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KonnekmueHbie 06MeHbI

[Ipy BBHIMONHEHWH KOJJICKTUBHOTO OOMEHAa COOOIEHWE MEepechUIaeTCss OT OJHOTO Ipolecca
HECKOJIBKUM WJIM HAa00OpPOT, OJHMH MPOIECC COOMpaeT JaHHbIE OT HECKOJBKUX TporeccoB. MPI
MOJJICP)KUBACT TaKWe BUIBl KOJUIGKTMBHOIO OOMEHA, KaK wiupoKogewjamenvHas nepeoavd,
onepayuu npusederus (pedykyuu), pacnpeoeieHue u coOop NaHHBIX U T. .

KonnexTuBHbIE 0OMEHBI XapaKTEPU3YIOTCS CIETYIONIUM:

® KOJUICKTHUBHbIE OOMEHbI HE MOIYT B3aUMOJICHCTBOBaTb C  JIByXTOYEUHBIMHU.
KonnexkTuBHas nepenada, Hampumep, He MOXKeET OBITh IepexBaueHa JBYXTOUYEHHOM
MOANPOrpaMMON IIpUEMA;
®  KOJUICKTUBHbIE OOMEHBI MOTYT BBIIOJHATHCS KaK ¢ CAHXPOHU3AIMEN, Tak U 0e3 Hee;
® BCE KOJUIEKTUBHBbIE OOMEHBI SBIAIOTCA OJOKHPYIOIIMMH JUIsl WHUIMMPOBABLIETO HX
oOmeHa;
® Teru cooOIIeHUI Ha3HAYAI0TCS CHCTEMOH.
B kosiekTHBHOM 0OMEHE y4acTBYET KaXKAbIil MpoIecc U3 HEKOTOPOil 00J1acTH B3aMMOACHCTBUS.
MoxHO opraHnzoBaTb OOMEH M B MOAMHOXKECTBE MPOLIECCOB, U1 3TOTO MMEIOTCS CPEeACTBa
CO3/1aHUs HOBBIX 00J1acTel B3aUMOJIEHCTBUS M COOTBETCTBYIOIUX UM KOMMYHHKATOPOB.

Lin poKoBeLllaTeribHasA paccblyika

[TupokoBemaTenbHasl pacCchliIKa BBIITOJIHAETCS BBIIEICHHBIM IIPOLECCOM, KOTOPBIN Ha3bIBaeTCA
enasubim (root). Bee ocranbHble Ipolecchl, MPUHUMAIOIIME Yy4acTHE B OOMEHE, MOJIyyaroT IO
OJIHOW KOITMH COOOIIEHHUs OT TJIaBHOTO Tporiecca (puc. 1).
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Puc. 1. [llupokoBeniarenbHast pacchbluiKa

BrinonHsercs MUpOKOBELIATENIbHAS PACChUIKA C IOMOILIBIO IHoamnporpaMMsl MPI_Bcast
(cM. MeToaudecKkoe mocooue).

Onepauuu peaykuum

Oneparuy  peAyKIIMU OTHOCSITCS K KaTEropuu TJIOOAIBHBIX BBIYMCICHHH. B rimobanpHOM
oncpanv TMPUBCACHUA K JaHHBIM OT BCCX TMPOLECCOB M3 3aJaHHOI0 KOMMYHHKATOpPA
npuMeHsiercs onepanus MPI_Reduce (puc. 2).
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Puc. 2. 'moGanpHas onepamus npuBeIeHUs

AprymMEHTOM oIlepallii NPUBEACHHUS SBISETCSI MAaCCUB JAHHBIX — IO OJHOMY 3JEMEHTY OT
Ka)Ka0ro mpouecca. PesynpraT Takol onepanuy — €JUHCTBEHHOE 3HAaYCHHUE.

