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Coaep)xxaHue pasgena

« CCTEMBI C pacnpeaesieHHon NamMsaTblo
 MPI
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- CopnepxxaHue

— Tunbl AgaHHbIX

- MNepenaya coobLIEHNN
— Tononoruu



Cucrtembl C pacnpeaeneHHoOun
NamMATbIO

9V.800mA DC

(e/Cc)




N0 0

[lepepaya AgaHHbIX

socket

bind

listen

accept

socket

connect

send/recv

send/recv
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PVM, MPI

« PVM: Parallel Virtual Machine

- Pa3pabotaH 80’s

- [lepBas BbICOKOYpOBHeBaA creundonkaumns qpyHKUmMn
nepegaym coooLLeHui

- [Mpouecc PVM aoemMoH 3a60TUTCA O nepeaaye
COO0OLEHN Mexay y3namu

* MPI: Message Passing Interface

- Pa3paboTtaH 90’s

— BblCOKOypOoBHeBasd cneuugukauns pyHKUnumn nepegaym
COO06LLIEHNN

— J[10CTYNHO HEeCKoNbLKO peanusaunn: mpich, mpi-lam

- brnbnnorteka pyHKUMIA NOAKIHOHAETCSH B NporpaMmme
(AeMOHbI OTCYTCTBYHOT)
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PoxpeHune MPI -1

 MPI-1 Forum

- MNepBbin cTaHaapT MPI

- 60 npeacrtasutenen n3 40+ opraHnsaumn
CLLUA n EBponbl

- [1Ba roga cornacoBaHuil, 06CyXaeHnN

- Pa3paboTtaH 1 yTBepXaeH AOKYMEHT
Message Passing Interface

- MPI 1.0 — ntoHb, 1994
- MPIl 1.1 — vtoHb 12, 1995
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MPI-2

* MPI-2 Forum
- Ta e npoueaypa

- MPI-2: lokymeHT Extensions to Message
Passing Interface (wonb 18, 1997)

- MPI 1.2 — B OCHOBHOM pa3bACHeHUs
- MPI 2.0 — pacwunpeHue Kk MPI1 1.2

http://www.hlrs.de/mpi/
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MPI - Message Passing Interface

 MPI (MPI-1) aBngaetca cneyndukaumen Ha 6ubInoTeUHbIe
doyHKLMN

 MPI-2: pobaBsieH napasnnenibHbi B/B anHamunyeckoe
ynpas/ieHne npoueccamMmu, ygaseHHble onepauum B namMmaTtv 1 np.

 MPI Standard:
www-unix.mcs.anl.gov/mpi/standard.html

 MPI Standard 1.1 Index:
www.mpi-forum.org/docs/mpi-11-html/node182.html

 MPI-2 Standard Index:
Www-unix.mcs.anl.gov/mpi/mpi-standard/mpi-report-2.0/node306.htm

 MPI Forum Home Page:
www.mpi-forum.org/index.html|
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Llenn n rpaHnubl VMPI

 OcHoBHasa uens MPI

- ObecneynTtb MexaHM3M rnepegayun cCoodLEHUI.
- ObecnevnTb NepeHoOCUMOCTb Koaa.
— [N0o3BONUTL 3P (PEKTUBHYIO peannsayuio.
* [lpegnaraert:
- Bonblion 06bemM PYHKLIMOHASTbHOCTMN.
- [MoanepXxky reTeporeHHbIX apxuTekTyp.
* MPI-2:
— [ononHNTENbHYIO QOYHKLIMOHA/IbHOCTb.
- CoBmecTnmocTb ¢ MPI-1.
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CoopkKa u 3anyck

3aronoBoYHbIe hanbl

C - #include <mpi.h>
Fortran - include "mpif.n’
cbopka:

gcc -0 prog prog.c -Impi
mpicc -0 prog prog.c
mpiCC -0 prog prog.cpp
g7/7 -0 prog prog.f -Impl
mpif77 -o prog prog.f
3anyck
mpirun -np <#> ./prog <parameters>
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Mapagurma MPI
e Kaxabl npoLeccop BbINOJIHAET noAnporpammy:

— HanumcaHHyK Ha nocnegoBatesibHOM fA3blke, Hanpumep, C nnn
Fortran,

— 06bIYHO O4HY N TY Xe ANsA Kaxaoro npoueccopa (SPMD),

— MepemMeHHble B noanporpaMmmax MMerT oANHAKOBOE M4, HO
pasHoe pacnosioeHne passindHele 3HayeHua! T.e. Bece
nepemMeHHbIe NMpuBaTHbIE.

