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» Michael J. Flynn##% (RALT7+—FK) D558 (1966)

» B—anm-BE—T—4
(SISD Single Instructlon Single Data Stream)

» BRI T BE—T 2R
(MISD, Multiple Instruction Single Data Stream)
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(MIMD, Multiple Instruction Multiple Data Stream)

7 ISR CMSIEHERFF LT HA iTC
- HOROK P L L —
Information Technology Center,The University of Tokyo



AR X =Y B & B 5%
/ LI I

L XFAEYH |
(SMP. [:] PE || PE || PE

- Symmetric Multiprocessor)
4 [ &5 I_l

2. DEIATEEY
(Aytz— 1\ )

_/

e

3. PEHEFATR
(DSM,
Distributed Shared Memory)
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» UTTOAR—UTREE-FF oAV AT

http://meetings.mpi-forum.org/MPl_3.0_main_page.php

http://meetings.mpi-forum.org/mpi3-impl-status-Nov | 4.pdf
(Implementation Status, as of November 2014)
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W% 55 & MPIHGE
» MPIIET 70X IBDBEZITLET,
y TALRX(EHTUNAIN—ALYR)GEEFEDEZTNIE.
[J0tyY | (HLLF. A7) IT1/M1TEYHTONET,
» & IMPI7OEX [EELDITRIND T, ZZTIE
PE (Processer ElementsD&) EEZFE T,
=LA ELTIPEIX. BEHFYEHLNTLFERE A,

» 5277 (Rank)
£IMPIZ7OER IDTHAFE ST IDI L,
EEMPITIE, MPI_Comm_rankF#I TERESINSHZE L
(2T INTOY S5 LTIEmyid) 12, O~2PEE—1 DOHIEHAAD
HOBPDEMPITOEREZER AL, MPI_Comm_sizeBA#ZF{E5,
(2770535 LTIE, numprocs 2. COEIEHIAS)
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Fortran{ > % —7 = — ADEW
» ChiR(F. BEHEHierr HRYIE
ierr = MPl_Xxxx(....);
» FortranhR (&, & 1% |22 E HierrH 512K
call MPI_XXXX(...., ierr)

» VAT LAES DHERDIEA

=:4h

(=)=

MPI Status istatus;

FortranS &

integer istatus(MPI_STATUS SIZE)
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Fortranf > ¥ —7 = —ZAD3EL
» MPIIZEITSH. T—2ERDIETE
NCE:L
MPI_CHAR (X&) | MPLINT (BZ%).
MPI_FLOAT (£%{#!). MPI_DOUBLE({E#5E = HY)

=:4h

O Fortran & 55

MPI_CHARACTER (3X5F#Y) . MPI_INTEGER (B#%).
MPI_REAL (32%¢%Y), MPI_DOUBLE_PRECISION({Z#&
EE#A) . MPI_ COMPLEX(#8 & &)

» LIBEIX, CESEBA AT —RATERAT S
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LR 72 MPIBI2—MPI_Recv (1 ,/2)

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

recvbuf : SR{EFEIBDFLIERMMAZTIETET 5,
icount : BRI ZEMEBOT—IERHZTIETET 5.
idatatype : EBHE, ZEEBOT —XDOEZEEET S
MPI_CHAR (3XFZ) . MPLINT (BB#Z).
MPI_FLOAT (E#{%!). MPI_DOUBLE(fZ#5EE# )
isource : BB ZELI=WAvE—I%FXIET SHPED
SUVEETET o
EEDOPENSZIELI=LVEEIE, MPI_ANY_SOURCE #18E T 5,
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LR 72 MPIBI2—MPI_Recv (2 /2)

itag : BHE, ZIELELAvE—JIZRNTVS 25 DIEEIEE,
EEDITEDAvtE—%ZELI-LNEE(X, MPLANY _TAG #§87E,
icomm : BHA PEEHZRHMITOIBZE S THHAZI2 =y —43
=i E
BEETIEMPI._ COMM_WORLD #EETIE KLY,
istatus : MPI_StatusZ! (BEHE DES|) . ZERRIZET S
THERMNAD, NI T ERADEEEZLI-EIEHERT S,
ERHAHMPI_STATUS SIZEQBHEFINEE SN D,
ZELIZAYE—DDEFTD IV istatus[MPI_SOURCE].
2 Y istatus[MPI_TAG] 28 AN B,
& &5 : MPI_Status istatus;

