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PARALLEL ARRAYARCHI TECTURE FOR A GRAPHI CS PROCESSOR

CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] The
w@e@sant74appl i cation clainms the benefit of U SPCT/US2006/062258

Provi sional Application No. 60/752,265, filed Decenber

19, 2005, which is incorporated herein by reference in

its entirety for all purposes. [0002] The present

coARALEEL ARR AV ARCHITECTURK BOR 4 GRAPHICS

Application No. 11/290 Novenber 29, 2005;
Application No. 11/ ZSQP@CI{: $%{Novenber 29, 2005;

and Application No. 11/31 1,993, filed Decenber 19,
2005, Wh'(ﬁibﬁ REF‘E‘R@N@E@‘F@GREBA*FEB' APﬁDf(j

herein, by reference tor all purposes. D OF
[OOOIIHEThd\NEMit @pli[o@ﬁ@ﬁc}lam’rsethpbemﬁnbf Uriy erct\nmnnal el ppliestidnNo.

r r i C ocessors, and i artlclartoa
0730 et e PGt R, SRS form e Rt Bisedr 16
entirdtPRP411 figsodkd. el processing techni ques enhance

t'hroughput of a processor or nultiprocessor system

e B L A U T R
U.S. ch&tt ;elc@tefdsn e\q)phyatnmgcs anmR90WioB hfilkka Novembkr Imlzogs
as a se&ar ate thread. gAs used herein

Apphc@tmnéga--wm&?@ §ledd¥ayemper 29,200 ol drmbicaioraNe Uy} ds993, filed
Decebe d,algoabés %ﬂlgﬁ LRBEAT tmeﬂ%ttegw 'gglr i xggg{;fggﬁﬂégfor all

agr ers to a sequenc
mnmxmstructlons that produces result data from i nput
data.) Parallel threads are executed simultaneously
using different processing engines inside the
processor. [0005] Nunerous existing processor

architectures BWROWQQF&HBHHU@HI@ The
ctures arLJ e disc

00033 st R Blshl el R bR 6 R ey Shiapiaptor o

parallpl QESSECHIGCREs RS alpahidigroceb@Br i cated on a single
chip. These cores are controlled in various ways. In

oA ERE S (B SELL PSS oot
systerhetiehesuldpld indeperedent tcﬁnmmidmsted,lmlimfomﬂ t A comiputation can

. £essij i ne (or,_engines). ln o i nst ance
be dl‘ﬁﬁ%ﬁmt%@q&tﬁﬁ% ot e eresmap 1 ik b ke bginggepjeymed as a
separfB GEAE (A sRs&Ph&einds "Breal M s g@1§etr£1¥5¢fo' a?irlnéiﬁhée otf ré@t‘icutlon ofa

| ssues the sane |nstruct| on in para lel to nul
partwp}ao pEOgLAT gsmg ghmtieslar wiputdntarend at"eraghem reders trca serqruem of

e L i L RG0Sy S R P GRS G e R

executed simultaneously using different processing engines inside the processor.

[0005] Numerous existing processor architectures support parallel processing. The earliest
such architectures used multiple discrete processors networked together. More recently,
multiple processing cores have been fabricated on a single chip. These cores are controlled in
various ways. In some instances, known as multiple-instruction, multiple data (MIMD)
machines, each core independently fetches and issues its own instructions to its own
processing engine (or engines). In other instances, known as single-instruction, multiple-data
(SIMD) machines, a core has a single instruction unit that issues the same instruction in

parallel to multiple processing engines, which execute the instruction on different input
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unit is needed) and therefore cost; the downside is

that parallelismis only available to the extent that
worioriipl7é3 | nst ances of the sane instruction caPChES2006/062258

executed concurrently. [0006] Conventional graphics

se ve de S| MD archltectur S to achieve
operditg oSN sTastiGe EFTFe SeGRe ALRAECR G SBpHEe Sones ey S fstruction
unit 1§H£€d’e§)aédd(’cﬁ§reﬂﬁ@ @65@' thy d&0ARAE 18%%5&11919&15 Ifbeorﬁy?‘g@allable to the
prograns (vertex shaders or pi xel "shaders) on” l'arge
extenhthabewlipdd instapesstod thiessameiinsigiction pankled edecutil nercuemothy.
obj ect is processed independently of all others but

[0006)Si OgnveRBorsR FRAPHRE PRIt SR use ReFyalideSIMRarshMetures to achieve high
archltecturegfrOV|des consi der abl e perfornmance

throughmiémémfftre ering4pplicabipes. cBish apmigsitiens sgnerally@ntyil executing the
same sp% e%? I%dm (ﬁg)r)?eé%}%g%rszzgg ‘falrl%cg ﬁuﬁ{ggrg SE?%Qcafd gJeﬂlces or

) anot re or conpara

pixel$)h Sﬁnoex:eauétq Sct s pretessébrdepepdaglyedtiall dtherb bathusaipctheRidke
multjple sets of SIMD cores are sonetines provided to

SequUegGH ‘PReraé’r?“é’\Pe%IWQFfé‘#teﬁB@rr%Vlé?s GoRFIdPTaBl el REFROTN ARG 7]
enhantBRieft A SSlsGb1ase ’P}ﬁ[}g @J ?ﬁw HERELOGR I’Eﬁ]f) SEre thi¥&xecutes

separate processing or vertex an
vertep slogeapre gans, srebanottce SYMBemirgnfchnaprdatile sive that efdcetes pixel

| eadi t t, | dupl i cat | f effort
shadegBigrtin. aeh-6FE PR gPolnls iapsiD retuedhmgtimgserovided to
Summﬁe&ma@ﬁhﬁgk}géggpgfﬁﬁmgm§nand pi xel operations varies

greatly fromone application to another. As is known
[0007:er "hnage a%ﬁtigns Q%EI:vera?gh Vx\;ﬁco%ﬂrggesg(ﬁlrg%ghe SGP%I%?CI pé‘é%FS%ng ??]rgs for

vertex/ &id ﬁmdehﬁdgﬁms afessep@atbl desipned ashd gesea @@ eading to at least some
t ext ur.e- pE and plxel shadi n operatlons ich
dupli¢atiop of siart @anéafére Figiprobihs @rapBics dEqcessingload Retissr vertex

operaﬁ@ﬁsea%’d lptlﬂﬂ S LA el %[é:'él gxcé@aPBﬁLa%ﬁ‘%&’ anéthd. %QS known

core o other 1s u I nstance, In
in thepirty détail narebs added dp ph insagei hyrusntghaarm soadl] wiadses, O)drleh mereases

maxi t hr ou ile th vertex cor.e
the tofdi Bie YEFEt ThRtet 008, R0 by S ine Gotmplier esmeniiog o aixel
shadd&%@)}%rithﬁlspwm%h ifR@L8) the |@ddndhe bﬁ%l sﬂia@@J doR€ - In most cases, the
nversely, in a vertex-intensive application, the

loads wegnad pedfribydralanced anéynqr gere ar theespthenisrindereed hﬁglt ingiangegin a
plxel—tlxngns?vex%)ph?%{’oglr {h% é)lXCC el%ae \évraclzc%l ingl(r% g nr%%\)/u\égl% % esggtm?t \Ak/)hlle the

verteXpEdre eSidid) G attingl fesaltead gt Retded ebiticeamiBeve 1&1&9[@8%1)&61 shader stage
woul d therefore be desirable to FrOV|de a rap i CS

of thedrlbf‘é%s SOy SElY B3 VEHEPINERSINEADY %lomoﬁlegve #K Phageregospmay run

o ma R R T AR Tl e PR ERe Rt o soemted

In eltIErtcaszh, sen¢ fractfont dfevaitabkemb cdsping R clonispfievtivkdy gastpdi cs
processors that use a scalable nultithreaded core

[00082;2113!?{1}3 tR&BFHE Be Y&IHE 16 PRARTe PEABHKi AT BrocdSO BA! Mn adapt to

varying loads on different shaders while maintaining a high degree of parallelism.

BRIEF SUMMARY OF THE INVENTION
[0009] Embodiments of the present invention provide graphics processors that use a
scalable multithreaded core array to execute vertex shader programs, geometry shader

programs, and/or pixel shader programs in any combination during rendering operations. The
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prograns, and/or pixel shader progranms in any

conbi nation during rendering operations. Thecore array
w0 p@adess a nunber of multithreaded processi ngPCDUER06/062258

arranged in one or nore clusters, with cores in the

ter bein ar ed co
core FATRpFUAE S IPRNEBM FF Ta PR S spsaepror
clustm,agrramregslnttne fencedegetiRthg ddnGolledisy 8khEd 6876 entbrface.
whi ch the programis to be executed is advantageously

| .
002G IASC BB ALy 106 OB UL o
in whidht the @eoginarh id o Heeixogntabisiagventhgeousiy ecl estedbastd on tlﬁ:ﬂotzhﬁm of

processing. cl uster or to specific core within a
the pigelowighint m&ga@re@rfl g embodi IRENt 15 SGFRER 1% Bled: \@rtw}rh tile being

assighdda6 $9e bP hdthdtr &le ﬁ'f)cégﬁg cRERrA@Y &Y %Q@H‘H:SJOYQ w1th1n a processing
scattered across the screén to provide approxi mate
clustdrp a"ﬁhdjdbaamgngd td 9given pimesomlmmﬂ icoeerars advanmgeously scattered
essin or cluster .includes a raster
acrosE SBRETER L RRITE PRACT e S SPESCHEwl y goner ated pi xel
data with existing data in a frame buffer. The frane
[001 1 uf mespn@aambr@éllpm, ithe prAeRssing cramtqmlqshae umrrd@eﬂ regter operations

unit tR{t%:tggr% ed %e&/ (}pné n%ra%e%d leéltzia %)H g:c!?b 1in.3 nez{]rﬁsguﬁf?{e The

framenbuff}ae rcaIOBe pﬁfltlbﬁddoiﬁ $nadéh the erufnbarmﬁf ;bbkfefsﬁhg Bh‘a@t@rs[l Wﬁth each cluster
the nunber of processing clusters in
anrgraék%faérrda&tOérnmprarloer i pther ghbasiments, thapurﬁb%r\nfdpértalons of the
ﬁamﬁlﬁgfétr %g&ffar?dg ?rlleé%%P@% gp&ggﬁfyﬁﬁ%ﬁghg CBEQESQE%'SQ 9A S8 E"0F similar
circuip stoemwsinmy mbusge erconfguriide cmmtingdbetv@eeamlye Iﬁnoaememg wehfsters and the
arfitions: in me enbodi ment s

framé)tmf{"elr by 1t1]oh,§3 FB\’l?ar? Gn%rr?ﬁ?ﬁlqg&@gﬁrtc?n Ef 5‘6‘})3? E?Haély %rame buffer
partitfonb; iR\WbMe eABbainkeRes, %&%ds@irh@ﬂmﬁt%efrﬂﬁbvmgtrﬁbrﬁd}? locality.

