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PazpaboTtana Mojenp HapauIebHON apXHUTEKTYphl MPOOIEMHO-OPHEHTHPOBAHHOTO IpoLeccopa.
C nenpro Bepu(UKAMM TONYYCHHBIX TEXHHUYECKHX PEIICHHH TPOBEICHO MOMACINPOBAHHUE
apXHUTEKTypBl Ha TECTOBBIX NpuMepax Ha 0Oaze kmactepa GPU ¢ nCHoOnb30BaHUEM TEXHOJIOTHH
CUDA. B pesynprate MOJEnb ITO3BOJMIA CHBIMHTHUPOBATH OTAENBHBIC OJOKHM M HCCIEIOBATH
BBIUHCITUTEIIBHBIE TIPOIECCHI, KOTOPhIE IPOTEKAIOT B UCCIIELyeMOM apXUTEKType.

Kniouesvie cnoéa: accOLMATHBHBIM IIOMCK, CEMaHTHYecKas ceTb, rpad, MHapasenbHble
BBIYHCIICHHS.

BBeaenne

WntennexryanbHas obpaboTka MH(pOpMannyd HepaspblBHO CBA3aHA C TaKMMU HAay4YHBIMH
oOmactsiMu, Kak 0oOpadOTKa CUTHAJOB W H300pa)XEHHUil, pacrio3sHaBaHHE 0Opa30B, CeMaHTHUYECKas
00paboTka 3HAHUN (METOABI MCKYCCTBEHHOTO MHTEUICKTA). [ paHUIlBI 3THUX 00jacTed JTOCTATOYHO
YCIOBHBI M CTHPAIOTCS TNPH CO3AaHUM KOHKPETHBIX NPHUKIAIHBIX WHPOPMALMOHHBIX CHCTEM.
CraHoBuTca Bce OoJjiee OYEBHUAHBIM, YTO HHTEIUICKTYAJIBHBIH aHamu3 HHPOPMALUM B KaXIOM
KOHKPETHOM cJy4ae TNpeACTaBisieT CcoOOW MOCIe0BaTeIbHOCTh PA3IUYHBIX, MOPOH JIOCTATOYHO
CJIOXKHBIX, MPOLEAYp 00paboTKU. BO3MOKHO, 1O3TOMY HHU OJMH OTACILHO B3SATHIH MaTeMaTHYCCKHIA
anmapar (MareMaTu4eckasi CTaTUCTUKA, HEHPOHHBIE CETH, HEUYETKHE MHOXKECTBA, CEMAHTUUECKUE CETH
U JIp.) HE B COCTOSIHUM 3()(DEKTUBHO PeIIaTh BCe MHOr00Opasie HHTEIIEKTYaIbHBIX 3aad.

Bonee TOro, -anropuTMBl HMHTEIUIEKTYalbHBIX BBIYUCICHHH HOCAT TepeOOpHBIA WU
KOMOMHATOPHBIN XapakTep, T:€. CIOKHOCTb M BpPEMs BBIYMCIICHUS 3a]ad BO3PACTAET HEIMHEHHO C
pPOCTOM 4Hncia nepeMeHHbIX. [10100HbIe aNrOpUTMBI HEPEAKO BKIIOYAIOT B KOHTYPHI YNPaBISIOMINX
CHCTEM pEaJbHOI0 BpPEMEHH, K KOTOPBIM MPEABSABIAIOTCS 0C000 BBICOKHE TpeOOBaHUS TI0
NPOM3BOJANTENBHOCTH. Kak clieicTBUE, CTaHOBHUTCS akTyalbHOW mpobieMa 3(h(eKTHBHOTO
pacrnapajyieIMBaHus BEIUMCIICHUH U UX pealn3alnu Ha cynepOBM, BBIUMCIUTENBHBIX KIacTepax WIH
npoOJIEeMHO-OPUEHTHPOBAHHBIX KOMIBIOTEPAX C OPUTHHAJIBHBIMH APXUTEKTYpaMH, T.€. CO3/aHUs
9 GEKTHBHBIX BHICOKOIPOU3BOIUTENLHBIX CIIEIUATBHBIX CPEJICTB BEIYUCIICHHH.

