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Pa3BuTneTo Ha codpTyepHUTE CUCTEMU U anropuTMmTe 3a umdposa obpaboTka
M aHANN3 Ha CUrHanu 1 n3obpakeHns, N03BONNXa TaKMBa CUCTEMU Aa Ce UHTerpupar
B KIACUMYECKN MNPUIOXKEHMS MOM3BaHM MNPaKTUYECKM BbB BCSKA €4Ha YOBELUKa
[AEMHOCT, OT cucTtemMmuTe 3a rpacdmyHa obpaboTka M npeaneyaT Ha Npou3BeAeHUs Ha
M3KYCTBOTO, KMHO unmn, ayamo 3anuck, 3D aHuMauuss u urpuv, A0 BMCOKO
NPeUU3HNTE MEAMLMHCKM KOMMIOTbPHM TOMOrpadm W MarHUTHU  PE30HAHCHU
CKEHepW, KaKTO M cucteMuTe 3a curHanHa obpaboTka, Komnpecnss Ha uUMdpoBO
BMAEO M MHOrO Apyrn cdhepu M MpuUNoXeHus. Makap HanMyHUTE Ha nasapa
KOMMIOTbPHMU  KOHUrypauum AHeC [a  HaABMWIABAT  XWNSAOKPATHO MO
NPOV3BOAUTENHOCT U 6bP30AEUCTBME CBOUTE NPeALEeCTBEHNUM OT npean 10 roaunHu,
TE3W CUCTEMM Ca ONTUMM3MPAHM 3a paboTa C Taka HapeyYeHUTe HACTOMHU
NPUNOXeHUs1. TO3K TUM MPUIOXKEHUS Ca ONTUMM3NPaHM 3a odpuc pabota, OCHOBHO
TEKCTOBM W rpadmyHM peaakTopu, rnegaHe Ha uUMdpoBO BMAEO M CAylIAHE Ha
My3uKa, yeb npunoxenus n ap. Knacuyeckute npouecopHu apxutektypu (Intel, AMD
x86, x64 mMoaenun) npeanaraHy AHEC Ha Nasapa B HaW-pa3Hoo0bpasHM KOHbUrypauum
2, 4 n 8 aapeHn NpouecopHn 610KOBE, KOMTO NO3BOJISIBAT MHOMOKPATHO MOBULLIABAHE
Ha 6bp30AeNCTBMETO Ha MOTPEOUTENCKUS U cucTeMeH codTyep. Te3n cuctemum ca
Cb3[aleHN MpEeaMMHO 3a CMMBOSIHA 06paboTka M MocneaoBaTeNlHU U3UYUCTIEHMS,
KOETO M npaBu HedpYHKUMOHANHN B MPUNOXEHNS 3a CUrHasHa WM CTaTUCTUYECKa
obpaboTka.

3a Hay4yHW WM34YUCNEHUS TOAMHW Haped ce pa3paboTBaT KAbCTEPHUM Cynep
KOMMIOTbPHU cucTeMn, kato: Connection Machine (1980), MasPar (1987), Cray
(1972-1995, kosiTo ce cnmBa cbC Silicon Graphics npe3 1996), B KOuTO CTaBa
Bb3MOXHO MNapanenvM3npaHeTo Ha OTAeNHUTE M3UUCIUTENHW 3adaun. EctecTtBeHo
TO3X TWUM CUCTEMM Ca MNPEKANIEHO CKbMM WM AOCTbM A0 TAX WMMAT Y4YEHUTE W
u3cnegosatenMTe camMo OT ronemute yHuBepcuteTu. LleHaTa Ha egHa Takasa
CUCTEMA € OrpoMHa, KOETO I MNpaBu HEMPUIOXKMMU 3@ KOHBEHLUMOHANTHW HYXAM.
NHTepecHo e aa ce 3Hae, Yye oT cuctemMata CM-1 uma npoaaaeHun egsa CToTMHaA 6pos,
a ot MasPar okono 200. TakbB TWN KOMMOTbPHM CUCTEMM Ca (PUHAHCOBO
HeedeKTMBHN 3a pelleHust B CbBpeMeHHUTe BONHUYHM 3aBeeHnsl B OTAENEeHNSTa 3a
obpasHa ANarHOCTUKA, KaKTO M B HAYYHUTE LIEHTPOBE, akaJeMUN 1 YHUBEPCUTETU, U
MPUHUMMHO HEMUCTTUMW 3@ MHAMBWUAYANHW U3CNeaBaHus.
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CynepkoMnioTpMTe NO CBETa

AKO CpaBHMM Cynep KOMMIOTPUTE NO CBETa MOXEM Aa oTyeTeM Ye npe3 2009r.
MOCKOBCKUSIT Abp)KaBEH YHMBEPCUTET M3rpa)kaa Hal-MOLUHUSIT Cynep KOMMIOTbp B
usna U3touHa Eepona ¢ npoussoauTenHoct ot 350 Tepadnona, vMmau, nukosaTa
MOLLHOCT OT 414 Tepadnona. Kato BTOPUSAT MO MOLIHOCT B LS CBSAT € U3rpajeH B
Kutan n nputexasa 1206 Tepadnona, cpaBHeH ¢ “dryap”, koWTo aedakto e Hal-
MowHMAT npe3 2009r. cv3gageH ot Cray Inc. wumaw, KonocanHute 224162
MUKponpouecopa W npou3BoauTenHocT ot 1759 Tepadnona, ¢ nukosaTa
npoussoanTenHocT 2331 Tepadnona.

NoguHa LleHa Ha 1 GFLOP US$ TexHonorus
1961 1,100,000,000,000 $1,100 Ha 17 mnnmnona IBM 1620
FLOP $64,000 Bcekun

1984 $15,000,000 Cray X-MP

1997 $30,000 2x16 Beowulf knbcTep ¢
Pentium Pro

2000 $640 $1/MFLOPS KLAT2

2007 $45 /GFLOPS Ambric AM2045

2009 $1.39 /GFLOPS NVIDIA Tesla C1060
930GFLOPS

*T-G-K FLOP (Terra, Giga, Kilo FLoating point Operations Per Second)

7abs1. 1 Victopmudecko pa3Butme Ha CyrnepKoMIIioTPUTE

OT cBos cTpaHa 6bnrapckust cynepkomnioTsep IBM Blue Gene/P [15], BHeceH
npe3 centempu 2008r. e ¢ Linux-6a3unpaHaTta nnatdopma 1 nMa 8192
MUKpOnpoLecopa, NpeaocTaBsLy, HeBMXKAAHMUTE A0 MOMeHTa 23 Tepadnona. Mo
OTHOLUEHWE Ha U3MON3BaHMUTE ONepaLnoOHHM CUCTEMU MOXEe A CMOMEHEM, Ye Ao
2002r. aoMuHKMpaLL Ha na3apa octaBaT UNIX 6a3snpaHute cucteMu, Kato cneq Tosa
no 2009r. penbT Ha UNIX octaBa eaBa 15%, cnoaensiHn ¢ Windows n BSD, kaTo
NpOLEHTUTE NpoAb/HKaBa Aa nagat. Moyt BCMUKKM ocTaHanm HoBu cuctemm (85%
OT nasapa) ca 3aeTu oT Linux 6a3mpaHu cMcTeMu, KOETO € HaMb/THO 06SCHMMO
nopaav OTBOPEHMTE CTaHAAPTM M HUCKa cebeCTOMHOCT, Bb3MOXHOCT 3a 6bp3a
mMoandukaums, nobpa AOKYMEHTauMs U NMNca Ha OrpaHMYeHunst 3a U3non3BaHe u
NPOMSIHA, KaKTO M CKanupyeMocCT No OTHOLIEHWe Ha fobaBsiHe HA HOBW MOLLHOCTU OT
NpoLecopu 1 AMCKOBU MacuBM.

Kak urpurte npoMeHST CBeTa Ha CyNnepKoOMNITpuTe

MNpe3 90Te roavHn ce HabnwgaBa pasBUTMETO Ha pasnpeeneHuTe
MHOMOMPOLIECOPHN  APXUTEKTYPU, KOETO MpaKTUYeCcku MpeactaBnsiBa MHOXECTBO
KOMMIOTPU CBbp3aHM W paboTewm B e[Ha BWMCOKOCKOPOCTHA E€TEpHET Mpexa.


http://www.nccs.gov/jaguar/
http://aggregate.org/KLAT2/
http://en.wikipedia.org/wiki/Ambric
http://en.wikipedia.org/w/index.php?title=Ambric_AM2045&action=edit&redlink=1

EdekTMBHOCTTA Ha TO3M TUN CUCTEMM € BUCOKA, HO BBMPEKU CTOKPATHO Mo-
HUCKUTE LIeHW OT Kiacu4eckute cynep KOMMIOTPW, Te3UM CUCTEMU MpoAb/hKaBaT Aa
UMaT MpeKkaneHo BWCOK eKCrnnoaTauMoHeH pa3xod Ha  efleKTpoeHeprus,
KNMMaTu3aums U NPOCTPAHCTBO. 3a OCUrypsiBaHE Ha MaKCMManHa AOCTbMHOCT Ha
Hay4YyHWUTE OpraHM3auun 4O rofsM U3YUCIIUTENEH Pecypc LUMPOKO pa3npoCTpaHeHne
nonyun pobposonHata nporpama BOINC (Berkeley Open Infrastructure for Network
Computing), ¢ noMowTa Ha KOATO AafeH HaydyeH npobneM ce pasnpegens Ha
OTAENHU MaflkKu 3ajayn W NocpenacTtBoM WHTepHeT Te ce CTapTvpaT Ha XuNsaau
notpebutenckn kommoTpu [1]. Hsikom OT nporpammTe KOMTO MMaT Hal-BMCOKa
NonynsipHOCT Ca CBbP3aHN CbC CMMYMAUMM Ha KNMMAaTUYHM Npouecun, n3cneaBaHe Ha
3eMeTpbCHaTa aKTUBHOCT, FeHeTMKa, HaHO TEeXHONOrnwW, cuMynaums Ha gnyuam,
TbpCeHe Ha M3BbH3EMEH pa3yM 1 (UHAHCOBU MPUNOXKEHMUS.

