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AHAJIN3 DOPEKTUBHOCTHU UCITOJIb3OBAHUA GPU
JJIs1 ABTOMATHYECKOI'O CUHTE3A CUCTEMBI YIIPABJIEHUSA

MOBMWJIBHBIM POBOTOM
A.A. Ceprees, B.O. Knebdan, A.A. lllaabiTo

HUccnenyercs addexTnBHOCTS HCTob30Banus rpaduyeckux compoueccopoB (GPU) miis cuHTe3a cucTeM aBTOMAaTHYECKOTO
ynpasienus (CAY) MoOmibHBIM poOoTOM. B X011€ paboThl yUUTHIBAIOTCS M aHATU3UPYIOTCS UX OCOOCHHOCTH IPUMEHUTEIb-
HO K JaHHOW mpobneMe. B xauecTBe MOIENBHOM 3a1a4un 111 OLEHKH 3()()EKTHBHOCTH CHHTE3a BBIOpaHa TMapajulesibHasl pea-
TU3anus TCHETHUECKHX aJTOPUTMOB Ha mpumepe cuateza CAY poborom amst copeBHOBaHMH «CyMO poOOTOBY.

KoaroueBsble ciioBa: npousBoautenbHocTs, GPU, reHeTHYECKHi anropuT™, MOOWIBHEIH pOoOOT, CHHTE3 CHCTEMBI YIIPaBICHUS,
KOHEUHBIIl aBTOMAT, HEUPOH.

BBenenue

Cunte3 CAY, Hanpumep, MOOHIIBHBIM POOOTOM MOKET OBITh BBITIOJIHEH C MOMOIIBI0 TEHETHYCCKHUX aJl-
roputMoB (["A), KoTOpBIe TPEOYIOT 3HAYUTENLHOIO 00BEMa BEIYUCIICHUIA W SBJSIOTCS B BBHICOKOM CTEICHU Ta-
pamuiensHbIMU. [ToaTOMY akTyansHo ucnonb3oBanre GPU s pemenus nanHoi 3agaun. ['A B HacTosiiee Bpemst
yxe peanuzoBanbl Ha GPU, u OHM MO3BOJIWIM MOJIYYUTh CYIIECTBEHHOE YCKOPEHHE 10 CPABHEHMIO C MpOIleC-
COpHOH peanu3anuei, OIHAKO MPUMEHUTETHHO K cuHTE3y CAY MOOWIBHBIX pOOOTOB TaKWe WCCIICAOBAHHS HE
BBIIOJIHSIUCE.

IlocTanoBka 3agaun

Iens paboTsl — uccnenoBars 3)(HEKTUBHOCTS pean3aliuy CHHTE3a CHCTEMBI YIPaBICHUS MOOWIHHBIM
poboTtom ¢ ucrnonbzoBanueM GPU. B kauectBe kpurepust 3h(heKTHBHOCTH paccMaTpuUBaeTCsi BpeMsi, 3aTpadu-
BaeMoe Ha pacuer pukcupoBaHHOH 3amaauu npu oMoy GPU. [{ns onenku Bosmoxkuocteit GPU paccmarpuba-
HOTCA OCOGCHHOCTI/I BBIYMCJICHUS HA HEU U MPUBOJATCA TCOPECTUICCKUC OLICHKH.

B xauectBe skcniepumenTa uccnenyercst 3¢ pexruBHOCTh ucrionb3zosanuss GPU mns A Ha npumepe 3a-
naun «Cymo pobotoBy». OrieHKa MOXKET OBITH ITOJy4eHa ITyTeM aHajli3a KOJIMUECTBA BHIPAIIEHHBIX IOKOJIEHUN U
paccunTaHHBIX 0coOeil Ha MaiuHe ¢ ucroab3zoBaHneM GPU u 6e3. PazpabarsiBatoTest Mozenu poboTa, ero cuc-
TEMBI aBTOMATHYECKOTO YTIPABIICHUS, BBIICHIIOTCS OCOOCHHOCTH peanm3anuu ['A. [l mpoBeaeHus dKCIepH-
MEHTa M TOJYYCHUS €r0 Pe3yJNbTaTOB CO3[AacTCs BH3yalbHas cpema. TakuM oOpa3oM, B 3aqady BXOIWT IOA-
tBepkaeHue 3¢ dexruBHocTH GPU Ams cuHTe3a CHCTEMBI yIpaBiIeHUs poOOTOM Ha MPaKTHKE.

