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 Message Passing Interface
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P.Pacheco TMPIIt 51705 5324 |, 1EEMEE, 2001 (JRZE1997)
« W.Groppftal Using MPI second edition], MIT Press, 1999.

e M.J.QuinnlParallel Programming in C with MPI and OpenMP ],
McGrawhill, 2003.

e W.GroppftaI MPI: The Complete Reference Vol.l, I1], MIT Press,
1998.
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PE: Processing Element
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PE: Processing Element
JatwyY, fElE, 7atX

SPMD
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mpirun —-np M <Program> [;#|(\5LL)Y,
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Program l Program l Program l 00000 Program l

Data #0 Data #1 Data #2
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« MPI&IX

o« MPI®D EHE: Hello World

A

]38 1 (Collective Communication)
e 1%t1381E (Point-to-Point Communication)
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Aog4>, T4L2R)4ERL on OBCX

ssh t00***@dobecx.cc.u—-tokvo.ac. jp

T4 LY M)ERK
>$ cd /work/gt00/t00***

>$ mkdir pFEM (#FZ7HHAFITELLY)
>$ cd pFEM

DT ALY M) EAXRBHRTIE <so-Top> LS
ERXMICT7MINBEZDOTALIRIZOE—, FERT D

OBCX
Oakbridge-CX Your PC
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J7A4)LaE— on OBCX

FORTRAN.L—+H'—
>$ cd /work/gt00/t00XXX/pFEM
>$ cp /work/gt00/z30088/class_eps/F/sl-f.tar
>$ tar xvf sl-f.tar

ci—H—
>$ cd /work/gt00/t00XXX/pFEM
>$ cp /work/gt00/z30088/class_eps/C/sl-c.tar
>$ tar xvf sl-c.tar

T4 LY )RR
>SS 1s
mpi

>$ cd mpi/S1

CDT4LY F)ERBETIE <s0-s1> LIS,
<$0-8S1> = <$O-TOP>/mpi/S1l
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hello.f

hello.c

F9(EZTO5SLDOH

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,21i8) ") '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, 1ij;

MPI_TInit (&argc, &argv) ;

MPI_Comm_size (MPI_COMM_WORLD, &numprocs) ;
MPI_Comm_rank (MPI_COMM_WORLD, &myid) ;
printf ("Hello World %d¥n", myid);
MPI_Finalize();

15
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hello.flc Z3aA /N JLLTHELD !

>$ cd /work/gt00/t00XXX/pFEM/mpi/S1
>$ mpiifort —-align array64byte -03 —-axCORE-AVX512 hello.f
>$ mpiicc —align -03 —axCORE-AVX512 hello.c

FORTRAN

“‘mpiifort”:
Intel Fortran90+MPI(Z&k->ToOH9SLZEIVIINMILT
BIEIZWHAER, AN, AT IVELNAUFENTLNS

=:4h

/= E
“mpicec”:
Intel CHMPIIZL>TITOTSLEIAL /ALY BEFIC
WNETR, aAINAT, AT IVENNA RSN TS
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RO TER
e <$0-S1>/hello.sh
o R Va—5~ADIEHF + TILRYYTH

#!/bin/sh
#PIJM -N "hello™“ Job Name
#PJIM -L rscgrp=tutorial Name of “QUEUE”
#PJM -L node=l Node#
#PJIM —-mpi proc=4 Total MPI Process#
#PJIM -L elapse=00:15:00 Computation Time
#PIM —-g gt39 Group Name (Wallet)
#PJIM -3
#PIM —-e err Standard Error
#PJM -o hello.lst Standard Output

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

mpiexec.hydra Command for Runnig MPI JOB
-n ${PJM_MPI_PROC} = (——mpi proc=XX), in this case =4

./a.out name of executable file
18



#PJIM
#PJIM
#PJIM
#PJIM
#PJIM

#PJIM
#PJIM
#PJIM

Ot RX#

MPI Programming

—-L node=1l; #PJM ——mpi proc= 1 l-node, 1l-proc, l-proc/n
—-L node=1l; #PJM ——mpi proc= 4 l-node, 4-proc, 4-proc/n
—-L node=1l; #PJM ——mpi proc=16 l-node, 16-proc, 16-proc/n
-L node=1l; #PJM ——-mpi proc=28 l-node, 28-proc, 28-proc/n
—L node=1l; #PJM ——-mpi proc=56 l-node, 56—-proc, 56-proc/n
-L node=4; #PJM ——mpi proc=128 4-node, 128-proc, 32-proc/n
—L node=8; #PJM ——mpi proc=256 8-node, 256-proc, 32-proc/n
—L node=8; #PJM ——mpi proc=448 8—-node, 448-proc, 56-proc/n

Intel® Xeon® 4 Intel® Xeon®

Platinum 8280 = Platinum 8280 >
C4DDR4, (Cascade Lake, CLX) UP] (Cascade Lake, CLX) S Memory
S DDR4 2.7GHz, 28-Cores 2.7GHz, 28-Cores S DDR4 2 96 GB
S DDR4 2.419 TFLOPS UPI 2.419 TFLOPS DDR4 %

Soc. #0: 0t-27th cores

DDR4

kSoc. #1: 28th-55t cores

2933 MHz X 6¢h
140.8 GB/sec

DDR4

Ultra Path Interconnect
10.4 GT/sec X3
= 124.8 GB/sec

2933 MHz % 6¢h
140.8 GB/sec

19



vadEA

>$ cd /work/gt00/t00XXX/pFEM/mpi/S1
>S$ pjsub hello.sh

>SS cat hello.lst

Hello World O
Hello World 3
Hello World 2
Hello World 1

MPI Programming

20
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FIFHRIBETE o1 —

e LITD2FEEED X1 —ZFI|FHAJEE
e R K8/—F%({EZ 5

— lecture
« 8/— F(448:|7), 155, 7hO U EDEAE P (—s ARF
T)FIATEF
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—tutorial

« 8/—k(44807), 1547, @& - EE EFET
e lecturedlFZ <®/37’£’ij\7 BHABEFIZES)
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a7 ELT pjsub SCRIPT

NAME

OITVETIRR pjstat

oaJ{ELE pjdel JOB 1ID
37X a—NDRR pjstat —-rsc

/37:\'—1 U)'Ikzﬂ(ni"f‘ﬂi)pjstat ——rsc —X

EIT pistat -a

DA EITERE pjstat —H

a7 EITHIE pistat —-limit



[t00XYZ@obcx04 run]$ pjsub gol. sh
[INFO] PJM 0000 pjsub Job 292019 submitted.

[t00XYZ@obcx04 runl$ pjsub go2. sh
[INFO] PJM 0000 pjsub Job 292020 submitted.

[t00XYZ@obcx04 runl$ pjstat
Oakbr idge-CX scheduled stop time: 2020/04/24 (Fri) 09:00:00 (Remain: 3days 23:09:15)

JOB_ID JOB_NAME  STATUS PROJECT RSCGROUP START_DATE ELAPSE
292019 testl RUNNING gt00 lecture 04/20 09:50:42<  00:00:02
292020 test2 QUEUED gt00 lecture e 00:00:00

[t00XYZ@obcx04 runl$ pjstat
Oakbr idge-CX scheduled stop time: 2020/04/24 (Fri) 09:00:00 (Remain: 3days 23:09:12)

JOB_ID JOB_NAME  STATUS PROJECT RSCGROUP START_DATE ELAPSE
292019 testl RUNNING gt00 lecture 04/20 09:50:42<  00:00:06
292020 test2 RUNNING gt00 lecture 04/20 09:50:46<  00:00:02

[t00XYZ@obcx04 runl$ pjdel 292020
[INFO] PJM 0100 pjdel Job 292020 canceled.

[t00XYZ@obcx04 runl$ pjstat
Oakbr idge-CX scheduled stop time: 2020/04/24 (Fri) 09:00:00 (Remain: 3days 23:09:04)

JOB_ID JOB_NAME  STATUS PROJECT RSCGROUP START_DATE ELAPSE
PAYAURY testl RUNNING gt00 lecture 04/20 09:50:42< 00:00:14

[t00XYZ@obcx04 runl$ pjstat
Oakbr idge-CX scheduled stop time: 2020/04/24 (Fri) 09:00:00 (Remain: 3days 23:07:14)

No unfinished job found.

TOKEN NODE

TOKEN NODE

1




[t00XYZ@obcx04 “1§ pjstat ——rsc

RSCGRP STATUS NODE
lecture [ENABLE, START] 32
tutorial [DISABLE, STOP] 64

[t00XYZ@obcx04 ~1§ pjstat —rsc —x

RSCGRP STATUS MIN_NODE MAX_NODE MAX_ELAPSE REMAIN_ELAPSE MEM(GB) PROJECT
lecture [ENABLE, START] 1 8 00:15:00 00:15:00 168 gt00
tutorial [DISABLE, STOP] 1 8 00:15:00 — =l 168 gt00

[t00XYZ@obcx04 “1$ pjstat -a
Oakbr idge-CX scheduled stop time: 2020/04/24 (Fri) 09:00:00 (Remain: 3days 23:19:29)

JOB_ID JOB_NAME  STATUS PROJECT RSCGROUP START_DATE ELAPSE TOKEN NODE
284147 sprrtorokdkok RUNNING skeksorrskorok — 04/19 12:58:20 —— =i - -
284149 skrrtokordkok RUNNING skoksororstokk — 04/19 11:50:18 _———

284159 setopoorokkkk RUNNING skokskokskookok — 04/19 19:16:10 s

289904 soprokkkrkkk RUNNING sorkkskkkk smal | 04/18 19:59:41 37:40:50
289909 sprokkkrkkk RUNNING sokkskkkk smal | 04/19 01:02:58 32:37:33

[t00XYZ@obcx04 ~1$ pjstat —H
Oakbridge-CX scheduled stop time: 2020/04/24 (Fri) 09:00:00 (Remain: 3days 23:19:16)

JOB_ID JOB_NAME  STATUS PROJECT RSCGROUP START_DATE ELAPSE

290914 test END gt00 lecture 04/18 12:46:24 00:01:44
290913 test END gt00 lecture 04/18 12:46:06 00:02:07
290915 test END gt00 lecture 04/18 12:49:26 00:00:59

[t00XYZ@obcx04 “1$ pjstat ——limit
PROJECT AGCEPT RUN BULK_RUN NODE
gt00 0/ 80 0/ 20 0/ 256 o/ -
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REEEIL—F o+ EIEH

implicit REAL*8 (A-H,0-2Z2)
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

#include "mpi.h"

#include <stdio.h>

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

int n, myid, numprocs, 1ij;

MPI_TInit (&argc, &argv) ;
MPI_Comm_size (MPI_COMM_WORLD, &numprocs) ;
MPI_Comm_rank (MPI_COMM_ WORLD, &myid) ;

printf ("Hello World %d¥n", myid);
MPI_Finalize();

\mpif hl \\mpi h[]
3";&7771')1/#1
FORTRAN9OT]iuse mpi A]

MPI_Init
L

MPI_ Comm_size
TOAEENE

mpirun —-np XX <prog>

MPI_ Comm_rank
JO+XIDEF
BH0O70tvREE (0N SHER)

MPI_ Finalize
MPIZOtEX$RT
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FORTRAN/C D&Y

o« EARMIZAZT—RILIFEAERIL

— CiHE, TMPI_Comm_size JM KAIZITMPLIE KX F, TMPI_1®D
HEDIADXFITKIXF, LULT/IMNF

« FORTRANIZIZ—a—FK (ierr) DRVIEZSIBDREIZIE
ETDLENDHD,

o CIFEBDFHHRGELHD
— MPI_Comm, MPI_Datatype, MPI|_Op etc.

o BAIZFESRTMPLINITIEFIZES
—call MPI INIT (ierr)

— MPI_Init (int *argc, char ***argv)
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A[ZO->TLNBDH ?

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
bt i/ an e mpiexec.hydra [Z&YU4DDTOEAMNILL
#PJM -N "hello™ Job Name >
$on o recarptucorial Name of QuEE" KRS (S DiFE L node=1:proc=4"),
$om 5 elapaecod:15:00 it - RALTRYILH4DFHNS,
= 39 rou ame alle .
o3 o — F—ADE(my_rank) ZEEHT,
#PJM -e err Standard Error —

e mwemen o ADDTAEXFFLIEZPOTLNDGA, T—43
T o ELTHFLE-7OEXID(my rank) (X245,

o RRLELTKEITOLRRIFIELS-HAHZEDH-oTLY
A2 B,
e FEIZSPMD
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mpi.h, mpif.h

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

call MPI_INIT (ierr)
call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM_WORLD, my_rank, ierr )

write (*,'(a,218)"') 'Hello World FORTRAN', my_rank,
call MPI_FINALIZE (ierr)

stop
end

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

int n, myid, numprocs, 1ij;

MPI_1Init (&argc, &argv);
MPI_Comm_size (MPI_COMM_WORLD, &numprocs) ;
MPI_Comm_rank (MPI_COMM_WORILD, &myid) ;

printf ("Hello World %d¥n", myid);
MPI_Finalize();

PETOT

MPIZBEEL=#&k R TE/N\NTA—FE &K
UOFEAEZ &Rt
EHAILTMPI_ITHRE-TLS,
ZCTEHLONTWNAEHIL, MPIY
TJI—FoD3I8ELTHERATHLU
SMIFGITIEZZEZ B L TIEULMFZELY,
aA—H—[XIMPI_|TIRFELIEHE
MBIZERELLELDHEEH,

28
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MPI_INIT

A\

H)

Cd

e MPIZEEIT S, MMOMPIYTIIL—F U KYRIHZO—ILTE2HENHB (W)
e LEANDAICELZELEZE#HOS,

e call MPI_INIT (ierr)
- ierr B o) 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,2i8) ') 'Hello World FORTRAN', my_rank, PETOT
call MPI_FINALIZE (ierr)

stop
end
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MPI_FINALIZE

e MPIZRTT B, MOETOMPIHITIL—F o LYRICO—ILTEILENHD
(Wh78) o

o EETNDRICELZLZTE#HOS

o INZEBNAERELIEIZIES,
— o= EXTHEDITHE IO TULVRLY - -

e call MPI_FINALIZE (ierr)
- ierr B 0 5t Ya—k

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

call MPI_INIT (ierr)

call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT, ierr )

call MPI_COMM_RANK (MPI_COMM_WORLD, my_rank, ierr )

write (*,'(a,21i8) ') 'Hello World FORTRAN', my_rank, PETOT
call MPI_FINALIZE (ierr)

stop
end
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MPI COMM SIZE

31

o+ 224 —4— lcommITHRESNITIL—TIZEFNETO RO AN

[size |ICE£E D MATIEELD, FIRTLHIENSLY,

e call MPI_COMM_SIZE (comm, size, ierr)
- comm B I OS2 =4 —3%ETEI 5
- size B 0 comm. THESNIZT IL—TRHIZEENSTOA LR YD EE
—- ierr B O SE7Ta—k

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

include 'mpif.h‘

integer :: PETOT, my_rank, ierr

call MPI_INIT (ierr)

call MPI_COMM_SIZE (MPI_COMM _WORLD, PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM WORLD, my_rank, ierr )

write (*,'(a,21i8)")

'Hello World FORTRAN', my_rank,

call MPI_FINALIZE (ierr)

stop
end

PETOT
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A= /—A3&IE ?

