1673F 

GARONER,D. S 1673F 
GARDNER,D. S 1673F 
MURRAV,W.E. 1 S 
GARDNER.D. S 1673F 
GARDNER.O. S 1673F 
GARDNER.o. S 1673F 
GARDNER,O. S . 1673F 
GARDNER,O. S 1673F 
GARDNER,D. S 1673F 
GARDNER.D. S 1673F 
GARDNER,O. S 1673F 
GARONFR,O. S 1673F 

POWER-OFF THU.MAR.26.1964 5.30 AM 

POWER-ON THU.MAR.26.1964 8.30 AM 

KtM,JIN HWAN 1 G DSR 8790 
KIM,JIN HWAN 1 G DSR 8790 
KyM,JtN HWAN 1 G DSR 8790 
NEWMAN. EDWARD E. S 
JOHNSON,WILLIAM F 1 S DSR NO 9107 
JOHNSON.WILLIAM F 1 S DSR NO 9107 

C' JOHNSON,WILLIAM F 1 S DSR NO 9107 
' "'/ JOHNSON.WILLIAM F 1 S OSR NO 9107 

JOHNSON,WILLIAM F 1 S DSR NO 9107 387 
JOHNSON,WILLIAM F 1 5 OSR NO 9107 

~.~S:/~ 





10(4) 

CLOCK THU.MAR.26,1964 '3~OO PM 

FAIRBURN, DON 1 G 1~O9 
MUMFORD,J. 1 1.15 
TELSON,M. 1 1~15 
MUMFORD,J. 1 1'.15 
ALAM 1 G 1~15 
TELSON,M. 1 1.15 " 

BATOR RICHARD 18 3 1.15 
KINGSNORTH, R C 1 1.15 ", 

.~. ' 

GOLKA, JOHN J. 1 1.15 ~"' ". 

LEARY D F 1 1.15 
LEET KENNETH 1 G l.15 
TAYLOR, WILLIAM A. I 1 1.15 
WANEK. GLENN '~ '.: ":':::1 C ',; 1" :' '.' ,,1.1-.5 .,' .: ':i 

PROKOPY, JOHN C 2 4 1.15 
WANEK, GLENN I 1 1.15 
NAINIS I 1 1.15 
LAZAR .. JAY L. 1 2 '. ,', ') ,."1".1'5, 
MOORER, JAMES A. 1 1.15 
MOORER, JAMES A. 1 1.1.5 
MOORER, JAMES A. 1 1. .1.5 
MOORER, JAMES A. 1 1. 1.5, 
KINGSNORTH. R C 1 1.1.5 
LEARY 0 F 1 1.15 
BERNHARDT,L.J. 1 1".15' 
BERNHARDT,L.J. 1 1,.15 
GOLKA, JOHN J. 1 1.:1$ 
BATOR RICHARD 18 3 1."15:', 
MOORER, JAMES A. 1 1.15 
MOORER, JAMES A. 1 1.15' 
MOORER. JAMES A. 1 1.' 15~ 
MOORER, JAMES A. 1 1.'15 
PROSEK, J. R. 1 3 1.15, 
SNYDER, M. B. 4 1."15' 
LAZAR, JAY L. 1 2 1.15 

CLOCK THU. MAR .26.1964 4.00 PM ' 

KAVALLIEROS ANTONY 1 G r-~;2:7; 

KAVALLIEROS ANTONY 1 G 1'~:2,1,' 
NEWMAN, EDWARD E. S 
FAIRBURN DON 1 G 1.2.7 
TENNISON. THOMAS J. 1 1 .. 15-
SIKES,P.G. I 1 L.15, 
NAINIS I 1 1,.1-5' 
ERNST, D. 21 3 1',.1,5 
DEDRICK D F 16 2 1:.15 
CHAPMAN, D G 1 L~15: 
MATTES.D.A. 1 11..15 : 
HUIE,J.L. 1 1,.15 ' 
KITTREDGE 18 2 1.15 
TENNISON. THOMAS':J ."';, "; l- ,'-, ,t;:, ,!. } ,~ :1 ~.1 ~"" .,', , 
JOSEPH,GUNTER G 1.15 

C LEARY 0 F 1 1.15 
PHILLIPS, C.R. VI 4 1'.'15," 
WANEK, GLENN I 1 1.15 

389 
KINGSNORTH, R C 1 1.15 
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KUBO. A. S. tA G 1.1~ 
SEXAUER,W.L. 1 1.15 
SEXAUER.W.L. . 1 1.15 
SEXAUER,W.L •. 1 1.15 

,~ SEXAUER.W.L. 1 1.15 
SEXAUER,W.L. 1 1.15 
SEXAUER,W.L. 1 1.15 
ALAM 1 G 1.15 
MABRY R. E. I G 1.15 
PHILLIPS, C.R. VI 4 1.15 
DEDRICK 0 F 16 2 1.15 
BERNHARDT,L.J. 1 1.15 
BERNHARDT,L.J. 1 1.15 

CLOCK THU.MAR.26.1964 5.00 PM 

NEWMAN. EDWARD E. 5 
NEWMAN, EDWARD t. S 
COOPERBERG 7 OPERATOR 
NEWMAN, EDWARD E. S 
SEXAUER,W.L •. 1 1 •. 15 
MATTES,D.A. 1 1.15 
JOSEPH,GUNTER· G 1.15. 
WANEK. GLENN I 1 1.15 
SHWtMER, JOEL 1 1.15 
GOLDMAN.F.W. 1 1.15 
SEXAUER,W.L. 1 1.15 
LEET KENNETH 1 G 1.15 
HUIE.J.L. 1 1.15 1"" 

SEXAUER.W.L. 1 1.15 ~i·l;-.J,",.l 

SEXAlJER,W.L. 1 1.15 
BERNHARDT.L.J. 1 1.15 
JOSEPH,GUNTER G .1.15 
SEXAUER,W.L. 1 1.15 
DEDRICK D F 16 2 1.15 
DEDRICK JD F 16 2 1.15 
GOlDMAN.F.W. 1 1.'15 
MATTES,D.A. 1 1.15 
WANEK. GLENN I 1 1.15 
BERNHARDT, L.J.· 1 1.15 
JOSEPH,GUNTER G 1.15 
JOSEPH,GUNTER G 1.15 
JOSEPH,GUNTER G 1.~5 
GOLDMAN.F.W. 1 1.15 
CHAPMAN', t') G 1 1.15 
GRAASS J H 14 4 1.15 
BERNHARDT,l.J. 1 1.15 
CHAPMAN, D G 1 1.15 
BERNHARDT,l.J. 1 ,1.15 
CHAPMAN, D G 1 1.15 
CHAPMAN. 0 G 1 1.15 

CLOCK THU.MAR.26.1964 6.00 PM 

NEWMAN,E. S CI ROBINSON.J.V. S 9407 
NEWMAN.E. S 390 BERNHARDT.L.J. ,1 1.15 
BERNHARDT,l.J. 1 1.15 

JI..2S:/5' 
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CHAPMAN, 0 G 1 1.15· 
CHAPMAN. 0 G 1 1.15 
CHAPMAN, 0 G 1 1.~5 
LEARY 0 F 1 1~15 

C LEARY 0 F 1 l.iS 
CHAPMAN, D G 1 1.15 
CHAPMAN, 0 G. 1 

, ~ ~ .1~ .. 
CH~.PMAN, D G 

; . i 1~1~ 
CHAPMAN. 0 G 1 1.15 
LEARY 0 F 1 1.15 

CLOCK THU.MAR.26,1964 7.00 PM 

ENGER,TOM 1 1.15 
ENGER.TOM 1 1.15 
ENGER,TOM 1 1.15 
LEARY 0 F 1 1.15 
LEARY 0 F 1 1.15 
CHAPMAN, D G 1 1.15 
CHAPMAN, 0 G 1 1.15 
CHAPMAN. 0 G 1 1.15 
LEARY 0 F 1 1.15 
LEARY 0 F 1 1.15 
MOORER. JAMES A. 1 1.15 
MOORER. JAMES A. 1 1.15 
MOORER, JAMES A. 1 l.15 
MOORER. JAMES A. 1 1. ~.5 
LEARY 0 F 1 1.15 
BERNHARDT,l.J. 1 l.15 

('''1 LEARY 0 F 1 1.15 
-.-J' 

CHAPMAN, o G 1 1.,.15 
LEARY D F 1 l.15, 
CHAPMAN, o G 1 1.15 
GOLKA. J. J. 1 1.15 
LEARY 0 F 1 1.15 
W ILL I AM S ,IR E 1.15 
WILLtAMS.RE 1.15 
BERNHARDT.L.J. 1 1.15' 
CHAPMAN, 0 G 1 1.15, 
DESMOND,BARBARA A. 1 1.15 
DESMOND,BARBARA A. 1 1.15 
HAUSSLING H J I 1 1.15 
MOORER. JAMES 1 1.1.5 

CLOCK THU.MAR.26.1964 8.00 PM 

SKODOH, JOHN G. I S 5011 
SKODOH, JOHN G. I 5 5.01,1 
ENGER.TOM 1 1.15 
ENGER.TOM 1 1,.15 
ENGER ,TOM 1 1.15. 
DESMOND,BARBARA A. 1 1,.15 
CHAPMAN. D G ~, 1.15 
DESMOND.BARBARA A. 1 1.15 
BERNHAROT.l.J. 1 1.15 

0 GOLKA, J. J. 1 1.15 
DESMONO.BARBARA A. 1 1.15 

391 WIlLIAMS.RE 1.15 
GOLKA. J. J. 1 1.15 
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CHAPMAN, o G 1 1.15 
BERNHARDT,L.J. 1 1.15 

/f'-"" HAUSSLtNG H J 1 1.15 
',./ 

CLOCK THU.MAR.26,1964 9.00 PM 

ENGER.TOM 1 1.15 
ENGER,TOM 1 1.15 
SKODON. JOHN G. I 5 5011 
SKODON. JOHN G. I 5 5011 
ENGER,TOM 1 1.15 
ENGER,TOM 1 1.15 
ENGER,TOM 1 1.15 
ENGER,TOM 1 1.15 
ENGER,TOM 1 1.15 
CHAMPY,J.A. I GTA 1.09 
HAUSSLtNG H J r 1 1.15 
GOLKA, J. J. 1 1.15 
HAUSSLING H J 1 1.15 
CHAPMAN, D G. 1 1.15 
GOLKA, J. J. 1 1.15 
HAUSSLING H J I 1 1.15 
CHAPMAN, D G 1 1.15 
BATOR RICHARD 18 3 1.15 
BATOR RICHARD 18 3 1.15 
GOLKA, J. J. 1 1.15 
HAUSSLING H J t 1 1.15 
BATOR RICHARD 18 :3 1.15 /f-~ 

GOLKA, J. J. 1 1.15 \',.-y 

GOLKA. J. J. 1 1.15 
HAUSSLtNG H J I 1 1.15 

CLOCK THU.MAR.26,1964 10.00 PM 

ENGER,TOM 1 1.15 
GARDNER,D •. 5 1673F 
SKODON, . JOHN G. I 5 5011 
SKODON, JOHN G. I 5 5011 
SKODON. JOHN G. I 5 5011 
SKODOH, JOHN G. t S 5011 
HARMAN , JACK 1 5 9407 
HARMAN t JACK 1 S 9407 
HARMAN , JACK 1 S 9407 
HARMAN t JACK 1 S 9407 
HARMAN • JACK 1 5 9407 
HARMAN t JACK 1 S 9407 
LEARY 0 F 1 1.15 
LEARY 0 F 1 1.15 
LEARY 0 F 1 1.15 

POWER-OFF FRl.MAR.27,1964 12.45 AM 

NUMBER OF ENTRIES 344 
(-"' , 
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to check source programs in FORTRAN II-D. Since SSGO does 
not require Format statements l ED.IT was moditied to by-pass' 
this type ot statement. 

