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WO 2007/ 111743PCT/ US2006/ 062258 PARALLEL ARRAY

ARCHI TECTURE FOR A GRAPHI CS PROCESSOR

CROSS- REFERENCES TO RELATED APPLI CATI ONS 100011
wolaeraiasent application clains the benefit wdtik806/062258

Provi sional Application No. 560/ 752,265, filed

Decenber 19, 2005, which is incorporated herein by

reference in its entirety for all purposes. [0002]

Th i |
I ST PERE MR LR SRR AP

Applications: ApplicapRepcEsSOR 290,303, filed
Novenber 29, 2005; Application No. 11/289,828, filed

Novenber 29, 2005; and Application No. 11/311, 993,

filed 10De0SSREFERENCHIOBO RHHACITEIZM&(EPLMIQINSM ed in
their entirety, herein, by rq?ference f.or

iﬂﬂﬂlbu 6 gisent pricesen Npmeiherane R apyisional ﬁ@b%ﬂonﬂ?@

60/75 265 Mdd DERBE 1@N2603, FhRs is ﬁc&?ﬂﬁfeﬂ'hek% B RRAERS in its
processors, and In particular to a 15paral lel array

entiretyferalt mEPase® for a graphi cs processor. [0004]
Paral | el processing techni ques enhance throughput of
[0002h [he prsa eppdicatin it rgpatet @sbo followirtgarmmnirethy-masignep be pending

us. Rl RnlieabinsC AvPhitn e HE G b Ao enbe B aodh
Apphdiﬁf)h B PYSHEI3Y ﬁ&ﬁmominb& 2a2805; askApsticagores.f1arIte®93, filed
separate th ( used herein, .a "thread"

Decew@r é?goeéﬁ@?l% 5 Htcerpgﬁat? (ot BsiE ety ittt Y srie e fopdl!
ogqagrtl cul ar program using particular input data, and a
‘programt refers to a sequence of executable
i nstructions that produces result data from i nput
data) Parallel threads are executed sinmultaneously
usi ng di f f er eBAJKG@R@YNINGE dikth IESENTEINe t he

[{IOOBPr WS ISJrSegern't invention relates in general to graphics processors, and in particular to a

parallel array architecture for a graphics processor.

[0004] Parallel processing techniques enhance throughput of a processor or multiprocessor
systermn when multiple indépendent computations need to be performed. A computation can
be divided into tasks that are defined by programs, with each task being performed as a
separate thread. (As used herein, a "thread" refers generally to an instance of execution of a
particular program using particular input data, and a "program" refers to a sequence of
execufable instructions that produces result data from input data.) Parallel threads are

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

paraliel to multiple processing engines, which execute the instruction on different input
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[ 0005] Nunerous existing processor architectures
support parallel processing. The earliest such
architectures used nultiple discrete processors
womivaIked together. More recently, 25 nul t iRgTaUS2006/062258
- processing cores have been fabricated on a single

chi hese. cores are controlled i.n vari ous s. .In .
operay SIS TR oY EEF B bE P REEP (R S o inruction
unit isBekdedphil Habrdrd Mstyile AHRGIIB @SthatgRARM IR R only available to the

i ndependently fetches and issues jts own_instructions

extentthat ppultiphgiisighess €5 9k igne Hgiwaiop san khgierieed concprentier
i nstances, 'nmown as single-instruction, nultiple-data
[0006] SChD)entiamh grapBics proces@s bgsveay wideqIkID arshitegresam achéve high

avoud i S TR P SUS TR e BPTHhh oh uimg ne
same progriams Certef sipidediof baebshbddriduttlarg¥@hmbers of objects (vertices or
. ..2007/111743PCT/ US2006/ 062258 oper ands. SI MD nmachi nes
pixelsh er{BieapFl OhisH) & Pamﬁa%?@a@csgerfdﬁn@w%%@as ieiag doape
sequerRB &f bHLEAtions tal S_IME&J&'cBitécﬁlr'é‘Fx%Qﬁﬂé céfdelabRMREPaNCOST ;
the downside is that parallelismis only available to

enhangemeneatireatenablrerostnlypicplly 2GR invtudss ere SINMED sorprhat executes
vertex shadef g’aﬂﬁ &ﬁr}mpﬁmeg(]% 9'&:&% o?g&ﬁﬁgr{ﬂﬁggiké’ that[ &38&% ixel
nvent Fonal graphics processors use very w de )
shadergrograme clohi glsendoGRICH nenigpit sggh oS3 IMIb caybpart semetimes provided to
i nmage-renderi ng appli.cati ons. Such applications
Suppoﬁéﬁgvreé‘ﬁi‘@‘,"éﬂ?%% Oafpéjpﬁreaye g the same prograns (vertex
shaders or pixel shaders) on Iarge nunbers of objects
[0097]_( v hese destens ﬂ‘a}fﬁ %?fé% shogeHpiggs A é‘b‘i ERIACPICHIELSOEG for
vertex 208l %ﬁ&%@ s e s@ﬁdrat@l&@%ﬁérlnélsl.#ld Uil GoftdA8eid B0 at least some

_sequence of operations, a architecture_ provides
duplicgtipagif géprbPecopdrthodivigmod! drhaprivesdneceasing load batwhsnevertex
[V Qi . . i . t :
opera B8k X0 il BT RSN ARBeatl® BRI Ao
in the grydetad fear bephied bl @t isiageby hsitg eney undbprphitiebs, shadiancreases

rograns. l.n .high-en Us,. multipl.e ts.of Sl .
the oo ESrox bl e ERG oty Bind Vst B S blnacipt B
shadinhiogéretiond eghiel ipfeapmtiad loed 615 the pixdPEhéalerdoes dn dest guss, the
have several . shortcom ngs. First, .the separate .
loads g5 B‘E:té’?éff’ﬁ{ﬁé&“&%d[ PO ORI TA R Haa%c}erw@gf Yripstge e
pixel-iBRPATAIPliYat e Sthe PR dabertoBid B8l ruffat BBxihRaCHhRG bt Athile the
| east. some. 15duplication of effort. Second, the

. vertex gprgiissidisn weiting ey alfieadhPregespRdoEees P aiatorhe piseshader stage

of the ?f?éih{%?( CORGESL, RS vk RichShe Q%ﬂcaidn‘,’ﬁr% VARG 834G 6RUhY% run
Ffomone application to another. As I's known in the ~

at maxgpem ieegipht white the pixdbede isadlanwiitregylr byw weiting tada yupplied.

in eitllérrrcaalsf!, sith! Fhdon®? avayl\{gj)l% %rocggs%egac%%ﬁs is effectively wasted.

[0008] It would therefore be desirable to provide a graphics processor that can 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



the |l oad on the vertex shader core, and/or by using
conpl ex texture-nmappi-ng and pi xel shadi ng operations,
whi ch increases the | oad on the pixel shader core. In
nost cases, the 20 | oads are not perfectly bal anced,

corc 3y HRIGIS anﬁrrf%r Bf}ﬁul‘i’ﬁlﬁgideﬂz){(?gg %‘é&gs artioed 184 R Smore

in"a pixel-intensive applic |er shader
clustecp mithreayes i theatmewkistan treing rcontgrbﬂﬁdtbymbhedtdom wmerfagx
core is idle, waiting for already- processed vertices
tpo.nmove nto t er st
100096 19 BeeSule vl G FhseT PRPE meb A s babr Rl BioxkiSa o
graphit8 hfR¥ssoNast@prisaty: @ didithishde@boreRih BLidH D4 glbAllty of processing
while the pixel core is idle, waiting for new
clusterﬁe pachdeecesgndelusigpiciuding 2 B1apt asiettieqes g eore opereble to execute a

i B0 R RN BRI E45L Bl ot

genemie shveadierlataofopeati odda plugligpifipbely) 6o pReDdistibatiorcidiic
dﬁt to varying |l oads on different shaders while
configyes Péliethﬁ dhscqverge dagriesn e ipdptiaer & pugrt thipropessing clusters in

the mlﬁHh%a‘ﬁ EH’?:Y '&h’ékﬂ]'tﬁ%@&&[cﬂ&ﬂ%ﬂoﬁﬁsg@' sORBL $he netc!}%he
resent | nvent ‘on provi graphi cs processors t
processﬁ’g chusseatoaohieh thd (Idvbimge date dorcofimst puxelay dtlqueee(?emgtdaat least in

tex S er. progra geonetry sh der prograns,
part O%H € Pmb?fifgrz figH| Dol vl 8P Aregngnd %‘FF&?W&’F%PFOCGSSlng core is
I, udes
also ofHALIAED RRGR LRtk ARALANLBAR: oh %S?%S&%%@EE@%P?%%&
in one or nore clusters, Mﬁth cores in the sanme
[0009b] [sacsprdenéaiyitl @ﬁcmﬁlaelmbt?bqf the steseddmestien,there i lar@mded a

srapty ROSRLor URE i ey e e e ARG fetely of processing

clusteR &@ﬁgﬁé&sﬁﬁm&ét& iRGlud, Frﬁﬂldasttdﬂé pasleskitOf e Bpéradle to execute a
i ncl u ing a plurality of processing clusters, each

pixel hadnsdsegray teatgsnarnte piscLidatnfony caverage dopen psistiegsonfgured to
r I [ t
cener LS ARSI L S50 LKL SOALPLRIRBEALAL B
to delicarthé gweeagetdategednﬁ fthd @senyenagree oftha pf@ésﬁ@cﬁuﬂérs an the
1nuhﬁ@@urallty of pixels; and pixel distribution lo

e gOre e maféil prpstbay RRBlereagfeokdle aracrBing Esters and

t
confi gﬁl%ﬁ & Hﬁlr < EL%I gegc? g%gnr Erhg?,r&%%ﬁ?gse I e«?ﬂrllﬁtgrrs] gé) H ﬁaﬁe%uﬂ%r E(ﬁﬁpnsmg
multlpﬂa mrmhdmst whercinoe pixsbistibstivn betnselats thh en@oﬁhe pBicAgpIng .