Cymo poboToB

«CyMo po0OOTOB» IpeACTaBisieT COOO0M aHTArOHUCTUYECKYIO UTPY. YUacTHe B HEll MPUHUMAIOT J1Ba PO0OO-
ta. OHU yCTaHABIUBAIOTCS HA IUIOCKYIO KPYIJIYIO apeHy B BHIOPAHHBIC X03S€BaMU MO3UIUM U HAYWHAIOT J[BU-
JKCHHE 10 cuTHaNy. L[enbro Urpbl SBISETCS BBITAIKHMBAHUC MPOTHBHUKA 32 IMPEIENbl apeHbL. [IpoomKuTes-
HOCTH MMOCIUHKA, KaK MpaBuiio, orpanndeHa 30 ¢. B Hadane urpbl poOOTHI TOJKHEI OBITh YCTAHOBJICHBI 32 Ipe-
JIeIIaMU OTPAaHUIUTEIBHBIX JIMHUM.

TpaauIMOHHO POOOT UMEET JIBa KOJIeCa, CKOIB3SIIUI MIAPUK B KAYECTBE TPEThEU TOUKH OMOPHI, HHANKA-
TOp JIMHUK U JAIbHOMEp, Hanpumep, uHppakpacHyro myiky. [lepenBuraercst Takoii poOOT 3a CUET pa3HOCTH
X012 MKy KOJIECaMH.

0O030p

HUccnenosanuii a¢dexruBnoct GPU mnst 3anau cunresa CAY MOOWIBHBIMU poOOTaMH OOHapy»KEeHO He
6b110. CymiecTByIOT paboThl, HanpuMep [1], mocesinieHHbIe 00Y4YEeHHIO CHCTEMBI YIIPABIECHNS! POOOTOM C HCHOJb-
3oBaHueM ['A, HO B HuX He npumenstorcst Beramciennst Ha GPU. Taxoke nzBecTHbI paboThl [2—3], B KOTOPBIX BBI-
TIOJTHSIETCS OLIEHKA POCTa MPOU3BOUTEIBHOCTH ITpH Hctioib3oBaHun GPU i reHeTH4ecKrx ajaropuTMoB.

ApXHTEKTypa KOMILIEKCA

TecroBas ManinHa uMeeT cienyrolnyio konpurypauuio: Intel Core i3 2.93GHz, 2 GB RAM, nVidia Ge-
Force gtx 275 1792 MB. Jlns TecTupoBaHHAs UCHOIB3yETCs Takke Buaeokapra gt 240 512 MB. [IukoBas npons-
BOJIUTENLHOCTH gtx 275 mo manHbM nVidia cocraBnser 1070 GFLOP/s. [{ns 13 3T0 3HaUeHHE H0CTUTACT MOPSI-
ka 40 GFLOP/s.

Ha camom nene, ObicTponieiicTBIE BCeria 3aMETHO HMYKE IMUKOBOTO, IIOCKOJIbKY HEOOXO0IMMO OCYIECTB-
JSITH JIOCTYII K TIaMSITH, BBIIOJHITE MEJICHHBIE OIlepaluy, CHHXPOHM3UPOBATh NOTOKU. PeabHO nocTKMMAas
MPOU3BOIUTEIBHOCTh Ha MpOIieccope Ha OOJBUIMHCTBE IMapajUICIbHBIX 3BABS, WCIOJIB3YIONIMX HOJHYIO MOII-
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HOCTBH BUACOKAPTHI, cocTaBisgeT okojo 70% ot MakcumanbHOU. J{J1s1 BUAEOKApTHI 3TO 3HAYCHHE BCETJa MEHBIIIE,
okosi0 50—60%. Ecnu ydecTs 3TH OIIEHKH, TO MOIYYHM, YTO Ha JaHHOM CTEHJIE MOXKHO JOCTHYh YCKOPEHHE TO-
psaka 20 pa3, mpu ’TOM MaKCHUMaJlbHOE YCKOPEHHE OLIEHUM NMPUMEPHO Kak 27 pa3 (OTHOLIEHHE MUKOBBIX IMPOU3-
BOJMTEIHHOCTEN).

