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CBHAROR/NNaVETBEE
2. BLAS, LAPACK, ScalLAPACK® i BH

3. JASLEEI
BALS/DGEMMY> 7 )L7AT S5 LEST
4. JAYSLEEI

‘LAPACK/DGESVH 7 )L 0T 5 L%E]
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SMPOSAABIMBHGTHE L AT LDOELEX
— _ it R
/ SMP (Symmetric Multi-Processing) Coreds Acache
R AL (E Gflops. ATV R HEGB/E, BIF=0.5 V #y10
" GPU ~N \ H#fHcache
Processor Core \/ #1015
BN | # | | | AAE
C h ~ e ?":I:
\ orefs Hcache ), ﬁ Y ‘ \=/ #3101
0 X AL
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x- / J -Corefg Hcache:
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SMPOZRAABMFIFHEI AT L DK
— Reedbush-U Oakleaf-FX
SMPY525% CEAEBY S | oEAEBELS
SMP#i 420 4800
oY 7. SMPFE] . .
Ak B 25Gbit/s X 4 40Ghit/s x 2
Processor#{ 2 1
SMP HmE—VEE 48k 1209.6 Gflops 236.5 GFlops
2EVBEE 256GB 32GB
AEVERIEIRE 153.6 GB/sec 85 GB/sec
Processorf4 Intel Xeon E5 ™ SPARC64™ |Xfx
Core# 18 16
HmEHEEE(Core) 33.6 GFlops 14.78 GFlops
Processor L 132KB
Coreg Hcache L 2-256KB 32 KB
HHcache 4A5MB 12 MB
B GB:Giga ByteMig&, 1GB=8Ghit
Bflops : 1#EICITHONSFEEN/ N REFE DI
ATEBDMEREEZR T IEEICK{ERAINSD
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PR A 5 — 550 T

» BEGIR
. Sp=T, /T, (0<S))
Ts BROETEME. T, PETOETHMH
PERAWLT S5, =P D&E, BEEML (ideal) EER L
PERWLWT S, >P D&ERX—/N)=Z7-AE—F7VT

FRIERAE, HHEIZKY . T—E2T7 VAN BRIESN T,
Xyl abybrEMNRETEIEICLESEREL

» MF{ERhE
L E, =S,/P x100 (0< Ep) [%]

» BaF0T4gE e —
RER EDRER
Saturation, &5 5 |
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7L =)V DEH
y ERETHEEZE K £95,
ZNDH56, HHMENTESENEE a £95,
» CDEZ. BHEIRIILUTDLIIZHS,
S, =K/(Kal/P+K(l-a))
=1l alP+(1-a)) = U(al/P-1)+1)
y LEEODXIS, EAEBBEROBD IOy HTEFE LT

tH(P—oo)  B#HMRIZ. 4% 1/ (1—a) ThHb,
(7 LF—)LDxA])

EARD90%AH:

L TEELTH ERXOHDOTOEY

HEDOMoTEh,
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5| a—~DFEEE

MPIZ O+t X&EOpenMP AL yEZERUL =i FI{EA
“RADNY—F
_ank &kl

— MPI (Message Passing Interface)

— HPF (High Performance Fortran)

BXLvkiliFl]

FOotERERLYEDE
— Open MP SEVERHTEINESIHDEL
. 1—HAIEFEIERTERR BAEVIRITOER]
_ Open ACC B—AEYIFITRALYEK]
— Pthread (POSIX XLwWk)
— CILK

— Java
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MPI+OpenMP/\AJ)wKTRASTSITETIL

BSMPYSR3%EEZHETAERAFIEALYFHFI DA EHENEEN
- &MPIl-processhy, 1D LLE, SMP-core# LT D [E FE D OpenMP-ThreadZ# 2

SEE O Z<IF0penMP-Thread N BEAEY FTEITT S
- &MPIl-processIIMILLT-AEZERZEHL, processBIETT—2&PYEYT D
- &MPl-processH el ThreadF DDA BRWLNIFHTE DA T LEEE TRFES

B SMP-core N4 DDIFZEDHAEHHE

1processlthread(Z#Epure-MPI) 1process2thread 1process4thread
SMP SMP SMP
Thread | process Thread Kl'hread \
> i process
| Thread |  process| Thread Thread
p 3 process
| Thread process Thread Thread
- N process
Thread | process Thread \T hread -
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MPID#EE &S5

B AYE—I NN RDTSATIIERED1D
o Ayt—U NI DETILTHD
o AVINATDIRE.TFEDY I DITOTATI)HFRITED TITAL !

B S EIATEYE

5T R (VTR F) [TXE IRl EE

o 178V HIZBITEAERIHAXOT7AIL YA XD HIKIZEFT I ATRE

« JOEYHBHDENISILRT LERNDSRETIZML
- 170y B TR GRTREOH B, EhE CTLE R

_EEZEVAYSYS

API(Application Programming Interface) D1Z#E{k
B X—SE) T4, AR

BIENEZI—HYHERTEHEICKETILT) X LD REILH AT RE
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MPIZ&k5a—k DAt F4k

B ERIERAREEITOI-RTRE/IL—TFUEES

B 1DOI—FT. ESEEFEIINSAZRIRT S
SPMD (Single Program Multiple Data) H3—fi&#4

iIb = n/numprocs
do iloop=0, NPROCS-1
| O—AJL7E1TH-1751% C = A*B
if (iloop .ne. (humprocs-1) ) then
if (mod(myid, 2) .eq. 0) then
call MPI_SEND(B, ib*n, MPI_DOUBLE_PRECISION, isendPE,

& iloop, MPI_COMM_WORLD, ierr)
call MPI_RECV(B_T, ib*n, MPI_DOUBLE_PRECISION, irecvPE,
& lloop+numprocs, MPI_COMM_WORLD, istatus, ierr)
else
call MPI_RECV(B_T, ib*n, MPI_DOUBLE_PRECISION, irecvPE,
& iloop, MPI_COMM_WORLD, istatus, ierr)
call MPI_SEND(B, ib*n, MPI_DOUBLE_PRECISION, isendPE,
& iloop+numprocs, MPI_COMM_WORLD, ierr)
endif
IB ~ B. T #aE—95%
endif

enddo




OpenMP DL E 451

B £ H AT B W 5 5+ E #E B D Directive D i — 1%
BT/ TT747) ($87R1T) DS THIFE
o JOTSLFNFIZEITTH=-HDENMEELI—F—HBETR
e HMAEZRDIL—THHMF{LEhDE
o AVNATHNYR—FLTUWVEITNIEX, AV REALEEINS

