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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/
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— 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& -
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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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« 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
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PE: Processing Element
J0tyY, fElE, JatX

SPMD

mpirun -np M <Program>
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MPIZZSNZHT=D2T(2/2)
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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
$S> mpifrtpx —-Kfast hello.f
“mpifrtpx”:
Fortran90+MPI|(ZE->TFTASTSLZAVINMILT BEIZ
WABIZAIINTD, FATIVELRNA RSN TLNSOT R

Il
I#‘i

Cs&a
$> mpifccpx -Kfast hello.c
“mpifccpx”:
CH+MPIIZE->TTAT S LZEAV/INMILT BRI
WAERL, AVINT, SATIVFENNAURESTLNDaYU R
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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
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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 Programming

MPI

« MPIZE£ENT S. tHOMPIYTIIL—F KYRHZO—ILT2LENH D (WZE)
« EETXDHICELILEZENDA.

e call MPI_INIT (ierr)
— ierr B 0 5 T73d—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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MPI_FINALIZE

« MPIZ# T3 5. thDETOMPIYIIIL—FoLYRIZO—ILTEDLENHDS
(WH7R).

« EEAXDRIZELILEZTE#DS

¢ u-*L%EIuQ*LESé:jtZﬁ?t£L-é:‘ 14%5
— Bho=IET DI O TUVELY -

e call MPI_FINALIZE (ierr)
— ierr 2B 0 SETad—F

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 COMM SIZE

e AZa=H—E— TcommITHREIN=T IIL—TIZEFENLEZTOLAHDOEEMN
[sizeJIZIRHTLS. WhATIZELD, FIRTHIENZLY

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

— comm B | OS2 —3%ETEITH
— size B 0 commM. CIEESN=T IL—TRIZEENETAER#HDEE
— ierr B 0 5 T73d—Fk

implicit REAL*8 (A-H,0-2)
include 'mpif.h‘
integer :: PETOT, my rank, 1ierr

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, PETOT
call MPI FINALIZE (ierr)

stop
end
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A=/ —3&X ?

MPI Comm Size (MPI COMM WORLD, PETOT)

BIEZERITA-OOTOCRADT IL—TETRT.
MPIZEWT, BiEZERT SBEAMELTHIT IEET HINE
N&H5.

mpiexecCEEILF-27 0t XL, TIA+ILLT
'MPI_COMM_WORLD&LWSAZS 2=y —43TREINBY
IW—TIZET 5.

BHOIZ 2= —3%FAL, BT 0XHEEYE
TREITE>T, EHNEEERT 51 A

- BIZIEHERS IL—T, aIfBILBET IL—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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BHOaAZ 1= —2%FEo1=4I:

Hhig - FRA B Sl —ay

KV



MPI Programming

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.

35



MPI Programming 36

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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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

O3 a=45—A lcommITIEESN-YIL—TRIZBITAT7OtEXIDA N rank (24
ED. WATIEFEWND, FIHTIHIZENSZL.
— Z7OtvXRIDOZEErank (524) |EFERZEEZN

e MPI COMM RANK (comm, rank, ierr)

— comm B I OS2 =4 —3%ETFIT 5

— rank B 0 comm. CigESN=F IIL—TIZH+5TatERID
OMBIRES (R KIZPETOT-1)

— ierr B 0 5SEra—Fk

implicit REAL*8 (A-H,0-2)
include 'mpif.h‘
integer :: PETOT, my rank, 1ierr

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

« MPIZJOERRZEEKRTIS.

e call MPI ABORT (comm, errcode, ierr)

— comm B | OS2 —3%ETEIT S
— errcode 0 IS5—a—K
— ierr B O 5c Ta—k

39
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MPI_WTIME

- FREETAIRAOBEHM FEIIOLEOLS RGN (BEWREZETAT 5158)

e time= MPI_WTIME ()
— time RS o) BEDHLRFENDZFERFRM () - BREZEH

i

Feal(kind:S):: Stime, Etime

Stime= MPI WTIME ()

do 1= 1, 100000000
a= 1.dO

enddo

Etime= MPI_ WTIME ()