Pduznyeckast Moaesb p060Ta

®dusnyeckas MOJIeIb poO0OTa COCTOUT U3 Tena pod0Ta M HECKOIBKHX Kojec. Telo mpeacTaBiseT u3 ceods
WIJIMHIP C OCHOBAaHHEM MONUToHA. [l TepeBIDKeHHMS 10 MIOBEPXHOCTU apeHbl POOOTHI HCIONB3YIOT KOJeca,
NPUBOJIMMBIC B JIBIXKCHUE IBUraTelssMu. Takum oOpa3oM, MOMEHT Kojieca OrpaHuueH mo moayio. Komeca u
TENI0 PoOOTa B3BELICHBI U UMEIOT HEHYJIEBOM MOMEHT MHEPIIHH.

Pobot ucnone3yer s naeHTUGUKAIH ce0s B IPOCTPAHCTBE BOOOpaKaeMyro KaMmepy, a Ui HaOroe-
HHSI €My JIOCTYIIeH yron 0030pa nepes coboit. Takxke poOOT CHAOKEH JaTYMKOM I[BETA TOUKU apeHBbI 0] COOOH.
DT0 MO3BOJHUT €My HEMEUICHHO CpearupoBaTh U U3MCHHUTH TIOBEACHUE, HAXOISACh Ha KPAKO apCHBI.

Pacuyer puznueckoii mogenu

I/IMHyJ'II)C 1 MOMCHT UMITYJIbCa p060Ta HU3MCHAKOTCA 11O BO3ﬂ€I7[CTBHCM CHUJI TPCHUS KOJIEC O IOBEPXHOCTH
ApPCHBI. Cuna TpCHUA, I[CﬁCTByIOIIIaH CO CTOPOHBI OIIOPBI HA KOJIECO, PACCUUTHLIBACTCS KaK
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3neck F — cuina TpeHus Ha KoJeco, Vv — CKOPOCTh KOJIeca OTHOCUTENBHO IMOBEPXHOCTH apeHbl, M — YIJio-
Basi CKOpOCTh KoJjieca, N — cuiia peakuuu ornops! (pucyHoK). Cuiia TpeHusl, TaKUM 00pa3oM, OIpeIelIieTCsl OTHO-
CHUTEIBHON CKOPOCTBIO IBYX MOBEPXHOCTEH M peakiueit omopbl. CKOPOCTh KoJieca PACCUNTHIBACTCS U3 CKOPOCTH
LIEHTpa Macc podoTa U €ro yIJIOBOH CKOPOCTH KaK V =V, +®XI,, . YCKOpeHHe podoTa pacCUUTHIBACTCS M3

n
BTOpOTO 3aKkoHa HpI0TOHA, a yriioBOe yCKOpeHHe — U3 ypaBHeHHs MOMeHTOB: F=ma; If3 = ZM,- .
i=1
B ciydae cTonkHOBEHHs Ha poOOTa AEHCTBYIOT 10OaBOUYHbBIE CHIbL. B mocieaHeM ciiydae BaXKHO JA€NaTh
HOIPABKHU UL COOIOCHNUS 3aKOHA COXPaHEHUS YHEPIUH.
IIpu ManoMm mpockaab3bIBaHUM 10 MOBEPXHOCTH apeHbI JUIS JIBYXKOJECHOT0 poO0Ta MOBOPOT NMPOUCXO-
JUT TaK, KaKk U300pakeHO Ha PUCYHKe. 3a CUeT Pa3HOCTEH MOMEHTOB CHJI CO3/AeTCsl Pa3HOCTh YIJIOBBIX CKOPO-
cTell, oOecneurBaroasl pa3HOCTh CKOPOCTEH JIeBOro U mpaBoro 6opra podora. Toraa poObOT moBopaunBaeT Bo-
Kpyr 0003HaueHHOW Ha pucyHKe TOUKH O.
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PucyHok. MoBopoT aByxkonecHoro poboTa
Hcnoanidyemas moaeas CAY

