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TexHonozausa npoepammuposaHusa MPI




MPI

*MPI - Message Passing Interface,
MHTEP(PEUC nepeaadn COOOIICHHH.

*Ctangapt MPI 3.1 (4 urons 2015 roza).
*bonee 450 nmpoueayp.




MPI
IIpepuxc MPI .
#include “mpi.h”
(mpif.h mg a3eika Doprpan)

[Ipoyeccol, NOCHLIKA COOOIIICHUI.

*Coobujenue — MacCUB OJJHOTHUIIHBIX JJAHHBIX,




MPI

Kommyrnukamop — KOHTEKCT 0OMEHA I'PYMIIbI.

B onepanusax oOMeHa UCIIOIb3YHOTCS TOJIbKO
KOMMYHHUKATOPHI!




MPI

MPI COMM WORLD — KOMMYHHKATOp HJi
BCEX IIPOLIECCOB MPUIIOKCHUSI.

MPI COMM SELF — KOMMYHHKATOp,
BKJIFOYAIOIIUN TOJIBKO TEKYIIIUHU MPOILIECC.




MPI

Kaxap11 mponecc MOXeT OJHOBPEMEHHO
BXOJIUTh B pa3HbIE KOMMYHUKATOPHI.

[8a ocHoBHBIX ampubyma npoyecca.
KOMMYHUKAMOp (2pynna) u Homep npouecca 8
KOMMYHUKamope (epynne).




MPI

*Coobuwernue — HaAOOP TaHHBIX HEKOTOPOTO
THUIIA.

* ATprOYyThI COOOIIECHMS: HOMEP IPOIEeCCa-
OTIIPABUTEIS, HOMEP Mpoliecca-IoaydaTes,
UJICHTA(UKATOP COOOIICHUSI, KOMMYHHUKTOP.

I neHTH(UKATOP COOOIICHHUS - LIEI0E
HEOTPHUIIATEIILHOEC YUCIIO B Auara3one ot 0 110

MPI TAG UB (He MeHblle 32767).

o J111s1 pa®OOTHI C aTprOyTaMu COOOIICHUI
BBCACHA CTpyKTypa MPI Status.



MPI

Bo3zBpaiaeMbiM 3HaueHUEM (B DopTpaHe —
MOCJICAHUM apIryMEHTOM) JIJISI OOJIBIITMHCTBA
npouenyp MPI sBisercs napopmanmsa oo
YCIICIIHOCTH 3aBEPILICHUS.

B ciiydae yCIemHoro BhIIIOJIHEHUS

IIPOIIEIypa BEPHET 3HAYCHUE
MPI SUCCESS, uHaye - KOJ OLIUOKH.

IIpenonpenea€HHbIE 3HAUCHMS,

COOTBETCTBYIOIINE PA3INYHBIM OIIIMOOYHBIM
CUTyalMsIM, IIEPEUYUCICHbl B (paitjic mpi.h



MPI

Oo01mue npoueaypst MPI




MPI

int MPI Init(int *argc, char
***argv)

Muavuumanu3anus napauieibHOW YaCTH
nporpammsbl. 1loutu Bce apyrue nponeaypol
MPI MoryT OBITH BEI3BaHBI TOJIBKO IIOCJIE
BbI30Ba MPI Init. Muunmanuzanus




MPI

int MPI Finalize(void)

3aBEpIICHUE ITAPATIICILHOU YaCTH
npuiiokeHus. Bce mocieayromue oOpaleHus

K 00abIIMHCTBY nponeayp MPI, B Tom uucne
MPI Init, sanpenieHsl. K MOMEHTY BbI30Ba

MPI Finalize KaXIbIM IIPOIECCOM
IpOorpaMMbl BCE JE€HCTBUS, TPEOYIOIINE €0
y4acTus B OOMEHE COOOIIECHUSIMH, JTOJIKHBI
ObITH 3aBEPIIICHDI.



