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o 1 2 LI
B#ER : 2013538 11H(H)10:30 - 17:00
201343 A 12H (:K)10:30 - 17:00
BT RRAXFEHREBR L I— 48 MIZERBEEE
EESTNIo A
3A11RA(A)
10:00 - 10:30 = f¢
10:30 - 12:30 /—hk/\YAVDHRTE. TANTOT S LMPD) DETHEGEE)
(FBEm : FrR)
14:00 - 15:00 MiF|TOT S35 OEK(FEE) (GEEh: FiRE)
15:15-17:00 A4S LEE I (BLAS) GEE) (GEEN: FR)
3H128 (k)
10:30 - 12:30 A5 S53249EE I (LAPACK, ScaLAPACK) GEE) (GEEf: H4R)
14:00 - 15:30 AV SIFEEM (Lis) CEE) (GEEM: (Fi%)
15:45-17:00 7O 5307 EEIV(PETSe) GEE) (FEEM: (Fik)
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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)
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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
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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
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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

35 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
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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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L5 4 TEITORY )
(REELSTIIEZFEFRA. —BAHEDOMA)
» ARKRSATUTZEA S

1/—F3E1T

$ pjsub ——interact

8/—FZEITH
$ pjsub —interact —L “node=8"

KAVRZZDTATRAD/—FEEIE50/—RFTY,
LLA—HFITKYB0/—F I RTEDHONTLSIHS.
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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N FX2—DFRED L

y INFNEIZ. ETEHAD/NAYVFUORTFLTEEINTLE
9,

» LT, ETEaTURERBALET,

41

a7 DA

pisub KT RIYTRI7AILE> g <TAzHa—F>
BRMRALIZDITDIKRESR: pjstat
BAITDHIBR: pidel <371D>
INVTFXa1—DIREER R 5 pjstat ——rsc
INYTFFa1—DFHERERS: pistat -rsc —x
BIFfonTsoa #%x"R5: pjstat b
BWEDRKAEBREZRS: pjstat —history
FIEFICIRATELH EITTETEHZ RS pistat —limit
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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
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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 /—K® R IER ()
Jy—2z | [EzHD EITIER | | EETIH1DODOH
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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
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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

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

1.

49

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

51 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/,
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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 (

29

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)
56 BRLTAYUMIEEES iTC
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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

57 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
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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
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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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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
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i
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ddd
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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

ﬁﬁ‘t/%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 —

on Technology Center,The




FX10D@iE# (1 TOFUHW )

6ARETNEN
5GB/F)
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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
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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) &

117

A (ERk. HE) T %o
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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
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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

79 BRLFAYUMIEEE S FTC
KR > 8 —

n Technology Center,The University of Tokyo



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
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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)

82
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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

83 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:
BODEEEID. BXV. EYFEDIZRHID
T—REEDTERL R
7—5%
F—5E
RTES
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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

» 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  mm
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=

o1 BRLTAYUMIZHES Ire
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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)

94 BHL7AYUMIEHES o iTC
ERATHRESL S~



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

95 BHL7AYUMIEHES o iTC
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ER I MPIBSE—MPI_Recv (1 ,/2)

i g

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

itag, icomm, istatus);

96

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 PEEHZRHMITHIEFE S THHIAZ2 =/ —~A
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,

97 BHL7ZAYUMIERTS o iTC
LEERaLE 2 A2 b



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,
08 BHALT7HDOUMMIEES S

WRURPAREIL R & —
Information Technology Center,The University of Tokyo



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):

100

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,

BRLFAYUMi=ETS FTC
R PRI > 5 —



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
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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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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 104

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

105

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
106 CERBMT 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/\OHW”\’C#%&?}I,
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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)
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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

109
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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,

111 BHALT7HADUMIZEEES ch
AORKR P wIL Y Y -
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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
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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.

115 BRLT A EET iTC
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116

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]
—
/
119 BHALTAVUMIEES R L iITC
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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,

120 BRL7 AV MIEHES o iTC
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121

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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MPI Gather®iz: (GEMEE)
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A
A

i g

HER 7S MPIBAZL—MPI_Scatter

» ierr = MPI_Scatter ( sendbuf, isendcount, isendtype,

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

123

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




124

irecvtype : ZEHHE!,
95,
BHE RET—FFZ(THAPED

lroot :

ail

JLHER 72 MPIBY2(—MPI_Scatter

TEEDT —2REIETE

icomm N THOISVIZFIETET Do
£ TDicomm NOPETRILIEZIEE T AN E
M5,

icomm :

BEE  PESE

A}

A= —AR3ZFIETET
ierr - BER TS——KH AL,

=7 £t

it B

(o)

T RABESTHD

BRLTHYUMIEHTS ITC
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PEO

MPI Scatter()

MPI Scatter() MPI Scatter()

Iroot

T—5A
T—4B

MPI Scatter()

BRLTHIUMIEHER

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



2> 3Chik

N -t

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

126
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EBE.BRE=E(1996)
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MPIZ7a 275 AEH 1 GEE)

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

130 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
132 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

133 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;
134 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
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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

137
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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
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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

140 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
141 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

142

BHLTHOUMIEHEER

iITC

RRRFHBRERE S —

Information Technology Center,The University of Tokyo



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);

143 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

145 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



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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7nr7 27 L%E 1 (BLAS) (JE#)

SRR Y & — IR PRI
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R R

» BLAS& (&

» GOTO BLAS& [

» LAPACK &

» ScaLAPACK & [&

» BLASO F|FRiEZEEE (DGEMM)

151 BHALT7HADUMIZEEES ch
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1.8 BLAS PBLAS

» BLAS (Basic Linear Algebra Subprograms.

L RIRAREE J
‘f?ﬁ/ﬁyﬂcﬁrﬁf

(APMI:.) L=td,

Bl ZITHRHAOBEERBEGTERAOERNER
0)5&']7 O35 L%3E9,

ERITHI D £

DHAN., FI-EBE

152
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1.8 BLAS PBLAS

» BHRELSAT D <ERRDFE > L.
<TOUSLBIAE>ZEHSEHMTIEE
BLASSEEDMEREZ. BLKDI1—FhH,
B <D0 S LTHILTITOIDIE.
VIR DI T7RAFEDNENEN
<::%=E’J>’C~72;L\
4§ %E&%Té — I RREBOGNA—Y
[Z [
<:$i)\z::> I = <:$44?\-4:41:>

BLASIE. iV IO I7IZEITS
<YITFOTT7IZE>OIELY
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1.8 BLAS(PBLAS

» BLASTIL. L FTOLOZHEEHITELT,

I I —F D& iRANEH—
,A:étﬂ%oy\awwb TH DR (BEE EHE ERE)

THI R REFTEI, = ERAITH)

%“ — g = (1T 5% ZRITIZIEHE)
HEREEAEAD, $TF. RTRIL)

y EEMEENS, LTD3DIEEEXNFR

A~ JL1 BLAS: /\’7~)l/.l:/\’7I~)l/0),,"2$t

AR JL2 BLAS: {THIERIRILDEE

A~ )L3 BLAS: ﬁﬁlt TH|DEE
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AORKR P wIL Y Y -



1.8 BLAS PBLAS

» LNJL1 BLAS
ROMILRIE. RITNILVEBMBOME., 4&
15'] y — o x+ y
—ADZEAHLEH., FEERMAIZZERLC
_—QODﬁ*IJFﬁ(jF—VJ/:LI THO=-T—32DBIAIZLDS
T—AT O ABRIDENE) NFEAE TEEL
REIZKDMRER LD, HFEVYEAF TS
FEAE . ETEHN—FOIT7DEHE EEE

