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hello.f

hello.c

913707 5.LOHI

implicit REAL*8 (A-H,0-2Z)
include 'mpif.h‘
integer :: PETOT, my rank, ierr

call MPI INIT (ierr)
call MPI COMM SIZE (MPI COMM WORLD, PETOT, ierr )
call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

write (*,"'(a,218)"') 'Hello World FORTRAN', my rank,
call MPI FINALIZE (ierr)

stop
end

#finclude "mpi.h"

#include <stdio.h>

int main(int argc, char **argv)
{

int n, myid, numprocs, 1i;

MPI Init (&argc, &argv);

MPI Comm size (MPI COMM WORLD, &numprocs) ;
MPI Comm rank (MPI COMM WORLD, &myid) ;
printf ("Hello World %d\n", myid);

MPI Finalize();

PETOT
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hello.flc Z /S JLLTHED !

>$ cd <SFVM>/S1
>$ mpicc -Os -noparallel hello.c
>$ mpif90 -Oss —noparallel hello.f

FORTRAN
$> mpif90 -Oss -noparallel hello.f
“mpif90”:
FORTRAN90+MPIIZ&>TFTATSLEAV/INMILT BRI
BT, AVINT, FATIVENNAUFSh TS

=:H

= AR

$> mpicc -Os -noparallel hello.c
“mpicc”:

CH+MPIICL->TFTOSTSLZEAVINILTBIRIC
WNEBTL, AN, FATISVENNAREShTLVS
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37 RH)TR
e <SFVM>/S1/hello.sh
o« AT Va—S5ADESF + VTILRY)TR

#QS-r hello ETP 374 (gstat TRR., BEEELBITI74M4ILA)
#@S-g lecture EIT¥Xa1—%: LA

#@S-N 1 FR/— % wiE

#Q$S-J T4 J—FHE-YMPITOtR% (T1~T16) : #iE

#0S-e err BEIS—HAT7MILE

#QS-o0 hello.lst #EBEHATI7AILE

#QS-1M 28GB 1/ —FKH=Y AT FEARAE (BEFE)

#@$S-1T 00:05:00 E{THEE (ER15%, ZDIBEIESD) : #HiE

#Q@s MAT(AF. T4—) TIFELAT(TIL, T4—)
cd $PBS_O WORKDIR ETT 4 LY ~UBE

mpirun numactl --localalloc ./a.out  mpirun
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ad AT+ (FEH)

#@S-N 1 R/ — R
#Q$-J T4 /—EH=YMPITOERE (T1~T16)
mpirun numactl --localalloc ./a.out  mpirun

» mpirun -np XX[IFE:NxIJHATOELAH
« THlIImpirun —-np 4 a.outlDLIHIZEDLES
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oad®A

>$ cd <SFVM>/S1
>S gsub hello.sh

>SS cat hello.lst
Hello World O
Hello World 3

Hello World 2
Hello World 1
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FI AR o —

#Q$-q lecture RT¥1—4

« UTMD2IEFED X1 —ZF|HT 5
— lecture
« 4/—K(6437), 1557, 7HO U rENEARI S F|H AT §E

o1|:|

21230 DAHEITRE(EHEL—H—THA)

— tutorial
« 4/—K(6437), 15%, EBEEROH

e lecture& YT ZL DT AR GEAESI

&B)

()
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UaJEA, BEE

e S3TDEBA gsub AP T4

¢ :) o)ﬁEnm\ gstat
. jF:l.—0)>| REDHERR gstat -b
« aTDEYEL-EERT gqdel 371D

[t15026@ha8000-3 S1]$ gstat -b

2008/08/24 (Sun) 12:59:33: BATCH QUEUES on HA8000 cluster

NQS schedule stop time : 2008/08/29 (Fri) 9:00:00 (Remain: 116h Om 27s)

QUEUE NAME STATUS TOTAL RUNNING RUNLIMIT QUEUED HELD IN-TRANSIT
lecture AVAILBL 0 0 1 0 0 0
lectureb STOPPED 0 0 4 0 0 0

[t15026@ha8000-3 S1]$ gsub go.sh
Request 79880.batchl submitted to queue: lecture.

[t15026@ha8000-3 S1]$ gstat

2008/08/24 (Sun) 12:59:43: REQUESTS on HA8000 cluster

NQS schedule stop time : 2008/08/29 (Fri) 9:00:00 (Remain: 116h Om 17s)
REQUEST NAME OWNER QUEUE PRI NICE CPU MEM STATE

79880 .batchl S1-3 £15026 lecture 0 0 unlimit 28GB QUEUED

[t15026@ha8000-3 S1]$ gdel 79880
deleting request 79880.batchl.

[t15026@ha8000-3 S1]$ gstat
2008/08/24 (Sun) 12:59:51: REQUESTS on HA8000 cluster

NQS schedule stop time : 2008/08/29 (Fri) 9:00:00 (Remain: 116h Om 9s)
REQUEST NAME OWNER QUEUE PRI NICE CPU MEM STATE

No requests.

Fundamental MPI
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« DATMNRTITHEA—ILNEFET
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NQSIZB8:&E9 4TIPS

NQSTaTMNETHIBLI=EE. BEUNQSTaINR TLI-EE.
BFA—ILHELNTLS
CDA=IIEFELEEITIUTDEOIZT S

> mail
BE.ARVEEIUTODESYTT
— BE: A—I)LOXRTF Ex. >2
— h: A—=)L—ERT
— s: T7MILARTF Ex. > sfile
— d: A—JLDHI Ex. >d1
— x: AXEDORRT (A£LELY)

— g: aAYFDET (mbox~NRTE)

D A—=)LT7RLRIZRIELI-WLFE I, forwardI7AI)ILHIZT R
L AZECuh
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BiEEHE)IL—F+¢/E1EB

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

include 'mpif.h‘ ‘mpif.h’, “mpi.h”
integer :: PETOT, my rank, ierr ISR I T D4 )L ME
call MPI INIT (ierr) FORTRAN90Tlduse mpi®]

call MPI COMM SIZE (MPI_COMM WORLD, PETOT, ierr )

call MPI COMM RANK (MPI_ COMM WORLD, my . rank ierr ) MPI Init

write (*,'(a,2i8)"') 'Hello World FORTRAN', my rank, PETOT #HAME

call MPI FINALIZE (ierr) .
MPI Comm size

= TOtREEE
mpirun -np XX <prog>
#include "mpi.h"
#include <stdio.h> MPI Comm rank
?nt main (int argc, char **argv) 7°—|:|‘|ZZ|D—H¥'E

int n, myid, numprocs, 1i;

MPI_Init(&argc,&argv) ; MPI Finalize
MPI Comm size (MPI_COMM WORLD, &numprocs) ; I\/I_P|7° OERET
MPI_Comm rank (MPI_COMM WORLD, &myid) ; B

printf ("Hello World %d\n", myid);
MPI Finalize();

22
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| MPI

FORTRANECODELY

HEARWIZA3T—RILIFEAERL

— COi5E, TMPI_Comm_size ]| D KHIZITMPLIE KR F, TMPIL_1®D
HEDBRYIDITEIERIE, LUTINE

FORTRANIEIZS—a—F (ierr) DEUEZS I B D =RIZIE
EJADLENHD,

EAIZFESTMPLINITIEFIXES
—call MPI INIT (ierr)

- MPI Init (int *argc, char ***argv)
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{AZP>TLNDDH ?

implicit REAL*8 (A-H,0-2)
include 'mpif.h"‘
integer :: PETOT, my rank, ierr

call MPI INIT (ierr)

call MPI COMM SIZE (MPI COMM WORLD, PETOT, ierr )

call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

write (*,'(a,218)"') 'Hello World FORTRAN', my rank, PETOT

call MPI_FINALIZE (ierr)

stop
end
zgzzz ?Zitire :i;sz Capeaiet o) e mpirun -np 4 <prog> (Z&kVY4aHDm7O+t
#e$-N 1 R/ — ko AMNIAE EHD(SDIHFEIETA),
#Q@$S-J T4 J—FHEYMPIZOERE (T1~T16) o o .
#@$-e err BEIS—HAT 7 MILE — [E] L2 |:|7 3_[_\7:')‘4’_)5)1'?‘*1,%)0
#Q@$-0 hello.lst BEHDT7MIL4B .
#@$-1M 28GB 1/ =ity AT ERE (ER) — T—A2DE(my rank)Z*EZH T,

#@S$-1T 00:05:00 KTHRE (ER15%, CO/ERSS)

#es « 4ADDTALRIFIFELIEFPLLOTLNSD, T—4
cd $PBS_O_WORKDIR RT74 LY L UBE ELTHUS L,7';7|:I'|2X|D(my rank)[i;@é

mpirun numactl --localalloc ./a.out  mpirun
+ WERELTETOER(FELGSFHAZEDPHTL
5 EITHB,
« FESIZSPMD
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mpi.h, mpif.h

implicit REAL*8 (A-H,0-2)
include 'mpif.h‘
integer :: PETOT, my rank, ierr

call MPI INIT (ierr)
call MPI COMM SIZE (MPI_COMM WORLD, PETOT, ierr )
call MPI COMM RANK (MPI_ COMM WORLD, my rank, ierr )

write (*,'(a,218)"') 'Hello World FORTRAN', my rank,
call MPI FINALIZE (ierr)

stop
end

#include "mpi.h" o
#include <stdio.h>

int main(int argc, char **argv)

{ .

int n, myid, numprocs, 1i;

MPI Init (&argc, &argv);
MPI Comm size (MPI_COMM WORLD, &numprocs) ;
MPI Comm rank (MPI_COMM WORLD, &myid) ;

printf ("Hello World %d\n", myid);
MPI Finalize();

PETOT

MPIZBEEL 4R R /NS A—=2E &
UHEAEZE R,
ZHAIETMPI_TIRFEH-TULS,
ZZTEDHLNTWNBZERHIE, MPIY
TIL—Fo D58 ELTERT DL
SMEBFITMEZZERE L TIEULIFAELY,
A—H—[IIMPI_ITIRESILEHE
HBIZERELLZL DDA EE,

