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UCITOJIb30BAHUE PA3JEJSAEMOMN MAMSATH IVIAT®OPMbI
CUDA B ITAPAJUIEJIbHOM PEAJIM3AIIAN UCKYCCTBEHHOM
HEWPOHHOM CETHU IMMPSIMOI'O PACITPOCTPAHEHM S

V crarTi po3risaaeThest BIUIMB CIOCOOY BUKOPUCTaHHS MAM'ATI, IO PO3AITIOETHCS, Ha TIPOJYKTHBHICTh
peamizanii mry4HOoi HeiiponHoi Mepexi Ha miatdpopmi CUDA. Po3ristHyTo BapiaHTH pPO3MiIIEHHS
KITBKOX BIKOH BHXIJHUX JAQHHX Ta BaroBHX KOe(ili€eHTIB B Mam'sTi, IO po3fidroeThest. ITokasaHo, 1o
Yepe3 HepalliOHAbHE BUKOPUCTAHHS 4acy OYiKYBaHHs 3aBaHT@XKCHHs JAHUX 3 TJI00ANbHOI mam'sTi
[POAYKTUBHICTD LMX BapiaHTIB He MEPEBEpPIIYE MPOAYKTUBHOCTI 0a30BOi CXEMHU pO3MapasieioBaHHs.

B cTaThe paccMaTpHBAalOTCS BIMSHHE CHOCO0A MCIONB30BAHUS — pasfeliieMOH IaMsTH Ha
MIPOM3BOAUTENBHOCTh  pEaM3allii  HCKYCCTBEHHOI HelponHoi cern Ha miatdopme CUDA.
PaccMaTpuBalOTCS BapUaHTBI PasMEIICHUS HECKONBKMX OKOH HCXOAHBIX JaHHBIX M BECOBBIX
k03(HUUNEHTOB B pa3zensieMoll mamsATH. Iloka3aHO, YTO M3-3a HEPAL[HOHAJBHOTO HCIIOIb30BAHUS
BPEMEHHU OKMJAHHS 3arPy3KH JaHHBIX U3 INI00aJIbHO NaMATH IPOU3BOAUTEIBHOCTD 3TUX BAPHAHTOB HE
IPEBOCXOAUT HPOU3BOJUTENBHOCTU 6a30BOil CXEMBI pacIapauIeIiBaHUs.

The performance of several schemes of shared memory usage in artificid neural network
implementation on a CUDA platformis considered. The placement of several windows of input data and
neuron inputs weights in shared memory is investigated. It is shown, that due to waiting while datais
loaded from global memory, performance of these schemes doesn’'t exceed the performance of basic
scheme of parallelization.

BBenenne. AmnmapaT HCKYCCTBeHHbIX HelpoHHbIX cereit (MHC) mmpoko
MpUMEHSIETCS ANl pelleHHs MHOTUX IPaKTUYEeCKMX 3aJad, CBS3aHHBIX C
pacrmo3HaBaHueM 00pa3oB, KiIacCU(UKAIMei CUTHAIOB pa3iIu4YHON mpupos [1,2].
OnHUM U3 CYLIECTBEHHBIX orpaHudeHud mpu ucnosszoBanuu MHC saBuserca ux
BBICOKAs PECYpCOEMKOCTb, YTO YCIOXHSET 0O0pabOTKy MJaHHBIX B pexHuMe
pEeaIbHOTO BPEMEHH.

B MHC kaxnaplii HEHMpOH SBIETCS HE3aBUCHMBIM BBIUHCIUTENIEM, U BCE
HEHPOHBI OTHOTO CJI0S1 MOr'yT paboTaTh napajuiensHo. [1o3ToMy A yMEeHbLICHUS
BpeMeHU 00pabOTKM JTaHHBIX UCKYCCTBEHHBIMH HEHPOHHBIMU CETSIMU MOT'YT OBITH
HCIOJIb30BaHbI TEXHOJIOTUH NapaUIeIbHBIX BEIYUCICHUMN.

Jna mapannensHoi peanusanuu MHC ncnone3yroTcst TEXHOJIOTUM KOMaHT
MTOTOKOBBIX SIMD-pacmumpenuit nporeccopa (SSE), cpeacTaa
MHOTOIPOILECCOPHBIX M paclpeAcieHHbIX Bbraucienuit (OpenMP u  MPI,
COOTBETCTBEHHO), TEXHOJOTHH Herpa@UuecKHX BBIUYHCICHHH Ha Mpoleccopax
Bugeokapt (AMD StreamComputing, NVidia CUDA).