Each statement in which an error is detected is 
punched out together with a diagnostic report. It is a 
usetul debugging techniq~e as ~ell as an aid in program 
development. It is most usetul to novice programmers~' 
It no errors are deteoted the message "NO ERRORS DETECTED" 
is t-yped out. Shown in Fig. 6 is' a list ot the error 
messages. 

SSGO is a modified version of a LOAD and GO FORTRAN 
whioh was based upon IBMt s first 16~O CARD FORTRAN WITHOUT 
FORMAT. This is a one-pass operati~n with 3 options. Any, 
all or none of the'se options may be exercised by inserting, 
immediately preceding t~e Data oardl the foll'owing: 

1. * Trace M to N 
M is the number of the source statement where 
tracing is to begin and N is the number ot the 
source statement where tracing 1s to oease. 

: 2. * Map. 
Causes a storage map of the symbol table together 
with the unused memory to be punched out. 

3. .:10 Cards 

The original version 'of this FORTRAN was modifiea 
so that the compiler was located in the ,2ndModu/le 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 obtain a punched object deck. This of 
course finds little use today sinoe it. is more expedient to 
load on disk any program that might be needed later. 



ERROR MESSAGES l~ EDIT 

UN~FFINED STATFMENT NUMAERS 
UNREFEREN(FD .S T ATEMFNT NUMBERS 
UNACCFPTARLf 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 FXPRFSSJON 
NO VARIABLE TO LEFT OF = STGN 
EXPONENTIATION OF A FIXED POINT VARIABLE OR CONSTANT 
VARIABLE USED HAS NOT BEEN DEFINED 
SURSCRIPTF.D VARIABLE HAS NOT APPEARED IN A DIMENSION STATEMENT 
fRROR IN SUBSCRIPT 
NOT ALL OF THE INDICES ARE LEGAL 
SECOND INDfX IS LFSS THAN FIRST 
THIRD INDEX' IS ILLEGAL 
STATEMENT NUMBER NOT ACCEPTABLE OR IS MISSING 
DO STATEMENT J S '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 NUMRER GREATER THAN 9999 
STATEMENT NUMBFR PREVIOUSLY DEFINED 
U~NUMBERED CONTINUE 
STATF~ENT (ANNOT BE ·REACHED BY PROGRAM 
ERROR IN STATFMFNT NUMAFR(S) 
MISSING COMMA AFTER RIGHT PARENTHESIS 
INDEX IS ILLEGAL 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 
nIMENSION STATEMENT IS IN INCORRECT FORM 
UNNUMAERflJ FORMAl' STATEMFNT 
INCOMPLETE' FORMAT STATEMENT 
VARIABLE 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 SPECIFIED. OR IN INCORRECT FORM 
COMMA MISSING. OR LIST IS MISSING OR INVALID 
SYMBOL TABLE FULL 
FIXED POINT CONSTANT GREATER THAN 9999 
FLOATING POINT CONSTANT OUT. OF RANGE 
VARIABLE NAME LONGER THAN 5 ,CHARACTERS 

Fig. 6 
39 f( Ci 
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3. 5 SSGO DEBUGGING AIDS 

Trace 

SSGO includes a built-in tr~ce which is a very powerful debugging aid. 

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

),'c 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 cease. 

The portion of the prog'ram which' lies logically between the two 

limiting statement numbers will be traced eac~ 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 statemen~ nu~ber "n". 

From this point until control reaches the statement with statement number 

"m", in addition to the normal programmed output the ~ollowing output 

is punched: 

1. Fo~ each arithmetic statemen.t, 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 transfer and the statement 

number branched to. Example: 

COMPUTED GO TO 

TRANSFER TO STATEMENT NO. 0006 

3. Reports of progress through DO loops a~e punched at the end of each 

loop. Example: 

00l2TH TIM~ THROUGH DO 

The DO message assumes the index has an initial value of one and is 

2-D 395 
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For compatibility a Call Exit command was added to 

this processor. Format statements may be included but they 

are igno~ed except the = character in an H field which 

will cause,. erroneous compilation. 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 sour~e statements, as they are encountered, 
are temporarily stored on disk and processed with the EDIT 
program. If no errors are detected control is returned to 
SSGO which reads the source statements from disk instead 
of from cards and proceeds to compile and execute. If at 
the completion of the EDrr phase the program was found to 
contain errors, control is returned to the supervisor 
rather than SSGO. 

SSGO/EDIT/GO 

SSGO/EDIT/GO 1s a special version of SSGO/EDIT. 

At the end of the EDIT phase if no errors are de­
tected the message "NO ERRORS DETECTED" is typed. 
Processing and execution are attempted" just as with 
·SSGO/EDIT. If at the completion of the' EDIT phase errors 
were found the message I1Turn SW-l on to compile with 
errors" is typed. If SW-l is left off and the start button 
on the console is depres,sed control is returned to the 
supervisor. If the option to continue is se.lected, 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 CON~ROL CARDS: 

------------------ ------------ -- ---------- --- -----
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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 the 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: 

ZG 

ERROR NO.5 

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

The error numbers and thei,r meaning are as follows: 

ERROR NO. 1 Incorrectly formed statement 

ERROR NO. 2 Subscripted variable not dimensioned 

ERRbR NO. 3 Constant out of range 

ERROR NO~ 4 Symbol table full 

ERROR NOo 5 Mixed mode expression 

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

rors may be -checked for. However, ~he resulting object program should 

not be executed as it will be incorrect. 

397 



~ROCESSING SSGO RUNS 

Run Deck 

The make -up of a typical SSGO ~un deck is indicated in the following 

diagram. 

**:t:* (END OF JOtii CARD) 

DATA OEC.K 

30 2.8 4.'-7 
DATA 

TRAce. 2. TO e 'oPT'O~AL') 

(OPTIONA. ... ) 

ENO 

$OURc..e. DECK 

C PRo •. I A. JaNE'S '-15--" 
SSQO 

* l: 2 CLASS I. r6 

The *DA~A 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. 

Fig. 7 
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SUBSET is provided to increase the compatibility 
between the 1620 and 7094. Students enrolled in the pre-

'viously ment ioned course" "Compute,r Approaches to Engineer­
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 remot'e 
consoles. 1620 SUBSET programs may be processed and exe­
outed on the 7094 by merely changing the ID and systems card 
to oonform to that required at the 7094 Computation Center. 

To speed up oompilation time with SUBSEI' or FORTRAN 
II-D all the Print statements in FORTRAN II-D have been 
changed to Punoh. The Type statements were left unohanged. 

Error messages are no longer typed out but instead 
are punohed on cards; the incorrect statement on one oard 
and the ooded error message on the following oard. During 
execution the floating point subroutines punoh errors but 
the carriage returns assooiated with the original type­
writer output still ocour to provide a warning. The Data 

oard initially required by FORTRAN II-D is still required 
but the word DATA starts in co 7 the same as for SSGO. and 
7094 FORTRAN. 

399 
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MAKE UP SUBSET RUN DECK 

"offT (END OF JOB CARD) 

DATA 

END 

SOURCE PROGRAM DECK 

SUBSET 

10 JONES, A I 2 1.15 

c 
40U 

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 message 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 statement containing the error, and n is the 

error code number. If an error is encountered before a statement number 

is encountered, ,SSSS will be DOOD. 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 ~ode numbers and' 

their meaning: 

~rror No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

Condition 

Undeterminable, misspelled, or incorrectly formed statement. 

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

Dimensioned variable used improperly, i. e., without subscript­
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 FORMA T statement. 

Vari'able name greater than 6 alphameric characters. 

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

Invalid variable within an EQUIVALENCE statement. 

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

Within an Equivalence list, placement of two variables previ­
ously in Common, or one variable previously equivalenced and 
another either equivalenced or placed in Common. 

. \ 
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MAKE-UP OF 7094 FORTRAN RUN DECK 

DATA. CARDS 

SOURCE PROGRA .. M. 
,'if"", 

<" .. JV 1 

PROBLEM 1 

c 
;Pig. 9 



C':-'I 
\ "./ 

b) Execute Card (Control Card) 

~'c XEQ 

This must be the second card in your de'ck. It informs the pro'cessor 

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

c) List Card (Control Card) 

~: LISTS 

This should be t~e 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 listi,ng 

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 and deposited in the IN box for the apprC?priate 

subject (such as 1. 15). The runs will be batched and delivered tc? t~e ~om­

putation Center for processing overnight. Results are returned the followi~g 

403 

" "" .. i.fti!itl'.ljihj: 11 



,--_ .. -.. _ .. -------

18 

MOUITOR 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 monitor 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 sta.cking machine language programs along 
with any of the other syst~m 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 supervisor and remain there when LOAD is c~lled. 

The COGO associated with this eall 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 provided 
so that COGO jobs could be stacked with any of the other 
systems jobs. 

CI/COGO 

CI/COGO 1s a disk version of COGO designed for a 
20K machine. It operates much like the card plug deck. 
system'except that th~ plug is read from disk rather than 

c 
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from cards. It like the plug deck system is 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 is used to gr~phically 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 wide 
variety· of .applications. 

All the systems above mentioned 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 cognizant of the existence of 

the various systems thus providing 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 tor 
an efficient' system requiring a min+mum of· machine time 
for a 'maximum number 'of· us·ers. 

405 
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TYP1CALARRANG.EMENT OF 1620 RUN DECKS . 

. . T/ 1**=** IONO -0"'. -JOB cARO 1/ J USER CEC,IoCS TO ee 
<,"'< PROc.eaaeo UNOE. A THe 

; CONrR.OL OF MONITOR I 

/1~·1---~ 
--'- "'J"'I" MONlTOR I 

1* U$I!R' tD CARD 

. ~ 1**** ENO-O!:'-Joe CARO 

It) / USER OEc.l< TO BE / 
::J~. PROC.ESS~O BY SUBSET 

4' .. 

-' IJ Suese:T 
l* USER ro· c:.ARO 

-
T 1**** Et.lO - 0'" - JOB Cj.RO 

~ / USER oeCK TO BE / 
~ P~OCe6SeC . BY CO.GO 
~ I . 

-' 1* COGO 
J* USER ~O. c.ARe 

/ 1-' 

T (**~* ENO-OS=-"'JOB CARO' 

, /1 USE'R . OE(..K· TO Be / 
~ PROCESSED BY SSGO ~ ~V 

~ I,...J"---s-S-G-O-----~---, 
~ . USER \0 c:.A~O 

~ 

_. 

i-
I 

'Fig. 
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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: 

~'c EDIT 

* SSGO 

A program for editing FORTRAN source programs for 

common programming mistakes. 