25



Fundamental MPI

MPI_Init

« MPIZE&EIT 5, tHOMPIYTIIL—F 2 KYHIZO—ILTEHENHB (WZE)
« EETXDHIELZEEZEND S,

* call MPI INIT (ierr)
- ierr B O SET3—F

implicit REAL*8 (A-H,0-2Z)
include 'mpif.h‘
integer :: PETOT, my rank, ierr

call MPI INIT (ierr)

call MPI COMM SIZE (MPI_COMM WORLD, PETOT, ierr )

call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

write (*,'(a,218)') 'Hello World FORTRAN', my rank, PETOT
call MPI FINALIZE (ierr)

stop
end
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MPI_Finalize

« MPIZ#¥TJd5. HOETOMPIYITIIL—FoXYRICO—ILTEIHENHS
(Wh2H) o

s EEITXDRIZELILEZTE#DS

o INEFENDEKRELIEITEHS,
— o= T HEDITEHHOTUVEL Y-

* call MPI FINALIZE (ierr)
- ierr B 0 S=T3—Fk

implicit REAL*8 (A-H,0-2)
include 'mpif.h"‘
integer :: PETOT, my rank, ierr

call MPI INIT (ierr)

call MPI COMM SIZE (MPI_COMM WORLD, PETOT, ierr )

call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

write (*,'(a,218)') 'Hello World FORTRAN', my rank, PETOT
call MPI FINALIZE (ierr)

stop
end
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MPl_Comm_size

» 3Za=f—8— TcommITHRESNI=T L—FITEENETOLIHOEEHH
'size [ZHE %, MATIHEND, FIFTIIENSL,

* call MPI COMM SIZE (comm, size, ierr)

- comm B T A2 —3%EET 5
~- size B 0 commM. CERESN=TIL—TRIZEENIZTAERHEDEE
- ierr B O SETa—Fk

implicit REAL*8 (A-H,0-2Z)
include 'mpif.h‘
integer :: PETOT, my rank, ierr

call MPI INIT (ierr)

call MPI COMM SIZE (MPI_COMM_WORLD, PETOT, ierr )

call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

write (*,'(a,218)') 'Hello World FORTRAN', my rank, PETOT
call MPI FINALIZE (ierr)

stop
end
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ASa =4 —3&lE ?

MPI_COMM SIZE (MPI_COMM WORLD, PETOT, ierr)

« BIEZERTA=ODOTALADYT IIL—TE1RT,

« MPIZEWT, BIEZERITHIEMELTHITIEET HNE
MH5,

e mpirunTREILIE=-£70tX(E, TI4ILET
MPI_COMM_WORLD |&W\S5aS 2= —A3TRINDT
I—TIZET 5,

o BEHDAZ2 = —3%FERAL, BEL-o=-70vR#EEYHT
HEIZEHOT, EHTGAIREZERT S &HATEE,

— BIZAIEHERY IIL—T, AIfRILBRT IL—T

.+ ZOIBZTIEZTMPI COMM WORLD | )& TOK,




ASaA=H—32ND=
HAHATAANEHOIAZT2=r—2T )L—TIZELTEHLEL

MPI_COMM_WORLD

COMM_MANTLE

A

\

COMM_VIS

COMM_CRUST

L

1
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XREST DT IV r—i 3>

o HhEE - HHRAX U IRES
— B2 O ADI— AR HER
~- HBERBOELM = AVVERDBHIZEMELTERS

« ZDTINVr—avIZX LT, ERSal—3a =
DIL—LT—O%FHE, £&E

. 19/7=1PE./U7)|/=.+£ g E ?

Deformation of surface
will be given as
boundary conditions
at bottom of tanks.
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Hhitg 3 9FT)L

- HhfEE T )L : FORTRAN
— FHIFEM, =R EENFEAT
- B EF 1 S5—[5fEiE, EBE
- REXRIT—D2mDILHR
— 240mx*240mx=100m
«c RO ETFTIL: C
— V)7 ILFEM(EP), = RJcidE £ ENfZ 4T
o BEBAAS—IEREE ANAS5(k
« DT )EFRFRTUIvILIR GEFLTE)
— BE&:42.7m, B§&:24.9m, EE:20mm, &
m:12.45m, RAvS 24 FEHR: 7 .6sec.
— BA R8O EI, &AM :0.6mig
— 60mMfEIfR T4 x4|ZEL &

- BFTEHE:2,918,169
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SFEHEDIAS 2= —3DER

meshGLOBAL%MPI_COMM

34

tank tank tank
basement basement #6 #7 #8
#2 #3
N /4 \
I l tank tank tank
- #3 #4 #5
L/
basememt basement RN Z
#0 #1 tank tank tank
#0 #1 #2
meshBASE%MPI_COMM meshTANK%MPI_COMM

meshGLOBAL%my_rank= 0~3
meshBASE%my rank = 0~3
meshTANK%my rank = -1

meshGLOBALY%my_rank= 4~12
meshTANK%my _rank =0~ 8
meshBASE%my _rank = -1
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MPl_Comm_rank

e« OZa=H—A— TcommITIEESIN=Y IIL—TRHIZEIT5TAtXIDA N rank]
(ZHED ABTITFEWD, FIATHIENZLY,
— TAtLRIDOZEErank(529) JEFRESRTZEL Z0N,

 MPI COMM RANK (comm, rank, ierr)

~ comm B T O3 =47 —3%EEITH

- rank B 0 comm. CHEESN=Y IIL—TIZH+5Ta+XID
O inES (KIXPETOT-1)

- ierr B o) 5 Ta—K

implicit REAL*8 (A-H,0-2)
include 'mpif.h"‘
integer :: PETOT, my rank, ierr

call MPI INIT (ierr)

call MPI COMM SIZE (MPI_COMM WORLD, PETOT, ierr )

call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

write (*,'(a,218)') 'Hello World FORTRAN', my rank, PETOT
call MPI FINALIZE (ierr)

stop
end
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MPI Abort

« MPITOtERZEERTI S,

* call MPI ABORT (comm, errcode, ierr)

— comm B T OS2 = —3%EETH
- errcode EE O I5—1—k
- ierr B O SETa—k
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MPI Wtime

R ETRI R OB BERVWFEVLS RGW(EVWRHEODESE)

time= MPI WTIME ()
~ time R8 0 185D &HSBME Ao DF1E R (720

real (kind=8) :: Stime, Etime

Stime= MPI_WTIME ()

do i= 1, 100000000
a= 1.d0

enddo

Etime= MPI WTIME ()

write (*,'(15,1pel6.6)"') my rank, Etime-Stime

37
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MPI Wtime D4l

$> cd <$FVM>/S1

$> mpicc -03 time.c
$> mpif90 -03 time.f

$> E£7(47AER) god.sh

1.113281E+00
1.113281E+00
1.117188E+00
1.117188E+00

R NWO

JO0+R  FERRH
H55
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MPI Wtick

« MPI_Wtime TORHEHRIFEE
e N—FHI7, aVNNASIZ&->TEKLS

* time= MPI Wtick ()

— time RS 0 BFREETBIFE E (B4 7))

implicit REAL*8 (A-H,0-Z)
include 'mpif.h'

TM= MPI_WTICK ()
write (*,*) TM

double Time;

Time = MPI Wtick();
printf ("$5d%16.6E\n", MyRank, Time) ;

39
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MPI_Wrtick D4

S> cd <SFVM>/S1

$> mpicc -03 wtick.c
$> mpif90 -03 wtick.f

$> (£17:170€X) god.sh

40
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MPI_Barrier

e OAZSa=H—A— TcommITHEIN=T IL—TIZE8FENSTOADREIEEE
B, A= —BcommINDETHTAELRANZDH T IL—F o BLELE
Y, XDRT YT IZIETEFLLY,

e FELTT/N\YTAIZHES, A—/IN\—AYRAKEZLD T, ERFAEICITEDHLEL
HhVEE

* call MPI BARRIER (comm, ierr)
- comm B I OS2 =5 —3%ETETH

- ierr FLN 0 SETa—F

i
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e 5 )L—T&{E (Collective Communication)

e 1%t1381E (Point-to-Point Communication)
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FT—AREEEFZILTYVX L

o AVEA—ARLETHEZFTOITOATSLIET—FEEETIL
YR LSRR EINS,
- MBIFEBICEELERIZHY, H57ILT)XLFE
ITAHHIZIE, FNITEL-T—2BENDLETH D,
— BHRES AT —ABE=7 LIV LIEESTHLERL,
— 1BBATESITIAENIETETHALRA, RlFRMTstE (2R
TEHRY, IT—2EE=7ITVXLIEEZ 5,

—

. \l?Uﬁﬁ’E?‘*&)él H1->T, EARLZ7ZILTYX LIZEL
T—REEEZTEDINLELNH S,
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SPMD:Single Program Multiple Data

« —ETCIEFIHABRIEE>TERRGLDNAHY, ERMLET
VAKX LBERA

» HBLTEZAABZEIE, SPMD(Single Program Multiple
Data)

¢+ FANKEERCPUDESZERLESICTEDENERE
- BENDEGBAEZSITHNEAERHICT ILHENHY,
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SPMDIZELf=T—31@ & LT ?

