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FOREWORD

This report presents results of the expansion and improvement of the
FORMA system for response and load analysis. The acronym FORMA stands
for FCRTRAN Matrix Analysis. The study, performed from 16 May 1975
through 17 May 1976 was conducted by the Analytical Mechanics Department,
Martin Marietta Corporation, Denver Division, under the contract NAS8-
31376. The program was administered by the National Aeronautics and
Snrace Administration, George C. Marshall Space Flight Center, Huntsville,
Alabama under the direction of Dr. John R. Admire, Structural Dynamics
Division, Systems Dynamics Laboratory.

This report is published in seven volumes:

Volume I - Programming Manual,

Volumz IIA - Listings, Dense FORMA Subroutines,

Volume IIB - Listings, Sparse FORMA Subroutines,

Volume IIC - Listings, Finite Element FORMA Subroutines,
Volume IIIA - Explanations, Dense FORMA Subroutines,

Volume IIIB - Explanations, Sparse FORMA Subroutines, and
Volume IIIC - Explanations, Finite Element FORMA Subroutines.
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ABSTRACT

This report presents techniques for the solution of structurzl
dynamic systems on an electronic digital computer using FORMA (FORTRAN
Matrix Analysis).

FORMA is a library of subroutines coded in FORTRAN IV for the effi-
cient szolution of structural dynamics problems. These subroutines are
in the lorm of building blocks that can be put together to solve a large
variety of structural dynamics problems. The obvious advantage of the
building block approach is that programming and checkout time are limi-
ted to that required for putting the blocks together in the proper order.

The FORMA method has advantageous features such as:

1. subroutines in the library have been used extensively for many
years and as a result are well checked out and debugged;

2. method will work on any computer with a FORTRAN IV compiler;
3. 1incorporation of new subroutines is no problem;

4. basic FORTRAN statements may be used to give extreme flexi-
bility in writing a program.

Two programming techniques are used in FORMA: dense and sparse.
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I. INTRODUCTION

A listing of the source deck of each sparse FORMA subroutine is
given in this volume to remove the ''black-box' aura of the subrcutines
so that the analyst may better understand the detailed operaticns of
each subroutine.

The format of a sparse matrix on a utility tape is given in Chapter
II.

The FORTRAN 1V programming language is used in all sparse FORMA
subroutines.
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II, FORMAT OF SPARSE (Y....) MATRIX ON UTILITY TAPE /DISK)

ead of record

/

Matrix | Partition 1 | Partition 1 ] Partition 2 { Partition 2| etc
Header Header Nuzhers Header Numbers

(2 recoxrds) 2 recordle

MATRIX HFADER:

NROW Number of rows in matrix
NCOL Number of columns in matrix
NPART Number of partiticns of matrix om tape {(disk)
NNZA Number of non-zerc2s in matrix
IFORD Indicator for ordered matrix
KV Dimension size of work vecto. when matrix was Zcrmed
ISBAPE Shape indicator (DIAG, LOWER, UPPER, WIOLE)
0|
0 extra
0

PARTITION 1 HEADER:

MNZP Number of nonzeroes in partition
LFELP Location (Reow, Column) of first element in partition
LL=LP Location (Row, Column) of last element in partition
0]
¢
g extra
0
0
0

(T ’(I) , NNZP)
]Og:ﬁlOW (Row, Column)
(V(T), I = 1, NNZP)

Element Value
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IT1I. SUBROUTINE LISTINGS

The subroutines are given in alphabetical order with numbers coming
before letters.
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YAA

SUBROUTINE YAA (ALPHA NUTANNUTZ,,V4LV,KVNUT1,RUT2)
DIMENSTION VY(1),LVI(1)
DATA NIT,NOT/5,6/

SCALAR ALPHA TYMES SPARSE MATRIX A. (ALPHA * A = 7).

CALLS FORM2 SUBROUTINES YIN s YINI LYLORD ,YNOZER,YQUT
YPART ,2280MB.

DEVELOPED RY R A PHILIPPUS. JANUARY 1970C.

LAST REVIZION PY WA BENFIELD. MARCH 1976,

SUBROUTINE ARGUMENTS (ALL INPUT)

2 YOUTI

ALPHA = SCALAR THAT MULTIPLIES MATRIX A.
NUTA = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
NUTZ = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX 2 IS STORED.
v = VECTOR WCRK SPACE.
LV = VECTDR WORK SPACE.,
Kv = DIMENSION SIZE OF V,LV IN CALLING PROGRAM.
NUT1 = LCGICAL NUMBER OF UTILITY TAPE.
NUT2 = LOGICAL NUMBEPF OF UTILITY TAPE.

NERROR EXPLANATION
1 = STZE LIMITATION EXCEEDED.

REWIND NUTA

REWIND NUTZ

CALL YINI (NUTA,LLV,1,10)

CALL YCOUTTI (NUTZ,V,e1,10)

NPART:=LV(3)}

D0 10 J=14NPART

CALL YINI {(NUTAHWLV1,10)

CALL YOUTI (NUTZ,LV,1,10)

NNZ=LV(1)

NERRCR=1

IF (NNZ.GT.KV) GO TC 999
IF (NNZ.GT.0) GO TO 3

CALL YOUTTI (NUTZ,LV,1,1)
CALL YOUT INUTZy Jol,y1)

GO TC 10
3 CALL YINI (NUTA,LV41,4NNZ)
CALL YIN (NUTA,Vy1,NNZ)

D0 5 I=1,NN2Z
S VII)=ALPHA*V(])

CALL YOUTI (NUTZ,LVy14NNZ)
CALL YOUT (NUTZ4Vy1,4NNZ)
10 CONTINUE

CALL YNOZER (NUTZ,V,LV,KV NUT1)
CALL YLORD (NUTZ,VyLVeKVoNUTINUT2)
RETURN

999 CALL 22ZBOMB (3HYAA s NERROR }
END
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YAABB -= 1/ 5

SUBROUTINE YAARR (ALPHAWNUTAZBETASNUTE,NUTZ,V,LVsKV,NUTI,NUT2)
SUBROUTINE YAAPE (ALPHAJNUTA,BETASNUTByNUTZ,V4LV,KV NUT1,NUT2)
SUBROUTINE YAABB (ALPHAZNUTA,BETASNUTByNUTZ,V,LVKV,NUT1,NUT2)
DIMENSTICN V(1),LV(1}yMHEAD(1C)

DATA NIT,NOT/5,6/

MATRIX SUMMATION FOR SPARSE MATRICES. ALPHA %= A + BETA * B = 2,

CALLS FORMA SUEROUTINES XLCRD ,L,YIN sY'NI ,YLORD ,¥YNOZER,YCUT
YOUTI ,YPART ,YSYMLH,YSYMUH,YZERC.

DEVELOPED BRY R A PHILIPPUS. MAY 1969.

LAST REVISICN BY RL WOHLEN FCR NASA. MAY 1976.

SUBROUTINE ARGUMENTS (ALL INPUT)

ALPHA = SCALAR THAT MULTIPLIES MATRIX A.

NUTA = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
BETA = SCALAR THAT MULTIPLIES MATRIX EB.

NUTB = LOCGCTCAL NUMBER OF UTILITY TAPE ON WHICH MATRIX B il STCORED,
NUTZ = LCGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX Z IS STORED.
v = VECTOR WORK SPACE.

Lv = VECTOR WORK SPACE.

KV = DIMENSION S1ZE OF V,LV IN CALLING PROGRAM.

NUT1 = LOGCTICAL NUMBER OF UTILITY TAPE.

NUT2 = LOGICAL NUMBER OF UTILIYY TAPE.

GET (A) HEADER INFCRMATIGN.
REWIND NUTA
REWIND NUTE
CALL YINI (NUTA MHEAD,1,41C)
NR A MHEAD(1)
NCA MHE AC( 2)
NNZA = MHEAD(4)
TASHAP = MHEAD(7)
GET (B) HEADER INFORMATION.
CALL YINY (NUTE yMHEAD- 1410)
NRE = MHFAD(1)
NCEB = MKEEAD(2)
NNZB = MHEAD(4)
IRSHAP = MHEAD(T)

nn

ALLOW FOR DIFFERENT SIZE (A) AND (B).
NR2=NRA
NCZ=NCA
IF (NRB «GT. NFA) NRZ=NPH
TF (NCE .GT. NCA) NCZ=NCE
IF (NNZA .GT. C .2ND. NNZE .GT. O) GC TO &
IF (NNZA EQ. O oAND. NNZE .GTe. C) GC TO 15
IF (NNZA .GT. € «AND. NNZE .EQ. C) GO TO 15
CALL YZERC (NUTZ,NRZ,NCZ)
RETURN

MAKE (A) AND (R) SAME SHAPE.

4 TF (IASHAP NELIBSHAP) GO TO 5
12ZSHAP=TASHAP
GC TC 15

5 TZSHAP=SHWEI(E
IF (IASHAP.CQeSHWHDOLE oCRe TASHAP.FQ.4HMDIAG) GO TO 1C
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TIF (TASHAP.EQC.SHLOWER) CALL YSYMUR (NUTA,V,LV,KVoNUT1,NUT2)
IF (JASHAP.EQ.SHUPPER) CALL YSYMLH (NUTA,V,LV,KV,NUT1,NUT2)
10 IF (IBSHAP.FC.SHWHOLE .CR. IBSHAP.EQ.4HDIAG) GO TC 15
IF (IRSHAP.EQ.SHLOWER) CALL YSYMUH (NUTR,V 4LV KVoNUTT,NUT2)
IF (IBSHAP.EQ.SMUPPER) CALL YSYMLH (NUTB,V,LV,KV,NUT1,NUT2)
C MAKE CERTAIN ELEMENTS ARE ORDERED.
15 CALL YLORD (NUTAV,LV,KV,NUTIZNUT2)
CALL YLORD (NUTB,V4LVsKVsNUTI,NUT2)

c
L2S=1
1=0
1A=0
18=0
NREC=0
REWIND NUTA
REWIND NUTB
REWIND NUTZ
c
CALL YINI (NUTAMHEAD,1,10)
NPARTA = MHEAD(3)
NNZA = MHEAD(4)
TASHAP = MHEADI(7)
CALL YINI (NUTE JMHEADy141C)
NPARTB = MHEAD(Z)
NNZ2B = MHEAD(4)
IBSHAP = MHEAD(7)
MHEAD(1) = NRZ
MHEAD(2) = NC2
TF (NNZA.GT.0 AND. NNZB.GT.0) GC TC 35
¢
IF (NIZA.GT.0) GO TO 25
MHEAD(3) = NPARTE
MHEAD(4) = NN2B
MHEAD(7) = IBSHAP
CALL YOUTI (NUTZ MHEADs1,10)
c
DO 20 J=1,NPARTB
CALL YINI (NUTB yMHEAD,1,10)
CALL YOUTT (NUTZ,MHEAD,1,10)
NMULT = MHEAD(])
CALL YINI (NUTB 4LV 91 ,MHEAD(1))
CALL YIN (NUTB,V,1,4MHEADI(1))
DO 18 IMULT=1,NMULT
18 V(IMULTY) = BETA*V({IMULT)
CALL YOUTI (NUTZ2,L.Vy1,MHFAD(1))
20 CALL YOUY (NUTZ, V41,MHEAD(1))
RETURN
c
25 MHEAD(3) = NPARTA
MHEAD(4) = NNZA
MHEAD(T7) = IASHAP

CALL YOUTT (NUTZ ,MKEAD,1,1C)
DO 30 J=1,NPARTA

CALL YINI (NUTAMHEAD,1,10)
CALL YOUT] (NUTZ MHEAD,1,+10)



28

30

35

c

NMULT = MHEAD(1)

CALL YINI (NUTA,LV,y1,MHEAD(1))
CALL YIN (NUTA,V,1 ,MHEAD(Y))
DO 28 IMULT=1,NMULTY

VITMULY) = ALPHAXV(IMULT)

CALL YNUTI (NUTZ,LVel,MHEADI]))
CALL YNUT (NUTZ,V,14MHEAT (1))
RETURN

NREAD=NPARTA+NPARTB

NZMAX=NNZ A+NNZE

MHEAD(3) NREAD

MHEAD{4) NZMAX

MHEAD(6) ¢

MHEAD(7) 1ZSHAP

CALL YOUTI (NUTZ2,MHEAD,1,10)
CALL YIN] (NUTAMHEAD,1,1C)
NNZPA = MHEAD(Y)

LFELPA = ~KEAD(2)

LLELPA = MHEAD(Z)

CALL YINI (NUTE yMHEAD41,10)
NNZPR = MHEAD(])

LFELPE MHEAD(2)

LLELPE MHEAD(3)

nuwmn

C READ A PARTITION OF A AND MULTIPLY IT BY ALRHA

40

42

45
5C

1=T+1

T1a=1241

LZE=L2S—1+NNZCA

CALL YINI (NUTALLV4LZSsLZE)
CALL VYIN (NUTA,V,L2S,LZE)
IF (IAL.GE NPARTA) GO TO 42
CALL YINI (NUTAMHEAD 1,10
NNZPA = MHE. (1)

LFELPA MHEAD(2)

LLELPA MHEAD(2)

IF (ALPHA.fZ.1.) GC TO 50

DC 45 J=LZ2S,LZE
VIJ)=ALPHA®V(J)

1F (1.6T.1) GO TC 65
LZ2S=LZE+]

on

C READ A PARTITION OF R AND MULTIPLY IT FY BETA

55

57

I1=141

1B=1F+1

LZE=L2%-1+NN2ZPR

CALL YINI (NUTB GLVoLZS,L2F)
caLl YIN (NUTB 4VyLZSyLZE)
IF (IR.GENPARTPR) GN TO 57
CALL YINT (NUTE MHEAD41,10)
MNZPR = MHEAD(])

LFFLPB = MHFAD(2)

LLELPR = MHEAD(3)

IF (BETAL.EQ.1.) GC TO &5

D0 60 J=L2S,L2E

YAABR -— 3/
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60 V(J)I=BETA*V(J)
65 LAE=L2S-1
1z2=02¢

DO 85 IP=1,LAE
70 IF (LV(IP)-LV(IZ)) 85,80,75
75 12=12+1
IF (1Z2.GT.LZE} GO 70 90
G0 10 7C
80 VIIPI=Y(IP)+Vv(1Z)
viizy=c.
I1Z=12+1
IF (12.GT.L2ZE) GO TC 9¢C
85 CONTINUE

90 NNZwW=0

DD 95 12=1,1ZF
IF (VI1Z).FQ.0.) GO TG 95
NNZW=NNZW+?
VINNZW)=VI(IZ)
LVINN2W)=LVI(12)

95 CONTINUE

CALL XLCRL (VsLV,41,NNZW)
LZE=NNZW

WRITL A PARTITION OF Z

1IN0 MAX=KV/4
IF (L2F L TKV/4%2 2" De 1.LT.NREAD) GC 7O 120
IF (MAX.GT.L2E) MaX=L2ZE

105 IF (LVIMAX).LT.LFELPB <0R. IB.EQ.NPARTB) GO 77 110

MAX=MAX-1
¢C TDO 105

110 TF (LVIMAX)LT.LFELPA .C0R. TA.EQ.NPARTA) GC TC 115

MAX=MAX -1
GO T 110

115 IF (MAX.EC.C) GO TO 12C
MHEADI(1) MAX
MHEAD(2) Lvel)
MHEAD(3) LV(MAX)
MHEAD(1Q) = ©
CALL YOUTT (NUTZ,MHEAD,1,10)
CALL YOUTT ({(NUTZ,LV,1,MAX)
CALL YCUT (NUTZ 4Vy1,MAaX)
NREC=NREC+1

L1 I I B 1)

C
C DETERMINE WHETHER AND WHAT TC READ OR WRITE
120 IF (MAX.EQ.LZE +ANDe I.EQ.NREAD) GO 7O 135
K=MAX
MOVE=LZE~MAX
DC 125 J=1,MOVE
K=K+?
V{J)I=VIK)
125 tvid)=LViK)

YAABB -— 4/ 5




130

135

138

140

LZF=MOVE

IF (Y,EC.NREAD) GC TO 1GO

LZIS=1L2E+1

MIN=LFELPA

IF (MINLCTLLFELPE JAND. IB.LT.NPARTB) MIN=LFELPB
IF (MINJEOL.LFELPA JAND. LZE+NNZPA.GT.KV) GN TO 1CO
IF (MIN.EC.LFELPE LAND. LZE+NNZPE.CT.KV) GC TO 100
IF (MINJEQ.LFELPA JAND. IALLT.NPARTA) GO TO 40

GO TC &5

IF (NREC.EQ.NREAD) GO TO 140
D0 138 J4=1,1C

MHEAD(J) = O

CALL YOUTYI (NUT2 ,MHEAD,1,10)
CALL YOUTT (NUTZ MHEAD,1,2)
CALL YOUTTI (NUTZ,MHEAD,1,2)
NREC=NRFC +1

60 TO 1135

CALL YNOZER (NUTZ VL V,KV,NUT1)
RETURN

END

YAARE -=- 5/ 5
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SUBROUTINE YASSEM (NUTA,IRZ,JCZ,NUTZ,VyLVoKV,NUT] ,NUT2,NUT3)
DIMENSICON V(1),LV(1)yMHEAD(10]}
DATA NIT,NOT/5,6/

SPARSE MATETIX ASSEMBLY. (MATRIX A INTC MATRIX Z7).

BE SURE MATRIX 2 1S DEFINED BFFOPE CALLING THIS SUBRCUTINE. FOR

EXAMPLE, CALL YZERC TO CLEAR MATRIX 2.

CALLS FCRMA SUBROUTINES YIN ¢YINYI LYLCRD oYCUT LHYCUTI LYPART
YSYMLH,YSYMUH,Z22E0OME .

DEVELCPED BY R A PHILIPPUS. JANUARY 1IG7C,

LAST REVYSION BY WA EENFIELD. MARCH 1976,

SUBRCUTINE ARGUMENTS (ALL INPUT)

NUTA = LOGICAL NUMERER OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
IRz = ROW NUMEER IN MATRIX 2 OF FIRST ROw OF MATRIX A.

JCcz = COCLUMN NUMBER IN MATRIX 2 COF FIRST COLUMN OF MATRIX A.

NUTZ = LOGICAL NUMBFR OF UTILITY TAPE ON WHICH MATRIX 2 1S STORED.
v = VFCTOR WORK SPACE.

Lv = VECTCR WCRK SPACE.

KV = DIMENSION SIZE OF V,LV IN CALLING PROGRAM.

NUT1 = LOCTICAL NUMBFR QOF UTILITY TaPE.

NUTZ2 = LCGICAL NUMSBER CF UTILITY TAPE,

NUY3 = LOGICAL NUMBER CF UTILITY TAPE.

NERROR  EXFLANATION

1 = MATRIX A EXCEEDS MATRIX 2.
2 = SYZE LIMITATION EXCEEDED,
3 = SYIZE LIMITATICN EXCEEDED,

REWIND NUTA

CALL YINI (NUTAMHEAD,1,1C)
NRA = MHEADN{Y)

NCA = MREAD(Z)

TASHAP = MHEAD(7)
ILIMIT=NRA+IRZ-}
JLIMIT=NCA+JC2-1

REWIND NUTZ

CALL YINI (NUTZ JMHEAD,1,10)
NRZ MHEAD(1)

NCZ = MHEAD(?2)

12SHAP MHEEADLT)

12SAVE MREFAD(7)

[ ]

NERRCOR=1

IF (ILIMIT.GTANRZ JOR. JLIMIT.GT.NCZ) GO TO 999

IF (JASHAP.EQ.SHLOWER) CALL YSYMUH (NUTA,V 4LV ,KV,NUTINUT2)
IF (IZSHAPL.EQ.SHLOWER ) CALL YSYMUH (NUTZ,V 4LV ,KV4NUTT,NUT2)
IF (YASHAP.FCLSHUPPER Y CALL YSYMLH (NUTA,V LV KV,NUTI,NUT2)
IF (I2SHAPLEQ.SHUPPER]) CALL YSYMLHE (NUTZ,V.LV,,KV,NUT1,NUT2)
I1ZSHAP=SHWHOLE

IF {(IZSAVF.EQ.4NDIAG JAND, JASHAPLEQ.4HDIAG ~AND., IRZ.EQ.JCZ)
* 12SHAP=4HDIAG

REWIND NUTA

REWIND NUTI1

CALL YINI (NUTAMHEAD1,1C)

1ASHAP = MEEAD(7)
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12

MHEAD(1) = NRZ
MHEAD(2) = NC2
MHEAD(T) = 1ZSHAP

CALL YOUTI (NUTI1MHEAD,1,1C)
NPARTA = MHEAD(3)

NNZA = MEEAD({4)

IF (NNZA.GT.0) GC TC 2

DO 1 I=1,1C

viI) = O.

MHEAD(TI) = C

CALL YOUTY (NUT1,MHEAD,1,10)
CALL YOUTI ({NUT1 MHEAD,1,2)
CALL YOU? (NUTY, Vel,y2)
NPARTA=C

GC TC 12
LVADD=100CCCx{IR2-1}+J4C2-1

DO 10 T=1,NPARTA

CALL YINY (NUTALLV,1,10])
IF (LVI1).GT.KV) GC TO 999
LV(2)=LVi2)+LVADD
LV(3)=LV(3)+LVADD

CALL YOUTI (NUT1,LV,1,10)
NNZ=LV(])

CALL YINIY {NUTA4LV, 14NNZ)
CALL YIN (NUTA,V,1,NN2Z)
DC & J=1,NNZ
LVIJI)=LVIJ)+LVADD

CALL YCUTT (NUT1,LV,14NNZ)
CALL YOUT (NUT1,V,1 ¢NNZ)

REWIND NUTZ

REWIND NUT2

CALL YINI {(NUTZ ,MHE AD41,1C)
NPARTZ = MHEADI(3)

NNZZ = MHEAD(4)

MHEAD(7) = IZSHAP

CALL YOUTTI (NUT2,MHEAD,1,10)
IF (NNZ2Z.LE.Q) GO TO 30

DO 25 I=1,NPAFTZ

CALL YINI {NUTZ,4LV,y1,10)

IF (LV(1).GT.KV) GO TO 999

CALL YOUTI (NUT2,LV,e1,10)

NNZ=LV(1)

CALL YIN] (NUTZ,4,LVy1,NNZ)
CALL YIN (NUTZ 4V,y14NN2Z)

DO 20 J=1,NNZ
I12=LviJ)71CCCOO

IF (1Z.LT.IR2) GN TO 2C

IF (T2.GT.ILIMIT) GO TO 26
JZ=LV(I)-1CCOCC*1Z

YASSEM~— 2/ &

NERRCR=2

NERRQOR=3
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20

25

3G

35

40

45

50

IF (#2.L7.0C2) CO T0O 20

IF (JZ2.GT.JLIMIT) GC TO 20
viJy=0,

CONT] IUE

CAL. YOUTTI {INUT2,LV,1,KNNZ)
CALL YOUT (NUT2,V,14NNZ)

CPLL YNOZER (NUT2,V,LV.KV,NUT3)
GO T 3¢

REWIND NUT2

MHEAT (1) = NRZ
MHEA' (2) = NC2
MEEA '(3) = NPAPTA
MHEA 1{e) = NNZA
MHEAD(S) = C
MHEAU(A) = C
MHEAD(7) = IZSHAP
CALL YOUTTI (NUTZMHEAD,1,410)
GC TU 45

REWIND NUTY2

CALL YINI (UT2 MHEAD,1,410)
NFARTY = MHEAD(3)

NMZT = MHFAD(4)

NP ALK T=NPARTA+NPARTZ
NMZ=NNZA+NNZ2

REANIND NUTZ

MH=ADLt3) = NPART

MHEADLS) = NNZ

MHEADtS) = €

MHEAT (&) = O

MHEADU7) = TZSHAP

CALL YOUTI (NUTZMHEAD,1,10)

DO 40 1=1,NTART2

CALL YINI {NUT2,iLV,1,10)
CALL YCUTT (NUTZ,Lve1,10)
NNZ=LV(])

CALL YINnI (NLT2,LVe 14NNZ)
CALL YIN [NUT2,V,14NN2Z)
CALL. YOUT. (NUTZ,LVs1,NN2Z)
CALL vyriT {(NUTZ,Vy14NN2Z)

REW™ 1D NUTI
cr L YINY (NUT1,MHEAD,1C,10)
LotAD(ICY = O

DC 50 1=1,NPARTA

CALL YINT (NUTT4LV,y1,10)
CALL YT (NUTZ,LV,1,10)
NNZ=LVITD)

CAa_L YINI {NUT1,LVe1,NNZ)
CALL YIN (NUT1,V,1,4NNZ)
CALL YOUTT (NUTZ,LV,1,NN2)
CALL YOUT (NUTZ V4T 4NNZ)

YASSEM— 3/ &
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CALL YLORD (NUTZ VLV KV4NUTINUT2)
RETURN
C
999 CALL 22BOMB (6HYASSEM,NEPKOCR)
END
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SUBRCUTINF YBSL3A (NUTUSNUTD NUTB,NUTZ,V,LUV,KV,NUT1,NUT2)
DIMENSTION VI1), LUV(1), IH(10)

SPARSE RACK SOLUTIGN COF (U**T)*(—D-)*{U)*{2) = (F}).

(U) IS A EANDED UPPER TRIANGULAR MATRIX WITH CNES ON THE DIAGONAL.

(-D-) IS A DIAGONAL MATRIX. (B)y AND THUS (Z) IS A MATRIX CF FULL

COLUMNS . ASSUMING (U)*{Z2)=(Y) AND (-D-)*{Y)=(G) GIVES (U**T)*(G)=(B)

WHICH ARE EASTILY SOLVED FOR (G), {(Y), AND (2).

(B)y(G)ytY)ylZ) IN 1ST THIRD OF V. (U) IN 2ND THIRD OF V.

(-D-) IN 3KD THIRD OF V.

CALLS FORMA IJUEROUTINES YIN +YINI LYLORD ,YOUT ,LYOUTI ,YPARY ,
YTRANS.

DEVELOPED BY P L WOHLEN AND R A PHILIPPUS. MARCH 1972

LAST REVISION BY R A PHILIPPUS, MARCH 1975,

SUBRCUTINE ARGUMENTS (ALL INPUT)

NUTU = LOGICAL NUMBER OF UTILITY TAPE WITH MATRIX U,

NUTD = LCGICAL NUMBER CF UTILITY TAPE WITH MATRIX D.

NUTE = LOGICAL NUMPER OF UTILITY TAPE WITH MATRIX &.

NUYZ = LOGICAL NUMBER OF UTILITY TAPE WITH CALCULATED MATRIX Z.
v = VECTCR WORK SPACE.

Luv = VECTO? WORK SPACE.

KV = DIMENSION SIZE OF V,LUV IN CALLING PROGRAM.

NUT? = LOGICAL NUMBER OF UTILITY TAPE.

NUT2 = LOGICAL NUMBER OF UTILITY TAPE.

CONVERT B FROM SPARSE NOTATICON TO FULL COLUMN NCTATICN.
CALL YTRANS (NUTBNUTI,V,LUV,KV,NUT2,NUTZ)
REWIND NUTI1
REWIND NUT2
CALL YINI {(NUT1,4,IHs1,10)

NCB = TK(1)
NRR = TH(2)
NPART = IH(3)
NNZEB = TH({4)
KVMN = KV-NRE

KVMNC2 = KVMN/2
NCG = KVMNCZ2/NFPB
NGBE = (NCR-1)}/NCG+1

DC 1 I=4,7
1 TH(1I}) = O
IH(1) = NPE
IH{2) = NCE
IH(2) = NCE
CALl YOUTTI (NUT2,IH41,10)
NNZPB = 1

IF (NCE.LT.NCG) NCG=NCE
LBS = KV/&4+1

LREMY = LRS-1

LBE = LPSMI+NCG*NFB

DO 2 Y=LRS,LBE

2 V(1) = C.
JF = 1
JL = NCC

DO € I=1,NPARTY
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CALL YINI (NUT1,TH,1,410)
NNZPB = IH(1)

CALL YINI (NUTT,LUV,1,NNZPB)
CALL YIN (NUT1, V,1,NNZPB)
DG 8 LB=1,NNZPP

JB = tUV(LB)/1G0000

I8 = LUV(LB)-10000T*J8B

IF (SE.LE.JL) GO TO 4

IH(? = NCC
IHtz) = ©
IH(3) = C

CALL VY7UTI (NUT2,IH,1,10)
CALL YCUY (NUT2, V,yLBS sLEE)
0C 3 J=LES,LBE
3VvWd) = ¢C.
JF = JL+}
JL = JF+NCG-]
IF (JL.GT.NCE)} JL=NCB
NCG = JL-JF+]
LBE = LESMI+NCGXNRBE
4 L = (JB-JF)*NRR+1B
LBSMIL = LBSMI+L
VILESMILY = VI(LE)
IF (1.LT.NPART .0ORe LB.LT.NNZPB) GC “C €

IH{1) = NCG
IMH(2) = C
IH{3) = O

CALL YOUTI (NUT2,1IH,1,10)
CALL YOUY (NUT2, V,LES +LBE)
8 CONTINUE

VI1 THRU (KV-N)/2) CONTAINS ByGyYsZ COCLUMNS OF A GROUP,
VUIKV=N)/2+1 THRU ¥Vv-N) CONTAINS COLUMNS OF U (FROM DIAGONAL UP TO
TOP NON-ZERC) CF A GROUP,

VIKV-N+1 THRU KV} CONTAINS D.

LUV(I),I=1,N 1S NUMEER COF ELEMENTS IN COLUMN 1,

REWIND NLTU
CALL YINT (NUTU,IH,1,10)

N = IK(1)
NGU = TH(2)
LSU = (KV-N)/2 + 1
LSY = Kv=N+]

CALL YINI (NUTULLUV 3 1,N)
REWIND NUTD

CALL YTV (NUTD VoL SDyLSD#+N-1)
REWING NUT2

CALL YIN] (NUT2,IHe1,10)

1G8 = IH{(3)

REWIND NUT1

CALL YOUTT (NUT1,IHg1.1C)

DO 89 IGE=1,NGE
CALL YINI (NUT2,1Hy1,10)
NCIGB = IH(1)
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NELIGB = N*NCIGB
CALL YIN (NUT2,4Vy14NELIGB)

C SOLUTION FCR (G) FROM (Ux:=T)*(G)=(B).

DO 27 TCU=),4NCGU

CALL YINY (NUTUIH9 14200
Jsu TH(T)

JEU IH(2)

NELIGU = Yd(3)

CALL YIN (NUTU VoL ZUSLSU+NELIGU~1)
DO 37 JB=1,NCICGE

LBSM1 = (JB-1)*N

LJSU = LSU-1

DO 326 JU=JSU.JEU

LITJU = LJJU+]

tJsu LTTIU+LUVI L) -1
ITau JU-LUVIJU ) +1

IF (ITJU EQ. JU) GO TC 26
LIJUMY = LIJU-?

LGE = LESMI¥JU

LG = LBESM1+ITJU-1

DO 34 LU=LITJU.LJJUM]

LG = LG+}

34 VILGR) = VILGB) - VILU)*V(LG)
36 CONTINUF
37 CONTINUE

SOLUTICN FCR (Y) FROM (-D-)x{Y)=(G).

LYE = C

DO 45 JY=1,NCIGB
LYS = LYF+]

LYE = LYS + N - 1
LD = LSD-1

D3 45 LY=LYS,LYE
LD = LD+1

45 VILY) = VILY)/VILD)

c
c

SOLUTION FOR (Z) FROM (UX*x(2)=(Y).

C U GROUPS ARE CBTAINED IN BACKWARDS CRDER,

5%

DC S7 IGUX=1,NGU

IF (IGUX LEQ. 1)} GO TO £5
FACKSPACE NUTUL

BACKSPACE NUTU

CALL YINI (NUTU,,IH,1.10)
JSU = TH(1)

JEU = 1H(2)

NELIGU = IH(3)

CALL YIN (NUTU W,y LSU,LSU+NELIGU~T)
BACKSPACE NUTU

BACKSPACE NUTU

DO 57 JB=1,NCIGE

L2ZSM1 = (JP-1)%N

LITJU = LSU+NELIGU

DO 56 JUX=JSU,JEU

JU = JSU+JEU-JUX

YBSL3A~- 3/ 4
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LJJU = LITIU-1
LITJU = LI LUV +]
ITIVU = JU-LUVIJU)I 1]
IF (ITJU .EQ. JU) GO TO 56
LIJUMT = LIJU-1
L2 = LZSMI+JU
LZY = LZSM1+1ITJU-1
DO 54 LU=LITJIU,LIJUM]
L2Y = L2v+1
54 V(L2Y) = VILZY) - VILU}I*V(LZ)
56 CONTTINUE
57 CONTINUE

pDC 72 I=1,1C
72 IH(I) = O
IH({1)} = NCIGFE
CALL YOUTT (NUT1,IHs1,1C)
CALL vyourt (NUTI W,s14NELIGB)
89 CONTINUE

CONVERT 7 FROM FULL COLUMN NOTATICON TO SPARSE NOTATION.
REWIND NUT1
REWIND NUTZ
CALL YINI (NUT1,IHy1,1C)

IH(4) = NRE*NCE

IH(5) = C

TH(6) = O

TH{7) = SHWHULE

CALL YOUTYI (NUTZ,IHs1,10)
Jz = 0

DO 110 T1GB=1,4NGR
CALL YINY (NUTT 4IH,1,10)
NC = IHI(1)
NNZPB = NCxNERP
CALL YIN (NUTI1,Y91,NNZPE)
LR = 0C
D0 100 J =1,NC
JZ = Ji+1
DC 100 YZ=1,NRE
LB = LB+1
100 LUV(LR) = 10C000*1Z+J2Z
IH(1) NNZPE
TH(2) LUV(l)
1H(3) LUV(NNZPE)
CALL YOUTI (NUTZ,IHs1,10)
CALL YOUTI (NUTZ,LUV,1,NNZPB)
110 CALL youy (NUTZ, V,1,NNZPB)
CALL YLORD (NUTZ VoLUV,KV4NUTT,NUT2)
RETURN
END

" on
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SUBROUTINE YBTAB (NUTANUTByNUTZVoLV,KV,NUT1,NUT2)
DIMENSTON V(1)},LVI1)yMHEAD(1C)
DATA NIT,NOT/5,6/

TRIPLE MATRIX PRODUCT FOR SPARSE MATRICES.
( BITRANSPOSE) * A * B = 7 )
Kv/4 MUST BE EQUAL TO OR GREATER THAN,
{1) NUMBER OF R(WS OF MATRIX B (NRB=NRA=NCA)
AND (2) NUMBER OF CCLUMNS OF MATRIX B,
CALLS FORMA SUBRCUTINES YIN +YINI LYLCRD ,YMULT ,YNOZER,YOUT
YOUTI ,YPART ,YSYMLH,YSYMUH,22B0MB.

DEVELOPED BY R A PHILIPPUS. JUNE 1969.

LAST REVISION BY RL WOHLEN FCR NASA. MAY 1976.

