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Introduction

=

803 SMS (A System of Matrix Sub r outi nes) is a collection o f s u b ­
rou tine s , w r i tten in a u t o c o d e a n d in t e n de d f o r mat rix c ompu tation s .
When us in g this s y s te m it is p os s ible t o writ~ in a n o r din ary a u toc o de
program matrix in s t r uct i on s wh i ch refe r di re c tly t o thes e mat rix sub ­
routines (M - s ub r ou tine s ). T h e s y s tem is us e d as fo llow s :

(a ) A pro g ram c ontaining matrix instruc tion s (M-p r o g r a m ) i s
w r itt en by the p r ogrammer .

(b ) T h i s ~l -prog ram is c onverted to 803 Auto c odeby mean s of
the M- t ran sla t o r , which then cop i e s th e requ i red subr outine s
f rom th e M-library t ape onto the m nemonic t a p e i t p r oduce s ,
a n d fin a lly outpu t s the START instruc t ion .

(c ) T h e 8 0 3 A uto c o d e mne m oni c t a p e is the n t r a ns l ated i n the
u s u a l w a y. Normally, it is unnece s s a r y t o perf o r m th e M ­
trans l a t ion mo r e than. on ce, s i nc e a n y er r ors o c cu r r in g may
b e c o r r e c t e d o n t he A u t o c o de tap e .

W h e n using S MS , i n t e g e r v ariabl es P , P I , . ... a nd V , V I .. .. a r e
reserve d for p a ramete r s. Float i n g -poin t v a r i a b l e s D, U l .. . . a r e
used sim ilarly , and floating - p o int va r i a b les Z·, Z I . . . . a re us e d a s
wor king s pace.

S M s is n ot a l i m i t e d s y s t e m ; i t c a n b e enla r ge d with s u ch spe cia l
routines as a r e f ound n e c e ssary.

Progra m and M a chine

T he M - t r a nslator u se s on ly fixed - p oin t w ork ing and can b e u s e d
on any machine h a v i ng a t l e a s t a 409 6 - w o r d store.

T h e p resen t M -lib rar y t a p e i s i ntended for u s e with AI03 'Issue 3
and i s th us on l y s u i t a b le f o r u s e on machines with a n a u t o m a tic float i n g ­
point unit . All M -lib r ary tap e s w ill b e ma r ked with th e is s u e of A I 03
with wh ich th ey a r e inte nde d t o be us e d.

The Finni s h C a b l e C o m pa n y , who o r i gin a t e d SMS , h a v e undertaken
to maintain i t.

(ii)
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A SYS T E M OF MAT RIX SU B R O U T IN E S

FOR

E L L IOTT 8 0 3 AU T O CODE (8 03 SMS)

1. T he N a m e s of M - su b r ou t i n e s

E very M-subroutine has a nam e of its own, which makes it
poss i b l e t o r efe r t o th is r ou tine .

E x a m pl e : A DD a n d MULT a ! e t h e names of the m a t r ix a d diti on a n d
m u lti plic a tion s ub r out i n e s .

Each M - subrou t i n e n a me h a s a co r r e s pondin g A ut ocode r e f e r e n c e
number. The M-t r a n s l a t o r cho o s e s the se refe r e n ce nu m b e r s a u to-
matically with i n c e rta i n limits .

2 , M a trix In s t r u c tion s

The e n t r y t o a n M - s u b r ou t i n e f o r . th e exe cu t ion of s ome m a trix
operation, is done b y a matrix in s tru c t ion. The mat r ix instruc t ion i s
usually divided into two pa r t s , th e fir s t b e in g the name of th e M - sub ­
routine and the second a list of th e paramet e r s b y wh ich the execu tion of
the instruction is define d . C o m ments may also b e added to the matrix
instruction, if requi r e d . /

Examples of mat rix instruc t i ons :

'COpy' (p , Q:N+l, 1)

' INVE R T ' MAT R IX L

'MULT' A *B = C (C, A , B :M. N , K)

' R E A D J l' (Q :M , K>l<R : O. 0 0 0 1)

Th e c onstruction of t h e m atrix in s t r u c t i on is as follows:

< m atrix in s t r u c t i on > ::=
,< M-subroutine narne y '< c o m m e n t 1> 1£I
,< M-subroutine name > ' < c omment 1> (c pa r ame t e r sta ck o- Le commen t 2>1£
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<~.l-subroutine name> ::=

<. letter >1< digit >1< M-subroutine name >< letter >1

<M-subroutine n a m e >< digit)

<:parameter stack> : : =

~ address parameters>!

"addres s parameters> : <: dimension p a r ame t e r s > 1

<address parameters> : <: dimension p a r a m e t e r s > : < s pecial para m e t e r s >

< a d d r e s s parameters> ::= < parameter li s t>

< di m e n s i on parameters> : := <parameter list)

< spe cia l parameters > : : = <: parameter list>

< pa r a m ete r list> ::= < empty > 1< p a r a m ete r w o r d> !

