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UN I Xfhs&k
» EmacsD#CE): emacs <fmET7AMILE>
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Ax As (ClEcontrol) : TXFAMDIRTF

A Ae o BT
(Az TRTITHERNIVDERN LML, MERFICLEWNE,)

rg o RN TEIE DTS,
Ak s A=Y ILEYITRETIHT

HUZATIX, —FRIICERIESN D,
Ay« ACTHHLIZITZ . REDA—VILDIGRIZOE—T 5,
As XFF| . XFIIDOEFRETHREIT 5,
AM goto-line : 3 EELI=ITETRENT S,
(AMILXESCH+—% 79
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UN I X/'=ex

»rm Z7AIVE . T7AINBDIT7AILEHET
rm *~: test.c~ HHE D~ DWV=/\V I TV T IT7AILEET,

yis: IMEWSTAILEIDHREZERS,
yod TAHIVEE: THILFIZHRET S,
cd .. :—DEDITAILFIZFZE,
cd ~ T R—LTALIRIIZITE, RIS EE,
»cat T7AMILH: T7AILEBDHFREZERS
» make : ZEITTI7MILE1ES
(Makefile B’dpHEZATLMEITTELLY)

make clean :ZE{TI77AMILZEHT,
(clean H Makefile CEZEIN TULVELVEEITTELLY)
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YL I rurs L
CSiEhR-Fortran90fREE 771 Il :

Samp es-fx.tar
» tar CRRETR . CE5&&Fortran908 3D

TALIRIBMELNS
C/ :CEEF

F/ :Fortran90 S & FF

» FEEDTFAILAAEWLNTHBISFR
/home/z30082
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WA kHelloZa 275 A2 3 )0V LE D
(1/2)

36

/home/z30082l &% Samples-fx.tar &

TDTALIR)IZOE—TF S

$ cp /home/z30082/Samples-fx.tar ./

Samples-fx.tar &9 5
$ tar xvf Samples-fx.tar

Samples 7#ILFIZAD

$ cd Samples

B :$ cd C
Fortran905 & :$ cd F

Hello Z#4ILAIZA%
$ cd Hello
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wEFkHello7 e 75 L% a2 )V LXK S
(2/2)
6. EaT7MPIFHMDMakefileZzaE—9 %

$ cp Makefile _pure Makefile

7. make 95

$ make

8. BITIT7A4I(hell) N TETINDILETER
95
$ Is
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AL 750574 TEITONRY T
(RHEHXTRELEEA. —BRAHEDOAR)
» ARVESAUTUTZAN

|/ —FEITH
$ pjsub --interact

8/—FEITH
$ pjsub --interact -L “node=8"

KAVRZZDTATRAD/—FEEIE50/—RFTY,
LLA—HFITKYB0/—F I RTEDHONTLSIHS.
BEMNECET. ATV AU TEEH A,
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y ARSI T4TEITTIE
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» INYFEITTIE
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» ENTNDORER
AHa A5 <AVINASDIELEL >
JARAVINAT: <AV INLTDFEFEH > px
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Ao (5 fre
BRIV INAT: frpx
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N FX2—DFRED L
y INFIBIX. BT EHON\YVFUORTFLTEEINTLVE

9,
» L. FEaTURFHBALET,
EVINE PN

pjsub <PaTRI) T IT7AILEA> g <TO T H+a—Fk>
BANRALE-D3T DIRRAERE: pjstat
BATITDHIFR: pjdel <37ID>
INVTFFa—DIREZERS: pjstat --rsc
INYTFXa—DFHERZTZRS: pjstat —rsc -x
BRITonhTWAo37#8ER5: pjstat-b
BEDHEABREEZRS: pjstat --history
EIFFICIRATEDH " ERITTETHHZR S pjstat --limit
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ABH L XTOXF 2 —4
» KEBEHRDIT1—4:

tutoria
BRKI1592ET

AX/—F#1E12/—K(192a7) £T

y ASEHEFFE LI Q45 D¥X1—4
lecture
» FIAEEHIFERRDXF1—R LR
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pjstat --rsc OFEL7 M

$ 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] 50

— T x

¥a1—% BT —ty
(J/—2 Bz Bh MBS RIS
5 )L—F)
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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, geYY
28 gcXX, gcYY
28 gcXX, gcYY
28 gcXX, gcYY

28 gcXX, gcYY
28 gcXX, gcYY
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pjstat -b OFEL7 ]

$ 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 0 50
--—interactive_n8 [ENABLE,START] 1 1 0 0 0 50

ﬁifé / / 7\ \ ;\ —FO

5 [BE [va7 |ZALT |[BanT | mmm
(Aljflj__i Hz DI L5237 || \EB3gD '|E|5$_|§(:
5 IL—) on 22 PH
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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 &

ey
cVi-L “elapse=1. (MPIZ7 Ot X %)
mpirun ./hello \
\ ~ 1T REHIR
-1 24\
MPIS3T%16 * 12 = 192 FOERATETT 5. 17
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WA MkHelloZ 72 LR 7L LD
(¥ 2.7 MPI)

» CDHTILDIOBRY T E
hello-pure.bash

<7,

» BBEFADYTILTlE, F1—4
H¥’lecture”’ 275> TLVET

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

[ZZEBELTLFZE0Y
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WA MkHelloZ 72 LR 7L LD
(¥ 2.7 MPI)

5.

50

HelloZ# L& E

$ pjsub hello-pure.bash

$ pjstat

TLUTEETTS

0)£§;Ki§*lf>>/3:j%Eﬁ&mm?rgs

EITINRTITHEUTODI7Z7MILNERSNS
hello-pure.bash.e XXXXXX
hello-pure.bash.oXXXXXX (XXXXXXIX#=F)

M=GAL £

HAT7AILDE

G2 RTHSD

$ cat hello-pure.bash.oXXXXXX

“Hello parallel world!” A3,
167OFX*12/—F=192KR RSN T\ =SB,
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ERENZET,

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)YEMPIE® Makefile ZaE—9 %,
$ cp Makefile_hyl6 Makefile

2. make 95,

$ make clean
$ make

3. EITT774)L (hello) W TETINSZEFIERT B,

$ Is

4. JOBRY') Tk (hello-hyl6.bash) DF1—F %
LEHI 5B, “lecture” — “tutorial’ [ZZEE 9 5,

$ emacs hello-hylé.bash
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WA MkHelloZ 72 LR 7L LD
(A 7Y v KMPI)

. HelloZ#4JLAF

ATLUTERETIT S

$ pjsub hello-hyl6.bash
2. BRADEAINT-DaTEHEET S

$ pjstat

. RATNETT
hello-hy | 6.bash
hello-hy | 6.bash

HELUTDIFZAILHEREIND
eXXXXXX
OXXXXXX  (XXXXXXIE =)

4. LEEBEHRATFZFAIIVDHFHEERTHSD

$ cat hello-hyl

6.bash.o X XXXXX

5. “Hello parallel world!” H¥,

|1 Ot X*12/

53
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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* argv([]) {

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 (

56

R0 TawyvyEH
e
- ZPETEILXRLC

BB IRIETIE

-1
BEALTHVUMIEEE R

92. tLLIF12)
"’

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



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) K
- - ZPETEIXRLC
stop \ MPID#RT GCEEIRIE T
end 192, 3 LLIF12)
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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
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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\(+ER3

59 BHLTZHYUM ST B iTC
HHCK AR AUL T > 5 —

Information Technology Center,The University of Tokyo

=



MPIFZfslE DY ¥ 4 L 7 MZDONT

» FX10R—/\N\—a>E 31— X T LTI,
MPIETRDODALR ID)ZTAL IR TEEETA

X 451) mpirun ./a.out < ./in.txt > .Jout.txt

» UFALONETIGE. UTOA T avEREL T
S0

O#l) mpirun --stdin ./in.txt --stdout ./out.txt ./a.out
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REBRDH BT a 7 OITh
(RTF v TV aF)
» $HBATRUYTE golsh DIEIZ, go2.sh #HxIT1=1»
» (2, go2.shDRIZ, go3.shzx (Tl , ELVHTENH D
» bEZ  ATvT03T&VD,
» EXI0IZEIFTHRTYToaTDEITA
$pjsub --step gol.sh
[INFO] PJM 0000 pjsub Job 800967 0 submitted.
LEEDTVITESB00967ZRATHELUTODANET D
$pjsub --step --sparam jid=800967 go2.sh
[INFO] PJM 0000 pjsub Job 800967 | submitted
LU Rl#&
$pjsub --step --sparam jid=800967 go3.sh

[INFO] PJM 0000 pjsub Job 800967 2 submitted
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[ 2|K % )] q:# 1;5[ ] TS DT B, amrr e
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; §£ \\ﬁ” §" EHAFHES (o 32 + 80
=== —C YT

EEE. FortranQ0E 2D Y7/ T70OT S LDMTE
HE7ILTI)X LIE, I THhHMY K03 <ERER
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NEE R O THEINHEFFEZFSARITOAME
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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.
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RAIL P~ L, EFELTHINBESAEEZFUOLARE
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WK 2 ek
ZNay (1/2)

-Y.‘ &

Et L —

201438108 ERKT

HITACHI SR16000 T2KER K (HA80007 5 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
Main memory per node  :200GB

Disk capacity : 556 TB

IBM POWER? 3.83GHz (30.64GFLOPS)

Peak performance per node : 147.2 GFLOPS
Main memory per node : 32 GB, 128 GB
Disk capacity :1PB

AMD Quad Core Opteron 2.3GHz (9.2GFLOPS)

201 1108 ~A R E AR

[
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R R E R 7 —
ANy (2/2)

Fujitsu PRIMEHPC FX10 (FX10R—/N\—a>Ea—43L AT L)

Total Peak performance : 1.13 PFLOPS R
Total number of nodes : 4,800 201 2£|E4 ﬁ pi E EK%%JEEK Fﬂ'ﬁ tli%

Total memory : 150TB
Peak performance per node : 236.5 GFLOPS 20127 B2 3 IE X :&E B8
Main memory per node : 32 GB
Disk capacity :2.1PB
SPARC64 IXfx 1.848GHz

Oakbridge-FX

- REEMaTHADFXI0,

J/—F#:24~576

il BR B=F ) - e OK | 68H3F fE]
(1:8FR)
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» B/ —FETIX. MOV EERELI.0
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http://www.cc.u-tokyo.ac.jp/system/fx |0/
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1147 i = B/ VR A = LTy g

» BRETOTOYSL(RITHRE TZE. peDEtEH
ST . T/ plTTHTE

]
G-
e
» EAEZATIEHBA,
L EREL. TERHESM L. HELEORE
(FILTURL)T KE BLSAGES
PR L 4= U CEA NS DI
BEO-HDA—IN\NIYEDEFETE
BIEILSE EHAYEFH
TR Ly s ITC
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A &N T T
» i &l| (Parallel)

PR35 (REfE A9 (IR L)
HAORMEITEITINDLDIETZH

> T

B —
» 11T (Concurrent)

s A4 23k 51| (R R RO 124K 7

HAHREREIZRITSINSGLED(F 1D (=170 yH TRERIT)
> T

— —

B EIZE. Bl

OSIZkdTALREFTRAT L2~ (SUURREVAR)
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il AR 0D 73 35
» Michael J. Flynn#1% (R22 74+ —FK) D72 $E(1966)
» B—aim-BE—T—43R
(SISD, Single Instruction Single Data Stream)
» B—aim BT 2R
(SIMD, Single Instruction Multiple Data Stream)
» EHE T BT 3R
(MISD, Multiple Instruction Single Data Stream)
» BHRET-ERT 2R

(MIMD, Multiple Instruction Multiple Data Stream)
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AR X =Y B & B 5%

/7

LI =4
A AE B |
(SMP. [:] PE || PE || PE

Symmetric Multiprocessor)

N

| B

—
_/

DEXATE) Y
(Aytz— 1\ )

e

DRIEFAE)E

(DSM,
Distributed Shared Memory)
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WSRO X =) Bz X B 5%

/

4.

HE-FEXFIAEE
(ccNUMA.,

Cache Coherent Non-
Uniform Memory Access)

; DSM ; DSM
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DRI WA VA WAL =%
» EEQIEFNTAST S LOEEIIMIMD

» PILOAY X LZZEZEZBHEETIE<SIMDAAER>
BEHTEHIERBRTELGLNDT

=

| l
| | | |

S | 752 | 75 | 75+
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W7o I TOETIV

» MIMDLETOIFITAT ST DETIL
SPMD (Single Program Multiple Data)
1DOHRBEOTAT Z LA, 3
£70tyY L TEEITS

1 51| AL IR ER IS BF (.

MPI(/N\—232 1) DETIL

ol
o = =

Master / Worker (Master / Slave)

-

F—43

1 DM 7 AT A (Master) b, B D 7Ot X (Worker) &

EE (K. HE)T D,

BHALTAIUMIEEE R
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WA 7' 1 75 LD
» YIILFT7OER

MPI (Message Passing Interface) FTO+REZLYRDEL

HPF (High Performance Fortran) [aaiks S Emsyl= ok {3
BEitFl{tFortrana> /N (5 FIAEY K TAEX]

1— AT —ES B EE R FT ‘B—AEVIEIIRAL VK]
» YILFALYE

Pthread (POSIX XL YI)

Solaris Thread (Sun Solaris OSFH)

NT thread (Windows NT% . Windows95 LA[%)
AL YER®D Fork (578f) & Join(FLE) ZBHRRIIZEE IR

Java
EEMAHRELTRLUYNERE

Open MP

A—HAIEFEtERITZ R
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WA LBHOFEITIEE (1)

} 7_—\\—9 1 Iﬁlj

"—RnE|THETAFET S,
TR (=EH) FR— 45,
F—ARM B DBF: 175 — 17555
1
4

S|

(9 8 T\ [1%042%643%3 1%842%543%2 1#7+2%443%]
6 5 4= [479+5%6+6¥3 4¥845¥516%2 4¥7+5%4+6%]
7T*94+8*%64+9*3 7T*84+8*549*2 7T*748*%¥4409%*]

3 2 1)
€CPUTHEAE
1*9+2*6+3*3 1*8+2*5+3*2 1*7+2*%4+3%*]
= Q4*9+5*%6+6*3 4*8+5*5+6*2 4*T+5*%4+6%*]
\7*9+8*6+9*3 T*Z+8*5+9*2 T*T+8%4+9%]
WHIZEE : T2 EGLHIEEITR—
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WAL D T ERE (2)
y ZR 5
RRD (30 )EniNT5ETHIIET S,
T—ADEE(=FE) BT ML,
RRAOALFH DB AL —ZF1ES
HE1 . HEEYS
TE=2:AZY5
HE3 kT HEIES

TE4:. XK - A ANTEAD
1i$5:jw—)w’é)\1’t%>

@i 5k Lﬂ/

€D F
>
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MPIDO¥:44%

y Ayt— NV BRDSATSIRED1ID
It— T DETILTH D
AVINATDBRE BHEDY IR DI T RSATZ)EHETED TITALY !

y ENATE! RS

HETER T

1 5472 MK

» RIRIRETEL AR
170y YIZHBITEAE) A X0T7AIL YA XD FFI% TR Bl e
TRty EHOZWAFS X T L (MPPY R T L Massively Parallel
Processing AT L) & FALVSEITIZ MK

170wy E TR AGETHBOMHEZ. BRI TOERE

BN AR F

API (Application Programming Interface) D12 ZE1L
» R7—3EUT 4. EREAEL
BIENEZIL—HYMNERT SH5EI2LETILT) X LD EEILH AT RE
TaUS3 T NELL (BEASELY)
BRLTHYUMIEHES ITC

85

:

PR ¥ —

3J
Information Technology Center,The University of Tokyo



MPID#%#%E (1/2)
» MPIZA+—3 L (http://www.mpi-forum.org/) MMEHR R TE
99445 H .0k (MPI-1)

1
1
1

995F6 HI.1kR

Q097&7AI1.2hR.