SUBROUTINE ARGUMENTS (ALL INPUT)

NUTA = LOGICAL NUMBSTR OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
NUTB = LOGICAL NUMBER DF UTILITY TAPE ON WHICH MATRIX B IS STCRED.
NUTZ = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX Z IS STCRED.
v = VECTOR WORK SPACE.

Lv = VECTCR WOFK SPACE.

KV = DIMENSICN SIZF OF VoLV IN CALLING PROGRAM.

NUT1 = LOGICAL NULABER DOF UTILITY TAPE.

NUT2 = LOGICAL NUMBER OF UTILITY TAPE.

NERROR EXPLANATION
1 = SIZt LIMITATION EXCEEDEC.
= INCOMPATIRLE MATRICES.,

OO0 OOOD

N

CALL YPART (NUTA,V,LVKVsNUT1)
CALL YPART (NUTB,V,LVsKV,NUT1)

C GET (A) HEADER INFCRMATICN.
REWIND NUTA
REWIND NUTR
CALL YINY (NUTAMHEAD,1,510)
NRA = MHEAD(1)
NPASAV = NPA
NCA = MHEAD(2)
NPARTA = MKEAD(2)
NNZA = MHEAD(4)
TASHAP = MHEAD(7)
C GET (B) HEADER INFCRMATION,
CALL YINI (NUTE JMHEAD,1,1C)
NRB MHEAD (1)
NESB MHEAD(?)
NPARTR = MHEAD(3)
NN2B = MHEAD(4)
IBSHAP = MHEADI(?)
TADENS=100*NN2ZA/NPA/NCA
IBDENS=100*NNZB/NPB/NCH
IF (TASHAP.EC.S5HLOWER ) TADENS=100*(2%(NNZA-NRA)+NRA)/NRA/NCA
IF (IASHAPLEUQSHUPPER) TADENS=100* (2% (NNZA-NRA)}+NRA)/NRA/NCA
IF (IPSHAP.EQ.EHLOWER) IRDENS=100% (2% (NNZE-NRE)I4+NRB)/NRB/NCB
IF (IPRSHAP.FQ.SHUPPER ) IBDENS=1CO®(2%(NNZR-NRR)+NFB)/NFB/NCB
IF (NNZA.EC.C JCRe NNZB.FQ.0) GO TO 95

nw
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REWIND NUTZ

MHEAD(1) = NCB

MHEAD(2) = NR@

IF (IBSHAP.EC.SHWHOLE) MHEAD(5)
IF (IBSHAPLEQ."VWHOLE ) MHEADI(6)
CALL YOUTI (NUTZ,MHEAD,1,10)

nn
o

DD 10 I=1,NPARTH

CALL YINY (NUTR ,MHEAD,1,10)
NNZP = MHEAD(1)

LFELP = MHEAD(2)

LLELP = MHEAD(3)

CALL YIN] (NUTR 4LV, 1,NNZP)
CALL YIN (NUTB,V,1,NNZP)

IF (IBSHAP.NE.SHWHOLE) GO TC 6

DO 5 2=1,NNZP
K=LV{J) /100000
5 LVIJ)=1C00000*(LV{J)-100000%K) +K

6 MHEAD(2) Lv(l)
MHEAD{3) LVINNZP)
CALL YOUTI (NUTZ,MHEAD,1,17)
CALL YOUTI (NUTZ,LVs1¢NNZP)
10 CALL YOUY (NUTZ,Vs14NNZP)

CALL YMULT (NUTZ ,NUTA sNUT1,V,LV,KV,NUT2)
IF (IASHAP.EQ.SHWHOLE) GG TO 85

SYMMETRY OF A IS USED FROM HERE TO STAVEMENT g£
NPARTZ=0
NNZZ2=0
NREC=0
CALL YLORD (NUTB,V,LV,KV,NUT2,NUTZ)
REWIND NUT1
CALL YINI (NUT1,MHEAD,1,10)
NRA = MHREAD(1)
NCA = MHEAD(2)
NPARTA = MHEAD(3)
NNZA = MHEAD(4)
REWIND NUTS
CALL YINIT {NUT8 sMHEAD,1,10)
NRB MHEAD(1)
NCH MEEADL2)
NPARTE = MHEAD(3)
NNZR = MHEAD(4)
ISHAP = MHFADI(T)
IF (TISHAP.EQ.5HWHILE JOR. ISHAP.EQ.4HDIAG) GC TO 15
IF (ISHAP.FQ.SHLCWER) CALL YSYMUH (NUTB,V,4,LV.KVsNUT2,NUT2)
IF (ISHAP.FC.SHUPPERY CALL Y_¥YMLH (NUTB,V,LVKV,NUT2,NUTZ)
REWIND NUTE
CALL YINI {NUTE yMHEAD+1,410)
NRB = MHEAD(1)

NCB = MHEAD(2)

[L ]
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NPARTB = MHEAD(3)
NNZB = MHEAD(4)
IF (NNZA.EQ.C .OR. NNZB.EQ.O) GO TO 70

IF (NCA.GT.KV/4 (R, NCB.GT.KV/4) GC TC 999
IF (NRB.NE.NCA) GO TO 999

12=0
LPBS=KV/4+1
LPBE=LPES-1
LCS=KV/2+1
LCE=LCS-1+NCB
LCCS=LCE+]
LCCE=LCE
NNZ=KV-LCCS+1
REWIND NUT2

DO 20 1I=LCS,LCE
v(I)=ec.

DO 55 T=1.NPARTA

CALL YINI (NUT1,MHEADy1,410)
NNZPA = MHEAD(Y)

LFELPA MHEAD(2)

LLELPA MHEAD(3)

CALL YINI (NUT1,LV,s1,NNZPA)
CALL YIN (NUT1,4Vy14NNZPA)
K=LPBS

ITRRL=C

REWIND NUTE

CALL YINI (NUTB ¢MHEAD41410)
NREAD=0

DO 50 INA=1,MNZPA

IA=LVI{INAY/Z1CCOCO

JA=LV(INA)-10000C*IA

IF {(TA.EQ.YZ .AND. ITRBL.EQ.1l) GO TO 50
ITRBL=0

IF (TA.EQ.IZ) GO TC 30

REWIND NUTE

CALL YINI (NUTB yMREAD,1,10)

MREAD=0

DO 25 INC=LCS,LCE

IF (VIINC).EQ.C.) GO TO 25
LCCE=LCCE+]

VILCCE)=VIINC)
LVILCCE}=TZ2Z+INC-KV/2
V(INC)=0.

I (LCCELLT.KVY GO TO 25

CALL YOUTT (NUT2,LV,LCCS,LCCE)
CALL YOQUT (NUT24V4LCCS,LCCE)
NREC=NRFEC +1

NNZ2Z=NNZ2+NNZ

YETAB ~- 3/
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LCCE=LCF
, 25 CONTINUE
€
12=1A
122=100000%12
K=LPBS
30 IF (K.LE.LPBE .AND. NREAD.CT.0) GC 10 40
35 IF (NREAD.EQ.NPARTR) ITPBL=1
IF (ITRBL.EQ.1) GO TO 5C
CALL YINI  (NUTB,MHEAD,1,10)
NNZPB = MHEAD(1)
LFELPE = MHFAD(2)
LLELPE = MHEAD(3)
LPBE=LPRS~1+MNZPB
CALL YINI  (NUT2,LV,LPES,LPRE)
CALL YIN (NUTE 3V, LPBS,LPRE)
NREAD=NRE Aui+1
K=LPBS

40 DO 45 11B=K,LPEE
K=1INR
IB=LV{INB)/1CCOOC
IF (IB.GT.JA) GO TO 50
IF (IB.LT.JA) CO 0 45
JBZ=LV(INB)~-100000*]E
IF (JRZ.GT.TIA) GO TG 45
INZ=KV/2+JB2Z
VIINZ)=V(INZ)+V(INA)XV(INE)
45 CONTINUE

GO TU 35
50 CONTINUE

55 CONTINUE

DO 60 I=LCS,LCF
IF (V(I).EQC.C.) GU TO 60
LCCE=LCCE+T
VILCCE)I=V ()
LVILCCE)=T122+i-KV/2
IF (LCCF.LT.KV) GO TO &C
CALL YCUTT (NUTZ24LVoLCCS,LCCE)
CALL YOUT (NUT2,VyLCCS,L,LCCE)
NREC=NRFC +1
LCCE=LCE
NNZZ=NMNZZ2+NMNZ

60 CONTINUF

IF (LCCELEQ.LCE) GC TC 7C

NNZ=LCCE-LCLS+]

NNZ2Z=NNZ2+NNZ

NREC=MRF(C +1

CALL YOUTTI (NUT2.LVoeLCCS,LCCE)

CALL YDUY (NUT2 4V LCCSHLCCE)
T0 REWIND NUTZ
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76

85
90

95

96

MHEAD(1)
MHEAD(2)
MHEAD{2)
MHEAD(4)
MHEAD(S)
MHEAD(6)
MHEAD(7)
CALL YOoUTI

(LI L S L [ I T I 1}

NRA
NCR
MREC
NN2 2
SHOFDER
e
SHLCWER

(NUTZ ,MHEAD,1,1C)

IF (NN22.CGT.0) GT TC 75
D0 71 1=1,10

v(I) = 0.
MHEAD(T) =
CALL YOUTY
caLL YCuTl
CALL YCuv
RETURN
LZE=KV

REWIND NUT2

C
(NUTZ2 ,MHEAD,1,1C)
(N TZMHEAD,1,2)
(NUTZ , Vele2)

DC 8C T=1,NREC
IF (1.FQ.NREC) LZE=LCCS—1+NNZ

NNZP = LZE-LCCS+1

CALL YINI (NUT2,LV,LCCS,LZE)
CALL YIN (NUT2,V,LCCS,L2F)
MHEAD(1) = NNZP

MHEAD(2) = LVILCCE)

MHEAD(3) = LV(LZE)

DO 76 J=4,1C

MHFADI. . = ©

CALL YOUTI (NUTZ ,MHEAD,1,10)
CALL YOUTI (NUTZ,LV,LCCS,LZE)
CALL youy {(NUTZ,VyLCCS,yLZE)
CALL YPART (NUTZ,V.LVyKV,NUT]1)
G0 TC 90

CALL YMULT (NUTI JNUTBINUTZ,VoLVK\VHUTZ)
RETURN

REWIND NUT2Z

NNZ2=0

MHEAD(1) = NCB

MHEAD(2) = NCB

MHEAD(3) = NNZZ

MHEAD(4) = NN22

MHEAD(S) = SHORDER

MHEAD{6) = KV

MHEAD(7) = SHWHOLE

CALL YOUTI (NUTZ,MHEAD.1,10)
DO 96 1=1,10

V{I) = 0.

MHEADIT) = O

CALL YOUTT (NUTZ,MHEAD,1,10)
CALL YOUTI (NUTZ,MHEAD,1,2)
CALL YOUT (NUTZ, Vyl,2)

RETURN

YBTAB —— 5/ 6
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C
' 999 CALL 2ZBOME (SHYBTAB 4NERROR)
END
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SUBROQUTYINE YDCM2A (NUTAZNUTUNUTD VoLV KVNUTT LNUT2)
DIMENSTION V(1),LV(1),MEFAD(10) ¢MPHEAD(10)
DATA EPS/1.E-20/

DECCHYPOSE SPARSF MATRIX (A) YC FORM UPPFR TRIANGULAR MATRIX WITH ONES

ON DIAGONMAL (1) AND DIAGCNAL MATRIX (-D-) SUCH THAT

tA) = (U)xaYT = (-D-) * (U). METHDD ATYRIBUTED TO GAUSS.

SPECTAL FORM USED FGR FORMA SURRCUTINE YMODZA.

IF THE WHNLE MATRIX (A) IS INPUT, ONLY THE *OWER HALF IS USED.

BAND WIDTH (DIAGONAL UP TC TOP NON-Z2ERC) MUST B: LESS THAN CR EQUAL

TO (KV-N)/2, WHERE N IS MATRIX SIZ- (SQUARE).

CALLS FORME SUBROUTINES YIN +YINI LYLCRD ,YCUT LYCUTI LYPARTY ,
YTRAMS ,27P0OMB.

DEVELOPED BY R L WOMLEN AND R A PHILIPPUS. NCVEMBER 1971,

LAST PEVISION PY RL WOHLEN FOR NASA. MAY 1976,

SUBROUTINE ARCUMENTS ({ALL TINPUY)

NUTA = L1CGICAL NUMEER CF UTILITY TAPE CN WHICH MATRIX A 1S STORED.
NUTU = LCGICAL NUMRER CF UTILITY TAPE ON KHICH U 1S STCRED.

NUTD = LOGICAL NUMBER CF UTILITY YAPE CN WHICH D IS STORED.

v = VECTCR WORK SPACE.

Lv = VECTCR WOFK SPACE,

KV = DIMENSICN SIZ2E OF VoLV IN CALLING PRCGRAM,

NUTI = LOGYCAL NUMEER CF UTILITY TAPF.

NUT2 = LOGICAL NUMBER COF UTILITY TAPE.

NERRCR EXPLANATION
BANDWIDTH LIMITAYION EXCEEDED.
SIZE LIMITATION EXCEEDED (LV).
SIZE LIMITATICON EXCEEDED (LV).
MATPIX IZ SINGULAR.

nnnmy

1
2
3
4

CONVERT FRCM SPARSE TO BAND NOTATICN.
KVO4=KV /4
KV02 = KV/2
Kvaozel = KvC2z+1
LAS=KVOL+])
REWIND NUTE
CALL YIN] (NUTAMEEADSY1C)
NRA = MHFIO(1Y)
KVMN = KV~-NRA
KVMNQO? = KVMN/2
IASHAP = MREADI(7)
NUTS=NUTA
IF (IASHAP.FOQ.SHUPPER) CALL YTPANS (NMUTAZNUTUZVoLV KV NUT1,NUT2)
IF (TASHAP.EC.SHUPPER ) NUTS=NUTU
CALL YLCORD  (NUTS V4LV KV,MUTT NUT2)
REWIND NUTS
CALL YINI {NUTSGMHEAC,1,1C)
REWIND NUTI
ILVY = KVvC4
JLV = KVO4L4NRA
IF (JLVLT.KVCZ) JLV=KVO?2
JLVS = JLv
Kp = 1
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LAMAX = LAS~1+KVMMNO2Z

LAE = LAS
J¢ = 1
NGROUP = C

LAS1 = KVD&
DO 5 I=LAS,KV

tv(ry = ¢
viI)=0.

NNZZ = O

NPARTA = MKEAD(3)
NROWS = 1

DO 20 I=1,NPARTA

CALL YINI (NUTS yMPHEAD,1,10)
NNZPA = MPHEAD(1)

CALL YINI (NUTS ,LVy1,NNZPA)
CALL YIN (NUTS4VeY 4NNZPA)
DO 20 J=1,NNZPA
IA=LV{J)/10000C
JA=LVII)-10C000%T A

IF (TA.LT.J2) GO TO 20

IF (IA.EG.KP) GO TO 18

LASY = LAE

LAE = LAE+IA-JA+]

NELR = KP—~1S+1

IF (NFLR.CT.KVMNC2) GO TC 999
NNZZ = NMNZZ4NFLR

KP = KP+l

JS = JA

NROWS = NROWS+1
TLY = ILV+i

LVIILV) = NELR
IF (LAF.LE.LAMAX) GO TC 15
JLV = JiV+l

IF (ULV.GT.KV)} GC TO 99°
NROWS = NRCWS-1

LVIJLV) = NRCOWS

NROWS = 1

LAE = LAE~JA+JA-]

NGROUP = NGROUP+]

CALL YCUTY (NUT1,V,LAS,LAE)
DO 10 L=LAS,LAE

v{L)=0.

LASY = KVC4

LAE = KVQ4+1A-JA+Y

KP = TA

LA = LASI+JA-JS+1
viLA)=V())

CONTINUE

IF (LAS.GT.LAE) GT TO 65
NGRQUP = NGROUF+?Y

TLV = JLV+]

LVIILYV) = kP=JS+]

YOCM3A--— 2/ 6

NERR(COR=1

NERRCR=2

NERROR=3
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IF (LVUILV).GT.KYMNO2) GC TC 999
NNZZ = NNZ2+LV{ILV)

JLV = JLV+Y

IF (JLV.GT .KV) GO TC 999

LVIJLV) = NROWS

CALL YOUT {NUT1,V,LAS,LAF)

DO 20 I=1,NRA

LVII) = LV(KVD4+T)

DO 40 I=1,NCRCUP

LVIKVOZ4T) = LVISIVS+T}

DECOMPOSITICN,

D IN V{} THRU NJ. A,U GROUP A START AT ViN+llj.
AU GROUP + START AT VIN+1+4({KV-N)/2).
LVIT).i=3 ,N TS NUMBER CF ELEMENTS IN CCLUMN I.
LVIKV/241G) 1S NUMBER OF CGLUMNS IN GRCUP ICG.

N = MRA
NG = NGRCUP
LSGA = N+1

LSGB = LSGA + {KV-N)/2
REWIND NUTU

MHEAD(1) = N
MHEAD(2) = N
MHEAG(2) = NG

CALL YCUTI (NUTUMHEAD,1,10)
CALL YOUTY (NUTU,LLV,1,4N)

JEGA = O

PO 195 1IGA=]1 NG

REWIND NUTI

REWIND NUT?2

NUTP = NUTY

NUTC = NUT?

IF (2%(1IGA/2) .EQ. IGA) NUTP=NUT2

IF (NUTP FQ. NUTZ) NUTQ=NUT]
C OPERATE ON GRNUF A CNLY.

NCGA = LVIKV0OZ2+IGA)

JSGA = JEGA+1]

JEGA = JSGA+NCGA-1

LEGA = LSGA-~1

101

DD 101 J=JSGA,JEGA

LEGA = LFGA + LV(J)

CALL YIN {(NUTP, Vo, LSGA,LEGA)
LIS = LSGA-]

DC 140 J=JSGA,JEGA

JMr = J=-1

ITOPY = J-LVIJ)+1

LITOPJ = LJIJ+]

LIS = LITCPI+LVIU)]

IF (J .EQ. JSGA) GO TC 134

IF (ITOPJ .EGe J) GO TC 134
ISTARY = IT0OPY

LIS = LITOPI-]

IF (1T0PY .GF. J(ASGAY GO T0 10%
ISTARY = JSCA

LIS = LITOPJI+JSGA-ITOPJI-1
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105

107
110

115

120

122
125
128
134

138
139

140

LITCPI = LSGA

IF (ISTART .EQ. JSGA) GG TC 110
ISM1 = ISTART-1

DD 107 1=JSGA,ISM]

LITOPTI = LITOPI+LVI(I)

DO 128 I=ISTART,JMl

L1 = LI

IMl = I-1

ITOPI = TI-LV{I)+1

IF (ITOPI .LT. ITCPJ) GO TO 115
KSTART = I7CPl

IF tI .FC. KSTART)Y GO YO 125
LKI = LTTO0PI-1

LK = LITOPY+ITCPI-ITCPJI-1

GO Tn 120

KSTART = ITCPJ

IF (1 .FQ. KSTART)Y GO TC 125
LKI = LITOPI+ITOPM-ITOPI~1

LKJ = LITCOPY-]

DO 122 K=KSTART, IM]

LKY = LKI+])

LKS = LKJ+1

VILID) VILIJ) — VIKIRVILKI)®VILKY)

vVILIY) VILTJI/ZVII)
LITOPI = LITCPI+LVII)
Vis) = viLsy)

IF (ITCPJ .EQ. J) GO TO 139
tkJ = t17CPJ~1

D0 138 K=ITCPJ.IM1

LXJ = LKJ+1

VIJY = VIJ) = VIK)RV(LKY)**2

IF (ABSIV(J)I.LT . EPS) GC TC 999
viLtay) = 1.0

C GROUP A OPFRATE ON GROUP B.

c

I COLUMMS ARE IN GRCOUP A, J CCLUMNS IN GRCUP B,

151

IF (1G22 .E0. NG) GO TD 194
ICAPY = 1GA+1

JEGE = JFGA

DO 192 IGR=]1GAFPI NG
NCGE = LVI(KVO2+1IGR)
JSGR = JEGE+)

JEGB = JEGE+NCCGE-1
LEGE = LSGEB-}

DC 151 JU=JSGP,JEGE

LEGE = LEGR+LV(J)

CatlL YINM (NUTP,,LSGByLEGB)
LJJ = LSGR-1

DD 190 J=JSCGE,JECSH

JM1 = J-1

ITOPY = U-LVID)+1

LITOPY = LJJ+]

LIS = LITCPI+LVIY )]

IF (1T0P8 GT, JEGA) CC TO 190
ISTARY = ITGPJ
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155

157
160

165

17C

172
175
172
190
192
194

195

999

LIJ = LITOPJ-1

IF (1T0PJY .GE. JSCA) GC TO 155
ISTART = JSGA

LIJ = LITCPJI+ISGA-ITOPI-]
LITOPI = LSGA

IF (ISTART .EQ. JSGA) GU TO 160
ISM} = JSTART-1

DO 157 I=JSGA,ISM]

LITOPI = LITCPI+LW(I)

DO 178 I=ISTART,JEGA

LIS = LIJ+]

Ml = 11

ITOPT = T-LV(I)+1

IF (ITOPTI .LT. ITOPY) GC TO 165
KSTARY = ITCPI

IF (1 .FU. KSTART} GO TC 175
LKI = LITOPI-1

LKJ = LITOPJ+ITOPI-1TOPJ-1

GC 70 170

KSTART = ITCPJ

IF {1 +EQ. KSTART) GO TC 175
LK = LITCPI+ITOPJI-ITOPI-?

LKJ = LITCOPJ-1

DO 172 X=KSTART,IM

LKTI = tKT+1

LKJ = LKJI+Y

vVIiL1Y) VILIJ) — VIK)*VILKT )*V(LKJ)

"nn

VILIY) VILIJI/ZVI])

LITOPTI = LITCPYI+LVII)

CONTINUF

CALL YOUT (NUTQ¢VsLSGB4LEGB)
MPHEAD(1) = JSGA

MPHEAD(2) = JEGA

MPHEAD(3) = LECA-LSGA+]

CALL YOUTI (NUTUWMPHEAD,1,10)
CALL YOUY (NUTU W LSGAZLEGA)
REWIND NUTD

CALL YQUT (NUTD,V,y1,4N)
RETURN

CALL ZZBOMR (E6HYDCMZA,NFRRCR)
END
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SURROUTINE YDCOM3 (NUTAZNUTUNUTD, VoLV KV NUT1,NUT2)
DIMENSION V(1)4sLV(1)yMHEAD(10)4MPHEAD(1C)
DATA EPS/1.E-2C/

DECOMPOSE SPARSFE MATRIX (A) TC FORM UPPFR TRTIANGULAR MATRIX WITH ONES

ON DIAGONAL (U) AND DIAGONAL MATRIX (-D-=) SUCH THAT

(A) = (U)%*T * (--D-) * (U). METHOD ATTRIRUTED TC GAUSS.

IF THE WHOLE MATRIX (A) IS INPUT, CONLY THE LOWER HALF IS USED.

BAND WIDTH (DIAGONAL UP TO TOP NON-ZEROD) MUST BE LESS THAN OR EQUAL

TO (KV-N)/2, WHERE N IS MATRIX SIZE (SCQUARF).

CALLS FORMA SUBROUTINFS YIN »YINI LYLORD ,YOUT ,LYOUTI ,YPART ,
YTRANS,Z2RCMB,

DEVELOPED BY R L WOMLEN AND R A PHILIPPUS. ODECEMBER 1972,

LAST REVISION BY WA BENFIELD. MARCH 1976.

SUBRCUTINE ARGUMENTS (ALL INPUT)

NUTA = LOGICAL NUMBER COF UIILITY YAPE CN WHICH MATRIX A IS STORED.
NUTU = (OGICAL NUMBER OF UTILITY TAPE CON WHICH U IS STORED.

NUTD = LOGICAL NUMBER OF UTILITY TAPE CN WHICH D IS STORED.

v = YECTOR WCRK SPACE.

Lv = VECTOR WCRK SPACE.

KV = DIMENSICON SIZE OF VoLV IN CALLINC PRCGRAM,

NUTY1 = LOGICAL NUMEBER COF UTILITY TAPE.

NUT2 = LCGICAL NUMEER OF UT_LITY TAPE.

NERRCR EXPLANATION
: BANDWIDTH LIMIYATICN EXCEEDED.,
SIZE LIMITATICN EXCEEDED (LV).
BANDWIDTH LIMITATICN EXCEEDED.
MATRIX IS SINGULAR.

D WN -
nuwnmn

CONVERT FROM SPARSE TO BAND NCTATICM.
KVO4z=KV/4
KvQ2 = KV/2
KV02P1 = KvD2+1}
LAS=KV(4+1
REWIND NUTA
CALL YINI (NUTAMHEAD,1,10)
NRA = MHFAD(1)
KVMN = KV-NRA
KVMND2 = KVMN/Z2
TASHAP = MHEAD(T)
NUTS=NUTA
IF (JASHAP.EQ.SHUPPER ) CALL YTRANS {(NUTANUTU,ZV,LV,KV,NUT1,NUT2Z)
IF (IASHAP.FQLSHUF2ER Y NUTS=NUTU
CALL YLCRD (INUTS VoLV KV4NUTT NUT2)
REWIND NUTS
CALL YINT (NUTS JMHEAD,1,1C3
REWIND NUTY
ILV = KV(C4
JLV = KVO4+NRA
TF (JLV.LT.XV0?2) JLV:=KVQ?
JLVS = JLv
Kp = 1
LAMAX = LAS=T14+KVMNC2



10

15
20

LAE = LAS
JS =1
NGROUP = O

LAS1 = KVO4
DC 5 T=LAS,,KV

Lvir) = ¢
vii)=0C.

NNZ2 = ©

NPARTA = MHEAD(3)
NROWS = 1

DO 20 T=1,NPARTA

CALL YINI (NUTS MPHEAD,1,10)
NNZPA = MPHEAD(1}

CALL YIM] (NUTS 3LV, 1 4NiNZPA)
CALL YIN (NUTS V51 4NNZPR)
DO 2C J=14NNZPA
IA=LV(S}/1CC000C
JA=LVIJI)-100C00*TA

TF (TA.LY.JA) GO YO 20

IF (IA.FQ.KP)Y GC TO 15

LASY = LAE

LAE = LAE+TA-JA+]

NELR = KP-JS+1

IF (NELR.CT.KVMNGCZ) GO TC 999
NNZZ = NNZZ+NELR

KP = KP+l

JS = JA

MROWS = NROWL+1
ILV = TLV+]

LVUILVY = NELR
IF (LAE.LE.LAMAX) GO TO 15
JLV = JLV+l

IF (JLV.GT.KV) GO 10 999
NROWS = NRCWS-1

LVIJLV) = NRCWS

NRCWS = 1

LAE = LAE-IA+JA-1

NGRCUP = NGROUP+1

CALL YOUT (NUT1,V,LAS,LAE)
DC 1C L=LAS,LAE

viL)=0.

LASY = KVOa

LAE = KVO&4+IA~JA+1

KP = TA

LA = LASYI+JA—JS+1]
vVIiLA)=V(J)

CONTINUE

IF (LAS.GT.LAE) GO TO 65
NGROUP = NGROUP+1

TLY = ILVH]

LVIILYV) = KP=JS+1

IF (LVOILV).GT.KVMNOZ2)Y GO TC 999
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65
30

40

OO0 O0

NNZZ = NNZZ+LV(ILV)

JLV = JiLv+?

IF (JLV.CT.KV) GC TO 999
LVIJLV) = NRCWS

CALL YQUT (NUT1,V,LAS,LAE)
DC 30 TI=1,NRA

LVLUI) = LVIKVC4+])

DO 40 1I=1,NGRCUP

LVIKVE2+41) = LV{IJLVS+])

DECOMPDSITICN.

D IN V(1 THRU N). A,U GROUP A START AT VIN+1l).
AU GROUP B START AT VIN+1+(KV-N}/2).
LVIT),TI=1,N 1S NUMBER OF FELEMENTS IN CCLUMN I.
LVIKV/2+1G) IS NUMBER OF COLUMNS IN CGRCUP IG.

N = NRA

NG = NGRCUP

LSGA = N+1}

LSGE = LSGA + (KV-N)/2
REWIND NUTD

JEGA = O

DO 195 IGA=1,NG

REWIND NUT1

REWIND NUTZ

NUTP = NUT1

NUTQ = NUT2

IF (2*(IGA/2) .EQ. 1GA) NUTP=NUT2

IF (NUTP .EQ. NUTZ) NUTC=NUT1
C OPERATE ON GRCUP A ONLY.

NCGA = LVIKVCZ+ICA)

JSGA = JEGA+]

JEGA = JSGA+NCGA-1

LEGA = LSGA-}

101

105

107
110

DC 101 J=JSGA,JECA

LECA = LEG: + LVL{Y)

CALL YIN {NUTP sV4sLSGAJLEGA)
LJJ = LSGA-Y

DO 140 J=JSGA,JEGR

JMT = J-1}

ITOPJ = J=LV{J)I+1

LITCPY = LJJ+]

LJS = LITCPJI+LV{V)-]

IF (J EQe JSGA) GO TO 134

IF (ITOPJ .EQ. J) GG TO 134
ISTART = 1T0CPJ

LIJ = LITOPI-1

IF (ITCPJ .GE. JSGA) GC TC 105
ISTART = JSGA

LI = LITOPJ+ISGA-ITOPU~]
LITOPT = LSGA

IF (ISTART .FQ. JSGA) GO TC 110
ISMY = TSTART-I

DO 107 I=JSGA,ISM1}

LITOPT = LITCPI+LV(T)

DO 128 I=1START,JUM]
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LIJ = L1941
S = VILLI))
IM1 = 1I-1

ITOPI = I-LVI(I)+]
IF (IT0PI LY. TIT0PJ) GO TO 115
KSTARY = ITCPI
IF (1 .FQ. KSTARY) GO TO 125
LKI = LITOPI-1
LKJ = LITCPJ+ITOPI-ITOPJ-1
GC 10 120

115 KSTART = 17TCPJ
IF (I .EQ. KSTART) GO TO 125
LK1 = LITCPI+ITOPY-ITCPI-1
LKJ = LITCPI-]

120 DO 122 K=KSTART,IM
LKI = LXI+1
LKJ = LKJ+1

122 § = S=VIK)*V(LKI)}®V(LKJ)

125 V(LIJ) = S/VII)

128 LITOPY = LITOPI+LV(I)

134 V(J) = V(LJI)
IF (IT0PJ .EQ. J4) GO TC 139
LK = LITCPJ-1
DO 138 K=1TCPJ,JM1
LKJ = LKJ+

138 V(J) = V(J) - VIKI*V(LKI)*%2

139 NERROR=4
IF (ABS(V(J)).LT,EPS) GO TO 999

140 V(LYS) = 1.C

C GROUP A NPERATE ON GROUP B.
C T COLUMNS ARE IN GPCUP A, J COLUMNS IN GRCUP B,

TF (ICA .EFC. NC) CO 7O 198
IGAPl = IGA+1

JEGB = JEGA

DO 192 IGB=IGAP1 NG
NCGE = LVIKVO2+IGF)
JSCGB = JEGB+1

JEGE = JSGB4+NCGE-1
LEGB = LSGE-?

D0 151 J=JSGE,JEGE
151 LEGR = LFGER+LV{J)
CALL YIN (NUTF ,V,LSGE4LEGB)
LJd = LSCe-1
DO 190 JI=JSGR,JEGE
JMY = J-1
ITOPY = J=-LVIJ)+]
LITOPY = LJIJ+]
LJS = LTTCPJ4LVIY)-]
IF (ITOFY .GT. JFGA) GO TC 13C
ISTARY = ITCPJ
LIJ = LITOPJ-1
IF (YTDPJ .GEa JSGA) GO TO 155
ISTART = JSGA
LTS = LITOPJI4ISCA-ITOPI-1
155 LITOPYI = LSGA



157
160

165

170

172

175

178

190

192

195
C

IF (ISTAPT .EQ. JSGA) GO TO 16C
ISM]1 = ISTART~1

DO 157 I=JSGA,ISM]

LITOPI = LITOPI+LV(I)

DO 178 I=ISTART,,JEGA

LIJ = LIJ+1
S = ViLIy
IM]1 = 1I-1

ITOPTI = I-LV(I)+1

IF (ITOPI L7, ITCOPJ) GO TO 165
KSTARY = IVYCOPI

IF (T .EQ. KSTART) GO fO 175
LKI = LITCPI-1

LKJ = LITCPJU+ITOPI-ITCPJI~1

GO T 17C

KSTART = ITOPJ

IF (1 .FQ. KSTART) GO TO 175
LKI = LITOPI+ITOPU-1TCPI-]

LKS = LITCPJ-1

DO 172 K=KSTART, INM]

LKI = LKI+}

LK = LKJ+}

S = S=V(K)RV(LKI)I®({LKY)
VILTIJ) = S/vil)

LITOPI = LITOPI+LV(I)

CONTINUE

CALL YCUT (NUTQ,4V4LSCE4LEGE)
CALL YOUY (NUTD 4VoLSGA,LEGA)

C CONVERT FROM EAND TC SPARSE NCTATICN.

202

204

REWIND NUT2

CAatlL youv (NUT2,4Vy1,4N)
REWIND NUTU

REWIND NUTD

LVGS = KV-=NGROUP

LVR = LVGS

DO 202 IGROUP=1,NGRCUP
LVR = LVR+]

LVI(LVR) = LVIKVOZ+IGROUP)
LS = LVGS-N

LVE = LS

DO 2C4 1=14N

LVE = LVEH]

LVILVF) = LV(])

KVMAX = KV/4

IF (KVMAX GTLLS) KVMAX=LS
MHEAD(1) = N

MHEAD(2) = N

MHEAD(3) = NGROUP

MHEAD(&4) = NNZ22

MHEAD(5) = O

MHEAD(6) = O

MHEAD(7) = SHWHOLE

CALL YOUTI (NUTU,MHEAD,1,10C}

Lv = 0
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206

208

250

260

999

LVR = LVGS
LVE = S
LVEP = LS
12 =0

DO 250 IGROUP=1,NGROUP
LVR = LVR+1 -

Ltz =0

NROWS = LVILVR)

NELG = C
DO 206 1=
LVE = LVE
NELG = NE
CALL YIN

DO 208 1=

12 = 12+1

1, NROWS
+]
LG+LV(LVE)
VAIUTD 3V 1 4NELG)
1,NRCHWS

LVEFP = LVEP+1]
JS = IZ-LVILVEP)+1
DO 208 JZ2=J%,12

LZ = LZ+41

LviLz) =
MPHEAD(1)
MPHEAD(2)
MPHEAD(3)

10C000*42+12
Lz

Lviel)
LviL2)

CALL YOUTI (NUTUMPHEAD,1,10)
CALL YCUTI (NUTU,LLV,1,12)

CALL YOUT (NUTU,V,1,12)
CONTINUE

REWIMD NUIT2

REWIND NUTD

CALL YIN (NUT2,4Vy1,N)

DO 260 1=1,N

LV(I) = 100G00*1+1]

MHEAD(3) = 1

MHEAD(4) = N

MHEAD(7} = 4HDIAG

CALL YOUTI (NUTD,MHEAD,1,10}
MPHEAD(1) = N

MPHEAD(2) = LV(1)

MPHELD {2} = LV(N)

CALL YOUTY  (NUTD MPHEAD,1,10)
CALL YOUTTI (NUTD,LV,1,N)

CALL YOUT (NUTD ,V,1,N)

CALL YPART (NUTU,W,LV,KV,NUTT1)

RETURN

CALL 228CME (6HYDCOM3 ,NFRROR)

END
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SUBROUTINE YDIAG (INUTAZNUTZ,V,y1lV,4KV)
DIMENSION VI(1)4LVI(1)yMHEAD(10)
DATA NIT,NOT/5,6/

DIAGONALIZE A SPARSE VECTCOR (ROW CP COLUMN) INTC A SQUARE MATRIX.
CALLS FDRMA SUBRCUTI*ES YIN »YINI ,L,YCUT ,LYOUYY ,22BOMB.
DEVELCPFD BRY W A BENFIELD. OCTOBER 1970.

