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BBepeHie B MPI

MapannensHo no3goposasLunck ¢ Mupom, Muxaun Octankesuy 1 EBreHuit bangut
npusagymanucs o 2KusHu ¢ 60/bLLION BYKBbI.
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pemMeHa GoNbLUNX BEKTOPHbLIX CYNEPKOMMLIOTEPOB NPOLLNHK,

HY WK NOKa He HacTanu. YTo mbl imeem B3ameH? MHOXeCTBO

HE33BUCUMbIX «MUCULLEK», 1aXe eCNU OHU U YCTaHOBMEHbI
B CTOMKM W YNPaBNAOTCA KB2NMPUUMPOBAHHBIMI aMUHUCTPATODA-
Mu! 3anycTUTe HA HUX NA4YKy 3a4a4 NErKO, HO KaK NOAOTHETHbIE NPO-
uecchl 6yayT obwareea? [a c nomoweio MPI!

MPI nnu Message Passing Interface unu, no-npoctomy, WHTepdeic
nepenayn cooBLLeHWIA — 3TO CTAHAAPTHBIA MPOrpaMMHbIA MHTEpdIeic
ANg nepeaasn nHopmaLuu MeX Iy NpoLeccami, BbINONHAOLUMY
opaHy 3anaqy. Ctanpapt nognepxueaetca koHcopuuymom MPI Forum,
YIEHAMI KOTOPOTO ABNAKTCA NPaKTUHECKHW BCE KPYNHbIE NPON3BOAN-
TENW BLIYUCTIUTENBHON TEXHUKI W NpOrpaMMHOro obecneyequs, ep-
Bblit ctaunapt MPI 1.0 npuuat 8 1994 rogy. ®opmansHo paspaboTtka
Ha4Yanack B 1991 ropy, koraa HebonbLIAs rpynna y4eHbix-MHGopma-
TUKOB cO6panach B yeWHEHHOM aBCTPUAGKOM FOPHOM NaHcHUOHaTe
1 Ha4ana akTMBHO 0BMEHWUBATLCA MHEHUAMMK. B ceHTabpe 2012 ropa
Bbina cneuncpukayns MPI 3.0.

Texvonorua MP| opneHTHpOBaHa B NEPBYID 04EPEAb HA KnacTepsl
M Ha MaccUBHO-napannensHeie cuctemsl (MPP), HO npumeHaeTcs
Takxe B cuctemax SMP u NUMA. 310 o3Hayaer, 4to MPI-nporpammel
MOXHO ONTUMWU3NPOBATL Kak [NA CaMblX MOLHBIX PELIEHMN
13 TOP500, Tak ¥ ANg AOMALLIHEr0 KOMNbIOTEPA. TTOYTH HA KaXA0M
COBPEMEHHOM [IeCKTONE Ceiiyac cToMT Honee 0JJHOMO BLIYUCIUTENb-
HOro 9Apa. [la 4To AecKTonbl — TeNnetOHbl TOXKE HE OTCTAIOT OT 3TOM
Moabl. M 3Tk agpa npocTo HeoGXoAUMO MCNoNb3oBaTh!

McnonHeHne nporpamMmmel NPOM3BOANTCA HECKONbKMMW napan-
NeNbHO UCNONHAEMbIMU NPOLECCAMM, KOTOPbLIE NPEACTABNAKT CO-
6011 pasHble 3K3eMNNAPLI OAHOW| K TOM Xe nporpammel. Kax asii npo-
LIeCC UMERT CBOJ HABOP AaHHbIX. PEXXMUM paboThl, KOrAa OfHA U Ta ke
MPOrpamma 3anyLieHa Ha pasHblx yanax wiv npoueccopax 1 o6pada-
ThIBAET pa3Hbie HaBopbl AaHHbIX, HadbiealoT SPMD (Single Program
Multiple Data). [laHHble Apyrux NpoLECCcOB NPOLECCY He BUAHLI, NO-
3TOMy Ans 00MEHA AaHHbIMW Mex Ay npoueccamu Tpedyetca MPI,
a MMEHHO NOCBINKA COOBLLEHNIA Mex Ay HUMK. Mexanuamel MPI rapan-
TUPYIOT OCTaBKY COOGLLEHNA 1 COOTBBTCTBIUE NOPSAAKA, B KOTOPOM
OHW NOCHINANKUGh, NOPAAKY X npuema. CywecTeyoT n apyrue 6ub-
NWOTEKN NA 06MeHa CO0BLIEHUAMMN MEXAY YAANeHHbIMU NpoLecca-
Mu (Hanpumep, PVM). OnHako cpenu Bcex 6UBNUOTEK, peluarLLmx no-
xoxue 3anaqn, umeHHo MPI nony4un HanbonsLuee pacnpocTpaHeHue.
C TEXHONOrHUYECKOM CTOPOHbI, NO-BUAUMOMY, TP NPU4UHBI ChIFPaNK
B 3TOM PELIAIOLYIO POsb:
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» BbICOKaA achheKTMBHOCTL NporpamMm Ha MPI;
¥ BbICOKAf NEPEHOCUMOCTL NPOrpamMm, HanucaHHeix Ha MPI;
» Hanu4ne ceo60AHOM peanusaumum.

