tanulmanyok B

'MTA Szamitastechnikai és Automatizéldsi Kutatd Intézet Budapest
|

|
|

9%

J
i
|
i
| m







MAGYAR TUDOMANYOS AKADEMIA .
SZAMITASTECHNIKAI ES AUTOMATIZALASI KUTATO INTEZETE

PROGRAM PACKAGE SPARSE MATRICES

Irta:

Gergely Jozsef

Tanulmanyok 115/1980.



A kiadésért felel6s:

DR VAMOS TIBOR

ISBN 963 311 1129
ISSN 0324 - 2951

Készilt a SZAMOK KSH nyomdajédban
226/1980.



Abstract

In the paper prograns are investigated for the solution
of six: problems of linear algebra where the matrices of the
probleris are sparse ones. Linear systems of equations are
solved in the first four programs, the eigenvalues are
computed in the 5th and 6th program in the symmetric, non-
symunetric or band cases. The inverse and determinant also

are computed in the first program.

1. Introduction

A lot of methods and programs for the solution of the
problems of linear algebra are Ilinown. In the books dealing
with linear algebra or numerical methods there are sections
in wvhich the methods for the solution of systems of linear
equations and matrixz inversion are investigated. Moreover,
the libraries of computer centers contain various prograums

to solve prablems of linear algebra.

Large size main memories are needed in computers for
the solution of large size problems. The solutions of large
size problenis are computed by means of baclt store, if the
main memory is not enough for the solution. In this case
the programs of solutions are more sophisticated and the
computation talies more time because of the transfer between

the memories, (see [1]).



Coniputer nmanipulation of large size matrices is
of ten possible, because the matrii: has a number of =ero
elements such that it is sparse. The subject of the paper
is to mniake known some imethods and some prograns [for the
solution of linear equations with sparse matrices, for
the inversion of sparse matrices, for the computation of

determinant and eigenvalues of sparse matrices.

The ma;n nenmory can prove to be small in case of a
not very large computer even if we utilise possibilities
of sparsity of large size matrices. Our programs /except
the first one/ are made for small computers. The second,
third and fourth programs during the computation use the
back store /disc/ also to store the matrices, they have,
however suchh an organization that the transfer times

between the memories are miniwal,

Some reviews about programs to handle sparse problemns
can be found in the libraries (see [3], {h], [GJ,).
Generally these programs can be used only in large conmputers
or there is possible to solve only small problemns for being

used in smaller computers.

Our programs are made in FORTRAIT in the computer CDC

3300. Je give the nenory need at each prograri,.



2. Problems and netlhiods

The problems and the methods Tor their solution are

investigated in this chapter. There are given the sparse

matriz A= {Uii} . ‘-1 =4, ..n and the vector & ={ b; } '
«=4,...,N ., The problems are to solve the system of
linear equation Ax = b , to invert the matri:x A ana

to compute the eigenvalues of the matri: A ana det(A).

Problem 1 is to solve the system of linear eguation

| )
L x = b or to compute the inverse A~ and dot(u).

The Crout method is used for solution. This is the
following: the matrix A is factorized A = LR by neans
of Gauss elimination, where ke is a lower triangular
matriz, R is an upper triangular matrizxz. The equation

after the factorization is
(2a1) Ax = LR x =L¢d = b.

The solution of the equation (2.1) is intwo steps: the

successive solutions of the following two equations
(2.2) L"i‘b' RX=LJ.

To solve the equations (.’1.2) is very simple and quicl
because it can be done by means of substitutions (L and
R are trianc;ular) .

The ecuation AX =] is solved for inversion by
neans of the Crout method, where I is the unit matri:z:.

After factorization A’LR the equation

AX=LRX =LY =1
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is solved in tiso steps, we have to solve the zquations

(%8.3) LY =1, RX =¥,

The equations (2.3) aresolved by thesuccessive substritution
by coluwuns and their solutions give us the coluims oi the
inverse.

During the Gauss elimination the singularity is e:zzamined
and the change of rows is done, if it is necessary. lenatine

the determinant of the matrizz is computed.

Problem 2 is to solve the system of linear ecuation
Ax = b by means of a disc by the help of Gauss

elinination.
The main diagonal of the wmatriz plays an important
role during the Gauss elimination. The places "fill in"
(see [9]) in the matriiz follow the main diagonal and
they can be marlied out before the begining of the elimination

21, ) -

L
This possibility is used in the program, too. By this

:see ._l}:
means the prograr uses also sone zero elenents in the
couzputation, but it becomes sinpler.

Let us comnsider the left part of the matrixz. Let J
be the columm index of the first nonzero element in the
i=th row in the left side of the diagonal. The Till in
in the i-th row /left of the diagonal/ can occur between

the j-th and the diagonal columns. Sinilarly let us consider



the upper part of the uatrizz. Let the i-th row inde:x of

the Tirst nonzero eleuient in the j-th coluum be in the

upper side of the diagonal. The fill in in J=th colum
/upper side of the diagonal/ can occur between the i-th

and the dicgonal rows. In this mamner before lhaving begun

the elimination we could nari: out in the matri:zz the places
where the nonzero elements are in the begimning of the
climination or the nonzero elenents can occur during the
elimination. This reasoning is appliied in Progran 2 and

this "umarlked part" ol the matri:z is used during the couputation.
Je suppose that the marlized part of the nictri:i does not hold
in the main meriory of computer. e cut the matriz into pieces
by rows such that both pieces should be contained in the
main nemory of the computer. The pieces of the natrix are
stored in disc, they are transflerred {rom disc to uain neniory
and the elimination is perforned between pieces in the
following way: Elimination is performed in tHe first piece,
then elimination is perforued in the second piece by neans

of the eliminated first piece, then elimination is perforned
in the third piece by means of eliminated Tirst and second
pieces etc. fach eliminated piece is rewritten to disc.
Finally substitution is done by umeans of rewritten pieces

and the solution is obtailned. The:'l] is cnployed by this

S

niethod for the inversion of. a matri::.

Problem 7 1is to solve the system of linear equation

Ax = b in a band case.



Let us in the natri:x

,, =0, if li-q1 >k

The solution of the equation is computed by means of a
disc with Gauss elimination.
The first part of the band matriz:

Acfagd, Lj-d, ok

1
/that is the (k+4)x(4+4) part of the band matriz/ is
stored in the main neniory, the other parts are stored in

disc .in the following way: there are the eleuments

Q‘A' (b=ked, §=22,3....k+d4), (gaked, =k k-4, ... 2)

in the first record, there are the elements

a‘--A,(L-kﬂ_, <s:;‘).l'l, ks ,k+2), (i:ki—z' t=Kk4+4, \4' "D,
in the second record, ctc.

The first elimination step is the elimination of the
first column of the matri:zx A,, by means of the first row
of the matrix .:\A . Then the first row of the matrix
is transferred to disc, the first columm of the matriz:
was eliminated and the first record from disc is commected
to matrix A/l‘ The new matriz /wuith size (k+4) x (k+4) a
~is the A4 natriz and tihe previous steps are repeated
in it. The difference is that after each step a new record
from disc is commected to the eliminated part of the matrix.
These steps are followed till eachi record from disc is

connected to the part matriz. Then the substitution is



performed /that is the solution is obtained/ by means of

the eliminated parts in disc.

Problem 4 is to solve the system of linear equations

Ax - ,O in symmetric band case. Consider in matrix
al’- = Q{i and a-‘i.—:o i 1x |i.-1]>k.

The solution of the equation is computed by means of disc

with the Choleshy method. The matrix A is factorized

Aa LR /where L ana R are triangular matrices/ by

means of the Choleshy method. Then the equations
(2.4) Ly=b. Rx=y

are solved by means of substitution. The program reserves
an A‘ place of size l((ki-z‘)/l in the main memory for a
part of the band matrix. All the band matrices are stored
in a disc. The factorization is performed in A4 in N
steps. Before each elimination step a row of band matrix
from disc is connected to A4 and after each elimination
step a factorized row from A4 is rewritten on disc. The
factorised matrices are built up by means of this rewritten
part. The substitution is performed by means of this

rewritten part.

Problem 5 is the computation of the eigenvalues of a sparse

symme tric matrix.
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First the symmetrical variant of the Lanczos method
/.
is applied for a sparse symmetrix matrix < . This takes
place as follows: (see [7], [lo]): Starting from the

normal vactor V, we compute

-
“Lk = Vk A \/k
WkH:AvK—O‘ka‘ﬁ’k-,qVk-A ) (P,=0)
[bk-’ "Wk+4 "2_

Verr = Wi /Pk

(2.5)

for k=/ﬁlr.., n . The matrix

’ 0<A kh

§

(2.6) T = i °<7'_ [

~

- dn

is similar to matrix /A . Then the eigenvalues of the matrix

1- are computed by means of the implicit GﬂQ‘ method.