EnuncTBeHHOE, YTO POOOT MOXKET MCIIONIB30BATh ISl H3MEHEHHMSI CBOETO ITOJIOKEHUE B MIPOCTPAHCTBE, —
3TO MOMEHTHI CHJI, IPHUKJIaJbIBaEMbIe K KojecaM. [is peannusanuy Takoro MoBeCHUsI HEOOXOANMO Ha KaXKIOM
are BBIYUCIATH 3TH MOMEHTHI. [Ipy BbIOOpE MOAEIM paccMaTpHBAINCH CIEAYIONINE KPUTEPHUU Ul BBIOOpa
MOJIETIM CHCTEMBI yIIPABICHUS:

1. TloBenenue poboTa JOIHKHO B OOJILIIMHCTBE CIIy4acB HEMPEPHIBHO 3aBUCETh OT BXOAHBIX ApaMeTPOB;
2. PoOot u3bupaer cTpareruio oBeACHHs B 3aBUCUMOCTHU OT JIEUCTBUM MPOTHBHUKA;
3. Cuctema ynpaBieHHs AOJDKHA UMETh JOCTaTOYHO MPOCTYIO PeaInu3alluio Ul 00eCIeYeHUs BBICOKOI CKOpO-
CTH pacueTa JeHcTBUI 1 ynoOHOoI st npumeneHus [A.
HeiipoH onuceIBaeTcst TMHEHHON (YHKIEH OT BXOAHBIX TApaMETPOB:
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n-1

output = f Zinput[l] -weight[i] |.

i=0

3nech f— nepenatouHas GpyHKIus. B yacTHOM ciydae IOJIOKHM €€ TOXKIECTBEHHBIM OrepaTopoM. Takoi
HEHPOH Tak)Ke Ha3bIBAIOT 3Be3701 I'poccOepra. Takum 00pa3om, BXO HEMpOHa eCTh (DaKTHUESCKHA MAcCUB BeIe-
CTBEHHBIX YHCEII, a BEIXOJ — OJJHO BEIECTBEHHOE YHCIIO.

[TepuentpoH ecTs MogU(HUKALMA HEHPOHA, peaIU3yIOIIas IIOPOrOBYIO (DYHKIHUIO:

[ i 0, x <= threshold
output = f Zinput[i] -weight[i] |, Tae j(x) =17 ’
P 1, x > threshold.

IToMrMO BeECOB, NEPUENTPOH ONLIMOHAIBHO XPAaHUT €UIE U IIOPOrOBOE 3HAYEHHE. BBIXOIOM €ro sBIseTCA
YK€ LeJI0€ YHCIIO — HyJIb WIN €IUHHLIA.

TpaauMOHHO HEHPOHBI U MX MOIU(UKAIMU ITPUMEHSIOTCS JUIsl TOCTPOCHHS HEHPOHHBIX CETeH, T/e BbI-
XOJI OJTHOTO HeipoHa Mojaercsi Ha BXOJ IpyroMy. B nanHoW paboTe HMCIOJIb30BaHa HECKOJBKO JApyras cxema,
OCHOBAaHHasA Ha nepeaavuc ynpaBJICHUA MCKIY HeflpOHaMld IIpy TOMOUIX KOHCYHOI'O aBTOMATa.

YroOsbl crenarh MoBeleHne pobOTa JI0CTaTOYHO €CTECTBEHHBIM M YJOBJIETBOPUTH IIPUBEIECHHBIM TpeOO-
BaHMSIM, ObUIa pa3paboTaHa clieyromnas MOAEINb:

1. MOMEHTBI KOJIEC PACCUUTBIBAIOTCS U3 BXOAHBIX IIAPaMETPOB KaK BBIXObI HEHPOHOB;
2. i onpeneneHus Nocae0BaTeIbHOCTH AEUCTBUN UCIIOIB3YETCSI KOHEUHBIA aBTOMAT.

