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O The Invention The present invention pertains to the field of conputer

systens. More particularly, 5 this invention pertains to j of
r educi név%?'i"ﬁ?‘& ve storage requirenments and inproving mﬁ%?@ségﬁg% dth

utilization in a tiled graphics architecture. Background of the Invention
In typical conputer graphics systens, a three dinensional (3D) object to be
10 represented on the displ aLescere@HItS ASCHTESEBIREOf graphics primtives
such as triangle lists, triangle strips and triangle fans etc. Typically,
the primtives of a 3D object to be rendered are defincd by a host

conputer in terns of primtive..degaThEpiveff@ ™l e, for each triangle in a
primtive, the host conputer n hree vertices of the triangle

in terms of Th&preSd@idvahtdnqerhihoR thafitlgbMBor@futcXsyserdN M éreGRRIdianat es, as
wel | as data defining the red, green 15 and blue (R, G and B) col or val ues

of edch iMemvextjonardainext tie Ecldobradiunag psmitikddivtacorguirerperitmantd ve data may be
used in specific applications. Rendering hardware within a graphics

cont r ol limprovink ergpairabesividb uphiavpe inatilddewphies womfseieee. t he di spl ay screen

pi xel s that represent each primtive, and the R G and B col or val ues for
each pixel. In order to makBagegrasndiof the layentipde of menpry bandwi dt h,
graphics primtives are 20 sorted into bins, also referred to as "tiles".
Thi s wel | - knbwypiegitoimpuer gopiitt osemefaghredinasioad (3R] ¢Hjgegto & gure 1 and
Figure 2 show an exanple of sorting graphics primtives into bins, or
tilas. FesthiSofuRENpRy sarebit BlcoPpOeesSaupiiiateiasvadaten 4safiafytd e, i ves 110,

120, and 130
triangle strips and triangle fans etc. Typically, the primitives of 2 3D object to be rendered
are defined by a host computer in terms of primitive data. For example, for each triangle in
a primitive, the host computer may define the three vertices of the triangle in terms of its
spatial location in terms of X, Y and Z coordinates, as well as data defining the red, green
5  and blue (R, G and B) color values of each vertex, and texture coordinates. Additional
primitive data may be used in specific applications. Rendering hardware within a graphics
controller interpolates the primitive data to compute the display screen pixels that
represent each primitive, and the R. G and B color values for each pixel.
In order to make more efficient use of memory bandwidth, graphics primitives are
20 sorted into bins, also referred to as “tiles”. This well-know technique is often referred to
as “tiling”.
Figure | and Figure 2 show an example of sorting graphics primitives into bins, or
tiles. For this example, a microprocessor fetches data for primitives 1190, 120, and 130

from a primitive storage area. The primitive storage area may be implemented as a portion

of the main system memory or may be implemented as a local graphics memory directly
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froma primtive storage area. The primtive storage area may be

i npl emented as a portion 25 of the main system nenory or may be i n‘pa Bn&ER elcl]m'
as a local graphics nmenory directly 1 3 0 SEP 2004 WO 01/ 75804 _

PCTI USOWO?2280¢0upl ed to the graphics controller. The prif&H{3Pe47%¢20, 120,
and 130 are eventually to be rendered and then displayed on a display
screen; represented by block 100. The block 100 is divided into four bins
for thi soepaplies eriyipccantryllera The arimitoks dils PR ynd 8ilart svedivalidedbd nto  many
nore bins than the four shown in this exanple with a typical bin dinension
of 128 Xendarc@4nd®itne!dsspladf@ibn PRSI aPiReed SR ke bty HIRKA0P! Ehd Blo& HRY tO
sinplify the discussion. After fetching data for a graphics primtive, the
processor . det erm pes i.ch, hir ~tile’ the M tive i.nt- ct s, For
Crcap! oo gg- g RO o Rt Gl Thily LRty Wi U RIARRAS: 701
210 as well as bin 220. The processor then wites the data for the three
verti cedn@ mers Ring ihaa thefgu HOKR e XaTPrupva WRICHSHOF (peagen ‘é’é'iz(?e" to store
primtive data for 10 bin 210 as well as to an area of graphics nmenory set
asi dé t ddghetse Forr bint prgaseibinahit oxantlgin opd to singiifyaka discusfien.pr ocessor writes
vertex data for primtive 120 to storage areas for bins 220 and 240 and
writes vert exfdafetchic dagr fork tiapicd FOmiioe shopragssadeasnifiorwintinkin2t0, 230,
and 240. Once the primtives have been sorted into bins, the graphics

control '"ﬁreﬂirﬁtepmﬁﬁvc Rdriicls! ¥8r Q@ﬁ@cf, [RIBrdch o0k aARBI FSinBAPS Imaie (1gnders the
primtives one bin at a tinme. 15 Figuré 2 denonstrates how the graphics

control lL.er divi.des.the pri mgi, 110, 12 a % %3 | At L ous
or i m 1 VATt A0 21 Refefina2d 1 Bre wstssseb s vl Bt Rt oue
primtives are djivided into bins according to how the primti vesf i nt ersect

“the bin vepstrri@riragve Ffkoag apPbsrapenmE Ry 5FtiaHde AR ar Rt GdaBi iR 210 i s
fetched from graphics o _

10 bin 210 as we!l as to an area of graphics memory sel aside to store primitive data for bin

220. Similarly. the processor writes vertex data for primitive [20 to storage areas for bins

220 and 240 and writes vertex data for primitive 130 to storage areas for bins 210, 230,

and 240. Once the primitives have been sorted into bins, the graphics controller fetches

primitive data from the graphics memory and renders the primitives one bin at a time.
15 Figure 2 demonstrates how the graphics controller divides the primitives 110, 120,

and 130 into various primitives that fit into bins 210, 220, 230, and 240. The various

primitives are divided into bins according to how the primitives intersect the bin

boundaries. For example, when the primitive data for bin 210 is fetched from graphics

memory, the graphics controller divides primitive 110 to create primitive 211. Primitive
20 130 is divided to create primitive 212. The graphics controller then proceeds to render

primitives 21 | and 212. The graphics controller then proceeds to process bin 220 by

dividing primitives 110 and 120 to create primitives 221 and 222 and by rendering the

