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. Field [0001] The present disclosure relates
w@emenzi7k#y to circuits, and nore specifically PCI/HS2007/067325
graphics system 11. Background [0002] G aphics
systens are widely used to render 2-dinensional (2-D)
and 3- dinensional (3-D) imges for various
appl i cations such as video ganes, graphics,
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val ues, and texture coordi nates. Each attrlbute may
have up to four conponents. For exanple, space
tRor dpaat@eupd e typically given by horizontal and
vertical coordinates (x and y ) and depth (z), color
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[0003] A graphics processor in a graphics system may perform various graphics
operations to render a 2-D or 3-D image. The image is composed of many triangles,
and each triangle is composed of picture elements (pixels). The graphics processor
renders each triangle by determining the component values of each pixel within the
triangle. The graphics operations may include rasterization, stencil and depth tests,
texture mapping, shading, etc. Since the graphics processor performs various graphics
operations on pixel data, which may be any data associated with pixels, the ability to

quickly access the pixel data has a large impact on performance.



menory system The graphics processor includes
processing units that performvarious graphics
woep@rarizehs to render graphics i mges. The cacPer/Ds2v0T/§67325

system may include fully conflgurable caches,

partial ly configurable caches2 or a conbination of

confi gurabl e and dedi cat ed caches. A cache is fully

configurable if it can bSBNMMMWRX to any one of the

processing units that can be assigned with caches. A
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dedi cated caches. [0013] FIG 6 shows a process to
operate a graphics systemwth conflgurable caches.
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from the detailed description set forth below when taken in conjunction with the

drawings in which like reference characters identify correspondingly throughout.

[0008] FIG. 1 shows a graphics system with dedicated caches.

[0009] FIG. 2 shows a graphics system with fully configurable caches.

[0010] FIG. 3 shows a crossbar in the graphics system in FIG. 2.

[0011] FIG. 4 shows a cache and a state machine for a processing unit.

[0012] FIG. 5 shows a graphics system with configurable and dedicated caches.
[0013] FIG. 6 shows a process to operate a graphics system with configurable caches.

[0014] FIG. 7 shows a wireless device in a wireless communication system.



instance, or illustration.” Any enbodi nent or design
descri bed herein as "exenplary” is not necessarily to
whe0ocorsss ued as preferred or advant ageous ovePCDUBNT/067325

enbodi nents or designs. [00165 FIG 1 shows a bl ock
di agram of a graphics system 200 with dedi cat ed
caches. G aphics system 100 i ncl udes a graphics
processor 110 and DEAANeEDDESCREEIONO. G aphics
Mcessor 110 includes various processing units
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stencil value for each pixel against a reference val ue
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bdhbidae H?t%ﬁnﬁﬁ'v@l&tﬁ r{léi ehLe sk B cﬁ%ﬂi&r ﬁo&%ﬁ&%eﬁh €A stencil
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for attribute interpolation. A pixel interpolation
@qgm(mgm the image being rendered. Engine 120d compares the z value of each pixel

(the current z value) against the corresponding z value in the z-buffer (the stored z
value), displays the pixel and updates the z-buffer and possibly the stencil buffer if the
current z value is closer/nearer than the stored z value, and discards the pixel if the
current z value is further back than the stored z value.

[0018] An attribute setup engine 120e¢ computes necessary parameters for the
subsequent interpolation of pixel attributes. For example, engine 120¢ may compute the
coefficients of linear equations for attribute interpolation. A pixel interpolation engine
120f computes attribute component values for each pixel within each triangle based on

the pixel’s screen coordinate and using the information from engine 120e. A texture



12OF conputes attribute conponent val ues for each

pi xel within each triangle based on the pixel's screen
weowrd21iat e and using the information from engPCEUSDOE067325

A texturemappi ng engine 120y perforns texture mapping,

if enabled, to apply texture fo each triangle. A

texture irmge may be stored in a texture buffer (not
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processing unit (CPU). The processing units may be arranged in various orders

depending on the desired optimization. For example, to conserve power, it may be
desirable to perform stencil and depth tests early in the pipeline so that pixels that are
not visible are discarded early, as shown in FIG. 1. The processing units may also be
arranged in other orders, e.g., stencil and depth test engine 120d may be located after
texture mapping engine 120g.

[0022] Cache memory system 130 includes dedicated caches 150a through 150f for
some of the processing units 120 within graphics processor 110. In the design shown in

FIG. 1, stencil cache 150a stores stencil values for pixels in a region of the image being



arranged in other orders, e.g., stencil and depth test
engi ne 120d may be | ocated after texture mappi ng
wepyrnz77420g. [ 0022] Cache nenory system 130 i PCT/US®87/067325
dedi cated caches 150a t hrough 150 for sonme of the
processing units 120 within gPaphics processor 110. In
the design shown in FIG 1, stencil cache 150a stores
sndereil] andadapds cdahe 1pDk stosesi depth vagesofor pixedhm thamgme or different
bei ngrgndered, ,and depth c 150b stores .depth .
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FIG 1.inproves nenory access performance for graphics

W eramictogstcnadeL B blears apll, fastaremerigrdpeaisd closc to graphics
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results faster. Main nory 0.is alarge, slower .
Ry Trofk Sthelrt T o Ty, Togy EpRichyTpRoNr 110. Main
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and i'nstructions that nmay be | oadéd into caches 150

Gt teslscd 80 methar e ftfhisheuitbermein memetyel7d puheensiaily improve the
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frddsrat gdGeaciness thaake 6nabdcat&d cadhes. eFadatacher1so stores data or
instructions for a specific processing unit 120. The utilization of each cache 150 is
dependent on the graphics application being executed. For example, a 3-D graphics
application may only perform z pass, which may turn on only the depth and/or stencil
test. For this application, only stencil cache 150a and/or depth cache 150b may be
utilized, and the remaining caches 150c through 150f may be idle. As another example,
a simple shader application may not utilize shader instruction cache 150d or shader data
cache 150¢ and these caches may be idle. As yet another example, a graphics

application may disable texture mapping, in which case texture cache 150c may not be



instructions for a specific processing unit 120. The
utilization of each cache 150 is dependent on the

wWQ@er@pht1ds appl i cati on bei ng executed. For exanpdEBUSAW07/067325

3-D graphics application my only perform z pass,

which may turn on only the defth and/or stencil test.

For this application, only stencil cache 150a and/or

tegdeth o been 150thenmyxdneples, ithd medof dedicatérk cachpminmiyngsult in poor

cach 150c t hrough 15Cf be i.dl e. anot h )

EAAGRw o7 2 HAERS B e e Gl F oy hotec, i dedisated caches
ﬁﬁ?@% refigt ﬁl%&ljn@ﬂ' &@@J@%o&@e%_cl@ Bccsuli‘@iqgefn Ghdfefent EF&B@S for different
150e and these caches nay be idle. As yet another

giaphiss epplizatgensp Hihe otilspeikclanitoihe payfommangp oé grapkics pystem 100.

| NG,y l;.ch case text.ure cache 150c¢c nmay _no -
[RRBL o s o SR b BRIt R 5P o e JEgH" 200 with fully
cadighadbed cached e Graphics epddrh 200 ipORHedIh idriphadsi pac&@kort DBO and a
caches by sone grg{&hi cs applications. The use of . )

EREF BB Y CHEteas 23ty Grapbicy PEfcesof 71 fuRplujcsapiosgssing units 220a
(S9¥eTe ri [ I f£ I f.or. dif: t
BROIHCRRR S DOt A b B o8 P FlochPing b 1R through
p20if cspecneelypfn Bi@phi as shywh emF1G02, ¢l 26MncFelf e Brocessing units

shows .an epbodi nent, of @grn%glg\i CS s stemlﬁgo Wi t h

gy MY LEGAC P T8 d8ia @AEST Meugiang s I partigita Gphes may be used to
5t0Ed HORS AAdY: ARHINGRIRE PGSR AAUAMG st HRHRE20BMRLNire data for
system 230. Graphics processor 210 includés processing
temiurs nRPEBLt dngonegP022 Gistrubtaansrvnd/ copltaafor faagnbes shadse@20h, and
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memory. Arbiter 260 may also be referred to as a selector, a memory interface, or some
other terminology.

