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n CPU
CPU

structured grid:
unstructured _grid:




Parallel Processing of 1-D
Arrays - without data partition

I=1...... 50

PO

I=51....100
P1
=101 ... 150
P2
=151 ...2

5 00
DO 1=1,200 | DO I=ISTART, IEND
A()=B()+C(1)*D() A()=B()+C(1)*D()

ENDDO ENDDO




Parallel Processing of 1-D
Arrays - with data partition

=1..... 50 1..... 50 1..... 50 1..... 50 local index

1=1..... 50 51....100 101...150 151...200 globalindex

DO 1=1,200 DO I=ISTART, IEND
A(=B()+C()*D(I) =  A()=B(1)+C(I)*D(I)
ENDDO ENDDO




Parallel on 2" index of 2-D
Arrays - without data partition

J=20
J=151
J=150
J=101
J=100
J=51
J=50
J=1
I=1...8 I=1...8 I=1...8 I=1...8
DO J=1,200 DO J=JSTART, JEND
DO I1=1,8 DO 1=1,8
A(1,9)=B(1,)+C(1,3)*D(1,d) == A(l,J)=B(1,J)+C(1,J)*D(l,J)
ENDDO ENDDO

ENDDO ENDDO




Parallel on 2" index of 2-D
Arrays - with data partition

P1 P1 P2 P3

DO J=1,200 DO J=JSTART, JEND

DO 1=1,8 DO I=1,8
A(1,2)=B(1,2)+C(1,1)*D(1,J) =——> A(1,J)=B(1,J)+C(1,3)*D(1,J)

ENDDO ENDDO

ENDDO ENDDO




Partition on 3rd index of

3-D Arrays
k=50 k=s0(1d0—| k=50(1 k=50(
k= 1 7 k=1 7 k=1 7 =1 7
j=24 /=24 V=24 J j=24 J
j=1 j=1 j=1 j=1
I=1...8 I=1...8 I=1...8 I=1...8
PO P1 P2 P3
X(8,24,50) X(8,24,50) X(8,24,50) X(8,24,50)
y(8,24,50) y(8,24,50) y(8,24,50) y(8,24,50)
2(8,24,50) 2(8,24,50) 2(8,24,50) 2(8,24,50)




Data Recursive

Parallelizable loops

DO J=1,N

DO I=1,M
Y(1,J)=0.25*(X(I-1,)+X(1+1,3)+X(1,J-1)+X(1,J+1))+H*F(1,J)

ENDDO

ENDDO

Data recursive — can not be parallelized

DO J=1,N

DO I=1,M
X(1,2)=0.25*(X(I-1,2)+X(1+1,3)+X(1,J-1)+X(1,J+1))+H*F(1,J)

ENDDO

ENDDO
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MPI

m MPI (Message Passing Interface)

- Fortran C C++
- Argonne National Lab
MPICH

| http://www-unix.mcs.anl.gov/mpi/mpich
m ftp.mcs.anl.gov






o MPI .
> IBM p690, IBM SP2 SMP, SGI 03800,

HP superdome
m MPICH . PC cluster
C . IBM p690, IBM SP2 SMP,
HP superdome, PC cluster
- (Job scheduler);

> IBM : LoadLeveler
> HP superdome : LSF
> PC cluster : DQS like




MPI

IBM SP2



IBM SP2, p690 MP!

m mpxIf -O3 -garch=auto -gstrict -o file.x file.f

m liclass : CPU availablility for each queue class
m |lIsubmit job_command file : submit a batch job
m llg : job queue status

m llcancel jobid : delete a submitted job




IBM SP2 Job command file

#!/bin/csh

#@ executable = /usr/bin/poe

#@ network.mpi=cssO,shared,us
#@ arguments = /working_dir/file.x
#@ output = outp4

#@ error = outp4d
#@ job_type = parallel
#@ class = medium
#@ tasks _per _node =4
#@ node =1

#@ queue




IBM p690 Job command file

m #!/bin/csh

m #@ executable =/usr/bin/poe

m #@ network.mpi= csss,shared,us
m #@ arguments = /working_dir/file.x
® #@ output = outp8

m #@ error = outp8

m #@ job_type = parallel
m #@ class = 8cpu

m #@ tasks _per node =8
B #@ node =1

® #@ queue




BM SP2 - llclass

Name MaxJobCPU MaxProcCPU Free

d+hh:mm:ss

Interactive -1
short -1
medium -1
bigmem -1

mono -1

d+hh:mm:ss

0+06:00:00
0+12:00:00
1+00:00:00
2+00:00:00
/7+00:00:00

Slots

16
12

Max
Slots

128
16




IBM SP2 - llg : job queue status

job_id user id submitted stat prior class running on
Ivory2.4371.0 ullkcj00 10/2 19:25 R 50 medium ivory33
Ivory3.1285.0 u32Itk00 10/2 23:47 R 50 bigmem ivory4l
Ivory2.4431.0 y19mkh00 10/3 07:05 R 50 bigmem ivory4l
Ivory2.4348.0 u00jim00 10/2 06:49 R 50 medium ivoryl3
Ivory2.4437.0 ullkcj00 10/3 10:08 R 50 short  Ivory6
Ivory3.1269.0 u50lun00 10/2 09:28 | 50 medium
Ivory2.4368.0 u07ish00 10/2 19:17 | 50 medium




PC Cluster

MPI



PC Cluster MP]

m mpif77 -03 -o file.x file.f
m gsub32 job_command file : submit a batch job
m gstat32 : job queue status

m gdel32 jobid : delete a submitted job




PC Cluster : DQS job queue status

gstat32

----Pending Jobs
c00tch00 RAD5

user_id jobname CPUs jobid
c00tch00 HUP4 hpcs01 62 0:1
c00tch00 HUP4 hpcs02 62 0:1
c00tch00 HUP4 hpcs03 62 0:1
c00tch00 HUP4 hpcs04 62 0:1

r

r

I

r

job status  submitted time
RUNNING 02/26/99 10:51:23
RUNNING 02/26/99 10:51:23
RUNNING 02/26/99 10:51:23
RUNNING 02/26/99 10:51:23

70 0:2

QUEUED 02/26/99 19:24:32




PC Cluster job command file

m #!/bin/csh

m #$ -l gty.eq.4,FastEthernet

m #$-N HUP4

m #$-A user _id

m #$ -cwd

m A )Y

m cat $HOSTS FILE > MPI_HOST

= mpirun -np 4 -machinefile MPlI_HOST hubksp >& outp4







m MPI_SCATTER MPI_GATHER

MPI

MPI INIT  MPI_FINALIZE
MPI_COMM SIZE  MPI_COMM_RANK
MPI_SEND ~ MPI_RECV

T2SEQ
T2CP

MPI_REDUCE  MPI_ALLREDUCE
T2DCP




mpif.h  MPI (1)

INCLUDE ‘mpif.h’
REAL*G ...
INTEGER . ..

CALL MPL_INIT(IERR)

CALL MPI_FINALIZE(IERR)
STOP
END




MP| (2)

= CALL MPI COMM SIZE
(MPI_COMM_WORLD, NPROC, IERR)

NPROC is the number of CPUs for this program

= CALL MPI_COMM RANK
(MPI_ COMM_WORLD, MYID, IERR)

MYID Is my CPU id, count from zero




MP| (3)

. PROGRAM T2CP
= PARAMETER (. .)

= INCLUDE 'mpif.h'

=« REAL*S ...

= INTEGER NPROC, MYID

= CALL MPI_INIT (IERR)

= CALL MPI_COMM_SIZE (MPI_COMM_WORLD, NPROC, IERR)
CALL MPI_COMM_RANK (MPI_COMM_WORLD, MYID, IERR)

CALL MPI_FINALIZE (IERR)
STOP
END




MP]

CALL MPI_SEND (DATA, ICOUNT, DATA_TYPE,
IDEST, ITAG, MPI_COMM_WORLD, IERR)

CALL MPI_RECV (DATA, ICOUNT, DATA TYPE,
ISRC, ITAG, MPI_COMM_WORLD, ISTAT,
IERR)

INTEGER ISTAT(MPI_STATUS_ SIZE)




MP!

MPI data types

P| CHARACTER

LOGICAL
NTEGER
REAL

REALS

b| COMPLEX
D| COMPLEX16

Fortran data type
CHARACTER

_OGICAL

NTEGER

REAL

REAL*8

COMPLEX

COMPLEX*16




T2SEQ



T2SEQ

PROGRAM T2SEQ

PARAMETER (NTOTAL=200)
REAL*8 A(NTOTAL), B(NTOTAL), C(NTOTAL), D(NTOTAL), SUMA

OPEN(7,FILE='input.dat',STATUS='OLD', FORM="UNFORMATTED')

READ (7) B

READ (7) C

READ (7) D

SUMA=0.0

DO I=1,NTOTAL
A()=B(1)+C(I)*D(I)
SUMA=SUMA+A())

ENDDO

WRITE(*,201) (A(1),I=1,NTOTAL,5)

WRITE(*,102) SUMA

STOP

END




T2SEQ

10.000 3.056 2.562 2.383 2.290 2.234 2.196 2.168 2.148 2.131
2.118 2.108 2.099 2.091 2.085 2.079 2.074 2.070 2.066 2.063
2.060 2.057 2.054 2.052 2.050 2.048 2.046 2.044 2.043 2.041
2.040 2.039 2.037 2.036 2.035 2.034 2.033 2.032 2.031 2.031
SUM of array A= .43855E+03




N MPI

MPI_INIT MPI_FINALIZE
MPI_COMM_SIZE ~ MPI_COMM RANK
MPI_SEND ~ MPI_RECV

N T2SEQ

O T2CP
m MP| SCATTER MPI_GATHER
MPI_REDUCE  MPI_ALLREDUCE

O T2DCP




Istart lend ntotal

CpUO ® ©¢ ¢ ¢ ¢ 86 O O O O O O OO O O O O O O O O O O

Istart lend ntotal

CpUl O O O O 0O O © @ © @ @ @€ O O O O O O O O O O O ©

Istart lend ntotal

CpU2 O O O O O OO O O O O O © © © @ @ @€ O O O O O ©°

Istart lend

Cpu3000OOOOOOOOOOOOOOO......

e array element inside territory o array element outside territory




T2CP(1)

PROGRAM T2CP

INCLUDE 'mpif.h’

PARAMETER (NTOTAL=200)

REAL*8  A(NTOTAL), B(NTOTAL), C(NTOTAL), D(NTOTAL), SUMA
INTEGER NPROC, MYID, ISTAT(MPI_STATUS_SIZE), ISTART, IEND,
1 COMM, GCOUNT(0:7), GSTART(0:7), GEND(0:7)

CALL MPL_INIT (IERR)

CALL MPI_COMM_SIZE (MPI_COMM_WORLD, NPROC, IERR)
CALL MPI_COMM_RANK (MPI_COMM_WORLD, MYID, IERR)

CALL STARTEND (NPROC, 1, NTOTAL, GSTART, GEND, GCOUNT)
ISTART=GSTART(MYID)

IEND=GEND(MYID)

PRINT *' NPROC,MYID,ISTART,IEND=', NPROC,MYID,ISTART,IEND
COMM=MP|_COMM_WORLD




T2CP(2)
IF (MYID.EQ.0) THEN

OPEN(7,FILE="input.dat', STATUS="OLD',FORM="UNFORMATTED')
READ (7) B
READ (7) C
READ (7) D
DO IDEST=1,NPROC-1
IST1=GSTART(IDEST)
KNT1=GCOUNT(IDEST)
CALL MPI_SEND (B(IST1), KNTL, MP|_REALS, IDEST, 10,COMM,|ERR)
CALL MPI_SEND (C(IST1), KNTL, MPI_REALS, IDEST, 20,COMM,IERR)
CALL MPI_SEND (D(IST1), KNTL, MPI_REALS, IDEST, 30,COMM,|ERR)
ENDDO
ELSE
KNT=GCOUNT(MYID)
CALL MPI_RECV (B(ISTART), KNT, MPI_REALS, 0,10, COMM,ISTAT,IERR)
CALL MPI_RECV (C(ISTART), KNT, MPI_REALS, 0,20, COMM,ISTAT,IERR)
CALL MPI_RECV (D(ISTART), KNT, MPI_REALS, 0,30, COMM,ISTAT,IERR)
ENDIF




T2CP(3)

CC DO I=1,NTOTAL
DO I=ISTART,IEND
A()=B(1)+C(1)*D(])
ENDDO
ITAG=110
IF (MYID.NE.0) THEN
KNT=GCOUNT(MYID)
CALL MPI_SEND (A(ISTART), KNT, MPI_REALS, 0, ITAG, COMM, IERR)
ELSE
DO ISRC=1,NPROC-1
IST1=GSTART(ISRC)
KNT1=GCOUNT(ISRC)
CALL MPI_RECV (A(IST1), KNTL, MP|_REALS, ISRC, ITAG, COMM,
ISTAT, IERR)
ENDDO
ENDIF




T2CP(4)

IF(MYID.EQ.0) THEN
WRITE(*,101) (A(l),I=1,NTOTAL,5)
SUMA=0.0
DO I=1,NTOTAL

SUMA=SUMA+A(I)
ENDDO
WRITE(*,102) SUMA
ENDIF
101 FORMAT(10F8.3)
102 FORMAT('SUM of array A =', E15.5)
CALL MPI_FINALIZE (IERR)
STOP
END




T2CP(5)

