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Beenmenue. OnuuM 13 OCHOBHBIX METOMOB MOJIYUEHHS TPEXMEPHBIX M300paKeHuil B COBpe-
MEHHBIX TPUJIOXKEHHUIX PeaIbHONO BPEMEHU SIBISETCS PAacTepPU3alus MOJIUTOHAIBHBIX MOMIEel.
Omuaxo CyIIeCTBYIOT 3a0adul, KOTOPBIE CIIOXKHO PEHIaloTCsS MAaHHBIM METONOM, HAIIPUIMEp MO-
IeJIMPOBAHNE MHOTOTPAaHHUKAMEU 00BEKTOB, MMEIOIINX HEeYeTKYI0 (POpMY, KOTOPBIMU SIBIISIOTCS
pasInyuHbIe MPUPOMHBIE SIBIEHUs: ObIM, Map, OrOHb, MbIIb, OpBI3TU Bombl. Hambosee sddex-
TUBHBIM METOIIOM MOMETNPOBAHUS MAHHBIX OOBEKTOB SBIISETCS CUCTeMa JacTuil. Kaxmnoe mpu-
pOOHOe sIBJIeHNe MPencTaBIsIeTcss HAOOPOM YaCTHUIl, ONPeNessIIoINM IPOCTPAHCTBEHHBIH 00BeM,
3aIMOTHAEMBI TaHHBIM aMOP(OHBIM 00beKTOM. CKOPOCTh peHIepUHTa U AaHUMAINN YMEHbITaeT-
CsI C POCTOM 4YHCIa 00pabaThIBaeMBIX YaCTUIL, TTPU DTOM YBeJINUeHNe X KOJMIeCTBA MOMOTAeT
noJy4YaTh Oojiee peanucTuuHble w300pakenus. OOBIYHO B MPUJIOKEHUSIX PEATHHOTO BPEMEHN,
TaKnX KaK KOMIbIOTEPHBIE UTPHI, equHOBpeMeHHO oOpabaTwiBaeTcs oT 5000 mo 10000 wacTwuir,
MOCKOJIBKY MCIIOJIB30BAaHME OOJBIIEr0 KOJINIECTBA OCIOXKHIETCSI OTPAHNYEHHBIMI BBIUNCITNTETb-
HBIMI PECYPCAMIU.

o HemaBHETO BpEMEHU AHUMAINS YaCTUIl PEeAIN30BLIBAJIACH HA MEHTPATBHOM IIPOIECCO-
pe, a pacrepusaius TPON3BOANIACH C MOMOIIBIO Tpaduueckoro akceaeparopa. OmHAKO B mpu-
TOXKEHWSIX BUPTYATBHOW PEATbHOCTH IEeHTPABHBLIN TPOIECCOp UCIONB3yeTCs He TOIBKO I
MAaCCUBHBIX MaTeMAaTHUeCKUX PacueTOB, KOTOpPbIe TPeOYIOTCS IJisi OOHOBJIEHWS COCTOSIHUSI CH-
creMm dacTuil. [IpomeccopHoe Bpemsi TpaTuUTCsS TakXke Ha 0O0pAOOTKY Pa3INUHBIX COOBITHITHO-
OPUEHTUPOBAHHBIX CHCTeM (rpaduueckuii HHTepdEic MOIb30BATENs, CUCTEeMbI NCKYCCTBEHHOTO
MHTEJIEKTA), 3arPYy3Ky HaHHBIX C KECTKOrO IUCKa, 0OpaBGoTKY B3aUMONENCTBIs OOBEKTOB BUD-
TyaJIbHOTO MUpa 1 npyrue 3anadun. C mosBIeHIeM BIICOKAPT, 0012 0A0INX TPOTPAMMIPYEMbIM
KOHBEWepOM, CTAJ0 BO3MOXKHBIM MPOW3BOMNUTE MaTeMaTUUecKne pacdeThl 6e3 UCIOTB30BAHUS
HEHTPAJIBLHOTO Tporeccopa. ['padudeckuii akcemepaTop 06/amaeT BBICOKOMPON3BOMUTETHHBIM
mapaliieIbHBIM BEKTOPHBIM ITPOIECCOPOM, TO3BOJSIONINM OCYIIECTBISITEH OOJbIIIe BEeKTOPHBIX
omepanuii B eQUHUILY BPEMEHU, UYeM IPOIeccop oO0Iero HazHaueHus. Vcmosab3oBaHUe BUIEO-
KapTHl B KAUeCTBe MaTeMAaTUIECKOTO COIPOIECCOPA MO3BOJISIET YBEININTH KOJINIECTBO YaCTHIL,
IPUCYTCTBYOIINX B TPEXMEPHOM CIIeHe, N0 OeCITKOB ThICcS4. [[epeHOC HArpy3KN! ¢ IeHTPATBEHOTO
poleccopa TakxXke MaeT BO3MOXKHOCTh YBEeJIUUYUTH BpeMs 00paboTKN OpYyTrux 3amnad, HAIPUMeED
CKeJIEeTHON aHUMAIINN.