2



nmenory, the graphics controller divides primtive 1 10 to create pgigiSEPvQQh
211. Primtive 20 130 is divided to create primtive 212. The graphics
controller then proceeds to render primtives 2 11 and 212. The gr.aphics
control '¥P % K& proceeds to process bin 220 by dividing ﬁ?ﬁ%??m@g§°llo and
120 to create primtives 221 and 222 and by rendering the | 3 0 SEP 2004 WO
01/ 75804 PCTIUSO 107225 primtives 221 and 222. The graphics controller
cont i nugsinifives 231 aid 232. flasigraphics comprabieesmitindpisns 2 2i30laafachi@d ®. prédegure 3 is a

bl ock di agram ofa prior conmputer systemthat inplenents a tiled graphics
archit etting80 ald gare 3 shows a processor 310, a system nenory 330 incl uding
a 5 graphics primtive storage area 332. a graphics controller 340, and a

di spl ay noni tF%rure?‘ﬁQ-a d?{gd.k%ag?ir!‘ll:,%ﬁa E&%Hﬁﬁtc%}gf}m @gﬁ&g%ﬁlcﬁ&%hyéﬁ t hat

i npl enented by the system o igure 3 have vant age of using | arge

anounts of nenp andw dt en_novin rimtive dat rom device to

ovi ce. SRS AnRRE, Plafe 05 s BRELHH 3000 Bl BeBBh B R e ¢ he
processor 310 reads the vertex data for the primtive fromthe graphics tO
pri nidt i \BEARS{CS PHEE VA SE%2S8 32 IPRe? Proiessnirolr 3A0.anea d&ekaémw@rsﬁ%m ch bins
that the primtive intersects. The processor 3 10 then nust wite several
copi es of th&rigenltegragmtparcibmekirasistcht s thhampieapined By \beisysidn vEFigumr age ar ea
332 where the nunber of copies to be witten depends on how many bins the

prim ti ehavah @lssahtage JNQinigMRAE A OB Yo BaeHMieth vhdh idolviza@t | on can be
denonstrated by considering 15 that a typical graphics primtive can be

repr esentathiiydaaPedh 106 :Gxe@ejée.oiqr\é%@é, vdl?cTth@&gccsH??FO Brodk3RM Cs

primtive may intersect several bins. This exanple w assunme that a

primitive, the processor 310 reads the vertex data for the primitive from the graphics
[Q  primitive storage area 332. The processor 5310 then determines which bins that the
primitive intersects. The processor 310 then must write several copies of the vertex data
back out to the graphics primitive storage area 332 where the number of copies to be
written depends on how many bins the primitive intersects.
The impact on memory bandwidth utilization can be demonstrated by considering
15  that atypical graphics primitive can be represented by about 100 bytes of vertex data and
that a graphics primitive may intersect several bins. This example will assume that a
typical primitive intersects 3 bins. In this situation, the processor 310 must write an
average of 300 bytes of vertex data to the graphics primitive storage area 332 for each
primitive processed. For one frame of a relatively simple display consisting 0f2|; graphics
20  primitives, the processor 310 must deliver 600k bytes of data per frame. If the frame
display rate is 60 frames per second, the processor 310 must deliver data to the graphics
primitive storage area 332 at a rate of 360M bytes per second. For a more complicated

display consisting of 100k primitives, the bandwidth requirements increase to 1.8G bytes

[ ]



typical primtive intersects 3 bins. In this situation. the procesgquQPIQNE
must wite an average of 300 bytes of vertex data to the graphics

primtive storage area 332 for each primtive processed. ane of

a relatiV@V§”§@ | e display consisting of 2k graphics 20 5§ﬂﬁ¥§ﬁ®£é$ t he
processor 310 nust deliver 600k bytes of data per frame. If the frane
display rate is 60 franmes per second, the processor 310 nust deliver data

to the greagpeprs ThespmE bandavidih sramgemaraBuSIsORE et PeitvEcHi §BONCHyt es per
second. For a nore conplicated display consisting of 100k primtives, the
bandwi dtgainfigektsregeeats3 12nod elesgaghocskosilpy 54k Thighigh SHRage0dl WO 01/ 75804

PCT/ USOL107225 per second. The sane bandw dth requi renents nust al so be

et bet WRERy BendW iR fdve Plapiitd prvRitst 84t@gomakeodsssoran0l id fe gaphiphi s
controller 340. This high utilization of menory bandw dth to nove graphics

pri m {1 Vi A A LMD P RIAGRIPAE shhohfls bifnkiIE s@FRPRIES 32 R hElapiies st or age

area 332'4n e graphics primtive storage area 332 to the graphics 5

controller 340 . can resul.t in si.gnificant npegatl i er al

Cyst om perrOlRATCEn o 102 sBRTsgd 0 I TSRO BeT PR Ao FaS B | ef
Description of the Drawings The invention will be understood nore fully
fromthe detail ed description given below and fromthe acconpanyi ng
drawi ngs of enbodi nents of the invention which, however, should not be
taken to limt the invention to the specific enbodi nents described, 5 but
are for explanation and understandi ng only.



Figure | is a diagramof a several 3D objects arranged on a display %@E@erﬂﬂ[}h
in accordance with prior systens. Figure 2 is a diagramdepicting the

sever al vg’@)@?}g’s %ts of Figure | sorted into bins in accorgﬁgﬁﬁgm.}zt_;s pri or

syst ens. re 3is a block diagramofa prior systemi nga tiled
graphics architecture. Figure 4 is a flow di agram of an enbodi nent ofa
nmet hod for reducing nenory bandw dth utilization in a tiled graphics

architecture. Figure 5 is_a bow .dit.a r el (Hr an £nmbodi ment of a nmethod for
reduci ng menory 15 bandvﬁé@—é&—?—ﬁ-ﬁ—ggﬁgﬁ—ﬁ%—ﬁc PHI%E #¢i | ed graphics architecture
where the gr [ rim it g 1S .| L stem nenory.
Figure 6 is gipef g%/lt Pé@r@%%ﬁ%ﬁ%ﬁ%ﬁﬂ@ﬁ% g‘fe Ug&ﬁ‘%}?ﬁ%c{%%ﬁ °E educi ng nmenory

bandwi dpfoWbid F3aLhORecbipanylidd Bt BEAHinfRdMARIdract iHTavhahRhL he graphics
primtive storage area is ’located’in a |ocal graphics nenory. 20 Figure 7

i s a bl peked, 3R adES R (S EE Mnitied ndéntign anhe pizoidicrabdiafcatsgeapbed; s
controller that includes a vertex cache. 5 3 0 SEP 2004 WO 01/ 75804

PCTI §JSOokt/20:/ 22 e¥p | et iah heduridesanid ipg ooly. An exanpl e enbodi nent of a net hod and
apparatus for reducing nmenory bandwi dth utilization in a tiled graphics

ar chi t ect ur eFigidel | ibe dehesrnr breggverFlorD ebitads arxeangsl @ 2 ¢splay screen in

accordance with pfior.s‘\'stcms.

Figure 2 is a diagram depicting the several 3D objects of Figure | sorted into bins
in accordance with prior systems.

10 Figurc 3 is a block diagram of a prior system including a tiled graphics
architecture.

Figure 4 is a flow .diagram of an embodiment of a méthod for reducing memory
bandwidth utilization in a tiled graphics architecture.

Figure 5 is a flow diagram of an embodiment of a method for reducing memory

15 bandwidth utilization in a tiled graphics architecture where the graphics primitive storage
area is located in system memory.

Figure 6 is a flow diagram of an cmbodimf:nt of a method for reducing memory
bandwidth utilization in a tiled graphics architecfure where the graphics primitive storage
area is located in a local graphics memory.

20 Figure 7 is a block diagram of a system including an embodiment of a graphics

controltler that includes a vertex cache.



