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FiZ = Fl:ﬁ &@*%EE
| EEREOBEEEADDIR— AT« LI NJBRFICIE—LET,

/mnt/lustre/ap/lecture/MPI/

-- [F.C]/ practice_.1 MEFIE1
-- [F,C] / practice.2 HKERIE2
-- [F,C] / practice.3 HXERIE3
-- [F,C] / practice_4 HKERE4
-- [F.C]1/ practice.5 HEFIME5
-- [F,C] / practice.6 HKEMIME6

-~ [F,C] / sample T+ AMADsampleX.f&LT
BELTL\B70I54

-- [F,C] / etc T0flt, FEAMADetcX.f&
LTIBELT\WWB3 70954

$cd <BREBEZIE—-UIEWTa LI KU>
$ cp -r /mnt/lustre/ap/lecture/MPI1/ .
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1. MPI#IE

| DEATUMIBIRICHITB A Y — )y S22 DEZERIE
e EHOTOTLAMTHFT—F&EYWDEDITBZHICAHNDAYT—0E(E
1REDIRRIRAE
| FORTRAN, CHh oMU I I 7O LADSATSY
| R—FEUFrCEBNTWLS
o EENETNIESATSTVA2AF—-—TI—XICLDT, HRLIEMPIEEIRIE
TRUY—XZI>2)AIL - BT TED
| TO0>Y0aiEn iR AZE)
o JOUSLAEDHULT, T—4F - WIBZDEIL, BEEOREBESFTIZ2T
#=1—HYHhBESE I INENDD
| KB=DATYUZRZFIATIEE
o B —REFBITBZTOTSLADERITICEKD, KRERXATUZERZFIA
Gl AN
(BAI)\—B AT RAt> 5 —dDSX-Aurora TSUBASATI(L, AOBA-A(Z
12TByte, AOBA-S(3192TBytezE CH|FOJ&E
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MPIDE 7S HEEE

| ot EE
o MPIO4'S LADFHMEAIR TAMER & H4TS

| —#—®iE

® —X—TCITDiEE

| £E&EE
o JIL—FROTOERLHH
BB BISIRIE
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MPIT 070 S LADOEARE S

a.out@df A= (Fortran)

PROGRAM MAIN
CALL MPI_INIT(IERR)

MPI3lf 51| D 3t 5
CALL MPI_FINALIZE(IERR)
STOP
END

a.out@A X—(C/C++)

int main(int argc, char **argv){
MPI_Init(&argc, &argv);

MPI13f 51| D * &
MPI_Finalize();
return O;
}
x{TH

MPI_INITIZf3#%1.1.48R

MPI_INIT &MPI_FINALIZED
UM Uz 17 S X EIHDMPLL S DX
xR

MPI_INITOMOH UZ1TD 12k

R CJOCAMNERKEINDS

(Mpirun N> RTEEIT D TO

TR, TOBITIETOTZREZE
(4] )

AA>2TOTS I - XA BEED
BRAIDFEITIMPI INITZIEUH
5

OS5 LA TEHRIIC
MPI FINALIZEZIEU S

MPI_FINALIZEZf$#%1.1. 58 R
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MPIT 070 S LADOEARE S

| JOU5LA=FBOTOCIEEES
CALL MP]_COMM_SIZE(MPI_COMM_WORLD,NPROCS,|ERR)

MPI_Comm_size(MPI_COMM_WORLD,NPROCS);

® mpirundY> RTIEEI BZTOTCRENNPROCS(TIRS

o JL—TORNEEERDDIGERE (CFER

® MPI_COMM _WORLDIZ IO=Za=4—41 £F(EIN, BUBEDEZED =
A7

o E£MBEEFEUCIZT1=—4%ZFDOEMMETITD

| TOtERESZB(TOCRESEONSIHFED>T, TOTRE-1FT)
adaicupl CALL MPI_COMM_RANK(MPI_COMM_WORLD,MYRANK,IERR)

MPI_Comm_rank (MPI_COMM_WORLD,MYRANK);

e HIOUXESHMYRANKICIRS
o TJTOLRTBESIL [Z>U] EBMIEIND
o BEDTOTRXTOMMUIBZEITI DIGERE (C{EA

MPI_COMM_SIZEIXfI#k1.1.78 M MPI_COMM_RANK 3f1#k1.1.c8H
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2INAIL - FE TN R

| MPITOSS LD IAIL

mpinfort [AT>3>] V-XT7A1)L4

X AT 3> (dnfort& [EIER.

mpincc [AT>3>] V—-XRI71IL%

X AT 3> (FnccEEER.

| MPIT OO S ADET

mpirun -np [#MPIJOTCXA#] O—REZ1—)L4E
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EIT AT UT MM

| 32mpi 16smpD>3T%32) — R(32VE) TEITI DEDR I UT MMl

#1/bin/bash NQSVAT'S 3 > (#PBSTIEE)
-q Fa1—a=EE (WA
#PBS -q sxs --venode {ERAVERZIEE (4A)
#PBS --venode 32 -1 BRI (hh:mm:ss) DL (FE< H#1R)
#PBS -l elapstim_req=20:00:00 -N TaJ)azrisE (ER)
#PBS —N Test_Job -v (RfT932TDJ —RICHUT)RIBEHZNET D

export VE_OMP_NUM_THREADS=16

cd $PBS_O_WORKDIR “\ RFROTOLRSI DALY FRERETS
_ AOBA-AQRKXIES.
mpirun -np 32 ./a.out AOBA-SOEKIZ 16,

$PBS_O_WORKDIR: 37 A9V 7b&qsubLEF 1L M)

SHHH(E https://www.ss.cc.tohoku.ac.jp/sscc/wp-content/uploads/pdf/H 7> X5 AAOBA-SOFIFEE.pdf =S

Page 12



SX-Aurora TSUBASAD=3 705X

® SX-Aurora TSUBASAD=>3 5 X

FAKE | Y72ATL F¥1—8 | VE¥ RITERE(CX) BAEEBEFRE XEYYLR
BXE(E/ RAfE
i AOBA-A sxf 1 1VE 18%R3/ 16503 48GB
AOBA-S sxsf 1 1VE 1853/ 165R3 96GB
HE AOBA-A SX 1 1VE 72K5R/72085F 48GBXVE#}
2~256 8VER{\[ THE(R
(VHZ#AL &)
SXmix 2~8 1VER (i TR
(VHEXRHY3)
AOBA-S SXS 1~2,048 SVER(\ THEfR 96GBXVE#Y
(VHZ#AL &)
XEITHRE(CDLT
SVEE CHER : SVEENI CTEHEEREMNMERENDB S, DOV IOT A MEVHZHAURNT
KITSINBES, BEBFEODOESDEHMNDRN.
1VEEAI TR : IVEE CEHEERMERINDZS, DU IIT X MEVHZHEBA LU TET
N3z, VEOHEERN UL, FEEBEN a3,
1VE . 1VEEAI CETEERNERIND.

SHHH(E https://www.ss.cc.tohoku.ac.jp/sscc/wp-content/uploads/pdf/H 7> X5 AAOBA-SOFIFEE.pdf =S
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MPI~f

7= I\Fl(Hello World)

ERTOT S I
samplel.f samplel.c
program samplel #include <stdio.h>
write(6,*) "Hello World" int main(){
stop printf("Hello World¥n");
end return O;
}
MPIZOJ S A
sample?.f sample?.c

program sample2

include ‘mpif.h‘e++@
integer ierr,myrank,nprocs
call MP1_INIT(ierr)s*+@

call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)

call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
write(6,*) “Hello World My rank=",myrank,“(”,nprocs,“processes)”
call MP1_FINALIZE(ierr)s++@

#include <stdio.h>

#include <mpi.h>e«@

int main(int argc, char **argv){
int ierr,myrank,nprocs;
ierr = MPI_Init(&argc, &argv);«++2
ierr = MPI_Comm_size(MPI_COMM_WORLD,&nprocs);
ierr = MPI_Comm_rank(MPI_COMM_WORLD,&myrank);
printf("Hello World My rank=%d,( %d processes)¥n",

myrank,nprocs);

ierr = MPI_Finalize();**+®

stop
end
N —_ ) —
MPIZ 00 S LADELT
$ mpirun -np 4 ./a.oute*-@
Hello World My rank= 3( 4 processes)
Hello World My rank= 2 ( 4 processes)
Hello World My rank= 0( 4 processes)
Hello World My rank= 1( 4 processes)

return O;

OMPIDA > )IL—RI7AILZIBEIT D
@MPIDHIEAL(MPL_INIT)
@MPID#E T1L(MPI_FINALIZE)
@4TOTRTET
[Hello World] &> 0S5, 7O ENH4EIH S
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MPIZ OO0 S LADENME

2970 7291 272 2973
A 3--__./ - . < MPLINIT
write(6,*)”Hello write(6,*) "Hello write(6,*) “Hello write(6,*) “Hello
World”,myrank World”,myrank World”,myrank World”,myrank
B j--——-\ _ _— /- MPI_FINALIZE
O mpirunIdY > RZZET(-npB I AT 3> 7Ot X#E4)
@ Z>2000T Ot ANERK
@ MPI_INITZcall g 3R TS >71,2,30T O AV ERK
@ &=5>27T [write(6,*)"Hello World” myrank] H'E4T
® HHITIEHFEIYA =T TRED (S IVESIETIERWN)
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2. HEEMEL

| (1-1)P.14 7O I(sample2.fE U< (dsample2.c)%
d>2)\A)L, ETLTLIEEL

J (1-2)P.14 OMPIZ OS5 A THello World] D#ER%ES>
J0DHFNMHENTBIIDICESTHITLIEEZLY
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EEflEE1-1 (practice 1)

| P.14DY—RXT 7 A )L(sample2.f/sample2.c)zTIE—L, O>/(AJL -
EiTLuTL<EZEWn

IRE R %
Fortan C
ERT1L M) F/practice_1 C/practice_1
#ER/—A7714) practice1.f practice1.c Wk A=
(sample2.f2aE—) (sample2.c2aE—)
377710 run.sh TOEFIIRA

® FlED : fFEET A LU KNUZRBELT, J7)LZIE—-LTLSZE0N,
$ cd MPI/[F] or [C]/practice_1
[FIDIZE : $ cp ../sample/sample2.f practicel.f
[CIDBEE : $ cp ../sample/sample2.c practicel.c

e FED : a2 /)\q1)LLTLIZE0),
[F]DIBES : $ mpinfort practicel.f
[C]DIBES : $ mpincc practicel.c

Page 17



mEamEEl-1 (practice_1)DD&E

o FE® : RITRIVUT hatERUET.

$ cat run.sh

#!/bin/bash

#PBS -q sxs

#PBS --venode 1

#PBS -N practice_pl
cd $PBS_O_WORKDIR
mpirun -np 16 ./a.out

® FlE® : >3 &HALET.

$ qsub run.sh

o FE® : EITHERZMERELFT. HBHRE

VE/—R#: 1

MPIZ Ot X%#4 : 16
3TUS R :sxs

=374 : practice_pl
ETT7LOK) AL o
Lo KU

practice_p1.oXXXX(XXXX(C(FZUOITAKRIDMWADZEI)ELT

NS NE9.

$ cat practice_p1.0XXXX
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EEfbEE1-2  (practice 1)

| EBMEL-1TE>EMPIT O S A [Hello World ] OfER%E=S> 20D
HFMENTBRLDICEST]ITLZEL)

IHE FOE ] %
Fortan C
ERT1L M) F/practice_1 C/practice_1
ER/)—A771)I practice1-2.f practice1-2.c Rk DE
377710 run.sh TNEFIRA

@ FlIE® : T4 TY—-RIT7AILZmEL T,
[FIDIBS : $ vi practicel-2.f
[C]DIZE& : $ vi practicel-2.c
(VISN DI« A THERBWEEA)
MIRR—=Z(CTOTSAREDE> M DET.
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X4

EamEEl1-2  (practice_1)

=1
LAFD DEPDZIBH T ITZEL).
(P.13Z&E(CLTLIEELY)
Fortrani®38J'095 A :
program samplel_2 - > MPIDOA>O)L—RI7A)LZIEE
integer ierr,myrank,nprocs > MPIOZIEL
_ _ _ _ e > TJOUSLETEOTOCXHOERG
<« » JOCRBESORUS

7
V

if( ) write(6,*) "Hello World",myrank <=

IFX T, BoEENS >0 THIEE(ICH
NZEITODERDICUET.

Stop \
d
o > MPIODIET
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HEEgmigEl1-2  (practice_1) DDO&E

® FlED : O )\AILZEITUET.
[FIDIBES : $ mpinfort practicel-2.f
[C]DIZEE : $ mpincc practicel-2.c

e FIEQ : a3 T=EIALET.
$ qsub run.sh

® FE@ : EITHER=EMIELUEXI. fER(Epractice_pl.oXXXX(XXXXICZ
(FUOTXKNIDIWNADEI)ELUTIRINESNET.
$ cat practice_p1.0XXXX
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“A T 020 = ADOMPIE

| 1751000006 0177 kebD(FERETTOT S L)

sample3. f sample3.c
program sample3 #include <stdio.h>
parameter(n=1000) int main()
integer isum {
int n=1000;

isum=0

doi=1,n (/’ TeAlsTE int isum;
isum=isum-+i \ isum=0:

for(inti=1; i<=n ; ++i){

enddo
write(6,*) "Total = ",isum N isum+=i;
stop \ }
end N FEEHSH ——>printf("Total = %d¥n",isum);
return O;
}

Page 22



AT 070 5 IADOMPI{E

| ZXTO035L0EBAA-2

o MHEFTEEP(E, DOIL—TEBUL (Ffor)L—TF
o MERHENZ, writeXEL < (FprintfX
- =D 1OZ0

i=1~1000
D= HLD

~__

o JLIBRFRIN'—FBEARZUL\DOIL—TE UL (Efor
IL—=THHNIRDS -5y b

=P
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/\ f
el

/75 IN\OMPI4L,

| 49EDONEA A

i=1,250
THI=ZHID

i=251,500
THI=ZHLD

i=501,750
THI=ZHLD

i=751,1000
THI=ZHLD

= Ju Pl

1I=1,1000FX CTOM7ZHL DI (T,

i= 1, 250F TOM=ZHEDUIE
iI=251, 500F CTOF=ZHEL DU
iI=501, 750F CTOF=ZHEL DI
iI=751,1000F C D= HLDULIE

CHEITDZEMNTED.
UMD BIIEAE.
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WA T OO0 5 LADOMPIE
| M5B DA A —(453E])

RN 5340 5341 5342 5343 S8
i=1 i=251 i=501 i=751
~ ~ ~ ~ | st
i=250 i=500 i=750 i=1000

. _
1cl)ooa>ifu RIS Sl

e DEIZF, £RENMEBETOCRESTKRDD
o EEHIIBDAE
fEERH o ERENZ, 1T7OTCRDH
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/\ f
el

/75 IN\OMPI4L,

| #Elo5% (n=10000D54&
o MARDRHA

® EID3k&DA

((n-1)/nprocs+1)* myrank+1

((n-1)/nprocs+1)*(myrank+1)

BL, £28#EInprocs, B O0AEES[Imyrank
AHE, nhAoOCRETEIDINDICLEZRIRELTUND

SRV

nprocs=4 g R #2
myrank=0 250
myrank=1 251 500
myrank=2 501 750
myrank=3 751 1000
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3. EAME2 (practice_2)

| 1\5 10000 0% 852 L TMPLILFI TRITL, SAHERS
S OMBHEALTL RS

¢ >N JOUSLADRNUEITRDESD

MPID#) AL AnEE
]

T0tZAFEATOLADIUIES DG
o

SERDIBRERRERDS
1

BAMRECOEEZS
BAMERDBHIV—TDRT

1

oMot

MPID#& T {L L1

v
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Eefbiga2 (practice_ 2) DD

IHE PO U
Fortan C
ERT1L 7B F/practice_2 C/practice_2
ER/—A771)V practice2.f practice2.c Wk DE
377710 run.sh TDNEFIRA

® FIED : fEEFT LU NUZEREIL TS,
$ cd MPI/[F] or [C]/practice_2

® FlEQ@ : I« TY—-RI7AI)IV=ZRELTLSIEEL. Y= T7A
JUIF 5« L2 kY practice_2/ ([CAHEULTWET.
[FIDI%S& : $ vi practice.f
[C]IDBE : $ vi practice2.c
XRR—=2(CTOT S LIREDE> MRHDET.
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Eefbiga2 (practice_ 2) DD

>k
AR DEPDZIBH T IZEL).

