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MPI1&(E (1/2)

Message Passing Interface
o DEIATEIREDAvE—IBEAPIONERFE

- 70T 3L, 4T3, EDELOTIEAL
* http://phase.hpcc.jp/phase/mpi-j/ml/mpi-j-html/contents.html

« FERR
— 1992 MPIZ#+—5 L
— 1994 MPI-137%&
— 1997 MPI-258#& : MPI |/Ofth
— 2012 MPI-3#7%&
« BE(THoBIETA4TIY)

— mpich ZIL3>XE LR
— OpenMP, MVAPICH {1
- HEAVE—DMPISAT3)
e C/C++, Fortran, Java ; Unix, Linux, Windows, Mac OS
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MPI1&(E (2/2)

o IFIRTIL, mpich(T)—) B L{FEHINTLS.
— ERBIIZTMPI-2 15348 & YR —
— 200511 AN IMPICH2112317
— http://www-unix.mcs.anl.gov/mpi/

. MPIASE & L1-I8

— MPI7A—5 LIZ&55REH—
tAJf&n-l_ﬁ*gZ_c:bE)J(
« Fortran, CH\oHY I IIL—F 2 ELTHREUEHT ZEMAIEE

— MpichD7ETE
.« D—, HoWBT—XFHFaTEYR—F
« FEIHRD A ELTPVM (Parallel Virtual Machine) H& -
=h, TNIEEERET.
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S5 JCEK

P.Pacheco TMPIIt 517045 5324 |, 1EEEE, 2001 ([RZE1997)
W.GroppftI Using MPI second edition], MIT Press, 1999.

M.J.Quinnl Parallel Programming in C with MPIl and OpenMP,
McGrawhill, 2003.

W.Groppfti MPI: The Complete Reference Vol.l, 11, MIT Press,
1998.

http://www-unix.mcs.anl.gov/mpi/www/

— API(Application Interface) M & BA
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MPIZZNZHT=2T(1/2)

« XA
— TMPI-1 1D ERBG#EE (10F2E) ITDOWWTE AT 5.
* MPI-2TIE 8 2 LERIZHERED SH DD - - -
- HEFERITREGHEBEICDWTIRNS, HAHWLIIE->TLID A,
HMoTWWESEANITEZRD.
- EEDEER%
- JayIzvYy
— TORNFI EZTLTHBIEL
« SPMD/SIMDDAARL—L3vIZIBENASAZE---DHMT1TE
— Single Program/Instruction Multiple Data
- EARMIZRTOERIENRICLZEEZ DD 1IN T—E2HNGES
« RKIELT—2250EIL, FELICO2WVTRITOLR(TAEYY)AHET S
- ERT—RERBT—F, ERBSLEES
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PE: Processing Element
J0tyY, fElE, JatX

SPMD

mpirun -np M <Program>

DN EFETENIEMPIE
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Program l
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PE: Processing Element
J0tyY, fElE, JatX

SPMD

mpirun -np M <Program>
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MPIZZSNZHT=D2T(2/2)

o« HEURIAH, IRLTHLWLEBDTIIGELY.

« UEDELIGTELHOT, XEZTHAHEREIT2~3
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O74>, T4LIM)ERL on navEa—4

ssh xxxxxxx@pi.ircpi.kobe-u.ac.jp

T4 LI ) ERK
>$ cd
>$ mkdir 20l4summer (IFZLHAZ[RTELY)
>SS cd 2014summer

DT 4 LY F)EXRBETIE <sp-TOoP> EFEXR
EXMIZT7AIVEEZDTALINIZOE—, #BET S
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J74)LaE—

Fortrandl—H—
>$ cd <$P-TOP>
>$ cp /tmp/2014summer/F/sl-£f.tar
>$ tar xvf sl-f.tar

ci—H—
>$ cd <SP-TOP>
>$ cp /tmp/20l14summer/C/sl-c.tar
>$ tar xvf sl-c.tar

T4 LY BYRESR
>$ 1s
mpi

>$ cd mpi/Sl

CDT4LY M) EXREETIE <$P-s1> EFES.
<$P-S1> = <$P-TOP>/mpi/S1l
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hello.f

hello.c

F31XTO5 S5 LOH

implicit REAL*8 (A-H,0-Z)
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,2i8)') 'Hello World Fortran', my_rank, PETOT
call MPI_FINALIZE (ierr)

stop
end

#include "mpi.h"
#include <stdio.h>
int main(int argc, char **argv)

{

int n, myid, numprocs, 1i;

MPI_Init(&argc,&argv);
MPI_Comm_size(MP1_COMM_WORLD,&numprocs) ;
MPI_Comm_rank(MP1_COMM_WORLD,&myid);
printf ("Hello World %d¥n", myid);
MP1_Finalize();

17
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hello filc Za /8 ILLTHED !

>S mpifrtpx -Kfast hello.f
>$ mpifccpx -Kfast hello.c

Fortran
$> mpifrtpx —-Kfast hello.f
“mpifrtpx”:
Fortran90+MPIIZ&->TTASTSLZa/INLILT BIRIZ
B INLT, SATIVFELNNLRFENTINSOT R

CEE
$> mpifccpx —-Kfast hello.c
“mpifccpx”:
CH+MPIIC&->TTOT S LZAV/INMILT BHERIC
ETR, AVINT, FATIVENNSUFESh TSIk

18




N W=
3T ELT
° gﬂé'/f_jj_/f

— BRI\ FaTDH

— REEHOETIFIERMIZITEEEA

« Z1T7FIE
— D3RI TLEESZTET
- DaJFHBRALET
—- a7 DIRREFERELET
—- HEREHEELET
« ZTDih

- ETRFICIFH1/—F(16a7) NEEINFET
— DI —F—DTaTVIfEHLNLHILEHYFEFA

MPI Programming

19



MPI Programming

3T RHYTk

e <SP-S1>/hello.sh

o« ATV aA—FADEF + PxILRHYTH

#!/bin/sh

#PJM -L “‘node=1"“

#PIM -L “elapse=00:00:30"
#PJM -L “rscgrp=school"
#PIM -3

#PJM -o “hello.lst"

#PIM --mpi “proc=4"“

mpiexec ./a.out

sAtX 1670t R 3277A€ X
“‘node=1" “‘node=1"“ “‘node=2"“
“proc=8" “proc=16" “proc=32"

J— F#

Evaricdry

2T 1—4
EXH DT 7A4ILE

MP1 27 0O+ X%

ET7714IL4A

6470t X 1927A+ R
“‘node=4"“ “‘node=12"
“proc=64" “proc=192"



oS > JL
vadEA
>S pjsub hello.sh
>S cat hello.lst

Hello World Fortran
Hello World Fortran
Hello World Fortran
Hello World Fortran

R WN O
>~ B DA

21



MPI Programming

waj*XA HEEE

. SaTDEA njsub RV T4
. ’)370)15&;...,\ njstat

.« DaTDWYEL-REIRT njdel 371D

. iF:L—O)Jk,.,\O)EEn.U pjstat --rsc
e BIFFEIT- XA pjstat —-limit

[pi:~/2014summer/mpi/S1]$ pjstat

ACCEPT QUEUED STGIN READY RUNING RUNOUT STGOUT HOLD ERROR TOTAL

%) %) %) %) 1 %) %) %) %) 1
S %) %) %) %) 1 %) %) %) %) 1
JOB_ID JOB_NAME MD ST USER START_DATE ELAPSE_LIM NODE_REQUIRE

73804 hello.sh  NM RUN yokokawa ©7/15 17:12:26 ©0000:00:10 1

22
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implicit
include

integer ::

call MPI
call MPI
call MPI

write (*,

call MPI _

23

IRIEEEIL—F >+ ZEIEH

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

'mpif.h" ‘mpif.h’, “mpi.h”
PETOT, my _rank, ierr IREEHT I4ILME

INTT (ierr) Fortran90T(Xuse mpir]

~COMM SIZE (MPI_COMM WORLD, PETOT, ierr )

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

"(a,2i8)") "Hello World Fortran®, my rank, PETOT %ﬁﬁﬁ{t

FINALIZE (ierr)

MPI Comm size

stop JTOtERHEE
end
mpirun -np XX <prog>
#include "mpi.h"
#include <stdio.h> MPI Comm rank
int main(int argc, char **argv) fnt’x'tﬁyla
{ int n, myid, numprocs, i; BRD70tERES (0N ELR)
MPI Init (&argc, &argv); MPI Finalize
MPI Comm size (MPI_COMM WORLD, &numprocs) ; |\ﬂ3|7°|j L RRT

MPI Comm rank (MPI_COMM WORLD, &myid) ;

printf ("Hello World %d¥n', myid);
MPI Finalize();
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Fortran/CMEL Y

« EARMIZAZT—RITIFEAERIL

— CiFE, TMPI_Comm_size IO KHIZTMPILIE KX F, TMPI_1®D
HEDTADXFITKRIXEF, LULT/IMNF

 FortranlIT5—a—F (ierr) DRYIEZSIHD&RIZIEET
LWENDHD.
» CIXEBRDEFHRGTENDHS.
— MPI_Comm, MPI_Datatype, MPI_Op etc.
o FAIZFESIMPI Init1fZIF(EES
—call MPI_INIT (rerr)
— MPI1_Init (int *argc, char ***argv)

24
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{A[ZAS>TWNNADH ?