5 m croprocessor reads vertex data for a graphics primtive from gga[p@EEs 2004
menory. The processor determ nes which bins the graphics primtive
intersegts. All vertices of the prinmtive are witten |n%%5&5@§7k¢ buf f er
for futWROYEPE ence. The vertex buffer may reside in ei System
menory or |ocal graphics nenory. The vertex buffer may be inplenented as
part of the bin storage area or in a separate nmenory location. 10 Assum ng

t hat the processor determ nes t@i Egei)&raghl CsS primtive intersects a
firs[ and a second bin, the pr s a pointer to the first and
second bin storage areas, The pointerindicates the |ocation in nmemory of
the actual VAT E@NREREROOITREN Ofﬁ)mcﬁf‘ogﬁéd ARPGFAHSEPT ERHEINBEPE X Ydat a is noved
fromthe processor to the graphics nenory. Because the pointer is snaller
i n si zebanhwidtt ingizatod me tded graphieszchdgtars wiligdestribed rhor Hes pyaotds gor to t he
15 graphics nenory and nenory bandw dth utilization is inproved. The

M CroprAEesHEed=sion rdadevanaR dea dxanphghiandiniitvd fagm @raphipd @ceohodiheent s t hat
foll ow may be substituted for a 3D graphics processor that handl es the sane

primti Mecesmrgee%ﬂnwvaéh BRE mwzgﬂ idaYritdigvcThieF-ORE OL B S&AEes Jfae exanpl e, an
addi ti onal enbodi nent may inclu 3D graphi cs processor that perforns

har dvar & L ERRSLALARALAR 100: | L0 k9,20 RRKEU ALl 903 m%b Jeaie. The

gr aphi &' he’ Above: exarrp e and’in t e exarrp e odi nents t hat

foll ow may be |ncluded as_part rraln by

i mpl erre‘ﬁteéﬂcra{%a'%lsysfeﬂb%mﬁ?f C@E @e‘ﬂ?%eiﬁ gt?ib (éfdml orTbae)a/t gr aphi cs
controller. 6 3 0 SEP 2004 V\D 01/ 75804 PCTI USO / 07225 The term™pointer”
as usedintpégrednedias pag ghthe P SIOTRZARIRE ATy 2 FERAFEC BETED 1PBHRY-

10 Assuming that the processor determines that the graphics primitive intersects a first
and a second bin, the processor writes a pointer to the first and second bin storage areas.
The pointer indicates the location in memory of the actual vertex data. Thus, only one
copy of the vertex data is moved from the processor to the graphics memory. Because the
painter is smaller in size than the vertex data, less data is moved from the processor to the
{5 graphics memory and memory bandwidth utilization is improved.

The microprocessor in the above example and in the example embodiments that
follow may be substituted for a 3D graphics proceésor that handles the same primitive
processing as performed by the microprocessor. For example, an additional embodiment
may include a 3D graphics processor tlhat performs hardware transformation and lighting

20 calculations in hardware.

The graphics memory in the above example and in the cxample embodiments that

follow may be included as part of a main system memory or may by implemented as a

local graphics memory directly coupled to a graphics controller.



partially indicating the location of vertex data. iri~luding a rregobdaxsgp 2004
address and also including an index. For exanple. the pointer my

physical or virtual menory address indicating the locatio he_ mert ex
data. AI'YEOWZ#8%ely, the pointer may be an index that 5 cr}gﬁjﬂf)em@g'e' to
calcul ate the address | ocation of the vertex data. For exanple, an address
may be cal cul ated froman index according to the equation "base address T

i ndex * ver tEhe tentat Boistier ars usell herriuty i A0 AI56\E8 e @RS 8F #rlest he exanpl es

that follow discuss a given nunber of bins which a graphics primtive my

i Nt er segiialbtihgitateanploesticare vpossdab. exclusingg reamory ddirgssiptrealsof  bi ns.

- Further, although the graphics primtives discussed herein conprise

triangl gRiudglaHMRY. FOF SRmHR tHe@BRucr AdYBE alpypRsl of vidual Metriovesidarse possi bl e.
Al so, for thé exanple enbodi nents descri bed herein, an address is assuned

to be %%g?{irggtg%oﬁé 0P th 98T« 145ia 2 SIMIFREN i 2 1RGokRerBidy e h Gitex @i ver tex

data for ar graphics primtive s assuned to be approximately

~ 100 bytes |on Q her. enbodj ment s . ar 5 i bl g i j ange of
addr2ss°an B ,mafﬁ[]f”[fécttge gﬁgdfﬁ% logaeT cgfrgg"'t Y%’E‘?%a%‘guf"é iérﬁ@e,gan}’%dg\%s%i agr am of
an enbodi ment of a nethod for inprovi R% menory %%H{dw dth uti I;tzati onin a
tiled graphs edcuptehirpeandrdex aagorging iadhg qqation ‘has “Nat {BA" T €'ffade as to
whet her a graphics primtive intersects a first and a second bin. If the
gr aphi cdatape¢’m tive is found to intersect the first and the second bin,
then at block 420 data for a 20 plurality of vertices corresponding to the
gr aphi cs pri Kichdug® (R ok bidreit: 4nd the Examptes kianfollstvalisags agiea fuodat ed in a
menory devi ce. The nmenory device nay conprise the main system nmenory or

may CO"Pfti.\iﬁsewﬁich QGRIphts BRGNS TR e O M- taribIELRE possible wirgraaphi Cs
controller. 7
10 number of bins. Further, although the graphics primitives discussed herein comprise
triangles including three vertices, other types of primitives are possible.
Also, for the example embodiments described herein, an address is assumed to be
32 bits wide, an index is assumed to be 16 bits wide, and vertex data for a triangular
graphics primitive is assumed to be approximately 100 bytes long. Other embodiments are
IS5  possible using a wide range of address, index, and data sizes and lengths.
Figure 4 is 2 flow diagram of an embodiment of a method for improving memory
bandwidth utilization in a tiled graphics architecture. At block 410, a determination s
made as to whether a graphics primitive intersects a first and a second bin. If the graphics
primitive is found to intersect the first and the second bin, then at block 420 data. fora
20 plurality of vertices corresponding to the graphics primitive are written to a first bin
storage area located in a memory device. The memory device may comprise the main

system memory or may comprise a local graphics memory coupled directly to a graphics

controller,



3 0 SEP 2004 wo 01/75804 PCT/USOL/ 07225 At bl ock 430 a plurality gé 2004
pointers are witten to a second bin storage area located in the Qpﬁﬁgs
menory. The plurality of pointers indicate the nenory | ocajj f i he
data for Wh&BFtrality of vertices. By witing pointers toL @%E’%ﬁ’d bi n
storage area instead of witing the vertex data, |less data is noved from
the processor to the graphics nmenory 5 and nenory bandwi dth utilization is
i mproved. ThétgBichtté? 3 Pirdiiny pleP e REPVIE IS SSEPEPIISIS2LSFRAr BFE? al ong

w th any other second bin primtive data. The graphics controller wll use
t he poi nt@regrapbick atemtory. hEheviduiabyy afavmteky iodcath ¢hefremsdry bicatiansderdbe ar ea.
Figure 5 is a flow diagram of an enbodi nent of a nmethod for inproving
menory  daarrdvdhelblucdlicy bi eatdeONBY Wriging bbiadrgb Hpfeasddichdrgeired @stemd a
conmput er system where the 10 graphics nenory is inplenmented as an area

