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| NVENTI ONvJ og2agesent invention relates to conputer syst emBy 5360
particularly, the present invention relates to processing

t hr ee- di nensi onal graphics. BACKGROUND 5 Conputer generated graphics are

conmonl y us %E&%Oc\r/%%lrﬁlg?zkﬁﬁﬁﬁlﬁﬂ%s %Mﬁ%ﬁm%ﬁﬁ@x%@ﬂ@t %ﬁ'ﬂ and

entertai nment. graphi cs are  repres 5’ di spl ay
moni tor. However, sinGECBENEANTBPAAYASING SURERSARPIANIG ni te nunber of
pi xel s, aliasing may often occur. Abasing due to having to represent

anal og da i i.qital , results in a displayed i nage 10 appearing
wWith j agggﬁégéz%?mﬁ%ﬁgﬁ ion of techniques used to reduce aliasing is
~typically referred to as anti-abasing. One technique used for full-scene
anti-aliasing T8¢ RIf6H asentpnyelaestpicomyutasyeesampprapprtisularlyatbpr oach in
whi ch an original graphics scene is rendered at a high resolution and
subsequenplasehi inventieh thintes torbbessihy threkglinahsidhaphayhieesol ution. Thus,
supersanpling essentially shifts the aliasing effect up to a higher
spatial frequency. There are, however, performance drawbacks incurred by
t he conpuBAICKGRSIENDMI | e usi ng the supersanpling technique. The problem
with
5 Computer generated graphics are commonly used in various areas of
industry, business, education and entertainment. Computer graphics are
represented by pixels on a display monitor. However, since the display only
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 rendér an image at higher resolutions, and later filter it
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and 20 bandwidth in order to render an inmage at hi gher resol uti®n (2
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exanpl e, supersanpling two tinmes (2x) in each of an X and 'Y d| rection of
the display requires four tines (4x) the storage and bandw dth. Therefore,
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various enbodi nents of the invention. The draw ngs, however, should not be
taken to efficint implemaengetinn efsupsrsemwlingeacitiout aHTHE REHR SeHY are f or

expl anati on and 10 understanding only. Fi gure 1 is a block diagram of one

enbodi menstoed gesarciobguidiveit tisysslesingd. Figure 2 is a bl ock di agram of one
enbodi nent of a processor; Figure 3 is a block diagram of one enbodi nent of

a graphi CgRrear s @PTIONOFEr4dE PrAWmaYs di agram of one enbodi nent of data
flow during 15 supersanpling. 2 WD 02/27661 2 4 MAR 2005
The present invention will be understood more fully from the detailed
description given below and from the accompanying drawings of various
embodiments of the invention. The drawings, however, should not be taken to
limit ti}e invention to the specific embodiments, but are for explanation and
10  understanding only.
Figure 1 is a block diagram 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.



PCT/ USO01/ 30360 DETAI LED DESCRI PTI ON A nmet hod and apparatus for_the
efficient inplementation of supersanpling is described. In t he d\ﬁAR)\Bﬂgﬁg
det ai | ed wlggehiRii on of the present invention nunerous spRRGfd¢sekehalls
are set forth in order to provide a thorough 5 understanding of the present
i nvention. However, it will be apparent to one skilled in the art that the
present i nDEmmnmﬂscgmrmi ced without these specific details. In

ot her instances, well-known structures and devices are shown in bl ock

diagram form rathahod Bad abBadeldtl imd AaObbmbBndXAkdaBPsOUING Lhe

pr esent invention. 10 Reference in the speci ation

"an enbodi that a Iar f eat ure, structure

char acterllg?i@%: gg?ﬁ%% Owé%iﬁ%tﬁl? fles %ﬁr‘tqﬁ@"eﬂ’ﬁﬁ‘iﬂth‘%‘fﬁm% i ncl uded in
at | east one errbodl ment of t he invention. The appearances of the phrase "in
one enbodll?fﬁﬁ?muﬁﬁp‘é%‘?? S%%Fﬁéééfqrﬁ‘mmdersf@emoﬁ&%t&lorm@he not necessarily
all referri to the sanme enbodinment. 15 Figuré 1 is a block diagram of one

enmbodi rfent refandimguolf ¢he preséreninddi@ion. Eovpester) it sy beappaeni BWnddes a
central processing unit (processor) 105 coupled to processor bus 110. In

one enbodiskER, inPhOEAIRATth QBesk st Ayl el fradeied wWiR ! ) family of
processors including the Pe%t |$um(r)v I n’?l 3(/3 a?]d nobi P{&lﬁg{g%i unm(r) and

