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A BSTRA CT

A new block solver, OCSOLVE, for large, full, unsymnietric
systems of algebraic equations with complex-valued coefficient.; has
been developed. Although OCSOLVE was developed for use with the
finite element program NASTRAN, It is designed to be easily adapted
for other applications. Tfhis new solver was developed because
NASTRAN's solver was not designed to solve full, unisvmmetric
systems efficiently;, it reduced the time required to solve such a system
of 500 equations with comiplex-valued coefficients to about 3%7 of the
time required by the equation solver in NASTRAN. The solver is
easily modified to use double precision complex arithmetic on
computers on which it is available. With somewhat more effort. it
could be modified to solve sys;te ms of equations having real1-valued
coeHi cie n t.

Several features distinguish this linear equation solver from

previous solvers. It automatically (determines the dimensions of the
blocks of coefficients and blocks- of' righ t~hand side vectors and avoids
the need for adding extra equations by providing for blocks of more
than one size. It ltacells (011 ins of the coe ficie nt mnatrix anid
columns of the right-hand side vectors froni a sequential tile and
returns tie colunns of sol utioni vectors oni a sequential file. The
program OCSOLVE will solve with one call, a linear system having
mnnltiple right-hand sides;. It will solve ai svsts in of line ar equations if
a specified mnnitium nioniber of words are provided for storing the
blocks: however, the moure ni'inorv jpro'. Wd, and hience (lt, larger the
blocks, the more efficient die soIl ti10ii Will be.
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Center's CDC Cyber 176 and Cray X-MP. Also the system must be solved for many right-hand sides. To

satisfy the requirements of NASHUA, an out-of-core equation solver has been written that can solve this type

of linear system. This solver is designed to solve a system of equations produced by another program (in this

case NASTRAN) that writes the coefficients and right,-hand side vectors on a sequential file and requires the

solution vectors to be returned on a sequential file. The program is written in standard FORTRAN 77 to

facilitate it~s use on different computers. Although the program is written for single precision complex

4' coefficients, it is easily modified to use double precision complex arithmetic with computers for which this

arithmetic is available. Also, but with somiewhat more effort, the program could be modified to solve systemns

of equations having real-valued coefficients. When blocks of the coefficient matrix and of the right-hand side

vectors are in centrai. mnemory, they are stored in arrays in blank COMMON. For single precision complex

arithmetic, the mninimumn memory required in blank COMMON for these blocks is twice the length of one

* colunrin of the coefficient matrix plus 150 words. Of course, the larger the number of equations and the

smaldler the number of wordis of memory provided for storing the blocks, the greater the cost of the solution.

Thes'e ysesof equations canl be solved using subroutines provided lin NASTRAN. However, since it

< is usuijial t4) encouinter large, full, tinsvm metric systemns in finite element structural analyses, the procedures

incorporated Ili N :\ s'R.\N have not been optimized to the extenrt that have the mnore comnmon ly used

C~plim -oktfvrs11)ei corisvqientlY the solution is very slow. lor this application, the progrmi OCSOLVE

%re-ijced (he timre t4) solve aI full, uinsyilmletric, complex systeim of ordier 500) it) abotit 5 1 of' tire tine requiredi

lh'II rtprt diociim Ili(,~.th out-oI-core block sofvei prograiri ( )SOL\ 1I: developed by ile .\ fulliel

- \l~l~ln ii> DrI v11thII ;Itl? if t) solve~ lairge linvreu systcis KN If, wirm h ill.lll\llltlIlall

~ -: tof lllwl.\ ?ttl"-'. I I IriatiIx of ou ll o ni righrt-hantd sidet 'vctor., umid \ i> the lui\ (df unlkto%n
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possible for the memory available. 3 Therefore, it is desirable that the solver automatically determine block

sizes, read the data from a sequential file, store it in blocked configuration, and after solving thie equations

return the solution vectors in a sequential file.

