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Brief Description

Write up
MULTIPLICATION OF MATRICES WITH VARIABLE

MULTIPLICATION OF MATRICES WITH A
LENGTH MANTISSA ON 1620 (CARD)
VARIABLE LENGTH MANTISSA ON THE
IBM 1620 (CARD)
a) Author : R.N. MENEGAUX
94, rue Réaumur DECK KEY
PARIS (2e) France

1 - Symbolic deck
b) Subroutine enabling to multiply two matrices with up to 45 digits of

mantissa. The two matrices and the product matrix are together in We have used the numerotation of symbolic
core. programmation sheets, i.e. 25 lines for one sheet. The sheet num-
at least ber is punched in columns 1-2, the line number in columns 3-4-5,
c) Needs/the basic 1620 with indirect addressing and automatic division and asks
for 1330 positions in itself. We have here :
d) A direct method is used Cards from 01 010 to 01 190 main program with the calling sequence
e) Operating time depends of the mantissa length cards from 01 200 to 05 100 subroutine "MULT" in itself

f) Written in SPS II Version II with variable length mantissa
2 - Assembled deck
. g) Uses floating point subroutines
The whole assembled deck is made of cards
h) Numbers in floating point only . numbered sequentially from 00 000 to 00 106, punched in columns
76-80.
i) Trials with 10 x 10 (3 mn execution time) and 6 x 6 matrices
. . -
j) Language : English 3 - Sample deck
T , 1 i :
k) None here are two cards, including ‘
1) This program and its documentation were written by an IBM employee. - the first, the M matric,
It was developed for a specific purpose and submitted for general - the second, the N matrix.
distribution to interested parties in the hope that it might prove helpful to
other members of the data processing community. The program and its
documentation are essentially in the author's original form. IBM serves
as the distribution agency in supplying this program. Questions concerning
the use of the program should be directed to the author's attention.



©

GENERALITIES

R. N, MENEGAUX
94, rue Réaumur
PARIS (2e) France

a) Author

b) Subroutine enabling to multiply two matrices (square of rectangular)
previously stored in a variable length mantissa form (up to 45). A
simple calling sequence is to be included in the main program. A
third array must be given to store the product matrix., The initial
matrices are left undamaged.

c) Requires indirect addressing and asks for 1330 positions of core
without the necessary SPS II Version II Subroutines, and 20 K, 40 K

or 60 K of core storage.

d) Multiplication is made from the formula giving every product

element :
MN(I, J) = > M (K, J)x N (I, K)
K
with 1 = column rank
and J = row rank

e) The execution time is proportional to the square of the mantissa
length

f) Written is SPS II Version II with variable length mantissa
g) Uses floating point subroutines

h) Dimensions of possible matrices :

Let L be the length of the mantissa

M 1land M 2 be the no. of columns and of rows of the 1lst matrix
N 1 and N 2 be the no, of columns and of rows of the 2nd matrix

As the no. of positions of core required is :

Subroutine itself 1330
Tables 400
Floating point subroutines SPS 2330

4060

Then the formula is :

M1xM2);+(N1xN2)+(N1lxM2) = 1 (Memory-main prog. - 4060)

L+2

>

where "memory" = 20K, 40K or 60K

and ""main prog. " is the place taken by the main program including the calling

sequence.

- Note that the elements of every matrix are in floating point form only.
- The program uses 34 symbols.

i) Trials with two matrices of 10 x 10 and of 6 x 6, with a length of 16 positions

mantissa (it took 3 mn for the 10 x 10 matrix).

II - MANUAL OPERATING

Does not occur.

I - CALLING SEQUENCE

The calling sequence to be included in the main program is the following :

TFM LGM, xxxxx
TFM NCOLM, xxxxx
TFM NROWM, xxxxx
TFM NCOLN, xxxxx
TFM NROWN, xxxxx
TFM ADM, xxXxxX
TFM ADN, xXxXXX
TFM ADMN, xXxXXXX
TFM FMULT + 6,x + 48
TFM FERR + 6,x + 24
B MULT

Error Return

Normal Return

,,LENGTH OF MANTISSA

,,NO. OF COLUMNS OF MATRIX M
,,NO. OF ROWS OF MATRIX M
,,NO, OF COLUMNS OF MATRIX N
,,NO. OF ROWS OF MATRIX N

., ADDRESS OF 1ST MATRIX M
,,ADDRESS OF 2ND MATRIX N

So you must fill the following constants :

- "LGM" by the length of the mantissa (up to 45)

- "NCOLM" by the number of columns of the ist matrix M

- "WROWM" by the number of rows of the 1st matrix M

- "NCOLN" by the number of columns of the 2nd matrix N

- "NROWN" by the number of rows of the 2nd matrix N

- "ADM" by the address (to the extreme right) of the first element
of the first matrix M

- "ADN" like "ADM" for the 2nd matrix N

- "ADMN" like "ADM" for the product matrix MN you wish.