MPI

IIpocrenias napaiieabHas nmporpamma

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

{

printf ("Before MPI INIT\n") ;




MPI

int MPI Initialized(int *flag)
B aprymente £1lag Bo3Bparmaer 1, eciu

BbI3BaHa 1nocie nponeaypsl MPI Init,u 0 B
IIPOTUBHOM CJIy4ae.

int MPI Finalized(int *flag)

B aprymente £1lag Bo3Bpamaer 1, eciu
BbI3BaHa Mocjie npoueaypsl MPI Finalize,
1 0 B IIPOTUBHOM ClIyyae.

ODTH IPOLEAYPHI MOKHO BbI3BAThH 110
MPI Init ummnocie MPI Finalize.



MPI

int MPI Comm size (MPI Comm comm,
int *size)
B aprymeHTe size BO3BpaIactT Yucio

[MapauICIIbHBIX MPOIECCOB B KOMMYHHUKATOPE
comm.

int MPI Comm rank (MPI Comm comm,
int *rank)
B aprymeHTe rank BO3BpaIacT HOMEP

[IpoIECcCa B KOMMYHHUKATOPE comm B JIMAIlIa30HE
or 0 1o size-1.



MPI

#include <stdio.h>

#include "mpi.h"

#define MAX 100

int main(int argc, char **arqgv)

{

int rank, size, n, i, ibeg, iend;
MPI Init(&argc, &argv);

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




MPI

double MPI Wtime (void)

Bo3Bpamaer aji KaXxa0oro BbI3BaBILETO
IIPOI[ECCa aCTPOHOMHUYECKOE BPEMS B CEKYHIaX
(BEIIECTBEHHOE YHCJIO JBOMHOM TOYHOCTH),
[IPOIIIEAIIEeE C HEKOTOPOIrO MOMEHTA B
npouuioM. MOMEHT BPEMEHU, UCIIOJIb3YEMbIN B
Ka4yeCTBE TOYKH OTCUETA, HE OyAET N3MEHEH 34
BpeMs CYIIIECTBOBAHUS MPOIIECCa.

double MPI Wtick (void)
Bo3Bpalaer pa3penieHue TauMepa B CEKyHIax.



MPI

int MPI Get processor name (char
*name, int *len)
Bo3Bpamaer B CTpOKe name uMs y3Jja, Ha

KOTOPOM 3aIlyII€H BhI3BABIIIKH IIpo1ecc. B
IIEPEMEHHON len BO3BpAaIllACTCSI KOJIUYECTBO

CHUMBOJIOB B UMCHH, HC IIPCBLIIIAIOIICC




MPI

OnpeneiieHue XapakTepUCTUK CUCTEMHOTO
Tanumepa.

#include <stdio.h>

#include "mpi.h"

#define NTIMES 100

int main(int argc, char **argv)

{

double time start, time finish, tick;
int rank, 1i;
int len;




MPI

tick = MPI Wtick();
time start = MPI Wtime();
for (i = 0; i<NTIMES; i++)
time finish = MPI Wtime();
printf ("node %s, process %d: tick= %1f, time= %1f\n",
name, rank, tick, (time_finish—time_start)/NTIMES);

MPI Finalize();




MPI

Ilepenaua v npuMémM COOOLIEHUH C
0JIOKHPOBKOU




MPI
int MPI Send(void *buf, int
count, MPI Datatype datatype,
int dest, int msgtag, MPI Comm
comm)

biokupyrolas moceliika Mmaccua buf c¢
MJICHTU(UKATOPOM msgtag, COCTOSIIETO U3
count 3JieMEHTOB THNIa datatype,
[polieccy ¢ HoMepoM dest B KOMMYHHKATOPE
comm.



MPI

Tunel 1aHHBIX:

*MPI_INT - int

*MPI SHORT - short
‘MPI LONG - long
-MPI_FLOAT - float
MPI DOUBLE - double




MPI

Mo nudukanuu npouenypst MPI Send.

MPI Bsend — mepenayda COOOIIEHU C
Oy(depuzanueH.