Pent i um(r) S able f InteI 0 on of Snta 20
Cara, cm?#%lflgﬁg& ?r{e(? ¥| very> 8¢ r‘)'vrbﬁ%g‘g%?:eg; aﬁaﬁeﬁgeﬁ?éé O¢R p set
120 is al so &Oﬁé'l:lw t 0. processor bus 110 Chip set 120 may include a
menory cort PHC a?@?”@éﬁﬂ%h‘?‘ﬁﬁ@“&“ﬁﬁ%m?&mmld‘lﬂ!ﬁr:tlmﬂi%hl pset 120
ma

Y present invention.

10 Reference in the specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in connection
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 pfocessors 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



0 3 2 4 EAR 2005 WD 02/27661 PCT/ US01/ 30360 al so include an Accelzg?t ﬂ
G aphics Port (AGP) Specification Revision 2.0 interface dev%l‘bﬂ bzﬁ 3

Intel Corpgy@iign of Santa Clara, California. Chip set 120p-45s6QMRked to a
vi deo device 125 and handl es video data requests to access nmain nenory

113. .5 Main nenory 113 is coupled to processor bus 110 through chip set
120.  Mai n Henmcliders &tm@ratea@mpnme$oﬂf(Am§tst&EE£Hb%]ﬁ%@ioﬁég executed by
I ncl udes a dy

processor 105. In one enbodi nent, nmain nenory 113 nam c
random accesgrfag@terslo QfﬁﬁﬁnéV@$§¥§-db L Ln r 3 may have
ot her configurations.ﬁThe sequen egio?m?hs icaf%ﬁgﬁggﬁ%u#éﬂpﬁ9y ocessor

105 may be ;10,1814 | from nmai nory 113 or_ any other storage device.
Addi ti onal ldeC\)/iFgesh%nggdegl 4S5 d22 atipPendles v sleacats bauptis tyavessynehn as
mul tiple prOCESSQ{ and/or nultiple main nmenory devices. Computer system

100 i s deséPFBeY terms of a single processor; however, nultiple
processors can be coupled to processor bus 110. Video device 125 is al so

coupl ed>t o chi pMsén nie2Goryl 13 enevupiiabri protdssoVhebem 0 HarigKich, lpghaides a
video nonitor such as a cathode ray tube (CRT) or liquird crystal = display
(LCD) and MifssanyrySMBRESbs SdofubidsTof i Le DS, 210 k5 coupled to
system bus 130 by chip set 1200 T onemsgjggrggﬁﬁln%ﬁ %éegflcsllq%‘i&r?BBEO 8%t s a
Per i pher al 1@%%@%&3%@88 BNES Ind P0Cr|y)113 includes a dynamic random access

memory (DRAM) system; however, main memory 113 may have other
configurations. The sequences of instructions executed by processor 105 may be
10 retrieved from mai;n memory 113 or any other storage device. Additional devices
may also be coupled to processor bus 110, such as multiple processors and /or
multiple main memory devices. Computer system 100 is described in terms of a
single processor; however, multiple processors can be coupled to processor bus
110. Video device 125 is also coupled to chip set 120. In one embodiment, video
15 device includes a video monitor such as a cathode ray tube (CRT) or 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)
' Specifigation 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



Speci fication Revision 2.1 standard bus devel oped by Intel Cor por%éo&ggf
Santa 20 Clara, California; however, other bus standards may dl o d.

Mul tipl e \wequ-6&$, such as audi o device 127, may be coupl m bus
130. Bus bridge 140 couples system bus 130 to secondary bﬁ%{@i%?}ﬁﬁone 4 2

h. MAR 2005 WO 02/ 27661 PCT/ US01/ 30360 enbodi nent, secondary bus 150 is an
| ndustry Seswbddimlery sdrbheiybie 16@%h@ﬂ%}%@%&i@ﬂr&ﬁ%&ﬁiﬁgws%oa bus

devel oped by International Business Machi nes of Arnon rk. However,
ot her bus spaneaids TRYs for xanpl e .Ext ended | ndustry
St andar d Ar%hi tecture (IIEI i)@a gség?‘fe?@aetd?b%h\?fé#g?‘bﬂ%‘%‘?ﬁ%&@“&%@%d by

