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ABYXYPOBHEBOE PACIIAPAJIJIE/INBAHUE
B MOAEJIN CMEIITAHHOUN ITAMATN JAJIAd PACYETA
SAIJAY TASOVMTHAMUKU B METO/IMKE TVM-2D

A. A. Bopomunos, C. C. Coxkosos, 1. I'. HoBukos
(POAL-BHUUDD)

[IpencrapieHo onmcanue CXxeMbl PACIAPAJIICTUBAHUS CIETa, 33Ja9 Ta30BOI JUHAMUKHU IO
Meroanke TUM-2D. PaccMoTpeHbl aaropuTMbl pacuapasiieTMBaHus IO O0JIACTIM B MOJIE-
JIN PacCIpeeieHHON MaMATH ¢ ucnoiab3oBanneM narepdeiica MPI u pacnapasrennBanus B
Moean obIIel maMaATH ¢ ucnoab3opanuem uarepdeiica OpenMP. IIpu pacuere omxHoit 3a1a-
9 METO/IbI PACIaPAJLIEIUBAHUST MOTYT UCIOJIb30BATHCS KAK COBMECTHO, TAK W PAa3/IeJIbHO.
[IpusoasiTcs 3amepsbt 3hHEKTUBHOCTH HA OTHON U3 3a/1a4.

BBenenue

Meromuka THUM-2D [1| npennasnadena st
pacuera HECTAIIMOHAPHBIX JIBYMEPHBIX 33724 Me-
XaHWKW CIJIOIIHONW CpeJibl Ha HEPEryJsiPHBIX Jla-
IPAHXKEBBIX CETKaX MPOM3BOJILHOI CTpyKTyphl. Ilo
9TOM METOANKE MOXKHO ITPOBOJUTH PACY€ThI Ha CET-
KaX, COCTOSIIIUX U3 HECAMOTIEPECEKAIOIIUXCST MHOTO-
YIOJBHBIX S9€eK; B y3JlaX CeTKH MOXKET CXOIUThCS
MTPOM3BOILHOE KOJTMIECTBO pedep.

g pacdera 3amad TasogUHAMEUKH M YIPY-
POIIACTUYHOCTH HCIOAB3YIOTCS SIBHBIE KOHEYHO-
Pa3HOCTHBIE CXEMBI. KI/IHeMaTI/ILIeCKI/IG BEJIMYNHBI
OTHOCSATCS K y3J1aM CUETHOI CeTKH, TePpMOIMHAMU-
YeCKue BCJIMYNHBI — K IMEHTPaM AYCeK.

[Ipu pemrenun CIOXKHBIX JIBYMEPHBIX 3324 Ha-
YaJIbHYI0 M€OMETPHIO CHCTEMBI YaCTO IIPUXOIUTCS
pas3dmBaTh HA HECKOIBKO CIETHBIX oOsacteii. Takoe
pazbuenne HEOOXOAMMO IjIsT DOJIee TOTHOTO OIMKCA-
HHUS B3aUMOIEHCTBYOIMIKUX TEJI C BBIIEIEHHBIMIE JIK-
HUAMUN CKOJIb2KEHUSA, HaA3bIBAEMbIMHU KOHTAKTHBIMA
rpamunamn (KI'). Meroxuka TUM-2D mnossosser
[IPOBOJIUTH PACYETHI B MHOI000IACTHOM [TOCTAHOBKE
[2]. TIpu srom npesonaraercs, 4To pasHble MaTe-
MaTHUIecKne (CueTHble) 00IACTH MOTYT B3aUMOeii-
crBoBarb pyr ¢ apyrom Baoab KI' [3]. B cioxubix
3aJlagax MOTYT BO3HUKATH OCOOBIE TOYKH, B KOTO-
pbIx cxozgrca HeckobKo KI'. DTu Touku Ha3biBa-
OTCsl TPOWHBIMU. B Hadajie c4eTHOro Imiara pac-
CUYNTHIBAIOTCS KOHTAKTHBIE B3aMMOIEICTBHSI, KOTO-
phle 3aTeM, IIPH pacdyeTe MaTeMaTHIeCKHX 00J1a-
CTell, BbICTYIIAIOT B Ka4eCTBE I'DAHUYHBbIX YC/I0BUI.

Pacuer camux obsracreit Tpou3BOAUTCS HEZABUCUMO
JIPYT OT JPYTA.

J1719 TOBBIMIEHNS TOYHOCTH TPOBOINMBIX pacde-
TOB U Oojiee aJEeKBATHOIO YUCIEHHOTO MOIETHPO-
BaHWA TEUYEHUN W MPOIECCOB, PACCMATPUBAEMBIX B
JIBYMEPHBIX 33/Ta4UaX, 9aCTO HeOOXOIMMO BBIOMpPATH
CeTKU ¢ DOJIBITUM KOJIMIEeCTBOM staeek. B mocieso-
BATETHLHOM PEKUME PacdeT CIOKHBIX 3a7ad 3aHU-
MaeT MHOTO KaJIeHJTapHOTO BPEMEHH, MOITOMY 00-
Jiee 1esieco00pa3HO MPOBOJUTH €ro B IapaJlie/ib-
HOM pexkxuMme. B HacTositee BpeMs Hambosee pac-
[POCTPAHEHHBIMU CTAHIAPTaAMU JIJIsl paciapaJiie-
JIMBAHUS ABIAIOTCS WHTEp(Eiic mepegadn coodie-
muit MPI [4] mag momenu pacnpezenenHoii mamsaru
u unrepdeiic OpenMP [5], npexnaznadenHblil s
MOJIEJIN ODIIEil ITaMSITH.

BonbmmicTBO  COBpEMEHHBIX  BBIYUCIUTETHHBIX
cucreM paspabarThiBAlOTCS KakK Kjaacrepbl.  Ilpu
9TOM BHYTPH OJHOTO BBIYUCIUTENHHOTO y3J1a HC-
[OJIB3YETCsT HECKOJIBKO MPOIECCOPOB, (DyHKIMOHMU-
pylomux Ha 001IeM 11071 OnepaTuBHOi namarn (Tax
Ha3piBaeMas obmas maMars). Vcmons3oBanue 06-
el maMsThH TO3BOJISIET TPOW3BOJUTH paciapali-
JiejiuBaHue 0e3 JIEKOMIIO3UIMN JTaHHBIX 110 IPO-
neccopam (u 6e3 dopmupoBanus mapaobaacreii —
cM. pazza. 1), a pacnapa/iieMBaHUE BBINOJIHITH
BHYTPH CYETHBIX IWKJIOB, PACIPEIesas MeKIY
mporeccopamMy ureparym. Takoil Tmomaxos Xoporr
JJIA METOAUK, MCIOJb3YIOIIUX HEPEryJasdpHbIe CeT-
KU, TAK KaK B HUX BCE CIETHBIE aJITOPUTMBI TTOCTPO-
€HbI ITOTOYE€YHO, 663 HCIOJIb30BaHUA YIIOPAJLOYICH-
HOCTU CTPYKTypbl ceTku. llosTomy sist Takux me-
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TOAMK pacrapasiieIMBaHue B MOJe/n O0IIeil maMs-
™™ B 60.HI)H_II/IHCTBQ CJIydJa€B MO2KHO OCYyHIECTBUTD,
HE MeHsIs] aJITOPUTMOB TOCIEI0BATEILHOTO CUETa.

g Gonpuux 3amaq ("meBMmermaomuxcsa” B ma-
MATb OJHOTO BBIYUCUTEIHHOTO y3/1a uau Tpebyio-
muX OOJIBIINX BBIYUCTUTEHHBIX DPECYPCOB) MOXK-
HO MWCIIOJIb30BATh CMEIIaHHYI0 MOJEh pacrapaJi-
nequsanust (ogHOBpeMenHoe ucnosb3oBanne MPI u
OpenMP); npu sTom MPI ucnosnssyercs st B3an-
MO,ILefICTBHH MEXKAY BbIYUC/IUTEJIbHBIMU Y3JIaMU, a
BHYTDPH y3J/ia paclapaslieuBaHe OCYIIECTBISAETCs
Ha OOIIell maMsgaTu C WMCIO/JIb30BaHUEM WHTEpdeii-
ca OpenMP. D10 n0o3BO/ISIET 3HAYUTENHLHO OBbI-
CUTH KOJUYECTBO 33JefICTBOBAHHBIX IIPOIECCOPOB
[PU TIPOBEJIEHUN PACYETOB.

