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FOREWDRD 

This  r e p o r t  p re sen t s  r e s u l t s  of the  expansion and improvement of the  
FORMA system f o r  response and load a n a l y s i s .  
f o r  FORTRAN Matrix Analysis .  The s tudy ,  performed from 16 May 1975 
through 17 May 1976 was conducted by the  Ana ly t i ca l  Mechanics Department, 
Mar t in  Mar ie t ta  Corporat ion,  Denver Divis ion,  under the  contract U S 8 -  
31376. 
Space Adminis t ra t ion,  George C.  Marshall  Space F l i g h t  Center ,  Huntsv i l le ,  
Alabama under the  d i r e c t i o n  of D r .  John R Admire, S t r u c t u r a l  Dycmics 
Divis ion,  Systems Dynamics Laboratory.  

The acronys  FORMA s tands  

The program was adminis tered by the  Nat iona l  Aeronaut ics  and 

This  r e p o r t  i s  publ ished i n  seven vo umes : 

Volume I - Programming Manual, 
Volume I I A  - L i s t i n g s ,  Dense FORMA Subrout ines ,  
Volume I I B  - L i s t i n g s ,  Sparse FORMA Subrout ines ,  
Volume I I C  - L i s t i n g s ,  F i n i t e  Element FORM Subrout ines ,  
Volume I I I A  - Explanat ions,  Dense FORMA Subrout ines ,  
Volume I I I B  - Explanat ions,  Sparse FORMA S u b r o u t h e s ,  and 
Volume I I I C  - Explanat ions,  F i n i t e  Element FORMA Subrout ines .  
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i v  

ABSTRACT 

This  r e p o r t  p re sen t s  techniques f o r  the s o l u t i o n  o f  s t r u c t u r s l  
dynamic systems on a n  e l e c t r o n i c  d i g i t a l  computer us ing  FORMA m T R A N  
- Matrix Analysis)  . 

FORMA i s  a l i b r a r y  of subrout ines  coded i n  FORTIWN IV fo r  the e f f i -  
c i e n t  7.9lution of s t r u c t u r a l  dynanics psoblems. These subrout ines  a r e  
i n  the  iorm of bui ld ing  blocks thal: can be put  toge ther  t o  so lve  a l a r g e  
v a r i e t y  of s t r u c t u r a l  dynamics problems. The obvious advantage of the  
bui ld ing  block approach i s  t h a t  programming and checkout t i m e  a r e  l i m i -  
t ed  t o  t h a t  requi red  f o r  p u t t i n g  the blocks toge ther  i n  the  proper orde r .  

The FORMA method has  advantageous f e a t u r e s  such a s :  

1. subrout ines  i n  the  l i b r a r y  have been used ex tens ive ly  f o r  many 
years  and as a r e s u l t  are w e l l  checked ou t  and debugged; 

2. method will work on any computer with a FORTRAN I V  compiler ;  

3 .  i nco rpora t ion  of new subrout ines  i s  no problem; 

4 .  bas i c  FORTRAN s ta tements  may be used t o  g ive  extreme f l e x i -  
b i l i t y  i n  w r i t i n g  a program. 

Two programming techniques a r e  used i n  FORMA: dense and spa r se .  
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developed FORTRAN, p a r t i c u l a r l y  the subrout ine  concept  of that  pro- 
gramming t o o l .  



I- 1 

I. INTRODUCTION 

A l i s t i n g  of the source deck of each sparse FORMA subroutine i s  
given i n  t h i s  volume to remove the "black-box" aura of the subrcutires 
so that the analyst may better understand the deta i led  operaticns of 
each subroutine. 

The format of a sparse matrix on a u t i l i t y  tape i s  givan i n  Chapter 
11. 

The FORTRAN I V  programming language i s  used in a l l  sparse FORMA 
subroutines. 
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11. FOK?WT OF SPARSE (Y..  . .) MATRIX ON GTILITY TITE (3)ISKl 

YATRTX mADEII: 

A?OW 
XC3L 
WART 
NNZA 
IFORD 
KV 
ISW-PE 

0 
0 
0 

Hwber  of rows i n  mtrix 
R m b e r  of colrrmns i n  m t r i x  
Nurc5er of p a r t i t i s n s  3f m t r i x  cil tape (d i sk )  
5rz5er  of non-zerG3s i n  m t r i x  
I z d i c a t o r  fo r  order4 n a t r i x  
Dirensicn sLze of work v e c t o r  wher ~ t r i : ;  :xs fcrzed 
Shape i g d l c a t o r  (DIhS: T?.?ER, LTPE2, WGLE;) 

e x t r a  

e x t r a  

( V ( I ) ,  I = 1, WZP) 
.) 

Elencn t  Va h e  
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111. SUBROUTINE LISTINGS 

The subroutines are given i n  alphabetical order with numbers coming 
before letters. 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 

SCALAR A L P h A  T I M E S  SPARSE M A T R I X  A,  { A L P H A  * b = 2 ) -  
C A L L S  FORlvlL SUBRC?UTIN€S Y I N  ( Y I N I  t Y L O R D  tYNOZERtYOUT t Y O U T I  t 

Y P A K T  92280M6 
DEVELOPEG P*Y R A P H I L I P P U S ,  JANUARY I9700 
L A S T  R E V I S I O N  PIY W R  B E N F I E L D ,  MARCH lW6.  

S U B R O U T I N E  ARGUMENTS ( A L L  INPUT) 
ALPHA = SCALAR T F A T  M U L T I P L I E S  M A T R I X  A, 
NUTA = L O G I C A L  NUMBER O F  U T I L I T Y  T A P €  ON WHICH M k T R I X  A I S  STORED- 
NUT2 = L O G I C A L  NWMPER c1F U T I L I T Y  T A P E  CN WHICH M A T R I X  Z I S  STORED, 
V = VECfOG WCRK SPACE- 
L V  = VECt(3R WORK SPACE. 
K V  = D I M E N Z I C N  S I Z F  OF V t L V  IN C A L L I N G  PROGRAM, 
NUT1 L O G I C A L  NUMBER O F  U T I L I T Y  T A P E -  
NUT2 = L O G I C A L  N U M B W  OF U T I L I T Y  TAPE, 

NERRC!R E X P L A N A T I U U  
1 = STZE L I M I T A T I O N  FXCEEDED, 

DO 10 Jz l rNPART 
C A L L  Y f N f  ( V U T A t L V t 1 , I O )  
CALL Y O U T I  ( N U T Z t L V t l r l b )  
N N Z = L V  f 1) 

NERRUR=1 
I F  ( N N Z - G f o K V )  GO TC 999 
I F  ( N N t o G T o O )  GO TO 3 
C A L L  Y O U T I  ( N U T Z t L V t Y  t f )  
C A L L  YOUT SMUTZr J T l t I l  

GO TO 10 
3 C A L L  Y T N I  ( N I J T A t L V r  1 tNNL 

C A L L  Y I N  ( N U T A t V r l t N N Z )  

999 C A L L  ZZBOMB ( 3 H Y A A  tNERROR) 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 

C 

5UEROUTINE YAAFe (A'LPHArNUTA tBETA~NCTF!tNUTZ rV.LVtKV.NUT? .NUT2 ) 
SUBROUTINF Y A A P A  (ALP HA WNUTA *BETA tNUTR 9 NUT2 ,V 9 LV t KVpNUTl ,NUT2 1 
SURRWTINE YAABB (ALP HAINLITA tBFTAtNUTBtNUTZ*V t LV vKVtNUT1 ,NUT2 1 
DIHENSICN V f  1) t L V ( 1 ) t  MHEADIIC) 
DATA MIT tNOT/5 r6 /  

M A T R I X  SUMMAlION FOR SPARSE MATRICES- ALPHA * A + BETA * 6 = Z o  
CALLS FORMA SUEROUTINES XLCRD TYIN  ,Y.'NI tYLORD tYN@ZER,YOUT 1 

YOUTI 9YPART rYSYMLHtYSYMUHtYZERUo 
OEVELUPFD E Y  R A Pt'ICIPPUS- MAY 19690 
LAST REVTSICN BY RL WOHLFN FCk NASA. MAY 19760 

SUBROUTINE APGUMENTS t a u  INPUT) 
ALPHA = SCALAR WAT W L T I P L I E S  MATRIX A, 
NUTA = LOGICAL NUMBFR OF U T I L I T Y  TAPE ON WHICH MATRIX A IS STORED. 
BETA = SCALAR THAT MULTIPLIES MATRIX P o  
NUTR = LOCfCAL NUMBER O F  UTTLTTY TAP€ CN WHICH MATRIX 6 it. STORED, 
NUT2 = LC'GICAL NUMBER O F  U T I L I T Y  TAPE @N WPICH MATRIX Z IS SfOREDo 
V = VECTCR W@RK SPACE, 
LV = VECTOR WORK SPACE- 
K V  = DIMENSfm S I Z E  OF V t L V  I N  CALLING PPOGRAMo 
NUT1 L@C-TCAL NUM6FG OF U T I L I T Y  TAPE- 
NUT2 = LOGICAL NUMBER OF U f I L I t V  TAPE- 

GET ( A )  HEADER INFORPATION- 
REWIND NUTA 
REWIND NUTE 

MRA = MHFADf I )  
NCA = Y H ( F A G f 2 )  
NNZA = FIHEAD(4) 
TbSHAP = MH€AD(71 

CALL Y I N I  fNUTA,MHEADrlplC) 

GET ( B )  HFADFP INFORMATION, 
CALL YTNT fNUTFrMHEAD*,l,IO) 
NR8 = M H F A D f l )  
NCP = MHEAD(2) 
NNZP = MHEADf4)  
TFSHAP = M H E A D f 7 )  

ALLOW FOR DTFFERENT SIZE ( A )  AND (6). 
NR Z=NR A 
NCZ=NCA 
T F  (NRR o G T m  NFA) NRZ=NPR 
IF (NCA ,GT. N C A )  Ncz-Nce 
I F  (NNZA oGTo C eCINDo NNZE. mGTo 0 )  GC T O  4 
I F  (NhZA m F Q o  0 opND- NNZF oGTo 0 )  GC TO 1 5  
I F  (NMZA eGTo f; m b N D -  NNZe o E Q o  C )  GO TO 1 5  
C A L L  YZERO (NUT2 t N R t  rNCZ 1 
RETURN 

MAKF ( A )  AND IF') SAMF SHAPE, 
4 I F  (IASHAP~NE.?PISHAP) GO TO 5 

1 2 S H AP = I A SH A P 
GO TC 1 5  

5 !ZSHAP=ShWPf'LE 
IF (fAZHAPorOm5bHrCILE oCiRo fASHAPoTQo4HDIAG) GO TO 1 C  



C 

C 

C 

c 

C 

C 

YAABB -- 2/ 5 --------- 
I F ( NUT A 9 V 9 L V  9 KV 9 NUT 1 ,NUT 2 I 
I F  (1ASHAPoEQ.SHUPPER 1 CALL YSYMLH fNUTA,V,LV,KVtNUTIrNUT%) 

IF f IESWAP-EQo5HLfUER 1 CALL YSYHUh fNUTP,VtLVtKVtNUTY ,NUT21 
I F  fI6SHAPoEOmSHUPPER 1 CALL YSVMLH (~VTR,V,LV,KV,NUTl ,NUfZ)  

( T A5 HAP 0 E O o 5 H  LCWER ) CALL Y SYMUH 

10 IF (ZRSHAPeFCm5HWHOLE -ERo IBSHAPoE0oWDIAG) GO T(3 1 5  

HAKE CERTAIN EL FMFNTS ARE ORDERED 
15 

1 8  

20  

25 

L Z S = l  
I =o 
I A = O  
I B = @  
NRFC=O 
REWfND NUTlr 
REWIND NUT8 
REWIND NUT2 

CALL Y l N I  (NlfTA,MHEADtlrfO) 
NPARTA = MHEAD(31 
NNZA = MH€ADf4)  
IASHAP = MHEAD17) 

NPARTB = M H E A D ( 3 )  
NNZB = MH€AD(4) 
IBSHAP = MPEAD(7) 
MHEAOf!) = NRZ 
MHEAD(2) = NCZ 

CALL VIR1 (N lJ f6J4HEA13, I~ lCf  

I F  (NNfAoGToO ,AND, HNZBoGToO1 GO TO 35 

I F  (N,.lfA.GT.O) GO TO 25 
MHEAD13) = NPARTB 
MHEADf4) = NNZE 
MHEAD(7) = IGSHAP 
CALL VOUTI  fNU?zrMHEAD,ItIO) 

DO 20 J = l  TNPARTI? 
CALL V f N I  (NUfB,MHEADrIt10) 
C A L L  YOUTX (NUTP,MHEADtl,l@) 

CALL Y I N I  (N(ITB,LV,lrMHEADfI)) 
CALL Y I N  (NUTB ,V 1 9 MHE AD t 1) 1 
00 1 8  IMULT=l,NMULT 

C A L L  YOUTI (NUT2 p L V ,  I 9MHFAC ( 1  1 )  
CALL YOUT (NU’TZ, V,l,MHEAD(I)) 

NMULT = MHEADf I I  

V f I M l l L f )  = BETA*V(IMULT) 

RETURN 

MHFAD(3)  = NPARTA 
MHFADf4) = NNZA 
MP€A017) = IPSHAP 
CALL YC‘UTT (NI!TZ,MtiEAD,lrlO) 
DO 30 J=1 (NPARTA 
C A L L  Y Y N I  (NUTA,MHEAD,IrYO) 
CALL YOUTI (NUTZ~MHEADTI  9 10) 



Y A A E R  -- 3 1  5 



W R I T L  A PARTTTTON OF 2 
1!3@ M A X = K V / I  

I F  (LZFoLToKV/4+3 o i " ' D -  IoLToNREADI C-C TO 130 
I F  (MAX-CT-LZE 1 F A X = L Z E  

105 I F  (LV(MAX)*LT-LFELPB -OR, IBoEQ-NPAPTB)  G P  7" 1 1 0  
M A X = M A X - 1  
GO f[? 1 0 5  

MAX=MRX-I 
GO Tf' 110 

M H E A D ( 1 )  = M A X  
MHFAD(3) = L V ( I )  
M i l F A D ( 3 )  = LV(MAX) 
MHEAD(1O)  = 0 

110 I F  (LV(MAX)oLT-LFFLPA - 0 H -  IAoEQ-NPARTA) GC TO 1 1 5  

1 1 5  I F  ( M A X o E O o C )  GO TO I20 

CALL YOUTI (NUTZvMhERDilrfOl 
C A l  L YCIUT I (NUT2 t L V t  1 ,MAX 1 
C A L L  v r w  (NUTZ T V T  1, M A X  I 
NREC=NPEC+l 

C 
C DETERMINE WHETHFR AND WHAT TO READ OR WRTTF 

120 

125 

I F  (MAXoEQmLZE . A M .  I - E O m N R E A O )  GO TO 7 3 5  
K = M A X  
MOVE-LZE-MAX 

K = K + I  
V ( J ) = V ( K )  
L V ( J ) = C V f R )  

D@ 1 2 5  J=lrMC?VE 



YAAPE -- 5 /  5 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

" 
C 

SPARSF M A T F T X  A5Z€M@LY0 ( M A T R I X  A I N T O  M A f R I X  I ) ,  
BF SURF M A T R I X  2 IS DEFINFD BFFUPF C A L L I N G  fk iYS SURROUTXNE- FOR 
EXAMPLE1 C A L L  YZERC TD C L E A R  H A T R T X  2 -  
C A L L S  FCRHA SUBROUTINES Y I h  T Y I N ?  TYLCRD T Y r U T  T Y O U T I  v V P k R T  0 

DEVEL@PED PY P. A P H I L I P P U S -  JANUARY 197r. 
L A S T  R E V Y S I O N  €!Y WA E E N F I € L D -  MARCH 1076. 

Y S Y M L H T Y S Y M U H T Z Z ~ O M E -  

SUBRCVfTN€ CPGUM€NTS ( A L L  INPUT) 
N U T A  = L O G I C A L  NUMPER O F  U T T L I T Y  TAPE CN WHICH M A T R I X  A IS STC'RED- 
I R Z  = RnW NUPEEP I N  M A T R I X  Z OF F I R S T  QOW OF M A T R I X  A -  
J C Z  = CCLUPY W N B F F  XN M A T R I X  2 CF F I R S T  C O L U W  OF M A T R I X  A, 
NU72 = L O G I C A L  NUHBFR 2 F  U T I L I T Y  TAPE @N WHICH M A T R I X  2 IS S70RtDe 
V = VFCTC'R WORK SPACE-  
L V  = VECTCP WQK S P A C E -  
KV = DIMJEN?I@N SIZE O F  V p L V  I N  C A L L I N G  PROGRAM- 
NUT1 = L P C T C P L  NUYPER OF UTILITY TPPE, 
NUT2 = L C G I C A L  N\JM5EP C F  U T I L I T Y  TAPE, 
NUT3 = L O G I C P L  NUMFER (?F U T I L I T Y  TAPE- 

NEPR OR € XF LAN AT I CN 
1 = M A T R I X  P FXCFEDS M A T R I X  2. 
2 = SXZF LTMTTFTfCIY EXCEEDEO- 
3 = S I Z E  LTPcITAfXCN EXCEEDED, 



N ERR CR=2 
C 

DO 10 T=lrNPARTA 
CALL Y I N f  ( N U T A t L V t l r l O )  
I F  (LV(? ) .GT-KV)  GC TO 999 
L V  f 2 )=LVt  2 1 +LVADO 
LV13 )=LV(  3 1 +LVA@D 

NNZ=LV( 1 )  
CALL Y O U T I  (NUTI rLV. 1 ~ 1 0 )  

CALL YINI (NUTAtLUv IvNNZ) 
CALL YIN ( N U T A ~ V T ~  tNNZ) 
DO 5 J = f v N N Z  I 

5 LVf J )=LV( J)+LVADC? 
CALL YEUTJ ( N U T I ~ L V . ~ T N N Z I  

10 CALL YUUT (NUTI  r V t l  ,NNZl 
C 

12  R E W I N O  NU12 
REW?WD W T Z  

NPARTZ = WHEADf3! 
NNZZ = PHEADf4) 
H t i E A D f 7 )  = IZSHAP 

CALL V I N I  (NUTZvMHEADtl r lC)  

CALL YUtITT fNUT?+MHEADrl ,IO) 
IF (NNZZ-LE-0)  GC! TO 30 

C 
NE RR OR =3 



20 
C 

25 
C 

30 

35 

C 

40 

45 
C 

C 



CALL YLORD ( N U T Z I V I L V I K V , N U T ~ ~ N U T ~  1 
RETURN 

L 
999 CALL ZZBOMB (6HYASSEM,NFPR@R) 

END 



c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r. 
C 

SUBR(3UTINE YRSL3A (NU TUTNUTD ~NUTBINUTZT V.LUV9 K V I N U T l  9NUTZ 
DIMENSTON V ( I ) *  L O V ( 1 ) ~  I H ( 1 0 )  

SPARS€ BACK SOLUTION OF (U**1)*(-D-)*(U)*(Z) = ( P 9 0  
(U) IS A FANOED UPPER TRILNC-ULAR M A T R I X  WITH CNFS ON THE DIAGONAL- 
(+-) IS A DIAGONAL MATRIX, ( @ ) ,  AND THUS ( 2 )  IS A MATRIX CF FULL 

WHICH A9F EAZTLY SOLVED FOR (GI9 ( Y ) T  AND ( 2 ) -  
COLUMNS, ASSUMING ( U ) * ( Z ) = I Y )  AND (-D-)* (Y)=(G) G I V E S  (U**T)*(G)=(B)  

( B ) 9 ( G ) ~ ( Y ) ~ ( Z )  TN 1ST THIRD OF V,  ( U )  I N  2NO THIRD OF V. 
( 4 - 1  I N  3 F D  THIPD OF V, 
CALLS FORMA ZUPROUTINES Y I N  TYINI IYLI?RD 9YOUT r Y W T 1  tYPART T 

DEVELOPED FY P L WOHLEN AND P A PHILIPPUS- MARCH 1972. 
LAST REVISION EY R A PHILIPPUS, MARCH 1975- 

Y TRANS, 

SUbROUTfNF ARGIJMEMS (ALL  INPUT) 
NUTU = 1OCICb.L WHPER O F  U T I L I T Y  TAPE WITH MATRIX U. 
NUTO = LCGICAL NUMBER OF U T I L l T Y  TAPE WITH MATRIX D o  

NUT2 = LCCICAL RlfMf3F9 O F  U T I L I T Y  TAPE WITF CALCULATED MATRIX Z. 

LUV = VECTCQ WOQK SPACE, 

NUTE = LOGICAL NUME'EP OF U T I L I T Y  TAPE WITP MATRIX 5 -  

V = VECTCR WORK SPACE, 

KV = D IMENSIW SIZE OF VILUV I N  CALLING PRfGRAM- 
NUT l  = LOGICAL NUMGER OF U T I L I T Y  TAPE- 
NUT2 = L@GICAL NUMBER O F  U T I L I T Y  TAP€, 

C 
CONVERT R FROM 

CALL YTQANS 
REWINO NUT l  
REWIND NUT2 
CALL V I N I  
NC@ = I F f 1 )  
NRR = IH(2) 

SPARSE NOTATI@N TU FULL COLUMN NOTATION, 
(NUTE *NUT1 ,V9LUV*KV,NUT2 *NUT2 1 

NPART = I H ( 3 )  
NNZE = f H ( 4 )  
KVMN = KV-NRP 
KVMNCZ = KVMN/2 
NCC = KVPNtZ/NPB 
VGP = (NCP-l)/NCG+I 
DC 1 1=417 

1 T H f f )  = 0 
I H ( 1 )  = NPP 
I H ( 2 )  = NCP. 
f H ( 3 )  = NC-F 

!\rNZPB = I 

LBS K V I 4 + 1  
LBSMl = L B S - 1  
L9E = LPSMl+NCC*NPR 

CRLL YOUTI (NUTZ.IH.1,10) 

IF (NCEmLToNCG) NCGrNCE 

DO 2 !=LRSrLPE 
2 V ( 1 )  = c ,  

JL = NC(5 
@O e I = l r N P A P f  

JF = 1 



CALL YTNX (NUT1 r T H 9  1t10) 

CALL YINT f N U T l 9 L U V t l t N N Z P B I  
CALL YXN (NUT19 V t l ~ N N Z P B )  
DCI 8 LR-lrNNZPC 

NNZPB = I H ( 1 )  

JB = LUV(LB)/~C~OOOO 
I6 = t U V f  Le )-10000?*JB 

IF( :  = NCC- 
XHf21  = 0 
I H ( 3 )  = C 

I F  fJEoLEo3L)  GO TO 4 

CALL Y r I J T I  (NUT2, IP. l t lO)  
CALL YCUT (NUT29 V tLBS ,LEE) 
0 0  3 J=LeSvLBE 

3 V f J )  = C, 
J F  = JL+Y 
J L  = JF+NCG-3 

NCC = J L - J F + l  
LeiE = LPSMI+NCG*NR@ 

LBSMlL = LRSMI+L 

I F  f JLoGToNCP 1 J L a C B  

4 L = (JB-JF)*NRP+fB 

v t L e s M i L )  = V(LU 
IF ( I -LT-NPAR? .OR, LBoLTaNNZPB) GC' 'C E 
f H ( 1 )  = NCG 
I H f 2 )  = @ 
I H ( 3 )  = 0 
CALL V@UTI f N U T 2 , f H t l ~ l d )  
CALL YCUT fNVT29 VvLE5 9LBE) 

8 CONTINUE 
C 
C V1X THRU (KV-N)/2) CCWTAINS B w G t Y I Z  COLUMNS @ F  A GROUP- 
C V((KV-N)/Z+Y ThRU K V - N )  CONTAINS COLUMNS OF U (FROM DXAGONAL UP TO 
C TOP NON-ZERC) OF A GROUP. 
C V(KV-N+I THRlI K V )  CONTAINS Do 
C L U V ( I ) T I = ~ * N  IS NUMEER OF ELEMENTS I N  COLUMN I -  
" 

RFWINC NLTU 
CALL YINI f N U T U r I H 9 l  , I @ )  
N = I P f l )  
NCU = I H f ? )  
LSU = f K V - N ) / 2  + I 
LC3 = KV-N+I 
CALL YfNI fNUTU9LUV9l.N) 
TFWIh'D WUTP 
CALL YZCr! f NVTD ,V, L SD t LSD+N-l) 
RFWIND NUT2 
CALL YXNI ( N U T 2 r 1 H i l r l O )  
MGB = I H f 3 )  
REWIND NlJTl  
CALL VOUTf (NUTI~IHSITIGJ 
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.L 

C SOLUTION FCP. f C )  FROM ( U * : ' T ) * f G I = ( R ) -  
DO 37 TC1!='lTNC-U 
CALL YINI (NUTUtIH~l?lCl 
JSU = I H ( 1 )  
JFU = !Ff27 
NELIGU = f H ( 3 )  
CALL Y I N  fNl?TU,V~LtU~LSU+NELfGU- l )  
D@ 3? JB=ltNCTC-E~ 
LBSMI = tJR-lB*N 
LJJU = LSU-1 
DO 36 JUZJSUtJFU 
L I T J U  = L J J V + I  
LJJU = L f t J U + L U V ( J J ) - 1  
XTJU = 3U-LUVf JU 1 +I 

LJJUMI = LJJU-I 
LGP = LPSMI+JU 
LG = L P S M l + ~ f J U - l  
DO 34 LU=LITJU.LJJJMl 

I F  ( I T J U  o E C o  JU) GO TC! 36 

LG = LG+1 
34 V f L G P )  = V f L G B )  - V(LU)*V(LG)  
36 CONTINUF 
37 CONTINUF 

SOLUTION FCR ( Y )  FROM (-D-)*fY)=(G)o 
LYE = C! 
OU 45 JY=3 tNCIGB 
LYS = L V F i l  
L Y €  = LYS + N - 1 
LD = LSD-1 
Dc7 45  LY=LYSrLYE 
LD = L D + l  

4 5  V ( L Y 1  = V f L Y ) / V ( L D )  
C 
C SOLUTTON FOR ( 2 )  F R O M  ( U ) * ( Z ) = ( Y ) ,  
C U GROUPS APF CRTAINEC! Thl PAC.KWARDS CRDFR. 