*MPI Ssend — nmepeaaya COOOIIECHMS C




MPI

int MPI Buffer attach(void* buf,
int 81ze)

Ha3znauenue maccuBa buf pasmepa size s
MCITIOJIb30BAHMS IIPU MOCKHIJIKE COOOILCHUM C
Oydepuzanueii. B kaxxaomM nporecce MoKeT
OBITh TOJILKO OJUH TaKOU Oydep.

Pa3smMmep MaccuBa, BBIACIACMOIO 11
Oydepuzanuu, J0KEH IPEBOCXOAUTH OOIIUIA
pa3Mep COOOIICHUS KaK MUHMMYM Ha
BEJIMYMHY, OIPEACTIIEMY KOHCTAHTOM

MPI BSEND OVERHEAD.



MPI

int MPI Buffer detach (buf,
size)

OcBoOOXxkaecHNEe MaccuBa buf miusg gpyrux

neneut. [Ipouecc OJIOKUPYETCS IO TOrO
MOMEHTA, KOTI'JIa BCE COOOIICHUS YHIYT U3




MPI
int MPI Recv(void *buf, int
count, MPI Datatype datatype,
int source, int msgtag, MPI Comm
comm, MPI Status status)

brnokupyronuii npuém B 0ydep buf He 6oee
count 3JI€MEHTOB COOOIICHUS TUIIA
datatype c uaeHTuukaropom msgtag or
Ipolecca C HOMEpOM source B
KOMMYHHMKATOpPE comm C 3all0JTHEHUEM
CTPYKTYPBI aTPUOYTOB NPUXOISIIETO
cooOmicHus status.



MPI

BmecTo aprymMeHTOB source u msgtag
MO>KHO HUCIIOJIb30BaTh KOHCTAHTHI:

*MPI ANY SOURCE — mpH3HAaK TOro, 4To
OAXOUT COOOIEHUE OT JIFOOOTr0 IIpolLecca;




MPI

[TapameTpbl OpUHSITOrO COOOIICHUS BCEraa

MOKHO OIIPEAEIIUTH O COOTBETCTBYIOIIUM
DJIEMEHTAM CTPYKTYpPEI status:

*status.MPI SOURCE — HOMED
[Iporecca-OTIPaBUTE,




MPI

Eciau ouH mponecc mocjiea0BaTeabHO
[IOCBIJIACT ABA COOOIICHHUS, COOTBETCTBYIOIIIME
OJHOMY M TOMY € BbI30BYy MP1I Recv,
APYroMy OPOoIECCy, TO NEePBbIM OyIET IPUHSITO
COOOIIIEHHE, KOTOPOE OBLIO OTHPABIICHO
paHbIIIe.

Ecnu nBa cooOlIeHus ObLIM OJHOBPEMEHHO
OTIIPABJICHBI Pa3HBIMHM IIPOIECCAMHM, TO HOPSIOK
MX MOJYyYSHHUS MPUHUMAIOIIUM IIPOIECCOM
3apaHee HE OIPEIEIICH.



MPI
int MPI Get count (MPI Status
*status, MPI Datatype datatype,
int *count)

I1o 3HaueHHnIO napamerpa status
OIIpeACIISICT YUCIO count YiKe IIPUHATHIX
(mocne obpamenuss k. MPI Recv) wuiu
NPUHUMAEMBIX (ITOCJIE OOpaICHUS K

MPI Probe uwmu MPI Iprobe) 51eMeHTOB
cooOnieHus Tuiia datatype.



MPI

int MPI Probe (int source, 1int
msgtag, MPI Comm comm,
MPI Status *status)

Ilonyuenue B napamerpe status nadpopmanmu
O CTPYKTYpPE OKHIa€MOr0 COOOIIEHMS C
OnokupoBkou. Bo3BpaTa HE Npou30MIET, MOKA
COOOIICHHUE C NOAXOASIIIMM UACHTU(PUKATOPOM
M HOMEPOM IPOILECCA-OTOPABUTEIS HE Oy ICT
OOCTYITHO JJISI IOJTYYCHHS.