Ha maHHBIT MOMEHT yXKe CYIIeCTBYeT psa paboT, OMUCBHIBAIOIINX UCIOIb30BaHUE Tpadu-
YECKOTO YCKOPUTENs B Ka4eCTBE COMPOILEccopa IJIs aHUMAIun cucteM dacTtuil. Tak, B pabore
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[1] ommcasbl OCHOBHBIE WIEN aHUMALNKM YaCTHUI Ha Bumeokapre. B [2] meranbHO ommcad ai-
TOPUTM ONTUMU3AINN COPTUPOBKM YACTUIl Ha Tpaduueckom yckopurene. OmHako B paboTax,
MOCBSIIIEHHBIX PACCMATPUBAEMOMY BOIIPOCY, YOESIIOCh MaJi0 BHUMAHUST OAJTAHCUPOBKE BBIUNC-
JUTELHON HATPY3KU MEXKIY MEeHTPAJIbHBIM MPOIECCOPOM U BUICOKAPTO. Takixke MO CUX TOP
He OB TIPEeNCcTAaBIeHBI MOAXONB! K YMEHBIIIEHWIO MOTOKA MAHHBIX MeXTYy Tpadudeckoil n Cu-
CTeMHOHN MaMsITbIO, BeIUYNHA KOTOPOTO HANPSIMYIO BAUSET Ha CKOPOCTH OOPAOOTKHU MaHHBIX
CHCTEMON aHUMAIIUYW YACTUI] B IETIOM.

[lenbio maHHON PAOOTHI ABISETCS CO3MAHNE YHUDUITNPOBAHHON TPOT PAMMHOI CIUCTEMBI O~
MEepXKKNA PA3NUUYHBIX MOOEeNeil aHUMAIUW YaCTUIl, UCIOIb3YIONeil 3(pOeKTUBHBIE AITOPUTMBI
CXKATHUS MOTOKA JAHHBIX MEXKIY CUCTEMHOI U BIAeONaMIThio. B Xome ee peanu3anuu npemnioxeH
AJITOPUTM AHUMAINN YACTUIL, OATAHCUPYIONINT HATPY3KY MEXNY BRIUYUCINTEIbHBIMI allapaT-
HBIMHI MOIYJISMU CUCTEMBI, HA KOTOPOH 3amycKaeTcs MpuiloxkeHne. Takxke pa3paboTaH HOBBIT
MOMXOMN K MOCTPOEHUI0 W aHUMAaIu (GOPMBI YaCTHUIBI, NCIOIB3YIONINI BO3MOXKHOCTHU MPOTPaM-
MUPYEeMOTO BEPIITUHHOTO KOHBelepa BUIEOKAPTHI.

ITocTanoBka 3amaum. [[;19 COBpeMEHHBIX MPUIOKEHUN BUPTYATbHON PEATbHOCTH MTPUEM-
JleMoll 9acTOTOl OOHOBIeHUs m3o6paxkenus cuntaercs 30-60 kamp./c, uro cocrasmseT oT 33
mo 17 mc Ha 06pabOTKY OmHOTO Kampa. VcciemoBaHUS MOKa3al, UTO MPUEMIIEMBIM BpEeMeHeM,
3aTpaunBaeMbIM Ha 00pabOTKY CHCTEMBI YaCTHII, SIBIISIETCS M0 D MC PAOOTHI BUIEOYCKOPUTES 1
MEHTPAITBHOTO TPOIECCOPA TTPU 3aMyCKe TPUIOKEHNS HA TUMTMYHON KOHPUTYpAInn armnapaTHON
miaTdopmbl (manee «ueneBoit»): neHTpaibHbil mporeccop Athlon X2 Dual 4600+, Buneokapra
GeForce 8800. IIpu peanusanuum cucTeMbl HEOOXOMUMO YUECTh HAJIUUNE Y TOIb30BATENEN 11~
POKOTO CreKTpa rpaduieckux akcemepaTopon. laHHas 0COOEHHOCTb TPUBOAUT K TPeOOBAHUIO
MAaCIITabuPyeMOCTH HPUIIOKEHNs Ha pas3IndHble anmnapaTHele miaTdopMbl kak HoBee (GeForce
8xxx, Radeon X2xxx), rak u npouutsix nokosnenuii (GeForce 5xxx, Radeon 9xxx).

PeanmuctuunocTh MOTyyaeMoro m300paKeHusl HAPSMYIO 3aBUCHUT OT KOJIMYECTBA UACTHUII,
HCIOJTB3YEMBIX [IJIS HOCTPOeHUs TOro uin nHoro sddexra. [Ipu peanusanun psna >phekToB BbI-
SBJIEHO, YTO IJISI MOCTUXKEHNST BHICOKOTO YPOBHS ITPABIOIOAOOHOCTH MOy IaeMOro N300paKeHms
B IIPUJIOKEHNUN BUPTYAJIbHON PEATbHOCTH PEATTHHOTO BPeMeH!, HAIIPpUMep B aBTOMOOMITBHOM CH-
MyJIATOpPE, HeoOXonumo ucnoiib3oarhb oT 4000 mo 7000 vactui. OgHAKO ¢ yIETOM MOCTOSHHOTO
pocTa ypoBHS TpeOOBaHWN K MPUJIOKEHUSM BUPTYAJBHOU peaJbHOCTHU IejiecooOpa3Ho obecte-
InTh nonaepkKy annMarnun no 16000 gactui.