Kaxxnoe u3 cocrosiHMil aBTOMara UMEET CBOM HEWPOHBI [UIsl pacueTa MOMEHTOB, IO OJTHOMY HEMpPOHY Ha
koneco. Ha Bxon HeiipoHaM MOAAIOTCs BXOJHBIE ITapaMeTpbl poOOTa, MPEACTABISIONNE 13 ce0sl BEKTOP YHCEIL.
TaxkoBBIMH SIBIISIIOTCS, HAIPUMED, PACCTOSIHUE A0 MPOTUBHMKA, JAHHBIE AE€TEKTOpa OIM30CTH JMHUM. B 3aBucu-
MOCTH OT HaJIN4Ms IPOTUBHMKA B II0JI€ 3PEHUS 3TOT BEKTOP MMEET Pa3IMYHYIO JUIMHY M ITOJAETCA Ha BXOJ HEW-
poHam. [IpuBeneHHast MoJieNlb aBTOMaTa siBjseTcs aBTomaroM Mypa [2], B KOTOpoM 3HaueHue QPyHKIMHU BBIXOJA
€CThb MOMEHTHI KOJIEC.

CAY pobOora onucbeiBaeTcsi aBToMatoM ¢ 32-ms coctostHusMHU. CocTosiHue uMeeT 8 nap HeHpOHOB (MaKcH-
MaJIbHOE YHCJIO Kojlec) ¥ 3 mapbl nepuentpoHoB. [1epBrlif HeHpOH Win MepLENTPOH B Iape UMEET IJIMHY BXOAa B 5
napaMeTpoB, BTOpoii — B 9. B 3aBUCHMOCTH OT BUIMMOCTY ITPOTUBHUKA aKTUBHBI II€PBBII WIIM BTOPOU U3 HUX.

Jlng nepexoaa B HOBOE COCTOSTHHE MIPOUCXOJUT pacueT 3Ha4eHUN NePLENTPOHOB ¢ TAKUMHU K€ BXOJHBIMU
napameTpamu. Homep HOBOTO cocTosiHUSA (OPMUPYETCSI UCXOAS U3 BBIXOJOB MEPLENTPOHOB U MHANKATOpPA Ha-
JIM4Us IPOTUBHUKA B ITOJI€ BUIUMOCTH U MHIUKATOPA TUHUU.

Busyanuzanust

Jliist TecTUpOBaHMS U OLIEHKU PE3yJIbTaTOB ObLia pa3paboTaHa Bu3yalibHas cpeaa Sumo Robot Simula-
tion. DTo MpUIIOKEHNE HAMCAHO Ha si3bike C++ ¢ ucrosb3oBanueM st Buzyanusanuu OpenGL [4], anst peanu-
3anuu GUI — 6ubnmorexu Qt [5], mist pacueroB Ha GPU — nunamuyeckyro oubnuoreky na CUDA [6].

OKHO MPOCMOTpA CTATHCTHKU POCTA MO3BOJISCT MOTYYaTh BCIO HEOOXOAUMYIO HH(POPMALIHIO O POCTE TI0-
NyJSLKA: TPOCMATPUBATh rpauk GuTHECC-DYHKIUH U COXPAHATh €ro, OLCHUBATH CKOPOCTh T'eHEPAIMH HOBBIX
NOKOJICHHH, IPOCMATPHUBATh 0COOeH B TabIHIe, COPTHPOBATh UX U COXPAHATD B (haiil.

Hcnoab3zyemas moaeanb I'A

B mannoit pabote Oynem MConp30BaTh OCTPOBHYIO Mozenb I'A. BeiOpannas peammsanust ['A ucnomis3yer
TaKke KOHKYPEHTHBIN amuTH3M. {71t oTOopa ocobelt mpuMeHseTcss MeTol pyiieTki. B otbope Ha paBHBIX OCHOBa-
HUSIX YYaCTBYIOT POJHTENN U MX MMOTOMKH. XPOMOCOMa MPEICTABISIeT COO0I CTPOKY BEIIECTBEHHBIX YHCENT OJIH-
HapHOﬁ TOYHOCTH, SABJIAIOUIYIOCA MTOCICA0BATCIBHOCTBIO BECOB BCEX UCIIOJIB3YCMbIX HeﬁpOHOB 1 NEpUCTITPOHOB.

