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AHHOTALIMA
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auTepaTypsl — 38 HanMeHoBaHMM, 10 IHCTOB YepTexei ¢. Al.

B manHOl paboTe paccMaTpUBAIOTCSA METOJbI MO peaau3alMy OOLIUX BhIYMCICHUM
Ha rpadUyecKoM MPOIECCOpe, B YACTHOCTH IS IOCTPOEHHUS TpagueHTa W IOJs
MMOTOKOB JTAaKTHJIOCKOITMYECKUX H300pakeHUuH. Ananrtanusi YyIOMSHYTBIX allTOPUTMOB
JUIsl paOOThl Ha rpaUUYeCKUX YCKOPUTENSIX SBISIETCS HEOThEMIIEMOM YacThiO AaHHOMU
paboTHI.
[{eas pabOThI — MOCTPOEHUE OIS TTIOTOKOB VISl JAKTUIIOCKOTTMYECKUX H300paXKeHUH
U aHaJIM3 MIPEUMYILIECTB U HEJJOCTATKOB BhIUHMCIEHUN HA IpadMueCcKOM MPOIIECCOpE.
3agaun paboThI:
—  pacCMOTPETh CYILECTBYIOLINE TEXHOJIOTUU HeCIennalTu3upOBaHHbIX
BBIYHCIICHUN Ha IpaUIecKuX MPOoIeccopax;
— aIanTUpPOBaTh AJTOPUTMBI CTIIAXUBaHUSI, OMHApU3AIluH, BEIYUCICHUS TpagrueHTa
Y TIOCTPOEHHUS T10JIel TTOTOKOB JIJIsl BEIYMCIIEHUM Ha rpapUUIeCKUX YCKOPUTEISX;
— TMpoaHaJIU3UPOBATh MOJTyYeHHBIS pe3yJIbTaThl TPOU3BOANTEIEHOCTH
BBIYKMCIIEHUNM Ha rpauyecKoM IMpoIleccope ¢ pe3ysbTaTaMH, MOJyYeHHBIMH Ha
IIEHTPAJIBHOM ITPOLIECCOPE;
[Ipu peanuzarnuu mpoeKkTa B KadecTBe SI3BIKOB MPOTPAMMUPOBAHUS ISl HATTUCAHUS

KOJIa TIPOrPaMMHON YacTH CUCTEMbI ObLIIN UCTIONB30BaHkbI si3biku C 1 C++.
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BBEJIEHHE

[Ipo6nematka OuOMeTpUUYECKON WICHTHUGUKAIMA pPa3BUBACTCS C CEpPEeAUHBI
MPOIIIOTO BeKa:

— B 1960-e ronmpr Oumomerpuyeckoe mnoxapazaenenue NIST mpoBoauT mnepsbie
MONBITKA aBTOMATH3aIMK Mpollecca WASHTU(PUKAIIUN JIMYHOCTH TI0 OTIeYaTKam
MTaJIbIIEB;

— B 1970-e  rombl  pa3pabaThiBalOTCd ~ MEpBble  aBTOMATHU3UPOBAaHHbIE
JaKTHIOCKOITNYECKHE CUCTEMBI;

— B 1980-e roasl pa3pabaThIBarOTCs TEPBbIE METOIbI TTOJIHOCThIO aBTOMATHYECKOM
UJIeHTUPUKAITUY.

B Poccun Hanbonee BakHbIE pe3yJbTaThl IO JAKTHIOCKOMMYSCKOW HACHTH(GUKAIIUH
JUYHOCTU OBLIM mMoOJydeHbl B pabotax ciexyromiux asTopoB: B.H. buuuros, A.C.
boxos, I1.A. 3ainues, JI.M. Mectenkuii, A.B. Mokcun, C.O. Hosukos, O.C. Ymimaes,
O.M. UYepHomopauk u gap. CHoxuiauch HaydHble IIKOJIbI, 3aHUMAIOIIUeCs
npobsemMaTukol OuomMerpuueckoil uneHtudukanuu. Cpeau HUX MOXKHO BBIJICIUTH
crienuamcToB, padotaromux B mHcTUTyTax MIIM PAH, UCA PAH, MI'Y um. M.B.
JlomonocoBa, MI'TY wum. H.D. baymana wimn kommnanusx «buonunk», «Cuctemsl
[Tanunony, «CoHga» u ap.

Cpenu  3apyOeXHBIX  HCCIASIOBAaHMA B 00JIAaCTH  JAKTHIIOCKOITMYECKOM
UJIEHTU(PUKAIIUN JIUYHOCTU CJIeAyeT BBIACIUTh PabOThl TaKWUX CIEIUATUCTOB, Kak
A. Anmanca, C. Anpepcon, H. Amncapu, K. Acam, II. bangu, C.b. bannep,
AM. bazen, C. bepnanba, b. bxany, P.M. bomn, I'.'T. Kannena, P. Kanennu, T. Yanr,
C. Yanen, C.A. Koyn, 1. Kocremno, P.O. dyna, A.Il. ®ut3, P. I'epman, I'.X. ['pannynn,
C. Uraku, A.K. Ixeiin, C. Kacapeit, 3.M. Kosakc-Bamxna, /1. Mapuo, JI. ManbToHu,
b. Maysp, O. Hakamypa, K. Hwuncon, JI. Oropman, B.Osepton, C.Ilankanry,
C. Ilpabxakap, C.B.K. Pao, H.K. Patps, A.Pox, A.Censop, B.Illen, Bb.I'. lllepnok,
M. Cnepoy, Il. Cnepoy, .A. Crouu, C.M. Barcon, /[.M. Bebep, C.JI. Buicon,
B. Yanr, /. Koy u np.
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Ha cerognsmHuii 1eHh JAKTUIIOCKOTHS TPEACTABIsET COOON pa3BHBAIOIILYIOCS
obnacte 3HaHM. Celfyac aJirOPUTMBI JaKTUIOCKOIMH TIOCTOSTHHO COBEPIIIEHCTBYIOTCS,
¥ MHOTHX BO BCEM MHpE HHTEpecyeT KaK IOBBIIICHHUE TOYHOCTH aJITOPHUTMOB, TaK H
MOBBIIIICHHE WX IPOU3BOJUTEIBHOCTH, CKOPOCTH paboTel. KM dYTO BaxkHee —
COBOKYITHOCTH BBICOKOH TOYHOCTH aJITOPUTMOB 1 MUHUMAJILHOTO BpEMEHHU WX paOOTEHI.

Jlns  ynoOGctBa pabOThIl ¢ OTMEeYaTKaMU TalbleB TPOU3BOJUTCS TEepBUYHAS
00paboTka n300pakeHus. Takas 00pabOTKa MO3BOJISET 110 OTHEYATKY IaJIbIla BBIJICIHUTh
oOIye TpU3HAKW Yy30pa: 3aBUTKH, IETJIW W JAeNbThl. Pacmo3HaBaHHWe TNPU3HAKOB
MIPOW3BOIUTCS Yepe3 aHallu3 OIS HallpaBJIeHUH, T.€. CIIeIIHaIbHOTO MacCHBa BEKTOPOB,
XapaKTepU3yIIINX HampaBlieHue W MOJYJb JMHHH y30pOB OTIIEYaTKOB MajblieB. B
CBOIO OYepe/b, TAKOe T0JIe HAPaBISHU CTPOUTCS HA OCHOBE TOJIS TPAIUEHTOB.

Bo3spacTarorieMmy WHTEpecy K JaKTHIOCKOITMYECKON UIACHTH(GHUKAIIUN CITOCOOCTBYET
HWHTEPEC CO CTOPOHBI rocyaapcTBa. buomeTpuueckre TEXHOJIOTHH SIBISIOTCS OJTHUM W3
MPUOPUTETHBIX HAYYHO-TEXHUYECKUX HamnpaBieHui. [losTomMy naHHas IHUTTIOMHAas

paboTa akTyanbHa M 3aMbIKaeTCs Ha BOIIPOCHI TOCYIapCTBEHHON O€30MacHOCTH.
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1. IIPEIMETHAA OBJIACTD U TTOCTAHOBKA 3AJTIAY

Onucanue mpobGiembl. Hacenenue 3eMiu cocTaBiisieT OKOJIO CeMH C TOJIOBUHOMN
MWUIMApPAOB YEJIOBEK M MPOJOJKaeT yBelnunBaThcs. Kpome camux airopuTMmos,
CYIIECTBYIOT OTPaHUYEHUS BBIYUCIUTEIBHBIX MOIITHOCTEH CUCTEMBI, U, TAKUM 00pa3om,
MEHee COBEPIICHHBINM aJrOPUTM MOXKET paboTaTh OBICTpee Ha cHcTeMe C OOJIBIIUM
KOJIMYECTBOM PECYpPCOB ISl IOMCKA YeJIoBeKa 1Mo O0JIbIIoN 6a3e JaHHBIX.

C pocTtoM HacelleHUsI pacTeT M YPOBEHb NPECTYNMHOCTH. Tak Kak 4YacTo MpH
COBEpIIICHUN HE3aKOHHBIX JEWCTBUN MPECTYITHHMKHA CKPBHIBAIOT MH(MOPMALMIO O CBOEH
JUYHOCTH, TO Ha TMOMOIIb MNPUXOAUT AakTUiockomus. OHa SBISETCS OAHUM U3
Hanbosee 3¢ (HEeKTUBHBIX METOJIOB YCTAHOBJICHUS JIMYHOCTH YeIOBeKa.

B otnenpHBIX cTpaHax 0aza OTIEYaTKOB COCTOUT HE TOJBKO U3 OTIEYATKOB OBIBIINX
MPECTYIMHUKOB, HO U U3 OTMEYATKOB OT/bIXAIOIINX, IMMUTPAHTOB, YNHOBHUKOB U JaXe
00b1uHBIX MofAei. C pocToM 6a3bl [Jis MOUCKA BOSHUKAET U 3aj/lauya COBEPIISHCTBOBAHMUSI
aJTOPUTMOB, YTO U PACCMOTPEHO B JAHHOM JUILIIOME.

[lens paGotel. lLlenbto paboThl  sABISIETCS TMOCTPOCHUE OWHAPU30BAHHOIO
U300paKEHUsI, CIIKEHHOTO0 W300pakeHus, TpajueHTa M TOJsS TOTOKOB TS
JAKTUIIOCKOMTUYECKUX U300paKeHU N C TPUMEHEeHHEM IpauuecKoro yCKOpUTEJs.

JIns  mocTUKeHWsT TIOCTaBJIEHHOW I1IeJd  HeO0OXOJWMO pellleHue CJIeAyIOIINX
MOCTABJIEHHBIX 3a1a4:

— Bpibop TexHonOrMHM, C TIOMOIIBIO KOTOPOW CTaHET BO3MOXKHBIM 3aIlyCK
peann30BaHHBIX aJTOPUTMOB Ha rpaduuecKoM MPOIIECCOpE;

— ApnanTamus  anropuTMOB  O0pabOTKHM  M300pa)KeHHWsl IS  MHOTOIOTOYHBIX
BBIYUCJICHUN Ha rpaUuecKux yCKOPUTENAX;

— CpaBHeHHE MPOU3BOJUTEIBHOCTA AJITOPUTMOB C TOYKH 3pPEHUS MPOLECCOPHOTO
BpEMEHU M 3aTPAueHHOTO pEeaJIbHOTO BpPEMEHU, BBIYUCIISIEMBIX Ha TrpaduyecKkom
MPOLIECCOPE U HA LIEHTPAIBHOM ITPOLIECCOPE.

OObexT wuccnenoBaHWs. B mpakThueckoM TUIaHe OO0BEKTaMU HCCIeOBAHUMN
SIBJISIIOTCST Pe3yJIbTaThl AITOPUTMOM O00pPabOTKU JTaKTUIOCKOMUYECKUX U300pakeHuH, a

TAaKXXC€ HAIIMCaAaHHBIC KOMIIJICKCHI IIPOTPpaMM.
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Hayunas HOBM3Ha  paboTHI. PeanuzoBanbl aJIrOPUTMBbI 00paboTKu
JAKTUJIOCKONMUYECKUX M300paKeHHI U1 MOJydYeHMs MOoJisl MOTOKOB, OMHapu3aluu U
BBIUMCJIEHUs] [PaJueHTa Ha rpauueckoM ycKopuTese. AHalor Mmojao0HoN paboThl ObLI
MpOBeI¢H aMepuKaHCcKuM mpodeccopom AHuioMm JIxeiHoM[1], KOTOPBIA CTpeMUTCS
UCIIOJIb30BaTh TEXHOJIOTUM MCKYCCTBEHHOTO WMHTEIJIEKTa, HCMOJNb3ys TIpaduueckuit
npoieccop, ¢ npuMeHeHneM TtexHoiorun CUDA 1isi conocTaBiieHHs OTIEYaTKOB

MaJblIEB.
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2. UCCIIEJOBAHME 1 CPABHEHUE

B pamkax quriioMHOro mpoekTta OblIo MPOBESHO UCCIIEIOBAHUE O CYIIECTBYIOIIUX
TEXHOJIOTHSIX HECIeNaIn3UPOBAHHBIX BRIYUCICHUN Ha Tpadudeckux mpoieccopax|2].
JlaHHBIE TEXHOJIOTUU UCIIONB3YIOTCS JUIsl TOTO YTOOBI BBIMOJHATH pPacuéThl B
MPUJIOKEHUSX JJIsI OOLIMX BBIYUCICHUM, KOTOpble OOBIYHO TPOBOJAUT IIEHTPATHHBIM
mporieccop. Brrumcienus Ha TpapUUYECKHMX YCKOPHUTENSX CTaIH BO3MOXKHBIMH
Onarogapsi 106aBICHUIO IPOrpaMMUPYEMBbIX IeiaepHbIX[3] 6710KOB 1 60Jiee BBICOKOM
apu(MeTHIeCKOH TOYHOCTH PACTPOBBIX KOHBeHepoB. BBISCHUIOCH, YTO CYIIECTBYIOT
CIEAYIOIIUE peaTn3alii TaKuX TeXHOJIOTHMH:

— AMD FireStream[4];

— DirectCompute[5];

— C++ AMP[6];

— CUDA[7];

— OpenACC[8];

— OpenCL[9].

AMD FireStream — wmHTepdeiic IMPHUKIAIHOIO IPOrpaMMHPOBAHHUS C OTKPBITHIM
HUCXOJHOM  KOJIOM,  KOTOPBIM  TO3BOJIIET  pa3paboTyMKaM  KCIOJIb30BaTh
BBIYUCIIUTEIbHBIE MOITHOCTH I'paduyecKoro mpoieccopa, MpeloCcTaBlisisi BO3MOXKHOCTh
WCIIOJB30BaHUS INEHIEepOB IJIs 3alycKa BBIYMCIHMTENBHBIX TporpamMMm. KMHTepdeiic
nporpamMmupoBaHus ocyiectsiseTcss yepe3 OpenCL. Mcnonb3oBanue rpaduyeckoro
IpoIeccopa TO3BOJUIO YCKOPUTH BBITIOJIHEHHUE HEKOTOPHIX (DMHAHCOBBIX PACYETOB B
NATBHAECAT TISATh pa3 II0 CPaBHEHHWIO C pelIeHHeM TOW e 3aJadd TOJIBKO Ha
[EeHTpalbHOM Tpolieccope. JlaHHash TEeXHOJOTUsl JOCTYMHA TOJIbKO Ha BHJEOKapTax
kommnanuu AMD.

DirectCompute — unTepdeiic nporpaMMUpPOBaHUS MPUIIOKEHUN, KOTOPHIA BXOJIUT B
coctaB DirectX[10] (ot Microsoft). HecmoTpsi Ha HalelleHHOCTh Ha Herpaduyeckue
BBIYHMCJIeHUS o01ero HazHadeHus, DirectCompute MOXKeT HUCIIOJIb30BaThCSl U B UTPOBOM
rpaduke AJisl, HAMPUMEDP, PeHJIepUHra TeHeW WM MOJyIpo3padyHbIX MOBEPXHOCTEN Oe3

MpeBapUTEIIbHOW COPTUPOBKHU. Tak e JMaHHBbIM MHTepheic MOXKET HCIOJIb30BaThCS
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JUIS  TPacCHUpOBKM Jyued, oOpaboTke u ¢uiabTpauuu LTU(GPOBBIX H300paKeHUH,
MpocuéTe aJrOpUTMOB UCKYCCTBEHHOTO MHTEJUIEKTa U Apyrux 3agad. OcoOblil uHTEpec
BBI3BIBAIOT MPOCUYETHI aITOPUTMOB (PU3UUYECKUX JIBUKKOB, C TIOMOIIBIO KOTOPBIX MOXKHO
0o0pabaThIBaTh MEXaHUKY TBEPABIX Tell, GU3UKY TKaHEeH U TuaporazoquHaMuKy. [lanHas
TEeXHOJIOTUS OCTyIHA JJis BUuaeokapt kommnanuu AMD u NVIDIA.

C++ AMP — 6ubnuoreka, ucnonb3yromas DirectX 11, u oTkpbITas crienudukaius,
co3/laHHBbIe KoMImaHueld Microsoft mjis peanmazanmy IapauieIbHBIX TPOrpamMM IJIs
ruOpuaHBIX cucteM Ha s3bike C++. JlaHHas cucTeMa TO3BOJISCT TEPEHOCUTH
BBEIYUCJICHUS Ha rpadHuYecKkrde IPOoIeccophl 0e3 BHECEeHHS OOJBIIOro KOJUYeCTBa
W3MEHEHUM B KoJ TmporpaMmbl. OCHOBHOW OCOOEHHOCTBIO JTaHHOW TEXHOJOTHUHU
SBJISIETCS TOT (DaKT, YTO KOJ, KOTOPBIM HE MOXKET 3allyCTUThCS Ha rpadruyecKoM
mporieccope (MJIM €ro 3aIlyCcK He IMPUHECET NPHPOCTa MPOU3BOIUTEIHLHOCTH) OyneT
aBTOMATHYECKU 3alyllleH Ha IeHTpaJbHOM Ipolieccope ¢ npumeHenrem SIMD (SSE)
uHCTpykumii[11]. s wWcrnonb30BaHUST JaHHOW TEXHOJIOTMU B KOJIe JOCTaTOYHO
00aBUTHh CHHTAKCHYECKYIO KOHCTPYKIIHIO «restrict(amp)y aiis 1000i (GyHKIIMH, YTOOBI
KOMITUJISITOP OLICHWJI, TOJXO/IUT JIK JaHHasi GYHKIUS 711 BIYMCICHUS Ha IpaduuecKux
yckopuTensax. JlaHHas TEXHOJIOTWs JOCTyINHa [Jisg BuUAcoKapT Kommnanuu AMD wu
NVIDIA.

CUDA - mporpaMmMmHo-anmapaTHas apXUTeKTypa MapalljelbHbIX BbIYUCICHUMH,
MO3BOJISIIONIAS  CYIIECTBEHHO YBEJIWYMTh BBIUUCIUTEIBHYIO IPOW3BOIUTEIHLHOCTD
Oyaromapsi Ucrnosib3oBaHuUIO rpadguueckux npoueccopa ¢pupmbl NVIDIA. Apxurektypa
CUDA nmaét BO3MOXXHOCTH pa3pabOTYMKy OpPraHHU30BBIBAaTH JIOCTYIl K Habopy
HHCTPYKIMH TIpadUuecKOoro YCKOPUTENsS W YIpPaBIsATh €ro MaMAThiO TOCPEICTBOM
YIPOIIEHHOTO JUalieKTa si3bika nmporpammupoBanus C. JlaHHas TEXHOJOTHS JOCTYIHA
TOJIbKO Ha BUAcoKapTax kommaHuu NVIDIA.

OpenACC — nporpamMMHBIA CTaHIApPT AJIsI MapalljIe]bHOTO MPOrPaMMUPOBAHUS,
pa3zpabarbsiBaemblii Cray, CAPS, Nvidia u PGI. Cranaapt onuceiBaeT HabOp AUPEKTUB
KOMITUJIITOpa, MpeJHa3HAYeHHbIX JJIS  YIOPOIIEHUS  CO3JaHHUsl TeTepPOreHHBIX
napasuielIbHbIX MpPOTrpaMM, 3aJelCTBYIOLIMX KaK LEHTPalbHbIA, TaKk U TpauyecKuit

nponeccop. OpenACC mno cuHrakcucy cxox ¢ OpenMP[12]. JlanHblil cTaHmapt
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MO3BOJISIET Pa3pabOTUUKy aOCTparupoBaThCs OT OCOOCHHOCTEH — WHUIMATH3AIAN
rpadudeckoro mpoiieccopa, BOIPOCOB Mepeadnl JaHHBIX Ha COMPOIECCOp U 00paTHO U
T. 1. Komnunsarop GNU GCC noaaepxuBaet OpenACC nHauuHasi ¢ Bepcuu 5. JlaHHas
TeXHOJIOTUs ocTymnHa s Bujgeokapt komnanuu NVIDIA u ¢ Hosi6ps 2014 AMD.

OpenCL — dpeliMBOpK UIsi HaMKMCaHUS KOMITBIOTEPHBIX MPOTPaMM, CBSI3aHHBIX C
napajuleIbHbIMU  BBIYUCICHUSIMHA Ha PA3UYHBIX TpaduyecKux U IEHTPaTbHBIX
nporeccopax. OpenCL oOecrneunBaeT mnapayieNn3M Ha YPOBHE HWHCTPYKUMA U Ha
YpPOBHE JaHHBIX, a TakXe SBJISETCS  IOJHOCTBIO OTKPBITBIM CTaHIAApTOM (ero
UCIIOJb30BaHWE He  oOJyaraercss JIMIEH3UMOHHBIMM  oTuncieHusiMu). OpenCL
pa3pabaThiBaeTCsl W TIOIJEPKUBAETCS HeKoMMepdeckuM KoHcopimymoM Khronos
Group, B KOTOpbIH BXOJST MHOKECTBO KPYMHBIX KOMIaHuu, BkiIodas AMD, Apple,
ARM, Intel, Nvidia, Sony Computer Entertainment u npyrue. Llens OpenCL coctout B
ToM, 4T00bl AonoaHuTh OpenGL[13] u OpenAL[14], ABISIOMMMUCS OTKPBITHIMU
OTPACJIeBBIMU CTaHAAPTaMHU Il TPEXMEPHON KOMIBIOTEPHOW Tpauku U 3BYKa,
MOJIB3YSICh  BO3MOXHOCTSIMU Tpaduueckoro yckoputens. OpenCL mnpumensiercss B
npoaykre  WinZip[15] wHauumHas ¢ Bepcuum  16.5, yBenuuuBas  IPUPOCT
MPOM3BOAUTENBHOCTH 10 45%. JlaHHas TeXHOJOTUs JOCTyNHa s BHACOKApT
komnannu AMD u NVIDIA.

