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ALGORITHM 37
F. PANKOWSKI (Bydgoszcz)

SOLUTION OF SPARSE LINEAR EQUATION SYSTEMS

1. Procedure declaration. Procedure sparsesystem solves sparse linear
equation systems and produces reduced Crout’s formulas (see Remark 1).
During the calculation, the auxiliary procedures MO01, substl, bitword,
bitl, size, forgen, decompose and solve are used. All of them are described
internally.

The procedure is most effective if one solves the system Az = b
with the matrix 4 of identical structure, i.e. with identical displacement
of the non-zero elements of this matrix and different values, or with the
constant matrix 4 and varying the right-hand side b.

Data:
N — number of equations and unknowns in the system,
N1 — number of non-zero elements of the matrix A, not
counting the main diagonal elements which are always
assumed to be non-zero,

R[1: N+ NI1] — array of column numbers of the non-zero elements
of the matrix A4 (not counting the main diagonal
elements) arranged by rows in the increasing order;
the column numbers of a given row should be followed
by a zero entry,

E — integer indicator with value either zero or equal to
the number of repetitions of using the matrix A of
identical structure but with different non-zero elements;
if £ # 0, then L = 0 (see below),

L — integer indicator with value either.zero or equal to
the number of repetitions of using the same matrix A
and different right-hand sides b; if L # 0, then F = 0,

wl — wordlength in bits of the computer used,

A[1: N+ N1] — array of the elements of the matrix 4 ; it should contain
the non-zero elements of matrix A4 chosen from the
sequence
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A119 A1y <oy Gy,
Aroy W18y «oey Qip,y

Agay Qgay <oy Qpg
Qo3 a/24, ceny a2n, cee

without changing their order,
B[1: N] — array of the right-hand sides of the system,
X[1:N] — array of solutions,
readb — procedure identifier of the procedure without para-
meters the call of which should place appropriate
elements into the array B[1:N],
readm — procedure identifier of the procedure without para-
' meters the call of which should place appropriate
elements into the array A[1: N+ NI1],
printe — procedure identifier of the procedure without para-
"meters the call of which should make available to the
user the solutions contained in array X[I:N] at
every repetition.
Results:

the results are available through procedure printz which must be provided
by the user.

Remark 1. The procedure is most effective when used with ¥ or L
positive. The auxiliary procedures M 01, size and forgen are called only
once in every call of the procedure sparsesystem. As follows from numeriecal
experiments performed on the ODRA 1204 computer, the calculation
times of the second and all next repetitions while changing only the
values of the non-zero elements of the matrix A and leaving its structure
unchanged are about N times smaller than the calculation time of the
first repetition. This calculation time is still smaller when only right-hand
sides of the system are changed. In the experiments, the matrix A con-
tained about 15°/, non-zero elements.

2. Procedure used. The algorithm used in the sparsesystem procedure
is based on the Crout method which is also called the compact method
(see, e.g., [1], p. 168-171).

Let the system of equations

(1) Az =D

be given, where A = [a,] is the square matrix of the n-th degree composed
of the coefficients of the system, and 2T = (x,, #5,...,%,) and b"
= (b,, byy ..., b,) are the m-element column vectors.
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progedure sparsesystem(N,N1,R,E,L,wl, A, B, X, readb, readm, printx) ;
value N,N1,E,L,wl;
integer W, N1,E,T,wl;
integer array Rj
array A, B,X;
procedure recdb,readm,printx;
begin
integer h,b, 31, 32,33, 34, 35,36, 373
integer array M[1:NxN+wl+1],owl,owp,okg,okd[1:N];
progedure MO1(N,M,R,owl, owp, okg,okd) ;
yelue ¥
ipteger N;
integer erray M,R,owl,owp,okg,okd;
besln
integer m, j, b,8,1;
Je=0;
for m:=1 gtep 1 uptil ¥ do
okglm]:=okd[m]:=0;
for m:=1 gep 1 until ¥ do
begin
bitword(m,m, b, s, N) ;
subst1(b+1,M[s]);
1:=R[j+1];
owl[m]:s={f 1=0 then O glge if 1<m then 1 elge O;
et2: Ji=j+1;
1:=R[j];
it 140
thep