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

40
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MPI_Wtime D45

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

S$S> pjsub go4.sh

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

JORREE T &I
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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

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

$> pjsub gol.sh

S> cat test.lst
1.000000000000000E-07

S$>

43
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MPI BARRIER

e OS2k —A—TcommITHEREINI=TIL—TIZEENSTOLADREEFE
A O3 25 —Blcomm]NDETHDTALANZD YT IIL—F o ZFBLELE
U, RORXTYTIZIEAEFLLY.

o FELTT/\WHRAIZES. A—/N\—AYERNKEL\D T, EHFEIZIZEHALY
A hVEH

e call MPI BARRIER (comm, jerr)
— comm B | 2=/ —3%HRTET S

— ierr B 0 5c ra—k




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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BRF—ANEZS

[ - —

EEKT—2IVGD v 1) VL ()
VG% 3; ___— PE#O %22;
’/\75§PE# ng g; VR
e 1~5&Rk% 0 VS o0y
(6-OBAAAMPEN WY e HO
e 11~ 15 HPE#2 Va(19) VL(3)

. s VG (11l)
. ~ AN VG (12) A
16 20%&7375 PE#3 VG (13) _ &(g)
veiie PEi2 (3)
(14) VL (4)
VG (15) LN

e rmee g OB
DEnen, 'BFr7r—21 Yean VL (1)
: vc;§19; T VL (2)
V_0)1§~5%Jﬂ?ﬁj\t7‘cﬁé VG (20) PE#3 &22;
(BT EMNMBE~S5FLT VL (5)

).
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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

57



MPI Programming

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.
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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.cDZERZELT

>SS cd <$P-S1>

>SS cc -03 dot.c

>$ £95 -03 dot.f

>$ ./a.out

1
2
3

18
19
20

dot product

2.00
2.
2.00

00

2.00
2.
2.00

00

Www

Www

120.00

.00
.00
.00

.00
.00
.00

66



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 = au s
— P#2 | A2|B2|C2|D2 P#2
P#3 |A3|B3|C3|D3 P#3

e« OZa=H—A TcommlAD, £TAELRDEIE/ YT 7 sendbuf][ZDUT, ;&
HloplzEEL, TOHERE1DDZEFETAERroot]DFEIE/\wT 7 recbufll
BT 5.

— #8F0, B, =K, &/t

e call MPI REDUCE
(sendbuf, recvbuf,count,datatype,op, root,comm,6 ierr)

— sendbuf &= | EE/NYITFDRETRLR,
— recvbuf EE 0 ZIE/NYITFDEBETFLX,
A4 F I datatype |IZKYRTE
— count B | Iyt—SNDHY AR
— datatype E# I Iyt —DT—REA4T
Fortran MPI_INTEGER, MPI_REAL, MPI_DOUBLE PRECISION, MPI_CHARACTER etc.
C MP1_INT, MPI1_FLOAT, MPI _DOUBLE, MPI_CHAR etc
— op B I ATEDEEE

MP1_MAX, MPI_MIN, MP1_SUM, MPI_PROD, MPI_LAND, MPI_BAND etc
A—H—IZkDEZELAHE: MPI_OP_CREATE
— root B | ZE7AEADID(S52Y)

— comm B | OS2 —3%EET S -
— ierr mH 0 =7k Fortran
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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® I (1/2)

call MPI REDUCE
(sendbuf, recvbuf,count,datatype,op, root,comm,6 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, XO0>()DRAREHIOZETOERDXMAX()IZAS (i=1~4)
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MPI_REDUCE® I (2/2)

call MPI REDUCE
(sendbuf, recvbuf,count,datatype,op, root,comm,6 ierr)

real (kind=8) : : X0, XSUM

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

Z7OvRIZEITS, XODHBIMNOFBPEDXSUMIZAS.

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

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

£70ERIZHEITS,
- X0(1) DERFIA0FETAEADX0(3)IZAS.
- X0(2) DERFIM0FTOEADX0(4) IZAS.
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P#0 | A0O|B0O|CO|DO P#0 | A0|B0|CO|DO

MPI_BCAST T — s
—_— P#2 P#2 | A0 |B0O|CO|DO

P#3 P#3 |A0|B0O|CO|DO

e« OZa=4H—A— TcommIRD—DONEETTALAroot]1D/\v I 7 buffer]
NS, FETHTAatAMN /w77l buffer][ZAVvtE—I %X 1E.