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,2i5)"') 'Hello World Fortran', my rank, PETOT

call MPI_FINALIZE (ierr)

stop

end

S e mpiexec [Z&Y4DDTOERAMNIIE EMDS
:iaax :i :2;:::;;00:10:00“ é;:li;%l %’@i’%‘%li”proc=4”) :

:;JJE :;. “rscgrp=school™ %iﬁ#l—% _ ﬁ[‘;jol:lﬁ‘%j;h\ﬂ’_)iﬁ;h,é

e o e et — F—AD{E(my _rank) EFEEHT.

e 267741% . 4DDTOLRIFFELIEEP-TNEA, T—4

ELTEELE-TOEXID(my rank) (X E45.

« HBHRLLTEITOLRRIFELST=HAHZDO-TLY
HZEITHB.

e FE[IZSPMD
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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,2i18)") "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); o
MPI Finalize();

PETOT

MPIIZBEEL R R TE/INTA—E2 B &
VO WIHA{EZ R
ZHAIITMPI_ITIREH-TULS.
CCTEDHLNTWNSZESIE, MPIY
TIL—FoDEI8ELTHERATHLU
SMEBHITEZZE R L TIELMFELY.
21— —IIMPI_TIRFELEHZE
HMBICERELLTLDOH S

26
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MPI Init

« MPIZEENIT 5. thOMPIERRKIYRIICI—ILT D2LENH D (H)
o EERITXDRINELZEZEDS

e MPI Init (argc, argv)

#include "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();
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MPI Finalize

A\

« MPIZ# T35 tDETOMPIEE#KIYRIZO—ILTEIVLENH S (WE).

¢ EERTNDRICELSLZE#OD
¢« INTTENDAERELRILITES.
— BHo[ET DI OTULNVELY- - -

e MPI Finalize ()

#include "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();
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MPI Comm_size

+ 3325 —8— TcommITHRESNI N—TIZEFNETOLRHD EEHA
[sizellTHES. WATIZENA, FIATHIENSLN

* MPI Comm size (comm, size)

— comm MPI_Comm | OS2 —3%HEEIT D
— size B 0 comm. THEINE=TIIL—TRHIZEENDSITOELAHDEET

#include "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();
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A=/ —3&X ?

MPI Comm Size (MPI COMM WORLD, PETOT)

BIEZERT 2=ODTALADT IL—T%ETRT.
MPIZEWT, BEZERMEI AEMELTRLIIEET HDE

Nénd.

30

mpiexecCEEILF-27 0t XL, TIA+ILLT
[MPI_COMM_WORLD&WSAZS 2=y —3TRINDT

IW—TIZBT 5.
OS2 =y —42%FEAL, Bh-o1=7

T AHMEFE|YH

THIEIZE>T, ERANEBEERT 5L TTAE

—BZIEHAERYIIL—T, aIRIEBYIIL—T

ZDEXTIEIMPI_ COMM WORLD D& TOK.
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HHT

:|\:L—l7- 5‘@1‘9&@

AEAMNMERDIAZ2 =7 —52T IIL—TIZBLTHLR L

MPI_COMM_WORLD

COMM_MANTLE

A

\

COMM_VIS

COMM_CRUST

S

1
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33

NREFT D7) r—3>

. HAE -

BiRZ VU IRED

— M= 0D =R LERK

— HhEER

BOEN = 2UIVEEDORFEMELTEAS

« DTN —avIIXLT, ERSal—iarni=H
NDIL—LT—0%EF, E&E

e 1329 =1PE: )7 ILEtE % E ?

Deformation of surface
will be given as
boundary conditions
at bottom of tanks.
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2003 +HhE

KBt R RE (K

/H39/775\X

w2 %R

/&)o)f’&)'
LK
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HhiE - A OIRENER S S AL— a3y

. : . Sedimentary Layel's
(Engiheering) Basement (ERE):

(L& &£88) : Vs~ 400~700 mlsec Vs 1,000~2,000 m/:;ec.
+ &RE (BITELY) |

Bedrock (MhEEfiZ):
Earthquake Vs~ 3,000 m/sec.
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ihig A 09FTIL

- HAEE )L (H#f) Fortran
— WFIFEM, =TS EIEEHT
- HIETMT—58EE, EBE
- REFRIT—D2mDILHEK
— 240m X 240m X 100m

« AVUETIL (RIB) C
— VT ILFEM(EP), =R fE4T
« BIBAAT—IEREE, ANATAViE
s DI )EBERFRTUUNILT GEFETE)
—BH&:42.7m, 5&:24.9m, [EX:20mm, &
m:12.45m, AAv 24 [EHA:7.6sec.
— BEARB0NE|, SAM:0.6mig
— 60mfEIfE T4 X 4(ZBEE
[ A_ -

=& FE£8:2,918,169

Fxa
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MPI Programming

meshGLOBAL%MPI_COMM

tank tank
basement basement #6 #7
H#H2 #3
N\
I l - tank tank
#3 #H4
/
basememt basement
#0 = #1 tank N tank
#0 #1

meshBASE%MPI_COMM meshTANK%MPI_COMM

meshGLOBAL%my_rank= 0~3 meshGLOBAL%my_rank= 4~12
meshBASE%my rank = 0~3 meshTANK%my rank =0~ 8
meshTANK%my rank = -1 meshBASE%my _rank = -1
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MPI Comm rank
e OAZa=H—A—TcommITREIN=YV IL—TRARIZE TS50t IDArank]IZ
LED. BWATIEEN, FIATIENSL,
— 7aRRIDOZEFETrank (T29) IEESRZELZLN.

e MPI Comm rank (comm, rank)

— comm MPI_Comm | OS2 =4H5—R3%FIBTFETH
— rank B 0 comm. CHEESNE=T IIL—TIZH+5T7Aa+XID

0MbIaFESH (R KIFPETOT-1)

#include "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();
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MPI Abort

« MPIZJOERRZEEKRTIS.

e MPI Abort (comm, errcode)

— comm MPI_Comm | O =4 —3%FBTET S
— errcode ¥ o) I5—3a—K

MPI Programmifi§
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MPI Wtime

- FREHAROEH - FEIIVFEVS RV EVWREOESE)

e time= MPI Wtime ()
— time RS o) 1BE D &HSEEH oD @R (F 20

aouble Stime, Etime;
Stime= MPI Wtime ();
@)

Etime= MPI Wtime ()

MPI Programmid
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MPI_Wtime D45

$> mpifccpx -0l time.c
$> mpifrtpx -0l time.f

$> pjsub go4d.sh

$> cat test.lst
2 3.399327E-06
1 3.499910E-06
0 3.499910E-06
3 3.399327E-06

JOERES T &R
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MPI Wtick

« MPI_Wtime TORFRIETHRAIFEEEZIERT 5.
e IN—KYHITT, aAUIINMMTIZEHOTELS

e time= MPI Wtick ()
— time RS 0 RFfEl ETRIFE R (B 7D)

implicit REAL*8 (A-H,0-2) double Time;
include "mpif.h"

Time = MPI _Weick(Q;

TM= MPI _WTICK O prlntf( "%5d%16 . 6E¥n"",

write (*,*) TM

MyRank, Time);

42
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MPI_Wtick @5l

$> cd <$P-S1>

$> mpifccpx -01 wtick.c
$> mpifrtpx -01 wtick.f

$> pjsub gol.sh

S> cat test.lst
0 1.000000E-07
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MPI Barrier

e OZa=H—E— Tcomm]THEREIN=T IL—TIZE8FEFNSTOADEEEL
A OS2 —Zcomm ADETHTALANZDH T IL—F @S LE
Y, ROATYFIZITHEFLL.

e FLLTTFN\YHAIZES. A—/N—AYRNKEZLD T, ERFEIZIEEHLEL
FHEEE

e MPI Barrier (comm)
— comm MPI_Comm | OS2 —3%HETEIT D



B2

« MPI&(E

« MPI®)ZEHE : Hello World

s 2RT—AREBFTT—H
« 45 )L—73&1E (Collective Communication)
e 1%t1:81E (Peer-to-Peer Communication)
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F—ABEETILTIYX L

e« OVEA—ALETHEZTSITATSLIET—REEETIL
JYUXLOSIERINS.

