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- Reedbush (HPE, Intel BDW + NVIDIA P100 (Pascal))

T—3EM -2 aL—LaVRER—/\—arvEa—4
. 2016-Jun.20164E7 § ~202046 B

- RRIEECVDGPURBE S AT L

- Reedbush-U: CPU only, 420 nodes, 508 TF (2016%7A1)

- Reedbush-H: 120 nodes, 2 GPUs/node: 1.42 PF (201743 A)
- Reedbush-L: 64 nodes, 4 GPUs/node: 1.43 PF (2017410A1)

- Oakforest-PACS (OFP) (& £ 1@, Intel Xeon Phi (KNL))
- JCAHPC (K RKCCS&EKXITC)
. 25 PF, tHRE 9L (2017F11A) (B ARE241)
- Omni-Path 7—37%F+, DDN IME (Burst Buffer)
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Oakforest-PACS (OFP)

- 201612 A1 B @A

- 8,208 Intel Xeon/Phi (KNL). E—2148£25PFLOPS
¢ EEj:J_h\*%;E

- TOP 500 1241 (EP246L), HPCG 741 (ER241)
(2018%68)

- ISR FHPC E S (JCAHPC: Joint Center
for Advanced High Performance Computing)

FERFETERE

A JCAHPC
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- Intel Xeon Phi (Knights Landing)

- 1/—F1V%7 vk, 6837

- MCDRAM: A /\vr—

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

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

HotChips27
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Ho7ITJ09 5 L%
EiERR-FortranQ0hREE 771 )L :

Samples ofp.tar.gz

-tarCRB& . CEi&&Fortran90E:ED
TALORIDMELGND

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

- FEEDTF7AILDENTHDIEFT
/work/gt00/z30118/MPI (thomeTHL\DTEE)
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i 5l pkHelloo O S Lz /81 JLLES

(1/2)

D.

6.

cd AV URZEETLT LustreZ7 A IV AT LIZEET S

$ cd /work/gt00/t00SXX (T #RERIEB 7 DIDIZEZ H L)
/work/gtOO/zBOllS/I\/IPIl »H5S Samples-ofp.tar.gz Z

BADT4LOR)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

HelloT4L2ZRJ)ICAS
$ cd Hello

e IS
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i 5l pkHelloo O S Lz /81 JLLES
(2/2)

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

$ make -f Makefile pure

7. B{TI74)L(hello)MWTETL\A E7fERR
95
$ Is
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JOBRYVT YT ILDEREA (E 17 MPI)
(hello-pure.bash, C§:&. Fortran§ & 18)

) —25 )L—7

#!/bin/bash - :lecture-flat
#PIM -L rscgrp=lecture-flat
#PIM -L node=16 < FIFH/—F#1.
#PJIM --mpi proc=1088 MPIZ7 Ot RX %
#PIM -L elapse=0:01:00
#PIM -g gtoo \\ = 47 B 41 R

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

:gt00

MPI37%68*16 = 1088 7Ot X
TEAT D,
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i 5l fkHelloo 049 5 LEEITLED
(Ea7MPI)

cZDHTILDIOBRYY) TR &
hello-pure.bash

T9Y,

EADYUTILTIE, Fa—aHV
lecture-flat’|ZZE>TLVE T

-$ emacs -nw hello-pure.bash
T. “lecture-flat” — “tutorial-flat”

23N
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i 5l fHello7 AT S LZEZETLED

(Ea7MPI)

1.

2.

3.

4.

d.

Hello7#4 LA B TUTZEEITT D
$ pjsub hello-pure.bash

O)ZF.F/-\é;haT' /37 %EE n:u\_a-é

$ pjstat

ERITNERTITDHE UTDIF7AILBNEREINDS
hello-pure.bash.e XXXXXX
hello-pure.bash.oXXXXXX (XXXXXXIZEF)

LERDBELENIFAINDFREZRTHS
$ cat hello-pure.bash.oXXXXXX

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

cINYFOFTDETNRT T HEEERAT7AMILEEET
S—HAT7AILD, DaTEBABFEDTALIMIIZERESNE
9,

EEHNTFAILIZIZDITEITHOZER N EETS—
HAOT7MILIZIEZDITETHOIS—AvE—UNHAOSh
*9,

3T B .0XXXXX - BEH AT7AIL
3T eXXXXX - BEITS—HNI7MIL
(XXXXX [FLa 7R ABIZR RTINS ITDT3TID)
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if: Fll ke HelloT' 04 5 L MERBA (CEEE

D705 LIX,. EPETEEINS

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

int  myid, numprocs;
int ierr, rc;

rc = MPI_Finalize();

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

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

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

MPID ) EH1E
|
“// B5 DIDESZERE

- ZPETEIXELS

#EiS
- ZPETIEIXRLC
MPIDT (EEIRIETIE

exit(0); \
}

1088. £ L<[%16)
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i 51| kikHello~>

75 LDERBA (FortranE £&

program main

D705 LIX,. 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 ”
EAROTOEVHER

integer :: myid, numprocs MPID ¥ EA1E
integer :: ierr Q ﬁj\®|D§%§HY?=Ef
/ BPETIEIZRLS
, myid, ierr)
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call MPI_FINALIZE(ierr) ’EHQ?EF
. ZPETEIXRL
t
ef\c?lgrogram main \ MPID#&T GCEERIE T
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= % !f‘i% O)E%: Y aB

- HANLITETELLAEEIZ[ETHOMSAL...

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

1088&FK RSN NIFOK!

2. myidhVERFELTLSEMNEI D, [E5ELICHIEINESDT
NMLIELY

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

Myid: 0 MSEEEY . Myid: 1087 TR (X kL
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KEFEREFZROHLEITDRITH
(RT9T937 Fx—r37)
- HBIATRY) Tk gol.sh MD&IZ. go2.sh Z#&x(F1=L»
- 512, go2.shD (2., go3.shZx(T1=L . EWLNSZEAH S
LU bE  ATYT 3T (FRIEF—037)E0VS,
- Oakforest-PACSIZHEITHRTYTa7DERITA
1. $pjsub --step gol.sh
[INFO] PJM 0000 pjsub Job 800967 0 submitted.
2. EFREDIITEFB00967TZRATHEE.ULTOANETS
$pjsub --step --sparam jid=800967 go2.sh
[INFO] PJM 0000 pjsub Job 800967 1 submitted
3. LAT Rk
$pjsub --step --sparam jid=800967 go3.sh
[INFO] PJM 0000 pjsub Job 800967 2 submitted
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ZEE (EES)

TR/ 78a455320459 AF 283y
—\[I7 =2 = S o = =
- B FE E.
. HRKHMRE . ISBN978-4-13-062453-4.
X550 H :20134F38128 . #F-A5 200H f)R—avid

FRF#F

ANAVDvEEFNS
- [REZD 4] E‘ié’é?i"ﬁ’;‘i?;%%ﬁ:%ﬁ?
EEE Tﬁ* nﬂ exksim smsmesmcon At

: CEEE FortranQ0EEEDH T IL7OT S LHHRE
cFETILT)XLIX, ITHMYKT{ERER
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BRE(EST) 0000

- T3R5 5325 A ry 9000

YL TNTAT S LTH50penMPEOpenACC] (fRiE) 7RV 53 J AFT
¢ J-'II_*H %ﬁé % ﬁ;ﬂaﬁ STl 0y

- HAHMRES . ISBN-10: 4130624563,
ISBN-13: 978-4130624565. F55H : 2015458 25H

- [REDHFHE]

- CEEE. Fortran90S iE CHEin

« CEEE. FortranQ0EEZENEHD YT TOT S LNAFAGE (A HrO—
FHZ=C)

- KEEDAHABZETH/N—

- Windows PC;E®& A RE(CygwinFI| ), A/\O2 THEE A HE,

. Wﬁi*ﬂfﬁ&o MOTHEHNTAOTSIVTEESARITD
AFE

I mevepmsmey o o [
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%%% AN %&
#H 3
r;(/\j/%ﬂ]%) TOBAHLORFORAET
ZOEBEMN SR OEEET s
. E—F—tEEs R 2. Ko &

- HAHPRZE . ISBN-10: 4130634550,
ISBN-13: 978-4130634557.
5t H 2015428208 . 176 B
- [REDFHE]
c ANNAVDEEERETI . L TZ
ahYegEESRLET., | e
o Z/NAV(FT[IT{EZ HH
s ZNAVIFE AR A T, BEERGTETEHDOH
c RFTHET. SEDRBEETKEE., GE
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BiREFE ERETEAKR B (GER) £ EHAER BEXKEHT
Bt (EBE) F, UAEE @FXER 2L (%) &, AEKEFE
# B i B4ERT E.

- 0%t RITERAB:2010/04/30, #| T A5, R—I#:.2728H.
ISBN:978-4-339-02589-7, 5E{ffi:3,990M <2I:171<3 8009 + F5:5%)
KZIKiODfF#ﬁJz]

- Fortran5 & CH&:R

« BUETIILO) X LT, #i75E TrE 25 BA

- REBZDORNRBRIZIMA T, BEEMRBOEL. BRITHIRELEE. FFT,
V—bh G E FELGHEFET7ILI) X LEH/N—
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(JCAHPC: Fi ;B K- EK)

T2K Tokvo Oakforest-PACS
S | 25PFLOPS, 919.3TB Extreme Computing

Oakleaf-FX: Fujitsu PRIMEHPC

FX10, SPARC64 IXfx

1.13 PFLOPS, 150 TB
I I I

BDEC System
S0+ PFLOPS (?)

Oakbridge-FX Oakbridge-II
Intel/AMD/P9/ARM CPU only
136.2 TFLOPS, 18.4 TB e

| |
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2(?7‘-(13 4) R T LER A

- Reedbush (HPE, Intel BDW + NVIDIA P100 (Pascal))

T—ARBHT - 2 aL—L a3V A —/N\—arvEa—4
- 2016-Jun.20164E7 8 ~2020%6 A

- RRXIEEEHWDOGPURBE L X T L

- Reedbush-U: CPU only, 420 nodes, 508 TF (201647 8)

- Reedbush-H: 120 nodes, 2 GPUs/node: 1.42 PF (20174%3AH)
- Reedbush-L: 64 nodes, 4 GPUs/node: 1.43 PF (20174 10A8)

- Oakforest-PACS (OFP) (& £ 1@, Intel Xeon Phi (KNL))
- JCAHPC (K RKCCS&EKXITC)
- 25 PF, tH 551241 (201846 A) (A A 24i1)
- Omni-Path 7—37%F+, DDN IME (Burst Buffer)
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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
20174 11H1H

A BRE SR B n
IE=CE AR

A BRIE IR IR
IE=E AR

A BRE SR B in
IEZVE RiBAIE

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 —
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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 X 4)
E—2EgE 509 1,417 1,433
(TFLOPS) (145 + 1,272) (76.8 + 1,358)
B EIJVAWIN = 64.5 191.2 194.2
(TB/sec) ' (18.4+172.8) (9.83+184.3)
12 FA AR 2016.07 2017.03 2017.10
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Oakforest-PACS (OFP)

- 201612 A1 B Z @6 A

- 8,208 Intel Xeon/Phi (KNL), E—2 14 #E25PFLOPS
- BELTEIEE

- TOP 500 1243 )
(2018%68)

- Bt FEHPC EMB SR (JCAHPC: Joint Center

for Advanced High Performance Computing)
R KREETERIFEE

o H—
- iﬁk—%’l‘%i&%ﬂétj@—/ JCAHPC

* RRERRKFHF YU NRORAKRFIRRER 2 —NIC, w02
ERRINELESTEHTAR—/A—aVE1— 4R T LEERBL, 2kl
DRIIES ST EEBEZREEEET 5O DM

- http://jcahpc.|p |
sk s
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Oakforest-PACSD ¥ (1/2)

EHH/—R
- 1/—k 6837, 3TFLOPS x 8,208

/—K = 25 PFLOPS

- *E1)J(MCDRAM (&%, 16GB) +
DDR4 ({&3E, 96GB))

- /—FRER&IE

« ILINAEH 3NV RIEEED
Fat-TreeryhT—%

- ERERAKOT T r—a tteE
IR, 237 &EH

 Intel Omni-Path Architecture
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Oakforest-PACS D1x#:

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

JOtyY

AE) E/\UKRIE
K/ RiE

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 7. 1.4 GHz

16 GB, MCDRAM, x5 490 GB/sec

06 GB, DDR4-2400, E—% 115.2
GB/sec

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

Lustre 26PB

c T7AINFTHY VAT LA
(DDN IME) :
1TB/secx B A HERN4EHE, I7AFrvia
$91PB VAT L
- STERIZ-EvI T8 -#

WEEIZLER
BT

- Green 500 CHtH5H64iL

(2016.11)

- Linpack: 2.72 MW
- 4,986 MFLOPS/W (OFP)
830 MFLOPS/W (IR)

- 7714)LI/O T
- WA TFAILY AT L SRT L
=

RAAPIEREBR T Y —

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

HEES MPIEHE

[T

5774
WO RT L

B I7A
JLEy
AV ART
Is

(] AT Iﬁ%
AL

Type
%/\?éq.ﬂ
Product

- OYAWIN 1

Type

Lustre File System

26.2 PB

DataDirect Networks SFA14KE
500 GB/sec

Burst Buffer, Infinite Memory Engine
(by DDN)

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

1,560 GB/sec

4.2MW (mEIZE2 L)

102
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Oakforest-PACS §t& /—K

- Intel Xeon Phi (Knights Landing)

KVICDRAﬂ MCDRﬂ
TN

- 1/—F1Y4 vk

- MCDRAM: A /\yr—
D=/ \VFIEAE16GB
+ DDR4AFE!)

