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[ Ipumep napamieIbHOM IIPOrpaMMBbl
nporpammal (C, OpenMP)

CyMma anemMeHTOB MaccumBa

#include <stdio.h>
#define N 1024
int main()
{ double sum;

double a[N];

int i, n =N;

for (i=0; i<n; i++){

afi] =1*0.5; }

sum =0;
#pragma omp for reduction (+:sum)
for (i=0; i<n; i++)

sum = sum+ali];
printf (“Sum=%An"”, sum);

}
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[ Ipumep mapauieIbHOU TPOTrPaMMBI
nporpammel (C, MPI)

#include <stdio.h> n=n/ size:
#include <mpi.h> for (i=rank*n; i<n; i++){
#define N 1024 afi] =i*0.5; }
int main(int argc, char *argv([])
{ double sum, all_sum:; sum =0; -
double a[N]: 10l (=PRI (=1, =)
sum = sum+ali];
_ _ MPI_Reduce(& sum,& all_sum, 1,
Int size, myrank; MPI_DOUBLE, MPI_SUM, 0,
MPI_Inlt(&argC, &argv); MP|_COMM_WORLD),
MPI_Comm_rank(MPl_COMM_WORLD, If ('rank)
&rank); printf (“Sum =%#An”, all_sum);
MPI_Comm_size(MPI_COMM_WORLD, MPI_Finalize();
&size); return O;

}

int i, n =N;
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[ ' uopug: MP1+OpenMP

#include <stdio.h> n=n/ size:
#include <mpi.h> for (i=rank*n; i<n; i++){
#define N 1024 afi] =i*0.5; }
int main(int argc, char *argv([])
{ double sum, all_sum:; sum =0; _
double a[N[: #prqgma omp fo_r reduction (+:sum)
int i. n=N: for (i=rank*n; I<n; i++)
sum = sum+ali];
MPI_Reduce(& sum,& all_sum, 1,
MPI_DOUBLE, MPI_SUM, 0,

int size, myrank;
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, MPI_COMM_WORLD):
<ALl if (rank)
MPI_Comm_size(MPI_COMM_WORLD, printf (“Sum =%An”, all_sum);
&size); MPI_Finalize();
return O;

}
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1.1 Standard pa3pabatbiBancs 92-94
2.0 - 95-97
2.1 - 2008
3.1 -2015

CTtaHoapThbl

s http://mpi-forum.org/docs/

s http://www.mpi-forum.org/docs/docs.html
OnuncaHne pyHKUMA
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http://www-unix.mcs.anl.gov/mpi/www/
http://www-unix.mcs.anl.gov/mpi/www/
http://www-unix.mcs.anl.gov/mpi/www/

Peammnzamun MPI

MPICH
LAM/MPI
Mvapich
OpenMPI

Kommepuyeckne peanmnsauum Intel,IBM un
Ap.

BMK MI'Y, "CynepkomnbloTepHoe
MOZENMPOBaHNE U TEXHONOTUN", NEKTOP




Monens MPI

[NapannenbHas nporpamMmma COCTOUT N3 NPOLECCOB,
npoLecchl MOryT O6bITb MHOTONMOTOYHbLIMU.

MPI peanunsyeT nepenady cooOLEHNN MexXay

npoLieccamu.
MexnpoueccHoe B3anmoaencTeme npeanonaraer:
= CUHXPOHM3ALUIO

= nepemelleHne gaHHbIX U3 agpecHOro NpocTpaHcTBa

O HOro npoLecca B agpecHoe NpoCcTPaHCTBO Apyroro
npouecca.
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Moaeas MPIl-nmporpamm

« SPMD - Single Program
Multiple Data

« OpgHa 1 Ta Xe nporpamma
BbIMOSTHAETCA pas3fnyHbIMMU
npoueccopamu

* YnpasnswoLwmmu
oneparopamMu BblIOMparTCs KomnnsLs:
pa3jindyHble 4acCTU ofHa nporpamma

nporpaMMbl Ha KaXkoom HAns Beex npoueccopos

npoLieccope.