& TIEREICEELGERICHY, HHT7ILT) X LEET

5

F

I REOICIEK, TNITELI=T

-—RAEENVETHS.

- BHRZEESALNT—HEE=7ITVALIEES>TLRLY

— H5A5AT 5 TIEAL &

EaR T AANBNDD, BFERiTET IR

THRY, PEORBRTIEIT—RBE=7ITVXLIEEZD.

\

'§|J HEXWBROBIZH=HT, &

ARG 7 IO X L[ZEL

T—IEETTEDHIDLENHS.
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SPMD:Single Program Multiple Data

« —ETCIMINEGRIEE>TERALGELDOLHY, ERILET
L) XLEHRA.

« HXBLTEASHZEIE, SPMD(Single Program Multiple
Data)

o IFAHRCEAKRCPUDEZLRLKDICTESLENEE
— BENMNELGEDELTOITHEWNELZERIEIZT I2ULELHY.
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SPMDIZHELE=T—2EELIE 2

PE #0

PE #1

PE #2

PE #3

Program

Program l

Program l

Program

Data #0 Data #1 Data #2

Data #3
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SPMDIZi#EL = T—4218 & (1/2)

« RKIRELGT—HEEZAEILT, £70kyY, J0EX
T ETZNASPMDOEAME X /5

e BIZIX, RENG(=20)DARITRILVGIZHLT, FEFRE2

BIDETREZZZATHED.
integer, parameter :: NG= 20
real (kind=8) , dimension(20) :: VG
do i= 1, NG
VG(i)= 2.0 * VG(1)
enddo
« INFADDTAEYYTHELTEETSESICIE, &

70ty h20/4=5 § DT —RTHL, TNETNHNNE

ER O FEdAY
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SPMDIZ#ELT=T—424&& (2/2)
« L, CAEEL:

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

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

o ZDIINTFTNIET—FEEED 17045 5L (Single Program)
THHFHEZERTESD.
— =1L, £70EXIZEWNT, TVLIOF FAHYES : Multiple Data
— AJRERRYETEZIVLIOATERT HI LD, HHMERED S LVET
BEADEN5.
- O3 LDOKIK BARCPUDIZEEIFEAEEHLAL.
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ERT—IERRT—4

* VG
- fEEEA

—1BENB20BFTHOI2AEF S 1Z2EF DI 2KT—42 (Global Data) |

« VL
- 2770+ X (PE, 7OtwvY, 4815)

—1BENSSBFETCHOIEMBES 12 DI BT —%4 (Local Data) |

— TSAEITRART—2Z8/3h<H)

19 HLET, mLy

NS,

S M EREAN S
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R T—3DFA7:C

[ - — V1[0
é1$7_ QJVGOD Vg[ 0] VlEl}
e o e W
. . vVg[ 3] V1[4]
* 1~5%F 5 HPE#O val 4] o1t
. o Vg[ 6]
. 6~10& F 5 HSPE#1 I R e e R £
g
+ 11~ 15BHHAPE#2 VoL vila)
. o Vg[10] 0
e 16~20F 5 H'\PE#3 vg[11] viii]
Vg[l2] — V1[2]
Vg[13] PE#Z V1[3]
zgﬁg} V1[4]
. e g
DENEN, [BFFT—%] el AT
VLD1E~5&/sErs vl & = VB
— o - V1[3]
(J%Fﬁ%%b\1%~5%t7‘d~ V1[4]

).
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R T—RERFRT—5

¢« VG
— MEEER
— 1ENL20BFTHDI £AFEF12HF DI 24K T—4(Global Data) |
¢ VL
- &£J70twvY
— 1ENLSEETCOIBAEE 1ZH DI BArT—% (Local Data) |
° ;O)nﬁaﬁzf%lul_i%’ib—c{ibta\:t
- VG (2R T =) MBVLIBRT—)ZEDLIITERT HH.
— VG BVL, VLOBVGAT—ENHBEEDLIIZITIEL T T HH.
— VLA T AR ZEITHII L TEFETELRUMGRIEEST 5H .

— CE=A5RYI BT 1Z2z5O-0EZE T 5> 0514 EE
s ZRI=HDIT—AEE], [TV X LITEZD.
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« MPI&(E

« MPI®)ZEHE : Hello World

¢ 4 )L—7&1E (Collective Communication)
e 1%t1:81E (Peer-to-Peer Communication)
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JIL—TEIELIF

* DX —ATHEREINDV IIL—TERKICEADLLEE.

«
— HlET—2DEE
- KB, &/MEDHIE
— BFMOFE
- RIMLORNBEDEE
— FITHDERE
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P#0
P#1
P#2
P#3

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

FIL—T@IEDHI(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

AO

BO

CO

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

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

JI—TEIEDHI(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
P#1
P#2
P#3

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

JIW—TEIEDH(3/4)

AO

BO

CO

DO

A1

B1

C1

D1

Reduce

A2

B2

C2

D2

A3

B3

C3

D3

A0

BO

CO

DO

A1

B1

C1

D1

All reduce

A2

B2

C2

D2

A3

B3

C3

D3

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

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

58

op.A0-A3

op.B0-B3

op.CO0-C3

op.D0-D3

op.A0-A3

op.B0O-B3

op.CO0-C3

op.D0-D3

op.A0-A3

op.B0O-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.CO0-C3

op.D0-D3
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g IIV—T@IEDHI(4/4)

P#0 |A0|BO|CO|DO P#0 | op.A0-A3
P#1 | A1|B1|ct|D1| ReduCESCAtter T by | BO-B3
P#2 | A2 |B2|C2|D2 P#2 |0p.CO-C3
P#3 |A3|B3|C3|D3 P#3 |op.D0O-D3




JIV—TRIEICLHETREH

« RUMNILDAFE
o Scatter/Gather

. SETTAILDEHAH
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R T—RERFRT—5

o KIFEL LA T—4 (global data) Z /AT T—4 (local
data) [ZHE|L T, SPMDIZ&5iF5tEEZEET HES
DT —REEIZDINTEZS.
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PR 57

 1GBREEDPC — 1064y aHER :FEM
— 1000km X 1000km X 100km®D f81% (A B AKR) Z1kmA vy, AT
t5E&108 Ay, 22755

» RERT—% — BE7E, BT —21 50 E
» 2RREE - BEEORENBE

R
T_ 9

PCOAEJIZAYZLAELY

111
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BT —32{E1&
e WRETAHE (DT ITYXL)IZEBL-BRrTr—42%E &
EEDHDBIENEE
— ZIaOAYX L=T—53EE
c COEEDE-HEHD—DEEHTELLN.