Co3paHue rpynnbli npoleccoB

Jlnis opraHu3any KOJJICKTMBHBIX OOMEHOB Ha MOJMHOXECTBE INPOLIECCOB CO3JAIOT TPYIMILY H
COOTBETCTBYIOIIMA €l KOMMYHMKATOp. [pynnoiti Ha3bIBAIOT YHNOPSAIOYEHHOE MHOKECTBO
npoueccoB. KaxaoMy mpoleccy B IpyIIe CONOCTaBIE€H CBOM paHr. Omepanuu ¢ IpynmnaMu
MOTYT BBINOJHSATHCS OTAENIBHO OT Olepaluii ¢ KOMMYHHUKAaTOpaMu, HO B ONepanusx oOMeHa
UCIIOJIB3YIOTCSL TOJIBKO KOMMYyHUKatopel. B MPI umeercs cnenuanbHas npenonpeneiacHHas
nycrad rpynna MPI__GROUP_EMPTY.

KommyHHKaTOpBl OBIBAIOT ABYX THIIOB: UHMPAKOMMYHUKAMOPbI — U1 ONEpaluid BHYTpPU
OJIHOI TPYMIBI MPOLECCOB U UHMEPKOMMYHUKAMOPbL — IS IBYXTOYEUHOTO OOMEHa MEeXay
JIBYMsI TPYIITIaMU MPOIIECCOB.

B MPI-nporpaMmmax 4amie HCHONB3YIOTCA HWHTPAKOMMYHUKATOPhL. WHTpaKOMMYHHKATOP
BKIIIOUAET HK3EMIUIAP TPYMIbl, KOHTEKCT OOMEHa JJisi BCEX €ro BUAOB, a TaKXKe, BO3MOXHO,
BUPTYaJIbHYIO TOMOJOTHIO U IpyrHe aTpruOyTHI.

Co31aHuI0 HOBOI'O KOMMYHHUKATOpa NPEIUIECTBYET CO3JaHUE COOTBETCTBYIOLIEH IpYyIIIbI
npoueccoB. Omnepanuy CO34aHUsl TPYNII AHAJIOTMYHBI MAaTEMaTUYECKUM OIepalusaM Hal
MHO>ECTBaMU:

® o0OveduHeHue — K TpoIeccaM MEPBOM TPYIIIBI T00ABISIOTCS MPOLECCH BTOPOM TPYIIIHI,
HE NMPUHAJICKAIINE TIEPBOI;
® jnepecedyenue — B HOBYIO TPYIIIY BKJIIOYAIOTCA BCE IPOLECCHI, NMPUHAIIEKAIINE IBYM
rpynmnaM OJHOBPEMEHHO. PaHru UM Ha3HA4YarOTCs KaK B IEPBOU IPYIIIIE;
® pasHocmb— B HOBYIO TPYIIy BKJIIOYAKOTCS BCE IPOLECCHI IEPBOM TIPYIIBI, HE
BXOJSIIKE BO BTOPYIO rpyniy. PaHru Ha3Ha4aroTCs Kak B IIEPBOU IPYIIIIE.
HoByro rpynmy MOXHO €O31aTh TOJIBKO M3 YK€ CYIIECTBYIOIUMX Ipymn. basosas rpymma, u3s
KOTOPOH (pOPMUPYIOTCS BCE APYTUE IPYIIIBI, CBA3aHAa C KOMMYHUKAaTopoM MPI_COMM_WORLD.

HocTtyn k rpynme group, CBS3aHHOM C KOMMYHMKATOPOM cCoOmm MOXHO TOJY4YHUTh,
06paTI/IBH_II/ICB K mognporpamme MPI__Comm_group.

B MPI umerorcss moAnporpaMMbI-KOHCTPYKTOPBI HOBBIX rpymn (cM. Meronuueckoe mocodue).
Ectb 1 necrpykrop - MPI_Group_free.
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Co3nanne KOMMYHHMKAaTOpa — KOJUIEKTUBHAs OMNEpalusi U COOTBETCTBYIOIIAS MOANPOrpaMMma
JOJDKHA BBI3ZBIBATBCS BCEMH IIpoIllecCaMHd KOMMYHHKaTOpa. HonnporpaMMa MPI_Comm_dup
z[y6JmpyeT YK€ CYIIECTBYIOIIUNA KOMMYHUKATOP.

