; Xye3eMOML@6>T7A 4WO (12/271r11 METHOD AND APPARATUS FOR THE
| MPLEMENTATI ON OF FULL SCENE ANTI e‘mum“mml ERSAMPLI NG FI ELD OF THE

| NVENTI ONwithe2/pr6@sent i nvention r uter syst eneGT/OR1B0360
particularly, the present invention r gi@es to processing
t hr ee- di nensi onal graphi cs. BACKGRClJND 5 Corrput er generated graphics are

commonl y useqETHO AN APEARATUY FORSEHE IMPLEMERTATEONE &F . 1and
entertai nment. Conputer graphics are represented by pixel's on a display

moni t or. However, si ncSCEMNE ANSJHALMIASING SOHERSAMEBLINGi t e nunber of
pi xel s, aliasing may often occur. Aliasing due to having to represent

anal og dat ?I]‘-EL @)Idi‘ tlﬁfvﬁﬁ’i‘ lth results in a displayed i mage zO appearing
‘Wt h jagged edges. e applica |on of techni ques used to reduce aliasing is

typically ref er,fed to as ant| - asin One techni ﬁe used for full-scene
ant i - abasi ng i s KRR én‘é‘ﬁ‘ﬁ’t?fg 5it0 GOmBHISS SEsiRmp greirattichlatly the ch i n
*whi ch an original graphics scene is rendered at a high resolution and
subsequent pyesent ingentipnaisiatestto processipg shegidimensiorgigeaphiessol ut i on. Thus,
supersanpling essentially shifts the abasing effect up to a higher spati al
frequency. These are, however, performance drawbacks incurred by the
conput er sPAMGECGRENUINDuUsi ng t he supersanpling techni que. The problemwith
supersanpling is that it requires additional processing and nenory storage

and 20 pandw dt(oompueeﬁ ferbifedr a m:s afe dofragénltuséd ghedridue$8dadlofons, and
later filter it ' 112/ 2 PCT/ USI | 1/ 303G1l1 down. For exanpl e,

St ) B, gt gl 07 (e 0
LQEL&”‘S??%%@%%@&P%E%@@@‘%%%°“t@ﬁéw‘”“ S S ™ O 29° e
contains a finite number of pixels, aliasing may often occur. Aliasing due to
having to represent analog data in a digital format, results in a displayed image

10 appearing with jagged edges.

The application of techniques used to reduce aliasing is typically referred
to as anti-aliasing. One technique used for full-scene anti-aliasing is known as
supersampling. Supersampling is an approach in which an original graphics
scene is rendered at a high resolution and subsequently filtered down to the

15  original display resolution. Thus, supersampling essentially shifts the aliasing
effect up to a higher spatial frequency.

There are, however, performance drawbacks incurred by the computer
system while using the supersampling technique. The problem with
supersampling is that it requires additional processing and memory storage and

20 bandwidth in order to render an image at higher resolutions, and later filter it
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The present invention will be understood nore fully fromthe detail ed
description given below and fromthe acconpanyi ng drawi ngs of vari ous
enbodi meniy® @f276die i nvention. The drawi ngs, however, shoulgtm@éoiBeschaken to
limt the invention to the specific enbodi nents, but are for expl anation
and 1o under standing only. Figure 1 is a block diagram of one enbodi nent

of a conpuj&knsyst @iﬁ!msﬁie,%iﬁrsgmgﬁng t@bQﬁﬁeﬂbﬁﬂh%ﬁﬂ%fé}{‘ﬁaﬁW@ﬁé@ﬁh of a
processor; Figure 3 is a block diagram of one enbodi nent of a graphics

cache; and Figure .4 is a flow.dia of. one enmhodi.ne data flow during
z5 super sa?FEt?‘?Lﬁi(}f.P.l ay lfquu%ulmeﬁ%@@fle ‘cltoiﬁf nBﬁ’é%l gfheﬁ%f’]igczﬂ UusSO1
/311310 A nethod and apparatus for the efficient inplenentation of super
sanmpl i ng i%fflﬂ’é%’l“illbléﬂl.enpaﬁo’ﬂﬁéSlfRﬂl'FWW Yéthapt BEUHECXSWOBf t he present .
i nvention nunmerous specific details are set forth in order to provide a

t hor ough ustdergetaaddangwidthtihdegiredsent i nvention. However, it wll be

apparent to one skilled in the art that the present invention may be .