TunuaasiMu TpebOBaHUSIMU, TPEIbIBIIEMBIMI K CHCTEMe YACTHIL, SIBJISIOTCS OOJIBIIIOE KO-
JNYEeCTBO HACTPANBAEMBIX MOMeNIell aHmMAaIn YaCTUIl T BOBMOXKHOCTD CO3MAHUS PA3INIHBIX TI0
CTIOXKHOCTH (HOPM IACTHI] (OPHEHTUPOBAHHBIE K OPTY MPOCMOTPA IMPAMOYTOIBHUKHY [3], BBIMYK-
Jible MHOTOTDAHHUKH U TPOUNE TMOTUTOHATBHBIE Momenu). [Ipu oTCyTCTBUN, HAPUMED, KAKOl-
nubO MOOeN! AHUMAIAW TTPOTPAMMUCT, TONAEPXKUBAIONINNA CHCTEMY YaCTHUIl, HOJKEH WMeTh
BO3MOXKHOCTH OBICTPO, HE BHOCS WM3MEHEHWH B CYIIECTBYIOIIUN TPOTPAMMHBIN KOI, peajim30-
BaTh TpebyeMyo GYHKINOHAIBHOCTD, T. €. CHCTeMa, YaCTUIl JOJIXKHA ObITH JIETKO PACIIUPIeMOn
1 HAaCTPanuBaeMOii.

Taxum o6pa3om, Ha OCHOBE MPEIbIBICHHBIX TPeOOBAHUN MOXKHO CHOPMYIUPOBATDH CIEMY-
IOIIIIe XapaKTePUCTUKNA CUCTEMBL:

1) mommepxka annManun 10 16000 gacrur;

2) Maoe BpeMs, 3aTpAuMBAEMOe CHCTeMOW Ha 06paboTKy Kampa (mo 5 MC) Ha meneBoil
miaaTdopme;

3) mommepKKa MUPOKOrO Pana TPadUUecKIX aKCemepaTopoB;

4) mpoCTOTA PACIINPEHUS] AITOPUTMOB AHUMAINY TACTHUII.

ITpoexkTupoBauue cucrembl. O0paboTKa CHCTEM YACTUIl, KaK yKe OTMEYAJIOCh paHee,
ABJISIETCS BBIYUCIUTEIBHO CIOXKHON 3amadeil. OOHOBIEHNE COCTOSHUS YaCTUIBI TPeOyeT Kak
BEKTOPHBIX orepanuii (0GHOBICHNE TO3UIUN U CKOPOCTH, 00pAaBOTKa CTOIKHOBEHUI, BpAIIIeHIe
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U T. [I.), TAK U CKAJISPHBIX (aHUMANMs IPO3PAYHOCTH, pasMepa 1 T. 1.). OGHOBIEHNEe COCTOSHUS
CHUCTEMBI YACTUIl MOXKHO PA3HeNINTh Ha CIEIYIOIINe TATbI:
1) co3manue u ynajieHne 4acTHIL;
) BBIYHCJIEHIE HOBBIX MO3ULIUI U CKOPOCTEIL;
) 06paboTKa CTONKHOBEHUIT ¢ NPYTUMI OObEKTAME BUPTYAIBLHOTO MUPA;
) COPTUPOBKA UACTHIL,
) mocTpoenne Gydepa BepIINH Momesell, ONNCHIBAIOIIMX GOPMY YaCTUIBL;
6) aEuMarys GOPMBI YACTHUIIBL.

Ot W N

BanmancupoBka Harpyskm LEHTPAJILHOrO mporeccopa m Buaeokaprthbl. Cozmanue
7 yIoajieHne YacTUIl SBIISIOTCS ONepanusMu, TpeOYIOIINMI TPOU3BOJILHOTO NOCTYIA K TaMsITH
7 GOJIBIIIOTO KOJINYEeCTBA BETBJIEHUN IJIS TPOBEPKU YCJIOBUI HEOOXOOMMOCTH yHAJEHUs, 9TO B
CHITY alllapaTHBIX OTPAHUYEHNN He MOXKeT ObITh 3G (PeKTUBHO pealim30BaHO C MOMOIIBIO rpadu-
yeckoro yckoputens. [losTtomy Hanbomee onTUMAIBHBIM OYIET MPOU3BOAUTE TAHHYIO OIEPAIINIO
Ha TPOIeccope OOIIero Ha3HAYEHMS.

O6paboTka OBUXKEHUS W CTOJKHOBEHUS YACTUIL C IPYTUMU 00BEKTAMU BUPTYAJTHHOTO MU-
pa TpebyeT GOJIBIIIOTO YNCIa BEKTOPHBIX onepanuii. [{1s yMeHbIIIeHUsT KOJTMIeCTBA BEIUNC/ICHUI
IpU AHUMAIINY IBUKEHUS He YUNTHIBAETCS B3aNMMONENCTBIE YaCTHUI] IPYT C IPYTOM, YTO MO3BO-
aseT 0OpabaThHIBATh YaCTUIIBI TAPAJIICIBHO U HE3aBUCUMO APYT OT npyra. [losTomy mHambosee
5 GEeKTUBHO MPOBOANTEH 00PAbOTKY MBUKEHUS YACTUI], MCTOJIB3Ys BO3MOXKHOCTH TPOTPAMMU-
pyemoro KoHBeliepa rpaduueckoro yckoputess. [IporpaMmupyembrii 6;10K BEPITUHHOTO KOHBET-
epa He MO3BOJIIeT HANPIMYIO COXPAHATH B MaMITh KaKue-anbo pe3yibTaThl BHIUYUCIEHUH, 9TO
co3MaeT TPYMHOCTU TMPHU ydeTe BIIUSHUS Ha IBUKEHUE YaCTUILI cTOXacTudyeckux cuji. Hambo-
Jiee TIOOXOMSIIINM aJITOPUTMOM SBJISIETCS NTePATUBHAS AHUMAINS IBUXKEHUS C UCIOTH30BAHIEM
IPOrPaAMMUPYEMOTO MTUKCETHHOTO KOHBellepa BUIEOKAPTHI, allllapaTHAS apXUTEKTypa KOTOPOTO
MO3BOJISIET TPOM3BOANTD 3aNUCHh W YTEHNE N3 CHeNNaJIbHON 00IacTI BUOEONAMITH — TeKCTYpP-
HOU MaMSITH.

