RAYTHEON COMPUTER PB 250 PROGRAM LIBRARY

Catalog Number 7009

PROGRAM : 7009
 NAME: MATRIX MULTIPLIER
AUTHOR:  E. C. MAZZA

COMPLETED: August 28, 1964

DESCRIPTION:
This program will compute the product of N number of matrices
[A] (B} ==<- [N]J. The program has an option of computing the
product of [A) (B) [Al T vhen matrices [A] (B] are entered.
The size of matrices (L,) are limited and can be determined
by the following method:

I,n = C(Ai'Aj)-i-(Bi'BJ)J x2
Where

= matrix A
= matrix B
= Yows.

= columns

o M D>

L, for Cinch I may not exceed 1000.
L, for Cinch III may not exceed 500.

OPERATING INSTRUCTIONS:

1) Data is entered via paper tape using the following
format., The matrix is punched by rows with a '"D"
preceding the first the first data point and an "E"
following the last data point of each matrix.

2) Set tab stops at 12, 23, 32, 41 and 50.

3) Enter program PB-2003C in the tape reader and type "R."
Upon entry of PB-2003C the indicator light will come on,
at this point type "R" again, this will transfer control
to the program, - '

4) Insert data tape in tape reader and type the following:

D Aic/r
Ajc/r
Bic/r

B.c/x
lj




A; = number of rows of A matrix
Aj = number of columms of A matrix
number of rows on B matrix
Bj = number of columns of B matrix

-]
(¥
[}

Upon the typing of "E" the program will begin
and upon completion the product of CAJ [BJ will
be printed out.

To compute the product of N»unmber of MATRICES, follow steps
#1 thru #4 and proceed as follows:

5)

6)

7

8)

Upon the completion of step #4 the resultant matrix

C will be printed out and the computer will halt.
At this point, insert the data tape for the new
matrix in the tape reader, To restart the program
merely depress and raise the enable and breakpoint

svitches.

Upon completion of step #5 the operand lights will
show a reading of 07, indicating entry by keyboard.

At this point, enter the size of the new matrix as
follows:

Type 'D" number of rows c/r
number of columns c¢/r
"x"
Upon typing the "B" the program will begin computation.

To compute the product of N number of matrices, repeat
steps #5 thru #7.

To compute the product of (A (B] [A] T follow steps #1 thru #4
and proceed as follows:

9)

10)

Upon completion of step #4 the computer will halt
(04 on the operand lights), at this point depress
the enable and breakpoint switches, type I and
raise the enable and breakpoint switches.

Type $0202 c/r G this will restart tge program and
solve for the product of [A) [R] CA]".
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P3250 CINCH CODING SHEEY

| Tp’_b] Packard Bell 'Gomputér

PROGRAM NAME _ MATRIX MULTIPLIER PAGE_ 1 OF_13
PROGRAM NO..__7009 SPECIAL I.D. '
gy __E. C. Mazza | DATE __8/27/64
é c INSTRUCTION | SYM. <
0 LOCATIOng cg ge NOTES
2 E|r|[oP |, |aDORESS| "
' 343 ; ‘
Ll o001t |cC 16 o 490 | RTK AiA{BiBj
2 10 o304 | cap | a EEB
3 60 0102 | sTa
4 10 0306 | cAD sib
5 60 0168 | sTa ‘
6 10 0308 | cAD
7 60 | | 0262 | sl
8 12 0500 | RPT [a]
9 10 0490 | cAD Ai
0 010 14 0492 | Mup Aj
| 12 0000 | ADD
2 60 0380 | sTA 2(AiA])
3 60 0382 | STA 2(aiag)
4 22 03216 | sum 2
5| 60 0384 | sTa 2(AiAj)=2
6 60 0386 | STA 2(AiAj)=-2
7 10 O-494 | cap Bi
8 14 Q496 | MUP Bj
9 12 0000 | aADD
0 020 60 0388 | STA 2(BiBj)
! 60 0390 | sTA 2(BiBj)
2| | | 22 0316 | sup 2
3| _60 0392 | STA 2(BiBj)-2
60 0394 | sTa 2(BiBj)=2
5 10 1 0492 | CAD Aj
6 12 0000 | ADD
7 60 0396 | sTal 244
8 | 60 0398 | STA 244
S 22 Q316 | SUB| 2
003 0 60 ] | 0400 | STA