LARJLIBLASD A TEEZERETHE BELREF->TL
AT —2BHAMEILELLGS

Bl 1TH-"IRILEEZ . LNILIBLASTEE

155 BRLTHY UM =R iTC
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1.8 BLAS & PBLAS

» LRJL2 BLAS
TH-RORILELREDEE
Bl: y— a Ax+ B y
B/ BEBRANEE., Tx=y (TIE=A1TH)
DWTHESCER. ZET
LARIJLIBLASDHDEE LS. T—25BF|
AT HSBMTIEE

Xz

IEDE'K

THERIRIILT—RIH LT, T—2DEF

1TE&H)

T—ARAT Ot A%, BEEIZKYEHERIRE
(EIEEK(ZkY) tRem  EALANJL1BLASIZEEAR
L3 Ly (AS+ 59 THLY)
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1.8 BLAS&(PBLAS

» LANJL3 BLAS
THI-1THREREDER
Bl: c—a AB+ B C

HAEREED:

BRI LETEHTIE, LARJL2 BLASTE

MERER EAERTEEL,
BiFEIS&LYIPES Y DT —4EARDT B,
FUKBEIERE LY RDEVE, BRADHRH L,
TH-THETIE, 7517 —% O(n) (SHLT

EmE(IE O(n®)

BT, T—2EFRAENREMICEL,

TR, TILTVXLLARLTETOAVIIETED,
SHICT—EDR/AMEZTEHEHENTES,

157
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LRI 72 BLAS OV RE

'["gfgps] IEBMREDRER
i — BLAS3
BLAS?
BLAS1
>
THIYA4 X
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BLASFHI]

» {5 HEE R BLAS3
C = alpha*op( A )*op( B ) + beta*C
A: MxK:; B:K*N; C:M*N;
CALL DGEMM( ‘N’, ‘N’, n, n, n, ALPHA, A, N, B, N, BETA, C, N)

~ ST A U S
ADEREL TLOH alpha beta
2 2 2
BAERREL TLISH D TELA
o)
T7EL X Yo — .
MO KES ?;%%ZBE T7RLR
ND K= AD1RTH — ChH1RTH
DEXRH DERHY
KORZES
BIEMNLTE! ETHFELIZKLN!
159 BHLZHYUMEEES iTC
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1.8

BLAS & PBLAS

» PBLAS

ifr 5l ik D BLAS

BLASEIZIZRICA AT —RA%EHD
BLASFIFHE M. BHIZBITTES
SA472)BIERO B THF
HEI—RAEBRBTAT I LINPACK (1)>/VvD)
BEEHESAERSAT S EISPACK (FA4R-/VvD)
NLEHELI=24T3Y : LAPACK (T)L-T—+/\Vv7)
FILOdYXLLAR)ILTTAayI{ELT, LRILS
BLASZFI AT A7 /LT X LEHIREH
LAPACKZE R ERAEY M BI1E : Scal APACK (RAF5+/Vw2)

)

1 5I|fRBLASEL T, PBLASZ#I| A

160
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BLASOBERE T

» ZEHAIEHP: http://www.netlib.org/blas/
» i FRE]: BAELA  XYYYY

X: F—4AH
SEREE.D. BRE.C.EX. 2. EREES
YYYY: ETEDIEE

L)L

{5l : AXPY : RO LEFADS—ZELTNE
LAJL2:

{5 : GEMV: —fi&{THERTRILDTE
LAIL3:

{5l : GEMM:— #2175 ES L D FE

161 BHALT7HDOUMMIEES S ch
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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 MDFFTHEZIT 5
op( X)=X HLLIE op(X) =X (XDEREITHI)
» 5l&K
TRANSA(A #1) - CHARACTER*1
TRANSA [ op( A) DIREZIETET D L TDOXFINZEIETE
TRANSA = ‘N” $LLIE 'n’, op(A)=A
TRANSA = ‘T £LLIE Y, op(A) = A
TRANSA="C' or'c’, op(A)=A"
TRANSB(A 1) - CHARACTER*1

TRANSB [ op( B ) DR{EZIEET 5. LL TR,

162 BRLTHYU M EEEA iTC
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L8 7 z—AH : DGEMM (2 /4)

M(A71) - INTEGER
op(A) & 173 COITOREIZFITET 5o
N(A7#) - INTEGER
op(B) & 175 CORDKRESEITET S,
K(A ) - INTEGER
op( A) DIIDKEE, BELD op(B) DITOKRKESZIETET Do
ALPHA (A #1) - DOUBLE PRECISION
AH7S5E ALPHADIEZEHRTET S,
A(A71) - DOUBLE PRECISION

ITHIADEES], KESIL (LDA, ka )T, ka [ETRANSA = ‘N or ‘n D&
=3Ik, EOTHWEZIE. m,

TRANSA = ‘N” or ‘n’ DEEFIEZ. mXKDEIIDERIZITHIAZSELLY
EWNTFELY, FOTHWEEFIL kX mDBRFIZITHADEEEZANS,

163 BRLT A EET iTC
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L2 7—AfH : DGEMM (3/4)

LDA(A /1) - INTEGER
THADRXYIDRITEEANSD, TRANSA = ‘N £LLIE ‘n 5,
LDA [E max( 1, m )THELTIEE AL, £ THELVES, LDA [Emax( 1,
k )T TITE DALY,

B(A71) - DOUBLE PRECISION
1THIBDOESI, KESIE (LDB, kb )T, kb [ZFTRANSA = ‘N’ or ‘'n" D&
=lEn, TOTELNETIE. k.
TRANSA = ‘N’ or ‘n’ DEEIZ kX nDBRFIINDEZRIZITHIBEES T
EWNTFELY, F5THWNEZ(L n X KkDERHIZITHIBDEEEZ ANS,

LDB(A /1) - INTEGER
THBNImXYDRITEHZEANSD, TRANSA = ‘N £LLIE n T,
LDA [E max( 1, k )THELTIEXZE LWL, £ TLELVEL, LDB [Emax( 1,
n ) CELTIXERSERLY,
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L8 7 z—AH : DGEMM (4 /4)

BETA (A1) - DOUBLE PRECISION
ANSE BETADEZHZTET S,

C (AKX H ) - DOUBLE PRECISION
1THICHERF,

ABAEE. m x n OEIIZITIICEAND, EEFI[Z(E. BETAAOTAILY
[RY. 1THICEAND, CDIFEIEL. COAAITBHELRLY,
HAOR, COEHIZ. m X n{THDEEFREE
( alpha*op( A )*op( B ) + betaxC )N EEZEINTES,
LDC (A 71) - INTEGER

THCHRPDRITEZEANS, LDC [F max(1, m )TLELTIEE SN,
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BL A S®DORRES
4 B LAS d) Flzﬁ iEL FITYY

BLASYOPBLASZFL S &, T—2EF

PAHEMET T 2hBLNEEL

5l : LXJL1BLASIZETH1TH-~UK)LiE

A3 TT—RIZEHE =8, EEXGTANIE
(BEEHINDHRAZFE) DL EIC f&éiﬁA%

1%

<AEVRES>PIEEMERET>OR
V—RA—FMEAHLKLIED

.Y

[Z

BLASODA ATV —REBALGINE,. MZAHT

IR NIBEE TSN

+#. BRHEAM- HEED —FATTLESA
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GOTO BLAS &3

