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MPI Programming
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« 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

—RthiElRE: 118 %, 128K, 3tRiE
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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

L -

IC
IC— {z}= [Minv] {r}
do i=1, N
W(i,Z)= W(i,DD) * W(i,R)
enddo
IC
IC— {x}= {x} + ALPHA*{p}
IC  {r}= {r} - ALPHAx*{q}
do i=1, N
PHI (i)= PHI (i) + ALPHA * W(i,P)
W(i,R)= W(i,R) — ALPHA * W(i, Q)
enddo
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AR
LERTNELDLENHH=EIE?

IHI

1
I 2
1G—— ALPHA= RHO / {p} {q} 3
C1= 0.do
do i=1, N 4
Cl= C1 + W(i, P)*W (i, Q)
enddo 5
ALPHA= RHO / C1
6
V4
8
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THIRINILIE

IC
16— {a}= [A] {p}

do i=1, N
W(i,Q) = DIAGCi)*W (i, P)
do j= INDEX(i-1)+1, INDEX(i)
W(i,Q = W(@i,Q + AMAT(j)*=W(ITEM(j), P)
enddo
enddo
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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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— FRICHOE2TIDER A NRESNDFTEIFELSLLY.
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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 (&)
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MPI ISEND

o ZE{E/NvT7IsendbufIAD, EfELT=TcountlBDEIEAvE—T%, 25 Ttag]
T+ T, 222 =5 —3RAD, ldestlIZiE{ETSH. TMPI._WAITALLIZMESZET,
EENYIT7DARABRZTEHL TGS

e call MPI ISEND
(sendbuf,count,datatype,dest, tag,comm, request, ierr)

- sendbuf EE I EENVITTFDFRETRLUR,

— count B I Avt—oNDH AR

—- datatype E# I Ayt—SDT—E234T

- dest B I BEETOALADTELAR(SY)

- tag B I Ayt—UR5, EFEAVE—VDEEXRXATHEEZHER.
BEIXM0ITEL. ACAYE—D25 BSRTTERIE.

- comm B3 I O =4 —3%ETEIT D

- request XE# 0 BIEHAF. MPT WAITALLCER.
(B : A X EREATE2LEDHDHMPT TSENDFFUHL
HOBRBIIBEEITOERHGLE)) :cEEICDOLTIF &R

- ierr B O ST 73—k
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22

B {E L AIF (request handle) : request

+ call MPI_ISEND

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

- sendbuf =

— count %%ﬁl
— datatype E#
— dest B
- tag ﬁé*éﬂ
— comm M
— request B
- jerr L

H H H H H

H

O

EE/NYT7FDERETRLX,

AytE—TDHAX

Ave—SDT—E314T

FEETAERDTRLR(S2Y)

Ayte—TR5, FEEAYE—DUDFEEFRANTHEEICER.

BEXM0ITKL. RLAYVE—D45 BERILTTEE.
2= —3%HEET S

BIEHAF. MPT WAITALLCfER.

(B : A X EREATEILEDHASMPT TSENDIFEUHL
HOBEEXBETOER$ELE))

5T ra—k

« LUTOLIGEHTESLTH(REERBZEHERT SZITTRLN:CIZDONTIEZRR)
allocate (request (NEIBPETOT))
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MPI| _IRECV

o ZENYT7Irecvbuf IN®, EELI=Icount 1B DEEAvE—%, 25 Ttag ]
T T, 222245 —43RA0, ldestiMoZ{ETSH. [MPI_WAITALLIZFESE
T, REN\VI7ORNBZFALI-NEZEML TIEGEA0.

« call MPI_IRECV
(recvbuf,count,datatype,dest, tag,comm, request, ierr)

- recvbuf EE I ZIE/NVI7DEETFLX,

— count B I Avt—oNDH AR

- datatype E# I Ayt—SDT—E234T

- dest B I BEETOALADTELAR(SY)

- tag B I Ayt—URY, ZEAVE—VDEETRXATHEEZHER.
BEIXM0ITEL. ACAYE—D25 BSRTTERIE.

