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AraToHOB AJlekcauap CepreeBudy,




MPI

KoaJeKTuBHbBIE B3AUMOIEHCTBUSA
poLeccoB




MPI

B onepanusax KOUIEKTUBHOI'O B3aUMOJICUCTBUS
IIPOLIECCOB YUACMBYION 8C€ NPOUECChI
KOMMYHUxamopa!

Kak u 1j1s1 OJIOKHpYIOIIMX OPOLECAYpP, BO3BpAT
03HA4YaeT TO, YTO Pa3pEUIEH CBOOOHBIN JTOCTYII




MPI

Henb3s paccuuThiBaTh HA CUHXPOHU3AIUEO
IIPOILIECCOB C MOMOIIbIO KOJIEKTUBHBIX
onepanuu (Kpome IIpoLEeaypPhbI

MPI Barrier).

ECian KaKkor-TO IPOIIECC 3aBEPIIUII CBOE
y4aCTUE B KOJUIEKTUBHOM OIIEpaIlA, TO 3TO HE
O3HAYaeT HU TOTO, YTO JAaHHAS OIEpalys
3aBEPIICHA APYTUMHU IIPOLIECCAMU
KOMMYHHUKATOpa, HA JaXeE TOr0, YTO OHA UMU
HadaTa (€CJIM 3TO BO3MOYKHO MO CMBICITY
OIIepaIyn).



MPI

int MPI Barrier (MPI Comm comm)

Pa0oTa mmponeccoB OJOKHUPYETCS 10 TEX HOP,

II0KA BCE OCTABIIMECS IIPOLECCHI
KOMMYHHKATOpa comm HE BBIIIOJHAT 3TY

nponeaypy. Bee nponeccol J0KHBI BBI3BATH
MPI Barrier, XOTd p€ajJlbHO UCIIOJHEHHEIC

Pa3JIMYHBIMHU MIPOIECCAMU KOMMYHHUKATOPA
BBI30BBI MOT'YT OBITh PACHOJIOKEHBI B Pa3HBIX

MECTaxX MPOTrpPaMMBl.



MPI
int MPI Bcast(void *buf, int
count, MPI Datatype datatype,
int root, MPI Comm comm)

Paccruika count 371€eMEHTOB JaHHBIX THUIIA
datatype u3 maccuBa buf ot npoiiecca
root BceM ImpoleccaM JaHHOIO
KOMMYHHKATOpa comm, BKJIFOUasi caM
PACCHUIAOIIMN POLECC. JHAYCHUSA TTAPAMETPOB
count, datatype, root u comm
NOJKHBI OBITh OJUHAKOBBIMH Y BCEX ITPOILIECCOB.
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JTaHHbBIE

broadcast
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MPI
int MPI Gather (void *sbuf, int
scount, MPI Datatype stype, void
*rbuf, int rcount, MPI Datatype
rtype, int root, MPI Comm comm)

COopka scount 3JI€EMEHTOB JaHHBIX THUIA
stype u3 MmaccuBoB sbuf co Bcex MpoieccoB
KOMMYHHKaTOpa comm B Oydep rbuf
nporecca root. JlaHHbIE COXPaHAXOTCSA B
NOPSJIKE BO3pACTaHUSI HOMEPOB IIPOLIECCOB.



MPI

Ha nipoiiecce root CylieCTBEHHBIMU ABISHOTCS
3HAYCHHUA BCEX IMapaMETPOB, & HA OCTAIbHBIX

[poleccax - TOJbKO 3HAYEHUS ITapaMETPOB
sbuf, scount, stype, root u comm.

3Ha4YCHUS NapaMeTpoB root u comm
NOJDKHBI ObITh OJJMHAKOBBIMH Y BCEX
npoueccoB. Ilapamerp rcount y npoiecca
root 0003Ha4YaeT YUCIIO FJIEMEHTOB THUIIA
rtype, IpUuHUMAaEeMBIX OT KaXKJI0T'O IIpoIliecca.



MPI

JTAHHBIC
Aol As| Ayl A ALl A scatter Ao

e

0 Aq

3 >

8 A

=f gather A
A
A

&

(62 B B~ K )




MPI
int MPI Gatherv(void *sbuf, int
scount, MPI Datatype stype, void
*rbuf, int *rcounts, 1int
*displs, MPI Datatype rtype, int
root, MPI Comm comm)

COopKa pa3IMYHOro KOJMYECTBA JAHHBIX U3
MaccuBoB sbuf . Illopamaok pacronoxeHus

3aa€T maccuB displs.



MPI

rcounts — LCJIOYUCIICHHBIM MACCHUB,

COAEP KAIIMN KOJIMYECTBO 3JIEMEHTOB,
[epeaaBacMbIX OT KaKJI0Tr0 mpolecca (MHICKC
PABCH paHry ajapecara, JJIMHA paBHA YHCITY
IIPOLIECCOB B KOMMYHHMKATOPE).

displs — LICJI0OYMCIICHHBIA MACCHUB,

COAEPIKaAIMN CMEIIEHUSA OTHOCUTEIBHO Havalia
MaccuBa rbuf (MHIEKC paBEH paHTy aJpecara,

JJIMHA PaBHA YHCIY MPOIECCOB B
KOMMYHHKATOPE).



