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* MPI (Message Passing Interface)

BB AMPIREK

« T—XNDEAT

AR
JASS




FIT0Y 5T DR

e 3]

5 7R 2 v T0ER

AR
JASS

(&




. ﬁﬁ%gﬁd) A7 2L (ETHET oFETRR %,

c BRRICE Z B, EERIZTESZHEI AT, WHRUEORAS (7

WTYXLERE) THEENELR S
e 7ILTY XL L, &I HILTERWVWIRDDIFE
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Flynn#id% (REZ > 74— KK) O9%E (1966)
3_7_ Q/JIL

(SISD: Single Instruction Single Data Stream)

‘55 WTW %g#ﬁ7‘ i7uw
(SIMD: Single Instruction Multiple Data Stream)

* \3_7_ Q/JIL

- BT

(MISD: Multiple Instruction Single Data Stream)

s BT - BT — 2R
(MIMD: Multiple Instruction Multiple Data Stream)
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HEHEED X EY B L 39458
(1/2)

*A) XEYUTFRLRZHBLTWE : BEWLWOXEYAT IV XATHEE

/1. T XTI A =77
(SMP: Symmetric Multiprocessor,
UMA: Uniform Memory Access)

\

\
(2. HEsE ATy B
(DSM: Distributed Shared Memory)

HE - FENFRXE YA
(ccNUMA: Cache Coherent
Non-Uniform Memory Access)
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1.

VILFRL vy K

e Pthreads, ..

7 — 2 15

* OpenMP

« (&IE®D) Fortran

(SV

\\

C

N
N

3

ey

« PGAS (Partitioned Global Address Space)
Chapel, X10, Co-array Fortran, ..

. RS

« Cilk (Cilk plus), Thread Building B

MassiveThreads, ..

Xy =25
* MPI (Message Passing Interface)

F
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57077 7DETIL

« ERDACF| 7 AT T L DOEE)IMIMD

e VILAYXLAHEZ D EETICIEISIMDAEAR
c WERYEMEZEFZZZDLIDIIHLLOT, BBEIRLI Y TILIC
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¢« Z{ OMIMD L COAFHN 7R T Z IV T DETIL

1. SPMD (Single Program Multiple Data)
c1DDHLBOT O T LY, LINERREIC, €70ty Y LT
e MPI (\N\—2 3 V1) DET

= =

70774

=]

-

7atyHY2 Jatyi3

A=A N A=A N

70774

T—%2 7T —%3

T—%0 T—%1

2. Master/Worker

o ;\;%0?7°EI—12Z (Master) #%, #0770t X (Worker) ZEE (4pK,
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[ REFHETRIE --a#BIR--

°ﬁ1£%:—,tﬁLTiLK® T, ldp& TOEITHE
-p.:.)fﬁk,\’CS =pD & T, BEMNA (ideal) EEM L

°pm%bfs>p®t§ X—I)S—1J=F « Z— K7

CEARREE, BINICE > TF— 2T /L ABRAHLEN, F vty bR
AL L LI & B eRlE

. AFUE R

Sp
-EﬁIEpz%X1MH%] ____________________
- BaAERE
* Z\@EFE_FEIUJ:@ PR SR p
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Weak Scaling& Strong Scaling

c WHMEBIZCEWT Y R T LREEZKELCT B 5%
*Weak Scaling: Z7RAEvH¥H7Y OMEY A XXX T 5
H\T 5
« 2RDEEY A4 XA (WINEICLBHIL T) KEL A B
s BEDF —/N—~y FIIHZXYEDLLRWLA, PXRIE
s SETHRITED > T-HREDOHBEHNEITD L SIS
* Strong Scaling: ®FOMBE YA X%Z2Z AT ICHINEEZHITS
TRty Y H-YOMEY A4 XIE (WINEICKEFAILT) NELLHES
c BIEDF —/N—~y FIFHEXWNICKELLS
- ALEERETH, LVERBEICERIPFOND (WeakL Y HEEL W)