Cantin 3 and flofinieister 4 have developed block solvers for large systemis of linear equations . ('attin's

solver is dlesigned for large, symmetric, banded systemis: llofmieister's solver is dlesigned for large,

unsymimetric, full systems. Each AIll solve a systemi of equations for one righit-hand side vector at a lttule.

These programs require that the matrices have already beCI elistred [i block conifigu ration and that all thll

blocks are of equal size. To satisfy these requiremients, thet-1user ist organize thle data ini block configuration

and, if the number of rows of blocks does niot divide tlit order of thle system inmiiust add eqiations to fill out

thet last row and columin of bloc ks. C'are is nieed(ed it reorganliiziig seqile it id data in to block con figuration to

avoidl excessive calls to disk storage, for although one acces to fisk storakge I., f'Aurl qnuic k, mnany calls wIll add

si1gniticatlvl to the tinie required] for solving the equationis. If' all blocks musnt hv oif equal size iti the block

elimination process, the number of equations added to tilt- .t. tnl will be tno greatvr thlu thle liliiiilr of r-ows

*of blocks used. '[bus tilt jenalty iti timl tI' s~lvv thf. e'jn:iotn, no too lairge if muIc. a few% loW> (J idock,

~lt isl er :ill ti l t ~ *1 1 ili fil i'> jin hii '14tef Ill tfir (t; i I t f te '\tir for
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" It obtains the order of the system and the number of right,-hand side vectors from a sequential file and

automatically determines a suitable blocking of the matrix of coefficients and the matrix of right-hand

side vectors.

" It takes these matrices from the sequential file, and stores them in the block configuration required by

the block solver.

" It reorganizes the solution vectors from block configuration and writes them on a sequential file after

the system is solved.

" It does not require the blocks to have equal dimensions, so the order of the system of equations being

solved need not be divisible by the number of rows of blocks.

The program OCSOLVE is designed to read data from sequential files with quite general format and

return the solution in a sequential file with an equally general format. To do this, the program calls live very

short subroutines that read a label, heading, or matrix column from the data file or write a heading or column

to the solution file. Appendix A shows an example of a set of these routines tlrat can he u,ed with ,ll'lliti:,!

files with a simple, fixed format and another set that can be used with se(utiatl files with the N.STP AN

OUTPUT2 or INPUTT2 format. If the solver is to be used with a program iat uses and prodU c, i ,',tti:il

files with another format, the user can easily modify these loutin's (t) :wconmilo(d:ite thiat format.

To determine the size of the submatrix blocks, the program O(CSo(I.\'[- uses (Ite order (If the hitwar

system and the memory available for the blank COMMON arrays. "li. order of ih. liiiear svste ii, ,iSt,' 110

from the data file. The user determines, according to the litItinory :ivailal,le il the :irti,'ilau ;iJltiitu, h,

number of words available for blank COMMON and slplivs this fllu il be a:.i; palar:in letr ill the [- )'(TI,.\ N

PARAMETER statement at the beginning of the prograiti. The user t. l,jr i,,i', i thi- t:itnww illr 11:1,.

of the file that contains the input, data and the output olution vltor .is ",Il :I.- r:rl

- single or double precision arithmetic and indicate the tyle of , omlillct, h;, i , ,t.,-
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OUT-OF-CORE STRATEGY

In the out-of-core elimination strategy, the matrix of coefficients and the matrix of right-hand side

vectors are partitioned into blocks of submatrices, producing a matrix-like array of blocks. The block

elimination procedure is illustrated here for a system of four equations.

all a 12  a1 3  a 14
x l k

ai l 2 12 3a24 x3

41t "142 a4 3 X4 14 k4

The coefficients a.. and the right-hand side terms k. are known, and the x are to be determined. First the

solution of the system by the usual Gaussian elimination will be described, and then the block elimination

procedure will be shown to be the same procedure with matrix arithmetic replacing numeric arithmetic.