acconpanyi ng drawings wi || provide a bettér

B TR

provifl©®9 ba}er lﬁh&rsﬂmdhﬁg af hkoakure haDidahafestofedprgte irBAfHiEN
according to an enbodi nent of the present invention;
[0014] FIG 2 is a block diagramof a rendering
pi peline that can be inplenented in a graphics
processor acB8idF D SICRIBRI@NEIITHEIDR AW IN{ES pr esent

i nv, i,on 5] FI 3 is a block di dram o
oo R A blogR Sieera oY a Som By ey RapteRa Bobestpdiment of the
preseﬁtqﬁo&ﬁio? 0 an enbodi nent of the present |nvent| on;

[0016] FIG 4 illustrates one possi bI e tiling of an

til.e ord .1 o an .

o014y TG 355 olobk il BER s it RS Rl B nhPletateg n
graphicsProGekédr ia@ebrling &K adleraBé ditehd dfUbé p@t;énm ghv@nGénypl i ng

bet ween processing clusters and a frarre buf f er

[00153?]C 0?3? t%&?'& %ngr?gf Qﬁﬁ]ﬁtt ea(tlegie f}pfora %ﬂgcs%?(bcessor

I's a si r‘rp
accortlinigys tfi ainbodin@ntofitht preged éliwsRgon;pr oc eSS| ng

[0016] FIG. 4 illustrates one possible tiling of an image area into a number of tiles

according to an embodiment of the present invention;

[0017] FIG. 5 is a simplified block diagram illustrating a coupling between processing

clusters and a frame buffer according to an embodiment of the present invention; and
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clusters and a frane buffer according to another
enbodi nent of the present invention. DETAILED
WORBCRIPII ON OF THE | NVENTI ON Syst em Over vi ew PODLS3006/062258

FIG 1 is a bl ock di agram of a conputer system 100

c rdln ment o e present invention.
oorso 6 6358 st Bhek diintr ustbnd b e GeRg tHne
clusterild) a #8de Bﬂﬁetaac%é/ﬁh?g% HROMEY erdbWHi GO M CRt bR inteAtich.

bus path that includes a nmenory bridge 105. Menory

bridge 105 is connected via a bus path 106 to an I/0O

(i nput/output) bridge 107. 1/0O bridge 107 receives

user i nput BTN @MEDESCRIFEION OF THR UK VEsNiioss 108

(e.qg., keyboard, nmouse) and forwards the input to CPU
SystemgQvervigwhus 106 and nenory bri dge 105. Visual out put

s s -
10019) ACLIPEBI0ER P 5t 4 ERFRHeESRERI Rt dn cioButment of
the preseaie inventidr. dComputer ysiepi (lﬁslnslubesyas@atfallﬁrac@gug e (CBU) 102

menory brldqe 105 via a bus 113. i sten1d|sk 114
and a sytemERHpRIYtIO4 cPmMuUnEsapg Higet bﬂﬁrath& inelpdesppemory bridge 105.
Mo 0¢ R QR A e AR 1062 RE VA Lul s 7. 1O
bndgadi@l’l feceives aer POt fro@loneOr hrexre s descdsrion (e.g., keyboard,

mousgduErT At e gk tq CBO' 8BTS Tsnd Speaedry Btk L05. gipual

outpulsRoPiBed SN A BilcPBaskd display el dee1d Q:7g BeshveMBIRE CRANS LCD
anong the various conponéents may I npl enment ed usi ng

basedbu@,mmrb@maﬂrg undethcoagroba a grpeblpfgméasmtem:d i eeiemed to memory
bndg@é? %% % P te (ﬁgl?§ls4 (spgo clc__s)lhecpég:’:o (I/%? Br%%ﬁ(j r ﬂhe qA switch
aphics Port), per any S

Fanspor ot he

116 pﬂf\@d@&t@hﬁ@)lonmweﬁﬂlﬂ@(lﬂdgéﬁot) eﬂid/\@thér cdirﬁ;foaéxﬁm budheasiaaR8york
use different protocols as. is known in the art.

adaptex o%lz%cﬁnddaaaw g IBrcé@és@pn]gz s {b§isqosRORents (ned exlisitlyshown),
1nclu(9f1 PJIS'BC& &ﬁ&ﬁﬁ?ﬁﬂﬁﬁﬁ@ weslgaf gy &, HARBYiES m ay also be

124 é 1nplenénted, e.g., using o
conne&tedrm ﬂ/@ bmd geghO4t dhis ccbmmsttlbnsctemr@he smmdusazsmponents may be

impl e IR oS R Shas BT PPtk RorRoitsl iigeomnesp per
Expreh 2P OBE), AGIE QNG EICHhRITOR] TR T @hispokasHnychat g

enerating pixel data from graphics data supplied
protOW( dmme&hqm&het‘sm@ffﬁmhdﬁvycemmmsadrf@mwrm@dms is
1 nd bus 113, interacting with graphics nmenory 124
know'9§ﬂ?6$% and update pixel data, and the |ike. For
nple, GPU 122 may %gi]erate pi xel data from 2-D
[00203 [ﬁ@e@ﬁspm@%ﬁnﬁ%bw blZ inghudstia 213pbigH BIRSCSINECHH! (ﬁ?é’U) 122

and a%?%ﬂ:ésj n]uggorg gg‘é%%g t%l it 1 A&, Bl %nggh@of ﬁ‘mﬁf‘e’ %&Grated

Menory o gr i Cs e
circuitdévicestsuch as programmable processors application spemﬁc integrated circuits

(ASICs), and memory devices. GPU 122 may be configured to perform various tasks related
to generating pixel data from graphics data supplied by CPU 102 and/or system memory 104
via memory bridge 105 and bus 113, interacting with graphics memory 124 to store and
update pixel data, and the like. For example, GPU 122 may generate pixel data from 2-D or
3-D scene data provided by various programs executing on CPU 102. GPU 122 may also
store pixel data received via memory bridge 105 to graphics memory 124 with or without
further processing. GPU 122 also includes a scanout module configured to deliver pixel data

from graphics memory 124 to display device 110.
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further processing. GPU 122 al so includes a scanout

nodul e configured to deliver pixel data from graphics
woreowony17424 to di splay device 110.[0021] CPU 1BRr/US2006/062258

operates as the nmaster processor of system 100,

o021g BT 108 AR S e e A earc oL st 105 cpag Ble and
coordiIB g eratifRd ommrcgite&%nﬁBﬁéﬁ ' l‘ﬁrbaﬁfcug)l-tli@am hRues

sone enbodi nent s 02 wites a stream of conmmands
commiands GRUCARD! the epecationmh GPBLT 2%rIp swhie cmbodimdngs, |GPU 102 writes a

t 4 hi 124 th

strearg Db AL (B WEEBEL B B LD B eE Ry S b G memory

104, %ragmﬁ@mb%zlm@égn&m SERAIFERADERt Binfa@ad¥bibleadbbiveC RO MR AA] GPU
fer and executes conmmands asynchronously wi th

122. P41 523 wadothe cpumend straane frophite sei@meny bpfied andeexecutes commands

async%? n\éﬁﬂ&lvaﬁlaé erzﬁwfllerf'd% ?Mdcc'o ﬁ%nﬁ%‘a eslhggcd%f&al

eneral-purpose conmput at1 on onmand

rendeﬂﬂgbbmnmﬁé foz geh@ntingeixepus ageldns gdieral PRArpose tanItadm
the conput ational . power of GPU 122 for data Broces& ng

commangp thﬁﬁyna&ée HAEniang Gxetingan & FEE HE ielpisage thp opytational
powe\NH' 6p P BABE 84k gfo%gssﬁ hat Sy 5y gﬁh@ﬁﬂ?&eﬁeﬁbﬁnb§

ustrative an ari at’l ons an cations are

0S The bu ol o |ncI e nunber .
00227 P gl B aPigriaisn S 0% S HEVAHTA I GUPRG FrL et variations
and nhodi fidADHARE PosdiBleS mbﬁmﬁgﬂog? ﬂh&ud&ﬁ%ﬂ&mmﬁd’ a&%ement of

is connected to CPU 102 direc rat her than through

bridgpy, miyyebe medified dedesited:| E@rsnsi@mmm S@me@nwosihn@yss SEFem memory
104 1%?(?1%1%&3% gi‘Pal TR L. actﬁeggh ]tgr%ugﬁgsys e %fﬁlelpcsl’&;l&g

opol ogres, grap AR
comn@neRE vixt s?ﬂem/nﬁlnl%rydge vidhemhatytgidgehan ahd)CPEJITHYZy In other
bridge 105. In still other enbodinents, |/O. bri

107
alterngtive tepRinejesnerplies 1OSYSHEAL2 Beonpecet iRtldd bpﬁgeol rather than to
memgr:y ‘ge GH5 P s-qjleotﬂél'r dulodlAntE W&q% 1?07 Q‘Mb 8kif ge,l 105

tiona or instance, any nu 0 -1h ca
mightlbe mmgrqlhcénm a diagiechgp. T’ I@marﬁixmlawpmppnmﬂs sHownshmﬂn are optional,

fo n33Age &Py BYBDSRY it POk o rEiPh ! S04 cR BRI Uiy g some
embddfnédts) sRAdcH €6 Jsoeilmlhgea 3hd TB&v TR ANGR4r 198 2Rl afRth detds 19, 121

the rest of system 100 may al so be varied. |In sone
connentrdserthyetatld) badgmpti’es system 112 is inplemented as an
add-in card that can be inserted into an expansion