clusei 15 BbiE s GBS atater DR POHiSp Rl FrEnCaon ohlaar R Pa on o

locaudnrt&ﬂﬁé i3t pREKGHthiMahHnde@hteh Mage area, and wher e| n
each proceSS|ng core |s al so operable to execute

vert ex shader prograns and geonetry shader prograns.
cond

100108, BERrodi g8 EsT + D wdts TRRBORdel % s ke Suster orcor

in whlaf %WﬁmQ@fHBd Sleb@ied & d&%ﬂthéef&wﬁﬁi?@@l@ct@@ b&sedlohadle location of
including a plurality of processing clusters, each

the pixg} withinghe inagesseae rinjone emdpdigeat. theseseendntiledr with sathrige being
asmgn&f’{oeorngt%g S&&heer tf(ﬂ&e aﬁ;&%%#&ﬁs I%%é%\k/ésegx%‘ggfémf? aé’or‘%g g{’@g}ﬁb Zérocessmg
cluster@ omhé et eﬁl gnad geneivah @rc&ﬁyﬁﬁga@estéx&tr&ofﬁre adedutfkoasly scattered
plurality i xel's; a pixel distribution |ogic
across é@rﬁpregeﬁ%arqvefﬂoﬁ@mwats herdcasciige data from the
' rasterizer to one of the processing clusters in the
[0011]rrulnt Sotrtercpatebelin erds eh@pnoag/s:smgmdreaomlmbmludm wphgelr dparations

each of the. process s apd configured.t
unit thefdfegiafes BERAY Earacd pagl e WBfl Gk dafA i trpe buflyy. aThe

frame buffer conprising nmultiple partitions; wherein
the pixel distribution |ogix selects the one of the
processing clusters to which the coverage data for a
first pixel is delivered based at least in part on a

| ocation of the first pixel within an i mage area.
100101 In enbodi nents where a pi xel shader programis



BRI EF DESCRI PTION OF THE DRAWNGS [0013] FIG | is a
bl ock di agram of a conputer system according to an
enbodi ment of the present invention; [0014] FIG 2 is
a bl ock diagram of a rendering pipeline that can be

i enented iL.h a ra hi, ¢ ro or accor ..an
frame B s arve U G Re PhOBSRaT GhocSTom e B Pied &g cluster
writin@ atl'off ¢tk deliaag E)ﬁé‘fpﬁﬁu@n M $théhineRdadcR Qe AHARY of £rt1ﬁ0ns of the
gp ics processor according to an enbodi ment o
framegw %mﬂ%dlmﬂ/matqhdhe n{obaret pRycGssing ¢lstenstin asee s gmesbar or similar

circui é{slﬁ)% glcg PI v1 congnrgl%a;@ Lﬁ)@ﬁg b%t?\}:eg]h %eﬁjg%(%eé%?g clusters and the

~ frame Ibﬁﬁéﬂlbarﬁﬂons[ Qﬂthﬁi arfyl fpocdssing cRister 631 bef dovgledh® &Hy frame buffer
diagramillustrating a coupling between processing
partitigns, & gge %mbocamﬁn@n%e TSPl isgeBbledi ipgpreangmemory locality.
enbodi ment of the present invention; and WO

[0012P00R FIFHRPETAUSL A0S IEALEEh B0 tHelaGoorfipdnging drawings will |
bl ock d gran1|IIustrat|ng a coupling
PI‘OVK%@{%&@&%&&%W%@J b netites andapmiages RhErepgseaiinvention.

accordi ng to anot her enbodi nent of the present

i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON 5

Systen1CNer | agram of a

conput er sy en11 ggg%gibgh%ém{éﬂggﬁgﬁﬁiﬁgﬁent of the
[0013pr E8@nt isiabledk diegramGaisheuts wsitemat@Rdinged wslesbédiment of the

central processing unit (CPU) 102 and a system nenory -
Pﬁﬁmﬁﬂﬂwﬁ%ﬁﬁunicating via a bus path that includes a

menory bridge 105. Menory bridge 105 is connected via

[0014]a bIG. Dmtabladkedibgraanof] a]r@nc(armglmpﬁed)m: phatt Yarbbd iatgderiénted in a
ut from one or

/O 10 brid 107 rec ves us
gfaphlﬁ%PrQC%%%rraﬁcﬁﬁS‘e&g Bepiceiolag og g pr FRYBEHN™ mouse)
and forwards the input to CPU 102 via bus 106 and
[0015]nekBrys isre ek diagam\afsumiltiduespied cors qoray forregrapiricaprocessor
ier based. di spl device 110 (e.g., a conventiona
accordgiS ap AR A R B SR REat Ty nder contr ol of
aphlcs subsystem 112 coupled to nenory bridge 105
[(}016]\,, gl% Dstrargs ong popsiblerilisiesit an imagesared Wit @pwmbatadtilaso

' ,Provides connections
mwom%égb %%%@ﬁ%&ﬁg@ﬂ%ﬁ%%&%kééé# er conmponents such as a
adapt er 8 and varjious . add-in cards 120,
[00171125@5< i§@sing peksdipgrgm iRpiratimg @ cpuplingipfween processing
I tﬂs@ﬁw%ﬁ&ﬂd%% Leofdif SRRABRG QNS S
S D drives, rgcoﬁh ?ﬁkﬁpéﬁ%y aeggkbe Cgﬁ%ﬁ%ﬁé@%ﬁ1and
7 I/O bri dge 107. Bus connections anong .the various
conmponents may be inpl enented using bus protocols
such as PCl (Peripheral Conponent Interconnect), PC

3a
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20 Express (PCl-E), AGP (Accel erated G aphics Port),
Hyper Transport, or any other bus protocol (s), and
connections between di fferent devices nmay use
wohohd/grept protocols as is known in the art.pdD080bs/062258
G aphi cs processing subsysten1112 i ncl udes a graphics
ocessi ng. uni t GP 122 I.CS Meno 124,
(0018} Pil it SSBPIHAB ARG Qgrtnges RUP GReB oo essine
clustetsHn@ 9@%@%@@%&5&&5 e t A4 EEenHISA RS 0 10 Fxre@émmﬁmn
processors, application specific integrated circuits
(ASICs), and nenory devices. GPU 122 may be
configured to performvarious tasks related to
gener at i NPT XRIETHBESCRIRITOY @P MHESINGEENTION Pl i ed by
CPU 102 and/or system nmenory 104 via nmenory bridge
Systemgivenaew s 113, interacting with graphics nenory 124

[0019} O F3&GOT B aélilﬁi:kldiﬁ)é?éxﬁ oPh ¥éthpetsgste@ndo bdterdinde®. anEﬁﬂ)odxment of
exanpl e, GPU 122 may generate pixel data from2-D

the prggnignpyniiernEowaeist PFEN WEdnBYIes AcPRTR PHCEEIgHEIt <r) 102
and a %Wn'eﬁ])grffb BhnhfZcatitE Ha]a%%s Bﬁ)ﬁ tl?alt ﬁféhﬁ&@i ﬁeﬂbﬁﬁdndge 105.

at a recelve via nmenory bri g p I CS
Memargimdge 024s varnketed viniatiuppath 10 tqmlf%ﬂ@nté@@tm@.bﬂ@w 07. VO

bndgcdngl ace‘?\(f)es UQCCI:' lnlil gl??ra%fo%%%p 91%{'6 IE]EQPH]&)& (fégir&gs! %Z@.g.ék&board,

rom graphi cs  menory
mousé€)iaf E(&Waﬁie ‘theOﬁptik 1OCPUVID2 2000s 106 MIBéﬂibWﬂeﬁll 0% 2958l

ontpu grsshon » R DGR F1R Y BRI DT i P R B a1 G CP

based @on@tbr) %eﬁéﬁﬁg ﬁ{@eﬁéﬁﬂﬂ@n@ﬂ’ﬁ grapHich Bgykiead 1a rcpu;ﬂRlJco]:ﬂ&nory

i ssues connan s that control t he oper at
bridge Y5 vig pbuphis- dhbsiehis 514 ieplse f@@e&feﬁi f 8 5“8%*% @Pmﬁb?“’mh
116 &Q@B@Qﬁe&f&m tEWedZAORIdBe @mrtﬁhé@ wbrhSdnentdRihdhhs M twork

be in system nenory 5104, ghlcs menory 124, or
adapterrid 8 et varioys adgbin c@ccbtluzanl 2ée &i, es“ucemeorteatsmthnim}lﬂwwn)

1ncluc?1{1€U B8Y: gﬂ%%‘ %ogf%ﬂn}lgt%o £RIP b8, ﬁmgs %ﬁ& £, R4 also be

comman er an ’execut es connan
conneaisy mhi@dmmdgs 167. vBusrcoomnama mpruﬁheomommpﬁn@ts may be

: l.ude, co -
1mp1efng]gg€ gﬂgg gasy];ﬁa 00?4},a sguecgl g&?\,ﬁ ﬁ%ai éo%g&%]eﬁtqgtergcgéﬂe@ﬂfjﬁd
ExpreSOPUIEB AGH (S 0deaies Gi*dpatcs (Pﬁﬂh II-szamndusp(a‘t onagy other bus
execut% on. CPU 102 %_ r§%e t he qﬁﬁ?utat Pn 10
proto fonEptyoRs betpgrn PYOEES B 5T HH PR OB RY’s as1s
]gmwﬂﬂfﬁkaﬁﬁd to i mage generatlon 100221 1t will be
appreciated that the system shown herein is