B ERIA—kH oDl 5L A ELERRY
o WRAT(FALITA N EREAT BT TFRICA T A AT A
o L—TEARE DL DB RERI I 5L AVET B

B OpenMPHAIMPIK U RBEE LVS Z &[EAE LY

« OpenMPEITIRIEIL, IRKFARZR, &R, TobkOv), Bmash, BREL

TTOY S LB EAT-DBN B LS UMEET 2 F Ty RER
ShTOEL

o TJAUSLAELLETINSGLIBRTHDIE1I—HF—DEE
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OpenMPIZ&da—+ D514k

B E KL omp parallel do]~T!omp end parallel do]
B EHICDOLT, yO—/\JLEZE# (shared) &, Thread
NTO—A/)L%private IBZE#HIZHTENS
- T 74 ILEEshared ]
- RIEZEKRH D55 X reduction1ZES

I$omp parallel do private(ip, iS, iE, i)
I $ompé& reduction (+:RHO) WC(,). R, Z, PEsmpTOT
do ip= 1, PEsmpTOT BERETA—NIVEH
iS= STACKmcG (ip-1) + 1
iE= STACKmcG (ip )
do i= iS, iE
RHO= RHO + W(i, R)*W(i, Z)
enddo
enddo
I$omp end parallel do



R/ ETOSA4TSY)F

BSA75) -9z 7FEZIER/ NV DEREFEIZS|IZHES
BiiF{EDERT—TEITHRAEY IR THIRBENATLNVS

@ SMPYZRAR G/ Svr—2Y T
ABEFT—ROERI7MILVERAET DT TRAEETEA ATEE
- A—H([F AT CBEEHTYVEHR T OILELNGL
-OpenFOAM, FrontFlow, ppOpen—-APPL/BEM7i&E

@ SMPYZRIRIETAT S IS RERIEZ4T 5
BEREEZF DI —FUOZESIETRIAETEZITD
AT ) IL—F NI B LN DI HETE T —FH TS
-MPI, Super-LU, ScalLAPACKZ%E

@ SMPX G4 3) . BRETERSAT 3
- EREFEI—FTEEIELEWESBTDHEEZE T HIL—FUZMES
EHSMPEFEWNV=ITNIE, BEZI—YNITOHLEHY
-Intel MKL, ET#SSL2, BLAS, LAPACK#E
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BLAS, LAPACK, ScaLAPACK®#iiH
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2%k (1)
1. BLAS

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

2. LAPACK

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

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

Netlib : BB METERY IO 7RI

(AT&T. . NJL

F—=0)v>
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BLAS &%

» Basic Linear Algebra Subprograms

(BRI RE

17095 L&)

BEAMAETCAHWWDLIS, KX EEZF1ZEL
(APHE)LT=2D,

Eald. BT 0BEERBGTEROERER
DEIZOT S LEET,

BITHIDERNEERD <RX/N\—ABLAS> &LV5%

DHAMN. FFZEBLTULVELY,
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BLASD &%

» BEREETAT D <IERDFRM> &,
<TOUSLBFRAE>ZEHSEHMTIRE
BLASEE DMRERZELT. ALK DI1—HH,
Bc<N709 S LTHILTITODIEL.
VIR DT T7RFENEHEL

<ITZFHI>TEWL

45 %Eﬂ%?_%ﬁ::l.——/7li RERDG N —H
[ZIFERE

<H’5Ukz:> = <¥FF IF>

BLASIZ. VIO I T7IZEITS
<YIrHIT7IE>SDIILY

N > < SEESH O . . T
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BLASHY 7))V —F > D54

» BLASTIX. UL TFTDELSIZHn5EHITEL T,

I I—Fo Dt iRBIZEHH—
BEREORIMLOTHOR (A 2HE ., HR1H)
THIRAR G FRATHI . =ZEX B ITEI)

T—R& R X (FIT51Z ZRITIZEHE)
EEEENMI (AT, RURIL)

» SEEMEREMNS, LTDI3DIEREZHEE
LARJL1 BLAS: RIMLERIRILDEE
LARJL2 BLAS: 1THIERTMILDEER
LAJL3 BLAS: 1T5IETHIDEER

y BARLB WA ILDIIL—FoE2ERHTHIONTERN

sE¢ PR PN L o
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L)1 BLAS

ROMLVRAE. RNV EREOME, &
Bl: v — ax+y
T—ADHEHFHLEL., FEEREBAIFZEREL
T—ROBEF A Xy allE--T—ADEHAIZLD
T—A3T7 0 AR D ERE) NFEEAE TELEL
FRICEAMRER LM, HhEYEIFTELRL
(FEAE . ETEHN—FOIT7DEE L RE
LARIJLIBLASO A TEREZRETHE BEARERFH>TL
5T —2BHAENLG LS
5 : 475]-RIRIILTEE. LNJL1BLASTREE

sE-f N = SEESEIA o g ru -
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L~V 2 BLAS

TH-ROMILVELGEDEE
Bll: y— a Ax+ B y
BIE/ B ERANEE, Tx=y (TMIE=ZA1TH])Z A
DWTECER. 220
I/\MBLASOD%LO);& x&5H. T—ABFAEDIEL

e

24
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BTV ARRHZE . EEIEICKYIEHE

LARJLIBLASIZEERMEREZH LT L (D72 THLY)
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L~V 3 BLAS

el

151 -

LA~)

-1THIRELGTEDER
C—aoa AB+ B C
L2 BLASKYEIZT—3BIAHAZER

TH-1THFETIL, 175F—%2 O(n°) XL T
BEIX O(n°) BT, T—4BEFAEAREMIZEL,

&L, ZILTYXLLAN)LTEIOVI{LETES,

17517

SHICT—2DREMMEZEZEHHIENTES,
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BLASO iy 44 11|

» B  XYYYY
X: FT—45%
SEFEE.D EBHBE.C.EXR. 2. EREESE
YYYY: EtEDIELE
LA
{5l : AXPY : RORMLERAAT—EZELTINE
LAJL2:
{5l : GEMV: —fi&1T5|ERNTRILDIE
LAJL3:
{5 : GEMM:— 21751 ES L DFE

N ¥ s < SEE S O . . T
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BLAS)I —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
dtpmv  ztrsv dtrsv ztbsv dtbsv Ztpsv dger zgeru
zgerc zher zhpr zher2  zhpr2 dsyr dspr dsyr2
dspr2

