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JloHeTbK WA HAITIOHAFHUHA TeXHIYHUN HALlIOHAJTBHUN YHIBEPCHTET

Abstract

Romanyuk O.N., Obidnik M.D., Romanyuk O.V., Kostyukova N.S. Architecture features of three-
dimensional image generation systems. In work the features of functional-architectural construction of three-
dimensional picture generation systems, basic approaches to synthesis of graphic stages paralleling,
technologies of two and more graphics cards union for the joint creating of one image are considered. It is
shown, that the rise of productivity and realistic can be attained due to the use of new approaches for the three-
dimensional picture generation and rise of functional possibilities and productivity of shade processors.
Expansion of functionality of shade processors will give possibility to realize more realistic images, decrease
loading on central processing unit and tire of exchange by data between the system board and graphics card

Bcmyn

VY cydacHMX yMOBax KOMI IOTepHa rpadika
CTPIMKO PO3BUBAETHCS, OCKUIBKH 3a0e3Meuye BUCOKUI
piBeHb 1H(QOPMATHBHOCTI, BIATBOPIOE HaiiBaromimri
acmiekTn  mporecy  abo  sBumia.  HaiiGineiry
peamicTuyHicTh 3a0e3neyye TpuUBHMIipHa Trpadika,
OCHOBaHa Ha pOOOTI 3 MPOCTOPOBUMH MOAEIIMHU
00’ €exTiB, M0 00yMOBIIIOE ii MHUPOKE BHKOPHCTAHHS B
OaraTpoX Tamy3sfX, IIOB'A3aHUX 3 KOMI IOTEPHUM
MOJICITIOBAHHSM Ta IIPOEKTYBAHHSM.

Jyxe cTpiMKO PO3BHBAETHCS TAKUI HATIPSIMOK
KOMI'TOTEPHOTO CHHTE3y 300pakeHb, SK TPUBHUMipHA
KOMI'IOTepHa Tpadika pearbHOr0 Yacy, IOCATHEHHS
SKOI ~ BHKODUCTOBYIOTH IpH  MOOYAOBI  CHUCTEM
Bizyaiizalii TpeHaXkepiB TPAHCHOPTHHX  3aco0iB,
MO/IETIFOBaHHI PiI3HUX MPOLECIB, BUPOOHUIITBI peKIaMu
1 KiHO, po3po01i KOMIT'IOTEpHHX irop 1 iH.

I'onoBHOMO 0CO0JIUBICTIO TPUBUMIPHOT
KoMI' toTepHOi Tpadiku € poboTa 3 MOIEISIMHU
00’ €KTiB, PO3MIMIEHUX Y TPUBHMipHOMY mpoctopi. Ha
€Tami TPOCKTYBAaHHA CIEHH Cy9acHI 3aco0m He
3a0e3nedyroTh (OpMyBaHHS IiICYMKOBOTO 300pa-
KCHHS, II0 BHKIMKAHO HEOOXIIHICTIO BpaxyBaHHS
OaraTpox (DaKkTOpPiB Ta BETUKOIO OOYHCIIOBAIHHOIO
ckmaanictio.  Tomy  QopMmyBaHHS  IiICYMKOBOTO
300pakeHHs 31IMCHIOETHCS HA eTalli Bi3yali3allii.

OcobamBocTi MoOYJOBM CUCTEM Bizyaiizauii
MOJIATAalOTh Y BUKOHAHHI KOMIUIEKCY BHUMOT: BHCOKa
4acToTa TreHepauii 300pakeHHs, Mana 3aTpuMKa 4acy
BiZl MOMEHTY HAJXO/DKEHHS KEepyH4oro BIUIUBY JI0
aZIeKBaTHOI 3MiHM 300pa’keHHsI, BUCOKA PEaTiCTHIHICTh
CHHTE30BAaHOTO 300pa)KeHHSA, MOXMJIMBICTH BimoOpa-
KaTHU CIIEHY BEJHKOTO 00CSTY i AeTaILHOCTI.

Ha pmanomy erami poO3BUTKY TpPHBHMIipHOI
rpadikd  BiIEOKAPTH pPO3BUBAIOTHCI B OCHOBHOMY
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€KCTCHCUBHUM IIJIIXOM. 3a OCTaHHI KiJdbKa pOKiB
apxiTeKTypa BilleOKapT HE 3a3HaBaja IMPUHLHUIIOBUX
3MiH. Yci Moaudikanii 3BOAMINCS IO BJOCKOHAIIO-
BaHHs amapaTHUX KOHBeepiB Bimeokaptu. Cepen
HanpsIMKiB MiJIBUILEHHS TPOAYKTHBHOCTI rpadiyHUX
sqep, SAKi OTPpUMAlld HAMOIIBIIOrO MOIIUPEHHS 3a
OCTaHHI POKH, MOXHA BHIIJIMTH Taki: 30UIBIICHHS
TaKTOBOI ~4YacTOTH sJpa, HacamIepeln, 3aBIsKH
BIOCKOHAJICHHIO TEXHOJIOTIYHOTO IIPOLECY BUTOTO-
BICHHA MIKpOCXeM; 30UIbIIEHHS  BHYTPIIIHHOTO
mapaiemizmy BUKOHAHHS omeparii MUTSIXOM
30IBIICHHS KIIBKOCTI  IMIEHJCPHUX  TPOIECOPHUX
OmokiB; 3a0e3ledeHHs 30BHIIIHBOTO Mapaieiizmy,
TOOTO MOXKJIMBOCTI OJHOYAcCHOI pPOOOTH JEKUIBKOX
rpadiyHUX MPOLECOPIB HAJl OTHUM KaJIpOM.

