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TainNnoBbI PeHJEPUHT

Tannosbin
YCKOpPUTENb

B 6nuxaiiwem bynywem Hac oxupatoT cpasy aBa 3D-yckoputens ans po-
mawHux MK Ha 6a3e Tainosoro peHgepunra: ato Kyro III u Columbia.
Monpobyem pa3o6paTbCs, Y4TO e NPUHECET HaM TaiNoBasA apXUTEKTYPa,
NONbITAEMCA HAWTN e CUNbHbIe U C1abble CTOPOHBI, @ TaKXe NpoaHanu-
3MpyeM ye CylLecTBYIOLLMe YUMbl HA ee OCHOBe.

nA Havana Aasaliite pasbepemcs ¢ 06-

WYMKU NPUHLMIAMKU paboThl Tail0BOrO

YCKOPUTENA W BbIACHUM, NOYeMy Xe
Hac He ycTpauBaeT 00blYHasA, NOANUTOHHAsA ap-
XUTEKTYpa.

YTo Mbl BUAWUM Ha 3KpaHe MoHuTopa? Mel
BULMM [IBYXMEPHYIO MPOEKLMIO TPEXMEPHOTO
Mupa. B 3TOM MUpe BCe 06bEKTHI COCTOAT U3
TPeYroNbHUKOB U MHOFOYroNbHUKOB (NOaMro-
HOB). Y KaXKA0ro U3 NONUrOHOB eCTb PAL,
CBOWCTB: KOOPAWHATHI (X, Y, Z) BEPLWH, LBET
BepLWH, rMobanbHble CBOWMCTBA NONNUTOHA (Ta-
Kue Kak TekcTypa).

04eBMAHO, YTOGHI BbI CMOMIN B3aMMOJENCT-
BOBATb C BUPTYyasbHbIM MUPOM, KOMMNbIOTEPY
NOHAAo6MTCA MeHATb NOCNE[0BATENbHO KaA-

pbl Ha 3KpaHe MOHUTOPA, Ha KaXAOM U3 KOTO-
pbix Bbl 6yaeTe BUAETH pe3yasTar Toro uim
WHOTO [1eCTBMUSA, COBEPLIEHHOTO BaMu. BbicT-
penuun Bbl U3 pyXKbA — Yepe3 onpeaeneHHoe
BpPeMs yBUAWTE Cedbl OT Nyfb UK, eCAK NO-
BE3ET, CaMu My/u, YTO B Urpax BCTpeyaetcs
Heyacro.

B npeppiaywmx nybanKaLmsx Mbl yxe Ka-
Canunchb TaKoro NOHATUSA, Kak 3D-KoHBeliep.
YTo6bl NOCTPOUTL KAAp, YCKOpPUTENIO HEObXO-
LMMO BbIMOMHUTL PAA NOCNEA0BATENbHbIX
AeNCTBNIA, KOTOpble U nony4nnu HaseaHusa 3D-
koHBeliepa. OH COCTOUT U3 HECKONBKUX KIto-
YeBbIX 3TaNOB: TpaHC(HOPMaLUA U OCBELLEHNE,
yAaneHne HeBUANUMBIX NOBEPXHOCTEN, TEKCTY-
pupoBaHue 1 3aTeHeHue. 0bLiee KONMYeCTBO  »




»

3TanoB U NOA3TANOB B Pa3JINYHbIX YyCKOpUTE-
nAx BapbupyeTca, HO B noCnegHnX moaenax
OHO NMpaKTM4eCKu Bceraa Gonblie [ecatu.

KnioueBbie atanbl 3D-KoHBeWepa
BKpaTLLe HaNnOMHIO, ANA 4Yero Cnyxart 3Tanbl,
0603HayeHHble MHOI KaK KitoyeBble. Ha 3Ta-

ne TpaHcopMaLUu MOAENNPYIOTCS ABWKEHUE

06beKTa 1 ero nepeMelLeHue, BpalleHue, 13-
MeHeHMe pa3mepoB, hOpMbl U T. N. ITO Npo-
UCXOANT MyTEM U3MEHEHUA KOOPAMHAT Bep-

WWH 1 TpebyeT A0BONbHO UHTEHCUBHOIO

MCNO/Ib30BAHUA OMepaLnii NuHeiiHoil anre6pbl

1 TpUroHomeTpuyeckux hyHkumuin. Ha stane
pacyeTa OCBelyeHUs (1 3aTeHeHuUs) obbekTa
OCYLECTBNACTCA BbIYNUCIEHME OCBELEHHOCTH

KaX>[0ro 3JIeMEHTAapHOro noJinroHa. Ynanenue

HeBUAMMbIX noBepxHocTeil (Hidden Surface
Removal, HSR) — pocTaTouHo BaxHblii 3Tan.
Ha HeMm ucKioyaloTcs He BUAUMbIE Habnoaa-

Tenem (BUPTYyanbHO KaMepom) TOUKN NoBepx-

HoCTU 06bekTa. Ha aTane TekcTypupoBaHus
Ha NOBEPXHOCTb 3/IEMEHTAPHbIX NOJIMIOHOB
HaKNaAblBAIOTCA TEKCTYPbl — CheLuanbHble
pacTpoBble KAPTUHKK, CO3AaBaeMble AN UMU-
TaLMK TeX UK UHbIX MaTepuanos. [lanee Bbl-
ymucnAeTcs LUBeT NMUKCeNs, Ucxoas U3 LBeTa
3/1eMEHTaPHbIX MOJIMTOHOB W UX TEKCTYP, @
TaKXKe OCHOBbIBAACh Ha AaHHbIX, MOJYYEHHbIX
Ha npeppblayLmuX 3Tanax.