MPI_Comm _Size (MPI_COMM_WORLD, PETOT)

BIEERET D=0 D

JAtvADT I —T%=xRT,

MPIZEWT, BEZERMI AEMELTRIIEET HDE

AT

mpirunCEF L=
'MPI_COMM WORL
IV—TIZET %,

At XIE, TI4ILFT

D [EWNDTAZ 2= —FTREINDD

BHOAZ2=r—3%FHAL, Bh-o-70FA#FEY Y
THEIZEST, EHTNIEFE /T S5 EHAHEE,

— BIZIXEERYIL—T, =

AItRIERT IL—T

ZDIZETIEIMPI_ COMM_WORLD | & TOK,
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A ANEHOIAZT2=r—2T IL—TIZELTHLRELY

MPI_COMM_WORLD

COMM_MANTLE

A

\

COMM_VIS

COMM_CRUST

L

1
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Deformation of surface
will be given as
boundary conditions
at bottom of tanks.
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MEK  RRIGERORTDERK

« BHENERICERRBOEMAL ELHLIENS : —FEDHKIT]

- ANIREEYOREERE GRENFEIHA) X0.1~10 sec RELEMIFERELY
- EEHOKTEGSS BEETRGAEEBRICE>THRARIMNLARIZRLS

— EDRDHMEBIIZEED, ELVWOANZXLFRERITIRBOMN>TLVEW M THEESR

WEY, mESRoEE) vslu—vayﬁlﬁ%ﬁlﬁl(lsa)
. % 5 200_—%?5%%%% S — T _
it% (2004) % | R ERERE XL

« M (1995)H

EER
R A=

o +f5%(2003) & 150 e
TR
=EE7:. HaR (M)
hitkith E= (2004) 100
(N FB)

J I“‘ ' f" N A
— N }.'I/‘ et W
m l Ny WA

Response Spectrum, Velocity [cm/s]

’ BE7: EEE B .
o | A =ix | = I &
s RIABRAE (1995) | | [clo &4 (thE=HT) ]
— "',. !,“"L." W M . (FEK) i @ % h=5% -
. 0.2 0.5 1 5 10 20
I Period [S] E %5 E #A EE4:. 1R ithE (2003)

! | | (M)
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MR - BRI D IRENER S

111
L
)
\"
L1
\l

Sedimentary Layei s

(Enginheering) Basement (HEE):
(L2 &E8%) - Vs~ 400~700 m/sec. Vs 1,000~2,000 m/:;ec.

+ & B (BIZELY)

Bedrock (ih=EE{8):
Earthquake Vs~ 3,000 m/sec.
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Hhig 3 09FTIL

e HAEET)L (FFF) FORTRAN
— AMFIFEM, =RITiEMESHAZHT
o HIEF M S>—I58%;E, EBE
— ZREXRIT—IA2mMDILHFIR
— 240m X 240m X 100m

« AU ETIL (RIB) C
— VYT ILFEM(EP), =RITiE M EIFEHT
o RIBAAS—IEREIE ADATAVE
e VT)LERFRTUUNIL GEFETE)
— EB&:42.7m, 5&:24.9m, [EE:20mm, &
m:12.45m, XA 24 [EHA: 7.6sec.
— EARBONE|, SAM:0.6mig
— 60mfEIfR T4 X 4IZBRE
o A_ -

=K FE%%:2,918,169

Fxa




39

DA = —2DERL

MPI Programming

meshGLOBAL%MPI_COMM

tank tank
basement basement #6 #7
#2 #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%mMy_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

o OZa=4H—A— TcommITHEEIN=TIL—TRIZEIT5T7AateXIDArank]IZ
HED, WWATITEWND, FIFATAHIENAZLY,
— 7AERIDOZEErank(529) |EERIELZLY,

e MPI_ COMM_RANK (comm, rank, ierr)

~ comm 28 I OS24 —3%ETEIT S

~ rank B 0 comm. CHEEIN=TIIL—TIZHI1T5TaEXID
OMBIRES (RKRIZPETOT-1)

- ierr 2 0 S=T73—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,2i8) ') 'Hello World FORTRAN', my_rank, PETOT
call MPI_FINALIZE (ierr)

stop
end
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MPI_ABORT

e MPIZJOAERRZEEKRTI 5,

e call MPI_ABORT (comm, errcode, ierr)

— comm B T OS2 = —3%ETF9 5
- errcode ¥ O I5—a—FK
— ierr B O 5c Ta—k

43
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MPI Programming

MPI_ WTIME

o FREEHAROBER: BEIIVFEOLERGLEWREOESE)

e time= MPI_WTIME ()
— time R8 o) 1BEDHSHEM S D EEFE (30

real (kind=8) :: Stime, Etime

Stime= MPI_WTIME ()

do i= 1, 100000000
a= 1.d0

enddo

Etime= MPI_WTIME ()

write (*,'(1i5,1pel6.6)"') my_rank, Etime—-Stime

44
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MPI_Wtime D45l

$> cd /work/gt00/t00XXX/pFEM/mpi/S1

$> mpicc -0l time.c
$> mpiifort -0l time.f

$> E{7(470tRX) pjsub go4d.sh

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

R NDNWO

7°|:|;zx HqecNicin!

k]
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go4.sh

#!'/bin/sh

#PJIJM -N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1

#PIM —-mpi proc=4

#PJM -L elapse=00:15:00
#PJIJM -g gtO00

#PIM -5

#PIJM —-e err

#PJIM

—0 test.lst
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MPI Wtick

e MPI_ Wtime TORMEHRAIFEE
o N—K9xIT7, aAVIN(FIZ&D>TELD

e time= MPI_Wtick ()
~ time RS 0 RFfEl ETRIFE EE (B 7D)

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

. Time = MPI_Wtick();
TM= MPI WTICK () printf ("%$5d%16.6E¥n",
write (*,*) TM

MyRank,

Time) ;
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MPI_Wtick D45l

$> cd /work/gt00/t00XXX/pFEM/mpi/S1

$> mpicc -01 wtick.c
$> mpiifort -0l wtick.f

$> (EfT:170+EX) pjsub gol.sh
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gol.

sh

#!/bin/sh

#PJIM —-N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1

#PIM —-mpi proc=1l

#PJM -L elapse=00:15:00
#PJIJM —-g gtO00

#PIM -5

#PIM —-e err

#PJIM

-0 test.lst
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MPI BARRIER

e AZa=H—A—TcommITEEIN=TIL—TIZEaFNATO0ADREEL
5o A3 = —ARcommADETHDTAERANZD YT IIL—F U ZFELLL R
U, RORATYTIZITHEFLLY,

o FLELTT/\WHRAIZES, A—/N—AYRERKZL\D T, ERTEICIZFEHLL
HhVEE

e call MPI_BARRIER (comm, ierr)
— comm B I OS2 —3%FHETEIT D

— ierr B O 5 rad—k
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« MPI&IX

« MPI®DEFE - Hello World

A

]38 1E (Collective Communication)
e 1%t1381E (Point-to-Point Communication)
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SHHBREEE
e A= H—ARATHREINST IIL—TERIZEAHBHEE,

o {51
— HlET—2DEE
- KB, /MEDHIE
— BFMOFE
- RIMNLORNBEDEE
— FITHDERE

52
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P#0
P#1
P#2
P#3

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

EHBEIEDH (1/4)

A0

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

A0

BO

CO

DO

A0

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

EHBEIEDH(2/4)

A0

BO

CO

DO

AO

Al

A2

A3

BO

Bl

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

A0

BO

CO

DO

A0

BO

CO

DO

AO

BO

CO

DO

AO

BO

CO

DO

Al

Bl

C1l

D1

A2

B2

C2

D2

A3

B3

C3

D3
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P#0 | AO

BO

CO

DO

P#1 | A1

Bl

C1l

D1

P#2 | A2

B2

C2

D2

P#3 | A3

B3

C3

D3

P#0 | AO

BO

CO

DO

P#1 | A1

Bl

C1l

D1

P#2 | A2

B2

C2

D2

P#3 | A3

B3

C3

D3

Reduce

All reduce

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

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

EHBEIEDH(3/4)

55

op.AO0-A3

op.BO-B3

op.CO-C3

op.DO0-D3

op.AO0-A3

op.BO-B3

op.CO-C3

op.DO0-D3

op.AO0-A3

op.BO-B3

op.CO-C3

op.DO0-D3

op.AO0-A3

op.BO-B3

op.CO-C3

op.DO0-D3

op.AO0-A3

op.BO-B3

op.CO-C3

op.DO0-D3
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EHBEIEDH(4/4)

P#0 | A0 | BO|CO|DO P#0 | op.AO-A3
P#1 |A1|B1|C1|D1 Reduce scatter P#1 | op.B0O-B3
P#2 | A2 |B2|C2|D2 P#2 |op.C0O-C3
P#3 |A3|B3|C3|D3 P#3 |op.D0-D3
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ERT—RERFRT—H

o KIARLLART—4 (global data) ZF/ATT—4 (local
data) 27 EIL T, SPMDIZ LA FIETEZXERT H5E
DT—EEEICTDNTEAD,




=

e 1IGBREEEDPC — 104y aMRR -FEM

— 1000km X 1000km X 100km @M $ELE

t15E108 A2 217755

o KERT—F — smEDE |
« ERRFTE - AEREORE

BT — 43

59

(A BAR) Z1kmAyS, AT

1 51| AL 3E

BENBE

RFEHE e
T—3 B | B
F—4|5—%

111

MPI Programming
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BT — 2 &
e WRETHEE(DTILTN)AL)IZE LB T—3EE&
EEDDHIENEE
— FZIILOdYX L=T—R &
e CHNFEEDERHHHD—DEEH>TELLY

MPI Programming
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R T—R2EBRAIT—4

e TEEDLILTRI20DARYKIL, VECpEVECSHRFEETE

ZADNT

NNDDN NMNNDDN

Oty4, 7

VECs ( 1)=
(2)=
( 3)=

(18) =
(19)=
(20) =

Ot ATAHFHIZERRT D ETEZ Do
3 VECp[ 0]= 2 VECs[ 0]= 3
3 [ 1]= 2 [ 1]= 3
3 [ 2]= 2 [ 2]= 3
3 [17]= 2 [17]= 3
3 [18]= 2 [18]= 3
3 [19]= 2 [19]= 3
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<$0-S1>/dot.f, dot.c

implicit REAL*8 (A-H,0-2)
real (kind=8) ,dimension(20) :: &
VECp, VECs

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

enddo
sum= 0.d0
do ii= 1, 20
sum= sum + VECp (ii) *VECs (ii)
enddo
stop
end

#include <stdio.h>

int main () {
int i;
double VECp[20], VECs[20]
double sum;

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

}

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

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

return O;
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<$0O-S1>/dot.f, dot.c DELT
(ROBIELNTIELLAY)

>$ cd /work/gt00/t00XXX/pFEM/mpi/S1

>$ gcc dot.c
>$ ifort dot.f

>$ ./a.out

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

dot product 120.
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P#0

MPI| _REDUCE

P#2
P#3

AO

BO

Co

DO

Al

Bl

C1

D1

A2

B2

c2

D2

A3

B3

C3

D3

Reduce

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

64

op.A0-A3

op.B0-B3|0op.CO-C3|0p.DO-D3

e OS24 —H— TcommIAD, £T7AELRDZEIE/\vIFIsendbuf][ZDULNT,
EEIopIZFERL, TZOHRRF1ODOZETOEXroot /I DZIE/NVTF

lrecbuf]IZH&H#3 3,
— #8%F0, 37, =K, &=/ 1t

e call MPI_REDUCE

(sendbuf, recvbuf, count, datatype, op, root, comm, ierr)

- sendbuf EE I EE/NYIT7FDRETRLR,
- recvbuf IE o) ZIE/NYITF7DEETFLX,
BATEdatatypellZKYRE

— count B2 I Iyt—NDH AR

- datatype E#H I A= DT—RE(4T
FORTRAN MPI_INTEGER, MPI_REAL, MPI_DOUBLE_PRECISION, MPI_ CHARACTER etc.
C MPI_INT, MPI_FLOAT, MPI_DOUBLE, MPI_CHAR etc

- op B I ATEDEEE

MPI_MAX, MPI_MIN, MPI_SUM, MPI_PROD, MPI_LAND, MPI_BAND etc

A—H—|Z&kBFEHRIEE: MPI_OP_CREATE

— root %%%EQ T
—  comm ?é‘%'éﬂl I
- ierr B O 5e Ta—k

ZET7ALEADID(S5)
OS2 —3%EET S
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EE/INVITFERE NV D7

e MPITIXIEE/NYT 7L, RENYITFIELSEH#ALIL
LIX&ZEHT 5,

o EE/NVIFEZEN\YIF7IZNT LLELGST-BFDHED
STHAIDEILTLGEWLD, DT FRLANERLG->TULVEIT
(X745 5750Y,




MPI Programming

Send/Receive Buffer (1/3)
A: Scalar

call MPI_REDUCE
(A, recvbuf, 1,datatype, op,root,comm, ierr)

MPI_Reduce
(A, recvbuf, 1,datatype, op, root, comm)

66
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Send/Receive Buffer (2/3)
A: Array

call MPI_REDUCE
(A, recvbuf, 3,datatype, op, root,comm, ierr)

MPI_Reduce
(A, recvbuf, 3, datatype, op, root, comm)

o Starting Address of Send Buffer
— A(1): Fortran,A[0]: C
— 3 (continuous) componentsof 2 (A(1)-A(3), A[0]-A[2])
are sent

A(:x) 1 2 3 4|5 6 7 8910

Al:1] '0 1 2 3|4 |5 6 7,89
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Send/Receive Buffer (3/3)
A: Array

call MPI_REDUCE
(A(4) , recvbuf, 3,datatype, op, root, comm, ierr)

MPI_Reduce
(A[3], recvbuf, 3,datatype, op, root, comm)

o Starting Address of Send Buffer
— A (4): Fortran,A[3]:C
— 3 (continuous) componentsof 2 (A (4)-A(6), A[3]1-A[5])
are sent

A(:x) 1,2 314 5 6 7 8 910

Al:1 ' 0|1/2|3 4 5 6 789
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MPI_REDUCE®I (1/2)

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

real (kind=8) : : X0, X1

call MPI_REDUCE
(X0, X1, 1, MPI_DOUBLE_PRECISION, MPI_MAX, 0, <comm>, ierr)

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

call MPI_REDUCE
(X0, XMAX, 4, MPI_DOUBLE_PRECISION, MPI_MAX, 0, <comm>, ierr)

£TOVRIZEITH, XO0()DRAKIENOFETOELRDXMAX()IZA S (i=1~4)
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MPI_REDUCE®I (2/2)

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

real (kind=8) : : X0, XSUM

call MPI_REDUCE
(X0, XSUM, 1, MPI_DOUBLE_PRECISION, MPI_SUM, 0, <comm>, ierr)

Z7ORRIZEITSH, XODBIMNOBPEDXSUMIZAS,

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

call MPI_REDUCE
(X0(1), X0(3), 2, MPI_DOUBLE_PRECISION, MPI_SUM, 0, <comm>, ierr)

%7°EltZIZZBH’%>, sendbuf 1 2 3 4
- X0(1) D#EFHM0FETOEADX0(I)IZAS,
- X0(2) D#EFM0FETOEADX0(4)IZAB,

et 1 (2 3 4
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P#0 | AO|BO|CO|DO P#0 | AO|BO|CO|DO

MPI_BCAST ST — e
—_— P#2 P#2 | A0 |BO|CO|DO

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

o O3a=4H—A— TcommIAD—DONZEEFTTAL A root]D/\v 77 buffer]
NS, FOtETHOTatAMN/\vIrlbufferJ]IZAvE—I%FEE,

e call MPI_BCAST (buffer, count, datatype, root,comm, ierr)
- buffer & I/0 INVTTFDFRETELXR,
BAT & datatypellZKYRE

— count B T Iyt—NH AR

- datatype ZE# T I—DT—R3(T
FORTRAN MPI_INTEGER, MPI_REAL, MPI_DOUBLE_PRECISION, MPI_CHARACTER etc.
C MPI_INT, MPI_FLOAT, MPI_DOUBLE, MPI_ CHAR etc.