MPI Programming
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ERT—IERRT—4

« FTEEDKIIERI20DARYILIL, VECpEVECSHDRFEETE

=4oO07O0twvy, 7

VECp

N N N N N N

N R

o O WMNhR
P e P = e

VECs

NN NNDN

(1)
( 2)
( 3)
(18)
(19)
(20)

1
1
2

Fortran

1t XA TCh

WWww WwWww

WWww wWww

2
2
2
2
2
2

2T A ETERS.
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<$P-S1>/dot.f, dot.c

implicit REAL*8 (A-H,0-2) #include <stdio.h>
real (kind=8) ,dimension(20) :: & int main () {
VECp, VECs int i;
double VECp[20], VECs[20]

do i= 1, 20 double sum;

VECp(i)= 2.0d0

VECs (i)= 3.0d0 for (i=0,i<20;i++) {
enddo VECp[i]= 2.0;

VECs[i]= 3.0;

sum= 0.d0 }
do ii= 1, 20

sum= sum + VECp(ii) *VECs (i1i) sum = 0.0;
enddo for (i=0;i<20;i++) {

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

stop }
end return 0;
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<$P-S1>/dot.f, dot.cDEFT (E(LAT])

>$ cd <$T-S1>

>$ cc -03 dot.c
>$ £95 -03 dot.f

>$ ./a.out

1 2.00 3.00
2 2.00 3.00
3 2.00 3.00
18 2.00 3.00
19 2.00 3.00
20 2.00 3.00

dot product 120.00



MPI Programming 67

P#0 | A0 |BO|CO|DO P#0 | op.A0-A3|0op.B0-B3 |op.C0-C3|op.DO-D3
MPI_Reduce | I g
— P#2 | A2|B2|C2|D2 P#2
P#3 |A3|B3|C3|D3 P#3

e« OZSa=4H—A— TcommlAD, FETAEANDZEIE/ YT 7 sendbuf]IZDLT,
EEoplZEEL, FDHRREZ1DODOZETOEArootI1DZIE/NYT7
lrecbuf ] [CH&#R89 5.

— #8F0, B, =K, &/t

e MPI Reduce (sendbuf, recvbuf,count,datatype,op,root,comm)

— sendbuf EFE | EE/NVITF7DRIETRLX,
— recvbuf EE 0 ZIE/NNYITFDEBETFLX,
A4 F I datatype |IZKYRTE
— count B | Iyt—oDH A X
— datatype MPI_Datatype | Iy —DT—REA4T
Fortran MPI_INTEGER, MPI_REAL, MPI_DOUBLE PRECISION, MPI_CHARACTER etc.
C MP1 _INT, MPI_FLOAT, MP1_DOUBLE, MPI_CHAR etc
— op MPlop | HEDIESE

MP1_MAX, MP1_MIN, MPI_SUM, MPI_PROD, MPI_LAND, MP1_BAND etc
A—H—ICkDHEZELAIEE: MP1_OP_CREATE

— root B I ZIETXTTOEADID(TUY)

— comm MPI_Comm | O =4 —3%HETETH
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KB /NI 7 ERENVT7

o MPITIZIEE/NYT7L, TRE/NNVTF7IELSZEHALIE
LIXZE9 5.

o EE/NVIFEZIENVITFIINLT LEELST-2FDED
SITHAIDEITLZEWND, T FRLANERLGESTULVEITN
EYAEYA AY
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MPI_Reduce®(1/2) C

MPI Reduce
(sendbuf, recvbuf,count,datatype, op, root, comm)

double X0, X1;

MPI_Reduce
(&X0, &X1, 1, MPI_DOUBLE, MPI MAX, 0, <comm>) ;

double X0[4], XMAX[4];

MPI_Reduce
(X0, XMAX, 4, MPI DOUBLE, MPI MAX, 0, <comm>) ;

LITOERIZETH, XO[[|OFRKEHIOFTOEXDXMAX[]IZAS (i=0~3)
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MPI_Reduce®l(2/2) C

MPI Reduce
(sendbuf, recvbuf,count,datatype, op, root, comm)

double X0, XSUM;
MPI_Reduce
(&X0, &XSUM, 1, MPI_DOUBLE, MPI_SUM, 0, <comm>)

Z7OvRIZEITS, XODHBIMNOFBPEDXSUMIZAS.

double X0[4];

MPI Reduce
(&X0[0], &X0[2], 2, MPI_DOUBLE PRECISION, MPI_SUM, 0, <comm>)

£70€RIZET3,
. X0[0]D#AFNA0E T OERDXO[2]IZAS.
. XO[1]D#FHA0E T OERDX0[3]IZAS.
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P#0 | A0 |B0|CO|DO P#0 | A0 B0 |CO|DO

I\/I P I B C aSt P#1 Broadcast P#1 | A0 |BO|CO|DO
_ P#2 P#2 | A0 |BO|CO|DO

P#3 P#3 | A0 |B0|co|Do

e« OZa=4H—A— TcommIRD—DONEETTALAroot]1D/\v I 7 buffer]
NS, FOheTHTatRD/\yIrlbuffer]IZAVtE—U%FE(E.

e MPI Bcast (buffer,count,datatype,root,comm)
— buffer FE 1/0 INVITTDFRETRUR,
A4 7L datatype ]IZ&YRE

— count B I Iyt—oNH AR

— datatype MPI Datatype | I—DT—R3(T
Fortran MPI_INTEGER, MPI1_REAL, MPI_DOUBLE PRECISION, MPI_CHARACTER etc.
C MP1_INT, MPI_FLOAT, MP1_DOUBLE, MPI_CHAR etc.

— root B I EETTOERDID(SY)

— comm MPI_Comm | O =4 —3%ETET D
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P#0 | AO|BO|CO|DO P#0 | op.A0-A3|0p.B0-B3|0p.CO-C3|op.D0O-D3

I\/I P I AI I red u C e P#1 |A1|B1|C1|D1 All reduce P#1 | op.A0-A3 | op.BO-B3 |op.CO-C3|0p.DO-D3
—_— P#2 | A2|B2|C2|D2 P#2 | 0p.A0-A3 | 0p.BO-B3 | 0op.CO-C3|0p.D0-D3

P#3 | A3|B3|C3|D3 P#3 | op.A0-A3| 0p.B0-B3 |0p.CO-C3|0p.D0-D3

« MPI_Reduce + MPI|_Bcast
B, FKEZSTEL-S, £70XATHRALEWMGEENZLY

e call MPI Allreduce
(sendbuf, recvbuf,count,datatype,op, comm)

— sendbuf FE= | EE/NYTFDRETRLUR,

— recvbuf EE 0] ZIE/NVIT7DEBETRLUX,
A4 T datatype |IZKYRE

— count B | Iyt—SDHAX

— datatype MPI_Datatype | AvtE—SDT—REA4T

— op MPLOp | HEOESE

— comm MPI_Comm | O =4 —3%FBTET S
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MPI_Reduce/Allreduce® “ophk

MPI Reduce
(sendbuf, recvbuf,count,datatype, op, root,comm)

- MPI_MAX, MPI_MIN =AE, &/ME
- MPI_SUM, MPI_PROD . 18

e MPI LAND FmEEAND
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BRTF—4NEZH (1/2)

« REX20DARIMILE, 4D(20ET 5

e ZETALATRERISOAYIRIL(1~5)

VECp[ 0]= 2
[ 1]= 2
[ 2]= 2
[17]= 2
[18]= 2
[19]= 2

VECs[ 0]= 3
[ 1]1= 3
[ 2]= 3
[17]= 3
[18]= 3
[19]= 3
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BRrT—2D&EZH (2/2)

¢« HEDRIRILD1~5FEMHHOEPE, 6~10F DI 1FBPE, 11~15
ZEM2ZEPE, 16~20BMN3BPEDFNETN1E~S5FEM D L55 (BF

BEMB~5HLTD).

VECp[ O]~VECp[ 4]
VECs[ 0]~VECs|[ 4]

VECp[ 5]~VECp[ 9]
VECs[ 5]~VECs[ 9]

VECp[10]~VECp[14]
VECs[10]~VECs[14]

VECp[15]~VECPp[19]
VECs[15]~VECs[19]

_____~ PE#0

— > PE#1

PE#3

o nu o uwnu
NNMNNMNMNDDN NNMNNMNNDDN

NNMNMNMDNDDN

NNMNMNMDNDDN
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EIEE R

« 2RZTRNEILT, 1(0)HM5
BEaSsYET =T &
LVOSDIZULVDZEHEEETH
5.

'-615 ZD/U;;hj—" H——C'j:/ﬁ_:
LN, FBFELEUDMIZDLNT
(i?ﬁ——' %n)l-d_é.