O1ieHKa NPUCIOCOOJIEHHOCTH PACCUUTHIBAETCSI HA OCHOBE Pe3yJIbTaTOB €ro MOeIUHKOB. [1Jis aTOro co3na-
€TCsl HabOp M3 HEM3MEHHBIX TECTHPYIOUIMX 0CO0CH, ¢ KaXT0il M3 KOTOPBIX MPOUCXOIUT MOCAUHOK, U ITOCIIE 3TO-
0 CYMMHPYIOTCS pe3ylbTaThl. Beero B manHOU peanusarmn npeaycMotperno 100 ¢pukcupoBaHHBIX 0cobei st
COCTaBJICHUS MOI00HOM OIICHKH.

Oco0ennocTu Bpluncjaennid Ha GPU

Bpems moctyna k peructpam U pa3IeinsieMoi ITaMsATH COCTAaBISIET YeThIPE TAKTOBBIX UKJIAa MPoTUB 400—
600 mrs mocryma k riobansHOM mamsaTH [7]. Ha mpakTuke BCIoap30BaHKE Pa3IenseMOl MaMsITH BMECTO IJIO-
GanmpHOMN MOXeT obecrieunBaTh yckopeHue okono 10-20 pas [8].

Koz, BBINIONHSAEMBIN Ha yCTPOICTBE, HE MMEET BO3MOXKHOCTH HANPSIMYIO BBIIENISATH MAMATh HA BUIEOKap-
Te WM B onepatuBHoil namsti. Kondurypauus podora n Habop NepeMeHHbIX, ONPEACISIONIUX €ro IBUKEHHE,
3anumarotT Oosee 10 KoOaiiT 1 moctaTouHO BENMKH, JUIsS TOrO 4TOOBI HE PacCMaTpUBaTh M0 Pa3MECTUTh MX B
pa3znensemMoii namsaTu. B Takom citydae 3azeiicTByeM Kak MOXHO OOJIbIIIE TIOTOKOB.
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Jliist pacdera BbIXOJIOB HEHPOHOB, CyMMbI MOMEHTOB M CyMMBI CHJI TIPH JIBWKEHHU OYJIeM HCII0JIb30BATh
napauienbHyto peaykuuto (reduction) [9].

Peanuzanua I'A

[TpumenuTenbHO K JaHHOH 3a7ade HanbOoiiee TpeOOBaTEIbHON K 00beMY BBIUMCIICHUH YacTbio ['A sBis-
ercs pacuer ¢urHecc-QyHKIMU. [ToaToMy uMeHHO ee cienyer BoioiHAT, HAa GPU u napauiensHO reHepupo-
BaTh HOBBIX 0cO0€H, I0JIb3YysICh BOBMOXHOCTBIO aCHHXPOHHOTO 3amycka saep Ha GPU.

[MapannensHO Ha BUAEOKApTE MIPOUCXOIUT CHMYIIAINS OUTB, 3arpyKeHHBIX B Oydep. Kaxxmas 6utsa pac-
CUNTHIBAETCS Ha (PUKCHPOBAHHOE YHMCIIO HIAroB. | eHeparys HOBBIX 9K3EMIUIIPOB MPOMCXOANT Ha MPOLIECCOPE B
pe3ynbTare CKPEIUBAHUN U MyTallUH.

Brmonaenne xa CPU TeopeTnuecky BO3SMOXHO ITyTeM KOMIMIHPOBaHUS Kojaa, HammcaHHOro Ha CUDA,
B pexxume sMyJssinui. OJTHAKO HCIONIb30BaHKE IMYJISILIMU B HACTOsiee BpeMs He pekoMeHnyercs (deprecated).
ITo3TOMY aHaIOrMYHBII KO IIEPENUCaH IS BBIIIOJIHEHUS HA IIPOLECCOPE.

