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ABSTRACT

This report documents an investigation of
three recent programs for the solution of AX = B

where A is symmetric and sparse: the Yale Sparse
Matrix Package ; the Munksgaard subroutines; and

the Mesztenyi-Rheinboldt subroutines. The first

two programs compute in-core solutions; the third

uses random access to obtain its solution . The

performance of these three programs is compared
with that of a previously developed out-of-core

equation solver , CSKYDG2. The two in-core

equation solvers (especially the f i r st) are
faster than CSKYDG2 ; the third is slower. All

three provide the same degree of accuracy as
CSKYDG2 , but they require large amounts of core
storage. It would appear that the two in-core

equation solvers are not suited for use on the

CDC 6000 series of computers in their present

form due to the limited amount of core storage

available. Although the third equation solver

does not require as much core storage , it does

not perform as well as existing out—of-core

equation solvers which use the same or lesser

amoun ts of core storage .

INTRODUCTION

One of the long range projects of the Computation ,

Mathematics , and Logistics Department has been the development
of mathematical subroutines suitable for use in the computer-

aided structural analysis of ships. Many unrelated effor ts
in both government and industry have resulted in computer

1

-— .—.— .—~ -. ~~~~~~~~~~~~~~~ ~~ 
.—... -.—

~~~~~~
,. —..-.

~~ —



programs that treat particular classes of structural problems.

These programs often involve the solution of similar mathe-
matical problems but, since the solutions are reached
independently, the efficiency and accuracy of the various

algorithms used may vary greatly . The need to coordinate

these diverse ef for ts, to develop improved methods of more
general applicability , and to produce more comprehensive
programs for solving Navy structural problems became obvious.
A project was therefore established to coordinate research
efforts involving mathematical and computational methods in

the area of structural mechanics and to integrate the work of
mathematicians , computer specialists , and structural engineers
in this field.

The present considerable interest in the finite element

approach to structural analysis is evidenced by the wide-
spread use of NASTRAN (NAsa STRuctural ANalysis program) and

other such programs . According to the NASTRAN Theoretical
1*Manual , “From a theoretical viewpoint, the formulation of a

static structural prob lem f or solution by the displacement
method is completely described by the matrix equation KU=P .”

Thus , there is a need for accurate efficient computer sub-
routines capable of solving these large sparse positive

definite systems of simultaneous linear equations . However ,

the order of K is of ten so large that, even when advantage
is taken of K’s symmetry and banded structure , it is not

feasible and sometimes not even possible , to store K in the

core memory of a computer .

This report compares three recently developed programs

for solving KU=P , where K is a matrix of very large order ,
with one of the author ’s previously developed out-of-core

equation solvers.

* A complete listing of references is given on page 35.

2
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THE PROGRAMS

The following programs are considered in this report:

• The Yale Sparse Matrix Package2’3 is a collection

of subroutines which can be used to solve both symmetric and

non-symmetric systems. It uses algorithms developed by

Eisenstat, et al.2’3 This package is to some extent proprie-

tary since limitations are placed on its use and distribution .

• The Munksgaard collection of subroutines4

implements Duff’s algorithm for solving sparse syrnmeyric

systems. It can obtain a stable decomposition of K in both

the definite and indefinite cases.5 This program was

developed at the Technical University of Denmark ~nd the

Atomic Energy Research Establishment of the United Kingdom.

• The Mesztenyi-Rheinboldt package of subroutines6’7

can be used to solve both symmetric and non-symmetric systems

by means of triangular decomposition . These subroutines are

intended for use with systems whose coefficient matrix K will

fit into core but may not do so after decomposition . Some

of these subroutines were modified by the present author to

more efficiently utilize the random access storage capabili-

ties of the CDC 6000 series of computers.

• CSKYDG2 is an out-of-core Cholesky algorithm

equation solver developed by the present author .8 It makes

use of auxiliary storage via the random access capabilities

of the CDC 6000 series of 
computers.3



THE TEST EXAMPLES

EXAMPLE 1

The matrix family of Table 1, A~2 , is generated as

follows: Let N be an integer ~ 3. Let CN 
be the tridiagonal

of order N with 4’s on the diagonal and a line of -l’s above