3necb BO3HMKAET BONPOC: YacTb 06BEKTOB
MOXET NepeKpbIBaTbCA APYTUMU 0ObeKTaMn?
Kakue-To 13 Hux 6yayT BUAMMbI, Kakue-To
HeT. [lonycTuM, y Hac ecTb 0ObIYHbIN Tpey-
ronbHUK. W Tak nony4unocs, 4To ero yacTb
coBnana c Apyrum TpeyroabHUKom (puc. 1).
[JlaBaiite pazbepemcs, Kak nosepyT cebs B

3TOM chiy4ae TpaguumnoHHas 1 TaiinoBas apxu-

TEKTYpbI.

TpaAMUMOHHDbIN peHpEepUHr

Y1o noHumaetcs nog 06bI4HOI (TPAAMLMOH-
HOI) apxuTekTypoil peHaepuHra? 06bi4Has
apxuTekTypa Oblna U306peTeHa elle B WeCTU-
LeCcATbIX roaax. Bce nosmroHsl cueHbl B 3TOM
clyyae peHpepAaTca nooyepenHo. Moka no-
cNnefHUit NONUTOH He npoiiaeT yepes 3D-KoH-
Beilep, cucTeMa He BYAET UMeTb HU Maneiile-
ro NpefcTaBieHUs 0 TOM, KaKas YacTb CLieHbl
3aBeplleHa, a Kakas HeT. CnefoBatenbHo, ve-
pe3 3D-KoHBeiep NponayT BCe NOAUTOHbI, Aa-
e Te, KOTOPbIX Mbl HE YBUAMM Ha 3KpaHe, 4To
NpuUBOAMT K GecnonesHol Tpare BbluUCAU-

TeNbHbIX pecypcos. [Tocne Toro kak Bce nonu-

roHbl «cowwnu» ¢ 3D-KkoHBenepa, KapTa Bblsc-
HAET, KAaKOW UMEHHO NMUKCENb BLIBOAUTL Ha

3KpaH, a KaKoil HeT. [ins pelleHna 3Toro Bo-
npoca B KapTax 06bIYHON apXUTEKTYPbI NpH-
MeHseTcs Z-6ydep — 06nacTb B NamMaTh ycKo-
putens. B Z-6ytdhepe xpaHuTCa 3HauyeHue
YOANEHHOCTU KAX[0ro NUKCena oT BUPTYaib-
HOWM Kamepbl. Kaxablit nuKcenb Kaxaoro no-
JINTOHA NOCe NPOXOXKAEHNA NPeAbIAyLIX
3TanoB CPaBHWBAETCA CO 3HAYEHMEM, XPaHs-
wumcs B Z-6ydepe. Takum 06pa3om BbISCHSA-
eTcs, KaKo U3 nuKcenei NexuT 6anxe BCero
K BUpPTyanbHoi kamepe. Bce nukcenu, uto ne-
XaT 32 HUM Ha OJHO NPAMON, NapannenbHon
0CM Z, NpOpUCOBBIBATLCA He ByayT.

Takum 06pa3om, B Cliyyae, noKasaHHOM Ha
puc. 1, Ha 3D-KoHBeliep cHayana nonagaet
nepBblii TPEYroabHKK, 3aTem BTOpoil. Bece 3To
TEKCTYpUpYyeTCs, 0OCBellaeTcs, 3aTeHAeTCA. ..
3atem npoucxoput Z-6ydepusauus, n Te NuK-
CeNu HWXKHEro TpeyronbHUKa (oTMeYeHb!
KPacHbIM LIBETOM), KOTOPbIE 3aKPbITbl BEPX-
HUM TPeYroNibHUKOM, Ha 3KPaH He BbIBOAATCA.

TaWNoOBbIW PEeEHOEPUHT

A Puc. 1. MNpumep Overdraw. TUNUYHBbIA ciy-
Yail HepaLUOHaNbHOIro UCMOJIb30BaHUA
pecypcoB

JIMwWwHsAS TpaTa BLIYUCTUTESIHBIX PECYPCOB
HanuLo.

TainoBbI peHAEepUHr

Tenepb faBaiite pasbepemcs, 4To Takoe Taii-
NOBbI peHpepuHr. MosaBuAca oH yxe gocTa-
TOYHO AABHO, OHAKO yCKOpUTENU Ha Gase

' lNMpeumyliecTBa TanoBOro peHaepuHra

Xopoluue nepcnexTuBbI

[laBaiTe paccMOTPUM, KaKue npenmyLLecTBa
B TEOPUM HaM CYAUT TaiWnoBas apxuTeKTypa
Mo CPaBHEHWIO C TPaAULIMOHHON:

» Bnarogapsi Tomy, YTo Taa JOCTAaTOYHO Ma-
NIeHbKMI, 6onbluas YacTb onepauui Haa
HWM MPOUCXOAWUT BO BCTPOEHHbLIX B YMM BY-
depax, YTo NPUBOAUT K MMHUMMK3aLIMK o6pa-
LWEeHWI K BHeWHen namaTu yckoputens. Kak
CneAcTBUE, COXpaHsieTcs NPOoMycKHas cno-
COGHOCTb LUMHBI 06MEHa AaHHbIMKU NaMATU C
YUMOM — OAHOrO M3 CaMblX CNabblXx MeCT
yCcKopuTenen ¢ TpaauLMOHHON apXUTEKTYPOW
(cm. Tabn. 1). Y4TWUTE, YTO YEM CNOXKHEE CLie-
Ha M YeMm Gosblle Bbl BKIOYAETE pPas/ny-
HbIX TEXHO/IOTMI 06PaABOTKM rpaduKu, TemM
6onblias Harpy3Kka MNPUXOAMTCS Ha LWIKHY.

