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MPI Programming

S

« MPI&IX

« MPI®EH : Hello World

« 2RT—REBFIT—H
« 45 )L—73&1E (Collective Communication)
e 1%+1:81E (Peer-to-Peer Communication)
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MPI Programming
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HIALIE (TS X R BELIE

Preconditioned Conjugate Gradient Method (CG)

Compute r(®= b-[A]x(®

for i= 1, 2, .. e o
solve [M]z(-V= p@E-1) Um'fz_li-l)(q‘-.l' X/7-_I)>7
ry,= PO z3E-1)
if i=1

p(1)= 7 (0)

else

b; 4= i 1/P;

p(i)= z(i-1) 4 b, 4 p(i'l)
endif

q= [A]p™

a; = ry,/pq®)

x(1)= x(i-1) 4 aip(i)
p(i)= p@-1) _ aiq(i)
check convergence |r|

M
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HIALIE, RONJLESBEZ DI

//— {z}= [Minv] {r}
*/
for (i=0; i<N;i++) {
} W[ZI[i]l = WIDD][i]l = W[R]Li];
/%
//— {x}= {x} + ALPHA*{p}
/; {r}= {r} - ALPHA*{q}
*k

for (i=0; i<N; i++) {
PHI[i] += Alpha *x W[P][i];
WIRI[i]l —= Alpha * W[Q][i];
}

RFTIEETR (NROH) B A FE=
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AR
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0
/* 1
//—— ALPHA= RHO / {p} {q}
*/ 2
C1 =0.0;
for (i=0; i<N;i++) { 3
C1 += W[PIL[i]l * W[QI[i];
} 4
Alpha = Rho / C1; 5
6
7
8
9
10
11
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THIRINILIE

for (i=0; i<N; i++) {
WIQI[i] = Diagl[i] = W[P]I[i];
for (j=Index[i]; j<Index[i+1]; j++) {
WIQI[i] += AMat[j]+W[P][Item[j]1];
}
}
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13 LBEEE ?

e 4 JL—781E : Collective Communication
— MPI_Reduce, MPI_Scatter/Gather %:&
— ACaZa=45—3RNOLTAatRERIET S
EFH/\EEI.]\',
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« WREREK, ARJMNVE, KFHNZFIO—NIVGHEEROHLFIL

- NHE, RKREGEDFRL—3Y

e 13713815 : Point-to-Point

» 0—0—0—0-0
— MPI_Send, MPI_Receive T

- BEDTOLREDHBIENHD 4 0—0—0—0—0—0
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1% LBIED A E

e MPI_Send, MPI Recv&lWVWSHTIL—FUhi$Hd.

- LHAL, chnlElIToyx25 (blocking) 1BIEH T IL—F>
T, TvkAvY (dead lock) Z# LA LY.
— ZIE(RECV) DFET MNFEFEINTELNE, £ 18 (SEND) HHE T LW

« 1B EEFE(CIsecure’E LRIEZRIET 51=6HIZ, MPI{LH
DFICANGNT-LDTHLHH, ERLIETFEIDO LLL.
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C TZ50SHEEADHDIEVNSTEEDD BRBIZELTENTL
&L,




MPI Programming

MPI SEND/MPI RECV

PE#O i1f (my rank.eq.0) NEIB ID=1
if (my rank.eqg.l) NEIB ID=0
12|34 |5
call MPI_SEND (NEIB ID, arg’s)
‘ call MPI RECV (NEIB ID, arg’s)
b PE#
4111213 4

e FIZIXEIZEDHITEAIX, COXIIZLI=ZWNEZATH
B, COEIHTOTSLEERE
MPI_Send/MPI_Recv®D &ZATIEEH->TLED.

- BKIEELH5
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MPI Programming

MPl_SEND/MPI_RECV (§&=)

PE#0

|0

«h

PE#1

P —

|

« CORIITTNIE, B

1f (my rank.eq.0) NEIB ID=1
1f (my rank.eqg.l) NEIB ID=0

if (my rank.eq.0) then
call MPI_SEND (NEIB ID,
call MPI_RECV (NEIB ID,
endif

if (my rank.eq.l) then
call MPI_RECV (NEIB ID,
call MPI_SEND (NEIB ID,

endif B B

arg’s)
arg’s)

arg’s)
arg’s)
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IR LERDHFE(REREESTHH)

« MPI Isend, MPI Irecv, EWLVITOvFI I LAEL
(non-blocking) 17 IIL—Fhh5d. né&, REID=HD
[MPI WaitalllzflAEHHES.

« MPI Sendrecv ELVSYTIL—F o1 H5 (k).

1f (my rank.eq.0) NEIB ID=1
PE#O 1f (my rank.eqg.l) NEIB ID=0

gall MPI Isend (NEIB ID, arg’s)
1 2 3 4 call MPI Irecv (NEIB ID, arg'’s)

call MPI Waitall (for Irecv)

‘ 1 PE#l call MPI Waitall (for Isend)

112 |3]| 4 Isend&lrecvTRICEB{EBFIFHHE-T,
B[ZESHENENLD THNIEWaitalllE
— BT CHOKTT (&)




MPI Programming

MPI Isend

o ZE{E/NvT7IsendbufIAD, EfELT=TcountlBDEIEAvE—T%, 25 Ttag]
T, a2 =45 —42RH0, ldest]IZEIET S. [MPI_Waitall jZFESET, &
ENVI7ORBZEEHLTITGELALY.

* MPI Isend
(sendbuf,count,datatype,dest, tag,comm, request)

—~ sendbuf & I EE/NYITTDRETRLAR,

—~ count B I Ayt—C DY AR

— datatype E# I Ayt—oDT—R344T

- dest B I EETOAERDTRLR(TS2Y)

- tag BN T Ayt—IR5 EEAVE—UDIEEEXRXANTHEEIZHEHE.
BEILN0JTEL. ALAYE—U2T BEBRLTTHREIE.

- comm MPI_Comm I OS2 =4 —3%HEETH

— request WMPI_Request O WS # A F. MPI_Waitall(‘z{ﬁﬁﬁ.

(B : A XIEEEAT AL EDHAHMPT Isend IFFUHL
HEEFBEITOERHGL)) :cEEEICOLTIHER
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B {E L AIF (request handle) : request

« MPI Isend
(sendbuf,count,datatype,dest, tag,comm, request)

- sendbuf & I EENVITTFDFRETELUR,

—~ count B I Iyt—IDHAX

—- datatype E# i A= DT—2347

- dest B I SEETOCRADTRLR(S2Y)

- tag B T Ayt—T85 EEAYE—DDIEEEZRANTHESIZER.
BEIEM0JTELY. BLAYE—D2T BERITTEE.

- comm MPI_Comm T S —RFEETD

— request MPI_Request O WIE#AIF. MPT Waitall TfEA.

(B3 : YA X EREATEILEDHSHIMPT IsendFFUHL
HBEEBXBEEITOLR#GL))

- ARIEEEZHERI ST TRL
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MPI Irecv

o ZENYT7Irecvbuf IN®, EELI=Icount 1B DEEAvE—%, 25 Ttag ]
ZFFHT, A2 =5 —2AD, TdestiMHZ{E T H. TMPI_Waitall JZFFE 5 FE T,
ZENVITORNBTEZFBAL-NIBEEREL TIXASE.

* MPI Irecv
(recvbuf,count,datatype,dest, tag,comm, request)
~ recvbuf FE T ZIE/NVITFDHRETRLAR,

— count B I Ayt—C DY AR

- datatype E# I Ayt—SDT—E234T

- dest B I SEETAELRDTRLA(SU)

- tag BN T Ayt—IR5 ZEAVE—UDIEEEXRXANTHEEIZHEHE.
BEILN0JTEL. ALAYE—U2T BEBRLTTHREIE.