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

— count 2 | Iyt—oDH A4 X

— datatype Z#{ | Iyt—SNT—R3ALT
Fortran MPI_INTEGER, MPI_REAL, MP1 _DOUBLE PRECISION, MPI_CHARACTER etc.
C MP1 _INT, MPI_FLOAT, MPI1_DOUBLE, MPI_CHAR etc.

— root B | EET7OLEADID(S2Y)

— comm B | A2 = —3%EET 5

— ierr 2 0 SETa—k
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P#0 | A0|BO|CO|DO P#0 | op.A0-A3 | 0p.B0-B3 |op.C0-C3|0p.D0-D3

I\/I P I A L L R E D U C E P#1 |A1|B1|C1|D1 All reduce P#1 | op.A0-A3|0p.B0-B3|op.C0-C3|0p.DO-D3
— P#2 |A2|B2|C2|D2 P#2 | op.A0-A3 | 0p.B0-B3 |op.C0-C3|0p.D0-D3

P#3 |A3|B3|C3|D3 P#3 | op.A0-A3 | 0p.B0-B3 |op.C0-C3|op.D0-D3

- MPI_REDUCE + MPI_BCAST
R, mKEZEFELEZD, £T0ERATHRALEZWEEN S

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

— sendbuf = I EENYIFDEETRLR,
— recvbuf = O ZE/NVI7DIHETRLX,

A4 T datatype |IZKYRE

— count B | Iyt—SDHAX

— datatype E# I Avt—TDT—REA4T
— op B | ATEDIESE

— comm B | O =45 —3%TET S
— ierr B 0 SETa—Fk
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MPI_Reduce/Allreduce® “op”

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

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

e MPI_ LAND smIEAND

MPI Programming



MPI Programming 74

R T—40EZ 7 (1/2)

« REX20DARIMILE, 4D(20ET 5

+ HEIJALATREISDARYRML (1~5)
VECp( 1)= 2

(2)= 2

(3)= 2

(18)= 2

(19)= 2

(20)= 2
VECs

www www
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BRI T—8DEZH (2/2)

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

VECp (1)= 2 VECs (1)= 3
(1) ( 5) (3)= 2 (3)= 3
VECp ( 1) ~VECp PE# (3)= 2 (3)= 3
VECs( 1)~VECs( 5) — ’ §4§= § §4§= 3
5)= 5)=
VECp (1)= 2 VECs (1)= 3
(2)= 2 (2)= 3
VECp ( 6) ~VECp (10) - _ _
. PE#1 (3)= 2 (3)= 3
VECs ( 6)~VECs (10) (4)= 2 (4)= 3
(5)= 2 (5)= 3
VECp (1)= 2 VECs (1)= 3
VECp (11) ~VECp (15) (2)= 2 (2)= 3
VECs (11) ~VECs (15) T PER2 (3)= 2 e o
(5)= 2 (5)= 3
VECP (16) ~VECP (20) VECPp (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




EITEAR

s 2R ZTRNEILT, 1HhuHE
SeSYET =T &0

YDIFLIMNZHLFFETHS.

« ZBLAAINTZITTIEEE
LN, BFEGUDEIZDLNT
(i?ﬁ——' %n)lj—é.

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

T PE#2

PE#3

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)

MPI Programming
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REDIEHIEFTEH (1/3)

<SP-Sl1>/allreduce.f

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

include "mpif.h"

integer :: PETOT, my_ rank, ierr

real (kind=8), dimension(5) :: VECp, VECs

call MPI _INIT (1err)
call MP1_COMM_SIZE (MPI_COMM_WORLD, PETOT, 1err )
call MP1_COMM_RANK (MPI_COMM_WORLD, my rank, ierr )

sumA= 0.dO
sumR= 0.dO

do i= 1, 2 5 40 %§“~i€7FU”/%E4§;:fEJ'tL7LTS
i)= 3.d0 JRILIZHERT S

sumO= 0.d0
do i= 1, 5

sum0= sum0 + VECp (i) * VECs (i)
enddo

enddo

iIT (ny_rank == 0) then
write (*,"(a)") "(my_rank, sumALLREDUCE, sumREDUCE)“
endif