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

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

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

EELS MPIER

wr-r-mZZ2>»I0 & OO w

P I J’
//’/ \MCDRAM

N

MCDRAM

HotChips27
KNLRSA k&Y

2 x16 X4
1x4 DMI twcnaAM tVICDRAM

36 Tiles
connected by
2D Mesh
Interconnect

wrmzZz2>»I0 &~ X OO w

1 o
MCDRAM MCDRAM
Package

—
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Oakforest-PACS: Intel Omni-Path Architecture [Z J:é )
1% \4 a1\ RigFat-treeid S

XN
N
XN

= = = L i
;‘j ' g 5 g g g 5 768 port Director
E §§- E g' Switch
5 e N = (Source by Intel)
2 2
Uplink: 24
48 port Edge Switc
== == = 3628
Downlink: 24 AE/—F
1. . 24a] [25]) - 72 V71258

ARMEIDMNBEMTILINA I3V NV RIEZ#HE
« VATLERFEABICEEVLSIEREEZER
« ZEVER D379 AHE/—FEYETOERENSLY

RAAPIEREBR T Y —

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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51t TOP500 List (June, 2018) R

1

T

0

2

Site

Summit, 2018, USA
DOE/SC/Oak Ridge National Laboratory

Sunway TaihuLight, 2016, China
National Supercomputing Center in Wuxi

Sieera, 2018, USA
DOE/NNSA/LLNL

Tianhe-2A, 2018, China

National Super Computer Center in
Guangzhou

ABCI (Al Bridging Cloud Infrastructure),

2018, Japan
National Institute of Advanced Industrial

Science and Technology (AIST)

Piz Daint, 2017, Switzerland

Swiss National Supercomputing Centre
(CSCs)

Titan, 2012, USA

DOE/SC/Oak Ridge National Laboratory

Sequoia, 2011, USA
DOE/NNSA/LLNL

Trinity, 2017, USA
DOE/NNSA/LANL/SNL

Cori, 2016, Japan
DOE/SC/LBNL/NERSC

Oakforest-PACS, 2016, Japan

Joint Center for Advanced High Performance

Computing

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

<& - MPIELFEE

Computer/Year Vendor

IBM Power System AC922, IBM POWER9 22C
3.07GHz, NVIDIA Volta G100, Dual-rail Mellanox
EDR Infiniband

Sunway MPP, Sunway SW26010 260C 1.45GHz,
Sunway

IBM Power System S922LC, IBM POWER9 22C
3.1GHz, NVIDIA Volta GV100, Dual-rail Mellanox
EDR Infiniband

TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C
2.2GHz, TH Express-2, Matrix-2000

PRIMERGY CX2550 M4, Xeon Gold 6148 20C
2.4GHz, NVIDIA Tesla V100 SXM2, Infiniband EDR

Cray XC50, Xeon E5-2690v3 12C 2.6GHz, Aries
interconnect , NVIDIA Tesla P100

Cray XK7, Opteron 6274 16C 2.200GHz, Cray
Gemini interconnect, NVIDIA K20x

BlueGene/Q, Power BQC 16C 1.60 GHz, Custom

Cray XC40, Intel Xeon Phi 7250 68C 1.4GHz, Aries
interconnect

Cray XC40, Intel Xeon Phi 7250 68C 1.4GHz, Aries
interconnect

PRIMERGY CX1640 M1, Intel Xeon Phi 7250 68C
1.4GHz, Intel Omni-Path

kW

Cores

2,282,544
10,649,600
1,572,480

4,981,760

391,680

361,760

560,640
1,572,864

979,968

622,336

556,104

max

(TFLOPS)

122,300
(= 122.3 PF)

93,015
71,610

61,445

19,880

19,590

17,590
17,173

14,137

14,016

13,556

http://www.top500.org/

187,659

125,436

119,194

100,679

32,577

25,326

27,113

20,133

43,903

27,881

24,913

nax. Performance of Linpack (TFLOPS)
oeak- P€aK Performance (TFLOPS),
Power:

Power
(kW)

8,806

15,371

18,482

1,649

2,272

8,209
7,890

3,844

3,939

2,719
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HPCG Ranking (June, 2018)

HPL Rmax TOP500 HPCG

Computer Cores (Pflop/s)  Rank  (Pflopls) caK
1 Summit 2392,000 122300 1 2926  1.5%
2 Sierra 835,584 71.610 3 1.796 1.5%
3 K computer 705,024 10510 16 0.603  5.3%
4 Trinity 979,072 14137 9 0546  1.8%
5 Piz Daint 361,760 19590 6 0.486  1.9%
Sunway 0
5 10,649,600 93.015 2 0481  0.4%
7 Oakforest-PACS 557,056 13555 12 0385  1.5%
8  Cori 632,400 13.832 10 0355  1.3%
9  Tera-1000-2 522,240 11.965 14 0334  1.4%
10 Sequoia 1,572,864 17.173 8 0330  1.6%

http://www.hpcg-benchmark.org/
RAAFBEWREBRTC /Y —

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

HPL
Site Computer CPU Rmax POWer | el opsiw
(MW)
(Pflop/s)

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

Corporation SATURNV ngO%Hz, 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
4
.Center in Wuxi  TaihuLight 260C 1.45GHz, Sunway 93.01 L 15.37 6.051
SFB/TR55 at PRIMERGY CX1640 M1, Intel Xeon
S 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- 1355 6 2.719 4.986
PACS Path
DOE/SC/Argonne Cray XC40, Intel Xeon Phi 7230 64C
7
.National Lab. I 1.3GHz, Aries interconnect by e L0y FHIEE
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
EAC_CMS_, Kyoto Camphor 2 Cray XC40, Intel Xeon Phi 7250 68C e - e
University 1.4GHz, Aries interconnect
Jefferson Natl. N KOI Cluster,_Intel Xeon Phi 7230
.Accel. Facility =l ] 64C 1.3GHz, Intel Omni-Path YAy S IRt EHEE

RREAREREE T Y— http://www.top500.0rg/

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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http://www.top500.org/

Green 500 Ranking (June, 2018)

TOP 500 HPL Rmax | Power
System Cores GFLOPS/W
.- (Pflop/s) (MW) -

. Shoubu system B, Japan 794,400 : 18.404
419  Suiren2, Japan 762,624 798. 47 16.835
385  Sakura, Japan 794,400 825. 50 16.657
227 DGX SaturnV Volta, USA 22,440 1,070. 97 15.113
1 Summit, USA 2,282,544  122,300. 8,806 13.889
n 19 TSUBAMES.O, Japan 135,828 8,125. 792 13.704
287  AIST Al Cloud, Japan 23,400 961. 76 12.681
n 5 ABCI, Japan 391,680 19,880. 1,649 12.054
n 255  MareNostrum P9 CTE, Spain 19,440 1,018. 86 11.865
171 RAIDEN GPU, Japan 35,360 1,213. 107 11.363
411 Reedbush-L, U.Tokyo, Japan 16,640 806. 79 10.167
414  Reedbush-H, U.Tokyo, Japan 17,760 802. 94 8.575

RRKPEHRERT Y —

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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|O 500 Ranking (June, 2018)

A

£ MPIE R

Site Computer File system [Client nodes| 10500 Score
(G B/s) (kIOP/s)

JCAHPC, Japan

KAUST, Saudi

KAUST, Saudi

JSC, Germany

DKRZ, Germany

IBM, USA

Fraunhofer,
Germany

DKRZ, Germany

Joint Institute for

Russia

[N
o

PNNL, USA

Nuclear Research,

Oakforest-PACS

Shaheen?2

Shaheen?2

JURON

Mistral

Sonasad

Seislab

Mistral

Govorun

EMSL Cascade

RRKPEHRERT Y —

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO

DDN IME

Cray DataWarp

Lustre

BeeGFS

Lustre2

Spectrum Scale

BeeGFS

Lustrel

Lustre

Lustre

2048

1024

1000

100

10

24

100

24

126

137.78

77.37

41.00

35.77

32.15

24.24

16.96

15.47

12.08

11.12

560.10

496.81

54.17

14.24

22.77

4.57

5.13

12.68

3.34

4.88

33.89

12.05

31.03

89.81

45.39

128.61

56.14

18.88

43.65

25.33

http://www.i0500.org/
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B KEERE AR A—0Oakforest-PACSRA—/\—a
— 1 —ARV AT LDFEFR(2018F4H1H )

A/ \—)F)La—X

- 100,000 : 1A8/—R(E#)30F T, T A2048/—KFET
h—#4>:2/—K x 24858 x 360B % (10)

- JII—T3a—X
- 400,000 (&% 480,000M) : 10 8/—K (F#) 5= K2048/—F %
T

f—2>:8/—Fk x 24858 x 360H % (10)
UL T %I TEER
- BHE/—FHETIE. MOV HEBRENL.0
c RE/ —FREBALHE. BATE=2IE BERED2.0(245
« REZNDI1—YIIReedbushEDIEER—IF1T7H AT HE

m RN T
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B KR E R A—Reedbush X —/\—3a
E1—3 AT LDOFER(2018F4A1H )

\—° La—X

- 150,000 : RB-U:4/—F (E#) HAK128/—F&ET \
RB-H: 1/—F (B ZHITUD2.56) B 32/—F&FET
RB-L: 1/—F(E#E FRHITUDIME) &K 16/—FFET

- JI—Ta—R

- 300,000M: RB-U 10 4/—F (& #) & XK128/—F%T.
RB-H: 1/—K( %E 1=’f‘~’£5u¢u0)2 5fE) Bk 32/—KRET
RB-L: 1/—K(E# ZHITUDAE) . BK 16/—FKET

- ¥ RB-UMDH 360,000 : 10 4/—F(HE#) & K128/—F%T
- % RB-HOH 216,000 : 10 1/—F(F#) HK32/—F%ET
- % RB-LOA 360,000 : 10 1/—F(HE#¥) JmK16/—KZET
« LIEIF. Th— OJ%IJJ’CLE.
- HLIAA/—F# x 3608 x 24D —52 1N 5EZz 505

- HE/—FETIE. MOV HEREHL0 (HIZZD2.5F, LIZ4E)

- HE/)—F#BRLHE BAE=DIE, BHERBIISIZ 21“( A

- KEZND1—HIF0akforest-PACSENIE R M— 3 ITH I HE

- /—FEIZEL®HY (Reedbush-U, L)

m RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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cSATILA—RE|EIZDLNT
- il Lt 2—DReedbush-U/H/L, Oakforest-PACSY 2T L
MEZLHIBELSATILAI—RIBICTHESAT7ILI—X 4]
ENHYET,
- THT3IvOFA
« IN—YF)LOA—X(1~347A) (RB-U: xK16/—F, RB-H: & X4/—F . RB-L:
=X4/—FK.OFP: #K16/—F)
« JI—Ta—X(1~95A) (RB-U: &% X128/—F, RB-H: &% K32/—F . RB-L:
=K16/—K. OFP: & X2048/—K)
- £ FIA
« IN—YFILO—X(1~3458) (RB-U: xK16/—F, RB-H: & X4/—F . RB-L:
ExX4/—F, OFP: &x K16/—F)
AEEESDZENNE, EEE
. FIIL—Ta—X
« BENATILA—R:(15A~358) M (RB-U: &&K128/—F, RB-H:
mAR32/—FK. OFP: &X2048/—K)
. g;ﬁra«rwu—x: (17A~mKBEIYR). BEGIEERIIEELR

¢ A—N\—AVE1— S REREBTEZESDEENVE (F2EIE )
» MADIA—ARELIC, HHLEFRAMESEDIRENDE

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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°13J~_F0)’\°—w :%ﬂ@(fféb\
- ¥ FHE 5

P 517153?