- B3aMmMoaeNCTBYHOLLYIO 4Yepe3 cneuvasibHble Bbl30Ba Nnepenaym
N npuema cooobLleHNI

Communication Envitonment
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PacnpepgeneHne gaHHbIX U
3aaay

« Kaxnablin npouecc naeHtndonunpyeTtca no rank

 Rank - yncno ot O A0 np — KONINYECTBO
napasinienibHbIX NpoLeccoB

* 3HadeHune rank MOXHO y3HaTb

* KonnyecTBO npoueccoB onpeaenseTca npu sanycke
nporpamMmmsl (mpirun)

* Bce pacnpepaeneHne paboTbl OCHOBbIBAETC Ha
3HauyeHune rank
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Uto Takoe SPMD?

» Single Program, Multiple Data

 OaHa un Ta xe (nopg-)nporpamma
BbINOJ/THETCA Ha pasHbIX npoLueccopax

 MPI| nonyckaet MPMD, T.e., Multiple
Program, HO HEKOTOpPbLIE peasimsaumnm
orpaHnyeHbl Tosibko SPMD

* MPMD MOXHO peann3oBaTtb 4epes
SPMD
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amynauna MPMD

Int main(int argc, char *argv[]){
If (rank < .... /* process should run the ocean model */){
ocean( /* arguments */);
}else{
weather( /* arguments */);

}
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Coo06LeHus

* CoobLleHne — nopuna gaHHbIX
nepegasaemas mexay (noa)nporpammamm

* Heobxoanmbie aTpUbYTHI:

- sending process - receiving process (ranks)
- source location — destination location

- source data type  — destination data type

- source data size  — destination buffer size

e Bce nocsiaHHble COOOLWEHUA AO0/MHKHbI ObITh
NOo/y4YeHbl!
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B3anmoaencrBme ToUuKa-Touka

* [MpocTenLunm cnocob B3anMoaencTBusS.

 OanH npouecc nockllaeT cooblleHne
APYromy.

e TunNbl:

- CMHXpOHHasa nepegaya
- byepusoBaHaa = aCMHXPOHHad
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CUHXpOHHAaA nepegava

* [loaTBEPXAEHME TOr0, YTO CO0bLLEHNE
Nosly4eHo.
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bydepnsoBaHaa nepenava

* VIHgpopmaumsa o ToM, YTO coobLleHue
nocnaHo.

 MPI rapaHTupyeT, 4TO COO0OLLEeHne
6yaeT AocTaB/1EHO.
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bnokupywuwue onepaunu

« Onepaumnn fIOKasIbHOro AeNCcTBUS

— [locblnka (coobLieHns)
- nepepgaya (CoobLLEHNA)

« BnokKMpoBKa 0HOrO MpoLLecca BO3MOXHA Noka Apyroi
NPOoLEcC UCNOSHSAETCS:

— CUHXpOHHas nepepadva 6/10kMpyeTca 0 TeX Nop
noka coobLleHne He byaeT NMPUHSATO;

- [Mpuem 610KMpyeTcsa A0 TEX NMOP Noka He byaeT
nocsaHo 1 NoJsly4eHo cooblleHune.

* Bbixog 13 pyHKUMKM 6NOKNPYeTCa A0 TeX Mop noka He
3aBepLumnTca onepaums.
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HeGnokupyroLine onepaumin

« HemeaneHHbI Bbixo 13 OyHKLMN.

» [1na Bcex HeG/OKNPYeEMbIX BbI30BOB [AI0/HKHA ObITb
BbINOJ/IHEHA NPOBEPKa 3aBEPLLUEHHOCTH.

e HekoTopble pecypcbl MOTyT 6bITb NEPENCNOb30BaHbI UK
0CBOOOX/EeHbI MOC/1e 3aBepPLUEHNST HEBNOKMPYEMbIX BbI30BOB.

* Hebnoknpyewmblil BbI30B C NPOBEPKON 3aBepLueHns (wait) -
6/10KMpyeMbIA BbI30OB.
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KonektuBHoe B3aumMmogencrteume

e OYHKUNN BbICOKOIO YPOBHA.
 BoB/1e4YeHO HeCKOJ/1bKO NpoLeccos.