Mt
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s EXETHEZT,E L, ZD5 bWt TcEBEEZal TS
éﬁﬂ%i%?wiv %ﬁ?%éf ,
Sp— = = .
aT. a 1
Z-S — —+1— -
> + (1 — a)T, D a 1+a(p 1)

s BRARDBDOT7 ALy Y ZfE>TH, BHNRIZL/(1 - a)h LR
(7 L& — L&Al
+ 2UEDUNWIML TELE LTH, BEHRERAT—— = 105
SR EEMT B0, DL THAEIULRE LT pREET S
EHER
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7 L X —ILD;ER|DIE A
WHMLTEHRWERD (1708 ‘/y Wik TcE 589D (8 7@y )

@ X RELT T ——— . =88.8%H 51k AT RE

@517 (4317))

9/3=31& # 4f&

@::5%17 (81i%1)

9/2=4.51& + 8%, 6z
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Byte/Flop,B/FfE

1. 7A7 7 LHRTERTBZEEH-VDOALAEY 77 XDEE

double A[N][N];

ATil[3] = ©.25 * (A[i-11[§] + A[i][3-1] + A[i1[3] + A[il[3+1] + A[i+11[§1);
« XEY 774X ! 8ytezs5[E|O0—F, 8bytex1[H X k77 = 48byte
« JEE . JIEA4[E], ZFEHE1[E = 5Flops => B/F = 9.6
2. X:EU AT LA T —RAEEE T ICEEET BEES], G TE-EES
w1301, BE<THo.55FKH

-erswszArtﬁmﬁﬁ%Tét X T EBED
iz T oEE s LAEA LWL (i.e., EEMEEDS%L

e IB/FEDREEZF Y Vv allLoTHD
e CHLLDOAVTFARAMNTELTLWANFELAHEWEET LT WL

TEL: Kol DEEMNTE
AMEZ L)
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MPI D451

c Ay =Ny IV ITRHRDODIAT T VEEDID
c A=V Ry TDETIV
« AV TOEIE, BEDOV 7 M7 T7X 7477 V%ETH0TIEARL
+ TEXA T U BEAWSIEREE TOWSIEITICH <
« KARRETE A Al
c 170y HICBIEIAXEI YA IPRT 74 LY A XOHIK % FTHL AT A
- 7Oty Y EBDLZ WIS AT L (Massively Parallel Processing
(MPP)> R T L) ZHWBEITICMEL
- BIENARBSZ: API (Application Programming Interface) DIZ#E4L
« A7 —=ZEU T4, HENFL
c BEMEAI-—YARBRTEIEICL>TT7NLTY X LORELAAIEE
- AT IIVIHELL (BELIEL)

2024/4/24 EES  MPIER
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MPIDIRE : TN X T

/7 \1

e MPI7 #—F L (
e 1994458 1.0k (MPI-1)
« 1995%F6H 1.1iK
« 1997F78 1.2k, BLU2.0kk (MPI-2)
« 2008F5H 1.3kK, 2008F6H 2.1kK
« 200998 2.2iR
- HAEGERR
* MPI-2TIl&, AT %51t :
« AF5T/0
e C++, Fortran 994 X7 x—X
« B O XAERK - SEE
o FI|I, WIHIERRINIELR E DR®E

) HMERRS

AT



https://www.mpi-forum.org/
https://www.pccluster.org/ja/mpi.html

MPID#R%E : MPI-3.1

e 2012F9H MPI-3.0
¢ 2015F 68 MPI-3.1
e LI TOR—ITCIHIR KF a2 Xy MEAFHE

ER I AN ETHERE
- /7Ry FUIEMBEME (MPI_Tallreduce’s &)
- SEREA A EEIE (RMA: Remote Memory Access)
* Fortran 2008 Xfiu7 &

2024/4/24 EES  MPIER
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https://www.mpi-forum.org/docs/

MPIDR4E : MPTI-4.0%7F (2021/6/9)

« 37 L LMEBE (pp.1046--1049, 3MIEHD 7 v 75— k)

« TIFTHREE \ B
« hy v RME, Ny 7 7H A DR (Ant32DFIREEFM) MPI_{} c()
« MPI_Isendrecv()