practi ced BRIFODESURBTIONCOF THE DRAWINGS n ot her instances, well-known
structures and devices are shown ||l block diagramform rather than in
detail, in ord . k - . i i JBeference in
t he specificat ?I;hﬁg't @S&;\ﬁgHgvegﬁ%g&m%@%tﬁag}sﬂﬁﬁga%ﬂyﬁémﬁégg&?hat a
particular _feature, .structure or characteristic describged in connection
Wth the cABSUPHERBIFE Bl Ao Homuthe af CoRRETying AT aRBSAPREHIONST t he

i nvention. The appearances of the phrase "in one enbodinent” in various

pl aces i n embodipents ofdhe inientipe Fhe drroviags hroweyenlshoyldimst bgitalgnite t he sane
enbodi ment. 15 Figure 1 is a block diagram of one enbodi nent of a conputer
syst em 100Lmahp itiventicy $6 the spedific emboditertts, danhiefor pxplafstiorghdini t
(processor) 105 coupled to processor bus 120. In one enbodi ment, processor
105 i s4@ PhQESSSALH (r},rﬁn%e Pentium fam |y of processors Including the
Pentium Il famly ar% bile PentiunC~ and Pentium || processors avail abl e

from Intel Cor Fﬁé@ltel 18 a%clociad}g%am of one embodiment of a computer system;

Figure 2 is a block diagram of one embodiment of a processor;
Figure 3 is a block diagram of one embodiment of a graphics cache; and
Figure 4 is a flow diagram of one embodiment of data flow during

15  supersampling.



20 Clara, California. Alternatively, other processors may be used. Chip set
120 is also coupled to processor bus 110. Chip set 120 may include a nenory
control | guol9krgpntrolling a main nmenos y 113. Futher, chippsasotdleimay 3
WO (12|2$§?1 PCT/ US(1 1/ 3(13~0 al so include an Accel erated G aphics Port
(AGP) Specification Revision 2.0 interface devel oped by Intel Corporation
of Santa CDETAILED PESCRIRTIONI p set 120 is coupled to a video device 125
and handl es video data requests to access nmain nenory 113. Main nenory 113
is coupled to pPAQRARSQEnAWPpArheud fOF eI iGBANINEREmeRtioVBE SupTRiplinkl 3
stores sequences 0 instruc Pons that are executed by processor 105.7 I n one
enbodi ment 4, cfé@h’ibé&‘?.rﬂﬁhé/foh%wig_‘géﬂaﬂ&? ﬁ@sc%%ﬂ‘o‘f tﬂe@ﬁ%&’éﬂt HRaEs, menory (DRAM
. System however, main nenory may have*other configurations. The
sequences of instructions ecute? . prqcessor 105 may be 10 retrieved
from nmai n FEMEFRNssPECifie dafals grarst %Bﬁnﬁ cHARTEEIdeAAPIUERal  devi ces may

al so be coupled to processor bus 110, such as multiple processor s and / or
mul ti pl @ manderstandingyofdhe present iduengiare rHeweveasnit 101 be gppareot fosed i n terns of
a single processor; however, nultiple processors can be coupled to
processor fkilled iltheVirgidat de\Wreeend 2vehior by equptieddvatiediitphaset 120. I n one
enbodi nent, video 15 device includes a video nonitor such as a cathode r ay

tube (CRT) oQicid cga'félug, gghﬁg{[é'ei‘gns‘iéﬁ@ka&’eﬂub%n@Hﬁc@?&‘%ﬁﬁade%ic%k' Hn%gfhfomﬁi reuitry.

Processor Dbus 11 to system bus 130 chip set 1 I'n one

enbodi ment tem bus 130 is a_.Peripheral Caonponent.|nterconnect (PCl)
Speci fi cat Pbﬁgéég’iagfadﬂf‘?% r@%hﬁ?f‘d”%ﬁm&@cﬁgﬁ&f‘wd Pﬁﬁcélfmégﬂepor ation of
Santa 20 Clara, California; however, other bus standards may al so be used.
Mul ti pl e dpxesertgnventiim. as audi o device 127, may be coupled to system bus
130. Bus bridge 140 couples system bus 130 to secondary bus 150. In one

WO 112A871~1~1 ROk thd3pedifieondd rrend embedomadr yr huserdbdlli@nén | ndushy
Standard Architecture (ISA} Specification Revision 1.0a bus devel oped by

|t ernat! opahoFiat RERRABEIENGR:, OfuALADBE chdalieNBidacs MR FiconfibdiBh DUS

st andards may use

with the embodiment is included in at least one embodiment of the invention.
The appearances of the phrase “in one embodiment” in various places in the
specification are not necessarily all referring to the same embodiment.

