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YacTtb 3: PacnapannenuBaHue Ha
KOMMblOTEpax c pacnpenerneHHoOun
namMAaTbIO

CpencTea nporpaMmMmpoBaHns A58 KOMMNbIOTEPOB C pacnpeneneHHoON
namaTtbo (MPI)

[loHATME NpoLiecca B BbIYNUCNEHUAX HA KOMMbOTEPaX C pacnpenenéHHom
NnamaTbio

OCHOBHbI€ UHCTPYMEHTbI MP]
KoMMyHMKaLumn one-to-one, ONoKMpytoLLmMe 1 HEBNOKUPYIOLLIME NEPECHINKM

[TpuMepbl arieMeHTapHbIX OLLMOOK
KonneKkTuBHbIE KOMMYHUKaLINK

PaboTa ¢ rpynnamu n KOMMyHMKaTopamm



CpeacrtBa nporpaMmmMupoBaHus A5l KOMMNbIOTEPOB C
pacnpeperieHHOU naMmAaTbHo (MPI)

Message Passing Interface (MPI) — Habop nporpamm, pa3paboTaHHbIN 4515
nepegaym coobLLEHNN MeXQy KOMMNbITEPaMM

[lepBbI cTaHOApPT pa3padoTaH B 1993-94 rogax KonmiekTuBom
pa3paboTymkoB MPI Forum, B cOCTaBe KOTOPbIX BbIXOAUIN: YUNbSIMOM
[poynnom, 3BuHOM Jlackom u ap.

MPI v1 (MPI-1) cTaHOapT BKMto4arn B ceda 128 oyHKLUNK
nogaepxuBatonx C u Fortran-77 HTepdenchol

MPI v2 (MPI-2) cTaHOapT BKtoyan B cedbs yxxe boriee 500 pyHKLUUN,
nogaepxusatowinm C, C++ u Fortran-90.

MPI 3.1 aBngaeTcs pacwumpeHnem MPI-1 n 2, Bce yHKLUMN KOTOPbIE ObINu
B MPI-1 1 2 nogaepxusatotca u B MPI-3 ctaHgapTe. BoinywieH 09°12.
J[lornonHeH 06°15.



CpeacrtBa nporpaMmmMupoBaHus A5l KOMMNbIOTEPOB C
pacnpeperieHHOU naMmAaTbHo (MPI)

MPICH - 6ecnnaTtHas peanusaums ans UNIX n Windows.
[locnegHaa Bepcua - MPICH 3.2

MVAPICH — becnnaTtHasa peanu3auusa MPI anga Windows / Linux.
[locnegHaa Bepcua - MVAPICHZ2 2.2

Open MPI — 6ecnnaTtHaga peanusauusa MPI ana Windows / Linux.
[locnegHaa Bepcua — Open MPI 2.0.1

Intel MPI — KOMMepYeckas peanusauuna ansa Windows / Linux.
[locnegHaa Bepcua — Intel MPI 2017



CpeacrtBa nporpaMmmMupoBaHus A5l KOMMNbIOTEPOB C
pacnpeperieHHOU naMmAaTbHo (MPI)

OpenMP — ANPEKTUBLI KOMNUNATopa, MP| — BbI30Bbl (DYHKLINNA K
npoueayp

ObLee onncaHue BbizoBa MPI nognporpamm n3 C u Fortrana
C:
#include "mpi.h"
error = MPI_Xxxxx(parameter, ... );
PerucTp BaxeH! MPI_X BEpXHUU, OCTalIbHOE HUXHUN

Fortran:
include 'mpif.h’
call MPI_Xxxxx(parameter, ..., error)
PerncTtp HeBaXkeH, eCTb AOMOSIHUTENbHbLIW NapaMeTp.



MoHATHe npouecca B BbIYUCIIEHUAX HA KOMNbIOTEpPaXx C
pacnpenerieHHON NaMATbLIO

Kak coenaTtb napannenbHyo nporpamMmy M3 nocrneaoBaTenbHON?

error=MPI1_Init();

[locnepoBaTenbHaga nporpamMmMa,; TOJ1bKO 34eCb MOTYT
noasnaATbCcAa MPI

error =MPI_Finalize(); BbI30BbI!

Ut0 namenunocs? HAYEIO! Hu pesynerar, HM Bpems pacyeTta He
N3MEHUTCH

B oTnnymne ot OpenMP, MPl HE J@€T aBTOMaTU4YECKOro
napannennamal Hy>xHo XxopoLuo nopaboTtaTb, YTOObI MOTYy4YnNTb
napansesnbHylo nporpamMmmy.