Wi thin rgini Sy HeSHERIRE Yesd Bcha WIREEed! ifn (HTARBEEE 0GR RN sShechitgl Udes a

vertex cache. "The vertex cache provides tenporary storage for vertex data

and allo for _an i.nprove i.n i ntroller
remory. DA AT T S A e R s P B BB 88" 0L e
bet ween the, graphics nenpry | ocated .in, main . system.nmenory and the graphics
cont r ol 185§Phics 5onkeorlgf ‘t"iP'i‘Fg“'t‘}erF’i ﬁﬁ?‘ée?i”dgt“ %I%‘EK‘Y%{ZS% hcp‘%r?i@ZcésCB‘?”?lEf cgesp
vertex data for a graphics primtive fromsystemnmenory and at bl ock 510

t he procei§setthpepinrai feah thalvaneodsa Bamthelrsifip sleseseiaita. For this exanpl e,
the vertex data for the graphics primtive includes data for three
vertices, al Fieughisat ey diegrbodifime rtndodimentpds sidthat fahiepeotiiememptyex data f or
the graphics primtive may include data for any nunber of vertices. The
cal cul atyapnsiddQdeseni iRad casrdids atdhittdiirs ieabaehn@nysian eherand to represent

a broad range of well-known techniques for manipul ating graphics primtive
dat g graphics memory is implemented as an area within main system memory and where the

graphics controller includes a vertex cache. The vertex cache provides temporary storage

for vertex data and aliows for an improvement in system memory to graphics controller

memory bandwidth utilization by reducing the amount of veriex data moved between the

graphics memory located in main system memory and the graphics controller.

I5 Referring to Figure 5, at block 505 a processor fetches vertex data for a graphics
primitive from system memory and at block 510 the processor performs calculations on the
vertex data. For this example, the vertex data for the graphics primitive includes data for
three vertices, although other embodiments are possible where the vertex data for the
graphics primitive may include data for any number of vertices. The calculations

20 described as part of this embodiment are meant to represent a broad range of well-known

techniques for manipulating graphics primitive data.



8 3 0 SEP 2004 WO 01/75804 PCT/US01/07225 At block 515, the pr oce:}sgosdEP 7004

determ nes whet her the graphics primtive intersects a first bin,” and,

assum ng there is an intersection, the processor wites the waiotgxagata for

t he grgﬁ VUE8timitive to a first bin storage area in system nenory.

bl ock 520, the processor determ nes whether the graphics primtive

intersects a 5 second bin. lithe g hics primtive.is found to intersect
g"“ﬁ‘?‘?fo‘

ra
the second bRhPloghl?. Hie AEIEERT 8B mMIney S TGP G PYBYEVE HEEEPA nters to a
second bin storage area in systemnenory. The pointers indicate the nenory
| ocat i ofisst bif, arideasshméng these isi ARG ERAPNIRG BropAsE/ivgiI&d Yie Wirctdai fpothe syst em
menory. At bl ock 530, the processor determ nes whether the graphics

primti vephiod gimeict so afirsl Bintsturagd atyiaiin systert chemagyaphi cs primitive is found to
intersect the third bin, then at block 535 the processor wites three

pointers to g b1hiN shabie p?dREROBeI@h@iRs hWheHYShE BRaBREDHImiL VA ehtEedchLLr S
indicate the nenory locations of the three vertices that were previously

}[NLiet %Sgﬁ%%dse’iﬁ.t W? ?@gﬂ%’:%’%rirﬁﬂivp!sqﬁ&dﬁéﬂner@&?thﬁrs%fbﬂé%%?J th?ﬁ&%l&iknﬁ% whet her

rcs prim ntersects a 15 fourt in. If the graphics

primtive is found to intersect the urth bin, .t a o 45 the
pr ocessh¥ WF?SQEWf'f‘FFé'HCi)B?‘WF@rI%31555053( @8359{2}?‘36?6% '%Fyggéng%crglr) alﬁﬂihg syst em
menory. The pointers indicate the nenory locgtions of .the three vertices
that wep@inisFse0dienis [y mEmery &sapens ok ipg tharg Wé‘rﬁfﬁ@‘.m KF'ECFP(S‘U@‘P’HSE’h”V%““é'rfBodi ment
describes a graphics primtive possibly intersecting four 20 bins, other
enbodi neystesr mtmopossi bl e where the graphics primtive may possibly
i ntersect

At block 330, the processor determines whether the graphics primitive intersects a

10 third bin. Ifthe graphics primitive is found to intersect the third bin, then at block 535 the
processor writes three pointers to a third bin storage area in system memory. The pointers
indicate the memory locations of the three vertices that were previously written to system
memory.

At block 540, the processor determines whether the graphics primitive intersects a

15  fourth bin. [fthe graphics primitive is found to intersect the fourth bin, then at block 545
the processor writes three pointers to a fourth bin storage area in system memory. The
pointers indicate the memory locations of the three vertices that were previously written to
system memory.

Although this embodiment describes a graphics primitive possibly intersecting four

20 bins, other embodiments are possible where the graphics primitive may possibly intersect
two or more bins. Further, in one embodiment, a bin may have the dimensions of 128
pixels by 64 pixels, although other bin dimensions are possible. Also the bin intersection

determination may be performed in a parallel manner instead of the serial approach



two or nore bins. Further, in one enbodinent, a bin may have the di i
of 128 pixels by 64 pixels, although other bin dinensions are posé?@ﬁ%&pqmnk

Al 'so theyBigh-igghersection determ nation may be performedg rakl e
manner inspégéﬁof the serial approach 9 3 9 SEP 2004 WO Ofkgggg%% -

PCTf USOl / 07225 descri bed above. For exanple, a bounding box of the
primtive e used to find all. bins.that the primtive_intersects at
rce.  ndeieRBRaput” B ek Sancige dona" S8 pHaaIN TBHEiagBa fepeat od

until all primtjves have becrisorted into bins. 5 At block 550, the

gr aphi cSMEHH FEIATER ¥ eitgrwets@heeef rom the first bin storage area. The data
fetched fromthe first bin storage area and the vertex buffer includes the
verl ex dat aAf ordicatad byrtdgstii 564, thedksisPd theough 5 wag bprepedtalusitijalr i tten to the
system menory at block 515. At block 555 the -raphics «controller stores

t he fet ghattivehiwbedat@dtedlimotbhi®e. ver-tex 10 cache. In one enbodi nent, the
vertex cache includes 16 entries which are 4-w interleaved with each entry

capabl e of ShppioBE550, ¥ PYIHES cBhitrdRF tefhe Rt Aol s AGipBRLS. are
possible with different nunbers of entries and nunbers of ways and further

W th ea?rﬁe dﬁ??&%eﬁ%ﬂft‘h@ﬂ%}g tsﬁcfriég}%r]%ia{;é%%bleﬁﬁg;é?gégﬁgs rY.?rvEr‘?é& data. After

the graphics control |cr che Irst stores the vertex
data in 1? t#e ventex.cach%, t he gQa ics controller renders the first bin
pri miti §88 UL LFBRKCTEYN S Tappt Protiotshe WA ety PP BEBWSY A4¥RERgr aphi cs
control l er determ nes which portion of each graphics primtive included in
the firdt3-bin data falls within the first bin and renders only