besin
bitword(m,1,b,s,N);
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subst1(b+1,M[s]);
if 1>m
then
begin
if okgl1]=0
then okgll]i=m
end 1>m
else okd[1]:=m-1;
g0 Lo et?
epd 140;
1:=R[j=11];
owp[m]:=if 1>m then 1-m glge O
end m |
end MO1;
procedure subst1(K,P);
value K;
integer K,P;
begin
comment this procedure should insert a one in bit K
of the word representing variable P;
end substi;
procedure bitword(r,c,b,s,N);
value r,c;
integer r,c,b,8,N;
begin
t=(r-1)=<N+c;
st=bs+wl;
t=b-gxwl-1;
if b=-1

then b:=wl-1
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else s:i=s+1
end bitword;
Boolean procedure bit1(K,P);
value K,P;
‘integer K, P;
begln
comment this procedure should have assigned value irue
if bit K of the word representing variable P 1s a one,
and value falge otherwise;
end bit1;
procedure forgen(h,N,M, B1,D, F, F1, F2, FB,_G‘I, G2,G3,U, owl,owp, okg, okd) ;
value T "
integeg h, N;
integer array M, 31,D,F, F1,F2,F3,G1, G2,G3, U, owl, owp, okg, okd;
begin
integer I, J,m, j1,32,33,34,35,36,37,8,2,21,w,8,t,1,K,P,e;
integer array wa,ka,ks,ws,kp,wp,v[1:N];
Jos=It=D[1]:=1;
ms=o0kd[1]+1;
for wi=2 gtep 1 ymtil m do
Degln .
bitword(w,1,K,P,N);
if vit1(K,M[P])

-

P1[j2]:=P1[j2+1]:=I2=I+1

2ad
end i

9 — Zastosow. Matem. 14.3
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wal1]s=F1[1]:=F1[2]:=1;
ka[1]:=F[1]:=T;
h:=03
Je:=32+41;
m:=owp[1]+1;
for wi=2 ghep 1 uniil m go
begin
bitword(1,w,K,P,¥);
if bit1(X,M[P])
then
begin
hi:=h+2;
G1[h=1]:=G1[h]s=U[h~1]s=T:=I+1;
Ulh]s=w
epd
epd w;
D[2xN+1]s=F[3xN+1]s=h+2;
Ji=1;
362=h;
D[N+1]s=P[N+1]s=F[2xN+1 ]s =F[4>N+1 ]: =F[5xN+1 Js =g2 =J1:=]3s =42 =
J5:=3Ts=0;
for m:=2 gtep 1 uptil ¥ do
begin
Plm]s=P[N4m]s =P[2x<N+m]s =F[3x<N+m ] s =F[ 4=<N+m ] s =F[ 5>N+m ]s =D [ 2xN+m ]
t1=23=0;
as=okgim];
if ed0
Shep

for w: =s step 1 until m—1 do

begin
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bitword(w,m,XK,P,N);
if vit1(X,H4[P])

thez
besin

zi=2+1;
vizJs=w;
kelz]:=kalwls=kalw]+1;
ws[z]li=wa[w]
end
end w3
walm]s=D[m]s=J+1;
if z40
thep
begin
we=N-m+1;
for a:=1 gtep 1 wntdl v do
begin
for z1:=1 gtep 1 until z do
begin

bitword(m+a-1,v[2z1],K,P,N);
if bit1(K,M[P])
thep
begln
ge=g+1;
wplgli=ws[21]):=ws[21]+1;
kplgli=ke[z1]
end
epd z21;
bitword(m+a-1,m,K,P,N) ;
i vit1(E,M[P])