LEVELS BLAS

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

., BRL7HAYUMITHES m RRASAERER 5 —
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L7 z—AfH : DGEMM (1/4)

» DGEMM
(TRANSA, TRANSB, M, N, K, ALPHA, A, LDA, B, LDB,
BETA, C, LDC)
C = alpha*op( A )*op( B ) + beta*xC MDETEZT 5
op( X) =X FHLLIE op(X)=X (XDERETTHI)
» 518K
TRANSA (A 73) - CHARACTERx*1

TRANSA [ op( A) DIREZIETET 5. L TDOXFINZIETE,
TRANSA = ‘N £LLIE 'n’, op(A)=A
TRANSA = ‘T" £LLIE ', op(A)=A
TRANSA ="C' or’c’, op(A)=A"
TRANSB (A 73) - CHARACTER*1
TRANSB (& op( B ) DREZIETET 5. KL TRk,

sE¢ PR EEE PN L o
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L7 z—Af : DGEMM (2/4)

M(A ) - INTEGER
op(A) & 173l COITDOREIFTIETET .
N(A7A) - INTEGER
op(B) & 175 COHIDKREZZIETET 5.
K(A7) - INTEGER
op( A) DFIDKEES, BELV op(B) DITOKRKESZFIETET S,
ALPHA (A 71) - DOUBLE PRECISION
AHDSE ALPHADEZERTET S,
A(A #1) - DOUBLE PRECISION

THIADEES], KESIL (LDA, ka )T, ka [ETRANSA= ‘N or ‘'n" D&
Eldk, ZOTHLESEII. m,

TRANSA = ‘N’ or ‘n’ DEEFIT . mxkDEIIDERIZITIAZEFTLZL
EWNTFEEL, F3THRWLEEIL kX mDEEFIZITHADETEZ AN,

N ¥ s < SEE S O . . T
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L2 7z—Af : DGEMM (3/4)

LDA(A /1) - INTEGER
THADTRIDRITEHEZANSD, TRANSA = ‘N £LLIE ‘n 55,
LDA [& max( 1, m )TELTIFEBLELY, 2O TEULVEL . LDA [Emax( 1,
kK )THELTIE S,
B(A 7)) - DOUBLE PRECISION
THBDECH|, KEEIE (LDB, kb )T. kb [ETRANSA = ‘N’ or ‘n’ D&
=lEn, FOTLHVEZIE. ko
TRANSA = ‘N or ‘n” DEZIEX kX nDEIDERIZITHIBESELLY
EWTFEWL, FOTHWESTIEI nXKkDBEEFIZ/THIBOEEZ AND,
LDB(A 71) - INTEGER
THBNTmRAIDRITEHZEANSD, TRANSA = ‘N £LLIE ‘n” 5,
LDA (& max( 1, k ) THELTIEGEBLELY, £OTHEULNVGE S, LDB IEmax( 1,
n ) CESTIXESERLY,
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L2 7 z—Af : DGEMM (4 /4)

BETA (A1) - DOUBLE PRECISION
ANDSE BETADIEFERTET 5.

C (AA1~H7) - DOUBLE PRECISION
THICHEFI,

ABE.m X n OEIIZITIHICEAND, BEFIIZIX. BETADOTALY
[RY. 1THICEANS, CDIFEIX. COAAITHELZLY,
HAF. COEHIZ. m X nfTHIDEBEELER
(alpha*op( A )*op( B ) + beta*xC )N L EZEIN TR S,
LDC (A1) - INTEGER

THCHERPDRITHZEAND, LDC (L max(1, m ) THELTIEAE B ALY,

N ¥ s < SEE S O . . T
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BLASOREHES

4 BLASO)FDEJ ,.“
BLAS%|

X3

1

AVBZ71—RIZEHELHT=0 ., FEGINIE

IWNSE T—7EFIRG

HIMEMNMET T oMLy

LARJLIBLASIZE T HTHI-RON)LIE

(BRHINDHRAZF) KWL EIZESIHEED
<AERYRBRESPOP<EHEFEMH@HRET>ODERIC
Y —RA—FHFHEAILKLTGES

BLASDA AT —RZAFLIGEWNE, MZDT

AL IE

VI
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LAPACK &%

» Linear Algebra PACKage ' =1
(TR 8 S —2) P el
BLASZHAESHETHEATH_LT. LAPA-CK
FYUEELGEERBETELZEH L-AP-A-CK
A AR RDEEE LA-P-A C K
a5 A ER—EDREE L -A _F, A ‘ C -K
HRIEHE : “’“f;i“*je

Fer
» FEWNV=WEDFIFET ONAKRELITE ‘
HMEZLDIL—FUDBHESINTLDS
» HP: http://www.netlib.org/lapack/

N ¥ s < SEE S O . . T
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LAPACK®D %44 1 HI

» B  XYYZ27
X: T—4RH
SHIFE. D EHEE.C.EX.Z.EHREES
YY: {75lDE
BD: —_ExtA.DI:xIA.GB: —fi&=1T75. GE: —88175.
HE#EZTJ)LS—F HP: EEZT)LI—FEHERX. SY: W7
1751, -~
777 - :Jr:%imi*ﬁ
TRF: 175D 5 f#. TRS: 175D 5 fE%Z{F>D. CON: U

nJr:%i RFS: ;.Jr:%iﬁq:@;i%ﬁu "&Hr,%i TRI: = EX AT
5ID AR EQU: RT—) T DEHE. -

N N = =3 S5 A . . o -
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LAPACK)V —F ) —&

WEEEICT 28", “d","c”, 2 ) DN IO ER FHEIN—F L BITEDS

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 gerqgf gesdd
@gesvd gesvj gesvx gesvxx getrf getri getrs ggbak ggbal gges ggesx ggev ggevx
ggglm gghrd gglse ggarf ggrqf ggsvd ggsvp gtcon gtrfs gtsv gtsvx gttrf gttrs hgeqz
hsein hseqgr opgtr opmtr orgbr orghr orglg orgql orgar orgrq orgtr ormbr ormhr ormlq
ormgl ormagr ormrg 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 pteqgr 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 tgeve tgexc tgsen tgsja tgsna tgsyl tpcon
tprfs tptri tptrs tpttf tpttr trcon trevc trexc trrfs trsen trsna trsyl trtri trtrs trttf
tritp tzrzf
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L2 7z—AH] : DGESV  (1/3)