PE #0 PE #1 PE #2 PE #3

Program Program Program Program

Data #0 Data #1 Data #2 Data #3




nnnnnnnnnnnnnn

SPMDIZELI=T—4548& (1/2)

o KRBT —A5EE

=5EILT, &£70tvY, AR

CHETEDHSPMDDEAMLEEZ F
+ BIZIEEENG(E20)DRIMLVGIZH L TU T D L5435

Vo — —
BHxZATHELD:
integer, parameter :: NG= 20
real (kind=8) , dimension(20) :: VG

do i= 1, NG
VG(1i)= 2.0 * VG(1i)

enddo

« INZ4DODOTAEYYTHELTHEITHETNIL,
20/4=5 3 DEEIEL, MEF N IL KLY,

I
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SPMDIZ#ELT=T—42& & (2/2)
» TaHH, SAITREL:

integer, parameter :: NL= 5
real (kind=8) , dimension(5) :: VL

do i= 1, NL
VL(1i)= 2.0 * VL(1i)
enddo

o ZDIITTNILN—FEFFD 17 A% 5L (Single Program)
THHFEZERTED,
— £7O0FVXIZENT, TVLIOF H HNHES : Multiple Data
— AJRERRRYETEZIVLID A TEET S &M, MIIERED S VET
BEADENB,
— B{RCPUDISZEEHIFEAEE DB,
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EERTEEBRT—4

¢ VG

— PRI EK

— 1B L20EFTDI£AFES 12HF O 2487 —%(Global Data) |
« VL

— £70+R(PE, 7Oty fEiE)

—- 1B LSBEFTHOIBFRESI1ZHFD2IBFT—%(Local Data) |

- TERHLIRHT —AEEMISHAT HIET, BLLIIERENE
5h5.
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B T—3DEZA

réﬁsi_\_gJVGO) : VL (1)
e a8
ol e ___— PE#0 3%%4;
. o VG( 4) VL (5)
» 1~5&F A5 H0EPE v( 5)
VL (1)
> S VG( 7
R VL (4)
¢ 11~ 158 MN2HPE RCICD) VL (5)
$ VG (11)
+ 16~20F A 3BPE VG (12) VL(2)
VG§14; T PE#2 VL (3)
VG (15) VL (4)
R . VG (16) VL(3)
DTN, |BT g VL (1)
s 2
—2IVLD1E~5F /K veas) = T . %3
N = N VL (4)
FEELH(RMEENE VL (5)

~5&LTED)
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EERTEEBRT—4

¢« VG
— PRI IR
— 1EMNL20EFTHDI2REF 1Z2H DI 2K T—%(Global Data) |
« VL
- {70ty
—1BENSEFTOI/BAES 1ZHF DI BArT—4 (Local Data) |
c ZOEETEITEELTIZELLNE
— VG (&R T—2) VLB T—EEDKIITERT HH,
— VGHBVL, VLMBVGAT—EADHF BEED LT YEL T T 5h,
— VLAAT AR LTI L CEHETELGWNESIEEST HH,

- CEARYITEME 125 - NIEEFEHFET 5> 0 V1 5 EEE
c ZTRE=HRIT—E2EE], [FILTV X L]
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« MPI®D £ - Hello World

« ERTHRER/RFAT—4

e 5 )L—7&{E (Collective Communication)

e 1%t1381E (Point-to-Point Communication)
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JIL—THELIE
e A= —ARATIEREINST IIL—TERIZEHLEIE,

« {51
— FET—2DEE
- xKX{E, /MEDFHIFE
— BFDEE
— RIMNLORNEDEE
— BITHDERE
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P#0
P#1
P#2
P#3

P#0
P#1
P#2
P#3

JI—TREDH (1/4)

AO

BO

CO

DO

AO

BO

CO

DO

Broadcast

Scatter

Gather

P#0
P#1
P#2
P#3

P#0
P#1
P#2
P#3

AO

BO

CO

DO

AO

BO

CO

DO

AO

BO

CO

DO

AO

BO

CO

DO

A0

BO

CO

DO
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P#0
P#1
P#2
P#3

P#0
P#1
P#2
P#3

JI—TREDH (2/4)

AO

BO

CO

DO

AO

A1

A2

A3

BO

B1

B2

B3

CO

C1

C2

C3

DO

D1

D2

D3

All gather

All-to-All

P#0
P#1
P#2
P#3

P#0
P#1
P#2
P#3

AO

BO

CO

DO

AO

BO

CO

DO

AO

BO

CO

DO

AO

BO

CO

DO

AO

BO

CO

DO

A1

B1

C1

D1

A2

B2

C2

D2

A3

B3

C3

D3
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P#0 | AO

BO

CO

DO

P#1 | A1

B1

C1

D1

P#2 | A2

B2

C2

D2

P#3 | A3

B3

C3

D3

P#0 | AO

BO

CO

DO

P#1 | A1

B1

C1

D1

P#2 | A2

B2

C2

D2

P#3

A3

B3

C3

D3

Reduce

All reduce

P#0
P#1
P#2
P#3

P#0
P#1
P#2
P#3

JI—TREDH (3/4)

55

op.A0-A3

op.B0-B3

op.CO0-C3

op.D0-D3

op.A0-A3

op.B0-B3

op.CO0-C3

op.D0-D3

op.A0-A3

op.B0-B3

op.C0-C3

op.D0-D3

op.A0-A3

op.B0-B3

op.C0-C3

op.D0-D3

op.A0-A3

op.B0-B3

op.CO0-C3

op.D0-D3
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P#0
P#1
P#2
P#3

JI—TBEDH (4/4)

AO

BO

CO

DO

A1

B1

C1

D1

Reduce scatter

A2

B2

C2

D2

A3

B3

C3

D3

P#0
P#1
P#2
P#3

56

op.A0-A3

op.B0-B3

op.CO0-C3

op.D0-D3




FI—TEBEIZKDETEH

« RYKMILDORNFE
o Scatter/Gather

o« DENTTAILDETHIAH




nnnnnnnnnnnnnn

T —ELRBT—4

o KIREL LA T—4 (global data) Z BT T—4 (local
data) [CHEIL T, SPMDIZK A FNEEZEHRT HEE
DT—BEEIZDNNTEZR D,




PRI 7 E

¢ 1GBFEEMNDPC — 1064y A MER - FEM
— 1000km X 1000km % 1000km D 7813 (FAFA H K) Z1km Ay, 2 TH]

HE100A9y 225

ST T —433

» KEBRT—4% — sBESEl BF

» 2RREE - fBEREOAE

j(%ﬁ/‘ﬁ

RIENLE

151 JL3

59
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BT —21EE

« WRETHHEDTILTVAL)IZHE LB T—%1 &
EEDHBAENEE
— 7IdAYX L=T—RE &
c ZOEENDERHSBHID—DEE>TELLY

Fundamental MPI
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T —ELRBT—4

¢« FTEDEIILEZ20DRIK)L, VECpEVECSONIEETE
#4HON7AtyY, JAOLATHINIZERT I EEZEZD,

VECp( 1)= 2 VECs( 1)= 3
( 2)= 2 (2)= 3
( 3)= 2 ( 3)= 3
(18)= 2 (18)= 3
(19)= 2 (19)= 3
(20)= 2 (20)= 3
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<$FVM>/S1/dot.f, dot.c

implicit REAL*8 (A-H,0-2Z)

real (kind=8) ,dimension(20) :: &

VECp, VECs

do i= 1, 20
VECp (i)= 2.0d0
VECs (1)= 3.0d0
enddo

sum= 0.d0
do ii= 1, 20

sum= sum + VECp (ii) *VECs (1i)
enddo

stop
end

#include <stdio.h>
int main () {

int i;
double VECp[20], VECs[20]
double sum;

for (i=0;i<20;1i++) {
VECp[i]= 2.0;
VECs[i]= 3.0;

}

sum = 0.0;
for (i=0;i<20;i++) {

sum += VECp[i] * VECs[i];
}

return 0;
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<$FVM>/S1/dot.f, dot.cDE1T

>$ cd <SFVM>/S1

>SS cc -03 dot.c
>SS £90 -03 dot.f

>$ ./a.out

1 2 3.
2 2 3.
3 2 3.
18 2 3.
19 2 3.
20 2 3.

dot product 120.
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64

P#0 | AO|BO|CO|DO P#0 |op.A0-A3 | op.B0O-B3|op.C0-C3

op.D0-D3

MPI_Reduce el ] R
P#2 P#2
I

A2|B2|C2|D2

P#3 |A3|B3|C3|D3 P#3

e O3Sa=4H—%— Tcomm]AD, 7Ot ADEE/\w T 7 sendbuf][ZDULNT,
EEoplZEEL, FOREF1ODOZETOEXroot | DZE/N\VITF
[recbuf ] IZ#& K9 5,

— 1™, 1/, &KX, &=/t

* call MPI_REDUCE
(sendbuf, recvbuf, count,datatype,op,root,comm, ierr)

- sendbuf FE T EE/NYIT7FDFRETRLR,
- recvbuf {FE @) ZIE/NVIT7DEBETRLX,
BALT I datatypel[ZKYRTE
—~ count B T Iyt—oNDH AR
- datatype EE# I It —DT—REA4T
FORTRAN MPI INTEGER, MPI REAL, MPI DOUBLE PRECISION, MPI CHARACTER etc.
C MPI INT, MPI FLOAT, MPI DOUBLE, MPI CHAR etc
- op B I HEDIESE

MPI MAX, MPI MIN, MPI SUM, MPI PROD, MPI LAND, MPI BAND etc
A—H—[CKDHEEDAIAE: MPI OP CREATE

- root B I ZEXTTOELADID(TY)
- comm B T OS2 = —3%EETH
- ierr B 0 SE 73—k
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EE/INVITTFEZE/INVTF

o MPITIZIEE/NYT 7], TRIE/NVITF7IELDEHALIE
LIXZ&IHT 5,

o EENVITFEZENYITFIINT LEELS-ZFDED
HTHADLEITLZWND, BT FPRLANELG-TULVEITA
EAY A AW
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MPI Reduce® % (1/2)

call MP I_REDUCE
(sendbuf, recvbuf, count,datatype,op, root,comm,ierr)

real (kind=8) : : X0, X1

call MPI_REDUCE
(X0, X1,”1, MPI DOUBLE PRECISION, MPI MAX, 0, <comm>, ierr)

real (kind=8) :: X0 (4), XMAX(4)

call MPI_REDUCE
(X0, XMAX, 4, MPI_ DOUBLE PRECISION, MPI MAX, 0, <comm>, ierr)

LITOERIZETS, XO()DRKREMNOFEITOELRXDXMAXI)IZAS (i=1~4)
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MPI Reduce® i (2/2)

call MP I_REDUCE
(sendbuf, recvbuf, count,datatype,op, root,comm,ierr)

real (kind=8) : : X0, XSUM

call MPI_REDUCE
(X0, XSUM, 1, MPI_DOUBLE PRECISION, MPI SUM, 0, <comm>, ierr)

Z£70RXIZEITS, XODBFH0FZPEDXSUMIZAS,

real (kind=8) :: X0 (4)

call MPI_REDUCE
(X0(1), X0(3), 2, MPI DOUBLE PRECISION, MPI SUM, 0, <comm>, ierr)

70X IZBIT5,
- X0(1) DFFAIMN0FETOERDX0(3)IZA B,
- X0(2) DAFAMN0FETOLERNDX04)IZA B,

67
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P#0 | AO|BO|CO|DO P#0 | AO|BO|CO|DO
MPI_Bcast o elnlel
P#2 P#2 | A0|BO | CO|DO
P#3 P#3 | A0|BO|CO|DO

e OZa=4H—A— TcommIRND—DDEETTT AR root 1D/ \yT7[buffer]
N, FETHT7atAND/\vI7lbuffer][ZAVvE—U%FFEE,

* call MPI BCAST (buffer,count,datatype,root,comm,ierr)
- buffer FE /0 INVTFDFRETELR,
BALT I datatypel[ZKYRTE

- count B I Iyt—ODH AR

—~ datatype E# T Iyt— DT —R84A4T
FORTRAN MPI INTEGER, MPI REAL, MPI DOUBLE PRECISION, MPI CHARACTER etc.
C MPI INT, MPI FLOAT, MPI DOUBLE, MPI CHAR etc.