Fortrani®@&’00 3 A :
program sample2
include 'mpif.h’
integer ierr,myrank,nprocs,ist,ied
parameter(n=1000)
integer isum
call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr) _ =] A o
MM RANRIVE COTMW 4 > REOSTEREANTL S

ist=|

ec < > RADFTEREANTZE
isum=

do i=ist,ied

isum=isum-+i

enddo

write(6,6000) myrank,isum
6000 format("Total of Rank:",i2,i10)

call MPI_FINALIZE(ierr)

stop

end

Page 29



Eefbiga2 (practice_ 2) DD

® FIEQ : O /)\AILZEITUET.
[FIDIBS : $ mpinfort practice2.f
[C]DIZE : $ mpincc practice2.c

e FE@ : 3= ALET.
$ qsub run.sh

® FlE® : EiTHER =R UFI. FhER(Epractice_p2.oXXXX(XXXXIZ
(FUOTRABRIDRMADET)E LTINS NZE T
$ cat practice_p2.0XXXX
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MPI5— & #R1X

| 70X EMSILETOISAEERD
@ ZTOTCRIRIZUEAEUZERIZBEITD
o MDTOLRADFT—HZBEEITTZATDIEFART]
O ij—‘:/ﬂﬁiﬁ(:ck'OﬂEODjEItZGD?—/Q’&T/JtZ@'éZé:D“
HiBE
I MPI_SEND/MPI_RECV
e [FEIHARD 1 118(=E
o WEDIOTCRMTT —YDERZMEZITD. T —FIENT T
9 D F CUIR (LR
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MPI_SEND/MPI_RECV

=270 0 DECH|D—EEID Z =S >0 1 NFRX

5290 : 791

B &

e e e R - =

MPI_SEND i | MPI_RECV | BLXMNTT T 9D

ERIRALIE | | FTUBET
B Bl oo

_— —_——— =
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MPI_SEND/MPI_RECV

sampled .t

sampled.c

program sample4
include 'mpif.h’
integer nprocs,myrank,itag,ierr
integer status(MPl_STATUS_SIZE)
real work(10)
call MPL_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
itag=1
work=0.0
if(myrank.eq.0) then
doi=1,10
work(i)=float(i)
enddo
call MPI_SEND
& (work(4),3,MPI_REAL,1,itag,MPI_COMM_WORLD,jierr)
else if(myrank.eq.1) then
call MPI_RECV
&  (work(4),3,MPI_REAL,0,itag,MPI_COMM_WORLD,

#include <stdio.h>
#include <mpi.h>
int main(int argc, char **argv){
int ierr,myrank,nprocs,itag;
MPI_Status status;
float work[10];
ierr = MPI_Init(&argc, &argv);
ierr = MPI_Comm_size(MPI_COMM_WORLD,&nprocs);
ierr = MPI_Comm_rank(MPl_COMM_WORLD,&myrank);
itag=1,
for(int i=0;i<10;++i) work]i]=(float)0;
if(myrank==0){
for(int i=1;i<=10;++i){
work[i-1]=(float)i;
}
MPI_Send
(&work[3],3,MPI_FLOAT,1,itag,MPI_COMM_WORLD);
}else if(myrank==1){
MPI_Recv

+ status,ierr) (&work[3],3,MPI_FLOAT,0,itag,MPI_COMM_WORLD,&status);
write(6,*) work for(int i=0;i<10;++i) printf("%f ",work([i]);
endif printf("¥n");
call MP1_FINALIZE(ierr) }
stop ierr = MPI_Finalize();
end return O;
}
MPI_SENDGOB#llid(18&k1.2.4 MPI_RECVOE#lliS(18&k1.2.7
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4. EZEMIFES3 (practice_3)

\

| EBRIE20TO0 S LADES > IDEDFZ S > D0(CESD
C, #Hl=mEsTELEA LTS IZEW

 Jl = D RS IE LV Y

5>771,2,3(0L44)
Fortran : C:
call MPI_SEND(isum,1,MPI_INTEGER,O, MPI_Send
& itag,MP|_COMM_WORLD,ierr) (&sum,1,MPI_INT,0,itag,MPI_COMM_WORLD);
=270
Fortran : C:
call MPI_RECV(isum2,1,MPI_INTEGER,1, MPI_Recv
& itag, MPI_COMM_WORLD,status,ierr) (&isum2,1,MPI_INT,1,itag, MPI_COMM_WORLD,&status);
call MPI_RECV(isum2,1,MPI_INTEGER,?2, MPI_Recv
& itag, MPI_COMM_WORLD,status,ierr) (&isum2,1,MPI_INT,2,itag, MPI_COMM_WORLD,&status);
call MPI_RECV(isum2,1,MPI_INTEGER,3, MPI_Recv
& itag, MPI_COMM_WORLD,status,ierr) (&isum2,1,MPI_INT,3,itag, MPI_COMM_WORLD,&status);

XISUMTRIEITDES O V0DEDHIMN EES=NTLED
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MRS (practice_3) DD
IHH pop -} Tk
Fortan C

fEET 1L VM) F/practice_3 C/practice_3

{ER/—A771)  practice3.f practice3.c WRE VK

a7 771 run.sh TOFEFIZA
® FlED : EFEFT s LU MNUZBEIL TS EE).

$ cd MPI/[F] or [C]/practice_3

@ FEQ : T4 FTY—XXT7AI)L=ZmELTLLIZE. HEREED[E

EHELTY-RIT7AMIVERABLTWEY. CEEMERSNIZES

ERE2DEIEZ{FER UL \5
E—UTERLTLIZE.

[FIDIZ& : $ vi practice3.f
[CIDBE : $ vi practice3.c
XIRR—Z(CTOT S LREDE> MRBDFET.

al&, practice 2/mBYV—XT74)L%Z]
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4, EZMEES (practice_3)DDO&

=
LATFoD DEP=IBHTL 2L, (P34=E&=E(CLTLZELY)

FortraniEB2J O35 A :
program example3
include 'mpif.h’
integer ierr,myrank,nprocs,ist,ied,itag
integer status(MPI_STATUS_SIZE)
parameter(n=1000)
integer isum,isum?2
call MPI_INIT ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((n-1)/nprocs+1)*myrank+1
ied=((n-1)/nprocs+1)*(myrank+1)

isum=0

d_O i:is—t’iiseudmﬂ

enddo - _
= - > SN THNE, S
e ) > 0ITRIELET.

else

call ( - —_—

I = ) « > 200, Z>01~3m
isum=isum-+isum2 — — =

Rt ) 57 —97ZELET.
isum=isum-+isumz2
call (

« ) forlZB D UET.
iIsum=isum-+isum?2
write(6,6000) <

6000 format("Total Sum =",i10)

endif
call MPI_FINALIZE(ierr)
stop

end
Page 36



4. EZMIRE3 (practice_3)DDO=E

e FIEQR : O /)\AMIL=ZHITUET.
[FIDIBS : $ mpinfort practice3.f
[C]DIZEE : $ mpincc practice3.c

e FE@ : 3= ALET.
$ qsub run.sh

® FE® : EITHERZWERULET. fhR(Epractice_p3.oXXXX(XXXXICZ
(FUOITRAKRIDRADET)EUTHERINESNET.

$ cat practice_p3.0XXXX
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MPIERE(E

| B30 SRCIZ 125 —F%FOETOEX(CH U TREIICEEZ
)

| FREACIZ 25— DOTOCAMTT 9% #5935

BENRETOCRADT—7Z2RACIZ1 =5 —9%ZFOETOTCANEET D

CALL MPI_BCAST(DATA,N,MPI_REAL,0,MPI_COMM_WORLD,IERR)

MPI_Bcast(DATA,N,MPI_FLOAT,0,MPI_COMM_WORLD);

NAEIDEEIELST — F Z4&IN T DDATAZ S >0 hSiX(E
1=31=-4—%MPI_COMM_WORLDZ#H DT O XR(TXEFEETND
MPI_BCASTIC L2 BEAIEN Bta S D RTICRHAUIEN A (BEICSMT 2T 0Ot
ADRENHZRHIAD)

Y V V

MPI_BCASTE#lI3 {18 1.3.6

2270 72271 272 2273 il 229N

Page 38



MPI_REDUCE

| BUOZ 21245 —5%FOTOCXBTHE, &KX,
IPIREDEEZITLY, %:nt%’iﬁ%thX(c_L@'

sampleb.f sampleb.c
program sample5 #include <stdio.h>
include 'mpif.h’ #include <mpi.h>
integer myrank,nprocs,isum,ierr int main(int argc, char **argv){
call MPI_INIT((ierr) int ierr,myrank,nprocs,isum;
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr) ierr = MPI_Init(&argc, &argv);
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr) ierr = MP1_Comm_size(MPI_COMM_WORLD,&nprocs);
call MPI_REDUCE(myrank,isum,1,MP|_INTEGER,MPI_SUM,0, ierr = MPI_Comm_rank(MPI_COMM_WORLD,&myrank);
+ MPI_COMM_WORLD,ierr) MPI_Reduce (&myrank,&isum,1,MPI_INT,MPI_SUM
if(myrank.eq.0) write(6,*)"Result = ",isum ,0,MPI_COMM_WORLD);
call MPI_FINALIZE(ierr) if(myrank==0) printf("Result = %d¥n",isum);
stop ierr = MPI_Finalize();
end return O;
}

1=31=45—%MPI_COMM_WORLDZFDOITOTRDS > IBEBDETZ S > J0CEST L THNTS

$ mpirun -np 4 ./a.out
Result = 6

MPI_REDUCE D E¥#lli3 {388 1.3.3
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MPI_SCATTER

| U245 —4%FOTOCIAOKRERIOTCIDEE/ v T 7
o, £TOTCRADRME/I\Y IT7 ([CAYvE—27IXETS.
| BJ0CANDAYEZ—RIE—ETHD.

fR 70t

call MPI_SCATTER(senddata,icount,MPIl_INTEGER,
recvdata(icount*myrank+1),icount,MPI_INTEGER,

&
& 0,MPI_COMM_WORLD,ierr)

MPI_Scatter(senddata,icount,MPI_INT,
recvdatalicount*myrank],icount,MPI_INT,0,MPI_COMM_WORLD);

> XS\ I 7 EZE/I\y T 7 (EAETY LDOERD NS D TIFRSIRUL(MPIL.0LHR)
> BITOTCRNANDAYEZ—EN—ETRMEE(EMPL_SCATTERVZFERT 3.

MPI_SCATTERME¥#lli3{18%1.3.13 MPI_SCATTERVO EX#lli3 18R 1.3.14
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MPI_GATHER

BCI=1=45—4A%F D200 E/\v I7Hhs, KFJTO
ADZE)I\Y T 7 ([CAYVT—2HIXET B.
| &J0Ans0Xy—RIE—ETSHS.

MPI_Gather(senddata[icount*myrank],icount,MPI_INT,
recvdata,icount,MPI_INT,0,MPI_COMM_WORLD);

call MPI_GATHER(senddata(icount*myrank+1),icount,MPI_INTEGER,
& recvdata,icount,MPI_INTEGER,
& 0,MPI_COMM_WORLD,ierr)

> XE/I\Y I 7 ERE/\W T 7 (EAETD LEDERD N D TIEIRSTRN(MPIL.0LER)
> BITOCAANDAYVEZ—EN—FETRUVLNSE(EMPI._GATHERVE{FER Y 3.

MPI_GATHERDE¥ M1 {188 1.3.8 MPI_GATHERVOOE¥ #1348 1.3.9
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5. E&MEE4 (practice_4)
| EBMEIOTOTSLAT, &SI DEFDF1%ZMPI_REDUCEZER L
t5>'OL$Jbt':uﬁmﬁbﬁi%ﬁbbt<rém
IHH R %
Fortan C

EET«L M) F/practice_4 C/practice_4

{EA/)—A7714) practice4.f practice4.c WK DR

2377710 run.sh TDEFIRA

® FIED : fFEa LU MUZEBHLTSIZE.
$ cd MPI/[F] or [C]/practice_4

@ FEQ : I A TY—-RI7AIZRBELTLIZE), EEREBE3IDEIZEH &
LCTY—-XRT7A1I)ILZBAEUTCVWEYT. CEHEMERSNCEZMEIDLER
EARUZVWNEE(E, practice 3/WBY—XTJ7)L=JE— U TERLTLEZ
=L\,

[FIDI=& : $ vi practice4.f
[CIDIZE : $ vi practiced.c
XIRR—=2(CTOT S LREDE> MYHDFET .
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5. EZSME4 (practice_4) DD

=

UMD DEBD ZEIBHTLIZEN,

Fortrani &0 35 A :
program example4
include 'mpif.h’
integer ierr,myrank,nprocs,ist,ied
parameter(n=1000)
integer isum,isumz2
call MPI_INIT (ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)

ist=((n-1)/nprocs+1)*myrank+1
ied=((n-1)/nprocs+1)*(myrank+1)

isum=0
do i=ist,ied
isum=isum-+i
enddo
call MPI_REDUCE(| |, ! .MPI_INTEGER,
& MPI_COMM_WORLD,ierr)
if( ) write(6,6000) isum2 D A=

6000 format("Total Sum = ",i10)
call MP1_FINALIZE(ierr)
stop
end

XET—SFDI7 RLX
ZET—FDT RL X

IXET —HFDELRI
UASOS 3 EEOMET— R
root 7Ot XAD=5>20
SO0NWESHEREHRNTE D
KDICULET.
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. JEEMEE4 (practice_4) DDOE

® FIEQ : O /)\AILZEITUET.
[F1DIBS : $ mpinfort practice4.f
[C]DIZE : $ mpincc practiced.c

e FE@ : 3= ALET.
$ qsub run.sh

® FE® : EITHERZWERULET. fhR(Epractice_p4.oXXXX(XXXXICZ
(FUOITRAKRIDRADERT)E U THRINESNET.