 MoryT npuMeHTAabCA
ONTUMWU3NPOBAHHLIE a/TTOPUTMbI A4
BbINOJ/IHEHUA

* MoryT ObITb NOCTPOEHbI Ha base
BbI30BOB TOUYKa-TOUKaA.



Broadcast

e OONH KO MHOTUM.
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Scatter

» Pacnpepnenenne AaHHbIX MO npoLeccam
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Gather

« COOp AaHHbIX OT NpoLeccoB
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Onepauua peaykuumu

» COOp AaHHbIX OT O BCEX N Nepepaya
pes3ynbTarta Bblae/ieHHOMY npoLeccy.

SR 2
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e CUHXPOHM3aL KA NpoLeccos.

Barriers

PO Barrier

Pl >

PO .

Pl -

PO _
P1 | .




)

[MpaBuno nmeHosaHna B MPI

e MPIl XXXX XXXX

‘X \ CTpOYHbLIe CMMBO/IbI

3arnaBHbI CUMBOJI

3arnasHbiMuy “MPI1” + noyepk
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Nunynanunsauyna MPI

- C:
int MPL_Init( int *argc, char ***argv)
* Fortran:

MPI_INIT( IERROR )
INTEGER IERROR

» Jlo/KeH ObITb NepBbIM Bbi3oBOM MP!
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Bbixoa ns MPI nporpammbl

c C:
int MP1_Finalize()

 Fortran:
MPI| FINALIZE( IERROR)

 MPI Bbi3oBbl MPI_Finanize() He
NonycTUMbI.

* Bce npouecchbl A0/MKHbI BbINO/THUTL 3TOT
BbI30B!
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KOMMYHUKaTOp
MPI_COMM_WORLD

» Bce npouecchl (= nognporpamMmmbl)
oaHon MPI nporpammbl 06 begNHEHD
KOMMYHUKaATOPOM
MPI_COMM_WORLD.

 MPI_ COMM_WORLD — KoHcTaHTa
onpegeneHHasa B mpi.h n mpif.n.

* B KOMMYHUMKaTOpPe KaxkabIl npoLecc
nMmeetT CBou rank:

- HauumHasa ¢ «0»
- 3akaHuuBas (size-1)
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Rank

* lneHTnuympyet npouycc B MPI
nporpamMmme.

o CNyXnt Ans pacnpegeneHnsi paboTbl.

c C:
iInt MP1_Comm_rank( MPI_Comm comm, int *rank)

 Fortran:
MPI_COMM_RANK( comm, rank, ierror); INTEGER
comm, rank, lerror
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Size

* OnpegensaeT KOJIN4ecTBO NPOLLEeccoB B
KOMMYHUKaTope

e C:
iInt MP1_Comm_size( MPI_Comm comm, Int *size)
* Fortran:

MPl COMM _SIZE( comm, size, lerror);
INTEGER comm, size, lerror
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“Hello world” example

#include <mpi.h>
#include <stdlib.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(l am %d from %d\n”, rank, size);
MPI1_Finalize();
return O;
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“Hello world” example (ll)

gcc -0 hello hello.c -1lmpi
mpirun -np 4 ./hello
am 0 from 4

am 1 from 4

am 3 from 4

am 2 from 4

mpirun -np 4 ./hello
am 2 from 4

am 1 from 4

am 3 from 4

am 0 from 4

mpirun -np 4 ./hello
am 0 from 4

am 2 from 4

am 1 from 4

am 3 from 4

b b b P 3 b R 3 O 3
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Tnbl paHHbIX

» COoO06LLEHNE COAEPXUT HEKOTOPOE KOSINYECTBO
3/1eMEHTOB onpeAesIieHHOro Tuna AaHHbIX.

 Tunbl pgaHHX MPI:

- ba3oBble (BCTPOEHHbIE).
— [lonb30BaTesibCKue.

* [lonb3oBaTesibCKue TUMbl AaHHbIX MOTYT
CTPOUTLCA U3 6a30BbIX.