- root B EETTAERADID(S524)

— comm B I A= —3%ETET S

- ierr B 0 5t Ta—F
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MPI Allreduce

P#0
#1
P#2
P#3

0

MP| REDUCE + MPI_BCAST
M, xKIEZAEL-S, E7O0CATHALEWEENZ Y

4y
(] IR

call MPI ALLREDUCE

A0 |BO|CO|DO
A1|B1|C1|D1
A2|B2|C2|D2
A3|B3|C3|D3

All reduce

P#0

P#2
P#3

69

op.A0-A3

op.B0-B3

op.C0-C3

op.D0-D3

op.A0-A3

op.B0-B3

op.C0-C3

op.D0-D3

op.A0-A3

op.B0-B3

op.C0-C3

op.D0-D3

op.A0-A3

op.B0-B3

op.C0-C3

op.D0-D3

(sendbuf, recvbuf, count,datatype,op,comm,ierr)
EE/NYTFDEREBTRLUAR,
ZENVITFDRXETRLR,

sendbuf
recvbuf

count

datatype
op

comm

er

(¥R
(p

=
=

Ll

i S e g 0

I
O

O H H H H

BALT I datatypel[ZKYRE

Iyt—SDH AR

It—ODT—REAT

STHEDESHE

A7 —3%HEEIT D

5 7Ta—Fk
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MPI_Reduce/Allreduce® “op”

call MPI REDUCE
(sendbuf, recvbuf, count,datatype,op,root,comm, ierr)

+ MPI_MAX, MPI_MIN =KNIE &/ME
- MPI_SUM, MPI_PROD T, 18
- MPI_LAND smEEAND

real (kind=8) : : X0, X1

call MPI_REDUCE
(X0, X1, 1, MPI DOUBLE PRECISION, MPI MAX, 0, <comm>, ierr)

real (kind=8) : : X0(4), XMAX(4)

call MPI_REDUCE
(X0, XMAX, 4, MPI DOUBLE PRECISION, MPI MAX, 0, <comm>, ierr)

Fundamental MPI
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BRI T—20DEZ 5 (1/2)

« RI20DAIMIVE, 4DIZHEIT S
« HEITALATREISDARYRML (1~5)

NNDN NNDDN

www www
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B T—2DEZ 5 (2/2)

o« LEDRIRILD1~5FEMPDHMOEPE, 6~10F 7 H1EPE, 11~15
EM2ZEPE, 16~20BMN3BPEDFNFN1E~S5FEM S L5 (BER
BEMNMBE~5FLLS),

VECp (1)= 2 VECs (1)= 3
( 1)~VECp( 5) PE#0 8;: g §3233= g
VECP ~ P = =
VECs ( 1) ~VECs( 5) —_ f4;= § §4§= 3
5)= 5)=
VECp (1)= 2 VECs (1)= 3
(2)= 2 (2)= 3
VECp ( 6) ~VECP (10) — _
VECs ( 6) ~VECs (10) PE#1 8;; 2 22;; ;
(5)= 2 (5)= 3
VECp (1)= 2 VECs (1)= 3
VECPp (11) ~VECp (15) (2)= 2 (2)= 3
VECS (11) ~VECS (15) T PE#2 fi;f : 8;? :
(5)= 2 (5)= 3
VECp (16) ~VECP (20) VECp (1)= 2 VECs (1)= 3
VECs (16) ~VECs (20) (2)= 2 (2)= 3
PE#3 (3)= 2 (3)= 3
(4)= 2 (4)= 3
(5)= 2 (5)= 3




SN IFLIMIZHEG

EIXFR

« 2RERNEILT, 1HhnE
S SYET =T &0

HTHD,

2] E

LHAAINTZITTIREE
EUN BFEWLFIZDOLT
(i‘fﬁf%n J 1 T%o

VG( 1)
VG( 2)
VG( 3)
VG( 4)
VG( 5)
VG( 6)
VG( 7)
VG ( 8)
VG( 9)
VG (10)

VG (11)
VG (12)
VG (13)
VG (14)
VG (15)
VG (16)
VG (17)
VG (18)
VG (19)
VG (20)

— " PE#1

PE#3

73

VL (1)
VL (2)
VL (3)
VL (4)
VL (5)

VL (1)
VL (2)
VL (3)
VL (4)
VL (5)

VL (1)
VL (2)
VL (3)
VL (4)
VL (5)

VL (1)
VL (2)
VL (3)
VL (4)
VL (5)

Fundamental MPI
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RNIBED I HETFEHI(1/2)

<S$SFVM>/Sl/allreduce. f

implicit REAL*8 (A-H,0-2)
include 'mpif.h'

integer :: PETOT, my rank, ilerr
real (kind=8), dimension(5) :: VECp, VECs
call MPI INIT (ierr)

call MPI_COMM SIZE (MPI COMM WORLD, PETOT, ierr )
call MPI_COMM RANK (MPI_COMM WORLD, my rank, ierr )

sumA= 0.dO0
sumR= 0.dO0
d 1= 1, 5 > O -
OVECp(i)= 2.d0 ERINILEZTOEAT
VECs (i)= 3.dO0 e | — N
enddo 5$i‘~ﬂiﬁ‘23—é
sumO= 0.dO0
do i= 1, 5
sum0= sum0 + VECp (i) * VECs (i)
enddo

if (my rank.eq.0) then
write (*,'(a)') '(my rank, sumALLREDUCE, sumREDUCE)‘
endif
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RFED I HIEHEHI (2/2)

<SFVM>/Sl/allreduce.f

call MPI REDUCE (sum0O, sumR, 1, MPI DOUBLE PRECISION, MPI SUM, 0, &

MPI COMM WORLD lerr)
call MPI_ ALLREDUCE (sum0, sumA, 1, MPI DOUBLE PRECISION, MPI_ SUM, &

MPI COMM WORLD ierr)

RIEDETE
Z7OFVRTHELHERsum0 1 D#RF1FES
sumR [ZlX, PEAODIGEIZCOHETEREMN AS,

sumA [Z[Z, MPI_AllreducelZ&>T27O0XIZEHEFERINAAS,

call MPI BCAST (sumR, 1, MPI DOUBLE PRECISION, 0, MPI COMM WORLD, &

ierr)

MPI_BCASTIZ&>T, PE#OLISA DA IZH sumR [
STEREREMNASD,
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<SFVM>/Sl/allreduce.f DEFTHI

$> mpicc -Os -noparallel allreduce.c
$> mpif90 -Oss -noparallel allreduce.f
$> (£17:47A€R) god.sh

(my rank, sumALLREDUCE, sumREDUCE)

before BCAST 0 1.200000E+02 .200000E+02
after BCAST 0 1.200000E+02 .200000E+02
before BCAST 1 1.200000E+02 .000000E+00
after BCAST 1 1.200000E+02 .200000E+02
before BCAST 3 1.200000E+02 .000000E+00
after BCAST 3 1.200000E+02 .200000E+02
before RCAST 2 1.200000E+02 .000000E+00
after BCAST 2 1.200000E+02 .200000E+02
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FI—TEBEIZKDETEH

« RYKMILDORNFE
o Scatter/Gather

o« DENTTAILDETHIAH
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ek T—2LBRT—2(1/3)

HAORBANIVNILVECYD BRI ITRBoZEMADHELD, KL
TOXIGERGEHEZR, WML TEIELXZEATHED:

do i= 1, NG for (1i=0; i<NG; i++) {
VECg(i)= VECg(i) + ALPHA VECg[i] = VECg[i] + ALPHA;
enddo }




79

Fundamental MPI

R T—2LBRT—2(2/3)

E D=1

—
h’

— NG=32
— ALPHA=1000.
—- MPIZ7O&R#

axam
‘ElEﬁ

=4

o« RYKMILVECGELTUTDESILEI2E DD EFDONIRIL
#RET B (<SFVM>/S1/a1x.all) :

- - N
oo o
Ty ——
L LO LO LO
- ONOD <

CNONONON
—ONOD <t
Y — — p—
P — — —
— N <
oo oo
—ONOD <t
OO
oo o
—ONOD <+
LO LO LO LO
oo o
— N <t
A X ar Xar
oo o
—ONOD <t
oo o
—ONOD <t
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ek T—2LBRT—32(3/3)

HEFIE

- 274

- B T—% BMES

HFBEHAZDEE
AR s

EAOFY

D E‘IB2ORIKNILVECgZHHTOTR HIAIX0FE) THEAHIAL,
2 42O TOERAHZHIZ(RE8T D) EIVIRS,

® £TALERATRIMNL(ESZS) DEESIZALPHAEZNZ 5,
@ BITOLRADERZFBURII2ZONIMLIZEED S,

RTHNIL1T OV Y THETELDTHS
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Scatter/Gather®D & (1/8)

RE32DANJRILVECGZHHTOER (HIZX0F) THH

« JOFROBEMNSI KT

include "mpif. K
integer, parameter :: NG= 32
real (kind=8), dimension(NG):: VECg

call MPI_INIT (ierr)
call MP| COMM SIZE (<comm>, PETOT , ierr)
call MPI _COMM RANK (<comm>, my _rank, ierr)

if (my_rank.eq.0) then

open (21, file="alx.all’, status="unknown’)
do i= 1, NG
read (21,%*) VECg(i)
enddo
close (21)
endif