At block 555 the graphics controller stores the fetched vertex data in the vertex
I0  cache. in one embodiment, the vertex cache includes [6 entries which are 4-way
interleaved with each entry capable of storing 32 bytes of vertex data. Other embodiments
are possible with different numbers of entries and numbers of ways and further with each
entry capable of stofing different amounts of vertex data.
After the graphics controller fetches the first bin data and stores the vertex data in
!5  the vertex cache, the graphics controller renders the first bin primitives at block 360. As
part of the rendering process, the graphics controller determines which portion of each
graphics primitive included in the first bin data falls within the first bin and renders only
that portion of the primitive.
Following the rendering of the first bin, the graphics controller procceds to process
20 the second bin. As a first step in processing the second bin, the graphics controller fetches
data from the second bin storage area at block 565. The data fetched from the second bin
storage area includes pointers to the vertex data for the graphics primitive, assuming that

an intersection with the second bin was found at block 520. Atblock 570, the graphics



that portion of the prinmtive. Following the rendering of the first3 BiSLP 2004
the graphics controller proceeds to process 20 the second bin. As a first
step i nwap&&si ng the second bin, the graphics controll ecfetqaes:s data
fromthe secon& bin storage area at block 565. The data fetched fromthe
second bin storage area includes pointers to the vertex data for the
graphics primtive, .assum ng that an_ infersecti.on ith t second bin was
f ound Caf““ﬁleée?éséffo‘?o“}&fff%q fz!}&%f”ghfo‘;eﬂﬁﬁga%B‘aabﬁ?sc%ﬁ"i‘b“? %\Arggﬁ ‘g 01 WD 01/ 75804
PCT/ U501/ 07225 controller uses the pointers to access the vertex data that
was preupoeasheaigtienkddsi RnEac SahiceROCHENERICCHIHLIRE ¥~ 48 Bt he gr aphi cs
processor has accessed the vertex data, the graphics controller renders

t he seeaitsbomrgier rentdry ds satonth boakirgiiSes aablopt 98k 580, a determination is
made as to whether additional bins remain to be 5 rendered. If additional
bi ns remai iy bidRRBEPr2ARESHIinAGod BIMETESs af wikkiae kddhGdmal Bhoekaing6%e t hr ough 580
are repeated until all bins have been rendered and processi ng stops at

bl %_Ckreégﬁed. Rid ARt NEmSBRIMEN 5ioReks Bk rhiiiRed RBURE 56T BRYKsI6sTRY Not be
seri al . e above enbodi nent may be generalized to, based on certain
heuristics ender ' ' f oued hird, first,
and f OUPHH! %E;'Onasr? mFﬁ%[%FLé ﬁg%%&%‘%atﬁeﬁ Z{/ng%rg%%gepﬁ%r nﬁnéﬂﬁf%)mgg%i m zation
measur es. For exanpl e, loag bal a c.ig can be Y e(sjcha ﬂ%ra%%l/é ze | oadi ngs on
f r ont -58Ad NRIFFMHaRKEBHIC e SE BOLFHY T h MK e GPAHIPE & Bl oces50rT Figure 6 is a
fl ow di agram of an enbodi nent ofa nethod for i nPr ov'bn rr%[rg.ry bandw dt h
uti | i zatbodimeanhmay bt fegraEeddRi RaseheFTREAELFRICH Arg e ﬁ%ﬁ? 8f&t'em where t he
graphics nmenory is inplenmented as a | ocal graphics nmenory directly coupl ed
to a and followed by the third, first, and fourth bins. This allows overall system performance

[0  optimization measures. For example, load balancing can be used to normalize loadings on
froni-end and back-end processing in the graphics processor.

Figure 6 is a flow diagram of an embodiment of a method for improving memory
bandwidth utilization in a tiled graphics architecture in a computer system where the
graphics memory is implemented as a local graphics memory directly coupled to a

15  graphics controller. The local graphics memory provides storage for vertex data and
allows for an improvement in system memory 'to graphics controller memory bandwidth
utilization by reducing the amount of vertex data moved between the araphics memory
located in main system memory and the graphics controller.

Referring to Figure 6, at block 605 a processor fetches vgrtex data for a grap.hics

20  primitive from local graphics memory or, alternatively, from system memory and at block
610 the processor performs calculations on the vertex data. For this example, the vertex
data for the graphics primitive includes data for three vertices, although other

embodiments are possible where the vertex data for the graphics primitive may include



15 graphics controller. The local graphics nenory provides storage3fpSEP 2004
vertex data and allows for an inprovenent in systemnenory to graphics

control I@Qogﬁggagy bandwi dth utilization by reducing the gggungehzxert ex
data nove etween the graphics nmenory |located in main system nenory and

the graphics controller. Referring to Figure 6, at block 605 a processor

fetches vertex data f . gr aphi : imtiye fr - .graphi cs nenory
or, alt é{? ﬁ'{ﬁ’ & I"ﬁ/lfn%F ¥ ?c;frrﬁcgi? g{ e&mﬁé%ﬁlra égnas%gcg?tbg%%{soucag Oqg%%g'ﬁﬁ%d"g'?%@ ééssor
perfornms cal cul ati ons on the Q\}Eﬂlex data, For fthis exanpl e, the vertex

&gt f

data f orMEAEOGFRBRISLER 1185 Ve S teHadehasrs PomatiREd s & ites, al t hough
ot her enbodi ments are possible where the vertex data for the graphics
primtiweinigye datie | Alduock6 13, the sEPesIggistenp ned WrSBUAN PIIPRISPITOT2R5 data for
any nunber of vertices. The cal cul ati ons described as part of this

enbodi némersantea firvelint artdoassepimesiemt isan broadttipaniyeprofesyue Mridsritbawerteachni ques
for mani pul ating graphics primtive data. At bl ock 615, the processor

det esm ngs MRt Baphitheri@rapd £8rsPbinRiotdoy @reaiimineN&aLdsptacsfrhdrddrybi n, and,
assumng there s an intersection, the processor wites the vertex 5 data

for the grapt&itsﬁmg\%h@tﬁé Eods Qr Aerbirtifils Wehes 1HRIAGRiIARARIIV kbR 0l
y. At block 620

gr aphi cs nenor , the processor determ nes whether the

graphics primti intersects.a. second bin, J1f th r aphi rgmtive is
f ound t653%1‘1‘9g]l"ség‘?'ctgﬁgﬁécégrdrﬁ’&’Vl%i'snéu?cﬁ[ré%ﬁmﬁrtse%I[%cﬁggoé'@g’g“‘t e agfrglggke?s@or wites
three pointers to a second bin storaag_ area in | ocal ‘gr%phi cs nenory. The
poi nt er $h4 PieeaTer &/ riterdhisa RBINIFTT B RAETOFR S NoOTRITA P &L EPRTISIRTE L wer e

previously 10 wittcn to local graphics nenory. At block 630, the processor
det er ni s panerhiedicttaghegnemdriyderapersmil thevkret mrigasdiert svege previously

[0 wrinen to local graphics memory.

At block 630, the processor determines whether the graphics primitive intersects a
third bin. If the graphics primitive is found to intersect the third bin, then at block 635 the
processor writes three pointers to a third bin storage area in local graphics memory. The
pointers indicate the memory locations of the three vertices that were previously written to

IS local graphics memory.