C pa3BuTMETO Ha nepcoHanHuTe KoMmniTpu cnen 1990r. Te BCe MO-4ecTo
CTaBaT noBe4ye CpeacTBO 3a 3abaBneHune, OTKONKOTO paboTeH WHCTPYMEHT.
NHTepecHO e fga ce BMAWM KAk TOBA Ha MpPbB MNorfned CTPaHWYHO MpUIIoXKeHWe Ha
KOMMIOTPUTE MO3BOJISIBA arperMpaHeTo Ha HOB Ma3apeH CEerMeHT 3a cneuuanusvpad
Xapayep, OCHOBHO B obnactta Ha TpuMepHaTta rpadwuyHa obpabotka. MNMbpeata 3D
urpa nsnsasna npe3 1981r. HapuyaHa 3D Monster Maze e OCHOBOMOSIOXHMK Ha HOBA
epa B KOMMIOTbpHUTE 3abaBneHus (dur. l.a). EcTecTBeHO, AHEC TO3M eKpaHeH
nsrneq 6yam caMo YCMUBKU U YMUNEHME.
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Qur. 1.a CkpuHwoT ot 3D Monster Maze - nbpBara 3D urpa 3a rnepcoHasieH
KomrroTep, 1.6 ckpuHLwoT oT Wolfenstein 3D.

MNpe3 80-Te roguHM nNEepCcoHaNHUTE KOMMIOTPU He MpefoCcTaBAT BWUCOKO
6bp30AeNcTBME HUTO MbK WMMAT yaobeH noTpebuTtenckn uHTepdenc u [obpa
rpadumka, KOeTo Hanara usyakeaHe OT 0kono 10 roguHn A0 MacoBOTO HaBAM3aHE Ha
3D urpute. UrpaTa, kosaTo npoMeHsi ceeta e Wolfenstein 3D, Ta u3nu3a Ha nasapa
npes Man 1992r. u 3aema konocanHute 3a ToraBa 1.44MB nonn AMCKOBO
NPOCTPaHCTBO. U Makap Ta3n MCTopus [a HAMa MpsSKO OTHOLWIEHWE KbM HayyHUTE
n3cneaBaHnsi, UMEeHHO UrpuTe Cb3aasaT NpeanocTaBka 3a pa3paboTkaTa Ha HOB TN
BuAaeokaptTM. B Hayanoto Ha 90-Te rogMHM MacoBO MOS3BaHWM Ca KOMMKOTPUTE
6a3mpaHn Ha uctopuyeckns Intel 386 n B nocneacrteune Intel 486, kakto 1 Motorola
68000. TexHuTe rpamMyHN KapTU He NO3BONSBaT MHTErpupaHeTo Ha 3D rpaduyHm
Bb3MOXHOCTW, 3aToBa TO3W TWUM MPUIOXEHUs ca npekaneHo 6asHW. [MbpBaTa



rpadmyHa kapTa nmawa xapayep 3a 3D rpaduueH yckoputen e Cirrus Logic Laguna
3D, obaue 3a Hayano Ha HOBaTa epa MOXe Aa KaxeM nosisata Ha 3Dfx Voodoo npes
1996r., KosTO ce cumTa 3a NbpBuAT 3D rpaduyeH yckoputTen umall HeBeposiTeH
nasapeH ycnex cpea remmbpute [2]. OT TO3M MOMEHT CBETHT Ha MEpPCOHaNHUTE
KOMMIOTPU Ce MpOMeHsl. Hali MOLWHWUTE MnepcoHanHM KOMMITPU 3anoyBaT Aa ce
Cb3/laBaT MMEHHO W 3apaau renmbpute [3]. Ma3apHUSAT cerMeHT pacte, ckopo 3D
YCKOpUTENUTE, MbpBOHAYaNHO npeanaraHn kKato gonbaHutenHa PCIL npaTka,
3anoyeaT Zia ce BrpaxaaT B CTaHAapTHUTE BMAEO KapTu, a Knacuyeckute coTyepHu
NpunoxeHus 3a rpadmyHa obpabotka n 3D cumynaumm, kato 3D Studio Max, nycHaT
C ToBa Tbproecko nMe 3a Windows NT, nycHaT nmbpBoHayanHo 3a MS-DOS ¢ nmeto
Autodesk 3D Studio npe3 1990r., 3ano4ysaT Aa NON3BaT Bb3MOXXHOCTUTE Ha HOBUS
Xapayep, KOMTO € MHOMOKPaTHO MO-eBTMH OT MOM3BAaHWTE A0 MOMEHTA pELLEHMS] Ha
Silicon Graphics.

EaHOBpeMeHHO C ToBa pa3BuTUe Ha rpadmyHUTE KapTu creaBa Aa oTbenexum
MoAMMKAUMNTE HA CUCTEMHWUTE LWWHM 3a CBbpP3BAHE Ha BMAEO KAPTUTE KbM
AbHHUTE NAaTKM Ha nepcoHanHuTe KomnioTpu (Tabn. 2). Cobwo Taka u
Bb3MOXHOCTUTE 3a Mosi3BaHe Ha 6bp3a BUMAEO MaMeT, KOATO e BrpageHa B NiaTkuTe
Ha camuTe rpacdmyHn KoHTponepu [18]. Te3n HoBOBbLBEAEHWS CNOCOOCTBAT 3a
Bb3MOXHOCTTA LEHTpasHus npouecop Aa 06MeHsi 6bp30 roneMum MacuMBu AaHHW C
BMAEO nnatkata, Kato N0 TO3M HauMH 0CBObOXAaBa CUCTEMEH pecypc 3a
noTpebutencknTe nporpamMu. [pyro BaXKHO NPENMYLLECTBO Ha TO3WN TUM apXUTEKTYpa
e Bb3MOXHOCTTa BMAEO KapTaTta Aa obMeHs aBTOHOMHO AaHHW C onpeaeneHa vacTt oT
NaMeTTa Ha KOMMKTbpa, KOETO AedakTo aBTOMaTu3upa npoueca Ha Bu3yanu3aums
Ha 3D CTpyKTypu Ha eKkpaHa, HEMHOTO OLBETSIBAHE C FOTOBM TEKCTYPU 3apexaaHe Ha
4eCcTO M3MoN3BaHM B wrpaTa o06ekTn, npeaBapuTenHo (TepeH, KbluM, AbpPBETA),
PEXMMUTE Ha NPUABMXKBAHE N APy,

WwuHa butoBe CkopocT (MB/s) MNpoTtokon
npeaasaHu
eHOBPEMEHHO
PCI 32/64 132/800 napanesneH
AGP 1x 32 264 napaneneH
AGP 2x 32 528 napasnesneH
AGP 4x 32 1000 napaneneH
AGP 8x 32 2000 napanenex
PCIe x1 1 250/500 CepueH
PCle x4 144 1000/2000 CcepueH
PCIe x8 148 2000/4000 CepueH
PCle x16 1416 4000/8000 CcepueH
PCIe x16 2.0 1416 8000/16000 CepueH
IDE (ATA100) 100 MB/s
IDE (ATA133) 133 MB/s
SATA 150MB/s
Gigabit Ethernet 125 MB/s
IEEE1394B 100 MB/s
Firewire]

Tabs1. 2 EBO/IIOLMS HA CUCTEMHUTE LUMHU 33 [OIMb/IHUTESIHA KOMITIOTBPHA NEPUPEPUS



OcHoBHOTO HOBOBbBeaeHMe B 3D rpaduyHuTe KapTu ce siBsiBa MosiBaTa Ha
cneuvanusvpaHn npouecopu 3a obpaboTtka Ha 3D rpadwmka, T.H. GPU (Graphics
Processing Unit). KaTto Bogewm B KOMepcuanHus MNas3apeH CerMeHT Moxe fAa ce
onpeaenaT komnaHumte ATI (3akyneHa npe3 1996r. ot AMD) u NVIDIA. Ho
xapayepbT caMm no cebe cnm He gonpuHacsd 0cobeHO 3a MacoBOTO My MOfi3BaHe B
cpeaa MS-DOS. lMpe3 1994r. Microsoft npeacrass Windows 95. [lo To3M MOMEHT
npoussoanTenuTe Ha urpm cumtat MS-DOS 3a no-yaobHa cuctema npu urpute. Tosa
KOETO A0 TO3u MOMeHT oTnndasa DOS, kaTo onepaunoHHa cucTeMa € Bb3MOXKHOCTTA
3a AMpEKTEH AOCTbN A0 Xapayepa, konTo e ckput B Windows. [pyr npobneM ocTtaBa
NON3BAHETO Ha CUCTEMHUTE TalMepU, KOMTO He MO3BOMsSIBAT A0OPO BpeMeAENEHE Ha
onepaumnTe 1 oBexaaT A0 CbluecTBeHO BnowasaHe npu Windows 3.1 n 95. 3a
pelaBaHeTo Ha To3n npobnem npe3 1995r. Microsoft cb3gasaT DirectX, nssectHa
owe kato Windows Games SDK. KbM HacTosWMS MOMEHT HajMyHaTa Ha nasapa
Bepcuss e DirectX 11. OT cBos cTpaHa yHKUMMTE Ha cpejata AaBaT Ha
NPOrpaMmUCTMUTE Bb3MOXXHOCT 3a MOJI3BaHE B peasiIHO BpEME Ha CUCTEMHUTE pecypcu:
rpacmyHa KapTa, MKOMCTMK, KfaBuaTypa M MULLKA, @ CbLWO Taka M BbBeXAa T.H.
MynTUMeauiHn  danvnoBn  GopMaTM U MpeumsHu Taumepu. Bcuuku  Te3u
HOBOBbBEAEHWS NPaBAT Bb3MOXXHO JIECHOTO MPWUIOXKHO MON3BaHE Ha HOBUS Xapayep,
6e3 ToBa fa Hanara NporpaMUCTUTE Ha Urpu Ja NpeHanucBaT ApaiBepuTe 3a BCEKM
HOB XapAyep, KakTo ToBa ce npaBu ToBa A0 MoMeHTa B MS-DOS, a u paswwupssa
6posiT noaabpXXaHu BUAEO kapth u 3D yckopuTenn uMalwm apansepun 3a Windows.

CnegBa pa ce otbenexu, ye B Havanoto Ha 90-te roauHu Silicon Graphics
npomotupa IRIS GL (Integrated Raster Imaging System Graphics Library), kosito e
rpapuyHa cuctema 3a paboTHWM cTaHumu. lMoTpebuTenckuTe nNporpamHu yHKLMK
noaabpXaT Cb3JaBaHe Ha rpaduyeH wHTepdenc, kaTto npo3opuu, Bxoa OT
Knaematypa M MuwKa. TasuM cpeda ce nosiesaBa npegn X Window System u e
OpuMeHTUpaHa NpeanMHO KbM creunanu3upaH xapayep. Mopagn orpaHuyeHusTa Ha
nuuen3a Ha IRIS npe3 1992r. Silicon Graphics cb3gaBaT OpenGL 1.0 (Open Graphics
Library) [4], KoliTO e kpoc nnatdopMeH MHTepdENC C He3aBUCKMMA NoAAPbXKKa Ha
ApanBepuTe Ha BMAEO KApTUTE U BXOAHO W3XOAHMUTE YCTPOWMCTBA, HaNM4yHaTa KbM
MOMEHTA Ha HanucBaHe Ha Ta3u ctatusa Bepcus e OpenGL 3.2.