and below the diagonal. Let ‘N be the identity matrix of

order N. An (N+l)-banded matrix of order N2 , A~ is constructed

by

1. stringing N CN submatrices along the diagonal ,

2. inserting lines of N-l 
~
‘N submatrices above

- and below the diagonal , and

3. setting the remaining elements of A~2 equal to 0.

Application of Gerschgorin ’s theorem shows AN2 to be positive

definite. The right—hand side of the system A1~2X = is

chosen such that all components of the exact solution vector

except the first , which is 1, have the value 0.

EXAMPLE 2

The matrix family of Table 2, A~2 , is generated as

follows : Let N be an integer 1 3. Assume the real symmetric

matrix of order N2 and bandwidth N with N2 on the diagonal

and -l elements filling out the rest of the band . Then change

the value of each zero element in the last N rows and columns

to a -1. As before , Gerschgorin ’s theorem shows A.~2 to be

positive definite . Note that from the viewpoint of bandwidth ,

is a full matrix. The right-hand side of the system

A~ 2 X = DN2 is chosen such that 
all, the components of the exact

solution vector , except the f1 , which is 1, are zero.

4
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TABLE NOTATION

The solution times for A~X = B
N 

and A~ X D
N 

are

tabulated in Tables 1 and 2, respectively . The CSKYDG2 times

were originally run on the CDC 6600 at DTNSRDC.8 The other
programs were run on the CDC 6400 at DTNSRDC and the resulting

times were divided by 3 to give the equivalent CDC 6600 times.

The column headings are defined as follows :

N - the order of the system
M - system bandwidth

TORDER 
- the time required for the ORDV subroutine from

the Yale package to reorder the system
TSOLVE 

- the time required for either the SDRV subroutine
from the Yale package or CSKYDG2 to factor and

solve the system

TTOT~~ 
- the total time required by a program to solve

a system
TDECOMP 

- the time required for either the INDANL
subroutine of the Munksgaard program or the
SDECO1 subroutine of the Mesztenyi-Rheinboldt

program to factor the coeff icient matr ix
TBACKSUP 

- the time required for either the INDOPR
subroutine of the Munks gaard program or the
SSLV subroutine of the Mesztenyi-Rheinboldt

program to solve the factored system

TSETUP 
- the time required by the SETUP preprocessor

subroutine for CSKYDG2

(The above times are given in terms of CDC 6600 CPU seconds.)

5
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OBSERVATIONS AND CONCLUSIONS

An examination of the times in Tables 1 and 2 indicates

that the Yale program is the fastest by far of all four

programs , ranging from several times up to 15 times faster

than CSKYDG2 (total time). The Munksgaard program is at best

some 4 to 5 times faster than CSKYDG2 (total time) for

example 1 but just noticeably faster than CSKYDG2 (total time)

for example 2. Why the Yale program is so much faster than

the Munksgaard program is not immediately clear .

The Mesztenyi-Rheinboldt program appears to be somewhat

slower than CSKYDG2 because CSKYDG2 moves several rows at

one time in out of auxiliary core storage whereas the present

version of the Mesztenyi-Rheinboldt program moves only one

row at a time . (As a matter of fact the UNIVAC version of the

Mesztenyi-Rheinboldt program moves individual elements . This

was changed to row movement by the present author when con-

verting the program to the CDC 6000 series of computers.)

The Yale and Munksgaard programs have a tremendous

time advantage over the Mesztenyi-Rheinboldt program and

CSKYDG2 because the first two programs do everything in core

while the latter two programs use random access to move rows

in and out of auxiliary storage . However , a field length of

300000 CM was required to obtain the times given for the Yale

and Munksgaard programs in Tables 1 and 2 even though the

simplest of driving programs was used . (The Mesztenyi-

Rheinboldt times required a field length of 225000 CM.)

Clearly the use of some device such as “over lay ” would be

required to make use of either the Yale or the Munksgaard

program in some applications. The Yale and Munksgaard pro-

grams are really suited for computers such as the Texas

Instruments ’ Advanced Scientific Computer which have abundant

core storage , although the programs would have to be rewritten
for the most part to obtain the full benefit of 

the8



computer ’s optimizing capability . For further testing on the

CDC 6000 series these programs should definitely be modified

by the introduction of integer packing and unpacking sub-

routines to save core storage by cutting down the size of the

integer arrays.
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PROGRAM LISTINGS

Listings are provided for the Munksgaard and Mesztenyi-
Rheinboldt programs since it was necessary to obtain the
times in Tables 1 and 2. Listings for CSKYDG2 and the Yale

program will be found in Gignac8 and Eisenstat et al. 2