. The application of the Lanczos - QR method for the

) computation of the eigenvalues of sparse matrices is
very practical, because the computation of (2.5) is very
easy in a sparse case too /whether in case of packed store
form, or disc store/. The matrix .T_ built up by (2.6) is
tridiagonal and symmetric, therefore the application of QR

method is possible in large size too. Nevertheless the

method is stable.
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The vectors Kk are orthonormalized vectors. [owever
the orthogonalizm is gone wrong during the computation.
Therefore a re-orthogonalization is necessary /see [lO]).

A new orthogonal vector is generated, if Vk becomes O,

Problem 6 is the computation of eigenvalues os a sparse

nonsymme tric matriz.

First the Lanczos method is applied for the sparse
matrix A . This is the following: Let Co=0 and vectors
s i3
X, = LJ° =0, Xy and U, are optional/but oy X, # O/
We compute

b= ‘—AzAxk/"J:;xk

Moy = AXy - b X = Cro s X-a
(2.7)

Yo = A" i Prtgic = Cree a4

T T
Clk. * Yo Xku/%k R

1
for K=MA2,---, N , The matrix

| lod <
A 192 CZ

(2.8) T =

~

!

|

is similar to the matrix A + Then eigenvalues of the
matrix T are computed by means of the bisection method

/see [4], [5]). This is the following: The number of
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the change of the sign in the sscuence
‘(2.9) l" det (B4'PI4)' det (32—P[2), o 8 g C‘e{ (—-Bn“ PI")

is egqual to the number of eigenvalues which is less than
p. (E{ and IL denote the left upper minor matrices of
E and 1 ) The couputation of seguence (2.9) is very
fast for matrix (2.8) .

The vectors Xk and "dk are biorthogonal vectors.
However the biorthogonalizm is gone wrong during the
computation. Therefore a re-biorthogonalization is necessary
/see [10] ) . A new biorthogonal vector is generated il

Xy or Yi becomes O.



~

J5. The prograns

Siz: programs are discusscd in this chapter ‘Tor the
solution ol the si:i problems whiclhh werc described in the
previous chapter. The constructions of the input and
output dates in the prograns arc different, therefore we

discuss thiose separately.

The programs iave been unade in FORTRAIl in computer
CDC 350C. e give the store need in CDC CORE nomination:
1 ¢p /cuarter page/ = 512 words with 24 bites,

1 seg /segment/ in disc = 20 ¢p.

Program 1 the solution ol the syster ol sparse linecar
cquation aX =P> , Or inversion of a sparse matri::
/see Problem 1/.

The wiain prograu reads the parameters 17,IP,1TL,;LPS

=

n form /315, 216.7/ frou cards, reads the nonzero elenents
CLq of the matrix: and their indexes from {ile 40O in form
/3/215,F16.7//, then prints the input dates. The negative

row index after the nonzero elcment denotes the end of dates.
During he input the program built up the array "'\O()

rom diagonal elenents, the array A”() from elcuients

)

outside of the diagonal and the array M‘() from the row
or colwin inde:ies of nonzero elements. The arrays A'f
and M" are in CClIIOIl. The prograi uses the linlied list

L:anner for store (sec [9]). AT ter the input, the program
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calls the corresponding SUBROUTINES and the solutions

depending on the parameters are written out.

Parameter list:

N : order of the matrix A;

IP=0 : A=LR factorization;

IP= -1: A=LR factorization, computation and output of
the dinverse A-l by columns;

IP=m : A=LR factorization, then ™M times: the right hand
side is read from file 20, in form /5E15.5/,

the solution is computed and written out;

IP £ -1: the matrix is written out only;

NY=0 : the matrix is written out before and after the
factorization;

NY=1 : the matrix is written out before the factorization;

NY=2 : the matrix is written out after the factorization;

NY=3 : the matrix is not written;

EPS : parameter for singularity investigation. If the
pivot in the K-th step of elimination is less
than EPS in absolute value the exchange of rows
is performing. The program seeks the greatest
element by column.

The SUBROUTINES:

LR faétofizes the matrix A=LR;

CS performs the exchange of rows. A mark of exchange is
given;

NYTAB executes the output of the matrix;
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VISZ executes the baclk substitution to solve the equation
.A.X:B;

NYX prints the solution X.

The program using 84 gp in core, 5 seg in disc in
CDC 3300 enables the computation of problems for N < 1000,
the number of nonzeros < 5500 /nonzeros at the start, or
becoming nonzeros during computation/, the number of
nonzeros in the rows< 20o0.

The list of the program:



b TS Koz T U e e e T e D TR i T Ie e B2 e 200 e IR0 e She He b |

16 -

THE PROGRAM SOLVFS T4F SYSTFM OF LINEAR ENUATTONS AXX=R WTTH SPARSFE MATRIX.
OR INVERTS: A SpARSF MATRTX By COL'MNS , THE pPROGRAM COWPUTS  THF
DETFOMINANT OF THE MATRIX IN 80TH C:SFS |

METHOD - CROUT#S METHOD , THE PROGRAM USES JUNLY THF NONZERO FLEWENTS
OF THe MATRIX , THF DTAGNANAL ELEMENTS £2E INM  ASRAY AQ o THF NOM DIaRN-
NAL ELEMENTS ART IN APRAY Al s THEIR QOW ne COALUMN INNFXFS ARF
IN  ARRAY M1

PARPAMFTFRS @

N - NUMBER OF EQUATTONS 3§

IP = 0 = THE MATSTX IS FACTORIZED TN THE ©RNIIECT FrRM  A=L%R !

1P =1 =« THE METRTX TS cArTORIZED TO THE PRANNICT FARM o THF TINVERSF
OF THE MATRIY + TS COMPUTED AND WRTTTZIn AyT 13Y coLUMNS |,

IP = M = THE MrT2TX IS AFTORIZED TN THE DORODICT FnARM  ~=L#R ,
M TIMES : THE PTAR4T=HAND=SIDE IS READ « Tufp FQUATION IS
SOLVED , THE <O0LUTIONS ARE WRITTEN OuT 3

TP , LTe =1= ONLy THE MATRIX IS WPITTEN NUT |

THE PARAMITER Nv CONTRNLS THF  QUTPUT, THE MATHIY TS WRTTTEN OUT JF:

NY = 9 RE-ORE AN AfTER THE FLIMINATTOM 3
NY = 1 RETPDRE THF FLOIMTNATION 3
NY = 2 AFTER TH: E) TYINATTION 3
NY = 3 NO WRITIVR ApT
EPS ONTROLS THE CSTNGIILAPYTY

NTMENSTON I1(5).J'(5).

140 (1000) 9122 (1NC0)eMI1(1000) «3(1000) 4X(1000)eMS(1N)N)
COMMNN /277 Al (85n0)emY (1700")
RFWIND 1
READ 1eNeI3NYy,FP<

1 FOPMATI(3I5,4,F15,7)
PRINT 1 eNeIPGNY,ELS
N0 9 1=1,N
MS(1)=I
MI1(T)=1
IN=T 4N

9 M?21(T)=IN
M3=2aN

8 REARI1410) ((I1(I)eJl(T)eR(T))9I=]143)
PRINT 24 ((I1(I)eJl(T)ermrT))eI=1,3)

2 FORMAT(IH ,3(215971A47))

10 FORPMAT(3(2I54F14.7))
N0 4 <=1,3
IF(IVT(K)) 3944,

3 T=11(%)
J2Jl 1K)
IF(IaJ) Se5e7

6 AV (1)=R(K)
ROTO 4

5 M=M11(T)
AT (M) =R {K)
M1] (T)=M3



OO

4

4

99

11

30

91

31

39
20

S

M1(2¥M) =y
M1(2*¥M=1)=M3
M2=M3e1

GOTO 4

M=M21(J)

A1{M) =B (K)

M2L (J)=M3

Mi1(2#M)=I
M112%¥M=1) =M3
MI=MZ+1

CONTTINUF

GOT0O 8

CONTINU=

IF (IP.GT.=-2) GOTO 11
CALL NYTAB(N,M3,A10)
GOTO 98

CONTINUE
IFINY.GT.1) 507D 990
CALL NYTAB(N,M3,A0)
CONTINUF

CALL LRINGgM3,804M114M21,E5PS4M343,4X)

IFINYJEGa1s0NY. EQe3) 5370 91
CALL NYTAB(N4sM3,A0)

CCNT TNUE

IF(IP.EQ.0) 537D 98
IF(IFP.GT.0) 507D 20

DO 39 M=1,N

DO 31 I=1,4N

F(I)=0«

MMz MS (M)

B(MM) =1.