~parameter list> , <: paramet e r wor d >

z.pa r arnete r word> :: = <: empty>! < right hand side of an arithmetic
Autocode instruction>

< c o m m e n t 1> ::= ~A string not containing characters (o r 1£>

< c o m m e n t 2> ::= < A string not containing characte r 1£)

The matrix instruction can be "l a b e lle d w i th a reference number.

The present M-translator imposes some further limits upon the
matrix instruction.

(1) In the M-subroutine name only the first 6 non-shift
characters are interpreted. The characters sp and bl are
ignored. All other characters except the letters, digits,
sp and bl are forbidden.
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Example: TRANSPOSE is equivalent to TRANSP and MUL'i" 01
is the same as MULTOl. The names MULT A>:<B, - ADD,
DIAG: TRACE are forbidden.

(2) Also in the parameter word only the first 6 non-shift
characters are interpreted. All characte-rs except ): • If
are allowed. The characters s p and b l are ignored.

Example: 0.3 . N, N j- I , AI-B1 3 • - LI*H are permitted
parameter words, but A (I+ 3) and N + 12 34 5 are forbidden, the
first because i t c on t ains ) and the s e c on d b e c a u s e it contains
seven characte r s . T h e M - t ran s lat o r interp r e ts th em in the
wrong fo r m A (I+3 and N+ 12 34 .

Warning Th e M - t ran s l a t o r does n o t check wheth e r the
paramete r w o r d i s re a lly the right-h a nd side of the a rith m e tic
instruction.

3. Interpretation of Ma t r ix Ins tru c t i on s

The M-translator con v e r t s the m atrix i n s t ruction s t o mnemonic
Autocode.

Thus:

(a) the parts <: commen t 1 > and <comment 2 > are i gnored,

(b) <. parameter stack> is converted into a sequence of parameter
instructions,

(c) <: M-subroutine name > is change d int o SUB R-n instruction ,
where n is the reference number of th e correspondi ng
M-subroutine ,

(d) < M-subroutine name > and <: parameter stack> will be
comments on the SUBR n ins t ruction.

A general matrix i.ns t r-uctj.on

;
1<, M-subroutine name> I <. comment 1 > « parameter s t ack> )<comment 2 >

is thus changed into the form



I~__~_-
(803 SMS)

-4-

parameter instructions.......................

SUBR n :: <M-subroutine name>«parameter stack»

The parameter instructions need closer attention. The parameter
instructions corresponding to the gerie r al parameter stack

<address parameters> :<dimension parameters>:< special parameters>

or Po' PI' PZ'"

take the form

PO=p. 0

P1=p
1

PZ=p
Z

V1-v- 1

VZ-v- Z
V3-v- 3

UO=u
o

Ul=u
1

U2-u- Z

If a parameter word is empty, the corresponding parameter instruction is
left out,

Exarnpl.er parameter stack

100,01,OZ : M, N-3, K1" KZ AI

is converted into the form
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PO=100

Pl=Ql

P2=Q2
z:

Vl=M

V2=N -3

V3=Kl

V5=K2

UO=AI

and the parameter stack

::, , , 1

into the form

U3=1.

If desired it is possible to write the parameter instructi ons i n the
final form directly into the M-program.

Example Instructions

12)'READ Jl' MATRIX B (Q :M, N-l:O. 0001)

and

12)P=Q

Vl=M

V2=N -1

U=Q.OOOI

'READ Jl 1

are equivalent in the M-program.

4. Matrix Storage and Interpretation of Parameters

The M-subroutines need working space for the parameters and
the matrix elements. The writer of the M-program is responsible for
the reservation of this space in the setting instructions.
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In the previous section we saw that different parameter value s are
specified by P-, V-and U -variables. Of these the P-variables (address

'.,. parameters) and the V -variables (dimension parameters) are of integer
.' type, but the V-variables (special parameters) are of floating point type.

For the matrices and vectors, floating point variables Z, ZI, ZZ, ..
are used -as working space (matrix space). The matrices are stored by
columns in successive Z-locations. In some routines the form of matrix
storage is different (e. g. diagonal matrices and symmetric matrices).

The address of the matrix is specified by the P-variables and it is
defined in the following way:- If .the first element of the matrix is in
Z(p+I), the address of the matrix is p. In general P is the address of the
result matrix and PI, PZ, ... are the addresses of the operand matrices.

The -dimensions of the rnat r ix are specified by the V -variables.
Usually VI is equal to the number of rows and VZ to the number of columns.
V -variables are also often used by the M-subroutines in picking up special
information from the main program. The V -variables have the same task
in the case of special floating point parameters.

The detailed interpretation of the parameters is given in the list of
M-subroutines. In the M-subroutinedescriptions the following notation is
used for the matrices:

(p:m, n) is an m x n matrix, the address of which is p .

Examples

1. Matrix multiplication (p:m, s)- (PI: m, n) ':' (PZ: n, s) is carried out

by the instruction

'MULT' (p, PI' PZ: m, n, s )

which the M-translator converts into the form

PO=p

Pl=p
1

PZ=p
Z

Vl=m

VZ=n

V3=s
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SUBR r:: ' MULT(p, PI' P2: rn , n, s),

where r is the -reference number of the MULT -routine chosen by
the M -translator.