- comm MPI_Comm I OS2 =4 —3%HEETH

— request WMPI_Request O WS # A F. MPI_Waitall(‘z{ﬁﬁﬁ.

(B : A XIEEEAT AL EDHSHMPT IrecvIFUHL
HOBEEFBEETOERHGLE)) . cEEIC DL TIEZR®
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MPI_ Waitall

e 11ETOYFUTBEBMTHATMPI Isend]ETMPI IrecviZEAL-EE, 7
OCXDEREAZIRADIZFERT 5.

o EERIEXIOIMPI_ Waitall JZESRIIEENYI7FORNBTEERL TGS
ZEFFEIMPI_Waitall IZFESRTZZ{E/ N\ I 7O RNBZ=FI AL TIEXGZELELN.

« EBEHARNTLINIX, TMPIL IsendlETMPI Irecv]ZRIFFIZEIEAL TEH KLY,
— TMPI_Isend/Irecv] TRILEEFHA FEERTHIE

« [MPI_Barrier|ERIC&IGHEETH LD, KAILTSGELN
— FEH(ZH KB, Trequest], Tstatus I ODIBEMNELLEFINT, AIEL

[MPI_Isend/lrecv]ZHF U T ELEBAGELLE D, ELVDKIEIEERLH 5.

« MPI Waitall (count,request,status)
- count B I EHIT2HEDHSIMPI_ISEND) , TMPI_RECV |FEUNH LEL.
- request EH 1/0 BIEFHFIF. TMPI_ISENDJ, TMPI_IRECVITHIHEL=# 5
FARIZxt . (BEHH A X: (count))
~ status  MPI_Status O WiRAT OIS
MPI STATUS SIZE: “mpif.h”,”mpi.h” TEHBND
INTGA—H CEEIZOULTIE R AR
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MPI Programming

WKiRA T/ rEEFI (status object) :

status

« MPI Waitall (count,request,6status)
~ count B T REATBALEDHAHIMPI _Isend] , TMPI_Irecv FEUNH LK.
- request E¥ I/0 BEHAF. TMPI_Isendl, TMPI_Irecv] THIFALT=3 5
FRIZH . (BdlH4X: (count))
—~ status  MPI_Status O WiRA Tz U RERFI
MPI STATUS SIZE: “mpif.h”,”mpi.h” TEHBND
INDA—A

+ FPOREBEZEARLTELTTEIN




MPI Programming

MPI _Sendrecv

* MPI_Send+MPI_Recv: fgt8Hl§I(LZ L D THEENH L ALY

* MPI Sendrecv
(sendbuf, sendcount, sendtype,dest, sendtag, recvbuf,
recvcount, recvtype, source, recvtag,comm, status)

- sendbuf TFE T EENYIFDERETRLX,

- sendcount E#{ I EEAYE—DDH AR

—~ sendtype E# I EEAVE—DDT 3347

- dest B I EETOALRDTRLR(S29)

- sendtag EH# I EERAYE—URY, FEAVE—VDIEEERATAHEEIZFER.
BEIXT0ITELY.

- recvbuf TE I SIE/NNVTF7DHETFLX,

- recvcount E#{ I ZEAYE—DH AR

—- recvtype E# I ZEAE—DT—R258/4T

- source BH I EEXTTOERDTRLR(S2Y)

- sendtag EH# I ZERAYVE—U2T, EFEAYVE—UDEEXRXANTHESICER.
BEKI0JTEN. BACAYE—U45 BERITTEIEE.

- comm MPI_Comm T OSa=4—3%HETETITH

~ status MP|_Status O WKiRA TR (EEF) Y4 X : (MPI_STATUS_SIZE))

MPI STATUS SIZE: “mpif.h” CTEOHLMNE/INTA—H
CERBICDOLTIEi&a



Fundamental MPI

RECV (Z4E) : S E~ADZ{E
2423 7 [T T O A D ESL - F— 452 (I

* MPI Irecv
(recvbuf,count,datatype,dest, tag,comm, request)

recvbuf
count
datatype

dest

=
B
B
B

H H H M

ZIE/NVITF7DERETRLX,
Iyt—SDHAX
Iyt—SDT—RE34T
BETOCADTRLA(T29)

27



« MPI Isend

Fundamental MPI

SEND GE{E) : BRADIEE
EEAYIPOEHEL-F—4ERETOER (%S

(sendbuf, count,datatype,dest, tag,comm, request)

- sendbuf FE

count
datatype

dest

£
iE
£
iE

Fi

%ﬂ
%ﬂ
*ﬁ

H H H H

EIE/NYTTDEETRLUR,
Iyt—oDH A X

I —DT—RE34T
EETOCADTRELAR(ZY)

PE#3
12 15 6 1

v DDA

|

10

O0—O0O—O0 8 9 11 12
10 9 11 12
50—‘6—()9 I I
30— —0 8 8 6
4 :F I5
e—9@—O O O
1 2 7 7 1 2 3
PE#1 PE#2

28
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BIEEAF, KRAT oI D RES

7 C) BFREGEHDEN DS

* MPI Isend: request
* MPI Irecv: request
« MPI Waitall: request, status

MPI Status *StatSend, *StatRecv;

MPI Request *RequestSend, *RequestRecv;

StatSend = malloc(sizeof (MPI_Status) * NEIBpetot);
StatRecv = malloc(sizeof (MPI_Status) * NEIBpetot);
RequestSend = malloc(sizeof (MPI_Request) * NEIBpetot);
RequestRecv = malloc(sizeof (MPI_Request) * NEIBpetot);

. MPI_Sendrecv: status

MPI Status *Status;

Status = malloc(sizeof (MPI_ Status));

i

29
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274 AE—-T1LIM)HERR

FORTRAN—
>$ cd <$P-TOP>
>$ cp /tmp/2015summer/F/s2-f.tar .
>$ tar xvf s2-c.tar

c1—¥
>$ cd <$SP-TOP>
>$ cp /tmp/2015summer/C/s2-c.tar .
>$ tar xvf s2-c.tar

Ta4LO )RR
>$ 1s
mp i

>$ cd mpi/S2

CDT4 LY M) ZFXKEETIE <$p-52> LS.
<$P-S2> = <$P-TOP>/mpi/S2

30



MPI Programming

FIFAMF (1) : RA5:EZ{E

o PE#0, PE#1[] T8/ \MFEMVALDEZXHT 5.

if (my rank.eq.0) NEIB= 1
if (my rank.eq.l) NEIB= 0

call MPI Isend (VAL ,1,MPI DOUBLE PRECISION,6NEIB, req_send )
call MPI Irecv (VALtemp,1,MPI DOUBLE PRECISION, NEIB, .., req recv,.

call MPI Waitall (..,req recv,stat recv,..): x{‘/\“}?? VALtem ’E*IJFH_IEE
call MPI Waitall (..,req send,stat send,..):3X{§/\WTJ7 VAL ZZEHEA[§E
VAL= VALtemp

if (my rank.eq.0) NEIB= 1
if (my rank.eq.l) NEIB= 0

call MPI_Sendrecv (VAL ,1,MPI DOUBLE PRECISION,NEIB,
VALtemp,1l,MPI DOUBLE PRECISION,NEIB,.., status,..)

VAL= VALtemp

RIE/INVIFRZEIVALIICLTHEIGES(XH S D, HENSHIILAL.