* Tunbl AgaHHbIX CU OT/INYHbLI OT TUMNOB AAHHbIX
Fortran.
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Ba3oBble Tunbl gaHHbIX (C)

MPI datatype C datatype

MPI PACKED

MPI_BYTE

MPI_LONG_DOUBLE long double
MPI_DOUBLE double
MPI_FLOAT float
MPI1_UNSIGNED LONG unsigned long int
MPI_UNSIGNED unsigned int

MPI_UNSIGNED SHORT

unsigned short int

MP|_UNSIGNED CHAR

unsigned char

MPI_LONG

signed long int

MPI_INT signed int
MPI SHORT signed short int
MPI CHAR signed char
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Ba3oBble TUNbl AgaHHbIX (Fortran)

MPI Datatype

Fortran datatype

MPI_PACKED

MPI BYTE

MPI_CHARACTER CHARACTER(1)
MPI_LOGICAL LOGICAL
MPI_COMPLEX COMPLEX

MPI_DOUBLE_PRECISION

DOUBLE PRECISION

MPl REAL

REAL

MPI_INTEGER

INTEGER
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[Mocblnlka coooLeHnA

C: int MPI_Send(void *buf, int count, MPI|_Datatype datatype,
Int dest, int tag, MPl_Comm comm)

* Fortran: MPI_SEND(BUF, COUNT, DATATYPE, DEST, TAG,
COMM, IERROR)

. <type> BUF(*), INTEGER COUNT, DATATYPE, DEST, TAG,
COMM, IERROR

* buf — yka3arenb Ha Ha4yas10 cCo0bLLEHNA OANTMHHOW B count
3/IEMEHTOB, KaXibll U3 KOTOPbIX nMeeT Tun datatype.

« dest - paHr nonyvyaTtens B KOMMyHMKaTOpe comm.

* tag — MO/I0XUTE/IbHOE LIesI0e YNCNO0 UAEHTUPULMpYoLLee
nepepauy.

» tag MOXeT 1UCNo/b30BaTbCA UTOObI pas3invyaTb COOOLLEHUS.
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[MonyyeHne coooLLEHUSA

C: int MPI_Recv(void *buf, int count, MPI_Datatype
datatype, int source, int tag, MPl_Comm comm,
MPI_Status *status)

Fortran: MPI_RECV(BUF, COUNT, DATATYPE,
SOURCE, TAG, COMM, STATUS, IERROR)

buf/count/datatype onucaHune 6ydepa ana npmema

COO0O0LLEeHNS.

MNonyyaTb cooblueHne ¢ rank = source B
KOMMYHMKaTope comm.

NHhopmauus o coobLleHne Bo3BpalllaeTcs B status.

[onyyaloTcs TONIbKO COOBLLEHNS C coBnajatowmm tag.
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Tpeb6oBaHNA K KOMMYHUKaLUAM
TOUKa-ToOUYKa

[1ns ycneLwHoro 3aBepLUeHns onepawumn:

* [1pn nocbISIKe yKa3aH npasuibHbIN rank
nony4yarens coobLeHns.

* [Mpun npueme ykasaH npasusibHbIN rank
OTNpaBUTENSA COOOLLEHNS.

e YKa3aH O4uH 1 TOT K€ KOMMYHUKaTOP.
e tag, TMMNbl AAHHbIX AO/MKHbI COBNaaaTb.
« Bydbep B npnemMHuke >= asinHe coobLleHus.
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Send-Recv example

#include <mpi.h>

Int main(int argc, char* argv[]X{
Int rank, buf[256];
MPI_Status status;
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
If(rank == O){
/I init buffer
MPI_Send(buf, 256, MPI_INT, 1, 10, MPI_COMM_WORLD);
}
If(rank == 1){
MPI_Recv(buf, 256, MPI_INT, 0, 10, MPI_COMM_WORLD, &status);
// process buffer
}
MPI_Finalize();
return O;
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Wildcard

[Mony4yeHue no wildcard.

[Mony4ynTb coobLleHne oT 60ro NCTOYHUKa —
source = MPI_ANY_ SOURCE

[Tony4ynTb coobLlEeHNe C NMOObIM tag —
tag = MPI_ANY_TAG

PeasibHble 3Ha4YeHna source n tag Bo3BpallakTcA B
CTPYKTYype status.
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NMHdpopmauuna o coooLleHue

» Bo3BpallaeTcs B NepeMeHHyto status.