» REMX KICKYRERE SN, V—RO—FH
MIEAFAEE . BHREBLASOEE (S4T3Y))
EE
ILFATHEHHSN TG
ZLDAETTATA/\—FOITT7 EDEEIZHE

Intel Nehalem and Atom systems

v
>

VIA Nanoprocessor
AMD Shanghai and Istanbul

F
» TXFHRAKRFZREFHEELS2—(TACC) T,
GOTO BLAS2:L T, V—RO—FZEEMLTLNS
HP : http://www.tacc.utexas.edu/tacc—projects/gotoblas2/
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LAPACK

BT, P —
— RAERXDEEE. : : : : z :
&J:U\” ’{E_JﬂEIO)ﬁq:/iO) C B
WE 7)1/: )ZA)I/ ?/% L-A P -A -C K
;\1ET¢IE1/\ LA-P-A C K
, ZDEOKEDEPIRAER LA P A Cox
H)THIL=F KIN—HL—K: = - =
James Demmel#&?% I..II:-\:.\li-r.'lll'lrlir.h‘i-:::‘:'l-.“1ll:£l!l
TARU—RKIVIRE L
Jack DongarraZ{$=
» HP
http://www.netlib.org/lapack/
168 BERALT7HVUMIEEE R ITC
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LAPACK®D Ay iR HI
» in B FREAI: B4 1 XYYZZ77

X: F—453%
SHEE.D EHEE.C.EX.Z.EREES

169

YY:
BD: :f

THlDE

Exif, Dl: X, GB: —fi&F175. GE: — #1751,

HE#ET)LS—hF HP - BEEITJLI—FEHER T SY: XtF
75, -
777 - ;.Jr:%imi*ﬁ

TRF:
nJrS%i

THDHEE. TRS: 1T D5 EEZE{ES. CON: FH-#K
RFS: ETEEDREEID '%n‘fﬁ TRI: =Z&xA1T

FIDONfE.EQU: Ry —U T DEHE. -

BRLTHYUMIEHTS o AP
A



£ 7—ZfH : DGESV  (1/3)

» DGESV
(N, NRHS, A, LDA, IPIVOT, B, LDB, INFO)
AX=B DEOITIXEHEZTT S

A*X=B,CZT A [INXMTHIT, X& BIE NxNRHSITHI &
ERCE

TRBOE D IRENBIRTEDLUNEE TAZ A=P*L *U &
NET D, T, PIIRILITH., LITT=/A1TH. U LE=F
THITH S,
TEESNT-A X EIL—RAERA * X = BafidDIZEnS,
» 5%
N (A7) - INTEGER
B AREXDE, THADRITHE., N>=0,
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£ 7x—ZAfH : DGESV (2/3)

NRHS (A1) - INTEGER
GIARIRILDEL, THIBDRITE, NRHS >=0,

A (A 7112 7) - DOUBLE PRECISION, DIMENSIONC:,:)
ANFFIEX NXNDITIHIADZREEAND,

H AL AL BINTIZITIILEU = PxLxUZEMRLTEH AT S,
LOXMAZERIT1THADT, IWHASN TLVELY,

LDA (A A1) - INTEGER
FEFIAD I DRITTDOREES, LDA >= max(1,N),
IPIVOT (H77) — DOUBLE PRECISION, DIMENSIONC(:)

RITHIATER T DRED ATV R, THIDIITMNIPIVOTOHITER
Hash TS,
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£ 7x—ZfH : DGESV  (3/3)

B (AJ1/H7) - DOUBLE PRECISION, DIMENSIONC:,:)
ADEE. BBRIRILD NXNRHS {75IBEANS,
HABFIE, LL.INFO =0 75, NXNRHSTTHI THAREITIIXNERES,
LDB (A1) —INTEGER
ARSIBDImA D RITTDRKES, LDB >= max(1,N),
INFO (Hi71) —INTEGER
=0: IEE¥,T
<0: £L INFO =-i %5 i—th ITDSIEDENEMLLY,

>0: HL INFO =i 45 UG,) DNERZEIC0TH b, D fEIEIRHDH.
UD S RIFEELT-6. SBITETEINTLY,
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ScaLAPACK

-k LIS I RS NV A/ M) 55 Y ScALAPACK Users' Guide
BrUVEFREDHED EE" e sl
ZILO) X LIL—F 2 Dili 54k i % ' §;§~;5 o

#{E TiEt EPNN e

) A—HA BT T—RILLAPACKIZ < $E 1Ll . “ i

» VIR IT7DO<LBEREAES>HBEINTLNVS '

RERIL—F 2 IXLAPACKZ F| R
it | 4 87— R [EBLACS

y T—ARASEARIZ. 2RFTTAVI S A7)y A R
1R FH

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

_ I Z M) http://www.netlib.org/scalapack/poster.html
Url he University of Tennessee m‘iﬁak Ridge National Laboratory
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BLACS & PBLAS

» BLACS

ScaLAPACKHI T o5 EBEHEEZXREAEIEL-t D,
BIEZATZY)IE. MPIL, PYM, Bt NI T 2 BIESAT V%
HBFEL. ScaLAPACKIN CO—FEEETIZHEOIZEEXZBIET
%

Whi B, BIESAT DY/ \—HIEE|TScaLAPACKN TFI
IHE . MPINT 7oK o T=1-6 . MPITIEZEINT-
BLACSO &, IHERMIZFIAIN TS,

D T. ScaLAPACKIZIMPITaV /N ILL . &BILTHIEBT S

» PBLAS
BLACSZ AL\ TBLASERIF T se iR (L I SR8 E
1 5 lRBLASELYS> T &L,
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ScalLAPACK®D 4y 44 1 HI
» JREAI

LAPACK®D BE 4 D EIJ‘P”’&H(‘H*%O)

» ZMDI(EH . BLACS. PBLAS. T—Aa40 &%
H{E 9 B71-8 D ScaLAPACK| .FaEly&b\&éo
176 BHLFAY TR TS iTC
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£ 7x—Z%H) : PDGESV (1/4)
» PDGESV

( N, NRHS, A, IA, JA, DESCA, IP1V, B, IB, JB, DESCB,

INFO )
sub(A) X = sub(B) MEEDITHNXEEGTEET S
Z T sub(A) [INXMTHNZ 7 ELT-ATAIA+N-1, JA:JA+N-1)
DF75
X & Bl NxNRHSTTHIZ 55 L1=B(B:IB+N-1, JB:JB+NRHS-
1)D 175
TR IR R EEIRFEDLUDfE Tsub(A) %
sub(A) =P *L *U &7nfET %H, 2T, PIEX#ITHI.
LITT=ZATH. U E=A1THITHS,
DEEINTzsub(A) & BIL—RAFEK sub(A) * X = sub(B)r
fE{DIZEHDNSD,
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L% 7x—Z%H) : PDGESV (2/4)
N (K& A 71) - INTEGER
BEARERDOH, THADRTE., N>=0,
NRHS (KiZ& A 71) - INTEGER
BARIILDE, 1THIBD X ITH ., NRHS >=0,
A (BRF A 1.7t 7)) - DOUBLE PRECISION, DIMENSIONC,:)

ATFEIX NXNDITIHIAD BTSN =1&%%E
B HIA(LLD_A, LOCc( JA+N-1)Z AN,

H AL ADD D BEEINT=ITIILEU = PxLxUZEMRLTH AT 5,
LOMABRRIE1THAD T, VSN TULVRLY,

IACKIZ A 71) —INTEGER : sub(ADBHDTDAT IR
JA(KIFE A 1) —INTEGER : sub(ADEHDH DA T VIR

DESCA (KM DBEFT A7) - INTEGER
SERENT=EEHIAD SRR F,

178 BRL7 AV MIEHES o iTC
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L7 7 z—AfH) : PDGESV (3/4)

IPIVOT (BFFH A1) — DOUBLE PRECISION, DIMENSION()
RHITHAZ BT AIRED AT VIR, THDIFTMNIPIVOTHITER
AN TS, DS T=EEFI( LOCHM_A)+MB_A )ELTRS,