488 F. Pankowski

te=2xN+m;
P[t]e=F[t1+1;
J1e=31+2;
F3(j1-11:=g;
F3[J1]2=T2=1+41;
for 1:=1 gtep 1 until & do
bealn
J1e=J142;
F3[31~1)s=wpl1];
P3[J1]e=kp[1]
epd 13
J1sm3141;
P3[3111=T32T+1;
ge=0
epd gto
else
begin
Plm]t=F[m]+1;
J21=32+42;
P1(J2-1]s=T1uJ+1;
P1[j2)s=T1=I+1

2ad =0
gad

glge
4L =f0
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P[N+m]s=F[N+m]+1;
J31=33+1;
F2[J3]s=g;
subst1(XK+1,M[P]);
for 1:=1 giep 1 until € do
begin
j31=3342;
P2[33-11s=wp[1];
F2[Jj3]e=kp[1]
end 1;
J381=33+1;
g:=0;
F2[33]:=J:=J41

end
end a
g =40
else
Regin

wi=okd[m]+1;
ti=m-1;
for =:=1 gtep 1 ugbil w do
besln
te=t+1;
bitword(t,m,K,P,N);
i vit1(X,M[P])

then
begin

Plm):=P[m]+1;

489
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J2t=J242;
F1[32-1]2 =T 23413
Pi[g2]e=Ts=T+1
end
end a
epd z=0;
z:=03;
at=owl[m];
if afo
then
for wi=a ptep 1 until m-1 do
begln

bitword(m,w,K,P,N);
iL vit1(X,M[P))

then
besln
z:=z+1;
we[z]:=wplz]i=walw]:=walwl+1;
kslz]:=kalw];
vz Jiskplzli=w
epd

end i

z=0

1=

then D[N+m]:=0

D
]

F
D
o
=]

D[N+m]:=2;

for 1:=1 gtep 1 watil z go
Regin
Jar=34+2;
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B1{j4-1]s=wp[1];
B1[j4)s=kp[1]
end 1
end z40;
ka[m]t=J;
if z40
then
begin
wt =N-m;
Zor at=1 gtep 1 uptil w do
begin
for z1:=1 gtep 1 mntil z do

begin
bitword(v[z1],m+e,K,P, N);
if bit1(K,M[P])

then
besin
g1=g+1;
wplgli=walz1];
kplgli=ks[z1]:=ke[z1]+1
end
end z1;
bitword(m,m+e,K, P, N) ;
i vit1(X,M[P])

T A 22
ﬂhk'm
-3 &)
Iﬁ&l

o

(=3
©

t: =5><N+m;
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PltliaPlt 1413
J51=35+2;
G3[j5-11:=g;
G3[J5]1=Is=T+1;
for 1+=1 gtep 1 until s do
begin
J51=35+2;
G3[35~11smwp[1];
@3[35)s=kp[1]
ead 1;
J5t=35+1;
G3[35]t=Jt=T+1;
gi=0
end g0
else
begin
t1=3%N+m;
Flt]s=F[t]+1;
J6r=36+42;
G1[36=1]s=T:=J+1;
G1[J6]s=Is=I+1
end g=0;
hi=h+23
Ulhe1]:=J;
Ulhl:=a+m;
1t =2xN+m;
D[1L]t=D(1]+1
end
else
iL gfo
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ct

hen

egin

:

2 =4>N+m;
Plt]:=F[t]+1;
JTe=37+1;
G2[j7]:=g;
subst1(K+1,M[P]);
for 1:=1 giep 1 util & do .

Regin

JT1=37+23

G2[37-112=wp([1];

G2[37]s=kpl1]

end 1;
g:=0;

JT:=37+13
G2[37]s=dt=0+1;
hs=h+2;
Ulh~1]2=J;
Ulh]:=a+m;
1:=2xN+m;
D[1]:=D[1]+1
end
end a
epd z40
elge
begin
wi=owp[m];
as3=0;

ti=m;