-HEARR

-FAHDF5]
HENZEIZENET,

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

m ANl &t/?—
INFORMATION TECHNOLOGY

=S


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

2018/10/18 HEES MPIEHE

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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WHTAT 539 ElF A2
- BRETOITOTSL(EITHREIT )&, pEDETEHE([FE-
T.T/plZF5BZE,
e T
G-

° %A%i?'igﬁﬂo
- E[RIX, TELIMNEOINT, IRNEBORARE
(FILON)RXL)T KEC HLIAED
« ZILdYX Lk, #ExF (M B TELWOERHS DIFTE
c BIED=ODA—IN\NVEDIFETE
- BIEILH LAY B
T — A ERK

m RENPIEREE L5 —
INFORMATION TECHNCLO
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A HIETFEED 7
- Michael J. Flynn?}fﬂx(xé'l/?d' FR)D5734E (196
6)

9 A 9 —® s
-H—ai R -E—T—35R

(SISD Smgle Instructlon Single Data Stream)

EHHGE - BE—T—3R

(MISD, Multiple Instruction Single Data Stream)

-BHE T ERT 20

(MIMD, Multiple Instruction Multiple Data Stream)

m ANl &t/?—
INFORMATION TECHNOLOGY Cl
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I 5115t S0 AT B |= k553 58

A) AEYTFRLREZHBLTWS: BLNDAEYNTUERAAHE

(1. HBFAEYH
(SMP:
Symmetric Multiprocessor,

\¢
C SEREFAE)E
(DSM:
Distributed Shared Memory)

HE-JExFRAE)E
(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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i 5T ER#ED A B KD 0EE

B) AEUFRLRIZII: ELODAEY LT HERFRE

3. SEAEYE
(Ayt—789049)

o

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

1. WILFALYE
- Pthreads, ...

2. T—RiF
- OpenMP
- (FxiLM)Fortran

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

3. AR5
- Cilk (Cilk plus), Thread Building Block (TBB), Stackdhreadls,
MassiveThreads, .
4. Ayb—TEE S N —RISE A B ISR S
- MPI A€ ZHEBLTLDILE
(B AE) HVRIE

m R BE m%
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WH7TasS3 9 DETIL
-EEDAFHTOT S LDEEIIMIMD

TFILOANXLEZZEZDEZIZ<SIMDAER>
CEMEEETARICIZEELCH#

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

£70tyY L TERENITS
c MPI(/N\—2321) DETIL
JaotyHo0 __7’121 *Iz_'_‘)*ﬂ-z JOotvH3

TAJ5 L

TaT 5L JA55.L

F—43

T—52

T—%0

2. Master / Worker (Master / Slave)

- 1 DM 70Ot X (Master) ', E## DT O+ X (Worker) %
EBHE (K. JBEE)T 5,

By Do~ )
m RRKPEHRERT Y
INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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{4 BT A

i HEDRE

RAAPIEREBR T Y —
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MEReEHiiHE1R — 2 BB R

c BHEHE Sp =T /T (OSSp)
. -
o T EROEFER. T, PATOETERY
- PEEWVT S, =P méx EAEML (deal) AR L
- PEAWVT S, >P oEE 2—/1ZF7 - RE—FKT T
- FRERG, BIEIZEY, F—4T7 I RRBBAFEEN T,
FrulabwhEAR LT EIEIEDERIL

. A FE Fh
.%: E,=5,/Px100 (0<E,) [%]
. BRI AE PO

- EERLDOER
. Saturation. &5 5 |

m R BE &t/?—
INFORMATION TECHNCLOG
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Weak Scaling&Strong Scaling

i HLIBIZHEWNTO AT LRIEEZKRECTDHE

- Weak Scaling: ZNZENDBEH A X EEZATHHIEZHITS
> EARDOMBIEY A XH (MFEIZLHILT) KELESD
FPBEDA—/IN\ANYRIEHFYEDL LGN, PREMT S

- Strong Scaling: £ADMBIEH A XEZEA T ICHINEEZHITS

>EEYAANEERICREHLT/NELEGS

PIBIEDA —/IN\NYRITHEFRIZKELLED

Weak Scaling Strong ScalingtEE
FNETRIF M 1= FICEIRERIR T, 52 e
RIEDERELNEEITS IRz H (KYZELLY)

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

T LA —I)LDEE

- BRETHRREZ K £9 5,
ZDH6., WIMEANTEDEIEZ a &£T 5,

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

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

- FEEDKMn., FzEAS

(P—e) BRHRIL,

(7 LA —I)LD:EA])

B KD#HDTOyvHEFE-TE

=R 1/(1—a) THS,

- 2RD0%M ML TE-LELTEH, BMEROBDTOEYHEDHh-
TH. 1/(1-0.9) =10 & LA !
—>EEREEEMT H1=BICIE, DLTLAIERIRZ LTS
RHEEFFTEHENETLEETHDS

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

i F{E TEGWLERD (1T AyY) HFlETELRRS (8T AYY)

@ X RZELT —=88.8%\ il 5|1t vl BE

@i 5|17 (4 51])

@i 51|3217 (81 51])

0/2=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][] + AfiI[-1] + Afi][+1] + Ali-1]0] + Ali+1]01);
- AEYT7 O+t X :8byte * 5[EI(OA—F + 8byte * 1[EIM A7 = 48byte
- JEHE NE4E], £FH1E =5FLOP B/F=9.6

2. AEVARTLNT—HEEREAT7ICHIGT L8N s TE-EE

- BEIX0.1LUT., KLTH0.5KH
* BIF=05MDVATALATEDEEEZTHE, AN DEENTESECA%, SELME)
ML => E—SD5%LAVEZ 20
™) BFEDFRBEF vyl alck>THS
« ROMLEE: (BIAIIZIEB/IF = 1< LMo T=, 51X 0.5&Hh

EB 5 VTEAMTHELTLELIZER !

m Al Eﬂ%
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MPI1®D 451K

e Ayt—U NIV U T EDTATZ)RIED1D
c A=Y DETILTHD
s AVINATDIRE FEDV IR IITOTAT )BT HD TIHAGL !
- PEAEVEMFIFTER T A ZEITICEL
 KEEE A
- 178y HIZETBAERIS A X0T7AIL YA XD FNFI%$THE Al e
- 7Oty E#HD SIS X T L (Massively Parallel Processing (MPP)
AT L) ZRAWSETICEK
- 170y E TR ALGETHEOMNEZ. EFETUETEE
- BHENE S
- API(Application Programming Interface) MiZ# 1k
s Rlr—ZE )T« EREEMNEL
BEMEEL—PHRRRTEILISEBTILTYR LQRBELA T
- TATIIVTHHLWNBELAFLY)

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



2018/10/18 HEES MPIEHE

MPID#E#& (CMNFET)

. MP174+—3 L (http://Aww.mpi-forum.org/) HE k5
- 1994458 1.0k% (MPI-1)
- 199546 A 1.1k
- 19974 7R 1.2k, LU 2.0h (MPI-2)
- 200845H 1.3k, 20084 6AR 2.1hkr

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

- MPI-2 Tl&, LT Z5# 1k -
- 3 511/0O
- C++, Fortran 90fHA > 2—Jx1—X
- BT O RERGER
- FIZ, MHERNELZE D RE

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



2018/10/18 HEES MPIEHE

MPID#E#E MPI-3.1

- MPI1-3.0 201249 H

- MPI-3.1 201546 A

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

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

-/ JOyFx T SRR ERERE
(MPI_IALLREDUCE. 15mE)

= RS B A FLELE (RMA. Remote Memory
Access)

. Fortran2008 %tits. 75 &



http://mpi-forum.org/docs/docs.html
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MPID#E#& MPI-4.03 %

s LTTOR—U TRE - FF 2 AV ML
- http://meetings.mpi-
forum.org/MPI_4.0 _main_page.php
- FRETSN TULV\DHEHE
s INAT)YRT AT I AD R
: M‘II'D)ITjU r—iar DOimtEE T (Fault Tolerance,

K ODDT AT T ERE

- Active Messages (Avt—T@{ENDT7ARIIL)
- HEEEEOF— ST
. BIERO AL FFEE
RN I by
o NYIFIUTIELT AVESTRNURSTEK

- Stream Messaging
AT FAIL AR —TT—R
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MPIQ) ZE 4
e MPICH (T L. EwF)

F7ILd2X

x

HEES MPIEHE

LSRR NG

- MVAPICH (T LI 7EYF)
« KEIFNAAMILKZETHFE. MPICHERA—X
- InfiniBandm] [T DENT-FE
- OpenMPI
e F—TU—2R
- RS MPI
- KiE, EDENHHIR—X([ZH-TINVS

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

ERERIAHMBEBEHGRN TSN TSI EN DD
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MPIZ&5E{E

- BMEYIDERLEIZEIC
- X2 BB
B DFRT. EYEDERT
FIZASTWWSEDIIEZIZH LD
FIZADTWSED D7 5E
FIZADTWNSEDD=
(T ZEEHEIRFISEDHEED) BEAE(2D)
PITIZ:
B DREID, KU, EYEDERHID
T—AEMEDTREL R
_/)-(FIJ

Sﬂ.b.w!v!éi.m.h.ww&
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MPIBS 24

- VAT LEAEK
« MPLInit; MPI Comm_rank; MPI Comm_size; MPI Finalize;
- 131 EIERE
- JayFUoH
« MPI.Send; MPI Recv;
ARk
« MPLIsend; MPIlIrecv;
- IXTERIEREE
- MPI Bcast
- ERBERER
- MPI_ Reduce; MPI Allreduce; MPI Barrier;
- Bl &I BH &k

- MPI Wtime

m B A AR S —
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- MPI_COMM_WORLDIZ, 332 =4 —4,KIEN BB &5 R
7Y LY
s A= —ARF BEEITORNEROT Oy EE
EDHD
- FEAREETIX. OF ~numprocs —1FBFETOTOEYHH, 1
DOIAZ2=H—RIZENYEHTLND
- COAHIH., “MPI_COMM_WORLD”
- Oty Y EHEHEILI-LMES . MPL_Comm_split Bi%k
=3 A
« Ayt—T%F —EDT Oty HEEIC
METHEEIZFIA
- “RILFF+ANTHIA

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

=h
%/EHE'F;MQFJZI DRIEETVET. JOERIE(EAIX)IT
Otyd | (HELLE, A7) 12— —TEY Y TOENET,
- S IMPI7OEX [EELDIETRLND T, CZTIEXPE
(Processer ElementsDig) EE2=% 9,
- EELABELTIPENIRREEHFYEHDNTULEE A,

MY

(Rank)

- ZIMPIZAER IDIEBRTES 10D &,

- BEMPITIE, MPI_Comm_rankBI# CERE SN S LR (T
L7049 LTlEmyid) 2, O~2PEH—1 DHEIEHIAS

. HOE

W DEMPITAEREEHSIZIE. MPI_Comm_sizeBi %K

={FE5,
(27 NTFTa5 S5 LTIE. numprocs 2. COEIENAD)

$+ |t r|
INFORMATION TECHNCLO!

