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20138 H5H(H) 10:30-17:00
201348 H6H (X)) 10:00 - 17:00

BT ERAKFIEREE L Y— 4B 4132REEE
EESTOTI L
8A58 (A)
10:00 - 10:30 = f¢
10:30 - 12:30 /—k/\YOVDHRFE. TANT AT S LDETHE GEE)
(GEEM: FrAR)
14:00 - 15:45 MiF|TOTSI5 OEKX (FEZ) (GEER: FRE)
16:00 - 17:00 MPIZOSSLEE 1 GEE) GEER: HiRA)
8H6H (k)
10:00 - 12:30 7OJ ST QERE (DB /()LL) GEE) (GEET: KB)
14:00 - 15:30 MPIZA4'S53> 75%%‘11(,;;%5')(%%5:)#*51)
15:45-17:00 MPIZOS 33V EE M GEE) (FEET: FR)
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G oA 72 —RHEDOBRIBIZOWT
y 2012F4R &Y, ZEICHEARA—DFX10R—/8—aVE1—3Y AT LAY
FERBEBEFSATILA—R, BLU. HEEATILI—X HIEH B
FETY,
ThTIv0FH
IN—YFILA—RX TI—Ta—RAOWAE (158 ~34518)
X5 A
N—YFIaA—R(15A~35R) (&xK24/—F,. &xK9I6/—F)
AEESODZENNE, BEE
FIL—Ta—R
B|EFAT7ILA—R: (17B~358) E¥(12/—F,10)
BENAT7ILA—R: (1 A~RKXKEEIYA). BE(12/—F, 10)
RA—/N\—aAVE1— 32 A ERKEBEZESNDEEINVE (F4EEHE)
MAEDI—RAELIZ, EZLEFARSEDIREINIBLE
» BIEARCFAZEHEDEFMIL. LTOHPEZELIZE0
http://www.cc.u—tokyo.ac jp/service/trial/fx10.html
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UN I X/'=ex

» EmacsDFEE): emacs <SRET7AILED>
“x "s (ClZcontrol) : TXFAMDHERF

x e T
("z TRTITHE RNAVDERDLENS, $EFIZLEGELNE,)

“g . OO LGS EE,
"k A—YILKYITRETIHT

HLUITIE, —FRIIZEEIE SN S,
v TkCHLETE . REOA—VILDIERIZOE—d 5,
s XFY|: XFIDOBEMETEET 5,
"M goto-line : FEEL-ITEFTEHT S,
CMIXESCH—ZHT)

32 BHL7ZAYUMIERTS o iTC
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UN I X/'=ex

»rm I7AIVE: T7AINBDITF7AILEHEHT .

rm ¥ : test.c” MED ., MDD\ I TYTIT7LILEHET
yis: IREWSTHILZDF HEER S,
yod THILFZ: THILRIZFRET S,

cd .. : —DEDTAHILFIZFEE),

cd ~ IR—LTALIMIIZIT RO O MBS T EF,
» cat T7AMILA: T7A4IL2ZDHEZERS
» make : BT I7MILZTES

(Makefile B’ BHEZATLMNEITTELLY)

make clean : BITI77MILZHY
(clean D Makefile CEZIN TULVELNEEITTELLY)

SHLT AU MEEHES ITC
33 RELTRZ = UK AT B > 5 —
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A DA VA NN
CEi&hlk-Fortran90hfr @771 L :

Samples—fx tar

» tar CIRRBHZ . CEi&&Fortran90F 5D
TALORIDMEL NS
C/ :CEEEFR
F/ : Fortran9Q0Z & FF
» FEEDT7AILHANEWLNTHAGER
/home/z30082

35 BRLFAYUMIEEE S FTC
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WA RHelloZ a7 L2214V LES
(1/2)

1 /home/230082 (285 Samples—fx.tar &
PDTALYUR)IZOE—T 5

$ cp /home/z30082/Samples—fx.tar ./

2. Samples—fx.tar ZEBFHIT 5
$ tar xvf Samples—fx.tar

3. Samples 74ILAZAD
$ cd Samples

4. CE:L :$ cd C
Fortran905z& :$ cd F
5. Hello Z#ILAIZAD
$ cd Hello

36 BRLFAYUMI=HT S FTC
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WA kHelloZa 275 A2 3 )0V LE D
(2/2)

6. EaF7MPIFHMDMakefileZzaE—9 %
$ cp Makefile pure Makefile

7. make 95

$ make

8. RITIT7AI(hello)MNTETWSHIELFERR
95
$ Is

37 BRLFAYUMI=HT S FTC
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FX10A—Na B a—L AT ANTD

D > AT BU

Va7 ETIERE

» UTD28YNHYET

y ABSOT4TOITELT
PCTOHDETDELSIZ. ATUREADALTEITTEAHE
A/N\AVIRIETIK., HFEY—HEEI T
TNV R, KERRETIETELGL
FX10TIl&. LTFIZRRE

1/—k(1607) (2B ET)
8/—K(128a7) (1093 T)

y INYTFUITELT
INYFOTORTLIZAIBEZ{KIEL TETIT HHE
RANAVIRIEBET—HRRY
RIREEITH
FX10Tl&. & K1440/—K (23,0407 ) (6RERE)
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A2 7T7 47RO Jj

» ARVKRSATUTEA SN
1/—FETE
$ pjsub ——interact

$ pjsub —interact —L “node=8"

KAVRZZDTATRAD/—FEEIE50/—RFTY,
LLA—HFITKYB0/—F T RTEDODNTLDIGS.
BEMNECET. ATV AU TEEH A,
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AN IO EAL T 7T 2 TELT
B XNy FHLT
y AR TATRT.BLUN\YFETT.MATHaV /(T
(CEEE.CH+H+EEE Fortran90E:E) OIELEENELVET
» ARSIV TA4TETTIE
AoV INAF(FD/—FTETITIEIETI7AINZTERT SN
12)&fELFT
» INYFEITTIE
PARAVINAF(ZD/—FTIEEITTELGLA ., Ny FEITIT HED
/=R TEITTELETIFAINZTERTHAVNNAI) EFENET
» ENETNDORR
AaAVINAT: <aAVINTDIEFER >
PORAVINAT: <AVINATDIEFES > px
51) & @ Fortran90a> /815
AooaA A5 frt
2R IN{T: fripx
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» ANAVERIBTIE BEK AVF509T4TET@ATUES
AV TRITTAHZE) [ETEFE A
» DATIEN\YFRETEITLEY,

INYTFFa—
L VYT
S5y AV
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N / ~ > :
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N FX2—DFRED L

y INFNEIZ. ETEHAD/NAYVFUORTFLTEEINTLE
9,

» LT, ETEaTURERBALET,

42

AaTDEA

pisub KT RIYTRI7AILE> g <TAzHa—R>
B ALI=DOa T DKRESE: pjstat
BRADITDHIBR: pjdel <237ID>
INVFXa1—DIREEXR S pjstat —rsc
INYTFFa—DFHERZRS: pjstat —rsc —x
RIFENTWNSDaTHERS: pistat —b
BWEDRKAEBREZRS: pjstat —history
BIFFICIATEAH EITTETHHER S pjstat —Ilimit

BRLF7AYUMIZHETS o iITC
K TR Y




ABALEEITOX 2 —%4
» KoEEPDIX1—4:

tutoria
BRKRK159%ET

BRAX/—F#lX12/—K(192a7) £T

y AGE T BERRE LAY (24FE) D ¥ —4
lecture
» FAZFHIEEPOF1—R LR

43 BHL7AYUMIEHES o iTC
HERTHRAR L 5



pjstat --rsc OFEL7HI ]

$ pjstat --rsc
RSCGRP STATUS NODE:COORD
debug [ENABLE,START] 480:10x3x16
short [ENABLE,START] 480:10x3x16
regular
|---- small [ENABLE,START] 3840:20x12x16
|---- medium [ENABLE,START] 3840:20x12x16
|---- large [ENABLE,START] 3840:20x12x16
---- X-large [ENABLE,START] 3840:20x12x16
interactive
|---- interactive_n1 [ENABLE,START] 50
---- interactive_n8 [ENABLE,START] 10

s T x

¥a1—% BT J—R®
(/=R iz BH B R
5 IIL—7)
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pjstat --rsc -x OFEL7 ]

$ pjstat --rsc -x
RSCGRP STATUS MIN_NODE MAX NODE ELAPSE

debug [ENABLE,START] 1 240 00:30:00
short [ENABLE,START] 1 72 06:00:00
regular

|---- small [ENABLE,START] 12 216 48:00:00
|---- medium [ENABLE,START] 217 372  48:00:00
|---- large [ENABLE,START] 373 480 48:00:00
---- x-large [ENABLE,START] 481 1440 24:00:00
interactive

|---- interactive_n1 [ENABLE,START] 1 1 02:00:00
---- interactive_n8 [ENABLE,START] 2 8 00:10:00

MEM(GB) PROJECT
28 gcXX, gcYY
28 gcXX, gcYY

28 gcXX, gecYY
28 gcXX, gcYY
28 gcXX, gcYY
28 gcXX, gcYY

28 gcXX, gcYY
28 gcXX, gcYY

A [

/

+.—% | |BR#E J—R®m e 1FH (1)
(Jy—2= | |EZALD FTER | | EETEH1ID2OH
7 )ﬂlf_j) BHLFHYU M EEES iTC

ﬁ*ﬁ% Bty —
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pjstat -b O FEF 7 ] i ]

$ pjstat —b
RSCGRP  STATUS TOTAL RUNNING QUEUED HOLD OTHER NODE:COORD
debug [ENABLE,START] 3 2 0 0 1 480:10x3x16
short  [ENABLE,START] 1 1 0 0 0 480:10x3x16
regular
|-— small [ENABLE,START] 165 81 84 0 0 3840:20x12x16
|-— medium [ENABLE,START] 25 4 20 0 1 3840:20x12x16
|-— large [ENABLE,START] 0 0 0 0 0 3840:20x12x16
‘- x-large [ENABLE,START] 4 0 4 0 0 3840:20x12x16
interactive
|- interactive_n1 [ENABLE,START] 2 2 0 0 O 50
ir}eractive_nS [ENABLE,START] 1 1 0 0 O 50
z% / — \ J—R®
% B o370 | FRITLT || FEnT || mmms;
BZ | o) LVePad ||WBPaTd |

(l)‘/_z %)75\ s O);& d)ﬂ A
5 IL—7)
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JOBAZ V7 MY 7))V (B27MP 1)
(hello-pure.bash, C5iE. Fortrans afdki)

#!/bin/bash )V—RT IL—T £
#PJM -L "rscgrp=lecture" < -lecture
#PJM -L "node=12" <« I/ —R &

A T N &
cVi-L “elapse=1. (MPIZ7 Ot X %)
mpirun ./hello \
\ ~ 1T REHIR
-1 24\
MPIS3T%16 % 12 = 192 FOERATETT 5. 17

47 BRLFAYUMIEEE S FTC
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E17MPIOETRE (/—FR) TOFU

, 195900 & Network
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WA MkHelloZ 72 LR 7L LD
(¥ 2.7 MPI)

» ZDYUTILDJIOBRYYTHE
hello—pure.bash

T,

»BEFD YU TILTIE, F1—4
HY lecture” 275> TULVETS

» § emacs hello—pure.bash
T. “lecture” — “tutorial”

[CZEL T =Sy

49 BRLFAYMizETS FTC
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WA MkHelloZ 72 LR 7L LD
(¥ 2.7 MPI)

1.

