

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FA (17U0U-Y~-{ 164)

101
106
111
116
121
126
202
207
212
217
222
227
303
308
313
318
323
328
404
409
514
419
424
429
505
510
515
520
529
601
606
611
616
621

+3139500675
¢4309664059=
«0000000000
+0000000000
+0000000000
+0000000000
«1135023727
06223256157~
< 000000000
+0000000000
«0000000000
+0000000000
¢1420318524
40000000000
+0000000000
+0000000000
«0000000000
49019303291~
¢2012897506
«1376238604
+0000000000
+0000000090
«0000000000
+0000000000
«1087084987
+1819402783
¢1024655024~
21143933398
+0000000000
04309664059+
¢2930202641
0000000000
0000000070
+0000000090

4
3
0
n
0
4]
5
3
0
4]
0
0
6
0
0
0
a
1
7
5
¢
0
0
0
7

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

Sample p‘ro b‘em
"29 x 3 Matrix A"

+504859647T=
01144258462
«0000000000
»0007000000
+0000000000
» 0000000000
¢2435556348~
» 0000000000
«0000000000
40000000000
«0000000000
« 0000000000
«3699632856~
29406537104~
«0000000000
« 0000000000
«2103429817=
+0000000000
¢9757463285«
05430837130
40000000000
+8001611163~
¢0000000000
+1515033341
+7908157834~

1=40000000000

0
G
0
3
5
0
0
n

+0000000000
3348422218~=
+0000000000
2343888578
e1330461241~
02273862205
«00200000000
¢1196194835=

F 3

+6178035335
«0000000000
+0000000000
#0000000000
+0000000000
40000000000
3472949305

* 45254421003

w OO WO ¥ W OO

o Xk NP X = O O O >

« 0020000000
+0N00000020
0000000000
00000606000
+1475097139
¢5240639171=
2399646300
27200680527~
» 0000000000
¢6385646884~
+6139115888
1153271155~
03481976210
00000000000
+0000000000
48239782252=
02528029819
1045721812~
03879432551
+0000000000
+ 0000000000
04196061725=
01033342696
46737892793~
3313806204
0000000000

PAGE

Cv-164

CN 007-2,

REPORT Zn Lgl

MODEL
DATE

¢6385646884=
+9661205558~
«0000000000
+ 0000000000
¢0000000000
+0000000000

3 ¢8239782252«

#* > N 00 D o~ 94 O H WMo O

2 O O O 10

+0000000000
+0000000000
+ 0000000000
20000000090
061780353325
41960681725~
03301825977
+ 0000000000
21930041152
+ 0000000000
03472949305
01629996030~
20000000000
00000000000
« 0000000000
00000000000
¢1475097189
04172936739~
01425800171
+0000000000
+0000000000
01611736022~
06139115888
¢3152509181
+10%303%1688
¢0000000000
00000000000

0
4
0

5
é
0
0
0
0
6
4
4
0
0

All

6/20/56

01515033341
£0000000000
+0000000000
«0000000000
+0090000000
+5048596477=
02343888578
40000000000
+NAN0000000
«0000000000
+0000000000
02635555348«
¢1114095918
219318081645
01062027047~
«0ONO0N000
«2000000000
«3699637856~
+0000000000
«0000000000
«NO0O0HAOO
+0000000000
«0000000000
9757663285~
02114887018~
0000000000
+0000000000
+1139380806

1-00060000000

é
6

5
0
¢

47908157836~
«0000000C00
+0000000000
«00N00OB000
01478294679

9-418

m O O OO0 00 w»M > 0o 0 DO 3000 WO 9900 00 S &



626
702
707
712
717
722
727
803
808
813
818
823
828
904
909
914
919
924
929
1005
1010
1015
1020
1025
1101
1106
1111
é 1116
Z 1121
<1126

1202

1207

1212

1217

9-(164)

«0100020000
06223256157=
¢8233509877
+0000000000
¢02000000C0
+0000000000
61524555205
«0000000000
06689125411
«000000000¢C
+0200000050
«0000000000
«0000000000
1376238604
+1030162389
¢00000000C0
+0000020000
«0000000000
20000000000
01819402783
62854295760
02676268826
07422888090
«0000000070
«0000000000
¢0000000070
«4391570185%
01917222437~
«N 000000070
20200000000
+0000000970
«C500000090
03342415114
¢1576569586~=

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

"29 x 29 Matrix A"

0 «C000000000
3 ,1114095918
6 41054048388
0 21855177321
0 +0002000000
0 «1582955618~
4 40000000000
0 +0000000600
6 40000000000
0 40000000000
0 «0000000000
0 20000000000
0 40000000000
5 42114887918~
6 40000000000
0 40000000000
0 40002000000
0 40050000900
0 40000000000
1=0001000000
£ 41885468074~
6 48459686315
5 ¢1985600764~
N 40000000000
0 +0000000000
0 +000R000000
7 40000000000
7 40090000000
7 400000000
0 40600000000
0 ¢1931808165
0 400065000000
7 41273862810~

T 1673271194

S O O \m O M, W, O

L NS .

035276495 T4
«1629996030~
42442203826~
01629518823~
+53834576336
«0700000000
04009420664~
24172939730=
¢ 0000000000
0+ 0000000000
40000000000
+0000000000
¢9661205558~
+3182509181
+0000000000
+0000000000
$00N0000000
«0000000000
«0000000600
+CAD000N0NO
01991422306~
«1094800400
«0000000000
«0000000000
¢3301825977
« 0000000000
« 0000000000
¢ 0000000000
«00N0000N00
+0000000000
«0000000000
«0020000000
01956470381
+0000000000

Hw kom0 O

CV-164

*pAGE

CH 007-25

REPORT ZM 191

MODEL
DATE

+0000000000
¢2528029819
+000000000N
«0000000000
+ 0000000000
0000000000
« 0000000000
01033342696
+0000000000
+0000000000
+0000000000
+10831731758
5254421003

6 02442203826~

>

200000060000
+00000060000
«0000000000
+00000060000
+5240639171~
+ 000 00ONN00
00000000000
+0000000000
+ 0000000000
$9297632177
$1153271155~
+ 0000000000
+ 0000000000
+ 0000000000
+ 0000000000
«0000000000
01045721812~
01991422306=
¢1121533334

0 1252089151~

All
6/20/56

01144258462
21330461241~
+ 0000000000
«0000000000
«0000000000
01216818947
«0000000000
21054048388~
+ 0000000000
+0000000000
+ 0000000000
2107882001~

09406537104~

+0000000000
+0000000000
+0000000000
«0000000000
+0000000000
+5430837130
«OD0000000
«0N00000000
+0000000000
22168340073
40000000000
+0000000000
01885468074~
+1887073127
¢6536977121
+0000090000
+0000000000
+2273852205
+0000000000
+0000000000
¢3665006317

9-419



K LATVUVTTTN AU

1222
1227
1303
1308
1213
1318
1323
3328
1404
1409
1414
1419
1424
1429
1505
1510
1515
1520
1525
1601
1606
1611
1616
1621
1626
1702
1707
1712
1717
1722
1727
1803
1808
1813

«0000000000
20000200000
00000000000
20000000000
01513472040
21060695183~
00000000000
01603925408
«0000000000
#0000000000
22142369990
01099693602~
« 0000000000
01043693818
01024655024»
02676268826~
01042037298
02533990430~
0000000000

0
0
0
0
7
7
0
5
0
0
7
7
0
5
0
6
1
6
0

+£GC000000CO0 70

«0000000000
01917222437=
+1988558802
¢7969245389
¢0000000000
+0000000000
¢0000000000
01576569586~
01639841941
02399376310
«0000000000
«0000000000
«0000000029
¢1060695183=

0
7
7
4
0
0
0
7
7
4
0
0
0

7

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP.

BAN DIEGO CALIFORNIA

"29 x 29

0000000000
C1764121224
«0000000000
«0C000000N0
+8821830093~
+6620139333
«0000000000
0000000000
«0000000000
+0000000000
0000000000
40000000000
«0000000000
«0000020000
+0000000000
.1887073127
22866537811~
«1120507474
«0000000000
«0000000000
+0000000000
+0000000000
01112163267~

+0000000000

«0000000000
01062027047~
«0000000000
01651194109
03579762830~
¢0000000000
09698398057~
¢0000000000
«0000000000
08607917470

O P X OO O OO OOWmO O OO0 O 00 X O WO O P %

Matrix A"

01247106123~
0000000000
01425800171
00000000000
«+0000000000
0000000000
+6721400032~
0000000000
1050351686
«0000000000
¢0000000000
+0000000000

+5206830094=

«0000000000
20000000000
¢1121533334
01427618785
20000000000
0000000000
20000000000
40000000000
+0000000000
¢3354713188
20000000000
s0000000000
s0000000000
¢ 0000000000
¢0000000000
03668268233
06856066033
+0000000000
¢N000000000
« 0000000000

5

n

»

CV-164

PAGE

G¥ 007-26

rREPORT ZM 1,91

MoDEL All

DATE

+0000060000
40000000000
2673789279 2=
0000000000
+00006000000
+0000080000
0000000000
«0000000000
01629815823
¢1956470381
«0000060000
20000000000
+0000000000

0 22399846300

0000000000

S +0000000000
5 49775445338~

097754453328« &

40000060000
5236259731~
+3481976210
40000000000
40000000000
+3077875222~
40000000000
40000000000
3579432551
+1094800400
+1427618785
+7618149984
+0000000000
0000000009
3313806204
¢0000060000
233584713184

6/20/56

«0000000000
«0000000000
+1855177321
«1272862810~
+1651194109
+5438769491
»0000000000
¢0000000000
+0000000000
48821830093~
28607917470
44120597796
+0000000000
10000000000
+0000000000
+0000000000
+8968755097
21221170247~
+0000000000
+0000000000
28459688315
22866537811~
¢9157295648~
+0000000000
10000000000
20000000000
+0000000000
¢1112163287=
01000440533«
+0000000000
40000000000
+0000000000
01673271194
+3570762830=

9-420

0
0
A
5
4
]
0
0
0
5
4
6
0
0
0
0
A
5
0
0
Iy
(]
é
0
0
0
0
8
T
0
0
0
4
8



1818
1823
1828
1904
1909
1914
1919
1924
1929
2005
2010
2015
2020
2028
2101
2106
2111
2116
2121
2126
2202
2207
2212
2217
2222
» 2227
%2303
~ 2308
%2313

2318

2323

2328

2404

2509

9-(164)

014694353793
$7472618142
27494316235«
«0000000000
+0000000000
+1099693602~
«1407180846
+0000000000
«5184782667~
«1143933398
07422888090
$2533990430=
07922590978
+0000000000
«0000000000
«000000000C0
«0000000000
«7969265389
»9921300572
+0000000000
+0000000000
+0000000000
+0000000000
02399376310
01397454025
40000000000
« 0000000020
+0000000000
+0000000000
¢7472618142
07628170177
00000000000
+0000000000
¢6000000000

> O w & N

O O O O & O O O O ~N & O QO O O O & O D D O O & v QO I O -4 -

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

*20 x 29 Matrix A"

« 7820299122~
+0000000000
+0000000000
+00006000000
1000000000
48968755097
+0000000000
«0000000000
+0000000000
+0000000000
46536977121
29157295648~
01712443284~
+0000000000
+0000000000
+0000000000
«3665006317
¢1000440533~=
03597784223~
+0000000000
+0000000000
+0000000000
«5438769491
+1198305783~
«6496881001~
«2077971907
40010000000
¢0000000000
24120597796
«8141394397=
+0000000000
08380147004
«1139380806
02168340073

5
¢
»
o]
#
4
0
0
0
#
&
&
6
#
0
0
6
7
5
»
»
#
é
7
5
]
*

$ O O o o

+0000000000
03140563591
20000000000
+0000000000
«0N0000N000
¢3077875221~
40000000000
02087724571
+0000000000
«0000000000
«1252089151~
¢7618149984
¢2251419427
+0000000000
¢15300411582
«0000000000
+0000000000
+2472433668
+2599568678
¢1762507593
«0000000000
+ 0000000000
#0000000000
¢1117285798
03036412342
¢0000000000
+ 0000000000
+0000000000
+0000000000
¢1407101198=
06301189950
»0000000000
40000000000
«0000000000

Cv-l64

PAGE

CN 007-27

REPORT ZM 191

MODEL
DATE

0 2472433668 &
6 40000000000 0
«0000000000 0
5834576336 5
+0000000000 0
5 43668268233 5
* 41117285796 5
6 20000000000 0
+7200680527= 4
+0000000000 0
5 40000000000 0
5 «0000000000 0
5 +1407101198« 5
6809209483~ 3
4 40000000000 0
0000000000 0
+0000000000 ©
4 40000000000 0
5 41275801501~ &
5 40000000000 0
+0000000000 0
40000000000 0
40000000000 0
5 42251619427 5
4 46237452968~ &
+0000000000 0
40000000000 0
40000000000 0
0000000000 0
5 42599568678 -5

¢3133104375= 6

+0000000000
40000000000

0
0

01247106123~ 5

All
&/20/56

01198305783~
¢0000000000
40000000000
+0000000000
06620129333
+7820299122~
08141394397=
40000000000
¢8001611163~
« 0000000000
20000000000
+0000000000
#3153213201
+0000000000
+3348422218~
¢1989600764~
41120507474

e1712443284

02162222531
+0000000000
01196194835~
+0000000000
+0000000000
03897784223~
04528849346
«00000006000

#15829554818=~

+0000000000
«3000000000
¢5496881001~
+0000000000
02103429817~
«0000000000
«0000000000

9-421
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2414
2419
2424
2429
2505
2810
2518
2520
2525
2601
2606
2611
2616
2621
2626
2702
2707
2712
2717
2122
2727
2803
2808
2813
2818
72823
= 2828
v
§2904
%2909
<2914
1.
2919
2924
2929

+0000000000
+ 0000000000
21351326026
+0000000000
+0000000000
«0000000000
+0000000000
¢ 0000000000
08684594515
¢0000000000
+00000000C0
«0000000000
¢+ 0600000000
«0000000000
06770817700
«0000060000
61524555205
«0000000000
¢0000000000
#0000000000
+3498604061
09019303291~
«0000000000
21603925408
07494316235~
«0000000000
¢3241272409
+0000000000
+0000000050
+10436938186
¢4184782667=
«0000000090
+7014090267

"29 x 29 Matrix A"

61221170247~
¢3153213201
06641036020=
+ 0000000000
«1478294679
+0000000000
«0000000000
02162222531
02091887123~
+0000000000
+1216818947
«0000000000
+0000000000
04528849346
«3261077612~
«0000000000
+2107882001~
«0002000000
20000000000
+0000000000
+0000000000
+0000000000
+0000000000
+0000000000

0000000000

02144214568«
01202951677~
+000C000000
«0000000000
00000000000
20000000000
+8081281290
21221170247~

40000000000
¢1275801501=
5339020821
0000000000
0000000000
+0000000000
«0000000000
06237452071~
01293433351
400060000000
+1083173175
+0000000600
+0000000000
03133104375~
«1244318960
+0000000000
40000000000
«0000000000
+0000000000
¢1332483536~
40000000000
01611736022~
¢9297632177
¢5236259731~
16809209483~
06142767648~
+0000000000
0000000000
20000000000
+0000000000
40000000000
+1332447094~
0000000000

o

o

o

CV-164

PAGE

CR 007-28

REPORT 2ZM 91
MODEL All

DATE

268356066033
03036412342
01532483536=
+0000000000
«0000000000
8721400032~
¢3140553591
06301189950
841427678648~
«0000000000
#0000000000
¢5206830054~
022087724571
5339020821
e13324470%4=
+0000000000
«0000000000
0000000000
20000000000
01293433381
« 0000000000

1-¢3527649574~

2

3
3
6

0000000000
+00000060000
01762507593
«1244318960
+0000000000
¢4009420664=
40000000000
+0000000000
«0000000000
0000000000
+8856066033

6/20/5

0000000000
0000000000
02144214868~
«0000000000
+0000000000
40000000000
+0000000000
¢6641036020=
48081281290
+0000000000
0000000000
20000000000
40000000000
+2091887123~
0000000000
40000000000
+0000000000
+0000000000
+0000000000
03261077612~
40000000000
40000000000
+1764121224
49698398087~
$2077971907
$0000000000
+0000000000
40000000000
0000000090
0000000000
48380147004
¢1202951877=
40000000000

9-422
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000505 41452 "Reader

1

Do e RN R S I S CURY S )

L I e R o T o S T = S S S S R =)
O 0 W ~N O Wwm S W N - O

NN
N -

NN
W W

3T 26
4
T 27
o~

<28

=30

N
31
32
33
34

¢3139500675
06309664059=
0504859647 T~
«2343888578
(6178035335
44196061728~
«3301825977
¢1062027047=
+2103629817=
«3472945305
01629996030
40800000000
$1515033341
07908157834«
«0000000000
+0000000000
0000000000
04309664050
02930202641
$2273862205

+ 2000000020
9352764957 4=

01629956030~
02442203826~
85834576336
«1524358205
¢1033342696
2107882001~
01376238604
01030162389
oOOOOOOOOQO
¢2676268826=
01989600764~
«0000020000

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

%290 x 29 Matrix A dehydrated"

oard for imput"

05048596477~
01144258462
01135023727
46223256157~
42435556348
¢1114095918
«19318081%5
+ 0000000000
+0000000000
+3699632856=
+0000000000
¢3481976210
08239782252~
¢2528029819
01045721812~
¢3579432551
«1139380806
¢2343888578
e1330461241=
+6737892793~

¢1196194835«
+0000000000

2528029819
+000C000000
+0000000000
+0000000000
¢1054048388~
+0000000000
¢2114887918«~
«0000000000 2
02854295760
«8453686315
«0N0B000000
033018257717

S o= O = O NNy OO N = WUV W W

¢6178035335
+0000000000
¢2435556348
¢0000000000
+1420318524
+0000000000
«0000000000
+7200680527=
¢9019303291~
¢2012897506
01376238604
« 0000000000
#1475097189
04172939739=
¢1425800171
« 00500006000
40000000000
+4196081725«
s1033342696
«1050351685

+0000000000
01144258462

¢1330461241~
21855177321
+1582955618~=
W 4009420664=
6689125411
09661205555~
63152509181
05240639171~
41885468074~
+1094800400
02168340073
¢1153271155=

B

MODEL

Cv-164
PAGE

REPORT ZM hgl

DATE

06385646884~
296612085585=
¢3472949305
05254421003
¢3699632856=
05406537106~
42399844300
+1930041182
« 0000000000
29757463285~
¢8430837130
+8001611163~
+9757463285=
$2114887918~
+0000000000
¢1143933398
¢1611736022~
06139115888
+315250918)
+0000000000

01478204679
¢622325615%7=

¢823390%877
01629515823~
« 0000000000
s 0000000000
«0000000000
¢5254421003
202442203826~
+5430837130
01991422306~
«0000000000
s 00000NN000
+0000000000

O O v o o> 00O P 0NN e

b
]

6
)
2
3
é
é
1
3
16

2
6
4
4
1
>
4

CH 007-B

All
6/20/56

201515033341

4

0000000000 19

8239782282«

4

s+0000000000 19

1475097189
05240639171-
«00300000000
+0000000000
+6385646884~
06139115888
¢1283271186~
+0000000000
41087084987
e1819402783
01024655024~
43348422218
«00000060009

47908157836~

«0000000000.
03313806204

+2712698998

¢1054048388~
+0000000000
1216818947
¢41729367309=
¢1083173175
22406537104~
+0000000000
«18192402783
«0000000000
s 7422888090
69297632177
01885468074~

9-423
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35
36
37
38
39
40
41
42
43
44
as
46
47
48
49
50
51
52
53
54

55
56
57
58

3 59

T 60

S 61

[= 8

S 62

263
64
658
56
67
68

«4391970185
«6536977121
02273862205
01278862810~
«1673271194
01247106122~
067376892792«
¢8821830093=
¢00000C0000
+1603925408
+1956470381
01099693602~
+0000000000
01024655024~
«0000000000
¢8968755097
+0000000000
¢8459686315
e1112163267=
+0000600000
«0000000000
00000000000
+36682682313
06856066033
+0000000000
03354713188
22472433668
40000000000
¢6620139333
7820299122«
+0000000000
¢7200680527=
06536977121
¢7618149984

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN CIEGO CALIFORNIA

"29 x 29 Matrix A dehydrated®

« 0000000000
« 0000000000
«0000000000
01956470381
0000000000
+0000000000
¢1855177321
«0000000000
05438769491
20000000000
¢8821830093~
«0000000000
¢1043693818

«0000000000 -

«1042037298
¢2533990430~
05236259731~
01917222437~
«3354713188
+0000000000
¢1094800400
¢1427618785
+7618149984
«0000000000
01673271194
43579762830~
¢1198305783=
e7494316235~
21099693602~
+1407180846
02087724571

08001611163~

1252089151~
+0000000000

2
10

2
5
0
2
4
1
6
5
5
2
5
3
7
6
3
T
5
1
5
5
5
2
A
5
7
5
7
7
6
5
5
1

01887073127
¢1931808165
01991422304~
01121533334
¢1252089151«
¢1764121224
40000000000
01651194109
20000000000
01050351686
02142369990
04120597796
«0000000000
02676268826=
¢2856537811=
¢1120507474
+0000000000
+0000000000
430778715222«
01062027047~
«0800000000
01112163267=
¢1000440533~
09698398057~
01060695183=
+1494353793
07472618142
¢ 0000000000
¢8968755097
+0000000900
+0000000000
¢1143933398
+0000000000
07922590375

CV-164

PAGE

ON 007-30

REPORT Z¥ )91
MODEL A1l

DATE

¢1917222437~
20000000000
+ 0000000000
20000000000
03665006317
+0000000000
21278862810«
$1060695183«
06721400032~
01625515823=
40000000000
20000000000
22399646300
21887073127
01427618785
«0000000000
+3481976210
¢286653781 1~
89315729564 8m
00000000000
01576569586
01639841941
02399376310
«0000000000
08607917470
07820299122~
¢0000000000
65834576336
03077875221~
01117285796
+4184782667=
¢ 0000000000
+2533990430~
¢1712443284=