— root B EETTOEADID(S52Y)

— comm R A2 = —AR3FIEBTET S

— ierr B O 5c Ta—k
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MPI_ALLREDUCE

P#0
#1
P#2
P#3

0

« MPI_REDUCE + MPI_BCAST

/\
] TR

e call MPI_ALLREDUCE
(sendbuf, recvbuf, count, datatype, op,

sendbuf
recvbuf

count
datatype

op
comm
ierr

(B3]
(B3]

i i R e
S g

I
@)

O H H H H

AO|BO|CO|DO
Al|B1|C1|D1
A2|B2|C2|D2
A3|B3|C3|D3

72

P#0 | op.A0-A3

op.B0O-B3|op.C0O-C3|0op.DO-D3

All reduce
P#1 | op.A0-A3

op.B0-B3|op.CO-C3|op.DO-D3

P#2 | op.A0-A3

op.B0O-B3|op.C0O-C3|0op.DO-D3

P#3 | op.A0-A3

op.B0-B3|op.CO-C3|op.DO-D3

A, mKEZFTELIzL, FTO0ERATHALEZWGEN S

comm, ierr)

EE/NVTFDRETRLUR,
ZIE/NVIT7DEBETRLUX,
BAT & datatypelIZKYRTE
Ayt—L DY AR

AytE—TDT—H34T

STHEDIERR

3227 —5%EET S

5T ra—F
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MPI Reduce/Allreduce @ “op”

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

e MPI_MAX, MPI_MIN mANE, &x/IME
e MPI_SUM, MPI_PROD ¥, 33

e MPI_LAND SHIEAND

MPI Programming
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BRI T—42DEZH (1/2)

o RX20DRGKILE, ADIZHEIT S
e ZTOLEATRISOARYKL(1~5)

~~
=
00
Il
NDNNDDN NNMDDN

~~
=
0
I
Www Www
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BRI T—8DEZH (212)

o HLEDRIMILDI1~5FEKDHIOZEPE, 6~10FE 7 MN1EPE, 11~15
ZEM2EPE, 16~20BMN3BPENFNEFTNIE~SE/M S 45 (BFR
BEMIE~FLLD),

VECPp (1)= 2 VECs (1)= 3
(2)= 2 (2)= 3
VECp ( 1)~VECp( 5) PE#0 (3)= 2 (3)= 3
VECs ( 1) ~VECs( 5) — (4)= 2 (4)= 3
(5)= 2 (5)= 3
VECP (1)= 2 VECs (1)= 3
(2)= 2 (2)= 3

VECp ( 6)~VECp (10) - _
VECs ( 6) ~VECs (10) PE#1 fi;; 2 fi;; :
(5)= 2 (5)= 3
VECP (1)= 2 VECs (1)= 3
VECp (11) ~VECp (15) (2)= 2 (2)= 3
VECs (11) ~VECs (15) T pE#2 (3)= 2 (3)= 3
(4)= 2 (4)= 3
(5)= 2 (5)= 3
VECP (16) ~VECP (20) VECp (1)= 2 VECs (1)= 3
VECs (16) ~VECs (20) T~ (2)= 2 (2)= 3
PE#3 (3)= 2 (3)= 3
(4)= 2 (4)= 3
(5)= 2 (5)= 3




EITE R

e ERXEREILT, 1HhnHE
FaSYET=F- &L
YDIFLVNZEEETH S,

¢ LHLAAINTZITTIHFF
EL BFRGEULMFIZDOLT
‘i'f&“‘ %IZIJ| -d—éo

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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RNIRED A5 ETFEHI(1/3)

<$0-S1>/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 (ierr)

call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM_WORLD, my_rank, ierr )

sumA= 0.dO

sumR= 0.dO

do i= 1, 5 Q o -
oVECp(i)= 2.d0 BERNINILEZTAEAT
VECs (i)= 3.d0 — | — s

enddo zﬂi"ﬂimj—%

sumO= 0.d0

do i= 1, 5
sum0= sum0 + VECp (i) * VECs (i)

enddo

if (my_rank.eqg.0) then
write (*,'(a)') ' (my_rank, sumALLREDUCE, sumREDUCE) ‘
endif



MPI Programming

NFE DM 5 FT FE 5 (2/3)

<$0-S1>/allreduce.f

1Cc
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 (sum0O, sumA, 1, MPI_DOUBLE_PRECISION, MPI_SUM, &
MPI_COMM_WORLD, ierr)

write (*,'(a,i15, 2(lpel6.6))') 'before BCAST', my_rank, sumA, sumR

NEEDEE
ZTOCRTHELEFERIsumO D #ELFNE LS
sumR [Z[X, PE#OD G EICOHTRERBEMN AL,

sumA [Z1&, MPI_ALLREDUCEIZ&»T27avXRIZFHERZENAS,

78
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RFIED I 5 ETHE B (3/3)

<$0-S1>/allreduce.f
1C
!1C—-— BCAST
call MPI_BCAST (sumR, 1, MPI_DOUBLE_PRECISION, 0, MPI_COMM_WORLD, &
ierr)
write (*,'(a,15, 2(lpel6.6))') 'after BCAST', my_rank, sumA, sumR

call MPI_FINALIZE (ierr)

stop
end

MPI BCASTIZ&> T, PE#OLISY DB EIZE sumR 2
STERBREMNAS
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<$0-S1>/allreduce.f/c DEITH

$> cd /work/gt00/t00XXX/pFEM/mpi/S1

$> mpiifort -—-align array64byte —-03 —-axCORE-AVX512 allreduce.f
$> mpiicc —align -03 —-axCORE-AVX512 allreduce.c

$> (£17:470+1R) pjsub god.sh

(my_rank, sumALLREDUCE, sumREDUCE)

before BCAST 0 1.200000E+02 1.200000E+02
after BCAST 0 1.200000E+02 1.200000E+02
before BCAST 1 1.200000E+02 0.000000E+00O0
after BCAST 1 1.200000E+02 1.200000E+02
before BCAST 3 1.200000E+02 0.000000E+00
after BCAST 3 1.200000E+02 1.200000E+02
before BCAST 2 1.200000E+02 0.000000E+00O0
after BCAST 2 1.200000E+02 1.200000E+02
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DRIT7ANZEERALIARL—3Y

o PEAOMLERT—2%EHAIARA, TNEFERIZScatterL T

F'nEJ BERENERICKENGSE, 10207

55T HEZERT 5 &M A EE (MPI_Scatter/Gather®| ) .

Aty HTETH

— 3% A A CEITA T BELIZEE D H S,
= E‘*)J?b\b’\illbfzbb\f, (BT —4128% 70ty Y CHILIZH

AT

— HARNIRILIZHLT, 2R EBIEINIDBEICTS-EE X, KRIZE

CLTMPI_Gatherz EZ{FEHT 5




MPI Programming

P IF7AIVFRAAH  FET—3E(1/2)

>$ cd /work/gt00/t00XXX/pFEM/mpi/S1
>S 1s al.*
al.0 al.l al.2 al.3

>$ mpicc -03 file.c
>$ mpiifort -03 file.f

>$ ET:470+FX pjsub god.sh

al.0 al.l al.2 al.3
101.0 201.0 301.0 401.0
103.0 203.0 303.0 403.0
105.0 205.0 305.0 405.0
106.0 206.0 306.0 406.0
109.0 209.0 309.0 409.0
111.0 211.0 311.0 411.0
121.0 221.0 321.0 421.0
151.0 251.0 351.0 451.0
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go4.sh

#!/bin/sh

#PIM -N “test™ Job Name

#PJM -L rscgrp=tutorial Name of “QUEUE”
#PJM -L node=1 Node#

#PJIM ——mpi proc=4 Total MPI Process#
#PJIM -L elapse=00:15:00 Computation Time
#PJIM —-g gtO00 Group Name (Wallet)
#PJIM -3

#PIM —e err Standard Error
#PJM -0 test.lst Standard Output

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out



MPI Programming

DEITF7AINGEA AR FT—2K(2/2)
DEITT7A IV FTH AR F 2/2
<$0-S1>/file.f

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

include 'mpif.h' Hello £ AZEIZ

integer :: PETOT, my_rank, ierr IR 4

real (kind=8), dimension(8) :: VEC px o >YAY A

character (1en=80) :: filename

call MPI_INIT (ierr)

call MPI_COMM_SIzZE (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) [E%EE%S?F(1~8)JT:
enddo AL
close (21)

call MPI_FINALIZE (ierr)

stop
end
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PE #0

PE #3

“a.out”

“a.out”

mpirun —-np 4 a.out
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DRI T7AIEHAHA AR K (1/2)

>$ cd /work/gt00/t00XXX/pFEM/mpi/S1
>S 1s a2.*
a2.0 a2.1 a2.2 a2.3
>$ cat a2.1
5 ZPEIZBITHR S #
201. A 73 D 3
203.
205.
206.
209.

O O O oo

>$ mpicc -03 file2.c
>$ mpiifort -03 file2.f

>$ E4T:470+1X pjsub god.sh
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MPIprog.

a2.0~a2.3

PE#2

301.
303.
305.
3006.
311.
321.
351.

OO OOOOO0O
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FEF7AILD

<$0-S1>/file2.f

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

include 'mpif.h'

GAIAHA AT (2/2)

integer :: PETOT, my_rank, ierr
real (kind=8), dimension(:), allocatable :: VEC
character (1en=80) filename

call MPI_INIT
call MPI_COMM_SIZE
call MPI_COMM_RANK

if (my_rank.eq.O)
if (my_rank.eq.l1l)
if (my_rank.eq.2)
if (my_rank.eq.3)

open (21, file= filename,

read (21,*) N

(ierr)

(MPI_COMM_WORLD, PETOT, ierr )
(MPI_COMM_WORLD, my_rank, ierr )

filename= 'a2.0'
filename= 'a2.1'
filename= 'a2.2'
filename= 'a2.3'
status= 'unknown')

allocate (VEC(N))

do i= 1, N

read (21,*) VEC(i)

enddo
close (21)

call MPI_FINALIZE
stop
end

(ierr)

NOET—2(TOtyvY) TELS
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o kT —
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BT —32DERE
—A2(N=NG)Z A B

— ScatterLT&7AEXRIZHZE|
— R TOLRTEE

- WE|

L TR T—2%Gather (F£71=[ZAllgather) LTE AT —

2Tk
c 5 FET

53
Z(N=NL)Z&ER/K, H5W T (HoMLHRENER

LTOAA

— {FTOCRATRMT 224/, HHLIEIAD
— RO ATEE

- R
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FEHE
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BT

53
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FRES1

« NE
— [<$0-S1>/al.0~al.3], [ <$0O-S1>/a2.0~a2.3 I LREHAA
IJRIVIEHREFHRAIAH, ERRIMILD/ILL (X)) ZEKRH BT

O3S L&ERT 5(S1-1),
o <$0-S1>file.f, <$0O-S1>file2.fEFNFNSEIZT S,

— TROBER,DEREZEEARICL O TROHSTITOTSLE
ER9 %, MPl_Reduce, MP| BcastZF#{#HALTii5|{LZ=E
L, Aty #HETILS S8 DTERRBZERTET S
(S1-3),

r 42dx
01+ X

91



Options for Optimization

General Option (-O3)
$ mpiifort -03 test.f
$ mpiicc -03 test.c

Special Options for AVX512, NOT Necessarily Fast ...
S mpiifort —align array64byte -03 —-axCORE-AVX512 test.f

$ mpiicc —align -03 —-axCORE-AVX512 test.c
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#PJIM
#PJIM
#PJIM
#PJIM
#PJIM

#PJIM
#PJIM
#PJIM

93

Process Number

—-L node=1l; #PJM ——mpi proc= 1 l-node, 1l-proc, l-proc/n
—-L node=1l; #PJM ——mpi proc= 4 l-node, 4-proc, 4-proc/n
—-L node=1l; #PJM ——mpi proc=16 l-node, 16-proc, 16-proc/n
-L node=1l; #PJM ——-mpi proc=28 l-node, 28-proc, 28-proc/n
—L node=1l; #PJM ——-mpi proc=56 l-node, 56—-proc, 56-proc/n
-L node=4; #PJM ——mpi proc=128 4-node, 128-proc, 32-proc/n
—L node=8; #PJM ——mpi proc=256 8-node, 256-proc, 32-proc/n
—L node=8; #PJM ——mpi proc=448 8—-node, 448-proc, 56-proc/n

Intel® Xeon® 4 Intel® Xeon®

Platinum 8280 = Platinum 8280 >
C4DDR4, (Cascade Lake, CLX) UP] (Cascade Lake, CLX) S Memory
S DDR4 2.7GHz, 28-Cores 2.7GHz, 28-Cores S DDR4 2 96 GB
S DDR4 2.419 TFLOPS UPI 2.419 TFLOPS DDR4 %

Soc. #0: 0t-27th cores

DDR4

2933 MHz X 6¢h
140.8 GB/sec

DDR4

kSoc. #1: 28th-55t cores

Ultra Path Interconnect
10.4 GT/sec X3
= 124.8 GB/sec

2933 MHz % 6¢h
140.8 GB/sec



a01.sh: Use 1 -core (0t)

#!/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1

#PJIM ——mpi proc=1

#PJIM -L elapse=00:15:00
#PJIM —-g gtO00

#PIM -J

#PJM —-e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0

mpiexec.hydra -n ${PJM_MPI_PROC}

4 Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
\Soc. #0: Oth-27t cores /

2933 MHz x 6¢ch
40 8 GR/se

Socket #0: 0 th-27th Cores

./a.out

4 Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS
\Soc. #1: 28th-55th core3/

2933 MHz x 6¢h
140.8 GB/sec
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a24.sh: Use 24 -cores (0 th-23d)

#!/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1

#PJIM ——mpi proc=24

#PJIM -L elapse=00:15:00
#PJIM —-g gtO00

#PIM -J

#PJM —-e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0-23

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

4 Intel® Xeon® ) 4 Intel® Xeon® )

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS
\Soc. #0: Oth-27t cores / \Soc. #1: 28-55tH core3/