1. IlpunHnunsl pacnapaJijieJiuBaHUA 33434
ra3oBoii AMHAMUKU U YHOPYTOILJIACTUYHOCTHU

g meronukn TUM-2D peanusyercs Tpexypos-
HEBOE pAaCIapaJlIe/InBaHUE B MOJEIN CMENIaHHON
namsaru. Ha Bepxmem (mepBoM) ypoBHE OCYyIIIe-
CTBJISIETCsS PAaCHapaJijie/IMBAHAe CYeTa [0 CUYETHBIM
obaactsiv  (KpynmHOOIOUHOE pacrnapaJsiieIuBaHue).
Ha cpegnem (Bropom) ypoBHE CHeT pacrapaJiie/iv-
BaeTCd 10 1Mapaod/IacTsM BHYTPH CUETHOI obJyiacTu
(mesiko3epHUCTOE pacnapaienusanue). Ha nep-
BBIX JIBYX YPOBHSX HCIOJB3yeTCs MOJIEb pacIpe-
JIeJIEHHO MAMSATH C UCHOJb30BaHneM uHTepdeiica
nepegaqu coobuennit MPI. Ha nuxxuem (rperbem)
YPOBHE OCYIIECTBJISIETCS PacIapaJlieIiBaHue CIeTa,
BHYTPH 00J1aCTH B MO/Ie/IM ODIIEi TaMATH C UCIIO/Ib-
3oBanueMm uHTepdeiica OpenMP.

[Ipu pacuere BbIIEISAIOTCS TOJOBHOI IIPOIECCOD
3aJa9M W TOJOBHOM IMPOIECCOP M/ KarKIoit obJia-
ctu. losoBHOIT mporeccop 3ajatuu obecrednBa-
€T MHUIUAJU3ANNI0 33Ja49u 1 00Ilee yIpaB/ieHUe
caerom. [o/ToBHOM Tporeccop 00JaCTH TTPOU3BO-
AT UHUIUAJIU3ANUI0 00/IACTH U JIeKOMIIO3UIUIO
objacTt J7isd MEJIKO3EPHUCTOrO paclapaJiie/nBa-
Husi. Ilpu cuere 3TOT MpOIECCOP YNPABJISIET pPac-
4eToM 00JIaCTH U y4YacTBYyeT B pacyeTe KOHTAKT-
HOTO B3ammogeiicTeust Bmoab KI' obmactm. To-
JIOBHBIE€ TIPOIECCOPBI ABJIAIOTCA JIOTUYECKUMU, UX
dyHKIUM MOTYT OBITH KAK PACIPEIeSEHbl [0 pa3-
JIMYHBIM (PUBUIECKUM TTPOILECCOPAM, TAK U COCPEI0-
TOYEHBI HA OJTHOM IIPOIECCOPE WM UMETh KaKOe-TO
bostee ciioxkHOE pacmpejesenue. ['00BHBIE TTpOTIEC-
COpPbI, TIOMUMO YIPaBJACHUA, UCIIOJIB3YIOTCA U B BbI-
YUC/TEHUSX.

[Tpu pacuere 3a/5a9 B HaYaJ€ CIETHOTO II1ara Pac-
cuntbiBaiorcss KI' u tpoitasie Touku. Kaxgaa KI'
PACCUUTHIBAETCS HA OJHOM M3 JIBYX IPOIECCOPOB, K

KOTOPBIM OTHECEHbI 00/1aCTH, 00Pa3yIoIIKe 3Ty rpa-
uuiy. Pacuer Tpoitaoit Touku aybsmpyercs Ha BCEX
[IPOIECCOPAX, PACCIUTHIBAIOIIUX 0OJIACTH, OKPY 2Ka-
folme 3Ty TpoiHyo Touky. 3arem KI' BeicTymaror
B Ka4eCTBE I'DaHUIL IIPpU PaCYeTe MATEMATUICCKUX
obnacreii. Pacuer objacreil BBITOJIHAETCS TIOTHO-
CTHIO HE3ABUCUMO. IDTO O0DOCTOATETHCTBO HUCIIOIB3Y-
ercs Jjid paclapaJule/InBaHUsT CIeTa M0 0DJIACTIM.
[Ipu sTOM 0OMeEHBI HEOOXOIUMBI TOJHKO Ha STAIlEe
pacdeTra KOHTAaKTHOI'O B3aUMOJENCTBU.

[Ipu MeK03epHUCTOM paclapaIe/IIBAHUN KazK-
nas objiacTh paszbuBaercs HA HADOD KOMNAKMOS.
Kaxmas gdaeitka OTHOCUTCH K OJHOMY U TOJIBKO O/I-
HOMY KOMIaKTy. KoMIakThl pasHbIX o0jacreii He
CBABAHBI JAPYT C japyrom. Jlekommosuiius JaHHBIX
IO KOMITaKTaM OCYyHIECTBJ/IACTCA 110 g4yefiKaM CeTKHn
npu nomornu 6ubamorexun ParMeTiS [6].

Ha ocnose kax/10ro KoMmakTa GOPMUDPYETCS Na-
paobaacmoy.  Mexay cocemauMu mapaodIaCcTaMu
OJTHO MaTeMaTUYecKoil 00/1aCTU UCIOB3YeTCsT Ha-
JIOXKEHUE B OJWH CJI0it siueek. K omHOMY mporecco-
Py MO2KeT OBITH OTHECEHO HECKOJIBKO Tapaobiacreil,
MOy YEHHBIX HA OCHOBE KOMITAKTOB OT PA3HBIX Ma-
remarudeckux obsacreit. Dopmar npejcraBieHUS
mapaobjacTu TaKoOW Ke, 4TO W [IJIsi MaTeMaTude-
CKOil 00J1acTH, MO3TOMY MpPU MPOBEJIEHUHN PACIETOB
Ha Heil UCIIOIB3YIOTCS Te K CaMble CUETHBIE AJIro-
PUTMBI C HEKOTOPBIMU JIOTIOTHEHUSAMU, CBSI3aHHBIMU
¢ 00paboTKOM TPUTPAHUIHBIX W TPUCOETUHEHHBIX
TOYEK.

Jlns perenns 3a/1a9u KOHTAKTHOTO B3auMO/Ieiic-
tBug (parments cropon KI' (cropona KI' — 310 no-
C/IeI0BATEIHHOCTH TOYEK OJHON 00JIACTH, JIEXKAITUX
ua manuoit KI') cobuparorcst Ha TOJIOBHBIX TIPOIEC-
copax 00pa3ylomnx ee MATEMATUIECKUX 0bJsracTei
u pacuer KI' mpom3BoauTCa Tak xKe, KaK IpH paciia-
pastesiuBanuu 1o obsiactaMm. JlanHble 1mo paccuu-
TAHHBIM T'PAHUIAM PACCHLIAIOTCS TPOIECCOPAaM, PAC-
cunThIBaiommM napaobsactu, npumbikaionme Kk KT

[Ipu wucnonbzosannu unrepdeiica OpenMP [7]
CYETHBIE IUKJIbI, UTEPAIUU KOTOPHIX MOIYT OBITH
BBITIOJIHEHBI HE3aBUCUMO JIPYT OT JIpyra, pacriapaJi-
JIEIMBAIOTCS O y3JaM Wan gddeifkaM. Takoit mom-
X071 TIO3BOJISIET UCIO/Ib30BaTh nHTepdeiic OpenMP
KaK COBMECTHO C DaCHapalIeMBAHUEM TO 00Ja-
CTSIM U C MEJKO3EPHUCTHIM paclapa/ijieIuBaHueM,
TaK U HE3ABUCUMO.