» DGESV
(N, NRHS, A, LDA, IPIVOT, B, LDB, INFO)
AX=B DEDITIIXE5TEET 5

A*X=B,CCTA [INXMTHIT, X& BlE NXNRHSITHE
95,

TRBOL D IREBIRTE=DIUNEE TAZ A=P*L *U &
DRI B, CCT. PIEIXIITH. LITT=A1TH. UIL=FA
THITH B,

TEESNT=A X BIL—RAREKA ¥ X = BafE{DIZEHLNnD,
» 518K
N (A7) - INTEGER
B AREXDE, THADRITEH., N>=0,

N ¥ s < SEE S O . . T
36 BALT7THADUNMIZERT S m BRI A AR E A —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYQ




L7 xz—AfH : DGESV (2/3)

NRHS (A1) - INTEGER
FEARNIRILDE, {THIBDRITE ., NRHS >=0,

A (A7 H H) - DOUBLE PRECISION, DIMENSIONC:,:)
AFEE. NXNDITHADFREEANS,

HAEFIE AL EEESNT-1TIILEU = PxLxUZEMBLTH T 5,
LOXAZRIEIT1THLD T, IWHSN TLVELY,

LDA (A A1) - INTEGER
ERHIADRFDRITTDRKES, LDA >= max(1,N),
IPIVOT (H77) — DOUBLE PRECISION, DIMENSIONC()

RILITHAZER T DRBBD AT VIR, ITHDITTAIPIVOTOHITER
BEh TS,

N ¥ s < SEE S O . . T
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L2 7xz—AfH : DGESV  (3/3)

B (A#1~H 71) - DOUBLE PRECISION, DIMENSIONC:,:)
ADEIE, AARIKLD NXNRHS {75BEZANS,
H A E.BL.INFO=0 %5 NXNRHSITHITHAEITIIXNRES,
LDB (A 71) —INTEGER
BLFBD A D RITDRKES, LDB >= max(1,N),
INFO (Hi 1) —INTEGER
=0;: EEBRT
<0: £L INFO =-i %5 i~th TSI EDENEHMLLY,
>0: £EL INFO =i 725 UG,) DNEEIZOTH S, N FEITERH DA,
UD R RITEEELT-0O. BITETEINLY,

N ¥ s < SEE S O . . T
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ScaLAPACK

- Rl o I RN RV Al oY b W57 ScALAPACK Users' Guide
EFVEREDEED 1FRE” o T el o
ZILONX LI —Fo D H|{L %

11‘:(]:75 1/\

y A—H (28T —RILLAPACKIZ < 5E{ul . u “

» YIRDIT7DLERIES>HEINTLVS
RNERJL—F > IZLAPACKZFI| FB
\ '§|J4/97I—Z(d:BLACS

y T—ARNEARIZ. 2R TOVT-H A0y 8A R
;E*JFJ

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

N ¥ s < SEE S O . . T
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ScaLAPACKY 7 b =7 iRk X

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

40

Scal APACK
Sealabie Linear Nigebea Packags
PBELAS
Faralivl Bars; lirear Rprbea dubprogram

Global Addressing
Local Addressing

Platform Inde pundan‘t

Platform Specific

BLAS
Baik Linear g Subprogami

BLACS

Bacéc Lirear Migsbea omesunicasion babpragrani

(ZH8) http://www.netlib.org/scalapack/poster.html
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BLACS &PBLAS
» BLACS

ScaLAPACKHR TfE o 58 1S 1

REZBARELT=2 D

R AL ?’%)MPI?*(??'JO)*UFH’E BELTHEY.
ScaLAPACKIN CaO—KNEEETIZESEEZBNET S

BIESAT DT Y/N—BIZE|TScaLAPACKA TFIF
ScalL APACKIZMPITGaV /s JLL . BELTHEHT 3

» PBLAS

BLACSZ UL TBLASERIZE 114

ez Rt 9 SR EE

it 5| fRkBLAS &Ly > TR

Ll

\g s ~ = § 1.0 . . o -
41 BALT7THADUNMIZERT S m BRI A AR E A —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYQ



ScalLAPACK®D &4, 3 HI
» JREAI:

LAPACK®) B %14 D! EL“P”’&HW—%O)

» ZTDIEXH. BLACS, PBLAS,

%Ihﬁllﬂ‘éf:&)@scaLAPAm

— A%

] Eﬂ)’fﬂh\%éo

N N = =3 S5 A . . o -
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L2 7—AH| : PDGESV  (1/4)
» PDGESV

(N, NRHS, A, IA, JA, DESCA, IP1V, B, IB, JB, DESCB, INFO )
sub(A) X = sub(B) DEEDITHIXEETEZT S
ZZT sub(A) [INXMTH|Z 7 8LLT-AJATA+N-1, JA:JA+N-1)
D575
X & Bld NxNRHSTTHIZ 7L 1=B(B:IB+N-1, JB:JB+NRHS-
1)D 175
TRBOE D REEIRFES DDLU E Tsub(A) %
sub(A) =P *L *U EL7nfET5H, ZZT. PIEX#ITEI,
LIZTT=ZA1TH. UL E=ATTITHS,
DEEINT=sub(A) |&. BEIL—RAFER sub(A) * X = sub(B)ler
ELDIZEHDND,

N ¥ s < SEE S O . . T
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L7 xz—AfH] : PDGESV (2/4)
N (K A 1) - INTEGER
B ARRXOHK, THADRTH, N>=0
NRHS (K1 A 1) - INTEGER
BEARIRILDE, TTHIBD XRITTE ., NRHS >=0
A (BFT A 7171 71) - DOUBLE PRECISION, DIMENSIONC(:,:)

ANFEIX NXNOTHAD BRTES =% 5%
BEB|A(LLD_A, LOCc( JA+N-1)Z AN 5,

H AL ADSDEEINT-1THILEU = PxLxUZEHELTH AT S,
LOXAERIZT1THAD T YIS TULVELY,

IACKEEE A 1) —INTEGER : subADEHDITDATIH R
JA(KIEE A 1) —INTEGER : sub(ADEXDFID A TR

DESCA (KRiZ ™ DBFT A 71) - INTEGER
DEESNT-EEHIADEE R F,

sE¢ PR EEE PN L o
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L2 7—AH| : PDGESV  (3/4)
IPIVOT (BFrtE /1) — DOUBLE PRECISION, DIMENSIONC(:)
KBITHIAEER T BIBED AT VIR, THIOFTHIPIVOTOITER
SN TS, D EEN=E25I( LOCr(M_A)+MB_A ))EL TR %,
B (BT A 71~ H 7) - DOUBLE PRECISION, DIMENSIONC:,:)