+
FE E{3~o
g_él:l)b ij
#include <mpi. h>
#include <stdio. h>
#include <math. h>
#include <assert. h>
int main(int argc, char **argv) {
int i, NG=32;
int PeTot, MyRank, MPI_Comm;
double VECg[32];
char filename[80];
FILE *fp;
MPI Init (%arge, &argv);
MP| Comm size (<comm>, &PeTot);
MP| Comm rank (<comm>, &MyRank);
fp = fopen("alx.all”, "r");
i f (IMyRank) for (i=0;i<NG;i++) {
fscanf (fp, “%I1f”, &VECg[il);

}




nnnnnnnnnnnnnn

Scatter/Gather®DEtE (2/8)
ADDT7ABRAABEIZ(RE8T D) EIViIRS,

« MPI_Scatter M F|
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MPI_Scatter . e

P#0 | AO|BO|CO|DO P#0 | AO

Gather
P#3 P#3 | DO

O3 =4 —3— lcommlADN—2DEExITOE R root | DEE/NYT7
[sendbuf |IMLETALRRIZEEN S scount] T DDA XD AvE—U%E(E
L, FOtETOTOERADZ{E/\wI7lrecvbufliZ, YA XTrcount]® Ay
t— %1,

call MPI SCATTER (sendbuf, scount, sendtype, recvbuf,
rcount, recvtype, root, comm, ierr)
- sendbuf FE EE/NVITTFDRETRLUX,
- scount E# EEAYVE—VDHAX
- sendtype E# BEEAYE—DDT—R34T
- recvbuf FE ZIE/NNVITFDERETFLX,
- rcount B ZEAYTET—DDHYAX
— recvtype E# ZEAVE—DDT—EE24T
- root B EIETOEADID(SUY)
~ comm B 32 = —3%HEEIT D
- ijerr B 5 Ta—k

O HHHHOH H H
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MPI_Scatter " [fenfcefoo =
P#1 Scatter P#1

BO
P#2 P#2

t Gather co

J[, P#3 P#3 | DO

e call MPI SCATTER (sendbuf, scount, sendtype, recvbuf,
rcount, recvtype, root, comm, ierr)

- sendbuf EE I EE/NYITFDHRETRLUR,
- scount E# I EEAYE—DDH AKX
~ sendtype E# I BEEAYE—DT 3347
- recvbuf EE 0 ZIE/NVI7DERETFLAR,
- rcount  E¥ I ZEAVE—DHAX
—- recvtype E# I ZEAYVE—DT 2247
~ root B I ZEIETOEADID(SUY)
— comm B I O = —3%FEEIT S
- ierr B 0 SET3d—k

. EE
— scount = rcount

— sendtype= recvtype

« ZOBE#MIZLH-T, TAERrootFENsendbuf GEE/\VT7) DFEEETRFLAMS
scountf@ 9 DDA H, commTRINDAZ A=/ —2%=HFD2{ 7O R(TE
E&h, recvbuf(Z{E/\vT77) Drcountf@D L ELTR{ESN S,
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Scatter/Gather®DEtE (3/8)
ADDTARRAAHEIZ(RE8T D) EIVIRS,

« ZTOFRXRIZEBVWTRIBDZE/NVIFIVECI(=BAIT—E*EE

LTH

o JOFROBEMNOEIESINDIZE/NYTIFIVECgIDSET DDA HY,

85

ADNEH7ALRIZCEWNWTZ{E/NNYIFIVECID1EZEE M S8FEEH DL

ELTRIESND

« N=8 ELTEIMIETEDLITES:

integer, parameter :: N=8
real (kind=8), dimension(N) : :VEC

call MPI_ SCATTER &
(VECg, N, MPI DOUBLE PRECISION, &
VEC , N, MPI_DOUBLE_PRECISION, &
0, <comm>, ierr)

int N=8;
double VECI[8];

MPI Scatter
(§&VECg, N, MPI_DOUBLE,
&VEC , N, MPI DOUBLE, 0, <comm>) ;

MPI SCATTER

(sendbuf, scount, sendtype, recvbuf, rcount,

recvtype, root,

comm,

ierr)
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Scatter/Gather®DEtE (4/8)
ADDTALRRAANEIZ(KE8T D) EIYIRS,

e root7OEX(0FE)MNSKETALAASET DD D Hiscatteran s,

« VECgD1ZEBMNOL8EHDAHM0FTIOLXIZEITAVECH1E B H
H8%EH, BB NL16EZEB DR MBEITOLXIZHITAVECHD1EE
MH8EB ELVWCESGIZHMSNS,

— VECg: £kT—4, VEC: BfiT—4

8 8 8 8
VEC BT —4
E#1 PE#2 PE
recvbuf PE#0 PE# i i local data
8 8 8 8 -
VECq R T—43

sendbuf root global data
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Scatter/Gather®DEt& (5/8)
ADDT7ABRAABEIZ(RE8T D) EIViIRS,

. 2{KT—%4(global data) EL TIZVECgD1BE N L2FFTHEZES
S TOWEEBSD, TNFhOTAatvRIZEITEBTT—% (local
data) LTI, VECO1E N8B EF TCORMEBSEZH >T-HELT
Bi#EN D, VECORNZEZTACAT LIZEZTH L THBE:

do i=1, N
write (%' (a, 2i8, f10.0)") 'before’, my rank, i, VEC(i)
enddo

for (i=0;i<N;i++) {
printf ("before %5d %5d %10. 0F¥n”, MyRank, i+1, VEC[il);]}
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Scatter/Gather®DEt& (5/8)
ADDT7ABRAABEIZ(RE8T D) EIViIRS,

. 2{KT—%4(global data) EL TIZVECgD1BE N L2FFTHEZES
S TOWEEBSD, TNFhOTAatvRIZEITEBTT—% (local
data) LTI, VECO1E N8B EF TCORMEBSEZH >T-HELT
Bi#EN D, VECORNZEZTACAT LIZEZTH L THBE:

PEHO PE#A PER PEB

before 0 1 101. before 1 1 201. before 2 1 301. before 3 1 401.
before 0 2 103. before 1 2 203. before 2 2 303. before 3 2 403.
before 0 3 105. before 1 3 205. before 2 3 305. before 3 3 405.
before 0 4 106. before 1 4 206. before 2 4 306. before 3 4 406.
before 0 5 109. before 1 5 209. before 2 5 309. before 3 5 409.
before 0 6 111. before 1 6 211. before 2 6 311. before 3 6 411.
before 0 7 121. before 1 7 221. before 2 7 321. before 3 7 421.
before 0 8 151. before 1 8 251. before 2 8 351. before 3 8 451.
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Scatter/Gather®D &t (6/8)
Z7O0RATRIML (EE8) DL LS IZALPHAZ DA

« ZTORATOEEIL, LLTDOLSIZHS:

real (kind=8), parameter :: ALPHA= 1000. double ALPHA=1000. ;
do i=1, N .
VEC(i)= VEC(i) + ALPHA for (i=0;i<N;i++) {
enddo VEC[i]= VEC[i] + ALPHA;}

« FTEBRIILUTOLIICES:

PE#D PEA PERR PE/B

after 01 1101. after 1 1 1201. after 2 1 1301. after 3 1 1401.
after 0 2 1103. after 1 2 1203. after 2 2 1303. after 3 2 1403.
after 0 3 1105. after 1 3 1205. after 2 3 1305. after 3 3 1405.
after 0 4 1106. after 1 4 1206. after 2 4 1306. after 3 4 1406.
after 0 5 1109. after 1 5 1209. after 2 5 1309. after 3 5 1409.
after 0 6 1111, after 1 6 1211, after 2 6 1311, after 3 6 1411.
after 0 7 1121, after 1 7 1221, after 2 7 1321, after 3 7 14121.
after 0 8 1151, after 1 8 1251, after 2 8 1351, after 3 8 1451,
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Scatter/Gather®DEtE (7/8)
ZITOCADFERZBURII2OARNIMLIZEED S

« nIZl&, MPI Scatter & T

ARAZESIN TS,

EW D MP1_Gather &ULVS5EE %K
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P#0 | AO|BO|CO|DO P#0 | AO

MPI_Gath TR
ather v o

Gather

P#3 P#3 | DO

« MPI_Scatter® i

* call MPI GATHER (sendbuf, scount, sendtype, recvbuf,
rcount, recvtype, root, comm, ierr)

- sendbuf FE I EE/NVIT7FDRETRLUR,
~ scount E# I EEAYE—VDHAX

—~ sendtype E# I EEAYVE—SDT—E34T
- recvbuf FE O ZIENVITDEBETRLX,
—~ rcount E# I ZEAYTET—DDHYAX

— recvtype E# I ZEAYT—DDT—E2%4T
~ root 2 I ZIET7OEADID(TY)

—~ comm B I A2 —3%HETETH

- ierr B O SET3—F

« ZZT, 2{E/\vT7 recvbuf DElLrootFEDTOEXIZEHLNS,
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Scatter/Gather®D it (8/8)
ZITOCADFERZBURII2OARNIMLIZEED S

o KHIBENIZE, root=0&LT, HETAELAMNSEEINBVECHOKHZE0
HIOERIZBWWTVECGELTRIETHENETHEUTDKIITES:

call MPI_GATHER & MPI_Gather
(VEC , N, MPI_DOUBLE PRECISION, & (§&VEC , N, MPI_DOUBLE,
VECg, N, MPI_DOUBLE PRECISION, & &§VECg, N, MPI DOUBLE, 0, <comm>);

0, <comm>, ierr)

KO ZAMB8{ET DD 5 Hiroot T Ot X ~gather&si b
8 8 8 8

VEC BT —4
sendbuf PE#O0 PE#1 PE#2 PE#3 local data

8 8 8 8 LT —4
VECg root dlobal data
recvbutf
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<$FVM>/Sl1l/scatter-gather.f
E1TH

$> mpicc -Os -noparallel scatter-gather.c
$> mpif90 -Oss -noparallel scatter-gather.f

