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Development and Adjustmeht of Programs for Solving .Systems
of Linear Equations

(Development and Benchmark Test of SSL, No.4)

Toichiro FUJIMURA
:Division of Reactor Engineering,

Tokali Research Establishment, JAERI

(Received January 30, 1978)

Programs for solving the systems of linear equations have been
adjusted and developed in expanding the scientific.subroutine library SSL.

The principal programs adjusted are based on the congruent method,
method of product form of the inverse, orthogonal method, Crout's method
for sparse system, and acceleration of iterative methods.

The programs deveroped are based on the escalator method, direct
parallel residue method and block tridiagonal method for band system.
Described are usage of the programs develope& and their future improvement.

FORTRAN lists with simple examples in tests of the programs are also given.

Keywords : Computer Programs, Simultaneous Linear Equations, Scientific
Subroutine Library, Congruent Method, Product Form, Orthogonalization,
Crout's Method, Sparse System, Acceleration, Iterative Method,
Escalator Method, Direct Parallel Residue Method, Block
Tridiagonal Matrix, Band System
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Table 1 Subroutines for solving systems. of
linear equations in SSL-H%)

Name ) System Method
GAUELS General Gaussian elimination
SWEEPS General Sweep out
SIMEQS General Sweep out, Scaling
TRIDGS Tridiagonal _ Gaussian elimination
CHOLES Symmetric positive definite Modified Cholesky

* CHLSKS Symmetric positive definite Modified Cholesky,
Revised inner product
BCHSKS Symmetric positive definite, Modified Cholesky,
Sparse Bandwidth reduction
SCﬁSKS Symmetric positive definite, Modified Cholosky,
Sparse Optimal ordering
'BANDS Symmetric positive definite, Modified Cholesky
Band
GAUSES Diagonally dominant Gauss-Seidel iteration
Table 2 Subroutines for solving systems of
linear equations in GssLi®
Name System Method
SLERS General Sweep out
CROUT General Crout
TRIDIA Tridiagonal Gaussian elimination
PENTAD Pentadiagonal Gaussian elimination
DIVMTX 2-1line _ Block
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Table 3 Algorithm of Gaussian elimination for n=3

D | any 2 a3 by
@ | ap; ayo ass by original equations
ORI a3z ay3 b3
@] 1 c2 €13 cly | D= oap
® 42,1 az3,1 asy .1 @D-®x dz1
® 43251 833,1  834,1 @ -Wx aj;
@ 1 c23,1  C24,1 | @+ ayp
33,1 agy,2 @'®x 4321
O 1 %3 ®+ a3z 2
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Q|1 x] @ - x c1p- @x cy5

Table 4 Algorithm of Crout's method for n=3
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Table 5 Adjusted subroutines for JSSL131

Name System Method

GELG General ~ Gaussian elimination
GUEL1S . General Gaussian elimination
DECOMM General Crout
MAZ1A General . Crout, Scaling,
Iterative refinement,
Error estimation
: PROD General Product form of the inverse
; ODRPM General One-dimension reduction
| projection
? EXACT Integral Congruence
i LAO5A Sparse . Modified Crout
BAND -Band Gaussian elimination
ORTHO Symmetric QOrthogonalization
SYMMLQ Symmetric ' Lanczos
MAlGA Symmetric positivé‘definite Conjugate gradient
MA22A Symmétric positive definite ~ Cholesky, Scaling,

