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B At A—DOR/\T

FY11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Oakbridge-CX
Intel Xeon CLX

6.61 PFLOPS
I
T2K Tokyo Oakforest-PACS (OFP)
Hitachi Fujitsu, Intel Xeon Phi
140TF, 31.|3TB | 25PFLOPS, 919.3TB

Oakleaf-FX: Fujitsu PRIMEHPC

FX10, SPARC64 IXfx BDEC System
1.13 PFLOPS, 150 TB

Oakbridge-FX
136.5 TFLOPS. 16.4 T8 Data Platform (mdx)

Reedbush-U/H, HPE

Broadwell + Pascal Exascale System
1.93 PFLOPS A | (2021 Fall ?)

-
Ta

Reedbush-L A Fugaku: Post K

fi
[
. 3

HPE (2021 Spring) sk

1.43 PFLOPS | | | N
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3VRT L FIFAE 2,600+, 9 55+%

Reedbush (SGI Intel BDW + NVIDIA P100 (Pascal))

T2 al—Y 3V AR —/—
:I/t 1—A

- 3.36 PF, 20164 7H ~ 2021F3A X (FE)

: i?f(l'l;C*)JODGPU*“/Z%A (20175%3H KkY), DDN IME (Burst
Buffer

- Oakforest-PACS (OFP) (& L&, Intel Xeon Phi (KNL))

- JCAHPC (F/EKCCS& K KITC)

- 25 PF, TOP 500T6{i (HA&1{z, 20165118)
« IXFTDTOP 500 Tld154L (ERN24I)

- Omni-Path 7 #77 +», DDN IME (Burst Buffer)

- Oakbridge-CX (& X1, Intel Xeon Platinum 8280)

- KIRRFE A FH| R—/ \—:lzt A—R AT LA _—
i)

- 6.61 PF, 20194 7H ~ 202346 H

- £1.368/—KFMNKN128/—KIZSSD%I&H;
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A—/IN\—aAE 31— AT LD

LT DOR—=DFTSHFZcy
-FIHBEAE

EERR

- HERR

- FIHDF5]
BRENTEITBENFET

https://www.cc.u-tokyo.ac.jp/quide
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Oakforest-PACS (OFP)

- 201612 A1 B #x @A

- 8,208 Intel Xeon/Phi (KNL). E—%- 14 825PFLOPS
¢ EEj:J_h\*%;E

- TOP 500 154z (ER241), HPCG 84i (EPJ24L)
(2019411 8)

- ixFein X FEHPC E#MER(JCAHPC: Joint Center

forAdvanced High Performance Computing)
FEKFETERZF

A JCAHPC

c HRKEHFT VYN ROHERKEFREBE L 2—AIZ, ﬁ*ﬂ%%ﬁd)gﬁ
BEEMNRINELE->TEHRATAIR—/IN—aOVE 21— RTLEREL, &
SImD KRES |$ﬁun+%:£’§§’é$ﬁﬁ BEY 500

- http://jcahpc.jp
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EELS MPIER

Oakforest-PACS & /—K

- Intel Xeon Phi (Knights Landing)

- 1/—F1V%7 vk, 6837

- MCDRAM: A2 /\yr—

DE/\FiigAE!)16GB
+ DDR4AE!') 16GBx6
=16 + 96 GB

MCDRAM: 490GB/# L1 £ (S£8l)
DDR4: 115.2 GB/#
=(8Byte x 2400MHz X 6 channel)

HotChips27
KNLRSA k&Y

2 x16 X4
MCDRAﬂ MCDRAM \ 1x4 DMI tVICDRAM tVICDRAM
Fr 00

36 Tiles

2D Vesh
Interconnect

nwrmzZz2>»I0 & OO w

s I J’
”/\MCDRAM

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

I8

MCDRAM

Package

connected by

wrErmzZz2>»I0 &~ X OO w

4 _f £ _r
MCDRAM MCDRAM

—



y YAV W2aN()Iu by OVL
TANTAY S LEE
HEABHNI(XOakforest-PACSHFIEHD F5|=4S 8

(BHNZA/NNAVDOATAVETIERIIL TS ELYS
HIiE CTHEDHD)

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



2020/4/30 HEES MPIEHE

ZoompBs &

- FEHhlITH
- JL—O7 eyl ay

- https://utelecon.qgithub.io/zoom/how_to _use
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HoJI)ILTJ09 5 L%
EiEhR-Fortran90hR LB 771 )L :

Samples ofp.tar.gz

-tarCERE. CEi&LFortran90§ i D
TALORIDMELGND

-C/ :CEiEFR
- F/ : FortranQ0E & fF

- FEEDTF7AILDEWNTHAIEFT
fwork/gt00/z30118/MPI (/homeTHLD TEE)
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i 5l pkHelloo 045 S5 L% /81 JLLES

(1/2)

D.

6.

cd AYURZEETLT LustreZ7AILV AT LIZEEHT S

$ cd /work/gtO0/t0OXXX (T #RERE B 7 DIDIZEZ B L)
lwork/gt00/230118/I\/IPIl »H5S Samples-ofp.tar.gz Z

BADT«4LOR)IZOE—T 5%

$ cp /work/gt00/z30118/MPI/Samples-ofp.tar.gz ./

Samples-ofp.tar B3 %
$ tar xvf Samples-ofp.tar.gz

SamplesT«4LIrJIZASD
$ cd Samples

EE :$cd C
Fortran9053:& : $ cd F

HelloT«LZK)IZA%
$ cd Hello

e IS
m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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i 5l pkHelloo 045 S5 L% /81 JLLES
(2/2)

6. Ea7MPIF®DMakefile (Makefile pure)%
F>Tmaked %

$ make -f Makefile pure

7. B{TI74IL(hello)MTETWNSZ L& HERE
95
$ Is

m RRAT IEE$|§ By —
INFORMATION TECHNOLOGY CEN
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JOBRYVTHTILDEREA (E 17 MPI)
(hello-pure.bash, C§:&. Fortrang i&18)

) —25 )L—7

#!/bin/bash - :lecture-flat
#PIM -L rscgrp=lecture-flat
#PIM -L node=16 < FIFH/—F#1.
#PIM --mpi proc=1088 MPIZ7’ Ot R %k
#PIM -L elapse=0:01:00
#PIM -8 gtoo \\ (7 R R

: 15
mpiexec.hydra -n
${PJM_MPI_PROC‘}\./hello RAI—T%

:gt00

MPI<3J%68*16 = 1088 Ot X
TEIT9 5,




Ea7MPIOZETRR (/—FA) oo

) MPIFoEz
| DAAIL ()

MCDRAM: 2 /\wir—o
D E/\UFIEAE)16GB
+ DDR4XE') 16GBx6
=16 + 96 GB

MCDRAM: 490GB/#
YLt (2l

DDR4: 115.2 GB/#
=(8Byte X 2400MHz X
6 channel)

- Intel Xeon Phi (Knights Landing) §

- 1/—F1V% vk, 6837

2 x16 X4
MCDRAﬂ MCDRAM \ 1x4 DMI' mcoram  mcDRAM

T

w

& 0 OO0

C( "](‘C( d( \Y( (' DD.RMC
oo ee

.\.OnneLt

wWrmz22>»I0

j

m SRR T 5 —
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i 5IlfkHelloo 049 5 L%ZETLED
(Ea7MPI)

cZDHTILDIOBRYY) TR &
hello-pure.bash

T9Y,

BHADYUTILTIK, F2—8H
“lecture-flat” [Z7Z&>TULVE T

-$ emacs -nw hello-pure.bash
T. “lecture-flat” — “tutorial-flat”
IZZELTLI=SLY
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i 5l fHello7 AT S LZEZETLED

(Ea7MPI)

1.

2.

3.

4.

.

HelloZ4# LA TUTZETT S
$ pjsub hello-pure.bash

@-’;F)\E“*LT“/37’EEEWT%>

$ pjstat

ERITNERTITDHE UTDIF7AILBNEREINDS
hello-pure.bash.e XXXXXX
hello-pure.bash.oXXXXXX (XXXXXXI[FE=F)

LERDBELENIFAINDFREZRTHS
$ cat hello-pure.bash.oXXXXXX

“Hello parallel world!” A%,
687 At RX*16/—F=1088FK RIN TL N\ =5/,

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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INYVFOIETIZCKHAEER A,
EAETS—H

N F AT DETIIRT T BE BEH A T7AILEEET
S—HANIT7AILD, D3 TEARFDTALIM) IZERLESNZE
9,

ABEHATFAIZIESITETHDEER S EETS—
HATFAILIZIZSaTETRDIS—AvE—SHNHEASHh
9,

3T Z .OXXXXX - 1BEH AT7AIL
3T eXXXXX - BEITS—HNI7AIL
(XXXXX [E2aT7#ABFIZRREINS3TDI371D)

m B A AR S —
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HEES MPIEHE

it 5l pHelloo’ 045 S LMDERBA (CEEE

D705 LIE. EPETEEINS

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

int  myid, numprocs;
int ierr, rc;

rc = MPI_Finalize();

int main(int argc, char* argvl[]) {

lerr = MPI_Init(&argc, &argv);
lerr = MPI_Comm_rank(MPI_COMM_WORLD, &myid);
ilerr = MPI_Comm_size(MPI_COMM_WORLD, &numprocs);

printf("Hello parallel world! Myid:%d ¥n", mym éﬁw)ﬁn-lz‘yb“ﬁ%ﬂ

MPID ) EH1E
|
“// B5 DOIDESZERE

- ZPETEIXELS

e
 ZPETIEIZEIL
MPID¥RT (EEIRIETIE

exit(0); \
}

1088. £ L<I%16)

I W @ INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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2020/4/30

i 51| hikHello~>

75 LDERBA (FortranE £&

program main

D705 LIE. EPETEEINS

use mpi
implicit none

call MPI_INIT (ierr)

call MPI_COMM_RANK(MPI_COMM_WOR
call MPI_COMM_SIZE(MPI_COMM_WORLD, numprocs, ierr)

print *, "Hello parallel world! Myid:", myid \ 5 ”
EAROTOEyTER

integer :: myid, numprocs MPID ¥ EA1E
integer :: ierr Q ﬁj\@|D§%’EHR'T=Ef
/  HPETIEFEGS
, myid, ierr)

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO

call MPI_FINALIZE(ierr) ’EHQ?EF
. HZPETIEIXREIC
t
ef\c?lgrogram main \ MPID#&T CEEEIETIL
1088. % L<[F16)




2020/4/30

HEES MPIEHE

= % !f‘i% O)E%: AP

- HANZTETELLAEEIZT AL

1. Hello parallel worldD{E# %% % %
$ grep Hello hello-pure.bash.oXXXX | wc -

1088&FK RSN NIFOK!

2. myidhEHFELTHAENEI D, [ELEBITHAZINSED T
y oYY R

$ grep Hello hello-pure.bash.oXXXX | sort -k 5 -n | less

Myid: 0 MSEEEY . Myid: 1087 T (XKL
less DRRERT I HIZIX, gZFAHL, Enter 95 (quit D q)

m Al E%t/?—
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KEFERDHALITDERITH
(RT9T937, Fx—r37)
- HBITRY) Tk goO.sh M&IZ. gol.sh Z#&x(F1=L>
- 512, gol.shD (2, go2.shZx(T1=L\, ELNSZEAH S
Ll bE  ATYIT 3T (FRIEF—037)EVS,
- Oakforest-PACSIZEITHRATYILaTDkITHA
1.  $pjsub --step go0.sh
[INFO] PJM 0000 pjsub Job 800967 0 submitted.
2. LFREDIITEFB00967TZRATHEE.LULTOANEZTS
$pjsub --step --sparam jid=800967 gol.sh
[INFO] PJM 0000 pjsub Job 800967 1 submitted
3. LAT Rk
$pjsub --step --sparam jid=800967 go2.sh
[INFO] PJM 0000 pjsub Job 800967 2 submitted

m RS R 75—
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ZEE (EES)

[ 2N\ TR5532245 AP

e s ANV
— i 5| LB EMPID EE — | 7075327 AM
° Jﬂl_*li.l %ﬁﬁ %\ R E 33

- B RKHER%. ISBN978-4-13-062453-4,

F5mH 2013438128 . #I1E:A5, 2002 LI)R—=a0F
ANAvhruEEhs

[(FREOFEH] SRR e
Eggfﬁq: nR REAUES RHCKARAIZO0N ) AL —saz
° CEEE FortranQ0SEENH T IL TG S LM TE

cBUETZILOY X LIE. THMNY AT ERBA
c REBEDODABTETETH/N—
- AB (TR, O THEIMIEFGTEZZESARITDOAFE
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HHE(ETE) - 0000

- TH#517045 5324 AP 5 0000

YT IWTRY 5L THE50penMPEOpenACC | () TRAYFI AR
- il EF & Ao o

- HAHMRES . ISBN-10: 4130624563,
ISBN-13: 978-4130624565. F52H : 2015458 25H

- [RED4FH]

- CE:&. Fortran90S & TR

- CEE&. FortranQ0 S BDEHDO YT TOT S LN AFEEE(FHoO0—
Rz 30)

- KEEDODAHNBREZETH/N—

- Windows PC;& & Rl BE(CygwinF| ), R/\a THEE AT EE,

. ng*ﬂ%&o MHTHINTAT ST EZSARITD
AFE

I mevepmsmey o o [

HE UNIVERSITY OF TOKYG INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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%%% AINIA7%
# 3
rxl\jjgfué TOBALSRVORAET
ZTOERN ORI OEFE T L
: E-F—tE\ FIRZEE. BEAT &

- HAH MRS . ISBN-10: 4130634550,
ISBN-13: 978-4130634557.,
5t H 2015428208 . 176 B
- [REDFHHE]
c ANAVDBRHRETY . L TH
ahYegEESRLET., | e
o Z/NAVEfA[IZFEZSHH
e ANAVIFEALGTRA T B RGTHETEDLOMN
c HEfT. SEBDRBEEFTEKEBE, L
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sEE

- [ B EENE - 53R {bEERERLD-6HIZ -]

- THEILE EXER Hif RE.

BiREFE ERSFTEAKR B (GER) £ EHAER BERXKEHE
Bt (EF) F, UAFE @PFRXER 2L (%) &, AEKEE
W B i B4ERT E.

- 07 %t RITERAB:2010/04/30, #| T A5, R—I#:.2728H.
ISBN:978-4-339-02589-7, 5E{ffi:3,990M <2I:171<3 8009 + 515%)
KZIKEM#&&]

e Fortran5 & CH&:R

« BUETILIY X LIE, #i15E Tres 5k BA

- RKEBZOARNBIZNMAT. EEEREDEEL. BITH RIERE L. FFT.
Y—h G E FELGHEFET7ILI) X LEH/N—

- RBRIEFH~LFE, EFELTHINEEAEZZU -V ARE
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e

=g

T—735

N o o bk~ W Ddh =

SRR

HRKX—/\—a E 31— DERE
570553

7 DEHE

HEEEREMPIEE £

/\7 NILES D) de)/iﬁ
RIRIL-1T5FE
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B At A—DOR/\T

FY11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Oakbridge-CX
Intel Xeon CLX

6.61 PFLOPS
I
T2K Tokyo Oakforest-PACS (OFP)
Hitachi Fujitsu, Intel Xeon Phi
140TF, 31.|3TB | 25PFLOPS, 919.3TB

Oakleaf-FX: Fujitsu PRIMEHPC

FX10, SPARC64 IXfx BDEC System
1.13 PFLOPS, 150 TB

Oakbridge-FX
136.2 TFLOPg, 18.4TB Data Platform (DP)

Reedbush-U/H, HPE

Broadwell + Pascal Exascale System
1.93 PFLOPS A | (2021 Fall ?)

