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Monaenb nporpamMMnUpoBaHKA

[Iporpamma coctouT 13 N napannenbHbIX MPOLECCOB, L/_\

KOTOpble NOPOXAATCA Npu 3anycke nporpammbl (MPI 1)

NAN MOTYT 6 PO = P1 < P2
YT 6bITb AVHAMWYECKN CO3JaHbl BO BpeMS BbINOJIHEHUSA

(MPI 2) T T T

Kaxxabln npouecc nMeeT yHUKaabHbIn naeHtuoukatop [0, N - 1]

N N30INPOBaHHOE ajpecHoe NpocTpaHcTBo (SPMD) M M M

[Tpouecchbl B3aUMOAENCTBYHOT NyTeM NepeAaydn COObLLEeHWNA
(message passing)

Process/thread/task
[Mpoueccbl MOryT 06pa3oBbIBaTb rPynmnbl A5 peannsaLnm

o o Memory (address space)
KOJITEKTUBHbIX onepaunini obmeHa nHpopmaumei

<> Message passing

«—> Memory access



Buabl obmMeHoB coobweHnsamm B MPI

= IBycTOpOHHUE 0OMeHbI (point-to-point communication)

v OOuWH npouecc MHMUnnMpyeT nepeaadvy cooblieHns (send), opyron ero
npuHUMaeT (receive)

v I3MeHeHne NamMsAT NPUHUMALOLLLEro NpoLLecca NPOUCXOANT NPU ero SBHOM
y4acTum

v OBbMeH coBMeLLLeH C CUHXPOHMU3aLMen NpoL.eccoB

= OpHOCTOpPOHHMe oOMeHbI (one-sided communication, remote memory access)

v TONIbKO 0OJMH NPOLLecC BHO MHULIMMPYET nepenadvy/npmem coobeHns ns
NaMATU yoaseHHOoro npowecca

v CMHXPOHM3aLMAa NpoLeccoB OTCYTCTBYeT



Buabl obmMeHoB coobweHnsamm B MPI

= [IByCTOpPOHHME 0OMeHbI (point-to-point communication) - yyacTByloT ABa npoLecca
KOMMYHMUKaToOpa (send, recv)

= OpHOCTOpPOHHMe oOMeHbl (one-sided communication) - yyacTBylOT ABa NpoLecca
KOMMYHMKaToOpa (6e3 cMHXpoHM3aLmm npoLeccos, put, get)

= KonnektusHbie obMeHbl (collective communication) - yyacTByloT BCe npoLecchl
KOMMYHUKaTopa (one-to-all broadcast, all-to-one gather, all-to-all broadcast)

Collective

Point-to-point One-sided (One-to-all Broadcast)
oy g =
Sender Receiver




CTpykTypa coobuieHus (point-to-point)

= JlaHHbIE

v Appec bycepa B namaTtu
v Yncno anemeHTOB B bydhepe (count)
v Twun paHHbIX 371eMeHTOB B bydepe (datatype)

= 3aronoBokK (envelope)

v MpeHTudunKaTopbl OTNPaBUTens n nonyvarensa (source, destination)
v Ter coobLeHuns (tag)
v KoMMyHMKaTop (communicator)

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)



[1ByCTOPOHHME 0OMEHDI

bnokupyiouwue (Blocking)

MPI_Bsend

MPI_Recv

MPI_Rsend

MPI_Send
MPI_Sendrecv
MPI_Sendrecv_replace
MPI_Ssend

NMpoBepKHU COCTOAHUSA 3aNpPOCOB

(Completion/Testing)

MPI_Iprobe
MPI_Probe
MPI_Test{, all, any, some}
MPI_Wait{, all, any, some}

(point-to-point)

Hebnokupyowue
(Non-blocking)

MPI_Ibsend
MPI_lrecv
MPI_Irsend
MPI Isend
MPI_Issend

NMocTtossHHbIe (Persistent)

MPI_Bsend_init
MPI_Recv _init
MPI_Send init

MPI_Start
MPI_Startall



brokunpywouwme pyHkUnUn Send/Recv

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)