YnopsnoueHne YaCTHIL IO YOAJIEHHOCTN OTHOCUTEIBHO HAGTI0OATEe I HeOOXOMUMO M1 KOP-
PEeKTHONH pabOTHI aJATOPUTMA B3BEIIEHHOTO CMENTUBAHUS, C TMOMOIILI0 KOTOPOTO Peamm3yIoTCs
MOy IPO3padHbie yacTunsl. 1o manueiM, npusonuMbiM kommnanuein ATI (Kaunanma) [4], copru-
poBka 16000 umcen ¢ mraBaoIieil TOYKOR ONUHAPHON TOUYHOCTH cocTaBisgeT 4,2 mc Ha Radeon
X800 XT, uro He ymOBIEeTBOpPSAET OTPAHWMYEHUIO, HAJOXKEHHOMY HA BpPEMeHHBIE 3aTPAThl IpH
MOCTAHOBKE 3a7aun, U TpebyeT MpoBeNeH!s] COPTUPOBKN YACTUIl HA MEeHTPATLHOM TPOIECCOpPE.

3amaua TOCTPOEHUS MOINTOHATBLHBIX MOE el Ha OCHOBE BBIUIC/IEHHBIX KOOPANHAT IEHTPOB
JacTuIl pa3dbmBaeTcs Ha OBa »Tama. Heobxommmo aHMMUPOBATH MapaMeTphl (OPMBI YaCTUITHI
(IpO3pavHOCTD, pasMep U Ap.) u chOPMUPOBATEH OydGepsl BEPIINH ¢ MOCIEAYIOIIel pacTepu-
3alueil BUIEOKAPTON CONEPXKAIIMXCS B HUX MOJUTCOHAJIBLHBIX Momeneil. AHmMmamuo GOpMEI da-
CTUIIBI, B CUJTY HE3aBUCUMOCTHU 0OpabaTHIBAEMBIX MAHHBLIX U HEOOBIIIOTO YUCTIA BHITTOTHSIEMbBIX
omepanuii Ha OMHY BePINWHY, ONMTUMAILHO Pa3MeCTHTh Ha BEPIINHHOM KOHBelepe BUIeOKAPTHI.

[Tockonmbky rpaduuecknii akcenrepaTop u MeHTPAIbHBIN TPOIECCOP MOTYT MPOM3BOAUTH BhI-
YUCIIEHNST OMHOBPEMEHHO, BaXKHO HE TOJBKO pacHpenesieHne BEIUYNCINTETbHBIX 33029 MeXKIy HI-
MU, HO U TMapaJiIe/IbHOCTh BBIMOJHEHUS 3TuX 3amad. [Topsmok BBIIOTHEHUs >TamnoB 00pabOTKu
JACTUIl B PEAJTM30BAHHON CHUCTeMe TMOKa3aH Ha puc. 1.

O6HoBIeHUE TO3uHuUK YacTun. Kak ObII0 yIOMSHYTO BHIIIE, B pa3pab0TaHHON CHCTEeMe
BBIOpAH MTEPATUBHBIN CIIOCOO BBIYMCIIEHUS MO3UIINI YacTUIl Ha Tpaduaeckom yckopurese. Ko-
OpPOMHATHL YaCTHUIBI HA TEKYIIIeM KaJApe BBIYUCISIINCH 0 KOOPOAWHATAM MPENbIIYIIero Kaapa.

B kauecrse amropurva 06pabOTKH AHUMAIMN WCTIOIB30BAH MOIXOM, NPEIJIOKeHHBIN B [1].
Heobxonumbie mias aHUMAINU OBUXKEHUs YACTUIl JaHHBIE MEPEHAl0TCsS Ha BUICOKAPTY B BUIE
IBYX TEeKCTYP, comepxkarmux B cBoux RGB-kanamax XY Z-KOMIIOHEHTH BEKTOPOB KOOPIMHATHI 1
CKOPOCTU YaCTUIL C MPeabIAyIeil nTepamnuu o6padboTku. KaXabiit KaHaJI TeKCTYPhI TTPeACTaBIeH
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Puc. 1. Tlopanox BBIMOTHEHUS 3a1aY AHUMAIIAY YACTHUIL