MPI Programming

FIAFI(1) : RASEZIE C

Isend/Irecv/Waitall
$> cd <$P-S2>
$> mpifccpx -Kfast exl-1l.c
$> pjsub go2.sh

#include <stdio.h>
#include <stdlib.h>
#include "mpi.h"
int main(int argc,
int neib, MyRank,
double VAL, VALX;
MPI Status *StatSend, *StatRecv;
MPI Request *RequestSend, *RequestRecv;

char **argv) {
PeTot;

MPI Init (&argc, &argv);

MPI Comm size (MPI COMM WORLD, &PeTot) ;
MPI Comm rank (MPI COMM WORLD, &MyRank)
StatSend = malloc(sizeof (MPI Status) *
StatRecv = malloc(sizeof (MPI Status) *

14

RequestSend = malloc (sizeof (MPI Request
RequestRecv = malloc(sizeof (MPI Request
if (MyRank == 0) {neib= 1; VAL= 10.0;}
if (MyRank == 1) {neib= 0; VAL= 11.0;}
MPI Isend(&VAL , 1, MPI DOUBLE, neib, O,
MPI Irecv (&VALx, 1, MPI DOUBLE, neib,

MPI Waitall(l, RequestRecv, StatRecv);
MPI Waitall(l, RequestSend, StatSend);

VAL=VALX;
MPI Finalize();
return 0; }

MPI COMM WORLD,

&RequestSend[0]) ;

0, MPI COMM WORLD, &RequestRecv[0]);

32



MPI Programming

FIAFI(1) : RASEZIE C

SendRecv
$> cd <$P-S2>
$> mpifccpx -Kfast exl-2.c
$> pjsub go2.sub

#include <stdio.h>

#include <stdlib.h>

#include "mpi.h"

int main(int argc, char **argv) {
int neib;
int MyRank, PeTot;
double VAL, VALtemp;
MPI Status *StatSR;

MPI Init (&argc, &argv);
MPI Comm size (MPI COMM WORLD, &PeTot);
MPI Comm rank (MPI COMM WORLD, &MyRank);

if (MyRank == 0) {neib= 1; VAL= 10.0;}
if (MyRank == 1) {neib= 0; VAL= 11.0;}

StatSR = malloc(sizeof (MPI Status));
MPI Sendrecv (&VAL , 1, MPI DOUBLE, neib, O,

&VALtemp, 1, MPI DOUBLE, neib, 0, MPI COMM WORLD, StatSR);
VAL=VALtemp;

MPI Finalize();
return 0;

33



MPI Programming

FIAEMF (2) - B HIDIEZ{E (1/4)

PE#0, PE#1[E] T8/\AFEHEFIVECDEZXKXHT 5.
PE#0=>PE#1

— PE#0:VEC(1) ~VEC(11) DIEF X5 (£&:11)

— PE#1:VEV(26)~VEC(36) M{ELLTRZITHS
PE#1=>PE#0O

— PE#1:VEC (1) ~VEC (25) D{E#1£ A (KX:25)

— PE#0:VEV(12)~VEC(36) M{ELLTZITHS

EBE JO0USLFERLTRES !

PE#O |1]|2|3|4|5]|6]|7]|8]9]10/11]12[13|14]15]16|17]1819|20|21]|22|23]24|25|26|27|28|29]30|31|32|33|34|35]36|

PE#1 |1|2]3|4]|5]|6|7]|8]|9]10[11|12]13]14]15|16|17|18]19]|20|21|22|23]24|25|26]|27|28|29|30|31]32|33|34|35]|36|

34



MPI Programming

e tl

« VEC(C)DFEPRREZLLTNDEIIZT 5
— PE#0 VEC(1-36)=101,102,103,~,135,136
— PE#1 VEC(1-36)=201,202,203,~,235,236

¢« RR—=DDEIGHERICGHETHERE X

» UTOENENZTE

ILI=7 AT S LEERE &K

— MPI _Isend/Irecv/Waitall

— MPI_Sendrecv




MPI Programming

FRISNDHER

O #BEFORE# 1 101. O #AFTER # 1 101. 1 #BEFORE# 1 201. 1 #AFTER # 1

O #BEFORE# 2 102. O #AFTER # 2 102. 1 #BEFORE# 2 202. 1 #AFTER # 2 202.
O #BEFORE# 3 103. O #AFTER # 3 103. 1 #BEFORE# 3 203. 1 #AFTER # 3 203.
O #BEFORE# 4 104. O #AFTER # 4 104. 1 #BEFORE# 4 204. 1 #AFTER # 4 204.
O #BEFORE# 5 105. O #AFTER # 5 105. 1 #BEFORE# 5 205. 1 #AFTER # 5 205.
O #BEFORE# 6 106. O #AFTER # 6 106. 1 #BEFORE# 6 206. 1 #AFTER # 6 206.
O #BEFORE# 7 107. O #AFTER # 7 107. 1 #BEFORE# 7 207. 1 #AFTER # 7 207.
O #BEFORE# 8 108. O #AFTER # 8 108. 1 #BEFORE# 8 208. 1 #AFTER # 8 208.
O #BEFORE# 9 109. O #AFTER # 9 109. 1 #BEFORE# 9 209. 1 #AFTER # 9 209.
O #BEFORE# 10 110. O #AFTER # 10 110. 1 #BEFORE# 10 210. 1 #AFTER # 10 210.
O #BEFORE# 11 111. O #AFTER # 11 111. 1 #BEFORE# 11 211. 1 #AFTER # 11 211.
O #BEFORE# 12 112. 0 #HAFTER # 12 201. 1 #BEFORE# 12 212. 1 #AFTER # 12 212.
O #BEFORE# 13 113. © H#HAFTER # 13 202. 1 #BEFORE# 13 213. 1 #AFTER # 13 213.
© #BEFORE# 14 114. 0 H#AFTER # 14 203. 1 #BEFORE# 14 214. 1 #AFTER # 14 214.
O #BEFORE# 15 115. © H#HAFTER # 15 204. 1 #BEFORE# 15 215. 1 #AFTER # 15 215.
O #BEFORE# 16 116. 0 H#AFTER # 16 205. 1 #BEFORE# 16 216. 1 #AFTER # 16 216.
O #BEFORE# 17 117. © H#HAFTER # 17 206. 1 #BEFORE# 17 217. 1 #AFTER # 17 217.
© #BEFORE# 18 118. 0 #AFTER # 18 207. 1 #BEFORE# 18 218. 1 #AFTER # 18 218.
O #BEFORE# 19 119. © H#AFTER # 19 208. 1 #BEFORE# 19 219. 1 #AFTER # 19 219.
O #BEFORE# 20 120. 0 #AFTER # 20 209. 1 #BEFORE# 20 220. 1 #AFTER # 20 220.
O #BEFORE# 21 121. 0 #AFTER # 21 210. 1 #BEFORE# 21 221. 1 #AFTER # 21 221.
O #BEFORE# 22 122. 0 H#HAFTER # 22 211. 1 #BEFORE# 22 222. 1 #AFTER # 22 222.
O #BEFORE# 23 123. © HAFTER # 23 212. 1 #BEFORE# 23 223. 1 #AFTER # 23 223.
O #BEFORE# 24 124. 0 H#HAFTER # 24 213. 1 #BEFORE# 24 224. 1 #AFTER # 24 224,
O #BEFORE# 25 125. 0 H#HAFTER # 25 214. 1 #BEFORE# 25 225. 1 #AFTER # 25 225.
© #BEFORE# 26 126. 0 #AFTER # 26 215. 1 #BEFORE# 26 226. 1 #AFTER # 26 le1.
O #BEFORE# 27 127. 0 H#HAFTER # 27 216. 1 #BEFORE# 27 227. 1 #AFTER # 27 102.
O #BEFORE# 28 128. 0 H#HAFTER # 28 217. 1 #BEFORE# 28 228. 1 #AFTER # 28 1e3.
O #BEFORE# 29 129. 0 H#HAFTER # 29 218. 1 #BEFORE# 29 229. 1 #AFTER # 29 104.
O #BEFORE# 30 130. 0 #AFTER # 30 219. 1 #BEFORE# 30 230. 1 #AFTER # 30 105.
O #BEFORE# 31 131. 0 #AFTER # 31 220. 1 #BEFORE# 31 231. 1 #AFTER # 31 106.
O #BEFORE# 32 132. 0 #HAFTER # 32 221. 1 #BEFORE# 32 232. 1 #AFTER # 32 107.
O #BEFORE# 33 133. © H#AFTER # 33 222. 1 #BEFORE# 33 233. 1 #AFTER # 33 108.
O #BEFORE# 34 134. 0 #AFTER # 34 223. 1 #BEFORE# 34 234. 1 #AFTER # 34 109.
O #BEFORE# 35 135. @ H#HAFTER # 35 224. 1 #BEFORE# 35 235. 1 #AFTER # 35 110.
O #BEFORE# 36 136. 0 H#AFTER # 36 225. 1 #BEFORE# 36 236. 1 #AFTER # 36 111.