LAST REVISION BY WA BENFIELD. MARCH 1976,

SUBRCUTINE ARGUMENTS (ALL INPUT)

NUTA = LOGICAL NUMEER OF UTILITY TAPF ON WHICH MATRIX A 1S STORED.
NUTZ = LOUICAL NUMBFR OF UTILITY TAPS ON WHICH MATRIX 2 IS SYOREOD.
v = VECTCR WCRK SPACE.

LV = VECTOR WCRK SPACE.

Kv = DYMENSTION SIZE OF VoLV IN CALLING PROGRAM.

NERROP EXPLANATICN
MATRIX IS NOT A VECTOR,
SIZE LIMYTATICN EXCEEDED.

[
"N

FEWIND NUTZ

REWIND NUTA

CALL YINY (NUTAMREAD,1,10)
NRA = MHEADL(1)

NCA = MHEAD(?)

NPART = MHEAD(3)

MHEAD(T7) = 4HDIAG

fROR=1
IF (NRAJNF.I JAND. NCAJNE.1) GO TQ 999
MHEAD(1)} - NRA
MHEAD(2) = NCA
CALL YOUTT (NUTZ MNEAD,1,10)
NEFPROR=2

DO 30 I=1,NPART

CALL YINT (NUTA MHEAD,14510)
NN2P = MHEAD(1)

IF (NNZF GT. XV) GO TQ %99
CALL YINI (NUTALLV .1 4NNZP)
CALL YIN {NUTA ¢Vy1,NNZP)

D0 2C K=1,NNZP
T4 = LViK)/100000
IF (IA.FQ.Y) GO TC 10
LVIKY = 1G0000%*TA + TA
GO T 2¢C
10 JA=LVI(K)=1000CO*TA
LVIK) = 10CG00C*uA + JA
20 CCNTINUE
MHEADI(2) Lvel)
MKEAD(3) LYINNZ P)
CALL YOUTTI (NUTZ2 ,MHEAD,1,41C)
CALL YOUTT (NUTZ,LV,14NNZP)
30 CALL YOUY (NUTZ 4Vy14NNZF)
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RETURN
999 CALL ZZBCME {SHYDIAC NERR(R)

END
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SUBRCUTINE YDISA (NUT2LIRAGJUCANUTZ JNRZ,NCZ,VyLV,KV,NUT1)
DIMENSION VIY),LVI1),MHFADLIC)
DATA NIV ,NCT/E,6/

SPARSF MATRIX DISATSEMELY. (MATRIX Z FRCM MATRIX A).

CALLS FORMA SUBRROUTINES YIN +YINI LYLCRD ,YCUT LYCUTI LYPART ,
22B0OME,

DEVELCPED BY R A PHILIPPUS., FEBRUARY 1°e7C,

LAST RFVISICN BY WA BFENF1FLD. MARCH 1976¢.

SUBRCUTIME ARGUMENTS (ALL INFUT)

NUTA = LOGICAL NUMEERP OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
IRA = ROW NUMPEF IN MATRIX A OF FIRSY ROW OF MATRIX Z.

JCA = COLUMN NUMEEP IN MATRIX A OF FIRSY FCLUMN CF MATRIX 2.

NUTZ = LCGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX 2 IS STORED,
NR2Z = NUMBEP CF RGWS IN MATRIX 2.

NC2 = NUMPEP CF CCLUMNS IN MATRIX Z.

v = VECTCR WORK SPACE.

Lv = VECTOCR WORK SPACFE,

Kv = DIMENSION S128 OF VoLV IN CALLING PRCGRAM.

NUT1 = LCGICAL NUMBER OF UTILITY TAPE.

NERRCP EXPLANATICN
1 = LOCKXING FOR DATA OUTSIDE CF MATRIX A,

CALL YULCRD (NUTA SV LV akVNUT] NUTZY)
REWIND NUTA
CALL YINI (NUTR JMHEADL1,10)
NFRPA = MFFADR({1)
NCA = MRFAD(2)
NPARTA = MHEAD(3)
NNZA = MHEAD(L)
JSHAP = MHEADI(T)
IF (IPAEQ.JCA .0OR. TSHAP.EC.SHWHOLE) GC TC &
1F (ISHAPFQLSHLOWER) CALL YSYMUH (NUTA,V,LV,KV,NUT1,NUTZ)
IF (ISHAP FC.SHUPPER) CALL YSYMLE (NUTA,V, LV, KVyNUT1,NUTZ2)
REWIND NUTA
CALL YIND (NUTA JMHEAD,1,41C)
NRA = MMFAD(TY)
NCA = MRBEAR(Z)
NPAPTA = MKEAD(Z)
NNZA = MHEAD(4)
TSHAP = LrVYTAD(7?)
5 L2S=KV/44]
L2F=L2S-14KV/i4
tz=L2<-1
1PAZ=1FRA~1+4NK2
JCAZ=JCA~-1+NCZ
NERROR=1
IF (IPAZ.GCTNRA (R, JCAZ.GT.NCAR) GO TD 999
TJZ2=10CCCO=x{TRA-Y)eICA-]
NN22=C
NPARTZ2=C
REWIND NUTT
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D0 30 I=1,NPARTA

CALL YIN] (NUTAMHEAD,1,1C)
NN2PA = MEFAD(1)

LFFLPA = MHEADLZ)

LLELPA = MHEAD(2)

CALL YINI {NUTA,LV,14NNZPA)
CALL YIN INUTA, 1 ,NNZPA)
TAF=LFFLPA/Z1IC0O00O

IF (TAF.GT.IRAZ .AND. I.LT.NPARTA) GC TC 3C
TAL=LLELPA/IOCCCO

IF (IAL.LT.IRA) GO TC 30

DC 20 J=1,NNZP2

TA=LVUJI)/10C00C

IF (TA.LT.IRE .CR, TA.GT.IRAZ) GC TC 10

JA=LV(J)-1COCCCx]A

TF (JALTUCA JOFe JALGTLICAZY GD TO 10

IF (V(J).EC.Ce) GO TC 1D

LZ2=LZ+1

viLZ)=V(J)

LVILZ)=LV(JI)-132

NNZ2=KNZZ+1
10 IF (LZ.GE.LZE) GC 70 15

IF (J.LT.NPARTA .CR. J.LT.NNZPR) GC TC 2C
15 N=LZ-LZS+1

TF (LZ.LT.L2%) GO TC 2C

MHEAD(1) = N
MHEAD(2) = LVILZS)
MHEAD(3) = LVILZ)

CALL YOUTT (NUTY MHEAD,Y,1C)
CALL YCUTYI (NUT1,LVyeLZSHL2)
CALL YCUY (MUTTI VL ZS,L2)
L2=12%-1
NPARTZ=NPARTZ+}

20 CONTINUE

30 CONTINUE

REWIND NUTI
REUIND NUTZ
MHEAC (1) = NR2Z

MHEADL2) = NCZ

MHEAD(3) = NPAFT2

MHEAD(4) = NNZ22Z

MHEAD(5) = SHCRDER

MHEADI(T7) = TSHAP

CALL YCUTI (NUTZ,MHEAD,1,10)

DC 40 1=1,MPART2
CALL YINI (NUT1,LV,e1,10)
CALL YCUTT (NUTZ,4LV,1,10)

N=LV(])
CALL YINI (NUT1,4,LVy1,N)
CALL YIN (NUT1,Vyel1,N)

CALL YOUTTI (NUTZWLVel,N}
40 CALL YCUT (NUTZ4Vyl9N)
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CALL YPART (NUTZ,VsLVKV,NUTT)
RETUEN
c
999 CALL 22BCMB (SHYDISA 4 NERRCR)
END
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SUBRCUTINE YDTCS (AJNUTAJNRANCAKRAZKCA,V LV KV,NUT])
DIMENSION V(1)e LVI1), A(KPA,1), MHEAD(10), MPHEAD(1G)
DATA NIT,NCT/5.67/

CONVERT A MATRIX FRCM DENSE NOTATION TC SPARSF NCTATION.,

CALLS FORMA SUBRCUTINES VYIN +YINI LYCUT ,LYOUTI ,YPARY ,2Z8B0MS8,
DEVELCPED BY R A PHILIPPUS. JANUARY 1969.

LAST REVISICON BY WA BENFIELD FUR NASA. MAY 1976.

SUBROUTINE ARGUMENTS (ALl INPUT)

A = DFNSE MATRIX, STZE (NRAJNCA).

NUTA = LOGICAL NUMBER OF UTYILITY TAPE ON WHICH SPARSE MATRIX A WILL
FF STCRED.

NRA = NUMBER CF ROWS IN A,

NCA = NUMBEF CF COLUMNS 1IN A.

KRA = ROW DIMENSION CF A IN CALLING PRCGRAM,

KCA = COLUMN DIMENSICN OF A IN CALLINC PRCCRAM,

v = VECTOR wORK SPACE.

Lv = VECTCR WCORK SPACE.

Kv = DIMENSION SI2E OF VoLV IN CALLING PRCGRAM.

NUT1 = LOGICAL NUMPER OF UTILITY TAPE.

NERROR EXPLANAYICN
1 = SIZE LINITATICHN EXCEEDED (KA).

aNalaleXaloNalalaNaNalnNaNaNaNeNeNe NaRaNaNal

NERRCR=1

IF (NRA.GT.KRA .CR. NCA.GT.KCA) GO TG 999
L=0
REWIND NUTY
NNZA=0Q
NREC=C
N0 2 1=1,1C
MHEADLI) = C

2 MPHEAD(I) = O

c
C STORE PARTITIONS CN NUT1 TEMPORARILY,

DL 20 I=1,NRA
00 1C J=1,NCA
IF (A(T,J1.E0.0.) GO TO 3
L=L+}
VIL)=A(T,J)
LVIL)I=100CO0*I+

3 IF (L.GE.KV/4) GO TO 5
IF (1.LT.NRA) GO TC 10
IF (J.LT.NCA) GO TC 1€
IF (L.FQ.C) GC TC 16

5 MPHEAD(1) = L
MPHEAD(2) = LVI(1)
MPHEAD(2) = LVI(L)

CALL YOUYTI (NUTI MPHEAD,1,1C)
CALL YOUTI (NUT1,LV,y1,L)

CALL youY (NUT1,Y,1,4L)
NREC=NFREC+]

NNZA=NNZA+L

L=0



10 CONTINUF
20 CONTINUE

C

REWIND NUTA

MHEAD(1)
MHEAD(2)
MHEAD(3)
MHEAD(4)
MHEAD(S)
MHEAD(7) =
CALL YOUTI
REWIND NUTY

rrEewononon

NRA

NCA

NREC

NNZA

SHORDER

SHWHOL E
(MUTAMHEAD,1,10)

C TRANSFER PARTITIONS FROM NUTY1 TG NUTA.
DO 65 1=1,4NREC

65

CALL YINI
CALL YDUT]

{NUT]1,MPHEAD,1,10)
(NUTAMFHEAD L] ,10)

NNZP = MPHEAD(1)D

CALL YINY
CALL YIN
CALL YCUTY
CALL YCUY
CONTINUE
CALL YPARY
RETURN

CALL Z28BCMB
END

(NUT1,LV,1,NN2P)
(NUT1,V,1,NNZP)
{NUTALLVs1,NNZP]
(NUTA,V,1,NNZP)

(NUTA,V,LV,KV,NUTT)

(SPYDTOS LNERROR)

YDT0E -- 2/ 2
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SUBROUTINE YEQUALINUT A,NUTE
DIMENSTION V1)L V(1)aMH(10)

YEQUAL

2VelLV,oKV])

THIS SURRCUTINF CCP1ES A SPARSE MATRIX ON UTILITY FILE NUTA

10

UTILITY FILE NUTR.
SUEBRCUTINE ARGUMENTS

NUTA - INPUT UTILITY FILE CONT
NUTB - INPUT UTILITY FILE THE

v
Lv
KV

CNTC.
— INPUT WORK SPACF.
- INPUT WCRK SPACE.
— INPUT OTIMENSION OF V AND

AINING A SPARSE MATRIX
SPARSE MATRIX ON NUTA 1S T0 BE COPIED

LV IN THE CALLINC PROUGRAM.

FORMA SUBRCUTINES YIN,YINI,YCUT,YOUTI AND Z2ZECME ARE CALLED.

CODED RY JCHN ADMIKF

10
2¢
999

REWIND NUTA

REWIND NUTE

CALL YINI(NUTA,MH,1,1C)
CALL YOUTI(NUTE,MH,1,10)
NPART=MH(3)

NNZA=MH(4)

DC 1C L=1,NFARTY

CALL YINI(NUTA,MH,1,10C)
CALL YOUTI(NUTE MH,1,11)
NNZP=MH{1)

NERRCR=1

IF (NNZP .GT. XV) GC TC 996
CALL YINI(NUTA,LV,14NNZP)
CALL YOUTI(NUTF,LV,1,NNZP)
CALL YININUTA,V,1,NNZP)
CALL YODUT(NUTE,4V,41,NNZP)
CONTINUE

RETURN

CALL 22BOMP{CHYEQUAL s NERRCR)
END

*NASA* DECEMEFR 1973,
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SUBRCUTINE YIN (NUT,A3NS,NE)
DIMENSION A(1)

READ IN BINARY DATA FRCM PERIPHERAL UNIT NUT INTC CORE
CALLS FORMA SUBROUTINE ZZROMB.

DEVELQOPED BY R A PHILIPPUS, NOVEMBER 1971,

LAST REVISICN BY WA BFENFIELD FCR NASA. MAY 1976.

SUBRCUTINF ARGUMENTS (ALL INPUT)

NUT = .OGICAL NUMBER OF UTILITY TAPE.
A = VECTOR TO EF READ,

NS = START LCCATION IN VECTCR A,

NE = END (LCCATICON IN VECTOR A,

NERRCR EXPLANATICN

START LOCATION GREATER THAN END LOCATICN.
END OF FILE ENCCUNTERED.

READ PARITY ERRCR,

WA -
nann

IF (NS .LFe O +0R. NS .GT. NE) RETURN

READ (NUT,,ERR=998,END=999) (A(1),I1=NS,NE)
RETURN

998
999 CALL ZZBRCMB (2HYIN ¢t NERRCR)
END

YIN

——— g

ARCA A.

NERRCR=1

NERRCR=2

NERRCR=3
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SUBROUTINE YINI {NUT,IA,NS4NE)
DIMENSICN T2(1)

READ IN BINARY DATA FROM PERIPHERAL UNIT NUT INTC CCRE
CALLS FORMA SUERQUTINE ZZBOMB.

DEVELCPED RY R A PHILIPPUS, MAY 1973,

LAST REVISICN BY WA BENFIELD FCR NASA. MAY 1976.

SUBRCUTINE ARGUMENTS (ALL INPUT)

NUT = LOGICAL NUMBER OF UTILITY TAPE.
IA = VECTCR TO BE PEAD.

NS = START LCCATICN IN VECTOR IA.

NE = END LGCATICN IN VECTOR IA.

NERROR EXPLANATIMN

START LOCATION GREATER THAN END LOCATICN.
END OF FILE ENCOUNTERED.

READ PARITY ERRCR,

W N et
"o n

IF (NS .LE., C .O0R. NS .GT. NE) RETURN

READ (NUT,ERR=998,END=999) (IA(I),I=NS,NE]}
RETURN

998
999 CALL 22ZBCMB (4HYINILNERRCR)
END

YINI

———— g g —

AREA IA.

NERRCR=1

NERRCR=2

NERROR=3
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YLCORD — 1/ 5

SUBROUTINE YLCRD (INUTAV,LVaKV,NUT1,NUT2)
DIMENSTON V(1),LV(1)oIUL16)2IL{16)MREADCLIC)MPHFAD(I0) 4M2HEADL
DATA WITHNCT/5,6/

————

10)

ARRANGE ELEMENT LOCATIONS OF MATRIX A INTO INCREASING ORDER.
ARRANGE TLEMENTS CF MATRIX A ACCCRDINGLY.
CALLS FORMA SUBROUTINES YIN oYINI  LYOUT LYOUTI ,YPART ,7260MB,
DEVELCPED BRY ® A PHILIPPUS. DECEMBER 1968.
LAST REVISION BY WA BENFIELD. MARCH 1976,
SUBROUTINE ARGUMENTS (ALL INPUT)
NUTA = LOGICAL NUMBFR OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
v = VECTCP WCRK SFACE.
Lv = VECTOP WCRK SPACE.
KV = DIMENSION SIZ2E CF V,LV IN CALLING PRCOGRAM.
NUT1 = LCGICAL NUMEBEER OF UTILITY TAPE.
NUT2 = LCGICAL NUMEER OF UTILITY TARE.

NERROR  EXPLANATION
TWC LIKE LCCATTCON NUMBERS ENCOUNTERED.
TWO LIKE LOCATION NUMBERS EMNCCUNTERED,

1
2

3001 FORMAT (1H1)
3002 FORMAT (4(112,2xF17.8))

CALL YPART (NUTALW,LV.kV,NUT1)

REWIND NUTA

CALL YINI (NUTA MHEAD,1,1C)
NPART = MHEAG(Z)

NNZA = MHEAD(S)

IFORD = MHEADLE)

IF (IFORDLEQ.EHORNMER L0R. NNZALLT.2) RETURN
NREC=C

NNZPT=0

KVC&=KV /4

NTI=NUTI

REWIND NTI

NDN= (NPAZT-1)/4+1

DO 225 TJK=1,NDO
KJI=0
Lps=1

5 CALL YINI (NUTAMPHEAD,1,1C)
NNZP = MPHFADN(1)
NNZPT=NNZPT+NNZP
LPF=LPS~1+NNZP
faLL YINY (NUTA, Vo LPS,LLPE)
CALL YIN INUTA,LV,LPS,LPF)
KJI=KJ1+1
LPS=LPF+]
IF (NNZPT EQ.NMZA) GC TO 10
IF (KJ1aLT.4) GO T 5

SINGLETON METHOD



10

20
110

120

1320

140

150

160

170

M=1

LAEM1=LPE-]

I=1

J=LPE

IF(1.GE.J)Y GO TO 170

K=1

1d=tJ+1)/2

IT=LV(TJ)
IF(LVI{I).LELIY) GC YO 120G
LVIINI=LVHI)

LviI=17

IT=LV(IJ)

TC=V(1J)

viTai=vil)

vV(I)=YG

L=d

IF(LVIJ).GE.IT) GC TC 14C
tvitai=Lvids)

LViJ)=1T

IT=LVITS)

I6=v{1IJ)

V(IJ)I=vV))

Vi =TG

JFILVI{TI).LE.IT) GO TO 140
LvIiIJd)=LV(Y)

LverI=17

IT=LVI(1J)

T6=V(1N

vilIdy=vil)

vViI)=76

CO 70 14C

LviL)=LV(K)

LVIK)=1TY

TG=VIL)

VLY==V (K)

VIK)I=TG

L=L-1

IF(LVIL).GT.IT) GG TO 140
ITT=LV(L)

K=K+1

IF(LVIK).LT.IT) GO TO 150
IFIK.LE.L)Y GO TC 130
IF(L-T.LE.J-K) GO TO 160
1tim)=1

TU{M)=L

I=K

M=M+1

G0 T0O 180

TLIMY=K

TUMM)=1

J=L

M=M+1

GC TC 180

M=M-]

YLCRD == 2/ 5
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180

190

200

210

215

217

21¢

IF(M.EQ.0) GO TC 210

I=IL (M)

J=1U{(M)

IF{(J-T.GF.11) GO 70 110
IF (T.£CQ.1) GO TO 20
I=1-1

I=1+1

IFlI.fQ.J) GC 7O 17C
IT=LV(I+])
TFILVIT).LELITY GC TO 19C
TG=V(1+1)

K=1

LVIK+4) )=LV(K)

VIiK+1)=v{K)

K=K=1

IF(IT.LY.LVIK)) CC YOG 2C0
LVIK+41)=17

VI{K+1)=T6

GO TC 190

DO 215 I=1,LAEM]

IF (LVIT).EQ.LV(I+1)) GC TO 9CO
CCNTINUE

IF (LPELLE.KVO4*23) KJI=(LPE-1)/KV04+]
LPS=1

IF (NPART.CY . 4) €O TC 218
NPART=(LPE-1)/KV04+1
RFWIND NUTA

MHEAD(2) = NPART
MHEAD(S) = SHCRDFFR
MHEAD(6) = O

CALL YOUT1 (NUTAMHEAD.1,10)
DC 217 T=1,4NPARTY
LPPE=LPS-14KV04

IF (LPPE.GY.LPF) LPPE=LPE
NNZ=LPPE~LPS+]

MPHEAD(1) = NNZ
MPHEAD(2) = LVILPS)
MFPHEAD(2) = LVILPPE)

CALL YOUTT (NMUTAMPHEAD,1,1C}
CALL YOUTY (NUTAELV,LPS,LPPE)
CALL Youtv (NUTALV,LPS,LPPE)
LPS=LPPE+]

GO T0 31¢C

DC 220 J=14KJ1

IF (LPS.GT.LPEY GO TC 225
LPPE=LPE=T+KV4

IF (LPPE.GT.LFF) LPPE=LPE
NNZ=LPFF-1PS4?

MPHEAD(11 = NMZ
MPHEAD(2) = LVILPS)
MPHEAD(3) = LVILPPE)

CALL YOUTTI (NT1,MPHEAD,1,1C)

YLORD == 37 5

NERRCR=1
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CALL YOUTI (NT1,LV,LPS,LPPF)
CaLL youv (NTY,V,LPS,LPPE)
NREC=NREC +1
220 LPS=LPPE+]
C
225 CONTINUE
C
C NOW THERE ARE NFEC CFRDERED PARTITIONS WRITTEN ON NT1
REWIND MUTA

MHEADt3) = NREC

MHEAD(S5) = S5HORDER

MHEAD(s) = ©

CALL YOUTT {NUTA,MHEAD,1,1C)
NT2=NUT2

c
C MESHING CPERATICN
230 REWIND NT1

REWIND NT2
CALL YINI (NT1 ,MPHEAD,1,10)
NNZF1 = MPHEAD(1)
CALL YINT (NT1,LVse1,4NNZFP1)
CALL YIN (NT1,4Vs14NNZP1)
IF (NRFC.EC.1) GO TN 305
LP25=NNZP1+]

NPEC2=0

C
DO 300 I=24,NRFC
CALL YINI (NT1 ,MZHEAD,1,10)
NNZP2 = MZHEAD(1)
LP2E=LP2S~14+NNZP2
CALL YINI (INTI V4L P2S,LP2F)
CALL YiIN (NT1 GV LP2S4LP2E)
IF (LVLP2S) «GTa LVINNZPL)) GO TC 295

C

C MESH TWOD PARTITIONS
11=1
T2=NNZP1+1
IW=2%KV0D4
12=¢C

25C IW=TwW+1

NEFROR=2

IF (LVIETYIY=LVIIZ)) 26549094255
255 VIIwW)=V(12)

LViIW)=LVI(12)

1221241

IF (12.GT.LPZEY GO YO 275

GO TG 250
265 V(IW)i=Vv(11l)

LVIiIWI=tLVI(I])

11=114+1

IF tIV.GTWNNZPT) GO TO 285

e 70 250
275 NFLTHM=NNZP1-11+1

K=LP2F

L=NNZPY



28C

285

300

AL

305

310

900

909

999

DO 280 J=14NELTM

VIK)=V(L)

LViKI=LVIL)

K=K~1
L=t}

IF (Iv.EC.

2*%kv04) GC TC 298

J1=22XV04 41

LE 260 J=J1,Tw

12=12+1
vViIz)=v({J)

LveIzi=tveJ)
NREC2=NRECZ+1
MZHEADL2) = LVILPZS)
M2HEAD(3) = LVU_F2E)
CALL ""QUTT (NYZ,MZHEAG,1,10)
CALL YOUTI INTZ2,LV,LP2S,LP2EF)
catL o your (NT2,43VoLP2%4LP2E)
CONT INUF

NREC PARTITICNS HAVE PEEN ROAD FROM NT1Y
MPHEAD(?2) = LVI1)
MPHEAD(3) = LVINNJPL)
CALL YOUTT (NUTAMPHEAD,1,10)
CALL YOUTT  (NUTALNV,1 NNZPY)
CALL YOUT (NULTALV,1,NNZP1}
NRT(C=NREC 2
NTS=NT1
NTT=NT?
NT2=NTS
GC TC 22C
CALL YCUTTI (NUTAMPHEAD,1,10)
CALL YOUTI (NUTALVe1,NNZPT)
CAaLL yQUY (NUTA,V,1,NNZP1)
CALL YPART (NUTAVeLVKY¢NUTY}
RETURN
WRITE (NOT,,ZCCY)
WRITE (NOT,3002) LV(I)
WRITF (NCT,2002) (LVIII)eVI11),1I=1,LPF)
O T0O @999
WRITF (NCT,2C01)
WRITF (NCT,3002) LVII1)
WRITE (NOT,3002) tLVITIT1 oM (T1[),11=1,LP2F)
CALL 22ECME (SHYLMRD (NEFROR)

END

YLOFD == 5/ 5
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YMCDZ2A-- 1/ 5

SUEFQUTINE YMCD2A (NUTMNUTK NUTZ 4 W2 4WoFREQ,

* NWyNUySHIFT,TCL2 4 TOLW2 4 MAX TT, T FPRNT,
* VelVe2 e Sy KVINGKANUTT ZJNUT2 ,NUT3,NUTSL LNUTS,NUTS )
CIMENSTICN V1), LV(Y), W2(1), W(1), FREQ(T1), A(KA,1), SiKA,X)
DIMENSINMH TH(1O)

DATA HIT¢NOT/S,6/

CALCULATE MCLE SHAPES (PHT) AND NATURAL FREQUFNCIES CF

(—W2%2IMASS) + (STIF))*(PHI) = (C) USINC 1TFRATIVE RAYLEIGH-RITZ

METHCD CF DR, JOHN ADMIRE. CCMPDSITE STRUCTURE TECHNIQUE,

NON-~SWEEPING VERSION, SPARSE PROGRAMMING LOGIC.

THE MASS (NUTM) MATRIX SHOULD 8E FEAL, SYMMETFIC.

THE STTIF (NUTK) MATRIX SHOULD BE REAL, SYMMETFIC,

TEE FIRST FLEMFENT OF FACH MODE SEAPE IS MADE POSITIVE.

MODES ARE NOFMALTZED SUCH THAT (PHIDTx(MASSIx%{(PH]I) = 1.

CALLS FORMA SUBKOUTINES .e..
BTAEAZ ,FIGNT A, INVL  JMODEIX,NAME JFPAGEHD 2 TIMCHK s WRITE LHWRITIM,
XLORD YAAEBE oYESL3A,YDCM3A,YDTOS LVIN s YINTI ,L,YLORPD ,YMULTI,
YMULT2 , YMULY <, YNOZER,, YOUT  L,YGUTT L,YPART L,YRVY LYSTUD ,YSYMLH,
YSYMUKH ,YTRANS,,YWRITE,ZZECME.,

DEVELCPED &Y RL WOHLEN, WA PENFIELDy, RA FHILIPPUS. MARCH 1972,

LASi FEVISION EY RL WOMHLEN FOR NASAL. MAY 1676,

SUBRRCLTIN: ARGUMENTS

NUTM = INPUT LCCTCAL NUMEBEF CF UTILITY TAPE CF MASS MATRIX.

NUTK = INPUT  LOGICAL NUMEEP CF UTILITY TAPE CFf STIF MATRIX,

NUTZ = INPUT LCGICAL NUMBER CF UTILYTY TAPE OF CALCULATED MODES.
MAY EE USED TO TINPUT INITIAL FRAYLEIGH VECTORS.

W2 = CUTPUT VECTCF CF FIGENVALUES (OMEGA SQUAPED). SIZE(NU}.

W = CUTPUY VECTOR CF CIRCULAR FRECUENCY (CMEGA). SI1ZEINU).

FREQ = CUTPUT VECTOR OF FREQUENCY (CMFGA/2PT}. SIZE (MU}

NW = _NPUT NUMPREFR OF MCUES WANTED. ITFRATIDONS STCP WHEN NW
CONSECUTTIVE MODES ARDUND SHIFT PCINT CONVERCE.
HOWEVER, ALL NU MODES AND FREQUENCIES AFE OUTPUT
FCR LATEFR SELECTYON.

L ¥ = INPUT NUMBFR CGF MCDES USED, MUST EF .GEF. NW.

SHIFT = INPUT  SHIFT IN (STIF)-SHIFT(MASS),
CONVERGENCE WILL RE ABCUT THIS VALUE.

ToLZ = INPUT  TOLE®ANCE DN 2ER(Q WZo.

TOLWZ = INPUY CONVERGENCE TOLERANCE CON NON-ZEFC W2.

MAXIT = INPUT MAXIMUM NUMEFS CF ITERATICNS, A GUCOD VALUE 1S 20.

[FPRAT = INPUT = 1 FRINT INTERMEUTATE RESULTS.

\' = INPUT VECTOR WCRK SPaCE. DIMENSICN GREATER THAN * (N-1).

LV = YNPUT VECTOR WOPK SPACE. DIMENSICON GPEATER THAN 6 * (N-1).

A = INPUT  MATEIX WCORK SPACE. EQUIVALFENCE TO LV AT KV/3+1.

) = INFUT MATFIX WOFK SPACF. EQUIVALENCE TV AT KV/2+1.

KVIN = INTUT DIMENSION S1ZE COF VoLV IN CALLING PRIGRAM,

KA = INPUT  RUW DIMENSICN OF £,¢ IN CALLINS PROGRAM.

NUT1 = IMPUT LNGICAL NUMEEF OF UTILITY TAPE.

N2 = INPUT  LOGICAL NUMEEY COF UTILITY TAPF,

NUT2 = JNPUT  LOCGICAL NUMEEFR CF UTILITY TAPF,

NUT4 = INPUT  LOGICAL NUMBER CF UTILITY TAPCT,

NUTS = INFPUT  (CGICAL NUMEBER QF UTILTTY TAPE,

NUTé = INPUT  LUGICAL NUMBER CF UTILITY TAPE.



E

c

NERRCR

W N e
W hoa

SIZE ©XCECDS

201C FORMAY (277

* 777 52X, 19HNG. MODES WANMTED
* 777 52ZX%, YOKEND, MODES USED
* /77 52X, EHSHIFT = E15.8,
* /77 52Xy 11FYCL ZFFL = FE15.F,
* 777 5Zxy 1'HTOL W2 = El5.8
* 77/ 2%y GHMAXIT = 13)

2020 FORMAT (/7 7+ ITER = 13, 5H W2,

2030 FCFPMATY
* 46- L Te ZERD TCLERANCEF)
* GHW2 (1 TER).

6000 FUORMAT

EXPLANATION
NUMBER NF MIDES USED IS LESS THAN NUMBER WANTED.
NUMEER OF MONES USED FXCEFDS DIMENSION STI2E.

KVe.

C4X e 1GR{SURRCUTINE YMODZ2)

YMCD2A—= 2/

[ 3

-

13,
12,

/ (1CX I1CE11.3) )
(7 12X 49HCONVERGENCE VALUES. EITHER J2{ITER) IF (W2(ITER)

CP (W2¢{ITER)-W2(ITER~1}}/

/ (10x 1CF11.3) )
(20H NCo OF MONES BELOW 2E1C 343K =

' 15)

6020 FCRMAT (17X Y6HITERATIOM TINE = FIC.3,7F CP SEC FIS.3,7H PP SEC)
CALL TIMCEK (6RTEEGIN)
KV = 4x(KVINM/4L)
CALL PAGFPRD
WRITE (NCT32010) NW NUSSHIFTSTOLZ 3 TOLW2 4MAXITY
NERRCR=]
IF (NU .LT. NW) GO TO 699
NEFRCR=2
IF (NU.CGY.KA) GO TC 999
REWIND NUTM
CALL YINY (NUTM 3TH,1410)
N = TH(1)
NERRCR=3
IF (XV.LT.6%{N=-1)}) GO TC 999
TF (IFPRNT.FCL.T) CALL YWRITE {NUTM,4HMASS, V,L V,KV)
IF (IFPRNTLFEQ.1) CALL YRRITE (NMUTK ,4HSTTIFV,u,LV,KV)
CALCULATE (K=HAT) = (STIF) — SHIFT*{MASS),
CALL TIMCHK (&6HYAABB )

CALL YArBR

(1osNUTK g =SHIFTNUTM,NUT2, V,oLV,KV,RUT&NUTS)

CALL TIM(HK (6HYAABB )

IF (IFPENTL.EQ.1) CALL YWRITF (NUT3,SHK—HAT ,V,LV,XV])

DECOMPOSE (K-HAT) INTO

CALL YDCM3A

CALCULATE NUMEER
REWIND NUT2
CALL YIN
IF (IFPRNT
MKCUNT = O

oEQe

(NUT3 ,NUTT,NUT2,

(UxxT)2(-D-)*(U}.

CALL TIMCHK (6HYDCM3A)

VeLVaKVNUT4,,NUTE)

CrLt TIMCHK (6HYDCM3A)

CF NEGATIVE FLCTS (FRECUENCIFS) BELOW SHIFY POYIMT,

(NUT2,4Vsl,4N)
Y)Y CALL WRITE {Vyl,Ny1KD,1)

DO 15 MKOUNT=1,N

IF (VIMKDUNT ) LT oCe) NRKOUNT=NKCUNT+]

15 CONTINUF

WRITE (NOT,L6C0C)

GENERATE

SHIF T NKOUNT
INITIAL RAYLEICH VECTORS,

CALL TIMOCHK (6HYRVY )
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CALL YRV? (NUTZ NyNU, V4LV, KV NUT4 JNUTE,NUTE )

CALL TIMCHK

IF (IFPENT.FCQ.1) CALL YWRITE (NUTZ,6HZ=IN HV,4LV,4KV)
c
CALL TIMCHK
CALL YMULTY (NUT3NUTZ,NUT4L, VoLV KV NUTS)
CALL TIMCEK
IF (IFPENT.EC.1) CALL YWRITE (NUTL42HKZ 4V4LVyKV)
C

€ BEGIN ITERATICN LOCP.
CALL PAGEHRD
ITER = (O
20 1TER = ITER+]
CaLL TIMCHK
CALL YMULT?2 (NUTZNUT4LNUTR,A3S,VeLVeKV KA ZNUTE)
CALL TIMCRK
CALL TIMCEK
VelLVyeKV.NUTS)
CALL TIMCHK
IF (IFPRNT.ELLY) CALL YWRITE (NUTS,2MHMZ ,V4eLV,KV)
CALL TIM(OHK
CALL YMULTZ (NUTZ NUTS5 NUTL A SeVel VoKV KA ZNUTE)
CALL TIMCHK
CALL TIMCRK
(INUTAS JAyNR G NC KA KA VL VoKV NUTE)
INUT2 3S oNF JNC KA JKAS VoLV XKV HNUTSH)
CALL TIMCHK
1) CALL WRITE (A4NUJNU,4HMBAR (KA )
1) CALL WRITE (S NUSNU,4HKERAP JKA)
CELLL TIMCHK

CALL YMULTY (NUTMNUTZ,NUTS,

CALL YSTCD
CALL YSTCO

IF (IFPRNTY
IF (IFPRNY

«FCe.
.FQ.