* buf — appec bydepa

= count — 4mncno 3nemeHTOB B byhepe

= datatype — Tun paHHbLIX 31EMEHTOB B Bydepe

= dest — HOMep npouecca-nonyyarens

" source — HoMep npouecca-otnpasutena nam MPI_ANY SOURCE

* tag — Ter coobweHuns nan MPI_ANY_TAG

" comm — naeHTugpukaTop KoMmmyHmukatopa nav MPI. COMM_WORLD

= status — napameTpbl NPUHATOro coobuleHns (cogepXxMT nonasa source, tag)



CooTBeTCcTBME TUNOB AaHHbIX MPl Tunam ga3bika C

MPI datatype

C datatype

MPI_CHAR

MPI_SHORT

MPI_INT

MPI_LONG
MPI_LONG_LONG_INT
MPI_LONG_LONG (as a synonym)
MPI_SIGNED_CHAR

MPI_UNSIGNED_CHAR

MPI_UNSIGNED_SHORT
MPI_UNSIGNED
MPI_UNSIGNED_LONG
MPI_UNSIGNED_LONG_LONG
MPI_FLOAT

MPI_DOUBLE
MPI_LONG_DOUBLE
MPI_WCHAR

char

(treated as printable character)
signed short int
signed int

signed long int

signed long long int
signed long long int
signed char

(treated as integral value)
unsigned char

(treated as integral value)
unsigned short int
unsigned int

unsigned long int
unsigned long long int
float

double

long double

wchar_t
(defined in <stddef.h>)
(treated as printable character)

MPI_C_BOOL

MPI_INT8_T

MPI_INT16_T

MPI_INT32_T

MPI_INT64_T

MPI_UINT8_T

MPI_UINT16_T

MPI_UINT32_T

MPI_UINT64_T

MPI_C_COMPLEX
MPI_C_FLOAT_COMPLEX (as a synonym)
MPI_C_DOUBLE_COMPLEX
MPI_C_LONG_DOUBLE_COMPLEX
MPI_BYTE

MPI_PACKED

_Bool

int8_t

int16_t

int32_t

int64_t

uint8_t
uint16_t
uint32_t
uint64_t

float _Complex
float _Complex
double _Complex
long double _Complex




OnpepesieHne pa3mepa NMPUHATOro coobLleHus

#define NELEMS(x) (sizeof(x) / sizeof((x)[0]))

int main(int argc, char **argv)

{

Kaxxablin npouecc

int rank, commsize, len, count, tag = 1; 1,2, p—1
char host[MPI_MAX_PROCESSOR_NAME], msg[128 + MPI_MAX_PROCESSOR_NAME]; OTNpaB/AET KOPHEBOMY

npoueccy coobLeHmne

MPI_Init(&argc, &argv); nepemMeHHOW ANVIHBI

MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI Comm_size(MPI_COMM_WORLD, &commsize);
MPI_Get_processor_name(host, &len);

if (rank > 0) {
count = snprintf(msg, NELEMS(msg), "Hello, I am %d of %d on %s", rank, commsize, host) + 1;
MPI_Send(msg, count, MPI_CHAR, 0, tag, MPI_COMM_WORLD);
} else {
MPI_Status status;
for (int 1 = 1; 1 < commsize; 1i++) {
MPI_Recv(msg, NELEMS(msg), MPI_CHAR, MPI_ANY_SOURCE, tag, MPI_COMM_WORLD, &status);
MPI_Get_count(&status, MPI_CHAR, &count);

printf("Message from %d (tag %d, count %d): '%s'\n", status.MPI_SOURCE, status.MPI_TAG, count, msg);

¥
}
MPI Finalize();
return 0O;



OnpepesieHne pa3mepa NMPUHATOro coobLleHus

am of 16 on cn3'
am of 16 on cn3'
am of 16 on cn3'
am of 16 on cn3'