2. The matrix (PI: rn , n) is copied into the place of the matrix (p:m, n)

by the instruction

'COPY' (p, PI : m, n)

3. The matrix (p: n , n) is inverted in situ by the instruction ' INVERT'
(p: n, n)

4. The matrix (p: m, n) is read and punched in J': 'code by the
instructions

'READ J2' (p: m , n)

'OUT J2' (p: rn, n)

(for a definition of J':<code see Appendix 1)

5. Alteration of the Parameter Values in the M-subroutines

The M-subroutines obey the following rules:

(1) The values of the address parameters P, PI, P2, ... are
preserved. v

(2) The dimension parameters VI and V2 change so that after the
completion of a matrix instruction

VI = number of rows of the result matrix

V2 = number of columns of the result matrix

(3) The values of other parameters (V, V3, V4, .. . U, Ul, U2, . . )
may be altered within M-subroutines. Further i nfo rmation
about this is to be found in each M-subroutine description.
With these a-rrangements useless parameter instructions are
avoided when using several matrix subroutines one after
another. -

Example The matrix (PI: n, n) is copied in the place of the

matrix (p : n, n) and inverted in situ in this matrix space by
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the instructions

'COpy' (p, PI : n, n )

'INVERT' .

6. Control Instructions

In the M-program, besides matrix instructions, so called control
instructions are employed. These are' MATRIX', 'SCALAR', 'SETMI m
and 'START' n ,

The' MATRIX' -dnst r-uc tion announces the transfer from an Autocode
block, consisting of ordinary autocode and some special instructions, toa
matrix block, consisting only of matrix instructions. (The present M­
translator allows the matrix block. to contain ordinary ·autocode, provided
the character' does not appear. )

The 'SCALAR' -instruction announces the opposite transfer, i. e.
from the matrix block to the autocode block.

'MATRIX' and 'SCALAR' thus form statement brackets for matrix
instructions .

The M-translator always assumes that the M-program starts with
an Autocode block, unless otherwise stated by the 'MATRIX' -d.n s t r-uc t.ion .

The instruction 'SETM' m, where m is a positive integer, determines
that the reference number m is reserved for the next new M-subroutine not
mentioned previously in the present M-program. The subsequent new M­
subroutines are given the reference numbers m-t l , rn-t-Z, e tc . , until a new
'SETM' -instruction is given. The 'SETM' -instruction must be placed in
the matrix block and the first 'SETM' must be written before the first
matrix instruction of the M-program.

Example Let the first matrix block of the M-program be

'MATRIX'

'SETM' 10

'READ J2' (0: M, N)

'READ J2' (M*N)
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'ADD' (Z*p; 0, M*N)

'SETM' 5

'OUT J 2'

'SCALAR'

the M-subroutines READ J 2 , ADD a nd OU T J 2 thu s are given the
reference numbers 10 , 11 and 5 .

'START' n is always written at the end of the M-program. It
replaces the START n instruction of ordinary autocode programs.
'START' n is not allowed to be in a matrix block.

N. B. TITLE-instructions w ritten in the normal way may caus e
incorrect activity of the M-program if the character ' appears in
the TITLE -instructions, or it may cause the alteration of the title if
it contains a line starting with an sp-character. These inconveniences
are avoided by 'w r i t i n g TITLE-instructions in the form' T IT L E ' .
I TITLE' -instruction can be written only in an Autocode block.

7 . Setting Instructions

At the beginning of the M-program the setting instructions SETS,
SETV, SETF and SETR are written in the same way as in an ordinary
autocode program. The M-translator does not in any way change these
setting instructions nor does it notice faults in them. Thus the writer
of the M-program is re sponsible for the setting instructions being in
order.

The Ms-t r-a.ns Ia.to r , however , helps the writer of the M-program
in checking the setting instructions, in that when the translating work is
finished, information is received about the need of memory space for
the M-subi'outines and of the minimal setting instructions th e y require.
When writing the M-program space must be reserved:

(1) for all the variables, function subroutines and reference
numbers -needed in the M-subroutines and appearing in the
Mi-p r og r a rn , in accordance with the proper subroutine
descriptions,

and

(2) also for all other variables, functions and reference numbers
used in the M-program.
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It is a good idea to check, using the control information given by
the M-translator, that the setting instructions are sufficient for the M­
subroutines and that the reference numbers do not overlap .

For the requirements of most standard subroutines the variable
and function setting instructions

SETS P(2)V(20)

SETV U(2)Z(matrix space)

SETF INT SQRT

are sufficient.

However , in the M-subroutines INVERT and INV DET, the
requirement of the V -variable sis V( 1Oj-n}, where n is the dimens ion of
the largest ma t r ix .t.o be inverted.