McnonHsaembin koA

Processor 0

TekcT nporpammel

Processor
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Moaens BBIITOJTHCHUS
MPI- nporpammebl

3anyck: mpirun
[1pu 3anycke ykasbiBaeM 4MCro Tpebdbyembix NpoLeccopoB Np u
Ha3BaHue rnporpammbl: NpuUMep: mpirun —np 3 prog
Kaxxgbit npouecc MPI-nporpamMmbl nosiydaeT ABa 3Ha4YeHuUs:

= NP — Yucso rnpoueccos

= rank n3 gnanasona [O ... np-1] — HoMep npouecca

JTrobble aBa npouecca MoryT HernocpeaCTBEHHO 0OMeHNBaTLCA
OaHHbLIMM C MOMOLLLIO PYHKUMI Nnepegayvmn coobLieHnn
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OcHOBBI niepegaun JaHHeIX B MPI

TexHonorua nepegayvn gaHHblx MPI npegnonaraetr
KoonepaTuBHbLIN ODMEH.

[1aHHbIE NOCbINAaTCA OOHUM MPOLECCOM U
NMPUHMMAIOTCSA APYIUM.

[lepepgava M CUHXPOHM3ALUA COBMELLIEHDI.

Process 0 Process 1

Send(data) —|

\

Receive(data)
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OcHoBHbIC rpyniibl Gy MPI

OnpenencHue Cpeibl
Ilepeoauu «mouka-mouka»
Koanekmuenuvie onepayuu
[Ipou3BOAHBIE TUIIBI JAHHBIX

['pynimbl mpo1eccoB
BuprtyalibHbIE TOIOJIOTUA

Oonocmoponnue nepeoauu
[lapaienbHBIN BBOI-BBIBO/I
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OCHOBHBIE ITOHSITUS

[Tpouecchbl OObLEANHAIOTCA B 2pyrnbl.

Kaxkgoe coobLyeHne nocbinaeTca B pamMmkax HEKOTOPOro
KOHTEKCTa U JOIMKHO ObITb MOMy4YeHO B TOM K& KOHTEKCTE.

["pynna n KOHTEKCT BMECTe onpeaensaT KOMMYHUKamop.

[1pouecc ngeHTupnumnpyeTca CBoMM HOMepoM B rpynne,
accoummpoBaHHOU C KOMMYHUKATOPOM.
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[Ionsitne komMmmynukaropa MPI

Bce oOpalieHus kK MPI dpyHKUMsaM cogepxkat
KOMMYHUKATOP, Kak napameTp.

Hanbonee 4acTto ncnonb3yemMblin KOMMYHUKATOP
MPI_COMM WORLD:

- onpefendaeTca nNpu BbldoBe MPI Init
- copgepxut BCE npouecchl nporpammbl
Opyrne npenonpegerieHHble KOMMYHUKaTOPbI:

- MPI_COMM_SELF — TOnbko oguH (COOCTBEHHLIN)
npouecc

MPI_ COMM _ NULL — nycTon KOMMYHUKATOP
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Tunbel magabsix MPI

[1aHHblE B COOOLLIEHNN ONUCLIBAIOTCS TPOMKON:
(address, count, datatype), rge

datatype onpenensieTca pekypcuBHO Kak :

npegonpenerieHHbln 6a3oBbIN TUM, COOTBETCTBYIOLWLNN TUNY
OaHHbIX B ©6a30BOM s3blke (Hanpumep, MPI_INT,
MPI_DOUBLE_PRECISION)

HenpepbiBHBIN Macce MPI Tunos
BeKTopHbIN TUM
NHOekcmpoBaHbIbIA TUM
[Tpon3BONbLHbIE CTPYKTYPHDI

MP| BKnoYaeT YyHKLUNM O19 NOCTPOEHUS
NoNb30BaTENLCKNX TUMOB aHHbIX, HAaNnpumep, Tuna
AOaHHbIX, onucbkiBaroLWmx napsl (int, float).
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bazosbie MPIl-Tunpl nanapIx

MPI datatype

C datatype

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
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Chnenmansarie Tisl MPI

MPI_Comm
MPI_Status
MPI_datatype
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lloasTue Tara