JpheKTMBHOCTL ABNABTCH OQHUM W3 BaXHEMLINWX CBOACTB Npo-
rpamm. Ba)kHee TONLKO peanusauna HeoOXoAUMbIX (OYHKLUWA W Ha-
[eXHOCTb pa6oTel W BOCMPOM3BOAWMOCTL Pe3ynbTaToB. B na-
pannensHoM NporpaMMUpOBaHWK, rAe NporpamMmmel 0TNUYaTCA
Gonblumum 065eMOM BEIMUCTIEHWIA, 30DCDEKTVBHOCTb NPMOBpPETaeT 0co-
Gbiit cmblcn. OfiHa 13 CaMbIX FNABHBIX NPUYKH, A5 YEro CO3AA0T Na-
pannensHele NporpamMmmel — aT0 YMEHbLLUEHUE BPEMEHU UX PaboThl,
2 OHO HanpsAMyto 3aBUCUT OT 3 PEKTBHOCTH.

JhpexTreHOCTE B MPI focTUraeTcs B Nepeyto 04epeds 3a cyet
WCMONL30BAHWA Camoro GbICTPOro W3 AOCTYNHLIX CPEACTB AOCTABKM
c006LWeHKA. B MynsTUNPOLECCOPE MCNONL3YIOTCA OKHA pasfiense-
MOW HECKONBKUMM NpoUeccaMmu namaTu. B MmynsTkoMnbloTEpax
ncnonb3yetcs camas 6eicTpas cetb (Infiniband, Myrinet). Ecnu oxa
HELOCTYNHA, TO UCNONb3YETCA CTapbIi, A06pLIA U HaaexHsIA TCP/IP.

O6bIYHEIA «CIEPUYECKUA U B BAKYYME» NPUKNALHOW nporpam-
MUCT, Kak npasuno, AOCTaTO4YHO X0POLLO W30NUPOBAH OT cneuudin-
Kv annapatHoi nnatchopmel, H2 KOTOPOW OH MULLET CBOW NPOTPAMMBbI.
BpemeHamu 372 M30MPOBAHHOCTL BIXOMUT GOKOM, HO TAKOBA JU3Hb.
MpocnonKa n3 CUCTEMHOTO NPOrPaMMHOro 06eCneYeHns U A3bIKOB
NPOrpaMmmUpPOBaHUA BLICOKOIO YPOBHS NO3BONAET EMY UTHOPUPOBATh
aTAnYuA mexay nnatcpopmami. CnegoBaqne 06LWENPUHATEIM CTaH-
fapTam no3gonseT Nerko NepeHocuTL NPorpammbl ¢ 0AHOM annapat-
HO# nnatchopMbl HA APYTYIO.

B napannensHOM NporpaMMUpOBaHUM A3LIKM U UHTEPECH
Ve He CKPbIBAKOT HOBbIE, Cneundundeckue Ans napannenbHslix 3BM
CBOMCTBA apXMTEKTYPhI, KOTOPbIE CBAZAHLI C KOOPAUHALMWEN paboThl
napannenbHo UCNOMHAKLWMXCA YacTel nporpammel i 06MEHOM JaH-
HbIX MeXy HUMW. B peaynsTaTe nonyyaloTca napannenbHele npo-
rpammel, OPUEHTUPOBAHHbLIE HA KOHKPETHbIE MalUHbL. C 0gHOW
CTOpOHbI, cBoicTBa MPI no3gonaoT cTpouTh ero achdeKTUBHbIE
peanu3auiu Ha WUpoKoM cnekTpe napannensHbix 3BM. C apyron
CTOPOHBI, HABOp Onepayni yaobeH ANA HANUCAHWA CAMbIX PA3HO-
00pasHbIx napannensHelx nporpamm. B utore, MPI cTan camelm pac-
NPOCTPaHeHHbLIM CTAHZAPTOM ANA HANWCAHWA NapannenbHelX Npo-
rpamm, Ans KOTOPOro NOCTPOEHbl Peanin3alyiu Ha 04eHb GONbLIOM
Yucne napannenkHbix apxuTekTyp. Bece ato npueeno k Tomy, 470 na-
pannenbHas Nporpamma, HanucaHHas ¢ ucnonssosannem MPI, otna-
JLAET BbICOKOA NEPEHOCHMOCTbIO.
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[TapanreAbHBIE TEXHOAOTUM Y4eObHUK