SUBROUTINE STARTEND(NPROC,IS1,IS2,ISTART,IEND,ICOUNT)
INTEGER NPROC, IS1, IS2, ISTART(0:31), IEND(0:31), ICOUNT(0:31)
ILENGTH=IS2-1S1+1
IBLOCK=ILENGTH/NPROC
IR=ILENGTH-IBLOCK*NPROC
DO ID=0,NPROC-1
IF(D.LT.IR) THEN
ISTART(ID)=IS1+ID*(IBLOCK+1)
IEND(ID)=ISTART(ID)+IBLOCK
ELSE
ISTART(ID)=IS1+ID*IBLOCK+IR
IEND(ID)=ISTART(ID)+/BLOCK-1
ENDIF
IF(LENGTH.LT.1) THEN
ISTART(ID)=1
IEND(ID)=0
ENDIF
ICOUNT(ID)=IEND(ID)-ISTART(ID)+1
ENDDO
END




T2CP

ATTENTION: 0031-408 4 nodes allocated by LoadLeveler, continuing...
NPROC,MYID,ISTART,IEND=4 2 101 150
NPROC,MYID,ISTART,IEND=4 1 51 100
NPROC,MYID,ISTART,IEND=4 3 151 200
NPROC,MYID,ISTART,[END=4 0 1 50
10.000 3.056 2.562 2.383 2.290 2.234 2.196 2.168 2.148 2.131
2.118 2.108 2.099 2.091 2.085 2.079 2.074 2.070 2.066 2.063
2.060 2.057 2.054 2.052 2.050 2.048 2.046 2.044 2.043 2.041
2.040 2.039 2.037 2.036 2.035 2.034 2.033 2.032 2.031 2.031

SUM of array A= .43855E+03




SPMD(Single Program Multiple Data)

1. Use MYID to control the blocked IF statement
2. Use ISTART, IEND to compute the assigned range of arrays
3. Execute all statements otherwise

CALL MPI_INIT (IERR)

CALL MPI_COMM_SIZE (MPI_COMM_WORLD, NPROC, IERR)
CALL MPI_COMM_RANK (MPI_COMM_WORLD, MYID, IERR)
CALL STARTEND (NPROC, 1, NTOTAL, GSTART, GEND, GCOUNT)
ISTART=GSTART(MYID)

IEND=GEND(MYID)

PRINT *' NPROC,MYID,ISTART,IEND=",
NPROC,MYID,ISTART,IEND




m MPI_SCATTER MPI_GATHER
MPI_REDUCE  MPI_ALLREDUCE



MPI_SCATTER

CPUO T|T1|T2|T3|T4 CPUO B | T1
CPU1 ——  CPUJ] B | T2
SCATTER
CPU?2 CPU2 B | T3
CPU3 CPU3 B | T4
IROOT =0

CALL MPI_SCATTER (T, N, MPI_REALS, B, N, MPI_REALS,

&

IROOT, MPI_COMM_WORLD, |IERR)




MPI_GATHER

CPUO T|T1|T2|T3|T4 CPUO B | T1
CPU1 CPUl1 B | T2
GATHER
CPU?2 Gr—— CPU2 B | T3
CPU3 CPU3 B | T4
IDEST =0

CALL MPI_GATHER ( A, N, MPI_REALS, T, N, MPI_REALS,

&

IDEST, MPI_COMM_WORLD, |IERR)




MPI_ALLGATHER

CPUO T|T1|T2

T3

T4

CPUL T|T1]T2

T3

T4

CPU2 T|T1|T2

T3

T4

CPU3 T|T1|T2

T3

T4

ALLGATHER
O

CPUO A
CPUL A
CPU2 A

CPU3 A

T1

T2

T3

T4

CALL MPI_ALLGATHER ( A, N, MPI_REALS, T, N, MPI_REALS,

&

MPI_COMM_WORLD, IERR)




MPI_REDUCE

CPUO SUMA |0.2 CPUO GSUM | 1.7
CPU1 SUMA [0.5 CPU1
REDUCE
CPU2 SUMA |03 | ey  CPU2
CPU3 SUMA | 0.7 CPU3
IROOT =0
KOUNT =1

CALL MPI_REDUCE ( SUMA, GSUM, KOUNT, MPI_REALS,
& MPI_SUM, IROOT, MPI_COMM_WORLD, IERR)




MPI_ALLREDUCE

CPUO SUMA |0.2 CPUO GSUM [ 1.7
CPU1 SUMA | 0.5 CPUL GSUM [1.7
ALLREDUCE
CPU2 SUMA |0.3 | —ep CPU2 GSUM | 1.7
CPU3 SUMA | 0.7 CPU3 GSUM | 1.7
KOUNT=1

CALL MPI_ALLREDUCE ( SUMA, GSUM, KOUNT, MP|_REALS,
& MPI_SUM, MPI_COMM_WORLD, IERR)




MPI Reduction Function

MPI Operation Data type

MPI_SUM sum MPI_INTEGER, MPI_REAL, MPI_REALS,
MPI_PROD product MPI_COMPLEX, MPI_COMPLEX16
MPI_MAX maximum MPI_INTEGER, MPI_REAL,

MPI_MIN minimum MPI_REALS

MPI_MAXLOC  max value & location MPI_2INTEGER, MPI_2REAL,
MPI_MINLOC min value & location MPI _2REALS

MPI_LAND logical AND MPI_LOGICAL

MPI_LOR logical OR

MPI_LXOR logical exclusive OR

MPI_BAND binary AND MPI_INTEGER, MPI_BYTE
MPI_BOR binary OR

MPI_BXOR binary exclusive OR




T2DCP(1)

OO0O0

PROGRAM T2DCP

Data & Computational Partition Using MPI_SCATTER, MPI_GATHER
NP=4 must be modified when run on other than 4 processors

PARAMETER (NTOTAL=200, NP=4, N=NTOTAL/NP)
INCLUDE 'mpif.h'
REAL*8 A(N), B(N), C(N), D(N), T(NTOTAL), SUMA, GSUM

INTEGER NPROC, MYID, ISTAT(MPI_STATUS_SIZE), ISTART,
IEND,COMM

CALL MPL_INIT (IERR)

CALL MPI_COMM _SIZE ( MPI_COMM_WORLD, NPROC, IERR)
CALL MPI_COMM_RANK ( MPI_COMM_WORLD, MYID, IERR)
PRINT *," NPROC,MYID=', NPROC, MYID




T2DCP(2)

IF (MYID.EQ.0) THEN
OPEN(7,FILE="input.dat',STATUS="OLD',FORM="UNFORMATTED")
READ (7) T I read array B

ENDIF

IROOT=0

CALL MPI_SCATTER (T, N, MPI_REALS, B, N, MPI_REALS,

& IROOT, MPI_COMM_WORLD, IERR)

IF(MYID.EQ.0) THEN

READ (7) T I read array C
ENDIF
CALL MPI_SCATTER (T, N, MPI_REALS, C, N, MPI_REALS,
& IROOT, MPI_COMM_WORLD, IERR)
IF(MYID.EQ.0) THEN

READ (7) T I read array D
ENDIF

CALL MPI_SCATTER (T, N, MPI_REALS, D, N, MPI_REALS,
& IROOT, MPI_COMM_WORLD, IERR)




T2DCP(3)

SUMA=0.0
C DO I=1,NTOTAL
DO I=1,N
A()=B()+C(1)*D(l)
SUMA=SUMA+A())

ENDDO
IDEST=0
CALL MPI_GATHER (A, N, MPI_REALS, T, N, MP|_REALS,
& IDEST, MPI_COMM_WORLD, IERR)
CALL MPI_REDUCE (SUMA, GSUM, 1, MP|_REALS, MPI_SUM,
& IDEST, MPI_COMM_WORLD, IERR)
IF (MYID.EQ.0) THEN
WRITE(*,101) (T(),|=1,NTOTAL,5)
WRITE(*,102) GSUM
ENDIF

101 FORMAT(10F8.3)

102 FORMAT('SUM of array A =', E15.5)
CALL MPI_FINALIZE (IERR)
STOP
END




T2DCP

ATTENTION: 0031-408 4 nodes allocated by LoadLeveler, continuing...
NPROC,MYID=4 0

NPROC,MYID=4 1

NPROC,MYID=4 2

NPROC,MYID=4 3

10.000 3.056 2.562 2.383 2.290 2.234 2.196 2.168 2.148 2.131
2.118 2.108 2.099 2.091 2.085 2.079 2.074 2.070 2.066 2.063
2.060 2.057 2.054 2.052 2.050 2.048 2.046 2.044 2.043 2.041
2.040 2.039 2.037 2.036 2.035 2.034 2.033 2.032 2.031 2.031
SUM of array A= .43855E+03
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m MPI SENDRECV MPI BCAST
m T3SEQ
m T3CP

]
T3DCP 1

]
T3DCP 2



MP1_SENDRECV

ITAG=110

CALL MPI_SENDRECV
(B(END),  ICOUNT,DATA TYPE,IDEST,ITAG,
B(ISTARTM1),ICOUNT,DATA TYPE,ISRC,ITAG,
MPI_COMM_WORLD, ISTATUS, IERR)




MPI_BCAST

CPUO B(B1|B2|B3|B4 CPUO B [B1|B2(B3|B4

CPU1 CPUL B [B1|B2|B3|B4
MPI_BCAST

CPU2 ——> CPU2 B [B1]B2[B3[B4

CPU3 CPU3 B [B1]B2[B3[B4

IROOT =0

CALL MPI_BCAST ( B, ICOUNT, DATA_TYPE, IROOT,
& MPI_COMM_WORLD, IERR)




T3SEQ



T3SEQ(1)

C

PROGRAM T3SEQ

PARAMETER (NTOTAL=200)
REAL*8 A(NTOTAL), B(NTOTAL), C(NTOTAL), D(NTOTAL), AMAX

OPEN(7,FILE="input.dat',STATUS="OLD',FORM="UNFORMATTED)

READ (7) B

READ (7) C

READ (7) D

AMAX=-1.D12

DO I=2,NTOTAL-1
A()=C(I)*D(1)+(B(I-1)+2.0*B(I)+B(1+1))*0.25
AMAX=MAX(AMAX,A(I))

ENDDO




T3SEQ(2)

WRITE(*,101) (A(I),I=1,NTOTAL,5)
WRITE(*,102) AMAX
101 FORMAT(L0F8.3)

102 FORMAT('MAXIMUM VALUE OF A ARRAY is', E15.5)

STOP
END




m MPI SENDRECV MPI BCAST
O T3SEQ

O T3CP
O
T3DCP_1

]
T3DCP 2



right e iSowneddata o isexchanged data

eft :
mpi_proc_null
¢ plL_proc_ iend1
: lend
I | lend+1
cpu0 o .I .I e e ¢ O . . . ..
| istart2 N iendl
istart ! lend
! | lend+1
cpul . . . .0 e e e e e O . .
I .
| istart !
|start-1 istart2 :
cpu2 o e e
I
| istart
|start-1 Istart2

ntotal

ntotal

lend
|enc|11 iend+1

° ° o)
4

v 1
mpi_proc_null



loop index(1)

AMAX=-1.D12

DO =2,NTOTAL-1
A()=C(I)*D(I)+(B(I-1)+2.0*B(I)+B(1+1))*0.25
AMAX=MAX(AMAX A()))

ENDDO
m index | 2 NTOTAL-1
CPUO 2
CPU IStart

Istart2




loop Index(2)

ISTART2=ISTART
IF(MYID.EQ.0) ISTART2=2

loop CPU
NTOTAL-1 lend-1
CPU lend
lendl

IEND1=IEND
IF(MYID.EQ.NPROC-1) IEND1=IEND-1




ISTARTM1=ISTART-1
IENDP1=IEND+1

L NBR=MYID-1
R_NBR=MYID+1
IF(MYID.EQ.0) L NBR=MPI_PROC_NULL
IF(MYID.EQ.NPROC-1) R_NBR=MPI_PROC_NULL
ITAG=110
CALL MPI_SENDRECV (B(IEND), 1, MPI_REALS, R_NBR, ITAG,
1 B(ISTARTM1), 1, MPI_REALS, L _NBR, ITAG,
2 MPI_COMM_WORLD, ISTATUS, IERR)
ITAG=120
CALL MPI_SENDRECV (B(ISTART),1, MPI_REALS, L NBR, ITAG,
1 B(IENDP1), 1, MPI_REALS8, R_NBR, ITAG,
2 MPI_COMM_WORLD, ISTATUS, IERR)

CALL MPI_ALLREDUCE ( AMAX, GMAX, 1, MP|_REALS, MPI_MAX,
1 MPI_COMM_WORLD, IERR))




T3CP(1)

PROGRAM  T3CP

PARAMETER (NTOTAL=200)

INCLUDE 'mpif.h’

REAL*8 A(NTOTAL), B(NTOTAL), C(NTOTAL), D(NTOTAL), AMAX, GMAX

INTEGER NPROC, MYID, ISTAT(MPI_STATUS_SIZE), ISTART, IEND,

1 L_NBR,R_NBR, COMM, GSTART(0:31), GEND(0:31), GCOUNT(0:31)
CALL MPL_INIT (IERR)

CALL MPI|_COMM_SIZE (MPI_COMM_WORLD, NPROC, IERR)

CALL MPI_COMM_RANK (MP|_COMM_WORLD, MYID, IERR)

CALL STARTEND (NPROC, 1, NTOTAL, GSTART, GEND,GCOUNT)
ISTART=GSTART(MYID)

IEND=GEND(MYID)

PRINT *' NPROC,MYID,ISTART,IEND=', NPROC,MYID,ISTART,IEND




T3CP(2)