» Onepauuu, NPoUCXoasiliMe BO BCTPOEHHOM
B YMM NaMsiTW, BbIMOMHAOTCS GbICTpEe.

» Yepes npoLiecchl TEKCTYPUPOBaHHUS U OCBe-
LWEHNUS (MK 3aTEHEHUS) MPOXOAST TONbKO
NMUKCENU, KOTOpblE Mbl YBUAMM Ha 3KpaHe.
He npoucxoauT NUILHUX 06paLLeHUt K TEKC-
TYPHOW NamaTu.

PaspeweHune

640x480 2,104
800x600 3,287
1024x768 5,386
1280x1024 8,977
1600x1200 13,149

TpaguMUUOHHAA apXUTEKTypa

» Ecnu elle HeCKonbKo NeT Hadag overdraw B
urpax 6bi10 paBHo 1,2 uam 1,5, To B HacTos-
Lee BPeMs OHO Y)Ke OCTUIIO 3HaYEeHU 2
mnn 3. C BbIXOAOM HOBbIX Bepcuii DirectX u
OpenGL Bo3HMKalOT Bce 605ee peannucTuy-
Hble MMPbI, YUCIO MOJIMIOHOB B CLIEHEe pac-
TeT. Ho B TO e Bpems pacTeT u overdraw. B
6nvxkaiwem Gyayliem 3ToT napameTp 6yaert
paBeH yxke 4 unun 5. Toraa TannoBbIN peHae-
PUHT NPOSIBUT ce651 BO BCEN Kpace.
Xopolwas MacwTtabupyemocTtb. Ecnm Ha oa-
HOW KapTe 6yaeT ABa WK YeTbipe Yyuna Ha
6a3e TannoBOro peHAepuHra, To Takas Kap-
Ta GyneT paboTaTb NPaAKTUYECKM B ABa WU
yeTblpe pasa GbiCTpee OAHOYMMOBOrO Bapu-
aHTa. Y4yuTbiBas, 410 A9 TaNNOBOM apXu-
TEKTypbl Npo6aema ¢ NPonycKHOM cnoco6-
HOCTbIO LIMHBI HEe TaK 601e3HEeHHa U 4TO

v

YyacTb MaMATU HAXOAWUTCA B CaMOM Ywune,
ynydlweHue TEXHONOrMKU NPOM3BOACTBA Yuna
WK [laXKe ero 4acToTbl MOXET AaTb 6onee
3aMeTHble pe3ynbTaTbl, HEXENW B Clly4ae ¢
TPaAULMOHHOW apXUTEKTYPOW.

TanoBasa apxutekTypa
1,104
1,406
1,935
2,832
3,868

A Ta6n. 1. Heo6xoaumasn nponycKHas CNOCOGHOCTb WKWHbI 06GMEHa AaHHbIMU MeXAy nams-
TbIO U YMNOM AN TPAAULIMOHHON U TaIOBON apXxUTeKTyp, N6ant/c (aaHHble PowerVR)
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HARDWARE TEXHONOruw

Bce TONIbKO HAYMHARTCA

UHxkeHepbl NVIDIA v ATI y)xe npo6ytoT BHea-
PUTb HEKOTOPbIE 3/IEMEHTLI TANIOBOr0 PEH-
[lepyHra B TPaAULMOHHYIO apXUTEKTYpY, HY
WUIKN XOTS 6bl CHU3KUTb overdraw. Hanpumep, B
yckoputene Radeon 8500 ncnonb3yeTcs Tex-
Honorus Hierarchical Z (ona Hayana npume-
HATbCA elle M B Radeon). bnarogaps aton
TEXHONOMMKU nepes PEHAEPUHIOM 3KPaH TaK-

» TallNoBOro PeHAEpUHra 10 HeflaBHero Bpeme-

HU He NONb30BaNNCL 0CO6ON NONYNAPHOCTbIO.
TannoBbI peHAEPUHT CO3AaBaNCA C LEeNbio
MUHUMU3aumum overdraw. Overdraw — napa-
MeTp, XapaKTepu3ywLnii cpefHee Ynco ne-
PEKpbITUIA B TPEXMEPHOI CLEeHe, — BO3HUKAET
TOrAa, KOrAa 0ANH 0OBLEKT NepepbIBaeTcs Apy-
UM, U HUXKHWIA 0GBEKT MU €ro YacTb CTaHo-
BATCA YIKe HE BUAMMbIMU C MO3ULUN BUPTY-
aNnbHOI Kamepbl, Kak NoKa3aHo Ha puc. 1.
CneyunanbHo Ans MuHMMU3auum overdraw
n3obpaxeHue pa3bueaeTcs Ha ManeHbkue
NpAMOYroNbHUKKN — Talnbl. Nx pa3mep moxer
ObITb pa3nuyHbiM: 32x32, 32x16, 16X16 nuk-
ceneit. B Hauane 3D-koHBeiiepa Kaxablii Taiin
npoxoauT 06paboTky B Z-6ydepe, pacnono-
JKEHHOM B CAaMOM 4MUMNe, @ He B MaMATU YCKO-
puTens, Kak 3T0 NPOUCXOAMT B C/lyyae C Tpa-
OMLUMOHHON apXUTEKTYpOW. 3amMeTbTe, 4To
Gnarofiaps BCTPOEHHOMY B uun bydepy yaaet-
€S CHU3UTb YMCNO OOpaLLeHNit K BHeWHEN na-
MATU YCKOPUTENS U, COOTBETCTBEHHO, YBENU-
YMTb CKOPOCTb paboThl. BoT, cobcTBEHHO, U