£or =1t=1 giep 1 Wl v do
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begin
a:=a+t1;
t:=1t+1;

bitword(m, t, K, P, N);
&L vit1(K,M[P])

shen
begln
1t =3=N4m;
P[1]s=F[1]+1;
J63=36+2;
hi=h+2;
G1[)6<1]3=U[h-1]saJs=J+1;
G1[j61s=Is=I+1;
Ulh]t=a+m;
1:=2xN+m;
D[1]s=D[1]+1
epd
epd z1
end z=0
oid m
end forgen;
procedure size(N,N1,h, 31, 32,33, 34, 35,36, 37, M, b,owl, owp, okg, okd) ;
yalue N,N1,H; "
anteger N,N1,h, 1,32, 33, 4,35, 36, §T, b3
integer arysy M, owl,owp,okg, okd;
begin
.ipteger X,P,m,2,21,8,a1,g,1;
integer array vI1:¥];
J2r=2;

ms=okd [1]+1;
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Zor 1:=2 gtep 1 until m do
begip
bitword(1l,1,K,P,N);
if bit1(K,1%[P])
thep j21=j2+2
epd 1;
h:=0;
m:=owp [1]+13
for 1:=2 giep 1 uptilm do
begin
bitword(1,1,K,P,N);
if vit1(K,M[P])
thep h:=h+2
end 1;
gi=J1:=33:=j41=5s=]Ts203
jbét=h;
bs =N+N1;
for m:=2 ptep 1 until N do
begin

z3=0;

at=okg[m];

if a0

then

for al:=a gtep 1 uptil m-1 gdo
begdln

bitword(a1,m,K,P,N);
if bit1(K,M[P])

then

begln

z3=z+1;
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viz]:=al
end
end al;
if z40
then
beglp
alt=N-m+1;
for at=1 gtep 1 uptil al do
begin
Zor z13=1 giep 1 yntil z do
begln
bitword(m+a~1,v[z1],K,P,N);
if vit1(x,M[P])
then git=g+1
end z1;
bitword(m+a=1,m,K,P,N); .
£ bit1(K,M[P])
$hen
begin
if 240
then
begip
Jis=j1+3;
for 1:=1 step 1 until g do
J13=31+2;
g31=0
end g0
glge J2i=j2+2
end
glge
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it efo
then
begin
J31=33+2;

subat1(K+1,¥[P]);

be=b+13

for 11=1 gtep 1 until € go

J3e=33+2;
ge=0
epd =40
end e
epd z40
elge
begin
alt=okd[m]+1;

li=m=1;

for a:=1.giep 1 until a1 do

Regin
:=1+13
bitword(1,m,K,P, N);
if vit1(K,M[P])
then j2i=j2+2
end a
end z =03
z3=03
at=owl[m]l;
i2 =0
then

for alt=a gtep 1 putil m-1 do

besla

497
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bitword(m,al,K,P,N);
if bit1(K,M[P])

for 1:=1 gtep 1 until z do
jas=34+2; '
als=Nem;
for a:=1 gtep 1 until a1 dp
begin
£or z1¥=1 gtep 1 pptil z do
begin
bitword(v[z1],m+a,K,P,N);
i vit1(X,M[PD)
then g:=g+1
end z1;
bitword(m, m+s,X,P, M) ;
if viti(K,M[P])
then
begin
i &0
then
beging
35:=35+3;
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for 1:=1 giep 1 kil & do
j5:=35+23

g:=0

gnd g40

elge j6:=36+2;

h:=h+2

J7:=J7+2;
subst1(K+1,M[P1);
bi=b+1;
fop 1:=1 giep 1 until ¢ do
37:=4742;
g:=0;
he=h+2
epd 240
end a
end z40
else
begin
alt=owp[m];
1:=m;
for a:=1 gtep 1 until a1 do
begin

