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Numerical Simulation of Flow Fields using Parallel Processing
by Nobuhiro Miura
Abstract

The purpose of this paper is to apply parallel processing techniques, which have characteristics such as low cost and high performance, to
numerical simulations of flow fields. From within the various parallel processing methods, techniques based on the MIMD and distributed
memory architecture are dealt with in this paper since these techniques can be applied not only to parallel machines but also to a network
cluster of low-priced personal computers. Also algorithms for reducing overheads at data transfer between some processors and improving
convergence are studied. Finally the results of some cases are introduced. ;
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Cecececcecceeceoccecceccecocceceoccecceceeccocceccoccoccecceceoceoccecee
ccccececcceceecoccece MPT SAMPLE Ccoceecccecccceececceecee

IMPLICIT DOUBLE PRECISION(A-H, 0-Z)
PARAMETER (NX=31 , NY=31 ,NZ=31)

C
INCLUDE (mpif. h) ; N7 — 7 Ve
INTEGER ISTATUS (MPI_STATUS_SIZE) ; MPI_WIAT XD A7 —4% A A &5
BEER LRV, BEETILE
C
COMMON /VARS/
1 U(NX, NY, NZ), V(NX, NY, NZ), W(NX, NY, NZ), P(NX, NY, NZ)
¢
CALL MPI_INIT(IERR) ;MPI 7' RiZH)
CALL MPI_COMM_SIZE(MPI_COMM_WORLD, NPROCS, TERR)  ; 7'u1-& R a3
CALL MPI_COMM_RANK (MPT_COMM_WORLD, MYRANK, IERR)  ; H 7t 2 M5! FH%
C
NTASKS=NPROCS : &7 o+ x#K
ID=MYRANK 1 B 7 a2 OERF
5
1BCW=1 | BRET— X OMSIEET
C
e o S SO 4 S PO T 11§ SRRSO
C DIFINE TYPE OF TRANSFER DATA
C Helsicloisicioioloioloioicloloolcloloieeoloiololor S e e e SRS S R
C
IMIN=1
IMAX=NX
JMIN=1 ; SERTEFNDOK X SIBE
IMAX=NY
KMIN=1

IOLDTYPE=MPI_DOUBLE_PRECISION ; Je7—# OF—#FBURE (2 2 CTik, {HBEREETR)
C—NWEST  ; west DT — 2 BUIEFE

C SEET FLAIQ, 1L, 1)
ISTART=1
IEND=1
JSTART=1 ] ol
TEND=NY s EBLIEWIRAET—FOK X SIBE
KSTART=1
KEND=NZ
CALL PARA_TYPE_BLOCK (IMIN, IMAX, JMIN, JMAX, KMIN, ISTART, [END,
& JSTART, JEND, KSTART, KEND, TOLDTYPE, INEWTYPE)

ITYPWEST=INEWTYPE ; I N/IRET—F
C—EAST ; east 75— ¥ BEE

c SIR7 FLRix(1,1,1)
ISTART=NI-1
IEND=NI-1
CALL PARA_TYPE_BLOCK (IMIN, IMAX, JMIN, JMAX, KMIN, ISTART, IEND,
& JSTART, JEND, KSTART, KEND, IOLDTYPE, INEWTYPE)
ITYPEAST=INEWTYPE
Cotelotoleioh et sl
C
DO 1000 LOOP=1, MAXITERATION
C
CALL CALCU
CALL CALCV
CALL CALCW
CALL CALCP
C
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C i ololoioioioiok e oR o oo Aok R o o
C TRANSFER B.C DATA (1 8RBT —F FXEDHFRT,)
(et ok

CieicoikfEST (Nf(—l, 1, D—>(1,1,1)
IDEST=1D+1  ; B MR FH8E
MSRC=ID-1  ; BRI FEE

ICOUN=1 [ EEET - OERY RET—FIROEDLEVOERT)
ISTYP=ITYPEAST ; ¥EF—#BUEE (ZZ Tik, EAST OIRET — 4R
IRTYP=ITYPWEST ; 3HEF—#BUEE (2 ZTik, WEST mOIRET—# 7
ITAG=IBCW | ERET— 2 ORERE