» KE

FILdUXE

H LU 2.0hk (MPI-2)

R, BEUVIOOYEMILKRE

THIF

» MP

)

e

-2 TIE, L FZ5&1k

C++, Fortran 90FHA/ > A2—71—X
BT O RERER

EIZ, WHEFERNEGLE DR

A A RE{E . RMA (Remote Memory Access)

86
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MPIO##% (2/2) MPI3.0%E
» UTDOR—TREMN DT
http://meetings.mpi-forum.org/MPl_3.0 _main_page.php
» GEEHITASHEE (FRETH)
RMA (Remote Memory Access) Br7R—k
FT (Fault Tolerant) stabilization, FT ZE#L-MPIT 05 S L{ERDAPIE &Lt
NOTADA
MPIT (Performance Tool), T/\WAR/N\T+—T U AEZZ HFERIEE VST
V—ILEEED A Z—TT—R 1 Hk
Neighborhood collectives(#IEBHI RN/ —F &R RICLI-ERIL VT4 &
2), HBEETILDADEFFEIEAPI

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

Non-blocking collective I/O - extend non-blocking collective support to include

MPI-I/O
Hybrid: Shared memory communicator, Threads, and Endpoint proposals
87 BRLTHYUMIEHTS iITC
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MPIOD 52 %

» EELTELD
MPICH(T L -EwF)

(ET7ILTUXE

- .

\/

A PN e K

LAM (Local Area Multicomputer)
/—RILE LRZEDFF

T D

OpenMPI (FT-MPI, LA-MPI, LAM/MPI, PACX-MPIM

#HETOTTHR)

YAMPII (R K- A

N e
S
/. Vs W ITY

el

RE) (SCoreBEHEELYR—)

NYFITFAINEBDEVICKYBENRGLZENH S
A—NIE B HEEEDILRNZSNTNNDIENHD

88
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MPIIZ Xk 5 115

» EMEYDEREIZELC

» ELXICIHEZIFER:
B DFEFT. EYEDERT
FZASTWWSHEDIEEZIZH LD
RIZASTWSEDD 7 EE
FIZASDTWWALEDD=
(I EEHERFISEDGED) RBHAE(2T)

> MPI'G(dZ '
—9*%%#99&0)7# 1/7\
T—45E
F—HE
RGBS
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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
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AI 2= —4
» MPI._COMM_WORLDI(Z, aZ2a =4/ —42¢KIIN 5=
REFTHEM
» D222 —RE BEEITOXNERD T Oy Y E#E
EDHD
» FIHAIRRETIE. OF ~numprocs -1 HFEXTHDTOEYYH
M1 DDA —2IZENYETLENS
ZDL&HEIH., “MPI_COMM_WORLD”
» 7ty HEEDEIL-UMEE . MPL_Comm_split BE%K
=R A e
Ayt—2% —EDTAtEyHEEIC >
BoET HEEIZHIA

“VILFFr AN THIH
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PERERFRTEER — 52X
» BEGIR
®:  Sp=T/T, (0<S)
T (BRORTHEE. T, PETORTHME
PERAWT S,=P &, EER (ideal) EE R E
PEAWLT S, >P &S A—/N)Z7-AE—FT7 YT

FHRERIE., HIEIZEY ., T—3T7 AN BER{EESN T,
FovlabybEBENEETEIEIZLEEEL

1 LR
R: E,=S,/Px100 (0<E,) [%]

» EAFOERE g S —
RER LDESR
Saturation, [ 255 |
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7 LAY —)IVDEH
» BRETHMEZ K &5,
FD56, HiF{ENTEDEEE o T 5,
» ZDEE. BHEHRITLUTDELIIZHS,
S, =K/(Ka/ P+K(1-a))
=1/a/P+(1-a)) = 1/(a(l/P-1)+])
» LEEOANG, EAEBEROBDTOEYHEFE-LT

H(P—=eo) BHIRE. &R 1 (1—a) THb
(7 L5 —)LDEA)

ERMD 0% AH\:

L TERELTH BERROBDTOtEY

HE=DOMh->TH.

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

—BIEREEERT H10ICIE, SLTHLINEEE LIF3
EREETHNETLEETHS
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7 LY =)V OERIOE B

_ MEHHETEELER S (1 JOwy) HiFETESES (8T O0vY)

@ X REFT e —88.8% A\l 51l {k AT AE
@i 5|EFT (4 F)
@i 51|ZE 4T (81 F]) 0/2=4.5{% # Gf=
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W& ZE > MPIHZE
» MPIIXI 70X IBDBEEZITVET ., 70X (F(EEIK)IT
OtyH | (HLLE, A7) IT—x—TEYHToENFET,

» S IMPI7AEX | EELDIFELND T, ZZTIXPE(Processer
ElementsDR) EEZFE T,
F=1=LREEELTIPEIRREEHFYFEHLNTLVERE A,

» 5277 (Rank)
ZIMPITOER IDIEAES 1D L,
BEEMPITIX, MPI_Comm_rankBA#{ CEREINBEHH (T T
L0555 LTlEmyid) 2, O~2PEEI—1 DEEMNADS
HOFDEMPITOEREEESIZ(E. MPI_Comm_sizeE %k
z{E5,

(277895 LTIE, numprocs (2, COHEIEMNAS)
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AN 7L MPIRE %L

97

BE REOTODDOA YT —R

BHLT YU MERER . iTC
R R R L T



S A/ —Txz—R L
FortranA v —7 = — AD3E
» ChRIE. BB ZE #ierr NRYIE

ierr = MPl_Xxxx(....);

» FortranhR (&, & 1% |22 E HierrH 512K
call MPI_XXXX(...., ierr)

» VAT LAES DHERDIEA

=:4h

(=)=

MPI Status istatus;

FortranS &

integer istatus(MPI_STATUS SIZE)
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S /-T2 —R L

Fortranf{ > % —7 = — A DE

» MPIIZEBITS. T—3EDIEE

N1 CEEE

MPI_CHAR (3X5F#Y) (| MPLINT (& H).
MPI_FLOAT (E#{#!). MPI_DOUBLE({EHEEZEH

)
=:ch
O Fortran § 2

MPI_CHARACTER (3Z=F &) . MPI_INTEGER (Z%%

). MPI_REAL (E#H).
MPI_DOUBLE_PRECISION({&#&)

MPI_ COMPLEX(#8 & #E!)

ERHE) .

» IR CERBAV R —ATamBAT S
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LR 72 MPIBI2—MPI_Recv (1 ,/2)

» ierr = MPI_Recv(recvbuf, icount, idatatype, isource,
itag, icomm, istatus);

recvbuf : SR{EFEIBDFLIERMMAZTIETET 5,
icount : BHE ZEBEEOT—IERHBETIETT S,

idatatype : EBHE, ZEEBOT —XDOEZEEET S
MPI_CHAR (3ZF#) . MPLINT (B#Z).

MPI_FLOAT (£#Z). MP|_DOUBLE({EHEEE#HR)
isource : EBEH  ZEL=-WW\AvtE—IFXIET SHPED
ST ETET o
EEDPEMSZIELI=L EE(X. MPI_ANY _SOURCE ##8E9 5,
100
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L) 7 MPIBS%(—MPI_Recv (2 /2)

itag : BHE, FEL-LAYE—VITFHNNTWNSFT DIEZEETE
EEOR
EEDATEDAvE—IFZELZLNESIE MPLANY_TAG %
HET 5,
icomm : Z#HA  PEERZRHITHIEZ S THHIAZI2 =/ —4
HETET o
B E TIEMPI_COMM_WORLD i EE I NIL LKLY,
istatus : MPI_StatusZ! (BB DES) , ZEWRRIZEIT S5
HAZ ST ERADHESEL-EIERET HIL,
EHRHMAMPI_STATUS SIZEDBHMEFINAETE SN,
ZIELI-AYE—DDEF DIV istatus[MPI_SOURCE].
R N istatus[MPl_TAG] [T RASNh 3,
ierr(RYUE) : BHE, T5—a—FHMHAD,

o] BRLFAYU M EET S iTC
AR KPR AL 5 —



JLRER 72 MPIBEE—MPI_Send

» ierr = MPIl_Send(sendbuf, icount, idatatype, idest,

itag, icomm);

102

sendbuf : EIEEBDEEHRMMZIEET S

icount : BB EEBREOTIERMETIETETS
idatatype : BB EXEBEBD T —IDREFIEET D

idest : B FE{ELZLPE@icommATDIUIZFIEET
Bo

itag : BB ZEL-ULAvE—TIFIFont=2T DEE
HEI Do

icomm : EBHE, JOtyH—EHERHRITSIBESTHD
O =4 —3%Z71EET D,

ierr (RY{E): EBEHE, T5—a—FH AL,

BRLFAYUMI=HT S FTC
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Send — Recv®D#

don (10 181E)

MPI_Send

BHALTAIUMIEEE R
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_—lii

72 MPIES%t—MPI_Bcast

» ierr = MPl_Bcast(sendbuf, icount, idatatype,

iroot, icomm);

104

sendbuf : EER IV ZEFHEEDEERMZIETET 5.
icount: EBHE , KIEEEBOT —IERNEIETET 5,
idatatype : EHE  EXEEBOT —FDEZTIEET S,

iroot: BB EELE-WVAVvE—IUDNHEPENE S
16T 5. EPECERICIEFIEET S ELH D,

icomm : EB#HE PEEHZRBITLHIESTHS
OS2 = 45— /5"&_? TZD

ierr (E L)ﬂE) . %E&;E&El_]o 13_:'_':75‘\)\60
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MPI Bcast®Di4 (GEMEE)

PE1 _ PE2 -
MPI_Bcast() MP|_Bcast()

SPEAS
B ZEIT S &

- =
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1. EAREE
» BRUWEBTIE, [T—ABEINEE
y MEFERICEWNTIE, [T AEINEE
12754 !
LZPEQIBEEERIZHFICTS
O—R-1\5 205 HHNEBOERRED—D
L FE Ef] 22
LZPEDQIFIRAAEYEIZHFIZT S
BERICHSOBIERMZEZEMRT S
BPEDIT—RTOERNI—2 1ZEBREARIZT S
(=B RNEB|ZHTHT—F2EELREL)
» TR T—R2DNEAEE
<RFTLANIL>: T RIEFTEARX. 2RTDEAR
<PEBEILRNIL>: TavIREIAR, HA49)y0 (ER) 2 EIA R
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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=
—DBIDI2): <TAYIHE>ELE

BRL7AYUMIEETS
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1.1.2
N2 /N

N/2 O(1|10(1T]|]0(1T]0¢|1
2131213213213
O(1|10(1]|]0(1T]0¢{|1
HAIYD T H Ao EIAR |22 21325 12 )3
+(Cyclic, Cyclic)7 8 A = ojrjojrjojtjoit
2 1312132131213
o(o(1 (1|00 |11 ol1lol1lol1lol1
Ojo0j1|1(O0O(O0O(T1 |1 2 1312132131213
212 1313(2(2(3]1]3
2 (2 (3 (3 (2]2(3|3| ZRZTIZOAVI-HA49)vIREIFK
olof1]1]o]o|1[1]| <(Cyclic(2), Cyclic(2))778HA =
Ojo0oj1]|1({O0(O0O(T1 (1
SESERENERES EHE BHLTAYUMERES 108
212 1313(2(2(3]1]3

2R ICHT L

N/2

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




1

27 MLES LoOmHE

» LTODEE

Z=ax+y
CCTC aldR AT,z x y [ERTRIL

» EQXIGT—FAIA N TLAHNLIEA A RE

109

=1L, RDS a FLPETAHRET 5,
RIRILIZO(N)D AE) FEE A

WMEIEDIZXL, RASE

O(1)DAEUMBTRL K, - W i+ i
—ANTAE!) fELE (S EELR Al e

SHEE:O(N/P)

HEYEBEAEL

pd a X y

BRLFAYUMi=HT S FTC
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1.3 1M ENT MV
» <FAHR>E<HIAHR> DB D,
<T—ARBAR>E<HR>MOBEDEAEHY ., HLESL

o) Q) Ol
D@ O > oD
2@ © > ® o
.. > | Ny WL’ \ A/ 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];
} }
<HAR>: BRAREE <FIAHR>: FortranSEMAE
10 CEEMmE BHLTAY M= HES 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 PEI_/\/JHW“/\fh\%i?)r
111 BHLTHOUMIZEES c
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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)

2 BRL7AY M EET S iTC
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1.7

VA7 a LR

) B> 2T <RI > EFA

(NF O3V SHDUIE

11 :

NIEER

NIV (nRTZER) — ABT(1RITZERM)
y VA aVEREIE BELHEEZVRELT S

£

EFE

1.