» C: status.MPl_ SOURCE
status.MP|_TAG
count yepe3 MPI|_Get_count()

» Fortran: status(MPI_SOURCE)
status(MPIl_TAG)
count yepes MPI_GET _COUNTY()
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3HayeHne count npwu
nostyd4yeHuUn

e C:
iInt MPI_Get_count(MPI_Status *status,
MP| _ Datatype datatype, int *count)

 Fortran:

MPI_GET _COUNT(STATUS, DATATYPE,
COUNT, IERROR)




N0 0

HeOnokupyouwme onepaumin
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Deadlock
— T
D 1 D 9

\ _//‘1

 Kog B Kaxxgpom MPI npouecce:
MPI_Send(..., right_rank, ...)
MPI Recv( ..., left_rank, ...)
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HeOnokupyouwme onepaumin

* BbINosIHEHME B TpK aTana:
* NHnymnanunsaynsa

— HemMeJ/1eHHbIN BbIX0oA
— PYHKUMK HaynHarwTtca ¢ MPIL_I...

* BbINO/IHAEM Kakylo-TO paboTy
* OXxngaHme saBepLieHns
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Non-blocking Send

 C:
MPI _Isend(buf, count, datatype, dest, tag, comm,
&request_handle);
MPI1_Wait(&request_handle, &status);

e Fortran:
CALL MPI_ISEND( buf, count, datatype, dest, tag, comm,
request_handle, ierror);
CALL MPI_WAIT(request_handle, status, ierror)

* buf He nonxeH ncnonb3loBartbca mexay Issend n Wait
* “Isend + Wait cpa3y nocne Issend” akBmBaneHTHo (Ssend)

e status B Isend He ucnonb3lyetcs, TonbKo B Wait
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Non-blocking Receive

 C:
MPI _Irecv ( buf, count, datatype, source, tag,
comm, &request_handle);
MPI_Wait(&request_handle, &status);

e Fortran:
CALL MPI_IRECV (buf, count, datatype, source,
tag, comm, request_handle, ierror);
CALL MPI_WAIT(request_handle, status, ierror)

* Buf He go/mkeH NcnonbL30BaTbCA Mexay lrecv u
Walit
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3aBepLieHue

« C:
MPI_Wait( &request_handle, &status);
MPI_Test( &request_handle, &flag, &status);

* Fortran:
CALL MPI_WAIT( request_handle, status, ierror)
CALL MPI_TEST( request_handle, flag, status, ierror)

o J[10/1XHO ObITb NN

- WAIT nnu

- Umkn ¢ TEST noka flag He cTaHeT paBHbIM 1 nnu
“TRUE".
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3aBeplieHue (2)

O6paboTka HECKOJIbKNX 3amnpOoCOB:
« Wait unu test 3aBepLueHNA HECKONbKMUX ornepaumii

- MPIl_Waitany / MPI_Testany
» Wait nnu test 3aBepLueHns Bcex onepauui

- MPI_Waitall / MP1_Testall

« Wait nnu test 3aBepLUeHns Kak MOXXHO OO0J1bLLETO
KOo/iM4ecTBa onepanm

- MPI_Waitsome / MPI_Testsome
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Blocking and Non-Blocking

* Send un receive MOryT ObITb Kak B/10KMpyeMble, Tak U
Heb1oKnpyemble

* Bnoknpytowmn send MOXeET UCMNOJIb30BaTbCA C
Heb610KNPYOLLMM receive, 1 Ha0bopPOT.
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Tunbl gaHHbIX MPI

 OnucbIiBaKT pacnosioxXeHne gaHHbIX B NaMATU
- [1pn oTnpaBke
- ['1pn npueme

 ba3oBble TUMbI

e [1pon3soaHbIE TUNDI

— BEKTOpbI

— CTPYKTYpbl
- npoune
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Mpou3BoAHbIE TUMNDbI AaHHbIX

e YKasaTesib Ha CMNCOK 6a30BbIX TUMOB U UX
CMeLleHns

basic datatype O displacement of datatype O
basic datatype 1 displacement of datatype 1

basic datatype n-1 displacement of datatype n-1
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Mpon3BOAHBLIN TUMN AAHHbIX

(npumep)
* struct new_type{
char a;
Int b,c;
float e:

}

e ba3oBble TUMbI
{MPI_CHAR, MPI_INT, MPI_INT, MPI_FLOAT}

* ba3oBoe cmelleHune {0,4,8,12}
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Contiguous Data

/L
OldType | OIldType SS OldType

0 1 Count -1
* [lpocTenwmmn nNnpPom3BoAHbIN TUM AAaHHbIX
 C:
iInt MPI_Type_contiguous(int count, MPI_Datatype
oldtype, MPI_Datatype *newtype)

e Fortran:
MPI _TYPE_CONTIGUOUS( COUNT, OLDTYPE,
NEWTYPE, IERROR)
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Vector Datatype
0 1dType Count