MPI Programming

RED M FIETEHI(2/3)

<SP-Sl1>/allreduce.f

1C

1C-- REDUCE
call MPI REDUCE (sumO, sumR, 1, MPI DOUBLE PRECISION, MPI SUM, 0, &

MPI COMM WORLD, ierr)

1C
1C-- ALL-REDUCE
call MPI allREDUCE (sumO, sumA, 1, MPI DOUBLE PRECISION, MPI SUM, &

MPI COMM WORLD, ierr)
write (,"(a,15, 2(1pel6.6))") "before BCAST", my rank, sumA, sumR

RNIEDEHE

Z7OERATHELE=HRIsum0 DRFfNE LS

sumR [Z[&, PE#OFEIFIZEHERE RN ANS.
PE#1~PE#3IXfA[ £ ZE 1157500,

sumA [Z[E, MPI_ ALLREDUCEIZ&>T27OtRIZEHEFHEINAS.

78
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RNIRED A HNETFEHI (3/3)

<SP-Sl1>/allreduce.f

1C
1C-- BCAST
call MPI BCAST (sumR, 1, MPI DOUBLE PRECISION, 0, MPI COMM WORLD, &
ierr)
write (*,"(a,15, 2(1pel6.6))") "after BCAST", my rank, sumA, sumR

call MP1_FINALIZE (1err)

stop
end

MPI_BCASTIZ&>T, PE#OLIS DA IZE sumR [
ATERENAS.

79



MPI Programming

<$P-Sl1>/allreduce.f/c DETH

$> mpifccpx -03 allreduce.c
$S> mpifrtpx —-03 allreduce.f

$> pjsub go4d.sh

(my_rank, sumALLREDUCE, sumREDUCE)
-200000E+02
1.

before BCAST
after BCAST

before BCAST
after BCAST

before BCAST
after BCAST

before BCAST
after BCAST

O
0

=R

NN W w

1

=

ol

200000E+02

1.200000E+02
1.

200000E+02

-200000E+02
-200000E+02

-200000E+02
-200000E+02

PO RO PR

= O

— HAZXDIT7AINBZEAICERLTHELL
-200000E+02
-200000E+02

-000000E+00
-200000E+02

-O00000E+00
-200000E+02

-O0O000O0E+00
-200000E+02
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JIV—TRIEICLHETREH

« RUNILDANFE
o Scatter/Gather

. SETTAILDEHAH

81
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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 7

P#0 | AO|BO|CO|DO

P#3

Scatter

Gather

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

87

AO

BO

Co

DO

O3a2=%—4A lcommIND—DDEETTOt A root I DEIE/ NV T7
[sendbuf IMB&TAEXRIZEENSscount ] T ODOH A XD AYvtE—I%%E(E
L, FOtheThHT7OtRADOZIE/\vI7lrecvbuflZ, 314 X rcount ] D Ay

-

call MPI SCATTER (sendbuf, scount, sendtype, recvbuf,
rcount, recvtype,

— sendbuf TE
— scount 2
— sendtype E#
— recvbuf TE
— rcount 2

— recvtype E#

e
— root 2
— comm 2
— ierr B

O____O___

root, comm, ierr)
EE/NYITFDRETRLX,
EEAVE—DDH AKX
EEAYE—DDT—334T
ZE/NVITTDIRETRL R,
ZEAVE—DHAX
ZEAVE—DT—E2347
EETAERDID(SY)
OS24 —R3%BETH
ET3—Fk
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MPI_SCATTER =il . 0