Conmpaq Co r t al. ti ple devices, such as hard disk 153 and di sk
drive 154%%85’ @8‘0’3\/%5' “é%@br?d%‘?@“ﬁ&%a@éﬂis mehalo bewiseddpr such  as

-cursor control devices E;QOt shown in Figure 1), may be coupl ed to secondary
bus 150. FPgERRIe Extendeddndessiiftagdanh AfchiteetuentEith pSitifoh ton Regssar 105.
Processor to 105 includes a CPU core 210, CPU cache 220, graphics core

230, graphd.t2 deadtpeéPContpaqlisnpiteE et AC V2RI &P&i’c&%ﬁh%%%gﬁm&ﬂt es

~ non-graphic instructions received at conputer system 100 cache 220 is

led t 49 ' di nent U, cache 220 |
Py Oh. Specq. SradaEleda D1 sGa0 1 BEpkd 1o SNBAIIRANIER Ol G Such ' ° 2

instructi 1S e§<ecut Ed @%.CPgncohe 210.. is_Bus interface 250 is coupled CPU
cache 220.BUEY (PRFPLLYIFSE U shAwRR Figure 1), may be coupled to secondary

bus 150.
Figure 2 is a block diagram of one embodiment of processor 105. Processor

10 105 includes a CPU core 210, CPU cache 220, graphics core 230, graphics cache 240
and bus interface 250. CPU core 210 executes non-graphic instructions received at
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 m'ay 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 gfficiently 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



CPU cache 220 and graphics cache 240 to processor bus 110 such that data
may be distributed to and from processor 105. Gaphics core 230 MARl pigs a

graphi csyaggpl-geator that is specialized for conputing g
transformations. G aphics core 230 enabl es CPU core 210 t%%e%ﬁg\g i ently

execut e non-graphi c commands, while graphics core 230 handl es graphics
conput at i Qa&ula/ﬂ;%oggi oW . i raphics core operates -
according to a tife- 63%53 regE%;és(r??%gquﬁ%hre%&roé’}ﬁ%ﬁ‘g‘gﬂﬁ%q H%he act of 5
WO 02/276@%5 ¢ 4 MAR 2005 PCT/ USQ1/ 30360 cal cul ating, on a per pixel basis,

di fferent "cor of “AndSpOeY PrHFveticatingt el monitor pbidiep degicgi1dher may
perceive depth_on the 2D nonitor of video device 125. Rendering fills in

the points on Reedemng flleinthepoirgppethe surface wére objpctethiabwety stored only as
a set of vertices. In this way, a solid object, shaded for 5 3D effect,

Wi |l be dpaswioasly shred onBeds.a defoDvdlaest On HEH ALY, @Qompbggér, stddelifonecessary
to determine color and position information. To do this efficiently, the

vertices @b eftehe j i 0 ri es .and these triangles
effeb€ mﬂmtﬁ%aﬁvrn%rﬁﬁﬁ OEBLE A Sher LSRR8 & Ol%]lecq & R PHAR Cg cor e

(set of three vertices) are then processed one at a ne - a
230. In tile-based rendering,,.gr.aphics core 230 caonstructs polygons in a 10
parti cul atg ‘g?tgph‘ﬁ“% scozcgeaﬁéi Ii‘%f“"iiﬁﬁg’é?tai“ﬁ“a Prdl%afgﬁleg&ﬂﬁﬂib theHeptieesefnner
until the Séjene is conpl eted. However, tgr ior to the rendering of a scene,
graphi cs Briestere sngmansedibimiriangles nadithess triangles st ofithred wnttay .
Subsequently, the triangles are
are then processed one at a time at graphics core 230.
In tile-based rendering, graphics core 230 constructs polygons in a
10 particular graphics scene (or image) in a triangle per triangle manner until the
scene is completed. However, prior to the rendering of a scene, graphics core 230
breaks down a scene into a series of triangles. Subsequently, the triangles are
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



sorted (or binned) into tiles by exam ning the bounding box of each
triangle. Tile binning deternmines in which tile(s) a triangl2 4 ${4R0@8i5%d.
Accordin 15 enbodi nent, graphics cache 240 incl ude er for
each til g’”bﬁzgpééene. The buffers include pointers to thepscp_[zvngé&ﬁér :