MPI
int MPI Scatter(void *sbuf, int
scount, MPI Datatype stype, void
*rbuf, int rcount, MPI Datatype
rtype, int root, MPI Comm comm)

Paccelika mo scount 3J1€MEHTOB JaHHBIX THIIA
stype u3 maccuBa sbuf npoiiecca root B
MaccuBbl rbuf Bcex MpoIeCcCoB
KOMMYHHKATOpa comm, BKJIFOYas CaM MPOIIECC
root. /[aHHbIE pacChUIArOTCS B MOPSAIKE
BO3pacTaHWsd HOMEPOB MPOIIECCOB.
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Ha niporniecce root cyleCTBEHHBIMU SABJISAIOTCA

SHAUYCHHS BCCX IIAPAMCTPOB, 4 Hd BCCX

OCTAJIbHBIX IIPOIIECCAX — TOJILKO 3HAYCHUS
nmapamMeTpoB rbuf, rcount, rtype,
source ¥ comm. 3HAYECHUS ITIAPAMETPOB
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MPI

float sbuf[SIZE] [SIZE], rbuf[SIZE];
if (rank == 0)
for (1=0; i<SIZE; i++)
for (j=0; jJ<SIZE; j++)
sbuf[i] [j]=..;
i1f (numtasks == SIZE)




MPI
int MPI Scatterv(void *sbuf, int
*scounts, int *displs,
MPI Datatype stype, void *rbuf,
int rcount, MPI Datatype rtype,
int root, MPI Comm comm)

Pacchlixa pa3iMuHOro KOJIMYECTBA JaHHBIX
13 MaccuBa sbuf. Hauaio pacceuiaeMbIx
IOPIUU 3a7aeT MaccuB displs.



MPI

scounts — [ICJIOYUCIICHHBIM MACCHUB,
COAEP KAIIMN KOJIMYECTBO 3JIEMEHTOB,
IepeaaBacMbIX KaKI0My Opoueccy (MHACKC
paBEH paHry ajJpecara, JJIMHA paBHA YHCITY
IIPOLIECCOB B KOMMYHHMKATOPE).

displs — LICJI0OYMCIICHHBIA MACCHUB,
COAEPIKaAIMN CMEIIEHUSA OTHOCUTEIBHO Havalia
MaccuBa sbuf (MHACKC paBEH paHTy ajpecara,
JJIMHA PaBHA YMCJIIY IIPOLIECCOB B
KOMMYHHKATOPE).



MPI
int MPI Allgather (void *sbuf,
int scount, MPI Datatype stype,
void *rbuf, int rcount,
MPI Datatype rtype, MPI Comm
comm)

COopka JaHHBIX U3 MaccuBOB sbuf co Bcex
IPOLECCOB KOMMYHHMKaTopa comm B Oydepe
rbuf kaxaoro npoiecca. Jlanawie
COXPAHSIOTCS B MOPSAKE BO3PACTAHUS HOMEPOB
IIPOLIECCOB.
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MPI

int MPI Allgatherv(void *sbuf,
int scount, MPI Datatype stype,
void *rbuf, int *rcounts, int
*displs, MPI Datatype rtype,
MPI Comm comm)

COopka Ha BCeX MpoIEeccax pa3IMuHOro
KoJindecTBa JaHHbIX U3 sbuf. llopsamok

PACIIOJIOKEHHUA 3a71a€T MacCuB displs.



MPI
int MPI Alltoall (void *sbuf, int
scount, MPI Datatype stype, void
*rbuf, int rcount, MPI Datatype
rtype, MPI Comm comm)

Pacchuika KaxapIM IIPOIeCCOM KOMMYHHUKATOpa
comm pa3JInYHbIX MOPIUU JAHHBIX BCEM

ApPYTrUM IIpoluieccam. j-i 010k MaccuBa sbuf
npoiecca 1 momnagaeT B i-1 010K MaccuBa
rbuf npoiiecca j.
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MPI
int MPI Alltoallv(void* sbuf,
int *scounts, int *sdispls,
MPI Datatype stype, void* rbuf,
int *rcounts, int *rdispls,
MPI Datatype rtype, MPI Comm
comm)
Pacchluika co BCeX IMPOLECCOB KOMMYHHUKATOPA
comm pa3JIuYHOr0 KOJIUYECTBA JAHHBLIX BCEM
IpyruMm mnpoiieccam . PazmerieHne 1aHHbIX B
oydepe sbuf orceuiaroniero mpoiecca
onpeaensiercs MmaccuBoM sdispls, a B Oydepe

rbuf npuHUMAarOIIETo MpoIecca — MaCCUBOM
rdispls.