CALL MOGETIX (AsSeW24NU,TOLWZ KA}
CALL TIMCHK
1) CALL WRITE (A, NU,NU, 2HY*, KA)
CALL TIMCHK

IF (TFPRNT .EQ.
C UNSHIFT w2.
DC 25 J=1,MU
VIiJ) = AEStW2(J))
Lved) = J
25 W2{J) = W2(J) + SHIFT
WRITE (NCT42020) ITER,,(W2(J),J0=1,NU)
IF (ITF® JEQ. 1) GO TC &0
C STORE CONVERGENCE VALUES (GF W2 IN W.
NC 28 J=1,4NU
WiJ) = wW21(J)
IF (ARS(W2(J)})
28 CONTINUE
WRITE (NCT4202G) (WlJ),J0=1,4NU)
1F (ITER,GELMALIT) GO TC 70

(LAST ITER CF W2 I-

«GTa TOLZ) WHJIE = (W2(J)-FRFQUIII/W2(I

(6HYRV1 )

(6HYMULTY)

{6HYMULTY)

{6HYMULT2)

(6HYMULT2)
{6HYMULTE)

(6HYMULTL)
(6HYMULT 2)
(6HYMULT2)
(6HYSTOD )

(6HYSTOD )

(6HMCDELX)
{6HMODEYIX)

(6HCVTEST)

IN FREQ!}.

)

w

C FIND START AND END L(CATION OF (W2-SHIFT) OF BAND WICTH NW ABOUT SHIFI

DO 37 J=1,NW

IMIN =
VMIN = V()
LMIN = LVIY)

DO 36 I=J4.MU

IF (VMIN JLE. V(I)) GO 0 36
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IMIN = 1
VMIN = VII)
LMIN = LVL(Y)

36 CONTINUS
VIiIMING = VD)
LVIIMIN) = LV(J)
v{J) = VMIN
37 LVUJ) = LMIN
J¢ = Lv(1)
JE = V(1)
DPC 38 J=14NW
IF (LV(S) LTe JS) JS=LVd)
IF (Lvtd! GT. JF) JE=LVY)
38 CONTINUE
TEST W2 FOF CONVERGENCE OF NW CONSECUYIVE MCDES AFOUT SHIFT POINT.
DO 45 JY=JS,JF
IF (ABSHIWZ(D)) LT, TCLZ) CO Y0 45
IF (ARS(W{J)) .GT. TOLWZ2) GC TC 50
45 CONTIMUE
GO T 70
50 CONTINUE
STORE LAST ITERATION VALUE OF w2 IN FRFEQ.
60 DU 62 J=1,NU
62 FREQUJ) = w2U1J)
CALL TIMCHK (6HCVTEST)
IMPEQVE RPAYLEIGE VECTOPRS.
CALL TIMCHK (6HYMULTS)
CALL YMULTS (NUTEAZNUTSL,S VoLV VKA WNUTS)
CALL TIMCRK (6HYMULT4)
TJF (IFFRNTLEC.T) CALL YWRITE (NUT4,1HG,V,LV,KV)
CALL TIMCHK (6HYBSL3A)
CALL YEBSL3A (NUT1NUT2,NUTL,NUTZ, V4LV,KV,NUTS5,NUTH)
CALL TIMCHK (6HYESL3RA)
IF (IFPRNT,.EQ.T) CALL YWRITE (NUTZ31HZsV,LV,KV)
GO TC 20
END ITERATION LOCP.

GET W,FREQ,MOGE SHAPES. MAKE FIRST ELEMENT OF FACH MCUDE POS1ITIVE.
SAVE ALL MODFS AND FREQUENCTIES USFD (NU) FCR LATER SELECTION.
70 DO 72 I=1,NU
W(iI) = SCRT (AES(W2(1)))
T2 FREQ(IY= 215915494 * W(I)
CALL TIMCHK {(6HYMULT4)
CALL YMULT4L (NUTZ JAGNUTY 4SSV LV XV ,KANUTS)
CALL TIMCHK (6HYMULT4)
CALL TIMCHK (6KHMDIPOCS)
REWIND NUTY
PEWIND NUTZ2
IVSM1 = KV-N
IVS = 1VEMI+]
DO 72 I=TVS,KV
73 Vi) = 1.
CALL YIN1 (NUT1,IHs1,10)
CALL YOUTI (NUTZ,IH,1,1C)
NG2 = IH{3)
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DO 75 1GZ=1,NG2

CALL YII'] (NUT] ,1H,1,1C)

NELGZ = TIH(1)

CALL YINI (NUT1,LV,1,NELG2)

CALL YIN (NUTI,Vy14NELGZ)

DO 74 1=1,NELG2Z

IZ = Lvir)/100C00

JZ2 = LVI(I)-100000*12

IF (12.FQ.1 .AND. V(1).LT.0.) V(IVSEMI4S2)=-1.
T4 VII) = VII)*VIIVSMI+JZ)

CALL YOUTI (NUTZ,IH,1,1C)

CALL YOUTT (NUTZ,LV,14NELGZ)
75 CALL YCOUT (NUTZ,V414NELGZ)

CALL TIMCHK (6HMD1POS)

CALL TIMCHK (6HTPRINT)
RETURN

999 CALL 27ZBOMB (6HYMCDE2 yNERRCR)
END
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SUBROUTINE YMULT (NUTAZNUTB,MUTZ VoLl VKV,NUTT)
DIMENSTION V(1),LV(1)4,MHEAD(10)
DATA MIT,NCT/5+6/

SPARSE MATRIX MULTIPLICATICN (A * & = 7).,
KV/Z4 MUSY BFE ECUAL TC CR CREATER THAN,
(1) NUMBER OF CCLUMNS OF MATRIX A

AND (2) NUMEER CF CCLUMNS OF MATRIX B,

CALLS FORMA SUBROUTINES YIN sYINI L,YLORD ,YNOZER,YOUT ,LYOUTI ,
YPART YSYMLKE,YSYMUH,Z2BOMB,

DEVELCPED BY R A PHILIPPUS. APRIL 1969,

LAST REVISICN BY RL WIHLEN FOR NASA. MAY 1976,

SUBROUTINE ARGUMENTS (ALL INPUT)

NUTA = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
NUTE = LOGICAL NUMBER OF UTILITY TAPE CN WHICH MATRIX E IS STORED.
NUTZ = LOGICAL NUMBER OF UTTILITY TAPE ON WHICH MATRIX 2 IS STCORED.
v = VECTCR WORK SPACE.

tv = VECTYOR WOKK SPACE.

KV = DIMENSION SIZE QOF V,LV IN CALLING PROGRAM.

NUT1 = LOGICAL NUMEBER OF UTILITY TAPE.

NERRCR EXPLANATICM
1 = SIZ¥ LIMITATICN EXCEEDED.
2 = INCOMPATIRLE MATRICES.

N e Xa Xz XaXaEaXaXaNalaslaNaNaNa N NaNaNe Rale Ne e e

NPAKTYZ=0C
NNZZ=0
NREC=0
CALL YLORD (NUTA VLV KV NUTL,NUTZ)
CALL YLCRD (NUTE oV LV KV NUTL (NUTZ )
C GET (A) HFADEF INFOFMATION.
REWIND NUTA
CALL YINI (NUTAGMHEAD,1,10)
NRA = MHFAD(1)
NCA = MHFAD(2)
NNZA = MHEAD(4)
ISHAP = MHEAD(?)
NPZTA=10C0%NNZA/NRA/NCA
IXYZ3=ISHAP
IF (ISHAP.FQ.S5HWHOLE .OR. ISHAP.EQ.4HDIAG)Y GC TO &
IF (TSHAP.EQ.SHLOWER) CALL YSYMUH (NUTA,V,LV.KV,NUT1,NUTZ)
IF (ISHAP . FQ.ERUPPER) CALL YSYMLH (NUTA,V,LVsKV,NUT1,NUTZ)
REWIND NUTA
CALL YINI (NUTAMHEAD,1,10)
NNZA = MHEAD(4)
NPCTA=100=NNZA/NRA/NCA
5 NPARTA = MHEAD(3)
C GET (B) HFADEF INFOPMATION.
REWIND NUTH
CALL YINI (NUTB MHEAD,1,10C)
NRE = MMEAC(Y)
NCE = MHFAD(Z)
NNZE = MHEAD(4)
ISHAP = MHEAD(7)
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NPCT3=100*NN2ZB/NRB/NCB
IXY24=TSHAP
IF (ISHAPSFQ.SHWHOLE <CR. ISHAP.EQ.4HDIAG) GO TC 10
IF (ISHAPL.EQ.SHLOWER) CALL YSYMUH (NUTB,V,LV.KVy,NUT1,NUTZ)
IF (ISHAP.EQ.SHUPPER) CALL YSYMLH (NUTB,V,LVsKV,NUT1,NUTZ)
REWIND NUTE
CALL YINI (NUTB JMHEAD1,1C)
NNZB = MHEAD(4)
NPCTB=1CCHNNZE/NRE/NCB
16 TF (NNZA.FQ.0 .OR. NNZB.EQ.G} GC TC 20
NPARTE = MHEAD(3)
NERROR=]1
IF (NCA.GT.KV/4 .(R. NCB.GT.KV/4) GC TO 99¢
NERRDR=2
IF (tRB.NEJNCA) GO TO <99

12=0
LPBS=KV/4+1
LPEE=LPRS~1
LCS=KV/2+1
LCE=LCS-1+NCE
LCCS=LCE+]
LCCE=LCE
NNZ=KV~-LLCS+1
REWIND NUTY

0O 15 T=LCS,LCE
15 v(1)=0.

C LOOP ON (A) PARTIONS.
DO 55 I=1,NPARTA

C GET (A) PARTITION INFCRMATION,
CALL YINI (NUTAMHEAD91,10)
NNZPA = MHEAD(1)
LFELPA = MHEAD(2)

LLELPA = MHEAD(3)

CALL YINI (NUTA,LV,y1,NNZPA)
CALL YIN (NUTA Y91 4NNZPA)
K=LPERS

ITRRL=0

REWIND NUTB
CALL YINI (NUTE yMHEAD,10,10)
NREAD=0

DO 50 INA=1,NNZPA

TA=LV(INA)/1ICCOCO

JA=LV(INA)-1CO000*1A

IF (1A.FQ.IZ .AND. ITRBL.EQ.1) GO TO 50
ITRBL=0

IF (1A.FQ.IZ) GO 70 30

REWIND NUTB

CALL YINI (NUTB MHEAD,10,10)

NREAD=0

DO 25 INC=LCS,LCE
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IF (VIINC).EQ.0.) GO TO 25
LCCE=LCCE- !
VILCCE )=V (INC)
LVILCCE)=122+INC~KV/2
VUINC)=0.
IF (LCCE.LT.KV) GO TO 25
CALL YOUTTI (NUT1,LV,LCCS,1CCE)
CALL YOUY (NUT1,V,LCIS,LCCE)
NREC=NREC+1
NNZ2=NNZZ+NN2Z
LCCE=LCE

25 CONTINUE

12=1»
127=100000%*12
K=LPRE
30 IF (K.LF.LFBE AND. NREAD.GT.0) GC TO 40
35 IF (NRFAD.EQ.NPARTB) ITREBL=1
IF (ITRBL.EQ.1} GC TC 50
CALL YINI (NUTB yMHE AD+1,10)
NNZPE = MHFAD(1)
LFELPB MHEAD(2)
LLELPB MHEAD(3)
LPRE=-LPBS-1+NNZPB
CALL YINI (NUTB,LV,LPBS,LPBE)
CALL YIN (NUTE ,V,LPBS,LPBE)
NREAD=NREAD+1
K=LPRS

non

40 DO 45 INB=K,4LPEE
K=INE
TB=LV(INE }/100000C
IF (IR.GCT.JA) GG TO 50
IF (18,1T.J4) GO YO 45
JEZ=LV({INE)}-100000%18B
INZ=KV/ .+ JIBZ
VIINZ)=V(INZ}+V{INA) %V (INB)
45 CONTINUE

GO 7O 25
50 CONTINUF
55 CONTINUE

DO 60 I=LCS,LCE
IF (VI1).FQ.C.) GO TO 60
LCCE=LCCE+]
VILCCE)=VII)
LVILCCE)=T1Z2Z+T-KV/2
IF (LCCE.LT.KV) GO TO 60
CALL YOUTI (NUT1,LV,LCCS,LCCE)
CALL YOUY (NUT1,Vy,LCCSELLCCED
NREC=NREC+1
LCCE=LCE
NNZ22=NMN2Z+#NNZ

60 CONTINUE



70

12

75

10C

999

IF (LCCE.EQ.LCE) GO TO 7C
NNZ=LCCE~-LCCS+1

NNZZ=NN22Z +NNZ

NREC=NREC+1

CALL YOUTI (NUT1,LV,LCCS,LCCE)
CALL YOUT (NUT1,V,LCCS,LCCE)

REWIND NUTYZ
MHEAD(1) = NRA
MHEAD(2) = NCB
MHEAD{3) = NREC
MHEAD(4) = NNZ22
MHEAD(5) = SHORDER
MHEAD(6) = O
MHEAD(7) = SHWHOLE

CALL YOUTI (NUTZ,MHEAD,1,10)
IF (NNZ22.GT7.0) GO TO 75

DC 72 1I=1,10

MHEAD(I) = O

CALL YOUTI (NUTZ,MHEAD,1,10)
CALL YCUTI (NUTZMHEAD,142)
CALL YOUT (NUTZ, Vel,2)
RETURN

LZE=KV

REWIND NUT1

DO 100 I=1,NREC

TF (T.EQ.NPEC) LZE=LCCS-1+4NNZ
NNZP = LZE-LCCS+]

CALL YINI (NUT14,LVsLCCSHLZE)

CALL YIN (NUT14VeLCCSHLZE)
MHEAD(1) = NNZP

MHEAD(2) = LV(LCCYS)

MHEAD(3) = LVILZE)

CALL YOUTY INUTZ,MHEAD,1,1()
CALL YOUTZ (NUTZ,LVyLCCSyLZE)
CALL YOUT (NUTZ W4 LCCS,LZE)

CALL YR4ART  (MUTZ VoLV sKV,NUT1)
RETURN

CALL 2ZBOMF (SHYMULT 4NERROR)
END

YMULTY ~—— &/ &
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SUBRCUTINE YMULT1 (NUTAZNUTBNUTZ,V,LVKV,NUTT)
DIMENSTION V{(1),LV(1},MHEAD(10)
DATA NIT4NCT/5,6/

SPECIAL SPARSE MATRIX MULTIFLICATION (A * B = Z}).
B AND 2 ARE DENSE MATRICES.
KV/4 MUSY BE EQUAL TC OR GREATER THAN,

(1) NUMBER OF CCLUMNS OF MATRIX A

AND (2) NUMBRER OF CCLUMNS CF MATRIX B,

CALLS FCRMA SUBRCUTINES YIN +YINI LYLCRD ,YNCOZER,YOUT ,LYOUTI ,
YPART ,YSYMLH,YSYMUH,2Z80MB,

DEVELOPED BY R A PHILIPPUS. AUGUST 1972.
LAST REVISION BY WA BENFIELD. MARCH 1976,

SUBROUTINE ARGUMENTS (ALL INPUT)

NUTA = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
NUTE = LOGICAL NUMBER OF UTILIYY TAPE ON WHICH MATRIX B IS STCORED.
NUTZ = LOGICAL NUMBER OF UTILITY TAPE ON WRICH MATRIX Z IS STORED.
v = VECTCR WOFRK SPACE.

tv = VECTOR WCPK SPACE.

KV = DIMENSICN SIZE OF Vo,LV IN CALLING PROGRAM.

NUT1 = LCGICAL NUMBER OF UTILITY TAPE.

NERRCR EXPLANATIMN
STZF LIMITATION FXCEEDED.
INCOMPATIBLE MATRICES.

N =t
wn

KVQae = KV /4
CALL YLORD (NUTA,V LV KV,NUT]I NUTZ)
CALL YLORD (NUTE VLV KVsNUTYNUTZ)
REWIND NUTA
CALL YINY (NUTAJMHEAD,,1,10)
NRA MHEAD(T)
NCA MHEAD(?2)
NNZA = MHEAD(4)
ISHAP = MHEAD(T)
IF (ISHAP JEQ.SHWHILE OR. ISHAPJEQ.4HDIAGY GO 1O S
IF (ISHAP EC.SHLOWER) CALL YSYMUH (NUTAZVyLVsKV,NUTINUTZ)
IF (ISHAP .FQ.5HUPPER) CALL YSYMLH (NUTAVLVKVNUTTI,NUTZ)
REWIND NUTA
CaLl vYInN? {NUTAMHEAD,1,4,1G)
NNZA = MKEAD(4)
S NPARTA = MHEAD(3)
REWIND NUTE
CALL YINT (NUTE MHEAD,1,10)
NRE MHFADL 1)
NCHB = MHEAD(2)
NPARTB = MHEAD(3)
NNZE = MHEAD(4)

(I ]

NERROR=1
IF (NCAL.GT.KV/4 (R, NCB.GT.KVY/4) CQ T 999

NERRQOR=2
IF (NRB.NE.NCA) GC TO 999

12=0



c

LES=KVY(Q4+Y
LIS = 2*KV04+1
NNZ2Z = NNZE

NPARTZ = NPARTB
NNZPZ = KVO&/NCBANCE

MHEAD(1) = NRA
MHEAD(2)Y = NCE
MHEAD(2) = NPARTZ
MHEAD(4) = NNZZ
MHEAD(S5) = S5HCRDER
MHEAD(6) = 4%KVD4
MHEAD(7) = SHWHOLE
REWIND NUT

CALL YOUTTI (NUTZ,MHFAD,1,10)

C READ A ONFE TIME, FACH PARTITION AS REQUIRED.

20
21

c

CALL YINI (NUTA ,MBEEAD,1,1C)
NNZPA = MHEAD(1)

LFELPA = MREADIL2)

LLELPA = MHEAD(3)

NNZARD = MNZPA

CALL YINI (NUTA,LVy I,NNZPA)
CALL YIN {NUTA, Vs1,4NNZPA)
INA = O

NFRPZ = 1

DN 55 IPARTZ=1,NPARTZ

IF (TPARTZ.EQ.NPARTZ) NNZPZ=NNZZ—{IPARTZ~1)*NNZPZ

NRPZ = NNZPZ/NCB
NLRP2 = NFRP2-14NRPZ
L2E = L2°~1+NNZPZ
INZ = LZIS-~1

D0 20 I=NFRPZJNLRPZ
DG 2C J=1,4NCE

INZ = INZ+1
VIINZ) = 0.
LVUINZ) = 100000%3+J

REWIND NUTE
CALL YINI {NUTB MHEAD1,10)

C READ ALL CF B FCR EACH PARTITION OF A (R Z,

25

DO 50 IPARTB=1,NPARTR

CALL YINY {NUTE JMHEADs1,410)
NNZPB = MHEAD(1)

LFELPE = MHEAD(2)

LLELPE = MHEAD(3)

LBF = LES-1+NNZPR

CALL YINI (NUTB 4LVoLES oLEE)
CALL YIN (NUTB, VoLBS,LEE)

INA = 0
NFRPE = LFELPB/1CCOCC
NLRPE = LLELPR/100000

IF (INALLT.NNZPA) GO TO 30
IF (IPARTB.LT.NPARTB) GO TO 50
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35

40

50

55

999

IF (NNZARD.EQ.NNZRA) GO TC 50
CALL YINI {NUTA MHEAD,1,1C)
NNZPA = MHEAD(Y)

LFELPA = MHEAD(2)

LLELPA = MHEAD(3)

CALL YINI (NUTALLVy14NNZPA)
CALL YIN (NUTA, V,y14NNZPA)
NNZARD = NNZARD+NNZPA

INA =0

60 T0 21

TNA = INA4Y

IA = LV(INA)/1C00CO

IfF (1A.LE.NLRP2) GO TO 35
GO TO 50

IF (TA.LT.NFREFLZ) GC TO 25
JA = LVIINA)-1CCCOC*IA

IF (JA.LT.NFRPE) GO TO 25
IF (JALGT.NLRPRY GO TO 25
LZ = (TA-NFRPZIXNCB+L25-1
LB = (JA-NFRPR)IXNCB+LRS-1
IF (LB+NCB.GT.LRE) GG TG 50

DO 40 JZ=1,NCB

Lz = L2+1

LB = LR+}

VILZ) = VILZ)+V(INA)XV(LB)
GO TO 25

CONTINUE

NFRPZ = NLRPZ+1
MHEAD(1) = NNZPZ
MHEAD(2) = LVILZS)
MHEAD(3) = LVILZE)

CALL YOUTI (NUTZ,MHEADs1,10)
CALL YOUTT (NUTZ,LVeLZS,L2E)
caLL yout (MUTZ, VeLZS,HLZE)
CALL YPART (NUT2,VsLV¢KVsNUT])
RETURN

CALL 22BCMB (6HYMULT1 yNERRCR)
END

YMULTI-- 3/ 3
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SUEROUTINE YMULTZ (NUTAJNUTE JNUTZ9A9B 3VoL V4KV ,KR4NUTT)
DIMENSTION V(1) LV(1), A(KR,s1)y B(KRs1), MHEAD(10)
COMMON / LWRKV1 / W(500)

DATA NIT.NCT/5,46/

SPECIAL SPARSE MATRIX MULYIPLICATION (A**Ti*{(B)=(1).
AyByZ ARE DENSE MATRICES.
Z IS SYMMETRIC.
KV/4 MUST BRE FQUAL TO OR GREATER THAN,

(1) NUMEBER CF CCLUMNS OF MATRIX A

AND (2) NUMBER CF COLUMNS OF MATRIX B.

CALLS FORMA SUBROUTINES YDTOS ,LYIN +YINI LYLORD oYNOZER,YOUT ,
YOUTI ,YPART ,YSYMLH,YSYMUH,2ZBOMB.

DEVELOPED BY R A PHILIPPUS. AUGUST 1972,
LAST REVISION BY WA BENFILELD. MARCH 1976,

SUBROUTINE ARGUMENTS (ALL INPUT)

NUTA = LOGICAL NUMPE? OF UTILITY TAPE ON WHICH MATRIX A& 1S STORED.
NUTB = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX & IS STORED.
NUTZ = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX Z IS STORED.
A = MATRIX WCRK SPACE.

8 = MATRIX WORK SPACE.

v = VFCTOR WORK SPACE

Lv = VECTOR WCRK SPACE.

Kv = DIMENSION SIZE OF VoLV IN CALLING PROCKAM,

KR = ROW DIMENSION OF A.8 IN CALLING PROGRAM,

NUT1 = LCGICAL NUMBER OUF UTILITY TAPE.

NEFROF EXPLANATION
SIZE LIMITATICN SXCEEDED.
INCOMPATIRLE MATRICES,
INCOMPATIRBLE MATRICES.
INCOMPATIBLE MATKICES.
INCOMPATIBLF MAYFRICES.
MCRE THAN 500 COLUMNS IN MATRI1X B.

now it no

N PWN -

CALL YPART (NUTAV,LV4KV4NUTL1)
REWIND NUTA

CALL YINI (NUTA MHEAD,1,10)
NRA MREAD (1)

NCA MHEAD(Z)

NNZA = MHEAD({4)

NPARTA = MHEAD(3)

REWIND NUTE

CALL YINI (NUTB yMHEAD,1,410)
NREB = MHEAD(1)

NCR = MHEAD(2!

NNZE = MHEAD(4)

NPARTR = MHEAD(3)

"nw

NERRGR=1
IF INCALGTOKV/4 J0R. NCE.GT.KV/4] GO TD 99¢

NERROR=2
IF (NRB,NF.NRA} GO TO 999

NERROR=3



IF (NPARYAJNEJNPARYIE) GC TO 999

IF (NNZAJNE...NZB) GO TO 999
LZS = KV/2+1

12E = LZ285~Y+NCAXNCA

REWIND NUTI

DC 30 JPART=Y NPARTA

CALL YINM] {NUTAMHEAD,1,10)
NNZPA = NHEAD(1)

IRF = MHEAD(2)/100000
IRL = MHEAD(3)/10000C

NR = IRL-IRF+1

CALL YIN {(NUTA,WW,1,1)

CALL YIN (NUTA,V,1,NNZPA)
CALL YINY (NUTE yMHEAD,1,10)

IF (MHEAD (1) .NE.NNZPA) GO C 999
LPBS = NNZPA+1

LPBE = NNZPA+MHEAD(1)

CALL YIN (NUTB 4V, LPES,LPES)
CALL YIN (NUTB 4V4LPBS 4 LPBE)

STATEMENTS FROM AYXEBR2

IF (NCA.GT.5C0) GO TC 999
DO 20 J=1,NCA

DO 10 I=1,J

wilI}) = 0.

DO 10 K=1,4NR

INA = (K—=1)%NCA+]

INB = NNZPA+(K-1)™NCA+)

10 wW(Tl) WII +VIINAYRV{INE)
DO 20 I=1,J
All,d) = W(I)

20 A(J,1) = W(Y)

30 CALL YDOUT (NUT1,A,14 KRENCA)
IF (MPARTA.LE.1) GO TO 4«0
REWIND NUTI1
DO 35 YPART=2,NPARTA
CALL YIN (NUT1,Re1 4 KRENCAY
DO 35 I=1,NCA
DO 35 J=1,NCaA

35 A(T4J) = A(15J)+B(1,4J)

40 CALL YDTCS (A,NUTZ’NCA,NCA'KR,KR,V’LV'KV'NUTI)
RETURN

999 7 ALL ZZEOMER (6HYMULT2 ¢NERROR)
END

YMULY2-= 2/ 2

NERL QR =4

NERRCR=5

NERROR=6
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SUBRCUTINE YMULT4L {NUTASBoNUTZ 3A,VLV,KV KR RUTT)
DIMENSTION V(Y1) LVI1), AIKR,1), B(KRy1), MHEAD(10?
CCMMCON / LWRKV1 / W(500)

DATA Ni1ToNCT/S5,6/

SPECTIAL SPARSE MATRIX MULTIPLICATION (A * B = Z}).

AyBs2 ARE DENSE MATRICES,

KV/4 MUST BE FQUAL TC CR GREATER THAN NUMBER CF CCLUMNS GF MATRIX A,

CALLS FORMA SUBRIJTINES YIN s YINY  LSYLCRD L,YOUY LYOUTI LYPART ,
1780ME.

DEVELCPED BY R A PHILIPPUS. AUGUST 1972.

LAST REVISION BY WA BENFIELD. MARCH 1976,

SUBROUTINE ARGUMENTE (ALt INPUT)

NUTA = LCCGICAL NUMRER CF UTILITY TAPE ON wWHICH MATRIX A IS STORED.
8 = MATRIX. SIZE (NCAoNCA).

NUTZ = LOGICAL NUMEER OF UTILITY TAFE ON WHICH MATRIX 2 IS STORED.
A = MATRIX WOKK SPACE.

v = VECTOR WCRK SPACE.

LV = VECTCR WORK SPACE,

KV = DIMENSTION SIZE OF VoelV IN CALLING PROGRAM.

KR = ROW DIMENSION DF A,E IN CALLING PROGRAM.

NUT1 = LOGICAL NUMBER OF UTI._ITY TAPE.

NERRO®  EXPLANATION
1 = STZE LIMITATICN EXCEEDED.

REWIND NUTA

CALL YINT (NUT, MHEAD,1,10)
NR A MHFAD(Y)

NCA MHEEAD(2)

NNZA = MHEAD(4)

NPARTA = MHEAD(3)

NRR = NCA

NCER = NCA

won

NERROR=1
IF INCA.GT.KV/4) CC YO 999

REWIND NUT2
CALL YOUTT (NUTZ MHEAD,1,1C)
DO 50 TPART=1,NPARTA
CALL YIN] (NUTAMHEAD,1,1C)
NNZPA = MHEAD(])
IRF = MHEADI(2)/1CCCCO
= MHEAD({3) /100000
NR = JIRL-IRF+}
CALL YTINY {NUT A,LVy14NNZPL
CALL YIN (NUTA,LVs1,NNZPA)
DC 4C I=14NR
DO 20 K=Y ,NCA
INA = (I-1)*NCA+K
20 WIK) = V(INA)
DC 40 J=1,NCA
< = 0.

DO 30 K=1,NCA



30

40

50

S = SHWIKI*R(K,J)
INZ = (I-1)*NCA+)

VIINZ) = €
CALL YCOUTY
CAL® YOUTI
CA.L YOUY
RETURN

CALL 228B0MB
END

INUT2 MHEAD,1:210C)
{(NUTZ,LVy1,NNZP3)
(NUTZ, VylgNNZ2PA)

(6ERYMULTS 3 NERRCR)

YMULT4== 27 2
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YNQZER~— 1/

SUBROUTINE YROZER (NUTAZ VLV KV,NUTY)
DIMENSION V{(1),LV{1),MHEAD(10)
DATA NITyNCT/5,6/

REMOVE 2€PC FLEMENTS FROM SPARSE MATRIX A TO GET SPARSE MATRIX Z.
MATRIX A IS KEPLACED BY MATRIX Z ON NUTAZ.
CALLS FORMA SUBROUTINES YIN +YINYI ,LYCUT ,LYOUTI ,YPART ,2ZBCMB.
DEVELOPED 8Y R A PHILIPPUS, CCTOBER 1968,
LAST REVISION BY WA BENFIELD. MARCH 197¢6.

SUBROUTINE ARGUMENTS (ALL INPUT)
NUTAZ = LCGICAL NUMBFR OF UTILITY TAPE ON WHICKH MATRICES AsZ ARE
STCRED. MATRIX A 1S REPLACED BY MATRIX 2.

v = VECTOR WORK SPACE.

[8Y = VECTCR WORK SPACE.

KV = DIMENSICN STZE OF VoLV IN CALLING PRCGRAM,
NUT1 = LCGICAL NUMBER OF UTILITY TAPE.

NERRCR FXPLANATICN
1 = SIZE LIMITATION EXCEEDED.

REWIND NUTAZ

REWIND NUT1

NREC=0

CALL YINT ENUTAZyMHEAD 21,1C)
NRA MHEAD (1)

NCA MHEAD(2)

NPART = MEEAN(2)

NNZA = MHEAD(4)

MCKCORD MHEAD(5)
MASHAP = MHEAD(?)

IF (MNN2A.EQ.C) GC TC 25
NNZCK=KNZA

NNZA=0

DO 10 I=1,NPART
CALL YINI (NUTAZyMHEAD41,1C)
NNZP = MHEAD(1)
NERROR=1
IF (NNZP.GT.KV) GC TO 999
IF (NN2P.GT.C) GO TO 5
CALL YINI {(NUTAZ,MHEAD,1C,410)
CALL YIN1 (NUTAZyMHEAD,10,10)
MHEAD(1C) = O

GO TO 1C

S CALL YINI {NUTAZyLV,1,NNZP)
CALL YIN (NUTAZyVy1,NNZFP)
NN22=0

DO 8 J=1,NNZF
IF (V(J).EC.C.) GO TO 8
NNZ2=NNZ2Z+1
VINNZZYI=V(J)
LVINNZZ)=LV(J)

8 CONTINUE



10

15

2¢

25

999

IF (NNZ2.EQ.C) GO TC 10
NNZ A=NNZA+NN2ZZ
NREC=NRFC+1

MREEADEY) = NNZ2
MHEAD(2) = LV{Y)
MHEAD(3) = LVINNZZ)

CALL YOUTT (NUT1,MHEAD,1,10)
CALL YCUT1 (NUTY 4LVe1,4NNZZ)
CALL YOQOUT (NUT1,Vel1,4NN2Z)
CONTINUE

IF (NNZA.EQ.NNZCK) GO TC 25
REWIND NUTAZ

REWIND MUT
MHEAD(Y) = NRA
MHEAD(2) = NCA
MHEAD(3) = NREC
MHEAD(4) = NNZA
MHEAD(5) = MCKCRD
MHEADU7) = MASHAP

CALL YCUTTI (NUTAZ,MHEAD,1,1C)
IF (INRFC.LGT.0) GC TC 15
MHEAD(Y) = O

MHEAD(2) o

MHEAD(3) c

CALL YOUTI (NUTAZ,MHEAD,1,10)
CALL YOUTTI (NUTAZ,MHEAD 1,2
CALL YOUTY (NUTAZ,MHEAD,1,2)
RETURN

DO 2C I=1,NREC

CALL YINI (NUT1,MHEAD,1,1C)
CALL YINI (NUTY,LVs1,MHEADI(1))
CALL YIN {NUTI,V,1,MHEAD(]1))
CALL YCUTI (NUTAZyMHEAD,1,10)
CALL YCUTI (NUTAZeLV,1,MHEAD(1))
CALL YCUT (NUTAZsV4s1,MHEAD(1))

CALL YPART (NUTAZ)VsLVaKV,NUT1)
PETURN

CALL ZZIBCMB (6HYNCZER ¢NERRCR)
END

YNT2ER—— 2/ 2
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SUBRCUTINE YOUT (NUT,ANS,NE)
DIMENSICN A(1)

WRITE OUYT BINARY DATA FRCM CCRE AREA A ONTO PERIPHERAL UNIT NUT.
CALLS FCRMA SUBROUTINE 2ZBCMB.

DEVELOPED BY R A PHILIPPUS. NOVEMEER 1971.

LAST REVISION BY WA BENFIELD FOR NASA. MAY 1676.

SUBROUTINE ARGUMENTS (¢ALL INPUT)

NUT = LOCICAL NUMBER OF UTILITY TAPE.
A = VECTCR TO BE WRITTEN.

NS = START LCCATION IN VECTOR &.

NE = END LOCATION IN VECTOR A.

NFERRCR EXPLANATIMN
START LCCATICN GREATER THAN END LOCATION.