$ cat practice_p4.0XXXX
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6. MPIO0S=>7

BIEDOFRLE
v ROwW D

IO EUN

J7AILDATRTS]

MPI+OpenMP®D/\1 T Uw RZEfT
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(S DFES

| #hsEs:

fcH7z3DDECH(CHEITD &,

‘“/ |

LML,

. - [ {
WMERST—4IM a?
E5RU cPU

a8

CPUO CPU1

CPU2

(0000
RERF—In — e
5730

CPU2

fttDCPUNMRITT D57 —F %
SR SHHEINBE

T—HDEZE
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55 =5 <l

| HRDIL—TXCEFNDEINDRZFENi+110-10D15

&, I—TEREIUERICTEZERZELS
ﬁmﬂﬁ Fortran : C:

do i=1, 100 for (i=1;i<=100;++1i) {
b(i)=a(i)-a(i-1) b[i]=a[i]-a[i-1];
enddo }

it 51 hi RN

Fa+20 (}/ | 25 \ “

Fa42 1 NERENZ2IEEIN

JOoez 2 \ : 50 ! ;/1

75

Page 47




’T\hé:r' égct) 511::

|ﬁ%ﬁ%[8ﬁ5?—9%@5[@,XW&—DQ@E&%

T — I DIRZENNE
rAyt—o
@ X
pa=k & Y0 ist %

Ja0+X 1

Jaotx2
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MBI ENRFD X W 7 — 3R

MPThR

Fortran :

B sRRDE

ist = ((n-1)/nprocs+1)*myrank+1
iled = ((n-1)/nprocs+1)*(myrank+1)

C:

ILF = myrank-1

iRT = myrank+1\i EZEHFDIFE

if (myrank.ne.0) then
call mpi_recv(a(ist-1),1,MPI_REALS8,ILF1, &
MPI_COMM_WORLD,status,ierr)
endif
do i=ist, ied
b(i) = a(i) — a(i-1)
enddo
if (myrank.ne.nprocs-1) then
call mpi_send(a(ied),1,MPI_REALS,IRT,1, &
MPI_COMM_WORLD,ierr)
endif

L

= ist=(int)((n-1)/nprocs+1)*myrank+1;

ied=(int)((n-1)/nprocs+1)*(myrank+1);
ILF = myrank-1;
IRT = myrank+1;
if (myrank!=0) {
MPI1_Recv(a[ist-1],1,MPI_DOUBLE,iLF 1, &
MPI_COMM_WORLD,status)
}
for(int i=ist;i<=ied;++i){
b[i] = a[i] — a[i-1]
}
if (myrank!=nprocs-1) {
MPI_Send (afied],1,MPI_DOUBLE,IRT,1, &
MPI_COMM_WORLD)

Page 49




Sw ROwv D

Fortran :

if(myrank.eq.0) then
call MPI_Recv(rdata,1,MPIl_REAL,1,
+ itag,MPl_COMM_WORLD,status,ierr)
else if(myrank.eq.1) then
call MPI_Recv(rdata,1,MPIl_REAL,O,
+ itag,MPl_COMM_WORLD,status,ierr)
endif
if(myrank.eq.0) then
call MPI_Send(sdata,1,MPI_REAL,1,
+ itag, MPI_COMM_WORLD,ierr)
else if(myrank.eq.1) then
call MPI_Send(sdata,1,MPI_REAL,O,
+ itag, MPI_COMM_WORLD,ierr)
endif

if(myrank==0) {
MPI_Recv(rdata,1,MPI_FLOAT,1,
itag,MPI_COMM_WORLD,status);
telse if(myrank==1) {
MPI_Recv(rdata,1,MPI_FLOAT,O,
itag,MPI_COMM_WORLD,status);
}
if(myrank==0) {
MPI_Send(sdata,1,MPl_FLOAT,1,
itag,MPI_COMM_WORLD);
telse if(myrank==1) {
MPI_Send(sdata,1,MPI_REAL,O,
itag,MPI_COMM_WORLD);

}

« S /JOtﬁszlb*ﬂH%(ZMPI _RECV([EIEARY 133 158B(E) & 1T D
TENTTHEI, FHEIRRELERS.
. L_ODCJ:DTCM#“'SMM%‘:T‘J ROw DT EWD.

Page 50




Fwv R

W 7J

2240

MPI_RECV

MP1_SEND

« v ROVIODOEESZEEUTIE, UTHAETFSNS
@ MPI_RECV&EMPI _SENDDIE UWLWIFEONM UNBR (C{ELE
@ IJFEREARY(CMPI _IRECVEMPI ISENDICEEFRX B

€y =270

MPI_RECV

MPI_SEND

X

1

>>271
MPI_SEND

MPI_RECV

5241
MPI_RECV

MPI_SEND

—

@

XTZ200&EZ2T105HE
Kf(CMPI_RECVZEITI D&
T—INXENDDOZFD
MRETIEF D> TCTUED.

=570
MPI_IRECV

MPI_ISEND

MPI_WAIT

—>5>71
MP1_IRECV

MPI_ISEND

MPI_WAIT
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W Z2MDEhED

v R

Fortran :

if(myrank.eq.0) then
call MPI_Recv(rdata,1,MPIl_REAL,1,
+ itag, MPI_COMM_WORLD,status,ierr)
else if(myrank.eq.1) then
call MPI_Send(sdata,1,MPI_REAL,O,
+ itag, MPI_COMM_WORLD,ierr)
endif
if(myrank.eq.0) then
call MPI_Send(sdata,1,MPI_REAL,1,
+ itag, MPI_COMM_WORLD,ierr)
else if(myrank.eq.1) then
call MPI_Recv(rdata,1,MPI_REAL,O,
+ itag,MPl_COMM_WORLD,status,ierr)
endif

if(myrank==0) {
MPI_Recv(rdata,1,MPI_FLOAT,1,
itag, MPI_COMM_WORLD,status);
}else if(myrank==1) {
MPI_Send(sdata,1,MPI_FLOAT,O,
itag,MPI_COMM_WORLD);
}

if(myrank==0) {
MPI_Send(sdata,1,MPI_FLOAT,1,
itag,MPI_COMM_WORLD);
telse if(myrank==1) {
MPI_Recv(rdata,1,MPI_FLOAT,O,
itag,MPl_COMM_WORLD,status);

® MPI_SEND&MPI_RECVAX (CIRD KD (U UNEF =25
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W Z2JMD[EhEEQR

v R

Fortran :

if(myrank.eq.0) then

call MPI_IRecv(rdata,1,MPIl_REAL,1,
+ itag,MPI_COMM_WORLD,ireql,ierr)
else if(myrank.eq.1) then

call MPI1_IRecv(rdata,1,MPIl_REAL,O,
+ itag,MPI_COMM_WORLD,ireql,ierr)
endif

if(myrank.eq.0) then

call MPI_ISend(sdata,1,MPI_REAL,1,
+ itag,MPI_COMM_WORLD,ireqg2,ierr)
else if(myrank.eq.1) then

call MPI_ISend(sdata,1,MPI_REAL,O,
+ itag,MPI_COMM_WORLD,ireqg2,ierr)
endif

call MPI_WAIT(ireql,status,ierr)

call MPI_WAIT(ireq2,status,ierr)

if(myrank==0) {
MPI_Irecv(rdata,1,MPIl_FLOAT,1,
itag, MPI_COMM_WORLD.,ireql);
telse if(myrank==1) {
MPI_Irecv(rdata,1,MPIl_FLOAT,O,
itag, MPI_COMM_WORLD.,ireql);
}
if(myrank==0) {
MPI _Isend(sdata,1,MPIl_FLOAT,1,
itag, MPI_COMM_WORLD.,ireq2);
telse if(myrank==1) {
MPI _Isend(sdata,1,MPIl_FLOAT,0,
itag, MPI_COMM_WORLD.,ireq2);
}

MPI_Wait(iregl,status)
MPI_Wait(ireg2,status)

® 3EFIHAZIDOMPI_ISEND&EMPI_IRECVICEE#Z D

MPLISENDO)E¥#lli3 {188 1.2.9

MPLIRECVOEF#ll(2{1#%1.2.10

MPLWAITOR IS (48R1.2.12
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Bc5 aDfE ]\
Bd5la (100)

[ ] o BT O ANEL T D8l

L2770t X (F, O I

SRS & FF DOBEN R

> AEUMEEOEHNTES
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ia/ N A —

Fortran :

A+ X0

> (Wig)

JAatX1

real(8)::a(100)
doi=1,25

c=c+a(i)*b(i)
enddo

real(8)::a(100)
do i=26,50

C:C+a(i)*b(i)
enddo

real(8)::a(25)

do i=1,25
c=c+a(i)*b(i)

enddo

real(8)::a(25)

doi=1,25
c=c+a(i)*b(i)

enddo

A+ X0

JAatX1

JatX2

70+ X3

real(8)::a(100)
do i=51,75

C:C+a(i)*b(i)
enddo

real(8)::a(100)
do i=76,100

C:C+a(i)*b(i)
enddo

~

real(8)::a(25)

doi=1,25
c=c+a(i)*b(i)

enddo

real(8)::a(25)

do i=1,25
c=c*a(i)*b(i)

enddo

JOtX2

pinl o &

double a[100]
for(i=0;i<25;++i){
c=c+a[i]*bl[i]

}

double a[100]
for(i=25;i<50;++i){
c=c+al[i]*b[i]

double a[100]
for(i=50;i<75;++i){
c=c+a[i]*b[i]

double a[100]
for(i=75;i<100;++i){
c=c+al[i]*b[i]

double a[25]

for(i=0;i<25;++i){
c=c+al[i]*b][i]

}

} } }

double a[25] double a[25] double a[25]

for(i=0;i<25;++i)}{ for(i=0;i<25;++i){ for(i=0;i<25;++i){
c=c+al[i]*b[i] c=c+al[i]*b]i] c=c+al[i]*b[i]

} } }
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JLARIC(FEEDHh D)\

| MPLC &> TN NI T OIS LDT 7 A (FHOHD)C
Ei N WARIASVIN ] FoaTar 17

JJ
SA—hWHD, ENENICHEEND D28,
93B.

1. T71)LAT]
O £7JOtRRER—T71ILAS
> BERTOTS LS ITULEL
@ RKEXITOTAAS
> AEYUDHIRHBIHE
® DT 71ILAS
> ATE|UHELRICIZ, I/ OB KD EIEE

2. Jr7A)LH

© RRIOTRESH
> J7AIILZE 1 DICEEDD

@ DRI 7LD
> 1/ OB5fE RN I EE
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2J0OtvXE—2T 71 I)LAA(Fortran)

|
\
I
o

|
V
N\

|
V
)
N

|
V
)
W

|

: I/0

include 'mpif.h’
integer,parameter::numdat=100
integer::idat(numdat)
integer::myrank,nprocs,ist,ied,isum,ierr
call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((numdat-1)/nprocs+1)*myrank+1
ied=((numdat-1)/nprocs+1)*(myrank+1)
open(10,file="fort.10")
read(10,*) idat
isum=0
do i=ist,ied
isum=isum-+idat(i)
enddo
write(6,*) myrank,":partial sum=",isum
call MP1_FINALIZE(ierr)
stop
end

etcl.tf
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2J0O0tXE—T71)LAF(C)

|
\
I
o

|
V
N\

|
V
)
N

|
V
)
W

|

: I/0

#include <stdio.h>
#include <mpi.h>
int main(int argc, char **argv){
int numdat=100;
int idat[numdat];
int ierr,myrank,nprocs,ist,ied;
ierr = MPIL_Init(&argc, &argv);
ierr = MPI_Comm_size(MPI_COMM_WORLD,&nprocs);

ierr = MPlI_Comm_rank(MPI_COMM_WORLD,&myrank);

ist=(int)((numdat-1)/nprocs+1)*myrank+1,;
ied=(int)((humdat-1)/nprocs+1)*(myrank+1);
FILE* fp = fopen("fort.10","r");

for(int i=0;i<numdat;++i) fscanf(fp,"%d",&idat][i]);
fclose(fp);

int isum=0;

for(int i=ist;i<=ied;++i) isum+=idat[i-1];
printf("%d;partial sum=%d¥n",myrank,isum);
ierr = MPI_Finalize();

return O;

etcl.c
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KFXT ORI (Fortran)

etc2.f

include 'mpif.h’

integer,parameter :: numdat=100
integer::senddata(numdat),recvdata(numdat)
integer::myrank,nprocs,icount,isum,ierr
call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
if(myrank.eq.0)then

open(10,file="fort.10")

2 :/7 o read(10,*) senddata
endif
icount=(numdat-1)/nprocs+1

5 _~/7 1 call MPI_SCATTER(senddata,icount,MPI_INTEGER,
& recvdata(icount*myrank+1),icount,
& MPI_INTEGER,0,MPI_COMM_WORLD,ierr)
isum=0

i 5,4 2 | doi=Licount
isum=isum-+recvdata(icount*myrank+i)

enddo
write(6,*)myrank,":partial sum="',isum

i S5s,4 3 | cal MPLFINALIZE(ier)

stop
end

MPI_SCATTERO B #lI3{18%1.3.13
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KERITOTERXAH(C)

etc?2.c

#include <stdio.h>

#include <mpi.h>
int main(int argc, char **argv){
int numdat=100;
int senddata[numdat],recvdata[numdat];
int ierr,myrank,nprocs,ist,ied;
ierr = MPI_Init(&argc, &argv);
ierr = MPI_Comm_size(MPI_COMM_WORLD,&nprocs);
ierr = MPI_Comm_rank(MP1l_COMM_WORLD,&myrank);

22490 ist=(int)((numdat-1)/nprocs+1)*myrank+1;
ied=(int)((numdat-1)/nprocs+1)*(myrank+1);
if(myrank==0){

5 ?/7 1 FILE* fp = fopen("fort.10","r");

for(int i=0;i<numdat;++i) fscanf(fp,"%d",&senddata]i]);
fclose(fp);
}
int icount=(int)((numdat-1)/nprocs+1);
MPI_Scatter(&senddata[0],icount, MP1_INT,
&recvdata[icount*myrank],icount,MPI_INT,
0,MPI_COMM_WORLD);

- int isum=0;
i 7 '/7 3 for(int i=0;i<icount;++i) isum+=recvdata[icount*myrank+i];

printf(" %d;partial sum=%d¥n",myrank,isum);
ierr = MPI_Finalize();
return O;

-
|
\'
N\
N

MPI_SCATTERO I3 {1881.3.13
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Jl
\O
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| dl
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Jl
\O
3
N