COMM=MP|_COMM_WORLD
LASTP=NPROC-1
ISTARTM1=ISTART-1
IENDP1=IEND+1
ISTART2=ISTART
IF(MYID.EQ.0) ISTART2=2

IEND1=IEND

IF(MYID.EQ.LASTP) IEND-=IEND-1
L_NBR=MYID-1

R_NBR=MYID+1

IF(MYID.EQ.0) L_NBR=MPI_PROC_NULL

IF(MYID.EQ.NPROC-1) R_NBR=MP|_PROC_NULL

IF(MYID.EQ.0) THEN
OPEN(7,FILE="input.dat', STATUS='OLD',FORM="UNFORMATTED)




T3CP(3)

READ (7) B
READ (7) C
READ (7) D
DO IDEST=LASTP
IST1I=GSTART(IDEST)
KNT1=GCOUNT(IDEST)
CALL MPI_SEND (B(IST1), KNTL, MPI_REALS, IDEST, 10, COMM, IERR)
CALL MPI_SEND (C(IST1), KNTL, MPI_REALS, IDEST, 20, COMM, IERR)
CALL MPI_SEND (D(IST1), KNTL, MPI_REALS, IDEST, 30, COMM, IERR)
ENDDO
ELSE
KNT=GCOUNT(MYID)
CALL MPI_RECV (B(ISTART), KNT, MPI_REALS, 0, 10,COMM, ISTAT, IERR)
CALL MPI_RECV (C(ISTART), KNT, MPI_REALS, 0, 20,COMM, ISTAT, IERR)
CALL MPI_RECV (D(ISTART), KNT, MPI_REALS, 0, 30,COMM, ISTAT, IERR)
ENDIF




T3CP(4)

CALL MPI_SENDRECV (B(IEND), 1, MPI_REALS, R_NBR, 110,
B(ISTARTMY), 1, MPI_REALS, L_NBR, 110,
COMM, ISTAT, IERR)
CALL MPI_SENDRECV (B(ISTART), 1, MPI_REALS, L_NBR, 120,
B(IENDP1), 1, MPI_REALS, R_NBR, 120,
COMM, ISTAT, IERR)
AMAX=-1.0D12
C DO I=2,NTOTAL-1
DO I=ISTART2,IEND1
A()=C(I)*D(1)+(B(I-1)+2.0*B(I)+B(1+1))*0.25
AMAX=MAX(AMAX,A(I))
ENDDO




T3CP(5)

ITAG=110
IF(MYID.NE.0) THEN
KNT=GCOUNT(MYID)
CALL MPI_SEND (A(ISTART), KNT, MP|_REALS, 0, ITAG, COMM, IERR)
ELSE
DO ISRC=1, LASTP
IST1=GSTART(ISRC)
KNT1=GCOUNT(ISRC)
CALL MPI_RECV (A(IST1), KNTL, MPI_REALS, ISRC, ITAG,
COMM, ISTAT, IERR)
ENDDO
ENDIF




T3CP(6)

CALL MPI_REDUCE (AMAX, GMAX, 1, MPI_REALS, MPI_MAX,
1 COMM, IERR)
IF(MYID.EQ.0) THEN
WRITE(*,101) (A(l),I=1,NTOTAL,5)
WRITE(*,102) GMAX
ENDIF
101 FORMAT(10F8.3)
102 FORMAT('MAXIMUM VALUE of ARRAY A is', E15.5)
CALL MPI_FINALIZE(IERR)
STOP
END




T3CP

ATTENTION: 0031-408 4 nodes allocated by LoadLeveler, continuing...

NPROC,MYID,ISTART,IEND=4 3 151 200
NPROC,MYID,ISTART,IEND=4 2 101 150
NPROC,MYID,ISTART,[END=4 1 51 100
NPROC,MYID,ISTART,JEND=4 0 1 50
000 3.063 2.563 2.383 2.290 2.234 2.196 2.168 2.148 2.131
2.118 2.108 2.099 2.091 2.085 2.079 2.074 2.070 2.066 2.063
2.060 2.057 2.054 2.052 2.050 2.048 2.046 2.044 2.043 2.041
2.040 2.039 2.037 2.036 2.035 2.034 2.033 2.032 2.031 2.031

MAXIMUM VALUE OF ARRAY Ais  .57500E+01




CPUO
MPI_BCAST
CPU

IF(MYID.EQ.0) THEN
OPEN(7,FILE="input.dat', STATUS="OLD',FORM="UNFORMATTED)

0
F
)
)
)

READ (7) B

READ (7) C

READ (7) D
ENDIF
IROOT=0
ALL MPI_BCAST (B, NTOTAL, MPI_REALS, IROOT,
1 MPI_COMM_WORLD, IERR)
CALL MPI_BCAST( C, NTOTAL, MP|_REALS, IROOT,
1 MP|_COMM_WORLD, IERR)

CALL MPI_BCAST( D, NTOTAL, MPI_REALS, IROOT,
1 MPI_COMM_WORLD, IERR)




T3DCP 1
O



Aleft mpi_proc_null
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T3DCP 1(1)

PROGRAM T3DCP_1
C
8 Exchange 1 element both on right and left hand side

PARAMETER (NTOTAL=200, NP=4, N=NTOTAL/NP)

INCLUDE 'mpif.h’

REAL*8  A(0:N+1), B(0:N+1), C(0:N+1), D(0:N+1), T(NTOTAL),

1 AMAX, GMAX

INTEGER NPROC, MYID, ISTAT(MPI_STATUS_SIZE), ISTART, IEND,
1 L_NBR, R_NBR

CALL MPL_INIT (IERR)
CALL MPI_COMM _SIZE (MPI_COMM_WORLD, NPROC, IERR)
CALL MPI_COMM_RANK (MPI_COMM_WORLD, MYID, IERR)




T3DCP 1(2)

ISTART=1

IEND=N

ISTARTM1=ISTART-1

IENDP1=IEND+1

ISTART2=1

IF(MYID.EQ.0) ISTART2=2

IEND1=N

IF(MYID.EQ.NPROC-1) IEND1=N-1
L_NBR=MYID-1

R_NBR=MYID+1

IF(MYID.EQ.0) L_NBR=MP|_PROC_NULL
IF(MYID.EQ.NPROC-1) R_NBR=MPI_PROC_NULL




T3DCP 1(3)

IF(MYID.EQ.O) THEN
OPEN(7,FILE="Input.dat’,STATUS='OLD',FORM="UNFORMATTED")
READ (7) T | read array B

ENDIF

IROOT=0

CALL MPI_SCATTER (T, N, MPI_REALS, B(1), N, MPI_REALS,

1 IROOT, MPI_COMM_WORLD, IERR)

IF(MYID.EQ.0) THEN
READ (7) T I read array C

ENDIF

CALL MPI_SCATTER (T, N, MPI_REALS, C(1), N, MPI_REALS,

1 IROOT, MPI_COMM_WORLD, IERR)

IF(MYID.EQ.O) THEN
READ (7) T | read array D

ENDIF

CALL MPI_SCATTER (T, N, MPI_REALS, D(1), N, MPI_REALS,
1 IROOT, MPI_COMM_WORLD, |IERR)




T3DCP_1(4)

ITAG=110

CALL MPI_SENDRECV (B(IEND), 1, MPI_REALS, R_NBR, ITAG,

1 B(ISTARTMY), 1, MPI_REALS, L NBR, ITAG,

2 MPI_COMM_WORLD, ISTAT, IERR)
ITAG=120

CALL MPI_SENDRECV (B(ISTART), 1, MP|_REALS, L NBR, ITAG,

1 B(IENDP1), 1, MP|_REALS, R_NBR, ITAG,

2 MPI_COMM_WORLD, ISTAT, IERR)

C
8 Compute and output result

AMAX=-1,0D12
CC DO |=2,NTOTAL-1
DO I=ISTART2, IEND1
A()=C(I)*D(1)+(B(I-1)+2.0*B(I)+B(I+1))*0.25
AMAX=MAX(AMAX,A(1))
ENDDO




T3DCP 1(5)

CALL MPI_GATHER (A(1), N, MPI_REALS, T, N, MP|_REALS,
1 0, MP|_COMM_WORLD, IERR)
CALL MPI_REDUCE (AMAX, GMAX, 1, MPI_REALS, MPI_MAX,
1 0, MPI_COMM_WORLD, IERR)
IF(MYID.EQ.0) THEN
WRITE(*,101) (T(1),I=1,NTOTAL,5)
WRITE(*,102) GMAX
ENDIF
101 FORMAT(10F8.3)
102 FORMAT('MAXIMUM VALUE OF ARRAY A is', E15.5)
CALL MPI_FINALIZE (IERR)
STOP
END




T3DCP 1

ATTENTION: 0031-408 4 nodes allocated by LoadLeveler, continuing...
000 3.063 2563 2.383 2.290 2.234 2.196 2.168 2.148 2.131
2.118 2.108 2.099 2.091 2.085 2.079 2.074 2.070 2.066 2.063
2.060 2.057 2.054 2.052 2.050 2.048 2.046 2.044 2.043 2.041
2.040 2.039 2.037 2.036 2.035 2.034 2.033 2.032 2.031 2.031

MAXIMUM VALUE OF ARRAY Ais .57500E+01




O
T3DCP 2



(1)

s 34 T3DCP 1 DO loop

DO 1=3,NTOTAL-2
AN=C(I}*D(I)+( B(1-2)+2.0*B(I-1)+2.0*B(1)+2.0*B(I+1)+B(1+2))*0.125
ENDDO

m T3DCP 1
DIMENSION
DIMENSION (-1:N+2)
Index1 N




(2)

REAL*8 A(-1:N+2), B(-1:N+2), C(-1:N+2),
& D(-1:N+2), T(NTOTAL), AMAX, GMAX

START=1

END=N

START3=1

F(MYID.EQ.0) ISTART3=3
END2=IEND

F(MYID.EQ.NPROC-1) IEND2=IEND-2
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SENDRECV/(1)

IENDM1=IEND-1
ISTARTM2=ISTART-2

CPU
CPU lend-1
CPU IStart-2

ITAG=110

CALL MPI_SENDRECYV (
1 B(IENDM1), 2, MPI_REALS8, R_NBR, ITAG,
2 B(ISTARTM2), 2, MPI_REALS, L NBR, ITAG,
3 MPI_COMM_WORLD, ISTAT, IERR)




SENDRECV/(2)

CPU
CPU
ISstart CPU
lend+1

IENDP1=IEND+1

ITAG=120

CALL MPI_SENDRECV (

1 B(ISTART), 2, MPI_REALS8, L _NBR, ITAG,
2 B(IENDP1), 2, MPI_REALS, R_NBR, ITAG,
3 MPI_COMM_WORLD, ISTAT, IERR)




T3DCP 2(1)

PROGRAM T3DCP_2

PARAMETER (NTOTAL=200,NP=4,N=NTOTAL/NP)

INCLUDE 'mpif.h’

REAL*8 A(-L:N+2), B(-1:N+2), C(-1:N+2), D(-1:N+2), T(NTOTAL),
& AMAX, GMAX

INTEGER NPROC, MYID, ISTAT(MPI_STATUS_SIZE), ISTART, IEND,
1 L_NBR, R_NBR

CALL MPL_INIT (IERR)
CALL MPI_COMM _SIZE (MPI_COMM_WORLD, NPROC, IERR)
CALL MPI_COMM_RANK (MPI_COMM_WORLD, MYID, IERR)




T3DCP 2(2)

ISTART=1

ISTARTM2=ISTART-2

ISTART3=1

IF(MYID.EQ.0) ISTART3=3

IEND=N

IEND2=IEND

IF(MYID.EQ.NPROC-1) IEND2=IEND-2
IENDM1=IEND-1

IENDP1=IEND+1

L_NBR=MYID-1

R_NBR=MYID+1

IF(MYID.EQ.0) L_NBR=MPI_PROC_NULL
IF(MYID.EQ.NPROC-1) R_NBR=MP|_PROC_NULL




T3DCP 2(3)

IF(MYID.EQ.0) THEN
OPEN(7,FILE="Input.dat’,STATUS='OLD',FORM="UNFORMATTED")
READ (7) T | read array B

ENDIF

IROOT=0

CALL MPI_SCATTER (T, N, MPI_REALS, B(1), N, MPI_REALS,

1 IROOT, MPI_COMM_WORLD, IERR)

IF(MYID.EQ.0) THEN
READ (7) T I read array C

ENDIF

CALL MPI_SCATTER (T, N, MPI_REALS, C(1), N, MPI_REALS,

1 IROOT, MPI_COMM_WORLD, IERR)

IF(MYID.EQ.0) THEN

READ (7) T | read array D

ENDIF

CALL MPI_SCATTER (T, N, MPI_REALS, D(1), N, MPI_REALS,
1 IROOT, MPI_COMM_WORLD, IERR)




T3DCP_2(4)

ITAG=110
CALL MPI_SENDRECV (B(IENDM1), 2, MPl REALS, R_NBR, ITAG,
1 B(ISTARTM?2), 2, MP_REALS, L_NBR, ITAG,
2 MPI_COMM_WORLD; ISTAT, IERR)
ITAG=120
CALL MPI_SENDRECV (B(ISTART), 2, MP|_REALS, L_NBR, ITAG,
1 B(IENDP1), 2, MPI_REALS, R_NBR, ITAG,
2 MPI_COMM_WORLD, ISTAT, IERR)

C

AMAX=-1.0D12

CC DO I=3,NTOTAL-2
DO I=ISTART3,IEND2
A()=C(1)*D(I)+( B(I-2)+2.0*B(I-1)+2.0*B(l)
& +2.0*B(1+1)+B(1+2) )*0.125
AMAX=MAX(AMAX,A(I))
ENDDO




T3DCP 2(5)

IDEST=0
CALL MPI_GATHER (A(1), N, MPI_REALS, T, N, MPI|_REALS,
1 IDEST, MPI_COMM_WORLD, IERR)
CALL MPI_ALLREDUCE (AMAX, GMAX, 1, MP|_REALS, MP|_MAX,
1 MP|_COMM_WORLD, IERR)
AMAX=GMAX
IF(MYID.EQ.0) THEN
WRITE(*,101) (T(1),I=1,NTOTAL,5)
WRITE(*,102) AMAX
ENDIF

101 FORMAT(10F8.3)

102 FORMAT('MAXIMUM VALUE OF ARRAY Ais ', E15.5)
CALL MPI_FINALIZE (IERR)
STOP
END




T3DCP 2

ATTENTION: 0031-408 4 nodes allocated by LoadLeveler,
continuing...