BEIIECTBEHHBIM UNCJIOM C TMJIABAIOIIEH TOUKON OJIs MOCTWXKeHns TPeOyeMoil TOUHOCTU BBIUNCIIe-
uuii. Hamuune werBepToro kanana (anbba-kaHana) B TEKCTYPe TaeT BO3MOKHOCTD MepeiaBaTh
B BHUIEONAMSTh HOMOJIHUTEIbHBIE TapaMeTPhl. Tak, B ajdbda-KaHajle TEKCTYPHI MO3UINI pa3Me-
IITAJI0CH 3HAUEHNE CUJIIBI, MeNCTBYIOIEN HA YACTHUILY, YTO TMO3BOIUIO NOCTUYL O0OJIee peaaTncTud-
HOU aHUMAIINU, a aJib(a-KaHaJ TeKCTYPhI CKOPOCTEN MCITOIb30BAJICH IS COXPAaHEHUS BPEMEHU
CTOJKHOBEHUS YACTUILI ¢ IPYTUM OOBEKTOM BUPTYAJIBLHOTO MuUpa. Kaxmol gacTuie cooTBeT-
CTBOBAJI MUKCEIb U3 MPSIMOYTOJIBHOW 00JACTU TEKCTYpP KOOPAWHAT W cKopocTeir. Kaxmas 06-
JTacTh comepKala MUKCeTN, XPAHIIIne COCTOSHAE YacTHIl, 0OTaIaBIINX OMWHAKOBOW MOOEIbIO
anuManun aBrmkenus. OOpaboTKa YACTHUIl JOCTUTAETCS pacTepu3alneil MpsIMOYTrOIbHUKA, 3a-
HIMAIOIIEro B Oydepe Kampa MUKCeIbHYIO 0071aCTh, PABHYIO 00TACTU TEKCTYPHI, COmepkKaIlllei
nHOOPMAINIO O COCTOSHUN YACTHUILI JAHHOTO THUIA. 3AINCh Pe3yJIbTATOB PEHIEPUHTa, TTPOU3-
BoouTCSI He B Oydep Kampa, a B TEKCTYPHI-TPUEMHUKHN MaHHBIX. Vcmomb3oBaHMe TEXHOIOTHN
MRT (multiple render target) [5] mo3BonmIO TPOU3BOAUTEL PEHAEPUHT B HECKOIBKO TEKCTYD OIl-
HOBpeMeHHO. [locme ouepenHoil mTepanun paboOTHl aJITOPUTMa COOEPKUMOe TEKCTYP MO3UITUIA,
CKOPOCTeW W OPYTWX MAHHBIX TEKYIIETO Kalapa KOMUPYEeTCS M3 BUOEOMAMITH B ONEPATUBHYIO
HaMATh. 3aTeM TEeKCTYPBI-MCTOUHUKN W TEKCTYPHI-IPUEMHUKHN MAHHBIX MEHSIOTCS MeCTaMU.
Benencrue anmapaTHOro orpaHnueHns Ha KOJINYECTBO MHCTPYKIIUI, BBITOJHIEMBIX MTPOTPaM-
MUPYeMBbIM OJIOKOM MUKCEeTHbHOTO KOHBeliepa Ha ¢parMeHT HAaHHBIX, HEOOXOOUMO Peaan30BBIBATH
KAXKIYI0 MOIENIb aHNMAILUN NBIKEHNS YaCTHIEL (MOJET B 10Je MPABUTALNN, NPIMOINHETHOE
IBUXKeHNe ¢ 06pabOTKON CTOMKHOBEHUIT U T. I.) B BUMIE OTOETBHOrO GIO0KA IPOrPAMMHOTO KOIA
(MUKCeTBHOTO MIeiiiepa), mapaMeTpU3yeMoro HaGopoM uncen (IIefiiepHbIX KOHCTAHT). Tummd-
HBIMU TTapaMeTpaMu IIefiiepa aHNMAaIuu OBIKEHUS SBJISIOTCS: MAaTPUIa TpeoOpa3oBaHUS U3
MUPOBOI B CHCTEMY KOOPIWHAT HAOIIOMATENs, BpeMs, TPOIIeIIee ¢ MOCTeqHer0 OOHOBIEHUS
COCTOSIHUS YaCTUI], 1 KOOPIAMHATHI TJIOCKOCTEHN, C KOTOPHIMHU PACCUNTHIBAJINCH CTOJTKHOBEHUS.

Bo3MOoXHOCTE cOXpaHEeHUS B MAMSATH YHUCEN ¢ IIABAIOIIEeH TOYKON ITO3BOJISET UCIOIB30BATH
NUKCeJIbHBIN KOHBellep He TOJIBKO MJIsS pacdeTa CKOPOCTel W MO3WUINil 9aCTUll, HO U IJISl BBIUNC-
JIeHWs OPYTUX BEUYNH, TAKWX KAaK z-KOOPOWHATA IEeHTpa YaCTHUIBl B CUCTeMe KOOpAWHAT Ha-
OsTromaTesIs U BpeMs U TOYKA, CTOJKHOBEHUS YACTHUIIRI ¢ KaKUM-JII00 OOBEKTOM BUPTYaAJIBHOTO
Mupa. g pa3MelreHns TakKux BeIUYNH HCIOTB30BAIACH NOMOTHUTETbHAS YeThIPEXKaHATbHAI
TEKCTYPA.