Ha nene OpenCL mpexacraBisier coO0l HEKyr0 MHKaNCyJsiuto TexHojorun AMD
FireStream nns Bupeoyckopureneir or AMD u texdomorun CUDA nns BuaeokapT
NVIDIA. Tlostomy, ¢ ogno#t croporsl OpenCL pabGoTaeT MenjieHHee, YeM IieJieBbIe
TEXHOJIOTUU KaXJI0M KOMIIAaHUU, C APYTOM CTOPOHBI 3aIyCKAEMbIA KOJ HE 3aBUCHUT OT
anrapaTHoOW 4acTH.

T.K. CyllIecTBYIOIIMX CUCTEM paclo3HaBaHUsI JJOBOJIHLHO MHOTO, U pabOTalOT OHU Ha
pa3IMYHOM alMapaTHOW YacTU C UCMOJb30BAHUEM PA3IUYHBIX OMEPAMOHHBIX CHUCTEM,
TO Mepexo]] Ha UCIOJIb30BaHUE HOBBIX METOJIOB JOJIK€H OBbITh MaKCUMAJILHO MPOCTHIM,
KaK JIsl pa3pabOTUUKOB, TaK U JIJIs MTOJIb30BaTeNei.

Takxe Ha ppIHKe Tpa@UUIECKUX YCKOPHUTENeH conepHuYaroT ABe kommnanuu: AMD u

NVIDIA. V pa3paGoTuukoB U MoJib30BaTesel MOryT ObITh pa3Hble MPEeANOYTEeHUs: K
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BBIOOPY rpadUuecKOro YCKOPHUTEIIS, ITOATOMY TEXHOJIOTHSI OOITUX BBIUUCICHUHN JOJIKHA
MaKCHUMaJIbHO MOJIIEPKUBATHCS 000UMU MPOU3BOIUTEIISIMH.

[TosToMy B KauecTBe KpUTEpHeB BbIOOpPA TEXHOJOTUM JJisi OOLIMX BBIUMCIEHUN Ha
rpa@uuecKux YCKOPHUTENSIX OyleM pyKOBOACTBOBATHCS CIECAYIOIMIMMH KPUTEPHUSIMU:
TEeXHOJIOTHS JIoJhKHA paboTaTh Mo onepalMoHHbIMU ceMelictBamMu Windows u Linux,
JIOJDKHBI  TIOJJIepKUBaTh BHUaeokapThl kommaHuid AMD u NVIDIA, a Tak xe
BBIYWCIICHUS] JIOJDKHBI OBITh BO3MOXXHBIMH Ha IIEHTPaJBHOM Tporeccope. JlaHHbIe
OTPaHUYCHUS HYXKHBI JUIsl TOTO, YTOO KOJI, UCTIONB3YIOIIUN Ty WX UHYIO TEXHOJIOTHIO,
obu1 TUTaTGopMoHe3aBucuUMbIM. [lox manubie KpuTepun nmoaxoasT Toiabko OpenACC u
OpenCL. B nanHoii auruiomHo# pabote Oyaet ucnonb3oBaThes TexHonoruss OpenCL B
cBs3u ¢ TeM, uto st OpenACC TpelyroTcst crienuduyuHble KOMIUIATOPBI, XOTS OHU U

SIBIISIFOTCST O€CIIaTHBIMU.
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3. ®PEMM®OPK OPENCL

[Tnatdpopma OpenCL cocTtouT w©3 XOCTa COEIMHEHHOTO C YCTPONCTBaMHU,
noanepxkuBaromiimMu - OpenCL.  Kaxnoe  OpenCL-ycTpoHCTBO ~ COCTOMT W3
BbIYKMCIUTeNbHBIX 0510k0B (Compute Unit), KoTopble nanee pa3fensitoTcs Ha OJAWH WU
Oosiee ayieMeHTHI-00paboTunku. OpenCL-nipuiiokeHUe UCIONHSASTCSI Ha XOCTe B
COOTBETCTBUHM C HATUBHBIMU MojenmsiMu ero tiaropmel. OpenCL-mipuioxenue
OTMpaBIeT C XOCTa KOMaHIbl YCTPOHCTBaM Ha BBINIOJHEHHWE BBIYUCICHUN Ha
aleMeHTax-00padoTunkax. DTH OO0pabOTUYMKK B paMKax BBIYMCIUTEIHLHOTO OJI0Ka
BBITIOJTHSIOT OJIMH IMOTOK KomaHz Kak SIMD 06ioku (oJlHa MHCTPYKITUS BBITTOJTHSETCS
BCEMH OJHOBPEMEHHO, 00paldoTKa cielnyrolleid MHCTPYKLMH He HadyHeTcs, MoKa Bce
MOTOKHW HE 3aBepIaT MCIOJHEHUEe TEeKyIlel MHCTPYKIuH), Tudo kak SPMD 6moku (y
Ka)XJIOr0 3JIeMeHTa-00paboTunKa COOCTBEHHBIN CUETUHK).

Brimmonnenne OpenCL-nporpaMMbl COCTOMT M3 JBYX 4acTeil[9]: xocToBas 4acThb
nporpamMmbl U sigpa, ucnodustomerocss Ha OpenCL-yctpoiictBe. XocToOBasi 4acTb
MporpamMMbl OfpefeNsieT KOHTEKCT, B KOTOPOM HCIOJHSIOTCS sipa, W YNpaBlseT UX
WCIIOJTHEHUEM.

B OpenCL siipo MokeT ObITh ABYX KaTeropuid:

— OpenCL spapa: nanucansl Ha OpenCL C m KOMOWIMpPYETCs KOMITHIATOPOM

OpenCL (caMm KOMIUISTOP MOKET BBI3bIBATHCSI BHYTPHU XOCTA).

— BcrpauBaemblie siipa: 1OCTYN K HUM OCYLIECTBISIETCS Yepe3 XOCTOBbIE yKa3aTelu

Ha (ynkuro. HatuBHbBIE siapa cTaBUTCS B odepellb Ha MCTOJMHEHUE, TaK jKe KaK U

OpenCL siapa u ucnonb3yer Te ke 00beKThl namsitd, uto U OpenCL spa.
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YactHas
namsaTb

Pabounn
3N1eMeHT

YactHan
namsaTtb

Pabouun
3N1eMeHT

YactHan
namsaTb

Pabouun
INeMeHT

YactHan
namsaTb

Pabounn
3NeMeHT

BbluncaurenbHaa eauHULA

BbluncautenbHasa eaguHULA

JlokanbHaa NnamaTb [ I JlokanbHas NnamaTb ‘
nobanbHaa/KoHCTaHTHaA NamATb

BbluMcauTENbHOE YCTPOACTBO

[MTamAaTb XocTa

Xoct

Pucynoxk 3.1 — Mogenb nmamsit yctpoiictBa gppeiimBopka OpenCL

Hcnonustomiee s1po MOXKET HCMHOJIB30BaTh YEThIPE Pa3IMYHBIX THMA MNamsATHU[9]
MpeCTaBICHHBIX Ha pUCyHKe 3.1.

['noGanpHass mamsaTh. JTa MaMITh MPEIOCTABIsSEeT TOCTYN Ha YTeHUE W 3aIuCh
aJeMeHTaM Bcex rpyni. Kaxaplii UCHONHSAEeMbIM 3JIeMEHT MOXKET MHUcaTh U YUTaTh U3
J000M 4YacTh O00BbeKTa NHaMATH. 3aluch W YTEHUE TIJI00AJbHOM IaMSITH MOXKET
K3IIIUPOBATHCS B 3aBUCUMOCTHU OT BO3MOYKHOCTEH yCTpOMCTBA.

KoncTtanTHas mamsatb. O6acTh ri1o0albHON MaMsATH, KOTOpas OCTaeTCs MTOCTOSHHON
BO BpeMs HUCIIOJHEHUs siipa. XOCT BBIAENSCT U WHULMAIU3UPYET OOBEKThl MaMSTH,
PacIoJio)KeHHbIE B KOHCTAHTHOM MaMSITH.

JloxanbHast naMsaTh. O0MaCTh MaMATH, JOKAJIbHAS ISl TPYIIIBL. DTa 00JaCTh MaMsTH
MOXET MCIOJIb30BaThCsl, YTOOBI cO37aBaTh MEepEeMeHHbIe, pa3jeisieMble BCel TPyMIon.

Ona moxeT ObITh peanu3oBaHa Kak otnenbHas namsaTh Ha OpenCL-yctpoiicTse.
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AnbTEpHaTUBHO 3Ta MaMsITh MOXET OBITh pa3MedeHa Kak o0JacTh B IIOOANbHOU
MaMSTH.

YactHas namste. O6nacTb mamsTd, NMpPUHAJJIeXAIAs HCIOJHIEMOMY JJIEMEHTY.
[TepemeHHEbIe, ONpejieIeHHBIE B YaCTHOW MaMSATH OJHOTO HCIIONHSIEMOTO JJIEMEHTa, He
BUJTHBI IPYTHM.

OpHoit u3 ocobennocteit OpenCl siBnsieTcss BcTpoeHHass OMOMMOTeKa (GYHKIUH.
Kpome cranmaptHoro Habopa math.lib B OpenCl nmeroTcss Tak HaszplBaemble nhative
byHKuA. ITO (QYHKIIMH, OCHOBaHHBIE, HEIMOCPEJICTBEHHO, Ha WCIOJIb30BAaHUU
HEKOTOPHIX (YHKIHMH BHIEOKApT M Ha HE COBceM TOYHOW apudmeruke. He
peKOMEHIyeTCsl MPUMEHSITh UX TPH CBEPXTOYHBIX pacyéTax, HO B Ciydyae (UIbTpaldn
N300pKeHUH pa3HUIly HEBO3MOXKHO 3aMeTuTh. K TakuM (yHKOUSAM, Hampumep,
OTHOCATCS: «native siny», «native cos», «native_powr». Kpome «IpocThiX GyHKIINM»
pa3pabOTYUKK CO3MaTU eI P Ha3bIBAEMBIX «OOIMMX (YHKIHI». DTO (YHKIIHH,
4acTo BCTpevaroluecs mpu oopadoTtke nzodbpaxkenuit. Hanpumep: mad(a,b,c) = a*b + c,
mix(a,b,c) =a + (b-a)*c. DTu PyHKIINU BBITIONHSIOTCS OBICTPEE, YeM COOTBETCTBYIOIINE
UM MaTeMaTU4YeCKHe JIeHCTBHS.

OpenCL umeet C 1mogo0HBIH SI3BIK, CO CASAYIONTUMH KITFOYEBBIMH OTIUYUSIMH:

— OTCyTCTBYIOT MOJEPXKKHA yKa3arejed Ha (QYHKIMU, OUTOBBIC TIOJIs, MacCCHBOB

TIepeMEHHOW JIJTMHHBI U CTAHJIAPTHBIX 3aT0JIOBOYHBIX (PaiiyioB.

— JloGaBneHa moaJep)KKa BEKTOPHBIX THUIOB JIaHHBIX, pPa3jIUYHBIX BHUIOB

CUHXPOHU3ANMHN ¥ PYHKIIUH 11T pab0YUX IMMOTOKOB U pabovMX TPyIII.

— Hmerorcs xBanmudukaTopbl IS TIOOQIBHOM, KOHCTAHTHOMW, JIOKaJbHOH U

YaCTHOU THUIIOB aMSTH.
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4. BUHAPU3ALIA NU3OBPAXKEHUA

bunapuzanus uudpoBoro n3zodpaxeHuss — 3TO NMEPeBOJ L[BETHOIO M300paKeHUs B
NIBYLIBETHOE, a UWMEeHHO B u4&pHo-Oenoe[l16]. OCHOBHBIM mapamMeTpoM TaKOTo
npeoOpa3oBaHus SBJSETCS TMOPOT t - 3HAYEHWE, C KOTOPBIM CpPaBHUBAETCS SPKOCTh
Ka)XJI0TO MUKces n3oopakenus. [1o pe3ynbraram cpaBHEHUs MUKCEIIO MPUCBABAETCS
HOBBII IIBET: YepHBIM WM Oenblii. B Hacrosimee Bpems CYIIECTBYIOT pa3iIUYHBIE
MEeTO/bl OWHapu3allMh, KOTOpPble MOXXHO YCJIOBHO pa3leluTh Ha JB€ TPYIIIbL:
rinobabHbIe W JIOKabHBIE. [Ipr Mcmoap30BaHUM TIIOOATBHBIX METOJIOB OWMHApHU3AIlUN
ITIOPOTOBOE 3HAYECHUE HE MEHSETCS B TEUEHHE BCEro MpOoliecca, a MPU MCMHOJIb30BaHUU
JIOKaJIbHOM OMHAapu3alKi UCXOAHOE U300pakeHue MOXKeT pa3OrBaThcsi Ha 00JIacTH, AJs
KON M3 KOTOPBIX BBIUMCISETCS JIOKaNbHBIN mopor t;. [Ipumep OGuHapU30BaHHOTO

M300paKeHMsI MOYKHO YBUJIeTh Ha pUCyHKe 4.1.

Pucynok 4.1 — Pe3ynbrar OuHapuzauuu u300paxeHU ¢ MpUMeHEeHHeM

rJ1I00aJBLHOTO IOpora
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OcHoBHas 1enb OWHapu3auu W300paXeHUsT — 3TO YMEHBIIEHUE KOJUYecTBa
uHbopMaIuu s JanbHeued pabotel. [Ipuuém ycmemHas OuHapu3aiys He TOJIBKO
yOpouUaeT JaibHellnyto paboTy ¢ HU(GPOBbIM HU300paKEeHUEM, HO U TMO3BOJISIET CXKaTh
W300paKeHMsI, WCIIONB3Ysl alropuTMmbl cxkaTus, Takue kak JBIG2[17]. C npyroit
CTOPOHBI, eclii OMHapu3alys Oblja BBITIOJTHEHA HEBEPHO, TO MOTYT MOSIBISTHCS Pa3HOTO
po/lla MCKaXeHMs, TaKhe KaK pa3pbiBbl B JIMHUAX, TMOTEps 3HAYMMBIX THKCeled |
oOnacTef, HapyllleHHWe IeJOCTHOCTH OOBEKTa, IMOSBICHWE WA YCUJEHWEe IIyMma.
Paznuunbie MeToabl OMHApU3alMKM UMEIOT pa3iudHble ciadbie Mecta. Hampumep, meton
Hubmoka[18] MoXeT mNpHBOAWTH K TIOSBIICHHIO JIOXKHBIX OOBEKTOB B Cllydae
HeoJHOponHOoCcTel Qona, a Meron Omy[19], HampoTUB, MOXXET TMPUBOAUTH K yTpaTe
HEKOTOPBIX JleTalield n300pakeHusl.

B pamMkax pgaHHOW JAWIUIOMHOM pabOTBl alropuT™M OWHapHW3alWu He Oyler
BBIYUCIISATBCS Ha TpaduyeckoM yCKOpuTese, M, IJs MPOCTOThI, Oyner paboTaTh B
OJHOMIOTOYHOM pekuMe. [lajmee moa BpeMeHeM BBITIONIHEHHUs Mpoliecca OUHapHU3aluu
n300paKkeHusi OyleT YYUTBHIBATBCS TOJNBKO BpeMs, 3aTpadeHHOe Ha IMOIydeHue
3HAYEHUW SPKOCTEH ISl KaXJIOTO TMHUKCeNs, U He OyJeT YYUThIBAThCS CaM allfOPUTM
OMHapHU3aIUy.

Jnst oObsICHEHUSI OTCYTCTBUSI HEOOXOJIMMOCTU BBIMIOJHEHUSI BCEX BBIYUCIICHUN Ha
rpaduyueckoM mpoleccope Bo3bMeM B KauecTBe npumepa airoput™ bpanmu-Porta[20].
Peanuzamnuio njaHHOTO alropMTMa MOXKHO pa3lelUTh Ha TPU YacTH: TIOMCK 3HAYEHUH
SIPKOCTEH ISl KaXKJIOro MUKcelsis U300pakeHus (aHHBINA dTan BXOJIUT B OOJBIIUHCTBO
aJTOPUTMOB OWMHApU3aIlii, 1 UMEHHO ATOT ATall U OyJleT peayn30BaH Ha rpaduuecKom
yCKOpHTeIe), MOCTPOCHUE WHTErpalbHONM MaTpullbl M300pakeHus (ITO MaTpuila, B
KOTOPOU KaXIBIH [i, j] 271eMEHT COIEPKUT CyMMy SIPKOCTEM BCeEX MHKCceIeld B 00IacTH
ot [0,0] mo [i,j]) u, cobcTBeHHO, GUHApU3alUs MHKCEIEH B 001aCTAX MO 3aJaHHOMY
OpOoTYy.

[TocTpoeHre MHTETpaIbHOW MaTPUIIBl U300paKEHUS 3aKII0YAeTCsl B TIPOXOXKICHUU
M0 BCEM SIPKOCTSM Ka)KJIO0TO MUKCENS N300pa’KeHUs U 3aIOJIHSIsI MAaTPHILY, OCHOBBIBASICh

Ha MNpeAbLAyIuXxX HUTCpalUiaX. A Tak Kak BBIUMCIIEHHS Ha I‘pa(I)I/I‘-IeCKOM YCKOpHUTEJIC
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BBITOJIHSIIOTCS. NApajuleIbHO W HE3aBUCHUMO JpPyr OT Jpyra, TO JAHHBIA JTam He
MOJIXOAUT MO KOHLIEMIIMIO MHOTOTIOTOYHBIX BBIYUCIIEHUM.

[Tocnennuit sTanm OWHapu3allMK MOXHO aJalTHUPOBAaTh K BBIUMCIEHUSM Ha
rpaduueckoM YCKopuTee, HO TPHPOCTa BHIYKWCICHWA B HEM HE CTOWT OXHUIATh
TEOPETUYECKH, T.K. TPH TMPOXOXKISHUM BCEeX OJJIIEMEHTOB H300pakeHUs Oyner, IO
MEHBIIIE Mepe, YeThIpe YCIOBHBIX MPOBEPKM Ha BBIXOJ 3a JOMYCTHUMbIE TPaHUIIbI
MN300paKeHMs], a TaK)Ke CpaBHEHUE C TTIOPOTOBBIM 3HaueHHeM. CTOUT OTMETUTh, YTO, KaK
MpaBWJo, B JaHHOM QIrOpUTME 3HAYCeHUsS SPKOCTeW W300pakKeHWs W 3HAYSHUS
WHTErpaIbHON MaTPHIIBl U300PaKeHUS PUHUMAIOTCS 1[eTIOYUCIICHHBIMU.

Ecau oTmedaTh JOCTOMHCTBA ajaroputMa OwHapm3anmu bpamnu-Pora, To MoOXXHO
OTMETUTh MPOCTOTY pealu3alru sl MPUBBIYHBIX BBIYMCIECHUM HaA LEHTPaIbHOM
MPOIIECCOPE, a TaK K€ BBICOKYIO CKOPOCTH BBIMIOJHEHHS.

Hwuxe orobpazum 610K cXeMbl aJITOPUTMOB JJISI BEIYMCIICHUS SPKOCTH U300pakeHUs
pasmepoM M Ha N, rae I — pesynbrarsl mis spkoctd, R, G u B — MaccuB 1BETOB

I/I306pa}KeHI/I}I AJIs1 KpaCHOTI O, 3€JIEHOr0 U CUHEI0 COOTBETCTBEHHO.

C asano )

I[gID] := R[gID]*0,299 +
G[glD]*0.587 + B[gID]*0,114;

C onen )

Pucynok 4.2 — biok cxeMa anropuTMa BeIYHCIICHUH SIpKOCTel Ha rpadudeckoM

mpoiieccope
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BBITJISIAUT TIPOLIE,

mapaJiuICJIbHbIX BBIUMCIICHHUH 3aJI0KEHA B APXUTCKTYPY FpaCI)I/I'-IeCKI/IX IIponeccopos.

( asano )

[ W —

ee

N\ Het

[a

) HeT
j <M/ ( KOHey

I[ij] = R

1J*0,299 +

Glij1*0.587 + B[ij]*0,114;

ji=

j+1;

PI/ICYHOK 4.3 — bnok cxema aJiroputMa BBIUMCIICHUN HpKOCTeﬁ Ha ICHTPaJIbHOM

npotieccope

Kak MoxHO 3aMeTWuTh, OJOK cXema BBIUHMCICHUN Ha rpaduyueckoM YyCKopuTele

YeM Ha IeHTPaJbHOM MpoIeccope,

MIOTOMY YTO KOHUEMNIHS

AHFOpI/ITM BBIYUCJICHUSA APKOCTU KaXIOI'0 IMHUKCEIIA I/1306pa)KeHI/I$I u HOI[O6HBIC

QITOPUTMBI, TZ€ TPOBOAUTCA HaO0Op MpeoOpa3oBaHWM Hall KaXKIbIM JIIEMEHTOM

O6’beKTa, MOKHO OOCTATOYHO JICTKO aJaIllTUPOBATDH JIA BBIUMCIICHUN Ha I‘pa(l)I/I‘-IeCKOM

npoLeccope, T.K. BCe BBIYMCIICHUS! HE3aBUCUMBI IPYT OT ApYyra.