OC 57 I G l J X = l r N G U  
IF ( I G I I X  .EO. I )  GO T(3 55  
FACKSPACE NUfU 
5ACKCPACE NUTW 
CALL Y I N I  ( N U T U t I H q l - 1 0 )  
JSU = Ih(1) . 
JFU = 1) . ' (21 
NFLIGU = I t i (3 )  
CALL Y I N  (NU~UtV(LSUrLSU+NELIGU-Y) 

55  BACKSPACE NUTU 
BACKSPACE N V U  

L Z S M l  = (JP-I)*M 
L I T J U  = LSU+hlELIGt' 

JU = JSU+ JFU-JUX 

DO 5 7  J R = I q N C T G E  

DO 56  JUX=JSt!vJEU 
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5 4  
5 6  
57 

1 2  

a9 

LJJU LTTJW-1 
L I T J U  = LJ. :-LlW(.RJ)+l 
I T J U  = JU-LUVf JU 1 +l 

LJJUH1 = LJJII-1 

LZY = LZSH1+1TJU-l  
DO 5 4  L U = L I T J U , L J N M I  
LZY = LZY+1 
V t L Z V )  = V t L Z Y )  - V ( L U I * V t L Z )  
CON? THUF 
C@NTINUE 

IF f I T J U  .EQ- JU) GO TO 5 6  

L2 = LZSMl+JU 

DO 7 2  I = l , l C  
I H f f )  = 0 
fH(1) = N C I G B  
CALL YOUTI INUTI r ~ ~ v l r l C )  
CALL YOlfT (NUT1 rVv1,NELIC.B 1 
CONTINUE 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
!. 

C 
C 

C 

SUBROUTINE YRTAB (NUTA rNUTB rhUTZ r V  ~LVIKV,NCTT~ ,NUT? 1 
D I M E N S I O N  
DATA N I f r N O f / 5 r b /  

V( I ) r L V ( l ) q  MHEAD ( 1 C )  

TRIPLE MATPTX PRODUCT FUR SPARSE MATRTCES, 
f BfTRANSP@SF) * A * = 2 1 
K V / 4  MUST S€ EQUAL TO OR GREATER THAN9 

(1 )  NUMBER OF RWS OF MATRIX 6 (NRB=trRA=NCA) 
AND (2) NWYBER O F  CCLUMNS OF MATRIX P o  

CALLS FORMA SURROUTTNES Y I N  r Y I N I  rYLC'PO 9YMULT ,YNOZERIVOUT 9 

DFVELOPED BY R A PHILIPPUS, JUNE 19690 
LAST REVISION B Y  R L  WOHLEN FCR NASA. MAY 19760 

Y O V T I  , Y PART 9YSYM LH YSYMUH 9 ZZBOMR 

SUBROUTINF ARGUM€MS (ALL INPUT) 
NUfA = LOGICAL N U M 8 3  O F  UTILITY TAP€ ON WHICH H A f R I X  A I S  STORED, 
NUTB = LEGICAL NUMBER OF U T I L I T Y  TAPE ON WHICH MATRIX B I S  ST(?RED, 
NUT2 = LEGICAL NUPBER O F  U T I L I T Y  TAPE ON WHICH HATRIX 2 XS STORED. 
V = VECTZlR WOPK SPACE, 
LV = VFCTC'4 W@PK SPACE. 
KV = DTMENSTC'N SIZE OF VvLV IX CALLING PROGRAM, 
NUT1 = LOGICRL NLrlRFR OF UTILITY TAP€, 
NUT2 = LOGICAL NUMP€R OF U T I L I T Y  TAPE. 

NERRFR EXPLANATICN 
1 = SIZf  LIlulTTATION FXCEEDEC. 
2 = INCC'MPATIRLE MATRICES. 

CALL YPART (NUTA,V,l.V,KVrFfl!Tl) 
CALL YPART (NUTB,V,LV,KV,NUTI 1 

GET ( A )  HEADER INFORMATION, 
REWIND NUTA 
REWIND WUTP 

NRA = MHFAD(1)  
NDASAV = NPA 
NCA = MHFAO(2) 
NPARTA = MW(FAD(3) 
NNZA = MHFAG(4) 
TASHAP = M P E A D f ? )  

CALL VI NT (NUT A pMHE AD I 1 9 IO 

GET ( 6 1 HF AD € 9  INFCR M A T 1  ON 
CALL VINI (NL'Tf?,MHFA@,lqIC) 
N R B  = MREAP(1) 
NCB = MHEAD(7) 
NPARTF = MHFAD(3) 
NNZB = MHEAD(4) 
IBSHAP = MHEADf?) 
IADENS= IOO*NNZA/NPA/NCA 
T RDFNS= 100*NNZR/NPR/NCh 
I F  (JRSHAFoEG.5PLWFP IADFNS=lOO*(?*(NNZ A-NRA)+NRA)/NRA/NCA 
I F ( IASHA P E 0, 5HUPPE S 1 I A D E N S = l O O *  ( ?* (NNZ A-NP A )+YRA /NRA/NCA 
I F  4 If?SHAPmEQo3HLOCltR 1 I P @ E N S ~ 1 0 @ * ~ 2 * ~ N ~ Z b ~ N R h ~ + N R R ) / N R B / N R ~ / N C B  
IF t ZP SHAP,FC?. 5 H U P P F P  1 IPDFNC= 1CO* f 1* ( N N Z P - N P P  )+NFB )/NPB/NCB 
I F  fNNZ)I.FC!,C! , O R 0  NNZB*F6.0) GO TO 9 5  
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NPARTS = MH(EAO(3) 
NNt6 = MH€AD(Io 

15 I F  (NNZAoEQoC o 9 R m  NNZB-EQoO)  GO TO 70 

I F  (NCAoGToKV/4 o C R o  NCBoC?.KV/4) GO TI! 999 

I F  (NRBoNEoNCA) GO TO 999 

I t = @  
LPRS=KV/4+1 
LPBF=LPt?S-I 
LCS=KV/2+I 
LC E =LC S-1 +NCB 
LCC S=LC F + l  
LCCE=LCE 
NNZZKV-LCCS+l 
RFWINO NUT2 

C 

C 
DO 20 I=LCS,LCE 

20 v(I)=o. 
C 

00 55  T Z l r N P A P f A  
CALL YINI (NUT1 .MHEAD,lrlO) 
NNZPA = MHFAD(1) 
LFELPA = NHEAO(2) 
l L € L P A  = MHFAD(3)  
CALL Y I N I  ( N U T l r L V i l r N N Z P A )  
CALL Y f N  (NUTl rV .1  ,NMZPA) 
K=LPBS 
ITR@L=C 
REWIND NUTE 

NREAD=O 
CPLL Yf N? (NUTR rMHEAD9 1910 1 

C 
00 5 0  INA=l tNNZPA 
IA=LV( INA )/IC0000 
JArLV(  INA )-100@00*IA 

ITRRL=O 

PEWIND NUTF 

PI R E AD = 0 

IF ( f A o F Q o T Z  ,AND0 ITRBLoEOol )  CC! ?P 50 

I F  ( I A - F O o T Z )  GO TI? 3 0  

C AL L YINI (NUT B TMHE AD 9 1.10 1 

C 
DO 2 5  INC=LCSvLC€ 
TF ( V f I k C ) o E O . O o )  GO TO 25 
LCC E=LCC € *I 
V1LCCE)=V (TRIG) 
LV~LCCF)= IZZ+ INC-KV/Z  
V ( TNC ) = 0 0  
I \ :  (LCCFoLfoKV) GO TO 25 
CALL YOU? I (NUT2 r L V r  LCCS . L C C F  1 
CALL Y O l U  f NUT 2 ,VI L C C S  . LCC € 1 
NREC=NFFC + I  
NN 2 2 =M N 2 2 +PIN 2 

NERR OR = I 

NFRROR-2 
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LCCE=LCF 
25 CONTINUE 

IZ=IA 
IZZ=10@CUC*fZ 
K=LPRT 

c: 

30 I F  ( K o L E o L P B F  .AND- NREADoCToO) C-0 10 40 
35 I F  fNREAD.FQoNPAPTP1 I T P B L = l  

I F  ( ITRRLoEQ-1)  GO TO 5 C  
CALL Y I N I  (NUTB,MHEADr1,101 
NNZPB = M H F A D f l )  
LFELPR = MHFAD(2) 
LLFLP!? = MHEAD(3)  
LPm=LPPs- i  + r w t P R  
CALL Y IrJI f NU’? rLVt  LPbS LPBE 1 
CALL Y I N  (NUTB,V,LPBS,LPPE) 
NR€AD=MRE A L ~ + Z  
K=LPBS 

C 
40 00 45 l r lB=K*LPPE 

K = I N R  
I B = L V ( I N B  ) / l C C O O O  

:F (fB,LT,JA) C@ 70 4 5  
J B Z ~ L V ( l N R ) - 1 0 0 0 0 ( i * I ~  

INZ=KV/?+JRZ 
V ( T N 2  I = V (  IN2 ) + V (  l N A ) * V f  INb 1 

I F  ( I R o G T o J A )  GO TO 50 

IF ( J P Z o G T m I A )  GT! TG 45 

45 CONTIh!UE 

GO TU 35 
50 CONTfNUE 

55 CCNTfMUF 

C 

C 

C 
DO 60 f=CCS,LCF 
IF ( V f T ) o E O o O o )  GC TO 60 
LCCE=LCC€+l 
V (  LCCE 1 =v f I )  
LV(LCCE I =  1 2  Z + i - I (  V/2  
IF fLCCFoLToKV1 GO TO 0 0  
CALL Y C t l f I  (NtIT?,LV,LCCS,LCCE 1 
CALL YOlJT (NWfZ,V,LCCS,LCC€) 
N R € C = N P F C + l  
LCCE=LCE 
N N 2 Z =W N Z 2 +N N Z 

60 CONTIYUF 
C 

I F  (LCCE.EOmLCE1 CO TC; 7 C  
NN2 -CCC E-LC C 5 +  1 
NN2 2 =YNZZ +NNL 
NRFC=NRFC+l 
CALL YLTtITI ( N U f 2 * L V , L C C S , L C C E  1 
CA1.L YnUf (NUT2 r V , l C C - S p L C C E  1 

70 REwrrvr  NUTZ 
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MHEADf l l  = NQA 
HHFAI)(Z) = NCP 
Y P E A D ( 3 )  = N F E C  
MHEAD(4  1 = MNZZ 
M H € A @ ! ( S )  = SPOFD€P 
M H E A D ( 6 )  = C 
HHEAO(7) = 5HLCWER 

IF (NNZZ,GT,O) CC TC 7 3  
DO 7 1  I = l r l O  
V ( I 1  = 0, 

71 MH€AD(T) = G 
C ALL Y CtVT I 
C A L L  YC'UTI (N r Z # H E A @ ~ 1 9 2 l  

CALL YC'VTI (NUT2 ,#HE AD9 1 9 1 C 1  

(NUT 2 ,MI+ E AD 9 1 9 1 C l 

C A L L  YCUT iNUTZ9 V T l . 2 )  
RETURN 

7 5  LZE=KV 
REWIND R U T 2  

C 
DC FO T = 1 , N F E C  
IF ( IoFQoNPFC)  LZF=LCCS- l+N%Z 
NNZP = L Z € - L C C C + l  
C A L L  YYNI (NUT2,LV,LCCS,LZE 1 

M H F A D ( 1 )  = PiNZP 
FlPEAtlr(21 = L V f t C C 5 )  
PIHEAD(3J) = L V ( L Z E 1  

CALL YIh)  (YUTZ,V.LCCZ .L t r  1 

DO 76 J = 4 , 1 C  
70 YWFAD(;, = C 

C A L L  YCUTl (NUTZ,MHEAD,ZrIO) 
C A L L  YOUTI  ( V U f 2 , L V r L C C S t L Z E )  

83 C A L L  YOUf (NUTZ r V 9 L C C S  TLZE 1 
C 

CALL YPART ( N U T Z 9 V . L V t K V 9 N U T I )  
GO TO 90 

85 C A L L  YMULT (NUTI rNUTBtNUfZrVrLVtk,t;'tr!UfZ) 
90 RETURN 

35 REWIND NUT2 
C 

NNZZ=O 
MHEAD(1) = NC& 
MH€AD(P) = NCB 
MHEAD(3) = NNZZ 
MHEAD(4) = NNZZ 
MHFAD(5) = SHORDER 
FIHEAD(6) = K V  
M H E A D f ' I l  = 5HWHOLE 
CALL YOUTI (NUT2 9MHE ADt 1 9  IO l 
DO 96 f = l r l O  
V t f )  = o *  

96 WHFAD(1) = 0 
CALL YOU11 (NUT2 9MhE A O r l w  10 1 
CALL YOUTI (NUTZ~MHEADtIr?) 

RETURN 
CALL YOU1 (NUTZt v T 1 9 2 )  
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999 C A L L  ZZHOME. (SHYGTAB rNERRUR) 
c 

END 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i: 

DECQ'4POSF CPARSF HZ.?PIX ( A )  TC; FORM UPPFP TRIANGULAR M A T R I X  WITH ONES 
ON DIAGOP!AL (U) A M )  31ACONAL Y A T P T X  ( -@-I  SUCH TPAf 

SPECYAL F@RN U S F D  FGR FURPA S!lRRCCIfIN€ YCOD2A- 
( A )  = tU)**T * t-D-1 * 4 U ) o  MFTHDD ATTGIPUTFD TO GAUSS- 

I F  THE WHnlE HATPIX ( A )  IS INPUT. ONLY THE '-C?WER HALF IS USEG. 
BAND WIDTH (CIAGONAL UP TO TOP NON-ZERC) MUST P S  LESS THAN OR EQUAL 
T O  (KV-N)/29 WhERF h( IS MATRTX 5 1 2 '  f S C U A 2 F ) e  
CALLS FORM& SUBROUTINFS Y I N  rYINT VYLCRD 9YCUT .YCUTI qVPART 9 

Y T9 A M  5 9 22 @OM8 - 
0FVELI)PFD $Y R L WOHLEN AND R A PHILIPPUS- NC'VEPEER 1971- 
LAST P E V I C I U N  w PL WOHLEIY FGP NASA. MAY 1976, 

SUERflllf I N €  A.PCUCtNTS i ALL TPSPUT) 
NUTA = LCCICAL NUMFFR CF U T I L I T Y  TAPE Ch! W I C W  M A T R I X  A IS STORED, 
NUTU = LCGICAL NVPPFR C F  UTILITY TAPE erv KHICH u IS STCRFD. 
NUTD = LOGICEL NUMBER C F  U T I L I T Y  TAPE CN k'F!ICH r! 1 5  STORED- 
V = VECTCR CCCFK CPACE, 
LV = VECTfR WOPK :PACED 
K V  = nIMENSIC'N S I Z E  O F  VvLV I N  CALLTNC W C C - R A l r o  
NUT1 z LC'CTCAL NL'M€.ER CF L'TILXTY TAPF, 
NUT2 = LOGICbL Nt 'MB€R C!F UTTLT1-V TAPE- 

NERR@R EXPLFNAT'ICN 
1 = BAYDWTDft' LTMTTRVON WCEEDED. 
2 = SIZE LIMTTATIC'N FXCEEOFO ( L V I ,  
3 = ffZF LIk! ITATICN EXCEEDED f L V ) o  
4 = HATPTX IC CINGL'LCR, 
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LA116.X = L AS-! +KVMNOZ 
L A €  = LA: 
JS = 1 
NGRUUP = 0 
L A S l  = K V O L  
00 5 f=LAS.KV 
L V ( 1 )  = 0 

NNZZ = 0 
NPARTA = M b E A D ( 3 )  
NROWS = I 

5 V f I ) = @ o  

00 20 I= I .NPARTA 
C A L L  YINX ( N U ? ~ T M P H E A @ T I  ,101 

C A L L  Y I N I  ( N U T S T L V V ~ T N N Z P A )  
C A L L  Y T N  ( N L ' T S T V T ~  ,NNZPA) 
00 20 J=1 T N N Z P ~  
f A = L V ( J ) / l C @ @ n C  
JA=LV( J ) - Z O t C Q O * I A  
I F  (IA,Lf,JP) CC! TO 20 
I F  ( IA ,EG.KP)  GO ?@ 1 5  
L A S T  = L A E  
L A €  = L A F + I A - J A + l  
N E L R  = K P - J S + I  

NNZPA = M P H E A D f l )  

N E R R U R = l  
I F  (NFLR.CT,KVPN@Z) C.@ T O  999 
NNZZ = NNZZ+NFLIR 
KP = KP+I 
JS = J A  
NR@YS = MRQWS+l 
T L V  = l L V * i  
L V ( I L V 1  = NFLR 

J L V  = JLV+l 
IF ( L A € o t € o L A F A X )  GC TC 15 

NERROR=2 
IF ( J L V o G T o K V )  GC TO 999 
NRCWS = NPPWS-I 
L V t J L V )  = NROWS 
N9QWS = I 
LAE = L A € - I A + J A - l  
NGPM'P = N G P W P + ?  
C A L L  YCUT (NUT1 T V T L A S T L A E )  
DO 10 L = L A S * L A E  

10 V(L)=O. 
L A S l  = KVC4 
L A €  = KVl?b+IP.-JA*Y 
KP = TA 

V (  L A  ) = V ( J  1 
1 5  LA = L P ' l * J A - J S + I  

20 CCNTXNUE 
I F  f L A S o G T o L F E )  Gf' TU 6 5  
NCPOUP = lYGPMIP+Y 
TCV = I L V + I  
L V ( 1 L V )  = K P - J S + l  

NEEROP=3 
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IF ( L V ( 1 L V ) o G T o K V M N O Z )  GC TI! 999 
NNfZ = N N Z Z + L V ( l l V )  
J L V  = JLV+T 
I F  (JLV,fT,KV) C-0 TO 999 
L V 4 J L V )  =I MR@WS 
C A L L  YOUT f k U T I , V t L A S t L A E )  

65 00 30 I = l , N R P  
30 L V t I )  = LV(KV@4*I) 

4@ L V ( K V 0 7 * 1 )  = L V f J I V S + I )  
DO 40 I = l ~ N C - R C \ ! P  

C 
C DECOMPOSITZC'N. 
C 0 I N  VtP THRW N ) o  A W L  GROl lP  A START AT V(N+190  
C AwU CFfY!P ' $TART AT  V f N + l * ( K V - N 1 / 2 ) o  
C L V ( I ) q f = l r N  I!: NUMRER CF ELFHENTS IN C C L U q N  I o  

C C V ( K V / 2 4 1 C )  15 RUMBEP OF COLUMNS I N  CRCUP T G o  
N = NXA 
NG = NGRCUP 
LSGA = N+1 
L S C B  = LSCA + ( K V - F I ) / Z  
REWIND NUTU 
MHEAD(1) = N 
MHEAD(2) = N 
PHEAD(31 = NG 
C A L L  Y C I I T I  ~ ~ ! ~ T U ~ K H E A C T I  910) 
C A L L  YOUT? ( N U T U t L V i l r N )  
JEGA = 0 
@I! 195 TGA=l*NG 
RFWIND NUT1 
REWIND NUT2 
NUTP = "JUT1 
N U f C  = NUT? 

TF fNUTP m F Q o  NUT21 NUTQ=NUTI 

NCGA = L V f K V 0 2 + 1 G b )  
JSGA = J E G A + I  
JECA = JSGA+YCGA-1 
LECA = LSGA-1  
00 101 J=JSGA, JEGP. 

CALL Y I N  (NUTP *V,L S G A T L F G A  1 
LJJ  = LSC-A-I 
00 140 J = J S G A t 3 F G A  
J M I  = J-1 
I Y Q P J  = J - L V f J I + I  
L I T O P J  = L J J + l  
LJJ  = L ? T C Y J + L V f  J 1-1 
IF ( J  .Fa, J S G A )  G@ T P  134 

ISTART = I T W J  
L I J  = L I T O P J - 1  

IF ( 2 * ( I G A / ? )  - F Q o  I G A )  rtUTP=rVUT2 

C OPERATE ON GROUP A ENLY, 

XOX L E C A  = LFGA + L V ( J 1  

TF ( I T O P J  .€Go J )  GO TC 134 

I F  (ITDPJ .GFo . I S G A 1  G O  T O  1 0 5  
I S T A R T  = J 5 C . A  
L 13 = L I TOPS+ J S G  A - I  TO P J-1 
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105 L I T O P I  = LSCA 

I F  ( I S T A R T  o E Q .  JSGA)  CC TC 110 
I S H 1  = TSTART-1 
DO 107 I = J S G A t I S C I  

107 L I T O P X  = L T T O P I + L V f T )  
110 DC? 128 I = T S f A R T t J M l  

L I J  = L I J + I  
IMZ = 1-1 
ITOPT = I - L V f I ) + l  
I F  ( I T O P I  -LT, I T C P J )  GO TO 115 
K S T A R T  = T7CP1 
I F  ( 1  ,FO, K S T A R T )  GO 7 0  125 

L K J  = L I T O P J + I T C P  1 - I T C P J - 1  
GO TO 120 

I F  (1 ,EO, K S f A R f )  GO ?@ 125 
LKI = L I T O P I + T T O P J - I T O P l - 1  
L K J  = L I T O P J - 2  

L K I  = L K I + ?  
L K J  = L K J + I  

t K r  = LrToPr-i 

115 K S T A R T  = XTOPJ 

120 DO 122 K = K S T A R T ? I M I  

122 V f L I J 3  = V f l I J )  - V ( K ) * V ( L K I ) * V t L K J )  
125 V(L1.t) = V ( L T J ) / V ( i )  
128 L I T O P I  = L I T C P I + L V ( I )  
134 V ( J )  = V f L J J )  

I F  ( ITC'PJ o E Q e  J )  GO 79 139 
LKJ = L T T D P J - 1  
DO 138 K = P T P P J + J M l  
L K J  = L K J i - 1  

I38  V ( J )  = V ( 3 )  - V f K ) * V ( L K J ) * * 2  
139 

I F  ( A E S ( V ( J 1 1 o L T o E P S )  GO T@ 999 
140 V ( L J J )  = ?.@ 

C CROUP A OPFRATE ON GQOUP Bo 
C I COLUMN5 ARE I N  GROW A ?  J CCL'JMNS I N  GR[?l.fP B o  

IF ( T G P  o € O o  NG) CXI TI? 194 
l O A P l  = I C A + 1  
J F G F  = JFC-E, 

NCGf? = L V ( K V U ? * I G P )  
JSGB = JEGE!+f 
JEGB = J ? G E i + N C C E - l  
L F G B  = L S G B - l  
oc 1 5 t  J-JSGe?JEGF 

1 5 1  LEGP = L € C . P + L V t J )  
C A L L  YIN 
L J J  = L S G F - 1  

J M I  = J-1 
T T O P J  = J - L V f J ) + I  
L I f U P J  = L J J + I  
L J J  = L T T F P J + L V f  J 1-1 

ISTART = IfClPJ 

DO 192 I G P = I G A P I  VhG 

(NUT P rV 9 L S GR 9 LFGR 1 

DO 190 J= J5T-E- JEC €5 

I F  ( I T O P J  o C T o  J E G A )  C r  TO 190 

NEP.RCR=4 



L I J  = LITOPJ-1 

ISTART = JSGR 
L I J  = L IT tPJ+JSGA- ITOPJ- I  

155 L f f O P f  = LSGA 

IF t r m u  .CL JICA) GC TO 155 

I F  ( ISTART oFQ. J S A )  GG TO 160 
ISHI = YSTARf-1 
PO 157 I=JSGAv ISMl  

157 LITOPT = L I T C P I + L V ( I )  
160 DO 178 I=ISTART,JEGA 

L I J  = L I J + 1  
In1 = 1-1 
ITOPT = T - L V ( T ) + l  
IF ( I T U P 1  oLT. IfCPJ) CC TO 165 
KSTART = I T O P T  

L K I  = L ITOPI -1  
L K J  = L I f@PJ+ ITUP l - ITOPJ-1  
GI! TO 170 

I F  (I .€Qo KSTART) GO TO 175 
L K I  = LTTCPI+ITPPJ- ITOPI - l  
L K J  = LITOPJ-1 

LKX = L Y T + l  
L K J  = L K J + f  

IF (I o F W o  KSTARTt GO TC? 175 

165 KSTART = ITUPJ  

X 7 C  DO 172 K = K S T A R T , f H l  

172 V f L f J I  = V t L I J )  - V ( K ) * V ( L K I I * V ( L K J )  
175 V t L I J )  = V ( L I J l / V t l )  
X t P  L I T O P I  = L X T c ? P ? + L V ~ T ~  
190 CUNTTNUF 
192 CALL YCWT (NUTQtVrLSGBwLEGR) 
194 MPHFAO(1)  = JSGL 

MPHEAD(2) = JEGP 
MPHFAD(3)  = LEOA-LSGA+l 
CALL YOUTI ( N l l T U , M P H E A D ~ l v l O )  

195 CALL YOU7 (NUfVvVvLSGAvLECA) 
REWIND NUTD 
CALL YOUT (NVTDrVr I  tN)  
R €TURN 

E NO 
999 CALL ZZROMP (6kYDCM3AvNFRROR) 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C - 
I; " 
C 
C 
C 
C 

SUBROUTINE YDC OM3 (NUTA WNUTU ,NL!TD 9 V TLVI K V  9 kX!T 1 TNUTZ) 
DIMENSION V (  1) ,LV( l ) rMHEAD( I@)  TMPH€AD(~C)  
DATA FPS/?-E-PC/ 

DECOHPOZE SPARSF MATQIX ( A )  TC FORY UPPFR TRIANGULAR MATRIX WIT'+ O N E S  
ON DIAGONAL (U)  AND DIAGONAL M A T R I X  (-D-) SUCH THAT 
( A )  = (U)**T * (a-D-1 * (U ) .  METHOD ATTRIPUTFO TO GAUSS, 
IF THE WEULE M A T R I X  [ A )  1 5  INPUT* ONLY THF LOWER HALF IS USED- 
BAND WIDTP (DIAGnNAL UP T O  TOP NON-ZERO) MUST PF LESS THAN OR E7UAL 
TO fKV-N)/Zv WHFRE N IS MATRIX SIZE (SQUARF), 
C A L L S  FORMA SUbR(?UTINFS Y I N  ,YINI 1YLORD 9YOUT ,YOUTI TYPART T 