-
Ta

Reedbush-L A Fugaku: Post K

fi
[
. 3

HPE (2021 Spring) sk

1.43 PFLOPS | | | N

R ARERERT Y~
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3VRT L FIFAE 2,600+, 9 55+%

Reedbush (SGI Intel BDW + NVIDIA P100 (Pascal))

T2 al—Y 3V AR —/—
:I/t 1—A

- 3.36 PF, 201678 ~ 2021538 K (F )

: i?f(l'l;C*)JODGPU*“/Z%A (20175%3H KkY), DDN IME (Burst
Buffer

- Oakforest-PACS (OFP) (& L&, Intel Xeon Phi (KNL))

- JCAHPC (3B KCCS&EKITC)

- 25 PF, TOP 500T6{i (HA&1{iz, 20165118)
- IXFTDTOP 500 Tld154L (EN24iI)

- Omni-Path 7—#7'79‘-*' DDN IME (Burst Buffer)

- Oakbridge-CX (2 &, Intel Xeon Platinum 8280)

- KIRRFE A FH| R—/ \—ZI/E A—3RT L -
| i
)

- 6.61 PF, 20194 7H ~ 202346 H

- £1.368/—KFMNKN128/—KIZSSD%I&H;
m %?j::f |E§$|§Eﬁ§t/9—
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Reedbush> X711\

Top500: RB-L 291{iZ@Nov. 2017
RB-H 203 @Jun. 2017
RB-U 361{iZ@Nov. 2016

Green500: RB-L 11{sZ @Nov. 2017
RB-H 11 @Jun. 2017

<

e _:,;? 5552, 5

HEES MPIERE

Reedbush-U

20165 7A1H
20165F9H1H
Reedbush-H

201743 A 1H
201754 83H
Reedbush-L

20174108 2H
2017411 81H

A BRE SR B in
IE =C:E AR

A BRIE IR AR
IETVERBSE

A\ BRIE R AR
IEZVE RBEIE

RRKPEHRERT Y —
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<& - MPIELFEE

RRARFREHREBEV Y-

Reedbush X5

7
N ERHESS L —4 1Gigabit/10Gigabit Ethernet Network Reedbush-U
G Aockable C2112-4693
420 nodes, 508.03TFLOPS
S = > - CPU : E5-2695v4 2.1GHz 18core
4 AY4 N \
A74>/— R BT —/\Bf 7~
SGI Rackable C1110-GP2 SGI Rackable C1110-GP2
6nodes 9nodes Reedbush-H x120
E5-2680v4 2.4GHz E5-2680v4 2.4GHz 5Gl Rackable C1102-GP8
14core,256GiB Mem 14core,128GiB Mem 120 nodes, 240GPUs, 1.418PFLOPS
% : y: A | + GPU : NVIDIA Tesla P100 SXM2 x2/node
\ J\ y \
<SS 9 a Y
Reedbush-L
GbEHSW SGl Rackable C1102-GP8 x64
NFS Filesystem 64 nodes, 256GPUs, 1.434PFLOPS
16TB NAS Storage + CPU : E5-2695v4 2.1GHz 18core
24TB - GPU : NVIDIA Tesla P100 SXM2 x4/node
X6 X9 clls S S
4 | =~ Reebush-U || I~ Reedbush-H | I~ Reedbush-L
x4 x420 x240 (FDRx2/node) x128( EDR x2/node)
X6 X2
x2(for PBS)

V‘eccccccccccnas

Management port

x4
(MDS:x 2)

x24
(OSS(VM):x 12 x2)

x36(IME:6x6)

x16(IME:8x2)

cococcccccoooasd

SGI Rackable
C1110-GP2 x2

m EBOY—)b B
Lustre Filesystem SRFrvIa Mac Pro SRy vvIa
DDN SFA14KE x3set DDN IME14K x6set - DDN IME240 x8set
5.04PB 209T8 ( mommy—n ) 153.6 T8
[Sep R -te] \
<> x1o(ctrisMps:2) <> ( (AL J X8

x2

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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Reedbush® Y7 X T L
| Reedbush-U | Reedbush-H | Reedbush-L

Intel Xeon E5-2695v4 (Broadwell-EP, 2.1GHz, 18core) x 2

PO/ sockets (1.210 TF), 256 GiB (153.6GB/sec)
GPU ) NVIDIA Tesla P100 (Pascal, 5.3TF,
720GB/sec, 16GiB)
Infiniband EDR FDR X 2ch EDR X 2ch
/—F# 420 120 64
GPU#k - 240 (=120 % 2) 256 (=64 % 4)
E—2EgE 509 1,417 1,433
(TFLOPS) (145 + 1,272) (76.8 + 1,358)
B EIJVAWIN = 645 191.2 194.2
(TB/sec) ' (18.4+172.8) (9.83+184.3)
12 FA AR 2016.07 2017.03 2017.10

RAAPIEREBR T Y —

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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Oakforest-PACS (OFP)

- 201612 A1 B #x @A

- 8,208 Intel Xeon/Phi (KNL). E—%- 14 825PFLOPS
¢ EEj:J_h\*%;E

- TOP 500 154z (ER241), HPCG 84i (EPJ24L)
(2019411 8)

- ixFein X FEHPC E#MER(JCAHPC: Joint Center

forAdvanced High Performance Computing)
FEKFETERZF

A JCAHPC

c HRKEHFT VYN ROHERKEFREBE L 2—AIZ, ﬁ*ﬂ%%ﬁd)gﬁ
BEEMNRINELE->TEHRATAIR—/IN—aOVE 21— RTLEREL, &
SImD KRES |$ﬁun+%:£’§§’é$ﬁﬁ BEY 500

- http://jcahpc.jp

m ANl m%tjﬁ—
INFORMATION TECHNOLOGY

=



http://jcahpc.jp/
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Oakforest-PACS D 4518 (1/2) %

¢ n-l-ﬁ/ I‘

- 1/—k 6837, 3TFLOPS x 8,208
/—k= 25 PFLOPS

- *E1)J(MCDRAM (&%, 16GB) +
DDR4 ({&31E, 96GB))
- /—Kh81{E
« TILINATEHI 3NV RIEEED
Fat-TreeryhT—%
- ERERBDOT I r—aitaE
2R, 237ER

- Intel Omni-Path Architecture

m R KA BIREE 725 —
INFORMATION TECHNOLOGY CENTER, 1 IVERSITY QF TOKYO



2020/4/30

Oakforest-PACS D 1x#%:

.\%E_Ojﬁﬁﬁ'l‘étﬁg
/—F#
=HE Product
/—Fk

JOtyY

AE) =/NUHIE
ZJAWAN =

ME# Product
a8 yooEE
=D,

F' Chaca -
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO

HEES MPIEHE

25 PFLOPS
38,208

=18 PRIMERGY CX600 M1 (2U)
+ CX1640 M1 x 8node

Intel® Xeon Phi™ 7250
(BF¥3—F: Knights Landing)
68 a7 . 1.4 GHz

16 GB, MCDRAM, x5 490 GB/sec

96 GB, DDR4-2400, E—% 115.2
GB/sec

Intel® Omni-Path Architecture
100 Gbps
dILINA o3\ RigFat-treedd
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Oakforest-PACS D% (2/2)

Lustre 26PB
c J7AIN T2V AT LA

- I74ILIIO N
- HHTFAIVY AT L I} S RT L
=

(DDN IME) :
1TB/secx B A HERN4EHE, I7 AL Frvia
#1PB VAT L
- HERF-EvYT TR
WEEIZHEmk
EBRE
- Green 500 CHtH5H64iL
(2016.11) L
+ Linpack: 2.72 MW
. 4,986 MFLOPS/W (OFP) e =
830 MFLOPS/W (ET) N e f o
‘77%7‘:")‘120/—#“

5
RN - = 2R At
kSRR TS — DEEERE

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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Oakforest-PACS D1

HEES MPIEHE

5774
WO RT L

B I7A
JLEy
AV ART
Is

e Iﬁ % E
AL |

lllllul
tl-

Type
%/\-'- =

P~
Product

R\ g

Type

ML

Lustre File System

26.2 PB

DataDirect Networks SFA14KE
500 GB/sec

Burst Buffer, Infinite Memory Engine
(by DDN)

940 TB (NVMe SSD, /\)T4%E1))
DataDirect Networks IME14K

1,560 GB/sec

4.2MW (mEIZ=E2 L)

102
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Oakforest-PACS §t& /—K

- Intel Xeon Phi (Knights Landing)

KVICDRAﬂ MCDRﬂ
-

- 1/—F1Y45 vk

- MCDRAM: A /\yr—
D=/ \VFIEAE16GB
+ DDR4XE!)

VrykR-YAE)=:16GB X 6=96GB

MCDRAM: 490GB/# L1 £ (S£8l)
DDR4: 115.2 GB/#
=(8Byte x 2400MHz X 6 channel)

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

EELS MPIER

nwrmzZz2>»I0 & OO w

s I J’
”/\MCDRAM

I8

MCDRAM

HotChips27
KNLRSA k&Y

2 x16 X4
1x4 DMI tVICDRAM tVICDRAM

36 Tiles
connected by
2D Mesh
Interconnect

wrErmzZz2>»I0 &~ X OO w

1 A
MCDRAM MCDRAM
Package

—
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Oakforest-PACS: Intel Omni-Path Architecture [Z J:é )
)L \/( ol a i\ KigFat-treeffd =5

XN
N
XN

= = = L i
;‘j ' g 5 g g g 5 768 port Director
E §§- E g' Switch
5 i .- > (Source by Intel)
2 2
Uplink: 24
48 port Edge Switc
== = = 36208
Downlink: 24 E/—F
1|y, .24] [25])) - 72 AN

ARMEIDMNBEMNTILINA I3V NV RIEE#E
« VATLERFEABICEEVLSIEREEZER
« ZEVER D379 AHE/—FEYETOERENSLY

RAAPIEREBR T Y —

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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481" TOP500 List (November, 2016

_ Rinax Rpeak Power

Sunway TaihuLight , Sunway MPP,

gzg?grailnsv%igcocrr?i%:ﬁng Sunway SW26010 260C 1.45GHz, 10,649,600 _ gsg’g}g 125,436 15,371

! 2016 NRCPC :
o NatoralSwpeconputng - Tamhe? ineeon S22 TH 5150000 3080 sy 1700
° E):ti;o?;?c?&l\tllagznal %XK7/NVIDIA K20x, 2012 Cray 560,640 17,590 27,113 8,209
4 tiﬁvéfgéfy%%ri\" ore Nationa! ﬁ%e/cg, 2011 IBM 1,572,864 17,173 20,133 7,890
5 gsa T GRC aGvs, Croy Aries 2016 Cray | B92400 14015 27881 3930

Oakforest-PACS, PRIMERGY CX600
M1, Intel Xeon Phi Processor 7250 68C 557 056

Joint Center for Advanced

i gﬂqr: Puc-tzirrf]ormJani 1.4GHz, Intel Omni-Path,
PENS, AP 2016 Fujitsu

Swiss Natl. Supercomputer Piz Daint

13,555 24914 2,719

Center, Switzerland Cray XC30/NVIDIA P100, 2013 Cray A01E) 720 el ey el
Argonne National Laboratory, Mira
9 Usa BlueGene/Q, 2012 IBM 786,432 8,587 10,066 3,945
10 DOE/NNSA/LANL/SNL, USA 1nnity, Cray XC40, Xeon E5-2698v3 301,056 8101 11,079 4,233

16C 2.3GHz, 2016 Cray

R Performance of Linpack (TFLOPS) htp://www. top500.0rg/
RAAPERERTYY— R .. Peak Performance (TFLOPS), Power: kW

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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max. Performance of Linpack (PFLOPS)

54th TOP500 List (NOV., 2019) Epeak: Peak Performance (PFLOPS),

Power: MW http://www.top500.0rg/

Rmax Rpeak
(PFLOPS) |(PFLOPS)

Site Computer/Year Vendor Cores

Summit, 2018, USA IBM Power System AC922, IBM POWERY9

1 DOE/SC/Oak Ridge National Laboratory 22C 3.07GHz, NV_II?IA Volta G100, Dual-rail 2,414,592 148.600 200.795 10.096
Mellanox EDR Infiniband
. IBM Power System S9221.C, IBM POWER9
e 22C 3.1GHz, NVIDIA Volta GV100, Dual-rail 1,572,480 94.640 125712  7.438
DOE/NNSA/LLNL o
Mellanox EDR Infiniband
3 Sunway TaihuLight, 2016, China Sunway MPP, Sunway SW26010 260C 10,649,600 93.015 125.436 15.371

National Supercomputing Center in Wuxi1.45GHz, Sunway
Tianhe-2A, 2018, China

TH-IVB-FEP Cluster, Intel Xeon E5-2692v2

4 National Super Computer Center in 12C 2.2GHz, TH Express-2, Matrix-2000 4,981,760 61.445 100.679 18.482
Guangzhou
Frontera, 2019, USA Dell C6420, Xeon Platinum 8280 28c 2.7GHz,

> Texas Advanced Computing Center Mellanox Infiniband HDR ARG e Sl
Piz Daint, 2017, Switzerland

6 Swiss National Supercomputing Centre =12 XC50, Xeon E5-2690v3 12C 2.6GHz, 387,872 21230  27.154  2.384
(CSCS) Aries interconnect , NVIDIA Tesla P100
Trinity, 2017, USA Cray XC40, Intel Xeon Phi 7250 68C 1.4GHz,

! DOE/NNSA/LANL/SNL Aries interconnect Sy AV A e

ABCI (Al Bridging Cloud

8 Infrastructure), 2018, Japan
National Institute of Advanced Industrial
Science and Technology (AIST)

PRIMERGY CX2550 M4, Xeon Gold 6148
20C 2.4GHz, NVIDIA Tesla V100 SXM2, 391,680 19.880 32.577 1.649
Infiniband EDR

SuperMUC-NG, 2018, Germany Lenovo, ThinkSystem SD650, Xeon Platinum
9 Leibniz Rechenzentrum 8174 24C 3.1GHz, Intel Omni-Path SR8 LAY AT
IBM Power System S922L.C, IBM POWER9
10 Lassen.20139,UsA 22C 3.1GHz, NVIDIA Volta V100, Dual-rail 288,288 18200  23.047
DOE/NNSA/LLNL .
Mellanox EDR Infiniband
Oakforest-PACS, 2016, Japan .
: - PRIMERGY CX1640 M1, Intel Xeon Phi 7250
ﬁ 15 Joint Center for Advanced High 68C 1.4GHz, Intel Omni-Path 556,104 13.556 24.913 2.719

Performance Computing
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= O He L
(HEH:m ) E—D1%8RE
- OFPIZIEE SN TLVYBXeon Phi 7250 E— 4k EexEZ 5
- OA7#: 687
« A7 HEYDAVX-512 1 =wi: 2
- AVX-512a =Y -UDRIFEEH ((ZFHE): 8
- FEFIEE (Fused Multiply Add: FMA) : 2 25
- VOV REIKREL: 1.40 GHz
- /—F&AFYE—D%RE
68 X 2 X 8 X 2 X 1.40 = 3046.4 GFLOPS
- LML, AVX-512:L:“JH1¥(11.4OGH2’C~‘§M’EU‘cil,\i%é%%é
(KWVIEWEREE) > EECDEsE(E ([REERIIZ) ZERLAS A EE

- E=2ITEWLVERENFEONSIET DHD (OFPTHOEANE)
- DGEMM ({Z¥5EE D 175I%&): 2200 GFLOPS (E—JLt: 72%)
- HPL: 2000 GFLOPS (E—%Lt: 66%)