[0023! OThoorsi¥aioanBf U 127 tc0thb e¢st 6fHRGIIENY Bay alséBelvarsed. In some
integrated_on a single chip with a bus brid such as

emb % %@Hhef@éy&te@ 1d¢ is inplgmprigd a3 wvaddripra t et @pBesgrted into
an ex? d§1 %’{'Fl]hh 08Mn Qﬁllgyé}ﬁb&f Lasal Gﬁqu [t &3 atBB BR % ¥ingle chip
g Nd nd Menor y

ocal nenory, may use | oca
with abds ryddee sochsmiemarn badge t@ﬂmmabndge 10For instance, in
a unified nmenory architecture (UVA) enbodi nent, no

(002418 IA G816 th b H'ed with any amount of local graphics memory, including no
local memory, and may use local memory and system memory in any combination. For
instance, in a unified memory architecture (UMA) embodiment, no dedicated graphics
memory device is provided, and the GPU uses system memory exclusively or almost
exclusively. In UMA embodiments, the GPU may be integrated into a bus bridge chip or
provided as a discrete chip with a high-speed bus (e.g., PCI-E) connecting the GPU to the

bridge chip and system memory.
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menory device is provided, and the GPU uses system
menory exclusively or al nbst exclusively. In UVA
werwodiment s, the GPU may be integrated into aP@UuBS2006/062258
bridge chip or provided as a discrete chip with a
eed bus PCl -E) con ectlng the GPU to the
10025& ?Iags@?%htm?eaﬁée@s%é &t ﬁ%hﬁwyb‘fr@g sUspay ke ipcluded i gygystem,
e.g., lgnqglgﬁfél%‘?ﬁuelhgl%%fg{/nsy?ﬁ‘n% Fmgfe géphﬁjlrﬁr({@'yb&g%nhmm (Iln’glﬁtl}]%l@ graphlcs
cards g byshi ISs MaltigleoGP Uy rrmgarbne)penatag m’phttallpil te ggnapthiimsgasdooithe same
. ,to bus 113. Miltiple GPUs may be operated in parall el
d‘Splatydjeéécﬁé?lri‘fréhffuﬁrﬁ@%‘gslﬁwdffvﬁgssarre di spl ay device or for
di fferent display devices. [0026] In addition, GPUs
[0026¢ ndodylditign A6 BEs embodying esqgﬂtegéﬂte nrmetrﬁnivmiorrmyaYd@ incorporated
- i ncoryp%rdat ed i ntlod. yari ¢ 2Vl Ces t| ncl ug né%? 1
nto agHEWT A5V b U EORpBTISH £§§’t°§%%° Rty St Rie" A heth eeonsoles
and oﬂﬁﬂsﬁcﬁﬁbu@@%&t USR8 TOVDUS] 8Fers KA dERL ddVides such as mobile
pl ayers, handheIJ)deV|ces such as nobil e phones or
phon%@@éwanaldiilggtad agsiskands, 8pdipR @0 and so on. Rendering
Pi peline Overview [0027] FIG 2 is a block diagram of
Rendaqrrgemdelmdmvmteezl i ne 200 that can be inplenented in

U 122 of G.1 acc rd| an.enbodj nent . of the
[0027r})r erlé?n@ i M?E’ﬁl‘ dingran H BFIH%?r?t 00 tfwéﬁa%b? figplemented in

GPU F?QPSf FItE 12£Qoﬂd?ng' fRh %H%Bhﬁ%nv st g Ip%er?cﬁﬁv%h@ﬁt H @id D
whi ch any appl i1 cabl e vertex shader prograns, geonetry

emboéim@m@rrexpdeugg@m,lmaaao ] mxpﬂer@dm@hrsnpgamgardngmalr@m which any

appli pfRciErEs <FB e Broerin s B P i B DS DU P pograms are
executdusitdiht kihe padpel- drg@&e@,sﬂg hawaf? réferrélE et e os 4 Whbifi@ireaded

bel ow. [0028] In addition to nul tithreaded core array
core gy’ 202 nMltithepagedoeare paayp?? isdesaiibed fusther belewend 204

and data assenbl er 206, a setup nodul e 208, a
[002&] asIheudHizieh t@ iy tithreadddodorasisgniy rendeltihepipdlzhe 200dnetudes a front

end 20 Srd e AR A0 g BITORIHT SUGTE THHEGT 3L bt Ik dsiepmoly
modu'ieeﬁ:ﬁn ShPYtREr QpedliR mbRAD pﬂil ea&%@%ﬁﬂlch’:&ﬂ% iRBEmented

fecelves state Information (STATE), rendering
usmgc:onmndsal(lﬂb@)atedanmulg@ﬂm@lpgledat @thé@lmé\)o,gles g., from
CPU 102 of FIG 1. In sone enbodi nents, rather than

[00299T QbR 1 20RQBREVeY sthed idfdHnag6h tsrrAﬁBUrella&nig ShhE&s (CMD),
references to locations in systemnenory 104 at which

and ggeraetet dafa ((BPATA), egoflem CBHtlé)Z &S EHpbl. eln spms epbogdinespdss rather
than ﬁro@dﬂ%ﬁ%l Ir n&gprdé%. dit I%Eﬁn%'t‘ﬁiﬁ XOQLgr%Vld-Ep gefgrteﬁléé to locatlcins urlm){/stem

memd&§ 108 adwhRhAgeainktyy daavesidicd)ddta atnibler %ﬂjretf&y/eb&leuﬁad}om
to define the desired rendered inage or inages,
systemRemeny 1§+ g dbestefeinformgtien. sendesing a9mgandse 31 geometry data may be

ofa g@Hérhl‘?}n corfRfifiHal RATR Ad W}%EEJS@& %o d&fne the desired rendered i image or

images, including geometry, lighting, shading, texture, motion, and/or camera parameters for

a scene.

[0030] In one embodiment, the geometry data includes a number of object definitions for
objects (e.g., a table, a chair, a person or animal) that may be present in the scene. Objects
are advantageously modeled as groups of primitives (e.g., points, lines, triangles and/or other
polygons) that are defined by reference to their vertices. For each vertex, a position is

specified in an object coordinate system, representing the position of the vertex relative to the
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a scene. [0030] In one enbodi nent, the geonetry data

i ncl udes a nunber of object definitions for objects
w@ewog/i1117a3 t abl e, a chair, a person or ani mal) PCHUSI08§062258

be present in the scene. (bjects are advantageously

) del ed ,as oups.of prinmtives (e.q., ints,. lines, .
objec R a8 edny BT istriaR ROStipaorC) Ve naf B raRiROBy atributes
assoclafddal RN Re 18 geﬂepﬁ,' dttriRtdsof ﬁS/ertg)ana? %‘[hdéea'h& Plopefty that is specified

t
position is specified in an object coordihate system
on a pegyedeebasis) fpriihsanesintsome eofbot meenise theeserter latitibutes inolude scalar

t heqpj,ect bejng, nmodel ed. ,.].n addi tjon fo .a position
or velg ey B o3& B Gto ifhBE0 r el GBS bmsBiency,
lighti B $R4difd, @€ld Whinthtioh of tHe \@eeLhad its Adsbéihted beSm&tic PrivffivaX
may i nclude any property that is specified on a
er ] L.Si, I ' . 1l [ nen .
005 FE"PYREN B aEARLRY . SRR, SO RIRRELTHB Serics, an
a singhd Vdridalian de itsdilled Gn dey suimbetof gHialifitdse$n samderdbodifments, each
col or, texture, transparency, |ighting, shading, .and
vertexigiastignedrndndenvhie may baary vrigueidsritica aad g @bt yq ig defined
|y o . . - . ar
by préfifl o (ieneq R gy B by RS AL a8 hal BB Rive? Giner
technmues fogldefivieg peritess (neliding apdeehtionalaaghnnque suchadfs triangle strips
f pgi m tgv%s. I(ﬂ sone enbodi nents, each vertex is
or Ians s 0A¥ A8 PEM7hdex (whi ch may be any uni que
identifier), and a primtive is defined by providing
{00324 Bregiéate tnfoimptiopfang refidenng eanmends dedine prassssingkianameiers and
.1 imtive r techni S I,N4: N
actonts B0y bt ot BB 5o, e alib et
inforrhdticangldeesdering SoMinahaNih armdtréll uth (ot exgiditly DORA] toldier
state information and renderi ng conmands defi ne
compgpentefdrerdpring Pipaling £80.aAg 1M ENE theprt, Jhgse sompaneatiaaay
respof] o BUIELA MRl BBERLDR eyl Ao PORi Affesh LBTAS sl
registpatthat @reodaccesspd daiing prosdssing and magtréspond tneodeingscoofmands by
rendgahiﬂ% Pi elghge.z 0. As is known in the art, these
Proceip bR SRy EPHBHECt 0 recei ved state infornation
storing or updating values in various contro

by
[0033] edirenteand 20A glireets thegrometry daie idatg apreodder 20ag Dakrcaspaybler 206

re n ren ' nds. r.o I.n a .
rornd 0BT RSN PRARESITORIRBY BEOREATHIMAT 15,
multithhdgéosretarniy da2.a to data assenbl er 206. Data

assenbl er 206 formats the geonetry data and prepares

034} ! | inb%n| t explicit]

00 Oy ) I 1SR BBt s

show2)li8 nahiltithetaded cagranyddl & greodte yertagareligigeemernstiader programs
explicjtly.shown) in nmultithreaded core array 202 to .