Message (tag count 27): 'Hello,
Message (tag count 27): 'Hello,
Message (tag count 27): 'Hello,
Message (tag count 27): 'Hello,
Message (tag count 27): 'Hello, am 5 of 16 on cn3'
Message (tag count 27): 'Hello, am 6 of 16 on cn3'
Message 12 (tag 1, count 28): 'Hello, I am 12 of 16 on cn4'’
Message 7 (tag 1, count 27): 'Hello, I am 7 of 16 on cn3'
Message 14 (tag 1, count 28): 'Hello, I am 14 of 16 on cn4'’
Message 13 (tag 1, count 28): 'Hello, I am 13 of 16 on cn4'’
Message 15 (tag 1, count 28): 'Hello, I am 15 of 16 on cn4'’
Message 10 (tag 1, count 28): 'Hello, I am 10 of 16 on cn4'’
Message 11 (tag 1, count 28): 'Hello, I am 11 of 16 on cn4'’
Message 8 (tag 1, count 27): 'Hello, I am 8 of 16 on cn4'
Message 9 (tag 1, count 27): 'Hello, I am 9 of 16 on cn4'

I
I
I
I
I
I




CeMaHTWUKa OBYCTOPOHHUX 0bMeHOB (point-to-point)

= [ApaHTUPYeTCSa CoOXpaHeHNe Nopsiaka COObLEHNI OT KaXK40ro NpoL.ecca-oTnpaBuTens

* He rapaHTUpyeTCsa “cnpaBeniMBOCTb” OOCTaBKM COOBLLEHNIN OT HECKOJIbKUX
oTnpaBuTenen

CALL MPI_COMM _RANK(comm, rank, ierr)
IF (rank.EQ.©) THEN
CALL MPI_BSEND(bufl, count, MPI_REAL, 1, tag, comm, ierr)
CALL MPI_BSEND(buf2, count, MPI_REAL, 1, tag, comm, ierr)
ELSE IF (rank.EQ.1) THEN
CALL MPI_RECV(bufl, count, MPI_REAL, ©, MPI_ANY_TAG, comm, status, ierr)
CALL MPI_RECV(buf2, count, MPI REAL, @, tag, comm, status, ierr)
END IF

CoobLieHue, oTnpaBsieHHOe NepBbIM send,
DOJIDKHO ObITb NOJIY4E€HO NepBbIM recv



[pMep Send/Recv (nonbiTKa MoNy4nTb MeHbLUE, YeM HaM OTrnpaBun)

int main(int argc, char **argv)
{
int rank, commsize;
float buf[100];
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI Comm_size(MPI_COMM_WORLD, &commsize);

if (rank == 0) {
for (int 1 = 0; 1 < NELEMS(buf); i++)
buf[i] = (float)i;
MPI_Send(buf, NELEMS(buf), MPI_FLOAT, 1, 0, MPI_COMM_WORLD);
} else if (rank == 1) {
MPI_Status status;
MPI_Recv(buf, 10, MPI_FLOAT, 0, 0, MPI_COMM_WORLD, &status);
printf("Master received: ");
int count;
MPI Get count(&status, MPI_FLOAT, &count);
for (int 1 = 0; 1 < count; 1i++)
printf("%f ", buf[i]);
printf("\n");
t Fatal error in MPI_Recv:
Message truncated, error stack:
MPIDI_CH3U Receive data found(284): Message from rank 0 and tag 0
truncated; 400 bytes received but buffer size is 40

MPI_Finalize();
return 0O;



[Mpumep Send/Recv (nonbiTKa NonyyYnTb 6onblue, 4eM HaM OTrNPaBKUIN)

int main(int argc, char **argv)
{
int rank, commsize;
float buf[100];
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI Comm_size(MPI_COMM_WORLD, &commsize);

if (rank == 0) {
for (int 1 = 0; 1 < NELEMS(buf); i++)
buf[i] = (float)i;
MPI_Send(buf, NELEMS(buf), MPI_FLOAT, 1, 0, MPI_COMM_WORLD);
} else if (rank == 1) {
MPI_Status status;
MPI_Recv(buf, 1000, MPI_FLOAT, 0, 0, MPI_COMM_WORLD, &status);
printf("Master received: ");
int count;
MPI Get count(&status, MPI_FLOAT, &count);
for (int 1 = 0; 1 < count; 1i++)
printf("%f ", buf[i]);
printf("\n");

}

MPI_Finalize();

return 0; Master received: 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 ...