Kpome nepeHocMMocTi ¥ atDeKTUBHOCTMW, APYTM CYLLECTBEH-
HbIM cBoWCTBOM MPI ABNAETCA A3LIKOBAA HEATpanbHOCTL. Peanuaa-
uuu 6ubnuotekn MPI| He npuBA3aHsI K KakoMy-nuGo ofHOMY A3bIKY.
BMECTO 3TOr0 OHU ONWCHIBAKOT CEMaHTUKY ONEpaLWil, ROCTYNHbIX
MPI-nporpammam 4epes yHKLMOHANBHLIA WHTEpdeiic. Kak npasu-
no, MPl-nporpamme! nuwyT Ha C, Fortran unu C++, HO MOXHO UCNONb-
30BaTh W MHOTWE OpYrue A3LIKK, Hanpumep, C# Java, Python unu R,

Hanu4ue cBoGOAHON peanu3aLnin NO3BONAET NErKO YCTaHOBUTL
MPI v Ha4aTk 06y4aTk CEOW NPOrpaMMel CEKPETaM B3aUMOAEACTBHA:

> sudo aptitude install mpi-default-bin mpi-default-dev

JlokymeHTauus 4NA BAYMYMBOIO N3YHEHIUA TOXKE HE NOMELLAET:

> sudo aptitude install mpi-doc mpi-specs

mpi-doc, kpome html-cnpaBoyHnka, go6asnaeT B CUCTEMY man-
CTPAHWYKKM N0 MHOroYUCAEHHbIM MPI-dhyHKUMAM, 04eHb YAOOHbIE
AnA GbICTPOro NOArNAALIBAHKA.

3apascteyi, Mup!
lpennonaraetca, 4710 Bbl NPEACTABNALTE, 4TO TAKOE NPOrpamMmmupo-
BaHue Ha C, Hy unn xoTa 6bl HANWCANW HA 3TOM A3bIKE CBON JINYHbINA
HelloWorld. BoT Tak Bbirnagut npoctedwasn MPI-nporpamma:
#include <mpi.h>
#include <stdio.h>
int main(int argc, char **argv) {
MPI_Init(&argc, &argv);
printf(“3apascTeyi, Mup!\n”);
MPI_Finalize();
return 0;

B otnuyume o1 knaccudeckoro HelloWorld, ans ero MPI-peanusa-
UMM HeoBXx04MMO NOAKNYUTE Mpih ¢ ONPEABNEHUAMU KOHCTAHT,
TUNOB W DYHKUWA MPL. Takxe B Koge NoABMAKCE ABE cneudyHKLMK:
» MPI_Init — uHnumranuaaumns MPI;

» MPI_Finalize — 06a3aTenbH0e KOPPEKTHOE 3aBepLIeHWe patoThl
¢ MPL.

B 310 npocToi nporpamme Ans NaKOHWYHOCTH Mbl He 06pabaTsl-
BaeM BO3BpaLLlaemble 0WMOKKW. B peansHom e nporpamme owWnBKn
WTHOPUPOBATL He cnedyer. [ocne yenewHoro Beizoea MPI_Init (korpa
po3spallaetca aHaveHue MPI_SUCCESS) undhpactpyktypa MPI npu-
NOMEHWUA roTOBA K paboTe, U Mbl MOXEM NONbL30BATLCA BCEMU UHTEP-
theicHbIMKM hyHKUMAMN MPL.

Komnunauwa MPI-nporpammsl fenaeTca ¢ NOMOWbK cTaHaap-
TW30BAHHOM YTUNWUTLI MPIce, KOTOPAA BXOAWT B COCTAB NAKeTa mpi-
defauit-dev. Tlporpamma mpicc npeacTagnaet coboi 06epTKy NoBepx
komnunatopa. OHa CKPLIBAET 0T NONbL30BATENSA OTANYMA MEXY pa3-
HbIMK nnatcopmamu. Komnunayna MPI-moaucukauun HelloWorld
[IenaeTca Tak:

> mpicc helloworld.c -o helloworld

Ecnw aty nporpammy Tenepe 3anyctuts, TO OHA CABNAET TO, 4TO OT
Hee 0XKMAAeTCH — 8 UMEHHO, CKaXeT

> ./helloworld
3apascTeyil, Mup!

Ham e HyxHO 60nbLUe, M03TOMY, BOCNOMb30BABILMChL YTUNNTOM
mpirun w3 naketa mpi-default-bin, BINONHUM:

> mpirun -n 2 ./helloworld
3apascTeyil, Mup!
3apascteyid, Mup!

Knioyuk -n 3apaeT Yueno napannensHo MCNoNHAEMbIX NPOLECCOB.
B Halem cnyyae ¢ MUpPOM NO3AOPOBANKUCH ABE KOMWWA NPOrpamMmbl.
Tak»e BMECTO mpirun MOXHO UCNONL30BATb Mpiexec WNu orterun.
3T0 CUHOHWMBI.