IMepiii nBa HanpsIMKM OOMEXEHI TEXHOJIO-
IYHUMH MOMIJIMBOCTSMH BHMPOOHUITBA rpadiuHUX
4uITiB. 30UIBIIEHHS KiJBKOCTI MICHIEPHHUX MPOLECOpiB
JO3BOJISIE TIJBHIIUTH HPOLYKTUBHICTH (HopMyBaHHS
TPUBHMIPHHX 300pakeHb, ajie IPH LBOMY 3aBXKIH
MAarOTh MICII€ TEXHOJIOTIYHI OOMEXEHHS Ta I ABUIICHE
TEIUIOBUUICHHS, MPOOJeMy SKOro He BHpimeHo. Y
2008 pomi 3 HoyTOyKiB BrurydeHi unm NVIDIA M84 i
M86, siki gepe3 meperpiB BUBENHW 3 JIaAy HOYTOyKH, a
rpadiyni ynMnu ocraHHporo mokomiHHI G92 1 G94
BWIIy4eHI Yepe3 4acTi 3001 y (yHKIIOHYBaHHI TaKOXK
4yepes meperpis.

ITigBuieHHs MPOAYKTUBHOCTI [IJIIXOM
peanizanii 30BHINIHBOI'O MapayeNizMy MoXe OyTn
BUKOPHUCTAHO TIJIBKH JUISl OKPEMHX BHIIAJKIB, OCKIIBKI
OB’ s13aHO 31 301MBIIEHHAM CIIOKMBAHOI MOTY>KHOCTI,
rabapuTHEX po3MipiB cuctemu i ii BaprocTi. Take
pilIeHHS HENPWHHATHE UII MOOUTPHHX IPUCTPOIB,
PHUHOK SKHX TIIOCTIiHHO 3pocTae. Y  MOOUTBHHX
MPUCTPOSIX 13 MIPKYBaHb TE€OMETPHYHHX pO3MIpIiB,
LiHKM,  TEIUIOBUAIJIEHHS W  EHEProCIIOKUBAHHS
HEJIOLILHO CTaBUTH OKpeMy TpadiduHy Kapry.
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lMocmaHoeka 3adayi

CyuacHi 3aco0u (opMyBaHHS TPUBUMIPHUX
300pakeHh He 3a0e3MeduyioTh B IOBHIM Mipi BHMOTH
npaktukd. Oco0iaMBO 1e CTOCYeThes (HOpMyBaHHS
TUHAMIYHHUX 300pakeHb y peaJbHOMY MacIITadi gacy.

Ile oOymoBiIIOE HEOOXINHICTH  aHAJI3Y
OCOONMBOCTEH  apXiTeKTypHOI TMOOYZOBH  CHCTEM
¢dopMyBaHHS TPHUBHUMIPDHHX 300pakeHb 3 METOIO

BUSIBJICHHSI i BJAaCTMBOCTEH Ta IOLIYKY HaNpsMKIB

YIOCKOHAJICHHS ~ apXiTeKTyp Uil IOJIIIIEHHS
napaMeTpiB, |y  Iepuly  uepry,  IiJBHIICHHSI
MPOJyKTUBHOCTI.

Buknad ocHoeHO20 Mamepiany

[Ipu mporpamHiii peaiizarmii BepXHiX piBHIB
KOHBEeEpa amapaTHi peHAgepu OyimM 3aBaHTaKeHi
YacTKOBO, IO 3MYIIYBaJl0O PO3POOHHKIB 3HIDKYBATH
reoMeTpuuHy aeramizanito 3D-06’ekrti. Y 2000 pomi
¢ipma nVidia Bunycriuna Bineokapty GeForce 256 [1],
o sikoi Briepmie 3actocoBaHo Ha3By GPU, ockinmekn
rpadiyHuil TpoLlecCOp MOBHICTIO MiATPUMYBaB Yyci
cramii rpadiuyHoro kouBeepa. Ile Oyma mepma
BiZleoKapTa 3 IHTErpOBaHUMU anapaTHUMHU
T€OMETPUYHHUM IIPOLIECOPOM 1 MPOIIECOPOM OCBITICHHS
(T&L), sixi peanisyBanu BiANOBinHI eTanu KOHBEEPA.

VY 2001 poui B Bineokapti GeForce 3 Bnepuie
Oymo peamizoBano TexHomorito hFinite FX [2], ska
JaBana MOXKJIUBICTb THYYKOTO KepyBaHHA
TeOMETPUYHHUM IIPOLECOPOM 32 PAaXyHOK BHKOPHCTaH-
HSI TIKCEJHUX | BEPIMUHHUX peiinepis [3, 4]. [lo mosBu
BiJCOYMITIB 3 amapaTHOIO MIATPHUMKOIO ITIKCEITHIX
mielaepiB, y po3poOHUKIB Oy JHIIE MOYKIHBOCTI
3BUYalHOrO  MYJIBTHUTEKCTYpyBaHHS ¥ ambda-
Onenmunry [5]. Ieiinepu mamu wotupu Bepcii [4, 5],
OCHOBHI XapaKTEPUCTHKH SKUX HaBeJeHO B Tabmwmi 1.
3 tabnuii BHUAHO, IO 3 KOKHOIO BEPCIEI0 CTaHIAapTy

3MIHHUX MKCETHHUX | BEPIIUHHHUX IICHAEPIB, a TAKOK
1X MOXJIMBOCTEM.

Y 2006 pomi rpadiuHul KOHBEEp 3a3HAB
PpeBOMOIiHUX 3MiH [6]. Y HBOTO GyII0 BBEICHO HOBHIA
eTam — OOpOOJIeHHS TOJITOHIB, SKHH BHUKOHYE
reoMeTpuuHui mmedaep. [eomerpmuni mednepu
JIO3BOJITIIOTH  OOpOOJIATH JaHi Ha piBHI TPHUMITHBIB.
CTpyKTypy HOBOTO KOHBeepa 300paxxeHo Ha puc. 1.

o nosieu Direcrt 10 BepiunHHi weaepu He
Many iHopmanii mpo Te, A0 SKUX TPUKYTHHUKIB
HaJISKUTh JJaHa BEPIIMHA 1 K1 BEPIIMHU € 11 cycigaMu.
KpiM TOro, BepIIMHHMI WIeWIep HE MIr BHAATHTH
BEPIIUHY 200 IONATH HOBY, BIiH MIT TUTbKH 3MiHIOBATH
i mo3umiro % iHmi aTpulyTH.