™ W W wm U OOw MmO 0 YW =Nl 00 OO0 9

6/20/56

+0000000000
1045721812~
3342415114
01576569586~
«0000000000
41425800171
¢1513472040
¢6620139333
+N000000000

40000000000

8607917470
05206830094~
+0000000000
1121533334
89775445338
01221170247~
+0000000000
+1988559802
47969245389
#3579432551
1651194109
03579762830~
«0000000000
+3313806204
9775445338~
¢0000000000
43140563891
0000000000
¢3668268R27313
«8141394397=
20000000000
07422888090
09157295648~
02251410427

9-424



69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
392
= 94

t
g 95

¢1407101198~
+1930041152
0000000000
01000440533~
¢3597784223=
1762507592
«0000000000
03597784223~
+4528849346
0000000000
¢1407101198=
+6301189950
¢2103429817~
«000000C000
06856066033
+0000000000
02144214568~
¢« 0000000070
6301189950
24142767648~
+0000000000
04528849346
03261077612~
¢2107882001~=
63498604061
03527649574
1603925408

=]
2 9647494316235~

-~
™~ 97
C o

“ 98
99
100
101

+0000000000
2241272409
¢1043693813
«00C0000000
e7014090267

[ASEENY: BERV. BEEN e R AL

o O VM W, o0y O8O O W W WM

WO

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DMIEGO CALIFORNIA

*29 x 29

¢3153213201
«0000C00000
+3665006317
02672433668
42599568678
«0000000000
+2399376310
«1397444025
«0000000000
04120597796
02599568678
«3133104375=
+0000000000
¢1247106123=
«0000000000
«1351326026
«0000000000
«3140563591
06641036020~
«8081281290
+5206830094~
¢3133104375=
«1244318960
+0000000000
+0000000000
+0000000000
+0000000000
«0000000000
02144214568~
61202951677~
20006000090
«8081281290
¢3152213201

~ & Wm0 W

(S I e G I S T I ¢ L e T RN L B o T o SV - I |

o

1

£ W LM v O O N W

un

Matrix A dehydrated"

¢0000000000
03348422218~
¢0000000000
« 0000000000
01275801501~
+1196194835~
41198305783~
06696881001~
$2077971907
+0000000000
46496881001~
+ 0000000000
«1139380806
+ 0000000000
+3153213201
06641036020
«1478294679
+0000000000
¢8684594515
40000000000
40000000000
05339020821
01332447094~
01532483536~
+9019303291~
«9297632177
¢5236259731=
05809209483~
04162767648
+0000000009
041846782667~
+1332447054~
«0000000000

NS TN LW N YL Oy U e D e AR N OO e N

CV-164

PAGE

C¥ 007-31

REPORT ZM 191

MODEL
DATE

06809209483~
¢« 0000000000
¢1120507474
01712443284
02162222531
+0000000000
01117285796
03036412342
+ 0000000000
07672618142
¢ 7628170177
+8380147004
+ 0000000000
¢1221170247~
+1275801801=
05339020821
00000000000
¢2162222531
32091887123«
01216818947
22087724571
¢2091887123«
+0000000000
e129343335)
+0000000000
20000000009
« 0000000000
+1762507593
¢1244318960
s4009420664=
0000600000
+0000000000
¢68092N9483=

All
6/20/56

0000000000
21989600764~
07969245389
49921300572
+0000000000
283438789491
02251419427
+8237452948~
0158295561 8=
08141294307~
40000000000

0000000000

02168340073
« 0000000000
23036412342
¢1592483538~
¢86721400032~
6237452071~
012935333851
+1083173175
+0000000000
46770817700
¢1524555208
+3261077612~
01611736022~
01764121224
09698398057~
+2077971907
«0000000000
«0000000000
08380147004
+1202951677-
«0000000000

9-425



PX 71900-9-(164)

[+ LV B S UUIY N B

101
106
111
116
121
126

02
207
212
217
222
227
303
308
313
318
323
328
404
409
414
419
424
429
305
510
515

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

"29 x 29 Matrix A - Largest 27 Eigenvalues"

«60503891256
i1646348332
«1094844363
¢2201522604
%, 5232201519
2743508278

«4820657418
01490469395
07522861997
¢1811715067
¢3466753013
4 41721685082

w NN~

“Bigenvectors of last

01697784185«
02874675464
¢9123459799
«1244212824
02627652997
¢1490918836~
+8314540038
¢9138417021~
01717095256
06806955943
09677660624
02545626737
«1620893973=
¢6481718209
¢1525161930~
03122803859«
¢2313591327
06192696442
46393032289
07728232204
«2412643761~
«1183740303=
¢ 7058714447
¢2193589782
04541021708~
5546211914
¢1146143609

1=¢6755937912
1241092355938~
1244039786652
0 +248052225%
0 «1974710336
0 41515251822~
1243201122824«
1-41829969611~
0 2659664187
1=,6%59660649
141073834896=
0 ¢2624732735
0 41435047883
2241386099989
0 «1609666900-
0 +6186870996
0 41955914483
143006676827~
1=49352180874
142161610841~
1=02944370100=
0 +4367102724~
1241829903787
0 42078166822~
1=47863391329~
2¢2984743251
0 42057434154

3700033876
01347716962
06464302894
01406394162
02798447725
«0000000000

PV A N

CV-164

PAGE CK 007-%2
REPORT 7} b91
MODEL All
DATE 6/20/56
7 3225412389 7 #2877327277
7 01225370950A 7 91129763458
6 95105663229 & 2580032290
6 1343232215 & 9338440632
5 21743699669 S5 49583780118
2+ Q000000000 0 «0000000000

11 Eigenvalues obtained"

1=43657751654=
0 41728186382«
142948166163
0 46521085402
1-48591464683
0 42346617991«
0 +17746026901
1+41996857545
2243263859225
147992108421~
0 46037754732~
0 #1114319574
0 ¢2972567397
0 42881271292~
1=41834046828%~
1241811915179~
0 ¢3511148665=
0 ¢9607619630
1~41564768509=
0 46024493102«
0 3231233726=
0 ¢1664313204
0 41071008541
1245997832757
241349249255~
1=45053491244
0 ¢1740178109

0 +1816290725
1=41517315504
1=45848954248
1+91802914272
1+44886983299
0 2057953153
0 +4023391958
0 ¢1821323809~
1242572519443
1~42550118370
0 41782293867
1-¢1328396579=
0 41179961371~
0 41548336312
0 ¢1129682931~
0 48749586086
1=32620749084
4=43521373071
142182667306~
1=¢1114373095
0 «2058412532
0 +1957903960
0 #3954392783«
1=41686872136=
1-44557548178
1=41222528709
0 62517806679

0 ¢4058064022
0 ¢1450655492
1+41642059T64
0 ¢9849787016
0 «1219075434
0 #2124168233-
0 +2868576789=~
0 46357639569
1-¢4394512908
1~47852701205~
0 46350016265~
1=¢5334475993
145001866488
141541665227
0 41365687921
1=42438235328=
0 +4325840206
244685902758
1-45753742916
0 ¢1370486117
0 +2996875851
0 +2054768987=
1-44003045901~
0 46101353041~
2=42167726330=
0 ¢6495213538
0 ¢2282304439

9-426
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1=
1=
1=
0



1900-9-(164)

«2953384703
2472226701~
09872538702
«1374329011~
02908455711
21198812814
0285384327 3=
+1931608232
2561387440~
«1583348658
$8227234338
01601919207
¢1918084555~
«9964869954
6141797702~
01425485252
+6837600983
02061056146
«1057026602
2055625735
01241868296~
04615453073
02343719156
«2578171728
«8867986790-
4687968794
01402282325
1931098290~
+82795944112+
41031312519~
03272412921
06548373728
«4233536414=
69652626801

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

0 ¢1615788842
0 «1401179015
1=e 2602498939~
1245364956371
lee 4470656228~
0 ¢2463240048=
0 42024274199
1=e1784416024
0 ¢3238764402
0 ¢3137682609
1=47917191980=~
0 ¢1914955548
0 1560439940~
1410432866043~
1=45802298607~
1=43345808888
1=42418526175
0 ¢3541688532
143945798687
0 03616729594
0 «2200037762~
0 ¢7436527908=
1=42749795002~
1249245449595~
1243590653941~
141918261949~
1241127049421~
12492475922
2=65122606982=
1=44919491178
0 +3983715423
0 +1322672424
3-41411090518~
141440845923

0 21447275071
0 ¢2432285432
0 ¢4556905858
1=41107903066
1-48331004188
0 42197142242
0 +2767826831
1=47835559702
0 +1390626257
1=45754754076
1=42729067231~
0 41272063791~
0 ¢7616729855=
0 43308523595
149705684006~
0 ¢2015108966~
1+42472209480
141576327795
0 ¢2271121982
0 44028024152~
0 41922119896~
3=45319631179~
1=49006965406=
1=41601742298~
1=43372141267
141337762857
2=42704605938~=
2=42137876390
2=04697118496
1-42769634266
0 42569282457
0 44426966511
0 +2784736623=
0 «7540430686~

CV-164

PAGE

CN 007-33

reporT ZM 1191
mMopeL All

DATE

0 ¢3142234047
0 44693848755
0 1924160211
142635041571
1-46903861859
0 2178639709
0 81051527654
2me359742847 3~
0 7098771774
0 41152095186
141008935401
0 2047718818
141409317877~
0 ¢3120370141=
1248509412051=
1-¢9353284944
1-41103324698
0 3847625000
0 41507579325~
0 6369742701
241862118391
1-e1389994164~
1-41836035234~
0 43353042183~
1=44296493994
1262127323634
245376445899
1=47163426069
1~42279688404
0 +2374814917
0 3027827199
0 62430701760

1-63100173512~

3=42027677427~

6/20/56

0 3534751444~
0 #1371039%00~
0 1337630529
0 1116530260
1=¢3254714380~
0 42041412880~
0 48090153012
0 «1019303177
1=41460346445~
0 8347188007
0 ¢1765852304
0 +1495487239
0 «44T4957826
1~¢6010294681
2-41116441731
2-48510108628
0 3293018632
0 «2297059867
0 82176791400
0 92309429004
0 42949753932
0 41027053755~
0 ¢2913061208~
1+42926734688
1=43331653875=
1-41208657289
3=e1616780489=
1=42721548472
0 +1262890288
0 +1027065%96
0 +5812507830
0 ¢2773814189
0 #1090777226
1=450972291253

9-427
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CONVAIR ~ DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

1116 ,1041514800 0 ,145%984896
1121 ,1083388567

"29 x 29 Matr

PX T1900-9-(164)

Ay L
1 2852466907
2 ,4086722617=
3 42335918251
04941644253
04185042341
01252293543

»r 0 p

t’;}§84587173
2 41943171024~
3 41322746277
4 1109361648~
5 45199905210~
6 31173229227

5440983961~
¢1483722086~
1630930404
1923865984
06709101952

02628765960~

o W W N e

> P W W oW

4 47167909440
3 +4430918353
4 42302347264
4 44482887045
4 45367659211=
4 +2788617120

3=,5848407745"
2=49536743164"
2=,1255750656%
2%,1149177551
3~,1478195130
4’.354aé60550

01042014229
+1946738062
+1483907992
¢5742036509
6005282657
03793570600~

Cv-164

PAGE

CN 007-3,

REPORT 2N L91

MODEL
DATE

All
6/20/56

0 61542009111~ 2+,2660670653= 1-,854%663034
0 41924152284~ 2=,3142360786= 1~43320401456
1126 3080861266~ 1=,2706741637~ 1=,2473936938= 2~,3564298578~ 1-,3254714380~ 1~

ix A— Ay and Ay - Jy for 5 Last Eigenvalues

4 29063514133
4 48780640983
4 42215584315"
4 45358902828~
4 44366808899«
4

42921205043=

341263141632
442238154411
2%, 4724264145
3=41678466797
3=47002353668
3-,4901885986

4 41070948040~
4 42485619473
4 41192272509
4 43593262558
4 41843124722
4 43524393749

1-42622282131~

and ‘Eigenvectors Obtained”

4 43891594207
3 21610437891
4 47637150934~
4 43559803496~
4
4

+2131801583~
9258729738

2*46785302761~
4= 44587173462
3+41045763492
3=45263090133
3*44803726959
3%,5884170532~

4 41011921139~
3 23834085747
4 44217181994
4 46175642175
3 46880287668
4 46306490416

4 41986554283
5 ¢3224073411
3 42823453282
4 45730433769
4 43943901981~
4 40000000000

3-01112222671
3=,2590417862
3=43050565719
342999305728~
3=44549026489
3= 0000000000

4 41692379541"
4 43513752676~
2 #4310814497
3 22748642092
4 43960154293
4 J000NNONN0D

9-428

1‘
2



PX 71900-9-(164)

[« SV N I T N S [+ TRV B R L I o W N

o M W N e

04420876503
43810673952

¢1581385731~
«9267926216=
04863739013-
¢3905296325~

43860370252~
¢1842129259%=
535774045195~
8632075419~
¢1535074602=
43231788901

¢4743337631~
41181596890~
02039968967
02179443836
¢3635883331~
2860575914

5262494217
03092504630~
6838390588
¢1405645601~
¢1349666774
01092935718

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

3me6553530693-
3=,1014292240=
3me6322860718
32,10108947T5
3=¢1376867294
3.=ea1571178436~

06104620982
1784613621
01332140528~
+1759616660
¢3213483627~
«4117666688

W & WwwWw NP

3+43623962402~
3242995133400
3=46852746010~
3=,8629560470~
5=¢1727342605~
3=,1317709684

2 43670434084
1 #2388179%41~
1 #5865302533
2 #1288661291
3 #7653385296
4 70488479561

342127885818
2=e¢1311376691
3-42524852752
2=63602504730=
342712234854
3041652240753~

¢2213303524
2826977963
+9843081920=
02791814680=
02804917842
#3192984558=~

w W e

3=42453178167=
3241343339681~
3242457424998
3= e8715689182~
3= 43279745579~
3247416307926

5836455391
01475005865
¢1965289407
062543483042
6515322532
+83068868796

woWww N NN

Cv-164
PAGE

CN 007-35

REPORT ZIM h91

MODEL
DATE

4=y 1532733440~
3001082420349~
301296848058~
341056790352

3241966953277~
342198219299«

41190178442~
04423348312
2246167689
¢2470881891
¢8498887871=

04492850306

W W W N W W

3+48261799812
3 4270076752=
3241215934753~
4=41202076673=
4e=ygt321336T46=
4=e4095435142

43316032743
+4435703933~
87466571380
3464750232
42817761727
1594666481

W W W W e N

All
6/20/56

342567768097
3= 7841587066=
352364650368
32e1633167287=
3e2461671829
3=,0000000000

221084487695~
071262594684~
026353656673~
+8860629077~
034412092583~

+0000000000

VW W W

3=,12111866382
3w 7453656290
342360776067~
346519556045
3=y 5468875170~
3=,0000000000

23847212355
05298424619~
02271582505~
02820406340~
¢89077886153
+0000000000

& 0w LN NN

9-429
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PX T1900-9¢164)

oW W N - * v P> WN

L T e N

«2733180299
¢4352668766~
02622641623
02021472901
2973526716
09459257126

01127496843
27289659832~
¢1661858749
¢179213%050
01865230494
05304217386~

41210570335~
+9280181257~
03013759851~
¢6134063005=
01771226525~

. 86124749779=

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

BAN DIEGO CALIFORNIA

2%,2706145867
3%,6409706548=
3w 42096276730
3= 2944022417
4%45551523781
442720952034

02277200880
02429425149~
22480653283
¢2506719238
3312833250=
24660101890=

N W W WO s

32,1935139298
4=41234561205
4-,8308142423~
4=,8834898472
348745200466~
4m 6714835763

2*¢1253914088

3=-e2651748946~
3=42464428544~
3+49647011757=
4=,1850426197~
4+41901388168~

3 «7638971079

3 3589217010~
3 91315410038~
3 42654883854
1 45410145628~
2 04259395062~

3e¢7665157318
4%41236610114
441623353455
4=46061152089=
4ee1138821244=
541042240765~

CV-164

PAGE

CN 007-36

REPORT ZM 1,91

MODEL
DATE

2+¢7146596908
4=45328077823~
3=41937970519~
4=ea27388B33427
3=41238435507~
4-4¢1463850078

04184852155
85337460612~
03490980232~
+4580782139=
45716629106
06138540591~

Pt R et = N W

4242190023660~
4+31299381256~
491191534102
4=e1616589725
4=49864196181
3=41218877733~

All
6/20/56

3-43918819129
3=-42559524148
3-42701580524
4=41083612442
3=92950429916-
3w 40000000000

4775577502
«1877951176
8775775778
+1471273158
04514717266~
+0000000000

NN RN W W

3we1531392336~
4=91385816455~
4~45436092615
443806129098~
4=y2568820491~
3=40000000000

9-430

A = W N U W

0



PX 71900-9-(164)

40000
40001
60002
40003
40004
40005
40006
40007
40010
40011
40012
40013
40014
40015
40016
40017
40020
40021
40022
40023
40024
40025
40026
40027
40039
40031
40032
40033
40034
40035
40036
40037

00000
00021
00002
007n8
00004
00005
00006
00007
0010
00011
00012
00013
00014
00018
00016
00017
00020
00021
00022
00023
00024
00025
00026
00027
00030
00931
00032
00033
00034
00035
00036
60037

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164

45

-~

00
00
Q0
00
00
00
00
00
00
09
00
00
20
00
00
60
00
00
00
00
00
00
00
00
00
00
00
00
00

SAN DIEGQ

Code

00000
00000
nooeo
nNonco
00000
20000
00000
00007
00000
02000
02000
00000
00000
41452
41452
nooeo
50000
00420
00420
00420C
00000
00000
00000
00000
00000
00000
00000
00000
000060
00000
0n00o
00002

41076
0000C
00000
nonno
00090
00000
00000
77777
00000
20000
00000
00000
00000
00000
41452
20000
00000
00420
00420
00420
00000
00000
00000
00000
00000
noooo
00000
00000
20000
00000
n0300
00000

CALIFORNIA PAGE CN 007-37

rReEPORT ZM LO1
mMopeL All

oate  6/20/56

JUMP TO STARTER
2N

2Nx2"°
LAST ITERATION SWITCH
INDEX
AX
RQ
TEMPORARY
CELLS
L (MATRIX amMp) x27
L- (aMD) X2'° + L (aMD)
o

L(v) x27+ L (v)
Ly %2+ L (v)
L(a) x2' + L (a)
TYPING INDEX

oP 1

RES
INNER

PRODUCT
S OF Vo + SV,

9-431



PX 71900-9-(164)

40040
40041
40042
40043
40044
40045
40046
40047
40050
40051
40052
40053
50054
40055
40056
40087
40060
40081
40062
40063
40064
40065
40066
40067
40070
40071
40072
40073
40074
40075
40076
40077

00040
00041
00042
00043
00044
00045
00046
00047
00050
00051
00052
00053
00054
000558
00054
00057
0C060
00061
00062
00063
00064
00065
00066
00067
00070
00071
00072
00073
00074

00073

00076
00077

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164
SAN DIEGO CALIFORNIA PAGE CH 007-33

00
00
00
00
00
00
00
00
37
45
¢5
45
i1
47
11
47
11
11
45
54
73
11
T4
11
23
11
47
21
11
45

11
47

NCo00

30000
0co00
00000
00C00
00000
00000
00000
76000
00000
00000
00000
00027
00056
00025
00063
00040
00040
00000
20000
00027
00040
10000
20000
00026
00025
00074
00026
00026
OOOQO
00025
00100

00000
00002
00001
00000
00000
00000
00000
00000
76002
30000
00076
00142
20000
00050
20000
00060
00031
00032
00051
00042
16000
00025
00025
00031
00030
20000
00073
00042
00032
n0051
20000
00120

REPORT ZM 491

MODEL All

DATE 6/@0/56

ZEROQ

TEST INDEX

INDEX

INDEX
ITERATION COUNT
ARITHMETIC PACKAGE CA 001

9-432



PX 71900-9-(164)

40100
40101
40102
40103
40104
40105
40106
40107
40110
40111
40112
40113
40114
40115
40116
40117
40120
40121
40122
40123
40124
40125
40126
40127
40130
40131
40132
40133
40134
40135
40136
40137

00100
20101
00102
00103
00104
00105
00106
00107
00110
00111
00112
00113
00114
00115
00116
00117
00120
00121
00122
00123
00124
00125
06126
00127
00130
00131
00132
00133
00134
00135
00136
00137

CONVAIR ~ DIVISION OF GENERAL DYNAMICS CORP.