NHdopMaLmsa 0 MPUHATOM coobLLEeHUNN

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

= 3anucbiBaeT B count 4MCI0 MPUHATLIX 3/1IeMeHTOB TuUMna datatype
(MHOpPMaLMa 0 HUX XPaHUTCSA B nepeMeHHon status)

int MPI_Probe(int source, int tag, MPI_ Comm comm,
MPI_ Status *status)

= BnokupyeT BbINOJHEHME NMPoLLecca, NOKa He NoCTynuT coobuieHne (source, tag, comm)
* NHhopmaumsa o coobuleHnn Bo3BpallaeTcs Yepes napameTtp status

= [lanee, Nosb30BaTe/lb MOXET C034aTb Bydep HyXHOro pasmepa 1 n3Bneyb coodbLLeHne
dyHKUMen MPI_Recv



NHopMaLmsa 0 MPUHATOM CoobLLEeHNN

int main(int argc, char **argv)

{

Mpouecc 0
int rank, commsize, count; oTnpasnser
MPI_Init(&argc, &argv); 10 anemeHTOB TUNa float
MPI_ Comm_rank(MPI_COMM_WORLD, &rank);
MPI _Comm_size(MPI_COMM_WORLD, &commsize); Mpouecc 1
oTnpasnser

1f (;iggt_gu$%1é]; 6 3/1eMeHTOB Tuna int
for (int 1 = 0; 1 < 10; 1++)
buf[i] = 1 * 10.0;
MPI_Send(buf, 10, MPI FLOAT, 2, 0, MPI_COMM_WORLD);
} else 1if (rank == 1) {

int buf[6];
for (int 1 = 0; 1 < 6; 1++)
buf[i] =1 * 2 + 1;

MPI_Send(buf, 6, MPI_INT, 2, 1, MPI_COMM_WORLD);



NHMopMauns o NpuHATOM coobLueHun (2)

else if (rank == 2) {
MPI_Status status;
for (int m=0; m < 2; m++) {
MPI_Probe(MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &status);
if (status.MPI_TAG == 0) {
MPI_Get_count(&status, MPI_FLOAT, &count);
float *buf = malloc(sizeof(*buf) * count);
MPI Recv(buf, count, MPI_FLOAT, status.MPI_SOURCE, status.MPI_TAG, MPI_COMM_WORLD, &status);
printf("Master received: ");
for (int 1 = 0; 1 < count; 1++)
printf("%.2f\n", buf[i]);
free(buf);
} else if (status.MPI TAG == 1) {
MPI_Get count(&status, MPI_INT, &count);
int *buf = malloc(sizeof(*buf) * count);
MPI_Recv(buf, count, MPI_INT, status.MPI_SOURCE, status.MPI_TAG, MPI_COMM_WORLD, &status);
printf("Master received: ");
for (int 1 = 0; 1 < count; 1++)

printf("%d\n", buf[il); Mpouecc 2
\ free(buf); onpeaender T1n
} NPUHNMaEMbIX
¥ COObLLEHN

MPI Finalize(); return O;
no Tery



B3anmHasg 6n1okmnpoBka npoueccos (deadlock)

Process O Process 1

MPI_Send ><MPI_Send
MPI_Recv MPI_Recv



B3anmHasg 61okmnpoBka npoueccos (deadlock)

Process O Process 1
MPI_Send MPI_Send
MPI_Recv MPI_Recv

" MNomeHATb NOpPsAA0K onepauunin Send/Recv
" Lcnonb3oBaTb He6NOKMpPYOLWMe onepauumn Isend/lrecv/Wait
" Ncnonb3oBaTtb pyHKUUIO MPI_Sendrecv



CoBMelleHVe nepenaydn n npmnemMa

int MPI_Sendrecv(const void *sendbuf, int sendcount,
MPI Datatype sendtype, int dest, int sendtag,
void *recvbuf, int recvcount,
MPI Datatype recvtype, int source, int recvtag,
MPI_Comm comm, MPI Status *status)

" [lpepoTBpallaeT BO3SHMKHOBEHWE B3aUMHOM 610KMPOBKK Npu Bbizose Send/Recv

" He rapaHTupyeT 3aWunTy OT It06bIX B3aUMHbIX 6/10KMPOBOK!