" EPZE
— : MPIH{E
—_— :I/0

A+ AEUHIR(Fortran)

include 'mpif.h’
integer,parameter :: numdat=100
integer,allocatable :: idat(:),work(:)
integer :: nprocs,myrank,ierr
integer :: ist,ied,isum
call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist = ((humdat-1)/nprocs+1)*myrank+1
ied = ((numdat-1)/nprocs+1)*(myrank+1)
allocate(idat(ist:ied))
if(myrank.eq.0) then
allocate(work(numdat))
open(10,file='fort.10")
read(10,*) work

endif
call MPI_SCATTER(work,ied-ist+1,MPI_INTEGER,
- idat(ist),ied-ist+1,MP|_INTEGER,0,
+ MPI_COMM_WORLD,ierr)
if(myrank.eq.0) deallocate(work)
isum=0
do i=ist,ied
isum = isum + idat(i)
enddo

write(6,*) myrank,';partial sum=',isum
deallocate(idat)

call MPI_FINALIZE(ierr)

stop

end

etc2.ft
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KRERTOTRAN + AEUHIRE(C)

#include <stdio.h> etc’?2.cC

#include <stdlib.h>
#include <mpi.h>
int main(int argc, char **argv){
int numdat=100;
int *idat, *work;
int ierr,myrank,nprocs,ist,ied;
ierr = MPI_Init(&argc, &argv);
ierr = MPI_Comm_size(MPI_COMM_WORLD,&nprocs);
ierr = MPI_Comm_rank(MP1I_COMM_WORLD,&myrank);
ist=(int)((numdat-1)/nprocs+1)*myrank+1;
ied=(int)((numdat-1)/nprocs+1)*(myrank+1);
idat = (int*)malloc(sizeof(int)*(ied-ist+1));
if(myrank==0){
work = (int*)malloc(sizeof(int)*numdat);
FILE* fp = fopen("fort.10","r");
for(int i=0;i<numdat;++i) fscanf(fp,"%d",&work([i]);
fclose(fp);
}
MPI_Scatter(work,ied-ist+1,MPI_INT,
idat,ied-ist+1,MPI_INT,
- o 0,MPI_COMM_WORLD);
i 7 '/7 3 if(myrank==0) free(work);
int isum=0;
for(int i=0;i<ied-ist+1;++i) isum+=idat][i];
| . v = printf(" %d;partial sum=%d¥n",myrank,isum);
: MPTI&{E free(idat);

—_— :I/0 ierr = MPI_Finalize();
return O;

Jl
\O
3
o

Jl
\O
o

Jl
\i
3 Ny

)
|
\O
N\
N
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288 77 1)L A (Fortran)

\:
3
o

\“! Jdl

\I
)

dl
\
N
N

.
D

|
\l
\)

'

—_— :I/0

include 'mpif.h’

etc3.f

integer,parameter :: numdat=100
integer::buf(numdat)
integer :: myrank,nprocs,ist,ied,isum,ierr

call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)

ist=((numdat-1)/nprocs+1)*myrank+1
led=((numdat-1)/nprocs+1)*(myrank+1)
read(10+myrank,*) (buf(i),i=ist,ied)

isum=0
do i=ist,ied

isum = isum + buf(i)
enddo

write(6,*) myrank,';partial sum=',isum
call MPI_FINALIZE(ierr)

stop

end
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78I 71 IJLATI(C)

\:
3
o

\“! Jdl

\I
)

.
D

dl
\
N\
N

|
\l
\)

'

—_— :I/0

#include <stdio.h>
#include <mpi.h>
int main(int argc, char **argv){
int numdat=100;
int buf[numdat];
int ierr,myrank,nprocs,ist,ied;
ierr = MPIL_Init(&argc, &argv);
ierr = MPI_Comm_size(MPI_COMM_WORLD,&nprocs);

ierr = MPI_Comm_rank(MPl_COMM_WORLD,&myrank);

ist=(int)((numdat-1)/nprocs+1)*myrank+1;
ied=(int)((numdat-1)/nprocs+1)*(myrank+1);
char filename[8]="fort.";
sprintf(filename,"%s%d" filename,10+myrank);
FILE* fp = fopen(filename,"r");

for(int i=ist;i<=ied;++i) fscanf(fp,"%d",&bufli]);
fclose(fp);

int isum=0;

for(int i=ist;i<=ied;++i) isum+=Dbuf]i];

printf(" %d;partial sum=%d¥n",myrank,isum);
ierr = MPI_Finalize();

return O;

etc3.c
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KEFRT Ot A (Fortran)

etcd .t

include 'mpif.h’'

parameter (numdat=100)
integer senddata(numdat),recvdata(numdat)
_ integer myrank,nprocs,icount,ierr
- S 2% 3 | cal MPLINIT(ier)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
— icount=(numdat-1)/nprocs+1
- S92 do i=1,icount
senddata(icount*myrank+i)=icount*myrank+i
enddo
call MPI_GATHER(senddata(icount*myrank+1),
& icount, MPI_INTEGER,recvdata,
& icount,MPI_INTEGER,0,MP|_COMM_WORLD,
& ierr)
if(myrank.eq.0)then
open(60,file="fort.60")
write(60,'(1018)") recvdata
endif
call MPI_FINALIZE(ierr)
stop
end

|
V
N\

Jl
\i
Ny
@)

- MPLI{E
— :1I/0 MPI_GATHERDE¥#l 13 {44%1.3.8
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RERTOEZRAHH(C)

5

5

> . MPIEE
_— I/0

\l
)

\i
A\
o

etcd.c —

#include <stdio.h>
#include <mpi.h>
#define MIN(,j) (D<) ? ():())
int main(int argc, char **argv){
int numdat=100;
int senddata[numdat],recvdata[numdat];
int ierr,myrank,nprocs;
ierr = MPIL_Init(&argc, &argv);
ierr = MPI_Comm_size(MPI_COMM_WORLD,&nprocs);
ierr = MPI_Comm_rank(MPl_COMM_WORLD,&myrank);
int icount=(int)((numdat-1)/nprocs+1);
for(int i=0;i<icount;++i)
senddata[icount*myrank+i]=icount*myrank+i+1;
MPI_Gather(&senddataicount*myrank],icount,MPI_INT,
&recvdata[0],icount,MPI1_INT,
0,MPI_COMM_WORLD);
if(myrank==0){
FILE* fp = fopen("fort.60","w");
for(int i=0;i<numdat;i+=10) {
for(int j=i;j<MIN(i+10,numdat);j++){
fprintf(fp,"%8d",recvdatalj]); }
fprintf(fp,"¥n"); }
fclose(fp);
}
lerr = MPI_Finalize();
return O;

MPI_GATHERDE¥ ¥l I3 148%1.3.8
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TDENT 7 )L

173 (Fortran)

include 'mpif.h’

integer,parameter :: numdat=100
integer :: buf(numdat)

integer :: myrank,nprocs,ist,ied,ierr

3
- call MPI_INIT(ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
5

etchb.f

>4 1 call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
— ist=((numdat-1)/nprocs+1)*myrank+1
:- D ied=((numdat-1)/nprocs+1)*(myrank+1)

_ do i=ist,ied

29 2 buf(i)=i
o enddo

E_,v write(60+myrank,'(1018)") (buf(i),i=ist,ied)

- v call MPI_FINALIZE(ierr)

%93 stop
o end

B
N~
—> :1I/0
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e D 7 )L (C)

52450

|| (R
524 1

S5vh2 I

543 I

T

B

—_— :I/0

etcb.c

#include <stdio.h>

#include <mpi.h>
#define MIN(,j) (D<) ? ():())
int main(int argc, char **argv){
int numdat=100;
int buf[numdat];
int ierr,myrank,nprocs,ist,ied;
ierr = MPI_Init(&argc, &argv);
ierr = MPI_Comm_size(MPI_COMM_WORLD,&nprocs);
ierr = MPI_Comm_rank(MP1I_COMM_WORLD,&myrank);
ist=(int)((numdat-1)/nprocs+1)*myrank+1;
ied=(int)((numdat-1)/nprocs+1)*(myrank+1);
for(int i=ist;i<=ied;++i) buf[i-1]=i;
char filename[8]="fort.";
sprintf(filename,"%s%d",filename,60+myrank);
FILE* fp = fopen(filename,"w");
for(int i=ist-1;i<ied;i+=10) {
for(int j=i;j<MIN(i+10,ied);j++){
fprintf(fp,"%8d",buf[j]); }
fprintf(fp,"¥n"); }
fclose(fp);
ierr = MPI_Finalize();
return O;

}
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7. HEEEES

| P.65Metc4.fE L K (FP.66MDetcd.cZP.61,P.620 [REITOTZRAAT]
+ AEUHIRK] DBIDKDIC, FEITOTRICHEIRBIRIZITHEERT DL
SICBIELTLIZE).
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7. EEMIRES (practice_5) DO

IHH W& £
Fortan C
EET1LIM) F/practice_5 C/practice_5
{ER/—A771) practice5.f practice5.c Rk VE
377710 run.sh TDFEFIRA

e FIED : fEEFT v LU MUZEBENL T2,

$ cd MPI/[F] or [C]/practice_5

@ FIEQ : I+ TY—RIT7AI)IZBELTLIZEW. Y-XRT7A

IZRAEUTCULET.
[FIDIZ& : $ vi practices.f
[CIDIBE : $ vi practiceb.c

XRR—2(CTOT0 S MREDE> M DET.
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7. EEMIRES (practice_5) DO

=2
LAFD DEDZIBSHT L TZEL.
Fortrani®@&8J'095 A :

include 'mpif.h’

integer,parameter :: numdat=100

integer,allocatable :: senddata(:),

integer :: myrank,nprocs,icount,ierr

call MPI_INIT (ierr)

call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
ist = ((numdat-1)/nprocs+1)*myrank+1

ied = ((numdat-1)/nprocs+1)*(myrank+1) | > EIXTIIZFallocate
allocate( \(ist:ied)) “— LET.

if(myrank.eq.0) allocate(recvdata(numdat))

icount=(numdat-1)/nprocs+1

do i=1,icount
senddata(icount*myrank+i)=icount*myrank+i

enddo

RR—AN\DDK.
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7 . EEMEES (practice_5) DD

E5—YDRIm7 RLX

B
o p > KET—HDERE
Fortraniﬁgj Da EA . / RIS T 7,

call MPlI_GATHER( / > REMBBDRIRT RLX
& ,MPI_INTEGER,

& ,MPI_INTEGER,0,MP|_COMM_WORLD,
& err) < - E2OTOCRNSBHIET
if(myrank.eq.0) then DERE

open(60,file="fort.60"
write(60,'(1018)") recvdata

de_allocate( )< —— > Exf&(Cdeallocatel
endif o
deallocate( )€
call MPI_FINALIZE(ierr)
stop
end
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. JEEMEES (practice_5) DDOE

® FIEQ : O /)\AILZEITUET.
[F1DIBS : $ mpinfort practices.f
[C]DIZEE : $ mpincc practiceb.c

e FE@ : 3= ALET.
$ qsub run.sh

® FE® : EITHERZHERULET. fhR(Epractice_p5.0XXXX(XXXXICZ
(FUOITRAKRIDRADERT)E U THRINESNET.

$ cat practice_p5.0XXXX
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MPI +OpenMP®D/\1 JUw RZE1T (1/2)

I MPI(Message Passing Interface) & OpenMPZ#HEAHENTE D&
(CkD, 1 — R(HAEFVE)DSX-Aurora TSUBASANFIFHT]EE

1 VERIZMPIES, VER%ZOpenMPill:5
® AOBA-ADIGZEIIERAR256VE. VENIIERASAL v ROFIHEH O]EE
® AOBA-SODIZ&E(FEAK2,048VE. VERNIIEK1I6 XL v ROF|HH BIEE

1 /\ 1 JUwRETOAUw MIBLTF

@ AFIEROENNC K BAIBIERI DS

@ MPIERERY IDTOTSAICHNT, SREEEOYER(I— RICL>
TIIEHEEDYIHD)
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MPI + OpenMP®D/\1 J'Uw RZE1T (2/2)

| MPITOUZLDO2 )LV RZEFIH
mpinfort -fopenmp [#A7¥av] J=R771I

mpincc -fopenmp [FT¥av] J=R7P1INVE

1 /\JUw REFTOROIUT ~F

#/bin/bash % Eﬁ%_%&%fﬁ ('JZ‘?E) .
VEMZISE. (UE
aE e ® EREHEEY (EBRM) wRE
_ [hh:mm:ss] OXD(TIBE. (8 <IHELRE)
#PBS -I elapstim_req=@3) @ AL v REEEE. (ELHOEANE)
©® HWMPIFOCIHEIEE.
export VE_OMP_NUM_THREADS=@) (VERA IR THE X EUMFIDRE(Z,
cd $PBS_O WORKDIR @=06)
mpirun -np & ./a.out

XEH(E TAOBA-S OO0 S ARH - ETRIE FAFIEE] =2&R
https://www.ss.cc.tohoku.ac.jp/sscc/wp-content/uploads/pdf/AOBA-ST 10 S AR - EITIRIEFIAFIEE  pdf

Page 75



8. /EEMIFE6 (practice_6)

| THET OO S LEMPITHSIME LTS IZEL)

O FERICEEH T DITIBEZITOITOIV S LAEZMPUHELT8TOERATEITLT
<IEEL. BAEFETOEX0 T TS0,
4 N [ I

implicit real(8)(a-h,0-2) #include <stdio.h>
parameter ( n=12000 ) sample6. f #include <time.h> sample6.c
real(8) a(n,n),b(n,n),c(n,n) #define MAX(1.)) ((()=>()) ? () : ()
real(4) etime,cp1(2),cp2(2),t1,t2,t3 int main()
doj=1,n {
doi=1n int n=12000;
a(i,j) = 0.0d0 double a[n][n],b[n][n],c[n][n];
b(i,j) = n+1-max(i,j) for(int j=0;j<n;j++)¥{
c(i,j) = n+1-max(i,j) for(int i=0;i<n;i++){
enddo a[j][i] = (double)0;
enddo b[j][i] = (double)n+1-MAX(i,));
write(6,50) ' Matrix Size =',n c[j]li] = (double)n+1-MAX(i,));
50 format(1x,a,i5) }
tl=etime(cpl) }
doj=1,n printf(" Matrix Size = %5d¥n",n);
do k=1,n double t1 = (double) clock()/CLOCKS_PER_SEC;
doi=1,n for(int j=0;j<n;j++)}{
a(i,p=a(i,j)+b(i,k)*c(k,j) for(int k=0;k<n;k++){
end do for(int i=0;i<n;i++){
end do afjlfi] = af]{il+b[K]{]*c[ilk];
end do }
t2=etime(cp2) }
t3=cp2(1)-cpl(1) }
write(6,60) ' Execution Time ="',t2," sec', A(h,n) =",a(n,n) double t2 = (double) clock()/CLOCKS_PER_SEC;
60 format(1x,a,f10.3,a,1x,a,d24.15) printf(" Execution Time = %If sec, A[n][n] = %f24¥n"
stop 12-11,a[n-1][n-1]);
end return O;
}
\ AN J

Page 76



8. EEMIE6 (practice_ 6)DDE

® Lo TJOUSLADRNETRDESD

MPIO#IA{L B E
Y
70E2BERTOLADS /BB ONRE . & BREEHAIMPI_WtimeZz{#ERY3
. I i i
ARBORECRETER DD . OISHZI8INT SEHUISIHERBBITE |
: &I D |
T — - ' real*8 t1,t2 U< (& double t1,t2
b EcOMDRE L §
. QHIET SXEDIED EERDOHDODNEZ |
1 5t S ’
£70AH BT IRHEOTIIRNEHN !
o | MPI_Barrier(C & 3 EHANE
_. - ' t1=MPI_Wtime ()
MEEMTIEINEF70ICKRDHD [RIE XS]
— ' MPI_Barrier(C &3 @02
520 EREMA . 12=MPL_WTime()
1  Ot2-t1HHARRDEM S 123
MPIDO® TLE
v
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8. EEMIE6 (practice_ 6)DDE

® > —YDEXAE (175 -RT ~NLiA)
e JOtR0FTOER1L,2,3INSEHERREZA&INUCEY x 2 (1THD
(FE)

7a+X0 7R+tx1 Jaex2 7a+Xx3

> MPI_GATHERZERULT, &3>0 UIET—
— HEEDHD
K| ot 4« > HMEENTOYSS > I APIFER hDH5R1.3.8
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8. JEJMIE6 (practice_6) DO

IHH
Fortan
EET1L M) F/practice_6

(EH/—RA771)V practiceb.f
a7 771N run.sh

PO
C
C/practice_6
practice6.c

B

WE LE
TDEFRA

o FED : EEFT v LU MNUZEFEBEBNL TS IZEL).