Texuonoruss NVidia CUDA (Computer Unified Device Architecture) [3,4]
MO3BOJISIET  WCMOJIB30BAaTh  IPOLECCOPHl  BUACOKAPT AN BBIIOJIHEHUS
HerpaMYecKUX  PacyeTos, obecreunBasi  BBICOKYIO  BBIYHCIHUTEIBHYIO
MIPOU3BOIUTENBHOCTh IPU CPaBHUTEILHO HU3KOH CTOMMOCTH peuieHus. B paborax
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[5-7] Obuto mokazano, uto peammsarus NMHC wna 6ase miardpopmer CUDA
MO3BOJISIET JIOCTHYb CYIIECTBEHHOI'O MPHPOCTa MPOM3BOAMTENBHOCTH B 3aJadax
00pabotku ganaeix MHC, 1 ObLTH MPeiIoKeHbI CXEMbI apaJlIeIbHON peaan3aluu
psma THC. B pabore [7] aBTopoM ObLIa MpeUIoKeHa cXxeMa pachapaiieuBaHust
BBIUMCIICHUN 171 0OpabOTKHM HEHPOHHOW CEThIO MPAMOr0 PAaCHpOCTPAHCHUS
MOTOKA JaHHBIX. J[aHHAs cxema mpeinonaraeT o0paboTKy omHOro OJOKa JaHHBIX
Ha OJIHOM MYIBTHIIPOLIECCOPE, MPU ITOM 3HAYCHHUS BBIXOJIOB 00pabaThIBACMBIX
CJIOEB HEWPOHOB pacroaraiotcs B pasaensemoit mamsatu CUDA. B crydasx, korma
pasmepsl MTHC wmainbl, 00beM pa3nenseMoil TaMsTh MO3BOJISET Pa3MECTHTh B HeEil
MepeMeHHbIe U1 00pabOTKM HECKOJBKUX OJIOKOB JaHHBIX W JIAXKE BECOBBIC
ko3 purmenTs! HeiiponoB. OHAKO, U3-3a ONPEICICHHBIX OTPAHUUCHUI HA JJOCTYII
K pazfiesiseMod maMsATH 3TU MEpbl MOTYT U HE MPUBECTU K YBEIUUECHUIO CKOPOCTH
00pabotku. [IpoBepke MaHHBIX BO3MOXKHOCTEH YCKOpEHUs 00pabOTKU MOCBSIICHA
naHHas pabora.

Cxema 00paGoTKi JaHHBIX ¢ ucnoab3oBanneM MHC. Kak u B pabote [7],
OyleM UCXOIUTh U3 MPEATONIOKEHHsI, YTO BXOJHON MOTOK JAHHBIX pa30OuUBaeTCs Ha
OKHa aHanu3a (UKCUPOBAHHOM JUTMHBI, a 3aTeM JaHHBIC KaXKOr0 OKHA aHalu3a
nepenarorcs Ha Bxon MHC. Takke B qaHHO# paboTe Mpeamonaraercs, 4To eciiv B
MPUKIIAHON 3a/aue OKHa aHanmu3a nepekpbiBatorcs, To u MTHC onu obGpabartbiBa-
FOTCSl HE3aBUCUMO JIPYT OT npyra. To ecTh, 3a1ada ONTUMHU3AIMUA 00paOOTKU 30HBI
MEPEKPBITHS OKOH aHajM3a B JaHHOH paboTe He pacCMaTpHUBACTCS.

Taxoke orpannuumcs paccMorpenueM MHorocnoinoir MHC npsimoro pacmpo-
CTpaHEHHs] C CUTMOUJIHOM aKTUBAaI[MOHHOW ()YHKIMEW M KOJMYECTBOM HEHPOHOB
BBIXOJTHOT'O CJIOSl, PABHBIM KOJIMYECTBY HEHPOHOB BXOIHOIO CJOsI, TOCKOJBKY Ta-
Kasi CUTyallus SIBIISICTCS HanOoJiee CIIOKHON C TOUYKH 3PEHHSI TPOM3BOIUTEILHOCTH.