FortranS &5 : integer istatus(MPI_STATUS_SIZE)
|err(EL)ﬂE) . %E&*ﬂ'&ﬂo Ia_j_Pb§]\éo
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7L MPIBAIE—MPI_Send

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

itag, icomm);

42

sendbuf : E{EMEEDEEHEMZTIETE
icount : BB EXEEBOT—IERMETIETE
idatatype : B R X {EEBOT —FDEZTIETE
idest : BB EXEL=LPEQicommNTDIUI%IEE
itag: BB ZELEVAVE—DIXfFHoN=2T DIEFIETE
icomm : *&3&9;.*1_%7!:!-&‘/47“ KHZRHT HESTHD
O3 =4—A3%IETE
ierr (RYME): BHE, I5——FH AL,
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Send —RecvDifa (1%f 1 815)

MPI_Send

\ MPI_Recv
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72 MPIES%t—MPI_Bcast

» ierr = MPIl_Bcast(sendbuf, icount, idatatype,

iroot, icomm);

44

sendbuf : EERIUVREREDLEHRMZIEET D,

icount : EBHE EEBEBOTIEZRBEFIETIT S,

idatatype : EBHB EEEEOT—HDEEZETET D,

iroot: BB EEL-WAVYE—IUHNHSPEOEBE S
IHTET D, EPETRILEZIETET OLENH D,

icomm : EHE PEEMHZRH T HIESTHD
O34 —A3%ETT 5.

ierr (RYUfE) : BHE, I5—a—FHAD,
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MPI_Bcast() MP|_Bcast()

£ PEAS
B ZIES &

- =
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VA ayia

) B> 2T <RI > EFA

()F o ay) S 5H0E

11 :

NIEER

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

£

&

1.

18 {E /B & (collective communication operation)

HEN S

) HEMGERDEFELADEWNT., 27D
AR ITT—ADNEFEET S
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VA aia

y SEEFERICH T ST APEDELY

MPI_ReduceBE %%
VFO AV EEDRERE. HH—DDPEICFIESES

oo

MPI_AllreduceE %k
YRV BEDERTY. E TCOPEICATESES

Ry B,
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LR 72 MPIBIZ—MPI Reduce

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

sendbuf : EF{EEBOSLEHFMMZIETET S,
recvbuf : Z{EEBDEEBEMMZIETFET S, iroot TIEELT:
PEDH TEEZAHADEEIND,
EEEBEZEREIE. FA—ThoTUILEHELY,
§iEHb, RSB EHERLGSTIEESEL,
icount : BHR, EEBBOT HERUETIETET D,
idatatype : BB, EEHEEHDT—ADREIEET Do
(Fortran) <s/N"BwRKELFME>ZFTIRIT EEZIEET
A5 A&, MPI_2INTEGER(Z#E!). MPI_2REAL
(E4EEEY), MPI_2DOUBLE_PRECISION({S5E &) |
ZHETET 5o
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49

BER 722 MPIBS2(—MPI_Reduce

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

MPI_MINLOC (&x/MNAIE)
iroot: BHA HRZTX

DOV EHETET H, ETNDicomm NADPETREIL

EZXETETLHILENHS,
icomm : EHE! PEEMR

51:7_9’&*5%760

A

[FEXAHPEMicomm N T

o d 2B 5 CTHHD

ierr : BHH, IT5——FHAS,
0I5 CMSIEFERIFRTRRA iTC
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MPI_Reduce®Difz (GEMHE)

PEQO PE1 PE2 PES3
MPI_Reduce()

MPI_Reduce() MPI_Reduce() MPI_Reduce()

Iroot

e e

op (FEEENI=HE)

'

B

BHFH

7—4
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MPI_ReducelZ k5 2 V) A MALBL
(MPI_2DOUBLE_PRECISION & MPI MAXLOCQC)

MPIl_Reduce() MPI_Reduce()

Iroot

MPI_ MAXLOC

U 53 % 0D HX 38,38 IR AL IR

m_
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IR 7 MPIBSE—MPI Allreduce