$> E1T7(47A+ER) god.sh

PEZO PEA PER PEB

before 0 1 101. before 1 1 201. before 2 1 301. before 3 1 401.
before 0 2 103. before 1 2 203. before 2 2 303. before 3 2 403.
before 0 3 105. before 1 3 205. before 2 3 305. before 3 3 405.
before 0 4 106. before 1 4 206. before 2 4 306. before 3 4 406.
before 0 5 109. before 1 5 209. before 2 5 309. before 3 5 409.
before 0 6 111. before 1 6 211. before 2 6 311. before 3 6 411.
before 0 7 121. before 1 7 221. before 2 7 321. before 3 7 4121.
before 0 8 151. before 1 8 251. before 2 8 351. before 3 8 451.
PEZO PEA PER PE#B

after 0 1 1101, after 1.1 1201. after 2 1 1301. after 3 1 1401.
after 0 2 1103. after 1 2 1203. after 2 2 1303. after 3 2 1403.
after 0 3 1105. after 1 3 1205. after 2 3 1305. after 3 3 1405.
after 0 4 1106. after 1 4 1206. after 2 4 1306. after 3 4 1406.
after 0 5 1109. after 1 5 1209. after 2 5 1309. after 3 5 1409.
after 0 6 1111, after 1 6 1211, after 2 6 1311, after 3 6 1411,
after 0 7 1121, after 1.7 1221. after 2 7 1321. after 3 7 1421.
after 0 8 1151, after 1 8 1251, after 2 8 1351, after 3 8 1451,
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MPI| _Reduce_scatter

P#0 | A0|Bo|co|Do P#0 | op.A0-A3
P#1 [A1]B1|Ct|D1|  eaucescatler = oy [ B0-B3
P#2 | A2|B2|C2|D2 P#2 |0p.C0O-C3
P#3 |A3|B3|C3|D3 P#3 |op.DO-D3

« MPI_Reduce + MPI_Scatter

* call MPI REDUCE SCATTER (sendbuf, recvbuf, rcount,
datatype, op, comm, ierr)

- sendbuf & T EENVITTFDFRETRLUX,

- recvbuf FE O ZIE/NVITF7DEETRLR,

—~ rcount E# I ZEAVE—V DA X (EEH: A X =T O
—~ datatype E# i Iyt—DT—REA4T

- op B I HTEDIESE

- comm B I O =4 —3%ETET S

- ierr B O 57—k
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MPI_Allgather v o

P#0 | AO

P#3 |DO

MPI1_Gather+MPI_Bcast
— GatherLf=t D%, £ THPEIZBcastd % (£ AR TRILT—4%ED)

All gather

P#0
P#1
P#2
P#3

AO

BO

CO

DO

AO

BO

CO

DO

AO

BO

CO

DO

AO

BO

CoO

DO

call MPI ALLGATHER (sendbuf, scount, sendtype, recvbuf,

rcount, recvtype,

~ sendbuf &
— scount B
— sendtype B
- recvbuf &=
— rcount B
— recvtype 2

— comm =
— ilerr *é’!iﬁ

O HHH O H H H

comm, ierr)
EE/NYIFDHETRLUR,
EEAVE—DH AR
BEEAYE—DDT—R24T
ZIE/NVITFDEETELXR,
ZEAVE—DHAX
ZEAVE—DT 2347
O —3%BETH
SETa—k
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MPI_Alltoall

P#0 | AO|A1|A2|A3
P#1 |B0|B1|B2|B3
P#2 |Co|C1|C2|C3
P#3 |D0O|D1|D2|D3

MPI_Allgather®D B 73 5¥i5k  Sn &

All-to-All

P#0
P#1
P#2
P#3

A0 |BO|CO DO
A1|B1|C1|D1
A2|B2|C2|D2
A3|B3|C3|D3

call MPI ALLTOALL (sendbuf, scount, sendtype, recvbuf,

rcount, recvrype,

- sendbuf FE
— scount B
— sendtype E#
- recvbuf FE
— rcount B

— recvtype %%%31
— comm FLN

n
- ierr R

O HHH O H H H

comm, ierr)
EE/NYIFDHETRLUR,
EEAVE—DH AR
EEAYE—DDT—R34T
ZIE/NVITFDEETELR,
ZEAVE—DHAX
ZEAVE—DT 2347
O —3%BETH
SETa—k
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FI—TEBEIZKDETEH

« RYKMILDORNFE
o Scatter/Gather

o« DENTTFAILDERHAIAH
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DRBIFANEERALI=AAL—23ay

« Scatter/Gather® I TlE, PE#OMNSEIRT —RE R FAF,

FNnEE{KIZScatterL T:

! §|J n-l_ﬁ’&%}jﬂbf:o

Fn'ﬂaﬁiﬁﬁh‘\?liﬁlij(%l,\i%‘%, 12070y TETD
— 3% A IAD T RELGIEE N H B,
— r*)]h\b"EIJL’CEBL\’C, (BT —412% 701wy Y CHILIZHE

AT

— HARNIFVIZHLT, £FBRENDEIZGS G, KRIZKE
CTMPI_GatherlzEEFRT S
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DEIFAILFEHIAH FT—32K(1/2)

>SS cd <SFVM>/S1
>S 1ls al.*
al.0 al.l al.2 al.3 [alx.all|Z4DIZHEIL-10)

>$ mpicc -Os -noparallel file.c
>$ mpif90 -Oss -noparallel file.f

>$ £4T:470+FX god.sh
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DRI 7L ILDERAE

e [al1.0~al1.3]lFEAEARNIMLIa1x. all | Z5EEIZHEIL
2D, LEZAHZENTES,

alx.all

al.1

al.2
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DEIFAILFEH AR  FT—32K (2/2)

<$FVM>/Sl1l/file.f
implicit REAL*8 (A-H,0-2)
include 'mpif.h' Hello &£ A%EIZ
integer :: PETOT, my rank, ilerr Ao\
real (kind=8), dimension (8) :: VEC KDL
character (1len=80) :: filename
call MPI INIT (ierr)

call MPI COMM SIZE (MPI COMM WORLD, PETOT, ierr )
call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

if (my rank.eq.0) filename= 'al.O'
if (my rank.eq.l) filename= 'al.l'
if (my rank.eq.2) filename= 'al.2'
if (my rank.eq.3) filename= 'al.3'

open (21, file= filename, status= 'unknown')

do i= 1, 8 _ = ;
read (21,*) VEC (i) [FFJT%H(%B)J’C
enddo a AL
close (21)

call MPI FINALIZE (ierr)

stop
end
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SPMD ) g &! {5

[ [ [ ]

PE #0 PE #1 PE #2 PE #3

“a.out” “a.out” “a.out’ “a.out”

mpirun -np 4 a.out
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DEOF7AIVFRAIAA AT E K (1/2)

>$ cd <SFVM>/S1
>$ 1ls a2.*
a2.0 az2.1 a2.2 a2.3

>$ cat a2.0
5 LBPEIZHITEH 5
201. R 3 DA
203.
205.
2006.
209.

O OO oo

>$ mpicc -Os -noparallel file2.c
>$ mpif90 -Oss -noparallel file2.f

>$ F{T:470EX god.sh
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DEIT7AILDFEAAH A E K (2/2)

<$FVM>/S1/file2.f
implicit REAL*8 (A-H,0-2)
include 'mpif.h'
integer PETOT, my rank, lerr
real (kind=8), dimension(:), allocatable :: VEC

character (1len=80)

call MPI INIT
call MPI COMM SIZE

filename

(ierr)
(MPI COMM WORLD, PETOT, ierr )

call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

if (my rank.eq.0) filename= 'a2.0'
if (my rank.eq.l) filename= 'a2.1l'
if (my rank.eq.2) filename= 'a2.2'
if (my rank.eq.3) filename= 'a2.3'
open (21, file= filename, status= 'unknown')

read (21,*) N
allocate (VEC(N))

do i= 1, N NAET—R(TAtyY) TELD
read (21,*) VEC(i)
enddo
close (21)

call MPI FINALIZE (ierr)
stop
end
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BT —3DERGE

o 2 KT —2(N=NG)ZT AN
— ScatterLT& 70X [ZHE|
- &£TO0CRTEE
— BE(ZIGCTRFT—42%Gather (Ff=[ZAllgather) LTE KT —
REH R
« BRI T—2(N=NL)Z4XERk, HHWNI (HoMLeH 7 ENER
LTOAR
—- ZFTOVATRAAT 2245/, HHULIEAT
- £TO0ERATEE
- BEIZEC TR T—42%Gather (FE1=(XAllgather) LTE AT —
R R
o JFRMIZITBRENPIDELGSDSD, EERMLET—IDEHEZE
HEES L6012, LIXSLKIFRIFIZDWTHLEE
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« MPI®D £ - Hello World

« ERTHRER/RFAT—4

e 5 )L—T&{E (Collective Communication)

e 131381 (Point-to-Point Communication)
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AIALIE = H 1% 4

-

ik

Preconditioned Conjugate Gradient Method

Compute r(®= b-[A]x(®

E i= ll 2, coe
solve [M]zG 1= r@(-1)

P, .= riE1 z(-1)

if i=1
pM= 7O
else
Bi1= Pi1/Pi-s
pil= zE-1 + B,
endif
q= [A]p™

a; = p;,/pHqd
x (= x i1 4q.p
r= p-1 - g g

check convergence |r]|

(CG)

AR AR —1) T

THIRIRILEE:

-Ijl ~

THESDENBE
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15 1EIEEE ?

e 45 )L—73&{5 : Collective Communication

— MPI_Reduce, MPI_Scatter/Gather 7 &

— BLaSa=4/—42A0NEe7atAREEIETS
ﬁﬁq/\ﬂ]",

s BREFREX ARIMNLE, B FEINWEEITO—NILEGHEEROHSFiE
« R, RRKELEDARL— 30 EEE7

e 1%t1381E : Point-to-Point il Ml - g
— MPI_Send, MPI_Receive 0w =
—##E@jntx&@&ﬁ%b%é N ‘ ‘ ‘

;-_FE Vi, BREREELE O—h LI I ERE
$E§1§')$/£ 1 | 2| 3| 4| s
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151 B{ED AL

« MPI_Send, MPI_Recv&lNWDHTIL—FUhH 5,

- LA, ChnldlTayx2 5 (blocking) @IEH T IL—F >
T, TwvkAwvw%Y (dead lock) Zf£ LT LY,
— 28 (Recv) DT T HFERINTTLVE, FEE (Send) BN T LAY