000 3.078 2565 2.384 2.291 2.234 2196 2.168 2.148 2.131
2.118 2.108 2.099 2.091 2.085 2.079 2.074 2.0/0 2.066 2.063
2.060 2.057 2.054 2.052 2.050 2.048 2.046 2.044 2.043 2.041
2.040 2.039 2.037 2.036 2.035 2.034 2.033 2.032 2.031 2.031

MAXIMUM VALUE OF ARRAY Alis  .4484/E+01
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T4SEQ(1)

PROGRAM T4SEQ

PARAMETER (NTOTAL=161)

REAL*S A(NTOTAL), B(NTOTAL), C(NTOTAL),
1 D(NTOTAL), P, Q, R

DATA P, Q, R/1.45,2.62, 0.5/

DO I=1,NTOTAL
B(1)=3.DO/DFLOAT(1)+1.D0
C(1)=2.DO/DFLOAT(I)+1.D0
D(I)=1.DO/DFLOAT(1)+1.D0

ENDDO




T4SEQ(2)

OPEN(L,FILE="input.dat’,FORM="UNFORMATTED')

WRITE(L) B

WRITE(L) C

WRITE(L) D

WRITE(L) P,Q,R

CLOSE(1)
OPEN(1,FILE="input.dat',STATUS="OLD',FORM="UNFORMATTED")
READ (1) B

READ (1) C
READ (1) D
READ (1) P,Q,R




TASEQ(3)

DO 1=2,NTOTAL-1
A(N=C(I)*D(I)*P+(B(I-1)+2.0*B(1)+B(I+1))*Q+R
ENDDO
WRITE(*,101) (A(l),I=1,NTOTAL,5)
101 FORMAT(L0F8.3)
STOP
END




T4SEQ

.000 18.550 15.720 14.682 14.143 13.812 13.588 13.427 13.305 13.210
13.133 13.070 13.018 12.973 12.935 12.901 12.872 12.847 12.824 12.803
12.785 12.768 12.753 12.739 12.726 12.714 12.703 12.693 12.684 12.675

12.667 12.660 .000




- MPI_SCATTERV

MPI_GATHERV
N



MPI_SCATTERV MPI_GATHERV(1)

IROOT=0
CALL MPI_SCATTERV( T, GCOUNT, GDISP, MPI_REALS,
1 C(1), MYCOUNT, MPI_REALS,
2 IROOT, MPI_COMM_WORLD, IERR)

CALL MPI_GATHERV (A(1), MYKOUNT, MPI_REALS,
1 T, GCOUNT, GDISP, MPI_REALS,
2 IROOT, MPI_COMM_WORLD, IERR)




MPI_SCATTERV MPI_GATHERV(2)

m GCOUNT CPU
m GDISP CPU
T
CALL STARTEND (NPROC, 1, NTOTAL, GSTART,
1 GEND, GCOUNT)
DO 1=0,NPROC-1

GDISP(I)=GSTART(l)-1
ENDDO




_UNPACK

b| BARRIER
D WTIME

MPI_PACK



MPI_PACK MPI_UNPACK(1)

INTEGER BUFSIZE
PARAMETER (BUFSIZE=24)
CHARACTER BUF1(BUFSIZE)

IF (MYID.EQ.0) THEN
READ(7) P,Q,R
IPOS =0
CALL MPI_PACK (P,1, MPI_REALS, BUF1, BUFSIZE, IPOS, COMM, IERR)
CALL MPI_PACK (Q,1,MPI_REALS, BUF1, BUFSIZE, IPOS, COMM, IERR)
CALL MPI_PACK (R,1,MP|_REALS, BUF1, BUFSIZE, IPOS, COMM, IERR)

ENDIF




MPI_PACK MPI_UNPACK(2)

CALL MPI_BCAST (BUF1, BUFSIZE, MP|_CHARACTER, 0, COMM, IERR)
IF (MYID.NE.0) THEN
IPOS=0
CALL MPI_UNPACK (BUF1, BUFSIZE, IPOS, P, 1, MPI_REALS8, COMM, |IERR)
CALL MPI_UNPACK (BUF1, BUFSIZE, IPOS, Q, 1, MPI_REALS8, COMM, IERR)
CALL MPI_UNPACK (BUF1, BUFSIZE, IPOS, R, 1, MPI_REAL8, COMM, IERR)
ENDIF




PACK UNPACK

REAL*8 BUFF(3), P, Q, R

IF (MYID.EQ.0) THEN
READ(7) P,Q,R

BUFF(1)=P
2)=Q
3)=R

/—\

BUFF

BUFF
ENDIF
IROOT=0
CALL MPI_BCAST (BUFF, 3, MP|_REALS, IROOT, COMM, IERR)
IF (MYID.GT.0) THEN

P=BUFF(1)

Q=BUFF(2)

R=BUFF(3)
ENDIF

AN N N




MPI_BARRIER, MPI_WTIME(1)

m MPI BARRIER ‘ ?
communicator
CPU ‘ ’(synchronized)

(wall clock time) MPI
MPI_WTIME ‘ ”
m CPU
MPI_INIT
MPI_WTIME MPI_FINALIZE

MPI_WTIME



MPI_BARRIER, MPI_ WTIME(2)

REAL*S TIMEL, TIME2

CALL MPI_INIT(IERR)

CALL MPI_COMM_SIZE (MPI_COMM_WORLD, NPROC, IERR)
CALL MPI_COMM_RANK (MPI_COMM_WORLD, MYID, IERR)
CALL MPI_BARRIER (MPI_COMM_WORLD, IERR)
TIME1=MPI_WTIME()

TIME2=MPI_WTIME() — TIME1

PRINT *"MYID, CLOCK TIME=', MYID, TIME2
CALL MPI_FINALIZE(IERR)

STOP

END




161
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T4DCP(1)

PROGRAM T4DCP

PARAMETER (NTOTAL=161, NP=4, N=NTOTAL/NP+1)
INCLUDE 'mpif.h'

REAL*8 A(0:N+1), B(0:N+1), C(0:N+1), D(0:N+1), T(NTOTAL)

INTEGER NPROC, MYID, ISTAT(MPI_STATUS_SIZE), ISTART, IEND,

1 L_NBR, R_NBR, GCOUNT(0:NP), GDISP(0:NP), GEND(0:NP)
CALL MPL_INIT (IERR)

CALL MPI_COMM_SIZE (MPI_COMM_WORLD, NPROC, IERR)

CALL MPI_COMM_RANK (MPI_COMM_WORLD, MYID, IERR)

CALL MPI_BARRIER (MPI_COMM_WORLD, IERR)




T4DCP(2)

TIMEL=MPI_WTIME()
CALL STARTEND (NPROC,1,NTOTAL,GSTART,GEND, GCOUNT)
DO 1=0,NPROC-1
GDISP(I)=GSTART(l)-1
ENDDO
MYKOUNT=GCOUNT(MYID)
PRINT *' NPROC,MYID,ISTART,IEND,ARRAY LENGTH=", NPROC,MYID,
&  GSTART(MYID), GEND(MYID), MYCOUNT
ISTART=1
IEND= MYKOUNT




T4DCP(3)

ISTART2=ISTART

IF(MYID.EQ.0) ISTART2=2

IEND1=IEND

IF(MYID.EQ.NPROC-1) IEND1=IEND-1
ISTARTM1=ISTART-1

IENDP1=IEND+1

L_NBR=MYID-1

R_NBR=MYID+1

IF(MYID.EQ.0) L_NBR=MPI_PROC_NULL
IF(MYID.EQ.NPROC-1) R_NBR=MP|_PROC_NULL




T4DCP(4)

IF(MYID.EQ.0) THEN
OPEN(7,FILE="Iinput.dat’,STATUS="OLD',FORM="UNFORMATTED")
READ (7) T | read array B

ENDIF
IROOT=0
CALL MPI_SCATTERV (T, GCOUNT, GDISP, MPI_REALS, B(1),
1 MYKOUNT, MPI_REALS, IROOT, MPI_COMM_WORLD, IERR)
IF(MYID.EQ.0) THEN
READ (7) T | read array C
ENDIF




T4DCP(5)

CALL MPI_SCATTERV(T, GCOUNT, GDISP, MPI_REALS, C(1), MYKOUNT,

1 MPI_REALS, IROOT, MPI_COMM_WORLD, IERR)
IF(MYID.EQ.0) THEN

READ (7) T I read array D
ENDIF

CALL MPI_SCATTERV (T, GCOUNT, GDISP, MPI_REALS, D(1),
1 MYKOUNT, MPI_REALS, IROOT, MPI_COMM_WORLD, IERR)




T4DCP(6)

ITAG=110

CALL MPI_SENDRECYV (B(IEND), 1, MPI_REALS, R_NBR, ITAG,
1 B(ISTARTM1), 1, MPI_REALS, L _NBR, ITAG,
2 MPI_COMM_WORLD, ISTAT, IERR)

ITAG=120

CALL MPI_SENDRECV (B(ISTART), 1, MPI_REALS, L _NBR, ITAG,
1 B(IENDP1), 1, MPI_REALS, R_NBR, ITAG,
2 MPI_COMM_WORLD, ISTAT, IERR)




T4DCP(7)

CC DO I=2,NTOTAL-1
DO I=ISTART2,|IEND1
A()=C()*D(I)+(B(I-1)+2.0*B(1)+B(1+1))*0.25

ENDDO
CALL MPI_GATHERV (A(1), MYKOUNT, MP|_REALS,
1 T, GCOUNT, GDISP, MP|_REALS,
2 IROOT, MP|_COMM_WORLD, IERR)
IF(MYID.EQ.0) THEN
WRITE(*,101) (T(1),I=1,NTOTAL,5)
ENDIF
101 FORMAT(L0F8.3)

TIME2=MPI_WTIME()-TIME1

PRINT *," MYID, CLOCK TIME=', MYID,TIME2
CALL MPI_FINALIZE(IERR)

STOP

END




T4ADCP

NPROC,MYID,ISTART,IEND,ARRAY LENGTH=4 0 1 41 41
NPROC,MYID,ISTART,IEND ARRAY LENGTH =4 2 82 121 40
NPROC,MYID,ISTART,IEND ARRAY LENGTH=4 1 42 81 40
NPROC,MYID,ISTART,IEND ARRAY LENGTH =4 3 122 161 40

MYID, CLOCK TIME=2 0.8412782848E-01

MYID, CLOCK TIME=1 0.8406087/56E-01

MYID, CLOCK TIME=3 0.8399387449E-01

0.0000 18.550 15.720 14.682 14.143 13.812 13.588 13.427 13.305 13.210
13.133 13.070 13.018 12.973 12.935 12.901 12.872 12.847 12.824 12.803
12.785 12.768 12.753 12.739 12.726 12.714 12.703 12.693 12.684 12.675
12.667 12.660 .000

MYID, CLOCK TIME= 0 0.1014785469

o CPU CPU1 CPUZ
CPU3 CPUO
CPU






T5SEQ

(1,J,K)

Index
(K,J,!)