11
47
11
11
A%
11
36

11
11
11
11
11
11
12
42
11
11
45
16
54
35
11
74
11
47
13
11
42
23
21
4%

00027
00105
00025
00026
000w
00026
00030
00116
00025
00027
20000
00026
00030
20000
00032
00141
00027
00030
00000
20000
00027
00025
00040
20000
20000
00133
00032
00032
00140
00026
00032
00000

SAN DIEGO CALIFORNIA

200090
00102
00031
00032
n0051
20000
00032
0110
20000
00025
00027
20000
00026
00030
20000
00123
00031
00032
00051
nN0124
00000
20000
00032
00032
70031
00132
00026
20000
00136
00207
00026
00051

(c026)-110

CV-164

PAGE

CR 007-33

REPORT 2Z¥ [,91
MODEL All

DATE

6/20/56

9-433



PX T1900-9-(164)

40140
40141
40142
40143
40144

40145

40146
40147
40150
40151
40152
40153
40154
40155
40156
40157
40160
A0161
40162
40163
40164
40165
40166
40167
40170
40171
40172
40173
40174
40175
40176
40177

00140
00141
00142
00143
00144
00145
00146
00147
00150
00151
00152
00153
00154
00155
00156
00157
00160
00161
o162
00163
00164
00165
00166
00167
00170
00171
00172
00173
00174
00175
c0176
00177

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

00
00
7
11
74
11
47
11
45
23
21

35

45
15
15
11
23
23
75
11
75
11
37
75
11
37
11
11
21
21
41
45

00000
00000
00025
00040
20000
20000
00151
00040
00000
00023
00026
00025
00000
00022
00021
00002
00033
00034
30002
30000
30002
30000
00051
30004
00031
00051
00031
00032
00163
00165
00010
00000

00046
00043
00027
00025
00025
00031
00147
00032
00051
00141
00030
00032
00051
00165
00163
00010
20000
20000
00164
00025
00166
00027
00053
00171
00025
00052
00033
00034
00037
00037
00162]
30000

CV-164

PAGE

CN 007-0

REPORT ZM Lyl

MODEL
DATE

INNER PRODUCT SET L (V,)
SET L (V)
SET INDEX = N=1
STORE
0

i
—> orP 1
Va
— OP 2
MULTIPLY
RES — 0P 1
INNER PRODUCT —) OP 2
ADD
STORE

INNER PRODUCT
SET FOR

NEXT ELEMENT
INNER PRODUCT COMPLETE
EXIT

All
" 6/20/5

9-434



40200
40201
40202
40203
40204
40205
40206
40207
40210
40211
40212
40213

40214

pX 71900-9-(164)

40215
40216
40217
40220
40221
40222
40223
40224
40225
40226
40227
40230
40231
40232
40223
40234
40235
40236
40237

00200
60201
00202
00203
00204

00205

00206
00207
00210
00211
00212
00213
00214
00215
00216
00217
00220
00221
00222
00223
00224
00225
00226
00227
00230

00221 -

00232
00233
00234
00235
00236
00237

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164
N SAN DIEGO CALIFORNIA PAGE cn 007441

00
41
56
11
47
75
11
60
75
11
37

13°

11
37
21
41
75
11
56
41
11
37
75
11
37
11
11
11
21
41
15
11

00000
00200
30000

.00004

00205
30210
40740
00000
30000
30000
00324
00033
00034
00305
00047
00044
30160
40560
30000
00045
00247
00324
30004
00033
00051
00031
00032
30000
00233
00046
00304
00041

00000
00210
00203
20000
00210
00211
00210

00110

00212
30000
00306
00035
00036
00260
00042
00222
01640
01620
00223
n025%0
06045
00306
00230
00025
00052
080027
00030
10000

00257

00240
00233
00046

REPORT ZY [;91
MODEL All

DATE 6/@0/56

ORTHOGONAL IZATION INDEX
EV PART Il. ORTHOGONALIZE?
YES ! DUMMY
E —(A)
E = 0?
NO: ORTHOG SeRe—>ES
JUMP TO ORTHOGONALIZE

ARITHMETIC CONSTANT
X

—> VMD
ReQe SeRe
STORE

-~ M(X)=5

V;+ SV, SeRe AXepx = § —v,
ITERATION COUNT + 1
READY TO TESTP?
YES: PART 1 —ES
JUMP TO TEST
NO @ DUMMY
NEW A P
YES . RESET A INDEX
Rs Qs SeRe
Z($) > or
-t/(X) —> 0P 2
ADD
w(8) = A %)

— op 2
M(B) — (q)
SET FOR B,
USED ALL B’s?
YES:RESET T0 4,
RESET Y3 INDEX

9-435



PX 71900-9-(164)

40240
40241
40242
40243
40244
50248
40246
40247
40250
40251
40252
40253
40254
40255
40256
40287
40260
40261
40262
40263
40264
40265
40266
40267
40270
40271
40272
40273
40274
40275

40276
40277

00240
00241

00242

00243
00244
00245
00246
0087
00250
00251
00252
00253
00254
00258
00256
00257
00260
00261
00262
00263
[o0z64
0026%
00266
00267
00270
00271
00272

00273

00274

00275

00276
00277

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

86
11

23

37

11
56
00
15
11
12
11
37
43
36
00
11
18
15
16
78
11
11
11
37
11
11
75
11
37
75

11.

30000

10000.

00026
00051
00031
00032
30000

00000 I

30000
00000
00017
00020
00305
00000
30000
00001
00002
00021
00022
00021
30002
30000

00035 . (

00036
00051
00031
00032
30002
30000
00051
30002
00031

CV-164 '
PAGE ON 007-42

REPORT EZM 1,91

MODEL  All

oate  6/20/56

NO: MS #3 STOP TO CHANGE )&

e
— op 1

DIVIDE
STORE

4 =08 AUS)-p(x]
DUMMY
A INDEX
X

-*Vi
el
— s

v +SV, — V, ¢
DUMMY
RETURN TO ORTHOG TEST

x+ 4§ = X, — v,

Va + SV, SeRe SET INDEX = N=1

STORE L (V)
STORE L ( V;)
STORE L ( V,)

Vin

— 0P 1
L]

-—> 0P 2
MULT,
SVh

~—> 0P }
Va '
' T oP 2
ADD
Va + SV

— vV

]

9-436



PX 71900-9-(164)

40300
40301
40302
40303
40304
40305
40306
40307
40310
40311
40312
40313
40314
40315
40316
40317
40320
40321
40322
40323
40324
40325
40326
40327
40330
40331
40332
40333
#0334
40335
40336
40337

00300
00301
00302
00303
00304
00308
00306
00307
00310
00311
00312
00313
00314
00315
00316
00317
0320
00321
00322
00323
00324
00328
00326
00327
7C330
00331
00332
00333
00334
00335
00336
003137

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. ‘CV-164
SAN DIEGO CALIFORNIA PAGE CH 007.’43

21
21
21
41
45
56
37
15
37
11
11
37
11
11
11
11
37
11
11
45
56
00
45
45
15
16
15
11
11

11
21

00265
00274
00277
00010
00410
30000
00326
00021
00177
00033
00034
00177
00033
00034
00013
00014
00051
00031
00032
00000

30000

00000
00000
00000
00015
00022
00405
00002
00040
00040
00040
060012

00037
00037
00041
00264
00305
30000
00330
00165
00156
00013
00014
00155
00025
00026
00027
00030
00054
00033
00034
00324
30000
00000
30000
00407
N0364
00401
00350
00010
00012
00013
00014
00002

REPORTZM 1,31
MODEL All

DATE 6/20/56

SET FOR L (V3)
SET FOR L (V)
SET FOR L (v,3)

DONE ?
DUMMY» L (MG&» x2'*
EXIT
ReQe S¢Rs AX -—)Vz
SET FOR XX
INNER PRODUCT SeRe
STORE
XX
INNER PRODUCT
XAX
—) 0P 1
XX
— 0P 2
DIVIDE
STORE
M(X) = XAX/XX
DUMMY
EXIT

TEMP A INDEX
AX SeRs EXIT
JUMP TO SETUP
SET L ( AMD )
SET L (AX)
SET L (A)
SET INDEX=Ne}
INITIAL

2ERO

SETS

SET INDEX=Nel

9-437



px 71900€9-(164)

40340
40341
40342
40343
40344
40345
40346
40347
40350
40351
40352
40353
40354
40355
40356
40357
40360
40361
40362
40363
40364
40365
40366
40367
40370
40371
40372
40373
40374
40375
40376
40377

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164

43
45
15
11
43
75
11
75
11
11
47
31
35
23
46
23
45
15
21
75
11
37
11
11
11
11
37
11
11
21
21
41

00002
09000
00021
00405
00350
30002
30000
30002
30000
00027
00365
00030
00346
00012
N00357
00346
00000
00023
00364
30000
30000
00051
00031
00032
00013
00014
00051
00031
00032
00346
00350
00012

SAN DIEGO CALIFORNIA pace  ON 007-lLk

REPORT :¥1h91
oare | 6/20/56

00342 WAS INDEX ORIGINALLY ZEROP

00343 NO: JUMP

00346 YES: SET L(X))

20000 CONST —(A)

00361 WORKING STORAGE EXHAUSTED?

00347 NO: X,

00025 — 0P 1

00351 Ay

00027 — OP 2

20000

00353 M(A,) =07

00020 YES: 2 (FLAG)X 2"

00346 SKIP X;’s

00030 CORRECT INDEX

00375 INDEX < O P

00006 YES: (L (x;) -zu)x 2

00375 JUMP TO NEXT ROW

00350 YES WORKING SPACE EXHAUSTED:SET L (A)

00406 SET FOR NEXT BLOCK TRANSFER

00345 BLOCK OF MATRIX

30000 —> ES

00053 MULTe

00025 Ay X,

00026 — 0P 1

00027 (ax),

00030 —) oP 2

00052 ADD

00013 STORE

00014 SUM

00037 SET

00037 FOR NEXT ELEMENT

00343] INNER PRODUCT DONE P

9-438



PX 71900-9-(164)"

40400
40401
40402
40403
40404
40403
40406
40407
40410
40411
40412
40413
40414
40415
40416
40417
40420
40421
40422
40423
40424
40425

40426
40427
40430
40431
40432
40433
40434
40435
40426

00400
00401
00402
00403
00404
00405
00606
00407
00410
00411
00412
00413

00414

00415
00416
00417
00420
00421
00422
00423
00424
00423

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV -164
) SAN DIEGO CALIFORNIA PAGE cx 007445

75
11
21
41
45
11
00
11
15
11
36
11
53
23
16
45
00
00
00
00
00
00

54
53
16
11
45
00
00
54
00

30002
00013
00401
00010
00000
02000
00000
00040

00023 O

00420
00406
N0421
00406
00015
00023
Q0000
02000
o0T777
00060
00000
00000
00000

01637
20000
40434
40435
00000
00000
00900
01637
00000

00600

10000
40564
40427
40426
01716
00077
40564
10000
00000

REPORT ZN }_@1
MODEL A1l

pATE  6/20/56

YES' STORE
(AX),
SET FOR  (AX),
AX COMPLETED?
YES: JUMP TO EXIT
CONST.
KX2'> = NUMBER OF ES WeSe
0 —> TEST INDEX
STORE
K

MASK — (Q)

SET REPEAT

L (amp)x 27 —kx2”
SET L (A)

JUMP TO EXIT

CONSTe Vv,
CONSTS

PART 1 PATCH TX2°R —3(a) » (Q)
STORE NEW T

RESTORE

RESTORE

RETURN TO TEST
MASK

9-439



PX 71900-9-(164)

40437
40440
40441
40442
40443

40444
40445
40446
40447
40450
40451
40452
40453
40854
40455
40456
40457
40460
40461
40452
40463
40464
40468
40466
40467
40470
40471
40472
404713
40474
40475

01504
01505
01506
01507
01510
01511
01512
01513
01514
01515
01516
01517
01520
01521
01522
01523
01524
01523
01526
01527
01530
01531
01532
01533
01534
01535

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164
SAN DIEGO CALIFORNIA PAGE CN 007446

00
75
11
75
11

11
37
55
37
56
55
21
21
15
11
71
35
75
11
75
11
15
37
75
11
21
13
11
11
56
11

00000
30274
40444
30114
40444

00033
01743
00034
01743
30000
00004
018515
01527
30002
00033
00001
01523
30000
30000
30000
30000
00021
00177
30002
00033
00004
00007
00004
00003
20000
20000

00000
015861
01504
01504
01504

10000
01734
10033
01734
01511
10001
10000
10000
01516
30000
00004
01523
01522
30000
01524
30000
00165
00156
01530
41052
00042
00007
10000
20000
01535
00003

rePORTZN 191
MoODEL All

oate  6/20/56

PART IJIESe JUMP

TO INTERMEDIATE START
PART ITI—3ESe JUMP TO
PART 111

M () —(Q)
TYPE M (#)

TYPE EXP (&)
DUMMY

28 > (Q)
SET FOR E VALUE
SET FOR INNER PRODUCT
STORE

€ VALUE

2NE — (A)
SET EV REGION

v .

Y

Y

—> EV REGION
SET FOR INNER PRODUCT
INNER PRODUCT
STORE

YY FOR ORTHOG

E+ 1
RESET LAST ITERATION SWITCH
E —(Q)
E —(A)
M& #2 STOP TO CHANGE E
E —(003)

9-440



PX 71900-9-(164)

40476
40477
40500
40501
40502
40503
40504
40505
405086
40507
40510
40511
40512
40513
40514
40515
40516
40517
40820
40521
40522
40523
40524
40525
40526
40527
40530
40531
40532
40533
40534
40535

01536
01537
01540
01541
01542
01543
01544
01545
01546
01547
01850
01551
01552
01553
01554
015583
01556
01557
01560
01561
01562
01563
01564
01565
01566
01567
01570
01571
01572
01573
01574
01575

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CvV-164
SAN DIEGO CALIFORNIA PAGE CK 00?417

11
42
43
56
11
11
11
11
11
61
61
55
37
71
35
75
11
61
56
75
11
11
56
37
11

56

23
56

11
16
37
00

10000
00004
00004
30000
01774
060040
01621
00040
00040
00000
00000
00004
01743
00006
01556
30000
30000
060000
30000
30420
40001
00003
30000
76000
00003
00000
10000
00000
10000
00003
76600
30000

00004
01565
01570
01542
00044
00047
00024
00045
00200
01757
n1757
10033
01735
00004
01556
01613
30000
01757
00201
01532
00001
20000
01536
76001
20000
01540
20000
01572
60010
n1875
76601
30000

REPORT ZM ;51
MODEL All

DATE 6/20/56

E —(004)
E >E?
NOESE: E=E?
NO : DUMMY
TEST INDEX =1
ITERATION INDEX = 0
TYPE INDEX = 1

INDEX = 0

ORTHOG INDEX = 0
C’R.
CeRes
£x23® —(q)
TYPE E

2EN X 2'7 —3(A)
SET FOR Xg

Xe — V|

JUMP TO TYPE T

CoRe
JUMP TO ORTHOG TEST
INTERMEDIATE START
RESTORE ESs PART II-—ES
E —(A)
JUMP TO STORE E
E > E : ALARM
E — (A)
RETURN TO TEST € = E
YES E = E : QUTPUT STOP TO

' SET M
STORE M
SET L .( E VALUES)
OUTPUT

E VALUES

9-441



PX 71900-9-(164)

40536
40537
40%40
40541
40542
40543
40544
40545
40546
40547
40550
40551
40552
40553
40554
40555
40556
40857
40560
40561
40562
40563
40564
40565
40566
40567
40570
49571
40572
40573
40574
40575

01576
01577
01600
0160}
01602
01603
01604
01605
01606
01607
01610
01611
01612
01613
016154
01615
01616
01617
01620
01621
01622
01623
01624
01625
01626
01627
01630
01631
01632
01633
01634
01635

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164
SAN DIEGO CALIFORNIA PAGE CX 0074_‘8

13
21
T1
35
55
15
11
37
11
37
00
00
56
37
55
7
45
00
00
00
00
00
37
35
35
34
33
32
31
30
25
20

000190
10C00
10000
01610
feole
10C00
00000
76453
01612
76600
30000
30000
000090
01716
01637
01743
n0000
00000
00000
00000
00000
00000
37373
35353
35353
34343
33233
32323
31313
30303
25252
20202

10000
00003
00006
01610
10017
01611
76463
76630
76463
76603
00000
30000
01532
01706
10033
01734
01557
00000
00000
00001
00000
00006
74042
63636
53535
43434
33333
23232
13131
03030
52525
02020

REPORT Z¥ [;91
MODEL All)

DATE  $/20/56

E - M —(q)
(E=M) 2Nx2"% —3(A) .
SET L(1ST VECTOR FOR OUTPUT)
Mx2'?
STORE M IN OUTPUT PARAMETER
SET MT SsRe
MT DUMP EVS
RESTORE MT SR
OUTPUT
E VECTORS

STOP. READY TO JUMP TO MS #2
LOCATE T (IN PART I)

X238 —(Q)

TYPE T
RETURN

PART 1
TYPING INDEX

STORAGE



PX 71900-9-(164)

40876
40577
40600
40601
40602
40603
40604
40605
40606
40607
40610
40611
40612
40613
40614

01636
01637
01640
Fiisa1
01642
01643
01644
01645
01646
01647
01650
01651
01652
01653
01654

40615 [37655

40616
40617
40620
40621
40622
40623
40624
40625
40626
40627
40630
40631
40632
40633
40634
40635

01656
01657
01660
01661
01662
01663
01664
01665
01666
01667
01670
01671
01672
01673
01674
01675

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164

SAN DIEGO CALIFORNIA PAGE

14
00
11
11
47
23
21
21
&1
56
55
16
11
45
00
21
41
45
11
42
18
45
15
11
56
41
11
61
55
37
55
37

14181
00000
01774
30000
01643
30000
01641
01643
01776
30000
01643
10000
01765
00000
00000
01661
01777
00000
30000
30000
01661
00000
01660
30000
30000
00024
01621
00000
00047
01743
00012
01743

41414
00000
00044
20200
01650
30000
00037
01775
01641
01655
10028
01652
30000
1644
00000
00037
01660
N1664
20000
01655
C1660
01655
01665
00012
01667
01701
60024
01757
10033
1738
10033
01734

C¥ 007-19

rRePORTZM /01

MODEL
DATE

All
6/20/56

T
RESET TEST INDEXs §=V, s AX = V,
§,=07?

NO: EXP (aX),= EXP(8)>EXP V)
SET FOR M(S,)
SET FOR EXP (AX),~EXP(8,)
ALL EXPONENTS STORED
SK1P §=0 TEST
YES §,=0: SET

L(EXP V,)

64y — (EXP V,)

RETURN TO STORE EXPONENTS
FIND SMALLEST EXPONENT
SET FOR EXP(V,,)
TESTED ALL NUMBERS?
YES: JUMP
NO:EXP (V) —>(A)

EXP (V) CEXP (V,))? YES:TEST EXP V< Vyy

NO:L EXP(V,)oL EXP (V)
RETURN TO TEST EXP(V,,)
STORE

D
DUMMY
READY TO TYPE?
YES!RESET TYPING INDEX
CeRe
ITERATION INDEXX2¥*—(Q)
TYPE WITHOUT SPACE
D x2¥5(@)
TYPE WITH SPACE

9-443



40636

40637

40640
40641
40842
40643
40644
40645
40646
40647
40650
40651
40652
40653
40654
40655
40656
40657
40660

40661

PX 74900-9-(144)

40662
40663
40664
40665
406586
40667
40670
40671
40672
40673
40674
40673

01676
01677
01700
01701
01702
01703
01704
01705
01706
01707
01710
01711
01712
01713
01714
01715
01716
01717
01720
01721
01722
01723
01724
01725
01726
01727
01780
01731
01732
01733
01734
01735

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-164
SAN DIEGO CALIFORNIA PAGE c' 007-50

55
11
46
23
11
56
11
A7
11
73
71
35
55
21
55
51
56
11
82
11
43
37
13
15
11
23
23
23
56
77
51
11

30000
00007
40442
10000
00012
10000
10000
01744
00004
01623
20000
01714
00011
01714
01624
01772
30000
00012
01637
01621
00024
01676
00007
30000
30000
00046
00024
00044
30000
77777
00000
00041

01677
20000
01701
10000
20000
01704
20000
01706
20000
00011
01733
01714
00017
10000
10044
01637
01717
20000
00222
20000
01724
01671
00007
01727
30000
20000
20000
20000
00201
77771
01771
00010

REPORT yA ) h91
MODEL Al

DATE 6/?0/56

DUMMY, (EXTT)
LAST ITERATION SWITCH —>(A)
LAST ITERATIONPJUMP TO PART 11
NO: 0 —(Q)

D —(A)
STOP TO CHANGE T I% Q

T CHANGED?
NO: E —(A)
STORE E=R/6, R —j3(A)
«6R —(A)
SET SHIFT
E=R/6X2"" —(Q)
SET ADDRESS OF T
Te X2 —(Q)
STORE T
DUMMY
D —(A)
D ¢ T? RETURN TO ITERATE
NO:TYPING INDEX —>(A)
(A)=TEMP INDEX?
NO:JUMP TO TYPE
YES:SET LAST ITERATION SWITCH
X
-V
TEST INDEX = 0
TYPE INDEX=0
ORTHOG INDEX=0
RETURN TO ITERATE
-5
SPACE
SET INDEX
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PX 71900-9-(164)

40676
40677
40700
40701
40702
40703
40704
40705
40706
40707
40710
40711
40712
40713
40714
40715
40716
40717
40720
40721
40722
40723
40724
40725
40726
40727
40730
40731
40732
40733
40734
40738

[01736

01737
01740
01741
01742
01743
01744
01745
01746
01747
01750
01751
01782
1753
01754
1755
01756
01757
01760
01761
01762
01763
01764
01765
01766
01767
01770
01771
01772
01773
C1774
01775

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-164
SAN DIEGO CALIFORNIA PAGE C‘ 007-51

55
51
35
30
41
45
11
55
37
11
73
71
35
16
21
55
45
00
61
00
00
00
00
00
00
00
00
00
00
00

00

00.

10000
01773
01760
00000
00010
00000
10000
10000
01743
00004
01623
20000
01755
01758
40427
40433
00000
00000
00000
00000
00000
00000
02000
060000
00000
00000
0cnoo
20000
00000
0000¢
i lazeleld)
00C02

00003
20000
01741
20000
01736
30000
01637
00033
01734
20000
00013
01623
1755
40426
00013
20000
40426
00045
01761
00037
00052
00074
00070
00064
00062
00066
00072
00004
00077
00007
00001
n9n02

rerPorT ZM 491
moperL All

pate  6/20/56

TYPE

EXIT
YES T CHANGED: STORE NEW T
TYPE

T=ACCURACY
E —(A)
STORE E=R/6s R — A
6R
SET SHIFT
SET
L (1)

7MIX2*R — q
CeRo

TYPE O

0

1

2

3

&

5

6

7
SPACE

TEST INDEX

9-445



.