- Top500IZH1TH0FPDEFRKEIXE—IMD54.4%
c [E—UMREIDEZRZIELSIBIELTHELIENEE ! !
« CPUA—A—IZ&>TEEDEALELS

m R BE &t/?—
INFORMATION TECHNCLOG
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HPCG Rankina (SC16. November. 2016)

1 RIKEN AICS, Japan

NSCC / Guangzhou,
China

K computer

Tianhe-2

JCAHPC, Japan Oakforest-PACS

National
28 Supercomputing Center Sunway TaihuLight
in Wuxi, China

.DOE/SC/LBNL/NERSC

5 USA Cor

DOE/NNSA/LLNL, USA Sequoia
DOE/SC/

IOak Ridge National Titan

Laboratory, USA
DOE/NNSA/

HLANL/SNL, Trinity
USA

HNASA/ Mountain View, o . .. <o x
USA
DOE/SC/

il Argonne National Mira: IBM BlueGene/Q,
Laboratory, USA
ERRAPEHRERTEY—

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO

Cores HPL Rmax | TOP500 HPCG
(Pflop/s) Rank (Pflop/s)

705,024 10.510 0.6027
3,120,000 33.863 2 0.5800
557,056 13.555 6 0.3855
10,649,600 93.015 1 0.3712
632,400 13.832 5 0.3554
1,572,864 17.173 4 0.3304
560,640 17.590 2 0.3223
301,056 8.101 10 0.1826
243,008 5.952 13 0.1752
786,432 8.587 9 0.1670

HPCG/
HPL (%)

1.71

2.84

.399

2.57

1.92

1.83

2.25

2.94

1.94

http://www.hpcg-benchmark.org/
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HPCG Ranking (November 2019)

HPL Rmax TOP500 HPCG

Computer (Pflop/s) Rank  (Pflop/s)
1 Summit 2.414,592 148,600 1 2.926
2 Sierra 1,572,480 94.640 2 1.796
3 Trinity 979,072 20,159 7 0.546
4 ABCI 391,680 19,880 8 0.509
5  Piz Daint 387,872 21230 6 0.497
6 Sunway TaihuLight 10,649,600 93.015 3 0.481
7 Nurion (KISTI, Korea) 570,020 13.929 15 0.391
8 Oakforest-PACS 556,104 13.555 16 0.385
g Cor (NERSC/LBNL, 622,336 14.015 14 0.355
USA)
10 Tera-1000-2 561,408 11.966 17 0.334

RRARIEHREBE Y — http://Aww.hpcg-benchmark.org/

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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Green 500 Ranking (SC16, November, 2016)

: Power

NVIDIA DGX NVIDIA DGX-1, Xeon E5-2698v4 20C

Corporation SATURNY I23.12c()30Hz, Infiniband EDR, NVIDIA Tesla 3.307 28 0.350 9.462
Swiss National Cray XC50, Xeon E5-2690v3 12C
yAlSupercomputing Piz Daint 2.6GHz, Aries interconnect , NVIDIA 9.779 8 1.312 7.454
Centre (CSCS) Tesla P100
RIKEN ACCS Shoubu ZettaScaler-1.6 etc. 1.001 116 0.150 6.674
National SC Sunway Sunway MPP, Sunway SW26010
Center in Wuxi  TaihuLight 260C 1.45GHz, Sunway SRt L LSS et
SFB/TR55 at PRIMERGY CX1640 M1, Intel Xeon
M Fujitsu Tech. QPACE3 Phi 7210 64C 1.3GHz, Intel Omni- 0.447 375 0.077 5.806
Solutions GmbH Path
Oakforest- PRIMERGY CX1640 M1, Intel Xeon
JCAHPC Phi 7250 68C 1.4GHz, Intel Omni- 1.355 6 2.719 4.986
HalSs Path
DOE/SC/Argonne Cray XC40, Intel Xeon Phi 7230 64C
National Lab. ineie! 1.3GHz, Aries interconnect S LAl il
Stanford Research Cray CS-Storm, Intel Xeon E5-2680v2
. XStream 10C 2.8GHz, Infiniband FDR, Nvidia 0.781 162 0.190 4,112
Computing Center K80
HAC_CMS_, KYoto  amphor 2 Cray XC40, Intel Xeon Phi 7250 68C A - N .
University 1.4GHz, Aries interconnect
Jefferson Natl. N KOI Cluster,_Intel Xeon Phi 7230
Accel. Facility =ClE AV 64C 1.3GHz, Intel Omni-Path Uade) SR R EHEE

RRAREmRER T Y— http://www.top500.0rg/

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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Green 500 Ranking (November 2019)

TOP 500 HPL Rmax Power

159 A64FX prototype, Fujitsu, Japan

SN
N
o

NA-1, PEZY, Japan

N
~

AIMOS, USA

w
by
w

Satori, USA

=

Summit, USA

ABCI, AIST, Japan

iSN
(o]
SN

MareNostrum P9 CTE, Spain

N
w

TSUBAME 3.0, Japan

=
=

PANGEA IlI, France

=
o
N

Sierra, USA

=
\l

Reedbush-L, U.Tokyo, Japan
June’18
25 Reedbush-H, U.Tokyo, Japan

L\

oo

ANINANTTT BRI
INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO

36,864

1,271,040

130,000
23,040

2,414,592
391,680

18,360

135,828

291,024

1,572,480
16,640

17,760

1.9995

1.3032

8.0450
1.4640

148.600

19.880

1.145

8.125

17.860

94.640

0.806

0.802

http://www.top500.org/

0.118

0.080

0.510
0.094

10,096
1,649

81

792

1,367

7,438
79

94

16.876

16.256

15.771
15.574

14.719

14.423

14.131

13.704

13.065

12.723

10.167

8.576
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IO 500 Ranking (June, 2018)

P y GiB/s) | (klop/s

JCAHPC, Oakforest-
. Japan PACS DDN IME 2048 137.78 560.10 33.89
2 KAUST, Saudi  Shaheen? Cray 1024 77.37 49681 12.05
’ DataWarp ' ' '
KAUST, Saudi Shaheen2 Lustre 1000 41.00 54.17 31.03
JSC, Germany JURON BeeGFS 8 35.77 14.24  89.81
DKRZ, :
Germany Mistral Lustre2 100 32.15 22.77 45.39
IBM. USA Sonasad SIDEET 10 2424 457 12861
Scale
Fraunhofer, :
Germany Seislab BeeGFS 24 16.96 5.13 56.14
DKRZ, .
H Germany Mistral Lustrel 100 15.47 12.68 18.88
Joint Institute for
Nuclear Govorun Lustre 24 12.08 3.34 43.65
Research
(0N PNNL, USA EMSL Lustre 126 11.12 4.88 25.33
Cascade

Tl S~ )
R APIERER TS http:/Amww.i0500.0rg/

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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IO 500 Ranking (June, 2019)  rmmicsooay

Site Combputer S s Client nodes/| 10500 BW MD
i Y procs Score | (GiB/s) | (kKIOP/s)

University of Data Dell EMC 512
Cambridge, UK Accelerator Lustre 8192 ST | LB | B8
Oak Ridge National . IBM Spectrum 504
Lt USA Summit Scale 1008 330.56 88.20 1238.93
Oakforest- 2048
JCAHPC, Japan PACS DDN IME 2048 275.65 492.06 154.41
2048
KISTI, Korea NURION DDN IME 4096 156.91 554.23 44.43
: Dell/ThinkPar 26
CSIRO, Australia bracewell O BeeGFS 260 140.58 69.29 285.21
n DDN IME140 DDN IME 21772 112.67 90.34 140.52
DDN Colorado DDN IME140 DDN IME 11600 109.42 75.79  157.96
n DDN Al400 DDN Lustre 11600 104.34 19.65 553.98
. Cray 1024
n KAUST, Saudi Shaheen2 DataWarp 8192 77.37 496.81 12.05
University of Data Dell EMC 184
Cambridge, UK Accelerator BeeGFS 5888 74.58 StEHEL A

RAANFEWREBERT /Y —

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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Oakbridge-CX

- 201957 A1 8E AR

- Intel Xeon Platinum 8280 (Cascade Lake, CLX), 2t &
- 1,368 nodes, 6.61 PF peak, 385.1 TB/sec,
« 4.2+ PF for HPL #50 in 54" Top500

- Fast Cache: SSD'’s for 128 nodes: Intel SSD, BeeGFS
- 1.6 TB/node, 3.20/1.32 GB/s/node for R/W
« Staging, Check-Pointing, Data Intensive Application
- 128/—FM5b16/—FIINMBEEREIR (I —/\—, RL—2, LY —FRy
FO—9%F) [CE B ATRE (SINETHEHR)

- Network: Intel Omni-Path, 100 Gbps, Full Bi-Section

- Storage: DDN EXAScaler (Lustre)
- 12.4 PB, 193.9 GB/sec

- Power Consumption:
- 950.5 kVA

e IS
m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO 59
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Oakbridge-CX (OBCX)

Chassis: PRIEMRGY CX400 M1 x342 <4node / Chassis>
Node: PRIMERGY CX2550 M5 x1,240, CX2560 M5 x128

BEEERE:  6.61PF

5 : FiERE: 192GB

5“}7&: 215\y7 I il
SSDi&#; : 126/t | #EV/NUKIE: 281.6GB/s

& /—FRE®rvk7—% (Omni-Path Architecture)
EISTHERE 100Gbps

Qg4 /—K EEY—/I\# WHT7AIV AT L

0 cn éj ‘ =um b} Zhb—fjgﬁ ‘:ﬁi’.;@}?
” ’ - "
FUJITSU Server FUJITSU Server
PRIMERGY CX2560 M5 x 10 | PRIMERGY RX2530 M4 x 15 [l 2L — % :DDN ES18KE x2tvk
(a7 ER. &S, Web., J74 L A5 Ls:DDN ExaScaler
B ASRE X2 T14OTRF) (LustreR—R 774 )L AT Ls)

INFORMATION TECHNCLOG

60
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B KR E AR A—0Oakforest-PACSRA—/\—Y
=1 —ARAV AT LDFEFR(2020564H1H8 )

- https://www.cc.u-tokyo.ac.jp/quide/application/
- TRIRREE 2SR
- IN—YFI)La—R

- Xtk 50,000 : 6tyhET. HAK2048/—KET
c—%5>:1/—K x 24858 x 3608 7 = 8640/ —FE:fE (1t v k)

- I)I—Ta—X
- EAX+vhk 50,000 (£33 60,000M) : &= K2048/—KZET
c—5>:1/—K x 2485/ x 360 9 = 8640/ —KHEffE (1tvhk)

c L EIF. =D I TEE

- REZ M 1—¥HI[L0akbridge-CX, ReedbushEDFE F—2 7817
£, Al 8t

m RS R 75—



https://www.cc.u-tokyo.ac.jp/guide/application/
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K IEHEE > 2—C0akbridge-CXA—/\—3Y
C1— 3V AT LDFETR(202054A18 )

- https://www.cc.u-tokyo.ac.jp/quide/application/
- TRIRREE 2SR
- IN—YFI)La—R

- EAX+tvhk 100,000H : 3tvyhbET. HZK256/—KFET
c—%5>:1/—K x 24858 x 3608 7 = 8640/ —FE:fE (1t v k)

- I)I—Ta—X
- Xtk 100,000 (££2 120,000M) : & K256/—F&%T
c—5>:1/—K x 2485/ x 360 9 = 8640/ —KHEffE (1tvhk)

cUEIX TF—D U ITEE
- KEZEMI1—H[I0akforest-PACS, ReedbushéEDHER—I %%
1THHIREE
- /—FEELHY

m RS R 75—



https://www.cc.u-tokyo.ac.jp/guide/application/
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B KIEEHRE MR+ A—Reedbush X —/\—3a

18)

E1—3 AT LDEER (2020F4 F

- https://www.cc.u-tokyo.ac.jp/guide/application/

- TRREaEE 1258
. 3¥Z :Reedbush-UlZ6 AL\ XLV CERZHRTLET !
- IN—YFJ)LO—R

- EAXRtvhk 75,000 : 2tvhET \
F—#4> RB-U 1/—K x 2459 x 360 H 4 = 8640./— KBS (1tvhk)

e JI)I—Ta—X

. #A+tyhk 75,000M \
—%>:RB-U 1/—F x 2485R x 360H % = 8640/ —KR BRI (1t2vh)

- 1£3% RB-UD At vk 90,000 : t—%> 8640/—FEsfE (1tvk)
- 1£3% RB-HO At vk 216,000 : b—%> 21600/—FER (1tvk; RB-U X 2.5)
- 1% RB-LO Atk 360,000 : k—2 > 34560/ —FEFfE (1tvh; RB-Ux4.0)
c UL TV HITEE
« FM—=UUBEBEREITIUMNLO, HAY2.5, LIF4.0
. j(%i—'f’rd):l. H (X Oakforest-PACS, Oakbridge-CXEDMHEBE M #1T7H 0]

/ FEIESLHY

m RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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GFLOPS(E—/ 14 REHAEH)
H-YEIHEE(~W)

JPY/GFLOPS

Reedbush-U (HPE)

(Intel BDW) 01.9
Reedbush-H (HPE) 159
(Intel BDW+NVIDIA P100x2/node) '
Reedbush-L (HPE) 13.4
(Intel BDW+NVIDIA P100x4/node) '
Oakforest-PACS (Fujitsu) 16.5
(Intel Xeon Phi/Knights Landing) '
Oakbridge-CX (Fujitsu) 0.7

i (Intel Cascade Lake (CLX))
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cSAT7ILA—XFEIZDULNT

- izt 2—DReedbush-U/H, Oakforest-PACSY AT LhMEZ AME(E
FATINA—R | BEIRTFEFSATILA—RIFEIHYETS,
- PHTIVIFEA
c IN—YFILA—R T I—Ta3—ZAOWA (1B ~358)
- X F|FA
- IN—YFI)ILa—R(145A~35H) (RB-U: #K16/—K, RB-H: &2 k2/—K . OFP:
& K16/—FK, &X64/—FK)
RETSDZEIS WA, BEE
- JI)IL—Ta3—R
« |MENAT7IA—R:(17A~358) £#H (RB-U: %K128/—FK.RB-H: &%
X32/—K . OFP: &X2048/—FK)
s BEFGAMT7ILA—R: (17A~KRRKEBEEIYA) . BEGIEERIIBIELRFE)
« A—/N\—aVE1— S RAEKREEEZTESDEENVE (F2EE k)
e WADI—RELIZ, BELEFIAREEDIRREIAVE
c FOATILA—RA(FEFHAER). FIABRGEIT OV ATLZHOTEIIEZE
- 1y A BESTHOUNRSEH
- —fFIRA. BEATILA—ZA~DIEITHE[EE

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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A—/N\—aE1—3 AT LD
LITOR—D7 TS
- FIFABREAE
SEEASR
R A
- FI D ES
BRENTEITENFET

https://www.cc.u-tokyo.ac.|p/quide/

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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WHTAT 539 ElF A2
- BRETOITOT S L (EITHREIT )&, pEDETEHE([F-
T.T/plZF BT,
e T
G-

¢ %A%i?'igﬁﬂo
- EfR(E, TELMNEOINE, HRNMIEBOARE
(FILTYXL)T KEC HLSHAHEDS
« PILON XL L, #ExF(ZHi 5L TELGULER D DFFTE
c BIEED=ODA—IN\~NVFDTFE
- BIEILH LAY RER]
T — R EL B

m RENPIEREE L5 —
INFORMATION TECHNCLO
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A HIETFEED 7
- Michael J. FIynn%ﬁZ?x(Zé'l/?d- FR)D57%E(196
6)

9 A 9 —® s
-H—ai R -E—T—35R

(SISD Smgle Instructlon Single Data Stream)

G- E—T 3R
(MISD, Multiple Instruction Single Data Stream)

-BHE T ERT 2R

(MIMD, Multiple Instruction Multiple Data Stream)

m ANl &t/?—
INFORMATION TECHNOLOGY Cl
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55T EDAE)RIZ LS 5R

A) AEYTFRLREZHBLTWS: BLNDAEYNTUERAAHE

1. HEAEVE
(SMP:
Symmetric Multiprocessor,

¢
C SEEBEAER
(DSM:
Distributed Shared Memory)

HE-FEATRATE
(ccNUMA.,
K Cache Coherent Non-Uniform

Memory Access)

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

AE!