Meroabl pacrnapa/iieIMBaHus MOTYT WCIIOJIB30-
BaTbCs KAK OJJHOBPEMEHHO, B PA3/IMYHBIX KOMOUHA-
U4aX Jpyr C APYTOM, TaK M KaKJbI B OT/IEJIBHO-
cru. Beibop pexuma pacrapaJiieiuBaHusl 3aBUCAT

OT peIaeMoil 3a/1a4l U XapaKTEePUCTUK HCIIOIb3Ye-
Moit 9BM.
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2. PacnapanienunBaHue
II0 CYETHBIM 00JIaCTAM

Ha Bepxmem ypoBHe pacrmapaJiieTHBaHue OCyIIe-
CTBJIAETCA 110 MaTeMaTU4YE€CK1M O6.Ha,CTSIM B MO/JIeJ/In
pacupejenennoii namsaru. Takoil Meron pacuapad-
jenuBanus (6e3 UCIOMB30BAHUS MEJTKO3EPHUCTOTO
pacnapaJsIe/IMBaHus) UMEET Dsijl MOJOKUTETbHBIX
0CODEHHOCTeI]:

1. He tpebyerca MOMOTHUTEIHHON TEKOMIIOSHIIII
JIAHHBIX TI0 TPOILECCOpPaM, WCIIOJb3YETCs Cy-
[IIECTBYIOIee pa3bueHne Ha MAaTeMaTHIECKHe
obJtacTm.

2. Jljist pacderoB UCHOIB3YIOTCA T€ XKe aJrOpPHUT-
MBI, 9TO W B IIOC/I€JOBATEJIBHOM DPEXKHME CYUe-
ta. He Tpebyerca cymecrBenHOil MoamduUKa-
oy 1MOCJIE0BATC/IBHBIX IIPDOTPAMM:  CYETHBIC
IPOrPAMMBI OCTAIOTCA 663 N3MEHEHMIl, a MOTH-
duKaIIN I0IBEPTAIOTCS TOJIBKO YIIPABJISAIOIIIE
IIPOrpaMMBbl.

CYEeTHBIM 00J1aCTAM
B paMKaxX METOINKHN

PacnapannenuBanue 10
Peain30BaHO, HAIPHUMED,

JIMK [8].

KosimviecTBO uCHOIb3yEMbIX IIPOIECCOPOB
U JIEKOMIIO3UIUA JAaHHBIX JJIs pacnapaJsijie-
auBaHus no obsactsaMm. [lpm pacmapaniennBa-
HAH 110 00s1acTsM (6e3 NCIoNTb30BAHUST METKO3EPHH-
CTOTO pacnapaJsleJIMBaHus) MAKCUMAJbHOE KOJIU-
YECTBO BBIYUC/IUTE/IBHBIX Y3JI0B, KOTOPbIE MOXKHO
3a/IeficTBOBaThH, PABHO KOjudecTBy objacreii. Pas-
OueHue 3aJa4y Ha CYETHBIE O0JIACTU BbIIOJIHSETCS
Ha JTalle pacuera HaYaJbHBIX JaHHBIX. V3-3a pas-
JITYHOTO KOJMYECTBA TOYEK, BEIIECTB, UCIOJIb3ye-
MBIX TPUOIUKEHUN W CYETHBIX IPOIECCOB B 00Ja-
cTX 00beM BBIYUC/IEHUN, MTPUXOISIINXCT Ha KaxK-
JIyI0 00JIACTh, MOXKET CYIIECTBEHHO DPa3IMIaThC.
ITo »T0it mpuumHe NMpU OTHECEHUU K KAXKJOMY BbI-
YUCTUTETLHOMY Y31y 0 0/HOI 001acTit 3 HeKTUuB-
HOCTD PACTAPAJIETMBAHNS MOKET OKA3aThCs HEBbI-
cokoit. [jg Toro urobel pemuth 3Ty mpobemy, B
pamkax meroguku TUIM-2D peanm3zoBaHa BO3MOK-
HOCTBH OTHECEHUAd HECKOJIbBKUX CYHETHBIX O6.HaCTefI K
ompromy MPI-tiporieccy (uiu BBIMUCTHTETHHOMY Y3~
JIy), T. €. HA OJHOM Yy3Jieé MOXKET DPaCCINTBIBATHCS
He OHa CYeTHas 00J1acTh, a HECKOIBKO. bBiaromapst
9TO# BOBMOYKHOCTH, KaK IIPABUJIO, YAAeTCsd cOaaH-
CUPOBATH BBIYNCIUTENBHYIO HArpy3ky. Ilpm srom
YMEHbIIACTCA KOJIMYIECTBO Sa,ILeI‘/‘ICTBOBa,HHI)IX Ipo-
IIECCOPOB, HO YCKOPEHUE OCTAETCS MPUOIU3UTETHHO
Ha TaKOM K€ YPOBHE, 9TO U C UCIIO/Ib30BaHUEM MaK-
CUMAJTbHOTO KOJIUYIECTBA ITPOIECCOPOB.

PaccmoTpum BoOmpoc 0O JEKOMITO3UIIAU ¥ KOJIU-
YeCTBE WCIOJB3YEMBIX IIPOLECCOPOB Ha, IPUMEPE.
IIycrps obacts perenus 3aja4u cocront us 6 od1a-
creit. B obsractax coorsercrBenno 100, 50, 40, 30,
10 u 5 TBIC. g9eeK, 0bIIee KOJIMIECTBO T9€€K B 3a/1a-
ve — 235 Toeic. i mpocToThl OyeM cUuTaTh, YTO
CpeJHee BpeMd Ha pacyeT OJHON d4eillKu BO BCeX
obsracTax onmHAKOBO. PacmapaJuiesimBaHue B MO-
nenu obreit maMaTu He yuuTbiBaercd. llpm pac-
napaJ/uie/IMBaHuu M0 00JIaCTsIM yCKODEHHE HE MO-
KeT OBITh DosbItie, ueM B 2,35 pasa, Tak Kak ca-
Mas bosibinasi obacth cocrouT u3 100 ThIC. sdueexk.
Wcnonb3ys 1eKOMIO3UIMIO HA 1B TPOIECCOPA CJie-
nyorero suga: /1,0,0,0,1,1/ (obmactu 1, 5 u 6
OTHECEHBI K mporieccopy 1, obinactu 2—4 — K mpo-
neccopy 0), mosydaem OIEHKY yCKODEHUSI CBEPXY
1,96 ¢ sacddexruBHOCTBIO pacnapaienusanus 98 %
(37€ch B OIEHKAX HE YUUTHIBAETCS BPEMsi HA Opra-
HU3AIWIO TTapaJIIe/IbHBIX BEIUUCIEHUH 1 0OMeH TaH-
HbIME). [Ipu 1eKOMIO3UINN HA TPH TIPOIECCOPA BU-
na /1,0,2,2,0,0/ (obmacts 1 oTHECEHA K TIPOLIEC-
copy 1, obsactu 2, 5, 6 — x mpomeccopy 0, oba-
¢t 3, 4 — K IPOIeccopy 2) mosryIaeM OIeHKY YCKO-
penns ceepxy 2,35, a addexrusnocts 78,3 %. Ipu
UCIOIb30BAHUN OOJTBIIIET0 KOJIUYECTBA IIPOIECCOPOB
OIIeHKA YCKODEHUs OCTAHETCS TOM XKe.