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

sendbuf : EF{EEBOSLEHFMMZIETET S,
recvbuf : Z{EFEIB D FLEERMMZTIETE I D, iroot THEELT-
PEQH TEZTAHNEEIND,
EEEEERIEEEIE, F—THoTIFELZEELY,
JiEbhHb, BLULSEHEHERLLESTIEGLEL,
icount : BB EXERFEODT HIERBETIEET D,
idatatype : BH#HH  AEEHOT—HDEEZIETET 5,
R/IMEPRKRELMAEZ R EEZIEET m5(E.
MPI_2INT(2%{ %), MP|_ 2FLOAT (BFEER),
MPI_2DOUBLE(fEf5E ) 8T 5,

52 ISR CMSIEHERFF LT HA iTC
- ORI AL > 5 —
Information Technology Center,The University of Tokyo



_—lii

53

FER 2L MPIBYZ(—MPI_Allreduce

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

ierr : B#H, I5—a—FH A%,
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MPI Allreduce®iz; (GEMEE)

PE2
MPI_Allreduce()

PEO

MPI_Allreduce()

=

PE1

MPI_Allreduce()

_

l

PE3
MPI_Allreduce()

BEE cnf-;E58

ic;}G

ped

l

l

N

BRAHT —FOBE

REHH
7—4%

BREFH

7—%

20154 CMSEFRRISRIITR mA

ITC

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



VA ayia

» EREIZDULNT
)Z oV EREIE 131 BIEIZEEREN
g0 S LR TEHIARETEL!
MPI_Allreduce [& MPI_Reduce [ZEE~NGEELY
MPI_Allreduce |&, BUELIEN A S,
155~ MPl_Reduce Z{#5,
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115 Dz

» 175 A HY(Block, * ) 73

HENTLSET D,

» 1751 A DERETH A" ZEBIZIX. MPITIX

RD2:8Y DEEZ
MPI_GatherEE %%

e EHDAVE—
B AZXMEPET

W 9 DL
KD AXHEPET

MPI_ScatterFH %X

=

B —TELNEE (T

MPI_GatherVESZk

r MPI_ScatterVﬁﬁﬁﬁ
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JLRER 7 MPIBE(—MPI_Gather

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

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

95,
BB, WWET—3FZ(THAPED

iroot :

o

IE &

X
i

{

BER 7 MPIBS2(—MPI_Gather

BEDT—FREEE

icomm RN THDIUIFIBETEIT S,
ETDicomm NDPETREILIEZIEET 5

WENHL,
icomm : ZEHE PEEF

’&nrunﬂz-d—%)%"?-t%%)

OS2 =4 —3%ETI 5,

lerr :

A TS—O—KAAS,
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MPI Gather®iz: (GEMEE)
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LR 7 MPIBHE—MPI Scatter

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

sendbuf : E{EFEEDEBEEMZIEET 5,

isendcount: EHE EEBREOTIERMZEIEET S,
COERII. IPELYICELSNIERET —IHERET S,
MPI_Scatter Bl CIX B PETELGLIHMD T —FE R T HZ &L T
EHVLDT, RLEEEETHE,

isendtype : BB EXEEBDT—IDEZTIEET S,

iroot T EEL-PEOHBZNELLS,

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

irecvcount: EBHE A ZEEBOT—IERHETIETET S,
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6l

Irecvtype :

ERAE

iroot :

icomm :

o

IE &

X
i

{

HER 7S MPIBAZL—MPI_Scatter

BEDT—FREEE

BB, NET—2%2(TERAHPED
icomm NTHDIUIZFIBTET S,
£ TDicomm ADOPETRILIEZIEE T HIHE
N5,

%&*&ﬁlj PE%

’&nrunﬂz-d—%)%"?-t%%)

OS2 =4 —3%ETI 5,

lerr :

A TS—O—KAAS,
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PEO PE1 PE2 PES3

MPI_Scatter()
iroot

T—5A
T—%5B
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MPID ik )

» MPIZ#CENT DI
MPIZO /N )L TERAVINAZTAVINA )L
EITI7M4)I L aout ETHUEEDHZRIZFITONFET)
LUTDaAvTUREELT
ARSI TATETTIE. LTDARUREEEAN
INYFOITETTIK, Dad RV TR I7AILIZEEE
$ mpirun —np 8 .Ja.out