AE!

X*E!)

X*E!)
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BT ERED AT R IZ KD 4B

B) AEUFRLRIFTIMIL: ELNDAEYIETVELRAAT

3. EIAEYER
(Ayt—2 1\ 8)

\¢

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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JOT S FENRI-574E

1. RILFALYE
- Pthreads, ...

2. T—RAEF
- OpenMP
- (FxiLM)Fortran

- PGAS (Partitioned Global Address Space) = i&: XcalableMP, UPC,
Chapel, X10, Co-array Fortran,

3. AR F|
- Cilk (Cilk plus), Thread Building Block (TBB), Stackdhreadls,
MassiveThreads, .
4. AybE—TEE M/ —RICEEAB IR B
- MPI fiEAE)ZHEBLTSILE
(B AE) HVRIE

m R BE m%



2020/4/30 HEES MPIEHE

WH7TasS3 9 DETIL
-EEDAMHTAT S LDOEEIIMIMD

FILdVXLEEZZBHEEZIL<SIMDAER>
AEHTEBIIABIZIZEE UL

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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57327 DETIL
+ Z{OMIMDLTOHFITAYT ST DETIL
1. SPMD(Single Program Multiple Data)
-1 DOEBEOTOTSLA, 5| ILIEEEAIREEIC,

70ty ETCEET S
c MPI(/N\—32 1) DETIL

JotyH0 Jotyy2

JOotyH3

JAJ5L

Jar 51 TAT 5L

T—%0 T—%52 T—%53

2. Master / Worker (Master / Slave)

- 12N 7O+ X (Master) hY, D 7Ot X (Worker) %
EBHE (K. JBEE)T 5,

By Do~ )
m RRKPEHRERT Y
INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO




{4 BT A

i HEDRE
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MEReEHiiHE1R — 2 BB R

BB S =T/T, (0<S)
. -
o Ty BROEFEE. T, PATOETEM
- PEEWVT S, =P m&=, EEML (deal) RER L
- PEAWVWT S, >P mEE Z—/\Z7 - ZRE—F Ty
- FHERIX, LFHEIZEKY ., T—E2T7 VAN BATIEESN T,
Tyl abybENRLETEIEIZEAEZEIL

- q 5 3h 3R
- K: E,=S,/Px100 (0<E,) [%]
- B0t EE e EERREPRRE

- EERLOER
. Saturation. &5 3 |

m R BE &t/?—
INFORMATION TECHNCLOG

\
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Weak Scaling&Strong Scaling

i LB ZENTU R T LBREZKRET 5%

- Weak Scaling: ZNZFNDBEH A XEEAT HHEZHITS
>EAROBEY A XH (MFEIZLEFILT) KELES
FPBEDA—/IN\ANYRIEHFYEDL LGN, PREMT S

- Strong Scaling: £ADMIEH A XEZEA T ICHINEZHITS

>EIEYAANEERICREEFILT/NELLS

>BIEDA—/I\NYRITHEFBIZKELED

Weak Scaling Strong Scalingb EE
FNETHRT M- 1= FCRERERRAR T & [E]
RED R ENEIT S ICHERZSFO(KYELLY)

— iy Faf
ﬁ Lo RARPIEHEET Y —
INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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HEES MPIEHE

T LA —I)LDEE

- BRETHREZ K £9 5,
ZDH6, WIMENTEDEIEZ a &£T 5,

- CDEE . BHENRITUT D LIS,
Sp =K/(Ka/P+K(1-a))

~Ua/P+(1-a) = U(a@/P-1)+1)

- FEEDAMS, &R S

(P—e), BHEIERIXL.
(7 LA —ILD;EA])

ERKDO#HOTOyHZEFE-TEH

_I%_/z 1/(1_G) —C\:&éo

- 2ED0%A WM F{ETE-ELTH BEROHDOTOYHZE DM

<4, 1/(1-0.9) = 10 &

[SLAVRDZELY |

B EEEERN T DI (E, DUTHILFTUENEE £
EEES S LNETCLEETHD

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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T LA —)LD;EA|DEEH

i 5L TEGWLERD (1T AyY) HFETELRRS (8T AYY)

@ X RZELT —=88.8%H\ il 5|\t vl §E

@i 5|17 (4 51])

@i 51| 3217 (81 51])

9/2=45{F # 6{Z

m RS R 75—
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Byte/Flop, B/F{i&

1. FAJSLHPTERGIELEAEITIVELRADEE
double A[N][N];

Alil[] = 0.25 * (AL][] + Afi][-1] + Afi][i+1] + Ai-1][] + Ali+1]01);
- AEYT7 I+t X :8byte * 5[EIMOA—F + 8byte * 1[EIM A7 = 48byte
- JEE  NE4E, FH1E =5FLOP B/F=9.6

2. AEVARTLNT—HEEREAT7ICHIGT L8N s TE-EE

- BEIX0.1LUT. XLTH0.5KH
* BIFFOSDVATLTEDEEEZTHE., 6ENDEAENTESEZA%, SELMNE)
MELY => E—SD5%L AVEZ 40N
™) BFEDFRBEF vyl alck>THS
o ROMLEE: BIAIIZIEB/IF = 16UV =oT=, §1E 0.5&M

EbEB VTFARMTCELTWLWEAMIZEE!

m Al Eﬂ%
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MPI

RAAPIERER T 5 — RRANPIEHRER Y —
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2020/4/30

MPI1®D 41K

e Ayt—U NV TRDTATI)ERED1D

c A=YV DETILTHD

c AVNATDIRIE BFEDYINDITOSATZ)ERTED TIFAL !
« DEAE) B M HFTEHE TIESIEITIZRL

j(iﬁ*ﬁ#%:?ﬁ\_l
1708y HIZBITBRAER)H A X PT7AIL YA XD FHIFIZITHE Al HE

- 7Oy E#HDZWiESS X T L (Massively Parallel Processing (MPP)Y

AT L) ZERAWNAETIZFKL
- 170ty iR E TR ETHBIOES . SO A4S

- BENA S
- API(Application Programming Interface) MiZ# 1k

« A—ZE) T4 EREAF LY
c BEMEBEZEA—HUMNEERTEAIEIZEATILTY X LDERBEIEA A EE
. TATSIVT AL EEAS)

m R KA BIREE 725 —
INFORMATION TECHNOLOGY CENTER, 1 IVERSITY QF TOKYO
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MPID#E#& (CMNFET)

- MPIZ4—3 4 (http://www.mpi-forum.org/) AL 4ES
- 1994458 1.0k (MPI-1)
- 1995 6A 1.1kk
- 1997478 1.25R. B&U 2.05% (MPI-2)
- 2008458 1.3kRk. 2008468 2.14R

- 20094 9H 2.2hk
- BAREERR http://www.pccluster.org/ja/mpi.html

- MPI-2 Tl L FZ5#1k
- I FI]1/O
- C++, Fortran 90fA > 3—Jx—X
- BT O R ERGHE IR
- FIC, HHRFELELGE DR

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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MPID#E#E MPI-3.1

- MPI1-3.0 20124 9H

- MPI-3.1 201546 A

s LTTOR—=U TR - FF 2 AV MR FHAF
- http://mpi-forum.org/docs/docs.html
- http://meetings.mpi-forum.org

. http://meetings.mpi-forum.org/mpi31-impl-status-Nov15.pdf
EHIT SR

-/ J0Oyx U SEBEEHEE
(MPI_IALLREDUCE. 15mE)

= MEEER B A &S (RMA. Remote Memory
Access)

- Fortran2008 %tits. 75 &



http://mpi-forum.org/docs/docs.html
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MPID#E#& MPI-4.05K %

c LLTFTOR—TRB-FX A ME B
- https://www.mpi-forum.org/mpi-40/
- FRETSN TULV SRR
s INAT)YRT AT I AD R
: M_FP)I'??C"J r—iar DOt E T (Fault Tolerance,

LD DT AT 7 e

- Active Messages (Avt—L@ENDT7ARIIL)
- HEEEEDA—1\SyT
- RIERDOEEZAV - ERLEE
R RN I by
o INYITFYITHELT AVRSTRNURSTEK

« Stream Messaging
- FTATFAIAE—TT—R

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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MPIDELEE
- MPICH(Z L -EwF)

F7ILd2X

x

HEES MPIEHE

LSRR NG

- MVAPICH (T LI 7EYF)
« REIA/NAFMILKRFTHFE. MPICHEZER—X
. InfiniBand@] [T DENT-FiE
- OpenMPI
- F—TU—2R
« NS MP
- KIE, EDENRDAR—RITHHTINS

: E@IMRE 1. FXI0EDOMPI: Open-MPIR—X
Intel MPI: MPICH, MVAPICHAR—X

ERERIAHMBEBEHGRN TSN TSI EN DD

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO



2020/4/30 HEES MPIEHE

MPIZ & 5E1{E

- BMEYIDEREIZEIC
- X2 BB
B DFRT. EYEDERT
FIZASTWWSEDIEEZIZHSHD
FIZADTWSED D7 5E
FIZADTWNSEDD=
(T ZEEHEIRFISEDHEED) BEAE(2D)
PITIZ:
B DREID, XU, EYFEDERHID
T—AEMEDTREL R
_/)-(JFJ

Sﬂ.b.w!v!éi.m.h.ww!é
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MPIBS 24

- VAT LEAEK
« MPLInit; MPI Comm_rank; MPI Comm_size; MPI Finalize;
- 11 BIEREH
. TOyFU S E
- MPI Send; MPI Recv;
ARk
- MPLIsend; MPIlIrecv;
- IXT 2RISR
« MPI Bcast
- EHLEERA
- MPI Reduce; MPI Allreduce; MPI Barrier;
- BFfEIETRIRE #4

- MPI Wtime

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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- MPI_COMM_WORLDI[Z, 332 =4 —4L KIEN BB =R
7Y LY
s AZA = —ARF BEEITOXN RO T Oy B
EHB
- FEAREETIX. OF ~numprocs —1FBFETOTOEYHH, 1
DOIAZ2=H—RIZENYEHTHND
- COAHIN., “MPI_COMM_WORLD”
- Oty Y EHEHEILI-LMES . MPL_Comm_split Bi%k
=3 A
c Ayt—T%F  —EOTOyHEEC
METHEEIZFIA
- “RILFXF+ANTHIA

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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BREELMPIFREE
- MPIXI AR IBOBEEZITVET, 7AERIX(EEIX) T
Oty | (H L. A7) I2——TEY Y TOENET,

- S, IMPI7OF®X I1EELDIZRLND T, ZZTIEPE
(Processer ElementsD&) &Z2=F -,
- =LA ELTIPEILIREFHFYFEDODNTLVEE A

- 227 (Rank)
- ZIMPIZ7OER IDEHRNBE S 1D,
- BEMPITIE. MPI_Comm_rank#CEHRESNDILEH (>
J)IL705 5L TlEmyid) 2. O~EPE#—1 DOEIEHISAS
- HOBDEMPIZTOEREZERA(Z(E. MPI_Comm_sizeRBd %k
Z{FE5,

(o FNTFTao S5 LTIE. numprocs 2. COEIENAD)

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO




EHARZZMPIEE 2L

EE.ZFEDREODAET—R
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HEES MPIEHE

EEBAA—T1—RE
Fortran{ 22— x—AXMNELN
-Chlx. E#HZZHierr NRYIE

lerr = MPI1_Xxxx(....);

- FortranhR (&, Sx& (ZEEHZE Hierrh 52K
call MP1_XXXX(...., ierr)

- D AT LB DIERDIET

=:4
= ST =

MPI|_Status istatus;
- Fortran§ 8
Integer istatus(MPl_STATUS_ SIZE)

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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EEBAF—TJ1—RLE
Fortran/ >3 —2Jx—AM:ELN
- MPIZEITH. T—3EDIEE

MPI_CHAR (3ZF%!) . MPL_INT (B#Z).
MPI_FLOAT (£%{%!). MP| DOUBLE({&#5E =
jﬂﬁll)

* FortranS &

I\/IPI CHARACTER (X=F%#) . MPI_INTEGER (%

#E), MPI_REAL (2#%!). MPI_REALS
(=MPI_DOUBLE_PRECISION)({S#5EE =) .

MPI_COMPLEX(#5 & %)
« LIBRIX. CEBAUARATI—ATHBATS

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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HrI7EMPIE§#—MPI_Recv (1/2)

- lerr = MPI_Recv(recvbuf, icount, idatatype, isource,
itag, icomm, istatus);

- recvbuf: RIEMEE D LIEFMMETIEET S,
- jcount: EBHE ZEMEEBOTAREZRHEFEET S,
- idatatype : E#HE ZEFHOTXDEEEET D,
- MPI_CHAR (3X=F%Y) . MPI_INT (Z##),
MPI_FLOAT (E#{#!). MPI| DOUBLE({EHEE##R)

- isource : EB#HB G ZEL-WLWAVE—UFEFETHPED
IUDEETET D,
- FEDOPEMNDRZIELI=LVEE(X. MPI_ANY_SOURCE ##8E9 %,

m R BE m%
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HrI7EMPIE§#—MPI_Recv (2/2)

- itag : BEE, IELEWOWAYE—DITHRNTLD RS DIEEFEE.
c FEDRATEDAvtE—D%FZEL-LEE(X, MPI_ANY_TAG #187E.
- icomm : BHA PEEHZRBITHAESTHHAIZI2 =y —4
T
- JEE TIEMPI_COMM_WORLD ZiEE T IL &KLY,
- istatus : MPI_StatusZ! (B#E DBE2S) , ZEIRRICET S
(EHRMPAD, MELTERADEEEXLI-EIEHEGRT DL,
- BERH#HAMPI_STATUS SIZEDQEHEIIINETE SN,

« RELI-AYE—DDZEETDSTUUH istatus[MPI_SOURCE].
25 H istatus[MP1_TAG] IZRAENh B,

- CE&&: MPI_Status istatus;
- Fortran & &g: integer istatus(MPI_STATUS SIZE)

- jerr(RYIE) : BH#E , I5—a—FH A%,

m R BE m%
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IR MPIEEZL—MPI Send

- lerr = MPIl_Send(sendbuf, icount, idatatype, idest,
itag, icomm);

- sendbuf : F{EEBOEEFMMZIETE

- icount . B EEREOTIERHEIETE

- idatatype : BHH  EERFOT IO EIETE

- idest: E#HH FEELFEUVPEDIcOMMATDISUIEIETE

- itag : BHEE, FIELEVWAYE—VICFHTENT-2T DIEZIETE

- icomm: EBHEE JTOEyH—EHERBITHESTHD
OS2/ —A3%4ETE

-jerr (RYE): ZBHE, I5—a—FHAD,

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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Send—RecvD#E=: (1XxF1:81E)
PEO PE1 PE2 PE3

MPI_Send

Iyt—

SETETIAY
S L= 4T ! MPI_Recv

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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ZIERTEMPIEE2—MPI_Bcast