When this system is solved by Gaussian elimination, elementary row operations are used to transform

the system to an equivalent system in which all entries in the coefficient matrix below the main diagonal are

zero. For this example the equations are

b1xI + bl2X2 + b 1 3x 3 4- b 1 4x 4  I'[

b2x., i b0 3xa b24x 4  1,2

b 44x 4  h 4 •

* The last equation can easily be solved for x4  - 1
1 hi. With x, known, th -'coin la.st n: iti, can Ie

solved for x3  -- b.3 (h 3 - b 34 x4). Similarly, each of the remaining two flI:itnt r is ,,lvcl 1(,. Ow riz :un:iig

unknown values x2 and x1 , respectively. The elementary row operations use addition and 111uulltIt,1n<1 of the

numbers a. and k..
Ij I

For the block elimination procedure, the coclhicient matlix. tIlc unk oi NveCto, and)(' n l ic 1glit-h1:ui'

side vector are each partitioned to form two i (u(ri\ equin \vth tWO vcior uiioo i h, Hi

pro(hices a total of eight blocks of co,llicii io . i i. d vight-lu:jid ,r \:111 -



all 2l a 13 a14

ca-C21 ~lk3 a-24 X

a~ .2a3 a-34 X3 k

a 1 Ca2 4 3 C44 X4 k

Themloertw row fora lnear usysgutipfloderto at ain be solv esb tusualth asystem eIntao th

foruivand x.s ubtttnyhsevlesnttheiprtorospouemnohrsse f rlriota

Cl 1 1 C 3 1 1I

ca e loled fwo row foadrm hs xpeo a blksoutonol systems of order two ahtcare solved byt ththale11~il l~il11

* procedutre can be organized so that at most four blocks are reqiriied in mnimory at onie tile. Wlin iot, inl

memoryi, the blocks are stored in direct access files. Eveni for this very simall example, ani in-crer( soluitli

would require that all eight blocks be stored in memory at one time. The blocks are aissigned to records Ii

column order from the array of blocks. The matrix entries iii ecwh block ;ire A.lso stored Ii -ohimit ortir it

the block's record in the (lirect access file.

The size of the blocks is determined by the order of (lit- linear syviii the tin uer of riiit-hind site

vectors, and the memory available. If' the order of ihe matrix of coetliciettt., is dhivisible 1). t11, tini hrl of

blocks, the cotiitt blocks will 'Ill be stjilare ;tild ivm tiiiisiott,, othierwio :ill toe iiti hloIbis

blocks Iii the Last row :iid roltiti will hw dctrvielv so thil th ot~tl tmiuttr of tows ind ouintw Ii t Ili( k

('onhtilratiloi equlals thlt of the trigiiAl rilitrix of cotfichitt., Ili gttIlie, lhwk (h tight-huii it, i

will he- ectaoigtiir. 'I'lit ititiler tof towvs Ii i right-Ititul it Ildtk \%tillk Ill ;mw >:it >i t~wwitr ,I llo

the coohhlitlit ld,k.> Ii i te ;, i hthck tow 'I'l( ttimiii (d limt in ,ii ttjti-him iiil H-1 k

44/)



determined by the size of the problem and the memory available for storing blocks.

The block dimnnsions are computedusing the following variable definitions:

NBRC is the number of rows and columns in a coefficient block.

NRHB is the number of columns in a right-hand side vector block.

.NRHV is the number of right-hand side vectors.

S"LBC is the number of complex numbers available in blank COMMON.

At times there will be in memory three coefficient blocks of dimension NBRC x NBRC, one right-hand side

block of dimension NBRC x NRHB, one column of working storage, and one column of pivots. The block of

right-hand side vectors and the two columns, each of length NBRC, constitute the fourth block. The first

*estimate fcr NBRC follows from the possibility of four blocks in memory, and the condition that the fourth

block will be no larger than the first three.