on theyiaidatay Bipdke kg Bt st adh SerBonss o fetale Biemaion

provid& §yeortahano The {E&xPEY: 3BBMEE) ARI&SHESERE chilbe specified by
response to the state information

the rendering application as is known in the art, and different shader programs can be applied

to different vertices and/or primitives. The shader program(s) to be used can be stored in

system memory or graphics memory and identified to multithreaded core array 202 via

suitable rendering commands and state information as is known in the art. In some

embodiments, vertex shader and/or geometry shader programs can be executed in multiple

passes, with different processing operations being performed during each pass. Each vertex

and/or geometry shader program determines the number of passes and the operations to be
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provided by front end 204. The vertex and/or geonetry

shader prograns can be specified by the rendering
w@ppriicdasd on as is known in the art, and diff eP&mnuUS2006/062258

shader prograns can be applied to different vertices

d } imtive The shader progr s) to be .used
perfomid QgL ipshr: Vet S srome s PR B g P et
algoritlgNdifd £didOrafpd 8 hivheRsech! & BgRhl BeratdAs ¥h Jertices and other

suitable rendering conmands and state information as
data, argl the pvagrams ednanglude conditsamaborchrhachinaexesutiongrathsyand direct and
ndi sEader and/ or geonetry shader prograns can be executed
NEIreCL MR %ﬁcgssﬁ%lsses, with different processing
operati ons being perfornmed during each pass. Each
[0035) e r Y &riexshades progseyne and/ gepmediershpdcs Pregnarpeeasy e used tq ineplement a
. 0 S . r .

e VR RSAERA U SRETAU LIS, BOPRRLSo s
emboint@i, aEerie R progifrh enmstormd g oertdxhfiam its 3D bjectk stadiharggstem to a
of mat hemaii('i cal and | o%i cal operations on vertices and
3D clipy spage v Hd shrge coadipatssystpm. Jhis rasfapmationdidines Biggelative
positiBfis & &H@J@h%'&%@&{%é g& Q.aIMeaéﬁ%oﬁgﬁ&ﬁ}thé[}Qndf&%a&igﬁtcan be

menory accesges. 00 5f Vertex shader prograns an
progrgremes by yndindidg rin phreagndamngcamnipads smtiort datd egfingrgeeuch abject, a

ariety of. visual effects, including lightin nd .. .
transtgfngEnn drie Sor Shepe Fha troBiect Shotusth RReR AR ohint o cliv
space@o¥Ritates. MhRIeABR sHaABSHOAM #p¥ied thetrdnsinbiicn Bkrix to each

obj ect coordinate systemto a 3D clip space or world
Veﬂe%@étbe P BB s makengsypsareehieckh More eemples vareN daderairpgrems can be

' . ktions di Rt | ec ot
wd G1RLE A b YRS LR S bs ShL ST OB B ey P
geompiiRahd anithtioy opaiatiod. Mgymérdud Sanpdesdesudcigperorrandserations are
and/ or data defining each object, a transfornmation ]
knowpa the,arts gid 2 defgided deserintiogis pmetediss 8ot bupsgishiognderstanding

the prededt ffeod hat object to clip space coordinates. The
vertex shader program applies this transformation

trix to each vertex he primtiyves nmakin an
100367 G saTe afphrees 0B o s e G B glometry
shadeH pRBrdntk dpEPALE BR PHbti VR (k®lys &f verticetpdatiRf iRk irfdividual vertices.
i ncluding I'ighting and shadi ng, procedural geonetry, _
Thus,4p gomp instancesn 2 GpANErY PIOSTanNmaE Craate nexaraslieos apd/osgatpve vertices
. - e i e k [ :
or prifi et Bl Pt SEIARI BB 0RR 28 58 <BbgigRE, Froggphroven
a vertb0shudeeprdpandanin fdvendiyaheddr propr@nichiobe alfdRaé] to process the
Ceonetry shader prograns differ fromvertex shader
geomglryng#ans in that geonetry shader prograns operate on
primtives (groups of vertices) rather than individual
[0037} erIhisorms eniblodisnents) vartexreshada tpargems aml geomityrshadur pgrgaams are
create new vertices and/ or renove vertices or
excoulel ysing (06 Sorms BrRETAEMENE PRLCH|ESOEDCE ) My iiEuled Saes arfay 202
Thus, 30 08BN RARL R & prB8SSRE chHHOHY oPetifY ds@%ePBRURIer, receiving
program and a geonetry shader pfogram can be
and ex¢cubng streak prognemaosissctiphs and at other times the same processing engine

may operate as a geometry shader, receiving and executing geometry program instructions.
The processing engines can be multithreaded, and different threads executing different types

of shader programs may be in flight concurrently in multithreaded core array 202.

[0038] After the vertex and/or geometry shader programs have executed, geometry module
218 passes the processed geometry data (GDATA') to setup module 208. Setup module 208,
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geonetry data. [0037] In sone enbodi nents, vertex
shader prograns and geonetry shader prograns are
wezx@caied usi ng the sane programmabl e processi PGI/US2006/062258
engines in multithreaded core array 202 Thus, at
certain.tines, a given p oceSS|n
whiel§ oy B5 8F berPr . afentoaa S iehoseth S A, fo RSO BNE clip space
or scrRéP§PaRE b8 Iales bE Sth, pri%ﬂgv@tth@éd'g%reqﬁétf&§ afd RIvaR ously usable
processi ng engi ne may operate as a geonetry shader
to detemuiar Whetienagoiok scisréengpereaninsidg oppulgidathe prsmitivet | ons.
The processi ng engines can be nultithreaded, and
[00399i fdetiiembodilee8 @soved@ Ut prgmilivef(BRBVI totﬁdﬁeﬁze@fz [8hR@&Erizer
rans may be in flight concurrently i
210, Y'fbllcg mais/rt@aﬁ%éan%lﬂséccawleatw@béwmégsqmlms& which (id agey pisgds are
Lr
coverB Bl e SRR Lo JGIELREARATRAR AR SUGE WhBilms, Apysgd
heren( GDADAT" (of (‘Jfr@@ﬁw")ﬁeﬁétsl gnd@By tcﬁetagmrmi@lallbecr%% spuce €6t which a

. be  of erally nventi.onal desi erates
Smgleea%%r NZL I ?%ﬁ%dcrt?raﬁﬂ?q? heapympeg gad arrgie %@ep PlEghuean be a
conﬁ%lg?/ﬁalg #)Ql%hﬁ:?er%ff ré?ﬂ%ﬂné’ﬁ ;pmé MR anld BRI gBAH S ggu@ét ibg Qérré‘l%f%d with

ageously usabl’e to determ ne~wheth a point in
the scseangesoletpacH a Izarmméareﬂesmy dsuicei de is h@vpr inrth¢ agepixel color may

be saingfeq a B oAt Selfep A (S80Sl By eRigral orroamiling or
mult1%r|i}ﬂfn%I tbdhnfRBY)E Bitd ﬂ%@be@ﬁﬁio@ﬁnerﬂﬁ%&ifdﬁéaﬂﬁﬁm%!r fifulttdampling is

ny) pixels are covered by the primtive, e.g., using
handlé@m@mﬁhémmel %ftﬁéﬁtconver sion al gorithms. As used

her ei n, "pi xel" (or "fragment") refers generally to
[00408 r@gémténmlrﬂn@“&whqaxbls pecovdred bMaipeimitve rasgdreecdlggrovides

the DA BRUMD afprgci & BHIGL GUrE S Ro IMAHELS) O fITuAR RISty by
the pr{?xhﬁtevle' 38 &% a@EEi‘nBT}/ ﬁ{b‘dufélem %ﬁorrb%enﬁﬁy 3k fxl%lﬁQ QSkoWatdd the

e screen resolution of a particular disp devi ce.
primiAses asldlcnmge mfarimatian recejyied éiorrcnalst@nzaray 0 b\etlwmbh@d (ag., color

compgR PR AP S B s SHTSET HY B R e opge Prive and

generbt%g Brihe ¥gsation (W otHer SEIFEB1LSaaGd IR BéFnin® SRS SAPYf th at@ibutes
mul ti sanpling is handled within the pixel shader.

s a fpugtigo jof ppsien terceaenicAPTdiNAlRiPEsF- pi xel s are covered by a
primtive, rasterizer 210 provides the primtive
[004 1([ PFT}MSe atating equatibnBark a8 tantdgesws] g esablaa agitd kleglef pro¥jam to
t he plxels covered by the primtive, to a color
mtemsz&%%a ye ﬁ‘ﬁdh? aitrsbpge at@awé(ecaa% B theBEmitive; gonventional

techn?;é%?&h% el eﬂfei'dfré fh'e §§z§t%%g P&yhlﬁgtgl% {brgn%r t()Hf?ﬁ‘ent color

erve fom raster|ze attributes
assembcbj' modubrmarmmrates teefficiests clo 8y gidh@tfesy plang efqaanon of the form

of the vertjces of the primtive and
%g‘)r F‘%}h@t‘ﬁ’d‘tﬁ;\{/ ions (or other suitable
equat ions) defining sone or all of the attributes as a

[0042] urCelpvasserhiblyorddulonl 3 provicdesthe atitbuidicqeations (B, which may
include e.g., the plane-equation coefficients 4, B and C) for each primitive that covers at least
one pixel and a list of screen coordinates (X,Y) of the covered pixels to a pixel module 224 in
multithreaded core array 202. Pixel module 224 directs programmable processing engines
(not explicitly shown) in multithreaded core array 202 to execute one or more pixel shader

programs on each pixel covered by the primitive, with the program(s) being selected in

response to the state information provided by front end 204. As with vertex shader programs
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[0041] These attribute equations are advantageously
usable in a pixel shader programto interpolate a
we2000@117¢43 the attribute at any | ocation w thi PCT/082006/062258
primtive; conventional techniques can be used to
ener ate .t he equations. For .instance, ne.
and e{HRigo e reBRBR. BOSTingpP AN bes et By BF el shader program
to be ﬁ&@fff)f .%egw@n ¢ onlxa@d Pixef §fadér ﬁbgfraﬁls%gy 8¢ h&ra t@flm@gﬁlem a
form U="Ax By + C for each attribute U
variety of mbalyeffm@ulneluﬁm lighting ded;sltaldmgwtffepﬁsbrlsrﬂectequaatexturfsblendmg,

procefyia e feheion R 4R Fpfnerald e S ek Rl operations

are krfoWhEih $hert h@BS Het@ild] ds¥@ptionslomittddsds nof béikg &@tical to
coordi nates (X Y) of the covered pixels to a pixel

underpgering tezpresent wmypationh Paxel sbpdebpio geantssspn Jpplenpenielgorithms using

t r

a widf FORE Be ottt R Rl SPERRNE R ESAE L GnE L B s,
progrirs eaeipulude omelitisnalror rapchied exebaiter pdﬂrmﬂaﬁiﬁﬁcmd&ﬂ(ﬁ%ct

pi xel covered by the primtive, with the progran(s)
MEeMPLAHFSEE ected in response to the state information

provided by front end 204. As with vertex shader
[0043pr d@xdrshahm poepares ary adivadegeopsly graented in Hnldiﬁhiea(j]ed core array 202