[0028] In general, a cache memory system may include any number of caches that
may be of any sizes. The number of caches and their sizes may be selected based on a
tradeoff between memory access performance and circuit area. Larger cache sizes result
in higher cache hit rates and greater likelihood of the requested data being stored in the

caches. However, larger cache sizes also require more circuit area, which may increase



units. A crossbar 240 couples processing units 22Cd,
220Qg, 220Ch, and 220 to their assigned caches 250a
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a crossswitch or some other term nology. An arbiter

260 coupl es caches 250a throudgh 250n to a main nenory

270 and facilitates data exchanges between the caches
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Pne{hfl ef(nqgond: 1% ﬂhgro%sba% %46 19011(1:“ s Ii_%ltgf? e un%hsléa ﬁl?ﬁc'ugh 310k, where

resu er cac rates an

In gsleidh @@ﬁhasszetdﬁg 1ﬁ%gbteﬁi1b&d Uad tntdr€icd Ginftt @i chliobd Refferred to as
caches. However, |arger cache sizes also require nore

BRBELTRIts A same RiieE FPI“%EP Pg¥c rladlceeraadimepf shawndpEEG £3,K is equal
esﬁgglﬁ)e s&aﬁlgegga!gﬁ r{Hﬁt¥ a?‘é( Sf&re egglp de;i}% U[gﬁﬁret \Mﬂ&/e? 1nstruct10n

cache is four ytes. I'n ot he
gradoddarening , cofeeweX goren dakickdingahit CA¢ hey iatrave Mlithase or rnultlple

BR[O G PN TORG s 2o BEIET G P it Crossbr

@mﬁﬁl{h'gpﬁfcl&ifes ﬁﬁﬁﬁ%xe%(@/[ﬁ){) FbSthrdugh Madkhios the K interface units

nbodi nent, crossbar 240 includes Kinterface units
31.1_(Dlathr¢ugblugmlemwecwﬁéy,eanangm&;trm¢xel€ gdfe Beowghy 350n for the N
e |nt% ?ce units may al so be

?%%8$$%H¢]€u§%2 tePURPs or some other terninol ogy.

[ow3dhe anRdhidERdc SHOBN0 icBufttGo #n adSotiSite@Piadestifg $1|nit 220 via a
and the six interface units are for stencil, depth

feSRective sctah, él(f}éﬁ* 30 skgahdnicsiace wHadk: m@hltdas a siAte r@@ﬂhme 328 and an

PR DS PO 280, TRt LG5 M PR B o

febion dSL&piEtrtia$a frbmt me apmizeaispmgessmﬂgtunnczznssﬂaarnez402 and provides
further includ K myl tiplexers (Mix) 340a thraqu

thegrdicsy/ daty o %lq lﬁp%trqua%h ofN I nlgsery ﬁé%}awughzétign- I/O unit 330
r .
PR ALY Fint SR8 MR SRS o 300 e PO g Hprovices
thaclata/instarctiacetotthe assadlated puplesssng wnin 22 (bes diobsa?n(lé.’d
Ssi uni 20 vi_a a respective, set. of 02..

BlRRF S norcite dulinficer 958 Rtreiagoniedt et A6 I ghis 330a
6L AN JORRHIK uRUT E4dh/ it [xbr §§palscl): SdccRRE A rbiPeblif@&dhtrol Cn
unit” 310, /O unit 330 receives address and/or out put

flamacantrohunih@32s86 @mtléfd the @d@@&ﬂ/dﬁ@a ineint ox2mpvi, @s |detsewined by
02_and, pro iggs t he a ata to _one.in % each

B 50t Pl e e B e Bt BT S dhsefGes one

[ Ricy @it BNPW thdabdcRked dashd 286 i ons from an associ at ed

mul ti pl exer 340 and provi des

[0032] Each multiplexer 340 receives input data or instructions from all N caches

250a through 250n at N inputs. Each multiplexer 340 also receives a respective control

Pk from control unit 232 and provides the data/instructions from one input, as

determined by the control Pk, to the associated I/O unit 330. Each multiplexer 340 thus

couples one cache 250 to the associated interface unit 310.

[0033] Each cache 250 receives an address from the associated multiplexer 350 and

determines whether the requested data/instruction at that address is stored in the cache.

Each cache 250 provides a hit/miss (h/m) indicator that indicates a cache hit (e.g., logic



the data/instructions to the associ ated processing
unit 220 via lines 302. [0031] Each multi pl exer 350
WO e@eiyEss address/data fromall K 1/O units 33P&r/Us2007/067325
t hrough 330k at K inputs. Each nultiplexer 350 al so
receives a respective control 8Cn fromcontrol unit 232
and provides the address/data fromone input, as
bigherfrthaedfubsted Hetacmtuctodn Grstoredirt the castsowi atatic cashe.g., logic

ch mnul xer , 350 thus caouples ter e
f0r 0505 Teatapted e Biictig BaineSoBg T BosoiclEachich cache 250
tdePkiRX@Hucdfd da@é?ﬁbt’t‘&suohriptﬂeréj@taaca@lﬁe hiRS ERMCEACRO D50 waits for
romall N caches 250a through 250n at N inputs. Each
anﬁfrtch prexapingagnellysy Oraad dhereprosides hgaequosed lota ingrucprn if there
f Caﬁontrol unit 232 and provides the
35& AFThStYucti ons from one i nput, as determ ned by the

poosuy ol H, cdch idi@frssogit 3100 $tdtO macHing 320 Ees’i:@hfes the hit/miss
mul ti pl exer 340 thus_coupl es one cache 250 to th

a@wtqr&fréal thResachese2 i taroygh 25Pmendy coaerl Midhe lz@eates which
%a%‘ggé Yﬁ&a/aﬂa\aedl%eﬁsﬁ%\% r@ottﬂeﬁ 1&@&9@ 1‘%1? dSthfél ﬁléc@lllr?exﬁo determines

and déterm nes er the requested
datthtt thstrequekicdrlaal 1n$thﬂ:t10mdd$teﬁ:d ih ing tob tiedassigntdeaches based on
Each. cach ovides a hit/ms

h 250 .(h{
ﬁﬁgh@@e%rmfhﬁam \%aitﬁ%ﬁgégngdc%e#é hp e @a@hvge ﬁ%igeﬂ?r@m a fetch
bémiaBfd foﬁ’éﬁ%ﬁﬁ@s@edﬂ@attaﬁ{ns@ﬁ&fo‘d% h&%tdr@d \ijtv)lté?&e(q tl'lé”asfs%ﬁed caches.

cache or a cache mss (e.g., logic
H936k st dcbndat aihik A2 gmatmqnsmbd‘t/llshmngld MKq erhi@t@ aehblenes 320a

PPN e SRR D Tl B TR 2 b TS p i eln saoi

fe@f)é‘&ﬂwélﬁromnﬂabéhtMN tRrogRNANt If&nnﬁﬂ@ylb?&§ 3308 through 350n,
requested data/instruction |f there is a cache m ss.

[op3diyelyor Thgsehcantiols fleferninsiwhigh aches atfeatyn ¢ nesigrd to cach

hit/mss indicators fromall N caches
ﬁ%%§w¥ﬁ§%3mﬁ 250n and a control M that indicates

136 CERIGeS shb¥s amg¢mbbaineenbeforoashat gae tortfally haﬁﬁgurable caches.
interface unit, State machi ne 320 determ nes_ wheth
{maenesr]uddt senfigmrabilitysqf the taehesi max Pe rashiey e hnpsoe mﬂlélplexers

| ARG A Hl%él‘ ﬁ@?ﬁgtg?&]esgﬁ néhﬁlys{gtec‘%gbﬁlgésc@t&ﬁﬁlafeoa{ny possible

e aSS|gne cac I ne generates a
€ahe hisdgmmartd and geﬂmam@qﬂnesprepbrdcam&blsnﬁir rnthiec snatmmashmm and the

stored in of t e as ghed caches.

