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It is often the case in the last decade experiments on high 
energy physics to t ake out the physical information from the 
process of the experimental data handling via certain distribu
tions of such physical quantities as particle energy, scat
t ering angles, effective masses, etc. In general , these func 
tions are not available in terms of directly measurable quanti
ties, as , e . g ., counting rates in the classical case of par
ticle scattering. Furthermore, the effic iencies of the dif
ferent parts of t Ile data handling in general and those of the 
separate elements of the experimental set - up themselves are quite 
different. In a number of cases these problems lead to a non
negligible difference between the estimated distributions and 
the ideal ones . Summarizing the complexity of the above prob
l ems one can say that in general it seems to be the main task 
in the unfolding procedure at a real experiment to solve the in
verse problem arising in most cases in the fo~ of integral 
equat ions of the first kind: 

f(x) ~ (dJt'R(x/ x') E(I') ¢(x'), 

where the ideal distribution q,(x') is connected to the observab
le one f(x) via the efficiency function E(x') and the resolution 
R(x!x') both being characteristics of the given experimental 
set-up. 

In solving SUC ll type of integral equations one meets charac
leristic troubles of the so- called ill - posed problems ' 2.3' 
It is also a general property of these problems to have special 
structur e of the kernel function R(x/x') E(xJ of the integral 
equation. Necessity of taking into consideration this special 
structure when solving such problems has l ed to the investi
gation of such linear operators (matrices) which are called in 
general the sparse matrices. Moreover, the results of these 
investigations seem to be usefull also for developing up-to-date 
statistical approaches of solution of inverse problems arising 
in the field of the quantum theory of scattering , a, They are 
proved to have independent importance at solving several prob
lems of numerical investigations of ill - conditioned boundary
value problems as well'7! . 

There are number of investigations devoted to the numerical 
and algorithmi cal aspects of systems with sparse matri
ces / 8, 'Ir, la, 11/, however a lo t of earl ier r esul ts can be t reated 
as consequences of the foll owing lemma~ ~d_theorems . 
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In t his paper we indicate a simple technique fo r finding 
the exac t nume r ical so l u tion of systems o f linea r algebra eq ua 
tions . \.]e sha ll describe t he new methods of so l ving the systems 
Ax '=y and matrix inversion, where A is a matrix of quasitri 
d i agonal and band form . Usual l y the method of solution is refe r 
red to as being in the class of exact methods if , in th~ absence 
of roundoffs, it yields an exact solution after a finite number 
of arithmetic and log i cal oper ations . The methods are based 
on the following . 
Lemma I . Let A i s quasitr i d i agonal matrix of type 

b I"e 

d e b2 a 3 
( I ) 

b 3 a 4d 3 

A_ 

d m- 1 b m- 1 a m 

dm b m 

wit h a ll pr incipal minors being differen t f r om zero , b , b ., •. ' 
b ar e squa r e ma t rices of the d i fference or der s [ 0 j,OI f and 

I 

[:i+ l, n l+ 1 J. Then the mat r ix A i s r epresent ed as 

E: I(,I t 

-fl. E2o'"2 o 
( ,1 -(33 E a3 

A~ D·Q · R _ x 

( 2 ) 

o o 
-fl mEmWm 

E I -C e o 
E e- C. 

E. - C, 
x 

E _ 1 -C mo m

E m 
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whe re 

-I )C i + 1 = Ct) I . (- a i + 1 ' 
(3) 

/3 '+1 = wi! 1 · l-d , + I)' i = 1, 2 , ''', m - 1, 

Ct) i b i + d i . C i ' 1,2, .... m • 

d1,E 1 are i dentit y ma trices and C 1= 0 i s matri x , or 

E I "'I 
0 

- fle E e 0 we 
- fla EaA = F'·D·R - I xW3 

0 
0 ( 4 ). , m - fl"E " 

EI - Ce 
E e -Cs 0 

E a-C, 

x 

E-CO m-I m 

Em 

",'here 

I -I

C 1+ 1 = Ct) 1 (- a i + I ) , 


(5)
J fl '+1 = l-d,+1 ). w,l. 1 = 1.2.3 . '" m - 1 . 

Ct) 1 b, +d, 'C 1 ' 1<=1,2• ••• • m 

d 1 . E I are identit y ma t r i ces and C10:::: 0 is ma trix. Here R 
is right qua sitriangular· matrix , F and Q are le f t quasi
triangul ar matrices, 0 is quasidiagonal mat rix . 