respectively . As noted previously , the Yale Sparse Matrix
Package is considered proprietary in some sense .

11
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THE MESZTENYI-RHEINBOLDT PROGRAM

SUBROUTI NE SINTOL
COMMON PIOCS ,F0 7 ,RY 10000 ,CYU0000 ,*U1000),AN (t600) ,NO (1600)
COMMON NDII ,Folfl ,RY Z3OU),Cy (23000 ,Au3100),AN (L600 ) ,NDeI600),
I IE (t6OO),IN (tf ,OO ),1P(t6OO),INDEX (t~ Ot) ,Bt16OO ), X(L6OO)
IN TEGER RY ,CY

C
C • INITIALIZE SYMMETRI C STRUCTI.~ E ANO COEFFICIENT ARRA YS •
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •.••••••...•••••e•••.•••••••••••..••••
C

NZMDII)
ND (S) ~N
FO ( 3)
00 10 Iz1,N
AN (IIzO.
RY (I)4
CY (I)ZI

10 NO (I)1
RE fUR N
E NO

SUBROUTINE SBLOOI (I,J,V
• COMMON MD (8),FO (7),RY (10000),CY(t0010),* (I1000),AN (t600) ,NO (1600),

COMMON $O ($),FD (T ),RY (23000),CY (23010),A (23000),AN (1600),M0d1 600),
I IE (i6QO) ,IH (I~ 0O),IP (L6OO),IN0EX(1~ 01),B(I60OI,X(I600)INTEGER RY,C Y

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C • BUILD SYMMETRIC STRUCTUR E AND COEFFICIENT ARRAYS •
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~
C

S.v•v
FO (3)=AMAXL (F0 (3) ,ABS ( V) )
AN (I) AN (I ).S
IF (I.EQ.J) GO TO 20
N0 (5) ND (5)~ L
NO ZMO (5)
A ( N 0 ) z V
AN (J) AN (J)+S
NO( IIzNO(I)~~L
NO (J) N0 (J)+L
IF iI.GT.J) GO TO LU
RY( N0)= RY ( I )
CY (NO )~CY (J)
RYiI )~ MO
Clii) ~ MORETURN

10 R Y ( M 0 ) a R Y t J )
CY (NO)~CY(I)RY (J ) zNO r

“~‘fS~RETURN LI
EN D

12
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SUBROUTINE 5DEC 01
COMMON N0 ($hFO(?),RY(23000),CY(23000),A (23000),AN (1600),NO (1600),

1 IE ( 16 0 0) , I N ( 1 6 0 0) , 1P 1 1 6 0 0) , I N D E X ( 1 6 0 1 1 , B ( 1 6 0 0 ) , X ( 2 6 0 0 )
INTEGER RY,CY
DIMENSION 88(1600)
COMMON /ONE! L IMX ( i 600)

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C • DECOMPOSE SYM ME TR I C MATRIX •
c
C

Nzl D( 1)
ND1~ )aO
FO(5) ~0.FDi6)21.
FDU)zO .
FD(~~) O .
MISS 0
NDI6) 14015)
M DC? ) :14015)
M0(B ) ’ O
00 10 I~ t ,N
FDi7)~~FO17) .ALO G(AN IIU

10 1P (I) 1
FO( TI *0. 5~ FO( 1)

• CALL SVNI
C
C LOOP ON PIVOTiNG
C

00 250 Iz1,N
K 0
IF (I.EQ.N) GO TO 30

C
C SELECT PIVOT BY MI NIMAL DE GREE
C

NOX~N~t
AX sO.
DO 15 J~I,NI X s I P  (J )

15 A X gA I4AXL (A * ,A SS (A (IX)))
AXsAX ’FO (Zl
00 20 JaI,N
IX’IP (JI
IF (ABS (A(IXI).Lf.AX) GO TO 20
IF ( N O C I K I . G E . N O X )  GO TO 20
NOX zNO (IXI
I Vs J

20 CONTINUE
IF ( I .E ~2 . I Y )  GO TO 30
Jz IP(IY)
IP( IY)~~IP (l)
IP(I)~~J

C
C COLLECT THE RON AND COL UM N OF THE PIVO T
C ALSO DELETE THEM FR OM TIlE STORAGE
C

30 IX’IP (I)
S~ *CIX ) —

BES[AVAUAB~E cOP~
13
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IF (ABS (S) .LT.FO(t)) GO 10 300
IF (I.EQ. N) GO TO 110
IY1*0
IYsIK

~ 0 IYsRY (IY)
IF (IY.E Q.IX) GO TO 70
I Z~ IV

50 IZ~ CYIIZ)
IF (IZ.GT.N) GO 10 60
KakI1
IL(K)~ IYIH(IOzIZ
AN I K ) zA( I Y )
A (IY)~~0.
NO (XZ I NO (IZ) 1

60 IF (CY (IZ).NE.IYI GO TO 50
CY (IZ)~ CY (IY)
CY (IV)~ I4M
MN~ IVGO TO l.a

70 IYSCY (IY)
IF (IY.EQ.IX) GO TO 100
IZzIY
IYIsIY

00 IZ~ RY (IZ)
IF (IZ.GT.N b GO TO 90
K~~ •1
ZE (K)~~IY
ZH (KI IZ
AN (K)sA (IY)
A(IY)s0.
N D ( I Z ) = N 0 ( I Z )  —1.

90 IF (RY (IZ) .NE .IY) GO TO 00
RY (IZ)zRY (IY)
GO TO 70

100 IF (IYI .EQ.O) GO TO 110
CY (IY1)~ NM
NM~CY (IX)

C
C MODIFICATION OF THE ROW EL EMENT S
C

110 FO (~~)sAMAX 1 (FO (l,) ,ABS (S) )
FD (5)=FD (5)+ALOG (ABS (S))
IF (S.LT.0.) FD (6)~ —F0 (6)

• CALL SVH (— IX,SI
BB (1)s-IX —

ntcfA\I ~~~~P501 0) sMO(S)+1I~~~K I~t i 1% .. ~ . 
— -

• IF (K.EO.0) GO TO 250
IF (K.EQ.O) GO TO 2~9
00 115 J~1,KAN ( ii sAN ( il/S
CALL S VN ( I N ( J ) , AN (J ) )
BS (LIN— 1) ~IH(J)
8B4LIMI~ AN(J)
F O i l . ) s A M A X I ( F O (  1 )  ,ASS( AN (ii))

14 
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115 LIN z L IM 2
K 1~ K —I

C
C LOOP FOR TIC CROSS—POINT ELEMENTS
C

00 21.0 Jz1,I(
J1~J,1
IZzIH (J)
ZzIN (J)
A (IZIzA (IZ)—S•Z~Z
FO (l.)sAKAXI(FO(4.) ,ABS (A(IZ I))
IF (J.EQ. K) GO TO 21.0
00 230 JJ~Jt,KJZ*IH (Ji)
I1~MIN01IZ,JZ)I2zMAX O(I Z ,JZ)
LI sRY (I I )
L2~ CY (12)

120 IF ((L1.EQ.I1).OR.(L2.EQ .12)) GO TO 1~.0
IF (L1.EQ.L2) GO TO 22 0
IF I L I . G T .L 2 )  GO TO 130
L2~ CV ( 1.2 )
GO TO 120

130 L I ~~RY (L 1)
GO TO 120

C INSERTION OF A NON— ZERO ELEMENT
11.0

NO(I2F ND(12) ~1
MDI 7) 140 (7 I .1
IF (MN.NE.0l GO ro 170

C USE NEW STORAG E
PlO 1 6) :140 ( 6) +1
IF I M 0 I 6 ) . G T . M 0 ( 2 ) )  GO TO 310

160 L1~~ND ( 6)
A (1. 1)~~O
R Y ( L 1) : R Y ( I 1 )
CYILI)=CY (I2)
RY (I1) 1.t
C V 112) ~LL
GO TO 220

C USE AV A ILABL E STORAGE
170 Li~ MM

HISiCY (ISIS)
L3.IL
L 2 I2

180 IF IRY (L3) .LT.L1) GO TO 190
L3sRV (L3)
GO TO 180

190 RY (L1)~ RYIL3)
RY (L3) LI

200 IF ICY (L2).LT.Li) GO TO 210
L2~CY (1.2)
GO TO 200

210 CIIL1)~ CY (L2)
GY (L2)~ Lt

C WRITE OUT CROSS—POINT ELEMEN T —

220 A (L1)aA (L1)-AN(J) ‘ANIJJ) •S CO

15
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230 F 0(1.)~~A M A X 1 ( F 0 1 1 . b  ,A S S ( A ( L 1 I ) )
21.0 CONTINUE

C END OF MODIFICATION L OOP
• 250 CALL SVW (—IX ,S)

21.9 BB (LIN—1 )a— IX