RIS CRER 260 SRR B S Rra e At oy TSikkb hat can map
TRGb 8N 8&%tbmﬁ&a&haﬁa%ehegespectlvely, controls Pl
t hrough mul ti pl exers 340a t hrough 340k,

t9Spkct iKI&. y4 Shm@ xbiock aliagran of ncangred@Nerftor cache 250n and state
BrtBr 2D Bta R P ke, 'CRRERH Belidss e Rammegontolier
110,268 RAVEADACAIUNEa3LAM 430. Cache controller 410 performs address
checking for each access of cache 250n and ensures that the correct data/instruction is
being accessed. Tag RAM 420 keeps track of which data/instructions are currently
stored in cache 250n. Data RAM 430 stores the data/instructions. Each line of data
RAM 430 may store data for one or more pixels or one or more instructions depending
on whether cache 250n is configured to store data or instructions.

[0038] Cache 250n may be implemented with a direct map cache structure or an M-
way set associate cache structure. For the direct map cache structure, each line of a

memory at the next level (e.g., main memory 270) may be mapped to only one line of



[0036] FIG 3 shows an enbodi nent of crossbar 240 for
fully configurable caches. In general, ful

weonriizgirudabi 1 ity of the caches may be achi evedPGHUSHOTIEN7325

mul tiplexers with sufficient nunber of inputs,

designing the state machines Po eval uate any possible

cache assignnent, and generating the proper controls

flgn RAM 480 aEechrﬁndw@ﬁr@sa RAM #5@ (onehach gcbr &ns) is @ssoswizdrwith a tag

240 ted.w.th other d t -
B Ry and P SucalBiv e et s i pasorais 220 bbigRatored in tha
Q93 The. FA@anﬂexﬁllﬁgttslfath Odtnaty @go A 0561 @MHRAELABOAM 430 has

of cache 250n and state machi he 320 for interface unit
444 Okres, thepleah gichChah s BgOmt¢hwith déBecaﬁ@ d¢hi addieps. end 82 lines of

mau0 a X %?2 A M. 42 pe%rtg €ag, dl%d:l Zé‘gc%el:fA ggl%cqme an main memory

COI’] per orns address C or ea

am:eaﬁg QforéhithéacB2abhalntt eag yiasbd iaiaﬁtlﬁdruebmrlrz&ﬁt address for the
data/instruction is being accessed. Tag RAM 420 keeps

eache king pndya; Schit tgtthrt iRdicatge pibisheongra tl%fa%i% ERey 9f mpigragmory 270
ga &?Shr? tl?eSthEhe %teaga%g%{" I%n) g ; e?ﬁss&ﬁ%&l\ﬁaﬁ]&e structure each line of

I nstructi ons dat a
thatnam&oryo2id) may bormappidel sy @nc ofi®1 possiti Bnes of data RAM 430. In

|nstru ti ons dependi ng qn ether cache 250n i s
Bl glF e Pt Eirarees eaPOrHaTY BETERLICT VY IFT> BictEne size,

AR AcHBYrulEird, TR §rEs&6h WidhB lige dinkiRe bR RaciREhe
structure or ‘an Mway set associate cache structure.

F939} he T:ﬁtgrléAM ﬁ%@)st@a@smtagt foncaclr Bne efiditalRAM 430 and is updated

BBy ot BABY PR &S iblrced™ s meagr Cestigtenf e indicates

ok 1gRtcE rﬁﬁMrﬂéﬁ@orﬁrWO% #aehen tha@)cheSirRS SWahat &fhtrol unit 410,
with a tag in tag RAM 420 that identifies the specific

i pddress mich AR e e FTonbaluligpletcs 3B ien atirgss Ba@hgemory access

b RS RIS Sl PR A1, DRl P

akhkes ptbediey\tﬁerbaahesn@fsaddr@sslatdgl RABOZE S8 pfmtiideszhe target tag to
lines of main nmenory 270 are ﬁ)@d to each cach
ticprparyHesis gdé; fliag e 29 Drpidey rrgd Ergof%&ter@che line address

ﬁgt%b???sér Ny 18acf, g?ljgtelﬁ glcc 14 h ﬂatﬂgsnthg Sstdrgg I@% tiéaqgsé Q%f% ge%rget tag,

ress I ne an
mdchamtataesaohbimnfcthe tatg‘s a:rh@q&ﬂ hnd esliatesnacacheenss yf théQtags are

I,S.Stor th cac i ne. .the M e .
05 o Be BN GP0 TS BRIn Bt THeR rioirplements he
@FQ@?’@%’MQ%CY@@@&%HGE@M%% one of Mpossible Iines of

data’ RAM 430. |In general, the tag structure may be

H@ﬁ@h dentlcmeryt dosesvaimt Mﬁfbfrryﬂ@ aegsstitialatzaBAM i3 evhentibere is a
SRRR S UG HhSppb U5eNAS R AShogR By 10 g o read the

gas/skubeoroftotatad tIRAMCAS BinaRddreSs. URdiad BRMORE REESY isdMyrite, then
line in data RAM 430 is replaced. The tag for each.
dae RAM 430 1p maittentag ghe cache line address and a cache “dirty bit” is updated to

indicate that the cache line has been written to, so that the line will be written back to
main memory 270 prior to being replaced.

[0041] State machine 320 for interface unit 310k determines whether the requested
data/instruction is stored in any cache assigned to that interface unit. Within state
machine 320, a mapper 450 receives the control MK from control unit 232 and
generates N enable signals for the N caches 250a through 250n. Each enable signal is
set to logic high if the associated cache 250 is assigned to interface unit 310k. N AND



the line of main nenory 270 being stored in that cache
l[ine. Wthin control unit 410, an address parser 412

WO eweiiyEss f rom nmul ti pl exer 3500 an address f or PGI/IBI00T/§67325

access by a processing unit 220, parses the address to
obtain a target tag and a cacHe line address, provides

the cache line address to tag RAM 420, and provides

gites 4 Hagbtoughd SR reccvorthaNecnablgi signdlisdand T dpitiRAN ARlicators from N

r ovi he ed tag.for th he | jne addres. :
Pl 23R ahibaf 3505 rapaity oo b 0S50 i PSSP HES S gt a loeic
loRgifagainasle sidhal fsadt 96ic 1R, whibHl ifBé RS tBatCBE RS oBiated! dache 250 is
the tags are equal, and indicates a cache mss if the

teigassigned ¢ fifterfeast uniTaOkraw (42 tharby/nhies dicetpsdfom the associated
%lh% IZ% it the TR gi §AS hgt 18%9‘%”8%&%&&%&9 ﬁla'tv!fhvgac\écﬁ e assigned
asSSocCl at e cacahe Structures [ 4 nory access Unlet

toliGtchabelngis 3 BkC 688 OBf gadat 51 RAMN &3l vhigntstdTeDigated 452a through
cache hit. If the nenDr%(Oéaccess is a read, then data

R0 apdeengraies addtdadicntar fasariciiare Wit HOknst ruct i on
d ' f
ﬁgﬂﬁ]e 3 LaR ﬁl"iuhgﬁ Moggﬁigsg%%?c;he fill JfRfe r@rﬂ?iéaé&}%g ﬁgﬁgned to

a wite, then data witten at t
Interéacaddited 9k aviccnaheradbhe chcha tyssbilh "anicsnbodda¢redart assigned cache
te that the nwitten to,

| ndi line has_b
it BHE TErRY iR (DUt GHRER o ghsert YA yeBgisd for the
PIchO'siIt ochelenell (5P Lae %gry 1094 bk a%o@'{i](ﬁl PRI BR R34 Qad i with new

interface unit 310k detérm nes whether the requested
dett/aistmstiongdtan mais mstered70.n eyaccanite’ 186 shagnleastalbed while the

hat interf Lt. W.thi t hi ,

bt hrates SEURL i iin SRR TR FHE BANS BF Tplected cache
#3pdand tormetahe feNdenRamtRicibBhddlifto thbigathiRpaahes

250a t hrough 250n. Each enabl e si %nal IS set to logic

HI04B] i f A heraplysoovsterd Wtc Hellp sonfiguiabls guehgs tyovides the most

bnterface unit 310k N es. 452 U .
PRUBNGESE LR otk UL ol e P2 i hapagpgng uni
g e Nsgacddesiti2 2fa, dril oubiple voryer s petitiavalaple &abés, depending