Note that those references and what they contain are not modified by the

»»ADDRESS OF PRODUCT MATRIX MN

execution of the subroutine : they remain available at the end of the program.

Control will be given back to the second instruction following the last instruction
of the calling sequence (here "B MULT"), if the multiplication of the matrices

has been done normally.
If not, the following message will be printed :




-6 -

-7-
""THE NO OF COLUMNS OF IST MATRIX IS NOT
EQUAL TO THE NO. OF ROWS OF 2ND MATRIX" TFM ADMN 12017
TFM FMULT + 6, +48
. . . : . . TFM FERR + 6, +24
then control will automatically be given back to the first instruction B MULT
| following the "B MULT', where a branch to an error procedure may H (error return )
| be put. TD 12 072, 400
No essential zeros have been considered in this subroutine. WNTY 12 000
H (end of the program)
B DEBUT

The matrices to be multiplied together are supposed to be previously
stored in sequence row by row from the left to the right. They will be We add there the subroutine "MULT" itself, in its symbolic form.
left unchanged.

Operating instructions :

So the sequence must be : The whole program is compiled in SPS II, Version II, with automatic

division and variable length of mantissa (here, equal to 16) subroutine
(Deck numbered 5). The two data matrices are called when the assembled
program is loaded.

Elements (I, J) with I
thenI =1 J=2

1
-
[

[
—

They have been punched on two cards under the following form :

100000000000000001200000000000000001300000000000000001400000000000000001

. . . 200000000000000061100000000000000001150000000000000001500000000000000000
The program is provided in SPS II Version II form, to enable users to

compile it with their own program (and their own length of mantissa), The first matrix (M) is loaded in address 10000, the second

matrix (N) in address 11000.
TRIAL ON A SAMPLE PROBLEM

Dumping from address 12000, we have the result :

Let us multiply the following two matrices : 100000000000000001000000000000000033500000000000000039100000000000000001

M = 1 2 N =} 2 1 which means matrix MN = t 0 , multiplication of the matrices M and N.
3 4 3/2 -1/2 0 1
Let us suppose the program including the calling sequence GENERAL FLOW CHART

be :
cf. following chart,
DEBUT NOP
RNCD 10 000
RNCD 11 000
TFM LGM 16
TFM NCOL M, 2
TFM NROW M, 2
TFM NCOLN, 2
TFM NROWN, 2
TFM A DM, 10017
TFM A DN, 11 017

e o o



Annex 1 o8 LISTING OF SYMBOLIC SAMPLE PROGRAM Annex 11 09
CICICOENUT AGP MULT
FLOW CHART MULTIPLICATION OF MATRICES 01620 RNCC1000G MULT
01030 RNCL 11006 MULT
MULT IS YES 0104¢C TFV LGM, 16 s2 LENGTH CF MANTISSA MULT
NO.OF COL. OF M = NO. OF ROWS OF N 01050 TFV NCULM,2 +sNC. UF COLUMNS OF MATRIX M MULT
NO ERROR ‘ 01C60 TFM NRCWM,2 +9NC. OF ROWS COF MATRIX M MULT
PA INITIALIZATION 01070 TFM NCOLN,2  54NO. OF CCLUMNS OF MATRIX N MULT
DEPENDING ON THE cicae TENM NROWN,2 +oNC. CF ROWS OF MATRIX N MULT
LENGTH OF MANTISSA
C1690 TEM ADNM,10017  ,,ACCRESS OF 1ST MATRIX M MULT
. o1100 TFM ADN, 11017  ,,ACDRESS OF 2NC MATRIX N MULT
Pe LOOP ON THE ROW RANK _ .
OF MATRIX M 01116 TF¥ ADNMN, 12017 ,,ACDRESS CF PRODUCT MATRIX MN MULT
[ C1120 TFM FMULT+6,%+438 MULT
01130 TEV FERR+6,%+20 MUL T
PC LOOP ON THE COLUMN RANK
OF MATRIX N 01140 £ MULT MULT
C1150 ! MULT
61160 v 12072,400 MULT
LOOP TO ADD PRODUCTS OF
PD CORRESPONDING ELEMENTS OF or7o WNTY 12000 MULT
MATRICES M AND N IN THE
= = 0118¢C . MULT
ELEMENT OF PRODUCT MATRIX
MN 0119¢ 6 OCUT MULT
01206MLLT € NCOGLMyNROWN MULT
01210 RE  PA MULT
NEXT COLUMN OF N
01220 PCTY MULT
01230 WATYMESSA MULT
NEXT ROW OF M .
- 01240 RCTY MULT
J 0D125CFERR 6 O MULT
¥
J c2cicpa TF LGT,LGM MULT
02€20 AM LGT,2,10 MULT
02020 ¥ NCOLVM,LGT MULT