18 {E /B & (collective communication operation)

¥ (75

b ,,ﬁi‘f‘*%d)ﬁ%ﬁ@ ELVT. 2 EDAM 371 —
ADNFEET S
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1.7 Y¥ 7Y arimh

y SEEERIIHNIT ST EPEDE

MPI_ReduceBE %%
VFO AV EEDRERE. HH—DDPEICFIESES

QPL Cd -

MPI_AllreduceE %k
YRV BEDERTY. E TCOPEICATESES

Q/@Q/, 0 (/@Q

14 BRLFAYU M EET S iTC
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LR 72 MPIBIZ—MPI Reduce

» ierr = MPl_Reduce(sendbuf, recvbuf, icount,
idatatype, iop, iroot, icomm);

sendbuf : 1 X{EFEE D FEFMMETIEET 5,

recvbuf : ZIETEIEDEEBMZTIETE T S, iroot THEELT-

PEQH TEZAHADLEIND,
P EZEFEEE . F—THoTIEAEEELY,

§iEhHE ., BLRSEINEHERLEGSTIIESEL,

icount : BH#E EEFEEBOT —R2EZRHTIETET 5.

idatatype : BH#HH  AEEHOT—HDEEZIETET 5,
<\ BRKEEMES>EZRIEEZIEET HIHGEIL.
MPI_2INT(Z#2!). MPI 2FLOAT (BiEER),
MPI_2DOUBLE(fS+HEER) . Z#EET %,

s BRLFAYU M EET S iTC
AR KPR AL 5 —
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LR 72 MPIBIZ—MPI Reduce

iop: EHH, BEDIEIEZTIETIT 5,
MPI_SUM (#3%0). MPI_PROD (#&). MPI_MAX (&X).
MPI_MIN (&/]\). MPI_MAXLOC (Fx K&fIiE).

MPI_MINLOC (&x/MNAIE)
iroot: BHA HRZTX

DOV EHETET H, ETNDicomm NADPETREIL

EZXETETLHILENHS,
icomm : EHE! PEEMR

51:7_9’&*5%760

A

[FEXAHPEMicomm N T

o d 2B 5 CTHHD

ierr : BHH, IT5——FHAS,
BRLTHYUMIEEES iTC
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MPI_Reduce®Difz (GEMHE)

PEQO PE1 PE2 PES3
MPI_Reduce()

MPI_Reduce() MPI_Reduce() MPI_Reduce()

Iroot

e e

op (FEEENI=HE)

'

B

BHFH

7—4
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MPI_ReducelZ X% 2 ) A MALHH|

(MPI 2DOUBLE &MPI MAXLOC)

MPIl_Reduce() MPI_Reduce()

Iroot

youis BRLTAOUMIERESE iTC
ol AR kit



IR 7 MPIBSE—MPI Allreduce

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

sendbuf : EF{EEBOSLEHFMMZIETET S,
recvbuf : Z{EFEIB D FLEERMMZTIETE I D, iroot TIEELT-
PEQH TEZTAHNEEIND,
PRl ERIEMBEIE . F—THoTIIHLLLAL, THhHE,
B 5 ZHERLGSTITESALY,
icount : BB EEBREBOT IXERMEIEET D,
idatatype : BH#HH  AEEHOT—HDEEZIETET 5,
R/IMEPRKRELMAEZ R EEZIEET m5(E.
MPI_2INT(2%{ %), MP|_ 2FLOAT (BFEER),
MPI_2DOUBLE(fEf5E ) 8T 5,

9 BRLFAYU M EET S iTC
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FER 2L MPIBYZ(—MPI_Allreduce

iop: EHA EEDEEZIETI D,
MPI_SUM (#2%0). MPI_PROD (f&). MPI_MAX
(== K). MPI_MIN (&/I'). MPI_MAXLOC (&
KEGIE). MPI_MINLOC (F/MNEIE) % E,
icomm : ZE#HH PEEMHZRERHEITHESTHHO
S —AFETET S

ierr : B#H, I5—a—FH A%,

BRLFAYUMi=HD S FTC
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MPI Allreduce®iz; (GEMEE)

PE2
MPI_Allreduce()

PEO

MPI_Allreduce()

=

PE1

MPI_Allreduce()

_

l

PES3
MPI_Allreduce()

5IE L= B R

ic;}G

ped

l

l

N

BRAHT —FOBE

REHH
F—%

BREFH

F—5

121

BHALTAIUMIEEE R

ITC

WERFEHRL R 5 —
Information Technology Center,The University of Tokyo



1.7

V2 gy

» EREIZDLNT
U/)-( 7/3>/iﬁli

)

7 VN-

NT%|

i)

1% 1 B{EIZEERELY

g RS T !

MPI_Allreduce [& MPI_Reduce [ZEE~NGEELY
MPI_Allreduce |&, BUELIEN A S,
154H~<, MPI_Reduce Zf£ 3,
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1.4 1AL E

» 1751 A DY (Block, * ) BN TS ET B,

» 1751 A DEBITH A" ZEBIZIX. MPITIE
RD25EYDEEERNS
MPl_GatherBd%

v -

MPI_ScatterFH %X

C

>
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JLRER 7 MPIBE(—MPI_Gather

» ierr = MPIl_Gather(sendbuf, isendcount, isendtype,
recvbuf, irecvcount, irecvtype, iroot, icomm);

sendbuf : E{EFEEDEBEEMZIEET 5,
isendcount: EHE EEBREOTIERMZEIEET S,
isendtype : EHE  EXEBEBOT—IDEEIEET D,
recvbuf : Z{EFEEDEEFMZIETE T D, iroot THETEL
1=PEDQ#H# TEEAANGEEINS,
THRERRELT, KEBFEZEEEIE. F—THoTIELELLELY,
FhhE, BEHEHNEHELGSTIEESARL,
irecvcount: BB ZEFEBOT IERHETIETET D,
COERBEIPER-YDEET —FHEHEET 5L,
MPI_Gather Bl CII B PETELGDIHMD T —R2EWNET H LT
TEHLDT, RLEZIEET S,

124 BRLFAYU M EET S iTC
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125

BER 7 MPIBS2(—MPI_Gather

X
i

EEEOT—28ZIETE

irecvtype : EZE

ERAR

iroot : EBHE INET—F%FZITHSPED
icomm ANTHDISVIZFIETET b,

£ TOicomm NNDPETRILIEZIEET S
WENH S,

icomm : EB#HH PERHIZR#M I SIBFSTHD
O =45 —R3%ETT 5.

ierr : BB T5——FHAS,

BHLTZHYUM ST B iTC
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MPI Gather®iz: (GEMEE)
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LR 7 MPIBHE—MPI Scatter

» ierr = MPl_Scatter ( sendbuf, isendcount, isendtype,

recvbuf, irecvcount, irecvtype, iroot, icomm);

127

sendbuf : E{EFEEDEBEEMZIEET 5,

isendcount: EHE EEBREOTIERMZEIEET S,
COERII. IPELYICELSNIERET —IHERET S,
MPI_Scatter B8l CIX B PETELG LMD T —FER# T HZEILT
EHVLDT, RLEEEETHE,

isendtype : BB EXEEBDT—IDEZTIEET S,

iroot T EEL-PEOHBZNELES,

recvbuf : Z{ETREBDEEHRMZFTIETET S,
BHRAELT, EEEEEZIEEEIT. A—ThHoTITESLELY,
Jlabhb, BUHEIZHERLGCTIIGELALY,

irecvcount: EBHE A ZEEBOT—IERHETIETET S,

BRLFAYUMi=HD S FTC
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128

_—Ei

HER 7S MPIBAZL—MPI_Scatter

X
i

EEEOT—28ZIETE

irecvtype : EZE

ERAE

iroot : EBHE INET—F%FZITHSPED
icomm NTHDISUIZIETEIT S,

£ TDicomm NDPETRICIEZIEET AIE
MH5,

icomm : EB#HH PERHIZR#M I SIBFSTHD
O =45 —R3%ETT 5.

ierr : BB T5——FHAS,

BHLTZHYUM ST B iTC
LRk o R



PEO PE1 PE2 PES3

MPI_Scatter()
iroot

T—5A
T—%B
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2> 3Chik

N -

MPIAEi 5| a4 S53I04 P/ANFTaO E  E {3 R
AT 52T EDOEMPIER. BILUES &,

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

-

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

MPI-JA—=1) 2T 1) X~
( http://phase.hpcc.jp/phase/mpi-j/ml/ )
5V Ea—42TF EHERE. BRE(1996)
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MPIZ7a 275 AEH 1 GEE)

W RPN ¥ — W RHER
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Yrrnray s LAoOqN
» Hello/
it 5l ik Hello 704 5 Ls
hello-pure.bash, hello-hyl16.bash :NQSY3aJRITRT7 AL
Cpi/
AEARHETOT S L
cpi-pure.bash NQSU3TRVTRIT741IL
Wal/
BEREREFKICKOBFER
wal-pure.bash NQSTaTRIYTRI7AIL
Wa2/
“HRBEARICELIHBINER
wa2-pure.bash NQST3 TRV TRI74IL
Cpi_m/
MAREARFETOI S LICEREFHAIL—FoEBMLI-E0
cpi_m-pure.bash NQSLaTRHUYT+I7A )L

v

v

v

v
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iR 7a 72 LA GBIREERE D)
y FRITOLRABNRETSHT—2%,. 70X TMEL.
HETALR1 DI EREMEITHEEEZEZ D,

» RAMEHFE GERERETF )
(B THITNIR) EBOTORNST—2%ZETS;
EROTOEANST—2METL =S
25T %;
<BHDT—E>ELZIETI>EMET S;
(9B THITFNIDAFEOTOLRIC<20MEL-#EREZ > EET 5;
WMIBZHRT 9 5;

4 ;%*tj:obéiuﬁ

EEYEIX. (myid-1) DIDZEHDTAEX

ABEYEIE. (myid+1)DIDEELED2TOEX
myid=0D T At X (&, EBEY FLELD T, ZELLEL
myid=p-1D T AR (. BEYIELELD T, FEEFELLGL

134 BRLT A MEEES 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%
f (myid 1= 0) { 22 LdrecvbufZs 21

ierr = MPI1_Recv(&drecvbuf, 1, MP|_DOUBLE, myid-1, 0,/ £ A
MPI_COMM_WORLD, &istatus);

} YU —D %N
dsendbuf = dsendbuf + drecvbuf; B2 &U—2%
. o IDEE (myid+1) 2,
if (myid != nprocs-1) { P 3=

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

MPI_COMM_WORLD); Tl Adouble®! 7—4
} 12%1%(E
if (myid == nprocs-1) printf ("Total = %4.2If ¥n", dsendbuf);
}
136 BHLTHYUMIERES B iITC
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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

137 BHLT7HOUMIEEES

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

AD>TULyvsdouble®!
T—R1D%E(E
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iR 7o A (ChoREE D

» ZHRAEEFEAN
k=1;
for (i=0; i < log2(nprocs); i++)
if ( (myid & k) == k)
(myid — KEITOERANLT—2%E2(E;
BAoDT—3ERET—HEMET S,

k =k*2;
else
(myid + WETAVRIZ, T—R%EET D,
WMIBZRTITH,;
138 BRALT7HOUMIEEST S
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wiER a7 o A (CoAREEH

3B H =log2(8) B¥ E © >
w @O—O O—@

w2 O—~0 00 0-0 0-0
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[\ =
EELFTOIX
Eo: JOCABSD2EMKRIEDEHREFIATS
FIRIZBUWT, 2ETEH2TARDOEHIT. LTTEMTS:
myid & k Ak &—E
ZCT k=2MG-1) 6
DFY, TOEREBESD2EHMRETENSIBFEHDEYRAI-TILVS
JRERM EETHILIZTS
F- EZEXTOTOLRESE LTTEITS:
myid + k
DFEY . BEIFKILITLHTAEAEFSORIRE27(-1)— =2 KEDT
FEETOERIZDOWLNTIX, LEOHEHAKYILD,

iR 7o A (ChoREE D
)
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’»%fﬂ] a5 A (ChOREBETR)
B RERE A DES[EIEK

BHSHMZ, nprocs— 1 [B
—aARBEEAKXDBEERH

RiE1Y DHiitE

FETITHONSEEF. T2ICEITITHONS
(BIEDEEIEFEELLLY)

DO DE(E

DFEY. log2(nprocs) [E

A

5 O

» A DBEREIRD LR
TOEy Y ARAET e EBIEEROE (=FTHR) 4

ETHRELED

10247701 R#EKTIL, 10230 xt 10[H !
TH BFLEZHARBEAXNENEITESANCRIEGFED S )
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%ﬁfﬂ??%?

EE_

r——

—_ "

== R

AVIASIZIE, RET R I 7 A SHEREN B D

BN AS TNV ETaIURTIEEL

F,

19

LT D2ig8anhyUET

F5FF

EARK7O7745

& 7095 LERT. RUREROMAMNOTLY

HEMZERIET S

F 73

AT 7A45

1R ROEFEONDN>THSEMANDFES

DIZENWT ARYTVEAE, FrviabyhE,

/—~

ALYRETHE, MPLASHBRERENT., 2175
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PERE 7 1 7 7 A 5 O DN
EARKTOI745
vkl :fipp —C
FraAT Uk fipppx. GUI(WEB#EH)
A—H707 3 LI L—FERMR(T 74 /LEF100 ) 7 RERR) EI2E YA A
aMTIEHRZTINET B,
IREL-BHREZEIC. AIRAMERFO A ITHERER T,
HMToOI745
a5 fapp —C
F AR GUI(WEB#EH)
1—H47JAJSLDOPICHEEHEZEEL. MEHEED/N—KOzT7HOY
ADEZINE,

IREL-1E#HZEIZ. MFLOPS, MIPS. R FEMTLEER vyl 1S XREDE
HETERER T,

43 BRLFAYU M EET S iTC
AR KPR AL 5 —



A7 077 A Z A
» TATFAST—RRADZEDTALIRIDIENES A
» IWa2 IZ ProfT4L IR Z{ERL
$ mkdir Prof
» Wa2 M wa2-pure.bash FIZLL FZ L&
fipp -C -d Prof mpirun ./wa2
» BIT9 S
$ pjsub wa2-pure.bash
» TRXRRANTOT7ASERE)
$ fipppx —A -d Prof

144 BRLFAY M =TS 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 |1
2.1588 0.4600 0.6800 Process 88
2.1580 0.5000 0.6400 Process 99
2.1568 0.6600 1.4200 Process |11

145 BHLThOUMMTE
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A7 774 HhH (2/2)

Procedures profile

Application - procedures

Cost % Mpi % Start End
475 100.0000 312 65.6842 -- -- Application
312 65.6842 312 100.0000 I 45 MAIN__
82 17.2632 0 0.0000 -- -- __GIl___sched_yield
80 16.8421 0 0.0000 -- -- __libc_poll
I 0.2105 0 0.0000 - -- __pthread_mutex_unlock_usercnt
Process |1l - procedures
Cost % Mpi % Start End
5 100.0000 4 80.0000 -- -- Process 11
4 80.0000 4 100.0000 | 45 MAIN__
1 20.0000 0 0.0000 -- -- _ GIl___sched_yeld
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st a7 7 A4 Z Rl P
» AIELI=ULVSRIZ, LTOaT U RZERA