AND gate 452 provides either (1) _a Io%i c lowif its .

ehdpR acqyigments of the Prosgiseng WS viHiccrailside eaahes mape assigned to
R FERSAORE AL RURED, BTk AEFABIE bR o mod
assocy ateess batdbreecR B0 any ohdplactabthe gagned priosesadr deggidtess of the

hi gh, which.indi.cates that.the. he js assjgned.to }
By AR o Seit e ttudol ng AR b e rlidchly assigned
RUIrBsSin inANR @3Eieddelsav.t hrough 452n and generates a

hit indicator for interface unit 310k. [0042] A cache

a0k uniln meay dinsterdcs, goediatsefofminiccomagnke gichickied with partially
caches assigned.to interface . uni t%{éﬂOk i/hen tﬂer .S, a
RSP HAR The i ot o b T e h S0 may ve
h3idne@td olcesrRNubYet U Bebcbdsild) unifs: StudidsrHas€BedrOferfoi@ced on various
| ongest time, is selected for the ) ) )
graphics applications to ascertain the benefits of using caches for different graphics
operations. These studies indicate that caches are very useful in boosting performance
of stencil and depth tests and texture mapping for many graphics applications and are
only somewhat beneficial for color and shader. Hence, a cache memory system may be
designed with many of the available caches being configurable for stencil and depth

tests and texture mapping and only few of the caches being configurable for color and

shader. Employing partially configurable caches may simplify the designs of the



cache fill. Cache fill unit 460 may fill all or a
portion of the selected cache with new
wWQ@l200a/1271183 ructi ons from mai n nenory 270. | nt er PEYES2007/067325
310k may be stalled while the target cache line is
filled frommin nenory 270 ahld the tag RAM of the
sel ected cache is updated to reflect the new
dattal ung thag essignsh¢ oadanirdbi cachbreasdwatlaafhwicrgs8dt 3hatAouples the

hics systemw th fully configurabl e caches
ﬁ%&sﬂl&mﬁﬁi ﬁﬁglas%lglbegl%?%sty in terns of assigning

S @R rPARSS 10cmbBbdifenfobh \g@a[bhﬁkfs%%ﬁi 5ED Wikt configurable
ma(%/ti e assigned with zero, one, nultiplé, or even all

mcampmm ecbaﬁh@ssys&@pé%llmﬁéu@ﬁ adgephics processor 510 and a
re ment.s e | a
%aacC ?n setg%lsgéllag n(g &851%5’?3 X %srog (’:556(2 ma glgfllHH? grocgss?ng units that
amaterast @esaﬁls&dewo@omi protdskingturdl  0f0at theowphc hEs @andlG. 1. In
to avoid nenory access bottleneck at any one place.in
P%C@ﬁra,grﬂp@scsww@é% 310 Mgy dpelpde 3 stencit md gpalp st angine, a texture
T | s y
RRPHRESHERE P e RA et TR AR BB SRR Pt andr
e adtione dtobel 10Wacl{e@044] In many instances, good

rfor nce ma e achi eved artial l
Fighs P ¢ gur aﬁhf‘eel@ﬁ%ﬁg@nt @vnclalcﬁfrsi @a @he dpgmegy) system 530 includes R
ﬁﬁﬁﬁl‘lyg SRRl e dch&T 5 R8T oGRE 550 RY oRE d8SSAEN @éth% B50)&here in
a subset of processing units. Studies have been
g@dairﬂeﬁjl -offabler | shewvy paphile gsagphintaof cad efocaches 550a through
er alnth henefits of. usi.ng caches for .diff.er
S Gohnels SaHErXe Tfetesnalid ‘G o SE5Ma (5 wophR 10 1. cach of
ﬁl@qhﬁaﬁ“uélﬂ}e coiTourabietabhed B5ROAEIUAG 5PE Eﬁe@rm%&%n&f for stencﬂ test,
stencil and depth tests and texture mapping for

gendlp Kist Prdppticaatingis  Bardally eonfiduyablde aechi ax Oaéwg‘rbec%@gned for

r d c
L B0 BRORy R By SATUR JREAY PYRLAT, i
caaht 590 raab)jz Be ﬁsnig@tiemlcsﬁadartthtad 8ftinbil te3§ tdepthndst] @xtexiiuée mapping.
ppi N y. few of the caches bej ng% caonfi gurabl.e
I

Pseh%tsg c‘r‘laCléfnéﬁéshléd‘éﬁed YOy v r it é@ﬁﬂe@h?%% In an

@lﬂﬁ&ﬁﬁleﬁ?yP S'Sm%ﬂi g)hﬁ) 9&1% Q)fe Jsg'lg c{roéteﬂéﬂ't(ﬁst, depth test,
at assi'gns fhe c [ gura che | as the

snidissteaturé happmgu p)sls&mntgﬂélap banhes SO0 atiehi5SH8r are ddvaised for shader

assi gned c ches._ [ 0045 .G 5 shows a odi

glsgvgmﬁ é8 %@t eFmW@e@r %\ﬁicf HO%M?@&% s VRO &t i memory
GRENES30.G aphi cs system 500 includes a graphics

processor 510 and a cache nmenory system 530. Graphics
processor 510 may include processing units that

operate as descri bed above fablegr ocessing units 120a
through 124G in FIG 1. In particular, graphics

processor 510 may |i gatnede a stencchei@nd degieh |t €géhe | Cache
engll)ﬁécefséllgggttur e mggggl ng engi ng ¢, :5:3:0@ dgrgfg[njgl v,ha_;,(igv@f 550s
SRS LA A A St i S

Depth test X X X X

Texture mapping X X X X

Shader instruction X

Shader data X

Color X

[0047] A control unit 532 assigns the configurable caches 550a through 550r to the

stencil and depth test engine, the texture mapping engine, and/or the fragment shader




instructions stored in caches. [0046] In the
enbodi nrent shown in FIG 5, cache nenory system 530
WO p@72igss R partially configurabl e caches 550aPChD820911067325
55Or and one dedicated cache 550s, where in general R
> 1. Table 1 shows possible ag%lgnnents of each of
caches 550a t hrough 550s, where each "X" indicates a
basled d)ncmcmemaséli@minmtty thase phooewsingnuiisbl & drpssbaic hddcouples the

e GRS o LAY P, SOERR, SR G coup

E&h&yﬁﬁ)am%lﬂgsoﬁ@fatrhzﬂhhﬂénﬁ‘&?fﬂ@lur abl e cache 550q may
be assigned for shader instruction, stencil test,

E@ﬁﬁh t d96; Sotlsa ehaws en waorimeent Dérwsabary%b nii @usa abibediment,
stb%r 329 1HHa éfes %te%?ac 91 9 5f8% rou%ﬁ r58%§t&§ e%%ﬂl geas(t:,hdepth test,

est ure ma

&5&& h&ppﬁlggsﬁaaelsﬁl@ﬁ@ctml eid Maalduleﬁaté ,aespcbvdly. agmerfice unit 580a
engine. In an enbodinment, P =8 , and up to 10 caches

wl%’et ass&ingH etndr daptls fiesh enging dg tcackispashigpeds for sipepibfest, if any,
Eﬁéﬁ#Ea%hg??‘gjaQHrougﬁ%%? NGl AARL u&?géj(ﬁ?c g&% tﬁ@gerg;lqnd depth test
ta. ewer

are used for ader instructions

ongiad tcacjl&&lasmgmdﬁie&rr@ptlaltﬁo ﬁanyseﬂhoﬁg)rcadaas hteS Oerethmarugh 550r.
ﬁ% %en1530 Tabl e 0047] A control unit 532 a Sl%ﬂ "
g5 Sn‘fl}”gé?%“olc%upé% Ste¥ ARPEGGF SO @Rfigled caches, it any,

ShERE bhchad g50eptdudhesdor ENBlcABee (1€ S8RKEMPRs P BaBfhent shader to
engine, and/or the fragnent shaderbased on nenory

catchk 5509, |16asstgyle¢l hégefpecongs$0agounés the fiagoenssisder t64ache 550r,