Vg[ O]
Vg[ 1]
vg[ 2]
vg[ 3]
Vgl 4]
vg[ 5]
Vg[ 6]
Vg[ 7]
Vg[ 8]
vgl[ 9]

Vg[10]
Vg[1l1]
Vg[1l2]
Vg[13]
Vg[l4]
Vg[15]
Vg[l6]
Vg[l7]
Vg[18]
Vg[1l9]

— PE#1

T PE#2

PE#3

V1[0]
V1[1]
V1[2]
V1[3]
V1[4]

V1[0]
V1[1]
V1[2]
V1[3]
V1[4]

V1[0]
V1[1]
V1[2]
V1[3]
V1[4]

V1[0]
V1[1]
v1[2]
V1[3]
V1[4]
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NEE D A B S EH (1/3)

<SP-Sl1>/allreduce.c

#i1nclude <stdio.h>
#include <stdlib.h>
#include "mpi.h"

int main(int argc, char **argv){
int 1,N;
int PeTot, MyRank;
double VECp[5], VECs[5];
double sumA, sumR, sumO;

MPI_Init(&argc, &argv);
MP1_Comm S|ze(MPI COMM_WORLD, &PeTot);
MP1_Comm_rank(MPI_COMM_WORLD, &MyRank)

sumA= 0.0;

sumR= 0.0;

N=5; . °
e ENJMLEETOERT

VECp[i] = 2.0;

} VECs[i] = 3.0, MILICHERT S

sumO0 = 0.0;
for(i=0;i<N;i++){
; sumO += VECp[i] * VECs[i];




MPI Programming

RFED A 55T EH (2/3)

<SP-Sl1>/allreduce.c

MPI_ Reduce (&sum0, &sumR, 1, MPI_DOUBLE, MPI_ SUM, 0, MPI_COMM WORLD) ;
MPI_Allreduce (&sum0, &sumA, 1, MPI DOUBLE, MPI_SUM, MPI_COMM WORLD) ;
printf ("before BCAST %5d %15.0F %15.0F¥n", MyRank, sumA, sumR);

MPI Bcast(&sumR, 1, MPI DOUBLE, 0, MPI COMM WORLD) ;
printf ("after BCAST %5d %15.0F %15.0F¥n", MyRank, sumA, sumR);

MPI_Finalize(Q);

return O;
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NEE D 3 B EHEHI (3/3)

<SP-Sl1>/allreduce.c

MPI_Reduce(&sumO, &sumR, 1, MPI_DOUBLE, MPI_SUM, 0, MPI_COMM_WORLD);
MPI_Allreduce(&sumO, &sumA, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD);
NIEEDETE

H70RATEELEHRIsumO 1D ELES

sumR [Z[&, PERAODIGZSIZOHAETEIFREMNAS.

sumA [Z1&, MPI_AllreducelZ&>TE27OXIZFHERERMAAS.

MPI Bcast(&sumR, 1, MPI_DOUBLE, 0, MPI_COMM WORLD) ;

MPI_BCASTIZ &> T, PE#OLISYDIZEIZH sumR (2
STEERNDAD.
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<$P-Sl1>/allreduce.f/c DETH

$> mpifccpx -Kfast allreduce.c
$> mpifrtpx —-Kfast allreduce.f

$> pjsub go4.sh

(my_rank, sumALLREDUCE, sumREDUCE)
1.
1.

before BCAST
aftter BCAST

before BCAST
aftter BCAST

before BCAST
after BCAST

before BCAST
after BCAST

O
0

B

NN W w

1.
1.200000E+02

=

ol

200000E+02
200000E+02

200000E+02

-200000E+02
-200000E+02

-200000E+02
-200000E+02

PO RO PRBP

— O

— HAZEDI7AINBZEHICERLTEHLL

-200000E+02
-200000E+02

-O00000E+00
-200000E+02

-000000E+00
-200000E+02

-000000E+00
-200000E+02
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JIV—TRIEICLHETREH

« RUNILDANFE
o Scatter/Gather

. SETTAILDEHAH
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EET—RERFT—5(1/3)

o HAEMANINILVECGD B AIZE#HozxMZHELD, LU
TOLOLHELGFEZ, 51T 5EFEATHLD:

do 1= 1, NG for (i=0; i<NG; i++{
VECg (i)= VECg (i) + ALPHA VECg[i]= VECg[i] + ALPHA
enddo J
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2T —RERFT—5(2/3)

- BHED=HIZ,
— NG=32
— ALPHA=1000.0
_ MPIF O+ R $=4

e RYKMIWVECgELTUTDEILI2ED A ZHDONUE
IWEIRTET 5 (<$P-S1>/a1x.all) :

(101.0, 103.0, 105.0, 106.0, 109.0, 111.0, 121.0, 151.0,
201.0, 203.0, 205.0, 206.0, 209.0, 211.0, 221.0, 251.0,
301.0, 303.0, 305.0, 306.0, 309.0, 311.0, 321.0, 351.0,
401.0, 403.0, 405.0, 406.0, 409.0, 411.0, 421.0, 451.0)
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2T —RERFT—5(3/3)

i 51 58 0D 75 4t

D ETI32ORIMIVWECgZHH7O0ERX (HIAIF0E) THEAHIAL.

- 2T 45

Q 420 TOEAANHEHIZ(EI8T D)EVYIRS.
- BT —43, BES

@ HITOERATAIMIL(ESS) DEMSICALPHAZIZ 5.

@ BIOLADFERZBURIZ2ORNIMNUIZEEDS.

HFBAHAZDEE

RTHNE1TOEY Y THETELIDTHS

EXOFY

B e s
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85

Scatter/Gather®Et+E (1/8)

RIZ2DARIMIILVECoZEH BT
e JORROBMSIERT—3,

At X (| Z 1X0F) Tqr

WAL
iﬁ?[l)b EtJ

include ‘mpif. h’
integer, parameter :: NG= 32
real (kind=8), dimension(NG):: VECg

call MPI_INIT (ierr)
call MPI_COMM_SIZE (<comm>, PETOT
call MPI_COMM_RANK (<comm>, my_rank,

o ierr)
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

#include <mpi.h>
#include <stdio. h>
#tinclude <math. h>
#include <assert.h>

int main(int argc, char *xargv) {
int i, NG=32;
int PeTot, MyRank, MPI_Comm;
double VECg[32];
char filename[80];
FILE *fp;

MPI Init (&argc, &argv);
MPI_Comm_size (<comm>, &PeTot);
MPI_Comm_rank (<comm>, &MyRank) ;

fp = fopen("alx.all”, “r”);

i (IMyRank) for (i=0; i<NG;i++) {
fscanf (fp, “%If”, &VECg[il);

J
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Scatter/GatherDE+E (2/8)
ADDTACAANHEIZ(EE8T D) EIUIRS.

« MPI_Scatter @ F|FF

86
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MPI| Scatter

e« O3a=4H—A— TcommIAND—DODNEETTAAroot | DEE/\VT7
[sendbuf |MB&TAEXRIZEEMSscount ] T ODOH A XD AYvtE—I%%E(E
L, #FDthEThOTatADZ{E/\vI7lrecvbufllZ, 4 Xrcount]d Ay

-

e MPI Scatter (sendbuf,
recvtype, root, comm)
— sendbuf TE |
— scount B |
— sendtype WMPI_Datatype |
— recvbuf TE 0
— rcount  E¥ |
— recvtype MPI_Datatype |
— root B |
— comm MPI_comm |

P#0 | AO|BO|CO|DO
P#1
P#2
P#3

scount, sendtype, recvbuf, rcount,

EIE/NYTFDERETRLR,
EEAYE—DDH AKX
EEAYE—DDT—R3584T
ZENYIFDHEETRLX,
ZIEAVE— DY AKX
ZEAYVE—2DT =254
FETOERDID(S2Y)
OS2 = —R%EET S

Scatter

Gather

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

AO

BO

Co

DO
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MPI1_Scatter g COECICIET/pueSSe

P#1
(k) "

e MPI Scatter (sendbuf, scount, sendtype, recvbuf,
recvtype, root, comm)

— sendbuf TE | EE/NYIT7FDRETRFLR,
— scount E¥{ | EEAYE—DDH AKX
— sendtype MPI_Datatype | EEAYE—DDT—254T
— recvbuf {EE 0 ZIE/NVIT7DEETRLUXR,
— rcount  EI{ | ZEAYE—DHAX
— recvtype MPI_Datatype | ZEAYVE—VDT—E234(4T
— root B | EETOAERDID(SY)
— comm MPI_comm | OS2 —3%HETEIT D

« BEEIX
— scount = rcount

— sendtype= recvtype

o ZOBREHIZE-T, 7AtRrootE Nsendbuf GEE/\YIT7) DFIIEBTRKLAMNS
scountf@ I DDA A, commTREINDIAZI2 = —4%2EHHOKT0O0¢

E&h, recvbuf (Z{E/\YT77) Drcountf@ DD ELTRIESN .

