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g&ﬁgahcgsdgggahfégtgggtrollers that require a memory
controller hub to transfer data between the graphics"
coﬁtroller, the system memory, -and the_CPU,'
.-A-deSigﬂ concetn aseociated with microcomputer systems
,1s the quallty of two dlmenSLOnal 2Dy, three;dimeneional :
(3D), and video 1mage (collectlvely referred to below as
“graphlcs:) proce551ng. ngh—performance graphics
processing requires processot—intensive calculetionsfand th§=
fASt manipulatien of large quantitieS'of_data. éevetai
designe have bheen implemehted to achieve'high—perﬁormahte
Qraphics-proceesing whiie also reducing the cost of the
complete system and allowing for upgradee to the'computer
system’s capability. |
A computer system.may include a.graphics contfoller

coupled to local memory for storing graphics data, so_that
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t he anbunt of data that nust be transferred between

the graphics controller and the system nenory and/or

the CPU is reduced. Increasing the anount of |oca

menory available to the graphics controller inproves
graphi cs performance, but also increases the cost of

tthee computtercfsysttamthbécrause be dgoansdeapisidc beheaen yths
relatively expensive. Less local nenory i's required
toramhi ey edite oddee gndphhe ssy gl gremarye andifonetee , CPU is
if a dedicated bus, e.g., an Accel erated G aphics
PogdudgerGP) Iricyeasdagt thecanphet tdie lowatlr olemoryt svahbable to
menory controller hub. An AGP allows the controller

tohe rephipoy tdoorts odfl esy sheno vesroy s st ade giecdbedahoeal but
graphics nenory, which reduces the amount of | ocal

nebee yinerpd seed thandolstwe £ stbe ecahputsys tsymteast S>ecause
Conput er system costs. also may be reduced by

eloda nag raysh iidye retdrphesake Jaapie O coqpinsivear apds local
integrating its functionality into the nenory

Ccodthé Bf | £ rdyllrdd tsuakhaeconthgusaid anrddd dsepaE¥ormance,
controller hub'is better described as a

ORGP €5/ NEFDY Y idatekl Bashub, gsj nae Adde leafaft@uMEraphics
graphi cs processing functions in addition to nenory

CppLE olagwd, transfr tfuretpboasthddgbit oimaldy td tthe memory
i ncl udes one or nore output ports to send graphics

SEOREES114 P g e M3 A8V iateSwsSHES %@%lﬁ%’-&e doA¥reat
tubes (CRTs) and flat-panel nonitors.. A-

gﬁQPQi8§é”@f“§9%5§M“ﬂéﬂJf?ragu9e3§¥ated local graphlcs

. memory, which reduces the amount.of-local memory requ;red
and lowers overall system costs.

Cémputer sYstem costs also may be redﬁcéd by
eliminating thé-éeripher#l graphics controller.and
integrating its functionality into the memory controller
hub. In sﬁch a'configuraﬁion the.memory_contréllei hub is
better described as a graphics/memory controiler hub, since

'_it.perfofms graphics processihg fuhctiéns.in addition to
memory control and transfer functions. Additionally, it
includes one or more output ports to send graphics signals
to external devices, such as cathode ray tubes'(CRTs) and
flat—banel monitors. A graphics/memory controller hub may

be coupled to local memory for storing graphics data.
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be. coupled to local nmenory for storing graphics data.
-2 BRI EF DESCRI PTI ON OF DRAWNGS Figure 1 is a
schemati ¢ bl ock diagram of a conmputer system Figure
2 is a schematic block diagramof a graphics nenory
controller hub. Figure 3 and 4 is a . schematic. block
di agram of ac RRIEFADESCRLEBERPY OB oPRATIAGS)
functionality of a graphics nenory controller hub. .
DETAFLEDrDESCRF PT| rame ti cc bpgkediggserngtl 2 mompaker
controller hub may be integrated with an interna
syrs&gii.cs controller and may interface with an
external graphics device through an AGP port. Because
t he Wegory 2ohsral $arenmibi dvitocd sliboram gf aplrdrephaied
menory functions it is referred to as a
prElyl cshrepbigrciom ol | er hub (GMCH). The GVCH
provi des both internal graphics processing and
scal ailgergr dpbhds4 jerd oyctemed itchibdiegh dhagGn. of
interface. The GVCH nmay be used in one of two nmutually
#odd lesiated grdpBicAGOMJARGHE)N fumiathocadéty hef GMtaphics
uses its capability to interface with an external -
Ry esneesliek! kaband its internal graphics
functionality is disabled; or Gx node, in which case
t he GgCP uses its internal graphics capability, and
its ability to inte N al graphics
controller is disabﬁ%ggﬁFﬁprQQQ%ggfﬁﬂg GN%H gan still
In a computer system, a memory controller hub may be

integrated with an internal graphics cont;oller and may
interface Qith an external graphics device through aﬁ AGP
port;' Becausé the memory controller hub‘controls-both
| graphics and memory functions it is refgfred to as'a_
graphics/memory controller hub (GMCH). fhe GMCH provides
both internal graphics p;océssing and scalable'graphics
performance through an AGP interface.' |