MPI Programming

FAHI(2) - BH Dix31{E (2/4)

if (my rank.eq.0) then
call MPI Isend (VEC( 1),11,MPI DOUBLE PRECISION,1,.. ,6 req send,..)
call MPI Irecv (VEC(12),25,MPI DOUBLE PRECISION,1,..,req recv,..)
endif

if (my rank.eq.l) then
call MPI Isend (VEC( 1),25,MPI DOUBLE PRECISION,O,..,req send,..)
call MPI Irecv (VEC(26),11,MPI DOUBLE PRECISION,O,..,req recv,..)
endif

call MPI Waitall (..,req recv,stat recv,..)
call MPI Waitall (..,req send,stat send,..)

NTHREUL, EEIKER
SPMDi LLZELY
LR TE AVEEL
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MPI Programming

HAHI(2) - BH Di1x31{E (3/4)

if (my rank.eq.0) then
NEIB= 1
start_send= 1
length send= 11
start recv= length send + 1
length recv= 25
endif

if (my rank.eq.l) then
NEIB= 0O
start send= 1
length send= 25
start recv= length send + 1
length recv= 11

endif

call MPI Isend &
(VEC (start_send) ,length send,MPI DOUBLE PRECISION,NEIB,..,req send,..)
call MPI Irecwv &

(VEC(sta?t_recv),length_recv,MPI_DOUBLE_PRECISION,NEIB,m,req_recv,m)

call MPI Waitall (..,req recv,stat recv,..)
call MPI Waitall (..,req send,stat send,..)

—RUZSPMD5 LS
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FIAMF(2) - B HIDIEZZ{E (4/4)

if (my rank.eq.0) then
NEIB= 1
start_send= 1
length send= 11
start recv= 1length send + 1
length recv= 25
endif

if (my rank.eq.l) then
NEIB= 0
start send= 1
length send= 25
start recv= length send + 1
length recv= 11

endif
call MPI Sendrecv &
(VEC (start_send) ,length send,MPI DOUBLE PRECISION, NEIB,.. &

VEC (start_recv) ,length recv,MPI DOUBLE PRECISION,6NEIB,.., status,..)
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B DEZE TR

#PEOQO #PE1
send: send:
VEC (start_send) ~ VEC (start_send) ~
VEC (start_ send+length send-1) VEC (start send+length send-1)
#PEO #PE1
recv: recv:
VEC (start _recv)~ VEC (start recv)~
VEC (start recv+length recv-1) VEC (start_recv+length recv-1)

- EERIDIength_send]&EZ{EB/DIength_recvlE—EL
TWAILELHD.
— PE#0=PE#1, PE#1=>PE#0

o [EE/NVIF7IENZEN\VIT7IIRIDOTELA
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— LS BET—I V&R

« EXEMF
— NelbPETot, NeibPE[neib]
FNENDEEHEFISELIAVE—I T AKX
— export_index[neib], neib= 0, NeibPETot-1

- [IBERRAIES
— export_item[k], k= 0, export_index[NelbPETot]-1

TNENDEEMFITELIAvE—D
— SendBuf[k], k= 0, export_index[NeibPETot]-1




MPI Programming

2 1{E (MPI Isend/Irecv/Waitall)

SendBuf _ _ _ :
neib#0 neib#1 neib#2 neib#3
@ @ @
}4 BUFlength_e i BUFIength_e>< BUFlength_e i BUFlength_e >‘
export_index[0] export_index[1] export_index[2] export_index[3] export_index[4]

export_index[neib] ~export_index[neib+1]-1Z& B Mexport_itemhHineibFE B DEIEERITEE TN D

for (neib=0; neib<NeibPETot;neib++) {
for (k=export index[neib] ;k<export index[neib+1l] ;k++) {
kk= export item[k];
SendBuf[k]= VAL[kk]; %1%/{\\/77/\0){J{;A

}

for (neib=0; neib<NeibPETot; neib++) {
tag= 0;
iS e= export index[neib];
iE_e= export index[neib+l];
BUFlength e= iE e - iS e

ierr= MPI Isend
(&§SendBuf [iS _e], BUFlength e, MPI DOUBLE, NeibPE[neib], O,

MPI COMM WORLD, &RegSend[neib])
}

MPI Waitall (NeibPETot, ReqgSend, StatSend);
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—RIEShT-BET—TIL: 2{E

. S{EHETF
— NelbPETot , NeibPE[nelb]

¢ TNTNDZEMFIOZITEASAAYE—DH AKX
— Import_index[neib], neib= 0, NeibPETot-1

s S RIES
— import_itemlk], k= 0, import_index[NelbPETot]-1

: TNENOBREHEFHNLBHIMEAVE—S
— RecvBuUf[Kk], k= 0, import_index[NeibPETot]-1
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{8 (MPI Isend/Irecv/Waitall)

for (neib=0; neib<NeibPETot; neib++) {
tag= 0;
iS _i= import index[neib];
iE i= 1mport ~index[neib+1] ;
BUFlength i= iE i - isS i

ierr= MPI Irecv
(§RecvBuf[iS 1], BUFlength i, MPI_DOUBLE, NeibPE [neib], O,

MPI COMM WORLD, &ReqgRecv[neib])
}

MPI Waitall (NeibPETot, ReqRecv, StatRecv);

for (neib=0; neib<NeibPETot;neib++) {
for (k=import_ index[neib] ;k<import index[neib+1l] ;k++) {
kk= import item[k];

VAL[kk]= R Buf [k = =S - .
Heel= RecvButlkl/ SFHENVITTHLDRA

}

import_index[neib] ~ import_index[neib+1]1-1ZF& B @ import_itemAhineibFE H DHEFEEEN SO FIEIND

neib#0 neib#1 neib#2 neib#3

}4 |%< > > - >
BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index[0] import_index[1] import_index[2] import_index[3] import_index[4]
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=18 & ZEDEIR

do neib= 1, NEIBPETOT
iS _e= export index(neib-1) + 1
iE _e= export _ ~index (neib )
BUFlength e= iE e + 1 - iS e

call MPI ISEND &
& (SENDbuf (iS _e), BUFlength e, MPI INTEGER, NEIBPE (neib), O, &
& MPI COMM WORLD, request send(neib), ierr)
enddo

do neib= 1, NEIBPETOT
iS i= import index(neib-1) + 1
iE i= import index(neib )
BUFlength_l— iE i +1 - is i

call MPI IRECV &
& (RECVbuf (iS i), BUFlength i, MPI INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD request _ recv(neib), ierr)
enddo

