NEICATHAZERIE

kawai@cc.u-tokyo.ac.jp

FT.BELLFET,

25168

A

HEALTHIUMTE

A TATSIVTEES

[5472 V8 : pEEmitROEIEAM

ANAV LR ES AT Y
(BLAS, LAPACK)

WRRPENHEREE 7 — REBE WE Ek

R — H'|EE$EE ~ —
m RRAKFIEREE TS
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



i

Fa—R) 7 ILDR"RN

RO/ EHFIEFE
BLAS, LAPACK M &5t BH

0o LEE I
-BALS/DGEMMY > J )L T RT 5 LET

(@)

o055 LEET
LAPACK/DGESVY > 7 )LT A 5 LEST

BRLFHYUMIEEEL m ok

ru
R
JIEL

/9—



SMPYSRAZEMFNFHE AT LD EX
W Rk R E
/ SMP (Symmetric Multi-Processing) CI;J;;—T & cache
EHEERE: BB Gflops, AE')E#5i% : ¥IEGB/#, BIF=0.5 \/ #4104
CPU N \ #Hcache
Processor Core \/ #910f%
I # | Z || ArE
\ Coregg B cache =} S \/ #5104
8 |7 A (=4
I
‘cpU| || mas
K / J -Coreg Hcache:
M+ ~EKB
) A8 -#tHcache:
( z #+MB
A AE):
'SMP | SMP |[SMP | SMP | SMP || SMP | H+GB




A—/N\—aYE31—3DNEE

BOSAFBNFATEER
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SMPOZRABIMFIETHE S AT LD
_ Oakforest—-PACS Oakbridge-CX
MP
SMPY525% OEAEBL Y | OEAEBLLS
SMP#4 8,208 1,368
£F SMP4] . .
3 gET e 100Ghit/s 100Ghit/s
Processor#{ 1 2
HmE—VEE 48 25.0 PFlops 4.8 PFlops
e 16GB (MCDRAM)
SMP AEYRE 96GB (DDR2) 192GB (DDR4)
— s oo i 490GB/sec~ (mcprawm
FEVBERE 5 56R/sec oo 281.6 GB/sec
Processor# Intel Xeon Phi™ 7250 | Intel Xeon Platinum 8280 ™
Core#f 68 28
Processor | EEEREE 4 HE(Core) 44.8 GFlops 86.4 GFlops
CoreilllJcache(L2) 512KB 25MB
H Hcache(L3) 7L 38.5MB
B GB:Giga Byte DHE&, 1GB=8Gbhit
Hflops : 1#EICITHNSZEN/N R EFE D[R
ATEHOMERRERITIBEICKL(FERAEINS 5
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K
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BRI — ) Bl 551
INMNRIEREE RED/NTA—RITHLTITS
vV XCrypth R ZINZEITZASHY—IL
AHIRT HELELK EDAFIEGTENER
FILTY) X LD ITERPCacheDFEWVALZENE R IEDHE

1 5|a—k
BN CPUZ% E:

ESE T, KR EZETTS

M FMENEZEZR LS E D=6, 2FEHESEHIIRNDE

CacheDFEWVALEZRROA—FTRELGSI=HMEPORVERE
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Ts BROETHERE. T, PETOERITHIE
S, =P D&E. EEE7 (ideal) FEE M L

y A F{EZhER
R: E, =S, /P x100 [%]

» BAF0TERE
RE MR EDRF B :
Saturation, &5 5 | /‘&
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7 LA — )V D:HI
y BRETERE K &5 5.

ZMD56, WHILNTEREEE o &T5,
) CDEE BEMBIZUTDLSCES.,

S, =K /(Ka/P+K(l-a))=1al/P+(1-a))

» LEROAMNS, FEZAEBEROBOTOEYHTEFE-ST
H(P—=) BERIX. &R 1/ (1—a) ThHbd,
(7 LEF—ILDEA)

i LN EADI0% =L, BEEED IOy HEFEHLTE.

1/(1-0.9) = 10 f& ITLAVGEBZEN !

—EMHREEERT A=HICIF, AL THHFEEE LTS
EEAXTEHCENETHLEETHD
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i F{E TEGWLERD (1T AvY) HSliETESRRZ (8T AYY)
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53—~ DFEEE

MPIZ O+t X&EOpenMP AL wEREZE A= FI{EA
ZRAVUNY—FE
BoOtXi5)

— MPI (Message Passing Interface)

— HPF (High Performance Fortran)

BAL ki3

JARRERLYRDEL
— Open MP SAEYEBEBTINEIHDEL
o A—HYHAFLIERITEE ‘JHJ'J)‘:E'J(irjﬂ'l'_’ZJ‘
— Open ACC 'IE.I_)(:EUM:I-XI/“JI‘J
— Pthread (POSIX XLwk)
— CILK