CALL VISZ(N,¥M, IP,A0,3,X)
CALL NYY(NyM,X)

CONT INUE

RFWIND ¢

DC 29 M=1,IP

THE RIGHT HAND SIDE IS RIADINS

21

29
gg

READ{2421) (3{I)eI=1,N)
FCRMAT(5E15.5)

CALL VISZ(M'."OI,’A0’3".
CALL NYX(N4M, X)
CCNTINUF

CCNTTNUE

E ND
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THF

1

1F

19

SURRAUTINE LR (NoM2 AN M1 ] 4u21 o EPS,MS,A5.A4)
SUaRNUTINE | 2 FArTORT7EN  THF  MATRIX TO

NTMENSTON AD (N) «M11 (NYe¥2Y (N) e MS(N) 9AS (N) 4A4 (N) ,
MA(2nD) 4M5(200)

COMMON 720/ A1 (S50 0)eM1111A0N)

N1l=MN=1

DET=1.

no 1~ k=l.yl

THE PIVOT ELFM=NT TV MONnUL  ,LE, EPS THEN
CHOSFN BY COL''MN ANY eXCHANGE OF 20wS IS

IF (ARS(AN(K)),,6T,FPSY 30 1Y 19
CALL CS(KsVyM3I,n0 M11,42],uS,EPS)
DET=-DET

Kl=M) (2%K=1)

KE=K

KP2=1

TF(K1,.FQ.C) GOTO =

IF (M7 (28K5) JLE,%) GUTn 2>
M5 (K2) =M1 (2#KS5)

A1 (KS)=A1(<B) /&L (<)

AS (K2)=A1(<B)

KP2eK?el

*5=K1

Kl=M1 (?#K1=1)

RO0TO 1

KA=Ka+N

K1=M] (P#KA])

KS=KA

K3=K?2 a1

KP2=1

IF(K1.,FQ.") GOTN =

MA (K2) =M1 (2BK5)

AR (k2)=A1(<B)

K5=K1

K1=M) (P#K1=1)

“K2=K?2+1

RO0TO &

K4=K2

NO 7 T=1.%3

N0 7 J=1,K%

MT=MA& (J)

M I=M5(T)

IF (MT NE,1J) 60TO o

AT (MTy=A0 (MI)—AS (1) A& ()
GOTO 7,

IT(MT,.AT.MJ) GOTO 11
KS=MY

K] =M] (PaMT)

THZ

M

AW

P9N1CT

OTVUNT

cNlm

F EVFNT

A= #R

IS



12

14

11

15

17

18

KP2=M1 (P#MT.3)
;i(K?.VQ-“) GOT~ 14
rRuﬂ.rﬂ.“u GOTO 1°
-2

K] =M (PuK2)

“2=M) (P#K2=1) .
~0T0 1%

A1 (k=) =A1( 5
o 1(<B)=AS(T1) A&(.))

k3M11(“T)
T(Ly==A5(])#

:;<24L)=MJ A6 (J)

(2 _=1)=uB

M1] (M71)=M3

M3=M2, "

cOTO 7

MA=M |§h|

K1=M] (P#MA)

K2=M) (?#MA-])

K5 =MA

;:::7.‘8. ) GOTH 16
Kl=M) (P8K2)

KP=M1 (2%K2=1)

GO0TO 15

Al (k=) =A](

iy gl <B)=AS(T) AR(
L5M21(”J)

AY (LY== §(])®
:I(QQL):MI ke
1(2#L=-1)=vB

M2 (M )) =M3

M3I=M2,1

CONTTNIIE
NFT=NET#A" (K)
NET=NET#AL (V)

PRINT 18,40

FORMAT (/777

ALl 7H DET=4F15,7)
END

S
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SURROUTINE CS (K N M3e8%¢M17¢M219MSHEPS)

sSURRNUTINE (Cc<& PERFIAMs  THE FXCHANGE OF

NIMENSTION A0 (N) ¢M11 (NY oMUY (N) sMS(N)
COMMON' /207 Al (55n00)eM1(1100n)
KK =K

A=ARS (AD (X))

.|=K¢N

J1=M1 (2#)=])

IF(J1.5Q,0) GOTN 3

IF (A,GEL,ARS (A1 (J))) GNTD
A=ARS (Al(J))

KKgJ

J=J1

G0T0 2

IF(A.LT.EPS) GOTO 21

PIVDOT ELEMENT IS CZHNSEN FROM

J2=M] (2#KX)

AKAD (K)

a0 (K)=Al (<<p

Al (KK)=aK

M] (2eKK)=J2;

MST=MS (K)

MS (K) =MS (J2)

MS (J?2)=uSl

AJ=Ar (J2)

A0 (J2)=0

KlzK-1l

N0 4 T=1,X]

Té=1+N

II=M’ (2“!401)

13=0

IF(I11.EQ.0) GOTN &
IF (MY (2%164) ,EQek) T3=714.
IF (M) (2%#]4) EQ,J2) M1l (2%T¢) =K
IF(I3,NE.D) M1 (2%714)=2
Ta=11

OTO &

CONT TNUE

T =K

T1=M1 (281=1)
IF(I1.,ER,7) GOTN 10
I12=M1 (2#])

IF(12-J2) 7,8,12
AO(J’):AI([)

I=11

60710 11

T4=T2+N

T15=M1 (2%#]4=])

J2=TH

ROW

PAWS,



19

14

10

25
27

31
24

26

23

TF(IS.FRe") GOTH 19

IF (MY (2#T4) oNF, 12) GOTY 14
A=A) (T4)

Al (T6)=A1(])

T85=M11 (J2)

M11(12)=M3

M] (2415=1) =M3

M3=My)

MY (2015)=T2,

Al (15)=A

a0t 13

T§=M?21(12)

M21 (T2)=M3

M) (2875=1) =M3

MI=MI+]

Ml (2#15)=J2;

Al (TR)=A1(])

60oTOo 13

T4=M1 (P8]4.])

G0T0 15

I18=M11 (J2)

M1T (12)=M3

Ml (2875-1)=M3

M1 (2#15)=J2

M3I=M3.]

Al (I=)=AJ

Kl=Kal

K?2=12=]

NN 23 K3=K],K2

I=K 34N

N1 =¥

TF (MY (2%J=1) ,EQ.0Y GOTI 273
TF (M1 (2%#]) NE,J?) 6UTN 24
IF (M1 (?#J]) ,EQ,x3) GOTI 22
IF (M1 (2#J1) 4GF, 12) GOTI
IF (M1 (2811=1) ,Fn, ) GNTO 26
N=my (2*)1 1)

6OTO 27

J=M1 (2%#)=1)

60710 25

T8=M11 rJ2)

M1Y()2) M3

Ml (2875-1) =M3

M1=M1‘1

M1 (2#15) =K3

Al (T5)=A1(J)

Al (.))=n

~OMTTNUE

L1=M] (2%%=1)

LE-M‘("“)

M1 (2eXa1) ="M (2 2.1)

M1 (2#K) =M1 (2% )2)

i— 3 —a
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32
29
21
20

16

THF

33

— P —

M1 (2» 127-1) =L1

\4] (P# |$)=L7a

A=pA] (<)

a1 (Ky=A1(.'2)

Al (U2)=A

T=J2

T1=* (2%#17)
IF(I1.F2%.") BGOTNH =9
IF(11,53TeJ2) GNTO 3?2
Al(T)=~

T=M] (2#]1=))

s0Tn 28

CONTTNI -

[OTN 1A

CONTTYNUE

DRINT 204N,K

FORMAT (1241 SINMGILARTS2TR/7/)
STop

CONTTVUE

MARK OF EXC4AMGE

PR T 334X,J2
FOPMAT(TH ZBERF:9215)
I=M11(J2)
MT1(12)=M11 (K)

M1] (K)=~

ecTiaN

END

SHARNTINE NYTAB (NJM3.80)

THF  <URRNYTTNE NYT B  FXSrITFS THF

N =W

DIMENSTON AD (N)

coMMAN /277 ALl (E500)emlr11007)
ME-2543

PRyNT 14N

PRINT 29 (A3(T) ¢T7="4N)
DQI"'T 24 (A1 (I) 9T='(_0M3\
PRINT 3e(T,1=1410)
PRTHMT 14 (M1 (1) ¢4T=14M5)
FORMAT (/101 9/)
FORMAT (17 (IS4T4))
FABMAT(IH 410F17r,7)
RETURV

FND

outeur

JF

VATRy v



~

~

”

~

-

THE

2

THE

N =

SURAPA ITINE VIS7 (N MeTIP4AG.BeY)

gU2NUTINE VvtSz EXICUTES
QUATTINV "eX=R,

NTHMENSTON AQ (N) «B(N)ev (N
nOMMAY /277 AL (5590) «M1 (11000)
PO 1 T1=1eVN

X(7)=n

=]

TEAI] Tel) KaM

NN 2 1=K\
Y(1y=3¢ch)/ap.))

I9= Ja&aN

17=M1 (2#.13.1)

A2 =M1 (P#.13)

IF(JYFNeY) GOTN ?
8(12)=R(J2)=A1( 13)y#X (1)
2= 1

2070 3

TONTTNHE

Ml=Mal

AN g5 T=1,\

a(r)y=x(I)

D 4 T=1l4N]

T1=N-T

J=T]

11=MY (2% 1=1)

12=M1 (28 ))

TF(JIOCQO(’) GOTN 4
I(r1y=R(Il)=A1( N a¥Y (J2)
=1

R0TO %

X(11)=R(I1)

DFETIION

ENr

SURRN JTINE NYX (MeMeX)
SUIRNUTTNE NYX PRINTS  THE

NTMENSTON X (N)

DRTNT 1 4™

PRYINT 29 (Y (I)eT=14N)
FOPMAT (//T35Y)

FARMAT (5F13,9)
RETIIRN

FNA

THE RBACKX=SIIBSTITYTTIN TO

SALUTI M

SOLVF

THFE
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Prograi 2 is for solution ol a syste:n

ecuation by means ol disc /see Problem 2/.