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 pro~ess it with ssqo 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 I 

~:c LOAD 

Turns control of the machine over to the IBM 1620 Monitor I 

System. This system in turn can call SPS Symbolic Program­

ming System, FOR TRAN II-D, Disc Utility Program, etc. J 

through additional control cards. Use limited to authorized 

us ers. 

For loading 1620znachine language programs included in 

s tacked input. 

~:c / COGO . 
A problem-oriented language and processotfor geometric 

problems. 

:',c PLOT 
A problem-oriented language for preparing plots and graphical 

displays with the on-line plotter. 

Additional systems are under development and will be added from time to 

time. 
407 
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USE OF COMPUTERS IN DESIGN OF ELECTRONIC EQUIP~mNT 
(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 Aircraft Corporation 
Norwalk, Connecticut 

The theme of this meeting is "Consolidation Thru Systems In­
tegration." rfhe 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- , 
mente At ·Norden, we are concerned pri~arily with military electronic, 
electro-optical and electro-mechanical equipment, such as radar, 
displays, navigation systems and vehicle control systems.. However~ 
the same methods and techniques are applica,ble in many other areas:. 

The first problem in system design· is ;:always to define the 
problem. What are the 'problems in the military electronics business? 
Some of the basic trends are indicated~n Figur~.l. 

The rapid advance in electronic t'echndiogy.'·over the past few, 
years has resulted in a very rapid rate of 'obsolescence for all I 

electronic equipment. The demand for increased' capabilities and' 
specialized custom~r requirements also ~esults ±ri a steadily inc~eas­
ing complexity of equipment. Competition both in. cost and tech- ! 

nology is applying greater pressure all··th~time. Reliability re­
quirements of the Military are gettingstea·~j.ly.more severe and those 
of NApA are practically out of· this' wor~d. ,'rhe ;c.ombination of in­
creasing complexity and stric~er reliabflit~'requirements results 
in a demand for a wide variety of automatic'~heck-out equipment, 
manufactured in much smaller volume than the,equ~prnent they check 
out. Most development programs are subjected to" frequent changes 
due both to changes in customer requirements 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 production run before rapid obsolescence takes over 
and the entire cycle repeats. The end result is a steady increase 
in the average amount of engineering worl{ required to support a 
given level of production. This is substantiated by the steady 
industry-wide increase in the ratio' bf engineering persorinel 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 w~yto use the engineers we have more efficiently 
by using computers to assist engineers. Computers have been used 
m~ny times to assist engineers in a wide variety of individual tasks. 
We are expanding these tasks and developing new ones to provide an 
over-all man machine system in which engineers use computers effect-4Un 
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ively for all tasks computers can do better than man. Under these 
conditions, engineers have the opportunity to concentrate their eff­
orts on those intellectual functions man can do far better than com­
puters. 

Figure 3 indicates some of the basic steps in developing such 
a system. The rirst problem is to identify and select the design 
tasks for which we should consider the possibility of using computers 
to assist the engineers. For each of these tasks we must determine 
a set of design rules, which would be in sufficient detail 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 basis for estimates of the cost of fully implementing the task , 
and of the benefits that would result from it. Evaluation of these 
coats and benefits indicates that there are some tasks on which a 
substantial early payoff can be achieved from a reasonable degree of 
effort. Work is started on these tasks as s09n as they are discovered. 
In this way the program is put on a pay-as-you-go basia while planning 
and development of the rest of the system continues. 

Now that you understand the philosophy behind thl~ program, 
let's take a look at what has actually been done. Figure 4 is a 
simplified block diagram of the entire series of engineering a~t­
ivities from initial planning of a new' project to release of final 
documentation to otherd1visions 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 which we are 

(f~. 

',,-P 

presently developing computer applications are identified by a B. ~~ 
and those labeled C require the highest proportion of human decioions. ~~ 
Even in this area, computer techniques have been extenslvely used 
to provide engineers with the information they need for their decisions. 
For example, the first step in developing a test console for fail-
ure analysis 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 circuits. 

Computer simulation analysis has also been used extensively to 
check the theoretical performance of proposed systems prior to comm­
itment of detailed designs. For example, in the case of an automatic 
radar terrain-following system for aircraft, the terrain character­
istics, radar performance, processing of radar 1nformantion, airborne 
computer, action of the autopilot, and the response of the airplane 
were all simulated on the computer. Many flights were simulated 
by using the computer. Conditions in the equipment that might cause 
airplane crashes were eliminated before any eqUipment was actually 
designed.. We are now worlting 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' slmulator for the 7090 computer. 
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Once the simulation analysis has provided assurance that the 

planned system will do the job satisfactorily, it is time to specify 
the detailed equipment and proceed with the design. Whenever possible, 
standard modules and circuits which have been previously developed 
and built 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 ·will be many cases in which 
completely new designs are necessary to meet the new requirements. 

The critical bottleneck in electronic system development is 
usually design, development, and test of new electronic circuits. The 
traditional method requires building a laboratory breadboard of tne 
circuit and conducting extensive tests and modifications in the labor­
atory to determine how the circuit would perform under varying conditions. 
This is a very expensive and time-consuming procedure and never gives 
optimum design, since the tendency 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 is possible to predict the performance of many alternative circuits 
and select the best one before starting to build 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 circuit parameters, thereby providing 
much greater insight 1nto the design problem and into the accuracy 
requirements of the components. 

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

We have extended the basic circuit analysis to include a wide 
variety of reliability analysis techniques. Tools now available to 
the rel1ability engineers for evaluation of new proposed circuit 
designs include stress analysiS, derating analysis, margin analysis, 
mean time-between-failure calculation, and failure effect analysis. 
These can all be performed before the circuit is actually built and 
reliability improvement recommendations can be incorporated in the 
original system deSign. 
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At this point the basic design has been completed but a lot of 
detail~d work is required before the system can be built. A schematic 
diagram of the final computer-checked d,t3sign is needed to record the 
design and to provide information for engineers. We are working on 
development of techniques for computer printout of schematic diagrams • 

. This will eliminate some routine drafting work. More important, it 
will provide absolute assurance that the circuit in the diagram corr­
esponds exactly to the circuit 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 conventional transistor circuitry, this is 
usually the problem of laying out a printed circuit board. 

At Norden we are now concerned increasingly with developing 
integral circuits, such as that in Figure 5. The layout design problem 
of these circuits is 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 chip. Norden is presently working on an 
Air Force contract, developing techniques for automatic design and 
manufacture of such circuits. This involves use of the same basic 
circuit input definition which was used for circuit analysis, extendpn 
t.o include geometric as well as electronic information. 

Norden has USt~d computer techniques to assist in optical and 
mechanical d{~sign as well in electronic design. The 1620 optical design 
package has been particularly helpful in developing optical designs 
for new dluplay techniques. However, we have had to develop some of 
our own optical design programs to eliminate excessive use of the type­
writer and provide data in the coordinates and format most useful to 
the opt~cal designer. 

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

The basic manufacturing definition of electronic equipment is 
in the fona of a list of materials. Detailed lists of material must 
be prepared-for every assembly and sub-assembly in the system. These 
lists of materials contain considerable detailed reference information C 
about each part, as well as its basic part number designation. 
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This detailed printed information is maintained on disk fllee in the 
1620 computer for all 81;andal~d 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 detailed lists ot materials. 
It also records and store:3 the list of material information on 
disk file for later use in generating a wide variety of other design 
data documents, such as the unique parts lists, lists 9£ electronic 
components, tube complement lists, non-standard parts lists, and 
many others. By generating a.llthis detailed information from the 
same basic system definition, we have greater assurance than ever 
before that- the information j,.S correct and consistent, as well as 
having it available much earlier, in more complete form, and at lower 
costs. This design data is the basic output product of engineering 
which 1s used by account:tng, purchasing, manufacturing, and our 
customers. 

Now that you have seen the over-all system, you way want to 
know what does all thiB really mean? How much differenoe does it- make 
in a complicated program? 

Figure 6 1nd1cat~s a complete equipment currently under dev­
elopment at Norden, tihe Module Analyzer 'fest Console (MATe) for 
ground support of airborne l'adar equ:tpment. It is something l1ke 
a fancy tube tester, except that instead of testing tubes it tests 
complete modules of radar equipment. Several hundred different 
modules can be accommodated, including all it·s own internal modules. 
The control card i'or the module under test selects the appropr1ate 
inputaignals which are applied to the module, and the appropriate 
processing circuits for examining the module output voltages, so 
that the source of faill..u'e or rnalfunct:!.on (~an be isolated to a 
particular component within the module. This equipment was de­
veloped concurr~ntly with the computer.a1ded design system. Portions 
of this' system were used on it 8S they became available. 

The -t'irst step in . dE:s1gn of' this equipment was tabulation 
and compl...:;er analysis ot the input and output signal requirements 
of all modules to be tested. This computer analysis assisted the 
engineers in determin1x'lg the signal source specifications and the 
speCifications for, various Is1gna1 processing circuits in the MATC 
equipment. The same module data cards 'later were used f6r automatic 
design of the control cards which select the appropriate signal sources 
and processing cirouits to be connected with each module when it is 
tested. 'I'he complexity of this equipment 1s indicated by the fact 
that there are approximately 35,000 parts, of which 4,500 are unique 
items inoluding about 2,000 eleotrioal components. Two separate 
units OT teEt benches have been designed, each requiring about 
10,000 l~tcrconnection wires. All of the interconnection Wiring, 
lists of materials, and other design data for this program ~ere 
prepared on the 1620 computer, as well as analys1s of most of its 
circuits. 
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Design and development of a system of this complexitY".J' 
by traditional methods would normally tal<e at least two or three years. 
This equipment was designed and developed in 1-1/2 years with partial 
use of experimental computer-aided desi~n techniques. A new system 
of comparable complexity could be designed starting now in less than 
one year, with 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 in Figure 7. 
The time required to get from an engineering idea to its incorporation 
1n a finished product 1s substantially reduced. The time required to 
process changes to an existing design is 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 is 
substantially reduced by shortening the engineering time cycle, without 
increasing the number of engineers. The resulting products delivered 
to our customers are greatly improved aa a result of providing more 
thorough preliminary analysis and reliability checking of designs. 
Finally, the engineering records resulting from this design process 
are far more complete and accurate than they ever were before. 
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NETWORK ANALYSIS ON THE 1620 

(Presented at the Eastern Regiona.l 1620 Users Group meeting 
1n WaShington D.C., on May 7, 1964.) 

by: 1l1art1n J. Goldberg 
Computer Applications Engineer 
Norden Division 

. ABSTRACT 

.United Aircraft Corporation 
Helen Street 
Norwalk, Connecticut 

A 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 is divided into four ·sections: language interpreter, 
DC analysis, AC analysis, and trans1ent analysis. The analysis sections 
are limited to linear circuits, although the transient-analysis section 
can approximate some non-linearities. The language interpreter section 
1nterprets input data on the circuit to be analyzed. The data is writt­
en in a user-oriented language so tha,t the Program can be used by in­
dividuals not fam1l1.ar 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 circuit topology and parameter values. 