TM6pua TannoBoro U TpagUMLIMOHHOIO peHaepuHra

YXe pa3buBaeTcs Ha Taunbl ANa onpeaeneHuns
BUAUMBIX U HEBUAMMbIX 06bEKTOB. HeuTto no-
no6Hoe ectb U B GeForce 3. lMpaBaa, Ha
NpaKTUKe CMecb TannoBOW U TPaaULIMOHHOWM
APXMTEKTYPbl 3HAYUTENIbHO YCTYNnaeT YMCTON
TannoBOW apxuteKtype. Bce-Taku go cosep-
LWeHCcTBa 3TUM pa3paboTKaMm eLlle o4eHb Aa-
NeKo.

BCA U3IOMMHKA TalnoBoro peHaepunra. Bee
HeBUANMbIE MOBEPXHOCTM YAANAIOTCA elle Ao
TEKCTYPUPOBAHUA 1 pacyeTa OCBelLeHUs, TO
€CTb Ha YPOBHE YUCTbIX MOJUTOHHbIX MOfE-
neit. Kpome atoro, 6narogaps Tomy, yto Z-6y-
(hep BCTPOEH B YMM, HUKAKMX CYLLECTBEHHbIX
noTepb NPOM3BOJUTENLHOCTU NPU 32-6UTHOM
KauecTse Z-6ydepa no CPaBHEHUIO C 24-6U1T-
HbIM 1 16-6UTHBIM NPOMCXOANTL He ByaeT, no-
3TOMY B NOCNEHUX YCKOpUTENsAX Ha 6ase Tail-
JI0BOTO peHfiepuHra BO BCEX PeXumax
ucnonb3yetcs 32-6uTHblii Z-6ydep, 4to npu-
BOAMT K YIYYLIEHMIO KAYeCcTBa N306paxeHus.

Takum 06pa3om, B clyyae, NOKa3aHHOM Ha
puc. 1, Bce n3o6paxeHue cHayana Oyper pas-
OMTO Ha Tainbl. 3aTeM KaxAablii Taiin npoiigeT
CTafMto 0T6poca HEBUANMBIX MOBEPXHOCTEN,
unu Z-6ycdepusauuio. B pesynsrarte 3toro
panbHeiwein o6paboTke byneT nogsepratbCs
TOJIbKO BUANMASA YACTb HUXKHErO TPEYroNbHM-
Ka, TouHee, 6oNbLIAsA €ro YacTb, NOTOMY KaK
HeGonbWwoi overdraw Bce paBHO GyLeT coxpa-
HATbCSA.

=

b G

nocTpoeHue
TPEXMepHoN

CLEHbI LlenTpanbHbIi npoueccop

I~ Mpouecc
pasbuenune —  pa3buenns
CLIEHbI | HaTaiinbl
Ha Taiinbl

CuutbiBaHWE

>

yAanexve nHthopmaumn
CKPbITbIX 0 NONUToHax
NoBEpPXHOCTElH

—

)

|

Wrposoii ko )

MonuroHanbHasi MOAENb CLEHbI
NHchopmaumst 0 KaXaom TPeyronbH1Ke
3aMMUCHIBAETCS B NAMATH

Tile Sortin Setup
MH(OPMaLNA 0 TOM, Kaku1e NONNrOHbI COAepXKaTcs
B Taiinax, 3anucoiBaeTcs B Tannosblii 6ydep

CpaBHeHwe 3Ha4eHnit Z-value
NOJMIOHOB, BXOASLLNX B Tain.
3anuck nHgopMaLmy B namaTh

TeKcTypupoBaHue, 0cBeLLeHme, MoaennpoBarme ahhekTos
NPO3PaYHOCTM 1 NONYNPO3PAYHOCTI TOMLKO AN BUAUMBIX MAKCENEN

A Puc. 2. KpatKkasi cxema TainoBoro peHaepuvHra
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MocTpoeHue n3odparkeHus npu
NMOMOLLM TalWJI0OBOro peHAepuHra
[ns Gonblieit HamAgHOCTY Npeaaaraio pac-
CMOTPeTb NOJHYIO CLEHY NOCTPOEHUA U306pa-
EHUA YMnom Ha 6ase TaNnoBOro peHpepuHra
(puc. 2).

YTO NponcxoanT, KOrAa Mbl 3anycKkaem ur-
py? HaunHaeTcs nocTtpoeHue TpexmepHo
CLIEHBbI, TOYHEe, KApPKACHOI MOAeny Tpexmep-
HOM CLEHbI, cocTosLel n3 nonuroHos. OHa
CTPOMUTCA NONUFOH 3a NOJANUTOHOM, MOKA Mo-
cnefiHNiA MHOTOYrONbHUK He 3ailMeT CBOEro
MecTa. Bcs paboTa 3aech NOXUTCA Ha nieyn
CPU u 6noka T&L, eciu TakoBo# Ha BUAEOKap-
Te umeetcs. MocTpoeHne 3aKOHUMUNOCH, BCA
CleHa pa3mecTunach B KaapoBom bydepe.