étJQ—
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HE S MPILEE

EARKZZMPIEE L

EE.ZFEDREODAET—R
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HEES MPIEHE

EBAA—TI—RE
FortranA > 32— x—XMELN
-ChilE. Z#ZHierr KARYI{E

lerr = MPI1_Xxxx(....);

- FortranhR (&, Sx& (B E Hierrh 528
call MP1_XXXX(...., ierr)

- AT LB DIERDILT

=:4
= ST =

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

m B A AR S —
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BB A3—T1—RE
Fortran/ >3 —Jx—AM:ELN
- MPIZEITH. T—3ERDIEE

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

* FortranS &

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

# A, MPI_REAL (3#Z!). MPI_REALS
(=MPI_DOUBLE_PRECISION)({S#5E =% %) .

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

m B A AR S —
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HrI7EMPIE§ #—MPI_Recv (1/2)

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

- recvbuf : ZIEFEEBDLEHFMMEIEET S,
- jcount: EBHE ZEMEEBOTAREZRHEFEET S,
- idatatype : EHE  ZEEBOT—IDEEEET .

- MPI_CHAR (X&) . MPI_INT (%),
MP|_FLOAT ((E%{#!). MPI| DOUBLE({EHEE##R)

- isource : EB#HB G ZEL-WAVE—UFFETHPED
SUDFRTET D,
« FEDPENSZIELI-LNEEIL . MPI_ANY SOURCE #$8%E9 %,

m R BE m%



2018/10/18 HEES MPIEHE

HrI7EMPIE§#1—MPI_Recv (2/2)

- itag : BHE, ZELEWOWAYE—2ITHLTLNDET DEFIETE.
c FEDZTEDAvE—IFZIELIZLNEEIE MPIL_ANY_TAG %187,
- icomm : BHA PEEHZRBITHAESTHHAIZI2 =y —4
HEE.
- BETIEIMPI_COMM_WORLD ##EEJ Lk,
- istatus : MPI_StatusZ! (B#E DBE2S) , ZEIRRICET S
(EHRMPAD, MELTERADEEEXLI-EIEHEGRT DL,
- BERH#HAMPI_STATUS SIZEDQEHEIIINAEE SN,

« RIELI=AYE—UDFEIET DT VA istatus[MPI_SOURCE].
25 H istatus[MP1_TAG] IZRAENh B,

- CE&&: MPI_Status istatus;
- Fortran®&&: integer istatus(MPI_STATUS_SIZE)

- jerr(RYUE) : B#HE, T5——FhHAD,

m R BE m%
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EIEI7EMPIEE2—MPI Send

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

- sendbuf: EX{EMHEEDFLEEFMZTIETE

- icount . B EEREOTIERHEIETE

- idatatype : B, EEEHDT —IDEZFIETE

- idest: B EELIULPEDICOMMATDIVIEIETE
-itag 1 BHE, ZELEOWAYE—UIZFIToNT=2T DIEZEEE

. icomm : ’!iﬁlﬁl_‘omil‘lzﬁ)“ SHZEHITLBEETHD
A2 =45 —3%1ETE

- jerr (RYE) : BHE, T5—a—FHAD,

m R BE &t/?—
INFORMATION TECHNCLOG
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Send—RecvD#E=: (1%F1:81E)
PEO PE1 PE2 PE3

MPI_Send

Iyt—

SETETI/AY
S LT ! MPI_Recv

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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ZIERTEMPIEE2—MPI_Bcast

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

- sendbuf: FEEBLVZEREEDEBEFRMZIETET 5,

- icount : EBHB EEEBOTHERUEIETIT S,

- idatatype : E#HE  EXEFHOT XDEEEET D

- iroot: EBHE FEELELAVE—UHABHIEPENBSE
IEET 5. EPETRILEZIEET A ELHD,

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

- jerr (RY1E) : B#HE, T5—a—FHAD,



2018/10/18 EELS MPIER

MPI_BcastD#i = (EHE{E)

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

BICESIZRIENAEIE S = &l

ryt—o

N
=

m VAN i ki $E(E’§§t Y —
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JZ o a2 88

<BES[CEHTLRIT> TR
(')'3" D23V SHEHUIE

-5 NIEEHE
NIV (NRITTER) — RABT(ARITZERM)

')’5! 3V iEREIT. BELTREFTVLELT S

£ B {E3EE (collective communication
operatlon)

EIE[ENS
/ﬂﬁ"f‘*%d)ﬁéﬁd)a_b\f 252D
AR ITT—ADNEFEET S

m B A AR S —
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JZ o a2 88

EERBRICTN T HSFBEPENE
- MPI_ReduceE %
- )E O AVEREDRERE. HEH5—DDPEICFIESES

@%—'@

- MPI_Allreduce 8%k
- YFDLAVERDWERE. ETOPEICEIAESES

o o

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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ZIERTEMPIBE#—MPI_Reduce

- lerr = MPI_Reduce(sendbuf, recvbuf, icount,
idatatype, iop, iroot, icomm);
- sendbuf : EEFEBDLEEFMMZTIEET D,
- recvbuf : Z{EMEBDFEEEBMZTIETET 5. iroot TIHELZPEDHA T
EZTRAHDEEIND,
EEBEEEZEREIE. A—CTHoTILSAL,
Jahb, BEGAHEHNZHERLECTII GG,
- icount : BB EEEEOT IERBETIETT D,
- idatatype : B#HE  EEBEHOTXDOEEREET D,
« (Fortran) <g\/N T KEEME S ZIRTEEZIEET D
124 1%, MPI_2INTEGER(Z#%!). MPI_2REAL
(BEF5EZRY), MPI_2REALS
(=MPI_2DOUBLE_PRECISION) ({Z$5E8Y) .
ZHEET D,

m RENPIEREE L5 —
INFORMATION TECHNCLO
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EIFIEMPIE 2i—MPI_Reduce

ciop: BB, EEOREBEZIETIT S5

- MPI_SUM (#%0). MPI_PROD (&). MPI_MAX (& X).
MPI_MIN (/). MPI_MAXLOC (TR REFDLELE).
MPI_MINLOC (Fw/NZDHE) 7L,

-iroot: EHI LREZ(TERASPEDicomm ANT
DI IEIETET D, ETHicomm FDPETRIL
EZIETEITOIVLENDHD,

cicomm : BHE PEEMZRBITLSBFESTHS
OS2 =45 —3%ETEI 5.

cjerr : BHFRH, I5——KHAAD,

m B A AR S —
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MP| ReduceDi#f= (5[ &E1E)

PEO PE1 PE2 PES3
MPI_Reduce() MPI1_Reduce() MPI1_Reduce() MPI_Reduce()

T—52

opJEESNF-HE)

BEHH
F—5

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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2018/10/18 EES MPIERE
MPI_ReducelZ&42!) R FLIE ]
(MPI_2DOUBLE_PRECISION & MPI. MAXLOC)

PEO PE1 PE2 PES3
MPI_Reduce() MPI1_Reduce() MPI1_Reduce() MPI_Reduce()

4.1
5.0

MPl MAXLOC

LU 7> % 0D FiX B2 R AL I

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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I A7MPIEE#—MPI_Allreduce

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

- sendbuf: EEEBOEEEFRZIETEI 2.
. recvbuf : Z{EEEDEBEHBMFTIEET S,
A EEE S Z{EMEEIE., F—THoTIFELLELY,
FREHE, BRHEINEHERLGESTIIGLELY,
- jcount : BHH EEEBOTIERYEIEET S,
- idatatype : B#HE  EEBEHOTXDOEEREET S,
- RIMEVPRKELMNEZ R EEZIEET SmE L. MPI_2INT (B # %),
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#HB PEERZRHMITHESTHSD
O =45 —AR3%ETET S,

cjerr : BHFRE, I5——KHAAS,

m B A AR S —
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MPI AllreduceD#t = (EEE(E)

PEO PE1 PE2 PES3
MPI1_Allreduce() MPI_Allreduce() MPI1_Allreduce() MPI1_Allreduce()

7—50 F—51 F—52 7—43

ip (& Eét,,ﬁ)
I I
/“ /ﬁgf _\_/5‘0)1]-&%

=AlE ~
RRKPEHRERT Y —
INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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JZ 9 RE

o

TEBEIZDLNT
)F U EE,

o/o

-MP
LY

N

1T,

HEES MPIEHE

1%t 1 BEITEENELY
1 RETHL !
_Allreduce (& MPI_Reduce [ZEE~E

-MPI Allreduce (&, BUELIEN A S,
7155~ MPI Reduce Z{#5,

e FTN
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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1T DERE

- 1751 A B (Block, * ) nERSN TS ET B,

. 75IA 0EEEFS A EESBIZIE. MPITIE
RO 23EY O R LY
RD2@Y DOE#ZERALS i 2 Ayt

- MPI Gatherf8%x </
- B4 ZHEPET

% : : ad D C BRIl
—l
C EHEHAINEPET

- MP|_Scatter%g —ThHNEEL:

a!E!c

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

MPI_GatherVEG%
MPI_ScatterVES#K
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ZEEERIEMPIEE2—MPI_Gather

- lerr = MPI1_Gather (sendbuf, isendcount, isendtype,
recvbuf, irecvcount, irecvtype, iroot, icomm);

- sendbuf: FEMBEDEEREMTIEET S,
- isendcount: EB#HH EEEBOTHERYUEIETIT S,
- isendtype :  EBHE, EZEEHOTAOREFIEET D
- recvbuf: ZEEEDLEEFMZIEET S, iroot THEEL-PEDH
TEZAHDLEEINS,
- THFEBIELT, EFEFEBEZIEEEIL. A—ThHhoTELLLEWL, ThHbhb,
B LHEHZERLESTII ALY,
- irecveount: EBHE A ZEEBOT—IERBEIEET S,
c COERYII APEHYDRERET IHEIEETHI L,
- MPI_Gather B#{ CIEIRPETELR LMD TR IWMET S LI
TEHLDT, BILEZIEET L,

m B A AR S —
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ZEEERIEMPIEE2—MPI_Gather

-irecvtype : BB ZEWEOTHBEEETE
EEOR

-iroot: BB IINET—IEFITESPED
icomm ANTHDSVIZIETET Do

- £ TOicomm NADPETRILIEZIEET S
HhENH B,
cicomm : EBHE PEEMZRHBITLSIESTHDS
a2 =45 —3%ETET S,
cierr ;. BYRE, I5—a—FHAD,

m B A AR S —
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MPI GatherD#f = (EHE(E)

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

Feds

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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EEERIEMPIES21—MPI_Scatter

- lerr = MPI1_Scatter ( sendbuf, isendcount, isendtype,

recvbuf, irecvcount, irecvtype, iroot, icomm);
- sendbuf: EEBEEODLEFMZIEET S,
- isendcount: EHB  EEEBOT IERBETIEET D,
- COEFRMIAPEHVISELNDEET —IHEFIEETHI L,
- MPI_Scatter B TIEIZPETELSIHMD T35 NET 5 &IETEHL
DT.FALEZEET &L,
- isendtype :  EBHE, ZEEEBOT HDOREIEET S,
iroot CIEEL-PEQHEMELD,
- recvbuf: ZEEEOLEEFMZIEET S,
- HHRAELT, FEFEBEZEFEEIL. E—THoTIILLLEL, THHE,
B 505 R LGSTIEG L,
- irecveount: EBHB A ZFHEMEEBOTIERYEIETET S,

m B A AR S —
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EEERIEMPIES21—MPI_Scatter

-irecvtype : E#HE Z{SHE

ERAR

-iroot: EBHE A INET—2EZ(THAPED
icomm RN THDIUIFETET D,
- £ TWicomm NDPETRILEZIEET HANE