15 Figure 1 is a block diagram of one embodiment of a computer system 100.
Computer system 100 includes a central processing unit (processor) 105 coupled
to processor bus 110. In one embodiment, processor 105 is a processor in the
Pentium® family of processors including the Pentium® II family and mobile
Pentium® and Pentium® II processors available from Intel Corporation of Santa

20 Clara, California. Alternatively, other processors may be used.

Chip set 120 is also coupled to processor bus 110. Chip set 120 may include

a memory controller for controlling a main memory 113. Further, chipset 120 may



exanpl e Extended I ndustry Standard Architecture (EISA) Specification

Revi sion 3. 12 devel oped by Conpaqg Conputer, et al. Miltiple devices, such
as har dyfj g¥7éa3 and disk drive 154 may be coupl ed to seechtsnysobws 150.
O her devices, such as cur sor conic of devices (not shown in Figur a 1),
may be coupled to secondar y bus 150. Figure 2 is a bl ock diagram of one
enmbodi ment ale$ inpludrcasAoreld@ed Grapbive Podr(AGP) BpscifivationdReyisiolCP0 core 210,

CPU cache 220, graphics core 230, graphics cache 240 and bus iilterface

250. CPU Cpt@fatbQe0XOpHd 8 INRNCEFRPAIch bk Clak ) TSk &58). (Sl 3kt BOMPUL er
system 100. CPU cache 220" is coupled to CPU core 210. According to one

enbodi ment; . 22041 i_gh- . ni 0 toritzg
data and sreSqC% gggggs, I%gnos%é‘ﬁ%eﬁzgr?gﬂe%gﬁgé’y %;%ﬁ%%%%@egsléa us
interface 250 is_coupled CPU cache 220. Bus interface 250 connects CPU
cache 220 BBGY Tihni cs cache 240 to processor bus 110 such that data may
be distributed to and from processor 205. G aphics core 230 includes a

gr aphi ¢& accel e¥lainonemionr 11%is spapled (to praressor bus hiflthronghyrhdp ketcl20.
transformati ons. G aplucs core 230 enables CPU core 210 to 20 efficiently

execut e NoRtagi ARkicey LIBE@AGSeqitdtickeolihaptit ihs eRstere dchrddygsrogéssphi Cs
conput ations. According to one enbodi nent, graphics core operates according

t tile- ' | £+ ' ' 3 WO
1921 27100 BerrOg PP bl A REpEE 1 RRAREL Ao Bl Rlpsey o
I d iti tion. As : | t [ [ dept h
the 20 monEBRTS{DBAMLGYaE Gaese: M aismary 17 F Tave Ol poi 1115 on the |

surface of an object that were previously stored only as a set of vertices.
In this wasenfigusaiiang. dbp sequenserefdnstiuntionpexdcutast by miocesspel rmaanben t he
screen. In order to render an object, it is necessary to detern~le col or
and poso t | mriéveddromimhan mamogd 1Bhir angotheriserhgeydeidte Adtitibnaisieoices he

obj ect are segnented into triangles and these triangles (set of three

vertices) R{ag r?gsg?{%ic?gﬁ&%% oQBSorHusd 18 |sWBh 8 nRRB St artBbr N

tile-based r . graphi cs core 230 constructs polygons I'n a 10

particul ar aphi cs scene (pr.i e) in a hiangle per triangle nanner until
Phe scano FUIGER e B Bises. it gy ognferie BT fte Bhe. o
aphics core 230 breaks down a scene into a series of triangles.

Subsequent $ipglettiecessqrahefveser amaltgde peereswrs ey ke eypladip@resased Wy exani ni ng
t he boundi ng box of each triangle. Tile binning determnes in which tile{s)
a triangl ell0s Videadedce Facionlsdicogpled torkipi set E2th ddione ainbodimgitj cilecache 240
includes a buffer for each tile in a scene. The buffer s include pointer s

to theyparfdmed Rbluded aRHRMERNBr sHbh @s b R&IhYEE SayMulbB (ORTY6r liquid crystal

display (LCD) and necessary support circuitry.

Processor bus 110 is coupled to system bus 130 by chip set 120. In one
embodiment, system bus 130 is a Peripheral Component Interconnect (PCI)
Specification Revision 2.1 standard bus developed by Intel Corporation of Santa

20  Clara, California; however, other bus standards may also be used. Multiple
devices, such as audio device 127, may be coupled to system bus 130.