HemHoro ycnoxuum y4eGHbIn KoL
#include <mpi.h>
#include <stdio.h>

main(int argc, char **argv){

int rankNode, sizeCluster;

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &rankNode);

MPI_Comm_size(MPI_COMM_WORLD, &sizeCluster);

printf(“3ppascTeyit, Mup! oT npouecca %d n3 %d\n”, rankNode,

sizeGluster);

MPI_Finalize();

]

Oyukuna MPI_Comm_size Bo3BpalyaeT KONWYECTBO 3aNYLEH-
HEIX AN ucnonHedus MPIl-nporpammel npoueccos, yHkuna MPI_
Comm_rank BO3BpaLL2ET HOMEP NPOLECCA, BbI3BABLUENO (DYHKLMIO:

> mpicc helloworld2.c -o helloworld2

> mpirun -n 2 ./helloworld2

3npagcteyit, Mup! ot npouecca 1 13 2

3npascTeyit, Mup! ot npouecca 0 u3 2

Ecnum aanyctiTb 60/bLUE NPOLECCOB —

> mpirun -n 7 ./helloworld2

3npascTsyil, Mup! ot npouecca0u3 7

3apascTeyil, Mup! ot npouecca 1ua7

3npascteyil, Mup! ot npouecca2 u3 7

3apascTeyil, Mup! ot npouecca 5 u3 7

3npascteyil, Mup! ot npouecca 6 3 7

3npascTeyil, Mup! ot npouecca 3 ua 7

3npascTayil, Mup! ot npoueccad ua 7
MOXHO YBUAETb, YTO BLINONHAOTCA OHW HE 06A3aTENbHO B NOPAAKE
3anycka (NocnefHAM BbINONHUACA NPOLEcE 4, a He npougcc 6).

JT0 NPOsABNEHWE BECbMA Hey[0GHOro CBOWCTBA Napannenb-
HbIX MPOTPAMM, & MMEHHO HEABTEPMUHMPOBAHHOIO PE3YNbTaTa UC-
nonHenna. OHO MOXeT MPUBOAMTL K PEAKO BOCAPOM3BOANMEIM
1 TPYAHO OTAAKMBAEMbIM OLWINGKAM B napannentHblX nporpamMmax.
Bo3HMKaET cUTyauws, noaobHas ToM, koraa uamepeHne HUaNYecKux
BENMYUH BMUAET HA COCTOAHME U3MEPSEMON CUCTEMbI. OTNAN0YHbI
KO MOXET NOBNWATL HA X0/ UCMNONHEHUA NPOrPaMMbl, M NCKOMas
OLWMBKA NePECTAHET NPOABNATLCS.

B Tex cnyyanx, Korga HyXHo YCTaHOBUTL HEKOTOPLIA YeTKWiA nops-
NOK, MOXHO UCNoNb30BaTk onepauvu MPI gna cuHxpoHu3aumm npo-
ueccos. [naToil 3a 3T0 ABNAETCH YBENUYEHWE BPEMEHW UCMONHEHNA
nporpamm, Tak Kak npu 3anycke onepauuu CUHXPOHW3ALWK YacThb
NPOLECCOR NONAMABT B COCTOAHUE OXUAHUS B8 3aBEDLLIEHNS.

Crnepyer TaKkxXe y4nTbIBATh, 4TO, HANpumep, Ha npoueccope Intel(R)
Core(TM)2 Duo, Kak cnepyet 3 Ha3BaHus, TONLKO [4Ba BbIMUCANTENL-
HbIX AApa, NOATOMY AOBONLHO GECCMBICIIEHHO 3anyckaTb GOnbLe
[IBYX npoueccoe ofHoBpemerHo. MoxHO Takxe noTpedoBath, YTo6bI
Ka)X/blii NPOLECC NPUBA3ANCS K CBOEMY ARPY:

> mpiexec -n 2 -bind-to-core -report-bindings ./helloworld2
fork binding child [[7067,1],0] to cpus 0001

fork binding child [[7067,1],1] to cpus 0002

3dapaecteyit, Mup! ot npouecca 1 M3 2

»

He xotute nponycTutb Homep? MNoanuiumteck Ha www.linuxformat.ru/subscribe/!
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3apascTeyi, Mup! ot npouecca 0 ua 2

> mpiexec -n 7 -bind-to-core -report-bindings ./helloworld2

Not enough processars were found on the local host to meet the
requested binding action

Wrpa «XXusHb»

KnetouHbld aBTomar «KuaHe [Game of Life, unm npocto Life]» 6bin
NPenoXKeH aHrnuiAckuM matematukom JkoHom Konseem [John Hor-
ton Gonway] 8 1979 roay. Bpaa nv o cTan 6kl Tak LWIWPOKO U3BEC-
TEH, BCNI Dbl HE AMEPUKAHCKUIA MATEMATHK W UCKIIOHUTENBHO 3HEp-
ruysid nonynapuaarop Haykn MapTud fapgHep [Martin Gardner].
[To urpe «Kn3Hb» ecTb Macca NonynapHon NUTepaTypel, B TOM Yucne
11 Ha PYCCKOM A3bIKE.