When reserving reference number space by the instruction SETR,
it should be observed that 803 SMS needs for its auxiliary routines (see
Section 8) 5 reference numbers, which it reserve's in accordance with the
last 'SETM' -instruction of the M-program. Also, tWQ or more M-sub­
routines can be united into one subroutine body, whereupon the M-translator
has to reserve reference numbers for all M-subroutines belonging to the
same subroutine body. Thus more reference numbers may be vne e de d than
the number of M-subroutines used in the M-program implies. The
reference number requirements of each subroutine appear in the M-sub­
routine descriptions .

It is recommended that the lowest reference numbers be reserved
for the M-program's own purposes and that a single 'SETM' -instruction be
given to specify the reference numbers of the M-subroutines after this . It
is then impos sible for the M-program's own reference numbers and the
reference numbers of the M-subroutines to overlap .

8. 803 SMS Basic Routines

In order to facilitate the testing of matrix programs , some Basic
Routines are inserted into 803 SMS . These routines are as follows :

ERROR IND Error Indication

The M ":subroutines can, by the aid of
this routine, report the faults appearing
in their use.
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ERROR STOP

EXIT

CHECK PRINT

PRINT VAR

Error Stop

If the performance of some matrix
operation is impossible, after the
error indication the ERROR STOP
will follow.

Exit-routine

E xit from most of the M-subroutines
takes place through the EXIT-routine.
The task of this routine is to specify
the use of the routine s . CHECK PRINT
and PRINT VAR.

CHECK PRINT of the RESULT MATRIX

PRINT the VALUES of the VARIABLES

The use of these routines is possible
after all the matrix operations, where
exit to the main program takes place
through the EXIT ..;routine. The use is
controlled from the number generator.

9. Examples of M-programs (see also Appendix 1)

Example 1

To p'r o duc e C=(A+B)I, where A and Bare m x n matrices punched on the
tape .

Program: It is presumed that the matrices A and B are punched in
':' c o de and C is wanted on the tape in' J':'code, so that every element is
to be punched in the form corresponding to the instruction PRINT Z, 3:5.
Let m, sa and n' 20.

SETS MNQP(2)V(13)
SETV U(2)Z(2000)
SETF INT
SETR 14

1)READ M
READ N
Q=M'~N
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'MATRIX'
'SETM' 2
'READ S2' MATRIX
'READ S2' . MATRIX
'ADD'
, TRANSPOSE'
'OUT J2' MATRIX
'SCALAR'

STOP
'START' 1

Example 2

A(O:M, N)
B(Q:M, N)

(0, 0, Q:M, N)
(Q, O:M, N)

C(Q:N, M, 3,5)

To solve the systems of linear equations

AX = B

where the matrices A(m x m) and B(m x n) are known. Further the
residual matrix R =AX - B is to be produced.

Program: The matrices A and B are presumed to be .pu n ch e d in
J ':'code with a sum tolerance of o. 0000 1 and the result matrices X and
R are wanted in the same code, the forr.ner with print parameters k

1,
k

2,
which are read from the data tape, and the latter in the form

corresponding to the instruction PRINT Z, 9. Further it is required
that m(m+3n) ~ 6000 and 2m(m+n) ~ 6000.

SETS MNK(2)Q(2)P(2)V(64)
SETV U(2)Z(6000)
SETF INT
SETR 17

I)READ M
READ N
READ Kl::PRINT PAR.
READ K2
Q=M':'1v1

Q2=M':'N
Ql=Q+Q2
Q2=Q I+Q2
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'MATRIX'
'SETM' 2
'READ J l' A(O:M. M: .00001)
'READ J2' B(Q:M. N)
'COpy' A(Q2. O:M. M)
'INVERT' A
'MULT' X(QI. Q2. Q:M. M. N)
LINES 5
TITLE SOLUTION
'OUT Jl' X(Ql:M.N.Kl.K2)
'MULT' AX(Q2. 0, Ql:M. M. N)
'SUB' R(Q2. Q2"Q:M, N)
LINES 5
TITLE RESIDUALS
'OUT J l' R(Q2:M. N. 0,9)
'SCALAR'

STOP
'sTART' 1

Example 3

To compute the greatest eigenvalue A of the matrix A (n x n) and the
corresponding eigenvector y by the following iteration procedure:

Let 1 Ylk

0 Y2k

Yo = and Y
k = k = 1, 2•... ,

0 Yn k

where Y
k

is obtained from Yk- 1 by

x k · = AY
k_ 1

Yk = xk/ak
~

a
k = max Ix i k Ii

Then it can be proved. provided certain conditions concerning the matrix A
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are in force, that

lim a
k

k-oo
= A and lim Y

k
= Y

k-oo

Program: The matrix A is read in J ':'code. The iteration is stopped

whe n for the first time I a
k

- ak_ll < c , w he r e E is a number r ead f r o m

the data tap e . Further , it is as sumed that n ~ 50.