Srigmno 3 Direcrt 10 BepiuuHHuMI 1IeigEp
[epeiae pe3ynbTaT TeOMETPUUHOMY Lueiaepy, SKUl
JTO3BOJISIE 3MIHUTH TOTIONOTiI0 00'€KTa, TOOTO CTBOPHUTH
HOBI TpUMITHBH Ta BHZaIATH icHywoodi. CraB
MOJIMBAM JIOCTYI 1O CYCiIHIX TPHUMITHBIB, TOOTO

NEeBHUH TPHUMITHB, HANPHUKIAL, TPUKYTHHK, MOXE
30epirati  iHQOpMalil0o TPO CYMDKHI 3  HUM
TPUKYTHHUKH.

Y  rpadiuHOMy  KOHBeepi Ha  crajii

KOMITOHYBaHHs BXIJIHUX JaHUX OKpiM B3aeMogii i3
LEHTPAJIBHUM TIPOLECOPOM  3'SBHJIACS MOXIIMBICTh
OTPUMAaHHS BEPIIMHHUX NaHUX i3 Oydepa BepuH abo
3 Oydepa iHmEKCIB.

Lle nmae MOXIMBICT IOBTOPHO BBOIMTH Ha
KOHBE€EpP JaHi, pO3paxoBaHi BEPIIMHHUMH, ITiKCETHUMHA
W TEOMETpHYHUMH IIeiinepaMu, 3aBaHTAXKCHI 3a
JIOTIOMOTOI0 TTIOTOKOBOTO BHBeIeHHs (Ha puc. 1 cramis
BBCJCHHS [aHUX B BiJeomam’ siTh). 3aBISKH LBOMY
MOXXHa 3HOBY BBOAMTH Ha KOHBEEpP Ti caMmi jaaHi, He
MOBTOPIOIOYM X PO3paxyHOK, 110, 3BHYAHHO K,
pO3BaHTaXye caM KOHBeep 1 30UIbIIye NPOIYKTHB-
HicTb. Y BuUmaaky yHi]ikoBaHOI KOHBEepHOi I
mIeWIepHOi  apXiTeKTypH 3'ABISETBCS  MOMKIHMBICTH

DirectX 36imbmiyBanocs KidbKICTh  IHCTPYKIHH i 3MEHIIUTU KIJBKICTh 3alifHUX CTajAill KoHBeepa I
Tabmus 1. XapakTepuctuku Bepciil meiaepis
Bepcis AP DirectX 8 DirectX 9 DirectX 9.0c DirectX 10
Bepcis meiinepis 1114 2.0 3.0 4.0
BepummHHuX iHCTpYKIiH 128 256 512 65536
TTikceTHUX IHCTPYKITiiH 4+8 32+64 512 65536
BepmmHHNX KOHCTaHT 96 256 256 16x4096
[MikcenHUX KOHCTAHT 8 32 224 16x4096
BepiiHHEX 3MIHHAX 16 16 16 4096
[MikcemHUX 3MiHHUX 2 12 32 4096
IToTOKIB BepIIMH 16 16 16 16
IToToxiB mikcesniB 4+2 8+2 10 32
BepmuHHUX TEKCTyp - - 4 128
TTikCeTHUX TEKCTYP 8 16 16 128
Po3mip TekcTypH, TOUOK 2048x2048 8192x8192
KepyBauHs 00po0OKOrO BepIIuH - CTaTHU4YHE cTatudHe abo JTUHAMIYHE
JMHAMIYHE
JIOBUIBHMI TOCTYII 10 AaHUX 13 - - - +
mieraepin
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3MIHUTH JIiHIAHY TOCHIOBHICT OOpOOKH ITOTOKY
JIAHUX.

Icaye 1Ba OOMEXeHHI B  KOHBEEpHIii
peamizamii rpadiuaux cuctem. [lo-mepmie, 06a3oBi
anroputMu  popmyBarHs ~ 3D-300pakeHp  JIETKO

PO3JALIATH TUTBKH HA HEBEJMKY KiTBbKICTH ITOCIITOBHIX
€TarriB, 0 JO3BOJISIE BUKOPUCTATH HEBEINKY KUIBKICTh
nporecopi. Ilo-apyre, cCKIamoBi eramy MarOTh Pi3HY
TPYAOMICTKICTh OOYHUCIICHHS, 1[0 TIOPOKYE MPOOIEMY
30aJIaHCOBAaHOTO 3aBaHTAXKEHHS €TaIliB KOHBEEPA.

Komu  3amutm  jocsraloTh — TpaHUYHHX
MOXIJIMBOCTEH OJTHOTO KOHBEEPA, TO ISl IPUCKOPEHHS
(dopMyBaHHs 300pa’keHb BHKOPHCTOBYIOTH JIEKiJbKa
napaieibHO HpalooYnx KoHBeepis [6, 7, 8]. Vpaxo-
BYIOUH HaJ3BHYANHO BENHMKHH 00CAT OOYMCIICHb TpHU
¢dopMyBaHHI TpUBUMIpHUX TIpadiqHUX 300pa)keHb, y
CydyacHHX TpadidHHX CHCTEMaX BHKOPHCTOBYIOTh
napaieiabHe 00poOIeHH iHpOopMarii.
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MokHa BHOUINTH KUIBKAa OCHOBHMX ITIIXOIIB
IO po3MapaleleHHs. MPOLUeAypHUH, SKuil nependavae
KOHBEEpPHY 0OpoOKy iH(popMarii, KOmu KOXHHU
mporecop  peanmizye  (GYyHKIIi  OKpEeMOTro  eTamy
(bopMyBaHHs CIICHH; KOMITO3HUIIHHII, KOJIH TPHUMITHBH
a00 TX CyKyIHICTh PO3MOJIISIOTECS MIXK IPOLIECOPaMHu;
(bparMeHTHUI, KUl nependayae po3mnojisi eKPaHHOTO
poCTOpy Ha (parMeHTH, KOKHHUHI 3 IKUX popMyeThes
CBOIM MPOIECOPOM, 3 MOJAIBIINM 00 €THAHHS
(parMeHTiB B OJHY CIICHY.