T5CP
T5DCP
MP|
T5 2D



T5SEQ(1)

1
2
3

PARAMETER (KK=20,NN=120,MM=160,KM=3,MM1=MM-1,NN1=NN-1)
COMMON UL(KK,NN,MM),V(KK,NN,MM),PS1(NN,MM),

F1(KM,NN,MM),F2(KM,NN,MM),

varseq

HXU(NN,MM),HXV(NN,MM), HMMX(NN,MM), HMMY (NN,MM),
VECINV(KK,KK),AM7(KK),SUMF1,SUMF?2

PROGRAM T5SEQ

IMPLICIT REAL*8 (A-H,0-2)
INCLUDE YVarseq’

CALL SYSTEM_CLOCK(IC,IR,IM)
CLOCK=DBLE(IC)/DBLE(IR)
CALL DATAGEN

CALL COMPUTATION

CALL OUTPUT

CALL SYSTEM_CLOCK(IC,IR,IM)
CLOCK=DBLE(IC)/DBLE(IR)-CLOCK
PRINT *,”CLOCK TIME=" CLOCK
END




T5SEQ(2)

SUBROUTINE DATAGEN
IMPLICIT REAL*8 (A-H,0-2)
INCLUDE Yvarseq’
DO 10 [=1,MM1
DO 10 J=1,NN
DO 10 K=1,KK
U1(K,J,1)=1.D0/DFLOAT(I)+1.DO/DFLOAT(J)+1.DO/DFLOAT(K)
10 CONTINUE
DO 20 [=1,MM
DO 20 J=1,NN1
DO 20 K=1,KK
V1(K,J,1)=2.D0/DFLOAT(I)+1.DO/DFLOAT(J)+1.DO/DFLOAT(K)
20 CONTINUE




T5SEQ(3)

DO 30 I=1,MM
DO 30 J=1,NN
PS1(J,1)=1.D0/DFLOAT(I)+1.DO/DFLOAT(J)
HXU(J,)=2.DO/DFLOAT(1)+1.DO/DFLOAT(J)
HXV(J,1)=1.DO/DFLOAT(I)+2.DO/DFLOAT(J)
HMMX(J,1)=2.DO/DFLOAT(I)+1.DO/DFLOAT(J)
HMMY (J,1)=1.DO/DFLOAT(I)+2.DO/DFLOAT(J)
30 CONTINUE
DO 40 K=1,KK
AM7(K)=1.DO/DFLOAT(K)
DO 40 KA=1,KK
VECINV(KA,K)=1.DO/DFLOAT(KA)+1.DO/DFLOAT(K)
40 CONTINUE
END




T5SEQ(4)

SUBROUTINE COMPUTATION
IMPLICIT REAL*8 (A-H,0-2)
INCLUDE YVarseq’
DIMENSION D7(NN,MM), D8(NN,MM), DOO(KK,NN,MM)
DO 210 [=1,MM
DO 210 J=1,NN
DO 210 K=1,KM
F1(K,J,1)=0.0D0
F2(K,J,1)=0.0D0
210 CONTINUE
DO 220 I=1,MM1
DO 220 J=2,NN1
D7(J,)=(PS1(J,I+1)+PS1(J,1))*0.5DO*HXU(J,I)
220 CONTINUE
DO 230 1=2,MM1
DO 230 J=1,NN1
D8(J,1)=(PS1(J+1,)+PS1(J,1))*0.5DO*HXV(J,!)
230 CONTINUE




T5SEQ(5)

DO 240 I=2,MM1
DO 240 J=2,NN1
DO 240 K=1,KK
DOO(K,J,)=(D7(J,)*UL(K,J,1)-D7(J,-1)*UL(K,J,I-L)HMMX(J, )
& +(D8(J,*V1(K,J,))-D8(J-L,)*VL(K,J-L,1)*HMMY(J, )
240 CONTINUE
DO 260 I=2,MML1
DO 260 KA=1,KK
DO 260 J=2,NN1
DO 260 K=1,KM
F1(K,J,1)=F1(K,J,)-VECINV(K,KA)*DOO(KA,J, )
260 CONTINUE




T5SEQ(6)

SUMF1=0.D0

SUMF2=0.D0

DO 270 I=2,MM1

DO 270 J=2,NN1

DO 270 K=1,KM
F2(K,J,1)=-AM7(K)*PS1(J,))
SUMF1=SUMF1+F1(K,J,))
SUMF2=SUMF2+F2(K,J,|)

270 CONTINUE
RETURN
END




T5SEQ(7)

SUBROUTINE OUTPUT
IMPLICIT REAL*8 (A-H,0-2)
INCLUDE Yvarseq’
PRINT *," SUMF1,SUMF2=', SUMF1,SUMF2
PRINT *,' F2(2,2,1),1=1,160,5'
PRINT 301,(F2(2,2,1),1=1,160,5)
301 FORMAT(8E10.3)
RETURN
END




SUMF1,SUMF2= 26172.4605364288109 -2268.89180334316325
F2(2,2,1),1=1,160,5

.000E+00 -.333E+00 -.295E+00 -.281E+00 -.274E+00 -.269E+00 -.266E+00 -.264E+00
-.262E+00 -.261E+00 -.260E+00 -.259E+00 -.258E+00 -.258E+00 -.257E+00 -.257E+00
-.256E+00 -.256E+00 -.255E+00 -.255E+00 -.255E+00 -.255E+00 -.255E+00 -.254E+00
-.254E+00 -.254E+00 -.254E+00 -.254E+00 -.254E+00 -.253E+00 -.253E+00 -.253E+00

CLOCK TIME=0.799999999981082510E-01




T5CP



PO

DIMENSION PS1(NN,MM)
PS1(J,1)

istar-1

istart

istart-1

istart

j=1....nn
ITAG=20
CALL MPI_SENDRECV (PS1(1,ISTART), NN, MPI_REALS, L_NBR, ITAG,
1 PS1(1,IENDP1), NN, MPI_REALS, R_NBR, ITAG,

2 MPI_COMM_WORLD, ISTAT, IERR)




DIMENSION UL(KK,NN,MM)
UL(K, J, 1)

istart

istart-1

NNKK=NN*KK

1
2

CALL MPI_SENDRECYV (U1(1,1,IEND), NNKK, MPI_REALS, R_NBR, ITAG,

U1(1,1,ISTARTM1), NNKK, MPI_REALS, L_NBR, ITAG,

MPI_COMM_WORLD, ISTAT, IERR)




T5CP(1)

varcp

PARAMETER (KK=20,NN=120,MM=160,KM=3,MM1=MM-1,NN1=NN-1)

COMMON  UL(KK,NN,MM ),V1(KK,NN,MM ),PS1(NN,MM),

1 F1(KM,NN,MM),F2(KM,NN,MM),
2 HXU(NN,MM),HXV(NN,MM),HMMX(NN,MM), HMMY (NN,MM),
3 VECINV(KK,KK),AM7(KK),SUMF1,SUMF2
C
INTEGER L_NBR,R_NBR,ISTAT(MPI_STATUS_SIZE),
1 GCOUNT, GSTART, GEND
COMMON/MPIVAR/MYID,NPROC,L_NBR,R_NBR,
1 ISTART,ISTART2,ISTARTS3, IEND,IENDL,
2 ISTARTML, IENDML,IENDP1, MYDIM,

3 GSTART(0:50),GEND(0:50), GCOUNT(0:50)




T5CP(2)

PROGRAM T5CP

IMPLICIT REAL*8 (A-H,0-2)
INCLUDE 'mpif.h'
INCLUDE ‘varcp’

CALL MPI_INIT(IERR)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD,NPROC,IERR)
CALL MPI_COMM_RANK(MPI_COMM_WORLD,MYID, IERR)
CALL MPI_BARRIER(MPI_COMM_WORLD,IERR)
CLOCK=MPI_WTIME()

CALL STARTEND(NPROC,1,MM,GSTART,GEND,GCOUNT)
ISTART=GSTART(MYID)

IEND=GEND(MYID)




T5CP(3)

MYCOUNT=GCOUNT(MYID)

PRINT 101, MYID,NPROC,ISTART,IEND
101 FORMAT( ' MYID,NPROC,ISTART,IEND=', 416)

IEND1=IEND
IF(MYID.EQ.NPROC-1) IEND1=IEND-1

ISTART2=ISTART
IF(MYID.EQ.0) ISTART2=2

ISTARTM1=ISTART-1
IENDP1=|IEND+1




T5CP(4)

L_NBR=MYID-1
R_NBR=MYID+1

IF(MYID.EQ.0) L_NBR=MPI_PROC_NULL
IF(MYID.EQ.NPROC-1) R_NBR=MPI_PROC_NULL
CALL DATAGEN

CALL COMPUTATION

CALL OUTPUT

CLOCK=MPI_WTIME() - CLOCK

PRINT *' MYID, CLOCK TIME=", MYID,CLOCK
CALL MPI_FINALIZE(IERR)

STOP

END




T5CP(5)

SUBROUTINE STARTEND(NPROC,IS1,IS2,|ISTART,IEND,ICOUNT)
INTEGER NPROC,S1,1S2,ISTART(0:31),IEND(0:31),ICOUNT(0:31)
ILENGTH=IS2-1S1+1
IBLOCK=ILENGTH/NPROC
IR=ILENGTH-IBLOCK*NPROC
DO 1=0,NPROC-1

IF(I.LT.IR) THEN
ISTART(I)=IS1+*(IBLOCK+1)
IEND(I)=ISTART(I)+IBLOCK

ELSE
ISTART(I)=IS1+*BLOCK+IR
IEND(I)=ISTART(I)+/BLOCK-1

ENDIF




T5CP(6)

IFILENGTH.LT.1) THEN
ISTART(l)=1
IEND(1)=0
ENDIF
ICOUNT(I)=IEND(I)-ISTART(I)+1
ENDDO
RETURN
END




T5CP(7)

SUBROUTINE DATAGEN
IMPLICIT REAL*8 (A-H,0-Z)
INCLUDE 'mpif.h'
INCLUDE ‘varcp

CCC DO 10 I=1,MM1
DO 10 I=ISTART,IEND1
DO 10 J=1,NN
DO 10 K=1,KK
U1(K,J,))=1.DO/DFLOAT(I)+1.DO/DFLOAT(J)+1.DO/DFLOAT(K)
10 CONTINUE
CCC DO 20 I=1,MM
DO 20 I=ISTART,IEND
DO 20 J=1,NN1
DO 20 K=1,KK

V1(K,J,l)=2.DO/DFLOAT(I)+1.DO/DFLOAT(J)+1.DO/DFLOAT(K)
20 CONTINUE




T5CP(8)

CCC DO 30 I=1,MM
DO 30 I=ISTART,IEND
DO 30 J=1,NN
PS1(J,1)=1.D0/DFLOAT(I)+1.DO/DFLOAT(J)
HXU(J,)=2.DO/DFLOAT(I)+1.DO/DFLOAT(J)
HXV(J,1)=1.DO/DFLOAT(I)+2.DO/DFLOAT(J)
HMMX(J,1)=2.DO/DFLOAT(1)+1.DO/DFLOAT(J)
HMMY(J,1)=1.DO/DFLOAT(I)+2.DO/DFLOAT(J)
30 CONTINUE
DO 40 K=1,KK
AM7(K)=1.DO/DFLOAT(K)
DO 40 KA=1,KK
VECINV(KA,K)=1.DO/DFLOAT(KA)+1.DO/DFLOAT(K)
40 CONTINUE

END




T5CP(9)

SUBROUTINE COMPUTATION

IMPLICIT REAL*8 (A-H,0-2)

INCLUDE 'mpif.h'

INCLUDE ‘varcp'

DIMENSION D7(NN,MM),D8(NN,MM),DO0(KK,NN,MM)

NNKK=NN*KK

CALL MPI_SENDRECV(UL(1,1,JEND),  NNKK,MPI_REAL8,R_NBR, 10,
1 U1(L,1,ISTARTM1),NNKK,MPI_REALS,L_NBR, 10,
2 MPI_COMM_WORLD,ISTAT,IERR)

CALL MPI_SENDRECV(PS1(L,ISTART),NN,MPI_REALS, L_NBR,20,

1 PS1(1,IENDP1),NN,MPI_REALS, R_NBR,20,

2 MPI_COMM_WORLD,ISTAT,IERR)




T5CP(10)

CC DO 210 I=1,MM
DO 210 I=ISTART,IEND
DO 210 J=1,NN
DO 210 K=1,KM
F1(K,J,1)=0.0D0
F2(K,J,1)=0.0D0
210 CONTINUE




T5CP(11)

CC DO 220 I=1,MML1
DO 220 I=ISTART,|IEND1
DO 220 J=2,NN1
D7(J,)=(PS1(J,1+1)+PS1(J,1)*0.5D0*HXU(J, )
220 CONTINUE
CC DO 230 I=2,MML1
DO 230 I=ISTART2,IEND1
DO 230 J=1,NN1
D8(J,)=(PS1(J+L,1)+PS1(J,1))*0.5D0*HXV(J,])
230 CONTINUE




T5CP(12)

ITAG=30
CALL MPI_SENDRECV(D7(L,IEND),  NN,MPI_REALS, R_NBR,ITAG,
1 D7(L,ISTARTM1),NN,MP|_REALS, L_NBR,ITAG,
2 MPI_COMM_WORLD,ISTAT,IERR)

CC DO 240 I=2,MM1
DO 240 I=ISTART2,IENDL1
DO 240 J=2,NN1
DO 240 K=1,KK
DOO(K,J,))=(D7(J,)*UL(K,J,)-D7(J,I-1)*UL(K,J,I-1)) *HMMX(J, )
1 +(D8(J,*V1(K,J,))-D8(I-L,)*VL(K,J-1,1))*HMMY(J,])
240 CONTINUE




T5CP(13)

CC DO 260 I=2,MML1
DO 260 I=ISTART2,IEND1
DO 260 KA=1,KK
DO 260 J=2,NN1
DO 260 K=1,KM
F1(K,J,))=FL(K,J,)-VECINV(K,KA)*DOO(KA,J,|)
260 CONTINUE




T5CP(14)

SUMF1=0.D0
SUMF2=0.D0
CC DO 270 I=2,MML1
DO 270 I=ISTART2,IEND1
DO 270 J=2,NN1
DO 270 K=1,KM
F2(K,J,1)=-AM7(K)*PS1(J,])
SUMF1=SUMF1+F1(K,J,))
SUMF2=SUMF2+F2(K,J,I)
270 CONTINUE
RETURN
END




T5CP(15)

&

&

SUBROUTINE OUTPUT
IMPLICIT REAL*8 (A-H,0-2)
INCLUDE 'mpif.h’

INCLUDE ‘varcp'

IROOT=0

CALL MPI_REDUCE(SUMF1,GSUMF1,1,MPI_REALS,
MPI_SUM,IROOT, MPI_COMM_WORLD,IERR)