2933 MHz x 6¢h I 2933 MHz x 6¢h

Socket #0: 0 th-27th Cores

140.8 GB/sec




a48.sh: Use 48 -cores (0 th-231d, 28th-57st)

#!/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1

#PJIM ——mpi proc=48

#PJIM -L elapse=00:15:00
#PJIM —-g gtO00

#PIM -J

#PJM -—-e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0-23,28-51

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

4 Intel® Xeon® ) 4 Intel® Xeon® )

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS
\Soc. #0: Oth-27t cores / \Soc. #1: 28-55tH core3/

2933 MHz x 6¢h I 2933 MHz x 6¢h

Socket #0: 0 th-27th Cores

140.8 GB/sec




b48.sh: Use 8x48 -cores
(Oth_23rd, 28th_515t)

#!/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=8

#PIM —-mpi proc=384 384—-—8= 48-cores/node
#PJIM -L elapse=00:15:00

#PJIM —-g gtO00

#PJIM -3

#PJM —e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0-23,28-51

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

(" Intel® Xeon® ) 4 Intel® Xeon® )

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS
\Soc. #0: Oth-27th cores / \Soc. #1: 28-55tH corey

2933 MHz x 6¢h ’ 2933 MHz x 6¢h
40.8 GB/se 140.8 GB/sec

Socket #0: 0 th-27th Cores
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b48b.sh: Use 8x48 -cores
(Qth-23rd 28th_51st)

#!'/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=8

#PJIJM —-mpi proc=384 384-+-8= 48-cores/node
#PJM -L elapse=00:15:00

#PJIM —-g gtO00

#PJIM -7

#PIJM —e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0-23,28-51

mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./a.out

Intel® Xeon® ) 4 Intel® Xeon®

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS
Soc. #0: 0th-27th cores / \Soc. #1: 28"M-55" cores

—

2933 MHz X 6¢h ’ 2933 MHz X 6¢h

0 140.8 GB/sec

Socket #0: 0 th-27t Cores
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NUMA Architecture

DDRA4 Intel® Xeon® \ / Intel® Xeon® \
> < - :
S DDR4 0 Platinum 8280 Platinum 8280

Memory DDR4 (Cascade Lake, CLX) (Cascade Lake, CLX)
96 GB

2.7GHz, 28-Cores 2.7GHz, 28-Cores

2419 TELOPS 2419 TELOPS
DDR4 Soc. #0: 0th-27th cores j kSoc. #1: 28th-55t cores /

! —
2933 MHz x 6¢h I 2933 MHz x 6¢h

40 140.8 GB/sec

Socket #0: 0 th-27th Cores

* Oakbridge-CX (OBCX)
— 2 Sockets (CPU’s) of Intel CLX
- &Y ybE28a7, 455637
e« NUMA7—*T%9F+ (Non-Uniform Memory Access)

— AEYIFZCPUIZEHINTINTHIL, E445CPUOO—AILATEY E
DT —RETHOEATHIEILAHE

— O—AILAE) LDT—3%F>TEHEIT 5D ERY
e numactl -1 : A—AHJLAEYER, COATLa ELNEKRELGESLHD
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Use 8x48-cores, 48 -cores are randomly

selected from 56 -cores

#!'/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=8

#PJIM ——-mpi proc=384 384--8= 48-cores/node
#PIJM -L elapse=00:15:00

#PJIJM -g gtO00

#PJIM -3

#PJIM —e err

#PJM -o test.lst

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

/ Intel® Xeon® \ / Intel® Xeon® \

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS

KSOC. #0: 0th-27t cores / KSoc. #1: 28th-55t coresj

2933 MHz x 6¢h ’ 2933 MHz x 6¢h
40.8 GB/se 140.8 GB/sec

Socket #0: 0 th-27th Cores




Use 8x56-cores

#!/bin/sh

#PJM —-N "test"

#PJM -L rscgrp=tutorial
#PJIJM -L node=8

#PIJM ——-mpi proc=448

#PJIM -L
#PJIM -g
#PJIM -3
#PJIJM -e
#PJM -o

mpiexec.

elapse=00:15:00

gt00

err
test.lst

hydra -n ${PJM_MPI_PROC}

4 Intel® Xeon® N

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS
\ Soc. #0: 0th-27th cores /

2933 MHz x 6¢h
40 8 GR/se

Socket #0: 0 th-27t Cores

448—8= 56-cores/node

./a.out

4 Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS
\Soc. #1: 28th-55 cores /

2933 MHz x 6¢h
140.8 GB/sec
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« MPI&IX

« MPI®DEFE - Hello World

)H’JF

]38 1E (Collective Communication)
e 13713845 (Point-to -Point Communication )




| Programming

13118 {5

IXLEEEIE ?
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—XRocfElRE: 118 %, 12818, 3781




— Rtk 118 %, 128 =, 3R
RAES i BRELINDSS




—XRocfElRE: 118 %, 12818, 3781

9*1#\ - iﬁﬁlﬁ\

e 4} 51 : External Nodes
“ 1 % 5 : Boundary Nodes
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RIS X R BECIE

Preconditioned Conjugate Gradient Method (CG)

Compute r®= b-[A]x(®
for 1= 1, 2, ..

solve [M]zGE D= p(i-1) _ﬁ‘-ﬁmﬁi : i‘-_l-ﬁ X/7-_U-/7\
0, ,= r(i-1 z(i-1)
if i=1
pL= 7z
else

Bi—_lz pi—.l/pi—Z |
pt= zG"D 4 Bi_l p -1
endif
q¥’= [A]lp™
a; = P /PHq®
xW= g6l 4 q,pd
rii= pG-1l - gq,gq
check convergence |z



MPI Programming

HIALIE, RIKNLESBEZD MR
| fn 28

= ATAYEET & (N

Vs

IC
1C— {z}= [Minv] {r}
do i=1, N
W(i,Z)= W(,DD) * W(i,R)
enddo
IC
16— {x}= {x} + ALPHA*{p}
IC  {r}= {r} - ALPHA%{q]}
do i=1, N
PHI (i)= PHI (i) + ALPHA * W(i,P)
W(i,R)= W(i,R) — ALPHA * W(i, Q)
enddo

BNDH) D A[EE=

[lr 5

© 0N O | 01| B W |IDN|PF

=
o

=
N

N

w

1N

A TW I

W DN
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AR
SERTHELLBDENHDH=>EIE?

1
1
2
IC 2
IC— ALPHA= RHO / {p} {a} - 3
C1= 0.d0 4
do i=1 N 4
C1=C1 + W(i, P)*W(i, Q)
enddo ) 1
ALPHA= RHO / Cf
6 2
7 3
8 4
9 1
10 5
11 3
12 4
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TTHINIRILEE
NEDENADESIXLEIE

IC
1C— {a}= [A] {p}
do i=1, N
W(i,Q) = DIAGCi)*W (i, P)
do j= INDEX(i-1)+1, INDEX(i)
W(i,Q) = W@i,Q + AMAT(G)*W(ITEM(]), P)
enddo
enddo

o—00-0060-0
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MPI Programming
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THINIRILEE: O—AJLIC

AW [IDN |

I N| O | O
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THIRHRNLIEE - O—HILETE 11

1 1
2 B 2
3 - 3
4 4
. 1 1
2 B 2
3 - 3
4 4
5
6 000606600
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1xt1LE{EEE ?

« ZEM&1S : Collective Communication

— MPI_Reduce, MPI_Scatter/Gather &

— ECAZ 2=/ —2ANETOrREBIET S

— @A
« BERERE ARNVMVE, A FINEFIO—NILGHEBEEROHLSFE
« NiE RKELEDARL— 30

o 1%xt138{E : Point-to-Point

» 0—0—0—0-0
— MPI_Send, MPI_Recv AT

—BEOTALREDHBELHD " QTQTGTQTTT?
o FEfEfRE
_ SERS » 050,000

« ENE, ARERELGEO—NILIF
HEESIFIE



E£MEIE, 1L1LEE

VT EZPE (RRI%) DA EDHEEERE

=0k AREREK

) O O O

OO O O
OOOO%S
O O O

OO 00000 0O 0
OO 0O OO O

O O O

Q%EO

)

O OO OO
OO 0O O O
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15 1L BENVEIZILSI5HE : IDFEM
FEMDARL—L3> O-=-OIZIXBIERB OIFEHRANE
TRYHRER, RIEE

w @000

5
bl
1 000700

4

@—0

l
2 ©

4

e b} &5 : External Nodes
“ 1 % 5 : Boundary Nodes
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1x1LBED A&

e MPI_Send, MPI_Recvé VoY TIL—FULHB,

o LA, IhlIlToydx2 % (blocking) BIEYITIIL—F2
T, TwvkOw% (dead lock) Z 2 ZL+°9L ),
— Z{E(RECV) DSETHHEZEINTELNE, {5 (SEND) B T LALY

o HEHEIETIZsecure’E BEFTRET A1=HIZ, MPI{LER
DODFRIZANGNTI=EDTHSD, EREIFIAEZD LLLY,

— L= TERBRIZZ T —a3 RNV THERASNSZEIFIFEA
EEINERD),

— FEIZHh-S>TIOE D HNHRESNBDFEITHZLSLLY,

o TZESLVOHEELHDIEVLSTEZTDDRRRIZENTELTK
f=SUy,




MPI Programming

MPI SEND/MPI RECV

PE#0

g b

if (my_rank.eq.O0)
if (my_rank.eqg.l)

NEIB_ID=1
NEIB_TID=0

call MPI_SEND (NEIB_ID, arg'’s)
call MPI_RECV (NEIB_ID, arg'’s)

PE#1

= ) |O]

|

o BIZIFEIFEDBITEAILX, CDEIIZLI=LNECATH

oM, CDEIGT

075 LxkbE

MPI_Send/MPl_RecvD &ZATIES

- BiGELHD

EDTCLz
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MPI Programming 120

MPI Send/MPI Recv

PE#0

call MPI_SEND (NEIB_ID, arg’s)
call MPI_RECV (NEIB_ID, arg’s)

PE#1

call MPI_SEND (NEIB_ID, arg’s)
call MPI_RECV (NEIB_ID, arg’s)

e PE#0, PE#1X(ZIX{E ]

o NEEIL, FEXLTHDIZEININGEWNETE T LEL

o PE#0, PE#1EHIC, EER, XELETORENRTIHD
EFo=>7AatX(EEL




MPI Programming

MPI SEND/MPI RECV (=)

PE#O

1|12 |3

O

- D

PE#1

if (my_rank.eqg.0) NEIB_ID=1
if (my_rank.eqg.l) NEIB_ID=0

if (my_rank.eq.0) then

call MPI_SEND (NEIB_ID,
call MPI_RECV (NEIB_ID,

endif

if (my_rank.eq.l) then

|

H#

endif

+ SOFRIITTNIL, B,
» RAINGEESBFOIIGGESITIEENTILOKZHA

AR TIEE

FH IR

2,

call MPI_RECV (NEIB_ID,
3 4 call MPI_SEND (NEIB_ID,

arg’s)
arg’s)

arg’s)
arg’s)

121



MPI Programming 122

I LEEDTE(RRESITHM)

e MPI Isend, MPI Irecv, &LMODIJ0OvEx245LEAEW
(non-blocking) 17 IL—F b, e, REIDTI=HD
[MPI Waitall|Z#AEHE S,

e MPT_Sendrecv &EULVOSYHTIL—FU1HH5 (),

if (my_rank.eqg.0) NEIB_ID=1
PE#O if (my_rank.eqg.l) NEIB_ID=0

call MPI_TIsend (NEIB_ID, arg’s)
1 2 3 4 call MPI_TIrecv (NEIB_ID, arg’s)

call MPI_Waitall (for Irecv)

‘ 1 PE#1 oLl MPI_Waitall (for Isend)

2131 4 Isend&lrecv TRIC @ISR FZE-T,
BIZESMEIRNDSD THIEWaitalllE
— BT CHOKTY (k)
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MPI ISEND

o EE/N\vT7Isendbuf]AD, E#ELT=Icount 1B DEEAvE—T%, 44 Ttagl
{1+ T, a2 = —2RAD, ldestlIZiEIET S, TMPI_WAITALLIZFESZET,
EE/NVITTORBEEBFHFLTIELGSELY,

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

- sendbuf IE I EE/NYITFDRETRLX,

—~ count B I Ayt—IDHAX

— datatype E# I I —DT—RE4T

- dest B I SEETAERDTELR(F27)

- tag B I Ayt—U835  FEAVE—DDEEXXANTAHAESIZER,
BEEI0ITEL, ACAYE—U25 B SR TEE.

—~ comm B T OS2 —3%FHETEIT D

- request E# 0 BIEHEAF,MPTI_WAITALLTHEHA,
(B2 : A XIEXEEATHIDHEDHAHSIMPI_ISEND IFEUHL
HOREIFHEITOEREGLE)) :cEEICOLTIEERD
~ ierr B 0 ET3—k
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B {E Al F (request handle ) : request

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

- sendbuf FE I EE/NYITFDRETRLR,

—~ count B I Iyt—IDHAX

~ datatype E# I Ayt—LDT—RE4T

- dest B I SEETAEADTRLR (VD)

- tag B I Ayt—IR9 FEAYVE—VDEFEEXATHEEITER,
BEIFN0ITKL, RALAYE—U2T B SRITTEIE,

— comm B I O =/ —3%HETEIT D

- request E# O BRI F,. MPI_WAITALLT{EMA,

(BRH: YA XIIREEATHIULEDHAMPTI_ISENDIFFEUHL
HOBEIIBEEIOEREGE))
— ierr B O 55 7a—F
e LTI LG TEELTHC(GREHEEBZERT SZITTRLY:CIZDUL\TIEEZR)

allocate (request (NEIBPETOT))
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MPI|_IRECV

o ZE/\vT7lrecvbuf]RD, EfELT=Icount B DEEAvE—T%, 449 Ttag]
T T, A2 = —3HND, ldestIMoZIET D, TMPI_WAITALLIZMFESFE
T, RIENVI7ORBZFIALI-NEZE L TIEXGESLELY,

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

- recvbuf FE I ZIE/NVIT7DEBETRLX,

—~ count B I Avt—oDHYAX

—~ datatype E# I A= DT —ER3A4T

- dest B I SEETAERDTELR(F27)

- tag B I Ayt—U835 ZIEAVE—UDEEXXANTAESIZER,
BEEI0ITEL, ACAYE—U25 B SR TEE.