SIPKOCTH JIJII KaXJ0r0 MUKCeNsl MOKHO 3aMeHUTh Ha cieaytolee sigpo OpenCL:

Hamnpumep, ucnonssys ¢peitmBopk OpenCL, 1BOHOM LUK B KOJIe C BBIYUCICHUEM
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Jluctunr 4.1. — OpenCL s11po u1sl BBIUKACTIEHUS SIPKOCTH.
__kernel void getBrightness(_global RGBQUAD *rgb, global float *output)
{
uint globallD = get global id(0);
output[globallD] = (float)rgb[globallD].rgbBlue*0.114 +

(float)rgb[globallD].rgbGreen*0.587 + (float)rgb[globallD].rgbRed*0.299;

}

JlaHHOe SIpO JOJDKHO OBITh 3alylIeHO XOCTOM C 3aJaHueM TIJI00aIbHOIO

KOJIMYECTBa BBI3OBOB, pPaBHOMY IIPOM3BCACHHUIO HIMPHUHBI WM BbICOTBI HCXOIHOIO

nzobpaxxkenusi. Pasmep pabGoumii rpynmel He HMMeeT MNPSIMOro OTHOIIEHHS K

BBIYHUCJICHUSAM B JaHHOM CJIy4dac, HO C TOYKH 3PCHH YBCIIMYCHUS IIPOU3BOJUTCIIBHOCTH

OH JOJIZKCH OBITh MaKCUMAaJIbHO BO3MOYKHBIM ACIIUTCIIEM IJIA pasMEpOB I/I306pa)KeHI/ISI u

HE IIPEBbIIIATh MAKCUMAJIbHOC 3HAYCHUEC pa60qef/’1 IpyIIbI O YCTpOﬁCTBa, Ha KOTOpOM

OyJzieT 3aIyIieHo Sapo.
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5. METO/JbI ITOAABJIEHMA IITYMA

Cy1liecTByIOT BCEBO3MOKHBIE CIOCOOBI TMOAaBieHUs LU(GPOBOro IIyma, Kak
arrnapaTHble, TaK U MPOrpaMMHBIE.

Ha anmapaTtHoM ypoBHE MOXHO MCIIOJIb30BaTh MUKCeNN OOJbIlIero pasMepa u dosnee
IJIOTHO TpPHWJIETalone Apyr K ApYry MHUKpPOJMH3BL. Takke MOXKHO MCIOJIb30BaTh
[[BETHBIE (QUIIBTPHI JIJIST YBEITUUYEHUS TIPOITYCKHON CIIOCOOHOCTH CBETa, HO TAaKOH METO/T
MOKeT HeraTMBHO CKa3blBaThCsl Ha KauecTBe I[BeTonepenayu. Kcnonb3oBaHue Oolee
BBICOKOKAYECTBEHHBIX YCUJIUTENeH W aHaloro-mudpoBbIX Mpeodpa3oBaTeieil ¢
OoJbIIIelt Pa3psSITHOCTHIO TOXKE MOTYT YMEHBIIIUTD IITYM.

[IporpamMmMHble MeTONBI TOJABIEHUS LUGPPOBOrO CTOXACTHUUYECKOro IIyMa, Kak
MPaBUJIO, TPOBOJAT YCPEIHEHHUE SIPKOCTH IMHUKCENsl MO0 HEKOTOPOM TIpyINIie MUKCENEH,
Harpumep, OJIM3KUX JPYT K APYTY, CXOKUX MO LBETY WIH SPKOCTH.

Jlns mopaBiieHMs] IIyMa MOXKHO BOCIOJB30BAaThCsl pPa3MbITUEM HM300pakeHUs

dbunbrpom I"ayccal[21]. Jlns nBymepHoro citydast GpyHkius ['ayca uMeeT BUI:

1 -(x*+y?) )
G(x,y,0) = e 202
rjie o - TapamMeTrp, ONPEeAeSIomMi  KOd(POHUIMEHT MPOMOPIHUOHATBHOCTH, —a,

clIeIoBaTeNIbHO, U CTETIeHb Pa3MbITHSI;

Jnst  ucnonbp30BaHMS pa3MbITUS  H300pakeHUsT MeTojloM [l'ayca HeoOXoIuMo
BBIOpaTh NaHHBIA TapamMerp. Upe3MepHOoe MOBBIIMICHHE KO3(POHUIIMEHTA TPUBOJUT K
YCWICHHUIO YCPEIHEeHUs] B KaXKJI0M TOUKE M300pakeHHs, YTO MOXKET MPUBE3TH K TOMY,
YTO KaXKJbIi MTUKCeNb OyIeT YEPHBIM.

HenocraTkom naHHOro mMeTofa siIBIsieTCsl TOT (akKT, YTO AJIs KaXKI0TO U300paKeHUs
HE0OXOAMMO BbIOMPATh KOAI(DPUUUEHT NPONOPLHOHATBHOCTH, KOTOPBIA TpeldyeT
JIOTIOJIHUTEIBHOIO HMCCIeOBaHUsS HMCXOAHOro u3obpaxkeHus. Ho B wmemom, npu
peanu3allid 3TOrO MeTojAa [Jsl 3alycka Ha TpaduyecKux Mpoleccopax MOXKHO
MOJIYYUTh MPUPOCT MPOU3BOAUTEIBHOCTH 3a CUET OOJIBIIOrO KOJIMYECTBA OMepaluil ¢

[JIaBaroliei 3amnsTou.
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Jliist moaBneHus mryma G poBoro N300pakeHNst MOYKHO TIPUMEHSITh CTIIaKUBaHUE,
3a/lada  KOTOPOTO  M30aBUTh  HMCXOAHOE  HW300paKEeHWe OT  CKadKoOOpa3HBIX
(ctynenuatsix) u3MeHeHHi. CTyneHYaThlii cUTrHal, 3a CYET OOJBLIOrO KOJWYECTBa
pe3KuX, HO HEOONBIIUX TIO aMIUIATy/Ae, T[epernagoB ypPOBHS  COICPXKUT
BBICOKOYACTOTHBIE COCTABJISIIOIIME. YUUTHIBas, YTO B TIOJIE3HOM CHUTHajle HeT
BBICOKOYACTOTHBIX COCTABJISIONINX, MOYKHO OBITh YBEPEHHBIMHU, YTO CIIIAXKUBAaHUE HE
MpUBEAET K CUIIBHOMY U3MEHEHUIO TTOJIE3HOM COCTaBIISIONICH NCXOTHOTO U300 PKEeHHUS.

OmHuM U3 caMbIX TPOCTBIX CIIOCOOOB CIVIQKMBAHUS H300pa)KEHUS SIBIISIOTCS
MaTpudHble GUIbTphl. JlaHHBIA MeTOoJ 3akKitodaeTcsi B HMCIOJIb30BAaHUU MaTPHIIBI
BECOBBIX KOX(G(UIIMEHTOB W €€ HaJoKeHHEeM Ha HCXOAHOe Hu3o0paxkeHue. Takum
00pa3oM, SPKOCTh IEHTPAJIHHOTO 3JIeMEHTa MaTpPHIlbl, HAJO)XKEHHOHM Ha HCXOIHOE
U300paKeHrne, SIBISIETCS COOTBETCTBYIOIEE YMHOXXEHHE SIPKOCTEH HCXOIIHOTO
HM300pakeHUsl Ha COOTBETCTBYIOIIME KOA(DPHUIIMEHTa MAaTPHUIIbI, KOTOPbIE CKJIaIbIBAIOTCS
MEXIy co0oi M JendaTcs Ha CyMMY BceX Kod(DPUIMEHTOB MaTpHUIllbl, s
HOpMaJIu3auu. BerauciaeHrne spKocTH MOXKHO IMPOU3BOAUTE 110 hopmyiie 2[22].

[=0299-R+0587-G+0,114-B (2)
rae R —3HaueHue kpacHoro mnsera, G — 3enénoro, B — cunero.

Jns mpuMeHeHUs CriaKMBaHUsT K HUCXOJHOMY IIBETHOMY H300pa)K€HHUIO ClieayeT
YMHOXXHUTH KaXKIYIO COCTABISIOILIYIO IIBETA, & UMEHHO KPACHOTO, 3€JEHHOTO U CHUHErO
Ha OTHOUIEHWE TMOJy4YeHHOU sipkocTh K wucxogHoil. T.k. JakTuiocKonmuyeckue
n300pa)keHusl, Kak MpaBUJIo, YepHO-Oelble, a 3HaUeHUEe SIPKOCTH MPUHUMAET 3HAYEHUS
oT 0 mo 255, TO 3HaYeHWE KaXXJOTO I[BETa MOXHO MPOCTO MPUPOBHATH K 3HAYEHUIO
spkoctu. Pa3zmep MaTpuiel KO3(pGUIIMEHTOB, Kak TNPaBWIIO, SBISETCS HEYETHBIM
YUCJIOM U Ha TMpPaKTUKe MNpUMEHstoTcs pasMepbl 3 Ha 3 unum 5 Ha 5. OOBIYHO

KOd(dHUIIMEHTHI MaTPHIIBI 3AIIOTHSIIOTCS IO HOpMaJIbHOMY 3akoHy[21] (3akony ["aycca).
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Tabnuna 5.1 — HopmupoBanHas MaTpulia CTiIaXUBaHUsT pazMepoM Sx5

0,000789 0,006581 0,013347 0,006581 0,000789
0,006581 0,054901 0,111345 0,054901 0,006581
0,013347 0,111345 0,225821 0,111345 0,013347
0,006581 0,054901 0,111345 0,054901 0,006581
0,000789 0,006581 0,013347 0,006581 0,000789

Tabnuna 5.2 — Martpuiia crinaxuBanus pasmepom 3x3

1

2

PucyHnok 5.1 — Pe3ynbrar criaxxuBaHusi n300pakeHust Mmatpuuei 3 Ha 3 Ha

rpadudeckom mpoieccope

09.04.01.2017.034 13

N3m.

lModnuck | Jama

Jluecm Ne dokym.
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Pucynox 5.2 — Pe3ynbratr OuHapu3anuu Jjisi KCXOAHOTo n300paxeHus (ciesa) u rmocie

criakvBaHUs (CripaBa)

Kak MOXHO 3amMeTWTh Ha pHUCYHKe 5.2, TIOCle OINepauuu CriaXKUuBaHUs
OnHapu30BaHHOE M300paKEHUE CTAIO COJAEPKATh MEHbINE IIYMOB, WCYE3H OJIMHOKO
cTosiiue 4yé€pHble TOYKU, TpaHullbl cTayu Oosee uétkue. Ho Takke ciemyer oOpaTuUTh
BHHMaHME, YTO B HEKOTOPBHIX MECTaX M300paKeHHs MPOU3OINLIO CIUSHUE JIMHUMA, YTO
MOKET MPUBECTHU K MOTEPE TOUYHOCTH PACTIO3HABAHMS TAKOTO OTIIeYaTKa najblia.

Hwmwxe nHa pucynke 5.3 mnpuBeieHa OJOK cXeMa alropuTMa CriaXUBaHUS IIpU
BBIYHCIICHUSIX Ha TrpadudeckoMm rmporeccope. (OcoOEHHOCThIO [AaHHOTO TOIX0Ja
SABJISIETCSl BBIUUCIIEHUE MAaTPUUYHBIX KOOPAMHAT KaXKJI0r0 MUKCENSl U3 JUHENHOHU, MyTEM
JIelIeHUs] U TIONYyYeHUsI OCTaTKa OT JeJIeHHsS TJI00aTbHOW KOOpPIAWMHATHI HAa IIUPHUHY
MaTpullbl. 3aTeM MPOU3BOJUTCS CYMMHPOBAHUE BCeX MPOU3BeneHU KOA(hPUIIMEeHTOB
MacKd Ha COOTBETCTBYIOIIME 3HA4YeHUs spkocTed wuzobpaxxkenus. Hoas spKocTh
n300pakeHusl B IIEHTPaJbHOH TOYKE POBHSETCS IOJYYEHHOW CyMMme, NelIEHHOH Ha
MOIITHOCTh MAaTpulbl (IJs TabJuIpl 5.2 3TO YUCIO poOBHseTcs 16, a MOIIHOCTH

HOPMHUPOBAaHHOK MaTpHIIbl U1 Tabiuiel 5.1 poBHa 1).
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( asano )

x := globallD % WIDTH;
y := globallD / WIDTH;

brightnes

sum := mask(i,j] *

S[x+1,y+]].

sum /

output[globallD] :=

16.0f;

C - )

Pucynox 5.3 — biiok cxema ajnropuTma crilakMBaHus Ha rpa@uueckoM MpoLeccope

Jns pganHOrO anroputMa OoJiblllass 4YacTh OMepaluil MPOUCXOIAT HaJ LeJIbIMU

HUCJIaMU IJId IMOJIYYCHHA MAaTPUYHBIX KOOPAWHAT W3 JIMHEMHBIX JJI1 BCEX MMUKCeJIe

HCXOOHOI'O I/1306pa)K€HI/I$I, COOTBCTCTBYIOIIMX KaXXJIOMY 3HAYCHHUIO MACKH.

Ha pucynke 5.4 mnpuBeneHa OJIOK cxeMa aIropuTMa CriakuBaHUs IpU

BBIUUCJICHUSX Ha OJHOM SiJipe LIEHTPaJbHOro mpolieccopa. AJITOPUTM MpeaAcTaBleH s

OJHOITIOTOYHBIX BBIQHCHCHHﬁ, XOTA AOCTATOYHO JICTKO MOKECT OBITH Hpeo6pa30BaH JIIA

BBIUMCJICHUM HAa HECKOJIBKUX sApax 3a CU€T TOTr0, 4YTO HCXOI[HBIﬁ MacCCHUB SIpKOCTeﬁ u

MaTpHIla JUIsl CIUI&KMBAHHUS HE W3MEHSIIOTCS BO BpeMsi pa0OThl BCEero ajropurma. A

3alliCH B BBIXOI[HOﬁ MacCCUB HEC MOTYT INPOUCXOOUTb B OJHY U TY XK€ 00J1aCTh ITaMSTH

Pa3HbIMHU IIOTOKaMH.

Uam. Jlucm Ne dokym.
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sum = mask[i1,j1] *
brightness[i+i1,j+j1];

outputli,
16.0f,

j] =sum/

jr=j+1

C woneq )

" —
Q

Pucynok 5.4 — Biok cxemMa anropuTMa crilaXuBaHUs Ha rpadyMuecKoM Ipolieccope

B pganHom ciywae, ucnonb3ys ¢periMBopk OpenCL, MOXHO CTOJKHYTBHCS C

CUJIBHBIM Hey2106CTBOM pa6OTBI C MarpunamM, IIOJYYCHHBIMU OT XOCTaA. CYTB

MpOOJIeMBbI 3aKIIFOYAETCs B TOM, UTO JJIsI padOThl ¢ MaTPUIIaMU MPOU3BOJIBLHOTO pa3Mepa

HaMATb HGO6XOI[I/IMO BBIACIIATh JMHAMUYECCKU. Bo MHOrux s3eikax [nporpaMMHupOBaHUsA

TakKass Marpuna 6YI[GT COCTOATH H3 MacCCHuBa YKaBaTeHeﬁ pasMepoM, pPaBHBIM

KOJIMYECTBY CTPOK, 1 MHOTUX MAacCHBOB JUIMHHOW, paBHOW KOJMYECTBY CTOJOIIOB, Ha

KOTOPbIC CCbUIACTCA IICPBBIM MACCUB yKa3aTeHeﬁ. HpHMep XpaHCHUS MaTpulbl B

MaMsITU ¢ 3 CTPOKaMU U MATHIO CTOIOIAMU MOXHO HAOJI0aTh HA PUCYHKe 5.5.
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Pucynox 5.5 — IlpencraBnenue MaTpULibl B TaMSITH

[Ipu nmepenade maMsaTH OT XOCTa B aMSITh UCIIOJIHSIOIIETO YCTPOKHCTBA MMPOUCXOIAT
MPOCTOE KOMMPOBAHHUE MaMSTU 10 3aJJaHHOMY yKa3aTelo 3aJIaHHOTO KOJIUYecTBa OauT.
IIpr TakoM mMmojxoje, MacCHUB yKazaTejed OyJeT CChUIaThCs Ha HeJAeHCTBUTEIbHBIC
azpeca, U COJIep>KaTh OOJIBIIIOE KOJUYECTBO CKOIMUPOBAHHOTO Mycopa. J[is aTux uenei
MOYXHO UCIIOJIb30BaTh TOAXOJ] XpaHEHUs MAaTpPUIlbl, MPU KOTOPOM BCS IOJIe3Has
nHpoOpMaIus XpaHUTCS B OJHOM OJIOKe JUHAMHYECKH BbIACICHHOMW maMsaTh. [ 3Toro
MOYKHO BOCITIOJIb30BaThCS KOJIOM, OIMCAHHBIM B JJUCTHHTE 5.1 HIDKE:

Jluctunr 5.1 — IpeacraBineHre MaTPHIlLl B BUJIe TUHEWHOTO OJIOKA ITaMSITH.

RGBQUAD *rgblnfoArray = new RGBQUADJ[width * height];

int index = 0;

for (int i = 0; i < height; ++i) {

for (int j = 0; ) <width; ++j) {
rgbInfoArray[index++] = rgblnfol[i][j];

}

Takum 00pa3oM, I MPUBBIYHOTO AocTyna K Matpwuile [i][j] HeoOxomumo Oyner
HCIIONB30BaTh clieayromee cmerienue: [ * width + j]. Takol cmoco0 xpaHeHUS
MaTpHIIbl B MaMSTH MOXHO UCIOJIb30BaTh BO dperiMBopke OpenCL.

K pocromHcTBaM IJIMHEWHOTO XpaHEHUs TMaMSITH MOXHO OTHECTH OTCYTCTBHUE
HU30BITOYHOCTH, T.K. HET HEOOXOIUMOCTH XPaHWTh MAacCHB yKa3arelied, JOCTAaTOYHO
TOJIBKO 3HATh KOJIMYECTBO CTOJOIOB B Marpuile. Takke CHIKAeTCS KOIUYECTBO KOIII
MPOMAaxOB B CiIydae, €CJIM BCIO MATPHILy MOKHO MOMECTUTH B KAII BBIYUCIUTEIHHOTO

YCTPOMCTBA.
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HenmoctaTok Takoro mojxoja sIBIsIeTCS BbIeJeHUE OONBIIOrO OJIOKa TaMSITH.
JlaHHBI HEJOCTaTOK He MposBisieTcss B 64-OMTHBIX cuUcTeMax, HO B 32-OUTHBIX
cUCTeMax, Irjie agpecHoe MpocTpaHCTBO orpanuyeHo 4 I'b (B melicTBUTENbHOCTH, IS
OTIepallMOHHBIX cHucTeM ceMmelicTBa Windows BUpTyalnbHOE aJpecHOe MPOCTPAHCTBO
coctaBisieT 2 I'b, u MoxeT ObITh yBenudeHo Juib 10 3 I'b 3a cuér ycraHOBIEHUS
crienranbHOTO (iara[23]) mamsaTy BbIFeIeHUE HECKOJIbKUX OJIOKOB, Hanpumep, mo 100
Mb MoxeT BepHYTh OIMOKY, T.K. U3-3a (PparMeHTUPOBAHHOCTH MaMATH[24] MOXET He
HaWTUCh CBOOOJIHOrO OJioka OOJBIIOTO pa3Mepa, HO CBOOOJHOM mamsTu Oyner
JIOCTaTOYHO.

B sToM cityuae Hasmo)keHHe MacKu pa3MepoM 3 Ha 3 Ha KaXblid TUKCEJIb UCXOJHOTO
N300paKeHHs BBITJISIUT BecbMa Tpomo3ako. Hipke mpuBenéH WCXOAHBIM KOX spa
OpenCL n71s1 crinakuBaHUsI U300pakKeHUs:

Jluctunr 5.2 — OpenCL spo 15 criiaKuBaHUS KCXOJTHOTO U300pakeHUSI.

__kernel void smoothing3x3(__ global float *brightness,  global float *output)

{

uint globallD = get global 1d(0);
uint x = globallD % WIDTH;
uint y = globallD / WIDTH,;
if(x>0&&y>0&& x<WIDTH-1 && y <HEIGHT - 1) {
uint posl = (uint)mad((y - 1), WIDTH, (float)(x - 1));
uint pos2 = (uint)mad((y - 1), WIDTH, (float)x);
uint pos3 = (uint)mad((y - 1), WIDTH, (float)(x + 1));
uint pos4 = (uint)mad(y, WIDTH, (float)(x - 1));
uint posS = globallD;
uint pos6 = (uint)mad(y, WIDTH, (float)(x + 1));
uint pos7 = (uint)mad((y + 1), WIDTH, (float)(x - 1));
uint pos8 = (uint)mad((y + 1), WIDTH, (float)x);
uint pos9 = (uint)mad((y + 1), WIDTH, (float)(x + 1));
float summ = brightness[pos1] * 1 + brightness[pos2] * 2 +
brightness[pos3] * 1 + brightness[pos4] * 2 +
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brightness[pos5] * 4 + brightness[pos6] * 2 +
brightness[pos7] * 1 + brightness[pos8] * 2 + brightness[pos9] * 1;
output[globallD] = summ / 16.0f;

}
}

Jlist HakaaBIBaHWS MaTPHIBI HaM BCE eIé HeoOXOIWMBI ABOWHBIE KOOPIWHATHI:
CMeIIeHre TI0 CTPOKaM U cToyionaM. JIJist 3TUX 1ieneid Mbl JeUM | TOJydaeM OCTaTOK
OT JIeJieHWs TJI00AThbHOTO WHAEKCA Ha YHUCIO CTONONOB. B maHHOM ciydae MBI He
MOKeM M30aBUTHCS OT YCIOBHOTO OMNEpaTopa, KOTOPBI MPOBEPSIET BBHIXOJ 32 TPAHUIIBI
MaTpPHIIbI, HO HETATHBHOTO BIIUSHUS OH HE OKa3bIBaeT, T.K. HAC MHTEPECYyeT UMEHHO K0T
BHYTPH oOIlepaTopa, B INPOTHBHOM ciiydae (yHKOusS 3aBepriaercs. Ecau Obl ObLTO
HAa00OPOT, U BEPOSATHOCTh BXOJa B BETKY yCJIOBHOTO oIeparopa Oblia HeOOJBIIIOHN, TO
MBI OBl TIOJIYYHJIA OOJIBIITYFO TTOTEPIO TPOU3BOJAUTEILHOCTH, T.K. IIOYTH KaXKaas padbodas
rpynma Bxojuia Obl B 3Ty BETKY.