The program reads from file 10 the paramneters 17,119,525
in form /2I9, 315-5/, then the nonzero elenicnts ol the
pmatrix and their indexes from file 20 in form /3/216.9,
2I5/. The nonzero elements should be stored in file 20 by
rows., After the last element there mmust be one negative row
index. Finally the right-hand side is read from file Jo in

form /5215.9/.

-1y =T

The program during the reading by means of SUDRCUTIITE
RENDEZ built up the sparse matrix in disc. During the
computation the pieces of the matrii as unit are transiferred
between the main neuory and disc memory. Tlie program calls the
SUBROUTIITE SLED which computes the solution. Then ile solution
is written out.

Parameter list:
I : the number of the equations;
119 : the ma:ximal size of one piece;
EPS : parameter to investigate the singularity.
The progran using 2“ ¢p in core and b5 ses

in disc is gsuitable for the solution of an ecuation with

-

N£10C0, 179<%:0CC, number of pieces of nonzero elenients <iCGC,

The list of the progranm:



NIMENSTON M) (1000)«M2¢1000) «M3(1000) 9M& ¢
1391 (N9 IM(101) ,TA(101) :
PsA(4000)4B(10N0)YsX(100N)

COMMON /107 AeReXemM

REWIND 10

READ(1n,11) N,NOAyFPE

PRINT 11,4N4NO,EPS

REWIND 20

CALL RFNDE?

REWIND 30

IM1=1

M3(1)=)

M4 (1) =1

non 41 T:ZQF

M3 (1)=M3(T=1)eM2(TT)aM] (T) e

CONTTINIIF

M4 =2

NO 112 1=24N

IF (1.LE,ID(M41))

Mg (1) =1

M4l_M41,1

G0Tn 112

M4 (1)=M4 (Tel) eM2(T=Y)

CONTTNIIE

NO 34 K=]1+N9Q

A(Ky=0

(N gNOD oMY ¢M2 M3 M4 TD9T30Jl 0T

41

ANTN 114

114
112

34

(c INPUT OF THF RIGHT <TDF DERFORMATION

REAN(3n+13) (R(T)eT=1°N)

C THF PpoGoaM SOLVES THF SPARSF LINEAR SYSTEM WITu WFLP 0OF THE

6 SUBROUTINE SIENn, THF PRNGRAM CARRIES OUT  THE INPUT FROM

C FILE 27,RY MEANS NF SHRRNUTINF RENUDEZ

(¢ CONsTRIICTS THF MATRTX IN DISC s CALLS THF SniRROUTINE SLED AND

c PRINTS THF <sOLUTTNON,

C PAQAMETFRS !

C N = THE NMIMRFR AF  FQIIATINNS 3§

c N9 . May [|FNGTH nF A PART OF THE MATRIX 1t

c FPS - THE oARAMFTEn FOR INyESTIGATION UF THE SINGULARITY

C THF PRnNGRAM LISFS THE FALI NWTNA ARPRAYS!

C M1(1) - THE NyMBFEP  OF NON7FRO ELEMENTS LEFT Ta TWF DIAGONAL IN THE
c I= TH ROw °*

C M2 (1) = THF NUMBFR QF NNONZFRO ELEMENTS RIAHT TO THE OIAGONAL 1IN
c THE 1 -TH Rnow !

¢ ID(K) +1 IS THF FTRST RAW INDEX IN THF KaTH PART OF THE MATRIX?$
C IND(k+ly IS THF | AST RNW MNUMBER IN THF K =TH PART OF THE MATRIX!?
6 M(J)y ¢ THE COLUMN INNFX O0OF THE NON7ERO ELFMENTYS RIGHT TO THE

(63 NIARNNAL, SIIACFSSTVELY BY ROWS ,

C

C THF PRpOGRAM 1ISFS Siiry A APRT AF MATRIX IN WHTCH THF ELFEMENTS ARE NON=-
c 7FR0s N?  NONZERO  FLFMENTS (AN APPFAR DIIRINA THE FLIMINATION ,
c

1000)9M(300n)erN(101)eT3(

M,1A)

B8Y FORMA~Y 13e



ENDFTLF 1

REWIND

ENDFILF 3

REWIND 3

ENDFILE ¢

REWIND 4

CALL SLFD(NyIDgM1 qM29M4M4 ,NQ,IMeTAHEPS)

(o} OUTPUT nF THE SO nrlIon

PRINT 27
PRINT AN (T4X(I)sT=]eN)
27 FORMAT (14HYTHE SOLNITINN: /)
11 FORMAT (21B,F15,5)
13 FORMAT (5(E15.9))
30 FORMAT (1545F18,9)
END



c
C
c

OO0

SUBRNUTINE RENNFZ (MeNQeM] M2 ,M39M&3TDesI3,J19IM, 1)
DIMENSTON M1 (1) 4M201) eM3 1) oME(1)3ID(1)«I3(1) 9 J1(1) IM(1)oIA(])
COMMON 710/ A(aOon).n(looo).1(1900).M(3000’

THFE SURROUTINE RFNNDE?7 nmUTLTS 11IP THE MATRIX IN NDISC AND THF ARRAYS

M1,

M251NsTA AND TM Rv MFANS OF TNPUT,

L=l

1nl_l
IN(IN]l)y=L=1
K=0

KA=0

I18=n

K3=1)

INPUT OF NONZFRN FLEMFNTS ! A(I®J))Y I Js WHERE 7t 1S THE ROW

10

19
25

26

THE CNLUMN TNDEX PERFNARMATIUN BY FNRMAT 9, THE FND MARK

REAN (279¢9) (X (T)eT2(T)Y e 11 (I)eI=1s3)
PRINT O¢(X(T)oI3(T)eJY (T)e1=1,43)
N0 1 1=1,"

IF (I3(1)) 25,1,2

IF (I3(I)=1) 19,3,11
J2=g1(71)

A3=13(1)=J?

R(J2)=x(I)

IF (M1 (L) el ToJ3) MY (Ly=J3
50Ty 1

K1=| +K13

I8=1R+1

K3z=k3+)

R(Kl)y=x(1)

M3 (kl)=)2

CONTTNYF

GOTO 6

M2(L)=T8

KS=ka+1

Ll= sl

L2=ml () el

NO 7 J=l,eL?

KAl=KA,4 )

KB=| «M] (L) ¢+ =1

A(KAl)=n (KR

KA=KA+ 2

IR=0

GOTn 2&

PRINT 184l 4I3(T)y111(T)
6G0Tn 1

19=.1

GO0To 10

T4= +1

' J IS
IS I<o0,



14

12

15

11

17

20

33

24

28

JQ:L

TF (M%4 (1) JEn, L) I4=Lol

IF (M3 (
K=K,1
IF (M3

17) «FQe0 JANN MG 1 J4) FA,LD)

(T4) = MG (Jsyry) 11412,13

M(Ky=M3(I4)

KA = K

A+l

A(KA)=R (I4)

l4=74+
Je= )4+

1
1

GOTo 14

IF (M& (
KA=KA+

14) eNFent) GOTN 1R
1

A(KA)=R(14)

M(K)=M
I4=74+

2(14)
1

GOTn la
M(Ky=Ms4 (J4)

KA=KA +
J4= j4 4
GOTo 1
IF (M3 ¢(
60 70
no 17
M3())=
Mé4 ()=
Lzlasl
no 20
L2= 1+
M4 (L2)
K3=1
no 33
R(Jy=0
IF (KA,
IA(1D1
™ (ID
WRITE
WRITFE
WRIYTE
DO 24
A(Jy=0
ID1=IN
in(inl
NnO 28
M(J)=0
K=0
KA=9
K3=1
IF(L ek
FORMAT
FORMAT
RET()RN

END

1

1

4

Ta)oFRen) GNTN 18
16

J=L N

0
n

J=KS 4K
j=KS
=M (J)

J=1oM

LT.N9,AND,I8,FQ,0) 6GOTH 3
)y =KA

1y=K

(L) (a(Jd)y)=14KA)

() (M(J)y )= gK)

(4) (M(J) g 1=1 4K)

1=1 KA

1+1
y=L=?
J=]1 4K

T.NeAND,T74FN,0) GOTO R
(3(F16,90,275y)
(124 ORDER ERRNAPR3TS)

GNTO 8



sReleNeNeKel

SUBROUTINE SLEN(MNeTD M1 ¢M2eM3IgM4 NG IMaTAWFPS)