P#1 P#1 |BO
- — P#2 — P#2 | CO
= ather
\JL P#3 P#3 |DO

e call MPI SCATTER (sendbuf, scount, sendtype, recvbuf,
rcount, recvtype, root, comm, ierr)
— sendbuf EE EE/NVITF7DRIETRLX,
— scount E¥ EEAYVE—DH AR
— sendtype E# EEAYVE—VDT—E23247

|
|
|
— recvbuf {EE 0 ZIE/NVIT7DEBETRLX,
— rcount « EI{ | ZEAYE—DH AR
— recvtype E# | ZEAVE—DDT—E234T
— root B | EETOERDID(SY)
— comm B | O =4 —3%HETET D
— ierr B 0 55 Ta—F
« HEEIL
— scount = rcount

— sendtype= recvtype

e ZOBE#IZLH-T, TOtRrootFENDsendbuf GEIE/ NV IT7) DFELIEBTRLANS
scountf@F DDA D, commTREINDAZI 2=/ —427HDO{TOERITE
EEh, recvbuf (Z{E/\YT7) Drcountf DD ELTRIESNB.
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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)

call MPI_SCATTER
(sendbuf, scount, sendtype, recvbuf, rcount,
recvtype, root, comm, ierr)
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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]):}




MPI Programming 92

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.
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Scatter/Gather®Et+E (7/8)

B TOLRDIEREF

BUORIB2ORIMILIZEED S

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

Ay,

{2 SNTLD.
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P#0 | AO|BO|CO|DO P#0 | AO
MP|l GATHER SR e
P#2 P#2 | CO
— Gather
P#3 P#3 (DO

« MPI_SCATTER®#

e call MPI GATHER (sendbuf, scount, sendtype, recvbuf,

rcount, recvtype, root, comm, ierr)
— sendbuf TE EE/NYTFDRETRLUR,
— scount  E# EEAYE—DDH AKX
— sendtype i EEAYE—VDT—R25247

|

|

|
— recvbuf FE= o) ZIE/NVIT7DEBETRLUX,
— rcount  E¥ | ZIEAYE—DHAX
— recvtype E# I ZEAYT—DDT—E234(4T
— root B | ZIE7OEADID(F29)
— comm B I OS2/ —3%ETEIT S
— ierr B 0 5t ra—k

« ZZT, 21E/\v 77 recvbuf D{E(ZrootFEOTOLRIZEHLNS.
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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

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

— sendbuf TE | EE/NYITTFDFRETRLR,

— recvbuf FE 0 ZIE/NVITDEBETRLX,

— rcount  E¥ | ZEAVE— DA X (B A X =70
— datatype E# I Ayt—oDT—REA4T

— op B | ATEDIESE

— comm B I OS2 =4S —A%EETH

— ierr B 0 5t 73—k
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P#0 | AO P#0 | A0|BO|CO|DO

MPl ALLGATHER %3 T el
L P#2 |CO P#2 | AO|BO|CO|DO

P#3 |DO P#3 |AO|BO|CO|DO

« MPI_GATHER+MPI_BCAST
— GatherLztM%, £ TOPEIZBCASTY % ({FT7BERTRILT—42%HD)

e call MPI ALLGATHER (sendbuf, scount, sendtype, recvbuf,
rcount, recvtype, comm, ierr)
— sendbuf & EE/NVTFDRETRLUR,
— scount  E¥ EEAYE—DDH AKX
— sendtype i EEAYE—DDT—R2534T

|

|

|
— recvbuf FE 0 ZIE/NVIT7DEBETRLUX,
— rcount  E¥ | ZEAVE—DHAX
— recvtype E# | ZEAYT—DDT =234
— comm B I OS2 —3%ETEIT S
— ierr B o) SET3—F
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P#0 | A0 |A1|A2|A3 P#0 | A0|BO|CO|DO

MPI_ALLTOALL e jsfeifsefes| “omsemis o farlerfcio
— P#2 |co|c1|c2|C3 P#2 | A2| B2 |C2|D2

P#3 |D0|D1|D2|D3 P#3 | A3|B3|C3|D3

.+ MPI_ALLGATHERD E#: 5153k : 8nE

e call MPI ALLTOALL (sendbuf, scount, sendtype, recvbuf,
rcount, recvrype, comm, ierr)
— sendbuf & | EE/NVTFDRETRLUR,
— scount  E¥ | EEAYE—DDH AKX
— sendtype E# I EEAYE—DDT—E2524T
— recvbuf EE 0 ZIE/NNYITFDEBETFLX,
|
|
|
0