TR T M SR Ry R
i ﬁlﬁi:b@h i PAS. 3.0 ForRplidTBIBEY nilihledPOASH thElifderfac@liSi®s and the

shows an enbodi nent of crossbar 540. In this
entdexeenior thercgehkasare mAtehowe iubdks Si nt erf ace units 580a

m;(‘lﬁgfgh REOS fsﬁ&wss L eg‘pcec{ﬁ o%ﬁl%bdlg{segﬁl I'&theSé chet %%rf system with

g, shader Vet e

C(ﬁﬁ'@aﬁetbllelzﬁidydedldatedrcﬁa&e U géncbdd Oacachel ple@fory E!;Q;teiﬂi engiihclude any
and depth fest_engine to caches assigned for stenci
plggper qffcoaﬁgura'alﬁﬁﬁ@heé A8H@8Y 55OACK ¢ idifatadsraghes. The configurable

LRLEL fn% SeUltk eféts &P %@g%?;hwgg)éa%faﬁgﬁé lanantg? qg&ﬂ:éﬂe& €8hes may

engl ne o cac assi gne
aro rlug wsad Hes abpBeat oh gmtpgfms Sﬁ@anohmt diht acse ofnlvdth Eﬁﬁﬁgurable and

AT iy 5 e RGS BB OBMER TBhCos of ARG LSO
fdSY] couRliRSehhgifbAYRRG N SNARSY. 2t hdOAGREconAS unit fnay assign the

assigned. Interface unit 58Ce couples ‘the fragnment
stdgarablocashehie thS@occssgames gneatiousannent ér prcembediment, the
goanroT%%itiagsclgns caches I’o%tegclggga% 1§ 1r?1gge g frlar/n(e) t& %e renderdll based on
memory utilization in a prior image/frame. The control unit may ascertain memory
utilization by counting the number of memory accesses made by each processing unit,
the number of cache hits for each cache, the number of cache misses for each cache, etc.
The control unit may then assign more caches to processing units with high memory
utilization and fewer or no caches to processing units with low memory utilization.
[0051] In another embodiment, the control unit assigns the configurable caches to
the processing units based on coherency of graphics images/frames. Coherency refers

to the amount of changes in consecutive 2D/3D frames. Fewer caches may be assigned



as shown in FIG 3. For sinplicity, the nmultiplexers
for the interface units and the nmultiplexers for the

W@ aohas77aF e not shown in FIG 5. [0049] FIG 5PGHUSE0OH067325
speci fic enbodi nent of a cache nenory systemwth
configurabl e and dedi cated cathes. In general, a cache
menory system may i nclude any nunber of configurable
fmdﬁ@t@r anlmbrarw wharbfermof ard edire dikely to awivles sinfilae contents, and more

5 bI e. caﬁg 3 be used for any set of
%ﬁ%g?gé]te AlSSSARBCEAY - dedi cat ed caches may al so

Eﬂ)SE ed Thkt ABh&mBRdUiBRPME ConeRamdt 4591 8s th-Eh&)nﬁgﬁragfe caches
h' confi'gurabl e and dedi cated caches may si
tohéhed @mch@goﬂnttm dagasinon oqhamﬁten‘lsmﬁd Of Hie @r@g@%aapphcatlon being
%‘)%)GI% gr%g] IP%I' telga?nﬁ%gbl?%e %raél?ﬁes%son I1sgeuxreg Ca?ﬂgra%{ncg taﬁ%hcatlon
fhico @1@§tﬁltﬁ@ mélido$ bé Aeddat] AdsioROREMSy bt Bssddired for depth test On the
enbodi nent, the control unit assigns caches for each
g RxtEYNS, ﬂﬁ@eH} gFaphifs applipeioneige caly Based then g monfigurable
r t
Uiches £30 P Asithed B1doBh TPIG IoBMEF cxd e PR il hder program
m.b‘dllg exafcuted mnd)alla@ﬁ:tas shsdarankerubtiorsacin far goedsiitdgn the fragment
n|t t he nunber cache hl%}g for ea h cache, the
i AhegmoSaEamAY B8 8% an6¢ (UG HTSRERES . The
sy ol 1 nyét ARYthENeMbBERIAn R eomAANgsit QRIP&ESShfi%hns the
units with high nemory utili’zation and fewer or no
cadipmsblocgshet elsmiaxgmplsi the asintrbl Wotvmae @esign one or more caches to a
utilization. nother emhodi nent ., thec

HiaeesshRuiril b aoa el eh S AR P e bing ity DA Fiyrol unit

Kh@Ju@ﬁﬁ@ du@BeCaTNAEIRR GYsiPheddb ARI 16 SeskiMB IR /bhsRNRSthe number of
erency refers to the anount of changes in

anes GaeheehiPmiss Brafistigreand/ meaiper feeforsewhirliyniebe determined on the
ﬁ?ilﬁﬂﬁl;j;n% 1nggl%]a% %&F&&n%%x %grfg{rﬁl%fs Sn Ml gqﬁle a cache that is
O render Si ar content and nore cC

bﬁlt(&&ﬁ log Reabsfeprd fieasomqitecsssiay unit @mdkhdr lprqoegsnagmhh e r
enbodi nent, the control unit assigns the, configurable
OSALs I Ve aﬁ?té%fe%}bﬁélf%ﬁ%t &hey égg‘r(golo ynit assigns caches using a

f a ]
g&)}gﬂéﬁ%‘icﬁ{ %&dtﬁéa)r(lg d F%?IC%SQF 1%18%?.615 : CS%&J&%?%%&%MI unit may pre
eseegmLdriengy moR> @Cgmamhai gsvea rmbmﬁhg ﬂmlt d hign bejgipihg ésendering a

ga not be needed, 0 cache % be assigned f.ar .

e nirias, o BRI nbeoDhen WkFHES SR & Begphfifguion by the
%@éésﬁ%t BN BRE oA Yurdt 1@%3 §dju§th@1@ cabhe 5@@1&1&% &PIngs processing
caches 'may be assigned to depth test. As another

exiadptieg the readsiimgbe thehfiatae, mraggr anbitsh, b@g ngcasdcallyed The new
3&% ﬁ?l!ﬁsligtﬁ%entftgg ?[%cﬁtreg$e£g1§:ﬂe¥1§h Iéﬁargrﬁl%e @%\8 1n§g£§arls%g on the statistics
aﬁtﬁin@@ﬁﬁrth@pﬁl&&Gﬁd&ﬁl@%hO@hader [0053] In yet another

enbodi ment, the control unit dynam cally assigns the
[0055] The' control unit may also assign the configurable caches based on other

criteria. The control unit may assign caches in each image/frame, whenever changes in
memory utilization are detected, when a graphics application is first executed, and/or at
other times.

[0056] For simplicity, FIGS. 1 through 5 show the cache memory systems including
a bank of caches. A cache may be implemented with a block of memory. A cache or a
cache memory system may also be implemented with a hierarchical structure having

multiple levels, e.g., level 1, level 2, level 3, etc. The caches in a lower level (e.g., level



configurabl e caches. For exanple, the control unit may
assign one or nore caches to a processing unit when

wael2aiod12Edliest s are sent by the processing uni tPCIH82007/067325

control unit may adjust the nunber of caches assigned

to the processing unit based bh the nunber of

requests, cache hit/mss statistics, and/or other

1 atendrtg bevibstehbutesymddler dhetnetharicadubs om at inghdr Ipvel ReigsHewand@). The

i nyal i date, operatjo be perf.orned .the fly for

GRS A RIS A% B (BROLY G GAEiciaS Fitr Fiebfh gHe heRever cache
RiREES&URI THEhimb& SNOVAIE thPhAABSIMEcHR ik cadi08V4] addthe cache
yet anot her enbodi ment, the control unit assigns

plaeshies thesdiffgreat lewelbintratlicoixedforspafigwablad Fay exanpde, the number of

f‘e%g’lis g&l:rerenrﬁtmso'er% rcaﬁl)égqglegc%fegg]t %S&I/to{ %e éja%hé sI28Y may be selected to
predssign one Corimore” caches 't 8 a g ven pr 8¢es8itg
wdhidveatoot iRrfogginteiang nedy beeos@igurlabdse@idn, the oi@asteridtics of the
batch, e.g., based on current statistics on nenory
giaphicy apnlGAtieRs- t he processing unit. The control unit

dj t [ IS essi :
[7F G A1,  FSRERE ARRGHATE Yy 4 Brdcl®olf 626RcAhe o graphics
batahwith. q@nfigireblecadclcal IMemdiyaitieatianalsshe phsaitg fiprdcessing units
for. each renderin eriod nmay be determ ned based .on .
R F%P?rg%mb oS OTGHINA O ﬂFP‘iﬁ-‘ Fanlier frgges is determined