BB(LIM)aS
LINI ( I)~ L IM

250 CALL WRITNS (T,8B,LIN ,I1
C
C END OF PIVOTING LOOP
C
• CALL SVW E

RETURN
C
C SINGULAR MATRIX
C

300 M0(1.)1
RETURN

310 P0(1.1:3
RETURN

C
E NO

~ ç~Vi~.
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SUBROUTINE SSLW (NO,X,Y)
DIMENSION NO (1) ,X(1) ,Y (II
OZISENSION 08(16101
COMMON ~ONE/ LINZ(1600)C • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C • BAC K SUBST I TUT I ON FOR SYMME TRI C OECO MP ISE O MATRIX ‘
C • ••e.•e•..•e.••~.e •••••••••.••••.•••••••.••••••••••
C

N~~’SO (1)
00 10 I~~t ,N

10 Y (I )~~X ( I )
• CALL SVR I

I aO
C FORWARD SUBSTITUTION

20 CALL . SVRF (L2,Z1
20 1*1~ 1

CALL READPIS (T,BB,LZMIIL) ,I)
• L2~—L2LZ~~BB1t)SzV (1 2)

LINE’.
• 30 CALL SVRF (LZ ,Z)

30 LZzBB (LIN—1)
Zz88(LIM)
iF 1L2 .LT.0) GO TO 1.0
V (L2 )=Y (L2)ZS
LIN~L.I Nez
GO TI) 30

1.0 IF (1.11.14) GO TO 20
C 8A C KHA J ~0 BA C KS UBST I TUT IO N
• 50 CALL SVRB (L2 ,Z)
• Jz-L2

50 CALL REAONS (7,88,L INIII ) ,i)
LI N* LI MI (I)
Jz—BB (LIII — 1)
Zz BS ( Li P )
Y (J )sY (J ) F Z
IzL—1

• 60 CAL l. SVRB (L2 ,ZI
60 LIN LIII— 2

L2~ 8B(L1I (-1)
Zzl$ILIN)
IF 1L2.LT .O) GO TO 70
Y(JI ‘Y (J)—Z4Y (L2)
GO TO 60

70 IF (I.GT.0) GO TO 50
RETURN

C
£ NI

BEStAVAI LABIE . CO~Y
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THE MUNKSGAARD PROGRAM

SUBROUTINE INDANL (A ,INDI,INO2,NZI,I A1,I A2,N,IN, IP,O, G, IJ, W)
• IMPLICIT REAL •$ ( A — H , S — Z ) ,I NTE GE R (I—R I

IMPLICIT REAL (A— *, S -Z) ,I NTE GER ( i — R I
• DOUBLE P RECISION A U A 2 ) , D ( N ) , W ( N )

DIMENSION A ( 1 A 2 ) , O ( N ) , W ( N )
INTEGER IP (N ,2),KP (2),KL(2 1,JP(21,FIL

• INTEGER’? IW (N,7) ,INO1 (IAI), 1ND2 (IA2)
INTEGER IW(N,7) ,INDI (IAI),INO2 (IAZI
LOGICAL FIRST ,STABI,STAB2
COMMON /INDEFIIFIL, NUEL ,LROW,LCOL .,NCP,NUCI .

C IP (I,1b,IP (I,2) POI NT TO TIC START OF RGW/C3LUNN 1.
C IW(I,1),I W (I,2) HOL D THE NUMBER OF NONZEROS IN ROW/COLUMN I OF THE
C LOWER TRIANGULAR PART OF A.
C DURI NG THE PAIN BODY OF TH IS SUBROUTINE THE VECTORS IW (’,3),IW (~~,1.)
C IW (’,5) ARE USE D TO HOLD DOUBLY LINKED LISTS OF ROWS THAT HAVE
C NOT BEEN PIV OTAL AND HAVE EQUAL NUMBER OF NONZEROS .
C IW (I, 3) HOLD FIRST ROW /COLUMN TO HAVE I NOPIZEROS OR ZERO IF THERE
C ARE NONE.
C IW (I,4) HOLD ROW /COLUMN NUM8ER OF ROW /COLUMN PRIOR TO RON I IN ITS
C LIST OR ZERO IF NONE.
C IW (I,5) HOLD ROW ICOLUNN NU MBER OF ROW/COLUM N AFTER ROW I IN ITS LIST
C OR ZERO IF NONE .
C IW (’,b) AND Iid(’,r) ARI USED TO UNPAC TIlE PIVOT ROW(S) INVOL VED IN
C AN ACTUAL ROW OPERATION.
C DURING THE MAIN BODY OF THE SUBROUTINE INDI AND 1N02 KEEP A COL UMN
C FiLE AND A ROW FILE CONTAINING RESPECTIVELY THE ROW N UMBERS OF
C THE NON-ZEROS OF EACH COLUMN AND THE COLUMN NU MBERS OF THE NON—
C ZEROS OF EAC H ROW . THE NON-ZEROS Of A FOLLOW S THE ORDERING OF THE
C ROW FILE 1N02. THE IF ARRAYS POI NTS TO THE START POSITI3N IN IND ?
C (AND A) AND INO 1 OF EACH ROW AND COLUMN.
C

DO 5 I1, 14
DO 1. J=6,7

1 INII,J)=—1
0(I) Q .
W (i):0.
00 5 J 1,5

5 IW (I ,J) 0
Gz0.
NZ=NZ I
NUEL NZ
L 1

C
C CO UNT NU ISBER OF ELEMENTS

DO 20 IDU,IMY :1,NZ
IF (L.GT .NUE ~, ) GOTO 25
00 10 K:L, NUEL ,.(

,.
~ /

I INDI(K)
J IND2 (K)
IF (I.LT.1 .OR . I.GT.N) GOTO 610
IF (J.LT.1 .OR. J.GT.N) GOTO 610

• GIzOAD S (A (K))
GI ~ A 8 S ( A ( K ) )

• G O M A X I ( G I , G )
G~ A M A X 1 1 G I , G )
IF ( I .E Q .J )  G O TO 15
IF ( W ( I ) . L T . G I )  W ( i ) = G I  . /

l8~~~~~~~~~~’



IF (W (J) .LT.GIPW (J) aGI
ZW(I,1)=IMII,1).1

10 IW (J,2)=IWIJ,2).1
GOTO 25

C
C CHECK FOR DOUBLE ENTRIES ON THE DIAGONAL AND REMOVE D IAGONA L FORM
C THE FILE.

15 11=1
J~ I
IF ( 0 ( I ) . M E . . 0 I  GOTO 650
O (I) A (K)
I. ~K
A (LI ~A (PIUEL)
IPIO1 (L)zINDI (N IJEL)
1N02 (L):IM02(NUEL )
INOI (NUEL )*O
INO2 (NLELIZI

20 NUE L :NUE L —1
C
C NCP IS THE NUNBFR OF COMPRESSES PERMITTED BEFORE A WORMING RESULTS.
C NCP IS TIlE NUMBER OF COMPRESSES.

25 NCP~O
M CP= M AX O ( N/ t O.  2 0)
NZ NUEL
LCOL NUEI.
NUCL~ NU EL
IRON : NUEL

C
C CHECK FOR NULL ROW AN D INITI ALIZE IP (I,L) AND IP(I,Z) TO POINT JUST
C BEYON T WHERW THE LAST CONPDNE NT OF ROW/COLUMN I OF A WILL BE STORED .

K I t
KJs 1
00 30 I 1,N
KI I(IIIW(1,1)
KJ :KJ +IW (I .2)
IPII,1)=KI
IP(I,2)=KJ
IFIIW (I,II4IW (I,2).LE .0 •AND. O (I).EQ.0.) GOTO 630

30 CONTINUE
C
C REORDE R BY ROWS USING IN —PLACE SORT ALG O RIT H M.

00 50 I~ i ,N Z
ZR I I M O I ( I )

C IF IRI IS NEGATIVE THE ELEMENT IS IN PLACE ALREADY .
IF (IRI.LT.0b GOTO 50
ICt~~I N O 2 ( I I
AI A (I)
K1=IP (IRI, 1)—I
DO 1.5 IDUMM Y I,NZ
IF (I .EQ.K1) GOTO 1.6
I R 2 = I N O I ( K t )
1C 2=I ND2 I KI )
A2~~A ( K 1 )
A (k1) sAt
I N D I ( K t )  =—I R I
I N O 2 ( K 1 $ ~~IC i

BETIAVA1LAB~ 
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I RI = 1R2
IC I = 1C2
A1~ A2

1.5 KI IPIIRI, 1)—1
1.6 IF (IOUMKY.EQ.t) GOTO 1.9

A (1)=A1
IND1 (I)=—IR1
1N02 (I)=IC1

1.9 J P ( I R I , 1 ) I
50 C O N T I N U E

C
C CHECK FOK DOUBBEL ENTRIES WHILE USING TIlE CONSTRUCTED ROW FILE TO SET
C UP THE COL~NPI FILE.

KLL=NZ
DO 60 i t,N
IR= H+1—I
KPP IP(IR,I)
IF (KPP.GT.KLL) G O T O  60