11
oD

Blocklength = 3 Strig e

(N |
(&b |

« C:
iInt MPI_Type_vector(int count, int blocklength, int

stride, MPI1_Datatype oldtype, MPI_Datatype
*newtype)

 Fortran:
MPI _TYPE VECTOR(COUNT, BLOCKLENGTH,
STRIDE, OLDTYPE, NEWTYPE, IERROR)
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Struct Datatype

 C:
Int MP1_Type_struct(int count, int
*array_of blocklengths, MPI_Aint

*array_of displacements, MPIl_Datatype
*array_of types, MPI|_Datatype *newtype)

* Fortran: MPI_TYPE_STRUCT(COUNT,
ARRAY_OF BLOCKLENGTHS,
ARRAY_OF_DISPLACEMENTS,
ARRAY_OF _TYPES, NEWTYPE, IERROR)



)

Structure datatype example

 struct { int a; char b; } foo;
 sizeof(foo) > sizeof(int) + sizeof(char)

* blen[0] = 1, indices|[0] = O, oldtypes[0] = MPI_INT,;
blen[1] = 1; indices[1] = &foo.b - &foo; oldtypes[1] = MPI_CHAR;
blen_2 = 1, indices[2] = sizeof(foo); oldtypes[2] = MPI_UB,;
MPI_Type struct(3, blen, indices, oldtypes, &newtype)
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BbluncneHme cmelleHus

 array_of_displacements]i] := address(block_1i) —
address(block 0)

 MPI-1
- C:
iInt MP1_Address(void* location, MPI1_Aint *address)

- Fortran:
MPI|_ADDRESS(LOCATION, ADDRESS, IERROR)
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Co3pnaHue Tnna

« [lepepq TeM, Kak HOBbI TUMN AAHHbIX MOXHO OyaeT
MCNOJ/Ib30BaTh HY)XHO 3aBEPLUMTb €ro co3gaHune
MPI_TYPE_COMMIT.

e JlocTaTO4HO BbINOMHUTL TOJ/IbKO OANH pas.
 C:
iInt MP1_Type_commit(MPI_Datatype *datatype);

 Fortran:
MPI_TYPE _COMMIT(DATATYPE, IERROR)
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Size n Extent Tuna gaHHbIX (1)

e Size = KOo/INYecTBO 6anT, KOTOPOE byaeT nepenaHo

« Extent := KoninyecTBO 6ANT B NaMATU

« [1na ma3oBbIX TUMOB Size = Extent

* [1pon3BogHbIe TUMbI:

0 ldType

Count= 3

size = 9*sizeof(OldType); extend = 15*sizeof(OldType)
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Size un Extent Tuna aaHHbIX (2)

 C:
Int MP1_Type_size(MPI_Datatype datatype, int *size)
Int MP1_Type_extent(MPI_Datatype datatype, MPI_Aint *extent)

 Fortran:
MPI_TYPE_SIZE(DATATYPE, SIZE, IERROR)
MPI TYPE_EXTENT(DATATYPE, EXTENT, IERROR)
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BuptyasibHble TONOJ/1I0InMn

« Yno6HOe HauMeHoBaHMe NPOLLEeCCoB

e ApanTtauusi pacrnosioXXeHns NPoLEeCcCoB K apXUTEKTYpe
knacTtepa

* Ynpoulaet Koa

« [epepaya gaHHbIX MOXET ObITb ONTUMU3NPOBaHA
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icnonb3oBaHue BUPYyaJ/ibHbIX
Tonosiorun

« Co31aHne HOBOW TOMOI0MNN U
COOTBETCTBYIOLLEro KOMMYHUMKaTopa.

 MPI doyHKUMKM ANA co30aHUA TONOSIOTNI
N HAMMEeHOBaHNA NMPOLLECCOB B HUX.
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Tunbl TONOJ/IOTUN

e [lekapToBa

- Kaxably npouecc cBs3aH CoO CBOUM COCeloM B
BUpTaas/ibHON CeTH,

- BO3MOXHO CBsi3bIBaHWE rpaHuL,

- peHTuurkaumns npoueccoB KoopanHaTaMmu B
1eKapToBOW CUCTEME KoopAMnHaT,

- KoMMyHMKauum mexay Bcemm npoueccamm
BO3MOXHblI

* 'padp
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Co3aaHne geKkapToBOW
BUPTYaJIbHOWU TOMOJ/IOINIA