PX 71900-9-(164)

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164
SAN DIEGY C ALIFORNIA PAGE cY 007-52
REPORTZY¥ 1,91
MODEL All

DATE 6/20/56
40736 01776 00 00000 00000 N=1
40737 01777 00 00000 00000  Ne=1
40740 0021C 00 00000 N0COO ORTHOGONAL IZATION
40741 00211 11 00317 20000 SeRe
40742 00212 42 00004 00310 E D 37?7 PUT YY AT END OF £5
40743 00213 11 00305 00200 NO : RESET ORTHOG INDEX
40744 00214 11 00004 €0312 STORE E
40745 00215 23 00312 00042 STORE E=1
40746 00216 75 20000 00220 0
40747 00217 23 30000 20000 -V,
40750 [00220 75 30000 00222 L EIGENVECTORS
4C751 00221 11 30000 30000 MD - ES
40752 00222 11 00306 @313 SET INDEX = L-1
40753 00223 15 00023 00244 STORE L (Y)
40754 00224 15 00023 00165 SET INNER PRODUCT SeRs
40755 |00225 58 30001 00226 DUMMY
40756 00226 37 00177 00156 INNER PRODUCT X,Y!
40757 00227 11 00033 00025 FIRST ELEMENT
40760 00230 {1 00034 00026 oP 1
40761 00231 75 30002 00233 Y'y'
40762 00232 11 00322 00027 —oP 2
40763 00233 37 00051 00054 DIVe XY'/ZY'Y'=K
40764 00234 11 00031 00310 STORE
40765 00235 11 00032 00311 K,
40766 00236 15 00022 00251 STORE
40767 00237 16 00022 00254 L(v,)
40770 00240 11 00002 00314 SET INDEX = Nel
40771 [00241 13 00310 00025 -K,
40772 00242 11 00311 00026 — 0P 1
. 40773 00243 75 30002 00245 Y,
40774 00244 11 3000C 20027 -—) 0P 2

§-440



PX 71900-9-(164)

40775
40776
40777
41000
41001
41002
41003
41004
41005
41006
41007
41010
41011
41012
41013
41014
41015
41016
41017
41020
41021
41022
41023
41024
41025
41026
41027
41030
41031
41032
41033
41034

00245
00246
00247
00250
00251
00252
00253
00254
00255
00256
00257
00260
00261
00262

[co263
00264
00265
00266
00267
00270
00271
00272
00273
00274
00275
00276
00277
00300
00301
00302
00303
00304

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

37
11
11
75
11
37
75
11
21
21
21
41
21
41
75
11
75
11
37
75
11
21
21
21
41
58

75

11
41
21
56
45

00051
00031
00032
30002
30000
0cos51
30002
00031
00244
00251
00254
00314
00232
00312

30002

30000
30002
30000
00051
30002
00031
00264
00266
00271
00315
30001
30210
40210
00313
00221
30001

00000 ¢

00053
00025
00026
00252
00027
00052
00255
30000
00037
00037

CV-164

MULT o
-«
—3 0P 1
Va
- 0P 2
ADD VY, =K V"
STORE
IN vV,
SET
FOR
NEXT ELEMENMT
V= K, Y
SET FOR L(Y2 v?)
DONE £ VECTORS ¢
YES: AX = Vv,
X, — opP1
A X,
— OP 2
ADD
X, + B X,
— VY
SET
FOR
Xy
X FORMED
DUMMY
PART 11 —™ ES
JUMP TO PART 11
L VECTORS DONE ?

PAGE

CN 007-5%

reporT ZM 11Q1
MobeL All

DATE

YES:SET FOR NEX L VECTORS

DUMMY
RETURN

6/20/56

9-447



PX 71900-9-(164)

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164
SAN DIEGO CALIFORNIA PAGE 030007-94
REPORT Z¥ [,91
MODEL All

DATE 6/20/56

41035 00305 00 00000 C0005 ORTHOG INDEX
41036 00306 00 00000 00000 L=1

41037 Q0207 00 0000G 00000 2LNX2"?

41040 00310 23 00306 00042 K STORAGE L=2

41041 00311 23 00307 00006 2LR=2N

41042 00312 15 00316 00232 INDEX = E=l STORE L (Y, Y9
41043 00313 75 30000 00320 INDEX =L=1 ALL YY

41064 00314 11 41052 02000 INDEX == N~1 —ES

41045 00315 00 00000 €¢0C00 N=1

41046 00316 00 02000 00000 L(y,'Y)ES

41047 00317 00 00000 00037 E > CONSTANT

41050 00320 23 00220 C0006 REDUCE REPEAT COMMAND

41051 00321 45 00000 00213 .

41052 00322 00 00000 00000 INNER PRODUCTS

41053 00323 00 00000 0NC000 OF EIGENVECTORS

41054 00324 00 00000 00000 STORAGE

41055 00325 00 00000 00000

41056 00326 00 09000 00000

41057 00327 09 00000 C0N0O

41060 00330 00 10000 N0CCO

41061 00331 00 000060 00000

41062 00332 00 00C00 00000

41063 00333 00 00000 00000

41064 00334 00 00000 00000

41065 003385 00 NCNCO NONCO

41066 00336 00 00000 00000

41067 00337 00 00000 00000

41070 00340 00 00000 00000

41071 00341 00 00000 00000

41072 00342 00 00000 00000

41073 00343 31 46314 63146 M(B)’s
41074 00344 31 646314 63146 = +8

9-448



PX 71900-9-(164)

41078

41076
41077
41100
41101
41102
41103
41106
41105
41106
41107

41110
41111
41112
41113
41114
41115
41116
41117
41120
41121
41122
41123
41124
41125
41126
41127
41130
41131
41132

20345

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164
’ SAN DIEGO CALIFORNIA PAGE CB’ 007-55

1
31
75
32
75
32
11
75
11
00

5%
51
35
00
41
23
56
75
11
11
11
55
11
55
11
11
23
21
21

46314

40000
76370
20576
76371
21300
40000
20000
30170
41110
00000

10000
01773
01760
30000
01176
10000
00000
30421
40001
10000
20000
10000
10000
10000
10000
00005

00002

00022
00022

63146

00000
00000
41102
00000
41104
00000
10000
01102
01010
00000

00003
20000
01013
30000
01010|
20000
01017
01021
00001
00005
00003
00001
00001
00017
00006
00002
00042
00001
con0é

rerorT ZM 191
mMoDeEL All

pate  6/20/56

STARTERs STORE F,
SUM

MT AND CARD ROUTINES
SUM

MAIN PROGRAM
STORE CHECK SUM
STARTER —ES
JUMP T0O ES

TYPE
CHECK

SUmM
CLEAR Q) A
STOP TO SET N-¥Qh E —(A)
CONSTANTSs PART 11
— Es
STORE N
STORE E
STORE
2N
STORE
2Nx2"%

Ne=1 —>002)

STORE
T

9-449



PX 71900-9-(164)

41133
41134
41135
41136
41137
41140
41141
41142
41143
41144
41145
41146
41147
41150
41181
41152
41153
41154
41155
41156
41157
41160
41161
41162
41163
41164
41163
al166
41167
41170
41171
41172

01033
01034
01035
01036
01037
01040
01041
01042
01043
01044
01045
01046
01047
01050
01051
01052
01053
01054
01055
01056
01057
01060
01061
01062
01063
01064
01065
01066
01067
01070
01071
01072

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

21 00023 00001

CV-164

PAGE  CN 007=-E6
REPORT ZM 1,91
MODEL All

DATE  §/20/56

21 00023 00006 STORE

21 00023 00001 ;

21 00023 00006 L (A IN ES)
37 00326 00327 SET UP AX SeRe
75 30003 01042 M(8)'s

11 41073 00410 PART 11 END
15 00021 00211 STORE L (V)
16 01164 00211 L (vMD)
15 00304 00233 LMo
15 01164 00251 L (VMD)
16 00022 00251 L (vy)

11 00421 10000 MASK —> (@)

53 00006 00210 SET

53 00006 00250 ~ REPEAT

56 30000 01053 COMMANDS
75 30421 01055 STORE CONSTANTSs PART 11
11 00001 40001 MD

7% 30113 010587 ORTHOG SeRe

11 40740 20210 — Es

54 00406 20071 K —(A)

73 00001 00306 STORE L

71 00206 00006 STORE

11 20000 00307 2nLx 2'%

23 00316 00006 SET L(Y'Y) ES
23 00306 00042 STORE L=-1

11 00421 10000 MASK —(Q)

53 00006 00216 SET

53 00307 00220 REPEAT

53 00006 00313 COMMANDS
15 00022 00217 STORE L (Vv,)
15 01165 00221 L (EVMD)
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PX 71900-9-(164)

41173
41174
41175
41176
41177
41200

- 41201

41202
41203
41204
41205
41206
41207
41210
£1211
41212
41213
41214
41215
412186
41217
41220
41221
41222
41223
41224
41225
41226
41227
41230
41231
41232

01073
01074
01075
01076
01077
01100
01101
01102
01103
01104
01105
01106
01107
01110
01111
01112
01113
01114

01115

01116
01117
01120
01121
01122
01123
01124
01125
01126
01127
01130
01131
01132

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164

SAN DIEGO CALIFORNIA PAGE

16
15
15
16
11
23
75
11
78
11
11
53
53
53
53
58
16
15
16
15
18
15
16
15
15
16
15
15
16
21
15
15

00023
00021
00022
00021
00002
00314
30113
00210
30300
40440
00421
00006
00006
00006
00006
30000
01166
01164
00021
00021
01165
01165
00021
01166
01165
80005
00021
00022
00021
01643
00022
00022

00221
002684
00266
00271
00315
00001
01105
40740
01010
01500
10000
01520
01522
01558
01725
01113
01515
01521
01521
01523
01523
01556
01556
01575
01610
01611
01641
01643
01643
01167
01660
01661

REPORT
MODEL
DATE

L{WeSe)
L(v,)
Liv)
L(v)
| N-1
STORE L (Y',Y)AT END OF ES
STORE ORTHOG
—> MD
PARTS 14111
— s
MASK —(Q)
SET
REPEAT

COMMANDS

STORE L (E VALUES)
L (vMD)
L(v)
L(W) v
L(E VECTOR REGION)
L(E VECTOR REGION)
L (v
L (E VALUES)
L (E VECTORS)
N
L (M)
L (MAX)
LM§)

CN 00787
ZN 1131
All
6/20/56

L (Exp  Ax) x2"# L (exP$)

L(v,)
Lvy)

9-451



pPX T71900-94164)

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. cV-164
SAN DIEGO CALIFORNIA PAGE C?“ ;)(37‘[:8
REPORT 71 )] ‘
MODEL Ald
DATE :_‘,/ 25/56

41233 01133 21 01660 01170 L(v,)+1

41234 01134 21 01661 01170 L(vy)+1

41235 01135 15 01164 01726 L (vMD)

41236 01136 16 00021 01726 L(v,)

41237 01137 11 00002 01776 STORE N~-1

41240 01140 11 00002 01777 STORE M1

41241 01141 56 30000 01142 DUMMY

41242 01142 11 76537 76536 SET MT DUMP TO OMIT BACKING
41243 01143 75 30300 01145 PARTS 14 III

41244 01144 11 01500 40440 —> MD

41245 01145 16 01175 40000 SET MD START TO INTERMEDIATE START
41246 01146 45 20000 01156 MJ #2 TO SKIP 1’s-E V REGION
41247 01147 75 17777 01151 ALL

41250 01150 11 01171 54000

41251 01151 75 17465 01153 1's

51252 01152 11 01171 63777
41253 [01153 11 01172 54001
41254 01154 21 01153 00041 —> EV REGION
£12%5 01155 41 01173 01152
41256 01156 11 01174 10000

51257 01157 45 30000 01161 MJ 3 ON TO AVOID DUMP

41260 01160 37 76510 76500 MT DUMP

41261 01161 11 01177 76536 RESET MT DUMP S.Re BACKING
41262 01162 75 30210 76430 JUMP TO DUMP EVS ON MT

41263 01163 11 40210 00210 ' PART 11— BES

41264 01164 00 41252 41252 L(VMD) X 2"°4 L (VMD) .
41265 01165 00 54000 54000 LCE VECTOR REGION ON MD)X2"+ L( )
41266 01166 00 53600 53600 LCE VALUES MD)X 27+ L( O
41267 01167 00 00001 00001

41270 01170 00 00001 00000

41271 01171 20 00000 00000 1

- 41272 01172 00 00000 00001

9-452



pX 71900-9-(164)

41273
41274
41275
41276
41277

76355
76366
76367
76370
76371
76372
76373
76374
76375
76376
76377
76400
76401
76402
76403
76404
76405
76406
76407
76410
76411
716412
76413
76414

01173
01174
01175
01176
01177

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-164
SAN DIEGO CALIFORNIA PAGE CN 007-.59

00
00
¢o
00
67

11
11
45
23
75
11
a7
71
35
73
21
71
11
75
11
16
13
11
45
37
56
75
11
56

00000
00000
00000
00000
01017

76464
76567
00000
10000
30030
76550
00017
40001
76474
76475
10000
10000
20000
30030
76550
76471
76470
76467
20000
00021
30000
31777
74001
00000

27631
0000¢C
40440
00013
20000

76463
76536
76420
20000
76373
00001
00001
40003
20000
76467
76463
76473
76470
76404
00001
00014
00020
00030
76415
00001
76424
76365
00001
01532

REPORT ZM |91
MODEL A1}

DATE 6//2u/56

I'S3EV INDEX

I

L CINTERMEDIATE START)
CHECK SUM INDEX

MT SeRe BACKING

EV MT RESTCRE

0 — (@)
MT SeRe

— ES
RESTORE MD FROM MT
2NE
2NE + 4004™(R)
P =2NE +400 /1737,

P+ 1—2XQ)

P+ 1) x 37 x 2 —(A)
STORE
MT SeRe

—> ES
STORE L (EV'S)
SET MT BACKING
P —> MT INDEX _
MJ #2 TO READ FROM MT #2
MT #0 READ EV'S,BACK
DUMMY
RESTORE
ES

STOP, JUMP TO MS #2 STOP

9-453



PX 71900-9-(164)

76415
76416
76417

76420

76421
76422
76423
76424
76425
76426
76427
76430
[feamn
76432
76433
76434
76438
76436
76437
76440
76441
76442
76443
76444
76445
76446
76447
76450
76451
76482
76453
76454

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-164

SAN DIEGO CALIFORNIA PAGE

11
37
56
75
11
75
11
75
11
16
45
31
61
34
&7
71
35
73
21
71
11
75
11
75
11
15
11
15
37
75
11
15

76468
00021
30000
30210
40210
30200
41052
30200
53400
76477
00000
76472
00000
20000
76431
40001
76474
16475
10000
10000
20000
32000
00000
30037
76511
76471
76467
76470
00027
30037
76511
76471

10000
00022
76412
76414
00210
76434
53400
76412
41052
41262
40000
00052
20000
00006
76422]
40003
20000
76467
76465
76473
76470
76444
74000
76446
00001
00003
00036
00026
00001
76454
00001
00003

Cw

00760

REPORT VAN !.l';}l
MODEL All

DATE

J —(Q)
MT#2 READ EVB)BACK
RETURN TO RESTORE ES & STOP
PART IIDES
JUMP TO STOP
STORE YY'S
FOR MT DUMP
RESTORE
YY's

TYPE
MT

2NE = (A)
2NE + 400,-A)
P= 2NE+400/ 1737,
P+ 1—Xa)
(P + 1)x 37, x 2"5(a)
STORE
ES
— ES IMAGE
MT SeRe
—> Es
SET L (EV'S)
STORE P
SET TAPE BACKING
MT DUMP ON #0

MT SeRs
- ES

&/2

9-454
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PX 71900-9-(164)

76455
76456
76457
76460
T6461
76462
76463
76464
76465
76866
76467
76470
76471
76472
76473
76474
76475
76476
76477

76500
76%01
76502
76503
76504
76505
76506
76507
76510

76511 00001
76512 100002

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-164 -

SAN DIEGO CALIFORNIA PAGE

11
15
11
37
75
11
37
56
00
00
00
60
00
04
00
60

00

67
56

75
11
75
11
75
11
75
11
56

45

76467
76470
76466
00027
31777
74001
76463
00000
00000
20000
00000
00000
53400
04470
00037
00000
00000
01017
00000

32000
00000
30037
76511
30030
76550
31777
74001
00000

10000
31737

00036
00026
10000
00030
76463
20001
01541
01%32
00001
00000
00000
00000
53400
70157
00000
00400
01737
00000
76370

76502
74000
00001
00001
00001
00001
76510
00001
56510

00030
00004

REPORT

CN C07-1

MODEL " A1Y

DATE

2—J(Q
MT DUMP ON #2

RESTORE

ES
STOPs JUMP TO MS#2 STOP

L (P
L(BACKING PARAMETER)

b/20/7¢,

L CEV REGIONDX 2 + L(EV REGION)

FLEX WORD

MT DUMP & RESTORE SeRa
STORE ES IMAGE
MT DUMP ROUTINE

—> ESy JUMP TO ROUTINE

MT RESTORE ROUTINE
—> ESs JUMP TO ROUTINE
RESTORE
ES
sTOP

MJ #1 TO SET MT UNIT
MD BLOCK

0-455



76513

76514

76515
76516
76517
76520
76521
76522
76523
76524
76525
76526
76527

76530

PX 71900-9-(164)

76531
76532
76533
76534
76535
76336
76537
76540
76541
76542
76543
76544
76545
76546
76547

7685¢C
76551

00003
00004
00005
00006
00007
00010
04011
00012
00013
00014
00015
00016
00017
00020
00021
00022
00023
00024

00029

00026
00027
00030
00031
00032
00033
00034
00035
00036
70037

00001
000¢C2

LUNVAIK ~ DIVISION OF GENERAL DYNAMICS CORP. o CV-164 ‘
SAN DIEGO CALIFORNIA " PAGE CN 007«

11
31
15
32
1n
65
67
64
31
75
32
11
43
61
67
56
21
41
56
67
56
53
83
75
33
00
00
00
00

45
64

40000
00041
21736
00042
20000
N0037
00037
00037
00041
21736

00042

20000
00040
00000
00037
30000
00003
00036
30000
01017
30000
00034
00034
10003
00034
70000
01737
00000
00000

10000
00037

00041
00009
00007
00000
00040
00040
00000
00040
00000
00016
00000
20000
00023
00025
00000
00002
00035
00002
00026
00000
76506
00021
00026
00002
00010
00000
nO00O
00020
00000

00022
00040

RePORT ZM 91
MODEL All

paTe  6/20/56
€S
CHECK
SUM
MD BLOCK

STORE CHECK SUM
MD BLOCK —> MT
BACK TAPE 36 BLOCKS
MT — ES MD BLOCK
CHECK

SUM

MD BLOCK

STORE CHECK SUM —>(A)
CHECK SUMS =7? '
NO:TYPE F
BACK TAPE
MS #3 RETURN TO TRY AGAIN
SET FOR NEXT MD BLOCK
TRANSFER COMPLETE =(21), TIMES
MS#3 JUMP TO RETURN TAPE
BACK TAPE TO ORIGIN
MS#3 JUMP TO RESTORE ES
SET

MT

COMMANDS

MJ #1 TO SET MT UNIT OTHER THAN O
READ MD BLOCK—> ES
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PX 71900-9-(164)

76552
76553
76554
76555
76556
76557
76560
76561
76562
76563
76564
76565
76566
76567
76570
76571
76572
76573
76574
76575
76576
76577

76600
76601
7660%
76603
76604
76605
76506
76607
76610

00003
00004
c0005
00006
oooe07
00010
00011
00012
000113
00014
00015
00016
¢0017
00020
00021
00022
00023
00024
00025
00026
00027
60030

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

31
75
32
11
43
61
67
56
75
11
21
41
86
&7
56
53
53
53
45
00
00
0o

45
16
45
16
45
16
75
11
7%

00041
21736
00042
20000
00040
00000
00037
30000
31737
00041
00014
00030
36000
01017
30000
00026
00026
00026
00000
70000
00000
00000

00000
76614
00000
76615
00000
76616
31777
00001

30530

SAN DIEGV CALIFORNIA

00000
00006
00000
20000
00013
c0007
00000
00002
00015
40000
00027
00002}
00020
00000
76506
00002
00011
00020
00002
00000
01737
00020

00000
76610
76606
76610
76606
76610
76610
74001
00000

CHECK
SUM
MD
BLOCK
CHECK SUMS=7?
NO:TYPE G
BACK TAPE

Cv-164

pace CN CO7-§
REPORT ZM ;91
MoDEL All

DATE 6/20/56

MS #3 RETURN TO TRY AGAIN

YES:MD BLOCK
—> MD

SET FOR NEXTMD BLOCK
TRANSFER COMPLETE

MS #3 JUMP TO RETURN TAPE

BACK TAPE TO ORIGINE

MS #3 JUMP TO RESTORE ES

SET
TAPE
COMMANDS

CARD OUTPUY IC 004

9-457



PX 71900-9-(164)

76611
76612
76613
76614
76615
76616
76617

76620

76621
76622
76623
T8824
16625
76626
T6627
76630
76631
76632

76633

76634
76635
76636
76637
76640
76641
76642
76643
76644
76648
76646
76647
76650

LCUNVAIK — DIVIDIUN U OENBKAL DTNAMILY LORP.

11
75
1
00
00

00

56
00
37
00
23
21
21
21
45
00

00

T1
15
55
15
75
23
16
ED]
53
52
Sa4
44
44
17
21

16620
31777
74001
00000
00009
00000
00000
00000
77777

74000

00001
00001
01262
01207
00000
00000
00000
00720
20000
20000
10000
20044
00731
00716
00723
10000
00721
20000
00554
00561
00000
00540

SAN DIEGO CALIFORNIA

00526
00000
00001
00744
00751
00733
76605
00037
77777
00000
01262
01207
00536
00536
01203
CO144
90810
30000
00566
00017
00620

00846

20000
00000
00001
00030
20000
00002
00554
005595
20000
00720

CV-164 pace

CN 00764

REPORT ZM 1191
MODEL Al]

'DATE

6/20/56

9-458



76651
76652
76453
76654
76655
78656
Y8857
76660
78661
76662
75663
Y&asba
. Tebb5
788868
. T58b7
- Y6870
| r6871
- re672
6873
T68ts
76675

. Tb8TE

16877
18700
16101

A Y6702

64

S 76703
78704
Y8108
16708
76707

(

PX 71900-9-

76710

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

16
43
32
17
11
11
37
55
44
55
51
13
35
55
51
55
51
53
51
&4
1é
37
41

Y

37
11
3
37
18
3
13
3

20000
00000
00677
00000
00730
00714
00560
30000
00641
10000
00725
20000
00715
10000
00728
10000
00725
10000
00725
00655
00667
00676
00672
00865
00706
20000
00713
00706
00716
00726
10000
00652

SAN DIEGO CALIFORNIA

00360
30000
00000
20000
00650
00651
00568
00000
00570
00013
20000
20000
00821
00006
00672
00006
00665
00008
00713
00603
00703
00608
00673
00017
00704
00652
00017
00704
00000
00023
10000
00107

CV-164
PAGE
REPORT
MODEL
DATE

CN OC7w&s
™ Lol
All

6/2c /86

9-459.