[lanee Bce nszobpaxeHne pasbusaerca Ha
Talnbl. Bce nonnroHbl cunThIBalOTCA U3 Kag-
poBoro 6ytdepa n npoxoaat coptuposky (Tile
Sorting Setup), 6narogaps KoTopo# yckopu-
TeNb GyAeT 3HaTb, B KAKUX UMEHHO Tainax Ha-
XOANTCA AAHHbIA NONUTOH, BeAb 334aCTyI0
OAMH NONIUTOH NEXWT B HECKONbKUX Talinax,
KaK noka3aHo Ha puc. 3. 3aTem Ansa Kaxporo
Talina BblAeNseTcs onpefeneHHas obnactb Bo
BHYTPUUYMNOBOW NamMaTM — TainoBbIi bytep,
B KOTOPOM XPaHWUTCS 3HaYeHUe HoMepa nosiu-
roHa (y Kax/oro nojnroHa B cLeHe ecTb CBOM
YHUKanbHbIA HOMEp), COfiepIKaLLErocs B AaH-
HoMm Taiine. Homep nonuroHa 6epetca n3 Kag-
poBoro 6ytepa. MasHoe, 4TOGbI aNropuTM
Tile Sorting Setup pa6otan GeicTpee, yem Ha
HEro MoCTynalT «CBEXWe MOPLUUN» NOSUTO-
HOB. B npuHuune, BO BCex yckoputensax Tau-
JI0BOTO peHAepUHra 370 NpeAycMOTPeHO. 3TOT
anroput™ paboTaeT GbiCTpee, YeM LLeHTpanb-
HbIVi MpOLLeCCcop, U LOBONBLHO HEMI0X0 Mac-
WwTabupyeTcs B 3aBUCUMOCTU OT CKOPOCTU
CPU.

Cnepytowas ctagus — yaaneHue HeBupm-
Mbix nosepxHocteit (HSR). 3toT anroputm pa-
60TaeT Ha TaitnoBoM ypoBHe. Ha npeabiayiimx
3Tanax Mbl NOAYYMAN MHOXECTBO TalloBbIX
6ydepos, B KOTOPbIX pacnoiarakTcs Homepa
nonuroHoB. O4uH U3 NONUrOHOB B 3TOM Gyde-
pe [oKEeH onpefennTb LiBeT NuKcenei Bcero
Tanna. O4eBMAHO, YTO 3TUM NOAUTOHOM [OS-
KEH BbITb BUAUMBI NonUroH. Ho Kak e Kom-
nblOTEpP Y3HAET, KAKOW NONUTOH BUAMMBINA, A
Kakoi HeT? [ins 3Toro pa3paboTaH cneuuanb-
HbI anropuTM. Y KaXKaoi KoMnaHum, Bbimyc-
KaloLliei NpoayKThl Ha 6a3e TalnnoBoro pexpe-
pUHTa, OH MOXeT ObiTb cBOMM. OfHaKO B
061WMxX YepTax ero MOXHO onucarb Tak: U3
TalinoBoro 6ydepa cynTEIBAETCA HOMEP Nep-
BOTO MOJIMFOHA, MO 3TOMY HOMEpY U3 BCeX

»



»  Apyrux bythepos cunTbiBaeTCA MHDOPMALUSA O

JaHHoOM nonuroHe. Ha 6ase 31oil uHbopma-
LMW Mbl MOXEM BbIYMCANTL 3HAUEHME yAaneH-
HOCTW NuKcenen oT BUPTYyanbHOM kamepsl (Z-
value) pns LaHHOrO NONMUTOHA B LAHHOM
Taine. 3aTeM U3 Bcex 3HayeHmil Z-value nony-
4aeTca OAHO yCpefHEHHOe 3HaueHne, KOTopoe
3anucbiBaeTCs B NaMATb U NomeyvaeTcs Kak Z-
value nepsoro nonuroHa. Bce To xe camoe
MOBTOPAETCS U CO BTOPbIM MOAUTOHOM U3 3TO-
ro e Taina, KpoMe onepauun 3anucu 3Haye-
Hus Z-value, TaK Kak OHO Cpasy e CpaBHWBa-
eTCA €O 3HaueHuem Z-value nepsoro
nonuroHa. Ecnu HoBoe 3HaueHue Z-value
MeHbLUE TOro, YTO YXKEe XPaHUTCA B NaMATH
(BTOpOI1 NOANTOH BANKE, YEM NEPBBIit), TO
CTapoe 3HayeHue 3aTUPaeTCca 1 Ha ero Mecto
3anuceiBaeTca nonyyeHHoe. Ecnm xe HoBoe
3HayeHwe Z-value Gonblue TOro, YTO YKe Xpa-
HUTCA B NamMATH (BTOPOI NONUIOH Aanblue,
yeM nepBbii), TO B MaMATU OCTaeTCA Nepeoe
3HayeHue Z-value. 3ToT npouecc Gyaet nosTo-
pATbCA [0 TEX NOp, NoKa BCe NOAUTOHBI Talna
He NpoWAYT NPOBEPKY W B HEM He OCTaHeTCA
OAVH, BUAWMBIV TNasy urpaloLero 1 onpepe-
NAOWKIA LBeT nukcenen Tanna. lMockonbky
pasMmep Taiina AOBONbHO HebobWON (Hanpu-
mep, PowerVR B cepun ynnos PCX2 ncnonb3y-
€T B KayecTBe Taitna NpAMOYrofibHUK CO CTO-
poHamu 32x16=512 nukceneit), Bce 311
BbIYUCNEHNSA MPOUCXOAAT LOBOALHO ObICTPO.
Cnepyowas ctagua — CTafns peHfepuH-
ra. Ha atom 3Tane ucnonb3yerca uHdopma-
LMA, NOAYYEHHAA Ha NpeAblAyLWmMX 3Tanax.

