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Abstract

INVCH is a package of subroutines for calculating the inverse of a perturbed matrix.
The package uses an iterative procedure to calculate large change effects. The user should
supply the perturbation matrix in a product form. The method is described in detail by our
previous report. The package and documentation have been developed for the CDC 170/815
system with the NOS 2.2-602/587 operating system and the Fortran Extended (FTN) version

4.8 compiler.
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[. INTRODUCTION
The process of calculating the inverse of a perturbed square matrix can be essentially
reduced to the computation of a relatively smaller system. In our investigation of large
change effects in linear systems, we described an iterative process which uses a rank 1 change
formula to calculate perturbed matrix inversions [1]. INVCH is a package implementing this
method. The user should supply the large changes of the matrix in the form of VDW?T, where
V, D and W are matrices of dimensionsnxr,, r, xry, and nxr, respectively.

There are two entries to the package. The user can call from either Entry 1 or Entry

Calling from Entry 1, the user will go through an interactive procedure with the
computer for easy and direct access to large change computations. The calling procedure is
very simple. Entry 1 is recommended when the package is used directly for the inversion of a
perturbed matrix as final output results and when the numerical perturbations can be
practically entered from the computer terminal.

Calling from Entry 2, the user will use the basic subroutines for large change
calculations. The package can be used at this entry as a subsection of a more comprehensive
program which requires matrix inversions only as intermediate steps. Also, at this entry, the
perturbations of the linear system can be supplied from, e.g., variable updating calculations,
not necessarily from a computer terminal.

The whole package is written in Fortran IV for the CDC-170/815 system. At
MecMaster University, it is available in the form of a library of binary relocatable subroutines
which is linked with the user’s program by an appropriate call to the package. The name of
the library is LIBILCH. The library is available as a group indirect file under the charge
RJWBAND. The general sequence of NOS commands to use the package can be as follows:

/GET (LIBILCH/GR) - fetch the library ,

/LIBRARY (LIBILCH) - indicate the library to the loader .



The user’s program should be composed (at least) of the main segment which prepares
parameters and calls the subroutines of the package corresponding to either Entry 1 or Entry
2.

This document includes the user’s manual of the INVCH package together with

numerical examples. A Fortran listing of the package is found in [2].

II. THEORETICAL REVIEW

Formulation of the Problem

Let A be an n x n matrix containing variables. Suppose the values of the variables are
changed causing changes of matrix A such that

A=A+ AA. (1)
W

ne

If we use direct methods, the inversion of A___ can be obtained by applying matrix

new

inversion techniques on the nx n matrix A . However, when changes in the system only

W’

affect a submatrix of A, a more elegant approach for A ~Lis to use large change formulas

new
which can essentially reduce the computation to a relatively smaller system depending upon
the rank of AA.

In our previous report [1], we introduced a series of formulas for large change

calculations, among which, formula (64) is used in the INVCH package.

Large Change Formula (64)

Formula (64) of [1] gives an iterative procedure which uses the rank 1 change formula
for the calculation of large change effects with the rank of AA higher than 1, i.e.,

A ~1=R

new rg

(2)
where

R,=A"! (3)
and

s, =R _,VDu, (Formula 64a)



W, = w u, (Formula 64b)
TR
S Wi B (Formula 64c)
Rk = Rk —_—
-1 l+w's
k 7k
k=1,2,., ry

where V, D, and W are matrices of dimensions n x r;,r; xryand nxr, respectively such that

AA=VDWT. (4)

Discussion

The approach of Formula (64) is preferred especially if V, D and W have been
formulated with r, = r,, otherwise, the dual properties [1] can be used to yield a similar
iterative procedure.

We can always formulate V, D and W such that r, =nandr, < n. The smaller r, and

ry, the better. The minimal value of I, 0rryis

min r; = min r,=r, (5)
(V,D,W) (V,DW)

where r is the rank of AA. Detailed information on the formulation of V, D and W can be

found in [1].

III. STRUCTURE OF THE PACKAGE

Figures 1 and 2 show possible structures of the INVCH package corresponding to
Entries 1 and 2, respectively.