AN
-icomm : ZE#MAE PEEHA

351:/7'_9;&:]:513?76 o

I

=Ry

T RABSTHD

cierr ;. BHE  I5—a—KHAS,
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MPI Scatter®#i:= (EFE(E)

PEO PE1 PE2 PE3
MPI_Scatter() MPI_Scatter() MPI_Scatter() MPI_Scatter()

Iroot

T—53A
T—%5B
| F—5cC
| ¥—5D |

7 BEC L3R

I F—4B III F—4C I

RRARIEHREBE Y —
m Pan EREET /Y
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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MPI Scatterd)i‘ = (EHBE1{E)
PEO PE2 PES3

MPI_Scatter() MP I_Scatter() MPI_Scatter() MPI_Scatter()

Iroot

T—53A
T—%5B
| F—5cC
| ¥—5D |

7 BEC L3R

I F—4B III F—4C I

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

1. JOovyxysg

. EEZEMD/ NI FREEIC %ufz—~‘)7b“$§%ﬂ<.|é
n.ZEEEQAD/\YIFEENABRIZTIEX:
LEXFTEBHET. FUHLARLALY

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

2. /JrJavxLy
RIS RERID NNV I TR DT —AEREETIC
ISRV HLARS
c NYIFHEE EOT—2O—EHEREET
 —BHEORIEF1I—FOEE

m RENPIEREE L5 —
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JayF T BIETHEROEL

- TOCRONMELET—FEH>TLDIES
&9 Hsend T, NEDEBVNZEFLRHEN S FK

7O+ X0 HE

ROIRETHORLBES
|

[: RDORETORBFSL

JOtX1

JAatX2

RDRETD
EH#FES

O+ X3

XD
RETDH
A =

m RAAPIEREBR T Y —
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/7Ry g B{ERE

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

- sendbuf : F{EEE D KEFFIETET S

-icount : BB EEEBOTIERHETIETIT D
- datatype : BHE , KEEBOT—IOEETIEET D
-idest : BHA EXEL=LPEDicomm HTHDSUI%

HET S
itag ;. BEE, ZELEWAYE—ITftIFONT4Y
DEZIETET S

m ANl m%tjﬁ—
INFORMATION TECHNOLOGY
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/7Ry g B{ERE

-icomm : Z#HE PERHZRBIT OB S
THAHAAZI =T —3ZIETET D,
- JBE TIEMPI COMM WORLD %387

ER(EEIAN

-irequest : MPI_Request®! (Z#E DEZF),
EEZTEKRLI-AvE—UIZDlFoNT=
A FHNERD,

cierr : BHE  IT5—a—FHAAD,

m B A AR S —
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R AT S B RN

-lerr = MPI_Wait(irequest, istatus);

- irequest : MPI_RequestZ! (BHRES),
EFETEKRLI=AvE—UIZDIFo =R+,
-istatus : MPI Status®! (E#EEFI)
ZIEWRRIZAET BIEHRAA D,
- ERHMHAMPI_STATUS SIZEDQEHEIEZEELT
EET Do
c ZELEAYE—CDEETDIUIN
istatus[MPI_SOURCE] . 2% hlistatus[MPI_TAG] IZ

KAZINS,
%:1_7 E"E*E?éﬁﬁ-%1%-?—9%5%&&#%!:(@2\
I]' /b\;

m A %iﬁ%ﬁﬁﬂ/?—
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Oy BEICKANE

s TAERONMELGET 3 >TLDI5E

E#d BsendIZHTAZEFLERME
J-JRyx 2 EETHIRE

AR

send | send | send

A+ X0

ZIEFHE. MPI_WaitT
HEDORICITOXIIZERE

JAa+X1

RORETOEHFSE

At X2

7O+ X3

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

\ RORETORLES

XD
RETDH
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AT D EDNITHEEFRL TLI=S0
-MPI SendBi%k
-BEE P IZMPI_ WaitB M A>TULVS;
-MPI IsendRd%%

-BEE P IZMPI WaitBE#hAS A > TULVE
L)

MDD ICICA—FTATSLERED;
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S 3K

1. MPIItSIT AT SIVY  P/AFIOE / EF R
2. WMWHTATIIUITRDEMPIRR. FILES &,
HIEPMRmMERERE LS

( http://accc.riken.jp/HPC/training/text.html )

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

4. MPI-JA—=Y TRk
( http://phase.hpcc.jp/phase/mpi-j/ml/ )
5. WHIAVEL1—FTF EHERE.BRE(1996)
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2018/10/18

EXER
%RLETHT# FEEINE
- AEFLIEBIZEWNTIE [T— ’%3\ A EINEER
12755 !

1. BPEDNEEAGRIZHFIZTS
. A—F-N\SLVT: HFNEOEREKRIEED—D

2. BPEDIFBAAERYE | ZHEHEIZTS

3. JEREICHEIBERREZEMETS

4. EPEDIF—H-7HHEANZ—2 1ZEEEAKIZTS
(=BRNIEBIZHTH5T—2EEERL)

1T§|JT—’510) A
SRIELALDS : 1RTHES . 2RTHEA
SHEILALD> . TOvIREIHR. S5 vs (FBE) HEIH =
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qSMEDZE AT

TR

(1 2 3

4 5 6

7 8 9,
® i 51k

/9 23 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/
£CPUTHE

m B A AR S —
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—3%&nETHETHHIET S,
—AD#E(=ER) FR—L45,
- TR HDFI 175 —1THIFE

HEES MPIEHE

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

W HNIZE R AT — R (FEGLHMN

&

7=

BIXE—
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HEES MPIEHE

ZT DD M HEFiE

« RAY

15|

’5‘5(7(/37)’&"*']3'6:&115'”!:‘6'6
T—EDRE(=EE) FEGLINELLNEGLY,

97(715']0)15“ A —%E5
- =1 BHRZEUD

- TE2:/EYS

- EE3 KTHESED

- R4 HER-WEANTRRAT

- EE5:AL— T AND

@5t @ -

7 = CD = D
S g A BRE R | i

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

(4TAHME) TavinEAK
*(Block, *) #EIA

c(1TAMR) YA40)vonEIARK
*(Cyclic, *) 28 AR

(FTAMT AV S A7)y HEIRK
*(Cyclic(2), *) &A=

ZOFDI2]:; <TAYIIE>ELA
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D — H
2RIT7TH
N/2 ol1lof1]o|1]0 |1
N/2 ) ) e 213 [2[3[2[3]2]3
IBYY-I0vIREAN o1 (o [1o]1]0]1
*(Block, Block)% &8 A = T332
N/2 of1]of1|0|1]0]1
213(2]3]2(3]|2]3
ol1lof1]o|1]0|1
olof1|1|o]o |11 2]3]2]3]2]3]2]3
ol i o o 12 HAD)V DB A1)y o5 EIAK
*(Cyclic, Cyclic) 8 A =
212(3[3]2]2]3]3
212(3[3]2]2]3]3
olof1]1]o]o|1]1
olof1|1(o|0|1]|1|-ZRmTITAVI-HAD)vIREIAK
2123 [3]2]|2]3]3]|*(Cyclic(2), Cyclic(2))m &t A=
2|2 |3|3|2]|2|3]3

RRKPEHRERT Y —
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RNOMLESLDEE

- LITOEE
Z=aX+y
c CCTC alFRAT .z . x vy [ERTRIL

EDEOLGET—RNEA R THIAL S| L E

- f-fL. AH5 a [(TEPETHRET 5,

« RIRILIZO(N)D AT FEIE A
WMELZDOITRL, AATIE
O(1)DAEFEETKRI XK,
—ANTAE!) nEEk (SR A 8.

- 5TEE:O(N/P)
- HEYEABLLN
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ﬁﬁut&‘/J NLDFE

<ITAA>SEIINAX>AH D
c KT—ERHARX > E<AHAXS>HEOAEDLELHY, PLEAL

Q9 D) OIN)

D@ D -> L Jl©
2@ @ > ® 2
.‘ > | N4 W vy 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++) {
} y[i] +=alil[jI*x[j]; } yLi] += a(l, j))*x[j];
J }
<17AX>: BARLGEE <HIAHAHKX>: FortranSiEm=

CE:zE
m REAERER T 5‘ "”m%
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THERTRILDIE
<STHHDHE>

<TAHESEAX> TAXICRTHAR

A3ORY8)LE MPI_AllgatherfE%t &PERTY ﬁllﬂbhlbﬁﬁ’éﬁ:)
#FIEAL. EPETHAT S

<HARBEEX>S ATMLODEZRTATHIELLESIZEL

ZPERNTITH-ROKMILIE MP ReduceF'asEly&’C"f SF0ZEKR DD
m% ";g (KBHBDTPEICAIMLT RTHEFD)
= —_.—'—I Eﬂﬁ.ﬁt/’;—
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THNERTRILDIE

<HNAHXDEZE>
<AAAREAR> EEAZEDHAAEL

HFi1DRJE)LE MPI_AllgatherBE £k %‘-‘%’&MPI Reducef#-&kY
#FIFALT. £PETHAET S RMZERDD

<HNARZTERTH> ﬁlji‘til IR I I I

ZPERNTITH-RIUKILFE  MPI ReduceFaEI;&f BFNEKRD D
%172 (XHBIPEIZRIFILTRTHEE D)

SRR 7(—?— |%$|§ ét/?—
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MPIZOSSLEE I CBEE)

RRAZEREB LI B =K 3T
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INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



2018/10/18 HEES MPIEHE

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



2018/10/18 HEES MPIEHE

S )L J0455L0OERR

- Hello/
- A F|kRHelloZ 045 L
- hello-pure.bash, hello-hy??.bash : 23T RYYT+T7AIL
- Cpi/
- ARERMHETOT S L
- cpi-pure.bash a7 RH9YTrIT7AIL
- Wal/
- BREGEFRICKHBIER
- wal-pure.bash 3T RIUTRT7AIL
- Wa2/
« ZHRRBEARICLIBINEER
- wa2-pure.bash 3T RIUTRT7AIL
- Cpi_m/
- ARAEFHETOY S LICEKEEHAIL—FoZEMLIZ30
- cpi_m-pure.bash L3TRIYTRIT7ALIL
RRAREHRER Y —

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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HEES MPIEHE

INAT)yRhRHello7 845 5
1. NAT)yFEMPIFE® Makefile_hy68 Z{#->T

make 95,

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

2. BfTI74 ) (hello omp) M TETLV\AZ LETER

9B,
$Is

4. JOBRH)TeE

A (hello-hy68.bash) ND¥1—L%

£HET B, “lecture-flat” — “tutorial-flat”"([CEE

Do

$ 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.