Auumvanus dopmsbl gactui. [locme cOpTUPOBKE YACTUIl MPOUCXOMNUT 3ATOTHEHUE Bep-
IMITHHBIX OydepoB u mepemada KOMaHI HA pPacTepu3alunio rpadudeckoMy YCKOPUTEI. lak xe
KaK W TUKCETBHBIN, MPOTPAMMUPYEMBIN BEPIITUHHBIT KOHBeliep O0BIIOT0 YUCIa BUIEOKAPT NMe-
eT OrpaHUYeHNe Ha KOJIMIEeCTBO ONEPALNil, BBIMOIHIEMbIX HAIl ONHON BepiimHOil (10 256 Bek-
TOPHBIX THCTPYKINUIT OIS TpadpuiecKuxX yCKOpuTenaell MUHIMAIILHON NOMIepKUBaAEMON IaTdop-
MBI), YTO [EJIAeT HeBO3MOKHBIM HAIMUCAHUE eIUHCTBEHHON MPOrPAMMBL ¢ OMEPATOPAME YCIIOB-
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HOTO Tepexofa Mjis BCeX BO3MOXHBIX THUIOB aHuUMalnii. Peamm3ainus KaKmooll aHUMAINOHHOM
MOJIEJIN TTPENCTABIISIET COOON OTAETBHYIO TPOTPAMMY — BEPIINHHBIN mieiaep. TunuaasiMu aHu-
MAaIMOHHBIMU ITapaMeTPaMI BEPIINH TeOMeTPUN YaCTUIBL IBIISIOTCS: IBET, ITPO3PAYHOCTD, OPU-
eHTalnsl OTHOCUTE/ILHO HAOII0maTeNs, pa3Mep, TeKCTYPHbIe KOOPAMHATHI, CKOPOCTH U NIPYyTue
aTpuOyThl. KpoMme aHUMAIIMOHHBIX TapaMeTpOB HEOOXOMWMBI MAHHBIE IS MOCTPOEHUS CaMOU
(hOpMBI, HATTpUMED MATPUIA MTPeoOPA30BAHUS MUPOBOW CUCTEMBI KOOPOWHAT B CHCTEMY KOOP-
OUHAT HAGTIOMATENS IS MOCTPOEHNs TTOCTOSHHO MOBEPHYTHIX K HAOIIOMATENIO CIPAiToB [6],
NpUMeHsSeMBIX PN peanu3annn TakuX 3PGeKToB, KaK ObIM WM TaJi0 BOKPYT NCTOYHUKA CBETA.

ITepemaua maHHBIX Ha rpad@uyYeckuii yCKOpuTenab. AHuManus GOpMBI YACTUILI Tpe-
6yeT 0O0pabOTKU BOIBIITOTO KOTUUECTBA TapaMeTPOB, MPOIECC N3MEHEHU KaXKIOTO U3 KOTOPBIX
330aeTCs pa3IMIHBIME CIIOCODaMU, HAPUMepP MPO3PATHOCTD U IIBET OMPENeNsoTCsS TPaduKkoM
KYCOUHO-TUHEWHOW (DYHKIIUHU, a YTOJ MOBOPOTA M pa3Mep BBIUHCISIOTCS O HAYAJILHOMY 3Ha-
YEHUIO0 U CKOpOCTH pocTa. CyIecTByeT OBa cmocoba mepemadun MaHHBIX B BUOEOKAPTY IS 00-
pabOTKN HA BEPUINHHOM KOHBelepe: MepBblil — aTPUOYTHI BEpIIUHBL (I[BET, TEKCTYDPHBIE KO-
OPIOUHATHL W T. I.), BTOPOil — IIeliepHble KOHCTAHTHI (HAOOD UHCEN ¢ IIABAIOIIEH TOUKOIL,
OCTAIOLINICS HEM3MEHHBIM B T€UEHUEe OTPUCOBKU HAGOPA MPUMUTHUBOB BUICOKAPTOIl).

AnnMarus GONBIIIHCTBA MapaMeTPOB TpeOyeT HAUYAILHOIO 3HAUEHNS, II0 KOTOPOMY pac-
cunThIiBaeTCs Tekyiiee. [Ipu MomenmupoBaHuy TPUPOMHBIX SIBJICHWH HavabHOE 3HaUeHUE 0OJTh-
MINHCTBA MapaMeTPOB SIBIISIETCS] CIIy9IallHON BeJIMYMHON 1 MOYXKeT OBITH Pa3HBIM y YacTuil, 00-
JTANAOIINX OMUHAKOBOI MONENIbI0 aHUMANN (HAYAIBHBIA pazMep 06IaKa MbLIN, BPeMs KU3HU
kiayba meiMa u T. 0.). [lepenaua Takux napaMeTpoB aHUMALUK dYepe3 HIefiiepHble KOHCTAHTHI
npuBeneT K OOJIBIIIOMY YHUCIIY BBI30BOB MPONENYPHl OTPUCOBKW NPUMUTHUBOB, UTO HETATUBHO
CKasKeTCsl Ha MPOM3BOOUTeNbHOCTH cucTeMbl [7]. [TosToMy B paspaboTaHHON cHCTeMe Hauailb-
HBIEe 3HAUEeHNS] aHNMAIINOHHBIX TTaPAMeTPOB IIepealoTCsl B BEPIINHHEII Ieiinep dyepe3 aTpudyTh
BEPIIIUH.