MPI

TynukoBsie cutyanuu (deadlock):

nporecc O: [mpouecc 1:
Recv (l) |Recv (0)
Send (1) [Send (0)




MPI

Pa3peinieHue TyInmMKOBbIX CUTYaIlHM:

rpouecc 0: mponecc 1:
Send(l) Recv(0)
Recv(l) Send(0)




MPI

OOMEH COOOIEHUAMH YETHBIX U HEUETHBIX
IPOLECCOB:

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

{

int size, rank, a, b;
MPI Status status;




MPI

if ((rank%$2) == 0) {
if (rank<size-1)

MPI Send(&a, 1, MPI_ INT, rank+l, 5,
MPI_ COMM WORLD) ;

}

else

MPI Recv (&b, 1, MPI_INT, rank-1, 5, MPI_COMM WORLD,
&status) ;




MPI

Ilepenaya v npuémM coOO0IEHHU I
0e3 0JIOKMPOBKH




MPI
int MPI Isend(void *buf, int
count, MPI Datatype datatype,
int dest, int msgtag, MPI Comm
comm, MPI Request *request)

HeOmoxupyromas noChUIKa COOOIIECHHUS.
Bo3Bpar n3 QyHKIMH OIPOUCXOIUT Cpa3y MOCIIE
MHUIHAIU3anuu nepeaadu. llepemennas
request uacHTU(DUIUPYET NEPECHUIKY.



MPI

Monudukanuu pyakinuu MPI Isend.

*MPI Ibsend — mepenayda COOOIIEHUS C
Oy(depuzanuei,

*MPI Issend — mepeaada COOOIICHUS C




MPI
int MPI Irecv(void *buf, int
count, MPI Datatype datatype,
int source, int msgtag, MPI Comm
comm, MPI Request *request)

HeoOmoxkupyromui npuém cooodieHus. Bo3ppar
13 (PYHKIUM IPOUCXOIUT CPa3y IIOCIIE
MHUIHAIU3anuu nepeaadu. llepemennas
request uacHTU(DUIUPYET NEPECHUIKY.



MPI

Coo0l1eH1e, OTOPABICHHOE JIF000H U3
npouenyp MPI Send, MPI Isend u 110001
M3 TPEX UX MOAU(DUKALIMUI, MOXKET OBITh
IPUHATO 000U U3 npouenyp MPI Recv u
MPI Irecv.




MPI

int MPI Iprobe (int source, int
msgtag, MPI Comm comm, int
*flag, MPI Status *status)

[TonydyeHrne nHpOpMALIMUA O CTPYKTYPE
0KHJaE€MOro coOoOIIeHUs 0€3 OJIOKUPOBKU. B
aprymente £lag Bo3BpalacTcd 3HaucHue 1,

€CJIM COOOIICHUE C NOAXOASIIMMU aTpUOyTaMHU
YK€ MOKET OBITh HPHUHSTO.



MPI
int MPI Wait (MPI Request
*request, MPI Status *status)

O’XHJaHue 3aBEPIICHUS ACUHXPOHHOU
OIIepau, ACCOLIMUPOBAHHOM C
uacHTH(PUKATOpoM request. Jluga
HEOJIOKHUPYIOIIETO IpHuEéMa OIPEACISICTCS
rnapamMeTp status. request

yCTaHaBJIMBAETCS B 3HAYCHUE
MPI REQUEST NULL.



MPI
int MPI Waitall (int count,
MPI Request *requests,
MPI Status *statuses)

OxuaaHue 3aBeplieHus count acCHMHXPOHHBIX

OIepaluu, aCCOLIMUPOBAHHBIX C
njacHTU(UKaTopamu requests. [l




MPI

OOMEH N0 KOJILLICBOW TONOJOTUH IIPU MOMOIIH

HEOJIOKHUPYIOIIUX OIICPALHM:

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

{

int rank, size, prev, next;
int buf[2];




prev = rank - 1;
next = rank + 1;
if (rank==0) prev = size - 1;
if (rank==size - 1) next = 0;

MPI Irecv(sbuf[0], 1, MPI INT, prev, 5, MPI COMM WORLD,
&reqs[0]) ;

MPI Irecv(&buf[l], 1, MPI_INT, next, 6, MPI_COMM WORLD,
&reqs[1]) ;