:=1+1;
bitword(m,1,X,P,N);
if vit1(K,M[P])
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epd a
end z=0
end m
epd size;
procedure decompose(W, 4, C, D, F, F1, F2, F3,G1,G2,G3) ;
yalue ¥:
integer ;
ipteger arrey D,F,F1,F2, ¥3,G1,G62,G3;
array 4,C;
begin
lntegexr 31,32, 33, J4: 35,36 3T,m, £,£1,1,115
zesl ©;
$1:=J2:=33:=35: =363 =572 03
for mi=1 ghep 1 putil ¥ go
begin
£1=F[m]; ‘
for 1e=1 gtop 1 upkiL £ do
begin
J2s=32+2;
ClF[32-1112=A[P1[32]]
end 1;
f:=F[N4m];
for 1:=1 gtep 1 until ? do
begin
8:=03;
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J3:=33+1;
£1:=F2[j31;
for 11:=1 gtep 1 until f1 do
begin
33:=33+2;
st=8-C[F2[j3~1]]=xC[F2[33]]
epd 113
J3t=33+1;
c[F2[j3]]:=8
end 1;
¢=F[2xN+m];
for 1:=1 ptep 1 until £ do
begin
Jis=51+2;
£1:=F3[31-11;
s:=A[F3[3111;
for 11:=1 giep 1 uptil £1 do
begin
J11=J142;
st==-C[F3[§1-1]1=C[F3[311]
epd 11;
J1e=J1+13
Ccl[F3[31]1]:=s8
end 1;
£3=F[3=<N+m];
J41=D[m];
for 1:=1 ghep 1 until £ do
begin
J63=j642;
clG1[j6-111s=A0G1[36]1/C[34]

10 — Zastosow. Matem. 14.3
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end 1;
f:=F[4xN+m];
for 1:=1 gtep 1 watil f &
besln
8:=0;
JTe=37+1;
£1:=G2[3j7];
for 11:=1 gtep 1 unti] f1 do
begin
JTe=J7+2;
s:=8-C[G2[J7-1]]=xCl[G2[37]]
end 11;
JTe=J7+1;
clGaly7])s=s/Cl34]
end 1;
P:1=F[5x<N+m];
for 1:=1 ghep 1 umtil * do
begin
J58=35+2;
£1:=G3[35-11;
s:=A[G3[J5]];
for 11:=1 gtep 1 uptil £1 do
begin
J5:=35+2;
8:=8-C[G3[j5-111=C[G3[J5]]
end 11;
J58=35+1;
clG3[3511:=s/ClJ4]
gnd 1
epd m



Algorithm 37 503

epd decompose;
procedure solve(h,N, B, B1,C,D, U, X);
¥alue h,N;
Lm h, N;
dnteger array 51,0,Us
array B,C,X;
pegin
integer m, j4,35,%,1;
real s;
array Y[(1:N];
J41=0;
for m:=1 gtep 1 uatil ¥ do
begin
J5:=D[m];
if D[N+m]=0
then Y(ml:=B[m1/C[j5]
else
begin
s1=B[m];
f£2=D[N+m];
for 1:=1 gtep 1 wntdl £ do
Rogin
Jae=J4+2;
s:=8-C[B1[§4-1]1=<Y[B1[j4]]
epd 1;
Y[m]:=s8/C[35]
end D[N4m]{o

end m;
X[N]:=¥[N];

for 1:=N-1 gtep -1 uptil 1 do
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begin
£3=D[2xN+1];
s:=Y[1];
for m:=1 gtep 1 uatil f do
begin
st=s-C[U[h-1]]xX[U[n]];
hi:=he2
epd m;
X[1]):=
end 1
end solve;
J1:=ExNawl+1;
for j2:=1 gtep 1 wntil i1 do
1[32]1:=0;
301(, 1, R, owl, owp,0kg, okd) ;
size(¥,N1,h, i1, 32,33, 34, 35, 36, 37, M, b, owl, owp, okg,0kd) ;
beain
integer array D[1:3=N], B1[0:j4], F[1:6=N], F1[0: 32], F2[0: 33], F3[0s
511,61[0:361,62(0:371,63[0:351,U(0:h];
array Cc[1:0];
forgen(h, N, N, B1,D, F, M, F2, F3,G1,G2,G3,U, owl, owp, okg, okd) ;
if E40
then
begin
readb;
for L:=1 ghep 1 uptil F do
begin
readm;
decompose(N, A, C,D, F, F1, F2, F3,G1,G2,G3) ;
solve(h,N, B, B1,C,D,U,X) ;
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printx