CALL MPI_REDUCE(SUMF2,GSUMF2,1,MPI_REALS,

MPI_SUM,IROOT, MPI_COMM_WORLD,IERR)
SUMF1=GSUMF1

SUMF2=GSUMF2




T5CP(16)

ITAG=40
IF(MYID.NE.0) THEN
KNT=KM*NN*GCOUNT(MYID)
CALL MPI_SEND (F2(1,1,ISTART), KNT, MPI_REALS, 0,
1 ITAG, MPI_COMM_WORLD, IERR)
ELSE
DO I=1,NPROC-1
IST1=GSTART())
KNT1=KM*NN*GCOUNT(I)
CALL MPI_RECV (F2(L,1,IST1), KNTL, MPI_REALS,
1 |, ITAG, MPI_COMM_WORLD, ISTAT, IERR)
ENDDO
ENDIF




T5CP(17)

301 FORMAT(8F10.3)

IF(MYID.EQ.0) THEN
PRINT *'SUMF1,SUMF2=", SUMF1,SUMF2
PRINT *,' F2(2,2,1),1=1,160,5'
PRINT 301,(F2(2,2,1),1=1,160,5)

ENDIF

RETURN

END




T5CP

ATTENTION: 0031-408 4 tasks allocated by LoadLeveler, continuing...
SUMF1,SUMF2= 26172.4605364287563 -2268.89180334309913
F2(2,2,1),1=1,160,5

000 -333 -295 -281 -274 -269 -266 -.264
-262 -261 -260 -259 -258 -258 -257 -257
-256 -256 -255 -255 -265 -255 -255 -254
-254  -254 -254 -254 -254 -253 -253 -.253

MYID, CLOCK TIME= 1 0.422962754964828491E-01

MYID, CLOCK TIME= 2 0.442581903189420700E-01

MYID, CLOCK TIME= 3 0.462186168879270554E-01

MYID, CLOCK TIME= 0 0.570478718727827072E-01

T5SEQ 0.07
CPU T5CP 0.057
(parallel speed up)  0.07/0.057=1.23




T5DCP



T5DCP(1)

= MM NP M
MM/NP ~ MM NP
M MM/NP+1
PARAMETER

PARAMETER (KK=20, NN=120, MM=160,
1 KM=3, MM1=MM-1, NN1=NN-1)
PARAMETER (NP=8, M=MM/NP)




T5DCP(2)

o dimension
(0:M+1)
dimension (M)

DIMENSION ~ TT(KM,NN,MM)

DIMENSION ~ UL(KK,NN,0:M+1), VL(KK,NN,M),
PS1(NN,0:M+1)

COMMON/BLK4/FL(KM,NN,M), F2(KM,NN,M),

1 HXU(NN,M), HXV(NN,M),

2 HMMX(NN,M), HMMY (NN, M)

COMMON/BLK5/VECINV(KK,KK), AM7(KK)

DIMENSION  D7(NN,0:M+1), D8(NN,M), DOO(KK,NN,M)




MPI_GATHERV(1)

N F1 F2 CPU
GCOUNT 1T
GDISP

CALL STARTEND (NPROC, 1, MM, GSTART, GEND,GCOUNT)

DO I=0,NPROC-1
GCOUNT(I)=KM*NN*GCOUNT()
GDISP(I)=KM*NN*(GSTART(l)-1)

ENDDO

ISTARTG=GSTART(MYID)

IENDG=GEND(MYID)

MYCOUNT=IENDG-ISTARTG+1




MPI_GATHERV(2)

L
MPI_GATHERV

IROOT=0
KOUNT= GCOUNT(MYID)

CALL MPI_GATHERV (F1, KOUNT, MPI_REALS,

1 TT, GCOUNT, GDISP, MPI_REALS,
2 IROOT, MPI_COMM_WORLD, IERR)




(1)

vardcp

PARAMETER (KK=20,NN=120,MM=160,KM=3,MM1=MM-1,NN1=NN-1)
PARAMETER (NP=4,M=MM/NP)

COMMON  UL(KK,NN,0:M+1),VL(KK,NN,M),PSL(NN,0:M+1),

1 F1(KM,NN,M),F2(KM,NN,M),
2 HXU(NN, M), HXV(NN,M), HMMX(NN,M),HMMY (NN, M),
3 VECINV(KK,KK),AM7(KK), SUMF1,SUMF2

INTEGER L _NBR,R_NBR,ISTAT(MPI_STATUS_SIZE),

1 GSTART,GEND,GCOUNT,GDISP
COMMON/MPIVAR/MYID,NPROC,ISTAT,L_NBR,R_NBR,ISTARTG,IENDG,
1 ISTART,ISTARTZ,ISTARTS, IEND,IEND1,

2 ISTARTM1, IENDM1,IENDP1, ICOUNT,

3 GSTART(0:31),GEND(0:31), GCOUNT(0:31),GDISP(0:31)




PROGRAM T5DCP
IMPLICIT REAL*8 (A-H,0-2)
INCLUDE "mpif.h'

INCLUDE 'vardcp'

CALL MPI_INIT(IERR)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD,NPROC,|ERR)
CALL MPI_COMM_RANK(MPI_COMM_WORLD,MYID, IERR)
CALL MPI_BARRIER(MPI_COMM_WORLD,ERR)
CLOCK=MPI_WTIME()

LASTP=NPROC-1

CALL STARTEND(NPROC,1,MM,GSTART,GEND,GCOUNT)




DO |=0,LASTP
GCOUNT(I)=KM*NN*GCOUNT(l)
GDISP(I) =KM*NN*(GSTART(l)-1)
ENDDO
ISTARTG=GSTART(MYID)
IENDG=GEND(MYID)
ICOUNT=IENDG-ISTARTG+1
PRINT 101, MYID,NPROC,ISTARTG,IENDG
101 FORMAT( " MYID,NPROC,ISTARTG,IENDG=", 4I6)




IEND1=IEND
IF( MYID.EQ.NPROC-1) IEND1=IEND1-1

ISTART2=1

IF( MYID.EQ.0) ISTART2=2
ISTARTM1=ISTART-1
IENDP1=IEND+1
L_NBR=MYID-1
R_NBR=MYID+1




()

IF(MYID.EQ.0) L_NBR=MPI_PROC_NULL
IF(MYID.EQ.LASTP) R_NBR=MP|_PROC_NULL
CALL DATAGEN

CALL COMPUTATION

CALL OUTPUT

CLOCK=MPI_WTIME() - CLOCK

PRINT *' MYID, CLOCK TIME=', MYID,CLOCK
CALL MPI_FINALIZE(IERR)

STOP

END




SUBROUTINE DATAGEN
IMPLICIT REAL*8 (A-H,0-2)
INCLUDE 'mpif.h'

INCLUDE 'vardcp'

CC DO 10I=1,MM1
DO 10 I1=1,IEND1
[I=I+ISTARTG-1
DO 10 J=1,NN
DO 10 K=1,KK
U1(K,J,))=1.DO/DFLOAT(II)+1.DO/DFLOAT(J)+1.DO/DFLOAT(K)
10 CONTINUE




CC DO 20 I=1,MM
DO 20 I=1,IEND
I=1+ISTARTG-1
DO 20 J=1,NN1

DO 20 K=1,KK
V1(K,J,I)=2.DO/DFLOAT(II)+1.DO/DFLOAT(J)+1.DO/DFLOAT(K)

20 CONTINUE




1
2
3

SUBROUTINE COMPUTATION
MPLICIT REAL*8 (A-H,0-2)
INCLUDE 'mpif.h’

INCLUDE ‘'vardcp'

DIMENSION D7(NN,0:M+1),D8(NN,M),DO0(KK,NN,M)

CALL MPI_BARRIER(MPI_COMM_WORLD,IERR)

CLOCK=MPI_WTIME()

NNKK=NN*KK

CALL MPI_SENDRECV(
UL(1,1END),  NNKK,MPI_REALS, R NBR,10,
U1(1,1,ISTARTM1),NNKK,MPI_REALS, L_NBR,10,
MPI_COMM_WORLD,ISTAT,IERR)




(9)

CALL MPI_SENDRECV(
1 PS1(1,ISTART),NN,MPI_REALS, L NBR,30,
2 PS1(1,JENDP1),NN,MPI_REALS, R_NBR,30,
3 MPI_COMM_WORLD,ISTAT,IERR)
CC DO 210 I=1,MM
DO 210 I=ISTART,IEND
DO 210 J=1,NN
DO 210 K=1,KM
F1(K,J,1)=0.0D0
F2(K,J,1)=0.0D0
210 CONTINUE




(10)

CC DO 220 I=1,MM1
DO 220 I=ISTART,|IEND1
DO 220 J=2,NN1
D7(J,)=(PS1(J,1+1)+PS1(J,1))*0.5D0*HXU(J,])
220 CONTINUE
CC DO 230 I=2,MM1
DO 230 I=ISTART2,IEND1
DO 230 J=1,NN1
D8(J,)=(PSL(J+L,1)+PS1(J,1))*0.5D0*HXV(J,])
230 CONTINUE




(11)

ITAG=50
CALL MPI_SENDRECV(
1 D7(1,IEND), NN,MPI_REALS8, R_NBR, ITAG,
2 D7(1,ISTARTM1),NN,MPI_REALS, L NBR, ITAG,
3 MPI_COMM_WORLD,ISTAT,IERR)
CC DO 240 I1=2,MM1
DO 240 [=ISTART2,IEND1
DO 240 J=2,NN1
DO 240 K=1,KK
DOO(K,J,))=(D7(J,*UL(K,J,)-D7(J,I-1)*UL(K,J,I-1)*HMMX(J, )
1 +(D8(J,)*V1(K,J,))-D8(I-L,)*VL(K,J-1,))*HMMY/(J, )
240 CONTINUE




(12)

DO 260 1=2,MM1
DO 260 I=ISTART2,IEND1
DO 260 KA=1,KK
DO 260 J=2,NN1
DO 260 K=1,KM
F1(K,J,))=F1(K,J,))-VECINV(K,KA)*DOO(KA,J,|)
260 CONTINUE




(13)

SUMF1=0.D0
SUMF2=0.D0
CC DO 270 I=2,MM1
DO 270 I=ISTART2,IEND1
DO 270 J=2,NN1
DO 270 K=1,KM
F2(K,J,1)=-AM7(K)*PS1(J,])
SUMF1=SUMF1+F1(K,J,])
SUMF2=SUMF2+F2(K,J,|)
270 CONTINUE
RETURN
END




(14)

SUBROUTINE OUTPUT

IMPLICIT REAL*8 (A-H,0-2)

INCLUDE 'mpif.h'

INCLUDE 'vardcp'

DIMENSION TT(KM,NN,MM)

CALL MPI_BARRIER(MPI_COMM_WORLD,IERR)
IROOT=0

KOUNT=GCOUNT(MYID)

CALL MPI_GATHERV (F2, KOUNT, MPI_REALS,

1 TT, GCOUNT, GDISP, MPI_REALS,
2 IROOT, MPI_COMM_WORLD, IERR)




(15)

CALL MPI_REDUCE(SUMF1, GSUMF1, 1, MP|_REALS,
&  MPI_SUM, IROOT, MP|_COMM_WORLD, IERR)
CALL MPI_REDUCE(SUMF2, GSUMF2, 1, MP|_REALS,
&  MPI_SUM, IROOT, MP|_COMM_WORLD, IERR)
301 FORMAT(8F10.3)
IF(MYID.EQ.0) THEN
PRINT *'SUMF1,SUMF2=", GSUMF1,GSUMF2
PRINT *,' F2(2,2,1),1=1,160,5'
PRINT 301,(TT(2,2,),1=1,160,5)
ENDIF
RETURN
END




T5DCP (1)

ATTENTION: 0031-408 4 tasks allocated by LoadLeveler,
continuing...

MYID, CLOCK TIME=1 0.313310641795396805E-01

MYID, CLOCK TIME= 3 0.322397891432046890E-01

SUMF1,SUMF2=26172.4605364287 -2268.89180334309

F2(2,2,1),1=1,160,5

MYID, CLOCK TIME= 2 0.322001073509454727E-01
000 -333 -295 -281 -274 -269 -266 -.264
-262 -261 -260 -259 -258 -258 -.257 -.257
-256 -256 -255 -255 -255 -255 -255 -254
-254  -254 -254 -254 -254 -253 -253 -.253

MYID, CLOCK TIME= 0 0.325039364397525787E-01




T5DCP (2)

- T5SEQ 0.07
CPU T5DCP
0.0325 (parallel

speed up) 0.07/0.0325 = 2.15

N CPU
0.0325
0.057



MP]



(Up)

S=s0QTC

MPI (1)

(Cartesian Topology)

CPU2| |CPU5
(02) | | (12
CPUL| |CPU4
01 ] [ &Y
CPUO| |CPU3
(0,0) | | (1.0)

PARAMETER (NDIM=2, JP=2, IP=3)
INTEGER COMM2D

INTEGER IPART(2), MY_COORD(2)
LOGICAL PERIODS(2), REORDER
IPART(1)=JP

IPART(2)=IP

PERIODS(1)=.FALSE.
PERIODS(2)=.FALSE.
REORDER=.TRUE.