THF  SUBRNAUTINF SLEn SN VFS THE SPARSE | INEAR SYTEM , IT PERFORMS
THE GAUSS E|LTMINATIAN  AMONA PARTS OF THE SPARSe MATRIX , THE WHOLE
MATRIX IS 1IN Dter , PARTS ARE TRANSFERKRFD BETWFEN DISC AND MAIN

MEMORY

NTMENSTAN MY (1) eM2 (1) eM3 (1) 9M&(1)ID(1)
14,A(4000),B¢1000)ysx¢100Nn),n(4n00)
?2eMA (3000)4MN(3000) TM (1) 4TALT)

COMMON /10/ AR ¢XyMA

1=

TM1=1

IM2:1

J2=p

1 IA1=7A(YM1)

REAND(l) (A(T)er1=1,7Al1)

IM3-TM (M)

IMLIoTIMY L]

REAN (3) (MA(T)4I=14IM2 )

13=1n(.11) 1

16:10(!101)

IF(Jl4Fn,1) GO TO =7n

J2=M3(73=1)eM2(13.1)

78 JS=)l=)
IF (JS) 3,3,4
4 N0 29 14=1,J5

IS=1IN(.14) +1

I16=1N()4+1)

TAL-TA (TM2)

REAN(2) (D(T)eT=l,71A1)

IM3=IM(TM2)

IM22IM?,1

QFAN (4) (Mﬁ(T).Ia‘oIMQ)

N0 29 Jja=Te, Ik

JT=1

IF(J44,FN,1y Gn TO =9

J7=M3 (15=1)+M2 (151

79 NO 29 | 2=13,14

L3= j6eml (L2) = 2

L4=715+1 3

IF(L3) 2945N,450

50 LS=M3(L2)+Jb=| 2aJ7

L7=42( 14)

DO Bl =117

K=M4 (Ja) +J=1

L6=MD (k)

L14=M3()6)+ =17

TIF (L2-L6) 30,371,437

30 LB=M2 (1 ?)
70 33 |_=1,4LR
L9=mé (L2)+L -1



IF(MA(LO)Y=LA) 3I3934,34
33 CONTINIIE
34 Kl=M3(L2)+!
GOTn 38
31 Kl=mM3(1.2)
GO0Tn 3c
32 K1=sM3(L2)+LAk=| 2
35 Kl=kl= 12
A(K])=a(K1)=A(LS)an(L14)
81 CONTINIF
R(L2)=R(L2) =A(1.5)#0(1R)
29 CONTINUE
3 NN 49 1.2=12,14
Kl=m3 (| 2)="
IF(ARS(A(K])) ,LTeFPS) AOTN B%
B(L?)=r(L2) /A (K1)
T13:=L2+
no 110 1=I112+74
IF(1=L?,6TeM1(T)) ~ATN 110
L6=MI(T)+L2=T=y?
B(Iy=B(1)=A(Lh)=#B(?)
110 CONTINIIF
L4=M2(1.2)
DO 49 L=1s+L4
LS3M3(L2)+L=J?
A(Ls)=a(LS) /A (K1)
NO 49 t=117,14
IF(1=L?,6T MLl (1)) ~ATN 4o
L6ZM3 (1) +L2aT wy?
LT7=vé4 (L2) +L =]
LB=uA(1.7)
IF(1=-LR) 3R,39,40
39 L7=M3(71),
6G0Tn 4
40 L7=M3(7)+LB=1I
G0To 41
38 L9=M2(T)
NO 42 I=lysl 0
L1=u4(Tyed=]
IF(MD(LT)=LR) 42447,47
42 CONTINIE
43 L7=M3(T)+J
41 L7=L7- 12
A(L7)=A(LT)Y=A(L5)#A(LR)
49 CONTINNF
IF(IN(11+]1) =Ny 46,67047
46 1Al_T1A(TM2)
WRITF(?) (A(T),T=1,7A])
Jl=gls+1
FNDe1Ibr 2
REWTND 2
REWIND 4



47

69

99

76

64

63

68

A5
a6
67

— 31

IM2=21

60TA 1

ENDFTILF 2

IM3=IM(TM?)

READ (&) (MD (1) ,7T=),TM?)
c0Tn 9a

CALL RAFKSTFP (1H2)

CAL| BACKSTFP (1H2)

CAL| BARKSTFP (1H4%)

CALL BRArKSTFP (114,
TAl=TA(TM2)

IM3=IM(IM2)

REAN(2) (A(T) I=l,1Al)
REAN (4) (MD(T),I=),1IM3)
IM2=-TM?2 =]

L3I=TN(11)+]

L4=Tn(|1‘1\

LS=n

IF(L3.LFe1) GO TO 7
LS=m3(1.3=1)+M? (1 .321)
Ll=u3(N)=LFE

IF (L9) k3,64,64

L9=.1

X (Ny=8(N)

La=L4=]

NO A8 T=L3,L4
Kl=L4-Y¢L3

X(Kl)gn(KI)

S=0

LRA=M2 (K1)

I.7=mb4 (x1)

PO &R .I=lsl R

L6=L7*J-1
L11=M3(K1)+. )= S

Il=un (L&)

X (Kly=x (kly=A(L1lyav(T))
Jl= 1=

TF(Jl) 6T96794K9

PRINT ns!L’cI’.T“.K’ oA (K1)
FORMAT (10H SINGILAR:+4T5,F15,5)
RFTIIRN

END



Prograil 5 is for the solution ol « systen: of lincur ecuation
with band matrii /see 2roblewr 3/.
The solution is coumputed in SUDQACUTIITE SZ24LAG. e
can call it:
CALl STALAG "I,I5,808 ),

where N is the number ol ecuation. The bandwidth is ZWr A
The paraneter 228 investigutes the siagularity. IT the
pivot elenent in absolute value is less thun IPS a mari:
is written out and the compuitavion StOpPs. Tuere is o
statemnent
ceiziell /i Ay 3

in subroutine, iilierc A () is an array Jor the left upper
part of the band maitriz: /the sizc i "\"/‘*"7)"(%’/’) p B()
is an array for the right hand sizc of eguation., The
other parts of the band matrizz sciiould be written in the
file 1 in disc suecihh as 2t was discussed in 2roblen 3.
The solution is computed in wrrey D and it is written out.

The subroutine using 8C ¢ in core and 2CC sepy in disc
is suitable for solving an eijuation with 1i=7oo0o0, ii€loo,
Jout N.EL 3.5 207/,

The ligst o the Dogran:



3 AT DA DD TR VDR TD TR )

THF

PAP

PAR

1o

B

SURPN JTINE SZALAG(NsK“PS)

sIPRNUTINE  S7ALAG  SOVFS A SYSTEM NF FQUATION WTITH 3ANN MATRIX ,
THE FTIRST (K+1)#(Key) DPART OF BaAND IS IN A3RAY A AT THF REGINING
THEM OME  ROW  AuD  rOLIIMN  ARE TRANSFERRFD FROM' FTLE 1 SUCCESSIVFLY
ANp 17 wWwILL = COMVErvED WwITH MATRIy a
AFTED EAZH FELIMINATTON STEP ONE RNOW TS WRTTTFMN TO THF FILE 2,
THF QACK=SURSTTTHTION TS CARRIED OUT WTTH HELP OF rILF 2, THE RIGHT HaAND
SIDE IS IN VveCTOR PRl ARRAYS A AND 8B ARE v ~AIMMON |,

AMETFR EPS. LONKS FOR STNGILARITY IN FASE OF <STMAJLARITY A  CERTAIN

MARK IS WRITTEN OuT .

AMETFRS : NJ TS THE NUMRER OF EQUATTONS ¥
K IS THE HALE WIDTH BAND .

THE  SOLUTION 1S FOOMFp 1IN ARRAY 3

DIMENSION A(101+111)°*Rr(7nn0)+C(201)

commnn: 1/ Az

NT=pn-l

Klzka)

K2 =Kk

REWINN 1

NO 10 L=1+N1
IF(ARS(A(l41)) LT,.FPS)
Al=l/a(d41)

no 1 J:Z.k

A(1y N=AL®A(],)
R(L)y=A1#8(LH

NO 2 I=2,X1
Tl=lL+]=1
R(;l):ﬂélr)-A(Toli“ﬁ(i)
no 2 J- ’k
AMren=A(T,J)=A(T.1)®%A (1, 1)
WRITE(2) (A(1y.))9 I=24K1)

no 3 T=1°9K

N 3 J=1,4K

A(Te N=A(Tel,y sl

no 4 1=1,x1

A(KkleT)=0

A(T.kl)=0

IF(L=N+K) 35%10410

READ () (SUTI)4T=14K2)y

N0 9 1=1+K

A(Kl141)=C(])

J=K2=T+1

Al(Tex1)=C(J)

Atklakly=c(xl)

rONTTNUE

L=N

TF(AnS(A(’oli) LT.EPSY 3n 710 11
RIN)=a(N)/7Aa( ,{)

FNRFTLF

CALL RACKSTEP (142)

a0Tn 11



11
12

=04 =

N0 6 L=1.N]

LY=MNal

CALL 3ArCKSTEP (3:i2)

READ (2) (A(lyT)eI=1K)
CALL BSACKSTEP (1w2)

NO & T=1,X%

Il1=L1aT
R(L1)=R(L1)=A(1<IVv#B(T))
RO0T0 13

PRIMT 12+sLysA(141)
FORMAT (1€H S7Z1InNnn, teTE.F12,5)
PONTT\IE

AETRN

END



Program Q is Tor the solution ol a system of the linear

ecuations with symmetric band uatrix /see Problem L/.
The program reuads ithe paracmcters II,1II,EPS in Torm

/215, F10/ from cord, where Il is the half width of band,

11 is the number of ccuations, IS investigates the

sinsularity. IT tho pivot in Clolsslyy Tactorimstion is

ess then 25 in absolute valiue o marii is written out and

~

the coumputation stops. The program reads in the way ol rous

the right parts of matrisz from file 2, builts up in a
one-dimensional array A /a ;.l)x(“+l) sizme part of the
band matrixz/ and applies the Cholesliy factorization for
this part. After each step one row of the Tactorilised natri::

is5 rewritten into {file 2 iIn disc. After I steps the

Sy )

Tactor matri:z is Tfornied in file 2. Then tlhe program reads
the right hand side from ©ile 3 and by means of [2.4)
thie solution is computed. The solution appears in array
D and it is written out.