Figure 1 shows the package structure yielding a user-computer interactive procedure.
Subroutines INVCH and INVERO are designed to organize the interactive procedure and
guide the user through the user-computer dialogue. INVCHA is the basic subroutine which
implements large change Formula (64). LUFACT is a subroutine of LU factorization and/or
forward and backward substitutions (FBS) which is used to perform the original matrix

inversion. The main program must be supplied by the user. In the main program, the user



only needs to call INVCH. r,,ry, V, Dand W are entered from the computer terminal through
an interactive procedure guided by the package.

Figure 2 shows the package structure for Entry 2. Only the basic subroutine, i.e.
INVCHA, is used. The main program must be supplied by the user which may be a more

comprehensive program requiring matrix inversions only as intermediate steps.

IV. ARGUMENT LISTS
For Entry 1
The subroutine call is
CALL INVCH (N, LWO0, A, R, W0, ICH)
The arguments are as follows.
N is an INTEGER argument which must be set to n, the number of rows or columns
of A. Its value must be positive and it is not altered by the package.
LWO is an INTEGER argument which must be set to the length of workspace WO0. Its
value must be at least
n(2 +n+ r1+r2)+r1r2
where r; and r, are the number of rows and columns of D, respectively. LW0 =
n (2 + 4n) may be used to provide easy evaluation and sufficient value for LWO.
A is a REAL array of dimensions (N,N). On entry, it must be set to A, the original
matrix. On exit, it contains the LU factors of A.
R is a REAL array of dimensions (N,N). On exit, it contains A_l, the original

matrix inversion, i.e. before large change.

Wo isa REAL array used as workspace. Its length is given by LWO.
ICH is an INTEGER argument which must be set to the unit number (or channel

number) that is to be used for the printed output generated by the package.

Usually, it is the unit number of the file OUTPUT.



For Entry 2

The subroutine call is
CALL INVCHA (N,IR1,IR2,R,V,D, W, S, G, IFLAG).

The arguments are as follows.

N is an INTEGER argument which must be set to n, the number of rows or columns
of A. Its value must be positive and it is not altered by the package.

IR1 is an INTEGER argument which must be set to r,, the number of rows of D. Its
value must be positive and it is not altered by the package.

IR2 is an INTEGER argument which must be set to ry, the number of columns of D.
[ts value must be positive and it is not altered by the package.

R is a REAL array of dimensions (N,N). On entry, it must be set to the original
matrix inverse, i.e. the inverse of A before perturbation. On exit, it contains the
inverse of (A + VDWT), i.e. the inverse of the perturbed matrix.

\Y is a REAL array of dimensions (N, [R1). On entry, it must be set to V (see the
definition of V in (4)) and it is not altered by the subroutine.

D is a REAL array of dimensions (IR1, [R2). On entry, it must be set to D (see the
definition of D in (4)) and it is not altered by the subroutine.

W is a REAL array of dimensions (N, [R2). On exitry, it must be set to W (see the

definition of W in (4)) and it is not altered by the subroutine.

S isa REAL array used as workspace. Its length is given by N.
G is a REAL array used as workspace. Its length is given by N.
IFLAG is an INTEGER argument which, on exit, contains information about the result:

[FLAG = 0 successful exit.
IFLAG =1 calculation interrupted because zero occurs in the denominator of

(Formula 64c).
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V. EXAMPLES
Example 1 (The INVCH package is called at Entry 1)

Consider the 4 x 4 matrix,

3 2 9 1

—

4 1 5 9
.

(6)

Various perturbations to the matrix are expressed by different sets of V, D and W. Together

with r; and r,, the number of rows and columns of D respectively, V, D and W are entered

through an interactive procedure. The following shows the main program, which is supplied

by the user, and the user-computer dialogue précedure.