» FortranSi&NDimE
~NYEITFAIL TG
BITERAIR FHE4: call fapp_start(name, number, level)
BIERT FH=4: call fapp_stop(name, number, level)
F A : call fapp_start(“regionl!”,1,1)
» CICH+EENEZS
ANYFZIT7A )L fi_tool/fapp.h
BITERAIR BA%L4 : void fapp_start(const char *name, int number, int level)
BITERRT BIE4 : void fapp_stop(const char *name, int number, int level)
K15 : fapp_start(“regionl”,l,1);
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st 7 17 7 A Z F B

» ZDTALIRIWIENES ATZD T, /Wa2 IZ ProfT4L IR
ZERL
$ mkdir Prof
» Wa2@wa2-pure.bashF [ZLL T Z L&
(Frud L IFERENGE)
fapp -C -d Prof —L | —lhwm —Hevent=Cache mpirun ./wa2
» RIT9 4
$ pjsub wa2-pure.bash

148 BRL7 AV MIERES o iTC
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st 7 82 7 7 4 2 GUNT K % EmHi
y OS5I KB Y—IL(FUJITSU Software Development
Tools Version 1.2.1 for Windows) Z4 > XA +—JL
UTz77tA
https://oakleaf-fx-1.cc.u-tokyo.ac.jp/fsdtfx | 0tx/

install/index.html
y T&3Ho0—K1%491)99
» Server|[Z,
oakleaf-fx- |.cc.u-tokyo.ac.jp

» Nameé password(Et 23— HE2
LI=tDEAND il

) 5$<L\<&\ E 0)7|_:“J7Z75§—C°é FUJITSU Software Development Tools FIJ'IfTSU
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79 7 7 £ 2 GUNZ X D EAH
» MACOIZEIF. L TZ7O1X

https://oakleaf-fx-|.cc.u-tokyo.ac.jp/fsdtfx | 0tx/
install/mac/index.html
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st 7’02 7 7 4 2 GUIT K % &b

» BORYIAT, TAITF7A7 |
Bz 1)vo

l,
y JAT7AILT—3IDHS
THIVFEIEET S

FUJITSU Software Development Tools FUjiTSU

.....
-----

cccccccc

» SENE, BED &SN |
F—ANEZ 5 '
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sl 7 a7 7> A4 2 TRNDT—¥
» 7O AEDBEEHEEIEHR
(GULEL TR TERTR)

» EMPIT O RIZETHLUT DIEHR
Cache: vy a1 XFH
Instructions: £1Tan0 T 5F 1
Mem_access: * 7Vt RIKR
Performance: ap 5 T3N3
Statistics: CPU core EJ{EIKR

BELT A MIEHES Ly
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2P AvntiibEgRE (=7 IV IERD)

y MERETOT7AILIZRIZKLY

y 7EIFBEZEITLEZLELFZOA,
HRET A 7AILT—R (XL VBB DR, EITHRREIZ A
HBHE|E/E)ZE . ExcelTRIRIEL TN S Y—IL (5 PATRI R
EYy—IL) A ERKFFHREEB L I—OFX10TIL, RIS
NnTL3

» FIE
XRERT(IWL—)&. EFRDAPITIEET S
TJOJ7AIWNE ANDITHILTTHIITEDLD
JOJ7AILD=6DaATU K TIEIEITT S
IV RIZE#RT S
AT YEIIHKZFID/\VAVITHEHE LTS

SDI7AINE FBEDIITEILER—DIAHILZTIZANTHIHG, IBEDT

9t )L ZERFIK
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R P A A

LDz DIEAAP 1

» L FDAPIT, ®RELEDIL—T D (FortranDIFH)
call start_collection(“region”)
<HREGDHIL—T>

call stop_collection(“region”)

» “region”ld MR EGDIGFTDAZRIED T, EFED
LRI TITHIEMTIHEE
(B T. BRI EILERCESIZED)
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EifrD XE
» aout ELVDERITIZFAILDIFZELUTDLOIZIEIEITT S
» BITTHTaLURIIZ, pal. pa2. .... pa7&lLND,
TALOR)ZE>THEELRH S
» UTFDLOITETIT S

fapp -C —d pal -Hpa=| mpiexec a.out

fapp -C —d pa2 -Hpa=2 mpiexec a.out

fapp -C —d pa3 -Hpa=3 mpiexec a.out
fapp -C —d pa4 -Hpa=4 mpiexec a.out
fapp -C —d pa5 -Hpa=5 mpiexec a.out
fapp -C —d paé -Hpa=6 mpiexec a.out
fapp -C —d pa7 -Hpa=7 mpiexec a.out
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I TF—F NDEH
(2, JAI7AILT—3A3D0HAH L%

» pal.pa2. ..., pa7(H
HERT D
» LTFDATUREETT S

fapppx -A -d pal -o output prof |l.csv -tcsv -Hpa

fapppx
fapppx
fapppx
fapppx
fapppx
fapppx

156

pa2
pa3
pa4
paS
paé
pa/

output_prof 2.csv
output_prof 3.csv
output_prof 4.csv
output_prof 5.csv
output_prof 6.csv
output_prof /.csv

BHALTAIUMIEEE R

-tcsy
-tcsy
-tcsy
-tcsy
-tcsy

-tcsy

-Hpa
-Hpa
-Hpa
-Hpa
-Hpa
-Hpa
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TN T—¥2FdDOP CIlTiiE

» ULTFOFX10LEDITHE)ILT—HR%. =

ESTDPCIZ

BRIX

output_prof |.csv, output_prof 2.csv, ..., output_prof /.csv

» FEEOITHOEILT—ENAST=TAHILE T, R—3)LE

TRRASNTLAERIIEILERHK

» BT ORIILT—R2OFRAE. TSN f-T—32D R

Hlx. ¥=—aT7ILSEE

J2UL-1490-04Z0(01) 201346 A . Technical Computing Suite
V1.0, 787745 HF51& (PRIMEHPC FXI0F)
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PrEmaE b e RO~ (1/2)

» C. FortranZfllHd . >/ N\ M5 1 To-wmiBE1LEEH%E
MAZEITERERBEIEL TEETHDS

y» BI7AILDY—ROA—KRZEIZ EDESHLRBEIENIT
Hit=hHAh95. a0/ (5T arhidhb

» C. FortranT3Z2

B D FEREER

-Nist=p ZZEDHZBEILEHREH (T IAILE)
-Nist=t : FFifl/FEE L [FERZ H
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PErEmE LT ROIER (2/2)

» Fortran M. p. tLLSLBIEE AT EE
-Nist=a : ZHIDEEEHZT L 7
Nist=d : JREE DHERIFHRELE S
Nist=l : AV IL—FENF=T7AILDTAT L) Rk
BEUOAIIIN—T7MINE—EZHNEL N
-Nist=m : BE) I 51 DK R ZEOpenMPIE TR XIZL DT
REL-RET70OT S LEH 7
Nist=x : AP IV XB=SDHESRFHmZTHE N
L. ASAMoR=ZaTILDOLLTZSBOC L
CERBERAF5IE: P26
C++EiE{EAFEIE: P28
FortranfE FHEF 5|2 : P46 P52 P53
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T T e
. BREEEAROTOTSLEELT
Wal O7045 L
). ZHRBEARDITOTILEEST
Wa2D 7 a5 5 L
3. BREIEHRTO 0T S LFET
Cpi_ mDT7T0OT S L
4 TAOCRABEEZILIET T, Yo7 ILTOT S LFELT
5. Hello7AYS5L% . UTODXIIZHE

MPl_SendZAL\T. 7OEROMNSCharB DT —4
“HelloWorld!!"% . FD /MO 7ORXRIZIEIET S

ZDMDTOERXTIL. MPI_ ReevCRZIELTRTT S
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T T e
. BREEEAROTOTSLEELT
Wal O7045 L
). ZHRBEARDITOTILEEST
Wa2D 7 a5 5 L
3. BREIEHRTO 0T S LFET
Cpi_ mDT7T0OT S L
4 TAOCRABEEZILIET T, Yo7 ILTOT S LFELT
5. Hello7AYS5L% . UTODXIIZHE

MPl_SendZAL\T. 7OEROMNSCharB DT —4
“HelloWorld!!"% . FD /MO 7ORXRIZIEIET S

ZDMDTOERXTIL. MPI_ ReevCRZIELTRTT S
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7nr7 27 L%E 1 (BLAS) (JE#)

SRR Y & — IR PRI
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T N

» BLASE &

» GOTO BLASE [

» LAPACK & [&

» ScaLAPACK & &

» BLASO | FHiZEZEE (DGEMM)

163 BEHL7AYUMIZEES ch



1.8 BLAS:(PBLAS
» BLAS (Basic Linear Algebra Subprograms,

HEARFEIAKE

R RMETE T,
(APMI:) L=tD,

gl7005L5E)

=l BE175

Lo, ERNEREZRE(L

| DRI BEEADODERNER

0)53|17 O35 L%3E9,

FTHORERNEEHAHD << R/N—ABLAS> &ELVHE
DHHAD . £EFEBELTULELLY,

|64

BRLFAYUMi=HT S FTC
HRK A WL > 5 —



1.8 BLAS PBLAS

SHEELESAT VDO <IERDFE> &,
<7D’77Aﬁ$m H>Z5O4HEHMTIEE
BLAS;EHE DMRENER. B &L D1—F A,
B2n700 3 LTHILTITONDIE.

VIR DI T7HRBENENEL

< TIT=E>THHL

45 %E&%Té — 3. BEOLGWa—Y
[ 2

<Hﬁ,k)k:s> = <§Fl=Z, IFx>

BLASIE. 2V IO I T7ICHIT5
<YIrO)ITT7IE>DIELY

165 BRLFAYU M EET S iTC
AR KPR AL 5 —




1.8 BLAS(PBLAS

» BLASTIX. LT XIZHFEHITHELT.

HJIIL—F DB R = —
,,ﬁ:*f%ovm%;mbﬁau@ﬂ<%z B OEHE ERD)

FHI R TSI, = ERATH)

%“ — ST (B 4T51% Z RITIZEHE)
EERERAEAD, $TF] RTRIL)

» SEEHMEEND, LTDIDIEEEXTEE

A~ JL1 BLAS: ’\7~)l/t’\7l~)lz0):§:

AR JL2 BLAS: {THIERIRILDEE

A~ L3 BLAS: ﬁﬁ.t TH0RE

166 BRLFAYU M EET S iTC
AR KPR AL 5 —



1.8 BLAS PBLAS

» LAJL1 BLAS
ROMVARBE ANV EREOME ., &
Bl: v « ax+y
T—ADFEHAHLEIE, EBEREBNZFIFERLC
T—ROBEHA(FYYES-T—RAOBEHAIZELS
T—A3T7 7 AR D ERE) NFEEAE TELELY
EREIZKDERER LM, HFEVEIFTELL
FEAE . ETE#N—FOIT7DEE MR
LARILIBLASOA TEEZRET DL BENARERFE->TH
5T —3BF RIS
5 :175)-RURILFEZE. LNJL1BLASTER

67 BRLFAYU M EET S iTC
AR KPR AL 5 —



1.8 BLAS & PBLAS

» LARJL2 BLAS
ITH-RORIELGEDER
Bl: y—aAx+By
BE/RBERANEE. Tx=y (TIX=A1TH]) ZxIZ
DWTCHCER.ZE2T
LARJLIBLASDADEE LS. T—2BIHAMEDTRL
ZOEE T HEITIEE
THNERDRIILT—RIZHRH LT, T—2DOBFAEHY
T—RT7 Ot AEEZE . EEEICKYiEHETTEE
(EIEE(ICKY) tEREM EALAJL1BLASIZEEAR
LYOg LD+ TALY)

BHLTAIOUMIEEE S

ITC

168
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1.8 BLAS&PBLAS

» LANJL3 BLAS

1TH-1THREGREDER
fBl: C—aAB+BC

HAEREED:

iIFIRNORNLETE#TIE. LARNJL2 BLASTH

EEEM EANZER TERZLY,
WHEICKYIPERY DT —RENBDLT D,
FYRRETEREZEYTRDGW S BRIADOIENGLY,

T5-4THFETIE. 1757 —4%2 O(n°) [ZHLT

EE(E O(n’)

BT, T—3BENAENREMIZEL,

THIFEIE. 7ILTA)XLLRN)LTEIOYIIETES,
SHICT—3DRMEEEHAENTES,

169

BRLFAYUMi=HD S FTC
HRK A WL > 5 —



LRI 72 BLAS OV RE

'["gfgps] IEBMREDRER
t — BLAS3
BLAS?
BLAS1
>
THIYA4 X
170 BEHLTAYMiEET iTC
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BLASFHI]

» (B 6 JEFBLAS3

C := alpha*op( A )*op( B ) + beta*C

A: M*K; B:K*N; C:M*N;

CALL DGEMM(‘N’,‘N’, n, n, n,ALPHA,A, N, B, N, BETA,C,N )

A A K
ADEREL T S D / alpha 7‘ 7\ beta T
2 2 OB

BAERELTLVSH 7L R
AD ch
TELX o — :
MO KES ?;%%ZBE 7RL X
ND K= AD1RITH — CH1RTE
DERH NDEEH
KOXES
SIEMZITE ELTHMELZKLY !
171 BRLTHYUMIEEES iTC

WK ENHRLERE Y —
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1.8

BLAS & PBLAS

» PBLAS

it 51| ki D BLAS

BLASE(ZIXRICA AT —REEHD
BLASFIFREMN . BHZIZHBITTES
A7) BFIFAD B THRE
B —RABIKXBSAT S LUNPACK (1> /VD)
EHESFERSAT S EISPACK (F14X/VvD)
NLEHELI=24T 3 LAPACK (Z/L-T—+/\Vv7D)
ZILdYXLLRN))LTITOvI7{EL T, LARILS
BLASZFIFT 57 L) X LR F
LAPACKZ 53 8L AEY) M 5L : Scal APACK (X A=/ Vv2)

\

1 5l iRBLASEL T, PBLAS#E I FH

172

BRLFAYUMi=HT S FTC
HRK A WL > 5 —



BLASOBERE T

» 55#l(ZHP: http://www.netlib.org/blas/
» i FRAl: BEE  XYYYY

X: T—45%
SEFE.DERE.CEX.Z.BKEER
YYYY: FHEDOIESE

LI

{5l : AXPY : RO ILERADS—ELTME
LAJL2:

{5l : GEMV: —fi& 175 ERTRILDTE
LAIL3:

{5l : GEMM:— i 475 ES L DFE

73 BRLT A MEEES iTC
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L2 7—Af : DGEMM (1/4)

» DGEMM
(TRANSA,TRANSB,M, N, K, ALPHA,A,LDA,B,LDB,
BETA, C,LDC)
C := alpha*op(A )*op( B ) + beta*C DFHEZXT S
op(X)=X HLLE op(X) =X (XDERETTHI)
» 518
TRANSA(A 71) - CHARACTER*1
TRANSA (% op(A ) DIREEIEET 5. U T DXFIIZEIEE.
TRANSA =‘N’ £LLIE 'n', op(A) =A
TRANSA =T" $LLIE ', op(A) =A'
TRANSA ='C'or 'c', op(A) = A°
TRANSB(A 73) - CHARACTER*1

TRANSB & op(B) DIEEZIEET 5. LLT Rk

174 BRLFAYU M EET S iTC
AR KPR AL 5 —



L8 7 z—AH : DGEMM (2 /4)

M(A ) - INTEGER
op(A) & 175 COITOKREZSZEHEET Do
N(A#) - INTEGER
op(B) & 1Tl COIDKESEIETET Do
K(AF) - INTEGER
op(A) DIIDKEZ, BELU op(B) DITOKREZFIRET S,
ALPHA (A #1) - DOUBLE PRECISION
AHS5E ALPHADEZRTET 5.
A(A71) - DOUBLE PRECISION

ITHIADELF|, KESIE (LDA ka )T, ka [ETRANSA =‘N’ or ‘0’ &E (&
ko ZOTIHEWLEEIE. m,

TRANSA =N’ or "D EZ(E. mX kDERFIIDBERIZITIIAZE T\
WMFELY, O THWEEIL kX mDERFIZITHIADEEE ANS,

175 BRLFAY M =TS iTC
AR KPR AL 5 —



L2 7—AfH : DGEMM (3/4)

LDA(A A1) - INTEGER
THADZRYIDRITEHEZAND, TRANSA =N’ £ L<LIE ‘w %55, LDA
[E max( 1, m ) TETILTE LR, £ TELVEL, LDA [dmax( 1,k)T
L TIFEBELY,
B(A ) - DOUBLE PRECISION
1T5IBDERS, KESIE (LDB, kb )T, kb [XTRANSA =‘N’ or ‘"D EE X
No %5—Gfd:L\t§(is ko
TRANSA =N’ or "D EZ(E kX nDERFIDERIZITHIBEE TN\ E
LMFELY, 5 THWEEIL n X KkDERFIZ{THIBNETBEE AND,
LDB(A71) - INTEGER
THBNE®RIDRITEEANS. TRANSA =N’ £LLIE ‘n’ 755, LDA
[E max( 1,k ) TELTIFELAELY, DTV L, LDB [Emax( 1,n)T
L TIFE LAY,

176 BRLFAYU M EET S iTC
AR KPR AL 5 —



L8 7 z—AH : DGEMM (4 /4)

BETA (A 71) - DOUBLE PRECISION

AHS5{E BETADEZRTET S,

C (AB.HA) - DOUBLE PRECISION

1THCHESAH,

AR . m X n OEIIZITHCEANDS, BEEFIIZIX. BETADOTALE
Y. fTHICEAND, CDFZEIEX. COAAIXBELLY,

H AR, COBEFIZ. m X nfTIIDEELEER

( alpha*op( A )*op(B) + beta*C ) AN EEZESN TR,

LDC (A 73) - INTEGER

THCHOBRDRITEE AND, LDC [F max(1,m ) THELTIXESELY,

BRLFAYUMi=HD S FTC
HRK A WL > 5 —



BL A S ORES

» BLASO) 5l RE )2

BLASYOPBLASZF LA E. T—2BFI Ak
P FIEAIMET IS5 E LAY
5 : LN JL1BLASIZE [T 51T 51- /\’7|~Ma

A3 T—RIZEHES=8 ., EEXGTAIE
(BRHI~NDHRAFE) A E(C fouéiﬁé.\%
<AEJRES>OEEMSRET>DERIC
—AOA—FWNFEHAITLKLKLGS
BLASDA U ATT—RZEHAMLIEWNVE, MZAHST
MERHIEAE TSN
=H. B RN -HaEEDRL—FATTLLOD

178 BRLFAYU M EET S iTC
AR KPR AL 5 —




GOTO BLAS &3

» REMX KICKYBREREINE, V—XO—FH®
EEAFOIREL. BHEEBLASORE (S4T731))
» HFE
TILFAT XD EIN TN
ZLDAETATA/\—FOIT7 ELDOEEIZHE

Intel Nehalem and Atom systems

VIA Nanoprocessor
AMD Shanghai and Istanbul

%
» TE B AXRFESRESTHE L 2—(TACC) T,
GOTO BLAS2¢ LT, YV—RO—FZEHLTLNS

HP : http://www.tacc.utexas.edu/tacc-projects/gotoblas?/

179 BRLFAYU M EET S iTC
AR KPR AL 5 —



LAPACK

- BISIHTS. P—
—RAEEXDMEE. b el
Er*actU\ BIEDEED e =
L A P A -C-K
“BE"FITIVIXLIL—Fo% LA PR € K
#\%15—6:%%1#5 LA-P-ACMK
» TDEDRKRFOHEMARNERE L-A-P A CK
NYTHINZT RIN—HIL—4: e
James  Demmel i i ey
THRI—KRKI/VIREILRR:
Jack Dongarra##%
» HP
http://www.netlib.org/lapack/
180 BRL7 DY MIERES iTC

WRURPAREIL R & —
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LAPACK®D 4y 31|

» anAFRAI: BE%

181

X: T—43%

SEHEE.D: &5

K4 - XYYZZZ

E.CER.Z.EBREER

YY: 17Hl0DEY

BD: —EXxtA.DI:xtfA.GB: — % #1715, GE: —fi% 1751,
HEERITILS—F HP:EXITI/ILSI—FEHEHEK. SY: A FR
1741, ...

777 : FEDEZE

TRF: 75D 2. TRS: {THI D fEZ{ES. CON: FH#

DitHE.RFS: T REAEDIRESP

FIDDE.EQU: Ry —1)U T MDEHE. .

BEALTHVUMIEEE S

25T 8. TR ZEX AT

ITC
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£ 7—ZfH : DGESV  (1/3)

» DGESV
(N, NRHS, A,LDA, IPIVOT, B,LDB, INFO)
AX=B DIEDITIXETEZT S
A*¥X=B,CZTA [ENXNITHIT, X & B I& N XNRHSTTHI&
EOR
TRBOEDIRENBIRTEDLUNE TAZA=P*L*U &9
fRd 5D, CCT P IEIRIRITH. L IZTTF=/A1TH. UIZE=A1T5
THd,
DEESNT-A [ BT —RAFEKA * X = BHFELDIZFEHhNS,
» 51K
N (A 7A) - INTEGER
BEAREXDE, THADXTH, N>=0,

182 BRLFAYU M EET S iTC
AR KPR AL 5 —



£ 7x—ZAfH : DGESV (2/3)

NRHS (A7) — INTEGER
GIARTRILDE, 1T5IBDRITE ., NRHS >=0,

A (A 71/t 73) —- DOUBLE PRECISION, DIMENSION(:,:)
AAFFIE NXNDITIHADZREZEAND,

H A ADSDEBEINT-1THILEU = PrXUZEHELTHE DTS,
LOXABERIEI1THAD T, SN TLVELY,

LDA (A 73) — INTEGER
FESIAD R DRITDKEE, LDA >= max(l,N),
IPIVOT (2 57) — DOUBLE PRECISION, DIMENSION(:)

RILITHAZIBAT DBEBD AT VIR, THDITTAIPIVOT()ITER
HBEh TS,

183 BRLFAYU M EET S iTC
AR KPR AL 5 —



£ 7x—ZfH : DGESV  (3/3)

B (A 717 H 77) - DOUBLE PRECISION, DIMENSION(:,:)
ANEE ABRIRLDO NXNRHS {75IBEZANS,
H A&, HL.INFO =0 %5, N X NRHSTTHI THLEEITHIXHNRS,
LDB (A #1) —INTEGER
FESIBORADRITDKES, LDB >= max(I,N),
INFO (i 53) —INTEGER
=0: EB&¥KT
<0: £L INFO =-i %5 i-th TTOSIHDEMNEMLLY,

>0: HL INFO =i 7356 U(i,i)) DNEEEIZOTH S, DEEILIRH DD,
UD N fRITFELL -0, R ILETE I,

™ BRLFAYU M EET S iTC
AR KPR AL 5 —



ScaLAPACK

AR [s i RS Y R T - WAD): 97 ScALAPACK Users' Guide

BLUEBEHEDREEDIELRL

ZILdYX LIIL—F Dl 5L irk%

|{ETIEH

1—H A3 71— XIELAPACKIZ < #5148l

YIRDITDLEBEIE>HBEIN TS
NERIL—F > [ZLAPACKZ F| F

it 5| > 27— R IZBLACS

T35 ARIZ. 2RFTTTAVT S A O) v AR

iR AR

HP: http://www.netlib.org/scalapack/

185 BRL7 AV MIERES o iTC
Eerihakar . -



ScalLAPACKY 7 b 7Kk X
ScalAPACK

A Software Library for Linear Algebra Computations on Distributed-Memory Computers

Scal APACK
calt Live Wige Fackagy

PBLAS

Parallo] B Livear Miprbes fubpeograema

Global Addressing

Lacal Add:osaing

Platfarm Independent

Plutfo-r'm-S;e;fic

AVAILABLE SOFTWARE: DOCUMENTATION:

Dense, Band, and Tridiagenal Linear Systems ScalAPACK Users’ Guide
*general Bitpe/ fwrwwnetlib.org sedlopackfug realopack_slug. himl
= symmetlric positive definite Future Work

Full-Rank Linear Least Squares « Out-cf-core Eigsnsolvers

Standard and Generalized Tk "
Orthogonal Factorizations * Divide and Conquer routines
+ C++ and Java Interfaces

Eigensolvers
* SEP: Symmetric Eigenproblem Commercial Use
* NEP: Nansymmetric Eigenproblem ScalAPACK has been incorporated into
- GSEP: Generalized Symmetric Eigenproblem F

VD L -7 the following software pockages:

* MAG Mumerical Library

Prototype Codes * |BM Parallel ESSL
«HPF interface to Scal APACK * 5G| Cray Scientific Software Library
* Malrix Sign Function for Eigenproblems and is being integrated into the VNI IM5L
*Outelcore salvers (LU, Chelesky, QR) Numerical Library, as well as software
*Super LU libraries for Fujitsu, HP/Canvex, Hitachi,
«PBLAS [algorithmic blocking and no and NEC.

alignment restrictions.)

SR ff__ff’__':‘""""“‘bz:"gf’mm . m“’%‘jﬂ@) http://www.netlib.org/scalapack/poster.html
186 BRLTHAYUMIERER ﬁ*x%&mgﬁ!;rg:
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BLACS & PBLAS

» BLACS

ScaLAPACKH CfE N 5B EHEEZREEIEL=32 D,
BIETA73)I&.MPI, PVM, BRI HBIESAT 3%
TEEL. ScaLAPACKN CO—HMEIEE T ITHESICEZBMET S
LS., BIETAT ) DT/ \—rIRZE| TScaLAPACK N TH| F
IRE . MPINT 270K 22 =1=8 . MPICTHEEZEINT-
BLACSO A&, IRZEMICHIASN TLVS,
12D T. ScalAPACKIEZMPITaV/SAI)LL. BEILTH AT S

» PBLAS
BLACSZ ALV TBLASE RIFSREE TRt T DRI EE
it I FRBLASELYVD TN,

Ll

187 BRLFAYU M EET S iTC
AR KPR AL 5 —



ScalLAPACK®D 4y 44 1 HI
» JRAI

LAPACK D RE#IZ DEEIZ“P & T+ D

» ZDIZH . BLACS. PBLAS. T

#1195 71=8 D ScaLAPACK |

— AN
IR H B

188 BRLT A MEEES iTC
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£ 7x—Z%H) : PDGESV (1/4)
» PDGESV

( N,NRHS,A,IA,JA,DESCA,IPIV,B,IB, B,DESCB,

INFO )
sub(A) X =sub(B) DBDITIXZETEZT S
CZTsub(A) [EN XNITHIZ 7 ELT-A(A:IA+N-1, JA;JA+N-1)
D175
X & B [ N XNRHSTT51% 735 L1=B(IB:IB+N-1, ]B:JB+NRHS-1)
D175
TR D E 7 IREERTE DDLU fE Tsub(A) &
sub(A) =P *L*U ENFET D, T TP IERHITEI,
LITT=Z/A1T3. UIZ L=A1TIITHS,
DfESNT=sub(A) (X, BEIL—RFEXsub(A) * X = sub(B)%&
fEKDIZEDHNS,

189 BRLFAYU M EET S iTC
AR KPR AL 5 —




L7 z—Af : PDGESV  (2/4)

N (Kigi A 73) — INTEGER
B ARKDOH, THIADRTE, N>=0,
NRHS (KA 71) — INTEGER
GARITRILDE, ITHIBDXRITH ., NRHS >= 0,
A (BT A 7171 77) - DOUBLE PRECISION, DIMENSION(:,))

ANFFIE NXNDITHIAD FBFTbsn =% %%
BEFIA(LLD _A,LOCc( JA+N-1)ZF AN B,

H AT AN EREINT=1THILEU = PrLXUEEHRLTHE DT S,
LOXABERIE1THAID T, IS TULVELY,

IA(KIZ A 77) —INTEGER :subA)DBRADITDAL T IR
JACKIZEA 73) —INTEGER :sub(ADBRADINDA T VIR
DESCA (KM DEmAT A 71) — INTEGER

DRSS =ERSIAD LR F,

190 BRLFAYU M EET S iTC
AR KPR AL 5 —



£ 7 z—AH : PDGESV  (3/4)
IPIVOT (mFTH73) — DOUBLE PRECISION, DIMENSION(:)
RITHAZER T DIREMD A TYIRX, 1THIDIFTHAIPIVOT(i)ITER
SN TS, DEIST=EE5( LOCr(M_A)+MB_A)EL TR S,
B (BFT A 1.~ H7) - DOUBLE PRECISION, DIMENSION(:,)

ANEZ. AERTRILD NXNRHSDOITHIBO A Eics-£ND%E
(LLD_B, LOCc(JB+NRHS-1))IZAN 3,

HAEFE, HL.INFO =0 725, N X NRHSITH| TH S ERITHIXAY,
THIBLRIFRD D EISNTIZIRRE TR S,
IB(X1k A 73) —INTEGER
sub(B)DERADITDATIIR
JB(KIZ A 11) —INTEGER
sub(B)DEXFDHNDA T VIR
DESCB (KM DREFAT A /1) — INTEGER
RSN T-ERFIBD LB F .