The program using 835 op in core and 200 seg in disc
is suitable Tor the solution of an ecuation with 1K£16110,

11179, /but H.im<10%/.

The list of tie progran:



DI

3G —e

DIMENSTNAN A(1A110)RB(1A110)4M(179)+C(179)
EQUIVALENCE (A(1).8¢(1))
COMMON /107 A

THF PROGRAM SNLVFS A gyStTFM OrF | INEAR EQUATINON WITH
SYMMETRTIC BANN MATRIY nF MFAN OF CHOLEVSKY METHOD

READ 22 ,NK N,yFPSg

22 FORMAT (?2I5,4F1n,9)
NN=N# (N+1) /2
REWIND
REWIND =
NZ=N+l
N3=NKe+N
M(T)=0
M1 =N
DO 1 K=2,4N
M(K)=M(k=1)+My

1 MlzaMl=-]
DO 2 I=1yNm

2 A(T)=0
NOo 10 Kk=1,4nK
READ (1 A Ty,I=1,%
el L
S=a(l)
DO 3 I=2yN
Ml=M(I)+l

3 S=g=A(Ml)®A (M1
S=SQART (%)
A(l)=S
IF (S.LT,EPS) GOTO o
NO 4 I=2,N
I1=N=T41
Sl=Aa(I)
no s J=2,I"
Ml=M(J)sl
M2=M(J)+I]

5 S1=S1-a(Ml)#A(M?)

4 A(1)=S1/S
N0 6 I=1,N
Ml=M(I)«l

6 C(I)=A(M1)
WRITE(?) (C(I)eTI=1,4N)
NO 7 Ki=1.N1
NO 7 L=1,K1
K:N-Kl
I=M(K) s+l
J=M (Ke+l)+L

T A(J)y=A(I)

10 cONTINNE
ENDFILF 2
DO 8 I=19N



1
1

—

2
1

O O

— 37 —.

R(1)=0

REAN(3) (B(T)4,1=N2,N3)
REWIND 2

NO 11 w=1sNK

READ(2Y (C(T)eI=1ls)
K1l=N+K

S=Rp (K1)

DO 12 T=24N

K2=zKl=T+1

S=G-R (K2)#r (])
R(K1)=s/c(1)

NO 13 k=14NK

CALL BACKSTFP (1H2)
READ(2) (CtT)oT=1,4m)
Kl=N3aksl

CALL BACKSTFP(142)
R(kl)y=n(kl)/C(1)

NO 14 T=1 N7

K2=Kl=T
R(k2)=R(K2)=B(K1)#r(I+1)
CONTINIIE

PRINT 16¢NNK

FORMAT (12H A MEROLNAS:,./215/7)
PRINT 179 (R(I),T1=N,4N3)
FORMAT (10F12,5)

G0T0 18

PRINT 194¢KK,S

FORMAT (13H SZTNAULARIS:«TS4,E159.5)
CONTINYF

END



v BRrre

Program is for the computation of eigenvalues of a
symmetric sparse matrix /see Problem 35/.

The program reads the parameters I, EPS and IPS2 {rom
card in form /Ik,2216.8/, where N is the order of matrix,
EPS is the accuracy of cigenvalues and IEPS2 investigates the
singularity. Then reads N+1 number into array IS from file
2 in form /15I5/, which points to the beginning of the rows
in arrays A and M. The nonzero eclements of the right-hand side
of the symmetric matrix and their columm indexes are read
from file 1 in form (4(I4,£16.8)) into array M and A. The
nonzero elements in file 1 should be arranged by rows. The
end of nonzero elements is denoted by a negative index.

The program executes the symmetric Lanczos method. The
symmetric tridiagonal matrix is formed in array E() and
D(.) . The SUBROUTINC AV (N,V,S ) is used for the computation
of product S=AV. After finishing the Lanczos method the
explicite QR niethod is used for computation of eigenvalues
of the tridiagonal matrix. It is done in SUBROUTINE QR (N,
SMAéHEPS,E,D,IER) . The eigenvalues of the matrix are formed
in array B(.) . The serial number, the accuracy of eigenvalues
and the eigenvalues are written out. The SUDROUTINE ORTSIM
perform the re-orthogonalization and new orthogonal vector
Vik is generated, if IVl £Ers2.

The program using 65 ¢p in core and 65 seg in disc is
suitable for the computation of the eigenvalues of a matrix
with N £500 and the number of nonzero elements < 5000,

The list of the program:
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THE PROGRAM COMPUTS THE FIGENVALIUFS NF A SYMMETRIC SPARSE MATRIX,
THE SYMMETRIC LAC70S METHOD THFN THF TMPLTICTT QR METHUD ARE U<ED,

NIMENSION C(500)+B(500)+VI(S00) ¥ (5001S(500)11(5)9sAl1(5)
COMMON /107 M(5000)+A(5000)9TS(500)

REWIND 1

REWIND 2

THE INPUT OF PARAMETERS:

N « IS THF ORDER OF MATRIX

EPS = IS THF ACCURACY FNR FYGFNVALIIFS
EPS?2 INVESTIGATES THE SIMGULARITY

READ 17,N,EPS,EPS2
PRINT 17,.NoEPSLEPS?2
Nl =Ne]

THE ARRAY ELEMENT IS(I) | 0OOKS FOR THr FYRST NONZ7ERO ELEMENT IN ROW T.

READ (24916) (IS(I)sI=1.N1)
K=1

THE NONZERO ELEMENTS AND THEIR rOLUMN INNEXFSs ARE READ FROM P TILE 1

CALL MTILCO(IDO)
PRINT 30+1IDO
30 FORMAT (3T10)
1 READ(1415) (T1(I)eAl(T)el=194)
DO 2 T=1,4
TF(T1(I)) 104244
4 M(K)=TI1(T)
A(K)=A1(T)
K=K+]
2 CONTTNUE
GOTO 1
10 DO § K=],N
5 V‘K)’O.
L3=1
NK=1
PRINT 16+ (IS(I)eI=]14NY)
NNI=TS (N+1)=1
PRINT 15, (M(I)4A(I)eI=1yNN)
Vil)=1
VIN1) =1,
102 CONTINUE
WRITF(3) (V(I)eI=14N1)y
Ct1)=0
NO 6 K=1.N — s
NEI£K¢1
Lé=1
CALL AV (MeVeS)
N0 7 L=1,N
7 B(K)=R (Ky+v(L)#S(L)
NO B L=]1,4N
B WIL)=S(L)=R(K)#V(L)=C(Kk)®w(L)
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CALL ORTSIM(NsKesW9SsCeFPS24TolL 30l 4)
IF(L4,LT,0) GOTO 106

NO 11 L=1sN

n=vi(L)

VIL)=W(L)Y/T

w(L)=D

CONTTYNUE

I15=NK

NK=K e+ ]

C(k+)l)y=0

PRINT 13,(1,C(T)eB(I),T=I8,NK])
NK2=NK1=15

PO 121 T=1.NK2

1621841 =]

C(I+1)=C(16+1)

R(I)=B(1s)

CALL AR (NK24EPSsCeRsIFP)

THE EIGFNVALUES END THEIR ACCIIRACY ARF WRTTTFN NUT

124

DO 124 T=1,NK2

162NK2=T1+15

17aNK2=Ta4l

C(I6)=C(TT)

R(I6Y=B(I17)

NK3=NK2<1+15

PRINT 1239 (I+C(I)eB(I)sI=TSsNK3)
PRINT 139

IF (K GE,M) STOP

A NEW ORTHOGONAL VECTOR 1S GENERATEN , TF

120

12

114

105
113

L3=L3+1

L2=L3

N0 120 T=1,N
C(I):O.