. RET-BEATOLRES, AvE—SH X, WEOD
Bat

« NEIBPE (neib) WM< yFLI=ESITEREIECS.
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=8 EZEDRER (#0=#3)

Send #0
#5
#10
#9
NEIBPE(:)=1,3,5,9 NEIBPE(:)=1,0,10
s EEFT-RIEXTOLRES, Avt—IH AKX, ABD

2aE |
« NEIBPE (neib) WM< yFLI=EZITEREIECS.
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B DEZE TR

#PEO #PE1
send: send:
SENDbuf (1S _e) ~ SENDbuf (iS_e) ~
SENDbuf (1E e+BUFlength e-1) SENDbuf (iE _e+BUFlength e-1)
#PEQ #PE1
recv: recv:
RECVbuf (1S i)~ RECVbuf (1S i)~
RECVbuf (iE i+Buflength i-1) RECVbuf (iE i+Buflength i-1)

« EEADIBUFlength el&EZEBRDIBUFlength iJl&
—HLTWWORELDHS.
— PE#0=PE#1, PE#1=PE#0

» [EENYI7IENRENYT7ITRIDTELR
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oL 7oRng54L Z R

$ cd <$P-S2>

$ mpifrtpx -Kfast sqg-srl.f
$ mpifccpx -Kfast sg-srl.c

$ pjsub go4.sh

T—3DH

85
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0455 .LpI: sq sri.c (1/6) BEE
FHAE

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include <assert.h>

#include "mpi.h"

int main(int argc, char **argv) {

int n, np, NeibPeTot, BuflLength;
MPI Status *StatSend, *StatRecv;
MPI Request *RequestSend, *RequestRecv;

int MyRank, PeTot;
int *val, *SendBuf, *RecvBuf, *NeibPe;
int *ImportIndex, *ExportIndex, *ImportlItem, *ExportItem;

char FileName[80], 1line[80];
int i, nn, neib;
int iStart, i1iEnd;

FILE *fp;
/*
IC +————— - +
!'C | INIT. MPI |
IC +——————————— +
| C===%*/

MPI Init(&argc, &argv);
MPI Comm size (MPI COMM WORLD, &PeTot);
MPI Comm _rank (MPI COMM WORLD, &MyRank) ;
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05 .L#l:sg-srl.c (2/6)

—\

BT ELAY Y 2T —3 (sqm.*) R A IA H

N

/*

IC +-————m—————- -
'C | DATA file |
IC +-————m—————- -
| C===*/

sprintf (FileName, "sgm.%d", MyRank) ;
fp = fopen(FileName, "r");

fscanf (fp, "%d", &NeibPeTot);

NeibPe = calloc (NeibPeTot, sizeof (int));
ImportIndex = calloc (1l+NeibPeTot, sizeof (int));
ExportIndex calloc (1+NeibPeTot, sizeof (int)):;

for (neib=0;neib<NeibPeTot;neib++) {
fscanf (fp, "%d", &NeibPel[neib]) ;
}

fscanf (fp, "%d %d", &np, &n);

for (neib=1;neib<NeibPeTot+1;neib++) {
fscanf (fp, "%d", &ImportIndex[neib]);}
nn = ImportIndex[NeibPeTot];
ImportItem = malloc(nn * sizeof(int)):;
for (i=0;i<nn;i++) {
fscanf (fp, "%d", &ImportItem[i]); ImportItem[i]--;}

for (neib=1;neib<NeibPeTot+1;neib++) {

fscanf (fp, "%d", &ExportIndex[neib]);}
nn = ExportIndex[NeibPeTot];
ExportItem = malloc(nn * sizeof (int));

for (i=0;i<nn;i++) {
fscanf (fp, "%d", &ExportItem[i]);ExportItem[i]--;}
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05 .L#l:sg-srl.c (2/6)

= /\ﬁ& WS _“_9( *) == 2
BFTTEAYraT sgm.*) e 1A H
/* #NEIBPEtot
'C +——————————-= + 2
!C | DATA file | #NEIBPE
'C +——————————-= + 1 2
|C===*/ _ . #NODE
sprintf (FileName, "sgm.%d", MyRank) ; 24 16
fp = fopen (FileName, "r"); #IMPORTindex
4 8
fscanf (fp, "%d", &NeibPeTot); #IMPORTitems
NeibPe = calloc (NeibPeTot, sizeof (int)) ; 17
ImportIndex = calloc(l+NeibPeTot, sizeof(int)) ; 18
ExportIndex = calloc(l+NeibPeTot, sizeof (int)) ; 19
20
for (neib=0;neib<NeibPeTot ;neib++) { 21
fscanf (fp, "%d", &NeibPe[neib]) ; 22
} 23
fscanf (fp, "%d %d", &np, &n); 24
. . . . #EXPORTindex
for (neib=1;neib<NeibPeTot+1l;neib++) { 4 8
fscanf (fp, "%d", &ImportIndex[neib]);} #EXPORTitems
nn = ImportIndex[NeibPeTot]; 4
ImportItem = malloc(nn * sizeof(int)); 8
for (1i=0;i<nn; i++) { 12
fscanf (fp, "%d", &ImportItem[i]); ImportItem[i]- 1¢
13
for (neib=1;neib<NeibPeTot+1;neib++) { 14
fscanf (fp, "%d", &ExportIndex[neibl]);} 15
nn = ExportIndex[NeibPeTot]; 16

ExportItem = malloc(nn * sizeof(int));

for (i=0;i<nn;i++) {
fscanf (fp, "%d", &ExportItem[i]);ExportItem[i]--;}
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05 .L#l:sg-srl.c (2/6)

BT R AV 2T —5 (sqm.*) Gt A &

N

/* #NEIBPEtot
O frommmm====== + 2
!C | DATA file | #NEIBPE
O frommmm====== + 1 2
!|C===*/ _ . #NODE
sprintf (FileName, "sgm.%d", MyRank) ; 24 16
fp = fopen (FileName, "r"); #IMPORTindex
4 8
fscanf (fp, "%d", &NeibPeTot) ; #IMPORTitems
NeibPe = calloc(NeibPeTot, sizeof (int)) 17
alloc(l1+NeibPeTot, sizeof (int)); 18
np %Eiﬁ alloc (1+NeibPeTot, sizeof (int)); 19
n KHRE 20
LUL \lLi1T1L Uy J.LC.I_U<NeleeTOt nelb++) { 21
fscanf (fp, "%d", &NeibPel[neib]) 22
} 23
fscanf (fp, "%d %d", &np, &n); 24
. , . . #EXPORTindex
for (neib=1;neib<NeibPeTot+1l;neib++) { 4 8
fscanf (fp, "%d", &ImportIndex[neib]);} $EXPORTitems
nn = ImportIndex[NeibPeTot]; 4
ImportItem = malloc(nn * sizeof(int)); 8
for (1i=0;i<nn; i++) { 12
fscanf (fp, "%d", &ImportItem[i]); ImportItem[i]- 1¢
13
for (neib=1;neib<NeibPeTot+1;neib++) { 14
fscanf (fp, "%d", &ExportIndex[neib]);} 15
nn = ExportIndex[NeibPeTot]; 16

ExportItem = malloc(nn * sizeof(int));

for (i=0;i<nn;i++) {
fscanf (fp, "%d", &ExportItem[i]);ExportItem[i]--;}
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FO45.LH:sg-srlc (2/6) HEE