20

Hello7A LA

$ szub hello—pure.bash

$ pjstat

PTUTZERITI S

0)§?JKE§*lf>;/3:7%Eﬁ@mu?r%s

TR TIHE UTDI7AILIAERINS
hello—pure.bash.e XXXXXX
hello—pure.bash.oXXXXXX (XXXXXX[LE=F)

EEEDIREL

AT 7AILDE

HZERTHD

$ cat hello—pure.bash.oXXXXXX

“Hello parallel world!” A3,
1670ERA*12/—F=192KR RSN TLV\=5RT,

BRLTHYUMIEHTS ITC
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N FT a TEITIZKDEREHT],

e <5 —Hh

y INYTFOITDEFTNETIEEAEERNT7AILEE
HEIS—HAIT7AILD, DaTBABFOTALIRIIC
EENZET,

y BEHAT7AILVIZIZDITEITHOEER S BT
S—HAT7AIIZIZDITETHROIST—AvtE—IM

HAShET,

3T B .OXXXXX —— 1ZEH D T7MIL
237G . eXXXXX - BEIS—HAT7MIL
(XXXXX [Fa7 B ARIZRRSNSD3TDT37ID)
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WA kHelloZa 275 A2 3 )0V LE D

. INAT)YREMPIE® Makefile ZaE—9 %,
$ cp Makefile hy16 Makefile

2 make 95,

$ make clean
$ make

3. EfFFI7A4)(hello) N TETWNSIEEZERT S,
$ Is

4. JOBR#H) Tk (hello-hy16.bash) D¥1—& %
ZTHI S, “lecture” — “tutorial |IZZEHT S,

$ emacs hello—hy16.bash

53 BRLFAYUMi=ETS FTC
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WA MkHelloZ 72 LR 7L LD

(N 7V v KMPI)
. Hello2AIFHTLUTEZETT S
$ szub hello—hy16.bash

2. 0)§?JKE§*lf>;/3:7%Eﬁ@mu?r%s
$ pjstat

3. EITMHRTITHELUTDI7AILHEA
hello—hy16.bash.e XXXXXX

ERL NS

hello—hy16.bash.oXXXXXX (XXXXXXIL%(=E)
1, FERRBEEHAT7AILOBREZRTHS

$ cat hello—hy16.bash.oXXXXXX

(14 144 >
5. Hello parallel world!” H¥,

170€R*12/—F=12 ERTREIN TN =5/,

54 BEALT7HVUMIEEE R
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JOBRAZ V7 YT INOHB] N4 7Yy KMP 1)
(hello-hy16.bash, C5iE. Fortrans abdtil)

#!/bin/bash
#PJM -L "rscgrp=lecture” —

)Y —RGI—T 4
-lecture

FA/—F%

-~

#PJM -L "node=12"<

A7

#PJM --mpi "proc=12" <
#PJM -L "elapse=1:00" <

(MPIZOtX%k)

mpirun ./hello

export OMP_NUM _ THREADS=16

~

EITEEFHIRE: 159
1TMPIZOtEX &=

\

MPIC37%1%12 =12 JOLATETT S,

16 AL YR &R
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WA kHello7Z'a 75 ADiRll (CSEE)

#include <stdio.h>

—NTATSLIE, £EPET;

CHIND

#include <mpi.h>

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

int  myid, numprocs;
int ierr, rc;

ierr = MPI_Init(&argc, &argv);

MPID %131k
|
Z/i:::;aﬁwmﬁ%ém%

- ZPETIEITEL S

ierr = MPI_Comm_rank(MPI_COMM_WORLD, &myid);

ierr = MPl_Comm_size(MPI_COMM_WORLD, &numprocs);

printf("Hello parallel world! Myid:%d ¥n", mym

rc = MPI_Finalize();

exit(0); \

MPIDI& T (

o/

R0 TawyvyEH
e
- ZPETEILXRLC

BB IRIETIE

-1
BALTHVUMIEEE S

92. tLLIF12)
"’
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WA K HelloZ’ 1 275 AD#HH] (Fortrans iE)

—NI70T5 LI, EPETEEIINS

program main

common /mpienv/myid,numprocs

MPID#)#]1E
integer myid, numprocs o
integer ierr B DIDESZEF

| | BPETHIZRLE
call MPI_INIT(ierr)

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

orint *, "Hello parallel world! Myid:", myid e NOWARE ARy A ¥
call MPI_FINALIZE ierr) ERS
- - ZPETEIXRLC
stop \ MPID#RT GCEEIRIE T
end 192, 1 LLIE12)
58 BRLTAYUMIEEES iTC

WK ENHRLERE Y —
Information Technology Center,The University of Tokyo



IR HIGEE (CS6E

double t0, t1,12,t w;

’ MPI1_Barrier(MPI_COMM_WORLD); €= /\U7|E’HH{[§
lerr = _barrier _ _ ; 3131 48
t1 = MPI_Wtime(); H%Eﬁ%% == LA%#

<ZZIZHAIELEWTRT S LEELD>

ierr = MP1_Barrier(MPI_COMM_WORLD);
t2 = MPl_Wtime();

ZJ7O0tyH—T t0DE(L
t0 = t2 - t1; /Efdtéo

ierr = MPI_Reduce(&t0, &t w, 1, —_ B A B4y
MPI_DOUBLE,MPI_MAX, 0, | COBER BLEVLOD

MPI_COMM_WORLD); Ex7O0tyHO0ENZITES

59 BRLFAYUMIEEE S FTC
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RE T 7E (Fortrans 5h)

double precision t0, t1, 12, t w

double precision MPI_WTIME - N7 EIEAR
. & d =148

call MPI_BARRIER(MPI_COMM_WORLD, ierr) Rz B LIRTF

t1 = MPI_ WTIME(ierr)

<ZZICHAIELIE=WITRYT S LEELD>

call MPI_BARRIER(MPI_COMM_WORLD, ierr) -

t2 = MPI_WTIME(ierr) £70tyH—T t0D{E

e oo TEG S,

= - — B A\ =

call MPI_REDUCE(t0, t w, 1, €— Ok 1= 'j} OB
&  MPI_DOUBLE_PRECISION, DDEZ7O0EyH0FE
&  MPI_MAX, 0, MPI_COMM_WORLD, ierr) | A\Z(+ER3

60 BHL7AYUMIEHES o iTC
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MPIFZfslE DY ¥ 4 L 7 MZDONT

» FX10R—/N\—a E1—42 AT LTI,
MPIEITEHD A IDIVFT AL MM TEREA
X 45]) mpirun ./a.out < ./intxt > ./out.txt

» DEALIMETIEE . LTDATLaveEEL T
=LY
O45) mpirun ——stdin ./in.txt —stdout ./out.txt ./a.out

61 BHL7AYUMIEHES o iTC
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KERIRDH DY a 7OEIT T
(AT 7V a7)
y DA T AT TE golsh DEIZ, go2.sh (TN
» &5[2, 202.shDEIZ. g03.shZx R (T1=L, ELVDTEAH S
» UEE . ATvT 03T 80V,
» FX10IZHTHRTYTo3TDERITA
$pjsub ——step gol.sh
[INFO] PJM 0000 pjsub Job 800967 0 submitted.

LREDOITEF80096T2RATEE. ULTOANZTS
$pjsub ——step ——sparam jid=800967 go2.sh

[INFO] PJM 0000 pjsub Job 800967 1 submitted

LU R4k

$pjsub ——step ——sparam jid=800967 go3.sh

[INFO] PJM 0000 pjsub Job 800967 2 submitted
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FhE (EEE)

y (RN 70453530%45 A y SRt
— i 51| AL EMPID FE — | 707537 A/
iR EFE &, -

A RE . ISBN978-4-13-062453—4,
=K | B A/ R—2avid
F5TH 2013F3A 128, ¥IZLA5, 2008 BUga A I

V4 PCHI3AADORIBB AL T
[ 2|K % )] q:# 1;5[ ] TS DT B, amrr e
. o(')
; §£ \\ﬁ” §" EHAFHES (o 32 + 80
=== —C YT

EEE. FortranQ0E 2D Y7/ T70OT S LDMTE
HE7ILTI)X LIE, I THhHMY K03 <ERER
RKEEDODHNBZETH/N\—

NEE R O THEINHEFFEZFSARITOAME
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BB
y TIHFNIFENIE - SFIEEERER LD =62 -]
FTHEIE BXHIE BiE RE.
FiZE¥E BT AR EL (BE) . EHAER BIERKEHE
Etr () EIURXFE PR (%) &, AEKRHEE
#H B L RERT &
a04ft. RITEBB:2010/04/30, ¥ B A5, R—I#:2728H.
ISBN:978-4-339-02589-7, 7E{ffi:3,990M (A{£3,800M + F25%)
[ RE D45
FortranE & CH&iR
HET7ILI) X LT, XG5 ECTrEZIZERBA
RKEBEOANZABICMAT., EEEREDHE L. BRITH RIELRE.
FFT.V—h. G EELGHEAE 7 L) X LFH/N\—
RAIL P~ L, EFELTHINBESAEEZFUOLARE
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RiBEmROTEN
1 EBmKA—/N\—a E1—3DHEE

2 WMFITOTIZIT DER
3. MHEEEHMEHE

4. EEBERIZIMPIRE 2L

5. — 2B AR

6. A?I\)L&Dl,d)}i%i

- RYOMIL-1T75)%E
s. ROV EE
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W KPR & —

ANy (1,/2)

HITACHI SR16000 T2KER K (HA80007 AR AT Ls)
Total Peak performance : 54.9 TFLOPS Total Peak performance : 140 TFLOPS
Total number of nodes : 56 Total number of nodes : 952
Total memory : 11200 GB Total memory : 32000 GB
Peak performance per node : 980.4 GFLOPS | |Peak performance per node : 147.2 GFLOPS
Main memory per node  :200GB Main memory per node : 32 GB, 128 GB
Disk capacity : 556 TB Disk capacity :1PB

IBM POWER?7 3.83GHz (30.64GFLOPS)

AMD Quad Core Opteron 2.3GHz (9.2GFLOPS)

20115108 ~ 3 E%E A BAA

g
3"

i
[

ddd
4

|
35
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e
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|
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4
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R R E R 7 —
ANy (2/2)

Fujitsu PRIMEHPC FX10 (FX10R—/N\—a2Ea—42Y X T L)

Total Peak performance : 1.13 PFLOPS S
Total number of nodes : 4,800 2012 E4 H 2 E EKE%JEEK Eﬁ tliL:?
Total memory : 150TB

Peak performance per node : 236.5 GFLOPS 201247 A2 3 1IE X :& AR 1R
Main memory per node : 32 GB
Disk capacity :2.1PB
SPARC64 IXfx 1.848GHz

ﬁﬁt/%r

r,The Uni of Tokyo
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FX106t & /—F D& AL TOFU

17D FH R K

£CPUD N ER#E RX
Core Core Core Core Core Core Core Core “ ICC

#0 #1 #2 #3 #12 #13 #14 #15

LT AYU M EHT S
» VYMISEE SR > 5 —
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FX10D@EH8 (1 TOFUBAIIO#ES)

e 1—HMsRSE.
X, YEf, ZEH[ZDUVT,
BEMI1TOFUL., FHID
: ; ; 1TOFUIE. B> THAFET
I TOFU H TOFU W T (BRITb—T R EEHE)
iﬁl‘i 1 ﬁi 1 ‘ ° T:TfL%EE%E%%’C“(i
T Tn}-":-tj T Tngj ® X$$lj: \_7;(
F H AN ® YEflIAvyIa
g iz ® ZEHIX Ay aF (L.
cM—2X
[CHE>TLVET
"""""""""""""""""""""""""""""""""" paL7hoorzmze 00 BTG



HRKIEHRIEEE ¥ —FX10A—/Nx—2
:.—57‘/;47—1,\0)#4%2% (201144 H1H )

J—X2: 250, 000 : 24/— |~(1§5‘5) K96/ —KRZET
y JIL—T3—X
500, O0O0M :10.12/—F (&%) . &= K1440/—F%T
» LEIX. TV HITEE
) i%ﬁ&é’w—lf(@?a/—lf) X 3608 X 24BfE DI —O 2 IN5 R 5
» B/ —FETIX, b=V HEREH1.0
» B/ —FEBADE BAT=-21. BEZREH20(2455
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FX10Z—"—2aY P a—%3 25 LADEH

>13J~_F0)’\°—w SIS0
X FH EF P

£5W$

HEARR

FAEDFS

HENTEITENET,

http://www.cc.u—tokyo.ac jp/system/fx10/
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1147 i = B/ VR A = LTy g

» BREFTDTAT S L (EITHE NZE. o8 DETEH
ZE->T. 7T/ plTFBHIL
|

| T
3
— Bt
» EAEZZTIZEHA,
s EEE L. TEBRAESHE. HRMEORE
(FILTYRL)T K= BELIAGES
TR LL . kISt R NSRS DT
BEDE=OHOA—I\NVEDFHE
B{EMNHL LAY M
, T TR AUy ITC
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VA & T
» i 3l (Parallel)

YRR 5 (FRe Rl B9 1 23R ST)
HAORMEICEITINDGLDIEZH

> T

_
» 14T (Concurrent)

FmEERY (2l A (BRI TE)

HAEMICETEINSIDIX1D(=17a81wy Y TET)
> T

— I

BN EIZ E., ZELLi5)

OSIZ&ATALAEFTRY S a—YS (5SHorOEVARK)
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WEAIGHRERD 53R
» Michael J. Flynn##% (RA2 74—k K) D73 $E(1966)
» B—@i S -BE—T—430
(SISD, Single Instruction Single Data Stream)
» B—an o - BT —2R
(SIMD, Single Instruction Multiple Data Stream)
» BERGE-BE—T—4R
(MISD, Multiple Instruction Single Data Stream)
» BHGR-ERT IR
(MIMD, Multiple Instruction Multiple Data Stream)
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ﬁﬂﬁ%ﬁ@}%U@rié g
4 A (=1

. HEFEAEE
B

Symmetric Multiprocessor)

2. EIATEEY
(Ayt—780yS04)

\
e
3. PEHEATEYE
(DSM,
Distributed Shared Memory)
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AR X =Y B & B 5%

a

4.