4 x NBRC 2 
- LBC

where LBC is the number of complex numbers that canl be contained in blank COMMON. The number of

columns in a right-hand side block is determined by the conditions that (I) NRH1B is at most NIIIV. and (2)

the fourth block in the preceding estimate includes one column for pivot indices and one column for working

storage.

NRHB - min( NBRC-2,NIIIV).

*__ The program reads columns of the coellicient and right-liand-side matrices into the fourth block Mhile storing

the system in block configuration, therefore, this block tiliiut he at lea.t L:,ige enouIgh to colitaill onet co]itain

of length N\IR('. Thus, the number of colhiins in the fourth block is

NBK4 miax(NI lVf2, N BRC NIMC I

Then the equation

3( NBIC) RB-i)xNPRC 1.B1'

is solved to etruuuiii ti, iu l I 'u I of Io\\ muIl c(,miiuIIII S I I o Ili,i,,t ll.
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After the sizes of the blocks have been computed, the system of equations is stored in block

configuration on direct access files. Then the blocked system of equations is solved by Gaussian elimination.

The block elimination procedure follows the same steps as conventional Gaussian elimination for linear

equations. 3,6

ARRANGEMNENT OF THE PROG RAM OCSOLVE

The programn O('SOI.VE consists of three principal subroutines, three secondarvy subroutines, anld

s;everal user-provided subhroutinles. The principal subroutines are

9 s'[ou.mi. whtichi reads the mnatrix of coefficient,; and the matrix of right-hanid side ve'ctors anrd stores

themn in block confi guration;

0 BLIKSLV, which performs the block elimination proce5ss and

. t'NP:\CK . which rctrieves the solution vectors fromn the block configutrat ion antd wrt in il a

sequential file.

The secondary subrouitines are

0 O)OLVEC ' Whiiich solves a linear syst'emn of eqjuntions wvith coumplex coe flic Cut~s

"'F ~ ~~ *1Hl'','. %keiihi cs)Iipti('s- tie sizes of the stirutrix b~locks.

Toi.ru (.\~ (' '.ltheut 'li' oft1114-. flor tin ii.' oky- ato Ille Olilillio f t e itt.. , ofi h-- . ii.' -i :1'f riluik

li~rid I((- f't r , h c 1,ogm i X ,()1 V E rv~ i es I nfo ill:i 1(11 n ll Ile llo ) 1\ 11111.14 m k ll \ ( \I\1 )

Pkn O M N Stm Ii ~ il(c i lc ln m hi h 4 ,-n
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ll'-f-d Ilf t~ p of-rl 'l" '-1g 1 " lc p w"~ l1 ; - 1, , ' H r l " t i l, 1:11 1 1 1. Ii ip

F ... ',. F. - .a ~~ya&



and output files. The following FORTRAN statement located at the beginning of thle source cotle of thet

programn OCSOIVE provides this information:

P lARA.METFR(NACHNR=ni,LGTHBC= n,DATI 'nall,,EC

Thle intege r n is the length of blank COMM ON in termns of real words, the le ngthi (-an be calcLIlawd by

subtracting the nu~mbher of words of Inemiory occupie d bN Al coding Uld vaale from ILL th tot :i Ii hi

lelngthi (The variable LBC, which is the numbL er of comLplex JILiIrhc lit b lan~k ('ANI , t

Cip iLted fromL LG1I'll3(C an~d de~pends oil whetIher sinlet or dIoublle licLoisiI ii)LLIlc\ iminL ers ;itr

[)(IeII, LIvd. ) Th~e integer iLL is a p~arame(ter, providled by tilt, user, thant Indic:LtL's thle typeof ci ipiLiJL r

i-~cd, Laldi givellb

-. ()MI'TE~R MIACI I NI
(RA Y IL I

11 ILL
'a/b VAN mI-

IlLLL2LILLI -;t'ill, InalLIe' is tile logic.d al li oLLe(f tILL file th~at coLLtu LL. tILLILLtt 1:1 x itl ocfccll 11