« {EHEFEE (I secured JBIETRIET 571=HIZ, MPHLHE
DHRIZANGNI=LDTHLHIN, ERLIIFEID LLL,

— LEA2TERIZZ IV —a AN ILTHEASNAZEIZIFEA
EEWN(ERD),

— [{EIZHFE=>TIOE R HNRESNDFTEITLZLGLLY,
« TZSVSHEEA H B IEVNSTEEDLD BIBIZHELTHLNTK
==Ly,
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MPIl_Send/MPIl_Recv

PE#O (my rank.eq.0) NEIB ID=1

if
if (my rank.eg.l) NEIB ID=0
1 2 3|4 5
call MPI_SEND (NEIB ID, arg’s)
l 1 call MPI RECV (NEIB ID, arg’s)

e BIZIXEZIFEDHITEAIL, CDEKIIZLI=LVECATH
BHM, CD&HETAT T LEESHEMPI_Send/
MPI_RecvdD & ATIEE-TLED,

- BKIBALHD
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MPI_Send/MPI_Recv (#5Z)

if (my rank.eq.0) NEIB ID=1

PE#O if (my rank.eg.l) NEIB ID=0
if (my rank.eq.0) then
1121345 call MPI_SEND (NEIB ID, arg’s)
call MPI RECV (NEIB ID, arg’s)
‘ endif
1 PE#1 if (my rank.eq.1l) then
call MPI RECV (NEIB ID, arg’s)
4 1 2 3 4 call MPI SEND (NEIB ID, arg’s)
endif

¢ :O)J:a‘:-d_;hvljf, Ej.]<o
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1 1LREDHE(REESITHH)

e MPT Isend, MPI Irecv, &LVWMITJOYFHFI T LA
(non-blocking) |7 IL—F U hdhb, e, REIDT=HD
IMPI WaitalllZzflAEHES,

« MPI Sendrecv ELVSHTIL—Fo13H5 (),

if (my rank.eq.0) NEIB ID=1

PE#0 if (my rank.eg.l) NEIB ID=0
call MPI_ISEND (NEIB ID, arg’s)
1 2 3 4 5 call MPI IRECV (NEIB ID, arg’s)

call MPI WAITALL (for IRECV)

‘ 1 PE#1 call MPI_WAITALL (for ISEND)

211121 31| 4 Isend&lrecv TRICEIE&#AI FZE- T,
BIZEESMEARNSD THNIEWaitalllE
— BT CHOKTY (&ak)
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MPI Isend

Fundamental MPI

ZEE/ VT 7lsendbuf JIRD, E#ELI=TcountfEDEEFEAvE—T%, 44 Ttag]
T, 222 =5 —32RD, TdestlITEET 5, TMPI_Waitall JZFESET, 1%

BNV I7DREBZEHLTIEGSAL,

* call MPI ISEND

(sendbuf,count,datatype,dest, tag,comm, request, ierr)
- sendbuf FE

- coun
— datatype

— dest
- tag

— comm
- re

t

est

BH
28

e i
&

i

s

i i

Fit
¥q

H H H H H

H

EENNYITFDEETFLR,

AytE—DHAX

Ayt—TDT—R347T

SEETOERADTRELR(S7)

Ayt—R5, EEAVE—DDFEREERXATHEEITHERA,
BEIEN0ITED, RACAYE—D2T B SR TEE.

A2 =7 —3%EEIT D

BIEHAIFo. MPT WATTALLTER,

(B3l : A XIEEHAT AL EDHAHMPT ISENDIFFUHL
HREXBEITOLRA#LGL)) (cEIEICDOLTIEHER
SET3I—k
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B IS5 F (request handle) : request

e call MPI ISEND
(sendbuf,count,datatype,dest, tag,comm, request, ierr)

- sendbuf EE I EENYITFDERETRLX,

—~ count B T Ayt—UDHYAX

— datatype ¥# I r2vE—SDT—E2547

— dest 2 I BEEITOCRADTRLA(SUY)

- tag B T Ayt—IR9  EFEAVE—VDEEEXRANTHESITER,
BEEI0ITEN, ACAYE—U425 BSRITTHEIE,

— comm B I O =/ —3%EEIT S

- request E# 0 BIEHAIFo MPT WATITALLTEMA,
(B25l: A XIEEHAT AL EDHAHMPT ISENDIFFUHL
HOREFFEEIO R HGL))

- ierr B 0 5S¢ Ta—k

« UTDI LG TEEL T (RBIEEEEZHERT SZITTELY)
allocate (request(NEIBPETOT))
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MPI Irecv

o Z{E/N\vT7IrecvbufIAD, EfELT=ITcountlEDEIEAvE—T%, 25 Ttag]
T+ T, A2a=45—3RAD, ldestiM>ZF{ET 5, TMPI_Waitall JZFESNE T,
ZENVIFORABTEFHLE-LEEERL TIXESE,

* call MPI_IRECV
(recvbuf,count,datatype,dest, tag,comm, request, ierr)

- recvbuf FE I ZIE/NVITDEBETRLX,

- count B I Iyt—DHAX

—~ datatype E#{ T Iy —DT—RE4T

- dest B I SEETACRADTRLR(T9)

- tag B T Ayt—URY ZIEAYE—UDIEEERNTHEEICER,
BEIIT0ITEWL, ALAYE—URT BERTTEE,

~ comm B I O3 =4 —3%HETEITH

- request Ei#f 0 BIEHAF. MPT WATTALLTHER,

(E5: A X (EXREATEILEDHSHMPT TRECVIFFUHL
HEEFBEITOERAFGL)) cEEEICOL T &R
5ETa—k

|
m
M
(p
(p
e

%
O
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MPI Waitall

1%1ETOAVF T BIEYITIL—F U THAIMPI_ISEND j&TMPI_IRECV 1% £

L=5&, Tt XDORIBZWMADIZFERT 5,

EERIXZDIMPI_ WAITALL IZFESBIIZEE/NNYI7TORNBEZEBLTIIELLEL,

ZERFIETMPI_WAITALLIZFESHTIZZE/ NV I 7ORBEZTF AL TIEGLHELY,

BEEMNERNTLINIE, TMPI_ISENDETMPIL IRECV IZFRFRICRI#EIL TH &KLY,

— TMPI_ISEND/IRECV TR & E# A FEEAT - L

'MPI_BARRIER1ERBIC KOG HEEETHSHHY, KAIETEALY,

— EE(ZH LD, Trequest], Istatus | DARBEMIELLEFHFEINT, MEHITMPI_ISEND/
IRECV1ZMHUH T EMEIELGD, ELVOEIGRERLH D,

call MPI WAITALL (count,request,status,ierr)

- count B T BIHITHAUEDHATMPI_ISEND] , TMPI_RECVIFEUH LE,

- request E# I/0 BIEHAIF. TMPI_ISENDJ, TMPI_IRECV THIABLT=35

FAIZx G, (EE5IHP4X: (count))

~ status B¥ 0 KRA TS o RERFI (EFHIH A X : (MPI_STATUS_SIZE,count))
MPI STATUS SIZE: “mpif.h”,”mpi.h” TEHLND
INGA—=H CHREIC DL TIX R

—- ierr 2 ® SETa—k
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WiRAT /MRS (status object) :

status

« call MPI WAITALL (count, request,status,ierr)
- count  EH T R A2BEDHBTMPI_ISEND] , TMPI_RECV FEUH Lk,
- request E# /0 BIEEAF. TMPI_ISENDJ, TMPI_IRECVJTHIRBL =35
FAIZX G, (EEFIHP 4 X: (count))

~ status B¥ 0 KRA TS HNERFI (ERHIH 4 X : (MPI_STATUS_SIZE,count))
MPI STATUS SIZE: “mpif.h”,”mpi.h” TEDHBND
INTGA—A

- ierr B O 5E 73—k

« UTO&IICFOHREERBEZHERL THELZITTEL:

allocate (stat(MPI STATUS SIZE,NEIBPETOT))
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MPIl_Sendrecv

Fundamental MPI

« MPI_Send+MPI_Recv: #ll$3% 0y

* call MPI SENDRECV

(sendbuf, sendcount, sendtype,dest, sendtaqg, recvbuf,
recvcount, recvtype, source, recvtag,comm,status,ierr)

- sendbuf TE

— sendcount ZE#{
— sendtype B
— dest B
— sendtag B
- recvbuf FE
— recvcount %*’&
— recvtype *z%%*ﬂ
- source B
— sendtag B
- comm B2
— status Mﬂ;ﬂ
- ierr =

I

HoH M

H H H H H

H

EE/NYIT7DERETRLUX,

EEAYE—DDH AKX

EEAYE—DDT 3347

SEEATAERDTRELR(S9)

EERAYE—U4T, FEAYVE—DDEEZRAITHESIZER,
BEILT0ITEKLY,

ZIENYT7FDHETRLA,

ZEAYE—DHAX

ZEANE—DDT—E2E84T

FEETXTTALADTRLR(S2Y)

ZIERArAYE—U8T, EEAYVE—CDEEFXANTEHEEITER,
BEIEIT0ITEL, ALAYE—UART BERITTEE,

OS2 —3%EET D

WiRA Tz HRERF (B25IH 4 X (MPI_STATUS_SIZE))

MPI STATUS SIZE: “mpif.h” CTEHBMNDH/INTA—4
5ETa—F
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RECV(Z{E) S E~ADZIE
ZE/N\VI7ICEETOAISEHRL-T—432 2 (TS

* MPI Irecv
(recvbuf,count,datatype,dest, tag,comm, request)

- recvbuf {FE&E T SZIE/NVIT7DEBETRLUX,

~ count B I Iyt—DHAX

—~ datatype E# i Ayt —oDT—RE4T

- dest B I SEETALRDTRLR(T2Y)

23 24 25

16 17 18 19
18 19 20

14
13 14 15

6 7 8
8 9 10
4 5
epio [ M M
6 7 8 9 10

=
N
(o8}
I3
(&)
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SEND (GX{E) - BRADIEIE