A6 dkogh2) [ AAembryTHaIAABE hely bEnkdtciBYePby %d?ﬁ't%h_ﬂ}% idMory accesses
configurabl e caches based”on other criteria. e

vede rhyl thenptocassjngasgitgnby aseretining ghe reharmatgeisticsant the graphics
whenever., changes, i,n nmory utilizatiaon are. detected )

A EOOT hih PR sl taton Dty capfictsy AopBiTieeh! Schey p assiencd
ff at Q¢REOnd proB&sink FRRGIMONG thSpIRILitE bt ProcdskiB-unks bie@Wdmemory

5 show t he cache nenory systens including a bank of ,
vlalezagien (Woekab . igh peociesm et hmer bajasHgredhyist keres one, multiple,

Iy ca .S/ \V .
FEIPS oS e P SR P TRt s e
Ml pther lryalssing aun@ts, adey®| tht, cdchyehvallableeVi@! as3ign@icat to that
The caches in a | ower | evel ge.g., levell) tend to be .
presessepimt. dvempRruttialion may eaétrssamad Rastd grefripaygptistics such
%s? ie?gé,ad%i}lﬁleég 'bg-m@ pftﬁ‘é&ﬁ% hflt, ec%ﬁllikghlg/}ﬁﬁ%s ﬂ?ﬁ?'stlp etc. The cache

e cathes'in t next eve enever
gagheoni smep b cporforiibé  perddérallpf (4.gy edvery t grepmosrbierage/frame),
caches,in each | evel.. and t he caahe sizes for th

0 oy th e
APERFRACh IRy P SNGRRRTY BRITIFFHADGS SEteE St FiGura) cachasgpay also be re-
?aéﬁfplhﬁr’in h&deHAY ST & ith &3 Sme S YRR Rld CRGIES ih Memory

ach | evel, and/or the cache sizes may be selected to
wicldagioe. doehl ogbehd er lrastcancaprdcesamg bmitcis reouplad 4blaerebpestide set of
li-cati

PhasrRie REMERisve T Bl b -aent FopeavpruGLs aggciest 610
[OPSBRL | MthearGihadMyS§&®ms and configurable caches described herein may be used
for wireless communication, computing, networking, personal electronics, etc. An
exemplary use of a graphics system with configurable caches for wireless
communication is described below.

[0059] FIG. 7 shows a block diagram of an embodiment of a wireless device 700 in
a wireless communication system. Wireless device 700 may be a cellular phone, a

terminal, a handset, a personal digital assistant (PDA), or some other device. The

wireless communication system may be a Code Division Multiple Access (CDMA)



systemw th configurable caches. Menory utilization by
a plurality of processing units configured to perform
W@e@ph2es operati ons to render graphics i magesP¢EUS2007/067325
determ ned (bl ock 612). I\/lem)ri/ utilization may be
determ ned by nonitoring neno accesses made by the
processing units, by ascertaining the characteristics
gifstannea GilalphiSystcapfiiri Mabilo Robwiumgcativas (BN systdmororisnme other
ot her manners. A plurality of caches are assigned to
M9%ast one processing unit anong the plurality of
gf OESSIWac HSviRAaSeH iOPapaBREDS Y prelidinZ BL 418t tioR4I 0nmunication
14). Each processing unit may be assigned with zero,
vite, repgive p@iﬁ énd ertraabmitphtht Hen ehecivesvelppbnt s tmnsomyted by base
TREBY SRR 9Py RBL RS SSASFP Rt S sk 71
Ry@diverbile édilﬁltﬁﬁlsIa@ﬂrﬂ&gltlzéwthbhatelm’cbﬁgﬁﬁl dnd provides sarnples to a
Menory utilization may be ascertai ned based on variou
diggpl seetions 729, &9y fggherd)rgcessggt Qq@ad@gﬁ@lt th{ [ggransmitter (TMTR)
t I t
22 fﬁeﬁg@ Igeétﬁﬁbe e %ﬁﬁggeﬂpﬁéérﬂ‘cﬁ%g%g@roio &%é gﬁ%é‘s?s I&? conditions
theataa, gndpbicates angelufatansnal wakiok vetramndtahgie annrenna 712 to the
germr%1 utilization is detected, etc. The caches may
S§§t4H8MY e assign during render i ng of an image/frane
omigriiectesh ¢PRNRARICS Qaﬂ?&ﬁoﬁrﬁcééﬁlhk'aﬁétlﬁt@ffaceﬁﬁﬁﬁ such as,
of t e at | east one processing unit i s coupled
feespenpley e nsatenoprogeshe2assyiderdrocessph é%mombpatg)n processor

By ittt eRe T SRR O ot i s OB ArPhli abfcsssor 740, and
§ReRRMal B¢ ihtbEst @B r76ma>MB@enw ekt R 7RI R R%Ss processing for
conmuni cati on, conputing, networking, personal

datectransnlission end . resaptéotertpiar 9nqu§élgofmad1§ataph| damodulation, and

BT oD OLE SAGHRE Bl o s o5, s

ﬁne@e@ Ciko tin@ g/idgts Ofindamoe Mok 13 fdr vitied applfo@h@&SSLdBVds c@mcorder,
700 in a W rel ess. conmunj cation s stem Wrel ess
uidge cRlayeask meidpaidgo c epEICBFINgh onePPligatien nirRggssory 726 performs

Ex%@gs%ﬁl » fit Vel E%@}l%t&hg A clRSS] Iﬁ{lﬁ’l%a& Fé@ﬁg » wib b%WEB%, media

her evi ce. €ss conmuni cation syst em may

plagad enthS/drsiilterfacMJI ]Dlsplag phoasss REDHpsys prrpssangGodbalitate the
%stemfo myuni cati o

ey 06 Ecan S g Pt 8¢ Uerhanhagt: < oekpliprEogpsor 730

?‘dﬁr@btﬂﬁe B{)étﬂﬁétﬁ&f Vb pm@mﬁ{g SRE inQipfa¥é am@s WaRR d{§1ta1 section
ransmt path. the receive path, signals

2@nsnitted by base stati ons are received by an
@%Zrna r12 {cj:md [ os\é ggﬁj 1%0 ( eCoec Sl ﬁ) %R%héjld" lications and
€CEl ver ST BT A0 £ iy PIIzes's e FEcer 8w

@Rl ingfeheitey |a§iQi%sc§Fﬂﬁ@|a€b§Vé 0 A cache memory system 750 stores data
and/or instructions for graphics processor 740 and may be implemented with
configurable caches and possibly dedicated caches. Cache memory system 750 may
further include a crossbar that couples the configurable caches to the processing units
within graphics processor 740 and an arbiter that couples the caches to a main memory
770 via a bus 732 and EBI 760. EBI 760 facilitates transfer of data between digital
section 720 (e.g., the caches) and main memory 770.