Coo0bLeHne conpoBoXxaaeTcs onpeaensaembiM
nosib3oBaTenem nNPU3Hakom — LenbIM YUCIIOM — Mma320M
ONs ngeHTudukauum npuHMMaemMoro coobLLeHns

Tern coobLleHnn y oTnpaBuTens v nony4vatens OJOJKHbI
ObITb cornacoBaHbl. MOXHO yka3aTb B KQ4eCTBE
3Ha4YeHWs Tara KOHCTaHTy MPI_ANY TAG.
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MPI1 helloworld.c

#include <stdio.h>

#include <mpi.h>

Int main(int argc, char **argv){
MPI1 Init(&argc, &argv);
printf("Hello, MPI world\n");
MPI1_Finalize();
return O; }

BMK MI'Y, "CynepkomnbloTepHoe
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OyHKIUU OINIPEACIICHUS CPEIIbI

int MPI Init(int *argc, char ***argv)
AO0J1KHa NepBbiM BbISOBOM, BbI3bIBAE€TCA TOJIbKO OAUH pas3
int MPI Comm size (MPI Comm comm, int %*size)
YMCJIO IPOLIeCCOB B KOMMYyHUKATOPE

int MPI Comm rank (MPI Comm comm, int *rank)
HOMep npouecca B KOMMyHuKaTope (Hymepauus ¢ 0)
int MPI Finalize()
3aBepluaeTt paboTy npouecca

int MPI Abort (MPI Comm size (MPI Comm comm,
int*errorcode)

3aBepLuiaeT paboTy nporpamMmmel
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Nuanimmanuzamms MP

I\!lPI_Init OOIMKHa ObITb NnepBbiM BbISOBOM,
Bbl3bIBAETCA TOJIbKO OANH Pa3

int MPI Init(int *argc, char ***argv)
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OOpaboTka ommOok  MPI-QyHKIMIM

OnpepenseTtcsa koHcTaHTon MPl._ SUCCESS

I
Int error;

error = MPI_Init(&argc, &argv));
If (error = MPI_SUCCESYS)

{
fprintf (stderr, “ MPI_Init error \n”);

return 1;

}
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MPI Comm_size

KoJuecTBO mpo1eccoB B KOMMYHHUKATOPE

Pasmep KOMMyHuKaTopa

int MPI Comm size (MPI Comm comm, int
*size)

PesynbTaTt — 4MCNo NpoLeccos

BMK MI'Y, "CynepkomnbloTepHoe
MOZENMPOBaHNE U TEXHONOTUN", NEKTOP
H.H.Monosa



MPI_Comm_rank
HOMeEp mpoirecca (process rank)

Process ID B KOMMYHUKaTOpE

= HaunHaeTcsa c 0 go (n-1), rae n —4uncro
NpoLIeccoB

Mcnonb3yeTcs onsa onpeaeneHns Homepa npoLiecca-
OTNpaBuUTENS 1 NoNny4yaTens

int MPI Comm rank (MPI Comm comm, int
*rank)

PesynbTat — HOMEpP npouecca
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3aBepmenue MPIl-tiponeccon

Hukakux sbizoBoB MPI dpyHkumn nocne MPI_Finalize.

int MP1_Finalize()
int MPI_Abort (MPI_Comm_size(MPl_Comm comm, int*errorcode)
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Hello, MPI world!

#include <stdio.h>

#include "mpi.h"

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

Int rank, size;

MPI_Init(&argc, &argv);
MPI Comm_rank(MPl_COMM_WORLD, &rank);
MPI_ Comm_size(MPI_COMM_WORLD, &size);
printf("Hello, MPI world! I am %d of %d\n“ rank,size);
MPI_Finalize();
return O; }
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B3auMoaencTBue «To4YKa-TouKa))

Camasi npoctasi dopma obmeHa coobLeHneEM
OauvH npouecc nocbinaeTt coobuieHns apyromy

Heckonbko BapuaHTOB peanu3auun Toro, Kak
nepechblfika 1 BbINOMHEHNE NPorpaMMbl COBMELLAOTCH
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Oyukuun MPI nepenaun
«TOUYKA-TOUYKA»