ADEIL. BEARIEILD NXNRHSOITHIBO A Eiasn-£n%
(LLD B, LOCc(JB+NRHS-1))IZAN B,

H AL, ELL.INFO =0 725, N X NRHSTTHI TH S ERITHIXAY,
THIBERIBRD T EISNT-IREE TR %,

IB(KE A 1) —INTEGER
sub(BDEFADITDATIIR

JB(KIZ A A1) —INTEGER
sub(BIDEADIN DA TIIR

DESCB (KM DB A A) - INTEGER
DESNF=EHIBD R F,

N ¥ s < SEE S O . . T
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L% 7xz—Af] : PDGESV (3/4)

INFO (K 73) —INTEGER
=0: IERRT
<0:
HL i BEHDEZRDIEST, TOEZRDENEMLLVGS,
INFO = —(i*x100+)) &7 5,
HLIBFBDERNANT—T. O D ZDENEMLLVES,
INFO = -3,
>0: £LL INFO = KO &E UJA+K-1, JA+K-1) AR IZ0TH B,
DERIET I 5., DEIN-UIXBRZRITHEFELZD T,
fRIIETE TEALY,
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SETBLAS, LAPACKZ i 5O &
BBLAS, LAPACKI[XFortranTEZM N TLVA

I—FUBENEZNTLVS (DGEMM=dgemm_)
BIHIEIRA2B|ZEL
BRSATYIORIE1-F)DD

- 2RIt HE 51 [ ColomnMajor

%% B |
| | ‘. 3 !

ColomnMajor Row Major

Fortran CS::

N > < SEESH O . . T
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7973 LEH 1
(BLAS/DGEMM)

48
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Yo 7n7ua sz A0 (BLAS)
» 137 (BR)ZEITHRTY
» ALwRAEFMEIZIE, ALyRAF{EERZ) 2L T3 /N
AILD L., BHETHDOIEEETILELHYET,
BLASZX LYK TIl&. OpenMPD AL R #IETE R L
BLAET. ETTAALYREMNIEETEET
AT RAYYTRAIZERRAL YN EEREEEE

» Qakleaf-fxMDIFE
export OMP_NUM_THREADS=16

- ReedbushDiZ &

#PBS —| select=1:mpiprocs=1:ompthreads=1

sE¢ PR EEE PN L o
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EE 2179 DT> TOHEEAE

BLAS DGEMM)

CEiEhR. FortranS &M D774 )L 44 (I8)
Mat—Mat—-BLAS—-fx.tar (Oakleaf—fx)

Mat—Mat—BLAS-rb.tar (Reedbush)
y 37 AV TR T7A )Lmat—-mat—blas.bash

PDF1—%%

lecture D5 tutorial [CTEBELTH S

pjsub LTL=&LY,

lecture : EB MBI D F 21—

tutorial : EEFFBIADF*1—([F]

20

JFRFRATE)
3R 1T24+)

sS4 jj sjl\ - =3 S5 A . . o -
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BLAS DGEMM®¥ > )V 7 v 75 LDRELT
( Oafleaf-fx, C §aEh /Fortran 5 stk dtd)
» UTFOOaATUREETTS
cp /home/z30107/ Mat—Mat—-BLAS—fx.tar ./
tar xvf Mat—Mat—BLAS—fx.tar
cd Mat—Mat—-BLAS
cdC //CEEED A
cd F //Fortran§3EMD A
make
pjsub mat—mat—blas.bash
» BITHNRTLE=6, LUTEZETITS
$ cat mat—mat—blas.bash.oXXXXXX (XXXXXXIEEE)

€A 6~ 6 6 6 6
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BLAS DGEMM®OY > )V 71 75 AOELT
( Reedbush, C il / Fortrans sl ki)
3 cdw:I?/HLustreﬂE% T4LOR)IZT28)9 5)%
5'%1TL'CLustre77’f)l//ZT.Al BEIT S

» LTFTDaATUREETT S

cp /lustre/gt00/Mat—Mat—-BLAS-rb.tar ./
tar xvf Mat—Mat—BLAS-rb.tar

cd Mat—Mat—-BLAS

cdC //CEZEDAN
cd F //Fortran§iE D A
make
gsub mat—mat-blas.bash
» BTN TLEL, UTEETTH
$ cat mat—mat—blas.bash.o X XXXXX (XXXXXX[LEE)

BRALT7hOUMMTE ﬁEA %?ﬁ(—?—l%%ﬁ%ﬁthG—

€A 6P 6~ 6B 6 6



BLAS DGEMM®OY Y 7)) 7 v 7S5 LDOFELT
(CSaE)
» LT EOGEERNR Z NIRRT

N = 1000

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

OK!

sE¢ PR EEE PN L o
53 BRLTHOUNMIEEE S m BRI A AR E A —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



BLAS DGEMM®Y > )7 va 7S5 LADOFELT
(Fortran=zEhR)

» LTFDEIGEHERNR A IELHIN

N = 1000

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

OK!

sE¢ PR EEE PN L o
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Yo 7ra 75 L0858 (CS:EE

» #define N 1000
D.MFEERITHE, THHAXANER
TEFY

» #define DEBUG 1
(11129 5&, THATHFEDEEFZER N 1=
EIE—CS%E:gl o

» MyMatMatRE 2t D L5k
Double®!N X NfTHIAEBDITHIFEEZ B 2LV D
ouble®IN X NITHICIZFDFHERMNAVYET

29

N N = =3 S5 A . . o -
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FortranSiEDOY L 7NV 79759 ADORE

» TR HAANNDEE L. LLTDIT7AILIZH
%9,

mat—mat—blas.inc

» ITHIH A XEEH . NNEGEHOTULVET,
integer NN
parameter (NN=1000)

sE¢ PR EEE PN L o
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Oakleaf-fx TOHOBLASIEONH L

y BET@Ea/NMS5H 5 BLAS (SSLII #5047 351))%
EUOHETIEES. LTOA T arzEz=FlEzd,

®C/Fortrang iE 18 (BLASHZER(1OT7ETT))
mpifrtpx —SSL2 <J'O49 5L %> :Fortran g &
mpiccpx —SSL2 <O ASG S L%Z> :CEiE

®C/FortranE &1 (BLASAS ALY E1T)

mpifrtpx —Kfast,openmp —-SSL2BLAMP <745 5L %>
‘Fortran§ &

mpiccpx —Kfast,openmp —SSL2BLAMP <7845 5L 4&>

:CS5:iL

sE¢ PR EEE PN L o
57 BRLTHOUMIEEE S m BRI A AR E A —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