2 = END OF FILE ENCOUNTERED.
3 = WRITF PARITY ERR(Ra
NERROR=1
IF (NS JLEe C «CRe NS oGV, NE) RETURN
NERROR=2
WRITE (NUT,ERR=9G8,END=999) (A(I}yI=NS,NE)
RETURN
c9¢ NERRCR=3

2999 CALL 2ZBOME (4HYQUT  SNERRCR)
END



OO0

YCUTI

SUBRCUTINE YOUTI {(NUT,IA,NS,NE)}
DIMENSICN TA(1)
WRITE OUT RINARY DATA FRCM CCRE AREA TA ONTO PERIPHERAL UNIT NUT.
CALLS FCRMA SUBROUTINE 22B0MB.
DEVELCOPED RY R A PHILIPPUS, MAY 1973,
LAST REVISION BY WA EENFIELD FOR NASA. MAY 1976,

SUBROUTINE ARCUMENTS (ALL INPUT)

NUT = LOGICAL NUMBRER OF UTILITY TAPE,
IA = VFCTOR TC BF WRITTEN.

NS = STARY LGCCATICN IN VECTOR IA.

NE = END LOCATION IN VECTCR 1A,

NERRCR EXPLANATI(N

1 = STARY LOCATICN GREATER THAN END LCC “ION.
2 = END CF FILE ENCOUNTERED.
3 = WRITE PARITY ERR(R.

NERR(OR=1

IF (NS .LE. © «0FR. NS .GT. NE) RETURN
NERRCR=2

WRITE (NUTLERR=G9E,END=999) (TA(I)I=NS,NE}

RETURN

998 NERROR=3

999 CALL ZZECMB (S5HYQUTILZNERRCR)
END
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SUBROUTINE YPART INUTA,V,LV,KV,NUT])
DIMENSION VII),LV{Y)  MHEAD(LIC) JMPHEAD(10), MZHEAD(IC)
DATA LLIT4,NOT/5,67

REPARTITION SPARSE MATRIX 2 BY RCWS.

USED TC REPARTITICN SPARSE MATRIX A WHICH WAS FORMED IN A PROGRAM

HAVING A DIFFFRENT DIMENSION KV.

THE MAXIMUM ALLOWAEBLE PARTITION SIZE IS KVvy/a,

CALLS FCPMA SUBRCUYINES YIN s YINT  ,L,YCUT ,L,YOUTI 4Z22ECMEB.
DEVELCPED EY R A PHILIPPUS. NOVEMBER 1968.

LAST REVISICN BY WA BENFIELD. MARCH 1976.

SUBROUTINE ARGUMENTS (ALL INPUT)
NUTA LCGICAL NUMEER COF UTILITY TAPE CN WHICH MATRIX A IS
v VECTOR WOFK SPACE.
Lv VECTOR WORK SPACE.
KV DIMENSION SIZF CF V,oiVv IN CALLING PROGRAM.
NUT1 LtOGICAL NUMEER OF UTILITY TAPE.

nown g

NERRCR  EXPLANATICN
SI1ZF LIMITATICON EXCEEDED.
SIZE t MITATICON EXCEEDED.

ot
nn

LAE=0
NREC=(G
NNZPT=C
pe 5 1=1,1¢C
5 MZHEAD(Y) = O
MAXP =KV /4
IF (MAXP.EC.C) MAXP=1
LPRS=]
REWIND NUTA
REWIND NUTI

CALL YINI {NUTA ,MHEAD,1,1C)
KVCRK = MBEADI(S)
IF (KVCHK.EQ.KV) RETURN
NNZA = MHFAD(4)
IF INNZA.LE.)) RETURN

10 CALL YINT (NUTA,MPHEAD,+1,10)
NNZP = MPHEAD(Y)

STORED.

NERROR=1

IF (NNZP.CT.,kV) CGC TO 969
LAE=LAFE+NNZP
IF (NN2FP.GT.C) GC TC 20
CALL YINI (NUTA,LVyKV,KV)
CALL YIN (NUTA,V,KV,KV)
20 1F (LAF.GT.kV) GO TC 40
30 LPRE=LPRS-14NNZP

NERRQOR=2

I (LPRELGT.KV) GC TO 9%S
LAE=LPRF

CALL YIM] (NUTASLVeLPRSHLPRF)
CALL YIN {(NUTA,V4LPRS,,LPRE)
NNZPT=NNZPT+NNZP



40

50

6C

80

100

102

105

LPRS=L PRE+]
IF (NNZPT.LT.NNZAY GO TO 10

IF (LAE.GT.KV) LAF=LAE-NMZP

L=MAXP

LPWE=1

LPWE=L

IF {LAE.LE.LPWF) GO TO 80C

IF (LPWE.EQJ.LLAE) GC TC 80

IF (LVILPWE)/1C0000 .LT. LVILPWE+1)/1CCC00) GC TO 8C
IF (MAXP.LT.2) GO TO 80

CC 6C 1=2,MAXP

t=L-1

IF (LVILPWE)/1CCOCO .EQ. LVIL)/100000) GC TO 60
LPWE=L

G0 TO gC

CONTINUE

IF (LPWE.GT.LAE) LPWE=LAE
L=LPNWE

NNZPW-LPWE~LPW3+1
M2HEAD(Y) = NNZPW
M2HEAD(2) = LVILPWS)
M2HEAD(3) = LVILPWE)

CALL YOUTI (NUVIM2HEAD,1,10)
NREC=NREC+1

CALL YOUTTI (NUTQ,LV,LPWS,LPWE)
CALL yCuY (NUT1,V,LPWS,,LPWE)
TF (LPWELECLLAE .aAND. NNZPT.EQ.NNZA} GC TO 105
IF (LAF.LT.LPWE+MAXP) GC TO 85
LPWS=LPWE+1

LPWE=LPWS-Y+MAXP

L=LPWE

GO TC SC

MCVE=LAE~LPWE

Lt AE=MCVE

IF (MOVE.EQ.D) GO TO 1C2

DO 100 I=1,MCVE
L=L+1]

vIiI)=vI(L)
LVII)=LViL)

LPRS=LAE+]

IJF {NNZPT.LT.NNZA) GO TO 3C
LPWS=1

LPWE=LAE

~0 70 80

KEWIND NUT1

PEWIND NUTA

MHEAD(3) = NREC

MHEAD(6) = KY

CALL YOUTYI (NUTAMHEAD,1,10)

YPART —= 2/ 3




110

999

DC 110 I=1,NREC

CALL
caLtL
NNZP
CALL

YINY {NUT1 ,MPHEAD,1,10)
YCUTI (NUTASZMPHEAD1410)
= MPHEAD(Y)

YINI (NUT1,LV,1,NNZP)

CALL YIN (NUT1,V,14NN2ZP)
CALL YOUTI (NUTALLV,1,NNZP)
CALL YOUY {NUTA,Vy14NNZP)
CONTINUE

RETURNM

CALL ZZRCMR (S5HYPART ,NERRCR)

END

YPART =~ 3/ 2
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SUBRCUTINE YPUNCH (NMUTAZANAME ,,V,LV,XV)
DIMENSICN V1)L V{1) o Wi4) MHEADR(IOC)
DATA NIT,NOCT/S4&/

PUNCH SPAFSE MATRIX A ON CARDS IN FORMA COMPATIBLE FCRMAT FCR
SUBROQUTINES READL,YREAD,JREAD,

CAUTICN — FLEMENT LOCATIONS (LV) SHOULD BE IN INCREASING CRDER.
CALLS FORMA SUBROUTINES YIN +YINT ,2ZBCMB.

DEVELOPED BY R A PHILIPPUS. JANUARY 19¢9,.

LAST REVISICN EY WA BFNFIELD. MARCH 1976,

SUBROUTINF ARGUMENTS {(ALL IKPUT)

NUTA = LOGTICAL NUMBER OF UTILITY TAPE CON WHICH MATRIX A IS STORED.
ANAME = MATRIX IDENTIFICATION. (A6 FORMAT)

v = VECTOR WOEK SPACE.

LV = VECTCR WCRK SPACE.

KV = DIMENSICN S1ZE GF V.LV IN CALLING PROCRAM,

NERRCR EXPLANATICN
1 = STZE LIMITATION EXCEEDED.

OO0

4001 ~ORMAT (£64514,15,R6)

4002 FCRMAT (215,4E17,8)

4Q03 FORMAT (10HCO0QC000000)

c

REWIND NUTA
CALL YINI (NUTAMHEAD,1,1C)
NRA = MHEAD(1)
NCA = MHEADI(?2)
NPARTA = MHEAD(3)
NNZA = MHEAD(4)
ISHAPE = MHEAD(7)
PUNCH 40C1, ANAME NRAJNCA,ISHAPE
TF (NNZ£.EG.) GC TO 40
LpS=1
IFLAG=0

DO 38 M=1,NPARTA
CALL YIN] (NUTAJMHEAD,1410)
NNZP = MHEADI(])
LFELP MHEAD(2)
LLELP MHEAD(3)
IF (NNZP.GT.C) GC TO 2
CALL YINI (NUTAMHEAD,1,2)
CALL YIN (NUTA, Vele2)
61 L N LY J

2 LPE={PS~14NNZP

n o

NERROR=1
IF (LPE.GTLKV) GO TO 999
CALL YINI (NUTALLV,LPS,LPE)
CALL YIN (NUTA,V,LPS,LPE)

O

DC 3% I=LPS,LPE
Ia=LVv(I)/1cccCer
JASLVII)-10000C*T A



20

30

YPUNCH—= 2/ 2

-

IF (T.ECsl AND. M.EQ.1) GC TO 20
K=JA~JS+]

IF (TAWNEL1S CR, KJLE,O 0R, KoGTo4) GO TO &
WiK)=VvIT)

IF (T LT.LPE OR, M LT.NPARTA) GO TC 35
IFLAG=?

NJ=4

IF ((JS+43).GT.NCA) NI=NCA-JSH+]

IF (JALGTNCA) NJ=4

PUNCE 4C02,s ISeJSy(WlJ)Yod=1,N])

IF (NNZP.EQ.C) GO TC 38

IF (TFLAG.EQ.Y1) GC 1O 35

IS=1A

JS=JA

Wil)=v(T)

Do 30 K=2 ¢4

WiK)=0.

IF (T.LT.LPE 4CR. M.LT.NPARTA) GC TC 35
TFLAG=1

GO TO 5

CONTINUE

? CONTINMUFE

FUNCH &003
RETURN

CALL ZZEBOME (6HYPUNCH NERRCR)
END
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YREAD - 1/ 5

SUBRCUTINE YREAD (NUTA,V,.LV,KV,NUTY)
DIMENSTION V{1)4LV{I)X(4)y IREMRK{D) 4MREAD(10)
DATA NIT.NOT/5,6/

READ SPARSE MATRIX FROM CARDS CR TYAPE AND PRINT TT. WRITE MATRIX ON

TAPE IF SC INDICATED (EY NWTAPE .NF. O IN COLUMNS 79-20).

CALLS FORMA SUBROUTINES INTAPELLTAPE SPAGEHD, YIN s YINY  L,YCUT ,
YOUTI ,YPART ,YRTAPE,YHRITE,YWTAPE,2Z8CMB.

DEVELCOPED FY R A PHILIPPUS. NOVEMRER 19¢68.

LAST REVISION BY Wa BENFIELD. MARCH 1976,

xkkk CARD INPUT *¥%x%
FIRST CARD — ANAME JNRCWS,NCOLS WITH A64,14,15 FORMAT,
- REMARKS IN COLUMNS Y&-€9.
-~ IF THIS IS THE LCWER (OR UPPER) HALF OF A SYMMETRIC
MATRIX, THE WORD LOWER (GR UPPFP) MUST APPEAR IN
COLUMNS 16-2C.
- ¢ IN CCLUMN 72 FOR NWTAPE INITTIALJZAVIUN.
- CONTRL IN 73-78. CONTRL MAY BE BLANMK, CR THE WORDS
REWIND OR L IST, OR (WHEN & IN 72) THE NWTAPE TAPE-ID
(EG T1234).
~ NWTAPF (LOGICAL TAPF NUMEER) IN COL 79-80 (EC 12).
MIDDLE CARDS — DATA WITH FORMAT (215, 4E17.0).
— 1-ST 15 IS THE RCW NUMRER,
— 2=-ND 15 IS ThH¥ COL NUMBER OF THE NEXT E17.C FIELD.
— NFXT 4£17.C ARE FLEMENTS OF THE MATRIX.
LAST CARD -~ TEN ZERCS IN CDLUMNS 1-10C.

*%%¥* TAPE JNPUT #%%x%

ONE CARD ~— ANAMELLOC(ZERO CR MINUS THE LCCATICN NUMEER ON NRTAPE),
NFTAPE (NUMKEP OF READ TAPF, IF MINUS NO PRINTOUT), ARUNNC
RCNTRL(RLANK g REWIND,OR LIST) WITH FOPMAT (A641441545A6426)

- REMARKS IN 28-69,
~ $,CONTRLUJNKWTAPE SAME AS FIRST CARD U“DER CARD INPUT.

SUBRDOUTINE ARGUMENTS (ALL INPUT)

NUTA = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
\ = VFCTOR WORK SPACE.

Lv = VECTOF WOPK SPACE.

KV = DIMENSION SI2F OF VoLV IN CALLIKG PROGRAM.

NUT1 = LCGYICAL NUMBER OF UTILITY TAPE.

NEPROR EXPLANATIMN

RCW OR COLUMN VALUE OF TLEMENT FXCEENS MATRIX SIZE.

DATA ON CARD PAST MATRIX COLUMN STIZF.

MATRIX IS DESIGNATED LOWER HALF SYMMETRIC BUT NUN-ZERCES EXIST
CNLY IN ThHt UPPEFP HALF,

= MATRTY TS DESICNATED UPPER HALF SYMMFTRIC BUT NON-ZERQES EX1ST
ONLY IN THE LOWEP HALF,

LOCATICN ON T2APF PAST END CF TAPF MARK.

LOCATION ON TAPE PAST END OF TAPE MARK.

W N -
nwmn

»
!

oW
imon

1001 FORMAT (A6G914,15,0A6, 2XA1.A6,12)
1007 FORMAT (215 ,4E17.0)
2001 FORMAT (/726K CARD INPUT SPARESE MATRIX Abs 2Xs1H( 914420 XelbgZih ),



*

2002

*

2003
2004
2005

*
*

2006
C

2X FR692X Ay Aby14//)

YREAD -=~ 2/ 5

. —— WL Sy wars wran

FORMAT (//26H CARD INPUT SPARSE MATRIX A6y 2X,YHU3T4432H XeI4e2H )

AXy SHCONTINUED //)
FORMAT (/7 1XA6414415,5X 9A642X AlyAb,14)
FORMAT (1X 215,4F17.8)
FCRMAT (I4HOEND OF YREAD.
/310 NUMRER OF NON-ZERD ELEMENTS = 15
/24K NUMRER OF PARTITIONS = 13)
FORMAT (ZSHOSIZE OF MATRIX READ IS (T442H XI14,2H ))

C READ IN HEADER CARD.

C
c

NUT=NUT1
READ (NI1T7,1001) ANAME 4N1,NZ2,IREMRK 1214122 NWTAPE
CALL PAGEHD

IF {(N1.LE.C) GO TO 2CO

C CARD READING SECTIOR.

11¢

112
115

LOW=C

LUP=0

REWIND NUT

NNZA=0

NREC=0

LAE=QC

NRA=N]

NC A=NZ

WRITE (MOT.2001) INEAMENRAZNCAZTREMRK 3T121,4,122,NWTAPE
NLINE=C

READ (NITY,L1002) T4J%4X

IF (1.FQCe) AND. JS.EQ.C) GO TO 132

IF (I.LF.0 oCRe 14GToNRA (CGRe JSaLELC «CRa JSLCGTLNCA)

JE = JS<3
IF (JF.LE.NCA) GO TO 118
JX=NCA-J5+2

0O 112 J=JX,4

IF (X(J) NE. J.) GO T 990

CONTINUE

JE=NCA

N =C

DO 120 J=JS,JE

N = N+

IF (XIN).FD.06) GO TO 120

IF (T.CT..0) LOW=?

IF (Y1 Ted) LUP=]

IF (IREMRK(1).FOLOHLUWER JAND, T.LT.J) GO TC 120
IF (IREMREK(1)EGSHUPPER JAND, T.CT,.J) GC TC 120
LAE=LAE~]

IF (LAE.LF.KV/4) GO TC 118

LAF = LaE-1

MHEAD(1) = LAF

CALL YOUTY (NUTY MHEAD,1,41)

NREC=NRFC 41

CALL YOUTY (NUT1,LV,1,LAE)

NERROR=1
G0 10 990

NERRCR=2



118

120

125

132

138

137

139

138

CALL YDUTY {NUT1,V,),LAF)
LAE=]

NNZA=MNZA+Y

VILAF)=X(N)
LVILAF)=100000%1+)
CONTINUE

NLINE = NULINE+!

IF (NLINELLELSLTY GO TO 128
CALL PAGERD

WRITE (NCT,2002) ANAME oNRAGZNCA
NLINE = 1

WRITE (NCTY,c004) 14JSeX

GO TC 110

IF (LAE.EQ.C) S0 TO 135
MHEAD(T1) = LAE

CALL YOCUTI (NUT1,MKEAD,1,1)
NREC=NRF( +1}

CALL YCUTTI INUTILVelsLAE}
CALL YOUuT (NUT1,Vv,1,4,LAE)
REWIND MUY

REWIND NUTA
TASHAF=TREMRK ("

IF (TASHAP.NE.SHWHCLE <AND. TASHAP.NE.SHUPPER

IF (NNZA.EQ.0Q) GC TC 137
IF (IREMRK{1).EC.BHLOWER <AND.

I (IREMRK(1).FG,EHUPPER < AND,

MHEAD(1) = NRA
MHEAD(2) = NCa
MHEAD(3) = NREC
MREAD({4) = NNZA
MHEAD(S) = O
MHEAD(6) = O
MHEAD(7) = TASHAP
MHEAD(E) = O
MHEAP(9) = ©

CALL YOUTI INUTAMHEAD,1,10)
DC 139 1=1,10

MHEAD(T) = O

IF (NNZA.GT.0) GO TO 138
CALL YCUTI (NUTAMHEADs1,1C)
CALL YCUTTI (NUTA . MHEAD,1,2)
CALL YCUTY {NUTA,,MHEAD,1,2)
GO YL 2C0

DC 1aZ i=14NREC

CALL YINI {NUTY MHEAD,1,1)
NNZP = MHEAD(])

CALL YINI (NUTY 4LV 1 4NNZP)
CALL YIN (NUT1,V,14NNZP)
MHEAD(2) = LV(1)

MEEAD(3) = LVINNZF)

CALL YPUTI (NUTA MHEAD,1,100
CALL YOUTTI (NUTA,LV,1,NNZP)

LOH.EC.C

LUP.EC.O

* IASHAPJNELSHLOWER JAND. TASHAP . NEL4HDTIAG)

<AND.

» AND.

YREAD - 37 5

«AND,
IASHAP=SHWHOLE

NERRQOR=3
LUP .EC.1) GO T G99
NFPRCOR=4
LOW.EC.1) GO ¢ 969



C

140
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CALL YOUY INLTA,V,Y oNNZF
CALL YPART (MUTA,LV,LVKV,NUTY)
GC TC 300

C TAPF POSITIONING AND READING SECTION.

ooe.

C

200

205

21C

220

WRITE (NCT42CC3) ANAME ¢N1,N2,IREMRK 121,12 2,NWNTAPE
NRTAPE = IAES(N2)

Tr (IREMRK(2) EQ. 6HREWIND) REWIND NRTAPE

IF (IREMRKUIT) LECLHLIST) CALL LTAPE (MRTAPE)

IF (N1.FQ.0) GC TO 25¢C

POCSITICON NRTAPF,

FEAD (NRTAPE} TID LN JECTIK

NUM = LN+N1]

NERRCR=5
IF (NUM) 2CE5,220442%
IF (JECTCK.EC.IHEDTY GG TC 900
READ (I'RYAPE)
NUM = -NUM-T
IF (NUM.EQ.O) GO TG 25¢C
NERROR=6

DO 210 L=1,NUM

RFAD  (NRTAPE) TICeth. _oT(K

JF (TEGTCK.EQ.3RKECT) GC TC 9CC
READ (NRTAPE)

GC T¢ 25¢C

BACKSPACE NRYAPE

GO 10 Z<v

NCTF. oo THE FCLLCWING SECTION WAS DESIGNED PRIMARILY TC BE USED ORN A

CISK. 1T WILL WORK ON A TAPE BUY 17 WILL MCT BE AS EFFICIENT

SRERKEERS &

225

230

REWIMND NFTAPE

NUM = (-N1-1)%2

IF (NUM,EC.C) GO TC 25C
DO 230 L=1,NUM

READ (NRTAPE)

bt 22 2 22 2 2 3

250

CALL YRIAPY (IREMRK(Y )JANAME oNUTAZVLVKVoNRTAPE 4NUTT)
REWIND NUT:

CALL YINI (NUTAJMHE AD41,10)

MNRA MHEAD(Y)

NCA MREAD(2)

NPART = MHEAD(3)

NNZA = MEE2ZN({4)

WRITF (NOT,2CCE) NRAGZNCA

IF (N2.CT.0) CALL YWRTITE (NUTAZANAMEZV,LV,KV)

C NWYAPE INITIALIZING,y WRITING, AND LISTING SECTICN.
300 IF (NWTAPE.LELG) CC TO 350

IF (T21.FO,1HSe ) 72t L INTAPE (NWTAPE,I2)
TF (T22.EQ.6HRFUIN. VREWIND NWTAPF

CALL YWTAPE (NUTAJANAMEZVoLV.KV,NWTAPE)

TF (172.EG.4HLIST) CALL LTAR. (NWTAPF)

350 REWIND NUTA

CALL YINI (NUTAGMKE A1, 1C



C

900

990
909

NRA MHEEAD(Y)

NCA MHEAD(2)

NPART = MHEAD(3)

NNZA = MHEAD(4)

WRITE (NQT,2005) NNZAJNPART
RETURN

[}

CALL LTAPE (NRTAFE)

CALL ZZROME (SHYREAD ,NERROR)
WRITE (NOT,. 24) I4JS,X

CALL 2250MB (SHYREAD 4NERROR)
END

YREAD -~ 5/ 5
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SUBROUTINE YFEVAD (ALPHASNUT A, IVEC o UVEC,NUTZ, VLV KV NUT1,RUT2,
* NUT3,NUTS)

DIMENSICON V(1),LVI(1)sIVEC(1),JVEC(T),MHEAD(10)

DATA MIT,NOT/5,6/

REARRANGE RCWS AND CCLUMNS OF ALPHA * SPARSE MATRIX A AND ADD TO

SPARSE MATRIX Z. CALPHA * A + 2 = 7).

CALLS FORMA SUBRCOUTINES XLORD ,YAARE LYIN s YINI SYLCRD ,YNCZER,
"UUT  SYOUTI ,YPARY ,YSYMLH,YSYMUH,ZZBCMB.

DEVELOPED BY R & PHILIF: 'S, ODECEMELK 1969.

LAST REVISION EBY RL WOHLFN FGR NASA. MAY 1976.

SUBPOUTINE ARGUMENTS (ALL INPUT)

ALPHA = SCALAR THAT MULTIPLIES MATRIX A.
NUTA = LNGICAL NUMEER OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
IVEC = VECTOR. (SIZE = NRA)

IVECI(TIY = ROW PCSITICON CF A(RCW I) IN Z.
IF IVEC(I) IS PLUS , Z = Z{(PCW IVEC(I)) + ALFHA * A(RCOW 1)
IF IVEC(I) 1S MINUS, 2 = Z(ROW JIVEC(TI)} - ALPHA * A(ROK I)
IF (IVEC(I) 1S ZERO , A(ROW I) IS OMITTED IN Z.

JVEL = VFCYCK. (SIZE = NCA)
JVEC(J) = Ccopumr POSITICN COF A{(CCL J) IN Z.
TF OVEC(J) IS PLUS 4 Z = ZECOL JVECLJ)) + ALPHZ % ALCOL J)
IF JVEC(J) IS MINUS, Z = Z(COL JVEC(J)} — ALPHA * A(COL )
IF JVEC(J) IS ZERO , A(COL J) IS OMITYED IN Z.

NUYZ = LCCICAL NUMBER OF UTILITY TAPE CGN WHICH MATRIX Z IS STORED.
v = VECTCR WORK SPACE.

Lv = VECTCR WORK tPACE.

KV = DIMENSION SIZE OF VoLV IN CALLING PROGRAM,

NUTY1 = LOGICAL NUMEER OF UTILITY TAPE,

NUT2 = LOGICAL NUMEER CF UTILITY TAPE,

NUT3 = LCGICAL NUMEFR CF UTILITY TAPE,

NUT4 = LCGICAL NUMBER OF UTILITY TAPE,

NFRROP  EXPLANATION
RCW LOCATION CUTEIDE MATRIX Z.
CCLUMN LCCATICN CUTSICE MATRIX 2.

N
nn

CALL YPART (NUTAGVLVEVNUTY)
GET (A) HFADER INFORMATION.
REWIND NUTa
REWIND NUTY
CALL YINI (NUTAMHEAD,1,.10)
NRE = MHFAD(Y)
NCA = MHEAD(?)
NPARTA = MHEFAD{3)
NNZA = MREAD({4)
IF (NNZA,FGL,0) PET N
ISHAP = MHFAD{7)
GEY (Z) HFADER TMFORMATICN,
REWIND NUTZ
CALL YINI (NUT 2 JMREAL 42
NRZ = MMHERD(1)
NCZ = MHFAD(?2?)
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iC  CHECK SIZES,

NERROR=1
DC 2 I=1,NPRA
IF (JAGSCIVEC(I!).GT.NRZ) GO TO 999
2 CONTINUE
NERRCR=2

DO 3 I=14NCA
IF (IABSUJIVEC(I)).GT.NC2) GO TC 999
3 CCNTINUE

iIF (ISHAP.NE.4HDIAG) GO TC 10
TSHAP=5HWHCLF
IF (NRpAJNEJNCA) CC TC Y0

D0 S I=1,NRA
IF (TABSUIVEC(Y))NELTABS(JVEC(I}]) GO TO 10
5 CONTINUE

ISHAP=4HDIAG
10 MHEADIS) = O
MHEAD(E) = C
CALL YOUTI (NUT1,MHEAD41,1C)

C BLOW~UP (A) TO (Z) SI12E.
DC 1CC 1=1,NPARTA
CALL YINIY {NUTA MHEAD,1,10)
NNZPA = MHEAD(1)
CALL YINT {NUTE LV, 1,NNZPA)
catt YIN (NUTA V.1 NNZPR)

DD 5C J=1,NNZPA
Ia=LviJdYIZ1C0CCO0C
JA=LY(JI)-21000CCG*T2
IF (IVFC(TIA)) 15,425,435
15 IF (JVECUJAG) 20,25,30
2C LVIN)=-1CCCCCxIVEC(TIA)-JVEC(JA)
60 TO 5¢C
25 viJ)=0.
GO TC £C
30 ViJ==VLY)
LV(J) =-1000CO0*TVECITIA)+JIVEC(JIA)
50 TC 5¢C
35 I7 (JVECLJA): 40,25,45
40 V(Ji==v{J)
LY(J) = 100000*TVFEC{TAY-JVEC(JA)
GC TG &C
45 LV(J)1=1CO000*IVECLIA) +JVECLJIA)
50 CONTINUE

1F (ISHAPJEQJSHWHOLE JOF. ISHAP.ER.4RDIAG) GO TO ©°
IF (ISHAPJEQ.EHLOWERY GC TO 70

S ]

DC 60 K=14NNZPA
TA=LVIK)/71CCCQC
JA=LVIK)Y=-ICCOCO*TA
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IF (JA.GY.JA) LV(K)=1COCCORJA+]TIA
60 CCNTINUE

G0 TG 9C

TC DC 8C K=1,NMNZP2
IAa=LVIK)/Z10CCCC
JASLVIK)-10CCO0%]I A
TF (TA.LTLJR) LVIKI=100000%JA+TIA
80 CONTINUE

90 MHEAD(2) Lvil)
MHEAD(3) LVINNZPA)
CALL YOUTT (NUT1.MHEAD,1,1C)
CALL YCUTI (NUT1,LVe1,NNZFA)
1060 CALL YvUY {(NUT1,V,1,NNZPA)

CALL YNCZER (NUTI,V,LV,KV,NUT2)
REWIND NUTZ

REWIND NUTZ

CALL YIM] (NUTZ4lVe1,10)

CALL YOUTTI (NUT2,Lv,1,10)
MNPARTZ=LV(3)

TRANSFER OFIGINAL (Z) FROM NUIZ TC KUT2.
DO 110G J=1,.NPARTZ
CALL YINI (NUTZ4LVel,10})
CALL YCUTI (NUT2,.Ve1,10C)

NNZ=LV(1)
105 CALL YINT (NUTZ ,4LV41,NNZ)
CaLL YIN (NUTZ 4V,1,NKN2Z)

CALL YOUTI (NUT2,LVe14,NKNZ)
CALL YOUT (NUT2,V,1,NNZ)
110 CONTINUF

ADD ALPHA*RLOCWN-UP (2) TG CRIGINAL (Z).
CALL YAAEBE (ALPHANUTI 314 oNUTZ2NUTZ Vel VaKVaNUT3,NUT4)
RETUFRN

090 CALL ZZB50MB {6HYREVAD ¢NERRCR)
END
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SUBROUTINE YRTAPE (JARUNG, TANAME NUTA V4LV KV ,NTAPE,NUTY)
DIMENSION VI1),L VY2 MCHECK(2) MHEAD(10)
DATA M1T,NOT/5.6/

AD SPARSF MATRIX A FRCOM TAPE (NTAPE) BY IDENTIFICATICN GF TARUNC
D IANAME AND STORE IT ON UTILITY TAPE (NUTA).

LLS FCRMA SUBROUTINES LTAPE ,YIN s YINI ,LYOUT ,LYCUT1 ,2280MB,
VELOPED EY R A PHILIPPUS. NOVEMBER 1968.

ST REVISION BY ¥a EENFIELD FCR NASA. MAY 1976.

SUBRCUTINE ARGUMENTS (ALL INPUT)

JARUNGO = RUN NUMBER CF MATRIX A, (A6 FORMAT)

TANAME = MATRIY IDENTIFICATION. (A6 FORMAT)

NUTA = LOCICAL NUMBEP OF UTILITY TAPE ON WHICH MATRIX A IS STORED.
v = VFCTCP WORK SPACF.

Lv = VECTCR WCRK SPACE,

Kv = DIMENSICN SIZE CF VyeLV IN CALLING PROGRAM,

NTAPE = LCGYICAL NUMEER Cr TAPE FRUM WHICH MATRIX A IS TC BE READ
NUT1 = LPGICAL NUMEBEF OF UTILITY TAPE.

HWN -

NERRCR EXPLANATICN
INCORRECT MATRIX TYPE.
DIMENSICN SI1ZE EXCEEDED (kKV}.
JANAME AND TARUNO NCT FOUMD CN NRTAPE.
DIMENSION STIZE EXCEFDED (KV).

nouwnn

" 3001 FORMAT (30RIYRYAPE CANNCT FIND RURNC = A&/

c

SE
5

MA
10

12

* Z2XBHANAME = A6/17X1I3HPARTIVTICN NO.I5/20X6H—————)

NPF=1

NREC=C

NNZA=C

NTIMF=(0

REWIND NUTA

REWIND NUTI1

ARCH TAPEF FCR CCRRFCT HEADING.

QEAD (NTAPE) TAPEIDSLNSZTEOTCK o ITRUNC ) ITNAME JHRAZNCAZDATELITYP oNNZF
*y NPy NPT s IMCHECK(T)91I=1,42),1SHAP

IF (TSHAP.F(C.0 . ANDe NRAJNELNCA) ISHAP=SHWHCOLE

IF (ITRUNOL.FCQ.IARUND .AND. ITMAME.EQ.IANAME) GO 70 1C
IF (TEPTCKLEQ.3HEQT) GC T0 20

READ (NTAPE)

GO TC 5

TRIX HAS EESN FOUND.
NERRCR=1
IF (ITYP.NE.SHSPART .AND. ITYP.NE.6MHSPARSE) GG TO 99C
I (ITYP.NCT.SHSPART) GO TC 32
IF (NP.FC.NPF) GO TO 12
READ (NTAPE)
GO TO &
NERROR=2Z

TF (NNZP.CT.KVY) GI* TO 99C

IF (NNZP.GT.C .OR. NPT.EQ.1) GO TC 15
READ (NTAPE}

NPFE=NPF +1
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IF (NPF.GT.NPT) GC TO 25

60 TC &
15 RFAD (NTAPE) (LVII),VII),I=1,NNZP)
MHFAD(1) = NNZP
MHEAD(Z) = LVI(})
MHEAD(3) = LVINNZP)

DO 16 1=4,1C

16 MHEAD(I) = ©
CALL YOUTI (NUTIMHEAD,1,1C)
CALL YOUTI (NUTL1,LV,y1,NNZP)
CALL YOuYy (NUT1,4Vel4NNZP)
NTIME=0
NREC=NREC +1}
NPF=NPF+1
NNZA=NNZA+NNZP
IF (NPF.GT.NPT) GO TC 25
GO 1O &

C SEE JIF MATRIX WAS FOUND.
20 NTIME=NTIME+}

NEKRCR=3
IF (NTIME.EQ.2) GC TO 900
REWINEC TAPE
Go T¢ !
25 MHEAD(1) = NRA
MEEAD(T ) = NCA
MHEAD(Z>) = NREC
MHEAD(4)Y = NNZA
MHEAL5) = MCHECK (1)
MHEAD(6) = MCHECK(2)
MHEAD(T) = ISHAP
CALL YOUTY (NUTAWMKEEAD,1,10)
REWIND NUTI
C
DC 30 1I=1,NREC
CALL YINY (NUT] ,MHEAD,1,1C)
CALL YINI (NUT1,iVe 1 ,MHEAL (1))
CALL YIN INUT1,V,1,MHEADI(1]})
CALL YCUTTI (NUTAMHEAD,1,10)
CALL YOUTI (NUTA2LLVe1,MHEADI(]))
30 CaLL YOUY (NUTA,V,1,MHEAD(1))
C
RETURN
32 NERROR=4

IF (NNZP.GT.KV) GO TCO 950
READ (NTAPE) (LVI(I)yVI{1)e1=1,NNZP)

MHEAD(1) = NTFA

MHEAD(2) = NCA

MHEAD{3) = NPF

MHEAD(4) = NNZP

MHEAD(S) = MCHECK 11)

MHEAD(6) = MCHECK (2)

MHEAD{(T) = ISHAP

CALL YOUTTI (NUTA,MHEAD,1,10)
MHEEAD (1) = NNZP

MHEAD(2) = LV(1)



900
990

MHEAD(3) = LVI(NNZP)
MHEAD(4) = C
MHEAD(5) = O
MHEAD(6) = ©
MHEAD(?) = O

CALL YOUTI (NUTAMHEAD,1,10)

CALL YOUTY {(NUTA,LV,s1,NNZP)

CALL YOQUY (NUTA,LV,1,NNZP)

RETURN

WRITE (NOT,3001) JTARUNC, TANAME ,NPF
CALL LTAPE (NTAPE)

CALL 2ZBOMB (6HYRTAPE 4sNERROR)

END

YRTAPE—~ 3/ 3
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SUBROUTINE YRV1 (NUTZgNoNU Y 3LVoKVeNUT1 4 NUT 2 NUTT)
DIMENSION VI(1), LV(1)

DIMENSICN IH(1IC)

DATA IR,IL , 100, 100000000C0COC /

DATA IMULT / 899999999 /

DATA SCALE / 9999999999, /

GENERATE MATRIX OF RAYLEIGH VECTCRS.
RANDCM NUMRERS BFTHEEN -1« AND +1.,
INPUT NON-Z2ER(C COLUMNS ARE NOT CHANGED.
CALLS FORMA SURROUTINES ...
YIN +YINI LYLORD L,YOUT ,L,YOUTI ,YPART ,YTRANS,22BCME.
DEVELOPED BY RA PEILIPPUS. MARCH 1972,
LAST REVISION BRY RL WOHLEN. JUNE 1975.