SETS NXYP(2)VP3)
SETV EL(l)U( 2)Z(2600)
SETF INT
SETR 19

I)READ E : :E P S I L ON
R E A D N

Y =N *N
X=Y+N
L=O

'MATRIX'.
'SETM' 3
'READ J2'
'CLEAR'
'PUT'

A(O :N, N)
(Y :N,I)
(y':N, 1, .1, 1: 1. a ) YO'=(l, 0, 0 , . . . , 0)

(X, 0, Y:N, N, 1)
(X: N , 1)

2) 'MULT'
'MAX M O D '
LI=U
'SCAL MULT' (x:N, 1: Ilu )
' C O p y ' (Y, X: N , 1)
U=LI-L
L=LI
JUMP UNLESS E%MOD U@2

LINE
TITLE EIGENVALUE=
PRINT L,9
LINES 3
TITLE EIGENVECTOR
'OUT JI' (Y:N,I ,0,9)
'SCALAR'

STOP

'START' 1

ITERATION
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10. Translating the M-program

The M-program is translated into an ordinary autocode program,
an A-program, by means of the M-translator as follows:

(l) Place the M-translator in the tape reader and enter 40 0

(2) , Plac e the M-program in the reader and eriter 40 16

Thus the M-translator starts to transform the M-program into an
autocode program, which is punched on to the output tape. . 1£ the M­
program is correct as far as the M -translator i s concerned, a WAIT
occurs when the 'START' instruction at the end of the program has .b e e n
read.

(3) Place the M-library tape in the reader and change the setting
of the keyboard from even to odd or vice versa.

The M-translator reads the library tape, copying the M-sub­
routines which are required by the M-program, transforming them into
autocode form. When all the necessary M-subroutines have been copied,
final information is printed, which for a faultless M-program is as follows:

(As an example the final i n f o r m a tion from Ex . 1 has been taken)

M-SUBROUTINES:

READS2

ADD

TRANSP

OUTJ2

ERRORI

EXIT

CHECKP

ERRORS

PRINTV

READS 1

2

3

4

5

6

7

8

9

10

11

T h e reference numbers of the
M-subroutines needed by the
M-program

Reference numbers of the
Basic routines

common program body with
READ S2
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OUTTI

OUTT2

OUTJl

~; } common program body with
OUT J2

14

NUMBER OF LOCATION$ USED FOR M-SUBROUTINES : 385

SETTING INSTRUCTIONS (MINIMUM):

SETS P(2)V(13)

SETV U(2)Z

SETF INT

SETR 14

11. Error Indications during the M-translation

The M-translator gives clear indications of all noticed errors in
the M-program. On finding an error the translation does not usually
stop, but the M-program is read as far as the 'STARTI-instruction which
is at the end of the program. Then informatipn about the appearance of
mistakes is given by punching 50 ;"" s and PROGRAM IS NOT CORRECT.
The mistakes will be found if the punched tape is interpreted.

Punching 50 characters ' l< arid PROGRAM IS NOT CORRECT can
also come after the reading of the M-library tape. Then the mistakes
can be found by studying the final information.

If the translation stops when reading the M-program, the punched
tape has to be interpreted, and the M-program corrected in accordance
with the error indications received.

12. Translating the A-program

The mnemonic autocode A-program, which is produced from the
M-program by aid of the M-translator, is translated into machine" code
in the same way as all other autocode programs.

Translation of the A-program must be carried out by the autocode
translator which is compatible .with the M-library tape used when trans­
lating the M-program.

The translation usually stops several times at the auxiliary routine
:P R IN T VAR, depending on the words of the machine code block
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00 1:00 A

00 2:00 B

00 3 :00 C

0026: 00 Z

which appear in this routine. It
is not in the setting instructions.
will make the translation continue .

In order to be sure that the stop i n the translation is due to this
reason and not c aused by a r eal error, these words are separated from
each other by several b l ' s ,

IL, when translating the A-program, the translati on stops because
of an error in the program, t he p r o c e du r e is the same a.s that for othe r
autocode programs . If the program has to be corrected, the correcti ons
can be made directly into the A-program; avoiding ret ranslation of the M ­
program.

13. Running the M-program

The M-program is run in the same way as an ordinary autocode
program. When running the M-program, it is possible to use some extra
checking facilities in addition to the autocode system's own checking
facilities (CHECK instructions, Trace facility). The checking facilities
are as follows :

(1) Several M-subroutines automatically check to see if the given
matrix operation can be performed. (e. g. During multiplica­
tion by the instruction MULT the position of the result matrix
is tested to make sure that it does not overwrite the operand
matrices.) Information about these errors is received by
means of the routine ERROR IND.

(2) After most of the matrix operations (i. e. those using the EXIT­
routine) and after all the error indications given by the ERROR
IND routine, it is possible to print the values of the desired
variables as intermediate results and then continue the program
in the normal way. The routine PRINT VAR prints the value
of the variables.
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( 3) When using the EXIT-routine it is possible to get the result
matric es of the matrix operation as intermediate results
(CHECK PRINT).

14. R outine ERROR IND

The errors occurring in the M-subroutines are indicated by the
routine ERROR IND. The errors are given by punching

ERROR NO.

followed by the number which refers to that particular error. The e r r o r
numbers ar e fix ed so that the two last figures state the reference number
of the M-subroutine .