At block 640, the processor determines whether the graphics primitive intersects a
fourth bin. If the graphics primitive is found to intersect the fourth bin, then at block 645
the processor writes three pointers to a fourth bin storage area in local graphics memory.
The pointers indicate the memory locations of the three vertices that were previously

20  written to local graphics memory.

Although this embodiment describes a graphics primitive possibly intersecting four

bins, other embodiments are possible where the graphics primitive may possibly intersect

two or more bins. Further, in one embodiment, a bin may have the dimensions of 128



third bin. If the graphics primtive is found to intersect the thir JPBEP 2004
then at block 635 the processor wites three pointers to a third b

'storage area in |ocal graphics nenory. The pointers indicate the nmenory

| ocat i on¥OP817t8& three vertices that were previously witfEAUSEIOHSE5| ocal
graphics nmenory. At bl ock 640, the processor determ nes whether the

graphics primtive intersects a fourth bin. If the graphics primtive is
found t @ixelitherddadrels hBhqushpther bipdimertions are pbistitk AB#8he bihenpsatessor writes
three pointers to a fourth bin storage area in |ocal graphics nenory. The

poi nt er getemdnaanenthe peefvongd ihagataileinsanotr ikhexdiditteaeigrpproas that were
previously 20 witten to |ocal graphics menory. Although this enbodi nent

descr i bé&cabgr @phe. For pLantpld, ia\bBuRiasShdX of e HrBfi 8 RChhyeE Js@Hio-findldins, ot her
enbodi ments are possi bl e where the graphics printive may possibly

I nt er segis tHade nnnpg@mgﬁﬁasaﬁykgher in one enbodi ment, a bin may have the
di nensi ons of 1 12 3 0 SEP 2004 WO OVv75804 PCT[ USO 1107225 pi xel s by 64

lIth
Ph?grzecglLﬁgggpggkgﬁigﬁ%gﬁg&qﬁxi g S@%#epﬁgig%%L%ﬁpﬁﬁﬁéWfEﬁ#na ~nner

instead of.the serial [ oae h descrlbed above. For exanple, a bounding box
of the Bﬁ”i“H'i"F?K‘Pé’cr’PﬁV’i?éPE @505 find all bins that the primitive
intersects at once. 5 As indicated by block 647, blocks 605 t hrough 645 may

be repeat ed AMeIPFK &0, thegraphics iconieolInmipishesedan fsom thadirit bingstdshgesareadt bl ock 650,
t he graphics controller fetchcs; data fromthe first bin storage area. The
dat a f eTlshdah fercbrd fibe the fisst bibismras ereade latee e vhned dadefse thberapkics ex data for
t he graphics
primittve that was previously written to the local graphics memory at block 613.
10 After the graphics controller fetches the first bin data, the graphics controller
renders the first bin primitives at block 660. As part of the rendering process, the graphics
controller determines which portion of each graphics primitive included in the first bin
data falls within the first bin and renders only that portion of the primitive.
Following the rendering of the first bip, the graphics controller proceeds to process
13> thesecond bin. As a first step in processing the second bin, the graphics controller fetches
data from the second bin storage area at block 665. The data fetched from the second bin
storage area includes pointers to the vertex data for the graphics primitive, assuming that
an intersection with the second bin was found at block 620. At block 670, the graphics
controller uses the pointers to access the vertex data that was previously stored in the local
20  graphics memory at block 615. Once the graphics processor has accessed the vertex data,
the graphics controller renders the second bin primitives at block 673.

At block 680, a determination is made as to whether additional bins remain to be

rendered. If additional bins remain, then processing resumes at block 665. Blocks 663



primtive that was previously witten to the | ocal graphics rrermry3a[] 1o R4
6 15. 10 After the graphics controller fetches the first bin data, the

gr aphi csye@ptigalkl er renders the first bin primtives at BlcaakopfsAs part
o f the rendering process, the graphics controller determ nes which

portion of each graphics primtive included in the first bin data falls

Wi thin thet %aﬁar@h@ea@@umgﬁm gvé efeeah&aer@ gﬁac&;l Hspspa%rycpve

Fol | owi nc, renderincy of the Tirst bln contro

pr oceeds, L s 15 the second |rs ste rocessing the
second bqgﬁ%gtﬁghagﬁhﬁﬁﬂ%gm%ﬂﬁ BI“fnéiF”?:e’P@h‘gsmaydé?f ée W‘B&%‘iégg‘@cond bi n
storaue area at block 665. The data fetched fromthe second bin storar,e
area i ncnEbEsMpoPhgErlited torhassinn Cragdewistist. render s§rnsibit Brspandihen ve,
assumng that an intersection with the second bin was found at bl ock 620.
At bl ockiobadsd thtthe tvirdphist gnd tourih bals| éhis aliess otveeljpoitemeedotmnaccess t he
vertex data that was previously stored in the I ocal 20 graphics nenory at
bl ock 6ldpiimaden inesuedsalphi ©amplc) ad $elanditsScan be essiad nbivalivelohéingdat a, the
graphics controller renders the second bin primtives at block 6715. At

bl ock 6&fhnt-endiaideyabh-BRY prakesiific RHE sashitPpwbgtdier additional bins remain to
be rendered. If additional bins rénain, then processi ng resunes at bl ock

G65. Bl ocks 4684353 0 RER2000, VO Q119004 o Rl JSOMOTRRR 1 ough, 680

are repeated ave enr rocessing sto

bl k that th f bi t b
cerra . R Bt s e Y o b ot st B Pt d et 2y MOt P

heuristics, render second bin first and then followed by the third, first,
and f ourPrdfesPhd!l0 epypled 4 4 BREMOPBIE JrYics YR Wi BECFSPTRYACE - BT SpFIRTIZat i on

measures. For exanple, |oad balancing can be used to nornalize |oadings on
10 logic device 720 prov:dcs communication between the processor 710 and a system

memory 730. The system memory 730 includes a graphics primitive storage area 732, The
graphics primitive storage area 732 may be separated into storage areas for a piurality of
birs.
The system logic device 720 also serves to couple the graphics controller 740 to the
5  processor 710 and the system memory 730. The system lof Figure 7 also includes a display
monitor 750 coupled to the graphics controller 740. |
The system of Figure 7 may be used with embodiﬁcnts of methods for improving
memory bandwidth utilization such as those discussed above in connection with Figures 4
and 5. For example, the processor 710 may read vertex datla for a graphics primitive from
20 the graphics primitive storage area 732. The processor 710 may then determine which
bins the graphics primitive intersects. The processor 710 then writes the vertex data to a
first bin storage area within the graphics primitive storage area 732, [f the graphics

primitive is found to intersect other bins, then the processor 710 writes pointers to other



front-end and back-end processing in the graphics rocessor. Figur -

bl ock di agram of a conputer systenlinclud?ngpa grthics controllggrg gé%ﬁ’ﬂﬂml
that includes a vertex cache 742. The conputer systemof Figure 7 also

i ncl udeswa o1pegpaessor 710 coupled to a system | ogi c devi cepTROssiEzs
processor bus 715. The system 10 |ogic device 720 provides conmuni cation
between the processor 710 and a system nmenmory 730. The system nmenory 730