- comm B3 I O =4 —3%ETEIT D

- request EH 0 BISEFIF. MPT WAITALLTEHR.
(B : A X EXREATILEDHSHIMPT TRECVIFFUHL
HREEFBEITOERHGL)) (cEEEICDOL T &R
- ierr B O 5E 73—k
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MPI_WAITALL

o 1IMIETOAVFUIBIEYTIL—F U THAHIMPI_ISEND |ETMPI_IRECV JZ{E FH
L=5E&, 70t RDORPZIMADIERTS.

o EEEFIXSOIMPI_WAITALLIZMESHIIZEE/\YI7TORABEZERELTIELGELEE
LY. ZERIXIMPI_WAITALLIZMESFIZZE/NNYI7ORBZFIAL TIIEZSLELN.

. BEMAEmNTLINIX, TMPI_ISENDJETMPI_IRECV IZFRERFICEIEAL TEHKLY.
— [MPI_ISEND/IRECV | TRILEE#AFZERAT -

« [MPI_BARRIERJERICKS7%HERETH SN, KAIXTEGLY.
— ER(THEBH, lrequest], IstatusI DREMNELLEFHINT, [EDL

[MPI_ISEND/IRECV ZMUH T LMNEHELLD, ELVWDKIGREBELHD.

* call MPI WAITALL(count,request,status,ierr)
- count B I FHTHULEDHSIMPI_ISEND] , TMPI_RECVIFFUH L2

- request EH 1/0 BIEFHFIF. TMPI_ISENDJ, TMPI_IRECVITHIHEL=# 5
FA&ITxIG. (B4 X: (count))

- status EH# 0 WiRA T/ hEEH| (B25) 54 X : (MPI_STATUS_SIZE,count))
MPI STATUS SIZE: “mpif.h”,”mpi.h” TEHBND
INTGA—H CEEIZOULTIE R AR

- ierr B 0 5¢Ta—k



MPI Programming 25

WKiRA T/ rEEFI (status object) :

status

* call MPI WAITALL (count,request,status,ierr)
- count B I REATAHEDHSIMPI_ISEND] , TMPI_RECVIFEUH LK.
- request XEH I/0 BEIEHEAIF. TMPI_ISENDJ, TMPI_IRECVITHIFEL=#7
FRIZH . (BdlH4X: (count))

~ status EH 0 WiRA T MER | (BEFIH 4 X (MPI_STATUS_SIZE,count))
MPI STATUS SIZE: “mpif.h”,”mpi.h” TEHBND
IND A=A

- ierr B 0 ST rTa—k

o UTOEIICFOHREFEEHZHERLTELIETTEL(CIZDLTIFZER)

allocate (stat(MPI_STATUS SIZE,NEIBPETOT))
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MP| _SENDRECV

- MPI_SEND+MPI_RECV, ##EHHNIEZLOTEE#OHLALY

* call MPI_ SENDRECV
(sendbuf, sendcount, sendtype,dest, sendtag, recvbuf,
recvcount, recvtype, source, recvtag,comm,status,ierr)

- 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 TFE I ZIE/NVIT7DFHETRLUR,

- 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 B I OS2 = —3%RET S

- status B KiRAT OO ERF (BEFIH A4 X (MPI_STATUS_SIZE))
MPI STATUS SIZE: “mpif.h” TEHBNDH/INTA—4
CEEEICDL\TIE &R

- ierr 2 0 58 7Ta—F



Fundamental MPI

RECV (Z4E) : S E~ADZ{E
223 7B ET O LR D ESE L F—4% 2 (I

MPI Irecv
(recvbuf,count,datatype,dest, tag,comm, request)
- recvbuf FE ZIE/NVIT7DHRETRLAR,

—~ count B Iyt—SDHAX

—~ datatype E# Iyt—SDT—RE34T

- dest B EETOALADTRELAR(SY)

H H H M

27



« MPI Isend

Fundamental MPI

SEND(GE{E) : IR ADE(E
EENYIFOEHEL=-T—3ZBEETOERIZES

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

- sendbuf FE

count
datatype

dest

£
iE
£
iE

Fi

%ﬂ
%ﬂ
*ﬂ

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—09 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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EEAF, KRA T IRERHID
1i77‘ (Fortran)

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

integer request (NEIBPETOT)
integer status (MPI STAUTS SIZE,NEIBPETOT)

. MPI_Sendrecv : status

integer status (MPI STATUS SIZE)

iith
S

29
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274 AE—-T1LIM)HERR

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

ca—+#
>$ cd <$P-TOP>
>$ cp /tmp/2015summer/C/s2-c.tar .
>$ tar xvf s2-c.tar

T4 LY )RR
>$ 1s
mpi

>$ cd mpi/S2

CDT14LY M) ZERBETIE <$P-S2> &S
<$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