CJ02KHOCTb 1IPU BBIIIOJIHEHUU JIEKOMIIO3UIMHU B
aBTOMATHYeCKOM pexkuMme B Meromumke THUM-2D
CB43aHa C TeM, 9YTO HEKOTOPbBIEC CICTHbIC aJITOPUTMbI
TPeOYIOT PA3/JIMIHOr0 00'beMa BBIYUCICHUN HaA Pas-
JINYHBIX dTAllaX pacdeTa, MpudeM oO0beM BBbIUUCTIe-
HUNA MOXKET MEHATHCA B OINPOKUX MIpeae/iax Ha IIPo-
TSYKEHUN JTayKe HECKOJbKUX CYeTHBIX maroB. Q-
HUM U3 TaKUX aJrOPUTMOB, HAIPUMED, SBJISETCS
Koppekuust caernoit cerxu [9]. st Toro arobsr us-
0exKaTh BJIUSAHUS KOHKPETHOI'O CYETHOTO Ilara, je-
KOMIIO3UIIS OCYIIECTBJISETCS HA OCHOBE HHQOPMa-
mrm o Bpemenn cdeta 100 maros. Wcxoms ms 3Toit
uHGOPMAITMY MUHUMUBUPYETCs MaKCUMaJbHAs 3a-
rpy3Ka MporeccopoB. Takast OleHKa MTPOU3BOIUTCS
npu JeKOMIIO3UIUU Ha ABYX U 60.}188 BbBIYUCJ/INTEIb-
HBIX y3J/1aX (70 MAKCHMAJIBLHO BO3MOXKHOTO KOJIHIe-
CTBa, PAaBHOrO Kom4ectBy obsacreii). Ha ocuose
[OJTy YEHHBIX OIEHOK KOJIUMYECTBO IIPOIECCOPOB s
pacdera 3a/1a4u BHIOMPAETCS TaK, YTOOBI MOJTYUUTH
MaKCUMaJIbHOE YCKOPEHUE, HO IIPU 9TOM BbITOJIHSITH
pacder C JOCTATOYHO BBICOKOI 3(hHEeKTUBHOCTHIO.
B npencraBierHOM npuMepe MaKCUMAJIBHOE YCKO-
peHue JIOCTUraeTcsd Ha TPEX IIPOIeccopax, HO 3d-
(EeKTUBHOCTb OKA3BIBAETCS TIPU STOM HE CUIIKOM
BBICOKOTA. ,H.HSI OIITUMAJIBHOI'O UCIIO/JIb30BAHUA BbI-
YUCTUTETBHON CUCTEMbl MOXKHO TIPOBECTH pacdeT
HA JIBYX IIPOIECCOPAX C HEDOJIBINNM yMeHbIIIeHU-
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eM yCKOpeHwus, HO C 3(pHEeKTUBHOCTHIO, OJM3KONH K

100 %.

Pacuer rpanun mexkjy MaTeMaTUYIeCKUu-
mu obgactamu. OuH W3 OCHOBHBIX BOIIPOCOB
IpU pacnapajyieuBaHuN CYeTa M0 MaTeMaThde-
CKUM ODJIACTSIM CBsi3aH C PACYeTOM KOHTAKTHOTO
B3aUMOJIEHCTBUAST MeXKJy O0JACTIMU U PACIETOM
TPOIHBIX TOUEK (TOUEK, B KOTOPBIX CXOJUTCS Ootee
neyx KI'). Tak, B meromuke /IMK [8] pacuer kon-
TAKTHOI'O B3aUMOJIEHCTBHUS OCYIIECTB/ISIETCS HA IO-
JIOBHOM TIpOIieccope 3ajiauu. B pesysbrare Ha KaxK-
JIOM CUETHOM IIIare MOABJISIeTCs MOC/IeI0BATETbHbII
y9IaCTOK, TOJOBHOW MPOIECCOP 3HAYUTENBHO TIepe-
rpyzkeH obmenamu, a Bo Bpems pacdera KI' Bce
MPOIIECCOPBI, KPOME TOJIOBHOTO MPOIECCOPA 3a/1a4H,
npocranBaior. Takum obpaszom, pacuer KI' crano-
BHUTCS "y3KUM MecTOM", 9TO IPUBOINT K CHUKEHHIO
5bHEKTUBHOCTH paCTapaslie TMBAHUSI.

B meromuke TUM-2D 310 06CTOSATENBCTBO yUTe-
HO ¥ pacrapaJjiieliBaHie Peajn30BaH0 TAKXKe IPHU
pereHnn 3a/1a9u KOHTAKTHOIO B3auMojieiictBust. B
TUM-2D pacder rpaHUIBI MeXJTy IBYMsd MaTe-
MaTUIECKUMU 00JIACTSIMU TPOUBBOJUTCS HA OIHOM
n3 JABYX MPOIECCOPOB, PACCIUTHIBAIOIIIX OOIACTH,
dopmupyrtorue 31y rpauuity. [locie sToro nndop-
Malnsi O TPAHWIE MEPEIACTCS BTOPOMY ITPOIIECCO-
py. 3a cYer TOro UTO y KaxK/I0# 001aCTH HECKOTBKO
rpanur (He MeHee 2, a, Kak mpasuio, 4 uiun 6osee),
pacyeT IPAHUI] PACTaPALICTUBACTCI U3-33 PACIPE-
JiejieHus obJsracTeil Mo pa3sHbIM IIPOIECCOPAM.

Pacuer tpoiinoit Touku Tpebyer HEOOIBIIIOTO
o0beMa BBIYUCJIEHUH W 109TOMY jy0supyercs Ha
BCEX IMPOIECCOpPaX, PACCUUTHIBAOMINX 00/1aCTH,
OKPYZKaIOIIye 3Ty TPOMHYIO TOYKY.

Pacdyer BpemMeHHOr0 miara B napaJjijieJibHOM
pexxkume. Opranmsanus paciera B IHapajlIeIbHOM
pEXKKUME MMEEeT HECKOJIbKO OCODEHHOCTEM, CBs3aH-
HBIX C HEODXOIMMOCTBHIO BBIIOIHEHNsT 0OMEHOB, KO-
TOpbIE OIUCHLIBAIOTCA HUXKe. Pacuer 3aaa4u cocro-
uT U3 I0CJIeJ0BATEC/IbHOI'O BBIIIOJTHECHU A BpeMeHHbIX
[IIaroB, IIOKA He Oy/IeT JTOCTUTHYTO YCIOBHE 3aBep-
meHus: pacyera. Kpome Toro, B KOHIE JIFOOOI0 Bpe-
MEHHOTI'O I1ara MOT'YT BBIIOJIHITHCA PA3INIHBIE Cep-
BHCHBIE OIIEPAIIAHN, TAKKE KaK [I€YaTh BbIIaY, COXPa-
HeHme daiiia-pa3pesa u ap.

Hemocpeacreenno pacder BpeMEHHOIO Iara Co-
CTOUT U3 CJIeYIOMINX OCHOBHBIX ITAIOB:

1. Pacuer KOHTAKTHOTO B3aMMOJEHCTBUS MEYKLY
MareMarudeckuMmu objiacramu. Pacuer HOBOro
nosioxkeansg KI' m TpoMHBIX TOUeK.

2. Pacuer maremaruueckux 00J/iacTeil C MCIIO/b-
soBanmem uadopmanuu o nonoxkennn KI' (KT
BBICTYITAIOT B KAYECTBE I'PAHUIL MaTeMaThde-
cKuxX obsiacreit).