. i cations eci f t he xel shader
using S5 e prp BRTa e DER e engRe P IS e g (e s A O
geom@tﬁag{aﬂgﬁpr% ganke Tt bétdimmeSR tivéh dpf@&ésﬁhg eﬁ%mt\! hﬁy%berate as
fects, including Ilghtlng and sha ng effec

a vert¢>e$haéet, nrmgfmg @Ddt axeeuthigaieeen grogpmp dstiugtigns: abether dmes the same
proce%%‘ge nagiﬁ oﬂﬂa §%s25‘ eo%égﬁgs&ngl&erﬁkégﬂUlng%{l&’ CfH&Hg geometry

progr&ﬁtuastﬂuedoﬁbe smr ditﬂ;tlllQ)lﬁldr sinesitid athegRodesdinp &igige ay bp&ate as a
to understandi ng the present_invention. Pixel_shader

pixel ghadgt & ?@We%arrqﬁaqe@%m%ﬁl @Pﬁqef Ripgras msguﬁlqnﬁdét wilhge
appregi%her Egat a, hﬁmg Qlﬁ}g CIBr ogr § CaH@ g(%ﬁtliénc u lnggch ?{Iﬁ;ﬁnggﬁweeﬂ

pixel ond fertarqitoregsing ewhere ol gpplibaticaris gehimestt intensive feig.s many small
acc sses 0043] Pi xel .shader are .

primil{ziol & e AR halgaCR BtesPne R 'es Primwiuaredireamaygo2 wil

tend t8®8 desdted td Vi8tef ANB 0P EQH AERRA 25, RN A% tHE a}%lﬂ:'aﬂ&&s pixel
that al so execute thé vertex and/ or geonetr { shader

intenspyeigrearfswemings argat prémitivas shadpdraging gorgploe pixgl shedergirpgrams with

multléln Qex@?regggd e ﬁ(g)t gla%gerafrac?loﬁ £ th%?)? c%gslngaﬁ%les\%nq?n%g be

Xecutihg vertex’programinstruc

devotth® siaelhpdepsessi ng engi ne may operates as a geonetry
shader, receiving and executing geometry program

[00445”5(515& b&@scin 9 pﬁel%} g}dug%tf Bﬁirels 15 %&eﬂﬁgmﬁodule 224

ngenlnema te"as a
providesdhe pronessedipixels EDATIAY tan)O?I 2lslh&t@zli’ 2p4 ogtidnmay be of generally

conveoner et dh e Pikel LR BT GOl thiapdule 224 with pixel

of the 191%? Qﬁ‘cﬁéi‘ REAMCHE] i’fﬁ?&n@bﬂ‘f?ér 238 de1%ﬁ hBX RIQGEIISE, @9 in graphics
e the application is geonetry intensive (e.

memarpri24 s bm$dme embodiments, ROP 214 can mask pixels or blend new plxels with

pixels previously written to the rendered image. Depth buffers, alpha buffers, and stencil

buffers can also be used to determine the contribution (if any) of each incoming pixel to the

rendered image. Pixel data PDATA' corresponding to the appropriate combination of each

incoming pixel value and any previously stored pixel value is written back to frame buffer

10
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primtives), a larger fraction of the processing

cycles in nultithreaded core array 202 will tend to be
waelewotied43 o vertex and/ or geonetry shaders, anPCTHIg2086/062258

the application is pixel i ntensive (e.qg., femer and

226 e P T P s SR P Sl 5Ty devic

and/&r@ﬁtgséteafoqﬁhh&rbreéesm% processing cycles will tend to
be devoted to pixel aders. [0044] Once processing

o] xel s | C l.et i xel .
100430t Rl b3 Fonseliofh BUR el Be insling AERPE hasRinAf ugtrtive and
that vBﬁBuﬂ{b‘hnd (i feckfionsMit pBssiBY. Pe Pibela@NBARIncMde different units from

conventi onal design, integrates the pixel val ues
thosesbewn gedthersganoprs el praerssing epams wiay Re yaned Korgfthat lescribed herein.
For 1ﬂs%gg i ggr% er%gQ&H’er\st %ﬁ%mk&g&%@&b%rfo%e& ﬁ]GStagvgg E}rlr% "coarse"
rastexﬁﬁbdﬂl ﬁm@éﬁes tﬂ?@@ntirk‘bcmam mﬂ’ﬂskksﬂb)geHSxIﬂ pikkleN dettmine which, if
pi elﬁ with pixels previously witten to the rendered
any, l?lﬁggjé e

miapels caust &rPartiallyicaversk fellawed by 'dingnrasterizer that
U S A e A
cover@l. xEd orl:dimuah BbBddiment thecfsponstener i soconkan cglpypithap it module 224,

t f h
In iR AR, SRS G SR PP P RDS it
perfoltidd ﬁrt&%qnxémmute@cums tHeSpi%Q WMRagq} Borwhidaieo Ropf Ay,
226 can be scanned out to a dlsp ay device and/or

[0046338[#‘%@1 a?rélgg]elﬁlilxltistt{}ﬁ &é s?]) eroﬁlﬁig%g t}{e rﬁ‘h%]ées d;seess%rlbeg h&rem may be

operabedrigipBralisl. i Thlous blicht et daneht] lhalhthtaddedfcbwwra@QQZ includes two or
nodifications are possible. The pipeline may include

more geemelreeduls 253 qaakRIne RhPERmedles B iBfpere in
parall@] g%ﬁsgeg%reﬁy ﬁgpglﬁgagx ppgel }gﬁsﬁm%g n%gg panlgﬁtﬁé ’ a HEREEH B@et of the
procesasg engizaatin grulmhicathel @ee Away2@.i n st ages, with a

"coarse" rasterizer that processes the entire screen

Multithredde@ ©lose Afrad ConfifXdfodi xel s) to determ ne which, if
any, blocks the trirangle covers (or partially covers)

[004 o] Ilncme gmbpdignent, inpdtithreaded eore array R6Z piovisice ¢ hieghly pasallel
archlﬁte%tvﬂl us%k)%(ﬁ"tsx c%ngur}(«\d,ntt h*&uﬁ@[ OPA %?é(el I%ul?r?t}er O?lngﬁtl:lgersrgfr\]/g €X,
ast y covere

geomefp el /e pixel §Hmee1f prografimsh esricie rcoin‘blrﬁﬁﬁﬂisal M6&d3 W 4 bliobk diagram
i.xel nmpdul e 224, 1 n apother enbaodi nent, sone

of mulfitbreadedienre amay 20/ pesrding togeremBionirens 9t ﬁlemseﬁtdvaon
performed within pixel nodule 224 before the pixel

[0048] atla this embodmrent dnul GthRABe® cdré arth D Q@I;B]nclﬁdes $wanig number (V) of
mul tiple instances of sone or a

proceging FIRHEY Har ﬁérplwulsaledﬁ%mw} ke 0&&%‘1 B Henqis i reference

nmnb%fsqherﬁfmg S Yject HAM f)érbﬁlh&?ééﬁﬁlurﬁﬁ’érﬁuﬁﬁﬁﬁﬂngztﬂg lds%w %ére

two or nore geonetry nodul es 218 and an equal nunb
neededf Agiyxeimbeodifees 12248, tolnany other mingbarhofpaocdssing cIuEiamhnay be

provug?d? r&glfgﬁt ,S(%lglggqc%gs?né) ¢lus er qls'l lsheoxJ/noljnn(fela)ﬁ Tt %orb%l tnddrstood that

other processing clusters 302 can be of similar or identical design.

[0049] Each processing cluster 302 includes a geometry controller 304 (implementing
geometry module 218 of FIG. 2) and a pixel controller 306 (implementing pixel module 224
of FIG. 2). Geometry controller 304 and pixel controller 306 each communicate with a core

interface 308. Core interface 308 controls a number (M) of cores 310 that include the

11
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processing engines in nmultithreaded core array 202.
Mul tithreaded Core Array Configuration [0047] In one
weewodiyment , nul tithreaded core array 202 pr ovPOBEBESA06/062258
hlghly paraIIeI architecture that supports concurrent
I NSt anc ver.t ex
procegunREts e el ReREL P REae 207y AGY BRESFFA/mEn dud # or any other
numbeP 4T cBadsi30 0 tnayfleonsedtdd 18 ali& céte agtE@BeOEach core 310 is
mul tit hr eaded core array 202 according to an
advardpgrouslirempleptentades pmed Bibreaded exrcution cq?rgcgamblq of Stunp@rtmg alarge
0 des. sor;
numbepﬁ% Wé a k}r)% %Ogsgr?%g%é CQ]EI n iy %%é%%%@rtg? n, thresd" Fefers to

an in$tikdeioflaattitatlappeBardxddukifg eb hgattiuRi eetdﬂ’rnqiw datg), iftluding a
reference nunbers identifying the object and

combiation of &?ﬂ%qlvqaéﬁwéﬁa@eqrbdﬁmdmﬁdgnw émﬁ%st dmeee gibediment, each

core SAPRTm A o PATRESIND ofirferturt o brofye P B BRIl where p i
an arbitréry iBtegon. gard)d6s3d) nad o aapatﬂe oBﬁﬁna@nghmmbérrG depaid, 24, etc.)

