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PROJECT1

SUBJECT1 Homology Method

Approxim ation to  the In verse  o f  a M atrix  

S . von Hoerner

In ray Report No* 4 (C a lc u la t in g  Method • • • ) ,  I  used an approxim ation method fo r  the 

in v e rse  o f  a s l i g h t l y  chinged m a trix , when the in v e rse  o f  the unchanged m atrix  i s  

g iv e n . C a l l  A the m atrix  and A i t s  (known) in v e r s e ;  add a m atrix  a  to  i t  which 

has elem ents much sm a lle r  than those o f  A, and c a l l

B s e A + a .  ( 1 )

The approxim ation used in  Report «, th en , i s

k ~ 1 -  A” 1 a. A~ 1 . ( 2)

R. Jennings su ggested  to  in v e s t ig a t e  t h is  approxim ation somewhat c lo s e r .  Thus, in  t h is  

p resen t re p o rt I  show th a t  equation  ( 2 ) i s  the f i r s t  term o f  an i n f i n i t e  s e r i e s ;  I  g iv e  

a c o n d itio n  fo r  the convergence o f  t h is  s e r i e s ,  and another c o n d itio n  fo r  the " u s e fu l

n ess" o f  eq u atio n  ( 2 ) .

S tatem en t: (w ith  E = u n it  m atrix)

OO

B ’ f E + Z ( - a A - V l  i f  the s e r ie s  co n ve rg es. (3)
V-x.1 J

Proof:

M u ltip ly  (3) from r ig h t  s id e  w ith  A+a
O OO O

E = E + A*"a + A~1] ? J (-a A ~ 1 )VA + k ~ 1 2 ( - a A ~ V a  U )
1 V- 1

_ 7
The term A a c a n c e ls  the f i r s t  term o f  the f i r s t  s e r i e s ,  which then s t a r t s  w ith  

v=2 . We then re w r ite  t h is  s e r i e s ,  u sin g  ( )v = ( )V 1 { ) ,  and A *A*E, and o b ta in
to to

E = E -  A - ’ ^ ( _ a A - , )v + A " ’ J ’ (_aA- , )V (s )
v=1 f t ,
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Both s e r ie s  in  (5) ca n c e l each o th e r , and we a re  l e f t  w ith  an id e n t i t y ,  E*E, which 

proves th a t  statem ent (3) i s  c o r r e c t .

Convergence:

I have not found a n e c ce ssa ry  c o n d itio n  fo r  the convergence o f  (3)# But i f  we d e fin e  

a m atrix  a by

a  * aA~ 1 ( 6 )

and c a l l  i t s  la r g e s t  elem ent /• .
| i  — 1 • • • n

a  m max I a . . I  fo r  a l l  7 . ( 7)
m l i j l  (_ j  * 1 . . .  n

then the fo llo w in g  co n d itio n  o b v io u s ly  i s  s u f f i c i e n t  fo r  convergence:

a <  1/n . (5)m

The E rro r o f  ( 2 ) :

Equation (2) which i s  used in  Report 4  co n ta in s  o n ly  th e  f i r s t  term o f  the s e r i e s  o f  

equation ( 3 ) .  We c a l l  t h is  approxim ation

B * * A f -  A~*a A’’ *. (9)o

and i t s  e rro r
AB~* » B~ 1 -  B " 1 . (10)

o

As the r e la t i v e  e r r o r ,  c  » w i l l  d e fin e  AB r e la t i v e  to  B , which means AB 

m u ltip lie d  w ith  B:

£  * B AB” f * B (B~1 -  PT1 + k ~ \  k ~ 1 ) . ( 1 1 )

A d if f e r e n t  way o f  d e fin in g  the same q i^ itity  C  i s ,  as can be shown,

£  = E -  B B- ’ . in)
o

From ( 1 1 )  we o b ta in
£  = (aA~f ) * a 2 (73)

In ord er to  make ( 2) a good approxim ation, i t  i s  s u f f ic i e n t  to  demand

“ m «  1/n . ( 1 4)
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