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KOMMYHUKALVWOHHbIE PEXUMbl NOKUPYIOLLINX 0OMEHOB

CtaHpapTHbIN peXxuMm (Standard communication mode, local/non-local) -

peanusauns onpenenseTt oynet nn ncxopsuiee coobueHne dygeprsoBaHo:

a) coobuieHne noMeltaeTcs B 6ydep, Bbi3oB MPI Send 3aBepliaeTcsa 00 BbI30Ba
coseTtytowero MPI_Recv

b) 6ydhep HepocTyneH, Bbi30B MPI_Send He 3aBeplInTCa Noka He OyaeT Bbi3BaH
cooTBeTcTBYlOW MM MPI_Recv (non-local)

Pexxum c oydepusauuen (Buffered mode, local) - 3aBepweHne MPI_Bsend He 3aBUCUT
OT TOro, Bbl3BaH M cooTBeTcTBYOWMN MPI Recv; ncxogsuiee coobuieHne nomewiaeTcs
B Oydep, Bbi3oB MPI_Bsend 3aBepluaeTcs

CUHXPOHHbIX peXXuM (Synchronous mode, non-local + synchronization) - Bei3oB MPI_Ssend
3aBepLUaeTCa ecsin COOTBETCTBYOWMIM Bbi3oBa MPI_Recv Havan npuem coobLueHuns

Pe)XuM c nepepnavyen no rotoBHOCTU (Ready communication mode) - Bei3oB MPI_Rsend
MOXXET HayaTb nepegady coobuieHns ecnum cooTeeTcTBYOWMN MPl Recv y>Xe Bbl3BaH
(no3BonseT nsbexxaTb npouenypbl “pykonoxxatusa” Ansa CoOKpalleHna BpeMeHn obMeHa)



Hebnokunpywwme dyHkumm Send/recv (non-blocking)

" Bo3BpaT U3 GYHKLUMM NPOUCXOAMUT Cpasy nocae MHUUMann3aumm npouecca
nepegayn/npmema

4 Bydep ncnonb3osaTb HeNb3A A0 3aBepLUEHNA onepauum

" [lepepaya

A MPI Isend(..., MPI Request *request)

A MPI Ibsend(..., MPI_Request *request)
A MPI Issend(..., MPI_Request *request)
A MPI Irsend(..., MPI_Request *request)

" [lpuem

A MPI Irecv(..., MPI _Request *request)



OXupaHwne 3aBepLueHns HebNoKMpYyoLWen onepauunn

bnokupyouiee oxXxuaaHue 3asepwieHMAa onepauuu
int MPI_Wait(MPI_Request *request, MPI Status *status)

int MPI_Waitany(int count, MPI_Request array_of requests[], int *index,
MPI_ Status *status)

int MPI_Waitall(int count, MPI _Request array of requests|[],
MPI Status array_of statuses[])

BnroKkupyrouwaa nposepKa COCTOAHUA onepaumm
int MPI_Test(MPI_ Request *request, int *flag, MPI Status *status)

int MPI_Testany(int count, MPI_Request array_of requests[], int *index,
int *flag, MPI_Status *status)

int MPI_Testall(int count, MPI Request array of requests[], int *flag,
MPI Status array_of statuses[])



CoBMeLleHne obmMeHoB 1 Bbl4yncneHnn (overlaping)

MPI lib.

User code

MPI_Send
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MPI lib.
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MPI_Isend(buf, count, MPI_INT, 1, O,
MPI_COMM_WORLD, &req);
do {
//

// Bblumcnenuma (He ucnonb3oBaTb buf)

MPI_Test(&req, &flag, &status);
} while (!flag)



Ring example

= 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



HebnokunpytoLlas npoBepka coodLLeHnn

int MPI Iprobe(int source, int tag, MPI _Comm comm, int *flag,
MPI Status *status)

" B napametpe flag Bo3BpallaeT 3HavyeHue 1, ecnun cooblieHme ¢ noaxoaaLmmm
aTpubyTamm yxke MoKeT b6bITb NpoyYmnTaHo 1 0 B NPOTUBHOM C/yyae

" B napameTpe status Bo3BpauwaeTt uHbopmaumio 06 ob6HapyrKeHHOM coobLeHNN
(echmn flag == 1)



[TocTOAHHbIE 3anpochk! (persistent)

MocToAHHbIE PYHKLUMM NPUBA3LIBAIOT aPryMEHTbI K AeCKPUMNTOPY 3anpoca
(persistent request), JanbHeNLWKNe BbI3OBbI ONepaLmm OCcyLecTBaAAeTCA
No AecKpunTopy 3anpoca

[lo3Bonsaer COKpPaTunUTb BpemA BbINO/IHEHUA 3alNPOCa

int MPI_Send init(const void* buf, int count, MPI Datatype datatype,
int dest, int tag, MPI _Comm comm, MPI_Request *request)

int MPI_Recv_init(void* buf, int count, MPI Datatype datatype, int source,
int tag, MPI_Comm comm, MPI_ Request *request)

3anycK onepauuun (Hanpumep, B LnUKne)
int MPI_Start(MPI_Request *request)

int MPI_Startall(int count, MPI_Request array_of requests[])