it gt b under st ood at of her essi sters
of gregps o BISRTAOGHIL, Aofetmirsencin ong, e q?@@& f fendrin U-S.
PrOVIQ{OQQIe&ﬁﬂﬁgU&A N L &0/7550%5, ﬂféd@&%nﬁexgﬁ@ @@95 leﬁéimsrl%drﬁ(;rated

4 (inplenenting geonefry nodule 2 18 of FIG

herelabprrefeﬂenc@mtltscﬂntleqty 806ll(puneisesrent i ng pi xel rmdul e 224

of FIG 2). Geonetry controller 304 and pi xe

[005(I] onEhlihleffaddfseds conGBELINELatepipélind 30 4GRtes st dn@i@ cores
08. Core interface 308 controls a nunber (M of cores
310. :Tf@twmpehrrﬁc?rMdé/htqhém.‘/o@e%fﬁen@raﬂh gomeatignal design, advantageously

mclugéél lﬁéﬂ'; Q[r@lﬁ%eéé{lﬁgl.ﬁr%% SJ n)‘ro Qv p{xturé‘ggorﬁgl%g "to %t&ﬁ tékture data

or an cores
corresymndmgtte thet textarescongheates)ﬁr@n inneneory parel. to Eﬂxeh theaeeuddata S
dvant ageo ment e a.mul tithreaded

according o vp wsgaig%t@anga P%Ve&fw%fﬁgﬁ {5ripg Algosthmsigeludingiinear and

trilindd®: ﬁ@tenn%%y%% uS&y. eWh&l a eHRBYD ehtunftEL px b 28 1ﬁst}[1@cﬁg13m one of its
where the'term"thread" refers to an i nstance of

threa nttpro,‘ukiasrthp tagraseadpetes tntyxtwe pipplane 3 ldhvia pox@entexface 308.
a a co nat i n of
TexelshBfietiS€S Phoroefits B Fufe PRI pdReBipsdaELSH fp g gore 310
via cGERRSIARB0S. REMrEMoCessihg by Pnhedine 31 4 ndyRonaned %‘/ﬁuﬁcant
architecture to execute P threads in parallel ere

numbeg ofelogk pyclgsapid wlmeeeg@],rea@és Yaiting forjtye texpyre aprylt; eore 310
advarﬁggugé@ogfltgf@ﬁr ea)%gut@ oﬁ{émﬁéadg (e.g. 18, 24, etc.) of

s concurrently. A det ai | ed
descrlptlon core, 31 fou d in US
(005K ol Qperatiop, %&wawﬂ%gofi@”r%@/pfs&l spEcomtytitaidPérfiskio
procel's&ng 2R0Rs WD QH' ohé eﬁlﬂ&ﬁﬁ@ﬁtr gl %é@ﬁﬂ)‘f’ér QO@)dl\ﬁ&’JsEfﬁ@ﬁ%&nid% stream

ts”entirety for al pur poses. [ 0050] Core iInterface
of ge@lﬁietr)a Hata into pbrtmins alad sadoct e ., fhape erm/aﬂabdhtymftexccsltlon resources,

whicR BB RGPS S LS redit P hBEpp AP 1 Blomelt Gl e
porti AN AR AGEPHSE il IcHAIES 1 004 & Bk kElEithS ?E)QQJsiI%LUl&@ert3@2
recei ve texture coordi nates, to fetch texture data

[0052] Geometry controller 304 forwards the received data to core interface 308, which
loads the vertex data into .a core 310, then instructs core 310 to launch the appropriate vertex
shader program. Upon completion of the vertex shader program, core interface 308 signals
geometry controller 304. If a geometry shader program is to be executed, geometry

controller 304 instructs core interface 308 to launch the geometry shader program. In some
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corresponding to the texture coordi nates from nenory,

and to filter the texture data according to various
wab@gonitkrs. Conventional filtering al gorithmsPCT/US2006/062258

including bilinear and trilinear filtering may be

ol iyl et B IE BRG] B BobE S ESEHGbbe"

compfetioh G frtvetet Shddexpregfani)iafe ktdifetBléontioBleCI04einbtAlcey o€ Bterface
308. Texture gﬁaellne 314 processes the texture

308 t¢ rpdeaditbe lagn balee executingsthe lgeometsmhad@rd)r@&rénb chiderzomplatign of

the ve%%;( %hé(ﬂ:tr ﬁf&g a§(9§f eo%(ett& sﬁa(?% g)‘f(?%%hggeo ?iettg/l (Bﬁ rblrl]eer 3%34

I can

prov1m|th@p@cé§§é(ﬁ§ébnhf§rw@|td (GmATar) tbRewp mﬁdureezosaﬁmlﬁ 2c0re
310 advant ageously continues to execute ot her threads.

[0053&?2&3&% b&g@%ﬁ%a%ﬁpaﬁs%@ﬁ%ﬁ?o it éégg)lé] ?‘F gt%nbute equations

EQS £02 printitiofendepiReiciobRitatesdX], &) afsireld b@\l‘er&ﬂﬁy ﬂhle\plrlﬁiﬁﬁvé toe
i ncom ng st r eam of gleorretry data into por i ons_.and
proceggingelpgersg0g. In ppgsabodimertasaloinssemily o 14 digides the

1ncon§1§% Qt%a?ﬁeé o"s‘/@f g@ a8h ifb Bﬁ btg.ﬁdggél&:ctg €l b3l 6nsa\1aﬂab1hty of

eive t e next porti georetTy data
execqmon résonrces oxtbk locatieof trhe gaumie‘tenyn sceaib codriimate8,0vthich of he

te rocessin uster 302. 0 onetry . .
broce3uR { GTFISr0g G or BT U6 PO Bn e SRR gogisies delivered to
pixel béﬂtﬁﬂfeﬁg% #fe sibdiédp ﬂo@&@ﬁ%tcnﬁte‘{@w.ex data into a core

0, then instructs core 3I0 to launch the appropriate

[oos4ghf%xé S PBF 206 905 2 YA 6 SOBLELLAL. B WASISLASHe pixe

core geone

data 160 ¢oé B E(li tB@Ansthfctsﬁthe eogBll 0 Yo Blaciethe pixed slakdet propanh €Where
execut ed geonetrr controller 304 ins H%%ts core

core 31 Q1g pruliathreadesl, pixel shaferProgamsegfoBtetsy s Fog5 By Aahvertex
shadelrg oé?n ?%Oﬂl' BEXESuted %cgﬁgx‘lftﬁsﬁqg Oé’a?ﬁet &ofte §|ﬁ(§ a‘rJg o %orP;gFtion of

ed to geonetry contr 4 upon co
the prlesha@rtpeogrmhadHc iperfape a0 delincrgthe Ipectqeysed qmteti dath ¢ p3OU

contrgfE a0 ek RiaBt PSS AT LGRS w817 010 357 o€

etion of the vertex shader progran1and/or
[0055] e%ﬂilﬂ e gmqeatefb thag thermulydoended yoregirey descaibedbarein is

OVId RLOS
111ust1%[1ve %16% éﬁé‘g&{ ggagg‘fig é{)é p% e@l&( g%?%[r?be} 8r ;irgfze%?lng
cluste&§ﬁﬁ§ﬂbb prdﬁik!ﬁdl end2dadh pfdcssind) clistevhaiemchide ﬁnﬂaﬂﬁrﬁber of cores. In
equations EQS for a primtive and pi xel coordi nates

someeiboylinggnts, ﬁlmess Q,f&%%léayn‘}f/ mapbegestrsted {Rexeutiieia €8diipg
proce%{gggﬁ ?bQ%n PP Qe S TRAHL AR %)%96! shddet§ Hg%t bg‘i’gslﬁjl&ed to

des 't fie I ncom’'ng ‘strea cover age ainto
execytimgtin oore 3a0(@) s€tahipsocessing clulters Xlichresiga chaitislmayybeodriven by
xecution resources or the . |ocation _of the primtive

consifleraens et Rr T AR TEECOmRIT R YGrouB PUITPAE, AS ISR the art

A sha%&l’ztekﬁré ﬁg&lﬁféeﬂs ¥Ro bpo®%h SE’I?IE %fn@ﬂdlﬁferﬁsh BaclidbR mi @Bave its
portion delivered to pixel controllef 306 in t
own setuecpipdipraceght lageragegenerl-p@pose functional units to perfonn texture

computations.

[0056] Data to be processed can be distributed to the processing clusters in various ways.
In one embodiment, the data assembler (or other source of geometry data) and color assembly
module (or other source of pixel-shader input data) receive information indicating the

availability of processing clusters or individual cores to handle additional threads of various

13



[0054] Pixel controller 306 delivers the data to core

interface 308, which |oads the pixel data into a core
W@1i®7/11t1eh i nstructs the core 310 to | aunch t heCpUS®06/062258

shader program Were core 310 is nultithreaded, pixel

had - al t had t
types RGPt GavIEn erirenrte Sutae chrde” Sistuhiendn om
embolfier® AfPuttas ErPardéd Font ORPpBEESmg lustdl € ekt shiader

program core interface 308 delivers the processed

procepsing tlustar with capsicitiefo propess dthe data 3@epts while Atill anatherdsnhadiment,

I.xel, dat a PDATA .0 uni g 214, ( Fl. G . LOP5S5] |t
proceRyiy Sy ey v A fortin bbb bumms Bl 8RB lperdpen
coordal@s&rdfipectidereipfodesseld] | ustrative and that variations

and nodifications are possible. Any nunber of

] .
0057, AT AR b B0 e AR enort e
compstnenetihodlighe ot 511ghs hetderslacdd to e¢ridering inggues. mynd@nbodiment,

restri.cted to executing in certaj rocessj ng clusters
any cgmppigtieR fabeap k;sfoqxege,ssq'&dp aidﬁ?f%@%? d mmngﬁagsﬁgﬂfﬁw by the
multifr&Hakd BErelafal bl & &y &F tRPEBEULA Bl InGYifl SIHE ORe&llts of such

each processing cluster. Such design cholces may be
compdfatipancambecwmisénde 1t frame bufferraad dewdr rck inte systen memory.

conpl exity versus performance, as is known in the art.