— Java
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MPI+OpenMP/\AJ )Rk JTRASTSITETIL

BSMPISR3%EEZHLETALRAFIEAL YR T DA EHENREEY
- &MPI-processhy. 1D LLE, SMP-core#t LA T D & FE # D OpenMP-ThreadZ 2

SEE O Z<I0penMP-Thread N BEAEY FTETT S
- & MPI-process(FMILL-AEZEMZEL, processfEBIETT —2&0YEYT S
- &MPI-processh\ el ThreadF DD M B LMNEIETE D AT LERETRES

B SMP-coreM4DNDIHEDHAEHE

1processilthread(#£pure-MPI) 1process2thread 1process4thread
SMP SMP SMP
Thread | process Thread KI'hread \
> i process
| Thread |  process| Thread Thread
> 4 process
| Thread process| Thread Thread
) g process
Thread | process Thread \Thread /
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MPID & &5

B AYE— 1\ TRDTATS)RED 1D

o« Ayt—U T DETILTHD

e AVNATDRB BEEDYINDITOTATS)EIET LD TIFTAELY
B D EAT) BB 5TE B (U5 A R) (T3 i Al BE

« 170ty HIZBIFEARY AR RT7AIL YA XD HIFIEITIR AT BE

« JAEYHEHMDZWIEFS R T LERALNSETIZFEK

- 170wy E TR RAEETHRBOTESR . EREE CTAIE A §E

BELLZATLANDBIENES

API (Application Programming Interface) M#ZE#1t
B R7—ZE) T4, EEEARL
BIEWREEI—HNERT SHEITLDT7ILT X LD RE{ LA A EE




OpenMP DL E 451

m

BT ALOT470 (3E8R1T) DR THIFE

N

A AT B B EHE 4B D Directive D # — FR1&

o JOUSLELFIZETTA-HDEEFLI——HBEATR

« BAEZDIL—THHF{LEhBE

o AVNATHYR—ILTUWVEITNIL, QA NEHGEENS

BERIA—F Mo Dl FI{EM LLE IR 5
s WRIT(TALITA))E/AT AT TFEIZHSEH AT RE
o JL—THEALGEDLIT DERBEMIZHF{EA ] EE

u OpenI\/IPb\MPIJ: BB L VD Z &IF7E

« OpenMPEITIRIEIL, IKFARZR, &R, TobkOvy, Bmash, BREL

TS LD ERS=EITICDENB LS BREIZE T 5F v IIEEXR
SN TLVELY

o TJOVSLMNELLLEITINAIIERTHDE1I—HF—DEE
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WSA75)-YI DT 7FERAIERA/NODEREZTRIZSITHES
Bifi5{EDBERT—OZEITHERIE TR T AR SN TV
D SMPOZRE%F I/ \wr—%) Tk
BFTAOEBEI7FININERET AT TRIRIEETE A AR
A—H(IHFECBIEEHFYVER T HULEHNLLY
-OpenFOAM, FrontFlow, ppOpen—APPL/BEM7i &

@ SMPOSRAXITAT I, DRI T4 T5)
- BEHEEE DI —TFUEESRIETRIREAEEITS
AT ) I —F NI ELN DI FIFH R T —F AT
*MPI, Super-LU, ScalLAPACK7Zi&E

@ SMPXIEZAT 35 BRETERS1T73Y
- EREGTEI—FTEEIELIEZWE D DEEZE T HIL—F TS
EHSMPZEELITNIE, BIEFZI—TNITOHEHY
-Intel MKL, & 18SSL2, BLAS, LAPACKZ#%E




ANAVAITEEIEIZCET 4SS @ B KITC

HRIZI U TREEZ TR EIKIES0Y,
| Science | Modeling | Algorithm

= =1 OpenACC+MPI
74j7 J T ILFGPU
OpenFOAM OFPX %

= - MPI_E £

Hyperworks 1 \
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BLAS, LAPACK, ScaLAPACK®#iiH
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23k (1)

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

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

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

Netlib : B MEAERY IO T - URIR)
(AT & T NILHAERT. TH—KEE,
A—2)yENMERALRIEIE)

I8 BHEL7AYUMIERTR m e T

el




BLAS &%

» Basic Linear Algebra Subprograms

(RARBEERBEITOTSLE)
BERBETETRALWLNS EXREEZIZEL
(APHE)LT=2.D,
LTaElE. BT OEBEERBGTEROERER
DEIZOT S LEET,

T ORRNBEERHD << X/V\—ABLAS> ELV5Y
DB, TEEFBLTLELY,

9 BELTAYUMIEHTS m e T



BLASDO &%

» SERELESAT D <IERDOFE> &,
<TOUSLBIRAM>ZEOL2BHTIER
BLASSEE DMREREZ. B DI—HFH,
B20700 S LTHILTITODIE.
VIR DT T7RFENELNEL

< ITZEHI> TEL

MR ET AF1—=UJ [F  BEROGLI—
[ZIF I
<BA=E> '= <R IF>

BLASIX. iV IO I 7IZEITS
<YIrHIT7IE>S>DIILY
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BLASHY 7))V —F > D4 ¥