FIRMFI(1) : RBF3E524{F Fortran

Isend/lrecv/Waitall

S> cd <SP-S2>
$> mpifrtpx -Kfast exl-1.f
$> pjsub go2.sh

implicit REAL*8 (A-H,O0-2)
include 'mpif.h'

integer (kind=4 my rank, PETOT, NEIB

)
real (kind=8) VAL, VALtemp
integer (kind=4), dimension(MPI STATUS SIZE,1l) :: stat send, stat recv
integer (kind=4) , dimension (1) :: request send, request recv
call MPI INIT (ierr)

call MPI:COMM_SIZE (MPI COMM WORLD, PETOT, ierr )
call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

if (my rank.eq.0) then

NEIB= 1

VAL = 10.d0
else

NEIB= O

VAL = 11.d0
endif

call MPI ISEND (VAL, 1,MPI DOUBLE PRECISION,NEIB,0,MPI COMM WORLD, request send(1l)

call MPI:WAITALL (1, request recv, stat recv, 1err)
call MPI WAITALL (1, request_send stat send, ierr)
VAL= VALX

call MPI FINALIZE (ierr)
end

_ ,lerr)
call MPI IRECV (VALx,1,MPI " DOUBLE PRECISION NEIB, 0,MPI COMM WORLD, request recv(l),

ierr)

32



MPI Programming

FIRMFI(1) : RBF3E524{F Fortran

SendRecv
S> cd <$P-S2>

$> mpifrtpx -Kfast exl-2.f

$> pjsub go2.sh

implicit REAL*8 (A-H,0-2)

include 'mpif.h'
integer (kind=4)
real (kind=8)
integer (kind=4)

call MPI INIT

call MPI COMM SIZE B B
call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )

if (my rank.eqg.OQ)

NEIB= 1

VAL = 10.d0
endif
1if (my rank.eqg.l)

NEIB= 0

VAL = 11.d0
endif

call MPI_SENDRECV
& (VAL , 1, 3 3
& VALtemp, 1, MPI_ DOUBLE PRECISION, NEIB, 0, MPI COMM WORLD, status, ierr)

VAL= VALtemp
call MPI_FINALIZE
end

my rank, PETOT, NEIB
VAL, VALtemp
status (MPI STATUS SIZE)

(ierr)
(MPI COMM WORLD, PETOT,

then

then

ierr

MPI DOUBLE PRECISION, NEIB,

(ierr)

)

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

"B

« 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
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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,..)

o« NTHEULA, EEIIEH
« SPMDbKLLZAELY
o NFAMEMIEL
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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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MPI Programming

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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— RSN BET—T IV EE

« EXEMF
— NEIBPETOT, NEIBPE(neib)
FNENDEEHEFISELIAVE—I T AKX
— export_index(neib), neib= 0, NEIBPETOT

- [RRRIES
— export_item(k), k= 1, export_index(NEIBPETOT)

TNENDEEEFITELAVE—D
— SENDDbuf(k), k=1, export_index(NEIBPETQOT)
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2 1{E (MPI Isend/Irecv/Waitall)

neib#1 neib#2 neib#3 neib#4
® @ @
}4 L L - b‘
BUFlength_e BUFlength_e BUFlength_e BUFlength_e
export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export index (neib-1)+1, export index(neib)
kk= export _ item (k)
SENDbuf (k)= VAL (kk)

enddo L1§/ \WIFTADKA
enddo mEGEDEBZEREIEE, ZEICHE
do neib= 1, NEIBPETOT ’)@"C(if&(, D KGN TFA~—[H]
iS_e= export index(neib-1) + 1 RALTEIET A LZENDS.

iE e= export index(neib )
BUFlength e= iE e + 1 - iS e

call MPI ISEND &
& (SENDbuf (iS _e), BUFlength e, MPI INTEGER, NEIBPE (neib), 0, &
& MPI COMM WORLD, request send (neib), ierr)
enddo

call MPI WAITALL (NEIBPETOT, request send, stat recv, ierr)
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—RIEShT-BET—TIL: 2{E

. S{EHETF
— NEIBPETOT, NEIBPE(neib)