ReedBush TOBLASIEONH L

y AT ILAINATHS . BLAS (Intel MKLSAT51))%
U TIEE  LLTOA T I E+FI1TET,

OBLASHZER(137 E1T)
mpiifort -mkl <045 5L %> :FortranE &
mpiicc —mkl <7 AT S LB> :CEEE

OBLASM AL YRELT

mpiifort —mkl=parallel —qopenmp <7 RAY 5 L%>
-Fortran§ i&

mpiicc —“mkl=parallel —qopenmp <7 AY 5 L% >
.CE&h

sE¢ PR EEE PN L o
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T SRRE 1 (BLAS)

i. MyMatMatBE %4 (FiE) DITHFEI—FZ.
BLAS DEGMMJL—F > DIEUHLIZEKY
EiER{EL T &0
O—FTITH-1THIREDEITEZAA LT DL
DEGMMMD 5D IZTEE

=:E(X . DGEMM DFortranFin=

ZIEVHELET, LTFISEELTLEESLY,

B4k 4 : DGEMM._

ETHDEIHD RA25|FEL

N > < SEESE O . . T
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MEREH1IOE Y B

» (B E/EFBLASS
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)

AP P
ARERELTLIOD / pyis / BO e f

BMEEELTLYAH 7KL R
AD )
TELAX o — .
MO KES lg)gg%;cﬁ 7KL R
NDKES AD 1Rt H ik CD1RTH
DEFZH NEHRH
KOKXKES

. BRL7HAYUMITHES m RRASAERER 5 —
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P 2 (BLAS)

2-1 ALYk FIaA—FDELT
ALK B fRODGEMMZIEUNH L .
WNAWNWALGERALYRETEITLTLIESLY,

2-2 BN RIZLSMERER £ DEE
BREITIZHER, ENFEITERIESNT=H.
4 BEET A L T<=ELY,

\g s ~ = § 1.0 . . o -
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BLAS DGEMM[n|&

> @ BELT A MIEHER




BLAS DGEMMiEHMRE 1 O
(CSEEMR

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);

N ~ = = 1.0 . . - -
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BLAS DGEMMiEHMRE 1 O
(Fotran=zEfik)

double precision ALPHA,BETA

ALPHA=1.0d0

BETA=1.0d0

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

N ~ = = 1.0 . . - -
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79795 LAEH
(LAPACK, ScaLAPACK)
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N

» L7705 LD

» LAPACK/DGESVH T IL 70T 5 LEST
(CE&8. Fortrang:&8

» ScaLAPACK/PDGESVHY > 7 )L TAYS S LEST
(Fortrang i D &)

N N = =3 S5 A . . o -
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Yo NS5 ATiET SME

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

N - < =3 O L -
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Yo N TarSsh« ) TIIVROHETIA

» WET—2 AR
» FIF X
» REBK)OREGTE
L&
Xt i B E
» CGIEITKAEIL—RAER KR
(test_org.f, test org.c)
2175
RAYaERLIE
» B
MicroAVS FH
68 BRLTAYUMIESES m SR b —
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AV i & a5 WN/DE Y i
» SREERRDETE L, 10x 10X 10D IS
YN TLVET .
%hug*O)Fnﬁ Eﬂ"fZ’Cld:#ﬁzﬁu c~ﬁ'/u
» test_org.c. test orgfld. AT SUZRALVT .

FRORERE(CGE)ZFRHIT,
B ARERRDKEZITI>OA—FTT,

N N = =3 S5 A . . o -
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YrINTR TS AOET
(LAPACK/DGESV)
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Yo7 7a 7o A0 ( LAPACKRR)

» 137 (FBRR)EITHRTTY

» ALwkilidlERR(E. ALy R FIERRZ) D
LTavnAIILD L, EHETHDIEEET S
WWENRHYET,

» LAPACKIZ AL ki 5{E D A >t L TLVHT=8.
B/ —FEBELDDFIRATAILIETEEEA

BIELDDH
FALET

19 BIZ1%. 7R T#H HScaLAPACKZ

/—FRDHLAPACKZELY, /—KFEIIEMPITi 5L 9
BEOEFEWNAILAEETY
ez IE SEE S EEEFIAL. /—FRDALAPACKT
BIL—RARERZTEGE

1

N N = =3 S5 A . . o -
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K\ 2179 DT> TOEE M (LAPACK dgesv)

CSiahlR. FortranSiBhRD T 7ML 4 (Hi8)
lecLAPACK—fx.tar (Oakleaf—fx@) &)
» 3T R TR I7A)LgoshFDF1—L%
lecture AV tutorial ITEBELTHL
pjsub LTL=&0Y,
lecture : EEFEINDFXa1—(FEIFFEITE)
tutorial : EEEFFEINDF1—([a

I—.ﬂ/—

1R =E1TH4+)

sE¢ PR EEE PN L o
72 BRLTHOUMIEEE S m BRI A AR E A —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



LAPACK dgesvDD¥ > 7))V 71 75 LDIFLy

(Oakleaf-fx, CH i /Fortrans Ehkitih)

y L FOaATUREETT S

$
$
$
$
X
$
$
X
$

cp /home/z30107/lecLAPACK—fx.tar ./
tar xvf lecLAPACK—fx.tar

cd sphere—LAPACK

cdC //CEZEDA

cd F //Fortran§ &M A

make

pjsub go.bash

TR T LIz, LLTZ2EITT D

cat go.bash.oXXXXXX (XXXXXXILEF)

sE¢ PR EEE PN L o
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LAPACK dgesvD¥ > 7))V 7 1 75 LDIFLy

(CEaB)

» LT DEIGEFHERAR AN IR

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
74

— RARRKEE M
EEINTEIDT,
B fEl AN B m [ 252 <,
EEERRAVRZEL
HOTULVET A,
IEELTE{ETY,

N ~ = = 1.0 . - -
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LAPACK dgesvDD¥ > 7))V 71 75 LDIFLy

(Fortran=zEhR)

» LT DEIGEFHERAR AN IR

TIME[sec] = 1.529976725578308E-05

MFLOPS = 43802496.39070075

1000 -2.558846E+00
EPS = 627.4235113914225

75

991
992
993
994
995
996
997
998
999

—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

BT — KA KB D
EEINTELDT.