\

K- AEVE

(ccNUMA.,

Cache Coherent Non-
Uniform Memory Access)

Lﬁﬁf——

;DSM{{DSM;
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W70 75 I TOETI
» RFD ST 055 LDOZFEEEMIMD

» PILOYRXLEZEZDHEZIZ<SIMDMAEKRD>
BHLESIIBETELLDT

=

[ l
| | | |

0 E=0 =1 £
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772 I L TDOET)
» MIMDETOiF Ty SIFDETIL

SPMD (Single Program Multiple Data)
1DOHEBEOTOT LM, 5| ALEEHIRFZ.
£70tyY ETEETS

MPI(/N\—23 1) DETIL

s

VI l

-

T e

-

T—43

Master / Worker (Master / Slave)

1D
(=EE

D7 A+t X (Master) HY, DT Ot X (Worker) &
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WA 7' 1 75 LD
» YIILFT7AER

MPI (Message Passing Interface) [Sisbiy b Sns 1h

HPF (High Performance Fortran) [aa-bka 5 ERar N <toylnr {3
eyl 5l{EFortrana> /85 7l AE1) 'd:rjl:l‘t’zj

1T — AR B A E BRI = AEUIEI AL

» TILFALYEK
Pthread (POSIX AL wEK)

Solaris Thread (Sun Solaris OSFH)

NT thread (Windows NT% . Windows95 LL[&)
ALYE®D Fork (47 Bf) & Join(BEE) ZBARAYIZEE R

Java
EEMRELTRALYRERTE

Open MP

A—YHEFIEiERITE R

\EI‘ j] [N I‘ < E ;?I% 'Tc

C r,The Uni of Tokyo
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=
E4%
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WA LBHOFEITIEE (1)

y T—ARAh 5|
T—3%RE|TH_ETHFIIET B,
T—EDRE(=ER) XR—E4E55,
TR B DB 175 —1TFHFE

(1 2 3) (9 8 7\ (1%0+2%64+3%3 1%8+2%543%2 1%7+2%4+3*1
4 5 6 654=49+56+6348+55+6247+54+61

7%048%6-9%3 T7*8+8%54+0%2 T*718*%4+49*1
7 8 9) (3 2 1

@it 51k £CPUTHE
1*9+2*6+3*3 1*8+2*5+3*2 1*7+2*4+3*1
= QB 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*74+8*4+9*1
WHIZEE : T2 EGLHIEEITR—

CPUO
CPU1
CPU2

4
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WEALER D TR (2)

y AR

15|

B2RY

(Dad)zndNd5HETIEINET B,

T—RDERE(=EE) FELZLIMELNAL,

sV SIK

S DF: AL —Z1ES

TFE1 . FHEZU5
TE2:A%U5
tE3:.kziHIESES
tHF4.HFRx- A2z ANTELAD
tE5: hL—ILyEAND

oitsilt @ )
C »DHCHIuCD

«>»

H% [E

85

BRLTHIUMIEHER

ITC

WK ENHRLERE Y —
Information Technology Center,The University of Tokyo



MPIDO¥:44%

» A=YV RADTATI)IRIED1D
A=\ DETILTHS
AVINAFDBE . FHEDYINIITOS14T 3T LD TIEEL !
SEAR B I HET B TSI EATICRIK
» RIRIEETE A Al RE
178y HIZEBIT AT A XRT7MIL Y A XD FIKIEFTEE A e
Oty Y EHD LSS RT L (MPPY R T L Massively Parallel
Processing AT L) ZFAWNSEITIZMEIK
170y M E CRXLGETHROFNEZ. ERFHETOLERT§E
BELNE S
API(Application Programming Interface) M1Z#E{L
» Rar—3E ) T4, EEEAELY
BENEZ I —TMNERTEHILICLETILTUX LDERE LA ATEE
TR IIUTHHLL(BENELY)
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MPID#%#%E (1/2)
» MPID4—5 L (http://www.mpi—forum.org/) hMT kK E

1994«%
199545
1997%

» KE
‘t¢

FILdUX

5 F

£

Yoy

5 A 1.0hfx (MPI-1)
F6 A 1.1k
=7 B1.2hR. KU 2.0k (MPI-2)

R, BEUVIOOYEMILKRE

» MPI-2 Tl&., L FZ5#1k -

i 51]1/0

C++, Fortran 90FHA 32— —X
BT OX LR/ B

FIZ, HHEFERLELGE D RiE
FAmLEIE. RMA (Remote Memory Access)

87
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MPIO#HE (2/2) MPI3.0KE

» UTOR—TREN NG
http://meetings.mpi—forum.org/MPI_3.0_main_page.php

» BRI AREHEEE (FRETH)
RMA (Remote Memory Access) H7k—k
FT (Fault Tolerant) stabilization. FT Z&i&L=MPI7 045 S L{ERBDAPIEE &
I TAOR
MPIT (Performance Tool). T/\YHONTF+—T U RAEZA FHRIZEELLVHOT-
Y—ILEEED A A—D T —REHR
Neighborhood collectives(#EERIIZIELN/ —RZERRIZLI=EAaL Y T147 8
1E), MBEEETILOADEREEAPI

Fortran bindings — improved Fortran bindings, taking into account
Fortran 2003 and 2008 features.

Non—blocking collective I/0O — extend non—blocking collective support to
include MPI-1/0

Hybrid: Shared memory communicator, Threads, and Endpoint proposals

88 BHL7AYUMIEHES o iTC
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MPID 92 3k
» FEGED
MPICH (T L -EwF)
KET7 LI XE AT BEF
LAM (Local Area Multicomputer)
J/—hILE LREDEF
ZDith
OpenMPI (FT-MPI, LA-MPI, LAM/MPI, PACX-MPI®
e Ik
YAMPI(ERK-F]I
FER
AYZTFAINTEEZBDEVZEYERMENELSZENHS
A—HMBEBEEEDILENLTSIN TS ENH S
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MPIIZ Xk 5 115

» EMEYIDEREIZELC

» BREICIHETRIFER:
BHDER. EYEDEFR
FIZADSTWWSEHEDIEEZIZHHH
FIZADTLSEDD 558
RIZA>TWWSEDD=
(I EEHERFITEDGEED)BEAE(2T)

» MPITIZ:
B DEREID, BLV. EYEDERHID
T—AEMEDTRL R
7—5E
F—4aE
R EE
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MPIBH%k
y AT LEE
MPI Init; MPI Comm_rank; MPI Comm_size; MPI Finalize;
» 1%t 1:8{SREE
JOvxo o8
MPI Send; MPI Recv;
/oavx g8
MPI Isend; MPIIrecv;
y 13 @{ER
MPI Bcast
» ELBEER
MPI Reduce:; MPI Allreduce; MPI Barrier:
» BFfEIET/HIRS 2k
MPI Wtime

91 BRLFAYUMi=ETS FTC
R PRI > 5 —




AI 2= —4

» MPLCOMM_WORLDI(Z, 32 =4 —4,KIENEEE
REFEITOIEH
y A= —RI BREFITOREROTOEy Y EE
EH D
» FEAKRETIX., OF ~numprocs ~ 1B FETHD T Aty
M. 12N =7—RIZEYETEND
ZDL&EIH ., “MPL.COMM WORLD”
y 7AtyHEESEIL-LMES . MPL Comm split B2
= FI FF e
Ayt—2% —EOTAtEyHEEC >
BaEd HESIZFIA

"RILFF AN THA
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PERga e R — a2

» BEIR

v

Xk

R

t:  Sp=T/T, (0<S)

TS : ﬁﬁ@%?i-ﬂ%Fﬁﬁs

To P& TOEITHEH

PERAWT S,=P m&E, BHER (ideal) EEM L

PERWLT S, >P O&EEA—N)ZF7-AE—FT7 V7T
FRFERE, EFMEIZKY . T—ET7 I EAN/BRIEESN T,
FrylabybENE LT HIEICLDEEL

y A FE R IR

#: E,=S,/Px100 (0<E,) [%]

» BaFOT4ERE -
EERLEOER

Saturation, [ &5 5 |
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7 LAY —)IVDEH
» BRETHBEZE K £95,
ZTDH6, BN TEDEIEE a 95,
» CDEE. BENRIILUTDEOIZES,
Sp =K/(Ka/P+K(l-a))
=1/ P+(l-a)) = U(a@d/P-1)+])
» LEEDEMNS, EZEBEROBDTOEYHE[FE-ST

H(P—oo)  B#MRIE. B4R 1/ (1—a) ThHb,
(7 LZ—)LD:EA|)

ERMD 0% AH\:

L TERELTH BERROBDTOtEY

HE=DOMhH>TH.,

1/(1-0.9) = 10 & [ZLHAE7E0LN !

—>EERETERT A=OICIE DL TEEIEIRZ LTS
REZTDIENETHLEETHSD
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7 LY =)V OERIOE B

5 TEGWE 2 (17 0y)) iF{ETESEH (8T 0vY)

@ X RZELT =88.8% M i 5t AT BE
@i 51T (43 F1))
@ i 51|3E17 (8 F1]) 0/2=4.5{% #+ Gf=
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ka5 & MPIHIEE
» MPIIEI T OER R OBEZITVEY . TOERIX(FREIRTT
Oty [(HELLIE, 7)) I2—d—TEY LB TOENFET,

» S IMPIZOEXR 1EELDITRIND T, CCTIXPE
(Processer ElementsDE&) EEXFE T,
=1=LAZELLTIPENIFBREIHEFYELNTHER A,

» 527 (Rank)
ZIMPIZOEX IDIHRB = DL,
B EMPITIE . MPLComm_rankBS 8 CERESMN DT (YT
L7095 LTlEmyid) IZ, O~EPEE—1 OEEINAAS
HOBDOEMPIT AR EEENAIZIE . MPI. Comm_size B %
5,
(277845 5L TlE, numprocs 2. COEIEIAD)
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AN 7L MPIRE %L
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S A/ —Txz—R L
Fortranf{ > % —7 = — A DE
» Chltlk, EB#MZEHierr NEYUIE

ierr = MPI Xxxx(-++.):

» Fortranhft & . &2 2B MZE Mierrh 513K
call MPI XXXX(---., ierr)

» VAT LA DOHERDILA

MPI Status istatus;

FortranS &

integer istatus(MPI STATUS SIZE)

99 BHL7ZAYUMIERTS o iTC
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S A/ —Txz—R L
Fortranf{ > % —7 = — A DE

MPI_CHAR (3ZF#) . MPLINT (Z#3Y).
MPI FLOAT (2#¢%)). MPI DOUBLE({E¥EEE#TY)
O Fortran & &

MPI_CHARACTER (3ZFZ#!) . MPLINTEGER (Z2#
) MPI REAL (ZE#E),
MPI DOUBLE_PRECISION({E¥EEE#3Y) |
MPI_ COMPLEX(#E§ &% &)

» LARgIE. CERRA 37— ATaHBAT S

100 BRLTHYU M EEEA iTC
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ER I MPIBSE—MPI_Recv (1 ,/2)

i g

» ierr = MPI_Recv(recvbuf, icount, idatatype, isource,

itag, icomm, istatus);

101

recvbuf : ZIEFEBDEBEHFEMZTIEET S,
icount : BHE ZEFEBOT—IERHETIEET D,

idatatype : EBH#HE ZHEEBOT—IDEEIEET S,
MPI_CHAR (3CF&Y) | MPLINT (B# &),
MPLFLOAT (£%t#!). MPILDOUBLE({S#&E E=&H)
isource : EBHE ZFELEWWAYE—IFF(ETHPED
SUDEHETET Do
EEDPEMNSZIELT-L EEIX. MPLANY SOURCE #3§%E 9 5%,