. TRENDRERFNSRITIBAvE—UH (X
— Import_index(neib), neib= 0, NEIBPETOT

s S RIES
— import_item(k), k= 1, import_index(NEIBPETOT)

: TRENDRIERFNSRITID Av—T
— RECVDbuf(k), k=1, import_index(NEIBPETOT)
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{8 (MPI Isend/Irecv/Waitall)

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

[°g)

call MPI WAITALL (NEIBPETOT, request recv, stat recv, ierr)

do neib= 1, NEIBPETOT

do k= 1mport index (neib-1)+1, import index(neib)
kk= import item(k)

VAL (kk)= RECVbuf (k) ZENVITHLHKA
enddo
enddo
RECVbuf : _ _ :
neib#1 neib#2 neib#3 neib#4
@ o
}4 BUFlength_i + BUFlength_i T BUFlength_i i BUFlength_i i

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 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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a3 [ 14 [ 15 [a6]]] 20

19

20

9 10 11 12 19 21

22

23

24

5 6 7 8 18 #EXPORT _index
4 8
#EXPORT_items
4

1 2 3 4 17 8 RIS (#1) ~

ié lexport]3 5 &% (1~4)

PE#1 % B SRE2 (#3) ~

15 fexport] 9 &% (5~8)
16
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— RS -EET

PE#3
21 22 23 24
[ 23 [ 14 [ 15 T16l ] 20
9 10 11 12 19
5 6 ! 8 18
1 2 3 4 17

PE#1

—J)L(6/6)

54 R IEEDBRNAK
FEL LA BSAEID DDH
FEShd.

RRRFTERDEEIC
BWLWTItR1EE->TNVS
A[REENHDHD T, B\ DA
'~L1_é7haé;&:bﬁ)é
(16ZEZRDHI).
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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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1%t 1,8 {5

e I1@{EEE ?
o T RITiUlRE, —fRESNT-BIET—TIL
— ZRILEDE
— FIREERE
- BT3B EEEET—TI
— E&HI

¢ FREES2

84
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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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F0455L%):sq-sr1.f (1/6)

#EA1E

implicit REAL*8 (A-H,O0-2Z)
include 'mpif.h‘

integer (kind=4) :: my rank, PETOT
integer (kind=4) :: N, NP, NEIBPETOT, BUFlength
integer (kind=4), dimension(:), allocatable :: VAL
integer (kind=4), dimension(:), allocatable :: SENDbuf, RECVbuf
integer (kind=4), dimension(:), allocatable :: NEIBPE
integer (kind=4), dimension(:), allocatable :: import index, import item
integer (kind=4), dimension(:), allocatable :: export index, export item
integer (kind=4), dimension(:,:), allocatable :: stat send, stat recv
integer (kind=4), dimension (: ), allocatable :: request send
integer (kind=4), dimension (: ), allocatable :: request recv
character (1en=80) :: filename, line
1C
IC +-—————————- +
'C | INIT. MPI |
IC - —————- +
' ==
call MPI INIT (ierr)

call MPI:COMM_SIZE (MPI COMM WORLD, PETOT, ierr )
call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )
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70455 L6 :sq-srl1.f (2/6)

Bt R Ay 2T —43 (sqm.*) FEHIAFH

IC
'C-- MESH
if (my rank.eq.0) filename= 'sgm.O'
if (my rank.eq.l) filename= 'sqgm.1l'
if (my rank.eq.2) filename= 'sqm.2'
if (my rank.eq.3) filename= 'sqgm.3'
open (21, file= filename, status= 'unknown')
read (21,*) NEIBPETOT
allocate (NEIBPE (NEIBPETOT))
allocate (import index (0:NEIBPETOT))
allocate (export index (0:NEIBPETOT))
import index= 0
export index= 0
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT)
read (21,*) NP, N
read (21,"'(a80)"') line
read (21,*) (import index(neib), neib= 1, NEIBPETOT)
nn= import index (NEIBPETOT)
allocate (Import item(nn))
do i= 1, nn o
read (21,*) import item (i)
enddo -
read (21,"'(a80)"') line
read (21,*) (export index(neib), neib= 1, NEIBPETOT)
nn= export index (NEIBPETOT)
allocate (export item(nn))
do i= 1, nn o
read (21,%*) export item(i)
enddo
close (21)
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F045 5 L%):sq-srl.f (2/6)