Po3pi3HSIOTH Taki OCHOBHI piBHI MapanenizMmy
[9, 10], siki BUKOPHCTOBYIOTBCS TIPH pO3MApaeIeHHi
pi3HUX eTariB (GOPMYBaHHS PEaTiCTHIHUX 300pakeHb:
1) piens E3 (mikcera), Koiu BUKOHYETHCS MapajeibHe
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00YHCIICHHS TI0 IeCTH KoopauHaTax (X, y, z, R, G, B);
2) piBenp rpynu E3, 1e 3HauYeHHsS iHTEHCHBHOCTEH i
KOOpAWHAT OOYNCITIOIOTEHCS TapaNeIbHO IS IEeKIITBKOX
E3,;

3) piBeHp TpHUMITHBA, Je TApANCIi3M peali3yeThes,
HaTIpUKJIA[A, yCepeOuHi TPUKYTHHKA, 3a0e3Medyrouu
napajienbHe OOYUCIICHHS I HOTO TOPU3OHTAILHUX 1
BEePTUKAJIBHUX JIHIHHUX abo0 MpSMOKYTHUX (par-
MEHTIB;

4) piBeHb rpyNH MPUMITHBIB, ¢ Mapanesi3m 3ade3neuy-
€TBCSl OJIHOYACHMM DACTPYBaHHSIM psly NPUMITHBIB;
5) piBeHb kaapy, 1e mapanesizM JOCSTa€ThCsl OMHOYAC-
HHUM OOpOOJICHHSIM psijly TiKapiB YK MTOBHUX KaIPiB.

Ha puc. 2, a moka3aHo TpHUKIAL PO3-
napajeieHHs] 3 BUKOPUCTaHHSIM MHOXXHHH KOHBEEPIiB
[11], vy sxwux reomerpmunmii mpomecop I'Tl BukoHYyE
TeOMETPUYHI IepPEeTBOPEHHS HaJ TPUKYTHHKAaMH, Ha
erami pacrepusaliii P BH3HA4YaIOTBCSA anpecd TOYOK
IUITHKA, OOMEXEHOi  TPUKYTHHKOM,  BHIIYYCHHS
HeBuauMuX moBepxoHb (BHII) BukoHyeThcs 3
BUKOpPHCTaHHSIM Z-Oydepa, a BHOUMI IIKCEIH
3amam’ SITOBYIOThCS B kKajpoBomy Oydepi Kb.

MOXJIMBO  BUKOPHUCTAaHHS — MaplupyTH3allii
NPUMITHBIB Y BIANOBiMHI pacTepusaropu (3’ e€mHaHHS A
Ha puc. 2, a), abo MapupyTH3alii (pparMeHTiB Mmicis
pacrepusartii y Bianosimai npuctpoi (3'e€anands B na
puc. 2, a).

Ha puc. 2, © 300paxkeHO apXiTeKTypy
rpadiunoi cucremu [12] o¢ipmu Silicon Graphics.
l'eomerpruHi mporecopn BHKOHYIOTH T'€OMETPHYHI
MEPEeTBOPEHHA 1 TepemaloTh [aHi TeHepaTopaM
¢parmenriB '® uepe3 mmHy TpUKYTHUKIB. bydep
KaJpy NOJUJICHO Ha TalJIM, KOXKHUH 3 SKHX KEPYETHCS
CBOIM MPOLIECOPOM.

Jlo cucremm, 'y sKiH  BHKOPHCTaHO
po3napayieNieHHsT B TPOCTOPI 300pa)keHHsI, MOXHa
Bimnectn cuctemy Fuchs [13], y skiit koxuuit 3 M.N
MIPOIIECOPiB 3B'A3YETHCA 3 KOKHUM M-—Trikcemom Ha
kokHOMYy N psimky posroprtku. Bei momironn cueHu
00pOOIAIOTECST TTOCTIAOBHO, TMPHUIOMY OaraTOKyTHHK
CcTa€ OOCTYIHHM Bigpa3y i BCIX IIPOILECOpPIB
omHoyacHO. OCKITBKM KOXXHHHA TIOJITOH TIOKPHUBAE
HelepepBHY YacTUHY e€KpaHa, To BiH Oyne
00pobnsaTHCs Bigpady ycima mporecopamu. [lam'ats
IpU I[bOMY OpPTraHi30BYETHCS TaK, 100 KOXHHUHA i3
YHIIB BKJIIOYAB PIBHO MO OJHOMY OiTy Juisi Oynb-gKO1
JIUITHKHA OITOBOT IUIOIIMHK Taiily. B TakoMmy BHIIQAKy
Oylne MaTu Miclle OJHO3HAYHA BIIMOBIIHICTE MiX
YHUIaMH T1aM'ATi i TiKCeIaMu Ha eKpaHi.

Ha puc. 2, ¢ 300paxkeHo apxitekTypy rpadid-
Hoi cucremu Fredom [11], y sxiit 006’ eqHano
TEOMETPUYHI TIEPETBOPEHHS TPUMITHBA Ta HOTO
pactepumzarisi. Jlexinbka MOAYINIB MPAamIOIOTh HAaJ
JIeKUIbKOMa TpUMITHBaMu  HapaienbHo. CTBOpeHi
(parMeHTH MapIIpYTH3YIOTBCS B MOyl Oydepa
KaJpa HUIXOM TaK 3BaHOrO HOEIHAHHS Oydepis, 110
peani3oBaHO B BUDNIAAL KoMyTraropa. MOXIHUBUM
KOH(JIIKTOM y poOOTI CHCTEMH MOXXE CTaTH Iepenayda
BiJl IBOX a00 OLIbINIE PaCTEPU3ATOPIB JAHKUX J0 OJJHOTO
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Monynst Oydepa xanpy. 1 1boro BUManKy MOBHHHI
Oyrn mepenbaueHi 3acobu Oydepuzauii  aaHUX.
3arpatn, SKi HEOOXigHI A IBOTO, 3POCTAIOTH Y
HeNiHIHHIA 3ajeXHOoCTi, mo oOMexye wMacmrTabo-
BaHICTh TaKWX cHCTeM. 3a 3amoBicHHAM NASA s
CHCTEM MOJENIOBaHHS TOJNBOTAMH OYJIO pO3pOoOIIeHO
rpadiuny cucremy [10], y skiit 40 o6'ekrtiB 6yio0
MOB'SI3aHO 3 OKPEMHM IIPOLIECOPOM, KOXKHHU 3 SKUX
SIBJISIB COOOI0 JOCTAaTHBO CKJIQJHUH TIPHUCTPIH, SKUN
¢dbopMyBaB JTUHAMIYHE 300pa)KCHHS 31 IIBUAKICTIO
BiJIcOTeHEepallii.