After the error indication the machine reaches a 'WAIT I instruction .
The nature of the error determine s the next step. Often it is advisable to
use the routine PRINT VAR.

15. Routine PRINT VAR

The task of the routine PRINT VAR is to print the values of the
variables used in the M-program. The use of PRINT VAR is regulated by
the number generator. The routine PRLNT VAR is entered after performing
the matrix operation, which uses the EXIT routine, if N l is o d d, or after
the error indication received f rorn the routine ERROR IND by ch a n g in g N 1
from even to odd or vice v ersa. We also come to the routine PRINT VAR
by entering 40 16: 00 n manually, where n is the r eference number of
PRINT VAR. First the characters +++ and the r eference number of the
M-subroutine last used or the error number are punched.

Operation after this is as follows:

(1) Clear the number generator.

(2) Set F2 buttons to the telecode value of the desired variable
(letter) in a binary form.

(Example. Variable Z has numerical value 26. This is
equivalent to F2 = 32).

Set the N 1 buttons to the lowe st suffix and the N2 buttons to the
greate st s uff'i.x of the variable.
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(3) Choose the printing mode so that

B = 0 means printing in floating point form with 8 digits,

B = 1 means printing in integer form with 12 digits.

(4) SetFl=40

(5) Set F 1 = 00

PRINT VAR then prints the values of the variables and returns to the
situation before phase (l ), . when, new variables can be printed.

The return from the routine PRINT VAR to the main program is done by
carrying out phase (1), setting F 2 > 26 and carrying out the phases (4) and
(5).

•
16. Routine CHECK PRINT

If desired, the r esult matrices of the M-subroutines using the
EXIT routine can be received as intermediate results through the routine
CHECK PRINT. This is done ; if the last F2 button is depressed when
the matrix operation has been carried out. Thus .t h e characters ':";":' and
the reference number of the M-subroutine, as well as the matrix itself,
a r e punched in matrix form corre sponding to the instruction

lOUT Ml' (P:Vl, V2, -1,4,5)

After the matrix has been printed the main program continues.

17. Routine EXIT

The use of the routines PRINT VAR , CHECK PRINT and ERROR
IND is regulated by the EXIT r ou t i n e, whi ch lin k s most of the M­
subroutines to the' main program. The scheme below makes the function
of the EXIT routine clear.
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CD
I

Go to a new

matrix instruction
Use PRINT VAR

N2-WAIT

ERROR NI-WAIT
t---~-----INE) - ---------

no

Carry out the

instruction

even?

Use PRINT VAR

Print the re suIt
matrix

(CHECK PRINT)

yes

ERROR

STOP

yes
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LIST OF M-SUBROUTINES, 1. 3.1963

Comments

1. M - s u b r ou tin e s belonging to the same subroutine body are united
by brackets in the list. M- subroutines using EXIT -routine are marked
by the character X.

2. In all lvi-programs, in which M-subroutines belonging only to this
list are used, the following variable .a n d function setting instructions a r e
sufficient:

SETS P (2 )V ( 20)
SETV U(2)Z (matrix space)
SETF IN T SQRT

However , in the instructions INVERT and INV DET the rrurnmurn setting
for the V -variables 'is V( 1O+n) , w h e r e n is th e d i m e n s i on of the large st
matrix being inverted.

Setting INT is ne eded only when u s ing t h e instru c tion s O U T J 1, O U T J2 ,
O U T T 1 and O U T T 2.

The function SQR T i s n e e d e d o n l y in th e i n st r u c t i on s NO RM C and
NORM R.

3. The m atrix codes ':'code, J ;:' c ode a nd J ':'.6. c o d e m ent i on ed in
c on ne cti on with th e Input - Output operat i on s ar e d efin ed as follows:

m x n matrix (a .. ) is ':' c o d e d , if it is punched in the f orm
IJ

all)a 2 1 1
column.. . .. .... "

a 1
, ', m check s u rn-r-

a12}a Z?
c o lurnn.. :-- 2 .

a
m Z ,

c Heck sum
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a:
In

a 2n 1n. co umn

a
mn

':' check sum

m x n matrix is J ':'coded, if the punched form is

J=l

1

2

m

.'.' ,'

1

2

m

.,.
', '

2

m

amI

check sum

J=2

a
m 2

check sum

J=n

a
2n

a
mn

check sum

The . symmetric n x n m atrix (a .. ) i s punched in J':'.6. c o de a s upper triangular
1J

m atrix by columns
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1

1

2

1

2

3

J =l

a l l

check sum

J=2

a
12

a
2 2

checK sum

J=3

aU

a
23

a
3 3

che ck sum

e t c .

The matrix e l e m e n t s must be punched so that they can -b e r e ad by the
READ-instruction for floating point v ariables. The numbers of c o l u m n s
and of rows that a ppe a r in th e J ':' c o de a n d the J ':'.0. c o de must be punched
so that they c an b e r ead by the READ..;instruction for integer va r i a b le s .