CMNHOTO pa3BUMTMETO Ha rpaduyHMs Xapayep, KakTto wu noTtpebutenckure
¢dyHkumn 3a 3D rpacdmka Direct X n OpenGL, posexpaT A0 uaesTa 3a TOBa
rpapuyHMTEe KapTM fJa ce wu3non3sat 3a o6bWo MNpuUIoKUMKM MaTeMaTUYeCcKu
M34YNCNEeHNs, OCHOBHO 3a 0b6paboTka Ha u306paxeHus. 3a ToBa CBMAETENCTBA
nosiBaTa Ha BrpafeHn Bb3MOXHOCTM BbB BMAEO KapTuTe 3a obpaboTtka Ha MPEG 2
kKomnpecupaHo Buaeo (ATI - Rage Series, NVIDIA - GeForce). B MoMeHTa Ha nosiBa
Ha Te3n NpoAyKTU HanuyHuTe 32 GUTOBU NPOLIECOPHM CUCTEMMU PaboTAT Ha YecToTU
easa goctuvrawm 260-300MHz, KOeTo v npaBuM HEMPUIIOXKMMM 3a KOMMpecusTa u
obpaboTkata Ha umcdpoBO BMAEO B peanHoO BpeMe. [losiBaTa Ha Ta3n HOBa
Bb3MOXHOCT B rpauyHuTe KapTM W uHTerpupaHeto u ¢ Direct X n OpenGL
3HAYMTENHO MPOMEHs norneda Ha NporpaMmUCTUTE 3aHMMaBaLLM Ce C U3UYUCIUTENHM
npobnemMn kbM TO3M TUN Xapayep. Cneasa aa otbenexuMm, Ye naesita 3a NoN3BaHe
Ha rpaduyHMTE NpoLecopun, KaTto OCHOBA Ha MaTeMaTMyeCcKkn CUCTEMM 3a napasnenHa
obpaboTka patmpa owe oT 1978 korato KomnaHusta Ikonas Graphics Systems
NpoeKkTUpa pacTepeH aucnnen 3a obopyaBaHe Ha NMUAOTCKM KabuHWM MO Mopbyka Ha



NASA Langley Research Center. Tosa e nocneasaHo ot Pixel Machine — 1989 u Pixel-
Planes 5 — 1992. BbymMbT B pa3BUMTMETO Ha rpadmyHMa Xapayep Mo3BONsiBa
CbLLUECTBEHO M3MEHEHWNE HA HauMHa, Mo KOMTO TE3M CUCTEMM MoraT Aa ce Non3BearT 3a
06O MNpUIOXMMM MaTEMaTUUECKM M3UUCIMTENHU 3adaunm [5]. Te3n paspaboTku
aosexaatr no obwoto passutnMe Ha koHuenumsta GP-GPU (General-Purpose
Computation Using Graphics Hardware http://www.gpgpu.org/) [6]. Tasn koHuenums
No3B0/IsIBA 6bP30TO pellaBaHe Ha MHOXECTBO CIOXXHW MOCNefoBaTeNHM anroputMm
nognexaiwiy Ha napanenusaums, KakeButo ca obpaboTkata v QunTpaumsaTa Ha
CUrHanuTe, KOMMpecuMpaHeTo Ha BMAEO, KpunTtorpadCkn aHanms, CTaTUCTUYECKM
N34ncneHns u Apyrn anroputMmn obpaboTrealim eAHOTUNHO rosIEMU MACMBU OT AAHHMW.
Pa3bupa ce 3a HyxauTe Ha curHanHaTa obpaboTka BoAewM NpOVU3BOAMTENUN Ha
4ynnoBe, roAMHU Hapea, mMoanduumpaT M Cb3aasaTt T.H. CUrHanHu npouecopu (DSP
Digital Signal Processor), 4veTO BHeapsiBaHe € MpeavMHO B cCreuvanvM3vpaHu
pa3paboTkn. B koMepcnanHua cermeHT DSP 3aemat MACTO cnep cpegaTta Ha 90-Te
roAVHW MNPeauMHO MpU HarnpaBa Ha UMQPOBM BuAeOKaMepW, BUAEOKOHMEPEHTHU
CUCTEMM W pa3MYHM HayyHu obnactu. Te3n nnatgopmum ca TpyaHn 3a PC
NporpamMncTuTe, NpU TAX OTCbCTBA YHMBEPCANHOCT, U AOPU [HEC BCe olle ocTasaT
obekT Ha BHedpsiBaHE BbB BrpageHu npunoxeHus. [porpaMmpaHeTo U
npoekTMpaHeto Ha DSP camo no cebe cv He npuTexaBa rbBKaBOCTTa Ha
nporpamupaHeTo 3a PC. Bb3MOXHOCTMTE npeanaraHn OT CbBpeMeHHuTe GPU
MO3BOMISIBA HAa BCEKU CPefHO CTaTUCTUYecku noTtpebuten m nporpammct Ha PC
codTyep Aa uMa AOCTbN A0 BUCOKOMPOM3BOAUTENHM MYNTUMPOLECOPHU EBTUHM
paswupenus. MNpu ToBa UeHWUTe Ha nogobHu nnaTtkn BapupaTt mexay 60$-3000$ B
3aBMCUMOCT OT 6posT mMynTunpouecopn (16-480) n konmyectBoTo namet (256MB —
4GB). Te3n cucTtemMuM ce pasBuBaT [0 TakaeBa CTeneH, 4e [AHeC no3Bonssar
MNOCTUraHETO Ha MMKOBA MOLLHOCT OT A0 1 Tepa ¢non B egHa rpaduyHa Buaeo
KapTa. 3a Aaa fobuerte Mo-sicHa npeacTaBa 3a Pa3BUMTMETO Ha TeXHONorusita npu
kapTuTe Ha NVIDIA BuxTe no-gonHaTta cpasHuTenHa Tabn. 3. Moxe aa ce pasnuyart
ABE OCHOBHW NpPOAYKTOBM nuMHMKM Quadro, cneumanusanpaHa 3a npodecroHanHu
rpacnyHn npunoxenns n GeForce npegHa3HayeHa OCHOBHO 3a KpalHusi noTpebuTen
n renmbpute. Cnegsa fda ce otbenexu, ye FASTRA II e 6a3upaH M3usn0 Ha
KoMepcuanHa TexHonorus ot 6 asyaapern GTX295 u 1 egHosapeHa GTX275.

KoA Ha ooen Tpa::¢ep
mMogen A LWMHA nameTt GFLOPs
Mopaena MB AaHHUTE
(GB/s)
PCle 2.0
GeForce G210M | .4 x16 512 12.8 /2
PCle 2.0
GeForce GTS 250M GT215 x16 1024 51.2 360
PClIe 2.0
GeForce GTX 280M| ., x16 1024 60.8 562
PClIe 2.0
GeForce GTX 285M G92b %16 1024 64 648

Tabn. 3.a CpaBHeHne Ha JIIOOUTENICKH U rerdMbpckn Bugeokapt Ha NVIDIA
rnogaovpoxkatym CUDA



http://www.gpgpu.org/

TpaHcdep 6pom
KoA Ha namert Ha n3obpaseHun
Mopaen LUMHA
Mopaena MB AAaHHUTE nuKcenm
GB/s (M/s)
Quadro NV10GL | AGP 4x 64 2.66 480
Quadro4
380XGL NV18GL | AGP 8x 128 8.2 1100
Quadro FX
1400 NV41 PCle x16 128 19.2 4200
Quadro FX
4500X2 G70 PCle x16 | 1024 33.6 11280
Quadro FX PCIe 2.0
56007 G80 x16 1536 76.8 38400
Quadro FX G100GL- | PCIe 2.0
5800 U x16 4096 102 52000

7a6s1. 3.6 CpaBHeHME Ha rpogecnoHasiHn Buaeokaptv Ha NVIDIA
rnogaovpoxkatym CUDA

OcBeH nogabvpxawm CUDA rpaduyHn BMAEO KapTW, CbLUECTBYBAT W KapTw,
cbabpxawm camo GPU npouecopn u no-ronemn obemn RAM. Tesn kaptu ca
NOAXOASALWM 3@ BrpaXkaaHe, KakTo B ctaHaapTHu PC Taka v B wkadose. Mo-gony e
AafeHo cpaBHeHue Ha TESLA npopyktoBata rama Ha NVIDIA npegHasHauveHa 3a
Cb34aBaHe Ha NepcoHanHu usumcnuTenHn cuctemn (Tabn. 4). Cneasa ga ce ob6bpHe
BHUMaHWe, 4e CMCTeMUTe MOHTMpaHM B LWkadoBe MOxXe Aa 6baaT ckanupaHu Ao
ctotum Tepadnona. ObbpHeTe BHMMaHue, 4Yye ToBa Ca MWUKOBM MOLLHOCTM M Ca
AOCTMXKMMM CaMO 3@ HSKOW anropuTMu Mpu yCrioBWE, Ye [AaHHUTE Ca 3apefdeHu B
/loKanHaTa naMeT Ha KapTuTe.

6pon

KOA, Ha | apxuTek nameT | TpaHcdep | GFL
KOHGUrypaLWs mMogena| Typa ”C%%L;e MB (GB/s) | OPS
GPU Processor | C870 G80 128 | 1536 77 519
Deskside D870 G80 256 |2x1536 154 1037

Supercomputer
GPU Server S870 G80 512 [4x1536 307 2074
GPU Processor | C1060 | G200 | 240 | 4096 102 936
GPU Server | S1070 | G200 | 960 (4x4096 410 4320
GPU Server [ S1075 | G200 | 960 [4x4096 410 4320

Tabn. 4 CpasHeHnme Ha Moges/m rpagudHn kaptv Ha NVIDIA u 6post
MYJITUMPOLIECOPHU U NIAMET B THX.

MNpoayktoBata NuHMA Ha TESLA e noaxoadwa 3a w3rpaxaaHe Ha [AecTon
cynep KOMMNIOTPU U BrpaXkaaHe B LKadgose. TUNUYHO NPUIoXKeHWe e Non3BaHeTo Ha
kaptata C1060 3a u3rpaxaaHe Ha Ao 3.8 Tepadnona B eanHnyHo PC. Hakou ot



mMogenuTe npeanaraHn (duvr. 2) Ha nasapa, ca noaavpxaHu ot Dell n ASUS, kaTo
npenopb4BaHMaT npouecop e Intel® Xeon®.