[0063] Digital section 720 may be implemented with one or more digital signal

processors (DSPs), micro-processors, reduced instruction set computers (RISCs), etc.



digital section 720 for further processing. On the
transmt path, a transmtter (TMIR) 716 receives data

wo oosa2smnsm tted fromdigital section 720, pPODESHEF067325

and conditions the data, and generates a nodul at ed
signal, which is transmtted a antenna 712 to the
base stations. [0061] Digital section 720 includes
DiagitabLEscqilnndéQsmag aswd benfabrifetcd amions @uolvraspplicition specific

e a rocessor, 7 deo, proce r 724,
AT b RS DR SERs O%Efzyps(’ﬁwiﬁ"ﬁf% d Brgisdly: 728
[1)0%@]“ I OfHeef/aPhies 8§ §Es /3@, coh LB eSchRE ARESTRE HA8n may be
and an external bus interface BI) 760. Modem

rmie@g@gd IHZQaprlﬁfhﬂfdfwafpr @@@ssu ¢>@mpélfat the graphics systems and
Eon l%ulratb T Icé)crlll guﬁ ?18;(%1681% eco

QDSIUB@S@bgl%ﬁﬁnﬂﬁé fogiddevidico clelsm)n gelaq)rwgrdmmwmgawmay (FPGAs),
e.g., still imges, noving videos, and noving texts)
p@ﬁ@&ﬁ?@e@nérﬁﬂpﬁsc@tqrwgnt&l@rﬁ, HYCTORACHYSABY and ptgelectronic units.

ac f t
rﬂgg ss(l)tre@ggp%ﬂggﬁg rofm %p gés ?}%éeréo 300% ernented in firmware
appbi edtwaas Buckxamplanhd lcemml wat hay bmeimﬂjemmém gvith firmware
nmedi a ayer, d yser interface. Display proces
%@ é‘?‘l?‘?ﬁ%/ ﬁ?lgESeZ%gn PR dhERS: ICHpE (il opl & @atol?erform the
ﬁin@ﬁ&?s dé?;l’:ﬁlpe!?i' f&eindNnd EhRaRNail/cH SHvd¥e ¥Bids hi8P be stored in a
Control I er/processor 730 nay direct the operation of

mamooy e procwesi WY iakdGi At andfexceuterhby & pwicession (adg.gproadssor 730).

P e 5% B TP RIeg At I BAEP R RRA R fdte Processor

[0UBb B ME MR GréSotheBEdipRe FIRY GisclOsHaPHRDd ABERS 1 Iﬁwla@dno enable
750 stores data and/or instructions for graphics

phodssenr skilgd dadtheaprtble inmgkcepritsedth@i ples@wbninveitiab| eVarious
&%8Fﬁ§tl%q0 QR@S%IGEH% gﬁg{tsc & ng ?&%ﬂ? %gg% trl? t slgos![(}ile 1n the art,
system 750 may furt € ac coup

ultethe cgeﬁé@pﬁ&lqﬂemahﬁa hbrmt ey peappiad togthkt etrrsgommeknmwuhout
gr aphi cs processor 740 and an arbhiter_ that couples the
HrHEg tromghespisit 9B seng of e W&n%orbug hys3 shey g sensjinveggon is not

E@ndzggo @%gﬁlkté& Eﬁt?lét {'{1&)@0 Tl es%ﬂ i f"enpﬁﬁtvi’? ?dqbéjécgé%d%h the widest

?gltagslgnal processing device

section mai N menor
5D 6 8pnsiitgyit tvath the ptin@pley 2604 newel &aturemdlmima:déldrm th one
or nore digital signal processors (DSPs),

m cro- processors, reduced instruction set conputers
F(ﬁ%&]cs) "'WEHAT 1 ¢ AIMEPOIS: on 720 may al so be

abricated on one or nore application specific
integrated circuits (ASICs) or sone other type of
integrated circuits (1Cs). [0064] The graphics systens
and configurabl e caches descri bed herein may be



i mpl emented in various hardware units. For exanple,
the graphics systens and configurabl e caches may be

wo ppraeEws ed in ASI Cs, digital signal processiPQI/us00ten732s

(DSPDs), programmabl e | ogic devices (PLDs), field
progranmabl e gate array (FPGAS), processors,
controllers, mcro-controllers, mcroprocessors, and
other electronic units. [0065] Certain portions of the
graphi cs systens may be inplenented in firmvare and/ or
software. For exanple, theCcgQfW@® unit may be

i npl emented with firmvare and/ or software nodul es
(e.g., procedures, functions, and so on) that perform
the functions descri bed herein. The firmwvare and/ or

sof twar e cOdSEPHAYSKRMBEYPEd in a nenory (e.g., nenory
770 1 p gt g 7)f BRFSXRL UhRd cgﬁlﬁ%lr&f @&%%ﬁ@fm (g‘?’a&nos operatlons to

processor 7 The nmenory may be | nplenented wt
Kmémpymdeeeomgon external to the processor [0066] The
previou SC t t he disclo enbo nts
prov B Tt bSO iguPELfy SRier Tk it e e rpSessing unit
&’%ﬂh% PUEELdRE pRIceSY udiRy@nt | on. Vari ous
i

i cations to t hese embodi nents will be readily
appar rfrossbatt poigusid [ edunle thaeleelity ahgachise tgetherdtcleast one

defined herein may be applied to other
g%ﬁ glﬁ%?is wi t hout departing fromthe spirit or scope

of the invention. Thus, the present invention is not
intended to be limted to the enbodi nents shown here
but i3 to bhBe sppupige®itdampl gadercdr speh b kg §¥Uéﬂttmft%ches is

| osed herein.
BB AR % & KT CER R s Copar ot s
conprising: a plurality of processing units configured
to perfor raphics o eratl ns to.rende raphi cs .
| mmges: a BIARPITS o CLaithds WOGRI ge@e ¢ 8 Bl ccpones i
hQlan@blch&aS oI a%%@ﬁvsé QB4 th SRR L %r@ée‘é&ﬁﬁ Lhi¥s.
of processi'ng units; and a crossbar cornfi gured

coupl e the plurallty of caches to the at | east one

proce S|ng a tus of cglai.m 1 erein .
ron 3t 1 nahbpbesfiis gF SRR ey Koo BB, b oGy orise one
eNnehodd dbdieatbd @heHeh ta¥siiedPloOGRS &1 ﬁﬁr@?fdc%ssnfg urdift€and at least one
apparatus of claim1, wherein each of the plurality of

eandigagablascaghe pegreasble to ETBHYING PEOCEISIRE WiSpect | ve subset
of the plurality of processing units.

5. The apparatus of claim 4, wherein each configurable cache is assignable

to any one of a respective subset of the remaining processing units.

6. The apparatus of claim 4, wherein the remaining processing units

comprise a depth test engine and a texture mapping engine.

7. The apparatus of claim 1, further comprising:
a control unit configured to ascertain memory utilization by the plurality of
processing units and to assign the plurality of caches to the at least one processing unit

based on memory utilization.



4. The apparatus of claim1, wherein the plurality of
caches conprise one or nore dedi cated caches assi gned
W@ 2000n277¢F nore processing units and at | east PEEUS2007/067325

confi gurabl e cache assignable to remaining processing

units. 5. The apparatus of clHi m4, wherein each

configurable cache is assignable to any one of a

r espe8t i veTbahyeratef off danr ‘&rvehiané¢inghqeontrebsiing aenfigwred to assign
. The paratus of claim4, wherei he remmj nin

Dottt FRET S Bl oalien fones, By bOaRBTHEN Bagptaon memory

hEXiaHbE foFRR It GrHMUsiBage - The apparatus of claim1l

further conprising: a control unit configured to

ascertain nenory utilization by the plurality of

procegsi ngpDlyh8, 809 {0aase AN ARG, PLUr ALkbY W8l £38A%8ured 1o

to the at [east one processing tnit Based on nenory

wckttaid ahe@BryS utiTAdioA 8¢ b Sda@d r&fudbtinbs, thehpdoetsdinghénits, cache

control unit is configured tqg assign the plurality of

BiEHEstatstice RE A comhriiesthcii®be to be rendered based on

menory utilization for a prior graphics imge. 9. The

apparatus of claim7, wherein the control unit is

confi yur edThoagmeand afi claimeTorhereihithd eaitiod nnib &s@dfigared to detect
ata requests by.the %roges iqﬂ ugits, cache hit/mss. .
aneps iy smogy, uttlizagam Py 4hs BivralRe cbproceing ys during rendering of

APRARG HSd o r@-h?s'iéﬁ the %&ﬁ%ﬁ@y Rf tchgheS Ak EL bn URE teleSted changes in

configured to detect chang€s in nenory utilization by

tigmopy umladativy. of processing units during rendering of

an image and to re-assign the plurality of caches

based on the detected changes in nenory utilization.