—~ comm B T OS2 —3%FHETEIT D

- request E# 0 BIEHEAF,MPTI_WAITALLTHEHA,
(B2 : A XIEXEEATHIDHEDHASIMPI_IRECVIFEUHL
HOBEIIBEIOERAEGE)) .cEEIZ DLW T &R
~ ierr B 0 ET3—k




MPI Programming 126

MPI WAITALL

o 1Xf1IETAVXUTBIEHTIL—F 2 THAIMPI_ISEND |ETMPI_IRECV %%
L=35&, TRt RXDRAZRLDIZFERT %,

o EEFIIZOIMPI_WAITALLIZFESRIIZEE/ NV I7ORNBEZERLTIEGELE
LYo ZIERFIXITMPI_WAITALL IZFESHIIZRIE/NNYIT7ORBTZFIAL TIEGELELY,

o EHMAENTLIL, TMPI ISENDJEMMPI_IRECVIZEIEFICEIZILTHLLY,
— TMPI_ISEND/IRECVITRICEBIEFH A F=ERT L

e IMPI_BARRIERJERICKDGHEETH AN, KAIXTEGLY,
— FEH(ZH XD, Trequest], Mstatus | DRBEMNELLEFHENT, /IEL

[MPI_ISEND/IRECV1ZMUH T LMEAELG D, ELVWO KOG RERLH D

e call MPI_WAITALL (count, request, status, ierr)
- count B I REAT AL EDHAMPI_ISEND], TMPI_RECVIFEUH LK,
-~ request EH# I/0 BIE#AIF. TMPI_ISENDJ, TMPI_IRECV]THIBEL=#EA
FRIZxG . (EEFIH 4 X : (count))
~ status B 0 WiRA T/ MEES (BEFIH (4 X : (MPI_STATUS_SIZE,count))
MPI_STATUS_SIZE: “mpif.h”,”mpi.h” CTEHOLND
INGA—H CEEBIZDOLTIHZ R
ET3—F

it
)\dg'g
O

— ierr
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KiRA TV RELFI (status object ) :
status

e call MPI_WAITALL (count, request, status,ierr)
- count B T BEAT AL EDHATMPI_ISEND], TMPI_RECVIFEUH L,

- request EH# I/0 BIEEAIF. TMPI_ISEND]J, TMPI_IRECVITHIBL-#E5I
F ARG, (B4 X: (count))

- status B 0 WiRA T U MRS (B2 5|4 X (MPI_STATUS_SIZE,count))
MPI_STATUS_SIZE: “mpif.h”,”mpi.h” TEHLHND
INDA—A

- ierr B 0 SET3—k

o LUTODEIIZFHRIEMBZHERLTHLIEIFTTEL(CIZTDOWLNTIEREIR)

allocate (stat (MPI_STATUS_SIZE, NEIBPETOT))
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SEND: MPI Isend/lrecv/Waitall

SENDbuf
neib#1 neib#2 neib#3 neib#4
® ® @
}4 BUFlength_e ><BUFIength_e i BUFlength_e i BUFlength_e >‘
export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
1S_e= export_index(neib-1) + 1
iE_e= export_index (neib )
BUFlength_e= iE_e + 1 - 1iS_e

call MPI_ISEND &
& (SENDbuf (1iS_e), BUFlength_e, MPI_INTEGER, &
& NEIBPE (neib), 0, MPI_COMM_WORLD, &
& request_send (neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ilerr)
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RECV: MPI Isend/lrecv/Waitall

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index (neib )
BUFlength_i= iE_i + 1 - iS_3i

call MPI_IRECV &
& (RECVbuf (iS_1i), BUFlength_i, MPI_INTEGER, &
& NEIBPE (neib), 0, MPI_COMM_WORLD,
& request_recv (neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, 1lerr)

neib#l neib#2 neib#3 neib#4
® ®

}4 < < L
BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index(0)+1  import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)




MPI Programming 130

MPI SENDRECV

« MPI_SEND+MPI_RECV: fgig#l#1LZ L DO THEENSHLELY

e call MPI_SENDRECV
(sendbuf, sendcount, sendtype, dest, sendtag, recvbuf,

recvcount, recvtype, source, recvtag, comm, status, ierr)
-~ sendbuf & I EE/NYTFDRETRLR,

—~ sendcount E#{ I EEAYVE—DDH AKX

— sendtype E#H I EEAYE—DDT—E5347T

- dest B T SEETAERDTRLR(T7)

- sendtag 2 I EERAYE—U3T, FEAYVE—VDEEFRANTHESIZHEA,
BEIEM0ITKLY,

- recvbuf TFE I ZIE/NVIF7DERETRLX,

—~ recvcount X I ZEAYE—DH AKX

- recvtype I ZIEAVE—DDT 3547

- source B I EIEXTTOVADTRELA(T2Y)

- sendtag EB# I ZERAYE—U2T, EEAVE—UDEBEXXATHEEIZER,
BEEI0ITEW, BLAYE—U20 B SR TRIE,

—~ comm B I O =4 —3%EET 5

~ status B 0 WKiRA Tz MRS (B2FIH 4 X : (MPI_STATUS_SIZE))
MPI_STATUS_SIZE: “mpif.h”" CEOHDLMND/INTA—A
CEIEEIC DL\ Tl &

- ierr By 0 5T ra—k



RECV(ZE) :Na~DF{E
2SI ICRET O NS EE L F— 4% 2 (HE S

e MPI_ Irecv
(recvbuf, count, datatype, dest, tag, comm, request)
- recvbuf FE I ZE/NVIFDRETFLX,

—~ count B I Iyt—oDH AR
~ datatype E# I A —DT—R2E4T
- dest B I BHETALADTRLR(S2Y)

PE#3 PE#2

131
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SENDGEE) : BER AN EE
EENYTFDEE LT — A ERETOERIZES

e MPI_Isend
(sendbuf, count, datatype, dest, tag, comm, request)

- sendbuf EE T EE/NYITFDHETRLUX,

—~ count B I Iyt—UDHAX

—- datatype ¥# I Av—TDT—EREA4T

- dest B I SEETAEADTRELR(T2Y)

O
Oo
O ~

PE#O
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EEAF, KRAT O IMRIIDEZEZD
1i7:‘ (FORTRAN)

e MPI_TIsend: request
e MPI_Irecv: request
e MPI_Waitall: request, status

.Ill

integer request (NEIBPETOT)
integer status (MPI_STAUTS_SIZE,NEIBPETOT)

e MPI_ Sendrecv: status

integer status (MPI_STATUS_SIZE)
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J7A4I)LaE—-T«4L O )FER

FORTRAN.—H—
>$ cd /work/gt00/t00XXX/pFEM/

>$ cp /work/gt00/z30088/class_eps/F/s2-f.tar
>$ tar xvf s2-f.tar

ci—H—
>$ cd /work/gt00/t00XXX/pFEM/

>$ cp /work/gt00/home/z30088/class_eps/C/s2-c.tar
>$ tar xvf s2-c.tar

Ta4LY L)RER
>S 1s
mpi

>$ cd mpi/S2

CDT4LY ) EXRBETIE <$0-52> LS,
<$0-82> = <$O-TOP>/mpi/S2
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FIRAHI (1) : "RAS—FEZ{E

o PE#0, PE#1[8] T8/\MFEHVALDIEZRXIRT S,

if (my_rank.eq.0) NEIB= 1
if (my_rank.eq.l) NEIB= 0

call MPI_Isend (VAL ,1,MPI_DOUBLE_PRECISION, NEIB, .., req send(1l),..)
call MPI_Irecv (VALtemp,l,MPI_DOUBLE_PRECISION, NEIB,.., req _recv(l),...)
call MPI_Waitall (.., req_recv,stat_recv,..):2{E/\Y7J7 VALtemp ZF|FAT[HE
call MPI_Waitall (.., req_send, stat_send,..) E{E/\vI77 VAL ZZ H O RE
VAL= VALtemp

if (my_rank.eq.0) NEIB= 1

if (my_rank.eq.l) NEIB= 0

call MPI_Sendrecv (VAL ,1,MPI_DOUBLE_PRECISION, NEIB, .. &
VALtemp, 1, MPI_DOUBLE_PRECISION, NEIB,.., status,..)

VAL= VALtemp

ZE/\WIFRBZEIVALIIZLTEEKE S EXHHH, BEDIELEL,
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FIEEMF (1) : AAT—1E%{& FORTRAN

Isend/Irecv/Walitall
$> cd /work/gt00/t00XXX/pFEM/mpi/S2
$> mpiifort -03 exl-1.f
$> /\YF3TET(27041R) pjsub go2.sh

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

integer (kind=4) :: my_rank, PETOT, NEIB

real (kind=8) : VAL, VALtemp

integer (kind=4), dimension(MPI_STATUS_SIZE,1l) :: stat_send, stat_recv
integer (kind=4), dimension (1) :: request_send, request_recv
call MPI_INIT (ierr)

call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM _WORLD, my_rank, ierr )

if (my_rank.eq.0) then

NEIB= 1

VAL = 10.d0
else

NEIB= O

VAL = 11.d0
endif

call MPI_ISEND (VAL, 1,MPI_DOUBLE_PRECISION,NEIB,0,MPI_COMM WORLD, request_send(l),ierr)
call MPI_TIRECV (VALx,1,MPI_DOUBLE_PRECISION,NEIB,0,MPI_COMM WORLD, request_recv(l),ierr)
call MPI_WAITALL (1, request_recv, stat_recv, ierr)

call MPI_WAITALL (1, request_send, stat_send, ierr)

VAL= VALXx

call MPI_FINALIZE (ierr)
end
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go2.sh

#!/bin/sh

#PIJM —-N "test"

#PJIM -L rscgrp=tutorial
#PJM -L node=1

#PIJM ——mpi proc=2

#PJIJM -L elapse=00:15:00
#PJIM —g gtO0O0

#PJIM —

#PJM —-e err

#PJM -0 test.lst

mpiexec.hydra —-n ${PJM _MPI_PROC} ./a.out
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FI A (2) - BLHI D =345 (1/3)

o PE#0, PE#1fd] T8/ \MFEHELHIVECHDEZRIRT 5,
e PE#O0=PE#1

— PE#0:VEC (1) ~VEC(11) D{E%:1EAH (KX:11)

— PE#1:VEV(26)~VEC (36) D{EELL TR I(THLS
e PE#1=PE#0

— PE#1:VEC(1) ~VEC(25) DEZ1% 5 (£&:25)

— PE#0:VEV(12)~VEC (36) D{EELL TR I(THLS

« BB . JAVILEERLTRLELS!

PE#0O |1|2|3]4|5|6]|7]|8|9]|10[11]12[13|14]|15]16|17|18|19(20(21|22|23|24|25|26(|27|28]29|30(31|32[33|34(35|36

PE#1 112(3|4(5|6|7|8|9|10|11(12|13|14|15({16|17|18|19|20|21|22|23|24|25|26|27|28|29|30|31|32|33|34|35|36
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e VEC(C)DHEIRREZLLTNDEIIZT S
— PE#0 VEC(1-36)=101,102,103,~,135,136
— PE#1 VEC(1-36)=201,202,203,~,235,236

¢« IR—VDEIGHERICEHI TR E K

« MPI _Isend/lrecv/Waitall
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Coo~JoTIh~wWhN—
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FIFEMFI(2) -B2HDES2{E (2/3)

if (my_rank.eq.0) then
call MPI_Isend (VEC( 1),11,MPI_DOUBLE_PRECISION,1,..,req _send(1l),..)
call MPI_TIrecv (VEC(12),25,MPI_DOUBLE_PRECISION,1,..,req _recv(l),..)
endif

if (my_rank.eq.l) then
call MPI_TIsend (VEC( 1),25,MPI_DOUBLE_PRECISION,O,.., req _send(1l),..)
call MPI_TIrecv (VEC(26),11,MPI_DOUBLE_PRECISION,O,.., req _recv(l),..)
endif

call MPI_Waitall (.., req_recv,stat_recv,..)
call MPI_Waitall (.., req_send, stat_send,..)

NTHERULD, =N EH
SPMDi LL7ELY
LR AV
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FIFEMFI(2) -B2HDE=24E (3/3)

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

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

endif

call MPI_TIsend &
(VEC (start_send) , length_send, MPI_DOUBLE_PRECISION, NEIB,.., req_send(1l),..)
call MPI_Irecv &

(VEC (start_recv) ,length_recv,MPI_DOUBLE_PRECISION, NEIB, .., req_recv(1l),..)

call MPI_Waitall (.., req_recv,stat_recv,..)
call MPI_Waitall (.., req_send, stat_send,..)

— K IZSPMD5 LLE S
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oI = > SET1
ECAIDEZEFTE

N
#PEOQ #PE1
send: send:
VEC (start_send) ~ VEC (start_send) ~
VEC (start_send+length_send-1) VEC (start_send+length_send-1)
#PEO #PE1
recv: recv:
VEC (start_recv) ~ VEC (start_recv) ~
VEC (start_recv+length_recv-1) VEC (start_recv+length_recv-1)

« E{EAIDIength_send]&EZERDIength_recvE—EL
TWASHELRH D,
— PE#0=>PE#1, PE#1=PE#0

s EFEN\YI7IETRENYT7ITRIDTEL R
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13118 {5

o IX1BIEEIE ?
o “RITRIE, —fRIESNT-BET—TIL
— ZRITENIE
— RARERTE
- BIT—4EEEBIET—T I
— REH
¢ FREES2



ZRILERE(5)
ERAY 2




“RIEPREDEGCREDZER) DEXEL

0°p, 0°¢ _
P 2 P 2
X oy 1
(%_Z%"'W/vj_'_ A2RtR ) _ Ay
AX Ay Ny 0
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PE#2

PE#0

ARZITHE] . EHAES

57 | 58 | 59 | 60
49 | 50 | 51 | 52
41 | 42 | 43 | 44
33 | 34 | 35 | 36

PE#3

PE#1
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PE#2

PE#0

AR B BT &S

13 | 14 | 15 | 16
9 | 10 | 11 | 12
5 6 7 8
1 2 3 4

PE#3

PE#1
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A—N\—ZV T BB OENDE S a

PE#2 | PE#3

PE#0

PE#1
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A—N\—2YTHEEOENLE: SR

PE#2

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

PE#0 PE#1
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A—IN\—2 VT BB DENNE

PE#2 PE#3

PE#0 PE#1
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A—IN\—2 VT BB DENNE

PE#2 PE#3

PE#0 PE#1
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13118 {5

o IX1BIEEIE ?
o “RITRIE, —fRIESNT-BET—TIL
— ZRITENIE
— BRERTE
- BIT—4EEEBIET—T I
— REH
¢ FREES2
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BmAENE (1/3)
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BEAR(2/3) X5, ZIERI

PE#?2 PE#3
1: 33 9:49 17:7? 1: 37 9:53 17:7?
2:34 10:50 18:? |B7|58(/59(60 01/62(63|64| 2:38 10:54 18:?
. . 5 . . 5
33 129 205 |49|50[51[52 53|54/55(56| . 30 1250 207
5:41 13:57 21:7 5:45 13:61 21:7?
6 42 1458 202 41424344 45464748 6 46 14 62 222
7243 1599 23:2 133134|35|36 3713813940 7147 15163 23:2
8:44 16:60 24:7 8:48 16:64 24:.7
1: 1 9:17 17:7 1: 5 9:21 17:?
20 2 1018 18:2 |29]|26|27 |28 29(30(31(32| 2: 6 10:22 18: 2
i 4 1220 20> |12/1819]20 2122123(24) 35 1221 20 -
59 13:25 21:7 5:13 13:29 21:°7
6:10 14:26 22:2 9 10|11 12 15/14/15/16 6:14 14: 30 2;@
7:11 15:27 23:? 1121314 516|718 7:15 15:31 23:?
8:12 16:28 24:? — — 8:16 16:32 24:?