PX T71900-9-(164)

76711
76712
76713
76714
76715
76716
16717
76720
76721
76722
16723
16724
76725
76726
76727
76730
76731
76732
76733
76734
76735
76736
76737
76740
76741
76742
76743
76744
7674%
76746
76747
76750

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

3%
12
00
35
73
35
37
41
16
a1
41
15
55
21
21
16
13
4%
37
75
55
75
11
16
43
00
00
00
75
23
37
43

10800
30000
30000
10000
00652
20000
00676
00665
00717
00713
00713
00620
30000
00566
00620
00560
00720
00670
00560
20014
00761
30003
00710
00716
00711
30000

30000

30000
20003
00650
00703
00665

BAN DIEGO CALIFORNIA

10000
00672
30000
20000
20000
00652
00626
00677
00676
00660
006T7
00633
00000
00726
00726
006768
20000
00673
00870
00644
00010
00646
00650
20000
00556
30000
3000C.
30000
00646
00720
00604
00667

Cv-164
PAGE

CN 007-6b

reporT ZM 1101

MODEL
DATE

All
6/20/56

9-460



PX 71900-9-(164)

76751
76752
76753
76754
76755
767%6
76757
76760
76761
76762
76763
76764
76765
76766
76767
76770
76771
76772
76773
76774
76775
76776
76777
77000
77001
77002
77003
77004
77008
77006
77007

-T7010

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

45
3
35
35
55
00
00
33
37
35
85
00
55

&4

21
45
31
32
11
34
47
15
54
75
71
77
77
77
00
53
31
00

00000
00721
00651
00722
00650
30000
30000
00720
00703
00651
00650
30000
00650
00675
00651
00000
00652
00652
20000
20000
00667
20000
00720
30000
20000
00000
10000
10000
30000
10000
00672
00000

SAN DIEGO CALIFORNIA

00673
00000
00664
00665
00000
30000
30000
00001
00670
00672
00000
30000
00043
00676
00727
30000
00002
00001
00652
00044
30000
00706
10000
30000
00724
00774
00744
00760
30000
00733
00043
00540

CV-164

PAGE

CN 007-67

REPORT Z¥ 1,91
MODEL Al}

DATE

6/20/56 -

9-461



77011
77012
77013

77014

T7015
T7016

77017

77020

77021
77022
77023
77024
77025
77026
77027
77030
77031

- 77032
77033

77034

" T7038

77036

77037

PX T71900-9-(164)

T7040°

77041
77042
77043
77044
77045
77046
77047
77050

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

00

00
00

00
00

. 00

00
00

00

40
71
15
11
11
16

41

31
35
11
21
45
16
37
45
16
45
16
37
31
38
11
11

00000
00000
00000
00000
00000
00000
00000
00001
00000
00000
01206
20000
10000
20000
00772
0075%6
76600
00741
74000
76600
00000
00774
00743
00000
01252
00000
00774
00743
76600
00755
74000
20000

SAN DIEGO CALIFORNIA

00631
00001
00003
00005
00010
00012
00077
00000
00014
00000
30000
01049
01000
00775
76612
00746
00017
00741
01000
01219
00000
76612
00737
00747
01075
01001
76612
00737
00017
00758%
20000
10000

CV-164
PAGE  CN 007=65

REPORT ZM 1,91
MODEL A1l

DATE  6/20/56

9-462



PX 71900-9-(164)

77051
77052
77053
77084
77085
77056
77057
77060
77061
77062
77063
77064
77065
77066
77067
77070
77071
77072
77073
77074
77078
77076
77077
77190
77101
77102
77103
77104
77105
77106
77107
77110

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

21
51
55
51
16
16
51
47
16
16
45
00
00
00
00
00
00
00
15
11
42
21
75
11
00
00
45
71
11
34
11
11

76600
00772
10000
00772
01253
01254
01245
00771
01258
01252
00000
00000
00000
00000
0Cc000
00000
00000
00000
01000
01010
01007
01000
10500
01212
00000
02000
00000
00776
20000
01213
20000
00776

SAN DIEGO CALIFORNIA

01213
00776

00025
00777

01011
01177
20000
00767
01021
01075
01001
17777
76617
76600
00000
00000
00000
00000
01007
20000
01005
00530
01011
01300
00000
00000
01216
00777
01256
00020
01257
01261

Cv-1l64

PAGE

CY 007-&

REPORT ZM h91
MODEL A1l

DATE

6/20/56

9-463



CONVAIR —~ DIVISION OF GENERAL DYNAMICS CORP.

585
11
43
11
11
21
11
11
35

36
11
73
11
6
38
73
23
3
11
”
36

43

37
20
37
20
15
18
11

01261
00777
00000
00776
01262
01262
01048
01258
0) 246
01247
01213
01286
01287
20000
01212
01242
01242
01270
01266
20000
01 266
01213
00000
00060
00540

00540
00000
01000
01000
00777

SAN DIEGO CALIFORNIA

00020
01262
01023
01262
01263
00836
00001
20000
20000
20000
01260
20000
10000
012646
01267
20000
e1270
21813
08030
o127
00001
01272
01047
00140
00540
c0000
00540
00000
01077
01107
01264

CV-164

PAGE

CN 007-7¢

REPORT Z¥ b91

MODEL
DATE

ALl
6/20/56

9-464



PX 71900-9-(165)

GV-165

ANALYSIS C ? NVVA'R - pace CE-01I~1
PREPARED BY J, N. Bllis " SAN DIEGO a REPORT NO.  ZM 191
CHECKED BY D. Be Parker MODEL

REVISED BY _ ‘ | . DATE 227556

DETERMINANT EVALUATION PACKAGE-REAL-CA 010

This is = pachgo including Floating Point Real Arithmetie, CA 001 an
interpretive routine for the real arithmetic and the real dotarmirimt
evaluation routine. It is coded in standard form end can be assembly modified.
If this pachge is assembled at 0100, it will evaluate an NX R determinsnt
for lsv(22)8=(18)1°. Each element of the determinant takes two (2) cells, and
tbe entire determinaent must be in BS. This routine requires a setting up for
partioular ¥, location of determinsnt in ES, and the location of the result in
ES, and can not be ueed for §ny other N, doforminant location, or result locatiom
unless the routine is restored to its original form and set up again. Any
number of determinants may be evaluated for a given set-up. The ;otarminant
is deatroyt§ during the evaluation. The slimination method ie used.

Steps of Blimination:

1. 1-—9(Dot~. value location).

2. :.:H. 392, 3,000, ¥ (1!‘ 8y1% 0 exchange row 1 with s row which
has e non-gero first element, and change the sign of (Dﬁt.
value location). |

LI YR T ﬁ% 3, 122, 3,000, N

e (Det. value locatienm) A.n—’(DOto value location)

S5e Reduce the order of the resulting matrix by one by removing

. from consideration row one, and col. 1.

6. Repeat stops =5 until order of the matrix is reduced to one.

This routine uses 2 ¥ cells (one row) inmediately following the
determinant as temporary storsge. After it is set up, the last (hé)loﬂ(sé)a
cells of the routine are no longer used ( ﬁ'r: 131,0-1416). The amount of
storage needed for the determinent is given by 2(N%¥). The elements of

the matrix must be stored by rows.

9-460
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PX T71900-9-(165)

CV-165

ANALYSIS CONVAIR PAGE Y- D11-2
PREPARED BY J, N. Ellis ; SAN DIEGO REPORT NO. IM 191
cHEckepD 8y D. B. Parker MODEL

nEViSED BY | L Toat pepest

The 1’;&'1:1 arithme_tid, or the real arithmetic and interpretive routine may
be used'i;xdependent of the determinant routine by choosing the proper entrances.
For instructions on the use of real arithmetic see CA OCl. The interpretive
routine performs the real"ai'ithmetic boper”atiops' ,referring to i parameter‘Wrd ,
for the locations of the mantissas ‘of the 6perands and result,
| REAL ARITHMETIC ENTRANCE |
Co 37 01001 01002 Add Ent
Co 37 01001 01003 Mult Ent
Co 37 01001 0100l Div Ent

INTERPRETIVE ROUTINE ENTRANCE
Co 37 01001 PPPPP

C, AAAA BBBB CCCC

1
Where operations performed ere:
Add (A)#(B)—>(C) P=1106
| Subt (A)=(B)—>(C) P51110
e’ Mult (A)X(B)}—>(C) P»1112
Div (A)+(B)—»{C) Pe11L
Whers AAAA-lecation vof' mantissa of lst operand
BBBB-location of mantissa of 2nd operand
Q:CCC-’iocation of mantissa of result
ngmm SET-UP ENTRANCE
Co 37 01001 01153
cl bDDD RRRR m»
Where DDDD-location of Det. in ES
RRRR-location of result in ES

ENNN order of the determinant (octal)

9-466
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PX T71900-9-(165)

Cv-165

ANALYSIS CONVAIR PAGE  QE-011-3
PREPARED BY J, W. Ellis SAN DIEGO REPORT NO. ZNM [;91
CHECKED BY D. B, Parker MODEL

REVISED BY DATE 12¢R7=56

DETERMINABT EVALUATION ENTRANCE

Co 37 01001 01153

Permanent comst. used 40, 7h, 77, L3, 66, LL.
Temp. storage 00003-00032, (i), (Q)

Commands for assembly modification L7, (263),,

Drum Address-70723-7134L0

BN 8I0a




CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-165

Bye J. N. Ellis SAN DIEGO CALIFORNIA PAGE OR~011al;
Checked by: Domn B. Parker REPORT  ZM Lol
: MODEL
DATE 2-27-56
70723 01000 27 76000 75002 ALARM EXIT
70724 01001 45 00000 30000 EXTT .
77725 01002 45 C0000 01027 ADD ENTRANCE
70726 71003 45 £O000 01073 MULTIOLY ENTRANCE
79727 01004 11 00027 20000 DIVIDE ENTRAMCF M (0P 2)-(1)
70730 01005 47 01006 N100N DIVIDING RY 07
7A731 01006 11 00028 210000 NO.NHMERATOR —>(A)
70732 01007 47 01014 01010 NUMERATOR = 07
70733 01010 11 00040 00031 YES. 0
70734 ©1011 11 00040 00032 —> ANSWER
70735 01012 37 01012 01013 SeRe EXIT
70736 01013 45 00000 01001 JUMP TO EXIT
70737 01014 5S4 20000 00042 NO. M (NUMERATOR) X 29"—9 ()
70740 01015 73 00027 10000 QUOTIENT X 2°"—> (@)
TATA1 A1016 1) ANALD ANOSR n —> 28
70742 01017 74 10000 00025 NORMALIZE IF(00028)=0 OR 71
70743 01020 11 20000 00031 NORMALIZED MANTISSA STORED
76744 01021 22 00026 00030 DIFF OF EXPs—>>(90026)
70745 01022 11 00025 20000 H—>A
70746 01023 47 Q1025 01024 H == 07
70747 01024 21 00026 00074 H = 0 CORRECTFD
70750 01025 11 00026 00032 H= 71 EXP—> 00032
70751 01026 4% 00000 01012 JUMP TO EXIT
70752 N1027 11 00025 20000 ADDITION M (OPERANN 1) > (A)
70753 01030 47 01031 01081 M (OPFRAND 1) = 07
iy 70754 01031 11 00027 20000 NO” M (OPERAND 2) —>(A)
T 79755 01022 47 01036 01033 M OPERAND 2) = 07
I 70756 01033 11 00025 00031 YES: M (OPERAND 1] —> M(answER)
& 70757 01034 11 00026 00032 F (OPERAND 1} <> £ (ANSWER)
: 70760 01035 45 00000 01012 JUMP TO EXIT .
C A 70761 01026 11 00026 217000 NO. E (OPERAND 1)9@)

9-468



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-165

N sam 04650, CaLIROmmIA | Pace g‘féﬁ’“’
Checked by: D. B. Parker MODEL
DATE 2.27-56
70762 01037 36 00030 00032 E(oP 1) MInuS E(OP2) = ¥ —> (00032)
70763 01040 46 01047 01041 K >or
70764 01041 11 00025 20000 YES: EXCHANGE
70765 01042 11 00027 00025 OPERAND
70766 01043 11 20000 00027 ONE
70767 01044 11 00026 20000 AND
70770 01045 11 00030 00260
70771 01046 11 20000 00030 | TWO
70772 01047 12 00032 20000 NO: I —=>(r)
70773 01050 42 01072 010%4 K| £ 387
70774 01051 11 00027 0003} ki > 38 ok mM(oPl1 = 0
70778 01052 11 00030 00032 (op 2)—>ANnswER
70776 01053 45 00000 01012 JUMP TO EXIT
70777 010%6 16 20000 01058 | £ 357 SET SHIFT OF 8 RITS
71000 01055 54 00027 30000 M (OP2X 1 —3 ()
71001 01056 35 00025 20000  M{OP2]x 2° + m(0°1) —>(A)
71002 01057 11 00040 00032 0 —>(0w032)
71003 01080 74 20000 00032 NORMALIZE M (ANS)= H—3(00032)
71004 01061 11 20000 00031 M (aNS) > (00031
71005 01062 47 01064 01063 M(ANS) = 07
71006 01063 13 00032 00026 YES: —H—>(0002¢)
71007 01064 11 00032 20000 NO: H—>(A)
71010 01065 42 01071 01067  H < 387
71011 01066 23 00026 00077 NO" E (OP1)-32 —> (00026
o T1012 01067 21 00032 00028 YES. E(OP1) PLUS H (OR H=T2)
2 71013 01070 45 00000 01012  JUMP TO EXIT
Z: 71014 01071 00 00000 00*46 DEC 38
& 71015 01072 00 00000 00%43 DEC 35 .
& 71016 01073 71 00025 00027 MULT M(0P1)X ¥ (0P 2)—>(a)
5 71017 01074 11 00040 00025 0 —> (00028)
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By: J. N. Ellis
Checked bys D. B. Parker

PX 71900-9-(165)

71020
71021
71022
71023
71024
71025
71026
71027
71030
71031
71032
71033
71034
71035
71036
71037

71040
L T1041

71042
71043
71044
71045

© 71046

71047
71080
71051
71052
71053
71054
71055

01075

01076
01077
01100
01101
01102
01103

01104

01105
01106
01107
01110
01111
01112
01113
01114
01115
01116
01117
01120
01121
01122
01123
01124
01125
01126
01127
01130
01131
01132

CONVAIR — DWlSlON OF.GENERAL DYNAMICS CORP. C 165

74
11
47
11
45
23
21
35
45
16
45
16
45
16
45
16
31
15
11
55
53
55
58

54
53
21
75
11
75

20000

20000

01102
00040
00000
00025
00026
00025
00000
01147
00000
01151
00000
01150
00000
01146
01001
20000
00000
01144
01152
01152
01145
01152
01152
01152
01001
30002
00000
30002

SAN DIEGO. CALIFORNIA

00025
00031
01100
00032
01012
01072
00010
00032
01012
011af€
01115
01134
01134
0111;§
01134
00017
01117
01182
10003
01126
00023
10003
01131
00014
01133
00074
01132
00025
01124

PAGE  Ta=O11wb
REPORT ZM 1,91

MODEL

DATE 2.27-56

N'ORM‘ALIZE M(ANS)=34 OR 35 —> H
M (ANS)—>(00031) |

M(ANS) = 07

YES, A = F(ANS)

JUMP TO EXIT |

NO: H=35 —> (0N028) = 0 oR =1

E(0P1) PLUS ELOP 2)—>ap{00026)

E (ANS) >(00032)
JUMP TO EXIT
ADD |
. ENTRANCE
SUBTRACT
ENTRANCE.
MULTIPLY
~ ENTRANCE
DIVIDF ENTRANCE
SET
PARAME TER
LOCATION
SET
L (2)
SET
L (x)

SET
L(y)
UP EXIT LOC
X >
(op 1)
Y >

9-470



By:s J. X, Ellis
Checked by: D. B. Parker

PX 71900-9-(165)

71056
71057
71060
71061
71062
71063
71064
71065
71066
71067
71070
71071
71072
71073
71074
71078
71076
71077
71100
71101
71102
71103
71104
71105
71106
71107
71110
71111
71112
71111

01133
01134
01135
01136
01127
01140
01141

01142

01143
n1144
01145
01146
01147
01150
01151
01152
01153
01154
01155
01156
01157
01160
01161
01162
01163
01164
01165
01165
01167
01170

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-165

11
37
75
11
37
45
13
37
45
70
00
00
00
no
00
00
45
15
15
15
11
11
11
11
11
11
11
11
75
11

00000
01012
30002
00031
01137
00000
00027
01012
00000
00000
00777
00000
00000
00000
00000
00000
00000
01405
01323
01323
01322
01306
01307
01321
06066
00074
01302
01316
30006
01307

SAN DIEGO CALIFORNIA

00027
00000
01137
00000
01140
01001
00027
01002
01138
onTT?
70000
01004
fl1on2
0610013
01141

51302
01115
01174
01177
01228
01247
01244
01258 -
00003
00004
01337
01336
01171
01325

PAGE  CE=Olley
REPORT ZIM [,91

MODEL

DATE 2-27-56

(op ?)

REAL ARITHe JUMP
ANSWER

- (2)

SeRe EXIT

Jump TO EXIT

- (00027)> (00027)
JUMP TO SuR |
JUMP TO STORE (ANS) & EXTIT
MASK

MASK

SET UP 8, Re ENTRY
SET PARAMETER LOC
set L (a11)x 255 (01174)
sET L(A111)2 > (01177)
SET L(A12 A1l A12)
SET L(A12 A?1 T?)
SET L(A?2 T2 A22)
SET LR A1l A22)
1->

(r1)
STORE 2x2° '+ 4
sToRE 2(N=1) - 27
STORE COPYS

N X 2/

9-471



Byt Je No 3111. .

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

Checked by: D. B. Parker

PX 71900-9-(165)

T1114
T1115
71116
71117
71120
71121
1122
71122
71124
71128
71126
71127
71120
71121
71122
7113
71134
71138
71136

71137

71140
71141
71142
71143
71144
71148
71146
71147
71150
71151

fiin
01172
01173
01174
01175
01176
01177
01200
01201
01202
01203
01204
61205
01206
01207
01210
01211
01212
01219
01214

01215

01216
01217
01220
01221
Q1222
01221
01224
01225
01226

21
11
11
11
87
15
11
15
21
58
16
15
11
5%
16
1%
11
13
21
41
75
11
11
23
21
21
11
37
00
21

01328
01305
01327
00000
01217

30000

00000
01177
01203
01177
10000
30000
00000
0120%
10000
30000
00000
000013

01124

01334
10002
00040
01303

01327

01177
01174
01330
01137
00000
01228

N2
01323
01324
20009
011686
01200
00000
01205
013268
20026
0120%
0120¢
nroon
20028
01211
01212
00000
000013
0130%
01174
01277
0000%
01326
0007
01302
01312
01234
01114

01302

N=1

INDEX = N=2
INDEX = Ne1
(A11)—>A

A =07
YES. ROW 1

CV-165
PAGE

e-an0-8

RePORT ZM 1191

MODEL
DATE

—> (TEMP ROW)

STORE
L(ROW 2)
STORE
L (rROwl)

" ROW 2

—> ROW 1
STORE
L(Row 2)

rRow 1 (TEMP ROW)

—> ROW 2
etil—>(r1
2NX2'T + 2N
TEST NEW A1l
coL 1 =0
0—> |oe7|

x2°

JUMP TO EX1T

2-27-56

COLl = 0 RESTORE CONSTANT

INDEX = 1

~SET FOR

NEXT ROW
SET INDEX =

A12/411 —>
SET FOR Al3

N=-1

(a)

9-472



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

Bys J. N. Ellis
Checked by: D. B, Parker

71152
71152
71154
71155
71156
71157
71160
71161
71162
71163
71164
71165
71166
71167
71170
71171
71172
71173
71174
71175
71176
71177
71200
71201
11202
71203
71204
71205
71206
71207

01227
01220
01231
01232
- 01233
01234
01235
01236
01237
01240
01241
01242
01242
01244
01245

01247
01250
01251
01252
01253
01254
01255
01256
01257
01260
01261
01262
01263
01264

PX -7”)00-9—( 165)

01246

41
11
11
31
11
53
1
47
21
45
37
00
17
00
21
21
41
29
21
21
41
39
00
23
23
21
21
21
11
21

01334
01230
01330
01242
01324
20000
efefelole
01241
01244
00000
01137
00000
01137
00000
01242
01244
01325
01242
01244
01242
01334
01137
00000
01330
01336
01337
01258
01331
01331
01332

01224

n1334
01335

00002

10000
0123%
20000
01237
01317
01252
01112
00 »

01110

00 #-

01301

01302
01241

01336
01337
01310
01231
01112
0(9000
00074
01301

01302
01311

01315
01242
01320

CV-165
PAGE ON=0LLwy
REPORT 2M h91

MODEL .
2-27-56

DATE

R/A11

SET INDEX=N =2
SET INDEXIN=2
SET

t (A21)

(A21)>(a)

(A21) = 07 \
YES: SET FOR NEXT ROW
JUMP TO SKIP ROW

NO. X

Al2 X A21—> T

A224422 A2)—> A22
SET FOR A3
SET FOR A23

01 CoL

1ST COL 1y 090

X
(r) (MY 1
INDEX =1
4(f\|+1):(f':'r A x P
T M NN S
SET FOR A22
SET

PARAMETERS

9-473



Bys J. K. ELLIS

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

Checked byt Ds B. Parker

PX 71900-9-(165)

71210
IAYAR!
71212
71213
T1214
71215
71216
71217
71220
71221
71222
71223
71224
71228
71226
71227
71230
71231
71232
71233
71234
71235
71236
71237
71240
71241
71242
71243
71244
71245

01265
01266
01267
01270
01271
01272
01273
01774
01275
01276
01277
11300
01301
01302
01303
01304
01305
01306
01307
01110
01311
01312
01313
£1314
01315
01316
01317
01220
01321
01322