SUBROUTINE ARGUMENTS (ALL INPUT)

CHANCGED.,

NUMRER CF R{WS COF RAYLEIGH VECTCRS MATRIX.
NUMBEFR OF CCLS OF RAYLEIGH VECTORS MATRIX.
VECTOR WORK SPACE.

VECTCR WCRK SPACE,

DIMENSICN CF Vo1V IN CALLINC PROGRAM.
LOGICAL MUMEER CGF UTILITY TAPF.

LCGICAL NUMBER OF UTILITY TAPE,

LOGTICAL NUMEER OF UTILITY TAPE.

N
NU
v

LV
Kv
NUT1
NUT2
NUT3

XalalalaslaNeExlaNaNaNaNaNeNeNaNaNaNaNaN el

{1 L I L B LN L I |}

KV14 = KV/&

C TRANMSFER ROWS ON NUTZ TO COLUMNS ON NUTZ,
CALL YTRANS (NUTZNUT3,V,LVKVNUT1,NUT2)
REWIND NUT3
REWIND NUT2
WH11 49WV
NPARTZ = (NNZ2Z2-1) V1441

C SET (Z) HEADER,

TH{Y) = N

IH(2) = WU
IH(Z2) = NPARTZ
IH{4) = NNZZ
TH(S) = C

IH(6Y = C

IH(7) = SHWHOLE
IH(E8) = O

IH(9) = O
JHU10Y = O
CALL YCOUTI (NUTZ,1He1,410)
tz = 0

IRN = TMULT**?2
C READ DATA THAT ENTERED CN NUTZ EUT TRANSPCSED TC MUT3.
CALL YINI (NUT3,1IH,1,10)
NPARTI = TH(3)
NREAD = C
U-0 497 3
LIS = LIE+]

NUTZ = LOGTCAL NUMPER OF UTILITY TAPE OF MATRIX OF INITIAL RAYLEIGH
VFCTORS, NON-ZERO CCLUMNS INPUY TC THIS SUBROUTINE ARE NOT



YRVI == 27 3

LT = LIS
NNZPT = TH(4)
1Z = ©
I1ZPp = €
IYQUT = ©
DO 10 1I=1,KV14

10 V(I) = C.

J=CCLUMN NUMBFER,
DC 99 J=1,NU
IF (NPARTI.EQ.C) GO TO 4C

20 IF INREADEQ.NPARTI JAND. LILGE.LIE) GO TC 40
IF {LY.LE.LIF) GO YO 30
CALL YINI (NUT2,IH,1,510)
NNZPI = 1H(1)
LIE = LIS-1+NNZPI
CALL YINI INUT3 LV, LIS HLIE)

CALL YIN (NUT3, VoLIS,LIE)
NREAL = NREAD+]
LI = LIS

30 1z = Lv(LI)/1C0000C
IF (12.GT.J) G TO 4C
IF (J2.1T.3) LI=LI#
IF (LY.GT.LIE) GO TO 2C
IF (IZ.L7.Jd) GC TC 20
JZ = LVILI)-ICCO00*]I2
IF (IZ.EQ.12P) GO TO 34

LZP1 = L2+1

LZPN = LZ+Kk

L2PE = LZFM

IF (LZPM.CGT.KVI4) LZPN=KV1&
L =20

DO 33 K=LZP1,L2PN

L = L+l

33 LVIK) = 100000*L+J
34 IF (LZ+32.1.E.KV14) GO TO 3¢
IH(1) = KkVie
IH(2) tvil)
TH(3) LV{KV14)
CALL YCUTT (NUTZ,IH,1,10)
CALL YNUTI (NUTZ,LV,1,kKV14)
CALL YOUT (NUTZ 4 Vy1l,KV14)
IYOUT = TYPUT+]
DC 27 K=1,KV1&
L = L+
LVIK) = 1C0000*L+J
37 V(K) = 0.
Lz = 1-J42
38 V(LZ+9Z) = VILI)
12p = 12
LT = LI
IF (LTI.GT.LIF) GO TCU 45
¢C TC 30
40 1F (IZP.NF.J) GO TO 8By
45 L2 = LZI+N
G0 10 99

nn
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C PLACE RANDOM NUMBERS IN ONE COLUMN.

80

85
o9

109

DO 85 I=Y¥,4N

IRN = JIRNXIMULY

JRN = (TRN-(IRN/TIL)*IL)I/IR

IF ((JRN/2)%2 EQe JRN) JRN=—JRN
RNUM = JRN

Lz = Lz2+1

VILZ) = RNUM/SCALE

LVI{LZ) = Y00000%T +)

IF (LZ.LT.KV14) GC TO 85

IH(1) = L2
IH(2) = LV(1)
IH(3) = LV(LZ)

CALL YOUTI (NUTZ,IH41,10)
CALL YCOUTI (NUTZ,4LVe1,1L2)
CALL YOUT (NUTZ,Y 41,L2)
IYCUT = IYCUT+]

Ltz = 0

CONTINUE

CONTIMUE

IF (IYOUT.EQ.NPARTZ) GO T0Q 1€9
Int1) = L2

IH(2) = LV

IH(3) = LVviLz)

CALL YOUTYI (NUTZ,IH,1,10)

CALL YOUTT  {NUTZ,LV,1,1L2)

CALL YCUTY {(NUTZ, Vy1,L2)

CiLL YLORD  (NUTZ,V.LVoKVaNUTI NUT2)
RE TURN

END
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SUBROUTINF YRVAD1 (ALPHA A,TJVECoNUTZ sNRA, VoL VKV,KAZNUT1,NUT2,
* NUT3,NUT4)

DIMELSTION VI1)4LVI1)o TJUVEC(1)y MHEAD(10)y A(KA,1)

DATA NIT,NC1/5,6/

DATA EPS / 1.E-25 7/

REARRANGF RCWS AND CCLUMNS OF ALPHA * MATRIX A AND ADD 70

SPARSE MATRIX 2. (ALFHA * £ + 7 = 7).

MATRICES Ay2 ARE ASSUMFD SYMMETRIC.

CALLS FORMA SUERQOUTINES XLORD L,YAN2B LYIN +YINI ,YLORD ,YNOZER,
YCUT LYOUTI ,YPART ,YSYMLH,YSYMUH,2ZBOME.

DEVELCPED €Y R A PHILIPPUS. NOVEMBER 1972,

LAST REVISICN BY WA EENFIfLD. MARCH 3976,

SUBROUTINE ARGUMENTS (ALL INPUT)

ALPHA = SCALAR THET MULTIPLIES MATRIX A.

A = MATRIX A,

IJVEC = VECTOF, (STZF = NRA)
ICVEC(T) = ROW POSITION OF 2{(ROCW 1) IN Z.
IF TJVEC(Y) IS PLUS , 2 = Z{(ROW JUVEC(I)) + ALPHA * A(ROW 1)
JF YJIVEC(Y) IS MINUS, Z = Z{ROW TJVEC(I)) — &ALPHA * A(ROW 1)
TF (IJVECHT) IS ZEPD o, A(ROW I) IS CMITYED IN Z,

NUTZ = LCGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX Z IS STORED.

NRA = NUMBER OF ROWS AND COLUMNS OF A.

A = VECTOF WORK SPACE.

LV = VECTOR WORK SPACE.,

KV = DIMEMSTOUN STZE OF VoLV IN CALLINC PROGRAM,

Ka = ROW DIMENSICN OF MATRIX A IN CALLIMG PROGRAM.

NUT! = iCGICAL NUMPER COF UTILITY TAPE.

NUTZ2 = LCGICAL NUMBEP OF UTILITY TAPE.

NUT3 = LCGICAL NUMEer OF UTILITY TAPE,

NUT4 = LCGICAL NUMBER OF UTILITY TAPE,

NERRCOR EXPLANATION

1 = 2 MATRIX IS NCT SQUARE.
2 = PCW PP COLUMN LOCATION OUYSIDE MATRIX Z.
3 = DIMENSTION SIZE EXCEEDED (KV).

REWIND NUTI
REWIND NUTZ
CALL YINI? {NUTZMHEAD,1,101}
NRZ2 = MHEAD(1)
NCZ = MHEFAN(?2)
NERRCK=1
IF (NRZNE.MC2Y GO TC 999
ISHAP = MHEADLT)
IF (TSHAP LEQ.S5HLOWER .OR, ISHAPLEQ.SHUPPER) GO TO 1
CALL YZFRUKH (NUT2 yVyL VKV NUTI NUT2?
PEWING NUTY
REWIND NUTZ
CALL YINI {NUT2 MHEAD,1,10)
TShab = SHLTWEK
MHEATIT) = ISHAP

NERRQOR=2



15
20

25

30

45

50

60

70

80

90

D0 2 T=14NRA
IF (TARSUTIJVEC(I)).GT.NRZ) GO TC 999
CONTINUE

=20

NC 50 YAx=1,NRA

DO 506 JA=14NERA

IF (TAGTJ2 +AND. ISHAP.EG.S5HUPPER) GO TO ©0
IF (1ALLT.JA AND. ISHAP.EC.SHLCWERY GO TO 5C
IF (ABSIALTIAJA)).LTLEPS) GO TO 5¢C
J = J+1

IF (J.GT.KV) GO TC ©66

IF (TOVEC(1A)) 15,25,35

IF (YJVEC(JA)) 2C 425,30

LviJ} = -1CCO0O*TIUVEC(TA)-T-iVEC(JA)
V{Jd} = A(TIA,JL)

¢0 TO 50

J=J-1

G0 TC 50

VIJdr = —ALTIA,JA)

LV(J) = =1COCCO*TUVEC(TIA)+TIJVEC(JIA)
GC TC 50

IF {(TJVEC(JA)) 40425445

V(J) = -A(TA,JA)

LV(J) = 100CCU*TIVEC(TIAI~ZIVEC(JA)
GO T0O S5¢

LviJd) = 1CCOCC*TIVECITIAY+-IIVEC (JA)
VIJ) = A(TA,U8A0)

CONTINUE

IF (ISHAP.FQ.5HLUWER) GC TO 70

De = K=1,J

Ta - LVIK)I/Z100000

J& = LVIK)=-1CCOCO*IA

IF (TA.GT.JA) LVIK)=100000%JA+1A
CONTINUF

G0 10 90

DO £0 K=1,d

1A = LVI{K)/Z10GCO0C

JA = LVIK}=-100000*IA

IF (IA.LT.JA) LVIK)I=100C0C*JA+IA

CONTINUE

MHEAD(2) = 1
MHEAD(4) =

MHEAD (5) = SHORDER
MHEAD(6) = ¥V

IF (J.CT v ) MHEADLG)Y = €
CALL XLOKT Vel Vel d)

CALL YO} {(NUT1 ,MHEAD,1,10)
MHEAD“! = J

YRVAD1-- 2/ 3
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11¢C

999

MHEAD(?)
MHEAC (3)
MHEAD(4)
MHEAD(S?
MHEAD(6)
MHEAD(T)
CALL YOUT]
CALL YOUTI
CALL YOUT

LU LI (O LI T |

[=Neo N No

REWIND NUTZ
REWIND NUTY2
CALL YIM]

CALL YOUTI
~NPARTZ=LV (3

Lvil)
Lved)

)

(NUT1 MHEAD,1,10)
(NUT1,LVy1l,J)
{(NUTX,V,1,4)

(NUTZ 4L V,s1,10)
(NUTZ 4LV,1,10)

DO 110 J=1.NPARTZ

CALL YIMT
CALL YOUTI
NNZ=LV(1)

(NUT2,LV,1,10)
{NUT2,LVe1,10)

IF (NNZ.GTAT) GO TO 105

CALl YINI
CALL YCUTI
CALL YIN
CALL YOUY
GO 10 1)
CALL YINI
Crtl YIN
CALL YCUTI
CALL YOUT
CONT INUE

CALL YAAEBE
RETURN

CALL ZZBUMB
END

(NUTZ 4l Vs1,2)
{NUT2 4LVy1,42)
(NUTZ 4WVs1,2)
(NUT24Vel,2)

(NUTZ 4LVe14NNZ)
(NUTZ 4Vs1,4NNZ)
INUT2,lVy14,NNMZ)
(NUT2 4Vs1,NN2Z)

(ALPHAZNUTI91.9NUT2Z,NL"

(6HYRVADY s NERROR)

YRVAD1=~= 3/ 3
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SUBRCUTINE YRVADZ (NUTASNUTZ JNRZ JW oKW VoLV KV NUTT NUTZ,NUT3)
DIMENSTON VI(1)oLl v (), TU(16),TL (16} s MHEAD(IG) ,MPREADI1G) 4M2HEAD(10)
DIMENSTON WKWl

COMMON 7 LWRKVY / TJIVEC(500])

DATA EPS / 1.E-2% /

REARRANGE ROW! AND COLUMNS COF SMALL DENSE MATRICES (A) EY SMALL IVECS

BUTr FROM NItTA, AND DD MATRIX ELEMENTS AT LIKE LOCATICNS TO FCORM

LARGE SPAF .+ MATRIX (Z) ON NUTZ. NUT2 1S INITIAVED IN THIS SUBROUTINE

TH. 34 ANY T"QEVICUS DATA CON NUTZ IS DESTRLCYED.

MATRIX (A) ELEMFNTS WHCSE ABSCLUTE VALUE IS LESS THAN EPS ARE NOT

PLACED INTD MATRIY ().

A IS ASCUMED SYMMETRIC, ONLY THE LCWER HALF IS USED.

ONLY THE LCWER HALF F 2 (ALSC SYMMETRIC) IS FORMED.

CALLS FORMA SUBROUTINES YIN +YINI LYOUT LYOUTI ,YPARY ,YZERD
1ZBOME.

DEYELCPED EY R A PHILIPPUS. JANUARY 1973.

LAST REVISIGN BY RL WOHLEM FOR NASA.  MAY 1976,

SUBRCUTINE ARGUMENTS (ALL INPUT)
NUTA = LOGICAL NUMRER COF UTILITY TAPE ON WHICH SMALL MATRIX DATA IS
STCREDN. DATA CONSISTS CF SIZE, MATRPIX ELEMENTS, IVEC.
NUTA IS READ IN THIS SUBRGUTINE WITH A READ STATEMEMT. THUS,
IT HMUST PAVE BFEEN GENERATED WITH A WRITE STATEMENT, NUTA
CAMNCT Bt USED WITH ANY CTHER SPARSE SURRQUTINE.

NUTZ = LGGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX Z IS STOREC.
NRZ = NUMBRER (F RCWS AND COLUMNS OF SPARSE MATRIX 2.

W = MATRIX WOREK SPACE.

KW = ROW DIMENSICN OF W IN CALLING PROGRAM.

v = VECTCR WORK SPACE,

LV = VECTCR WORK SPACE,

Kv = DIMENSICN STZE OF VoLV IN CALLING PROGRAM.

NUT1 = LCGICAL NUMEER OF UTILITY TAPE.

NUT2 = LCGICAL NUMBER OF UTILITY TAPE.

NUT2 = LCGICAL NUMBER OF UTILITY TAPE,

NERROR EXPLANATI(N
ROW OR COLUMN LCCATICGN QUTSIDE MATRIX Z.
NUTA CCNTAINED CONLY NULL MATRICES.

N
ion

CALL YZFRQ (NUTZ NRZ4NRZ}
REWIND NUTA
READ (NUTA) NAME
IF {(NAME.EC.6H ) RETURN
REWIND NUT?
REWIND NUTI1
REWIND NUTZ
KVC4=KV /4
SET (Z) MATRIX HEADER.
MHEAD(1) NRZ
MHEAD(2) NR2Z
MHEAD(3) c
MHEAD(A) 0
MHEAD(S) SHORDEKR
MHEAD(S) KV

"

e nnn



)

10

15
2C

30

35

40
45

50

55

60
65

70

T2

g5

USE YLORD LCCIC BUT "ADD VALUES AT LIKE LOCATIONS.

MHEAD(T7) = SHLCWER
ISHAP = SHLOWER

Lz =0
NSEG = C
IREY = 1
READ

IF (NAMELEG.6H } GC TC 72
DO 15 I=1,N

IF (TABSUIJVEC(I})eCT NRZ) GO TC 969
CONTINUE

IA=¢

IA = TA+)

IF (I2.GY.NY GO TC 10
JA =0

JA = JAHY

IF (J2.CGT.N) GO TO 20

IF (TA.LT.JA) €GO TD 20

IF (AES(WITALJA)) LY. EPS) GC YO 3¢
I (IA.EQ.JA) GO TC 35

IF (TABS{TJIVEC(TA))NE.IABS{IJVEC(JIA)YY GC TO 35

W(IA’JA, = ZQ*N( IA,\!A)
LZ = ti+}

IRET = 2

IF (LZ.GT.KVCS) GO TO 72
IF (TJVEC(IA)) &4C,50,46C

IF (TIVECLJIA)) 45,50,55

LVILZ) = —10CCOO*TJVEC{IA}-TIJIVEC(I2)
VIiLZ) = W(TA,JA)

GO TC 20

Ltz = L7-1

GO TO 3¢

LVILZY = ~TOOCCO*IJVEC(IA)+TIVEC(JA)
VILZ) = ~W{TA,JA)

GC TC 30

IF (TIVET(JA)) 65,50,70

LV(LZ) = ICCOCC*IJVECATIA)-1JVEC(JA)
VILZY = =W{TIA,JA)

€0 70 2C

LVILZ)Y = YOO0O0CC*IIVEC(TIA)+IJIVEC(JIA)
VILZ) = W{TIA,JA)

GO TC 3C

IF (LZ.GT.kV04) L2=LZ2-1

1F (LZ2.7¢.0) GG TO 225

DO 85 K=14 .27

I LV{K) /1 "00CC

J LVIK}=-100000%1

IF (1.L7.4) £VIK)=100C00*J+]
CONTINUF

nou

SINGLETCN MZInNGD

M=1

YRVAD2-=~ 2/ 7

NUTA) NAME1IE'N,'IE91=197)1‘(W(19J"I:! QN’QleyN)'
* {IJVEC(I) QI:IQN’

NERROK=1



105
110

120

130

140

150

160

170

IF (T.GE.J)Y GC TC 170
K=1

TJ={J+1)/2

IT=LV(IY)
IFGLV(TI).LEL.IT) GO 7O 120
LVIIS)=LVLI)

LV(IY=TT

IT=LV(TIY)

TG=Vv(1J)

vild)=v(1)

vIiI)=TG

L=4

TFILVIUD).CELITY CC YO 140
LVIIJI=LV (D)

LV =17

IT=LV(1])

TG=Vv{1J)

vViiJdI=vield)

V(3)=TC

IF(LVITI).LF.IT) GO TC 140
LVITIOY=LV(]})

LV(I}=1IT

IT=LVvI(I))

TG=v(IJ)

VIiTyI=vi(Y}

vViII=1G

GO TC 140

LVIL)=LVIK])

LVIK)=ITT

TC=V(L)

viL)=ViIK)

ViK)=TG

Lt=L-1

TF(LVIL).GT.IT) GC TQ 140
ITT=LV(L)

K=K+

IF(LVIK)I.LT.IT) GC TO 150
IF(K.LE.L) GO TC 13¢
IF(L-T1.'E+sJ—-K) GO TC 1le&C
ILIM)=1

TUMY=L

I=K

M=Mm+1

GO TC 180

ILMI=K

IVIM)Y=]

J=L

M=M+]

GO TC 180

M=M~-1

TF(M.FC.0) GC TG 21C
I=1L M)

YRVADZ-- 3/ 1




18C

19C

209

210

220
222

225

J=IU (M)

ITF{JU-Y.GE.11) GO TO 11C
1F (1.EC.YI) GC TC 105
I=1-1

I=14+1

IF(T.EQ.J) GG TC 170
IT=LV(I+1)
IF(LVII)LLELITY GC TO 1sC
TC=Vv(I+1)

K=}

LVIK+1)=LV(K)

VIK+1)=V{K)}

K=K=-1

IF(ITLLTLVIKY)Y GO TO zCGC
LVIK+1)=1T7

VIK+1)=T6G

GG TC 190

LZE = 1

LAW = 1

IF (LZ.EQ.1) €O T 222
DC 22C I=2,L2

IF{LV(LAW) EC. LV(I} ) V(L AW]I=V(LAWI+V(I)

VILZE)=VILAW)
LVIL2E)=LVILAW)

IF (LVILAW)LEQ.L V(1)) GC TC 220

LZE=LZE+]

LAW=]

IF (I.LT.LZ) GO T0 220
VILZ2E)I=V(I)
LVILZEI=LV(]])

CONTINUE

NSEG = NSEGH?
MPHEADI(1) = 1 2F
MPHEAD(2) = LVI1)
MPHEAD(3) = LVILZF)

CALL YCOUTT (NUT14MPHEAD,1,10)
CALL YOUTI (NUTI,LV,1,L2E)
Catl yYout (NUT1,y Vo1,L2E)

tz =0

GO TO (225435)y IRET

1F (NSEG.GT.1) GC TO 228

IF (NSEG.LT.1) GO TC 999
REWIND NUTZ

MHEAD(3) = ]

MHEAD(4) = LZE

CALL YDUTI (MUTZ2,MHEAD,1,10)

MPHEAD(1) = LZF
MPHEADI(2) = LVI1)
MPHEAD(3) = LVILZE)

CALL YOUTI (NUTZMPHFAC,1,10)
CALL YCUTY (NUT2Z,LV,1,L2E)
CALL YOUT (NUTZs Vol,lLZE)

YRVAD2—~ 4/ 7
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C NOW THERE ARF NSEG CRDERED GRCUPS WRITTEN ON NUTL.

228

c

G T0 410

NTY = NUTY
NT2=NUT2
NREC NSEG
NSEG 0
NNZ2Z c
REWIND NUT3

"ot

C MESHING GPERATION

23C

235

c

REWIND NTT

REWIND NT2

IF (NCECLEQ.C) GO TC 305

CAaLl “INI {(NTY s MPHEAD1,.10)
NN2PY = MPREAD(1)

CALL YINY (NT1,LV,1,NNZPY)
CALL YIN (NT1 4V, 4NNZPL)
IF (NREC.EQ.1) GO TU 305
NRECZ=0

LZE = NNZP1

1 1

X I+1

IF (I.GT.NREC) GQ TC 3CO

CAaLL YINI (NT1,M2HEADs1,41C)

NNZP2 = MZHEADI(1)

LP2S = NNZP1+)

LP2E=LF2S-1+NNZP2

CALL YINT (NT1,LV,LP2S,LP2F)

CALL YIN (NTI ,VLP2S,LP2F)

IF (LVvILP2S) .GT. LVINNZP1))} GC TC 291

€ MESH TWO PARTITICNS

250
255

265

275

11=1

12 = P25

IW=2%KV0D4

1Z2=0

IW=IW+]

IF (LVIIT)-LVIIZ2Z)) 265,265,255
VIIW}=VII2)

LVIIW)=LVI{I2)

12=12+1

IF (12.GT.LP2E) GUL TO 275
GO TO 2%0C

VIiIW)=Vvi1])

tviIwi=Lv(ll)

11=11+1

IF (11.GT.LP2S-1) GC TC 285
GC TO 25C

NELTM = LP2S-]11

K= P2E

L = LP2¢~1

DO 280 J=1,NFLTM

YRVAD2-- 5/ 7




280

285

290
291

293

c

vVik)=viL)
LVIKI=LVLIL)
K=K-1

L=L~-1

IF (IW.FQ.Z¥%KVC4) GO TO 291
J1=22KV04+1

B0 290 J=JY.1IW

12=Y27+1
VIIZ)=Vv])

Lviiz)i=Lv(l)
LZ2E = 1
LAw = 1
DO 293 J=2,LP2E

IF (LVILAW) FQaL VU] Y VILAWI=VILAWI+VJ)
LVILZF) = LVILAW]

VILZEY = VILAW)

IF (LVILAW) JEQeLV{J}) GO TC 292
LZE = LZ2ZEW
LAW = )

IF (JJLT.LP2E) GC TO 293

LVILZF) = LVLY)

viLze) = vi{J)
CCNTINUE

IF (LZ2F LTKV0OLe JMNDe NRECZ.EQ.CY) NNZPI=LZE
IF (LZE.LT.XV04 .2NDe. NRECZ.£G.C) GO 1O 235
IF (LZE.EQ.NNZPY) GOU TO 235

NRECZ = NREC2+}

MZ2HEAD(1) = LzE-NNZP]
M2HEAD(2) = LVINNZP1+1)
M2HEAD(Z) = LVILZF)

CALL YOUTTI (INT24M2HEAD,1,10)
CALL YCUTI (NT2,LV,NNZPI+1,LZE)
CALL YCuv {INT2y VeNNZP1+1,L2E)
GO TC 235

C ALL NREC PARTITIONS HAVE BEEN KEAD FROM NT1Y

300

305

MPHEAD(1) = NNZP1
MPHEAD(2) = LVI1}
MPHEAD(3) = LVINNZP1)

CALL YCUTI {(NUT3MPHEAD,1,1C)
CALL YOUTI {NUT3,V,s1,NNZPY}
CALL YOUTY {NUT3, Vs14RNZP1)
NSEG = NSFG+}

NNZ2 = NNZZ+NNZP1

NREFC=VREC2Z

NTS=NT])

NT1=NTZ

NT2=NTS

GO TC 23¢C

IF (NRFC.EQLC) GO TC «00
CALL YOUTI (NUT3MPhEAD:1,10)

YRVADZ-— &/ 7




400

405
410

999

CALL yCUT]
CALL YOUY

(NUT3,LVe1,4NNZEY)
{NUT3, Vel,NN2PY)

NSEGC = NSEG+1
NNZZ2 = NNZZ4NNZP1Y

REWIND NUT3
REWIND NUTZ
MHEAD(3) =
MHEADt4) =
CALL YOUTI

NSEG
NNZ2

(NUTZ \MHEAD+1,10)

DO 4C5 TI=1,MSEG

CALL YINT
CALL YCQUTI

K = MHEAD(1)

CALL YINY
CALL YCOUTI
CALL YIXN
CALL YOUT
CALL YNDZER
RETURN

CALL ZZECMB
END

{NUT3,MHEAD,1,10)
{(NUTZ MEEAD,1,10)

{(NUT3,LVsy1,4K)
(INUTZ LV, 1,kK)
{NUT3, Vel,K)
(NUTZ 4 Vel,ek)
(NUTZ 4V L VKV NUTL)

(6HYRVAD2 ¢ NERRQOR)

YRVADZ-- 1/ 7




aNaNaNalalaNalaslaNa Nl laNeNslaNeNaNeRalalsleNelaNaRalaNa e Ne Nal

YRVADZ~- Y}/ 7

SUBRCUTINE YRVAD3 (NUTASNUTZ ¢NRZyNCZ oWsKW g Vol VoKV NUTT,NUT2,NUT2)
DIMENSICN V(1),LVI1)TIU(16),,IL(16),MHEAD(IT) MPHEAD(10) 4M2HEAD(IC!
DIMENSTCN W(KW,1)

CCMMCON / tWPKV]I / 1 VECtZ25C), JVEC(250)

DATA EPS / 1.E-25 /

REARRANCE ROWS ANT: COLUMNS CF SMALL DENSE MATRICES (A) BY SMALL 1IVEC!
AND JVECS, ALL FPUM NUTA, AND ADD MATPIX ELEMENTS AT LIKE LOCATIONS
TO FCRM LAKGE SPARSE MATRIX (2) ON NUTZ. NUTZ IS INITIATECL IN THIS
SUBRCUTINE., TKUS, ANY PREVIOUS DATA CN NUTZ ARE DESTRCYED.

MATRIX (£) ELEMENTS WHOSE ABSCLUTE VALUE IS LESS THAN EPS ARE NCT
PLACED IRTC MATRIY (Z). (£) 1S SCQUARE.

CALLS FORMA SUBROUTINES YIN o YINTI  LYCGUT LYOUTI ,YPART ,2ZEB0ME.
DEVELCPFD BY R A FHILIPPUS., FEBRUARY 1¢75.

LAST REVISION BY WA BENFIELD. MARCH 1976.

SUBROUTINE ARGUMENTS {ALL INPUT)
NUTA = LOGICAL NUMEER CF UTILITY TAPE ON WHICH SMALL MATRIX DATA IS
STCRFED., CATA CONSISTS CF S1ZF, MATRIX ELEMENTS, IVEC.
NUTA 1S READ IN THIS SUBROUTINE WITH A READ STATEMENT. THUS,
IT MUST HBAVE BEEN GENERATED WITH A WRITE STATEMENT. NUTA
CANNCT BE USED WITH ANY OTHER SPARSE SUBROUTINE.

NUTZ = LCGICAL NUMEER OF UTILITY TAPE ©ON WHICR MATRIX Z IS STCRED.
NRZ = NUMBREF CF POWS CF SPARSE MATRIX Z,

NCZ = NUMEER OF CCLUMNS OF SPARSE MATRIX Z.

W = MATRIX WCRK SPACE.

Kw = ROW DIMENSION OF W IN CALLING PROGRAM.

v = VECTCK WCPK SPACE.

Ltv = VECTOK WORK SPACE.

Kv = DIMENSION SIZE OF V,LV IN CALLING PROGRAM.
NUT1 = LCGYCAL NUMPER CF UTILITY TAPF.

NUT2 = LCGICAL NUMEER QOF UTILITY TAPE.

NUT2 = LOGICAL NUMEER OF UTILITY TAPE.

NEPRCF EXPLAMATION

1 = LCCAL S12E FXCEFDS FINAL S1ZF,
2 = NUMBFR CF SEGMENTS LESS THAN ONE.
REWIND NUTA
REWIND NUTY
REWIND NUTZ
KVO4=KV/4
MHEAD(Y) = NRZ
MHEAD(2) = MCZ
MHEAD(E) = - CRDER
MHEAD(&) = C
MHEAD(71) = O6HWHOLE
ISHAP = o6HWHOLE
Ltz = 0
NSEG = ©
10 1PFY =1
READ (NUTA) NAME yIR¢N g (TIB,I=14T7) o (UWETyd)aT=14N}Jd=14N),

* (I VECUI) 3I1=14N)y (JVEC(I),1I=1,N)
IF (NAMEEQ.6H Y GO TO 72
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NERROR=1
DO 15 T=1,N
IF (TAFES(I VEC{I)).GTNRZ) GO VO 999
JF (JAES{J VEC(I)).GT.NC2) GG TC 999
15 CCNTINUE
IA =20
20 TA = TA+]1
IF {1A.GT.N) GG TO 1C
JA = 0
30 JA = JA+]
IF (JA.GT.N)Y GO TC 20
IF (ABS(WI(TALJA))Y.LTLEPS) GO TO 30
35 Lz = L2+
IRET = 2
IF (L2.CT.KVC4) CC TO 72
YF (Y VEC(IR)) 40,450,660
40 IF ( JVECH{JA)) 45,5C,55

45 LVILZ) = —-100000%1 VEC(IA)- JVEC{JA)
VILZ) = W(IA,JA)
60 TG 3C
50 LZ = LZ-1
GC TC 3C
55 LVI(LZ) = -10C000=*T VEC(IA}+ SVEC(JA)
VILZ) = -W{TA,J8)
0 TO 3C
60 IF ( JVEC(JIAY) 65450C470
65 LVI{LZ) = 100CCOx1 VEC(IA)}- JVEC(JA)
VILZ) = -WI(TA,JA)
GO TC 30
70 LVILZ) = 1COCOO0*T VEC(IA)+ SVEC(JA)
VILIY = W(IA,J4)
GC TC 3C

T2 IF (LZ2.GTKVO4) LZ=LZ-1
IF (LZ.EQ.O) GO TC 225

SINGLETCN METHCD

M =1

LAFMYI = L2~

I=1

J =Lz
105 IF (I.CGE.J4) GO TO 170
110 K=1

IJ=(J0+1)/2

IT=LVIIY

IFILVIT1).LELIT) GO TO 120
LVIIS)=LVI(]I)
LVII)=17
IT=LVv{1d)
TG=V{IJ)
vIilJ)=VvI(1)
VII=TG
12C L=J
TFILV(J).CELIT) GO TO 140
LVIIN =LV D)
LvVed) =17



130

140

150

160

170

180

190

200

1T=LViIJ)

TG=v(1)

V(IJ)Y=Vv()

vV{J)¥=TG

IF(LVII).LELITY GO TO 140
LVITIJdYI=LV(])

Lvil)=17

IT=LV(TIJ)

T6=V(1J)

vilg)=v(1)

V1)=T¢C

GG TO 140

LVIL)=LVIK)

LVIK)Y=TITT

TG=V(L)

vIiL)=V(K)

V{K}=TG

L=L-1

IF(LVILY.GT.IT) GC TO 140
ITT=LVv(L)

K=K+1

IF(LVIK)LLT.IT) GO TO 150
IFIK.LE.L) C. TO 130
IF{L-].LE.J=K) GO TC 160
1L(M)=T

TUtM =L

I=K

M: M4}

GO TC 180

IL(MY=K

IU(MY=d

J=L

M=M+1

GO 10 18C

Ma=M~1

IF(M.EC.0) GO 10 210
I=IL (M)

J=IU(M)

JF(U-T.GE.X1) GO TO 110
IF (1.EQ.Y) GO TO 105
1=1-1

I1=1+}

IF(1.FC.JY GG TO 170
IT=LV(I+])
IF(LV(IY.LELIT) GC TO 190
TG=vV{(1+1)

K=1

LVIK+1)=LV(K)
VIK+1)}=V(K)

K=K~1

IF(ITLLT.LV(KYY GG TO 200
LViK+1)=1T7

VIK+1)1=T6G

GO TC 190
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210 LZE = 1
LAW = 1
IF (L2.EQ.Y) GO TO 222
DC 220 1=2,12
IF(LVILAWY JFQ. LV(I}) VILAW)I=VILAW)+V(I)
VILZE)=V(LAW)
LVILZE)=LVILAW)
IF (LVILAW) EQ.LVII)) GO TO 220
LZE=L7E+]
LAw=1
IF (I1.LT.LZ) GO TO 220
VILZE)=V(I)
LVILZE)=LV(]1)
220 CONTINUE
222 NSEG = NSEG+!?