BHRL7AYVMIEHER o AP
A



L) 7 MPIBS%(—MPI_Recv (2 /2)

itag : BEE, ZIELIWLWAYE—UIZFLNTLNSRT DIEZFIETE
EEOR
EEDATEDAyvE—IFZELZLNESIE MPLANY TAG %
HEI D,
icomm : B#HA PEEHZRHMITHIEZE S THHIAZ2 =/ —~3
ZHETET Do
JBHE TIEMPI. COMM WORLD #EE 3 NIX LY,
istatus : MPI_Status®! (B#EDBEES) . ZEWKRIZEEIT S 1HER
MAD. NEbd BERADODEEEZLI-EIZERT S,
EHRHMHAMPILSTATUS SIZEQBHEFTINEES SN D,
ZELI-AYE—VDEETD T I istatus[MPL.SOURCE],
B4 M istatus[MPLTAG] [ZfRA SN B,
ierr(RUE) : BHE , T5—a—FHAD,

102 BRL7 AV MIEHES o iTC
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JLRER 72 MPIBEE—MPI_Send

» ierr = MPI_Send(sendbuf, icount, idatatype, idest,
itag, icomm);

sendbuf : IXEBEEBDSLEHFMMZIETET S

icount : EBHE FEEBOTIERYEIETETS
idatatype : BHE X EBREOT—XDEEEET S
idest : EEHA EXIELI=LPEDicommNTDIVIHIETE
EROR

itag . BHI ZELEVAYE—DICFHITONT=2T DIE
ZHEET D,

icomm : EBHE TOyvU—KMHERHBITHIESTHD
OS2 =4 —R3%ZETET D,

ierr (RY{E) : BHA TS5S——KHAAS,
103 BHALT7HDOUMMIEES S
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Send — Recv®D#

don (10 181E)

MPI_Send
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LR 72 MPIBY2(—MPI_Bcast

» ierr = MPI Bcast(sendbuf, icount, idatatype,

iroot, icomm):

105

sendbuf : EEBLVZEBEFDEEFMZFIETT Do

icount : B FEEEBOTIERYMEIETET S,

idatatype : EHE FEFEBOT—IDEEIEET S,

iroot : BB EELI-WAYE—UHASPEDOEESE
HTEI D, EPETRILMEZIEET DDELNH D,

icomm : B PEREMHZREHEITOIBESTTHSD
A=/ —R3%ZHETET D,

ierr (RYME) : EBHE, T5——FHAD,
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MPI Bcast®Di4 (GEMEE)

PE1
WPLBoaci0 Jll MPLBomei

2PEM
B ZEIT S &

-
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1. A
» BB T, [T EINEE
y WHMIB(ZHEWNTIK, [T—F R EUAEIDE
12735 |
SFPEDNEHEMIZHFIZT S
O—k-N\S2 V5 HFNEBOEKREED—D
L FE Eff] 22
ZEPEDIFIAARIE 1 ZHEIZT S
EEICHESBERRBZEMRT S
BPEDIFT—2-THORRINEI—2 |15 EEARIZT S
(=B RNEB|ZHTHT—2EELEREL)
» ITHIT—R2D R EAE
<RIELARNIL>: 1T RFTEHEAR. 2RTHEAR
<HEILRNIL>: TAavIRBEIAR. YA4oUvo (ER) 7 EIA K

107 BRALT7HVUMIZEEE S g 'Tc
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1.1.1 1 RIC5

PE=0

N/44T
C(7H1E) TOvsREIA

N/44T

° Bl k *\ /\# .
N/41T (Block, *) STEXAR
N/41T

(FTAR) HAIUIREHR
«(Cyclic, *) &A=

{(TH AT AV - H Ao 53R
(Cyclic(2), *) A=
—DHIDI2): <TAYIHE>ELE

BHLTAYUMIZHZ S
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Information Technology Center,The University of Tokyo



1.1.2
N2 /N

N/2 O|j1(0((12]101]212(0{|1
213(2(3]|2]3|2]3
ol1]of1]|o]1|o]|1

HAY)Y Ay REIER |20 4215 12|52 10
*(Cyclic, Cyclic)a &A= 0(1(0j1]0)1)0 1
2323|2323

olof1|1]|0]of1]1 ol o710l 1ol

olo|1]1]ofo|1]1 213]2(3]|2]3|2]3

212(3|3|2|2|3]3

2 (2033 (2|2(3|3]| ZRETTAVI-HA9)vIRENAK

olol1]1]olo]1]1]| <(Cyclic(2), Cyclic(2))73&A =X

olo|1]1]o|o|1|1

212(3|3|2|2]|3]3 ) ]

> 213131212133 BRALTHVUMIEEE R 109

2R ICHT L

N/2

JOvy-JAavIREIAR
«(Block, Block)5 88 A =




1

27 MLES LoOmHE

» LTODEE

L= aX+y
CCTC.alERAT 2z x y IRV

» EQXIGT—FAIA N TLAHNLIEA A RE

110

f=-L. XHh5 o ITLPETHET S,
RYORILIZO(N)D ATE) FEIE A

MBI DIZHL, AT

O(1)DAEYREETRI X, E i N i
— AN AE) sEIE (X ESR ol 58

FE=:0N/P)

HEYmE LA

pd a X y

BHRL7ZAYUMIESHER ITC
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1.3 EX7 MILVO
s AHR>E<HIHR> BB D,

<T—ARHARX S E<AXSHOAEHLELHY., LLEAHLY
o) Q) Ol
D@ O > oD
2@ @ > ® 2
.. > | Ny WL’ Vv v 1@
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]l +=alilljl*x[j]; | y[i] +=ali]lljl*x[j];
J }
<HAR>: BRAREE <FIAHR>: FortranSEMAE
11 CEFERE BRLT Y MIEHES ITC
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1.3 475 &7 MIVO
IHADBE>

<TARZPEAX> ATHRICELTEHAR

AARTRILE MPI_AllgatherB8%k  &PERTY ﬁllmﬁh)bﬁﬂ’éﬁ:)
HAL. 2PETHET S

<HNAMABEARX> ATRLDEZRTANTHIELLEEIZAKL

HFPERNTITHI-~NUMILEE MPI ReduceF;E]yﬂ'C%"ﬂé‘Z‘?&)%)

=172 (XHdH1 PEL/\%)LTATh\%?i?)r
112 BRALT7HADOUMIEEES c

WK ENHRLERE Y —
Information Technology Center,The University of Tokyo



1.3 137 ENT7 MILDI

<HARDIZE >

<fTARSEAX> EEHAZI(EHNLZL
BRI K)L%E MPI_AllgatherB8 %K %‘*%EMPI _ReduceB#z&LY

i i
Z¥ALT, ZPETHEY S TeflZERHD

<FNARZTERIT > §in‘tilr"]< DR I I I

HFPERATITII-RULILIE MPI ReduceF'aEIyﬂ'C"f"ﬂé‘;R&)%)

Z179 (XBHBIPEITATRIILTRTHEFED)
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1.7

VA7 a LR

) <BBE>IZE>T<RIT>EFHD

()FHay)3F50E

1l :

E/hﬁ

NIV (NRITZER) — ABT(1RITZER)
y DA aVEREIE BIELFHEEZEVRELT S

£

LI

1.

1B{E;EH (collective communication operation)

¥ (75

) SRERBEDEBHLADENT. 2ENDA AT —
ANFEET S

114
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1.7 Y¥ 7Y arimh

y EEGRICTHT AT APEDELY
MPI Reduced %
VA3V EEDWERE. HhDH—DDPEIZATESES

Q/@L LA—C

MPI_Allreduce B %%
VEO aVERDERE. ETOPEICFIASES

Q/QL 121 _.Q/@Q
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LR 72 MPIBIZ—MPI Reduce

» ierr = MPI Reduce(sendbuf, recvbuf, icount,

idatatype, iop, iroot, icomm);

sendbuf : EF(EFEIEHDEEFTMEIETET 5,
recvbuf : {EFRIBDFLEERMEIETET 5. iroot THEELT:
PEDH TEZTIAADNEIND,
PR EZEHEEIEX. B—ThoTUIILELEL,
Jlahb., BEOEHNZHEARLLESTIEGELALY,
icount : B XEEEOT—2ERHEIETT 5,
idatatype : BHE EXEMBEEBOT—2DEFIEET S,
<@\ BZKELNE>ZRITEEZHEET HIHEIL.
MPI 2INT(E2%4FY). MPI 2FLOAT (B{EERY).
MPI 2DOUBLE(EFRER) . ZETEI D,

116 BRLT A EET iTC
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BER 722 MPIBS2(—MPI_Reduce

op: BHE EBEOBREZEET S

MPI SUM (#8%0). MPI PROD (}&). MPI MAX (F]z K).
MPI MIN (&/V). MPI.MAXLOC (e R&EHIE).

MPLMINLOC (g/MNfiiiE) 75 &E,
iroot : EHH  FHRZEZZ(TESHPEDicomm AT
Do DHIETET H. ETDicomm RDOPETREL
1@%*5%?’62\%75“%6
icomm : B PEERIZFREHITHIESTHD
O =/ —R3%FHETET Do
ierr : BFH, IT5——FHAS,

BRLTHYUMIEHTS o AP
A




MPI_Reduce®Difz (GEMHE)

PEO

MPI Reduce()

PE PE2

Iroot

?\A ? fl A

MPI Reduce() MPI Reduce()

&

PE3
MPI_Reduce()

iop (FETESALT-JES

)

BHEAH

7—4
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MPI_ReducelZ X% 2 ) A MALHH|

(MPI 2DOUBL]

T & MPI MAXLOC)

MPI Reduce()

PEO
| VPLReduoc0 |

A

MPI_Reduce()

Iroot

M

I MAXLOC

P
l

-

LU S % D fR 53 R AL IE

BRLFAYMiEETL FTC



IR 7 MPIBSE—MPI Allreduce

» ierr = MPI Allreduce(sendbuf, recvbuf, icount,
idatatype, iop, icomm);

sendbuf : XEFRIEBDELBEHFRMFTIETET S,
recvbuf : {EFRIBDFLEERMEIETET 5. iroot THEELT:
PEDHTEZTAANGEEIND,

RIgER{EEEIL, F—THoTIFLELLEW, TIN5,
RIEHEHNNZHERLGESTIEGRSELY,
icount : BB  XEEEBOT—IERNEIETET S,
idatatype : B FEBEEOT—IDEEIEET S,

R/MECRKELMETRTEREZIEET HI58(L. MPL2INT(E
F A MPI 2FLOAT (B¥EREERY),
MPI 2DOUBLE(fEfa EEE!) 189 5.

120 BRLT A EET iTC
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_—lii

FER 2L MPIBYZ(—MPI_Allreduce

iop : EBHB EEDEHEFIETEIT .
MPI_SUM (#2%0). MPI PROD (3&). MPI MAX
(FxK). MPLMIN (F/]7). MPI MAXLOC (F&x K&
HIE). MPILMINLOC (B/NIEB) 1 &,

icomm : EHE PEEHIZRE#,ITHE S THS

O3 =45 —3%ETET 5.

ierr : BB IS5—a—KFHNAS,

BHRL7 AU MIEHTR ITC
MR ERT B > 5



MPI Allreduce®iz; (GEMEE)

PE2
MPI_Allreduce()

PEO
MPI_Allreduce()

ﬁ‘

PE

.

l

PE3
MPI_Allreduce()

iop (FEESNTIER

>

l

l

lf\

:EE,FFZ§$6EL-_Q

— 2D WE

BHAEH

7—5

BHEAH

7—5

REHH
F—%

REHH
F—4
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1.7 V¥ 7 a i

» TEBEIZDULNT
Ug 7/3‘/:5:(31

/ 77-L\|::I—C§J

MPI_Allreduce [& M

D

\
)
AN

1% 1 BISITEENELY

19 RETAELN !

[ Reduce [ZEERIE

MPI Allreduce (. BOUELIBMN A S,
75X . MPI Reduce Z{#5,
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1.4 1AL E

» 1751 A DY (Block, * ) BN TLVEET B,

» 1751 A DESEY §IJ AT #E3IZ1X. MPITIE
RD2:BEYDODEMZTHIS
MPI GatherpBg%4

ﬁ' ’ !
MPI ScatterF';sE]
—
/
124 BRALTHIUMIEEE R L ITC
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JLRER 7 MPIBE(—MPI_Gather

» ierr = MPI_Gather(sendbuf, isendcount, isendtype,

recvbuf, irecvcount, irecvtype, iroot, icomm);

sendbuf : E{EFEEBDELEEHEMMZIEET 5,
isendcount: BB A XEEBOT—ARERUETIEET S,
isendtype : EBHE , EEEBOT—IDEFIEET S,
recvbuf :  ZETEHDEEEFMZTIETET S, iroot TIETEL
F=PEQH TEZTIAHDIEEIND,
GTHERBELT, FEEBEREREIL. A—THhoTUILELLEL,
§HhHE, BLRSEHNNEEERUGESTIIESELY,
irecvcount: EBHE ZEMEEOT—IFEZHTIETET S,
COEZRBIEIPERYDEET —FHZEIEET 5 &
MPI_Gather B3 CIX BRPETEGLIBD T —2ZINET S LT
TEHELDT, BLEZFIEET S,