DO 55 K:KPP,KLL
J IND2 (K)
IF (IW (J, 1.).EQ.IR) GOTO 650
IW (J, 1.) IR
KR IP (J, 2) —i
IP(J,2)=Kj~55 I N D I I K R ) IR

60 K LL KPP~1
C
C SET UP LINKED LISTS OF ROWS/COLUMNS WITH EQUAL NUMBER OF NON—ZEROS.

DO 62 I1,N
NZI=IW(I, I)+IW( I, 2)11
1N IW(NZ1,31
IW (NZI,3)=I
IW (I,5,:IN
IW (I,1.) 0

62 IF (IN.NE.O) IW (IN ,1.)=I
C
C START THE ELIM INAT LONLOO P
C

PP= 0
G G 6
DO 500 IIP=I,N
IF(PP. N E . 2 )  &G TO 70
PP = 0
6010 500

70 M Yt ( N — 1 ) ’~~2MY2= ( 2 ’ N— 1.$ ’ ( N— 2 )
MYII NY2
F IR ST .T R U E.
STAB2 = .F AL SE.

C
C SE ARCH ROWS W I TH RJP 1 NONZ E ROS.

00 11.5 R J P I I ,N
C
C M Y I AND MY2 ARE THE LEAST COSTS SO FAR FOR STABL E IXI AND 2X2 PIVOTS.
C 14CM IS THE THE LEAST OB TAINEBLE COST.

MCN=MINO ( (RJPI—1)”2,(?’RJPI—1.)’ 2/Z)
IF (MYM.GT.PICM) GOTO 72

20
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IF IMY1.GT.$Y2.OR.FIRST) GOTO 71
6010 210

71 IF (.NOT. STAB?) GOTO 72
6010 220

72 JJP=IW (RJPI,3)
C
C LOOP ON ROWS OF RJP I NONZER US.

00 11.0 IDUMM Y =1 ,N
IF (JJP.LE. 0) I,OTO 11.5
111=0
M Y~ -(2’N-1.)”2/2
IF (.NOT . FIRST) GOTO 75
AU=DABS(O(JJP))/U
AU= Aa5 (0(JJP))/I.J
STAB1-= (W (JJP) .LE.AU)
IF (STAJI) GOTO 105

73 P2=0
C
C COMPRESS K OWF ILE IF THERE IS NOT ROOM FOR NEW ELEMENTS.

IF (NUEL +RJPI .LT .1A2 ) GOTO 75
IF ( L k O ~D R J P 1 . G T . I A 2 . O R . N C P . G E . M C P )  GO lD 670
CALL COM P~(E(A ,IND2,IA2 ,N,IW,IP,.TRUE.)

C
C PERFORM TIlE lx i STABILITY TEST OF ROW /COLUMN JJP .

75 00 86 1:1,2
KPP=1P (JJP ,L)
KLL K PP ,IW (JJP ,L) — 1
IF (IcPP.GT.KLL) GOTO 86
00 85 K K PP ,K L L
IF (L . E Q . 2 )  ~O f O  77
P P = I N O 2 ( K )
6010 78

77 PP=INDI (K)
78 R JP2 I W ( P P , l ) , I W ( P P , 2 ) , 1

C
C BU ILD UP THE FUL L ROW JJP AT THE END OF THE ROW FILE. OFF DIAGONA L
C ELEMENTS W H I C H  HAS BEEN I N V EST EGA TE I I  AS 2X2 P I V 3 T CANDIDATES ARE
C SET TO T Il E N E G A T I O N  OF T H E I R  COLU MN NUMBER.

I N O 2 ( 1 A 2 — I I 1 ) = — P P
IF (R J P 2 . L T . R J P 1)  GOTO $5
IF ( R J P 2 . G T . R J P I )  GOTO 83
JLK I W ( J J P ,4)
DO 82 KO U P I M Y 1,N
IF ( J L K . E Q . 0 )  6010 83
IF (JLK.EQ.PP) GOTO 85

$2 JLK= IW (JLK ,1. )
83 IND2 (IA2—IIL )=PP

MCN ( RJP I’ RJP2—1.) ‘ j / 2
IF (NCN.GE .MY 2.OR .MCN .GE .MYB) GOTO $5
PIT B NCN
P2=PP
KKP K

85 111=11111
86 CONTINUE

NCN MY2
00 101. JOUMMY :1,N
IF (P2.LE.O) GOTO 110

sf~V A1~A8~E COPI
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C
C CHECK THE STA BI L I TV OF THE 2X 2 PI VOT DETERMINED BY ROW JJP A MB P2.

JP (t) JJP
JP (2) P2
11211*2
AAt =O (JP(1))
AA2= D(JP (2I)
IF (1N 02 (KKP) .EQ.P2) GOT O 8$
K P P : I P ( P 2 , t )
KPL KPP+I W ( P 2 , 1 ) — I
DO 07 K K P= K PP ,K P L
IF ( I N O 2 ( K I ( P ) . E Q . J P ( i ) ) GOTO 88

$7 C O N T I N U E
88 AA 12 A ( K K P )

OE TP=AA l’AAZ— AA 12”?
IF (DETP.NE .0. I GOTO 91
APU 1.0D70
6010 92

• 91 APU=DMAX 1 (OABS (AA 1),OABS (AA2 ))
91 A PU=A MA xI ( ABS (AA I), A8S (AA2) )

• APU= (APU IDABS (*A12)) U/D*8S (DETP)
APU (APU+ A B S ( A A I 2 ) ) ’ U /  A B S( OETP )

C
C DETERMI NE THE NUMERICAL MAXIMA L ELEMENT OF ROWS JP (1),ANO JP(2)
C WH ICH IS NOT CONTAINE D IN THE BLOCK DIAGONAL .
• GI= OMAXI (W( JPU ) ,W (JP 2U )

GI AMAXL (W (JP (L )) ,W (JP (2)))
IF (APU’ I.GT.l) 6010 ‘42
JP t=JJP
JP2 P2
K P12 = K KP
A 11=AA 1/IJETP
A22 A A 2 / O E T P
*12=A41 2/O E TP
MY2 PIY 8
STAB2 .IRUE.
6010 110

92 PP2=0
K B: 0
JPL :JJP
00 98 1=1,2
KPP I P ( J P L  ,L )
K L L = K P P . I W ( J P L , L )  —i
IF (KPP.GT.KLL) GOTO 98
00 97 K K PP , K LL
P P = 1N 0 2 ( I I 2 )
IF ( P P . E Q . J P ( 2 ) )  6010 95
I F ( P P . L E . O )  GU T O 96
M C = ( R J P I + I W ( P P ,1) I I W ( P P , 2 ) — 3 ) ’2/2
IF (MC.GE.MCN) GOTO 96
M CN M C
KB : V
PP2 PP
G OTO 96

95 IND2 (I12) —P2
96 I I 2 1I2 —I
97 CONTINUE

~~i:~Mth8~ 
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98 CONTINUE
NY M CN
MCN M YZ
P2 PP2

101. K KP= K B
C
C IF THE FIRST STABL E iXi PIVO T IS FOUND ITORE RELEVANT POINTERS .
105 NY1= (RJPL—1 )’~~JPP JJP

F IR ST= .FALSE .
C
C OE TER H I N E NETHER THE SPARSIT Y CONDITION IS SATISFIED OR NOT.

110 M Y I I = M I N O ( M Y I , M 1 2 )
IF (M YM .G T .MC M ) 6010 11.0
IF (M V 1 . G T . $ Y2 . O R .F I R S T )  GOTO 120
GOT O 210

120 IF (.NOT. STAeZ) 6010 11.0
6010 220

11.0 JJP=IW (JJP ,5)
11.5 CONTINUE

C
C PI VOT IS FOUND
C
C ROW JP I  IS USED AS IX I PIVOT .

210 JP 1=JPP
PP =1
6010 230

C
C ROWS JP1 AND JP2 ARE USED AS 2X2 PIVOT.

220 P P 2
J P (2 )  JP2

230 J P ( l ) JP I
C
C RE MOVE ROWS / COL UM NS INVOLVE D IN ELIMINATION FRO M ORDERING VECTORS.

00 266 L l I , PP
JPL J P ( L 1)
00 250 L t , 2
KPP:IP (JPL ,L)
KL L I W ( J P L , L )  •K PP— 1
IF (KPP.GT.KLL) GOTO 250
00 21.6 K:KPP,KLL
J INOZ (K)
IF (L.EQ.2) J:INOI(K)
IL=IW (J,I.)
1N 1W(J,5)
I W ( J , 5 ) —1
IF (IN.LT.0) GOTO 21.6
IF ( I L . E ~~. O )  GO TO 21.0
IW (IL,5) IN
6010 21.5

240 NZ IW(J,i)1IW(J ,2)+I
IWINZ ,3)zIN

21.5 IF (IN.GT.0I IW(IN,41 1L
21.6 CONTINUE
250 CONTINUE

C
C RE MOVE JP(Ll) FROII ORDERING VECTORS

BESTIAVA1LABLE~COPY
23

_V~~_ 
~~~~~~~~~~~~~~~~~~ 