$ cd MPI/[F] or [C]/practice_6

@ FIEQD : T4 I TY-RAIT7AILZ=ZRELTLIZEV). BRMRDITE
BSOS LADY—XT71)UIF sample/ (CAEULTLET.

[FIDIBES : $ vi practice6.f
[C]DIZS : $ vi practice6.c

XIRR—=Z(CTOT S LREDE> BB DFET.
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8. 'EH&MIE6 (practice_6) DDO=

=2
LAFD DEDZIBSHT L TZEL.
Fortrani®@&2' 005 A :

program example6

implicit real(8)(a-h,0-z)

include 'mpif.h’

integer ierr,myrank,nprocs,ist,ied

parameter ( n=12000 )

real(8) a(n,n),b(n,n),c(n,n)

real(8) d(n,n)

real(8) t1,t2

call MPL_INIT(ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)

:Z:j:: i — > DERDIERERRE
ROET.

n2=n/nprocs

IRNR—ADDL,
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8. 'EH&MIE6 (practice_6) DDO=

Fortranf@&8 2’005 A :

doj=1,n
doi=1,n
a(i,j) = 0.0d0
b(i,j) = n+1-max(i,j)
c(i,j) = n+1-max(i,j)
enddo
enddo
if(myrank.eq.0) then
write(6,50) ' Matrix Size =',n
endif
50 format(1x,a,i5)
| — > )\ 74018

t1= “—

> BFfEETAIX S DRIn

IRNR—ADDL,
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8. 'EH&MIE6 (practice_6) DDO=

Fortrani®8'095 A :
do j= - > {T7OLANMBHT S
do k=1,n XEIDETEZ .
do i=1,n
a(i,j)=a(i,j)+b(i,k)*c(k,j) > 5TEHERZ =S 200IC
end do EHFET.
end do
end do . 7 > ZFTOTANSEREXT
call MPI_GATHER(a(1,ist),l |,MPI_REALS,d, DEHIDH A X
& MP|_REALS8,0,MP|_COMM_WORLD, ierr)
~ - ~ < > J\U J74L18
{22 <« > BFRETHIXEI DR T .

if(myrank.eq.0) then
write(6,60) ' Execution Time = ',t2-t1,' sec',’ A(n,n) = ",d(n,n)
endif
60 format(1x,a,f10.3,a,1x,a,d24.15)
call MP1_FINALIZE(ierr)
stop
end

Page 82



. JEEMEE6 (practice_6) DO

® FIEQ : O /)\AILZEITUET.
[FIDIBS : $ mpinfort practice6.f
[C]DIZE : $ mpincc practice6.c

e FE@ : 3= ALET.
$ qsub run.sh

® FE® : EITHERZHERULET. fER(Epractice_p6.0XXXX(XXXXIZ
(I3 TIDAADET)ELUTHEIESNET.

$ cat practice_p6.0XXXX
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fJix 1. FLEFHS
JEx 2. SEXE, Webb -1
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Jix 1. EFHS

1.1 TOCREIR

T8k 1.2 —W—&{E

fFEx 1.3 EHEE

8k 1.4 ZOMMOFHRE
F8% 1.5 TOTS=>2TOVEE

XARTFABNCE, J=2=5—%4 (comm) (&, MPI_COMM_WORLD& T 3.
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g% 1.1

0O

J

R

e

1t
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FE1.1.1 TJOCXREEBEE

-
MPIIRIZDFIRAIL - #2 TAIRDIRIEDEWENDEZ
o

/——

1T

\

J
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Jix

1.1.2 O3> .,L651 (FORTRAN)

etco.f

include 'mpif.h’

integer :: myrank,nprocs,ist,ied,ierr,isuml
parameter(numdat=100)

call MPL_INIT(ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD, nprocs, ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
ist=((numdat-1)/nprocs+1)*myrank+1
ied=((numdat-1)/nprocs+1)*(myrank+1)

Isum1=0
do i=ist,ied
Isuml=isuml+i
enddo
call MPI_REDUCE(isuml,isum,1,MPI_INTEGER,MPI_SUM,
& 0,MP1_COMM_WORLD,ierr)

if (myrank.eq.0) write(6,*)'sum=",isum
call MPIl_FINALIZE(ierr)

stop

end
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ff#x1.1.2 TOTSLH (C)

etc’/.c

#include <stdio.h>

#include "mpi.h"

int main( int argc, char* argv[] )

{
int numdat=100;
int myrank, nprocs;
int i,ist,ied,isuml,isum;
MPIL_Init( &argc, &argv );
MPI_Comm_size(MPI_COMM_WORLD, &nprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
ist=((numdat-1)/nprocs+1)*myrank+1;
ied=((numdat-1)/nprocs+1)*(myrank+1);
iIsum1=0;
for(i=ist;i<ied+1;i++) isuml +=i;
MPI_Reduce(&isuml,&isum,1,MPIl_INT,MPI_SUM,

0,MPI_COMM_WORLD);

if(myrank==0) printf("isum=%d¥n",isum);
MPI_Finalize();
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F8%1.1.3 A>2TIL—FRIT7A)L

include 'mpif.h' ..F'ORTRAN

#include "mpi.h" ..C

Cxe 0

o MPIFiE=ZFESIHYI)IL—F> - BEETIE, I 1>0
JL— RURITNIEIR S 780N

e MPITERAY B MPI_xxx EL\oTEEHEZTEELTULS

o 1—HI(X, COT7AILOPRBEXETHBINE(IIRL)

mpif. h \

INTEGER MPI_LOR, MPI_BOR, MPI_LXOR, MPI_BXOR,
INTEGER MPI_MAXLOC, MP|_REPLACE

PARAMETER (MPI_MAX = 100)

PARAMETER (MPI_MIN = 101)

PARAMETER (MPI_SUM = 102)

N /
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f43%1.1.4 MPLINIT MPHSEDUEL

o MPIRIEDOVEAMCIALIEZITD
o 5| FREITI— R ierr & ( FORTRANDIZS

integer 1lerr
CALL MPI INIT (ierr)

int MPI Init (int *argc, char ***argv)

Cx2 0

o MAOMPI)L—F>XDHIIC 1 ELIFTIECHETNRITNERES
AN

o RII—KRIX, O—J)LUEMPUL—F>HIEECKTING,
MPI_SUCCESS%ZiRd (fthddDMPI)L—F>THEREU)

o IFZXFMSZIFUH IRICETE UL - Bchl(E, a7 O
TR (C(FBIEHHI N0 BIERICTBEEHNINE)

PIICER?
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48%1.1.5 MPI_FINALIZE MPIIRIEDIET

o MPIRIED#R TAUIRZITD
o S|EFXREI— R ierr & (FORTRANDIZS

integer 1lerr
CALL MPI FINALIZE (ierr)
int MPI Finalize (void)

o JOUSLANERTIBHIC, 9 1EETIDINENDD
— BEERTUIE(C(EZ, MPI_ABORTZALD

o COFHmETHNIFUOHEINEEIL, LWHVIRBMPIL—F>F
O U TIER SR

PIICER?
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8 1.1.6 MPI ABORT MPIRIEOH R

e MPIRIBDEER TUEZITS

s

integer comm, errcode, 1err
CALL MPI ABORT (comm, errcode, 1lerr)

int MPI Abort (MPI Comm comm, int errcode)

512K [E | AHSD

comm handle | IN O3 =45—4
errcode | B IN I5—a—K

:

o INRTOITOUTREZEIEFCEERTLEDETS
o SICOA=Za=H—SF=EBELEITIN
MPI_COMM_WORLDZ=A85E
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f15%1.1.7 MPI_COMM_SIZE MPIZ Ot R #HODEUE

o IBEUSOAZ 2T —AICHBIFTDETOCR=ZEEIT D

:

integer comm, nprocs, lerr
CALL MPI COMM SIZE (comm, nprocs, 1lerr)

int MPI Comm size (MPI_ Comm comm, int *nprocs)

;

5138 [E | AHS
comm handle |IN OS2z —4
nprocs BH  |OUT |O2Z2=4—32ADOKRTAER#

:

e cOmMmMHMPI_COMM_WORLD®DIZE, FATIEERTO
AD¥EZ IR T

P10CIRD
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{15%1.1.8 MPI_COMM_RANK 5> O&ESDHE

o IBELUSI=ZATH—AICHIFIBETOCRDS O IES

ZHUS T D

s

integer comm, myrank, ierr
CALL MPI COMM RANK (comm, myrank, 1lerr)

int MPI Comm rank (MPI Comm comm, int *myrank)

;

5188 E A A
comm handle |IN OS2 =45 —4
myrank | % OUT |aZa=4s—3FD3 0&F=

v

o BTOTXREMTOCRDXAI, RICALS
o 0MSnproc-1ETHEHET FUHH UETOTCRDS > IR

3_ (nprocs(&MPI_COMM_SIZEMDiRANMiE)

P10IcER?
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fMix1.1.9 S>OBSEMBTOTREZED IUIBEDHE

1 1/7'5100FTZnprocCE!

myrank=1
nprocs=4

myrank=2
nprocs=4

myrank=0
nprocs=4

myrank=3
nprocs=4

ist = ((100-1)/nprocs+1)*myrank+1
led = ((100-1)/nprocs+1)*(myrank+1)

ist = ((100-1)/4+1)*0+1 |
=1 [ = _ *
ed = ((100-1)/4+1)¥( |st_ 2(%100 1)/4+1) lﬂ } ]
=25 _ d_— / . ist = ((100-1)/4+1)*2+1
led = ((100-1)/4+1)*( =51 ist = ((100-1)/4+1)*3+1
=50 ied = ((100-1)/4+1)*(| =76
=75 ied = ((100-1)/4+1)*(3+1)
=100

Page 96



Otk 1.2 —X—181E




Otk 1.2.1 XJ—iBE &

/0 —fAOXETOTCR ERETOTANTOIAY t—\
0 AV TU—OML, T—HZXRIEIT D ETIT
nNnsd
e —X—iEE(S, XEUNIEREZEUIR(CHHINTLD
\o JOvF*>I08BESIIEITOVvFIBBEEND D /
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F#x1.2.2 OS5 LG

1 1/7'5100FTZnprocCE!

integer a(100),isum

open(10,file="fort.10"

read(10,*) a

isum=0

do i=1,100
Isum=isum-+ay(i)

enddo

write(6,*)'SUM="isum

stop

end

BRI (etc8. )
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fTix1.2.2 WIBAA—-=

-

filedata .

dataarea <

/’

-

-

Al 5| JRFE A A —

\*

I

2290

2291
2292

2293




F8%1.2.3 OS5 L6 (MPIRR)

Page 101

include 'mpif.h’
parameter(numdat=100)
integer status(MPI_STATUS_SIZE),senddata(numdat),recvdata(numdat)
integer source,dest,tag
integer myrank,nprocs,icount,ierr,isum
call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
icount=(numdat-1)/nprocs+1
if(myrank.eq.0)then
open(10,file="fort.10")
read(10,*) senddata
do i=1,nprocs-1
dest=i
tag=myrank
call MPI_SEND(senddata(icount*i+1),icount, MPl_INTEGER,
& dest,tag,MPI_COMM_WORLD,ierr)
enddo
recvdata=senddata
else
source=0
tag=source
call MPI_RECV(recvdata(icount*myrank+1),icount, MPl_INTEGER,
& source,tag,MPI_COMM_WORLD,status,ierr)
endif
isum=0
do i=1,icount
isum=isum-+recvdata(icount*myrank+i)
enddo
call MPI_FINALIZE(ierr)
write(6,*) myrank,:SUM=",isum
stop ; end

etc9.f




ff8#x1.2.4 MPI_SEND 7

SeS =

11

\/
N>
L

\‘J:j

o X{5/\w I 7 (data)ADT —~Ehidatatype TE# LU /zcount
BlDSD (tag)fEcERZ =1 -0 —~FcommRDS >

dest/@d T OTRICEETD

BB RX—S

| XEW7O0ER
AR/ YT 7 (data) F
count M 65
&
datatype 38
81

RELXE7OER
destA\
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8% 1.2.4 MPI_SEND JOw=F>JELHX(E

BEDE data ()
integer count,datatype,dest, tag,comm, ierr
CALL MPI SEND (data,count,datatype,dest,tag,comm,ierr)

int MPI_Send (void* data, int count, MPI_Datatype datatype,

int dest, int tag, MPI_Comm comm)

51%%
5184 E | A
data £ |IN EIET—ADEBTRLR
count B |IN EET—IDERFOLULDER)
datatype | handle |IN EET—E2DIAT
dest 2®M |IN BIEMFDIUY
tag = |IN Ayt—85
comm handle | IN OS2 =45—4A
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f98#%1.2.4 MPI_SENDJOwvF>UBXE (#iE)

AW —DRETE(F/ A MMITERLS, BZRDEER
(count) T&X9

datatypelIRR—LIREIC—BZRT

BDOIA Y- XBTBIEHICFERTD

/ZIE) L —F IO UE, xRN T T 93X CTUEZFS
SRS

MPI_SENDTCX{E U —4(&, MPI_IRECV, MPI_RECV
DEESTRIELTELIN

P33IlcR®
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78k 1.2.5 MPITERNIZZEZDE. (FORTRAN)