YacTuiel, obamanme OqUHAKOBON aHUMAIMOHHON MONeNTbio (pOpMBI, Takke 006/1amaroT
HAOOpOM OO0IIIMX MmapaMeTpoB. TaKOBBIME SIBISIOTCS MPOEKIIMOHHAS MaTpWUIlA U MaTpUIa Ha-
OmomaTens, IINTeTbHOCTH TEKYIIETo Kaapa, TpaduKn aHIMAINN TPO3PAYHOCTH U IIBETA, HAOOP
TEKCTYPHBIX KOOPAUHAT U APYTHe MaHHBIE. DTU MapaMeTPhI ePenaloTcs B BEPIINHHLIN Ieiinep
B Bu€ KOHCTaHT, UYTO YMEHbIIaET MOTOK OaHHBIX B BIOECOIaMATh U3 CHUCTEMHOU HaMSITH.

YnakoBka BEPIIMHHBLIX JAaHHBLIX. B mporecce pa3paboTKu OBIIO BHISBIIEHO, ITO ONEpa-
IS 3aII0THEHN S BEPIIUHHOTO Oydepa TpebyeT HempueMIeMO MHOTO BpeMeHn. 71 yMeHbITeHu s
BPEMEHHBIX 3aTpaT Ha GopmMupoBaHme Oydepa BepIInH OLIIN UCIOIB30BAHEI MBa MeTona. [lep-
BBIll, M3BECTHEIN Kak “pseudo instancing” [8], mo3BonseT yMEHBUINTL KOMMUYECTBO NAHHBIX, TI6-
penaBaeMbIX ¢ KaxKIOi BEPITNHOW 1 HEOOXOMMMBIX IJIS €€ CIBUTA PN aHIMAIIIH TTOJTUTOHAILHON
dhopMBI YacTuIbl. BTopoit MeTon cokpariieHus oobeMa mepenaBaeMbIX JaHHBIX UCIOIb3YeT CHU-
JKeHne TOYHOCTU MepenaBaeMbIX aHNMAIMOHHBIX IMapaMeTpPOB — YHCEN C IIABAIOIICH TOUKOM
(cKOpOCTB BpallieHus, KO>hOUIMEHT TUHENHOTO PACIIUPEHUS U IP. ).

Kaxmoe amemo ynakoBBIBAJIOCH B ABa OaiiTa. B cTapimmii 6afiT 3annchiBaIach meas 9acTh,
B MJTAMIINi 6aiT — mpoOHas. PacmakoBka MaHHBIX MPOBOAMIACH B BEPIINHHOM Ieiinepe. bra-
rogaps MCIOIL30BAHNIO OMICAHHBIX IIPUEMOB pasMep Oydepa BepmuH Ob11 yMenbineH Ha 30 %,
UTO COKPATUIIO BPEMs €ro 3aIlofHeHus Ha IeeBoil miaTdopme B 2 pasa (¢ 5 mo 2,5 mc/xamp).
CrnencTBueM UCIOIB30BAHUS YIAKOBKU MAHHBIX CTAJO YBeIUUYEHNE BpeMeHU pabOTHI BEPIINH-
HOTO Iiefinepa aHuMaiuu GopMel, coctasusitee s 16000 wacrui 0,5 Mc/xamp.

TecTupoBanue mpou3BOOUTEIHLHOCTN 06paboTkm yacTui. B kauecTBe TeCTOBOI Cu-
CTeMBbI YacTull ObLT peajn3oBaH >MuTTep, ucnyckasmuii ot 1 go 100 gactun 3a kanp. Kaxmas
gacTuia ob1anana psaoM aHIMIPYEMBIX TapaMeTPOB: IPO3PATHOCTHIO, Pa3MePOM, YIJIOM IOBO-
poTa, TeKCTypHbIME KoopauHaTaMmu. Popma d4acTUIbl mpeacTasisiia coO0i YeThIPEeXYTO/IbHIUK,
OPUEHTUPOBAHHLIN K HabmomaTe o. Momenbio nNBUXKeHUsT BBIOPAH MOJIET B IMOJIE TPABUTAIINN
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¢ 06pabOTKOI CTOJKHOBEHWIT C OMHOW MJIOCKOCTBHIO. [IpuBenmeHHbIE XapakTePUCTUKN AHUMAIIN-
OHHOI MOIeN TUNUYHBI OJs1 OOJBIINHCTBA CUCTEM YaCTUIl, MOOEJIUPYIOMINX Takue 3PPeKTHI,
KaK IbIM, OTOHb, MbIJIb, TYMaH, UCKPHI U APyrue TPUPOmHBIE sBieHus. [[pon3BognTenbHOCTH
peann3anun OMUCAHHOW B MpemjiaraeMoll padoTe CUCTEMBI, NCTOIB30BABIIEN CMEITaHHBIN TTOI-
xom K 00pabOTKe JYacTHIl, CPABHUBAJIACH C MPOU3BOOUTEIIHLHOCTHIO KJIACCUYECKON peaIm3aIiunm
CUCTEMBI YACTUIL, OCYIIIECTBIISBIIEN aHIMAIINIO TTOJTHOCTHIO HA MEHTPAITBHOM MPOLECCOPeE.