PE#O PE#1
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BEAR(2/3) X5, ZIERI

PE#2
1: 33 9:49 17:7? 1: 37 9:53 17:7?
2:34 10:50 18:? |5/7(58|59160 2:38 10:54 18:7?
3:35 11:51 19:? 3:39 11:55 19:?
4:36 12:52 20:7? 49 50 o1 52 4:40 12:56 20:?2
5:41 13:57 21:? e 5:45 13:61 21:?
6:42 14:58 22:? 4142/43444 6:46 14:62 22:?
7:43 15:59 23:7? 33 34 35 36 7:47 15:63 23:7?
8:44 16:60 24:7 8:48 16:64 24:.7
1: 1 9:17 17:7 1: 5 9:21 17:?
20 2 1018 18:2 |29]|26|27 |28 29(30(31(328 2: 6 10:22 18: 2
3: 3 11:19 19:? 3: 7 11:23 19:?
4 4 1220 2072 |=£]|18]|19]20 21|22|23|24| 4 g 1224 207
. . . . . . f)
o2 zey ool 13141516 313 1% 2L
7:1__1 15:2 23:§ l Z 3 4 5 @ z § 7:1__5 15:3__1 23:§
8:12 16:28 24:7 8:16 16:32 24:7

PE#O PE#1
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FHRET 2 (BRTHET —%) ILHk

PE#2

PE#OIZH(T5.
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PE#0
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PE #0 PE #1 PE #2 PE #3

“a.out” l “a.out” l “a.out” l “a.out” l

I s e e i e —

(Bﬁ?&bﬁiﬁ, “ 0 6 1” “ o “ 37 L:b”j\é
BET—IIL) > sam > SAM3" | gk —4

BRAST 38 | ||| [ |77 vhw3

(NROEK “sq.0” “sq.1” “sq.2" “sq.3" $EE A
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—RILEDE PE#HO

& fE:

(AL FER (1/4)

A &= (Internal Points)
FTDEBIZ7 A EINT-EFX

13114 | 15| 16
9 110 ] 11 | 12
5 | 6 | 7 | 8
1 12 3| 4
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168

—RILERE PE#HO

& fE:

PE#2
e (o | o | o

13,14 | 15|16 | e

9 (1011 (12 | e

5 6| /7| 8| e

1 | 2| 3| 4| e

PE#1

s [ 2B RER (2/4)

A = (Internal Points)

FTDREBIZT A SIN=-EXR
s} & (External Points)

MOERIZT A INF-BERTHLINZDMEEDET
BE4ERTIDIHELESR
(F—N\—2vTHEEBDER)

- FH TR
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169

—RILEDE PE#HO

& fE:

B [ I

PE#?2
@ O O O
-
[13 [ 14 | 15 16! o
9 | 10 | 11 12| o
5 6 V4 8 ®
1 2 3 i o

PE#1

5 (4/4)

A &= (Internal Points)

FTDREBIZT A SIN=-EXR
&} & (External Points)

HDEFBIZTH A SN-BERTHANZDEEDE
BZxEHITI2DIBLELER
(A—N—ZvTBEDER)

B R 5 (Boundary Points)
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—RILEDE PE#HO

& fE:

PE#?2
@ O O O
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[13 [ 14 | 15 16! o
9 |10 | 11 12| o
51 6|7 |/8 e
1 2 3 f£ o

PE#1

(A BTN FER (4/4)

A &= (Internal Points)

FTDREBIZT A SIN=-EXR
&} & (External Points)

MDRBICT YA EN-BRTHOIN T DRBDE
BZxEHITI2DIBLELER
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FHRET—2 (BT —%) £

s NR, SR

21 | 22 | 23 | 24 —~- RER~NRmLLGbIOBmEEsx
DIT5
13 | 14 | 15 | 16 | 20 | , [pRimomipiEsp
o 1ol 1l 1| 1 — F— i‘—jvﬁ%;%’&mﬁ 9 B5EE
— [HEfEEN, B
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— i Sn =&

EME

il
|
|
4
S

o 1112432 Diag (i) Diagona Components (REAL, i=1~N)
D 21|62 Index (i) Number of NonZero Off-Diagonals at
e 36| 4325|3791 Each ROW (INT, i=0~N)
@ | D3|@4|®5/®.6| Ttem(k) Off-Diagonal Components
e 5.7 |15 (31 (Corresponding Column ID)
@ |®,7|@.8 (INT, k=1, index(N))
e 98 (41| 25|27 AMat (k) Off-Diagona Components (Value)
@ |2,9®,10/®),11 ( REAL, k=1, index(N) )
11.5|1 3.1 | 95 |10.4| 4.3
e ® [,12(2,13(3.,14(D,15 (Y}= [AT{X}
e 124 6.5 | 9.5 do i=1, N
o s; 1§$E EE ® 3,16(@,17 Y(i)=D(i)*X(i)
A 15 - © 231] 6.4 |25 14131 do k= index (i-1)+1, index(i)
@ 12,183,19/®),20(®),21 Zld(i)z Y(i) + AMAT (k)*X (item(k))
1 51.3|1 95(13(96 | 3.1 enaao
— NEIBPETOT, NEIBPE(neib) ® %’ |25 5dasdess enddo

o TNETNDEERFICELSIAYE—DH AKX
— export_index(neib), neib= 0, NEIBPETOT

s RRRIBS
— export_item(k), k=1, export_index(NEIBPETOT)

¢ TNENDRERFICRIAVE—S
— SENDDbDuf(k), k= 1, export_index(NEIBPETOT)
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%E(I\/IPI_Isend/Irecv/WaitaII )

SEN Dbuf
neib#1 neib#2 neib#3 neib#4
® ® @
BUFlength_e ><BUFIength_e i BUFlength_e i BUFlength_e >‘
export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index (neib)
kk= export_item (k)
SENDbuf (k) = VAL (kk)

enddo L1=/\‘J77’\0)1'%/-\
SR mEGEDEHZEREIE, RIEICHE
do neib= 1, NEIBPETOT ’)@"C(i@(, ZDEIEINYTF~—[g]

J:.S_e= export_:i.ndex(ne:?.b-l) + 1 1—%)\Lf§+§'§’é:t7&§}]&)éo

iE_e= export_index(neib )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND &
& (SENDbuf (iS_e), BUFlength_e, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_send(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)



MPI Programming

— LS EET —T L g

. ZISHEF
— NEIBPETOT, NEIBPE(neib)

¢« TNTNDZEMFIZITMO AV E—H AKX
— Import_index(neib), neib= 0, NEIBPETOT

« R I1ES
— Import_item(k), k=1, import_index(NEIBPETOT)

: TRENDRERFNSRHFIMB AV E—D
— RECVbuf(k), k=1, import_index(NEIBPETOT)

1]
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—

{5 (MPI Isend/Irecv/Waitall )

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib )
BUFlength_i= iE_i + 1 - iS_i

call MPI_IRECV &
& (RECVbuf (iS_i), BUFlength_i, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_recv(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index (neib)
kk= import_item (k) R
VAL (kk) = RECVbuf (k) ZIE /N7 A
enddo
enddo

neib#l neib#2 neib#3 neib#4

}4 < < L
BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index(0)+1  import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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SEND/RECV®DEE{% (#0=>#3)

Send #0 Recv. #3 l
#5
#10
#9
NEIBPE(:)=1,3,5,9 NEIBPE(;)=1,0,10

o 1X1{E 7t (sources)/5{E % (destinations), Avt—H A
X, Ayt— D HDEEM (consistency)

« [#ET7O0tXID(NEIBPE (neib)) &tag(=0) NEET S
CBIERSE
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=15 & ZIEDEER

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND &
& (SENDbuf (iS_e), BUFlength_e, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_send(neib), ierr)
enddo

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib )
BUFlength_i= iE_ji + 1 - iS_i

call MPI_IRECV &
& (RECVbuf (iS_i), BUFlength_i, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_recv(neib), ierr)
enddo

¢« ZEXL-RELETOEREE, AvEt—THAX, AED
EE&A:"I-_ |

e NEIBPE (neib) M<wFLI=EZTITHEEN RIS,
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— SN -@IET—T )L (1/6)

PE#2
21 | 22 | 23 | 24
13 | 14 | 15 | 16 | 20
9 | 10 | 11 | 12 | 19
5 6 7 8 | 18
1 2 3 4 | 17
PE#1

#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORT_index
4 8
#IMPORT_items
17

18

19

20

21

22

23

24
#EXPORT_index
4 8
#EXPORT_items
4

8

12

16

13

14

15

16
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— SN =-BIET—T )L (2/6)

PE#2
21 | 22 | 23 | 24
13 | 14 | 15 | 16 | 20
9 | 10 | 11 | 12 | 19
5 6 7 8 | 18
1 2 3 4 | 17
PE#1

#NEIBPEtot [HIEEEE
2

#NEIBPE BhizrEisE S
1 2

#NODE

24 16 AR+ R, IR
#IMPORT_index
4 8
#IMPORT_items
17

18

19

20

21

22

23

24
#EXPORT_index
4 8
#EXPORT_items
4

8

12

16

13

14

15

16
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— eI -@{ET—7 )L (3/6)

#NEIBPEtot
2
#NEIBPE

PE#2 1 2

#NODE
24 16
4 8
#IMPORT_items
17
13 14 15 18
19
20
21
22
23
24
#EXPORT_index
4 8
#EXPORT_items
4
8
12
16
13
PE#1 P
15
16

=
o
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— eSS - BIET—T L (4/6)

#NEIBPEtot

2

#NEIBPE
PE#2 1 2
#NODE
24 16
#IMPORT_index

13 14 15

4

17
18
19
20
21
22
23
24

=
(@))

4

4
8
12
16

13
PE#1 13
15
16

#IMPORT_items

PR HEEIEL (#1) Mo
limport] 9 5&%& (1~4)

P IE R 2 (#3) M5
limport ]9 &% (5~8)

#EXPORT_index

#EXPORT_items
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— eSS - BIET—TIL(5/6)

#$NEIBPEtot

2

$NEIBPE
PE#2 1 2

#NODE
24 16
21 22 23 24 #IMPORT_index
4 8
1] #IMPORT_items
[ 13 [ 14 [ 15 [l16[[] 20 1

— == — 18

;g BEiEfEEL (#1) ~N4D (1~4),

9 10 11 12 19 21 BEiEEE 2 (#3) ~4D (5~8) A

2;23 fexport GE{E) 1SS EERT,

24

5 6 4 8 18 #EXPORT_index

4 8

#EXPORT_items

1 2 3 4| 17 o

12

16
13

PE#1 1
15
16
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— SN -@IET— )L (6/6)

PE#2
21 22 23 24
13 [ 14 | 15 | la6] || 20
9 10 11 12 19
5 6 4 8 18
1 2 3 4 17
PE#1

#NEIBPEtot
2

#NEIBPE

1 2

#NODE

24 16

#IMPORT_index

4 8

#IMPORT_items

17
18
19
20
21
22
23
24

#EXPORT_index

4 8

#EXPORT_items

4

8

12
16
13
14
15
16

BEiEfEE ] (#1) ~
[export] 9 B E % (1~4)

i pEI 2 (#3) ~
lexporti 4 3 E% (5~8)
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— i ieSn =&

PE#2

21 22 23 24

[ 13 [ 14 [ 15 [l16[ 1] 20

9 10 11 12 19

PE#1

&7—7)L(6/6)

(N R IEFOERENERE
FriE L TUL\S R Mo D A
Z{EINS,

MER R IITERDEEI
SWTIH R 1EG-TNS
A[EEEMBHEHD T, FHDESE
ICEESNDHZELHD
(16BEZXDH),
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LS DEREEE

#PEO #PE1
send: send:
SENDbuf (iS_e) ~ SENDbuf (iS_e) ~
SENDbuf (iE_e+BUFlength_e-1) SENDbuf (iE_e+BUFlength_e-1)
#PEO #PE1
recv: recv:
RECVbuf (iS_i) ~ RECVbuf (iS_i) ~
RECVbuf (iE_i+Buflength_i-1) RECVbuf (iE_i+Buflength_i-1)

o E{EAIDIBUFlength e lEZERIDIBUFlength_i]l&
—HBLTWARLENDH D
— PE#0=PE#1, PE#1=PE#O0

o [EENVI7IEZENYTF7IFRIDTRLR
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13118 {5

o Ixt1@EEE 7
o “RITMIRE, — R ESNf-BET—TI
— ZRITEDE
— RIREERE
— BT —AEELEET T
— E&HI

¢ FRREES?
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ST TAY S L Z Rt T—3DH

$ cd /work/gt00/t00XXX/pFEM/mpi/S2

$ mpiifort -03 sg-srl.f
$ mpicc -03 sg-srl.c

$ £17:470tEX pjsub god.sh
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go4.sh

#!/bin/sh

#PIJM —-N "test"

#PJIM -L rscgrp=tutorial
#PJM -L node=1

#PIJM ——mpi proc=4

#PJIJM -L elapse=00:15:00
#PJIM —g gtO0O0

#PJIM —

#PJM —-e err

#PJM -0 test.lst

mpiexec.hydra —-n ${PJM _MPI_PROC} ./a.out

MPI Programming
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7095 .L4H:sg-srl.f (1/6)
AL

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

integer (kind=4) :: my_rank, PETOT
integer (kind=4) :: N, NP, NEIBPETOT, BUFlength
integer (kind=4), dimension(:), allocatable :: VAL
integer (kind=4), dimension(:), allocatable :: SENDbuf, RECVbuf
integer (kind=4), dimension(:), allocatable :: NEIBPE
integer (kind=4), dimension(:), allocatable :: import_index, import_item
integer (kind=4), dimension(:), allocatable :: export_index, export_item
integer (kind=4), dimension(:,:), allocatable :: stat_send, stat_recv
integer (kind=4), dimension(: ), allocatable :: request_send
integer (kind=4), dimension(: ), allocatable :: request_recv
character (1en=80) :: filename, 1line
IC
IC +——————————— +
'C | INIT. MPI |
'C +————————— +
! C===
call MPI_INIT (ierr)

call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM _WORLD, my_rank, ierr )
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709 5L :sg-srl.f (2/6)

BT EAYY 1T —3 (sgm.*) BEdr 1A H

1C
!1C—-- MESH
if (my_rank.eq.0) filename= 'sgm.O0'
if (my_rank.eq.l) filename= 'sgm.1l'
if (my_rank.eq.2) filename= 'sgm.2'
if (my_rank.eq.3) filename= 'sqgm.3'
open (21, file= filename, status= 'unknown')
read (21,*) NEIBPETOT
allocate (NEIBPE (NEIBPETOT))
allocate (import_index (0:NEIBPETOT))
allocate (export_index (0:NEIBPETOT))
import_index= 0
export_index= 0

read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT)

read (21 *) NP, N

read (21,'(a80)"') line

read (21 *) (import_index (neib), neib= 1, NEIBPETOT)

nn= import_index (NEIBPETOT)
allocate (import_item(nn))
do i= 1, nn
read (21,*) import_item(1)
enddo
read (21,'(a80)"') line
read (21,*) (export_index(neib), neib= 1, NEIBPETOT)
nn= export_index (NEIBPETOT)
allocate (export_item(nn))
do i= 1, nn
read (21,*) export_item(i)
enddo
close (21)
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70435 L45:sq-srl.f (2/6)