B (BT AN HAH) - DOUBLE PRECISION, DIMENSIONC:,)

AN X, ABARIRILD NXNRHSDITHIBD N Eiasn-£n%
(LLD B, LOCc(JB+NRHS-1))[ZAN B,

H AL, HL.INFO =0 Z5 . NXNRHS{THITH S ERITHIXAS.
1T5IBLREIFRD IS NT-IREETR D,
IB(CKiE A 73) —INTEGER
sub(BDTwRAIDITDATIIR
JB(K1E A 71) —INTEGER
sub(BIDEIDINDATIIR
DESCB (KM DFEFTAA) - INTEGER

TESNT=ECSIBDEE IR F,
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L7 7 z—AfH) : PDGESV (3/4)

INFO (K 73) —INTEGER
=0: EB#T
<0:;
HL i BFEHOERMNES T, TOIEFRDENEMNLLVGES,
INFO = —(i*x100+)) &% B,
HLIBFEDERNANT—T. D, ZDENENLLVES,
INFO = —-i¢t# 3,
>0: L INFO = KM &ZE UJA+K-1, JA+K-1) ABEZR(Z0TH B,
DRI T TH50. PESNT-UIEIERZIZEELDT,
RIIETE TELLY,
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YrInNTn s AOEY
(BLAS DGEMM)

181 BHLT7HOUMIEEES ch
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UN I XBhiissk

» emacsDACE): emacs RET7AMILAE
“x s (Cl&control) : THXFAMDIRTE

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

“g . RIS IELKIEo - EE,

"k A=YVILKYITERETIHEHI . ;ELE=1TIX—BFEEESN
Ao

v TkCHLETE.REOA—VILDIERIZOE—d 5,
s XFI . XFIDOERETREIT S,

"M x goto-line : CMIFESC) s EL-1TETREENT 5,

182 BRLT A EET iTC
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UN I XFi'sex

yrm Z7AIVE: T7AILBDIT7AILEET .
rm ¥ : testc HED. MO\ VHTYTIrAILEET,

s BREWSIHILEDFHZTRS,

ycd THILEE: THILFIZRRENT 5,
cd .. : —DLEDIFILFIZFEE,
cd " IL—bTALURIIZIT RO D LG22 F,
» cat T7AILE: T7AILBDHBEETRS
» make : BITI7AILZE1ES (Makefile WNdHHECAH
TLMZEITTEELY)
make clean : IT77MILZHET

1 BELTYUMIEHESR ey
83 g ~ a BERNIRRARES



BLAS DGEMMY-> 7). 7va 79 ADOHEN

» CEiEhR. Fortran§i&EhRMD 771V 4 (Hi8)
lecBLAS—fx.tar

y 3T A9 TRIT7A JLmat—-mat—blas.bash
PDF1—B%

lecture HV5 tutorial ITEBELTH B
gsub L TLI=&LY,
lecture : EE BN DX 1— (EIFEITE)
tutorial : EEFFEIAN D F 11— (EIFFEITE4+)

184 BHLT7HIOUNMIZEES 'Tc
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BLAS DGEMM®Y > 7)) 7 a5 LDy
(CSEEM /FortranS s& ik 1til)

» UTTDATUREEITIT S

$ cp /home/z30082/lecBLAS—fx.tar ./

$ tar xvf lecBLAS—fx.tar

$ cd Mat—-Mat—BLAS

$ cdC //CEEDA
X

$

$

cd F //Fortran§ &M A
make
pjsub mat—mat—blas.bash
» RITHARRTLIz6. LLTZETT S
$ cat mat—mat-blas.bash XXXXXX (XXXXXXI % {E)

185 BRLTHYU M EEEA iTC
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BLAS DGEMM®OY > )N 71 7S5 ADOELT
(CSeE)

» LT DESGERHERNR AN LR

N = 1000

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

OK!

186 BHLT7HIOUNMIZEES 'Tc
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BLAS DGEMM®OY > )N 71 7S5 ADOELT
(Fortran=S L)

» LT DESGERHERNR AN LR

N = 1000

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

OK!
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Yo 7nra s Ao M (CSik

» #define N 1000
D.HMFEERTHE, THIHAXANER
TEET

» #define DEBUG 1
(11129 5E, TH-1THEDEERZ RN R
EECEET,

» MyMatMatBEE 20 D 1Tk

DoubleZ®N X N{TH|AEBD1THIFEZH /ELN. D
oubleZ®IN X NfTH|CIZFDFFEEMNAVET

188 BRLT A EET iTC
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Fortrangi&EDY L7079 7 9 LADHE

» ITHH A ANNDEE L. LTOIT7AILIZH
%9,

mat—mat—blas.inc

» TS A XEED . NNELHTULVET,
integer NN
parameter (NN=1000)

189 BRLTHY UM =R iTC
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' T@BLASHEOHI LA 7Y 3 v

» B @A/ NA5hHvi5, BLAS (SSL II (Scientific

Subroutine Library II) 815475 )ZHEVH T
Eﬁ LJ:T:O)zr:7¢/ELJA€?fTPTc~5’o

OC/Fortran§ 2118 (BLASHAER(1IT7EFT))
mpifrtpx <7049 5L %> -SSL2 :Fortrang g
mpiccpx <FAY S5 L%> -SSL2 :CEEE

®C/FortranE 5 k@ (BLASH ALy E1T)
mpifrtpx —Kfast, openmp <7045 5L %> -SSL2BLAMP

‘FortranS &

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

.C=E:=xm
= =]=]

190 BRL7 AP M= EES iTC
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Yoo zua sz A0 (BLAS)
» 137 (BER)ZEITHRTTY
» ALyRIESEMIEL., X T DAL vk FI{E %
JoOLTavNMIILD L, HFIETHDIEEZT S
HWENHYET,
BLASZRL YK TlL. OpenMPD AL R #IEEH E
BILAET. ETT A ALYF#MNIEETEET
OMP_NUM_THREADSIRIEZ #IZETAL v #Z
ANnb
AT RV TRAIZ, LTFZEEREH(16 ALy RE:
export OMP_NUM THREADS=16

191 BHLT7HVUMIEEER o iTC
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HMEMHE 1 (BLAS)

1.

MyMatMatBd & (FmE) D17HFFI— %=,
BLAS DEGMM/L—F U OFFEUHLIZEKY
iR {EL T ZE0

SIE DI NITFRELTLEESLY,

E:E(%. DGEMM DFortranFfr=
ZIEUVHLET , LTISEEL TS,
BE%44% : DGEMM_

ETHDIIEM RAUA25|ZEL

192 BRLT A EET iTC
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MEHE 2 (BLAS)

0. ALwks

15| flROODGEMMZIEUH L

WAWNAGEAL YR TEITL TS,

=M. %8

193

_\7;___ K k.—-—./—

&t

LR EnFITEEIESN

L TLIEaEly,

N N < S 'Tc
&uﬁb?ﬁ@/l‘{if%nﬁ% Ay ]$§#%1%?H%%I;Egﬁﬁu;



BLAS DG
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BLAS DGEMMO®[n]|%
(CSEEMN)

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

ALPHA=1.0;

BETA=1.0;

dgemm (& TEX, & TEX, &n, &n, &n, &RALPHA,
A, &n, B, &n, &BETA, C, &n);
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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)
196 BHALTHAIUMIZFEES ch
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2 3CHk (1)