X (Persistent) 2L 2774 7 MPI_{Allgather, ..} init()

NATYy K775 ~DO5G (partitioned comm.)
MPI_Psend init()

MEE T Y — R
tyvarvETIL
RMA/One sidedi@{E
LB®Y )
e MPI7 7 U —< a v OiftEME (FT: Fault Tolerance)

2024/4/24 HES MPIER
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https://www.mpi-forum.org/docs/mpi-4.0/mpi40-report.pdf

MPI D ELE

e MPICH (Z L E v F)
e XETIL TV XEMHFEFRHER

e \VAPICH (Z LT 7E Y F)
« KEAFANA FMILKFETHFAE, MPICHZ X—X
e InfiniBandml T OEN/-FEE

* Open MPI
c A—TVY—2X
« R XMPI
e -ULvTWY, EEEHAR—X (f] : Intel MPI|EMPICH/MVAPICHR — X)
c FEA L XA —HHBOEEILRABRINTWERZ EALDH S




MPIIC &K B85 : F{EM DELIX & [RIER

\

e FHXICHELIFIR e MPI Tl :
1. B D{ER, %Uﬁwﬁﬁ 1. BB LOEY EDFEFHID
2. FHICA->TWAHDIZEZIC 2. T—RI&IMNFL DT FL R
» %D 3. T— XA
3. FICA->TWALDDHSEE 4. FT—R2
4. FIZA->TWLWBHEDDE 5. XSRS

S, (R MMERIC% S 158
0) REFE (27)



KFRIAMPIEFK

- VX T LB
* MPI_Init(), MPI_Comm_rank(), MPI_Comm size(), MPI Finalize()
o« 1XJ1LE{E BEAEL
« 7OvF U8 MPI_Send(), MPI_Recv()
e /7By F I MPI Isend(), MPI Irecv()
o« 1 EIB{ERE%
« MPI_Bcast()
- EMIBIEFE
« MPI_Reduce(), MPI_Allreduce(), MPI Barrier()
« MR ETRI B X

* MPI_Wtime()
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 HH9 AMPIFHZE

MPIIZ [ 7O+ X | BOBEEETTH
s MPI7 Ot R, HAWIEIZCT O R EMER
« 70O+ XRIT (E@EIX) Yoty y (BAWET7) IC11TEY 4T

Y AR
« 7% (Rank)
« EMPI7 At X DFRHES

« BEMPITIL, MPI_Comm_ rank()&ﬁ*&fgﬁﬁéﬂ%%{‘?ﬁ (b7

042 2 LTl&rank) |

~ N, — 1OHEHNAS

CEE : For‘tr‘an’CwJE)7/7 i@z‘)‘bﬁl*i %)

« EMPI7 O ZEN, 25 IC
L7875 LT isue)

2024/4/24

|Z, MPI_Comm size()B#%z={E> (¥~
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A2 —X

c D27 —%F, BEZITOINRO7OE Y YHEZED S

« IHARRETIE, 0~ N, —1FBEFTOT7 ALy TH1DODIIa=
F—RIZEIY AT 'ofr’L%
e« MPI_COMM_WORLD & WHEZRID I 2=/ —4X&
* MPI_Comm_split()BEEICL > TaIa = —X%=nErge
e Ay =T —FOTAt Yy YEDOARIIBET B & ZICHIA
« “TIFF ¥ XN THHA

2024/4/24 mEw L MPIERE 27
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CEEZBA /X T7x—RE
Fortrand X 7 = —XDEW (1/2)

E%H}ii BREHerrHR VB
err MPI_Xxxx( )

* Fortranhkld, BHZEHerrh’ =B D5
call MPI_ Xxxx(.., err)

« 2T LABSDERAE

—<=h
/) AR

MPI Status status;

* Fortran
integer :: status(MPI_STATUS SIZE)

* Fortran 2008
type(MPI Status) :: status

2024/4/24 EES  MPIER 29



CEEZBA /X T7x—RE
Fortrand X 7 = —XDEW (2/2)