Iterative refinement,
Error estimation

MALl7A Symmetric positive definite, Modified Cholesky
Sparse _
MA15C Symmetric positive definite, Modified Cholesky
' Variable band
CHLSKB Symmetric positive definite, Cholesky '
Band ”
AAGLIP General : Adaptive acceleration
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. F-H =
f+é% 1. ESCARS o4l &L FORTRAN Y X +
158N ST=ND SOURCE PRUGRAM SERUENCE
c Ex, FOR  ESCARS
1 DIMENSION A(SveY+w(5ve) W XE (3D
2 WU | M S
3 H=3
3 NP l=n+l
5 DO 21 I=1«N
5 XECt)=l
7 DO 21 Jel.uN
8 ACIvJr=tin(j=13+J
9 21 CONTINUE
10 AN M=,
11 WRITE (B466) (AL J)vdmlaN) v I=10R)
12 RO 35 J=lh
13 ACLWNPLYI=O,
14 DO 31 J=l.0
15 ACLANELI®AC] NP1 ~AL] ) #RE (G2
16 31 CUNTINUE
17 ACNE L 1Y mA L] A NPLY
18 35 CUNTINUF
1% WRITE (61663 (ALLWNPL) Il ND
20 [OP=2
21 CALL LSUARS (A«weND[Myl, [OPS IERKS
22 wHITE €ovéds) NOIMsh, QP TERKE
23 WRITE (Gveb)  CWILLNPLY 4 =1t}
24 FRITE C(6abb) (WINPLe[Xolmial)
25 a4 FURMAT (2xa101323
26 bh FORMAT (2X21P3E20.8)
27 STOR
28 END
ISN  ST=NO SOURCE PRUGHAM SEQUENCE
1 SUBRUUTINE ESCARS Chaw o NANTOPVTERR)
(maaxx
C SOLVE LINEAR EQUATION  Awasbe ATwY=B  BY
C ESCALATOR METHOD FOR REAL MATHRIX A
[« |F Asbat#Fl, AT#GaDeH{ TREN ET#p=], GTaFal
C 4HEREs FI=INY, OF F. AT=TRANSE. OF A
C KEFER TQ  W.N. FADDEEVA (1%59)
[« \GPal  SOLVE AxieB.  10P=2 BOTH
Cunw  ENTER =B([) TQ AUl N+1) [F JOPmis
c FURTHER TO Alik+i41) I|F (QP=2
C NALGE N OJF [OP=L, RALGE . CN+1Y IF 10PmZ
? DIMERSTON A(NA«L) +W(NALLY
3 1ERR=0
4 NP fmhet ]
5 NE=NP 1
6 IF (iUP,bw,1) NEEN
7 DU 81 J=lah
[ JMim =1
9 FEIUNLS !
Comraa Ul dd
Cans  NEED NOT STORE UOJaJ}
10 DJJmaliedd
11 1F (J«Ew.1) GU TO 17
1z DO 15 keliuml
13 DJJmlJI+ALGRI RN IR L)
Cewn  KNEED NOT CALCULATE FOR H
14 15 CONTINUE
15 LT CONTINUE
16 IF (L. k.02 GO TC 9L
Cmmme— Gl
Case GCLvJ> STORED IN Wida1d
17 DU 29 [=JPl.NFL
18 Gl JmACI L)
19 1F (J.EQ.1) 60 TO 27
20 DL 21 KelaJMl
21 Gl mG I ALK L IRWCI4KD
22 21 CONTINUE
23 27 CONTINUE
24 LIRS LIS NS NN
= 25 2% COUNTINUE
[ Feladeld
Cans Feiyd) STORED IN w([4d)
26 U0 3% d=leJ
Fal WilvuPLY®s=wlJPL)
28 IF €1,EQ.JY G0 TO 39,
29 DO 35 k=]+l,)
30 WOl e PRI =Wl v JPLY =k (R YUPLY 4wl k)
3l 35 CONTINUE
' 32 39 CONTINUE
i 33 IF CIUPEG.1 AND. J.E@.N) GO TO 83
Cmmmme ECsd) STORED I[N w(laJ2
34 DU 59 IsJPLJNE
35 ElJ ALY )
36 1F (J-E9.1) 6D TO 57
37 DO 51 Kel.JMi
38 ElJmEl e (] K)*wiKodd
39 51 CONTINUE
-— 19 _
| R
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15N ST-NO SCURCE PROGRAM { ESCARS ) SEQUENCE
40 5T CONTINUVE
4l Wil =mELJ/DIJ
'Y 59 CONTINUE
Cmommen HETvd*1) LN WEJ+ls1)
L%} pPC 69 [=lsd
44 WCJPLy [}m=W (JPLs ()
45 IF (1+ER.J) GO TO 6%
46 DO 65 K=l+l,J
§ LY WEIP1 113wl PLo =Wl JPL k) #WiK])
! 48 65 CONTINUE
i 49 69 CONTINUE
50 B1 CONTINUE
Couw FL]aM+1) {n(1N*1))} 15 THE SOLUTION AxX=b
51 83 CONTINUE
Coms HOIaN*1) (W{N+141)3 IS THE SOLUTION AT#*Y=B
52 60 TC 95
53 %1 CONTINUE
5k WRITE €6+92) J
53 92 FORMAT {2X~! PIVOT®0, [N ESCARS AT "1154+' =TH STAGE ")
56 1ERR=J
5T 95 CONTINGE
58 RETURN
59 ENG
9,9995999%E=01 1199999999E~00 3,00G0000DE+DD
3,99999999E+00 5,00000000E+00 6, 00000000E+CD
7.00000000E+00 7+99999999E+00 0.0
=1,40000000E+01 =3.2000000Q£+01 =2,30000000E+0%
- 3 2 ]
9.99999999E~01 1,9999999%E+0V 3.0000U00Q0E+Q0
2.23333334E401 «7.33333337E+00 3,0000000GE+QQ

