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

}

}

y[i]l += alill[jI*x[j];

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

for (i=0; i<n; i++) {

} yLi] += alil[jl*x[j];

}
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ierr = MPl_Xxxx(....);
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call MPI__XXXX(....,ierr)
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MPI_Status istatus;
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Fortran § ;&
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O Fortran & 55

MPI_CHARACTER (3X5F#Y) . MPI_INTEGER (B#%).
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EE#A) . MPI_ COMPLEX(#8 & &)
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H 7S MPIESE(—MPI Recv (1 ,/2)

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

itag, icomm, istatus);

41

recvbuf : ZIEFEB D ELERMMEZIEET S,
icount : EBHE A ZEEEHOT—IERHEFIETET 5,
idatatype . ﬁéﬁ&ﬂo '_XL' ;ﬁai«jzo)T—@@ﬁué* j—éo

MPI_CHAR (X=F&) . MPL_INT (Z#3).
MPI_FLOAT (£#iZ). MP|_DOUBLE({EHEEEHR)

isource : BB ZFEL-WWAVYtE—I%F{ET SHPED
IUDEEET B,
EEDPENSZIELI=LVEE(X. MPIL_ANY_SOURCE #$8E 9 5.

ITC)
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H 7S MPIESE(—MPI Recv (2 /2)

itag : BEE ZELI=WLAYE—UIZHONTNSRY DIEFIEE,
EEDRTEDAvtE—CFZELIZ0VEE(X, MPLANY_TAG ZE7E,
icomm : BHA PEEHZRHMITHIEZE S THHIAZ2 =/ —43
’E?EEO
EETIEMPI._COMM_WORLD #iEFE T IE KLY,
istatus : MPI_StatusZ! (B#E DES|) . ZEWRRIZET S
EHAAD NS TERADHETEXL-RIIERET SHIL,
ERHAHAMPI_STATUS SIZEQBHMEFINEE SN D,
ZELI-AYE—D DEEFETD S UH istatus[MPI_SOURCE].
25 H istatus[MPl_TAG] [Tk ASNh 3,

E5%: MPI_Status istatus;

Fortran§5&: integer istatus(MPI_STATUS_SIZE)
ierr(RYIE) : B#HE  T5—a—FMNAS, |TCD
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» ierr = MPIl_Send(sendbuf, icount, idatatype, idest,

itag, icomm);

43

sendbuf : E{EMEEDEEHEMZTIETE

icount : BB EXEEBOT—IERMETIETE

idatatype : Eyﬂi EEEEOT—2DEEIETE

idest : B#HE E{ELLPE@QicommATDIUIFIERTE

itag: BHE, ZELEWWAYE—VIZFIToN=2T DIEZEIERE
icomm : EHE, 7|:|‘EJ'U' KHZRHT HESTHD

OS2 —3ZExE

ierr (RYUE): EBHE I5—a—FHAS, -
o)
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JLER 72 MPIBS2(—MPI_Bcast

» ierr = MPl_Bcast(sendbuf, icount, idatatype,

iroot, icomm);

45

sendbuf : EEHIUVREREEDILEHRMZIEET o
icount: BB EEBEEBOT XERMEIEET D,
idatatype : EBHE  EXEEEOT —EDEZEET 5.
iroot : BB EEL-WAVYE—IUNHLPEOEBESH
IEET D, EPETRILIEZIEE T HLENH D,
icomm : EHE PERRZEHITOEFSTHD
OS2 =7 —3%7ETEI D,
ierr (RYE): EBHE, I5——FH AL,
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MPI Bcast®Di4 (GEMEE)

 PEQ  PE1____ _PE2 ____ PE3
MPI_Bcast() MP|_Bcast()

EPEM
REMIANE SN &

:’ MPI_Bcast()

g
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VA ayia

) <BIESIZELOTLSRIT>ZFEE D

()F o ay) S 50E
151 -

NigES

NIV (nRTZER) — RADBT(1RITZERM)
'J97/3/}§%ﬁli BIEETEZVELETH

3815 /8 K (collective communication operation)