HelloZA4IILF R TUTEETT S
$ pjsub hello-hy68.bash

BODEASINT-D3aT7%HRET 5

$ pjstat

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

LEBEHRNID7AINDHFEERTHSD
$ cat hello-hy68.bash.oXXXXXX

“Hello parallel world!” A%,
170tX*16/—F*68ALvk=1088 &R TSNTLY
f= R,

e IS
m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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JOBRZ)TrY T )LDERER (OpenMP+MPLI N\ T1) i)
(hello-hy68.bash, C§&&. FortranS:&+:8)

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

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

#PIM -L elapse=0:01:00
4PIM g oton \\ = 17 15 ] | BR

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

AN :gto0
MPI37%1*16 = 16 7AEATE

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




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

) MPI7a+2

O ALYk

Eﬁfwwww(m)

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

MCDRAM: 490GB/#
Lt (2

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

> MPI &R

- 1/—F1V% vk, 6807

ﬁwCDRAﬂ MCDRAM
o

EDC

2 x16
1x4

X4
DMI' " mcpram

MCDRAM

N1

w

3CT(C o
CONERCI Y
—Le= L
I..~e_. ;O..ﬂtgt‘_

& 0 O 0O

wWrmz2Z2>»ITO0

RAAPIEREBR T Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

MCDRAM

HotChiESZZ MCDRAM  MCDRAM
KNLRZ Ak
&Y o

\MCDRAM
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%:L.\*D/ él—j D7\7A (L’kﬁ 77__t)

- FTOEAMFAETHT—2%. £7O0XATMEL.
HHTOTLR1 DI ERFFAETIEEEZEZ D,

- RINEFE(ERREEEAR)
1. (OB TLHHND EBOTOLLRANST—34FET 5
2. EMOTOEANLT—EAMNETLV =S
1. ET5;
2. <HERADT—A>E<BET—S>EMET 2.
3, %023%’(&(1%@)EB&‘*EODW:I—EZ(:<20)7]D%2LT:%§%’E>5£1§3'
) MEEETSS
- EXTFDIFE

EBEYEX, (myid-1) DIDEELED2T7AEXR

AEY &L, (myid+1) DIDEEHEDTOEXR
myid=0D7AtX &, EBEYIEHZLD T, ZELLL
myid=p-1D 7Ot &, AHEYIZELD T, EEFELEL

m R BE m%
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BREGEAR X NI L—A)
IZ&kBHME

AT —% AT —% AT —%

3 +E) =6

RIEHER

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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15 1845 F R4

(BEREEFH.CE5E
void main(int argc, char* argv[]) { 212 H /ZTA@E@J DR
MPI_Status istatus; € Q 5 EY— B

“(.al.s.endbuf = myid; IDE= (myid-1) H 5,
drecvbuf = 0.0; double®!5F—4212%
if (myid 1= 0) { Z{ELdrecvbufZ £/

ilerr = MP1_Recv(&drecvbuf, 1, MPI_DOUBLE, myid-1, 0, {{ A
MPI_COMM_WORLD, &istatus);
} * &k l—> \
dsendbuf = dsendbuf + drecvbuf; B &) =22
. o IDE= (myid+1) 12,
if (myid !'= nprocs-1) { L
ierr = MPI_Send(&dsendbuf, 1, MPI_DOUBLE, myid+1, 0, | 4S€ndbu 5;'” = A2
MPI_COMM_WORLD): TLybdouble® 7—%4

} - - 12%%1E
if (myid == nprocs-1) printf ("Total = %4.2If ¥n", dsendbuf);

R AFHRIREmLEZ

INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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1341 @1EF]
(R RERIEA . Fortran.%.%%

program main

SIERV AT LB D]
integer :: istatus(MP1_STATUS_SIZE) / X1 Fﬁ/ 7 g E1%

BHoa&Y—2470

dsendbuf = myid / IDZEE (myid-1) Hh.

drecvbuf = 0.0 double®! F—%41->%

if (myid .ne. 0) then Jouble=="r

call MPI_RECV(drecvbuf, 1, MP|_REALS, & Z{E LdrecvbufZ£11Z
myid-1, 0, MPI_COMM_WORLD, istatus, ierr) KA

endif

dsendbuf = dsendbuf + drecvbuf
if (myid .ne. numprocs-1) then

call MPI_SEND(dsendbuf, 1, MPI_REALS, & H9EY—2%0N
myid+1, 0, MPI_COMM_WORLD, ierr) €
endif —~— IDE&Z2 (mqu,+1> 2.
if (myid .eq. numprocs-1) then dsendbufZ #4112
print *, "Total =", dsendbuf A-TLyAdouble®!
endif T B1D%EEE
stop

end program main
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WIEE OIS L (2 K]

- o REEFEAN
1. k=1;

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

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

k=k*2;

4, else
(myid + \ETOERIZ, T—2%E%ET 5,
WEBZFRTIH;

m B A AR S —
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HBIEE TRV S L (CHREEAR)

36 H =log2 (8) B E ©

2B E @) >@) ©O-

@

@

we OO0 -0 0-0 0-0
D ¢

S & o

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

cEh JORRBBSD2EMKREEDERETFIFTS
FIRICBWT,. ZIETH570RDEHIE. LTTEITS:
myid & k A'k &—E
- 22T k=27(-1)
« DFY, TOCRABED2ERRIEETEMNSIFEBDEYEMNILHTILNVS
TJRERM, EETHIEIZTS
s T . EETXTOTORES(E LTTEITS:
myid + Kk
DFEY (BENKITEHIITOELRESDOREEIL27(-1)—ZHKREDT
- EETAOERIZDOWNTIX, LEEOFEARKYIID,

m R BE &t/?—
INFORMATION TECHNCLOG
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wiEEOYSL(ZaRBEEAR)

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

- ZHaRBEEFEAKXDEERK
- RIEELYDRIE

- FEETITONSEER. TE2ICHFITITHNS
CRIEDERIFELELELY)

- BB OSDEERZZEGDS
2FY. IogZ(nprocs) [a]
ﬁ%‘ﬂ) o] £ D LL 8%

- 70+t Jﬂfﬁ‘éﬂh\iﬁ?& BIEE D E (=F1THRE) A
ETHLREED

- 102470 A¥EKTIL, 1023[E xt 10[F !

. I’ngh AFLE D ARBIESARXNENEIZESEL CRIEFZEAZ KT ZHRE

m R BE &t/?—
INFORMATION TECHNCLOG
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H#Fﬁﬁ_-l-/ﬂlljj_lf (C = |:||:|

double tO, t1,t2,t w; -

’ MPI_Barrier(MPI_COMM_WORLD); € /i')?ﬂﬁﬂfﬁ

lerr = _Barrier . . : 314

{1 = MP| Wtime): Rz E FLRT

LZZITHIELE-WITRTSLEELSD

t2 = MPI_Wtime();

0= t2-tl; K70t yH—T t0ODME(

ierr = MP1_Reduce(&t0, &t_w, 1, _ BA,
MPI_DOUBLE,MPI_MAX, 0, — B A = 4
MP'_COMM_WORLD), / hd)ia_g H 'j:s HE:EJJEE:E"G)G)

EZ7 0ty H0BENZITERS

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) € ATAR

ca _ _ _ , lerr 34

t1 = MPL_WTIME() Frfal e B R LIRTF

<ZZIZHIELE-WIasg S LEES>

t2 = MPI_WTIME()

t0= t2-tl &£70twyHY—T. t0D{E
call MPI_REDUCE(tO, t w, 1, MP|_REALS, (X275,
MPI_MAX, 0, MPI_COMM_WORLD, ierr) NCOEAIE. BHENE
— - 2N
DDEETAtvH0FH
MZITHS

m R BE m%
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MPIETFRFDI)F AL IR ZDLVT

. Oakforest-PACSRA—/\—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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MR OI74S5
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MHEETOD7(45

- Oakforest-PACS
- Intel VTune Amplifier
- PAPI (Performance API)
- Oakforest-PACS PAS AT 3!)

- WebR—Z LIS FXaAVMEE ] o
Oakforest-PACS AT LR AFI|E
7.1. INDA—R AP HY—IL
=7-1%

Oakforest-PACS PASATSURIBAAF
S HBL TS,

m B A AR S —
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/R B AR

1. BREGEARDODTOTSLEEST
Wal O7a4g 5L

2. ZHRBEARNDTATSLEET

- Wa2m7ayv sl

3. BEEHAT OIS LEEST

- CpimdDTOdS L

4. TAVRABZLEILSET. Yo 7I/ILT7A9 S LEEST
HelloZOJSL%,. LTOXIIZHE

MPI_SendZRAL\T, 7OtEX0MNSChar®l D7 —4
“Hello World!!"% . ZQ D7 OEXIZEET S

ZDMOTOEATIE, MPI_RecvCZ{ELTERTT S

m B A AR S —
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MPID RSS2 FEE T
EE )

RRAZEREB LI B =K 3T

m SRR T 5 —
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AEDIIN
1751-1751&(%(30%)

TH-1T5IRD Y TILT
YUTNTAT S LDERA
EEARE() FHETLD

> W Do

m B A AR S —
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175 - 1THREDEE DR

EE Rd (1)
B ELH0 (307 TE T FIE)
BIEBHAS—YIFE

B E s (1)
B EoEHELL (1B E T FE)
A VBEREHSBE

GEEGRE (I AR O TLE=AIE,
POTHTLIZELY,

—_— [EENE ra’) -~
RAAPIEREBR T Y —
INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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17H-17HR L&

REICKYMRER LN RADLIEKRER

m RAAPIEREBR T Y —
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1THIDIE
-{75|¥& C=A"-B [Z. ://\47’<°;+;%i1‘%%0)
ROFI—I(fFHndeNE
CIHAT EEARDENTHES IK%&%#‘C%
CEHHR2 . FTALMBETHS(TOTTLLELY)
-EHAI HERMNFAEOFENAIKH TS
1. EBICRVW<EHRTIELA>NHS
2. XYy allEYYILLEWLWKRELGZT—2>
12X HEHETHS
3. ;E)E')/i“/F‘fllE’Eﬁ'BiE%i(%%'J-«r T
HALIETHS

RIS %EE%‘EJEJQ—
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HEES MPIEHE

1THIFE3—BI(CSEE
o 1— K45l

for (1I=0; I<n;

I++)

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

C[I][I] +=

A[I][k] *B[k][J]

|

- |

m A Iiiﬁz%mtJQ—

s
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?i-ﬁljd)*ﬁ n
. 7517 Za.kbk, (,1=12,...n)

=ik, «5(0) BYDENION TS

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

TH-1T

SlaZzRTEITH3EIL—TD @JIE%’&&?@'&T%

2. 7Oy (RA) )%

Xy allHhbdT—2BFHITSEHT.

BBEEEST-1THIDEDT—5%

TIORATHSHIZEETS

ERY
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5”0)*; (C = |:||:|

» L—TRHE
THFEDIA—RE, LTDEIEIEIL—TI25S
for(i=0; i<n; 1++) {
for(j=0; j<n; j++) {
for(k=0; k<n; k++) {
clilly]=cli]ly]1+alt][k]*blKI[]];

}
}
}
- ENEOEEIL. SMUDIIIL—TERH#LTEH.
HEEENAE LAY

— 6 BYDEHDAENHS

m B A AR S —
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175|D%E (FortranE &

- JL—TJ X HE

cATHIFEDI—FIE, LTDLH%4S
do k=1, n
doj=1, n
doi=1, n
c(i, J)=c(i, )+a(i,k)*b(k, J)
enddo
enddo
enddo

limli

5 )L—T(25 5

- ExNERDEE(L. SMADIIIL—TZEHLTE.
HEEENZTHSAL
—> 6BYDEHDHEND S

m B A AR S —
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1TAI D&

ATHT—EADTIRRINF—=2hb,

LUTD3FEICHETES

1. RIERZ (inner-product form)
RRIL—T DT VRRINGF—2H
<ANIRILDORAE> LRIF

2. 9Maf I (outer-product form)

BRNIL—T DT IR INF—2H

<’\7|~)l/0)5’1~$ﬁ>&|7%

3. fEFER X (middle-product form)
NI LS ED B fE

m B A AR S —
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5”0)*& (C = |:||:|

- RFERZ K (inner-product form)

- ijk, jikIL—TIZkBHER

&~

- 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

XL, BN DI —ThoDEHDIEE TEE X
S, AL EEEDa—RIZikIL—T >,

m R BE m%

OITAREFNARDTIERHY
—ITAR-FIARIEMEED
MATCHEEETER
R IRE -
A BEELMN—AZEELTHL




2018/10/18 HEES MPIEHE

175|D%E (FortranE &

- RFERZ K (inner-product form)
< ijk, jikIL—T Ik BEH

AR

- 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

XL, BN DI —ThoDEHDIEE TEE X
S, AL EEEDa—RIZikIL—T >,

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

OITAREFNARDTIERHY
—ITAR-FIARIEMEED
MATHEETER
R IRE -
A BEELMN—AZEELTHL
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gljd)*,ﬁ (C = |:||:|

- 54572 K (outer-product form)
« kij, Kji/L—T 2 & 5ED
- 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++){

dbo=B[K][]];

for (i=0; i<n; i++) { Okji/L—T Tl

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

J LB A A E EAE
} (FortranE &)
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175|D%E (FortranE &