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

The DC analysis section obtains the DC steady-state solution 
for all node voltages and currents. In addition, there are several 
optional routines such as worst-case analysis of node voltages, com­
putation of standard deviations of node voltages, determination of 
sensitiv1ties of node voltages to network parameters and the like. 

The AC analysis section obtains the frequency response of the 
network i'. 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 is capable of accepting time vary­
ing input sources and also has the capability of switching parameter 
values from one state to another. This allows for simulation of 
change of state of transistors, diodes, and other Bwitching elements. 
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The Program h~a had a significant impact on circuit design 
procedures at Norden. Engineers are relieved of routine calculations rfI-~ 
and are left with more t:Lme to apply to creative tasks. A high ',-_,.,v 
degree of confidence that a circuit will meet specifications 1s 
obtained before manufacturing. This is especially important in 
the case of 1ntegr~ted circuits. More reliable circuits are obtained 
since statistical analy~eB which used to be too time-consum~ng to 
perform at all now are done on the computer. In addition, over­
design is reduced since the designer can readily see the effect of 
reduced toleranoes on perfo]wance. 

Norden has already ex.tended the capability of the Program 
beyond that of the version to ,be released by IBM" and is \'1Torklng 
on further extensions such as adding a non-linear capab1lity. 
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1. INTHODUCTION: 

This report will discuss the main features of the Network 
Analysis Program developed JOintly by the Norden Division of 
the United Aircraft Corporation, and I.B,M. Details of operating 
prooedures and the mathematical theory will not be dealt wlth at 
length. The objective here is to describe the usefulness and 
significance of the program. 

A specific sample circuit will 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 electronio circuits. It can also be used to review the design 
of existing circuits for reliablity or optimization. 

The Program i6 written in FORTRAN II for a 40K, 1620 with 
1311 Disk Storage Drive, 1622 Card Read Punch, Automatic Divide 
and Indirect Addressing. The Program also requires the Monitor I 
System. : 

2. Advantages of Network Ana1Yeis Program. 

Figure 1 lists some of the advantae;es of the Program over 
conventional design techniques of hand calculations, breadboarding 
and testing. Points land 2 (figure 1) are obvious advantages. 
Point 3 emphasizes that conventional techniques cannot give accurate 
statistical information on the effects of component variations on 
circuit performance. Because the designer 'does not have a high 
degree of confidence that the circuit will perform satisfactorily 
under all extremes of component variation and environment, he is 
forced t6 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 
oircuits1noe the program readily shows the effects of tolerances 
on performance. 

Alternative c1rcuit configurations (point 4) oan easily be 
studied on the computer and the beet configuration c.hosen. In fact, 
designs incorporat1ng new or expensive oomponents can be studied 
even .1f the actual components are not.available for breadboarding. 

It is often possible to .obta.in .insi~h. t i. n .. t .. o the. OP.·· eratlon of 
a circuit by use of the Program (point 5). Alao, the effects of 
parameters, such as transistor current gain, can be determined. 
On a breadboard one cannot vary the gain of a transistor direotly. 
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The factors mentioned contribute to reduc1ng the need for bread­
boarding (point 6), and even when breadboarding is still required the 
amount ot testing is reduced. 

3. Br1ef Description of Analysis Proced\1re 

Before discussing ~he details of the Program, 1t 1s appropriate 
to obta1n an overall picture of the procedure and flow ot information 
involved in analyzing a circuit by use of\the Program. Figure 2 1s a 
flow-ohart describing the procedure. 

From the specifications and requirements on the circuit, the de­
signer develops a oircu1t schemat1c describing thecontigurat10n he 
plans to use. An equivalent circuit schematic is then prepared trom 
the original cirouit schematic. The equivalent oircuit schematio 
oonta1ns equivalent circuit representations for transistors and diodes. 
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 cirouit chosen by the designer. 

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

The Network Analysis Program is divided into tour main sections: 
language interpreter". DC analysis, AC analysis, and transient analysis. 
The language interpreter translates the input data cards, setting up 
lists of 1nform,atlon for the analy.s1,s sections. It then calls on the 
proper analysis section as specified by the user, a.nd ,the results of 
the analysis are computed. . 

The user-oriented language used to prepare the input Data cards 
is probably one of the most 1mportant features of the program. It 
allows the Program to be used. by engineers not familial" with the machine 
or with programming. Also, it allows easy and tastoommunioatlon be­
tween the c1rcuit designer and the oomputer. Very l1ttle of the full 
potential of the Program would be realized wlthoutthe oapab1l1t1es 
prov1ded by the u·ser-or1ented language. 

4. Basic Network Branch Defination 

The bas1c entity 1n the matrix approach used to set up and solve 
the matrix equations of the network 1s the network branoh. Figure 3 
shows the basic branch with a de1'ln1t1'on of the important variables. 
As shown" the branch 1s composed of three network elements: a 'passive 
element (resistor, capacito)',) or inductor); voltage source; and current 
source. ,The terminat10n 'po~ints of the branch are defined as ,nodes. We 
may then imagine a network as composed of many branches. 
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Then the variables defined in figure 3 may be thought of aa vectors 
or column matrices with elemcntp correaponding to each branch of the 
network. The primary output of each of the analysis sections 1s the 
node voltage vector, e', and the branch current vector, i. 

The arrows on the diagram (figure 3) define the positive con­
vention for current flow and the positive convention for the voltage 
source with polarity as showh. This convention should be kept in 
mind until later when preparation of input data cards for a specific 
example 1s described •. 

Also, shown in rlgure 3 1s a typical branch data card prepared 
in the ~ser-oriented language. It contains all necessary information 
on a branch. The Bl indicates the data is for branch number 1. The 
N = (0,1) indicates that the branch is connected to nodes 0 and 1 
and that the assumed direction of current is from node 0 to node 1. 
Then the values for the three branch elements are given. 

5. Nodal Eg,uations of NetvI0rl{* 

Figure !~ shows the nodal equations which are Bet up automatically 
by the program. 1'hese same equations would be Bet up by using the 
oonventional manual technique of Bumming the currents at each node 
using Kirchhoff's current law. 

The only item which has not been defined 1s matrix A. It is 
Bufficient for our purposes to say that it defines the topology of 
the network, that is, which nodes each branch is connected to and 
the assumed current direction for the branch. It is developed from 
the nodal data supplied for each branch. 

The e t vector of the node voltages is solved for. This is done 
by inverting the triple product (At YA) and multiplying it timeB the 
right hand side of the equations, where the superscript t indicates 
the transpose of A. Thin gives a nominal solution for the node volt­
ages. New solutions corresponding to a change in value of one or 
more parameters are obtained by a very fasE update technique. This 
1s 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 
r,eohnique will be shown later. 

6. Preparation of Input l~f~~nple Problem. 

A specific example will help to clarify the preceding discussion 
and should nil()\'l the relative ease with which a problem can be Bet up 
for analyn1s by use of the user-oriented language. 

* Technical Report TR 00.855, March 30, 1962. Machine Analysis of 
Networks and Its Applications. Franklin H. Branin, Jr. IBM Data 
Systems Division Poughkeepsie, New York. 
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Figure 5 is the schematic of a one transistor amplifier. From the 
circuit schematic the equivalent circuit schematic (figure 6) is prepared. 
The equivalent circuit of the transist()l't is enclosed within the dotted 
lines. Numbers enclosed 1n squareesre branch numbers and the circled 
labels are node deBl~n. atlons,. The arrows indicate assumed current dl:£!­
ections. The term G (4,3) indioates tha. t .there is a transconductance 
from branch 4 to branch 3 •. ·The transconductance is used to model the 
gain of the transistor and Is related to· the ourrent gain. 

The language interprete~ nas:a dual function of interpreting spec­
ific data on the circuit and also interpreting certain control funtions 
such as whichanalysls ieto be performed, which optional outputs are to 
be obtained and which 1nput-output·devices are to be used. Thus there 
are two types otlnput:. control statements and data statements. 

The input·oard,,·requ1red to perform a DC analysis of theeample 
circuit are shol'ln1nfigure 6 .•. :The first oard, DCNODE, is an example 
of a contrql.stateinent and indicates that a DC analysis·ie to.be per­
formed. The next card 1s an example of a data statement. The Bl indicates 
that the data is foJ;' branch number one of the circuit. The N = (0,1) 
is nodal data indicating that the branoh is connec.ted between nodes 0 
and 1 and since node 0 is mentioned first, the assumed direction of 
ourrent flow is from node 0 to node 1. The R = 1. (.01) indicates 
tha·t the nominal value of resistance is 1 ohm and that the tolerance 
is 1 percent. Thetoleral1ce is specified as a decimal percent tol­
erance enclosed 1n parenthesls •. ~he E = -30. indicates that there is 
a 30 volt voltage'source in the branch and it 1s negative according ~, 
to the basic branch definition of section 4. Data on the other branches ~IY 
is prepared in a s1milarma.nner. Note that the resistance of. branch 
3 is expressed as R~5.E + 06 wh16h is equivalent to5. x 106 ohms. 

Skipping to the card~abeled Tlwe have another type of d~ta. 
statement for preserttatlonofdata ontranslstor number one, The 
B = (4,,) meane that the tran~donductance'lB from branch 4 to branch 
3. Next, the valu~ ot that~anBconductance is given. It has a nom­
inal value of .0364. Tqe tolerances are specif1edin an optional. form 
in which the minimum 18.0361 and the maximum 1s .0367. 

,. . .. 

Figure 7 shows ,addition~lcontrolBtatements and is a continuation 
of figure 6. The SENSITIVITY statement indicates that an optional output 
consisting of the sensitivities of each node in the circuit with respect 
to each parameter is to be computed.' These outputs a.re discussed further 
in section 7. The POWER control statement asks for the power dissipation 
in each branch tobecompu·t·ed •.. The STATISTICAL ANALYSIS statement calls 
on a worst-case analysis 'and.computat1on of the standard deviation of 
eaoh node voltage. The MODIFY .control stat.ement and the statement immed­
iately following itlnd,lcate·tt)at the resistance 1n branch 7 is to be 
modified from 35K to.40K.1n'5equal step~. 
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N = (1,2) I R:::: 2000.{.10) 

N = (2,3) R == 5.E + 06 , I:: -.01 E - 06 

N = (3,4) f R:: 27. I E = -.6 

N == (1,0) , R = 1000.(.10) 

N :: {3,0} I R = 10000.(.10) 

N = (1,3) I R = 39.E3U 0) 

B :::: (4,3) I G = .0364(.0361 I .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 updatetechn1que dj.Elcussed in Sect10n 5. The EXECUTE statement 
causes all previous control statement~ to be executed in the order 
1n wh1ch they appeared. The END statement returns oontrol to the 
monitor system in the 1620. 

From the above discussion it should be evident that preparation 
of in~ut is relatively simple using the user-oriented language. In 
fact the rules tor prepal't1ng the input cards from the equivalent 
oircuit schematic can eas.11y be taught to an aid or keypunch operator. 

7. Discussion Of Output or 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 countlngthe ground or dat;um node.' The values of each node . 
voltage are outputed from left to right. 