(‘_'I]

HEN S

) BEMGROFELADELT., 250D
ABZITIT—ADNFET S iTC)
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VA aia

» EERRRITH I DRTEPEDE

MPI_ReduceBE %%
VFO AV EEDRERE. HH—DDPEICFIESES

Q/ag/ — D

MPI_Allreduce ESES
Vo3 EBEDHRE. ETOPEICATESES

D Rl e
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LR 72 MPIBIZ—MPI Reduce

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

sendbuf : X {EMEEDELEHFMZIEET S,
recvbuf : Z{EEIBDEEHRIMMZIETET S, iroot TIEELT=
PEDH TEZAANGEEIND,
E{ERBEZEREIL, F—THhoTIFELZALY,
JaHb., BGHEINEHERLGESTIEGLELY,
icount : BB EXERFEODT HIERBETIEET D,
idatatype : BB, EEHEEHDT—ADREIEET Do
(Fortran) <f&x/N/"BKREEMES T RITEEZIETET
A5 A&, MPI_2INTEGER(Z#E!). MPI_2REAL
(E4EEEY), MPI_2DOUBLE_PRECISION({S5E &) |
ZHETET 5o
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50

LR 2 MPIBHR(—MPI Reduce

iop: BHE EEDEREZIETEI S,
MPI_SUM (#2%0). MPI_PROD (¥&). MPI_MAX (& X).
MPI_MIN (5/]\). MPI_MAXLOC (mK&EBIE).
MPI_MINLOC (&x/NfIE) 5 &E
iroot : EHHA  $ERZZ(TESPEDicomm AT
DI IDHEIBTET D ETNHDicomm NDPETEL
EZIETEITOIVLENDHD
icomm : BFK;&}FU PE% M %ntb\nﬁka—é%_’?‘t%é:
S —37ETET 5,

ierr : BHR, I53—a—FHAS, |TC)
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MPI_Reduce®Difz (GEMHE)
PEO PE1 PE2 PE3

MPIl_Reduce() MPI_Reduce() MPI_Reduce() MPIl_Reduce()

Iroot
-

|

op (FEESNI-EE

REHH
F—5

)

'

B
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MPI_ReducelZl X% 2 ) A MALHH|

(MPI 2DOUBLE PRECISION & MPI MAXLOC)

PE2 PES3
MPI_Reduce() MPIl_Reduce()

PEO

MPIl_Reduce()

M

A

PE1

MPI_Reduce()

Iroot

MPI MAXLOC

o

LL

U5 % 0D X 38538 AL EE
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LR 7 MPIBSZ—MPI Allreduce

» ierr = MPIl_Allreduce(sendbuf, recvbuf, icount,

idatatype, iop, icomm);

53

sendbuf : XEFEEBDSLIEHRMTIEET 5,

recvbuf : Z{ETEE D FEEHFRMMZFIETET 5. iroot TIEELT=

PEQHTEZTIAAMNGEEIND,
EIEEBEZEREEIL, F—THoTIEELAELY,

Jiahb, BELHEINZHERLGESTIEGZELAELY,

icount : BB EXEBBODT IERBETIETET D,

idatatype : BHH  EKEEHDT—IDEZIEET S,
R/IMECPHRKELMEZ R EEZIEEIT H5(.
MPI 2INT(Z#{E!). MP|_2FLOAT (HE¥EER),
MPI_2DOUBLE(f5#5 EH) ZTEE I 5. iTC)
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54

LR 7 MPIBSZ—MPI Allreduce

iop: BHA BEDEEZHETET .
MPI_SUM (#2%0). MPI_PROD (f&). MPI_MAX
(== X). MPI_MIN (&/]%). MPI_MAXLOC (&
KEGIE). MPIL_MINLOC (/NfIE) % &,
icomm : E#HH PEERZRHIHAESTHHO
S —3%ETEI D,
ierr : BHE, I5—a—FHAS,

iTC)
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MPI Allreduce®ilz (GEM@E)
PE2