Tak xe B uguctuHre S.1 MOXHO YBUAETh OJWH W3 METOJOB YBEIUYCHUS
MIPOU3BOAMTENIBHOCTH 3a CUET (QYHKIIMN, ONTUMHU3MPYIOUIUX YacThle aareOpandeckue
oneparuu. OyHkiusa mad(a,b,c) Bo3Bpamaer pe3ysibTaT BBIIOJIHeHHS a * b + c. B
JAHHOM CJlydyae BCE apryMEHTBHI SIBJISIFOTCS IIeJIOYHMCIICHHBIMHU, ITO3TOMY IPHUPOCTa
MIPOU3BOMTENILHOCTH HCIIOJIb30BaHUE JaHHOW (PYHKIMU He3HauuTedbHO (0T 0% 1o

2%).
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6. METO/Ibl HAXOX/JIEHWA I'PAHNL] M30BbPAKEHMA

[ToTpeOHOCTh BbIJIETIEHUS! KOHTYPOB Ha LMU(POBBIX H300paKEHUSIX BO3HUKAET B
mpoliiecce perreHrst OOJBINOro 4Ymciia 3a7ad, CBS3aHHBIX C aHaTU30M TrpadUuydecKux
0o0bekTOB. B Hamm JgHW OOJIBIIMHCTBO aJlTOPUTMOB  BBIJIEJICHUS KOHTYPOB
OCHOBBIBalOTCA Ha auddepeHuanbHbX oneparopax. OcHOBHas ujes OOJBIITMHCTBA
ATUX aJTOPUTMOB 3aKJIFOYAETCS B TOM, YTO Ha TPAHUIIE KOHTYPOB JByMepHasi QyHKITHS
WHTEHCHUBHOCTH 1IBETa MCITBITHIBAET PE3KOE M3MEHEHNE 3HAUYEHHU S, KOTOPOE MOXET OBITh
UCCJIEIOBAaHO C TOMONIBI0 TPOU3BOAHONW (YHKIMM WHTEHCUBHOCTUA  I[BETA.
Jludbdepennmanbaple METOIBI MOXHO pPa30WTh Ha JBa 3Tama: yCUJIEHHUE IIepernajioB
WHTEHCUBHOCTH W  BBbIJIeJICHHEe KOHTYPHBIX To4eK. CTOUT OTMETHUTh, HYTO
nudepeHnranbHbIe METOIBI TAKXKE YCUITUBAIOT TOYSHUHBIE UMITYJIbCHBIE IITyMBI.

BOJBITMHCTBO METOJIOB BBIZICNIEHUS] KOHTYPOB HM300pa)KEHUsS OCHOBBIBAIOTCS Ha
UCCJICJIOBaHUM TpaJMeHTa WHTEHCUBHOCTH IBeTa. OIWMH W3 HCTOPUYECKH TIEPBBIX
MeToloB ObL1 mpemsiokeH JI. PobepTrcoM[25] M OCHOBBIBajCS Ha HCMOJIb30BaHUU
MepeKpEéCTHOr0 MATPUUHOIO OMepaTopa, CoAepKallero KOHEYHbIe Pa3HOCTH COCEIHUX
ajeMeHTOB. HambOonee wu3BecTHBIE n3 auddepeHIINaTbHBIX METOJ0B BbIJICICHUS
KOHTYpOB OCHOBbIBaeTcss Ha omneparope CoOensi[25]. anuwlii meton obnanaer
HEJIOCTATKOM: OTCYTCTBYET IOJHasl BpaiareibHas cummMmetpusi. Ho, He cMoTpst Ha 3To,
B JIaHHOW JUINIOMHOH paboTe MBI PacCMOTPUM HMEHHO JaHHBIM METOd, T.K. C
MOMOINBI0 HETO MOXKHO TIOJIYYMTh XOPOIIUH pe3yJbTaT BBIACICHUS KOHTYPOB
n3o0paxkeHus, a Apyrue auddepeHmanbHbple MeTOIBI, TT0 OOJIbINeH YaCTH, OTINYAIOTCS
JIUIITH BECOBBIMU KOA(DPHUITMSHTaAMU.

B kadectBe anbTepHaTHBBI UM depeHIUaTEHEIM  QUIBTPAM  HUCIOJIB3YIOTCS
CTATUCTUYECKHWE METOJbl BBIJICNIEHUs TPaHUIl U METOJbl, OCHOBaHHbICE Ha BEUBIET-
npeoOpa3oBanusax[25]. JlanHble MeTonbl He OyIyT paccMaTpuBaTrbes Jajee, T.K. HX
peanuzaius Ha rpaduyueckoM Mpoleccope SBIsSIETCs TPYIOEMKOM 3amayeid, a
MOJIyYeHHBIN pe3yIbTaT He OKaKeT OOJIBIIIOTO BIUSHUS B JAaHHOM padoTe.

[Ipocreiimmii nuddepeHMaNbHBI METOJ] OCHOBAaH Ha IPOCTOM IepeMelleHUN

MacKy QuIbTpa M0 BCeM ToukaM n3o0pakeHus. B kaxmoit Touke (X,y) OTKIUK GHIBTpa
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BBIUMCIISIETCSl C HWCIOJB30BaHUMEM IIpeIBAPUTENIbHO 3aJaHHBIX CBS3eH, 3aJaBaeMbIX
BECOBBIMH Kod(duuMeHTaMn TmepekpécTHOM MaTpuipl. B ciyuae nuHeiHO#R
IPOCTPAHCTBEHHON  (uUIbTpaUUMU  OTKIMK  3a/JaeTcsi CyMMOW  NpOU3BEJCHUs
Kod(PUIMeHToB (QuIbTpa Ha COOTBETCTBYIOIIME 3HAYCHMsI IHKCENed B 00JacTw,
MOKpBITOH Mackod ¢unbTpa. s mMacku 3 Ha 3 aneMmeHTa, pe3yibTaT (OTKIMK) R
JUHENRHON QuIbTpaluu B TOUKe (X,y) U300paKeHusl COCTaBUT:
R=w(-1,-Df(x—-1,y—1+ w(-1,0)f(x—1,y) +
+w(-1L,+1)f(x—-1L,y+1)+w(0,-1Df(x,y—1) +
+w(0,0)f(x,y) + w(0,+1)f(x,y +1) + 3)
+w(+1,-Df(x+1Ly—1)+ w(+1,0)f(x+1,y) +
+w(+1,+D)f(x+1,y+ 1)
rae w — KoophUIneHTs GUIbTpa.

Kak MOXHO 3aMeTuTh, pe3yJbTaToM SBISIETCS CyMMa  IpPOU3BEJeHUMN
KOd(pdUIIMEeHTOB MAacKH Ha 3HAYEHUs IUKCeNed H300pa)XeHUs HETNOCPEeICTBEHHO IO
Mackoii. B wactHocTu 3ameTum, uto ko3dduuuent w(0,0) crout npu 3HaveHuu f(x,y),
yKa3bIBasi TEM CaMbIM, YTO MacKa IIEHTPUpPOBaHa B TOUKE (X,Y).

Jns oOHapyXeHHsl MepernasoB SPKOCTH MCIOIb3YIOTCS TUCKPETHbIE AaHaloTh
MIPOU3BOJIHBIX MEPBOr0 U BTOporo nopsiaka[26]. [ns ynporienus, OyaeM UCIOb30BaTh
3aluch B BHJIE YACTHBIX MPOU3BOIHBIX, T.K. 3TO HE MEHsAeT JajbHeWIledl JOTHKH.
ITepBbie mpon3BoaHBIe OHOMEPHBIX GyHKIUU f(X) n f(y) onmpenensirorcst Kak pa3HOCTh

3HAaYEHUM COCCAHHUX OJICMCHTOB:

of

L =flx+1-fx) (4)
—=fy+1)—f 5
By o+ -fO) (5)

AHa.HOFI/I‘IHO, BTOpasa IpPOU3BOAHAs OIPEHCIIACTCA KaK pPa3sHOCTb COCCIHUX

3HAYEHUU NTepPBOU MTPOU3BOIHOM:

62
—ch =(fx+D-f)- (f)—fx—-1) =

ox (6)
=flx+1)+f(x—1)—2f(x)
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62
6_3/2: FO+D-fM)-(FOM-f-1D) =

=f+D+fy-1D-2f)

Brruncrnenne mepBoil mpou3BOAHON LM(POBOrOo U300pa)keHHWs] OCHOBAaHO Ha

(7

pPa3IMYHBIX IHUCKPETHBIX MPHUOIMKEHUSX IByMepHoro rpaaueHTta. [lo ompenenenuto,
rpagreHT u3oopaxeHus f(X,y) B Touke (X,y) — 3TO BEKTOP:
0
v = [Gx] _ % o
0

y

HampaBrnenue BekTOopa TrpaJvdeHTa COBIAJaeT C HalpaBlIeHHEeM MaKCUMaJlbHOU
ckopocTu u3MeHeHus: PyHkuuu f B Touke (X,y) [25]. BaxkHyto posb npu o6HapyKeHUU

KOHTYPOB UIpaeT MOAYJb 3TOr0 BEKTOpa, KOTOpbIi o003Hauaercs VI 1 paBeH:

Vf =|Vfl = /G§+G§ 9)

DTa BeJIMUMHA paBHA 3HAYCHUIO MAaKCUMAaJIbHOW CKOPOCTU M3MeHeHus! ¢pyHKuuu f B
TOYKe (X,y), MpUYeM MaKCHUMyM JOCTHUTAeTCs B HampaBiieHHH BekTopa Vf. Benuuuny
Vf Taxke 4Wacto Ha3bpIBalOT TpagueHTOM. HampaBineHue BeKTOpa TpaJudeHTa TaKkKe
SBIISIETCSI BaXXHOUW XapakTepuctukoir. O003HauMM o(X,y) YroJ MeXay HampaBleHueM
BekTopa Vf B Touke (X,y) n ockto X. Torma HampaBieHHWe BEKTOpa IpadeHTa UMeeT

BUJI:

a(x,y) = arctg (%) (10)

Orcroga 7nerko HaWTW HampaBlieHHMEe KOHTypa B Touke (X,y), KOTopoe

NEPICHAUKYJISIPHO HAIIPpaBJICHHUIO BEKTOpa T'paJuCHTa B TOM TOYKEe. A BBIYUCIUTH

of of
rpaiuCHT I/I306pa)KeHI/I$I MOKHO, BBIYHCIIMB BCINMYHWHBI YaCTHBIX HpOI/ISBOI[HI)IXa— nu 6_
x y

JJIST KaKOOM TOYKHU.
CxeMa mpocTpaHCTBeHHOW (uibTpauuu[27], mMpu KOTOpOH Macka HaKIIaJIbIBACTCs

Ha UCXOJIHOe U300paxKeHue, MILTI0CTPUpYeTCsl Ha pucyHke 6.1:
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.RHauaJm KOOPIHHAT H300paxeHns

Macka

wi-1,-1) | w(-LO) | wi-1,1)

Haobpamenne f(x, y)

w(ll,-1) | w(O,() | w(, 1)

wil,-1) | w(l,O) | w(l, 1)

e, 3| 0,30 | foel, pH) | KooddumumenTa macku

C OTHOCHTE IBH BIME
SHAUCHMSAM
KOOPAHHAT

Seoyd) | My | flxytl)

SO,y St ) | Ot )

DnemerTr oGnacTi
H30DpaxeHHs
MO MACKO

Pucynox 6.1 — Cxema nmpocTpaHCTBEHHOU (QpUIIbTpaliiu
[Tycth oOnacTh 3 Ha 3, moka3zaHHas B Tabnuue 6.1, mpeacTaBisieT co0oil 3HaUEHUS
SPKOCTU B OKPECTHOCTH HEKOTOPOTO 3JIEMEHTa N300paKeHHUS.

Tabnuua 6.1 — YcnoBHas Hymepalius 2JIeMeHTOB B MaTpulie pa3Mepom 3 Ha 3.

Z Z; Z3
Zy Zs Zs
Z7 Zg Zg
Omneparop Cobernst UCIIONB3YET CleAyIoIe BecoBble KO (PUIIUEHTHI:
G, =0, +22g+7Z9)—(Z1+2-Z,+Z3) (11)
Gy=(Z3+2Z¢g+2Zo) —(Z1+2-Zy+Z7) (12)
fucm
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Macku, ucnonszyemsie oneparopom Cobernst, oToOpakeHsl B Tabnuie 6.2 1 Tadiuie

6.3.

Tabnuma 6.2 — Macka oneparopa CobGenst 1 ocu X.

-1 -2 -1
0 0 0
1 2 1

[Tpu ucnonwp3zoBanuu omnepatopa Cobelns TOIBKO MO MacKe, OMUCAHHOW B TabIuUIle

6.2 MOXXHO 3aME€THUTDh, HTO XOPOIIO BBIACIIAIOTCA TOPU3OHTAJIBHBIC JIMHUH.

Pucynox 6.2 — Pe3ynbratr npuMenenust onepatopa Cobenst mo ocu X

Tabmuma 6.3 — Macka oneparopa Cobenst st ocu Y.

-1 0 1
-2 0 2
-1 0 1
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ITpu ncnonb3oBannu oneparopa Cobenst mo ocu Y, K03 PUIMEHTHI MpeaCcTaBIeHbI

B Tabswmiie 6.3, XOpOIIIO BEIICISIOTCS BEPTUKATbHBIC TNHUU.

PucyHnok 6.3 — Pe3ynbrar npumenenus onepatopa Cobenst no ocu Y

JlaHHBIE MacCKM NPUMEHSIOTCS ISl TMOJYYEHMUs COCTAaBISAOIMX rpaaueHTta. Kak
MOKHO 3aMETHUTh, UCTIOJIb3ys ornepaTop Cobesnst OTAeNbHO ISl KaXKJ0M MacKu, MOKHO
MOJIYYUTh HeMH(POPMATUBHBIE O0JIACTH, CONEPXKAIMUX MHOTO IrymMa. J[s BeUMCIEHUS
BEJIMYMHBI T'paJiMeHTa W ero HalpaBJIeHUs] HEeOOXOJIHWMO HCTOJIb30BaTh COBMECTHYIO

dbopmyity (BBIIIE €CTh), BKIIFOYAIOIIYI0 00€ COCTABIISIONINX IO OCSIM.
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PucyHnok 6.4 — Pe3ynbrat 06padoTku n3odpaxenus metonom Cobenst, UCTIONIb3Ys

rpaduyYecKuil mporeccop

Hcnonp3ys o0e coCTaBISIOMMX O KAXKJIOH OCH, rpagueHT oToOpa)kaeTcsi OesIbIM B
MecTax Iepexoja OT YepHOro IBeTa K 0eloMy 1 oT Oestoro meera K 4épHomy. B mecrax,
r7ie IIBETOBOM TepexoJ MHUHUMAJIEH, I'pajJueHTa oToOpa)kaeTcsi YepHbIM IBeTOM. B
JTAHHOM Clly4ae, 3Ha4€HMs 1IBETOB I'paJiM€HTa MOTYT NpUHUMATh 3HaYeHus oT 0 1o 255
JUTISL KQKJIOTO U3 KPACHOT0, 3eJIEHHOTO U CUHETO 1[BETOB.

AJTOPUTM BBIYHMCIICHHUS TpaJIMeHTa OYeHb MOX0X C aJrOPUTMOM CIIIQKMBAHHMS, T.K.
B 000MX ciIydasx NMPUMEHSETCS HallO)KeHHE MAcKH Ha MaTPHILy SPKOCTEH MCXOJIHOTO
n300pakeHus. B ciydae BeIUMCIIEHUS TpaJWeHTa HCIIONIB3yeTCsl OOJIbIIe OIeparui ¢
IJaBafoIleld  3amsaToi, TMO3TOMY  MOXKHO  OXHWJATh  OOJBIIEro  IpUpOCTa
MPOU3BOAMTENIBHOCTH, YeM I ofepanuu criakuBaHuss. OCHOBHas 4YacTh KO,
BBIYUCJISIIOIIAS TPaJIueHT OTOOpakeHa B JJUCTUHTE 6.1

Jluctunr 6.1 — @parmenT kojaa OpenCL siapa aJist BBIYUCICHUS TpaJueHTa.

float Gx = brightness[pos1] * (-1) + brightness[pos2] * (-2) + brightness[pos3] * (-1)
+ brightness[pos7] * 1 + brightness[pos8] * 2 + brightness[pos9] * 1;
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float Gy = brightness[pos1] * (-1) + brightness[pos3] * 1 +
brightness[pos4] * (-2) + brightness[pos6] * 2 +
brightness[pos7] * (-1) + brightness[pos9] * 1;

outputSX][globallD] = Gx;
outputSY|[globallD] = Gy;

float total = sqrt(Gx * Gx + Gy * Gy);

if (total > 255)
{

total = 255;
}

output[globallD] = (unsigned char)(total);

[TomMuMO MOnmyssl rpalueHTa TAK)KE COXPAHSIOTCA 3HAYEHHUs €ro MPOEKLHUM Ha OCH,

T.K. 3TH 3HAYCHHA HUCIIOJB3YIOTCA I IMOCTPOCHUA IIOJIA ITOTOKOB. B muctunre 6.1

3HA4YCHHA MaTPHUYHBIX 3JICMCHTOB J)KECTKO IpoIKMCaHbl B KOAC, HO Ha IIPAKTHKE 3TH

K03 PUIIMEeHTHI MOXKHO IepefaBaTh Kak aprymeHTh B siipo OpenCL.
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7. TIOCTPOEHME I10JIA TIOTOKOB

OcHoBO#1 mOOOT0 oOTIEeYaTKa SBISIOTCS MNanWUIsipHble JUHUM. [lanuisipHbie
nuHUK[28] — 3TO JUHEWHble BO3BBIIICHUS 3MUJepMUca (HAPYKHOTO CIIOSl KOXH) Ha
BHYTPEHHUX TMOBEPXHOCTSX KHUCTEH PYK, MOAOIIBAX HOT, B TOM YMCJIE M Ha MajbliaX.
[TanuisipHple TUHUM B COBOKYITHOCTH OOPa3yrOT y30p, KOTOPBIA WHIUBHUAyaJeH sl
KaXJOTO YEJIOBEKA U HE MEHSETCS Ha MPOTSIKEHUH BCEU €ro KU3HU.

UccnenoBanusi u300pakeHUU OTMEYATKOB TMaJblieB (JAKTHUIOCKOIHWS) Hayajluch
Oomee cta JeT Ha3ajJ W, B OCHOBHOM, OBUIM CBSI3aHBI C KpUMHHAIUCTUKOW. KoHeuHOU
[eJbI0 HWCCJIEOBAHUNA SIBISUIACH METOABl WACHTHU(HUKAIMK YeTOBeKa C ITOMOIIBIO
oTnevaTka. MaeHtudukamnus Nnpou3BOAWIACH MOCPEACTBOM CpPaBHEHHUS KOHKPETHOTO
MU300paKeHMsI OTIevYaTka ¢ oOpaslaMu, XPaHSIIMMHUCS B KapTOTeKe, HO IMOCKOJIBKY
KapToTeka Oblla BeliKa, I[epe]] HccleoBaTeNssIMM OCTpPO BceTaja 3afada  eé
yIOPSIAOUMBAHUSA. DTy 3a7a4y MOXKHO PEIIUTh MyTEM KilacCU(hUKAIIUUA OTIIEUATKOB.

[lepBoHayasibHO OCHOBOW i KJacCU(PUKAlMM  CTajo OMHCaHWe y3opa
NanWUISPHbIX JTUHUK. Dayapaom Pudapaom ['eHpu Obuin peasioxKeHbl MATh OCHOBHBIX
TUTOB Y30poOB[29]: MyroBoH, IIATPOBBIN, paJivalbHO-NIETIEBOM, YIbHAPHO-TIETICBON U
3aBUTKOBBIN. JlaHHas kiaccudukaius y30poB C pa3jelieHueM Ha TpPU OCHOBHBIE
IpyIIbl (IyroBble, MeTNeBbie, 3aBUTKOBbIE) UCTOJIB3YeTCsl U M0 cei eHb. Tpu rpynisl

MaNWUISIPHBIX Y30pOB MPeICTaBIEHbl HA pUCYHKE 7.1.
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Pucynox 7.1 — Buapl nanuuisipHbIX yY30pOB: (clieBa HalpaBo) AyTroBble, ETIeBbIe,

3aBUTKOBBIC

BHyTpr rpynm B pa3HBIX KIACCH(UKAIUAX CYIIECTBYIOT  JOIOJHUTEIbHBIC
nenenus. Hanmpumep, 1yroBbie y30pbl MOTYT OBITh IPOCTHIMHU M ITATPOBBIMU; ITETIICBBIC
— pamuaibHBIMK U YJIbHAPHBIMH, TPOCTHIMU M U30THYTHIMU; 3aBUTKOBBIE — KPYTOBBIMU
U CIIPAJIEBUTHBIMH.

[Touck opweHTAMKM JUHUNA CEerMEHTa peali30BaH [0 AJITOPUTMY, OIMCAHHOMY
bazenoM[30]. OcHoBHas uesl JTaHHOTO JITOPUTMa 3aKJIOYaeTCs B TOM, YTO IpagueHT
N300paKeHns, COOTBETCTBYIOIIMI M3MEHEHHUIO I[BETOB OT Oernoro K u€pHomy, Oyner
MepHeHANKYJISIPEeH JIUMHUSAM Ha OTIeYaTKax majibleB. s kaxmaol TOYKH 1U(pOBOTO
N300pakeHUsl CYIIeCTBYET JIBa IPaJMEHTA, SBIISIOIIAMHUCS COCTABIISIOIIMMHI BEKTOpa T10
KOOPAMHATHBIM OCsIM. Y4uThIBas, 4To [(X,y) - 3TO SPKOCTH IMHUKCEIS M300paKEHUS B

Touke (X,Y), BEKTOp TPaJUeHTOB MOKHO 3aIucath 1Mo ¢popmMyie:

dl(x,y)
Ge(x%,y) . . 0I(x,y) [ F) ]
[G;C,(x, 9 = sign(G,)VI(x,y) = Slgn(—ax )[al(;y)J (13)
dy
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B JaHHOM CJIydac€ MBI ImoJjiaracM, 4TO HallpaBJICHWE I'paJU€HTa 110 OCHU X coBIagactT

C HalpaBJIeHHWEM BCETO BEKTOpa TPATUEHTOB, MOITOMY YTJBl OPHEHTAIM BeKTopa
mw T o
OyIlyT HAXOAUTHCS B IPOMEIKYTKE (— > E)' [TpumeM naHHBIN yroi 3a a.