i by i ek CRQ

SIS EERRAYAKZEL

2> TULVET A,

7

ERITEETT

1

N N < SEE S A e it -
BRL7AYMEHER m kR R A
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= THBLAPACKMOME LA 7Y 3 v

» B @A/ NMTD 5, LAPACK(SSL II
(Sc:lentlﬂc Subroutine Library II) 2155147 351))
ZIEUOHITEBES . UTDA T arEzFI+EzT,

®C/FortranE (& 18 (LAPACKMAZEXR(127 E1T) )
mpifrtpx —SSL2 <7049 5., %4> :Fortrangi3
mpiccpx —SSL2 <TAYSLEL> :CEEE

OC/FortranS & 1@ (LAPACKMN A LYK ETT)
mpifrtpx —Kfast, openmp —SSL2BLAMP <7 A4S S5 L &>

: Fortran & z&

mpiccpx —Kfast, openmp —SSL2BLAMP <7 A5 S5 L4&>

=:4i
= J=]=]

N > < SEESE O . . T
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T PRE1 (LAPACK)

1. test.c HLLIF test.f DA EI (FHESE) D
B —RAEKXDKEBEZITOEN I,
LAPACK dgesvIL—F U ZMEUH L TL=&0Y
SIBDIMITEFELTLIZELY,
E &L, dgesv DFortranFHi=DEUHLIZAY
Fx9 ., ULTFIZTEFELTLESLY,
204 : dgesv.
ETHDEIHMNRA25|ZFEL

Ty T ELT, BBE (ERR M+ NS EZ7ERR
LTLIZSLY,

117
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S SRE2 (LAPACK)

2-1 CG/E (=,

I hltest org.c HL LI test orgf

/5 )LLT. LAPACKRR &EEITiE

FEZ L RT3y,

2-2 fElREH A4 XE& KELL T, LAPACKkR.
CGEMMDEITEEZ LT 2SN,
FEEH A4 XIENX * NY * NZTHEz540.

NX, NY, NZDIEIL 77414 IL“inp” D—1TH
3DODENFIGLTLNET

18

sS4 N < SEE S A . . o -
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B 3. 4 (LAPACK)

3. E L@
EFUHT

63

15113

,I‘l- -

Tl

INTB ALy RS D LAPACK

FOIZEB LT =&Y,
= TOALYRIRLAPACKZFIFAHL.

1T o TLIZ&LY,

4. )—R—X FReedbush~NiEY , 1T J/LaV /A
7 FEO>TERIEZZEITLTZELY,
E2b:MakeZ7AIILTRERIAVNASZEETHRZ S
Eb:MakeZ7AILTAVIINASA T EEZTRZ 5
E b :Reedbush 3T RO TREERLT S

79

\E 3 -~ = § 1.0 . . - -
BRLTHOUMIEEE S m BRI A AR E A —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



LAPACK dgesvnl4%

> 8 BELT A MIEHER




LAPCK dgesv®D[n|&
(CEathi)

dgesv (&nn, &inc, amat2, &nn,
piv, rhs, &nn, &info):

N ~ = = 1.0 . . - -
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LAPCK dgesv®Dn|&
(Fotrans 5EM)

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

N ~ = = 1.0 . . - -
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YrINTRT T AOET
(ScaLAPACK/PDGESV)
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Yo7 7va o ADOFH(ScaLAPACKIR)

» EA7MPIRTY
AL yRAEFIZEF AL/ \NAMT)yEMPIIRZFI BT 5HIZ(F.
ALyRAFIEREY oL TaV/sfILL, ALyRili 5 #%
BETAVENHYET
» 647 0€RAET(FOyY—-J1)yk8x8),
[ERE 4 X1000, 7 Ay IiE32|ZF b SN TLVET
JOvR#. Tty —-J)yk BEYA4 X, 7ayy
IBZxZE R I 5545 . PARAMETERX D E#HEZLTHT A0
ENRHYET
y BBZEERRDETE (L, 10x 10X 10D BB LS T
WET. TS DOERE Y A X TIXHERELE B A.

N ¥ s < SEE S O . . T
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EE 2179 HTcH> TOEEN
( ScaLAPACK pdgesv)

» FortranS &k D771V 4
lecScaLAPACK—-fx.tar

XScalLAPACKIZCEEERD YT IL

(iZVJU c:":]-/U

y O TR TRIT7A4)lgosh HNF1—Z%H
lecture DV tutorial ITEBEBLTHHL

pjsub LTLT=&LY,

lecture : EHFRFHENDF1— ([
tutorial : EEEFFEINDF1—([a

85
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ScaLAPACK pdgesv®D¥ > 7))y 70 75 LD
#17 (Fortrans aEiRDA)
» LTFOOTUREETTS
$ cp /home/z30107/lecScaLAPACK—fx.tar ./
$ tar xvf lecScaLAPACK—fx.tar
$ cd sphere—ScalLAPACK
$ cdF
$ make
$ pjsub go.bash
» BT TLEL, UTEETTS
$ cat go.bash.oXXXXXX (XXXXXXIFEZF)

sE¢ PR EEE PN L o
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ScaLAPACK pdgesv®d
Vo rnrs L0ty (Fortrans ikhi)

» LR DR SIGHERN R AN LR
TIME[sec] = 3.399793058633804E—-06

MFLOPS = 216189698.2744275

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

I —RARXARBHDHAERRESNTENDT, FEH
A [ ZFE < nA%ERRh\j{%(?&o’CL\iﬁ'b\ IERGEETY,

7 BRLTHYUMISHES m A R




w1l ScaLAPACKM O LA 7Y 3 v

» BB /INATH S, ScaLAPACK(SSL I
(Scientific Subroutine Library II) 21547 51))
*HFUOHEIEES. LTDATLava=FI+ET,

®C/FortranE SE & (ScaLAPACKAZE X1 7 E1T))
mpifrtpx —SCALAPACK -SSL2 <7O4S5.,L4> :FortranE::
mpiccpx —SCALAPACK -SSL2 <7A4YSL%Z> :CEiE

®C/FortranE & 18 (ScaLAPACKMA ALY KRET)
mpifrtpx —Kfast, openmp —SCALAPACK —-SSL2BLAMP <7045 L 4>

- FortranS &

mpiccpx —Kfast, openmp —SCALAPACK —-SSL2BLAMP <7045 L 4>

=:h

[(==]=

sE¢ PR EEE PN L o
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1.