PEO

MPI_Allreduce()

=

PE1

- 4

l

BEE cnf-;E58

ic;}G

ped

l

l

N

BHEAHT —FDHE

RAEH
F—4

REHH
7—4%

REHH
F—4

REHH
F—4
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VA ayiih

» EBEIZDULNT
)Z o3 EREIE, 1x1BIEICEEREL
JAJ S LHPRTERTARNETEL!
MPI_Allreduce [&X MPI_Reduce [ZEE~ELN
MPI_Allreduce |&, BUELIEN A S,
155, MPl Reduce ZfF5,
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5 Dz
» 1751 A HY(Block, * ) R EIESN TS ET S,
17514 ODEK% T3 AT *#EBIZ(F. MPITIZ

MPI GatherFaa -Ij-,(;(‘hi‘%pE—Ce

B —DESFES

EDHEZH A XNFPET

B —THELEE (T

MPI_ScatterFH %X MPI_GatherVE %

@ MPI_ScatterVEI$

——.4

F = ITC)
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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 : EHE  EXEBEBOT—IDEEIEET 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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59

JEERG 7 MPIBS2(—MPI_Gather

irecvtype : EHH  ZEBBOT AXEZTIETE
EROE

iroot : EBHE INET—F%FZITHSPED
icomm ATHDISVIZFIETET b,

£ TOicomm NNDPETRILEZIEET S
HWENHD,

icomm : EBHH PERHZRH#MITOIBSTHD
OS2 —3Z1ETET 5

ierr: BHH I53—3—-FHAS, ITC)
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MPI_Gather®Oilfz (GEMEE)
PEO PE 1 PE2 PE3

| 7 Gaer0 QI8 P Guner0 WE MPLGather0 || MPLGachro

Iroot
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i g

HER 7S MPIBAZL—MPI_Scatter

» ierr = MPl_Scatter ( sendbuf, isendcount, isendtype,

recvbuf, irecvcount, irecvtype, iroot, icomm);

6l

sendbuf : E{EFEEDEBEEMZIEET 5,

isendcount: EHE EEBREOTIERMZEIEET S,
COEFRHIL, IPEL-YICELSNDIEET—HHERTETHE,
MPI_Scatter Bl CIX B PETELGLIHMD T —FE R T HZ &L T
LD T, BLEEEETSE

isendtype : BB EXEEBDT—IDEZTIEET S,

iroot T EEL-PEOHBZNELLS,
recvbuf : Z{ETREBDEEHRMZFTIETET S,

BHEFRAELT, AEBBEZEEBIE, B —THo>TIEELELY,
Fahb, RSB ZHERLGSTIIELEELY,

irecvcount: EBHA ZEMEBOT—IERHETIETET S,
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JLRER 72 MPIBE—MPI_Scatter

irecvtype : EHH  ZEBBOT AXEZTIETE
EEE

iroot : BB IYNET—F%Z(TESPED
icomm NTDHDISUIZFIETET 5o
£ TDicomm NDPETRILIEZIEE T AILE
M5,
icomm: ZE#HH PEEMZRARFHITHBETTHD
a2 =4 —3%ZHETET 5

ierr: BHH I53—3—-FHAS, ITC)
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MPI_Scatter®ilf= GEMEE)

PEQO PE1 PE2 PES3
MPI_Scatter() MPI_Scatter() MPI_Scatter()
iroot
T—5A

T—%5B

g

ACALIE

& A\>‘4
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MPI7'1 275 A EH
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MPIDikdd)

» 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

Tl MPIZ7OER$ITERAD

MPI® FRXTIRET 5B E M HYET,
OB TFITRBENBYET

$mpirun ./a.out

MPI#2 &

avR

ETIT7AMIL
£
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MPID & H)

mpirun -np 4 ./a.out
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WA RHello7Z ' 72 LADqEH (CSEE)