JInis mocTpoeHus MoJjisi MOTOKa B cerMeHTax u3oopaxenust pasmepoM N Ha N cToUT
o0paTUTh BHUMaHUE, YTO CyMMUpPYEMbIe BEKTOPHI IPaJUEHTOB MOTYT KOMIIEHCHPOBATh
JpyT Jpyra, TeM caMbIM OyayT MOJIydeHHble HeBepHble pe3yJsibTarhbl. Jljis Toro 4ToObl
CHU3UTH BIIUSHMS dTOM KOMIIEHCAIMU CIIeIyeT YMHOXXUTh YroJl OpUEeHTAlUH TpaJueHTa
Ha 2[30]. Ilpumem ¢ = 2a,A— MoOaynb TrpagueHTa, W — MHOXECTBO TOYEK,
MpUHAJIeKaIMX cerMeHTy padmepoMm N Ha N, Torga neicTBUTENbHAsS U MHUMAasl YacTH

JUUIsSL BEKTOpA rpajiueHTa MPUMYT BUI:

Re; = Z A; - cos(;) (14)
ieEw

Im; = ZAL- - sin(¢;) (15)
ieEw

Monynb rpanguenta M aiis j cerMeHTa W ero HampaBiieHre 6 MOXKHO TMOIYYUTh T10

dbopmyllaMm HUXKeE:

M, = 1 Re? + Im? 16
6, = L9 (ief'lmf) (17)

I[J'IH yIJia HaIlpaBJICHUA B 3HAMCHATECJIC IBa, IIOTOMY YTO Mbl YMHOXaJIN I/ICXOI[HI)II\/'I
yroJji HalipaBJICHUA TpaJucHTa JId K&)I(I[Oﬁ TOYKH CECI'MCHTA. HOCTpOGHI/Ie IT10JIA

MOTOKOB JJIsl cCerMEeHTOB pa3Mepa 11 Ha 11 nmpeacraBieHo HUXXe HA pUCyHKe 7.2.
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Pucynok 7.2 — McxonHoe n3obpakeHue U 1oJjie oTOKOB, OJy4YeHHOE Ha
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rpadu4ecKoM YCKOpPHTEIIe

Ha pucynke 7.3 mpejcraBieHa OJIOK-cXeMa aJrOPUTMa BBIYMCICHHS BEIUYUHBI U

HaIlpaBJICHUA II0JIsI IIOTOKOB B CEIMCHTC H306pa)KCHI/I$I. B I[CI\/'ICTBI/ITCJ'IBHOCTI/I, JJIA

PaCliO3HaBaHUA I’I306pa)KeHI/I$I HGO6XOIIHMO 3HATb OTHU 3HA4UYCHHUA B Ka}I(I[Oﬁ TOYKE

M300paKeHus], HO TOT/Ia OYeHb TPYAHO TMOHATH, padoTaeT JIn alTOPUTM MPABHUIBHO, U

BCC JIM BBIYUCJICHUS BBIIIOJIHATOTCA KOPPEKTHO. I[J'ISI OTUX Heﬂeﬁ B I[aHHOﬁ pa60Te MBI

OyZIeM CTpOUThH I0Jie TIOTOKOB IS CerMeHTa HW300paKeHMs, a ero CpaBHEHHUE C

HCXOHBIM U300pakeHueM MOYKHO HaOJII01aTh Ha pUCYHKe 7.2.

ANTOpUTM ISl TIOCTPOEHMS TOJI MOTOKOB Ha LIEHTPaJIbHOM Mpoleccope Oyaer

noxox Ha anroput™ OpenCL siapa, TONbKO 3HAYEHMs] TMEPEMEHHBIX 1 W | OymyT

MCHATBHCA B TCJIC BHCIIHCIO HIHUKIIA, KOTOpBIﬁ HEC Tpe6yeTc;1 JIIA BBIYMCJIICHUN Ha

rpauuecKux yCKOPUTEISIX.

U3m. [ Jlucm Ne dokym. lodnuck

Lama

09.04.01.2017.034 I3

Jlucm

41




( asano )

x := globallD % WIDTH;
y := globallD / WIDTH;

* (area

X ) + half;
y * (area

) + half;

j =
| =

+1
+1

real := 0.0f;
im = 0.0f;

\ HeTt

i1 <area

HeT fieldAngle := atan2(im,

Oa

1< V real) / 2;

p = (i +i1) *OWIDTH
+]+j1

fieldval -= sqrt(real *
real + im * im);

m = gX[p] * gX[p] +
gY[p] * 9Y[pl.

( coneu )

angle = atan2(gY[pl,
aX[p]) * 2.

real += m*cos(angle);
im += m*sin(angle);

n -
Q

I

Pucynok 7.3 — biok cxema anroputma OCTPOSHHS T10JISI TOTOKOB Ha TpauyecKoM

npoteccope
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Briuncrienne yria HampaBiieHUsl TOJISI MOTOKOB B CerMeHTe TpeOyeT MHOMXEeCTBO
npeoOpa3oBaHuil W BbI30BA TPUTOHOMETPUUYECKUX (YHKIIMMA, UCTIOIB3YIOMINX YHUCIa C
MJIaBaroLen 3ansiToH, MIOATOMY 0’KHMJIaeTCsl 3HAYUTEIbHbIN IPUPOCT
IIPOU3BOIUTENIBHOCTH MPHU MOCTPOSHUM MOJSA MOTOKOB. B muctuHre 7.1 mpencrasieH
¢parmenT koma snpa OpenCL nisi BeIUMCIEHUS HampaBlieHUs CerMeHTa B II0Jie
MTOTOKOB:

Jluctunr 7.1. — @parmenT koga OpenCL sipa aJist HocTpoeHUs! MOJis MOTOKOB.

float real = 0.0f;

float im = 0.0f;

for (intil =0; i1 < AREA;il++) {

for (int j1 =0; j1 < AREA; jI++) {
int pos=(i+1l)* OWIDTH +j +jl;
float m = (float)(gradientSX[pos] * gradientSX[pos] + gradientSY[pos] *
gradientSY[pos]));

float angle = atan2(gradientSY[pos], gradientSX[pos]);

angle = angle * 2;

real += m * native cos(angle);

im +=m * native sin(angle);

b
float fieldAngle = atan2(im, real) / 2;

float angleTang = native tan(fieldAngle);

[Ipu ucnosib30BaHUM HATUBHBIX TPUTOHOMETPUUECKUX (PYHKUIUHN y1aIoCh YIAyUlIUTh
MPOU3BOAUTENILHOCTh BBIYMCICHUH Ha rpaduyecKoM IMpolieccope AJisi IOCTPOSHUS MOJIs

OTOKOB Ha 25%.
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8. ITATTEPH IIOCETHUTEJIb

To, xak wucnonb3oBaKch BbI3OBBI OpenCL spep s omepauuii Haj KaKIbIM
MUAKCelleM HW300paXeHWs, He SBISETCS YeM-TO CIeNU(PUIHBIM IS S3BIKOB
nporpaMMHUpoBaHus. JIaHHBIA MOIXOJ OYEHb CXO0X C IIA0JOHOM TMPOCKTHPOBAHUS
nocetutenn[31].

[TocetnTens — TIOBeIEHYECKHWH IMA0JOH TIPOEKTUPOBAHUS, OIHMCHIBAIOIINMA
oTiepallvu, BBINOJHsAeMbIe HaJl OObeKTaMu. Takoi moaxo ] mMo3BoJIseT MHKAMCYJINPOBATh
aJTOPUTMBI OT CTPYKTYP HIJIH KJIACCOB OOBEKTOB.

Ha3naueHnne maTTepHa MOCETUTED:

— ompejieieHUue oreparuii, BBIMOJHIEMBIX Ha KaXJOM 3JIeMEeHTe W3 HEKOTOPOTo

Ha0Oopa JaHHBIX;

— BBINOJIHEHNE HY)KHBIX JEHCTBUM B 3aBUCUMOCTH OT THUIIOB JIByX OOBEKTOB;

JlaHHBIH TaTTepH TaK XK€ MCIOJIb3yeTCsl Uil u30eraHus 3arps3HeHHs] Kojia Ipu
n00aBJICHUN HECBSI3HBIX ONepaluii Haj PsSJIOM OOBEKTOB M, HE MPHBOAS YKa3zaTelHd K
MPaBUWJIHHOMY TUITY JAHHBIX.

B HammcaHHBIE alTOPUTMEI 10 JaHHOMY IA0JIO0HY HECI0XHO J00aBUTh MOJIECPKKY
MHOTI'OTIOTOYHBIX BBIUUCIICHUH, €CIU pe3yJibTaThl HE CBA3aHHBI MeXIy coboi. Takxke
Takue aJlFTOPUTMBI JIETKO MOXHO aJalTUpPOBaTh sl BBIYUCIEHUN Ha rpaduueckom

yckoputene, ucnonbdys GpeiimBopk OpenCL.
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9. METO/bI YBEJIMYEHHWA ITPOU3BOAUTEJIBHOCTH

Kak mnpaBuno, mpu pa3paboTke NPHIOKEHHUH, padOoTaloIMX Ha TMpoIeccope,
OCHOBHBIM (DakTOpaMm, BIHSIONIMM Ha I[POU3BOAUTEIBHOCTD, SIBISIETCS allfOPUTM
pabotel mpuioxkeHus. C COBpeMEHHBIMM «YMHBIMH» KOMITUJISTOPAMHA HE CTOUT
3aIyMbIBATbCS O BBIYUCIICHHMH KOHCTAHT, ONTHMH3AIMHA YCIOBHBIX OIEPaTOpPOB U
npoyee (HEKOTOPhIe BRICOKOYPOBHEBBIC SI3BIKK TPOTrPAaMMHUPOBAHMS, TaKUe Kak Java uin
C#, 3aBeqoMO paboTalOT MeJieHHee U MOTPeOISIOT OOoJIbIlle MaMsITH, YeM TOT JKe KO,
Hanucanubii Ha C/C++[32]). [TosTomMy pa3zpaboT4rK MOKeT OOJbIle TPATUTh BpeMEHHU
Ha ONTUMU3AINIO aJITOPUTMOB U MAaKCUMAJIBHOMY YCTpaHEHHUIO KAII-TpoMaxoB[33].

[Ipu mporpaMMHpOBaHUM TPUIOKEHUH Ha TpadHuuecKoM yCKOpHTENle CYIIeCTBYEeT
JIOCTATOYHO MHOTO CITOCOOOB ONTHMHU3AIMH KOJIa, JaKe €CJTH 3TO SIBHO 3aMETUTh OYeHb
TpyaHo. O TakuxX MeToax OyaeT HalmMCcaHO HUXKeE.

Kak yxe ymomumHamoch paHHee, Bo ¢petlimBopke OpenCL HaxomsaTcs
TPUTOHOMETpHUECKHe (DYHKIMH JJISI TOYHBIX BBIUMCICHHM, U UX aHAJIOTH — HATHBHBIC
TpUTOHOMETpHYeckrue QYHKIUU[34], CKOPOCTh BBIYMCIICHHS KOTOPBIX OOJbIIe, IO
MEHBIIIe Mepe, B JeciITh pa3 OOBIYHBIX, HO BBIYMCICHHS BKIIOYAIOT B Cels
MOTPENTHOCTh. Takue HAaTUBHBIE QYHKIUWA HE MPUMEHHMMBI JJI1 TOYHBIX BBIYMCIICHUM,
HO IITUPOKO HWCIIOJB3YIOTCS B TPUIOKEHHUSIX TO 00paboTke H300paKeHWH, T.K. B
OOJIBIIMHCTBE CIy4aeB Pa3HUILy 3aMETUTh NMPAKTUIECKH HEBO3MOXKHO HEBOOPYKEHHBIM
B3TJISJIOM.

[ToMHMMO HATHUBHBIX TPUTOHOMETPHUECKHUX (YHKIUH CYIMIECTBYIOT (QYHKIUH IS
anreOpandeckux ormnepanuii[34]. Hanpumep, ¢ynkmus mad(a,b,c), skBUBaleHTHA
anredpanveckoMy BBIpaXXeHUIO a * b + ¢, HO BbINONHSIETCS ObicTpee. HecmoTps Ha
yBeJIMYCHUE MMPOU3BOJIUTEIHFHOCTH, OCHOBHBIM HEJIOCTATKOM TaKUX (DYHKIIMH SIBIISETCS
npeBpalleHne Koja B HeduTaOelbHbIH HaOop (DYHKIUH, TPYyAHBIA IJIS BOCHPHUSITHS
HAYHMHAIOIIUM pa3paboTInKaM.

PaGora ¢ coOCTBeHHON NaMATBHIO TpadUUIECKOro YCKOPHUTEIS W BBIYMCICHHUS Ha
rpadudecKkoM mpolieccope — aBe He cBsi3aHHbIe Bemu. C OJTHOM CTOPOHBI, JOOABIISIOTCS

CIIO)KHOCTH B Pa3pabOTKy MPOrpaMMHOI0 OOeCIeueHHs, T.K. T0OABISIOTCS pa3IMYHbIC
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THUMBI MAaMIATH U apPECHbIE MPOCTPAHCTBA, C APYTOM CTOPOHBI BO BPEMS BBINOJHEHUS
ONHOW 3ajaur Ha TpadUIecKOM YCKOpPUTEIEe MOXHO TMOATOTABIMBATH JaHHBIE IS
cienyrollel 3a1aud B MaMsITH BUICOKAPTHI, JOCTYI K KOTOpOW ObicTpee U He Tpedyer
BBIUHCIIUTEIBHBIX 3aTPaT UEHTPAIBHOTO MPOLIeccopa.

CtouT OoTMETUTH, 4TO, UcHONb3ysl QpeiimBopk OpenCL, pa3zpaboTuuky Npuarcs
n30eraTb YCIOBHBIX ONEPAaTOPOB. IJTO CBA3AHHO C APXUTEKTYpOH TIpauueckoro
rpoueccopa, T.K. BCE OTHOBPEMEHHO BBIITOIHSIOIINE S1pa JOJKHBI BBIOIHATh OJUH U
ToT *e kon. IlosTomy mpu BeTBIeHMM KOJa Ha JBE BETKM OyJeT BBHINOJIHEHA OJlHA
BeTKa, a MoToM Jpyras. [IponsBoauTensHOCTh He OyAeT CHIBHO YMEHbBIIAThCS, €CITU
BEPOSITHOCTh BXOJa B OJIHY BETKY 3HAUWTENIbHO BBIIIE BEPOSITHOCTH BXOJa B JPYTYIO.
Taxxe BnusiHue He OyAeT CHUIIBHO OKa3aHO, €ClM BCE BBIYMCIUTENbHbIE OJOKH OJHON

pabodei rpynIbl BOMAYT B OJIHY U Ty JK€ BETKY.
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10. TEXHOJIOIT MYECKAA YACTD

PeannzoBaHHBIN MporpaMMHBIN KOMIUIEKC peaau3yeT Caeayronui GyHKIHoHA:

— BO3MOXHOCTb BbIOOpa 1I€JIEBOTO  BBIUUCISAIOUIETO  YCTPOHCTBA  MEXKIY
rpauyecKrM MPOILIECCOPOM U LIEHTPAIbHBIM MPOIECCOPOM;

— BO3MOXHOCTH  3allycka TIpWUJIOKEeHUsT 0e3  3amucu  pe3ybTUPYIOIIUX
M300paXeHUi B (haiiiibl, IJIs OIEHKH ITPOM3BOIUTEIILHOCTH,

— BO3MOXXHOCTh TOJaud Ha BXOJ MPOrpaMMBbI CIIUCKa IMyTeld oOpabaThIiBaeMbIX
U300paKeHU, Il TECTUPOBAHUS HArpy3KM BCe CHCTEMbl B JIMTEIbHBIN
MIPOMEKYTOK BpEMEHH.

OcHoBHasi 4acTh MPOTrPaMMHOT0O KOMILIEKCa peaiin3oBaHa Ha si3bike C++ B cpene
nporpammupoBanus Microsoft Visual Studio 2013, sapa st dperimpopka OpenCL
HanucaHbl Ha C 1Mo00HOM sI3bIKe M BBIHECEHBI B OTAeibHbIE (aiibl. J[aHHBIN Moaxon
UMeeT MPEeUMYIIecTBO, T.K. IPH YCOBEPIICHCTBOBAHUU AJITOPUTMa JOCTATOUYHO MPOCTO
3aMEHHTH (aiiil sapa Ha HOBBIM U IIepe3ayCTUTh IIPUIOKEHHE.

Pa3pabaTeiBaeMblii MporpaMMHBIA KOMILIEKC MpeaHa3HadyeH JUisl JeMOHCTpallyiu
BO3MOKHOCTEH 3allyCKa aJrOpUTMOB, HCMHOJb3YyeMbIX B JaKTUJIOCKONHWH, Ha
rpadUyecKoM YCKOpHUTENe, a TaK K€ BbISBJICHUS TOCTOMHCTB M HEJOCTATKOB TaKOTO
noaxona. Takxke peaqu3oBaHHBIM MPOrPaMMHBIA KOMIUJIEKC TIOMOTaeT CpPaBHUTH
MPOM3BOUTEILHOCTD AJITOPUTMOB Ha PazIMYHBIX alllapaTHbIX CUCTEMaX.

JInst ucrnonp30BaHus TaHHOTO MPOTPAMMHOTO KOMILIEKCa HEOOXOAUMO YCTaHOBUTH
B cucremy papaiiBep mnopaepxkku OpenCL He Huxke Bepcun 2.0 1 Kaxaoro
aTrmapaTHOro YCTPOWCTBA, HampuMep, IS IpolleccopoB kommnanuu Intel npaiiBep
CKauMBaeTcsl OTIeNbHO ¢ oduIiMaibHO caiTa, a s BuaeokapT Kommanuu AMD
OpenCL ppaliBep ycTaHaBiMBaeTcsi BMeCTe C JAPYTUMH JApaliBepaMHd B COCTaBe
npoaykta AMD Catalyst[35]. JlanHble npaiiBepa MOCTYIHBI KakK JJisI CUCTEM IIOJ
omnepalnMoHHoON cuctemoit cemeiictBa Windows, Tak u s Linux, ¢ oroBopko#, 4To
cucTeMa JI0JKHa ObITh 64 OUTHOM.

[Iporpamma wuMeeT KOHCOJIbHBIM BBIBOJ Jiora JJisi OTOOpaKeHUsT OCHOBHOM

uH(OpMAIUU TI0 N300PaKEHHIO, 0 CUCTEME, Ha KoTopol OyneT 3amyckatbess OpenCL
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A7IpO, a TaK e Bce pe3yJbTaTbl 00padOTKU M300pakeHHil MOryT ObITh 3allMCaHbI B
oTnenbHyt0 nanky. [lyTu k daitnam, koTopble HEOOXO0AUMO 00paboTaTh, MEPeAAOTCS B
MporpaMMy Kak BXOJIHbIE ITapaMeTphbl.

Ha pucynke 10.1 nponeMOHCTpUpPOBaH pe3ysibTaT YTeHUs] U300paxeHus: B opmare
BMP. Ilporpamma nopnepsxxuBaeT Tojdbko BMP n3obpaxenus ¢ riyouHoil nseta B 24
outa, motoMy uto BMP — 3710 popMart xpaHeHus pacTpoOBbIX U300pakeHU, a rTyOuHa
[[BETa O3HAYAET, YTO KAXKJBIA U3 KPACHOTO, 3€JIEHHOIO ¥ CUHETO LIBETOB 3aHUMAET OJIUH
O0ailT 1 MoxxeT mpuHUMaTh 3HaudeHus oT 0 go 255. 3a paboty c ¢aiinamu oTBevyaeT
COOCTBEHHBI MOAYJb, KOJ KOTOPOro He OyJeT mpuBeAEH, T.K. B HEM OTCYTCTBYET

Kakas-JImoo Hay4Has COCTaBJIAIOIIAA.

EE CAWINDOWS\system32hemd.exe — O %
N ar L estl.bmp

til.bmp

Pucynox 10.1 — Pe3ynbraT urenus ¢aina

Ha pucynke 10.2 um pucynke 10.3 MOXHO yBHJIETh TaKyr HHGMOPMAILHUIO 10
YCTPOMCTBY, Ha KOTOpoM OyayT 3amyckaTbesi sigpa OpenCL, kak: KogoBoe Ha3BaHUE
YCTPOKCTBA, MPOU3BOIUTEh, MAKCUMATHHOE KOJTMYECTBO pabOuMX dJIEMEHTOB B OJHOU

paboueil Tpymme, KOJWYECTBO HCIIOJIHSIOMIUX SIep, KOJMYECTBO TMOMAEPKUBAEMBIX
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paspemeHHI‘/'I, KOJIMYECTBO pa6qux OJICMCHTOB I KaXIOro paspClucHusi, 4acToTy

yCTpOMCTBA, BennuuHy L1 K311a 1 1OCTYHBIN pa3mMep aagpecHOro MpoCTPaHCTBA.

EN CAWINDOWS system32hcmd. exe

Pucynox 10.2 — Mudopmanus no rpaduyeckoMy npouLeccopy, MolyuyeHHast

cpeactBamu dperimBopka OpenCL

MPUTE_UNI

B CWINDOWS\system32\icmd.exe
OpenCL device #@

. ITEM DIMENSIONS

Pucynok 10.3 — Madopmarys no neHTpabHOMY MPOIECCOpY, MOTyUeHHas

cpenctBamu ppeiimBopka OpenCL

Mo>xHO 0OpaTUTh BHUMaHHUE, YTO KOJOBOE Ha3BaHUE Ipad)UuecKoro mpoueccopa He

oToOpaxaeT ero moyiHoro HamMmeHoBaHMS. Ellesmere[36] — 3To BHyTpeHHee Ha3BaHUE

apXUTEKTYyphl, Oojiee nu3BecTHoe Kak Polaris 10. B cBoro ouepenr BuieokapT ¢ JaHHOU

apXUTEeKTypou, mo MmeHbleit mepe, 5: RX 460, RX 470, RX 480, RX 570, RX 580.

OTnu4ns 3aKI0Yal0TC B KOJIUYECTBE BBIUMCIUTEIBHBIX OJIOKOB B JIMHENKE BHACOKAPT
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KOKIOW cepuu, U 4YacToTamMu Mexay cepusimu. Jlns mpoieccopoB Intel komoBoe

Ha3BaHUEC COACPIKHUT ITPOU3BOAUTEIIA, MOICIIb IPOLCCCOPa U €ro 3adABJICHHYIO YaCTOTY.