11
21
21
41
11
37
00
15
15
75
11
00
0o

00
31
15
11
21
11
51
11
23
36
71
11
55

11
35
54
11

SAN DIEGO CALIFORNIA

01332 -
01328

01225

01333
01258
01137

01244
01202
01325
01173
01272

01112

00000

01406
01406
30002
00003
00000
02000
02000
01001
20000
00000
01001
01410
01416
01153
01304
00074
01300
20000
01210
10000
01300
20000
20000

01115
01127
01001
Jelulely)
20000
00000
neon?
00017
01305
014616
00074
10000
01183

01304

00074
01305
01153
01310

10003

01303
01311
00003
01217

DET REDUCED !
YES:

N

T—> |pET

RESET INT.S'R:

STORE
[oEf] & ExIT

S R SET UP ENT
SET (L) PARAMFTER
PARAMETER=> (T
EXIT PLUS 1
MASK—> ()
STORE' N
STORF
N=1

STORE N=?
STORE

IN - 2%
STORE '

2N - 2
STORE 2(N+1) - 2/=
sToRE
a(hi+) 2’7

o

CV-165

PAGE

|CR«011-1G

REPORT ~ ZM 1,51
MODEL

DATE

2-27-56

9-474



By! Je. N. Ellis

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

Checked bys D. B, Parker

PX T1900-9-(165)

71246
71247
71250
71251
71252
71253
71284
71255
71256
71257
71260
71251
71262
71262
71264
71265
71266
71267
71270
71271
71272
71273
71274
71275
71276
71277
71300
71301
71302
71302

01323
01324
01325
D137
01327
01330
01321
01332
01333
01334
01325
01336
01337
01240
01341
01342
01343
01344
01345
01346
01347
N01350
013%)
0iss?2
01353
01354
01355
N11356
011357
01360

11 01153
71 01313
71 01301
11 20000
15 D1408
35 01301
11 01311
21 01316
21 01318
71 00041
35 01314
315 01302
23 01314
11 01412
11 01414
11 01414
52 0141¢
53 0l4lé
55 .01416
11 01411
53 01416
11 01415
53 0l4lé
11 01410
53 01416
56 Cl&l6

11 01410

11 0130k
52 0141é
53 01416

SAN DIEGO CALIFORNIA

01313
00074
01182
01314
01127
0131¢%
01816
01362
0131t
01153
01317
01326
01301
10000
01306
01307
01306
01307
00040
10000
01308
01321
01321
10000
01277
00030
16000
0132
n1322
01307

CV-165

PAGE CR=011-11
REPORT ZM ;91
MODEL
DATE 2-27-56

STORE

N+ 1

store

onx ¥

SET & B

STORE 2 (N#1) - 27

STORE

2x2°% 2(n +1) - 22

store (vl 2% 2(N+1) - 2/

STORE |
anx 2% 2N
store 2(N+1) 2% 2ln + )
STORE 2(N~y). 27
MASK—> (N )
STORE L (T2)
STORE L (T2)
STORE
Al

MASK—3> O

sTore L (A11) x*2/%
store L (t1)-2°% L (D)
STORE L (A11)-2'*
Mask— (0)

store L ([peT])

MASKR— (@)

STARE
L (a11)

9-475



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-165

. SAN DIEGO CALIFORNIA PAGE CH~01ll=12
By: J. N. Ellis REPORT ZM 1,91
Checked by: D. B. Parker MODEL

DATE 2-27-56

71304 N1361 85 01416 00ON17

71305 01362 11 01407 10000 MASK —> (Q)

71306 01263 81 01415 01322 staee L (A1) 2
71307 01364 21 01322 01302 STORE L (A12 A1}l A12)
71310 01365 21 01306 01310

71311 01366 21 01306 01301 STORE L (A12 A21 T2]
71312 ©1367 21 01307 01320 STORE L (A22 T2 A22)
71312 £1370 11 01413 10000 MASK—> (1)

71314 01371 53 01303 01176 SET

71315 01372 52 01303 01204 REPEAT

71314 01373 52 01303 01210 COMMANDS

71317 01374 15 €1323 01211 SToRE L (A11)

71320 ©1375 71 01303 01153 NF—> A _
71321 01376 35 01211 01211 sTORE L (T Row) 27°

71322 01377 55 01211 20028
71323 N1400 16 10000 01177

71324 21401 11 21404 01183 SET ENT JumP
71325 01402 11 01407 01324 STORE MAS&K
71326 01403 45 00000 01001 JUMP TO EXI7

71327 01404 45 0NNOO N1184
71330 01405 00 01137 00000
71331 01406 00 01001 20000
71332 N1407 00 07777 00000
71333 01410 00 0N000 0OT777
71334 01411 90 00777 70000
71335 01412 77 77000 0C000
7133 n1413 00 00777 00000
71337 01414 00 0ON0O0 7C007
71340 1415 0 03000 NAN0DO2

pX 71900-9-(165)

9-476



PX 71900-9-(166)

CV-166

ANALYSIS CONVYAIR PAGE CN 012-1
PREPARED BY C. J. SWIFT, M, COVHERR otvision or SENERAL DYRANICS CORPORATION REPORT NO. ZM 491
cHeckep sy D, SHUMWAY AN Dikeo MODEL

REVISED BY paTE July 10, 1956

FOUR POINT LAGRANGE INTERPOLATION FOR BIVARIATE FUNCTIONS
OR THEIR IERIVATIVES (FIXED POINT)

I. DESCRIPTION:
If from one to five quantities F R are each functions of two variables

x and y and are given in the form of tabled values (not necessarily at
equal distance points); then this subroutine evaluates these functions or
one of the first partial derivatives of these functions by interpolation.
The nearest tabled values of x and y are first found. The subroutine
uses tallies ) and “to signify displecement in the x and y tables,
& = 0 signifies the first four x values (x5, x1, X2, X3). P =0
signifies the first four y values (y,, y3, Y2, ¥3). A eixteen point grid of
function values corresponds to the selected values of x's and y's.
The Lagwange method for interpolation is used to evaluate the functions
at the given point (x, y) for each F R, |

The subroutine is also set up to compute the partial derivatives of
the functions by the use of contrel words which are specified as follows:

04 44400 00000 compute 3L£F A
00 00044, 44000 compute 2 - 4
00 00000 00000 compute F

In order to eliminate scaling problems, the subroutine computes the
partial derivatives times an "incremsnt® A4’ (atéqud at the sams scale
factor as the function). The coder must divide this by A’ (which is
stored in cell 0000l with the same scaling as the méependont variable
involved). |

The subroutine uses a normalization process to aéhievo full accuracy
without overflow. Unless the point x, y lies ocutside the region, no over-

flovw ‘can ocour.

FORM 1810:A



PX 71900-9-(166)

CV-166

ANALYSIS CO NV AIR pace CN 012-2
PREPARED BY C. Je Sm’f, M, COVHER a otvison or sgugaaL sruamcs coaroration REPORT NO. ZM 491
cHeckep ay D. SHUMWAY SAN DIzGO

MODEL.

REVISED BY DATE July 10, 1956

If the point x, y lies within the sams rectangle of the xy grid as
the previously used point, much of the computation is not repeated with
a saving of over half in time, | |
II. SPECIFICATIONS:
s V

Locations and Storage

1. The subroutine is stored in celle 01000 ~ 01246 using (2 4 7)§ or
(16 7)o cells |
2. B S Temporariss used are cells 00001 to 00072 plus (2 0 )g cells
for each dependent function.
3. Cells to be modifieds (247)g = 1167)y,
4. Constants not modifisd: none
5. Informtinn storsod on drum for each seti of tables:
| (a) &mnoo ad axit code: 5 eells
(b) Parameters: 7 cells
tc) Tenpéraries: | (24)10 cells
©(4) Tables of the independent variables x and y and the
_ dependent variables F P, | |
B «~wwemeeeelode, Parametsrs and Temporaries for aach set of Tables:
1. A starter program followd by current grid informatfon for sach
set of from 1 to 5 functions is stored in MD. ~This optional MD locaticn
'ummrematou«n-a thru (4 + 50) |

2. ‘lbuubrcntinaisenhndbythaoomndx'

14 a @ + 2).
‘ 3. The infmtim ix 1zi& out as follows:
ieEss  conrENT , EXPLANATION
d 75 3 {p) (30000) ) Seve curremt data

d+l 11 00030 d +5 P= (4h)g+ K (20),

- 9-478



PX 71900-9-(166)

CONYAIR

CV-166
PAGE (N 012-3

ANALYSIS
PREPARED BY C. J. SWIFT, M.Cwm-m-w---mszgwcmm REPORT NO. ZM 491
crReckep By D. SHUMWAY san MODEL
REVISED BY paTe July 10, 1956

CELL

ADDRESS CONTENT EXPLANATION

ae+2 75 3 (p*1l) (01002) )

load current data

d+3 11 a + 4 00027

a+ 4 45 00000 é Return from subroutine

d+ 5 00 M 00000 " M = pumber of x velues

d+ 6 00 N 00004 R = number of y values

d+7 (7 776 ) y (initial = -1)

d + 10 (0o 00000 -00000) /0

d+11 00 (k+1at2l9) 00000 K = number of dependent variables tabled

d +12 00 Ay 00000 Ay = address of x table

d +13 00 Ay 00000 A,s address of y table

d+l 00 Ml 00000

A" = address of F® table
d+15 00 Ag? 00000
d+20 00 Ay 00000

d+ 2]
d + 50
d+ 50+ (20)g K

lvwvwv L—WVVVV

C Table Format

(oc001) 4’
(00002) P, (x,7) or A‘(j“":j

(00003) Pa(x,y) or 4 (j{‘)

The x and y tables must be in monotonic ascending order. The functions
r® are stored column wise each column corresponding to one value of X.
D—Resultss - The results are stored as follows:

when partlal differentiation occurs

[

Temporary storage (current x, y and
intermediate computations that are

saved)

or 4(5—;’)
or A (:_"__?)

T-a79



CV-166

KNALYSIS C‘ O N V A ' R PAGE (N 012-4
PREPARED BY C. J. SWIFT, M,COVHER SAN DIEGO REPORT NO. ZM 491
cHeEckeED BY D, SHUMWAY MODEL

REVISED BY pATE July 10, 1956

(00004) Fy(x,y) or 425 or 4 45
SR Jd X . o
(00005) Fy(x,y) or A -dFy or 2 F’
o ¥
(00006) Fs(x,y) or A -JdFs or A ',; A
‘J X ‘J‘;

PX 71900-9-(166) .

J-40U

rORM 1918 -



PX 71900-9-(166)

BIVARIATE

01000
01001
01002
01003
01004
01005
01006
01007
01010
01011
01012
01013
01014
01015
01016
n1017
01020
01021
01022
01023
01024
01025
01026
01027
01030
01031
01032
01033
01034
01035
01036
01037

37
45
16
11
46
11
42
42
11
36
35
46
11
42
42
11
36
35
46

11

47
11
47
23
21
45
23
21
37
16
15
37

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

76000
00000
00027
00032
01030
00024
00045
00046
00032
00030
01230
01030
00025
00051
00052
00033
00031
01230
01033
00032
01027
00033

01032

00032
00032
00000
00033
00033
01055
01226
01233
01167

INTERPOLATION

76002
30000
01001

20000.

01005
20000
01023
01014
20000
20000
20000
01014
20000
01025
01055
20000
20000
20000
01055
20000
01014
20000
01055
01233
01234
01034
01233

01234

01110
01175
01174
01155

SAN DIEGO. CALIFORNIA

ALARM EXIT
EXIT
SET UP EXIT

- COMPARE SIGMA

WITH ZERO
TEST FOR X
AT CENTER
OF GRID

_TEST FOR

UPPER
LIMIT OF
X TABLE
TEST FOR Y
AT CENTER
OF GRID
TEST FOR
UPPER
LIMIT OF
Y TABLE
TEST FOR
2ERO SIGMA
TEST FOR
ZERO RHO
SIGMA MINUS TWO
SIGMA PLUS ONE
JUMP TO NEW VALUES
RHO MINUS TWO
RHO PLUS ONE
SET SWITCH AND JUMP
SET UP FOR
DENOMINATOR
JUMP TO PQ SUBR

CV-166

pace CN 012-5
REPORT ZM 491-11

MODEL
DATE

July 10, 1956

Q.41



pX 71900-9-(166)

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-166

SAN DIEGO. CALIFORNIA PAGE CN 012-6
REPORT ZM 491-I1
MODEL
paTE  July 10, 1956

BIVARIATE INTERPOLATIONM

01040
01041
01042
01043
01044
01045
01046
01047
01050
01051
01052
01053
01054
01055
01056
01057
01060
n1061
01062
01063
01064
01065
01066
01067
01070
01071
01072
01073
01074
01075
n1076
01077

16
16
16
15
71
54
11
21
43
21
42
21
45
37
15
45
37
16
75
11
15
15
71
73
11
11
15
21
71
54
35
21

01227

‘01237

01240
01237
30015
20000
20000
01046
01241
01044
01242
01044
00007
01055
01054
00000
01167
01237
10005
01236
01240
01237
30015
30054
01246
01232
01067
01074
30074
20000
30002
01076

01175
01044
01046
01044
30011
00047
30054
01235
01055
01234
01044
01235
01043
30000
01174
01060
01155
n1066
01064
00002
01067
01066
30011
00007
01076
00010
01074
01232
00007
00047
30002
n1231

PARTIAL SWITCH TO NUM
ZERO SET TO J AND 1
R1J SET TO ROO
P1 SET TO PO
QJ

TIMES

P1

1J PLUS ONE
JUMP TO NUM AFTER LAST 1J
J PLUS ONE
TEST FOR LAST J
1 PLUS ONE
INTO LOOP AGAIN
'NUM DEN SWITCH
SET UP FOR NUM
JUMP TO PQ SUBR
SET P1 TO PO

SET 1
PICK UP
ZERO TO SUMS
00 TO 1J
SET J
QJ TIMES P1I

DIVIDED BY RIJ

SET UP N INDEX
SET
FN~1J
TIMES FN=1J
PLUS
FN SUM
1JK PLUS ONE

9-482



PX 71900-9-(166)

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

BIVARIATE IMTERPOLATION

01100
01101
01102
01103
01104
01105
01106
01107
01110
01111
01112
01113
01114
01115

01116

n1117
01120
n1121
01122
01123
01124
01125
n1126
01127
01130
01131
01132
01133
01134
n1135
01136
£1137

21
42
21
21
42
21
42
45
16
15
21
15
21
54
16
15
11
15
21
72
35
45
35
35
35
45
75
11
75
11
37
75

N PLUS ONE

TEST FOR LAST N
~ RIJ PLUS ONE

Q14 PLUS ONE

5 COMPARED TO J

P1 PLUS ONF

8§ COMPARED TO I

00010 01232
00034 01073
01067 01234
01066 01234
01242 01066
01066 01235
01243 01065

00037 01001 OUT OF INTERPOLATION
01244 01131 SET COORD SWITCH
00035 01133 SET FIRST

01133 00032 X ADDRESS
00036 01135 SET FIRST

01135 00033 Y ADDRESS
00031 10071 COMPUTE

01240 01140 ADDRESS

01107 01121 oF

01232 00003 FIRST

30000 01140 ROV

01140 011854 AND

10000 00032 FIRST
00033 01140 FUNCTION

00000 01126 SET TRANSFERS

00031 01142 FOR

00031 01144 F

00031 01146 PICK UPS
00000 30000 COORD SWITCH
30004 01134 PICK UP
30000 00044 X s

30004 01136 PICK UP
20000 00050 Y S

01131 01137 SWITCH

30004 "1141 PICK UP FM S

CV-166
PAGE CN 012-7

REPORT ZM 491~II
MODEL

DATE  July 10, 1956

9-483



PX 71900-9-(166)

BIVARIATE INTERPOLATION

01140
01141
01142
01143
01144
01145
01146
n1147
01150
01151
01152
01153
01154
01155
01156
01157
01160
01161
01162
01163
01164
01165
01166
01167
01170
01171
01172
01173
01174
01175
01176
01177

11

75

11
75
11
75
11
45
21
21
42
45
00
11
75
11
37
75
11
11
75
11
37
45
11
36
16
75
11
75
23
55

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO, CALIFORNIA

30000
30004
30000
30004
30000
30004
30000
0noNo
01121
00003
00034
00000
00000
00024
30004
00044
01225
30004
00015
00025
30004
00050
01225
poooc
0C005
00002
01243
10003
30000
30003
00021
00026

00054
01143
00100
01145
00104
01147
00110
01150
01234
01232
01121
01003
00020
00007
01160
00002
01170
01163
00011
00007
01166
00002
01170
30000
20000
00010
01217
01175
00021
01212
00003
00003

FN
FUNCTION

ADDRESS F

PLUS ONE

REPEAT LOOP
JUMP TO BEGINNING
CONSTANT
W SET TO X
WN SET

10 X1
DO INNER LOOP
P s

IN PLACE
W SET TO Y
WN SET

10 vJ
JUMP TO INNER LOOP
EXIT SUBR
W3 MINUS WO
EQUALS DELTA
PRESET
COMPUTE

W MINUS WN

OR WO MINUS WN

GIVING FACTORS

CONTROL WORD TO Q

CV-166
PAGE
REPORT
MODEL
DATE

CN 012-8
ZM 491-11

July 10, 1956

9-484



PX 71900-9-(166)

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

BIVARIATE IMTERPOLATIOM

71200
01201
01202
01203
01204
01205
01206
01207
01210
01211
01212
01213
01214
01215
01216
01217
01220
01221
01222
01223
01224
01225
01226
01227
01230
01231
01232
n12332
n1234
n1235
01236
r1237

L4
11
54
73
54
73
71
72
72
45
54
73
71
73
71
73
11
75
11
21
42
485
00
00
00
00
00
oan
oo
o
00
no

01201
00010
00021
00010
00022
00010
10000
00021
10000
00000

00021.

00010
20000

00010

20000
00010
00002
30004
00003
01217
01245
00000
00000
00000
00004
00001
00020
nnnn2
coenl
00CCo
cee00

nnnls

n1212
n0001
00041
00021
20041
10000
00023
00022
00023
01217
00041
20000
00022
20000

00023

30015
00006
01223
00002
01235
01173
30000
01212
01177
4000C
0Nool
00000
alalelele!
onoo0¢
necol
Q0%

00011

TEST FOR PARTIAL
STORE DELTA FOR PARTIAL
COMPUTE

SUM OF
PRODUCTS
FOR
PARTIAL FACTOR
AND |
NORMAL 12E
JUMP TO STORE
COMPUTE
TRIPLE
PRODUCT
AND
NORMAL 1ZE
STORE QJ
ROTATE
THE
WN
J PLUS ONE
TEST FOR LAST J

" EXIT INNER LOOP
¢
0

N

wn

CV-166

PAGE CN 012-9
REPORT M 491_11

MODEL
DATE July 10, 1956
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SAN DIEGO. CALIFORNIA

- BIVARIATE INTERPOLATINN

01240
01241
01242
01243
n1244
N1245
01246

PX 71900-9-(166)

oo
11
71
71
"0
73
35

20054
20000
00021
00021
aleYolals)
00010
00002

00054
00074

00000

60015
n1132
00021
00002

CONSTAMTS

CORP.

CV-166
PAGE

CN 012-10

REPORT ZM 491=11

MODEL
DATE

July 10, 1956
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CV-167

ANALYSIS CONVYAIR PAGE CN 013-1
PREPARED 8Y D, SHUMWAY 4 PIVIRON'OF GRREALL PIANICS CoRroRATION REPORT NO. ZM 491
CHECKED BY (. J. SWIFT MoDEL
REVISED BY DATE June 28, 195
POUR POINT LAGRARGE INTERFOLATION POR TRIVARIATE
FONCTIONS OR THEIR DEKIVATIVES.:(PIXED POINT)
I. SPECIFICATIONS:

11,

111.

SIORAGEs The sub-routine is stored in cells 01000 -~ 01305 and may be
relocated. BS working storage 00002 - 00363 is used. Tables of any size
are normally on MD.

IIME:s Approx. 0.3 sec. minimum + 0.15 sec. for each change in 64 point
grid.

METHODs Third order interpolation is effected by the use of the Lagrange
4 point interpolation formila for 3 varisbles. This passes a function

through a 64 pt. cubic array or grid of points chosen from the xys space of
the table.

DESCRIPTION:

If two quantities, F; and Fp, are functions of three variables, x, y, &
and their values are given in tabular form (not necessarily at equal
intervals), this subroutine can evaluate F; ana F, or one of their partial
derivatives as specified by a control word. The 64 pt. grid is first
selected so that the interpolated point (x, y, £) is as close to the center
of the grid as possible. This grid is then used for interpolating Fl and
P, (or specified partial derivative of same) in parallel.

All factors in the Lagwangian coefficients are normalised to values <!
to obviate overflow difficulties. If extrapolation is attempted too far
outside of the outermost grid, a divide fault will occur.

LOCATION AND STORAGE:

The main sub-routine is coded to operate in cells 01000 - 01265. It uses
cells 01266 - 01305 for constants and cells 00002 -~ 00363 in ES for
temporaries.

g=a07
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ANALYSIS C »O N V_ A i R PAGE CN 013-2
PREPARED BY D, SHUMWAY SAN DHEGO REPORT NO. ZM 491
cHeckepB8Y C. J, SWIFT MODEL

REVISED BY DATE June 28, 1956

A starter program f‘plloved by current grid information for each set of
two functions is siorod in (333)8 cells of MD. This optional MD location is
now referred to as cells d thru d + 332, Initial set up of d thru d + 16 is
as follovs: _

d 75 30326 (30000)
11 00036 d +5
75 30327 01002
1 d+ 4 00035

a A A A A A A o
+
L - AN R ST T N
&~
n

d .
+ 00 00000 m m = no. of values in x table
+ 00 00000 n n = no, of values in y table
+ 0 2 00004 R = no. of values in Z table
+10 T TG 77777 O = index of current location in x table,
initially = 1
d+11 O -0 A = index of current location in y table,
initially = O
d+12 0O 0 1 = index of current location in z table
initially = O
d+13 00 Ax 00000 A,x- location of 1st x table value
d+uU 00 Ay 00000 Ay= location of lst y table value
d+15 00 A 00000 Ag= location of lst z table value
d+16 1 Ag 00164 Ap= location of 1lst Fj table value

Information 4in d + 17 - d + 332 i3 generated by the sub-routine. In order
to minimise access times, the tables should be stored in the following sequence:

1. All x values im ascending order

2. All y values in ascending order

3. A1l s values in ascending order

4s A1l F) and Fy values alternate, Fy(xj, Y3 %), Fo(x4, Yi» Bk), =

Fi(x4, ¥y, 2z kel), Fa(xi, yj, xk¢l), etc. with i the major, J the

roam 1018 -4 9-488
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ANALYSIS : C ‘O> NV A 'R PAGE CN 013-3
PREPAREb sy D. SHUMWAY SAN DIEGO ' REPORT NO. ZM 491
cHeckep By C. J. SWIFT ’ MODEL

REVISED BY ' _ DATE June 28, 195¢

intermediate and k the minor orderiﬁg subscript.
Coordinates of the point to be interpolated A~> a control word are
entered: | |
(00031) = X
(00032) = Y
(00033) = 2
(00034)= Control word.