- lerr = MPI_Bcast(sendbuf, icount, idatatype,
Iroot, icomm);

- sendbuf: EEBLVZEEBDEEREMZIETET D,

- icount: EBHE EXEBEOTAERVEFIETET S

- idatatype : E#HE  EXEFHOT XDEEEET D

- iroot: EBHE FEELELAVE—UHABHEPENBSE
IHET 5. EPETRILEZIEET AW ELHD,

- icomm: E#HH PEXERZREH#MITLESTHD
OS24 —3%ZETET 5

-jerr (RYE) : BHE I5—a—FHAS,
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MPI_BcastD#i = (EHE{E)

PEO PE1 PE2 PE3
MPI_Bcast() MPI_Bcast() MPI_Bcast()

BICESIZRIEAEIE S = &l

ryt—o

N
=

m VAN i ki $E(E’§§t Y —
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JZ o a2 88

<EBE>SITEHTLRITT>ZRFD
(')'3" o) s HNIE

‘15“ E/ﬁiiﬁ
NIRIL(nZITZERE) — AAT(1XRITZERE)

)Fo AV EREIL BIELHEZTVELT S

- £ [HEEEE (collective communication
operation)

ERE[ENS
CEERROFLHDENT, 20
AR IT—ADNFET S

m B A AR S —
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JZ o a2 88

EERBRITN T HSFBEPEDE
- MPI_ReduceE %
- )E UL AVEREDRERE. HH5—DDPEICFIESES

- MPI_AllreduceE %4
- YFDLAVERDWERE. ETOPEICEIAESES

o o

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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FHIERTEMPIBE#—MPI_Reduce

- lerr = MPI_Reduce(sendbuf, recvbuf, icount,
idatatype, iop, iroot, icomm);
- sendbuf : EEFEBDLEEFMMZTIEET D,
- recvbuf : Z{EMEBDFEEEBMZTIETET . iroot TIHELZPEDHA T
EZRAHANGEIND,
EEBEEEZEREIE. A—CTHoTILSAL,
Jahb, BEGAHEHNZHERLECTII GG,
- icount : BHH EEBEEHEOTIERNETIETT D,
- idatatype : BHE, EXEBRBOT—2DREEET S,
« (Fortran) <g\/N T KEEME S ZIRTEEZIEET D
mald. MPI_2INTEGER(Z#ZY). MPI_2REAL
(BEF5EZRY), MPI_2REALS
(=MPI_2DOUBLE_PRECISION) ({&$5E3Y) .

*BET B,

m RENPIEREE L5 —
INFORMATION TECHNCLO
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EIFIEMPIE 2i—MPI_Reduce

ciop: BB, EEOREBEZIETIT S5
- MPI_SUM (#%0). MPI_PROD (3&). MPI_MAX (& X).
MPI_MIN (&/]). MPI_MAXLOC (TR KEFDIELE).
MPI_MINLOC (/N DHIE) GE
-iroot: EBHI LREZ(TERASPEDicomm ANT
DI IERTET D, ETDicomm RNOPETREL
BEZIEETOIDELNDHD,
cicomm : BHE PEEAZRBITLS5BFESTHS
OS2 =45 —3%ETEI 5.

cjerr : BFERH, I5——KHAAS,

m B A AR S —
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MPI Reduce®D#i= (£HE1E)

PEO PE1 PE2 PE3
MPI_Reduce() MPI1_Reduce() MPI1_Reduce() MPI_Reduce()

T—52

opJEESNF-HE)

REHH
7—%

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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MPI_ReducelZ&42!) R FLIE ]
(MP1_2DOUBLE_PRECISION & MPI. MAXLOC)

PEO PE1 PE2 PE3
MPI_Reduce() MPI1_Reduce() MPI1_Reduce() MPI_Reduce()

4.1
5.0

MPl MAXLOC

L

U %3 % 0D X 8,38 fRAL 32

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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A7 MPIEE#—MPI_Allreduce

- lerr = MPI_Allreduce(sendbuf, recvbuf, icount,
idatatype, iop, icomm);

- sendbuf ; E{EBEHDEBEHREMTIEET 5,
. recvbuf ;. Z{EREFDEEFMEIEET S,
A EEE S Z{EMEEIE., F—THoTIFELLELY,
FREHE, BRHEINEHERLGESTIIGLELY,
- jcount : BHH EEEBOTIERYEIEET S,
- idatatype : B#HE  EEBEHOTXDOEEREET D,
- RIMEVPRKELMNEZRTEEZIEEIT HHE L. MPI_2INT(E#HE).
MPI_2FLOAT (B¥5ERY),
MPI_2DOUBLE({&¥5E &) 216 E 9 5,

m B A AR S —
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ZEBERIEMPIEEZ—MPI_Allreduce

ciop: BB, EEOREBEZIETIT S5
- MPI_SUM (#:%0). MPI_PROD (%5).
MPI_MAX (8xX). MPI_MIN (&/]).
MPI_MAXLOC (&xX&fiIig). MPI_MINLOC
(/NEME) &,
-icomm : E#HH PEERZRHIT HESTHD
O =45 —AR3%ETET S,

cjerr : BHFRH, I5——KHAAD,

m B A AR S —
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MPI AllreduceD#} = (5@ (E

PEO
MPI1_Allreduce()

T—50

PE1

7F—41

Ip (Y5 Eé’haf_/hﬁ>

1l
BEIFHT

MPI_Allreduce()

HEES MPIEHE

PE2

MPI_Allreduce()

F—52

— A DBE

=AlE ~
RRKPEHRERT Y —
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PE3
MPI1_Allreduce()
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o

JZ 532 BE
TEREIZDUNT
N)F o EEE, 11 EEIZTEEAEL

- JOJ S LRTERIANSTEL!

-MPI Allreduce [& MPI Reduce [ZE~RE
L\

-MPI Allreduce (&, BUELIEN A S,
15 B~R<E, MPI Reduce Z{#5,

m B A AR S —
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1T DERE

- 1751 ABY(Block, * ) RSN TS ET B,

. 75IA 0EEETS A EESBIZIE MPITIE
RO 23EY OB LY
RD2@Y DOE#ZERALS o 2 At

- MPI Gatherf8%x </
—>amer= H A ZHEPET

% : f a b C BRI
—
C EHBIH A XAMNEPET

- MP|_ScatterR%g —ThHNEE:

a!E!c

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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MP|_GatherVES#
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ZEEERIEMPIEE2—MPI_Gather

- lerr = MPI_Gather (sendbuf, isendcount, isendtype,
recvbuf, irecvcount, irecvtype, iroot, icomm);,

- sendbuf: EEFEEOLEBFMFTIEET S,
- isendcount: BB EEEEBOT—HAERHETIEET S,

- isendtype :  EHHE, XEBEFOT —IDEEEET .
- recvbuf: Z{EMEEB O SLERMMEIEET S, iroot TIEELI-PEDOH
TEZTAADLGEINS,

C BREEIELT, REEEEHEEE. F—ThoTHEADEN, Thbb,
B AHEHEERLGESTIXESALY,
- irecvcount: EB#HE , ZEEEBOTIERHETIETET S,
c COEZRHIF APEHFYDREIET 3B EFIEET S,

- MPI_Gather B8 CIXZPETEL DI MDD T —2ZFIWNETHEIE
TELLVDT,.BLEFEETHZE,

m R BE m%
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ZEEERIEMPIEE2—MPI_Gather

-irecvtype : BB, ZEBEEHEOTHBEEETE
EEOR

-iroot : BB INET—2EFITERSPED
icomm ANTHDSUIZIERTET D

- £ TMicomm NDOPETRIL{EZIEET S
HWENH 5B,
-icomm : EBHE PEEMZRHBITLSIEFESTHS
A2 =45 —3%ETET D,
ierr: BYRR TIS5—O—-FHADS,

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO



2020/4/30 HEES MPIEHE

MPI GatherD#f = (EHE(E)

PEQO PE1 PE2 PE3
MPI1_Gather() MPI1_Gather() MPI1_Gather() MPI1_Gather()

T—%5B

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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ZEEERIEMPIES21—MPI_Scatter

- lerr = MPI_Scatter ( sendbuf, isendcount, isendtype,

recvbuf, irecvcount, irecvtype, iroot, icomm);
- sendbuf: FEMBEDEEREMTIEET S,
- isendcount: BB EEBREBOTHAERBEFIETET S
- COEFRMIAPEHVISELNDEET —FHEFIEETHI L,
- MPI_Scatter B TIEIZPETELSIHMD T 35N ET 5 &IETEHL
DT, BLEZEEETHIE
- isendtype : B, XEEEHOT IDOEEEET D,
iroot CTIEELI-PEQHFFMELD,
- recvbuf: Z{EBEDEEBRMTIEET 5.
- BERAELT, XEBEEHEZEREE(F. B—ThoTIFELLWL, THbOL,
B 505 HERLGSTIEG AL,
- irecvcount: EBHE ZHEEEHBOTIERHETIEET S,

m B A AR S —
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ZEEERIEMPIES21—MPI_Scatter

-irecvtype : BB, ZEBEEHEOTHBEEETE
EEOR

-iroot : BB INET—2EFITERSPED
icomm ANTHDSVIZIETET 5,

« £TDicomm ROPETRILEZIEET HANLE
MNH5,

-icomm : EBHE PEEMZRHBITLSIEFESTHS
A2 =45 —3%ETET D,

ierr: BYRR TIS5—O—-FHADS,

m B A AR S —
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MPI Scatter®#i:= (EFE(E)

PEO PE1 PE2 PES3
MPI_Scatter() MPI_Scatter() MPI_Scatter() MPI_Scatter()

T—3A
T—%B
| F—5cC
| 745D

7 BcALIE

I F—4B III Tde I

RRARIEHREBE Y —
m Pan EREET /Y
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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Javxysg . /ooy s

1. 7Ayxyy

o EEZERD/INYITFREBIZAYE— VRIS
n.ZEEEQAD/\YIFEENABRIZTIEX:
FEZTELET. BUHLARSELY

INY IR EOT—20— B 4 ERE
MPI_Send, MPI_BcastﬁiE

2. JrAayxLg
EE RIERID NV TP EEO TS EREE T
ISEUHLARS
- INYIFHEBEDT AN —EMEREEY
 —EHORIEF1I—FOEE

m ANl &t/?—
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JayF T BIETHEROEL

 TOERODBERTF—FEHF>TVDHEE
BT Bsend T, RO ENZIEFLHENS R

G

Ja+X0

xR ETORBES
[

[: RDORETORBFSL

JOtX1

JAatX2

RODRETD
E#FS

O+ X3

RO
RIETD
m SRR AR 75— [RIEA =
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/7Ry g B{ERE

-lerr = MPI_Isend(sendbuf, icount, datatype,
idest, Itag, icomm, Irequest);

- sendbuf : F{EEEHD LEHFEIETET S

-icount : BB EEEBOTIERHETIETIT D

- datatype : BEHE , LEEBOT—2OEEZEET D

-idest : B F{ELULWPEDicomm RTDSUO%
HET D

citag : BEE, ZELEULWAYE—ITf T4
DEZIETET S

m ANl m%tjﬁ—
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/7Ry g B{ERE

-icomm : B#HE A PEEMZZRHITHES
THAHAAZI =T —3ZIETET D,
- J@E TIEMPI COMM WORLD #3187

ER(EEIAN

-irequest : MPI_Request®! (Z#EDEZF]),
EEZTERLI-AYE—2IZDFoN0T-

A FNERD,

cierr : BHA I5——FMNAD,

m B A AR S —
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R AT S B RN

-lerr = MPI_Wait(irequest, istatus);

- irequest : MP|_Request®! (B#E'B2F1)
EETEKRLE-AYE—UIZ Do AIF,
- istatus : MPI Status®! (B EEH]),
ZEWRRIZEET HIERAA D,
- EERHMAMPI_STATUS SIZEDBMEFEZESLT
EET Do
 RELIAVE—C DEETDTV I
istatus[MPl_SOURCE] . 2% Hiistatus[MPI_TAG] IZ

KA,
RIET—AEEET SR RET—SERAHTRICIEL
—d—u"lb\;t

m A |E§$|§Eﬁ§t/9—
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Oy BEICKANE

- TAERONBELGET 3% >TLDIHE

E#d bsendIZHTAZEFLERME
J-JRyx 2 EETHIRE

3E

send  send send

A+ X0

ZIEFHZE. MPI_WaitT
HEDRICITOXIIZERE

JAa+X1

RORETOEHFSE

At X2

7O+ X3

RAAPIEREBR T Y —
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AT D EDNITHEEFRL TLI=S0
-MPI SendRBi%k
-BAEHIZMPI_ WaitB A A>TV,
-MPI IsendfE%%

cBEE P IZMPI WaitBE A A > TLVE
L)

MDD ICIZA—TAYISLERED;

m B A AR S —
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S 3K

1. MPIIEFI AT SIS  P/NFTO E  FE {# R

2. MHTATSIVIROEMPIRR. FIUFED &,
HPCI 327 —&# QAR —
( https://www.hpci-office.jp/pages/seminar_texts )

3. Message Passing Interface Forum
( https://www.mpi-forum.org/ )

4. MPI-JA—=Y TRk
( http://asahi-net.or.jp/~BG8K-KNS/mpi-j.html )

5. diFaAVEL—A2T% EHERE.BREE(1996)




HEES MPIEHE

2020/4/30

«_-.-_2|-<5f3%:
BRNBTCIE. [T—2EE&EINE
-wﬁIWLLIEl HSULTIE, 57— '%3\ WA EINEE

2755 |

1. HPEDIEREAFIZHFICTS
. A—K-N\FIVYy HFHNEOEREED—D
- RIEFRZE

2. BPEDIFBAAERYE | ZHEHEIZTS

3. JEREICHEIBERREZEMETS

4. BPEDITFT—H-THER/INI—2 |1 ZEEEAKIZT S
(=FBRVEBIZHEIFTHT—2E&EERL)

1T§|JT—’510) A
<RI ARNIL>: 1R AR. 2RITHEAR
SHEILALD> . TOvIREIHT. S5 vs (1BIB) SEH =

I
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qSMEDZE AT

L F— A5

. F—AENEITBIETHIUET B,
C FADBRE(=EE) (FF— 15,
. F—RWFIOH: 1751 — 1T 5IFE

(1 2 3

4 5 6

7 8 9,
® i 51k

/9 E3 7\ 1*9+2*6+3*3 1*8+2*54+43*2 1*7+2*4+3*1
6 5 4 |= |479+5%6+6%3 4*8+5*5+6%2 4*7+5%4+6*1
7*9+8*6+9*3 7*8+8*5+9*2 7*7+8*4+9*1
\3 2 1/
€CPUTHH

m B A AR S —
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1*9+2*6+3*3 1*8+2*5+3*2 1*7+2*4+3*1
4*9+5*64+6*3 4*8+5*5+6*2 4*7/+5*4+6*1

(7%9+8%6+9%3 7*8+8%5+9%2 7*7+8%4+9*1

W HIZE R AT — R (FEGLHMN

&

7=

BIXE—
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HEES MPIEHE

ZT DD M HEFiE

« RAY

15|

’5‘5(7(/37)%"*']’6’%):tfit§|l1t’§'%>
T—ADRE(=ER) FEGZLINELNLLY,

’Slxbitﬁlld)ﬁll AW —%15
- =1 BHRZEUD

- EE2:WEYS

- EE3 KTHESED

- R4 HER-WEANTRRAT

- EE5:AL— T AND

@5t @

> = CD =D
T3 mﬁ%%éﬁﬁ| B ]

T = smmemne s
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1RITTE
N/44T
N/41T
N/44T
N/44T