MPI
int MPI Reduce (void *sbuf, void
*rbuf, int count, MPI Datatype
datatype, MPI Op op, int root,
MPI Comm comm)

BrinmostHeHe count HE3aBHCUMBIX
r100adbHBIX ONEpaLlii Op Haj
COOTBETCTBYIOIIIMUMHU dJIEMEHTAMH MaCCUBOB
sbuf. Pesyuabprar onepanuu Hajg i-Mu
DJIEMEHTaMU MacCUBOB sbuf nonyyaercsa B 1-
OM dJIEMEHTE MaccuBa rbuf nporiiecca root.



MPI

Tuner npenonpeaeIEHHBIX TIO0ATBHBIX
OIICpaLU:

MPI MAX, MPI MIN — MakCUMajlbHOC U
MHHMMAaJIbHOE 3HAYCHUS;

MPI SUM, MPI PROD - rino0ajbHas CymMma
Y IJ100aJIbHOE OPOU3BEICHUE;

MPI LAND, MPI LOR, MPI LXOR -
aoruyeckue “N”°, “NJIN”, nckn. “NUJIN”;

MPI_BAND, MPI_BOR, MPI BXOR -
rooutoBelie “N”, “NJIN”, ncxi. “UIIN”.



MPI
int MPI Allreduce (void *sbuf,
void *rbuf, int count,
MPI Datatype datatype, MPI Op
op, MPI Comm comm)

BrinmostHeHe count HE3aBHCUMBIX
r100adbHBIX ONEpaLlii Op Haj
COOTBETCTBYIOIIMMHU 3JIEMEHTAMH MAaCCHUBOB
sbuf. Pe3ynbrar noiydyaercs B MaCCUBE
rbuf kaxmaoro mnpoiiecca.



MPI

for (i=0; i<n; i++) s[i]=0.0;
for (1=0; i<n; i++)
for (jJ=0; j<m; J++)
s[i]=s[1]+al1][]]~

MPI Allreduce(s, r, n, MPI FLOAT, MPI_ SUM,
MPI_COMM WORLD) ;




MPI

int MPI Reduce scatter (void
*sbuf, void *rbuf, int *rcounts,
MPI Datatype datatype, MPI Op
op, MPI Comm comm)

BrinosiHeHue ) . rcounts (i) He3aBHUCHUMBIX
r100aJbHBIX ONEpaLlii Op Haj




MPI

CHayaJia BBIIIOJIHIIOTCS IJI00aJIbHbBIE

OIIEpAlLIMU, 3aTEM PE3YJILTAT PACCHLIAETCS I10
IIPOIIECCaM .
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int MPI Scan(void *sbuf, wvoid
*rbuf, int count, MPI Datatype
datatype, MPI Op op, MPI Comm
comm)

BrinmonseHue count He3aBUCHUMBIX
YaCTUYHBIX I'JI00AJIbHBIX ONEpalluii Op HaJl




MPI

i-bIM MPOLECC BBHITOJHSIET TIIO0ATBHYIO

OIIE€paIUI0 HAl COOTBETCTBYIOIIIUMU
ajieMeHTaMu maccuBa sbuf nporieccos 0..1 u

[IOMEIIAET pe3yJbTaT B MaccuB rbuf .




MPI

int MPI Op create
(MPI User function *func, int

commute, MPI Op *op)

Co3maHue mojIb30BaTEIbCKOU 100 IbHOM
ornepanuu. Ecim commute=1, 10 onepanus

NOJDKHA ObITh KOMMYTATUBHOU U

L4




MPI

typedef void MPI User function
(void *invec, wvoid *inoutvec,
int *len, MPI Datatype type)

uaTEepderc moip30BaTeIbCKON (DYHKITHM.




MPI

#include <stdio.h>

#include "mpi.h"

#define n 1000

void smod5 (void *in, void *inout, int *1, MPI Datatype
*type) {

int i;

for (i=0; i<*1l; i++) ((int*)inout)[i] = (((int*)in) [i]
+ ((int*)inout) [1]) %5;




MPI

MPI Op op;

MPI Init(&argc, &argv);

MPI Comm size (MPI_COMM WORLD, é&size);
MPI Comm rank (MPI COMM WORLD, &rank);
for(i=0; i<n; i++) a[i] = i + rank +1;

printf ("process %d a[0] = %d\n", rank, a[0]);

MPI Op create(&smod5, 1, é&op);
MPI Reduce(a, b, n, MPI INT, op, 0, MPI COMM WORLD) ;
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3aganue 3. Hammmmure nporpaMmy, B KOTOPOM
orepanys riio0aJIbHOr0 CyMMHUPOBAHUSA
MOJICIIMPYETCS CXEMOM CABanMBaHUs (KaCKagHas
CX€Ma) C UCIO0JIb30BAaHUEM IIEPECHUIOK JTaHHbBIX
THIIA TOYKA-TOYKA. CpaBHUATH 3(POEKTUBHOCTH
TaKOT'0 MOJECIMPOBAHUS C UCIIOJIb30BAHUEM
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