—\

Bt LAYy 2T —2 (sqm.*) BE 1A FH

I C #NEIBPEtot
' 2
!C-- MESH
if (my rank.eq.0) filename= 'sqgm.O' fNEEBPE
if (my rank.eqg.l) filename= 'sgm.1l' #NODE
if (my rank.eq.2) filename= 'sgm.2' 24 16
if (my rank.eq.3) filename= 'sgm.3' #IMPORTindex
open (21, file= filename, status= 'unknown') 4 8
read (21,*) NEIBPETOT .
allocate (NEIBPE (NEIBPETOT)) fiMPORTltems
allocate (import index (0:NEIBPETOT)) 18
allocate (export index (0:NEIBPETOT)) 19
import index= 0 20
export index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N
23
: : : : 24
read (21,*) (import index(neib), neib= 1, NEIBPETOT) .
nn= import index (NEIBPETOT) ﬁEXgORTlndex
allocate (import item(nn)) .
g5 t= 1., am — ﬁEXPORTltems
read (21,*) import item(1i) 8
enddo 12
read (21,*) (export index(neib), neib= 1, NEIBPETOT) ig
nn= export index (NEIBPETOT) 12
allocate (export item(nn)) 15
do i= 1, nn 16

read (21,*) export item(i)
enddo
close (21)



MPI Programming

IC

IC-- MES
if
if
if
if
op

cl

T055 L% :sg-srl.c (2/6)

—\

BAF AV 2T — 5 (sqm.®)

H
(my rank.eq.0) filename= 'sgm.O0'
(my rank.eqg.l) filename= 'sgm.l'
(my rank.eq.2) filename= 'sgm.2'
(my rank.eq.3) filename= 'sgm.3'
en (21, file= filename, status= 'unknown')

read (21,*) NEIBPETOT
allocate (NEIBPE (NEIBPETOT))
allocate (import index (0:NEIBPETOT))
allocate (export index (0:NEIBPETOT))
import index= 0
export index= 0
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT)
read (21,*) NP, N
’ '_< ] ., ') line
NP #EFRH port_index(neib), neib= 1, NEIBPETOT)
= import index (NEIBPETOT)
N pqﬁaﬁk locate (import item(nn))
do i= 1, nn N
read (21,*) import item (i)
enddo -
read (21,"'(a80)"') line
read (21,*) (export index(neib), neib= 1, NEIBPETOT)
nn= export index (NEIBPETOT)
allocate (export item(nn))
do i= 1, nn o
read (21,*) export item(i)
enddo
ose (21)

=% ¢

St R IA FH-
#NEIBPEtot
2
#NEIBPE
1 2
#NODE
24 16
#IMPORTindex
4 8
#IMPORTitems
17
18
19
20
21
22
23
24
#EXPORTindex
4 8
#EXPORTitems
4
8
12
16
13
14
15
16
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T055 L% :sg-srl.c (2/6)

Bt R Ay 2T —43 (sqm.*) FEHIAFH

I C #NEIBPEtot
' 2
!C-- MESH
if (my rank.eq.0) filename= 'sqgm.O' fNEEBPE
if (my rank.eqg.l) filename= 'sgm.1l' #NODE
if (my rank.eq.2) filename= 'sgm.2' 24 16
if (my rank.eq.3) filename= 'sgm.3' #IMPORTindex
open (21, file= filename, status= 'unknown') 4 8
read (21,*) NEIBPETOT )
allocate (NEIBPE (NEIBPETOT)) fiMPORTltems
allocate (import index (0:NEIBPETOT)) 18
allocate (export index (0:NEIBPETOT)) 19
import index= 0 20
export index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N
23
. . ) . 24
read (21,*) (import index(neib), neib= 1, NEIBPETOT) .
nn= import index (NEIBPETOT) ﬁEXSORTlndex
allocate (import item(nn)) .
g5 t= 1., am — ﬁEXPORTltems
read (21,*) import item(1i) 8
enddo 12
read (21,*) (export index(neib), neib= 1, NEIBPETOT) ig
nn= export index (NEIBPETOT) 12
allocate (export item(nn)) 15
do i= 1, nn 16

read (21,*) export item(i)
enddo
close (21)
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055 L% :sq-sr1.f (2/6)