125 BRL7 AV MIEHES o iTC
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BER 7 MPIBS2(—MPI_Gather

irecvtype | EHHH A
ERAR
BB RET—FFZ(THAHPED

lroot :

ail

TEEDT —2REIETE

icomm NTHDSIU%xEFET S,
L TDicomm NODPETRILIEZIEET 5

WENH DB,
icomm : E#HAE PELE

A}

A= —AR3ZFIETET
ierr - BER TS——KH AL,

=7 £t

it B

(o)

T RABESTHD

BRLTHYUMIEHTS ITC
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A
A

i g

HER 7S MPIBAZL—MPI_Scatter

» ierr = MPI_Scatter ( sendbuf, isendcount, isendtype,

recvbuf, irecvcount, irecvtype, iroot, icomm):;

128

sendbuf : E{EFEEBDELEEHEMMZIEET 5,

isendcount: BB EEBEBOTAERHETIETET D,
CHDEFRIE.APEHIYICEONDEET —IHNEIEBET S,
MPLScatter B TIEZPETELIBD T —2ZnE T 5 &IET
LD T, RILEZIEET H_&

isendtype : B EXEBEBOT—IDEZEIEET S,

iroot CHEEL=PEDQHEZNELES,

recvbuf : Z{EFEBDLIEHFRMZIETET S,
BHEIRAELT, EFEEEEZEMBEEIEL. FA—THoTIFELELY,
FiahHt, BRI EEERLLECTIIGLE,

irecvcount: B ZHEMBEBOTIERYZEZIETET D,

BRLTHYUMIEHTS o AP
A




JLHER 72 MPIBY2(—MPI_Scatter

TEEDT —2REIETE

ail

irecvtype : ZEHHE!,
9D,

iroot : EHE INET—R%EZITHHPED
icomm NTHDIVIZETET S,

£ TDicomm ADPETRILIEZIEE T HHE
MH5,

icomm : EHH PEEXHZFREHIT HSBFSTHS
O3 =4 —R%ETT 5.

ierr : EBHH IS5—M—KFHAS,

129 BRLT Y MR EES iTC
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PEO

MPI Scatter()

MPI Scatter() MPI Scatter()

Iroot

T—5A
T—4B

MPI Scatter()
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MPIAEZ o A5 S53

=

S PINFIOE O FNEH 3
ifi 51| |:|/7 */7 EDAEMPIR., FIUEH &,

-

3

( http://accc.rikenjp/HPC/training/text.html )

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

MPI-JA—1J> 1) X~
( http://phase.hpccjp/phase/mpi=j/ml/ )

)

iFlavEL—ARTE
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W RPN ¥ — W RHER
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‘ O O NI é‘.\
YL 7ru S5 Ao
» Hello/
it 5| frHello T A4S Ls
hello—pure.bash, hello-hy16.bash : NQST3TRHYTrIT7AIL
Cpi/
AEARHEITOT S L4
cpi—pure.bash NQSTITRHYTRT7A )L
» Wal/
BREGEARICEHBRFNER
wal-pure.bash NQSTITRHIYTRI7A )L
» Wa2/
THRBIEARICLSHBRINEE
wa2-pure.bash NQSTI3TRHUYTRI7AIL
Cpi_m/
MRAXRHEITOI S LICEBEAIIL—FoZEML-E0
cpi_m-pure.bash NQST3TRHYTRT7A )L

v

v
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iR 7a 72 LA GBIREERE D)
y FRITOALRRABNRETSHT—2%. E7OCATMEL.
HETALR1 DI EREMAEITHEEEZEZ D,

» RAMEFE CEREREFT )
(OB THITNIR) EHBOTORANST—2%ZETS;
EFEOTORANGT—EINETLN =5
2159 5;
<BHDT—E>ELZETAE>FMETS;
(INBTHITNID) ABEOTOERIZ<20MEL=#ERE > &EETD;
WEZERTI S,

4 g%*tj:d)gtuﬁ

EBEYEX, (myid-1) DIDEELED27AEXR

AEYEK. (myid+1) DIDEEHEDTOEX
myid=0D 7Bt XR[&, EBEYIELELD T, ZELELY
myid=p—-1D 7Ot XL, BABFEYIXLZELD T, FELAEL

135 BRLT Y MR EES iTC
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1 5%F 1 5815+ H 4’i'J
(BRirix . CERb

void main(int argc, char* argv[]) { 2 {& /ZTA@E?” DFELR
MPI_Status istatus; € 5/\J:L) BTN

dsendbuf = myid: IDEE (myid-1) Hhi,
drecvbuf = 0.0; double®!F—4212%
if (myid 1= 0) { Z{E LdrecvbufZ #IZ

ierr = MP1_Recv(&drecvbuf, 1, MPl_DOUBLE, myid-1, 0,/ £ A
MPI_COMM_WORLD, &istatus);

} YU —D %N
dsendbuf = dsendbuf + drecvbuf; B &l —2%
. o IDEE (myid+1) 2,
if (myid != nprocs-1) { P 3=

ierr = MPI_Send(&dsendbuf, 1, MPI_DOUBLE, myid+1, 0, | dsendbufZ2 s A -

MPI_COMM_WORLD); TlL\Adouble®E!57—4
} 12%%1E
if (myid == nprocs-1) printf ("Total = %4.2If ¥n", dsendbuf);
}
P ITC
137 BELT VU MTEES KR > 5



1

xf 1 @5 R A

J

(B IRHiRE .. Fortrans k)

&

&

program main

integer istatus(MP|_STATUS_SIZE) €—— Z{ERAY AT LEIIDFER

dsendbuf = myid _

drecvbuf = 0.0 /
if (myid .ne. 0) then
call MPI_RECV(drecvbuf, 1, MPI_DOUBLE_PRECISION,
myid-1, 0, MPI_COMM_WORLD, istatus, ierr)

endif

Ba&kYU—247%0
IDEE (myid-1) M.
double®! F—421D%
1= LdrecvbufZ$kIZ
A

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

myid+1, 0, MPI_COMM_WORLD, ierr)
endif \

if (myid .eq. numprocs-1) then
print *, "Total =", dsendbuf

endif

stop

end

138 BHLT7HOUMIEEES

BaLkY—D%0
IDE B (myid+1) 2,
dsendbufZ #1(Z

AD>TULyvsdouble®!
T—R1D%E(E
]nforr;ilz;[ﬁ IE\'Eﬁt The I.I;E-riﬁ ‘I\_-



’»%ff[liﬁiﬁ TS5 LA (ChHAREEHR)
FARBEA
k=1;
for (i=0; i < log2(nprocs); i++)
if ( (myid & k) == k)

(myid - KFETOAEANLOT—EEZ{E;
BRNT—2E. RIET—2ZMET5;

k =k * 2:
else
(myid + FETAOLCRIZ, T—REERET S
MIBERTITH;
139 BHLFHYU M EEES iTC
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wiER a7 o A (CoAREEH

3B H =log2(8) B¥ E O >
w @O O—O

w2 OO0 00 0-0 0-0
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iR 70 72 4 (CHRBIE R
» RE

FDOIx
Eo: JOCABSD2HEMREEDIEHREFIET S
FIRIZBWT . 2 ETHTALLADEHE. LT TETS:
myid &k Ak &—E
ZZT. k=2"(-1),
DFY,. TORBESTD2HMRETEMNGIFEDE YR I-TINVS
JOtERAMN, EETHEITTS
F-  EEXTOTOERESIL. LULTTEMTS:
myid + k
OFY | BEARITEITOLRABESOREMEE2"(-1)—Z9KEDT
FIETOEXIZDONTIEK, EEEOFEMNRYIILD,

ITC

141 BRALTADUMIEEES L
R R



v

%m@%7U77A(;‘*ﬁ%ﬁﬁ)
ERERE AR DBE(E R
BASAMZ, nprocs— 1 [B

» ZHRBEAANDEERIZE
REFELYDHIR

EERTIONLEEE. TEICHITITHONDS
GBRIEDEEIEFELELLLY)

BB D7 DBERZELGS
D&Y . log2(nprocs) [B

M1 DB{SEIZD L ER
JOtbyE#MNMET L BIERBDE (=EITHRE) A
ETHKRELGD

102470 X#ERMTIL,. 10230 xf 10
TH FLET

142

]]IIII

O I

DRBEFAEXDLNVEIIRSLNGEEEBEDZSH)

BHRLTAYUMIEHET S L iTC




XA A

BELTEIVNASIZIE ERET O 7 A IHEEN H S
BET@aVN\AZTaAVINMILE,. ETaAYURTIEEL
FAT B

LUTD2REFENHYET

ERKTJO7745

THA®: TAVSLEERT. RULFRIOMAMHoTL
PEHBZERET S

HATOJ745

FLHRAR UBFEOMINOTLSEMADIFES
DIZENWT, ARYTIERAZIE, FrviabyhE,

/—~

ALYRRITHE, MPLASHAERENT. 2175

143 BRL7 AV MIEHES o iTC
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PERE 7 T 7 7 A 5 ORI
y EARTOT745
a2 k45 fipp -C
KA :fipppx. GUI(WEB#H)
A—HJ7O5 S LI L—ERBR(T 74 /LREE100 S FERR)&EIZEY A A
=MNTIEERZIRET D,
IREL-FHRZEIC, ARMEBRFD A HTHERETERTR,
» BT OD745
A< 5l : fapp —C
FRRIAYK :GUIWEB#ZRH)
A—HY70J S LDRITRESHEEZREL. BIESEED/N—KDT T
ADEZTINE,

IRELT-1FEHAE(IC. MFLOPS, MIPS, @i S LR vy aIREDEH
HEERERT,
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A7 07 7 A

y JAJ7AST—3HDZEDTALOR)HIENESR A

» /Wa2 [Z ProfT4L IR Z1ERK
$ mkdir Prof

» Wa2 @) wa2-pure.bash FIZLL FZECE,
fipp —C —d Prof mpirun ./wa2

» BITT D
$ pjsub wa2—pure.bash

y TEXRNTATD 7L/ 5% T
$ fipppx —A —d Prof

145 BRLTHYU M EEEA iTC
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A7 774 H7hH (1/2)

Fujitsu Instant Profiler Version 1.2.0

Measured time : Thu Apr 19 09:32:18 2012
CPU frequency : Process 0- 127 1848 (MHz)
Type of program : MPI

Average at sampling interval : 100.0 (ms)
Measured range : All ranges

Virtual coordinate : (12,0, 0)

Time statistics

Elapsed(s) User(s) System(s)

2.1684 53.9800 87.0800 Application

2.1684 0.5100 0.6400 Process 11

2.1588 0.4600 0.6800 Process 88
2.1580 0.5000 0.6400 Process 99
2.1568 0.6600 1.4200 Process 111
146 BRALT7HOUNMIZEES
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i g

Ax7a7r7ALHhH (2/2)

Procedures profile

Application — procedures

Cost % Mpi % Start End
475 100.0000 312 65.6842 — — Application
312 65.6842 312 100.0000 1 45 MAIN_
82 17.2632 0 0.0000 — — _GI__sched yield
80 16.8421 0 0.0000 — — _libc_poll
1 0.2105 0 0.0000 - — _pthread_mutex_unlock_usercnt
Process 11 — procedures
Cost % Mpi % Start End
5 100.0000 4 80.0000 — — Process 11
4 80.0000 4 100.0000 1 45 MAIN_
1 20.0000 0 0.0000 - — _GI__sched_yeld

147
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st 7 a 7 7 4 Z Fl P
» AIELI=LVSRIZ, LTOaT U RZEEA

» FortranSi5D1EE
NYFITFAIV:TEL
BIERIE FHE4: call fapp_start(name, number, level)
BIERT FHeZ4: call fapp_stop(hame, number, level)
F) A : call fapp_start(“regiont1” 1,1)

» C/CHEEDZE
~NYZT7A )L fi_tool/fapp.h
BIERIE BE%K4 : void fapp_start(const char *name, int number, int level)
AITERRT BE%L4 : void fapp_stop(const char *name, int number, int level)

F) A : fapp_start(“regiont1” 1,1);