—_ 20 —
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fig 2.

ST=NC SOURCE PROGRAM

4 EX. FOR ESCASS
DIMENSJON A(5+8)
ND [M=5
N3
NP L=+l
FL=O,
DO 23 ImlN
DO 21 Jmlsl
FLwFL+L, T
ACiaJ)aFL
21 CONTINUE
WRITE (6+66) (AQIvJaedmia])
23 CONTINUE
DO 27 [wleN
Bi=0,
£O 35 JmlsN
JF C4yLE 1) AK®ALT W)
IF {J,6T, 1) AK=ACI D)
Bl=B]+AK")
Cans EXACT SOL. XK{])m]
35 CONTINUE
AINPLy[J==B]
37 CONTINUE
WRITE (6+66) (A(NPLyd) suelN)
CALL ESCASS CAINDIMsN+[ERR}
WRITE (bedy) NQ:M'N,NPI-IERR
WRITE (61663 CACIWNPL) (]wlaN)
44 FORMAT (2X,10112)
66 FORMAT (2X.iP3E20.8)

STOP
END
ST=NC SOURCE PROGRAM
SUBROUTINE ESCASS (AvNANa [ERRD
Casmns
C SQLVE L.INEAR EQUATION AwXmd ay
C ESCALATQR METHOD FOR REAL SYMMETRIC MATRIX A
C AmE#D®F | WHERE ET#F=[
< REFER TO VN, FADDEEVA (1959
Ce#xw  ENTER CIAGONAL SND {EFT LOWER PART FOR MATRIX A

Cowe  ENTER =8(1) TO A(Ne1.D)
DIMENS[ON ALNA11)
[ERR=Q
NP1mN+1
DO 81 JuiN
JMle =]
JP1mJ4]
Cmmena DLJvD)
Coaan  NEED NOT STORE D(J+J3
DSJmACIed)
1F ¢(J4EG,1) GO TO 23
DO 31 Kml.JM1
DJJmDJI+ACIVKI ®ALK WD)
31 CONTINUE
33 CONTINUE -
IF ¢(CJJ+E8.0.2 GO TO 91
Cmwamm ECGlaW
Cann E C1vJ) 15 STORED [N ACJe1)
DO 39 1mJP1iNPL
EiJeA(led)
IF ¢J,E®,1) 60 TO 39
PO 37 KwliJM}
Eld =ElJ
37 CONTINUE
39 ACH [ImELJAONY
[ FElva*l)
Cons FCled+1} 1S5 STORED IN ACl+J+l) DELETING
DO 43 [ale)
ACjvJPLYemaC] o JPLY
1F (1. E8,J) GO TO 43
DC 4% KmI+l4d
21 ACLeJPLIRALT v PLY=ACKs JPL)#ALT+K)
83 CONTINUE
81 CONTINUE
Cons  ACLoN#1) 1S THE SOLUTION XCI2
60 TO 93
Cmmwmn ERROR
91 CONTINUE
WRITE (6+92) J
92 FORMAT €2X.' PIVOT =0, "IN ESCASS+ AT '4[3.v =TH STAGE V)
[ERR=J
98 CONTINUE
RETURN
END

SACTIK)IRACK Y

E{Jels]D

9,99999999E=01
1,99999999E+00
3,99999999E+00
=1,70000000E+01

3.00000000E+00

5,00000000£+00

=24 30000000£+01
4

1. 99999999E+00

6,00000000E+00
«3,20000000E+01

5 0
4,99999999E=01 3,00000000E+00

—_ 21 —
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fé% 3. DPRM @ #lgE & FORTRAN ¥ = b