#include <stdio.h>

—NI70T5 LI, EPETEEIINS

#include <mpi.h>

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

MPI®D F)HH1E
int  myid, numprocs;
int ierr, rc; /

ierr = MPI_Init(&argc, &argv);

|
B DIDESERE
- ZPETIEITEL S

ierr = MPI_Comm_rank(MPI_COMM_WORLD, &myid);
ierr = MPl_Comm_size(MPI_COMM_WORLD, &numprocs);

orintf("Hello parallel world! Myid:%d ¥n", mym ARDTOvHEH

rc = MPI_Finalize();

exit(0); ™~ MPID# T

= 1F
- ZPETEIXRLC
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FILEMETE
BIAE E

[CRIZZTHER
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WA K HelloZ’ 1 275 AD#HH] (Fortrans iE)

D705 LIE. EPETEEINS

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

MPID#EA1E
integer myid, numprocs o
integer ierr B DIDESZERF

| | BPETHIZELE
call MPI_INIT(ierr)

call MPI_COMM_RANK(MPI_COMM_WORLD, myid, ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD, numprocs, ierr)

print *, "Hello parallel world! Myid:", myid =X NOWARE ARy
call MPI_FINALIZE(ierr) AT
) FPETIEFRIC

t N pin
Z:dp DT iTg
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7u 7 L
» 47 0€RAETOH A
Hello parallel world! Myid:0

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

047 O0tRIEMDT, RI-HAAETS
(10007 B+ R7%51000H HMNTD)
emyidEBNETEND, A CEELEESLEL.
o 3 LE. myidhOMS3ET, EHEL THAWN
L& TIRREL TEATEATLMRL 5
SEITZEICHRRITIEGD 4
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fmE7a 79 A (BRIEERXETTR)
» BRITOVALMEST ST —3%. E7OCXTHNEL.
HATALR1DOIERERETHEEEERD,

» JRAMNETT B CERERE A )
(OB THINIX) EBOTOANST—2%RIET H;
EFEQOT7OERANT—2ME TN =5,
Z{E9 5;
<BADT—EA>ELZETEI>EMET B;
(TSI THITNID)ABROTORRIC20OMEL-#HEREE > FEIET S;
WEZERTT 5,
y EEFOIE
EEY &L, (myid-1) DIDZEHDTBEX
GBEYEE. (myid+1) DIDE3LDTOEX
myid=0D 7 At R (&, EBEYIZELD T, ZELEL
myid=p-1D T ORI, AEEYIFELD T, EEFE LA ITCD
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Ny L= X5k

GIERE GIERE AiA T —4 AT —4

- N

!i = 0] !i — 1 !i - 3 !i -

o|+| | =1 1)+ =|3 3|+ =6
¢

R IEHER

b
jilllll
NA.E
jilllll
bié
ouji

72 201947 FHEREEITHA



Ui LS RUnm
(EWEEE SR, Ceil)

| g |

void main(int argc, char* argv(]) { 2= H /ZT-L*@EEJ DR
MPI_Status istatus; € § 5 EY— D BEL

" dsendbuf = myid; IDZ&= (myid-1) Hr b,
drecvbuf = 0.0; double®!F—A21D%
if (myid 1= 0) { Z{E LdrecvbufZ I =

ierr = MPI_Recv(&drecvbuf, 1, MPI_DOUBLE, myid-1, 0,/ {£ A
MPI_COMM_WORLD, &istatus);

} N L —D %)
dsendbuf = dsendbuf + drecvbuf; B &Y—2%L
. e IDZE= (myid+1) [Z,
if (myid != nprocs-1) { Fofs iy [
ierr = MPI_Send(&dsendbuf, 1, MPI_DOUBLE, myid+1, 0, | ds€ndbufZZsi=A->
MPI_COMM_WORLD); TLybdouble® 7—4
} 1D%&(E
if (myid == nprocs-1) printf ("Total = %4.2If ¥n", dsendbuf);
- ITC)
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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