i ncl udes a graphlcs prlnitiég storage area 732. TQ@ 92 hi% PELI Bive
storage ar edINFAsRATCHY EWHEF H VY'Y F@“gFéFgﬁgagﬁedé'fo?Bgnb%drékthCOf
bins. The systemlogic device 720 al so serves to couple th raphi cs
control | er Tatetierowithia thel Brspip sBsasg erep rACEHAE Y%x%@t'gﬁ?rﬁ‘é’nﬁf‘gpo@ﬁrs "The
system of Figure 7 also includes a display nonitor 750 coupl ed to the
graphi cs contis etanete Hélide Thé bEystes oot which theanemarayocheon R dler YFre data

enbodi ments of methods for inproving nenory bandwi dth utilization such as
“those di scugsgthcaRRVEEHN OBRABAGLd RNt poRiilgtMdsredhe grigte’S.indRate 26Renipl e, t he
processor 710" may read vertex data for a graphics primtive from 20 t he

gr aphi cs ;pri,gi Li M8 SFARABE sRRER 133R0nsHTendeAe8SOr STILOhBRYmtodemendedrer i ne
which bins the drapﬁ?c% primtive intersects. The processor 715 t hen

mﬁ!tgs.the vertex dq; 0 st hi area within the hi
prinmitive sPS?S%%“%?%gﬁ%gﬁekp%hf%%mg?§%ﬁ$%gﬂg%?initive is foundg:gp e

intersect other bhins, then.the proc r.710 i j
0 SEP 2004 WO 01(*580k¢ & 500 P 057 738 e ?tpﬁctﬁtésg‘%éf‘ggégﬁ‘g\{h?ﬁ?aﬁhﬁger s

graphics primtive storage area 732. The pointers |
controller 740 fetches the first bin data from thpc graph?cs primqulfecs%}raegctapga 732. The

graphics controller 740 stores the vertex data for the graphics primitive in the vertex cache
10 742. The graphics controiter 740 then renders the first bin. including the portion of the
graphics primitive that falls within the first bin.
For thi; example, a bin has the dimensions of 128 x 64 pixels. The vertex cache
742 in this example includes 16 entries that are 4-way set-associative and are capable of
storing 32 bytes of vertex data. The graphics primitive of this example is represented by
[5  three vertices where each vertex is defined by 32 bytes of data. Other embodiments are
possible using other bin dimensions and/or other cache ;‘;\rrangements.
When the graphics controller 740 is ready to process the second bin, the graphics
controller 740 fetches the data for the second bin from the graphics primitive storage area
732. The data for the second bin will include pointers to the vertex data for the graphics
20  primitive assuming that the processor 710 previously determined that the graphics
primitive intersects the second bin. The graphics controller 740 then uses the pointers (o
access the vertex data stored in the vertex cache 742, The vertex cache 742 serves to

improve memory bandwidth utilization by eliminating the necessity for the vertex data to



|l ocation within the first bin storage area where the vertex data is E ,)ed,
The pointers in this exanple include a 16 bit index from which the UU!'
| ocat i onW&¥ {74 ertex data may be cal cul ated. O her enbofFHERNL 5
possi bl e where the pointers include a 32 bit 5 address identifying the
storage |ocations of the vertex data. Still other enbodiments are possible
usi ng di fYeeeehed fr@rﬁgfmrﬁmwwawwﬂmwbgmn avbpnoftthevgteaphiads

controller 740 desires to process the first bin, the graphics controller

740 fet chmwed heht iversax daitre Hatzazfuhemstehrethgsraap;hpms primtive storage area

732. The graphics controller 740 stores the vertex data for the graphics

primtive in thieevies feetx GRS Reredidvetom mae@é\@d?abh&ﬁv%@fa%%lc@%%%’o ef hen
renders the first bin. including the portion of the graphics primtive
that fall b as_the JITEI’ISI ons
of 128 % 7%12‘@'8:? )Eﬂgﬂgrtthg_%%b@cg%ltne)%ﬁbég{&ﬁt6m n%gg%}zsge%%aabg rﬂ:! £ maneruntil | o

entri s tar]]@)tms £ %Ccn YRSl associ ative and are capable of storing 32 bytes
of vertex The grap |cs primtive of this exanple is represented by 15
three vertice vvhe e each vertex js. defjned 32 bhytes of data. O her
enbodi ment s ar@NeJBESPIHE PSGHICAPIIHEY SioR has t??éﬁgF%Sﬁg edawidfl eaferendae? cache
arrangenents. \Wen the graphics controller 740 is ready to process the
second bﬁﬁcc'@%@@gr%hi:@godl@lem thefeobrt w40 hp et \ehds evidendbataafiows t he second
bin fromthe graphics primtive storage area 732. The data for the second
bin will moificadenpoidrherss oy bheadwethtex webat depacing €rogr tpbicager sgRitpri m ti ve
assum ng that the processor 710 previously determ ned that the graphics
primtiventsidE 8€HeSntehGosBGeN@nRidthe THRnGHANIINS STROPLEALARN 2440 then uses
the pointers to access the vertex data stored in the vertex cache 742. The

vertay Carifinddie SEENERg @%&:m&%& mwnﬁs\frah@gmeﬂ@%HHJeL—&a%M ORndy

el imnating the necessi f’y or tthe vertex data

Reference in the specification to "an embodiment." “one embodiment,” “some
embodiments,” or "other embodiments” means that a particular feature, structure, or
characteristic described ir; connection with the embodiments is included in at least some
embodiments, but not necessarily all cmbddiments, of the invention. The various

15  appearances of"aﬁ embodiment,” "one embodiment,” or “some embodiments” are not

necessarily all referring to the same embodiments.



WO 01/75804 3 0 SEP 2004 PCT/ U501/ 07225 be fetched fromthe graphic n
primtive storage area 73? when a copy of the vertex data is stord@ §Eitﬁmﬁ
vertex cache 742. as is the case in this exanple. Once the vertex data is
retrieved fromthe vertu cache 742, the graphics controller 740 can render
t he second bin. Subsequent bins can be processed in a simlar manner until
5 all bins have been rendered. In the foregoing specification the invention
has been described with reference to specific exenplary enbodi nents
thereof. It will, however, be evident that various nodifications and
changes may be made thereto wi thout departing fromthe broader spirit and
scope of the invention as set forth philke appended clainms. The
specification and 10 drawi ngs are, atcordingly, to be regarded in an
illustrative rather than in a restrictive sense. Reference in the
specification to "an enbodi nent," "one enbodi nent,"” "some enbodinents," or
"ot her enbodi nents” neans that a particular feature, structure, or
characteristic described in connection with the enbodinents is included in
at | east sonme enbodi nents, but not necessarily all enbodi nents, of the

i nvention. The various 15 appearances of "an enbodi nent," "one enbodi nent,"
or "sone enbodi nents" are not necessarily al | referring to the sane

enbodi ments; 16 3 0 SEP 2004 Q ai R4 coAmHEEiHQd’ conpri si ng:
7 &

determining that a graphics primitive intersects a first tile and a second plurality
of tiles;

writing data for a plurality of vertices corresponding to the graphics primitive to
a first bin storage area located in a memory device; and

writing a plurality of pointers to a second plurality of bin storage areas located in

the memory device, the plurality of pointers to indicate the location of the data for the

plurality of vertices.