YTRANS,ZZB@HRo 
DEVELOPED BY R L WUHLEN AND R A PHILIPPUS, DECEMBER 1972, 
LAST REVISION PY HA BENFIELD- MARCH 1976- 

SUBRCUTINF ARGUMENTS (ALL INPUT) 
NUTA = LOGICAL NUMFFR OF C l i I L I T Y  TAP€ CN WHICH MATRIX A IS S'TORED- 
NUTU = L@GICAL Y U M B P  O f  U T I L I T Y  TAPE CN WHICH U 1 5  S T f Q E D .  
NUTO = LOGICAL NUMBER OF U T I L I T Y  TAPE C!N WHICH D IS STORED- 

L V  = VECTOR WORK SPACE, 
V = YFCTOR W@PK SPACE - 
KV = DIMENSION S I Z E  OF VvLV I N  CALLTNC PR@C.PAM- 
NUT1 = LOGICAL M U M E W  O F  U T I L I T Y  TAPE- 
NUT2 = LCGICAL NUM6ER @ F  LiT..LITY TAPE- 

NEPROR FXPLANATICN 
1 =: BANDWIDTH LTMTVATTCN EXCEFDED. 
2 = SIZE LIMITATION FXCEFDED ( L V I -  
3 = BANDWIDTH LIMITP.TfEN EXCEEDED- 
4 = MATSIX IS SINGULAR,  

CONVERT FROM SPCRSE TO EAND NCTATJGPJ, 
K V04=KV/4 
KV02 = K V / 2  
K V C Z P I  = KVOZ+I 
LAS=KV@4+I 
REWIND NUT4 

NRb = HHFAD(1) 
KVMN = KV-NRA 
KVMNOZ = KVP"N2 
IACHAP : MHEAD(7) 
NUTC=NUTA 

TF (IAS~AP.€O,5HUF?F*) NUTS=NUTU 

PEWINO NUfS 

REWIND 'VUT? 
f l V  = K V C 4  
JLV = KVCl+NQA 

J L V S  = JLV 
KP = 1 
LAMAX = L A S - I + K V M W 2  

CALL Y I N I  (NUTATMHEAD*~, IOI  

I F  t IASHAP-FQe5HUPf'FR 1 CALL YTPANS ( N U T A T N U ~ U , V T ~ V T K V , N U T ~ T N U T ~ )  

CALL YLPRD (NUT: +V*LVTKV,NUTI tNUf2 )  

CALL YINI (NUTS tMHEAO*lq IC 1 

JF I JLV.1 T*!tVO? 1 JLV: K V 0 2  



YDCOM3- 2 1  6 

NERROR=l  
I F  ( N F L P - C T - K V M N G Z )  GO TO 999 
NNtZ = NNZZ+NELR 
KP = K P + 1  
JS = J A  
MROWS = NR@WS+l  
f L V  = T L V + l  
L V t f L V !  = NFLR 
I F  ( L A E - L E - L A M A X )  GO TO I5 
J L V  = J L V + l  

NERRUR=Z 
I F  fJLV,GT,KV) GO TO 999 
NPOWS = NRCWS-1 
L V t J L V )  = R R i W S  
NROWS = f 
LAE = L A E - I A + J A - 1  
NGRCUP = NGRWP+I 
C A L L  Y@UT (NUT1 vVILASILAE) 
DO fC L z L A S t L A F  

10 V(L )=Om 
1 A S I  = K V W  
L A E  = K V 0 4 + I A - J A + I  
KP = I A  

V ( L A ) = V ( J )  
1 5  LA = L A S l + J A - J S + l  

20 CCNTINUF 
I F  tLAS.GToLAE)  GO TO 6 5  
NGPPUP = NGROUP+l  
T L V  = I L V + I  
L V f I L V )  = K P - J S + I  

NE RR OR =3 
IF ( L V (  I L V I . G T e K V W J Q 2  1 GO TO 999 



VDCOH3-- 31 6 
-----I---- 

NNZZ = N N t Z + L V f I L V )  
J L V  = J L V + I  
IF fJLV.GT.KV) GC TO 999 
L V t J L V )  = NRCWS 
C A L L  YCUT f N U T 1 t V v L A S t L A E )  

65 DO 30 I = l t N K A  
30 L V ( 1 )  = L V f K V W + I )  

40 L V f K V Q Z + J  1 = L V (  J L V S + f )  
DO 4t? I=ItNGPDUP 

C 
C D E C O H P O S I T I C N .  
C D IN V f 1  THRU N). A t U  GROUP A START A T  V f N + l ) -  
C A.U GROUP P START AT V f N + l + f K V - N I / Z ) -  
C LVfI)tI=IrN IS 
C L V ( K V / Z + I G )  IS 

N = ERA 
NG = NGROUP 
LSGA = N + l  
LSGE = LSGA 
REMIND NUTO 
JEGA = 0 

NUMeER EF ELEMENTS I N  CC'LUMN T o  

NUMBER OF COLUMNS I N  GRCUP IS. 

+ f K V - N ) / 2  

C 

DO 1 9 5  I G A = l t N G  
REWIND N U T 1  
REWIND N U T 2  
N U T P  = N U T I  
NUTQ = W T 2  

I F  f N U T P  o€Q. N U T S )  NUTQ = N U T 1  

NCGA = L V f K V C E + X G A )  
JSGR = J € G A + l  
J E G A  = JSGA+NCGA-1 
L F G A  = L S G A - I  
DC 101 J = J S C A t J E E A  

CALL Y l N  
LJJ = L S G A - I  
DP 140 J = J S C A w J E G A  
J M I  = 3-1 
I T O P J  = J - L V ( J ) + l  
L T f E P J  = L J J + I  
LJJ L I T C P J + L V (  J)-1 

IF (2*fIGA/2) -EO. 1 S A )  NUTP=NUTZ 

OPERATE C!N GROUP A ONLY. 

101 LEC-A = LEC-:. + L V ( J 1  
t NUTP rV  9 L SGA 9 L F G A  1 

IF f J  . E Q m  J S G A )  CXI T O  134 
IF ( ITC 'PJ  . E Q o  J )  GG TO 134 
XSTART = l T P P J  
L I J  = L T T @ P J - l  

I S T A R T  = JSGA 

105 L I f C I P I  = LSGA 

IF (TTC'PJ . G E o  J S G A )  C-C 1 C  105 

L I J  = L J T O P J + J S G A - f T C P J - l  

IF ( I S T A R ?  . F Q o  J S C A )  GI? T C  110 
ISH1 = T S T A R T - I  
DO 1 0 1  I=JSGArISMl 

107 L f T O P I  = L ? T P P 1 + L V ( I )  
110 DO 128 I = I S T A R f w J M l  



YOCOM3-- 4/ 6 

L I J  = L I J + l  
S = V I L I J )  
IM1 = 1-1 
I T O P I  = I - L V ( I ) + l  

K S T A R T  = I T @ P I  
IF ( I  .EO. K S f A R t )  CC! TO 125 
L K I  = L I T O P I - 1  
L K J  = L I T C P J + I f @ P I - I T O P J - ?  
GCI TO 120 

IF ( I  .EO. K S T A P T )  GO TO 125 
L K I  2 L I T O P I + I T O P J - I T O P I - 1  
L K J  L I T V P J - I  

IF (ITOPT .LTm IfCPJ) GO TO 115 

115 K S T A P T  = I T O P J  

120  00 122 K = K S T A P I r I M l  
L K I  = L K f + l  
L K J  = L K J + 1  

125 V f L I J )  = S / V f I )  

134  V ( J )  = V ( L J J I  

12? s = S - V ( K ) * V ( L K I  ) W ( L K J )  

w e  LITOPT = LITOPI+LV(II 

I F  ( ITC'PJ .EO. J )  GO IC 139 
L K J  = L I T C P J - 1  
DO 138 K = T T C P J r J M I  
L K J  = L K J + l  

138 V ( J )  = V ( J )  - V ( K ) * V ( L K J ) * * Z  
139 

140 V ( L J J )  = 1 . C  
I F  ( A R S f V ( J ) ) o L T o E P S I  GO T O  999 

C GROUP A OPEPATE CIN GROUP B o  
C I COLUMNS AFF I N  G P C W  A t  J COLUMNS IN GROUP B o  

I F  ( f C A  m F O o  NC-1 CO TC? 195 
IGAPI = I G A + 1  
JEGR = JEGA 

NCGF! = L V ( K V 3 2 + I G F )  
JSGR = J E G R * l  
J E G E  = J S G P + N C G B - l  
CEGP = LSG6-I 
Dn I51 J = J S G E r J F G B  

151  LFCP = L F G F + L V ( J )  
C A L L  Y I N  (NIJTP rV  r L  SGE 9 1 F G B  1 
LJJ = LSC-8-1 
DO 190 J=JSGF,JEGE 
J M I  = J-I 
I T O P J  = J - L V ( J ) + ?  
L T T O P J  = L J J + l  
1JJ = L T T f P J + L V f  J)-1 

I S T A R T  = fTC?PJ 
LIJ L I T U P J - 1  

XSTART = J Z C A  

155 L I T O P I  = LSGA 

DTr 1 9 2  T G R = f G A P I r N G  

I F  ( I T O P J  .GTo J F C A )  GO TC' 1 9 C  

I F  (TTOPJ - C € m  J S G A )  GC! TO I55 

LTJ = L T T @ P J + J S C - A - I T O P J - 1  

NERROR =4 



YDCOM3- 5 /  6 

I F  ( I S f A P T  , € O 0  JSGA)  GO ?O 1 6 C  
fSHl = ISTART-I 
DO 1 5 7  f = J $ G A w I S M I  

157  L I T O P I  = L I T U P I + L V ( I )  
160 DO 178 I = I S T A R T , J E G A  

L T J  = L T J + l  

TM! = 1-1 
I T O P T  = I - L V ( I ) + l  

K S T A R T  = I T O P T  
TF ( f  ,EQO K C T A R T )  GO TO 175 
L K I  = L I T W I - 1  
L K  J = L TTCP J + I T U P I - I T O P J - !  
GO TP 1 7 C  

TF ( f  ,EQ, KSTART)  GO TO I f 5  
L K I = L I TOP 1 + 1 TO P J-I T I! P 1-1 
L K J  = L I T C P J - 1  

s = v(Lr31 

IF (ITOPI . L f =  I T O P J )  GO TO 165 

165 K S T A P T  = I T O P J  

170 DO 172 K = K S T A R T * I M l  
L K ?  = L K I + I  
L K J  = L K J + ?  

175 V ( L I J )  = S / V ( I )  

190 CONTTNUF 

172 S = S - V ( K ) * V ( L K I ) W ( L K J )  

178 LITOPI = L T T o P I + L v ( r )  

192 C A L L  YCUT ( N U T Q ~ V ~ L S G E T L F G E )  
195 C A L L  YOIJ? (NUTDTVILSCA~LEGA)  

C 
C CONVERT FROM FAND TC! SPARSE N O T A T I C N o  

!?€WIND NUT2 

REWTND NUTU 
REWIND NUfD 
L V G S  = KV-NGRCIUP 
L V R  = LVGS 

LVR = L V R + l  

LS = LVGS-N 
L V E  = L S  
DO 264 ?=l~'h)  
L V E  = L V F + l  

204 L V t L V F )  = L V ( I )  
KVMAX = K V / 4  

M H E A D ( 1 )  = N 
M H € A D ( Z )  = N 
Y H F A D ( 3 )  = NGROYJP 
M H E A D ( 4 )  = NNZZ 
MHFAD(5) = 0 
PHEAD(6)  = 0 
M H F A D ( 7 )  = 5HWHOLF 
C A L L  YOUTI  (NUTU*MHEAD,I T I C ?  
L V I  = 0 

C A L L  YOU? ( N U ? ~ T V T I  T N )  

DO 202 IGRCtUP=1 TNGROUP 

202 L V t L V R )  = LV(KVO2+IGROfJP  1 

I F  ( K V M A X o C f o L S )  KVMAXZLS 



LVR = LVGS 
LVF = LS 
LVE* = L S  
I t  = 0 
DO 250 IGRnUP=? rNGROUP 
LVR = LVR+I 
L Z  = 0 
NROWS = LV(L’4R) 
NELG = 0 

LVE = L V E + I  
DO 206 T=l,NROHS 

206 NELG = NELG+LV(LVEI 
C A l L  YXN 
DO 2OP I=l*NRCWS 
1 2  = I Z + 1  
LVEP = LV€P+I  
JS = I Z - L V ( L V E P ) + I  
DO 208 JZ=JS 912 
LZ = LZ+1  

208 L V ( L 2 )  = I@COOO*JZ+IZ 
HPHFAD(1) = LZ 
HPPEAD(21 = L V ( I )  
HPHFAQ(3J) = L V ( L 2 )  

\ 84UT 0 TV 9 1 T NE LC 1 

C A L L 
CALL YCUTI (NUTUvLVs 1 r L Z  
CALL YOVT ( N U Y U T V T I T L Z )  

RFWIPJ9 NUT2 
qEWIhrD NUTD 

Y QUT 1 4 NUT U rMPH E AD 9 I. T IO 1 

250  CCNTTNUF 

CALL Y I N  (MUT2TVT1TN) 
DO 260 I = l p N  

260 L V f I )  = 1 O O C O O * I + T  
HHEAD(3) = 1 
YHFADtG) = N 
M H E A D ( 7 1  = 4HDTAG 

MPHFAD(1) = N 
MPHFAD(2) = L V ( 1 )  
M P H € L I : I ? I  = LV(N)  

CALL YPUTI ( N U T D T M H E A D T ~ , ~ C ]  

CALL VCkr3 1 (rJtJTD,MP)iEADrITIO) 
CALL YCUT 1 (NUTD rLV9 I rN 1 
CALL YOUT ( N W T D ~ V ~ 1 , N )  
CALL YPAPT ( N V T U ~ V T L V ~ K V T N U T ~  1 
RETURN 

E NO 
999 CALL ZZf lCM6 (6t1YDCDM3 TNFRROR ) 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBRMJTINF Y O I A G  ( N U T A ~ N U T Z  *VI! V T K V  1 
D I M E N S I O N  V f  1 ) r L V l l ) t M H € A D f I O )  
OATA N T T t N O T / S r 6 /  

D 1 A C O N A L T Z f  d S P A R C F  VFCTOH (ROW DP COLUMN) :WfC A SQUARE MATRIX .  
C A L L S  FORMA SUBRC'UTY'4S Y I N  3 Y I N I  ,YC!UT WYflUf I  r Z Z B O M B .  
DEV€LGPFD PY W A RENFIFL.0. OCTORFQ 1970. 
L A S T  PFVXSION R Y  WA EENFIELD. MARCH 1976. 

SUER@WTIN€ ARGUMEhTS ( A L L  INPU1) 
NUTA = L O ( - I C A L  NUMRER OF U T I L T I Y  T A P F  ON WHICH M A T P J X  A 1 5  STORED, 
NUT2 = L0 : ' ICAL  NUMRFR O F  U T f L l T Y  T A P E  @N WHICH M A T P I X  2 IS STORED. 
V = VFCTCR WCRK 5P4CEm 
L V  = VECTC'R HCGK SPACE. 
KV = DTPENSION S I Z €  OF V t L V  Id i A L L X F l G  PROGPAM- 

NERROP E X P L A N A l  T C N  
1 = M A T R I X  IS NOT Ir VECTOR. 
2 = SIZE L I M T T A T T C N  €XC€€DED-  

DO 30 T = l  9NPAP.T 
C A L L  Y I N I  f W f A  t Y r t E  AD, 1.10 1 
NNZP = M H E A D I I )  
I F  (NNZF .GT. K V )  GO TO 999 
C A L L  YTNI  fNUTb r L V - 1  +F!FZP) 
C A L L  YIM I N U T A q V ~ l r N N Z P )  

C 
DO 2C K=I,NNZP 
T A  = L V f K ) / l @ Q 0 0 0  
IF ( I A . F O . 1 1  Gf T@ 1 0  
L V ( K 1  = lGGOOO*Ib. + I A  
GO TI! ?C! 

10 J A = L V f  K ) - I O G O C O *  I A 
L V I K )  = 1 0 G O @ O * J A  + J A  

28 CCNffNUF 
M H F A D I Z )  = L V f 1 )  
H H E A D ~ )  = L v t r i w  PI 
C A L L  YCIIJTI (Nt jTZ t M H E A D t 1 t l C  1 
C A L L  YOU? T ( N U f Z  (LV 9 P 9hNZP 1 

30 C A L L  YflUT (Nl 'TZ t V r l ( N N Z P )  



Y D I A G  -- 2 1  2 

C 



Y D I S A  -- 11 3 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SPARSF M A T R I X  P ISA?SEH€*LY.  ( M A T R I X  2 FPOM M A T R I X  AI ,  
C A L L S  FORMA SUBROUTINES Y l N  r Y I N 1  .YLI?RD rYCUT t W U T f  r Y P A R T  t 

ZZ€!@MP, 
DEVElC‘P€D CY Q A PHILIPPUS, FEERUARY 1Q7G. 
L A S T  R F V I S I C N  P Y  WA E F N F l E L D o  MARCH 19760 

SUbRCUTI?’€ ARGUMENTS (ALL TNFUT) 
N U f A  = L C W I C A L  NUMbEP O F  U T I L I T Y  T A P €  DN WHICH M A T R I X  A IS STORED, 
I R A  = ROW FiUKPFP I N  M A T R I X  A OF FIRST QPW OF M A P I X  2 ,  

NUT2 = LOC- ICAL NCMF€Q O F  U l I L I T Y  TbPE CR H H I C P  P A T R I X  2 IS STORFD, 
JCA = CCLUHN NUPYIFCP TN M b T P I X  A EF F t R S T  CPLUMhr OF M A T R I X  2 -  

NRZ = MUMBEP CF RCW$ I N  H A T P I X  2 ,  
NCZ = NL’MPEO CF CCLUPiNS IN P A T R I X  2 -  
V = VECTCR W R K  SPACE, 
LV = VFCTCP W S K  SPACF, 
K V  = DICENZsICN SIZE OF V S L V  I N  C A L L I N G  PRCGRAM- 
NUT1 = L C G I C A L  NUHBFR OF UTILITY T A P E -  

NEPROP E X P L A N A T I C N  
1 = LC’CKTNG FPF 9LTA EUTS1C.E CF M A T R I X  A -  

NERROR=I  

C 



YDISA -- 2 1  3 

DO 30 I=l,NPARTA 
CALL Y I N I  (NL' lAvMHEAD~1, lC)  
YNZPA = M P F A D ( 1 )  
LFFLPA = MHEbD(2) 
LLELPA = HPEAD(31 
CALL Y I N I  (NUfA ,LV 11 TNNZPA 1 

IAF=LFFLPA/100000 

IAL=LLELPP/IOCCCO 

CALL Y f N  f N U T A r V . 1  ,loNZPA) 

I F  (IbFoGT,IRAZ o N D o  IoLTmNPAPTA) C.(? TC' 3 C  

I F  f I A L  mLfoIRA) GD T O  30 
C 

C 



C 
CALL YPART (NUT2 ,VILVIKYIMJTI 1 
RETURN 

C 
999 CALL ZZROMfi (SHYDISA r h l E R R C R )  

E NO 



SUBRCUT I N €  YDTOS ( A  NUTA NR A TNCA .KR A TKC A T V s L V  .I<V T NUT 1 I 
DIMENSICIN V ( 1 ) .  L V ( I 1 9  A ( K P A . I ) T  H H € A O ( I O ) .  MPHEADtIO) 
c) ATA N I T T NCT/5 b 1 

C 
C CUNV€RT A MATRXX FRGC D F N S E  N@TATI@M f O  SPARSF NCTATION, 
C CALLS FQRMA S U B ~ f U T I N E $  V I N  T Y I h I  , Y C W  tYOUfI TYPART T Z Z K M B -  
C DFVELC'PFO P Y  Q A pHILIPPUSo JANUARY 1969- 
C LAST REVTSIEM 6 Y  WA RENFIELD FCR NASA- MAY 3976- 
C 
C SUBROUTINE ARGUHFWZ (ALL INPUT) - C A  - 
C NUTA = 
C 
C N R A  = 
C NCA = 
C KRA = 
C KCA = 
c v  
c LV - 
C KV - 
C NVTI  = 
2 

- - 
- - 

D W Z E  F A T R T X ,  C r z E  (NRATNCAI. 
LOGICAL NUHPFK OF U T I L I T Y  TAPE @N UhICH SPARSE MATRIX A WILL 
F F  STCRFCm 

NUMEFP CF QOWS I R  A -  
NWMCEF @F COLUMNS IN A, 

CCLUHN @IMFNSICN QF A 1% CALLJNC PPCC-PAM, 
Q C ' W  PlMENSI[lM CF A IN CALLING PRCGRAM- 

VFCTCW Maw SPACC, 
VFCTCR W R Y  SPACE- 
D f C E N S I m  SIZE OF VTLV I N  CALLING P R O G R A M -  
LOGJCAL RUMPER OF U T I L I T Y  TAPE- 

C NEPROW EXPLANATICY4 
C 1 = SIZF LIE ITATICf4  FXCEEOFD ( K A I ,  
C 

N€ RR@R= 1 





C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THIS SUBROUTINF CC'PIES A SPARSE MATRIX I?\' U T I L I T V  F I L E  NUTA 
TU U T I L T T Y  F I L E  NUTB. 

SUEROUTINE ARGUMCNTS 
NUTA - INPUT UTILITY FILE CONTATNING a S P A R S E  HATRIX 
NLTR - INPLrf V T I L I T Y  F I L E  TH€ SPARSE MATRIX Oh: NUTA 15 7 0  6 E  COPIED 

CNTC:. 
V - INPUT k@PK 5PACF. 
LV - INPUT WCRK S P A C E -  
KV - INPUT D I M E R S I O N  O F  V AND L V  I h  THF C A L L I N G  PEGGRAM. 

FORHb SUPRUUTINFZ Y I N I Y I N I ~ Y O I J T ~ Y O I J T I  AND ZZEOML AE€ CALLED. 
C 9 D f D  BY JCHN A D W I F F  *NASA* DFCFMGFR 197'. 



Y I N  

.y; 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

READ I N  BINARY DATA FSCM PERIPHERAL U N I T  NUT INTO CORE A R L A  A -  
CALLS FORMA SUF!ROUTINE Z Z R O H B ,  

LAST REVISION B Y  W A  YFNFXfLD FOP NAS6.- MAY 1976- 
DEVELOPFD EY R A PHILIPPUS,  NOVEMBER lQt1. 

SUBRCWTINF ARGUMENTS (ALL INPUT)  
NUT = ,C?GICAL NUMBER OF U T I L I T Y  TAPE-  
A = VFCfOR TU € F  READ. 
NS = START LCCRTTRU I N  VECTOR A -  
NE = €NO L O C A T I O N  I N  V K T O P  A. 

NERRC'X E X  PLAN AT I CPJ 
1 = START LOCATION GREATER THAN END LOCATIEN, 
2 = END OF F I L E  ENCCCNTEREDo 
3 = READ PAP-TTY ERRPRO 

I F  (NS - L € o  0 -@R- NS oGT- NE) RFTURN 
NERRCR=I 

NERRCR=Z 

N E P R O R = 3  



-t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUGROUTINF YINI f N U T ~ I A * N S , N F l  
DIMENSION Ibtl) 

READ IN @JNARY DATA FROM PERIPHERAL U N I T  NUT INTQ CCRE A R E A  I A -  
C A L L S  FORMA SVFROUTINE ZZeOMBo 
DWELUPFD PY R A P F I L I P P U S .  MAY 1973, 
LAST R E V I S I Q N  B Y  HA B E N F I E L D  FCP. N A S A ,  MAY 1976, 

SUBRCUTTNF ARGUMENTS t ALL 'INPUT) 
NUT = L Q G I C A L  NUHBEF, O F  U T I L I T Y  TAPE- 
I A  = VECTCR TU e €  O E A D ,  
NS = 5TCRT LCCATICN IN K C T O R  I A ,  
N€ = END LtfCATICPJ IN VEC7I)P. IA- 

NERROR E X P L P N A T  I CN 
1 = START LOCATION GREATER ThAN END LOCATIZ'N. 
2 = END OF F I L E .  E N C U W T E P F D ,  
3 = READ P b P f T Y  ERRCR,  

READ (NUT , E R R = 9 9 8  , E N D = 9 9 9 )  ( I A  ( I  I t f=N$  ,NE ) 
R €TURN 

C 
998 
999 CALL ZZBGCB (4HY I N 1  rNERRCR 1 

END 

N E R R C R = l  

N E R R O R r 2  

NE RR @R=3 



YL@RD - I /  5 

SUBRCWTINF YLOPD (NUTA TVTLV,KVTNU?I ,NUT? I 
UIHENSTON V ( ~ ) , L V ( ~ ) ~ I L ' ( ~ ~ ) ~ I C ( ~ ~ ) , H H E A D ( ~ C ) ~ M P H F A D ( I O ) T M ~ H E A D ~ I O )  
DATA r4I T T  NC'T/5 9 6/ 

C 

C ARRANGE CLFHFNTC CIF MATRIX A ACCCRDINGLY, 
c ARRANGE ELEMENT LOCATIONS OF MATRIX A r r m  X N C R F A S I N G  ORDER. 