BakY—D2%L
IDE S (myid+1) .
dsendbufZE 12
A2 TLY4doubleZ!
T—R1D%&IE

end
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iR 7u 77 L (ChAREE R
» ZHRAEEFEAN
k=1;
for (i=0; i < log2(nprocs); i++)
if ( (myid & k) == k)
(myid —k)FEF TAER HhoT—2%2E;
BROT—%E RETHZMETS;
k =k *2;
else
(myid + K& TOER 12, T—4%ER%ET 5,
MBZRTTH;

75 2019615 FHERERATTRA w i B RS

NAGOYA UNIVERSITY



wiER a7 o A (CoAREEH

3EH =10g2(8) B B (3] >(7)
28 O >© @ >@
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wimR a7 8 ChREE R
y BEREFOI K
Em: JOCREBESD2EBRIEDIFEHREZFIET S
FIRICBWT, 2ETHTO0RDEHIE. LLTTEMTS:
myid & k Ak &—%
ZZT.k=27i-1),
DFY, TOEREBESD2EHMRETENSIBFEHDEYRAIL-TIVS
TOERAMN, EETHIEIZTS
F- . EIETOTOLRESIL. LTTEITS:
myid + k
DFY ( BIEINKRILTHPEESDRERIZ27(-1) —ZHKEDT
FIETOERIZTDNTIX, EEEDOFEMNRYIID,
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@m@%7U77A(4\*ﬁ%ﬁﬁ)

A RERIE A XD @S [EIEK

BASHMZ, nprocs— 1 [B

ZHARBIEANDBEEIE

RELY DRI

EERTIHONHEEIE. T2ICHINTITHOLNDS

GRIEDEZEITFEAELLLY)
RO DBEERIZEGS
DEY. log2(nprocs) [B
» MEDBEREIZDEER
JOvyvH BN ET L, BIE
ETHKRETLES

HDE (=F1TH[E) A

1024%/ETlX. 10230 %I 10[@ ! |TCD
TH AT LA RBEARNLDEEESED CGBIEFEDZ
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ZFODMOFHEE (MPI7 & ZDE Y 4T)
» MPI7O®REMEE/—RFEDE|Y LT
Machine file CA—HY N EEITD
ANAVIRETIEX, Ny FOITORTLDITS
» INYFUITRTLNTIGE .. BIEMOIIREEEL.
BIE/NF—FZEL, &xEICMPIT O AN YR/ —FI(C
ZY B ToncsMITHhh iy
RE.BEARENZHITS
A—HMN MPITOEREE|YLTHRYNT—IMIKEIEETES.
INVTFOITVRTLESHS (. ELEFXI0, FXI00)
MPIZ Ot RE|Y HTEHHBILT HV—ILDOWMHELHD
y Z/NAVEVADERDEE T, —MNE
FYRT—ORARDEIC E%E{%‘C%étliﬁﬂbmb\
) BKITC: T 74 ILMEIEEEHEEIY BT

—BEZRELTEN. RITHEGERECOMTER. NEFEND
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\

2> SCHk

. MPIIEZITAYSEIVT PAFIOE S REE R
2. Message Passing Interface Forum

( http://mpi-forum.org/ )
3. WiFarEL—3T% EHERE. BREE(1996)
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Li—bMifE (20 1)
» BIRELANILELLTIZERTE

BEIREDLANJLIZEET S50 :

[_00:; %b&bf%’lﬁﬁlﬁﬁ_o

L10: Biko2&EEZANITHMISEE,

L20: 1ZZERLRERE,

L30: HEFHEIFREELELTLHRIE,

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

» BB EOQYTILTAT S LITLLTAFI AR EE

Sample-fx.tar
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Lih— i (ZFD2)

. [LO5] MPI&IERI M ERBAH &K

2. [LI0] ZEREREA . 20 R BIEAXDETHRREZETEIL.
EDAXMNMABEDT Oy BEHMTHEINELGSINEHLH
[CH &, -, TOERIZDOWT, B L,

3. [LIS] ZHAREEARKICOVNT, FOyHE#HMN2D
REFETHEVEZFICLEMETDKIIC. TAYILE
HERE K

ITC)
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