2. The method of claim 1, wherein writing data for a plurality of
vertices corresponding to the graphics primitive to a first bin storage area located in a
memory device includes writing data for a plurality of vertices corresponding to the

graphics primitive to a first bin storage area located in 2 frame buffer.

3. ' The method of claim 2, wherein writing a plurality of

pointers to a second plurality of bin storage areas located in the mermnory device

17



determning that a graphics primtive intersects a first tile and 9.@g§pnqmm
plurality of tiles; witing data for a plurality of vertices correspondi ng
to the graphics primtive to a first bin storage area |located in a nenory
device; and witing a plurality of pointers to a second plurality of bin
storage areas located in the nenory device, the plurality of pointers to
indicate the |location of the data for the plurality of vertices. 2. The
met hod of claiml1, wherein witing data for a plurality of vertices
corresponding to the graphics primtive to a first bin storage area | ocated
in a nenory device includes witing data for a plurality of vertices
corresponding to the graphics primtive to a first bin storage area

| ocated in a frame buffer. 3. The nmethod of claim2, wherein witing a
plurality of pointers to a second plurality of bin storage areas |ocated
in the nenory device 17 3 0 SE' 2034 includes witing a plurality of

poi nt cond. plutality .of bin storage argeas Jlocated in the frane
buffe?ﬁ%@‘?ﬁéﬁﬁn‘e‘g Aty %fiﬁfﬂ%{er#%?é??? Py Ritan stnrage preasdpratedof
vertices corresBondi ng to the graphics primtive to a first bin storage

ar ea |gdhedmmevaffenenory device includes witing data for a plurality of
vertices corresponding to the graphics primtive to a first bin storage
area located in a main nenory. 5. The nethod of claim4, wherein witing a
plurality of pointers to a second plurality of bin storage areas |ocated

in the nenoyy device :
. The method of claim 1, wherein writing data for a plurality of

vertices corresponding to the graphics primitive to a first bin stora ge area located in a
memory device includes writing data for a plurality of vertices corresponding to the

graphics primitive to a first bin storage area located in a main mMEemory.

5. The method of claim 4, wherein writing a plurality of
pointers to a second plurality of bin storage areas located in the memory device

includes writing a plurality of pointers to a second plurality of bin storage areas located

in the main memory.

6. The method of claim 5, further comprising:

loading data for one of the plurality of vertices into a vertex cache;

reading one of the plurality of pointers into a graphics controller; and
accessing the data for the one of the plurality of vertices stored in the vertex

cache using the one of the plurality of pointers.



includes witing a plurality of pointers to a second plurality of Bi(hSEe 2004
storage areas located in the main nenory. 6. The nethod of claimb5,
further conprising: |loading data for one of the plurality of vertices into
a vertex cache; reading one of the plurality of pointers into a graphics
controller; and accessing the data for the one of the plurality of
vertices stored in the vertex cache using the one of the plurality of
pointers. 18 3 0 Sr' 2 0 0 4 7_ An apparatus conprising a bin fetch unit to
fetch "primtive data froma plurality of bin storage areas |located in a
menory, the primtive data including a plurality of pointers to indicate a
menory |ocation for data corresponding to a vertex, the bin fetch unit
further to fetch the data corresponding to the vertex indicated by the
plurality of pointers froman additional bin storage area. 8. The apparatus
of claim?7, the menory including a main nmenory device. 9. The apparatus of
claim?7, t bin fetch unit to fetch the data corresponding to the vertex
i ndi cat ed B§ the plurality of &“)I} %E%arrsagﬁ?ﬂﬁlﬁn?%r?ebmtfg?cgﬁmt ptetghe
apparatys of claim?7, the bin fetch unit to fetch the data correspondi ng
to t hePNBYexdpidreat 2alusplithef binuterdzeyreds lpoitatiéns theom s, tHRigHmFRAr Y
device. 19

data including a plurality of pointers to indicate a memory location for data

corresponding to a vertex, the bin fetch unit further to fetch the data corresponding to

the vertex indicated by the plurality of pointers from an additional bin storage area.

8. The apparatus of claim 7, the memory including a main memory

device.

9. , The apparatus of claim 7, the bin fetch unit to fetch the

data corresponding to the vertex indicated by the plurality of pointers from a frame

buffer.

10. . The apparatus of claim 7, the bin fetch unit to fetch
the data corresponding to the vertex indicated by the plurality of pointers from a main

memory device.



30 Si? 2 094 11- The apparatus of claim7, further including a vertex
cache, the bin fetch unit to fetch the data corresponding to the QQ]@Q? 2004
indicated by the plurality of pointers fromthe vertex cache. 12. The
apparatus of claim1l, wherein the vertex cache includes a plurality of
entries, each entry to store 32 bytes of vertex data. 13. A system
conprising: a processor; a nenory controller coupled to the processor; a
mai n menory coupled to the nenory controller; and a graphics controller
including a bin fetch unit to fetch primtive data froma plurality of bin
storage areas located in the main nenory, the primtive data including a
plurality of pointers to indicate a nenory |ocation for data correspondi ng
to a vertex, the bin fetch unit further to fetch the data corresponding to
the vertex indicated by the plurality of pointers froman additional bin
storage area. 20 3 0 Si? 2 01 0 4 14. . The systemof claim 13, the bin

fetch unit {70 fetch the data cofresponding to .thg vertex indicated by the
plurality ol'poi nters froma frgﬁéeafglfﬁrﬁb‘fs Q:Ecﬁ?ﬁ}% ft‘%t}teﬁén‘é\*‘ Big e yertex
controller. " 15. The systemof claim 13, the bin fetch unit to fetch the

data cchedpendn fjchanihio fetoh the datdicomespbrirling he tié veakk indiedted Giyriher s

fromthe main nenory.
plurality of pointers from the vertex cache.

12. The apparatus of claim 11, wherein the vertex cache includes a

plurality of entries, each entry to store 32 bytes of vertex data.

13. A system, comprising:

a processor;

a memory controller coupled to the processor;

amain memory coupled to the memory controller; and

a graphics controller including a bin fetch unit to fetch primitive data from a
plurality of bin storage areas located in the main memory, the primitive data including
a plurality of pointers to indicate a memory location for data corresponding to a vertex,

the bin fetch unit further to fetch the data corresponding to the vertex indicated by the

plurality of pointers from an additional bin storage area.
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16. The system of claim 13, the graphics controller further incl ugiq‘ngE@ 7004
0 the

vertex cache, the bin fetch unit to fetch the data corresponding t
vertex indicated by the plurality of pointers fromthe vertex cache. 17.
The system of claim 16, wherein the vertex cache includes a plurality of
entries, each entry to store 32 bytes of vertex data 21

14. - The system of claim 13, the bin fetch unit to fetch the
data corresponding to the vertex indicated by the plurality of pointers from a frame

buffer coupled to the graphics controller. -

15. The system of claim 13, the bin fetch unit to fetch the
data corresponding to the vertex indicated by the plurality of pointers from the main

IMemory.
16. _ The system of claim 13, the graphics controller
further including a vertex cache, the bin fetch unit to fetch the data corresponding to the

vertex indicated by the plurality of pointers from the vertex cache.

17. The system of claim 16, wherein the vertex cache includes a

plurality of entries, each entry to store 32 bytes of vertex data.
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