C onHOHN CTOPOHBI, MBI MM€EM MPHUKIAIHYIO 3a/ady, a CO BTOPOl CTOPOHBI — HEKOTOPYIO
anmaparHyio miaardopMy, Ha KOTOPO# 3Ta 3agada MoXxeT ObITh pemieHa. IIpomecc mpoeKTHpoBaHUS
MPOrpaMMHO-aNIapaTHON MHTEJUIEKTYAIbHON CHCTEMBI COCTOMT B BBIOOpE Kak CaMOW ammapaTHOH
w1aThopMbl, TaKk U pa3pabOTKe BCEro KOMIUIEKCA MOZEJEH, aJfOPUTMOB M, B KOHEYHOM CYETe,
nporpaMM Juid JaHHOM anmapatHod margopmbl. OuUeBHWAHO, YTO TPOLECC MNPOECKTHPOBAHMS
HeOpMalleH H COJIEPKHUT HEOTPAaHWYEHHOE YHCIO BO3MOXKHBIX TEXHHUUECKHX peasu3allui,
OTIUYAIOIINXCA TEXHUKO-3KOHOMUYECKUMH, KOHCTPYKTHBHBIMH TTapamMeTpamMu 1 3¢ (HEeKTUBHOCTHIO.

CoBpemeHHBbIe yHUGUIMPOBaHHBIE TapauienbHele KommbloTepbl (GPU, cynep®OBM wu
BBIYUCITUTEIbHBIC KJIACTEPhI, 00JIaYHbIC BEIYUCIUTENBHBIC CETH) HE JIAIOT MPUHIUITAATEHOTO PEIICHUS
MPOOJIEMBI, T.K. HE YKa3bIBAIOT IyTH paclapaijieIMBaHus CI0KHOTO KOTHUTUBHOTO BBIYHCIUTENHEHOTO
Ipolecca Ha OTHOCHUTENBHO TIPOCTYIO pETYISpHYIO MapajljlelIbHyl0 apXuTekTypy. IIpaktuka
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CBUJICTENILCTBYET O TOM, YTO MpUKIagHas 3ajadya Ha KiIacTepe I JAPYroM IapajuleIbHOM
KOMITBIOTEpE YaIlle BCEro MONTydaeT SKCTCHCUBHOE YCKOpeHne Berunciennii. Eme xyxe obcTout neno
CO CNENUAIM3NPOBAHHBIMU BBIYHCIUTEISAMH, BPEMS M CTOMMOCTh CO3/aHHS KOTOPBIX BEIUKH, a
yHU(UKAOUs B PEIICHUM NPHUKIAAHBIX HHTEIUIEKTYyaJbHBIX 3aJad CTPEMHUTCS K Hym0. B aTom
KOHTEKCTE HaJJ0 OCTOPO’KHO OTHOCHTHCS K OLIEHKE «IEePCHEKTHBHOCTHY» COBPEMEHHBIX HEHPOHHBIX,
CEeMAHTHUYECKUX M aCCOIMATHBHBIX KOMITBIOTEPOB. 3a4acTyI0 OHH MMEIOT JIN00 Ype3aHHBI BapHaHT
SIMD-apxuTekTypel ¥ HE TapaHTHPYIOT S(G(GEKTHBHOCTH pELICHHS NPHUKJIAAHOW 3aJaud, JHOO
NPEACTABIAIOT CO00H y3KOCTIEHATH3UPOBaHHBIN CIIEITPOLECCOP.