end L
epd E40
elsg
begin
readm;
decompose(N, 4, C,D, F, ¥1, F2, F3,G1,G2,G3) ;
for Er=1 gtep 1 Wil T o
beglpn

readb;
golve(h,X, B, B1,C,D,U,X);
printx
epd E
epd E=0
epd

end sparsesystem

First we decompose the matrix A into the product 4 = LU, where L
is the low triangle matrix, and U the upper one.
The solution of system (1) will be found after solving the system

(2) Ly =b,
and then the system
(3) Uz =y.

Elements of matrices L and U will be successively evaluated from

the formulas
m-—1

(4) lim=atm_zlikukm (¢ =m,m+1,...,N),
k=1
m-—1
(B) g = (Omy— > ltig)l (G =m+1,m+2,..., ),
k=1

where m =1,2,...,N, l; =0 for i<j, uy =1 for ¢ =1,2,...,N

4

%; = 0 for ¢ >j, and y and « in (2) and (3) are defined by

’

1—1

(6) ¥ = (00— X lavi)le (6 =1,2,..., V),
k=1
N

(7) & =yi— D ugm, (i=N,N-1,..,1).

km=i41
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From formulas (4) and (5) we obtain the reduced Crout formulas
which concern operations on non-zero elements only. Those formulas
are formed in the order of their applying in the procedure. This order
is shown in the following scheme:

TABLE 1
Eh Y2 . %13 Y14 U1s first step (m = 1)
la1 ?~ l;;m ‘Mf?f uuuuuuu U i:_—_—_*:il%;_- 2-nd step (m = 2)
ls1 i 32 } la3 %34 U3 3-rd step (m = 3)
Lax i laz {[ he |l 1:4 s 4th step (m = 4)
|

Every step we begin with evaluating the elements of the matrix L.

Any element is obtained as the difference of the corresponding ele-
ment of the matrix 4 and the sum of products of pairs of elements of L
which are not on the diagonal and occur in the given row (on the left-hand
side) and of elements of U which occur in the given column (above).
Evaluating elements of U, we have still to perform the division by the
corresponding elements of L which occur on the diagonal.

Reduction is made in two analogous stages, the first concerning
elements of L, the other concerning elements of U. The first stage (for
m = 1) of reduction is simple since the components of sums of formulas
(4) and (5) do not occur. For the suitable ¢, we have [, # 0 if and only
if a;, # 0 and, for the suitable j, we have w,,; # 0 if and only if a,; # 0.
For m > 2, the simplified formula for 1;, is formed if and only if a,, # 0
or if at least one of the components of the sum

m—1
2, Lin Wiem
k=1

is different from zero. Thc similar result can be obtained for elements
of the matrix U.

Elimination of the vanishing components of the sum >l u, is
performed in two steps. First we eliminate the components for which
Urm = 0. Then from the remaining components we eliminate those for
which 1, = 0.

We analogously proceed with the sum >'l,..u%,, the reduction,

however, beginning with the examination of elements.l,,.

Example 1. Let m = 4 (see Table 1). We begin the reduction with
the examination of elements u,, %, and us. If u;,, #* 0, 4, = 0 and
uy # 0, then in the second step we only examine the elements I, and .
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Suppose l,; #0 and l; # 0. Then the reduced formula for [, is
obtained after the examination of the element a,. If a,, = 0, then we
finally obtain

g = —lgythyg— lygtsy.

Next we examine the elements I, and Ij;. Let 1; =0, I, 0 and
as, # 0. In this case we have

lyy = Qgy— lsy sy

We begin the discussion of formula (5) with the examination of
the elements l,,, I, and l,;. Let e. g. l;; = 0, l;, # 0 and l,; = 0. We ex-
amine then only the elements u,; and a,. If e. g. u,; = 0 and a, # 0,
then for the element u,, we have the formula u,; = a,5/ly.