Pa3paGoTYMKKN YUNOB U NPUIOKEHUNA

I'Ipopvlcoablsamca TOJNIbKO BUAUMbBIE NUKCENN.

HakoHel, Ha nocneaHen ctaguu Tann ne-
pemelaetcs B kappoBsblit Gydep. Tak, no Tai-
n1aM, B HeM coOMpaeTcs KOHEeYHbI Kaap.

TainoBble apXUTEKTYpPbl

3a Bpems pa3sutus 3D-yckoputeneit 6biu
pa3paboTaHbl HECKONBKO apXMUTEKTYp Taino-
BOrO peHpepuHra. Hanbonee nsBectHbiMu 13
HUX ABNAIOTCA Cheaylolme.

Talisman

Talisman — pa3pa6oTka komnanuu Microsoft.
OHa 6bii1a HayaTa ele B Hayane 90-x rofos.
[laHHas apxuTekTypa npegnonarana pasbue-
HUEe N306paXeHuns Ha Talibl pasmepom 32x32
nukcens. Takxe fna ee peanusaunu 6bin pas-
paboTaH cneumanbHbiil npoueccop — Polygon
Object Processor. Takum obpa3som, Tpebyemas
NponyckHas CNocOGHOCTb WUHbI NAMATY B
paspewenun 1024x768 fomkHa 6bina cocra-
BUTb BCcero 220 M6aiit/c. K coxanenuio, cyfib-
6a [LlaHHOI1 apXUTEKTYpbl HaM He W3BeCTHa. B
nto6oM cryyae, ecnu fansHeiiwas paspabotka
VKe He BefeTcs, TO Ha AaHHbIl MOMEHT OHa
ycTapena.

Giga3D

Giga3D — paspaboTka komnaHum Gigapixel,
OCHOBaHHOI B 1997 rogy. Kak Bbl 3HaeTe,
komnaHuio Gigapixel kynuna 3Dfx. A 3Dfx
6bina kynneHa komnanueit NVIDIA. Tak yTo
He yauensaiiTecs, ecnu GeForce 5 6ynet 6a3u-
poBaThCsA Ha TaiNoBOM peHaepuHre. Ha 6ase

TAaWNOBbLIN pPeHOAEPUHT
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A Puc. 3. MonuroH pacnonoxXeH B HECKOJb-
Kux Tannax. MpsamoyrobHUKU — 3TO TaW-
Nbl, UUPpPbI — HOMEpa TalnnoB

LaHHOW TaliNoBOI apxUTEKTYpbI GbINO BbIMy-
LeHo Heckonbko ynnos: GP-1, GP-2, GP-3 u
GP-LP gns HoyTOyKoB. [la, fonkeH 6bin 6biTh
ewe oaunH yun — GP-4, Ho ero paspaboTka
TaK U He Gbina 3aBeplueHa. B kayecTse Taitna
ucnonb3yeTcs Keagpar pasmepom 32x32 nuk-
cens. MpumeyatensHol 0CO6EHHOCTbIO apxu-
TekTypbl Giga3D senseTcs npakTuyeckn «bec-
NNaTHOE» NOJHO3KPaHHOE CrNaXuBaHue.
Yun GP-1 obnagaet cnepywLmmm xapakre-

puUCTUKamm:
» yacToTa agpa — 183 MIuy;
» Pixel Fillrate — 732 mnH nukceneii/c,

4 KoHBenepa peHfepuHra;
» Texel Fillrate — 6 mnpp Tekceneit/c,

8 6/10KOB TEKCTYPUPOBAHMA Ha KAX0M

KoHBeMepe;
» BO3MOXHOCTb HaNoXeHUs [0 8 TeKCTyp 3a

OAVH Npoxof; »

MbiCnu 0 Tanax

Imagination Technologies: «TainoBble ap-
XUTEKTYpbl, 6€3yCNnoBHO, 6yAyT O4eHb 3d-
GEeKTMBHbI Npu paboTe Co cueHamu, coaep-
Kawnmn 60/bLI0E KONUYECTBO MOJIUFOHOB.
B HacTosLMin MOMEHT Mbl YyCOBEPLUEHCTBYEM
HalKn pa3paboTKM B 3TOM 061aCTU U yKe
3anaTteHToBann J4OCTaTO4HO 60MbLIOE YUCIO
TEXHONOTUM».

NVIDIA: «B 6yayuiem, 6€3yCn0oBHO, Y4CIO NO-
JINFTOHOB B CLieHe B6yaeT pacTu. TaKxe yBenu-
YUTCA M YUCNO BblYUCAEHUI. [oaTomy Byay-
Lee 3a TanoOBbIMU apXMTEKTYpaMu. XoTs
yXe ceryac co3faHbl OBONLHO Hemnjoxue
TEXHONOMUW U ANS TPAAULLMOHHBIX apXUTEK-
Typ, KOTOpble MO3BOASAT CHU3UTbL overdraw.
B 6yaywem OHM CMOryT NOMHOCTbIO €ro ycT-
PaHUTb».

ATI: «TannoBbIM pEHAEPUHT — OAWMH U3 NyTeN
CHWXXeHus overdraw. B 6yayuiem oH 6yaeT pa-
60TaThb 6GbICTPEE, YEM TPAAULIMOHHBIN. BoT mo-
4eMy Mbl Y)Ke cenyac Havyanu BHOCUTb HEKO-
TOPble 3/1EMEHTbI TaMI0BOro peHaepuHra B
HalKW NPOAYKTbI».