MPI() FORTRANE EZD
T—3347 xticd5H

MPI INTEGER INTEGER

MPI INTEGER2 INTEGER*2

MPI INTEGER4 INTEGER* 4

MPI REAL REAL

MPI REALA4 REAL* 4

MPI REALS REAT*8

MPI DOUBLE PRECISION DOUBLE PRECISTION
MPI REALLG6 REAL*16

MPI QUADRUPLE PRECISION  QUADRUPLE PRECISION
MPI COMPLEX COMPLEX

MPI COMPLEXS COMPLEX*8

MPI COMPLEX16 COMPLEX*16

MPI DOUBLE COMPLEX DOUBLE COMPLEX
MPI COMPLEX32 COMPLEX* 32

MPI LOGICAL LOGICAL

MPI LOGICALI LOGICAL*1

MPI LOGICAL4 LOGICAL*4

MPI CHARACTER

CHARACTER mE
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f1i%1.2.6 MPITERNICEHDE

(C)

MPI CEag
T—32347 X9 HE
MPI CHAR char

MPI SHORT short

MPI INT int

MPI LONG long

MPI LONG LONG long long
MPI LONG LONG INT long long

MPI UNSIGNED CHAR
MPI UNSIGNED SHORT
MPI UNSIGNED INT
MPI UNSIGNED LONG
MPI FLOAT

MPI DOUBLE

MPI LONG DOUBLE

unsigned char
unsigned short
unsigned int
unsigned long
float

double

long double
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f%%1.2.7 MPI_RECV JOw-

11
\/
N
X
i
Qi

o J=a1”4U—~commADS > TsourcelddTOANSIX
[SEcr/cT —5 AN datatype TiEfe U 7ZcountfEl (D452 (tag)
NMEEBEZRZZE/\v J 77 (data) [CHEHARZET D

BREMZ7O0tZ
tag | SEfR/SY77(data)
count
65 &
XET/O0ER 38 datatype
sourcemMd 81
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{98k 1.2.7 MPI_RECV JOv+>2T8RE (i)
BEDB Jata(*)
in:eger caouant, datatype, source, tag, comm,

status (MPI STATUS SIZE),

ierr

CALL MPI RECV (data, count,datatype, source, tag,
comm, status, ierr)

int MPI_Recv (void* data, int count, MPI Datatype

datatype, int source, int tag, MPI_Comm comm,
_— MPI Status *status)
518K [E] A7
data T= OuT IET—FDRABTERFLR
count B IN ZET—IDERDH(OLLLDIE)
datatype |handle [|IN ZFET—ADEAT
source B IN BIEHRFDID
tag 8 IN Ayt—/Y
comm handle |IN Sa=h—4
status status | OUT Ayt —IEER
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(48%1.2.7 MPI_RECV JOwv=

\/
\
i
i
ol

(Fe )

Cxe 0

o HNXMIBNT T IDIFETUIRBAFEEED
o 5|Fstatus(FBEEDT TINAMNENETND
> FORTRANTI(3AZ=HMPI_STATUS SIZEDEESHERS)

> CTCI(EIMPI_Status& WS BIDEIER T, XE™SYY, T5—1— R
ENEINEIND

P33lcRD
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8k 1.2.8 JOVFDBEEDE

I MPI_SEND,MPI_RECV

E{ER L [2Em

MPI_SEND:MZX{SH R E DR{FEAR:MPI_RECV

G SN T SR SRS

ﬁ"i MPIi!%fiI)547 @i% % MPIﬂafiI)?'f7 ﬁfi

R R R v

@EERT : OREXET

................................

................................
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48%21.2.9 MPI ISEND 3ETJOwA

B
\\/
N
LU
12
[
aii

o X{5/\w T 77 (data) DT —~Ehidatatype TE# L /zcount
BDS5D (tag) T ERZ I 1 -0 —~FcommRDS >
dest’d O R (TIEET D

EEAMTOER

%fllvy77(da]o —

count
| 38 FEM7OLR
81 destA\

&
datatype
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f4#x1.2.9 MPI_ISEND 3FJ

FEDOE! data (*)

WD ORIXE (i)

integer count,datatype,dest, tag,comm, request,ierr
CALL MPI ISEND (data,count,datatype,dest, tag,

comm, request, ierr)

int MPI Isend (void* data,
MPI Datatype datatype,

int count,

int dest, int tag,

MPI Comm comm, MPI Request *request)

5184 [ A7
data T= IN EET—2DFREBTRLR
count B IN EET—FDERDEH(OLILEDIE)
datatype |handle |IN EET—2DEA(T
dest B IN BIERFDID
tag B IN Ayt—85
comm handle |IN e ity St
request | handle |OUT CAEE: ¥
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8%1.2.9 MPI_ISEND 3EDJOwFHF>TBLXE (i)
C*2 D
o %;t—)‘@ﬁ‘éé(i/%’ NEXTIEIR <, BXRDEZ(count) T

e datatypel(dMPI_SEND®DIEZZHR
o FIUEIAYVE—ZFEXRNTBEHICFERTSD

o request(CIFERUCBEDMBIFHRER=N, MPI_WAITEF Ci#
EDT T ZhER T DRICFERTD

o KNIL—F>1— Mé, SHEWIBDT T HFCI (CTOT S LD
IR & 44T I

o MPI WAIT&T (FMPI_WAITALLTCAIBDSE T 2RI DET
(&, dataDABEETIFHL TIFIRSEL)

e MPI_ISENDTCG*EU=FT—4I(&, MPI_IRECV, MPI_RECV®D
ESE5TRELTHBLL

o iEEOD;—ETEMPI_WAIT, MPI_WAITALLOESSEZFERAU T

(P

P53lcRdD
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{48%1.2.10 MPI_IRECV 3EJO0vF

\/
N>

te
XH

—_
x|l

o =1 =45 —~ScommADS>Tsource’xd T OCANSE
ESnfz—458Mdatatype Ti&E#E L fzcountf@ldd5 2 (tag)
NEEXRZRZE/\WvV I 7 (data)I[CRIET D

ZEMITOER

SZ(R/SYy TP (data)

count
65 2

38 datatype

81

REM7OLR
sourceHS _’
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f3#x1.2.10 MPI_IRECV 3FJ

‘S/i

]E\

.511:: (ﬁ&bé%)

=~ /)R

FEEDOE data(*)

integer count,datatype, source, tag, comm, request, ierr
CALL MPI IRECV (data,count,datatype, source, tag,
comm, request, ierr)

int MPI Irecv (void* data, int count, MPI Datatype
datatype, int source, int tag, MPI_ Comm comm,
MPI Request *request)

5131 [E |AdA

data = |OUT |ZET—XDORIBTRLA

count 2 |IN ZET—ADERDHOLLEDIE)

datatype | handle | IN RET—ADFA(T

source | E# |IN BIEHRFDID

tag BE | IN Ayt—IBY5

comm handle | IN A2 =4 —~A

request |[status |OUT | Avt—I1FHR
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]E\

{98%1.2 .10 MPIL_IRECV IEDJ OvwF>TJ8IZ{E ()

o XWt—ORETEFIEZRDEE(count) TERT

e datatypel(dMPI_SEND®DIEZZHE

° 2’; %EEM"C‘HHBMEEE L< (&, MPI_ANY_TAG*%i35
TE

o request(FEKUTBED R FMNRE=A, MPI_WAITET
IB{EDTE T =R T DRIAERAT D

o KNJL— 9’-/3 —)L1&, WIRDE T ZF/I (CT0OT S LADAL
BT 9

° MPI_WAIT?T (EMPI_WAITALLTCALIE DT T =R I DX
TlZ, dataDARBTZEAHL TEHRSIRL)

e MPI_ISEND, MPI_SENDDESSTXELRET—FE
MPI_IRECVTX{E UL TLUL)

o WHEDT TEMPI_WAIT, MPI_WAITALLOESSZERAL
[ESENA

P53IcER®
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M#%1.2.11 ETOw-S

-~ B B{EDENE

I MPI_ISEND,MPI_IRECVODENE

= {5

MPI_ISEND: D% (S5 T

5

2 {EM

DRIEER:VPI_IRECY

MPIQ\A#AIT MPIﬁaflijaﬁ @ﬁ I% MPIilafli)5'f7 MwAIT
#5 7 Ay &5
10 QEERET - ORfERT L0

............ A
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M 1.2.12 MPI_WAIT @EExrdOEas5aht

L
o JEAHBENIEN T T I DX CTHFEENED

9

integer request, status (MPI STATUS SIZE), ierr
CALL MPI WAIT (request, status, ierr)

int MPI Wait (MPI_Request *request, MPI Status *status)

;

5128 & A7

request |handle |INOUT |@{E&#5I+F

status status | out Ayt—IEER

request(cC(d, MPI_ISEND, MPI _IRECVZO—)LLTTiRENTZ
Awtz—>EERrequestZi8TE

status(C(&, FORTRAN_C‘(iMPI_STATUS_SIZE@%&'?&@E@J, CC
(FMPI_StatusEDIGEREISET B —

..@
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8k 1.2.13 MPI_WAITALL B{ExXTOFENHE

L)
o 1DLLOIFRIFABEETCORTZFEENED

integer count, array of requests(count),

array of status(MPI STATUS SIZE,*), ilerr
call MPI WAITALL (count,array of requests,
array of status,ierr)

int MPI Waitall (int count,
MPI Request *array of requests,
MPI Status *array of status)

5138 e A7
count B |IN FLEDOESBIENH
array_of requests |handle | INOUT |&{EHAIFDES
KZEZ(E(count)
array_of status status |OUT | Ay E—T1EIRDES
KZEZE(count)
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f18x 1.2.13 MPI_WAITALL BEx TOFEHE (E)

20

e array_of statusld, FortranT(IEEEHITARET =X
(count,MPI_STATUS_SIZE)

CT(EMPI_StatusDigaAmied T, KE=(E(count)

e array_of status(C(3, array_of requests(CiEEE =Nz
request&E B UIBET, FdDrequest(CXtinsd DBEDT Tk
RN SN S
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8% 1.2.14 —X—@{EF LD

ey {

X
Tl

Foat

jilll[

EELPGRE MPI_SEND | MPI_RECV

JERIEAEIE | MPIISEND |MPI_IRECV |MPI_WAIT(ALL)

e MPI_SEND,MPI_ISENDDEBESTXELUILIZATE,

MPI_RECV,MPI_IRECVDESES5TRIELTHLLY
(“I"(Z immediate DIEEXF)

e MPI_ISEND, MPI_IRECVI(Z, MPI_WAITTERICFEED
B CEMPI_WAITALLTEHR EHTHFEENE TCTERL
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fdtx 1.3 EEhEE




fHix1.3.1 SEHEBEELE

A

. ZOAA
-

/0 A= 1 =5 —FAOE2T OEXTITDERREE A
- HWHETEREDUS IS I UER
« ANT—HDEMREICAVLWSNS T O— R4

« FFTCTE<L<HRAWLSNDERE

Y/ ATy IRE

-1

,/
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8% 1.3.2 TOUS LM

etclO.f
include 'mpif.h’
parameter(numdat=100)
integer :: myrank,nprocs,ist,ied,ierr,isuml,isum
call MPI_INIT(ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((numdat-1)/nprocs+1)*myrank+1 I \
led=((numdat-1)/nprocs+1)*(myrank+1) z;l"lééﬁd) MHLA
isum1=0
do i=ist,ied
iIsuml=isuml+i
enddo
call MPI_REDUCE(isum1,isum,1,MPI_INTEGER,MPI_SUM, I
& 0,MPI_COMM_WORLD,ierr) ﬁ;gtzw hTER
if(myrank.eq.0)write(6,*)'isum=".isum r
call MPI_FINALIZE(ierr) 12112425 |- |51 852 ---[74] 75
stop N g = < ~
end l 126 [27 [ ~[49 ][50 T 176 | 77 | -~ ] 99 | 100
N
isum1L325 \f 1575
950 2200
. Y &S Disuml1ZEIE LR SHT
5050 . = :
st HE LS 20Misum i
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f4#%1.3.3 MPI_REDUCE UASHOU> 3 iE&E

@B = SeommADETOERN, EE)y T
D5 —4(senddata)ZBE UINS, op TIEEINIC
EEZITV, FBREEIEL(root) JORDZE/ W T 7

(recvdata)(df%%l’ﬂ@“é
o XET—ANEHDIFEL, EREBOEEZITD

2270 2271 2792 22738

senddata 38 10 60 90
count & 96 1 41 86
datatype 5 25 3 16

op % RXERE %
recvdata call MPI_REDUCE(senddata,recvdata,3,
90 & MPI_INTEGER,MPI_MAX,
count & & 0,MPI_COMM_WORLD,ierr)
datatype 96
25
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f48%1.3.3 MPI_REDUCE U5 0> 3> @EE (K<)
ﬁ%@ﬂ senddata (*), recvdata (*)

integer count, datatype, op, root, comm, ierr
call MPI REDUCE (senddata, recvdata, count, datatype, op,
root, comm, lerr)

int MPI_Reduce (void* senddata, void* recvdata, int count,

MPI Datatype datatype, MPI _Op op, int root,
MPI Comm comm)

514 B | AdR

senddata |{FE |IN 1%
recvdata |{EE |OUT |=

‘—90)7|~“|/7<
ET—43DT7FLRA
(root7 AL R ITEKEZ D)

UW

count B |IN EET—IDEZDH
datatype |handle |IN EET—2DRA(T

op handle | IN )E oAV EEDHEET—
root 2BH |IN rootZ7 At ADIY

comm handle | IN OSa=4H—A
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{48k 1.3.3 MPI_REDUCE U503 EE (i)
I MPI_REDUCET{#X 3/EE

P RE W RE

MPI_MAX KB

MPI_MIN &/IME

MPI_SUM faF0

MPI_PROD A5

MPI_MAXLOC KB &3 I BRI
MPI_MINLOC Ex/IMEER TS EHREF
MPI_BAND EvhiE

MPI_BOR E v

MPI_BXOR Bt B E - < F0
MPI_LAND smIEE

MPI_LOR IR A

MPIl_LXOR Befth B EmEE RO
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Jix1.3.4 #HEFTEDIDRE

TAlETRICH VT, FRUE L LHIIE S TREN R DS

J

HIAIR(CPR ST, BfDHlE &> ThoHEilz8H T 5%

ZE(C LD RBENRL S TV BTN G S

Bl (B NRR B4 & U T)

e d

, MENERFD

FibllalCEDBERAS TULEE TS [1E5 | 7] 4] 8] 6

1E+5

4 F R N[ 215
dsum=a (1) +a (2) =1E5+0. 00007E5 dsumi=a (1) +a (2) =1E5+0. 00007E5=1. 0000E+5
BB TYRTT dsumi+a (3) =1E5+0. 00004E5=1. 0000E+5
=1. 0000E+5 dsum2=a (4) +a (5) =8+6=14=0. 0001E5
FR#IC a(3),a(4) ,a(5)FTRL dsum2+a (6) =0. 0001E5+1E5=1. 0001E+5
AATEdsumld 1.0000E+5 dsum=dsum1+dsum?
dsum=dsum-+a (6) =1. 0000E+5 + 1.0001E+5
=1. 0000E+5 + 1. 0000E+5 -2 0001F+5
_ \ £
L =2. 0000E+5 )