The sensltiv1tles sre ,the percent change in each node voltage 
with respect to a positive one percent change in each parameter of 
the network. 'rhe first set of sensi t1 vi ties are with respect to 
the resistance in branch 1. They read from left tc;> right for nodes 1 
through 4 respectively. The sensi ti vi ties with respect- to the other 
parameters such aa transc~ndue'tanceB, voltage and current sources are 
outputed in a similar fOl'1Jl1.· . 'rhe sensi ti vi ties are used to detect 
critical parameters in the network. For example, scanning the first 
column of sensitivities one can see that node 1 is most sensitive 

- td the voltage source, El. The sensitivities are also used in the' 
worst-case and standard deviation computation. 

The method used in obtaining the pal~tial derivatives, from which 
the sensitivities are computed, is a relatively efficient method. 
They are obtained from explic:lt matrix fo:rmulas obtained by taking 
the partial derivat1~es-6f_ the nodal equatioris described in Section 
5. This is a much faster technique than some others which require 
obtaining new solutions for the node voltages with the parameters 
increased by small amounts. . 

Figure 9 shows the res\llts of a stress 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 deviatlon(l-sigma} computations 
for each node voltage. Thus, the nominal, W01'st-caae maximum and 
minimum and standard deviati.:>n for each node voltage is listed. These 
are based on the tolerances of theparametera and the computed sensit­
ivities. FI'om this output is 1s evident that the designer, can readily 
see the effects ot component tolerances on the circuit_and can optimize 
the circuit ty selecting the proper tolerances. 
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NO. B~ANCHES = 1 
NO. NODES = 4 

NOMINAL ~ODE TO DATUM VOLTAGES 

-15':" 

2.999E+Ol 2.062E+Ol 5.493E-OO 

SENSITIVITIES 

WF't""'UIf'" 

4.164E-OO 

PERCENT CHANGE IN NODE VOLTAGES FOR A ONE PERCENT CHANGE 

R 1 
1.170E-04 -l.683E-04 -1.141E-04 -l.961E-04 

R 2 
4.690E-Ol -4.530E-Ol -2.385E-03 ,-2.611E-03 

R 3 
1.112E-O~ 3.493E'-01) -S.962E~OO -6.693E-OO 

R 4 
3.623E-06 1.O!>GE-C; ;~ 2.809E-03 -2.313E-02 

R S 
1.342E-04 3.891E-Ol 1.040e'-Ol 1.431E-Ol 

R 6 
1.192E-04 -3.564£=01 6.993E-Ol 'l.SS0E-Ol 

R 1 
1.572E-04 4.076E-()1 -1.991E-Ol '-8.978E-Ol 

G 4, 3 't 

1.l11E-03 -3.491E-OO 5.958E-OO 6.689E-OO 
E 1 

9.999E-Ol 9~509E-Ol 9.868E-Ol 1.107E .... OO 
E 4 If· 

1.690E-OS 4. 90GE'~OZ 1.310E-Q2 -1.079E-Ol 
3 

2.S02E-09 -7. 4~~6t> .. O 6 1.212E-OS 1.428E-05 

Figure 8 

IN PARAMETERS 
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STRESS A~'ALVSIS 

BRANCH CURRtNT 
1 .5312E-02 
2 .4685E-02 
3 .4685E-02 
4 .4764E-02 
5 .4764E-02 
6 .5493E-03 
7 .6282E-03 

WORST CASE At~ALYSIS 

NODE NOMINAL 
1 · .2999t+02 
2 .2062E+02 
3 .5493E+Ol 
4 .4764E+Ol 

-16-

VOLTAGE 
-.2999E+02 

.9371E+Ol 

.1513E+02 
• 7286E .... OO 
.4764E+01 
.5493E+01 
.2450E+02 

AND STANDARD 

MAX 
.3299E+02 
.2649E+02 
.7187E+Ol 
.6426E+Ol 

Figure 9. 

POWER 
.1593E-OO 
.4391E-Ol 

.• 7089E-01 
.3471E-02 
.2270E-01 
.3017E-02 
.1539E-Ol 

DEVIATION 

MIN 
.2699E+02 
.1475E+02 
.3799E+Ol 
.3102E+Ol 

SIGMA 
.9998E-OO 
.8795E-OO 
.2809E-OO 
.2739E-OO 

rr-'" 
\~'"/-

/f"'"". 
i 

"'--" 
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NODE VOLT AG:t:S f'OR MO.D I F tED 1 NPUT DA T A . 

R 7 = 3. 500E+'04 
NODE VOL TAGE.S 

2.999E+Ol 1.968£+01 

R 7 = 3.600E+04 
NODE VOLTAGES. 

2.999E+Ol 1.993E+ol 

R 7 ~ 3.700E+'04 
NODE VOLT AGE.S 

2.999E+Ol 2.017E+Ol 

R 7 = 3.800E+04 
NODE VOLTAGES 

2.999E+Ol 2.040£+01 

R 7 = 3.900E+G4 
NODE VOLTAGES 

2.999E+Ol 2.062E+Ol 

R 7 = 4. E+U4 
NODE VOLTAGES 

2.999E+Ol 2.083£+01 

5.985£-00 

5.853£-00 

5.728E-OO 

5.608E-OO 

5.493E-OO 

5.382E-OO 

5.234E-OO 

5.105E-OO 

4.982E-OO 

4.864E-OO 

4.752£-00 

4.644E-OO 
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Figure 10 shows t'he output obtained as a result of the MODIFY 
control statement. Sets of node voltages for each value of R7 are 
obtained. The five solutions are obtained in about the time it takes ~ 
to get one nominal solution, since the high speed update technique ,~ 
is used to modify the original nominal solution. 

8. Discussion of AC and Transient Analyses 
The AC and transient analyses will not be discussed in 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 function 
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 given."",'Also, the· range of 
frequencies over which the output is to be obtained is specified in 
a Dlanner similar to the method used ~n the sample problem for modifying 
a resistance. 

The primary output of the transient analysis is the time response 
ot the node voltages of the network. The transient'analysis is 
capable of handling time varying sou:rceawhich may be inputs to a 
circuit. Thus, input waveforems such as square waves, sawtooths, sine 
waves, etc., can be handled. A certain amount olnon-linear capab­
ility exists in that switching of parameters from tone 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 switching occurs can be made dependedt on computed ~~ 
quantities such as a certain node voltage. For example, switching,,,"~ 
ot ~ertain parameter values from one value to another can be made 
to occur when a specified node reach~s, say, 10 volts. 

9. Pro~ram Extentions 

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

The Failure Effect Analysis searches for failures of components 
whioh 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. Aleo, the failure :nate of each 
component and tor the entire circuit is computed. 
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The Degradation Analysis accounts for the effects of aging or 
some other criterion on a circuit. 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 disadvantages of the program as it presently exists 
is the necessity of preparing an equlvalent circuit schematic includ­
ing the equivalent circuit models of the transistors and diodes. 
Norden 1s extending the Program to include storage of the equivalent 
circuit 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 1s the 
lack of non~linear capability. This problem makes itself evident 
in cases where it is necessary to account for the non-linear char­
acteristics of transistors and diodes. At present, the user-must 
select an operating point for a transistor from which the parameter 
values for the equivalent circuit model are selected. If after 
analysis, 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 transient case when transistors change 
state and it may be necessary to account for the non-linear trans­
ition, Bay, from the off state through the active to the saturate,i 
state. Norden is working on extending the program to'account for 
the above non-linearities. 
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CI 
AN EXPERIMENTAL PERSONALIZED ARRAY TRANSLATOR SYSTEM 

by 

H. Hellerman 

IBM Watson Research Center 
Yorktown Heights, New York 

ABSTRACT: A system de.igned 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 i8 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 

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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Box 5000 
Kingston, Ontario, Canada 

JASPEN, Dr. Nathan 
National League of Nursing 
10 Columbus Circle 
New York, New York 

JENSEN, Clayton, E. 
Virginia Military Institute 
Lexington Va. 

JOHNSON, James E. 
Seton Hall Univ. 
South Orange Ave. 
South Orange, N.J. 

JURNACK, Steve 
Speer Carbon Co. 
St. Marys, Pa. 

KANE, J. L. 
Guggenheim Labs. 
Princeton University 
Forrestal Research Center 
Princeton, N. J. 

KARR, Len 
Bur.ns and Roe, Inc. 
160 West Broadway 
New York, New York 

KELLMAN, Sidney 
Naval Air Eng .• Center 
Phila. Naval Base 
Philadelphia 12, Pa. 

KELLER, John F. 
Loyola University 
New Orleans, La. 

KENNECOTT, Robert L. 
Chas. H. Sells, Inc. 
409 Manville Road 
Pleasantville, N.' Y. 

lENT, John D 
Worthington Corporation 
P. O. Box 69 
Buffalo, New York 
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KINDRED, Alton R. 
Ilanatee Junior College 
Bradenton, Fla. 

KLEIN, Donald 
V~llanova University 
Villanova, Pa. 

DUEL, Martin 
Burns an~ Roe, Inc. 
160 west Broadway 
New York, New York 

KNIGHT, Mr. & Mrs. D. M. 
st. Regis Paper Co. 
Rt. 59;"'A 
W. Nyack, 'New York 

LAPOSATA, Samuel M. 
Ordance Research Lab. 
P. O. Box 30 
State College, Pa. 

LARSON, Greta 
Vapor Corporation 
6420 W. Howard 
Chicago'; Ill. 

LASKA,' Gene 
Rockland State Hospital 
Orangeburg, N. Y. 

LATTERNER, Thomas S. 
Hercules Powder Co., Inc. 
Rocky Hill, New Jersey 

LEE, Ralph E. 
Missouri 'School of Mines 
Rolla, Mo. 

LEillt, John F. 
Ni agara .. Mohawk 
1100 Electric Bldg. 
Buffalo, N. Y. 

LIEBMAN, Judith 
General Electric Compo 
I~thaca, . New York 

LIPPO,Veikko A. 
West Pe,nn Power Co. 
Cabin Hill Drive 
Greensbu'rg, Pa. 
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LIPSON, A. L. 
Virginia Electr~c & Power 
7th & Franklin Sts. 
Richmond, Va. 

L'ITTLE, Joyce II. 
Goucher College 
Dulaney Valley Road 
Towson, Maryland 

LLOYD, Diana A. 
FMC Corporation 
P. O. Box 8 
Princeton, New Jersey 

LOPEZ, Steve 
IBM 
112 E. Post Road 
White Plains, N. Y. 

LOUIS, Jene 
Long Island Lighting Co. 
175 Old Country Road 
Hicksville, New York 

LOWRIMORE t G. R. 
Hercules Powder Co. 
Radford Army Ammunition Plant 
Radford, Va. 

LUSSOW, Patricia 
General Electric Compo 
Ithaca, New York 

MAC LEOD" D. H. 
stetson University 
DeLand, Fla. 

MARTIN, C. 
IBM 
425 Park Avenue 
New York, New York 

MARTIN, Samuel F. 
US Aeronautical Charts 
2nd Arsonal st. 
St. Louis, Mo. 