Matrox Graphics: «Tain0BbI peHAEPUHT AeN-
CTBUTENBHO NPeACTaBNSeT 4OCTaTOYHO 60s1b-
LLION MHTEpEeC KaK Ana pa3paboTyMKoB, TaK 1
Ons nonb3oBatenen. Mbl 3aHUManUChb «Npo-
[BUXEHMEM» Ha PbIHOK KapTbl Matrox m3D
(Ha 6a3e TannoBOro peHaepuHra), No3ToMy
MOXHO C YBEPEHHOCTbIO CKa3aTb, YTO Tamno-
Bbl PEHAEPUHT 3a4acTyl0 OKa3blBaeTcs ObICT-
pee TpaguuMOHHOro. Boo6aBoK K aTomy Kap-
Tbl Ha 6a3e TannoBOW apXUTEKTYPbl CTOAT HE
0YeHb OPOro».

Croteam (pa3pa6oT4uku Serious Sam): «B
HacTosilee BpeMsl TalUNoBbIA PEHAEPUHT ABNS-
etcsl 60o/1ee NPeAnoYTUTENbHbBIM, HEXENN Tpa-
OVULIMOHHBIN peHAepUHT. Mbl HE MOXeM CKa-
3aTb, YTO Tak 6yaeT 1 Aanblue. B no6om cny-
Yae Hac OXKMAaeT OAMH U3 CreaytoLmx nyTen
pasBUTUS: TG0 Pa3PabOTYMKKU MOHOCTbLIO
NPUMYT TalN0OBbIN PEHAEPUHT U ONTUMUSUPYIOT
NoJ HEro ABWMKKM, TM6GO Mbl OCTAHEMCS MpPU
TPaAULMOHHBIX CMOCO6ax PeHAepUH ar.

Epic Games (pa3pa6otunku Unreal): «<Mbl He
CYUTaeM, YTO TaMNOBbIN PEHAEPUHT ABNAETCA
6yaywmm rpaduyecKknx apxutekTyp. Beab Ha
pbIHKE TalUNOBbIX YCKOpUTENEN elle He 6bino
HW OQHOrO MPOAYKTa, Y KOTOPOro 6bl HE 6bI10
onpeaeneHHoro poaa HeaopaboToK, HeaocTaT-
KOB Y OLWMGOK».
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HARDWARE TEXHONOruw

MonHo3KpaHHOE crna)kuBaHue

Mudh, cTapblii Kak Tann

Mwud o ToM, 4TO TanNOBbIA PEHAEPUHT MO3BO-
NIFAET MoJly4aTb NONHO3KPaHHOE CriiaxuBaHue
(FSAA) 6e3 nageHusa Npon3BOAUTENbHOCTH, PO-
[OUIICA BMECTE C TalnoBOW apxuTeKTypown. [ns
TPaauLMOHHOIO peHaepuHra FSAA — camas
pecypcoemMKas TexHonorus. MNpu pabote ¢ Bbl-
COKMM paspeLieHneM 06beM HEOBXOANMbIX
BbIYUCIUTESNbHBIX ONepaLui yBenninBaeTcs
NPaKTUYECKN B FrEOMETPUHECKON MPOrpeccuu.
[NoaToMy HabnofaeTcs 3HaYUTeNbHOE NajeHune
NPOU3BOAMTENBHOCTU. Ha TannoBbIx cucTeMax
npu goctatoyHom noteHumane GPU nonHo-

> B IAaHHOM Yune ncnonb3ytotca 48 3anateH-
TOBAHHbIX TEXHONOTUIA;

> YNCO TPAH3UCTOPOB — OKOJO 1 MJIH;

> 128-6uTHaA WrHa obMeHa AaHHbIMU.

[loBonbHO Bneyamsiolume XxapaKTepucTy-

KW, €C/I yYecTb, YTO OH MOSBU/ICA elle BO

BpemeHa GeForce 2 GTS. Ocob6eHHO nopaxaert

YMCNO UCMOMIb3YEeMbIX TPAH3UCTOPOB.

PowerVR

PowerVR — apxutekTypa 0fHOMMEHHOI KOM-
naHuK, NONY4YMUBLLAS OCTAaTOYHO WHNPOKOe
pacnpocTpaHeHue Cpefn KOMNbIOTEPOB Knac-
ca desktop. B kauectBe Taitna ncnonb3ayercs
NpAMOYroNbHUK C pa3mepom 32x16 nukcenen.
Huuem 0cobbiM Cpeamn Apyrux TainnoBbix apxu-
TEKTYp He Bbifensetcs. Hanbonee nssectHole
4unbl JaHHOM KomnaHum — Kyro u Kyro II.
Bckope nossutcs u Kyro III.