@ur. 2 Turiose ripogyktv TESLA, 3a BrpaxxgaHe B craHgaprHo PC — C1060 u
3a MOHTax B LwKagose Tesla S1070 GPU cbvpBbp.

CnenoBa f[a cCrnoMeHeM, 4ye reMMm kKoHsonuTe ot Tuna Xbox, Xbox 360,
Deramcast, Wii, PS2 n PS3 no3sonsgsar Cb34aBaHETO Ha MepcoHanHu cynep
komnoTpu [7]. lMo-pony e pageHa cpaBHuTenHa Tabnuua 3a 6posaT npoaaseHu
reMMbpCKM KOH30/M, KouTO He ca PC 6asupaHu, KakTo W M3YMCIUTENHATa WM
MOLUHOCT. Te3n KOH30/1M ce nporpaMmuvpaT MNo-TPyAHO M He ca Taka yaobHu kaTo
npoayktute GeForce n TESLA, npu TAX NUNCBAaT MHOMO OT Bb3MOXHOCTUTE
npeaocTaBsiHM OT knacnyeckute PC, Tbi KaTo Te ca npeAHa3HayeHn 3a KpanHu
noTpebuTenn Ha urpyn, a He NPOrpPamMunCTy.

CKopoCT Ha O6uwo bpow
npoaaaeHu
KoH3ona | npouecopa B npoAaaeHu
ruracpnona Tepadnona KOH30MM
(MWIOHN)
Xbox 5.8 139 200 24
Xbox 360 115.2 2 188 800 19
Dreamcast 1.4 8 400 6
Wii 2.9 75 400 26
PS2 6.3 768 800 124
PS3 218 283 400 13
O6wo 349.6 3464 000 212

Tabn. 5 CpaBHeHme Ha U3YNC/TUTE/IHATA MOLYHOCT HA KOMEPCUASIHN [EVM
KOH30/IM — BUAEO UIpu KbM Ha4asnoto Ha 2009r. (U3T. [7])

Kak CUDA npoMeHsi cuTyaumsTa

Cnen kaTto pobuxte npeacraBa 3a CBETOBHMTE TEHAEHUMWM WM Kiacaumsl 3a
cynep komnioTpute npe3 2009r. u passutMeTto Ha GPU TexHonormsta B
npodecnoHanHnTe BMAEOKAPTM Ce 3aMucieTe 3a ToBa [ajiM € Bb3MOXHO Ja
nputexasaTte 12 Tepadnona B cTaHAapTHO PC? Pasrnexaanku pasnvyHuTe MOAeu
pa3snpefeneHn U3YMCIUTENHU CUCTEMM cneaBa Aa Ce CrpeM Ha eOuH YHWKaneH



npoekT HapuyaH FASTRA I n II cb3gageHu BbB Vision Labs kbM yHuBepcuteTa B
AHTBepneH, benrna. BtopaTa BepcMd Ha cucTeMaTa e  pe3ynTtat  oT
B3aMMO/JENCTBUETO MeXay CTyaeHTn, Tones.be n ASUS, 3a Cb3aaBaHETO Ha HaW-
MOLLHLUS AEeCKTOoMN Cynep KOMMTbP B CBeTa nputexasaw, 13 GPU v vMaly nvkoBa
npoussoanTenHocT oT 11 Tepadnona Ha ueHa ot 6000 espo.

CT slice reconstruction speed (slices/s)

FASTRA Il
FASTRAI
512-core cluster

TeslaCl060 =]

CPU Core [7 940

@ur. 3 CpaBHEHNE HA CKOPOCTTa Ha PEKOHCTPYKUmMS Ha MRI u306paxkeHus ripu
M10/13BaHETO Ha paz/indHu TtexHosiorm n CUDA (U3Tounuk: hitp://fastra’.ua.ac.be/)

CuctemaTa e M3nos3BaHa Npy peanusaumnsita Ha codpTyep 3a PeKOHCTPYKUMUS
Ha MRI (M306paxeHuss OT AAPEHO MarHUTEH pe30HaHC). TUMUYHO TO3M TUN
NPUNOXEHNS U3MCKBAT MHOIO BpeMe 3@ PEKOHCTPYKUMS Ha n306paxkeHnsiTa, KOeTo e
B nopsabka Ha 3 Ao 12 vaca. Tbil kaTo BONWMHCTBOTO 6OMHMUM He pasnonaraT C
N34nCnuTENeH pecypc OT noseye OT 1-2 Tepadnonca u306wWo, npouecbT Ha
AVarHoCTMka OTHeMa 3HauuTenHo Bpeme. Obaue wusnonseaHeto Ha CUDA BbB
FASTRA II noka3sa Kak Ta3u TEXHOSIOrMS MOXe [ia Ce Mon3Ba 3a MacOBO BbBeXaHe
JOpY  NpU  HUCKM  BIOAXKETM NpPaKTUYeCKM Haecskbae. [lo-gony ca  pgageHu
CpPaBHUTENHN AaHHW OT npou3soanTenHocTTa Ha FASTRA II, 512 core cluster, Tesla
C1060 n i7940 (®dwur. 3).

XapayepHu ocobeHocTn Ha CUDA

TexHonornsita CUDA ce cumTa 3a OCHOBOMOSIOXKHUK Ha “cynep KOMMIOTUHI
aemokpaTtusaumsata” [9]. Ypes CUDA cbBMeCTMMUTE MNPOAYKTU BCEKW MPOrpamMmuct
n/mnn yyeH wuMa [OCTbM A0 OrPOMEH WU3YUCIUTENleH pecypC B paMKuTe Ha
CTaHAapTHUTE OIIKETU 3a 3aKynyBaHe Ha cbBpeMeHHO PC, KkaTo ueHuTe Ha


http://www.tones.be/
http://www.asus.com/
http://fastra2.ua.ac.be/

npodecmoHanHuTe npoayktn 3anodBat ot 250$ ao 1300$ 3a PC nnatdopmu.
MpunoxeHns n anroputMn YMUATO, NMPOBEPKA M3UCKBALLE AeCeTKU AHM, AHeC MmoraT
Aa 6baaT M3MNbAHEHM 3@ YacoBe WM AOPU MUHYTW B 3aBMCUMMOCT OT MOM3BaHUS
xapayep [8]. Bbp3opeincTBueto Ha nporpamuTe, nucaHn 3a CUDA cbBMecTUMU
YCTPOMCTBa 3aBMCM OCHOBHO OT MON3BaHMS Xapayep, KaTto MoraT Aa paboTsaT Ha
BCUYKM NOAABPIKALLUM TEXHOMOIMATA YCTPOUCTBA. MPUHLUMMHO apxuTekTypaTa Ha GPU
ce pa3nuyasa OT Tasn Ha CPU (dur. 4). MNpu GPU ce 3agenst CpaBHUTENHO Masika
4YacT OT Kewa, HapuyaH cnogeneHa nameT (__shared_ ) B KOSAATO MOXe Aa ce
n3BbpwBaT 06paboTkn oT MHOXecTBO AJTY eqHOBpEMEHHO, Apyra 0COBEHOCT e Ye ce
non3ea MHOKOKaHanHa suaeo DRAM (__global__ ), koaTo € B mbTv no-6bp3a ot
cTaHpapTtHaTa RAM non3saHa B CbBpEMEHHUTE NMepCoHasiHA KOMMNIOTPU. XapaKTepHO
3a CUDA e non3saHeTo Ha SIMD apxuTekTypa, KaTo npu TOBa B AAHHUTE 3anncaHu B
otaenHn obnactm obwa namer MoraT Aa 6bvaat obpaboTBaHM eQHOBPEMEHHO OT
MHOXecTBO AJTY. lNpn craHpgapTHuTe npouecopu AMD u Intel ronsiMma 4yact oT
TpaH3UCTOpUTE B YMMa Ce MNOM3BaT 3a M3rpaxkaaHe Ha NIOKaNHW Kew naMeTu u no-
CNOXHa KOHTPOJIHA SIOrMKa Ha KOHTpornepa Ha npouecopa. Mpn CUDA noseveto AJlY
(apUTMETUYHO NOrMYECKM YCTPOMCTBA) O3Ha4aBa, Ye noBeye eaHOTUMHN U3UNCIEHUS
Wwe 6baaT M3BbPLUEHN BbPXY AafAeH MacvB OT AaHHU. Pa3bupa ce pasnnuHun TEXHWUKK
3a oNTUMM3aLMATA Ha TO3M Npouec MoraT a ce M3MNOoM3BaT M 3a THX We CTaHe AyMma
Masnko Mo-KbCHO.

MacoBo M3non3BaHnNTe AHEC NpoLEeCOPHU apXUTEKTYpu ca XapBapacka n OoH
HonmaH. MbpBuSAT Moaen, pa3npeaenst oTaenHM 6710KoBe NaMeT 3a CbXPaHEHME Ha
WHCTPYKUNUTE U AaHHUTE, @ BTOPUAT TUMN NO3BOJSIBAT Ha NaMeTTa Aa CbAbpXa
€JHOBPEMEHHO NMPOrpaMHN MHCTPYKLMKU U AaHHK (dur. 4). OcBeH ToBa npouecopute
MOraT Aa Ce pa3/iMyaBaT Mo HayMHa No KOMTO 06paboTBaT MHCTPYKUMUTE U AAHHUTE,
KaTo CbLleCcTBYBaT OCHOBHO YeTupu mogena: SIMD (Single Instruction, Multiple
Data), MISD (Multiple Instruction, Single Data), SISD (Single Instruction, Single
Data) n MIMD (Multiple Instruction stream, Multiple Data stream). MbpBUAT TN
npegnonara M3non3BaHeTO Ha MHOXeCTBO AJ1Y paboTelm eaHOBPEMEHHO Haj
CbCefiHM 06nacTn NaMeT C eAHakBN MHCTPYKLUUK, KakBUTO ca CbBpeMeHHuTe DSP
npouecopu 1 CUDA BK/TIIOUMTENHO.