IIC GElID, Lt.T. L. 
Naval Air Station 
Pen~acolaj Fla. 

£. lAUGHLIN, Jam.es J. 
Aray )laterials Res. Agency 
Watertown, Mass. 
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MEADS, M. E. 
Baltimore Gas & Electric 
Electric Building 
Baltimore, Maryland 

MERIWEATHER, P. Wayne 
NASA - MSFC 
Huntsville, Ala. 

, 

MILLER, Adelaide 
IBM 
1120 Conn. Avenue, N. W. 
Washington, D. C. 

MINKIN, Jean A. 
Institute for Cancer Research 
7701 Burholme Avenue 
Philadelphia, Pa. 

MOORHEAD, Patricia 
John Hancock Mutual Life Ins. 
200 Berkeley Street 
Boston, Mass. 

MONAHAN, Jeanette 
Rohn & Haas 
5000 Richmond St. 
Philadelphia, Pa. 

MOORE, E. T. 
A. and T. College 
Greensboro, N. C. 

MORRISSON, Thomas E. 
Speer Carbon Co. 
47th and Packard Road 
Niagara Falls, New York 

MUNROE, M. E. 
Universi'ty of New Hampshire 
Durham, New Hampshire 

NEWMAN, Edward 
MIT 
77 Massachusetts Ave. 
Cambridge, Mass. 

NICHOLS, R. E. 
Virginia Electric & Power Co. 
7th and Franklin sts. 
Richmond, Va. 

NORTHROP, David T. 
Fairchild Dumont Labs. 
750 Bloomfield Ave. 
Clifton, N. J. 

5.1.7 

NUNBERG, Bennett 
Leesona Moos Labs. 
Lake Success Park 
Great Neck, New York 

OGILVIE, Norman 
Airbourne Instruments Lab. 
Melville, New York 

OLIVER, James R. 
Univ. 'of Southwestern La. 
Box 1333 USL Sta. 
Lafayette, La. 

O'Neill, Brother B. E., 
M~hattan College 
Manhattan College Pkwy. 
New York, New York 

ORTH, Jr., E. J. 
Southern Services, Inc. 
P. 0, Box 2641 
Birmingham, Ala. 

ORTH, Richard 
Worthington Corporation 
Harrison, New Jersey 

OWENS, John D. 
New York Univeristy 
University Heights 
New York 53, New York 

PACINO, Salvatore 
General Nuclear Eng. Corp. 
P. O. Box 10 
Dunedin, Fla. 

PALMIERI, Anthony J. 
Grumman Aircraft Eng. Corp. 
South Oyster Bay Road 
Bethpage, Long Island, N. Y. 

PARSONS, Jr. G. G. 
Lublin, McGaughy & Assoc~ 
220 W. Freemason st. 
Norfolk, Va. 

PAQUIN, Nancy 
U. S. Public Health Service 
1901 Chapman Ave. 
Rockville, Md. 

PARKER, E. H. 
Baltimore Gas & Electric 
Gas and Electric Building 
Baltimore 3, Maryland 



PATERNITI, Richard 
IBM 
112 E. Post Road 
White Plains, N. Y. 

PAYNE, Gregson 
F.T. Nicholls State College 
Box 121 
Tltibodaux, La. 

PEARCE, D. J. 
E. I. DuPont 
Chattanooga, Tenn. 

PETERS, Carl B. 
Union County Tech. Inst. 
423 Park Ave. 
Scotch Plains, N. J. 

PETERSON, Andrew I. 
Univ. of Bridgeport 
Park Ave. 
Bridgeport, Conn. 

PETERSON, H. C. 
Air Reduction, Inc. 
Murray Hill, N. J. 

PIXLEY, David C. 
Bausch & Lomb, Inc. 
st. Paul st. 
Rochester, N. Y. 

PLEINES, W. w. 
Baltimore Gas & Electric 
Gas and Electric Building 
Baltimore 3, Maryland 

POINTER J John P. 
Tenn. PolytechniC lnst. 
Box 37 
Cookerville, Tenn. 

POWELL, E. R. 
Pan American World Airways 
Patrick AFB, Fla. 

PRATT, Richard L 
Air Force Inst. of Tech. 
Wright Patterson AFB, Ohio 

RANE, Dr., D. S. 
Pennsylvania Military College 
14th and Chestnut Sts. 
Chester, Pa. 

5.1.8 

RAVER, Richard E. 
W: R. Grace & Co·. 
Clarksville, Maryland 

REMILEN, Charles H. 
Eastman Kodak 
Lake Ave. 
Rochester, New York 

ROSENBARKER. I. E. 
IBM 
P. B. #6 
Endicott, N. Y. 

RICHARDSON, F. W. 
Jones & Lamson Mach. Co. 
60 Clinton St. 
Springfield, Vt. 

RICKER, Guy W. 
Jersey City State CDllege 
Boulevard 
Jersey City 5, New Jersey 

RIGGS, Heath K. 
Univ. of Vermont 
B~rlington, Vermont 

RILEY, R. B. 
A.D. Margison & Assoc., Ltd. 
1155 Leslie St. 
Don Mill s I Ont. Canada 

RODGER.S, .r. A. 
Baltimore Gas & Electric 
Gas and Electric Building 
Baltimore 3, Maryland 

RUSSELL, J ame s H. 
Gilbert Associates, Inc. 
525 Lancaster Ave. 
Re,ading, Pa. 

RUVOLI S, Leo 
York Junior College 
Country Club Road 
York, Pa. 

SABINE, Theodore R. 
Operations Research, Inc. 
1400 Spring St. 
Silver Spring, Md. 

SALEK, Franklin 
Hamden Testing Services,'Inc. 
87 Valley Road 
Montclair, New Jersey 
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SAMSON, Stephen L. 
US Atomic Energy Comm. 
376 Hudson St. 
New York, New York 

SAMSTAG, Jay 
U. S. Public Health Service 
1901 Chapman Ave. 
Rockville, Md. 

SANDIN, E. M. 
Baltimore Gas & Electric 
Gas and Electric Building 
Baltimore 3, Md. 

SAWYER, Dr., John W. 
Wake Forest College 
Box 7401 
Winston Salem, N. C. 

SCALETTI, Henry M. 
United Shoe Mach. Corp. 
Balch St. ' 
Beverly, Mass. 

SCHIFFMAN, Leonard 
Berger Associates, Inc. 
P. O. Box 1943 
Harrisburg, Pa, 

SCHLAGER, Dr. Gunther 
The Jackson Laboratory 
Bar Harbor, Maine 

SCHNECKER t Joe 
Bethlehem Steel Co. 
Bethlehem, Penna. 

SCHRODEL, C. S 
Sun Oil Co. 
1608 Walnut St. 
Philadelphia, Pa. 

SCOTT, Thomas J. 
Sun Oil Co. 
1608 Walnut St. 
Philadelphia 3, Pa. 

SEEWALD, Mil ton 
Texaco, Inc. 
P. O. Box 509 
Beacon, N. Y. 

SHEEHAN, Daniel M. 
Virginia Polytechnic Inst. 
Blackburg, Va. 

5.1.9 

SHIONO, Ryonosuke 
Univ. of Pittsburgh 
Pittsburg~ 13, Pa. 

SHORE, Maynard N. 
E. R. Squibb & Sons 
Georges Road 
New Brunswick, N. J. 

SILVERMAN, Joan 
IBM 
555 Madison Ave. 
New York, New York 

SINAN,IAN, Ed 
IBM 
425 Park Ave. 
New York, New York 

SMITH, Walter J. 
U. S. Naval Academy 
AnnapoliS, Md. 

SMITH, Welborn H. 
Airbourne Instruments Lab. 
Melville, New York 

SOUCY, Robert 
Transitron Electronic Corp. 
168 Albion st. 
Wakefield, Mass. 

SPARVERO, 'Luke J. 
FMC Corporation 
Dunham Road 
Meadville, Pa. 

SPITALNY, Arnold 
United Aircraft Corp. 
Helen st. 
Norwalk, Conn. 

SPRINGER, Berl .M. 
Southwestern Public Service 
3rd & Polk Street 
Amarillo, Texas 

STACD, Wanda 
AT&T 
32 Ave, of Amer. 
New York, New York 

STAIANO, E. F. 
Bucknell Univ. 
LeWisburg, Pa. 
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STANSBURY, James C. 
Halcon International, Inc. 
2 Park Avenue 
New York, New York 

STEINHART, R. F. 
IBM 
425 Park Ave. 

, New York, New York 

STONE, Eleanor 
Brandeis University 
Waltham, Mass. 

STORRER, R. L. 
Norwich Pharmacal Cq. 
Box 191 
Norwich 1, N. Y. 

SULLIVAN, Peter J. 
United Illumination Co. 
BO Temple street 
New Haven., Conn. 

SVIHLA, Edward B. 
Automatic Electric Labs. 
P. O. Box 17 
Northlake, Ill. 

TAYLOR, Carlis 
National Naval Med. Center 
Bethesda, Maryland 

TAYLOR, CDR., Dean 
U. S. Naval Academy 
Annapolis, Maryland 

TAYLOR, 'James S. 
Data Corporation 
7500 Old Xenia Pike 
Dayton, Ohio 

TEEPLES, Thomas C. 
George Washington Univ. 
300N. Washington St. 
Alexandria, Va. 

THOMAS, Edward 
Engineering Physics Co •. 
5515 Randolph Road 
Rockville, lid. 

TROMAS, Roy W. 
Southwestern Public Service 
Box 1261 
Amarillo, .,Texas 

5.1.10 

THOMPSON, E. E. 
Arkansas Power & Light 
6th and Pine 
Pine Bluff, Arkansas 

THOMPSON, William B. 
Photo & Repro. Div. 
General Aniline & Film Co. 
Binghamton, N. Y. 

TIERS, John 
Bethlehem Steel 
Bethlehem, Pat 

TRANTUM, J. W. 
Gen. Am. Trans. Co. 
7501 N. Natchez Ave. 
Chicago, Ill. 

TURNER, Don N. 
Nat's Aero & Space Adm. 
600 Independence Ave. 
Washington, D, C. 

VOYTOVICK, Sharon M. 
Syracuse University Resl Corp. 
P. O. Box 26 
Syracuse, New York 

WAGNER, Thomas F. 
IBM 
425 Park Ave. 
New York, New York 

WANG, Francesca 
Stevens Inst. of Tech. 
Hoboken, N. J. 

WEAVER, John 
University of Dela, 
Newar~, Dela. 

WEINER, Myrna S. 
Brandeis University 
Waltham, Mass. 

WEISS, Charles 
USAF Aeronautical Chart 
St.Louis, Mo. 

WELLS, Frank· J . 
Long Island Lgt; Co. 
175 Old Country Road 
Hicksville, New York 

WHELLER, R. C. 
Airborne Instruments Lab. 
Melville, New York 
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WHITACRE, C. G. 
Operations Research Group 
Edgewood Arsenal, Md. 

WHITE, Robert R. 
L.A. Dept. Water & Power 
207 S. Broadway 
Lps Angeles, Calif. 

WILLIAMS, Charles S. 
Washington & Lee Univ. 
Lexington, Va. 