PROGRAM EXAMPI( INPUT, OUTPUT, TAPE6=0QUTPUT)
EXAMPLE (.
DIMENSION A(4.4),R(4,4),W9( 169)

DATA A/1.,2.,3.,4.,

+ 4. ,3.,2.,1.,
+ 2.,0.,9.,5.,
+ 4.,8.,1.,9.7/

DATA N,LW9, [CE 4, 180,6/

CALL INVCH(N,L%0,A,R, W8, ICH
S0P

END

696961
620882
H06003
620884
BGOGH
336806
§9H097
890928
HHRBHY
SEH910
GB%311
Ga8H 12
BHHD 13
AGHH 14
996915



THE ORTGINAL MATRIX [A7 :

1.90669 4. 000090
2.060699 3.006000
3.00009 2.0006060
4.00008 i.09000

k¥R RNk ok kN ok kR kR RNk RNk R Rk sk sk sk ko sk Rk Rk sk sk sk sk sk sk sk Kok
FIND THE INVERSE OF ( [AI+[VII[DIL¥]’

FORMULA .

2.20009
2.50000

9.460660 .

5.9400060

THE INVERSE OF [A] BEFORE CHANGE :

-2. 14545 2.49991
-. 14545 49991
68162 -.86364
390691 ~-.68182

4.000600
£.6060006

1.66600

2.606060

) BY LARGE CHARGE

-1.40000
-~ .40600

.56660

.590600

SRR IR NHOK NG ORI AR SOR R ek R K K R R ek ek Sk Sk sk R kR ok

ENTER TRi AND IR2 {
INPUT® 3,2
[V1,iDB1 AND [W]

SUCH THAT
ENTER (V] ( COLUMN BY COLUMN )
=IEPUT® 1..9.,9.,6.
*INPUT: @,,1.,6,,8,
*INPUT®x 4.,8.,6..1.
ENTER [W1 ( COLUMN BY COLUMN )
XINPUTX §.,1.,9.,9.

#INPUT® ©,,8.,1.,0.

NUMBER OF ROWS OR COLUMNS OF [Al ( N )

NUGHMBER OF ROWS OF D1 ¢ 1R1 )

NUMBER OF COLUMNS OF D1 ¢ IR2 )

MATRIX [V] @

i.86669 9.600060 9.20009
$. 896688 1.988069 9.96000
&.86069 8.00669 9.508096
3.909%66 5.08000 1.56890

STUCH THAT [D]

ARE MATRICES OF DIMENSIONS N BY IR1,
IR1 BY IR2 AND N BY IR2 RESPECTIVELY
DELTA{LAI}=LVIIDILWI® .

R

IS OF IR1 BY IR2 )



MATRIX tW1 :

9.06000 0.00500
1.00000 0.00000
9. 00000 1.00006
0.00609 0.00000
(Dl IS OF 8 BY 2.
ENTER [D1 ¢ COLUMN BY COLUMN )
RINPUT®  1.,2.,3.
*#INPUT% 4..5..6.
MATRIX [D1 :
1.00689 4.06000
2.00000 5.00000
3.00600 6.06600
THE TNVERSE OF ( [AT+[VIIDI[WI® ) :
-.86i54 1.07692 . 78462 -.66154
.60513 41926 .25128 -.39487
28205 -.43590 -.17949 . 28205
. 03390 -. 12821 -.24108 .23590
TRY ANOTHER [D} 2 ENTER 1 OR 2 ( Y OR N )

#INPUT 1

LDl I8 OF 3 BY 2.
ENTER [D1 { COLUMN BY COLUMN )

2Nk B, ,4,,3,
*INPUT® 6.,8.,3.

[¥]l AND [¥W] ARE THE SAME AS THOSE WITH THE PREVIOUS [D].

HATRIX LD

3. 00609 6.906860
4, 0DB0GH 8. 36899
5.008063 3.69669

THE INVERSE OF ( [AI+LVIIDILW]l® ) :
. 19639 -.57461 . 89949 41599
22485 -. 85602 . 34383 -. 97547
-. 09777 . 186996 . 38485 =-. 13268
-. 15994 11321 -. 150894 . 89434
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TRY ANOTHER (D1 2 ENTER 1 OR 2 ( Y OR N
*INPUT® 2
TRY ANOTHER SET OF ([V1, [D1 AND [W1 ?
ENTER 1 GR 2 ( YGR N
XINPUT® 1
4 8 T DR R SR OB 38 R NI R RN R R S N R R N N N R R s ek R R R R e R sl e s ek ok
ENTER IR1 AND IR2’ ( SUCH THAT (D1 IS OF IR1 BY IR2 )
®INPUT®* 1,2
[V],[Dl AND [¥W] ARE MATRICES OF DIMENSIONS N BY IR1,
IR!1 BY IR2Z2 AND N BY IRZ2 RESPECTIVELY
SUCH THAT DELTA([AN=[VIIDITWI®
ENRTER [Vl ( COLUMN BY COLUHMN )
*INPUTE 1.,-2.,4.,7.
ENTER [W] ( COLUMN BY COLUM »
®[NPUT: 2,,0.,4.,5.
*INFUTx  3.,1.,1.,2,