BuCcoOko0  IPOXYKTHUBHICTIO  XapakTepH3y-
10ThCs rpadiuHi cuctemu 3 BHKOpucTaHHsM SLAM-
uumiB [10] — CBIC, ski BKIIFOUAIOTH MATPHUIIIO TIAM 'SITi 3
JOBUTBHUM [TOCTYTIOM 1 BOYZOBaHiI MPOCTi IPOLIECOPH,
oI0 MpalioloTh HapaienbHo. JlucmiueiiHa cucrtema,
Oydep kampy skoi ckmamaersest 3 SLAM-uwmmis,
I03BOJIsIE MOAM(IKYBAaTH OJHOYACHO BiJl OJHOTO [0
KUTBKOX THCSY TikcelNiB. ToHyBaHHA 0araTOKyTHHKIB
BUKOHYETBhCSI Ha OCHOBI omepaliii 3adapOoByBaHHS
psiika pacTpoBoi po3ropTkH 3 BHKOoHaHHAM 4 SLAM-
komaH/. [lepmia komaHzia BH3HAYa€e PsJIOK PacTpoBOI

Xocer

pO3ropTkH, sKMi HeoOXxinHo 3adapOyBarh, apyra —
mabnoH, skuid  Oylde  BHUKOPHCTOBYBAaTHCS IS
3aapOoByBaHHS BCiX MOAM(IKOBAHUX MIKCEIIB, TPETS
— BH3HAYa€ KiHIEBY X—KOOpAHWHATY (hparMeHTa psjaka,
KA TOTPiOHO MoamdikyBaTH, YeTBepTa — BH3HAYAE
MOYaTKOBY X—KOOpIWMHATY (QparMeHTa psaka #
nporionye SLAM BukoHaTu 3adapOoByBaHHS MIKCEiB
BiJI MOYATKOBOT JI0 KiHIIEBOT TOYOK (PparMeHTa MuUITXoM
MOCIIIZIOBHOTO TOBTOPEHHsI HIa0ioHy. Y rpadiuHii
cucremi [15], mobymoBaHoi Ha ocHoBi SLAM-yurmis, 3a
OJIMH IIMKJ TaM'ATi MOXXHa MOAU(IKYBaTH IOBUIbHY
YaCTHHY pAIKa.

Posrisinemo apxitektypu Bineokapr GeForce
7800 [8] i GeForce 8800 [6, 14], ocKiabKKM BOHU MaOTh
MPUHIUIIOBY pIi3HY Oprai3aliio, XapakTepHy st
PI3HHUX TIOKONIIHB BiIEOKApPT, MPHUYOMY BiICOKapTH
GeForce 8800 3a migpaxyHKamMM MapKETHHIOBOL
kommanii Jon Peddie Research y 2007-2008 pokax
MaJy HaiOUTBIIHN 00CST IPOIaXKy.

BBaxaerncs, mo apxitekrypa GeForce 8800
Oyne THUHOBOIO ¥ i  HACTYNHOTO — MOKOJIIHHS
BiJICOKapT.
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Pucynox 2 — CtpykrypH rpadiyHuX CHCTEM

V Bimeokapti GeForce 7800 (2005 pik) [6]
peainizoBaHo rpadivHUN KOHBEEP 13 BHKOPHUCTAHHIM
BEPLIMHHHMX 1 MKCEIHUX IPOLIECOPIB.

BineokapTa Mae 24 mikcenHux mporecopu PS,
[0 OJHOMY TEKCTYpHOMY Oioumi Ha KOHBeep, 8
BEpIIMHHUX IporecopiB i 16 OJNOKIB pacTpoBHX
omepariit (ROP). I[Tikcenni mporiecopu 3rpymnoBaHo 1o
4 s obpobku kBaai [6]. Ipomecop PS mae nBa
BektopHi AJII, 3maTHi BUKOHYBaTH 2 pi3HI omeparii
Hax 4 koMroHeHTaMu Ta aBa MiHi-AJII (mainpocTimi
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ckamsipui AJIIT Ui BHKOHAHHS NPOCTHX OIEpAIliif).
Koxxuuii  mikcenmuuid  OJIOK  MOXK€  BHKOHYBAaTH
iHctpykuii Tumy MADD [4, 6] (MHOXeHHs/nonaBaH-
Hs1). AJITT 3 BUKOPUCTOBYIOTH /isi JOPMYBaHHS ONTHY-
Hux edexriB. AJIIT 1 3a oquu TakT MOkHa a00 BUOpaTn
OJIHE 3HAYCHHS TCKCTypH U 3amiatu npyruid AJII 2 ans
onHiei abo nBOX omepariif, abo BUKOpHUCTAaTH OOHIBa
AJITI, sKx110 HE BUOMPAETHCS TEKCTYpa.

3a OIMH TAaKT BEPIIMHHHMH INIPOLECOp MOXKE
BHUKOHATH OJHY BEKTOPHY OIIEpalilo, OIHY CKAJIIPHY
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orepariifo i 3MiHCHUTH OAMH OCTYH A0 TeKcTypH. Jlo
nosisu GeForce 8800 ycim GPU 0yno BiacTuBe ojHE
byHnamenTansbae oomekerns [14] — posmomin BuKo-
HaBYMX TIPUCTPOIB JUIS IMIKCETHUX 1 BEPITUHHUX
melnepis.  BigmoBimHo,  Oymp-skumii  rpadivHAN
MpOIIeCOp MICTHB Yy CBOEMY CKIadi [Ba OKPEMHX
Habopu OJIOKIB 1711 0OPOOKH KOKHOTO BHAY HIEHIEpiB.
Takuii po3MOAIMT MIr HEraTUBHO I[O3HAYATHCS Ha
3aranbHiil edextuBHOCTI pobot GPU, OCKIbKH B
CleHaX, HAaCHYEeHUX  IIKCEIHUMH  IIeijaepamu,
MPOAYKTUBHOCTI HASBHUX IKCEIHUX IPOIECOPIB
MOIJIO HE BHCTAa4yaTH, y TOW 4ac 5K OOYMCIIIOBAJIBHI
MOTYXKHOCTI BEPUIMHHHMX MPOLECOPIB HE BHKOPHU-
CTOBYBAJINCS, 1 HABITAKH.