Kak yxe ymomMmHamoch, mociae oOpabOTKN OBUXKEHUS YaCTHUIl MPOUCXOOUT Iepemada pac-
CUNTAHHBIX Ha Tpa@uIeckoM YCKOPUTEeNe CKOPOCTEN, MO3UNNH W MAHHBIX NS COPTUPOBKU W3
BUICONAMSITH B CUCTEMHYIO MaMATh. BpeMs BBITOSTHEHUs >TOTO ATala 3aBUCUT OT IIUHBI TaH-
HBIX, Ha KOTOPOH pabOTaeT BUOEOKAPTAa. Y CTAHOBJIEHO, UYTO Mepemada WHGOPMAINN 3aHIMAEeT
5 mc mo mmuae AGP 4x m 0,136 mc mo mmue PCI Express x16. Ilockonbky mpenmomaraemoit
IIINHOM MAHHBIX IeneBoil miaaTdopmel asiasercas PCI Express, To Takme pe3ynbTaThl MOXKHO
MPU3HATH YIOBICTBOPUTEILHBIMI.

Takx xax BumeokapTa U MEHTPATBHBIN ITPOIECCOP MPOU3BOMAT BBIUUCICHUS TAPAJIIETbLHO,
TO 3a BpeMs 00pabOTKI YacTUIl CUCTEMOM, NCIOIb30BABIIEN CMEITAHHBIN MOMXOM, BEIOPAHO MaK-
cUMaJIbHOE BpeMs paboTHI OMHOTO M3 YCTPOHCTB. B Xome TecTwmpoBaHUS Ha BCeX amMapaTHBIX
mmaTdopMax BpeMs pabOTH MEHTPAJIBLHOTO TPOIECCOpPa MPEBHIIAIO BpeMs pabOThl BUIEOKAP-
Tel. Kak BumHO m3 rpaduka, IpeacTaBIeHHOTO Ha PUC. 2, UCIOIb30BaHIe IpaduiecKoro akce-
JepaTopa B KauecTBe MaTeMAaTHYECKOTO COMPOIeccopa MaeT MATHKPATHOE YBeTIWdIeHUe TPOM3-
BOAUTETBLHOCTHU IO CPABHEHUIO C KJIACCHUIECKOH peaan3aIneii.

3akmrouenune. B nanHoi paboTe peaim30BaHa TPOTPAMMHAs CHCTEMa aHUMAIINN JaCTHII.
st obecnievuenus ee OBICTPONENCTBUS TPUMEHEH HOBBIN MTOAXOM K 00paboTKe YacTull Ha rpadu-
JeCKOM aKcellepaTope, 3aK/TI0UAIOIINNCS B aHUMAIINN IBUKEHNS JaCTHUI] HA TNKCEJTbHOM KOHBE-
epe, anuMalun GOpMbI Ha BEPIIMHHOM KOHBeliepe BumeokapThl. [Ipemioxen momxom K yMeHb-
meHnio oobeMa Oydepa BepIInH, comepkKalllero JaHHbIe IS MTOCTPOEHNUS W PacTepU3aln Teo-
MEeTPUN YaCTUIl ITyTeM YMaKOBKU YWCEJI C IMJIaBAIONIel TOUYKOW B ABa OaliTa M MCHOJIbL30BAHUS
TexHosornn “pseudo instancing”.

[Tpennaraemasi cucTemMa UCIOIB3YeT TEXHOJOTHUH, MPENOCTABIsSEMble BUICOKAPTAMU, Pea-
nm3yrommvu apxutekTypy “Shader Model 2.0”, uro mo3Bosser el momoepkuBaTh ITNPOKMIL
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psan rpaduyecknx yCKOpuTesel.

O6nactsavu mpuMeHeHUs pa3pabOTAHHOW CUCTEMBI SBJISIOTCS MPUJIOXKEHUS BUPTYAJIBHOIL
PEaTbHOCTH U KOMIBIOTEpPHBIE UTDHI. e BHempeHue B OyayIlme TPOEKTHI MO3BOINT MOBBICUTH
CKOPOCTH OOpabOTKM CHCTEM YacCTHUIl U YBEJIUUYUTH PeaIuCTUIHOCTH MOMNETNPYeMbIX HPUPOI-
HBIX SBJIEHUIN, TaKUX KaK IOBIM, OTOHb, Map, IbIIb, NCKPH 1 T. n. IIpemnoxenubie B pabore
AJITOPUTMBL IPUMEHUMBI He TOJIBLKO 171 00pabOTKM YaCTHI], HO U B OPYTUX 06JIACTIX KOMIIbIO-
tepHoit rpaduku. Hampumep, mogxon K ymakoBKe MaHHBIX B BepIINHHOM Oydepe MOXKeT ObITH
UCIIOJIb30BAH IIPU PeHIOEPUHTe MPOU3BOIBHBIX MOTUTOHAJIBHBIX MOIesel.

Ha mauHBIT MOMEHT OCHOBHBIE MOMY/IN Pa3pabOTAHHOW CUCTEMBbI MPOIILIN dTAal OTIAIKNI 1
TECTUPOBAHUS HA PA3IUYHBLIX MPOIECCOpAaX U BUIeOKapTaxX. Bo BpeMs TECTUPOBAHUS PEATI30-
BaHHAs CHCTEMa MMOKa3aa BBICOKUIl YPOBEHBb IIPOM3BONNTENIHLHOCTH. [0 cpaBHeHMIO ¢ Kmaccmde-
CKOIl peajn3anueil CUCTeMbl YaCTUIl Ha IeHTPAIbHOM IIPOIEeCCope UCIOJIb30BaHUe CMEIIaHHOIO
ONXONAa B MpeayaraeMoil paboTe Oaao yBeJIndeHNe NIPON3BONUTEIbLHOCTI B O Pas.
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