4. The notation (p:n diag ), us ed in c o n nec ti on w ith some instructions ,
m e ans a diag onal mat r ix which i s stored a s a vec t or (p:n , 1) f o r me d by
diagonal e l e me n t s .

5. The order o f the M-subroutine s In th e lis t i s rough ly th e s ame as
in th e M -librarytape 1. 3. 63.
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MATRIX INSTRUCTION OPERATION ~U'l ~ REMARKSOZ ~U'l
.0 cr::cr::cr:: .....

~~
Z~ ~ O~

U - E-< .::E
0 - - - ~ cr::::J
~ P. > ::J U'l Z ~

ERROR IND
E RROR STOP

BA SIC ROUTINES EXIT 195 0 11 0 - 5 A L WA YS IN A-
PROGRAM

CHECK PRINT
P RINT VAR

ICOP Y' (p , PI : m , n ) (p : m , n)={ P
I
:m , n) 17 1 5 0 -

' TRANSP OSE I{p , PI : m , n ) [pm, m)={P
I
:m, n)1 26 5 0 -

'ADD' (p, PI ' P2:m , n ) (p :m, n)={P
l

:m , n)+{P
2:m

, n) X 28 2 6 0 - ERROR IND if result
partly overwrites

' SUB' [p, PI ' P2:m, n) (p:m, n)={P
l
:m, n)-(P

2:m
, n) X 28 2 6 0 - I

operands

'MULT'{p, PI ' P
2
:m, n , s) (p:m, s)=(P l :m, n)*(P

2
:n, s) X 46 2 8 0 -

'MUL T 01'
(p , P I ' P2:m, n, s) (p: m, s)={P

l
:m , n )*(P

2
:s , n)' X E R RO R IND if result

ove r w rite s ope r a n d s
IMUL T 10'

(p , P I' P2:m, n , s ) (p :n, s )={P
l

: m , n)"~{P2:m , s) X 64 2 0 - 3

' MUL T 11 '
[p, P I ' P2: m , n, s ) {p :n , s )- {P

l
:m, n ) I*{P

2
: s , m}' X

<

' IN VERT' (p :n , n ] (p:n, n)=(p:n,n)- l
~90 0 10 2 2 ERR OR N o . - 100m+i ,- if i' th r ow is lin e arl y

' INV DET' (p:n, n :e, c) {p:n, n )=(p :n , n )- l +n
dependent on the

T h e normal Gau ss-Jordan e lim i na t i on wi th previou s r ows (me ret
m axi m um pivot i s u se d numbe r)

e=1owest bound of p iv ot

side result: U l=c *det{p :n , n)



MATRIX INSTRUCTION O P ERATION "'r.t) '" REMARKSO Z I::il r.t)
. 2 ~~

~ E-< "'I::il
Z ~ '"

O a:l
U E-< . ~
0 - - - ~ ~:::>
~ c, > :::> r.t) zz

' READ J II (p: m , n :e ) R e a d (p:m . n ) in J # c ode F OR A L L
s u m tol e r anc e e e IN P UT R OUTINES;

57 0 5 2 2
'READ J2' (p:m, n ) Read [p rrn , n) in J ~' c ode Wh e n a sum erro r

sum tol e r anc e s et by R EAD i s detected
J1 (initially 0 . 000 1)

'READ TIl (p :n,n:e) Read (p: n . n ) in J~'~ code 0/0 j d
sum tole r anc e e e

74 0 7 2 2 is punche d, where
'READ T2' (p :n. n) Read (pm, n ) in J *~ code j erio , of column

sum tol. s et by R EAD T I d e diffe r e rrc e b e t ween
(initially 0. 000 1) the read sum a nd the

pu n ch e d s um
'READ Sl' (p:m. n:e) Read [pim, n ) in '~code

sum t ole r a n c e ee
44 0 5 2 2 if t h e sum error c a n

'READ S2 1 (p:m, n) Read (p:m, n ) in "co de be ne gle cted change
sum tol. s e t by REA D Sl the sign of N . G. w o rd
(initially 0 . 000 1)



MATRIX IN STRUC T IO N OPERATION ~Cfl
~ REMARKSOZ

.0 ~Cfl

~ ...... ~ ~

Z~ ~ Cil

~ OeQ
U ......

Eo< . ~0 - - - ~ ~ ::>..q p. :> ::> Cfl Z Z

'OU T J1' (p :m , n , q l , qZ) P rint (p :m , n ) i n J'-' code
p rint par a m eters ql' qz

mean in g that
if ql> 0 us e PRINT Z, q 1:qz

if q l =0 use PRINT Z, q2

lOUT J ZI (p :m, n) Print (p rrn, n) in J '~code

print parameters set by
OUT Jl or Tl (initially 5,5) 11 1 0 13 1 INT 4

'OU T Tl' [pm, n, ql' qZ) Print (p:n, n) in J'-'A code E R ROR IND if p rint
print parameters q i: qz as pa r a m e t e r is
in OUT Jl . inc orrect

' OU T TZ ' (p :n, n ) Prin t (p: n, n) in J':'Acode
p r in t pa r a met e r s set by
OUT J 1 or T 1 (initially 5, 5)

' O UT MI' P r int (p : m , n ) in m a trix

(p:m , n , q l ' q z ' k ) fo r m , k nu rn ber s on one line
prin t pa r a m et e r s ql' q z
m e aning th a t
if q l>O use P R IN T Z, ql :qz 84 0 11 0 Z
if q l=O use P R IN T Z,qz

if ql<O use P R IN T Z , qz /

' OUT MZ' (p: m, n ) P r in t (p : m , n ) in m a trix fo r m
l a yout s et by O UT M l



MATRIX INSTRUCTION OPERATION ~tfJ ~ REMARKSoZ r:i!tfJ
0 ~~......