» BLASTIEZ, LT ELIIZHFEHLITELT,

I IIL—F oDt iRBIZEHH—
EEXNRDOATRIILOITIIOR (BHE ERE E£XRE)
THIRAR FFRITEI, ZEXHITHI)
TR (F1T51Z2 ZRITIZ[EHE)
SEEGRNMEIH (3TH], RTERIL)

» SEEMEREMN L LTD3DITEEZEE
LARJL1 BLAS: RIURLERIFILDER
LAJL2 BLAS: {TH|ERIRIILDEE
LAJL3 BLAS: 1THIE1THIDEE
» WBARLB VL RILDIIL—F U EFEHT SO0 RH

21 SER UMIEEE LS i Sl i 8
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LNVl BLAS

RNIMLRBE ARIMLEREOME., G

Bl: v « ax+y
T—ADFHAHLER ., EERMNIZIZELC
T—ROBEHMA(FrvlallE T —20OBHAIZLD
T—AT7 Ot ABRDEHE) NIFEAETELL

FRIZKDMERER LA, HFEYEAFTEAL

(FEAE . EFTER/N—FOIT7DEEERE
LARIJLIBLASOA CTEEZERE T HE BENAEKFOL T
5T —3BHAMENGES

5. 175)-RURILIEZE. LNJL1BLASTEREZ
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L~V 2 BLAS
TH-RORIVELGEDERE
Bl: y—aAx+By
BIE/ZERANERE. Tx =y (TIX=A1T5) ZxIZ
DWTCHECER.Z80
LARJLIBLASOHDEE LD, T—2BHFAHMEDE X
O 5B TIEE
T—R3T7 U AEM%E . BEEICKYiEN
L ANJL1BLASICEEARMEGEZ H L AT L (D5 THELY)
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L~V 3 BLAS

24

TH-1THREGEDER

fBl: C—aAB+BC
LARJL2 BLASKYEIZT—2BIFE%ER
TH-1THIFETIE., 75T —% 0O(n?) LT
BEIE O(n°) BOT. T—4HHAENREMICEL,
THFEIE. ZILOYXLLRIILTEITAYIIETES,
SHIZT—2DEFMEEEHEHENTES,

SHLT AU MIEHES e i s
BRALTAVLMISRES [0 seosmman o o—
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BLASO 24 R HI

» BEELA  XYYYY
X: T—43#

SEFEE. D ERE.C:EXR.Z.BHEESR
YYYY: ETEDIELE

LAJL1T:

{5l : AXPY : RO ILERADS—ELTINE

LAJL2:

{5l : GEMV: — iR 1T ERTRILDFE

LAIL3:

{5 : GEMM:—fi& 475 ES L DFE
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BLAS), —F > —&
L EVEL1 BLAS

zrotg zdcal drotg drot drotm zdrot zswap
dswap  zdscal dscal zcopy dcopy zaxpy  daxpy
ddot zdotc  zdotu dznrm2 dnrm2 dasum izasum

idamax dzabsi

LEVEL2 BLAS

zgemv dgemv zgbmv dgbmv zhemv zhbmv zhpmv dsymv
dsomv  ztrmv  zgemv dgemv zgbmv dgemv zhemv zhbmv
zhpmv dsymv dsbmv dspmv ztrmv  dtrmv  ztbmv  ztpmv
dipmv  ztrsv dtrsv ztbsv dtbsv Ztpsv dger zgeru
zgerc zher zhpr zher2  zhpr2 dsyr dspr dsyr2
dspr2

LEVEL3 BLAS

zgemm [dgemm‘] zsymm dsymm zhemm zsyrk dsyrk zherk
zsyr2k  dsyr2k  zher2k  ztrmm  dtrmm  ztrsm dirsm

26 BELFATLMISHRER m SRR APEREL 5 —
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L7 —AH : DGEMM (1/4)
» DGEMM
(TRANSA,TRANSB,M, N, GALPHA,A,LDA, B, LDB,
BETA, C,LDC)
C := alpha*op(A )*op( B ) + beta*C MDEtEZET S
op(X)=X HLLIE op(X) =X (XDEEFTHI)
» 5%
TRANSA(A #1) - CHARACTER*1
TRANSA & op(A) DIR1EZIEET 5. L TOXFINZIETE.
TRANSA =‘N" {LLI&E 'n', op(A) =A
TRANSA =T' £LLIE ', op(A) = A
TRANSA ='C'or 'c', op(A) = A°
TRANSB(A 71) - CHARACTER*1
TRANSB (& op(B) DEMEZIEET D, LL TR+