1C
!C—— MESH
if (my_rank.eq.0) filename= 'sqgm.O'
if (my_rank.eqg.l) filename= 'sgm.1l'
if (my_rank.eqg.2) filename= 'sqgm.2'
if (my_rank.eq.3) filename= 'sgm.3'
open (21, file= filename, status= 'unknown')

read (21, *) NEIBPETOT
allocate (NEIBPE (NEIBPETOT))
allocate (import_index (0:NEIBPETOT))
allocate (export_index(0:NEIBPETOT))
import__index= 0
export_index= 0
read (21, *) (NEIBPE (neib), neib= 1, NEIBPETOT)
read (21,*) NP, N

read (21,*) (import_index(neib), neib= 1, NEIBPETOT)
nn= import_index (NEIBPETOT)
allocate (import_item(nn))
do i= 1, nn
read (21,*) import_item(1)
enddo

read (21,*) (export_index(neib), neib= 1, NEIBPETOT)
nn= export_index (NEIBPETOT)
allocate (export_item(nn))
do i= 1, nn
read (21,*) export_item(i)
enddo
close (21)

BT EAYY 1T —3 (sgm.*) BEdr 1A H

#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORTindex
4 8
#IMPORTitems
17

18

19

20

21

22

23

24
#EXPORTindex
4 8
#EXPORTitems
4

8

12

16

13

14

15

16
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F04'S L4l sq-srl.c (2/6)

BT EAYY 1T —3 (sgm.*) BEdr 1A H

Yo #NEIBPEtot
: 2
!C—— MESH
if (my_rank.eq.0) filename= 'sgm.O' #NEIBPE
if (my_rank.eq.l) filename= 'sgm.l' 1 2
if (my_rank.eqg.2) filename= 'sqgm.2' ggogﬁ
if (my_rank.eq.3) filename= 'sgm.3' .
open (21, file= filename, status= 'unknown') EIM§ORT1ndex
read (21,*) NEIBPETOT .
allocate (NEIBPE (NEIBPETOT)) ﬁMPORT’-temS
allocate (import_index (0:NEIBPETOT)) 18
allocate (export_index (0:NEIBPETOT)) 19
import_index= 0 20
export_index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N
e a. ') line 23
NP #EFRH port index(neib), neib= 1, NEIBPETOT) 24 _
N A% - import index (NEIBPETOT) zEXgORdeex
nn locate (import_item(nn)) )
do i= 1, nn #EXPORTitems
read (21,*) import_item(1) g
enddo 12
read (21,'(a80)"') line 16
read (21,*) (export_index(neib), neib= 1, NEIBPETOT) 13
nn= export_index (NEIBPETOT) 12
allocate (export_item(nn)) 15
do i= 1, nn 16

read (21,*) export_item(i)
enddo
close (21)
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F04'S L4l sq-srl.c (2/6)

BT EAYY 1T —3 (sgm.*) BEdr 1A H

| C #NEIBPEtot
) 2
!C—— MESH
if (my_rank.eq.0) filename= 'sgm.O' fNE;BPE
if (my_rank.eqg.l) filename= 'sgm.1l' #NODE
if (my_rank.eqg.2) filename= 'sqgm.2' 24 16
if (my_rank.eq.3) filename= 'sgm.3' .
open (21, file= filename, status= 'unknown') ﬁIMgORTlndex
read (21,*) NEIBPETOT .
allocate (NEIBPE (NEIBPETOT)) ﬁMPORT"temS
allocate (import_index (0:NEIBPETOT)) 18
allocate (export_index (0:NEIBPETOT)) 19
import_index= 0 20
export_index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N
23
. . . . 24
read (21, *) (import_index(neib), neib= 1, NEIBPETOT) .
nn= import_index (NEIBPETOT) zEXgORdeex
allocate (import_item(nn)) .
do i= 1, nn zEXPORTltems
read (21,*) import_item(1) 3
enddo 12
read (21,*) (export_index(neib), neib= 1, NEIBPETOT) ig
nn= export_index (NEIBPETOT) 14
allocate (export_item(nn)) 15
do i= 1, nn 16

read (21,*) export_item(i)
enddo
close (21)
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7055 L4 :sg-sr1.f (2/6)

BT EAYY 1T —3 (sgm.*) BEdr 1A H

| #NEIBPEtot
) 2
!C—— MESH
if (my_rank.eq.0) filename= 'sgm.O' fNE;BPE
if (my_rank.eqg.l) filename= 'sgm.1l' #NODE
if (my_rank.eqg.2) filename= 'sgm.Z2' 24 16
if (my_rank.eq.3) filename= 'sgm.3' .
open (21, file= filename, status= 'unknown') ﬁIMgORTlndex

read (21,*) NEIBPETOT

allocate (NEIBPE (NEIBPETOT)) iiMPORTitemS
allocate (import_index (0:NEIBPETOT)) 18
allocate (export_index (0:NEIBPETOT)) 19
import_index= 0 20
export_index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N
23
. . : . 24
read (21,*) (import_index(neib), neib= 1, NEIBPETOT) )
nn= import_index (NEIBPETOT) zEXgORTlndex
11 i i
B fe S s allocate (import_item(nn)) SEXPORTitems
read (21,*) import_item (i) g
enddo
12
read (21,*) (export_index(neib), neib= 1, NEIBPETOT) ig
nn= export_index (NEIBPETOT) 12
allocate (export_item(nn)) 15
do i= 1, nn 16

read (21,*) export_item(i)
enddo
close (21)
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORTindex
4 8
#IMPORTitems
17

18

19

20

21

22

23

24
#EXPORTindex
4 8
#EXPORTitems
4

8

12

16

13

14

15

16

PE#0 =1

PE#2
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7055 L4 :sg-sr1.f (2/6)

BT EAYY 1T —3 (sgm.*) BEdr 1A H

| C #NEIBPEtot
) 2
!C—— MESH
if (my_rank.eq.0) filename= 'sgm.O' fNE;BPE
if (my_rank.eqg.l) filename= 'sgm.1l' #NODE
if (my_rank.eqg.2) filename= 'sqgm.2' 24 16
if (my_rank.eq.3) filename= 'sgm.3' .
open (21, file= filename, status= 'unknown') EIM§ORT1ndex
read (21,*) NEIBPETOT .
allocate (NEIBPE (NEIBPETOT)) fiMPORTltems
allocate (import_index (0:NEIBPETOT)) 18
allocate (export_index(0:NEIBPETOT)) 19
import_index= 0 20
export_index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N
23
. . : . 24
read (21,*) (import_index(neib), neib= 1, NEIBPETOT) .
nn= import index (NEIBPETOT) ﬁEXEORTlndex
allocate (import_item(nn)) .
do i= 1, nn zEXPORTltems
read (21,*) import_item(1) g
enddo 12
read (21,*) (export_index(neib), neib= 1, NEIBPETOT) ig
nn= export_index (NEIBPETOT) 12
allocate (export_item(nn)) 15
do i= 1, nn 16

read (21,*) export_item(i)
enddo
close (21)



MPI Programming 198

7055 L4 :sg-sr1.f (2/6)

BT EAYY 1T —3 (sgm.*) BEdr 1A H

| C #NEIBPEtot
) 2
!C—— MESH
if (my_rank.eq.0) filename= 'sgm.O' fNE;BPE
if (my_rank.eqg.l) filename= 'sgm.1l' #NODE
if (my_rank.eqg.2) filename= 'sgm.Z2' 24 16
if (my_rank.eq.3) filename= 'sgm.3' .
open (21, file= filename, status= 'unknown') ﬁIMgORTlndex
read (21,*) NEIBPETOT .
allocate (NEIBPE (NEIBPETOT)) fiMPORTltems
allocate (import_index (0:NEIBPETOT)) 18
allocate (export_index(0:NEIBPETOT)) 19
import_index= 0 20
export_index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N
23
. . : . 24
read (21,*) (import_index(neib), neib= 1, NEIBPETOT) )
nn= import index (NEIBPETOT) zEXgORTlndex
allocate (import_item(nn)) .
do i= 1, nn zEXPORTltems
read (21,*) import_item(1) 3
enddo 12
read (21,*) (export_index(neib), neib= 1, NEIBPETOT) ig
nn= export_index (NEIBPETOT) 12
allocate (export_item(nn)) 15
do i= 1, nn 16

read (21, *) export_item(i)
enddo
close (21)
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORTindex
4 8
#IMPORTitems
17
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4 8
#EXPORTitems
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70755 L4 :sg-srl.f (3/6)

I1C
!C-- VAL.
if (my_rank.eq.0) filename= 'sq.O'
if (my_rank.eq.l) filename= 'sq.l'
if (my_rank.eq.2) filename= 'sq.2'
if (my_rank.eq.3) filename= 'sq.3'
allocate (VAL (NP))
VAL= 0
open (21, file= filename, status=
do i= 1, N
read (21,*) VAL(i)
enddo
close (21)
|C===
1
2
3
4
25(26(27|28 o
11
17/18(19|20 12
18
9110/11|12 19
20
25
1/2/3|4 26
27

PE#O 28

BFPET —2 (2FRESDIE) (sq.%) &

'unknown')

N : MR
VAL : #RERBEZHZARADT
CORFRTHEDIEIEHMN DT
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7055 L4 :sg-sr1.f (4/6)

= ZE/\VI7ER

'C

IC +———————— +
!C | BUFFER |
IC +———————— +
| G===

allocate (SENDbuf (export_index (NEIBPETOT) ))
allocate (RECVbuf (import_index (NEIBPETOT) ))

SENDbuf= 0
RECVbuL= 0 EENYI7IZMIER R IDER
do neib= 1, NEIBPETOT T AND EE/NYITD

iS= export_index(neib-1) + 1 export_index (neib-1) +1

iE= export_index(neib )

do i= iS, iE M ibexport_inedx (neib) £ TIC
SENDbuf (i) = VAL (export_item(i)) NEIBPE (neib)|ZiEX{ET HIHHMZIE

enddo %W?TESO

enddo
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EE/NY T 7 DIE

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index (neib )
BUFlength_e= iE_e + 1 - iS_e

call MPI_TISEND &
& (VAL(...), BUFlength_e, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_send(neib), ierr)
enddo

PE#2

f-&ZIE, COEFRRILERELTLV
LD T,

EE/NVIFDHEETRLR
FIhOHMZTOONDHAXD
Aytz—

EWLVDIKRIG T EN R E
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Communication Pattern using 1D
Structure

Process A Process B
Sender-side | | halo \ ' halo
data \%Q/ \! .

% / I\‘\ “;/
Send buffer

Al L I

/ _______ - _._._::——::::_—::“‘—“ \

& Process C \ | ProcessD

\ \
\ \
\

¥ ¥ L4

Receive buffer

Yy Yy

Receiver-side

data el Ihid
| |

()

Dr. Osni Marques
(Lawrence Berkeley National

Laboratory) &Y & FH
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70455 .L4H:sg-sr1.f (5/6)

%15 (MPI_lsend)

5C PE#2 PE#3
IC Fremm—m—m——=== F
R e——— 57(58/59|60| |61/62/63|64
IC +——————————— + 49150(51|52| (53|54 /55|56
|C===
allocate (stat_send(MPI_STATUS_SIZE,NEIBPETOT)) 41142/143/44| 145|46/47/48
allocate (stat_recv(MPI_STATUS_SIZE,NEIBPETOT)) 33(34/35|306/(1137138(39140
allocate (request_send (NEIBPETOT))
allocate (request_recv (NEIBPETOT)) 25(26/27128| 1129180/131(32
do neib= 1, NEIBPETOT 17(18/19|20] ||2122|23(24
i1S= export_index (nelb—l) + 1 9 10 11 12 13 14 15 16
iE= export_index (neib ) = =
BUFlength= iE + 1 - iS 11213415678
call MPI_ISEND (SENDbuf (iS), BUFlength, MPI_INTEGER, &
& NEIBPE (neib), 0, MPI_COMM_WORLD, PE#0 & PE#1
& request_send (neib), ierr)
enddo
do neib= 1, NEIBPETOT
iS= import_index (neib-1) + 1
iE= import_index(neib )
BUFlength= iE + 1 - i8S
call MPI_TIRECV (RECVbuf (iS), BUFlength, MPI_INTEGER, &
g NEIBPE (neib), 0, MPI_COMM_WORLD, §

& request_recv (neib), ierr)
enddo
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORTindex
4 8
#IMPORTitems
17

18

19

20

21

22

23

24
#EXPORTindex
4 8
#EXPORTitems
4

8

12

16

13

14

15

16

PE#0 1%

1l
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%E(I\/IPI_Isend/Irecv/WaitaII )

SEN Dbuf
neib#1 neib#2 neib#3 neib#4
® ® @
BUFlength_e ><BUFIength_e i BUFlength_e i BUFlength_e >‘
export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index (neib)
kk= export_item (k)
SENDbuf (k) = VAL (kk)

enddo L1=/\‘J77’\0)1'%/-\
SR mEGEDEHZEREIE, RIEICHE
do neib= 1, NEIBPETOT ’)@"C(i@(, ZDEIEINYTF~—[g]

J:.S_e= export_:i.ndex(ne:?.b-l) + 1 1—%)\Lf§+§'§’é:t7&§}]&)éo

iE_e= export_index(neib )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND &
& (SENDbuf (iS_e), BUFlength_e, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_send(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_recv, ierr)
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70455 .L4H:sg-sr1.f (5/6)

=15 (MPI_lIrecv)

'C PE#2 PE#3
IC Ammmmm—m—mm=== T
R e——— 57(58/59|60| |61/62/63|64
IC +——————————— + 49(50/51 52| [93|54|55|56
| C===
allocate (stat_send(MPI_STATUS_SIZE,NEIBPETOT)) 4142|143 44| 145|46/|47|48
allocate (stat_recv(MPI_STATUS_SIZE,NEIBPETOT)) 33(34/35|306/(1137138(39140
allocate (request_send (NEIBPETOT))
allocate (request_recv (NEIBPETOT)) 25126127128 112918031132
do neib= 1, NEIBPETOT 17|118|19|20( [|21|22|23|24
iE= export_index (neib ) = ——
BUFlength= iE + 1 - iS 1123|4516 78
call MPI_ISEND (SENDbuf (iS), BUFlength, MPI_INTEGER, &
& NEIBPE (neib), 0, MPI_COMM_WORLD, M & ﬂ
& request_send(neib), ierr)
enddo
do neib= 1, NEIBPETOT
iS= import_index(neib-1) + 1
iE= import_index(neib )
BUFlength= iE + 1 - i8S
call MPI_IRECV (RECVbuf (iS), BUFlength, MPI_INTEGER, &
& NEIBPE (neib), 0, MPI_COMM_WORLD, &

& request_recv (neib), ierr)
enddo
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LS DEREEE