148 BRLT Y MIEHES B ITC
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st 7 17 7 A Z F B

y BODTALIR)DELNER ALZD T, /Wa2 |2 Prof T4k

) Z4E Rk
$ mkdir Prof

» Wa2®Dwa2-pure.bashRA|ZLL TZFE0EL
(Fvud 1 FERINFE)
fapp —C —d Prof -L 1 -Ihwm —Hevent=Cache mpirun ./wa2
» RITT D
$ pjsub wa2—pure.bash

T
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bl 7 a7 7 £ 2 GUNT X 5 Eabi
y AT 53245 X 1EY—)L(FUJITSU Software Development
Tools Version 1.2.1 for Windows) A4 > X+—)L
UTz70tX
https://oakleaf—fx—1.cc.u—tokyo.ac.jp/fsdtfx10tx/

install/index.html
y [&Hon—kK1&291)v9
» Server|Z.
oakleaf—fx—1.cc.u—tokyo.ac jp

» Nameé& passwordlEtzr2—MSEES M
Lzt DEAND sl

> 5$<L\<&\ E O)ﬂ_:‘yb;(?f)‘\'t‘:é FUJITSU Software Development Tools FufiTsu

150 BRLTHYU M EEEA iTC
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S a7 7> £ 2 GUNZ X B ZEAH
» MACDIZEIE. LTTZ7 01X

https://oakleaf—fx—1.cc.u—tokyo.ac jp/fsdtfx10tx/
install/mac/index.html
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st 7’02 7 7 4 2 GUIT K % &b

» BORYIAT, TAITF7A7 |
Bz ) vy

l,
y TOT77AILT—ED0H5
THIVFEIEET D

FUJITSU Software Development Tools FUjiTSU

.....
-----

cccccccc

» SEKE, BD LSRR |
F—aNRZS '
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sl 727 7 £ 2 TS T —4

» JALAB D BEEHEEER
(GUIE TR TERR)

» EMPIZOEXRIZEITHLUT DIEER
Cache: ¥y A RAE
Instructions: 4T85 55l
Mem_access: A7t AR
Performance: fp 5 E{TRNER
Statistics: CPU core EN{EIKR

\E 8 - I\ < E DA 'Tc



PAY—)V
» MEETADFAILIE, THRRAMM—ITRIZKL

» B

H

(5

O

*EI

E) RITLELEWLFELAY,

HRET A 7AMILT—R (I EMSDIELRFO, 2T

BRI GO BEE/E)E. ExcelTRIfRIEL TN 5

Y—IL(PAY—IL)HY, RRKRFIFEHRERE L FI—DFX
10TIlE, TSN TS

» ADILIE. FoSM07=aT7ILSHEOIE

194
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PErEmE b ROPEr (1/2)

» C. FortranZfllHd . >/ N\ M5 1 To-wmiBE1LEEH%E
MAZEITERERBEIEL TEETHDS
y» BI7AILDY—ROA—KRZEIZ EDESHLRBEIENIT

Hnt=Ht

L NS B AVINASFTavhiHd

4 C\ Fortran—C‘:/dE@%ﬂER'l%*&
—NiIst=p 12X DB LIFHREZHE H(TITAHILE)

—NlIst=t :

155
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PErEmE LT ROIER (2/2)

» Fortran M., p. tLASL £LFETE Al BE
—Nlist=a : ZHIDE & FEE#HZEH 7
-NIst=d :JREZ DERIBEHRE L
~NIst=l A IIL—RENF=T74ILDTAT S LY R
BEERMIIIN—FD77MILB—EZHhEH
~NlIst=m : BEh I 54{L D IR ;R ZFOpenMPFERIIZEDT
REL-REIBTOTSLEHE A
~Nist=x : ALV XESDHESHEIFIHREZH 1
L. ASAURZATILDOUTESRBOIE
CE:EEAF5IE: P.26
C++EE{EAF5IE: P.28
FortranfE AF5|&: P.46 P.52 P.53
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T T e
. BEREEARDTOT T LFELT
Wal @7A45 54
) ZHRBEARDITOTILEELT
Wa2dD7'a45o 5 L
5. RREEHRT 0T S LFET
CpimD7AYT S L
4 TAORRABEEZALSE T, HUTIILTAT T LEETT
5. HelloZAJSL%Z, LTOLIIZHE

MPI SendZ ALV T. 7AtER0MSCharf!DF—4
“Hello World"'% ., ZD#tD 7 OEXIZEET S

FDMDOTOtLATIL. MPLRecvCR{ELTERRT S
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MPIZ7a 2753 7EEN (BEE)

BOXRPRERESE 2 L7 — R RIFER
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BRI

i 173-1751 &5 (3053)

2. TH-1THIRED YT ILTOT S LDEST
5. BUTJILTRT S LDERER

s EEEREO) FHEGLD
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175 - 17RO E OB

) B rra (1)
BETHD (304 12E THEFME)
BERMN—UTE

) BB ks (1)
Lo LW L LT 511E)
1x 1 BERMNDE

EE s (1) MR TLEL=AE,
POTHTLIZELY,
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FAT XV PEREM A3 FGA S 2 FEARTE T
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1.5 135D

» 17513 C=A - B X, aV/NAS0OFHEHKD
RUOFI—JIZFEHNEHIEMNZLY

A1 EEARDENTHEHREICKRELENTS

HH2: FIALEBETHS(TRTILLEZLY)

A3 *—I'% iTTT:f"ﬁ@q:# i 75\<J:<L_|Tla\é

1. EBICROW<EHRTIELRA>HHS

2. Tyl allEYYLLWNWKIRBELGT—2>
12X HEETHDS

3. AERYNVREZBIERE(AEY AT T)
HALIE TS
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i a— Fpil (C
o J— 15l

S )

for (i=0; iKn; i++)

for (k=0: k<n:

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

k++)

E—) | ) K

CLiJl] += Alillk] *BLk][l;

I[o I[

> If

kI VY

—
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1.5 135D

» 1THIFE Zalkbkj (I J =12,. )
=k, «kﬂ) BUNRILNTLNS:

IL—T R HE
ERT7IRADAREZEZHEWT., T751-1751
BarEHIH3FEIL— 70)J|LE%7&3&@9' 73
JOvoie (241 9) %

Xy allHbT—3BIRAITHET.
PHAEEELEST-THIDEN T —4%  [@ES
TIOtERTHEIIEESTS
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1.5 175DF

y JL—TAHRE
THFEDI—RIE, LAT
for(i=0; i<n; i++) {
for(j=0; j<n; j++) {
for(k=0; k<n; k++) {
clilljl=clilljl+alillk]=*blkll]j];
}

|
|

ERNEOEEIL. SMIDOIIL—TE=XHLTEH.
HEFENTHLALY
— 6 BYDEHRDAENHS
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1.5 175DF

y IL—T R HRE
THFEDI—RIEX, LLTFDELIGEIEIN—TI273 5 (Fortran 5 7E)
do i=1, n
do j=1, n
do k=1, n
cCi, j)=c(i, j)+ali,k)*b(k, j)
enddo
enddo
enddo

ERNEOEE (L. NMAIDIIL—TE3RH]LTLH.
HEFENETHLALY
— 6IRYDNEHDAENHD

166 BRLTHYU M EEEA iTC
AR KPR AL 5 —



1.5 135D

» TR T—RAANDT I RINF—2 N,
UTD3EHEICHFETED

RN#EF2 X (inner—product form)
RRIL—T DT IER/INFZUH
<ARIMILDORTE> LREEF
(a2 (outer—product form)
RRIL—T DT IER/INZUH
<ANTRILDSIED> LEIFF

FEFEF2 X (middle—product form)

RNIEESIED PR

167 BHALTHIUMIEEE S . iITC
AR




1.5 175D

» RFEFZZ (inner—product form)
ik, jik/L—TIZ&k5HEIR(CEEE

for (i=0; i<Kn; i++){ A B
for (j=0; j<n; j++){
dc = 0.0;

for (k=0; k<n; k++){
dc=dc+Ali][k]*B[k][]]

}
CLillj]=dc;
} Q@ TAMRENARDTIELAHY
} SITAR-FIAAEHEED
mATHEEERTER
MU, BADIL—THoNEHOIRBE TREE | BRE: )
EIES, =2 XL OI—FRIE<iKIL—TF>, A BESLMN—AZEIRELTHS
168 BHLTADS =TS iTC
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1.5 175D

» RFERZZ (inner—product form)
ik, jik)L—T1Z&5EE (FortranE i8)

do i=1, n A B
do j=1, n
dc = 0.0d0
do k=1, n
dc=dc +A(i,k)*B(k,j)
enddo
C(i,j)=dc -
enddo O T HALIAADT I ERBY
enddo —{TAR-FARIENETD
A CHEEETER
XU, BNDIL—THhoNEHDIEBETERE R | BRE:
EIER, =z 1E EERDI—RIE<ikIL—F >, A, BELLN—AEEELTHS
169 BRALTHOUMIEEETS ch
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1.5 135K
» 352 (outer—product form)
kij, kilL— T2 &DEIR(CEEE
for (i=0; i<n; i++){
for (j=0; j<n; j++){ A B
CLillj]=0.0; Y

}

}

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

db = B[k JLj ®kji/L— T Tl
for (i=0; iKn; i++) { SHERBMTICANAL
CLilljl=Clilljl+ALill k ]* db; YA RIEHEEERE
} (Fortran§:E)
}
h7o BHLTAYU TS imTC
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1.5 350K
» SV (ERZ K (outer—product form)
kij, kjii)L—7 12L& HEIR (Fortran S i&

do i=1, n
do j=1, n A B
C(i,j)=0.0d0 Y
enddo
enddo
do k=1, n
do j=1, n
do =B(k, j) ®kji/L— Tl
do i=1, n FNARTIEAD A
C(i,j)=0C(i,j+A(i,k)*db —H A MENEERE
enddo (FortranE3:&)
enddo
gnddo BRL7ZAYUMEETS iTC
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1.5 175D

E

O #5220 (middle—product form)
ikj, kilL—TIZ&LBEH(CEEE

for (j=0; j<n; j++) {
for (i=0; i<n; i++) {
} Clillj]=0.0;
for (k=0; k<n; k++){
db =B[ k 1[j ];
for (i=0; i<n; i++){
}C[i][j]:C[i][j]+A[i][k]*db;

}
}

®jki/)L—T TlE
THAMT7IER
-5 A REMEEEIC
=HALTLYS

(FortranE &

172 BHLTADS =TS iTC
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1

E

5 AT

N #5220 (middle—product form)
ikj, jki)L—T 2K BHE (Fortran5 55

do j=1, n
do i=1, n A B
C(i,j)=0.0d0
enddo
do k=1, n
db =B(k, j)
do i=1, n
C(i,j)=C(i,j)+A(i,k)*db ®jki/)L— Tl
enddo ETHAmMT7IER
enddo -5 A RN EEIC
&EHMEUTLVS
enddo (Fortran§:&
173 BRLT AV MIEBES iTC
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1.5 135D

y IMTHICEDETRICH T (ERIIZF

IE[J)H+5§

(<7Rayoi>, <94'J/7>Z|//\47FH N /p

4 k11:0)ﬁ+5§
~ Jn

C, }:A "

n/\p

=1
~ |
B,
—~ ~ ~
CI o ‘ Ai; Atl«ﬂ)-‘ ~.
B
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1.5 33D
b %/J\ﬁﬁuéﬂw‘y&llzwa:éﬂ/rx“ 129 %,

OV B TERTEENTAD
57 ILT) X LDEEIIEETES
y MHFTHFRETILT) X LI, T—2EEDRRE
Mo, LLTFD23E (2528 A 6E -
2-OAMN)YO AR
1THIA. BOIMTIHIID— 8 EFT—32 2 &)
(CannonM 7 )L 1) X L)
L= RO AK
1THIA. BOINMTHID T R TET—2EE)
(Fox@7JILa) X L)

175 BRLTHYU M EE TS iTC
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YrInNTn 7 AOELY
(1351-13 518D
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-1V 707 a7 o AOFER
» CEiBhR/FortranS &R D X BT 71 )L 4
Mat—Mat—fx.tar
» 3T RV TRIT7A )Lmat—-mat.bash D
Fa—E%
lecture A5 tutorial [CTEELTH B
pjsub LTL=2LY,
lecture : EEBFEINFDF 21—
tutorial :EEFFREIADF1—

177 BHLT7HIOUNMIZEES 'Tc
‘ - HEK PRI Y 5 —



Sl N AV WA VA FNDE X

y LFOaATUREEFTTS

$ cp /home/z30082/Mat—Mat—fx.tar ./

$ tar xvf Mat—Mat—fx.tar

$ cd Mat—Mat
» UTDEBLLNZTELT

$ cd C :CEEBZFEOA

$ cd F :FortranSi3&Z{#E>A
» LA

$ make

$ pjsub mat—mat.bash

» BTN TLIES. UTZETT S
$ cat mat—mat.bash.oXXXXXX

178 BHALT7TADOUMIZEEESS

ITC
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TR OY 7N 70 75 LADELT

(CEHEE)
» UTDEOILGHERENREZ NI
N = 1000
Mat—Mat time = 0.209609 [sec.]
9541.570931 [MFLOPS]

OK!