MSI Starforce 838 Radeon 7500

Yun GeForce 2 MX 400
Yacrorta sgpa, MIny 200

YacTtota namsiTM B nepecuyete

Ha SDR (DDR=SDRx2), Ml 200

Tun namsATu DDR SDRAM
Yucno KoHBeWepoB

peHaepuHra 2

Yucno 61OKOB TEKCTYPUPO-

BaHUA Ha Ka)XaoMm 2

AnnapartHbii 610k T&L eCTb
Yucno TpaH3UCTOPOB, MIH 25

3KPaHHOE CrNiaXKMBaHWE OKaXKeTcsa npaKkTnyec-
KK «6ecnnaTtHbIM», TaK KaK OHO GyAeT npume-
HSATbCS HE KO BCEMY Kapy, @ K KaKaomy Tawny,
6narofaps 4emy o6paboTKa 6yaeT NPoMCXo-
[1Tb HECKO/IbKO BbICTpee, YeM B Cllydae C Tpa-
OMUMOHHBIMKU cucTeMamMu. OHaKoO MoKa Bce
YCUNUS cO3AaTh YWM, KOTOPbIA CMOXET 6e3 na-
[IEHWSI MPOU3BOANUTENBHOCTU CMNPABAATLCS C
FSAA, He yBeH4anucb ycnexom. Kctatu, MeH-
HO 3Ta npobsiema ToNIKaeT pa3paboT4MKOB Ha
co3[aHue HoBbIX MeToaoB FSAA, Takux Kak
Quincunx unu Accuview ot NVIDIA.

Apyrue

Komnanus Oak Technologies Takxe paspa6o-
Tasa B CBOE BPeMsi CBOIO TalI0BYIO apXUTEK-
Typy. Hanbonee usBecTHbiit yun Ha 6ase 3Toil
apxutektypbl — WARP 5. OpHako 31 mapTa
1998 rofa 3Ta KOMNAHMA NpekpaTuna paspa-
6OTKY rpaduyecKkmx Yunos.

MpumeyarenbHo, 4To Ha rpaduyeckom
pbIHKE BCKOpPE poAuTCs HOBas TaiinoBas ap-
XUTeKTypa paspabotku S3Graphics, koTopas
OyaeT ucnonb3osarscs B yune Columbia.

TannoBasa apxuteKktypa B Kyro Il
PaccmoTpum TaitnoByto apxuTekTypy Ha npu-
Mepe BuAeoKapTbl ¢ yunom Kyro II. CpaBHUM
ero ¢ GeForce 2 MX u GeForce 2 GTS. Kak Bua-
Ho 13 Taba. 2, Kyro II yctynaer no texHuyec-
Kum napametpam u GeForce 2 MX 400, u Tem
6onee Radeon 7500. Kazanoch 6bl, OHa Aos-

3D Prophet Kyro Il

Radeon 7500 Kyro I

270 175

230 175

DDR SDRAM SDR SDRAM
2 2

3 1

ecTb oTcyTcTBYeT
30 15

A Ta6n. 2. TexHH4eCcKUe AaHHble UcciegyemMbiXx BUAEOKapT
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Ha HEMWUHYEMO NPOUrpaTh 6onee UMEHUTHIM
conepHukam. [laBaiite o6paTumcs K Tectam.

Kak nokasanu pesynbrarsl TeCTOB, npuBe-
AEHHbIe HUXE, Ha NPaKTUKe AeNCTBUTENbHO
MMeeT MeCTo NPeBOCXOACTBO TaliIoBOrO peHpe-
pUHra Hag TpaauLumMoHHbIM. Oco6eHHO 3TO Npo-
ABNACTCA B TAXKENbIX YCNOBUAX — NP BKIIO-
yeHHOM FSAA B BbICOKMX pa3peLueHusX.
Hepapom B TecToBOM nakeTe Ha 6ase [BUKKa
Unreal 2 paHHas KapTa iepXXuUTcs CepefiHAYKOM
Cpeau TaKux UMEeHWTbIX COMEePHUKOB, Kak cepus
GeForce 2, cepus GeForce 3, Radeon 8500 u
7500, 3a4acTyto 06roHss paxe GeForce 2 Pro.
3ameTbTe, 4to y Kyro II goctatoyHo HU3KOe na-
JeHWe NpoM3BOAUTENIbHOCTU B 3aBUCUMOCTY OT
paspeLleHns 1 MyOuHbI LBeTa No CpaBHEHMIO
co MHorumu kaptamu ans DirectX 7. OgHako He
Bce TaK magko: y Kyro II goctatouHo 6onbluoe
najieHne Nponu3BOAUTENBLHOCTY NPY aKTUBALMN
TPUNMHeNHO! hunbTpaLmu. B HekoTopbIX Mrpax
TalnoBbI PeHAEepPUHT 3aMETHO CAAET NO3NULMUK,
B3sTb X0TA Obl TOT e Giants, rae Kyro II npowur-
poiBaet GeForce 2 MX 400 noyTu B gBa pasa.

OpHako B LeNoM KapTuHa [LOBOBHO pa-
JVKHas. Y TailnoBoro peHaepuHra, 6esycnos-
HO, ecTb Oyayliee. B urpax cnegytouiero noko-
JIEHUs C BO3pacTawLmm overdraw — BOT rae
cebs CMOXKET NPOABUTDL TaliNOBbI PEHAEPUHT.
KoHeuHo, pa3paboTunkam npuaeTcs Hecnagko
— Befib UM NPEeACTOUT NOAPYXMTb 610k T&L ¢
Taitnamu, fO6GUTLCA MaKCMManbHOW ONTUMK3a-
umnmn ceomx apxutektyp. Ho Unreal 2 yxxe He 3a
ropamu, M KapTam TPaLULUOHHON apXUTEKTYPbI
(Radeon 8500, GeForce 3 Ti 500, GeForce 4 Ti
4600) B 3TUX Urpax NpUAETCA HECNAAKo.

m ®m m Anekceit MupomHnyeHko

Quake 3 Arena, High Quality, demol
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(GeForce 2 MX 400)

A TectupoBaHue B Quake 3 Arena