WILLIAMS, D. D. 
Baltimore Gas and Electric 
Gas and Electric Building 
Bal timore 3, lid. 

WILSON, George 
Black & Veatch 
1500 Meadowlake Pkwy. 
Kansas City, Mo. 

WINGERSKY, Boty G. 
University of N. H. 
Durham, New Hampshire 

WINGERSKY, Marilyn S. 
University of N. H. 
Durham, New Hampshire 

WINGERT, Joseph T. 
Trenton Junior College 
101 w. State st. 
Trenton, N. J. 

WOLFF, Jack M. 
Brooklyn College 
Brooklyn 10, New York 

WOODRUFF, George H. 
N. J. State Highway Dept. 
1035 Parkway Ave. 
Trenton, N. J. 

WRIGHT, Donald L. 
George Washington Univ. 
37th and 0 Streets, N. W. 
Washington, D. C. 

WRIGHT, Lawrence 
Sprague Electric 
Marshall St. 
North Adams, Mass. 

5.1.11 

WYNN, W. Phil 
George Washington Univ. 
300 N. Washington St. 
Alexandria, Va. 

YACKULICS, Charles W. 
The Armstrong Rubber Co. 
475 Elm Street 
W. Haven, Conn. 

ZIMMERMAN, Leo F. 
E.I. DuPont de Nemours & Co. 
Savannah River Lab. 
Aiken, s. 9. 

ADDITIONS 

,DAVIS, Richard B .. 
Orange and Rockland utilities 
125 High Street 
Boston, Mass. 

KRENZER, Theodore J. 
Gleason Works 
1000 University Ave. 
Rochester, N. Y. 

QUIGLEY, James J. 
Orange & Rockland Utilities 
10 North Broadway 
Nyack, New York 

. STUDENTS 

CARLSON, Denni s 
Wesley College 
Dover, Dela. 

BEALLY, J. Rodge r 
Wesley College 
Dover, Dela. 

CLEMENT, Ronald 
Wesley College 
Dover, Dela. 

LIBERMAN, Nick 
Wesley College 
Dover, Dela. 

MORROW, Robert 
Wesley College 
Dover, Dela. 

WILSON, M. A. 
Wesley Co~lege 
Dover, Dela. 



PROGRAMS TEAMS CHAIRMEN 

1620 USERS GROUP - EASTERN REGION 

Mr. Frank J. Wells, Chairman 
Electric Utility Team 
1620 Users Group - Eastern Region 
Long Island Lighting Company 
175 Old Countr.y Road 
Hicksville, Long Island, New York 

Area ,16 - 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 70,06 

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 
1110 User~ Sub-Group 
Union Bag-Camp Paper Corporation 
P.O. Box 570 
Savannah, Georgia 

Area 912 - Phone:. AD 6-,111 

Mr. Thomas Scott, Chairman 
Structural and Oi vil Engineering Team 
1620 Users Group - Eastern Region 
Sun Oil Company 
1608 Walnut Street 
Philadelphia 3, Pennsylvania 

Phone: KI 6-1600 

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

Area 611 - Phone: 24,-4500 

Mr. Willi.~ ,H~lt~e;l., Altez-nate Qb~~ 
Structur~i~d 91v;i ,Et!g~eerjng ·Te~ 
1620 US$rs Qroup - Eas'tern ~egion . 
Newpor:t NewsSllipbuilding&Pry(j,Q.Cjk C()lIlP~ 
HewpQrt.¥~s, .Virginia 

;S;~2.1 

~'5"9 
"..(, ,~,' , '" 

~-"""" 

''\ ... ,'/ 



o 
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 Old Count~J Road 
Mineola, New York 

Area 516 - Phone: PI 7-1000 . 
E~t. 422 

Mr. Arnold Spi talny, Chairman 
Electronics Team 
1620 Users Group - Eastern Region 
United Aircraft Corporation 
Norden Division 
Norwalk, Connecticut 06852 

Area 203 -Phone: 838-4471 

Mr. C. Bailey, Chairman 
Plotting Team 
1620 Users Group - Eastern Region 
IBM Corporation 
Endicott, New York 

Mr. C. S. Schroedel, Acting Chair!T18n - 5/64 
Process and Chemical Engineering Team 
1620 Users Group - Eastern Region 
Sun Oil Cbmpa.ny 
1608 Walnut Street 
Philadelphia, Pennsylvania 

Phone: KI 6-1600 

Mr. Martin Goldberg, Al ternate Chairman and 
Secretary 

Electronics Team 
1620 Users Group - Eastern Region 

. United Aircraft Corporatio!l 
Norden Division 
Norwalk,Connecticut 068$2 

Area 203 - Phone: 838-4471 

Mr. E. E ... Newman, Alternate Chairman 
Plotting Team 
1620 Users Group - Eastern Region 
Department of Civil Engineering - Room 1-179 
Massachusetts Institute of Technology 
Cambridge 39, Massachusetts 
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Hay 28, 1964 

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

A.t a meeting or eight of the eleven Programs Teams Chairmen 
who ran sessions at this meeting of the 1620 Users Group - Eastern 
Region, the following i tams were discussed as indicated: 

1. It was suggested that the attendants at these sessions be asked to 
introduce themsel ves so that a spin t of comradery could .be fostered 
particularlY among those who wanted to have themselves considered as 
"permanent" members of the Teams. The question of the continuity of 
the Teams' efforts between meetings was discussed in this context. 

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

3. 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. 

h. A survey was asked for from each Programs Team Chairman of the inter­
ests which the "permanent" members ot his Team have in the ses SiODS 
or 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 v.s 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 halt, vas reviewed with the 
Programs Teams Chairmen with the suggestion that only those topiCS 
in programming and operating systems or exolusive interest to a parti­
cular Programs Team be included in that Team'ssession agenda. 

6. The matter ot continuity in Team. activities and leadership between 
meetings was discussed. Allot the Programs Teams Chairmen at this 
meeting agreed to continue their leadership at least until the next 
meeting or the Users Group. 

These items were subsequently reviewed with the three Programs 
Teams Chairmen not present at this meeting. 

D. D. Wllliams 
Program Chatman 
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System 

SURVEY OF TYPE 1620 PROGRAMMING SYSTEMS 

1620 Users Group - Eastern Region Meeting 
Washington J D. C. 

May 6, 7 and 8, 1964 

lIM Corporation 

Machine 
Requirements 

Statement Languages 

1. FORTRAN with Format (Card) - Fo-004, Ver IT 201 
2. FORTRAN with Format (Tape) - Fe-004, Ver II 20K 
3. FORTRAN II (Card) - FO-019 401 

Indirect Addressing 
Automatic Divide 

4. GOTRAN (Card) - PR-011 201 
S. GOTHAM (Tape ) - PR-OI0 20K 

Sl!!!bol1c LanS!:aS!8 

1. Symbolic Programming System (Card) - 20K 
SP-009 

2. Symbolic Programming System (Tape) - 201 
sp-ooB 

3. 1620/1710 SPS (Card) - SP-020 20K 
4. 1620/1710 SPS (Tar) - sP-021 201 
5. 1710 SPS II (Card - SP-007 201 
6. 1710 SPS II (Tape) - SP-006 201 
7. SPS III (Card) - SP-027 20K 

Indirect Addressing 
B. SPS III (Tape) - SP-028 201 

Indirect Addressing 

Statement and S~bol1c Lan~ales 

1. Monitor I (Card) - PR-02S 20K 
a. SPS n-D 1311 Disk Dri" 
b. FORTRAN II-D Indirect Addressing 

A.utomatic Divide 

2. Monitor I (Tape) - PR-026 201 
a. SPS II-D 1311 Disk Drive 
b. FORTRAN II-D Indirect Addressing 

Automatic Divide 

Detail 
Page 

1 
2 
3 

4 

S 

6 
6 

S.4.1 
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- Page 2 -

Machine 
Syatea Author Require_nta 

Users -
Statement Languages 

1. AFI'l' ~jrOVed FORTRAJ Pratt 20K 
(Card - 01.1.010 Air Force Institute 

ot 'echno1og' 
2. Complex FORTRAN (Tape) - Maskiell 20K 

06.0.008 McGraw-Edison COIIlP&n7 

3. FORTRAN 90 COllpUer and Borst 20K 
Subroutines (Card) - Bausch &: Lomb Optical Automatic Divide 
02.0.014 Company Indirect Addressing 

Move Flag 

h. FORTRAN 1/2 (Tape) - Anderson 20lC 
01.6.037 Jllen-Bradle.y Co.p~ 

S. FORTRAN I tor Magnetic Wenrick 201 
Tape System (Card) - ACF IndUIJ~ie8, Inc. Automatic Divide 
02.0.018 Indirect Addressing 

2 Tape Drives 
Move Flag 

6. FORTRAN I tor Magnetic Wenrick 60K 
Tape S7Stem with Auto- lC' Industries, Inc. Automatic Divide 
aatic noating Point Indirect Addres8ing 
(Card) - 02.0.02S 2 Tape Drives 

Hove Flag 
7. FORGO (Load &: Go FORTRAN) McClure hOI 

(Card) - 02.0.008 University ot Wisconsin Indirect Jddressing 
Au.tomatic Divide 

8. FARGO (Card) - 02.0.027 Heyworth 601 
University of JJ..berta Indirect Addressing 

AutcBa'tio Di'ride 
1 MagnetiC Tape Drift 

Move nag 
9. FOR-TO-GO (2 Pass FOROO) McClure hOI 

(Card) - 02.0.009 UJ11T8rsit7 of Wisconsin Indirect Addressing 
Automatic Di'ride 

10. Load It Go FORTRAN MailloU'X hOI 
(Card) - 01.1.009 Un1 verai t,. ot Al.berta Indirect .lddressing 

ll. Load & Go FORTRAN Mailloux hOI 
(Tape) - 01.1.008 Un1:nrsi ty of Alberta 

12. NOVATlWf I (Tape) - lorthrop 201 
02.0.012 Fairchild Caaer. & lnstr. 

13. trro FORTIWf (Card) - Lee 201 
02.0.024 Uni vera! ty of Toronto 

\(w~~ 
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- Page 3 -

C\ Machine 
sntea Author Requirements 

14. UTO FORTRAR Processor Field 201 
and Subroutines (Tape) - Univerait,y of Toronto 
02.0.011 

IS. .lutCllat1c noatiDI FOR'lRAI Brittain Automatic Di'9'icIe 
PrOC888iD1 S78tea - Sunstrand biation Indireot Jddre88iDg 
01.6.076 J.ut~t1c noatiDg Point 

Move Flag 

16. PDQ rORDAI (Card) - Xaak1ell 201 
2.0.031 HcGraw-Edison ec.p..., Automatic Dinde 

17. Mult1proc •• ainl rORftAI Carr 201 
(tape) - 1.1.00S Indiana Tech. College 

18. 601 Load It Go rCll'l'lWf Mailloux 601: 
(Card) - 1.1.019 Univerait7 of Alberta Indirect Addressing 

19. ICI Load It Go rOR'l'RAI Rumrill &£ rowler 201( 
(Tape) - 2.0.032 Beyuk College of lutOllatic Dinde 

Engineering Indirect lddressing 
Model 1 

.20. Rei Load It Go FORnAl Ru1Ir11l It loyler 201 

C) (Ced) - 2.0.029 Newark Col1ep of Automatic D1 'Yid.e 
lngiDeer1ng Indirect Addressing 

Modell 



- Page 4 -

Slstea 

S_bollc Language. 