Bsend Bsend init Buftter attach

Bufter detach

Cancel

Get count

Get elements

Ibsend

Iprobe

[recv

Irsend

[send

[ssend

Probe

Recv

Recv init

Request free

Rsend

Rsend it

Send

Send it

Sendrecv

Sendrecv replace

Ssend

Ssend init

Start

Startall

Test

Test cancelled

Testall

Testanv

Testsome

Wait

Waitall

Waitanvy

Waitsome
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biiokupyroiye 1 HEOJTOKUPYIONIHE TIEpeIadn

OnpenenstoT, NPy Kaknx yCrnoBuax onepauumn nepegayu
3aBepLUalTCS:

- Bnokupyrowme: Bo3BpaT N3 PYHKUUN Nepenayn
COOOLLEHNI TOSIBKO MO 3aBEPLUEHUIO NMepenayn
- Hebnokupyrwwume .| HemeadneHHbIW BO3BpaT U3

cbyHKUMI, Nonb3oBaTenb OOMKEH KOHTPONMPOBATh
3aBeplueHne nepegad

BMK MI'Y, "CynepkomnbloTepHoe
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OcCHOBA 2-TOYEYHBIX OOMEHOB

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

int MPI_Recv(void *buf,int count, MPI_Datatype datatype,int source, int tag,
MPI_Comm comm, MPI _Status *status)
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MPI1_Send

iInt MP1_Send(void *buf,int count, MPI_Datatype datatype,int dest,
int tag, MPI_Comm comm)

buf agpec oydepa

count = YUCIIO NepechblfiaeMbiX 3fIEMEHTOB
Datatype - MPI datatype

dest - rank npouecca-nony4arens

tag - onpegendemMsliv nonb3oBartenem napameTp,
comm - MPI-KOMMYyHUKaTOP

IlpumMep :
MPI Send(data,500,MPI FLOAT,6,33,MPI COMM WORLD)
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MPI Recv

int MPI_Recv(void *buf,int count, MPI_Datatype datatype,int source, int
tag, MPI_Comm comm, MPI Status *status)

buf agpec bydepa

count - YMCIIO NepechblflaeMblX 3NIEMEHTOB

Datatype - MPI datatype

source rank npouecca-oTnpaBuTensd

tag onpenenaemMbin nofib3oBaTenieM napameTp,
comm MPI-koMMYyHUMKaTop,

status craTtyc

IIpumep :
MPI Recv(data,500,MPI FLOAT,0,33,MPI COMM WORLD, &stat)
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Wildcarding (mxokepsl)

I'Ionyanenb MOXET UCMOJ1Ib30BaATb O>KOKeEP

ana nonydeHust coodbuweHnus ot JIDBOI O npouecca
MPI_ ANY SOURCE

Ona nony4yeHuns coobwenus ¢ JIKOBbIM Tarom
MPI_ANY TAG

PearnbHble HOMep npoLecca-oTnpaBUTENs U Tr BO3BpaLLatoTCH
Yyepes napameTp status
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Nuadopmanus o 3aBepIIuBIIEMCS ITIPUEME
COOOIICHUS

BosBpallaeTca pyHKUMEN MPI Recv Yepes napaMeTp
status

Cooepxur:

= Source: status.MPI SOURCE
= Tag: status.MPI TAG

= Count: MPI Get count

BMK MI'Y, "CynepkomnbloTepHoe
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ITonydeHHOE COOOIIECHUE

MoxxeT 6bITb MeHbLLErro pasmepa, YeM ykasaHo B (PyHKUNU
MPI_Recv

count — Y4YMcno peanbHO NONy4YeHHbIX 3N1IEMEHTOB

C:
int MPI_Get count (MPI_Status *status,
MPI_Datatype datatype, int *count)

BMK MI'Y, "CynepkomnbloTepHoe
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MPI1 Probe

int MP1_Probe(int source, int tag, MPlI_Comm comm, MPI_Status*
status)