Hmwke mpuBeneHbl pe3ynbTaThl  ApPXUTEKTYpHOTO  IMPOEKTUPOBAHUS W MOJAEITHHOU
Bepudukamun. ChopMynupoBaHbl OOBEKTHBHBIE OTPAaHMYEHUS ¥ HEKOTOphIE 3aKOHOMEPHOCTH
pacnapaieuBaHus alrOpUTMOB 00paboTKu rpadoB.

ApXHuTeKTypa MOJeJTHPyeMOro npoieccopa

B Xxonme mpenBapHTENBHBIX HCCIIEIOBAHUM ObUTa MpEIokKeHa apXUTEKTypa MapajieTbHOTO
nporieccopa (puc. 1), mpobIIeMHO-OpUEHTHPOBAHHOTO Ha Kiacc 3amad obpaboTku rpador (rpado-
nuHamudeckas mammHa) [1-3]. Apxurektypa mpoieccopa otHocutes kK SIMD-tuny n mpencrasiser
co0Ol HE3aBUCHMBIH OJOK accOUMaTHMBHOM NaMATH OONbLIIOro 00BEMa € COOTBETCTBYIOLINM
uHTepdeiicoMm nocryna. CrucreMa KOMaH] Mpoleccopa COACPKUT KOMAHAbI YTEHHS U 3alKCH JaHHBIX
C ajpecanueil s4eek Mo MX coAepKUMoMy. B kadecTBe Tara (IOMCKOBOTO MPH3HAKA) MOXKET OBITh
UCIIOJIb30BaH JII000H HAaOOp OWT JaHHBIX, HACTPOIKA BBIMOJHACTCS IIOCPEICTBOM CaMOW KOMaHIbI
gyreHus/3anucu. Onepanys 3alHCH MOXKET BBITIOJIHATHCS OJHOBPEMEHHO B JF000€ KOJIHYECTBO SYEEK
namMAaTu (OT HYJId OO0 BCETO O6’BeMa IIaMATH B 3aBUCHMOCTH OT ITOMCKOBOI'O 3anpoca), CUHUTBIBAHUC
BO3MOJKHO TOJIBKO ITOCJIEZOBATENIFHO TI0 OHOW sSUEHKe 3a OJHY OIeparuio (OCHOBHOE y3KO€ MECTO
APXUTEKTYPHI).

OCHOBHBIMH  OTJIMYHATEILHBEIMHA XapaKTCPUCTUKAMU — apXUTCKTYPhI ABJIAIOTCA IIPOCTOTaA
HapalMBaHHs Yucia nporeccopHsix demeHToB (I[1D) u o6bema mamsTu mporeccopa. Jloruueckas
cxema [1D ypes3BbIYaiiHO MpocTast, 4TO MO3BOJIET PEATN30BaTh OTPOMHOE MX KOJMYECTBO HAa OIHOM
KpHCTaJJIe, B COOTBETCTBUH C YE€M CHM)KAETCS CTOMMOCTD OJJHOM SIYCHKH MaMsITH.
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Puc. 1. Apxutexrypa rpadoInHAMHYIECKOI MaIIMHBI

B xoe nccieioBanus JaHHAS apXUTEKTypa OblIa pealn3oBaHa B BUIE MPOTPaMMHOM MOIENN
Ha Oasze BbUMCIMTEIbHOrO Kiactepa u TexHosorud (NVidia CUDA). DTo mo3BOJMIO HPOBECTH
MOJICNTbHBIE KCIIEPUMEHTBI I Bepr(UKaIUK pa3pabOTaHHON apXUTEKTYPhI MPOIECCOpa, CUCTEMBI
KOMaHI ITPOIECCOpa U IPEAJIOKEHHON CXeMbl 00pa0b0TKH HH(POPMALIUHU B LIEJIOM.