= /\ﬁ& wis _“_9( *) == S
BT EXAvraT sgqm.*) Fed+ 1A
/* #NEIBPEtot
'C +-—————————= <+ >
!C | DATA file | #NEIBPE
'C +-—————————= <+ 1 2
!|C===*/ _ . #NODE
sprintf (FileName, "sgm.%d", MyRank) ; 24 16
fp = fopen (FileName, "r"); #IMPORTindex
4 8
fscanf (fp, "%d", &NeibPeTot); #IMPORTi tems
NeibPe = calloc (NeibPeTot, sizeof (int)); 17
ImportIndex = calloc(l+NeibPeTot, sizeof (int)); 18
ExportIndex = calloc(l+NeibPeTot, sizeof (int)); 19
20
for (neib=0;neib<NeibPeTot;neib++) { 21
fscanf (fp, "%d", &NeibPel[neib]) 22
} 23
fscanf (fp, "%d %d", &np, &n); 24
. i . . #EXPORTindex
for (neib=1;neib<NeibPeTot+1;neib++) { 4 8
fscanf (fp, "%d", &ImportIndex[neib]) ;} #EXPORTi tems
nn = ImportIndex[NeibPeTot]; 4
ImportItem = malloc(nn * sizeof(int)); 8
for (i=0;i<nn;i++) { 12
fscanf (fp, "%d", &ImportItem[i]); ImportItem[i]- 1¢
13
for (neib=1;neib<NeibPeTot+1;neib++) { 14
fscanf (fp, "%d", &ExportIndex[neib]);} 15
nn = ExportIndex[NeibPeTot]; 16

ExportItem = malloc(nn * sizeof(int));

for (i=0;i<nn;i++) {
fscanf (fp, "%d", &ExportItem[i]);ExportItem[i]--;}
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FO45.LH:sqg-srlc (2/6) HEH

= /\ﬁ& RYTY _“_9( *) == S
BFTTEAYraT sgm.*) e 1A H
/* #NEIBPEtot
'C +-—————————= <+ >
!C | DATA file | #NEIBPE
'C +-—————————= <+ 1 2
!|C===*/ _ . #NODE
sprintf (FileName, "sgm.%d", MyRank) ; 24 16
fp = fopen (FileName, "r"); #IMPORTindex
4 8
fscanf (fp, "%d", &NeibPeTot); #IMPORTi tems
NeibPe = calloc (NeibPeTot, sizeof(int)); 17
ImportIndex = calloc(l+NeibPeTot, sizeof(int)) 18
ExportIndex = calloc(l+NeibPeTot, sizeof (int)); 19
20
for (neib=0;neib<NeibPeTot;neib++) { 21
fscanf (fp, "%d", &NeibPel[neib]) 22
} 23
fscanf (fp, "%d %d", &np, &n); 24
. . . . #EXPORTindex
for (neib=1;neib<NeibPeTot+1l;neib++) { 4 8
fscanf (fp, "%d", &ImportIndex[neib]);} #EXPORTitems
nn = ImportIndex[NeibPeTot]; 4
ImportItem = malloc(nn * sizeof(int)); 8
for (i=0;i<nn;i++) { 12
fscanf (fp, "%d", &ImportItem[i]); ImportItem[i]- ;¢
13
for (neib=1;neib<NeibPeTot+1;neib++) { 14
fscanf (fp, "%d", &ExportIndex[neib]);} 15
nn = ExportIndex[NeibPeTot]; 16

ExportItem = malloc(nn * sizeof(int));

for (i=0;i<nn;i++) {
fscanf (fp, "%d", &ExportItem[i]);ExportItem[i]--;}
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORT1index
4 8
#IMPORTitems
17
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24
#EXPORTindex
4 8
#EXPORT1items
4

8

12
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05 .L#l:sg-srl.c (2/6)

= /\ﬁ& RYTY _“_9( *) == S
BFTTEAYraT sgm.*) e 1A H
/* #NEIBPEtot
[C + 2
!C | DATA file | #NEIBPE
[C + 1 2
!|C===*/ _ . #NODE
sprintf (FileName, "sgm.%d", MyRank) ; 24 16
fp = fopen (FileName, "r"); #IMPORTindex
4 8
fscanf (fp, "%d", &NeibPeTot); #IMPORTi tems
NeibPe = calloc (NeibPeTot, sizeof (int)); 17
ImportIndex = calloc (1l+NeibPeTot, sizeof (int)); 18
ExportIndex = calloc(l+NeibPeTot, sizeof (int)) ; 19
20
for (neib=0;neib<NeibPeTot;neib++) { 21
fscanf (fp, "%d", &NeibPel[neib]) 22
} 23
fscanf (fp, "%d %d", &np, &n); 24
. . . . #EXPORTindex
for (neib=1;neib<NeibPeTot+1l;neib++) { 4 8
fscanf (fp, "%d", &ImportIndex[neib]);} #EXPORTitems
nn = ImportIndex[NeibPeTot]; 4
ImportItem = malloc(nn * sizeof(int)); 8
for (1=0;i<nn;i++) { 12
fscanf (fp, "%d", &ImportItem[i]); ImportItem[i]- 1¢
13
for (neib=1;neib<NeibPeTot+1;neib++) { 14
fscanf (fp, "%d", &ExportIndex|[neib]) ;} 15
nn = ExportIndex[NeibPeTot] ; 16

ExportItem = malloc(nn * sizeof(int));

for (i=0;i<nn;i++) {
fscanf (fp, "%d", &ExportItem[i]);ExportItem[i]--;}
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05 .L#l:sg-srl.c (2/6)

S ER B Ay 7 —A ( *) B A3
BT EXAvraT sgqm.*) 1A FH
/* #NEIBPEtot
[C + 2
!C | DATA file | #NEIBPE
[C + 1 2
!|C===*/ _ . #NODE
sprintf (FileName, "sgm.%d", MyRank) ; 24 16
fp = fopen (FileName, "r"); #IMPORTindex
4 8
fscanf (fp, "%d", &NeibPeTot); #IMPORTi tems
NeibPe = calloc (NeibPeTot, sizeof (int)); 17
ImportIndex = calloc (1l+NeibPeTot, sizeof (int)); 18
ExportIndex = calloc(l+NeibPeTot, sizeof (int)) ; 19
20
for (neib=0;neib<NeibPeTot;neib++) { 21
fscanf (fp, "%d", &NeibPel[neib]) 22
} 23
fscanf (fp, "%d %d", &np, &n); 24
. . . . #EXPORTindex
for (neib=1;neib<NeilbPeTot+1l;neib++) { 4 8
fscanf (fp, "%d", &ImportIndex[neib]);} #EXPORTitems
nn = ImportIndex[NeibPeTot]; 4
ImportItem = malloc(nn * sizeof(int)); 8
for (i=0;i<nn;i++) { 12
fscanf (fp, "%d", &ImportItem[i]); ImportItem[i]- 1¢
13
for (neib=1;neib<NeibPeTot+1;neib++) { 14
fscanf (fp, "%d", &ExportIndex[neib]);} 15
nn = ExportIndex[NeibPeTot] ; 16

ExportItem = malloc(nn * sizeof(int));

for (i=0;i<nn;i++) {
fscanf (fp, "%d", &ExportItem[i]) ;ExportItem[i]--;}
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#NEIBPEtot
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#NEIBPE
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#NODE