MPHEAD (1) = LZF
MPHEAD(2) = LV(1)
MPHEAD(3) = LV(LZFE)

CALL YOUTT ({NUT1,MPHEAD,”,10])
CALL YOUTI (NUT1,LVsl,L2Z¢t)
CALL YoUT (NUT1, Vsl,LZE)

tz = C

GO TC (225,25)y IRET

C
225 1F (NSEG.GT.1l) GC TQC 228
NERRQOR=2

IF INSEG.LT.1)Y GO TO 999
FEWIND NUTZ
MHEAD(3) = 1
MHEAD(4) = LZE
CALL YOUTI (NUTZ MHEAD,.1,10)
MPHEAD({1) = LZF
MPHEADI(2) = LVvI(1)
MPHEAD!3) = LVILZF)
CALL YOUTY (NUTZ MPHELAD,1,10)
CALL YOUTT (NUTZ,LV4e1,L2F)
CALL YCUT (NUTZy Voel,eLZE)
GO T0 41¢C

C

C NOW THERE ARE NSEG CRDERED GROUPS WRITTEN ON NUTY.
228 NT1 = NUT1

NTZ2=NUT2
NREC = NSEG
NSEG = €
NNZZ = O

REWIND NUT3

c

C MESHING CPERATION

23C REWIND NTY

REWIND NT2
IF (NREC.FQ.C) GU TO 3C5H
CALL YINI {NT1,MPHEAD.. 1 ,1C)
NNZP1 = MPHEAD(I)
CALL YINI INT1yLV,14NNLTY)
CALL YIN (NT) 4Vy14NNZPT)
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IF (NRFC.EG.Y) GO TO 305

NRE(2=0
LZE = NNZzZP1

C
1 =1

235 1 = 1I+1

IF (I1.GT.NREC) GC TO 300
CALL YINI (NT1 yMZHEAD.141C)
NNZP2 = M2HEAD(1)
LP2S = NNZP1+]
LPZE=LP2S~1+NNZP2
CALL YINI (NT1,LV,LP2S,LP2F)
CALL YIN (NTI 4 VeLP2S,LP2F)
IF (LV{LP2S) GT. LVINNZP1)) GO TC 291

C

C MESKH TWO PARTITIONS
11=1
12 = LpP2€S
IW=2axKVQ4
IzZ=0

250 IW=1v+1

IF (LVITI1)-LV(IZ)) 26542654255
255 V(IWl=Vv(12)
LVIIW)=LVI12])
12=12+1
IF (12.GT.LP2E) GG TO 275
GC TC 250
265 V(IWI=VI(I1)
LVIIW)I=LV(11)
11=11+1
iF (11.CT.LP2S-1) GO TO 2¢5
0 TC 25C
275 NFLTM = LP2S-11
K=LP2F
L = LpP2s]

DO 280 J=14NELTM
VirK)=viL)
LVIK)Y=LVIL)
K=K~1

280 L=L--1

285 TF (IW.FQ.2*KV04) GO TO 291
J1=2%KV04 4]

DO 290 JsJ1,1IW
12=12+1
VIIZY=viy)
290 LV(12)=LV(J)
291 LIE = 1
LAW = 1
DO 292 J=2,LP2E
IF (LVILAW) .FQLLVIS)) VILAW)=VILAW)+V ()
LVILZE) = LVILAW]
VILZE) = V(LAW)



IF (LVILAW).EQ.L VL)) GG TC 292

t2e
LAW

= LZE+]
= J

IF (J.LT.LP2E)Y GG TO 293

LviL
viL
293 CONT
IF (

ZE) = LV(y)
Z8) = V()
INUE

LZE JLT.KVC4 oANDe NRECZLEC.O) NNZP1=

IF (LZE.LT.KVO4 JANDe NRE(CZ.ECGLC) O TO
IF (LZELECLNNZP1) GO TO 235

C
NRECZ = NPECZ+1
M2HEAD(]) = LZE-NNZF1
M2HEAD(2) = LVINNZPI+1)
M2HEAD(3) = tV(LZ2E)
CALL YOUTT (NT2,M2HEADy1,10)
CALL YOUTI INT2 LV NNZP141,L7F)
CALL YCUT (NT2,y VoNNZP14+1,L2E)
GO T~ 235

C

C ALL NREC PARTITIOMS HRAVE BEEN READ FRCM NT1

300 MPHEAD(1) = NNzP1

MPHEAD(Z) = LVI(1)
MPHEAD(3) = LV(NNZPY)
CALL YOUTI (NUT3MPHEAD,1,10)
CALL YOUTI (NUT3,LV,1,NNZP1)
CALL YOUY (NUT3, Vy1eNNZP1)
NSEG = NSFG+1
NNZZ = NNZ2Z+NNZFP1Y
NREC=NREC 2
NTS=NTY
NT1=NT2
NT2=NT€
GC 10 . 0

C

305 1F (NFEC.FQ.C) GO TO 400
Y7UTT  (NUT3 ,MPHFAD,1,1C)

catt
CALL
CALL
NEEG
NNZZ
400 REWY
FEWY
MHE A
MHE A
CALL
DC 4
CALL
CALL
K =
CaiL
CALL
CALL
405 CALL
410 CALL

YOUTY  (NUT3

2LVy T 4NNZPT)

yYour (NUT3, Vs 1,NNZPY)

= NSEG+]

= NNZZ+NNZP1
ND NUT3S

ND O NUTZ

(37 = NSECG
D(4) = NNZ27

YOUTT (NUTZ MHEAD,1,10C)

05 T=1,NSEC

YINI (NUT3 ,MHEAD 1410}
YOUTT  (NUTZMHEAD,1,10)

MHEAD (1)

Y IN] (NUT2
YOUT1 {NUT2
YIN {(NUTT
youTt (NUTZ

oLV, 1,K)
oLV 1K)
r Vyl,K)
s Val,ek)

YNOZER (NUTZ VoLl VoKV NUTT)

LZF
235

YRVAN3-= 6/ 7
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RETURN

999 CALL Z2B0MBE (6HYRVAD3 4NERRCR)
END
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YRVIS1-- 1/

SUBRCUTINE YRVISY (ApJVEC,NUTZ NRAZ ¢yNCAWNCZoV4LVyKVyaKA)
DIMENSION V(1), LVI1)y JVEC(1), MHEAD(10), A(KA,1)

DATA

REARRANGE COLUMNS

ROWS OF

EPS / 1.E-25 7/

A ARE NCYT REARRANGED.

CALLS FDORMA SUBROUTINES XLORD ,YCUT LYCUTI ,ZZBCMB.
DEVELCPED BY R A PHILIPPUS. JANUARY 1973.
LAST REVISION BY WA BENFIELD. MARCH 1976.

SUBRCUTINE ARGUMENTS (ALL INPUT)

OF DENSE MATRIX A TO FORM SPARSE MATRIX Z.

A = MATRIX A.
JVEC = VECTCR (S1ZF = NCA).
JVEC(J) = CCLUMN POSITION OF A(COL J) IN Z.
IF JVEC(J) IS PLUS 4, Z = A{(COL J).
TF JVEC(JD) TS MINUS, Z = -A(COL J).
IF JVEC(J) 1S ZERC , A(CCL J) IS COMITYED IN 2.
NUTZ = LCGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX Z 1S STCRED.
NRAZ = NUMBER OF ROWS OF 2,2.
NCA = NUMBER OF COLUMNS OF A.
NC1 = NUMBER OF COLUMNS COF Z.
v = VFCTCP WORK SPACE.
LV = VECTCR WCRK SPACE.
KV = DIMENSION SIZE OF VoLV IN CALLINGC PROGRAM,
KA = RCW DIMFENSION OF MATRIX A IN CALLING PROGRAM.
NERRCOR EXPLANATICN
1 = COLUMN LCCATION CQUTSIDE MATRIX Z.
2 = DIMEMSION SIZE EXCEEDED (KV).
REWIND NUT2
NERRCR=]
DO 2 I=1,NCA
IF {IABS(JVEC(1)}.GT.NCZ) GC TC 99¢
2 CONTINUE
J =
NERRQR=2
DD 50 IA2=1,NRAZ
1Al 10CCCO%TA
DD 50 JA=1,NCA
IF (APSLA(IA,JA)).LTL.EPS) GG TC 50
J = J+1
IF (J.6T.KV) GC TC ©¢99
IF (UVEC({JA)]) 40425,4F
25 J = J-1
GO TN S5C
40 V{J) = ~A(IA,JA)
LVIJ) = TAY-JVECLJA)
G TC =G
45 LVIJi = TAY+JVEC (JA)
VI(J) = AlIA.JR)

SC CONTINUE



999

MHEAD(1)
MHEADL2)
MHEAD(Z)
MHEAD(4)
MREADL(S)
MHEADL6)
MREAD(T7)
CALL XLCR
CALL YOUT
MHE AD(T)
MHEAD(2)
MHEAD(3)
MHEAD(4)
MHEADI(S)
MHEAD(6)
MHEAD(T)
CALL YQUTY
CALL YOULUT
CALL YCUT

RETURN
CAtL 2280
END

(L2 T T I A L I 1

KV
D
I

NN

o000

1
I

MB

NRAZ
NCZ

)4
J

SHCRDER

Kv

SHWHOLE

/4) MHEAD(6) = O

J

(VslV,yl,ed)
(NUTZ JMEEAD.1,10)

Lvil)
Lved)

(NUTZ MHEAD,1,10)
{(NUTZ,V,1,J)
(NUTZ ¢Vel,ed)

(6HYRVIS1 4 NERROR)

YRVISY—— 2/ 2
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SUBROUTINE YRVTOD(NUTAZIVECsIVEC 92 yNRZ4NCZ oV LVeKV4KRZ)
DIMENSION IVEC(1)JVEC(1)3ZUKRZ31)yVI(1):LV(1),MH(1C)

REARRANGE AND

ADD ROWS AND CCLUMNS OF SPARSE MATRIX A

TO DENSE MATRIX 2.

RE SURE TO DEFINE Z BEFORE CALLING THIS SUBRCUTINE.

FCR EXAMPLE CALL SUBRCUTINE ZERC TG SET MATRIX Z VG ZEROC.
CALLS FCORMa SUPRCUTINES YINT,YIN AND ZZBOME.

CODED BY JCHN

ADMIRE =*NASA* DECEMBLER 1972.

SUBRRCUTINE ARGUMENTS

NUTA - INPUT

IveC - INPUT

LGGICAL NUMBER CF UTILITY TAPE ON WHICH

SPARSE MATRIX A IS STCRED.

IVEC(1)= ROW POSITION CF A(ROW I) IN Z.
YF IVEC(Y) YIS PLUS 42=Z(R(W IVEC(I))+A(RCW 1).
IF IVEC(TI) IS MINUS,Z=Z(ROW 1IVEC(1))}-A(RCW I}.

-

IF 1IVEC(I) IS Z2ERC LROW T GF A DCES NOT APPEAR IN Z.
JVEC ~ INPUT JVECWI)= COL POSITION OF a(COL J) IN 2.

TF JVEC(J) IS PLUS ,Z=Z(COL JVEC(J))+ALCOL J).

IF JVEC(J) TS MINUS,Z2=Z(CCL JVECIJ))}-ALCOL J).

IF JVEC(J) IS ZFRC ,CCL J COF A CCES NCT APPEAR 1IN Z.
ra -~ INPUT/QUTPUT MATRIX TC WHICH ELEMENTS CF A ARE ADDED CR

SUEBESTRACTED.

NRZ ~ INPUT NUMEER CF ROWS 1IN 7,
NCZ =~ INPUT NUMEER OF CCLS IN Z.
v ~ VECTCR WCRK SPACE.
LV -~ VECTOR WCRK SPACE.
KV -~ INPUT CIMENSICN CF V AND LV IN CALLING PROGRAM.
KRZ = INPUT ODIMINSION CF NUMEER OF RCWS CF Z 1IN CALLING PROGRAM.
NERROR=1

IF(NRZ .GT. KRZ)Y GC TC 999

REWIND NUTA

CALL YINI(NUTAsMH,1,10)

NRA=ME(1)
NCA=MHLZ)
NPART=MH(3)
IFINPART LEC.
NEB=0

DO 1C I=1,NRA

C) RETURN

TF(TABSCIVEC(T)) .GT. NB) NE=TABS{IVEC(I})

CONT IMUE
NERRCR=2

TFINE .GT. NRZY GG TO 999

NE=O
pC 2C J=1,NMCA

TR(TARSIJIVEC(J)) GTe NB) NE=YTABSUJIVEC(J})

CONTINUF
NEFRR(CR=3

IF(NR .GT. NC2) GC TO 999
DO 110 K=1,4NPAPT
CAaLL YINI(NUTA,MHQI,IO,

MNNZP=ME(1)

CALL YINI(NUT2,LV,1,NNZP)
CALL YIN (NUTA,V,1,NNZP)



30

n -
(= B o

o]
[

90
100
ne

939

DO 100 LL=T,NN2P
I=LviLL)/1C0C0C
IFCIVECLINIAC,1C0 440
II=IABS{IVEC{I))
NS=-1

GC TC 5¢C

I1=1IVEC(])

NE=1
J=LVILL)-1GCOCCC*TY
JF(IVEC(JI)N60.1CC,2C
SI=TARSIIVEL{3:
ME==NS

GO TC g0

Y JI=JIVEC (D)

IFINS .LT. C) GO TO 9C
ZATI,,JJ)=2(11,33)1+VILL)
G0 TC 100
ZUIT4d0)=281T,38)-VILL)
CONTINUE

CONTINUE

RETURN

CALL ZZ3OMB{GHYRVTOD . NERROR)

END

YRVIOD-=- 2/ 2
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SUBROUTINE YSREDZ2 (NUTANUTR JNUTToNRSIFTyV oLV KV ,NUTT JNUT2,NUT3,

x NUT4)

DIMENSTCN VI(1),LVI(1),MHEAD(10) MPHEAD(10),1IH(10)

DATA EPS/1.E-2C/

REDUCE SP,RSE STIFFNESS MATRIX (A} TO
{ON CPTION) REDUCTION

MATRIX {(F) AND
COCRDINATES TO BF RETAINED
IF THE WHOLE MATRIX (A) IS INPUT,
BAND WIDTH (DIAGOMNAL UP

FORM SPARSE REDUCED STIFFNESS
TRANSFORMATION MATRIX (7).

ARE MUMEERED LAST.

ONLY THE LCOWER HALF IS USED.

TO TCP NON-ZER() MUST BE LESS THAN OR EQUAL

TC (KV-N)/2, WHERE N IS MATRIRX SIZE (SQUARE).
CALLS FOPMA SUBRQUTINES YIN sYINT LYLORD L,¥(OUT LYOQUTI ,YPART
YTRANS,2ZECMB,
DEVELCPED EBY F L WCOHLEN AND W A BENFIFLD. DECEMEER 1972,
LAST REVISICN BY WA BENFIELD. MARCH 1976,
SUBRCUTINE ARGUMEMTS (ALL INPUT)
NUTA = LCGICAL NUMFRER OF UTILITY TAPE ON WHICH (&) 1T STOPED.
NUTR = LOCGICAL NUMEFR CF UTILITY TAPE ON WHICH (F) 1S STCFED,
NUTT = LCCICAL NUMEFR OF UTILYTY TAPE CN WHICH (T) TS STCRED,
NR = NUMBRER CF POWS IN THE REDUCED STIFENESS MATRIX,
IFT = Oy TRANSFORMATICN MATRIX (T) WILL NCT PE CALCULATED. NUTT
NEED NOT BE DEFINED IN CALLING PROGRAM.
= 1, TRANSFOPMATION MATRIX (7} WILL BE CALCULATED.
v = VECTOR WORK SPACE.
Lv = VECTOR WOPK SPACE.
KV = DIMENSTION STZ2E OF V,LV IN CALLING PROGRAM.
MUTI = LCGICAL NUMBER OF UTILITY TAPE.
NUTZ = LCGICAL NUMBER OF UTILITY TAPE.
NUT3 = LCCICAL NUMBER OF UTILITY TAPE,
NUTZ4 = LOGICAL NUMBER OF UTILITY TAPE.
NEPRCR EXPLANATION
1 = EANDWIOTH LIMITATICN EXCEEDFD (KV).
2 = DIMENSICON ST2F EXCFEDED (KV).
2 = BANDWIDTH LIMITATICN EXCEEDED (KV).
4 = MATRIX IS SINCULAR,

CCNVERT (A) FRCM SPARSE (NUTRA) TC
KVD4=ky /4
KVC2 = KV/2
KVC2PY = KVC2+1
LAS=KV(44]
REWIND NUTA
CALL YINI
MRA = MHEADIY)
ND = NRA - NK
KVMN = KV-NRA
KVMNQZ = KVYMN/Z2
TASHAP = MHEADL(T)
NUTS=NUTA

(NUTAMHEAD,141C1)

BAND (NUTI) NCTATICN.

IF (IASHAFLECSSHUPPEFR) CALL YTFANS (NUTAGNUTR gV LV KV MUTILNUTZ)
IF {TASHAPECQ.SHUPPER ) NUTS=NUTPR

CALL YLCRD
REWIND NUTS

(NUTS4VoL VKV NUTY,NUTZ)



1¢

CALL YINI (NUTS 4MREAD41410)
REWIND NUTI

ILV = KvVC4

JLV = KVO4+NRA

IF (JLV.LT.KVGZ) JLVv=KVO2

JLVE = JLv

kKp =1

LAMAX = LAS-1+KVMND2
LAE = LAS

JS =1

NGRCUP = O

LAS1 = KVC&
DO 5 I=LASHKV

LvIiI) = 0O

vill=cC.

NNZZ = ¢

NPARTA = MHEAD(3)
NROWS = 1

DC 20 T=1,NPARTA

CALL YINI (NUTS JMPHEAD,1,4510)
NNZPp = MPHEAD(1)

CALL YTINI (NUTS 4LV, 1,NNZPA)
CALL YIN (NUTS,4Vs1 4NNZPA)
DC 2C J=14,NN2PA
IA=LV{J}/10000C
JA=LV(JN)-100000%*] A

IF (1A.LT.JA) CO TO 2C

IF (IA.FQ.KP) GO TO 15

LAS1 = LAE

LAE = LAF+TA-JAM]

NELR = KP-JS+1

IF (NELR.GCT.KVMNQO2) GQ TC 999
NNZ2 = NNZZ+NELR

KP = KP+1

JS = JA

NRCWS = NROWS+]

ILV = ILV+]

LVIILV) = NELR

IF (LAF.LE.LAMAX) GC TO 15
JLV = JLV+1

IF (JLV.GT.KV) GO TO 999
NRCOWS = NROWS-1

LVIJLY) = NROWS

NRPCWS = 1

LAE = LAE-T2+Jr~1

NGROUP = NGRCOUP+1

CALL YCUT (NUT1,VsLAS,LAE)
DO 1C L=LAS.LAE

V(L’:OO

LASY = KVCa4

LAF = KVC4+1A-JA+]
KP = 14

LA = LASI4JA-JS+]

YSREDZ2~~ 2/1C

NERRCOR=1

NERROR=2



20

65
30

40

C
C REDUCTICN.
C D IN VU1 THRU N)eo 24U GRCUP A START AT VIN+1).
C AsU GROUP £ START AT VIN+1+(KV-N}/2).
C LVII),XI=1,N IS NUMRER CF ELEMENTS IN CCLUMN T.
C LVIKV/2+41G) IS NUMBER OF COLUMNS IN GROCUP 1G.
N = NRA
MG = NGROUP
LSGA = N+1

TF (MUTP EQ. NUT2) NUTQ=NUT]
C OPERATE CN GROUP A ONLY,

NCGaA = LVIKVC2+1GA)

JEGA = JEGA+]

JEGA = JSGA4NCGA-1

LEGA = LSGA-]

101

Vita)=vd)

CONTINUE

IF (LAS.GT.LAE) GC TO 65
NGROQUP = NGRCUP+1

TLV = ItLV+?

LVUILV) = KP-JS+1

IF (LVIILV).GTRKVMNG2) GO TO 999
NNZZ = NN2Z+tV(ILV)

LY = JLV+1

IF WJLV.GT.KV) GC TC 999

Lv(JLV) = NRCWS

CALL YOUT (NUT1,V.LAS,LAE)

00 30 I=1,NRA

LVEL) = LVIKVCA+T)

DL 40 T=1,NGROUF

LVIKVC2+1) = LV(JLVS+])

LEGR = LSGA + (KV-N)/2Z
REWIND KUT3

JEGA = 0O

DO 198 TCA=1,NG

REWIND NUTI

REWIND NUT2

NUTP = NUTI

NUTQ = NUTZ2

IF (2%(1GA/2) .FQ. IGA) NUTF=NUTZ

DC 1CT1 J=JSGA,JEGA
LEGA = LEGA + LV{D)
CALL YIN {INUTP Vo LSGALLEGA)
LJJ = LSGA-1

DC 140 J=JSGALJECA
MY = 9-1

IEND = 9 - 1

IF (J «GT. ND) 1END=J
ITPPY = J=-LVIJI)+]
LITOPY = LJJ+]

LJI = LITOPJU+LV(J)-]

TF (J «FQ. JSGA JaNDe J oLE. ND) GC TO

IF (ITOPJ ot0e J) GO TG 134
ISTART = 1IT0OPJ

YSREL2—- 3/1C

NERROR=3
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LIS = LITOPJI-]
IF (1T0PJ .GE. JSGA) GO TO 105
ISTART = JSCGA
LIJ = LITOPJ+ISGA-ITOPJ-1
105 LITOPI = LSGA
IF (ISTART .EQ. JSGA) GO TC 110
ISM1 = ISTART-]
DO 107 I=JSGA,1SM1
107 LITOPY = LITCPTI+LV(I)
110 DO 128 I=ISTART.IEND
KEND = T -1
IF (I .GT. ND) KEND = ND

LIJ = LIJ+]
S = v(L1Y)
IM1 = I-1

ITOPTI = I-LV(I)+1
IF (ITCPY .LT. ITCPY) GO TC 115
KSTART = 1T0P]
IF (1 .EQ. KSTART) GO TC 125
IF (KSTART .GT. KEND) CC TO 125
LKT = LITCPI-]
LKJ = LITCPJ+ITOPI-ITOPIY~1
GC TG 12¢C
115 KSTARTY = 1TOPJ
IF (I .FQ. KETART) GO TO 125
IF (KSTART ,GT., KEND) GC TO 125
LKI = LITCPI+ITCPI-ITOPI-1
LKJ = LITCPJ-1
120 DO 122 K=KSTART,KEND
LKYI = LKI+]
LKJ = L¥3+1
122 § = S=V(K)AV(LKI)}*V{LKJ)
125 v(LIY) = S
IF (1 .LE. ND) VILIJ) = S/V(1)
128 LITCPTI = LITOPI+LVII)
134 IF (J «CT. NC) GO TO 140
ViJ) = viLIJ)
IF (ITOPS .FQ. J) GO TO 129
LKJ = LITCPI-]
DO 138 K=1T0PJ4,JM1
LKJ = LKJ+?
138 V(J) = V{J) = VIK)IEVILKJ)*%2
139 NERROR=4
IF (ARS(V(J)).LT.EPS) GO TO 999
ViLJy) = 1.0
140 CONTINUE
C GROUP A OPERATE ON GPOUP B.
C T COLUMNS ARF IN CRCUP A, J CCLUMNS 1IN GROUP t.
IF (IGA EC. NG) GO TO 195
IGAPY = 1GA+]1

JEGR = JEGA
DO 192 IGP=1GAP1,NG
NCGH LVIKVC2+1IGE)

JSGR = JECR+}
JEGB = JSGB+NCGB~1
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LEGE = LSGE-1
DO 1. J=JSGR4JEGH
151 LFGB = LFGB+LV(Y)
CALL YIN (NUTP 4V,LSGB,LEGB)
LJJ = LSGE-1
B0 190 J=JSCB,yJEGB
JM1 = 31
ITOPY = J-LVIUI+]
LITOPS = LJJ+]
Ldd = LITORPJ+LVII )]
IF (1TOPJY GT. JEGA) GO TO 190
ISTART = ITCOPJ
LTS = LITOPJI-1
IF (1TOPJ .GE. JSGA)} GU TO 155
ISTART = JSGA
LId = LITCPIHISGA-ITCPI-]
155 LITCPY = LSGA
IF (ISTART .EQ. JSGA) GO TC 160
ISM1 = ISTART-1
DO 157 1=JSGA,ISM]
157 LITOPTI = LITOPI+LV(])
160 DO 178 I=ISTART,JEGA
KEND =1 -1
IF (I .GT. ND) KEND=ND

LIJ = LI
S = viLI1Y)
M1 = 11

ITCPY = I-LV(T)+1
IF (ITCPI .LT. ITCOPJ) GO YO 165
KSTART = ITCPI
IF (1 .EC. KSTART) GO TG 175
IF (KSTART .GT. KEND) GO TQ 175
LKI = LITCPI-1
LKY = LITCPJ+ITOPI-ITOPJI-]
GO YO 170
165 KSTART = 1TCFRJ
IF (1 .FG. KSTART) GO TO 175
IF (KSTART .GT. KEND) GO TQ 175
LKI = L1TCPI+ITOPS-1TOPL-1
LKJ = LITCPJI-T
170 DC 172 K=KSTART,KIND

LKY = LKI+]
LKJ = LKJ+?
172 S = S—VIK)IXV(LKY X3V {LKJ)

175 viL1y) = S
IF (T «LE. ND) VILIJ)=S/V(I)
178 LITCPY = LITOPI+LV(I)
190 CONTINUE
192 CALL YOUT (NUTG V4L SGE,LEGE)
195 CALL YCuUl (NUT2 V4o LEGA,LEGA)
RFWIND NUTS '
CALL YOUTI (NUT&4LV:1,4KV)

“C CONVERT (U) FROM BAND (NUT2) TO SPARSE (NUT1) NOTATION.
C DISASSEMBLE TO GET (U22) CN NUTR.
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REVIND NUT2
REWIND NUTY
LVGS = KV-NGROUP

LVR = LVGS
D0 202 1GROUP=1,NCRCUP
LVR = LVR4+]

2C2 LV(LVR) = LVIKVO2+IGROUP)
LS = LVGS-NRA

LVE = LS
DO 204 T=1,NRA
LVE = LVF+}

204 LVILVE) = LVI(I)
KVMAX = KVv/4
JF (KVMAXGTLLS) KYMAX=LS

MHEAD(1) = NRA
CMHEAD(2) = NPA
MHEAD(3) = NGRCUP
MHEAD(4)Y = NNZ2Z
MHEAD(5) = O

MHFAD(S) = O

MHEADG(7) = S5HUPPER
CAatl YCUT, (NUT1JMHEAD,1,10)
tv = ¢

LVF = LVGS

LVE = LS

LVEP = LS

12 = 0

DC 250 IGROUP=Y,NGRCUP
LVR = LVR+1

Lz = 0

NPCOWS = LVILVR)

NELG = ©

DO 206 T1=1,NROWS

LVE = LVE+]

206 NELG = NELG+LVILVE)
CALL YIN (NUT2,4Ve14NELG)
DO 20f T=1,NRCWS
12 = 1Z+1

LVEP = LVEP+]
JS = IZ2~-LVILVEP)+]
DO 208 JZ=J4S,1Z

LZ = LZ+1

208 LV(LZ) = 1C0CCO*JZ+1Z
MPHEAD(1) = L2
MPHEAD(Z) = LV(1)
MPHEAD(2) = LVILZ)

CALL YOUTI (NUTIMPHEADs1,10)
CALL YOUTTI (NUTT,,LVe1,L2Z)
CALL youT (NUT1,V,1,L2)
250 CONTINUE
CALL YPAFT (MUTI Vol VeKVNUT2}
CALL YDISA (NUTIND+L ND+1,NUTRyNR yNRy VoL V4KVNUT2)

*t CALCULATE REQDUCTION TRANSFORMATION MATRIX.
IF (IFT +EQ. () RETURN
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C (U) IS ON NUT3. BANDED, NC MATRIX OR PARTITION HEADERS.
. TRANSFER U111 TO NUTT (TOP NON-ZERQ IN COLUMN DOWN TO DIAGONAL) AND
€ U112 TO NUTY (INDIVIDUAL FULL COLUMNI).
REWIND NUTA
CALL YINY (NUT4 LV 1,4KV)
DO 302 i=1,1C
302 MPHEAD(]1) = O
REWIND NUT3
REWIND NUTTY
REWIND NUTL

JUE = 0

NGUIY = 0

DO 335 1G=1,4NG
NCG = LVIKVO2+1G)
JUS = JUE+]

JUE = JUS+NCG-1
NELG = C

DO 306 JU=JUS,JUE

306 NELG = NELG + LV
CALL YIN (NUT3,V,1,NELC)
IF (ND LGF. JUE) CO TO 310
IF (ND JGE. JUS} GO YO 320
IF (ND .LT. JUS) GO TO 33C

NERRCR = 5

GO 10 999
310 MPHEAD(1) = JUS
MPHEAD(?) = JUF
MPHEAD(3) = NELG

CALL YOUT1 (NUTT MPHEAD,1,10)
CALL YOUT (NUTT Vo1 ,NELG)
NGU11 = NGU11+1
GC TO 335

320 NFL = O
DO 322 JU=JUS,ND

322 NEL = NEL + LVUiJyUu)
MPHEAD(1) = Jus
MPHEADIL2)} = ND
MPHEAD(3) = NEL

CALL YOUTY (NUTTMPHEAD,1,10)
CALL YCUT (NUTT,Vs14NEL)
NGU11 = NGU11+}
IF (JUS .FQ. JUE) GO TO 338
LEJU = NFL
JUSX = ND+1
323 DC 327 JU=JUSX,,JUE
ITOP = JU-LVIJU}+]
LSJU = LEJU+]
= LSJuU+LVIiJu -1
DO 324 1v=1,ITCP
LIV = NELG+1V
324 V(LIV) = 0.0
IF {17CP .GT. ND)Y GO TC 327
LUV = LSJU-1
DC 225 1V=ITOP4ND
LIV = NELG+1V



Luv = LUvV+l
325 v(LIV) = Vv(iLuv)
327 CALL YOUT (NUTT4Vo,NELG+Y 4NELG+ND)
GO TQ 2335
330 LFJU =0
JUSX = JUS
GO TC 322
335 CCNTINUF
C GROUP (U12) INDIVIDUAL FULL COLUMNS FROM NUTI ONTC NUT2
C USE V(I THPU (KV-N)/2) TO AGREE WITH YBSL3A.
REWIND NUT]
REWIND NUT2
KVl = (KV-N)/2

LE = 0

NCG = ©

NGE = 0O

D0 343 J=1,4NR
LS = LE+]

LE = LS+ND-1
CALL YIN (NUTT1,V,LSsLE)
NCG = NCGHY
IF (J .£5Q. NR) GC TO 342
IF ((LF+ND) . LE. KV1) GO TC 343
342 MPHFADI{1) = NCG
CALL YOUT] (NUT2,MPHEAD,1,10)
CALL YOUT (NUT2,Vy1,LE)
LE = 0
NCE 0
NCGE NGB + 1
343 CONTINUE

BACK SOLUTION FOR {T) FRCM (U11}*({T)=(U12).
(UY1) GROUPS ARE OBTAINED IN BACKWARDS ORDER,

VIIKV-N)/2+1 THRU KV-N) CONTAINS COLUMNS OF U (FROM TCP
DOWN TC DIAGONAL) OF A GROUP.
LVII)sI=14N IS NUMBEK OCF ELEMENTS IN CCLUMN I.

LSU = (KV=N)/2 + 1

REWIND NUT2

REWIND NUTY

alalaNaNaRala

DC 389 IGR=1,NGP

CALL YINY (NUT24IHy1,1C)}
NCIGR = IH(1)

NELYIGE = ND#NCICE

CALL YIN (NUTZ 4VoloNELIGE)
DC 357 1GUX=1,4,NGUI1L

BACKSPACE NUTT

BACKSPACE NUTT

CalL YINI (NUTT41H,1,1C)
JEU = Th(1)

JEU = 1HL2)

NELIGU = TH(3)

CALL YIN (NUTT4VyLSUSLSU+NELIGU-T)
BACKSPACE NUTT

YSRED2~~ B/10

V(1 THRU (KV-N)}/2) CONTAINS Y=U12, 2=T7 CCLUMNS OF A GROUP.

NCN-ZERO

Ny
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BACKSPACE NUTT

DO 257 JR=1,NCIGE

L2SMY = (JE-1)%ND

LITJU = LSU+NELIGU

DO 256 SUX=JSU,JEU

JU = JSU+JIEU-JUX

LJJU = LITJU-1

LITIU = LIJU-LVIJU)+]

ITHU = JU-LVIJU)+]

IF (1TJU .EQ. JU)} GO TO 356

LIJUMT = LIJU=-]

L2 = LZSMI+JYU

LZY = LZSMYI+ITJU-I

DO 354 LU=LITJU,LJIIUML

Ltzy = t2v+"
354 VILZYY = VILZY) - v(LU)=*V(LZ}
356 CONTINUE
357 CONTINUE

DO 259 1GU=1,NGCU11

CALL YINI (NUTT4IDUM41,1)
359 CALL YIN {NUTT, DUM.1,1)

DC 372 1=1,410
372 IH(T) 0

IH{1) = NCICE

CALL YCUTT (NUT1,IH,1,10)

DO 275 I=1,NELIGB
375 V(1) = -V(1)

CALL YQUT (NUT1,V,14NELIGE)
389 CONTINUE

c

C CONVERT (T} FROM FULL COLUMN (NUT1) TO SPARSE (NUT3) NCTATION.
REWIND NUTY
REWIND MUT3

IH(1) = NC
IH(2) = NR
TH(3) = NGB
IH(4) = ND*NR
TH(E) = C
IH(6) = C

TH(7) = SHWHCLE

CALL YOUTI {(NUT3,1Hs1,10)
JZ = 0

DO 365 IGR=1,NGB

CALL YINI (NUT14IH,1,410)

NC = TH{1)

NNZPE = NDENC

CALL YIN (NUTT 4V,e14NNZPR)
tB = G ’

DO 292 J =1,NC

JZ = JZ2+1

DC 292 17Z=]1,ND

LE = LE+1

392 LVI(LB) = 1C0000%12+J2
IH(1) = NNzZPE
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YSRED2--10/10C

TH{2) = LV(Y)

IHL2) = LVINNZPE)

CALL YOUTI (NUT3,1He1,10)

CALL YOUT1 (NUY3,LV,1,NNZPB)

CALL YOUY INUT3, Vv,1,NNZPR)

CALL YNOZER (NUT3,V,LV.KVeNUTY)

CALL YLOFD (INUT3,VoLV,KVNUTTNUT2)
CALL YZERG (NUTT,NRASMR)

CALL YASSEM
CALL YUNITY
CALL YASSEM
RETURN

CaALL ZZE Mb
END

(NUTZ2, 191 oNUTT Vo LV,KVSNUTT (NUT2,NUTL)
{NUT2 ,NRy Vet VoKV)
(NUT3ND+T 51 gNUTT o VoL VoKV NUTYI LNUT2,NUTL)

(6HY SRED2 ¢ NERRCR)

-
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SURROUTINE YSTOD (NUTA,AeNRAZNCAZKRAZKCA,V,LV,KV,NUTY)
DIMENSION VI{1),LVI1)} 4, ALKRAS1)MHEAD(1Q) 4MPHEADL10)
DATA NIT4NOT/5,67

CONVERTY A MATRIX FROM SPARSE NOTATION TO DENSE NOTATICN.
CALLS FORMA SUERRCUTINES YIN +YINY LZZFCMBR.