« C:
iInt MP|_Cart_create(MPl_Comm comm_old,
Int ndims, int *dims, int *periods, int reorder,
MPI_Comm *comm_ cart)

 Fortran:
MP| CART _CREATE( COMM_OLD, NDIMS,
DIMS, PERIODS, REORDER,
COMM_CART, IERROR)

I3MeHeHne nopsiika MoXeT NPUBECTUN K ONTUMU3aL MK
nepepau.
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[TlonyyeHue KkoopanHart

 C:
iInt MP1_Cart_coords(MPI_Comm comm_cart, int rank,
Int maxdims, int *coords);
Int MP1_Cart_rank(MPl_Comm comm_ catrt,
Int *coords, int *rank)

e Fortran:
MPI_CART_COORDS(COMM_CART, RANK,
MAXDIMS, COORDS, IERROR);
MPI_CART_RANK(COMM_CART, COORDS,
RANK, IERROR)

e [lonyyeHne cBoOMX KoopauHat
MPIl_Comm_rank(comm_cart, my_rank);
MPI1_Cart_coords(comm_cart, my_rank,

maxdims, my_coords)
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Coceaun B feKapToBOM
TOMO/I0rNn

BbluncreHne pakoB cocenen

 C:
iInt MP1_Cart_shift(MPI_Comm comm__cart,
Int direction, int disp, int *rank_source,
Int *rank_dest)

Fortran:
MPI _CART_SHIFT( COMM_CART, DIRECTION,
DISP, RANK_SRC, RANK_ DEST, IERROR)

Ecnun cocepen HeT, TOo MPI_PROC_ NULL.

MPI_PROC_NULL mMoxeT ncnosib3oBatbcs Kak rank
— nepegayvn He oypet!
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Co3pnaHue Tonosiormm Tuna
rpac

« C
iInt MP1_Graph_create(MPl_Comm comm_old, int nnodes,
Int *Index, int *edges, int reorder,
MPI_Comm *comm_graph)

 Fortran
MP| GRAPH_CREATE(COMM_ OLD, NNODES, INDEX,
EDGES, REORDER, COMM_GRAPH, IERROR)
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KonnektuBHble onepaunu

e B3anmopaencTtByeT rpynna npoueccos.
* BoBieyeHbl BCe NPoLLECChbl B KOMMYHMKaTOPE
* [lpumepsil:

- CuHxpoHunsaumnsa (bapbep).

- Broadcast, scatter, gather.

- Global sum, global maximum, etc.
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XapaKkTepucTtukun
KON/NTeKTUBHbIX onepauun

 KonnektnsHaa Hapg KOMMYHUKaAaTOPOM

 BCE npouecchl B paMmkax KOMMYHUKaTopa A0JKHbI
Bbl3BaTb KOM/IEKTUBHYIO (DYHKLIUIO

* Ko/nekTnBHble onepauun - 6/10KMpyroLine.
 HeTt tag-a.

* bydep Ha oTnpaBKy AaHHbIX A0J/IKEH ObITb TAaKOro e
pasmMmepa Kak 1 oydpep Ha npuem AgaHHbIX.
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Barrier Synchronization

e C:int MPI_Barrier(MPlI_Comm comm)
* Fortran: MPI_BARRIER(COMM, IERROR)
 MPI_Barrier 06bI4HO HE UCMO/Ib3YyeTCH, HO:

- Kcnonb3yeTca ansa otnagku:

* He 3abblBanTe yaandATb nocsie oTAaaku.
- Kcnonb3yeTca ana npodouanpoBaHns

e Load imbalance of computation [ MPI_Wtime(); MPI1_Barrier(); ....
MPI_Wtime() ]

e communication epochs [ MPI_Wtime(); MPI_Allreduce(); ...;
MPI_Wtime() ]

- Mcnonb3yeTtcs ana CUHXPOHU3aUny BHeLWHNX onepaunit (Hanpumep, 1/O):

* [locbl/ika CO0OLLEHN MOXET ObITb 60s1Iee adoheKTMBHA
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Broadcast

e C:
iInt MPI1_Bcast(void *buf, int count,
MPI1_Datatype datatype,int root, MPI_Comm comm)

 Fortran:

MPI_Bcast(BUF, COUNT, DATATYPE, ROOT,
COMM, IERROR)
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Scatter
e C:

iInt MPI_Scatter(void *sendbuf, int sendcount,
MPI|_Datatype sendtype, void *recvbuf,
Int recvcount, MPI_Datatype recvtype,
Int root, MPl_Comm comm)