191 BRLFAYU M EET S iTC
AR KPR AL 5 —




L7 7 z—AfH) : PDGESV (3/4)

INFO (KL H 77) —INTEGER
=0: EERT
<0:
1L iZFB DERHIESIT. TOERDENEMNLLVESL,
INFO = -(i*100+))&75 5,
LLIBBDERNANS—T. D, ZTDEAEMNLLVGES,
INFO = -i&# 3,
>0: {LL INFO = KD EEF U(IA+K-1,JA+K-1) D EEZE(Z0TH 5.
NRIETT I, DESNF-UIXEERICTHELGD T,
fRIXETE TSN,

192 BRLFAYU M EET S iTC
AR KPR AL 5 —



YrInNTn s AOEY
(BLAS DGEMM)

193 BRLFAYUMi=HTS FTC
HRK A WL > 5 —



UN I XBhiissk

» emacsDRCE): emacs TET7MILA
Ax Ns (Cldcontrol) : THFAMDEREE

A Ac o BT
(Az TERTITHE RNIVDERN ENS, MERFICLEWNE,)

rg o RN EKIE DTS,

A A=Y ILEYITRETIHEHT . JHLI-ITIX—KFEE RS
%,

Ay« ACTHHLTIZITZ . REDA—VILDIGFRIZOE—T 5,
As XFH| . XFIDOEFRETHREIT 5,

AM x goto-line : ("MIXESC) {8 ELI=1TETEEIT 5,

194 BRLFAYU M EET S iTC
AR KPR AL 5 —



UN I X[i=8k

»rm Z7AIVE: T7AILEDIT7AILZEHEHT,
rm *~: test.c~ TRED  ~M DW=\ VI TV T IT7AILEHET

yIs: IREWSIAILZTDHEER S,

yed THILEE: THILFIZRRENT 5,
cd .. :—DEDTHILFTIZFEE],
cd ~ IL—hTALIRIIZIT BRI o T EE,
»cat J7AMILEA: T7AILBDHRBEZTRS
» make : BITI7MILE1ES (Makefile BNdHSHEZAT
LMZEITTEELY)
make clean :E{T77AMILZIHT .

195 BRLFAYU M EET S iTC
AR KPR~ & —



BLAS DGEMMY-> 7). 7va 79 ADOHEN

» CEiBhR. FortranF & D774 )L 4 (H8)
lecBLAS-fx.tar

» 3T RAD) TR T 74 JLmat-mat-blas.bash
D¥x1—A%
lecture D5 tutorial [CTEBELTH B
qgsub LTLZElY,
lecture : EE RIS D ¥ 21— (RIFFEITE)
tutorial : EE AN D F1— (RIFFEITH4+)

196 BRLT AU MIERES B iITC
LR IR 5ot At A



BLAS DGEMM®Y > 7)) 7 a5 LDy
(CSEEM /FortranS s& ik 1til)
» LTFODATUREETTS
$ cp /home/z30082/lecBLAS-fx.tar ./
$ tar xvf lecBLAS-fx.tar
$ cd Mat-Mat-BLAS

$ cdC /ICEED AN
»$ cd F //Fortran§ED A

$ pjsub mat-mat-blas.bash
» RITHARRTLI=0 LITZRITI S
$ cat mat-mat-blas.bash. XXXXXX (XXXXXX([LZE)

197 BRLT AU MIERES B iITC
LR IR 5ot At A



BLAS DGEMM®OY > )N 71 7S5 ADOELT
(CSeE)

» LT DEIGEFHERAR AN IR

N = 1000

Mat-Mat time = 6.759452 [sec.]
295.881965 [MFLOPS]

OK!

198 BRLFAYU M EET S iTC
AR KPR AL 5 —



BLAS DGEMM®OY > )N 71 7S5 ADOELT
(Fortran=S L)

» LT DEIGEFHERAR AN IR

N = 1000

Mat-Mat time[sec.] = 6.788638369180262
MFLOPS = 294.6098887856930

OK!

199 BRLFAY M =TS iTC
AR KPR AL 5 —



Vr7n7urs Lol (CSiHE

» #define N 1000
D.BFELEETHE ITHIHAXANER
TETFEY

» #define DEBUG 1
(1129 H&, THATIRDEEFR &
RECEET

» MyMatMatBE #1 D {1k

Double®!N x NITH|AEBDITHEEE /LN,
DoubleZN X NfTH|CIZFDNHFEEMNAYET

200 BRLFAYU M EET S iTC
AR KPR AL 5 —



FortranSsEDOY L 7NV 707 52 LADEFE

» FTHIHAANNDES L. LTDOIT7AILIC
HYUFET,

mat-mat-blas.inc

» TTHH A XEHH . NNEGH>TVET
integer NN
parameter (NN=1000)

21 BRLT AU MIERES B iITC
LR IR 5ot At A



= LHlBLASHOH LA 7Y a v

» BB/ A 5hvi5, BLAS (SSL I (Scientific
Subroutine Library Il) 8IZF54 7 3NV HT
e UTDATavE=FITET,

®C/FortranE iE & (BLASHZEXR (137 E1T))
mpifrtpx <7049 5., %> -SSL2 :Fortran5i3
mpiccpx <7JA4Y 5L %> -SSL2 :CEHE

OC/FortranE &£ & (BLASH ALY FETT)
mpifrtpx —Kfast, openmp <7045, %> -SSL2BLAMP

‘FortranS &

mpiccpx —Kfast, openmp <7A%5 5L %> -SSL2BLAMP

=:=®
= =]=]

202 SRLTAY =R iTC
AR KPR AL 5 —



Yo7 7nua o A0 (BLAS)
» 137 (FR)EITHRTY
» ALyRAEFMERRIE., e HRALvRili5{E %
) oLTCavnNAILD L MFNERTHDIEEZT S
WENHYET,
BLASRL K Tl&, OpenMPD AL YR EFEE % &
BLCAET. EITIHALYFEMNIEETEET
OMP_NUM_THREADSIRIZEZ #IZEITALYF#
T AND
OI3TRVVTRAIZ, LTEES (16 AL YREF):
export OMP_NUM_THREADS=16

203 BRLFAYU M EET S iTC
AR KPR AL 5 —



HMEMHE 1 (BLAS)

. MyMatMatB 2 (FiSE) DITHFEI—F =,
BLAS DEGMMJL—F 2 DFEEURHLIZKY

ER{EL TS0
BIEDIEUVITEFELTLIEELY,
E:i&ld. DGEMM @Fortran——"f;l,§
ZIEVUHLET . LTITFEFELTLZELY,
BE%i4& . DGEMM
ETHOEIEH RAUABIETEL

204 BRLFAYU M EET S iTC
AR KPR AL 5 —



MEHE 2 (BLAS)

). ALK

i 5| fRMDDGEMMZIEUNH L.

WANAIGEAL YR TREITLTIZSLY,

Fohn, PR

205
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BLAS DG
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BLAS DGEMMO®[n]|%
(CSEER)

double ALPHA, BETA;
char TEX[ 1] = {'N'};

ALPHA=1.0;

BETA=1.0;

dgemm_(&TEX, &TEX, &n, &n, &n, &KALPHA,
A, &n, B, &n, &BETA, C, &n);

207 BRLFAYU M EET S iTC
AR KPR AL 5 —



BLAS DGEMMO®[n]|%
(Fotran= 2E k)

double precision ALPHA,BETA

ALPHA=1.0d0

BETA=1.0d0

CALL DGEMM('N', 'N’, n, n, n, ALPHA,
& A, n, B, n, BETA, C, n)

208 BRLFAYU M EET S iTC
AR KPR AL 5 —



2 3CHk (1)

. BLAS
http://www.netlib.org/blas/

2. LAPACK
http://www.netlib.org/lapack/

3. ScaLAPACK
http://www.netlib.org/scalapack/

4. RIN—ABLAS
http://math.nist.gov/spblas/

209 BRLFAYU M EET S iTC
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2 CHk (2)

MPIAEi 5| a4 S53I04 P/ANFTaO E  E {3 R
AT 52T EDOEMPIER. BILUES &,

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

N

-

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

4. MPIJA=Y) T X
(http://phase.hpcc.jp/phase/mpi-j/ml/)

5. WHAVEL—2TF EBHERE. BRE(1996)

6. MHFENIE —SRIEEERERLED=OHIT—
EHERIE #w=.2307%L(2010)
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7079 LEH
(LAPACK, ScaLAPACK) ()

SRR Y & — IR PRI

20 BRLFAYUMi=HTS FTC
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i E N

» B FEIZMe B REDERBA (&

» LAPACKD R REEES
(CE:5. Fortran5:8

» ScaLAPACK D F| A& EHE
(Fortran§:& M &)

:-Il\i:-llE

212 BRLFAYU M EET S iTC
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B[l BRI R

» ER KFIEHRER L 2— D EHSHIZ

ANDSY ke

2

JBLNf=. PPTEH U TILD

» FEHEE #
http://nkl.cc.u-tokyo.ac.jp/09e/CE23/CE23.pdf
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» ZEfE] EIZRRBIIELL, XY, ZARIZNXNY,NZE T D
(DX,DY,DZ) [CERESINT-FRFDEEREEZ S,




R E (2/5)
BT B3 2GR D /810 A0

DEL<§A:D|M AREA

(T, =T, )+ HCONV, - SURF -(T, =T, )+ QVOL -V =0
DEL, /COND,

j

25 BRLFAYU M EET S iTC
AR KPR AL 5 —



X € (3/5)
TR A= Y]

DEL<RADI .

2

AREA

DEL, /COND;,

(r,-)

+ HCONV, - SURF -(T, —T,)+ QVOL-V =0

RFizPIihET D,
FZRADI . DI (H)

BRLTHIUMIEHEE S AP
‘ ” = HOROCEIT I > 5 —



[rERcE (3/5)
e R L

DEL<RADI ___

Y AREA (T, —T, - HCONV, - SURF - (T, =T, )+ QVOL -V =0
~  DEL, /COND,

RFIEFIDET D,
FZRADI,,, DEK (FH)

FI el O BEREDEL ;A
RADI ., D LYE /S
T8 LD HEMTEMN
BHB,

217 BRLT7DYUMIERES L)
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Al

AL

e (3/5)
iEgrl

DEL<RADI,

2

AREA

DEL, /COND;

(T, =T, - HCONV, - SURF - (T, =T, )+ QVOL -V =0

B E & =AREA

HFiEDLET S,

3 fZRADI ,, DEK (M)

—  RIFREOEEEDEL; M

N _~" | RADI_, ®&YHNEL

PFEEDHEMREN

Hdo
= - R&DEL, BIEREAREA,
‘ ‘/ | \\ \ 2REECOND;DET
pEak
BRL7ZAYUMIZHTS iTC
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BrIEH | COND;

DEL<RADI .

Y AREA (T, —T, - HCONV, - SURF - (T, - T, )+ QVOL -V =0
~  DEL, /COND,

i
CONDO
CONDij — . DEL 1 20
mm(lO ,10 )
DEL,
CONDO [EH¥ 1BpE =R
219 BRLTAY M= ET S iTC
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W E (4/5)

X AR 2

DEL<iD|rnax AREA

o
|

DEL, /COND,

0

ﬁ}_TJ+

HCONV, -SURF (T, - T, ) QVOL-V =0

>0 0 0 °

220

BHALTAIUMIEEE R

xR EMEER

HCONYV,

= HCONV if X=0
=0 otherwise
XA

SURF

ITC
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Fnljm_ % (5/5)
IR TR B,

DEL<RADI .
Y AREA (7. _T,)+ HCONV, - SURF -(T, -T,)} QUOL -V |0
DEL, / COND,

AiEFERE  QVOL

SE AT v V =C, -VOL+C, -VOL-DELQ
DELQ =+/X;* +Y+Z;

C,C, TE#H
VOL  RBHRFOIEAEE |KFE
DELQ HIFHILERBREDIEH

BRLFAYUMIEEE S FTC
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PFIIZBET 5D HN

DEL<RADI .,
Y ARER (1, -, )+ HCONV, - SURF -(T, —T, )+ QVOL -V =0
DEL, / COND,

j

DEL<RADI . DEL<RADI
{ AREA TJ}{ AREA }Ti

Z,-: DEL, /COND, Z,: DEL, /COND,
+HCONYV, - SURF -T, — HCONV, - SURF -T, + QVOL -V =0

DEL<RADI . AREA
-2 DEL, / COND;

J

DEL<RADI .
—~HCONV, -SURF [T+ ) AREA
DEL, /COND; '

j

AMAT (i,i) o A R 43) AMAT(i,j) GExXt A R %)

=—HCONV, - SURF -T,—QVOL -V

222 BRLFAYU M EET S iTC
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BREATH AMAT

y S22 RADI ., AVNSITNIEK, BREUTHIIXER
BATEEEhR
y LEBEHENKEITNIL, REITHIEE
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BRITH & EATH ¢ {q}=[Al{p}

BRITH 5k BRERE, ARAFIEE

do 1= 1, N
q(n)= D(1)*p(n) ) )
do k= 1ndex(i-1)+1, 1ndex(n)
q(in)= q(1) + AMATs(k)*p(1tem(k))
enddo
enddo

75 ARIMLE, HFBNE, BRERE

do 1= 1, N
q(ir)= 0.dO
do j= 1, N
q(i)= q(r) + AMATA(r,3)*p)
enddo
224 enddo i'TC
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BREATH AMAT

4

B/ %8R
T =

4]

+H

J

NRELIGDIZEDIEZEZT, TRV I LOF

TIREHATIET B (AMATA(j)) 1ELTHRS.