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/

197 BHALT7HADUMIZEEES ch
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2 CHk (2)

i MPIiZI OGS P/NFTO E ~ FIE {# 3

0 WHITOTIIUT REDOEMPIER, FlUEH &,
HIEFEHEAREREAR A
( http://accc.rikenjp/HPC/training/text.html )

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

4. MPI=JA—=1) 251 X+
(http://phase.hpcc jp/phase/mpi—j/ml/)
5. HAVEL—ETF EHERE. BRE(1996)
6. MHZENE —FEIEEERER LEDIZHIZT—
FHERIEE #w&E.2307%(2010)

-
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7079 LEH
(LAPACK, ScaLAPACK) ()

SRR Y & — IR PRI
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HENE

» I FEZMEE R RED ERBA (&

» LAPACKD F|FRELEE
(CE&&. Fortran5 358

» ScaLAPACKD Fl & &EES
(FortranE 2D &)

ﬁd):-l/l3
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B[] BV R 35 R

» HERKFIEEHRE

53— ¢

1S HE R

MSIEMTELNV-. PPTEH LT IILTOS S A

ZFIFE
» SEHE R

http://nkl.cc.u—tokyo.ac.jp/09e/CE23/CE23.pdf

201
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y ZERIEIZIRAIELL, XY,ZARBIZNXNY,NZE T D ZERifR
(DX,DYDZ) ICEREINT=-HRFDEESREREEZ D,




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

DEL<§A:D|max AREA

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

j

203 BRLTHYU M EEEA iTC
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X € (3/5)
TR A= Y]

DEL<RADI,,,

2

AREA

DEL, / COND,

(r,-)

+ HCONV, - SURF -(T, —T,)+ QVOL-V =0

RFiZHILET D,
FZRADI . DI (H)

\E L/ jj ~ I\ T E Do P 'Tc
RELT P HIERES SR R > 5



[rERcE (3/5)
e R L

DEL<RADI .,

Y AREA (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,

205 \E‘L’ j] N I‘ T E S5 A 'Tc
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[P E (3/5)
ER et

DEL<RADI

AREA

DEL, / COND,

(Tj _Ti )+ HCONVI -SURF (To _Ti )+ QVOL\T =0

B E & =AREA

HFiEDLET S,

3 fZRADI ,, DEK (M)

—  RIFREOEEEDEL; M

N _~" | RADI_, ®&YHNEL

PFEEDHEMREN

HBDo
= - R&DEL, BIEREAREA,
‘ ‘/ | \\ \ 2B RCOND;DET
pEak
BELTAYUMIZET S iTC

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



BrIEH | COND;

DEL<RADI .« AREA B
i DEL; / COND;
j
COND. —__ CONDO
i A DEL 4 20
min{10~,10 .
]
CONDO [E# |ZpESR

207 BRLTZHIUMIEETS iTC
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W E (4/5)

X AR 2

DEL<iD|max AREA

o
|

DEL, / COND,

0

(Tj _Ti)“L

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

>0 0 0 °

208

BRLTHIUMIEHER

xR EMEER

HCONYV,

= HCONV if X=0
=0 otherwise
XA

SURF

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

DEL<§A:D|maX AREA (T

DEL; /COND,

AiEFERE  QVOL

FEMATR Y

209

—T, )+ HCONV, - SURF -(T, - T, )+ QVOL -V |0

V =C,-VOL+C,-VOL-DELQ
DELQ = /X, +Y;? +Z;

C,C, TE#H

VOL  RBHRFOIEAEE |KFE

DELQ HIFHILERBREDIEH

i'TC

BRLTAYUMI=HT S .
FERThiwLsE .y -



PFIIZBET 5D HN

DEL<RADI . AREA B
(T, ~T,)+ HCONV, - SURF -(T, ~T,)+ QVOL -V =0
DEL, / COND,

j

DEL<RADI,, DEL<RADI,,
{ AREA Ti_{ AREA }ﬂ

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

j j

) DEL<RADI . AREA DEL<RADI AREA .
DEL, / COND, ~ | DEL, /COND,

AMAT(i,i) GH ARk %) AMAT(i,j) (GExt ARk &)

=—HCONV, - SURF - T, —QVOL -V

210 BRLT A EET iTC
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-—HCONVVSURF}E+
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BREATH AMAT

» 22 &1H RADI,, AN/NSITNIE, BREITHIIXER
BATEEIR

y HLESEINKRE(TNIE, REITIHIIE
EEOARTDEIENKRELLESD

211 iTC
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BR1TH & ETTH ¢ {a}=[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()= q(1) + AMATA(r,J3)*p()
enddo
)1 enddo ITC

WA KRS —
Information Technology Center,The University of Tokyo



BREATH AMAT

» ETHBENKELBIBENDIEEZZEZT, A5 LOF
TIXZREITHZETZ (AMATI(,))) 1ELTHRS,

213 BRLT Y MIEHES B ITC
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A0 5 L0
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sps: 7274, T—%

sphere.fld | & E#HER
(BMEE) | (FIK)
inp.1 4
(B FEE) . >PsS o
spheredata | st&#t8
T —4 (BFREE) | GRE)
215 BRL7 I MIEHES ITC
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HlfT—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

216 BRLT Y MR EES iTC
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= TH
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S
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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

217 BRLT AV MIEBES o iTC
JEOK AR L > 5 —

Information Technology Center,The Un of Tokyo



sl MR (EEE) © spheredata
AIEMER OBR) S OZMHIE LIFIUXATRITE

.188402E-24
.388751E+00
.485117E+00
.311638E+01
.630137E+01

R P o o

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

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

218 BRLTHYU M EEEA iTC
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V) TIVIRDEHRFIA

» FHlET—2A S
» FUFH R
» REITR)ORETE
28
*t i s =
» CGIEIZRBEIN—RAFEX KA
(A5 )LER test org.f, test org.c)

2175
SAaERLE
» B
MicroAVS H
219 BRLTAYS M= ETES iTC
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test.f: U T )VR (1/10)

A IR e

implicit REAL*S8

real (kind=8)
real (kind=8)
real (kind=8),
real (kind=8),
real (kind=8),
real (kind=8),
real (kind=8),
integer

integer :: R,

open (11, file=

read
read
read
read

(11,*)
(11,*)
(11,*)
(11,*)
read (11,%)
read (11,%)
close (11)

N= NX*NY*NZ
220

(A-H,0-2)
:: VOL, AREA, (QVOL, CONDO, COND, RADImax
:: HCONV, TO, SURF, DEL, DELO, coefl, coef2
dimension (:) , allocatable :: XC, YC, ZzC
dimension(:, :), allocatable :: AMAT
dimension (:) , allocatable :: RHS
dimension (:) , allocatable :: PHI
dimension(:, :), allocatable :: W

:: NX, NY, NZ, N

z, b, O, DD

"inpl-,
NX, NY, NZ
DX, DY, DZ
VOL, AREA, QVOL, CONDO
HCONV, TO, SURF

RAD Imax

coefl, coef?2

status="unknown®)

BHLTHOUMIEHEER

T
W KWL & —

Information Technology Center,The University of Tokyo



test.f: U T)VIR (2/10)
P Lo (XC,YC,ZC)

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

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

icou= icou + 1
XC(icou)= dfloat (i-1)*DX
YC (icou)= dfloat (j-1)*DY
ZC (icou)= dfloat (k-1)*Dz

enddo
enddo
enddo
IC===
AMFOBELES 11 (1-N)
1i=(k-1)*NX*NY + (§-1)*NX + i
221 BHELT AU MIEHES ‘ gﬁ!;!‘!,:_
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test.f: U )VRR (3/10)