[lepenaya coobuleHns No KoJsbLLy

enum {

},

BUFSIZE = 100

char rbuf[BUFSIZE], sbuf[BUFSIZE];

int main(int argc, char **argv)

{

int rank, commsize;

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

(rank - 1 + commsize) % commsize;
(rank + 1) % commsize;

int prev
int next

MPI Send(&sbuf, BUFSIZE, MPI_CHAR, next, 0, MPI_COMM_WORLD);
MPI_Recv(&rbuf, BUFSIZE, MPI_CHAR, prev, 0, MPI_COMM_WORLD, MPI_STATUS_IGNORE);
printf("Process %d received from %d\n", rank, prev);

MPI_Finalize(); Process 1 received from 0
return O; Process 2 received from 1

Process 3 received from 2
Process O received from 3




[lepenaya cooblieHns no KosbLy (2)

Mporpamma 3aBucna (deadlock)

enum {
BUFSIZE = 1000000
} = [Ipouecc 0 xaet korga npouecc 1
NPUMET COo0bLLIEHNE
char rbuf[BUFSIZE] , SbUf[BUFSIZE] , . |_|p0|_||eCC 1 xaet 2

int main(int argc, char **argv) " Tpouecc 2 xner 3

{ = [lpouecc Tpu xaget 1
int rank, commsize;
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &commsize);

Llukn B rpadhe 3aBUCMMOCTU

[N1s1 HeGONbLLUNX COOOLLIEHNI
(rank - 1 + commsize) % commsize: MPI1_Send He 610KUpYET BbIMNO/IHEHME
(rank + 1) % commsize: — COO0OLIEHNE COXpaHAEeTCA

BO BHYTpPeHHeEM bydhepe

int prev
int next

MPI Send(&sbuf, BUFSIZE, MPI_CHAR, next, 0, MPI_COMM_WORLD);
MPI_Recv(&rbuf, BUFSIZE, MPI_CHAR, prev, 0, MPI_COMM_WORLD, MPI_STATUS_IGNORE);
printf("Process %d received from %d\n", rank, prev);

MPI Finalize();
return O;



[lepepnayva coobuieHmsa no KoabLy (3)

enum {
BUFSIZE = 1000000

}s
char rbuf[BUFSIZE], sbuf[BUFSIZE];

int main(int argc, char **argv)
{
int rank, commsize;
MPI_Init(&argc, &argv);
MPI Comm_rank(MPI_COMM_WORLD, &rank);
MPI Comm_size(MPI_COMM_WORLD, &commsize);

(rank - 1 + commsize) % commsize;
(rank + 1) % commsize;

int prev =

int next =

MPI_Sendrecv(&sbuf, BUFSIZE, MPI_CHAR, next, 0, &rbuf, BUFSIZE, MPI_CHAR, prev, O,
MPI_ COMM_WORLD, MPI_STATUS IGNORE);

printf("Process %d received from %d\n", rank, prev);

MPI Finalize();
return O;



3afaHune

NMporpamma Ring

= HanucaTb nporpamMmmy nepegadn coobLeHns no KoabLy:
npouecc 0 nepenaet coobuieHme npoueccy N — 1 n npuHumaeT cooblieHne oT
npouecca 1, npouecc 1 nepenaet coobuweHme npoueccy 0 U NPUHUMAET OT 2 U T.A.

NMporpammMma PingPong

= HanucaTb nporpammy, B KoTopown npouecc 0 nepenaeT coobuieHne npoueccy 1,
npouecc 1 npuHumaeT coobuieHne n Bo3BpaLLaeT ero obpaTHo npoueccy 0

= B npouecce 0 n3amepntb CymmapHoe BpeMs BbiNoJIHEHMA Send + Recv:
1) korga oba npouecc 3anyueHa Ha 0AHOM Yy3e (0bMeHbl Yepe3 0bLylo NamMaTh)
2) Koraa npouecchl Ha pa3HbiX y3nax (0bmeHbl Yepe3 Infiniband QDR)
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