Ve T
: L g
a o
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b Packard Bell Computer

PE250 CINCH CODING SHERT

PROGRAM NAME ___ MATRIX MULTIPLIER PAGE___2 _OF___13
PROGRAM NO. 7009 SPECIAL 1.0, ' '
BY ’ . DATE 8/27/64
l{; e INSTRUCTION | SYM.
o LOCATlomg - : oP NOTES
£ € [r[op |} [aooRESS|“?°F
o 031 60 Quo2 | sTa 2Aj-2
2 22 0316 |suB 2
3 60 Q4o | STA 243-b
4 60 0406 | STA 2Aj-k
S 10 Q496 | CAD Bj
6 {12 _0000 | ADD
7 60 0408 |sTA | 2Bj
8 £Q Q410 | STA 2Bj
) 22 0316 | SUB 2
0 040 60 o412 | sTa 2Bj-2
I 60 o414 | sTaA 2Bj-2
2 ! 22 0316 | sus 2
3 60 o416 | sTa 2Bj-b
4| 60 0418 | STA 2Bj-k
5 10 0490 | CAD Ai
6 1k 0496 | MUP Bj
¥ 112 0000 | aDD
8 60 0420 | STA 2AiBj
9 60 Qo422 | STA 2AiBj
0 050 22 0316 | SUB 2
| 60 o424 | STA 2(AiBj)=-2
E 60 OL426 | STA 2(AiBj)-2
3 10 0380 | CAD 2(AiAj)
4 12 0388 | ADD 2(BiBj) |
5 60 0428 | STA 2(Ainj)+2(BiB{)
6 60 0430 | STA 2(AiAj)+2(BiBY)
7 12 oug | apD | 2(aiBj)-2
8 60 0432 | sTal  2(Aiai)#2(BiB{)+2(AiB{)-2
9 | 60 Q434 | STA 2(AiAj) +2BiB{)+2(AiBj)-2
0 o0 190 0428 | cap

P i vaen o da aa e

25A£AJZ+§SBiBJ)

ERPO— R o e ———m




P Packard Bell Computer

PE250 CINCH CODING SHEET |
PROGRAM NAME . MATRIX MULTIPLIER . — PAGE._2 ___ OF

13
PROGRAM NO. 7009 SPECIAL I.D.
BY E. C. Mazza , : DATE 8/27/64
tc': c ! INSTRUCTION | SYM.
8 LOCATION 8 cg;g _ NOTES
E E|T|oP |}|aDORESS
506 1 22 o 408 | suB 2Bj
2 60 o436 | sTA |  2(aiaj)+2(BiBj)-2Bj
3 60 Q438 | sTA 2(AiAj)+2(BiBj)-2Bj
4 10 0 380 | CAD 2(AiAj)
5 12 o412 | ADD 2Bj-2
6 6Q _ Q440 | STA 2(AiAj)+2Bi=2
7 60 Ou4s2 | STA 2(AiAj)+2Bj-2
8 10 | | o420 | CAD 2(AiBji)
9 I 12 0384 | ADD 2(AiAj)=2
0070 _60 | O4b4l | sSTA 2(AiBi)+2(AiA{)=2
| 60 QLu46 | STA 2(AiBi)+2(AdAd)=2
2 10 0380 | CAD 2(AiAg)
3 12 | | os16 | app 2Bj-4
4 60 0448 | sTA | 2(AiAj)+2Bji-k
5 60 0450 | STA 2(AiAj)+2Bj=b
) 10 0496 | CAD Bji
7 22 0314 | SUB b
8 60 Q452 | STA Bi=1
9 10 0 490 | CAD Ai
0 Of 14 0 408 | MUP 2Bj
| 22 0 408 | sUB 2Bj
2 60 | | ousk | sTa Ai2Bj-2Bj
3 60 o456 | sTa Ai2Bj-2Bj
4 10 0428 | CAD 2(Aiaj)+2(BiBj)
s 12 QA4sk | ADD| ~ Ai2Bj-2Bj
w 6 60 04s8 | sTA 2(A1AJ)g2._(_B§.LBJ)+AiZBj -2Bj
7 _60. 0460 | STA 2(AiAj)+2(BiBj) +A12Bj-2B]
8 0| | m_ﬂz_.a&aw) '
9 12 o 416. | ADD 2Bj-b
0 09 (o)