27 VMMIEEE R 2 ‘ 2ED
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£ ¥ 7 z—AH : DGEMM (2/4)

M(A ) - INTEGER
op(A) & ITH COITOKRSSZEIEET %o
N(A7) - INTEGER
op(B) & 178 COIDKEIZEIEET 5o
K(AF) - INTEGER
op(A) DIIDKEEX, HEXUV op(B) DITOKRESHFIEET 5,
ALPHA (A 1) - DOUBLE PRECISION
AHS{E ALPHADEZRTET 5,
A(A 71) - DOUBLE PRECISION
THADERF], KEX(X (LDA ka )T, ka [ETRANSA =‘N’ or ‘n’ D EE (&
ko FIOTHWLESIE. m,
TRANSA =N’ or D EEE. mX kDB DERIZITIAZEFTHLNE
LMFERLY, TS THLEEIEZ kX mDERFIIZITIIADEEEZ AND,

S Sf N T =3 5151 AN e < o ~
8 BRLT7HVUNMIEEE S m BTSSR —
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L7 —AH : DGEMM (3/4)

LDA(A ) - INTEGER
THAD XY DR ITEHEANS, TRANSA =N’ £ LLIE ‘n 5. LDA
[ max(1,m)THELTITESIELY, FITHRULVED, LDA [Emax( 1,k)T
T TIXIRSHRLY,
B(A 71) - DOUBLE PRECISION
175IBMDECF, REEIE (LDB, kb )T, kb [XTRANSA =‘N’ or ‘"M &EE (&
No %5—67:;[,\&%‘3:‘ I(o
TRANSA =N or n’'DEELX kX nDEIINDERIZITHIBESELVE
LMFZELY, FOTHWEE(L  n X KDOBEHZITHBDETEZAND,
LDB(A /1) - INTEGER
THBDRIDRITEHEAND, TRANSA =N’ £L<LIL ‘n 45, LDA
[E max( 1,k )TESTIXR LR, D TELVEL, LDB [Emax( 1,n)T
L TIF ALY,

29 \E ¥ -~ < E o AN L i - -
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L7 —AH : DGEMM (4 /4)

BETA (A /1) - DOUBLE PRECISION
ANSE BETADIEFERTET 5.
C (A1~ H71) - DOUBLE PRECISION
THICOEF,
ANFF.m X n OEFIIZITIHICEAND, BEFIIZ(E. BETADOTZL R
Y. THICEAND, CDIFZEIE. COAAITBELRL,
HAE, COESIZ. m X nfTHIDEEFER
( alpha*op(A )*op( B) + beta*C )M L EEZEIN TR %,
LDC (A 73) - INTEGER
THICHIRIDRITTEZ ANDS, LDC [E max(1,m ) THELTIFXEBELY,

S N T =3 3151 A e < o ~
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B L A S ORI

» BLASO [B1RE |
BLASZRL\AE, T—2BH| Ak
O SIEAME T I H5ME mm\

5l : LXJL1BLASZE LN =175 - ROUKLFE
ARITI—RIZEDHOE L=, EEX/TLIE
(BEHINDRAZF) I EIZLESEED

<AERJBRES>V<SEREMHSRIET>ODERAIC
V) —RAOA—FMEEHAHI LKL S

BLASDA A7 —RZRFLEWNE MZHT
WMIENEREETEARLD

LL]
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R
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LAPACK &%

» Linear Algebra PACKage . | — 1
(R 8 S —2) - ol e
J:U%V@ﬁﬁ?ﬁﬂﬁ‘fﬁ’&%ﬁ L-A P-A -C K
R ARERXRDEE LA-P-A CK
& A {E RS 78 0D i 3% L-A-P A C-K
H R B 5 S

RIN_FE S e ity
» EONEWLDZERIT ONKRELZIFE '
HELDIL—FUONRAEINTLS
» HP: http://www.netlib.org/lapack/

sS4 -~ < = DoAY L . e -
3 BRLFAYU M =TS m e S 7
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LAPACK®D %y 44 15 H

» B - XYYZZZ
X: T—43%
SHEHEE.D. BREE.C.EEX.Z.EREEX
YY: 173l0DEY
BD: —ExtA.DI: xH.GB: —i¥®=1T75. GE: — %175,
HE#EETIT)LS—hF HP:- EETIILI—FEHER.SY: FH
1751, ...
777 stEDIEFE
TRF: 175D 72 fE. TRS: 1T D D fiEZH{FED. CON: FH#
DEt&E.RFS: FTERBDLREEHFZETE. TR ZEXIHIT
FDHfR. EQU: R—1) VT DEHE. ...
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LAPACK)V —F > —&