« T—RBEDIEEFAE

=:z5
 CSin
A\ W4

MPI_CHAR (XFAY) , MPI_INT (BEHAE!) , MPI_FLOAT (HBEOE
A0) , MPI_DOUBLE (fZ#EE D EHM)

* Fortran
MPI CHARACTER (XZF&!) , MPI_INTEGER (FE#ZAE!) , MPI_REAL

(EEEDZEHA) , MPI_DOUBLE PRECISION(=MPI REAL8) ({Z#&
EEHA) , MPI_COMPLEX (8&:#AY)

- LIBEIX, CEEBA 27— R THBTS

2024/4/24 HES MPIER 30



MPI Send

*err = MPI_Send(*buf, count, datatype, dest, tag,
comm) ;
» buf: EEBREDTIRT FL X ZiEE
- count: EBHM XEBBOT - XERHZETE
- datatype: MPI_DatatypeZ!, XEBEIBDOT —XE%ZIETE

* MPT_INT BEHKA) , MPI_FLOAT (EFEEE%A) , MPI_DOUBLE (fEHEEEHIY)
A\

e dest: B, XEHXLD (coonmRNTOH) 7ALXRT T %IEFE
c tag: BHAE, Avv—JICDFBRXTDERIEE
e comm: MPI_Comm®E, IIa2=4—XZIETE
« BEIEMPI_COMM WORLDZFEE T 4LIL & Ly
cerr (RYUE) : BHEAE, T 7—0—FHA3

2024/4/24 EES  MPIER 31



MPI Recv (1/2)

e err = MPI_Recv(*buf, count, datatype, source, tag,
comm, *status);
» buf: ZERBDTIET ML XZEE
- count: BHA ZEBEBOT —XEZRHZIETE
 datatype: MPI_Datatype®! ZEEBDOT — XA %ZIETE
e source: BHAE XvE—IDFETDT I HEIETE
s FEDOT VI LZELIZWE T, MPI_ANY SOURCE%IERE
» tag: BHA ZELE-VWAyE—JIZOVWTWBE XTI ZIETE
s FREDXITEDA vy —2%2REL-WE ZIL, MPI_ANY TAGZIETE

2024/4/24 HES MPIER
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MPI Recv (2/2)

e comm: MPI_Comm®E, BEICEAESEISII1=7—X%ZETE
- status: MPI_Status®, ZERRTICET HERHN’AS

- WIEROREE % L= zHRT S

« CSE88 . MPI_Status status;

 Fortran: integer :: status(MPI_STATUS SIZE)

 Fortran 2008: type(MPI_Status) :: status

« EBERHAHMPI_STATUS SIZEDEHETIAHERIND

« RIEA Y= DXEETD T >~ 7 Hstatus[MPI_SOURCE], Z7H

status[MPI_TAG]ICTKA SN B

cerr: BEA T7—-—O—-FHAD

2024/4/24 BES CMPIEMR
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MPI Send()--MPI Recv()DEN{E
(134 1381E)

rank © rank 1 rank 2 rank 3

MPI Send

Xyt —

TYET7AY
5 LE T |

g Ayt




MPI Bcast

*err = MPI_Bcast(*buffer, count, datatype, root,

comm) ;

« buffer: EXEFIUREBEBOELET FL X Z2iETE

count: B buffert DT —2EXZHZIETE
datatype: MPI DatatypeZ. buffer®dT—XE%ZIETE
root: BHA Avt—T%FEITHT7ALRDIDZEIETE

« 27 A XNRLIEZIEET 5
comm: MPI_CommZE, BEICEETSII2=7—X%ETE
err: BHAE IT7—3—-FHAD

2024/4/24 EES  MPIER
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[

Lt

MPI_BcastDEIEF (EEHEBIE)

rank © rank 1 rank 2 rank 3
MPI_Bcast() MPI_Bcast()

root

Xwyt—

’-\

2024/472% S P TEE
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)Xo g vEE

o [#E] IC&-T Rl ZRA (VXTI ary) SHHU0E
- - NIEEHE
R ML (nRTZERE) > A5 (ALRTZE™)