- 5} ¥&#2 R (outer-product form)
- kij, kji)L—T 2 & BHEH
- doi=1, n A 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(1,k)*db FIARTIRRANALY
enddo S BIA NS ERE

(FortranE:i&

AR
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gljd)iﬁ (C = |:||:|

- FfE#ER X (middle-product form)
. ikj, jKi)L—T 2 & BER
- 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=Clilly]+AL][ k] *db;

®jki/L—7 Tl
ETHARTIER
— A RIBHNEFEIC
=EMEUTLNS

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

- FfE#ER X (middle-product form)
.+ ikj, KiL—F 2L BER

HEES MPIEHE

- 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

®jki/L—T Tl&
ETHARTIER
— A RIBHNEFEIC
=EMEUTLNS

(FortranS:&
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1TAI D&

IMTHIC EDEFEICH T T(EINEZRAEL) E =
(Tayoie. B340 T AVINASAGE n/\'p

-ujm?r%iﬁ o n/\/B
Cij :kZ;AikBkj N
]
_ By
c. — | AL A.n,-‘ i
‘B
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1THID*E

B INTHNEX YYD AT FEBRH A XIZT S,
1. JOYJBEAMTERTEENTAS
2. WMHIF7ILT ')ZA@"‘E#\*%E’C%%

- MHTHIFRTILVIVALIE, T ’5‘ BIEDH
REMVS, L,LTovzﬁl—/\iE‘I
1. 2V RAMN)YIARK

1T5IA. BO/MTIID—E % T —2F 5
(Cannon®D 7 LT X L)

2. 7)L VAN AR

1THIA. BOINMTHID T R TET—2F8E
(Fox0)7)b:| )X L)

m B A AR S —
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(1751-175138)
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TH-4THFEDOH U TIILTAYSLDEE S

Saah/FortranS i8R D E B I 71 IV 4
Mat-Mat-ofp.tar.gz
-9 APV TR T7A JLmat-mat.bash @D
Ta1—RA%
lecture-flat AVi5 tutorial-flat [CZEELTH S
pjsub LTLIEELY,
- lecture-flat : EEFRFESNDF 21—
- tutorial-flat :EEHFFREIND F 21—

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



HEES MPIEHE

TSN YL TN TOY S LOET

- LUTDITURERITT S
$ cp /work/gt00/z30118/MPI/Mat-Mat-ofp.tar.gz ./
$ tar xvf Mat-Mat-ofp.tar.gz
$ cd Mat-Mat
cUUITDEELMNERELT
$ cd C :CEREZEIA
$ cd F : FortranSi&3&{EH5 A
- LI Hq&

$ make
$ pjsub mat-mat.bash

BTN TLIEG LUTZETT S
$ cat mat-mat.bash.oXXXXXX

e IS
m B A AR S —
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FE-FRROY LI T OS5 LOEST
(CEEE: CIE )
s LT DRIGEHERNRZNILHT)

N =1088

Mat-Mat time =2.812263 [sec] F7DENYZTAREOTLISD
915.926758 [MFLOPS] (TI#4ILE)

OK!

N =1088

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

N =1088

Mat-Mat time = 0.283406 [sec.] MCDRAM®D #I A
9088.822288 [MFLOPS] export I_MPI_HBW_POLICY

oKl ‘ =hbw_bind
m%&.ﬁﬁﬁﬁ%ﬁﬁﬁ ; 1 :70)&'{5\ 9.1G FLOPSd)'l‘éEﬁE

I IVE OF 10
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RRARIEREBE Y —
m Pan EREET
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

TH-ATIED YTV T OIS LDEST
(CERE:&F)

s LT DX OGHERMN R Z LR

N = 1088

Mat-Mat time = 0.585994 [sec.]

4395.654087 [MFLOPS] EZ 0B ERD) TR FEHE
OKI source

' fusr/local/bin/mpi_core_settin
N = 1088 g.sh
Mat-Mat time = 0.281680 [sec.]

9144.511376 [MFLOPS] MCDRAM® F| B
OK! export |_MPI_HBW_ POLICY
=hbw_bind

1aA7DHT.9.1GFLOPSOD 4 &E
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TH-ATHRRD YT ILT AT T LDEST
(FortranE &8 : RIF)

s LTOXIGHRENRZINIELHT)

NN = 1088

Mat-Mat time[sec.] = 2.91814112663269

ngFKL'ops: 882.694436532947 5 ) AE STV

NN = 1088 (T24ILE)

Mat-Mat time[sec.] = 0.552873134613037

MFLOPS = 4658.98372743236 vt 1 1 ot

OKI a7 DEEEIYET

NN = 1088 export | MPI_PIN_DOMAIN=4

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

o0 137 MDHT export |_MPI_HBW_POLICY
8.6GFLOPSO 4§E =hbw_bind

m A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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TH-1THRED Y TILTOT S LDEST
(FortranE&&: &2 +)

s LT DR OTGHERNRZNILRD)

NN = 1088

Mat-Mat time[sec.] = 0.572499036788940

MFLOPS = 4499.26859605578

OK! E-20BERIUTDOER

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

Mat-Mat time[sec.] = 0.306138038635254

MFLOPS = 8413.93950578489

OK! MCDRAM® F| F8
export | MPI_HBW POLICY=hbw_ bind

< W= L
m$$x$|ﬁiﬁgﬁ§ty9— 1 :7@37‘?\ 84G FLOPS@"E: HE
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Y7705 5 LNDERER

- #define N 1088
D.HNFEZERITLHE THHAANER
TEEY

- #tdefine DEBUG O
DOz JIZT /&, 1TH-1THIEDEFLE
RHAREIITEET,

- MyMatMatBE £ D 1+ #&

- Double®N x NITHIAEBDITHIFEEZH /LN D
oubleE!N X NfTHICIZZFDHREEMNAYET

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




2018/10/18 HEES MPIEHE

FortranE 2N Y JILT7OTSLDEE

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

Eﬂ_O



2018/10/18

AE

/,~E |:|7I< (1 )
- MyMatMatBE £ %

- #define N 1088
- #define DEBUG 1

ELT. T\ 7L TS,

TTAHIA.

£ MPIE R

BI{ELTL=SLy,

B, Cl&. &PETE

SEZLT. D

EE(NXN)FrELTKLVTT,

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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/,~E|:|7I< (1 )

-47“>7°)l/7°|:|’7“5A'6(i T5A.BOEZE%:
EE1ELT, 1TH-1THREDFRBREZEL DTS
Cmégihwr&éb\nﬂf\ FaERMREEL T
WNET T/A\VIIERALTEESY,

THCHTEARIZKY.
/Aﬁ!f‘i% ,FI“JQ}[/—;}F_‘/O) ) ’§|J1|375§L|Z‘g
277V ET T2 LTS,
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dAEDE~

cUITDEIGT—FRENCT DL ETEHETY,
A

BIEMMII—URETT, REUFET SEREHA

- ATH-ANOMLIEDEB ERCAETEIMETEET .

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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MPIE 5146 D KATIE (BAERR

-SPMD
SXTRD A TAYT 5L (mat-mat) [,
c T RTDHPET., hhD.
- BIFFICEEEI SN IKEE
MO IEAIRFES,
S ELATE) B i B 5 A
cBPEX. BREITHILLI=ATRYZFFHST
LV, (B AEYTIELZELY)
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MPIif: 51146 D KRR (B fERE

- FPETIE. <ELTAT S LMNEEISESH >INT
FRIsSNFET,

.

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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MPIE 5146 D KATIE (BAERR

- £PETIL. <47

PEO

.

~

p

HEES MPIEHE

FCHIAME R ZHER > SNFET

PE1

A\

~

4

PE2

A\

~

4

PES

.

~

p

- myidZ £ (%, MPI_Init)BE& (B LLIE, HTIL—F ) H
EEN =BT, <HPEE

PEO

A

~

4

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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PE1

A

~

PE2

P

A

~

P

BDE>ICHE-TWET,

PES

A

~

4
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ZPETHOEHI DIERIK R

- ERIE. LT OLSICEIIMNERSNTULNT,
AR ESZIFICIRYFET
" peo 1 Y ez Y pes )

o A A A A
PE2
N N N N

ﬁ?;%ﬁ%\ J/\\ J/\\

2 I
RAPEHRER T Y —
MAT] ITER, THE UNIVERSITY OF TOKYO

ION TECHNOLOGY CEN

i
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AEETOYUSLDTIPS

- myid, numprocs [FRBEZTY
myld (=EHNDID), XUV, numprocs(=EHDH D
yﬁl)d)a";&lij( 5 2T, MyMatVecfE%L
zBJ:UmainW’C\ SIBERERPESTHLIC.BET
=FJ,
- (FortranTTl&module MyCalcOHIZHYET)
-Q_yid, numprocs DEHZFEIDLENDHYZ

- MyMatMatBE#Z M 519 HI1Z1E. myid LD
numprocs;@ﬂ’&*' FALGWE, TFENTEFE

m B A AR S —
INFORMATION TECHNCLOGY CENTER, THE UMIVERSITY OF TOKYO
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i HEDZE AT ATH-RIMILEDISZ S .

==z
= AA
-SIMDZIJLadYXLDZEZHF (APEDIZE)
1751A g
for (j=0; j<n/4; j++) { AFE(j,i)} FTE9 5

=0

for (j=n/4; j<(n/4)*2; j++) { NF&E(], 1)}

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

{ ME(),1) }

PE1

for (j=(n/4)*2; j<(n/4)*3; j++) { RE&(j, 1)}

PE2

Nk ILx
for (j=(n/4)*3; j<n; j++) { RFE(], i)}

PES3

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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HEES MPIEHE

=:4

N

- SIMD Y JL=

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

i 5EDZE Z 75 (FTHI-~IRILIED 5 S Fortran

)X LDEZF (APEDIZE)

ZPET

do j=1, n/4 EELT

SEOHD R
enddo

do j=n/4+1, (n/4)*2
RNEE(), 1)
==4| enddo

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

do j=(n/4)*3+1, n NTHIbx
RNIE(), i)
enddo
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! ’ngtd)jj_%l' (C|=| =

1. EPETITIIAZNXNDKES, RIUMJLx, yFNDKESX,
FERLTEWNET S,

2. BPEIX. BYEDEHADASTET DI IL—TD
FIRELR TIEZZEET S,

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

Ib = n/ numprocs;

for ( j=myid*ib; j<(myid+1)*ib; j++) {...}
3. (OIMIMENTELEITHRTLI-L)FPETHEZD
T—3EALMTIZEHERLGEWVEIICEET S,

FEDIL—TIE,. UL TFTDESIZ%HS,
for (j=0; j<ib; j++) {...}

m ANl &t/?—
INFORMATION TECHNOLOGY Cl
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i 5{E DT &t (FortranE 7

1. ZPETITHAZN XNDKES, NIRILx, yENDKES,
BRLTENET D,

2. ZBPEIX.IBIHDEHEDATETHEIIZ.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 ULNMTIEHERLGWVEIICEERET 5,

LEDI—=TIE UTDEIITGS,
do j=1, ib .... enddo |




2018/10/18 HEES MPIEHE

XELDEE

=T EHET O—/INIILERIZTHE, HEENAHFEE A
AT O—HILEED., ER( 2 GE)IZLTLIEELY,

O—AIILERHIZTHE

<

-for (i=i_start; i<i_end; i++) {

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



2018/10/18 HEES MPIEHE

EE(D)MNBELEHOTLE-ADEHDE
BTY

m RAAPIEREBR T Y —
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AEDIIN
1. {751-17 518 (2) DY TN TOTS LD

-/,

x=AT

Yo7 TRT 5 LD

EE R (2) b EELWVEE S EUR
IRk [AD)=pg o

> W N

m B A AR S —
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I OLOGY CEN
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DI TOT 5 LNDELT
(17TH51-175135(2))
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TH-1THEDOSTILTOT S LDERE R
Ei&kR/FortranS RN 771 L4
Mat-Mat-d-ofp.tar.gz
- 37 RH)TT7A )Lmat-mat-d.bash H®D
Ta1—RA%
lecture-flat /5 tutorial-flat [ITZEBELTH S
gsub LTLF=ELY,