— rcount EI ZIEAYE—DH AKX

% ZIEAYE—DT—354T
OS2 —AR%EET S
5ET3I—kF

— recvtype

— comm

i G g

— ilerr




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)

<$P-S1>/file.f
implicit REAL*8 (A-H,0-2)

include "mpif.h" ’ Hello &FAZEIZ
integer :: PETOT, my rank, ierr IR F

real (kind=8), dimension(8) :: VEC ZHb7iEly
character(1en=80) :- Tilename

call MPI_INIT (1err)

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) r%Fﬁ'%F“"S)J—G
enddo |:|JL AL
close (21)

call MPI_FINALIZE (ierr)

stop
end
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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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DRI 7AINDFHAIAFHA A E K (2/2)

<$P-S1>/file2.f

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

include "mpif.h"

integer :: PETOT, my rank, ierr

real (kind=8), dlmenS|on( ), allocatable :: VEC
Character(len 80) :- Tilename

call MPI_INIT (1err)
call MP1_COMM _SIZE (MPI_COMM_WORLD, PETOT, i1err )
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—4(Fatyd) TRES
read (21,*) VEC(1i)
enddo
close (21)
call MP1_FINALIZE (ierr)
stop

end
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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_GATHERYV, MPI_SCATTERV

« CNETHMNLTET, MPI_GATHETR,
MPI SCATTEREZE L, £70EvYMoDEE, 212
Iyt—IUFELGIES.

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

« MPI_ALLGATHER DRI ZEREANTRILER
— B T—210BI 2R T—21ZERT S

e call MPI ALLGATHERV (sendbuf, scount, sendtype, recvbuf,
rcounts, displs, recvtype, comm, ierr)

— sendbuf
— scount
— sendtype

— recvbuf

— rcounts

— displs
— recvtype

— comm
— ilerr

=
B

5

xr

514
iE
(=
=
IE
=
IE
504
iE
504
iE
504
iE

#
#
£
£
£

O =m mm H H O == == =m

EENYITFDEETRLUR,

EEAYVE—DDH AKX

EEAYE—DT—E2547
ZENVIFTDRETFLAR,

ZEAVE— DY A X (EEF: Y4 X =PETOT)
ZEAVE—DATYI R (B : 4 X =PETOT+1)
ZEANE—DDT—E234T

OS2 —A%EETH

5e ra—Fhk
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MPI ALLGATHERV (#iZ)

e call MPI ALLGATHERV (sendbuf, scount, sendtype, recvbuf,
rcounts, displs, recvtype, comm, ierr)
— rcounts EBH#H 1 ZEAVE—DDHAX(ES: YA X=PETOT)
— displs EB# 1 ZEAVE—DOAUTYIR(ES] YA 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(1) stride(2) stride(3) stride(m-1) stride(m)
- L | L - <
rcounts(l) rcounts(2) rcounts(3) Q@O O® counts(m-1) rcounts(m)
? ? ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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=1 & displs(1)
MPI ALLGATHERYV =
— _ @ stride(1)
—G’b > TLY é — t =
— » ~ — d I 2
B F—ah bRtk T—4E o e
=l 5 B S stride(2)
PE#0 N &
.y N = —— displs(3)
s
. N _ % stride(3)
- - —1— displs(4)
N — 9
— = % stride(4)

— displs(5)

BfiT—%:sendbuf £k T—24 recvbuf
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MPI_ALLGATHERV

TXHTLVACE
B F—anbe kT —AEEHT

(1)s1unoo.

PE#0 | N _
3

— %

PE#1 | N — %
PE#2 | N - g
— 5

(¢))

©

(¥)
SJUN02J

—1  displs(1)

stride(1)
= rcounts(1)

—1— displs(2)

stride(2)
= rcounts(2)

—1— displs(3)

stride(3)
= rcounts(3)

—1— displs(4)

stride(4)
= rcounts(4)

—— displs(5)

BT T—2%:sendbuf £ & T—2:recvbuf
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MPI ALLGATHERVEE#A (1/2)

e call MPI ALLGATHERV (sendbuf, scount, sendtype, recvbuf,
rcounts, displs, recvtype, comm, ierr)

— 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(1) stride(2) stride(3) stride(m-1) stride(m)
- L - | - L -
rcounts(1) rcounts(2) rcounts(3) @0 @O |counts(m-1) rcounts(m)
? ? ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPI ALLGATHERVEEH (2/2)

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

e stride(i)= rcounts (i) &95

— rcountsDFIZLTF=HM>TrecvbufDEC BB ZTERT 5.