[0020'1‘ pé)]:ggstﬂb?((%s s&oE%EenY ?{2 LhuBBS, Q’%}%%Je%sﬁfgé LANEPU) 122

us topo ogy, Inhc
and a @m@hm nemgenth whichimaydgesplammeptodec. groehifg @ ongiore mtegrated
red. . For nsta

creuif ey S PLOEBRLR -8 P 05O e e s
(ASIC, %d&tfﬁhﬁbﬂﬁheﬁcd@f GEyel 22ans) iad dvafigded toqmsform 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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15 communi cate wth system nenory 104 via nenory

bridge 105 and CPU 102. In other alternative

t opol ogi es, graphics subsystem 112 is connected to
wol0@mtisdge 107 rather than to nenory bri dgerdidBs2006/062258

still other embodiments, 110 bridge 107 and nenory

bri dge 105 m belnterated nt o chi The
[0021h) 5 \iPegpe @Eﬁ%ﬁ%ﬁ@r{?@s‘%ﬁ shEqtemien 806 ?ﬁf‘gh
coordinBSiAdePatioRNYF dIkeFRQdterR ComfiShen. GapAiSculdr, (DBIUI}DPJ %l&’és

devices m ght be supported. In some-- 20enbodi nen

commgngstthef conteolitke eneratiop &f BFL Had IhEmiimbodgiie FiPiJﬂé)ZdﬂaeS a
secnfffsh s 2 G110 278 ERRein g Sl 0cd Bnl tor
104, gsaphitos meb@0y ey oaaxmhdnetomedwnon accesibie e bhdT e hds: and GPU
11
122, GRS b st PSRRI i
asyncHiOfoustynwith bgratimd aﬂpmjamns The cGilfbiahds hayt iegudd ﬁﬂhveﬂtloaal
single ch||?25 wth a bus brlﬂd l.f_Ch as rrermt%

rendengg CRENANSS 105 2oRK BN PRGES POVl GESA EATERE FIRRP ign

commhdMh&I M htpiRENond Mﬁn@fm bpualoz & RPdth@Sheresmputational
i ncl uding no | ocal nenory use | ocal nenory

powert{ Ry é%fw AepBrapessiedhyt w&&%wﬁo MERES F8ETAHR, i n
a unified nenory architecture (UVA) enbodi nent, no
[0022] e @ widl tedippreaipted disat Herystymdbow berpig ipilostiagise anchihet variations

o TR YA AP BT B Frnecos o

bridgdsthegbainedified bodairbdl SFchnhsﬂ:gﬁe,dh simoemiprddueds dysen memory
di screte h-speed bhu e. d. Cl - E
104 iscopprstadt ﬁégm&%ﬂedf ks igh ?‘H@%%%aiﬁf%lg%%&ﬁ 85@'{ derioes
comrrﬁﬁﬁ%)(wth 5\9@31%99&{1&%54 IRG¢rhig Qﬁ&é@ﬁﬁ%ﬁ& CpOQORB] Ik bthess
al so to be understood that any n‘Eer of %Us rm%1 b%
altern@tﬁ@ﬁgmé@glqesngrgp@%ﬁ@mste@ 612 1s§9nqeﬁt5 Eﬂjﬁ/ggn )CQ'?F}'F er than to
EA/6) WHdeO YO TARNEShd) Bridge 105
memoﬁ tﬁli%:-}le(E ?Ilé%gil (2[2&{:%2&%3 bus 11% Mul ti pl e%:’rLlegerra

mightibe intpgriat ado p singkerchip. SThetnortigelor PRIBRODERHR SFOSVIFRSECR BE Op%{onal;

for in%%ggﬁag]}y%ﬁ d%edt\é%i grﬁ CE&%&D@ enﬁ%ér%lﬁeﬁlg&argf ggtgl% e?ﬁg?(ﬁ%@ﬁg EPsome
embommﬁeniwﬁohvléﬁts eﬂmurmyd med netsoripalaptcetl & ant oddriveardselt2), 121
ng general purpose conputer
mmegg/‘gfegﬁ’égoe@?&gg g(&]e consol es and ot her speci aI
ur pose co uter syst ens, DVD hand
(00235 e ensain SRS ELE B BhEMEE SHondPe BARCaPG e T some
emboqigﬁg%z%@fw es SREMSA 290 impreneREd A%nRiRel d:aB&thQ\/&ﬁi\ble @Werted into

FIG 2 is a bllock diagram of a rendering
an expinpieh SloboRySlemHA0. Eanibipembndimsin e &Py ¥ integrated on a single chip

with a bus bridge, such as memory bridge 105 or /O bridge 107.

[0024] A GPU may be provided 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 (¢.g., PCI-E) connecting the GPU to the
bridge chip and system memory.
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CPU 122 of FIG 1 according to an enbodi nent of the
present invention. In this enbodi nent, rendering
pi peline 200 is inplenmented using an architecture in
woMdeEv1ai3y applicabl e vertex shader progranspcgeiusdidoy2ss
shader programs, and pixel shader prograns are
execut ed using the same parall el -processi ng hardware,
10025} efitds pleelta e yndewstond Huit any mmanr pﬁGEH@J By bs w}t@eernrwstm

e R ORI R oA s

cards 018 1a8.r BnkR0LGPe nﬂe ibie ogerpiep & pandicR @(zenereicuniegesdor the same
. . front qu %84 agg g assenbl er 206, a setup nodul e
d'Splaﬁégv’c%or Qe fidiereaedispndeviceo) or assenbl y nodul e 212,
raster operations nodule (ROP) 214, each of
l0026]Nh |Ire; s, FEUsepberiing aeeis PHGe e6AYS invesing may be incorporated

|
o A0S PASHE i KSERTBLORLASugi s e e s
and otherf specigitpummvs¢ STATET systemsld) YR @layonmiendield GviDes sephds mobile

phonegopgﬂggorgl galéagagsG%Iﬁ)]%%e%er tfrom CPU 102 of .FIG 1.

han provi di ng geonetry

dat _dLreg;I CPU 102 provides references to
BEEEE@&?#LBH%~+$&¥¥%ten1nenory 104 at which geonetry data
[0027] S Fit OF B A bidkRidie g&@ 8MDtcAlerd{}hipcdint ROVESt dah 8e dapiambditedin

st em nenory The state informatjon, rendering
GPU Adsl acaﬁailrgeef@ﬁetembo'éfateat ofethe preseptinyentign g Bndisal | y
8{}% ?@%H b0 RNApEenkE uiRE dn benfie RO Wihien
embmﬁggﬁﬁgﬁhre J% ed | nage or |ﬁage§ E|nclud|n geonet?%y
applichblg heﬂtsxgsha@h adigrags, geounairvshadespragramsa il Rikel shader programs are
rs_for I e W=l .
cxecu{%g S5 ‘i;he samte garaﬁgll-pd ggsnéé g}% n%lérre %?e%g to @85 a{'g llng'%%ded
core afrﬁf" ZﬂI} &\(htlﬁtht@dgd coraatrabl (2, is deabh’mdrﬁer pelogon or
animal ) that may be present in the scene. bjects

[0028BOa RidEbA0 hAIRAHEHN d@SBéjﬁJr@dZOaSrcﬁtﬂ@iﬂ@%méfdeIOOﬂhéludb@& front
points, lines, triangles and/or othe

end ng}@wysm r 28662 B rﬁ%ﬂeo%ﬁ&s afsteaned v @i@.aﬁsembly
modulé®1b] £8%:radi@ opERE B MEEIEX (R EP)PQS] dak PO WBcH @&Odeflmgemeﬁted
an obj ect coordinate system ‘representing the
using powientianal infograivd it toehpdpgiey wreothes tachrologng.
2007/ 111743PCT/ US2006/ 062258 obj ect bei ng nodel ed. In
[0029Rd #kdnit eimd 20t mcq@mlstatmnfomamtn (BAVATESY, ram:gpnhgvcenmatdschMD),

ond BRSSO ) 6 TR G PR L5k oy S BROGEy PR e

than pkévigiBe géd‘n!a&@ dafh drepRy, 0P8 { @2Xprodigesrefefddbesi th ddca@i@ R in kydtem
sone enbodi ments, the vertex attributes inclu

- memosy; 4t vkchgsemsiey date s Yerrdslatasserrtler 2P sthit e £he data from

systenf F)@Hﬁt R @ta?émfcﬁ‘lﬁaﬁ&], dndedi St dodirRandt, A0 SRR LA Dhta may be

adlng and ani mation of the vertex and
of a g¢rtesullar$snmnaoe&ﬂ ngfersreat mpay berused toj dpiise the desded rendered image or
|ves d r
e G et
a scen@An be |ncluded i n any nunber of pr|n1t|ves. In sone
enbodi ments, each vertex is assigned an index (which

[0030]&32[1_1 Qfedéﬁﬁbdﬁﬁélﬂ}{ﬁe bebendolyfdafi thelu@d@ namPEd dTiobjeeidfiBitions for
eri ne

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, triangies and/or other
polygons) that are defined by reference to their vertices. For each veriex, a position is

specified in an object coordinate system, representing the position of the vertex relative to the
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by providing an ordered list of indices for the

vertices making up that primtive. O her 10

techni ques for defining primtives (including
woceivAM4sonal techni ques such as triangl e stydyPes2006/062258

fans) may al so be used. [0032] The state information

and rendering conmands define processing paraneters

object e aradetsis It ldINaRY P 4 Resiiem GaN YOFtor BIY BF Y ether geributes
associftod gitﬁ_rit(? Nh o&a1 204tttk 864 PerldRGnaliAlifdd dMy QrdpRkt) @A ARPecified
rendering commands via a control” path (hot explicitly
on a percane) bess; dorhiestaris, io smpo Aahedimentsteustck AEtpitesaneinde scalar
00, . i S 0 La the. { e
oo et el DU 8 oo DS ATRENE i
lightingpshatiing gandahiresion pf terenesanddstaselciated gesmetris ptifndttvear e
accessed during processing and nay respond to
0031f CPHRLHRS a%%ﬁ%?d@téﬂ BLORABI deGnélPb refeasiRt Waleil ertib®, and
! . %ipeline. - [0033 F¥%ﬁ? endEEOA?diﬁggts t he gone;ry
a singlg aerex epnchgtineleded divrepumiss of piPiivas B sHRe mbgsimens, each
f QRAKES, dhll abRnitive is defined
e e B R e PRy oo
by proelire @ ardgre®@ DR .of rpid4 for Geovestiqey malsidglup tid grigitivec Other

B

or famy)efidyedsodedised. geonetry shader progranms on the vertex
data, with the prograns being selected in response to