[Ipobnemy aucOamancy BHpimmiIa yHi(iKaris
HIeWIepHIX TPOLECOPIB, MPH AKiH HABAHTAXKEHHS MiXK
HUMH PO3NOAULUIACA TUHAMIYHO, 3aJeXHO Bif
0COONMMBOCTEH KOHKPETHOi CIeHH. Y  BimeokapTi
GeForce 8300 [6, 14] Bmepiie BHKOpUCTAHO YHii-
KOBaHY LICHAEPHY apXiTEKTYpy PEHICPHHTY, TIOTOKOBE
o0poOnenns iHdopmalii Ta HOBUH BHI wIeiaepa —
reoMeTpuuHuid. Unn cknanaerscst 3 8 yHiBepCcalbHHX
mporiecopiB, ski Bkimrouarote 128 ALU 1 32 TMU.
I'panymnsipHiCT BUKOHAHHS cKianae 8 OJIOKIB, KOXKHUN
3 SKUX MOXXE BHKOHYBaTH (YHKLII BEpIIMHHOTO,
MKCEHOT0, a00 TEOMETPUYHOTO IIeHaepa Hal OJIOKOM
13 32 mikcemiB.

Moro HasuBaroTh IIEHIEPHHM MPOLECOPOM.
KosxHuit Takmii mporecop Mae ke mepmoro piBHs L1,
y AKOMY 30epiratoTbcsi TeKCTypH W JaHi, IKi MOXYTh
OyTH BUKOpHCTaHI HIeWaepHUM mporecopoM. bmoku
ROP Busnauath Qaxt BuauMocTi, 3amuc y Oydep
Kaapy ¥ MyJIbTUCEMIUIIHT.

Bonu 3rpynoBaHi 3 KOHTpoJiepaMH IaM'siTi,
yepramy 3amucy Ta KewleM Jpyroro piBHs L2
[MorokoBi  mpornecopu SP €  yHipiKkoBaHHMH
CKaJIIPHIMH TIPOIIECOPAMH 13 IJIaBal0Y0I0 KOMOIO, IO
00poONAIOTh HE TINBKM TpadiuHi, ame ¥ iHOmI gaHi.
OO'ennannst SP y kiactepu [103BoJisie  €(hEeKTHBHO
BUKOPHUCTOBYBATH amapaTHi pPeCcypcH BiJEOKapTH.
KoxHuit MOTOKOBHI TIPOIECOp Ha OCHOBI MEXaHi3MiB
KEpyBaHHS 34aTHUH AWHAMIYHO TEPENpU3HATYBATUCS
JUIl BUKOHAHHS KOHBEEPHUX rpadiuHux abo IHIIMX
omepaniit. Thread Processor kepye 3aBaHTaXeHHSIM
MOTOKOBHX ITPOIIECOPIB.

Kpim meiinepaux Gnokie i ROP y GeForce
8800 [14] € wabip kepyBambHHX OuyokiB: |nput
Assembler npuiimMae BuxigHi maHi 3 mam'saTi CHCTEMH
a0o nokanpHOI mam'sri; Setup/Raster/ZCull — 6ok, o
BUKOHY€ BCTaHOBJICHHS, paCTEPU3alli0 TPUKYTHHKA Ha
O6moku mo 32 mikcenw; OJOKM, IO 3aIlyCKalOTh Ha
BUKOHaHHS MPOrpaMH JaHUX PIi3HUX (QopMarTiB:
Bepummani  (Vertex Thread Issue), reomerpuui
(Geometry Thread Issue) i mikcenni (Pixel Thread
I ssue).

Omun i3 m'stu AJII] Moxe BHKOHYBAaTH TaKi
cneuianbHi QyHKLI, IK CHHYC, JJorapu(™, eKCIIOHEHTa
W 1.0 Inmi wormpm AJIIl BuKOHYyIOTH omeparii
JI0JIaBaHHsI-MHOKeHHs. KOXHHH i3 cynepcKasipHUX
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MIPOLIECOPIB JIOJATKOBO Ma€ OJIOK PO3rajy’XKeHb, IO
migBuIye eQeKTUBHICT, poOOTH Ha Iueinepax i3
BeIMKNM  9uciioM  mepexofniB.  CymepckanspHa
apxiTeKkTypa jgocsrae HaiiOinbpmoi eheKTHBHOCTI TOmi,
komn Bci AJIIl 3aifHATI BHKOHAHHAM HE3aJEKHHIX
orepariiif, a JOMOITUCS LOTO JOCUTh CKJIaTHO, TOMY
mo B 3D-momatkax Oarato omepamiii 3aleXHTh Bif
pe3ynbpTaTiB  BHKOHAaHHA momepenHix. Came Tomy
rpadiuaum sapam ATl Radeon HD mns nocsirHeHHs
HalKpalmMx  pe3ysbTaTiB  MOTpiOHa  peTenbHa
ONTHUMI3AIis TpaiBEpPIB IMiJ] KOHKPETHUH TOJIATOK.

Ha cepennny 2008 poxy HaWHOTYXHIIIOHO 3
JIMCKPETHHX BBaXKaeThes Bimeokapra Radeon HD 4870
X2, sxka Mae TpOAyKTHUBHICTE B 2,4 Tepadiorc.
Kommaniss NVIDIA mitom 2008 poky odimiiiHO
MpeAcTaBUia  HOBUHM  iHTEerpoBaHHMU  TpadidHAl
mporiecop GeForce® 9400M, sxkmit 3abe3meuye
npoayktuBHicTe B 54 GFLOP, mo € abcomroTHUM
pexopaoM s MOOINBHUX pimeHs. llopiBHIOMOUN
MOTYHOCTI ¢narmaniB BijleoKapr, MOJKHA
CTBEPJUKYBATH, IO Nepiua € B 44 pasu MOTYKHILIOIO.
Croromni pimeHHs 3 BOyJOBaHMMH TpadidyHUMH
SApaMM 10 TPOAYKTHBHOCTI JOCSTalOTh TUIBKH PIBHS
JMCKPETHHX BiJICOKapT HIXKHBOTO Kilacy.