ﬂ(I):O.
IF(L3,8T.N) GOTO 28
PO 111 L=L2sN
N0 12 T=1,N
w(I)=0

wiL)=1,

REWIND 3

N0 113 I=1.K
READ (3) (S(J)eJ=19N1)
)

N0 114 J=1.N
H=U+S (J)avw())
CONTTNUE

7=U/S (N1)

NO 105 J=1,4N
W(J)=w())y=285())
CONTTNUE

Wie)

IS SMALL
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F=y
DO 116 T=1eN
116 F=FeW(I)eWw(TI)
T=SART(F)
N0 117 I=1,N
117 v(I)=Ww(I/T
Tglo
VI(N1)=T
WRITE(3) (V(I)eI=1,N1)
IF(TGT,FPS) GNTO 6
L3=L3e1
111 CcONTTINUE
28 PRINT 11R¢KsEPSsT
STOP _
118 FORMAT(13H W EQUAL 7ERNyIS42F15e5)
123 FORMAT (4H=-EIG.I14,2£20 10,
13 FORMAT(1H0,4,15,42FE18,9)
15 FORMAT (4 (I44F16,9))
16 FORMAT (15715)
17 FORMAT (14492E16,9)
130 FORMAT (1H=)
END
SUBROUTINE QR (M¢sSMACHFPSsF «DsIER)
NIMENSION E(1),4,0(1)

THE SUBROUTINE GR COMPUTFS THF FIGEMVALIIFS Ry MEAN OF QR METHOU FOR THE
THREE NPTAGONAL MATRIX,

TER=0
DO 1000 T=2,N
1000 F(I=1)=E (1)
F(N)=0
K=N=1
NO 1001 L=1,4N
J=0
1002 nO 1003 M=l 4K
IF (ARS (E (M)) ,LF ,SMACHFPS® (ABS (D (M) ) «ARS (D (M+1)))) GOTO 1004
1003 CONTTNUE
M=N
1004 P=D (L)
TF(M,EQ,L) GOTN 1001
TF(J.EQ,30) GOTO 1005



1007

1008

1006

1001

bt et
QO
-
-0

1012
1009

1005

=)+
G=(N(L+1)=P)/(28F (L))
R=SORT(1,+539G)
n=1,

TF(GLTone) A==1,
G=D (M)=P4+E (L) / (G+Q#R)
S=1.

r=l.

P=D (M)

MM=Ma1

NO 1006 TT=LsMM
I=M=]1+¢L=-T1I
F=S#F (1)

R=C#F (1)

IF (ARS(F) .LT.ARS(G))
C=G/F
R=SQRT(]1,+C*®C)
FE(l+1)=FaR
S=1./R

r=C/R

GOTO 100#

C=F /G
R=SQRT(1,+C®C)
E(I+1)=G=R
S=C/R

C=1l./R
F=C*N(I)=-S#B
G=C#R-Sap
R=D(T) +P
P=C*F=S#5
GA=S#F+Coan
D(I+])=P-P
CONTTINUE

n(L)=P

F(L)=G

F(M)=0

GO0TO 1007
CONTINUF

NO 1009 T=]1eN
K=1

P=D(T)

11I=T.1

NO 1010 I1=TITeN

— & =

#NTO 1007

IF(D(J) ,GE,P) AOTO 101

K=J

P=N(J)

TF(K,EQ,T) GOTNn 1012
N(K)=NI(T)

N(I)=P

CONTINUE

CONTINUE

RETURN

TER=1
RETURN
END
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SUBROUTTIHE AV(NsVeS)
NIMENSION V(1).S(1l)
COMMON /107 M(S000) «A(5000)+7S(50n)
c
C THE SURROUTINE AV COMPUTFS THF PRODIIAT S=Aav,
s
NO 1 K=]1,4N
S(K)=0
Kl=IS(K)
K2aTS(K+]) =1
PO 2 I=K)«K2
J=MI(T)
2 S(K)=S(K)+A(T)#V(J)
K3=K=1
N0 3 I=1.K3
K1=TS(I)
K2=IS(I+1)=1
N0 4 J=K14K2
TF(M(J) ,FA ,K) GOTO 5
4 CONTINUE
3 CONTINUF
3070 1
S S(K)=S(K)y+A(J)&#V(I])
GOTN 3
1 CONTINUE
RETURN
END
SUBRNOUTINE ORTSIM(NsKWeSeCoFPSeT,L 341 &)
NIMENSION W(1),4S(1)4C(1)
c
. THE SURROUTTINF ORTSIM PFRFORMS THE PELNRTHOGNANALIZATION OF THE MATRTX

o]

REWIND 3
NO 1 L=],K
71=0
N1=Nas+1]
READ(3) (S(J)s.0=19N1)
NO 2 I=1.N
2 71=2Z1+S(1)#W(])
72=71/S(N1)
NO 3 I=1.N
W(I)=W(T)=Z72%S (1)
CONTTNUE
F=n
DO 18 L=]1sN
18 F=FeW(L)#W(L)
T=SORT (F)
r(K+l)=T
PRINT 19,NsKeTsFeS(N1)4Z1,72
19 FORMAT (214,5F16,4)
IF(TL,GE ,FPS) GNTO 7
Lé==1
7 CONTTNUE
N0 2n I=1.N
20 Ww(I)=W(T)/T
T=1
W(Nl)=T
WRITF(3) (W(T)4T=1,4N1)
9 FORMAT (3715,3F15,5)
RETURN
END

- W
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Program 6 dis for the computation of eigenvalues of a
nonsymmetric sparse matrix /see Problem 6/.

The program reads the paraneters N,Rl;RZ,EPS,EPSI from
the card in form (I5,4F15.8 ), where N is the order of matrix,
EPS is the accuracy of eigenvalues, EPS1 investigates the
singularity. The nonzero elements of the matrix and their
column index are read from file 2 in form (4(14,E16.9))- The
nonzero elements in file 1 should be arrenged by rows, the
program reads N+1 number from file 1 which points to the place
of the first nonzero in each row in matrix. The end of nonzero
elements is marked by a negative index.

The program executes the Lanczos method. The
SUBROUTINE AX (N,S,X) and
SUBROUTINE AY ( N,S,Y) are used for computations of
products S=AV and S:ATY. The tridiagonal matrix is
formed in array B(.) and C(.) , /the third array
consists of ones/. The
SUBROUTINLE SCAT (N)Rl,RZ,I9,S,EPS) and
SUBROUTINE SAJS2 (N,P,NV) compute the eigenvalues of
the tridiagonmal matrix belonging to the interval ( Rl,RE)
by means of the bisection method. The eigenvalues are formed
in array B(.) in COMMON and they are written out.

The SUBROUTINE ORTOG performs the re-biorthogonali-
sation of the vectors.

il {Ck | L P51 in (2.7) the matrix decompose
to parts. The program computs the eigenvalues of the first
part, new biorthogonal vectors are computed and the comput-

ation is continued.
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The program using 71 qp in core and 115 seg in disc
is suitable for the computation of the eigenvalues of a
matrix with N 500 and the number of nonzero elements
5000.

The list of the program:

THE PROGRAM COMPUTES THE REAL tIGENVALUES BELONG IN [NTERVAL (R1,R2)

THE LANCZOS METHOJ THIN THE 3ISECTION METHIO0 ARE USED.

TH4E INPUT OF PARAMETERSS
N = IS THZ ORDER OF MATRIX
EPS = IS5 THZ ACCURACY FOR ZIGENVALUES

DIMENSION IS(5. L) +I0(5.0UL)A(5000) +BIS50 . )oC(50.0,4C1(50
120) 9 X2 (503D Y1(5LC)Y2(5LUD4SI(500)
COMMON 7.7 BoC /727 1S,I1I0,A

RZAD 1 4N4RLyR24EPS,EPS1

PRINT 14NyRL1,R24EPS,EPS1

Ni=N+1

NZ=N-1

RZWIND 1

REAIND 2

L3=2

I1=1

RZAD(149) (IS(I)yI=1,4N1i)
I2=IS(N¢+.)-1

T4E NONZERO ELEMENTS AND THEIR COLUMN INDEXES ARE READ FROM FILE 2

THE ARRAY ELEMENT IS(I) LOOKS FOR THE FIRST NONZZRO ILZIMENT IN ROW I,

RZAD(2410) (I0O(I)HAC(I),I=1,1I2)
PRINT 10 4(I0(I) 4A(I) 4I=4,1I2)
DJ 54 L=1sN
D) 11 I=i,N
YL(I)=U.
X.(I) =_.
X2(I) =y
Y2(I) =,
11 CONTINUE
Xt (L) =i
YL(L)=1.
X1(N1) =1,
WRITE(3) (X1(I) +I=1,N1)
WARITZ(4) (YL (I) 4I=L4N)

Cl1)=]
Si=3
D) 12 I=1.N

12 SL=Si+#X1(I)*FYL(I)
D) 13 K=1,N
CALL AX{INyS,X1)
S2=9Q

D) 13 I=1,\N
13 S2=S24Y4 (I)*S(I)
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PRINT 25,S1,S2

B(<)=S2/51

DO 14 I=1,N
X2(I)=S(I)=-BIK)*XLi(I)=CUKI*X2(I)
CALL AY(UN,S,Y1)

D) 15 I=i1,N
Y2(I)=S{1)=-B(K)*Y1L(I)=C(K)*Y2(I)
CALL ORTOGINsKyXc9¥2 9EPS1sM9S39ySXeSY,HLL3)
I2=K¢+ 1

IF(MelTeu) CUK*+1)=]
IF(M.EQe u) GOTO 60

GJTO 51

C(K#1)=S3*SY*SX/S1

Si =S3

D) 17 I=41,N

E=X1(1I)

X1 (I)=X2 (1)

X2 (I) =2

E=Y1(I)

YL(I)=Y2 (I)

¥2(I)=E

CON TI NUE

IF(L.EQeN) GOTD 2.