~r:i!~E-<
Z~ ~ Oll::l

U E-< .~
0 - >' - r:i! ~~
...:l 0.. ~ t/) ZZ

'DELETE' (p:m, n , I, j) i1th row and j'th column X Z6 0 8 0 if i=O, only j'th column
are deleted from (p :m, n) is deleted

'JOIN' [p, PI' PZ:m, n, s) matrices (PI :m, n) and X ZO Z 9 0

(P
Z

: s , n) are joined to

form (p:m+s, n )

'DISJOIN' (p, PI PZ:m, n, s) inverse operation of JOIN X ZO Z 9 0

'CLEAR' (p:m, n) (p:m, n)=O 9 0 5 0

'UNIT' (p:n, n) (p:n , n)=I 14 0 5 0

IDIAGONAL' [p, PI :n, n) (p:n di.a.g Ie di.a gona.l of X 13 6 0
(PI m, n)

-

IDIAG ADD' (p:n, n)=(Pl:n diag)
(p, PI' PZ:n, n)

+(pZ:n, n) X 19 Z 7 0 I

'DIAG MULT' (p:m, n)=(Pl:m diag)
(p, PI' PZ:m, n)

,,(PZ: rn, n) X 18 Z 7 0 1

'MULT DIAG' (p: m, n)=(p I: m, n)
(p, PI' PZ:m, n ) *(pZ:n diag) X 15 Z 7 0



MA TRIX INSTRUCTION OPERATION i,.. ' (J)
~

REMARKS
O Z
.0 ~ (J)

0:: - 0::0::

Z ~ ~ ~

~ o CQ
U

Eo-< . ~
0 - - - ~ 0:: ::>
~ P.. > ::> (J) Z Z

' ROW' (p, PI : m , n , i) (p:n, l)=i' t h row of (P I :m, n ) X 13 I 6 0

'COLUMN' (p,P
1:m,n,j)

(p :m, l)=j'th colu mn of
(P

1
:m , .n ) X 13 6 0

'NORM C' (p:m, n) Normalize (p:m, n ) b y c ol -

~
umns (sum s of squ a r e s = 1)

4 2 0 8 o SQ RT 2
E RROR IN D if column

INORM R' (p: m , n) N o r m a liz e (p :m, n) b y rows
in NOR M C or row in

(sums of square s = 1)
NO R M R = 0

'SCALP C1(p, PI' P2:m, n) (p :n, 1)=sca lar pro duct s of X 2 5 2 7 0

columns of (P l:m, n ) a n d
(P 2:m , n )

'SCALP RI (p, Pl 'Pz:m,n) (p:m, l )=scalar p r o duc t s of X 26 2 7 0

rows of (PI :m, n ) and
(P2:m, n)

'ELEMENT' (p: m ,n , i , j ) U e a . . V3=i V4= j 7 0 5 0 a . . = e l e ment of P th row
1) 1)

a nd j'th column of (p :m,n)

'PUT' (p:m, n , i , j, : c ) a . .=c 7 0 5 0
1)

'SCAL ADD' (p :m, n : c ) (p: m , n) = ~+ai~ 11 0 5 0

'SCAL MULT' (p:m,n:c) (p:m, n) = raij J 11 0 5 0

iTRACE' (p:n, n ) U= t r a c e (p :n , n] 12 o · 5 0
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./
MATRIX INSTRUCTION OPERATION· ~V) ~

OZ ~U)
REMARKS

.0 ~~
~ .... . ~

Z~ ~
r.:..1:Q

o Eo< ~~
0 - >' - (i! O:::;:J
...:l Po; :;:J V) ZZ

'SUM' (p:rn, n , c) Ue c-t sum of elements of 10 0 5 0 a . . = element of i1t h row
(p:m, n]

lJ
and j'th column of (p:m, n

'PRODUCT' (p:m, n:c) U;c*product of elements 10 0 5 0
of (p :m, n)

'MAXI (p:m, n) U=max a . . V3=i V4=j 16 0 7 0
lJ

·' M IN' (p:m, n) U-min a . . V3=i V4=j 16 0 7 0
lJ

'MAX MOD' (prrn, n) U=max I a .. 1 V3 =i V4=j 19 0 7 1
lJ

'MIN MOD' (p :m, n) U e rnin Ia . . I V3=i V4=j 20 0 7 1
lJ
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