24 16
#IMPORT1index
4 8
#IMPORT1items
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055 Ll:sq-srl.c (3/6)
B8 T —32 (2HRESNDIE) (sq.%) &

sprintf (FileName, '"sq.%d", MyRank) ;

fp = fopen(FileName, "r");
assert (fp != NULL) ;

val = calloc(np, sizeof(*val))
for (i=0;i<n;i++) {

fscanf (fp, "%d4d", &vall[i]);
}

n AR
val : £ EREBEESEHRAAD
CORFRTHRDIEEHHIN>TLVEL

25|26/27(28 o
17/18/19|20 12
10(11/12 1

= |10
IN)
[é8)
ESS
& o
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F0%455LH:sg-srl.c (4/6)

X IE/N\NVIT7E(E

/%

IC

1€ dr======== +

'!C | BUFFER |

[C G +

|C—==*/
SendBuf = calloc (ExportIndex[NeibPeTot], sizeof (*SendBuf))
RecvBuf = calloc (ImportIndex[NeibPeTot], sizeof (*RecvBuf)):;

for (neib=0;neib<NeibPeTot;neib++) {
iStart = ExportIndex[neib];
iEnd = ExportIndex[neib+1];
for (i=iStart;i<iEnd;i++) {
SendBuf[i] = wval[ExportItem[i]];
}

EEN\VI7ICITERRIDEREANS.
1E{E/\WI7DExportIndex[neib]
MbExportInedx[neib+1]-1FE TIZ
NeibPe [neib] [ZEE T HIFHMEIEMNT 5.
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FEEINYITTDLIEE

for (neib=0; neib<NeibPETot; neib++) {
tag= 0;
iS e= export index[neib];
iE_e= export index[neib+l];
BUFlength e= iE e - iS e

ierr= MPI Isend

(&SendBuf [iS _e], BUFlength e, MPI_DOUBLE NeibPE [neib], O,
MPI COMM WORLD, &ReqSend[nelb]

f-EZ I, CORFR AT ERLTLVE
L\D T,

EIENYIT7DHETFLR
FINOHMATOODHAAXD
Ayt —

EWLNVDIRIG T IENEEE
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Communication Pattern using 1D
Structure

Process A Process B
Sender-side halo halo
data LI“‘“L;:T““ \,{II// Lx"‘--u,;q_- _ "-I'."u", || ,.-."
H'“‘H-:‘“-n \ x““ﬂ-?_'_a. Y || /
S ¥
Send buffer
/T Process C | | Process D
i [

L.
[k

Receive buffer

- . il W
Receiver-side j
data | a0 | ti

Dr. Osni Marques

(Lawrence Berkeley National
Laboratory) &Y {& F
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7075 .LHl:sqg-srl.c (5/6) O

%1€ (MPI_Isend)

{* PE#2 PE#3
o X 57/58|59]60| |61]62|63/64
!C | SEND-RECV | 49/50(51|52| [53(54|55|56
T ! 41|42(43/44| |45/46|47/48
StatSend = malloc(sizeof (MPI Status) * NeibPeTot):; 33/34/35|36(|13738|39/40
StatRecv = malloc(sizeof (MPI Status) * NeibPeTot);
RequestSend = malloc(sizeof (MPI Request) * NeibPeTot)
RequestRecv = malloc(sizeof(MPI_Request) * NeibPeTot) ; 25|26|27/28) 1129/80/31/32
B 17|18|19|20| | 2122(23|24
for (neib=0;neib<NeibPeTot ;neib++) {
iStart = ExportIndex[neib]; 9|10111/12/ 13]14/15/16
iEnd = ExportIndex[neib+1]; 11213451678
BuflLength = iEnd - iStart; PE#0 PE#1

MPI Isend(&SendBuf[iStart], BufLength, MPI INT,
NeibPe[neib], 0, MPI COMM WORLD, &RequestSend[neib]) ;

}

for (neib=0;neib<NeibPeTot;neib++) {
iStart = ImportIndex[neib];
iEnd = ImportIndex[neib+1];
BufLength = iEnd - iStart;

MPI Irecv(&RecvBuf[iStart], BuflLength, MPI INT,
NeibPe[neib], 0, MPI COMM WORLD, &RequestRecv[neib]);
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2 1{E (MPI Isend/Irecv/Waitall)

SendBuf _ _ _ :
neib#0 neib#1 neib#2 neib#3
@ @ @
}4 BUFlength_e i BUFIength_e>< BUFlength_e i BUFlength_e >‘
export_index[0] export_index[1] export_index[2] export_index[3] export_index[4]

export_index[neib] ~export_index[neib+1]-1Z& B Mexport_itemhHineibFE B DEIEERITEE TN D

for (neib=0; neib<NeibPETot;neib++) {
for (k=export index[neib] ;k<export index[neib+1l] ;k++) {
kk= export item[k];
SendBuf[k]= VAL[kk]; %1%/{\\/77/\0){J{;A

}

for (neib=0; neib<NeibPETot; neib++) {
tag= 0;
iS e= export index[neib];
iE_e= export index[neib+l];
BUFlength e= iE e - iS e

ierr= MPI Isend
(&§SendBuf [iS _e], BUFlength e, MPI DOUBLE, NeibPE[neib], O,

MPI COMM WORLD, &RegSend[neib])
}

MPI Waitall (NeibPETot, ReqgSend, StatSend);
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B DERE TR

#PEO #PE1
send: send:
SENDbuf (1S _e) ~ SENDbuf (iS_e) ~
SENDbuf (1E e+BUFlength e-1) SENDbuf (iE _e+BUFlength e-1)
#PEQ #PE1
recv: recv:
RECVbuf (1S i)~ RECVbuf (1S i)~
RECVbuf (iE i+Buflength i-1) RECVbuf (iE i+Buflength i-1)

« EFEAIDIBUFlength el&ZEBDIBUFlength 11[E—HLT
WSILELDHD.
— PE#O0=PE#1, PE#1=PE#0

» EEN\YI7IENZE/NAVT7UTHIDTELR
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=18 & ZEDEIR

do neib= 1, NEIBPETOT
1S e= export index(neib-1) + 1
iE e= export index(neilb )
BUFlength_e— iIE e + 1 - 1iS e

call MPI ISEND &
& (SENDbuf(iS_e), BUFlength_e, MPI INTEGER, NEIBPE (neib), 0, &
& MPI COMM WORLD, request send(neib), ierr)
enddo

do neib= 1, NEIBPETOT
1S i= import index(neib-1) + 1
iE i= import index (neib )
BUFlength i= 1E 1 + 1 - 1S 1

call MPI IRECV &
& (RECVbuf (iS i), BUFlength i, MPI INTEGER, NEIBPE (neib), 0, &
& MPI COMM WORLD, request recv(neib), ierr)
enddo

. RET-BEATOLRES, AvE—SH X, WEOD
Bat

« NEIBPE (neib) WM< yFLI=ESITEREIECS.