10032%%& §tadeGntoRh AoMBhH Sidedh domth A8l déBhelpievatsipifraders and

_ e vertex and/or geonetry shader prog&ans can be
actions frs ypoustagys efrendesing eirehee 209p IHre end04direrc's thawath i n
i 'ﬂﬁﬁﬁl i Q ‘&K?bh@% Riegd
mfon%agg%l ?ﬁ lg?gér%?lg\%r ti ng;hg%g/@;gf& 8 ?tlfn?n&gtl \%@é . The gﬁgder
compqmenty ofirenddringpipding 260 Sais kpewstinhedrti thess\pomponanismeyy
r, graphi,cs. meaory.. ' ti.f] Ji Lk

resporo R4 SR TRABNMiAI, il hh&lol Rl ih Ly 00RED
registedd @iheart afcessed tindng mecdssink avlwnay respdnd tardndering coomem@oby

enbodinents,.vg{tex.shader and/ or geonetry shader
processing dptg fecerved iy einelift-oq i n nultiple passes, with

di fferent processing operations being perfornmed
[0033juFrovgensadd dieess hEgtomeys AR MHASFIYEOARS: A saadpcr 206

| ' i aRcinld ™8 in

foma{éﬁge?éae?uﬁlgﬁg aetnl %\%@ ggg%‘f‘ﬁrz%%@ﬁl US20061062258

multithesadedroneechrtdyiZ0Ag each pass. Vertex and/ or geonetry
shader progranms can inplenent algorithnms using a w de
[0034] atgemefry matitie 248 dizedts progralmagbbaro@sdugdngors (ronexplicitly

ertices a ot her a, and the progranms can incl ude
showef G e RSP O F?gﬂxsgg% YRRt A PP
on thedfet Bgth VAR thE BRI MARGRSSREted HLRGde Makid it HiadiRtion

rograns and geonetry shader prograns can be used t

providefrby dieahende?Ofarlibe trisFrandios genmeEnTEedes Progrels fan hfgspeci%ed by

the reﬁdeﬁﬁ% gﬂﬂﬁ%ﬁ%‘ ahaidh BihEGt Snd Bferdnn§HadB GPogrdd Gn be applied
s np enbodi nent, a vertex programtransforrrs a .

to different eextides ond/pit iibiveh | Betshalso puigriai(e s pe testcepbest@p in

clip space or world space coor.di t [ -
systert pigRoPb e tise v RS fRnfR RIS anl 002 via
suitabll b REA P bothiabdd distutd iAo rBagereas ib knoonen eboid iirente
the transformati on can be

‘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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10 programmed by including, in the rendering conrands
and/ or data defining each object, a transformation
matri x for converting fromthe object coordinate
wosMetAamsef that object to clip space coordi nedEes20d6062258
vertex shader program applies this transformation
matrix to each vertex of the primtives nakin P an
perforpysil dBRing gash Bass o YSTEN AR ESNE ﬁ’é?efé’r%%mﬂﬂd'glﬁ nt

aleorithB Gsih aiviBe N5f RatherhhiRbYan@liogiéad Updrat®ink 86 Vértices and other
Includirng Iighting and shadi ng, procedural 15

data, apd threenrpgrama peh inpludeeanditionplear Rraneisg eNGHiTOwMhsERE Hisech gnd

.o Qf -yertex operations are known in the art,

“wnegﬁ%%gggg(%%Féd description is omtted as not being
critical to understapding the present inventiop..

10035 031+ agehatTgoeh AHL By TS RPEREP oF B Ry gploment

variety HAdQlal IR, MH¥fdiny [Idhehg SRIKBAIRY e b8 For RisRYE iFBa simple
operate on primtives (groups _of vertices) rather

embodimapt, # HerfoKirgRarpm BRtPERSa Verigx fIRES AholerRooThigpigfrdn to @
3D cli? g%g WEWbMd R0 LR TRE sGHERT Fhid @¥hfSihlati6® SciHRSHIR relative

ve vertices or prinmtives fromthe set of objects
positidye iofi diffsrent elysatelin the sesperelnamp cabodimest, the sreadermatipn gyrbe

a ver.t ex shader ..or
o Ll AR B RO S0y BSATE t ae s o
transforaA 8 mhnixSoneone atiag ifwents pbjee coadingisageaem pf gt chysct to clhip

and . geo ry shader, prograns _are .25 execut.ed usi
space FAiSOaaR, DIV AR BB AR g R G, a1 cach
vertex/Bflttd prinhi@ackanalens & & stasct. 20Rre Eﬂﬂtjﬁext ‘@itec sfatiad p’ﬂctJ gramesan be
a_glven processi ng en ne . y.operate as .a_ . vertex
used 18 FRRIERE ROBBFY PG AN FIEHB TR 1415E JEHE £ s aggrRrocedural

geometiS bidUnith &% opRRfioRd 10iHEbusidxiBBlch BEsuBR PR -REOE BSSATMs are
engi ne nay operate as a geonetry shader, .receiving

knowmindhextend p dgtadebdasenintiopioeridat pHrat Peag palical tomqgerstanding

I :.ng engi nes can be nultithreaded, and
‘hem%#£$§§%h@9threads executing different types 30 of

h i fliaght i
(o036, Kb e SRaE Rrofas A RopyoBh AR BOSER! infnk heome
shadey8frains @p&ﬁ%bﬁ)pn;?ﬂllg% r(g:pnpag{fﬁrﬁﬁicmvah@xlgmumﬁuﬁ,d?al vertices.
tr ul e asses the process e r .
Thus, {08 RPROERS- EOGTEEY B9 ERBURIPLCTSH8 RSN RSO AT EPstyg vertioes
or priﬁ{\@vg@§grﬁ Helsed e (n%}_ ¢ r0&2d 8 IV BVt hasses through

general ly conventional design, generates edge
a veriexchadar oraerdm ond © BeoreqtiyFhadsa PROSHIT Gyheaiegpige o process the

ggqu%nates of each primtive; the edge equations are
geomedvan ageously usable to determ ne whether a point in

[0037f ¢ line gor;nesgnaé:o ﬁilg’nté,l;]rgll‘tgxesho cr%%c}g?éngseanh%%or%tlrynghtahé/r%ro grams arg

exccuted using the same programmable processing engines in multithreaded core array 202.

Thus, at certain times, a given processing engine may operate as a vertex shader, receiving
and executing vertex program instructions, 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] Afier 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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[ 0039] Setup nodul e 208 provides each primtive

(PRIM to rasterizer 210. Rasterizer 5210, which may

be of generally conventional design, deterni nes which

wddob7amu) pixels are covered by the primti vec/es2g06/062258

usi ng conventi onal scan conversion algorithnms. As

used herein, ! ar "fragnment") refer .
whichganched o geonbuignen e bR B eg bataBort fomahecsip gpace
or screcén'}gallc% coate¥ k H{ﬁ:h'p‘ﬁxﬂ]@veb ﬂled:@%@écﬁfh ard 449 aiagEBRdly usable

and” arrangenment of pixels can configurable
to detgranirarnehatiier 6 Poin HURSFIeA GPASP FreinsifRorXotridgiae PIgHE Cor

m ght not be correlated with 10 the screen resol ution
[0039pf Satup ardduleA08 praliidgsicash awitiee(PRAKT) teraktagan 2i & Risterizer

210, by Sk Pl PR sl bbbl
cover&MHRAhS pARltiveZe L1 uditid &drﬁaﬂi@hhlﬁgaﬂ enkhebigh alxpbrithaisd Asnsed
Sone enbodl ments, sup ersa ar g*wf?" sa lin

hereirh ik R ENFTET R IAS TR TSP DB SRFRFPACE for Which a

smgle%@fo? LaLEsh b%ét&%lﬁé@‘ ehudiber SRRt 6 ﬁélﬂd:atnl heéQ,
rasteri zer prowdes 15the primtive (PRIM, along

configniable Imram@@'r ocffrersieneentpelwwp gight s rpghppotbg gomelated with
the SCI?EI\}/ ?es%@ fionf of S@art@n%qlz@dﬁé c??’ debile aAQQ'kﬂBwﬁ‘ng%lté’p&@ dsloBrmay

12 "assocl at es
be sarledvattonigsie amelnm\mﬂag émmpnfebferga,tusmg cpeeptiged s¥persampling or

s Ao b b oo BT aRe, edrrnted mliepripe i
handléd Wit kid (508 skddet.he primtive and generates plane
equations (or other suitable equations) defining sone

[0040P" Adtek aQEnliftiRe WHidH KIS e 20RFedoyf AR08 riterROS 10 REvides

I n screen coofdi nate space. [0041] These attribute
the prizjting (PRISD salengavian tisigd sersenycogedisites (Kn )i ghomixely Pfafa@# by

the prpmlgt)gtll’: & a%:(ﬁof &gﬁfﬂﬁ? In?c}dﬁle@ 1YakyRy EQEmfalE}‘?nﬁﬁer ila%s%cﬁies the

I'on W rimtive; conventional
pmnﬂﬁ\eas land cp}estge mfoﬂnmtms e@etved §emernf&$rélet 1@ veiuattribyies (e.Fogolor

[ d t
SREEEARE HATER T
generﬁwhﬂl@dluﬁfonts e Jtﬁ&’r m.:%ldﬁquﬁn@m) BfiningComepr dh@ff‘l‘he attributes

attribut 2 | or assenbly nodul e 212
asaf‘ﬁ’f‘%@‘i‘ S’t“ﬁ@ ‘%%W?@H{?P'gor@&lfﬁ?‘feons (EQS, which may

i nclude e.g., the plane-equation coeffici ents A,
[0041an Fheye bt @gmtm D e BHRBIAERERS DU 81 AP awgmm to

mtclpe 18] vef oﬁtg] L a8k a eﬁl)%gfﬂﬂu&p@ftﬂlh% Aﬁ‘ﬁmﬁ% - Chn@htibde

overe s to a pl modul e 224 in miltithreaded
technrquesecaa ibe agedza 2endPity i aquativhe BRzdnsiincede sngrnapdinsnatsiolor

e e n Xpl i I
EPET BorfSns coarr ) dod B Clibablek 8iibich Bt form
0= &I%+Mﬁhﬁﬁﬁ@{tﬁ% on each pi xel covered by the
primtive, with the program(s) being selected in