Oil- righ~t-hLand sIde Vectors' whIichL areL i1LILt, to) O( S()I\I., aLnd thle soIlutionI vet-ho's "ILIcIL ;) Itlliait

fromi ( )( St )II> 'Tile iltegel is set liv tile LIse r to equlLS either I or 2 MienL imlomiLoti lL >Ltigc orL

(lulLe l ptJecjsoL aritlliLnetiL'. (W\'vli chanLLgin~g fromLL sligic to dible lirti ,ionL oIL Iik, :t 1'N olli

TlL;Igs LLIt lt LLI '> W Ci\oie ,l r l lit lelX fr n nIjv to Il ~ t n ' h lo l fl. Th.11 111

(W-N Iii 11111611111111~ ofLdii LL~t oltL Ol friLLIL a ta (tle LLd r li c til t - al to be >il i Ill ; ti l -cid o d

Ow ~() I tit- lllt coIL I IILLLIILL ( il;ol, ; & IiL taLL O i l lt. Sp ci ilol 1 11 111 Y brli illS Iedl 1 lot lit' iLL I - (d,' I f
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of coefficients (equal to the number of rows of the right-hand side vectors) followed by the columins of the

matrix of coefficients, again each record containing at most one column.

4 The data file is read by three user-provided subroutines. To design these subroutines, one must know&

the format of the dlat-a file provided to OCSOLVE and that of the solution file to be returned. Appendix A

gives examples of the user-provided subroutines designed for straight-fo-ward unformatted FORTRAN files

and for unformatted NASTRAN files. The subroutines must be designed to be consistent with the forntait of

the data files and also must satisfy certin specifications to be consistent wjth OCSOLVF. The stibrotitiis and

* their specifications are

"RD LBL, which rewinds the data file and then reads and discards any in form atloll bt't%% cli tin

beginning of the file and the heading. If there is no information before the heading, tis ,ubiroutine

must at least rewind FILE 4I. The subroutine call Is

CALL RDLLL

The subroutine RDLBL, m ust leave the pointer positioned so that the siubrouttine H )1)Ccan re ad II~

heading.

"RDHIDG, which reads the heading prece-ding each of the mnatrices" of Iighit-iial >Iil. % xt,),il

*coefficients. On the first call, before the itiatis of right-hand side \v-ctors, it rctltwt NP. III, ' 111c

of rows of a right-hand side vector, nid NC, tie inmber of coluition of rightt-ii:1to1dt I'l I' 1-1- ( 11i

E ~~~the secondl call, before the ititrix of ocIhcwnI,,., it rvttirtt NP tuin NC, \%hilt it\r f ill- :1111' il

and are equal to the number of tows ;ittd coitititirs of the iitrix of ctwthlitittits :1i1 -llttiIt l

CALL RDI i)( NH,N(')

hi rst coltumn notf the iit rix lhitt foi o

1?,! 1) COL PI ?12.NI PC)

Aw .i. ..i.
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where RB2 is the array into which the column is read and NMRC is the number of complex numbers

to be read. After each of these calls the pointer must be positioned so that the subroutine RDCOL can

read the next column of the matrix. After the last column of right-hand side vectors has been read,

the pointer must be positioned so that the subroutine RDHDG can read the heading before the matrix

of coefficients.

S.3 After the system of equations has been solved, the program OCSOLVE produces a sequential file with

the results of the solution of the linear equations. This file contains a heading that may contain the number

of rows and columns of solution vectors, followed by the columns of solution vectors. Three subroutines

must be provided that are designed to produce the output file in the format desired by the user an( to

conform to the general specifications that follow. The subroutine WTHDG is called once, and then for each

solution vector the subroutine WTCOL is called once. After all the solution vectors have been written, the

subroutine WTEND is ca!led once to allow the solution file to be closed and rewound.