0: Bin;

)ption

Pucynok 10.4 — XoJ1 BBITIOTHEHUS MPOrpaMMBbI Ha IpauyecKoM Mmpolieccope

rizat

B CAWINDOWShsystem32hemd.exe

6 -D HEIGHT=

memor

for rgbInfo

Ha PUCYHKE 10.4 MmoxxHO YBUICTH JIOT BBITTOJITHCHUA OCHOBHOI 4acTu nporpaMMmeail.

Kaxnoe uz OpenCL sinmep koMnuiaupyeTcsi ¢ BXOJAHBIMH MapaMeTpaMHu, 3aBUCAIINMU OT

I/I306pa)KeHI/I$I (TaK)Ke OTH TapaMeTpbl MOXHO I€peaaBaTb KaK apryMeEHTHhI, Acjias

HE3aBUCUMBIMU sI/Ipa OT pa3MePOB U300PKEHMsI, HO TaK MOKHO TIPOJEMOHCTPUPOBATH

BO3MOYKHOCTH HUcCToyib3oBaHusi PpeiimBopka OpenCL). 3aTteM meuararoTcsi COOOIICHUS

O peaJbHOM M TIPOLIECCOPHOM BPEMEHM BBINOJIHEHHUs sapa ¢ TOYHOCTHIO g0 107° B

CeKyHIax. JlaHHOW TOYHOCTM JOCTAaTOYHO [JiI CPaBHEHUSI MPOU3BOIUTEIBHOCTH

AJITOPUTMOB HaA PA3JIMIHBIX allllapaTHBIX HHaT(bOpMaX.

Taxxe pe3ynbTaTom SBISIOTCS M300pakKeHUs, MOJYYEHHbIE B XOJE BBITOJTHEHUS

nporpaMMmsbl IOCJIe onepaunﬁ CrijlaxuBaHUs, 6I/IHapH3aI_[I/II/I, BBIYUCJIICHUA T'paduCHTa U

MMOCTPOCHUA TIOJIA ITOTOKOB. I[aHHBIe I/I306pa)KeHI/I$I nmoMemarTcd B OTACIBHYIO
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JUPEKTOPUIO C Ha3BaHUEM, CBSI3aHHBIM C HMeHeM BxojaHoro ¢aina. Ilpumep

JVPEKTOPUH € pe3yIbTaTaMH BBIYMCIIEHUM NTpeACTaBieH Ha pucyHke 10.5.

binary.brmp fields.bmp gradient.bmp outhmp smocthing.bmp

Pucynoxk 10.5 — BoixoiHble 1300paXkeHus IPOrpaMMbI

JlaHHbIe BBIXOAHBIE M300pa)KEHUs MOXKHO HCITOJIB30BaTh KaK BXOJHBIE MapamMeTpbl
JIPYTUX IMPOTPAMMHBIX ITPOTYKTOB.

Peann3oBaHHBI KOHBEWEPHBIM MOAXOA B IPOrPAaMMHOM MPOAYKTE MO3BOJSET
MaKCUMAaJIbHO HCITOJIb30BaTh BBIYMCIUTEIbHBIE MOIIHOCTH CHCTeMBI. T.K. Kaxaoe
OpecnCL siapo 3amyckaeTcss He3aBUCHMO OT APYTHX siiep W TPOIECCOB CHUCTEMBI, a
KaKJIBI YK€ peaTM30BaHHBIN alrOpUTM 00pabOTKH M300paKeHHH MOXXHO 0(DOPMHUTH B
BUJIE OTIENBHOIO HWCIIONHSAIOMIEro Qaiiiia, MOXHO pealn3oBaTh MEHEIKep ISl
00paboTkn w300paxkeHWH. JIaHHBIM MeHeIKep MOXKeT CTaBUTh B oOdYepelb Ha
BBITIOJTHEHHE 00paboTKy N300paXkeHNs Ha IEHTPAIBHOM TIpolleccope WK rpaduuecKom
Ipolieccope B 3aBUCUMOCTH OT 3arpy’XKeHHOCTH CHCTEMBI M THITa MpeoOpa3oBaHMs WU
BbrrciieHnsi. CTOUT OTMETHTb, YTO IpapUUeCcKuX yCKOpUTEeH B CUCTEME MOXKET ObITh
HECKOJIbKO, ¥ TaKOM MOJIXO]I TTO3BOJUT MacIITa0UPOBATh BBIYUCIUTEIHHYIO MOIIHOCTh
CHUCTEMBI B II€JIOM JIMHEHHO, YTO JOCTATOYHO TPYAHO W JOPOTO NeJaTh, UCIOJIb3YS

TOJIBKO LIEHTPaJIbHBIN Mpo1ieccop.
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11. CPABHEHUME PE3VJIbTATOB

TecTbl NPOU3BOAUTENIBHOCTA 3aMEPSUIUCh 110 JBYM KPUTEPHUSIM: IPOLIECCOPHOE
BpeMsi U peasibHOe 3aTpaueHHoe Bpemsi. C OJHON CTOpPOHBI, peallbHOe 3aTpaueHHOe
BpeMsI HE€ TOYHBIA ITOKa3aTellb, T.K. MPHU HECKOJBKUX 3aIlyCKaX OJHOIO U TOTrO XKe
Habopa WHCTPYKIUNA BBIUYMCIUTENIBHOEC YCTPOMCTBO MOMXKET 3aTpayuBaTh pa3IudHOE
BpeMsi. JlaHHBINA MMOKa3aTeNb, TaK WA WHAYE, 3aBUCHT OT CIIETYIONINX (PaKTOPOB:

— o01mas 3arpy>KeHHOCTh BBIUUCIUTEILHOTO YCTPOUCTRA;

— paclpenesieHue BbIACISIEMON NaMsTH, BIUSIOLIEe Ha KA1I;

— o0mras 3arpyKeHHOCTbh IMOJICUCTEM TTaMSITH;

[TokazaTenb 3aTpayeHHOTO TMPOLECCOPHOIO BpeMEHU OOJblle OTHOCUTCS K
BBIUHCIICHUSM Ha LEHTPAJIbHOM IpoLeccope, T.K. MPU MPOBEICHUM BBIYMCICHUN Ha
rpaduueckoM TPOLIECCOpPe MOIIHOCTU LEHTPAJIbHOrO IpoLeccopa HUCHOJIb3YIOTCS
TOJILKO Ha MOJTOTOBKY JaHHBIX I 00paOOTKH.

T.K. MPOU3BOUTEIBHOCTh BHIYMCICHUN 3aBUCHUT OT amllapaTHON 4acTH, HA KOTOPOM
OHU TIPOU3BOJSTCS, TO OYJIET palliOHABHO MTPUBECTH KOMILICKTYIOIIUE, UCIIOIb3yeMble
B TE€CTaXx:

Tabnuua 11.1 - Kondurypaiusi TeCTOBON CUCTEMBI

Kommekrytoiee HaumenoBanue [TapameTpsl
LleHnTpaibHbIi _
Intel core 15-2500 4 snpa yactorou 3,3 I'T
npoueccop
['paduueckuit 4 I'b BugeonamsTy, yactora siapa 1250
AMD RX 470 4GB
YCKOPHUTEb MI 11, yactoTa mamsatu 1650 MI'g
DDR3 2 GB, 2 GB, | O6mwmii noctymHsiii 006EM 61’ b, yactora
OnepartuBHas MamsTh
8 GB 1333 MI'1

Crout oT™MeTuth, 4yTo mpoueccop intel core 15-2500[37] Obl1 BBINYyIIEH B MepBOH
nonoBuHe 2011 roma, W, XOTS, MPOU3BOJUTENIBHOCTh IIEJIOYUCIIEHHBIX Olepaluii He
CHUJIBHO BO3pOCJIa Ha TaKT Mpoleccopa 3a IMOCIeIHUE TOJbI, OTepaluy ¢ TUTaBaroIei

SaHHTOfI, HaIIpuMep, BBIMUCIICHUE KBAAPATHOI'O KOPHA, CTAJIM 3HAYUTECIIbHO 6BICTpee.
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st m3o6paxkenust pasmepom 256 Ha 364, nMeromiero B oduieil cioxxHocty 93184

MUKCceJel pe3ynbTaThl BBHIYMCICHUN Ha rpauueckoM M LEHTPaJbHOM Ipolieccopax

npejcTaBiieHbl B Tadauie 11.2.

Tabnuma 11.2 - Pe3ynbraTel BerurcieHui s n3o0paxxkenus pasmepom 256 Ha 364

bunapuzanus

CriaxxusaHue I'paguent

Ilosie mOTOKOB

PeanbHoe
3aTpayeHHOe
BpeMSI TSI
rpauIecKoro
npolieccopa

0,002612

0,002659 0,001248

0,001509

3aTpaueHHOe
MPOLIECCOPHOE
BpeMs
rpaduueckum
POLIECCOPOM

0,000000

0,000000 0,000000

0,000000

PeannpHoe
3aTpayeHHOe
BpeMms JJIsi
LEHTPaTBHOTO
npoieccopa

0,000856

0,001112 0,001228

(0,015760)
0,003940

3aTpaueHHOe
MPOLIECCOPHOE
BpeMsi
LEHTPaTbHBIM
POLIECCOPOM

0,000000

0,000000 0,000000

0,015630

I[J'IH onepauI/Iﬁ Crila’)xmBaHUsA U 6I/IHapI/I321HI/II/I, mpu CpaBHUTCIIBHO HEOOJIBIITNX

pasMepax HM300pakeHUs,

BpeMsH,

3aTpadeHHOe IIEHTPaJbHOM TIPOIECCOPOM Ha

BhIUKCIeHre MeHbine, yeM 107°. TlosToMy B maHHOM ciydae Gojlee YMeCTHO OyneT

CMOTpeTh Ha peajbHOE 3aTpayeHHOe BpeMsi BBIUUCIEeHHUS. B ciydae OuHapuzanmw,

BBIYUCJICHUS Ha BHUACOKAPTEC MJHIIMUCh B TPU pa3a AOJbIIC, a B CJIydac CIJIA’)KUBAHUA,

pe3yjabTaThl OTIIMYAJIMNCh B B4 pa3a. I[aHHBIe pe3yjibTaTtbl HE OAalOT IMPUPOCTa B

MPOU3BOAMTENILHOCTH TPU BBIYMCICHUH Ha TpaUueckoM TIpoleccope. ITO MOKHO

OOBSICHUTH TEM, YTO B JAaHHBIX OII€palusiaXx MHOTO OHepaI_[I/Iﬁ C LICJIOYHCICHHBIMHU

JaHHBIMU U HE TaK MHOTO C YMCJIaMU C IIJIaBarolliei 3amnsTou.

B cnydae BblumcieHus rpagueHTa ¢ moMollsio omepartopa Cobens, pe3ylnbTaTbl

cornocTtaBUMBI. C OI[HOﬁ CTOPOHBI, Mbl HE TTOJYUYWJIN IIPUPOCTA CKOPOCTU BBITTOJIHCHU,
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B CPAaBHEHHHM C LEHTPAIbHBIM IpoueccopoM. Ho ¢ apyroi cTopoHbl, TPy BO3MOKHOCTHU
napaJyieIbHOTO  3alycka HEeCKOJBKHX TIPOIEeCCOB MO 00paboTke W300paKeHus,
BBIYKCIIEHHUE TPaJIMeHTa MOKHO MTPOU3BOAUTH Ha TpadruecKkoM Mpolieccope, pasrpyxas
TE€M CaMbIM L[EHTPaJIbHbIN MPOIIECCOP.

Ctoutr OTMETUTh, YTO CKOPOCTh TOCTPOCHHMS TMOJisI TOTOKOB Ha TpaduieckoM
yCKOpHTelle B JiBa C TIOJIOBUHOM pa3a ObIcTpee, YeM Ha LIEHTPaJIbHOM Ipolieccope, a TaK
’Ke 3HAUMTEJIbHO OTINYaeTcsl moTpediisieMoe mpolieccopHoe Bpems. JlaHHbBINA pe3ynbTar
OblT  OXHZaeM, T.K. Tpud pacy€Te TMoJedl MOTOKOB  JOCTaTOYHO  MHOTO
TPUTOHOMETPHYECKUX (DYHKIIMM M OIepalyii ¢ IiaBaroleii 3ansatoi. Takue omepamuun
SBJISIIOTCSL 3aTPATHBIMU, C TOYKW 3pPEHMS] MPOU3BOJUTENBHOCTH, ISl Colpoleccopa
LEHTPaJILHOIO MpoLeccopa.

[TocTpoeHue mMmojsi MOTOKOB Ha LIEHTPabHOM MPOLIECCOPE BBIMOJIHSAETCS B OJIHOM
MOTOKe, MO3TOMY B TalbJiMlle MPUBEJEHO 3HaUeHUEe yXKe pa3jielieHHoe Ha 4 (KOJIM4YecTBO
sanep mpolueccopa) A 3aTpadyeHHOro peajbHOro BpemeHH. [IpoueccopHoe Bpemsi B
3TOM Cily4ae JOJKHO HEMHOTO BO3PAaCTH, HO NaHHBIA (DAKT Mbl YUYUTHIBATh HE OyIeM.
OcTtanbHble aJIrOPUTMbl HUCMOJIB3YIOT BCE BO3MOXKHBIE BBIUYHUCIHUTEIbHBIE PECYpPChI
rpadugecKoro mporeccopa Uik MeHTPaTbHOTO Ipolieccopa.

Pazpemenue ncxogHoro uzo0paxkeHus B 256 Ha 364 nukcenel B3ATO B KauecTBe
npuMepa. B peanbHON KW3HU ATOT IMOKAas3aTesb 3aBUCUT OT MCIIOJIb3YEMOI'0 CKaHepa
OTHe4YaTKOB TMajbleB[38], OCHOBHBIM I[IOKa3aTelleM KOTOPOro SBISETCS IMJIOTHOCTh
nuKceliel Ha AroM. B HacTrosiiee BpeMsi Ha pPbIHKE MPEACTaBICHbl CKaHEPhl C
pazpemenusiMu 500, 600, 1200 wu nppyrue. TeHAeHIMsS YBEJIMYEHHUS IUIOTHOCTH
MUKCeNlel Ha I0MM ¢ KaXJIbIM roJioM coxpaHsiercs. Ho ctout oOpaTuTh BHUMaHUE, YTO
paspeniaroniasi CocOOHOCTh CKaHepa — He €JMHCTBEHHbIN NoKa3aTesb KauyecTBa.

[Ipr yBenw4eHWHW HCXOIHBIX O0OpabaThIBaeMbIX H300pakeHWW B JBa pasa, ¢
pasmepamu 512 Ha 728 (B obmieit cioxxnoctu 372736 nukcenei), MOXKHO OTMETUTh

N3MCHCHUA B CIICAYIOIUX TTOJIYYCHHBIX PE3YJIbTaTaX, IIPCIACTABIICHHBIX B Ta6.HI/II_[e 11.3.
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Tabnuua 11.3 - Pe3ynpTaThl BRIUMCIEHUH A1 n300pakeHus pasmepoM 512 Ha 728

bunapuzanus

CrimaxxuBaHue

['paguent

Ilosie mOTOKOB

Peanbnoe
3aTpayeHHoe
BpeMs JUIs
rpaduueckoro
npoleccopa

0,003305

0,003769

0,002144

0,002392

3aTpaueHHOe
MIPOLIECCOPHOE
BpeMs
rpapuIecKuM
TPOIIECCOPOM

0,000000

0,000000

0,000000

0,000000

PeannpHOE
3aTpayeHHOe
BpeMms ISt
LHEeHTPaJIBHOIO
npoleccopa

0,002298

0,002991

0,003790

(0,063700)
0,015925

3aTpaueHHOe
MPOLIECCOPHOE
BpeMsi
[IEHTPATBHBIM
TPOIIECCOPOM

0,000000

0,000000

0,000000

0,062500

I[J'ISI onepaum‘/’l 6HHapI/ISaL[I/II/I N CINIAXKXHUBAHUA pasHUla MCEXKIAY BPEMCHEM

BBITIOJTHEHMSI Ha TpaduIecKOM YCKOPHUTENE U EHTPATHHOM TIPOIIeCCOpe YMEHBIIIHNIIACH,

B CpaBHEHHMH C 00pabOTKON He YBEIMYEHHOTO M300pakeHUs. MOXXHO MPEeIoI0KHTh,

YTO UIA 3aITyCKa 3aJIaHUd Ha I‘p&(l)H‘-ICCKOM mponeccope Tpe6yeTc;1 CKOIIUPOBATH AAPO B

MaMATb BUACOKAPTBI U OTIIPAaBHUTHL €I'0 Ha BBIIOJIHCHHEC, YTO MOXKET TAKXC 3aHUMATb

BpeM:. Ho moxnHO OTMECTUTDb, UYTO PE3YJIbTAThI YIYUIIUINCH B I1OJIB3Y BUACOKAPTHI.

0,
BpeMst mocTpoeHus rpaaueHTa Ha BUIeoKapTe crajio ObicTpee Ha 60%, 4TO yxe

JieaeT palMoOHAIIbHBIM TIPUMEHEHUEe BBIUMCICHUN Ha rpadUiyecKuX YCKOPHUTENSIX s

HOI[O6HOI‘O poada 3aaady.

Jns mocTpoeHHss TOJIST TOTOKOB IMPOLIECCOPHOE BpEMsI MNPU BBIYMCICHHM Ha

[EHTPAJIBHOM TIPOLIECCOpe OXXKHMAaeMO YBEJIWYUIoch B 4 pa3a. A BOT B peallbHOM

BPEMEHU CKOPOCTh BBITIOJHEHMS Ha rpaduueckoM ycKopuTese yxe B 6,5 pa3 OwbicTpee,

YeM Ha IIeHTPaJIbHOM TIPoLieccope.
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C yBenmuueHueM pasMmepa u300pakeHUs B 2 pa3a Mbl TONYYWIIU PE3YJIbTATHI,
JTOKa3bIBAIOIIME, YTO Ha TpaduueckoM TMpoIeccope BBIUYUCICHUS YCKOPWINCH He
nuHelHo. Pe3ynbTaThl A nzobpakenus pazmepom 3072 Ha 8192 (B o01eli C10KHOCTH
25165824 nukceneii) mpencraBieHsl B Tabmuie 11.4.

Tabnuna 11.4 - Pe3ynbTaThl BeIYUCICHUH 18 n1300pakeHus pazmepom 3072 Ha

8192

bunapuzanus CriaxxusaHue ['panuent ITone moTokoB

PeanvHoe
3aTpadyeHHOe
BpeMs IS 0,037560 0,037050 0,061170 0,052230
rpaduueckoro
npoleccopa
3aTpaueHHOe
MPOLIECCOPHOE
BpeMsi 0,000000 0,000000 0,000000 0,000000
rpapuIecKuM
MPOIIECCOPOM
PeanvHoe
3aTpadyeHHOe
BpeMmsi 115t 0,079090 0,160300 0,184400
LEHTPaJIBLHOTO
npolieccopa
3aTpaueHHOe
MPOLIECCOPHOE
BpeMsi 0,296900 0,640600 0,640600 2,719000
LEHTPaJIbHbIM
MPOIIECCOPOM

(2,725000)
0,681250

Kak MOXHO 3aMeTHTb, BBIUYKCIICHUSI HA BUJIEOKApTe OOXOIAT BCE aHAJIOTH Olepalnii,
BBIYHUCIISIEMbBIX Ha Tpolleccope. Eciu He yuuThIBaTh, UTO BBIUMCICHUS Ha rpaduyecKoM
YCKOpHTENIe TOUYTH He MOTPEOJISIOT MPOIECCOPHOE BpeMs, TO B IUIaHE pPEalIbHOTO
BpEMEHU TOJIy4YeHbl Clelylolue pe3yJbTaTbl: OWHapu3alusi ycKopeHa B 2 pasa,
CriaxxuBaHue B 4, rpaJIMeHT B 3 pasa, MOCTPOEHHUE TOJIs1 MOTOKOB B 13 pas.

[ToMrMO pa3HOCTM B MPOU3BOJMUTENBHOCTH BBIYMCIEHUN CJeAyeT CpaBHUTH
noixyyaemble H300pakeHus. Hampumep, ymnoMuHaIoch paHee, UYTO HATHUBHBIE
TPUTOHOMETpHUYECKHe (YHKIHUHA OTIMYAIOTCS OT CTaHIAPTHBIX HE TOJBKO CKOPOCTHIO

paboThl, HO M TOYHOCTBHIO BbIUMCIeHUH. [loaToMy Ha pucynke 11.1 mpeacraBieHo
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CpaBHEHHE Pe3yJIbTaTOB BBIUMCICHHUM MOl TOTOKOB Ha rpaduyeckoM mpolieccope 1 Ha

LEHTPaJILHOM MPOLIECCOope.
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ycKopuTese (ciaeBa) ¥ Ha IIeHTpaJIbHOM Ipolieccope (crpaBa)

Kak MoxHO 3aMCTUTh, JaAHHbIC UACHTHUYHbI, 3a UCKIIFOYCHHUEM I'PAHUYIHBIX YCJIOBI/Iﬁ,

KOTOpble 00pabaThIBAIMCh  ITO-Pa3HOMY

Ha Kaxaol r1ardopme,

Ucxonsa U3

COOOpaX€HUM MPOCTOTHI pean3alvy MPOBEPOK HA BBIXOJ 32 IPAHUIIBI U300paKeHUs B

KaXXI0M aJIr'OpUTME.

N3m.

Jluecm Ne dokym. lodnuck | Jama

09.04.01.2017.034 I3

Jlucm

57




3AKJITOYEHUME

B pamkax naHHON AWIUIOMHON paboThl OBLT MPOBEAEH aHAIM3 CYIIECTBYIOIIMX
TEXHOJIOTHA, TIO3BOJISIFOIIIMX BBITIONHATH OOIHWE BBIYUCICHUS Ha TpaduuecKux
YCKOPHTEISX.

Utorom naHHOW JUIJIOMHON paboOTHI SIBAsSETCS MPUIIOKEHUES, pealu3yrolee
BEIYWCIICHUE OTepanuil st OMHapu3aIii U300paKeHUl, CTIIaKUBAHWS, BBIUYACICHUS
rpajieHTa M TIOCTPOSHHUS II0JIsl IIOTOKOB Ha IIEHTPAJbHOM Ipolleccope H Ha
rpadugeckoM mporieccope.

bein mpoBenéH aHaNM3 CyMIeCTBYIOMMUX MeTOA0B onTumu3anuu koaa mais OpenCL
sJIep ¥ IMoKa3aH MPUPOCT TPH UCITOJIB30BAHUH TE€X WIJIM UHBIX TPUEMOB.