For computing Fy and F5, the control word = 00 0000000000
2 SF,

For computing 2 : 57 and 2433  the control word = 044440=me===0
For computing &- %—:ﬁ and A'%—} the control words 000001.41.4000
For computing &- 3% and 4. 33_‘} the control word = 400000000444
Entry to the subroutine 1s programmeds 37 d+2 4.
RESULTS:
(00002) a (in case of partial diffarontiati.bn)
(o0003) Fy or & gi’ or A- %%‘ ér A %’2’
(00004) P, or A-%gé or A’%f)-}_ or &%52&

WHERE (00002) has the scaling of the independent variable
(OOOQB) has the scaling of the Fy
.(00004) has the scaling‘ of the F,
The main subroutine is coded in standard form from 01000 and can be.
assemb}y modified.

Subroutine length (including constants) — (306)g = (198)50

ES Temporaries required ¢ —— (362)g = (242)19
Totel ES working space | — (670)g = (440)19
No. of words for assembly mod, — (301)g= (193)310

FORM 1818 -4 » 9"‘489
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01000
01001
01002
01003
01004
01005
01006
01007
01010
01011
01012
01013
01014
01015
01016
01017
01020
01021

01022

01023
01024
01025
01026
01027
01030
01031
01032
01033
01034
01035

01036
01037

37
45

16

11
46
11
42

42
33

35
35
46
11
42
42
33
35
35
46
11
42
42
11
32
36
46
11
47
11
47

11

47

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

76000
00000
00035
00041
01041
00031
00051
00052
00036
00041
01266
01041
00032
00055
00056
00037
00042
012466

01044

00033
00061
00062
00043
01266
00040
01047
00041
01040
00042
01043

00043
01046

76002
30000
01001
20000
01005
20000
01032
01014
00017
20000
20000
01014
20000
01034
01023
00017
20000
20000
01023
20000
01036
01077
20000
00001
20000
01077
20000
01014
20000
01023
20000
01077

SAN DIEGO. CALIFORNIA

'3 VARIABLE INTERPOLATION

ALARM EXIT
EXIT
SET UP EXIT
COMPARE SIGMA
WITH ZERO
TEST FOR X
AT CENTER
OF GRID
TEST FOR
UPPER
LIMIT OF
X TABLE
TEST FOR Y
AT CENTER
OF GRID
TEST FOR
UPPER
LIMIT OF
Y TABLE
TEST FOR 2
AT CENTER
OF GRID
TEST FOR
UPPER
LIMIT OF
Z TABLE
TEST FOR
ZERO SIGMA
TEST FOR
ZERO RHO
TEST FOR
ZERO TAU

Cv-167
PAGE

CN 013-4

REPORT ZM 491-T1

MODEL
DATE

June 28, 1956
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGQ. CALIFORNIA

3 VARIABLE INTERPOLATION

01040
01041
01042
01043
01044
01045
01046
01047
01050
01051
01052
01053
01054
01055
01056
01057
01060
01061
01062
01063
01064
01065
01066
01067
01070
01071
01072
01073
01074
01075
01076
01077

23
21
45
23
21
45
23
21
37
16
15
37
16
16
16
15
71
54
11
16
71
54
11
21
43
21
42
21
42
21
45
37

SIGMA MINUS TWO
SIGMA PLUS ONE
00000 01050 JUMP TO NEW VALUES
00042 01303 RHO MINUS TWO

00042 01304 RHO PLUS ONE

00000 01050 JUMP TO NEW VALUES
00043 01303 TAU MINUS TWO

00043 01304 TAU PLUS ONE

01077 01137 SET SWITCH AND JUMP
01267 01235 SET UP FOR

01231 01234 DENOMINATOR
01227 01210 JUMP TO PQS SUBR
01275 01235 PARTIAL SWITCH TO NUM
01270 01060 PI SET TO PO

01271 01066 RIJK SET TO ROOO

00041 01303
00041 01304

01270 01060 QJ SET TO QO

30000 30000 QJ

20000 00047 TIMES

20000 10000 P1

01272 01064 SK SET TO SO

10000 30000 QJPI TIMES

20000 00047 SK EQUALS

20000 30000 RIJK

01066 01305 IJK  PLUS ONE

01273 01077 JUMP TO NUM AFTER LAST IJK

01064 01305
01274 01064

K PLUS ONE
TEST FOR LAST K

01060 01304 J PLUS ONE
01275 01060 TEST FOR LAST J
01060 01305 I PLUS ONE
00000 01057 INTO LOOP AGAIN

01077 30000 NUM-DEN SWITCH

CV-167
PAGE
REPORT
MODEL
DATE

CN 013-5
ZM 491-11

June 28, 19556
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-167
SAN DIEGO. CALIFORNIA PAGE CN 013-6

REPORT ZM 491-I1
MODEL :
DATE  June 28, 1956

3 VARIABLE INfERPOLATION

01100 15 01272 01234 SET UP FOR NUM

01101 37 01227 01207 JUMP TO PQS SUBR
01102 16 01270 01110  SET PI TO PO
01103 23 00003 20000 ZERO TO

01104 11 20000 00004 SUM CELLS
01105 16 01273 01116 SET FI=IJK TO FI=000
01106 15 01271 01115 SET RIJK TO ROOO
01107 15 01270 01110 SET QJ TO QO
01110 71 30000 30000 = QJ

01111 54 20000 00046 TIMES

01112 11 20000 00005 PI

01113 16 01272 01114 SET $K TO SO
01114 71 00005 30000 QJPI TIMES SK
01115 73 30000 10000 DIVIDE BY RIJK
01116 71 10000 30000 TIMES Fl=1JK
01117 54 20000 00050 PLUS

01120 35 00003 00003 F1 SUM

01121 21 01116 01205 1-1JX PLUS ONE
01122 11 20000 01123 10 GIVE 2-1JK
01123 30 30000 30000  TIMES F2=1JK
02124 54 20000 00050 © PLUS

01125 35 00004 00004 F2 SUM

01126 21 01116 01305 NEXT F1

01127 43 01276 01001 EXIT AFTER LAST F
01130 21 01115 01304 1JK PLUS ONE
01131 21 01114 01305 K PLUS ONE

01132 42 01277 01114 TEST FOR LAST K
01133 21 01110 01304 J PLUS ONE

01134 42 01275 01110 TEST FOR LAST J
01135 21 01110 01305 1 PLUS ONE

01136 45 00000 01107 INTO LOOP AGAIN
01137 16 01300 01162 SET COORD SWITCH

9-492
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. ‘ CV-167 _
SAN DIEGO. CALIFORNIA - PAGE CN 013_7

REPORT M 491_11
MODEL

DATE  June 28, 1956

3 VARIABLE INTERPOLATION

01140 15 00044 01164 SET FIRST

01141 21 01164 00041 X ADDRESS

01142 15 00045 01166  SET FIRST
01143 21 01166 00042 Y ADDRESS

01144 15 00046 01170 SET FIRST

01145 21 01170 00043 7 ADDRESS

01146 11 01266 00006 SET LAYER INDEX

01147 11 00047 01173 COMPUTE

01150 54 00040 20070 ADDRESS OF

01151 71 20000 00042 " FIRST FUNCTION

01152 35 00043 00010 ON

01153 71 10000 00037 FIRST

01154 71 20000 00041 74

01155 32 00010 00001 LAYER

01156 35 01173 01173 FOR FIRST

01157 35 00040 01175 SECOND

01160 35 00040 01177 THIRD |

01161 35 00040 01201 FOURTH ROW

01162 45 00000 30000  COORD SWITCH

01163 75 30004 01165 PICK UP

01164 11 30000 00050 X COORD

01165 75 30004 01167 PICK UP

01166 11 30000 00054 Y COORD

01167 75 30004 01171 PICK UP

01170 11 30000 00060 Z COORD

01171 37 01162 01172 SET COORD SWITCH

01172 75 30010 01174 PICK UP

01173 30 30000 30000 FIRST ROW

01174 75 30010 01176 PICK UP

01175 30 30000 30000 SECOND ROW

01176 75 30010 01200 . PICK UP

01177 30 30000 30000 " THIRD ROW
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

3 VARIABLE INTERPOLATION

01200 75 30010 01202 PICK UP

01201 30 30000 30000 ~ FOURTH ROW
01202 23 00006 01304 TEST FOR

01203 42 01304 01003 " LAST LAYER
01204 31 10000 00013 SPACING T0
01205 32 01305 00005 NEXT LAYER
01206 45 00000 01156 INTO LOOP AGAIN
01207 11 00031 00010 W SET TO X
01210 75 30004 01212 WN SET TO
01211 11 00050 00003 X1 ,
01212 37 01265 01230 JUMP TO INNER LOOP
01213 75 30004 01215 PI IN
01214 11 00022 00012  PLACE
01215 11 00032 00010 W SET TO Y
01216 75 30004 01220 WN SET
01217 11 00054 00003 10 YJ
01220 37 01265 01230 JUMP TO INNER LOOP
01221 75 30004 01223 QJ IN
01222 11 00022 00016 PLACE
01223 11 00033 00010 W SET TO 2
01224 75 30004 01226 WN SET
01225 11 00060 00003 TO zK
01226 37 01265 01230 JUMP TO INNER LOOP
01227 45 00000 30000 EXIT PQS SUB
01230 11 00006 20000 W3 MINUS WO
01231 36 00003 00011 EQUALS DELTA
01232 16 01272 01257 SET SK TO SO
01233 75 10003 01235 COMPUTE
01234 11 30000 00026 W MINUS WN
01235 75 30003 30000 OR WO MINUS WN
01236 23 00026 00004 GIVING FACTORS
01237 55 00034 00003 CONTROL WORD TO Q

PAGE

CV-167
CN 013-8

REPORT ZM 491-I1

MODEL
DATE

June 28, 1956
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-167
SAN DIEGO. CALIFORNIA PAGE CN 013-9

REPORT ZM 491-1 I
MODEL

DATE  June 28, 1956

3 VARIABLE INTERPOLATION

01240 44 01241 01252 TEST WHETHER PARTIAL
01241 11 00011 00002 STORE DELTA FOR PARTIAL
01242 54 00026 00041 COMPUTE

01243 73 00011 00026 SUM OF

01244 54 00027 20041 PRODUCTS

01245 73 00011 10000 . FOR

01246 71 10000 00030 PARTIAL FACTOR
01247 72 00026 00027 AND ’
01250 72 10000 00030 NORMALIZE
01251 45 00000 01257 JUMP TO STORE

01252 54 00026 00041 COMPUTE

01253 73 00011 10000 TRIPLE

01254 71 10000 00027 PRODUCT

01255 73 00011 10000 - AND

01256 71 10000 00030 NORMAL1IZE

01257 73 00011 30000 STORE SK

01260 11 00003 00007 ROTATE

01261 75 30004 01263 THE

01262 11 00004 00003 WN

01263 21 01257 01305 K PLUS ONE

01264 42 01302 01233 TEST FOR LAST K
01265 45 00000 30000 EXIT INNER LOOP
01266 00 00004 40000 C

01267 00 00000 01252 0

01270 00 00016 00012 N

01271 00 00064 00064 S

01272 00 00010 00022 T

01273 11 20000 00164 A

01274 71 10000 00026 N

01275 71 00021 01237 T

01276 71 10000 00364 1S

01277 71 00005 00026
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-167
SAN DIEGO. CALIFORNIA PAGE CK 013_10

REPORT ZM 491_1}
MODEL

DATE June 28, 1956

3 VARIABLE INTERPOLATION

01300 00 00000 01163
01301 11 00164 00164
01302 73 00011 00026
01303 00 00002 00CO0O0
01304 00 00001 00000
01305 00 00000 00 #*1
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ORGANIZATTON OF DEPARTMENT 66-10

QENERAL OBJECTIVES

A.

B,

PX 71900-9-( 9:23)

Q
°

L=
L)

The ultimate aim is to establish Department 66-10 o8 ona of the leaiing
computing ard data reduction centers In this couniry. As a cousequence,
the Missile Systews Division wili heve et its disposel en important and
profitoble ssset in mecting its obligations, iv increasing its repuletion
and in attrocting business. Furthormore, the lockheed Aireraft Corporation
will be in an even betler position ¢35 meeh i%a comnitments, 10 incresge

its preductivity, to enhonee its reputation and %o btetter its coupetitive
position.

1. Department 66-10 chall perform all M) work falling within the scope

of its activities. It will undertoke the tralining of V3D persomnel
in the application of enalyticel and nupericnl. wethods to their
individuel problems.

2. Department 66-10 will coniiane o abgord the excess of computing end
date reduction losds geuersted by othzy Lockheed divisions. Its
Applied Mathenaiics Staf? will bie available %o Lelp solve difficalt
conputational problems; 0 develop res simulatior methods, to evaluate
compubing proceduras used la cccovnting apd Yo isvestigate the feasi-
bility of further mechaunizetion of lockheed husiness proeblews. Thoe
Applied Mathewehics Staf? of Deperiumeat 66410 will be & source of
mztherabical cousvlignt ndvice readily aveilable to the entirve corpora«
tion,.

3o The extra capseity of Dosarinent 6010 requived for peak loads will be
applied to outside businzas. UYkis roliey willl evoid hasty « sansicn
and minimize overtime followipg the swerd of luvge cemnbrusts Sutslde
busibvess serves to swooth out Fluctvaticone in ivternel derw
Department 66-10, to diversify FOD activitics and ¢ wmeke p. it for
the compony. :

The reputation of Depertwant 66-)0 will be based on §ts performince snd
not on its silzz o Jurlsdiction. 7o keva setisficd customers ls cnc of
the most important gonds for Depsyiment 65-10.

For its swrvivil, Departmmt 6€-10 mwst be able to reavuit the sblest;
best prevered end most dedicated young mes aud women into its sevice.

To attract and hold such people, the promise of 2 ceveer or livelihcod

or of economlc success 13 not enowgh. The Departmsnt mist also give them
esprit de emps,
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QENFRAL FRINCIFLES AND OPZRFTING PROCIDINES

A.

B.
c.

¥.

a.

ke

=~
.

Everybody should have only one supervisor (except technical supervision
on short prodecta).

'mm ghould be masanﬂ:le cggporttmitias tor uﬂvamement

1  All members of the depertmmnt are encouraged to write technical
artieclas for publiontion by MSD or in scientific Jouraals.

2. It 18 in ths interest of the department that mewbers attend scientifie
meetings to furthsr thelr own spsclalized lmowledge in the interest of
MSD and to learn shoub new developments elsewhere. The munber of
employees from MSD attending moy one given sclentific meeting io
restricted by MID policy.

3. It is in the iaterent ¢f the department that its menbers try to
further thelr oun education aad obtain a.ﬁvauead degreoes.

Since frequeat clnnges of equipment for Department 66-10 will be nenescary,
the department should be orgenizedl eecording to functicns apd not acound
existing or proposed epupwert; thus, ao reorganization vill be required
vhen such eqnipmnt changee ere mde.

Decistons should bs wado at ﬂxs lowest possible level by supsrvisors of
the muallest crganizetioual inits solely sffected by the d-cisimm,

Tha department should de the lowost unit for administretive ccnirol from
gbove. Within the deparmnt, tha vork should be broken dovn along
fimoetional .u.nes

Each organirzaticnal group shculd “e provided with informsticn it needs to
neasure 1ts oun performance. Bach section should heve the means of
improving its oun predustion-line activities.

Internal records and eontrols showld be minimined. Only recurds waleh
sre of value ehould te &ept. Internal controls should eost less thmn

vhat they are supposed to save,

The wrk of the aepartmmtalmm be divided into differcnt levels.
FPersomnel with the highoot technicsl quelifications sheuld work only at
the highest level. ¥or caemple, in goneral, s Ph.D. mathewatician should
not cods problems and au slectronic eéngineer should not perform routine
maintenanos. Howvever, in emerzenciss, it may be ncosseary for uven highly
qualified technical personnel temporerily to parform duties which should,
under normal circunstanees, be assigned to parsommel with less tech:ical
background or experience,
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ORGANIZATION OF DEPARTMENT 66-10 Page Three

J. Prospective customers should be bothered as little as possible with paper
work when they want Department 66-10 to help them golve cme of thelr
problems. Beyond steting ewplicitly what he wants Department 66-10 to
do for him, & prospective customer should only need his own department's
epprovel of & Department 66-)0 estimate, but he should not be asked to
participate in any more paper work., “lowever, e written problem statement
by the prospective spovsor is sufficient euthorization to start the problem
imrediately on an interim basis until the edministrative problems bhave

been resolved.

K. During the meve to the Bay Areca, the department may be forced to depart
temporarily from some of the general prineiples and operating procedures

it would like to follow.

MATH FUNCTIONS OF DEPARTMENT G6-10

A. Obtain enalytical or mumerical solutlons to problems as 5 service function.
It is ususlly not sufficient that au ansver to a problem is fourd, but it
must be furnished or time. A congiderable amount of mmthenmaticsl effert
by the deperiment may be involved in the formuletion of mathemetical models
of the selection of numerical procedures or the error analysic of some of

these problems. :

B, Reduce flight test and other euperimental date, poviicipate in the pre-
£light systems checkoub and the conlysis of the redyced date.

C. Operate and, if necessary, maintain the compubting equipnent assigned to
Department 66-10.

D.

l. Provide e methenstical consulting serviee by loaning members of the
Applied Mathewatics Staff to projects requiring the services of highe
level mathematicizns.

2. Provide e consultlng service on new epplications of digital and analog
cotputers both for the mechanization of seientific eoginesring and
business problems and for the similatlon of complex systems.

3. Provide e consulting scrvice to projects ard other dspartments on data
processivg preblems regerding instrurentetion and data acquisition

requivrencnte,

E. Conduct originel research as a suppwt:lxig function grd directed toward
possible epplication to the solution of scientific, engineering and business
problems confronting Department 66-10, MSD or the Lockheed Coxporatiocn.

PX 71900-9-(9:23)
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ORGANLZATION OF DEPARTMEET 66-10 Page ¥Your

r.

G.

Make recommendations,
1. To mansgement on policy matters affecting Department 65-10.
2. mmwtfwmwmmmmmumrmummmt.

Pmidetbeswﬂmofamdofamkmmmmalomwutoum
term projects.

Keep vp to date on new developments in mathematics end the fields of
computing, instrumentatiion and dete processing.
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IV. ORGANIZATION CEART Paga Tive
!
Depurtment'ﬁﬁalol
i
!
H e |
] | |
' Applied Avelysis & i
' Math Pregraming Operations Data
1 Stafe ‘Seetion Sectlon ‘ Section i
| o | | |
; ; ; | Machine | Machine | Reports Autamatic |
Systens Trajece Data Operation | Operation ! and Data !
,Develcpment} %orles HEandling } Palo Alto | { Vaun Huys ’ Analysis { Coaversion ’
 —— < ‘ N i !
; ! ] f ¢ T °
1 Data <
Anslog ' Lineor ‘ 1 Desk Date Systanms et
g Analysie | | Problems | | Computers Reduction Development |
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ORGANTZATTON (¥ DEPARTMENT 66-10 Page Bix

V. FUNCTIONS OF INDIVIDUAL UNITS
A. The head of the dspartment exercises gexnsrdl administrative and technieal

PX 71900-9-(9:23;

1.

b,

The Analysis and Progremming Section 1s responsible for the programsing
and coding of all yrobleas solved on the department's general puxpose
digital and anslog computers. In eddition, it is responsible for the
soluticn of all cogutational problems semt to Department 66-10 with
the exception of dats veduction problens.

a. The Systems Development Group is responsible for setting up and
improving coding procedures and for improving the operation of ths
Analysie and Prcgramaing Bection. It doee pot take part in the
solution of ouiside problems sent to Department 66-10.

b. Through the Systems Development Group, the Analysis and Programming
Section is dlso responsible for keeping up to date on new cooperae
‘tive coding eficrts, such as PACT, SHARE, USE acd others and for
ccatributing to them as feasible. It should maintain liaison with
programning grovps at other lnstallstlons and maintain up-to-date
deseriptiim of different coding pracctures and a library of
subroutinesn. -

The four programming groups should kave competerce primarily in the
solution of probleas sultable for analog computation, trajectory

problems, linear yocblems and data~bandling problems. The Data ..
8ection has firet priority on the services of the data-handling pro-

gramiing group.
The An&lbg Analysis Group performs the following functions:

@. Progran pmblem for the snalog computers.

b. Operate and maintain the analog computers essigned to Department 6610,

¢. Maintain general. supervision over physical equipment used in cone-
Junction with the analog computers of Depexrtment 66-10.

4. Malntain stete~cf«the-art knowledge and meke recommendations on
future facilitios and equipment requirenents.

e. Cobperate in the acquisition, operation snd maintenance of any

analog-to-digital and digital-to-analog conversion equipment when
such equipnent is intended for use with the analog computer.
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CRGANIZATION OF DEPARTMEKRT 66-10 Page Seven

5

Promising members of the programming groups should have an opportunity
to contribute both to the work of the Bystems Development Group and to
the mathematical and numerical analysis of problems which would
usually be carried out by mewioexrs of the Applied Mathematics Staff,
Kach grovp leader should maintain close linison with the Applied
Mathemetics Staff and the Systems Development Group end, whenever
possidble, contribute to either one of these two act:lvities.

C. Ths Data Section is responsible for the following functions:

PX 71900-9-(9:23)

1.
2.

3.

b,

5o

6.