Ha nymky ¢axiBuis ¢ipmu Intel yxe ceoromni
HEOOXigHO, M0 KpaWHil Mipi, Ha MOPSIOK IIiJABHUIIUTH
TIPOJYKTHUBHICTh iHTETpoBaHHWX rpadiunmx smep [15].
e BakmuBO me ¥ TOMy, IO B OCTaHHI J[Ba POKH
3arajgbHi TIOCTaBKH IHTETPOBAaHWUX TpadiuHUX KapT
npubJIM3HO B TPU pPa3d MEPEBHIIMIM  [TOCTABKU
JIUCKPETHHUX TpadidHUX KapT.

HaBeneni nudpu cBigyath, IO CHOTOJHI
HEOOXiHO, WIOHaliMeHIie, B 23 pa3u IiIBUIIUTU
MPOJYKTUBHICTH IHTETPOBAHHUX 1 MOOUTBHHX IpadiyHuX
BiICOKApPT ISl  JOCSTHCHHS  HEOOXIMHOro  JIst
KOpHCTYBaua MiHIMaJIbHOTO PiBHS JAWHAMIKU rpadid-
HUX CIICH IPH po3NOAiTBHIN 31aTHOCTI 1024X768.

[otpeOyroTh OiMBII SK YABIYI ITiIBUIIEHHS
MPOAYKTUBHOCTI 1 JOHUCKpeTHI BigeokapTH, sKi
MPAIIOIOTh Y PEXKUMI BHCOKOT SIKOCTI.

OCKUTBKHM TTOTYKHOCTEH CydacHHX BiJe€OKapT
HEZI0CTaTHBO TSI BUCOKOSKICHOT JUHAMIYHOT TpadikH,
TO iHOJAI BHKOPHCTOBYIOTH TexHoJorii Scan Line In-
terleaving (SLI) [16] i CrossFire [17]. 1le TexHosoril
o0'enqHanHs JBOX abo Oinblue BiIEOKapT B OAHIM
cucTeMi  Juis  COUTBHOI  poOOTH  HAA  OIHUM
300paxeHHsM. [Ipy 11bOMY MPOIYCKHA 3AaTHICTh LTHHU
JTATBCSL MK KITBKOMA BiJICOKapTaMu, KOXKHA 3 SIKHX
npaioe 3a mnporokoiiom PCl Express. ¥V 2007 poui
3'IBUBCS TaHIEM TPbOX BimeokapT — 3-Way SLI, a y
2008 poky 6y anoncosani Triple i Quad CrossFire,
sKi 00'€ JHYIOTH BIIMOBITHO TPH M YOTHPH BiICOKapTH
Radeon. Texwnomorii SLI i CrossFire 3a6esmeuyoTsb
MiJBUIICHHS TMPOJIYKTUBHOCTI, ajle 3HAYHO 301TbIIy-
I0Th CIIOXKMBaHY IMOTYXHICTh, ra0apuTHI pO3MIpH 1 HE
NPUHHATHI 17151 MOOUTEHUX MPUCTPOIB.

Ha puc. 3 300paxeHo cTpykTypy rpadidaoi
CHCTEMH, SIKY peaji3oBaHo 3a TexHousoriero CrossFire.
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Pucynok 3 — Crpykrypa rpadidHoi cucTeMHu, y sKii
BHKOpHCTaHO TexHouoriro Crosskire

Kinbka npuckoproBauiB (Ha puc. 3 iX
300pakeHO  aBa) (OPMYIOTH  BJAaCHy  YacCTHHY
300pakeHH 1 BUBOAATS ii uepe3 TDM S-tpancmitepu B
mudpoBomy cranmapti DVI. Indopmariis nogaerscst B
Composing Engine — mpucTpiif, skuil 37ilCHIOE
00'eTHAHHS pPE3yNbTaTiB POOOTH MPHUCKOPIOBAUIB IS
onmepkaHHa (iHanpHOTO 300paxeHHs. Ha Buxomi
Composing Engine ¢opmyersest DVI-curnan amst
¢iHampHOTO Kanpy, 310paHOro i3 JBOX MOPLIH NaHHX,
pospaxoBannx GPU. [lns ycyHeHHs mnpoOiem i3
cunxpoHizauiero Composing Engine mictute BracHy
OydepHy mam'saTh, IO J03BOJIIE HAKOIMYYBATH JaHi
ACHMHXPOHHO, a, IIOTiIM, y Mipy TOTOBHOCTI 000X
MIPUCKOpIOBadiB, (popMyBaTn i BHIABaTH OCTATOYHHI
kagp. Composing Engine tepuropiaibHO pO3MINIYIOTH
Ha OJHIH BifeoKapTi, IKy Ha3WBaIOTh MPOBiTHOIO. JlaHi
i3 apyroi KapTH mepenaloTh Ha MPOBIAHY Yepe3 3BU-
yaitawii 30BHIMHIA DV iHTepdeiic.

Slkmo B Texnoisorii CrossFire o0'egHaHHs
YacTMH  300paxkeHHs,  cOpMOBaHMX  PI3HUMH
rpagiyHUMH TPOLIECOPaMH, 3MIHCHIOETHCS TMOBHICTIO
amapaTHo, To B TexHojoriii SLI me peamizyerbes
nporpaMHo abo 3 BHUKOPHUCTaHHSIM MOCTa, IO
3aKpIIUTIOETHCS Ha BEPXHIM YacTHHI JBOX BiJIEOKapT.
I[Ipu mpOMy omHa KapTra € TPOBIAHOW, Yy SKIid
YTBOPIOIOTH Oydep g iHpopmarii, o nepeaaeTses 3
HenpoBinHoi mo MocTy. IlpoBimHa Kapra BHKOHYE

o0'eHAHHS IBOX dYacTuH 300paxkenHs. Jlms SLI
MOTPiOHi IB1 aOCOIOTHO OJJHAKOBI KapTH.