DX aVERIE, BELHEZLELTS

- £E[B{EEE (collective communication operation) & MR
CEBEBEROFHLADEWVT, 2BOA VR 7 2 —ANFE

* MPI_Reduce()

« MPI_Allreduce()

M
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)Xy aBEDEDA VR T7—X

* MPI_Reduce
c VXU aViEEDRRE, HH1OOREXTOERICFIESES

PE©O
0l QD

* MPI_Allreduce
c VR a3 VEROHEREZ, @7 RICFABEIES

PEO _» PEO

2024/4/24 #EES  MPIER 38




MPI Reduce (1/2)

e err = MPI_Reduce(*sendbuf, *recvbuf, count,
datatype, op, root, comm);
» sendbuf: XEMEBDITTIET L XZIEE
« recvbuf: ZEBEBDTET FL X ZiETE
e root TCIEELE7AERADATEETAEITNS
e KEHEB L ZERBIIRI—TH > TlFH oAV (BA 2E5 %2 HER)
« * root®sendbuf& L TMPI IN PLACEZIEET 5 Z & TRI—DHHEIE % F5E Al &L
« count: BHA EXEEEBOT—XEZHZIET
- datatype: MPI_DatatypeZ!, XEBEIBDT —XE%ZIETE
* Fortran®DiHaE <&/ RRKEEMNE>ZIRTIEE (MPI_MINLOCK E) ZIETE

//\

3 5355 1d, MPI_2INTEGER (E#(A!) , MPI_2REAL (HIBER) |
MPI_2DOUBLE_PRECISION(=MPI_ 2REAL8) (Zf5EZR!) % I8TE

2024/4/24 EES  MPIER 39



MPI Reduce (2/2)

op: MPI_Op%, EEDEIEZIETE
« MPI_SUM: #A70
- MPI_PROD: &
- MPI_MAX: RKXIE
e MPI MIN: F/ME
« MPI_MAXLOC: & KfE& ZDAIE
e MPI_MINLOC: #&/IME& ZDAIE

« comADE7 At RAARLUIEZIEET DHELDH S

cerr: BHAE TI7—a—-—FHAD

2024/4/24 EES  MPIER

root: BHE BRZ2XITERA7A0€VXDT 7 %i5E

comm: MPI_CommZE, @EICEETAII1=T7—X%ZETE

40



MPI_ReduceDENE (EHBEERE)

2024/4/24

rank © rank 1 rank 2 rank 3
MPI_ Reduce() MPI Reduce()

root

752
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MPI_Reducell & %2V X k4LIEH

rank ©
MPI_ Reduce()

2024/4/2

rank 1 rank 2 rank 3
MPI Reduce() MPI_ Reduce() MPI_ Reduce()

root

4 |
5.0

MPI MAXLOC

EWS - MpTELHR
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MPI Allreduce

e err = MPI_Allreduce(*sendbuf, *recvbuf, count,

datatype, op, comm);

» sendbuf: XEMEEBDITIET FL X Z18E

recvbuf: {EMEBDITIEYT FL X %ZEE

« KEEE EZEEBIXRI—TH->Tldh oL (B 2E5 % HER)

e * sendbuf& L TMPI_IN PLACEZIEES % Z & TlRI—DHEIE % $5E Al 8¢
count: BRI KEBEEHOT —XERMETIETE
datatype: MPI_DatatypeZ, XEBBOT—XE%ZIETE
op: MPI_OpZl EEDEIEZIETE
comm: MPI_Comm#E!, BEICEAETS31I1a=7—X%ZETE
cerr: BHA T 7—a—-FHAD

2024/4/24 EES  MPIER
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[

MPI_AllreduceDENE (EFBEEER

rank © rank 1 rank 2 rank 3
MPI Allreduce() MPI Allreduce() MPI Allreduce()

N

F—%0 F—41 )

2024/4
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> ~ N —— P~y N1 A —
)Xo a3V EBEOEREICDOWNT
c UK aviEEIL 1W1IBEICLRTEWD
« 7075 LR TEHLETRETTIEAL