TeopeTHueckas oeHKa NPUPOCTA NPOU3BOAUTEIbHOCTH

I[J'IH napajjieJibHO BBINOJIHSIEMOM 3agaquu CIIpaBCIJIMB 3aKOH AM;[ana: MAaKCUMaJIbHO BO3MOXKHOEC yCKOpE-
HUEC OT NMapaJlyICJIbHOT'O BBIIIOJIHCHUS PABHACTCA (,HJ'ISI N 11oToxoB HapaJ'IJ'IGJII)HO)
1
S = 7
(1-P)+—
N

OrneHka CHU3Y pacrapajuiennBaeMoro oobreMa BeranciaeHnit P naet 3Hauerne 0,99. Cuutas mpou3BoIu-
TENBHOCTh BUACOKAPTHI CPEAHEH ISl MaTeMaTHYeCKUX 3afad, moryduM S~18,4 (B3sTo N=20 — cpenHuii kKord-
(ULKEeHT yCKOpEHHsI BUACOKAPTHI OTHOCUTEIBHO MPOLIECcCOpa). 3HAYHUT, MOKHO OKHIIATh Ha TOPSAOK OOJIBIIYIO
MIPOU3BOIUTEILHOCT MU ucnonb3oBaHuu GPU.

PesyabTartsl

CpaBHUBast BpeMsl JIOCTIDKCHUSI MAKCUMAaJIbHBIX 3Ha4eHUH (PUTHECC-(YHKINH, ITOJy4eHHOE ITPOTPaMMHO,
MOJKHO CyIUTh O TipupocTe nponsBoauntenbHocTy At CPU u pasapix moneneit GPU. B ta6im. | npuBeneHs! BBI-
YHCIIUTENILHBIE MOLIHOCTH HCIIONb3YEMBIX YCTPOWCTB, LICHBI IPHOOPETEHUS U CPEIHHE BBIMIPHILIHA B IIPOU3BO-
JHUTEIBHOCTH.

GFLOP/s Ilena, pyo Boiurppim
i3 2.93 GHz 40 4000 1,00
gt 240 330 3000 5,5
gt 275 1070 8000 13,5

Tabnuvua 1. CpaBHeHNE NPON3BOANUTENBHOCTEW U LIEHOBbIX KATErOPUA YCTPOWCTB

Cpennuii
GPU CPU ngnpocT Kondurypanus
IIpocroii A 4,08 81,88 20,1 AMD Athlon 2500+, nVidia GeForce 6800GT
I'A s onTuMU3auu 0,001-0,1 0,25-0,26 30,0 Intel Core 17 920 3.2GHz, nVidia gtx 8800
MypaBbUHBIN ATOPUTM 1,06-0,85 22,49 6,0 Core 2 Quad Q9550, nVidia gtx 280

Tabnuua 2. CpaBHeHWe NpMpOCTOB NPOU3BOAUTENBHOCTEN ANSA Pa3NNYHbIX anropuTMOB

Pesymprar 20,1 (tabm. 2) Opu1 momydeH mpu peanmsamuyd Ha GPU mpocreiimero ['A mis ¢dutHecc-
(hyHKIIMK — HEeCcTOXKHON ()YHKIIMH BEIIECTBEHHBIX IMEPEMEHHBIX. 3/1eCh BRIUNCICHHE (PuTHECC-QYHKINH UMEET
OUYEBH/IHBIC TPEUMYIIECTBA B CKOPOCTH MEpe]l LEHTPAIbHBIM mporeccopoM. Oneparnyu noucka JydInx WHAU-
BU/IyyMOB, KPOCCOBEP U MyTallUs peaan3oBaHbl napauiensHo Ha GPU, 4To He mpeacTaBisieT CIIOKHOCTH IS
JIAHHOM 3a7a4u. 3/1ech BO3MOXKHO (D (PEKTHBHOE UCIIONb30BaHKE pasaessieMoii mamsaty (shared memory) B cuiy
MaJioro o0beMa JIaHHBIX JUIsl OTIEJILHOM 110/13a/1a4H.

PesynbraT 6,0 COOTBETCTBYET YCKOPEHHUIO HA MyPaBbHHOM allrOpUTMe. DTa 3ajaua ¢ BHICOKMM YPOBHEM
NapajuIeIbHOCTH, TEM HE MEHee, He M0Ka3aa BhICOKOW CTENEeHH YCKOPEHHSI.