NUMBER OF ROWS OR COLUMNS OF [A] ( N) ......... %
NUHBER OF ROWS OF (D1 ¢ 1R1 ) R |
NOMBER OF COLUMNS OF (DI ¢ IRZ ) ..... ceas 2
MATRIY [ V1

1.99065

-2.60660
4.900660

7.00665

MATRIX W1 :

2.060669 3.80969
9.99600 1.96969
%.06669 1.856299
5.000662 2.800609

[B] I8 OF 1 BY 2.
ENTER [D] ( COLUMN BY COLUMY )
®INPUD®  1.,3.
MATRIX tD)

1.99669 3.00500

THE INVEQSE OF ( LAI+LYIIDILWI® )

21952 -.34208 -. 19745 . 00820
. 43225 -. 29283 -. 19914 -.55691
-.238%2 . 24201 .24710 -.94823

-. 16733 . 22871 . 35644 . 54881
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TRY ANOTHER (D] ? ENTER 1 OR 2 ( YOR N )
®INPUT® | ’

LBl is OF 1 BY 2.

ENTER [B]1 ( COLUMN BY COLUMN )

¥INPUT® 3.,7.

EV] AND (W]l ARE THE SAME AS THOSE WITH THE PREVIOUS (D].

HATRIX (D]
5. 60069 7.009800

THE IUVERSE OF ( [AI+IVIIDILWI® )

. 27294 -. 40141 -.28276 -.06870
. 44539 -.21561 -.16877 -.06814
-.2596% .26238 . 26084 -.24165
~. 18445 .24549 . 96775 .85393

TRY ANOTHER [D} 2 ENTER 1t OR 2 ( Y OR N )
*INPUTx =2

TRY ANOTHER SET OF [V], [DI AND (W1 2
ENTER 1 CR 2 ( YOR N

*INPUTs: 2
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Example 2 (The INVCH package is called at Entry 2)

Consider the 5 x 5 matrix,

[ 2 4 3 3 4 7

A=l 5 7 2 5 9 |. (7

0 2 1 4 3

L9 1 0 1 6
The variable parameters of the system are Ag Ay A32, A34, A42 and A,,. An easy

expression of AA in the form of VDWT can be such that

V=1lu uju,l, (8)
W =1[u, u,l 9
and
AA12 AA14
D= AA32 AA34 , (10)
AA42 AA

where u,i=1,2, 3,4, are unit 5-vectors with 1 at the ith row and zeros everywhere else.
Suppose the variable parameters are perturbed 4 times according to Table I. The following

shows the main program and the output results.
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PROGRAM EXAMP2( INPUT,OUTPUT, TAPE6=0UTPUT)

EXAMPLE 2.
DIMENSION A

(5,5),V(5,3),D(3,2),W(5,2),DIM3,2,4

DIMERSION R(5,5),8(3),6(5)

DATA N, IR!,

DATA A/2.,1.

+ 4,,6
+ 3..9.
+ 5..6.
+ &4 .9
WL,

+ .
+ [2)
DATA DD/2.
* 3.

.
)
L)

iR2-5,8,27
4 5.,0.,2.,
27,20, 0.,
’2‘s]-a‘(’ s
1 5.,4.,14.,
9.,3.,8./
+,0.,0.,0., 6.,9.,1.,0.,9,,
L1.,9.,
9.,0., 8.,6.,0.,1.,0./
., 8.,3.,8., 4.,6.,9., 1.,2,,4.,
L]

1.,2.,9., 2.,4.,9., 9.,4,,1./

, &
..
, 1.
3.

0
9.
0
4..7.