3. Realization of the method in procedures. On account of economy
of the fast memory we perform the reduction on the zero-one matrix M
placed on bits of the computer words. Elements of this matrix are given
by the formula

1 for a; # 0,

M = 0 for a; =0,
where a; are elements of the matrix of system (1) occurring in the
array A.

To every element of this table we linearly assign the num-
ber of place, successively, according to the way of placing (see Sec-
tion 1).

When reducing, instead of the matrix M we obtain the new zero-one
matrix M’ which corresponds to matrices L and U, i.e. the non-zero
elements of these matrices are ones in M’. The matrix M’ has, in general,
more ones than the matrix M, i.e. L and U have more non-zero elements
than the initial matrix of system (1). In view of this, numbers of places
assigned to non-zero elements of L and U are, in general, different from
corresponding numbers in the array A.

Example 2. Let the matrix of system (1) have the form

B

I
corHoOow
R AT

|
cowoo
oo wmo
woooo
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Hence the zero-one matrix is given
1 1 0

10 1 0

M=]1 01

0 0 O

01 0

by
0

1
0
1
0

_o O o

Numbers of places of the elements of the array 4 can be written

in the following form:

TABLE 2
1 !
_.__L_}___?___; _________ i _______ ; _______
4 6
______ RSSO N SV SN E—
2 LT |
______ T s T
——————— e Hian e
T ] { 9

We see that they are consistent with the fixed way of placing the
coefficients of system (1) in the array A.

We have

=

f
S oMK
= o Q-
comOo O

Qo
Ho oo o

where O denotes that the zero element was changed in the course of the
reduction into the non-zero element. (No respect is paid to the case where
a non-zero element is getting the zero one.) To the matrix M’ there cor-
respond new numbers of places of elements of matrices L and U which

are given in the following table:

TABLE 3
| i

E R

_______ I 4 .{____7__-_}______
2 i 5 { 8 | [

““““““ e R

] | S S

booe ! S (R S §

The tables given show that, beginni

ng with number

inconsistency of places of non-zero elements.

4, we have the
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Numbers of places of the elements in Tables 2 and 3 are used in
- establishing the corresponding one-dimensional arrays containing the
reduced Crout formulas.
Descriptions of the arrays:
F1 — array containing numbers of places of the elements of

r2 —

3 —

G1,62,G3 —

Bl —

matrices L and A in the substitution 1, = a,, (all com-
ponents of the sum Y l;u;, are equal to zero).

array containing information about formula (4) for a,, = 0,
i.e. successively, the number of non-zero components in
the sum >'l; %y, the numbers of places of the elements I,
and u,, occurring in non-zero components and the number
of place of the element [,.

array containing the corresponding numbers in formula
(4), i.e., successively, the number of non-zero components
in the sum Y l;u;,, the number of place of the element
a;,, the numbers of places of the elements I; and wu,,
in the non-zero components and the number of place of
the element 1, .

arrays containing the analogous informations, respectively,
concerning only to formula (5) (without the number of
place of the element of the diagonal I,;,, — see array D[1 : N]).
This way of placing the information in mentioned arrays
has an essential influence on the abbreviation of the op-
eration time of the procedure decompose.

array containing for every step, i.e. for m =1,2,..., N,
the number of repeated applications of formulas given in
arrays F1, F2, F3, G1, G2 and G3.

array containing the successive informations: D[I: N] —
numbers of places of the elements I, occurring on the
diagonal; D[N +1:2x N] — zeros if we apply the sim-
plified formula y; = b;/l;; (all components of the sum
D'ly,y, are equal to zero, see (6)) or numbers equal to
the number of non-zero components in the sum D'l v,;
D[2XxN+1:3xN] —numbers equal to the number
of non-zero components in the sum > w,x, (see
formula (7)).

array containing the numbers of places of elements I,
and y,, respectively, occurring in the non-zero components
of the sum )'l;y, in formula (6).

array containing the numbers of places of the elements
uy and x; in non-zero components of the sum > u;a, in
formula (7).
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These arrays allow us, without any additional examinations, to
perform the operations on the simplified Crout formulas, which makes
short the operation time of the procedures decompose and solve.