C CALLS FC'RMA SURROUTINES Y I N  T Y I N I  ,Y@lrT rYf3JT I  rYPART rEL6OMB. 
C DEVELCPFD PY P A PHILlPPUSo DECFYPEP 1068. 
C LAST R F V I S I O N  B Y  W A  EFNFIELDm MARCH 1976, 
C 
C SUEROUTTHE ARGVMEbqS f ALL INPUT)  
C NUTA = LOGICAL NtJMBFP @F U t l t I T Y  T k P t  C!N WHXCH M A T R I X  A IS STORED, 
c v  = UFCTCP WCRK SPACE- 
c 1v = V€CfCP WCOK S P k C t ,  
C K Y  = DIMENSION S I Z €  (?F V T L V  I N  CALLING PRCIGRAHm 
c NUTI = LCGPCAL w w m  OF UITLITY TAPE. 
C NUT2 = LCGICAL NL'YEtTc O F  U T I L I T Y  TAPE- 
C 
C NfRRClR FXFLL.NATIClai 
C 1 = TWC L I K E  LCCATTPN NUMBERS EIPCWNTERFD. 
C 2 = TU@ L I K E  LOCbT!ON NUMAERS ENCCUNT€R€P, 
C 

3001 FC!RMAl f1H.11)  
3002 FORRAT ( L f T 1 2 1 ? . X F I ? o 8 ) 1  

C 
CALL YPART ( N U T A , V ~ L V T K V ~ W T ~ )  

C 
DO 225 TJK=lgNDO 
KJI=O 
L P S = l  

NNZP = Y P P F A D f l )  
fUNZP?=NNZPT+NNZP 
LPF-LPS-1 +NNtP 
CALL Y I N I  (NUTAT1 V ILPS~LPE 1 
CALL Y f N  

5 CALL YINJ fhu l iTArMPl iEAD~1 T I C )  

( N U T  A TV 9 L PS 9 LPF 1 
K J I=K J 1 + I  
LPS=LPF+X 
I F  ( Y N t P T , F P . h ' ~ ' ? A )  GC! T U  10 
XF ( K J T - L f . 4 )  CO 1'c 5 

C 
C S f N G l . E T 5 N  ME7f.CC 



YLCRD -- 2 /  5 

10 M=l 
LAEMX=LPE-I 
T=1 
J=LPF 

? 

20 IFtI-GEmJ) GO TO 170 
110 K = I  

I J =  4 J+I  ) / 2  
I T = L V  ( I J 1 
f F l L V f I ) . L E . I f )  C-C! TO 120 
L V f I J ) = L V f I l  
LV(fI=fT 
IT=LV(  I J 1 
TC=V( I J  1 
V ( T J ) = V f I )  
V ( T 1 = T G  

I20 t = J  
fF(LVfJ).GE-IT) 613 TI! I 4 C  
L V (  I J  )=LV ( J  1 
L V f  J ) = I T  
f T = L V f  T J )  
TG=V( TJ 1 
V f I J ) = V ( J )  
V(J)=TG 
IFILV(I)oL€.IT) GO TO 140 
L V (  I 3  )=LV (1 1 
LV f f ? = l  T 
I T = L V (  I J )  
TG=V t I J  1 
V I I J ) = V f I )  
V f I ) = f G  
GO TO I40 

130 LV(L)=LV(K)  
L V (  K ) = I  Tr 
TG=V t L 1 
V ( L ) = V  (K) 
V (K 1 =TG 

I40 LzL-1  
IF (LV(L)oGT.XT)  GO TO 140 
T ? f = L V ( l )  

I F ( L V f K ) . L T - I f )  GCI 7@ 150 
IFfK.LF,L)  E13 TC. 130 

I t  ( M I = I  
I U ( M ) = L  
f = K  
P=K+l 
GO 70 ? P O  

160 YL(M)=K 
l U ( M ) = J  
J= L 
M = M + l  
GC ?C r e o  

170 t-?=K-l 

150  K=)c.+l 

IF (L - IoLF-J -K)  GO TC' 160 



NERRCF,=l 



YLORD -- I /  5 

CALL YOUTI ( N F l  ,LVTLPStLPPF)  

NREC=!VR€C+l  
C b L L  YOU? ( N T I  ,V ,LPS*LPPE)  

220 LPS=LPPE+l  

225 CGNTINUE 
C 

C 
C NOW TH€RE & R E  NFEC C t F . D € R E [ i  PAPTITIONS WPTTT€h OM MI 

P€WTND NUTb 
MHFAD(3) = N R F C  
MHEAD(5) = S H O R D F P  
MHEADIb) = 0 

:37 2 =NUT2 
C 
C MFSHING CPFPATlCN 

C ALL YRUT I C NUTA TMHE AD 9 1 9 1 C 

230 REWIND FIT1 
R E W I N D  h'T2 

NNZP'I = M P t - i E A @ ( l )  
CALL YTNI (NTI  ,MPHEAD,IrIO) 

c ALL vr N r  ( Y T X  LVT 1 T NNZP x I 
CALL Y I V  lNTl r V 9 1  rNNZPl  1 
IF (NRFCoI6.1) Gf! TO 305 
LPZS=NNZP? + I  
M P E C Z = O  

C 

NE PRCR=2 





YHODZA-- I /  5 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

I 

C 
C 

5 l lBRCb 7 I N  t E P G I ' M  F W C 
NUTM = I N P I I T  LC'C-TCAL NUPi3FF CF U T I L i f Y  T A P E  CF M P S S  MATPIX .  
NUfK = IYPL!T CDGICAL VUME.ED CF U T I L I T Y  TAPF CF S T I F  W b T R I X .  
NUT2 = INPUT L C G I C A L  NVPEER C+F U T I L I T Y  T A P F  CF CALCULATED MODES. 

E.€ USED TO TNPUT INITIAL CAYLFIGH VECTFRS. 
w2 = C'tlTPI!T VECTCF C'F F ' IGFNVALVFS (I?P?ECA SO!JAoED)o SIZ€(NU)- 
W = PJ fPU7 VESTTP O F  C?RCULAR FPCCUFNCY (C 'M€GA) .  S I Z E I N U ) ,  

NU = .NPUT NUMFFR OF VCC'ES HANTED, I T F R A T I C N S  TTCP WHCN NW 
F R E Q  = CCTPl 'T VECTOR OF FFFCL'FNCY (C!MFGA/ZPT)o S I Z F  ( Y l f l -  

CCN5ECUTTVE HPGFS Af'CUNlI Z H I F f  P C I N T  CONVERGE- 
t J C W E V F F ~  ALL NL! Mf'DES AND FREOUFNCI€T A P E  CJUTPUT 
FCR LATEC: SELtCTTD%,  

F'U = I N P U l  NUMPFP C;F MCDF1S USFD, WUST F E  .GF. NW, 
SPfFT = INPL'T S F X F T  IN ( S T I F 1 - S t i T ~ T ( P P S Z I ~  

CONVERGENCE WTLL P E  AROUT T H I  5 VALUE. 
TPLZ = 1h;PlfT TOLECANCE PN ZEQC! M f ,  
TOLW2 = IWPU? CCNVFRGENCF TPLEPANCE f V  NClN-ZEFP W2, 
Y A X J T  = INPUT M P X J W M  NUHPFr' CT ITFRBTTCNS.  A GC@D VALUE I S  200 
IFPRFT = IRPI1T = 1 F R I N T  I N T F R P E G I A T F  f JFSULT5-  
V = IbJPUT VEC.T(X, WPRK S P B C F o  DIMfNSIFN G P F A T E k  THAN * (fV-1). 
L V  _'NPVT VFCTPR WQPK ? . P A C E .  DIMF!4\tCIC'N GDFAfEP TPAk 4 * (N-I 1. 
A = INP I??  M A T F I X  U C R K  CPACF.  €Ol I IVALFh!CF T O  L V  A T  K V / 3 + 1 .  
S = 1 W C i T  M A T F f X  WCFK S F A C F ,  E Q U I V b L I K ' C F  ?f' V AT K V / ? + I -  
KVTN = Th'#L'T C I F ' l E k I @ N  SlZC CF VVLV I N  C b L L I N G  PRCGPAM, 
K A  = INOUT R.c!W CIMFNSIFN r F  A,: IN CALLIK; PROGRAM, 
NUTI = l M P U r  L P G I C A L  NUPFCF OF U T I L I T Y  TAPE, 
NlrTi! = I V ' F l t ?  LL !G ICA l  rJL'ME€c @F U T I L I T V  T A P F .  
N U T 3  = JP!PC!T L P C Y C A L  YUMPEF CF U f I L I f Y  T A P = .  
NUT4 = IYPC'T L P G I C A L  NIIMPEK OF U T I L I T Y  TAPF, 
NUT5 = I N P U T  LCGICAC Nl lMPE9 OF U T l L T T Y  TAPF, 
NUT6 = I N P U T  L l ! G I C A L  h:UM€!€R CF U T I L I T Y  TAPC. 



YPICDZA-- 2/ 5 

NE R R O R = l  

NFPPDP=Z 

CALL T IMCHK ( 6 P Y n V 1  1 



C 



Y1;[302A-- 4/ 5 



YMOD2A-- 5 f  5 

RETURN 
C 

999 CALL ZZBC'MB (6HYMCOE2 9NERRCR 1 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 

SUE;R@UTIP!!E YMULT (NUTA tNUTB-NUTZ tV-LV,KV,NUTI 1 
0 IMENS TUN V ( 1 1 9 L V ( 1 1 - f lHE AD t 10  1 
DATA NIT-b!CT/5.6/ 

SPARSE MATRIX MULTIPUCA?I@N ( A  * P = 2 ) .  
K V I 4  MUST B F  EQUAL T C  CR GREATER THAN- 

( 1 )  NUMBER OF COLUMNS OF MATRIX A 
AND ( 2 )  Nl lHEER CF CC‘LUMNS OF MATRIX B o  

CALLS FORMA SuaRounNEs YIN ,YIM -YLORD ,WOZER-YOUT .YOUTI - 
YPART ,YSYMLH,YSYMUH ZZEWMB 

DEVELOPE0 P Y  R A PHTLIPPUS, APRIL 1969, 
LAST R F V I S I C N  EY RL W h L E N  FOR NASA, MAY 1976, 

SUBROUTINE ARGUMENTS (ALL INPUT) 
NUTA = LC’GICAL NUMPER OF U T I L I T Y  TAP€ VN WHICH MATRIX A IS STORED, 
NUTe = LOGICAL NUMBER OF UTILZTV TAP€ ON WHICH F A T P I X  E IS STORED. 
NUTZ = LQGTCPL NUMBER O F  UTTLTfY TAPE QN WPICH MATRIX 2 IS STORED, 
V = \‘ECfCP WORK SPACE0 
L V  = VFCTOY WCRK SPACE- 
KV = DIMENSICN S I Z E  OF VTLV I N  CPLLING PRCGRAMo 
NUTl = LOGICAL NUMPER O F  U T I L I T Y  TAPE, 

N EPF. CR F X P LAN A T  I CP! 
1 = S I Z F  L IMITATICN EXCEEDED. 
2 = INCOMPATIRLE F ? A T R I C E C ~  

C 

I NPAfTZ=C 
NNZ 2 =O 
NRFC=O 
CALL YLOPC 
CALL YLORC 

C GET ( A )  HFAPFF 
REWINO MfTA 
CALL Y I N I  
NRA = MHFAD(11 
N C A  = P W A D ( 2 )  
NNZA = MHFAD(4) 
ISPAP = MHFhDf?) 
NP TTA= 1 G O W N  ZA/N R WNC A 
I Y Y  23= ISH AP 
I F  (lSHAPoFQm5HWHCL€ -OR- ISHAPoEQo4t ’D IbG)  G@ TU 3 
I F I ISHAP - E Q  OSHLCWER ) CALL YSYMUH I NUTA r V  9 L V t  KV, NUT l  9 NUTZ 1 
?F  ( ISHAP.FQo5HUPPER)  CALL YSYMLH (NWTA,V,LVIKV-NUTI,NUTZ) 

CALL Y I N I  INUTA-MHEADi l - IO)  
PEWINI? NUTA 

NNZA = MPFLCI(4)  
NPCTA=lCO*NNZA/NPA/NCA 

5 NPbRTA = MPEADf3)  
c GET ( R )  w a c m  INFOPMATION. 

RFWINO NUTR 
CALL Y l N I  (NtJT89MHEADr1910) 
NRb = MHEAP(1)  

MYZP = MHFAD(4) 
ISHAP = MHEAD(7)  

wce = M H F A Q W )  



YHULT - 21  4 
UIII 

NPCTB=l OO*NNZB/NRB/NCB 
IXYZ4=ISHAP 
I F  (TSkAPo€Qo5HWHCCE oCRo I S H A P o E Q o 4 H D I A G )  GO TU 10 
1 F ( NUTe ,V 9 LVI KVWNUTI *NUT2 1 
I F  (ISHAPoEQoSHUPPER) CALL YSYMLH tNUTBrVtCVrKVINUTlrNUT2) 
FEWYND NUfB 
CALL Y T N I  (NUTB,HHEADi l i lO)  
NNZR = M H € A D t 4 )  
N PC T B= ? CC *NN Z€? /NR W N C  R 

NPARTR = MHEAD(3) 

4 IS h AP -E Q 05HLOM R ) CALL Y SYMUH 

1G TF (NNZA.FOoO .OR, NNZBoEQoOI GO TU ?3 

I F  fNCAoGToKV/4 om- N C B o G T o K V / 4 )  GO TO 999 

IF ( f  RBoNEoNCA) GO TO 5'99 

IZ=O 
LPPS=KV/4+1 
LPE€=LPBS-I 
LC S=KV/2+1 
LCE=LCS-I +NCb 
L C C S = L C E + l  
LCCE=LC€ 
NNZ =KV-LC C I +1 
RFWIND NUT1 

GO 15  T=LCS,LCE 

C 

C 

15 V ( I ) = O o  
C 
C LOOP ON ( A )  PARTIONSO 

DO 55 X=lrNPb.RTA 

CALL YINI (NUTAtMHEAOrlr IO 1 
C GET ( A )  PARTf7ION INFCPMAffONo 

NNZPA = MHEAD(I1 
LFFLPA = MHEAD(2) 
LLELPA = M H E A O ( 3 )  
CALL YINI ( N U T A T L V T ~ T N N Z P A )  
CALL YIP4 (NUTAqYWl TNNZPA) 
K=LPPS 
I T R P L = O  
REWIND NUTR 
C A L L  YINX (NUfA,MHEADrlO,lb) 
NREAO=O 

C 
DO 5 0  I N A = I T ~ ' N Z P A  

JA=LV( 1NA )-1C0000*fA 
I A = L V (  INA ) /SCCOCO 

YF ( I A o F Q o I Z  -AND. I T R B L o E Q o l )  GO TO 50 
3 TR R L=O 

REWIND NtlTB 

NR€A@=O 

I F  ( I A o F Q o I Z )  GO fo 30 

CALL Y I r Y l  ( N U T B ~ M H E A O ~ I O ~ X O )  

C 
DO 2 5  I N C = L C S , L C E  

NE RRUR= 1 

NERF(UR=Z 



? F  fV t INC)oEQoOe)  GO TO 25 
LCCF=LCC€- : 
V (LCCF )=V f I N C )  
LVt  LCCE )=IZZ+INC-KV/2 
V t INC 1 = O m  

IF fLCCEoLTeKV1 GO TO 22 
CALL YOUTI (NUTI ,LV.LCCSrLCCE) 
CALL Y@VT (NUTl,V,LCCS*LCCE) 
NREC =NR€C +I 
NNZZ=NNZZ+NNZ 
LCCE=LCE 

25 CONTINUE 

I t = I b  
T Z Z = f  C0000*1Z 
K=LPP? 

C 

30 IF (KoLFi tFBE oAhlDo NREADeGT-0) GO TU 40 
35 I F  fYRFAD.EQoNPARTB1 fTRPL=1 

ZF ( ITRRLeEQoI!  GC TC 50 
CALL YTNT (NUT6 ,MHE ADtltlO 1 
NNZPP = HHFADfII 
LFFLPR = W E A D 4 2 1  
LLFLPB = M H E A D ( 3 )  
L PB € =L PR S-1 +NN ZP F 
CALL YYNI fNUTB,LV,LPBS,LPBEI 
CALL Y t N  (NUT6 ,V L PBS 9 L PB E ) 
NRF AD=NRE AD+1 
K=LPB? 

C 
40 DO 45 INB=K,LPFE 

!(=IN8 

TF ( IB.CT.JAI GC! TO 5 @  
IF (19oI.TeJA) GC' To 45 

I e = L v t  me, )/I ooooo 

Jez=Lv( I N E )  -IOOOOC*IB 
TNZ=KV/ + JR Z 
V f IN2 )::V( JNt ) + V f  INA ) + V  f IN8 1 

45 CONTINUE 

co TU 35 
50 CDNfIWUF 
55 C O N T I N U E  

C 

C 
DO 6 0  I t L C S t L C F  
I F  ( V f I ) . F @ . @ o 1  GO TO 00 
LCC E =L C.C E + 1 
V (  LCCF ) = V f  T 1 
L V f L C C F I = I Z Z + f - K V / 2  
I F  ( L C C € o L T . K V )  GT, TO 60 
CALL Y O U T I  ( ~ ~ J f l , l , V , L C C S t L C C F )  
CALL Y@UT (NUTl,V,LCCStLCCE) 
NR f C = N R F C  4 1 
LCCE=LCF 
NN Zt=NN I Z+NNt 

6 0  CGNffNUE 



C 
JF I L C C E o E Q e L C E )  GQ TU 7 C  
NNZ=LCCE-LCCS+t 
NNZZ=NNZZ+NNZ 
NR EC =NR EC +1 
C A L L  YOWTI (NUT1 ,LV.LCCS,LCCE 1 
C A L L  YOUT (NUT 1 r V  T L CC S LCC E 1 

70 REWTNO YUTZ 
M H E A D ( 1 )  = NRA 
M H f A D ( 2 1  = NCR 
MHEAD13) = NREC. 
MHEAD(4) = N N Z Z  
M H f A D ( 5  1 = SHOPDER 
M H E A D ( 6 )  = 0 
PIHEAD(?) = SHWHOLE 
C A L L  Y O U T I  ( N U T Z ~ M H E A D ~ l r I O )  
I F  INNZZoCTmO) GO TO 75 
DO 72 I = l , l O  

CALL YOWTX (NUT2 ,MHEAD, 1 T 10 1 
C A L L  YCUTX (NUTZ,MHEAD,l,?) 
C A L L  YOUT (NUTZ, V , l r 2 1  
R €TURN 

75  L Z E = K V  
REWIND NUT1 

72 M H E A D ( 1 I  = 0 

C 
DO I00 T=lrNREC 
I F  ( I E Q  Np FC f L 2 E=LC C S-1 +NNZ 
NNZP = L t E - L C C S + I  
C A L L  YTWI ( N t j T I  r L V r  L C C S r L L E  1 
C A L L  YTN (NUT1 ,V ,CCCSrLZE 1 
MHEADfI 1 = NNZP 
M) IEAD(Z)  = L V ( L C C S 1  
MH€AD(3! = L V ( L Z E 1  
C A L L YOUT f NUT 2 ,MH E AD 1 1@ 1 
CALL Y C i ' T :  ( N U T Z T L V ~ L C C S ~ L Z E  1 

IO0 C A L L  YCVT ( N U T L T V T L C C S , L Z E )  
C 

CALL Yp4!?t  ( , ~ I U ~ Z , V , L V I K V I N U ~ ~ )  
RETURN 

C 
999 C A L L  iZBCMP (SHYMULT rNEfiRW.1 

END 



C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C - 

SPECIAL SPARSE M A T R I X  WULTIPLICATXCN ( A  * R = 2 ) -  
B AND Z A R E  G€N5€ MATR1CF.S- 
KV/4 MUST 6 €  €QUAL TC! OR GQEATER THAN, 

(1)  NUMBER OK CCLUMNS O F  M A T P I X  A 
AND (2) NUMBER OF CCLUMNS GF M A T R l X  8 ,  

CALLS FCHMA SUBROUTINES YTN T Y I N I  TYLCRD TYNQZER,YOUT .YOUTI T 

YPART TVSYMLH~YSYMUHT ZZBDMe. 
OEVELOPED EY R A PHILIPPUS. AUGUST 1972- 
LAST R E V I S T U N  6Y WA BENFTELD, MARCH 1976, 

SUBROUTINE ARGUMENTS (ALL I!VPUT) 
NUTA = LCCICAL NUMBER OF U T I L I T Y  T t P E  CY4 WHICH M A T R I X  A IS STORED, 
NUTE = LOGTCAL NUKRER OF U T I L I T Y  TAP€ Oh HPTCH M A T P I X  f! IS STCUED. 
NUT2 = LC!GICAL NUMBER OF U T I L I T Y  TAPE ON WHICH M A T R I X  2 IS STORED- 
V = VECTOR WOPK SPACE, 
t v  = VECTOP WC'RK SPACE, 
K V  = UIMENSICN SIZF OF V t C V  IN CALLING PROGRAM, 
NUT1 = l.QGICA1. NUMeER OF U T I L I T Y  TAPE, 

NFPRCR EXPLANATICN 
1 = SYZE LTMTTATTC'N PXCEEDED,  
2 = INCCMPATlBLE M A T R I C E S ,  

C 

N E R E O R = l  

NE RR OR =2 
I F  (NRR,NEmNCA) GC! TO 999 

l t = O  



LBS=kV04+1 
L Z S  = 2*KV04+1 
NNZZ = NNZP 
NPARTZ = WARTS 
NNZPZ = KV04/NCB*NCE 
MHFADtI) = N R A  
MHFbO(2) = h’CR 
MHFAGt’S) = NPAPTZ 
MHEAO(1) = NNZZ 
MHEAD(S1 = 5HCRDER 
HHFADf6) = 4*KV04 
CHEADt?) = SHWHOLE 
REbiTND NUT2 
CALL YOUT? ( M W T Z , M H F A D ~ ~ T ~ O )  

C 
C REA0 A i3N€ T IME,  FACN PARTITION A S  REQUTR€D. 

CPLL YfNf ~ N U T A T M ) . ~ E A D , ~ ~ ~ C . )  
NNZPA = KHERD(1)  
LFFLPb = MHEAD(2) 
LLELPA = MHEAD(3) 
NNZARD = MEZPA 
CALL Y I N I  (NUTArLV, 1 TNNZPA? 
CALL Y f N  (NUfAr V t  IrNNZPA? 
IMA = 0 
NFRPZ = 1 

C 
DO 55 IPAPTZ=’lvMPPRTZ 
I F  (TPARTZ,FQ,NPARTZ) NNZPZ=NNZZ- 
NPPZ = NNZPZ,/NCR 
MLRPZ = NFRPZ-1 +NRPZ 
L Z E  = LZS--I+NhZPZ 
XNZ = L Z S - l  
00 20 I=NFPPZT~LRFZ 
DO 2 C  J=l,NCB 
TNZ = f N t + 7  
V f I N Z )  = O m  

20 L V t I N Z )  = l O O O O O * i + J  
2 1  REWIND WJT@ 

CALL YINI t N U T l ? , M H E A D ~ I t I O )  
C 

IPARTZ-1 

25 IF (fNA*LToNNZPA) GO TO 30 
IF (IPARfB-LT.RPARTR) 613 TO 5 @  



I F  (NNZARDoEQoNNZR) GO TC 50  
CALL Y I N I  tNUTApMH€AD,lrlC) 
NNZPA = MH€AD( I )  
LFELPA = MHFAD(2) 
LLELPA = MHEAD(3)  
CALL Y X N I  I N U T A T L V ~ ~ ~ N N Z P A )  
CALL Y I N  (NUTAT V e l r N N Z P A I  
NNZARD = NNZARD+NNZPA 
TNA = 0 
GO TO 2 1  

30 TNA = I N A + l  
X A  = L V f I N A ) / l 0 0 0 C O  

GO TO 5 0  
I F  fXAoLE.NLRP2) GO TO 35  

35 I F  (TAoLfoNFQkL) GO T O  25 
J A  = LV(fNA)-1CC?C?OO*IA 
I F  (JRILToNFRPP) Gn TO 25 
I F  (JAoGToNLRPB) GO TO 2 5  
LZ = (fA-NFPPZ)*NCB+LZS-f 
LR = (JA-NFP.PP)*NCB+LRS-l 
I F  (LB+NCB-GToCF!E) GC TC 50 

DO 40 JZ=I*NCE 
LZ. = L Z + l  
LR = L P + I  

GO TO 2 5  
40 V ( L Z )  = V ( L Z ) + V ( I N A ) * V ( L B )  

399 CALL ZZRC‘MB (6HYMMT1,NERRCR) 
END 



YMULTZ-- 1/ 2 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C - 
u 

C 
C 
C 
C 
C 
C 
C 
C 

SPECIAL SPARSE MATRIX M l ~ l f I P L I C A T I O N  (R**TP*(B)=(t)o 
A,BwZ ARE DENS€ MATPICES, 
Z IS SYMMETRYC, 
KV/4  MUST RF FCUAL TO OR GREATER THAN, 

( 1 )  Nt'MR€R CF CPLUMNS OF MbTRIX A 
AND (2) NUMR€R CF CnUMNS OF MATRIX B o  

CALLS FORMA SURRFUTYNES YOTOS WYIN v Y I N 1  rVLORD ,YNOZER,YQUf 9 

YOUTI  ,YPAPT rYSYMLH 9 YSYMUHv ZZEOMBo 
DEVELOPFD BY P A PHILIPPUS, AUGUST 1972. 
LAST RFVISION BY W A  BENFIELD, MARCH 19760 

SUSROUTINF ARGUM€NTS (ALL INPUT) 
NUTA = LOGICAL N W M P F  O F  U T I L I T Y  TAPE PN WHICH M A T R I X  A 15 STORED- 
NUTR = L O G I C A L  NUMRFR OF U T I L I T Y  TAP€ @N WHICH M A T S I X  f! IS STORED. 
NUT2 = L@GXCAL NUHPEP OF U T I L I T Y  TAPE ON MHTCH MATRIX Z I S  STORED, 
A = MATRYX WCKK SPACE- 
R = M A T R I X  WORK SPACF. 
V = VFCTOP WORK SPACE- 
L V  = VFCTCIR WCRK SPACE, 
K V  = DIMENSYON S I Z E  OF V,LV TN CALLTNG PROCRAM, 
KR = ROW D I M € N S I O N  OF A t 8  IN CALLING PROGRAM, 
NUT1 = LPGICAL NUMBER OF U T I L I T Y  TAPE, 

