TITLE

TYPE

NUMBER OF WORDS
TEMPORARY STORAGE
PRESET PARAMETERS

ACCURACY
DURATION

DESCRIPTION

ENTRY

UNIVERSITY OF ILLINOIS

DIGITAL COMPUTER
LIERARY ROUTINE M 1k - 180

Linear Matrix Equation Solver and General Matrix Inversion
Closed routine with two auxiliaries (DoI or SADOT)
115

0,1, 2, 3, 4, 5, 6, T (also see below)

S3, S4. During input of routine the following parameters
are required:

Memory positions 3

4

1]

0QOF 00 9 F

00O F 00 9 F

where 9, and q, are the first locations of auxiliary
routines I and II respectively.

A function of the order and conditioning of the matrices.
n.= order of matrix A, m = number of colums of matrix B

=11 + kn - 5n2 + Oln’ (m = n) n3/500 (m = 1)

Upon appropriate entry, this routine solves the linear
matrix equation AX = B or inverts the matrix A, where
the matrices A and B must satisfy the conditions:

a) A is non-singular and of size (n x n)

b) B is of size (n x m)
The magnitudes of n and m are governed by the available
storage space. In addition to the routine itself,

[‘Bégiil + D + D+ nm] memory positions are required

directly after the routine. Also, consideration must

be given for storing the original matrices A and B and
£inally the solution X. (See note on Auxiliaries).

A distinction is to be made between the case when B = T
(1.e. when ve wish to invert A) and the case when B £ I,

in which we are in essence solving m sets of n simultaneous

equations in n unknowns.



1) B=1I: Entry: 10 n
P
L5 p
p+1]26«x
00 n
2) B#£1I:  Entry: , 50 n
5 p
p+1 26 x
OO0 m
wheref n = order of'A
m = columms of B
x = first location of this routine.
AUXTLIARIES The auxiliaries provide a flexible means for handling

the matrices A and B and solution X. By this method one can:

1) successively generate A and B row by row, so that
the whole matrix need not be in the machine at one
time.

2) have the matrices located on the drum, Williams
memory, or on tape.

One can, in the same way, obtain successive columns

of X and store them on the drum or punch tﬁem on tape so that the complete
matrix X need not necessarily be stored ir its entirety at any one time.

Auxiliary I: Exit to this subroutine is made from
word 22 of the main routine. This auxiliary must provide successive rows of
A and B as follows:

a) B =1I. The identity matrix is automatically
generated in the main routine so that only
rows of A must be entered, starting at memory
position (x + 115) to (x + 11% + n).

b) B # I. Successive rows of the augmented matrix
[A,B] must te provided and read into memory
positions starting at (x + 115) to {x + 114 + n + m).



-3 -

Counting of number of rows (n) is not necessary ir the
auxiliary nor must provision be made for a link since direct transfer 1s to
be wede at the end of the auxiliary to the right hand slde of wemorr pnsition
(x +21).

The matrices must be scaled s¢ that no elemcut is > 1/2.

Auxiliary II. Since each column of X is computed

iniependently, this auxiliary provides opportunity for disposing of that column
sefore the mext one is obtained. Exit to this subroutine is made from word

{x + 105); the elgments of the respective columms and scaling factor being found
in membry position (x + 115) to (x + 115 + n). No counting of number of

columms (m) is necessery in the auxilisry, nor must provision be made for a link.

Direct transfer is made at the end of the auxiliary te the lefi hand side of

memory position {x + 106).

" NOTE Following the u elements of each columy «f ¥ i = scaling
factor which may be different for each column. It lccates the positiom of the
jecimal point as lying after the positiop occupied by the mumber 1. For exampie,

the sequence
+ 2000 = 0500 + 2500 + LG0T

- 3000 + (U3 - 2400 + 0100

v (00 + QLO0 + 0050 4 3o
represents the third order matrix
& «H0 o3
- 05 0‘5 :;
2.5 <k .05
v o =1
In case we are iaverting A the solution » . rust

1

be multipiied by 107", 1f the original matrix A was scaled by 10 .

MATHEMATICAL METHOD o . poutine M 13 for mathematical msthod. The precautions

noted ther= for detecting sinularities of A are incorpcrated in this routine.
1nstead of printing out F it will cause & machine hangup frow memory position
‘x + 111) wrere order ON 3276 NN 3277 is 'ocated.
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LOCATION | ORDER NOTES PAGE 1
0 h2 15!1. | 8et p
WF Store
1 L1 3F
41 4F Clear counters
2 41 TF
B F
3 42 10L Setp+1
Lk 8TL ‘R:lght address p + 2
k k6 T6L ‘
46 83L
5 42 108L Link
10 20¥ Set address of y = x + 11k + n
8 k2 5L
42 911,
T 42 19L
LO 4#3L
] ko zp Store n
L5 5L
9 42 221,
15 91L Set y
10 42 16L
L5 (p+l)F| 3
11 L2 LF Set m
L4 91L
12 k2 23L
k2 L5L
13 42 1121, Set address y + m = ¢
42 11k,
14 00 20F
46 113L
15 41 6F Clear counter
L5 (p)F 0 Test for inversiom or solving Ax = B
16 36 21L
L1 (y)F 10,17t