MA/NAVDINYFOITET

TlE.MPI7OtA$IEERD

MPI® FRXTIRET 5B E M HYET,
OB TFITRBENBYET

$mpirun ./a.out

MPI{2 &)

aAvR

E1TIT7AMIL
£
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WiHkHelloZ' 1 7S5 LD (

B,

#include <stdio.h>

—NTATSLIE, £EPET;

CHIND

#include <mpi.h>

void main(int argc, char* argv[]) {

int  myid, numprocs;
int ierr, rc;

|
- 55 0IDESEHS
ierr = MPI_Init(&argc, &argv); FPETIEIXEGS

MPID % EA1E

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); \

66

=X NOWARE ARy E |
=15
- HPETIEXRL
MPID#RT
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WA K HelloZ’ 1 275 AD#HH] (Fortrans iE)

—NI70T5 LI, EPETEEIINS

program main
include 'mpif.h'
common /mpienv/myid,numprocs

MPID#)#]1E
integer myid, numprocs
integer ierr B DIDESZEF

| / KPECIEITEHS
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) ZIS
- | - RPETEILEL
stop \ MPID#& T
end
68 ISR CMSIEFERIF R gﬁ!;!‘!,:_
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VA=A NN YL
» 4ATOFRARITOH A
Hello parallel world! Myid:0

Hello parallel world! Myid:3
Hello parallel world! Myid:
Hello parallel world! Myid:2

47OV RIEMD T, R-MNAETS
(10007A+ER7E51000{H AMTS)
oMyidEBEBENRREIND, EARTEELIE-FESITEL,
o/ 9 LE . myidMOML3ET, &L THAL
—SZITIERIEAL TEITIN TLVELY
SEFTTEICHERIIERELS
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iR 7a 72 LA GBIREERE D)
y FRITOLRABNRETSHT—2%,. 70X TMEL.
HETALR1 DI EREMEITHEEEZEZ D,

» RFNEFIE (BREREA )
OB THHINIR) EBOTOEAINST—E2EZET S;
EFOT7OEANST—2H KTV =5
Z{&9 5;
<BRDT—E3>ELZET—E>MET 5;
(RESUOTHITNIRD)ABOTOERIZ20OMEL-HEEE >EET 3;
MIBZHRT 9 5;

4 %'H:J:G)/EE,Q\

EEYEIX. (myid-1) DIDZEHDTAEX

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

%ﬁt/ﬁ—

r,The Un of Tokyo
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1 xf 1@8fEHH 4’i'J
(BRirix . CERb

void main(int argc, char* argv[]) { 2 {& /ZTA@E?” DFELR

MPI_Status istatus; €

dsendbuf = myid;
drecvbuf = 0.0;
if (myid !=0) {

ierr = MP|_Recv(&drecvbuf, 1, MPI_DOUBLE, myid-1, O,

Q’UZU D/7E0N
IDES (myid-1) A,
double®! F—421D%
1= LdrecvbufZ$kIZ
KA

MPI_COMM_WORLD, &istatus);
}

fjsenc.lbui= dsendbuf + drecvbuf; IDEE (myid+1) =,
if (myid != nprocs-1) { P 3=
ierr = MPI_Send(&dsendbuf, 1, MPI_DOUBLE, myid+1, 0, | dsendbufZ2 s A -

MPI_COMM_WORLD):

}
if (myid == nprocs-1) printf ("Total = %4.2If ¥n", dsendbuf);

BR&kYU—D2%L

TLybdouble® 5+ —4
1 D% %S
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1

xf 1 @5 R A

J

(B IRHiRE .. Fortrans k)

&

&

program main

integer istatus(MP|_STATUS_SIZE) €—— Z{ERAY AT LEIIDFER

dsendbuf = myid _

drecvbuf = 0.0 /
if (myid .ne. 0) then
call MPI_RECV(drecvbuf, 1, MPI_DOUBLE_PRECISION,
myid-1, 0, MPI_COMM_WORLD, istatus, ierr)
endif
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