T

8,

9.

10.

The processing of date as requested.

Participation in instrumentation checkout operations and eveluation
of tre final laboratcory calibrations.

Production of a sumsry report deseribing the results of systems
checkout rims conducted prior to shipment of a vehicle to the tast site.

The publicaticn of a post-flight conference "quick look” flight data

report and conducting the post-flight conferenes, as well as editing

minutes of the post~flight conference, including summary &ad c¢saclusions
drewm.

The publication of the firal f1ight test data report (when require.
covering all data reduced.

Anglyzsis of telemetor performince to keep instrumentation persornel
intormed of the performarce ol their equipment, incluwding accuracy
determinations.

Act as cousultents for future data acquisition requirements to all
customers requiring thie service.

The maintenance of the flight date file on all projects.

The operatvion and waintenance of all special puwrpose data~handling
equipment assigned to the sesticnm.

Maintain state-of-the-exrt knovledge and make recommerdations on future
facilities and equipment requirements.

In order to evaluate and improve its own operating procedures, the Duta
Section will have a special account supporting several employess in the
Data Systems Development Group for this purpose on & full-time besis
outside of all productiwn activities.
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ORGANIZATION OF DE’ARTMENT 661V Page Eight

E. The Opexrations Section in resporsible for the £illowing functions:

1.

2.

3.

L,

5.

The scheduling, operation ard, if necessary, the maintenance of the
general purpose digital computing equipmert assigned to Department 66-10.

The maintaining of machine xaco:ds and the preparetion of maochine
performance and usage reporis.

Supervision of the mashine ercas ~s well cs of key punching and desk
computer services both within the department and for outside epomsors.

Coordination of the racompendations as to dstailed specifications for
new general purpose digltal camputing equipnent based om future needs,

Acceptance tests on nev digiial equipment.

F. Mebers of the Applied Mathematics Staff, in geacral, spend at least half
of their tine on problems seat to Depaxrtment €6-10 for solution on a cervice
basis. The remeining tims should be divided Letveen the followlng fumctiome:

1.

2.

3.
b,

a.
1.

2.
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Research in their own chosew flecld with propexr npproval. This Gyre of
research work must be reasenably close to KD applicetions and funds
have to be available from the MID general rasearch fund for this purpose.

It keeys up to date on new rumeriecal mothcds and matheretical procedures
on digital or analog couputérs. The securing of repults from reaeavch
in mathematieal models for physical, data raductlon and business
problems as well as £ron nuperical methods znd error analysis for

both digital and annleg computers is includzd in this function.

Liaison with mothematical anolysis groups at other computing centers.

Menibers of the Applied _Igathe-mticsf:‘otc.rf rey be lcaned to organizations
outside of Department 65-10 to work on specifie problems for o spacified

length of tiwme.

Even though the Applioed Matkematics Stoff docs, in generel, not require
any technical supervision, its aize does rgke it imperative to have a
representative vho serves as & senior stai'l wember for the Appli-d
Mathematices Staff.

Yexbera of the Applied Mathematies Staff ere availsble for consultetica
on teclmical problems by any menber of Depactment 66-10 without any
formalitles.

23 Apedd 1556
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DRUM ASSIGNMENTS
REVISED 06=01=-56

UTILITY ROUTINE LIBRARY
DRUM ASSIGNMENTS

40000 GROUP ENTRANCES

DECIMAL OCTAL

PROGRAM START 40000 40000
FRI-0 - 40001 46001
Mi1-0 tNSPECT 46002 4600632
MI1-0 INSERT 40603 40003
Mbp=06 48004 40004
MDP-1 TAPE 40005 40005
STT=0 40006 40006
TST-0 40007 40007
CMP=0 40008 . 40010
- 400809 40011

FPP=0 SNAP 40010 40012
FPP-0 SNIP 40011 40013
SAM-0 40012 : 40014
MDP=~4& 40013 40015
MDP-1 CARDS 40014 ’ 40016
CRI-1 40015 40017
COMMON EXIT 40016 40020
COMMON EXIT 40017 . 40021
RPH-0 READ - 40018 40022
RPH=-0 PUNCH 40019 ' 40023
40020 4002%

40021 ' 40025

40022 40026

40023 40027

DEMONSTRATION ROUTINE 40024 40030
DEMONSTRATION ROUTINE 40025 40031
DEMONSTRATION ROUTINE 40026 40032
40027 40033

40028 40034

40029 40035

LIBRARY TRANSFER TO MeTe 40030 40036
MDP-3 409031 40037
RESTORE ES 40032 40040
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A DESCRIPTION OF THE LIBRARY ORGANIZATION

9:24

PAGE 1 OF 2
REVISED 06-01-56

THE RAMO-WOOLDRIDGE CORPORATION
LOS ANGELES 454 CALIFORNIA

UTILITY ROUTINE LIBRARY

TABLE OF CONTENTS

04-01-~55

PROGRAMMING AND OPERATING CONVENTIONS

PROGRAMMING REMINDERS

08~23-55

THE LIBRARY HANDLING PACKAGE FOR PAPER TAPE INPUT

BOOTSTRAP PROCEDURE USING CARDS

05-01-56

OCTAL~-DECIMAL CONVERSION TABLES
POOL OF FLEXOWRITER CODES
SERVICE ROUTINE ENTRANCE ADDRESSES 06-01-56

ALR~-1
ATM=1

CMP=0
CPO-0
cPo-1
CPO-2
CRI-1
CR1-2
CVF=-0

DEM-0
DEM-1
DIE~-O
DIE-1
DIE-2

EGN-0
EXP-2
EXP-3
FPP-0
FRI-0
FRI=1
HTO=0
INT-1

LOG~1

L0G-2

08-16~55
05-01~56

10- <55
03-26~56
09-23-55
04~16~56
12-09-55
12-09-55
11-14~55

10~ =55
10~ =55
07-26-55
11-25-55
11-25-55

05-01-56
11-15~55
08-10-55
05-25-56
12-09~55
10-03-55
07~25~55
10-10-55

11-22-55
08-10-55

ENTRANCE ADDRESS ALARM ROUTINE
STANDARD ATMOSPHERE CALCULATION

RAWCOP, ONE PASS ASSEMBLY PROGRAM

FIXED POINT CARD OUTPUT

CARD PUNCH OUTPUT FOR FLOATING POINT NUMBERS
STATED POINT CARD OUTPUT

BINARY CARD READ~IN ROUTINE

FIXED POINT DECIMAL CARD READ~IN ROUTINE
CURVE FITTING BY MINI-MAX PROCEDURE

NIMs A DEMONSTRATION ROUTINE

DATE TO DAY CONVERSION DEMONSTRATION ROUTINE
DEFINITE INTEGRAL EVALUATION ROUTINE

FIXED POINT DEFINITE INTEGRAL EVALUATION
FLOATING POINT DEFINITE INTEGRAL EVALUATION

EIGENVECTORSs VALUES OF REAL SYMMETRIC MATRICES
FIXED POINT EXPONENTIAL ROUTINE

FLOATING POINT EXPONENTIAL ROUTINE

FLOATING POINT PACKAGE SNAP, SNIP AND TRACE

THE FERRANTI INPUT ROUTINE

SIMPLIFIED FERRANTI INPUT FOR BOOTSTRAP

DECIMAL OUTPUT ROUTINE FOR FLEXOWRITER AND PUNCH
INTERPOLATION WITH UNEQUAL INCREMENTS IN ARGUMENT

FIXED POINT NATURAL LOGARITHM 4
FLOATING POINT NATURAL LOGARITHM ROUTINE
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12~-09~55
12-09-55
12-09~55
12-09-55
05-01~56
05-01-56
11-30~55

12-01=-55
05-01~-56
05-10-56

05-20-56
05-23-56

08~09~55
05~01~56
05~01-56
05~01-~56
08-10-55
05=15~56
09~12~55
09-12~55
05-01-56
12-09-55

05-01-56
08=10~55

12-09-55"

10-03~55
08-23-55

9:24

PAGE 2 OF 2
REVISED 06-01~56

THE FLEXOWRITER MEMORY DUMP,s REVISED
THE BIOCTAL MEMORY DUMPs REVISED

THE OCTAL CARD DUMP

CHANGED WORD POST MORTEM

OCTAL CARD DUMP

MANUAL INSPECTION AND INSERTION
LINEAR MATRIX EQUATION SOLVER

NTH ROOT ROUTINE
NUMERICAL INTEGRATION BY THE GILL METHOD
FLOATING POINT GILL METHOD

NORMALLY DISTRIBUTED PSEUDO RANDOM NUMBERS
COLUMN HEADING ROUTINE

AUTOMATIC SAMPLER _ ,
CENTRAL EXCHANGE SINE=COSINE ROUTINE
POLYNOMIAL MULTIPLY SINE=COSINE ROUTINE
SMALL ANGLE SINE=COSINE ROUTINE
FLOATING POINT SINE=COSINE ROUTINE
FLOATING POINT SINE=COSINE
ARCSINE-ARCOSINE ROUTINE

FLOATING POINT ARCSINE~ARCOSINE ROUTINE
SQUARE ROOT ROUTINE

STORAGE TO MAGNETIC TAPE TRANSFER

ARCTANGENT ROUTINE
FLOATING POINT ARCTANGENT ROUTINE
MAGNETiC TAPE TO STORAGE TRANSFER

UTILITY ROUTINE TRANSFER ~ MAGNETIC TAPE TO DRUM
UTILITY ROUTINE TRANSFER - DRUM TO MAGNETIC TAPE
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Pg. 1 of 3
06/01/56

CUMULATIVE ERRATA

Programming and Operating Conventions

Paragraphs 6, 8, and 9 should be deleted.

cMP-0 10/ /55

Pages 8A and 10 dated 14/18/56 should be included.

-

Page 8 - delete from "Subroutines" to end of page.

Page 9 - delete first three lines.

Page 9, paragraph two, and page 10, paragraph numbered 4 - should

read "prints 'CMP-0'" and not "prints 'check sum fails'".

CVF-0 11/1k/55

Page 5, line 12 from the bottom should read "n = (50000b)" and not

"n 4+ 1 = (500000)". -

DIE-O .7/26/55 .

Page 4, last line should read: b = (%J-n-z'h and not b = (%r')-n-zlL

EGN-0 5/1/56

Page 8, line 14 should start "or the ERA paper tape reader)......"

Page 16 line T should start "if n=38,.....
EXP-3 8/10/55 |

Page 1, drum assignment should read "63766 b through 640k b."
FPP-0 5/25/56

Should include SNAP page 6 dated 5/10/56.

SNAP, page 5, last sentence should read: "If it is desired to read

in less than four numbers per card, then the associated address field of the

decimal number to be ignored must be left blank".

SNAP, page 6, first line below table should start "If the exponent or

the mantissa.....”
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Pg. 2 of 3
06/01/56

SNAP Smapler trace, page 1, the last sentence of paragraph b should be
replaced by: '"Restoring the library from magnetic tape loads an all zero word
into cell T177To. If this word is not changed, a complete trace of all SNAP
commands is automatically performed."”

FRI-0 12/9/55

Page 4, following paragraph numbered 5, add "Note: If there is a
sixth level punch in the second of two consecutive frames having seventh
level punches the stop is bypassed. The check sum is cleared and the reading
continues. This will still be an illegal combination ﬁhich will halt an ERA
photo-electric reader".

HTO-0 7/25/55

Page 1, drum assignment should read "62504% b through 63037 b".
MDP-2 12/9/55

Page 1, opposite TYPE add "obsolete. available on symbolic cards"

Page 2, first sentence below the list of card column assignments
should read: "Any card is omitted if each of the four words to be punched
consists of 36 zeros or 36 ones, and in this event the next card produced carries

a punch in the 12 row of column 9".
MDP-3 12/9/55

Page 2, line 12, reference to MDP-2 should read MDP-h.

Page 2, line 1k, should start "each card contains six cards".
SNI-1 9/12/55

Page 2, under programming instructions add: '"The ranges of the

renults are the principal values, defined as follows:

- n/2&arcsine 6<x/2

04 arcosine &4 "
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Pg, 3 of 3
06/01/56

SNI-2 9/12/55
Page 2, under programming instructions add: 'The ranges of the results
are the principal values, defined as follows:
- 1/2 £arcsine ©<7n/2
O0<arcosine &<y "
TNI-1 8/10/55
Page 2, under programming instructions add: "The range of the result
is the principal value, defined as follows:
- n/2<arctangent x<n/2 "
URT-1 10/3/55

Page 2 following paragraph six add "ES is cleared'.

PX 71900-9-(9:25)
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PSEUDO-RANDOM NUMBER GENERATOR SUBROUTINE
by - Harold Dahlbeck

The basic method used in this subroutine was described by D. He Lehmer in
The Annals of the Computation Laboratory of Harvard University, Volume XXVI,
Proceedings of a Second Symposium of Large-~Scale Digital Calculating Machinery
Harvard University Press, Cambridge, Massachusetts, 1951,

The method itself requires the following simple form to be used as the iteration
formula:

%41

Although this method is considered to be guite optimal in guaranteeing both
maximum randomness and greatest periodicity of the X;, there are considerable problems
-involved in the obtaining of ¢ and p subject to the following conditions:

= CX, (mod p) i=1,2, 3, ==~

l. p should be the largest prime number which can be contained in a register.

2. ¢ must be of the form Rl when R is required to be a primitive root of p
and 1 has to be relatively prime to p-l. In addition c should be as large
as possible,

The followiﬁg two numbers satisfy the above conditions:

p=2% - 31 =3, 359, 738, 337

¢ = 583 =1, 220, 703, 125

A subroutine gor generating the Xy is given below. The periodicity of the Xj

will be p=-1= 232 .32 = 34, 359, 738, 336. Any positive number may be used
as a starting point for this series.

i~

2? 1103 Subroutine for Pseudo-Random Numbers

\I/ .

q~01000 71 01777 01776 l§R 11—

o 01001 73 01775 10000 (5+°.R ) mod p——) A

_‘01002 11 20000 01777 A mod p _—) Rl

v 01775 37 T 77111 2{% -3
B 01776 01 10604 71625 5
01777 00 00000 00001 Ry
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A Linear Programming Routine for the 1103 Computer

General Remarks:

A vorking draft of e linear programming routine for the 1103 is now in
operation. The routine finds a basic set of values of the variables in a
linear form, wbich will maximize or minimize the value of that linear form,
(hereafter called "profit function™), subject to a set of linear restraints.
These restraints may be equations or inequalities, and are acceptable with
or without slack varlables. However, if slack variables are included, they
should be clearly labelled as suchj if they are omltted, the sense of the
inequalities must be indicated,

The method followed is the Alternate Algorithm of the Revised Simplex
Method of Dantgig, as described in Rand Corporation manual RM=1268, with
certaein modifications, Since zero suppression is used throughout, the size
of the problem which can be handled by this program will depend upon the
number of zeros in the original matrix of coefficients and in the columns
stored for the inverse matrix in produet form. In any case, the number of
restraints cannot exceed 106, the number of variables, including slack
variables, must be less than 258, and the product of the two dimenslons should

not exceed about 15,000, :

The time required for solving a particular system depends upon the size
of the matrix, the number of nonegzero elements, and the number of iterative
eycles performed in reaching a solution. In general, the time will range from
a few minutes for a small system to about 24 hours for the largest system
solveble by this program, High speed has been achieved by confining the cyclie
program and vector storage to the rapid-access memory and the magnetic drum
(hence the limitation on size of the system]. Magnetic tape units supply
programs for input, computation, and output, and receive intermittent dumps
of the entire contents of rapideaccess storage and drum as protection against
unforssen interruption, and to provide for output of results of previous cycles.
The program may of course be modified to handle larger systems by ueing magnetic
tape- storage during cyclic computations; however, this will considerably increase
producstion time on the 1103. Some actual computation timee are as follows:

Number of Bumber of Variables Kumber of Computation Total Time, Inecl.

Rbateaints Including Slack Iterations Time Input end Output
24 49 A 2 minutes 4e5 Minutes
26 37 33 33 " 642 "

27 59 1 - 4 " 645 "
63 88 59 1.7 ® 15.6 "

The present program calle for input data on punched paper tape in Flexowriter
code, The matrix is read in by rows just as they appear on the matrix sheet, with
the profit function as the first row, A detailed description of input format
is attached. While the paper tape 1s being read into the computer, the input program
converte the decimal numbers to bilnary, assigns a slack variable of appropriate sign
to each inequation and scales the elements of each row according to the numerically
largest coefflcient in that row. The matrix is then transposed, and each column is
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aseigned a scaling based on the numerically largest element in that column,
The program then packs each column vector by retaining only its non-zero
elements in sequence, preceded by three code-words displaying the pattern of
gero and non-zero elements in the column, Packed columns are then stored in
sequence on the drum, and a directory is prepared which records the starting
addreses and scaling of each column vector.

Artificial varisbles are assumed where needed, but their columns are not
stored, and should not be included in the matrix. The input program prepares
the redundant equation which serves to eliminate the artificial varisbles during
the first phase of computation.

Somputaticns

Floating vector arithmetic is used for addition and scalar multiplication
of two vectors and for multiplying a vector by & constant. This greatly reduces
computation time as compared with floating point arithmetic, yet avoids the
overflow problems and loss of significance which arise in fixed point arithmetic,
Sigrificance retained in final answers will depend, of course, upon the amount
of computation necessary to reach the answers; results to dete have been
excellent, with all answers correct to at least five significant digits.

The computation proceeds through two phases: Phase I eliminates artificial
variables by maximising the artificisl variable in the redundant equation, When
feasible solutions exist, ccmputation then proceeds into phase II, which maximizes
{or minimizes) the profit function itself. Details of the method may be found in
the Rand Corporation literature. '

Quiput:

The type of output will vary with the nature of the conclusions reached.
In most casee, an optimum feasible solution will result; the values and identifying
indices of the basic variables will be printed, as will the shadow prices, the
back solution, and the quantities labelled delta=subej in the notation of RM=1268,

The inverse matrix itself is stored in the convenient product form., Thus, at
the end of the computational program, the inverse matrix as it would appear at the
end of gny specified cycle is still available, Except for the inverse matrix, results
of previous cyeles are not retained, If these are desired, the program provides for
output after specified cycles, It is recommended that output be kept to a reasonable
minimum, to save computer time.

In case an infinite solution 1s indicated, the output program will identify at
least one variable which is unbounded.

If the original system contains incompatible restraints, computation will halt
when this ie recognized through an unfeasible maximum or minimume At least one
restraint will be identified by the presence of a nonezero artificlal variable as
being inconsistent with others in the system.

In case of linear dependence among restraints, the program will proceed exactly
as in the case of an optimum feasible solution, except that one or more artificisl
variables will be listed in the final basic solution, with assigned values of zero.
These eerve to identify redundant restreints which may then be deleted by the analyst,
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though they do no harm other than to increase computation time,
‘ ' ntss

The linear program described above is presented as a working draft, rather
than as a completed producte It will be expanded and adapted to the needs of
customers as we become more familiar with these needs. As the result of experience
gained in checking out and using the program, certain possibilities for improvement
have become evident and will be incorporated in the program as soon as possible.
One epecific change contemplated in the present 1103 version is the addition of
the facility for finding alternate solutions by imposing increments upon specified
quantities and continuing the computational cycle., This is recognized as highly
desirable and will be added as soon as possible.

Suggestions as to other services which might be incorporated in the linear
program will be appreclated, We will of course be happy to answer any questions
which might arise coneerning the program.

[¢) 1 ogram t

The 1103 program is available in a slightly altered form for use on the 1103A.
The only changes are in the addressing of the accumulater and quotient register, and in
the references to magnetic tape; only 1024 words of core memory are used., Thus, running
time on the 1103A with this program will be approximately the same as on the 1103,
This time is governed to a large extent by the number of references to the magnetic
drume At present, the entire cyclic program, the floatling veetor subroutines, and the
directory which lists vector storage locations, are kept on the drum beczuce of limited
space in the 1024 word rapid-access storage of the 1103. Portions of the program are
then transferred from the drum to the core storage as needed.

A complete rewriting of the Linear Programming Routine for the 11034 has bteen
initieteds Since the 4096~word core memory provides space for everything except the
vectors themselves, at least haelf of the drum references will be eliminated, which in
turn will reduce computation times by an estimated 40 or 45 percent.
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70765
70766
70767
70770
70771
70772
70773
70774
70775
70776
70777
71000
71001
71002
71003
71004
71005

71006

71007
71010

71011

71012
71013
71014
71015
71016
71017
71020
71021
71022
71023
71024

1C004
01033 73
01034 11
01035 36
01036 35
01037 73
01040 23
01041 31
01042 11
01043 31
01044 36
01045 45
01046 00
01047 37
01050 20
01051 37
01052 20
01053 15
01054 15
01055 11
01056 11
01057 53
01060 11
01061 11
01062 47
01063 11
01064 47
01065 11
01066 53
01067 11
01070 75
01071 11
01072 11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-39
SAN DIEGO. CALIFORNIA PAGE IC 004-7

01247
20000
01213
01242
01242
01270
01265
20000
01266
01213
00000
00000
00540
00000
00540
00000
01000
01000
00777
01250
01251
00537
01260
01072
01271
01065
01250
01271
01270
10002
01267
01246

10000
01266
01267
20000
01270
01213
00020
01271
00001
01272
01047
00140
00540
0000

00540
0000

01077
01107
01264
10000
01076
01207
20000
01063
20000
01072
10000
01076
01254
01075
01252
01252

REPORT ™ 491
MODEL

°ATE  2/22/55
Revised: 6/22/56

EXPLANATION

R = REMAINDER —> (A)
STORE R
STORE R~-1
R+4 — (A)
STORE R+ 4 DIVIDED BY 5
STORE R+ 4 DIVIDED BY 5 MINUS 1
STORE
2R X 2"
STORE
2R=-1

POSITION
CARD
TO
PUNCH
SET INITIAL
DATA ADDRESS
SET COLUMN INDEX = M
MASK — (Q)
SET BLOCK TRANSFER
STORE 210 OCTAL

INDEX = 07
YES:
R=07
NO: MASK—> (Q)
SET BLOCK TRANSFER
SET CARD INDEX
SET
NUMBER INDICES
NO: SET BLOCK BY COLe TRANSFER TMDEX
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