5T=NO SOURCE PROGRAM

c EX, FOR  DPRM
c EX, 9 ON H3 (P48)

DIMENSJON AC#¢5)4BC4 83 4x(4)
Neg
EPSwi.0E-6
READ (3+12) (€ACI+J)oimiaN)y
READ (5.+22) ({A(I15)+1=1,4N)
READ (5.+12) X
WRITE (&+46) ({AC]+JDoJ=1M)
¥RITE (6+46) (A([152]alsN)
CALL DPRM (N+ABAEPS,IER)
WRITE (6+44) N+ER
WRITE (&442)
WRITE (B+46) X
WRITE (6+48) (A([+15)4]1=1sN)

12 FORMAT (4F6,2)

42 FORMAT (2xy' EXACT SOL. '

44 FORMAT (2X,10[12)

46 FOURMAT {2X+1P4E20.8)
SToP
END

{=14N)

LRESNY, }]

§T=NO SCURCE PROGRAM

Y REFER TQ H3

SUBROUTINE DPRM (N+A.B<«EP5.[ER)

DIMENSION AC1).R(1)
NM=N=1
Cmmmen REQUCTION
DO 11 Le=lsnM
NLad=L+1
L2w2ad([ =1)
IF (MODCL2) EG.1) CALL ROA
1F (MOD(L+2)«EQ,0) CALL RQA
11 CONTINUE
Crmmme= 1=DIM,

CAWNLL2+B)
(BaNLaL24AY

TF (MOD(Ns22.EQ.1) CALL SOLA (N+A+EPSeIER)
IF (MODC(N.2)+E®.0) CALL SOLA (NJBWEPS+IER)

IF C1ER.NE,0) GO TO 91
Ce==== SO VE REDUCED SYSTEM
DO 85 LwlyNM
NLwioL
L2m2wenL
IF CMODENL .22 .E§+1) CALL SRS
IF (MODCNL +2) 1.0} CALL SRS
1F CLER,NE,0) GO TO 91
85 CONTINUE
G0 TC 95
91 WRITE (6492) IER
92 FORMAT (2X,* ERROR [N DPRM»
95 CONTINUE
RETURN
END

{RLeLZvAEPSIER)
AL L2vBVEPSTER)

IER= *,112)