NEFROQ F XPLANATIClN 
X = SXZF L I M f T A T I f N  SXCfEDEGo 
2 = INCC'EPLTIPLF MATRICE:, 
3 YNCCYPATIRLE M k f D l C E S .  
4 = INCOMPATIBLF MATRICES. 
5 = INCUMPATIELF M A ? F I C F S -  
6 = MORE fkAN 500 COLUMNS IN MATP-lX B o  

CALL Y P A R T  (NUTA,V,LVikVsNUT1 1 

CALL Y f N I  (NUTAtMHEAD,I,lO) 
REWIND KUTA 

NRA = MHEADII )  
N C A  = YP€AD(ZI  
NN2A = M H € A D I 4 )  
NPART6. = MH€AD(3)  
R F W J N D  NUTP 

N R B  = MHFAD(1)  
NCP = MF(EAD(Z! 
NNZB = MHFAD(4) 
NPARTR = M H E A D ( 3 )  

CALL YYNI (NUTB,MHEAD,!,lO) 

NE RRGR=l  

NE R R O R = 2  

NE PRUR=3 



YMULI’2-- 2/ 2 ------------ 
IF (NPARI’AoNEoFtPARIb) GI? TO 999 

IF fNN2A.NEo~s~Z.B) GO TO 999 
L Z S  = K V / Z + l  
LZE = LZS-I+NCA*NCA 
REWIQD NtlTl  
DC! 30 JPAR?=1 VNPARTA 
CALL Y I N I  I N I J T A t M H E A D , T r I O )  
NNZPA = KHFAD(1) 
I R F  = MHEADf2) /100000 
I R L .  = MHEADi3) /100000 
NR = I R L - I R F + l  
CALL V I N  (NUTArVt1 9 1  1 
CALL Y f N  (NUTArVt! 1NNZPA) 
C ALL Y I NI (NUT 6 rMHE AD 1 t 10 1 

NFRROR=5 
I F  (MHFAD(T).NF.NNZPA) GO XJ 999 
LPSS = NNZPA+l 
LPBE = NNZPA+MHEA!Yl)  
CALL Y T N  f NUTR rVrL P 6 S  9 LPB S 1 
CALL Y I N  (NUT€! TVTLPBS tLPBE 1 

C 
C SfATFMENTS FRCM A l X P R 2  

N E K R O R = 6  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C - 

SPECIAL S P A R S E  MATRIX MULTlPLlCATlON ( A  * B = Z ) -  
A i B . 2  A R F  DFNSF MATRICFS- 
KV/4 MUST P.E FCUAL TC CR GREATER THAN NUMBFR CF CCLUMNS GF MATRIX A -  
CALLS FOPMA SUBRf JTINES YIN ,YINI ,YL@AD 9 Y M t f  ,YOUTI tYPART t 

Z f 5 0 M R o  
DEVELOPED ev R A PHILIPPUS. AUGUST 1 ~ 2 -  
LAST REVISION EY W A  BENFIELD, MARCH 1976- 

SUBPOUTINE ARGUMENT5 ALL INPUT) 
NIJTA = L O C I C 4 L  NUPRER CF U T I L I T Y  TAPE C'N k H I C H  MATRIX A I S  STORED- 
8 = M A T R I X -  SIZE (NCA,NCA)o 
NUT2 = LOGICAL NUMEER OF U T I L I T Y  TAFE ON HHlCH MATRIX 2 IS STORED- 
A = MATRIX W f X K  SPACE, 
v = VFCfDE WPRK SPACE, 
LV = V t C T C 9  WCPK SPACE. 
KV = DIWFNSICN S l Z f  OF V-LV I N  CALLJNG WEGRAM- 
KR = RPW D I M € N S f ( ? N  OF A T E  3N CALLING PRC'GRAM- 
rJUTl = LcIGIC6.L NIIMBER OF UTILITY TAPE- 

NFRROP EXPLANAT JrrJ 
1 = SIZE LIMITATICN EXCEEDED- 

RFWIND NUTA 

NRA = MPFADfl) 
NC,A = MF(EAD(2)  
NNZA = M H E b n f 4 )  
NPAWTA = MHEAD(3) 
MRF? = NCA 
WCP = NCA 

CALL Y Y V I  (NUT@ MH€AD, l t IG)  

IF f N C A I G T o K V I 4 )  CO TO 999 
C 

NEPRORrl 



YMULl4- 2/  2 



C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
C 

REMOVE ZEPO FLEMFNT' FROM SPARSE MATRIX A TO GET SPARSE M A T R I X  20 
M A T R I X  A IS REPLACED EY MkTRTX 2 ON NUT6.2o 
CALLS FORMA SUBROUTINES Y I N  ,YfhI ,YCUT *YOUTI 9YPART .Z26UHBo 
DEV€LOPED BY R k PHILIPPUSo OCTOBER 1 9 6 P -  
LAST R E V I S I O N  P Y  WA E E N F I € L D o  MARCH 1976- 

SUEROUtINF ARGUMENTS (ALL INPUT) 
NUTRZ = LCGICAL NUMFFR OF U T I L I T Y  TAPE ON WHICk MATRICES A s 2  ARE 

STCRED- M A T R I X  A IS REPLACED BY MATRIX Z-  
V = VECTOR WPRK SPACE, 
LV = VFCfClR WORK SPhCEo 
K V  = OTMFNSTCN 5TZE O F  V,LV I N  CALLING PRCC-RAM- 
NUT1 = CCCICAL MlJWRFR OF U T I L l T Y  TAP€- 

NERROR FXPLANATICN 
'1 = SIZE LIMITATION EXCEEDED- 

RFWTND NUfAZ 
REWINI) NUT1 
NRFC=C! 

NR6 = MHFAD(I)  
NCA = MHEAO(2!) 
%PART = YPEAfl(3.) 
NNZA = MV€AD(C)  
HCK@RD = MH€A0(5)  
MASHAP = PrHFAO(?) 
I F  fNN26.EQ.O) GO TC 25 
NNZCK-NNZA 
NkZA=O 

CALL Y TM I (IUUTA 21 MH E A 0  9 1 r 1 C 1 

C 

NE RR OR= 1 
I F  (NNZPmGT-KV) GC TO 999 
I F  (NNZP-GT-C) GfJ TC 5 
CALL Y X N I  (N I ITAZ~MH€AD, lCt lO)  
CALL YINl fYUTAZrMHEADrl0, IO) 
MHEADIIC) = 0 
GO TP IC 

CALL YfN fNlJfAZrV, l tNNZP)  
5 CALL VlNI (NUTAZtLVr l rNNZP)  

NNZZ=O 
c 





'C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBPOUTINF YOU? (NUT,AtNS,NE) 
OIMENSXCN A t 1 1  

WRIT€ @UT FINARY DATA F R C H  CORE ARFA A ONTO PERIPHERAL UFuIT NUT, 
CALLS FC'RMA SUPROUTINE ZZPCMR, 
DEVELOPED P V  R A PPfLIPPUSm NOVEMBER 19710 
LAST REVISION BY HA BENFIELD FOR N A S A ,  MAY 1976- 

SURRCIUTTNF ARGUMENTS (ALL INPUT) 
NUT = LCJCbfC6C NUMRER OF U T I L I T Y  TAPE, 
A = VFCTCR TO B €  WRITT€N, 
NS = START LCCATICN IN VECTOR A i  
NE = END LOCATION IN VECTUG A -  

N I  RRCR EXPLANATICN 
1 = START L C C A T I C N  GREATER THAN END LQCATION, 
2 = END OF F I L E  E N C O L F I T E R E G ~  
3 = WRITF PARIfY ERRCU- 

I F  (NS -LE-  0 -OR,  NS m G 1 ,  NE) RETURN 
N E R R O R = l  

NE RR UR=2 

MERRCR=3 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUGRCUTINF YOUTl (NUT p 1 A p N S p N E )  
DIMFNSTCN T4(1) 

WRITE @UT PINARY DATA FRCM C@RF A R E A  I A  CNTO PERlPHERAL U N I T  NUT. 
C A L L S  FCRMA SUPROUTINE Z26OM6, 
DEVEL@o€D PY R A PHILIPPUS.  MAY 1973- 
LAST REVISION EY WA EENFIECD FOR NASA. MAY 1976, 

SUBROUTINE ARFUHFNTS ( A L L  INPUT)  
NUT = L O G I C A L  NUMPER OF U T I L I T Y  TRPF, 
T A  = VFCTPR TC F F  WRITTEN, 
NS = S T A R T  L C C A T I C N  I N  VECTOR I A -  
NE = END LOCATXON IN VECTOR I A -  

MEPRCR FXPLANkTfChc 
1 = START LOCATI@N GREATER THAN EhD LCC 'ION- 
2 = FND CF F I L E  E ! V C C ? ~ T E R E O .  
3 = WRITF PARITY E R R C R ,  

NE RROR=1 

NERRER=2 

NERROR=3 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

REPARTlTIUN SPARS€ M A T R I X  & 6 Y  R@WS, 
USFD TC R E P A R I I l T C N  SPARSE M A T R I X  A W H I C H  WAS FORMED !N A PROGRAM 
H A V I N G  A D I F F F P E N ' T  D I M E N S I G N  KV. 
THE MAXIMUM ALLOWABLF P A R T I T I O N  S I Z F i  I C  K V / L -  
C A L L S  FCPPP SUBROUTINES YTN r Y T N T  ,YCCrf ,YOUTI rZZtC!Mb- 
DEVFLCPEO F Y  R A P W I L I P P U S ,  NOVFMPFP 1068. 
LAST R E V I S I C N  F Y  HA BENFIELD. Ir1kRCI-i 1976. 

SUPR0 '3T INE ARGUMFNTS f A L L  1 N P U 7  1 
N U T A  = LOG1Cb.L Nl'M€.€R OF U T I L I T Y  TAPE 0.b W H I C H  M A T R I X  A I S  S T O R E D -  
V = VFCTOQ W W K  SPACE, 
LV = VECTC'R WO"K SPACE- 
K V  = D I W E N S I M I  S T Z F  C F  V v L V  I N  CALLING PROGRAM- 
NUTI = L O G I C A L  NUMFER OF U T I L I T Y  T A P E -  

NEP R CR E XP L AN AT T (3 
1 = SIZF L I M I T A T I O h r  FXCEFDED-  
2 = S I Z E  l t M 1 T A T I C h  E X C E E D E D -  

5 

10 

2 0  
30  

L A F = O  
NREC=C 
WNZP?=C 
DC 5 I = I , l G  
MZHF60(I) = 0 
M P X P = K V / 4  
IF (PAXPoFGoC) M A X P = I  
L P R S = l  
PFWTND N U T &  
REWIND N l t f l  

N E R R OR. = I. 

NERRUR=2 



YPART -- 2/ 3 

1 PRS=l P R E  + I  
I F  (NMZPT.LToNKZA) GO TO 10 

'C 

C 

C 

C 

C 

C 

40 

50 

6C 

80 

85 

I00 

102 

1 0 5  

IF (LAE-GT,KV) LAF=LAE-NNZY 
L=MAXP 
LPWL=1 
LPWE=L 
I F  (LAF-LF-LPWFI GO TU 80  
I F  (LPWE-FQ-LA€) CE TC' 8 0  
I F  ILV(LPW€)/lOOOOO oLTo LV(LPWE+l) / lCO@@O) GO TO 80 
IF (KAXPoLT-2) GO TO 8@ 

I F  (LPWFoGToLA€) LPWEZCAE 
L-LPWF 
hNZ PW-LPW €-LP\rr5+L 
MZHEAD(1) = NNZPW 
MZHEAD(21 = LV(LPWS1 
I Z H E A 9 ( 3 )  = LVtLPWE) 

NRFC=NR€C +1 
CALL Y O U T I  (NUTI,MEHEAD, I ,IO# 

CALL YOUTI: (NUT? ~ L V I  LPWSqLPW€ 1 
CALL YCUf  (NUT 1 ,Vv L PMS 9 LPWF 1 
I F  (LPMEoFCoLAF .&'Do N N Z P T o E b o N N Z A l  G[? TO 103 
IF (LAFoCT-IPWF+MARP) GC TC! 8 5  
LPWS=LPWF+l 
LPWE=LPWS-f +MAXI' 
C=CPWF 
GO TO 5 c  
MOVE=LBE-LPWE 
LA€=MCVE 
I F  ( M @ V € o E Q o O )  GO TC! IC2 

L PQ S=L A F+?  
1F (h'NZPT,LT,NJN2A) GE TO 3 C  
LPWS=I 
LP\JE=LAE 
p-O TO 8 3  
k€WIb!D NUT1 
PEWINT! NUTA 
MHFAP(3) = NPEC 
MHEAD(6) = K \ I  
CALL YOUTI (NUT A VMHE AD, 1.10 



DC 110 I = l r N R E C  
CALL YINT (NUT1 ,MPH€AD p l p 1 0 )  

C 4LL YCUTI  (NUTP. rMPHEAD 9 1 T I(? 1 
NNZP = MPHEAC(Y1 
CALL YINI (NUT1 rLVr 1 tNNZP) 
CALL YTN (NUTl ,V , l ,NNZP)  
CALL YOUTI (NUTA9LVv1,NNZP) 
C A L L  Y@UT (NUfApVtl9NNZP) 

110 CONTTNUE 
C 

C 
RETURN 

999 CALL ZZROMB ISHVPART ,NERRUR) 
END 



YPUMCh-- 11 2 ------------ 
SUFPCUI I N €  YPUNCh (NUTRwANAMF r V t L V , K V )  
D I M E N S l C N  V (  11 t L V ( 1 1  , W 1 4 )  t P I H € A D ( l O )  
D A T A  ~YITTNI?TI'~ to /  

C 
C P U X H  ZPAcSF M A T R T X  A C'N CARES I N  FORMA C O M P A T I e L E  FCRHAT FCR 
C SUBRCUTTNFS RFAD,YREADt JREAD. 
C C A U T I O N  - FLEMFNT L O C A T I O N S  ( L V )  SHOULD BE IN I N C R E A S I N G  CRDFR. 
C C A L L S  FORMA SVBROUTINFS Y I R  t Y I N I  ,226C'MBa 
C OEVELQPFD P Y  Q A P H I L I P P U S .  JANUARY 1969. 
C LAST PEVISICN E'Y HA B F M F I E L D .  MARCH 1976. 
C 
C SUPPOUTINF ARGUMEVTS ( A L L  I K P U T )  
c NUTA = L r C T c a L  N~WPI'FS OF UTILITY TAPE m WHICH MATRIX A IS STORED. 
C ANAMF = M A T R I X  I O E N T I F I C A T I C N ,  ( A 6  F@RMAT) 
c v  = VECTOR HC'FK SPACF, 
c L V  = VECTCR WORK SPACE. 
C KV = D I h E N S X C N  SIZE OF V V L V  IN C A L L I N G  PROGRAM, 
C 
C NERROE FXYLANATXCPI; 
C 1 = SIZE L X M T T A T I O N  EXCEEDED, 
C 
4001 rL7RMAT f b 6 , I k r 1 5 t A 6 )  
4002 FCRMAT ( 2 1 5 r 4 E 1 7 , R )  
4003 FORMAT ( l O H O O O C O O O O O O  1 

C 
REWIND NUTA 

'URA = M W A D ( 1 )  
N C A  = MPFAD(7)  
NPAP'fA = KhFAD17) 
MNZA = MHFAD(4) 
I Z H A P F  = W E A D ( ? )  

C A L L  YINI ( N U T A T M F ! E A D ~ I T I ( ~ )  

QIJNCh 4 3 C 1 ,  A N A K f  t N R A T W C A r I S H A P E  
TF fYN2PaEC.t') GC TU 40 
L P S = 1  
I F L A G = O  

C 
DO 38 M = l  TNPAPTP 
C A L L  V l N l  ~ N U T A ~ M H E A D ~ ~ T I O )  
YNZP = M H F A D t I )  
L F F L P  = MHFAT j (2 )  
L L E L P  = M H E A P ( 3 1  
IF (NN2PmGT.C) Gc' TO 2 
CALL Y T N I  ( N U T A , M H E A D , I t Z )  
C A L L  Y l h f  4 kUfA 9 V t l r 2 )  
cc' TP ? e  

2 L P F = L P S - l + N N Z P  



IF ( f o E C o l  .AND, M e E Q - 1 )  GC TO 20 
K =  JA-3: +I 

WIK)=VIJ) 
I F  IIoLToLPE -OR. MOLT-NPARTA) GO TC 33 
ffLAG=I 

f F  ( ( J S + 3 ) - G f o N C b )  NJ=kCA-JS+I 

I F  ( I A o N € o I S  . C R o  K.LE.0 -OR. K o G T - 4 )  GC 7 0  5 

5 NJ=4 

T F ( J a  ,GT , r m  1 N J=O 
PUNCP! 4 C 0 2 ,  f S r J S i ( W t  J ) , J = I v N J )  
I F  (NNZP.EQo@) GO TC 38 
I F  (TFLAG.EQ.11 GC TO 35 

20 f S = I A  
JS=JA 
w ( 1 1 = V (  f 1 
DO 30 Kz9 .4  

30 W ( K ) = C o  
IF (XoLToLPE oCRo MoLToNPARTA) GO TC! 35 
TFLAG=l 
GO TO 5 

35 C@NTINUE 
3f! CONTTNUF 

40 PUNCH 4003 
C 

RETUQN 
C 

999 CALL ZZFOMB (~HYPLWCHINEPRCR ! 
E ND 



YREAD -- 11 5 

SUBRC'IJTINE YREAD fh'UTApVpLVpKVvNUT1) 
DXbFNS I(M' 
D A T A  NITrNOT/5 r6 /  

V f 1 I TLV (1 9 X (4) 9 I R E M R K  9 )  ,MhE AD ( Y 0 )  

C 
C R F A I )  SPARSE MATRIX FFOM CARDS C'R TAPE AND P R T P ' ?  ff.  WRITE MATRIX ON 
C TAPE I F  SC I N D I C A T € D  (FY NWTRYF ORF- 0 I N  CCLUMKC 7 9 - P O ) -  
C CALLZ FORMA SUBROUTINES INTAPEtLTAPE WPLGFhDvYTN r'YINI tYCUT T 

c YOUTI (YPART T Y R T A P E T V ~ R I r r r Y W T ~ P € v Z Z a ~ M B .  
C DEVELClPED F Y  R A PHILIPPUS. NOVFMPFR 1968- 
C L A S T  R E V T C T O N  6 Y  W P  6 E N F T E L D .  MARC)+ 1976. 
C 
C **** CARD TNPL!T **** 
C F I R S T  CARE - ANAM€,NRC'WS,NC@LS WITH A 6 ~ f 4 9 1 5  FORMAT- 
C - G E M A R K S  I N  COLUMNS 16-69. 
C - I F  T h I S  I S  T h €  LCWER ( O R  UPPFP) PALF OF A SYMMETRIC 
C M P l R T X ,  TMf WOPD LCWER (CR UPPFP) MUST APPEAR IN 
C COCUMNS 16-2C- 
C - I I N  CCLUMN 72  FOR NWTAPF I N I T T A L l Z A 1 ~ 0 Y -  
C - CONTRL I N  73-78. CCWTRL MAY 6 F  BLANK9 CK THE WORDS 
C REWIND nR L I S T ,  OR tWhEN b IN 7 2 )  THE NWTAPE TAPE-ID 
C (EG 1 1 2 3 4 ) .  
C - NWTAPF (LOGICAL TAPF NUHFIFR) r y  COL m - e o  ( E G  1 2 ) .  
C MIODLE C A R D S  - @ATk h I T H  FPRMAT ( 2 1 5 1  L F ! 7 - 0 ) -  
C - 1-51  15 I S  TH€ PCW NUMPEQ. 
C - 2-ND I5 I S  TH? CDL N U M B € R  O F  THE WEXT El?,@ F I E L D -  
C - NFXT 4E17.C A R F  FLEMFNTc CF THC- VATPIX- 

LAST C R P O  - T t N  Z E R @ S  IN CDLUMNS 1 - 1 0 .  
" 
C **** TAPE ThPU1 **** 
C ONE C A R D  .- ANPMFTCOCfZERO CR MIPUc' THF LCCATICN N U M F E R  ON NRTAPEIT 
C NF'TPPE(NbMhEP V F  PE6.1) TAPFV I F  MTNUS NO PRINTOUT)9 ARUNNC 
C P Ch'TG L t E\ LANK 9 PF W I NO OR L I SI 1 W ITH Fl lPYA T ( A 6  9 I 4 9  I5 * A 6 9  R6 
C - P F M A R h S  TN 2E-69. 
C - $TCONTRLtYWTAPF SAME A S  FTRST C A R D  U"-D€R C A R D  INPUT- 
C 
C SUBRRUTIWF ARGUMENTS ( A L L  INPUT) 
C NWTA = L O G I C A L  NL'MP€R OF U T I L I T Y  TAPE ON WHICH MATRIX A 15 STORED- 
c v  = VFCfPR W@PK SPACE. 
c LV = VFCTW W@PK SPACE. 
C K V  = DTMENSICN S I Z F  O F  VgLV I P I  CALLIY:G PROGRAM- 
C NUT1 = LClGlCAL NUMRFR O F  t r T I L T f Y  TAPE, 
C 
C NE PROR € XP L AN A T  I Tw 
C 1 = RCW OP C@LUf!Y VALUF O F  rLFMENT F X C F F D S  M A T R l X  S I Z F .  

C 3 = M A T R l X  IS DFSJGKPTFD L f W E R  H A L F  S Y M M E T R I C  P U T  NON-ZEKCES F X X S T  

C 4 = PATRTY I ?  DFSICVATFD UPPER HALF S Y M H F T R I C  6UT N O h t - Z E R ( ' E 5  EXIST 
e ONLY T W  I P E  L W F P  FPLF. 

C 2 = DATA f'N CAqD P A 5 1  MATRIX CULUMN S T Z F -  

C CNLY I N  ThiE UPPEP' h A L F -  

C 5 = LDCPTlCN PN TEPF PAST END CF Tc'f'F MAPh.  
C 6 = LDCATI@N ON T A P E  PAST E N D  OF TAPF M A K K -  
c 

1001 FOPMAT f A 6 ~ 1 4 ~ 1 5 9 9 A 6 ~  2 X A 1  ~ h 6 1 1 2 )  
1003 FORMAT f'Zl! 9 1 . E 1 7 . C 1 )  
2001 FCQMAi ( / / ? h H  C A R P  1NPllT S Y A F S E  MATPIX A 6 9  ?X9lH( ,1492H X t l 4 ~ i h  1 9  







YREAD -- 4/ 5 ------- 

NER ROR =5 

DC' 210 L=lrNUM 
R F A D  (NQTAPE) TIC.L%* - J ~ C K  
IF ( I E G T C Y - F Q m 3 h E I 2 T )  GC TO 9 C C  

ZIC R E A D  f t J Q f A P E )  
CC TC 2 5 t  

220 eACK5PACF Q P T A W  
Cz) t@ 250 

C NOT€-eeTHF FCLCCUJNC S E C T I Q N  W A S  DESIGNED P R I M A R I L Y  TC BF USED @N k 
C D T Z K ,  I T  WILL WORK OM A T A W  BUT I T  WILL NCT EiF A S  EFFICfEP!T 
c **#****e,+ 

225 P E W I M ?  NFTAP€ 
NUM = ( - N ! - 1 ) * 2  
I F  il\'UF?eFCoC) GO TC 250  
oc 2'10 L=ItNUP 

230 P F A O  (NRTAPE) 

250 CALL Y P f A P F  ( I R t E H R K ( 1  ) t A N ~ M E  t M U T A , V , L V , K V t N R T A P E t ~ ~ l I )  
c ********** 

P€WT?JD NUT& 
CELL Y ? V I  (WUTA.KHEAD,~.XC) 
N R A  = M H E A P ( ? )  
WCA = Ivlt!E&0(2) 
NPART = M H E A C f 3 )  
NNZA = W F L P ( 4 )  
WRITF ( W T , 2 6 C C )  ~ R A T N C A  
I F  (N2,CT.I)  CLLL Y W P I T E  (NUTAtANAYErV,LVtKV) 

C 
C NWTAPE INTTIALIZfkdp W8lTINCp AND LISTING SECTTCN- 

300 TF ( Y W f P P F o L F e O )  Ct TO 350 
I F  ( 1 2 1  -FQ.!HS 1 '-! L lNTAPE (NHTAP€,TT-2 1 
! F ! T 22 .F C. 6 W? F W I Y I 1 h FW I PJO hW T AP f 
C ~ L L  YWTAPF (NUTA ,ANAM€ ,V,LV *KV,NWTAPE 1 
I F  t IZ? ,EC, -LHLI5T)  CALL LTA3 (NWTAPF 1 



YREAO -- 5 1  5 

NRA = MFEAD(1)  
NCA = F(HEAZI(2) 
NPART = M H F A O ( 3 )  
NNZA = MHEAD4L) 

RETURN 
W R I T €  (NI?T.2005) FNZAgNPART 

C 
900 CLLL LTdPF (NRTAPE) 

CALL ZZPOHB (SHYREAD WNERRUR) 
996 W R I T E  fN0T.i ? L )  1,JS.X 
909 CALL 226UMB t5HYREAD 9 N E R R O R )  

EhrO 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C - 
1: 
G 

c 
C 
C 
C 
C 
f 
C 
C 
C 
C 

C 

c 

REARRANGE RCW5 ANI? CCLUMNS OF A L P H A  * SPARSE MATP.IX A AND ADD TO 
S P A R S E  MATCTX 2 0  ( A L W A  * A * 2 = 2 ) -  
CALLS FCRMR SURRDUTINES X L O ~  ,YAARR ,YIN , Y r m  ,VLC’RD ,YNPZER. 