60 | | ouea | sma ggg;“z g;; =4
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PB250 CINCH CODING SHEEY

PROGRAM NAME MATRIX MULTIPLIER . PAGE__ 4 _ oF__13
' PROGRAM KO, 7009 SPECIAL I.D. S ' —
BY E, C, Mazza o DATE__8/27/64
L c ! SYM.
¢ |LocaTion 0 INSTRUCTION oP NOTES
2 E{T|oP [}|ADDRESS CODE
b 09 1 60 | | guon | stal  2(a1a§)e2Bj-b
2 10 o 428 | cap 2(AiAj)+2(BiBj)
3 12 o 412 | ADD 2Bj-2
4 - 60 0 466 | sTA 2(AiAj)+2(BiBj) +2Bj=2
5 60 0 468 | sTA 2(AiAj)+2(BiBj) +2B4-2
6 22 0 216 | Sum 2 :
7 | 60 0 470 | sT4 2(aiAj)+2(BiBj)+2B]-
8 60 Q 4722 | STA 2(aia3)+2(BiBi)+2Bj=-4
9 10 | | 0380 | caD|  2(AiAj) |
0100 2L 0 396 | SUB 2A]
1 60 o 424 | sTa 2(AiAi)-2A]
2 60 0 476 | STA 2(Aainj)-24]
3 02 |A | 0380 | SIB 2(AiAj)
41 | 03 la| 0316 | sM 2
5 ! o4 1A | 0380 | SIL 2(aiAj)
6 17 |a | 0500 | RPT (B
7 06 a| 03106 | MIT
3 02 ID 1| 0310 | SIB 0
9 oz In{ 0 314 | gIM 1
0110 o4 |{p | 0452 | sSIL Bj-1
! 02 iC | O 430 | SIB 2(AiAaj)+2(BiBj)
2 03 {c | 0316 | sIM 2
3 ot lc | ou68 | sir 2(AiA{) +2(BiB{) +2Bj-2
4 02 In | 038> | sinl  2(aiad)
S 03 IR 1 Q410 | SIM 2Bj
_6 ot In| ousg | s1rl  2(aiai)+2(BiBIY-2BY
7 g2 la |l o2l sIBl 0
8 . g3 lal 0161 SIM 2
S _O4 |a | o 402 | SIL 2A4-2 <
0120 Jol J oot capl o



B Packard Bell Computer

PB250 CINCH CODING SHEET

PROGRAM NAME . MATRIX MULTPLIER , PAGE_5___ OF __13
'PROGRAM NO..___7009 SPECIAL I.D. '
BY E, C, Mazza _ ' , . DATE_8/27/64
(5. c INSTRUCTION | SYM. | |
o LOCATIONg oP - . NOTES
B Elr[oP [} [aooress|®®°F
0121 60 L cl 0500 | sTa [c]
2 10 | A|l oo | cap [A)
3 _14 | B] 0500 | MUP [ B
4 12 | ¢| o500 | ADD [ ¢
5 60 | cl| o500 | sTa I ¢
6 06 1 Al 0127 | MIT
7 06 | Bl 0122 | MIT |
8 10 0382 CAD|{  base B
9 12 0316 | apD| 2 R
0 130 | 60 0382 STA. base B
_ 10 0438 CAD limit B
2 12| | 0316 | app > 3
3 60 0438 STA" limit B
4 06 |c| o114 MIT
5 10 0312 | CAD base A
6 12 _0396 ADD 2Aj]
7 60 0312 | STA base A
8 10 0430 CAD| _ base C
9 12 0408 ADD 2Bj
0 140 60 0430 STA base C
| 10 0402 | caD limit A
2 12 0396 | ADD|.  24j
3 60 o402 | sTAl  limit A
4 10| | oues | cap limit C
5 12 0408 ADD 2R3
- 6 60 o468 STA limit C
7 10 0380 CAD 2(8iA3)
8_ 60 0382 | STA base B
9 10 Q436 CAD{ -~ 2(AiAj)+2(BiBj)-2Bj
0 ,:0 ‘ |