< Y 7 ZAHER  BYREER
' C DEL<RADI
IC +———————- + < max
IC | MATRIX | — ARER —HCONYV, - SURF [T. +
IC +———————m + : [)ELU/CX)N[%
| C=—==
allocate (AMAT(N,N), RHS(N)) DEL<RADI, AREA T
AMAT= 0.d0 Z,: DEL, /COND; '
RHS = 0.d0 .
do i= 1, N =—HCONV, - SURF - T, —-QVOL -V
do j= 1, N
iIT (J-ne.1) then
DEL= dsqgrt ((XC(i)-XC(j))**2 + (YC(i)-YC(j))**2 &
& + (2C(1)-2C (7)) **2)
iIT (DEL.l1e.RADImax) then
COND= CONDO/(10.dO0**dmin1(DEL,20.d0))
coef= COND*AREA / DEL
AMAT (i, J)= coef
AMAT (i,1)= AMAT(i,1) - coef COND.. = CONDO
endif ! min(lODEL,lozo)
endif
enddo
enddo
222 BRALTHAIUMIZFEES ch



test.f: U )VRR (3/10)
< MY 7 ZRAER L BYREER S

|
,g P 0 DEL<RADI AREA
!C | MATRIX | — z:
e + ~ | DEL, /COND;
1C===
allocate (AMAT(N,N), RHS(N)) DEL<RADI;x AREA -
AMAT= 0.d0 j DEL, /COND; |
RHS = 0.d0 _
do i= 1, N =—-HCONV, - SURF - T, —QVOL -V
do j= 1, N
iIT (J-ne.1) then
DEL= dsqgrt ((XC(i)-XC(J))**2 + (YC(i)-YC(]))**2
& + (ZC(1)-ZC (7)) **2)
if (DEL.le.RADImax) then
COND= CONDO/ (10.d0**dminl (DEL,20.d0))
coef= COND*AREA / DEL
AMAT (1, )= coef
AMAT(i,1)= AMAT(i,i) - coef XIMIE
endif
endif
enddo
enddo
223 BRALTHVUMIEEE S
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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, N2z
do j= 1, NY

ic= (k-1)*NX*NY + (j—-1)*NX + i
AMAT (ic,ic)= —HCONV*SURF + AMAT (ic, ic)
RHS (ic )= —HCONV*SURF*T0O + RHS (ic)
enddo
enddo
|C===
DEL<RADI
max AREA
= —HCONV.-SURF T.+ Y —C. . Vol .
{ . DEL, /COND, . } V =C,-VOL+C,-VOL-DELQ

DELQ = /X,” +Y+2Z

DEL<RADI .« AREA
T.
DEL, /COND;

=—HCONYV, - SURF - T, {QVOL -V

j

224 BRL7 O MERER ‘ iTC



test.f: YU TIVEIR (4/10)
<~ MY 7 ZARK © RREE

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

DEL<RADI
_ AREA  _ HicoNV,-SURE [T -
~  DEL, /COND,

DEL<RADI .« AREA
T.
DEL, /COND;

=-HCONYV, - SURF -T, -QVOL -V

j

225 BHLT7HOUMIEEES



Hij L BRAT & Lt vk

Preconditioned Conjugate Gradient Method (CG)

Compute r@= p-[A]x©®
for 1i= 1, 2, ..

solve [M]zG-D= rG-D e o g
pi = r-D zG-» BIALIE - xf /R —1)2 )
if i=1

else_ X(i) &Ol\)l/

i-1= Pi-1/Pi- —

B(i%= z<il—1>p+2[3i_l p (1) . ij7_

1

r(l)z r(i_l) — alq(l)
check convergence |r]|

)
3
0.

226 BRLTHYUMIEHES B iITC
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test_org.f: U7V (5/10)
CGHED

IC
G T N (0) (0)
IC | CG iterations | Compute r'W'= b-[A]x
P + for i= 1, 2,
" EPS= 1.4-08 solve [M]zG- = rG-l)
allocate (W(N,4), PHI(N)) P 1= ri-1) - (i-1)
W = 0.d0 . .
PHI= 0.d0 AL =1
p M= 70
P; _ ; else
Q =2 Bii= Pioi/Pios
P = Z pii= zG-1 4 B pG-D
gg_i: 1, N endif
\glgi,DD): 1.0D0 / AMAT(i, i) qi= [A]p)
enddo o, = p,,/pHqg
w(r,1)= W(1,R) = {r} xW= x0D + o;pt
W(i 2): W(i Q) = {CI} check convergence |r|
_ b _ b d
W(i,3)= W(i,P) = {p} chd
W(i,4)= W(i,DD) = 1/DIAG
227 BRLT AV MIERES ‘ iTC



test_org.f: U T IV (6/10)

CGE®

I
IC-- {r0}= {b} -

do i= 1, N
W(i,R) =
do 3= 1,

W(i,R)
enddo
enddo

[A] {xini} |

RHS (1)

N

= W(i,R) - AMAT (i,3)*PHI(j)

BNRM2= 0.0DO

do i= 1, N
BNRM2 =
enddo

BNRM2

+ RHS (1) **2

ICHr* rxkhrhkhkrhkhkhhkhkhdhkhxkhhhhkhkhkkhkhkkkxkkhkhkkhrkkx

do iter= 1,
1C
1C== {7z)=

do i= 1, N

W(i,Z)= W(i,DD)

enddo

228

N

[Minv] {r}

* W(i,R)

BEALTOIUMTE

Compute r®= b-[A]x®

for

end

i=1, 2,

solve [M]z(-D= G-

= (i-1) (i-1)
io1 1 7 1

r
if i=1
(1

e

- (0)

O

else
B171= pi—_l/pi—z |
p(l)z 7 (1-1) 4 Bi—l p(l—l)
endif

q'= [A]lp™

o; = p;/pHgtt

xW= g6 4+ g.p@®

rid= b - g g

check convergence |r|
PN iITC
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test_org.f: U 7 IV
CGIE®

'C
!C—— RHO= {r}{z}

RHO= 0.dO0
do i= 1, N
RHO= RHO + W(i,R)*W(i,Z)
enddo
'C
'C-- {p} = {z} if ITER=1

'C BETA= RHO / RHO1l otherwise

if ( iter.eq.l ) then
do i= 1, N
W(i,P)= W(i,2)
enddo
else
BETA= RHO / RHO1
do i= 1, N
W(i,P)= W(i,Z) + BETA*W(i,P)
enddo
endif

(7/10)

Compute r®= pb-[A]x(9)
for 1= 1, 2,
solve [M]zW@ 1= G-1)
0i_,= rd-1 zG-n
1f 1=1
pW= z(®

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

q'= [A]lp™

o; = p;/pHgtt

xW= g6 4+ g.p@®

rid= b - g g

check convergence |r|
end

220 BHLTADS =TS iTC
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test_org.f: U T IV (8/10)

CGH:@
:(C:—— {a}= [AN{p}

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

W(i,Q) =
enddo
enddo

.do

'C
!C-— ALPHA= RHO / {p}{q}

Cl= 0.d0
do i= 1, N
Cl= Cl + W(i,P)*W(i,Q)
enddo
ALPHA= RHO / C1

'C
'C-- {x}= {x} + ALPHA*{p}
'C {r}= {r} - ALPHA*{g}

do i= 1, N
PHI (1)
W (i,R)
enddo

230

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

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

Compute r®= b-[A]x©®
for 1= 1, 2,

solve [M]z@-1= -1

a; = pi—llp(i)q(i)

x(MD= x(i-1) 4 aip(i)
r(= rG-1) _ aiq(i)
check convergence |r|

BRLTAYUMIEHES ITC
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test_org.f : Y7V (9/10)
CGHEG