[00421 eg‘fbg&ﬁ%‘se'ir@ﬂ} }%dﬁte Qiﬁpfoﬁ}fd% ﬂi@taﬁﬁﬁht@éqﬁ\ih&%QEg‘s kiR nay
vertex shader rogr ans georretr

mclu@ha&iehe phangﬂmon r:eqfﬂemtﬁg 2 psl Cl:@f PSR PTiERiIvVedpECPYSyS at least
one pB(fe Xa st ots sgr?e)(%gl e@@('ﬁ@ 0?&16%3‘?6‘}8({ kel&fYa ké’l%dﬁ%&% in

granms can e use
mumthmaﬂemm axaayv,}im EPtuyel ﬁfoduhe%a birefif moglsmmahblpMessglg engines

ht i ffects, flections, textu
(not PRI H o PR R e £55 e R Rl PR gh OB ) shader
progrVHEES S48 pBRABRIRY i thSpeditNe will the bm@ﬁef(a)tbemgeeiected in
response to the state information provided by front end 204, As with vertex shader programs
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5are known in the art and a detail ed description is
omtted as not being critical to understanding the
present invention. Pixel shader prograns can

wo apiAampt al gorithns using a wi de range of pCT/US2006/062258
mat hemati cal and | ogi cal operations on pixels and
ot her data, and the progranms _can incl, d&ﬁconflu onal

and gegmetsy shrday wggr@sz@aaﬂqlfawgﬁ Iratiofs ganysnc RERel HififrEperam
to be J%Ed%"rbénﬁ eS SR 81 pikOk 0?&31] shE’de’é? ogfhad@h bl LA Hpiahént a

advant ageously executed in nultithreaded core arr aY
varietp@visg| effectshimchding lighting andrphiadies ﬁm&seé‘v‘élﬁﬁgméﬁ@’itﬁ@é ending,
te i v t
procedy Sy BE SRR, 'Sy Shh Rl SRR dROTH o pBF Rbaions
are knewg ier aRyndpéetailel descriptive i @nittehasd®t beingctioal fog and

vert ex structions
underg g N NEDISBL SSRGSt By iaes S duplnhl Geosib joins
a widsYRRGEIT mdtReRit¢AINgd ddiekae ¥meationh On piReRRLd Mh&l‘iﬁta? arichiive
instructions; and at still other ti CP ge
Progragisse 614G cemtifitng! FrelyaRspesEecvaen gat aagie @ﬁ%‘ ndirect
memo%és\éé@g and executing pixel shader program
~I'nstructions. It will be appreciated that the

aded c
[0043]:‘“3% ]g%la 8rol%ar%)s %r\?\%g%a%}’agg&{giype&géﬂ&%ﬁ? gﬁﬁ%?%g%esdscl%egarray 202
using thh edixﬁe plograapidblepbiasing sn@msnm Bgso Bxﬁceilﬂsﬂna/‘@ﬂ(ee axg}ﬂor

- mal | ives), . .a.lar fracti he
oo GRelet Prgrcl s o, S o & Bt G e P eyt Bapovertc a
a vertdd shhded Qedc@iflg bt @@cﬂﬁn\g%ﬁ& progi@irih@cand/ slotige anes thy same

shaders, and where the a cation is pixel intensive
processiag gnging MK PPEAES Pt éf’@fmg'w iﬂﬁ der. JEVERAE G afipgeeometry
progra‘i‘zp ioRd: %84 atsﬁﬂ%%{er BhRYfR @&n%ﬁobes@iﬁ% Teh@h@mhfﬂ‘&ﬁéﬂit@ 8sa
the Ti'ke), a | arger fraction of processi ng .
pixel @y@drs@cwng amwwmgh@quj shedergrogramppskartiophaeyi§ be
appreé&gcf' i @&%ﬁﬁﬁl@:&%ﬁ%ﬁ%ﬂ:{ g %!2‘%18'&’?&@ 'mritg%} g)gg %Qlaﬁémgfbéi@leéx
pixel :mdozeﬂssﬁdcqssmgl wh@r@kaa@plltablomethry R@?SQJMG g.whaghsmall

i, B SRS b EROUATH B0 s k9558

tend tPbX@dvtedfio ViixiaMBOE gmy shakst andcwhaathic mpﬁlrcamm is pixel

buf fer 226, ich nm cated, e.q., .i a
intnsig By fores 300 oM EHBO S 018 BT ke SRR s with

multigké #%@tufes@hd Rleaikd), AaWa@H HRtisn ¥i thbipPiessing cpil@wiitiualdto be
witten to the rendered i mage. Depth buffers, alpha

devotdqghip piselshagerd st enci| 30 buffers can al so be used to
determ ne the contribution Gf any) of each incom ng
[0044Di Xake proctskiag rﬁﬁmiﬁxé@r promp ef piRelx & codwicte, pmlrmodule 224

. corr ond| n ry,at i natid on
provideh s gt Ree R POTAARERERAS: BoFcrTs) YRkt BtRe o gy
conved@drdBddsin\ntdot £k thﬁpzb’(elhaldeﬁ sureivadifréme pixel¥odule 224 Wlth pixels
2007/ 111743PCT/ US2006/ 06 5% %2 Once t he %E{;ra%e .is hi
of the irggs] W0Er CORFLEIGEOR Y FEpe 2 BEchaanhrlgealith o ysraphics
memdy $R. &Y sORY bGBoRRRAR ROV Dl £6416Hask Pideldr BRI new pixels with
rocessin
plxels%rewously wr?tten 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 buifer

10
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[0045] It will be appreciated that the rendering

pi pel i ne described herein is illustrative and that

variations and nodifications are possible. The
woleP@liiae may i nclude different units from Sp¢Tose06/062258

shown and the sequence of processing events may be

vari ed, fromthat descrlb [

F , .
226. Sapma iSRRI R BRe i op by fevice

and/oSdBRERd (Whitthero&e@fse” rasterizer that processes the
entire screenin blocks (e.g., 16x16 pixels) to

[09452j gfne»% 0 q%%g]‘é‘ﬁ"?ag;;%t%g \t/l{eafrt tls%r}gl}deml%&égl ani%sctr{b%:@H&kﬁ iEONEESive and
that virsibey andanodifiationy oe pesitde. (The plmadintvmd)a alciygie diffesent units from

ose ot g S e st SR LB PR T BB e
For inktaf®, nAdiRlehbefinichtsCapkakaof mal bb berf@ined in smeks] wit2%oarse”
I n- anot her enbodlnent sone _operations, conventi onal

rasteris @t PRRSGSSSY the CIEP SFrEsR B I9Rks fos ke LapbRishtogieteamine which, if

_any, bgﬂgé]{h% 6%%1% etbgtr&g ?ortp'aﬁlaﬂk )égverg afoBowsd 124 Walc® BdtctiQer TR

urth tipl & instances of sone or
processbd thoindiiduahpitals edthireayrilasidhas & detamingy (ke §eastpasigplly

| co\«'c&:retf1 IB %Bg 'lsdcﬁ le%ﬁ&m%nf th% rgs%?'&gll %&tam%ftﬁ:hﬁx%@ﬁggule 224,

core array two or
In andiived Hinbsdxﬁﬂ:ﬁt somtk @eratiguatonventivaallyoferixel bynoBOPesayAR4

perforg RO Bl HEF bGP ore! S rraiE L BEal o

the processing engines in nultithreaded core array

{0046D o Furthvis) mpitipleansiadeTRfrsemAaoF 8y 0'CHA MOSHIF%@?S&)%bed[hGE?AWT“aY be

operatel] i g\%ﬁhgal%?bﬁ%n@?ﬁgh’ erﬁﬂd)ldﬁhén@ RGBT @rddrERY208 gcludes two or

highly parallel” 20 architecturé that

more smmwmd@bn eus memn agalownibehoigfixe mogplge 22t plaperste in
parall%lp %@t{] S&n eﬁ—fy n\xlo%{lfe%d ngflﬂ‘ro?glglc\f {)01&13%'9?@19 é)ﬁﬁjgergﬂ %ﬁ‘%@kof the

I'n°vari ous
procegirgangineoi nmitithidabedcadedrgydd2. array 202 according to
an embodi ment of the present invention. 100481 In

hﬁﬂu&hﬁﬁcﬁﬁ&e Wonfi ﬁ¢ﬁhreaded core array 202
cl udes some nunher (N) processin rs 3
(0047} 0 PR crphi gl émi‘lH@(ea’lHE‘é%"fE)WW 5% %fétﬂgn%lf paraiter
archltgc.%}@ 42 sWpbils ERLEEER @fecaéorpémﬁfg§ nhﬂsé}tdf ﬁﬁétaﬂGestdf Qertex,
obj ect and parenthetical nunbers i entlgylng t he

geométrys erdierepiveth shaderregranhs ipnpaFios aesBPinagons BIG. 315 a hlocigdiagram
of muflfitsBlc gﬁ!&%&ag?g’%&ﬁrg 'R GEDB AR Cd RS Itﬁes%nﬂ%m%n

prov proceSS|ng cluster 302 Is
i.t..0s t hat _other

ooas] St triedispontireitsfasEopte pERGRR I O n0E a0 of
proc&ésﬁ@’tﬂds@e@é 3026 Heklin, th@BAR [indeaets INiRe 85j86tH &'e@ehtﬂécethﬁ Eference

i ncl udes a geonetry controller 304 (| nting 3
g G e IO e PRSPPI bR R e GO P e

needeégﬁﬁg%l{ﬂﬂtﬁw éo nﬁg 4P8 %68 bn P DM RinfiRf) o? Bro'c::ésging%)usters may tl,qe

ry con er ‘304 and pi xel “control 306
provided M RIGE 3t enayirodesang dpgien 3Lds showm indgail; @blns éo bm@plfsa@é that

other g’%ges%ﬁgtcfuggelss 3%2 %E"Qé? of SQIMI ofr idtiEs dg’s}&x that include

[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
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WO 2007/ 111743PCT1US20061062258 processi ng engi nes of

mul tithreaded core array 202. Any nunber M (e.g., 1,

2, 4 or any other nunber) of cores 310 may be
woCRiMageied to a single core interface. Each eores2dez2ss

i s advant ageously inplenented as a nultithreaded

executjon core capable of s orting.a Large.n er
procegsinengingepf ravlﬂ%?aé‘)ﬂ? Bitre 2t y %@@eﬁm%wt‘ nbcany other
numbsMBEESed 11O h/ 8B cohfdcBAdo a SRER drd ifteP@EL. iM1Sh 35t6810fs a

particul ar program executing on a particular set of
advanagpenshydanrdgmentadots ganultheeadeshaxepriion SArespPabg efesupporting a large
Lga ' 8fdsm “lHa@M Reofers t
oo 5305 RTL ok D At b et Rt
an instanchoft eprticvtar tpoo geate exxcetiiy ¢tha pateulansepdnagut ditp), wvinding 2

