Aplikace matematiky

Jan Vinar
A remark on Jordan elimination

Aplikace matematiky, Vol. 21 (1976), No. 6, 420-423

Persistent URL: http://dml.cz/dmlcz/103665

Terms of use:

© Institute of Mathematics AS CR, 1976

Institute of Mathematics of the Czech Academy of Sciences provides access to digitized documents
strictly for personal use. Each copy of any part of this document must contain these Terms of use.

This document has been digitized, optimized for electronic delivery and
stamped with digital signature within the project DML-CZ: The Czech Digital
Mathematics Library http://dml.cz



http://dml.cz/dmlcz/103665
http://dml.cz

SVAZEK 21 (1976) APLIKACE MATEMATIKY CisLo 6

A REMARK ON JORDAN ELIMINATION

JAN VINAR

(Received April 5, 1973)

A simplified version of the Jordan elimination algorithm and the modified Jordan
elimination algorithm [1], suitable for hand as well as machine computation, is
presented.

INTRODUCTION
In [1], Jordan elimination is defined as follows: consider the system
(1) Yi+tapx; +anx, + .o +apx, i=1,...,n

of m linear forms in n variables Xy o oo Xpe SUCP' a system can be represented by the
i
table )

XX,y S I

(2) Vi =dg(Aqy ... Ayg ... dy,
Vo = d314s; dzs A2n

Yy = 4444;; a,s a,,

Ve = amlaml amv amq

To pertorm one step of Jordan elimination with the pivot element a, r-th pivot row
and s-th pivot column means to find the coefficients b;; i =1, ...,m;j =1,....n
of the system
XyXy ..
(3) vy =bybyy, ... by ... by,
V2 =byibyy oo by o by,
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in which x, and y; have exchanged places. It is easy to prove that the following
relations hold:

Let z = a,,. Then

(4a) fori=r,j=*s

up
bij = ay; _,J
where u; = a;,, v, = ar;;
(4b) forj + s
b,; = —a,lz;
(4c) fori % r
bis = ai.\'/: 5
(4d) b= 11

The modified Jordan elimination step, used e.g. in linear programming, is defined
as the transition from the system

— Xy — Xy — Xy
(5) Vi = €y " - Crg e Cpy
Ve = Cri Crs Cop
Vin = Cmt Cps Comn
to the system
— Xy B — Xy,
yp =dyy ... dy ... dy,
©
X, = d, . d, d,,
Vi = dml dnu dmn
Again, the following formulae are easily proved: Let = = ¢,,. Then
(7a) fori £ r,j*s
- ¢ Uib;
dij = ¢;j — -
where u; = ¢;, v; = ¢}
(7b) for j*s
d,j = c,j/Z:
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(7c) fori # r
dis = _(lis/z ;
d = 1]z.

It is easy to see the only difference between Jordan and modified Jordan elimination
is that in the former the sign changes in the pivot row, while in the latter it is in the
pivot column.

ANOTHER ALGORITHM

Two objections can be made to these algorithms:

a) there are “too many cases” to be considered in both machine and hand compu-
tation.

b) for hand computation, the basic scheme involves four quantities a;;, a;,, a,;, dq
located in the four corners of a rectangle. Since all possible rectangles must be
considered, it is only too possible to make a mistake.

Consider the formulae (4a)—(4d). We see that u, and v, are not used in the com-
putation. Is it possible to define them in such a way that the formula

bi;

= dij

J

might then be applicable to any i and j?

Let us try to find the necessary value for u,. To have

u.;
— J
by = a,; — "

for j + s, we must have
w, = =z g

Similarly v, = z — 1.

It remains to be seen whether these values yield the correct result if both i = r
and j = s. We have

b, = rls — (Zj_ _1)f(zw~ ,l) = ! .

=qa,— =z
z z z

Thus it is possible to write the following formulae for the Jordan elimination: Let
z =a,;thenforalli=1 ... ,randj=1,...,s

(82) b, = a, — "%
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where

(Sb) U; = dj + (Sir ,

(8¢) v; = a0,

and 0;;=0 for i=+j,

(8d) 1 for i=j. .

For the modified Jordan elimination the formulae are quite similar, only the signs
to go with the delta — symbols are reversed.

CONCLUSION

A modified formula for the Jordan elimination has been presented. It should make
for simpler programs for machine computation and better organization of hand

computation.
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Souhrn

POZNAMKA K JORDANOVE ELIMINACI

JAN VINAR

V ¢lanku se navrhuje zjednoduseni vzorcl pro Jordanovu eliminaci, které umoz-
fuje pouZivat jediny vzorec pro vypocet vSech prvklt nové matice. To dovoluje
a) zjednodugeni programi pro strojovy vypocet, b) lep§i organizaci ru¢nich vypodétii.
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