WMEEEICT—R2E (4", “d") ) )DL DINIE[F THEIL—F o AI2ES
bdsdc bdsqr disna gbbrd gbcon gbequ gbequb gbrfs gbrfsx gbsv gbsvx gbsvxx gbtrf
gbtrs gebak gebal gebrd gecon geequ geequb gees geesx geev geevx gehrd gejsv gelqgf
gels gelsd gelss gelsy geqlf geqp3 geqpf geqrf geqrfp gerfs gerfsx gergf gesdd gesv gesvd
[(8ESVjJgesvx gesvxx getrf getri getrs ggbak ggbal gges ggesx ggev ggevx ggglm gghrd gglse
ggqrf ggrqf ggsvd ggsvp gtcon gtrfs gtsv gtsvx gttrf gttrs hgeqz hsein hseqr opgtr opmtr
orgbr orghr orglq orgql orgqr orgrq orgtr ormbr ormhr ormlq ormqgl ormqgr ormrq
ormrz ormtr pbcon pbequ pbrfs pbstf pbsv pbsvx pbtrf pbtrs pftrf pftri pftrs pocon
poequ poequb porfs porfsx posv posvx posvxx potrf potri potrs ppcon ppequ pprfs
ppsv ppsvx pptrf pptri pptrs pstrf ptcon pteqr ptrfs ptsv ptsvx pttrf pttrs sbev sbevd
sbevx sbgst sbgv sbgvd sbgvx sbtrd sfrk spcon spev spevd spevx spgst spgv spgvd spgvx
sprfs spsv spsvx sptrd sptrf sptri sptrs stebz stedc stegr stein stemr steqr sterf stev
stevd stevr stevx sycon syequb syev syevd syevr syevx sygst sygv sygvd sygvx syrfs
syrfsx sysv sysvx sysvxx sytrd sytrf sytri sytrs tbcon tbrfs tbtrs tfsm tftri tfttp tfttr
tgevc tgexc tgsen tgsja tgsna tgsyl tpcon tprfs tptri tptrs tpttf tpttr trcon trevc trexc
trrfs trsen trsna trsyl trtri trtrs tretf tretp tzrzf

sS-f N T =3 3151 A L "
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£ 7x—AfH] : DGESV  (1/3)

» DGESY
(N, NRHS, A,LDA, IPIVOT, B, LDB, INFO)
AX=B DEDITIXZEETEEZT S

A*X=B,CCTA [ENXNTTHIT, X & B [& N XNRHS{TSl &
ERCE

AXBOESIREEIRTEDOLUNEE TAZA=P*L*U &%
295, CCTPIXEHTH.LIZFT=A1T5.UIZL=A1T7
TH5,

DEINT-A (X, BEIL—XAFEKA * X = BxELDIZEHNS,
» 518K
N (A7) - INTEGER
BRI AREXDO, 1THADXRITE., N>=0,
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£ 7—Af] : DGESV (2/3)

NRHS (A 71) — INTEGER
BARTEILDE 1THIBORITE , NRHS >= 0,

A (A 71/t 73) — DOUBLE PRECISION, DIMENSION(:,:)
AHEEIE. NXNDITHIAD ZREEAND,

H AL ADSDEEINT=1TIILEU =P UZEHLTHE AT S,
LOXAERIF1ITHAD T YIS TULVELY,

LDA (A #) — INTEGER
RIADSTDRTDRES, LDA >= max(I,N),
IPIVOT (£ 77) — DOUBLE PRECISION, DIMENSION(:)

RPITHAZER T DBED A TYIR, T DITTHAIPIVOT(I)ITER
SN TS,
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£ 7—AfH] : DGESV  (3/3)

B (A7 H 73) — DOUBLE PRECISION, DIMENSION(:,))
AN, BBRIRILD NXxNRHS 1T3HIBE ANS,
H AKX, £EL.INFO =0 %5, NXNRHSITHI THLERITIIXHARES,
LDB (A1) —INTEGER
FESIBD R D RITDKEES, LDB >= max(l,N),
INFO (H 73) —INTEGER
=0: EET
<0: £L INFO =-i %5 i-th {TTOBIHDEAEILLY,

>0: L INFO =i 755 U(ii) B ERZEIC0TH D, P RITIRH DN,
UD DR ITEFELT-0 . BRIXFEINGLY,

S N T =3 3151 A e < o ~
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LAPACKO95 (#84T D H)

» LAPACK®MDFortran954 23— x4 X
LAPACKM77TEMNMNTULNDSD T, 90/95L EMDFIEEZE
LIFB=6HIZFIFH

Fortran90/95FE 12—/l
BEEIFUH LD RERE (512D HIR)
EIESOF SR ES Vi e
REZ/NAVIZIERAVA—=IL(ZEBTDAVAR—JLIETE])
» HP: http://www.netlib.org/lapack95/
LAPACK M 51
call DGESV (N, NRHS, A, LDA, IPIVOT, B, LDB, INFO)
LAPACK95 D 451

use f95_ lapack
call LA_GESV (A, B) (B{&7F7%L)
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—=h
= e