—_ 22 —
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15N ST=NC SOURCE FROGHAM SEGUENCE
Cv REFER TC H3
1 SUBROUTINE RUE (AWNALAWED
4 REFJCE & 103 B FOR PROUETTION METHCD
2 LIMERD[OM A(Lua3(L)
3 NB=NA=L
4 MaAw (NASAYanA
5 wHITE €12 (aC™) ~xlsMAD
[ MATR [ %
] LO e l=1.HE
T DU 26 J=lalg
R/ {d={, =1)Y%NR+]
9 wi=tlely®nB+J
10 M=CI-1)RnA+L
11 Ro=(JT1r¥RA+L
12 CALL MCOAAS LATKII sl Ak ) o la00aB LY eNALD)
13 36 BLJP =0l
[ Ltld Vel TOR
14 L0 40 J=l.c8
15 WOAG 1=1ahE
16 Tilz{Mp+2a{u=1)2=NB4]
17 FJ2=[J1eng
12 Klatl=Lyevael
19 KJu b J=1) #hA+]
20 KAz (hA=])enNa+l
Z1 CALL MCO3AS (A(KII vl eACRU +140,48¢1J12NAEY
. 22 CALL MCOBAS CACKIIo1sACLA2 10,0301 J2) NAD)
: 23 40 BllyzdeBClJLI~ECIJE)
24 KETURN
25 [l
15N ST=15¢ SCURCE FROLREM SEWUENCE
4 WREFFR 10 w3
1 SUARUUTINE SDLE (MadsEFS,IET)
€ SULVE 1-liT#, HRUBLEI
2 GIMENDION ALY
3 Né=mdas {=l)
4 [ERaC
5 [F (RBECALLY) . 3T,1FS) G TU 51
6 1ER=1]
T 60 1D 51
8 31 CUNTINUE
9 VU AL Jzlang
10 Jhe]ad
11 ALJar=alun) ta(1y
12 41 CONTINGE
13 51 CUNTILE
14 RETURN
1% L.ND
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1
|
\
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1$-1 5T=NO SOURCE PROGRAM SEWUVENCE
v REFER 71O H3
i SUBRCUTINE SRS (B'NB.LB1AVERS.[ER)
: < SOLVE REDUCED SYSTEM
i 2 DIMENSION A{Ll)1B(1)
i 3 NA=NB+1
: 4 LA=Lb/2
H 5 MA=(NASLA) #NA
[ BACK SPACE 1
7 READ {13 C(A(M) Msl«MA}
8 : BACK SPACE 1
g DO 81 Jsi,LA
18 JBlu(MNB+2n(J=1)2¥NB+1
i1 <B2mJBl+NB
i2 [IC=0
13 DQ 45 [«l,NA
7 14 [Ja(NA+J=1)#NA+ |
H 1% KAm (NA=]3aNA+]
18 CALL MCE3AS (ALY «NAWBCJBLY+1,ACIU)sRLWNB1D
17 IF (ABS(R1),GT.EPS) GC TO 41
18 [dCmliC+]
19 S0 TO 4%
20 41 CONTINYE
21 CALL MCD3AS (ALY «NAGBCIBZY vl ACT) WR24NBs1)
22 R2mR2=A(RA)
23 TeR2/RY
24 Ti=1.0-7 .
25 [F ¢ABS(T1)«GT.EPSY GO YO T1
2¢ 45 CONTINUE
27 IF (1ZC.GE.NAY GO TO 31
28 [ERmNA
29 GO 1O 91
30 51 CONTINYE
Crmmmea SOL. FOR VYECTOR RL [5 ZERQ
. 31 L0 55 I=14NB
32 Thm{hAs =13 aNAS]
33 lBwiBlel=1
34 A(IA)=B{IR)
as 5% CONTINUE
a8 TAm¢NA+)) #NA
a7 A(lA)=DO,
an 71 CONTINUE
Cmmmm= SOL. FOK T,NE.1.
39 PO 75 (=1.NB
40 [Am(NArje1d#NA+]
41 IplaJBl+]=1
42 1B2e(b1+NE
43 ACIAI=BCIBLY=C(BCIBL)=BLIR21) /T
44 15 CONTINUE
45 TAs{NA+ ) 2NA
46 AlTA)=L.0/T]
47 81 COUNTNUE
48 91 CONTINUE
49 RETURN
50 END
5, 00000000E+UD $,99999999€-01 1,.99999990E+00 1,99999999E+00
3,00000000E+ 00 P, 00UC0000E~CC =1,00000000E+QC 3.00000000E+00
9.59999999 =01 =3,00800000F+50 5,000G0000E+0D T.00000000E+00
3.99999999 U0 9,9995999%E=01 0.0 5, 00000000E+0C
1,99999999E«0D 6,00000000E+00 =1,40C00000E+C1 ¢.0
4
EXACT SOL.
9,99999999E=01 9,99999999E=C1 -1.0000008CE+C0 ~1,0000000DE+GD
9.9999%836E-01 1,00000020E-00 =9,99959642E=01 =~1,000000Q0E+00




I5N

RN R Y o

W

el Ak g

JAERI-M 7553

ffix 4 MTES@#H&EL FORTRAN 1 2 b

ST=ND SOURCE PROGRAM SEQUENCE
< EX, FOR  MTES
< EXAMPLE 1 - 1

DIMENSION AC6+3) +B(2115) 2V (6}+X(6)
DIMENS[ON XE{6)
Nag
Moz
Leb/M
NFORM=2
EPS=1,0E=20
Alla1)=0y
Al643)m0,
DO 21 Imieb
XECTIm]
ACEa2)mB0+]
IF CleLE(5) ACI+3)m20*]
IF €1 eGE,2) ACI+1)ml041n1
VCIImACT 1) #C1=1)+AC] v2) o[ +ALT 33 #C141)
21 CONTINUE
DO 51 [wlN
WRITE (61567 (ACIadd 1 Jmlsl) XECID0V(1)
51 CONTINUE
CALL MTES (A1816+2+21¥2EPSILLIX)
WRITE C61#3 NeMol oNFORMy[LL
WRITE (61222
32 FORMAT (2X:' EXACT SOL, + XC[)u] ')
WRITE C61667 (AC1}elmleN)
56 FORMAT (2X4L1PSE$6,8)
66 FORMAT (2X1P6EL6.8)
STOP
END