[COMM=MPI_COMM_WORLD ; =2 2=/ —2DIEE

CALL MPI_ISEND(U(1, 1, 1), ICOUN, ISTYP, IDEST, ITAG, ICOMM, ISREQ, IERR)
CALL MPI_IRECV(U(1, 1, 1), ICOUN, IRTYP, MSRC, ITAG, ICOMM, TRREQ, TERR)
CALL MPI_WAIT (ISREQ, ISTATUS, IERR)
CALL MPI_WAIT (IRREQ, ISTATUS, IERR)
CALL MPI_ISEND(V(1, 1, 1), ICOUN, ISTYP, IDEST, ITAG, ICOMM, ISREQ, IERR)
CALL MPI_IRECV(V(1, 1, 1), ICOUN, IRTYP, MSRC, ITAG, ICOMM, IRREQ, 1ERR)
CALL MPI_WAIT (ISREQ, ISTATUS, IERR)
CALL MPI_WAIT (IRREQ, ISTATUS, IERR)
CALL MPI_ISEND(W(1, 1, 1), ICOUN, ISTYP, IDEST, ITAG, ICOMM, ISREQ, IERR)
CALL MPI_IRECV(W(1, 1, 1), ICOUN, IRTYP, MSRC, ITAG, ICOMM, IRREQ, IERR)
CALL MPI_WAIT (ISREQ, ISTATUS, IERR)
CALL MPI_WAIT (IRREQ, ISTATUS, IERR)
CALL MPI_ISEND(P(1, 1, 1), ICOUN, ISTYP, IDEST, ITAG, ICOMM, ISREQ, IERR)
CALL MPI_IRECV(P(1, 1, 1), ICOUN, IRTYP, MSRC, ITAG, ICOMM, IRREQ, IERR)
CALL MPI_WAIT (ISREQ, ISTATUS, IERR)
CALL MPI_WAIT (IRREQ, ISTATUS, IERR)

C

000 CONTINUE
C
CALL MPI_FINALIZE(IERR) ;MPI 7ot ARAMDKT
C
STOP
END
C
(CCCOCOCOCCCOCCCOCCCOCCCOCCCOCCCCOCOCCCOCCCCCCOCOCOCOC0CCCOCCCOCOCOCOcee
o REF—XZERY 7 7o /5 (KXhLidREEoL0%7T,)
[BE00IN0E00000060000000000000080000008000080000000000000000000000000000H
SUBROUTINE PARA_TYPE_BLOCK (IMIN, IMAX, JMIN, JMAX, KMIN,
& ISTA, TEND, JSTA, JEND, KSTA, KEND, TOLDTYPE, INEWTYPE)
IMPLICIT DOUBLE PRECISION (A-H, 0-Z)
INCLUDE (mpif. h)
INTEGER IBLOCK(2), IDISP(2), ITYPE(2)
CALL MPI_TYPE_EXTENT (IOLDTYPE, ISIZE, IERR)
ILEN = IEND - ISTA + 1
JLEN = JEND - JSTA + 1
KLEN = KEND - KSTA + 1
CALL MPI_TYPE_VECTOR (JLEN, ILEN, IMAX-IMIN+1, IOLDTYPE, ITEMP, IERR)
IDIST = (IMAX-IMIN+1)*(JMAX-JMIN+1) *ISIZE
CALL MPI_TYPE_HVECTOR (KLEN, 1, IDIST, ITEMP, ITEMP2, IERR)
IBLOCK(1) =1
IBLOCK(2) = 1
IDISP(1) = 0
IDISP(2) = (  (IMAX-IMIN+1)%(JMAX—JMIN+1) * (KSTA-KMIN)
& + (IMAX-IMIN+1)*(JSTA-JMIN) + (ISTA-IMIN) )=*ISIZE
ITYPE(1) = MPI_LB
ITYPE(2) = ITEMP2
CALL MPI_TYPE_STRUCT (2, IBLOCK, IDISP, ITYPE, INEWTYPE, IERR)
CALL MPI_TYPE_COMMIT (INEWTYPE, IERR)
RETURN
END
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