[ Control | BRI AR
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@ur. 4 ApxutepKypHu ocobeHoctu Ha GPU n CPU, (u3t. NVIDIA)



MISD nosBonsiBa obpaboTkata Ha egHa obnacTt naMeT eaHOBPEMEHHO OT
MHOXecTBO AJTY. SISD ce non3sa npuv MUKPOKOHTPONEPU M MUKPOMpoLecopn OT
HUCbK K/fac, KaTto e HanuyHo egHo AJIY Moxewo aa obpaborBa egHa AaHHA
enHoBpeMeHHo. MIMD no3sonsiea MawabHa acMHXpoHHa 0bpaboTka Ha AaHHM, KaTo
BCEKKN npouecop 06paboTBa AaHHWM HaMupalwy ce B pasniMyHK 0bnacTn Ha nameTTa,
KaKBWUTO Ca MHOIO siApeHnTe U MHoronpouecopHu cuctemn. Crneundmkata Ha CUDA s
pobnmxkaBa MHOro A0 cbBpemMeHHMTe DSP npouecopu, KaTto Npu ToBa 3anasBa
MBKABOCTTa M JleCHaTa MpoOMsHa Ha nporpamMHaTa KOHUrypauus xapakTepHa 3a
CbBpPEMEHHUTE MEepCcoHanHM KoMmnoTpu. [pavBepute Ha CUDA pa3snpeagensat
ABTOMAaTUYHO OTAESHUTE M3UYUCIIEHUS Had MbAHUS Habop HanuyHWM npouecopu B
cucTeMaTa, KOeTO AaBa Bb3MOXHOCT eAHa 4YacT rpynupaHn B 6nokoBe 3agayun aa
6bae OCbLECTBMMA Ha KapTa C NO-Masbk 6pol MynTUNPOLECOPU WM TakaBa C Mo-
ronsimM 6pon (dwur. 5).

Qur. 5 U3nvsiHeHne Ha €4Ha U Cblya U3YNCTUTENIHA 3a4a4a OT E4HO [4pP0 C 8
6/10Ka Ha fBE Pa3/IMYHU apXUTEKTYPU uMalymn 2 u 4 MyJITUIPOLEecopa e OTHEME
DPaz/IM4YHO BPEME, HO PE3Y/ITATDLT LYE ObAE EAUH U ChlLL.

B Han-06wms cnyyain 3a Aa M3BBLPLUMM HSIKAKBU M3YUCIIEHWUS MapanesniHo ce
cTapTMpaT n Ha 6poi npoueca, KaTo AAHHUTE U CbOTBETHO MHCTPyKUMUTE Ce
pa3npeaensTt B T.H. paMKW, KOMTO CbAbpXaT 6/0koBe, a BCekn 650K CbAbpxKa
oTAenHn npouecn. ToBa MO3BOMsIBA Ha ApalBepa Aa MOM3Ba Pas/iMYyHU XapAyepHU
apXMTEKTYpW, 3apexaalkum B TsX MOBEYE WM Mo-Manko Ha 6pon 6nokoBe 3a
obpaboTka. ToBa CTaBa MpO3payHO 3a MPOrpaMmcTa M MNO3BOSISIBA MON3BAHETO Ha
Xapayep C pa3/iMyHM Bb3MOXHOCTM 6€3 Aa ce Hanara NMOBTOPHO KOMMWUAMpAHE Ha
copTyepa. EcrectBeHO ako pgageH 610K CbaobpXa MOBeYe MNpoLecu OTKOSIKOTO
npoLuecopy ca HaMyHW B eaMH MyATMnpouecop Te Morat Aa 6baaT rpynupanu. Mpu
Te3n cnyyau, a ToBa ca Hag 95% OT peanHuTe npuMepu, ce Hanara rnos3BaHeTo Ha



JOMBL/HUTENHM MEXaHW3MM 33 CUMHXPOHM3ALMA Ha MpouecuTe npeau fnda ce
MpexBbpaM YNpPaBEHNETO BbPXy Apyra rpyna npouecu oT 6noka. Cneaa fa ce
KaXxe, Ye MoN3BaHETO Ha MyNTUMPOLIECOPUTE 33 06paboTKa Ha ENIEMEHTU HaMMPaLLM
ce B rnobanHata MaMeT € MHOrOKpaTHO Mo-6aBHO, TOBA Hanara MOM3BAHETO Ha

cnoaeneHa n KOHCTaHTHa NaMeT B 3aBUCMMOCT OT CUTyauudTa.

@Qur. 6 Apxutektypara 10x, rnpegocrass 240 ripoyecopa 3a U3MNb/IHEHUE Ha
240 nipoyeca e4HOBPEMEHHO, 0OEANHEHH B 30 My/ITUINPOLIECOPa BCEKU OT KOUTO MMA
o 8 ripoyecopa n 1 AJTY 3@ U34ncieHns ¢ ABoVHA rpeumsHoct (u3t, NVIDIA)

HaunHaewmTe nporpamMuctu cneaBa fAa 06bpHAT BHUMAHWE Ha CleaHuTe
OCHOBHU TEPMMHUN N TAXHOTO 3HAYEHMUE:

Half-Warp — ToBa e rpyna oT 16 npoueca 4akaw B oOnawkata 3a
nocneaoBaTesniHo u3nbiHeHue. Half-warp npouecuTe ce M3NbAHSABAT 3ae4HO U
ca nogpasHeHW. Hanpumep npouecute oT 0->15 uWwe ce HamupaT B eaunH U
Cblum nog 6nok, 16->31 B Apyr v T.H.

Warp — TtoBa e rpyna oT 32 CbCeaHun npoueca, Te MPUHUUIMHO Ce U3MbHABAT
3aegHO B napanen. ToeBa Hanara cneuMduyHM MeToau 3a CUHXPOHM3aLMS,
Luensiwm u34YakBaHe Ha 3aBbpLIBAaHETO HA BCUYKM rMpouecM Ha A[ageHa
nTepauus.

Block — 6510kbT € Habop OT npouecn, KOUTO MpaBAT €4HO M CbLIO Hewo Haj
pa3nnYHM eneMeHT OT MacuMB C AAHHW WU €OQHU U CbluM CrodeneHn AaHHW.
Mopaan TeXHUYECKM NPUYUMHU MUHUMYM 192 npoueca ca HYXXHW B eauH 610K
3a ONTUMM3AUMS Ha 3aKbCHeHusATa Mexay TaX. EaMH TunumyeH 6nok uma 256
unun 512 npoueca n gopu 768. Cnensa aa ce nMma npeasui, 4e npouecuTe B
eavH 610K ce CMHXPOHM3MpAT MNO-6bp30 M Taka MO-NeCHO OBMEHST AaHHU
nomMexay cu 4Ypes cnogesneHaTa namer.

Grid — “pewertkaTta” no3BonsiBa Aa ce Cb3aaBaT Makpo 6nokoBe OT 060cobeHu
npouecHn 6nokose. OTaenHUMTEe 6N0KOBE Ce€ CUMHXPOHWU3UPAT TPYAHO,
npouecuTe B eAnMH 610K CblO He MoraT Aa Ce CMHXPOHWM3MpAT C npouecuTe
npuHagnexawm Ha apyr 6nok. OtaenHu "grid" MacuBm ce reHepupat 3a BCSKa
cneumMduyHa m3uncnuTenHa 3agada, obxeawawm onpeaeneHyn AaHHK, KaTo



nMpu TOBa BCEKM pasnnyeH rpua MOXe Aa Ce Cb3haBa 3a HOBU M Bede
3anMcaHn B NaMeTTa Ha KapTaTta AaHHu (dwr. 7).

Qur. 7 Paszrnipegenenne Ha OTAEIHUTE rpoyecy B OJIOKOBE U [10/13BaHE Ha

Pas/imdHun pamKu Ot ripoLecH 3a pas/imdHu U34nc/InTe IHN 334a44.

TunoBe namer

3a CUDA nporpamMuctute e OT CblUeCTBEHO 3HayeHuWe [a MpaBsaT pasnuka

MyXAy TUNOBETE MaMET B CMCTEMATAa U CbOTBETHO NMPEAMMCTBATA U HEAOCTATbUUTE
OT HEMHOTO M3MON3BaHE:

Fno6banHa naMer - TOBa € MWHCTanupaHata du3mMyecka naMeT Ha
rpadpmyHaTa KapTta, YMnMTo 06eM MoXe Aa Bapupa Mexay 128 u 4000 MB.
OpraHusaumaTa WM € JfMHeWHa, B TasuM MNaMeT, KaKTo OTAeNnHuTe
MYNTUNPOLECOpU, Taka M XOCT KOMMIOTbPBLT MOraTt Aa nuuaT W YeTaT AaHHM.
Bcuukn npouecy MoraT Aa nuwaTt M YeTaT AaHHW B rnobanHaTa nameT, Cblyo
Taka npouecy CTapTUpaHW Ha XOCT KOMMIOTbpa MoraTt Za nuwiaT u 4eTaT oT U
B Ta3u namer.

CnogeneHa naMeT — BCEKM €ANH MyNTUNPOLIECOP MMa MasTbk 06eM OT namer
HapuyaH crnogeneH, ¢ pa3mep 16KB. Ta3n nameT ce u3non3ea OT OTAENHUTE
npouecn, 3a 6bp30 YeTeHe U 3anuC Ha AaHHKW. [lameTTa ce pasnpeaenst Ha
6nokoBe. KaTto npumep Le KaxeM, Ye € Bb3MOXHO [a MMaMe HSIKONKO 6noka
paboTewmn eOHOBPEMEHHO BbpXy €AMH MW CbliM  MyNTUNpOLECOP.
Pa3npeneneHneTo Ha nameTTa Mexay otaenHute 6nokose TpsibBa Aa CcTaBa
no cnegHus HaumH: 6nokosete = 16KB/ 6posi 6nokose. M3nbnHsiBaHWUTE B



paMKMTe Ha eamH 610K nouecM MoraT Aa KOMYHUMKMpAT MoMexay Cu KaTo
3anmMcBaT U 4YeTaT agpecu OT Ta3n nameT. Tasu naMeT € perucTpoBa, U e
okono 100 nbTK No-6bp3a oT rnobanHata NaMeT Ha KapTaTa.

o [Mamert 3a TekcTtypm — GPU nputexaBa n TEKCTypHa NMaMeT, KOSITO MOXe Aa
ce nonsBa Npu onpeaeneHn 06CTOSTENCTBa, KaTo HanpuMmep 3a JIMHEWHa
dunTpauns Ha AaHHW. TasM nNaMmeT ce Kewupa M € MNPUHLUMNHO CaMo 3a
yeTeHe.