L]
N
v
. 4
-
« €

CALCULATE THE INVERSE OF THE ORIGINAL MATRIX..

DO 26 J=1,N
DO 16 i=1,N
S(I)=0.
S(Ji=1.

MODE=1 FOR

HODE=3
IF(J.EQ. D

LU-FACTORIZATION AND FBS., MODE=3 FOR FBS. ONLY.

HMODE=1

CALL LUFACT(N,A,S, NODE)

DG 2@ I=1,N
RO, =800

PHAINT%,
WRITE(6,49)

DO 30 K=1,4

THE INVERSE OF {A)] BEFORE LARGE CHANGE : "
((RCL, DY, J=1,1D,I=1,8)

DO 25 I=4,IRt

DO 25 J=1,1

DCI,J=DD(I,

CALL INVCHA
PRINT%, "
WRITE(6,5d)
CONTIRNUE
STOP
FORMAT(~B( 1

R2
J, K

¢N,IRL,IR2,R,V,D,W,8,G, IFLAG)

THE TNVERSE OF [A] AFTER LARGE CHANGE (",K,") "
CCR(I,J),J=1,N),I=1,M), IFLAG

X, 3FI2.5//)Y 7277}

FORMAT(-5(19X,5Fi2.5//3 /710X, "1 F L A G == " [3////)

END

THE [NVERSE

OF [A] BEFORE LARGE CHANGE :

-. 30784 . 13863 . 17746 ~.97606
~. 74648 v . 16432 . 54460 -. 32864

.98775 -. 18516 -. 46854 91633
-.66563 . 13799 . 12864 . 32582

. 98592 -.25728 -.37849 . 11455

. 19286

-.15493

L83915
. 94789
.91972

200001 .
096002
0600063
696004
2060603
250066
206667
640608
6986009
0990619
686011
696012
996913
80914
a85015
096616
a@pes17
8996618
6909192
236929
350021
850322
499923
BHB924
Ga0625
2060026

a0Ve27 | -

596023
G98029
8000390
080631
660032
2266033
056034
2200335
006836
299037
650838
626639
256049
000041
020042
039643
8000944
890045
@96646
980947
980843
650949
296050



THE INVERSE OF [Al
-1.27648

-1.71275

1.13645

. 22083

2. 16338

14

AFTER LARGE CHANGE (1)

.31329 . 25045
.38555 .54174
-.14811 -.2989%2
-.64892 -.13519
-.52603 -.44345

THE INVERSE OF [A] AFTER LARGE CHANGE (2)

-1.06240
-1.97125
. 38859
66666

1.67154

I FLAG ==

206606 . 23538
. 24653 . 39903
. 82059 -.89246
-. 14909 -.2%957
-.41483 -.36965

9

THE INVERSE OF [ Al AFTER LARGE CHANGE (3)

15.756006
11.95588

=7.4083874
-24.38369

THE INVERSE

. 850256

-3.366060 -6.,75600
=2.67647 -5.91471
1.17914 2.084144
1.65773 3.07734
5.41979 10. 44786

OF [A]l AFTER LARGE 0HANGE (4)

. 16385 -.56621
22516 -.47753
12283 . 26300
23523 . 46854

. 24709 . 85081

.536898
.58483
-.47846
- 94853
-.868%4

. 34287
. 26895
-. 16619
-.87681
-.54633

-2.25060
-1.75¢00
.65599
1.13636
3.47727

. 94638
-. 64470
-.94374

. 18238

-. 87021

. 22083

. 93686

-.87062

.93142

i

7594

. 18843

-.0883335

-. 93727

.92986

-. 12006

. 75690

. 42647

-.29187

-.248606

-.98797



(1]

(2]
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TABLE I

DIFFERENT PERTURBATIONS TO VARIABLES IN EXAMPLE 2

Large Change AA, AA,, AA,, AAg, AA AA,
1 2 5 3 3 4 8
2 4 1 6 2 9 4
3 3 1 4 2 7 9
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MAIN

INVCH LUFACT

INVERO

INVCHA

Fig. 1 Structure of the INVCH package corresponding to Entry 1.

MAIN INVCHA

Fig. 2 - Structure of the INVCH package corresponding to Entry 2.