Arrays owl, owp, okg and okd contain the numbers determining the
distance of non-zero elements occurring at the farthest from the diagonal
in rows and columns, respectively, of the matrix of system (1). The pro-
cedures size and forgen using those arrays do not ékamine the whole
zero-one matrix M, which considerably gains time.

4. Application of auxiliary procedures.

MO01 — determines, in virtue of the information in the array R,
the zero-one matrix M and places it on bits of computer
words; it produces also the arrays owl, owp, okg and okd,

subst] — changes into 1 the K-th bit of variable P,
bitword — evaluates the number of bit and the address of the words

: for a non-zero element,

bitl — has the value true if the K-th bit of variable P is 1, and,
in the contrary case, the value false,

size — evaluates dimensions of arrays occurring in the procedure
forgen,
forgen — produces the reduced Crout formulas,
decompose — decomposes the matrix 4 into triangle matrices L and U,

solve — solves the system using simplified formulas (6) and (7).
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ALGORYTM 37
F. PANKOWSKI (Bydgosscs)

ROZWIAZYWANIE RZADKICH UKLADOW ROWNAN LINIOWYCH

STRESZCZENIE

Procedura sparsesystem wytwarza zredukowane wzory Crouta i nastepnie roz-
wiazuje rzadkie uklady algebraicznych réwnan liniowych postaci Az = b.

Dane: /
N — liczba réwnan i niewiadomych,
N1 — liczba elementéw niezerowych macierzy A ukladu bez elementéw
przekatnej, ktére z zalozenia powinny byé zawsze réine od zera,
R[1: N+ N1] — tablica numeréw kolumn elementéw niezerowych macierzy A

(bez elementéw przekatnej) uporzadkowanych rosngco w wierszu
i podanych wierszami; numery kolumn kazdego wiersza nalezy
zakoneczyé liczba zero,

E — liczba o wartodci réwnej zeru lub liczbie powtérzen przy wielo-
krotnym rozwigzywaniu ukladu, przy czym zmieniaja sie wartosci
elementéw niezerowych macierzy A; jeSli E £ 0, to L = 0 (patrz

L — liczba o wartoci réwnej zeru lub liczbie powtérzer przy wielo-
krotnym rozwigzywaniu ukladu, przy czym zmienia si¢ tylko jego
prawa strona; jeéli L # 0, to E = 0,

wl — dlugoéé slowa maszynowego w bitach,

A[1: N+ NI1] — tablica elementéw niezerowych macierzy A4 ukladu; powinny one
byé wybrane bez zmiany porzadku z ciggu

all, (121, seay anl,
aje, a13, seey Qin,
Qoo s Agos «ovs A2y

Qogs 245 eoes Ao2ny ooey

B[1: N] — tablica wspélezynnikéw prawej strony ukladu,
X[1:N] — tablica rozwigzan ukladu,

readb — nazwa procedury bez parameiru, ktoérej wywolanie powinno
umiedcié odpowiednie elementy w tablicy B[I: N],

readm — nazwa procedury bez parametru, ktérej wywolanie powinno
umie$cié odpowiednie elementy w tablicy A[1: N+ N1],

printe — nazwa procedury bez parametru, ktérej wywolanie powinno

udostepnié¢ uzytkownikowi aktualne wartodci tablicy X[I : N].

Wyniki :
otrzymuje si¢ za posrednictwem procedury printw, ktéra musi byé opisana przez
uzytkownika.
) Przeprowadzone doswiadczenia numeryczne na m.c. ODRA 1204 wykazaly,
%@ procedura sparsesystem jest najefektywniejsza woéwezas, gdy albo zmieniaja sie
Wwartodei niezerowych elementéw macierzy A przy nie zmienionej strukturze tej
macierzy, albo gdy macierz A jest ustalona, a zmieniaja sie tylko prawe strony ukladu.