£Q 0438 | STA ligit B
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PROGRAM NAME MATRIX MULTIPLIER PAGE oF __13
PROGRAM NO. 7009 SPECIAL I.D. .
BY E, C, Mazza DATE 8/27/64
c c INSTRUCTION | SYM. , '
S lLocaTion ¢ oP NQTES
2 E|[T|0P [} |ADDRESS CODE
0151 06 | | 9111 |MIT ,
2 10 0294 | CAD 0
3 | 60 0312 | STA base A
4 10 o428 | CAD | 2(AiAj)+2(BiBj)
5 | 60 0430 | STA vagse C ’
6 10 Q466 | CAD 2(AiAnj)+2(BiBj)+2Bj~2
7 60 o468 | sTA limit C | |
8 10 0380 | CAD 2(Aipd)
9 60 | 0382 | STA base B
0_ 140 10 0436 | CAD 2(AiA1)+2(BiB§)-2B]
] 60 | 0438 | STA limit B |
2 10 0400 | CAD 24j-2
3 60 0402 | sra limit A
4 10 0496 | cap Bj
5 30 0322 | CAM 6
6 32 0262 | TCH
7 46 0324 | Tac headink b
8 46 0337 | TAC resultant AB
9 02_|A] 0468 |SIB 2(Aif3)+2(BiBj)+2B4-2
0 170 03 |a]| osio |si 2Bj )
' | fou {a] ouzs |s1L 2(A1h3)+2(BiBj) +2AiBj-2
02 |B| 0430 |sSIB 2(AiAj)+2(BiBj§)
3 03 ||l o316 |stw| 2 [
4 | o4 B ou72 |sIL 2(AiA1) +2(BiB1) s2R =4
S 26 |B| 0500 |T8NP | rc1
6 06 |B| o175 |mIT
7 27 |a| o500 lonc | 1)
8 10 | | o430 |cap base B
9 12 o408 | ADD 2B4
0 180 | 60 | °521;.§éﬁ base B




.@bﬁ: Packard Bell Computer

PS 250 CINCH CODING SHEET

ousa | SIL]  2(AiAd)s2Bi2

PROGRAM NAME ___MATRIX MULTIPLIER ___PAsE_2__oF__ 2
PROGRAM NO,____7009 ' SPECIAL 1.D.
BY E. C. Mazza . - DATE 8/27/64
p c INSTRUCTION | SYM:
0 [LOCATION 0 OP NOTES
2 | E{T|oP [} [aDDRESS CODE |
018 | 10 o472 | cap limit B
2 12 0 408 | ADD 2Bj
3 60 Q472 | STA lipit B N
4 06 |4l o172 | mIr
5 10 0428 | caD 2(AiAj)+2(BiBj)
6 | 60 Q430 | STA base B
7 10 | | Q470 | caD | 2(AiAj)+2(BiBj)+2Bj-4
8 60 QU422 | STA limit B
9 00 | | 0000 | HLT .
0 10 02 |al o430 | SIB 2(AiA1)+2(BiB{)
! 3 | Al 0316 | SIM 2 . '“
2 o4 | Al 0434 | SIL 2(AiA1)+2(BiBY) +2AiBj-2
3 02 |B| 0312 | sIB 0 B
4 03 | B| 0316 | sIM 2 N
5 o4 | B] 0386 | SIL 2(AiAj)=2
6 10 | Al 0500 | cAD [c!
7 60 | Bl 0500 | sTa [4a]
8 | c6 1Al 0199 | MIT
3 06 | Bl 0196 | MIT
0200 16 0494 | RTK | Bi and Bj
' | e 0009 | TRU
2 10 - 0494 | cAD Bi
3 30 0496 | cam |  Bj
4 34 0296 | TCU point arror
S ‘ 02 {c! 03230 | SIB 0 4
6 03 | cl 0316 | SIM 2
7 o4 lcl ouop | sIL 2Ai-2
8 02 ' Bl 0382 | s1Bl - 2(aiA4)
9 03 | Bl 0316 | SIM 2
021901 o4 I B