PasButue Ha TexHonorusata CUDA

MpoekTbT CUDA 13n13a 3a MbpBU MbT Ha 6an cBAT 3aenHo ¢ mogensT G8O0
npe3 HoemBpwn 2006r., kato nbpBaTa SDK e nycHaTta Ha nasapa npe3 gespyapu
2007r. MwvpBata Bepcusas ¢ HoMep 1.0 ce nopabpXa A0 M3MM3AHETO Ha
npodecnoHanHuTe KbCTepHn kaptn Tesla (toHn 2007r.) u e cbBMecTUMa C
npouecopute G80. Ta e npeaHasHayeHa 3a Mas3apa Ha MU3YUCIUTENTHU CUCTEMMW.
Bepcusi 1.1 BbBexaa dyHkuMM 3a nonssaHeTo Ha NVIDIA apaiiBepuTe, KaTo ca
noaabp>xaHn kaptu cnen GeForce 8 n no-HoBuTe Bepcus 169.xx. ToBa e K/IO40B
MOMEHT 3a MPOrpaMUCTUTE, Tbil KaTO NpaBM Bb3MOXHO Non3BaHeTo Ha CUDA Bbpxy
BCUYKM BMAOBE BMAEOKApPTU, @ CbLUO Taka M KaTO CMMynaTtop BbpXy CTaHAapTeH
KOMMIOTbpeH npouecop. Cneagsa aa ce otbenexu, 4e MHOro OT npeuMyllecTsaTta ca
AOCTbMNHM caMo 3a 64-6utosata Bepcusi Ha Windows. Bepcuss CUDA 2.0 e roToBa
3aegHo ¢ kaptute GeForce GTX 200, kato 6eTa BepcuaTa Cce BbBeXaa npes
Hayanoto Ha 2008. CneaBalwaTa Bepcusi MOAAbPXA: [ABOMHA MpPELM3HOCT Ha
N34NCIIEHUATa, KaTO XapAyepHO ToBa € MOCTMXMMO caMo Ha Mmogenbt GT200, a
cucTemata MMma noaapwbxkka 3a Windows Vista (32- n 64-butosa Bepcus), Mac OS X un
Linux. Cneaea ga ce nMa npeasma, yYe paspaboTteHuTe C BCsIKa creABalla Bepcus
NpUIoXeHuss MoraT Aa paboTaT caMo CbC CbluaTa v no-Hosu Bepcumn Ha CUDA SDK,
KaTo He mMoraT Aa 6baaT noaabpXaHu OT ApavBepuTe Ha no-ctapata Bepcusi (dwr.
8).



= | HecsEMEC THME
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@ur. 8 lNoaapvXKka Ha rpuioKeHnITa € camo B 1pasa 10CoKa B 3aBUCUMOCT
BepcnaTa Ha CUDA SDK (m3T. NVIDIA)

http://developer.nvidia.com/object/cuda 2 3 downloads.html

Bepcusa 1.0: nbaabpxa 06w 4o 512 npoueca nsnbiHsiBaHu B 650K €
pa3MepHOCT Ha obpaboTBaHus 6ok 512x512x64 npouyca, KaTto
MaKCUMasnHUAT pa3Mep Ha BCsIKa pa3MepHOCT B Macuea e 65535. Pa3MepbT ce
n3umncnsea Ha 6asata 32 npoueca, KaTto 6poAT perucTpy B MynTUNPOLIECOP €
8192, a 0beMbT Ha crioaeneHaTta naMmeT e 16 kunobaiTta B 16 6aHku. MNon3ea
ce 64 kunobarTa NaMeT 3a CbXPaAHEHNE Ha KOHCTAHTW, JIOKanHaTa NaMeT KbM
BCEKM npouec e Ao 16 kmnobalita, Habop KOMaHAN KbM MyNITMNPOLECOP
nobupalum ce B 8 knnobavita, 6pot akTMBHM 610KOBE A0 8, 6POI OCHOBU KbM
MynTUnpouecop 24, 6pon akTMBHM NpoLecH KbM MynTunpouecop 768,
pa3MepHOCT Ha 06paboTBaHust MacuB 3a: 1D 2'3, 2D ¢ MakcMManHa WwupuHa
ot 2%, u Bucounna ot 2%, 3D gomxwHa, WKpKHa K BMCouMHa Ao 2!, obem Ha
AAPEHNS KOA A0 2 MUIMOHA MHCTPYKLNMW.

Bepcus 1.1: BbBexaa noaapbXkaTta Ha T.H. 32 6UTOBM aTOMapHH
NpOoLeCOpHM ornepauun, No3BoNsSBaLLN enNeMeHTapHU N3YUCTIEHNS KaTo
cbbupaHe yMHOXeHWe, AeneHne 1 ap. Haj onepaHz Hammpaly ce B
rnobanHata unm cnogeneHata nameT 1 06paTHOTO 3anucBaHe Ha pe3ynTaTta B
aApeca Ha onepaHaa. Te3u onepaumu ca xapayepHo obesneyeHn no TakbB
HauuH, Ye Aa He CM NpeyvaT Npu U3MNbJIHEHWMETO Ha MHOXECTBO €AHOBPEMEHHM
npouecu.

Bepcus 1.2: nogabpka aToMapHU onepaunn Hag 64 6UToBM CTOMHOCTM 1
N34YNCNEHNS C ABOVHA MPELM3HOCT B rnobanHaTa naMeT, KaTo 6posT Ha
perncTpu B eanH MynTMnpoLecop e ysennyeH Ha 16384 n MakCMManHusaT
6pon akTUBHM Npouecn B MynTunpouecop e 1024.

Bepcms 1.3: noaabpxxa apuTMETUKA C ABOVHA NPELIM3HOCT Ha onepaHam C
nnasalla 3anetas.
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MHTepecHO e pa cpaBHMM KaK npoussoauTenHoctta Ha GeForce Buaeo
NnaTkMTe ce M3MeHs BbB BpPeMeTo. 3a eauMH KpaTbK nepuog OT 6 roavHu
TEXHOMNOrMsTa YyBeNnuyaBa CBosiTa npomsBoanTenHoct ¢ Haa 800%. [lbpBusT
CbLUECTBEH CKOK Ce OcCbllecTBsBa OT moaenbT G70 nocneaBaH OT MOYTUM ABOMHO
yBesiMdyaBaHe Ha Npou3BOAUTENHOCTTA Ha Mmodena G71. CneasalumTe CKOKOBE ca npwu
moagenute G80 n G200. Ha ¢wur. 9 e gaaeHo CpaBHEHME Ha NPOM3BOAUTENHOCTTA CbC
cbBpeMeHHU Intel npouecopu M3nes3nn OT NPOU3BOACTBO B CblUMS WHTepBan oOT
BpeMe.
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G492 = GeForce 9500 GTX G70 = GaForce 7800 GTX NV30 = GeForce FX 5800
GBD = GeForce 8800 GTX NV4D = GeForce 6800 Ultra

@Qur. 9 CpaBHeHMe Ha [PON3BOANTENIHOCTTa MeEXAy ropegHn GeForce
npogykmv u ripoyecopu Intel (n3t. NVIDIA)

Tbl KaTO TOBa Ca BMAEO KapTW, HOPMaJHO € Aa Ce O4aKBa, Ye MoN3BaHuUTE B
TAX TEXHOMOMMWN 33 CbXpaHeHne M obMeH Ha [AaHHW LWe HaABMLIABAT AeCeTOKPaTHO
CKOPOCTUTE Ha TpaHcdep Ha AaHHWUTE B Kella Ha npouecopa u Mexay npouecopa u
BbHWHaTa RAM nametr Ha xoct komnioTpute (dur. 10). EAHOBPEMEHHO C TOBa
cnepaBa fda ce otyete, ye NVIDIA 3abaBAT u3nM3aHETO Ha nasapa Ha NPOAYKTU C
BrpageHu aTtoMM4yHM onepaumm 3a paboTa C rnobanHata naMmeTr M crnogeneHuTe
pecypcu. BMecTto ToBa ce NpeAcCTaBAT HOBM MAATKM MMalM yBeNMYeHa TaKToBa
4yectoTa U noTpebneHne Ha eHeprokoHCyMaumsaTa. B AeMCTBUTENHOCT 3a Ma3apa Ha
MrpU TOBA HE € HYXHO, HO MMEHHO TO3WM K/ac MnaTku Ca MacoBO AOCTLMHM 3a



NOBEYETO NMPOrpaMmnCTi. 3a pasnuka Hanpumep eaHa kapta TESLA vma o 4-5 nbtn
MO-BMCOKa LEHa 3a CblaTa Mpou3BOAUTENHOCT KakTo eaHa GeForce kapTa, C
ocobeHaTa pasnuka, 4Ye noAaAbpXa BCUYKM BUAOBE aTOMapHW ornepauMnm u uma
BrpazieHu AJ1Y 3a apUTMETUYHM onepaumm C ABOMHA TOYHOCT.
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@ur. 10 CpaBHeHwe Ha CKOpoCTTa Ha Ob6MeH Ha fJaHHu mexzay GefForce
npogykrmure u Intel ripoyecopu. 3ab. Ha rpagukara ripegocraseHa or NVIDIA He ce
BXKAa C/IEABALLIOTO MOKOJIEHNE rpagmyHa kapra GTS295, kosto ro crieyngukauyms
cieqsea fga mma npnbnnsntesiHo 220GB/sS cKopocT Ha OOMeEH Ha f[aHHUTE. (U3T.
NVIDIA)

Mporpamupaxe c CUDA

3a wactmne CUDA 3HaumTenHo ornpocTssa n3non3saHeto Ha GPU npouecopute
OT O06MKHOBEHMUTE nporpaMnuctn n ydenute. Knacnyecknat noaxon Ha GPGPU
apxuTekTypaTta €, 4e MporpaMUCTbT MOMA3BA HAKOM OT AOCTbMHUTE MPUIOXKHK
(YHKUMM Ha AparBepuUTE UM AMPEKTHO paboTelku C AparMBepuTe Ha BUAEO KapTaTa
MOXe [a OCblUecTBABa AafeH BuA M34YNCIIeHUs. To3n MeToa € TpyAeH 3alloTo
M3MCKBA KaTo MMHMMYM MO3HaHMA 3a paboTa ¢ egHa oT AseTe cpeam 3a 3D rpadwmka:
OpenGL wnnn Direct X, u TO 3a Te3n BepcMn Ha BWMAEO NNATKUTE, KOUTO ce
nopabpxat. CUDA npaBu Hewo CbBCEM pasfiMYHO - TA onpeaens AajeHa 4vact oT



rpaduyHNS YmMn CcamMO M €OAMHCTBEHO 3a Cb3AaBaHeTO Ha o6ocobeH Habop
MyATMMNpOLEecopn, MMawm AOCTbN caMo Ao rnobanHaTta nameT Ha kaptata. Cneasa
fAa ce uma npeasua akTta, ye BMAEO KapTaTa, ako He ce MNon3BaT NPOAYKTUTE OT
cepusaTa Tesla, 3agensaT gageH obemM naMeT 3a CbXpaHeHWe M U3BeXAaHe Ha AaHHM
BbpXYy rpacmyHMsl Aucnnen Ha KoMnoTbpa. Ta3n NaMeT € Manko U 0B6MKHOBEHO € B
rPaHULNTE Ha HSAKONKO AeceTku Merabawvta. OctaHanata yact ot RAM nametTta e
AOCTbMNHa, Kato rnobanHa namet 3a GPU u3uncnenns. CUDA noaabpxa cnegHute
TUMNOBE MPUNOXEHUS:

o Pabotewm c DirectX Compute OpenCL (Open Computing Language) apavisep

o Pabotewm anpektHo ¢ CUDA apariBepa npunoxenus : “C” komnunatop 3a
CUDA (nvcc), cMecBaHe Ha koA cbe ctaHaapTHu “C/C++" npunoxeHus

o WHTerpupane B nporpamu Ha apyru e3uum: “Fortran”, “Java”, “Python”
N TpuTe MeToaa 3a pa3paboTka Ha MPUIOXKEHNS M3MNON3BaT creunduyHaTa 3a

AafeHaTa onepauMoHHa cucTeMa s4po UM YHKUMKM 3@ OpraHu3aums Ha napanesiHu
U3YMCIIEHUS BbPXY AafleH Xapayep.