- lecture-flat: EEFFEDFa1—
- tutorial-flat: EHFFEIRNDOF1—

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



EE R MPIEHE 183

1T 1THEQD YT ILTAT S LDELT
- UTDaATUREETTS
$ cp /work/gt00/z30118/MPI/Mat-Mat-d-ofp.tar.gz ./
$ tar xvf Mat-Mat-d-ofp.tar.gz
$ cd Mat-Mat-d
- UTDOELLMNEELT
$ cd C :CEEZHEOA
$ cd F :FortranEi&8&#-HO A
- LI 8
$ make
$ pjsub mat-mat-d.bash

BTN TLES, LTEZETIT S
$ cat mat-mat-d.bash.oXXXXXX

e IS
m B A AR S —
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TH-1THIREO Y TILTOT S LDELT
(C.=. aghin)

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

N =2176

Mat-Mat time = 0.000896 [sec.] I N
22999044.714267 [MFLOPS] ifi 51| {E AV 5E R
LTULVELND T
N =2176 e
Mat-Mat time = 0.000285 [sec.] IZ5—hHFET,
72326702.959176 [MFLOPS] T3, Zhix
N = 2176 IELULVNEYETT

Mat-Mat time = 0.000237 [sec.]
86952122.772853 [MFLOPS]

m RN T
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FH-THEDY L TN TOT S LDOET

(FortranE &5

s LTOXIGHRRENRZI NI

Errortin (1, 3)-th argument in PE O 7 Al N

Errortin (1, 3)-th argument in PE 1033 .‘—-ﬂ§~J 1|:'7b

NN = 2176 jTEJ'jZL/—C
Mat-Mat time = 1.497983932495117E-003 LVEULND T
MFLOPS = 13756232.6624224 13_75§||::I| -é:

~~ O

NN = 2176 T9 H\.
Mat-Mat time = 1.003026962280273E-003 — —_
MFLOPS = 20544428.2904683 A IFIELLY

NN = 2176 BMETT

Mat-Mat time = 1.110076904296875E-003
MFLOPS = 18563232.3492268

- ==
By oo~
m BRAANPIEHRER T Y —
INFORMATION TECHNCLOGY CENTER, THE UNIVERSITY OF TOKYO
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S )L J0455L0OERR

-#deflne N 2176

B FEERTHE T AANEETEET
-#define DEBUG 1

: ;O_;_EH ST BE, TH-ATHREDEELERMNMRILTE

- MyMatMatBE 21 D 1+ 4%
- Double® D 1TH|A((N/NPROCS) X N1T%1]) &
B ((N X (N/NPROCS) 173) ) D1T5FEZEH 120y,
DoubleZ! M (N/NPROCS) x NfTHICIZ, ZDHEEM
AYET,

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



2018/10/18 HEES MPIEHE

FortranE 2N Y JILT7OTSLDEE

cATHNH A XEEA . NNETZHTUNE
Integer, parameter :: NN=2176

Eﬂ_O
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/,~En7l< (1 )

- MyMatMatBa % (F#rE) Z M F1{E L TS0y,

+ T I\ IRFIE
#define N 2176

cLTLZEly,

T5IA. B. COMEEE (T—27E0) Z.
NZEEL TS,

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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T51A. B. COHEABEE

« ITHIA.B. COBREIFLLTDLIIZLE->TLVET,
(f=FZLLUTFIF4APEDIGET. EEREBIXELYET,)

PE ' PE | PE PE

1 2 3

N N N/NPROCS

- T TREEHENRETT
- ITHIA. B, COERIIDIFMNIZ, ZIER/\WI7DEINABETT

—_— [EENE ra’) -~
m RAAPIEREBR T Y —
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AFEHFHRE o

NPROCS

A

N/
NPROCS

SRAASEREE T AN

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

HEES MPIEHE

PE ' PE | PE PE

0 L 2 3

L

N N / NPROCS

O_NHIIFAPEDNIEZ S
N TIH. EEHFREIL
B BHYFET,
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HMEDFE (CEEE

- ZEHIE. BEIZHBISNTULNET,
F FPETRL UTOLIBAVTYIRDERINELGS>TNET

j 0 N/NPROCS-1

J

N-1 0 0
0 ° ) 0 N-1
| J Al | i J Clilli]
N/NPROCS-1 N/NPROCS-1

N-1
» H£PETITY. A—AILTHI-1THRER KR D
AT RIEEISERL T,

m RS R 75—
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HEES MPIEHE

(i 5E D EE (Fortran 5 8)

- ZEHE. ELRITHBESNTULET,
« EPETIE. UTFDKSEA U TYIRDEFH EMEH>TLET,
J

j 1 N/NPROCS j
1
1 N 1 N
1 1 \
iJ ACi, ) i il c(i, i)
N/NPROCS N/NPROCS

+ H£PETITY. A—AILTHI-1T AR R KR D
AT YO RIEEITEELTLESLY,

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

- fTHREEETE T BHICIE, BRPETEEEITIIBD T —2HE0N
DT, THBDT—RIZDOVWTERIENKHETT,
cT2EZIE LT DEOIHET A ENHYET,

« ATY71
C A

N.”NPROCS
N

PE ' PE | PE PE

0 1 2 3

A—AIIL G T —3%FE->TEHELNT-
T morsmmnes—  T5TIEER

ION TECHNOLOGY CEN



EELS MPIER

2018/10/18

T a{EDE B

PE PEy PEy PE
0 L 2 3

S~ O—HILET—A%E-TELNT-
TH-17 5 a4 R
ERAPEHREET Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

B DE->TWSAT—4%
OEDEBEYIZERET S
(PEOIZ%. PE3IZ1E D)
[BIRET ThERiE]

=

PE | PE| PE PE

0 L 2 3




EELS MPIER

2018/10/18

T a{EDE B

PEy PE | PE PE
0 1 2 3

N B AT —REE-TELNT:
1T5I-1THIIRER
SRR A EIRE A 5 —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

B DE->TWSAT—4%
OEDEBEYIZERET S
(PEOIZ%. PE3IZ1E D)
[BIRET ThERiE]

=

PE| PE PE | PE
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qESMEDER

- BIREDIMNREZTRERE T HF. £EHMPI_Sendz
KIZRITITHE. TDEATURIENILEFES,
(IEFEIZIX. ELNM=Y ., EihvighoT=Y ., 95)

- MPI_SendDALIER T, FBEICEKY., /\vI7EE IG5,
« INYITFHRBMNECETHE DI (REVDZ(MT D),
- LHOL. NV I7REEFR MG, FKIEIZEHNELY,
c CNZFEEET H=H . LTDOEEFIT,
- PEBEEMN2TE|YYUINSPE:

- MPI_Send();
« MPI_Recv();
- ZNLUSDPE: ZNENITHIE
« MPI_Recv();
- MPI_Send();
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R RI7MPIES2—MPI_Recv (1/2)

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

- recvbuf : ZIEFEEBDLEHFMMEIEET S,
- jcount: EBHE ZEMEEBOTAREZRHEFEET S,
- idatatype : EHE  ZEEBOT—IDEEEET .

- MPI_CHAR (X&) . MPI_INT (%),
MP|_FLOAT ((E%{#!). MPI| DOUBLE({EHEE##R)

- isource : EB#HB G ZEL-WAVE—UFFETHPED
SUDFRTET D,
« FEDPENSZIELI-LNEEIL . MPI_ANY SOURCE #$8%E9 %,
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FHIRI7ZMPIBEE2.—MPI_Recv (2/2)

- itag : BEE, ZIELE-WLWAYE—UITFHNTNAS 2T DIEFIEET 5,
- FEDIATEDAyE—VFZELIZLNEEIE. MPL_ANY_TAG &

IBET S,
- icomm : BHE  PEEHZEHBILHIEZSTHSIZ245—43
IHETET 5,

- BETIEIMPI_COMM_WORLD ##EEJ Lk,
- istatus : MPI_Status®! (B#E DES) , ZEKRICEATHEHRHSA
8o
- BERHHAMPI_STATUS SIZEDQEHEFINEE SN,
« RIEELI-AYE—DDFEETDSTUUM istatus[MPI_SOURCE].
25 H istatus[MP1_TAG] IZHAEh B,
- jerr(RYME) : BHE, I5—a—FHAS,

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



2018/10/18 HEES MPIEHE

FIE FDFE

- 347 (itag)IZ DLV T
- MP1_Send(), MPI_Recv() TN 5427 (itag) (. FEED
iINEOHFZFIEELTKNTT,

122U RILE (0GR E) E1RET DL EDRIBICHET S
MM EEY, Ro=BEMNMTHNINELNEE A,

- fFIRE S TJMEIETIE. MPI_Send()& MPI_Recv() DXt HS,
2DCTTCEEY , cNBZRIDATIZLI=AN, KUYRETT,

- f2EZIE —AIFERNIL—T DiEiloopEL T, 25— A%
iloop+NPROCSETNIL, £IL—THTEITRADNSBC
EMNERETY,
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AEDET

1. fRIRETRE. PE#ZL-1[0] HE

2. 115IBOT—H2EXITEA1=8. 1T5IB[[]I=
B9 4/\wI77173IB T[N IHE

3. ZITH->71=B T[[1 . O—HJLZFT5-175]
BETEY=. B[|[[~xaE—3 5,

4. B—=RIIGTH-1THIIRZT HEHED.
Xt Oy MEE: 7 0y oiE* myid,
IL—T &I 7|:|/7rlla7°—(ﬂé’<ot,’cu\<7b\ N
B AT=B0IZRITESTIE U MFZELY,
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e DE S (FIXEZ

- UTFDERIGFI—FITES,

B4 MPIERE

CEHR)

==y,

ib = n/numprocs;
for (iloop=0; iloop<NPROCS; iloop++) {
A—AI)LEATHI-1THIF8 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,
iloop, MPI_COMM_WORLD, &istatus);
MPI1_Send(B, ib*n, MPI_DOUBLE, isendPE,
iloop+numprocs, MPI_COMM_WORLD);
}
B[] ~ B_T[][] Z3aE—¢5;
}
}
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FlEDE R (1FIXE]ZE . CEEE)
- O—AIILEITHI-ITHIFEEL. LTDE5GEa—FIZ45,

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

}
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o e

AN e (1FZIX[E]IZF, Fortran
- LLTD&ESEa—KIZH5,

= :h
(== gu]m

iIb = n/numprocs
do iloop=0, NPROCS-1
O—AhJL73975]-14751%& 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 #Z1E—95%
endif
enddo
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! 'ﬁlj'ftd)t‘\/l\(lgﬂﬁ = ’é‘:’ FOrtranggg

- O—AILEITH-1THFEIE. LTD KOS Ea—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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Cannon®M7JLTaY X L

s T—ARADEARDIRTE
- JAtyY-J)yRld ZRITIEA
P(0,0) P(\/p-10)

P, \/p-1) P(Jp-1p-1)

« PEEIM ., 2OREFEHLMENLLY

- ZPEIZ. 1T5IA. B. COXIET AL /NTHI A,

1D2DDff7
- {THIA. BO/NMTHIERIC RESDIEET
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- MPI_SendB%t. MPI_ RecvEE# TEEh TEAHNIED &
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Cannon®M7JLTaY X L
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BRIE 21T o= RTD1TIIA

- R 7E
1. T—A2DEAR:
1T3IA. B, C:ITAMITBvo 58 A= (Block, *)
2. AENIZHHDLEEBHIHAHIE:
DEENT-1THIBEEPEICEEUNETE AL
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SUMMA, PUMMA

SR FRESNFAEFTILIIX L

1. SUMMA (Scalable Universal Matrix
Multiplication Algorithm)
»> R.Van de Geijin[EZA\, 19974

> REIRRE(TILFFVvY AR DA TEIR

2. PUMMA (Parallel Universal Matrix
Multiplication Algorithms)

> ChoilZxhy, 19944

> ZRRITAVIHAV)IIREARDE
DFox®O7 )L X L
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Strassen®D 7 JLaV) X L
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