d31NdN0oo
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c2C40
02050
02060
02070
ga2cac
62090
02100
02110
02120
02130
02140
02150
02160
02170
02180
02190
02200
02210
02220
02230pP8B
02240
02250
03010
03020PC
- 03030
03Cu0
03050
03060
03070
03¢80

03C90

TF

SF

TF

SF

A

AM

TFM —AZER,-99,10

TF
SF
A
AM
TFm

TFM

BE
TFM

TFM

BE
TFM
TFM
TF
A

A

TFL

95

N»99
NoeNROWM
95

NN, 99
NCOLNyLGT
95

NNN,99
AZER,AZERR
—AZER
AZER,LGM

AZER, 1,10

AMEM, AMEMR
~AMEM
AMEM, LGM
AMEM, 1,10
—AMEM, 04 10
I,C

I,NNN
FMULT

Jy0

44,0

JoNN

PF

KaC

11,0

AC , ADVN
AC, I

AC,JJ

S—AC,—AZER

D

10
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULF
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT

MULT

¢31cere
C3110
0312¢
03130
031ue
03150
03160
03176
0318C¢
03190
03200
0321C
03220
03230
03240PC
€325C
Guclo
O04C20PF
ou03cC
O4CLOFMULT
Ou050LGM
0LQ60LG
CuC7CNCOLM
OUCRUNROWN
OLOYUNCULN
O 1COARCHN
CuT1CACM
Ou120A0N

Ch120ACMN

TFLS—ANEV,—AM

™

fa

A

A

ce

LC

[

cc

&C

He

[

[(%e

Lo

AM L ALM
AV, K
ANy
ANy ACN
AN, I

AN, T1

—ANMEM,-AN

—AC,—ANENM

TI,N
KyLGT

PD

JJda R
PC
[4L6T
P8

U
5,6G0¢00
5,00000
5, 00600
5,00000
5,00000
5, 60060
5y GOGLO
5,G0000

5900000

11

MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
pULT
MULT
MULT

MULT



O4 140ANM

04 150AN
on160AC

O 170N

O4 180NN

0% 190NNN
042001
04210LI
042204
0423049
0424 0K
04250 ZER
05010
05020AZERR
U5030AZER
050L0MEM
05050

0506 0AMEMR
CSCTOAMEM
05080MESSA
05090

051C0

o)

oc  5,0r0000
oC  5,00000
tc 5,00000
DC 5,000C0
pC  5,00000
CC  5,00000
£C 5,00000
0C  5,00000
gec 5,00000
cc 5,00000
oc  5,00000
DC  1,u

bDS 45

CSA ZER

DC 5,C00006
cC 1,0

CS 45

DSA MEM

0C  5,00000
CAC 49,THE NO. CF COLUMNS OF 1ST MATRIX IS NCGT EQUAL TO #
CAC 30+THE NGC. OF ROWS OF 2ND MATRIX'
DENDDERUT

MULT
MULT
MULT
MULTY
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT

MULTY

12
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Annex III
LISTING OF THE ASSEMBLED SAMPLE PROGRAM

36CC0T200506046002010050084000120C2762600059CC2742500011000CC266009000269
26000250026%31000CCC020026001140027425CCN00CH01149C0012G0C00
LIGUCUC00LOC361000600C50036110C0CC5C016C1426-0C161601436-0CC2+40-1-Cu02-0u62
16CTH4L1-000216018L46-00021601451-CLC21601456960G171601461J101740-1-C462-0522
1601466420171601416~-05821600656-0570490053200000048C00CCC00C040-1-0522-0582
25120720040C381206000100480000000UC049064020000024014356G145140-1-0582-GC642
BECCTC2012002340CCCCOCIL23901625001CC3LC0C00001C24GCCC0CCO0C0+#0—1-0642-0702
26C1431014261101831000-2230143601431320009500CC0260148600099#0-1-0702-0762
230145601441320009500000260147100094230146014213200095C0C00%0-1-0G762-0822
260149600099260157701572220157P0CGLCC21015770142611015770CC-14C~-1-0822-0882
16C157P00CRR2601633016283201631L000C02101633014261101633000-14%0-1-0882-0942
160163L000-01601501-000024015C1014964601410012C01601511-00C0#0-1-0942-1002
1601516—-000024015110149146013586012C016C1521-000016015C6-00004#0—-1-1002-1062
26014310146621014E10150121014E10151616C1P63-112149C1832C00C040-1-1062-1122
—1484~157P¢ =1=-1r-27
24015210 1 h64601350012002601471014562101871015212101471€C1511%0-1~-1128-1188