AllocAtishef Bslelt@xterWoik peline is also optional; in sone
enbodi nents, each core m ght have its own texture

[0058); plalaceprdaicenyinan qrekasimend of Ereairasenpiny priia, pixslsttp baarocessed
It rm i I - af i ] 0,
by 0Bl oREER RS A 1 RTBA SO0 EREL Btk S
positich 0§ therpixdinwithini theiBnagensea. [Ror exam sl ajtbelimagetared dvd bdatieided into
sse er _(qQr _other source of nmetry dat an ol or
amunghez gﬁgiey ﬁ_ﬁfgwls i %FO%%WHQ onf et . professne 3?4&8@2{05 Apdifch a
way &R tile§ G&oYBted Wil SRl dRWerl Ricaatied dclobEha RhiaRbd fi.tev, at least
of processing clusters or individual cores to handle
someadi thet tilehassodidted with oné praessngstlygtersaranet wetigastus avith one another).
desti nation processing cluster or core for each

[005%] hrEzad 4 illistarebhe poRTHOdiinEst an ifapehred A0 ints afl@igvatmMeer of
romone processing cluster to the next _until

a
tiles YPrceerdinggo en gabediment of the pessentynyeatipn. oBeditile A2 grght be, e.g.,
g - ; ' C ) .

16x1SBRER o ahb otrblodtibaion A, T6iCHROGHERAL mMIBRERS Bt aray 202
of FIda3 imchales bightsprobissiag cherrc3a(Q)ithaugls 301(7pi Redhsile 40 FIG. 4
contag}rsgl;les %? é&e‘?igg’gi 73- glwlpgw hc%&?;g?eeg@ﬁg Eigrﬁgbégy pr%%gsses pixels in
that tii€ ngy Eal bePfen HAG. W edth é)%ceﬁgi%]éluﬁglt 3028is b & HeBUnteQual (or nearly

rendering I mages. |n one enbodi nent, any conputation
equal) hamberar tibes 492 pyitss svlageraren 408 andothe dill dselssigeaddnpadh ¢lister 302

can pbe handled by.the multithyeaded core array n
are PR RS PHaeL kb ol e EAGH0h g1o8Y epibblcs pedinefigns.
dismg&t%rfrgtekf&kql@ Eﬁiyﬁ%ﬁ%& 11 pRIVidREappEdxlifn@eR 164 Bdlshcideldfong the

u

and read back into system nenory.
processing clusters 302. Suitable pixel distribution logic can be included in rendering

pipeline 200, e.g., in color assembly module 212 of FIG. 2.

[0060] It will be appreciated that the tiling shown in FIG. 4 is illustrative and that
variations and modifications are possible. The tiles may be of any size. In some

- embodiments, the size and number of tiles is configurable, with tile size being chosen based
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Al'l ocation of Pixel Shader Work [0058] In accordance
Wi th an enbodi nent of the present invention, pixels to
wheoopnocessed by a pi xel shader program are di PEDUSZH0G/@62258
a processing cluster 302 (FIG 3) based on the
sition of the pixels within the i e area. For
on apglicatian Ehaiapferistics SO s RUIET ARUISYPRIEE M in Hikntdie
arran@éméritlo® files BRGShelditd 6adh§>r§<§e§§ﬁg 8fu@r ¥in VhrpR€d&Qired he
processing clusters 302 in such a way that the tiles

[006 ?TZEI ésgltjzgygbe\(l\%sts%n(e)(i1 g)tacﬁ:ygl?g} reg% eocséef%g’%tﬁg[l{%?elrszglg)?g ﬁlettlgt%ll number

that a8 S1RSer L8 pMitiNaOORUP R S@HE EMBodihiéaisefiled bR Asikned to fewer than
conti guous with one another). [0059] FIG 4 .

all ofjth¢ processingslustras. pblatsi HOE U ¢anirprges images uging@nkir somesgots

i r (e | i
proc R Sy AR ki o5 A RTPRE O g o
availatilg hhe GRU willghe, ableths kerepimngdes, abbeivaryediiché throwghpani Riining with

size. In this enbodi nment, [ tithreaded core array 202 .
Some&#usrqrﬁhSebl%ﬁrpmggceéw@&P%%Ef@é% 3y %e useeh Fé-%@&?@fatmg ina

; . 405 g
eindRUAPYR0E( oS3 8 e (nAILAL B e, o
determaring 80EAmppatesns s pqueingenta(Withant teighieing Alse oaralpéity of

. SEen._J Fl 4. each cessing cluster. 302 i s

ditter3SEORN Ry endorefot afo e BN Bl RS indpe of Saqthegof the cores.
402 within imge area 400, and the tiles assigned to

[006Hach somesltemagpoembedimentscidas argastignegite padigular eqraed 10 rather

t at for many graphics applications,
than 'gﬁ)ipsr{)c:ﬁsglﬁglgﬁét%%or “in this manner will provide

. .approxi mate | oad bal?ncing anong the processing
‘es%égﬁ—&@lg@@—@émmel L to I'pi xel distribution logic can be
0063) "I UG dnfbotfRARE kHeRhAthk RentePed ROP 214 flofQtddin FIG. 2

[ Jlssélrrb?{yi mibgdffieHs st Sentiatized ROF 214 ek ptddin :
each pixpl eniratled 0oHaF1G hkincludenigs eWoROR thaFtoBimunicates pixels to frame

buffelbgéég{}'g Ig&t I2¥ﬁ%g1?ci et %nggxﬁ%%%%g}glﬁﬁgaigggg?gée%gi%%%% 3%5%0 the
framERRFiHBAVRIedt he size and nunber of tiles is
configurable, with tile size being chosen basedon

ppj.i catl - [ St S e : .. .
006410 P GReh AR GEHICbREE S MR R 286 iy papioped inco
N pamigishg Nesthtciuseagh2 [y @apkditd g diffai&it@he 0fthe\Npirtifisns.

desired..  [0061] Tiles nmay be assigned to any nunber of

r I r o .
10068)1 CERE S st Bbhock dhoeilly MU EREL AU R chiih pRSBssing
clustdrs B3 amt & frame byfferd Mactadag to haembabdineht ofthe prasessvengon. It

. . clusters.. Thus, U.can er.Lm usi.n nl

i to G tputepon B n Dt g5 P ERERShich RGeS0 e B butrers s00,

whert Bi@atiine Kifdr 300 st@?es,@tslphaﬁéd q@REitPEPE BESHiIRE Yakid Foahe bdine
avai l able, the GPU will be able t'o render imges,

image| Besiinstancer mduesthborinemg Hipme buklen 326 inokiden a Zdmder; color

comipHR R 2 R R 1 B B D RS
(alphbFRITRr C R WY urdeistlod iat @A nRALOVFET 5k BT Y60 hey be provided

others operate), for ) _ o ) ) )
and that "pixel" as used herein refers to sampling locations within the image, which might or

might not correspond to the number of active pixels in a given display device. For simplicity,
only one frame buffer 500 is shown; it is to be understood that the same partitioning can be

applied to each frame buffer for an image.

15



10

15

20

25

30

determ ni ng m ni mum performance requirenents (w thout
requiring the availability of different GPUs), and/or

wo e007p110¥3 di ng tol erance agai nst defects in onBCDDS2006/062258
anot her of the cores. [0062] In sone alternative

10066y o e v parepioaed G Rgab edeBraty Gato Ypiaions soz, with
each ﬁ}ﬂﬂgﬁ bQﬁFI IPJrgé‘Ehotugh T ?tHl% tRIE48 Forl £ %3!] I/Nrbffiﬁ’é@xels in the image.

nmbodi nen rathér than the centralized
Each@ﬁ@@éﬁpmes;smgﬁll@ters;i% sadouplest ¢ onoofttho N mrtitd@s 502. Fhs,

proc Sy EhHE Pl b3R8 B buii R RT YRR EHB IR D) Bocessing
clust&qw{u) Ypdrtiosn PORTESRI 0D TUsHoaIBbeIRied Pat Bahé Ea8R that tiles

fer is provided. [006ﬁ£ In one enbodi mrent wth
proce@sreédzé/s%glﬁgl progessiag sluster 3R atgutot epntizpeus, sheylata intd mmgdframe

e 80 L2 BAE R B R

advargthggolislly Iobﬁbrbésahé(ccd‘r&gdlaﬂlhy bfdmhg at thediat wikdtpddc&Bing frame buffer
bet ween processing clusters 302 and a franme buffer 500

>00; lorashialangt iS00 Feasirsd hahaititiens harsapedseqientiglent i on.
It is to be understood that frame buffer 226 of FIG 2
[006Hi ghAs notad hbde, innﬂotriep:lndmﬂhner&s thew érehan ADGE protrssiag eareh 302 might

be usgsh B Eindtte selr. v B PR BeRET oG 1o Srbaigeinester
302(® 'ﬂ)?oﬁd]@%%é?@f&tfrarﬁé &I'f?er kﬁ'dftfti%h 5@@@%: K@L&Qﬁél}a 1§pr@é€s§1ﬁ? cluster

col or conponent buffers red, green and
302(Mas vt operafrdrie lg@lsf)rate agls marlvgf;far mtyor( é@%ﬂ)a\)nlbmtfbe rused The
st e Sy e B T8 37 e R AR b s g o
302(Mal ewch th&ftes §rei i diaﬂed hm@ng NCBHrioOESing chhtdﬂs t Imesohmﬂ)odlments,
whi ch n1?ht or. mght not correspond to-the nunbe

the sa&qﬁlmgées’ﬂ utiondnight %peé it/ Bpyrednegsh, 42 d@fy@r@@buﬂfgrpamtlons 502(1)
througllé @gi(‘l\f:ir?tdfo l‘c}% at glﬁg@acp Wi {t6e AT the nﬁ)&a% fo%?he' ithage at

ders od t sa partitio
the ongxphh sechpliog mcllutlbm ahlsedm;fdﬁmentﬂ mhemrthe p:ﬁgaorﬁs()eﬂe Ejgidal eatieer than

ohysigt; e Rt D053 bb oeparonst B it Shbioq i guster
3ozaQﬁngh to store the data for at Ieast 1/N of the

pi xels in the |rmge Each of the N processing clusters
N artltlons 502,

[00683021nla§1 Attt 6)0&) & oge;chhe Drogesst n%f;lustgl% ca agcess %Lﬁ?glb frame

r oces<i ng c

buffeppattitiotlatFEAG! 6 1M1ﬁipl1ﬁ9@b5@2 ﬁﬁgranpﬂﬂlﬁﬁfaﬁigﬁgc(ﬁlbliﬁg Bétween
302(1) in partition 502 and so on. It should be

procq%fd@% eluﬁtﬁ%stw@@n@ Rdrager tatkter 6%acopr41%&t0gﬂncfe@f§@wewf the present
1nvengbﬂ Cf. 1@(0%%%%&% Al eelgl%fe?ﬁ ? Pflf‘ Ig{rf‘.] 9%@&%&#ﬁ1ﬂggﬁﬁtlple

given trame buffer
framd hsusznrsnﬁm &dmatel @ulo flamke Ibluﬁ'sr 60[hﬁonés 8 ppexyfiddspantityton d mgipixel

I b th t displ rderi
basis gq Vtﬁg gangeilgrggsgﬁ%% eszggéﬁéch@ %&fi&]ﬁ‘r ?%)&F fclég‘gmg%uf%er 500. I? is to be
understood that any number of frame buffers 600 may be provided. For simplicity, only one
frame buffer 600 is shown; it is to be understood that the partitioning can be applied to each

frame buffer for an image.