(ITAM) TAavInEIAK
*(Block, *) HEAA

‘(1TAM) YA40)vonEIARK
*(Cyclic, *) 28 AR

'('?:_I'jj_ |-E.|)7~|:|“J7 HAH1)yHHE|IA
*(Cyclic(2), *) AAAR

ZDFIDI21: <TAyoE>EES
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D — H
2RITTA
N/2 ol1lof1]o]1]0]1
N/2 ) ) ewie  |21312]3]2]3]2]3
BT TBYIFEIRN 51010101
«(Block, Block)% &k A = T3l 03121312 3
N/2 of1|o0|1]|0|1]0|1
213 (2]3]2(3]|2]3
ol1lof1]o]1]0]1
olof1]1]o]o|1]1 cl312]3/2]3]2 |3
P S I I B P P HAOU D HA0)v I REIBK
*(Cyclic, Cyclic) 8t A R
212(3[3]2]2]3]3
212(3[3]2]2]3]3
olof1]1]o]o|1]1
00 |1|1]|0]|0]|1]|1]|ZRTAVI-HAU)vIHEIARK
21213322133 ]*(Cyclic(2), Cyclic(2))58A =
212(3[3]2]2]3]3

RRKPEHRERT Y —
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RNIMLESLDEE
- LITOEE
z:ax+y
c CCTAlEFRAT 2z x y [ERTRIL
c EDISET AR AR THU S WIEA A 5E
- fz12L. RBT a [EEPETHEAET 5,

« RORILIZO(N)D AEY 4B A
MBI DIZXL., RATE
O(1)DAEVMEE TKRKILXK,
—RANTAE) fEE (SR AT 58 _ m

- 5TE=:0(N/P)

- HEYmEBELLEL

1Ll
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ﬁﬁut&‘/J NLDFE

<ITAXSEIIARX>BH S,
» KT—EDBARSELSAFXS>DHEAEHLENHY. ALEBL

©2 Q) Ol
D@ @ > oD
2@ @ > ® 2
.‘ > | W4 WV vV vi |@

for (i=0;i<n; i++) { for (j=0; j<n; j++) y[j]=0.0;

y[i]=0.0; for (j=0; j<n; j++) |

for (j=0; j<n; j++) { for (i=0; i<n; i++) {

} yli] +=ali]ll[jl*x[j]; | y[i] +=ali]lljl*x[j];
J }
<17AX>: BARLGEE <HIAHKX>: FortranSiEm=

CEiE
m REAEHRER T 5‘ ””mg
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THERTRILDIE
<FERXDEE>

<TARPEAX> ATARICELTEHATR

A3ORY8LE MPI_AllgatherfE%t &PERTY ﬁllf\bwlﬂfﬁé‘ﬁ:)
#FAL. EPETET 3

<HARMBEEX>S ATMLDEZRTATHIELLESIZEL

ZPERNTITH-ROKMILEE MPI ReduceF'asElzﬂ’C"f SF0ZEKRDH D
m - ";g (KBHBDIPEITRNTRILIT RTHEFSD)
'? —_.—'—I Eﬂﬁ.ﬁt/’;—
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THERTRILDIE

<HNAKDIZE>
<AAAREAR> EEASEDHAAL

Fi1DRJE)LE MPI_AllgatherBE £k %‘-‘%’&MPI Reducef#-&kY
#FIFALT. £PETHET S RMZERDD

<HNARZTERTTH> §J7i‘tilr"]< PR I I I

ZPERNTITH-RIKILTE  MPI ReduceF';El;&'C"f SFNZEKH S
179 (XBHBDIPEIZRIMILTARTHEED)

?ZRE' 7(—?— |%$|§ m%t /9 —




MPIZOYSLREE I CEE)

RRAZEREB LI B =K 3T

—_— [EENE ra’) -~
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S )L J0455L0OERR

- Hello/
- Wi FkRHello 70455 L
- hello-pure.bash, hello-hy68.bash : S3TRYYTrIT7AIL
- Cpi/
- ARRHETOTS LA
- cpi-pure.bash 3aTRYYT+IT741IL
- Wal/
- BREEFRICKLBIER
- wal-pure.bash 3T RIUTRT7AIL
- Wa2/
- ZHRBEARICKIBIEE
- wa2-pure.bash 3T RIUTRT7AIL
- Cpi_m/
- HRAERFEITOI S LICEHMEHRIIL—FoFEmMLIz10D
- cpi_m-pure.bash L37RIUTrT7AIL
RRAREHRER Y —
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INAT1)yRhRHelloo' 04935 L
1. NATV)yFMPIF® Makefile hy68 Z{F->T

make 95,

$ make -f Makefile_hy68 clean
$ make -f Makefile hy68

2. Bf7I74)(hello omp) MTETWBIELEFHER

EEAY
$Is

4. JOBRH)TeE

1 (hello-hy68.bash) D¥1—& %

FHI B, “lecture-flat” — “tutorial-flat’ |ZZEH 3"

60

$ emacs -nw hello-hy68.bash

m ANl &t/?—
INFORMATION TECHNOLOGY
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i 5l fHello7 AT S LZEZETLED

(INAT)yEMPI)

1.

2.

3.

Hello7A4 LA R TUTERETTS
$ pjsub hello-hy68.bash

BODEASINT-D3aT7%HRET 5

$ pjstat

EINRTITLHE UTOI7AILHAERSEIND
hello-hy68.bash.eXXXXXX
hello-hy68.bash.oXXXXXX (XXXXXXIE#=F)

LEBEHRNI7AINDHEEZRTHSD
$ cat hello-hy68.bash.oXXXXXX

“Hello parallel world!” A%,
170+ X*16/—F*68 &AL yk=1088 {EFR RSN TLY
=6,

m B A AR S —
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JOBRZ)TrY T )LDERER (OpenMP+MPL A\ T 1))
(hello-hy68.bash, C§&&. Fortran 555 +:8)

))—RTIW—T 4
#!/bin/bash - :lecture-flat
#PIM -L rscgrp=lecture-flat
#PIM -L node=16 FIFR/—R#.
#PIM --mpi proc=16 MPIZ7 Ot X %

#PIM --omp thread=68 <€ - "
/—FRFIRALYERER

#PIM -L elapse=0:01:00
4PIM g oton \\ == 1715 ] | BR

15
mpiexec.hydra -n - -
${PIM_MPI_PROC} ./hello_omp AT IN—T4

AN :gto0
MPIY37%1*16 = 16 At X T=E

795
%"—j(ﬁ: 1T (o]
RN
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO




N TYIEMPIDZEFTHRIR (/—ERA)
- Intel Xeon Phi (Knights Landing)

) MPITa+2

O ALYk

Emjwam(m)

MCDRAM: 2 /\w4hr—
DE/\FigAE!)16GB
+ DDR4AE!) 16GBx6
=16 + 96 GB

MCDRAM: 490GB/#
[0 N S: )

DDR4: 115.2 GB/#
=(8Byte X 2400MHz X
6 channel)

> - MPI &R

- 1/—F1V%5 vk, 6837

ﬁwCDRAﬂ MCDRAM
o

EDC

2 x16
1x4

X4
DMI' " mcpram

MCDRAM

N1

w

30 T(C o
CONERCI Y
=2 DE NS =
I..~e_. ;O..ﬂtgt‘_

&~ 0 O 0O

wWirmZ2Z>»TITO0

RAAPIEREBR T Y —
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%:L.\*D/ él—j D7\7A (L’kﬁ 77__t)

- FITOVADFRET HT—2%. 270X TMEL.
HHTOCR1 DWW ERTIETHEETEZD,

- RINEHE (BREREA )
1. (OBTLHHNIDEHOTOCANGT—2%ZIETH;
2. EBOTOERANLT—EAMNETL =S
1. RIETB;
2. <HPDT—E>ELZET—AEA>EMETS;
3. (élOZB%’C?&HWi‘“)?EB%O)jl:lt:u:<20)7]|J;%IL,7‘:%E%€>5£1§’¢
4. WIBERT TS,

- ERLOIEE

EEYEX, (myid-1) DIDEELED27AEX

AEY &L (myid+1) DIDEHDTOEXR
myid=0D 7B+ X (&, ZBEYIFELDO T, ZELLZL
myid=p-1D 7Ot &, AHEYIZELD T, EEFELEL

m R BE m%
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BREEAIC (NI L—A)
IZ&k5IME

Fﬁ’ﬁT—’)"

]]IIII

—_— [EENE ra’) -~
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AT R MPIERE
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CPU2
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iﬂ 1S F A B

BREEAI, CEE
void main(int argc, char* argv[]) { 212 H /ZTA@E@J DR
MPI_Status istatus; € g Y — B

dsendbuf = myid; IDES (myid-1) HHi5,
drecvbuf = 0.0; double®!F—4212%
if (myid 1= 0) { Z{ELdrecvbufZ £/

ilerr = MP1_Recv(&drecvbuf, 1, MPI_DOUBLE, myid-1, 0, {{ A
MPI_COMM_WORLD, &istatus);
} SHEY—D%1N
dsendbuf = dsendbuf + drecvbuf: BALY =280
o IDES (myid+1) [Z,
if (myid !'= nprocs-1) { 5 8 [
ierr = MPI_Send(&dsendbuf, 1, MPI_DOUBLE, myid+1, 0, | dsendbufZ s A -
MP|_COMM_WORLD); TlLVyAdouble®!7—4
} 12%15158
if (myid == nprocs-1) printf ("Total = %4.2If ¥n", dsendbuf);

R AFHRIREmLEZ

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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151845 F R4

(EXEREA . FortranS i&

program main

.i.r.1:[eger .- istatus(MPI_STATUS_SIZE) / §1§FH /ZTAEE@J ODEE{%

\ >
dsendbuf = myid B8 —D2 70
drecvbuf = 0.0 / ID&ES (myld 1) A,
if (myid .ne. 0) then double®5F—%1D2%
call MPI_RECV/(drecvbuf, 1, MPI_REALS, & =42 LdrecvbufZE k(=
myid-1, 0, MPI_COMM_WORLD, istatus, ierr) £ A
endif

dsendbuf = dsendbuf + drecvbuf
if (myid .ne. numprocs-1) then
call MPI_SEND(dsendbuf, 1, MPl_REALS, &

myid+1, 0, MPI_COMM_WORLD, ierr) < BakY—D2%0
endif —~—| IDEE (myid+1)I=.
if (myid .eq. numprocs-1) then dsendbufZ £

int *, "Total = ", dsendbuf
ot Sendbu A->TlLvsdouble®!
T—R1D%1%(E
stop

end program main
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WIEE OO SL(ZH K

- ZoREEFEAX
1. k=1;

2. for (I=0; 1 <log2(nprocs); i++)

3. If ( ((myid & k) ==Kk)
(myid - KBETOELANST—2%%2(E;
BRDOT—3¢E ZIET—3EMETS;

k=Kk*?2;

4, else
(myid + \ETOERIZ, T—2%E%ET 5,
WEZERTT D,

m B A AR S —
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MIERET O S L (2o REEA)

3B E =log2(8) BX ©

2B E @) >E) ©O-

@

>@

we OO0 -0 0-0 0-0
D ¢

S &b o

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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MIERET O S L (2o REEA)

ERFDI XK
cEh JORRBBSD2EMKREEDERETFIFTS
FIRICBWT,. ZIETH570RDEHIE. LTTEITS:
myid & k DBk &—E
- ZCT k=27i-1)
« DFY, TOCRABED2ERRIEETEMNSIFEBDEYEMNILHTILNVS
TOERMN, EETHIEIZTS
c T EETXTOTOERES(E LTTEITS:
myid + k
DFY  BEMNKITSHITOEREBZOMBEIL27(-1)— =2 REDT
- EETOERIZDONTIX, EEOHFEAKYILD,

m R BE &t/?—
INFORMATION TECHNCLOG
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WIEE OIS L (ZHaREEAR)

- BRERE AR DBE(EEIE
- BASMIZ, nprocs—1 [A]

 ZHABEAROBEEL
- REELY DR

- FEERTITONSEER. TE2ICHFITITHNS
CRIEDERIFELELELY)

- BB OSDEERZZEGDS
DFY. log2(nprocs) [H]
ﬁ%@ RIS D tLER

- TOEy Y EHAET L BERMDE (=FITHRRE) A
ETHLREED

- 102470 A¥EKTIL, 1023[E xt 10[H !

¢ 'CJ)E; DY LLZARBEAXDLVEFRSLVDGBEERN SR T HAEE
£

m R BE &t/?—
INFORMATION TECHNCLOG

|
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H#Fﬁﬁ_-l-/ﬂlljj_lf (C = |:||:|

double tO, t1,t2,t w; -

i MPI_Barrier(MPI_COMM_WORLD); €« /‘U-?ﬂﬁﬂ?ﬁ

lerr = _Barrier . . ; 314

{1 = MP| Wtime): FFEZESFLEAR

LZZISHAIELEWTAYSLEELD>

t2 = MPI_Wtime();

t0= t2-t1; &£J70twyH—T, t0D{EIF

ierr = MP1_Reduce(&t0, &t_w, 1, _ BiA,
MPI_DOUBLE,MPI_MAX, 0, — H A =R
MP'_COMM_WORLD), / hd)ia_g - (j:s W%EE:EJGDGD

EXx7O0tvyH0BENZITERS

m R BE m%
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FFfeElatTiH 77 3& (Fortran§ 58)

real(8) :: 10, t1, 12, t w -
call MPI_BARRIER(MPI_COMM_WORLD, ierr) € ARG

ca _ _ _ , lerr oy

t1 = MPL_WTIME() Frfal e B R LIRTF

<ZZIZHIELE-WIasg S LEES>

t2 = MPI_WTIME()

t0= t2-tl £J70wyHY—T t0ND{E
call MPI_REDUCE(t0, t w, 1, MPI_REALS, (X E71 5,
MPI_MAX, 0, MPI_COMM_WORLD, ierr) NCDES X BEEL
— = N
DNDEXTAEvH0E
MNZITERS

m R BE m%
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MPIETFRFDI)F AL IR ZDLVT

. Oakforest-PACSRA—/N\—a>FE1—2L X TF LTI,
MPIETRO AR IDIVFALINTEET,

- f5) mpiexec.hydra ./a.out < in.txt > out.txt

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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gEo 07745

- Oakforest-PACS
- Intel VTune Amplifier
- PAPI (Performance API)
- Oakforest-PACS PASA473!)