* MPI_Allreduce()|lIMPI_Reduce() Il b NTEL

* MPI_Allreduce()ld, MPI_Reduce()+MPI Bcast()I(ZtH3
« MPI_Reduce()+MPI Bcast()Z BN TEL LY IIERE
« BN, MPI_Reduce()%&{E >
c R RERZETOERICBET ZMNEBZLINCBLT LIICEVWSIBERTHY,
MPI_Allreduce()’MPI_Reduce()+MPI Bcast()TlEn L TEET 5 L (I,
EWLWD BERTIE AW

~ 77
[T

\




MPI Gather (1/2)

 err = MPI_Gather(*sendbuf, sendcount, sendtype,
*recvbuf, recvcount, recvtype, root, comm);

sendbuf: XEMEBDITIET FL X ZIEE
sendcount: BHA XEBEBOT —XERZHEIET
sendtype: MPI_DatatypeZ!. XEBEBOT —XB%ZI5E
recvbuf: {EMEBDITLIET L X ZiETE
- (RAE LT) FEEEBEZERTBIIFA—TH-> TlEAaHHL
« * root®sendbuf& L TMPI _IN PLACEZISEET 5 Z & TRI—DHHEIE % 5 € Al &L
recvcount: BHA ZEEBOT—XERZH BT
c 170N LRETIERK
« MPI_GatherTlEE27 0O ADA vy E—IHP A XFRE L THWLE WLIFA L

2024/4/24 HES MPIER 46



MPI Gather (2/2)

recvtype: MPI_Datatypef! =EBBOT —RXE%ZIETE
root: BHE WREXIUIMAI7ALADT 7 ZIETE

« conmADET7TAEINFLCEZIEET 2ELDH D
comm: MPI_CommZE!, BEICEETSII2=7—X%IETE
err: BHAE IT7—3—-FHAS

e recvbuf, recvcount, recvtype®DigiE
* root COABKEED (D 7O X TOIREIFERIND)
- (EHLIZ) 278X Hroot TOIREMEEEVNTHIFIFL W



MPI Gather®DEH{E (&

rank ©
MPI_Gather()

2024 /424

rank 1
MPI Gather()

root

NSZ

1B

rank 2

=)
rank 3
MPI_ Gather()

48



MPI Scatter (1/2)

* err = MPI_Scatter(*sendbuf, sendcount, sendtype,

*recvbuf, recvcount, recvtype, root, comm);

« sendbuf: FEBEBDTET FL X ZiETE

sendcount: B XEEEBOT—XERKZIET

« 17O RABTITEET 2EERK

« MPI_ScatterTIXE£7 AL RICEEZ A v - A XERELCTHRWLE WAL
sendtype: MPI_DatatypeZ!, XEBEBOT —XB%ZI5E
recvbuf: REMBEBOTLET FL X ZEE

- (RANE L©) FEEEEZERBIIA—TH > TEE O AL

« * root@recvbuf& L TMPI IN PLACEZIEEY 5 Z & TRI—DMHEIE % 5 E 788
recvcount: BHAE JEEEBOT—XERZHZIET

2024/4/24 BES CMPIEMR 49



MPI Scatter (2/2)

recvtype: MPI_Datatypef! =EBBOT —RXE%ZIETE
root: BHE WREXIUIMAI7ALADT 7 ZIETE

« conmADET7TAEINFLCEZIEET 2ELDH D
comm: MPI_CommZE!, BEICEETSII2=7—X%IETE
err: BHAE IT7—3—-FHAS

 sendbuf, sendcount, sendtypeDi5iE
* root THHBEWK%EEFED (O 7AL XA TODIREIIERIND)
« (ERHLIR) 270X P rootTHOIEEEEZEVNTEIFIELWL



MPI Scatter®E){E (ERB(E)

rank © rank 1 rank 2 rank 3
MPI Scatter() @ MPI Scatter() @ MPI Scatter() § MPI Scatter()