MEIEF OENTRLGSFERICE-T-
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8x1.3.4 FEZHEIE

AT

| BECENT 3270020, AUEMBESESEI—IL

UIRFTNULIRS IR0
| XE/\w D7 EZE/\y D7 DERICHERATIEBDE, AT
U FTERD TIFIRSTRL)
(MPI-2Tl&, MPI_IN_PLACEZR\BZ & THIEECIRNDET)
| AN (CERBELIEDBERICER TORIIEIAE

P39IcIRD
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48%1.3.5 MPI ALLREDUCE U4 g @&
A=3 =4 —SFcommADETOvXAN, *E/\vI7D57—4

(senddata)zi@E L7AHS, opTiE Eéht/*"" 7Ly, #EER
ZETOTADRIE/ W J 7 (recvdata) ([CH&HINT D

2290 2291 292 5293
senddata
38 10 60 90
count &
datatype 06 1 41 86
5 op 25 3 16
RAERE
recvdata
90 90 90 90
count &
datatype 96 96 96 96
25 25 25 25

call MPI_ALLREDUCE(senddata,recvdata,3,MPI_INTEGER,MPI_MAX,
& MPI_COMM_WORLD,ierr)
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f1#%1.3.5 MPI_ALLREDUCE U5 0> 3 EE (#iF)

FENDE! senddata (x), recvdata (x)

integer count, datatype, op, comm, ierr

call MPI_ALLREDUCE (senddata, recvdata, count, datatype, op,
comm, ierr)

int MPI_Allreduce (void* senddata, void* recvdata, int count,
MPI_Datatype datatype, MPI_Op op, MPI_Comm comm)

G
518k [} AH A

senddata | & IN EET—HDTRLR
recvdata |{EE ouT RIET—RADTFLA
count B IN EET—ADEFRDHE
datatype |handle |IN EET—2DRA(T

op handle |IN )E 3V EEDREED—

@ comm handle |IN e ey

® MPI_REDUCEDFtEHERZE2TOTR(TXEET DD EHENICEU
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f4#k1.3.6 MPI_BCAST JO—RF++X b

o 1 DMXETOLZR(root)MXE/\w J 77 (data)DF—4
Z 1= - —SFcommNETHOTOTCRADZRE/I\vY T 7
(data)(TEfET D

root
data 5240 5291 5242 5243
count &
datatype A A A
B B B B

t t t

Page 132



f9#%1.3.6 MPI_BCAST JO—RF++ XX b (#E)

BOBE data (*)
integer count,datatype,root,comm, ierr
call MPI BCAST (data, count,datatype, root,comm, ierr)

int MPI Bcast(void* data, int count, MPI Datatype

datatype, int root, MPI Comm comm)

5184 E | AR
data & |INOUT|T—2DFIE7RLR
count B | IN T—ADEZRD
datatype | handle | IN T—3ADAAT
root 2 |IN JO0—kFvRAMEETOERDTUY
comm handle | IN O =45—4

@ dataldroot 7O X TIFIXET—4, TDMOTOTATI(E
RET —HICIRD

P38IcIRS
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8%1.3.7 TJOJTALH FFETE)

; _ etcll.f
include 'mpif.h’
parameter(numdat=100)
integer isum_arry(10)
integer myrank,nprocs,ist,ied,ierr,isum,isuml1
call MPIL_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((numdat-1)/nprocs+1)*myrank+1
led=((numdat-1)/nprocs+1)*(myrank+1)
Isum1=0
do i=ist,ied
Isuml=isuml+i
enddo
call MPI_GATHER(isuml, 1, MPI_INTEGER, isum_arry, 1,
& MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)
if(myrank.eq.0) then
IdSUsz isuml | 325 | | 950 | [1575| |2200
0 i=1,nprocs
isum=isum+isum_arry(i) L y y y
enddo 325
write(6,*)'isum=",isum 950 |
endif 1575 |1Sum_arry
call MP1_FINALIZE(ierr) 2200
stop ;
end ] v
isum | 5050
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4%%1.3.8 MPI GATHER F—4~0&EE

o =14 —A~commADET Ot ADiXE/\v T 7 (senddata)
N5, 12070t (root)M=F{E/)\w T 77 (recvdata) N\ X v
-7 XETD

o XVWT—ORESEI—ET, FETIOTCRDS > IH/NEVIE

(C24E/)\y T 7 [CH&=ND

MEEA A=
5‘/70ﬁ root | 791 2292 2293

senddata | 38

10 60 90
sendcount 96 1 41 86
& 5

sendtype v 25 3 16
recvdata || 38 | 10 | 60 | 90 call MPI_GATHER(senddata,3,MPI_INTEGER,
recvcount 96 1 41 86 & recvdata,3,MPI_INTEGER,

& & 0,MPI_COMM_WORLD,ierr)
recvtype v 5 25 3 1 6

)y TOEXE) g
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f4#%1.3.8 MPI_GATHER F—5D&EE ()

EFEDHE senddata(*), recvdata (*)
integer sendcount, sendtype, recvcount, recvtype,
root, comm, ilerr
call MPI GATHER (senddata, sendcount, sendtype,
recvdata, recvcount, recvtype,

root, comm, ierr)

int MPI Gather (void* senddata, int sendcount,
MPI Datatype sendtype, void* recvarea,
int recvcount, MPI Datatype recvtype,
int root, MPI Comm comm)
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{988 1.3.8 MPI_GATHER F—4~®MD&ERE ({E)

518
5184 E | A
senddata |[{£E |IN EET—ADEHETRLR
sendcount | 2% | IN EET—IDEZRDH
sendtype |handle |IN EET—2DIA(T
recvdata |{FE |OUT |Z{EEEBORIIBT7RFLX A
recvcount | % | IN BEROTOANSZETIERI
recvtype | handle |IN ZEEEOT 2347 A
root Z2E | IN root7 At ADSY
comm handle |IN O =45 —4

=

Yroot7 AR ITFEKREED

AVET—ORSE—ET, FMETIOTCRDS > IRNS

LMIBICZZME/\wW T 7 (LIRSS PALICRD

P65I-RD
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48 1.3.9 MPI_GATHERV F—40DEEE

o 1=1=U—ScommiIDNETOTADIEE/\Y T7
(senddata)5, 1 DDTOTXA(root)DRE/\y T 7
(recvdata) NAYVT—ZXETD

o XERBCRIET —FR(recvent) ERME/\y T 7 RDIE
(displs)ZZZX D ENTED

REAA—2 5240 51 5242
senddata

28 e 60
sendcount & . —
sendtype .
recvdata
displs(0) = O 38 recvcount(0) =1
displs(1) = 1 10 recvcount(0) =2
! recvcount(0) =3
displs(2) = 3 60
41
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% 1

.3.9 MPI_GATHERV F—5D&HE (it

=)

BODB senddata (*), recvdata (*)
integer sendcount, sendtype, recvcount (*),
displs(*), recvtype,root, comm, 1lerr
call MPI GATHERV (senddata, sendcount, sendtype,
recvdata, recvcount, displs,
recvtype, root, comm, ierr)

int MPI Gatherv(void* senddata, int sendcount,
MPI Datatype sendtype, void* recvdata,
int *recvcount, int *displs,
MPI Datatype recvtype, int root,
MPI Comm comm)
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8% 1.3.9 MPI_GATHERV F—450D&EE (i)

5184 [} A A

senddata | & IN EET—2DEHEBETRLR

sendcount | Z&%g IN EET—HIDEFRD

sendtype | handle |IN EET—2DIAT

recvdata |1EE OouT ZEEEORIBTFLX *

recvcount | EE# IN BLR2DITOELANZETS
BERBOES A

displs 2/ |IN RIET—AEEZTIRO Hrecvdatah o)
MXHLE DERS A

recvtype | handle |IN ZEEEDT—2347 Y

root N IN root7AERADS Y

comm handle |IN OZ2 =45 —4

Y -root7ALR R TABEKERD
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f4#%1.3.10 MPI_ALLGATHER #7

=31 =45—4(comm)ANDOETOTRDIXE/\vW T 7

(senddata)h5, £70O0TRADEE/\wW T 7 (recvdata)NEL )

[CAYVE—HXETD

o XYE—SORIEF—ET, FMEXTTOTIDS > INNELIE
(CZE/\wW T 7 [TIBIEN D

LR T

(T

<

5 38 5 70 5 60 5 90

- 96 - 1 - 41 -/ 86

4 5 9 25 2 3 2 16

0] — 1 2 3
38 | 10 | 60 | 90 38 ] 10 |60 o0 | 38 ] 10 ] 60 |90 |[38 ] 10 ] 60 | 90
96 | 1 | 41 | 86 96 1 | 41 | 86 | 96 | 1 | 41 | 86 || 96 1| 41 | 86
5| 25| 3| 16 5| 25 | 3| 16 5| 25| 3| 16 5| 25| 3] 16

call MPI_ALLGATHER(senddata,3,MPI_INTEGER,
&

&

recvdata,3,MP|_INTEGER,

0,MPI_COMM_WORLD,jierr)

=
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{38k 1.3.10 MPI_ALLGATHER £ 0T XA T>—4*%

~tE(Ht )

BB senddata(*), recvdata (*)

comm, lerr

comm, 1lerr)

integer sendcount, sendtype, recvcount, recvtype,

call MPI ALLGATHER (senddata, sendcount, sendtype,

recvdata, recvcount, recvtype,

MPI Comm comm)

int MPI Allgather(void* senddata, int sendcount,

MPI Datatype sendtype, void* recvdata,
int recvcount, MPI Datatype recvtype,
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f9#%1.3.10 MPI_ALLGATHER £ 0TX T —F&ERBE(fi )

5184 [} A A
senddata E= IN EEMEFORAIBTFLR
sendcount | % IN EET—IDEZRDH
sendtype handle |IN EET—ADEA(T
recvdata T= OUT |Z{EHEORIBRTFLA
recvcount | IN BEROTAOEANCRETIERDH
recvtype handle |IN ZIET—3DEAT
comm handle |IN e iy bt
<>

- MPI_GATHERD#ERZL2TOT R ITXET DD E#EEEMICHE L
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48%1.3.11 MPI _ALLGATHERV £0O0TCXTTF—4%

e X120 —%commiDETOLADEE/ W T 7
(senddata)hs, £70O0TRDFE/\wW T 7 (recvdata) N\ X v

T—>ZXIETD

o XETLEICRIET —FE(recvcount) EZME/\w J 7 NDAIE

(displs)ZZ XD ENTED
52507 oot | 501

WA RX—D

senddata

sendcount &

sendtype
recvdata
displs(0) = O
displs(1) = 1
displs(2) = 3

S92

10

38
38 recvcount(0) =
10 1

1 recvcount(0) =
60 2
41

3 gecvcount(O) =

38

10

60

41

— 1=
=15

60

41

38

10

60

41
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{98k 1.3.11 MPI_ALLGATHERV #£J0OTCXT7—%5

(#t=)

i

BB senddata(*), recvdata (*)
integer sendcount, sendtype, recvcount (*), displs(*),

recvtype, comm, ilerr
call MPI ALLGATHERV (senddata, sendcount, sendtype,
recvdata, recvcount, displs,
recvtype, comm, 1err)

int MPI Allgatherv(void* senddata, int sendcount,
MPI Datatype sendtype, void* recvdata,
int *recvcount, int *displs,
MPI Datatype recvtype, MPI Comm comm)
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{98k 1.3.11 MPI_ALLGATHERV #£J0OTCXT7—%5

(#t=)

A
il

5184 [E] A A
senddata |{EZE IN EIEREEDOFEIRTRFLA
sendcount | Bk IN EET—ADEZRDH
sendtype |handle |IN EET—ADIAT
recvdata |{EE OUT |ZEmMEEOFIIETFLA
recvcount | %k OUT |ZETXINDEZRDHM
displs 2% |IN ZIET—4% & {recvdatah 5D FExt
(g (TOtRE)
recvtype | handle |IN RIET—ADAA(T
comm handle |IN O =45 —4
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8% 1.3.12 JOSAMMRERTOTCRICKDI T 7AILARA)

etcl2.f []

include 'mpif.h’
integer filedata(100),dataarea(100)
integer :: myrank,nprocs,ist,ied,ierr,isuml,isum
call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
icount=(100-1)/nprocs+1
if(myrank==0)then
open(10,file="fort.10")
read(10,*)filedata
end if
call MPI_SCATTER(filedata, icount, MPI_INTEGER,
& dataarea(icount*myrank+1), icount, MPl_INTEGER,
& 0, MPI_COMM_WORLD,ierr)
isum1=0
ist=icount*myrank+1
ied=icount*(myrank+1)
do i=ist,ied
iIsuml=isuml+dataarea(i)
enddo
call MPI_REDUCE(isum1, isum, 1, filedata
& MPI_INTEGER, MPI_SUM,
& 0, MPI_COMM_WORLD, ierr) |

if(myrank==0)
& write(6,*)'sum=",isum . .
call MPI_FINALIZE(ierr)

stop
end

dataarea
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f4#%1.3.13 MPI_SCATTER F—4D5HL

o —DMXETLT O X (root)MXfE/\W T 7 (senddata)h* 5,
=3 =0—commADETCHOTOTRDZRE/\Y T 7
(recvdata)lC—AZXET D

o ZITOTCRNDAYVE—RIE—ETHD

L Suso sumr sy Su3
senddata 38 | 10 | 60 | 90
sendcount &

96 1 41 86
S 25 3 16
sendtype B

st ! v v }

86
recvtype

38 10 60 90
recvcount & 96 | 41

= 25 3 16
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f4#x1.3.13 MPI_SCATTER F—A5D7E (fi=)

BOB senddata(*), recvdata (*),
integer sendcount, sendtype, recvcount, recvtype,
root, comm, ierr
call MPI SCATTER (senddata, sendcount, sendtype,
recvdata, recvcount, recvtype,

root, comm, ilerr)

int MPI Scatter (void* senddata, int sendcount,
MPI Datatype sendtype, void* recvdata,
int recvcount, MPI Datatype recvtype,
int root, MPI Comm comm)
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f4#x1.3.13 MPI_SCATTER F—A5D7E (fi=)

518
515 B\ | AHS
senddata |[{E& |IN EEBEFEDTRLR A
sendcount | B#r | IN FEITOERNEETHIERY, X
sendtype |handle |IN EEBEBOEZRDT—F314T
recvdata |E£Z |OUT |ZET—HDF7KLR
recvcount | % | IN ZIET—IDEZRDH
recvtype |handle |IN RIET—HADRA(T
root B IN root7AtE XM
comm handle |IN O =45 —4