;@ > Packard Bell Computer

PB250 CINCH CODING SHEET

PROGRAM NAME MATRIX MULTIPLIER _ PAGE oF 13
' PROGRAM NO. 7009 SPECIAL I.D. SR
BY E, C, Mazza DATE 8/27/64
c c INSTRUCTION | SYM. |
g LOCAT!ONS : cggg - NOTES
E E|T|opP [p |ADDRESS
o 21l 02 | Al 0312 | SIB 0
2 03 |A| 0398 | s1M 2Aj
3 o4 1Al o476 | SIL 2(AiA3)-2A]
4 10 |A] 0500 | CAD LA
5 60_1p| 0500 |sma | Bl -ralf
6 06 Al g217 [MIT
7 06 |B| 0214 | MIT .
8 10 0312 | CAD base A
9 12 0316 | ADD 2
0_220 60 0312 | sSTA _base 4
I 10 0476 | CAD limit A
2 12 0316 | ADD 2
3 . 60 0476 | STA limit A
4 10 0382 | CAD base B
5 12 0408 | ADD 2Bj
6 60 0382 | STA base B
7 10 0442 | CAD limit B
8 12 0408 | ADD 2B3
9 (0 0442 STA limit B
0 2320 06 |C| 0208 | MIT
| 10 0294 | caD 0
2 60 0312 | STA | base A
3 10 0380 | CAD 2(AiA])
4 60 0382 | STA base B
5 10 -~ 0b474 L CAD | " 2(AiAji)-2Aj
6 60 04726 | STA limit A
71 10 o440 | cap 2(AiAj{)+2Bj-2
8 60 o442 | STA |  limit B
9_ 02 tal 0312 | SIB 0
o-_;tuo

03 lal oz6 fsm] 2
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PB250 CINCH CODING SHEET

PROGRAM NAME MATRIX MULTIPLIER PAGE oF 13
PROGRAM NO. 7009 SPECIAL I.D.
BY E. C. Mazza DATE 8/27/64
ol c INSTRUCTION | SYM.
O |LOCATION 8 _ oP NOTES
2 ElT|oP |k apRess|“°PF
o 24 | o4 |al 0386 | s1L|  a(aihg)-2
2 02 |B| o430 | sIB 2(AiAj)+2(BiBj)
3 Q3 | B! 0316 | SIM 2
4 o4 | B| o434 | SIL: 2(AiLj)+2(BiBj)+2AiBj-2
S 10 1 B! 0500 1 CcAD ‘et
6 | £0 Q 500 | STA TA]
7 06 | Bl 0248 | MIT
) 06 | A{ o245 | MIT
9 10 | | ou90 | caD Ai
0 29 60 0 480 | 57TA temp
! 10 0496 | caD Bj
2 60 0492 | STA Aj
3 10 0 480 | CAD temp
4 60 0496 | STA Bj.
5 10 0298 | cap 0108 &8
6 60 0102 | STA R
7 10 0300 | caAD A £36
8 60 0168 | sTa
9 10 0302 | caD 3¢
0 2t 60 0262 | STA
I 40 .0 009 | TRU
2 46 | o324 | Tac heading
3 46 | | 0337 | TAC resultant.
4 | 02 | A] 0310 | SIB 0
5 03 | A| 0314 | SIM 1
6 o4 | a] ots2 | STL|  Bj-1
7 05 | Al o482 | sTB
8 46 0360 | TAC col
9 10 | | o482 | cap base
0,20 2.0 1 033y I
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PROGRAM NAME _ MATRIX MULTIPLIER PAGE 10
PROGRAM NO. 7009 SPECIAL I.D. ‘
BY E, C, Mazza _ DATE 8/27/64
L c SYM. . ) !
% LOCATION g INSTRUCTION oP NOTES
D Eit|or |4 ADDRESS;CODE
o 274 60 o 484 STA ,;:ol. no.
2 61 0 000 | FIX
3 35 0 002 | SFL
4 27 o 484 TNC col. no.
5 62 0 000 | FLO
& 35 0 009 | SFL
7 02 | B| o430 | SIB 2(AiAi)+2(BiB])
8 03 I Bl 0410 | SIM 2Bj _’ -
9 ot | B! O 43k | SIL 2(Aiaj)+2(RiBIY42AiR =2 /
0280 27 | B| o500 | TNC ¢ '
1 06 | B| 0280 | MIT
2 46 0 359 | TAC c/r c/r
3 10 0430 | caD base B
4 12 0316 | aDD| 2 o
5 60 O 430 | STaA base B %‘;‘
6 10 0 434 | CAD limit B
7 12 0 316 | ADD 2
8 60 | | ou3h | sTA limit B
9 06 | Al 0267 | MIT
0 29 10 0428 | cab|  2(aiaj)+2(BiBj)
I 60 0430 [ sTA base B
2 10 O 432 | CAD 2(AiAj)+2(BiBj)+2AiBj-2
3 60 0 434 | sTA limit B
4. 00 0000 | HLT
5 00 0000 | HLT
6 L6 0362 | TaC error
v 00 0 000 | HLT
8 _60 0476 | STA
S 40 g 108 | TRU
0370 46 0 346 | TAC
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PB250 CINCH CODING SHEET