CALL MPI_CART_CREATE
(MPI_COMM_WORLD, NDIM,

IPART, PERIODS, REORDER
COMM2D, IERR)

(V)

sideway

(right)



MPI  (2)

(Cartesian Topology)

CPU2| | CPU5S
0,2) | | (1,2)
CPUl1l| |CPU4
01 ] | (1,1
CPUO| | CPU3
(0,0) | | (1,0)

(J)  sideway

(right)

PARAMETER (NDIM=2, JP=2, IP=3)
INTEGER COMM2D, SIDEWAY, UPDOWN
INTEGER UP, RIGHT, MY_COORD(2)
INTEGER L_NBR, R NBR, B NBR, T_NBR

CALL MPI_COMM_RANK(COMM2D, MYID, IERR)

CALL MPI_CART_COORDS (COMM2D,
MYID, NDIM, MY_COORD, |IERR)

SIDEWAY=0

UPDOWN=1

RIGHT=1

UP=1

CALL MPI_CART_SHIFT(COMM2D,

SIDEWAY, RIGHT, L NBR, R_NBR, IERR)
CALL MPI_CART_SHIFT(COMM2D,

UPDOWN, UP, B_NBR, T_NBR, IERR)




(up)
f 1=m| CPU2 y
02 y|| O
P
d ' 1=m [ CPUL Y| | XXXXXX
Ol 101 y| | cru4
n | 171 y (1,1)
I=m | CPUO y
00 y| |
|1=1 y (110)
J=1...N J=1...N
(J) sideway

MPI

CALL MPI_TYPE_VECTOR( COUNT,BLKLEN,
STRIDE, OLDTYPR, NEWTYPE, |ERR)
CALL MPI_TYPE_COMMIT(NEWTYPE, IERR)

Yyyy

INTEGER VECTOR_M

CALL MPI_TYPE_VECTOR( M, 1, N,
MPI_REALS, VECTOR_M, IERR)

CALL MPI_TYPE_COMMIT( VECTOR_M, IERR)

(right)

“XXXXXX




T5 2D(1)

PARAMETER (JP=2,IP=4,N=NN/JP,M=MM/IP,NP=IP*JP)

PARAMETER (LASTPJ=JP-1, LASTPI=IP-1)

COMMON U1(KK,0:N+1,0:M+1),V1(KK,0:N+1,0:M+1),PS1(0:N+1,0:M+1),
1 F1(KM,0:N+1,0:M+1),F2(KM,0:N+1,0:M+1),

2 HXU(0:N+1,0:M+1),HXV(0:N+1,0:M+1),

3 HMMX(0:N+1,0:M+1),HMMY(0:N+1,0:M+1), var2d
4 VECINV(KK,KK),AM7(KK),SUMF1,SUMF2

INTEGER  ISTAT(MPI_STATUS_SIZE),COMM2D,

& L_NBR,R_NBR,T_NBR,B_NBR,MYID,MY_COORD(2)
COMMON/MPIVAR/MYID,MYID_I,MYID_J,NPROC,COMM2D,MY_COORD,
1 L_NBR,R_NBR,T_NBR,B_NBR,

2 ISTART,ISTART2,IEND,IEND1,ISTARTML,IENDPL,

3 JSTART,JSTART2,JEND,JEND1,JSTARTMZ,JENDPY,

4 ISTARTG(0:31),|[ENDG(0:31),ICOUNTG(0:31),

5 JSTARTG(0:31),JENDG(0:31),JCOUNTG(0:31)




T5 2D(2)

PROGRAM T5_2D
IMPLICIT REAL*8 (A-H,0-Z)
INCLUDE 'mpif.h'
INCLUDE 'var2d'

CALL MPI_INIT(IERR)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD,NPROC,IERR)
CALL MPI_BARRIER(MPI_COMM_WORLD, IERR)
CLOCK=MPI|_WTIME()

CALL NBR2D(COMM2D,MYID,MY_COORD,L_NBR,R_NBR,
& B_NBR,T_NBR, JP,IP)
MYID_J=MY_COORD(L)

MYID_I=MY COORD(2)

CALL STARTEND(IP,1,MM,ISTARTG,IENDG,ICOUNTG)
CALL STARTEND(JP,1,NN,JSTARTG,JENDG,JCOUNTG)
ISTART=1

IEND=M

JSTART=1

JEND=N




C ______________________________________________________________________

C  forDOI=x,MM1 (MM-1)  for DO J=x,NN1 (NN-1)

C ______________________________________________________________________
IEND1=IEND
JEND1=JEND
IF(MYID_I.EQ.IP-1) IEND1=IEND1-1
IF(MYID_J.EQ.JP-1) JEND1=JEND1-1

@ 05 S5 0 o8t B S5 oo ot 5 o5 oo om 5 o oo =
ISTART2=ISTART

JSTART2=JSTART




T5 2D(4)

IF(MY_COORD(2).EQ.0) ISTART2=2
IF(MY_COORD(1).EQ.0) JSTART2=2
ISTARTM1=ISTART-1
IENDP1=IEND+1
JSTARTM1=JSTART-1
JENDP1=JEND+1

CALL DATAGEN

CALL COMPUTATION

CALL OUTPUT
CLOCK=MPI_WTIME() — CLOCK
PRINT *,' MYID, CLOCK TIME=', MYID,CLOCK
CALL MPI_FINALIZE(IERR)

END




T5 2D(5)

SUBROUTINE DATAGEN
IMPLICIT REAL*8 (A-H,0-2)
INCLUDE 'mpif.h
INCLUDE ‘var2d'
CC DO 10 I=1,MML1
DO 10 I=ISTART,IEND1
I=1+ISTARTG(MYID _I)-1
CC DO 10 J=1,NN
DO 10 J=JSTART,JEND
JJ=J+JSTARTG(MYID J)-1
DO 10 K=1,KK
U1(K,J,)=1.DO/DFLOAT(II)+1.DO/DFLOAT(JJ)+1.DO/DFLOAT(K)
10 CONTINUE




T5 2D(6)

CC DO 20 I=1,MM
DO 20 I=1,IEND
I=1+ISTARTG(MY_COORD(2))-1
CC DO 20 J=1,NN1
DO 20 J=1,JEND1
JJ=J+JSTARTG(MY_COORD(1))-1
DO 20 K=1,KK
V1(K,J,)=2.DO/DFLOAT(II)+1.DO/DFLOAT(JJ)+1.DO/DFLOAT(K)
20 CONTINUE




T5 2D(7)

CC DO 30 I=1,MM
DO 30 I=1,IEND
I=1+ISTARTG(MY_COORD(2))-1
CC DO 30 J=1,NN
DO 30 J=1,JEND
JJ=J+JSTARTG(MY_COORD(1))-1
PS1(J,1)=1.DO/DFLOAT(I)+1.DO/DFLOAT(JJ)
HXU(J,1)=2.D0/DFLOAT(II)+1.DO/DFLOAT(JJ)
HXV/(J,1)=1.DO/DFLOAT(II)+2.DO/DFLOAT(JJ)
HMMX(J,1)=2.DO/DFLOAT(II)+1.DO/DFLOAT(JJ)

(
HMMY(J,1)=1.DO/DFLOAT(11)+2.DO/DFLOAT(JJ)
30 CONTINUE




T5 2D(8)

DO 40 K=1,KK
AM7(K)=1.DO/DFLOAT(K)
DO 40 KA=1,KK
VECINV(KA,K)=1.DO/DFLOAT(KA)+1.DO/DFLOAT(K)
40 CONTINUE
RETURN
END




T5 2D(9)

SUBROUTINE COMPUTATION

IMPLICIT REAL*8 (A-H,0-2)

INCLUDE 'mpif.h'

INCLUDE 'var2d'

DIMENSION D7(0:N+1,0:M+1),D8(0:N+1,0:M+1),D00(KK,0:N+1,0:M+1)
N2=N+2

N2KK=N2*KK

CALL MPI_TYPE_VECTOR (M, KK, N2KK, MPI_REALS, IVECT 3D, IERR)
CALL MPI_TYPE_COMMIT (IVECT 3D, IERR)

CALL MPI_TYPE_VECTOR (M, 1, N2, MPI_REALS, IVECT 2D, IERR)
CALL MPI_TYPE_COMMIT (IVECT 2D, IERR)

CALL MPI_BARRIER (COMM2D, IERR)




T5 2D(10)

CALL MPI_SENDRECV (U1(1,1,IEND ), N2KK, MPI_REALS8,T_NBR,10,

1 U1(1,1,ISTARTM1),N2KK, MPI_REALS,B_NBR,10,
2 COMM2D, ISTAT, IERR)
CALL MPI_SENDRECV(V1(1,JEND,1), 1, IVECT 3D, R_NBR, 20,
1 V1(1,JSTARTML,1), 1, IVECT 3D, L_NBR, 20,
2 COMM2D, ISTAT, IERR)
CALL MPI_SENDRECV (PS1(L,ISTART), N, MPI_REALS, B_NBR, 30,
1 PS1(1,IENDP1), N, MPI_REALS, T_NBR, 30,

COMM2D, ISTAT, IERR)




T5 2D(11)

ITAG=40

CALL MPI_SENDRECV (PS1(JSTART,1), 1, IVECT 2D, L_NBR, ITAG,
1 PS1(JENDP1,1), 1, IVECT 2D, R_NBR, ITAG,
2 COMM2D, ISTAT, IERR)

CC DO 210 I=1,MM
CC DO 210 J=1,NN
DO 210 I=ISTART,IEND
DO 210 J=JSTART,JEND
DO 210 K=1,KM
F1(K,J,1)=0.0D0
F2(K,J,1)=0.0D0
210 CONTINUE
CC DO 220 I=1,MM1
CC DO 220 J=2,NN1
DO 220 I=ISTART,IEND1
DO 220 J=JSTART2,JEND1
D7(J,1)=(PS1(J,1+1)+PSL(J,1))*0.5D0*HXU(J, )
220 CONTINUE




T5 2D(12)

CC DO 230 I=2,MM1
CC DO 230 J=1,NN1
DO 230 I=ISTART2,IEND1
DO 230 J=JSTART,JENDL1
D8(J,))=(PS1(J+1,1)+PS1(J,)*0.5D0*HXV(J, )
230 CONTINUE

CALL MPI_SENDRECV (D7(1,IEND), N, MPI_REALS8, T_NBR, 50,

1 D7(L,ISTARTM1), N, MP|_REALS, B_NBR, 50,
2 COMM2D, ISTAT, IERR)

CALL MPI_SENDRECV (D8(JEND,1), 1, IVECT 2D, R_NBR, 60,
1 D8(JSTARTM1,1), 1, IVECT 2D, L_NBR, 60,

2 COMM2D, ISTAT, IERR)




T5 2D(13)

CC DO 240 I=2,MM1

CC DO 240 J=2,NN1
DO 240 I=ISTART2,IEND1
DO 240 J=JSTART2,JEND1

DO 240 K=1,KK
DOO(K,J,)=(D7(J,))*UL(K,J,))-D7(3,I-1)*UL(K,J,I-1))*HMMX(J,])
1 +(D8(J,N*VL(K,J,1)-D8(J-1,)*VL(K,J-L,1))*HMMY(J,))

240 CONTINUE




T5 2D(14)

CC DO 260 I=2,MM1
DO 260 I=ISTART2,IEND1

DO 260 KA=1,KK
CC DO 260 J=2,NN1

DO 260 J=JSTART2,JENDL1
DO 260 K=1,KM
F1(K,J,1)=F1(K,J,)-VECINV(K,KA)*DOO(KA,J, )
260 CONTINU
CC DO 270 |=2,MM1

DO 270 I=ISTART2,IEND1
CC DO 270 J=2,NN1

DO 270 J=JSTART2,JEND1

DO 270 K=1,KM
F2(K,J,1)=-AM7(K)*PS1(J,)
SUMF1=SUMF1+F1(K,J,))

SUMF2=SUMF2+F2(K,J,))
270 CONTINUE
RETURN
END




T5 2D(15)

SUBROUTINE OUTPUT

IMPLICIT REAL*8 (A-H,0-2)
INCLUDE 'mpif.h'

INCLUDE ‘'var2d *
DIMENSION TT(KM,NN,MM)

CALL MPI_BARRIER (COMM2D, IERR)

IROOT=0

CALL MPI_REDUCE (SUMF1, GSUMF1, 1, MPI_REALS, MPI_SUM,
1 IROOT, COMM2D, IERR)

CALL MPI_REDUCE (SUMF2, GSUMF2, 1, MPI_REALS, MPI_SUM,
1 IROOT, COMM2D, IERR)




T5 2D(16)

KNT=KM*(N+2)*(M+2)
IF (MYID.NE.0) THEN
CALL MPI_SEND (F2, KNT, MPI_REALS, IROOT, 70, COMM2D, IERR)
ELSE
CALL COPYL(MYID, F2, TT,ISTARTG,JSTARTG)
DO ISRC=1,NPROC-1
CALL MPI_RECV (F2, KNT, MP|_REALS, ISRC, 70,COMM2D,
1 ISTATUS, IERR)
CALL COPY1 (ISRC, F2, TT,ISTARTG,JSTARTG)
ENDDO
ENDIF




T5 2D(17)

321 FORMAT(8F10.3)

IF(MYID.EQ.0) THEN
PRINT *'SUMF1,SUMF2=", GSUMF1,GSUMF2
PRINT *,' F2(2,2,]),1=1, 160,5'
PRINT 321,(TT(2,2,]),I=1, 160,5)

ENDIF

RETURN

END




T5 2D(18)

SUBROUTINE NBR2D(COMM2D,MYID,MY_COORD,L_NBR,
1 R_NBR,B_NBR, T_NBR, JP, IP)
INCLUDE 'mpif.h'

PARAMETER (NDIM=2)

INTEGER COMM2D, MYID, MY_COORD(2),

1 L_NBR,R NBR, B_NBR, T_NBR, JP, IP
INTEGER IPART(2), SIDEWAYS, UPDOWN, RIGHT, UP
LOGICAL PERIODS(2), REORDER

IPART(1)=JP

IPART(2)=IP

PERIODS(1)=.FALSE.