KonnektueHble obMeHbl (collective communications)

TpaHcAAUMOHHDbIN 06meH (One-to-all) = VyacTBYIOT BCE

" MPI_Bcast npoLeccbl KOMMYHMKaTOPa
" MPI_Scatter POL Y P
" MPI_Scatterv " KonnektmBHaa PyHKUMUA OONXKHA

o ObITb Bbl3BaHAa KaxXX4dblM rnpoueccom
KonnekropHbivi o6meH (All-to-one)

. MP| Gather KOMMYHUWKaTOPa
" MPI_Gatherv " KonneKTuBHblE N ABYCTOPOHHUE
= MPI_Reduce
obmeHbl B PaMKaX O4HOro
TpaHCAALMOHHO-UMKANYecKuii o6meH (All-to-all) KOMMYHWKATOPa NCNOJIb3YHOT
= MPI_Allgather Pa3/1nvyHbleé KOHTEKCTbI
= MPI_Allgatherv
= MPI_Alltoall

= MPI_Alltoallv
= MPI_Allreduce
= MPI_Reduce_scatter



MPI Bcast

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

/1eMeHTbl /1eMeHTbl
A A

— MPI_Bcast —

o S| A

o > o

@ a5}

= T A

(@) Paccbinika Bcem o

o o

C O4MNHAKOBOro coobueHuna | A

" MPI_Bcast — paccbinKka Bcem npoueccam coobuieHuna buf

" Ecnv Homep npoLecca cCoBnaZaeT ¢ root, TO OH OTNPaBUTE b, UHaYe — MPUEMHUK



MPI_Scatter

int MPI_Scatter(void *sendbuf, int sendcnt, MPI_Datatype sendtype,
void *recvbuf, int recvcnt, MPI _Datatype recvtype,
int root, MPI_Comm comm)
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" Pasmep sendbuf = sizeof(sendtype) * sendcnt * commsize

" Pa3smep recvbuf = sizeof(sendtype) * recvent



MPI_Gather

int MPI_Gather(void *sendbuf, int sendcnt, MPI_ Datatype sendtype,
void *recvbuf, int recvcount, MPI Datatype recvtype,
int root, MPI_Comm comm)
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"= Pa3mep sendbuf: sizeof(sendtype) * sendcnt

" Pa3mep recvbuf: sizeof(sendtype) * sendcnt * commsize



MPI Alltoall

int MPI_Alltoall(void *sendbuf, int sendcount, MPI_Datatype sendtype,
void *recvbuf, int recvcnt, MPI Datatype recvtype,
MPI Comm comm)
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" Pa3mep sendbuf: sizeof(sendtype) * sendcount * commsize

" Pa3mep recvbuf: sizeof(recvtype) * recvcount * commsize



All-to-all

int MPI_Allgather(void *sendbuf, int sendcount, MPI Datatype sendtype,
void *recvbuf, int recvcount, MPI Datatype recvtype,
MPI Comm comm)

int MPI_Allgatherv(void *sendbuf, int sendcount, MPI_Datatype sendtype,
void *recvbuf, int *recvcounts,
int *displs,
MPI Datatype recvtype,
MPI_Comm comm)

int MPI_Allreduce(void *sendbuf, void *recvbuf,
int count, MPI Datatype datatype,
MPI Op op, MPI_Comm comm)



MPI_Reduce

int MPI_Reduce(void *sendbuf, void *recvbuf, int count,
MPI Datatype datatype, MPI Op op, int root,
MPI Comm comm)
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NoJZIy4eHHbLIX NPpUMeEHEHNEM ONnepaunn op

" Pa3mep sendbuf: sizeof(datatype) * count

" Pa3mep recvbuf: sizeof(datatype) * count



Onepauunn MPI Reduce

= MPI_MAX = MPI_LAND
= MPI_MIN = MPI_LOR
= MPI_MAXLOC = MPI_LXOR
= MPI_MINLOC = MPI_BAND
= MPI_SUM = MPI_BOR
= MPI_PROD = MPI_BXOR

int MPI_Op create(MPI User function *function,
int commute, MPI Op *op)

" Onepauna nonb3osatensa A0AXKHa ObITb acCOLMATUBHOM
A*(B*C)=(A*B)*C

" Ecam commute =1, To onepaunAa KOMMyTaTUBHAA
A*B=B*A



bapbepHada CUMHXPOHU3aL NS

int MPI_Barrier(MPI_Comm comm)

" BnoKupyeT paboTy NpoLeccoB KOMMYHMKATOPa, BbI3BaBLUMX AaHHYIO GYHKLUMUIO,
[10 Tex Nop, NOKa BCe NpoL,EecCbl He BbIMOAHAT 3Ty npoueaypy



3afaHune

" Pas3paboTtaTtb Ha MPI napannenbHyo Nporpammy YUNCAEHHOIO MHTETPUPOBAHUS
MEeTOA0M NPAMOYrosIbHUKOB (cemunHap 2, npumep 1 integrate)

" [lpoBecTu aHann3 apPeKTUBHOCTU NapaNenbHON NPOrpPaMmbl
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