DNRM2 =

0.0

do i= 1, N

DNRM2= DNRM2 + W (i,R)**2 for
enddo
RESID= dsqrt(DNRMZ/BNRMZ)
write (*, 1000) iter, RESID
1000 format (i5, 1lpel6.6)
if ( RESID.le.EPS) goto 900
RHO1 = RHO
enddo
!C*************~k****************************
IER = 1
900 continue
|C===
end
231 BHALTAIUMTE

Compute r®= pb-[A]x(9)

EER

i=1, 2,

o, = p; . /pPgd

xW= x@-1) 4 g.p)
riH= rd- - g g
check convergence |r]|

ITC
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test_org.f: Y7Lk (10/10)
o )

'C +——————- +

'!C | OUTPUT |

'C +———————- +

|C===
Nl= 1
N3= 3

1C

!C-- MESH
open (22 file—'sphere.fld', status="'unknown')
write (22,'(a)") '"# AVS field file'
write (2 '(a,i5)') 'ndim="', N3
write (22,'(a,15)"') 'diml=', NX
write (22,'(a,1i5)"') 'dim2="', NY
write (22,'(a,1i5)"') 'dim3=', Nz
write (22,'(a,15)"') 'nspace=', N3
write (22,'(a,1i5)"') 'veclen=', N1
write (22,'(a,15)"') 'data= float'
write (22,'(a,1i5)"') 'field= uniform'
write (22,'(a,i5) ') 'label= temperature'
write (2 ,'(a,i5)') 'variable 1 file=./spheredata filetype=ascii'
close (22)

1C
!C-- RESULTS
open (22, file='spheredata', status='unknown')
do i= 1, N
write (22, ' (lpel6.6)"') PHI (i)
enddo
|1C===



YrINTR TS AOET
(LAPACK dgesv)
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LAPACK dgesvt > )71 /5 LDOHE A,
» CEE&FR. FortranS B D 771 )L 4 (H8)

lecLAPACK-fx.tar

&

y T RI) TR I7A)bgosh HDF1—4%

lecture V5 tutorial [TEELTHS

gsub LTL=&0Y,
lecture : EHFFHEISN D F21—(

tutorial : EBFREIRNNDT1—([F

234

RFRITHE)

1RFE1TEL4+)
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LAPACK dgesv®D¥ > 7 )7 a5 hADIfy
(CSEEM /Fortrans s& ik 1kil)
» LTFOATUREETT S
$ cp /home/z30082/lecLAPACK-fx.tar ./
$ tar xvf lecLAPACK-fx.tar
$ cd sphere—LAPACK
$ cdC //CEEEDA
X
$
$

cd F //Fortrang 5D A
make
pjsub go.bash
» RITHARTLIz6. ULTZETT S
$ cat go.bash XXXXXX (XXXXXXILEF)

235 BRLTHYU M EEEA iTC
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LAPACK dgesv®D¥ > 7 )7 a5 hADIfy

(C 5B

» LT DESGERHERNR AN LR

time = 0.000013 [sec.]
53612532.46 [MFLOPS]

990 -2.272792e+00
991 -2.276715e+00
992 -2.288410e+00
993 -2.307670e+00
994 -2.334166e+00
995 -2.367479e+00
996 —-2.407125e+00
997 -2.452584e+00
998 -2.503330e+00
999 -2.558846e+00

err = 6.274235e+02
236

M —RAEIVREEE DD

""'"i'c“*L’C,.‘
B fE] AV AR i | 2

L\d)-ts\
7= <,

ISEERRAKEL
D TULVET A,

IEERETEETY,

NI

(/

s
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LAPACK dgesv®D¥ > 7 )7 a5 hADIfy
(Fortran= &)

» LT DESGERHERNR AN LR

TIME[sec] = 1.529976725578308E-05
MFLOPS = 43802496.39070075

o o EIL— RATBI KIS H
- == Ak 4 \ S

993 -2.288410E+00 %Z‘zéjh' :Cm"“‘:_ L _0) C.

994 -2.307670E+00 @# iR e e SR

995 —2.334166E+00 IREERRAAEL

996 —2.367479E+00 HoTULVET A

997 -2.407125E+00 T ek <

098 -2.452584E+00 ERGEEFTY

999 -2.503330E+00
1000 -2.558846E+00
EPS = 627.4235113914225

237 BRLTHYU M EEEA iTC
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YN 7ru 5 A0OHB (LAPACK)

» 137 (FR)EITHRTY
» ALyKRiF{Ehk(E. ALYRAES{LRRZE) D
LTavnNAILDO L, MiFEITHDIEEEZT S
HWENBHYET,
» LAPACKIZRAL vk iF{E DAL TULNST=8.
B/ —FEBIELDDFIATHEIETEEFEA
BIELDDFIAT HIZIE., 73 ER THSHScaLAPACKZ
FALET
/—FRRDHLAPACKZELY, /—FREEMPIT: 5L 9
BEIGFENAILXRIRETY
=&z, fBEE A EEEFIAL. /—FRNDHLAPACKT
B —RAEAZH#EIGE

238 BRLT AR iTC
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YN 7ru 5 A0OHB (LAPACK)

» IREERRMDETE L, 10x 10X 10D EREIZ
eSS TULVET.
FNLSDOREIBEY A X TCIFERELEEFA.

» test org.c. test orgfld. AU FILDCGEZE

1AV iy

239
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& TWLAPACKFEOM LA 7Y 3 v

|—'—|

y @O/ \15Hh 5. LAPACK(SSL 1
(Scientific Subroutine Library II) 212547 51))
%EEFZ}w“fg_hﬁ LJ:T_G)Zr:7_/Gﬂa/%ETT(7R£:9 o

®C/Fortran

EIEH @ (LAPACKAAEXR(1AT7ET))

mpifrtpx <7049 5L %> -SSL2 :FortranEiE
mpiccpx <JASJSL%E> -SSL2 :CEHE

®C/Fortrans

=:zE
===

: Fortran S &

mplccpx —Kfast, openmp <7AY 5 L% > -SSL2BLAMP

= EH 8 (LAPACKM AL YKRZETT)

mpifrtpx —Kfast, openmp <JBY 5 L% > -SSL2BLAMP

=h

240
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P A1 (LAPACK)

~ test.c HLLIT test.f DAL A (FHRE)D
I — R FEINKEEED \’é LAPACK dgesv
,—FUDEUHLIZEKY., EFIELTLESLY
BB ITEELTLIEELY,
CE &L, dgesv DFortranF =D EUH LIZAY
F9 ., UTFITEELTLIZE0Y,
EEi%: dgesv_
ETDEIMBRA2E5|ZEL
TINVT ELT, 322 (ERR) M+ /NS &5 FERE
L TLI=aly,

241

~ ?-Iml

BHL7AYUMIEHES o iTC
HERTHRAR L 5



2.