Bus bridge 140 couples system bus 130 to secondary bus 150. In one



buffers. After each hiangle has been bWned, each tile of the scene is
rendered one at a tinme. G aplucs cache 240 is coupled to graphics core 230
and bus iWwpashage 250. 20 According to one enbodi nent, graphiussi/aaehe 240
is a unified gr aphics cache that can acconmpdate a tile size of 128x64

pi xel s, wherein each pixel iuicludes 32-bit color and depth values. In
anot her enbmdbdindnt, geagpddirg bus a6hs addidastoy Sandexit ArchitectWdIAR/ 27( C 1
PCT/ USOLl/ 3113111 data, in addition to color and depth data. hi yet a
further enbpelifi®@ion KRR £.8a BASAS SR Y BerkhtiY BRsinbANIGH; m access
menory for accommodating the 128x64 til e "size. However, one of or dinary
skill in the i) p i ate that other, sizes and,types of nenory

. devi ces nag?%‘g’mﬁé%&t%&?hp&ﬁ)gén%’ﬁf’ Otél}%a%(‘g’gs ncczlglcdr’?@%%.s ° EF égercg f‘?f is a block
di agram of one enpodi nent of graphics cache 240. G aphics cache 240

i 11el udes aﬁmﬁ‘ieg‘g %YQ?NEJPQ“%}&%“%%‘ %ngta?fa{ﬂﬁ‘ié%”x)&ﬂewﬁatm Rewdsignt f er 340.
G aphics texture cache 320 stores texture data used for texture nmapping of
an obj ekt . 3.Téxevelepedpp Compagrivahpetsr,eh e diitipladedsasusuehwis hard diske 10

di mensi onal properties (e.g., how hansparent and reflective the object is)
i n addi ti on53 snd Wk diriRISE 6§l bettoabledi tSecondary Bss 150! Uthé@Wbvidies HUCRESS -
Once a texture has been defined, it can be wapped arowd a

hoac e dar o ReL0R) colof flviold @BMUIRIER Akb 1/ he, RGP 20088Y °01 PL and

depth data tor pixels 1In eac Icscenes. Tile
size may bg dle)?t erm ned based upon 15 col or and depth formats and the size
of graphi c8u¢ Yor/z tile buffer 340. Thus, according to one enbodi nent,
graphics color / Z tile buffer 340 is sufficiently large to fulfill

i nter medi at e cofignrehis addpeckdidgraam et omeserabodioenhpf priorésaonyl(ds Proeessdral |
inside . of a particular tile. Accor ding to a further enbodi nent, the

col or and UEinbludes & APIJ ¥re RIGITHIO cAtheTPY, ghdshiad dogé 230) grapiieleating24of t he
| ast triangle in a tile has been 20 conpl eted. According to one enbodi nent,

the use of oG Bk HiS£:2086, 240 EeblFeBlio BB B il gofdeiddeiient Y

i npl ement super sanpli Imnating extra
computer system 100. CPU cache 220 is coupled to CPU core 210. According to

one embodiment, CPU cache 220 is a high-speed storage mechanism for storing
data and sequences of instructions executed by CPU core 210.

15 Bus interface 250 is coupled CPU cache 220. Bus interface 250 connects
CPU cache 220 and graphics cache 240 to processor bus 110 such that data may be
distributed to and from processor 105.

Graphics core 230 includes a graphics accelerator that is specialized for
computing graphical transformations. Graphics core 230 enables CPU core 210 to

20 efficiently execute non-graphic commands, while graphics core 230 handles
graphics computations. According to one embodiment, graphics core operates

according to a tile-based rendering architecture. Rendering is the act of



PCT/ USOL/ 3(13G0 nenory storage and bandwi dth requirenments. Figure 4 is a
fl ow di agram of one enbodi nent of the data flow dur ing, supersanpling by

gr aphi csye@s2#6£30. For illushation purposes, a value of pkFAisogsBssuned by
supersanpli~.zg two times (2x) in the X and Y directions. Fur then, the
tile size is assuned to be T28x64, and pol ygons are binned into a victual

tile size @flcd ontOYEMfikel LRSS, cﬁffel%da:dl@aramﬁﬂsédlﬁoﬁ thfbRRatdn. tagd | |
appreciate that the pr  ocess may be inplenmented using other k values and