Y- rootZ7O€RFEIFEKEED
P40ICIR®D

P5olcIRD
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f4#x1.3.14 MPI_SCATTERV F—5D5HEL

e —DMDX{ETJ O X (root)Mix{E/\v J 7 (senddata) 5,
d=31=4—FcommADETOTOCADZE/\vW T 7
(recvdata)(CT—AZIXET D

o XEFHEITXRET—HFE(sendcount) &/ \w J 7 NDALE
(displs)ZZ XD ENTED

senddata 5240 %W S291 S52492

displs(0) = O 38 sendcount(0) =1
displs(1) = 1 10 }Sendcount(l) =2
displs(2) = 3 ! sendcount(2) =3

60
41

3
recvdata l l

38 10 60

recvcount & 1 21
recvtype

Page 151



f4#x1.3.14 MPI_SCATTERV > —H5 D70 . (#tE)

EEDHE senddata(*), recvdata (*)
integer sendcount (*), displs(*),
recvtype, root, comm, ierr

call MPI SCATTERV (senddata, sendcount, displs,
recvdata, recvcount, recvtype, root,

sendtype, recvcount,

sendtype,

comm, 1ilerr)

int MPI Scatterv(void* senddata, int *sendcount,
int *displs, MPI Datatype sendtype,
void* recvdata, int recwvcount,
MPI Datatype recvtype, int root,
MPI Comm comm)
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fJix1.3.14

5%

MPI_SCATTERV 7—4~ D7 HEC (#cE)

518k [} A A

senddata TE IN EEEBEDTRFLX A
sendcount B IN ETAERANEETHIERY *
displs B IN TOCREBOEETHDBEES

senddatah o DXL E ¥
sendtype handle IN EET—IDEA(T ¥
recvdata T= OuT RET—IDTRLR
recvcount B IN RIETINDERDOH
recvtype handle IN ZET—IADIA(T
root B IN root7AERADS2Y
comm handle IN i i By

Yoo oot AR RFZITERERD

P40ICIRD
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48k 1.3.15 MPI_ALLTOALL

T —ABE

e X1 U—FcommADETOTRAN, TNENDX(E
)V J 7 (senddata)h'5, MDETHTOTADRE/ (Y

J7(recvdata)(CT—F%ZDHC I D
o ZEITOTCANDAYVE—ZRIG—ETHD

senddata

sendcount &
sendtype

recvdata

recvcount &
recvtype

S290 71 2792
011 | 021 | 031 111 131 211 | 221 | 231
012 | 022 | 032 112 132 212 | 222 | 232
013 | 023 | 033 113 133 213 | 223 | 233
011 | 111 | 211 021 221 031 | 131 | 231
012 | 112 | 212 022 222 032 | 132 | 232
013 | 113 | 213 023 223 033 | 133 | 233
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f4#x1.3.15 MPI_ALLTOALL F—#%HE (#cZ)

FEDHE senddata(*), recvdata (*)
integer sendcount, sendtype, recvcount, recvtype,
comm, lerr
call MPI ALLTOALL (senddata, sendcount, sendtype,
recvdata, recvcount, recvtype,
comm, lerr)

int MPI Alltoall(void* senddata, int sendcount,
MPI Datatype sendtype, void* recvdata,
int recvcount, MPI Datatype recvtype,
MPI Comm comm)
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f4#x1.3.15 MPI_ALLTOALL F—#%HE (#cZ)

N TR
senddata |{£&E |IN EEMREDRIRTFLA
sendcount | % | IN HETOERANEETHIERDH
sendtype |handle |IN EET—IDIAT
recvdata |{EE |OUT |ZEEEBOMEBTFLR
recvcount | B |IN FEITOERANLRIETHIERDOH
recvtype | handle |IN ZIET—R2DEA4T
comm handle |IN O3 =45 —4

Cxe 0

o EMERFV YL/ FrY, TLEEMLEETFEND
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4#%1.3.16 MPI ALLTOALLVY S>—4~fci&E

e a4 —SHcommADETOTRN, TNENDXEE/\Y T7
genddata)b\Bﬂﬁd)éE‘Cd)jljtZ@%E/ \w J 7 (recvdata)(C5F—5 %
PDBLI D

o XERXBICAYVE—RZZERDIIENTED

senddata 2240 2291 5292
sdispls(0) = 01 sendcount(0) =1 U1 21
sdispls(1) = 02 sendcount(l) =2 e 22
03 13 23
sdispls(2) = 3 04 sendcount(2) =3 14 24
o5 15 25
06 16 26
recvdata ﬁ
rdispls(0) 01 recvcount(0) 02 04
rdispls(1) 11 recvcount(l) 03 05
rdispls(2) 31 recvcount(2) 12 06
13 14
22 15
23 24
25
26
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f4#x1.3.16 MPI_ALLTOALLV F—#~HE&E

EEDHE senddata(*), recvdata (*)
integer sendcount (*),sdispls(*), sendtype,
recvcount (*),rdispls(*), recvtype,
comm, 1lerr
call MPI ALLTOALLV (senddata, sendcount, sdispls, sendtype,
recvdata, recvcount, rdispls, recvtype,

comm, ilerr)

int MPI Alltoallv(void* senddata, int *sendcount,
int *sdispls, MPI Datatype sendtype,
void* recvdata, int *recvcount,
int *rdispls, MPI Datatype recvtype,
MPI Comm comm)
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{98%1.3.16 MPI_ALLTOALLV S>—4fci&E
5% & A A

senddata T= IN EEEBDRABTFLA

sendcount | E&%g IN EETHIERDH(TOERE)

sdispls B IN EET—FDIRFESHsenddataM > DFER I E
(ZFOtRE)

sendtype handle | IN EET—RADT—E2347

recvdata = OuT ZEEEORIIETFLX

recvcount | B#g IN ZIETHERDH(TOERE)

rdispls B IN ZIET—FZFE SR Srecvdatah b D FE*t
ME(ZOERE)

recvtype handle | IN ZIENVITDEZRDT 3347

comm handle IN A3 =45 —~A
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Otk 1.4 <TOMMOFhHS




% 1.4.1

S (1 X—3)

70t20 70t 7atA2
\\/
- {5 5 & 5
KW L MPIBARRIE
& 5 g = 5
|

"\/

GRIERSRE]) =t2-t1
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ik 1.4.1 &t (TJOUSLH)

etcl3.f

include 'mpif.h'

parameter(numdat=100)

integer myrank,nprocs,ist,ied,ierr,isuml,isum

real*8 t1,t2,tt

call MPI_INIT (ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((numdat-1)/nprocs+1)*myrank+1
ied=((numdat-1)/nprocs+1)*(myrank+1)

call MPI_BARRIER(MPI_COMM_WORLD,ierr)
t1=MPI_WTIME()

isum=0
do i=ist,ied
Isum=isum-i
enddo
call MPI_REDUCE(isum,isum0,1,MPI_INTEGER,
& MPI_SUM,0,MPI_COMM_WORLD,ierr)

call MPI_BARRIER(MPI_COMM_WORLD,ierr)
t2=MPI_WTIME()

tt=t2-11
if(myrank.eq.0)write(6,*)'sum=",isum0,',time=",tt
call MPI_FINALIZE(ierr)

stop

end
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18 1.4.2 MPI_WTIME #Z@8K5RDAIE

o BEDHDIFAMNSDIFERE (21 ZEREEITIRT

DOUBLE PRECESION MPI WTIME ( )

double MPI Wtime (void)

20

o SIETIRLY

o COBMEEITLIETOCROAHDEMZEETES
— TJO05 ALAEKROZBEREZ D (C (IR ZEZnENSD D

o FEONDEIZFBIFE THD, AT AILCKBIPHASNIELED
BFREESEND
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8% 1.4.3 MPI BARRIER /\UJ7[alEA

o I1=1—4U—A~(comm)ADETOHOIOTCATCEEZ &S

s

integer comm, ierr
call MPI BARRIER (comm, 1ierr)

int MPI Barrier (MPI_Comm comm)

518
513 E | AHA

comm | handle |IN OS2 =4H5—4

:

e MPI_BARRIERZI—)L9D L, commICEFNDIETDIT O
X' MPI_BARRIERZ 1—)L 9 BFCTIFEIRREICAD
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¥k 1.5 TOUS=Z20E

1. FORTRAN

DO (FEAEDOMPIFHZEEIHIIL—F>THD, 5I18OFE(ICEHBORNI—
R (RKEZTLierr) = EETD

@ BEEEEIEUSRANTO— F2FFTER0)
2. C
© EHBEFEMPI_&E2ZNICHR < INF(EIAXFE, PUBEOXZF(I/NF
@ BUL, EREIINTAXF
@ FEALDOEIIRERDIES U CRANOD— FEIRT T2, 5IEUTREAN T — R

E=Z200

3. Hi@
3I44EBAC %3 Thandlel (&, FORTRANTI(EEE, CTIIERIHEAICTH
UIzBEIEES B

SIEGERBAICH D [status] (&, FORTRANTI(IMPI_STATUS SIZEDZEEZLHELS!,
CTI(IMPI_StatusBLDiEEARZTIETE T D

EEREFMPL_TIR X DEHPERIESE UL2VLWGH RN
I UTEimadlREN I — R EMPI_SUCCESS &£ 7335

®0 © 6
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Jix 2. =Xk, WebY-1

| MPIU5 OS5 =27, Peter S. Pacheco®, FAE {HR

PARALLEL FROSRAMAMING with MPI

MPI
#9520

ISBN-10: 456301544X
ISBN-13: 978-4563015442

ﬂ - kR4t SEEAR (2001/07)

| 5S049S AP MP IR

http://accc.riken.jp/wp-content/uploads/2015/06/secure 4467 parallel-programming main.pdf

| (57005 =>0R0OEMPIR]

https://www.hpci-office.jp/invite2/documents2/mpi-all 20160801 20181206.pdf
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Eeafbiga1-2 (practice 1) ##ZEAHI

program examplel

include 'mpif.h'

integer ierr,myrank

call MP1_INIT(ierr)

call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
If(myrank.eq.0) write(6,*) "Hello World",myrank

call MP1_FINALIZE(ierr)

stop

end
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EafEigE2 (practice 2) #7E4

program example2
include 'mpif.h'
integer ierr,myrank,nprocs,ist,ied
parameter(n=1000)
integer isum
call MPL_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((n-1)/nprocs+1)* myrank+1
led=((n-1)/nprocs+1)*(myrank+1)
isum=0
do i=ist,ied
Isum=isum-+i
enddo
write(6,6000) myrank,isum
6000 format("Total of Rank:",i2,i10)
call MPI_FINALIZE(ierr)
stop
end
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EafEfE3  (practice 3) £7E4

program example3
include 'mpif.h'
integer ierr,myrank,nprocs,ist,ied,itag
integer status(MPI_STATUS_SIZE)
parameter(n=1000)
integer isum,isum2
call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((n-1)/nprocs+1)*myrank+1
ied=((n-1)/nprocs+1)*(myrank+1)
isum=0
do i=ist,ied
isum=isum-i
enddo
itag=1
if(myrank.ne.0) then
call MPI_SEND(isum,1,MPI_INTEGER,O,

& itag, MPI_COMM_WORLD,jierr)
else
call MPI_RECV(isum2,1,MPI_INTEGER,1,
& itag, MPI_COMM_WORLD,status,ierr)

isum=isum-+isum?2
call MPI_RECV(isum2,1,MPI_INTEGER,2,

& itag, MPI_COMM_WORLD,status,ierr)
isum=isum-+isum?2
call MPI_RECV(isum2,1,MPI_INTEGER,3,

& itag, MPI_COMM_WORLD,status,ierr)
isum=isum+isum?2
write(6,6000) isum

6000 format("Total Sum = ",i10)

endif
call MPI_FINALIZE(ierr)
stop
end
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EafbigE4  (practice_4) £7E4

program example4
include 'mpif.h'
integer ierr,myrank,nprocs,ist,ied
parameter(n=1000)
integer isum,isum?2
call MPL_INIT(ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((n-1)/nprocs+1)*myrank+1
led=((n-1)/nprocs+1)*(myrank+1)
isum=0
do i=ist,ied
Isum=isum-i
enddo
call MPI_REDUCE(isum,isum2,1,MPI_INTEGER,MPI_SUM,0,
& MPI_COMM_WORLD,ierr)
if(myrank.eq.0) write(6,6000) isum2
6000 format("Total Sum = ",i10)
call MP1_FINALIZE(ierr)
stop
end

¥ MPI_REDUCETIIXET BT —F EFTET D7 —FDMEEICERD DS > TR
530\, isum&Eisum2(CAFTHEEA.
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EafEgES5 (practice 5) £7E4

include 'mpif.h'

integer,parameter :: numdat=100

Integer,allocatable :: senddata(:),recvdata(:)

call MPL_INIT(ierr)

call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)

ist = ((numdat-1)/nprocs+1)*myrank+1

led = ((numdat-1)/nprocs+1)*(myrank+1)

allocate(senddata(ist:ied))

If(myrank.eq.0) allocate(recvdata(numdat))

icount=(numdat-1)/nprocs+1

do i=1,icount
senddata(icount*myrank-+i)=icount*myrank-+i

enddo
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HEZRIEES (practice 5) fREH (DDE)

call MP1_GATHER(senddata(icount*myrank+1),

& icount,MPI|_INTEGER,recvdata,
& icount,MPI_INTEGER,0,MPI_COMM_WORLD,
& lerr)

if(myrank.eq.0) then
open(60,file="fort.60")
write(60,'(1018)") recvdata
deallocate(recvdata)

endif

deallocate(senddata)

call MPI_FINALIZE(ierr)

stop

end
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EfEgE6 (practice_6) fREHI

program example6

implicit real(8)(a-h,0-z)

include 'mpif.h’

integer ierr,myrank,nprocs,ist,ied

parameter ( n=12000 )

real(8) a(n,n),b(n,n),c(n,n)

real(8) d(n,n)

real(8) t1,t2

call MPL_INIT (ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
ist=((n-1)/nprocs+1)*myrank+1
ied=((n-1)/nprocs+1)*(myrank+1)

n2=n/nprocs
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HEERIEE6 (practice_6) FREH (DDE)

doj=1,n
doi=1,n
a(i,j)) = 0.0d0
b(i,j) = n+1-max(i,j)
c(i,j)) = n+1-max(i,))
enddo
enddo
if(myrank.eq.0) then
write(6,50) ' Matrix Size =',n
endif
50 format(1x,a,i5)
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HEERIEE6 (practice_6) FREH (DDE)

call MPI_ BARRIER(MPI_COMM_WORLD,ierr)
t1=MPI_WTIME()
do j=ist,ied

do k=1,n

do i=1,n
a(i.j)=a(l,))+b(i,k)*c(k,))
end do

end do
end do
call MPI_GATHER(a(1,ist),n*n2,MPI|_REALS8,d,n*n2
& ,MP1_REALS8,0,MPI_COMM_WORLD, ierr)
call MPI_BARRIER(MPI_COMM_WORLD,ierr)
t2=MPI1_WTIME()
if(myrank.eq.0) then
write(6,60) ' Execution Time ="t2-t1," sec',’ A(n,n) =",d(n,n)
endif

60 format(1x,a,f10.3,a,1x,a,d24.15)

call MP1_FINALIZE(ierr)
stop
end
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