GOTO 51

PRINT 21U 4L 9S1,K

CONTINUE

I4=K=T1+1

PRINT 254(B(I)sCI)yI=11,1I2)
D) 18 I=1i,N

C(IN=CI(I+)

00 41 I=Ii,I2

I3=I-Ii+1

B(I3)=3(1)

ClI3)=CctlD

CONTINUE

R3=R1

R+=R2

CQALL SEAT (I44Rk3 4R&E9NS 9SHEPS)

TH4E CIGENVALUES ARE WRITTEN OUT

142

DY) 142 I=I.,12

13=12-I+1

I5=12-1I+11%

S(I5) =5(1I%)

I7=T11 NS~-1

PRINT L oNS

PRINT 224(1+S(I)I=I1,17)
I1=12

IF(KeGZeN) GOTD 24
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DI 42 I=isN

XL(I)=1J.

Y. (I)=0La

GOTO 160

PRINT c34L9e51

CUNTINUE

FORMAT (¢E18.9)

F)RMAT (415I5)

FORMAT (4(I44E16e 9)
FIRMAT(7H SZINGt,I54E15.5)
FORMAT (4H-ZIG4,I5,E18.9)
FIRMAT (IS, 4£15.8)

END

SIZRIJTINS AXINySeX)
OIMENSION S(1),X(1)

COMMON 727 ISLu)I0(5003)4,A15030)

D3 1 I=1,N

S(IL)=u

K<=I51(1I)

Ki=IS (I+i)-1

D9 1 K=KKyKV

J=10(L)
S(I)=S(I)+A(KI*X (J)
RZTURN

END

SU3RIJUTINS AY (N, S,Y)
DIMENSION S(1),Y (1)
COMMON 727 ISI(500),10(5,40)4A(50u0)

THE SUBROUTINZ AY COMPUTES THE PRODLT

™

00 1 J=1,N

StJ)=g

02 1 I=1,N

I<=IS (D)
Iv=I5(I+1)-1

D3 3 K=IK,IvV
IF(ID(K) 4EQeJ) GUTI &
CONTINUE

CINTINUE

GOTO 5

S(J)=S{JI+ ALKI*Y (D)
GOTOo 1

RZTURN

END

AX COMPUTES THE PRODUCT S=A*X,

S=Y*A
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SUBROUT I NE SEAT (N9RL1 4R29IIySHEPS)
DIMENSION 5(1)

THE 3JB0OUTINC SEAT CIMPUTES THE BISECTION ME THOD

Ns=1

CALL SAJSZ(NsRisN1)
CALL SAJS2(NyRZ,N2)
PQIN‘. L31N1N10N¢.|R1'Q2
IFIN2=N1) leisc

A MARC IS WRITTEN OUT IF cIGENVALUES ARE

L PRINT 3 ¢RiyR2
I3=1)

GJTO 1.
I3=N2-N1i

N

NOT IN INTERVAL (R1,R2)

IT IS WRITTZN OUT HOW MANY EIGENVALUES ARE IN INTIRVAL (R1,R2)

PRINT &sI3,R14R2
5 CONTINUE
IF(R2=R1-EPS«LEere) GOTO 2C
P= (R1 #+R2) /2
CALL SAJS2(NysPeN3)
IFIN2=N3) 7,748
7 R2=P
G3TO 5
3 IF(N3=N1) 2142i4+c2
21 RL=P
GIT0 5
22 R3=P
23 P=(R3#R2)/2
I (R2=R3-EPS.LZ.iel) GOTO 20
CALL SAJS2(N 4P, N4)
IF(N2=-N&) 19,413,138
13 R2=pP
GITO 23
13 R3=P
GOTO 23
2. SINS) =P
IFUNS, EQ.I3) GOTO 1iC
NS=N3+1
R2=pP=-2*EP3
N2=N2-1
GI)TO 5 :
10 CONTINUE
13 FORMAT (3I5,2E16.6)

3 FIRMATU(234 IS NOT cIGENVALUE IN (y2E15.642H ))
4 FORMAT (I5421H ZIGINVALUES ARZ IN (42E15.642H ))

RZITUN
END
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SUBRIUTIN: SAJUS2(NyP4NV)
COMMON 717 B(5 L) oCU5.0L)
L)GIZAL L

SUBRIUTINZ SAJSz COMPUTES THE NUM3ER OF CHANGE OF SI3N IN THE SEQUENZE
OF MINORS.

NV =4
LseTRJIES
DiL=1.
Dz2=B(1)=-P
I°1002) 3,45,5 ‘.
3 L=« NOT.L
NV=1
5 CONTINUC
D) 1 I=2,N
D=)2*(B(I)=-P)=C(I~-1)*D1
Di1=02
D2=0
IF (LeAND e JeGEe o eOReeNOToe Lo ANDe DelLToued) 50T0 1
NV=NV#1
L=« NI T.L
1 CONTINUE
2 FIRMATI(I5,2E16.47)
RZTURN
END
SJBROJTINE ORTOGINgK 9X29Y2 sEPSeM 953 931+52,4L3)
DIMENSIONMN X2(1),Y2(1),U(504),VI5060)

THE SJ3RIUTINS ORTOG PERFORMS THE RE-3IORTAOGONALLZAT ION OF THE MATRIX

REWIND 3
RZWIND &

NL=N#+1
READI3) (W(J)yJ=1,4N1)
READIL) (VIJ)sJ=14N)
00 2 I=41,N
Zi=ZL ¢V II) #X2(1)
22=Z22+0(0D*Y2(1)

2 COONTINUE

Z5=Z1/U(N1)

Z5=Z2/U(NL)

D0 3 I=1,N

X2(I)=X2(I)=-Z5*U(I)

Y2(I)=Y2(I)=2Z6%VI(I)

CONTINUE

L2=L3

D) 17 L=L2ZeN

Si=.

32=3

D) & I=1,N

St=Si1+X2(I)*X2(1)

4 S2=32¢Y2(I)*YZ(I)

-
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THE SUSROQUTINE GENERATES A NEW BIORTOGONAL VECTORS
IF X2 OR Y2 IN NORM _ES THEN EPS,

PRINT 99 4N 9K 3Si 9S2,UINL) 925,26
93 FORMATI(2I5,5E1¢2.4)
I7 (S1eGE.EPS.AND.S2.GE.EP3S) GOTO 15
IF(Ke EQe N) GOTO 97
M==-1
D) 6 I=1,N
5 X2(I)=y
X2 (L)=1,
REWIND 3
RZWIND &
DO 7 LL=1,¢
RIAD(3) (UII),I=1,N1)

RIADIL ) (VII),I=1i4N)
Z1=43
D) 8 I=1,N
Zi=ZLeVII) ¥ X2 (D)
8 CONTINUE
23=Z1/7U(N1)
D) 9 I=1,N
3 X2 (I)=X2(I)=23*VI(I)
7 CONTINUE
D) 16 I=1,N
1o Y2 (I)=L.
Y2(L) =1,
REWIND 3
RIWIND &
DO 17 LL =14K
RZAD(3 ) (UII),I=1,V1)
READ(GL) (VII)yI=1i,eN)
Zi=1)
D) 18 I=1i,N
Zi=ZL+U(I)*Y2(])
13 CONTINUE
Z3=Z1/7U(N1)
D) L9 I=4i,.N
13 Y2(I)=Y2({I)-2Z3*U(])
27 CONTINUE
L3=L2+1
17 CONTINUE
15 CONTINUE
0) 43 I=1i,N
X2 (I)=X2(I)/S1
4 Y2(I)=Y2I(I)/5c
S3=4d
D) 25 I=1.N
20 S3=S3#Xe(I)*Y2(1I)
IF(S3.LT.ZPS) GOTO 27
X2{NL) =S 3
WRITE(3) (Xc(I),I=1,N1)
WRITZ(4) (Y2(1)4I=14N)
97 CINTINUE
RITURN
END
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cidju grafikus rendszerek tervezési és megvaldsitdsi

kérdései
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113/1980 V. Visegradi Téli Iskola
114/1980 Demetrovics Janos: Reldcids adatmodell

logikai és strukturdlis vizsgdlata
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