Ho/:[nporpaMMa MPI_Comm_create co3maeT HOBBIHI KOMMYHHUKATOp U3 MOJAMHOXKECTBa
IIPOLIECCOB APYTroro KOMMYHHUKATOpA.

Bb130B 3TO#1 OAIpPOrpaMMBbl TOJKHBI BBIITOJIHUTH BCE MPOLECCHl U3 CTAPOro KOMMYHHUKATOpa,
Jlayke ecIM OHU He BXOJAT B IPYIIy group, C OJMHAKOBBIMH apryMeHTaMu. JlaHHas omepanus
OpUMEHSeTCS TOJNBKO K HMHTpakoMMyHUKaTopaMm. OHa TMO3BOJISIET BBIACHATH IMOJMHOMKECTBA
IPOLIECCOB CO CBOMMH OOJACTSIMHM B3aUMOJAEHCTBHUS, €CIIM, HAaIpUMeEp, TPeOyeTcsl YMEHBIINTh
"3epHUCTOCTH" NMapajljIeIbHON POTrpaMMBl.
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JlabopamopHasi paboma

B 3apmanusax maGopatopHoit pabotel 0.3 mpeanaraercs nomnucaTh MpeaiiaraeMmble (parMeHTh
nporpaMm Ha sa3bike C, HamWcaHHble C ucnodb3oBanuem Tmpouenyp MPICH 1.2.7.
[Iponymiennsie pparMeHTbl 0003Ha4€Hbl MHOTOTOYHEM.

HeoOxoaumblii 1151 BBITIOTHEHUS JAaHHOM JIA0OpaTOPHOM pabOThI CIIPABOYHBIN MaTepraT MOKHO
Haiith Ha c1p. 37 -49 memoouueckoeo nocobus «CpencrtBa TPOrPaMMHUPOBAHUS IS
MHOTOITPOIIECCOPHBIX BBIYUCITHTEIBHBIX CHCTEM».

3apaHue 1

B ucxomHom Tekcre mporpaMMbl Ha s3blke  C NPOMYIIEHBI  BBI3OBBI  IPOLEAYP
HIMPOKOBEIIATEIbHON pacchUkU. Jl00aBUTh 3TH BBI3OBBI, OTKOMIWJIMPOBATh W 3allyCTUTh
Iporpammy.

#include "mpi.h"

#include <stdio.h>

int main(int argc,char *argvl[])
{

char data[24];

int myrank, count = 25;
MPI_Status status;

MPI_Init (&argc, &argv);
MPI_Comm_rank (MPI_COMM_WORLD, é&myrank);
if (myrank == 0)

{

strcpy(data, "Hi, Parallel Programmer!");

printf ("send: %s\n", data);

}

else

{

printf ("received: %s\n", data);

}
MPI_Finalize();
return 0;

}



3apanuve 2

B mporpamme Ha s3pike C mpennosaraercs, 4TO TPU YHUCIEHHBIX 3HAUEHUs, BBEJICHHBIX C
KJIaBUATYyphl, IEPECHUIAIOTCS IIMPOKOBEIIATENIBHON pPACChUIKOW BCEM IMPOYMM IIPOLIECCAM.
Be130BBI OAIIpOrpaMM HIMPOKOBEIIATENBHOM PACCHUIKU MpOMylieHbl. Jl00aBUTh 3THU BBI3OBBI,
OTKOMITMJIIPOBATh U 3aIlyCTUTh IPOrpaMmy.

#include "mpi.h"
#include <stdio.h>
int main(int argc, char *argv([])
{

int myrank;

int root = 0;

int count = 1;

float a, b;

int n;

MPI_Init (&argc, &argv);

MPI_Comm_rank (MPI_COMM_WORLD, &myrank);
if (myrank == 0)

{
printf ("Enter a, b, n\n");

scanf ("%$f %f %i", &a, &b, &n);

}

else

{

printf ("%$1i Process got %f %f %i\n", myrank, a, b, n);
}

MPI_Finalize();

return 0;