- WebR—Z)IL DT FEXaAVMEE | =
Oakforest-PACS AT LFAFEIE
71. INTH—X RS HY—IL
=7-1%

Oakforest-PACS PASAISYFRBHAF
SR TLESLY,

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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/R B AR

1. BREEEAXDIAT I LEET
Wal ®70%45 5L

2. ZHRAXRBEARXDIATILEET

- Wa2m7ayJ 3L
3. BFMIEHEITOI S LEEST

. Cpimd7TOY5.L
4. TORAYEZRILSE T HUTILTAT S LERT

HelloZ7 AT S L%, U TOKIIZHE

MPI_SendZRAL\T, 7OtERX0MNSChar®l D7 —4
“Hello World!!"% . ZQO D 7O RITEET S

FRMOTaOERXTlE, MPI_RecvCZELTRTT S

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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AEDIIN
1751-1751&(%(30%)

TH-TH5FEOYTILD
Ho7)I7a9 5 L0OEREA
EREmE (1) - BELED

> W o

m B A AR S —
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173 - 1THIREDEE DR

/,~E|:|7I<L( II )
-BHELED (309 ETiFE)
CBRERBMN—UIFE

/,~E HXE ( ]I[ )

B &oEHLW(TRFE L E T FIME)
1R 1BEBRSBE
GEE G (D) ARG TLEL=AIE.
POTHTLIZELY,

—_— [EENE ra’) -~
RAAPIEREBR T Y —
INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO




17H-17HR L&

REICKYMRER LN RADLIEKRER
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1TAI D&

{7511 C=A-BIX. a2/ (SPFHEHD
NUFI—=VIZEONHIENZLD

BT EEAKXDEVTHEHRICKEZLGENTS
B2 FIAGMETHAH(TATILLEL)
RS MPRMEAFEDFHENIIETLS

1. EBIZRV<EHRG 7 IEA>HLHS

2. ¥yl allEYYIoHWNKRELT—2>
12X HEHETHD

3. XEUNVFIEZEBIER (AEY- 10T
NHMIEBETHD

m B A AR S —
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1THIFE3—BI(CSEE
o 1— K45l

for (1I=0; I<n;

I++)

for (Jj=0; |<n; J++)
for (k=0; k<n; k++)

C[l][l] +=

AlI][K] *B[k][I]

|

- |

m A Iiiﬁz%mtJQ—

s
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FAOH .
1T51%E C'J — kz;aikbkj (I’ J :11 21---1 n)

DEEZEIT. ROZ@EYHHoNTLNS:

1 )lx—7°§¢§'&;’£
Hm T IOADA F'J% *ZHBBIT. 1

TH-1T

Sz RTEITHIEIL—TD @JIE%E&?@'&T%

2. 7Oy (RA) )%

Tyl allHdT—3=HEIATHEMT,

BBEEEST-1THIDEST—5%

TIORATEHSOHIZEETS

ERJ
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5”0)*; (C = |:||:|

c )L—T XML
ATHIFEDI—FIE. ULTDELIGEIEIL—T 2155
for(i=0; i<n; i++) {
for(j=0; j<n; j++) {
for(k=0; k<n; k++) {
clillil=c[illj]+ali]l[k]*bl[K][]I;

}
}

)

- ENEOEEIL. SMUDIIL—TERHLTEH.
HEHENETDHSAL

— 6 BYDEHDAENHS

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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175|D%E (FortranE &

- JL—T MK
- ATHFEDIA—FIE. UTDEIEIEIL—TITHD
do k=1, n
doj=1, n
doi=1, n
c(i, J)=c(i, )+a(i,k)*b(k, J)
enddo

enddo
enddo

- ExNERDEE(L., SMADIIL—TEHLTE.
HEERENAZETHSALY
—> 6BYDEHDHEND S

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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1TAI D&

ATHT—AANDT I ERINZ—=2 NG,

LUTDIELEIEETED

1. RIEF R (inner-product form)
RRIL—T DT IRRINGF—2H
<ANIRILDORAE> LRIF

2. 5+ afs I (outer-product form)

BRNIL—T DT IR INF—2H

<’\7|~)I/0)5’HE>&H%

3. EFER R (middle-product form)
NIEESIED PE

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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5”0)*& (C = |:||:|

- RFEF R (inner-product form)
ik, jikIL—F 12k BER

- for (i=0; i<n; i++){

for (j=0; j<n; j++) {
dc =0.0;
for (k=0; k<n; k++){

dc=dc+A[il[k]*B[kI[j]I;

}
Cli][]]=dc;

}

}

v

XLIE. AN DIL—THhoDLEHD IR TEEE
FIEES, A X EEEDI—FIE<ikIL—T >,

m R BE m%

@ ITAREFNARDTIVERHY
—ITAR-FIARIEMEED
MACHEEETER
R IRE -
A BEELMN—AZEELTHL
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17310 %E (Fortran 5 &

- RFEF R (inner-product form)
ik, jikIL—F 12k BER

- doi=1, n

doj=1,n
dc =0.0d0
do k=1, n
dc=dc+A(i,k)*B(k,j)
enddo
C(i,j)=dc

enddo

enddo

v

XLIE. AN DIL—THhoDLEHD IR TEEE
FIEES, A X EEEDI—FIE<ikIL—T >,

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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MATHEETER
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5”0)*& (C = |:||:|

- 5\ &2 = (outer-product form)
-+ Kij, Kji)Ll—F 1=k BER

- for (i=0; i<n; i++){ A B
for (j=0; J<n; J++){
} C[i][j]=0.0: o0
}

for (k=0; k<n; k++){
for J=0; j<n; J++){

db=B[K][]];

for (i=0; i<n; i++) { ®kji/)L—T Tl

CliIlJI=Cli][J]+A[T] k]*db; FIBRTIEADNALY

} S AN E EmE
} (FortranE:%)
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175|D%E (FortranE &

- 5\ &2 = (outer-product form)
-+ Kij, Kji)Ll—F 1=k BER

- doi=1, n /\ B
doj=1, n
C(i,j)=0.0d0 o0 —
enddo
enddo
do k=1, n
doj=1, n v
db =B(k, j)
doi=1, n | Okji/L—T Tl
C(i,J)=C(1,])tA(I,k)*db BIART I RAMNAY
enado B AN S A=
enddo (FortranE &
enddo
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gljd)iﬁ (C = |:||:|

- BfRFER X (middle-product form)
.+ ikj, KiL—FI2&BDER
- for (j=0; j<n; j++) {

for (I=0; i<n; i++) {
} Cli][J1=0.0;

for (k=0; k<n; k++){
db=B[K][]];

for (I=0; i<n; 1++){

Clillyl=Cli]ly]+ALI][ k] *db;

®jki/L—7 Tl&
ETIARMTIER
— A RIS FEIC
XEMEULVTULNS

(FortranE:&
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175|D%E (FortranE &

- BfRFER X (middle-product form)
. ikj, KiL—FIZ&BHER

- doj=1, n

doi=1, n

C(i,))=0.0d0

enddo

do k=1, n

db=B(k, j)

doi=1, n
C(i,j)=C(i,j)+A(i,k)*db
enddo

enddo

enddo

m R BE &t/?—
INFORMATION TECHNCLOG

®jki/L—T Tl&
ETIARMTIER
— A RIS FEIC
XEMEULVTULNS

(FortranE:&
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1TAI D&

- IMTHICEDFRICH T TEINZAEL) GE
(Fayoie. 2400 a4 S HEE n/\/B

-ujw?r%iﬁ o n/\/B
Ci; :kZ;AikBkj N
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1THID*E

c B IMTHZEF vy alZNFESE YA XIZT B,
1. JAYJBEATEHEREEENTZAS
2. AHT7ILT ')ZA@"‘E#*%%’C%%

- MHTHIFRTILVIVALIE, T '3" BIEDH
REDVIS, L,LTovzﬁl—/\iE‘I
1.

T3-S RN)YO AR
1THIA. BO/MTHID—EpaT—3 5Bl
(CannonD 7L X L)

2. L ANy AER
1T5IA. BO/IMTIID T R TET—2%E
(FoxD7I)La) X L)

m B A AR S —
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TH-4THFEDOH U TIILTAYSLDEE S

Sigh/FortranS:ERD X BT 71 )L 4
Mat-Mat-ofp.tar.gz
- 3T RV TR IT7A )L mat-mat.bash HD
Ta1—RA%
lecture-flat 55 tutorial-flat [CZEBELTH S
pjsub LTLI=&0Y,
- lecture-flat : EE R DF 21—
- tutorial-flat :ZE&HRFEIRNDF1—

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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TH-1 7RO TILTOT S LDELT

- LUTF DAY REEITTS
$ cp /work/gt00/z30118/MPI/Mat-Mat-ofp.tar.gz ./
$ tar xvf Mat-Mat-ofp.tar.gz
$ cd Mat-Mat
LT DELLNEFELT
$ cd C :CEREZEOIA
$ cd F : FortranEi&EZ{E>5 A
- LI @
$ make
$ pjsub mat-mat.bash

BT TLEL.LUTZETITS
$ cat mat-mat.bash.oXXXXXX

e IS
m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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FE-FRROY LI T OGS LOEST
(CE:E: HIF)
s T DEIGEHERNRZANILRT

N =1088

Mat-Mat time =2.812263 [sec] F7DEYZTAREOTLISD
915.926758 [MFLOPS] (T74ILR)

OK!

N =1088

Mat-Mat time = 0.584380 [sec.] A7 DixiEZ|YHT
4407.795158 [MFLOPS] export |_MPI_PIN_DOMAIN=4
OK!

N =1088

Mat-Mat time = 0.283406 [sec.] MCDRAM®#I A
0088.822288 [MFLOPS] numactl --preferred=1

m %R?E?N(ﬁ;ﬁia%%NtRzJ;. 1 : 7 d) ﬂ T\: 2 S 9 . 1 G F I—O P S 0) ll‘éi ﬁlé

I IVE OF 10
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TH-ATIED YTV T 0T S LDEST
(CERE:&F)

s LT DEIGHERNR ZNILRY]

N = 1088

Mat-Mat time = 0.585994 [sec.]

4395.654087 [MFLOPS] EZ U HERDVI)TDOFEH

OK]! source

/usr/local/bin/mpi_core_settin

N = 1088 g.sh
Mat-Mat time = 0.281680 [sec.]

9144.511376 [MFLOPS] MCDRAM® ¥
OKI numactl --preferred=1

m %ﬁ;ﬁ:ﬁ;ﬁi&%ﬁ%ﬁg:g%. 1 : 7 d) ﬂ T\: 5 9 . 1G F I—O P S 0) ll‘é
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TH-ATHRRD YT IV T AT T LDEST
(FortranE & : 5ij )

s LTOXIGHRRENRZINIELHT)

NN = 1088

Mat-Mat time[sec.] = 2.91814112663269

MFLOPS = 882.694436532947 A7 DEY Y THAIE-OTLNS

OK! S
NN = 1088 (T74ILF)

Mat-Mat time[sec.] = 0.552873134613037
MFLOPS = 4658.98372743236

OK! A7 DgEE|Y YT
NN = 1088 export |_ MPI_PIN_DOMAIN=4

Mat-Mat time[sec.] = 0.298433065414429
MFLOPS = 8631.17139489774 MCDRAM® F| A

OK! 137 DHT. numact! --preferred=1
8.6GFLOPSM 4 #E

m A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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T5-1T5IRED YT INT 0T S LDRELT
(FortranE:&: &%)

c UTDEIGHERNREZ NI

NN = 1088

Mat-Mat time[sec.] = 0.572499036788940

MFLOPS = 4499.26859605578

OK! E-VJ%ERAV)TDER

NN = 1088 source /usr/local/bin/mpi_core_setting.sh

Mat-Mat time[sec.] = 0.306138038635254

MFLOPS = 8413.93950578489

OKI MCDRAM® #| A
numact! --preferred=1

3 W= L
m$$x$|ﬁiﬁgﬁ§ty9— 1 :7@37‘?\ 84G FLOPS@"E: HE
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H27)L70455.L0DERER

-#define N 1088
D.HFEZERITLHE THHAANER
TEEY

-#define DEBUG O
DIO1ZF1 12T HE, 1TH-1THFE D ERFE
BRI TEFET,

- MyMatMatBE £ D 11 #%

- DoubleZIN X NfTHIAEBD 1T EZ R LV D
ouble®IN X NfTHICIZFDFEREMNAYUET

m B A AR S —
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FortranE 2N Y JILT7OTSLDEE

cATHNH A XEEA . NNEEDTUNE
Integer, parameter :: NN=1088

Eﬂ_O



2020/4/30

/,~En7l< (1 )

HEES MPIEHE

- MyMatMatBE 28z i 51| {E L T=ELY,

- #define N 1088
- #define DEBUG 1

ELT. T\ 7L TS,

1THIA, B, ClE., &P

= TCE

5L T, D

EE(INXN)FrELTKILVTY,

m B A AR S —
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-47“>7°)l/7°|:|’7“5A'6(i THA.BOEZ%E
EH1ELT, 1T7H-175FEDOHFERZ=E 21T
Cd)ég?—%?ﬁ\N’C%éﬁ‘nﬂ’\ FEERMRFEL T

L2

=9, TINYIITIE,

THICOH PR IZKY,

EE R MPIER

LTS,

/Aﬁ!f‘i% JFI“JO)I/_;J-
[ZEYET,, FE LTS,

5% Ty —

- DA FE A E
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dAEDE~

s LT DEIGET—ERENNT DE ETHLREETT,
A

- BEBEBIZ—UFETT, RGVET SEREHAE

- ATH-ANOMLIEDEB ERCAETEIMETEET .
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MPIE 5146 D KATIR (BAERE

-SPMD
R DAL T O 5 L (mat-mat) [,
« T RTDHPET, HhD.
- FIFFICREENS LT IRRE
MO AMIENIRE D,
S ERATEY) B AL B ETE R
- ZPEIX. BRITHILI-AEIZEFST
LN, (F2F AE! TIEELY)
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MPI 3t 511k 0D K Rij{E (FBHEER

- FPETIE. <ELTRTV S LMNEEICESH >INT
FRIsSNFET,

N
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HEES MPIEHE

MPI3lfi 51]1E D KRijiz (B AEER)

- Z£PETIL. <47

PEO

-

~

A

FCHIAME R [ HER > SNFET

PE1

.

~

A

PE2

.

~

A

PES

-

~

A

- myidZ#(E. MPI_Init)BE& (HLLIE, BT IL—F ) H
FE(INT-EZfE T, <&ZPEE

PEO

.

~

4

—_— [EENE ra’) -~
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PE2

A
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A

EDE>IZHESTLVET,
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ZPETHOEH DIERIK R

- ERIE. LT OLSICEIAERINTINT,
AR FESZIFICIRYET
" peo 1 Y ez Y pes )

o A A A A
PE2
N N N N

ﬁ?;%ﬁ%\ J/\\ A/K\>

2 I
RAPEHRER T Y —
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AEETOYUSLDTIPS

- myid, numprocs I RBEEHTY

- myid (=B DID). KLUV, numprocs(=tHDH®D
PE‘*’!iﬂ)O)?"‘yﬂlij( HEHTY . MyMatVec %K
;a%:_ld_)\mamlﬂf BIMERENLESELZLIC. SHET

- (FortranTTl&module MyCalcO®IZHYET)
-myid, numprocs DE Mz FEOILEMNHY:
j—

- MyMatMatBi 8z it 5|1k 9 H1Z1E. myid HEXU
numprocs;iz:ﬂé‘*l FALGWE, HENTERE
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ANY

- SIMD Y JL=

for (j=0; j<n; j++)
{ WI&(j,1) }

T = smmemne s

'ﬂmw%zﬁ(

TH|-RONLFEDIGE

VX LDEZF (APEDIZE)

1151A g
for (j=0; j<n/4; j++) { AFE(j,i)} FTEI %

PEO

for (j=n/4; j<(n/d)*2; j++) { RF&(j, i)}

PET

for (j=(n/4)*2; j<(n/4)*3; j++) { NE&(], i)}

PE2

NIk )Lx
for (j=(n/4)*3; j<n; j++) { RFE(j), 1)}

PES3
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N

- SIMD Y JL=
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i 5EDZE Z 75 (FT5I-~I R ILIED 5 Fortran

X LDEZF (APEDIZE)

ZPET

do j=1, n/4 E#ELT

SEOHD G
enddo

do j=n/4+1, (n/4)*2
REE(), 1)

== | enddo

do j=(n/4)*2+1, (n/4)*3
NFE(), 1)

enddo

do j=(n/4)*3+1, n NTkIbx
WNIE(j, 1)
enddo
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! ’@th)jj_%l' (C|=| =

1. EPETITHAZNXNDKES, AR ILx, yENDKES,
BERLTEWNET S,

2. BPEIX. BYEDOEEHADASTETHEIIZ. IIL—TD
FIRMEER TIEZZERET D,

20995 8AXTIE, LTFIZES,
(n A numprocs TEIYYTINSIES)