V _ _ V ~~~~~~~ -~ V_V~~~~V 
-- - - — —



IL IW (JPL ,4)
I N I I N I J P L , 5)
IW (JPL,5) =—j
IF IIN.LT.O) GOTO 266
IF (IL.EQ.0) GOTO 260
IW(ZL,5) IN
GOT O 265

260 NZ=IW (JPL,1).IW (JPL,2),1
I W ( N Z  .3) I N

265 I F ( I N . G T . 0 )  IW U N , 4 ) I I L
266 CONTINUE

C
C STORE PIVOT .

00 267 L :1,PP
267 I W ( J P ( L ) , 1 . ) = — I I P + I — L

C
C CREATE A NEW ENT R Y FOR ROW JPI, (ANOJPZ) IF NESCESSARY AND TR ANSFORM
C COLUMN PART TO ROWFILC. REMOVE PIVOTAL RO y ( S)  FROM THE COLUMN FILE.

DO 325 L L = 1 , PP
J P L=JP  I LL )
NZC IW (JPL ,2)
IF ( N Z C . E Q . O )  GOTO 290

C
C COMPRESS ROWFILE IF NECESSAR Y

IF NUEL.NZC.IWUPL,1).LT4*2 6010 27 0
IF ( L R O W + N Z C . I W ( J P L , i )  .61.1*2 .OR . M CP. G E.M C P ) GOTO 670
CALL C ON P RE (A ,1ND2, 1A2 ,N, ZW , I P , . T R U E . )

270 KPP X P ( J P L , 2 )
KL L x KP P . N ZC —1
I P (JPL ,2) NUE L I i
00 280 K=KPP , K L L
NUEL NUEL 11
LCOL ~~LCO L-1
I IND I (K)
KIP~ IP (1,t b
KIL KIP IW (I,t) —t
00 275 KK z KI P ,KI L
IF ( INO2 ( K k ) . E Q . J P L I  GOT O 276

275 CONTINUE
276 I N D 2 ( N U E L ) = I

A I N U E L ) s A (  KK )
I N D I ( K ) 0

C
C MO VE ELEMENT FROM ROWF IL E.

K R L = I P ( I , l ) , I W ( I ,  1) —I
C MOVE ELEMENT FROM *O WFI L E .

K R L ’I P ( I ,  I ) + I W I  1 , 1 ) — I
IF (K K .E Q . KRLI GOTO 279
XL : I NO2 (KRL )
1N 02 (KK ) LL
A ( KKI  A ( ( R L I

279 I NIJ 2 ( KR L )1 0
280 I W ( I , t ) s I W ( I , 1 ) — i

C
C MOVE RONF ILE OF ROW JP(LLI IF NZC .61. S
290 KPP=IP (JPL ,1)

IF (NZC.GT .0) IP (JPL,I)XIP (JPL .2I

~B TJVA!LAB1E CC~Y 24
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KLL IW(JPL ,1) .KPP—I
IF  ( K P P . & T . K L L )  GOTO 320
00 319 K=KPP,KLL
J=IND2 (K)
KPC~IP (J,2)
NZ= IW (J,2 )—1
IW (J,2)=N Z
)CL C~ KP C. NZ
IF ( K L C . G E . K P C $  GOTO 311.
1ND1( KPC) Q
6010 317

314 00 315 KC=KPC,KLC
IF(JPL.E~ .INDtIKC)) 6010 316315 CONTINUE

316 I N D I ( K C ) = I N O I ( I C L C )
IN III ( ICLC ) :0

317 LCOL LCO L— t
IF (NZC .EQ.O) GOT O 319
NUEL NUEL * I
A (NUEL)=A (K)
1N02 (NUEL ) =INO2 (K)
1N 02 (K)=0

319 C O N T I N UE
C
C UPDATE RO W POIN TE~ S TO N OW ~~(LL)
320 IW (J PL ,l) 1W (JPL ,l).NZC
325 IW (JPL ,2)~~—PP

C
C MOVE THE PIVOTAL OFF DIA GONA L ELEMENT TO THE FRONT OF RON JPI IF PPz2

NZC IW (J PI,i)
IF (PP.E Q .tI GOTO 360
KPP IP (JPI .1)
KLL KPP+NZC-I
DO 326 K KPP,KLL
J =INO 2 (K )
IF (J .Ec ~.J P2 ) GO T O 327

326 CONTINUE
327 IF (K.EQ.KPP) GOTO 328

A I A( KPP)
I I INO 2 ( KPP )
A (KPP) A (K )
INO2 (KPP ) JP 2
A (k) At
1 N D 2 ( K ) 11

C
C IF PP2 THEN CONSTRUC T A PSEUBOROW CONT$INING THE UN I ON OF COLUMN
C NUMBERS OF THE IWO PIVOTAL POWS AT THE END OF THE ROWF ILE .
C
C COM PRESS R O WF IL E IF Th ERE IS NOT ROOM FOR NEW ELEMENTS.

328 N Z C = I W ( J P L , I) ~I W (JP2 , 11—1
IF ( N U E L I N Z C . L T . I A 2 )  6010 329
IF (LRO.4.HZC.GT. 1*2 •OR . NCP.GE.MCP) 6010 670
CALL C O N P R E (A , 1 N 0 2 . 1 A 2 ,N , I W , I P , . T R U E .)

329 KP1=IP (JPI,il .t
K L I I W (J P I , 1)  lK P 1—2
IF (KPI.GT.ICL1) GOTO 331

V 00 330 K KP1 ,KLI

BEST AVARAB~E COPY

- ~V_ 
- 

- — - - b~~~~’ ’-~--.~ - V — - - -



330 IW (INO2 (K) ,6)zl
331 NZCZIA2 .1

KP? IP (JP2 ,tI
KLZZIW (JP2 ,1) .XPZ—1
IF (KP2.GT.K12) GOTO 341
DO 31.0 K :I(P2,KLZ
I=IND2 (K)
NZC NZC-1
INDZ (NZC) =1

31.0 IW II ,6)z—1
31,1 IF (KP l.t~T.KL1) GOTO 351

DO 35 0 K KPI,KLI
I=IND2 (K )
IF (1W(I ,6).EQ.—i) ~0T0 350
NZC Z NZ C —1
I N D 2 1NZ C )  ~ I

31.9 IW (I,6)~~ 1
350 CONTINUE
351 NZC IA2—N ZC~I

C
C PE RF OR M THE EL IMINA TION LOOPING ON NON 1 EROS IN PI VOT C O L U M N ( S ) .

360 IF ( N Z C . E C ~.0 GOT O 1.15
00 363 L l ,PP
ICPIL) IP (JP (L), 1)
XL (L) KP (L)11W (JP (LI ,1)— 1
IF  •PP .E Q .2 . KNO .L .EQ . i)  K P ( L ) Z K P ( L I . 1
IF ( KP ( LP.G T . KL (L II 6010 363

C
C UNPACK PIVOT ROW ( S )  IN I W ( ’ , 5+L ) .

K PP K P (L )
KLL KL (LI
W ( J P ( L ) ) : 0 .
DO 362 K=K PP, K L L
J =I N D 2 (K )
W (J) O.

362 IW (J, 5+L) K-KPP
363 CONTINUE

DO 1.80 NC I,NZC
KC IP (J P L ,  i) + N C—1
IF (P P . E Q . 2 )  kC 1A 2— NZC 1NC
IR I N O 2 ( K C )
IF (P P . E ~~.1) AL A ( K C ) / O ( J P I )

C
C COMPRESS ROWFILE UNLESS IT IS CERTAIN THAT THERE IS ROOM FO~ NEW ROW .