Bt R Ay 2T —43 (sqm.*) FEHIAFH

I C #NEIBPEtot
' 2
!C-- MESH
if (my rank.eq.0) filename= 'sqgm.O' fNEEBPE
if (my rank.eqg.l) filename= 'sgm.1l' #NODE
if (my rank.eq.2) filename= 'sgm.2' 24 16
if (my rank.eq.3) filename= 'sgm.3' .
open (21, file= filename, status= 'unknown') ﬁIMgORTlndex
read (21,*) NEIBPETOT .
allocate (NEIBPE (NEIBPETOT)) f%MPORTltems
allocate (import index (0:NEIBPETOT)) 18
allocate (export index (0:NEIBPETOT)) 19
import index= 0 20
export index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N 23
24

read (21,*) (import index(neib), neib= 1, NEIBPETOT) .
nn= import index (NEIBPETOT) #EXPORTindex

- - 4 8
4o ie 1 mam allocate (import item(nn)) #EXPORTi tems
read (21,*) import item(i) g
enddo
12
read (21,*) (export index(neib), neib= 1, NEIBPETOT) ig
nn= export index (NEIBPETOT) 12
allocate (export item(nn)) 15
do i= 1, nn 16

read (21,*) export item(i)
enddo
close (21)
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORT1index
4 8
#IMPORTitems
17

18

19

20

21

22

23

24
#EXPORTindex
4 8
#EXPORT1items
4

8

12

16

13

14

15

16

PE#0 52{§

PE#3
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055 L% :sq-sr1.f (2/6)

Bt R Ay 2T —43 (sqm.*) FEHIAFH

I C #NEIBPEtot
g 2
!C-- MESH
if (my rank.eq.0) filename= 'sqgm.O' fNEEBPE
if (my rank.eqg.l) filename= 'sgm.1l' #NODE
if (my rank.eq.2) filename= 'sgm.2' 24 16
if (my rank.eq.3) filename= 'sgm.3' .
open (21, file= filename, status= 'unknown') ﬁIMgORTlndex
read (21,*) NEIBPETOT )
allocate (NEIBPE (NEIBPETOT)) fiMPORTltems
allocate (import index (0:NEIBPETOT)) 18
allocate (export index (0:NEIBPETOT)) 19
import index= 0 20
export index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N 23
: . . : 24
read (21,*) (import index(neib), neib= 1, NEIBPETOT) .
nn= import index (NEIBPETOT) ﬁEXEORTlndex
allocate (import item(nn)) .
g5 t= 1., am — ﬁEXPORTltems
read (21,*) import item(1i) 8
enddo 12
read (21,*) (export index(neib), neib= 1, NEIBPETOT) ig
nn= export index (NEIBPETOT) 12
allocate (export item(nn)) 15
do i= 1, nn 16

read (21,*) export item(i)
enddo
close (21)
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055 L% :sq-sr1.f (2/6)

Bt R Ay 2T —43 (sqm.*) FEHIAFH

I C #NEIBPEtot
g 2
!C-- MESH
if (my rank.eq.0) filename= 'sqgm.O' fNEEBPE
if (my rank.eqg.l) filename= 'sgm.1l' #NODE
if (my rank.eq.2) filename= 'sgm.2' 24 16
if (my rank.eq.3) filename= 'sgm.3' .
open (21, file= filename, status= 'unknown') ﬁIMgORTlndex
read (21,*) NEIBPETOT )
allocate (NEIBPE (NEIBPETOT)) fiMPORTltems
allocate (import index (0:NEIBPETOT)) 18
allocate (export index (0:NEIBPETOT)) 19
import index= 0 20
export index= 0 21
read (21,*) (NEIBPE (neib), neib= 1, NEIBPETOT) 22
read (21,*) NP, N
23
: . . : 24
read (21,*) (import index(neib), neib= 1, NEIBPETOT) .
nn= import index (NEIBPETOT) ﬁEXgORTlndex
allocate (import item(nn)) .
g5 t= 1., am — ﬁEXPORTltems
read (21,*) import item(1i) 8
enddo 12
read (21,*) (export index(neib), neib= 1, NEIBPETOT) ig
nn= export index (NEIBPETOT) 12
allocate (export item(nn)) 15
do i= 1, nn 16

read (21,*) export item(i)
enddo
close (21)
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORT1index
4 8
#IMPORT1items
17

18

19

20

21

22

23

24
#EXPORTindex
4 8
#EXPORT1items
4

8

12

16

13

14

15

16

PE#0 1518

95
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I055 L6 :sq-srl.f (3/6)
/a) Fﬁ %&__/)-‘(éﬁ-(%"?@rg) (Sq *>|:|JL :&077'~