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

rcount,

AO

BO

Co

DO

88
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Scatter/GatherDE= (3/8)
ADDTARAANNEIZ(EE8T D) EIUIRS.

e ZT7OFRRIZEWTRIBDZE/NYIFZIVECI(=BMT—2)4%EEH
LTHKL.

o JOFROBEMNLEIESINSIEE/ NV IFZIVECIDSET DD RLSHY,
4DNEZ7ARIZEWTZIE/\VI7IVECID1EFEB M H8FEB DR
ELTRENSD

« N=8 ELTHIHULTED LIS

integer, parameter :: N = 8 int N=8;

real (kind=8), dimension(N ) :: VEC double VEC [8];

call MPI_Scatter & MPI Scatter (&VECg, N, MPI_DOUBLE, &VEC, N,
(VECg, N, MPI_DOUBLE_PRECISION, & MPI_DOUBLE, 0, <comm>) ;
VEC , N, MPI_DOUBLE_PRECISION, &
0, <comm>, ierr)

MPI_ SCATTER
(sendbuf, scount, sendtype, recvbuf, rcount,
recvtype, root, comm )
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Scatter/GatherDEt+E (4/8)
ADDTACAANHEIZ(EE8T D) EIUIRS.

e root7OtR(0FB)MNSETOALRASET DD RS Hiscattersn 3.

« VECgD1EFEBMIBEEFEB DA MNOBTOLRIZEIFTAHAVECD1ER H
58&FEH, OFBEMNS16EB DN MBI OLRIZEITHVECD1EH
ME8EFEB ELVSE RTINS,

— VECqg: &4 7T—4, VEC:BfiT7—%

8 8 8 8

vEC BFHT—%
recvbuf PE#0 PE#1 PE#2 PE#3 [ .
8 : 8 8 .

sendbuf root global data
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Scatter/GatherDE+E (5/8)
ADDTACAANHEIZ(EE8T D) EIUIRS.

« ®{KkT—%(global data) L TIXIVECgD1EMNS2BEFTHDERES
ZEOTWVERERSD, FNFNOTAEXRIZEITEBERT—4 (local
data) LTI, VECO1EN 8B E TCORMBEZHF>I=HELT
iS5, VECOB DA ETOERTEIZESTHLTHSE:

do i=1, N
write (x,’ (a, 2i8,f10.0)") "before’, my_rank, i, VEC(i)
enddo

for (i=0;i<N;i++) {
printf ("before %5d %5d %10. OF¥n”, MyRank, i+1, VEC[i]):}
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Scatter/GatherDE+E (5/8)
ADDTACAANHEIZ(EE8T D) EIUIRS.

« ®{KkT—%(global data) L TIXIVECgD1EMNS2BEFTHDERES
ZEOTWVERERSD, FNFNOTAEXRIZEITEBERT—4 (local
data) LTI, VECO1EN 8B E TCORMBEZHF>I=HELT
iS5, VECOB DA ETOERTEIZESTHLTHSE:

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

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 4009.
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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&

« ZRTOLRRTOIHEIE ULTDOKIIZHS:

O

>

Scatter/GatherEt+E (6/8)

A ATRIMNL(RE8) DETIZALPHAZINA 5

93

real (kind=8), parameter
do i=1, N
VEC(i)= VEC(i) + ALPHA

enddo

> - ALPHA= 1000.

double ALPHA=1000. ;
for (i=0: i<N; i++) |

VEC[i]= VEC[i] + ALPHA:}

« FTEBRIILUTOLIICES:

PE#0

after
after
after
after
after
after
after
after

SO O OOOOOO0O
O~ OCIT AW —

1101.
1103.
1105.
1106.
1109.
1111,
1121.
1151,

PE#1

after
after
after
after
after
after
after
after

— ) — —— —— ) ) —)

coO~JdOO T Ph~wWwih —

1201.
1203.
1205.
1206.
1209.
1211.
1221.
1251.

PE#2

after
after
after
after
after
after
after
after

NN PNOPNPNNNDN
coO~JdOoOO T PhwWwihN —

1301.
1303.
1305.
1306.
1309.
1311.
1321.
1351.

PE#3

after
after
after
after
after
after
after
after

LWWWWwWwWwwwow
oO~JdO T Ph~wWwh —

1401.
1403.
1405.
1406.
1409.
1411,
1421.
1451.




MPI Programm

ing

Scatter/Gather®Et+E (7/8)

B TOLRDIEREF

BUORIB2ORIMILIZEED S

o THIZIE, MPI_Scatter &TE# D MPI_Gather &ULVHBE %K

Ay,

{2 SNTLD.

94
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P#0 |AOIBO|CO|DO P#0 | AO
MPI| Gather ERE
P#2 P#2 | CO
— Gather
P#3 P#3 (DO

» MPI_Scatter® i

e MPI Gather (sendbuf, scount, sendtype, recvbuf, rcount,
recvtype, root, comm )

— sendbuf FE | EE/NVITTFDHRETRLR,
— scount  E¥ | EEAYE—DDH AKX

— sendtype MPI_Datatype | EEAYE—DDT—E2347
— recvbuf FE 0] ZIE/NVIT7DEETRLUX,
— rcount  E¥ | ZEAVE—DHAX

— recvtype MPI_Datatype | ZEAVE—DT—234T
— root 2 | ZET7OEADID(T2Y)

— comm MPI_comm | O =4 —3%EETH

« ZZT, 21E/\v77 recvbuf D{E(ZrootFEDOTOLRIZEHLNS.
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Scatter/GatherDE+E (8/8)
ZI7OFRDFEREZBURII2ONIRLIZEEDH S

e ABIBEDIZBE, root=06LT, HETOEANSEESNABVECHK T ZEO
HI7OEVRIZEWWTVECQELTRIETHENDETHELUTDESICAHS:

call MPI_Gather & MPI_Gather (&VEGC, N, MPI_DOUBLE, &VECg, N,
(VEC , N, MPI_DOUBLE_PRECISION, & MPI_DOUBLE, 0, <comm>) ;
VECg, N, MPI_DOUBLE_PRECISION, &
0, <comm>, ierr)

£ TOEAMNG8ET DD 7 Hiroot T At R ~gather&t 3
8 8 8 8

VEC RfTT—%
sendbuf PE#0 PE#1 PE#2 PE#3 local data
8 8 8 8 ERT—4
VECY root 9lobal data
recvbuf
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<$P-Sl1>/scatter-gather.f/c
== 4=
Z17H1
S$> mpifccpx —-Kfast scatter-gather.c
$> mpifrtpx —-Kfast scatter-gather.f

$> pjsub god.sh « HAFXDI7AILAZEIRICEELTEHLL

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

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 1009. before 1 5 209. before 2 5 3009. before 3 5 4009.
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 3b51. before 3 8 4b1.
PE#0 PE#1 PE#2 PE#3

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|B0|co|Do P#0 | op.A0-A3
P#1 | A1|B1|C1 D1 | edueescatier = by [ B0-B3
P#2 | A2|B2|C2|D2 P#2 |0p.C0-C3
P#3 | A3|B3|C3|D3 P#3 |0p.D0-D3

« MPI_Reduce + MPI|_Scatter

* MPI Reduce Scatter (sendbuf, recvbuf, rcount, datatype,
op, comm)

— sendbuf TE | EENVITTFDHETRLUR,

— recvbuf FE 0 ZIE/NVITDEBETRLX,

— rcount  E¥ | ZEAVE— DA X (B A X =70
— datatype MPI Datatype | A= DT —REA4T

— op MPLOp | HEOESE

— comm MPI_Comm | OS2 —3%HETEIT D
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MPI _Allgather

 MPI_Gather+MPI_Bcast

P#0 | AO
P#1 |BO
P#2 |CO
P#3 | DO

All gather

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

— GatherLt=tM%, £ TOHPEIZBcastd 3 (£7ALATRILT—42%ED)

e MPI Allgather (sendbuf, scount, sendtype, recvbuf,

recvtype,
— sendbuf
— scount

— sendtype

— recvbuf

— rcount
— recvtype

— comm

comm)