3. BaBepirenne TEKyIIero CYeTHOro Imara, op-
MUPOBaHME JAHHBIX JJIs CJIEIYIOIIEr0 CYETHO-
ro 1ara.

4. ®opmupoBaHue TaOIUIBI IPEPHIBAHUI U UX 06-
paboTka.

OnwuireMm anropuTMbl BBIITOJHEHHS 3TUX IIAr0B B
pexkuMe ¢ paciapaJsiie/IMBaHueM B MOJIEIU paciipe-
JEJIEHHOW TTaMATH.

Pacuem wouwmaxmmnozo e3aumodeticmeus. Pac-
ger KI' mexiy aBymsi mMaremarudecKuMu 0071a-
CTSIMU BBITIOJTHSAETCSI HAa OJHOM U3 JIBYX IPOIIEC-
COPOB, PACCYUTHIBAIONIUX 00aCTH, (POPMUPYIOIIHE
51y KI' (06MeHBI IPpOU3BOIATCS TOTBKO MEXK/TY ITOM
napoii nmponeccopos). Ecamum KI' pasumensier ase
00J1aCTH, pACCIUTHIBAEMBIE HA OJHOM U TOM YK€ IPO-
eccope, To KI' paccanThiBaeTCss Ha 3TOM IIPOIIEC-
cope 6e3 BbIOJHEHWA OOMEHOB, TAK K€, KaK B II0-
ceoBaTeIbHOM pekuMme. BHerrHue rpaHulibl, Ko-
TOpBIE Ji TPOCTOTHI TakKe Oymem HazbiBaTh KI
PaCCIUTHIBAIOTCS HA, TOM K€ IIPOIECCOPE, UTO U CO-
OTBETCTBYIOIAsi UM CUeTHas 006Ji1acTb, 6e3 BBIOJI-
HeHus 0OMEHOB.

KI' dopmuupyercss u3 rpanuvnbix TOYeK 0OJia-
creit, ee obpasyromux. IlociegoBarenbHOCTD TO-
qek omHoit obsractu Broab KI' HazbiBaeTcs CTopo-
woit KI'. Buyrpennue KI' cocrogar u3 aByx cTopoH,
BHeIIIHNE — u3 O/HOI. B mapasiiesbHOM pekume
CTOPOHBI PA3JE/IAIOTCI HA C80U W HYdiCue B 3aBU-
CUMOCTH OT TOT'O, KaK PacCIpe/iejieHbl 00JIaCT 10
npotieccopam. Cropona KI' aBsiercs: cBoeit 115 Te-
KYIIIEro mpoIeccopa, ecin obpasyrorias ee 06,1acTb
PaCCUYUTHIBAETCS Ha ITOM IIPOIECCOpPEe, W Uy¥KOM B
NPOTUBHOM Cjaydae. B mociieoBaTe/ibHOM PERMME
BCE CTOPOHBI CBOW.

Pacuer KOHTaKTHOrO B3aMMOEICTBUS B MapaJi-
JIGJIBHOM DPEXKUME MPOU3BOJUTCI IO CJELYIOMIEMY
agropurmy (6s0ku 2, 4, 6, 8 BBIIOTHAIOTCS B TIa-
PaJLIeIbHOM PEXKUME CUeTa):

1. @opmuposanue cBoux CTOPoH st Kax1oit KI.
2. O6men wundopmanueit o croponax KI' (cBom
OTIPABJIAIOTCS, 1y 2KHE TPUHUMAIOTCH ).

Bce mnociemyiomne omeparuu  BBITIOIHSIIOTCS
ToabKo A1 TeX KI') KoTopble paccunThIBalOTCA
Ha, TEKYIIEM IIPOIECCOPE.

3. ®opmupoanne KI' u3 cTopos.

4. O6MmeH Mex Ty mporeccopaMu nHGpOPMaIeir o
copyupoanabix KI.
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5. Pacder yckopennmit m ckKopocTeil Iad TpaHWI-
HBIX y3J/I0B cBOMX ObJjiacreil.

6. Ilonygyenme mporeccopoMm, pPaCCUUTHIBAIOIIAM
KT, undopmarmu o ayxoit cropore KI' (sta
nHMOPMAITUS TTOATOTABINBAETCS W OTIIPABIISI-
€TCs MPOIECCOPOM, PACCUUTHIBAIOIINM COCEJ-
HIOIO 00J1aCTB ).

7. Pacuer KOHTAKTHOTO B3aMMOIEHCTBUS BIOJb
KT Ilomyuenne HOBBIX KOOPJINHAT U CKOPOCTEIH
touex KI.

8. Ilepecwiika paccunTtannoit KI.

9. Pacuer TpoiiHBIX TOYEK.

Pacuem mamemamuneckux obaacmeti. Ilocie
pacuera KI' pacuer wmaremarmaeckmx obsracreit
IPOM3BOJIUTCS TaK Ke, KAK B IIOCTIeI0BATEILHOM pe-
JKUME, 38 UCKJIFOYEHUEM TOr0, 4TO CYeTrHas 00J1acTh
OTHOCHUTCsT CTPOTO K OJHOMY IIPOIECCOpy (paccdan-
TBIBAETCS TOJBKO STUM MporeccopoM). Hwukakmx
0OMEHOB Ha 9TOM JdTalle pacdera He IPOU3BOAUTCH.

3asepwenue cuemmnozo waza. Ilpm 3aBeprre-
HUU CYETHOTO INara 3a2040604HasA WHMOpMAIU
060 Bcex obacTax (wanka) nepesaeTcss roJOBHOMY
[IPOIIECCOPY 3aa4u i ONPEIEeHIsS CIeIYIONIEr0
CYETHOTO IIIara, a Takxke (pOpMUPOBAHUS TaOIUIBI
pepbIBaHmil 1 ee 0OPaAbOTKH.

lonoBHO#T mporieccop 3a/auu TPUHUMAET IITATKT
Bcex objacreil, dpopMupyer JaHHbBIE s CIEIYIO-
[IEro CYETHOTO mara u tadsuny npepbiBanuit. Ta-
O/i111a, TIpepbIBAHUN PACCHLIAETCA BCEM MPOIECCO-
pam. Kaxkaprit rosioBuoi mporeccop obJiactu mpu-
HUMaeT u obpabarbiBaeT TAO/IUIly MPEPhIBAHUI, U,
€c/I OHA He IyCTasd, BBIIOJHIETCS COOTBETCTBYIO-
mas cepBucHas QYHKIUs, HAIPUMED [1€9aTh BbIIa-
4n, coxpaHenue (aiiia-pa3pesa, 3aBeplieHne cue-
ta. Ecau mocie o6paboTKu 0YepensHoro mpepbiBa-
HUA 6I)IJH/I BBITIOJTHEHBI KaKWEe-TO CEPBUCHBIE OIle-
panun (KpoMe, eCTeCTBEHHO, 3aBEpIINEHUs CUEeTa),
TO TOJIOBHOM TTPOIIECCOP 3a7a9r CHOBA (DOPMUPYET
TabJInIly TPEPbIBAHUi W PACCHLIAET €€ OCTAJIbHBIM
npotieccopaMm. Tak mpomosKaercs 10 TeX mop, Ho-
Ka He Oyzer pa3ociana mycras TabJnia IpepbiBa-
HUIl — B 9TOM CIydae HAYUHAETCS PACUET CIeIyIo-
IIIEr0 BPEMEHHOr'0O IIara.