1. Fast Assembler (Card) -
02.0.028 

2. OSAP AlJa8JIb1l' S7at. 
(Card) - 01.1.012 

3. SPS I for Magnetic Tape 
S1St.. (Card) - 02.0.021 

4. SPS II for Xagnetic Tape 
Syst.a (Card) - 01.6.011 

S. LAMP (Card) - 1.1.001 

6. Relocatab1e uS8mb17 
System (Card) - 1.1.020 

7. AlI! SPS (Card) - 1.1.023 

8. FAST .l'8seabler (Card) -
2.0.028 

Author 

HQWOrth 
UniTersit7 of A'lberta 

lumerical Caaputation 
Laboratory 

Ohio State Uniftrsit7 

Wenrick 
A'Cl Industries, Inc. 

Wenrick 
ICF Industrie., IDe. 

Matth78 
191 ~rporatiOD 

Richardson 
AUstralian !EO 

Pratt 
Air Force Institute 

of Technolog 

Mailloux & Darla 
UniT8rait7 of Alberta 

Machine 
Regu1r8l118nta 

601 
.lutca.tic Dirlde 

Indirect Addressing 
a'Magnetic Tape DriftS 

MOft Flag 

201 
Indireot Addressing 

60K, 

601 
3 Magnetic Tapes 

Autoaatic noat1ng Point 

201 

60K 
Indirect Addressing 

401 
Indirect Addressing 
Automatic DiT1de 

Move nag 
601 

2 Magnetic Tapes 
Indirect AddreSSing 
Automatic Divide 

Move nag 



DetaU Page 1 

PORTRAR with Foraat (Card) 

C; Machine 
'~~ProF- Author Regu1reaenta 

1. Card rORTRAI Coapressor - !ruh . Ind1reotAddreesiDg 
Ol.3.oo1~:! .. , IBM Corporation 

2. D.Jnamic !race - 01.4.011 Lesson Indireot Addressing 
1111 Corporation Mow nag 

3. POROOM Subroutine - 01.6.0S1 Pope Indirect Addressing 
Utah State tJDiftra1t7 

4. For..at FORT.RAN Object Deck Gi"t'Mr 
Compressor - 01.2.009 Brookqn College 

S. FORTRlN PONat Checker - Pont 
01.1.017 Dept. ot Public Works 

(Pta.no Rico) 

6. 0_ Function SubroutiDe - Paohon 201 
Positi" !rgaenw - Automatic.Eleotric Indireot AddreesiDg 
07.0.011.8 Labe, Inc. Automatic Di yide 

7. Plot Subroutine - 06.0.U9 Vanscha1lc: 10 Automatic DiTide 

e,1 11M Corporation 

8. Plot Subroutine - 01.6.0$6 i87Dolds 
Sprague Ileatria CoapaDl' 

9. Randall .. bar Subroutine P1Dk 
07.0.021 Iltt Corporation 

10. Subroutine tor Plotting witb Passino Automatic Divide 
a ClL-COMP Plotter - Todd Sh1pJVd Corp. Special Instructiona 
01.6.068 

11. LiDk Subroutine - 13.0.002 Poore 201 
Louisiana PI 

12. not Sv.broutine - 13 .0.001 Poore 201: 
Universi tJ' ot ICentuclq Indirect Addressing 

13. roRTRAR C0IIlpl'888or - Loader - Sabath 
1.2.007 I •• tun Kodak 

lb. FORDAH M-0Z7 Dap - 1.3.004 tIaland 601: 
Dow Chemical Ccap8ll7 Indireot Jddrea8ing 

IS. rCllTRAI Compressor and 7S Moore Indirect Addres8iDg 
ColuD Daap - 1.3.008 1111 Corporation 

C 
S.4.~ 
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ProF-

16. FORTlUI Coapres8or and Multi-
Programmer - 1.6.o4S 

17. FORCOM - 1.6.0Sl 

18. FORSTAD - 1.6.0S4 

19. Modified CDS FORCOMSub-
routine -1.6.096 

20. FOR!RAH Pre-Ccapiler -
ro-oo6 

21. Plot Subroutine - MP-lbI 

Author 

Gardner 
General rooda 

Pope 

Detail Page 1 
( Cont1nued) 

Machine 
Reguirement. 

201 

Indirect.&ddressinc 
Ut.ah State Uninrsi t,. 

ArJderson 
General Electric 

Webster 
V1ctor1aElectrtc1t7 

CoD1s8ion 

IB4: CO!'pOration 

IEII Corporation 

Indirect AddreSSing 

AutOilatic Divide 
OAL-CctIP Plotter 

467 
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1. 

2. 

3. 

h. 

S. 

6. 

7. 

Detail Page 2 

FOR!RAII with Format (Tape) 

Prop-_ 

Bessel Punctioo Subroutine -
07.0.031 

CAL-OOMP S6S Plotter Sub-
routine Pen - 13.0.00$ 

n,namic Trace - 01.4.012 

Random Haber Subroutine -
07.0.022 

Random I_bar' Subroutine -
07.0.009 

FORTRAN Lister - 1.1.007 

. FORTRAN Pre-Canpiler -
FO-OOS 

luthor 

SUDival1 
General luclear 

Eng. Corp. 

Michel 
Argonne Rational Lab. 

Laeeon 
IS( Corporation 

F1n1c 
IBM Corporation 

Sanders 
Abbott Laboratories 

Pratt 
Air Force Institute 

of Technology 

Ill{ Corporation 

Machine 
Requirements 

201 
Autanatic Di rlde 

Indirect Addressing 

. Indirect Addres8ing 
Move Flag 

S.4.7 
469 
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Detail page 3 

FORTRAN II (Card) 

,I" 

Machine 
Program Author Reguirements 'I.",,' 

. -
1. Dump Digit-X.'Un1oad MemolT Orth 60K 

Program - Self Load, Southern Services, Inc. 
FORTRAN II and Format 
Subroutine - 01.6.092 

2. FOReOM Subroutine - 01.6.074 Webster 
State Electrie1t7 

Commission ot Victoria 
(Australia) 

3. FORTRAN n S1mbol Table McIlvain 60K 
Punch - 01.6.067 Catalytic Construction Co. Move Flag 

4. FORTRAN II Diagnostician - Burgeson Indirect Addressing 
01.6.019 IlJ4: Corporation 

,. Format Statement Pres.lector - Morgan 
01.6.086 WaslrlDgton State 

Highway Depart.-nt 

6. Relocatable Cos J Sin, and White Automatic Ploating Point 
Exp. Subroutine., - Mqo Clinic Coaputer 
07.0.0)8 FacUity (,c".,\ 

" 7. Relocatable Plot Subroutine - Wbite 
1).0.004 MaTo Cl1rd.c Coaputer 

'acUit7 

8. RandClll Exponential IfuIlber Brq 
Generator Subprogram - Boeing Soientific 
06.0.111 Research Labs. 

9. RandOll Normal HUllber Bray Move Plag 
Generator Subprogram - Boeing Scientifio 
06.0.108 Research Labs. 

10. Subroutine tor Plotting with Fassino Move Flag 
CAL-COMP Plotter - 01.6.06S Todd Shipyard, Inc. 

11. 1620 SOR'1'-LibrUT function - MndersoD noating Point Hardware 
01.6.069 Sandia Corporation 

12. S7llbo1 Table 011 Cards - QbristeDa8n 'ltD' IDatructiOD 
01.3.011 $11vania Ilectric 

s,st.. - West 

13. Auto ... tic Floating Point 
Subroutine. - IH-024 

Iat Corporation Autoaat1c Floating Point 

C 
S.4.8 

t!67 



c ProE-

th.' blocatable DS and TBF 
Subroutines - 1.6.063 

is. ALTER n 

luthor 

White 
Mayo Clinic Computer 

Fac1l1t 7 

Levin 

Detail Page 3 
(COntinued) 

Machine 
Requirements 

Move Flag 

Hazeltine Reaearch Division 

S.h.9 470 



Szmbo11c PrOgra.!DS STate. (Card) 

Prosr-
1. Additional Instruction. 

Macro Subroutine - 01.1.002 

2. Input-QQtput Subrout1D.. -
01.6.028 

3. Multiple Precision Floating 
Point .Art tbmetic Sub­
routine - 01.6.041 

4. Relocator PrOgrUl - 01.2.00S 

S. SPS Modifier tor Magoetie 
Tape Operation - 01.6.039 

6. Multi-Purpose SPS Compressor '. 
1.1.006 

7. noat - 1.6.083 

Author 

Petersen 
Washington State 

H1ghvq Depart&ent 

D7kstra 
General Foods Research 

Center 

Hotfman 
Boeing COIIlpatl7 

Glans 
Purdue University 

Hollina 
-Bell TelephoDe Labs. 

Bate 
Wolt Research 

,and Developnent 

:G1nsburg 
D.S. P.B.S. 

'Mach1Jle 
Requir .. nta 

Indirect Addres'smg 

,20K 

601 
Indirect Addressing 
,Automatic Divide 

"MoTe nag" Instruction 

201 
Indirect Addressing 

aMove nag- Instruction 

Indirect Addressing 
JutClllatic Divide 

Moft nag 

S.h.10 

4'7 1 
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Symbolic Programming Slstem (Tape) 

Program Author 

1. Ass8mbq Program tar SPS Pratt 
Subroutines - 01.1.00) Air Force Institute 

ot TecbnoloU' 

2. Floating Po1ntlnput/Output Pratt 
Subroutines - 01.6.02) Air Force Institute 

of Teohnology 

Detail Page S 

Machine 
Requirements 

201 

201 

S.h.ll 

472 



1620/1710 SPS (Card) 

Program Author 

1. Floating Point Conversion Pratt 
Subroutines - 1.6.0$3 .lit- rorce Inst1 tut. 

ot Technology 

2. Label Reterence Indexer - Pratt 
1.1.014 A,ir Force Institute 

ot Teohnology 

3. Label Reterence Indexer Pratt 
Without Indirect Air Force Institute 
Addressing- 1.1.013 of Technology 

4. LlOS Floating to Fixed - Engelhardt 
1.6.048 Ill( Corporation 

S. L106 Floating to Filted - illpl.lla'rdt 
1.6.049 1111 Corporation 

6. Object Deck Analyser - Beveh 
1.6.060 John BaacoclC 

7. Symbol Table Punch - Bradshaw 
1.3.010 Christian Brothers 

Oollege 

8. Storage and Label Anal7aer - BOWMan . 
1.6.093 

1. Label Reterence Indexer -
1.1.022 

IlJ! Corporation 

Pratt 
:l\r Porce Ill8ti tute 

GtrecbDolGl7 

Machine 
Re9ui~menta 

Indirect Addressing 

Indirect AddressiDs 

Indirect AddreSSing 

Indireot .lddressing 

IncB.rect lddre8,s1ng 

IDdirect AddreSSing 

,S.b.'12 
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