Mrpa «¥u3Hb» NPOBOAUTCA HA BECKOHEYHOM KNETOYHON fOCKe,
rAe Kax Aol u3 knetok npuceoena 1 (xueas knetka) unu 0 (Huyero
HeT). Mpu Nepexofie U3 HYNeBora B 8AMHUYHOE COCTOAHKE FOBOPAT,
YTO KNETKa POXIAETCA, & U3 BAMHWYHOTO B HyNEBOE — ymupaeT. Ho-
BOE 3HAYEHWME KNETKWU ONPEefeNAeTca ee NPEXHUM 3HAYEHUEM U CYM-
MO 3HAYeHWA ee BOCbMW COCeAeil. KNeTka poaaeTcsa npu cymme
TPMW, @ YMMpPaAET Npyu cyMMe MeHee ABYX — 0T OfIMHO4ECTBA W Gonee
Tpex — 0T nepeHaceneHHocTH. [Tpu BCEX MHBIX KOHGMIypauuax 3Ha-
YEHWI 11 CYMM KNETKa COXpPaHAeT CBOE COCTOsHMe, HecMOTpPA Ha npo-
CTOTY (DOPMYNIMPOBKK, 3BONIOLMN PA3HBIX KOMOWHALMIA XKWBBIX KNe-
TOK MOTYT BECbMA DTNMYATLCH, M MHOTWE W3 HUX MMEIOT CBOW UMEHA.
Hanpumep, Ha pUCYHKe Ha cneaylowei cTpanuLe nzobpaxeHo rnai-
[JEDPHOE PYHKbE — NPUMEp GECKOHEYHO PACTYLLEA KONOHNM.

COoCTOAHNA BCEX KNETOK BMeCTe 06pa3yioT COCTOAHWE BCErO Kne-
To4HOro aBTomata. GCOcTOAHWE KNETOYHOro aBToMaTa MEHABTCA
M0 TaKTam, B AUCKPETHOM BPEMEHW. [Tpn CMEHE COCTOAHWA KNETOY-
HOrO aBTOMATa COCTORHNA BCEX 06PA3YHOLLMX Br0 KIETOK MEHRATCS
OJHOBPEMEHHO. [117 Ka»A0W KNETKNW HOBOE COCTOAHWE BbIYNCA-
€TCA N0 OAWHAKOBOMY AJIA BCEX KNETOK Npasuny. BxofAHble faH-
HbIe ANA NpaBuna — COCTOAHWA CaMOil KNETKW U ee BOCbMU COCeaei
Ha i-M TakTe. PeaynsTatom 6yaeT COCTOAHME 3TO KNETKK Ha (i+1)-m
TakTe. [No06HbIE aNrOpUTMLI 3aMEYATENBHO NapannensaTcs. Takxe
MHTEPECHA UX 0COBEHHOCTL, COCTOALLAR B TOM, YTO BPEMA Ha 0JHY
UTEPaLWIO HE 3aBUCHT OT COCTOAHWA aBToMAaTa.

Cnegyet NnoHWMAaTh, 4TO KNETOYHbIA aBTOMAT — 3T0 aBCTPaKTHAR
MOAENb. B Hel npeanonaraetca GECKOHEYHOE YUCNO KNeToK. Peans-
HbIE KOMNbIOTEPLI 06NAAKT KOHEYHBIMI PECYPCAMU NAMATH U BPE-

VuebHUK [IapanAeAbHBIE TEXHOAOTUU

MeHu. o3aTomy npyn MOJENMPOBAHWK KNETOYHOIO aBTOMATa KNETKK
PasMeLLarnTCa B MACCHBE KOHEYHbIX pa3mMepoB. [N BCex KNeTok,
HE NeXallux Ha rpaHuLax Maccuea, paboTalT npaBuna Mogenupye-
MOrQ KNeTOYHOro aBToMaTa 6e3 Kakux-nubo uameHernin. 06paboT-
Ka e rPaHn4HbIX KNETOK NPOM3BOAUTCA HECKONBKO uHaye. [1Ba Ham-
6onee pacnpocTpaHeHHblx cnocoba 06paboTkn — 3amMbIKaHUe rpaHen
(M3 NPAMOYTONLHOr0 MaccuBa NOMYYaeTcH TPEXMEPHLIA TOP) U UC-
NONb30BAHWE HYNEBLIX 3HAYEHUIA ANA TEX COCEHWUX KNETOK U3 OKpe-
CTHOCTM KNIETKM Ha rpaHvLe, KOTOPLIE NEXAaT 3a Npejenamn Maccuea.
MocnenosatenbHas nporpamma ana «XKn3Hu» (6es npouegyp sa-
JLAHWA HAYANbHBIX 3HAYEHWA W NBYATH WK COXPAHEHNS PE3ynbTaTa)
BbIMNALMT NPUMEPHO CNenyLWwumM o6pasom:
#define QTY_STEPS 8192
#define SIZE_ARRAY 1024
char ar[2][SIZE_ARRAY][SIZE_ARRAY];
void computeGell(unsigned dir, unsigned x, unsigned y){
unsigned sum;
sum = ar[dir][y-1][x-1]+ar[dir] [y-1][x]+ar[dir] [y-1][x+1]+
ar[dir][y][x-1]+ar[dir][y][x+1]+
ar[dir][y+1][x-1]+ar[dir][y+1][x]+d ar[dir][y+1][x+1];
if((sum<2)ll(sum>3))
ar[1-dir][y](x]=0;
glse
ar[1-dir][y][x] = (sum==3) ? 1: ar[dir][y][x];
1
void simulateStep(unsigned layer){
unsigned x,y;
for(y=1;y<SIZE_ARRAY-1;y++)
for(x=1;x<SIZE_ARRAY-1;x++)
computeCell(layer,x.y);
1
void simulate(unsigned stepQty){
unsigned step;
for(step=0;step<stepQty;step++){
simulateStep(step & 1);
1
1
main(){
simulate(QTY_STEPS);
|