11. The appa¢ aspasat@ ofdldinm, Furthdtcbh@Fisia@mpri sing: a

control unit configured to assign the plurality of

caches cpatrelhenipronfeased enasspnotiesdhmighunl cadhgs éel thmat least one

BB A R B0 62, SRS IEBDBE\ O .

crossbar conprises a plurality of interface units,
each interface unit configured to couple an associ ated

pr oce$si ng THRFRPAFBUROIIMLF. WigEHR E1eQHHEPTIB!SEhe
procesz ﬁélﬂﬁli lof - in ?Facér hﬁ"lit?,p RATA IS e ﬁllli@'c%hi}ig'ured hto couple an

wherel n each interface uni't conprises a state nachine
esofibgd pedtessnghatietord seeofvdaehdsarssigaddtortegprestssohghmitt he
associ ated processing unit is stored in any one of the
set of caches assigned to the

13. The apparatus of claim 12, wherein each interface unit comprises
a state machine configured to determine whether data requested by the
associated processing unit is stored in any one of the set of caches assigned to the

processing unit.

14. The apparatus of claim 13, wherein the state machine for each interface
unit receives cache hit/miss indicators from the plurality of caches and a control

indicating the set of caches assigned to the associated processing unit.

15. The apparatus of claim 13, wherein the state machine for each interface
unit is configured to fill one of the set of caches assigned to the associated processing

unit when a cache miss occurs.



processing unit. 14. The apparatus of claim 13,
wherein the state nachi ne for each interface unit

WO eweilyEds cache hit/mss indicators fromthe pPCr/EEI0DY067325

of caches and a control indicating the set of caches

assi gned to the associated prbtessing unit. 15. The

apparatus of claim 13, wherein the state machi ne for

each 16t er The eppamites ofsclaiont j whereid thoplirdlity oheachfs teerranged in
t of .c es assi d to the associated processing

& Rler e St Sudat e Buo R R 8T BB appar at us-of

claiml1l, wherein the plurality of caches are arranged

in a hierarchical structure with at |east two |evels '

of cathes. Thgappriituappelen d§. wherginadtdeaps oneeaekinrthghierarchical
a \ r hlcal structure has a

%@h Faﬁrd%gmﬁ%%%ﬁkﬁmfmgéﬁ %@% '18. The apparat us of

claim 16, wherein at |east one level in the

hi erarchi cal structure has configurabl e cache sjzes.

19 The apphe aprpsates otelainml e, Wt«ﬁémeqtdeatsrm@n%lewlam thg higrarchical

e confi gurabl e nunber of |evels
|n a EP%%%??%P@%Fzg?ﬁﬁggﬁre 20. The apparat us of
claim1l1l, wherein the plurality of caches have

confl rab cache s 1. The tus_.of claim

1, tufiher %ﬁ%mﬁa&%af g ﬁ Bherep t@%ﬁﬁfﬁw phcqohgs are arranged in
%é‘tﬁ‘f’éu‘ré‘tﬂe RlmEaUTES AN a%ﬁﬂcﬁi&ﬁ?ﬁm‘b&ré acilitate data
exchanges between the plurality of caches and a main

menory. 22. The apparatus of claim1, wherein the

Engi nédand i VRIS MapRy g RE 98¢ A GpSh seches have

ghﬂ@myme@%heg@&{eln the plurality of processing units
are arranged in a pipeline, and wherein the depth test

engine is |located earlier in the pipeline than the

textupe mappi E%a?eﬂg% &eclalﬁfi Fndr A h@ﬁh d circuit

conprisi ng: roceSS| its configured

to peaﬂ arbiteg lcappied 3o @M)eepmralaps)ftoacmemdﬁr ccgllf@pfudc& facilitate data
a plurality of caches configured to store data

?}%ﬁlla%ﬁes|bétéz§qenéhlf‘eplb%&Ye%fsqaﬁ1@eslfﬁﬁ@ BHBHEMIHE plural ity

of processing units; and

22. The apparatus of claim 1, wherein the plurality of processing units

comprise a depth test engine and a texture mapping engine.

23. The apparatus of claim 22, wherein the plurality of processing units are
arranged in a pipeline, and wherein the depth test engine is located earlier in the pipeline
than the texture mapping engine.

24.  An integrated circuit comprising:

a plurality of processing units configured to perform graphics operations to
render graphics images;

a plurality of caches configured to store data for at least one processing unit
among the plurality of processing units; and

a crossbar configured to couple the plurality of caches to the at least one

processing unit.



a crossbar configured to couple the plurality of
caches to the at | east one processing unit.25. The

WO piozgeAased circuit of claim 24, wherein each PET/UR®07/067325

plurality of caches is assignable to any one of a
respective subset of the plurdlity of processing

units. 26. The integrated circuit of claim 24, further
conpr £5i ngThaintepmated birauni of donf 24 wherkin cachsd ¢hra jalirality of caches

menor tilization by the pluralj f processin .
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| east one processing unit based on nenory utilization.

27. A wirel ess device conprising: a graphics processor

conpr £&i ngThe pitegratkd ciycuwsf ofiplaimedds furghen aemprisiegif i gur ed
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plodélngtunitefand & bsszncBs ol galitgdftcacks @ ehedatléust Ofic glocessing unit
| east one processing unit anong the plurality of

passd es sromepryiMiitizatioaind a crossbar configured to couple

the plurality of caches to the at | east one processing

unit. 28. The wirel ess device of claim27, wherein the
cache2TrenoAywisgisdsekvicacoinerisiagnpri ses an arbiter

coupled tq.the plurality.of cagches and configured to
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menory utilization by the plurality of processing

uni ts; andaemspiar aonfecueed tof counle the plusalgy opgeches to the at least one

i unit to a respective set of caches assigned
?%B%§§%6@%Cessing unit. 30. The nethod of claim 29,

further conprising: coupling one or nore caches

directly to one or npre processing units anong the

pl urabfty &he prisdess sdavipeues e8I 27, PHisTGiBttAe Faghe Blcqiony System
ﬁﬁmeﬁﬂﬁﬁﬁkQSthe assigning the plurality of caches

an arbiter coupled to the plurality of caches and configured to facilitate

data exchanges between the plurality of caches and a main memory.

29. A method comprising:

determining memory utilization by a plurality of processing units configured to
perform graphics operations to render graphics images;

assigning a plurality of caches to at least one processing unit among the plurality
of processing units based on memory utilization by the plurality of processing units; and

coupling each of the at least one processing unit to a respective set of caches

assigned to the processing unit.

30.  The method of claim 29, further comprising:
coupling one or more caches directly to one or more processing units among the

plurality of processing units.



conprises assigning the plurality of caches to the at
| east one processing unit for each graphics inage to
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graphics imge. 32. An apparatus conprising: neans for
deternini ng nenory utilizatiohl by a plurality of
processing units configured to perform graphics
oper aBl.onsTho nretindeof grapRPcwhewayts; assgamg thoplurality of caches
q;gégglng a plurality of caches to at |east one

8ing unit anmong the plurality of processing

uni t saRpsat M Islﬁfﬁw oflchéHezg ab itRe abyeafsmn@bwcaéshﬂgu@ﬁ for each
processing units; and neans for coupling each of the

araphiea gnagsrie bp roerdibased am memoryautilegpert faraerioegraphics image.
caches assigned to the processing unit. 33. The
apparatus of claim 32, further conprising: neans for

coupl 3ng ona apparalk cowpdbiag: directly to one or nore
proceSS|ng units anong the Iurallt% of processing
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processing units; and

means for coupling each of the at least one processing unit to a respective set of

caches assigned to the processing unit.

33. The apparatus of claim 32, further comprising:
means for coupling one or more caches directly to one or more processing units

among the plurality of processing units.

34. The apparatus of claim 32, wherein the means for assigning the plurality
of caches comprises

means for assigning the plurality of caches to the at least one processing unit for
cach graphics image to be rendered based on memory utilization for a prior graphics

image.