" )L—3
BIBUERAZ5|E]

TBLAS, LAPACKZf#i 5 WO =
BBLAS, LAPACKI|ZFortranT
FUBMNEZNTLVS (DGEMM=>dgemm )

=y
=

MANTLND

=L

ERH ATy RIE

FUT

- 2R FTEEF [E ColomnMajor

V3

ColomnMajor
Fortran

BRI (E

39
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///
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Row Major
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LR

SHLT7AYU MIEHES i s
BRLTAVCMISHES [ o sesocesmgamn o 5 —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

ARHZD) P_rZTEL (k)



CBLAS. CLAPACK (#4rD )

» CBLAS
BLASO CHlInterface
RowMajor, Column Majorz &R a] gE
BERBIEERTHKS
BLASD R—U|Z TR
HP: http://www.netlib.org/blas/# cblas
» CLAPACK
LAPACKZC TCREIZEZTHRZ =547 31
f2cCHEIZ
Column Major® &
BRBIBEARTRAS
HP : https://www.netlib.org/clapack/

N ¥ -~ < = 31 .40 L . - -
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http://www.netlib.org/blas/#_cblas

a3 ALhE I
(BLAS/DGEMM)
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o) 7u 7o A0 (BLAS)
R) BT TS

» 137 (X

WA

1ILDE.

]l

BIZIE. AW

SERRZE) oL TaV N

i 5| EITE D+

EET OWENDHYET

BLASRLwKTIl, OpenMPD ALK EIEE % &

RILAET.E1TI 6K
TR TRAIZE]

#PJM --omp thread=10
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FEH{ 2179 bl > TOHE M (BLAS DGEMM)

» BTN TATSLDT7AILE
Mat-Mat-BLAS-OBCX.tar
» 3T A1) TR T 74 JLmat-mat-blas.bash H
D¥x1—HA%.
lecture K5 tutorial ITEELTH S
pjsub LTL=&Y
lecture : EE RIS D ¥ 21— (RIFFEITE)
tutorial : EE FFEIN D 1 — (RFFEITE4+)
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BLAS DGEMM®Y > 7 )7 a7 S5 LADOFELT
(C 55 /Fortrans s&hidth)

» § od /work/gt00/EtX XX (XXXXX (L EE)
/| RATL TWork i ET 5
» UTFTDIARUREETTS
$ cp /work/gt00/z301 | 3/tut| 68/Mat-Mat-BLAS-OBCX.tar ./
$ tar xvf Mat-Mat-BLAS-OBCX tar
$ cd Mat-Mat-BLAS
$ cd C /ICEFEDA
$ cd F //[FortranS & D A
$ make
$ pjsub mat-mat-blas.bash
» RITNRT LG UTZRETTS
$ cat mat-mat-blas.bash.oXXXXXX (XXXXXXILEUE)
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BLAS DGEMM®OY > )7 v 7S5 LADOFELT
(CEaER)
» LTOEOLEFRENR ZANILRTH

N =9100

Mat-Mat time = 190.748147 [sec.]
7901.214364 [MFLOPS]

OK!
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BLAS DGEMM®Y > 7 )7 a7 S5 LADOFELT
(Fortran=zEhR)

» LT DEIGEFHERNR AN IR

N = 9100

Mat-Mat time[sec.] = 103.923363756388
MFLOPS = 14502.4366198134

OK!

sS4 N S =3 5151 AN L - -
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Yo 7ra 75 L 058 (CS:EE

» #define N 9100
D.BMFEERTHE THHAANER
TEFY

» #define DEBUG 1
(11129 5& ITHATIREDBEHE BRI R
I CEE9,

» MyMatMatB8 kD 1145
DoubleE!N x NfTH|AEBDITHIFEZH ALY,
Double®IN X NfTH|CIZFDHEEMNAYET

47
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FortranZFiEDOY L 7 )N 7975 LADHE

» FTHIHAANNDES L. LTOI7AILIC
HYET,

mat-mat-blas.inc

» TR A XLEEHA  NNEGHTLVET,
integer NN
parameter (NN=9/00)
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IRRlRHIG TR (CERE

double tO0,tl,t2,t w;

! MPI_Barrier(MPI_COMM_WORLD); <& /<IJ7|EI§H?§
ierr = MPI_Barrier(MPI_ _ ; o PA=
t| = MPl_Wtime(); H%FEﬂiC-E =F L/1%?$

<ZZIZHIELF-WITRgdSLEES>

ierr = MPl_Barrier(MPI_COMM_WORLD);

2 = MP_Wtime(); .