PERIODS(2)=.FALSE.

REORDER=.TRUE.




T5 2D(19)

SIDEWAYS=0

UPDOWN=1

RIGHT=1

UP=1

CALL MPI_CART CREATE (MPI_COMM_WORLD, NDIM, IPART,
1 PERIODS, REORDER, COMM2D, IERR)
CALL MPI_COMM_RANK ( COMM2D, MYID, IERR)

CALL MPI_CART COORDS( COMM2D, MYID, NDIM, MY_COORD,
1 IERR)

CALL MPI_CART_SHIFT( COMM2D,SIDEWAYS, RIGHT,

1 L_NBR,R_NBR, IERR)

CALL MPI_CART_SHIFT( COMM2D, UPDOWN, UP,

1 B_NBR, T_NBR, IERR)

END




T5 2D(20)

SUBROUTINE COPYL(ISRC, FF, TT, ISTARTG, JSTARTG)
PARAMETER (KK=20,NN=120,MM=160, KM=3,MM1=MM-1,NN1=NN-1)
PARAMETER (JP=2, IP=4, N=NN/JP, M=MMI/IP, NP=IP*JP)
REAL*8 FF(KM,0:N+1,0:M+1), TT(KM,NN,MM)
INTEGER  ISTARTG(0:NP), JSTARTG(0:NP)
IF(ISRC.LT.IP) THEN

33=0

I=ISRC
ELSE

JJ=ISRC/IP

lI=ISRC-JJ*IP
ENDIF




T5 2D(21)

DO I=1,M
IG=ISTARTG(II)+I-1
DO J=1,N
JG=JSTARTG(JJ)+J-1
DO K=1,KM
TT(K,JG,IG)=FF(K,J,))
ENDDO
ENDDO
ENDDO
END




T5 2D

ATTENTION: 0031-408 8 nodes allocated by LoadLeveler, continuing...
MYID, CLOCK TIME=4 0.658540427/684783936E-01
MYID, CLOCK TIME= 5 0.665525551885366440E-01
MYID, CLOCK TIME=6 0.676026586443185806E-01
MYID, CLOCK TIME=1 0.609563831239938736E-01
MYID, CLOCK TIME= 2 0.626347847282886505E-01
MYID, CLOCK TIME= 7 0.684744678437709808E-01
MYID, CLOCK TIME= 3 0.644610654562711716E-01

SUMF1,SUMF2= 26172.4605364287345 -2268.89180334310413
F2(2,2,1),1=1,160,5

.000E+00 -.333E+00 -.295E+00 -.281E+00 -.274E+00 -.269E+00 -.266E+00 -.264E+00
-.262E+00 -.261E+00 -.260E+00 -.259E+00 -.258E+00 -.258E+00 -.257E+00 -.257E+00
-.256E+00 -.256E+00 -.255E+00 -.255E+00 -.255E+00 -.255E+00 -.255E+00 -.254E+00
-.254E+00 -.254E+00 -.254E+00 -.254E+00 -.254E+00 -.253E+00 -.253E+00 -.253E+00
MY _CID, CLOCK TIME=0 0.125097200041636825

MYID, CLOCK TIME=0 0.688841510564088821E-01




6. MPI



® Nonblocking

. ( MPI_STRUCT)



Blocking SEND/RECV

Processor O User mode kernel mode
call MPI_SEND - Copy
CPU idled __sendbuf : sysbuf sentc(l)buf
CPU idled
« sysbuf
Now sendbuf can be reused y
Processor 1
call MPI_RECV > Ccopy
CPUidled —_recvbuf syshuf SY?bUf
) o 0]
CPUidled ™ : recvbuf
Now recvbuf contains valid dhta




Nonblocking SEND/RECV

Processor 0 User mode kernel mode
MPI_ISEND . S
computation[ sendbuf ‘ il sentc(i)buf
MPI_WAIT : v sysbuf

wait till sendbuf can be rgused

Processor 1

MPI_IRECV - gl COIO)I; f
E syshuf Ssysou
computationl o § ysh yto
H recvbuf

Now recvbuf cor_ltaj‘hs validdata _
MPI_WAIT wait till recvbuf contairys valid data




Nonblocking SEND/RECV

CALL MPI_ISEND(DATAL, ICOUNT, MPI_REAL, IDEST, ITAG,
MPI_COMM_WORLD, IREQUESTL, IERR)

CALL MPI_IRECV(DATAZ2, ICOUNT, MPI_REAL, ISRC, ITAG,
MPI_COMM_WORLD, IREQUEST2, IERR)

......... (any computation not using DATA?2)

CALL MPI_WAIT (IREQUEST], ISTATUS, IERR)

CALL MPI_WAIT (IREQUEST?, ISTATUS, IERR)




( MPI_STRUCT)



(1)

point-to-point message passing test on IBM SP2
35

W
o
I

—e— IBM SP2_160 us
—u IBMSP2_120 us
IBM SP2_160
IBM SP2_120

N
o1
I

Mbytes/s

[ EEEN
o1




(2)

CALL MPI_SENDRECYV (

1 PS1(1,IEND), N, MPI_REALS8, R_NBR, 110,
2 PS1(1,ISTARTM1), N, MPI_REALS, L_NBR, 110,
3 MPI_COMM_WORLD, ISTAT, IERR)

CALL MPI_SENDRECV (

1 PS2(1,IEND), N, MPI_REALS8, R_NBR, 120,
2 PS2(1,ISTARTM1), N, MPI_REALS, L_NBR, 120,
3 MPI_COMM_WORLD, ISTAT, IERR)




(3)

REAL*8 BUF1(N,2), BUF2(N,2)

DO J=1,N —

BUF1(J,1)=PS1(J,IEND)
BUF1(J,2)=PS2(J,|IEND)

ENDDO
KOUNT=N*2
CALL MPI_SENDRECV (BUF1, KOUNT, MPI_REALS8, R_NBR, 110,
1 BUF2, KOUNT, MPI_REALS, L NBR, 110,
2 MPI_COMM_WORLD, STAT, IERR)
IF (MYID.NE.O) THEN

DO J=1,N

PS1(J,ISTARTM1)=BUF2(J,1)
PS2(J,ISTARTM1)=BUF2(J,2)
ENDDO
ENDIF




(4)

CALL MPI_SENDRECV (

1 PS1(LIEND), N, MPI_REALS, R_NBR, 110,
2 PS1(1,ISTARTM1), N, MPI_REALS, L_NBR, 110,
3 MPI_COMM_WORLD, ISTAT, IERR)

CALL MPI_SENDRECYV (

1 PS2(1IEND), N, MPI_REALS, R_NBR, 120,
2 PS2(1,ISTARTM1), N, MPI_REALS, L _NBR, 120,
3 MPI_COMM_WORLD, ISTAT, IERR)




()

INTEGER IBLOCK(2), IDISP(2), ITYPE(2), ISTAT(MPI_STATUS_SIZE)
IBLOCK(1)=N
IBLOCK(2)=N
ITYPE(1)=MP|_REALS
ITYPE(2)=MP|_REALS
CALL MPI_ADDRESS( PS1(1,ISTARTMY), IDISP(1), IERR)
CALL MPI_ADDRESS( PS2(1,ISTARTMY), IDISP(2), IERR)
DO I1=2,1,-1
IDISP(1)=IDISP(l) — IDISP(L)
ENDDO
CALL MPI_TYPE_STRUCT (2, IBLOCK, IDISP, ITYPE, IPACK2, IERR)
CALL MPI_TYPE_COMMIT (IPACK2, IERR)
CALL MPI_SENDRECV (PS1(LJEND), 1, IPACK2, R_NBR, 110,
1 PS1(1,ISTARTM1), 1, IPACK2, L_NBR, 110,
2 MPI_COMM_WORLD, ISTAT, IERR)




m Nonblocking

. ( MPI_STRUCT)



(1)

= loop-30 PS2 U2 |11 I+]
loop-30 PS2 D1
loop-40 -1
loop-40 D1 I-1
CC DO 30I=1,M1
DO 30 I=ISTART,IEND1
DO 30 J=1,N1

D1(J,1)=(PS2(J,1+1)+PS2(J,))*HXU(J,1)*0.5D0
D2(J,)=(PS2(3+1,1)+PS2(J,)*HXV(J,)*0.5D0
30 CONTINUE




(2)

CALL MPI_SENDRECV(

1 D1(1,IEND), N, MPI_REALS, R_NBR, ITAG,
2 D1(1,ISTARTM1), N, MPI_REALS, L NBR, ITAG,
3 MPI_COMM_WORLD, ISTAT, IERR)

CC DO 40 I=2,M1
DO 40 I=ISTART2,IEND1
DO 40 K=1,KK
DO 40 J=2,N1
DUMMY1(J,K,)=(DL(3,*U2(J,K,)-D1(J,I-1)*U2(J K, I-1))
1 *HMMXQ,)+(D2(J,1)*V2(J,K,1)-D2(3-1,)*V2(3-1,K,N)*HMMY(J, )
40 CONTINUE




(3)

[ loop-30 PS2 U2 I-1
1+1 loop-30 -1
loop-30 D1

CC DO 30 I=1, M1
CC DO 30 I=ISTART,IEND1
DO 30 I=ISTARTML,IEND1
DO 30 J=1,N1
D1(J,1)=(PS2(J,1+1)+PS2(J,))*HXU(J,1)*0.5D0
D2(J,1)=(PS2(J+1,)+PS2(J,N)*HXV(J,1)*0.5D0
30 CONTINUE




CC DO 40 I=2,M1
DO 40 I=ISTART2,IEND1
DO 40 K=1,KK
DO 40 J=2,N1
DUMMY1(J,K,)=(DL(3,*U2(J,K,)-D1(J,I-1)*U2(J K, I-1))
1 SHMMX(J,1)+(D2(3,)*V2(J K,
2 -D2(J-L,)*V2(ILK, ) *HMMY(J, )

40 CONTINUE




m Nonblocking

. ( MPI_STRUCT)



(1)

O B C D
NP
iInput.11 Input.12 input.13

CHARACTER FNAME*8

REAL*S  A(MM), B(MM), C(MM), D(MM)

INTEGER GSTART(0:7),GEND(0:7),GCNT(0:7)

NP=4

OPEN(7, FILE="input.dat', FORM="UNFORMATTED')

READ (7) B, C, D

CALL STARTEND(NP,1,MM,GSTART,GEND,GCNT)
101 FORMAT('input.",12)




DO 11=0,NP-1
U=11+Il
WRITE(FNAME,101) IU
OPEN(IU,FILE=FNAME,FORM="UNFORMATTED')
ISTART=GSTART(lI)

IEND=GEND(II)

WRITE(IU) (B(l), I=ISTART, IEND)
WRITE(IU) (C(l), I=ISTART, IEND)
WRITE(IU) (D(I), I=ISTART, IEND)

CLOSE(IU)
ENDDO




(3)

CPU

PARAMETER (MM=200, NP=4, M=MM/NP)

INCLUDE  'mpif.h

REAL*S  A(0:M+1), B(0:M+1), C(0:M+1), D(0:M+1)
INTEGER  NPROC, MYID, ISTART, IEND
CHARACTER FNAME*8

CALL MPI_INIT (IERR)

CALL MPI_COMM_SIZE (MPI_COMM_WORLD,
1 NPROC, IERR)

CALL MPI_COMM_RANK (MPI_COMM_WORLD,
1 MYID, IERR)




ISTART=1
IEND=M

101 FORMAT (input.',2)
IU=MYID+11
WRITE(FNAME,101) IU
OPEN(IU,FILE=FNAME,STATUS="0LD',
& FORM='"UNFORMATTED')
READ (IU) (B(I), I=ISTART, IEND)
READ (IU) (C(l), I=ISTART, IEND)
READ (IU) (D(l), I=ISTART, IEND)

C C




CPU CPU

A output.xx

PARAMETER (MM=200, NP=4, M=MM/NP)
INCLUDE ~ 'mpif.h

REAL*S A(0:M+1), B(0:M+1), C(0:M+1), D(0:M+1)
INTEGER  NPROC, MYID, ISTART, IEND
CHARACTER FNAME*12




101

CALL MPL_INIT (IERR)
CALL MPI_COMM_SIZE (MPI_COMM_WORLD, NPROC, IERR)
CALL MPI_COMM_RANK (MP|_COMM_WORLD, MYID, IERR)

ISTART=1
IEND=M

FORMAT (‘output.',2)

IU=MYID+11

WRITE (FNAME,101) 1U

OPEN (IU, FILE=FNAME, STATUS='NEW',
& FORM="UNFORMATTED))
WRITE (IU) (A(l), I=ISTART, IEND)




(3)

O output.1l output.12
output.13 ... NP

CHARACTER FNAME*12
REAL*S A(MM), B(MM), C(MM), D(MM)
NP=4

101 FORMAT(‘output.',12)




DO 1=0,NP-1
U=11+
WRITE (FNAME,101) 1U
OPEN (U, FILE=FNAME, STATUS=0LD’,
& FORM="UNFORMATTED)
CALL STARTEND (I, NP, 1, MM, ISTART, IEND)
READ (IU) (A(l), I=ISTART, IEND)

CLOSE (IVU)
ENDDO
OPEN (7,FILE=output’ STATUS=hew,
& FORM=1unformatted?
WRITE (7) A

CLOSE (7)