tile sizes, ferri I e re ei ved at

graphi cs corsgﬁ %lewgn{ &ﬁr@éﬁeﬂéﬁ@%ﬁ %g%i@%{%rotftv Aeto VIC(:ehll %set 120,
process bl ock ess bl oc ep Qns are anplifie d at

gr aphics cor %‘“‘Sl &léénf PQIRfsor %Celfﬂﬁm ?Bﬁltm‘hs are anplified -
four tinmes (4x) of the original size. The anplification is achieved by

usi ng vi ewpksiviouskyagieredrardy rea setipf yertices! Imthig-wagphisolid objeet, 3B&ed) for vi ewpor t
transformati on, word coordi nates are mapped onto the display screen .
coor di nat e3D bffegr wilphé dfave0be thk3ddrechiulin OfliR 16 kahded bn @PJRLY $t id Bed@Bihy 230
accelerates the transformation. By applyillg the viewport transformation,

the di mensj Qe g{uﬁ@ o¥hf ?Emﬁm RS PEb ﬁ{lggflﬂcfen?lxdﬂ{e ei&adype the

final image to be en arge erlllg lzitot rocess bl ock
430, the epl a are set or di rrbodl nt,, the
setup ot aglerhetaR At eRtaanGuBaLRE: bt Hveh el Rt TR g oI5 Donput es
vari ous paraneters requi red for scan conversion. According to a further
enbodi ment aregheniprosessed ogaipk e imentigmresoion B% he various vertex attributes
across the polygon are al so conput ed. WO 02/27111 PCT/ USf11/31131f1 At

process bl ock 4AGile-baseduerdeldng giaphigadoyg?si doastracts palyigons amnal texturing is
performed at graphics core 230. During rasterization pi xel s within the

pol y9°@§| f?ﬁﬁl?ﬁﬁ?ﬁéﬁ%’cg sw%gee@ygfc%%@%g% eﬁ?i@hgl%qn{xﬂmér nP el s 1 f

texttxr g I's eHa renderiltg o etileis
conpleted. After ren er| of t he. | tr| li the tile has

compl ot ed. <GPS BB IEB O] Feist s e 13hEF ﬁ&?%%snf BB 24 mge. of
the tile 4x the original size. At process block 460, a stretch bit aligned
bl ock h anzeeks {ByITR spenediiey sasies CAMBITBlYss Sbgpquenty.dhofiangles B xel s, or

ot her data, are copied fromone nenory |ocation to another. The stretch
sorted (or binned) into tiles by examining the bounding box of each triangle. Tile

binning determines in which tile(s) a triangle is located. According to one

15  embodiment, graphics cache 240 includes a buffer for each tile in a scene. The
buffers include pointers to the particular triangles that are included within the
buffers. After each triangle has been binned, each tile of the scene is rendered one
at a time.

Graphics cache 240 is coupled to graphics core 230 and bus interface 250.

20 According to one embodiment, graphics cache 240 is a unified graphics cache that

can accommodate a tile size of 128x64 pixels, wherein each pixel includes 32-bit

color and depth values. In another embodiment, graphics cache 240 stores texture



BLT is perforned in order to down sanple the inmage fromthe physical tile
size to 10 the virtual tile size. The sketch BLT is acconplished by
renderi ngy@os8wkangl e (made up of two pol ygons) of the sipeTegouBlo3én that
of the physical tile size. The supersanpled image in the physical tile (e.
g., in gr aphics color/ Z tile buffer 340) is considered the source of the

stretch BldatayWhiddelifidetot@3dd il depth Hatadlih 966 REltHeR eMBBBINent1daphfes Accor di ng
to one enbodi ment, graphics core 230 heats the source of the sFr etch BLT

as a textu Iy 1k est.k ' f | Lon rect le. As a
result, gr%%ﬂ?gg)%g%ﬁﬁg%y%§§%%n§588@§mﬁ%F%&%?ﬂizgt%%%s d%%%ﬁ%?ﬁgorder to
mai ntain goQd utilization of the texture data across tiles. A{f process

. bl ock 470, f?r%t"6¥§ieosé’feer e (P'fé}rélr?ﬂ%s}ilﬁll%g‘q ary wif} %Ei?ﬁeﬁléteztgagol or/Z tile
buffer 340 need to be rendered. If it is determned that nore tiles need to
be render ectherginesand fypes ef memedy devipesguaisbe bsaskcte itnplenag¢rdrgzagiots gons f or
another tile are received at graphics core 230 fromgraphics color/Z tile
buf fer 5 Wachep&y! (1 PCT/ US01/ 3031(1 340. Accor ding to one enbodi nent,
graphics cor a 230 includes a pipeline engine. As ar esult, the rendering

of the next tilgeate s ARBUCHAEA Bt GRLABNERRAL B MO, bhifesk6 et ch BLT of

the previous ti S Occurring. using a unified gr
aphi cs cache ar _chitectur a for tile 5 based rendering enables, efficient