MPI Isend(&rank, 1, MPI INT, prev, 6, MPI COMM WORLD,
&reqs[2]) ;

MPI Isend(&rank, 1, MPI INT, next, 5, MPI COMM WORLD,
&reqgs[3]) ;

MPI Waitall(4, regs, stats);




MPI

int MPI Waitany(int count,
MPI Request *requests, int
*index, MPI Status *status)
O>XHJIaHKE 3aBEPIICHUS OQHOU U3 count

ACMHXPOHHBIX OIepanyii, aCCOLUUPOBAHHBIX C
njacHTU(UKaTopamu requests. [l




MPI

EcCin K MOMEHTY BbI30Ba 3aBEPIHIIHCH
HECKOJIBKO M3 OKUIAEMBIX OII€palu, TO

CIy4aliHbIM 00pa30oM OyAEeT BEIOpaHa OgHa U3
HUX.




MPI

int MPI Waitsome (int incount,
MPI Request *requests, int
*outcount, int *indexes,

MPI Status *statuses)

O’Xy1aHKE 3aBEPIICHUS XOTS Obl OJTHOU M3
incount aCHHXPOHHBIX OIIECpPAIIUU,




MPI

Ilapamerp outcount COAEPKUT YUCIIO

3aBEPIIECHHBIX OIIEpaIlMU, a IIEPBLIC
outcount »JjIeMEeHTOB MaCCHUBa 1ndexes

COJZIEPKAT HOMEPA DJIIEMEHTOB MAaCCUBA
requests C HUX UACHTU(PHUKATOPAMHU.

IlepBbiec outcount 3j1€MEHTOB MacCHUBAa
statuses coaepkat nmapameTphl
3aBCPIICHHBIX OIEpaALMK (IS
HEOJOKHUPYIOIIHNX MPUEMOB).



MPI

int MPI Test (MPI Request
*request, int *flag, MPI Status

*status)

IIpoBepka 3aBEPIIEHHOCTH ACUHXPOHHOU

OIepaly, aCCOIMUPOBAHHOM C
njacHTU(UKaATOpoM request. B mapamerpe




MPI

int MPI Testall (int count,
MPI Request *requests, int
*flag, MPI Status *statuses)
IIpoBepka 3aBepniEHHOCTH count

ACMHXPOHHBIX OIICpallli, ACCOLMMPOBAHHBIX C
UJICHTU(HKATOpaMu requests.




MPI

int MPI Testany(int count,
MPI Request *requests, int
*index, int *flag, MPI Status
*status)

B mapamerpe £lag BO3BpamacTcs 3HAUYCHUE
1, ecam XOTs Obl OJHA U3 OIIEPALHM




MPI

int MPI Testsome (int incount,
MPI Request *requests, int
*outcount, int *indexes,

MPI Status *statuses)

Anasjor MPI Waitsome, HO BO3BparT
IIPOUCXOIUT HEMEJICHHO. Eciin HU oHA 13




MPI

OT/105K€eHHBIE 3aIIPOCHI HA
B3auMOJAeNCTBUE




MPI

int MPI Send init(void *buf, int
count, MPI Datatype datatype,
int dest, int msgtag, MPI Comm
comm, MPI Request *request)

OopmupoBaHUE OTIIOKEHHOTO 3aIIpoca Ha
OChUIKY cooOmieHus. Cama omeparnus




MPI

Monudukanuu pyaknuu MPI Send init:
MPI Bsend init — (opMupoBanue
3aIpoca Ha nmepeaady COOOIIEHUS ¢
Oy(depuzanme;

MPI Ssend init — (QopMmupoBanue
3aIIpoca Ha Iepeaady COOOIICHUS C
CUHXPOHU3AIIUEN,

MPI Rsend init — QopMupoBaHnue
3aIIpoca Ha nepegady COOOIICHHUS 10
T'OTOBHOCTH.