ST=NQ SOURCE PROGRAM SERVENCE
SUBRCUTINE MTES C(AsBsNsHaNFORMaVERSHILLA XD

<
[dadyddauds MULT TERM EQUATION [ddddddddd daddddddddadzaddidaddaddddaas

C SEEK THE SCLUTION OF MULT[=D[AGONAL LINEAR E@UATION
C (SINGLE PRECISION)
[ MAR., 27 rT2 T.FUJIMURA

<
CONDITIONS =====
ABOUT THE (NJNJ=MATRIX
ie N LGE. 1L _
1, 1T I5 (2M=1)-PLE (1,LE.M.LE.N) DIAGONAL MATRIX SUCH THAT
1. M 15 A DIVISOR OF N {LET N/M=L3
1, ANY {MyM) DIAGONAL SUBMATRIX 1S NON=5INGULAR

[adalala¥aRalal

OMMENTS .
B we==== COEFFICIENTS ARE STORED
IT SHOULD BE DECLARED *DIMENSION B(Mi2N+3)* [N
USERS PROGRAM
MULTI DIAGONAL PART OF (NoN)=MATR[X |$ STORED IN
FIRET 2ZN={«M+1 COLUMNS :
LAST M*L+2 COL, ARE WORK AREA
ORDER UF SOURCE MATRIX
NWUMBER™ SUCH THAT 2M=1 = NO. OF TERM
(= MULTIPLICITY OF DIAGONALY

NFORM == PRESENT UATA FORM
NFORM = 1 IN DECLARED SRUARE ARRAY ACNWN) AS USUAL
NFORM = 2 IN DECLARED RECTANGULAR ARRAY A(N«2M=1) AS
FOLLOWS
ACIsJ) 15 (lal+)=M} E{EMENT
FOR (M+1).LE.(1%J),LE. (N*M}
COGNSTANT WECTUR DECLARED 'V(N)?
SEVERITY GF NON=SINGULARITY CHECK
ILL =~== PARAMETER FOR ILL CONDITION STOP
L = 11 N,LE.O
TLi = 12 M LE.Q OR M.GTWN
[LL = 13 MOD(N+M) /NE. D
L = 20 SINGULARITY CHECKED
X mwwem= SOL, VECTOR DECLARED 'X(N)T

AUT ION 8 15 DELETED AFTER CALLING
THI5 KOUTINE

DIMENS{ON ACNs1)aB{Mel)eX€130V(L1)

U]

Fa Yo B A N a N aNaTaXalaRalaRalalaNalataRalakataRalakakakalky

mmmzwmaxw ANG, CHECK ’
If CN,LE,0Y JLL=11
IF (M,LE.O .OR+ M.GT.NJ [LL=12
IF CMODCN M3 JNE,C} ILL=13
[F CILL.GT.0) GO TO 413