HEPRRE2 (LAPACK)

242

CGEIZ K BfE;E)L—F test org.c
< IEtest orgf Za/\1JLL T,
LAPACKRREEITEEZ LEARN TSN,
[EiREH 4 A& KECL T, LAPACKKR.
CGEMMDEITEEZLEANTEEEY,
NX, NY, NZDE. B K. STEFITH UV
FZRADImaxZz @ Y] [ZER TEL TLIZELY,
RADImaxM{EM /NS VE, CGEMNEF
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IS E 3 (LAPACK)

r=—
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NS A LYK R D
LAPACKZFEU H 9 LHIZZE B L TLIEELY
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LAPCK dgesv®D[n|&
(CE B

dgesv (&nn, &inc, amat2, &nn,
piv, rhs, &nn, &info);
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LAPCK dgesvD[nl%&
(FotranSi&kk)

call DGESV(N, INC, AMAT, N,
& PIV, RHS, N, INFO)

246 BRLTHYU M EEEA iTC
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YrINTR TS AOET
(ScaLAPACK pdgesv)
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ScalLAPACK pdgesv¥ > 7 )0 7075 LD

R

» FortranS &8RN T7 71 )L £
lecScaLAPACK-fx.tar

X ScalLAPACKIZCEEERD YT IL
(Etaapjc:_&nAJ

y 9T RO TR I7A)Lgosh HDF1—R%
lecture D5 tutorial [TEBELTHH
gsub LTLI=&Ly,
lecture : EEFENDF 11— (RIFEITE)
tutorial : EEE FFEIN D F* 11— (EIRFEITE4+)

248 BRLTHYU M EEEA iTC
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ScaLAPACKIZBIF 5 7ukyH—-« FY» |

» MPIGEET4R70vX$IE. J0tyy—J1)yk
EHEING 2R 7Oy EETEEINET, )
» 5. 87AFX ®8 X 115 R

02 XAtk @4 X 21ERL

P(0,00 P(0,1) P(0,2)

P(1,00 P(1,1) P(1,2)
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ScaLAPACKIZ B} 55 —% 75k
y JAYOIEMBD2RITTT OIS A 9) I8 EGYET
y 5. 87O0tR(2x4T7AtyH—-41)ykR) MB=2

KATHH A X TRV TN GENTOERBDIGFELEELT,
sUb(A)DHERBEZFTETOILENHYFET

v il
Po.o) EEEEE (N PO
\ L oreoff il I ren

P(3,0) i P(3,1)
KiFE 21— (1T51A) BFfE 12— (sub(A))
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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 : T4 EDI R T LAV TH X
WHAT = 1 : BLACS Ay+—< ) ID 1§
WHAT =2 : 3 /8 ILENBBLACS T/A\vILARJL
WHAT = 10: ICONTXTIZ &Y &SN BBLACSAV TXAMEEET H1=0HIC
AW NAU AT LAV TXEANDS IR
WHAT = 11: IREF>TWBTILFILTEBED T
WHAT = 12;: BAEFE>TWVA—BE L= KRIEE D K

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 : FARMDBRLGEA—R) T EFED,
OO TGS  ITARMBREA—F )T HFES,

252 BRL7 AV MIEHES o iTC
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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

253 BRLT A EET iTC
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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, |, J, DESCA, AMAT(1,J))
ENDDO
CALL PDELSET(B, J, 1, DESCB, RHS(J))
ENDDO Vs

/

REBARIRILRHSZ . EYIEBAAANIRILBIZK A
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PDELSETEHEIZ & B DO FE A

» PDELSETEA#ZRAWTITINZ NI 5 A EXITBEZ TI H.
o770 3 LDESZ, KiEITHIAZE T O XTH
BELTWAE AEYICEAT AR —TE T4 ELGYET,

DFY . BT TESTHIH A AN, 1/—FDAEHET
RED, BT/ —FHZEEMLTEHNZKRELTELLY,

y KRG AEHTRT T LFELT=DIZIE
BRTEA—DE AT, T DEFEEsub(A)IZE
RATH

095 LExEMELRHYET,

y ZD=HIZIE. 2899 -S40y OB ARDFEE

HEEL T, BT DERZT HADENHYET
A EESOMPIERFET. BEERTOEEIHYET,
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ScalLAPACK pdgesv®DH¥ > 7))y 7075 LD
F11 (Fortrans sERODA)
» LTFTDATUREERTTS
cp /home/z30082/lecScaLAPACK—fx.tar ./
tar xvf lecScaLAPACK—fx.tar
cd sphere—ScaLAPACK
cd F
make
pjsub go.bash
» BEITMARRTLEb, UTZETITS
$ cat go.bash XXXXXX (XXXXXXILEF)

A A 6 B N

257 BRLT AV MIEBES o iTC
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ScaLAPACK pdgesv®d
BN 7urs s L0y (Fortrans ikhi)

» LT DEIERERMNR AN (TR

TIME[sec] = 3.399793058633804E—-06

MFLOPS = 216189698.27442175

ScalLAPACK 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

— RIFFE UK AEED

\75\

*Eirmlh%i(s M%ERRh\j:%(tm’CL\iﬁ'b\ FEhEETY,

ESNTEUOODOT., BfEH
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Y7 a5 LADOFHM(ScaLAPACK)

» EA7MPIRTY
ALyRiiF|ZFBLIz=/ N1y EMPIRRZFI AT 512,
ALK FIREY 2L Tav/NfILL, AL YR 5| $%
IBETHAVLENHYET
» 6470 RET(TALyY—-451)yk8x%x8).
fElREH 4 X1000, 7 AV IME32(2fF b TIVET
JOvR#. 7Oty — )y, BEY (4 X, 7avyy
IBxZEF T 554S . PARAMETERX D EHMELTE T S
ENHYET
y BEZEERRMDETE (L, 10X 10X 10D EREIZHEIN T
WET. TNLUNORIEY A X TIIHELEEA.
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B LilScaLAPACKM O LA TV a v

» B @I /NAM5h 5, ScaLAPACK(SSL 11
(Scientific Subroutine Library II) 212547 51))
EH?UL-l?—i’JJ_ l’J\Td)Tj /3./%1__'-(7_0:9 o

®C/Fortrans i51£ 18 (ScaLAPACKMZE R (137 ET))
mpifrtpx <JA4Y 5 L%> -SCALAPACK -SSL2 :FortranE:E
mpiccpx <JA4Y 5 .L%> -SCALAPACK -SSL2 :CE&E

®C/FortranE & 1@ (ScaLAPACKAY A LYK E1T)
mpifrtpx —Kfast, openmp <7RA%5 5., %> -SCALAPACK -SSL2BLAMP

- FortranS &

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

:CEiL
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1.

TMEIEE1 (ScaLAPACK)
testf DAL Ff=DEI — R AR KEES
% . ScaLAPACK pdgesvF&r=DIEUHLIZ
KU . BFE LTS
SIEDMNITFELTLIESUN,

TINYT ELT, BRE (ERR) A+ NSV EETER
LT,
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T ERED (ScalLAPACK)

. [EREH A X RKEKLTEITE
LR TLI=alY,
3. MHZEITHZ6AMFIMNSERLT
EITL TS,
JOtyHY—-J1)ykE#8 X 8N EERT S
HWENHYET,
»  EFED2.3EBIT. T—ARDEATHIDHE
RODUYARX)DEE (O—FDIEIE) HiHZE
TI DT EFELTLIESLY,
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4

B HE 3 (ScaLAPACK)

NI EL S matZK

L -

G R#EERAET .
S FTEESI A = sub(mat) [ZIE .

B ITOCATHELEZEBZERKATS
005 LEERL. AEYIZET S
AT—ZE)T4hH 5L,
055 L7HBLTLIES0Y,
KIBECHImatDIERIIAELELZYET

BRI XTI EENTE
17535) D

BEDIREE (BEDFI,

LFET,

LR ETT ,
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ScaLAPCK dgesv®D[n|&
(FortranS &)

CALL PDGESV(
NN, NRHS,
A, IA, JA, DESCA, IP1V,
B, IB, JB, DESCB,
INFO )

Qo @O @ o
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PENIETLL
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