e £70tyH—T, t0DIE

t0 = t2 -tl; /Efd:éo

ierr = MPl_Reduce(&t0, &t w, I, - B A = R
MPI_DOUBLE,MPI_MAX, 0, e —DHFI. H%EK\} o
MPI_COMM_WORLD); EZ70tyY0ENZITEDS
49
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RefalT 7 (FortranSak)

double precision t0, tl,t2,t w
double precision MPI_WTIME AUN4GE: 13

T EEEEALER

call MPI_BARRIER(MP|_COMM_WORLD, ierr)
tl = MPI_WTIME(ierr)

<ZZIZHIFELEWTOTSLEES

call MPI_BARRIER(MPI_COMM_WORLD, ierr)

t2 = MPI_WTIME(ierr) &0ty —T, t0D{E
o XETS,
tVU= tZ-¢t —_ = = .
call MPI_REDUCE(t0,t_w, |, €— _O)i@—é\.(j} HOELD
&  MPI_DOUBLE_PRECISION, DODEZ7O0tEyH0FE
&  MPI_MAX,0,MP_COMM_WORLD, ierr) M (FELS

>0 AR T —
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OBCXT@OBLASIEUNHL

» A2 TILAINALTS S, BLAS (Intel MKLS AT 51)) %K
UHTHEE. UTOXTavEMITET,

=}

OBLASHZE R (137 EFT)
mpiifort -mkl <JOJ 5 L4%> :Fortran§ ;&
mpiicc -mkl <755 L4> :CEEE

®BLASH ALY 3EAT
mpiifort -mkl=parallel -qopenmp <7 A5 5L %>

‘FortranS &

mpiicc -mkl=parallel -qopenmp <7 AT S L %>

=:h

U5 an

S N T =3 3151 A e < o ~
5| BRLT7HVUNMIEEE S m BTSSR —
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HalE 1 (BLAS)
MyMatMatBE 2 D 1751 /3 —F~% . BLAS (ODEGMM
IW—FUZHUHLTEELELTZSN
O—FTITH-FTHFEDETEZAANT IR

Chl : 774 )L mat-mat-blas.c® 10017 B

Fortranhft : 774 )L mat-mat-blas.f | 1017 B

DEGMMMD 5| # DM I T5FEL TR
ChR: 774 JLmat-mat-blas.c? 10617 B
Fortranh : 774 JLmat-mat-blas.f0 | 1 61T B
&L LTFIZFELT =0
%% : DGEMM _
ETHDFIED RAU25|FEL

SHLTZ AU MIE TS e T
BRALTAILMISHER [ (o merresmmmeny o —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO




mMEREH1IOE Y b

» (EAEEERBLAS3
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 )

2 NpA
ANEREL TLVSH / alpha f r ’T‘ beta
4 DIE 2 DIt

BAEEEL TL VA 7KL X
AD s
TELR BD1X5EE || 7RLR
MO K= AN -
ND K =S AD1RITH CO1 R
NERH DERE

KOXKEX
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HMEMRE2 (BLAS)

2-1 AL yRAMFH|I—FDELT
ALyRiiF R DDGEMMZIEUHL .
WNANWATGRAL YR TESTL T ESL
EVR:SR—DHIDRATARZR T,
774 JLI Makefile |ZFZE . [ FLAGS=
DNDAEVEEZTHZ D
E>R2: 774 )L mat-mat-blas.bash ] =,
[thread=| | HBEZEEBLTOITEFERATS

2-2 BEGNRIZEL S %EEER] £ DT
BERETIZHR, ENZITEEESNT=H.
EREETMZE L T<I=ELY
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BLAS DGEMM[u]%%
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BLAS DGEMMiE = WRE 1 O
(CSEEW)

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

ALPHA=1.0;

BETA=1.0;

dgemm_(&TEX, &TEX, &n, &n, &n, &ALPHA,
A, &n, B, &n, &BETA, C, &n);
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BLAS DGEMMiE = WRE 1 O
(Fotran=3ERR)

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)

57 VMMIEEE R 2 ‘ 2ED
BRELT NI MIEHER m RS o —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYQO



a3 LAEHRI
(LAPACK)
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N
y o7 )L7Aa5 5 L0OERER
» LAPACK/DGESVY > T IIL 7RIS LEST

(CE:E. FortranE:5

59 \E . ~ < E o AN L S i - -
BHLT NIV HMIEHES m AR5 —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



Yo NS5 AT ET SME

B IR (23 A T=FLF B D ZMnE R &

™ 1
®
\ V\

SN
http://nkl.cc.u-tokyo.ac.jp/FEMintro/




BN TaZSsh« ) TIIVROHETAE

» WET—2 AR
» BIFAERK
4 1‘?‘ QVI‘IJOZH-l-ﬁ
S TGl
Xt it EM G E
» CGIEIZKAHEBI—RAFEXKAR
(test_orgf, test_org.c)
2175
mAYaE RO
» B
MicroAVSF
6! BHEL7AYUMIERTR m S R —

R, THE UNIVERSITY OF TOKYO

jun]




VAV = B/ NE )
» BRZEERRDETEIE, 10X 10% I0DfEREIZ
FlESNTIWVET.
ZTNLUNDEREY A X TIIHEELEEA.