2601476014612101476015012101476015C616C1863-124749C1832C000040-1-1188-1248

=163L-147J% 1-1-1243-1253
1601863-1277490181200000% 0-1-1254-1278
=162L-147CH 1-1-1273-1283
16C1863-130745C179200000% C-1-1284-1308
-148y-163L+ 1-1-1303-1313

21C1506014662101521014314901128000002101511014362101516G1496+0-1-1314-1327y
LODIGIL00UNC21015010143149009£6600CCCUYCCCCCOOLC04 C-1-1374-1422
-0CCG~COC0-"CCC=-CrC0-0000-00CC-0CLC-00G0-0000-C0CN-COCC-0u00#1-1-1422-1482
=0CLE-000C=-CLCO-00600-0000-C0CC-U0Ul-000C—%* 1-1-1u82-1523
-1522% 1-1-1568-1573

-0CCL-+# 1-1=-1573-1579

13

-0000
-0001
-0cc2
-0003
-0004
-0005
-0006
-0007
-0008
-0009
-0010
-oon
-0012
-0013
-001Wu
-0015
-0016
-0017
-0018
-0019
-G020
-0021
-0022
-0023
~002u4
-0025
-0026

-0027



-157¢e4 1-1-1624-1629

-CCCUO34EL50055560300564600835653645455620C56460071¢2624 1-1-1£629-1684
0054L1635949670049£6200555663004556€4415300635¢00+ 1-1-1684=1732
034845005556030056460059566662005646007255440C54416359L967CF 1-1-1732-1792

2601919000C0uu01908019193301919000002601919C191RUIC1E6BCOLCO+G-1=1852-1912

2662509000002601955019191201955000-22602507000001502211C00C24#0~-1-1908-1968

26C19910186326022620000011018¢43000-526C2C27C1€6326€208200CC0+C-1-1968-2028

44 €20720208333020830000026020830208L 490202860000

0-1-2028-2076

2602654000002602119020831202119000-2260265200C0026C22€601863%0—1-2072-2132

4uC21760226233022620000026022620226K49021320C0C0+

¢-1-2132-2180

26C22?u02262120227b000—2l)02286000—0!2022!ICCG-lh70?2h801200$0—l—2|76—2236

15€22110000249000C000000%
260000002509260000002507490000000-00+%

+

0-1-2236-2260
0-1-2256-2292

1-1-2291-2292

38€228200610043023280040148-2652020531602509000R926C250702E6240-1-2292-2352

49C242000000%

0-1-2352~-236Y4

3802282001004402396004014840000100C016C2509000RR26C2507C2907+0—1-2360-2420

49CCCC000000%

3802282001C0480-1-2-0020%

E

49CCCCCO0000%

*

4
-000000000600000G6000000000000000000CC000GC00C00C00#*
JC#
J5TCT9632675uR96619231321691629751uL20G8584€956¢
MIN29ULE190325182765112E518916605082294397005E0%
K30258509299L0456EL01799 14586 EL3642CTH0IICIUERL2H
R9P9999999999999999999999999999999997979999999%
-0C0GU00000000NCGC60000000000CCCCOUCCO0CCCCO00000%

-GCCO000000C00000COUOCOC00000CC00UCCOOGEETN000000%

0-1-2420-2432
0-1-2428-2u452
1-1-2451-2452
0-1-2452-2u464
1-1-2510-2511
1-1-2655-2656
1-1-2657-2705
1-1-2656-2658
1-1-2705-2752
1-1-2752-2799
1-1-2799-2647
- 1-284T-2€92
1-1-29u0-2928

1-1-2892-294 1

-0028
0029
~0030
-G031
-003%2
-0033
-0034
~0035
-0036
-0037
-0038
-0039
-0040
-00u1
-G0u2
-00u3
-00ul
-0045
-0046
-0087
-00u5
-0049
-0050
-0051
-0052
-0053%
005U
-0055
-0056
~0us7