D per sanpl Girsache A hetdk bl o e AR PRSI Ak y
storage and bandw dth requirenents. Typically, a gr aphics engine that
utilizes nbwHere. caaplicy extiae cadhg 320 plogesl teytups datatised fortefder an entire
supersanpled inage to a nenory location that is k tinmes the size of

ori gi nal dmapping of agsibljact.i Dextinefmagpidgwnadngslenoglinga teaary withliuge1l0 nmenory
is typically too lar ge to be inplenented on the same senuconductor device
as theqdr apkirhralpidRrticeRehBiaranPaled ind Atfclif RBHac S @ age and

bandwi dth 1n main y 1s rfequired. As described above, the unified

graphics ca ovi des_tenporary.storage for the.supersanpled i mage to be

Caer 11 1S RRoR TSR B B cBlor R sABESE B ' Ony the

final inmage of the original size needs to be witten out and stored in the

mai | s syst @xture has heersdpfinedsit gambe yrapped arpand p shuiee-dimensipnaljobject.

i npl enentati on of supersanpling w thout incurring extra nmenory storage and
Graphics color/Z tile buffer 340 stores color and depth data for pixels in

each tile of one or more graphic scenes. Tile size may be determined based upon

15  color and depth formats and the size of graphics color/Z tile buffer 340. Thus,
according to one embodiment, graphics color/Z tile buffer 340 is sufficiently large
to fulfill intermediate color and depth data accesses for all triangles that fall inside .
of a particular tile. According to a further embodiment, the color and depth data
is written to memory 113 after the rendering of the last triangle in a tile has been

20 completed.

According to one embodiment, the use of graphics cache 240 enables

graphics core 230 to efficiently implement supersampling by eliminating extra



bandw dt h has been descri bed. \Whereas nmany alterations and nodifications of
the present invention wll 20 no doubt becone appar ent to a per son of or

di naiy Séi'bbz&ﬂd he ar t after having read the foregoing desashpsosen, it is
to be understood that any particul ar enbodi nent shown and descri bed by way

of illustration is in no way intended to 10 WD 02/271Gl PCT/ US01/ 303C>11
be consi deg@pholy Blokd fiCand bARiwiB P IeGirbRERIE Rgifie Uds SRALR 4 B
enbodi nent s aroeiln(())t %%nen(ﬁgﬁ tlo lﬁreﬁlu;[r t es'sc eeogstﬂe cc?lgg{r%%n V\ﬂlﬁ%:eh in

t hensel ves recite on those features regarded.as the izzv ion. 11 WO
02 270e1 CERPREPTRED the' A gt te er et ee o eBich SR O Bl er system
conprising: a graphics core; and a unified graphics cache coupled to the gr
aphi cs coridustiion purposee ayalde o &=4 igpsapmied Py saprsasmbing swodivnes(€x)dat a,
color data and depth data. 2. The conputer systemof claim1 wherein the

gr aphi cs cache XconpY daestiors. Faxther, ¢hetleBizetioasuated tbdetlQ8eddaid; and a
color and depth buffer to store the color data and the depth data. 3. The

conput &f  sysiy8eRfre Bhidted ihtd AN ERAI HRQTIRIJFSIRD. HEwevreotrads &&&ﬁgﬁsi ng unit
(CPU) core; and a CPU cache coupled to the CPU core. 4. The conputer system

of claim 3 fpLther. conprisi i11lterf upl. ed t.he U,cache and
t he graphi s(gslﬁlfcnalglnea ! tC@ﬁP%él e@%ﬁ%ﬂ?@?m 3 3}%%%%9%? %8 I%glfge\ e“\kﬁcg}‘%‘f‘% Oﬁgé kgr aphi cs
core operates 15 according to a tile-based rendering architecture. 6. The

conput er sYAesANktile|siEepn 2 further conprising a main nmenory coupled to the

bus interface. 7. The conputer system of claim2 wherein the graphics core

anpl i fi es i mgkgbaipgdnFigued 4 polggorss fohe tiarpgemsvedutgrapidcoroapi®Cs cache.
12 WO f12/27161 PCT/USI11/3113611 8. The conputer systemof claim?7

wher ei n t hgoRMMEmbie 813 AR t ATPSHdr PRSI Y2120, i ScesSBIEREIY. €4l Vi @
vi ewport transforndtion.