= CONSTANTS
LaN/M

NMM=N=M
MMjaM=1
LMI=L=1

— 25 _—
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1IN ST=NC SUURCE PROGRAM t MTES 2 SEGUENCE
! 12 NCaN+MML¥LMY
H < ENU COL. OF AT B
] 13 NF=nC+M
C ENU COL, OF F AT B
14 NE=NF+L
[« END COL. OF G AT B
15 NTaNG+1
C END COL. GF T AT B
16 NP=NT+]
C END COL. OF & AT B
C
Cummmzszmx DATA ARKANGEMENT
4 (ASSION A TO B)
17 DO 31 Talan
18 Jimi=Ms] MM
19 JZ=1+M=1 +MM]
40 IB=MOR{1=1M3+1
21 TRe{l=1B)/m +L
22 DO 31 JPLUS=JlaJi
23 JeRLus=mml
FL IF (JuLT.1 +QR. J.GT.NY GO T2 31
C ——~ {lsJ? ELEMENT
25 ETIJ=ACI v 2
c FRUM RECTANGULAR
26 IF (NFORM,EQ.Z) ETIJ=AL{L Q=] +M2
C ———BLOCK
27 JARMUD{J=1+M) 21
28 JR=(JegA)IM +1 -
29 [F CLK.GT.JK) GO TO L1
30 IF CIKaLTeJK GO TO 21
L w=m DOIAGONAL SUBMATRIX
3l BB JImET LY
32 G0 TO 31
4 ——— UPPEHR TRIANG, SUBMAT. C{LIK:iK-1)
33 11 CONTINGE
34 JEmJA=1 N+ (IK=1) #MML
35 BL1BsJAYSETIS
38 G0 Tu 31
’ C e LOWER TRIANG. SUBMAT, CUJ€eiKs+1)
37 21 CONTINUE
38 JBm A #N+{JK=2 ) #MML
; 39 BCIB+JBY=ETI
: 40 31 CONTINUE
[4
Comusmcwwm F 4G CAL.
a1 DO Ti k=il
[y KMlwk=l
43 RMZ=K=2
G4 KIM=LM L &M
[}] K2MBAMZEM
46 KLuN+KM2#MML
47 KGENF +K
48 F KR, ETL) 0 TU &l
4 ~u= G(LY CAL-
49 PO 33 I=l.M
50 BT eNF+1I=Y (02
5L 33 CUNTINUE
.52 G0 TO 69
[« arm L(KeR=13HC(K=1 k=1 eu(=1) CAL,
53 41 CONTINGE
54 DG 45 [=l.M
5% IP1=1+1
b1 DO 45 UmleM
57 JBaNC+J
54 Bil1J8) =0,
59 IF {1.GE. .M} LU TS 48
&0 BO 43 lJ=ipism
&l Bl e HIMBCL v BI+BL] KLY [ Jal1) 3L JeK2Me )
62 43 CONTINUE
63 45 CONTINUE
< wee G(K) CAL,
64 DO 53 l=1.H
65 BOLeKGY =Y K1M*1)
(1) DO B3 julaM .
67 BCI o KGI=B (] eRGI =Bl aNCe ) #BLJKG=1)
68 33 CONTINUE
C -=w F(K) CAL.
69 DU &2 1=1M
70 DO 65 JaluM
73 1IF {J.GE.M) GO TU 85
72 JP1mJ+1
| 73 GO 63 JJU=JPLeM
' 74 FI RISt TSRV S ENFEL YL IL WG L L I QAT SN
T5 63 CONTINUE
16 £S5 CONTINUE
77 89 CONTINUE
C
C ~—e F{x}es(=1). CAL.
C (MaM}=MATRIX [NVERSION
78 DO lul [=1.™
79 BLLaNPI=[eD. 3
80 DO 0L J=l.M
81 JCRK LM« J
82 JFENC+
83 BLE SR Yo (] edC2
a4 101 CONTINUGE
(3] DU 1060 MMalaM
a6 1Jk=1
LK) B {LlanC*1)
a4 IF (MM.EG.M} @Y TO 30
as . [Jy=M=pta L
90 DU 12 1=2.1J0V
91 CmhCe]
92 S=BCIaIC)
33 1F (ABS(S),LE.ABECR)Y 50 TO 102
94 LJk=l
95 H*5
96 102 CUNTLNUE
97 10 CUNTINGE
98 TF CABSCKY ,LT.EPB) GU TD $%9
99 IF {5JR.tw, 12 GO Ty 2U
108 TdL=bel vnEd
101 BCLiWPI =B L] K NP)
X 102 BOLI NIl L0, 2
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4
i

(£:1]
103

152
133
154

155
136
437

159
160
161
le2

163

200
401

sT=nO

103

20

&

1¢

10

w

106

10

a

333

1000
C

108

JAERI-M 7553

SOURCE PHROGRAM U MTES ) SEGUENCE

DO 103 I=im

TEMP=p{] «NC*1]
BCIeNC+LI=B LI aNC+TIK)
BLLWNC+] JRy=TEMP

CORT INUE

CONT INUE

BC(LNTYml,/H

1F {M,LE.1) GO TO 333
DO 134 [=2.M
B{IaNT)®B(1aNC* |3 /R
CONTINYE

DO 106 =1 MML

DO IUS Jel MMl

BOLaNCe 3mBC I+ LaNCrJ+1)mB LI+ LINTI#BC]+1NCa 1)

CONTINUE

BOTaNFI®=B(LaNT)#B L +1aNCrL)

CONT INUE
[JL=B {1 NP

DO 1T lelymMl
BELWNPYmBE[+1eNP)
BAMINC [ mBEI+TaNT)
CONTINUE
BCMaNPY = +0,3
CONT | NUE

B{MaNE ) mB{lNT)
CONT INUE

DO 110 j=l.MMl
Ievmd L] NP}

1F C).E@IPV) GO TO 110

IP1=]+1

DO 108 Jw|PLl.M
JPvas(J.NP)