Kaaccuduralims raparAeAbHBIX KOMITBIOTEPOB

CoBpemMeHHbIE NapannenbHble KOMNLIOTEPEl MOXHO
Pas3fennTe Ha: NapannensHble BEKTOPHbIE CUCTEMbI
(PVP), CUMMETPUYHBIE MYNLTUNPOLECCOPHbIE CUC-
Tembl (SMP), maccuBHO-napannenbHbie CUCTEMbI
(MPP), cuCcTEMBI C HEOLHOPOAHBIM AOCTYNOM K NAMATH
(NUMA) w knactepbl.

Mpumepom napannenbHoil BEKTOPHOW CUCTEMbI
(PVP) asnsetca nepeblit cynepkomnsiotep CRAY-I,
KoTopelA 6bin cozpad 8 1975 rogy. OnHo BpeMA NOHA-
THA «NapannenbHble BEKTOPHLIE CUCTEMBI» U «Cynep-
KOMMNbKOTEPbI» BbINK CHHOHUMaMMK, HO ceitdac B TOP500
(http:fwww.tops00.0rg/) knaccuyeckux PVP He ocTa-
N0Ch COBCEM.

CUMMETPUYHBIE MYNETUNPOLECCOPHLIE CUCTEMBI
(SMP) cofjepat HECKDNBKO 0MHAKOBbIX NPOLECCOPOB
1 061y namaTe. Bee npoLeccopel MMEKT 0fMHAKO-
BYIO CKOpPOCTL A0CTYNa K 06Lei namatu. Vimea nocne-
NOBATENbLHYID peanua3auuio HeKoTopod Nporpammel,

Kak npasuno, MOXHO OTHOCHTENBEHO NETKO MOCTPONTL
ee napannensHyw peanusauyww gns SMP. OcHoe-
HOI HegocTaTok SMP — nnoxas macluTabupyemocTs.
CywecTeyloT AocTynHole SMP-cucTEMbI C AecATKaMU
npoueccopos, Ho B cnucke TOPS00 HeT HM ogHOM
13 HUX,

Komnbtotepsl knacca MPP (MaccHeHO-napannens-
HblE CUCTEMBI) COCTOAT M3 Y3N0B, 0GLEMHEHHBIX
BbICOKOCKOPOCTHLIM KOMMYTATOPOM. Y3&n COAepXnT
OAIMH UMK HECKONBKO NPOLECCOPOB W NamATh, Y3en
He UMEET A0CTYNa K NaMATK ApYrux yanoe. Takue cuc-
TEMbI, B 0TNM4KE 0T SMP, xopowo macwtabupyoTcs.
Yucno yanoe B camblx 6onbwnx MPP-cucTeMax focTi-
raer CoOTeH ThicAY. 32 3TO NPUXOANUTCA NNATUTL, TaK
Kak napannensHyo nporpammy gna MPP-cuctemsl,
B 0TAKMYMe 0T SMP, nocTpouTh cnoxkHee. Mpoueccsl,
BLINONHAKLLMECA HA Pa3HLIX Y3nax, He UMeT 06Ler
namaTH, W BCE B3AUMOJBACTBME MEXOY HUMW fena-

8TCA C NOMOLbLID NOCLINKK COoBWEHNA, Ha HosbpL
2012 r. 8 TOP500 HaxoguTes 89 knaccuyeckux MPP-
CYNepPKOMNLIOTEPOB, BKIKHAA NEPBLIE [BE NO3NLIMN.

CHCTEMBI ¢ HEOAHOPOAHBIM AOCTYNOM K NamaTw
(NUMA) asnaotca rubpugom SMP u MPP. ®uanyecku
BCA namATe B NUMA pacnpefengHa mexay yanamu,
Kkak 8 MPP. Ho npu aToM noaaepkueaeTcs eavnHoe npo-
CTpaHCTBO NamATh, kKak B SMP. To ecTb U3 yana MOXHO
06patUTLCA K NamATH B NO6GoM apyrom yane. Bpema
J0CTYNA K CBOGH, NOKANLHOW NaMATH MEHLLUE, YeM
K NamATH apyroro yana.