#PEO #PE1
send: send:
SENDbuf (iS_e) ~ SENDbuf (iS_e) ~
SENDbuf (iE_e+BUFlength_e-1) SENDbuf (iE_e+BUFlength_e-1)
#PEO #PE1
recv: recv:
RECVbuf (iS_i) ~ RECVbuf (iS_i) ~
RECVbuf (iE_i+Buflength_i-1) RECVbuf (iE_i+Buflength_i-1)

o E{EAIDIBUFlength e lEZERIDIBUFlength_i]l&
—HBLTWARLENDH D
— PE#0=PE#1, PE#1=PE#O0

o [EENVI7IEZENYTF7IFRIDTRLR

208
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SEND/RECV®DR{%

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND &
& (SENDbuf (iS_e), BUFlength_e, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_send(neib), ierr)
enddo

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib )
BUFlength_i= iE_ji + 1 - iS_i

call MPI_IRECV &
& (RECVbuf (iS_i), BUFlength_i, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_recv(neib), ierr)
enddo

» 1%{EJt (sources) /318 5E (destinations), Ayt—IH A
X, Ayt—2DhHDEEST (consistency)
Bﬁ?ﬁv 0+ XID (NEIBPE (neib) ) &tag (=0) WEET 5
1—%/-_
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SEND/RECV®DEE{% (#0=>#3)

Send #0 Recv. #3 l
#5
#10
#9
NEIBPE(:)=1,3,5,9 NEIBPE(;)=1,0,10

o 1X1{E 7t (sources)/5{E % (destinations), Avt—H A
X, Ayt— D HDEEM (consistency)

« [#ET7O0tXID(NEIBPE (neib)) &tag(=0) NEET S
CBIERSE
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORTindex
4 8
#IMPORTitems
17

18

19

20

21

22

23

24
#EXPORTindex
4 8
#EXPORTitems
4

8

12

16

13

14

15

16

PE#0 =1

PE#2
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—

{5 (MPI Isend/Irecv/Waitall )

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib )
BUFlength_i= iE_i + 1 - iS_i

call MPI_IRECV &
& (RECVbuf (iS_i), BUFlength_i, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_recv(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index (neib)
kk= import_item (k) R
VAL (kk) = RECVbuf (k) ZIE /N7 A
enddo
enddo

neib#l neib#2 neib#3 neib#4

}4 < < L
BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index(0)+1  import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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7055 .L4:sg-sr1.f (6/6)
ZIE/N\NVI7FOREDRKA

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

do neib= 1, NEIBPETOT
iS= import_index(neib-1) + 1

L et 2EN\VITDREZEN R IDIE
o i= iSs, 1 .
VAL (import_item (i) )= RECVbuf (i) tl-'—c‘ﬁ;)\-d-éo
enddo
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)

|C===
1C
I +
'Cc | ouTPUT |
IC +——————— +
|C===
do neib= 1, NEIBPETOT
1S= import_index (neib-1) + 1
iE= import_index(neib )
do i= 1S, iE
in= import_item (i)
write (*,'(a, 3i8)') 'RECVbuf', my_rank, NEIBPE (neib), VAL (in)
enddo
enddo
| C===

call MPI_FINALIZE (ierr)
stop

end
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70455445 :sq-srl1.f (6/6)
HEDIEDEEHL

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

do neib= 1, NEIBPETOT
iS= import_index (neib-1) + 1
iE= import_index(neib )
do i= iS, iE

VAL (import_item (i) )= RECVbuf (1)
enddo
enddo
call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)
| C===
1C
IC +=——————— +
I1C OouTPUT
IC +———————— +
1C===
do neib= 1, NEIBPETOT
iS= import_index(neib-1) + 1
iE= import_index (neib )
do i= iS, iE
in= import_item (i)
write (*,'(a, 3i8)') 'RECVbuf', my_rank, NEIBPE (neib), VAL (in)
enddo
enddo
|C===

call MPI_FINALIZE (ierr)
stop

end
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PE#2

EITHEER (PE#O)

PE#3
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PE#2

EITHEER (PE#1)

PE#3
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PE#2
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PE#2

EITHER (PE#3)

PE#3
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#PE?2
21 22 23 24
23 24 25
16 17 18 19
18 19 20
1 12 13 14
13 14 15
6 l 8
8 9 10
4 3]
11 12 13
#PEQO
6 / 8 9 10
1 2 3 4 )

#PE1
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#PE2

7 8 9 15
21 22 23 24 14 V4 8
23 24 25
4 5 6 14
16 17 18 19 13 5 6
18 19 20
1 2 3 13
11 12 13 14 12 3 4
13 14 15
10 11 12
6 7 8 11 1 2
8 9 10
9 10
11 12 13 4 >
11 12 13
#PEO
6 7 8 9 10
6 7 8 9 10
1 2 3 4 5
1 2 3 4 S

#PE1
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PE#0: BT/ 8L T —% (sqm.0) Bz
ODEHRZEIHK!

#PE2

7 o o | 1o HPE1 #NEIBPEtot
a1 | 2 | 238 | 2 14 | 7 8 2
4 | s 6 | 14 S e #NEIBPE
16 17 18 19 1; g 22 1 2
il 2| 2 2| s | 4 #NODE
T u ol N 13 8 (NR+4=R AR)
6 7 1] 2 #IMPORTindex
9 | 10 O . O
11 12 13 4 5 # IMP ORT lt ems
#PEO |~ | * | © O..
ORI o | 10 #EXPORTindex
2 3 4 5 O O
1 2 3 4 5 #EXPORTitemS

O..



224

PE#1: BT/ 8L T —% (sqm. 1) Bz
ODEHRZEIHK!

#PE2

. o ° 15 HPE1 #NEIBPEtot
a1 | 2 | 238 | 2 14 | 7 8 2
4 | s 6 | 14 S e #NEIBPE
16 17 18 19 1; g 22 O 2
il 2| 2 2| s | 4 #NODE
T u ol N 14 8 (NR, AR+5R)
N 1 #IMPORTindex
9 10 O . O
11 12 13 4 5 # IMP ORT lt ems
#PEO |~ | * | © O..
ORI o | 10 #EXPORTindex
2 3 4 5 O O
1 2 3 4 5 #EXPORTitemS

O..
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PE#2: BT 8L T —% (sqm.2) Bz
ODEHRZEIHK!

#PE2

: - 5 i, 4PE1 #NEIBPEtot
2 | 2 | 23 | 2 14 | 7 8 2
4 | 5 | 6 | 14 — #NEIBPE
B ERE: 1 0
e TR I B 2| 3 | a #NODE
10 11 12 ® ® ® 15 9 (Wlﬁ\; Wnﬁ\\_l_g*nﬁ\\)
R 1|2 #IMPORTindex
9o | 10 @ O
11 | 12 | 13 4 ° #IMPORTitems
#PEO | | | © O..
A I O #EXPORTindex
2 3 4 5 @ O
: 2 s 4 . #EXPORTitems

O..
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#PE2

7 8 9 15
21 22 23 24 14 V4 8
23 24 25
4 5 6 14
16 17 18 19 13 5 6
18 19 20
1 2 3 13
11 12 13 14 12 3 4
13 14 15
10 11 12
6 7 8 11 1 2
8 9 10
9 10
11 12 13 4 >
11 12 13
#PEO
6 7 8 9 10
6 4 8 9 10
1 2 3 4 5
1 2 3 4 S

#PE1
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F IE
NRE, SR

NENETHBLETILNSH?
— IMPORTIndex, IMPORTItems
— NEIBPE®D|[EZ

TNZWEIZT-E-T, BREDEEXRFTIARNSD
— EXPORTIndex, EXPORTItems
— NEIBPE®D|[EZ

<$0-S2>/exIZlsq.*1HhEH 5

357 Tlsgm *1Z1ERT %
<$0-S2>Mmislsg-srl.flcl1Zxav /A IILLI=ETHERZaE—
pjsub go3.sh
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Options for Optimization

General Option (-O3)
$ mpiifort -03 test.f
$ mpiicc -03 test.c

Special Options for AVX512, NOT Necessarily Fast ...
S mpiifort —align array64byte -03 —-axCORE-AVX512 test.f

$ mpiicc —align -03 —-axCORE-AVX512 test.c




#PJIM
#PJIM
#PJIM
#PJIM
#PJIM

#PJIM
#PJIM
#PJIM

231

Process Number

—-L node=1l; #PJM ——mpi proc= 1 l-node, 1l-proc, l-proc/n
—-L node=1l; #PJM ——mpi proc= 4 l-node, 4-proc, 4-proc/n
—-L node=1l; #PJM ——mpi proc=16 l-node, 16-proc, 16-proc/n
-L node=1l; #PJM ——-mpi proc=28 l-node, 28-proc, 28-proc/n
—L node=1l; #PJM ——-mpi proc=56 l-node, 56—-proc, 56-proc/n
-L node=4; #PJM ——mpi proc=128 4-node, 128-proc, 32-proc/n
—L node=8; #PJM ——mpi proc=256 8-node, 256-proc, 32-proc/n
—L node=8; #PJM ——mpi proc=448 8—-node, 448-proc, 56-proc/n

Intel® Xeon® 4 Intel® Xeon®

Platinum 8280 = Platinum 8280 >
C4DDR4, (Cascade Lake, CLX) UP] (Cascade Lake, CLX) S Memory
S DDR4 2.7GHz, 28-Cores 2.7GHz, 28-Cores S DDR4 2 96 GB
S DDR4 2.419 TFLOPS UPI 2.419 TFLOPS DDR4 %

Soc. #0: 0t-27th cores

DDR4

2933 MHz X 6¢h
140.8 GB/sec

DDR4

kSoc. #1: 28th-55t cores

Ultra Path Interconnect
10.4 GT/sec X3
= 124.8 GB/sec

2933 MHz % 6¢h
140.8 GB/sec



a01.sh: Use 1 -core (0t)

#!/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1

#PJIM ——mpi proc=1

#PJIM -L elapse=00:15:00
#PJIM —-g gtO00

#PIM -J

#PJM —-e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0

mpiexec.hydra -n ${PJM_MPI_PROC}

4 Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
\Soc. #0: Oth-27t cores /

2933 MHz x 6¢h
40 8 GR/se

Socket #0: 0 th-27th Cores

./a.out

4 Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS
\Soc. #1: 28th-55th core3/

2933 MHz x 6¢h
140.8 GB/sec
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a24.sh: Use 24 -cores (0 th-23d)

#!/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1

#PJIM ——mpi proc=24

#PJIM -L elapse=00:15:00
#PJIM —-g gtO00

#PIM -J

#PJM —-e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0-23

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

4 Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
\Soc. #0: Oth-27t cores /

2933 MHz x 6¢h
40 8 GR/se

Socket #0: 0 th-27th Cores

4 Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS

\Soc. #1: 28th-55th core3/

2933 MHz x 6¢h
140.8 GB/sec
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a48.sh: Use 48 -cores (0 th-231d, 28th-57st)

#!/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1

#PJIM ——mpi proc=48

#PJIM -L elapse=00:15:00
#PJIM —-g gtO00

#PIM -J

#PJM -—-e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0-23,28-51

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

4 Intel® Xeon® ) 4 Intel® Xeon® )

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS
\Soc. #0: Oth-27t cores / \Soc. #1: 281-55tH core3/

2933 MHz x 6¢h ’ 2933 MHz x 6¢h

Socket #0: 0 th-27th Cores

140.8 GB/sec




b48.sh: Use 8x48 -cores
(Oth_23rd, 28th_515t)

#!/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=8

#PIM —-mpi proc=384 384—-—8= 48-cores/node
#PJIM -L elapse=00:15:00

#PJIM —-g gtO00

#PJIM -3

#PJM —e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0-23,28-51

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

(" Intel® Xeon® ) 4 Intel® Xeon® )

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS
\Soc. #0: Oth-27t cores / \Soc. #1: 28-55tH corey

2933 MHz x 6¢h ’ 2933 MHz x 6¢h
40.8 GB/se 140.8 GB/sec

Socket #0: 0 th-27th Cores
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b48b.sh: Use 8x48 -cores
(Qth-23rd 28th_51st)

#!'/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=8

#PJIJM —-mpi proc=384 384-+-8= 48-cores/node
#PJM -L elapse=00:15:00

#PJIM —-g gtO00

#PJIM -7

#PIJM —e err

#PJM -o test.lst

export I_MPI_PIN_PROCESSOR_LIST=0-23,28-51

mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./a.out

Intel® Xeon® ) 4 Intel® Xeon®

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS
Soc. #0: 0th-27th cores / \Soc. #1: 28"M-55" cores

—

2933 MHz X 6¢h ’ 2933 MHz X 6¢h

0 140.8 GB/sec

Socket #0: 0 th-27t Cores
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NUMA Architecture

DDRA4 Intel® Xeon® \ / Intel® Xeon® \
> < - :
S DDR4 0 Platinum 8280 Platinum 8280

Memory DDR4 (Cascade Lake, CLX) (Cascade Lake, CLX)
96 GB

2.7GHz, 28-Cores 2.7GHz, 28-Cores

2419 TELOPS 2419 TELOPS
DDR4 Soc. #0: 0th-27th cores j kSoc. #1: 28th-55t cores /

! —
2933 MHz x 6¢h I 2933 MHz x 6¢h

40 140.8 GB/sec

Socket #0: 0 th-27th Cores

* Oakbridge-CX (OBCX)
— 2 Sockets (CPU’s) of Intel CLX
- &Y ybE28a7, 455637
e« NUMA7—*T%9F+ (Non-Uniform Memory Access)

— AEYIFZCPUIZEHINTINTHIL, E445CPUOO—AILATEY E
DT —RETHOEATHIEILAHE

— O—AILAE) LDT—3%F>TEHEIT 5D ERY
e numactl -1 : A—AHJLAEYER, COATLa ELNEKRELGESLHD
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Use 8x48-cores, 48 -cores are randomly

selected from 56 -cores

#!'/bin/sh

#PJM -N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=8

#PJIM ——-mpi proc=384 384--8= 48-cores/node
#PIJM -L elapse=00:15:00

#PJIJM -g gtO00

#PJIM -3

#PJIM —e err

#PJM -o test.lst

mpiexec.hydra -n ${PJM_MPI_PROC} ./a.out

/ Intel® Xeon® \ / Intel® Xeon® \

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores
2.419 TFLOPS 2.419 TFLOPS

KSOC. #0: 0th-27t cores / KSoc. #1: 28th-55t coresj

2933 MHz x 6¢h ’ 2933 MHz x 6¢h
40.8 GB/se 140.8 GB/sec

Socket #0: 0 th-27th Cores




Use 8x56-cores

#!/bin/sh

#PJM —-N "test"

#PJM -L rscgrp=tutorial
#PJIJM -L node=8

#PIJM ——-mpi proc=448

#PJIM -L
#PJIM -g
#PJIM -3
#PJIJM -e
#PJM -o

mpiexec.

elapse=00:15:00

gt00

err
test.lst

hydra -n ${PJM_MPI_PROC}

4 Intel® Xeon® N

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS
\ Soc. #0: 0th-27th cores /

2933 MHz x 6¢h
40 8 GR/se

Socket #0: 0 th-27t Cores

448—8= 56-cores/node

./a.out

4 Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS
\Soc. #1: 28th-55 cores /

2933 MHz x 6¢h
140.8 GB/sec
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