MoHATHe npouecca B BbIYUCIIEHUAX HA KOMNbIOTEpPaXx C
pacnpenerieHHON NaMATbLIO

OTtnnyme MPI_Init() oT SOMP PARALLEL:

<€

MPI_Init
NMP PARALLEL ~Init()

MPI_Finalize()

\ G [1pn BbI3oBE MPI_Init() oTAENbHLIE \7
Npouecchl NPOCTO Y3HAKT APYr O ApYyre,

npu Bbl3oBe MPI_Finalize() — 3abbIBatoT.

-
-«
<«
<«

B otnnyum ot OpenMP B MPI nporpammax HeT shared, firstprivate 1 T.
M. NEPEMEHHbIX — BCE NMepeMeHHbI€e private, KaXablN NPOLECC
BbIMOJIHAET CBOKO CaMOCTOATENbHYIO NMporpamMmmy.



MoHATHe npouecca B BbIYUCIIEHUAX HA KOMNbIOTEpPaXx C
pacnpenerieHHON NaMATbLIO

* MPI npoLiecc — 3ToO OTAENbHbIM HABOP KOMaHA, C
OaHHbIMU (NporpamMmma),

NcnonHaemMmbi HesaBMCUMO

Ha (BUpyTarnbHO) MPI_init() Y
He3aBNUCMMOM KOMMbIOTEPE,
OCBEOOMITEHHbIVN O MPI_Finalize)Y Y Y VY

CYLLECTBOBaAHUN OPYrnx
noagoOHbIX cebe HabopoB
KOMaHm4 Cc AaHHbIMU

He nytatb ¢ npoueccom B OC!



OCHOBHbIE NMHCTPYMEHTbI MPI

OCHOBHbIE (PYHKLNN:
int MPL_Init (int *argc, char **argv) nnmunanmnsnpyet okpyxeHme MPI
int MPI_Finalize() BbIxoa 13 okpy>xeHusa MPI

int MPI_Comm_size (MPI_Comm comm, int *size) BO3BpaLlaeT
KOJIN4eCTBO MNpoLueccoB

int MPI_Comm_rank (MPI_Comm comm, int *rank) BO3BpalLlaeT
HOMeEpP TeKyLLero npotecca (paHr = nopsgKkoBbii HOMEpP, OTCYET
Bcerga HavynHaetcs c 0)

comm = KOMMYHMKaTOP - CTPYKTYpPa, B KOTOPOW XPaHATCSA BCE CBSA3M
MeXxay npoueccamMmm, MHpopmaLns 0 TOM, Kakue NpoLecehl
BOBIEYEeHbl B BbIYUCNEHUSA U T.4,.



KoMMyHUKaLmKn one-to-one, briokmpytoLme n HebrnoknpyroLime
nepega4u

BaszoBble DYyHKLWM NEPECHINKU:

int MPI_Send (void *buf, int count, MPI_Datatype datatype, int dest,
int tag, MPI_Comm comm) oOTnpaBrigeT coobLleHmne

int MPI_Recv (void *buf, int count, MPI_Datatype datatype, int source,
int tag, MPI_Comm comm, \VIPI_Status *status) nony4aer
coobLeHune

tag — yHUKanbHbI HOMEP MOCLINKKU, Lierioe Yncro borsblue HynsA. B
Recv MOXeT ObITb MPI_ANY_TAG — npekpacHad BO3MOXXHOCTb A4
OLLUNOKKM B UCMOSTHEHUWN. Tag B Send COOTBETCTBYET tag B Recv!!!!

status — MOKa3bIBaET, OTKyda M C KakKMM tagoM MNpuLLIa NOCbInka.
Hy>xHO, ecnn nonb3yetecb MPI_ANY_TAG unvn MPI_ANY_SOURCE

source\dest — paHr(HomMmep) npouecca, KOTopbIN

f\'l'l-lr'\f\nl-lf'lf\T\ T P aYm A VWIiBEra¥Yats



KoMMyHUKaLmKn one-to-one, briokmpytoLme n HebrnoknpyroLime
nepega4u

MPI_Datatype - TUNbl AaHHbIX B MPI:

Tun gaHHbIX MPI Tun paHHbIX C

MPI_CHAR signed char
MPI_SHORT signed short int
MPI_INT signed int
MPI_LONG signed long int
MPI_UNSIGNED_CHAR unsigned char
MPI_UNSIGNED_SHORT unsigned short int
MPI_UNSIGNED unsigned int
MPI_UNSIGNED_LONG unsigned long int
MPI_FLOAT float
MPI_DOUBLE double
MPI_LONG_DOUBLE long double

Tak »xe MPI| no3BoNdAeT co3gaTtb CBOW TUMbI AAHHbIX, HO KaK 3TO
AeriaTb — 3TO YXKe BblICOKad MaTepund He A4 3TOro Kypca