3. PacnapaniesmBaHue B MOJEJIU
o011ieil MaMsiTu C UCIIOJIb30BAHUEM
narepdeiica OpenMP

JLnst pacnapaJiie/inBaHusi Ha HUXKHEM YPOBHE UC-
MOJIb3yeTCsd MOJeb o0Ieil mamaru u uHTepdeiic

OpenMP. 9t1o pacnapannenuBanne 6a3upyercs: Ha
CIeAyonmnx OCHOBHBIX MPUHIIUITIAX:

1. PacnapainennBanue wTeparuii CIETHBIX IIU-
KJIOB, TAKUX KaK IUKJIbI [0 y3/JaM U sdeii-
KaM CYeTHO# ceTkW. Takoe pacmapasienn-
BaHue Hambojiee MPOCTO Peaau3yercd B MO-
Jlesin oOIeit maMsATH U TO3BOJISET UCIIOIb30-
Barb OpenMP coBmecTHO ¢ Apyrumu crocoba-
MU pacrapaJsiieTiBaHus.

2. HeszaBucumoe pacmapasiesnBafie KazKI0ro
cuetHoro 6jioka. Ilpm 3TOM BHYTpH KaXKI0-
r0 CIETHOTO OJIOKA KOMUIECTBO MapasIe bHBIX
obaacreit OpenMP munnMwusuposano. Pac-
napaJsiieTMBaloTCd CYeTHbIE OJI0KU, (PYHKIINO-
HUDPYIOIME B PAMKaX MaTeMaTHIeCKOil obJia-
ctu. OparMeHTsl MPOrpaMMbl MEXK/Ty CUETHBI-
MU OJIOKAMY BBITOJIHAIOTCS TIOCIEI0BATEIBHO.
B mocnenoBaTeibHOM pEXKUME BBITOIHSIIOTCS
mepexosi oT 006j1acTu K 00J1acTH, pacuer KOH-
TAKTHOI'O B3aUMOJIEACTBUS, BBIIOJHEHUE CEP-
BUCHBIX Ollepaluil.

CnemoBanrie 9TUM [PUHIUAIAM TIO3BOJISIET UC-
nosib3oBarh OpenMP kak orzne/bHO, TakK U COB-
MECTHO C paclapaJuie/IiBaHuEM B MOJIEIH pacIpe-
nejieHHON nmamsaTtu. [lpw pacrnapasiieluBaHuu 110
00J1aCTSIM  paciapaJiie/InBAIOTCs CUYETHBIE ITUKJIBI
mo sueiikam u y3jam objactu. llpm menkozepHu-
CTOM paclapaslIeIMBaHUN B IMAPAJIETbHOM PEXKU-
M€ BBITIOJTHSIOTCA T€ K€ CaMble IUKJIbI, HO B PaM-
Kax 1mapaobsacTu (BHyTPEHHEE PEeICTABICHNE Na-
paob.1acTu Takoe Ke, Kak CYeTHO obaacTn).

Jng peanuzaiiuy pacrapaiie/IiBaHus B Hada-
Jie KaXKJOro CYEeTHOro OJIOKa W Iepej] CYETHBIMU
[UKJIAME, KOTOPbIE JOJKHBI BBITTOTHATHCS MTapaJi-
JieJibHO, mobaBigarorca gupekTuBbl OpenMP. 9t
JIUPEKTUBBI SIBJISIFOTCST  CHEIUAJIbHBIMA KOMMEHTa-
pusiMu, KOTOpble UTHOPUPYIOTCS IMPU MIPOBEIEHUN
pacueroB 6e3 ucnonbs3oBanus OpenMP.

4. PacnapaJnennBaHue
B MOJeJI CMEINaHHOI maMsaTu

[Ipm pacnapasieluBaHUM B MOJIEN CMeIIaHHON
MaMATU B PaMKaX KazK/J0T'O0 BbIYUC/IUTEJIBbHOTO y3J1a
BBITIOJTHSIETCST OJIWH Tporiecc. KarK bl Takoil mpo-
1ecc BeICTyIIaeT B KadecTBe MPI-miporecca n nmeer
HoMep (Kak 910 npuHsaTo B crangapre MPI [4]) or
0 mo0 N —1, rme N — ob1iee KOJIMIECTBO UCIIOIb3ye-
MBIX BBIYUC/IUTE/IBHBIX Y3JI0B [Jjid PacdeTa 3aJa4U.
MPI-upormecc ynpasisger pacieroM 3a/a49u B paM-
KaX BBIYUCIUTETHLHOTO y3ja, npoussogur MPI-o06-
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MEHBI, SBIAETCS 2040610t Humblo mas OpenMP-
pacnapa/uiesmBaaus [5] B pamMkax 9TOro yaia.
MPI-trporiecc BBITIOTHSIET UK/ IO CYETHBIM 00J1a-
CTAM 3aJa4d, HO pacdeT obJacTeil, OTHECEHHBIX K
APYTUM y3JaM, TPOITYCKAET.

B pavrax xaxka0oro BEIYACIUTENRHOTO y31a MPI-
MPOIECC TPOM3BOJUT TMOPOKIEHNE TAPAICTHHBIX
mureit OpenMP njig npoBenenusi pacaeroB 00J1a-
cTeif, OTHECEHHBIX K JAHHOMY BBIYUCIUTETHLHOMY
y3ay (m Tonmbko 3tmx obsacreit). O6gacTBIO MO-
KET dBJIATHCA KaK MaTEMaTU4YECKad O6.HaCT]), TaK
n mapaobsacTh, B 3aBHCHUMOCTH OT PEXKUMA TIPO-
BeseHust pacuera. Takum obpasom, OpenMP-
pacmapaJiieTMBaHne HUKAK He 3aBUCUT OT Pacla-
PAJLTETTMBAHUS B MOJIE/IA PACIPEIETIEHHON TaMSITH.

5. MUWUccnenosanue 3pPeKTuUBHOCTU
pacnapaJiie/IuBaHus

Uccnenosanme 3sddekTuBHOCTH pacmapasiiein-
BaHUA ITPOBOJUJIOCH 110 JIBYM OCHOBHBIM HAIIPaBJIEC-
HUSIM:

1) B 3aBUCMMOCTH OT PEXKMMOB DPaCIapa/iienBa-

HUS U KOJTUIECTBA TTPOIECCOPOB;
2) B Mozesn 001Ieli TaMsITH B 3aBUCHMOCTH OT KO-
JINYECTBA CYETHBIX TOYEK.

B kauecTtBe xapakTepucTuk 3MQEKTUBHOCTH
PACTapAIIETMBAHUS MCTIOIB30BATNCEH CIEIYIOIIIEe

dyHKITHAN:

ty
S = T YCKOpEHHE CYeTa,
P
E, = 171;7 -100 % — sadpdexrusHocTs paciuapall-

JICJIMBAHUSI,
rjie t; — BpeMs pacdyera Ha OZHOM IIPOIECCOPE KC-
nosib3yemoit mapasiensuoit 9BM (nocienosaresns-
HBIIl PEXKUM CUeTa), ¢, — BpeMsl CueTa Ha, p IIpoIec-
copax.

HUccraenoBanue 3¢pHeKTUBHOCTH pacHapaJi-
JIEJINBAHUS HA PA3JINIHOM KOJIMYECTBE IIPO-
IECCOPOB B PpPAa3JIMYHBIX PEXKUMax CYeTa.
Hnsg uccnenoBanus 3HPEKTUBHOCTH JIBYXYPOBHE-
BOI'O paCIapaJIe/TUBAHUS B PA3JIUIHBIX PEKIMAX
cueTa OBLIA MCIOIB30BaHA 3aa9a 00 00XKaTum Iu-
JIMHIAPA PABHOMEDPHBIM JABJICHHIEM.