1C
1C-- VAL.
if (my rank.eq.0) filename= 'sq.0'
if (my rank.eq.l) filename= 'sq.1l'
if (my rank.eq.2) filename= 'sq.2'
if (my rank.eq.3) filename= 'sq.3'
allocate (VAL (NP))
VAL= 0
open (21, file= filename, status= 'unknown')
do i= 1, N
read (21,%) VAD(1) N : AE#
close (21) VAL : 2B ERBSZTHRAAD
| C=== COFERTHRDERDMNOTLVEL
1
2
3
4
25|26|27|28 i
11
17/18/19|20 12
18
9110/11/12 19
25
1/2/3/4 26
27
PE#0 28
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F05 5 L%]:sq-srl.f (4/6)

X IE/N\NVIT7E(E

1@

[€© = 1
'!C | BUFFER |
[© oo 1
[ (C===

allocate (SENDbuf (export index (NEIBPETOT)))
allocate (RECVbuf (import index (NEIBPETOT)))

SENDbuf= 0

RECVbuf= 0 EAE TP [HER & | OISR

do neib= 1, NEIBPETOT ZANS. EE/NYVIFD
iS= export index(neib-1) + 1 export index(neib-1)+1
;ﬁ‘ii"‘-jgft;;"dex (neib ) Mbexport inedx(neib)E TIZ

SENDbuf (i)= VAL (export_item(i)) NEIBPE (neib) |ZE{ET 21EHZEIE

enddo mj-é

enddo )

| C===
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EE/I\VITTDEHEE

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 &
& (VAL(...), BUFlength e, MPI INTEGER, NEIBPE(neib), 0, &
& MPI COMM WORLD, request send(neib), ierr)
enddo
PE#2

=&AL, COBEFRIFERLTLVE
LNDT,

21|22
1314

EIENYIT7DHETFLR
FINOHMATOODHAAXD
Ayt —

EWLNVDIRIG T IENEEE




MPI Programming

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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705 5L :sg-srl1.f (5/6)

%1€ (MPI_Isend)

EC PE#2 PE#3
IC +——————————— +
!C | SEND-RECV | QS—SQQ ﬂg@ﬁ
IC 4= + 49|50|51|52| |53|54|55|56
|C===
allocate (stat send(MPI STATUS SIZE,NEIBPETOT)) 41142/143/44| 145 @ a7 @
allocate (stat recv(MPI STATUS SIZE,NEIBPETOT)) 33/34/35|36(|13738|39/40
allocate (request send(NEIBPETOT))
allocate (request recv (NEIBPETOT)) 251261271281 129180131132
do neib= 1, NEIBPETOT 17(18/19|20] |21|R2(23|24
iE= export index(neib ) = — = =
BUFlength= iE + 1 - iS 11213451678
call MPI ISEND (SENDbuf (1iS) , BUFlength, MPI INTEGER, &
& NEIBPE (neib), O, MPI_COMM_WORLD, i#o & ﬂ
& request send(neib), ierr)
enddo
do neib= 1, NEIBPETOT
1S= import index(neib-1) + 1
iE= import index(neib )
BUFlength= iE + 1 - 1S
call MPI TIRECV (RECVbuf (1S), BUFlength, MPI INTEGER, &
& NEIBPE (neib), 0, MPI COMM WORLD, &

& request recv(neib), ierr)
enddo
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORT1index
4 8
#IMPORT1items
17

18

19

20

21

22

23

24
#EXPORTindex
4 8
#EXPORT1items
4

8

12

16

13

14

15

16

PE#0 1518

101
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2 1{E (MPI Isend/Irecv/Waitall)

neib#1 neib#2 neib#3 neib#4
® @ @
}4 L L - b‘
BUFlength_e BUFlength_e BUFlength_e BUFlength_e
export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export index (neib-1)+1, export index(neib)
kk= export _ item (k)
SENDbuf (k)= VAL (kk)

enddo L1§/ \WIFTADKA
enddo mEGEDEBZEREIEE, ZEICHE
do neib= 1, NEIBPETOT ’)@"C(if&(, D KGN TFA~—[H]
iS_e= export index(neib-1) + 1 RALTEIET A LZENDS.