ITocTanoBka MOAECJIBbHBIX IKCIIEPUMEHTOB U UX 06cymz[elme

[IporpamMHas Moaenb peann3oBaHa Ha 0a3e BBIYMCIHMTENBHOTO KIIACTEPA, COCTOSIIETO M3
YIPaBISIOLIETO y371a ¥ 7 BBIYUCIUTENBHBIX Y3JI0B. XapaKTEPUCTUKU Y3JI0B MIPEJCTaBIEHBI B Ta0I. 1.
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Tabnuua 1. AnnapaThble pecypcsl KJIacTepa, HCIOJIb3YeMoro 1Jisi MOAeJHPOBAHUS NAPAIeIbLHONH APXHTEKTYPBI

Ynpasnstomuii y3en BeruucnurenbHblii y3en (X7)
Blade: GPU SuperBlade SBI-7127RG Blade: GPU SuperBlade SBI-7127RG
2 x CPU Intel Xeon E5606 2 x CPU Intel Xeon E5-2650
24 Gb RAM 32 Gbh RAM
2x SSD 80Gb 2x Tesla M2075 6 Gb RAM
4x HDD 300Gh InfiniBand 4x QDR (40Ghps)
InfiniBand 4x QDR (40Ghps) Network 2x Gigabit Ethernet
Network 2x Gigabit Ethernet

Juis oOMeHa TaHHBIMU MEXIY BBIUMCIHTEIBHBIME y3l1aMu ucnoibszyercss MPICH?2 (cranmapt
untepdeiica oomena nanueiMu MPI, Message Passing Interface). IlnmanmpoBanue 3amau u-oOuiee
yIpaBJIeHHE pecypcamMy BBIYHCIUTENFHOTO KiacTepa ocymectsisercss mocpenctsoMm - TORQUE
Resource Manager. OcHoBHOI pabouuii TpoekT peanu3oBaH Ha C++, cOOpka MpoeKTa Ha TECTOBBIX
MammHax ocymectsisiercss B MVS 2010, na xnmactepe — nocpeactsom Makefile. [IpoekT Haxoautcs B
OTKPBITOM JIOCTYyIIE Ha github.

MpunoxkeHune
(npuknagHoM ypoBeHb)

SNP Library

Worker; Worker, Workery

Puc. 2. Ctpyktypa mpoekrta

CTpyKkTypa MNpOrpaMMHOTO OOECIIeHYeHHsI TpEeACTaBIseT COOOH HECKOJIBKO JIOTHUECKH
HE3aBHCUMBIX MOJYJEH.

1. CobctBenHo mnpuiokeHue.  Kak mpaBwino, mnpukinagHas nOporpamMma C  YAOOHBIM
rpadMuecKiUM TI0JIb30BATENbCKUM HHTEPPEHCOM M BO3MOXKHOCTHIO pPabOTBl B HHTEPAKTHBHOM
peKuMe.

2.SNP Library — paspaboranHas B pamMKax IMpoekTa OHOIHOTeKa JUIsi HHTErpaliu B
NPOM3BOJIbHBIE MPHUKJIAAHBIE MPOeKThl. llpemocTaBnser mosib3oBaTento MHTEpdec, NMUTHPYIOMINI
CHCTEMY KOMaHJ IpPOIeccopa U CKpPHIBAET BCE B3aWMOJICHCTBUE C BBIYMCIHUTEILHBIM KIIACTEPOM.
Monysab HHTEIpUpPYETCsl B IPUIOKEHUE Ha CTaluu COOpKH HcronHseMoro ¢aiina, Bcsi HeoOXoauMas
BHEILHSSI HACTPOMKA OCYILECTBIISIETCS] MOCPEICTBOM KOH(UTypalMoHHOro (aina: 3amaercsa [P-agpec
W TOPT, MO KOTOPOMY HJET OOIICHHWE C KJIacTepoM, aBTOpU3AllMOHHBIE paHHble. OOIeHHe c
BBIYMCITUTEIBHBIM KJIacTEPOM (B YACTHOCTH XOCT-IIPOIIECCOM) MpoucxoauT no cetu Ethernet.