Ib = n/ numprocs;

for ( j=myid*ib; j[<(myid+1)*ib; j++) {...}
3. (2OMEFHEMNFTERITR T LE=L) JFPETEHED
T—3EALMTINZEHERLGWVEIICEET D,

FEDIL—TIE. UL TFTDESIZ%HS,
for (j=0; j<ib; j++) {...}
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i F{E D FH EF (FortranE &

1. ZPETITHIAZNXNDKZES RTM)Lx, yENDKESX,
FERLTKNET S,

2. ZBPEIX.BIHADHEHEDAHETHEIIZ.IL—TD
FIIREER TIEZZEE T 5,

20999 8ARTIE, ULTFIZHS,
(n A numprocs TEIYYTINSIES)

Ib = n/ numprocs

do j=myid*ib+1, (myid+1)*ib .... enddo
3. (2OUIUEMNTERITHRTLI-L)FPETEI®
T3 ULNMTIEHERLGWVEIIZEET 5,

LEDI=TIE, UTDEIIZLHD,
do j=1, ib .... enddo |

l.l.l
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XELDEE

cJL—TEHETO—/NNILERIZTHE HRENAHFEE A,
WHhT O—HILEED., ER( 2 GE)IZLTLIEELY,

O—AIIERHIZTHE

<

-for (i=i_start; i<i_end; i++) {
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AEDIIN
1. {751-17 518 (2) DY TN TOTS LD

-/,

AT

Ho7)W709 S5 LD

EE R (2) : BEHEE LWV E R
LA{edDE

> W N
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TH-ATHFREOY U TILTATSLDEES

S i&hR/FortranE 2R D771 LA
Mat-Mat-d-ofp.tar.gz
- 3T RV TRIT7A )Lmat-mat-d.bash D
Ta—RA%
lecture-flat A5 tutorial-flat ICZEELTH S
gsub LTL=&ly,
- lecture-flat: EE RIS DF 21—
- tutorial-flat: EFFREINDF 21—
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T 1THEQ)D YT ILTAT S LDETT
- UTDaATUREETTS
$ cp /work/gt00/z30118/MPI/Mat-Mat-d-ofp.tar.gz ./
$ tar xvf Mat-Mat-d-ofp.tar.gz
$ cd Mat-Mat-d
- UTDELELNEFEIT
$ cd C :CEEZMHEOA
$ cd F :FortranEi&8&#-HO A
- LI 8
$ make
$ pjsub mat-mat-d.bash

BTN TLES, LTEZETIT S
$ cat mat-mat-d.bash.oXXXXXX
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TH-1THIREO Y TILTOT S LDELT
(C.=. aghin)

s LT DEIGHERENRZANILHI)
Error!in (0, 2 )-th argumentin PE O
Error!in (0, 2 )-th argument in PE 61

N =2176

Mat-Mat time = 0.000896 [sec.] | \
22999044.714267 [MFLOPS] I §J 1t7b EE‘Z
L’CL\@L\O)’C
N =2176 L =
Mat-Mat time = 0.000285 [sec.] To— 75\ \—d—
72326702.959176 [MFLOPS] TIH. Chnlx
N = 2176 IELWENMETY

Mat-Mat time = 0.000237 [sec.]
86952122.772853 [MFLOPS]
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TH-THIFED YT ILTOT S LOET

(Fortran =S

s LD EIGHERNREZANILRT)
Error!in (1, 3 )-th argument in PE O 7 Al N
Error!'in (1, 3 )-th argument in PE 1033 .‘—-ﬂ§~J 1|:'7b
NN 2176 DTEEZ L/—C

Mat-Mat ime = 1.497983932495117€-003 L VELYD T
MFLOPS = 13756232.6624224 7_75\ :Il-;_:- —d—
- <9 o

NN = 2176 T9 H\.

Mat-Mat time = 1.003026962280273E-003

MFLOPS = 20544428.2904683 ZALIXIELLY

NN = 2176 BETY

Mat-Mat time = 1.110076904296875E-003
MFLOPS = 18563232.3492268
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S )L J0455L0OERR

-#deflne N 2176
cHFEERSTDHE, THTARANEETEET
. #define DEBUG 1
- TO1ZT11I2T BE. TH-1THREDBEEERMNIRILTE
E3C I
- MyMatMatB8 %k 0 1t 4k

- Double® D 1TH|A((N/NPROCS) X N1T%1]) &
B ((N X (N/NPROCS) 173) ) D1THIFEZH 120,
DoubleZ! M (N/NPROCS) x NfTHICIZ, ZDHEEAM
AYET,
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FortranE 2N Y JILT7OTSLDEE

cATHNH A XEEA . NNETZHTUNE
Integer, parameter :: NN=2176
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/,~En7l< (1 )

- MyMatMatB %% (F#xE) Z ik F{E L TIZELY,

« TINYIRFIE
#define N 2176

cLTLZEly,

T5A. B. COMEIERE (T—2780) %
FZEBEL TN,
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T51A. B. COHEABEE

- ITHIA.B. COEREIFILLTDLIITHEH-TULNET,
(f=FZLLLTFIF4PEDIGET. EEREBIXELYET,)

PE ' PE || PE PE

1 2 3

N N N/NPROCS

- 11 EEERBNBETY,
- ITHIA. B, COESIDIEMNZ. RIEER/\VI7DEIINBLETT,
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NPROCS

A

N/
NPROCS

SRASEREE T AN
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HEES MPIEHE

PE ' PE | PE PE

0 L 2 3

L

N N / NPROCS

O_NPHIIFAPEDNIEZ S
m TIH.,. EHFREIL
B BHYFET,
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HMEDFE (CEEE

- ZEHE. ZEICHEESATWET,
- £PETIZ, u'FG)J:‘)E’(/T‘JJ?ZO)EE?U EEHTLVET,

j 0 N/NPROCS-1

J

0 N-1 ] 0
0 - 0 N-1
| J atll | i J Clilli]
N/NPROCS-1 N/NPROCS-1

N-1
» HFPETITY OA—NILIZATHI-THIEEE R D
A TYIRAEEITEELTLESLY,
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(i 5E D EE (Fortran 5 8)

- ZEHIE, SERICHBIINTULET,
« EPETIE. UTFD KA TYIRDEF EEH>TULVET,
J

j 11 N/NPROCS j
1 N 1 X
1 1 \
i J ! | l -
UNPROGS N/NPROCS

. BPETTS. O— AL EITHI-THEE LR O
AU FyH RIEEITSEEL TS,
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dAEDE~

- ATHREHE T BICE, FPETREEATIIBD T —2AVEL
DT, TFBOT—RIIDVWTEENIBETT,
- EZRE UTORIICEHET OHERHYFET
» ATV
C A

N.”NPROCS
N
PEO

PE1 PE |PE PE PE

PE2 0 1 2 3

PES3

O—AIIIET —3%E-oTHOoNT-
m smAcEREry—  fT5I-1T5ITR R R
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dAEDE~

W

B DE->TWSAT—4%
OEDEBEYIZERET S
PE 'PE' PE» PE (PEOIZ%. PE3IZ1E D)
0 | 1 2 | 3 [BIRA T TNERIE]

B

PEO

=N

PE2

PE3

S~ O NET—4EETHONT:
TH-1THIRER
SRR A EIRE A 5 —
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dAEDE~

W

PEN PE PE PE
0 L 2 3

N O—HLETF—4%F->TERLNT-
1T5)-1T 5 R 4L B
ERAPEHREET Y —
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B DE->TWSAT—4%
OEDEBEYIZERET S
(PEOIZ%. PE3IZ1E D)
[BIREL ThERiE]
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qESMEDER

- BIREVIMNREZTEE T HE. EEHMPI_Send%
SIZHRITTHE. TDIGAMTUEMNEFS,
(IEFEIZIL, ALY, BihviEdhoT=Y ., 95)
- MPI_SendER T IFEHIZKY., /Ny I 7N GL7ED,

« NI TN ECETHFDO(REVI (AT D),

- LA, N\ F7REE A RN D, FKIZEITENELY,

s CNZFEET S0, ULTOEEFITD,
- PEBEEMN2TEIYUINSPE:

- MPI_Send();
« MPI_Recv();
- FNLSDPE: ENENITXIG
- MPIl_Recv();
- MPI_Send();
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Tk RIEOBIE/NI—
c LUITD2RATYIT. BIREVIMVEIEEZT S
= XTI
' 2 TCEIYYINSPEM
T—RE1ED

[ ATYIT2:
2 TCEIYYPINTZLPED
T—R3%1£5
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R RI7MPIES2—MPI_Recv (1/2)

- lerr = MPI_Recv(recvbuf, icount, idatatype, isource,
itag, icomm, istatus);

- recvbuf: RIEMEE D LIEFMMETIEET S,
- jcount: EBHE ZEMEEBOTAREZRHEFEET S,
- idatatype : E#HE ZEFHOTXDEEEET D,
- MPI_CHAR (3X=F%Y) . MPI_INT (Z##),
MPI_FLOAT (E#{#!). MPI| DOUBLE({EHEE##R)

- isource : EB#HB G ZEL-WLWAVE—UFEFETHPED
IUDEETET D,
- FEDOPEMNDRZIELI=LVEE(X. MPI_ANY_SOURCE ##8E9 %,

m R BE m%
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FHIRI7ZMPIBE2.—MPI_Recv (2/2)

- itag : BEHE, ZELEWAYE—UIZHWTWNSZT DIEFIEET S,
- FEDIATEDAyE—VFZELIZLNEEIE. MPL_ANY_TAG &

IBET S,
- icomm : BHE  PEEHZZERITLSIBFES THSAAZT25—~A
IETET S,

- BETIEIMPI_COMM_WORLD #{E T hIELL,
- istatus : MPI_Status®! (B#E DES) , ZEKRICEATHEHRHSA
8o
- BERHHAMPI_STATUS SIZEDQEHEIIINETE SN,
« RIEELI-AYE—DDFEETDSTUUM istatus[MPI_SOURCE].
25 H istatus[MP1_TAG] IZHAEh B,
- jerr(RYME) : BHE, I5—a—FH A%,
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FIE FDFE

- 3247 (itag)[Z DL\ T

- MPI_Send(), MPI_Recv() TIEN 34
N2 D#HFZEIEELTKINTT,

5 (itag) . EED

- 1=1=L. BICIE(07ZE) ZFHETET HE. EDBEIZHILT S
MO IELEY G- BENTTHONEMELNFETA.

- FFIRA L TREETIE. MPI_Send()& MPI_Recv() D%t A,

2DTTCEFT . cZHIDETIZL

T:ﬁ?b‘\s ct")ié—c-d—o

- f2EZIE —AIFENIL—T DiEiloopEL T, 5—F%

DRI RARDOMBT

iloop+NPROCSET NIL, £IL—TF
EMGLRETY,
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LI, REITHIEWADE=HDERTY,
[FIXEENFH>TLET,
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AEDET

1. BIREIIME., PE#E-1E] HE

2. ??5']30)\7_-“—’5!’5' ITERAT=8. 1T5HIB[[]IZ
B9 5/\yI74T5IB ~ ][]75\,14\%

3. 2I(TH>1=B T[] . O—AJLE1THI-1T7 5]
BETEI=O.B[|[[~xaE—39 5,

4. B—=RAIIVZITH-1THIIRZT DHE D,
A7 Oy DYEE : 70y omE myid,
JL—TEIZD J7'FEE|7"‘H'1'§'§"V3L’CL\<75\ N
B A T-00ZR IS TIEIULITFALY,
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e DE S (FIXEZ

- LD XIEa—FITHS,

B4 MPIERE

CEHR)

==y,

iIb = n/numprocs;
for (iloop=0; iloop<NPROCS; iloop++) {
A—AILZATHI-1T5IF8 C = A*B;
if (iloop != (numprocs-1) ) {
if (myid % 2==0) {
MPI1_Send(B, ib*n, MPI_DOUBLE, isendPE,
iloop, MPI_COMM_WORLD);
MPI_Recv(B_T, ib*n, MPI_DOUBLE, irecvPE,

lloop+numprocs, MPI_ COMM_WORLD, &istatus);

} else {
MPI_Recv(B_T, ib*n, MPI_DOUBLE, irecvPE,
lloop, MPI_COMM_WORLD, &istatus);
MPI1_Send(B, ib*n, MPI_DOUBLE, isendPE,
iloop+numprocs, MPI_COMM_WORLD);
}
B[I[] ~ B_T[][] Z3aE—¢5%;
}
}

> Fa P I
:? ﬁ%ii—l—ﬁmﬁx B A
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FlEDE R (1FIXE]ZE . CEEE)
- O—AIILEITH-ITHIREIEX LT D XSG —RIZH 5,

jstart=ib*( (myid+iloop)%NPROCS );
for (i=0; i<ib; 1++) {
for(J=0; |<ib; j++){
for(k=0; k<n; k++) {
}C[i][JstarHJ']+=A[i][k]*B[k][i];
}

}
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> e

AN E~ (1FIX[E]ZF, Fortran
c LLTD&S%a—FKIZ155,

= :h
(== gu]m

ib = n/numprocs
do iloop=0, NPROCS-1
O—AJL7E1751-17513% C = A*B
if (iloop .ne. (humprocs-1) ) then
if (mod(myid, 2) .eq. 0) then
call MPI_SEND(B, ib*n, MPI_REALS, isendPE, &
iloop, MPI_COMM_WORLD, ierr)
call MPI_RECV(B_T, ib*n, MPI_REALS, irecvPE, &
iloop+numprocs, MPI_COMM_WORLD, istatus, ierr)
else
call MPI_RECV(B_T, ib*n, MPI_REALS, irecvPE, &
iloop, MPI_COMM_WORLD, istatus, ierr)
call MPI_SEND(B, ib*n, MPI_REALS, isendPE, &
iloop+numprocs, MPI_COMM_WORLD, ierr)
endif
B ~ BT #1E—95%
endif
enddo
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! ’§|J1|30)|:?/|*((35F£ = ﬁ‘é‘:’ FOrtranggg

- O—AILIEITH-1THFEE. LT D LHEa—KIZHE5,

Imod = mod( (myid+iloop), NPROCS )
jstart = ib* imod
doi=1, ib
do =1, ib
do k=1, n
C(i,jstart+))=C(i,jstart+j)+ A(i,k)*B(k,])
enddo
enddo
enddo
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NTRLOMN? ELVSDOBRFRBEALSIE
- ymiki @ cc.u-tokyo.ac.jo [CA—ILLTHLANIEFIELET

- OFP® /work/gt00/z30118/MPI/ [ZREFIZELNTHEET
ETSIEORVDIEEFITIEHYFEEA

- BFEMHERRODEZEH:

$ cp /work/gt00/z30118/MPI/Mat-Mat-sol-ofp.tar.gz ./
$ tar xvf Mat-Mat-sol-ofp.tar.gz

- STE A HERR D E A

$ cp /work/gt00/z30118/MPI/Mat-Mat-d-sol-ofp.tar.gz ./
$ tar xvf Mat-Mat-d-sol-ofp.tar.gz
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s T —hDEIZFIZTH AL

- URL: :
https://forms.office.com/Pages/ResponsePage.aspx?id=T
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KEtg5UQkwyWFVVNUCc3RzIJVVE50UM5WDJOUQY3RY
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- ZOOMBEETORITIL, BEFLE-RNEDFEIHRE KEHD
c SREREDAVSAVEE ST TAUEEITENMNFT
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- 181
c <BESEIFX. 1DDAYE—VF1DDPEIZESZETHDS
- MPI_SendB#t. MPI_RecvEE# TR TEHNIED &
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- TIE
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