KoMMyHUKaLmKn one-to-one, briokmpytoLme n HebrnoknpyroLime

nepegayn

o llomeHyuanbHas
[Mprmep npocTenwen nporpaMmmsil: npo6nema - Send
;finclude "mpi.h" nossBUINcsa Ao MoXKem
int main(int argc, char **argv) cTapta MPI npou3eodumc;1 6e3
{ 8CCC OMKPbLIMO20 Recv -

char message[20];
int i, rank, size, tag = 99;
MPI_Status status; :

npozpamMma ebiticem
J «CTapT» MPI ] C owubkou

MPI_Init(&argc, &argV); —=—— . npoueccosB

MPI_Comm_size(MPI_COMM_WORLD, &size); ( CamounpenTudukay }

MPI_Comm_rank(MPl_COMM_WORLD, &rank); —_ ha MPl npoueccoB

{Borbiuas pabora) j if cnocob pacnpeneneHus

if (rank == 0) __— N paboTbl

{

strcpy(message, "Hello, world!"); ( for cnoco® pacnpeneneHus
for (i=1; i< size; i++) pa6OTbI
MPI_Send(message, 20, MPl_CHAR, i, tag, MPI_COMM_WORLD); -

}

else o
MPI_Recv(message, 20, MPl_CHAR, 0, tag, MPI_COMM_WORLD, &status); He 3abbiBaiite

printf( "Message from process = %d : %.14s\n", rank, message); NPOBEPATb KOAbI

MPI_Finalize(); oLLInBok!

return O;

} B

r«CDVIHVIUJ» MPI
npoLeccoB




KoMMyHUKaLmKn one-to-one, briokmpytoLme n HebrnoknpyroLime
nepega4u

OcHoBHble HeBNokMpytoLLne dYHKLUN NEPECHISKU:

int MPI_Isend( void *buf, int count, MPI_Datatype datatype, int dest,
int tag, MPI_Comm comm, MPI_Request *request ) oTnpaBngaeT
cooboLeHne

int MPIL_lIrecv( void *buf, int count, MPI_Datatype datatype, int source,
int tag, MPI_Comm comm, MPI_Request *request ) nony4yaer
coobLeHune

request — CTPYKTYpa, KoTopasi XpaHUT MHOpPMaLIUIO, YTO
OTNPaBfEHHO/MOMYyYeHO, OT KOro U C KakKUM Tarom...

[1pn BbI3oBax MPI_Isend/MPI_Irecv nporpamma He XAOeT, noka
NoCblISfika OTNPaBUTCSA/OyaeT nony4vyeHa, UCNONIHEHME UOET AanbLue.
Kak y3HaTb, oTrpaBusiacb N Nocbifika B UTore nnu gowna?



KoMMyHUKaLmKn one-to-one, briokmpytoLme n HebrnoknpyroLime
nepega4u

OCHOBHbIE HEDNOKMPYIOLLNE PYHKLUN NEPECHISTKNA:

int MPI_Wait ( MPI_Request *request, MPI_Status *status) — bapbep,
NoKa nocblifika He gouaeT/ He oTnpaBUTCS

MPI_lIsend()+MPI_Wait()=MPI_Send

int MPI_Test ( MPI_Request *request, int *flag, MPI_Status *status) —
NpoBepKa, NoflydeHa/oTnpasneHa nocbifika nnun Her.

flag — «nornyeckaa» nepemMeHHas, Kotopas oTBedaeT Ha 3TOoT
BOMNpoC



KoMMyHUKaLmKn one-to-one, briokmpytoLme n HebrnoknpyroLime

nepenayu
ToT e npumep, 6onee KOPPEKTHbIN:

#include "mpi.h"
int main(int argc, char **argv )
{
char message[20];
int i, rank, size, tag = 99;
MPI_Request request;
MPI_Status status;
MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &size);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);

Ho ymo ecnu
3anycmums amy
npozpamMmy 8
nocsiedoeamesibHOM
pexume? OHa
3aeucHem ...

if (rank!=0) MPI_Irecv(message, 20, MPI_CHAR, 0, tag, MPI_COMM_WORLD, &request);

{bonbluas paboTta}
if (rank == 0)
{
strcpy(message, "Hello, world!");
for (i=1; i< size; i++)
MPI_Send(message, 14, MPI_CHAR, i, tag, MPI_COMM_WORLD);
}
else
MPI_Wait(&request, &status);
printf( "Message from process = %d : %.14s\n", rank, message);
MPI_Finalize();
return O;

}



[MprMepbl 3neMeHTapHbIX OLLMOOK

Ta >xe camas nporpaMmma, Ho Ha popTpaHe:

Bo ecex MPI
include ‘mpif.h’ PpyHKYUsIX nponyuweH
program main nocredHull
char message(20)
integer i, rank, size, tag flapamemp —error, a 8
integer*8 request pe3ysibmame
integer*8 status npozpamma 20e-mo
call MPI_Init() nadaem

call MPI_Comm_size(MPI_COMM_WORLD, size)
call MPI_Comm_rank(MPI_COMM_WORLD, rank)
tag=99
if (rank.ne.0) call MPI_lIrecv(message, 20, MPI_CHAR, 0, tag, MPI_COMM_WORLD, request)
bonbluas pabota
if (rank .eq. 0) then
message = “Hello, world!"

doi=1,size
call MPI_Send(message, 20, MPI_CHAR, i, tag, MPI_COMM_WORLD)
enddo
else
call MPI_Wait(&request, &status)
endif

print *, ‘Message from process = ‘, rank, message
call MPI_Finalize()
end



[MprMepbl 3neMeHTapHbIX OLLMOOK

[pyraga nonynspHas owmnbka Ha NnpuMepe 3TOM e NporpamMmbl:
Bbixo0 no owubke:

#include "mpi.h" noribimka

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

{
char message[20]; MnocChbIJIKYy C
int i, rank, size, tag = 99; HeoOMmKpbIimbIM
MPI_Request request; npueMHuUKomM. Bcezao

MPI_Status status;
MPI_Init(&argc, &argv);
MPI_Comm_size(MPl_COMM_WORLD, &size); 0,aHecl..
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
if (rank!=0) MPI_Irecv(message, 20, MPI_CHAR, 0, tag, MPI_COMM_WORLD, &request);
{bonbluas paboTta}
if (rank == 0)
{

strcpy(message, "Hello, world!");

for (i=0; i < size; i++)

MPI_Send(message, 20, MPI_CHAR, i, tag, MPI_COMM_WORLD);

}

else

MPI_Wait(&request, &status);
printf( "Message from process = %d : %.14s\n", rank,message);
MPI_Finalize();
return O;

}

JTUWb Ha4YaJiu UUKJI C



[MprMepbl 3neMeHTapHbIX OLLMOOK

Bmecmo tag udem
Opyras nonynspHas owmnbKa Ha NpUMepe 3TOW Xe NporpaMmbi: &tag... HecMomps Ha

mo, 4Ymo ¢popmMasibHO
#include "mpi.h"

i o Ha ecex ripoueccax

int main(int argc, char **argv)

{ tag OOUH U mom XKe,
char message[20]; adpec y HUX Moxxem
int i, rank, size, tag = 99; 6bIimb pa3Hblll... A
MPI_Request request; MoXxKem u
MPI_Status status; -
MPI_Init(&argc, &argv); 00UHaKoebIU, 4mo
MPI_Comm_size(MPl_COMM_WORLD, &size); npuodaem npoz2paMmme
MPI_Comm_rank(MPI_COMM_WORLD, &rank); euwe 60.I1bwyl-0

if (rank!=0) MPI_Irecv(message, 20, MPI_CHAR, 0, &tag, MPI_COMM_WORLD, &rQﬁmeUHaanocmb a3
{bonbluas paboTta}
if (rank == 0)
{
strcpy(message, "Hello, world!");
for (i=1; i< size; i++)
MPI_Send(message, 14, MPI_CHAR, i, &tag, MPI_COMM_WORLD);
}
else
MPI_Wait(&request, &status);
printf( "Message from process = %d : %.14s\n", rank,message);
MPI_Finalize();
return O;

}



3agaHuda Ha NOHUMaHUe

Hapucyinrte 6nok cxemy, peanm3yrowyro napannesibHoe
YMHOXEeHMe MaTpuLbl HA BEKTOpP, rAe MaTpuua pacnpeaernieHa
no npoueccam

1. nocrton6buam

2. Mo CTpOKam

3. B LWAaXMaTHOM nopsiake

Hapucynrte 6nok-cxemy, peanusylowyro napansnesnibHoe
BbluncneHue yucna m. OgmH n3 cnocoboB BbIYMCNEHUA Yncna
T BbIMMAAWUT TaK: B KBagpaT 2 Ha 2 paBHOMEPHO CJly4YanHo
HabpacbIBalOTCA TOYKN. Yncno T paBHO YMHOXEHHOMY Ha 4
OTHOLUEHMUIO KONIMYeCTBa TOUYEK, PaCCTOAHME A0 KOTOPbIX OT
LLeHTPa MeHbLle 1 K o0LeMy Yncrny ToYeK.