[lpoBepka cTaTyca onepauum npnema coobuieHmns.
[MapameTpbl aHanornyHol yHKunm MPI_Recv
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I Ipumep

if (rank ==0) {
/l Send size of integers to process 1

MPI_Send(buf, size, MPI_INT, 1, O,
MPI_COMM_WORLD);
printf("0 sent %d numbers to 1\n",
size);
} elseif (rank == 1) {
MPI_Status status;

I/l Probe for an incoming message from
process

MPI_Probe (0, 0, MPI_COMM_WORLD,
&status);

MPI_Get count (&status, MPI_INT,
&size);

Int* number_buf =

(int*)malloc(sizeof(int) * size);

I/ Now receive the message with the

allocated buffer

MPI_Recv (number_buf, size, MPI_INT,
0, 0, MPI_COMM_WORLD,
MPI1_STATUS_IGNORE);

printf("1 dynamically received %d

numbers from 0.\n",

number_amount);
free(number_buf);

}
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CoBMeEIICHHUE IIepeIayd TUIIA «OTChLIKA-
IIPUECM)

int MPI_Sendrecv (void *sendbuf,
iInt sendcount, MPI_Datatype sendtype,
Int dest, int sendtag,
void *rcvbuf, int rcvcount, MPI_Datatype rcvtype,
Int source, int rcvtag,
MPl_Comm comm,
MPI_Status *status)
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OOMEH TaHHBIMHU OJHOI'O THUIIA C
3aMeINIeHUEM

Int MPI_Sendrecv_replace

(void* buf, int count,

MPI_Datatype datatype,

Int dest, int sendtag,

Int source, int recvtag,

MPI_Comm comm, MPI_Status *status)
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HeOmokupyromumue KOMMYyHUKALUH

Llenb — ymMeHbLUEHWE BpeMeEHN paboThl NapanernbHou
nporpammbl 3a CH4ET COBMELLEHUSA BbIYMUCNEHNN N OOMEHOB.

HebnokupyoLiye onepaummn 3aBepLUatoTcsl, He JOXNOasaACh
OKOHYaHWA nepegadun AaHHbIX.

[TpoBepka coCcTOsAHUA nepenad n oXxmgaHue 3aBeplueHue
nepefay BbIMOMHATCA cneynanbHbiMU YHKLNAMMN.
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dopmaThl HEOJIOKUPYIOIMUX (PYHKIIMN

MPI Isend (buf,count,datatype,dest,tag,comm, request)
MPI Irecv(buf,count,datatype,source,tag,comm, request)
[lpoBepka 3aBeplLueHus onepaumi MPI _Wait () and MPI Test () .

MPI Wait () OXuAaHue 3aBepLUeHUs.

MPI Test () npoBepka 3aBeplueHus. Bo3spaluaeTtca dnar,
yKa3bIBaOLLMIA Ha pe3yrbTaT 3aBepLUeHMS.
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3amep Bpemenn MPI Wtime

Bpemsa 3amepaeTca B cekyHOax
Bbioensietca nHtepsarn B nporpamMmme

double MPI Wtime (void) ,;
[lpumep.

double start, finish, elapsed,
start=-MPI Wtime,

MPI Send(..);

finish = MPI Wtime (),

time= start+finish;

time ;
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KoJ/ulekTHBHBIE IepeaaYu

Allgather MPI Allgatherv MPI Allreduce
Alltoall MPI_Alltoallv MPI Barrier
Bceast MPI1 Gather MPI Gatherv
Op_create MPI Op free MPI Reduce
Reduce scatter MPI Scan MP1 Scatter

Scatterv
e

BMK MIY, "CynepkomMnbioTepHoe
MoAenvpoBaHne 1 TexXHonornn", fnexkTop
H.H.MNonoea



XapakTEpUCTHUKN KOJUICKTUBHBIX Mepeaay

KonnekTuBHbIe onepauum He SBMSTCA MOMEXON onepauuam Tmna
«TOYKa-TOYKa» N HaobopoT

Bce npouecchbl KOMMYHUKaTOpa AOIMKHbI Bbi3blBaTb KOMNNEKTUBHYIO
ornepauuio

CuHXpoHU3aUmsa He rapaHTupyeTcs (3a ucknoyeHnem bapbepa)
HeT Hebnoknpyowmnx KONneKTUBHbIX onepaumn
HeT Taros