225
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sps: 7274, T—¥

sphere.fild | FTtE#HER
(BFEE) | (FaK)
inp.1 7
(BFEE) . Sps .
spheredata | s;&#tm
= T — 4 (BFREE) | GRE)
27 BRLT AU MIERES iITC
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HEHT—4 ©inpl

10 10 10 NX, NY, NZ

1.e0 1.e0 1.e0 DX, DY, DZ

1.e0 10.e0 1.e0 1.e0 VOL, AREA, QVOL, CONDO
1.e24 0.e0 10.e0 HCONV, TO, SURF

8.0e0 RAD Imax

1.0e0 0.1e0 Cl, C2

Eﬁt/ﬁ—

-, The Un of Tokyo
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IR OBIR) sphere fld
* fldDBRTHIUL AT

# AVS fTield file W8

ndim= 3 ERFTETILTCHAEETRT
diml= 10 NX

dim2= 10 NY

dim3= 10 NZ

nspace= 3

veclen= 1

data= float

field= uniform

label= temperature

variable 1 file=_/spheredata filetype=ascii EBEI7/4IL%E

229 BRLFAYU M EET S iTC
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sl MR (EEE) © spheredata
AIEMER OBR) S OZMHIE LIFIUXATRITE

1.188402E-24
5.388751E+00
9.485117E+00
1.311638E+01
1.630137E+01

open (22, file="spheredata®, status="unknown")
do 1= 1, NX*XY*NZ

write (22, "(1pel6.6)") PHI(1)
enddo

230 BRLFAYU M EET S iTC
AR KPR AL 5 —



V) TIVIRDEHRFIA

y HEIT—2AN
» PLFHERK
» BTN ORETE

28
xR EMEE

» CGIEICKADEIL—RAFENKAR
(A1) FILRR test_orgf, test_org.c)

2175
SAvaERjLE
» 7
MicroAVSH
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test.f . U TIVER (1/10)
PR E

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

real(kind=8) :: VOL, AREA, QVOL, CONDO, COND, RADImax
real (kind=8) :: HCONV, TO, SURF, DEL, DELO, coefl, coef2
real (kind=8), dimension(:) , allocatable :: XC, YC, ZC
real (kind=8), dimension(:,:), allocatable :: AMAT

real (kind=8), dimension(:) , allocatable :: RHS

real (kind=8), dimension(:) , allocatable :: PHI

real (kind=8), dimension(:,:), allocatable :: W

integer :-: NX, NY, NZ, N
integer -: R, Z, P, Q, DD

1C
10 drem—cee +
1IC | INIT |
10 drem—ce— +
1C===
open (11, file= "i1npl®, status="unknown®)
read (11,*) NX, NY, NZ
read (11,*) DX, DY, DZ
read (11,*) VOL, AREA, QVOL, CONDO
read (11,*) HCONV, TO, SURF
read (11,*) RADImax
read (11,*) coefl, coef2
close (11)
N= NX*NY*NZ
232 BHLTHAVUMIEEE R
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test.f: U T)VIR (2/10)
P Lo (XC,YC,ZC)

allocate (XC(N), YC(N), ZC(N\))

icou= 0O
do k= 1, Nz
do j= 1, NY
do 1= 1, NX

icou= i1cou + 1
XC(icou)= dfloat(i-1)*DX
YC(icou)= dfloat(jJ-1)*DY
ZC(icou)= dfloat(k-1)*DZ
enddo
enddo
enddo
1C===

PAFDBELES i1 (1-N)
1i=(k-1)*NX*NY + (j-1)*NX + i

233 BRLT A MEEES iTC
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test.f: U )VRR (3/10)
< MY 7 ZRAER L BYREER S

IC +———————- + DEL<RADI
IC | MATRIX | - AREA —HCONV, -SURF [T, +
1IC +————m o + j DEL;; /COND;

allocate (AMAT(N,N), RHS(N)) DEL<RADI,, AREA

AMAT= 0.dO 2; DELij/CONDijJ

RHS = 0.dO __

do i= 1, N =—-HCONV. -SURF - T, —-QVOL -V

do jJj= 1, N
iIT (J-ne.1) then
DEL= dsqrt((XC(i)-XC(i))**2 + (YC(i)-YC())**2 &
& + (ZC()-ZC())**2)

iIT (DEL.l1e.RADImax) then

COND= CONDO/(10.d0**dmin1(DEL,20.d0))
coef= COND*AREA / DEL

AMAT(1,J)= coef
AI\_/IAT(i,i): AMAT(i1,1) - coef CONDi. = — CODIE?O o
endif . mm(lO 10 )
endif
enddo
enddo

234 BHRLT Y MIERES - iTC
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test.f: U )VRR (3/10)
< MY 7 ZRAER L BYREER S

1C
IC o + DEL<RADI
IC | MATRIX | - AREA HCONV, - SURF [T, +
1C 4o h ~ | DEL, /COND,
1C===
allocate (AMAT(N,N), RHS(N)) DEL<RADI,, AREA -
AMAT= 0.dO ZJ: DEL; /COND; |
RHS = 0.dO _
do i= 1, N =—-HCONV, - SURF - T, -QVOL -V
do jJj= 1, N
iIT (J-ne.1) then
DEL= dsqrt((XC(i)-XC(g))**2 + (YC()-YC(g))**2 &
& + (ZC(1)-ZC(g))**2)
iT (DEL.l1e.RADImax) then
COND= CONDO/(10.d0**dmin1(DEL,20.d0))
coef= COND*AREA / DEL
AMAT (1, )= coef
AMAT(i,1)= AMAT(i,i) - coef XIMIE
endif
endif
enddo
enddo
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test.f: YU TIVEIR (4/10)
< b7 ZHR - R ER

do 1= 1, N
DELQ= dsqrt(XC(1)**2 + YC(1)**2 + ZC(i)**2)
RHS(1)= -QVOL*(coefl*VOL + coef2*DELQ*VOL)
enddo

i=1

do k= 1, Nz

do j= 1, NY
1c= (K-1)*NX*NY + (J-1)*NX + 1
AMAT(ic,ic)= -HCONV*SURF + AMAT(ic,ic)
RHS (ic )= -HCONV*SURF*TO + RHS (ic)

enddo

enddo

1C===

DEL<RADI AR EA
-2 DEL, / COND,

J

— HCONY, SURF}Ti + V' =C,-VOL+C, VOLDELQ
DELQ =X +Y’+2

DEL<RADI . AREA
T.
2. DEL, /COND;

j
=—HCONYV, - SURF - T, {QVOL -V
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test.f: YU TIVEIR (4/10)
< MY 7 AR L W BUL

do 1= 1, N
DELQ= dsqrt(XC(i)**2 + YC(i)**2 + ZC(i)**2)
RHS(i)= -QVOL*(coefl*VOL + coef2*DELQ*VOL)
enddo

i=— 1

do k= 1, Nz

do j= 1, NY
1IcC= (K-1)*NX*NY + (J-1)*NX + 1
AMAT(ic,ic)= -HCONV*SURF + AMAT(ic,ic)
RHS (ic )= -HCONV*SURF*TO + RHS (ic)

enddo

enddo

1C===

DEL<RADI,
{_ AREA }ﬂ——

> —HCONYV, - SURF
' DEL;/COND;

DEL<RADI AREA
T.

Z: DEL; /COND; '

= —HCONYV, - SURF - T, -QVOL -V
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Hij AL B

i IR B ldiR

Preconditioned Conjugate Gradient Method (CG)

Compute r©®= p-[A]x©®
for 1= 1, 2,

D
>

238

solve [M]z(-D= G-
pi—]_: r(i—l) Z(i—l)
if i=1
p(l): z(0)
else
Bi-1= Pi-1/Pi> _
p(l): 7z(-1) 4 Bi—l p(l_l)
endif
q(i): [A]p(i)
x(M= x(-1) 4 Otip(i)
rM= pG-10 _ ociq(i)
check convergence |r|

HIALIE AR —1) T

x(D -RJK8)L
a; ARANT—
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test_org.f: U7V (5/10)
CGHED

1C
cC +--————————————- +
IC | CG iterations | Compute r®= b-[A]x©®
fg_i’: “““““““ * for 1=1, 2, .
" EPs= 1.d-08 solve [M]zC¢-D= rG-b
allocate (W(N,4), PHI(N)) Pi_1= r(-1 z@-1)
s o % if i=1
PHI= 0.dO _p(l): @
"3 else
Q=2 Bi-1= Pi-1/Pi-2 _
g[;i p(_l): z(@-1) 4 Bi—l p(l-l)
do i= 1, N endif
W(i,DD)= 1.0D0 / AMAT(i,i) q®= [A]p®
- 0 = py/pPGD
W(i,1)= W(i,R) = {r} XM= xC=D + ;p"
W(i,2)= W(i,2) = {z} r= ra-u - g;q®
W(i,2)= W(i,Q) = {q} check convergence |r|

W(i,3)= W(i,P) = {p} end
W(i,4)= W(i,DD) = 1/DIAG

239 BRLTAOUMIEHES - iITC
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test_org.f: U T IV (6/10)
CGIE@

1C 0)— _ 0
1C-- {ro}= {b} - [Al{xini} | Compute r(®»= b-[A]x(®
for 1= 1, 2, .
do 1= 1, N i-1)— i-1
- = _ solve [M]zO-D= G-
W(I:R) = RHS(1) _ !:i—il) Gi-1)
do j= 1, N Pi-1= I 4
W(i,R) = W(i,R) - AMAT(i,j)*PHIQ) 1t 1=1
enddo _ _
enddo p= zO®
else
BNRM2= 0.0DO _
do i= 1, N Bi—_l_ Pi-_1/Pi-2 ]
BNRM2 = BNRM2 + RHS(i)**2 pM= z0G-D + g, , pt-D
enddo endif
do iter= 1, N o; = pi_/pg®
1C Lot _
1IC—— {z}= [Minv]{r} X(D= x-1 + g;pH
rM= G-1) _ aiq(l)
do 1= 1, N
W(i.Zy= WCi.DD) * W(i.R) check convergence |r]|
enddo end
240 BHLTAY M= HES imTC
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test_org.f: U T IVER (7/10)

CGH®

1C
1C-- RHO= {r}{z}
RHO= 0.dO
do 1= 1, N
RHO= RHO + W(i,R)*W(i,2)
enddo
1C
1IC-- {p} = {z} if ITER=1

IC BETA= RHO / RHO1 otherwise

iIT ( iter.eqg.1 ) then

Compute r©®= p-[A]x©®
for i= 1, 2, ..
solve [M]z(-D= G-
pi_lz r(i—l) Z(i—l)
1f 1=1
p(l): z(0)
else

Bi-1= Pi-1/Pi-2
p= zG-D 4+ g, pG-D

do 1= 1, N =
; endif
W(i,P)= W(i,2) = _
enddo g(O= [A]p®
else o: = p- /pMgl®
BETA= RHO / RHO1 ()= §23%1)p+ 3_ (i)
do i= 1, N ) ) P
W(i ,P)= W(i,Z) + BETA*W(i,P) rd= rG-1 _ ¢.qd
enddo
endi check convergence |r|
end
241 BRLTHYUMIEHES imTC
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test_org.f: U T IV (8/10)

CGH:@
:g—— {a}= [AN{p}

do 1= 1, N
W(,Q) =0
do j= 1, N

W(i,Q) =
enddo
enddo

.do

1C
1C-- ALPHA= RHO 7/ {p}{qa}

Cl= 0.dO
do 1= 1, N
Cl= C1 + W(i,P)*W(i,0Q)
enddo
ALPHA= RHO / C1

1IC
1C-- {x}= {x} + ALPHA*{p}
1IC  {r}= {r} - ALPHA*{q}

do 1= 1, N

PHI(i) = PHI(i) + ALPHA * W(i,P)
W (i,R)= W(i,R) - ALPHA * W(i,0Q)

enddo
242

W(1,Q) + AMAT(1,3)*W({ ,P)

Compute r©®= p-[A]x©®
for i=1, 2, .
solve [M]z(-D= G-
Pi_1= r(-1 »d@-1)
it 1=1
p(l): z(0)
else
Bi-1= Pi-1/Pi-2 _
p(l): z(i-1) 4 Bi—l p(|_1)
endif
q(i): [A]p(i)
oa; = Pi/pMg®
x(M= x(-1) 4 aip(i)
r= rG-10 - g.q®
check convergence |r]|
end

BRLTAYUMIEHES ‘ ITC



test_org.f : Y7V (9/10)

CGHB

DNRM2 = 0.0
do 1= 1, N

DNRM2= DNRM2 + W(i,R)**2
enddo

RESID= dsqrt(DNRM2/BNRM2)

write (*, 1000) iter, RESID
1000  format (15, 1pel6.6)

iT ( RESID.le.EPS) goto 900
RHO1 = RHO

enddo

1 C******************************************

IER = 1

900 continue
1C===

243

Compute r©®= p-[A]x©®
for i=1, 2, .
solve [M]z(-D= G-
pi—]_: r(i—l) Z(i—l)
1f 1=1
p(l): z(0)
else
Bi-1= Pi-1/Pi-2 _
p(l): z(i-1) 4 Bi—l p(|_1)
endif
q(i): [A]p(i)
x(D= x(-D + ¢ .p®
rd= rG-1 - g q®
check convergence |r|
end
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test_org.f: U 7))Lk (10/10)
i)

|C Fe——————— +
1IC | OUTPUT |
IC - +
1C===
N1= 1
N3= 3
1C
1C-- MESH

open (22, file="sphere.fld", status="unknown®)
write (22,"(a)") *# AVS fTield file-
write (22,"(a,15)") "ndim=", N3
write (22,"(a,15)") “diml=", NX
write (22,"(a,15)") “dim2=", NY
write (22,"(a,15)") “"dim3=", NZ
write (22,"(a,15)") "nspace=", N3
write (22,"(a,15)") “veclen=", N1
write (22,"(a,15)") "data= float"
write (22,"(a,15)") "“field= uniform*
write (22,"(a,15)") “label= temperature-®
write (22,%(a,i15)")
close (22)

IC

1C-- RESULTS
open (22, file="spheredata®, status="unknown®)
do 1= 1, N

write (22,"(1pel6.6)") PHI(i1)

enddo

1C===

"variable 1 file=./spheredata filetype=ascii®

e . DKYO



YrINTR TS AOET
(LAPACK dgesv)
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LAPACK dgesvb > 7)) 7075 LAOHEM
» CEEEFR. FortranSEBRD 7714 IV 44 (@)

lecLAPACK-fx.tar

» O3TRD) TR IT7A)lgosh FDF1—E%
lecture D5 tutorial ICTEBLTHS

asub LTLEEELN,
lecture : EHFFEISN DT 21— (5

1BF3EITET)

tutorial : EHBFRBIRN D F 21— ([FFFEITEH4+)
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LAPACK dgesv®D¥ > 7 )7 a5 hADIfy
(C SRE / Fortran 5 aBik 1)
» LTFDARUREEITTS
$ cp /home/z30082/lecLAPACK-fx.tar ./
$ tar xvf lecLAPACK-fx.tar
$ cd sphere-LAPACK
$ cdC //ICEEBEDA
»$ cd F //FortranSEEMD A

$ pjsub go.bash
) ETHIE T LIS, LTFEETTS
$ cat go.bash XXXXXX (XXXXXXILEF)

247 BRL7 AV MIERES o iTC
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LAPACK dgesv®D¥ > 7 )7 a5 hADIfy

(

CEnlihk)

» LT DEIGEFHERAR AN IR

time = 0.000013 [sec.]