Pls rbiptrary integer (e. . 8,16 2)_and i
comblaaidhefr el eny e r e 60 paSyhreis. Bhnfhddingy cact
core 330 @MpiEmehts B PLhaesidsD anhitettireid edecutd Pdkieadslig garallel, where P is

description of core 310 can,be. found in U

S.
an axbgrmy YRS Gt & ABp T2 A3 1SR O ITFPPEDE SGRIIORS G fe 18,24, tc)
of grolBS SOk ead®eondPentiyWal ddhaiied dbfis fi&%ﬁtoeéiz 1vedag be fdwid in U.S.

reference in its entlreté for a gur oses. [0050]
Provigionab Applicatipn be. QB 25365 ofiled Meeespler 494 2005 uvlichyisjagorpasated

hereingt%fil:e%e\?\%ltcg kéintsgé;]ﬁgegggo?qggg,ggg{ses 310. Texture pipeline

Iy conventional design,
dvant agepus i.ncl udes |.ogic cir.cui conf.i qure
t00s0f o K37 BRERLE tBAREPFR 2 S pfpehit i pET TR gk Bores
310. 1&00%PasH0asi)e/hid dditheobgensrallyconr eitions] essifuf, advantagecusly
) menory, and tq filter the texture, data qpcgrdin? to
includgg Jags rogityearfienive o afve it EheEo e o R APYBF ftthis
correspBidikgionfe Richurd\@kdiRdek fdrh blRaR¥y,fahdl tefilted tho TR Rtata
used.” When a core 310 encounters a texture
according to vstopo genitheae Conventienal fkerngsalgqrithips poluding bilipgar and
i B RABR al tB8urd Mk r¥bfbnGR bR of it
wlincs A AR el LobEUL MR oRhDRle Bl IrblfbnaR bR of s
threadsgix ptoveles fisttexnoticorrdimatds toetexibrepipdliae B &4 viatcotednteriece 308.
cor.e .31 Q via_ c I [
Toxeuf Bt 18 P Se P Bl Fyt f0n dhPrent XU EBul 1 tho core 310
via contieefacof0f | kore yokesing hpgipshind 21 damaheomsidng s sigrificanh g

for.the textur sul,t, .core .31 vant ageousl| y
mumbgsiidoh ety S et biter VEHRE Ty dhe RRRHRA toke 310
advarRRe6dly QhtinéldtdensaeBeethra@s (FI G 2) provides

geonetry data GDATA to processing clusters 302. In

c : oo i
[0051;’ng% ﬁﬁ%}gﬁ’dg{]?ée{g ﬁ?sg.gh%r 68! Bprdlfese¥ndePdANEDATA to

of geonetry data into portions and
processétgaaiusters 304y In obaswbodmenty ddth agspinbley 26 dieidescthe ingpming stream

orsof ST T R L ISE SR IR B o
whicwﬁrﬁrmlgsmgsdg@érk ger Bdo teacige dn&etektypogﬁmt dfgléd %lonﬁéﬁ dita. That

[ . 5
i g0 SRS SRR ShE) B9 O SO0

interface 308, which |oads the vertex data into_a )
[0052¢ orGeogeyy corienller Bt foreards tigrecciyed data 19 eip Bierage 308, which

loads ARV RRE Heﬂg frd S L5:8% 10, then instrucis 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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30 shader program Upon conpletion of the vertex
shader program core interface 308 signhals geonetry
controller. 304. If a geonetry shader programis to be
woeeeiag, geonetry control |l er 304 instruct SPCOUR006/062258
interface 308 to | aunch the geonetry shader program
WO 2007/ 11 743PCT/ U 006/ 062258
emboc{lﬂsntfyng%%@g@ae%aﬂ% atg 1§ IR Pls? LEUWFIT CPB‘“-‘@EJO?&‘% “%0“

complERSH 6fThé Rrted WHadePHOgRAITBhEEdot D kodthdiel 04 1@%&&@&3’ interface
program and geonetry controller 304 inst >r@%t S co
308 tojreload fedeiaoBTe expEiniHe EGRISRAEPORETE PG lefipof

the veﬂ&?{m&&éﬁ%é&ﬂ%ﬁd@if gﬂd‘éﬁﬁmgﬁfm b&drh@Ry @hirbing 304
er prog man [or gedmefry shader program
providge hepisogssed geomdthyetat- @D AT ) tvsetismodwie Hifodddged
geonetry data (CGDATA' ) to setup nodule 208 of FIG 2.

[0053] 09@ dle zp%l thge, I@b%ﬁhss&hﬁg%odﬁw P (FEH emb&oyldﬁpau{bate?éhaaﬁons
provi des attribute equat 1 oNns

EQS fpr a nﬁlmltvé anchpixpl seeTdirass (i et @W&%@O‘WC%PY Bﬁeﬁélﬁgﬁ"e to
t [ R1RMOERBS) N8I 2B Alikles3fle -
pmces%&\égﬁlg%é{%og Fﬁgﬁg élﬁ%:&c()illﬁcg%t aésaggr?b Iy f‘ryjodul e 212 di $| des
nconﬁrtgesmeam ofitoigrage detamto potioveanskselegiat og-i hased gorvailghility of
sel ects [
exconfireS it h e Sacdhipn OEBE B2V LR obidhofl, which of
proceRinigtlustey€302rs &oreestve theoexd |pna:toas>f thetdiziah That portoands delivgred to
cIu %ﬁ%éﬁslto receive t portion of the
pixel @affa §in B selPgRt PecHEne F o pi xel controller
306 in the sel ected processing cluster 30%6 ]1 d’S ﬂ}
[0054bi Risel eantoRen 108 delss thedpig &t SOTe Hkertpge 409 gvhilylgads the pixel
data ng!ié%rfe%qg RAB st Ll LR d%0 Iuiinigd plﬁétsﬁadef‘%@gﬁnp OWBere
hen instructs the core 310 to launch t i xel
core 33 hésctenltifreagedupixolader procTens.@eamerry shagen nr@&rmléaafé Hertex
i xel shad t; g
shade{ ot SR AL R0 B0 Bonc BRI i SRAC B B GOUBR corflEion of
the puafb sleadier gopayn, bore titerfgaies ddivers3lidprotysest mshdhietd pielof

contr g, it Be syt P Re R o of KEERPRGIFERGSE V'S

whi ch forvvards the pi xel dat DATA to, ROP ynit. 214
[0055] Filigyiliye apprypisted that thimyltiihee EE Qe PSS et Dein
111ustr§|H ddnli R 3SR obOLRE BEdiBYatERS & bORbId) eAS) Mumhitfer dDprocessing
ITlustrative and that variations and nodifications
clustemrea}pbﬁmbﬂ@d, apchgach prsessingclysies sy dndheloany srabe aiggres In
OVI e
some S RI50105 G860 RSB R laSt ety sl
proce@ﬁfgt@mstert ypasertay cdnes Ifesnstmmbom@try} xlw@ls impightjhg restricted to

certain cl uster,s .or ert o)
excenfif gt} DO AErPSpEtns Sonirg b ESl TP ag e bfen by
consi@¥Rfont biMhrdWare 6ize amil&nihlc:afy V&@G@pﬁfmm; axgs khavat @rthe art.
Such design choi ces & be drlven

A shagéyigHiers PaiBnS A RAPRAIP SOF 58 Me%r?ﬁ%%f? fpighE paigdts
own tBE e QiSIHAE G m?@t 13%6%@@%61‘31%&5536%&0&0&1% R0ckBieh thikire
pi pel'ine 1s al'so optional; in sonme enbodi nents, each
compgiafiensii ght have its own texture pipeline or m ght
| ever age general - purpose functional units to perform
[0056] EXbAtd & KeaRPUtRY icanbe difHiboiled tht arocessing chmwmaaszmnbwmys
be distributed to thfﬁff@ essm usters,i

in onyeciaenty e G SR HEALE FHE I EEERD RS Py Rscmbly
modu®d (BEEHSLLLRR 0PhixSRIAREiYm A ﬁﬂt@? reddifk IBRIRRtASIHERING the

availability of processing clusters or individual cores to handle additional threads of various
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nodul e (or other source of pixel-shader input data)
receive information indicating the availability of
processing clusters or individual cores to handle

woeh/tahasal threads of various WO PCT/US2006/062258
2007/ 111743PCV1JS2006/ 062258 types and sel ect a

o P LRGP R S, BB

embotﬁl%reﬁ\@ [rih@fdhd 12 TarNARIcR TRAESH pidkegdintsdi@terlt tﬂef}ﬁxﬂﬁ?ﬁﬂ a
until a processing cluster with capacit ocess
processing cliisten Wit capseiy iq progess Heidata aﬁ?f‘@fSer rlné%;’é tﬁ%’rﬁﬂbodlmenta
LA5E HalD
oo RSRERI N St AR SR B L
coordinateebbpikds tobepromesded. [ 0057] The nul tithreaded core
array can also be | everaged to perform
[0@57E emaE gl e A8 oGl cat Alemnbe lebatgaditg bérf@m ga'ngdat-pmase
e.related to rendering i m In one enbodi