[MpuHumatownm 6ydep AomKeH TOYHO COOTBETCTBOBATL pasMepy
oTcbiflaemoro bydepa
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[IInpokosemareipHas pacchliika

One-to-all nepegava: oanH n ToT Xe dydep oTcbinaeTcs oT
npouecca root BCceM oCTasibHbIM npoLeccamMm B KOMMYHUKaAToOpe

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

Bce npouecchl JOMKHbI YKasaTb OAUH TOT e root 1 communicator
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Scatter

One-to-all communication: pasnnyHeie AaHHble N3 OOHOro
npouecca pacchbinarTcs BCeEM nNpoueccamM KOMMyHuKaTopa (B
nopsake nx HomMepos)

int MPI Scatter (void* sendbuf, int sendcount,
MPI Datatype sendtype, void* recvbuf,

int recvcount,MPI Datatype recvtype, int root,

MPI Comm comm)

sendcount — YMcro aNeMeHTOB, NOCMNaHHbIX KaXaoMy npoueccy, He
obLLiee YNCNO OTOCNaHHbIX 3IEMEHTOB;

send napamMmeTpbl UMEKT CMbICH TONbKO AS1s npouecca root
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Scatter — rpadguueckas HILIFOCTpaLUs
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[ mo0anbHEIE onepanuy peayKIuu

Onepaumnmn BbINOMHATCA Ha AaHHLIMWU, pacnpeaeneHHbIMU Mo
npoueccamMm KOMMyHMKaTopa

[Tpmepbl:
= [nobanbHaga cymma unuv nponssegeHune
= [NnobanbHbIn MakCUMyM (MUHUMYM)
= [nobanbHaga onepauns, onpegeneHHas nosb3oBarernem
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OOmas popma

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

count 4YMCNO onepauuin “op” BbIMNOMNHAEMbIX Ha
nocrnegoBaTtenbHbIMU 3riIeMeHTaMu bydepa sendbuf

(Takke pasmep recvbuf)

op ABNAeTCs accoumnaTtuBHOU onepaumen, Kotopagq
BbIMOJIHAETCA Hag napou onepaHaoB TUNa datatype

1 BO3BpaLlaeT pe3ynbTaT TOro Xe Tuna
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lIpenonipeneneHurie onepanuu peayKIium

MPI Name Function

MPI_MAX Maximum

MPI_MIN Minimum

MPI_SUM Sum

MPI_PROD Product

MPI_LAND Logical AND

MPI_BAND Bitwise AND

MPI_LOR Logical OR

MPI_BOR Bitwise OR

MPI_LXOR Logical exclusive OR

MPI_BXOR Bitwise exclusive OR

MPI_MAXLOC Maximum and
location

MPI_MINLOC Minimum and location
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IIpumep: YMCIIEHHOE MHTErPUPOBAHME

static long num steps=100000;
double step, pi;

void main ()
{ int 1i;
double x, sum = 0.0;

step = 1.0/ (double) num steps}
for (i=0; i< num steps; i++) {
x = (1i+0.5) *step;
sum = sum + 4.0/(1.0 + x*x
}
pi = step * sum;
printf (“Pi = %$£f\n”,pi);
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Beruucjienue uyucaaa it ¢ ucnojbs3opanuem MPI

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

{

int n =100000, myid, numprocs, 1i;

double mypi, pi, h, sum, x;

MPI Init (&argc, &argv);

MPI Comm size (MPI COMM WORLD, &numprocs) ;
MPI Comm rank (MPI_COMM WORLD, &myid) ;

h = 1.0 / (double) n;

sum = 0.0;
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Beruucjienue uyucaaa it ¢ ucnojb3opanuem MPI

for (1 = myid + 1; i <= n; i += numprocs)
{
X = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
mypi = h * sum;
MPI_ Reduce (&mypi, &pi, 1, MPI_DOUBLE, MPI_ SUM,
0, MPI_COMM WORLD) ;

if (myid == 0) printf("pi is approximately
$.16£”, pi);

MPI Finalize();

return 0;
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