WTHDG, which writes a heading on the output file, FILE 4. The heading may include NI and NC as! -'defined above. If NR and NC are not needed by the program receiving the solution file, the heading

need not, be written on the solution file, b a subroutine WTIlID C which at leaLst rewinds FILE' .I in11it

be )rovided. The subroutine call is

CALL W'TIIDG(Nl,NC)

* • VvTCOI,, which writes one matrix column to the Output file. The Sktbroiitiie call is

CALL \Tcoi(AK.I,SG2)

where AK is the array from which the column is :1ritten. ud l,,(;2 is the number of COmlplex numbers

to be written.

o WTENI), which writes an end-of-file mark annd rw Ilsl th,, output ile Thu 'Iholo til,. call I

A .(.\LL WTENID

.
-*,,
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DISCUSSION

The block solver OCSOLVE has been developed to solve large, full, unsymmetric systems of complex

linear equations. It has been used as an intermediate routine in an analysis in which it received data from a

sequential NASTIRAN output file and returned the solution in a sequential NASTRAN input tile. Block

solvers have been developed previously, but the new features of this solver are:

" It determines the dimensions of the blocks of coefficients and right-hand side vectors.

" It stores the coefficient matrix and right-hand side vectors in blocked form.

" It avoids the need for extra equations by providing for blocks ol different sizes.

* It solves with one call a linear system of any order having any number of right,-hand sides.

" It stores datai fromt a sequential file in the blocked configuration.

()C()L.VII reduced the elapsed time in a dedicated environment, on the CDC Cyber 176 computer for the

10o1,t11on of A sv-t~ in of order 500 from the -11 wall clock in iinttes takeni by the equation solver in NA 5THAN.

whici %-.:L, no(t optimizyed for full, coiplex, uuin.inmetric systems of equations, to approximately 2 iniiiits

A\ ime:ir cqiation solver is used iii OCSOLVE' to factor the dliagonial blocks and reduce the off-diagonal

*block.-. Thiiis molve r uses partial p)ivo-ting to reduice iouuidoff error and to avoid failure if a zero :ippi-ats oit tlhe

*diagonal; however, the search for tie largest pivot is, confined to) the block In 11)(1i1i101, and it is possible thiir

for some coltniii. ill pivot candidates in that block wouild be itnadequtate . Thel( block eiiliinatioti I,0T~- (oild

be. mlodlieulto 'eol the pivot search to the( o0te bilocks in die coltit of block,,. but the iihollitihoi

wvoid be svxpetiiv* to develop and expenlsive' to I-ill A.\Iso the CqIIItioti soklve used does not1 V111i111l4:1t Ilhe

syste In If -(ii libration is desired, the( sti brot ilne SO!. \I-( colid I,( moified or. replaced %% till :I .oklv t1:i

does eqlIIlbrite t he1 sy v lln. III It is (X c t hat ho11; t r1:itlI Nl . -vtso, l io :1;i I I itI IIIt iar Iuu loutII I Il

problettIs, 1 th eo fe nt w II voul t b oF s IIiittul ur otherv Is oh I tt; itttiu LIIIIII And 11  C %kotlhIl Il', l I tt I t II'I

tti;lti lte ( ol lau~l Ilts there wo il hel no 1lit ilti,., du to) til( icotinjdi p:utial (t\ titu I i ,

f tttlilratiou For oilier sYstetus oh linieair csi;itiotus, m-lih , till .. tu. itli III> k4 it t1.t Ill- %p1
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the boundary inte~gral equation method is applied to piecewise homogeneous media, these assumptions may

not be valid 5 and appropriate modifications must be made or a different block solver used.