’ W T  ,YOUTT 9YPART ,YSYHLH?YSY~UH,Z280M@- 
O E V E L O P F D  PY R L. Pt ’ IL Ic .kL~I-  DECFMf3.t~ 1969- 
L A S T  REV15ION F Y  R L  U‘HLcN FOR N A S A -  MAY 1976- 

SUEPUUTINE AFGCtMENTS ( A L L  INPUT) 
ALPHA = S C A L A R  TPAT MULTIPLIES M A T R I X  A -  
NUTA = L n G T C & L  N U M € F R  OF U T I L I T Y  T A P E  gN WHICH NATRTX A IS STORED-  
I V E C  = VFCTC’K- (SIZE = N P A )  

T V F C t J !  = ROW POST?T@N OF A t P C W  I )  IN 2 ,  
I F  I V F C t T )  IS PLUS Z = Z(PfW I V E C ( 1 ) )  + A L F H A  * A(RCW I )  
I F  f V F C ( 1 )  15 MINUS, 2 = Z(RC!W I V E C ( 1 ) )  - A L P H A  * AtROK I )  
If (IVFC(X1 IS Z E R f l  9 &(ROW I )  I S  W l T T E D  Ih 2 -  

J V E C  = VFCTCpo ( S I Z F  = Y C A )  
J V F C ~ J )  = ccLww PCZITICN OF AKCL J )  IN z- 
YF J V E C ( J 1  TS P L U S  9 2 = Z i C O L  J V E C ( 3 ) )  + A L P H l  * A ( C 0 L  3) 
I F  J V F C t J )  1 5  MXh‘US, 2 = ZICOL J V E C ( J ) I  - ALPHA * A(CUL J )  
I F  J V E C t J )  IS ZERO 9 A t C O L  J )  T5 W I T T E D  E’J 2 -  

PUT2 = L C C T C A L  NUMeER I!F UTTLITY TAPE ON WHICH M A T R I X  2 IS STORED. 

LV = VFCTCR WORK C,PAC€. 
V = VFCTCP WORK SPACE, 

K V  = DTMENZICVV SIZF OF V v L V  I N  C A L L I N G  PROGRAM- 
NUT1 = L:’C-ICAL NUMF€R C F  t ! ? I L I T V  ThPF- 
NUT2 = 1 0 C T C A L  NtWFER C F  U T I L I T Y  TADF, 
NUT3 = L C C I C A L  NUMFFP CF U T I L I T Y  TAPE, 
NUT4 = CCGXCAC VUMPEQ C F  UTlLITY ? A P E -  

NFPR 09 E XP LAN AT T c(u 
1 = RCW L O C A T I O N  I’tr?SIDE M A f R 7 X  2 .  
2 = C@LUMN L C C A T I P N  WTSTCE k A T R T X  2 -  

C 



IC CHECK SIZES. 

C 
C 

C 

DC 2 I = l * N P A  
I F  f?nPS(IVEC(fl)-GToNRL) GO TU 999 

2 CONTI?4UF 

hERROR=1 

NERRt'R=Z 





YRTAPE-- 11 3 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

READ SPAkSF MATRlX A FROM TAPE (NTAPE) BY IDFNTIF ICATION CIF I A R U N C  
AND IANAMF AND STUQF I T  ON U T I L I T Y  TAPE (NUTA), 
CALLS FCRMA SUBROUTINES LTAPE t Y I N  t Y I N I  tYOUT 9YCUTI *ZZBOMB- 
OEVELOP€D F V  R A PHILIPPUS. NOVEMPER 1968,  
LAST REVISTOM BY Uk BENFIELD FOR N A S A -  MAY 19760 

SUBRCWTINF ARGUMENTS (ALL INPUT)  
IARUNO = RUN NUMEFR f F  MATRIX A .  ( A 6  FPRMAT) 
!ANAM€ = MPTRYY IDFNTIFICATION, ( A 6  FORMAT) 
NUTA = L C X I C A L  NUMBEP O F  U T I L I T Y  TAPE ON WHICH MATRIX A IS STOPEDo 
V = VFCTCP WCRK SPACE. 
L V  = VFCTC'R WC'RK SPACE. 
K V  = DIMENSIC'N S I Z E  CF V t L V  f h  CALLING PQCCRAMo 
NTAPE = L O G I C A L  h'UMEEr( CP TAP€ FROM WHICH Y A T k l X  A 15 TC! RE READ. 
NUT1 = L-GICAL FiUMPEF OF U T I L I T Y  TAPE, 

NEFRCR E XPLANAT TLW 
1 = IRCCRRECT MATRIX TYPE. 
2 = CIMFNSICN SIZE EXCEEDED ( K V ) ,  
3 = JRNPYE AND IARURO ROT FOUWD CN NRTAPE, 
4 = OIMENSION SIZE E X C E E D E D  (KVIo 



VRTAPE-- 2 1  3 --------- 

NE kR CR =3 

NE RR OR =4 



MHEAD(3I  = LVtNNZP) 
M H F A D ~ ~ )  = 0 
HHEADt5)  = 0 
MHEAD(6) = b 
MHEADt7)  = 0 
CALL YOUTI  (NUTA,MHEADtltlO) 
CALL YOUT? (NUTA VLVt 1 ,Y;:NZP 1 
CALL YOUT (NVTAvVr l rNNZP)  
RETURN 

900 WRIT€ (NOft300f) IARUNCIIANAME~NPF 
990 CALL L IAPE I N f A P E )  

CALL ZZROW3 (6PYRTAPE pNERROR 1 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C - 

C 

C 

C 

SUBROUTINE YRVI. (NUTZ,N,NU.Y.LV,KV,MtTr ,NUTZ,NUT31 
DIMERSION V ( l ) r  L V ( I 1  

DATA T R v I L  / 100, l O O O O O O O O C O C O  / 
DIMENSICN It!(IC) 

DATA IMWLT / 099999999 / 
DATA SCALE- / 9099-9999, / 

G E N E R A T F  MATRIX C'F RAYLEIGH VECTCRS, 
RANDCM NUMPERS RFTtlEEN -10 AN@ + f o r  
INPUT NOW-ZERO CflLUMNS A R E  NOT CHANGED, 
CALL? FORMA SUePOUTfNES 0 - 0  

Y I N  r Y I N 1  ,YLC!PD .YOU1 ,VOI!lI ,YPART *YTRANS,ZZBOME!o 
DEVELOPED BY R A  P H I L I P P U S -  KAKCH 1972-  
LAST R w r s I m  P Y  R L  WOHLEN, JUNE 19750 

SUBRCXITINE ARGUMEWTS (ALL I N P Y l )  
NUT2 = LEGTCAL NUMPEP OF U T I L I l Y  TAPE C!F M A T R I X  @F I N I T I A L  RAYLEIGH 

VFCTOPc. M O W Z E R O  CELUMNS INPUT TC TbIS SUBROUTINE ARE NOT 
CHA NC F 0 

N = NUMPFR CF RoJ5 @F PAYLEIGH VECTORS M A T R I X -  
NU = NUMeCR OF CCkS OF RAYL€IGH VECTORS MATRIX ,  
v = VFCTPR WORK SPACE, 
1v = VFCTCP WCRK. SPACE, 
KV = DTM€NSTCN C F  V v I V  I N  CALLTNC PROGPAM. 
NUT1 = LCGTCAL P!UMEER GF 1JTiLITY TAPF- 
NU12 = LFGlCAL NL'b'PEP OF U T I L I T Y  TAP€- 
NUT3 = LC'GICAL NUMPER OF U l l L I T Y  T A P E -  

K V l 4  = K V / L  
TRANSF€R ROWS ON M U t Z  TO COLUMNS ON N U f 3 ,  

CALL YTRbkS (NUTZ.NUT~,VrLV,KVrNUTlrrVUTZ) 
REWIND NUT3 
REW?NO NUT2 
W W l l  49wv 
YPARTZ = (NNZ2-1) / K V 1 4 + 1  

SET ( 2 )  H E A @ E P . o  
fH(1) = hi 
I P ( 2 )  = i\'U 
1 k ( 3 )  = NPAPTZ 
IP(L) = NNZZ 
IH(5) = C 

i H ( 7 )  = EHWHOLE 
f H ( E )  = 0 
f H 1 9 )  = 0 

CALL Y r U T I  (NUTZ~IHI I , IO)  
LZ = 0 
I R N  = IMULT**Z 

r H ( 6 )  = c. 

r H ( i o )  = o 

R E A D  DATA T W A ?  CNT€PFD CN MU12 6 U T  TRANSPOSED TC NUT30 
CALL Y I N I  ( X \ I U T ~ ~ I H I ~ , ~ O )  
N P A R T T  = I H ( 3 )  
NRFAn = G 

L I S  = L X E + I  
V-(l 4QT 3 







C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

j: " 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

REARRANC-F RCWS AND CTtCtMNS OF A L P h A  * M A T R I X  A AND A D D  tC! 
SPAQSF N R T P I X  2 -  (ALFPA * A + 2 = 2)- 
P A T R I C E S  A 9 2  ARE ASZLJPFD S Y W E T R I C ,  
C A L L S  FORMk SUEROUTlNES XLQPD rYA?.'.3B 9 Y l N  9 Y f N I  9 Y L O R D  rYNOZER9 

YCUT PYOUT 1 1 Y P k R f  9 VSVMLH 9 YSVMUH9ZZBOMEs 
D E V E L P P F D  F Y  P A PHILIPPUS-  NOVFHBER $972. 
L A S T  R E V I S I C N  F Y  k A  E E N F I f L D .  MAYCF-: ?976, 

S U e R O U T I N E  ARGUMENTS ( A L L  INPUT) 
A L P H A  = S r A L R R  TYCT M U L T I P L I E S  M A T R I X  A m  

A = M A T R I X  A, 
I J V E C  = VECT@F. ( S T Z F  = NPA)  

I . ~ ~ T I  = ROW P o $ r n m  OF X ( R P W  I )  I N  z. 
IF IJVFC(1) IS P L U S  9 Z = Z f R O W  J J V E C ( 1 ) )  + A L P H A  * A(ROW I )  
IF I J V E C ( 1 )  IS M I N U S ,  2 = 2:ROW I J V F C ( 1 ) )  - h L P H A  * A(ROW I )  
I F  ( T J ' J E C t T )  IS ZEPCI 9 AtROW I )  ?S OMLfTFD IN Z -  

NUT2 = L C G I C A L  MUMP.€Q OF U T I L I T V  TAPF ON WHICH M A T R I X  Z IS STORED- 
NRA = NUMEER OF ROWS A N D  COLUMNS OF & -  
V = VFCTOG WC'PK SPACE- 
L V  = VECTPR WOFY SPACE 
K V  = DTPFNSTC'N S T Z F  (IF V 9 L V  I N  CALLTNC- PROt;RAM, 

NUT! = L t G I C A t  NUMPER O F  UlILlTY YAPE. 
NUT2 = L O G I C A L  NUMISEP CF U T I L I T Y  T A P E -  

KA = Q C I W  DIMFNSICN OF M A T R l X  A IN CPLLIP!C, PROGRAM,  

NUT3 = LCG?TAL NVMPfF O F  U T I L I T Y  TAPF, 
NUT4 = L C G I C A L  Nt 'YFER O F  U T I L I T Y  TAPE- 

NFRRCR F X P L A N A T I C N  
! = 2 M A T R I X  IC hJfT SQUARE- 
2 = PC'W PF' CClLUkN L O C A T I L ? N  O U T S I O F  M A T R I X  2- 
3 = D f M F k S f O N  S I Z E  EXCEEDED ( K V ) ,  

NE RR CR = P 

k E PROR =2 



00 2 I= l ,NRL 
I F  f T A P S ( I J V ~ C ( I ) ) , S T o N R X )  GO TO 999 

2 CONTINUE 

J = O  
C 

NERRC8=3 





C 
C 
C 
C 
c 
C 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
1 
Y 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

SklbRCllf XNC YqVAD2 (NUTApNUTZ 9NRZ.W T K W ~ V T L V  , K V o W T  1 rl'!UTZ,NUT3) 
U T W F N S i f N  
D IMFNS TC'N 

V I  1)  ~ L V  (1 1 p XU( 16 # , I L ( I o )  r M H E A D ( l C 1  rMPHEAD(lO)rM2hEAD(10) 
5: I KW 9 1 1 

C@PMCPJ 1 LWFKVI / T.JVEC(3C103  
D A T A  FPS 1 1-f-25 / 

RF4PRANGE POW? A N  CGLUMNS C'F SMALL DENSE M A T P T C F S  ( A 1  € Y  SMALL I V E C Z  
BDTt; FRPV '+:!?A, A?% PDD MATRTX ELE'MEYTZ AT L I K E  LnCATIQNS TO FORW 
L C 9 5 F  5 P b L . b  M A T R I X  ( 2 )  ON N U T Z ,  NUT2 1 5  I N I T I A T E D  IN THIS SUBROUTINE 

MRTD' tX ( A )  ELFMFNTS W C S E  AESOLUTE VALUE I C  LESS 7kAN EPS A R t  NOT 
PL CED IYTf" M b T R I Y  ( Z 1 .  

TH.5,  ANY ' <F\'ICU? DATA C'N NUTI  I S  DESTRZYFD, 

A IS AFCUMFD Y Y M M C T R Z C V  ONLY TFE LCWFR HALF IS USFD- 
ONLY THE LPWEQ HALF F 2 ( A L S C  SYMMETFTC) TS FC'QMED- 
CALLS FORMA SUEKOl fT INES Y I N  ,YIMI 9YOUT ,YOUTI r Y P A R T  9YZERC 9 

ZZPOMB- 
D E W L f P F 3  FY R A PHIL IPPUS,  JANl lARY 1973, 
LAST R E V I S I G N  BY PL WOHLEN FljR N A S A .  MAY 1976, 

SUERCUTTNE ARGUMENTS (ALL IhPUT) 
NUTA = LDGICAL N l l Y R E R  C?F U T I L I T Y  TAPE CN h'HICt4 SMALL M A T R I X  DATA IS 

S f r R F O -  FbTA C U N T I S T S  DF 5 I Z E T  M A T P I X  E L E P F N T S ,  P V € C ,  
WTA r?  R E A P  T N  THIS SUEROUTINE WITP A READ STATEMEW. THUS* 
IT RUYT P A V E  BEEN GENERATED WITH A W R ~ W  TTATEMFNT, NUTA 
CbNNCT BE UZED WITH ANY CThER ZPAPZE S U F R W T I N E ,  

NUTZ = L O G I C A L  NUPJBFR @ F  U T I L I T Y  TAPE OW h 9 I C H  M A T R I X  Z IS STCREC- 
NRZ = NUMPEP OF ROW? AND CGLWMNS OF SPARSE M A T R I X  2- 
W = M A T P T X  WOFK SPACE, 

v = V F C T r S  W@PK SPACE,  
LV = V E C T W  W R K  SPACE, 

KW = ROW DIMFNSICN RF W JW C A L L I N G  PROGRAM- 

K V  = D I M E N c I C N  C I Z F  OF V t L V  IN C A L L I N G  PROGRAM- 
NUTI = L C G I C A L  NLIMFIFR OF UTILITY TAP€, 
NUT2 = LC'GICAL NllMPER O F  U T I L I T Y  ?APE, 
NUT3 = L C G f C A L  NUtdP.ER O F  UTXLITY TAPE. 

NFRROR EYPLANATTCN 
1 = PPW f l f i  COLUMN LCCATIGN Q U T Z I D E  F I A l R I X  ZI 
2 = NUTA CCNTATNED @NLY NULL M A 1 R f C E S -  

C A L L  YZFRO ( N U T Z ~ N R Z I ~ V R Z ~  
REWIND W T A  
R E A G  (NUTPI NAME 
I F  (f'?AYF.Ec .6H 1 RETURN 
PFWTVD tr!Utf 
RFWfND NUT1 
QEWIND WIT2 
KVC4 = Y V / 4  

MI.rFAPf1)  = N R T  
M P C b D ( 3 )  = N E 2  
M H E A D ( 3 )  = C 
M t + F A D ( k ?  = 0 
M P F A P f C , )  = SHORDFR 
MHCAC)(C) = K V  

SET (Z) M A T P I X  HFADEP- 

t 







NE RR OR=2 
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GC! TO 410 

f NOW TH€RE P R F  NSEG CRDEREO GRCIjPS k'RJTTfN ON N U T I .  
228 N T I  = b ! l l T I  

NT2=NUT? 
NPFC = NSEG 
N S F G  = 0 
NNZZ = c 
REWXNO NUT3 

C 
C MFSHING CIPEK ATION 

23C REWINP NTT 
RFWXND NTZ 
IF f N " € C o F C ! - C )  GP TC! 3 C 5  
CALL ':TKI ( N f l ~ M P H E k D ~ 1 , 1 0 )  

CALL YTRT ( ! V f l , L V t l r N N Z P l )  
NNZPI = M P P E A D ( 1 )  

CALL Y I W  ( N f l  9 VI', 9 NNZP?. ) 
I F  f N P € C . E Q o I )  GI? TU 365 
NP FCZ=O 
L t E  = NNZPl 

1 = 1  

I F  fIoGT.&REC) GO TO 3C0 

C 

235 I = T + Y  

CALL YTNf l N l l  r M 2 H E A D ~ l r l G )  
MNZP2 = M t H E A D ( 1  1 
L P 2 S  = NNZP1+1 
L P2 E =LF 25 -1 +NNZP 2 
CALL YTVT fNTlvLVrLPZS9LPZE)  
C&LL Y l V  (NT1 r V v L P ? S ,  L P l E  1 
IF (lVfLP2S) - G T *  L V t N N Z P 1 ) )  GO TO 291 

C 
C MESH TWO PARTITIENS 

T1=1 
f ?  = LP2S 
XW=2*KV@4 
IZ=O 

I F  ( L V ( f T  ) -LV(T2)  1 2 6 5 1 2 6 5 9 2 5 5  
250 IW=IW+l 

255 VIIW)=V(IZ) 

12=12+1 
I F  (12.6ToLPZE) GI) TO 275 
GP fD 2 5 0  

265 V(fW)=VfIl) 
L V ( I W ) = L V ( X l )  
f I = l l + l  
I F  111 .GTeLPZS-1 )  GC TC 2 8 5  

LV(IW=LV(IZ) 

GC Tr! 250 
275 NFLTM = LPZS-11 

K=LPZE 
L = l P 2 ' - 1  

DO 280 J=l,NFLTM 
'c 





YRVPDZ-- ?/ 7 ----------- 



YRVRD3-- I /  7 

C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

R€ARPANC-E RCWS ANCp COLUMNS C'F SHALL D E N C F  M A T R I C F S  ( A )  f3Y S M A L L  I V E C !  
AND JVECC.9 A L L  FPUM WTA, ANG Eon M A T P I X  E L f t 4 E N T S  AT L I K E  L O C A T I O N S  
TO FCRM LbkGE SPARSE M A T R I X  ( 2 )  (3N NUTZ.  NUT2 IS I N I T l A l € L  IN THIS 
SUPPCCTINE. TFL'S, A W  P R E V K N ! S  @ b T A  CF: N U T i  ARF DESTLPYED. 
M A T R I X  ( I )  F L E M E h ' T S  k)lDS€ A R S C L U T E  V A L U E  I S  L f S S  THAN E P S  A R E  NCT 
PLACED IMTC M A T R I Y  ( 2 1 ,  ( & I  IS SCUARE. 

D€V€LC'PFn PY R A F H I L I P P U I ,  FEBRUAPY 1975 ,  
CALLS F O R M A  5 U b R O U T I N E 5  YIM r Y I h ' 1  TYVUT * Y O U T I  t Y P A R l  TZZEOMB- 

LAST PEVISICM F.Y MA 6 E N F I E L D o  M A R C H  1976- 

SUBPPUTINE ARC-UYFNTS ( A L L  INPUT) 
C NUTA 
C 
C 
C 
C 
C NUTZ 
c NPZ 
C NCZ 
c w  

KW 

c LV 
C K V  
C NUT1 
c NVT2 
C NUT3 
C 

i : v  

LCGICAL N\ 'MF>ER C F  U T I L I T Y  T A P €  CN WHICH :MALL M A T P I X  DATA IS 
iETC'PFDo CATA C C N S f S T S  CF S I Z € v  Y A T L I X  FLEYFNTS, I V E C o  
KL'TX IS F F A C  I N  TEIC Z V S R C U T J N F  MITH P R E A D  STATEMENT. THUS, 
I T  MUST PAVF E € E k  GFNERATFD WITH A W R I T E  STATEMENT, NUTA 
C A W C T  6 E  USfD WITH ANY C?TY€R S P A R $ €  S U R R N T I N E o  
LCC-ICAL NIJMFEQ OF U T I L I T Y  T A P E  !?N WHfCP M A T R I X  2 IS STORED- 
NIUrPPEF CF ROh5 C F  S P k P S E  M A T R I X  I ,  

M C f R I X  HCRK 2 P A C E .  

VEC7Ch kCPK CPACE, 

VUVBE'? OF COLUMNS OF SPARSE M R 7 R I X  2, 

POW D I M E N S T O N  OF W I N  CALLING PPC'GPAM- 

VECTOF W@RK C P A C E o  
orMmcrm S I Z E  OF V,LV IR CALLIRG PRCCRAM. 
L C G f C C L  hUME'FR CF  U T I L I T Y  T A P €  
L P G I C A L  N U C F E Q  O F  U T I L I T Y  TAPE. 
LOGICAL NL'MFER OF U T I L I T Y  TAPE, 
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C 
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210 LZE = 1 
LAW = 1 
I F  ( L Z - F Q o T )  G@ 10 222 
DC 22u I = 2 t L 2  
SF(LV(LAW) .FQ. t V ( l t  1 V(LAW)=V(LAW)+V( I )  
V (LZF ) = V (  LAW 1 
LV(L2F ) = L V f / A W )  
IF ( L V I L A W ) , E Q - L V ( I ) )  GO TO 220 
LZ€=LZE+l  
LAW=I 
I F  ( I o L T o L Z )  GO T O  220 
V (  1 ZE 1 = V (  I1 
L V ( L Z F ) = L V ( I )  

220 C @ N f T ! w E  
222 NS€C = NSFG+I 

MPHEAD(1) = L2F 
M P F T A D ( 2 1  = L V ( 1 )  
MPHEkD(3) = L V ( L L € )  
CALL YCUl T (NUT1 TMPHEADT. 910) 
CALL YOUTI (NUT1 tLV+ 1 r L Z t  ) 
CALL YOUT (NJUTlt V t l r L Z E )  
t 7  = c 
GO TC? ( 2 2 5 1 3 5 ) ,  IRET 

C 
225 IF (NS€S.GTol) GO TO 228 

IF fNS€CoLT-l) GO TO 999 
F.FWIND NUT2 
MhFAD(3) = I 
MHFAD(4) = LZE 

MPHEAD(1)  = LZF 
MPHEAD(2) = L V ( I 1  
MPH€AD!J) = L V I L Z F )  

CALL YOUTI (NUT2 tMHEAD t 1 9  10 1 

CALL Y W T !  
CbLL YOUTI 
CALL YOUT 
GO 10 4 1 C  

C 
C NOW THERE PPE 

228 N T l  = NUT1 
NTir=NUT2 

NSEC OKDEPED GROUPS WRTTTEN ON QUTI.  