PROGRAM NAME _________ MATRIX MULTIPLIER PAGE_11l _ OF___13
PROGRAM NO. 7009 SPECIAL 1.D. ' T
BY E. C. Mazza . DATE
- c INSTRUCTION SYM
' NSTRUCTI! :
3 |LocaTion| 0 op NQTES
CcoD s
P Efr]op [} ]aooress®® £ s
A 30 1 02 | A| o468 | sIB I .
2 b6 o 324 | TAC
3 46 a 346 | TAC o
pe
4 60 | o 476 | STA
5 02 | Al 0380 | SIB
6 46 0 337 | TAC
7 02 1 al 0468 | SIB
8 46 Q 324 | TAC
9 | 46 0 3372 | TAC
[T o ey
L1 0310 1D 0 0 .
| 0
2 0 Q & vn
3 0
! u :
4 _ 0 1 :
5 ; 0 '
6 0 2 :
7 0
8 0 2
) 0
03220 0 4
I 0 :
. 2 0 6
- 3 ! 0
Ll 034 Y3 0 ¢/r PROGRAM PB-2003C
5 0 MATRIX MULTIPLIER c/r ;
o 0
7 0
- 0
g 0
0330 )
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PS250 CINCH CODING SHEET

PROGRAM NAME _MATRIX MULTIPLIER , PAGE__12 OF___ 13
PROGRAM NO, 7009 SPECIAL 1.D. ’

IN CTI! SYM. ’
STRUCTION op NOTES

0 CODE

LOCATION

mooo r
mooo

T|OP |R |ADDRESS

A4

RESULTANT uc 1lcAuc 1lcBuc lc c¢/r ;

p4

RESULTANT uc lcAuc 1lcBuc 1lcAuc lc

TRANSPOSED c/r;

SRR U NE-WTR LY

1| o359%(* c/r c/r ;

o]
N
S
()}
0
-
ob olojlooblolojo.lojojlojojlojlojojlojojlojocojo o IO PIICIOC P IO P

r4
(o]
N
(o))
Q
Ny
"
k=

col;
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PB250 CINCH CODING SHEET
pgoGRAM NAME MATRIX MULTIPLIER PAGE___13 oF___13
PROGRAM NO.___7009 SPECIAL 1.D. '
BY E, C, Mazza DATE 8/27/64
p |C INSTRUCTION - | SYM.
% LOCATION| O : oP NOTES
2 Efrlor & |ADDRESS CODE
361 ot o) , \L
L| 0362 [ A 0 MATRIX uc lcBuc lc IS NOT SQUARE- _
3 0 SOLUTION IMPOSSIBLE c¢/r ;
4 0
5 0
6 0
7 0
8 0
9 0
0 30 0
| 0
2 e
3. 0
4 0
5 0
6 0
7 0 J
378 o) E
9 0
0380 0
l 0
2 0 ’
3 0
4 o)
5 0
6 0
7 0
18 8. o: -
9 o
0390 0