triangles that are included within the buffers. After each triangle has
been bi nne each; t.i.l e of .the e is rendered one at a tinme. G aphics
cache 240 ?%tab%u%c{é’éo?(t)o Eﬁlg’b‘?ﬁi‘geg&}gt‘i@?ﬁéﬁ Y&Eﬂ?‘br erj spidigest grphicso
Accordi ng to, one enbodi ment, graphics cache 240 is a unified graphics cache
that can $CBBARDESekiphyite gaks srmdem arpesaaempRpios acuhemedatepdk pi xel
i ncludes 32-bit color and depth values. In another enbodi nent, graphics
cache 240 EBspetlesx. Udewbver, dndRra005y WA GR1RY 66 WviRGhpLisld 80360 data, in
addition to color and depth data. In yet a further enbodi nent, graphics
cache 240 ¢thefslzdd dr@biiRs 6t Aehfory @ DY npdating the
128x64 tile size. Howeéver, one é gﬁ%@nﬁ%%%ﬁ in F’EI %%g%gnﬁqg? appreci ate
that of her,.5izgs and types of nenory devices may be used to inplenent
graphics 5 cache 240. Figure 3 is a block diagram of one enbodi nent of
graphi cs cache _240. _ Graphics cache 240 includes graphics texture cache 320
and graphi cs col®yeA ¥ia Mockdipgram ofxe E@%ﬂmn@gteg&nﬂah@m@@w&@zo stores
texture data used for texture mapping of an object. Texture napping
i nvol ves épraplicagache 24tincledes graphits eaxti@ cdéheed 29 amdagraphiepedlbi Btlee. 9., how
transparent and,reflective the object is) in

buffer 340. Graphics texture cache 320 stores texture data used for texture

mapping of an object. Texture mapping involves encoding a texture with three-
10 dimensional properties (e.g., how transparent and.reflective the object is} in
addition to two-dimensional qualities, such as color and brightness. Once a
texture has been defined, it can be wrapped around a three-dimensional object.
Graphices 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



addi tion to two-dinensional qualities, such as color and brightness. Once a
texture has been defined, it can be wrapped arounfl a th(rjeg-dl gﬂﬁgﬁn?[}ﬂﬁ
object G olor/Z tile buffer 340 stores color an e ata for

pi Jxel S mﬁgrebg@ﬁ“?i | e of one or nore graphic scenes. Tile sT_ Woﬁ@ _
det erm ned based upon 15 col or and depth formats and the size 01;] graphi cs
color/Z ti 40. . Thu cordl ne enbodi ment, graphics
color/Z ti Ixfeugﬂ’fs ‘i”s:’a%%f’f TEHH qrﬁ? g‘gf:’»""f‘?o‘1 Flﬁl|f]l(?‘1’|d148ﬁ¥@a%§??te

col or and de data _accesses for all triangles that fall inside of a
particul ar® B?%m‘ﬁkf@éﬂéﬁ defadlovadnripg mepersamplingren graphhe cood 280. Fod dept h
data is witten to nenory 113 after the rendering of the | ast trlangle in
a til e hasillysientionpurprsps, et edue Aficarid hagnial Su RO I bvo s

gr aphi cs cache 240 enables graphics core 230 to efficiently inp enent

super sanpl infe Byare] ¥ diRefbRY Mt the ¥R £ 088a1 & 8%%9
PCT/ US01/ 30360 rrem)ry storage and bandwi dth requirements gure 4is a

fl ow digagr Nt of hed durln rsanpling by

gr aphi cfgc}gérnefgg ﬁg ust rati eg OéIOWSY‘ife “gﬂﬁlﬁi“’g)’assumsd by
supersarrplln |ntheXand Y directions. Further, the tile
size is as¥ H‘cf\‘\‘gﬁf%‘é' ?Wéﬂlateaﬁli'ét @emowémyéaeemtpﬂerm@ued msmgaatherrk ual tile

size of 64x32. However, one of ordinary skill in the art will appreciate
that the prebeassmdrily stresi npl emented using other k values and tile sizes.

Referring to Figure 4, polygons for a tile are received at graphics core 230
from memory 113 via the AGP port within chipset 120, process block 410. At
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.