EE/\YI7DEHRLET—ZEBEETORRITEDS
* MPI Isend

(sendbuf,count,datatype,dest, tag,comm, request)
sendbuf &
B

iy

count

datatype
dest

iE
£
iE

£

H H H

EIE/NYTFDHXETRLX,
Ayt—IDHAX

I —SDT—R234T
EETOLADTRKLR(TUY)

|—
N
leo

ko

[

Fundamental MPI

(&)}
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Fundamental MPI

9,

i

BIEFERF, RiRAT UMD FE?
{75 (FORTRAN)

* MPI Isend: request
* MPI Irecv: request
* MPI Waitall: request, status

iié

integer request (NEIBPETOT)
integer status (MPI STAUTS SIZE,NEIBPETOT)
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BIEHEAF, WRA T IS D
1i77‘(C) :ﬁﬁ%@“*&d)*%\&%

* MPI Isend: request
* MPI Irecv: request
* MPI Waitall: request, status

MPI Status *StatSend, *StatRecv;
MPI Request *RequestSend, *RequestRecv;

StatSend = malloc(sizeof (MPI_Status) * NEIBpetot);
StatRecv = malloc(sizeof (MPI_Status) * NEIBpetot);

RequestSend = malloc(sizeof (MPI_Request) * NEIBpetot);
RequestRecv = malloc(sizeof (MPI_Request) * NEIBpetot);

Fundamental MPI

EED

III
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Fundamental MPI

FIAHI (1) : RHS—L B{E

« PE#0, PE#1[5 ’C8/ 1 FEHVALDEZRHT S,

if (my rank.eq.0) NEIB=
if (my rank.eq.1l) NEIB= 0

call MPI_ISEND (VAL ,1,MPI_DOUBLE PRECISION,NEIB, req_send,...)
call MPI_IRECV (VALtemp,l,MPI DOUBLE PRECISION,NEIB, eq_recv,..)
call MPI_WAITALL (.., req recv,stat recv,. ) x{—l\}?TVALtem *FIFA A HE
call MPI_WAITALL (..,req send,stat_send,..) :#{8/\wJ7 VAL #ZEE 0k
VAL= VALtemp

Z{E/NIFRZEIVALICLTHEIKERZH DM, HEOIXLAELY,
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FABI(1) : RD5—ER1F

Isend/Irecv/\Walitall

$> cd <$FVM>/S2

$> mpicc —-Os -noparallel exl-l.c
$> mpif90 -Oss -noparallel exl-1.f
$> Ef7(27FA+ER) go2.sh

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

include 'mpif.h’

integer(kind=4) :: my _rank, PETOT, NEIB

real (kind=8) :: VAL, VALtemp

integer(kind=4), dimension(MPI_STATUS SIZE,1) :: stat_.send, stat recv
integer(kind=4), dimension(1) : request_send, request recv

call MPLINIT (ierr)
call MP. COMM_SIZE (MPI.COMM_WORLD, PETOT, ierr )
call MPL. COMM_RANK (MPI.COMM WORLD, my rank, ierr )

if (my_rank.eq.0) then
NEIB= 1
VAL = 10.d0
else
NEIB=0
VAL =11.d0
endif

FORTRAN™"

call MPLISEND (VAL, 1,MPI DOUBLE_PRECISION,NEIB,0,MPI COMM_WORLD,request_send(1),ierr)
call MPLIRECV (VALx,1,MPI_DOUBLE_PRECISION,NEIB,0,MPI. COMM_WORLD,request_recv(1),ierr)

call MPL.WAITALL (1, request_recv, stat recy, ierr)
call MPLLWAITALL (1, request_send, stat_send, ierr)
VAL= VALx

call MPI_FINALIZE (ierr)
end



Fundamental MPI

FIAHI(2) :BLS DEZAE (1/4)

PE#0, PE#1fE T8/\1FEHEHIVECHDIEZR T 5,
PE#0=PE#1

— PE#0:VEC(1) ~VEC(11) DEZES (K=:11)

— PE#1:VEV(26)~VEC (36) DELLTZITELS
PE#1=PE#0

— PE#1:VEC(1) ~VEC (25) D{EZF1£5 (£&:25)

— PE#0:VEV (12)~VEC (36) DELLTZITELS

EBE OV SLEERLTRSES !

PE#O |1]2]3]4]5]6]7]8]|9]10/11]12]13]14|15|16]17|18]19]20[21]|22]23|24|25|26|27|28|29]30]31]|32]33|34|35|36)

I ———————————————————————————.
PE#1 |[1]2]3]4]5]6]|7]8]|9]10/11]12]13]14|15|16]17|18]19|20[21]|22]23|24|25|26|27|28|29]30]31]|32]33|34|35|36]
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R B
+ VEC() DAEREELUTDL(2F%:

— PE#0 VEC(1-36)=101,102,103,~,135,136
— PE#1 VEC(1-36)=201,202,203,~,235,236

¢ RR—SDESHRERICRBLERERE &

s UTFTDENENZHEALLTAI S LEERE L
— MPI_Isend/Irecv/Waitall
— MPI_Sendrecv
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0 #BEFORE#
0 #BEFORE#
0 #BEFORE#
0 #BEFORE#
0 #BEFORE#
0 #BEFORE#
0 #BEFORE#
0 #BEFORE#
0 #BEFORE#
0 #BEFORE# 10
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Fundamental MPI

FIAHI(2) :BLS D= = AE (2/4)

if (my rank.eq.0) then
call MPI ISEND (VEC( 1),11,MPI DOUBLE PRECISION,1,..,req send,..)
call MPI_IRECV (VEC(12),25,MPI DOUBLE PRECISION,1,..,req recv,..)
endif

if (my rank.eq.l) then
call MPI_ISEND (VEC( 1),25,MPI DOUBLE PRECISION,O,..,req send,..)
call MPI_ IRECV (VEC(26),11,MPI DOUBLE PRECISION,O,..,req recv,..)
endif

call MPI WAITALL (..,req recv,stat recv,..)
call MPI WAITALL (..,req _send,stat_send,..)

NTHREUL, EEIKEH
SPMD5 LL7ELY
SSLRATEAVEELN
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FIAHI(2) : BL3 D= A(E (3/4)

if (my rank.eq
NEIB= 1
start send=
length_send=
start_recv=
length recv=
endif

if (my rank.eq
NEIB= 0
start send=
length send=
start recv=
length recv=
endif

call MPI ISEND

(VEC (start send) ,length send,MPI DOUBLE PRECISION, NEIB,..,req send,..)

call MPI IRECV

(VEC(sta;t_recv),length_recv,MPI_DOUBLE_PRECISION,NEIB,m,req;recv,m)

call MPI WAITALL (..,req recv,stat recv,..)
call MPI WAITALL (..,req _send,stat_send,..)

.0) then

1

11

length send + 1
25

.1) then

1
25
length send + 1
11

—XUZSPMD5 LL7E S

Fundamental MPI
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FAHI(2) : B DERZ(E (4/4)

if (my_ rank.eq.

NEIB= 1
start send=
length_send=
start_recv=
length recv=

endif

if (my rank.eq.

NEIB= 0
start send=
length send=
start recv=
length recv=

endif

0) then

1
11

length send + 1

25

1) then

1
25
length send + 1
11

call MPI_SENDRECV

(VEC (start_send) ,length send,MPI DOUBLE PRECISION, NEIB,..
VEC (start recv) ,length recv,MPI DOUBLE PRECISION,NEIB,..

status, ..

Fundamental MPI
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B DERZEZE

#PEO #PE1
send: send:

VEC (start send) ~ VEC (start_send)~
VEC (start_ send+length send-1) VEC (start_send+length send-1)

#PEQ #PE1
recv: recv:
VEC (start_recv)~ VEC (start recv)~
VEC (start_recv+length recv-1) VEC (start recv+length recv-1)

« EEBIDIength_send1EZE/DTength_recviE—EL
TWOSLELRDH D,
— PE#0=PE#1, PE#1=PE#0

o [EENYIT7IEZENYI7IHIRDT LR
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fRZEH1(1/3)

Isend/Irecv/Walitall

$> cd <$FVM>/S2
$> mpicc -Os -noparallel ex2a.c
$> mpif90 -Oss -noparallel ex2a.f

$> EfT(27O+€X) go2.sh

implicit REAL*8 (A-H,O0-2Z)
include ‘mpif.h’

integer(kind=4) :: my_rank, PETOT, NEIB
real (kind=8) :: VEC(36)

integer(kind=4), dimension(MPI_STATUS SIZE,1) :: stat send
integer(kind=4), dimension(MPI_STATUS SIZE,1) :: stat recv
integer(kind=4), dimension(1) :: request_send
integer(kind=4), dimension(1) :: request_recv

integer(kind=4) :: start_send, length_send
integer(kind=4) :: start_recv, length_recv

call MPLINIT (ierr)
call MP. COMM_SIZE (MPL.COMM_WORLD, PETOT, ierr )
call MPL.COMM_RANK (MPI.COMM_WORLD, my_rank, ierr )
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fRZE I (2/3)

Isend/Irecv/Walitall

if (my_rank.eq.0) then
NEIB= 1
start_send= 1
length_send= 11
start_recv= length_send + 1
length_recv= 25
do i= 1, 36
VEC(1i)=100 + i

enddo

endif

if (my_rank.eq.1) then
NEIB= 0
start_send= 1
length_send= 25
start_recv= length_send + 1
length_recv= 11

do i= 1, 36
VEC(i)= 200 + 1
enddo

endif

Fundamental MPI
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fE &4 (3/3)

Isend/Irecv/Waitall
doi=1, 36

write (%,'(i1,a,i2,f10.0)") my rank, ' #BEFORE# ', i VEC(i)
enddo
call MPLISEND (VEC(start_send), length_send, &
& MPI_DOUBLE_PRECISION, NEIB, 0, MPI. COMM WORLD, &
& request_send(1), ierr)
call MPLIRECV (VEC(start_recv), length_recv, &
& MPI_DOUBLE_PRECISION, NEIB, 0, MPI. COMM WORLD, &
& request_recv(1), ierr)

call MPIL.WAITALL (1, request_recv, stat_recyv, ierr)
call MPIL.WAITALL (1, request_send, stat_send, ierr)

doi=1, 36
write (%,(i1,a,i2,f10.0)") my rank, ' #AFTER # ’, i, VEC()
enddo

call MPLFINALIZE (ierr)

end

AAERHS
[T—2RNETIELDRMNLTERENZE507?
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