» test_org.c, test_org.flE, AT JERAL T,

FROREEE(CGER)TRHINT,
R AN ROKEZITO>O—FTI,
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YrINTRT S AOEY
(LAPACK/DGESV)
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YN Turys L0 ( LAPACKR)

» 137 (BR)EITHRTY

y ALyFRiliFliERIE. ALy REB{ERRE) D
LTavnNMILDOLE, LiFEITHDIEEZT S

ENHYFET,

» LAPACKIZRAL YR FEDH XL TLNST=8.

B/ —bzE@{ELDDOFI

19 DZEIFTEFEA

/—FRRDAHLAPACKZELY, /—FREIEZMPITii 519

BEIEENAIEAIEETY

e L BE S EEZFIAL. /—FADHAHLAPACKT

EI—RARNEHIZE
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FEEB 2179 HlcH> TOEE A (LAPACK dgesv)

» HUTIWNTRTSLDITAIVE
lecLAPACK-OBCX.tar
» AT RADYTRI7A)LgoshDF1—R%
lecture M5 tutorial ITEELTHS
pjsub LTL=ELY,
lecture : EE RN DF 21— (RIFFEITE)
tutorial : EE FFEIRN D 1 — ([EIFFEITE4+)

sS4 N S =3 5151 AN L - -
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LAPACK dgesvD¥ > 7))V 717 F LDIFLy
(CEiEM/Fortrans aBik3L8H)
» Iwork/gt00/t00**|ZFZEN T B
» UTFTDaAYUREETTS
$ cp /work/gt00/z301 13 /tutl 68 /lecLAPACK-OBCX.tar ./
$ tar xvf lecLAPACK-OBCX.tar
$ cd sphere-LAPACK
$ cdC //ICEFEDA
» $ cdF /[Fortran§EEMD A
$ make
$ pjsub go.bash
y BTN TLIZL. UTEETTS
$ cat go.bash.oXXXXXX (XXXXXXI[LEF)
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LAPACK dgesv®D¥ > 7))V 7 a7 F LDIFELy
(CSaEhR)

» LT DEIGEFHERNR AN IR

time = 0.0000001 [sec.]
13083407467.39 [MFLOPS]

- + R -
ool 22767150000 83— R RS
992 -2.288410e+00 EEINTELDT,
993 -2.307670e+00 iEdE AN e G
994 -2.334166e+00 20 2 FRRAS K=
995 -2.367479¢+00 o TULNETAS.
996 -2.407 1 25¢+00 "
997 -2.452584¢+00 IERETEETY

998 -2.503330e+00
999 -2.558846e+00
err = 6.274235e+02
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LAPACK dgesvD¥ > 7))V 717 F LDIFLy

(Fortran=zEhR)

» LT DEIGEFHERNR AN IR

TIME[sec] = 6.0535967350006 | 0E-008

MFLOPS = 11070575549.3297
-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
ERR = 627.423511391423

991
992
993
994
995
996
997
998
999
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OBCXTMLAPACKIEU H L

» A TILAINATHS LAPACK (Intel MKLS A7 31))
ZIEVHETIHES . MakefilelZUA T DA T arz{FTI+=E
_a—

O LAPACKAYE R (|:75€?‘)
mpiifort -mkl <707 5,4 > :Fortran & i&
mpiicc -mkl <7JOJ 5 L8> :CEEE

O LAPACKA R LR RAT
mpiifort -mkl=parallel -qopenmp <7 A5 5L %>

‘FortranS &

mpiicc -mkl=parallel -qopenmp <7 AT S L %>

-C=:zh
(= =]=
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B ek (LAPACK)
test.c HLLIF test.f 0))"(/55‘31(:%%) D
HEIL—RAEXDKEZITOEN S
(test.c:1594TH . test.f: | 149TH) [Z.
LAPACK dgesv)L—F & FEUH L TS0
751 ATAN, 4 XN, ORI KL RHS, E7RY:PIV,
Sl ITEFE L TLEESLY

EiGld. dgesv DFortranFHrE DIEUNHLIZGY F
9, LTFITEELTLZE0LY

BEZi4: dgesv_

ETH5IHMRAF5|FEL
FRE (ERR) M+ /NS EEFERL TS,
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o R

1 LAPACK dgesv[nl&
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A LAPCK dgesvD[nl&
(CHEEM)

dgesv_(&nn, &inc, amat2, &nn,
piv, rhs, &nn, &info);
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A LAPCK dgesvD[nl&
(Fotrans sEhi)

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