104
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=8 EZEDRER (#0=#3)

Send #0
#5
#10
#9
NEIBPE())=1,3,5,9 NEIBPE(:)=1,0,10
s EEFT-RIEXTOLRES, Avt—IH AKX, ABD
254 |

« NEIBPE (neib) WM< yFLI=EZITEREIECS.
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7075 .LHl:sqg-srl.c (5/6)

{5 (MPI_Irecv)

{* PE#2 PE#3
G e ; 57/58/59|60, |61/6263|64
!C | SEND-RECV | 49/50(51 (52| |53|54|55|56
ey ! 41/42]43/44| 4546|4748
StatSend = malloc(sizeof (MPI Status) * NeibPeTot):; 33/34/35|36(|13738|39/40
StatRecv = malloc(sizeof (MPI Status) * NeibPeTot);
RequestSend = malloc(sizeof (MPI Request) * NeibPeTot);
RequestRecv = malloc(sizeof(MPI_Request) * NeibPeTot) ; 25|26|27/28) 1129/80/31/32
a 17/18/19|20| [21]22)23 24
for (neib=0;neib<NeibPeTot;neib++) {
iStart = ExportIndex[neib]; 9|10111/12/ 13]14/15/16
iEnd = ExportIndex[neib+1]; 11213451678
BuflLength = iEnd - iStart; PE#0 PE#1

MPI_Isend(&SendBuf[iStart], BufLength, MPI INT,
NeibPe[neib], 0, MPI COMM WORLD, &RequestSend[neib]);

}

for (neib=0;neib<NeibPeTot ;neib++) {
iStart = ImportIndex[neib];
iEnd = ImportIndex[neib+1];
BufLength = iEnd - iStart;

MPI Irecv(&RecvBuf[iStart], BufLength, MPI INT,
NeibPe[neib], 0, MPI_COMM WORLD, &RequestRecv[neib]);



MPI Programming

#NEIBPEtot
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{8 (MPI Isend/Irecv/Waitall)

for (neib=0; neib<NeibPETot; neib++) {
tag= 0;
iS _i= import index[neib];
iE i= 1mport ~index[neib+1] ;
BUFlength i= iE i - isS i

ierr= MPI Irecv
(§RecvBuf[iS 1], BUFlength i, MPI_DOUBLE, NeibPE [neib], O,

MPI COMM WORLD, &ReqgRecv[neib])
}

MPI Waitall (NeibPETot, ReqRecv, StatRecv);

for (neib=0; neib<NeibPETot;neib++) {
for (k=import_ index[neib] ;k<import index[neib+1l] ;k++) {
kk= import item[k];

VAL[kk]= R Buf [k = =S - .
Heel= RecvButlkl/ SFHENVITTHLDRA

}

import_index[neib] ~ import_index[neib+1]1-1ZF& B @ import_itemAhineibFE H DHEFEEEN SO FIEIND

neib#0 neib#1 neib#2 neib#3

}4 |%< > > - >
BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index[0] import_index[1] import_index[2] import_index[3] import_index[4]
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7075 .L6Hl:sqg-srl.c (6/6)
ZIENYITOHRHDORKA

MPI Waitall (NeibPeTot, RequestRecv, StatRecv);

for (neib=0;neib<NeibPeTot;neib++) {

iStart = ImportIndex[neib]; %E/ {‘3770):':%’61-%)%]0)1@
iEnd = ImportIndex[neib+1l]; &L—Cﬁlj-é

for (i=iStart;i<iEnd;i++) {
val [ImportItem[i]] = RecvBuf[i];

}
}
MPI Waitall (NeibPeTot, RequestSend, StatSend); /*

'C +-——————- +
!C | OUTPUT |
IC +-——————- +
| C===*/

for (neib=0;neib<NeibPeTot;neib++) {
iStart = ImportIndex[neib];

1End = ImportIndex[neib+l];
for (i=iStart; i<iEnd; i++) {
int in = ImportlItem[i];

printf ("RECVbuf%8d%8d%8d¥n", MyRank, NeibPe[neib], wval[in]):;
}

}
MPI_Finalize();

return 0;
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NEDEDEEHL

MPI Waitall (NeibPeTot, RequestRecv, StatRecv);

for (neib=0;neib<NeibPeTot;neib++) {

iStart = ImportIndex[neib];
iEnd = ImportIndex[neib+1];
for (i=iStart;i<iEnd; i++) {
val [ImportItem([i]] = RecvBuf[i];

}

}
MPI Waitall (NeibPeTot, RequestSend, StatSend); /*

TR S—— +
'C | OUTPUT |
IC tm—mmmm - +
I C===%*/

for (neib=0;neib<NeibPeTot ;neib++) {
iStart = ImportIndex[neib];
iEnd = ImportIndex[neib+1];
for (i=iStart;i<iEnd;i++) {
int in = ImportItem[i];
printf ("RECVbuf%$8d%$8d%8d¥n", MyRank, NeibPe[neib], wval[in]) ;
}
}
MPI Finalize();

return 0;
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ODERTZEIEH K!

H#PE2

7 1 8| 9| 15 gpe1  TNEIBPEtot

21 22 23 24 14 7 8 2

s | 5 |6 | S #NETBPE

16 17 18 19 11; g g 1 2

. 2] 3| a #NODE

— 8| w | 13 8 (RA+HAE W)

6 z 8 112 # IMPORTindex

9 10 O O

11 | 12 | 13 i | s #IMPORTitems

#PEQ |- | * | ® O..
S A A I e #EXPORTindex
1 2 3 4 5 O O
1 2 3 4 5 #EXPORTitems

O..



120

PE#1: BRI AT —43 (sqm.1)
ODENFZIH K!

#PE2

7 1 8| 9| 15 gpe1  TNEIBPEtot
21 22 23 24 14 7 8 2
s | 5 | 6 | 14 S e #NEIBPE
il e e = IR 0 2
. 2] 3| a #NODE
— 8| w | 14 8 (HA WA+SH)
6 z 8 112 # IMPORTindex
9 10 O : O
11 | 12 | 13 i | s #IMPORTitems
#PEQ |- | * | ® O..
S A A I e #EXPORTindex
1 2 3 4 5 O O
1 2 3 4 5 #EXPORTitems

O..



121

PE#2: BRI 28T —4 (sqm.2)
ODENFZIH K!

HPE2
7| 8| o s 4pp1  TNEIBPEtot
21 22 23 24 14 7 8 2
4 5 6 | 14 ——— #NEIBPE
16 17 18 19 11; g 2 1 O
P P I 12 | 3 | 4 #NODE
]zl s 5 # TMPORTindex
9 10 O O
11| 12 | 13 ‘ ° #IMPORT1items
#PEO il Il O..
S A I I #EXPORTindex
1 2 3 4 5 O O
. 2 2 : ° #EXPORTi1tems

O..



122

#PE2

7 8 9 15
21 22 23 24 14 ! 8
23 24 25
4 5 6 14
16 17 18 19 13 5 6
18 19 20
1 2 3 13
11 12 13 14 12 3 4
13 14 15
10 11 12
6 7 8 11 1 2
8 9 10
9 10
11 12 13 4 2
11 12 13
#PEO
6 7 8 9 10
6 7 8 9 10
1 2 3 4 5

=

N

(&

[~

o1

#PE1



123

F IR
RS, 5 RS

NENETHBETINSH?
— IMPORTIndex, IMPORTIitems
— NEIBPE®DJIEZ

TNZTHIZEEST, BRAEDEELEZTRARS
— EXPORTIndex, EXPORTIitems
— NEIBPE®D|[EZ

<$P-S2>/ex|Zlsq.* 1M 85

357 Tlsgm.*1Z24ERR T %

<$P-S2>Mislsg-srl.flcizar /A ILLE=ETERZEaE —
pjsub go3.sh




MPI Programming 124
1
PRRES2
.

o —RIyciEMAETO—RFI1d.f, 1d.cI1ZMPIIZ&-> T4t
&

+ RERBEFHHAAAT, TAY S LNTHEE

\O

nETH L

o« A FI{ED A &t
— 1d.f, ¥=IX1d.cEI—fRiLSnF-@BIET—T L I1ZE->Tii 5t
&
- EEFRYESGHAAT, TOJSLNTHEESETSHIE
— 5| EREFETRIL TH 5.
o BRHUIMNGYZLILIEWNEZ S HREANH ALY
s FTEMRRDboLGNSSTHNIEIRERZZ DL TLLER