MPI

int MPI Recv init(void *buf, int
count, MPI Datatype datatype,
int source, int msgtag, MPI Comm
comm, MPI Request *request)

OopMUpoOBaHKUE OTIIOKEHHOIO 3aIIpoca Ha
npuém cooOmeHus . Cama omeparus opuema




MPI

int MPI Start (MPI Request
*request)

Muavuyanu3anus OTJI0XKEHHOTO 3apoca Ha
BBIIIOJTHCHHUE OIICpallui OOMEHA,
COOTBETCTBYIOIIIEH 3HAUECHHUIO ITapaMeTpa




MPI

int MPI Startall (int count,
MPI Request *requests)

WMuaunmanusanusg count OTI0XKEHHBIX 3aPOCOB
Ha BBIIIOJHECHUE onepanyi 0OMEHa,
COOTBETCTBYIOIIIMX 3HAYECHHUAM IEPBBLIX count
3JIEMEHTOB MaccuBa requests. Onepanuu




MPI

Coo0l1eHne, OTOPABICHHOE IPX ITOMOILHY
OTJIO0KECHHOTO 3aIIpOCa, MOKET OBITh MPHUHATO
JII000#1 U3 npouenyp MPI Recv u

MPI Irecv, u HA00OpPOT.




MPI

int MPI Request free (MPI Request
*request)
Y 1angeT CTPYKTYPhI TaHHBIX, CBSI3aHHBIE C

rnapaMeTpoM request. request

YCTAHABJIMBAECTCS B 3HAYCHUE
MPI REQUEST NULL. Ecim onepanus,




MPI

Cxema UTepaliMOHHOIO METOAa ¢ OOMEHOM IIO
KOJIBIIEBOM TOIIOJIOTUU IIPU ITOMOIIH
OTJI0KEHHBIX 3aIIPOCOB:

prev = rank - 1;

next = rank + 1;
if (rank == 0) prev = size - 1;
if (rank == (size - 1)) next = 0;

MPI Recv_init(&rbuf[0], 1, MPI FLOAT, prev, tagl,
MPI COMM WORLD, &reqs[O0]);




MPI

for(..){

sbuf[0]=..;

sbuf[l]=.;

MPI Startall (4, reqgs);

MPI Waitall (4, regs, stats);




MPI

int MPI Sendrecv(void *sbuf, int
scount, MPI Datatype stype, int
dest, int stag, void *rbuf, int
rcount, MPI Datatype rtype, int
source, int rtag, MPI Comm comm,
MPI Status *status)




MPI

CoBMelIEHHBIC IIPUEM U MIepeada COOOICHUN
c 0O1okupoBKOM. bydeprl nepegaun u npuema
HE JIOJDKHBI IEPECEKAThCA. | yITUKOBOU
CUTyallMU HE BO3HUKAECT!

Coo0l1eHrEe, OTIPABICHHOE ONepalLuei
MPI Sendrecv, MOXET ObITb IIPUHATO

OOBIYHBIM 00pa30M, U OTIEPALIHS
MPI Sendrecv MOXET IPUHATH COOOLICHUE,

OTIIPABJICHHOE OOBIYHOM OIEpAIIUEH.



MPI

int MPI Sendrecv replace (void

*buf, i1nt count, MPI Datatype

datatype, int dest, int staqg,

int source, int rtag, MPI comm
comm, MPI Status *status)

CoBMelIEHHbIC TIPUEM U Iepeada COOOICHU C
OJIOKHPOBKOM yepe3 oommn 0ydep buf.



MPI

OOMeEH O KOJbIEBON TOIOJOTHUH IIPU MOMOIIH
npoueaypsl MPI Sendrecv:

prev = rank - 1;
next = rank + 1;

if (rank == 0) prev = size - 1;

if (rank == (size - 1)) next = 0;
MPI Sendrecv(&sbuf[0], 1, MPI FLOAT, prev,




MPI

CrennansHoe 3HaueHrne MPI PROC NULL

IJISL HECYILECTBYIOIIETO mpoliecca. Onepanuu
C TAKUM IIPOLIECCOM 3aBEPIIAFOTCS

HCMCIJICHHO C KOJOM 3dBCPIICHMN A
MPI_SUCCESS.
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