Hapucynrte 6nok cxemy, peanm3yrowyro napannesibHoe
BblYMCNeHue 1-01, 2-0M U paBHOMEPHOU HOPMbI BEKTOpa

Peannsynte oauH U3 BblllenepeyncrieHHbIX anropuTMoB B
Buae MPI nporpamMmmbl 1 BbIMOJTHUTE €€ Ha «KIacTepe»



KonnekTuBHbIe KOM MYHUKaLUUUN

3apaya: Hanuwunte 6nok-cxemy, peanusyroLlyro napannenbHoe BbluncrnieHne yncna 1. lNcesgokon:
#include "mpi.h"
int main(int argc, char **argv)

{ \
int i, rank, size, type = 99, max_proc; \\ maximum number of process \ °
®

double pi_proc[max_proc],pi;

MPI_Request request[max_proc];

MPI_Status status;

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &size);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);

if (rank!=0) for (i = 1; i < size; i++) MPI_lrecv(pi_progd W0URE i, type, MPI_COMM_WORLD, &request[i]);
{Calculate pi on each process;}
if (rank !=0)
{
MPI_Send(message, 1, MPI_DOUBLWpI ’
}
else
o\ e
for (i=1;i<size; i++ ait quest[i], &status);
}
for (i=1;i<size; i+ pi_proc[i];
pi = pi/size;
MPI_Finalize();
return O;

}



KonnekTuBHbIe KOM MYHUKaLUUUN

int MPI_Reduce(void *sendbuf, void *recvbuf, int count, MPI_Datatype type,
MPI _Op op, int root, MPI_Comm comm)

op — onepauus, Kotopasi JoMmkHa ObITb BbIMOMHEHa HaA AaHHbIMN,
HanpumMmep, CyMMUPOBaHWe, onpeaeneHmne Mmakcmmyma v 1.4. Mpumepsi:

Onepauns ______________ [Ommcawe

MPI_MAX / MPI_MIN OnpepgeneHne max/min 3Ha4eHUs

MPI_SUM OnpeneneHne CyMmMbl 3HAYEHUN

MPI_PROD OnpeneneHne nponsseaeHns

3Ha4YeHun

MPI_LAND / MPI_LOR Jlornyeckune onepauunn n/mnm

MPI_BAND / MPI_BOR buToBble onepaunn n/mnm

MPI_MAXLOC / MPI_MANLOC OnpepneneHne max / min 3Ha4eHUn n
DSy, MIRAGKCOE

OCHOBHbIE OLLUNDKMU:
scount, type, op, root, comm — Ha BCeX nNpoueccax ognHakosbl! IHaye Henpeackasyemoe nageHue
*sendbuf, recvbuf — 4OMKHbI yKa3blBaTb Ha pa3Hble af1ieMeHTbl! IHaye oTBET HenpaBUIbHbIN



KonnekTuBHbIe KOM MYHUKaLUUUN

3apayva: Hanuwunre 6nok-cxemy, peanusyroLllyro napannenbHoe BblYUCIIeHUue Yyucna .
NMceBaokop ¢ nomoLbo MPI_REDUCE:

#include "mpi.h"
int main(int argc, char **argv)
{
int i, rank, size, type = 99, max_proc; \\ maximum number of process
int master_rank = 0;
double pi_proc[max_proc],pi;
MPI_Request request[max_proc];
MPI_Status status;
MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &size);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
{Calculate pi on each process;}
MPI_Reduce(&pi_proc[i], &pi, 1,MPI_Double, MPI_SUM, master_root, comm);
MPI_Finalize();
return O;

}

3HaunTenbHO yoobHee, 6oree Toro — 3Ha4YnTENBLHO BLICTPEE.

KonnektnBHble onepaunu o6bIYHO BbINONMHAKTCA ObICTpee, YeM COOTBETCTBYHOLLUNA UM
Habop HEKOSNNMEKTUBHbIX!



KonnekTuBHbIe KOM MYHUKaLUUUN

MPI_Reduce:

Process O

Process 1
Process root
Process 2

Process 3

MPI_Bcast(void *buf, int count, MPI_Datatype type, int root, MPI_Comm comm):

Process O

Process 1

Process root

Process 2

/I

Process 3

buf — agpec oTnpaBku AN root 1 aapec npuemMa Ans BCexX ocTanbHbIX



KonnekTuBHbIe KOM MYHUKaLUUUN

int MPI_Scatter(void *sbuf, int scount, , void *rbuf,

, int root, MPI_Comm comm)

Process 3

sbuf, rbuf —agpeca nocbINkn COOTBETCTBEHHO AJ14 OTNpaBuUTend 1 nonydvarensd

scount — KOJINYECTBO 3/IEMEHTOB OTMNPaBdeMbIX Ha KaXKabIn npouecc. Ha
KaXXabIn NpoLecc oTnpaBiaeTcd OANHaKoOBOE KONMMYeCTBO arieMeHToB!! !