= |
B |
MPI_Datatype |
= 0
B |
MPI_Datatype |
MPI_Comm |

EAE/NYTFDIHEETRLUR,
EEAVE—DH AKX
EEAYE—DDT—3347
ZIE/NVIFDEETRLXR,
ZEAVE—DHAX
ZEAVE—DT—E2547
OS2 =45 —3%ETEIT S

99

A0|BO|CO|DO

A0|BO|CO|DO

A0|BO|CO|DO

A0|BO|CO|DO

rcount,
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MPI_Alltoall

P#0 |AO|A1|A2|A3
P#1 |B0O|B1|B2|B3
P#2 |Co|C1|C2|C3
P#3 |DO|D1|D2|D3

- MPI_Allgather® B4 HH55E S5 &

All-to-All

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

e MPI Alltoall (sendbuf, scount, sendtype, recvbuf,

recvrype, comm)

— sendbuf FE= |
— scount  E# |
— sendtype MPI_Datatype |
— recvbuf EE 0
— rcount  E¥ |
— recvtype MPI_Datatype |
— comm MPI_Comm |

EAE/NYITFDIHEETRLUR,
EEAVE—DH AKX
EEAYE—DDT—334T
ZIENYIFDFRETRLR,
ZEAVE—DHAX
ZEAYE—DT 2547
OS2 = —R3%EET D

AO

BO

Co

DO

A1

B1

C1

D1

A2

B2

C2

D2

A3

B3

C3

D3

rcount,

100




JIV—TRIEICLHETREH

« RUNILDANFE
o Scatter/Gather

o« BT TAILDEEHAH
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DRI 7AINEFERALI=AAAL—3Y

 Scatter/GatherM I TlE, PE#OMNSEART —F %I AF,
FNZEE{KIZScatterL Cili 3|5t HEZ=EHELT-.

F'n'EJE'Eﬁ*Eb“?IE.%l REWVGE, 12070y TETD
—3a R AR CEIIRFIRERIGZE N HS.

- E—«‘ﬂm\b’\illb’ciab\’c, (BT —A212& 70ty Y THIL(Z5E
HIAE.

— HAIRNIMILIZH LT, EFREENDBEIZG-=EEIE, KRIZ
CTMPI_GatherzEZ{FHT S
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DEITAIL

Siif

HIAH  FET—REK(1/2)

RJ

>SS cd <SP-S1>
>S 1ls al.*
al.0 al.1 al.2 al.3 [alx.all |Z4DI(ZHEIL-HD

>S mpifccpx -Kfast file.c
>$ mpifrtpx —-Kfast file.f

>$ pjsub go4.sh
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SEIT7AILDRIE

e [al.0~al.3llEEEAor)LTalx.all & 5E]
=3, EBRDHCEMNTES.

alx.all

al.0

al.1

al.2

(2 EIL

104
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D IF7AIVHRA AR FT—2K (2/2)

<SP-Sl1>/file.c

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

int i; _ Hello &2 ATEIC
int PeTot, MyRank ; EHSEEL

MP1_Comm SolverComm;
double vec[8];

char FileName[80];
FILE *fp;

MPI1_ Init(&argc, &argv);
MP1_Comm S|ze(MPI COMM_WORLD, &PeTot);
MP1_Comm_rank(MPI_COMM_WORLD, &MyRank);

sprintf (FileName, "al.3%d", MyRank);

fp = fopen(FileName, "'r'); _
if(fp == NULL) MPI Abort(MPI COMM_WORLD, -1) FF%EE%E%%(O~7)JTF
for (i=0;i<8;i++) { AL

fscanf (fp, "S1f", &vec[i]): } L

for(1=0;1<8;1++){
printf("%5d%5d%10.0F¥n"", MyRank, 1+1, vec[i]);

}
MPI_Finalize();
return O;
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SPMD@) i &1 45

PE #0

I

PE #1

I

PE #2

PE #3

“a.out”

“a.out” l

“a.out”

“a.out”

mpiexec -np 4 a.out

|IIHIEIII
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DEIT7AIVimAH AR A ERK(1/2)
T7A1ILIAD T —2HIBEFETLHWNGSIXESITLHIMN?

>SS cd <SP-S1>
>$ 1ls a2.*
a2.0 a2.1 a2.2 a2.3
>$ cat a2.1
5 %PE( HTHRD
201.0 ROV
203.0
205_.0
206.0
209.0

>S mpifccpx -Kfast file2.c
>$ mpifrtpx —-Kfast file2.f

>$ pjsub go4.sh
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DEHITF7AILDFHEA AR AIERK (2/2)

<SP-S1>/file2.c

int main(int argc, char **argv){
int 1, Int PeTot, MyRank;
MP1_Comm SolverComm;
double *vec, *vec2, *vecg;
Int num;
double sumO, sum;
char filename[80];
FILE *fp;

MPI_Init(&argc, &argv);
MP1_Comm S|ze(MPI COMM_WORLD, &PeTot);
MP1_Comm_rank(MP1_COMM_WORLD, &MyRank)

sprintf (filename, "a2.%d", MyRank) ;
fp = fopen(filename, '"'r");
assert(fp '= NULL); e .
num N{T—2 (T8t yh) TELES
fscanf (fp, "%d", &num) ;

vec = malloc(num * sizeof (double)) ;
for (1i=0;i<num;i++) {£fscanf (fp, "S$1f", &vec[i]) ;}

for(i=0;i<num;i++){
printf(" %5d%5d%5d%10.0F¥n", MyRank, i+1, num, vec[i]);}

MPI_Finalize();
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BT —2DYERE
—8(N=NG) £ AN

— ScatterL T& 70 XI[ZHE]|
— 2RO+ ATEE

-~ BE

5t C TR T—%%Gather (Ef=[LAllgather) LTE& AT —

Rt
RATT

o
~

- ik
—2(N=NL)ZXE R, HAW I (Do LOHREIERL

LTOAA

— {FTOCRATRMT 224/, HHLIEAD
— RO ATEE

- IR

it C TR T—4%%Gather (Ff=IXAllgather) LTE& KT —

25
.+ FER
2T

E Rk
[ZIZBEBNPILDELDLD, EARMHET—20EEE
H1=01Z, LIXoLIFRIHEIZDWLVTHHERE




JIV—TRIEICLHETREH

« RYKMILDANFE
. Scatter/Gather

° &77’(“/0)an;7‘ 37‘
. I\/IPI_AIIgatherv
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MPI Gatherv, MPI Scatterv

+ TNFETHMLTET, MPI_GATHETR,
MPI SCATTERAZE (L, & T Oty HhbMEE, 2=
Ay —UNFTIGE.

» REICIVIHIKE, EXTRLARAIERSDZEELD.
— MPI_GATHERV
— MPI_SCATTERV
— MPI_ALLGATHERV
~ MPI_ALLTOALLV
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MPI _Allgatherv

« MPI_Allgather DRIEREIANJKILIR
— RT3l &KT—2125E/T 5

e MPI Allgatherv (sendbuf, scount, sendtype, recvbuf,
rcounts, displs, recvtype, comm)

— sendbuf {EE | EE/NYT7DIHETRLUX,

— scount  E# | EEAYE—UDH AKX

— sendtype MPI Datatype | EEAYTE—DDT—E254T

— recvbuf {FE 0] ZIE/NVITDEETRLUX,

— rcounts EB# I ZEAYE— DY (X (B2F: 44 X =PETOT)

— displs E# I ZEAYE—DIUTYIX (BRF|: Y4 X =PETOT+1)
— recvtype MPI Datatype | ZEAVE—DT—354T

— comm MPI_Comm | O =4 —3%ETET S
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MPI_Allgatherv (§&=)

e MPI Allgatherv (sendbuf, scount, sendtype, recvbuf,
rcounts, displs, recvtype, comm)
— rcounts EH 1 ZEAVE—DOHYAX(EES: Y4 X=PETOT)
— displs E¥ 1 ZEAVE—DDAOTYIA(ERF|: A4 X=PETOT+1)

— ZD2D0DEHIF, REHICERSNSIE2HRT 21DV A XTI HEINTHS=8H, £
At XA TEIIDETHDENDEIZLS:
» LBLAABRTOCATHEDEEZFHOLENHS.