-0058

14

Ul72216G225u-3008% 0J1-1792-1804

0180440125234 CJ1-1804-1812

018121602254 ~770c% 0J1-1812-1824

Q182440018652 34 0J1-1824-1832
160G2G86-30E549030200G000+ 0-1-2988-3012
160T0e6=31221602076-34EB46030UL0I4C015G2H9T1C000-15C263€C000-+6~1-3008-3068
16C2290006-04900UCCCCCO00% 0-1-3068-3092
LLLS12002652330265200000490312200C(C% 0-1-3088-3124
32C2¢520000G03031640249221024920206374903508CC000% 0-1-3120-3168
430318402637490625020C000% 0-1-2164-3188
15C23770000C11603367-265228025C902654460328201100460337£C120040~1-318u4~-3244
310254002692 3162492026374 0-1-324u4-3268
21CC6370250022026550250956025Ce0 1400 1LC2658C00INLT0350EGIZ0040-1-3268-3328
2102387026544 003364026521503377CC6C233C2637C0CCCZ1C25C7C0CCO#0-1-3328-3388
16C250TU0- 12250384 70250747035 280140(:2602907625C623€249200C0C0+C-1-3388-3448
15C24920060011025C2000-186076EECTHOULLO3S50802UT72202507CCCCO+0-1-34L8-3508
11G2507000-GLON22E 6000600+ 0-1-3508-3532
B503520028°24¢02356012003302507000CC# 0-1-3528-3564
32C24930000026035630250931025920249352502507-18511203563000-140-1-3564-3624
2602509035670 303656024924903564000CC+ 0-1-3624-3660
L7054 ERGTIL0O0NE022900550TH9023€0000CCH 0-1-3656-3692
25027290035G649022%20(.000% 0-1-3683-3712
1665086-37UCT1603837006-12490392600000+ 0-1-3708-27uy
2202507026522503LL700C99U602306012G0160350700-344203884C0C6840—1~-3740-3£00

VECLETI-0QCELI20265LCC0-14T0386C0ILCCI12025C9C00-1% C-1-2800~-38L8

o

00059

no060
00061

R0062
00063
ROO6Y
00065
RO0O66
-0067
~-0068
~0069
-0070
-0071

-C072
-0073
-007y
-0075
-G0076
-0077
-0078
-0079
-0080
-0081

-0082
-0083
-0084
-0085
-0086

-0087

15
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16 LIST OF REFERENCES OF SAMPLE PROGRAM Annex IV

ES Ralalatelcelatalalei'y

16026545000RRE30410003835320C06900000210250902658490406E00CCC+0-1-3848-3908 -0088

) . anc I 14
1603086-39601603837004111604079-0083260009902924490302C00000 $0~ 1-3904- 3964 —0089 Sr5 PROCES3OP  FOr 1620/1710 CARD 1/0 SYSTEM,DATED 1/1/1962

2800083025072900083026524604120014002503u4700083430381200067+C0—1-39260-4020 -0090

1560239601200320006800000160350700-562202509026542602507C008240— 1-4020~4080 ~0091 EHD OF PASSI

¥h0347202509490365600000+ 0-1-40B0-4108 -0092
1604079-0082490404400000% 0-1-4100-14124 -0093 LOAD SUBROUTINES
1502290000071602458-244049024 2800000+ 0-1-4120-4156 —009y ENTER MANTISSA LENGTH 16
00095 .
01832T602256-4152% 0J1-1832- 184k R0096 END OF PASSTI
o9y  0OBO2  DESUT 00630 MULT 00690 FERR 00702 PA 00966  PB
TBMEEI019563 4 091 1844 1852 R009S 01014 PC 01128  PD 01350  PE 01386 PF 01410 FMULT
260250902654260250702652490225600000+ 0-1-u152-4188 -0099 01426  LGM 01431 LGT 01436  NCOLM 01441  NROWM 01446  NCOLN
00000 L600000005004900000+ 8-0096-0115 ~0100 01451  NROWN 01456  ADM 01461  ADN 01466  ADMN 01471 AM
360010000500360017200500360024400500360031600500360000000500 —o101 Q1476 AN 01481 AC 01486 M OT4g1 NN 01496  NNN
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Annex V

INPUT SAMPLE PROBLEM

10000000000000000120000000000000000130000000000000003140000000000000000 1

200000000000000001100000000000000031150000000000000051500000000000000300
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Annex VI

OUTPUT DUMP OF THE SAMPLE PROBLEM

4900402

¢

T000000000000000013¢000000006600005+000000000G006003TET0000000000000000 1
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