Jis 3amycka BeraucauTenbHoH cucteMbl SNP Library ¢ momoripio BHEIIHMX CKPUIITOB
dopMHpyeT Ha YIpaBISIONIEM Y3Je Kiactepa CiryxeOHble (ailibl ¢ KOHQUTypanueld CUCTEMBI
(HEOOXOAMMOE KOJIMYECTBO BBIYUCIUTENBHBIX Y3JIOB, TpeOyeMbli pasMep cBOOONHOW MaMsaTH Ha
BUHUYECTepe U T.1.) U nepenaer ynpasienue TORQUE. B cBoro ouepens, TORQUE 3amyckaer Ha
BBIYMCIIUTEIBHBIX Y3/1aX Heo0Xoaumble ciayxeOHble mpouecce! (Host, Worker).

3. Host — ciry>keOHBIi mporiecc, 3amyeHHbIH Ha OJJHOM W3 BRIYHCIUTEIBHBIX Y3JI0B KiacTepa,
KOTOpBI OeperT Ha ceOs OTBETCTBEHHOCTHh 3a B3ammojneilicTtBue ¢ SNP Library mo ceru Ethernet.
[Ipunumaet 1 oOpadaThIBaeT MakeThl C KOMaHAaMH MPOLIECCOPY, PACChIIAeT KOMaHIy BceM pabounm
nporeccam (Worker), oXumaeT ee HWCIONHEHHS, COOHMpAeT, arperupyeT W OTIPAaBISIET Pe3yJbTaT
obpatHo rosoBHOMY miporieccy (SNP Library).

4. Worker — ciyxeOHBI Tpolecc, 3amylIeHHbIH 0 OJHOMY 3K3EMIUIIPY Ha KaKIOM W3
BBIYMCIIUTEIBHBIX Y3JI0B Kiactepa. [IpuHMMaeT komaHapl OT XocT-mipouecca (mocpeactsom MPI),
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UCTIOJIHAET HMX Ha wuMetommxcs Trpaduyeckux mnpoueccopax (mocpeactBom NVidia CUDA),
00pabaThIBaeT M OTHPABISET pe3yabTaT 00PaTHO XOCT-TIPOIIECCy.

[lopsimox mpoBeieHNs SKCIIEPIMEHTA.

TecroBas 3agaya BKIIIOYAET B ce0S CIEAYIONIYIO [TOCIE0BATENLHOCTD ICHCTBUIA.

1. ITapannenpHas 3aMMch BO BCE SYEHKH MAMATH (DUKCHPOBAHHOTO YHCIIOBOTO 3HAYCHIIS.

2. TTouCKOBBIi 3aIpoC MO TOMY K€ YHCIOBOMY 3HAYCHUIO.

3. JlanmpHeimas Iocie0BaTeNIbHAs BBIYMTKA pe3ylibTaTa 3ampoca (COOTBETCTBYET BCEMY
00BeMy MaMSTH MPOLIECCOpPa).

TecThl OBUTH BBITIOIHEHBI JIJISI PA3JIMYHBIX KOH(GUTYpaIni mpolieccopa coriacHo tadi. 2.

Tabmuna 2. Jlannblie KoH(GUTypanuii mpoueccopa Npyu nposeaeHnn xcnepumenToB: [A] (C; M; N), rae A —

KOJIN4eCTBO BbIYHCINTENBHBIX y3710B, C — pa3mep s4eiiku namsatu (br), M — konnvecTBo siueexk B ogHoMm I19
(pasmep aoxanbHoi namsatu I13), N — kosmuecrso I19

Tecr 1. [lepemenHOE unCIO Tecr 2. [lepemenHoe uucio 119 Tecr 3. IlepemeHHOE YUCIIO SUEEK B
BBIUHCIIUTEIbHbIX y3JI0B oanom I1D

[1] (4; 1; 28627) [3] (4; 1; 86016) [3] (4; 1; 86016)