PaccmarpuBaercs numuaap paguycoMm 1 u BbICO-
toit 64. Bce rpanuiibr, Kpome 60KOBOI TOBEPXHOCTH
MIINHAPA, ABIAIOTCI HCECmKuMU cmenkamu. Ha
OOKOBOl MOBEPXHOCTH IUJINHIPA 33a€TCs TOCTO-
SHHOE 110 BpeMeHH Japjenue P, = 5. Bemecrso —
UJIeaJIbHBIN ra3 ¢ moKa3arejieM ajgunadaTsl 7 = 3.

Haganpuble ycmoBug: IJIOTHOCTH paBHA 1, CKO-
pOCTb, Heprud u Jlapjienue papubt (.

Obaacrb pemenust pasdbuBaiach Ha 64 cyerHble
obstactn pasmepom 1 x 1. Pasbumenne na obiactu
npuBeseHo Ha pucyrke. ObacTu HyMepyTCs Cie-
Ba HampaBo oT 1 10 64. B kadecTBe cuUeTHON CETKM
BBIOpaHA YeThIPEXyTrobHALA CUeTHAS ceTKa. B Kax-
ot obactu Opastack paBHOMepHas cerka n3 10 000
SIEeK.

0,0 10,0 20,0 30,0 40,0 50,0 60,0
[

Pazbuenne na obmacTy 3aa9u 00 00XKATHN [TAJTHHIPA

PesgynpTaTel pacuera 3a7a9n B Pa3HBIX PEKUMAX
U HA PA3JIUIHOM KOJMYECTBE ITPOIECCOPOB ITOJIHO-
CTHIO COBIIAJIAIOT.

JlaHHbIE O BpeMeHU TIPOBE/IEHNs PACUETOB CIPYII-
MUPOBAHBI B TaDWIE: B TabI. 1, 2 — pacders 6e3
ucnonb3oBannsg OpenMP (B mozmenn pacmpeneses-
HOP mamMsaTH ¢ pacnapaJjieMmBaHueM 110 001acTsam),
B Tabs1. 3 — ¢ ucnonszosannem OpenMP (pacuery B
Mojiesin obIeil maMaTH COOTBETCTBYET CTPOKA JIJis
8 mporeccopos, pacderaM B MOJIEJ/IM CMEITAHHON I1a-
MATU — CTPOKHU JJIs 9HUCJIa IPOoIeccopoB oT 16 mo

Tabruua 1
XapaKTepUCTUKHI pacdeToB B MOJIEJIU pacipe/ie-
sgenHoit namstu (MPI)

Kon-Bo Obuiee Bpe- Yckopenue, DdderTus-
OpPOLIECCOPOB Ml CY€Ta, C  YHUCJIO Pa3  HOCTh, %
1 5397,7 1,00 100
2 2731,2 1,98 98,813
4 14272 3,78 94,55
8 770,8 7,00 87,54
16 377,9 14,28 89,27
32 201,0 26,80 83,8
64 110,3 48,92 76,44
Tabauya 2

ITorepu 3 dekTuBHOCTA TP MAKCUMATBHOM KO-
JnYecTBE 0OMeHOB

Kon-Bo Bpemsi  Yckopenwe, d-uocts, Ilorepu
opo- cdera, ¢ HYUCIO Pa3 % 3¢-ru,
EeCCo- ; : -

pop Max min max min max min %
4 15181427 3.6 38 839 945 56
8 824 771 66 70 81,9 875 56
16 38 378 14,0 14,3 87,5 89,3 1.8
32 229 201 236 268 738 838 10,0
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Tabauya 3
XapaKTepUCTUKNA PacYeToB B MOJEJHN CMeIaH-
Hoit namsaru (MPI + OpenMP)

Kon-Bo Bpemsa Yckope- Dddek-
IPOIECCOPOB pacuera, Hue, TUBHOCTD,
(MPI x OpenMP) c THCII0 pa3 %

1 (I1x1) 53976 1 100
8 (1x8) 1250,2 4317 53,97
16 (2 x 8) 615,927 8,763 54,77
32 (4x38) 295,725 18,252 57,03
64 (8 x8) 165,455 32,623 50,97
128 (16 x 8) 97,237 55,510 43,37
256 (32 x 8) 59,605 90,557 35,37
512 (64 x 8) 39,735 135,8 26,53

512). B rabaunax npusenenbt 3nadenus 3bdek-
TUBHOCTY PaCIapaJlie/IBaHUsI, IOy YeHHbIE Ty TEeM
3aMepoB BpeMenn pacdeta 2000 maros Ha 0THOM I
HECKOJIBKUX MPOIECCOPaX.

PacnapannenuBanme B MOJEIU pacHpeeeHHoi
MaMsITH TTOKA3bIBAET JOCTATOIHO BBHICOKYIO ddek-
TUBHOCTH Ha PA3JIMIHOM KOJMYECTBE TPOIECCOPOB.
Hampuwmep, na 64 nporeccopax 3pheKTuBHOCTE CO-
crasister 76,5 % (cm. rabu. 1).

[Ipu oTHEcennn ABYX cocegHux 0bJacTeil K OHO-
My W TOMY 2K€ TIPOIECCOPY IpPU BBIYUCIEHUN KOH-
TAKTHOI'O BSaI/IMO,ILeI‘/‘ICTBI/IH O6MeH HE IIPpOMU3BOAUNT-
ca. B Tabn. 2 mpuBeneHbl 3aMepbl BpEMeHU CYETa
u 3pHEKTUBHOCTU pacrapasiieIuBaHus ITPU ITPOBe-
JIEHUU PACIETOB B MOJIEJIN PACIPEIEIEHHON MTaMsITh
B peXKuMe, KOIJIa 33 OJHUM IIPOIECCOPOM 3aKperl-
JISTIOTCS COCeHMe W Hecocemgnne obaactu. B mep-
BOM CjIy4da€ paCHde€Thbl IPOBOAATCA C MUHUMAJIbHBIM
KOJTUYECTBOM OOMEHOB, BO BTOPOM — C MaKCHMaJTh-
HbIM. HpI/I JEKOMITIO3UIINM C MaKCHUMaJIbHBIM KOJIN-
gecTBOM 0O6MeHOB (CM. TabJI. 2) Ipu pacdere B paM-
KaX OJHOI'0 BBIYUC/IUTEJHHOTO Y3J1a, COCTOLAIIETO U3
8 upoueccopos, addexTusHOCTL Hajgaer Ha 5,6 %.
Ha 16 mpormeccopax majenue 3¢pdHeKTuBHOCTH CO-
crasiasger Mexee 2%, a Ha 32 upoueccopax JA0CTH-
raer 10%. Yro kacaercsa pacyera Ha 16 mpouec-
copax, TO HeOOXOJMMO OTMETUTH, YTO MOBBIIIEHUE
5bEKTUBHOCTH IO CPABHEHWIO C 8 MPOIECCOPAMM
npoucxonuT B 0boux pekumax. [lo-Bugmmomy, 310
CBSI3AHO C BJ/IUSTHUEM KOIII-ITAMSITH.

Kak BumHO M3 pe3ysibTaToB, MPE/ICTAB/IEHHBIX B
Tabs1. 3, 3¢ peKTUBHOCTH paciapaJiie/IiBaHus B MO-
Jesin o01teit maMsTu (7151 8 MPOTeCCOPOB) OKA3BIBA-
ercst Hu3koit — 54 %. 1o obbacHAETCS GOMBITM
koqmaectBoM KI' B mamnom pacuere (193 KI', u3
nux 63 — KI' mexay obnacramu), a pacuer KI' B

meromuke THUM-2D B Momesn ob61meil maMsITH B Ha-
CTOSIIee BPEMs HE PaCIapaJiie/ieH.