3HaueHHe Ha BBIXOJIE KaXK0ro HelpoHa BeIYHcIseTcs mo ¢popmyse [1]:

a8yt 5
y, = f a Xj XN
j=0 %]

@

[Ie  X; - 3HAYCHHE Ha j -M BXojie i -ro HeWpoHa,;

W - BECOBOH KOA(UIUCHT;

yi - 3HAYCHUEC HA BBIXOAC i -ro HeﬁpOHa;

f(2) = l/(1+ e X) - (DYHKITUS aKTHBAIUH.

Crnoun HelpoHOB 00pabaTHIBAIOTCS IOCIEOBATENBHO. CHaYasla BEIYUCIIIFOTCS
3HAUEHMs Ha BBIXOJlaX BCEX HEHPOHOB IEPBOTO CJIOS, 3aTeM, UCIOJIb3Yys MOJIyUYeH-
HBIC 3HAYCHUS KaK BXOJHBIC 3HAYCHHUS CJICIIYIOLIETO CIIOsI, BBIYUCISIOTCS 3HAUYCHUS
Ha BBIXOJIaX BTOPOTO CJIos W T.1. B KkauecTBe pe3ynbTaroB 0OpaOOTKH JaHHBIX
WHC paccmarpuBaroTcs 3HaueHHs! BBIXOJIOB HEHPOHOB ITOCIIETHETO CJIOS.

Onruvmsanus Beruucienus MHC pnsa CUDA. O6paborky nannsix THC
Ipe/iaraeTcsi MPOBOAMTH 1O CileAyIolleMy NpuHIuIy. Kaxioe OKHO MCXOJHBIX
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JTAaHHBIX OyzeT o0padaThIBaThCs B OMHOM OJIOKE IOTOKOB, @ KaXIbIii MOTOK Oyaer
BBIYHCIIATH 3HAUEHUE Ha BBIXOJIE OJHOIO WJIM HECKOJbKHX HeipoHOB. [Ipu sTom
KOJIMYECTBO OJIOKOB IOTOKOB OINpENEIsieTCss UCXOus U3 TpeOOBaHMH K CKOPOCTH
peakuuu cucrembl. Vcronp3oBaHue Ooibiero 4uciia OJIOKOB, YeM KOJUYECTBO
YCTaHOBJICHHBIX Ha ammaparype IOTOKOBBIX MyJbTHIpoueccopax (SMP),
II03BOJISIET YMEHBIIUTD 3aTPaThl HA 3aIlyCK IIOTOKOB U, €CIIM JIOCTATOYHO PECYPCOB,
3aIlyCTHTh HECKOJIBKO OJIOKOB BBIIOJHATHCS Ha onHOM SMP.

Takum oOpa3oM, cxema 00pabOTKH JaHHBIX UMEET CIIEAYIOIIUHA BUI:

1. HakammBaercst Habop naHHbiX U3 N>G orcueros, rae N — mimwHa okHa
aHaimm3a, a G — koau4yecTBO 00padaThIBaeMbIX 3a OJIMH Pa3 OKOH aHaju3a. B cBoro
ouepenb, 3HaueHHe G MMeeT CMbICH JeaTh KpaTHbIM 4ucily umetomuxcs SMP.

2. HakorieHHble JaHHblE Komupyloorcss B mamste ycrpoiictBa CUDA u
3amyckaercs ux oOpaborka ¢ momombio MHC. Tlpu 3TOM UCXOJIHBIC JaHHBIC
KOIUPYIOTCS B pa3/iesieMyI0 MaMsTh, U MOCJIOMHO BBIMOJIHSACTCS pacuyeT 3HauYeHHUH
BBIXOJIOB KaXJOrO CJIO] HEWpPOHOB. 3HAUEHHMS Ha BBIXOJAaX IOCIEJHEro CIOs
HEHPOHOB 3aNUCHIBAIOTCS B MaMsTh ycrporictea CUDA.

3. PesynbTarsl 00pab0TKH KOMUPYIOTCS B HAMATh KOMITBIOTEPA.

Jnsa cinyuas wmanoro pasmepa HWMHC mnpepnaraercs npoaHalIu3UpOBaTh
BIIMSIHUE HA MTPOM3BOAUTENILHOCTD CIEAYIOINX MOAU(UKAIIMHA JAHHOTO MOAXO0AA.