NREC = NSEG 
N S F G  = C 
NNZZ = 0 
R f W T N D  NUT3 

C 
C MFSPING C!PEP PI ION 

23G REWIND NTI 
REWIND NT2 
IF f N R F C o F Q o C )  G U  TO 3C5 
C A L L  YlNI f N 1 I t M P H E A D . t  ,IC) 

CALL Y ' I N I  (NTl~LV(l,NN2'1) 
CALL Y I N  ( N T I  t V , 1 9 N N t P I )  

NNZPI = M P H E A D f I )  



I F  ( F J R F C - E G r . 1 )  GO TO 305 
NP E C2=@ 
LZE = NNZPl  

I = l  

I F  ( I - G T - N R E C )  GC TO 300 
C A L L  Y I N I  ( N T I  rWHEAO, l ,XG)  
tUNZP2 = M 2 b E A @ ( l )  
LP2S = NNZPl+ I  
L P 2 E = L v 1 s -1 + NNZ P 2 
C A L L  Y I N l  ( N T l r L V r L P Z S r L P 2 E )  
CALL Y I N  ( N T I  , L , L P 2 S r L P 2 € )  
I F  ( L V ( L P 2 S )  .GT* L V I N N Z P I ) )  GO TO 291 

C 

235 I = I+1 

C 
C MESh TWCI P A R t l 7 1 0 N S  

I1=1 
12 = L P 2 C  
I W = 2 *KV V+ 
rz=p 

250 IW=IW+l 
I F  ( L V ( f l ) - L V ( I 2 )  1 2 6 5 , 2 6 5 , 2 5 5  

255 V ( I W ) = V ( 1 2 )  
l V ( f W ) = L V ( I 2 3  
I ? = I Z + l  
I F  ( I Z m G f m L P 2 E )  GI; TO 275 
GC TC 2CO 

265 V(IW)=V(Il) 
L V  ( I W  ) = L V  ( 1 1  1 
I I =I1 +1 
;F ( I l m C , T . L P 2 S - 1 )  GO TO 2t15 
G O  ?(3 25G 

275 NFLTM = L P 2 S - 1 1  
K = L F 2 €  
L = LP2S-1  

DD 2 8 0  J = l r N E L ’ f M  
V t K  ) = V ( L  1 
L V ( K ) = L V I L )  
K=K-1  

280 L=L-1  

C 

C 
285 JF. ( I W . F Q - Z * K V W )  GO TO 291 

3 1 = 2 * K V 04 + 1 
C 

DO 290 J t J l r I W  
f Z = l t + l  
V ( I Z ) = V ( J )  

z9a L W  12 ) = L V  J I 
291 LZF = I 

LAW = 1 
DO 2 9 3  J=Z,CP?l  
I F  ( L V ( L A W ) . F Q - L V I J ) )  V ( L A W ) = V ( L P W I + V ( J )  
L V l L Z F ’ I  = L V ( L A W 1  

V ( L L E )  = V ( L A h ’ )  



c 



3ETURN 

999 CALL Z260MB (6HYRVAD3 rNERROR 1 
END 
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SUBRMITINE YRVISI I A, J V E C v N U T 2  TNPAZ vNCATNCZ,VTLVIKVTKA)  
D I M E N S I Q Y  V f l ) .  L V ( 1 1 ,  JVEC(11, MHFADf101, A(KAwY.1 
DATA EPS 1 1oE-25 1 

RFARRANGE COLUMNS OF D E N S F  M A T R I X  A TU f O R M  SPARSE MATRIX 2. 
ROWS O F  A ARE MCT PEbRPANGED, 
CALLS FORMA SUBROUTINES XLORD .YWT ,YCUTI ,ZZBCMB- 
DEVELOPED P Y  R A P H I L I P P U S -  JANUARY 1 9 7 3 -  
LAST REVISION BY h'A B E N F I E L D -  MAGCH 1976- 

SUBRQUlfW'F ARGUMEhTS ( A L L  INPUT) - C A  - 
C JVEC = 
c 
C 
t 
C 
C NUT2 = 
c NRAZ = 
C NCA = 
C NCZ = 
c v  
c L V  
C K V  
C KA - 
C 

- - 
- - 
- - - 

M P f R I X  A -  
V€rTC'R (SIZE = N C A ) ,  
J V E C ( J 1  = CCLUMN P O S I T I O N  OF A ( C @ L  J )  IN 2- 
YF J V F C ( J )  IS PLUS 9 2 = A l C O L  J I -  
?F J V F C ( J 1  TS MT N U C V  2 = -A(COL J)o 
I F  J V E C ( J )  IS ZERO 9 A ( C O L  J)  IC OMITTED IN  2, 
L C G I C A L  NUMBER OF UTTLITY TAPE Qt'J W H I C H  M A T R I X  2 IS STORED- 
NUMBER ('F RQWS OF A 9 2 0  
NUHSFR OF COLUMNS O F  A i  
NVMPEP DF COLUMNS O F  2- 
VFCTCP WUPK 5PACE. 
VECTCR WCRK SPACE- 
DfM€NSIDN SIZE O F  V v L V  IN C A L L X N t  PROGRAM- 
ROW OIMFNSIOR OF M A T R I X  A I N  C A L L I N G  PROGRAM- 

DO 2 I = l , N C A  
TF ( I A R S ( J V E C ( I I ) o G T , N C Z )  GC TC 999 

2 CONTINUE 

NERRCR=I 

C 
J = O  

N E R R O R = Z  
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-C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

w 

C 
C 

REARRANGE AND ADD ROWS AND COLUMNS OF S P A R S E  M A T R I X  A 
TO DENSE M A T R I X  2 ,  
P F  SUQF Tf' D f F l N F  2 BEF(1kE C A L L I N G  THIS SURRC'UTINFm 
FER E X A M P L E  C A L L  S U F K C U T T N E  ZERC TU Z F T  M A T R I X  2 TC Z E R O ,  
C A L L 5  FPRMA SUFRCUTINEC YINY vYIhr PND ZZPQME- 
CODED 6 Y  JOHN ADMTRE *NASA* DECEMBER 1Q73o 

N U T A  

I VFC 

J V E C  

2 

NPZ 
NCZ 
V 
L V  
K V  
K R Z  

SUPRCl'T IhiE ARGUMENTS 
- I N P U T  L G G I C A L  NUMR€R C f  U T I L I T Y  T A P E  ON WHICH 

SPARSE M A T R T X  A IS S T P R E D -  - INPUT I v E c ( i ) =  ROW POSITION r F  A ~ F ~ O W  I )  IN z. 
TF I V E C ( I 1  1 5  P L U Z  , Z = Z ( R C ' W  f V F C ( I ) ) + A ( R C W  1)- 
I F  I V E C  41) IS M I N U S T Z = Z ( R O U  l V E C ( 1 )  1-AtRC3W 1 1 -  
I F  l V E C ( 1 )  I5 ZERC TROW I C'F k FOES NOT APPEAK IN 2- 

- l N P U T  J V E C ( J ! =  C O L  P ~ S I T I O N  Rf  k ( C P L  31  I N  Z m  

YF JVFC t J )  IS FLUS t Z = Z  ( C O L  J V E C ( 3 )  ) + A ( C O L  J )  
I F  J V E C ( J 1  I S  P Y V U S T Z = Z ( C O L  J V € C I J 1  )--A(CL'L J ) ,  
I F  JVFC(J1 15 ZFRP p C C L  J OF A CPES NOT APPEAR 1N 2 ,  - X N P U T l O U T P U T  M A T R I X  TL, WHICh E L E N F N T S  CF A AR€ A D D E D  GR 

- INPUT NIHEEF CF R @ k S  IFt Z.  

- V F C W R  WPRK S P A C E -  

S I 1  F S 1 P AC T E 9 m 

- I N P U T  NC!Mt.ER O f  CCLS I N  2. 

- VECTVR WCPK S P A C E .  
- TNPVT rmwsmN OF v AND L V  IN CALLING P R N ~ P A ~ ~ .  
- INPC'? PIIYSSOOK OF NUMBER OF PCWS (1F 2 IN C A L L I ~ G  PROGRAM- 
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C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
i 

u 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBRCUTINF ASGUMEF TS (P.LL INPUT) 
NUTA = LCGTCAL NUMFFP OF U T I L I T Y  TAPE ON WHICH ( A I  15 S T @ P E D I  

NUTT = L P T - I C A L  NUMEFP OF UTfLTfY TAPE CN WP?CP ( T I  ? 5  S T C R f D ,  
NR = YUMFEQ CF POWS I N  ThF QFDUCFD STIFFNFSS MC.TRIX,  

NVTR = L C C I C A L  Ntrh!fFR OF 1 ' T I L I T Y  TAPE ON W H I C H  ( F )  I5 S1C'"ECo 

I F T  = f . 9  TRbXSFl?RP?AlfCN MATRIX ( T I  WTlL NCT P E  CALCULATEG, NUT1 
w E e  NOT PE DEFINED IN CALLZNG PQCCRAM. 

= 1 3  TP&NSFOPMATI@N M A T R I X  (1) WILL PF CALCULATED- 
V = VFCTOR kCRK :PAC€- 
LV  = VECT@Q WOPK S P A C E -  
K V  = D I M F W I O N  S I Z E  OF VTLV IN CALLING PROGRAM, 
NUT1 = L C G I C R L  NUMGFR O r  U T I L I T Y  T'LPF, 
NUT2 = L O G I C A L  M V M e E v  O F  U T I L I T Y  T A P E ,  
NUT3 = LCC-ICAL NVMBER C!F U T I L I T Y  TAPE,  
NUT4 = LOC-TCAL NUMBER OF U T I L T f Y  TAPE, 

NEPRC?Q FXPLANPTICW 
1 = FANDWIDTH LXMITATICN € X C E E D F D  ( K V I -  
2 = DIMENSIPM S T Z F  FXCFFDED I K V 1 -  
3 = EbNDWTDTh LXMITATICN EXCEEDEG ( K V ) ,  
4 = M A T P I X  IS 5IF:CULAR. 
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C A L L  Y 1  NI 
RFWlND Nt!Tl 
I L V  = K V i 4  
JLV  = KV04+NRA 
I F  f J L V o L T o K V 0 2  1 J L V = K V 0 2  
J L V S  = JLV 
KP = 1 
L A M A X  = LA$-1+KVMR02 
LA€ = L A S  
J S  = 1 
NGRCUP = 0 
L A S l  = K V C k  
DO 5 f = L A Z s K V  
LVfI) = 0 

NNZZ = c! 
NPARTA = M H E A D f 3 )  
NROWT = 1 
DC 20 T = l T N P A P ~ A  
C A L L  Y IN I 
NNZPC = PPHEAD(1)  
C A L L  Y IN1 (NUTS TLV, 1 TNNZPA 1 
C A L L  Y I N  (NUTSsVs1 ,NNZPA)  
DC 2C J=l ,MNZPA 
I A = L V (  J) / lOOOOC 
J A = L V ( J ) - 1 0 0 0 0 0 * 1 P  
TF f IA .LT .JA)  C@ TO 2 C  
IF ( IA,FQ.KP) GO To 1 5  
L A S l  = L A €  
L A E  = L P F + T A - J A + l  
NELR = K P - J S + l  

f NUT S &!+E AD? I t IO I 

5 V f I ) = C *  

t NUT S TMPH E AD T 1 t 10 I 

N E R R O R = l  
I F  fNELR.GT.KVMN02) GO T C  999 
NNZZ = NNZZ+NELR 
K P  = KP+1 
J 5  = J A  
NRCHS = NPOWS+I 
I L V  = I L V + l  
L V ( f L V 1  = NFLQ 
I F  (LAF.LE.LAMAX) GC TO 15 
J C V  = J L V + I  

NE RR CR =2 
IF ( J L V o G T o K V )  613 TU 999 
NRCWZ = N R O W S - I  
C V ( J L V 1  = NRffWC 
NPCWS = 1 
L A €  = L P F - I C + J k - I  
NGRCUP = NGPCXlP+I 
C A L L  YCUT ( N t J 7 1 t V ? L A S r L A f - )  
DO ' I C  L=LAS,LAL 

I @  V t L ) = O .  
L A S l  = K V O 4  
L A ?  = K V C & + l A - J A + l  
K P  = T R  

15 L A  = L A 5 I + J A - J S + l  

1 
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V ( L A ) = V ( J )  

'IF ( L b S * G T . l A € )  GO TO 65 
NGRQUP = N G R C U P + l  
I C V  = l L V + I  
t V ( I L V I  = KP-JS+l 

20 C O N T I N U E  

1 F  f L V I I L V ) m G T * K V W C 2 )  GO TO 999 
N Y Z Z  = N N Z Z + L V ( I L V )  
'LV = JLY+1  
I F  tJLVoGT-KVI GC TL! 999 
Luf, )LVI  = NROWS 
CALL YOUT ( N U T ~ ~ V ~ L A S T L A E )  

65  DD 30 I = I T % R A  
30 LV(I) = L V ( K V C I + I )  

40 L V ( K V C 2 4 l l  = L V ( J L V S + I )  
DC 4 P  T = l v N G R O L ! F  

C 
C RFDUCTICYo 
C D IN V t 1  THRU N)o  b 9 U  CRCUF A START AT V ( N + l ) c  
C AIU GROUP F S T A R T  AT V(N+l+(KV-N1/21o 
C L V ( I I T I = I ~ N  IS NUMPEP CF ELEMENTS I N  CC'LUMN I -  
C LV(KV/?+IG) IS  NUWBEQ OF COLUMNS I N  GRPUP 1G. 

N = MPA 
h'G zz NGRCUP 
LSGA = h'+l  
LSGP = LSGA + (kV-h,1/2 
REWIND hUT3 
J E G A  = c! 

R E W I N D  WIT1 
REWINC NUT2 
NUTP = NUT7 
NUTQ = NUT2 

I F  (NUfP oF6\o h'L'f2) NUTQ=NUTl 

NCGa = LV(KVC'Z+IGA) 
JSGA = J E G A + ?  

LEGA = LSG&-I  
DC' 101 J=JSGPTJFCA 

CALL Y I N  (NUTP ~ V T  L SGkrLEGA 1 
L J J  LSCA-1 
D(1 140 J = J S C A T J E C A  
JMI = J-1 
'IFND = J - I 

I T P F J  = J - L V ( J ) + I  

LJJ  = LJTCPJ+LV( J)-I 

00 l"5 'IC-A=l,NG 

I F  ( 2 * ( 1 C A / 2 )  oFQ- I C A )  NL'TF=Nl!T2 

C OPEFATF CN CRC'L'P A ONLY. 

J E G A  = J?GA+NCGA-I 

IC1 LFGA = L E G A  + L V ( J )  

IF ( J  .GT. FJD) IEND=J 

LJTL'PJ = LJJ+1 

TF ( J  o F Q o  J S G P  ,AND* J o L € o  NO) GC! ?C' 134 
I F  (TTOPJ * E O .  J )  GO TO 1 3 4  
I S T A P 7  = I T O P J  

N€ RR OR =3 
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L I J  = L J T O P J - 1  

YSTAPT = JSC-P. 
L I J  = L IT@PJ+JSGA- ITOPJ-1  

105 L I T O P I  = L f G A  

I F  ( I ' I O P J  o G F o  J S G k )  GO TO 105 

I F  ( I S T A R T  o E Q -  JSGA)  GO T I  110 
I S M 1  = YSTART-Y 
DO 107 I = J S G A v I S M I  

107 L I T O P T  = L T f C P T + L V ( I )  
110 DO 128 T = I S T A R T r I € N D  

K F N D  = I - 1 
I F  (1  .GT. ND) KEND = NO 
L I J  = L I J + l  
S = V ( L 1 J )  
IMI = I-1 
I T O P I  = T - L V ( I ) + l  

K S T A R T  = TTOPT 
I F  (ITC'Pf -Lie X T C P J )  GO TC 115 

I F  (1  o E Q o  K S T A R T )  GO f P  125 
I F  ( K S T A R T  oGT0 KEND)  60 TO 125 
L K I  = LITCPI-'I 
LK.J = L I T G P J + I T O P I - I T C P J - 1  
GO TO 1 2 C  

115 K S T P G T  = I T O P J  
I F  ( I  e F 0 .  K Z T A R ? )  GO TO 125 
I F  t K S T b R T  ,CT, KEND) GO T@ 125 
L K I  = L T T C P X + I T C P J - ? T O P I - I  
L K J  = L T T O P J - 1  

L K I  = L K I + l  
L K J  = LI/J+1 

1 2 0  D@ 122 K=KSTART,KEND 

122 S = S - V ( K ) * V ( L K l ) * V ( L K J )  
125 V ( L I 3 )  = S 

128 L I T C P I  = L I T O P ? + L V ( I )  
134 I F  ( J  .C?. NE) GO TO 14@ 

I F  ( T  o L € .  NO) V ( L I J )  = S / V ( I )  

V ( J 1  = V ( L 3 J )  
I F  ( I 1 O P J  OF&. J )  GO TO 133 
L K J  = L T T O P J - I  
D@ 138 K = I T C P J T J M I  
L K J  = L K J + l  

138 V ( J )  = V ( J )  - V ( K ) * V ( C K J ) * W  
139 

IF ( A R S ( V ( J I ) o L T o E P S )  GO 'IO 999 
V ( L J J )  = 1.0 

1 4 C  C O N T I N U E  
C G R M f P  A OPERATE Oh! GPOIJP P o  
C I CPLUMMS A R P  I N  C R O U P  A ,  J COLUMNS IN GROUP t o  

IF ( J G A  e F C o  NG) GO TO 1 9 5  
I G A P I  = I G A + P  
J€G@ = JEGA 

NCGR = L V ( K V C Z + I C E )  
DO 142 YGP=IGAPI,NG 

JSC-f? = J E T P + I  
J E G B  = J S G B + N C G B - I  

NERROR=4 
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LFGP = LSGF-1 
DO 1 ,  J=JSGP,JEGP 

151 LFGR = L F G R + L V ( J )  
C A L L  Y I N  ( N U T P  TV tL SGBr LEGB 1 
LJJ = LSGP-1 
130 190 J=JSG6,J€GB 
J M 1  = J-1 
I T Q P J  = J - L V ( J ) + I  
L I T O P J  = LJJ+1 
LJJ = L f T O P J + L V (  J)-1 

ISTAR? = I T O P J  
L I J  = L I T Q P J - 1  

I S T A R T  = JSGA 
L I J  = L I l D P J + J S G A - I T O P J - I  

155 LTTOPT = LSGA 

I F  ( I T O P J  oGT. J E G A )  GO TO 190 

I F  ( I T O P J  mGF- J S G A )  GO TU 1 5 5  

IF ( I S T A P ?  .FQo J S G A )  GO TC 160 
I S M 1  = I S T P R T - 1  
D@ 1 5 7  l = J S G A , T S M I  

1 S 7  L I T O P T  = L T T W P I * L V ( T )  
160 DO 171 I = I S T A R T , J E G A  

KFND = 1 - I 
I F  ( I  o G f e  NO) KEND=ND 
LTJ = LXJ+I 
S = V ( L I J 1  
f M 1  = I-1 
?TOP3 = I - L V ( T ) + l  

K S T A R T  = ITCPI 
IF ( I T C P I  oLT.  I T W J )  GO TO 1 6 5  

IF ( I  - F C o  K S T A R T )  GO TO 175 
I F  ( K S T A F T  oGTo K E N D )  GI! T O  175 
L K I  = L I T C P I - 1  
L K J  = L I f O P J + I T Q P I - T T O P J - I  
GO TO 170 

165 K S T A R T  = I T C F J  
I f  ( J  o F Q o  K S T A R T )  GO TO 175 
IF ( K S I A P T  o G f o  K F N D )  6 @  TC! 175 
LKI = L l T C ' P l + T T O P J - 1 T O O I - 1  
LKJ = L I T C P J - I  

L V T  = L K T + l  
L K J  = L K J + Y  

170 DI? I f 2  K = K C T A R l r K C N O  

172 S = S - V I K ) * V ( L K X ) ; W ( L K J )  
175 V ( L I J 1  = S 

1 7 8  L I T O P T  = L I T Q P I + L V ( I )  
190 CPNTINUF 

IF ( I  .LE. NG) V ( L I J ) = S / V ( I )  

192 CALL YflUT ( N U T G T V , L S G P ~ L F G P I  
195 CALL YOU7 (NU13 ,V*LSGA,LF.GA) 

C A L L  YC lUT l  iNUT6,LV: 1 p K V )  

RFWIND NUT4 

'C CONVERT ( U )  F P n M  PAND ( h i U T 2 )  f @  YPAKSE ( N U T I )  NOTATItJFJo 
C O I S A S S E M b L E  TO GET (IJ22) CN NUTR, 



REWIND NUT3 
R € W I N O  NtfTl  
LVCS = KV-NGRGUP 
L V R  = LVGS 
DC 202 lGRDWP=11NGREUP 
LVR = LVR+I 

C S  = L V G S - N R A  
LVE = LS 
DC! 204 T = X , N R A  
LVF = L V F + I  

2 0 4  L V ( L V € )  = L V ( I )  
KVMAX = K V / 4  
J F  I K V M R X . G T . l S )  KVMAX=iS 
MHFAD(L1 = N R A  
MHFA@(2) = MPA 
MHEAD(3) = NC-RClJP 
M H E A D ( 4 )  = NNZZ 
M V F P D t 5 1  = 0 
MHFAD16) = 0 
MHEArJ(7) = 5HUPPEP 

L V T  = C 
LVF: = LVGS 
LVF = LC 
LVFP = LS 
12  = 0 
DC 250 ?GROUP=X,fVGRCUP 
L V R  = L V R + l  
l.2 = 0 
NP.CWS = L V 4 L V R )  
N€LG = c 
DO 206 T = l r N R O W S  
L V F  = L V F + I  

2C2 L V t L V P )  = LV(KVO?+IGRQUPI 

C A L L  Y P l f T a  (NU1 1rMHEADtY 110) 

206 NELG = N F L G + L V ( L V € )  
CALL YIN (NUT3 , W , l  WNELG) 
00 20P I = I r N R C W S  
I i  = IZ+1 
L V E P  = L V E P + I  
J S  2: I Z - L V ( L V E P ) + l  
D O  20t! JZ=JSrIZ 
LZ = LZ+1 

208 L V ( L 2 )  = IGOCCO*JZ+IZ 
M P H E A D f I )  = L 2  
MPHFAU(2I = L V ( 1 t  
M P W A D I ? , )  := L V ( L Z 1  
CALL YOUTI (NUT1 rMPHEAD11 1 1 0 )  
C A L L  YPUTX (NUTY ~ L V I Y  r L Z )  
CALL Y@Uf (NUT1 r V ? l  , L Z )  

250 CONTINUE 
C h t t  Y a b F ?  (brC'TI r V * C V T f i V 1 N U t ? )  
CALL YDISP.  \NUT1 ,ND+P,ND+l~NIJTR~NR ~ N R v V ? L V I K V ~ N U T ~ )  

'c CALCULATE REDUCTJVN TRANSFORMATlCN MATRIX, 
IF ( I F T  .EO0 C') RETURN 



C (U)  TS ON NUT30 BAND€DV NO M A T P I X  OR PAPTJTION HEADERS. 
i TRANSFER W11 TO NUT? ( T O P  NUN-ZERO IN CflLUMN DOWN TU DIAGONAL)  AND 

C U1Z TO NU11 ( INDIV IDUAL FULL COLUMN). 
RFWYND NUT4 
CALL YTNI ( N U T 4 t L V ~ I r K V )  
DO 302 I-ltlC 

302 M P h E A D ( 1 )  = 0 
REWIND PUT3 
R E W T N n  NUTT 
R E W I N @  NUT1 
JUE = 0 
NGUII = 0 

NCG = LV(KV02+ IG)  
JUS = J U f + I  
JUF = JUS+NCG-I 
NFLG = 0 

DO 335 IG=lrNG 

DO 306 JU=JUStJUE 

CALL YTM f NU? 3 rv, 1 9 NFLG 1 
YF I N D  .GF. JUF) Cd TO 3 1 G  
I F  (N@ o G F *  JUS1 M ‘0 320 
I F  (MD .LT- JUS) Go T O  33C 

306 NELG = NELC + L V ( J U )  

NERROR = 5 
G9 7’0 599 

310 MPHEAD(1) = JUS 
MPHFADt?) = JUF 
MPHFA@(3)  = NECG 
CALL YOUTI ( N U T T I M P H E A D ~ ~ ~ I O )  
CALL YOUT (NUTT9Vv1,NFLGI 
N G U l l  = WGUll+f 
GO TC! ‘735 

320 NFL = 0 

322 NEL = NFL + LV(JU1 
HPHEAD ( 1  1 = JUS 
MPHFAD(2) = NP 
MPHEA9?(3) = NE1 

DO 322  JIJ=JUStND 

CALL YDl IT I  (NIITTrMPHFAD+I 9 1 0 )  
CALL YCUT (NUT? ~ V I I  ,NELI 

YF (JUS o F V o  JUE) GO TO 335 
NGUll = NGUIl+S 

LFJ11 = NFL 
JUSX = ND+1 

323 O@ 327 JU=JUSXtJUf  
ITOP = JU-LV(JU)*Y 

LFJU = LS JU+LV ( J U  1-1 
DO 334 I V = l r I T O P  

LSJU = L € J U + l  

Lrv = NFLG+XV 
324 v ( c r v i  = 0.0 

I F  (ITCrP -6To NO1 GO TC 327 
LUV = LCJU-1 
DC 325 I V = I T W I N D  
L I V  = NELG+IV 
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3= 

3= 
T= 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

YSTCD -- 'I/ 2 -------- 
SUI\ ROUT1 NF YSTPD (NUTA A ,NRA ,NCA KR A KC A t  V T L V  KV , MUTI 1 
@ I W E N S I O N  V ( l ) t L V ~ I ) , A ( K R A t l l t M H E A D ( l O ) r M P H E A D 1 l O 1  
DATA NITtMOT/5,6/  

C U N V € R f  A MATRIX FRPM SPARSE N@TATIC!N TO DENSE N O T A T ~ O N .  

DEVELOPFO F Y  R A PtiILTPPUS, JANUARY 1%Q0 
C A L L S  FOPF1A SUPROUTINES V I N  T Y I N I  , Z Z P @ M E ( -  

L A S T  R F V I S I C M  B Y  W A  PENFIELD- MARCH 13760 

SUBROUTINC ARGUMENTS 
N U T A  

A 
NP A 
NCA 
KRA 
KCA 
V 
LV 
K V  
NUT1 

= INPUT 

= @UYPUT 
= UUTPUT 
= OUTPUT 
= INPUT 
= INPUT 
= VECTCA 
= VEC'CR 
= J N P L 7  
= INPUT 

L O G I C A L  NUMFER DF U T I L I T Y  TAPE ON WHICH SPARS€ M A T R I X  

DFNSF MATRIX- S I Z E  ( N R A i N C A l o  
NUMPFR OF RFWS I N  A, 

A ? S  STORED, 

NUMuPFR CF CC'LUMPJS IN A -  
ROW nlMFNSlCFl  QF b. IN C A L L I N G  PROGRAM- 
COLOMN D I M E N S I O N  OF A I N  C A L L I N G  PROGRAM- 
W@RK $PACE, 
WORK SPACE- 
DIMENSEON S I Z E  OF V V L V  IN CALLING PROGRAM- 
LCGXCAL NUMEER Qf UTIL ITY  TAPE- 

RER ROR E XP L A N A 1  I CW 
1 = DTMFYSION S f Z €  EXCEEDED ( K R A T K C A ) ~  
2 = O I M € N 5 1 O N  S I Z E  ERCEFC*FD ( K V ) .  
3 = ROW OR CCLUMN LOCATION OLITSIDE. M A T R I X  A. 
4 = ROW OR COLUMN LOCATXON C i U T S I D t  M A T R I X  A i  

I F  ( N R A - G t - K R A  -OR- NCA.GT,KCA) GC TO 699 
NERRI?R=l 

NE RiR OR=2 
IF (NNZF-GT-KV) GC T O  999 
TF (NRZP-GT.0) C@ TC' 20 
C A L L  Y?NI ( N U T A t L V t I  T I )  
CALL Y I N  (NUTArVr1,Il 
GO TU 4 C  

20 CALL Y I h I  (NUTAILVTITNNZP)  
CALL YYV (NUT k ,V T 1 t NNZP l 
DI? 30 L = l ? h ' N Z P  
I = L V ( L ) / l G C C O C !  



FIE R R O R = 3  

NE RR OR =4 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

SUBROUTINE YSYMLH fNUTAZpVpLV,KV,NUTI ,NUT2 1 
DfMERSICN V ( 1 )  t L V ( l ) t M H € A D ( l O )  
DATA NITtNCT/5,6/ 

SYMMETRIZE SPARSE MATRIX A 2  6 Y  PLACING VALUES FROM AEOVE THE DIAGONAL 
BFLOW THF DIAGONAL. 
CALLS FORMA SUBROUTINES Y I N  , V I M 1  9Yl.ORD ,YNOZERtY@UT ,YOUTI 9 

YPART- 
DEVELOPE@ 6 Y  R A PHILIPPUS. JUNE ?969-  
LAST REVISfON EY R A PHILIPPUSo JUNE 1973- 

SUbROUTINE ARGUMFNTS (ALL INPUT) 
NUTAZ = LOGICAL NL'MEFP OF U T l L l T Y  TAPE Oh! WHICH M A T R l X  A 2  IS STORED- 
V = VFCTC'R WCRK SPACE-  
L V  = VECTOR W W K  SPACE. 