Knactep — 370 peweesiid avanor MPP-cuctemsl.
B HEM BMECTO CKOPOCTHOrO KOMMYTAaTopa UCNONb3Y-
eTCA 0GbI4aA CeTh; TAKOBLIE CTAHOBATCA BCe GhicTpee
W 6bicTpee. Ecnw MPP noka ewwe BsIgenanTea MOLLbIo,
TO Knactepel GepyT maccoBocTbio, wéo 411 cynep-
KOMNBKTEPOB, OCTAOWMECA nocne BelMuTadna MPP
1z TOP500, ABNAKTCA KNACTEPHBIMKM PELUEHUAMM.

SaexTponnaz xomuam
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[TapaarenbHBIe TEXHONOTUM VaebHMUK

OyHkuua ComputeCell BLIMMCNACT HOBOE COCTOAHUE OOQHOR KNET-
Ku. QyHKUMA SimulateStep BbIMMCNAGT HOBOE COCTOSHME BCErO KNe-
TOYHOrO aBTOMATa, a Simulate nMuTUpyeT paboTy KNETO4HOTO aBTo-
MaTa yKasaHHOe YUCNO LLAro..

06paTnTe BHUMaHMe, 4TO B MAaCCWBE ar BBefleHO 2 CNnos. 3To Tpeby-
€TCA ANA TOr0, 4TOGk! MMUTMPOBATL OAHOBPEMEHHOCT 3aaHNA HO-
BbIX 3HAYEHWA KNeTOK. YT06bI NCKMIO4YMTL KONMPOBAHNE OJHOTO CNOA
B APYrOM, HA YETHOM LUAre TeKyLLMe 3HAYEHUA KNETOK BepyTCA U3 Hy-
NEBOTO CNOS, HOBbIE MULYTCA B NEPBbINA; @ HA HEYETHLIX LWarax, Ha-
060pOT, TEKYLLNE 3HA4eHNA BEPYTCA U3 NEPBOrO CNOA, HOBbIE NULLYT-
CA B HyNeBoM.

[insa MPI-Bepcuy nporpamMmel BO3bMEM 32 OCHOBY NOCNEA0BAaTENb-
HYIO peanuaauuio. [ina npocToThl OrpaHNyMMCA ABYMS NPOLECCAMM.
Pasnenum Maccus, XpaHsLLUi COCTOAHUA KNETOK, NOPOBHY.

Pazpenexne nponaeenem no cTpokam. MycTh nepeas NnonoBMHa
CTPOK XPaHUTCA B MaccKBe ar nepsora npouecca (rankNode paseH Hy-
NI0), BTOpAA — B 3TOM e MaccKee ar y BToporo npouecca (rankNode
paseH 1).

lp1 noacyeTe HOBbIX COCTOAHWA KNETOK NOCNEAHER CTPOKN
B HYNEBOM npoLecce TpeGyloTCA TeKyLWe COCTORHUA TPeX KNeToK
W3 CTPOKM CHW3Y. SHAYEHUA KNETOK 3TOW CTPOKW NOACHUTBIBAKOTCH
B NEPBOM Npouecce. AHANOrM4Ho, ANS NEPBOro NPOLECTA HYXHa
CTPOKa CBepXY. AT0M MHOPMALMER O COCTORHNN KNBTOK Ha rpaHuLe
HE0OX0AUMO 0OMEHATLCA. ITO eUHCTBEHHOE OTnUYun MPI-npo-
rpamMmel 0T 006IYHOM NocnefoBaTensHON. [pK pocTe Yucna ogHoBpe-
MEHHO BbINOMHAEMBIX NPOLECCOB TAKKE PACTET M YUCNO FPaHUYHbIX
3NEMEHTOB.

CTpOKW ¢ KNETKAMW, NOACYUTLIBAEMbBIMU B OJJHOM NPOLECCE,
HO MCNONb3YEMbIMW W B KAKOM-NWBO APYrom NPOLECCe, HA3bIBAKT-
CSl TRHEBbIMI FPaHAMM.

QyHrkyua ComputeCell He MeHABTCA, TAK YTO HUXKE Mbl €€
He ny6nupyem:

#define QTY_STEPS 8192

#define SIZE_ARRAY 1024

#define SIZE_HALFARRAY (SIZE_ARRAY/2+1)
char ar[2][SIZE_HALFARRAY][SIZE_ARRAY];
#define RES_OK 0

#define RES_ERROR 1

int mytag=99;

void simulateStep(unsigned layer){

unsigned x.y;

for(y=1;y<SIZE_HALFARRAY-1;y++)

for(x=1;x<SIZE_ARRAY-1;x++)

computeCell(layer,x,y);

]
void simulate(unsigned stepQty,int rankNode){

unsigned step;