}



3apaHne 3

B mporpamme Ha s3pike C co3gaeTcsi HOBBIH KOMMYHHKATOp, a 3aTe€M COOOIICHHSI MEXIYy
IIPOLIECCAMM, BXOIAIIMMHU B HErO, MEPEChUIAIOTCS IIMPOKOBEIATEIbHON PACCHUIKON. BBI30BBI
MOJIPOTPaMM CO3/IaHUSI HOBOM TPYIIbl MPOIECcCcOB (Ha 1 MEHbIIE, YeM IMOJHOE KOJUYECTBO
3aMylIeHHBIX Ha BBITIOJHEHUE MPOLIECCOB) U HOBOIO KOMMYHMKATOpa MpOIyIleHbl. J[00aBUTH
3T BBI30BbI, OTKOMIIMJIMPOBATH U 3aIlyCTUTh [IPOrpamMmy.

#include "mpi.h"

#include <stdio.h>

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

char message[24];
MPI_Group MPI_GROUP_WORLD;
MPI_Group group;

MPI_Comm fcomm;

int size, g, proc;

int* process_ranks;

int rank, rank_in_group;

MPI_Status status;

MPI_TInit (&argc, &argv);

MPI_Comm_size (MPI_COMM_WORLD, &size);
MPI_Comm_rank (MPI_COMM_WORLD, &rank);

printf ("New group contains processes:");

q = size - 1;

process_ranks = (int*) malloc(g*sizeof (int));
for (proc = 0; proc < g; proc++)

{

process_ranks[proc] = proc;

printf ("%$i ", process_ranks|[proc]);

}
printf ("\n");

if (fcomm != MPI_COMM_NULL) {

MPI_Comm_group (group, &fcomm);

MPI_Comm_rank (fcomm, &rank_in_group);

if (rank_in_group == 0) {

strcpy (message, "Hi, Parallel Programmer!");
MPI_Bcast (&message, 25, MPI_BYTE, 0, fcomm);
printf ("0 send: %s\n", message);

}
else

{

MPI_Bcast (&message, 25, MPI_BYTE, 0, fcomm);
printf ("%$i received: %s\n", rank_in_group, message);
}

MPI_Comm_free (&fcomm) ;

MPI_Group_free (&group) ;

}

MPI_Finalize () ;

return 0;}



3apanuve 4

B mporpamme Ha si3pike C cHavyana co3gaeTcst MOArPYIIa, COCTOAMIAs U3 MPOILIECCOB C paHTaMU
I, 3, 5 uw 7, U COOTBETCTBYIOIIMI €l KOMMYHHUKATOp. 3aT€M BBINOIHACTCA PEIyKLHUS
(cyMMHpOBaHHUE) 110 TIPOIIEccaM, BXOSAIIUM B HOBYIO Tpynny. BeI30B moamporpaMmsl peayKIuu
U HEKOTOphle Jpyrue BaxkHble (parMeHThl mpomnymieHbl. J[00aBUTh 3TH  BBI3OBBI,
OTKOMITUJIUPOBATH M 3aITyCTUTh MPOTPAMMY.

#include "mpi.h"

#include <stdio.h>

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

int myrank, 1ij;

int count = 5, root = 1;

MPI_Group MPI_GROUP_WORLD, subgroup;
int ranks[4] = {1, 3, 5, 7};
MPI_Comm subcomm;

int sendbuf[5] = {1, 2, 3, 4, 5};

int recvbuf[5];

MPI_TInit(&argc, &argv);

MPI_Comm_group (MPI_COMM_WORLD, &MPI_GROUP_WORLD) ;
MPI_Group_incl (MPI_GROUP_WORLD, 4, ranks, &subgroup);
MPI_Group_rank (subgroup, &myrank);

if (myrank != MPI_UNDEFINED)

{

MPI_Reduce (&sendbuf, &recvbuf, count, MPI_INT, MPI_SUM, root,
subcomm) ;

if (myrank == root) {

printf ("Reduced values");
for(i = 0; i < count; i++){
printf (" %$i ", recvbufl[i]);}
}

printf ("\n");

MPI_Comm_free (&subcomm) ;
MPI_Group_free (&MPI_GROUP_WORLD) ;

}
MPI_Finalize();
return 0;

}