Referring to Figure 4, polygons for a W are received at graphics core 230
frommenory 113 via the AGP port within chipset 120, process bl gckiif®lOgf5At

10 procesg,dhpek; 420, the polygons are anplified at graphi re_230.
Since for t é%'kgéanple k=4, the polygons are anplified fog$T§§ﬂ¥§thx) of
the original size. The anplification is achieved by using viewport

transformation $gggg&%§gkgg44g%$§9%%£ﬂg9£§Fé§§§€%%§ﬁ£%% 0%$$%%?nsrqénatibn,

word coordi nates are nmappe e dis

graphi cs cqre 230, Subsequent| raphics 15 core 230 accelerates the

t ransf or rragllegfr??m 9agﬁtﬂfg\g??gwf%%?%iq%%‘tgrrtasi‘f?%fb?%ksi“@ﬂyﬂ thtpolygaensi ons of
the viewport may be mani pulated in order to cause the final inage to be

enl arged f 8¢ PRE®edndlemever lekage istpplied teds ks K td3Qringhecanlar, ged
pol ygons are setup. According to one enbodinment, the setup stage takes

i nput  dat afdgsovisabldkwbo repdaihg/theKledh ompR &L RIUEES AL hPYSHRAr anet ers
required for scan conversion. According to a further enbodi nént, gradients

e al S0 comput o B R TR Y B BB 2T BB or bcene
pertor med SEbf CEh RISl of i ik 3% A ool ot oreerss WedAG. 2 he
pol ygons are péocessed. Moreover, texture is applied to the pixels if
texturing TEetehalRbgned Rlock tesfes (BT ékext50tedr enBieT isrrgpwkedstvehadéin S

conpl eted. After rendering of the
pixels, or other data, are copied from one memory location to another. The stretch

BLT is performed in order to down sample the image from the physical tile size to

10 the virtual tile size.

The stretch BLT is accomplished by rendering a rectangle (made up of two
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 wheth.er 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 tle buffer



5 last triangle in the W has been conpl eted, graphics color/Z tile buffer
340 includes the conplete image of the tile 4x the original sjze.[f% 2009

process hypck, 489, @ stretch bit aligned block transfer (‘?@ﬂlz:,ﬂ?g(ecut.ed.

A BLT is a process wherein pixels, or other data, are cop ne
menory | ocation to another. The stretch BLT is perfornmed in order to down
he virtual tile size.

sanpl e t hegidrege . f4; hysical tile.size tg .1 i |

The stret cﬁé BLT iog&gl?g%%%ﬁ@gﬁggl%ﬁmr g‘?@@quﬁar%%ioé%‘gahﬁ TPNPHBR SDPNSf  t wo
pol ygons) Rf t he sge %gtﬁlal to that of the physical tile size. The

super sanpl &8 2 Pty & CREng RY dhecagxt fila at grephjcs carm 24} mefibegincohide H t he
buffer 340) is considered the source of the stretch BLT, while the
dest i nat i o¥frgteh BLT ¢ thesprevivussivispctdsingl 5 Accordi ng to one enbodi ment,
graphics core 230 treats the source of the stretch BLT as a texture nap

for the destinatsd desctibed kbevelasiignathighd TRk Ehe ﬁ?hﬁe&?&%} tile- 9" aghi cs

texture cache 320 is maintained undi sturbed Iin order to naintaln goo

utilizati oghg s tiles. At process block 470, it is
det er ni ned \Aﬁ%triﬁe?%r&lngre % ?fg??enrﬁ%%g%%%gke%a@ﬁ% TRREABHREH 340 need
to be rendered.. If it is determned that nore tiles need to be rendered,
control i s VERIPREN T Spefreystarageand bandadts rppriseseerdsf or  another tile
are received at graphics core 230 fromgraphics color/Z tile buffer 9 WD
02/ 27661 2 4 NARPXBUY, PORNBOs EhgbREbadAlizeARoOnHiE bigel Gemhr iR dpdiangnt ,
graphi cs core 230 includes a pipeline engine.

must first 1.'ender an entire supersampled image to a mem.:ry location that is k

times the size of original display resolution before downsampling can occur. This
10 memory is typically too large to be implemented on the same semiconductor
fievice as the graphics engine. Therefore, an increase in memory storage and
bandwidth in main memory is required.
As described above, the unified graphics cache provides temporary storage
for the supersampled image to be later filtered down (e.g., through stretch BLT).
15 Asaresult, 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