IF {1 EQ.PV) GO TO 40
COnTINUE

CONT INLE

IJL=8 L] NP

BOIANPI®E LIANRD
BOJaARIm|JL+0 3

BO 109 MMmIMm
TEMPRB (| «NCHMM)

LT o NC+MMY mB L L NCHMM)
B{JaNC+MM) =TEMF

CONT INUE

CONT INGE

00 200 =1

PO 200 JmleM
BCLakIMe ) =B oNCH )
CONTINUE

CONT INUE

Cummnamwaw 3 CAL,

2

w

DU 381 Kml,L
KvalL=g+1
IF CEV.LT.L2 SU TO 321

=~= X(L) CTAL-
DU 315 [=1m
11mNEM +1
X(11r=0, ’
DO 215 J=l M
JlaNMms )

ECILrmxCl1d+bLiad1)#B{JNG)

CONT [NUE
GQ TO 341

Cm=memam== X(KV) CAL.
c == FORVI®##C(=1) * GKV3 CAL,
321 CONTINUE |

an

w

el
363

001

1

KVimiky=1) M
KvM=Eyam

KVNa (Kym])#MM]
DO 355 [ml.M
[l=Kvlis+]

x(11 =0,

DY 335 Jel.M
Ji=dvley

XCILImX (1o eBCiadl)#BLUaNF+EY)

CONTINUE

=== FLKVIR®(=1) ® C(KVaEW+1) CAL,

00 363 [mlumM

DO 383 Jml.M

J1=NCe

BCIadl =0,

IF (J.GE.M) GO TO 3e3
PLAE BN

DO 361 1JmJPleM

BC(leJdi)m CRSENM LTS RY ST IHET- 1 INEY T Y SVIVEN) )

CONTINUE
CONTENUE

== XCXV) CAL.
PO 373 |aiM
IlmKvle]
0D 373 Jal.M
JlmNCe

XCLL2wX C1L=B801 21 *K{KyM+ )

CONT INUE
CONTINGE
GO 1o 199

=wm ERROA CONUITION
—m= ARG, ERROR

CONTINUE

WRITE C&e412) [LL

FORMAT (10X« *ILL COND.

G0 Tu 199

=== FA{L INVEKSION
CONT INGE
ILL=20 }
WRITE (6410010 ILL.K

ON ARG, Ik SUBR, MTES » iLie '4[3 )

FORMAT (10X« ‘'UNABLE [NVERSION IN SuBR. MTES « ILL® *a
bl

I19:05Ks  TFAT. 8,
[JRaM/g «1
DO 112 TJL=lslJK

1

31
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JAERI-M 7353

; 1SN ST=NO SOURCE PROGRAM { MTES ) SEQUENCE
: 202 TJriele([JIL=12%7
203 [JK2=] K146
204 IF CIJL,E@,IJK) [JK2=M
203 WRITE (6410022 (([)vIwiik1alJK2)
206 1002 FORMAT (2X2T(3X41T))
207 DO 111 l=l.M
i 208 WRITE €641003) [+(BCIaNC+IY e 2w]IK141JK2)
! 20% 1311 CONTINUE
! 210 1003 FORMAT (5HD W15 TELS, 5
211 WRITE (6410042
212 1008 FORMAT /£
213 112 CONTINUE
214 199 CONTINUE
245 RETURN
216 END
[
0,0 5,09999999E+01 2,09999999E+01 9,99999999E-01 9,29999959E+01
1.09999999E+01 %, 199999996401 2,19999999E+01 1,99999999E+00 1,80999999E+02
1,19999999E+01 5,2999999YE+01 2,29999999E401  3,00000000E+00  2,74999999E+02
1,39999999E+01 5,39999999€+01 2,39999999E+01 3,99999999E+00 3,74999999E+02
1,39999999E+01 5.49999999E+01 2,49999999E401  5,00000000£+00  4,B0999999E+02
1,49999999E401  5.59999999E+01 0.0 6,00000000E+00  4,10999999E+02
6 2 3 z 0
! EXACT SOL, « X(12=]
; 9,99999970E=01 Z,00000003E+00  2,99999994E+0C  4,00000011E400  5,00000000E+00  6,00000000E+Q0
|
T
¥
I
[
|
i
b
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