HaunHaewuTte nporpamuctu cneasa aa nonssat CUDA Developer SDK

B npepgnaraHunsa ot NVIDIA KoMNAeKkT 3a nporpaMmMpaHe ce BKoYBaT nNpuMepu
C nporpamMeH ko, 6e3 KoUTO YCBOSIBAHETO Ha HOBaTa TEXHOIOMMS € HEMUCINMO.
lNpuMepuTe BKIKOYBAT:

MapanenHn copTUPOBKY;

YMHOXeHWe Ha MaTpuum;

TpaHCrnoHMpaHe Ha MaTpuLum;

M3MepBaHe Ha NpoM3BOAUTENHOCTTA C TalMepy;
MapanenHo cbbupaHe (scan) Ha rosieMn U Masakm Macueu;
KoHBontouusi Ha n3obpaxeHus;

YenBnet TpaHchopMaums;

N306pazasaHe Ha rpaduka ¢ OpenGL n Direct3D;
M3non3saHe Ha CUDA BLAS FFT 61bnunoTeka;

CPU-GPU C n C++ MUKCMpaHe Ha Koa;

MoHTe-Kapno anroputmu;

MapaneneH reHepaTop Ha C/lyYalHu Yncna;

MNapanenHo ns4ncneHre Ha XmcTorpamu;

OTcTpaHsiBaHe Ha WyM B U306paXkeHns;

Peanuzauns Ha puntbp Ha Coben 3a OKOHTYpsiBaHE Ha M306paxkeHus.

ExcnepuMeHTasIHU pe3ysiTaTt

OnuTBLT, KOMUTO croaensMe, € CBbp3aH C usnoneaHeTo Ha CUDA 3a HyxauTte
Ha uudpoBaTa curHanHa o6paboTka Ha wu30b6paxkeHnss B [OBE HarnpaBnieHus:


http://www.nvidia.com/object/cuda_get.html

CTaTUCTU4YeCcKM aHanuns u dypue TpaHchopmauus n duntpaums. HannyHata cucrtema
e GPU 250 GTX umawa 128 CUDA GPU sagpa, c rpadumyeH npouecop paboTtely Ha
738 MHz, n ocHoBeH npouecop pabotew, Ha 1836 Mhz. BaxHO ycnoBue npwu
Cb34aBaHETO Ha edeKTMBHM MPUIOXKEHUS € Aa Ce MMa MpeaBui U3UYUCAUTENTHUTE
Bb3MOXHOCTWU Ha Xapayepa, KoMTo A0 MOMeHTa ca cnegHute Bepcun: 1.0, 1.1, 1.2 n
1.3.

U3uncneHme Ha rnobanHa cratucTuka

Ha canta Ha NVIDIA ca papeHu npumepun 3a non3BaHeTo Ha CUDA npwu
peanusaumnsita Ha NapanenHn anropuTtMmn 3a ornpegensiHe rrnobanHa CTaTUCTUKA Ha
JaHHM, B TOBAa 4MCNO: CpeaHO 3HayeHue, CTAHAAPTHO OTK/AOHEHWE, MUHUMYM,
MaKCMMyM W CpedHO KBagpaTudHa rpewka. Xenaewmte moraT Aa Ce 3ano3HasT C
[10], peanuzaumsita Bbpxy CUDA nnatdopma Hanara ocobeH BMA ONTUMM3aLMK, 3a
A CTaHe Bb3MOXHO MON3BAaHETO Ha UAfaTa HaAMYHa MUKOBA MOLHOCT Ha
CUCTEMATA, KaKTO M CKOpPOCTMTE 3@ Ob6MeH Ha AaHHU. AKUEHTbT Ha roToBUTE
NpUMepKn ce NOCTaBsl HaA MPOU3BOAUTENHOCTTA, @ HE TO/IKOBa Ha NMpPOM3BOMIHATa UM
peanusauus. Cneaga aa ce otbenexu, Yye npuiaraHeTo Ha KnacMyeckn noaxoamn npu
nogobeH BUA M3YNCIIEHMS HE BOAW A0 MOCTUraHe Ha Mo-BMCOKa NMPOV3BOAUTENHOCT,
Tbil KaTo rpadmyHMTE NPOLIECOpU Ca NpeaBuAEHM 3a paboTa ¢ nukcenu, Nnpobnemute
cneaBa fa ce cBedaT A0 WMHTepnpetaums Ha AaHHWUTe, KaTo u3obpaxkeHus ot
MUKCENMN.

MU3uncneHmne Ha xucrorpamm

YCKOpsIBAHETO Ha M34ncneHMeTo Ha 2D xuctorpammuTte e Hag 26 nNbTu B
CPaBHEHME C W34YUCNEHMETO MM BbPXy Knacuuvecku Intel npouecop. TbM KaTo
NPOLECHT U3MCKBA 3apexaaHe M YeTeHe Ha AaHHW OT naMeTTa Ha KapTaTta, o6wwoTo
yCcKopeHue e Mexay 4-8 nbtu [12]. EdheKTMBHOCTTa 3HaUUTENHO Ce MOBULLABA ako ce
bydepupat 3a obpaboTtka no-ronemMm Macueum aaHHuM (Hag 500MB) B nameTTa Ha
BMAeO KapTaTa. ToBa e 0cobeHO Mose3HO, KoraTo CTaBa BbMNPOC 3@ U34YUCTIEHME Ha
CTOTMUM XUNSAM XUCTOrpaMu, KaTo HanpuMep e ciydan € obpaboTka Ha
n3obpaxkeHus oT Bnaeo punmn. BpemeTo 3a 0bpaboTka Ha efHa XMcTorpaMa Moxe
Aa 6bae 0o 4 cekyHan, npu xuctorpama c 8 6utoBu enemeHTn n obem 128MB,
A0KaTO CcbwoTo m3umncneHmne Ha CUDA cbe 128 npouecopa n 1GB/RAM GeForce GTS
250 Tasm ckopocTt ce cHuxasa Ao 0.91-0.95 cekyHau. Taka obpaboTkata Ha
eqHo4vacoB 2MB BMAEO MOTOK LWe OTHEMe 27 MUHYTU B U3UUCIUTENIHATa CU YacT, a
npu obpaboTka Ha CTaHZapTeH npouecop we oTHeme Hag 120 MuHyTU. KbM TOBa
BpeMe creaBa Aa A0b6aBUM M BpeMETOo 3a OTBapsHe M pasKoMrpecMpaHe Ha BUAEO
KagpuTe, KOMTO anpuopu ce npaBu Ha XOCT nnatdopmata. Toi kato CUDA pabotu
ACMHXPOHHO OT XOCT nnatdopMaTa MoXe Aa Ce NOCTUrHE AOMb/IHUTENHO CNecTsiBaHe
Ha BpeMe, KaTto ce CTapTupaT HEe3aBUCUMMO MpoLecn 3a YeTeHe Ha [AaHHUM OT
AVCKOBUTE MacMBM WM TAXHOTO obpaboTeBaHe. BpeMeTo CblecTBeHO MOXe fAa ce
CHWXXW B YacTTa Kacaewum obpaboTkaTa, ako ce Non3eaT KapTu C Noseye napanesHu
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npouecopn kakButo ca: GeForce GTX 295. l0-BMCOKM YCKOpeHMst MoraT Aa ce
MNOCTUrHAT NpU TPUMEPHUTE XUCTOrpaMK, KbAeTO BeAHbX 3apedeH 6nokbT oT 100-
200 nopegHn Kagbpa ce o0b6bpaboTBa eQHOBPEMEHHO, WM Ce necTu BpeMe 3a
3apeXxAaHeTo Ha Kaapu BbB BUAEO NaMeTTa Ha KapTaTa W BpblUaHe Ha pe3ynTaTtu 3a
AOBbPWUTENHN M3umncneHunsl. CblUeCTBEHW YCKOPEHWsI ce nocTuraT npu Bpeme-
NpoCTpaHCTBeHaTa o0bpaboTka Ha wu30bpaxeHuns, ocobeHO npwu npeasapuUTENHO
CErMeHTUpaHU BM3YyanHW CLEHW, KOWTO MPOLIEC € HEOCHLIECTBMM AOPWU MPU MHOMO
MOTOYHO MpOrpamMmMpaHe BbpXy MHOIO sapeHun nnatdopmm [17].

YMHOX€EeHMe Ha MaTpULm

MHoro mMatemMaTuyecku orepauumn MoraT aa 6baaT cBefeHu A0 onepaumu C
MaTpuuM. YMHOXEHMETO M TPAHCMOHWPAHETO Ha MPAaBObIbHW MaTpULM C pasMepu
10x10 He e npobneM 3a KOHBEHUMOHANHUTE MpOLECOpU, HE3aBMCMMO OT TOBa
edeKTMBHa curHanHa obpaboTka Moxe fa 6bae nocTurHata npwu MNon3BaHe Ha
punTbpHM siApa C pa3Mepn Hag 25x25 eneMeHTa. To3m NpoLec MoXe 3HAYUTENHO Aa
6bae nogobpeH npu non3saHe Ha CUDA. lMo-gony ca AageHn ekcnepuMeHTasHu
pe3ynTatM OT YMHOXeHUEeTO Ha kBagpaTHu MaTtpuum Ha CUDA GTS250 u Intel Core
Duo 2.4GHz ¢ 1MB L2 kew. EkcnepuMeHTUTE Ca NpaBeHn C KBaApaTHU MaTpuum, HO
pe3ynTaTtuTe ca efHaKBO MNPWIOXWMU W 3a NpaBObIbAHWM MaTpuun. Cneasa fa ce
oTbenexu, 4ye yMHOXEHMETO Ha MaTpuMuM M3UCKBA MHAEKCUpaHe Ha rnobanHaTta
naMeT Ha oTAenHu 6nokoBe, U 0bpaboTkaTa MM NIOKaNHO, KaTo oblma pe3ynTaT ce
3anucBa cnes YMHOXEHUETO Ha BCMYku 6rokose. CaMO Taka CTaBa Bb3MOXHO Aa ce
M3Mon3eBa crnogeneHata naMeT KbM MyNTUNPOLECOpUTE, KOSATO paboTu MHOro no-
6bp30 1 NO3BONSIBA Napanenm3aums Ha YMHOXEHMETO U CKanupaHe BbpXy CUCTEMU C
pasnuyeH 6pon MynTUNPOLIECOPM.