1 )

1AT7NDHT. 9.5GFLOPSD 4 HE

179 BHLT7HOUMIEEES
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TR OY 7N 70 75 LADELT

(Fortran S 3k
» LTOEOLRRENRZNILRTS
NN = 1000

Mat—Mat time[sec.] = 0.2047346729959827
MFLOPS = 9768.741003580422

*

1AT7NDH T, 9.7GFLOPSD 14 E

180 BHLT7HIOUNMIZEES 'Tc
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YN 7a 7S5 A0
» #define N 1000

D.HRFEERILHEATHNHAXNER

ISSE3
» #define DEBUG

0
DIO1ZFEI1IIZTBHE TH-ITHREDEE
3

FE R ORI TE

» MyMatMatBS 20 D T4k
Double®!N X NITH|AEBDITINFEZH CELN. D
ouble®IN X N{THICIZZEDFEEMNAVET

181
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FortranSsEDOY L 7NV 707 52 LADEFE

» TR A ANDEE L. LTDIT7AILIZH
UET,
mat—mat.inc

» ITHNH A XEEM . NNELZOTULVET,
integer NN
parameter (NN=1000)

182 BRLT AV MIEBES o iTC
LR IR 5ot At A



e (1)

» MyMatMat B2z W 51l {E L TI=S0Y,
#tdefine N 192
#tdefine DEBUG 1
ELT. T/ T ZEL TS,

» ITHIA. B, Cld. HEPETE#ELT. /D
E£E(NXN)FrELT&LLVTT,

183 BRLT AV MIEBES o iTC
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i S|

(1)

y TV

S5 LTI, THIA. BOEXRS

EE1EL T, TA-1THFEDHBEREZE DTS
COEEZENNTHANGFN FERZFEL T

INES ., T

INYDIITHE

THICOTEAA LY,

EEFERS

LTSy,

FTv)L—3

F* 0D

SE AL E

IZ7EYET  FRBLTLIZELY,

BRLTHYUMIEHTS ITC
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WESEDO >k

» UTFDEIGT—E27ENICT HE., ETH
C A

BHETY,

B

= %

T T
N N

» BIEREMIE—UFETY,

> 185 BHLTHIUMIEESS
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MPONEF LD KEij3E (FHESR)

» SPMD

XYTER DT A4 5L (mat-mat.c, mat—mat.f) [,
g NTOHOPET, D,
RIFFIZREENIS NI IRRE

Mo ENIEES,

y SIERATE B

15l 5T E A

LZPEIX. BREITIIILI-AEYZEHST
W%, tRDPEMGIL. BIELLIZIESHE

TEELY, (3

186

N

A

AFETILZELY)
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MPINEFIAED K2 (FAEER)

» FPETI. <EILT7OT S LHEFIZEEI >SNT
AR SNFET,

mpirun mat—mat.c

l mat—mat.c ' l mat—mat.c '

e sLrooiemEe ITC

—




MPINGEFAED KEijiE (FHESR)

» FPETIX., <HIEEHIAMERIZHER>ENFET,

» myidZ (L. MPLInitOBEE (B LLIE, T IL—F2) A
EENT-EEEET. <KPEEEDE>IZHELTULVET,

o SRk raEa T e



#ZPETORH DHELR IR

» EFIE, LTDRSICERIMNERINTLNT,
RIS FITREYFET

/ PEO \/ PE1 \/ PE2 \/ PES \

A A A A
N N N N
N AN AN AN
189 BELT7HOUNMIZEHEE S 'Tc
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AEE T 7S5 LADTIPS

» myid, numprocs X R ZEE T
myid GBS NDID). KLU, numprocsEtHD R DP
EEH)DEHIIKIBERTI . MyMatVecFHE A
T. 5|8 ENLEELGLIC. SIBTEEY,

» myid, numprocs DR HZFFEOINLENHYFET
MyMatMatBE 3z it F]1E 9 BIZ[E. myid . BELU .
numprocs E#EFIALLZLE, HHENTEEE
Ao

190 BRLTHY UM =R iTC
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WA LDE 2
(F35-X7 MIVREDOGGE. CSil

JALDZEZF (APEDIZE)

N

» SIMD )L =

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

{ MI&(j,1) }

191

1THIA
for (j=0; j<n/4; j++) { NF&E(j, i)}

&PET
BEHELT
PIEC RS

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

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

for (j=(n/4)*3; j<n; j++) { NF&E(j,i)}

PE3

BHALTAOUMIEEE R

ITC
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W LD 2 )5
FTH-X7 P VEDIRE. Fortran=S3EE

» SIMDZIJLOYXLDNEAZ S (APEDEHE)

THIA PET
do j=1, n/4 ?}f;’fé
RiE(), i)

enddo
[
do j=(n/4)+1, (n/4)*2
NiE(j, i)
enddo

do j=(rl1/4)*2+1, (n/4)*3
NIE(), i) -

enddo

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

RFE(j, i)
D enco

192 BRLTDYUMIEHES iTC
ot ik i AR




WAk FEt (C Sk
. ZEPETITHIAZNXNDKES, ANURILx, yENDKE
= BERLTEWNET S,

2. BPEF HEHEBOHEDATET HKLIIZ. IL—TD
FISEER TIEZZERET 5,
70y 3 8AXTIE, ULTIZHS
(n HY numprocs TEIYYINBIEE)

ib = n / numprocs;
for ( j=myid*ib; j<(myid+1)*ib; j++) { -]

3 (20)\:ﬁlJﬂ:h*‘xél:.%%Tu:B)%PE’G?E%O)

— AL MTINZEERLGEWVWKIIZEET S,
J:a_'jd)ll/ T . LTFTDESIZHS,
for (j=0; j<ib; j++) {---}

193 BHALT7HIOUMIZEEES 'Tc
‘ - HEK PRI Y 5 —




1&5‘]4 LD Fgt (Fortrans ik

EPETITHIAZN X NDKEZE RTM)Lx, yZENDKEZX,
EERLTENET S,

2 BPEX. HHBDOHHEDAFHETHELIIZ IL—TD
FISEELR TEZERET 5,

70990 8AXTIE, LTFIZES

(n Y numprocs TEIYYTINBEE)

ib = n / numprocs

do j = myid*ib+1, (myid+1)*ib

enddo

3. (2OAFMEMTEEIZHR T LI=5) ZRPETIEHAD
T—2E A LIMTHZFHERLEGWEIIZEET S,

FEDIL—TIE. UTDELS(Z%H5,
do =1, ib

194 BHALT7HIHUMIZEEES ch
enddo : = P > —




Rt LR

y IL—TEHZITA—/NIILEHIZT BHE. ERENH

HFEE A

AT A—HILEHD . FE( 2 1GE)IZLTLIESLY,
O—DWILERIZTHE

<

for (i=i start: iKi end: i++) {

195 BHLT7HOUMIEEES

ITC
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MPI7'v 75 I > 79238 () (i E)

EH (1) PEIEDH>TLES> R FDORDDOEHETY

196 BHLT7HVUMIEEE R o iTC
TR AR kit



DN

. TH-1THRE(2) DY TILTOT S LD
1T

2. BTN TAT S LDERR

3. B (2) bhoEEHLWVSEE L EUR

4. WHHEDE R

197 BERALT7HVUMIEEE R . iITC
AR



YrInNTu 7S AOEY
351135081 (2) )

198 BHLT7HOUMIEEES ch
AOEREhRIL T 5 —



-3 OY 707 a 7o AOWE MR
» CEEBhR/FortranS &R D 771 )L 4
Mat—Mat—d—fx.tar
» 3T A1) TR T 74 )bmat—-mat—d.bash FD
Fa—A%
lecture D5 tutorial IZTEELTH B
gsub LTLI=ELy,
lecture : EEFFREINFDF 21—
tutorial: EEFFREIANDF 21—

199 BHLT7HIOUNMIZEES 'Tc
‘ - HEK PRI Y 5 —



Tl Bl - VS VA VA FNDE Yii
» ULTFTOOTUREZETTS
$ cp /home/z30082/Mat—Mat—d—fx.tar ./

$ tar xvf Mat—-Mat—d—fx.tar
$ cd Mat—Mat—d

» LTDELLMNEELT

$ cd C :CEEZFESA

$ cd F : FortranEEZ2{#HOA
» LU

$ make

$ pjsub mat—mat—d.bash

y 2T TLEES. LLTEZETT S
$ cat mat—mat—d.bash.oXXXXXX

200 BRLTHYU M EEEA iTC
AR KPR AL 5 —



-1 OY )7 a 7S5 ADOELT
(CEEEHJJZ)
» LTFDOESLEFEREMNR 2L

N =384

Mat—Mat time = 0.000135 [sec.]

841973.194818 [MFLOPS] - 5”1':75\71:52.

Error! in (0, 2 )-th argument in PE 0 L/—CLV:LL\O)—C

Error! in (0, 2 )-th argument in PE 61 _
IS—HhHFET,

Error! in (0, 2 )-th argument in PE 51
\
Error! in (0, 2 )-th argument in PE 59 —C-d_b . CNUE

Error! in (0, 2 )—th argument in PE 50 1& LWVEIMETT

Error! in (0, 2 )-th argsument in PE 58

201 BRLTHYU M EEEA iTC
AR KPR AL 5 —



TR OY 7N 70 75 LADELT

(Fortran S ik)
» ULTFTDEIGHERMNBEZNIIEIH
NN = 384 .
| \
Mat—Mat time = 1.295508991461247E-03 ¥§J1t7b
MFLOPS = 87414.45135502046 EEZL’—C
Error! in ( 1, 3 )—th argument in PE 0 LMVELND T
Error! in ( 1, 3 )-th argsument in PE 61 I7_75\ an -és_d-o
Error! in ( 1, 3 )-th argument in PE 51 —C‘:Tﬁ‘\\
Error! in ( 1, 3 )-th argument in PE 58 _HIFIELLY
Error! in ( 1, 3 )-th argument in PE 55 E)J.ﬂ;—cs-g-o
Error! in ( 1, 3 )-th argsument in PE 63
Error! in ( 1, 3 )-th argument in PE 60
- 202 BRLFHIUMIESEES ITC
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Yo7 ra S5 Ao

» #define N 384
HFZLERITHE THIHAANERETEET

» #define DEBUG 1
[01Z&T11I295&, T TR DEFERFRMNRELT
- 3

» MyMatMatR8 £ ) T4k

Double®! D175 |A((N/NPROCS) X N1T41) &
B((Nx (N/NPROCS) 1751) ) D1THIiEZ H 720,
Double®! @ (N/NPROCS) X NfTFICIZ, FDHEEREA
AYET,

203 BERALT7HOUNMIZEEE S ch



FortranSsEDOY L 7NV 707 52 LADEFE

» TR A ANDEE L. LTDIT7AILIZH
UET,
mat—mat—d.inc

» ITHNH A XEEM . NNELZOTULVET,
integer NN
parameter (NN=384)

204 BRLT AV MIEBES o iTC
LR IR 5ot At A



e (1)

» MyMatMatBE# (F#=) Al 5L TLFEELY,

T\
#define N 384

cLTLzaly,

» 1THIA. B. COMHIEE (T —2 5780 Z.
+ 2 IZZEELTLIZELY,

205 BRLTHYU M EEEA iTC
AR KPR AL 5 —



75A. B, COLME R

» FTHIA.B. COEREIFLLTDLOIZHEH-TULVET,

(F-FFLLL FIZ4PEDIZEES T, EEHIE:

= (£192PETY, )

C A B
«
NPR
S S
N N N/NPORCS
» 1X1BIERMMNARETY,
» 1THIA. B. COEFIDIZMIZ. ZIEER/ Ny I7DESIH
______ WETY
b 206 BHLTAY M= HES iTC
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ATy & LR