Heobxoanmo oTMeTHTh, 9TO TIPW pacyeTe aHajIo-
TUYHOI 3a7a9u B OJHOOOIACTHOI mocTaHOBKe (63
pacuera KI' mexky maremarndeckumu 00J1acTsivn)
B Mojzenu obieit mamsaTu 3pEPHEeKTUBHOCTb COCTa-
Basier oko10 90 %. Tlosromy jis moBbieHus 3¢-
GEKTUBHOCTHI HEOOXOANMO BBITIOTHSITE paciapaJiie-
suBanne pacdera KI' B momesnn obiieir mamMsT.

3aMeTnM TakKe, 9TO C yYBEJNIEHNEM ODIIero Ko-
JIMIECTBA, TIPOITeccOpoB 10 64 3ddekTuBHOCTD pac-
napaJsieMBaHusa OCTAETCA MPAKTUIECKHU ITOCTOsIH-
HO¥. DTO TMPOUCXOJUT BO MHOIOM OJ1aroapsi TOMy,
uro pacueT KI' B 3TOM ciyvae pacnapasuieimBaeTcs
3a caer MPI. C npyroii cTopoHbI, 3TO TO3BOJISIET HA-
JIeAThCs, 9TO PACIaPAJICTUBAHUE C UCIIOIb30BAHNU-
em OpenMP me O6ymer yxyamars 3(hdeKTuBHOCTH
pacrapaJjiieIuBanus, JOCTUTHYTON TPU MCIIOIB30-
Bauuu MPI. B nesiom MOXkHO OTMETUTH, 9TO B CIIy-
Jae pacnapasutenmBanusa pacdera KI' MoxkHO 0XKUI-
marh 3PPEKTUBHOCTY HE MEHBINE, YeM B PEXKUME
CYeTa Ha pacnpeneseHHON maMATH.

Uccnenosanue 3pdekTuBHOCTU pacnapaJi-
JeJIUBaHUA B MO/leJin 00Ieii maMsaTu B 3aBU-
CHMOCTHU OT KOJINYECTBA CUYETHBIX TO4YeK. Vc-
cnegoBanre dP@PEKTUBHOCTH PaCIaAPA/LICTNBAHISI
B MOJEJIM OOIIEil TaMsiTH HAIIPaBJIEHO TJIAaBHBIM 00-
pa3oM Ha BBIOOD ONTUMAJBLHOIO PAa3Mepa KOMIIAKTA
JIJIsE TIOJIy9eHUs MaKCUMAaJIbHON 001meit adpdexTun-
HOCTH B PEXKMMe TPEXYPOBHEBOI'O paclapaJLie/nBa-
HUs B MOJIEJTM CMENIAHHON TaMsTH.

st mccmenoBanust 3pOEKTUBHOCTA HUCITIO/IB30-
BaJIACh TECTOBAas 33Jada O TouedHOM B3pbiBe |10].
Pacuersl npoBOAMINCH € PABIUIHBIM KOJTMIECTBOM
TOYEK Ha JBYX THUIAX CETOK (YeThIPEXyrojbHAsi U
[IECTUYTOIbHAsT). Pe3ybraThl 3aMepoB IpUBeJIe-
ol B Tabut. 4, 5. 2Kupabim mpudTom B Tabiaumax
BBIJIE/ICHBI XaPAKTEPUCTUKHN PACIeToB, dpdexTun-
HOCTBb pacHapaJjjie/iMBaHus B KOTOPBIX OKa3aJiach
Boime 95 %.

Kak Bumao m3 tabman, mia gocTmkenns dddek-
TUBHOCTH pacnapaJsuienusanus dosee 90 % meobxo-
auMo (hOpMUPOBATH MapaodIaCTH € KOJUIECTBOM
ToyeK oT 2 1m0 10 ThIC. BHE 3aBHCHMOCTU OT THUIIA
HCIIOJIb3YEMOM CeTKU.

3akJiroueHue

Jlano ommcaHue MeTOJa TPEXypPOBHEBOIO pAacCIa-
paJulesinBaHus, pa3padaTbiBAEMOIo /i MEeTOAUKHI
TUM-2D. IlpuBogsarcs mepBbie pe3y/IbTaThl JIBYX-
VPOBHEBOTO DPACTAPAJIEINBAHAA B MOJEJN CMe-
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/IByxypoBHEBOe pacrapaJiaeanBaHue B MOJEJTH CMEIIAHHON NaMsTH JJIs pacdeTa 3a7a49 Ta30HHAMUKH. ..

D ddeKTUBHOCThL pacmnapajijieJIUBaHUA B pacye-

Tax Ha IlIeCTPIyI‘OJ'II:HOﬁ CeTKe

Tabruya

4 mamnoit maMsaTH, 3aMepbl 3O@EKTUBHOCTH B pa3-

JIMYHBIX PEXXMMaX paclapaslleJJMBaHus Ha KOJIU-

JecTBe mporeccopor 10 512. PeanmzoBamHoe pac-

IIapaJijieJINBaH€ IIO3BOJIAECT PACCUHUTBIBATDL 3aJda9H

6oee gem B 100 pas ObICTpee 1O CPABHEHWIO C TIO-
CIe0BATEILHBIM PEKUMOM CUEeTa.

B nmanpreitmem mmaHWpyeTca OCYIIECTBUTH pac-

mapaJstesmBanne pacuera KI' B momenn obimeit ma-
MATH U PEAJTH30BATH AJTOPUTMBI MEIKO3EPHHICTOrO
pacrapaJ/iie/ IMBaHus.

Bpems pac- Bpewms pac- Addex-
Kom-Bo  deta Ha qeTa HA  YCKO- THUBHOCTD,
sTIeeK 1 mponec- 8 mponec-  peHue %
cope, ¢ copax, ¢
100 0,040 0,017 2,353 29,41
500 0,215 0,050 4,300 53,75
1000 0,522 0,082 6,366 79,57
2000 1,121 0,155 7,232 90,40
3000 2,000 0,259 7,722 96,53
4000 3,096 0,365 8,482 106,03
5000 4,087 0,504 8,109 101,36
6 000 5,077 0,622 8,162 102,03
7000 6,432 0,817 7,873 98,41
8000 8,444 1,133 7,453 93,16
10000 10,689 1,451 7,367 92,08
11000 11,580 1,680 6,893 86,16
12000 13,277 1,977 6,716 83,95
13000 15,070 2,310 6,524 81,55
14000 17,010 2,643 6,436 80,45
15000 19,242 3,019 6,374 79,67
20000 26,622 4,300 6,191 77,39
40000 75,450 12,158 6,206 77,57
80000 197,048 31,586 6,238 77,98
120000 132,420 21,330 6,208 77,60
250000 268,387 42,128 6,371 79,63
500 000 528,460 80,520 6,563 82,04
Tabauya 5

D ddeKTUBHOCThL pacmnapaJjijieJIUBaHUA B pacye-

Tax Ha ‘IeTpreXyI‘OJ'IbHOﬁ CeTKe

Bpewms pac- Bpewms pac- Db dexk-
Komn-Bo qeTa Ha qeTa HA  YCKO- THBHOCTb,
sTIeeK 1 mponec- 8 mponec- penme %
cope, ¢ copax, ¢
1000 0,266 0,058 4,58 57,33
1500 0,515 0,07 7357 91,96
2000 0,755 0,094 8,032 100,40
3000 0,9 0,102 8,824 110,29
5000 1,615 0,187 8,636 107,95
8000 2,794 0,349 8,006 100,07
10000 3,838 0,441 8,703 108,79
11000 4,042 0,511 7,910 98,87
12000 4,316 0,583 7,403 92,54
18000 6,46 0,985 6,558 81,98
30000 8,352 1,298 6,435 80,43
40000 12,092 1,915 6,314 78,93
80000 34,29 5,37 6,385 79,82
120000 54,606 8,841 6,176 77,21
250000 127,763 20,216 6,320 79,00
500000 289,806 46,121 6,284 7855
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