P (ScaLAPACK)
test.f DA FHEDEIL— R AFEXKEEES
7% . ScaLAPACK pdgesvFfr=DIEUHLIZ
KUY, EF L TLES0N
S DA EE LTSN,

T\ ELT, BRE (ERR) ANV C L £ HERR
LTLHEELY,

sE¢ PR EEE PN L o
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2.

T HED (ScalLAPACK)
FREH A XAERKSKLTETEES

90

Lt ARTL=&0Y,
i 5l BT E64LFIMNSEELT
%ﬁb'cd—él,\

Yy —-J)yRE8 X 8MOLEET S
z\%ﬁ\&wc ERR
EEED2, 3EBIT, T—EAREATHIDHE
ROV AX)DERE(OA—FDIEIE) h\hZE
TI DT EFELTLESLY,

LT AU MIEEES 8 s
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B HE 3 (ScalLAPACK)

4. KIBECHImat T KIBRIZRBERKAET .
SFRECH! A = sub(mat) IZEE.
Z7OVRATRELGFEHERATS
203 LZFERRL. AEYIZEET S
A—ZE)T4DHAHEDIZ.

7035 LFHBLTLZE0Y,

RIBEE I mat DRI EELZYFT

FENIRILXIE D BESNTRYET,
fEDIREL (BED A GE) DAEFIEELHETT,

L -

SEk S N < =3 S5 A . . o -
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ScaLAPACK pdgesv|nl&

> %2 BELT A MIEHER




ScalLAPCK dgesv®D[n|&
(Fortran= &)

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

Qo @O @ o

N ~ = = 1.0 . . - -
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ScaLAPACKZEH 3 5 7= DAl J&
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» MPIGEET 70X HE. Aty —-F1)yk
EEEND2RTTAEY T EETEEINET, ’
» - 87O+ XR @8 X 1fghk

02 X ARERK 04 x 2¥ERL

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

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

P(1,00 P(,1) P12 P(x1,33)

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

P(3,0) P(3,1)
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ScaLAPACKIZ BT 5 F—# 50 it
y TJAYIIEMBD2RITI Ay IS A0y I5 8 ERTYET

» f5ll: 87AtRUXx27AtvyY-F1)vyR) MB=2
SATBIH A R TR AN TR R DB AL EELT,
SUb(ADFER BRI A BT 2R EADHYET

/ (00 - S oo

P(1 1)

\ w - reo [ - P21
pao |11 P(3.1)
KigE 21— (1T5A) BATE 2—(sub(A))
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2T X A MDER
01 TX RN TOwyY-FyRIZET A EERAE

BLACS_GET( ICONTXT, WHAT, VAL)

OBLACSONENEHZENIFT 5

®ICONTXT: AJ1. BEHAY
WHATTHEE S a0 THFAMIBREZHASHIE (5150,
(B1EAY) BMUEFIZEMRINS,

OWHAT: A, BHE O TFRAMIKRTETHANE

WHAT =0: TI4ILEDU AT LAVTHXE

WHAT =1 : BLACS Avyt—® ID g

WHAT =2 : A2/ M JLENBBLACS T/\wIL X)L

WHAT = 10: ICONTXTIZ XY FHIEHI SN AHBLACSOAV THF AR EEET H-HIC

AUWSNAVATLIAVTFANDSEE

WHAT = 11: IREFS>TWBIILFYLTEED) T #

WHAT = 12: IRTEFE-> TS —HRIEL=AREE DL

OVAL: HA. BHE, O T AMEER

N N = SEE S A . . o -
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BLACSZ'Y v RDEF

BLACS_GRIDINIT( ICONTXT, ORDER, NPROW, NPCOL )
®ICONTXT : AA /" HAHh., B#HA
aAVTFXF Rk
®ORDER: A /1. XF&! % 1
JOERZEEDELSITBLACSH T YYRIZEIY XU TAMNIETE
O R :ITARMDBRLGEA—F) T %ES,
®‘C' :FARDEBRLGA—FITEFED,
O T O TH VGG TARMDBREA—F) T EFES,

N N = =3 S5 A . . o -
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BLACSZ V) v ROIEHRAF

BLACS_GRIDINFO
(ICONTXT, NPROW, NPCOL, MYPROW, MYPCOL )
®ICONTXT : A1, BH R
aAVTFXF Rk
ONPROW: H 1. E#3Y
JOtvyy-5yk DT
ONPCOL: . BEH#HA
JOtyy-51)ykD 5%
O MYPROW: i /1. EE# Y
JOvyY-J)yRIZE TS DITARDZRHES
OMYPCOL: 1. B A
JOvyY-J)yRIZE T2 DIARDZBHES

N ¥ s < SEE S O . . T
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T —X il BT BB

PDELSET( A, IA, JA, DESCA, ALPHA )
O KIZELSIDHAFh . BFTEEHIDET Hi5ATIZ
T—2ZUNET S
oA BFTH . BB ER
IR g NZ= R ATEL S
OIA: Kigi A /1. BEHH
RIBRIESIZBITH1IRITBDRAF
OJA: Kt A1, BEHH
RIBRIESIZBITH2RITBDRAF
ODESCA: KM DB A ., BHEIELS
BFETECHIAD EE b F
OALPHA:BFTAN. EREHR
RKATAREE

N1 -~ < =3 S5 A . . o -
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T —F W e BT 5 BRI
REBELHIAMATZ ., BUIEBATITIIAIZAKA

\

DOJ=1,N
DOI=1N

CALL PDELSET( A, I, J, DESCA, AMAT(L,J))

ENDDO

CALL PDELSET(B, J, 1, DESCB, RHS(J))

ENDDO

N

/

/

REBARIRILRHSZ . EYIEBAAANIRILBIZK A
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PDELSETEI%IZ & B DO E A

» PDELSETRE#ZERAWLTITINZ T 55 EIIBT S TI A,
Yo ILTATSLDEIZ, KIFETHAZETOEATH
BELTWAE AEYICEHT AR —TE T4 ELGYET,

DFEY ., BT TEBTHHARANI, 1/—FDAEHRET
RED, BT/ —FHZEMLTH NEZRELTELGLY,

y KRG FTOT S LEELT=OIZIE
BRE 2 —DE AT, THDEZEEsub(A)IZ{E
*RKATH

J09 5 LEEWMENRHYET,

y ZDE=HIZIE,. 7Y -S40y o0 EARDFEE

HEEL T, BT DERZIT HADENHYET
A EESOMPIERFET. BERTOEELHYET,

sE¢ PR EEE PN L o
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PBENIETLL

NS - 3 S .
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