2024 /%124




ERA : 1T DERE

« 754D (Block, *) OIS N TWABIGEZEZ S

e MPI CITHADEREITHIAT Z#1ED % -
e MPI Gather\() %%%X “/‘lz—°/°'U‘/f Z\f)i\

M H 27O ATH—DE XFES
_ L0394 AL 7 Atk
 MPI Scatter‘() RATH—THWE Z

MPI_GatherVEa#X
E MPT ScattervEIs
_—
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Oy Xy o&/v7ayxrs

1. 7Ay x> 7
« X5 - RE@O/NNy 7 7REBICX v -V SN, Z(E - XE
?NV77%E#§E 277X EEZTCZEAETHUHELAREDS
A
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MPI Isend (1/2)

- /7y IBERBOA L L TRENT
eerr = MPI_Isend(*buf, count, datatype, dest, tag,
comm, *request);
* buf: XEMBBDITEY FL X ZIEE
- count: BHA XEBEEBOT —XEZRHWEZIETE
- datatype: MPI_DatatypeZl, XEMBEIBDT —XE%ZIETE
e dest: BHE, XEXLD (coomNTH) 7ALRXT VI %IBE
e tag: BEH Xvv—IICDFBRTOERIETE
e comm: MPI_Comm®E, IIa2=4—XZ%ZIETE
« BHEIEMPI_COMM WORLDZIEE T MLIX L L
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MPI_Isend (2/2)

* request: MPI_RequestZ!

HAF AR

EEEEKLI=XvE—2ICDIFoNnT:

cerr (RYE) : BRI, T5—a—FHA3
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MPI Wait

* MPI_Isend/MPI_Irecv/Zl} TE/Ny 7 7R EDT — X D—
BHzRETEZ AW, REBGFHEBIHE
e err = MPI Wait(*request, *status);
- request: MPI_Request®, XEZEKLEAvE—VIZDITFonT
il e
- status: MPI_Status®, ZERRICET SHBERHIAS
c XET —REEET HH], RET —XZmAAETENIIEHTHERZ

2024/4/24 EES  MPIER 57



J Y 7RAyEVIBEICKAUE

. FOE RO HRERT — 2 &> TV BIHA

B Y HsendlH I 2REFOHHHE Z=iF5 % MPI WaitT

J ¥ - 7Ry xy7BEETHIRE SHEDRICITS LS ICEE

=B send send send

yVASE Y

HE recv TE RORETORLES

7’0+t X1

RORETCOREPFL

70t X2

7’0t X3

RORETORES

2024/4/24 BES MPIEMR 58



MPI_Send() &MPI_Isend() D&

e MPI_Send()BEE#KX

e BAEAHICMPI Wait()BEEA A>T 3B

e L7=A> T, T—HYAHMPI Wait()ZFITT 2 HEILAH WL
e MPI_Isend()EE%K

« BEHICMPI_Wait ()BEEH A - TUL AL
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https://www.cc.u-tokyo.ac.jp/events/lectures/190/
https://www.mpi-forum.org/docs/mpi-3.1/mpi31-report.pdf
https://www.mpi-forum.org/docs/mpi-4.0/mpi40-report.pdf
https://software.intel.com/content/www/us/en/develop/documentation/mpi-developer-guide-linux/top.html
https://software.intel.com/content/www/us/en/develop/documentation/mpi-developer-guide-linux/top.html
https://software.intel.com/content/www/us/en/develop/documentation/mpi-developer-reference-linux/top.html
https://software.intel.com/content/www/us/en/develop/documentation/mpi-developer-reference-linux/top.html
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HESRLLT, GHREADRNDE

c T—RNOHMARXEXEYL AT
00

e Y
2@ @ -

for(i = 0; i < n; i++){
y[i] = 0.0;
for(j = 0; j < n; j++){

y[i] += a[i][3] * x[3];

7 DEHAEDHEIC L > THERE
D2 OO

L JI®
® o

for(j = @; j < n; j++) y[j] = 9.0;
for(j = 0; j < n; j++){

for(i = 0; i < n; i++){
y[i] += a[i][J] * x[3];

}
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