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)
- L > | - L -
rcounts(l) rcounts(2) rcounts(3) Q@O O® counts(m-1) rcounts(m)
? ? ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPI ALLGATHERV{# ¥ &
#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 {#FE#E{iE (1/4)

<$P-Sl1>/agv.f

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

integer :: PETOT, my rank, SOLVER _COMM, 1err

real (kind=8), dimension(:), allocatable :: VEC
real (kind=8), dimension(:), allocatable :: VEC2
real(kind=8), dimension(:), allocatable :: VECg

integer (kind=4) , dimension(:), allocatable :: rcounts
integer (kind=4) , dimension(:), allocatable :: displs
character(1en=80) - - Ffilename

call MPI_INIT (i1err)

call MPI_COMM _SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI_COMM_RANK (MP1_COMM_WORLD, my rank, ierr )

if (my rank.eq.0) filename= 'a2.0'
if (my rank.eq.l) filename= 'a2.l'
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)) N(NL) DEAEPET
= BHAIECEE

read (21,*) VEC(1i)
enddo
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MPI ALLGATHERYV {# ¥ (2/4)

<$P-Sl1>/agv.f

allocate (rcounts (PETOT), displs (PETOT+1))

rcounts= 0
write (*, ‘(a,10i8)’) “before”, my rank, N, rcounts

call MPI allGATHER ( N , 1, MPI INTEGER, &

& rcounts, 1, MPI_ INTEGER, &

& MPI COMM WORLD, ierr) & PE|=rcounts%
write (*,"(a,1018)") '"after ', my rank, N, rcounts 4 i

displis(1)= 0

PE#0 N=8 rcounts(1:4)={8, 5, 7, 3}

PE#1 N=5 rcounts(1:4)= {8, 5, 7, 3}
ﬁ

PE#2 N=7 MPI_Allgather rcounts(1:4)= {8, 5, 7, 3}

PE#3 N=3 rcounts(1:4)= {8, 5, 7, 3}

121
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MPI ALLGATHERYV {# ¥ (2/4)

<$P-Sl1>/agv.f

allocate (rcounts (PETOT), displs (PETOT+1))
rcounts= 0

write (*, ‘(a,10i8)’) “before”, my rank, N, rcounts

call MPI_allGATHER ( N , 1, MPI INTEGER,
& rcounts, 1, MPI INTEGER,
& MPI_COMM WORLD, ierr)

write (*,"(a,1018)") '"after ', my rank, N, rcounts
displis(1)= 0

do ip= 1, PETOT

displs (ip+l)= displs(ip) + rcounts (ip)
enddo

write (*,"(a,1018)") "displs™, my rank, displs
call MPI_FINALIZE (1err)

stop
end

&
&

2% PE(Zrcounts%
A Rl

&£ PETdispls%
A R
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MPI ALLGATHERYV {# ¥ (3/4)

> mpifrtpx —-Kfast agv.f
> 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

write (*, ‘(a,10i8)’) “before”, my rank, N, rcounts
write (*,"(a,1018)") "after ", my rank, N, rcounts
write (*,"(a,18,8x,1018)") "displs', my rank, displs
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MPI ALLGATHERYV {# ¥ (4/4)

e SIMTEZEINTULELD (X recvbufl=IT.
e A X[F-Tdispls(PETOT+1)]
— ZPET, lallocate (recvbuf (displs (PETOT+1)) D

KDL TECIEmEE

call MPI allGATHERvV

EHERT B

( VEC , N, MPI DOUBLE PRECISION,
recvbuf, rcounts, displs, MPI DOUBLE PRECISION,
MPI COMM WORLD, ijierr)
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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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