10  process block 420, the polygons are amplified at graphics core 230. Since for this
example k=4, the polygons are amplified four times (4x) of the original size. The
amplification is achieved by using viewport transformation supported by
graphics core 230. In viewport transformation, word coordinates are mapped
onto the display screen coordinates by graphics core 230. Subsequently, graphics

15  core 230 accelerates the transformation. By applying the viewport transformation,
the dimensions of the viewport may be manipulated in order to cause the final
image to be enlarged for rendering into tiles.

At process block 430, the enlarged polygons are setup. According to one
embodiment, the setup stage takes input data associated with each vertex and

20 computes various parameters required for scan conversion. According to a

further embodiment, gradients required to interpolate the various vertex

attributes across the polygon are also computed.



9. The conputer systemof claim7 wherein the graphics core downsanpl es

t he i mage pol ygons after the pol ygons have been rendered. 5 10. The
conmput er sy ai/eEsPf claim9 whereil the downsanpling of thgectmsagsmsa ygons
are inplemented by executing a bit aligned block hansfer. 11. A method for
supersanpling an image conprising: receiving polygons of a first tile of
the image at a grpEHERiss bldeRMA0, tekitrd @tdl e6d pily d ifrapRliygediast tekhfidd isst tile
into a unified graphics cache, 1o wherein the unified graphics cache stores

texture d t : ' 112 od of

ol ai m 11 1 PRI eSalie R SRR AL PRizally pIRBSole RO, BERLT

pol ygons at the graphics core. 13. The nethod of c¢laim 12 whereip the

pol ygons at'&é pé?r‘f?g?‘%i' %Olfe{?ﬁ?l' s 1§ ?@%8?#‘%?%5‘5 Esrge 1 Fl‘%ﬂﬁ ge. 14.
The nethod of claim 12 wherein the anplification is achieved using viewport
t r ansf or medf precessthlockS0nkendering of G dilerisTonyetedi Aftehrenderdogobthef renderi ng
t he pol ygons conps ises: 13 WO 112/27GG 1 PCTIII 5111/311310 setting up
the i mege lasd tyigngle in duckile &t bednzdongplpied efraphck Bolar A NEled bidfee 3p®1 ygons. 16.
The met hod of claim 15 further conprising texturing the pixels within the

i mage poly; : 1 EAPIHR b er e
downsanpl i%gﬁ?ﬁéﬁlﬁgcz’?‘g%ﬁ%“g%g%ﬁ?% yg(?rli hég\%{engéé 9%%%@?2%46015 The

met hod of ¢l ai.m.17..wherein the_ d mling s l.ueved by executing a bit
1 gned. bl SR P AR Blogk et SRR Ot ed A ool BRI o1 ng: 10
det erm ni ng, whether the unified Praphics cache i lleludes nore tiles that
are to be Pipdeethergadajare eepieq fremepng memesy lpgatien Wrangthesc dhe stretcB of t he

i mge at the graphics core; and rendering the polygons of the second tile

i nto the uBLT isqebrfprmaghin osderdcHewnbample tha image frain theqhysichhfe wizietto ( CPU)
conprising: a graphics accelerator; and a unified gr aphics cache coupl ed
to the,or @pRiCSaIdgEGLEr ator, wherein the unified graphics cache stores
texture data, color data and depth data. 21. The CPU of claim 20 wherein
'5-26 graphi cs Cal%@%tr%?c'ir\péﬂ'lslessatco%?pl?shteg )B%rlil'trer?de(i‘%cghaere%?m%{e gx%dte%)foto%rt%od ata; and

polygons) of the size equal to that of the physical tile size. The supersampled
image in the physical tile (e.g., in graphics color/ Z tile buffer 340) is considered
the source of the stretch BLT, while the destination is allocated in memory 113.

15  According to one embodiment, graphics core 230 treats the source of the stretch
BLT as a texture map for the destination for the destination rectangle. As a result,
graphics texture cache 320 is maintained undisturbed in order to maintain good
utilization of the texture data across tiles.