Proo f. As a starting point for ou r proof we use t he idea o f 
the Gauss elimina tion me thod. It i s like t ha t o f the theo~ 
reme s / 121 f or a non- s ingular s ymmetric mat r ices. 
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From t he assumption t hat all pr inciple minors of A a r e dif
fer ent f r om zero we have the non-singu la r mat r ice s IW j I~= l 

Lerruna 2 . I f A i s non- singular quasi trid i agonal matri x (Lermns I ) 
then t he el eme nts - blocks . B i j o f i nverse mat r ix A - 1 are repre
sented as 

m k 	 k 
w- 1Bij l: IT C~. 

k IT f:l • 	 (6 ) 
k = ron (i,j) ll=i+1 7J =j + 1 Tf 

or 

m k k -	 -1 
B Ij l: 11 C· IT f3rywJ (7)

k= ma:r(i,j) 11 = 1+1 Il ry =J+ l 

where 

jf p > qP { C q + 1 • Cq + 2 ... C p • 

IT C = 


,:L=q+1 J.l. E p , if P ~ q , 

(8 ) 

P f3 p ' f3 p +l .... {:lq+l' if P > q 

IT f3~ = 


J.l.=q+l { Ep. if PSq. 

Proof. It is easy to see that the formulas (6) and (7) are equi
va.l..ent, s~nce 

k • -1(U~1 IT IT {:lry 	 (9)f:lry 	 • W J 
'T/ =j+l 71= j + 1 

From (4), (5),and (8) we obtain 

•",;1 IT {3 ",-;,1[{:l • • {:lk_l '" (:lJ+ 1 ) = 
'T/=J+l '1 

",;ll[ (- d k )''''~ ~I) .... [ (-dJ+ 1 )''''jl Jl 

l[w-;,1 (-d. »). [w-;,1 . (-dk_l )] "' ["'J-;\ <-d J+ 1»)I'''' j'= 

• ~ . -1
11 {:l~ . '" J 

ry =J + 1 
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Similar ly from t he r ight part of formula (9) we obtain the 
l e f t one . From the formula (4 ) , (5) for elemen t s-block s o f in
verse ma t rices R-l, o-t, r- 1 we have 

j = 1.2..... mO. J j > j. 
= {O. Jj f. 

(R -1 ) .. -1), 	 i s,(::: m CD ) Ij'J 
IT 	 C. wit. 1 "" JI 	 \ 11.= 1 + 1 i = 1.2 ..... m 

(10). > 1 

o. t = 1.2 ..... m 


( I" - 1) .. 

'J ( 1 J S i 'S.. rn 

k::.. ITj + 1 13. ) = 1.2 ..... m. 

Thus the equation (6) of th e Lemma 2 can be obtained by premul
tiplying of mat rices R-l, 0- 1 , and F-l f rom (1 0 ). 

Theorem I 

Let A is quasi tridiagonal matrix o f the same t ype a s in 
Lemma I. Then the element s-blocks B 1j o f inverse matrix "'-, 
are represented as 

B 	 • A {:l i > 
11 k=j+l k 	 ( I I ) 

B lj 	 = J 

IT 	 c.' B JJ • J ? i. 
\ k = 1+ 1 

t' 	 Proof of theorem I may be obtained by using re su lt s of Lemma 2 
and relations (8) . Then 'We have for element s -blocks of le ft 
triangular matr i x B: 

kI ~ J m/ 	
-1 • 

BIJ l: 11 CJ.l. • (U k IT f3ry 
• = I p. =1+ 1 '1=j+l 

m k 	 k I 
l: n C 

~ 
·W -1 IT (:l ry ). IT {:l ry ..
k=i J.l.C 1+ 1 TJ= :I + 1 'T/ ~J + 1 

The last element of t h is product is independent of k . The first 
element of thi s produ c t defines, according to (6) , the element
block Bil . And so 'We ob ta in that 
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, 
B IJ 

i~j 

B" n f3. 
k- j + 1 

If we use the proc edure just described fo r the right triangular 
of t he matrix B. then we have 

J k k 

BIJ 
- :£ n C n C . w- I n f3 1 = 

I<j m 

k=J ~I+l J.I. ~=J+l ~ k 17 "" j -+-1 ." 

J 
n C . B J' 

p. =I+ l J.I. J 

From the re sulting rela t ion s f o llows eq. ( 11 ), which proves the 
theorem I. 

Theorem 2 

Let A is quasi tridiagonal matrix of the same type as in 
theorem I and let Ax= y is the system of linear equations, then 
its exact solu tion is found as: 

x I B II . Y 1 + 8 t' i = 1.2, ... , rD , 

eY I f3 , . Y, -l + YI i 2.3 . .... m. 
( 12) 

y 1 Y 1 

81_ ~ C I · (8 1 + B I, ·Y I ). i. rn.m-l..... 2.1 

8 m 	cO. 

Proof of theorem 2 may be obtained from the resulting relations 
for the elements-blocks B lj ( II ) of inverse matrix A-I. For the 
performance of these computations one may get a system of re
c urrence relations fo r de~ermining the eletuents BIJ 

Bmm = lJJ;l 

( I 3)
cBI_ll_I=W~:I+CI B II ·f3 I • i rn.m-2 ..... 2. 

B =B .{3 l Si", !.
I}-I lJ J ' 

B _1j'e C , . B IJ • 1 < < J • 

'
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where 
m 

I (<J i • C j. /! I II _ I arc (5) . 

The method (1 2 ), (11) I S convenient because of its uniform 
computati on sc heme and stah ili ty t o computational error . 
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