 Fortran:
MP| SCATTER(SENDBUF, SENDCOUNT,
SENDTYPE, RECVBUF, RECVCOUNT,
RECVTYPE, ROOT, COMM, IERROR)
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Gather

 C:
iInt MPI1_Gather(void *sendbuf, int sendcount,
MPI|_Datatype sendtype, void *recvbuf,
Int recvcount, MPI_Datatype recvtype,
Int root, MPI_Comm comm)

 Fortran:
MPI GATHER(SENDBUF, SENDCOUNT,
SENDTYPE, RECVBUF, RECVCOUNT,
RECVTYPE, ROOT, COMM, IERROR)
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(noGanbHble onepauun peaykKuumn

» To perform a global reduce operation across all members of a

group.
d odododo..od od
0 1 2 3 s-2 s-1

- d =data in process rank i

* single variable, or vector
— 0 = associative operation

 Example:
- global sum or product
- global maximum or minimum
- global user-defined operation

* floating point rounding may depend on usage of associative law.
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[TpegonpeneneHHbIe
oneparopbl peayKunu

Onepartopbl PYHKUUN

MPI_BAND Bitwise AND

MPI_BOR Bitwise OR

MPI_BXOR Bitwise exclusive OR

MPI_MAX Maximum

MPI_MAXLOC Maximum and location of the maximum
MPI_MIN Minimum

MPI_MINLOC Minimum and location of the minimum
MPI_LAND Logical AND

MPI_LOR Logical OR

MPI_LXOR Logical exclusive OR

MPI_PROD Product

MPI_SUM Sum
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(no6anbHa peaykuma

 C:
MPI|_Reduce(void *sendbuf, void *recvbuf, int count,
MPI1_Datatype datatype, MPI_Op op,
Int root, MPl_Comm comm)

e Fortran:
MP| REDUCE(SENDBUF, RECVBUF, COUNT,
DATATYPE, OP, ROOT, COMM, IERROR)
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3aK/1ryeHue

Mopgenb npoueccos MPI
* [lepegaya coobLIEHNN

- bnoknpyemasa — several modes (standard, buffered,
synchronous, ready)

— HebJloKupyemas

* [o3BONSET NapannesibHyo nepegavy cooobLeHWni
* [M03BONSET UCKNIOUNTb MEPTBbIE G/IOKMPOBKY
— COOCTBEHHbIE TUMbI AAHHbIX

 [Mepenava pa3nMyHbIX AaHHbIX OAHOW MNOCLISIKOW
e BupTtyasibHble TONOJSIOTUMN — CXemMa Hymepawlum NpoLeccos

» KonnekTuBHble onepauum — Aomn. Bo3aMoXHOCTb onTumMmsaLnm
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[MTpumep 1. KOHTpONBbHaA cymma

Int res, gres;

char * buf, *rbuf;

MPI_Init(&argc, &argv);

// init bufs
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPl_Comm_size(MPI_COMM_WORLD, &size);

while(/* have data */){
If(rank == 0) read_data(buf, 100*size);
MPI1_Scatter(buf, 100, MPI_CHAR, rbuf, 100,
MPI_CHAR, 0, MPI_COMM_WORLD);
res = process_data(rbuf, 100);
MPI_Reduce(&res, &gres, 1, MPI_INT, MPI_XOR, 0,
MPI_COMM_WORLD);
save_res(gres),
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Mpumep 2. Master-siave

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

for(i=0; i<size; I++){
read_data(buf, d_size);
MPI_Send(buf, d_size, MPI_INT, i, 0, MPI_COMM_WORLD);

}

while(/* have data */){
MPI_Recv(buf, d_size, MPI_INT, MPI_ANY_SOURCE, 0,
MPI_COMM_WORLD, &status);
save_res(buf, d_size);
read_data(buf, d_size);
| = status.MP|_SOURCE;
MPI_Send(buf, d_size, MPI_INT, i, 0, MPI_COMM_WORLD);
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Mpumep 2. Master-siave (npp,.)

for(i=0; i<size; I++){
MPI_Recv(buf, d_size, MPI_INT, MPI_ANY_SOURCE, 0,
MPl_COMM_WORLD, &status);
save_res(buf, d_size);
// send completion
MPI_Send(buf, d_size, MPI_INT, i, 1, MPI_COMM_WORLD);

}
MPI_Finalize();
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