DEVELOPFD BY R A PHILIPPUS. JANUARY 1969,

LAST RFVISICN BY WA BENFIELD. MARCH 1976,

SUBROUTINE ARGUMENTS

NUTA = INPUT LOGICAL NUMBER OF UTILITY TAPE ON WHICH SPARSE MATRIX

A 1S STORED,

A = QUTPUT DENSE MATRIX. SIZE (NRASNCA).
NRA = DUTPUT NUMBER OF RCWS IN A,
NCA = QUTFUT NUMBER CF CCLUMNS 1IN A,
KRA = INPUT ROW DIMENSICN COF 2 IN CALLING PROCGRAM.
KCA = INPUT COLUMN DIMENSION OF A IN CALLING PROGRAM.
v = VECTCR WORK SPACE,
Lv = VECTCR WORK SPACE.
Kv = INPLT DIMENSION SIZE OF V4LV IN CALLING PROGRAM.
NUTI = INPUT LOGICAL NUMBER COF UTILITY TAPE.
NERRCR EXPLANATION
1 = DIMENSION STZE EXCEEDED (KRA.KCA).
2 = DIMENSION SIZE EXCEELED (KV).
3 = ROW OR COLUMN LOCATION CUTSIDE MATRIX A.
4 = ROW OR CCLUMN LOCATION CUTSIDE MATRIX A.

REWIND NUTA
CALL YINI (NUTALMHEADS1,410)
NRA = MHEAD(1)
NCA = MHEAD(Z2)
NERRQOR=1
IF (NRALGT.KRA .0R. NCA.GT.KCA) GC TC 999

DO 10 I=14NRA
DO 10 J=1,NCA
10 A{T,J)=0.

NPART = MHEAD(3)
ISHAPE = MKEAD(T)
DO %40 K=) yNPARY
CAaLL YINI (NUTAMPHEAD,1,10)
NNZP = MPHEAD(Y)
NERRCOR=2
IF (NNZF.GT.KV) GC T0 999
TF (NNZP.GT.C) CGC TC 20
CALL YINI (NUTALVel,1)
CALL YIN {(NUTALWs1,1)
GG TO 4C

20 CALL YINI (NUTALLVe1,NNZP)
CALL YIN (NUTA V31 ,NNZP)
DO 30 L=1,NNZP
I=tv(L})/16C0000C
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J=LV{L}-1C000C%]
NERROR=3
IF {(I.GT.KRA (R, J.GT.KCA) GC TO 999
IF (ISHAPE.EQ.S5HWHOLE) GO T0O 3C
NERROR=4
IF (J.GT.KRA CR. I.GT.KCA) GO TC 999
A{J,1)=V(L)
30 AlI.J)=VIL)
40 CONTINUE
RETURN
C
999 CALL 2Ze0MB (5RYSIOD ,NERRCK)
END
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SUBROUTINE YSYMLH (NUTAZ,V,LVsKV,NUTI,NUT2)
DIMENSION V(1) 4LV{1)4MREAD(10)
DATA NIT4NCT/5,6/

SYMMETRIZE SPARSE MATRIX AZ BY PLACING VALUES FROM ABOVE THE DIAGOMAL

BELOW THE DIAGONAL.

CALLS FORMA SUBROUTINES YIN oYINI SYLORD ,YNOZER.YOUT ,LYQUTI ,
YPART,

DEVELOPED BY R A PHILIPPUS. JUNE 1969,

LAST REVISION BRY R A PHILIPPUS. JUNE 1973,

SUBROUTINE ARGUMENTS (ALL INPUT)

NUTAZ = LOGICAL NUMBER OF UTIL1TY TAPE ON WHICH MATRIX AZ IS STORED.
v = VFCTOR WCRK SPACE.

LV = VECTOR WCRK SPACE.

KV = DIMENSICON SI2E OF VoLV IN CALLING PROGRAM.

NUTY1 = LOGICAL NUMEER CF UTILITY TAPE.

NUT2 = LOGICAL NUMBER OF UTILITY TAPE.

CALL YPART (NUTAZ,VsLV,KV4NUTY)

REWIND MUTAZ

RERIND NUTI

CALL YINI (NUTAZSMHEAD1,10C)
NNZA = MHEAD(4)

IF (MNZALEQ.C) RETURN

ISHAP = MKREAD(T)

IF (1SHAP.EQ.4HDIAG) RETURN
MHEAD(T) = SHWHOLE

NPAR A = MHEAD(3)

DO 20 I=1,NPARTA

CALL YINI (NUTAZ,MHEAD,1C,1C)
NNZP = MHFEAD(10)

CALL YIN] (NUTAZSLV 9] 4NNZP)
CALL YIN (NUTAZsVe1,NNZF)
NNZQ=NNZP

DC 1C J=1,NNZP
TA=1LV(J)/1C000C
JASLV2)-100000F A
IF fia.tCdnl GC TC 1IQ
IF (IA.GT.JA) GC YO &
NNZQ=NNZO+]
NNZA=NNZA+]
LVINNZC)=1CCOCC*JA+IA
VINNZQ) =V {J)
G0 YC 10
s vViJ)=C.
10 CONTINUE

MHEAD(10)} = NNZQ

CALL YOUTT (NUT1,MHEAD,1C,10)

CALL YOUTI (NUTYLVel,NNZG)
20 CALL YOUT {NUT1,V,1,NNZQ)
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REWIND NUTAZ
REWIND NUTI

MHEAD(4) = NNZA
MHEADLS) = ©
MHEAD(6) = O

MHEAD(10) = ©
CALL YOUTI (NUTAZ,MHEAD,141C)

DO 25 I=4,1C

MHEAD(YY = O

DO 30 I=1,NPARTA

CALL YINI {NUT1,MHEADy1,1?
NNZf = MHEADI(1)

CeLL YINI {NUT1,LV,1,NNZP)

CALL YIN (NUT1,v,1,NNZP)
MHEAD(2) = LV(1)
MREAD(3) = LV(MNZF)

CALL YCUTI (NUTAZG,MHEAD,1,1C)
CALL YOUTI INUTAZLLVy1,NNZP)
CALL YOUT (NUTAZ,Vs14NNZP)

CALL YNDZER (NUTAZ,V4LV,kV4NUTT)

CALL YLCRD (NUTAZ,V,aLVaKVNUTL,NUTZ)
RETURN

END

YSYMLH— 2/

s

o
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SUBRCUTINE YSYMUH (NUTAZ,V,LV,KV,NUTI,NUT2Z)
DIMENSION VI1),LV{1},MHEAD(10)
DATA NITNCT/5,6/

SYMMETPIZE SPARSE MATRIX AZ EY PLACING VALUES FROM BELOW THE DIAGONAL

ABOVE THE DIAGONAL.

CALLS FORMA SUBROUTINES YIN +YINI LYLORD ,YNOZER,YOUY ,L,YOUTI ,
YPARY .

DEVELCPED BY R 2 PHILIPPUS. JUNE 1969.

LAST REVISION EY R A PHILIPPUS. JUNE 1973,

SUEPOUTINE ARCUMENTS (ALL INPUT)

NUTAZ = LOGICAL NUMBER OF UTILITY TAPE ON WHICH MATRIX AZ IS STCRED.
v = VECTCR WCRK SPACE.

Lv = VECTUR WCRK SPACE.

KV = DIMENSICON SI2¢ OF VoLV IN CALLING PROGRAM.

NUT1 = LCCICAL NUMBER QOF UT1LITY TAPE.

NUT2 = LCGICAL NUMBER OF UTILITY TAPE.

CALL YPART (NUTAZ,V,oLVsKV,NUTL)

REWIND NUTAZ

PEWIND NUT]

CALL YINY {NUTAZ,MHEAD 141G}
NNZA = MHEAD(4)

IF (NNZA.FC.C) RETURN

ISRAP = MHBEAG(7)

IF (ISHAP _ E0.4KDIAG) RETURN
MHEAD(T) = S5HWHOLE

NPARTA = MHEADI(3)

DO 20 1=1,NPARTA

CALL YINI (NUTAZ,MHEAD,1C,10)
NNZP = MHEAD(1G)

CALL YINY (NUTAZ4LV y14NNZP)
CALL YIN (NUTAZyV4 1,NNZF)
NNZQ=NN2ZP

DO 10 J=1,NNZP
TA=LV(J)/100000
JA=LV(JI)-1C0000*TA
IF (TA.EQ.JA) GO TO 10
IF (TA.LT.JHAY 60 TO 5
NNZQ=NNZQ+1
NNZ A=NNZA+1
LVINNZQ)=1C0COC*JA+TA
VINNZO)=V(J)
GO TC 10
5 V(J)=0.
10 CONTINUE

MHEAD(10) = NNZO

CALL YOUTYI (NUT1 4MHEAD,1C,1C)

CALL YOUTI {NUTY 4LV,1,NNZQ)
20 CALL YQUT (NUT1 4V, 1,KNZQ)
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REWIND NUTAZ
REWIND NUT]
MHEAD(Z)
MHEAD (%)
MHEAD(6)
MHEADI(10) = O

CALL YOUTI (NUTALyMHEAD,1,410)

NNZ &
4]
o

ftnfn

DO 25 T1=4,10

MHEAD(Y) = C

DC 30 Y=1,NPARTA

CALL YINI (NUT1,MHEADs1,1)
NNZP = MHEAD(1)

CALL YINI (NUT1,LV,1,NNZP)
CALL YIN (NUT1,V,1,NNZP)
MHEAD(2) = LVI(1)

MHEAD(3) = LVI(MNZP)

CALL YOUTYI (NUTAZ,MHEAD,1,1C)
CALL YOUTTI (NUTAZ,LV41,4,NNZP)
CALL YouT (NUTAZ,V 41 4NNZP)

CALL YNCZER (NUTAZ,V4sLV,KV,NUT1)

CALL YLORD (NUTAZ,V4LV,KV4NUT1I,NUT2)
RETURN

END

YSYMUKH~~ 2/ 2
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SUBRCUTINE YTRANS (NUTASNUTAT,V,LVskVNUT1NUTZ)
DIMENSTION VI1),L V(1) MHEAD(10) 4MPHEAD(10)
DATA NITINCT/5.6/

TRANSPOSE SPARSE MATFIX A INTO SPARSE MATRIX AT.

CALLS FORMA SUBRCUTINES YIN sYINI  LYLORD ,L,YQUT ,LYOUTI ,YPART ,
122BOME.

DEVELCOPED BY R a FHILIPPUS. JANUARY 1969,

LAST REVISION BY WA BENFIELD. MARCH 197¢,

SUBROUTINE ARGUMENTS (ALL INPUT)

NUTA = LOCICAL NUMBER OF UTVILITY TAPE ON WHICH MATRIX A IS STORED.
NUTAT = LOCICAL NUMBER OF UTILITY TAPE ON WRHICH MATRIX AT IS STORED.
v = VFCTOR WORK SPACF.,

Lv = VECTCR WCORK SPACE.

KV = DIMENSICN SIZ® OF V,LV IN CALLING PROGRAM.

NUT1 = LOGICAL NUMEBER OF UTILITY TAPE.

NUT2 = LOGICAL NUMBER OF UTILITY TAPE.

NERRCF EXPLANATICN
1 = DIMENSION SIZE EXCEEDED (KV).

REWIND NUTA

REWIND NUTAT

CALL YINT (NUTAMHEADs1,20)

N = MHEAD(1)

MHEADR(T] = MHEAD(2)

MHEAD(2) = N

TASH2P = MREADILT)

1SHAP=TASHAP

IF (IASHAPEC,SHUPPER) TSHAP=SKLCWER
IF (IASHAP.EC.H5HLOWER) ISHAP=5HUPPER

MHEAD(S) = O
MHEADLe) = O
MHEAD(T) = I1SHAP

CALL YOUTT (NUTAT,MHEAD,1,10)
NNZA = MKREAD(4)
NPART = MHEAD(3)
IF (NNZA.GT.C) GO TG 3
Do 7 1=1,10

7 MPHEAD(1) = O
CALL YOUYT (NUTAT,MPHEAD,1,1C)
CALL YOUTTI (NUTAT,MPHEAD,1,2)
CALL YOUTTI (NUTAT,MPREAD,1,2)
RETUEN

3 D0 10 T=1,4NPART
CALL YINMT (NUTAMPHEAD 31,41C)
NNZP = MPHEAD(1)
NERRCR=1
IF (NNZP.GT.KV) GO TO 999
CALL YINI (NUTA LV, 1,NNZFP)
CALL YIN INUTA,V,14NNZP)

DO £ J=1,NNZP
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999

Ia=tVv{J)/100000
LV(3)=1C0000*(LVIJ)~-1COCO0%TIA)+IA

CALL YCUTI (NUTAT,MPHEAD,1,10)
CALL YOUTY (NUTAT,LV,1,NNZP)
CALL YyCuy (NUTAT,V4s1.NNZP)
CONTINUE

CALL YLORD (NUTAT,V,.LV4KV,NUT1,NUT2)
RETURMN

CALL ZzBOME (6HYTRANS 4NERROR)
END

YTRANS—~ 2/ 2
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YUNITY

SUERCUTINE YUNITY (NUTASNRA,V4LV,KV)
DIMENSTION V(1),LV(1),MHEAD(10)

GENERATE SPARSE UNITY MATRIX A. (ONES ON THE DIAGDNAL).

CAL

LS FORM2 SUBROUTINES YOUT ,L,YOUYY .

DEVELOPED EY R A PHIL1IPPUS. JANUARY 1970.

LAS

T REVISICN BY R A PHILIPPUS. AUGUST 1973,

SUBROUTINE ARGUMENTS (ALL INPUT)

NUTA = LCGICAL NUMBER OF UTIL1TY TAPE ON WHICH UNITY MATRIX A IS

NRA
v
Lv
KV

10

STORED.

SI1ZE CF UNITY MATRIX A (SQUARE),.

VECTCR WCORK SPACE.

VECTCR WORK SPACE.

DIMENSION SIZE OF VoLV IN CALLING PROGRAM.

nwnn

REWIND NUTA
NPARTA=(NRA-1)/(KV/4) +1

LV(1) = NRA
LVI2) = NRA
LV(3) = NPARTA
LVI(4) = NRA
LV(5) = EHORDER
LVI(6) = KV
LV{?7) = 4HDIAG
Lvi(g) =0

Lvi(s) = ¢
Lvt1o) = ¢

CALL YCUTT (NUTA,.LV,1,10)
DO 5 1=4,1C

MHEAD(TI) = O
LAE=KV/4

J=0

DO 10 T=1,NRA
J=J+1
LVIJ)=100000*1+]
viJ)=1.

IF (J.LT.LAE JAND. 1.LT.NRA) GC TO 1C
MHEAD(Y) = J
MHEAD(2) = LV(1)
MHEAD(3) = LV(J)

CALL YOUTI (NUTAMREAD,],10C)
CALL YOUTYI (NUTA,LLV,1,J4)
CALL YOUuY (NUTA,Vs1,4J)

J=0

CONYINUE

RETURN
END
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SUBROUTINE YWRITE (NUTA,ANAME,V,LV,KV)
DIMENSICK VI1),LV(1),Wl1GC),MHEAD(1C)
DATA NIToNCT/5,6/

WRITE SPARSE MATRIX A ON PAPER IN SAME FCRMAT AS DENSE FORMA
SUBRCUTINE WRTITE. REQUIRES 132 COLUMN (MINIMUM) PRINTER,

UP TO 1C DATA FIELDS PER LINE. PRINT ONLY NON-ZFRGC FYELD ROWS.
CALLS FORMA SUBROUTINES PAGEHD,Y1N '»YINI ,ZZRGMB,

DEVELCPED BY R A PHILIPPUS. SEPTEMBER 196¢t.

LAST REVISION BY WA BENFIELD FOR NASA. MAY 1976,

SUBROUTINE ARGUMENTS (ALL INPUT)

aXsNaNalalalaNoNeNalalaNaNaNa NaXa el

NUTA = LCGICAL NUMPER OF UTILITY TAPE ON WHICH MATRIX A 15 STORED.

ANAME = MATRIX IDENTIFICATIGN. (A6 FORMAT)

v = VECTCR WORK SPACE.

Lv = VECTOR WCRK SPACE, ,

KV = DIMENSICN SIZE OF VoLV IN CALLING PROGRAM,
NERRCR EXPLANATICN

1 = DIMFNSICN SIZE EXCEEDED (KV),

200Y FORMAT (//22H OUTPUT 3SPARSE MATRIX P642X1IH(TIS+2H XIS,6H )} ( IS5,

* 21H NON-ZERQ ELEMENTS) (15,12H PARTITICNS)1XAG//
* 10X 10(7X 3 HU51241H}) /)

2002 FORMAT (//22H OUTPUT SPARSE MATRIX A€ $2XYIH{IS,2H XIS.6H ) ( 1%,
* 21H NCN-ZFRC ELEMENTS) (T15,12H PARTITICNS)IIXAE,10H CONTINUED//
* 10X, 1C(7Xe1H{31241H)Y) /)

2003 FORMAT (1X,215,2X,1P10E11.4)

2004 FORMAT (ISHOEND OF YWRITE.)

3001 FORMAT (45HOEND OF YWRITE. NRA OR NCA HAS REEN EXCEEDED 15,
* TH TIMES.)

C
C PULL UP A NFW PAGE FCR MATRIX AND PRINT MATRIX NAME.

REWIND NUTA
CALL YINI {(NMUTAMHEAD,1,10)
NRA = MHFADI(1)
NCA = MHKEADR(2)
NPART = MHFAD(2)
NNZA = MHEAD(4)
MCKORD = MHEAD(5)
KVCHK = MHFADI(6)
ISHAPE = MREAD(T)
CALL PACGFHD
WRITE (NOT,2C01) ANAMENRAJNCASNNZAJNPART, ISHAPEL(1541=1,410)
IF (NNZALEG.C) GO T0 4G
NLINE=C
IFLAC=G
TJIK=0

DO 38 M=1,NPAR]

CALL YINI (NUTAWMHE AD,1,10)
NNZP = MHEADI(])

LFELP = MMFAD(2}

LLELP = MHFAD(3)

IF (NNZP.GT.0) GC TO 2
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CALL YINI (NUTAMHEAD,10,410)

CALL YIN (NUTA, VyKV4KV)
MHFAGIIC) = C
G0 TO 38
2 NERROR=1

TF (NNZP.GT.KV) GC TO 999
Ci.L YINI {NUTALVy1,NNZP)
CALL YIN (NUTA,V,14NNZP)

DO 35 TI=1,NNZP
TA=LV(I) /100000
JASLV(I)-10C000%TA
IF (TA.GTNRA s0R. JALGTNCA) TIK=TJIK+])
IF (Y.EC.1 oAND. M.EQ.1) GO TO 20
K=JA-JS+1
IF (TAJNE.IS oOR, KoelELC oCRe KeGTo10) GO TC 5
WilK)=Vi1)
IF {1.LT.NNZP o0Re MeLTJNPART) GO TOU 35
IFLAG=Y
5 NJ=10

IF t(JS+49).GTNCA) NI=NCA-JS+]
IF (JALGT .NCA) NJ=10
NLINE=NLINF+]
IF (NLINE.LE.44) GO TO 10
CALL PAGEHD
WRITE (NOT.2C02) ANAME ¢yNRAGJNCASNNZAZNPART o ISHAPES (29J=1,10)
NLINF = 1

10 WRITE (NOTL2003) IS9J0Se(W(J)ed=14NJ)
IF (NNZP.EC.C) GO TC 38
IF (IFLAG.EQ.)) GO TO 35

SKIP A SPACE BETWEEN EACH ROW IF THERE ARE MORE THAN 1C COLUMNS
AND SCMETHING HAS BEEN WRITTEN.
IF (NCA.LF.10 .GR. IL.EG.IA) GO TC 25
NLINE = NLINE + 1
WRITE (NOT,2C03)
20 IL=]A
25 1S=TA
JS=(JA-13/10%10+1
DC 30 t=1,10
30 wiL)=0.
K=JA-JS+1
WIK)=VI(I)
IF (1 LT.NNZP CR. M.LT.NPART) GO T0 35
IFLAG=1
GO TC 5
35 CONTINUE
38 CONTINUE

IF (TJUK.EQ.Q) GC TO 40
WRITE {(NCT,3001) 1JK
RE TURN

40 WRITE (NCT,20C4)
RETURN
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999 CALL 2ZBOMEB (6HYWRITE sNERROR)
END
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SUBROUTINE YWTAPE (NUTA,ANAME VLV 4¥VNTAPE)

DIMENSION V(1)L V(1) MCHECK(2) 4MHEAD(10)

COMMON /L START/ TRUNO,DATE yNPAGE JUNAME(3) , TYITLEY (12} ,TITLEZ(12)
DATA NIT4NCT/5,46/

DATA BUF o EOT¢NUNE $SPART / Cue3HEQT41,5HSPART /

WRITE SPARSE MATRIX A ON TAPD (NTAPF).

INITIALIZE TAPF W1TH SUBRCUTINE INTAPE.

REWIND TAPE BEFORE FIPST USE OF THIS SUBROQUTINE.

NOTE.. . THIS ROUTINE IS DESIGNED SPECIFICALLY FOR WRITING ON A DISK
(EG CDC—64C0 DISK). USING THIS ROUTINE 7O WRITE ON A PHYSICAL
TAPE DIRECTLY fTE WITHCUT USING THE DISK £S5 AN INTERMEDIARY)
WILL PRCRAKLY GIVF POOR RESULTS (DUF TC THE TULERANCE
CHARALTERISTICS OF A TAPE DRIVE) AND SHCULD BE AVOIDED IF AT
ALL PNSSIBLE.

eeoTHE CD{—-64C0 DISK IS AUTOMATICALLY ENDFILED AFTER FAIH WRlite.

CALLS FDRMA SUBROUTINES YIN +YINI LZ2ZECMBE,

DEVELCPED BY R 2 PHILIPPUS. NCUVEMEER 1€48,

LAST REVISICN BY Wa BENFIFLDe MARCH 1976

SUBROUTINE ARPCUMENTS (ALL IRPUT)

NUTA = LCOGICAL NUMBRER OF UTILITY TAPE OM WHICH MATRIX A 1S STORED.
ANAME = MATRIX IDENTIFICATICON. (A6 FCRMAT)

v = VECTCR WOPK SPACE.

LV = VECTOR WCORK SPACE.

KV = DIMENSION SYZE OF V,LV IN CALLING PPOCGREM.

NTAPE = LOGICAL NUMBFR OF TAPE ON WHICH MATRIX A 1S TQO RE WRITTEN.

NERROP FEXPLANATICN
1 = DIMENSION SIZE EXCEEDED (KV).

INTENAL VARIZRLES THAT ARE PUT ON TaPE (TPANSFERRED THRU CUMMON) .
RUNNO IS PUN NUMBER OF FFOBLEM. (A6 FORMAT).
DATE 1S DATE. (A6 FORMAT)., FOR EXAMPLE 15FE6S

SEARCH TAPEF F(R END OF WFRITTEN DATA.
10 READ (NTAPF) TAPEID,iLN,1EQTCK
IF (TEQTCKLECLBHECTIGO TU 2Q
READ INTAPE)
GO TC 1C

END OF WRITTEN DATA HAS BEEN FCUND.
20 BACKSPACE NTAPE

REWIND NUTA

CALL YINI (NUTAMHEAD,1,10)

NP A MREAD(T)

NCA = MhEAD(?)

NPART = MHFAD(3)

NNZA = MHEAD(4)

MCHECX {1} = MHEADI(5)

MCHECK (2) = MHEAD (6)

MSHAPE = MHELDI(T)

IF (NPARTL.GT.0) GC TO 25

WRITE (NTAPE) TAPFIDy LNJBUF,IPUND o ANAIME JNRAJNCAZDATE SPART s BUF,

* NONESNONE s MSHAPE s (BUF 41=1,46)

tn
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40

999
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WRITE (NTAPE) BUF BUF
LN=LN+])
GC TG &€
00O 35 J=1,NPART
CALL YINT (NUTAMHEAD,1,10)
NNZP = MHEAD(1)
NERRCGR=1
I (NNZP.GT.XV)Y GC TO <99
WRITE (NTAPE) TAPFID.LN.BUF,IRUNO.ANAME,NRA,NCA'DATE,SPAR1.NNZP,J’

* NPART s (MCHECK{ Y1) 31=1.2)MSHAPE, (EUF ,1=1,4)

IF (NNZP.GT.C) GC TC 30

CALL YIN] (NUTA ,MHEAD,10,10)
CALL YINI {NUTA, Vy 1,5 1)
MHEAR(IC) = €

WRITE (NTAPE) EBUF ,BUF

GO 10 3¢

CALL YINI (NUT2,LV,1,NNZP)

CALL YINM (NUTA,V,1,NNZP)

WRITE (NTAPE) (LVII},V(1),1=1,NN2P)
LN=LN+]

WRITE (NTAPE) TAPEIDSLN.ECT,; (BUF3I=1,16)
RACKSPACE NT2APE

RETURN

Call ZZECMB (6HYUTAPE 4NEFRCR)

END
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SUBRPOUTINE Y2ERLH (NUTAZ,V,LVKV4NUTT,NUT2)
DIMENSICN VI(1},LVI1),MHEADLICY
DATA NITNCT/5,6/

ZERC THF LOWER HALF CF SPARSE MATRIX A2z,

CALLS FORMA SUBROUTINES YIN 2 YINTI SYLCRD ,YCUT
121BCME.

DEVELCPED EY R 4 PHILIPPUS. JUNE 1969.

LAST REVISICN BY WA BENFIELD FOR NASA. MAY 197¢.

SUPRCUTINE ARGUMENTS (ALL INPUT)

Y2ERLH-— 1/ 2

21 YCUTTI LYPART

NUTAZ = LOGICAL NUMPEP OF UTILITY TAPE ON WHICH MATRIX AZ IS STORED.
v = VECTCR WCPRK SPACE,

LV = VECTCFR WCRK SPACE.

KV = DIMENSTON SIZE OF VotV IN CALLING PROGRAM.

NUT1 = LCGICAL NUMBER COF UTILITY TAPE.

NUTZ2 = LOGICAL NUMEER OF UTILITY TAPE.

NERRCR EXPLANATICN
MATRIX NCT SCUAFRF,
DIMENSICN SIZE EXCEEDED {(KV).

nn

1
2
GET (A} HEADFR INFCRMATICN.

REWIND NUTAZ

REWIND NUTI

CALL YIN] (NUTAZJMHEADL1,10)

NRA = MREAL(T)
NCA = MHEAD(2)

IF (NRA.NE.MNCA) GG TG 999
NPAPTA = MHEAD(Z)

NNZA = MHEAD(4)

MCKORD MHEAD(5)

TASHAP MHEAD(T)

IF (MNZA .EQ. ) FETURN

IF (TASHAP.EC.4HDIAC) RETURNM
IF (TASHAP.EC.S5HUPPER) RETURN
MSHAPE = SHUPPER

IF (TASHAP.EC.SHLCWER) MSHAPE=4HDIAG
NNZ2Z=0

NPARTZ=0

"

1"

LOOP (¥ (A) PARTITIONS.
DO 20 T=1,NPARTA
CALL YINI (NUTAZ,MHEAD,1,10)
NNZP = MHEADI(Y)

IF {NNZP.GT.KV) GO TO 999
CALL YINI (NUTAZ,LV914NNZP)
CALL YIN (NUTAZ,V4s1,NNZF)

DC 10 J=1,MNZP
TA=LV(J)/1CC00C
JA=ZLV(I)-10CCCCRTA

IF (JA.LT.TA) VI(J)=0.

NERROR=1

NERROR=2



10 CONTINUE
NNZQ=C

DC 15 J=1,NNZP
IF (VIJ).EC.Ce) GC TC 15
NNZQ=NNZQ +Y
VINNZQ)=V(J)
LVINNZQ)I=LV(J)

15 CONTINUE

IF INNZC.EQ.C) GO TO 20
NNZZ=NNZZ+KN2Q
MHEEAD(1) = NNZQ
CALL YCUTT (NUT1,MHEAD,1,1)
CALL YOUTTI (NUT1,LV,1,NNZG)
CALL YQUT (NUT1,V,1,NNZQ)
NPARTZ=NFARTZ+1}

20 CONTINUE

TRANSFER DATA FROM NUTY1 TC NUTAZ.
IF INN2Z.EQ.NNZA) GO T0O 40
REWIND NUTAZ
REWIND NUT1
MHEAD(1) = NRA

MHEAD(Z2) = NCa

MHEAD{3) = NPARTZ

MHEAD(4) = NNZ2

MHEAD(S) = MCKCRD

MHEAD(7) = MSHAPE

CALL YOUTI (NUTAZ,MHEAD,1,10)

DC 3C I=1,NPARTZ

CALL YINY (NUT14sMHEEAD+1,1)
NNZQ = MHEAD(1)

CALL YINI INUTT LV, 1,NNZG)

CALL YIN {NUT?,V,1,NNZG)
MHEAD(Z) = LVI])

MHEAD(2) = LVINNZQ)
MHEAD(4) = O

MHEAD(S) = O

MHEAD(T7) = O

CALL YCUTI (NUTAZ,MHEAD,1,10)}
CALL YOUTT (NUTAZ,LV,1,NNZG)
30 CaALL YOUTY {NUTAZ,V,s1,NNZQ)

40 CALL YLORD (NUTAZ,VyLVyKV,NUTI,NUT2)
RETURN

999 CALL ZZBOME (6HYZERLH NERROR)
END

YZERtH-- 2/ 2
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SUBRCUTINE YZERC (NUTANRAGNCA)
DIMENSYION MHEAD (10)

GENERATE A NULL SPARSE MATRIX A.

CALLS FORMA SUBROUTINES YOUT ,L,YOUTI .
DEVELCPED BY R A PHILIPPUS. OCTCOPER 1969.

LAST REVISICN BY JOHN ADMIRE *NASA* FEB 1974,

SUERCUTINE ARGUMENTS (ALL INPUT)

NUTA = LNGICAL NUMBER OF UTILITY TAPE CON WHICH NULL MATRIX A IS
STORED,.
NRA = NUMBER CF RCOWS TN A,
NCA = NUMBER COF COLUMMS 1IN A.
REWIND NUTA
MHEAD(Y) = NRA
MHEAD(2) = NCA
MHREAD(2) = ©
MHEAD(4) = O
MHEAD(5) = O
MHEAD(6) = C
MHEAD{7) = SHWHOLE
MBEAD(E) = O
MHEAD(e) = ©
MHEAD{10} = O
CALL YOUTI ({NUTAMHEAD.1,1C)
MHEAD(1)} = C
MHEAD(2) = O
MHEAD(?7) = O
CALL YOUTY (NUTAMHEADs1410)
RETURN

END
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SUBROUTINE YZERUH (NUTAZ,V,LVaKV,NUT1,,NUT2)
DIMENSION V(1),LVI{1),MHEAD(1C)
DATA NIT,NCT/S,6/

ZERO THF UPPER HALF OF SPARSE MATRIX AZ.

CALLS FORMA SUBROUTINES VYIN sYINT  LYLCRD LYOUT SYCUT1 LYPART ,
2ZZBOMB.

DEVFLOPED BY R A PHILIPPUS. JUNE 1969.

LAST REVISICN BY WA BENFIELD FOR NASA. MAY 1976.

SUBROUTINF ARGUMENTS (ALL INPUT)

NUTAZ = LNGICAL NUMEER OF UTILITY TAPE ON WHICH MATRIX A2 IS STORED.
v = WORK VECTCF.

LV = WORK VECTCR,

KV = DIMENSICON SIZE CF VoLV IN CALLINC PRCCGRAM.

NUT1 = LOGICAL NUMBER OF UTILITY TAPE.

NUTZ = LOGICAL NUMBER OF UTILITY TAPE.

NERRO® EXPLANATITN
1 = MATEIX NCQT SQUARF,
2 = DIMENSION SIZF EXCEEDED (KV).
GET (A} HEADER INFGRMATION.
REWIND NUTAZ
REWIND NUTI
CALL YIN] (NUTAZ,MHEADS14510)
NRA = MHE2AD({1)
NCA = MHEAD(2)
NERRCGR=1
IF (NRANF.NCA) GG TO 999
NPARTA = MKEAD(3)
NNZA = MHEAD(S)
MCKORD MHEFAD(S )
TASHAP MHEAD(7)
IF (NNZA .EQ. C} FETURN
IF (IASHAPEQ.4HDIAG) RETUPN
IF (IASHAP.EC.,SHLCWER ) RETURN
MSHAPE = SHLOWER
1F (IASHAP.EQ.SHUPPER) MSHAPE = 4HDIAG
NNZZ=C
NPARTZ=(C

n

LOOP CON (A} PARTITICANS.
DG 2C 1=1,NPARTA
CALL YINI (NUTAZ,MHEAD,1,1C)
NNZP = MHEAD(1)
NERRCR=2
IF (NNZP.GT.KV) GU TO ¢¢<©
CALL YINI (MUTAZ LV ,14NNZP)
CALL YIN (NUTAZyVy1,NN2ZP)

DO 1C J=1,MNZP
TA=LV(J)/1C0000
JASLVUJ)~ICC0C0AT A

IF (JA.GT.IA) V(J)=0.
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10 CONTINUE

NNZ2¢=0
DC 15 J=1,NNZP
IF (VIJ).E0Q.O0.) GO TO 15
NNZQ=NNZQ+1
VINNZQ)I=V(J)
LVINNZG)=LV(J)

15 CONTINUE

IF (NNZC.EC.C) GC TC 2C
NNZ2Z=NNZZ+NNZO
MHEAD(1) = NN2G
CALL YCUTT (NUT1MEEAD,L1,1)
CALL YOUTI (NUTI LV, 1,NNZC)
CALL YCUY (NUTI Vel RNZQ)
NPARTZ=NPARYZ+1

20 CONTIRUE

TRANMSFER CATA FROM NUT1 TC NUTAZ.
IF (NNZ22.ECJNNZA) GC TC 40
REWIND NUTAZ
REWIND NUT!

MHEAD(1) = NRA
MHEAD(2) = NCA
MHEAD(2) = NFARTZ
MHEADI4) = NNZ2Z
MHEAD(E) = MCKCRD
MHEAD(e) = C
MHEAD(7) = MSHAPE

CALL YOUTI (NUTAZyMHEAD,1,1C)

DG 3G I=14NPAERTZ

CALL YINT {NUT1,MEEADs1,1)
NNZ2G = MREAD(])

CALL YINI (NUTT 4LVs 1 4NNZC)

CALL YIN (NUTT 4Vl o NNZG)
MHEAD(Z2) = LV(I)

MHEAD(2) = LVINNZOQ)
MHEAD(4) = C

MHEADLS) = O

MBEADL?) = C

CALL YOUTY (NUTAZyMHEAD,Y,1C)
CALL YOUTYT (NUTAZ,LV,1,NNZC)
30 CALL YOUT (NUTAZyVs14NNZC)

40 CALL YLORD (NUTAZSV,aLVsKVyNUTL,NUTZ)
RETURN

999 CALL 2ZEOME (6KEYZERUH ¢NERRLF )
END