IF (NUEL.IW (IR. 1)+NZC .LE .IA2—NZC ) GOTO 365
IF (NCP.GE.MCP .OR. LROW .IW(IR,1).NZC.Gl.I*2-NZC) GOT O 670
NZOINZC
IF (PP.EO.I) NZOIO
CALL CONPRE (A,INO2,IA2—NZO,N,IW,IP,.TRUE.)
00 361. L 1 ,PP
KP (LF IPIJP (L), 1)

364 K L ( L ) z K P ( L ) ~~I W ( J P ( L ) , t ) — I
IF (PP.EQ.2) K P ( t ) KP ( i) +i

365 K R x lP ( I R , 1)
KRL KR+IW (IR, 1)—I
IP( I R , 1) INUE L~~1IF (PP.E Q . 1)  6010 377
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AIAI= 0.
A IR2 O .
X W Z I IW ( IR , 6 b
IWI2IIW (IR ,7)
IF ( IW II .GE .0 )  AIRI A ( K P ( i ) + X W I I )
IF ( I W I 2 . G E . 0 )  A I R 2 Z A ( K P ( 2 ) , X W I 2 )

C
C TRANSFER MOOIFIED ELEMENTS.
377 IF (KR .GT.KRL) 6010 1.20

DO 390 KS KR,(RL
J IND2 (KS)
AJR IIO .
IWJI=IWIJ, 6)
IW (J,6)— IWJI—2
IF ( I W J I . G E . 0 $  AJR I A ( K P ( 1 ) , I W J I )
IF (PP. E2 I) G OT O 380
AJ R 2 O .
IWJ2=IW (J ,7)
IWIJ , 7) — IWJ 2—2
IF ( IWJZ .GE.0) AJRZ A ( ICP(2) l IWJ2)
A 1 A (KS) —AI R I~ AJR1’A22 +AIR2 AJR1 A1~~ A IR2 AJR2 Ai I•A IRI AJR2 A12
GOTO 381

380 A1 A (KS)—AL4AJ RI
381 INO2 (KS) 0

GI Q A U S ( A I )
61: ABS (A i)
IF (W (IR) .LT.GI ) W (IR)~~GI
IF (W (J),LT .6L) W( J)ZGI
G ONAXI (G,GI)
G=AMAXL (G,GI)
NUEL NUELGI
A (NUEL) A I

390 1N02 (NUEL ) J
C
C SCAN PIVOT RO W FOR FILLS.
420 DO 480 NC1ZI,NZC

IF (PP.EQ.1) 6010 421
KS IAZ,l—NC 1
GOTO 1.22

1.21 KS KP (1)— 1~ NC1
1.22 J=IND2 (KS )

AJk1 :0.
I W J I I W ( J , 6 )
AJR2 O.
IW J2 IW (J,7)
IF (INJI.LE. — 1 .AND . IWJ2.LE.— t .OR. J.GT.IR) GOTO 469
IF ( I W J 1 . G ( . 0 )  AJR I A(KP (i)~ IWJ1)
IF (PP.E04) GOT O 425
IF (IWJ2 .GE.0) AJR2IA(ICP (2)’IWJ2)
A1 =— A 1R 1 ’A JR I ‘A 22 .AIR2 ~AJR1 A12—AI R 2’~ JR2 A11 .AIR1~AJR 2 Al?
GOTO 1.2o

425 A lz—A L AJRI
426 IF (IR.NE.J) 6010 1.29

DIIR)=O (IR),At
A1z0 (IR)

• GzOMAX I (DABS (A t) ,G)
G ANA X I ( ABS (A1),G)

27 
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6010 469
429 NUELaNUEL.1

LROWZLROWe I
A (NUEL )1A1
INO2 (NUELIzJ

• GIzOABS (A1)
61= ABS (A1)
IF (W(IR).LT.GI) W (IR)~ GI
IF (W (J).LT.GI)

C
C CREATE FILL IN COLUMN F I L E .

NZ IW (1,2)
k*IP(J,2)
KLtzK.NZ—1

C
C IF POSSIBLE PLACE NEW ELEMEN T AT THE END OF PRESENT ENTRY .

IF (KL I.NE.NUCL ) 6010 430
IF (LCOL .GE .I*2 ) GOTO 1.40
NUCL ZNUCL •1
6010 435

430 IF (INDI (KL1’I) .NE.O) GOTO 1.40
435 Ik01 (ICLI•L)zIR

LCOL L~~ L ,L
6010 465

C
C NEW ENTRY HAS TO BE C *EATEO .
440 IF (N U C L .N Z ’i . L T . I A i)  GOTO 450

C
C COMPRESS COLUMWILE IF THERE IS NOT ROOM FOR NEW ENTRY.

IF (NCP.GE.HCP ,OR. LCOL.NZ•I.GE.IAI) GOTO 6$?
CALL COMPI(E(A,1MO1,IAI,N,IW(I,2),IPII,2),.FALSE. I
KZZP (J,2)
XLI zIC•NZ-1

C
C TRANSFER OLD ENTR Y INTO NEW.
450 IP(J,2)=NUCL .i

IF (K .GT .ICLII 6010 461
00 1.60 ICKZK ,KLI
NUCLZNUCL +1
IND1(NUCL ) *INOI (XX )

460 I N O I ( K K ) 2 0
C
C ADO THE MEW ELEMENT .
1.61 NUCL NUCL.1

IND1(NUCL)*IR
LCOL LC OL ‘1

•465 G OMAXI(6 .GI)
1.65 GsANAX I (G,GI)

IN(J,2)ZNZ.1
1.69 IF (INU, 7).LT.—1) IW (J,7)z~IW (J,1)~~Z

I F ( I W ( J , 6) . L T . — 1) I W ( J , 6 ) . — I N ( J , 6 ) — 2
IW(I*,1)zNUE~.1—1P*IR, 1)

1.80 CON T INUE
C
C CLEAN IW(’,6) AND IW (~~,7) av SCANNING TIlE PIVOT ROWS

00 451 NC I , NZC
IF I PP . E Q. i)  601 0 1.81
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K I A2 + t-NC
G OfO 1.62

481 K = K P ( 1) ~~t 4C— 1
A ( K) =A ( K) / D ( J P I)

1.82 J I N O2 (IC )
00 48’. L L , PP

1.81. IW (J,51L)=—1
C
C INSERT R O W S / C O L U M N S  IN VO LV EO IN E L I M I N A T I O N  I N  L I N K E D  LISTS OF E QUAL
C NUMBE R OF NON ZEROS
1.85 KI IP (JP1 ,t)

IF (PP.E~~.2) (1=IA2—NZC ~ t
k2 K1+NZC—1
IF ( I C I .G T . K 2 )  6010 1.91
00 1.90 K KI,K2
IK = IN02 ( IC )
N Z I W ( IR,1)+IW ( IR,2) .1
IN: IW (NZ, 3)
IW (IR,5)=IN
I W ( I R , 4 )
IW (NZ,3)=IR

490 IF ( I N . N E . 0 )  L W ( I N ,1 . ) 1R
491 IF (PP .EQ. 1)  6010 500

D ( J P 1 ) A2 2
O ( J P 2 ) A 11
A (IP(JPL, L ) ) — A 12

500 CONTINUE
C E L i M I N A T I O N  LOOP TERMINA TE S.
C
C MAKE AN OROERO LIST OF P I V O T S .

DO 510 I 1 ,N
IW (I,2)=—I W(I .2)
IR —IW (I,4)