As a result, the rendering of the next tile at graphics core 230 nmay begin
while the stretch BLT of the previous tile is occurring. As dgsq:riﬁ;t\)@cgi]%
above, UsiB%; /g,‘ddpl fied graphics cache architecture for tile:

rendering enables efficient supersanpled images can be cr ePa"ETéHS[\WPWBut

i ncreasing external nenory storage and bandw dth requirenents. Typically, a

gr aphi cs enataieiddiad bikhi2 2R AN LLecRaspd L EderLng Lypiicall y st

first render an entire supersanpled I mage HOEREL is Kk

times the | al I ution before downsarrpl i ng can
occur. Th|§Ile %e{;ﬁlgéecpgoq%gh%g%% Olfgtth%}P’@é” Héﬂlemﬂemﬁe@ucuﬁythe samne
sem conducﬁthg device as the graphics engine. Therefore, an increase in
menory sto a%fea es%ﬁ&@ﬁcbﬁﬁﬁﬁnmﬁnnnenory is required. As descri bed
.above, the unified graphics cache provides tenporary storage for the
supersanpl ed image to be later filtered dowmn (e.g., through stretch BLT).
15 As aresult, only the final image of the original size needs to be
witten out and stored in the nmain system nenory, such as nenory 113.
Therefore, an efficient inplenmentation of supersanpling w thout incurring
extra nmenory storage and bandw dth has been described. \Wereas many
alterations and nodifications of the present invention will 20 no doubt
beconme apparent to a person of ordinary skill in the art after having read
the foregoing description, it is to be understood that any particul ar
enbodi mrent shown and descri bed by way of illustration is in no way intended
to 10 WO 02/ 27661
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24 MAR 2005 PCT/ US01/ 30360 be considered limting. Therefore, references to
details of various enbodinents are not intended to limt thg scogﬁ ﬁfw t he
clainms which in thenselves recite only those features regarde B 5
invention. 11 2 4 MAR 2005 What is clainmed is: 1. A conputer system
conprising: a processor including: a central processing unit (CPU) core.to
execute non-graphic instructions; a graphics core to conpute graphi cal
transformations via supersanpling techniques; and a unified graphics cache
coupled to the gr aphics core to store a supersanpled i mage. 2. The conputer
syste f clla .Wherein the graphics cache conprises: a texture cache to
store ?(ttfjfgméc a; and a coI or and depth buffer to store the color data
and the depth data. ter systemof claiml| further conprising:
a CPU cachéd- Q‘o %ﬁertsé's‘ﬁ’i‘ @%@B te. 4. The conputer systemof claim3
further conprising a bus interface coupled to the CPU cache and the

gr aphi csa pracdseor 18¢ uding: conputer systemof claiml| wherein the graphics core

erfornms renderin o -
g a central pgrocessmg unii (CPU) core.to execute non-graphic instructions;

a graphics core to compute graphical transformations via supersampling

techniques; and
a unified graphics cache coupled to the graphics core to store a supersampled

image.
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:
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 sysiem of claim 1 wherein the graphics core performs rendering
according to a tile-based rendering architecture.
6. The computer system of claim 1 further comprising:
a bus interface coupled to CPU cache and the graphics cache; and

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.
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according to a tile-based rendering architecture. 6. The conputer system of
claim11 further conprising: a bus interface coupled to CPU cache and the
graphi cs cache; and a main nenory coupled to the bus interfg@cé. MAR 2006
conput er systemof claim2 wherein the graphics core anplifies inmage

pol ygons and renders the polygons into the graphics cache. 12 2 4 MAR 2005
8. The conputer systemof claim7 whergein pli.ficatian of L, mage

pol ygons & Ehé cphpurendystimizlapng yyberen; ﬁﬁ?%?ﬁhﬁ?mﬁ% pf)Ey (Izlgnput er
system of claim 7 wherein the graphics core downsanples the inage polygons
after a}é‘ﬁﬁﬂ%éﬁﬁaﬂﬁah@&ﬁpd@ﬂmﬁo@mdmm. 10. The conputer systemof claim9
wherein the downsanpling of the inage polygons are inplenented by

executing iij%c&hb&&e%s{éhp&ﬂ%léiﬁﬁﬂﬁh%m thd graphivs tiesdlommsamsplget€anpl i ng an
g. “recel