"""""""""""""""""""""""""""""" A B
v (T
NPR
/-\ jJ : N
T~ N
N N/NPROCS
O_DHIFA4PEDIEZ S

. H TIH.,. ETEEL
- 4 192PETY,




WA EoR s (C 56k

y HEEHIIE, BRICHEESNTLVET,
» {HPETI, uTODJ:’)f&’f/T‘J710)@E§U&fdf.DTL\

j 00 N/NPROCS-1 j
’ N1 0 N-1
0 0
l |
N/NPROCS-1 N/NPROCS-1
N-1

y ZXPETITS., A—AIILEITHI-1TH R EERD
ATV RE LE?SL’C(T:&‘L\O

208 BRLTHYU M EEEA iTC
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WA LD E (Fortrans ok

y HEEHIIE, BRICHEESNTLVET,
» {HPETI, uTODJ:’)f&’f/T‘J710)@E§U&fdf.DTL\

j 11 N/NPROCS J-
1 N 1 N
: 1
| |
N/NPROCS N/NPROCS
N

y ZXPETITS., A—AIILEITHI-1TH R EERD
ATV RE LE?SL’C(T:&‘L\O

200 BRLTHYU M EEEA iTC
AR KPR AL 5 —



DIRLE | A2 =V
» ITHEZETE T 5ICE. RPETRE2LITIBO T—4
MDD T, fTHBDT—RIZDODWTEENDHETT,
» T2ERIX LT OESICEHETHHENHYFET,
y ATV
N./NPROCS C A 3

N
NPR

PE3

O—hIGET—3%&E>TRHRoNT:
TH-17HiERER

210 BERLT7ADUMIEEES 'Tc
AR PRI R Y —



WwHEDE > |

PE3

S~ O WL ET—2EF->TEINT:

BHNE-TWST—43%
VEDEBYICERET S
(PEOIZ. PE3IZ1E D)
[TBIRA S T hERiE]

=

PE2 [PE3

---------------------- 1 Tgulﬂ'glﬁ,&%i%ITC
» 211 BALTHOUMIEEETS .
R R S



WwHEDE > |

BHNE-TWST—43%
VEDEBYICERET S
(PEOIZ. PE3IZ1E D)
[TBIRA S T hERiE]

=

N O—HILET—4%FE->TELNT

—————————————————————————— PP ITFIRRAE R o
> 212 BHALTHOUMIEEETS " iTC
L L v L A A



WAMEDHERE (1,7 3)

» JRIRAS IR EZZEET HE. EAaH
MPI_ SendZ5EIZFHI1TI &, TDIHFAT
MIBAIEFES,

(IEFEIZIX., ESLNVEEY . EidviEh oY, 95)

"MPI_Send(...);4mm S®MPI_Send
MPI_Recv(...); TLEFES

213 BRL7 AV MIEBES o iTC
LR IR 5ot At A



WA EDERE (2 /3)

» MPI Send TlEFx 41

MPIL SendD IR T, KREWAYE—IF XD EE,
AT LD NI PEEB NG5,

AP e
INY T TR

EZNH5D,

LAL.
LNEELY,
I\ D75

_)—/::

214

BMNZESETHED(REVIT(MT D),
BAZELIZE HFDOZENEEN LD

1({Z52{E (MPI Recv) Zd— /L9 B AL

HDF

AN, FKIEICEDELY,
AEVTI A BEH TERLY,

(MPL.SendD &R TY o&lEES)

BRLTHYUMIZHES L iTC
R N o



WEHEDHE (3./73)

y L (TybkOvY) ZEEET 578
UTDEREZITD,
PEEZEEMN2TEYYINSPE:

MPI_Send();
MPI_Recv():
TN LIS DPE: ZNERI=H S
MPI_Recv();
MPI_Send();
215 BRL7 A MIEHES iTC
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7 buay ZEEOMBENY —
» LTFD2RTYT T RERELIMNBEZT S
= ATYI1:
}/ 2TEIYUNDHPEN

T—REED

{ ATvI2:
2 TCE|YTINTZULPEMD
T—3%1%E5

216 BRLT Y MIEHES B iITC
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ER I MPIBSE—MPI_Recv (1 ,/2)

i g

» ierr = MPI_Recv(recvbuf, icount, idatatype, isource,

itag, icomm, istatus);

217

recvbuf : ZIEFEBDEBEHFEMZTIEET S,
icount : EBHE A ZEFEBOT—ARAERNETIEET S,

idatatype : EBH#HE ZHEEBOT—IDEEIEET S,
MPI_CHAR (3CF&Y) | MPLINT (B# &),
MPLFLOAT (£%t#!). MPILDOUBLE({S#&E E=&H)
isource : EBHE ZFELEWWAYE—IFF(ETHPED
SUDEHETET Do
EEDPEMNSZIELT-L EEIX. MPLANY SOURCE #3§%E 9 5%,

BHL7AYUMIEHES o iTC
HERTHRAR L 5



L) 7 MPIBS%(—MPI_Recv (2 /2)

itag : BB ZELEOWAYE—UIZFAWTWNSET DEETE

EY Do

FEEDZTEDAYE—IFZEL-LNEEIE, MPLANY TAG %

HET Do

icomm : B#HE PELE[R

EHET 2.

T d OB S CHAHAAZI1ZT—4

B E TIZMPI. COMM WORLD ZIEFE 3 nIX kL,
istatus : MPI Status®! (BB DEF)) . FERRIZCEHT HIH

HMHAAD, EFHDEIZEE I 5,
BEHRMHMPLSTATUS SIZEQBHMEBEFIINEE NS,
ZELI-AYE—VDEETD S UH istatus[MPL.SOURCE],
24D istatus[MPI TAG] [ZHRASN B,

ierr(RUE) : BHE,  T5—a—KHAS,
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FiE ForE

» 347 (itag)[ZDULNT
MPI_Send(), MPI_Recv) TIEN B2 (itag) (L. FEEDintEY
DEFZEHETELTKINTT,
==L, BILIE(0ZE)ZFIETET & EDBEIZXITT S
MHhMIELEY ., E-rF-BEN THNSIMELNE T A,
BIRA IJMEIETIL. MPI Send()& MPI Recv() D %t AY.
2DTTCEFT , N ZFDATIZLIEEAD, KUERET
9,
-z I1E. —HIEERNIL—T D{EiloopEL T, 85— F%
iloop+tNPROCSETNIL. £IL—THTRITNSADMBIE
Mg, ®ETY,
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X HRAHIWHEDO R > |

L. RBITHhMoTEWLWAD-ODEHTT,
[FFERIENEHE S TLET,




Wk r > b

. fRIREIIME., PEARE-10 HE

2 THIBOT—42%Z(TEA=6. 73B[0
IZBE9 4/\vI71T5IB TN NE

3. R(TE-7=B_TU[ Z. O—AILIZ1T3I-175I
FBETEY=6. Bl~NaE—T 5,

4. A—AILIZITHI-1THIEZ T HIHZED.
Xt 82 Oy DHEME : 7' 0y oiErmyid,
IL—TEIZT7OY g IHESBLTULA N
B A -LOIZRERIESTIIUMTFELY,
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kot > b (KIER1E, CEEE
» LT O &3Ha—RIi3,

ib = n/numprocs;
for (iloop=0; iloop<NPROCS; iloop++) {
O—A)L724T5-1751% C = A*B;
if (iloop !'= (numprocs-1) ) {
if (myid % 2==0){
MPI_Send(B, ib*n, MPl_DOUBLE, isendPE,
iloop, MPI_COMM_WORLD);
MPI_Recv(B T, ib*n, MP1_DOUBLE, irecvPE,
iloop+numprocs, MPI_COMM_WORLD, &istatus);
} else {
MPI_Recv(B T, ib*n, MP1_DOUBLE, irecvPE,
iloop, MPI_COMM_WORLD, &istatus);
MPI_Send(B, ib*n, MPl_DOUBLE, isendPE,
iloop+numprocs, MPI_COMM_WORLD);
}

BLI[l ~ B_T[I[] &#3E—9%;
}
}
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sk > b (ZIEEE, CSH)
y» O—AIILEITH-1THIREIL. LT KOG a—RIZE 5,

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

;

223 BRLTHYU M EE TS iTC
AR KPR AL 5 —



wH ko > b (X, Fortrangiak)
y L TFDESHEa—FIZHS,

ib = n/numprocs
do iloop=0, NPROCS-1
O—AIL71751-4751% C = A*B
if (iloop .ne. (numprocs-1) ) then
if (mod(myid, 2) .eq. 0 ) then
call MPlI_SEND(B, ib*n, MPl_DOUBLE_PRECISION, isendPE,

& iloop, MPI_COMM_WORLD, ierr)
call MPI_RECV(B_T, ib*n, MPI_DOUBLE_PRECISION, irecvPE,
& iloop+numprocs, MPI_COMM_WORLD, istatus, ierr)
else
call MPI_RECV(B_T, ib*n, MPI_DOUBLE_PRECISION, irecvPE,
& iloop, MPI_COMM_WORLD, istatus, ierr)
call MPI_SEND(B, ib*n, MPI_DOUBLE_PRECISION, isendPE,
& iloop+numprocs, MPI_COMM_WORLD, ierr)
endif
B ~ BT #aE—9%
endif
24enddo BRHLTZAY U MIEHETS iTC
f‘.ﬂt[ ﬁt/ﬁ—



WAkt > b (FIXIE, Fortrang ok
y O—AJLIEITH-1THFEIL. LTD L Ga—RIZiS,

imod = mod( (myid+iloop), NPROCS )
jstart = ib* imod
doi=1,ib
do j=1, ib
do k=1, n
C(i,jstart+j)=C(i,jstart+j)+ A(i,k)*"B(k,]j)
enddo
enddo
enddo
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1.5.1 Cannon®7)L IV A

» TR ARDIRE

Oty -J)yRIE<ZRITIEA>

P(0,0)

P(0, y p—1)

P(/p —1,0)

PG/P-1+p-D)

PEEM ., 2ORETEHLMENLLY
ZPEIZ. THIA. B, COX T B /NMTHZE.

1 DD DFF7

=]

1T5A. BO/MTHIERIC KRESDIEEBEZFEA
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S RODERE—GX LBfE

»y 1B{E
<BIESELIZ 1DDAYE—UF1DDPEIZESZETHS
MPI_SendBi%8. MP]_ RecvBIZl CRCl TEHMED L
11 @EIEEHLD

»y IE
<POES &I, BA—Ayt—UZEHMDOPEIZ(ERFIC) &E
TEHZETHHD
MPI BcastB#{ Ttk TEHMIED &
1XZBEELHLD
BIEDFFRGIZEEEALND
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1.5.1

4
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Cannon®dD7 )V a3V A A

<PBIRVIMBIE> DHTEIEAEE
157 11818 (B8 1E) DA TEIRAIEE
IR A R IEPEICL M DAEA > TUVAELY
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1.5.2 Fox®D7)aV A A

» &8
<ERFBRE(RILFIXVYAR) S>HE
IR R IR IEPEIZL MDA > TULVE LR YR
D— (BIZIXZRITTAYS 1) THEEMNEL
CRIEEZEMNZF)
BIEBEN/N—R YT 7 CTCEEZRYENT—4
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LERSEEGED
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1.5.3 H@EZ{T->7cE TOITHIE

» IR TE
T—3ADEAK:
THIA.B. C:{TART OV 58 A= (Block, *)
AEBVICHRERBNHDH L&
AEIENT-1THBERPEIZLEPINETEZE L

» E2XRO T, 1THIBZEINET HH ?
24T DT EREDRMEZT Oy B EIET
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1.5.3 H@EZ{T->7cE TOITHIE

» FFE
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1.5.4 SUMMA. PUMMA

y EEIRESIN= S 7 ILT

) X Ls

1. SUMMA (Scalable Universal Matrix

Multiplication Algorithm)
R.Van de Geijin[Zh\, 19974

BIRFHBOE (WILF X X)) DHTEIR
2. PUMMA (Parallel Universal Matrix

Multiplication Algorithms
ChoilE Ay, 19944

)

“REITOAVIHA ) IR BAKLE

DFoxD7ILa) X Ls

Wi ITC
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1.5.4 SUMMA
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1.5.

4 SUMMA

1
RIFFEZT O JﬂF/J BE%4 (/5. MPI Bcast)
TERETLHE. AHRIFMMANAZLGYEREETD

FRHIZH S

SUMMA(:ESH%'?)L?#VZH& JEEHAEIE
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1.5.4 PUMMA

» BLER
b &)
Fox7J)Lal) X L

ScaLAPACKMW =Rt D

R,
{51 -
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1.5.5 Strassen® 7))LV AL

» JAMFITHIRE: N°

» Strassen® 7 )L

nzmEL (n-1)° omz
JALTIENY mE=

4 7’(7'7 </\H—I“%}E/D B>
THZE/MTHNZHEILT, St 7= 73
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1.5.5 Strassen® 7))LV AL
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