[2] (4; 1;57344) [3] (4; 1; 172032) [3] (4; 2; 86016)

[3] (4; 1; 86016) [3] (4; 1; 258048) [3] (4; 4; 86016)

[4] (4; 1; 114688) [3] (4; 1; 344064) [3] (4; 8; 86016)

[5] (4; 1; 143360) [3] (4; 1; 430080) [3] (4; 16; 86016)

[6] (4; 1;172032) [3] (4; 1; 516096)

B xoze skcnepruMeHTOB OBUIO M3MEPEHO CpeJHee BpeMs BBHITIOJIHEHUS MHCTPYKIIWH, 8 TaKKe
pacripenefieHue BPEMEHHBIX 3aTpaT MEXKAY OINEpalusMH UYTCHHMS, 3allUCH M BPEMEHEM IPOCTOS.
HekoTopsie pe3ynbTaThl HCCIICTOBAHHMA, 8 TAKXKE IIPUMEP MPHUKIIATHOM 3a/1auu, OmyOIMKOBaHbI B [4].
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Puc. 3. Cpeasee BpeMsi BBITIOTHEHUS] HHCTPYKIHHU (TECT 3)

3akiaouyenue

Pazpaborannasi. mporpaMMHas MOJENb IMO3BOJSIET BepUUIMPOBATH PabOTOCIIOCOOHOCTH
NPEJIOKEHHOM apXUTEKTYphl MPOIECCOpPa U CXEMBI CEMAaHTHYECKOH 0OpabOTKM JAaHHBIX B IICJTIOM.
Tem He MeHee, Ui NPAKTHUECKOTO NPUMEHEHHs HEOOXOIWMO BBINOIHHUTH Pl paboT 1o
coepuieHcTBOBaHMIO [10. B nanpHeimeM mianupyercs:

— ONTUMHU3UPOBATH JIOTHKY paboTel padouero mporecca (Worker): 100aBUTh MHOTOIIOTOYHYIO
padoTy ¢ rpagUUecKUMH MPOIIECCOPaMH, YITYUIIUTh allTOPUTM PACTIPECIICHUS TaHHBIX MEXIY y3JIaMu
U rpaIeCKUMH TIPOIIECCOPaMH, TIPOBECTH MOUCK y3KUX MOMEHT B padote ¢ NVidia CUDA u T.11.;

— YMEHBUINTH JI0JII0 BpEMEHH BBINIOJIHEHUS, 3aTPaurBaeMylo Ha Mepeaady JaHHbBIX 0 CEeTH;

— YJIy4IInTh (YIIPOCTHTH) MPOIECC pa3BOPAUYNBAHKS BEIYUCIUTEIHHOW CUCTEMBI,

— pa3paboTaTh IOJIb30BATEIbCKUI HMHTEPPEHC Ui B3aUMOJCHCTBHS C MOJEIBIO B
MHTEPAKTHBHOM PEXHME;

— peanu30BaTh (COIJIACHO CXEME Ha PHC. 2) MPOTPaMMHYIO0 MOZEJb Mpoleccopa B HOTALMH
«KITIOY-3HAYCHUE» JUIS TPOBEJICHHS CPABHUTEIIBHBIX SKCIICPUMEHTOB;

— peanu3oBaTh THIOBBIE 3a7aun Ha HOBOM APl (untepdeiice SNP Library), mposectu
MOJIeNIbHBIE (PHHAIBHBIE KCIIEPUMEHTHI.
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MODELING OF THE GRAF-DYNAMIC MACHINE ARCHITECTURE WITH
COMPUTING CLUSTER

M.M. TATUR

Abstract

The model of the parallel architecture of problem-oriented processor has been developed. For
the purpose of verification of delivered technical solutions the simulation of the architecture on the test
cases with cluster GPU using CUDA technology has been provided. As a result, the model allowed to
simulate of individual units and to explore the computational processes that occur in the studied
architecture.
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