Tax xe ObLT IPOBEAEH aHATN3 MPOU3BOIUTEIHFHOCTH BBIYMCIICHUN, TIPOU3BEIEHHBIX
Ha rpaduyecKkoM M IMEHTPATBLHOM IIpolleccopax s KaXJoro W3 TMpeoOpa3oBaHUM:
OWHapw3alys, CriIaKWBaHWe, BBIYUCICHHE TpaJleHTa W IOCTPOSHHE IOJISI MTOTOKOB.
beino BBIICHEHO, YTO TIpH 00pabOTKe M300pakeHHMi HEeOONBIIOro pa3Mepa Oorepaluu
OWHapw3aluy, CrJaXWBaHUS  IieJiecooOpa3Held  BBIYKMCIATH Ha  IICHTPAJIBHOM
mpolieccope, a MOCTPOCHHE TIOJISl IOTOKOB U BEIYMCIICHHUE TPANEeHTa — Ha rpadudecKoOM
nporeccope. Ilpu o006pabotke 1UbPOBBIX H300pakeHU OOJBIIOTO pa3pelIeHuUsl
BBIYHUCJIEHUS Ha rpaduueckoM IMpolieccope Mpou3BoasaTes ot 2 1o 13 pa3 OsicTpee, uem
Ha I[EHTPAILHOM ITpoIieccope, a TakK JKe He UCTIONIB3YIOT MPOIECCOPHOE BPEMSI.

[To wTory nmaHHOW pabOTBI MOXHO cCHeJlaTh BBIBOJ O TOM, YTO BBIUYMCJIICHHUS Ha
rpa@uyueckux YCKOPUTENSX HUMEIOT MECTO OBITh HJii HEKOTOPBIX alTOPUTMOB
00pabOTKM JAKTUIOCKOTUYECKUX H300paKeHHH, MCIOJB3YIOIIUX JOCTATOYHO MHOTO

olepalrii HaJl YUCJIaMU C IUIABAIOIIEN 3aISITOM.

Jlucm

09.04.01.2017.034 I3

58

W3am. | Slucm Ne dokym. lNoonuck | Jama




BJIMBJINOT PAOMYECKUIN CITMCOK

. CormocTaBieHre OTIIEYATKOB nmajipneB C IIOMOIIBKO TEXHOJIOTHH FHY6OKOFO

o0yueHus [ DneKTpOoHHBIH pecypcl]. — Pexum JIOCTyTa:
http://www.nvidia.ru/object/ai-fingerprinting-babies-blog-ru.html. — 3arnaBue ¢

skpana. — ([laTta oOpamenus: 24.04.2017).

. General-Purpose Computation on Graphics Hardware [DnextponHbIit pecypc]. —

Pexxum nmoctyma: http://gpgpu.org/about. — 3arnaBue ¢ skpana. — Auri. — (Jlara

obpamenus: 01.05.2017).

. Shader [DJ1eKTpOHHBIMA pecypc]. — Pexxum JOCTyTIA:

https://en.wikipedia.org/wiki/Shader. — 3arnaBue c skpana. — Anra. — (/lara

obpamenus: 01.05.2017).

. Texnonoruss ATI STREAM [DOnextpoHHbii pecypc]. — Pexum pocrymna:

http://www.uraldev.ru/articles/id/41. — 3arnaBue c skpana. — ([lata obpareHus:

01.05.2017).

. DirectCompute Hands-On Tutorial [DnexktponHsiii pecypc]. — Pexxum nmoctyma:

http://developer.amd.com/wordpress/media/2013/06/1005 _final.pdf. — 3arnaBue ¢
sKkpaHa. — AHra. — ([lata obpamenus: 01.05.2017).

. C++ AMP [D5eKTpOHHBIH pecypc]. — Pexum JOCTyTIa:

http://geekswithblogs.net/JoshReuben/archive/2011/12/04/c-amp.aspX. —

3arnaBue c ’kpaHa. — AurI. — ([lata o6pamenus: 02.05.2017).

. CUDA Zone [D51eKTpOHHBI pecypc]. — Pexum JloCTyIa:

https://developer.nvidia.com/cuda-zone. — 3arnaBue ¢ skpaHa. — AHria. — (Jlara

obpamenus: 02.05.2017).

. OpenACC [DnektpoHHbIH pecypc]. — Pexxum nocrtyna: https://www.openacc.org/.

— 3arnaBue ¢ skpaHa. — AHri. — (Jlara o6pamenus: 03.05.2017).

. The open standart for parallel programming of heterogeneous system

[DnexTpoHHBIN pecypc]. — Pexxum moctyna: https://www.khronos.org/opencl/. —

3arnaBue c ’kpaHa. — Auri. — ([lata o6pamenus: 03.05.2017).

Jlucm

09.04.01.2017.034 I3 59

N3m.

Jluecm Ne dokym. lodnuck | Jama




10. DirectX Graphics and Gaming [DnextpoHHbIll pecypc]. — Pexxum moctyma:
https://msdn.microsoft.com/en-us/library/windows/desktop/ee663274.aspx. —
3arnaBue c 3kpaHa. — AHr. — ([lara o6pamenus: 01.05.2017).

11. Intel MMX, SSE, SSE2, SSE3/SSSE3/SSE4 Architectures [DmeKTpOoHHBI
pecypc]. — Pesxxum mocrtyna: http://mech.spbstu.ru/images/d/db/Intel simd.pdf. —
3arnaBue c 3kpaHa. — AHrI. — (Jlata o6pamenus: 03.05.2017).

12.OpenMP u C++  [OnexktpoHHbli  pecypc]. — Pexum  goctyna:
https://msdn.microsoft.com/ru-ru/library/dd335940.aspx. — 3arnaBue ¢ skpaHa. —
(MlaTa obparmenus: 03.05.2017).

13. OpenGL [DnexTponnsiii pecypc]. — Pexxum moctyna: https:// www.opengl.org/. —
3arnaBue c 3kpaHa. — AHri. — ([lara o6pamenus: 03.05.2017).

14. OpenAL [DnexTponHsbIi pecypc]. — Pexxum moctyma: http://www.openal.org/. —
3arnaBue c 3kpaHa. — AHr. — ([lara o6pamenus: 03.05.2017).

15. WinZip 16.5 AMD-Optimized version [DnekTpoHHBIH pecypc]. — Pexum
noctymna: http://www.winzip.com/win/en/amd.html. — 3arnmaBue c¢ »kpaHa. —
Amnrn. — (Jlara ooparmenus: 03.05.2017).

16. I'ynkos, B.FO. Metonpl mepBoit u BTOpoH 0O0PaOOTKUA JAKTHUIOCKOTMYECKUX
n3zo0paxxenuii : Monorpadus / B.YO. I'yakos. — Muacc : I'eotyp, 2009. — 237c.

17. JBIG2 [DnexkTpoHHBII pecypel]. — Pexum JNOCTYyIIA:
https://en.wikipedia.org/wiki/JBIG2. — 3armaBue c¢ skpana. — Aurn. — (Jlara
obpaienus: 25.04.2017).

18. W. Niblack, An introduction to digital image precessing / W. Niblack. —
Englewood Cliffs, Prentice Hall, N.J. —1986. — 626 p.

19. N. Otsu, “A threshold selection method from grey-level histograms”, IEEE
Trans. Syst., Man, Cybern. —=1979. — V. 9, Nel. — P. 62-66.

20. Adaptive thresholding using the integral image [DnexkTpoHHBI pecypc]. —
Pexxum nocTyna:
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.420.7883. — 3arnaBue ¢

skpaHa. — AHr. — ([lata obpamenus: 27.04.2017).

Jlucm

09.04.01.2017.034 I3 60

N3m.

Jluecm Ne dokym. lodnuck | Jama




21. Jlebene J1.C. JIBymepHOe CriIaXMBaHWE C WCIIOJIb30BAHUEM «COCTaBHOW
monenu gpparmenta / Jlebenes J1.C., Mupkun JL.U. — M., «Hayxka», 1975. —c.

22. Formula to determine brightness of RGB color [DnekTponHnslii pecypc]. — Pexxum
JocTyna: https://stackoverflow.com/questions/596216/formula-to-determine-
brightness-of-rgb-color. — 3arnaBue c skpana. — Aurin. — (/lara obGparieHus:
01.05.2017).

23. Memory Limits for Windows and Windows Server Releases [DnekTpoHHBI
pecypc]. — Pexxum JoCTyTa: https://msdn.microsoft.com/en-
us/library/windows/desktop/aa366778(v=vs.85).aspx. — 3armaBme C 3KpaHa. —
Amnri. — (Jlara oopamenus: 27.04.2017).

24. System-wide Memory Defragmenter Without Killing any application
[D51eKTpOHHBI pecypc]. — Pexum JOCTyTa:
http://events.linuxfoundation.org/sites/events/files/slides/%5SBELC-2015%5D-
System-wide-Memory-Defragmenter.pdf. — 3arnaBue ¢ skpana. — Auria. — ([ara
obpamenus: 27.04.2017).

25. benuMm, C.B. Boigenenre KOHTypoB Ha M300paxKeHUsX C MOMOLIBIO alropuTMa
knactepusanuu /C.B. bemuwm, [LE. Kytnyaun. — KommwrorepHas ontuka, 2015,
ToM 39 Nel.

26. I'oncanec. P. Lludposas o6padotka uzobpaxkenuii / P. ['oncanec, P. Byxc ; nep.
c aur. of pex. I1.®. Younna — M.: Texnocdepa, 2006. — 1072 c.

27. AropuT™M BbIJIeJIeHHE KOHTYpPOB H300pakeHusl [DIeKTpOHHBIM pecypc]. —
Pexxum nmoctyna: https://habrahabr.ru/post/114452/. — 3arnaBue c sxpaHa. — AHTIIL.
— (Mata obpamenus: 28.04.2017).

28. llanumnsipHble  JTUHUM  [DJeKTpoHHBIM  pecypc]|. — Pexum  gocrtyna:
https://ru.wikipedia.org/wiki/[lanunnsipaple nuHWK. — 3ariaBue ¢ d3KpaHa. —
(Mlata obparenus: 29.04.2017).

29. JlakTunockonus [DnexkTpoHHBI! pecypc]. - Pexum JNOCTYyIIA:
http://wiki.technicalvision.ru/index.php//laktTunockonus. — 3arjgaBue ¢ dKpaHa. —

(Mlata obparenus: 29.04.2017).

Jlucm

09.04.01.2017.034 I3 61

N3m.

Jluecm Ne dokym. lodnuck | Jama




30. B.YO. I'ynkos, A.B. boiios, Ynydiienue n3o0paxeHuil 0TIe4yaTkoB NajbleB C
nomouisio punetpa ['abopa. — Bectauk IOYpl'Y, Cepus «KommbrotepHbie
TEeXHOJIOTUH, yIIpaBlieHue, paguosiaekTpoHuka» 2015, tom 15, Nel, cc. 128-132.

31. Visitor ~ pattern = [DnekTpoHHBIi  pecypc]. —  Pexxum  pmoctyma:
https://en.wikipedia.org/wiki/Visitor pattern. — 3ariaBue ¢ skpaHa. — AHII. —
(Mlata o6parenus: 09.06.2017).

32. The computer Language Benchmark Game [Dnextponnsiii pecypc]. — Pexum
noctymna: http://benchmarksgame.alioth.debian.org/u64q/java.html. — 3arnasue ¢
skpaHa. — AHri. — (Jlata obparienus: 09.06.2017).

33. What Every Programmer Should Know About Memory [3nekTpoHHBI# pecypc].
— Pexxum noctymna: https://www.akkadia.org/drepper/cpumemory.pdf. — 3arnaBue
c ’3kpaHa. — Auri. — (Jlara ob6parenus: 26.05.2017).

34. Math Built-In Functions [DnekTpoHHblii pecypc]. — Pexum goctymna:
https://www.khronos.org/registry/OpenCL/sdk/1.0/docs/man/xhtml/mathFunction
s.html. — 3arnaBue c sxpana. — Auri. — ([lata o6pamenwus: 05.05.2017).

35. Ilporpammuoe obecniedeHue AMD Catalyst [DnekTpoHHbIil pecype]. — Pexum
noctyma: http://www.amd.com/ru-ru/innovations/software-technologies/catalyst.
— 3arnaBue ¢ skpana. — ([lara ob6pamenus: 11.05.2017).

36. Apxurektypa Polaris [Dnextponnsiii  pecypc]. — Pexum noctymna:
http://www.amd.com/ru-ru/innovations/software-technologies/radeon-polaris. —
3arnaBue c 3kpaHa. — (Jlara oopamenus: 02.06.2017).

37. Intel Core 15-2500 Processor [DnekTpoHHBIM pecypc]. — Pexum moctyma:
http://ark.intel.com/products/52209/Intel-Core-i5-2500-Processor-6M-Cache-up-
to-3_70-GHz. — 3arnaBue c skpana. — Auri. — (Jlara o6pamenus: 04.06.2017).

38. BeiOOp JaKTHIOCKONIMYECKOrO CKaHepa JUIS PETHCTpallid  OTIIeYaTKOB
[OnexTpoHHBII pecypcl]. — Pexum JOCTyIIA:
http://www.algoritm.org/arch/08 4/08 4 14.pdf. — 3arnaBue c skpana. — ([lara
obpamenus: 04.06.2017).

Jlucm

09.04.01.2017.034 I3 62

N3m.

Jluecm Ne dokym. lodnuck | Jama




I[MTPHUIJIOXXEHUA

[TPUJIOKEHHME A

JIMCTUHT OCHOBHOI YacTu mporpaMmabl

// main.cpp

#define _CRT_SECURE_NO_WARNINGS
#include <vector>

#include <iostream>

#include <windows.h>

#include <iomanip>

#include <string>

#include "mybitmap.h"

#include "OpenCLTemplate.h"
#include <math.h>

#define SUCCESS ©
#tdefine FAILURE 8
#define EXPECTED_FAILURE 2

void printDeviceInfo(OpenCLTemplate* myOpenCL)
{
for (unsigned i = @; i < myOpenCL->numDevice; ++i)
{

char deviceName[1024];

myOpenCL - >GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_NAME, sizeof(deviceName),
&deviceName);

char deviceVendor[1024];

myOpenCL->GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_VENDOR, sizeof(deviceVendor),
&deviceVendor);

size_t maxWorkGroupSize = 0;

myOpenCL->GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_MAX_WORK_GROUP_SIZE,
sizeof (maxWorkGroupSize), &maxWorkGroupSize);

size_t maxComputeUnits = 0;

myOpenCL - >GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_MAX_COMPUTE_UNITS,
sizeof(maxComputeUnits), &maxComputeUnits);

cl_uint maxDimensions = 0;

myOpenCL->GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_MAX_WORK_ITEM_DIMENSIONS,
sizeof(maxDimensions), &maxDimensions);

size_t *maxWorkItems = new size_t[maxDimensions];

myOpenCL->GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_MAX_WORK_ITEM_SIZES,
maxDimensions * sizeof(size_t), maxWorkItems);

cl uint maxClockFreq = 0;

myOpenCL->GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_MAX_CLOCK_FREQUENCY,
sizeof(maxClockFreq), &maxClockFreq);

cl ulong maxMemCacheSize = ©;

myOpenCL - >GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_GLOBAL_MEM_CACHE_SIZE,
sizeof(maxMemCacheSize), &maxMemCacheSize);

cl ulong maxMemSize = 9;

myOpenCL->GetDeviceInfo(myOpenCL->devices[i], CL_DEVICE_GLOBAL_MEM_SIZE,
sizeof(maxMemSize), &maxMemSize);

maxMemSize = maxMemSize / 1024 / 1024;

std::cout << "\t OpenCL device #" << i << std::endl;

std::cout << "CL_DEVICE_NAME : " << deviceName << std::endl;
std::cout << "CL_DEVICE_VENDOR : " << deviceVendor << std::endl;
std::cout << "CL_DEVICE_MAX_WORK_GROUP_SIZE : " << maxWorkGroupSize << std::endl;
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std::cout << "CL_DEVICE_MAX_COMPUTE_UNITS : " << maxComputeUnits << std::endl;
std::cout << "CL_DEVICE_MAX_WORK_ITEM_DIMENSIONS : " << maxDimensions << std::endl;
std::cout << "CL_DEVICE_MAX_WORK_ITEM_SIZES : ";
for (int i = @; i < maxDimensions; i++) {
std::cout << maxWorkItems[i];
if (i == maxDimensions - 1) {
std::cout << std::endl;

}
else {
std::cout << ", ";
}
}
std::cout << "CL_DEVICE_MAX_CLOCK_FREQUENCY : " << maxClockFreq << " MHz" <<
std::endl;
std::cout << "CL_DEVICE_GLOBAL_MEM_CACHE_SIZE : " << maxMemCacheSize << " bytes" <«
std: :endl;
std::cout << "CL_DEVICE_GLOBAL_MEM_SIZE : " << maxMemSize << " mebibytes" <«
std: :endl;

std::cout <«
11 sk sk sk 5k sk ok ok 3k 5k 3k ok 3k ok ok 3k ok 5k ok 3k 5k 3 5k 3k 5k ok 3k sk 3k ok 3k ok ok 3k 5k 3k 5k 3k 5k 3k ok ok 5k ok 3k 5k 3 5k 3k 5k 5k 3k 5k 3k 5k ok 5k ok 3k 5k 3k 5k 3k 5k 3k 5k ok 3k 5k 3k 5k 3k 5k 3k 5k >k 3k 5k 3k >k 5k 5k >k 3k >k 3k >k 3k >k %k >k >k >k k

FRxAAN << std::endl;

}

return;

}

double get wall time() {
LARGE_INTEGER time, freq;
if (!QueryPerformanceFrequency(&freq)) {
return 0;

if (!QueryPerformanceCounter(&time)) {
return 0;

¥
return (double)time.QuadPart / freq.QuadPart;

}
double get_cpu_time() {
FILETIME a, b, c, d;
if (GetProcessTimes(GetCurrentProcess(), &a, &b, &c, &) != 0) {
return
(double) (d.dwLowDateTime | ((unsigned long long)d.dwHighDateTime << 32)) *

0.0000001;
¥
else {
return 0;
}
}

#tdefine NUMBER_OF_BRIGHTNESS 256

unsigned char GetBrightness(const MY_RGBQUAD *rgb) {
return (unsigned char)(rgb->rgbRed * 0.299f + rgb->rgbGreen * 0.587f + rgb->rgbBlue *
0.114f);

}

unsigned char getTresholdForBinary(cl_float *brighnessArray, unsigned int widthXHight) {
long arrayOfBrightness[NUMBER_OF_BRIGHTNESS];
memset(arrayOfBrightness, ©x00, NUMBER_OF_BRIGHTNESS * sizeof(long));

long summ = ©;
for (int i = 0; i < widthXHight; ++i)
{

arrayOfBrightness[ (unsigned char)brighnessArray[i]]++;
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summ += (unsigned char)brighnessArray[i];

}

unsigned long max = 0;
int maxInd = 0;
for (int i = @; i < NUMBER_OF_BRIGHTNESS; i++)

{
if (arrayOfBrightness[i] > max)
{
max = arrayOfBrightness[i];
maxInd = i;
}
}

summ = summ / 2;
unsigned char index = 0;
for (int 1 = @; i < 256; i++)

{
summ -= arrayOfBrightness[i] * i;
if (summ < @)
{
index = i;
break;
}
}

printf("INFO: Maximum brightness is %u[%d], Treshold = %u\n", max, maxInd, index);
return index;

}

#define WRITE_TO FILES_ WRITE
#define _START_ON_GPU_ GPU

#ifdef _START_ON_GPU_

#tdefine MY_DEVICE_TYPE (CL_DEVICE_TYPE_GPU)
#telse

#tdefine MY_DEVICE_TYPE (CL_DEVICE_TYPE_CPU)
#endif // _STSRT_ON_GPU_

#tdefine TEST_KERNEL_FILE_NAME ("test_kernel.cl")
#tdefine TEST_KERNEL_FUNC_NAME ("testKernel")

#define BRIGHTNESS_KERNEL_FILE_NAME ("brightness.cl")
#tdefine BRIGHTNESS_KERNEL_FUNC_NAME ("getBrightness")

#tdefine SMOOTHING_KERNEL_FILE_NAME ("smoothing.cl")
#tdefine SMOOTHING_KERNEL_FUNC_NAME ("smoothing3x3")

#define GRADIENT_KERNEL_FILE_NAME (“"gradient.cl")
#tdefine GRADIENT_KERNEL_FUNC_NAME ("gradient_sobel")

#define FIELDS_KERNEL FILE_NAME ("fields.cl")
#define FIELDS_KERNEL_FUNC_NAME ("fields")

#define MY_PI 3.1415926f

int main(int argc, char *argv[]) {
double totalwallTime = 90.0;
double totalcpuTime = 0.0;

double wallAllStart = get_wall time();
double cpuAllStart = get_cpu_time();
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if (argc == 1) {

}

//argc = 2; /* TEST */

for (int i = 1; i < argc; i++) {

#ifdef

#endif

#ifdef WRITE_TO_FILES_

myBitMap.getWidth(), myBitMap.getHeight());
#endif

_WRITE_TO_FILES_

[Iponomkenue npunoxeHust A

printMsg("INFO: At least one argument must be the file path");
return FAILURE;

std::string filePath = argv[i];
std::cout << "filePath = " << filePath << std::endl;

std::string workDir = "D:\\Shared\\bmp\\workDir\\";

int pos = filePath.find_last_of("\\/");
if (pos < 0) {

printMsg("ERROR: incorrect file name or internal error");
}

int pos2 = filePath.find_last_of(".");
if (pos2 < @ || pos2 < pos) {
printMsg("ERROR: incorrect file format or internal error");