BpemMme 3a
Bpeme 3a | YMHOXKeHue
P Bpeme 3a P Ha CPU Bpeme 3a
a3Mep Ha YMHOXXeHue
YMHOXXeHue (Core II YMHOXXeHue
MaTpuuaTa Ha CUDA
(float) 16 Ha CUDA (128GPU) ¢ Duo) B Ha CPU
X ba3Mepa (128GPU) o61a Kyaa (Core Duo)
P P SHARED - nporpama B Ha C
namert
pexum
DEBUG
50x50 70 ms 340 ms 12sec 2.5sec
100x100 170 ms 2750 ms 140sec 37sec
150x150 340 ms 8900 ms 440sec 120sec
200x200 800 ms 15484 ms 3350sec 670sec

7a6s1. 6 EKcriepumeHTaiHn fAaHHW OT YMHOXEHUETO Ha Marpuym
GT75250 n Intel Core Duo 2.4GHz E2220.

BbPXY
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®dypue TpaHcchopmayus

dypue TpaHcdopmaumsaTa e ocobeHo yaobeH MHCTPYMEHT Npu peanu3auusaTa
Ha CUCTEMM 3a aHanNM3 Ha CUrHaNM M n306paxkeHWst B TsAXHaTa 4YecToTHa obnacr.
Ypes 0bpaboTka Ha CUrHanuTe B YECTOTHOTO MPOCTPAHCTBO MHOMO MO-1€CHO M 6bP30
ce peanusmpaT anroputMm 3a nnHeHa guntpaums Ha 1D, 2D u 3D curHanu. [pyro
npeumywectso Ha CUDA e cbBMectuMmocTTa ¢ MEX C komnunatopa 3a Matlab.
M3non3BaHeTo Ha MNPUMUTUBM HanMucaHW 3a YMHOXeHue Ha Matpuum un dypue
TpaHchopmaums u  @dypme koHsonouuss 3a Matlab wn  LabVIEW no3sonsisa
MHOrOKpaTHO MOBWLIABaHE ObP30AENCTBMETO HA M3YUCNEHMSITA MPaBEHM C Tasw
nporpama. [OoCTMrHaTOTO YCKOpeHue e OT nopsiabka Ha 14 nbtn (kato ot 230
CEeKyHAN BpeMeTo 3a wm3uucneHme Ha 2D cnekTbp ce ceBexaa Ao 17 cekyHau
n3nonssarkn CUDA MEX daiin). KbM HacTosims MoMeHT 3a Matlab ce noaabpyka
Bepcuss CUDA 1.0 n komnunatopute Ha Microsoft Visual Studio 2005 C/C++ wnu
Visual Studio 8.

3aknueHume

Hagssam ce HanpaBeHOTO TyK 06O NpeAcTaBsiHe Ha CNOMOrHanuTe 3a
pa3suTreTo Ha GPGPU cynep-KOMNIOTpUTe ABMXELUM CUIU, KAKTO U 3aN0XEHUTE B
GPU apxutekTypaTa KoHUenuuun, Aa Morat Aa fagat obua npeacrasa 3a
Bb3MOXHOCTUTE Ha TO3u Tun cuctemMu. OT U3BbPLUEHUTE eKcnepuMeHTn be
YCTaHOBEHO, Ye NOM3BAHETO Ha HenpodeCnoHanHn BUAEO KapTy NoaabpKaLlm
TexHonornsita CUDA MoraT 3HaunTenHo Aa noaobpst 6bp30aNCTBUETO Ha
MHOXECTBO YECTO MOM3BaHN anropuTMKU B NOBEYETO COPTYEPHN NPUNOXKEHMS 3a
curHanHa obpaboTtka. Moxkem aa oyvaksame, ye CUDA npoaykTtute e npoab/mkaT Aa
HaBAM3aT BCE NO-MAacoOBO Ha Masapa 3a noTpebutenckn codTyep, B TOBa YMCIO
(PMHAHCOB, MeANLIMHCKK, CTaTUCTUYECKN u apyri. KaTto nogkpena Ha nonsaTta uM 3a
Hay4HW NPUIOXKEHNS MOXE [a Ce Kaxe, Yye B AnoHMs 6e NoCTpoeH Han-MOLIHUST
CUDA knbCTep, KOUTO ce Hapexzaa Ha 29 MSICTO cped BCUYKM CBETOBHU Cynep
kKoMntoTpu npe3 2009r. Hucknte ueHn Ha npodecnoHanHuTe Bepcun TESLA
NO3BO/IABAT NOA3BAHETO Ha MOJIEMU U3YUCIIUTENHU PECYPCU OT CaMOCTOSATENHU
YYEHU N U3CnefoBaTenu, KaTto npu Toea Te MoraT Aa nposexaaT He3aBUCUMU
nscneasaHus, 6e3 ga ce Hanara ga YakaT MalWHHO BpeMe 3a AOCTbM A0 rofiemMu
YUPEXAEHCKN Cynep-KOMMIoTPW.
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	1.а  1.б
	 Фиг. 1.а Скриншот от 3D Monster Maze - първата 3D игра за персонален компютър, 1.б скриншот от Wolfenstein 3D.
	 През 80-те години персоналните компютри не предоставят високо бързодействие нито пък имат удобен потребителски интерфейс и добра графика, което налага изчакване от около 10 години до масовото навлизане на 3D игрите. Играта, която променя света е Wolfenstein 3D, тя излиза на пазара през май 1992г. и заема колосалните за тогава 1.44MB флопи дисково пространство. И макар тази история да няма пряко отношение към научните изследвания, именно игрите създават предпоставка за разработката на нов тип видеокарти. В началото на 90-те години масово ползвани са компютрите базирани на историческия Intel 386 и в последствие Intel 486, както и Motorola 68000. Техните графични карти не позволяват интегрирането на 3D графични възможности, затова този тип приложения са прекалено бавни. Първата графична карта имаща хардуер за 3D графичен ускорител е Cirrus Logic Laguna 3D, обаче за начало на новата ера може да кажем появата на 3Dfx Voodoo през 1996г., която се счита за първият 3D графичен ускорител имащ невероятен пазарен успех сред геймърите [2]. От този момент светът на персоналните компютри се променя. Най мощните персонални компютри започват да се създават именно и заради геймърите [3]. Пазарният сегмент расте, скоро 3D ускорителите, първоначално предлагани като допълнителна PCI пратка, започват да се вграждат в стандартните видео карти, а класическите софтуерни приложения за графична обработка и 3D симулации, като 3D Studio Max, пуснат с това търговско име за Windows NT, пуснат първоначално за MS-DOS с името Autodesk 3D Studio през 1990г.,  започват да ползват възможностите на новия хардуер, който е многократно по-евтин от ползваните до момента решения на Silicon Graphics.
	 Силното развитието на графичния хардуер, както и потребителските функции за 3D графика Direct X и OpenGL, довеждат до идеята за това графичните карти да се използват за общо приложими математически изчисления, основно за обработка на изображения. За това свидетелства появата на вградени възможности във видео картите за обработка на MPEG 2 компресирано видео (ATI - Rage Series, NVIDIA - GeForce). В момента на поява на тези продукти наличните 32 битови процесорни системи работят на честоти едва достигащи 260-300MHz, което ги прави неприложими за компресията и обработката на цифрово видео в реално време. Появата на тази нова възможност в графичните карти и интегрирането и с Direct X и OpenGL значително променя погледа на програмистите занимаващи се с изчислителни проблеми към този тип хардуер. Следва да отбележим, че идеята за ползване на графичните процесори, като основа на математически системи за паралелна обработка датира още от 1978 когато компанията Ikonas Graphics Systems проектира растерен дисплей за оборудване на пилотски кабини по поръчка на NASA Langley Research Center. Това е последвано от Pixel Machine – 1989 и Pixel-Planes 5 – 1992. Бумът в развитието на графичния хардуер позволява съществено изменение на начина, по който тези системи могат да се ползват за общо приложими математически изчислителни задачи [5]. Тези разработки довеждат до общото развитие на концепцията GP-GPU (General-Purpose Computation Using Graphics Hardware http://www.gpgpu.org/) [6]. Тази концепция позволява бързото решаване на множество сложни последователни алгоритми подлежащи на паралелизация, каквито са обработката и филтрацията на сигналите, компресирането на видео, криптографски анализ, статистически изчисления и други алгоритми обработващи еднотипно големи масиви от данни. Разбира се за нуждите на сигналната обработка водещи производители на чипове, години наред, модифицират и създават т.н. сигнални процесори (DSP Digital Signal Processor), чието внедряване е предимно в специализирани разработки. В комерсиалния сегмент DSP заемат място след средата на 90-те години предимно при направа на цифрови видеокамери, видеоконферентни системи и различни научни области. Тези платформи са трудни за PC програмистите, при тях отсъства универсалност, и дори днес все още остават обект на внедряване във вградени приложения. Програмирането и проектирането на DSP само по себе си не притежава гъвкавостта на програмирането за PC. Възможностите предлагани от съвременните GPU позволява на всеки средно статистически потребител и програмист на PC софтуер да има достъп до високопроизводителни мултипроцесорни евтини разширения. При това цените на подобни платки варират между 60$-3000$ в зависимост от броят мултипроцесори (16-480) и количеството памет (256MB – 4GB). Тези системи се развиват до такава степен, че днес позволяват постигането на пикова мощност от до 1 тера флоп в една графична видео карта. За да добиете по-ясна представа за развитието на технологията при картите на NVIDIA вижте по-долната сравнителна Табл. 3. Може да се различат две основни продуктови линии Quadro, специализирана за професионални графични приложения и GeForce предназначена основно за крайния потребител и геймърите. Следва да се отбележи, че FASTRA II е базиран изцяло на комерсиална технология от 6 двуядрени GTX295 и 1 едноядрена GTX275.
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