M1k
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LOCATIONR ORDER NOTES PAGE 3
" 46 LOL
; k& 6SL
L7 5 42 65L i
L3 (t)F 2kt * magt size of leading elewents
3% ;L6 (x)F | 31
32 39L
=7 4T 45L No row interchange
50 TF . Approximately zero in @
38 L5 (x)F 501
66 (t)F 25
3% 26 k3L .
50 (x)F 297
ar 23 F
32 421
b1 50 110L 12" _
T (t)F 1 =3 | SN
L2 o5 {x)F pId '
47 ¥hL Row imterchange
k5 i 5¥
fsi i15L Adéress a perameter
by 40 27 | ) :
s x)F 127,33 ]
%5 o ()7 537,2
L5 (L)F | 129,53
| ko { )F 3k 42
| 5 50 OF i
W “J 1F
Th ¥
B8 f Ao (x)F 1 33,04
bis r | 28,580 ]
k9 L6 SF Store absolute
: 36 51L value of largest Linearly combine
- Bh LT {(x)F 21,55 clement: of row guccessive rows' sc
40 ﬁF - @8 to get zeros
— PR




| Locarron | oroer | ~ FOTES PAGE 4 { 4 1k
¥ 51 15 1F ‘ { telow the diagonmal
Yo (t)F 26,52¢ of A
52 F5 5L |
: 42 51iL r! ! f
53 42 h51 !
- L5 48L
54 L4 109L
%0 48L
55 k6 50L
42 Ly,
56 L0 113L ., ,
32 ML ..;,
57 L3 5F If zero dom't rescale
[ 6w ' |
58 LL 5F >1/2¢
32 61L
5¢ L5 66L ]
46 65t |
60 26 6 I~ 1eW(5) > 1/2 multiply rov by 1/2
S 65L -1 (scale down)
61 b2 651
| 15 SF |
82, . T — Determine if possible to scale up
4O 5P <1/2 ¥(5) < 1/4
63 LL 5F
32 60L I .
64 50 TF
L5 (x)F 68,2817
6 |10 @r | s
o 00 (1)F 35,61 Ce
66 50 2F Waste | .
C o (x)F 67,29 : Rescale rows
67 F5 665 |~ S '
k2 66L '
68 | w26 |
LO 11hL . |




Lo k¥

LOCATION { ORDER FOTES PAGE 5
69 36 GhL, i
F5 6F 1
70 4o 6F
L5 7¥ | Determine if row i must have further
T1 1.0 GF eliminations (done i times)
36 241, ]
T2 F5 TF 1
ko TF
> 10 3F ~ Count nuxber of rows
32 AL |
Th 22 8L Repeat for mext row
41 5F Set counter ‘
I L5 111L
ko {y)F 6 Set scaling factor
7% L3 (y)F | & Terminate calculation if scaling < 2707
%6 111L
¥ b1 67
1 17 Clear counters
8 L5 45L i
h2 88L
79 LO 4F
Lk 5F
es) ! k2 8%,
L5 88L —~ Set, addreases
A1 LO k#
k2 88L
& L5 83L
L6 88L )
83 50 (y)F bt
(¥ 80,86
: o} hoF
! L5 83L {
& row |




LOCATION

PAGE 6

8 & 8 9

& 3 8 8 ¢

8

- 100
101

102

»2 83
22 g,
8% 11hL

50 1F
50 (y)r
™ ()
hr
bor
LL ¥
R %L
50 111L
7 (y)F
22 5L
L5 88L
LO 109L
40 88L

142 98L

k2 101L
46 103L
5 6F

ko 6F

L5 r

Lo ér

36 8TL
M 6r

L3 (“11)’
36 1111,
wr

36 91L
26 101L
5r

66 (au)r
22 1021,
s1Lr

&*,93

T81,81,93

9§t

~

Also acts as c&mtant

> 1/21

Rescale amd start again

Set addresses

Count (n-i+l)times for row i

Reset counter
End if zero on diagomal

Test if divisiom 1is proper
Waste

Waste

Calculate z 8,

J=i41

M 1M



ORDER

NOTES

PAGE 7

105
106
107
108
109

110

a3

14

40 (y-1)F
T
ho 77

L0 3F

36 sk

22 80L
F5 5F

Lo 5p

L0 4F

%2 108L
26 SL
26 {p+2)F
00 1iF

00 1F

TL 4095F
LL 095F
00 F

00 1000 0000 0000 J

S6 21L
b1 (L)F
NO (t)F
L3 F
Jo 2F
20 ()P

AJh

13

1

13t

l— Cowmt n rews

-j

Exit to Amxiliary I7
Repeat '

Count m columns

Repeat
Link

1/10

_End constants
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