.13



APPENDIX A. EXAMPLES OF THE USER-PROVIDED SUBROUTINES

This appendix provides two sets of subroutines for reading the data file that contains thc matrix of tile

right-hand side vectors and the matrix of coefficients for the system of linear equationis to he solved and theri

writes the solution matrix on the same file. TFhe first set can be used with -inmplv unforlniatted IJ I

files and the second with unformatted NASTRAN OUTPU'2 and INPL;M.I' tiles In either case 111,V 4

opened by the statement

OPEN( 4, FIL E=D ATFIL, FORM =='U NFORMA FI'LD).

where the character string DATFIL has been set by a FOR1'RAN IA \I'1H~aeiit \;il\h

* Set 1. Unformatted FORTRAN Files

Subroutines from this set can be used to read u nformiatted FORTHA ,-N data tilt I,' %hicl con :ni \ t~t (IN

the following records:

One record containing in two integer words the number of row~s and
columns of the right-hand side vectors,

One record for each column of the right-hand side vector,

One record containing in two integer words the number of rows and
columns of the coefficient matrix, and

Oine record for each columin of the coefficient mnatrix

Suhroutines from this set can also be uised to produce an1 iunformattcd solution lile whitch (otit:4iin> tluv i III k"r

of rows and columns of the solution vectors in till, first record anid onle coluiluilu of tile sollutio IImtl III :c

a of the following rece rls. Thel suibrou ntes InI Set I are

StIBROUTINI;' PI) II1l

IN),I) D

I?1,' I
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SUBROUTINE RDHDG(NR,NC)
READ(4) NR,NG
RETURN
END

SUBROUTINE RDCUkL( NMRCRB)
COMPLEX RB(*)
READ(4) (RB(I), I = 1,NMRC)
RETURN
END

SUBROUTINE WRTHDG(NR,NC)
REWIND 4
WRITE(4) NR,NC
RETURN
END

SUBROUTINE WTCOL(AK,LSG2)
COMPLEX AK(*)
WRITE(4) (AK(I),I =1,LSG2)
RETURN
END

SUBROUTINE WTENI)
ENI)FILE 41
RE\IND -I

IEIRN

Set 2. N.\ 5Th .N 01-1i11''2and IN I I'1'2 Ii's

M ~ -Stritiies from this set ('anU he IIsed tA) endV 111V titiforinattAd NAS'I'H'\N files produ'el bN

OUT1 1I2. The iihroitiiiecs RI),11 PDI. R)lI ), and H f)('() are providled to read the label, liditig, m

('olluhins of a NASTH;\N unformiatte'd 01 I'IT2 Ii Ite,. Ii i rly thec su brou t Iin'c \\''I'I I I) ( :kip \\i ' 0

IEWINI) I
D10 1 I ,I 1

I oo ? : kI\I) ( .1)
1?i',i : 1 HN

:N I ITN

111); NIN2.Ni~kN I I') H /\V
110,NS I1 ,(. A\ "2



C THE INPUT AND OUTPUT FILES ARE STANDARD NASTRAN UTI FILES, WHERE
C THE INPUT FILE HAS A LABEL AND THE OUTPUT FILE DOES NOT.
C THE SAME FILE (TAPE4=UTI) IS USED FOR BOTH INPUT AND OUTPUT.
C ON INPUT, UTI CONTAINS THE RHS MATRIX AND THE COEFFICIENT
C MATRIX IN THAT ORDER. ON OUTPUT, UTI CONTAINS THE SOLUTION
C MATRIX.
C
C THE NASTRAN DMAP INSTRUCTIONS TO INTERFACE WITH 'OCSOLVE' ARE
C OUTPUT2 RHS,COEF,,,/i-i $ TO GENERATE THE MATRICES
C AND
C INPUTT2 /SOLN.... $ TO READ THE SOLUTION

READ(4) NI
READ(4) NAME
READ(4) KNTI

READ(4) N2
READ(4) IKFNCL ,NIIORM ,ITPE,NZW,IDENSI1G
REAI)(4) 1KN'I

READ(4) N3
READ(4) NAME
READ(4) KNI3

NR NRW
NC L NCL
R ETUR N
I*:ND

-1 (t"'TINK \\I'I'II I) (;
('()M\ION II); NlN2 N3 K<N'I'IIKN'I'2.1K N'Il'3 'I,,N I?\V.lI" )I? \,I'I';, N '\V.
I lI 1  N.I1( ; N .\\I I) '.z)

,,, I ,\VINI) I

i" \VIII. I) NI
D Wl{ \V I'ITK( -I) N A\I I.