510 IW (IR,3) I
6=6166
GOTO 720

C
C THE FOLLOWING,INSTRUCTI ON S IMPLEMENT TIlE FAILUR E EXITS.
610 IF (FIL.GT.0) WRI IE(FIL,620) K,I,J
620 FORMAT (1131.X,?NELEMENT,I?,10H IS IN ROW,I5,ltH AND CO LU N N , I 5 )

61—1
GOro 700

630 IF ( F I L . G T . 0 )  W k I 1 E ( F I L , 6 4 0 )  I
61.0 FORMAT (/134X ,5HRO W .15,16W HAS NO ELEMENTS)

G=—2
6010 700

650 IF ( F I L . G T . 0 )  W R I T E ( F I L , 6 6 0 )  IR , J
660 FO~ M A T ( ~~f 3 l ,X , 3 5 H T h E R E  IS MORE THAN ONE ENTRY IN RO W ,1 5 ,

‘ 111$ AND COL WI N , I 5)

— 6010 730
670 IF ( F I L . G T . 0 )  W R I T E ( F I L , 6 8 0 )
680 F O R M A T (/ / 3 1 . X , I 6 H IA 2  IS TOO SM ALL )

~Jh 61—4

6010 700
682 IF ( F I L . G T . 0 )  W R I T E ( F I L , 683)
683 F O . ( M A T (/ 1 3 1 . X , I 6 H I A 1  IS TOO SM ALL )
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Gz—5
700 IF IFIL.GT.0) WRXTE (FIL,710 )
710 FORN*T (33N•ERROR RETURN FNU M INDAM. BECA USE)
720 RETURN

C NO
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SUBROUTINE IN O OPR (A , I P ~~2 , I A 2 ,N , I W , IP ,O ,B,G )
• IMPL ICIT REAL ’S ( A - H , S — Z I , I N 1 EGER (I —RI

IMPLICIT REAL (A—If , S-Z) ,IN TE G ER (I -R I
INTEGER IP(N,2),KP (2),~~.(2)• INTEGER’ e INOZ (IA2),IW (N,5)
INTEGER INOZ (1A2 ),IW (N,5)

• DOUBLE PRECISION A IA2 ,D(N ,e (N)
DINENSION A (1A2 ),O (N),B (N)

C INDOPR PERFORMS THE SOLUTION OF AX B WHEN A WAS BEEN THROUGH INOANL ..
C

IF ( G . L T . 0 )  010 250
DO 130 IIP=1,1
ICL :IW (IIP ,31
PP=IW (ICI,2)
IF (PP .EQ. 0 I  GOTO 130
K P I I ) IPIIC 1,1)
K L ( i ) = K P ( 1) + I W ( I C 1 , 1)  — t
BI B ( I CI )
IF (PP.EQ. 1) GOTO 100
IC2 IW(IIP . 1 , 3)
K P ( 2 )  IP( I C2 ,  I)
(1(2) KP (2)~~IW ( 1C2,i) —I
B2 :B (I C Z )
I W ( I C 2 ,2) =0
A 12 A (KP ( I ) )
KP(i) KP( 1) 1 1
8 (1C11 0 (ICII ‘8t+4L2 82
8 t I C 2 ) = A i 2 ~ 31.O II C2 ) ’82

100 DO 120 LL I, PP
KPP ICP (LI)
KL L KL (IL)
IC=IC 1
IF (LL.EO.2) IC~ IC2IF ( K P P . G T .K L L )  GOTO 120
00 110 K :K PP, KL L
I R = I N O 2 I K )

110 8 ( I R ) 6 ( I R ) — A ( k ) B I I C )
120 CONTINUE
130 CO N TINUE

WRI TE (b ,1000) KLL
1000 FORMAT (IX,5H”41110)

00 200 IPIII,N
LIP N ,I—IPZ
IR2=IWUIP ,3)
PP=IW ( IR2,2)
BIR O.
KPP IP(1R2,tI
K L L : K P P . I W I I R 2 ,  1) — I
IF (PP.EQ~ 2) KPP= KPP.I
IF (I~PP.6T.KLL) GOTO 150
00 149 K=KPP,KL L
IC IND2 (K)

11.9
150 IF (PP.t~ .1) B (IR2)~~8 (IR2)lO (IR2)+~ tR

IF (P P . E Q . O I  GOTO 160
IF (PP.NE .2) GOTO 200
A I 2 Z A ( I I p p — t )

i-i



1R3s1W(II P•i, SI
B (ZR2)~ S(IR*I .S (Ift2) B 1*
B(I*3)’B1113) •A1Z’BIR
6010 200

160
B (1R21’$(IRZ) .D(1R2)’SU
B (IR1)aB (IR1)~~A (IP(IRI .1) ) SI1

200 CONTI NUE 
-

250 RETURN
END

4

T~~~~~~~~~~~~~~~L~~~~ VV. - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



SUBROUTINE CONPRE (A, IRN, IA,N, IW ,IP,*OW)
C
C THIS SUBROUTINE IS IOENTICM. TO THE HARIELL SUBROUTINE LAS5EO.
C DOUBLE PRECISION A ( I A )

DIMENSION A (IAP
INTEGER ” .  I P (N)
INTEGER IP (N)
INTEG ER ’ 2 I R N ( I A ) , I W ( N )
INTEGER XRN (IA) ,IW (N
LOGICAL ROW
COMMON/INOEFI/FIL ,NUEL ,LROW ,LCOL ,NCP,NUC L
NCP NCP . 1
00 5 J 1,N

C
C STORE LAS T ELEMENT OF ENTR Y ZN 111(J). Th EN OVERWRITE IT DY —J

NZ=IW (J)
IF (NZ.LE.I) GOTO 5
KZIP (J)+NZ—1
IW(J)- IRN(K)
I R N ( K ) z — J

5 CO N TINUE
C
C IC N IS  POSITION OF NEXT ENTRY IN COMPRESSED FILE.

K N= 0
I P I =0
XL IN UCL
IF (ROW ) KL’NUE L

C
C LOOP THROUGH OLD FILE SKIPPI NG ZERO ELEMENTS DUO MOVING GENNIN E
C ELE M ENTS FORWARD. THE ENTRY NUMBER BECOMES KNOWN ONLY WHEN
C ITS END IS DETECTED BYPRESENCE OF A NEGATIVE INTEGER .

DO 25 K:1,KL
IF (LRN (IC).EQ.0) GOTO 25
K NZ KN , I
IF (ROWI A (I(N):A(K)
IF (IRN(K 1.GE.0) 6010 20

• C
C END OF ENTRY . RESTORE IRNIK), SET POINTERS TO START OF ENTRY AND
C STORE CURRENT 11)1 IN IPI RE AD Y FOR USE WM EN NEXT LAST ENTRY IS
C DE TECTED.

J=—IRNUC)
IRN (K)=IW (J)
IP(J)=IPItI
IW(J)ZKN—IPI
I P I=K N

20 I R N ( K N ) = I * M ( K )
25 CONTINUE

IF ( ROW ) GOT O 26
NUC L KN
6010 27

26 NUEL KN
27 RETURN

C NO
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BLOCK DATA
COMMON IINO(FI#FIL , HUE).. ,LROW,LCOL , NCP ,NUC L
INTEBE R FIL
DATA FIL/61
END

— —
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