compyipions Hib oright Poright get heariatsd 9%5?5?%%@6‘%% Gne Gamboiment,
any c&ﬁ?@atﬁﬁrt@t b bABGRIRASH b AR paANeRRHAPEHIRA Y bt Rghdied by the
tithreaded core array as an array of threads
multithseadadtcoregariay agas payl of thygads expading inse Hngle gers. B@Sﬂlts of such
t Jo r; d
e BB L Bt BB 0 SR
All %had dJ I n accordance with an enbodi nent of
oc & ion, pixels to be processed by a
[0058P1 XShccBRIRARS willl A0EEH0danh et Of the gteeht imventiq, PDeBI b processed

cluster 302 (FIG, 3) b d th
bya paiek@aéervmr%@ré afefirec ggg gw&%gmﬁ&ﬁ’sg&g‘#?p 1@8 %r?ésq%ﬁ’&dﬁe
posmSH @ﬁh&ﬁﬂdp QitHlinthEgehok AtR. FoPeAHFRE the@natd dr@ScanfbR@ivided into

is associated W th one of the processing
a num@ms”ttwéass Eagiptile s aspesinted widly onawiithe precesping sluglesop it gygh 2

way tl?ﬂ L2 1008, &:{cﬁ?éd%ﬂ%r% C%L?S?E‘L.’ LRS Rt RGH Ricks HaGmb ﬁreeét least
At east SOME the tiles associate one
some pf ahe Giks iassgciefed stitbrona processingsbister gr@msrscmtlghown’eth one another).
another). [0059] FIG 4 illustrates one possible

[0059] | IFIGg mﬁsmsidﬁagessmkemu@&ahﬁnmgmm@enmmma pothber of

4
tiles 4]0% g&%{(}lzggitoaa%%g{bglfhi?x%g% (gfd Q m%g%%? g%g[leulgg ach %Iﬁ f@; &%e e.g.,
16x1 X84 S £ A cRIVRBENGHRY SRR UmiRidERent, |d‘ﬂult1ﬂ1lréilded core array 202
enbodi nent, multithreaded core arr

. of F1G. 3 includes elght processing clusters 302(0) through %2(7) Each tile 402 in FI1G. 4

contains a number 7 (0 through 7) indicating which processing core 302(i) processes pixels in
that tile. As can be seen in FIG. 4, each processing cluster 302 is assigned an equal {(or nearly
equal) number of tiles 402 within image area 400, and the tiles assigned to each cluster 302
are not contignous with each other. It is expected that for many graphics applications,
distributing work in this manner will provide approximate load balancing among the
processing clusters 302. Suitable pixel distribution logic can be included in rendering

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

10060] 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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of FIG 3 includes eight processing clusters 302(0)

t hrough 302(7). Each tile 402 in FIG 4 contains a

nunber i (0 through 7) indicating which processing
wocnor113%20) processes pixels in that tile. ABCTBESROE62258

seen in. FIG 4, each processing cluster 302 is

ssi.gned an equal .(or .nearl ual ). nunber .of ti.les
on apl34i0H Sharaer Rt Ul S HEGR » S Reled PELE AShsgnddes o
arrang®afeht ¢ 1t 8%igr#ddo g&hgir@ceﬁﬁi)ﬁg E103Méricn 0AtS avliésdire@ach

other. It is expected that for many graphics

OBl . S . . . : "
100615 PR a8 Aol B8 Bsiged o de St P i chher R RS he bt mumber
that apsrpogsestsin agarticulst 6PE. 3)SonBuknbigiraentd, kitds athi assighdsiip ifeyer than

ogi c._can be included_.i,h renderi.n i.pelin Q, e
al of 3rSocfil St S LB obD, R HEb RSl R iR, S ot it
proce$stHpastdrd to\l}irbdelek)lﬁxﬂ Ripre 83 al'sé%hg dﬁat lehdent ploceging Iahm&rdis
Lin Fl 4 s illustrative and_that 30 riations, an .
availahlceiihe (G wilkke ablesto sender Bpages. et ﬁeﬁgce@yowpa% Ryjgging with
some f§1!u§t€fs diAbIS8 FBmSTRQAL AR Pk 8l thifeR@ 1HiyZiR RBRLL RWITIFBF oftating in a

[

les is configurable, with tile size bein&$chosen

reduceshpeyer MAGde SO/ CPIeE 74 Singteys|9an bo By W ebdvinihilg pihere qperai), for
d_eterrﬁiﬂﬁfg%‘hﬁﬁdﬂ?ff_ Atnah&d e fire ARG il RHulrirdanPhaNebi 1R

I'S I'n use. e arrangenent of tiles assigned to each
differgt 6853 iandfor fon sravidiegiolorancy ageinst defeste i onp @0 eutheriof the cores.

may be assigned to any nunber of processing clusters,
[00620D I Sorhdtchiatiad embicdiments, s aa¢ sssiphab@nlarticnlaacores 310 rather

particular GPU. _In sone enbodinents, tiles are
than to BROCHHILg CtU5tFeBr than 5al | of the processing

clusters. Thus, a GPU can render inmages using only

A9eT outime Ik amed¥iy c| usters to process pi xel
hr L f '
(0063) ' 85; ol 233 P ferR i R P gt 6.2
each pkd) epttradlier 3Gécin d¢Q. 3 Imcldeghigautwn RO thah gominzhicatenpixels to frame
st. i.sabl.ed .f r,om pr i.n i .

oGBS S £ A S AL QSRR bl R S o
frameradfer i peovidedor es or cl usters can be powered-down

whil e others operate), for 10 determ ning m ni mum
[0064PE T BAOBNERIM&A Wit!h@ﬂ?ﬁh&sfn%hﬁ&tﬂ; frhifd i Fér Q6 idyartitioned into

avai lability of different GPUs), and/or for_ providing
N partiiinsr Zacheclutienidng is epupled taa digfepmbons ot theh! REritighs. ¢ he

cores. [0062] In sonme alternative enbodi nents, tiles
[00654r Fl@sSisqrsedplifedblodiidiaghan ilberaing3xouplimeisiwach grocegsing

B S RTSa BESR %ot Bl PSRt 1
is to Hefmﬁﬁerﬁtb@d lfh@tlﬁa&ﬂé ’inlflﬁﬁ 2ROPX PG 2 sniglgresdiatt mhuliiple Gani2, buffers 500,
each _pi x controller 306 jn FLG 3 includes. its. own
whercgagh FHAF PRGN ORGSR R ST PP 2 BUIFT BFs Soahgpime

imagd. IHer irdtantd) iSoebnfFBRCHN BRI budfeE DAHIhEH3@es Al DB ffer; color

processing clusters 302 to the frame buffer is
comppent/puféads (e-g., forf 1gd.carten and bine celes empraisiiangha fansparency

R A T T T
and ttat Giifdl'easantd menoéfetshe sdhpmg i odatiomsyithin 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.
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- [0065] FIG 5 is a sinplified block diagram
illustrating a coupling between processing clusters
302 and a frame buffer 500 according to an enbodi nent
woooterapr esent invention. It is to be understwostotdnmb2ss
frane buffer 226 of FIG 2 n1ght i nclude multiple

rame buffers 500, where eac ﬁ) ﬁ&ffer 500 .stores
o066 s yfien Se s martitipneth(Physie 3’|6’F gicahydpte Iy prtifigps S0Z, with

each Iﬁﬁﬁﬁ)n%'éid RYE enduigh td ﬁ&%@l‘i@@aﬁa foRatQBRt ENRAhIBREs if tha Bage.

fer 2 6 I'ncludes a Z buffer; col or conponent
Each bﬂh@ blrzgoqeesmgg clustess 39218 coupledie oaaf e dbpastitions 502. Thus,

proce{sg{%z&geﬁg (g &9% ?i#){ i?sn(ﬁeﬁft gﬁ%)e/?e{ttg”fm%ﬁ)uoh%)ﬁ r&éeg,b@

clusterr®2( bein peoivion 802 (Anahdtshah. Typhidh be asted wtitohibe eﬂtmt that tiles

ol b SRR LG5 e T P e

bufferfax@lon 500 wall B #6M ridhdehegtodeiles. efrhd%afpl@t (@@inbﬁtl) togic 30
only one frane buffer, 500 is shomgi s to be

adetﬁswbt Doerveshe carrrst Yaptay prarTng 918 ﬁi?ga ¥ ‘ﬁ‘ ftfécsawmfrag& buffer

500; ik gm%emar fthi 240 b EE fhaf %rmﬁghslb@m out MBhenti
07/111743PCT S2006/ 062258 [ 0066] Frane buffer 500

[0067La qu ted ﬁﬁs)g Sd 5%91@ e?]rlbg)gc éﬁtsgfet“l ?%Jggftl)lt)y robe}gglgé I\hres 302 might
be usedno ng’mreﬁe)pﬁéle r b mh emﬂ@dmeﬁmhoﬂh il BEas b, d}N{ ptfoceshmg cluster

302008pigieEs Bb B LG S e STRLOb AL i e chster

302(0PR%0d Hpisated o QERGSE E}ﬁceﬁsl fahebufd 2allios soz(e)swal ttot ®& ubddS The
out put pixel data in artltlgn 502(0), processi Qﬁ
imagegeya kap bF refites of falgsipa By FRESIBN 3@‘2?&?“’8%6‘“% glugfrs J0g(1) through

30208 DMERhREMmE e & ditiatd drRodde- 1946 @8dind dddtert.| InS®me embodiments,

processed by a given processing cluster 302 are not

the sampling toeluéon lmbt whed #0 eéu@dw%g} i frame byifesragtitions 502(1)
s, BRG] il AL RO 0041 LA 0 e
the or[gmai mnplnig s@bhyionr hemihodinadnts Weerel the pasiitiens ze &.cwsﬂ rﬁgler than

oo M o AL 9 e

302 avdlablet ed above, in sone enbodlnents fewer than al
of processing cores 302 m ght be used to generate