— TUNbl 3IEMEHTOB B MOCLINIKE COOTBETCTBEHHO A1 OTNPaBUTENS U
nony4arensi, dopmanbHO MOryT ObITb pa3Hble

— KONMMYECTBO 3NIEMEHTOB, MPUHUMAEMbIX MoslyyaTeniem.
BAXHO! sizeof(stype)*scount=sizeof(rtype)*rcount. Jlyywe Bcerga
stype=rtype;
scount=rcount;



KonnekTuBHbIe KOM MYHUKaLUUUN

int MP1_Gather(void *sbuf, int scount, , void *rbuf,
, int root, MPI_Comm comm)

Process O

Process 1
Process 3

sbuf, rbuf —agpeca nocbinNky gna oTnpasnTensa 1 nony4vyartensa CoOoTBETCTBEHHO

scount — KONMMYECTBO 3f1IEMEHTOB OTMPaBseMbIX C KaXXgoro npouecca. Kaxgbin
npoLeccop oTnpaBndaeT oanHakoBOE KONnmM4yecTBo arnemeHTos!!!

— TUNbl 3IEMEHTOB B MOCLINIKE COOTBETCTBEHHO A1 OTNPaBUTENS U
nony4arensi, dopmanbHO MOryT ObITb pa3Hble

— KONMMYECTBO 3NIEMEHTOB, MPUHUMAEMbIX MoslyyaTesiem
BAXHO! sizeof(stype)*scount=sizeof(rtype)*rcount. Jlyywe Bcerga
stype=rtype;
scount=rcount;




KonnekTuBHbIe KOM MYHUKaLUUUN

MPI_Gather n MPI_Scatter pacccbinatrT NOCbISIKM OANHAKOBOro oobema, 4To
bbiBaeT HeyaobHOo. [1Ns paccbinku pa3HOro Beca UCNonb3YyHTCS Takne Xxe
dOYHKUWNM ¢ OONONHUTENLHON “v” (vector) B KOHLE. Takou NpuUHUKMN NCNONb3YEeTCH
Ons MHOMMX oyHKUMnU MPI:

int MPI_Scatterv(void *sbuf, int *sendcnts, int *displs, MPI_Datatype sendtype, void
*rbuf, int recvent, MPI_Datatype recvtype, int root, MPI_Comm comm)

Process O

Process 3

int MP1_Gatherv ( void *sbuf, int sendcnt, MPI_Datatype sendtype, void *rbuf, int
*recvents, int *displs, MPI_Datatype recvtype, int root, MPI_Comm comm )

Process O

Process 3




KonnekTuBHbIe KOM MYHUKaLUUUN

int MP1_Alltoall(void *sbuf, int scount,

, MPI_Comm

Process 0

comm)

—

, void *rbuf, int rcount,

Process 0

Process 1

—

sbuf, rbuf —agpeca nocbINkK onga oTnpaBuUTend 1 nony4yartensa COOTBETCTBEHHO
scount, rcount — KONMYECTBO 3f1IEMEHTOB OTNpPaBnsgeMblX/nony4yaemMblX 4ns

KaXX4oro rpouecc

— TUMMbl 3JTEMEHTOB B MNOCbLIJIKE OJ14 OTrpaBUTENA 1 NMoJty4vaTend

COOTBETCTBEHHO



KonnekTuBHbIE KOM MyHVIKaLI,VIVI
[Tones3Hble menoyu:

int MP1_Barrier(MPI_Comm comm) — ocTaHaBnmBaeT MPI npoLeccbl B comm A0
TOro MOMEHTA, MNoKa OHW BCe He AoMnayT 40 AaHHOW TOYKM.

double MPI_Wtime(void) — rno6anbHbIN CHETYMK BPEMEHU

[Tpmep ncnonb3oBaHUS:
t1 = MPI_Wtime();

{...}

t2 = MPI_Wtime();

dt=t2-t1;

double MPI_Wstick(void) — Bpema B cekyHaax ogHoro tmka MPI1_Wtime()

int main( int argc, char *argv(] )
{
double tick;
MPI_Init();
tick = MPI_Wtick ();
printf("A single MPI tick is %0.9f seconds\n", tick);
fflush(stdout);
MPI_Finalize( );
return O;



Pa6oTa c rpynnamum u KOMMyHUKaToOpamMm

MPI_Comm*comm — KOMMYHUKaTOP

UTto 310 Takoe? CTpyKTypa, XpaHawasa nHdopmaumio o npoLeccax,
Ncnosb3yeMbiX B paboTte. ECTb TPy KOHCTaHTLI, C KOTOPbIMY MOXHO paboTarts,
Kak C KOMMYHWUKaTOPOM:

1. MPI_COMM_WORLD — Bce npoLecchbl, KOTopble NogaHbl Nofib3oBaTeNemM,
cobpaHbl B 3TOM KOMMYHUKaTOPE

2. MPI_COMM_SELF — B KOMMYHUKaTOPE HaxoguTCHa TOJS1bKO NpoLecc, Ha
KOTOPOM WUCIOSib3yeTcs AaHHbIM KOMMYHUKATOP

3.  MPI_COMM_NULL — nycTOWU/HYyneBon KOMMYHUKATOP
[Tpmep ncnonb3oBaHUS:

MPI_Comm_size(MP|_COMM _SELF, &size);
size Bcerga byget paBHa 1



Pa6oTa c rpynnamum u KOMMyHUKaToOpamMm

MO>XHO N1 NPUCBOUTL OANH KOMMYHUKATOP APYroMy, Hanpumep,
Comm = MPI_COMM_WORLD;?

HET! lNpasunbHo:

MPI_Comm new_comm;

MPI_Comm_dup( MPI_COMM_WORLD, &new_comm);

B obwem Buae:

MPI_Comm_dup(MPl_Comm comm, MPI_Comm *newcomm);

Kak cosgaTb HOBbI KOMMYHUKATOP, KOTOPbIN 00beaMHAET B cebe psaa npoLeccoB 13
npegblgyLllero, HoO He Bce?

int MPI_comm_create (MPl_Comm oldcom, MPI_Group group, MPI_Comm *newcomm).

MPI_Group group — HOBbI TEPMWH, CTPYKTYpa, KOTopas onpeaensieT Habop nNpoueccos.
[Toxoxa Ha MPI_Comm, HO 3Ha4YMUTENbHO NpoLLle, He HECET B cebe cnocoboB
KOMMYHMKaUMN 1 T.0.

JTrobon kKommyKkaTop co3gaeTcs Ha ocHoBe rpynnbl! YTob HayunTbCca co3aaBath Nobble
KOMMYHWUKaTOPbl, HEOOX0AMMO Hay4YnTbCA paboTaTb C rpynnowu.



Pa6oTa c rpynnamum u KOMMyHUKaToOpamMm

int MPI_Group_size ( MPI_Group *group, int *size ) — cCHUTaeT pa3mep rpynnol

int MPl_Group_rank ( MPI_Group group, int *rank ) — cHUTaeT HoOMep 4aHHOro
npoLiecca B rpynne

int MPI_Comm_group ( MPI_Comm comm, MPI_Group *group ) — CTPOUT rpynny Ha
OCHOBE JaHHOro KOMMYyHUKaTopa

int MPl_Group_union ( MPl_Group group1, MPl_Group group2, MP|_Group
*group_out ) — CTPOUT rpynny Kak oo begnHeHne aByx

int MPIl_Group_intersection ( MPl_Group group1, MPIl_Group group2, MPIl_Group
*group_out ) — CTPOUT rpynny Kak nepecevyeHmne aByx

int MPIl_Group_difference ( MPl_Group group1, MPl_Group group2, MPIl_Group
*group_out ) — CTPOUT rpynny Kak npsaMyro pasHuuy ABYyX

int MPI_Group_incl ( MPl_Group group, int n, int *ranks, MPl_Group *group out ) —
CTPOUT HOBYIO IPynny U3 YreHoB CTapou ¢ HoMmepamu rank[0],
rank[1],..,rank[n-1]

int MPIl_Group _excl ( MPl_Group group, int n, int *ranks, MPl_Group *newgroup ) —
CTPOUT HOBYIO rpynny U3 ctapon nckntodad Homepa rank[0], rank[1],..,rank[n-1]
int MPI_Group_free ( MPl_Group *group ) — YHUYTOXEeHUe rpynnbl



Pa6oTa c rpynnamm u KOMMyHUKaToOpamMm

Mpumep: NOCTPOUTL KOMMYHUKATOP, KOTOPbIV COOEPXKUT TONBbKO NPOLIECCHI TON K€ YETHOCTM, YTO U Bbi3blBaKOLLUIA
(pesynbraT: 4OMKHO NOMy4YnUTCs 2 KOMMYHUKaTopa)

#include "mpi.h"
int main(int argc, char **argv)
{

int i, rank, size, size_new, max_proc;

int ranks[max_proc];

MPI_Group world_group, new_group;

MPI_Comm new_comm;

MPI_Init(&argc, &argv);

MPI_Comm_size(MPI_COMM_WORLD, &size);