At process block 470, it is determined whether more tiles in graphics

20  color/Z tile buffer 340 need to be rendered. If it is determined that more tiles

need to be rendered, control is returned to process block 410 where polygons for

another tile are received at graphics core 230 from graphics color/Z tile buffer



WO 112/ 271A1 PCT/USI1 1/3113Cr11 a color and depth buffer to store the col or
data and the depth data. 22. The CPU of claim20 further conprising: a CPU
core; andyg¢skicgache coupled to the CPU core. 23. The CPBcefusel/aissn 22
further conprising a bus interface coupled to the CPU cache and the

graphi cs cache. 24. The CPU of claim 23 wherein the graphics accel er ator

open at es gy Ok &Hobding Qo Bné bmBoBRREH, %ﬁgﬂﬁ& EHQ 230 GhHIE RS Lﬁl eli
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ia] caJ] ca] Ea ca]l%S ?? %j’g%ﬁ‘bf@f* at granhics coxg 230 ay kegip e B8y cay ca
calU] ca! L!
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}A?-109& ( 1ﬂ@mmyumgowy(5)wqm () -1 10%BpSp& ()-!1)110% & ()- \=dE
109 () - 10%& ()- 109 ()-310%& ()-mO%& ()-10%& () - KSdEy*

109&' () -' 109&' (As Hd¥bed hbddt] Beiified gPApHIOKallle provides temporary storage

for the supersampled image to be later filtered down (e.g., through stretch BLT).
15  As aresult, only the final image of the original size needs to be written out and

stored in the main system memory, such as memory 113. Therefore, an efficient

implementation of supersampling without incurring extra memory storage and

bandwidth has been described.

Whereas many alterations and modifications of the present invention will

20 no doubt become apparent to a person of ordinary skill in the art after having

read the foregoing description, it is to be understood that any particular

embodiment shown and described by way of illustration is in no way intended to

10
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are not intended to limit the scope of the claims which in themselves recite only

those features regarded as the invention.
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a graphics core; and

a unified graphics cache coupled to the graphics core, wherein the unified

5 graphics cache stores texture data, color data and depth data.

2. The computer system of claim 1 wherein the graphics cache comprises:
a texture cache to store texture data; and

a color and depth buffer to store the color data and the depth data.

3. The computer system of claim 1 further comprising:
10 a central processing unit (CPU) core; and

a CPU cache coupled to the CPU core.

4. The computer system of claim 3 further comprising a bus interface coupled

to the CPU cache and the graphics cache.

5. The computer system of claim 1 wherein the graphics core operates
15 according to a tile-based rendering architecture.
6. The computer system of claim 1 further comprising a main memory

coupled to the bus interface.

7. The computer system of claim 2 wherein the graphics core amplifies image

polygons and renders the polygons into the graphics cache.
12
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the image polygons after the polygons have been rendered.

5 10.  The computer system of claim 9 wherein the downsampling of the image

polygons are implemented by executing a bit aligned block transfer.

11. A method for supersampling an image comprising:
receiving polygons of a first tile of the image at a graphics core; and
rendering the polygons of the first tile into a unified graphics cache,
10  wherein the unified graphics cache stores texture data, color data and depth data

of the image.

12.  The method of claim 11 further comprising amplifying the polygons after

receiving polygons at the graphics core.

13.  The method of claim 12 wherein the polygons are amplified four times the

15  original size of the image.

14.  The method of claim 12 wherein the amplification is achieved using

viewport transformation.

15.  The method of claim 11 wherein the process of rendering the polygons

comprises:
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109%& () - (1) /%L () )of ngglﬁﬁé%ﬁggﬁqe1p115mg texturing the pixels within the

image polygons.

5 17.  The method of claim 11 further comprising downsampling the polygons

after the polygons have been rendered.

18.  The method of claim 17 wherein the downsampling is achieved by

executing a bit aligned block transfer.

19.  The method of claim 11 further comprising:
10 determining whether the unified graphics cache includes more tiles that are
to be rendered; and
if so, receiving polygons of a second tile of the image at the graphics core;
and

rendering the polygons of the second tile into the unified graphics cache.

15 20. A central processing unit (CPU) comprising:
a graphics accelerator; and
a unified graphics cache coupled to the graphics accelerator, wherein the

unified graphics cache stores texture data, color data and depth data.

21.  The CPU of claim 20 wherein the graphics cache comprises:
20 a texture cache to store texture data; and

14
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a CPU cache coupled to the CPU core.

5 23.  The CPU of claim 22 further comprising a bus interface coupled to the CPU

cache and the graphics cache.

24.  The CPU of claim 23 wherein the graphics accelerator operates according to

a tile-based rendering architecture.
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