Ba&kYU—247%0
IDEE (myid-1) M.
double®! F—421D%
1= LdrecvbufZ$kIZ
A

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

end

73 2015 CMSIEFER SRR
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iR 7 u 72 LA (ChHAREE R
» ZHRAEEFEAN
k=1;
for (i=0; i < log2(nprocs); i++)
if ( (myid & k) == k)
(myid - k)& TOLR IET—E2%%2(E;
BAoDT—3ERET—HEMET S,

k =k *2;
else
(myid + W& TAER 12, T—2%ER%ET5;
MIBZERTI5H;
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wiER a7 o A (CoAREEH

3B H =log2(8) B¥ E © >
28 H O >© (5 >@
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A ra 7S5 A (CoAREEHTR)
» EELFDOIX
Eo: JOCABSD2EMKRIEDEHREFIATS
FIRIZBUWT, 2ETEH2TARDOEHIT. LTTEMTS:
myid & k Ak &—E
ZCTok=20G-1)
DFY, TOEREBESD2EHMRETENSIBFEHDEYRAI-TILVS
JRERM EETHILIZTS
F- EZEXTOTOLRESE LTTEITS:
myid + k
DFY [ BIEIARILTHPEESDREREIZ27(-1) —ZHKEDT
FEETOERIZDOWLNTIX, LEOHEHAKYILD,

ITC
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%m@%7U77A(;‘*E%ﬁﬁ)
B REREA XD E(E[EIE
BRSDMZ. nprocs— 1 [B
—AaRBEARNDBEER
RFLYDHEIRE

FETIONLGEEE. TEICHIITITHONDS
CR{EDEEITFEAELELY)

DO DEERIEGTS

DFEY. log2(nprocs) [E
» B DBRISEIZD HER

Tty EHAET L BERBDE (=EITHRE) A

ETHKRETES

1024 TIlE, 1023 » 10[H !

THE DT LEZHORBEARDNLWVEIFTRESHWVGEEFHEDZ H)
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ZDhoEE (MPI7utk 20|V 4 T)
» MPIZALEXEMIB/—FEDE|YHT

Machine file CA—HY N EEITD
ANAVIREBETIX \YFOITORTLDITS
y INYTFUITRTLMNTIGEE . BEROIIREZEL.
BIE/NF—2FEEL. &iEICMPITOEA A YR /—FIC
Y B ToNdMIHhhoii
RE. BIEBENZRTS
A—HH, MPI7OEREE|YLTEHERYNT—IMIKEFIEETES.,
INYFOITVRATLEHSD (. ELEFX10)
MPITOtEREIYETEHEILTEHIV—ILOHERLH S
» ANNAVEVEADERDEE T, A—HE
ST ESS 2y Nt Eﬁﬁfé?étlilﬁbﬁb\

—REZRLIT N, RITHEEHRELLOMRER. NEFEND
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2 Sk
. MPIEZITAYSIVT PAFIOFE S REER
Wi 5|7 AT 527 ROEMPIR, FILFEH &,
= EIEHRE F R ATz sE (RIST) R 32—

( http://www.hpci-office.jp/pages/seminar_text )
3. Message Passing Interface Forum

( http://www.mpi-forum.org/ )
4. WHAVE2—FTF EHERE. BEE(1996)

N

ITC
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LR— bk (2D 1)

» IBELARNILELLTIZERTE

BEIREDLANJLIZEET S50 :

[_00:; %bbf%gﬁlﬁﬂto

L10: Biko2&EEZANITHMISEE,

L20: 1EAERYIIRERE,

L30: HEFHEIFREELELTLHRIE,

L40: HEARBELELT SME, EHLTEREVNELT S,
L50: MMARREVLELTHRE, RERERBEZET,
XLAOLL LT, X HhRT 5IZET SRR,

» EEEDY T ILTAY S LIEZLLTHF AR EE

Sample-fx.tar
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. [LO5] MPI&IEfRI AERBRE &Ko

2. [LI0] BREEA K. 2 RBIEAXDEITEMZETAIL.
EDAXMNMABEDT Oy BEHMTHEINELGLINEHLH
2t &, Ff=. TOERIZDOWNT, BRE L,

3. [LIS] ZHAREEARICOVNT, TOyHEHMN2D
REFETHEVNEEFICLEETDKLIIC. TAYSLE
=N
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