}

std::string fileName = filePath.substr(pos + 1, pos2 - pos - 1);
for (int i = @; i < fileName.length(); i++) {

if (fileName[i] == "(") {
fileName[i] = '_";
¥
if (fileName[i] == ")") {
fileName[i] = '_';
b
if (fileName[i] == " ") {
fileName[i] = '_';
¥
¥
std::cout << "fileName = " << fileName << std::endl;

std::string currentDir = workDir + fileName + "\\";

system(("mkdir " + currentDir).c_str()); /* create dirrectory */

/* LOAD BMP */
MyBitMap myBitMap((char *)filePath.c_str());
MY_RGBQUAD **rgbInfo = myBitMap.getDataArray();
if (rgbInfo == NULL) {
std::cout << "rgbInfo is NULL!" << std::endl;
system("pause");
return 0;
}
myBitMap.printBitMapHeader();
myBitMap.printBitMapInfo();

std::cout << "currentDir = << currentDir << std::endl;

myBitMap.saveToFile((char *)(currentDir + "out.bmp").c_str(), rgbInfo,

int width = myBitMap.getWidth();

int height = myBitMap.getHeight();

int widthXheight = width * height;

printf("width = %d, height = %d, width * height = %d\n", width, height, widthXheight);

Jlucm

09.04.01.2017.034 I3

W3am. | Slucm Ne dokym. lNoonuck | Jama

66




[IponomxeHue npuaoxeHust A

/* MAIN_CODE */
int groupSize = 256;
OpenCLTemplate myOpenCL;

myOpenCL.GetPlatforms();
myOpenCL.GetDevices(myOpenCL.platforms[©], MY_DEVICE_TYPE);

printDeviceInfo(&myOpenCL);

cl_context context = myOpenCL.CreateContext();
cl_command_queue commandQueue = myOpenCL.CreateCommandQueue(context,
myOpenCL.devices[0]);

/* BINARIZATION */

char buildOption[256];

sprintf(buildOption, "-g -D WIDTH=%d -D HEIGHT=%d", width, height);

cl_program program = myOpenCL.CreateProgram(context, BRIGHTNESS_KERNEL_FILE_NAME,
buildOption);

MY_RGBQUAD *rgbInfoArray = new MY_RGBQUAD[widthXheight];
int index = 0;
for (int i = @; i < height; ++i) {
for (int j = 0; j < width; ++j) {
rgbInfoArray[index++] = rgbInfo[i][]];
}
}

cl_float *brighnessArray = new cl_float[widthXheight];
memset(brighnessArray, 0x00, widthXheight * sizeof(cl_float));

std: :vector<cl_mem> kernelArgs;

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM_READ ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(MY_RGBQUAD), rgbInfoArray));

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM _WRITE_ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_float), brighnessArray));

cl_kernel kernel = myOpenCL.CreateKernel(program, BRIGHTNESS_KERNEL_FUNC_NAME,
&kernelArgs);

//execute the kernel

size_t global_threads[1];

size_t local_threads[1];
global_threads[@] = widthXheight;
local_threads[@] = groupSize;

double walle = get_wall_time();

double cpud = get_cpu_time();

cl_int status = clEnqueueNDRangeKernel(commandQueue, kernel, 1, NULL, global_ threads,
local_threads, ©, NULL, NULL);

if (status != CL_SUCCESS)

{
printErrorMsg(status, "Error: Enqueue kernel onto command queue failed!");
system("pause");
return FAILURE;

}

status = clFinish(commandQueue);
double walll = get_wall_time();
double cpul = get_cpu_time();
totalwallTime += walll - walle;
totalcpuTime += cpul - cpu@;

unsigned char treshold = getTresholdForBinary(brighnessArray, widthXheight);
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for (int i = @; i < myBitMap.getWidth() * myBitMap.getHeight(); ++i) {
if (brighnessArray[i] >= treshold) {
memset (&rgbInfoArray[i], OxFF, sizeof(MY_RGBQUAD));

¥
else {

memset (&rgbInfoArray[i], 0x00, sizeof(MY_RGBQUAD));
¥

#ifdef WRITE_TO FILES_
myBitMap.saveToFile2((char *)(currentDir + "binary.bmp").c_str(), rgbInfoArray, width,

height);

#endif

myOpenCL.ReleaseKernel(kernel);
myOpenCL .ReleaseProgram(program);
/* END BINARIZATION */

n

std::cout << "INFO: binarization WALL time: << std::setprecision(4) << (walll -
walle) << " s" << std::endl;
std::cout << "INFO: binarization CPU time: " << std::setprecision(4) << cpul - cpud <<

<< std::endl;

" "

S

printMsg("INFO: Binarization finished");
/* SMOOTHING */
program = myOpenCL.CreateProgram(context, SMOOTHING_KERNEL_FILE_NAME, buildOption);

cl float *smoothingArray = new cl_float[widthXheight];
memset(smoothingArray, 0x00, widthXheight * sizeof(cl_float));

for (int i = @; i < kernelArgs.size(); i++) {
myOpenCL.ReleaseBuffer(kernelArgs[i]);

}

kernelArgs.clear();

cl_mem brighnessMemObj = myOpenCL.CreateBuffer(context, CL_MEM WRITE_ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_float), smoothingArray);

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM READ ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_float), brighnessArray));

kernelArgs.push_back(brighnessMemObj);

kernel = myOpenCL.CreateKernel(program, SMOOTHING_KERNEL_FUNC_NAME, &kernelArgs);

//execute the kernel
global_threads[@] = widthXheight;
local_threads[@] = groupSize;

walle = get_wall _time();

cpud = get_cpu_time();

status = clEnqueueNDRangeKernel(commandQueue, kernel, 1, NULL, global_threads,

local_threads, ©, NULL, NULL);

if (status != CL_SUCCESS)

{
printErrorMsg(status, "Error: Enqueue kernel onto command queue failed!");
return FAILURE;

}

status = clFinish(commandQueue);

cpul = get_cpu_time();

walll = get_wall_time();

totalwallTime += walll - walle;

totalcpuTime += cpul - cpu@;

myOpenCL .ReleaseKernel(kernel);
myOpenCL .ReleaseProgram(program);
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/* END SMOOTHING */

MY_RGBQUAD *rgbSmoothingArray = new MY_RGBQUAD[widthXheight];

memset (rgbSmoothingArray, 0x00, widthXheight * sizeof(MY_RGBQUAD));

for (int i = @; i < widthXheight; i++) {

memset (&rgbSmoothingArray[i], (cl_uchar)smoothingArray[i], 3 *

sizeof (MY_RGBQUAD));

}
#ifdef WRITE_TO_FILES_

myBitMap.saveToFile2((char *)(currentDir + "smoothing.bmp").c_str(),
rgbSmoothingArray, width, height);
#endif

std::cout << "INFO: smoothing WALL time: " << std::setprecision(4) << walll - wallo <<
" s" << std::endl;

std::cout << "INFO: smoothing CPU time: " << std::setprecision(4) << cpul - cpu@ <<
s" << std::endl;

printMsg("INFO: Smoothing finished");
/* GRADIENT */
program = myOpenCL.CreateProgram(context, GRADIENT_KERNEL_FILE_NAME, buildOption);

cl uchar *gradientArray = new cl_uchar[widthXheight];
memset(gradientArray, 0x00, widthXheight * sizeof(cl_uchar));

cl float *gradientSX = new cl_float[widthXheight];
memset(gradientSX, 0x00, widthXheight * sizeof(cl_float));
cl_float *gradientSY = new cl_float[widthXheight];
memset(gradientSY, 0x00, widthXheight * sizeof(cl_float));

myOpenCL.ReleaseBuffer(kernelArgs[0]); /* be aware !!! */

kernelArgs.clear();

kernelArgs.push_back(brighnessMemObj);

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM _WRITE_ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_uchar), gradientArray));

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM WRITE_ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_float), gradientSX));

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM WRITE_ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_float), gradientSY));

kernel = myOpenCL.CreateKernel(program, GRADIENT_KERNEL_FUNC_NAME, &kernelArgs);

//execute the kernel
global threads[@] = widthXheight;
local_threads[@] = groupSize;

walle = get_wall time();

cpud = get_cpu_time();

status = clEnqueueNDRangeKernel(commandQueue, kernel, 1, NULL, global_threads,

local_threads, ©, NULL, NULL);

if (status != CL_SUCCESS)

{
printErrorMsg(status, "Error: Enqueue kernel onto command queue failed!");
return FAILURE;

}

status = clFinish(commandQueue);

cpul = get_cpu_time();

walll = get_wall time();

totalwallTime += walll - walle;

totalcpuTime += cpul - cpu@;
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myOpenCL .ReleaseKernel(kernel);
myOpenCL.ReleaseProgram(program);
printMsg("INFO: Gradient OpenCL finished");
/* END GRADIENT */
std::cout << "INFO: gradint WALL time: " << std::setprecision(4) << walll - wall@ << "
<< std::endl;
std::cout << "INFO: gradint CPU time: " << std::setprecision(4) << cpul - cpu@ << " s"
<< std::endl;

S

/* Handle data from GPU */
MY_RGBQUAD *rgbFieldArray = new MY_RGBQUAD[widthXheight];
memset(rgbFieldArray, OxFF, widthXheight * sizeof(MY_RGBQUAD));

cl_char *boolFieldArray = new cl_char[widthXheight];
memset(boolFieldArray, OxFF, widthXheight * sizeof(cl_char));

int areaOfField = 11;
int areaOfFieldHalf = areaOfField / 2;

#ifdef _START_ON_GPU_

/* START GPU FIELDS */

int newWidth = (width - 3 * areaOfFieldHalf) / areaOfField;

int newHeight = (height - 3 * areaOfFieldHalf) / areaOfField;

sprintf(buildOption, "-g -D WIDTH=%d -D HEIGHT=%d -D AREA=%d -D HALF=%d -D OWIDTH=%d -
D MAXWH=%d", newWidth, newHeight, areaOfField, areaOfFieldHalf, width, widthXheight);

program = myOpenCL.CreateProgram(context, FIELDS_KERNEL_FILE_NAME, buildOption);

for (int i = @; i < kernelArgs.size(); i++) {
myOpenCL.ReleaseBuffer(kernelArgs[i]);

}

kernelArgs.clear();

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM_READ ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_float), gradientSX));

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM READ ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_float), gradientSY));

kernelArgs.push_back(myOpenCL.CreateBuffer(context, CL_MEM WRITE_ONLY |
CL_MEM_USE_HOST_PTR, widthXheight * sizeof(cl_char), boolFieldArray));

kernel = myOpenCL.CreateKernel(program, FIELDS_KERNEL_FUNC_NAME, &kernelArgs);
//execute the kernel

#ifdef _START_ON_GPU_
global threads[9]

newWidth * newHeight; /* GPU */
#telse
global threads[9]
#endif //_START_ON_GPU_
local_threads[@] = groupSize;

512; /* CPU */

walle = get_wall _time();

cpud = get_cpu_time();

status = clEnqueueNDRangeKernel(commandQueue, kernel, 1, NULL, global_threads,

local_threads, ©, NULL, NULL);

if (status != CL_SUCCESS)

{
printErrorMsg(status, "Error: Enqueue kernel onto command queue failed!");
return FAILURE;

}

status = clFinish(commandQueue);

walll = get_wall time();

cpul = get_cpu_time();
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totalwallTime += walll - walle;
totalcpuTime += cpul - cpuo;

myOpenCL .ReleaseKernel(kernel);
myOpenCL .ReleaseProgram(program);
printMsg("INFO: Fields OpenCL finished");

for (int i = @; i < widthXheight; i++) {
if (boolFieldArray[i] == @) {
memset (&rgbFieldArray[i], ©x00, sizeof(MY_RGBQUAD));

}
}
/* END GPU FIELDS */
#telse
walle = get_wall _time();
cpud = get_cpu_time();
for (int i = areaOfFieldHalf; i < height - areaOfField - 2; i += areaOfField + 1) {
for (int j = areaOfFieldHalf; j < width - areaOfField - 2; j += areaOfField + 1) {
float real = 0.0f;
float im = 0.0f;
for (int i1 = @; il < areaOfField; il++) {
for (int j1 = @; j1 < areaOfField; jil++) {
int pos = (i + i1) * width + j + j1;
float m = gradientSX[pos] * gradientSX[pos] + gradientSY[pos] *
gradientSY[pos];

float angle = atan2f(gradientSY[pos], gradientSX[pos]);
angle *= 2;

real += m * cosf(angle);
im += m * sinf(angle);

}

float fieldAngle = atan2f(im, real) / 2;
float angleTang = tanf(fieldAngle);
angleTang *= -1; // this works fine, but I have no idea why I need this
int dotsCount = 0;
for (int jl1 = areaOfFieldHalf; jl1 < areaOfField; jl++) {
//'y =kx +Db
int ylvalue = (int)(angleTang * (j1 - areaOfFieldHalf));
if (ylvalue <= areaOfFieldHalf && ylValue >= -areaOfFieldHalf) {
dotsCount++;
int x1Value = j1;
int x2Value = areaOfField - 1 - ji;
int y2Value = ylValue * -1;

int posi
int pos2

(i + ylvalue) * width + j + x1Value;
(i + y2value) * width + j + x2Value;

//printf(" posl = %d, i = %d, j = %d, ylvValue = %d, x1Value = %d \n",
posl, i, j, ylvValue, x1Value);

memset (&rgbFieldArray[posl], ©x00, sizeof(MY_RGBQUAD));

memset (&rgbFieldArray[pos2], ©x00, sizeof(MY_RGBQUAD));

}

if (dotsCount == 1) {
int xValue = areaOfFieldHalf;

for (int i1l = @; il < areaOfField; il++) {
int pos = (i + i1 - areaOfFieldHalf) * width + j + xValue;
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memset(&rgbFieldArray[pos], ©x00, sizeof(MY_RGBQUAD));

}

cpul = get_cpu_time();

walll = get_wall time();

totalwallTime += walll - walle;
totalcpuTime += cpul - cpu@;
printMsg("INFO: Fields CPU finished");

#endif _START_ON_GPU_
#ifdef WRITE_TO_FILES_

myBitMap.saveToFile2((char *)(currentDir + "fields.bmp").c_str(), rgbFieldArray,

width, height);
#tendif

MY_RGBQUAD *rgbGradientArray = new MY_RGBQUAD[widthXheight];
memset (rgbGradientArray, 0x00, widthXheight * sizeof(MY_RGBQUAD));
for (int i = @; i < widthXheight; i++) {
memset(&rgbGradientArray[i], gradientArray[i], 3 * sizeof(MY_RGBQUAD));
}

#ifdef WRITE_TO_FILES_

myBitMap.saveToFile2((char *)(currentDir + "gradient.bmp").c_str(), rgbGradientArray,

width, height);
#tendif

S

std::cout << "INFO: fields WALL time: " << std::setprecision(4) << walll - walle << "

<< std::endl;

std::cout << "INFO: fields CPU time: " << std::setprecision(4) << cpul - cpud << s

<< std::endl;

printMsg("INFO: gradient finished");
//delete[] rgbGradientArray;
delete[] gradientArray;

delete[] gradientSX;

delete[] gradientSY;

for (int i = @; i < kernelArgs.size(); i++) {
myOpenCL.ReleaseBuffer(kernelArgs[i]);
}

delete[] rgbInfoArray;

delete[] brighnessArray;

myOpenCL .ReleaseCommandQueue(commandQueue) ;
myOpenCL .ReleaseContext (context);
printMsg("INFO: Memory released");

/* END MAIN_CODE */

}

double wallAllEnd = get_wall time();
double cpuAllEnd = get_cpu_time();
std::cout << "INFO: ALL WALL time: " << std::setprecision(4) << totalwallTime << " s" <«

std::endl;
std::cout << "INFO: ALL CPU time: " << std::setprecision(4) << totalcpuTime << " s" <<
std::endl;
std::cout << (argc - 1) << " images have been processed" << std::endl;
system("pause");
return SUCCESS;
}
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// brightness.cl

typedef struct MY_RGBQUAD_tag {
unsigned char rgbBlue;
unsigned char rgbGreen;
unsigned char rgbRed;
unsigned char rgbReserved;

} MY_RGBQUAD;

__kernel void getBrightness(__global MY_RGBQUAD *rgb, _ global float *output)
{
uint globalID = get_global_id(0);

/* output[globalID] = (float)rgb[globalID].rgbBlue*0.114 +
(float)rgb[globalID].rgbGreen*0.587 + (float)rgb[globalID].rgbRed*0.299; */

/* mad(a,b,c) = a*b + c; */

output[globalID] = mad((float)rgb[globalID].rgbBlue, ©0.114f, 0) +
mad((float)rgb[globalID].rgbGreen, 0.587f, (float)rgb[globallD].rgbRed*0.299f);

}
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// smoothing.cl
__kernel void smoothing3x3_old(__global float *brightness, __ global float *output)

{
uint globalID = get_global_id(0);
uint x = globalID % WIDTH;
uint y = globalID / WIDTH;
if (x >0 8 y > 0 & X < WIDTH - 1 & y < HEIGHT - 1) {
uint posl = (y - 1) * WIDTH + x - 1;
uint pos2 = (y - 1) * WIDTH + Xx;
uint pos3 = (y - 1) * WIDTH + x + 1;
uint pos4 =y * WIDTH + x - 1;
uint pos5 = globallD;
uint pos6 =y * WIDTH + x + 1;
uint pos7 = (y + 1) * WIDTH + x - 1;
uint pos8 = (y + 1) * WIDTH + Xx;
uint pos9 = (y + 1) * WIDTH + x + 1;
float summ = brightness[posl] * 1 + brightness[pos2] * 2 + brightness[pos3] * 1 +
brightness[pos4] * 2 + brightness[pos5] * 4 + brightness[pos6] * 2 +
brightness[pos7] * 1 + brightness[pos8] * 2 + brightness[pos9] * 1;
output[globalID] = summ / 16.0f;
}
}
__kernel void smoothing3x3(__global float *brightness, _ global float *output)
{
uint globalID = get_global_id(0);
uint x = globalID % WIDTH;
uint y = globalID / WIDTH;
if (x >0 & y > 0 & x < WIDTH - 1 & y < HEIGHT - 1) {
uint posl = (uint)mad((y - 1), WIDTH, (float)(x - 1));
uint pos2 = (uint)mad((y - 1), WIDTH, (float)x);
uint pos3 = (uint)mad((y - 1), WIDTH, (float)(x + 1));
uint pos4 = (uint)mad(y, WIDTH, (float)(x - 1));
uint pos5 = globallD;
uint pos6 = (uint)mad(y, WIDTH, (float)(x + 1));
uint pos7 = (uint)mad((y + 1), WIDTH, (float)(x - 1));
uint pos8 = (uint)mad((y + 1), WIDTH, (float)x);
uint pos9 = (uint)mad((y + 1), WIDTH, (float)(x + 1));
float summ = brightness[posl] * 1 + brightness[pos2] * 2 + brightness[pos3] * 1 +
brightness[pos4] * 2 + brightness[pos5] * 4 + brightness[pos6] * 2 +
brightness[pos7] * 1 + brightness[pos8] * 2 + brightness[pos9] * 1;
output[globalID] = summ / 16.0f;
}
}
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// gradient.cl

__kernel void gradient_sobel(__global float *brightness, _ _global unsigned char *output,
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__global float *outputSX, _ global float *outputSY)

{
uint globalID = get_global _id(0);
uint x = globalID % WIDTH;
uint y = globalID / WIDTH;
if (x >0 8 y > 0 & X < WIDTH - 1 & y < HEIGHT - 1) {
uint posl = (uint)mad((y - 1), WIDTH, (float)(x - 1));
uint pos2 = (uint)mad((y - 1), WIDTH, (float)x);
uint pos3 = (uint)mad((y - 1), WIDTH, (float)(x + 1));
uint pos4 = (uint)mad(y, WIDTH, (float)(x - 1));
uint pos5 = globallD;
uint pos6 = (uint)mad(y, WIDTH, (float)(x + 1));
uint pos7 = (uint)mad((y + 1), WIDTH, (float)(x - 1));
uint pos8 = (uint)mad((y + 1), WIDTH, (float)x);
uint pos9 = (uint)mad((y + 1), WIDTH, (float)(x + 1));
float Gx = brightness[posl] * (-1) + brightness[pos2] * (-2) + brightness[pos3] * (-1) +
brightness[pos7] * 1 + brightness[pos8] * 2 + brightness[pos9] * 1;
float Gy = brightness[posl] * (-1) + brightness[pos3] * 1 +
brightness[pos4] * (-2) + brightness[pos6] * 2 +
brightness[pos7] * (-1) + brightness[pos9] * 1;
float Gsx = Gx * Gx - Gy * Gy;
float Gsy = 2 * Gx * Gy;
outputSX[globalID] = Gx;
outputSY[globalID] = Gy;
float total = sqrt(Gx * Gx + Gy * Gy);
if (total > 255)
{
total = 255;
}
output[globalID] = (unsigned char)(total);
}
}
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// fields.cl

__kernel void fields(__global float *gradientSX, __global float *gradientSY, __global char

*output)

{

uint globallD = get_global id(@);
uint X = globalID % WIDTH;
uint Y = globalID / WIDTH;
uint j = X * (AREA + 1) + HALF;
uint i = Y * (AREA + 1) + HALF;
float real = 0.0f;
float im = 0.0f;
for (int i1 = @; il < AREA; il++) {
for (int j1 = @; jl1 < AREA; jl++) {

int pos = (i + i1) * OWIDTH + j + ji;
float m = (float)(gradientSX[pos] * gradientSX[pos] + gradientSY[pos] *
gradientSY[pos]);

float angle = atan2(gradientSY[pos], gradientSX[pos]);
angle = angle * 2;

real += m * native_cos(angle);

im += m * native_sin(angle);

}

float fieldAngle = atan2(im, real) / 2;
float angleTang = native_tan(fieldAngle);
angleTang *= -1;
int dotsCount = 9;
for (int j1 = HALF; j1 < AREA; jil++) {
//'y = kx +b
int ylvalue = (int)(angleTang * (float)(jl - HALF));
if (ylvalue <= HALF && ylValue >= -HALF) {
dotsCount++;
int x1value = ji;
int x2Value = AREA - j1 - 1;
int y2Value = ylValue * -1;

int posi
int pos2

(i + ylvalue) * OWIDTH + j + x1Value;
(i + y2value) * OWIDTH + j + x2Value;

if (posl >= MAXWH) {
posl = 0;

}

if (pos2 >= MAXWH) {
pos2 = 0;

}

output[posl]

output[pos2]

0x00;
0x00;

}
}
if (dotsCount == 1) {
int xValue = HALF;
for (int i1l = @; il < AREA; il++) {
int pos = (i + i1 - HALF) * OWIDTH + j + xValue;
output[pos] = 0x00;
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