i mage conprr ving polygons of a first file of the inage at a

graphics core; anplifyi t I «@li the graphics core; and rendering
t he pom?g?)P@ygﬁnstaI%'Wﬁgpﬁﬁ%aﬁﬁf%@%ﬂgﬁi fied graphics cache, wherein the

uni fi ed graphics cache stores, texture dat > afdn@est h data of
the i nmage. 1])2%59@%@?@1%’6‘%?“@%# ‘ﬁer]a%rtﬁ %g%%sr?ﬁ)?iﬂg%g exeguti ng a
stretch aligned block transfer at the, grag{ﬂ ﬁ% e after rendering the
pol yg(ﬁéﬁﬁygoi@areih@lmmmﬂbmeeww&ﬂ@&ﬂ% G5t é){S%I ygons are anplified
four times the original size of the inmage.

11. A method for supersampling an image comprising:

receiving polygons of a first tile of the image at a graphics core;
amplifying the polygons at the graphics core; and
rendering the polygons of the first 4ile into a unified graphics cache, wherein the
unified graphics cache stores texture data, color data and depth data of the image.
12. The meth(;d of claim 11 further comprising executing a stretch aligned block
transfer at the graphics core after rendering the polygons.
| 13. The method of claim 11 wherein the polygons are amplified four times the
original size of the image.
14. The method of claim 11 wherein the amplification is achieveg using

viewpoint transformation.

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

comprises:
sefting up the image polygons; and
tasterizing pixels within the image polygons.

16. The method of claim 15 fusther comprising texturing the pixels within the

image polygons.
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14. The method of claim 11 wherein the anplification is achieved using

vi ewpoi nt transformation. 15. The nethod of claim 11 wherein phe ﬁﬁﬁcgﬁg of
rendering the polygon conprises: setting up the i mage pol ygons; and -
rasterizing pixels within the image polygons. 16. The net hod of claim 15
further conprising texturing the pixels within the inmage polygons. 13 2 It

| AM 2005 17. The nmethod of claim 11 further hohRGof@ensaal i ng the
pol ygons af?1.efhe rhéthodpof slajombl fiather %@?S%‘? é’”r“&g‘%%é T%g et hod of claim 17

wherein the downsanpling is achieved by executing a bit aligned bl ock

t r ansfroybdns kv teeh baderdl. cl ai m 17 further conprising: deternining

whet her “tie uni fied graphics cache includes nore tiles that are to be
render ed; ?gldrﬂefmétﬂod LEQSiY | Nehpelyhe dewnsanplingds pehigve OY GFCUEE Prage at

t he graphi ¢S core; and rendering the polygons of the second tile into the

uni fied graphi.cg cache. 20. A central processing unit (CPU) conprising: a
CPU cb!té‘%g’éﬁdé?@%éﬁ?%“sﬁ%h-graphi c instructions; CPU cache coupled to the CPU

core; a graphics accel erator_t.o,.c gr.aphi cal transformations via
supers arrgl ilggT‘ he method ogclaim r17 tﬁuthe? M{;ﬁmﬂé. p

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.

20. A central processing unit (CPU) comprising:
4 CPU core to execute non-graphic instructions;

CPU cache coupled to the CPU core;

. . . i
a graphics accelerator fo compute graphical transformations via supersamp ing

techniques; and

a unified graphics cache coupled to the graphics core and the CPU, to store a

supersampled image.
71. The CPU of claim 20 wherein the graphics cache comprises:
a texture cache to store texture data; and
a color and depth buffer to store the color data and depth data.

99. The CPU of claim 20 wherein the graphics core amplifies image polygons and

renders the polygons into the graphics cache.

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

cache and the graphics cache.
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techni ques; and a unified graphics cache coupled to the graphics core and
the CPU, to store a supersanpled image. 21. The CPU of clainp29 ﬁgrmm

t he graphics cache conprises: a texture cache to store texture data; d a
color and depth buffer to store the color data and depth data. 22. The CPU
of claim20 wherein the graphics core anplifies inmage polygons and renders
t he polygons into the graphics cache. 23. The CPU Ofef claim 22 further
conpri sing S GHREIR Ghd @rapiies &CPElerabale oEmTrenAEr aphi cs

cache. 14 ﬁzl%fibg%@gi%,q%he CPU o f(b:l ai m 23 wherein the graphics

accel erator perfor render.in ding to a tile-based renderin
ar chi taggqrgi,nggo adi e-ggsed rendéring Grehit&hited! N9 g
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