W 111TI, ) KNTI

N KI?,11 '1 201
\WPITI.(.4) N2

\VI'IIK( 1) N3

R\V II111( ) NA\1I'' ' \IITI11 ) I 1KN I;

i l{I1.:'I 1RN
IKNI)

". SI.1 Ilil ) 'TINI-1 i?[)t '+)1 XI> Il1k)

17
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COMPLEX RB(*)
READ(4) IB
READ(4) (RB(1), I = 1,NMRC)
READ(4) KNT
RETURN

* END

SUBROUTINE WTCOL(AK,LSG2)
COMPLEX AK(-)
COMMON '/KOUNT/ I{NT
NMRC2 2*LSG2
WRITE(4) NMRC2
WRITE(4) (AR(I),1 1,LSG2)
WRITE(4) KNT
I(NT -- KNT-1
RETURN
END

SUBROUTINE W'ND
IKNT 0
WRITE(4) KNT
END FILE 4
REWIND 4
RETU'1RN



APPENDIX B. USING OCSOLVE

The program OCSOLVE must be prepared by setting the user-provided parameters and including thle

user-provided subroutines from one of the two examples in Appendix A, or by providing routines that satisfy

the requirements of Appendix A. Specifically, the following steps nmust be taken:

I. Poiethe parameters on the FORTRAN PARANIETLR statement located at thle beginning of thle

source code for the program OCSOLVE.

PARAMETER(MACHNR --n LGTIH B('--ii,):\TFiI.-)name.,\PlRE(C i)

-n is the length of blank COMMON in terms of' real words~ the length can be
calculated by subtracting the number of wordls of inemory occup)ied by al
coding and variables from the total field length.

-m is a parameter that indicates the type of computeI(r Used, and is given by

COMPUTER MACHNR

: :CRAY m I
CDC m--2
IBM m 3
VAX m -4
A POL 1O m ~.5

' name' is a character string that is is the logiudl namne of the file that
con tains the mnatrix of coeffiicie nts and the righit- hand I ide vec tors that

are input to OCSOL.VE and contains the ,soluitlil onxctor that are outputII

fromn OCSOIAVE.

* -~ I.is set by the uiser to either I or1 2 wkhenmnisiiitn suiglv or dotihle

precision arithiriotic. (Ak Io ,,ee additional] step tf en below for chianginig
tu) dold be prvelsetti

2 P'rovidfe the- siiioiitiw-s HI)LfI H I)Il) 1. 1 PIWf~ (d (if ~, if In *l iit i d taiI, (-. ApI ,1 1\ AI

3t fro itfe the skiilioitiri. W1 11 'If(; \VP (f,, ;I11d 1Vf~ ) 1'' 1 .Tt t~n he iii -II (1,I \IIi .

2 \r( -( ,

0. . C

I -r& & L% I . -ra.p ,* ~ p



3. Get the solution from the file that has the same logical name as the input file.

If the program OCSOLVE encounters a singular diagonal block, it will stop with the message:

SINGULARITY IN KNN IN POSITION n

where n is the number of the equation for which the solver could not obtain a nonzero pivot.

To change from single to double precision complex arithmetic, the parameter i on the PARAMETER

statement must be set to 2, and all TYPE COMPLEX declaration statements must be changed to 'YPE

COMPLEX*16 statements.

'21
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3. Technical memoranda, an informal series, contain technical documentation of
limited use and interest. They are primarily working papers intended for internal use.
They carry an identifying number which indicates their type and the numerical code of
the originating department Any distribution outside DTNSRDC must be approved by
the head of the originating department on a case-by-case basis.
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