MPI_Status status;

for(step=0;step<stepQty;step++)i

simulateStep(step & 1);
if(rankNode==0){
MPI_Send(ar[1 - step & 1][SIZE_ARRAY/2 - 1], SIZE_ARRAY,
MPI_CHAR, rankNode + 1, mytag, MPI_COMM_WORLD);
MPI_Recv(ar[1 - step & 1][SIZE_ARRAY/2], SIZE_ARRAY, MPI_
CHAR, rankNode + 1, mytag,MPI_COMM_WORLD, &status);
}
else if(rankNode==1){
MPI_Recv(ar[1 - step & 1][0], SIZE_ARRAY, MPI_CHAR,
rankNode - 1, mytag, MPI_COMM_WORLD, &status);
MPI_Send(ar[1 - step & 1][1], SIZE_ARRAY, MP|_CHAR,
rankNode - 1, mytag, MPI_COMM_WORLD);
1
}
}
main(int argc, char **argv){
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int rankNode, sizeCluster;

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &rankNode);

MPI_Comm_size(MPI_COMM_WORLD, &sizeCluster);

if (sizeCluster!=2) {

printf (“Tonbko ans geyx agep!”);
exit(1);

!

simulate(QTY_STEPS, rankNode);

MPI_Finalize();

1

A BoT onepatop uukna e SimulateStep yxe 0TaM4aeTcA 0T TOrO, 41O
ObIN B NOCNEA0BATENLHON BEPCHN, KAK 11 pa3mep Maccuea ar. MyHK-
Ung main y>ke coaepnuT B cefe KoMaHabl MHULWANU3ALKK W 3aBep-
weHus MPIL

Haubonee cunbHbIM U3MEHEHWAM NOABEPrNack qyHKLKMA simulate.
Tenepb NOCNE KOKAOO Wara TpebyeTcs NepeaBarb 3HAYEHUA Ke-
TOK BCEX TEHEBbIX FPaHe MeX Y COCELHUMY Y3Iamu.

3Ty 3a/a4y BEIMONHAKT onepartopsl nepegadv MPI_Send u npuema
MPI_Recv. OHW AONKHbI BbITE KOMNAEMEHTAPHLIMK, TO €CTb KaXK bl
onepaTtop nepedadv LaHHbIx B OAHOM Npouecce o6a3atensHo 06a3aH
MMETh COOTBETCTBYHLLMA MY ONEpaTop NpMeMa B APYrom NpoLecce.
B npoTuBHOM Cnyyae NpOW30MAET HEHOPMANbHOE 3aBeplueHmne pado-
Tol MPI nporpammel. Mogpo6HOCTM 06 MCNONBL30BAHUN 3TUX KOMAH[
W ONUCAHWE UX apryMEHTOB MOXHO NMOCMOTPETE C NOMOLLLIO KOMaH-
Zlbl man.

CoBCTBEHHO rOBOPA, BCe. KaXKETCA, HUYEro CNOXKHOrQ, HO eCnK
XOHYETCA YBENW4MTL YUCNO NApannenbHbIX NPOLECCOR, TO NPUABTCA
aKKypaTHO o6pabatbiBaTb 6ONbLIE FPAHWL W CNEANTL 33 COrNAaco-
BAHWEM Npvema-nepefa4u MHoOpMawmm, To ecTs NPUAETCA AYMATh.
370 W eCTk OCHOBHAA cnoXHOCTE! Ho 3ato MPI-nporpamma Ha geyx
npoueccax BuinonHaerca npumepHo 3a 110 cekynn smecto 180
Ha cchepuyeckom B Bakyyme Intel(R) Gore(TM)2 Duo ofHoBpeMeHHO
¢ Habopom 3TOr0 TeKCTA. YCKOPEHME He B IBOIKY, HO JOCTATO4HO 3Ha-
YUTE/bHOE, 4TO6BI 38 HEro NoBOPOTLES.

Ha npumepe nporpammel MOAENUPOBaHUS Urpbl «KN3Hb» Mbl pac-
CMOTpenu camele 6a30Bble BOIMOXKHOCTH MPI. 3 coTeH hyHKUNIA,
OnucaHHLIX B TeKywem ctaipaapte MPI 3.0, Mbl UCNOAL30BANM TONLKO
wecTb. GTaHAapT 0pUMEHTUPOBAH HAa KoM OPTHYIO paGoTy Npu pac-
napannenuBaHuK LWWPOKOrQ CMeKTpa 3anay, W AN 3T0ra B HEM Npu-
CYTCTBYIOT pasHoobpasHble rpynnbl hyHKUKMA ANA KOMMYHWUKALUNA
MeX /1y JABYMS NPOLECCAMN, KOMMYHUKALWA BHYTPW TPYNbl NPOLECc-
COB, paboTsl ¢ rpynnNamu NPOLECCOB, KILMPOBAHUA [AHHBIX U MHO-
roro Apyroro.

O6paTHas CBSA3b

Mpurnawaem BbICKA3aTbCA NOTEHUWANbHBIX aBTOPOB CTaTeM
N0 NapannenbHbIM BEIYUCTBHUAM — LLeHHbIE MPEANOKEHINS, KDUTUKY
1 COBETLI NPUCLINARTE N0 3NEKTPOHHOM noyTe; E.M.Baldin@inp.nsk.
su, ostap@ssd.ssce.ru.
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