MPI_Comm_rank(MPI_COMM_WORLD, &rank);

int MPI_Comm_group(MPI_COMM_WORLD, &world_group);

if (2*(rank/2)==rank)

for (i = 0; i < (size+1)/2; i++) ranks[i] = 2*i;
size_new = (size+1)/2;
else
for (i = 0; i < size/2; i++) ranks[i] = 2*i+1;
size_new = size/2;

MPI_Group_incl(world_group, size_new, ranks, &new_group);
MPI_Comm_create (MPI_COMM_WORLD, new_group, &new_comm);
MPI_Comm_size(new_comm, &size);
printf(“l am process number %d, size of my new group if %d\n”, rank, size);
MPI_Group_free(&group);
MPI_Comm_free (&new_comm) j——————
MPI_Finalize();
return O;

}

CO3daHHblE BaMH




PaboTtac rpynnamm " KOMMyHUKaTopaMu
[pyron cnocod nocTponTb HOBbIM KOMMYHUKaATOP 6€3 NCNob30BaHUS rpynn:
int MPI_Comm_split(MPI_Comm comm, int color, int key, MPI_Comm *comm_out)

color — cnoco6 pa3bueHns npoueccos. [Npouecckl ¢ 0 AMHAKOBbLIM “LIBETOM”
OKaXyTCs B OAHOM KOMMYHUKaTope

key — HOMep AaHHOro NpoLiecca B HOBOM KOMMYHMKaTOpe (npekpacHas

BO3MOXHOCTb A1 OLLMOKN, HanpuMmep 0gMHaKoBbIW key Anst pasHbIX
npoLieccos)



Pa6oTa c rpynnamum u KOMMyHUKaToOpamMm

ToT xe NpUMep, HO yXe C NOMOLLbLKD MPI_Comm_split: NOCTPOUTb KOMMYHUKATOP,
KOTOPbIN COAEPXKUT TONbKO NPOLIECCOPbI TON XKe YETHOCTU, YTO U Bbl3blBaOLLMA
(Kak pe3ynberart, 4OIMKHO Nosy4nTca 2 KOMMyHVIKaTOpa)
#include "mpi.h"
int main(int argc, char **argv)
{

int i, rank, size, color, key, max_proc;

int ranks[max_proc];

MPI_Comm new_comm;

MPI_Init(&argc, &argv);

MPI_Comm_size(MPI_COMM_WORLD, &size);

MPI_Comm_rank(MPl_COMM_WORLD, &rank);

color = rank-2*(rank/2);

key = rank/2;

MPI_Comm_split(MPI_COMM _WORLD, color, key, &new_comm);

MPI_Comm_size(new_comm, &size);

printf(“l am process number %d, size of my new group if %d\n”, rank, size);

MPI_Comm_free (&new_comm);

MPI_Finalize();

return O;



Pe3ome

MPI pacnapannenmBaHne oOCHOBaHO Ha BbI3OBe noanporpamMmm
B oTnn4yme ot OpenMP

MPI npouecchbl 3HAaKOT, YTO OHM He O4HU B 3TOM MUpPeE, HO BeCb
oOMeH nHgopmaumen ooMKHbLI 06ecnevynTsb Bbl
(nporpammucT). MHave BCce npouecchbl caenarT «0O4HO U TO
Xe»n.

MPI nporpamma ncnonHsieT oauH U TOT XKe KoA AnsA BceX
npoueccoB, HO AaHHbIe JfIerko MoryT ObITb pa3HbIMM Ha
pa3HbIX Npoleccax HeCMOTpA Ha oAuMHaAKoOBOe Ha3BaHue
nepemMeHHbIX!

OTnapka MPI nporpaMmMbl CNOXHAa, TaK KaK 3aBUCUT He TONbKO
OT Kflacrtepa, HO 1 OT peanu3auun MPI u gucneTt4yepa.
[JononHutenbHaA CNOXHOCTbL BO3HUKAET, eCryiv y Ballew
nporpaMmMbl HET CEpPUNHOro BapuaHTa.



3agaHuda Ha NOHUMaHUe

HanuwunTte MPI nporpammy NpoBepsAoLyHo, YTO (pUrypbl
CTOSILLMe Ha WaxMaTHON A0CKe He ObIOT Apyr apyra. Bcero
npoueccoB 64, KaXAbiU NpoLecc COOTBETCTBYET O4HOU
LLaXMaTHOM KNneTKe, rnmobanbHaa Hymepauma num = (i-1)*8+j,
roe i,j — COOTBETCTBEHHO CTPOKU U CTONOLI LLAXMaTHOM
AocKU. HanucaTtb 3apayvy ¢ yCrnoBMeM TOro, YTo Ha
LUIaXMaTHOMU O0CKe paccTaBrieHbl TONbKO:

a) Jlapgbn
b) CnoHbl
c) Dep3u

d) Koponu