[0069] Frame buffer 600 is partitioned (physically or logically) into a number B of
partitions 602, where B might be equal to or different from the number N of processing
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500; in particular, it is not required that partitions
be read out sequentially. [0067] As noted above, in

wa o/ 1ermeddi nents, fewer than all of processi NECTUSM®E6/062258
302 m ght be used to generate pi xels. In the

mbodi prent shown in_Fl G only processing clust
cluste@é%) Processingsdustsrs é%ar@&owlaqﬁy PRTELQS 9343 2 F‘@ﬁSbaY 604. Each

clusta %90 Uhn W%ﬁ&gl&gf &4 ¥ an tog@ g@rcrﬁ }B‘chg lB“;?qgﬁﬂ]j?r%%Qo) s

not operated to gener I xe fra

i 5 t d.. Th
0072 bl dR O, b oL s e Aoy e f o REE oF
proceklﬁgtce@ersf»%(ta)ﬁahférweh %a&&ddz t8 benddidd asfh%sﬁté@apdrs

di vided anong N-1 processing clusters. In sone
exampirh eginoted ks vet insogwrepibiodgnanés dwaritlm ald @ﬂﬂromedg rorepa02 might
uced f.fra buf art

be uspf R ESRrauCRe: I1 g RBPRHl Har g Bap arEbtsdlassors 2020 s
disab®dd, ci@bsbahe0ptanee rdednfighed sb gt hﬂﬁ@ﬂw’ﬁuffeﬁ’l ParditioBd 6@ are still

sanpllng resolution. In enbodi nents where the
accessible forang 9% angthern) of gracgssinggaies 3 2n ahestisplaycigranopt) degic is

r of

advaJﬂH%Jo‘ﬁElﬁgf?ﬁ @ﬁgtél? @thGtQ%éB% %@P ggffépdz{?%%gg]ﬁa%}ﬁf %ﬁﬁﬁ’e% ouf
regardlet;edsﬁthé bmeﬁ gardiodioffervssbae 60 opthe asssginugnt of tikk @r pioaessing cores

access nmultiple frane buffer partitions. FIG 6 is a
302'sirrplified bl ock diagramillustrating a coupling
bet ween processing clusters 302 and a franme buffer 600
[007 Hc cHitgtremultipleafraraerbrftkirsrenetpresentt (aeg., 3%, eslemalphw etet)j each frame

It is to he understo that . franme buff 2 6 of 2
butte g be e tiaet i Birgndicrs Thiee Biprer se gabpdifments
the nimB& fipdftitRhs Bt HeGhPe fér APREHE beMergUoN hisfa‘{lc@ A Abuffer might

per - pi xel basis for the sane i mage as descri bed above
have gpore o tepisr prtiionsthen apelobbiffesr 500. It is to be

under stood t hat any nunber of frane buffers 600 nay be
Further Bnbdéithentsor sinplicity, only one frame buffer 600 is

it Isto t he part.i.tionin

(00785 g8 e by enion has Bess i dahedBlfTpebio SR fifrggbodinents, one

skllIG[dQQ% arF %ﬁ%c%feﬁﬁa@%e‘r&s%&ﬁ&dﬁ%ﬁ? gre(ﬂ%géiﬁl'ec f3l'|h'ué' a‘Pcﬁough the
l'ogi cal'ly) into a nunber B of partitions 602,

inventiog fitas beenatgsaibed avithrresjiett torspenifi¢ ewhodimentsintivell bNamremated that

rocess ters 302. Processi clu 0]

the iffSRAFER G553} 6o AL FiooBh GRERSAbs B R Bipin aeicBpe of the

follo®lngsd/ms302 can wite pixel data to any one (or nore)
of the B partitions 602. [0070] In this embodinent,
crossbar 604 is configurable, allow ng the coupllng of
processing clusters 302 to frame buffer partitions 602
to be nodified as desired. For exanple, as noted
above, in sone enbodi nents, fewer than all of
processing cores 302 m ght be used to generate pixels.
In the enbodi nent shown in FIG 6, if processing core
302(0) is disabled, crossbar 604 can be reconfigured
so that all franme buffer partitions 602 are stil
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accessi ble to one or another of processing cores 302.
The di splay (scanout) logic is advantageously
weonfitgueabl e such that the franme buffer data PGI/US2006/062258
correctly scanned out regardless of the configuration
WH C b 04 or the assignnent of tiles to
es 302. [0071] Where nultiple frame
buffers are present (e.g., Z, color, alpha, etc.),
each fnane bu@ﬁgmcggwcagop@ﬁﬁhﬁhgﬁed into B partitions
In the manner described. In some enbodi nents, the
nunber agpulgtiredded sers array mrpludinga phundity of pricessingahusters, each
) J re .
proceffit ffer Ol RIS g Buckentind Bire Bpétitc A KECCIR iRk shader
progriufihidligemeiites pixelrddta Wbinl @ vedage datwent i on has been
described with respect to specific enbodi nents, one .
ski | | ed TATier2¢E cHigWgd tp geppralgeryaraghdata fpastheka plurality of
pixeld/@fa fications are possible. Thus, although the
'nvention has been described with respect to specific
enbodi perd distritution ldgideondigpreddo deleckr theatovetage dara drom tie

is jntended to cover, all nodifi i 0 and equi val ents
rasterige {0 4peioh SRIBPTE CLRETS B R O | S

CLAI VERyHesin fhe pix QBB nR6HE SS8Q¢ the QAR BleBoceBsing clusters to

mul tithreaded core array including a g urality of

whiclpthe cevesageylatd {os adirs pixed ehdebiversd dasedgpt tdastsin gartional lackitieg of the
| east one processing core operable to execute a
first pﬁ’?e%é‘ﬁ%z %“d‘é‘%agg%eé‘r am that generates pixel data from
coverage data; a rasterizer configured to generate
cover age datThefgaphespbodefsonoptluinal mthereind theiinaps areatydivided
) pi xe]. distribution | ogic.configured to deljver the .
into ad’é\‘FéL‘é’g)_é ey %?%@m%aﬁsz@@é F sy ofiihe Bigeessmerdsters, and wherein
the piREIAEEABHMR 165U SLIRES tHerbn_teLb? tﬂ'%ﬂr{g)?ésglﬁg @gﬁﬁrsc‘t%rsgd ﬁt‘é b @¥termination

wherein the pixel distributi ogi C selects t one
as to which loé thermdereBtyi afdilesl ingdtidgsghe Grshhixeh t he coverage data
for a first pixel is delivered based at |east in part

on a |l qcati of the first pkxel wthin i e ea .

2" The ot apieephlS piddgitop Bt i flpih ek RREo P& Guraiiy

of tiledfafeaskignél 16l cdeltlof the ravefding elhdtéry, WhertinlfeSecach pedtetsihEcluster,
bei ng assigned to one of the processing clusters, and

: e p
the tilghassigngd theketo asediot gondtgupryVith faghaihe- sel ect's the one
of the processing clusters based on a determ nation as

to whigh of ThB@:dhttkPdde¥soPbf Lhined WHFRINERS Il frbbSbing

pi xel .
clusters is configured to deliver pixel data to a respective one of a plurality of partitions of a

frame buffer.

5. The graphics processor of claim 1 further comprising a crossbar
coupled to each of the processing clusters and configured to deliver pixel data from the

processing clusters to a frame buffer having a plurality of partitions.

6. The graphics processor of claim 5 wherein the crossbar is configured
such that pixel data generated by any one of the processing clusters is deliverable to any one

of the frame buffer partitions.
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3. The graphics processor of claim2 wherein at | east
two of the plurality of tiles are assigned to each of
W b@7p1oeessi ng clusters, wherein for each proP€BEBERI906/062258
cluster, the tiles assigned thereto are not contiguous
wi th each other. 4. The graphics processor of claiml

wher ei eac of t roceSS| sters is.configured
1 to deli hﬂ}?eqrargg‘f GPTP‘EFS%W,DEE %er%lﬂgag* prgcessing core is also

2 operdbllé"tba:lxb&h(e Qértdikaaihhdér' pRIpRaRf ardl §dodBRyRUAdR progamd he
gr aphi cs processor of claim1 furtger conpr|3|ng a
crossbar coupled to each of the processing clusters
and configured to deliver pixel data fromthe
processing clusters to a frame buffer having a
plurality of partitions. 6. The graphics processor of
claim5 wherein the crossbar is configured such that
pi xel data generated by any one of the processing
clusters is deliverable to any one of the franme buffer
partitions.7. The graphics processor of claiml
wherei n each processing core is also operable to
execut e vertex shader progranms and geonetry shader
progr ans.
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