Obpabomka HeCKOIbKUX OKOH UCXOOHBIX OAHHbIX 6 00HOM Onoke. Kak Obu1o
moka3ano B pabore [7], HauOosbLIas MPOM3BOMUTEIBHOCTh TOCTUTACTCS, €CIU
4ucio notokoB B 6stoke npeBocxoauT 100. Ecin MakcumanbHOE YHCIIO HEHPOHOB B
clloe B HECKOJIBKO pa3 MEHbIIE YhCJia OTOKOB, MOJKHO IOIBITAaThCs 00paboTaTh
HECKOJIbKO OKOH JaHHBIX B OfHOM Oiioke. [Ipu aToM BO m30exaHue KOH(IMKTOB
JOCTYHa K pa3fensieMod MaMsITH M COIYTCTBYIOIIErO JTOMY CHIDKCHHUS
MIPOU3BOIUTEIBHOCTH JaHHBIE KaKAOro OJIOKa JOKHBI OBITH BBIPOBHEHBI MO
rpaHuiie 0aHKOB MaMsTH, TO ecTh Ha 16 aneMeHTOoB.

Xpauenue 6ecos HelipoHog 6 pazdensemou  namamu. Ilycte s
MaKCHUMaJIbHOTO YMcia HeipoHOB B ciioe K BBIMONHSIETCS COOTHOIICHHE

2xA(K)+ A(K)*K £ M, @)

rne SM —o0beM pazziensieMoil HaMsATH B IIEPEMEHHBIX C IUIaBaroLeld TOUKO;

A(K) — OIepaTop OKPYIJIeHHs B OOJIBLIYIO CTOPOHY /10 KpaTHOCTH 16.

Torpa BecoBble KO(GHULIMEHTH BXOJOB HEHPOHOB MOXKHO DPa3MECTUTHh B
pazzmensiemoil nmamstu. OfHAaKO Hadaja CTPOK MAaTpUIbl BECOB JOJDKHBI OBITH
BBIDOBHEHBI 10 TrpaHuile 16, 4ToObl HE BO3HUKAJIO KOH(IMKTOB JIOCTYyNa K
pasnensieMoil maMsTH.

Pesyabratel. B pamkax naHHOW pa0oThl OBLIM HM3MEPEHbI CKOPOCTH
00pabOTKM JaHHBIX il 0a30BOrO0 aNrOpuTMa W JUIL  €ro  MOJU(DHKAIIMA.
Pe3ynbraThl U1 UKCa MOTOKOB B OJioke He Oonee 128 mpuBeneHsl Ha rpaduke.
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Kak BHAHO M3 TpHBENECHHBIX TpaMKOB, CKOPOCTb OOpPaOOTKH JaHHBIX C
UCIIOJIb30BaHUEM 0a30BOil cxeMbl B OONBIIMHCTBE CIIy4aeB BHIIIC, YeM Y
MIpEJIOKEHHBIX BapUaHTOB. B pe3ynbTaTe eTaqpHOr0 aHalIM3a ¢ UCIOIb30BaHUEM
cpencTB npouIMpoBaHUS OBLIO ONPENENICHO, YTO HMPUYMHOM JAaHHOTO SBIICHUS
CTaJla HEXBaTKa PeCypCOB AJIA 3allyCKa JOCTaTOUYHOrO YK CIIa TIOTOKOB BBIIOJIHEHNUS,
KOTOpble OBl CIUIaAMIN 3aIEPXKKH AOCTyNa K TIiI00anbHOW NMaMSTH YCTpPOMCTBA.
HesHauuTenbHbI MPUPOCT MPOM3BOAUTENLHOCTH HaOiopancs Ipu oOpaborke
HECKOJIbKUX OKOH aHalIu3a B OJHOM OJIOKe, Koraa B OJIOKE NMOMENIaioch HE MeHee
YeThIpeX OKOH aHajM3a. JlaHHbIe 3aBUCHMOCTH MOTYT OBITH HCIIOIb30BaHBI MpPU
MIPOCKTUPOBAHUHM TEXHUYECKUX CHCTEM, UCIOJIB3YIOUMX 00paOOTKY JaHHBIX HpU
nomomu MHC B pexxuMe peaabHOro BpeMEHH.
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