53612532.46 [MFLOPS]
-2.272792e+00
-2.276715e+00
-2.288410e+00
-2.307670e+00
-2.334166e+00
-2.367479e+00
-2.407125e+00
-2.452584e+00
-2.503330e+00
-2.558846e+00
err = 6.274235e+02

990
991
992
993
994
995
996
997
998
999
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LAPACK dgesv®D¥ > 7 )7 a5 hADIfy

(Fortran=S &)

» LT DEIGEFHERAR AN IR

TIME[sec] = 1.529976725578308E-05

MFLOPS = 43802496.39070075
-2.272792E+00
-2.276715E+00
-2.288410E+00
-2.307670E+00
-2.334166E+00
-2.367479E+00
-2.407125E+00
-2.452584E+00
-2.503330E+00

1000 -2.558846E+00
EPS = 627.4235113914225

291
992
993
994
995
996
997
998
999
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YN 7ru 5 A0OHB (LAPACK)

» 137 (BER)ZEITHRTY
y ALwRiFMERRIEL. AL YR FI{ERRZ) 2
LTavnN\MILD L, MiFEITHDIEEEZT S
WHENHYET,
» LAPACKIZ AL R FIMED H 3t TLVST=8.
B/ — = BELDDFIATHEIETEFEA
BIELDDFIAT HIZIK. 735 TdH SHScaLAPACKZ
FALET
/—FRRDHLAPACKZELY, /—FREEMPIT: 5L 9
BDEOIEEWNAIEAIRETY
=&AL, fEE R EEEFIBL. /—FRDALAPACKT
B —RAREXZTHEGE TC

250 BHLTHAVUMIEEE R N
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YN 7ru 5 A0OHB (LAPACK)

» SSEERRDETE (L, 10X 10X I0DRAREIZ
e SN TULVET.
FNLNDOREIES A A TIEEELEEA.

» test_org.c, test_orgflX, AU FILDCGEZE
WV REEEDI—FTT,

21 BRLT AU MIERES B iITC
LR IR 5ot At A



4

® LILAPACKMOME LA 7Y 3 &
=T @a /15 h 5, LAPACK(SSL Il (Scientific

Subroutine Library Il) 812547 5')Z UL

BE UTDATI vz FI+HET,

19

OC/FortranE &t 1@ (LAPACKAYZE R (137 E1T))

mpifrtpx <705 5L %> -SSL2 :FortranE &
mpiccpx <7045 S5.L4> -SSL2 :CE:3

OC/FortranE & @ (LAPACKMA R L YFETT)
mpifrtpx —Kfast, openmp <704 5.L%4> -SSL2BLAMP

- Fortran 5 &

mplccpx —Kfast, openmp <7045 5.L%> -SSL2BLAMP

=:zE
===
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HEME1 (LAPACK)

. test.c HLLIT test.f 0))‘4/55 M (FHpE) D
EIL—RAFEINKAEREN 7% . LAPACK dgesv

JL—FOEURHLIZ cJ:[') ER{ELTLF=&0Y
BIB DL UITEFELTLIESLY,

=4

= 3. dgesv DFortranF xS DEVH LIZEY
g, LTFIZSEFELTESLY,

BEZi4 : dgesv_

ETHDEIBMMNRAUAEIFTEL

T\ ELT, iRZE (ERR) B+ /NS EEHEER
L TL=S0y,

253
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2.

HEPRRE2 (LAPACK)

254

CGIEIZKDHEEERIL—F test_org.c
tL<[Ltest_orgf Za/NAJLLT,

LAPACKHREEITEEZ LEARTLEESUY,
HREH A X & KE<L T, LAPACKAfR .

CGEMRDEITREEZLEATLIZS0Y,
NX, NY,NZDE. H KU, 5TEITEUY
FZRADImaxz@#Y) I ZEREL TLI=E0Y,

RADImaxD{EM/NELVE, CGEMNFFI
(S&R) 12 HA[geEABHYFET

BRLFAYUMi=HD S FTC
HRK A WL > 5 —




IS E 3 (LAPACK)

ELT@INATHSRLYRAEBIRRD
LAPACKZME U H T KOICERBL TS,
163l 5| FE TD ALY hRLAPACKZF|FHL .
M REEE 21T > TLT=2LY,
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LAPACK dgesvul&
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LAPCK dgesvD[n|%
(CSEEMm)

dgesv_(&nn, &inc, amat2, &nn,
piv, rhs, &nn, &info);
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LAPCK dgesvD[n|%
(FotranSi&kk)

call DGESV(N, INC,AMAT, N,
& PIV, RHS, N, INFO)
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YrINTR TS AOET
(ScaLAPACK pdgesv)
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ScalLAPACK pdgesvH > 7))V 7075 LD
E=y=
» FortranS &R D 7714 )L 4
lecScaLAPACK-fx.tar
$¢Scal APACKIZCEFBIRD YT )L
IHYFHA
» AT RAD) TR I7A)gosh HDFa1—8%
lecture D5 tutorial [CTEBELTH B
qgsub LTLZEly,
lecture : EE RN D F1— (RIFEITE)
tutorial : EE AN D F1— (RIFFEITH4+)
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ScaLAPACKIZBIF 5 7ukyH—-« FY» |

» MPIGEET4R70vX$IE. J0tyy—J1)yk
EEEND2RTTAEy T EETEEINET, ,
» 5l 8FO+tXR @8 X 1fghak

02 X 4A¥ERL 04 X 2¥ERK

P(0,0) P(0,1)

P0,0) P(0,I) P(0,2) P(0,3)

P(1,0) P(l,1)

P(1,0) P(l,I) P(l,2) P(l,3)

P(2,0) P(2,1)

P(3,0) P(3,1)

» 26l BHLTHAVUMIEEE R




ScaLAPACKIZ B} 55 —4 7
» T7OYIIEMBOD 2RI OvIH5 A0y o5 EGEYET
y 5 87O0tR(2x47OtyH—-41)ykR) MB=2

KATHH A X TRV TN GENTOERBDIGFELEELT,
sub(A)DHERBEBZETH T ORLENHYFET

e N

. o

HHHH-
P1.0) LR

9
\“ 1 P20y I L1 - P(2,1)
e T
P30 | | | P(3,1)
KiFE 21— (1T51A) BFfE 12— (sub(A))
262 BALT7HOUMIEEES ch

WERFEHRL R 5 —
Information Technology Center,The University of Tokyo



25X A MNDER
o1 TRk TJatyY-H)yRIZEET BIBEEIE

BLACS_GET( ICONTXT, WHAT, VAL )

OBLACSORNEEHRZTIIFIT 5
OICONTXT: A BEHA,
WHATCIEE T AV TFXFAMIRTEEZARADE(BIE),
(B1Z0AY) BUINEFIXESRINS,
OWHAT: AN BHE O TXRAMIEBETHINRE
WHAT =0 : TI74IEDU R T LAV TH X
WHAT = 1 : BLACS Ay+—<® ID 1§
WHAT =2 : 3 /8 ILENBBLACS T/A\vILARJL
WHAT = 10: ICONTXTIZ &Y &SN ABLACSAV TXAMEEET H=0HIC
AW NAU AT LAV TXEANDS IR
WHAT = 11: IREF>TWBTILFILTEBED T
WHAT = 12;: BAEFE> TS —BE L= KRIEE D EK

OVAL:H . BHE T AMERH

q
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BLACSZ'Y v RDEF

BLACS_GRIDINIT( ICONTXT, ORDER, NPROW, NPCOL )
OICONTXT : AA/H 7. BHE
aATXF Xk
O®ORDER: A 71, XXF&! % 1
JAtEREEDLSICBLACSHO T YYRIZEIY L TAHMNIETE
OR : {ITARDBRLGA—R) T EFED,
OC : HARMDBRLGA—R) T EFED,
OO TGS  ITARMBREA—F )T HFES,
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BLACSZ'Y v ROIEHAF

BLACS_ GRIDINFO
(ICONTXT, NPROW, NPCOL, MYPROW, MYPCOL )
®ICONTXT : AA. BHH
aATXF Xk
ONPROW: H 1. EBHE
JOtwyy -1y DT
ONPCOL: A, EEHH
JOtyy T )yRDFIE
O MYPROW: H 1., B H!
JOvyY-J)yRIZE TS DITARDZRHES
OMYPCOL: ., By
JOvyY-J)yRIZE TS DI ARDZEHES
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T BB T DB

PDELSET( A, IA, JA, DESCA, ALPHA)

O KIEELH D HRAF M. BFTECHIDET S5

T—REUNENT S

OA BT A, ERER
INEHT RNEFATER S

OIA: Kigi A /1. BEHH
KIBRIERHIZHITA1IRTBEDHRAF

OJA: KRG A 1. BHH
KIBHIERHIZHITR2RTBDHRAF

ODESCA: KM DERTA 1. BEEEES
BETECHIAD R F

OALPHA:BfTA N, B EE
RKATAREE
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T —5 BB 9 % PR

j(iﬁ@E@JAMAT%\s B BRTITIIAICKA

DOJ=1,N \
DOI=1 N

CALL PDELSET(A, I, J, DESCA, AMAT(1,J))
ENDDO
CALL PDELSET( B, J, 1, DESCB, RHS(J))
ENDDO Vs

/

REBARIRILRHSZ . EYIEBAAANIRILBIZK A
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PDELS]

STRHEUZ K B DR S

» PDELSETRE# ZRALNTITAZ R ELT A AEITB S TIT A,
YT TRT S LD LI, KIEITHAZE 70X TR
ELTWAE AEYIZEAT AR —IFE Y FAHNEZYET,

DFY ., BT TESTHHAANM, 1/—FDAEEET
RED, EIT/—FHZEMLTH. NZKRELTELGLY,

y AIEHY7ES

157055 LEEL-DHIZIE

BATEA—NDE AT, 1T DIEZEEsub(A)ZE
KXATH
TOYSLEEMENHYET,

» TDT=HI(Z
IHEZEL T,

&, 7897 -H A7) BARDEFEZE
BRI DHERET DLELDHYFET

AREBESOMPIERRT. B ERNTOEENIAHYET,
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ScalLAPACK pdgesv®DH¥ > 7))y 7075 LD
%17 (Fortrans sk D)
» LTFDARUREEITTS
$ cp /home/z30082/lecScaLAPACK-fx.tar ./
tar xvf lecScaLAPACK-fx.tar
cd sphere-ScaLAPACK
cd F
make
pjsub go.bash
» RITHARTLI=0 LITZEITI S
$ cat go.bash XOXXXXX (XXXXXX[LE=F)

A A H A A
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ScaLAPACK pdgesv®d
BN 7urs s L0y (Fortrans ikhi)

» UTFDEIGIERNEANILRD]
TIME[sec] = 3.399793058633804E-06

MFLOPS = 216189698.2744275

ScaLAPACK Example Program -- Sep, 2010

Solving Ax=b where A is a 1000 by 1000 matrix
with a block size of 32

Running on 64 processes, where the process gridis 8 by 8
INFO code returned by PDGESV = 0
EPS = 627.4235113914225

EIL—RABRXRKRBE D HNERSINTELD T, FEHN
WBim 5, BREERRD RS> TVET N, EERLEETY,
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Y7 a5 LADOFHM(ScaLAPACK)
» EA7ZMPINRTY

ALy B|ZF AL/ N T ) yEMPIRZFIB T 51X,
ALyRiiFRE) oL Tav/s1ILL . ALY K5 %
IBEITHAIDLENHYET
» 647 0€RAET (ALY —-F1)yk8X%8).
[EIREH 4 X 1000, 7Oy IigE32[24F b TlVvET
JOvA#H. 0wy —-SYyk BEYA4 X, 7Aavy
48451848  PARAMETERX D EMEZ LTI AHNE
MNHYUET
» BRZERRDETE (L, 10X 10X IODORREIZH{bEn T
WET. FNLUNDOBIEY A X TIIERELEEA.
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B LilScaLAPACKM O LA TV a v

» BEBA/NALTHS, ScaLAPACK(SSL I
(Scientific Subroutine Library Il) 2152547 3))%
FUHITIEE. UTOA T3Vt TET,

®C/FortranE 5 £ 1& (ScaLAPACKAYE R (127 E1T))
mpifrtpx <7045 5,4 > -SCALAPACK -SSL2 :FortranEig
mpiccpx <7045 5., %> -SCALAPACK -SSL2 :CE:iE

®C/FortranE & L@ (ScaLAPACKA AL YR E1T)

mpifrtpx —Kfast, openmp <7HA% 5., %> -SCALAPACK -SSL2BLAMP
- FortranS &

mpiccpx —Kfast, openmp <704 5.L4%> -SCALAPACK -SSL2BLAMP

:CEiL
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M1 (ScaLAPACK)

. testf DA FimENDEIL—RAFEXKEE

53% . ScaLAPACK pdgesvF s O TUHILIZ ot
L. &F LT =&y

I DI HITEFRLTLZEY,

TNy T ELT, B8 (ERR) A+ N &N C £ & SR
LTS,
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2.

T ERED (ScalLAPACK)

BT A XA KELTETEES
LR T2y,

\

Rl

=/,

E1T

EITE % 641

Bl ML ZERBLT

LTIy,

JAtyY—-J1)ykE8x8MWLEET S
HhENBHYET,
FEED2., 3EHIT,. T2 EL(ATHIDHE

ROVAX)DEE(Q—FDIEIE) KN hZE
TI DT EELTLZELY,
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B HE 3 (ScaLAPACK)

4. KIBEEHmatl ZRIBRGBRBZHRAETT .
BFTEES A = sub(mat) [Z[E .
ZTOCATOHELGRBR#BERKATS
TS LEFERL. AEVIZET S
Ar—3ET4MH5HEDIZ,
095 L7 BLTLIZE0Y,

KIBEEI matDFERIIFAEEGYET

ﬁ*F/\g I\)I/X(j: jﬁi&é?f’bf l’) a~ 9 o
FEDWREE (BEDOFBAE) DAFIIEELHETT,
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ScaLAPACK pdgesv[ul%




ScaLAPCK dgesv®D[n|&
(FortranS &)

CALL PDGESV(
NN, NRHS,
A, 1A, JA, DESCA, IPIV,
B, IB, |B, DESCB,

&
&
&
& INFO)
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PENIETLL
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