[0068P1 X hi altckdhtil D 8mBSHRRAEA: nmh pEdreWh dmsEekean &ces@Multiple frame

processi cl uster 30 pr ovi pixels tgo frame
bufferparions g FU1 SHBUBEOhORDegHen Iatting 7 cpphes e

proce{s#ngf%ﬁg ﬁ%%(ag}l 'f&d&%f@gg%% ggrd{r% t8 %%g&&n&ﬁtgﬁk% present

r partition not be use
inveniiom deisde bauiarstdod tln%tﬁlaiﬂedbu&sr 226I Oeff I@é?nrn@t mehds ﬂgﬂiﬁd

e RBRY TR0 BB AR et

basts £k Ufls@mS imdd? a8 ﬁ%ﬁﬁmwmﬁth&:feﬁeh& 18 @Iﬁﬁielbﬂ.ﬁer 500 It is to be

resol uti on ght nee be red ced a
undergpgd it 493 ppy mﬁéra%%wﬁ @8 F{Agesy F8551WB[1°1W= only one
frame%ﬁ’éﬂ 609 18 RRMGH IthJ% vh@erSth&d &aﬁﬂh& pﬁﬁu&rﬁﬁg SRl apPidddo each

for the image at the original sanpling resolution. In
framednfiouionamimagaher e the partitions are |ogical rather

t han physical, frame buffer 500 can be repartitioned
[0069% O Frah clhufich eomm lp‘amtloﬁéd @hymtsion @gﬁial]:ﬁ)t%sa mROB2B of

avaj | abl e n alt i ve, enb
partitighs s Lﬁf@ SHRER: i e N bocane

partitions. FIG. 6 is a sinplified block di agram

illustrating a coupling between processing clusters

302 and a frame buffer 600 according to an enmbodi nent

of the present

16



10

15

20

invention. It is to be understood that frame buffer
226 of FIG 2 might include nultiple 25 frame buffers
600, where each frame buffer 600 stores a specified
‘woeeirtiniay on a per-pixel basis for the sane PoEHQg®0882062258
descrl bed above with reference to frane buffer 500.
is to be understood that any nunber of fra
ciustemﬁ% Peocsgiineriystese S 5% PeipleEd treRtiEPRR2cnd Wog‘ﬁﬁ&ﬁ% &ach
clustef E%ﬂ%t@: gfxep@ﬂa loSin§ BN nicIre)' of tﬁeCB batsslegost ood

the partitioning can be applied to each frane

[0070@ Uik s &bod? éiar(l%lﬁy sngrl%@ko wgkgﬁéglgeau?%ﬁrﬁ%e Bihdor
proceSingiistdrt 3CMNS fak, bu\fﬁelﬁeemﬁi)rm@hto xemedjfied as dzsioed. For

di ff t f th
cxamplos R MO OB ODMPUBEIE LR AL O CPPB B Y yieht

-~ be uséd t¥ %bﬁerr@te gﬁglsa'h?thﬁ %Bbﬁdzemh@arhtm FIRBSifoRdedsing oare 302(0) ts

crossbar 604. Each cluster 302 can wite pixel data

disabled, cappybas§B4 ot barseaafigerd shbapalhirme byign parions ?Q?GW)TU“
2060

sl RO o S ATRRRIA0 1A BB LN B o,

advaxikagamhbm{igurakﬂa lsuqhtthzim@ Baee buffdy dapuggoriceldly spgnned Out

o PR T P IS AIBR kB ors

302. m ght be used to generate pixels. In the enbodi nent
shown in FIG 6, if processing core 302(0) is
[0071@“ Sﬁpér@ thultplO55RabuRPdare preshiR (£. gCQnédl(ﬁyﬁF , §R.){ daalh frame
a

frame buffer partitions 602 are sti| ccessjble
buffer I@abl?Fepaéidtl%@!rﬁ‘é P nartitiopoidae magne deessibepdn sqig embodiments,

8P O AR o 8 2 PAICHIRRE DSl o 7ot i

have morerog ¢w oy pstisinnetiany colditndigar dl ess of t he
configuration of crossbar 604 or the assignnment of

Furthéd Brlsodiferty ocessi ng cores 302. [0071] V\here mul tiple

fr ffers ar.e resent
o072y, Vi et Brireiney "0 RS i€ PO SPROGgmS. one
skille®@ @ thé bt QRS rdc@grhﬁﬁth&&ﬂﬂﬁfoxﬁﬁﬁﬁﬁfﬂcﬁﬁﬁhs ANpBOBER. Thus although the
enbodi nents, the nunber of partitions is. na

invenfign hag|beer despribed yfithapspectts speciig %@élmeaﬂ%ﬂaﬁi} foa F‘PI?fF‘gi‘FFd that

the m%‘éﬁ%}{% RLEAD cheWal nRRIfdtidRNRd eh@abalénts Rl tRidchBe of the
Furt her Enmbodi nents

following claims.
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[0072] Wile the invention has been described with

respect to specific enbodi nents, one skilled in the

art will recognize that numerous-nodifications are

possi bl e. Thus, although the invention has been
Yﬂﬂéaﬁﬁﬁﬂ%gﬁggﬁﬁég respect to specific enbodinents, it

iated that 20 the invention is intended
to cover all nodifications and equivalents within the
scope of tha grglbm@g@lagesgdnajoq@mm\QHAT IS CLAIMED | S
. A graphi cs processor co

mJI tit AredddEadet @)raﬁfrasyl I i ni%glaéltspoﬁﬂramwyg@fusters cach
proceslpsfn %gﬁérqgclﬁéh %Bﬁteést oﬁggl:bcggs%%ecf%é %rf&!léjtc‘o tS{eBIIltg atpéxel shader

roces era
progra@iX €t penchatEy pieél datwafen cpraggadati;hat generates pi er
data from cove e data; a rasterizer configured:t
gener at éﬂsz,f‘é%rr geeddo g@mer@aeﬂve&geaiaﬁ far sadhaf adxlurahty of
plxelspéui%ﬁ' s, and pi xel distribution |ogic

conflgured to deliver the coverage data fromthe
r ast er pzel distaboine ogictdoalipned asdelivgr thewstange data fiom the
~_multithreaded core arra wherei n the
 rasteriggrigong pEePRsEr e FUge e Gieopelitirpded feregtratne
Pr ocesghagirttht Bl SishHunbh Wyid é’b@ecf‘sqﬁg bROST tﬂ@gﬁ)(z%@sﬁngaclusters to
~ first pixel is delivered based at |east in part ona
which|teetvierrge dhtatfhiea fiist gixepisxdelivated hasad anleastagparbpea locatidn of the
first th%ﬁ%n each processing core is also operable to
5L PR 8 AAPEAEHASEr prograns and geonetry shader
Pr ogr aiferein each processing core & HsoIRUMECHS REQRES&RK Bhder
claim1l wherein the image area is dividedinto a -
progragysuang|gepyesy shadeeprogewash til e bei ng assigned to one
of the processing clusters, and wherein the pixe
di stributio cessing.:. :
8Lt Of 9 SBLEEL S, VR ATP RE RARSRR| e

into a pluslay bf yleqfeatli filkkbeimpcdssigasad tohmelolf titprpéessihg clusters, and wherein
raphi cs_ processor f claim2 wherein at. | east

3. The
 the pixeldisBrouife QEELTeHCr e gpe of § @r%ﬁeéﬂ%%mﬂﬁé@a%eé Wefefetegmination
asto&m&lmﬁ&ﬁﬁ%{lﬁgfhte%fcﬁlﬁies o8 ik fiOr each processing

cl uster es assigned thereto are not

contiguous wth each other. 4. The -

graphits pr Hmamlcmpmcfbsaomflclwme} whereimant feast twohef the plurality
red to.d

ot teBhRETEIA% Belra b SRBA BT SRt f&ﬁgb%'{%f?ﬁsmgﬁ uste,
the t1lé§fas§gﬁeﬁdﬂ&e1*étbfré fbt-contiguous with each other

4. The gi’aphics processor of claim 1 wherein each of the processing
clusters is configured to deliver pixel data to a respective one of a plurality of partitions of a

frame bufter.

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 clusiers 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 aily one

of the frame buffer partitions.
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5. The graphics processor of claim1 further

conprising a crossbar coupled to each of the :

processing clusters and configured to deliver pixe

data fromthe processing clusters to a franme buffer

having_a plurality of partitions. - - 6. The

graphi ¢s pr ScHaRRFS BOCESY GAPIiRHEF ei n t he crossbar is

config : ' _ : :

o el BRABNEC) Ak o Bl ERI oD BINISNR, cach
processingtdhestérrinctadibp bf astpae pidcessng cord operglahixesute a pixel shader

rqcessor conpr.i sing: ‘ a multithreaded
progrh gt &esg)S REPLARTEOT BYEPE 145 of processi ng |
cl ust ef, $astEBEHcIHMRARITH BOn&Ghtd b Rfrade ok @Qc_haéfl adft@sdlity of

~_one processing core operable to execute a pixe
]mxehshader program t hat generates pixel data from

coverage. data: ~a .rasteriz canfi,gured to generat ,
cover afEMILIATHRIOR TR tTigiily 4P sieByPRRF th from me

rasteriderftb %8é oflihgtprddudih®Blubtesiif teombiltigttRRd boredelavald t he
coverage data fromthe rasterizer to one of the

pr oc esdFipgshar geuniedstoj agch pbthmpracessirseeluwers ead eondiausgd to deliver
pixel & rum e proge sy AR R ARG b Bl B iBgions
dat a f wasfeid@e pi-et éssibngos ldisd @& idthe and sfe pludkdste clusters to
. conprisin%anultiple partiti.ons; ) wherein
whichthgecqyietage datadipr iRt pbis! 15oktivered based gt lend impurt o adgration of the
S ( rs to which the coverage data for a
'ﬁmtpﬁﬁggﬁﬁ%fggFﬁkgé%glivered based at least in part on a
| ocation of the first pixel within an i mage area.
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