NUT1 = LPGICAL NUMBFR OF l l T l L l T Y  TAPE. 
NUT2 = LGGICAL NUW8ER OF U T I L I T Y  TAPE, 

KV = DTMENSIQN S I Z E  OF V,LV IN CALLING PROGRAM- 

CALL YPART (NUTAZrVr LVrKVrFlUTl)  
C 

C 
NPAR t A  = W F A D f 3  1 
00 20 I = l rNFARTA 
CALL Y I N 1  (NUT AZtMH €AD t 15 9 10 1 
NNZP = MHFADflO) 
CALL Y I N I  (NUTAZ,LV.I 9NNZP) 
CALL Y I N  (NUTAZ*V$? tNNZF) 
tYNZQ=NNZP 

C 

C 
MHFADf lO)  = NNZQ 
CALL YC'UTI (NUTI , M H E A D I ~ C ~ I O I  
CALL YPt!? I (W'fI rLV ,  1 rNPJ26F 

20 CALL YOUT (NUTlrV,l,NNZQ) 



YSYMLH- 2 1  2 

r: 

C 

REWXNC IVL'TAZ 
R€WXND NUTI 
MHFAD(41 = NNZA 
MHFkDt5) = C 
HHEAD(6) = 0 
MHEAD(10) = @ 
CALL YQUTI ~ R U T A Z ~ M H E A D t 1 t l . C )  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SYMHFTPIZE S P A R S €  M A T R I X  A 2  EiY PLACING VALUES FROM EELOW THE DIAGONAL 

CALLS FORMA SUBROUTINES Y I N  T Y I N I  TYLQRC TYNUZFRTYOUT TYOUTI T 

ABOVE THF DIAGONAL. 

YPART 
DEVELOPE@ Fry R P PPILIPPUS- JUNE 1969- 
LAST REVISIOFi EY R A PHIL IPPUS-  JUNE '2973- 

SUEPOCITTNE AWWMENTS (ALL YNPUTI 
NUTAZ = LPGICAL NUKRFR O F  U T I L I T Y  TAPE ON WHICH M A T R I X  A2 1 5  S f C R € D ,  
V = VECTC'R W R K  SYACFo 
t V  = VECTDR. WCQK SPACE 0 

KV = DIMFIU5I@F( S I Z E  OF VTLV I N  CALLING PFOGRAM- 
NUT1 = LCCTCAL Nl'MRFR @F U T I L I T Y  1APFo 
NUT2 = L O G I C A L  RlIMBER O F  U T I L I ? Y  ?APE, 

C A L L  YPART (NUTAZ*VTLV~KVTNUTI I  
C 

C 
NPARTA = FIHEADf3) 
DO 2C! I= ' ITNPARTA 
CALL Y IN1 (NUT AZTMH E AD T I C t IO I 
NNZP = MHEAD(1OI 
CALL VINI (NIJTAZTLV T ~ T N N Z P )  
CALL Y I N  (NUTAZTVT 1dVNZP) 
M N 2 Q =MN 2 P 

C 
DO 10 J=l rNNZP 

JA=LV(J)-ICOOO@*IA 
IA=LV(3 ) /100000  

IF ( X L F L J A )  GQ -ro I O  
IF (TAeLTeJA)  '70 rr! 5 
NNZQ=NNZQ+l 
NN 2 A = M N  1. A + 1 
LVfNNZQ ) = ? C O C O O * J A + I A  
V (NNZQ)=V( 3 1 
GO T O  10 

10 CONTINUE 
5 V ( J ) = O e  

C 
M H E A D t I O )  = NNZQ 
CALL YQVTl  ( NUT 1 
CALL YO1JTI ( N l l T l  * L V T I T N N Z Q )  

9 M h  E AG 9 I C 9 1 C 1 

20 CALL YUUT (NUT1 T V T ~ T N N Z B )  
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C 
REWINO NUTAZ 
REWIND NUT1 
MH€AD(L) = NN2A 
MHEADtL:) = @ 
MHEAD(6) = 0 
HHEAD(10) = 0 
CALL YOWTI (NUTAirMHEADt 1 ~ 1 0 )  

DO 25 7=4,10 

DO 30 T=ITNPARTA 
C ALL Y IN1 (NUT 1 TMHE AD T 1 T 1 1 

CALL Y I N I  (NUT1  pLV, l rhNZP)  
CALL Y I N  ( N U T I T V T I  vNNZP) 

C 

25 MHEADIL) = C 

NNZP = MHEAD(1) 

MHEAD(2) = L Y ( 1 )  
MHFAD(3 1 = LV(PINZP1 
CALL YOWTT (NUTAZsMH EAD 11 1C 1 
CALL Y O U T I  (NUTAZTLVTITNNZPI 

30 CALL YOUT (NUTAZTVTITNNZPI  
C 

CALL YNCZER ( N W ~ A Z ? V T L V T K V T N U T I ~  
C ALL Y LOGO (NUTAZTY T L V t  KV tNUTlrNUT2 I 
RFTURR 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

TRANSPOS€ CPAFSE M A I r f X  A INTO SPARSE M A T P I X  AT- 
CALLS FGRMA SUbROUTIWES Y I N  t Y I N 1  TYLCIRD ,WUI S Y Q U T I  9YPART t 

ZZeOHe 0 

DEVELOPED EY R A PHILIPPUS- JANUARY 19600 
L A S T  R E V I S I O N  BY WA P E N F I E L D -  MARCH 1936- 

SWEPOUTlNE PRGUMENTS ( A L L  INPUT) 
NUTA = L O C I C A L  f W Y P F R  O F  t t i ' 1 L I T V  TAPE C!N WHICP MkTRIX A lS STORFD. 
NUTAT LOCICAL NUHRFR O F  U T I L I T Y  TAPE EN WHICfi  M A T R I X  AT IS STORED- 
V = VFCTClE WORK SPACFo 
LV  = VECTCR WORK S P A C E -  
K V  = DTMFNSICIN S ! Z c  OF V r L V  IN CALLING PROGRAM. 
NUT1 = LC!GICAL NUMFFR O F  U T I L I T Y  TAPE- 
NUT2 = LOGICAL NlVMGER O F  U T I L I T Y  TAPE- 

1 
NFRRW FXPLANATICN 

= DIMENSION S I Z E  EXCEEDEL ( K V ) .  

REWIND NUTA 
REWIRD NUTAT 

N = MHFPDlI) 
MHEAP(l1 = M H E A D ( 2 )  
MHEAD(2)  = N 
I A E H E P  = M h E A D ( 7 )  
ISHAP=IPSHAP 

C A L L  Y r w  ( N W T A ~ M H ~ A D T  I ,  10 I 

I F  t IASHAPoECo5HUPPFR 1 ISHAP=ShLCWER 
I F  (IASHAPoEC-!jHLCCIER) ISHAP=SHUPPER 
MHFADf5) = 0 
MEEAD(6.) = 0 
MHFAD(7) = ISHAP 

NNZA = MHEAD(4) 
NPART = MHEACI(3) 

CALL V@UTT (NIJTAT,MHEAU91,10) 

I F  (NNZA-GToC) GO TG 3 
co 7 1 = 1 ~ 1 r  

7 MPHFAD(I1 = 0 
CALL Y O U f I  ( N U T A T r M P H t A D ~ I  r l C )  
CALL YCIUTI (NVTAT~MPHFADII  9 2 )  

CALL YCUTI 1NUTATtNPHEAD,X,Z) 
RETURN 

I F  (NNZPoGTeKV) G(1 IO 999 
CALL Y I N I  ( N l V A , L V t I , h ' N Z Y l  
C A L L  Y I N  INUT'A TV T 1 t NNZP 1 

NERR OR = 1 





-c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

GENERATE SPAPSF U N I T Y  MATRlX A. (@NES ON f H €  DIAGWAL) ,  
C A L L S  FORME SUeROUTTNES YOU1 tYOUTY 
DFVELOPFD t3Y k A PHILlPPUS, JAIVUAPY 1Q?O,  
LAST REVISION BY R A PHILlPPUSo AUGUST 1973- 

SUBROUTXNC- ARGUMENTS ( A L L  INPUT) 
NUTA = LCCIICAL NUMBER O F  U l I L l T Y  TAPE- ON WHICH UNITY M A T R I X  A IS 

STCR ED 
NRA = S I Z E  CF U N I T Y  M A T R I X  A (SQUARE), 
V = VECTOR WORK SPACE- 
LV  = VECTOR WORK SPACF- 
KV = D I M E N S I @ N  SIZE O F  VILV I N  CALLING PROGRAM, 

REWIND NUTA 
NPARfA=(NRA-l) / (KV/4) +I  
L V f l )  = NRA 
L V 1 2 )  = NRA 
L V ( 3 )  = NPARTA 
L V ( 4 )  = NRA 
L V ( 5 )  = 5 H O R D E R  
L V ( 6 )  = K V  
L V ( 7 )  = 4HDPAG 
L V ( 8 )  = 0 
L V ( 9 )  = ti 
L V ( 1 0 )  = c! 
CALL YCUTT (NUTAwLVp 1 ~ 1 0 )  
DO 5 I=4,1C 

5 M H E A D ( T )  = 0 
L AE=KV/4 
J = O  

C 

C 
R E TURN 
END 



SUEH(IUTTN€ YWRITE ( ~ U T A r A N A M E r V r L V r K V )  
D I Fr, FN S 1 CN 
DATA MTTTNRT/~,~/ 

V I I 1 9 L V (1 1 9 W t I G 9 MH E AD t 1 C 1 

C 
C WRITE SPARSE M A T R I X  A ON PAPER I N  SAME FCRMAT AS DENS€ FORMA 
C SUBRCUTTNE WRTTF. REQUIRFS 132 COLUMN (MINIMUM) P R l N T F R o  
C UP Tfl Y C  DATA F IELDS PFR L I N E -  PRINT ONLY MOW-ZFRG F I E L D  ROWS. 
C C A L L S  FDPMA Sl lPROUTINES PAGEHDvYlN r Y I N 1  9 ZZPCIMB- 
C DEV€LCP€D RY R A PHTLIPPUS- C€PT€MPER 196E. 
C LAST RFVISION EY WA B E N F I E L D  FOR N A S A -  MAY 2976- 
C 
C SU@ROUTIN€ ARGUMENTS (ALL INPUT) 
C NUTA = LCGICAL NUMPER O F  U T I L I T Y  TAPE ON WHICH MATRIX A IS  STORED- 
C ANAME = MATRIX IDENTIFICATION, C A 6  FORMAT) 
c v  = VFCTPR WnPK SPACE. 
c L V  = VFCTOP WCSK SPACE, 
C KV = D I M E N S I O N  SIZE OF VgLV IN CALLING PROGRAM- 
C 
C NVEPROR EXPLANATICN 
C 1 = DIMFNSTCN SIZE EXCEEDED ( K V ) ,  
C 

2001 FORMAT ( / /22H OUTPUT A P A R S E  MATRIX F 6 r 2 X l H ( 1 5 r Z h  XX5r6h 1 ( 1 5 9  * 21H NON-ZERC' FLEMFNTS) (I5912H P A K T I T I C N S ) I X A 6 / /  
t Y @ X ~ l O ( 7 % ~ f H l ~ f 2 r Y H 1  ) / I  

* 21h NCN-ZEPC F L F K N T S I  (15112H PARf:T:CNS 1 1 X A 6 ,  I O H  CONTINUED// * r O X ~ 1 0 ( 7 X ~ I H ( ~ f ? r l H ) 1 / )  

2002 FORMAT f//22H OUTPUT SPARSE M A T R l X  A ~ T ~ X ? H ( I ~ T Z ~  X I 5 r 6 H  I ( 1 5 9  

2003 FORMAT 
2001 FORMAT (I5HOEND OF YWRITE.1 
3001 FORMA1 (45POEh0 O F  Y W R l T E o  NRA OR NCA HAS MEEN E X C E E D E D  1 5 ,  

( I X t  2 I5 92 X 9 1  P]. O F I  I -4) 

* 7 H  TffurESO) 
C 
C PULL UP A NFW PAGE F I X  M A T R I X  AND PRINT MATRIX NAME, 

REWIND NUTA 

NRA = MHFAD(1) 
NCA = MhFAP12) 
NPART = MclFAD(3) 
NNZA = PHFAD(4) 
MCKORD = MHEAD(5 1 
KVCHK = MHFAPl6) 
ISHAPF = M ) I € A D ( ? l  
C A L L  PACFWD 

CALL Y I N I  (PI117A,MH€ADqlT10) 

WRITF ( N @ T ~ 2 C O I  1 C N A M F ~ ~ ~ A I N C A ~ N N Z A T N P A ~ T ~ ~ S ~ & ~ E ~ ( ~ ~ ~ = I  r1O) 
I F  (NNZAmECoG) GO TO 4 G  
NLlNC=C 
I F L  AC=G 
I JK=O 

C 
DO 38 M=lvWPPQ1 
C6,LL YTNl (NUTA,MHEAD,LT~O) 
NNZP = M H F b G ( 1 )  
LFFLP = MHTADtZ! 
LLELP = MF(FAD(3) 
I F  INNZP-GTeG) GO TO 2 



YWPlTC-- 2/' 3 ------------ 

NE P RQR =1 

CALL Y llv I 

MHFADflCl = 0 
GO 'TO 38 

( V U 1  A ?MHE AD t IO (I 10 1 
CALL YIY!  (YUfAr V v K V v K V )  

2 
I F  (NNZPoGT.KV)  GC: TO 999 
C 1  ,L YJNI ZNIITAgLVrl  TNNZP) 
CALL YlN ( N U T A T V T ~ ~ N N Z P )  

C 
DO 3 5  I = l r N N Z P  
f A = L V ( T ) / 1 0 0 @ 0 0  
JA+LVf 1) -106000*1A 
I F  (TAoGTmNPA - O R -  JA-GT-NCA) f J K = I J K + I  
I F  ( I - F C o l  ,AND. M o E Q . 1 )  GO TO 20 
K=JA-JS+l 
I F  ( I A e N E o I S  oORm KoLE.0 .OR, K e G T - 1 0 )  GO TO 5 
W ( K ) = V i I  1 
I F  (1.LToNNfZP o Q R o  MoLToNPART) GC TO 35 
I F L A G = l  

5 NJ=YO 
I F  t(J'+9)oGTofICA) NJ=NCA-JS+l 
IF (JAoGT-MCA) NJ=lO 
N L I N F = M L I W  + I  

CALL PAGFHD 
WRITE (NOTtZCCZ) ANAME tNRA,NCA,NNZA?NPARTr ISh'AP€r (u'r J=1 r L O 1  
NLINF = 1 

I F  (NLTNFoLEm4L) GO TO 10 

10 WRITE ( b ! O T r ? o C 3 )  I S r J S ? ( W ( J )  r J = l w N J )  
IF ( N N Z P a F O o C )  GO TI? 38 
I F  (IFLAGoEQ.1) GO TO 35 

C 
C SKIP A SPACF FETWEEN EACH ROW I F  THERE APE MOPE TBAN 1 C  COLUMNS 
C AND SCME7HTNC HAS BEEN WRITTEN. 

IF (NCPeLFo10 . C ) R o  I L - E Q i f A )  GO TO 25 
NLINE = NLIPIF + I 
WRITE (NOT92CC3) 

20 fL=IA 
25 fS=fA 

JS=( J A - I ) / l O * l O + l  
DC 30 L = l r 1 0  

K = JA-JS +1 
30 W f L ) = O -  

W ( K ) = V ( L )  

IFLAG=l  
GO TO 5 

I F  (IoLfeNNZP . C R o  MoLToi'4PART) GQ 7 0  35 

35  CONTINIJF 
38 CONTlNUE 

C 
I F  ( 1 J K . E O . O )  CO TO 40 
WRITE ( N O T ~ 3 0 0 l . l  1JK 
R E  TURN 

RETURN 
40 WQJTF (NCT,20C4) 

C 



999 CALL ZZBOMR ( 6 H Y W R I l E  rN€RROR! 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C . 
.c. 

C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

WRITE EPAKSF MATRIX A ON TAPF (NTAPF). 
I N I T l A C I Z E  TAYF WITH SUBPCUITNE I N T A P € *  
REHIND TAP€ BEFORE F1P.ST USF C'F THIS SUFROUTINE. 
NOfEooeTHIZ PPIITINE TS DESIGNED S P E C I F I C A L L Y  FnR WRITING I)N C, DISK 

( E G  C O C - 6 4 C O  D I S K ) .  USYhjG THIS FOlrTINC: f O  W R l V E  ON A PHYSZCAL 
T A P €  DIRECTLY ! I €  WTTHCIUT USJNC. TWE O T C K  C C  AN I N T E R M E D I A R Y )  
WTLL PRCRbbLV G I V F  P03R RESULTS (LUF TD THF TfJLERP.NCE 
CHAKRCTFKlSTICS CF A ?APE DRIVE) AND SHCLOLD BE A V O I D E D  I F  AT 
ALL P P S S I e L E  

,,,THF C C C - h 4 C @  DICK IS A U I Q M A I I C A L L Y  ENDFILED AFTLR EACH WhIiE. 
CALL 5 FORMA 91JRP01J7  IN€S Y 1N r Y  1 M I  9 2 2  €:@ME 
DEVELOPFD P Y  P P PHILIPPUS.  NCVEMEFR ? a h 8 0  
L A S T  R E U I S T C N  FY W A  FrENFIFLDo MARCH 19?ttc 

SUBROUTTNE APCiUMEIVTZ ( ALL EIqPVT) 
%UTA = LCC-ICAL l''1:MPEP. @F U T I L I T Y  TAP€ OF' W H I C H  M A T R I X  4 IC STOREO- 
ANAME = M A T R I X  T?FN7TFTCAtLON- ( A 6  FCRFSAT) 
v = VFCTCP WOPK SPACE 
LV = VFCTCt? Wf2R.K CPACEo 
K V  = GYMEhSIClN S'LE O F  V I L V  I N  CALLlhC ppC ' t -R&~?-  
NTAPE = CClGICAL NUMBFR O F  T A P E  ON W H l C H  FcATP:iX A 15 TO R E  WKIT?EN* 

NERR OP F X P L AN AT T ON 
1 = DIMENSIQR S I Z E  EYCEEDFD ( K V ) .  

INTE?NAI- V A S I - P L F S  THAT ARE PUT ON T P P E  (T?ANSFERFtL TPRU LC24KON)- 
RUNNO IS PUN NL'MRER OF PPCBLEM, (Ab FORMATI- 
DATE IS OAT€. ( A 6  FORMAT!. FOR EXAMPLE I5FE63  

SEARCH TAPF FT'R F'NG OF W P l f f F k  IIATA. 
IO RFAO (NTAPF)  T ~ P E T O T L N ~ ~ E O T C K  

I F  ( I E @ ' T C  K.FI2.3HEOT)GU TO 20 
R F A D  ( N T A P E  1 
GO f C  16 



VWTAPF-- 2/ 2 



C 
s 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 

ZERO THF L c w m  HALF CF S P A R C E  MATRIX AZ,  

DEVELOPED CY R P P t m r P P u C o  JUNE 1 ~ 6 9 ,  

CALLS FORMA SlJBROUTINES Y I N  , Y I N I  ,YLQRO 9YOUT V Y C U T I  tYPART y 

2213CM@o 

LAST R E V f S l C N  B Y  MA €?ENFIELD FOR NASA, MAY 1976, 

$UE+RQUTTNF ARGUCFNTS (ALL I N P U T )  
NUTAZ = LOtlCAL NUHFFP O F  U T I L I T Y  TAPE PM WHICti M A T R I X  A 2  IS STOR€D- 
V = VECT:QP WCPK SPACF. 
LV = VECTC'D WCPK SPACE. 

NUT1 = LI'GICAL NIJMP.FR @ F  UTILITY TAPE. 
K V  = DlYtEN5TOA' S I Z F  OF V t t V  IN C A L L I N G  PROGRAM- 

NUT2 = LOGICAL NlIN6ER O F  U T I L I T Y  TAP€- 

GET ( A )  HEADFR I N F O R M A T I O N o  
PEWINI! NUTAZ 
R EW T h0 YVT 1 

WPA = M P € A C J ( I )  
NCA = MHEkD(21 

CALL Y Iw1 ( N U T A Z t M H E A D , I . I O l  

NERROR=l 
I F  (NRAIR€.NCA) CG TO 999 
NPbDTA = MtiFAD(3)  
NNiA = MHFAD(I.1 
MCKORD = M H F A D ( 5  1 
TASHPP = M H E A D ( 7 )  
I F  (RNZA oFQ. 01 FETUGN 
TF (TASHAPoEC'o~HDIACI R E T U R N  
I F  f IAS!+AP-EC'.SHUPPER 1 RETURN 
MSHAPE = SHUPPFR 

NNZZ=O 
NPARTZ=@ 

IF (IASHAP,FCmSHLCWER 1 MSHAPE=4HDIAG 

LOOP C." ( A )  PARTI'TTUNSo 
00 20 J=l,NPARTA 
CALL YINY (NUTAZFMHEADrI t l O l  
NNZP = MhEAD(3) 

NE R R Q R = 2  



IO CONTINUE 

TRANSFER DATA FROM NUT1 TC. NUTAZ, 
IF INNZZeEO-MUZA) GO T O  40 
RFWIND W T A Z  
REWIND NUT1 
MH€AD(I 1 = NRA 
M H E A D t ? )  = NCC. 
MPEA@(3)  = NPARTZ 
MHEAD(4) = NNZZ 
MHEAD(5) = MCKCPD 
PI4€AD(71 = WSHIPF 
CALL YOUTI  (NUTAZ,MHEAD,lrlO) 

40 CALL YLORC! (NUTAZtV,  LVvKV,NUTlvMUT21 
R E 1 U R tJ 

999 CALL ZLB@W6 (6HYZERLH*NERR@P 1 
E RD 



SUBRCUTXNE Y Z E P O  (NUTAINRA~NCA I 
DIMENSION MH€ADi io) 

NC 
C GENERATE A NULL SPARSE M A T R I X  A ,  
C CALLS FORMA SUBROUTINES YUUT t Y O U T I  0 

C DEVELOPED RY R A P H I L I P P l J S m  OCTOPFR 1969. 
C LAST R E V I S I O N  B Y  JOHN A D M I R E  *NASA* FEE! 1974- 
C 
C SUEROUTINE ARGUMtLNTS ( A L L  INPUT) 
C NUTA = LnGICAL NUMB€R OF UTXLITY TAPE CN WHICH NULL M A T R I X  A IS 
C STOPF.9. 
C NRA = NUMRFD CF ROW5 IN A.  
C NCA = NUPBER OF COLUMNS I N  A s  
C 

REWIND NUT& 
MHEAD(?)  = N R A  
MHEAD(2 1 = NCA 
HHEADI31 = G 
MHEAD(4)  = 0 
MHFAD(5) = 0 
M H E A D ( 6 )  = 0 
I W F A D I 7 1  = THWHQLE 
MP€AD(F)  = 0 
MHEAD(QS = 0 
H).IFAD(IO) = 0 

M H € A D ( I I  = C! 
MHFAD(2)  = 0 
MHFAD(7)  = 0 

RFTURN 
€NO 

CALL Y O U T I  F f V U f A ~ M H E A D t l t l C )  

CALL VOUTf (NdTA,MHEADt l t lO)  



YZERUH-- I/  2 
--------I- 

C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

ZERO THF UPPFQ HALF OF SPARSE M A T R I X  A Z m  
CALLS FORMA SURRCUTIMS VIrV , Y I N f  tYLOKD rYQUT SYCUTI SYPART ? 

ZZEOMb- 
DEVFLOPED BY R A P h T t I P P U S ,  JUNE 1969, 
LAST KEVISICN EY NU REMFIELO FQP NASA, MAY 1976- 

SUBRCUTINF ARGUMFNTS (ALL INPUT) 
NUTAZ = LPGICPL N\JMEfR OF U T I L I T Y  TAPE ON WHICH M A T R I X  A 2  IS STORED- 
V = W@FK VECTC'Po 
LV = WCFK VECTCF. 
K V  = PIMFNS1CN SIZE CF V p L V  I N  CALLYNG PRCGRAM- 
NUT1 = LPGICAL YUMPFP O F  U T I L I T Y  TAP!?- 
NUT2 = L@GICAL NUMB€R OF U T I L I ? V  TAPE- 

N€R;POQ € XPLbNATY FiV 
1 = M A T E I X  NOT SQUARF, 
2 = !IIb?€NSIOh! SIZE'  EXCEEDED ( K V ) *  

GET ( A )  HEADFR IhJFCiRMATIONo 
REWIND FIUTAZ 
REWIND NtfTl 

NRA = F l H E C . D ( X )  
NCA = MHEAG(2) 

CALL Y l N l  (NtJTAZ.rMHEAD.1r1O) 

M E R R O R = l  
I F  (hPA.MFmNCA) C - l i  TO 999 
NPARTP = MFFAD(3) 
NNZA = MkFAP(4) 
HCKPRD = FPII-'FAD(F 1 
IASHAP = M H E A D ( f 1  

I F  ( I A C P A P  EQ-AHP Z A G )  RFTtIPN 
?F 1 IASHAP,€Cm5PLCWER 1 RETURN 
MSHAPE = SHLOWER 
I F  (IASHAP,EQ13HUPPEK) MSHAPE = 4 H D I A G  
NNZZ=C 
MPARTZ=C 

I F  (NN2A .€O- C) FETURN 

LOOP CN ( A )  PAQTITTChSo 
DO 3C T=lINPPRTA 
CALL Y l h r ?  (Nl !TAZIMHEAD~l  T I G )  
NNZP = NH€AD(!)  

kE RH CR=2 

C 



10 CVNI INUE 

TRA?JSF€K F b T A  FFOF: hUTl TC NU7AZ- 
I F  (NNZZoFC-NNZAI GC TC! 4 C  
RFWINI) NUTAZ 
PEWIND NUTI 
MP€AD(? 1 = NPA 
M P € A @ ( 2 )  = NCA 
MH(FAD('3) = NPARTZ 
MHEAD(4)  = NNZ2 
M h E A D ( 5 )  = MCKORG 
M H E C D ( 6 )  = c 
kh'FAD(71 = MSHF.PE 
CALL YFUTI (NUTAZtMHEADtl  9 1 C  1 