— 1BEIEstride (i)=rcounts (i)

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride[0] stride[1] stride[2] stride[m-2] stride[m-1]
- L L | - L
rcounts[O] rcounts[1] rcounts[2] ®O®O® [counts[m-2] rcounts[m-1]
? ? ?
displs[0]=0 displs[1]= displs[m]=
displs[0] + stride[0] displs[m-1] + stride[m-1]

size[recvbuf]= displs[PETOT]= sum[stride]
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—3  displs[0]

o

MPI_Allgatherv
THOTNBIE =

~ h —_

— RY ~ — d I 1
BFT—ahbe kT —4% ] e
A 3 stride[1]

PE#0 N =
.y N = —1— displs[2]
|5 |
oo N _ % stride[2]
- P —1— displs[3]
— (@)
5 L B8 |
% stride[3]

—Y— displs[4]

BfiT—%:sendbuf £k T—24 recvbuf
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MPI _Allgatherv

TXHTLVACE
B F—anbe kT —AEEHT

PE#1 N =
PE#2 N e
PE#3 N

B T—%:sendbuf

[0]s1unoal

[L]siunoal

[z]s1unool

€
SJUN02J

— 1 displs[0]

stride[0]
= rcounts|0]

—— displs[1]

stride[1]
= rcounts|[1]

—1— displs[2]

stride[2]
= rcounts|2]

—— displs[3]

stride[3]
= rcounts|[3]

—1— disols[4]

£{KT—4 :recvbuf
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MPI_AllgathervE¥# (1/2)

MPI Allgatherv (sendbuf, scount, sendtype, recvbuf, rcounts,
displs, recvtype, comm)

— rcounts ZEH¥ I ZEAYE— DY A X (ERF]: 4 X =PETOT)
— displs E# I ZEAVE—DA T VIR (BRI A X =PETOT+1)

® rcounts

— BPEIZHBTEIAVE—Y A X . BRAT—2DH AKX
e displs

- ERMT—2DERT—RIZETHII1OTYIR

— displs (PETOT+1) RNEEKT—E2DHY (X

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride[0] stride[1] stride[2] stride[m-2] stride[m-1]
- L L | - L
rcounts[O] rcounts[1] rcounts[2] ®O®O® [counts[m-2] rcounts[m-1]
? ? ?
displs[0]=0 displs[1]= displs[m]=
displs[0] + stride[0] displs[m-1] + stride[m-1]

size[recvbuf]= displs[PETOT]= sum[stride]
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MPI_AllgathervEff (2/2)

e rcountstdisplslIFTOACATHEDENANE
— BTOERADRIMILDKEE N FallgatherlL T, rcounts
[CHITINIMILVEES.
— rcountsMBETOLRXIZE LV TdisplsZEA(RILHDMNT
=5).

e stride[i]= rcounts[i] &9 5

— rcountsDFIZLTF=HM>TrecvbufDEC BB ZTERT 5.

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride[0] stride[1] stride[2] stride[m-2] stride[m-1]
- L L | - L |
rcounts[O] rcounts[1] rcounts[2] ®O®O® [counts[m-2] rcounts[m-1]
? ? ?
displs[0]=0 displs[1]= displs[m]=
displs[0] + stride[0] displs[m-1] + stride[m-1]

size[recvbuf]= displs[PETOT]= sum[stride]
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MPI_Allgatherv{s FZE{&
#ll 8 : <$P-S1>/agv.f, <$P-S1>/agv.c

» “a2.0"~"a2.3"HMb, EARNIMLZTERT S.

e BIFZAILDRIRILDHAXH, 8,5,7,3THHMbH, £
=23 (=8+45+7+3) DRIRILMNTESHZEITHS.
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a2.0~a2.3

PE#2

301.
303.
305.
306.
311.
321.
351.

OCOO0O0OO0OO0O
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MPI_Allgatherv {& FH#E{& (1/5)

<$P-S1>/agv.cHS

int main(int argc, char **argv){
int i;
int PeTot, MyRank;
MP1_Comm SolverComm;
double *vec, *vec2, *vecg;
int *Rcounts, *Displs;
int n;
double sumO, sum;
char filename[80];
FILE *fp;

MPI1_ Init(&argc, &argv);
MP1_Comm_size(MPI_COMM_WORLD, &PeTot);
MP1_Comm_rank(MPI_COMM_WORLD, &MyRank) ;

sprintf (filename, "a2.%d", MyRank);
fp = fopen(filename, ''r');
assert(fp = NULL);

fscanf (fp, "%d", é&n);

vec = malloc(n * sizeof (double)) ; N

for (i=0;i<n;:i(.++) { ( ) n(NL) DIENEPET
fscanf (fp, "$1f", &vec[il]); BLAZEITEE

}
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MPI_Allgatherv {5 FAZE{g (2/5)

<$P-Sl1>/agv.c

Rcounts= calloc (PeTot, sizeof(int)) ;
Displs = calloc (PeTot+l, sizeof (int)) ;

printf(*'before %d %d", MyRank, n);
for(i=0;i<PeTot;i++){printf("" %d", Rcounts[i]);}

MPI Allgather(&n, 1, MPI_INT, Rcounts, 1, MPI INT, MPI_COMM WORLD) ;

RO (120: <PoTot- 1+4)(print ¢ 4™ Roounts[il):} E;E':Rcountsjé
Displs[0] = O;
PE#0 N=8 Rcounts[0:3]= {8, 5, 7, 3}
PE#1 N=5 Rcounts[0:3]={8, 5, 7, 3}
PE#2 N=7 MPI_Allgather Rcounts[0:3]={8, 5, 7, 3}

PE#3 N=3 Rcounts[0:3]={8, 5, 7, 3}



MPIprog.

MPI_Allgatherv {5 F3ZE{ig (3/5)

<$P-Sl1>/agv.c

Rcounts= calloc (PeTot, sizeof(int)) ;
Displs = calloc (PeTot+l, sizeof (int)) ;

printf(*'before %d %d", MyRank, n);
for(i=0;i<PeTot;i++){printf("" %d", Rcounts[i]);}

MPI Allgather(&n, 1, MPI_INT, Rcounts, 1, MPI INT, MPI_COMM WORLD) ;

printf(*"after %d %d", MyRank, n); PE[ZRcounts
Tor(1=0;1<PeTot;1++){printf(" %d', Rcounts[i]):;} &PEI z

A R
Displs[0] = O;
for (i=0;i<PeTot;i++) {
Displs[i+l] = Displs[i] + Rcounts[i];} %PE—C‘:DiSmS’E
printf("'CoundIndex %d ', MyRank); 4 Rl

for(i=0;i<PeTot+1;i++){
printf(" %d', Displs[i]);

)y
MPI_Finalize();
return O;



MPI Programming 123

MPI Allgatherv { F3#E{i& (4/5)

> cd <$P-S1>
> mpifccpx —-Kfast agv.c
> pjsub goé4.sh

before 0] 8 0] 0] 0 0]
after 0 8 8 5 7 3
displs 0 0 8 13 20 23
before 1 5 0] 0 0 0]
after 1 5 8 5 7 3
displs 1 0 8 13 20 23
before 3 3 0 0 0 0]
after 3 3 8 5 7 3
displs 3 0 8 13 20 23
before 2 7 0] 0 0 0
after 2 7 8 5 7 3
displs 2 0 8 13 20 23



MPIprog. 124

MPI_Allgatherv {# F3#E{#& (5/5)

e FIHMTEZEINTULVELDIL recvbuflt=IlT.
e A/ X[ Displs[PETOT]

MPI Allgatherv
( VEC , N, MPI DOUBLE,
recvbuf, rcounts, displs, MPI DOUBLE,
MPI COMM WORLD) ;



MPI Programming 125

SBEEST (1/2)

e [<$P-S1>/a1.0~a1.3], [ <$P-S1>/a2.0~a2.3 |H5
SRR RIVIBERZE S AIAFA, EERNIRILD /)L L
(IXIDZEKRHBTOT S LEERTSH(S1-1).
—JILL|X|| 1%, BEZRD2EDFDOFAHIETHS.

— <$P-S1>file.f, <$T-S1>file2fEFNEFNSEIZT 5.

VN

e [<$P-S1>/a2.0~a2.3 1M RBFIRNIKNIVIEERZFEAHIAH,
[EARIMNVIERZEZS IOy HICERTHT7Aa5 5 L
Z1ER9 5. MPI_AllgathervZ{# 9 5 (S1-2).




SBEES1 (2/2)

s TiEDHERHNZFERARKICEOTRHBHTOT S LEIER
3 5. MPI_Reduce, MP| BcastEZ#{#ERLTidl{LZE0E
L, 70ty #EEIT-EEDHEREZRIET S
(81-3).
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