Pabora no ncnonszoBanuo GPU niist pemieHust 3aja4 MHOTOMEPHOM ONTHMHU3alMK (BTOPOH ps[) MOKa-
3bIBa€T BBICOKHH pa30dpoc pe3ysIbTaToB Ha Pa3iMyYHbBIX 33Jadax: BBIUTPHII B CKOPOCTH COCTaBHJI OT 2,5 pasa a0
TBICSY pa3. DTO O3HAYAeT CIydalHbIi pa3Opoc 3HaYEHHH, OCKOJIbKY ITOKa3aTeNM CIUIIKOM BBICOKH, a YCKOpe-
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HHE CYIECTBEHHO IPEBOCXOJHUT COOTHOIIEHUE IPON3BOJUTEILHOCTEN yCTPOUCTB. B TO ke Bpems cpenHue mo-
Kazarenu yckopeHus coctapisioT 20—30 pas.

Jliist mprpocTa cucTeMbl yrpasieHust poooTom (Tadi. 1) Obu1 mostydeH pesynbrat 13,5. DTO HECKONbKO
MeJICHHEH JTydIIuX pe3yabTaToB JUId 3a/1a4 ONTHMM3auuu u npoctoro ['A. B To jxe Bpems TeopeTudeckuil pe-
3yJIBTAT BIOJIHE MMOJATBEPIKAAETCS IKCIIepUMEeHTOM. [loTepst MpOn3BOAMTENIFHOCTH HAOIOAAETCS IO CIIEYIOIINM
MpUYMHAM:

1. AxXTHBHOE HCIIOJIb30BaHKeE IN100anbHON namsitu. CAY U KoHGUTrypalys poOOTOB CIMIIKOM BEJIUKH ISl pas-
JIeIISICMOM IaMsTH;

2. YacTp MOTOKOB € TOA33JadaMy 3aBEpILIAETCS AOBOJIBHO OBICTPO, UTO MO3BOJISIET MPOLECCOPY CYIIECTBEHHO
SKOHOMHTD BPEMsL.

3akiouenue

B pabote npoananusuposana 3pdexrusaocts GPU 1is cMHTE3a CHCTEMBI aBTOMATHUYECKOTO YIIPABICHHS
MOOHJIBHBIM pOOOTOM. PaccMOTpeHbl 0COOEHHOCTH, XapaKTepHBIE ISl pealn3aliy MMoJ00HbIX 3a]a4 C UCIOJIb-
3oBanueM GPU. Ilocrapnen sxcnepument Ha npumepe cuntesa CAY misg pobota Cymo. IonydeHa oleHka npu-
pocTa MpOU3BOANTEIBHOCTH IO CPaBHEHUIO C penieHneM 0e3 ncrons3oBanuss GPU. CorylacHo pe3ynbraram aHa-
JIM3a ¥ [TOCTAaBJICHHOTO SKCIeprMeHTa, ucrosszoBanre GPU BrIcOk03((eKTHBHO /11 HOCTABIEHHOH 3a1a4H.

B kauectBe rinaBHoro Hemocrarka GPU mpu pemenun 3amau cuntesa CAY BbienseTcss Majblii 00beM
pasnenseMoil mamsTH. JJoCTOMHCTBAaMH SIBJISIFOTCSI BO3MOKHOCTH ACHHXPOHHOTO 3aITyCKa sfpa M BBICOKAs BBI-
yucnurenbHas MomHocTe GPU otHOocuTenmsHO CPU 3a cueT OONBIIOro Ymcia MmapajuielbHO PacCUUTHIBASMBIX
HUTEN.

HccnenoBanue BbinoaHeHO 1o PepepanbHOi LHeneBoi nporpamme «HayuHble M Hay4yHO IEIaroru4eckue
Kanapel nHHOBAIMoHHON Poccnn ma 2009-2013 rogs» B pamMKax rocymapcTBeHHOro koHTpakrta 112236 ot 11
HOs10pst 2009 Toxa.
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