Texuosorist ATl  CrossFire 3aGesmeuye
gotupu pexumu pobGotm — SuperTiling, Scissor,

Alternate Frame Rendering i SuperAA.

VY pesxxumi SuperTiling 300paxeHHsT AIMATHCS
Ha TaliuM, SAKI MapuUpyTH3YIOThCs  TpadidHuUM
IPOLIECOPOM MO pi3HUX KOHBeepax. Hemomik pexumy
MOJISiTa€ B TOMY, IO KOXHA 3 BiJeoKapT o0poOiise
TeOMETPIIO JUIsl BCHOTO KaIpy.

VY pexumi SCISSOr 300pakeHHs ITiIUTHCS Ha
JIBI YaCTHHHM TIO0 TOPU30HTAJI. BiamoBimHO, 0JHA KapTa
004YHnCITIOE BEPXHIO YaCTHHY, a Apyra — HWXKHIO. SIK 1 B
MEepIIoMy peXuMi, OOWABI KapTH TPOPaXOBYIOTH
TEOMETPIIO CIICHH.

V Pexumi Alternate Frame Rendering (AFR)
OJlHa KapTa IIPOpaxoBYe BCi MapHi Kaapu, a Apyra —
HemapHi. Y IbOMY PEXHMi ITKCETHEe W TeOMETpHUYHE
HaBaHTAXCHHS JUTHTHCS MK BileOKapTaMu, MIPUIOMY
reoMeTpist He JTyOJIIOETHCS 10 HINHI.

VY pexumi SuperAA — o6uaBi kKapTu 00po0IIsI-
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I0Th OJJHAKOBE 300paKeHHs, ajle BUKOPHUCTOBYIOTh
pi3Hi  1A0JOHM TOBHOEKPAHHOTO  3IJIAJKYBaHHS
(FSAA). Tlortim obuzBa 300pakeHHSI CyMIIAIOTHCS B
OJIHE.

SLI migrpumye 2 pexumu permepunry: Split
Frame Rendering (SFR), sikuii anajoriunmit SCissor i
AFR, a Tako>k METOJ 3TITaKyBaHHS.

3B'SI3KKM BiZCOKapT BITHOCATH CHOTOIHI [0
HAWIIPOMYKTUBHILIIMX CYYaCHUX BiJCONPHCKOPIOBAYIB.
VY 2007 poui 3'siBUBCS TaHAEM TPhOX BimeokapT — 3-
Way SLI, a y 2008 poky Oynu anoncoBaui Triple i
Quad CrossFire, siki 00'€qHYIOTh BIAMOBIIHO TpU i
4oTHpH BifeokapTu Radeon.

Texuomoriss NVIDIA Hybrid SLI, sxy
BrpoBamkeHo B 2008 pomi, mo3Boisie BOymOBaHUM
rpagiyHAM ajanTepaM, IHTETPOBAaHUM Yy YHIICET
MaTepuHCBbKOI  IUIATH,  MpaIfoBaTH  pasoM i3
muckpetHuMy Tpadiuaumu mporiecopamu NVIDIA y
pamkax oxHoro IIK abo wnoyrOyka. Hybrid SLI
BUKOPDHCTOBYE JIBI TEXHOJOTIl, sKi 3a0e3nmedyloTh
PEKMM BHCOKOI TNPOAYKTHBHOCTI st rpadidHuX
JOAaTKiB ab0 TepeBOJsTh CHCTEMY B EKOHOMIYHHI

peXuM  eHeprocrnokuaHHs. Becnoro 2008 poky
aHanmorivny — Texuojorito - Hybrid Crossfire-
3anpornonysaina i ¢pipma AMD.
BucHoeku

Y  pobori PO3TIIHYTO 0COOIMBOCTI
(YHKIIOHATFHO-APXITEKTypHOi ~ MOOYIOBH  CHCTEM
¢opMyBaHHS TPUBHUMIpDHHUX 300pa)keHb, OCHOBHI
HiIX0AM 1O po3MapalelieHHs MpOoLenyp CHHTE3Y
rpapiuanx cred. [locmimoBHa peami3amiss eramiB
¢dbopmyBaHHS TpadiuHHX CICH [I03BOJSE IIOJATH

MPOIEC CHUHTE3Y PEaTiCTUYHUX 300paKeHb y BHUIJISII
KOHBEEpa, Ha BEPXHIX eTamax sKoro oOpoOJSIOTHCS
MaTeMaTUYHI MoJelli 00'€KTiB, a Ha HUKHbBOMY
(GopMyIOTBCSL  aZpec  TOYOK  300paKeHHS  Ta
iHTeHCHBHOCTI iX Kombopy. KoHBeepHmi migxin
¢dopmyBaHHS TpaiuHHX CIOEH € OJHHM i3
HANMOMMpPEeHIMHX PH peatizalii rpadiqaux 3acobiB.

Bupimenss npobiemMu i ABUIICHHS
MIPOAYKTHUBHOCTI Ta PEATiCTUIHOCTI MOKHA JTOCATTH 32
paxyHOK BHKODHCTAQHHS HOBHX MIiAXONIB Ui
(opMyBaHHS TPUBHMIPDHUX 300pakeHb, IiJABHUIICHHS
(YHKIIOHAJIBHUX MOXKJIMBOCTEH Ta MPOAYKTHBHOCTI
meinepHnx  npouecopis.  llmaxom  amapaTtHOi
MIATPUMKM HaHOLIBII MOIIMPEHUX IHCTPYKLIH 110
peadmizarnii peHaepuHra MO>KHA MABULLIATH
NPOJXYKTUBHICTh IICHISPHUX MPOLECOPIB 1 3MEHIIUTH
ix  kimpkicte.  Po3mmpeHHS — QyHKIIOHANBHOCTI
mrelaepHux MIPOIIECOPiB JIacThb MOJKJIHBICTh
pearizyBaTu OIBII peaNicTHYHI 300paXeHHS, a TaKOXK
3MEHIIUTh HABAaHTAXXCHHS Ha LICHTPAJILHUIT pouecop i
MUHY OOMiHY JTaHUMH MiXK CHCTEMHOIO IIJIaTOI0 W
BiJICOKAPTOIO.
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