iE e= export index(neib )
BUFlength e= iE e + 1 - iS e

call MPI ISEND &
& (SENDbuf (iS _e), BUFlength e, MPI INTEGER, NEIBPE (neib), 0, &
& MPI COMM WORLD, request send (neib), ierr)
enddo

call MPI WAITALL (NEIBPETOT, request send, stat recv, ierr)
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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

103
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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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705 5L :sg-srl1.f (5/6)

{5 (MPI_Irecv)

EC PE#2 PE#3
IC +——————————— +
!C | SEND-RECV | QS—SQQ ﬂg@ﬁ
O + 49|50|51|52| |53|54|55|56
IC===
allocate (stat send(MPI STATUS SIZE,NEIBPETOT)) 41142/143/44| 145 @ a7 @
allocate (stat recv(MPI STATUS SIZE,NEIBPETOT)) 33/34/35|36(|13738|39/40
allocate (request send(NEIBPETOT))
allocate (request recv (NEIBPETOT)) 251261271281 129180131132
do neib= 1, NEIBPETOT 17(18/19|20] |21|R2(23|24
iE= export index(neib ) = — = =
BUFlength= iE + 1 - iS 11213451678
call MPI ISEND (SENDbuf (1iS), BUFlength, MPI INTEGER, &
& NEIBPE (neib), O, MPI COMM WORLD, i#o & @
& request send(neib), ilerr)
enddo
do neib= 1, NEIBPETOT
1S= import index(neib-1) + 1
iE= import index(neib )
BUFlength= iE + 1 - 1S
call MPI_IRECV (RECVbuf(iS), BUFlength, MPI_INTEGER, &
& NEIBPE (neib), 0, MPI COMM WORLD, &

& request recv(neib), ierr)
enddo
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#NEIBPEtot

2

#NEIBPE

1 2

#NODE

24 16
#IMPORT1index
4 8
#IMPORTitems
17

18

19

20

21

22

23

24
#EXPORTindex
4 8
#EXPORT1items
4

8

12

16

13

14

15

16

PE#0 52{§

PE#2
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{8 (MPI Isend/Irecv/Waitall)

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

[°g)

call MPI WAITALL (NEIBPETOT, request recv, stat recv, ierr)

do neib= 1, NEIBPETOT

do k= 1mport index (neib-1)+1, import index(neib)
kk= import item(k)

VAL (kk)= RECVbuf (k) ZENVITHLHKA
enddo
enddo
RECVbuf : _ _ :
neib#1 neib#2 neib#3 neib#4
@ o
}4 BUFlength_i + BUFlength_i T BUFlength_i i BUFlength_i i

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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7045 .LH:sq-srl1.f (6/6)

ZENYIT7OHRFDHKA

call MPI WAITALL (NEIBPETOT, request recv, stat recv, ierr)

do neib= 1, NEIBPETOT
iS= import index(neib-1) + 1

1ES lmporciladex(neibi) REN\VIFOHRHZEMNRIDIE
o i= iSs, 1
VAL (import item(i))= RECVDbuf (i) tbrﬁlj—é
enddo
enddo
call MPI WAITALL (NEIBPETOT, request send, stat _send, ierr)
|C===
1C
'C 4———————- +
!C | OUTPUT |
'C 4———————- +
|C===
do neib= 1, NEIBPETOT
1S= import index(neib-1) + 1
iE= import index(neib )
do i= is, 1iE
in= import item(1i)
write (*,'(a, 31i8)"') 'RECVbuf', my rank, NEIBPE (neib), VAL (in)
enddo B
enddo
|C===

call MPI FINALIZE (ierr)
stop

end
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7045546 :sq-srl1.f (6/6)

NEDEDESHL

call MPI WAITALL (NEIBPETOT, request recv, stat recv, ierr)

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

VAL (import item(i))= RECVbuf (1)
enddo
enddo
call MPI WAITALL (NEIBPETOT, request send, stat send, ierr)
1C===
IC
IC +=====——- +
'C | OUTPUT |
IC +=====——- +
1C===
do neib= 1, NEIBPETOT
iS= import index(neib-1) + 1
iE= import:index(neib )
do i= iS, iE
in= import item(i)
write (*,'(a, 3i8)') 'RECVbuf', my rank, NEIBPE (neib), VAL (in)
enddo -
enddo
1C===

call MPI FINALIZE (ierr)
stop

end
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