The GMCH may be used in one of two mutually exclusi?e
modes: AGP mode, in which case the GMCH uses its capabiiity_
‘to interfacé with an external graphics controller and its
internal graphics functionality'is disabled; or Gfx mode, in
which case the GMCH uses ité internal graphics capability,
and its ability to iﬁtérface with an-external gfaphics
.controller is disabled.. In Gfx mode the GMCH can still
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-3 interface with a | ocal nenory nodul e through the
AGP port to provide additional graphics nmenory for
use by the internal. graphics. Wether the GVCH
operates in AGP node or (fx node - can be determn ned
automatically and set during the start-up sequence of :
t her @R with guleceli meusty atedulan tdxenpirafkhe AGP port to
conputer system1 in which the GMCH can be

i T Shiettt edldithieonednguephisyshemody foclusdedyathe internal

m croprocessor (for exanple, .CPU) 2 coupled to a GVCH
3,95@Hsescontiiather $hst GMCHeODS ya Do tirp |AGE madl. oEVEFlK mode
3 may also be referred to. as a "chipset" or "core -

| ogire be daveHTg nedovintdenaancahl grdedt s detarengCRle? start-up
and system nenory 4,. and between CPU 2 and a bus,

f oremenE of ahperdopberalk. conponent i nterconnect :

(PCl) or HublinkTM bus 5. Various input/output (I1/0

devi cestiguaree Icduphedrb@ePChn betserip1 a¥y Gon 'u%eQOH?EEQm 1 in
to GMCH 3 via input/output controller hub (ICH) 1.
Corpiutre it hey SMoM bafBYeak 891 &M tile. a A tdeVkG8tem 1
7, which may be .a graphics controller coupled to

| dred 1 ueRsEdlay midr opi-owBk §8r MeFo P e @ AG, Idbyiyne M%UB&L‘d to a
Module (AIMV) that provides external local nenory for -

t FeMOMtr Rdli B @RRkeSnsf BNEY s e IndnoQf GMedo31e® hub. GMcH
shared AGP/ | ocal .nenory interface 9 provides a

deglineat od siNtY fragerbua betyeen QYGH 3 -and 9rapli ¢55ic. ~

device 7. Graphics and video signals may be .sent to a

digelay §9WaR1ek0ahr QAL GEARDL G5 QM & pfy Iof a%'&ets.ggtéé memory

present in the conmputer system or nay be sent

di,ﬁpla% between CP‘U 2 and a. bus, for examﬁle,- a peripheral
component. inte:coﬁnecﬁ _(PCI) o}: Hublink™ bus 5. Various
input/butput (I/Oj d'evi.ce.s' 6'aré'_ coupléd to.-'PCI bﬁs 5, which
is coupled to GMCH 3 via input/output: contfoller hub (ICH) |

: .ll. Computer system 1 may alls'.o include a graphics device .7,
which_ méy bé a gra'phi_cs controller coupled to' l_o;:al memox;ly
8, or which may be an .AGP .Inline. Memor? Module (AIMM) that
provides external local memory for thé' internal graphics -

- functionality of GMCH 3._' A sharle_d AGP/local memory |
interface 9 prov:i.des a dedi_catgd interf.ace..bus ‘between GMCH -

3 and graphics device 7. Graphics and video signals may be

.sent to a display device 10 from graphics device 7 if one is



device 10 from GVCH 3 if graphics device 7 is absent.
Figure 2 illustrates other details of GVCH 3,.
including a CPU interface 20 coupled to an AGP
interface 21, a local nenory interface 2.2, an
input/output (1/0O hub interface 23, and a system
preseny int ehéacenpieGsyphens bnnm%Y(#ﬂsaﬁnt se display
performed by internal graphics conponents 25, which
‘denttad@0 Ardat @MGH ream amapﬁﬁspadehi©©rﬁr&ﬂIaasezﬁ to
manage the flow of data and various graphics engines
27 t ®igeréolmihteptiass opbeat dehslds dﬁt@MCHRéﬁennphgdlng
to Figure 3 and 4, AGP transactions are run -in a
aspPUt ihtansacei 0 ¢agiliesh tion anhAGE anteyfmss Flor addpaal
transfer to or fromsystemnenory 4 is disconnected in
mempey fneearfheedaz a dr amgiugr/outpekf (IAD) AGR corbeirifage 23,
graphics . device (bus master) 7a initiates a
ahtlaasagkien meinbranintachse Qequestapﬁhesﬁfﬁhcﬁuqasfaae be
21 responds to. the request by directing the .
peefoefpdndiyngndataal rangfeicsatcompohahes 25rﬁwhiMh(ﬂmclude
permts the AGP graphics device 7a to. = pipeline
aS Qe hAls tReGaS SnHequess Schidre: nadilkeirn@ 6f 06 . fd@ge the flow
transfers to occur. As a result of pipelining, severa
JEE A £ 2ARHOK 2 WM bhi8 GEEESScd QliATes MBY tBeperform graphics
simul taneously outstanding in request queues 100.
%%?E%%idh queskstgan either be pipelined across an
dress/data bus (AD bus) 105, -5 107 of AGP 9 or

tr a”gieeffe&%qn'gh LQughgsidebany addness dribAgsct 16ds afrAGRn
9 and received by réquest queue 100. Schedul er 102 .

i ACe8% tt*l%n@%%%%énrfgé&?f‘ér§ il JHAQHES! request for data
tranSfer £¢ or from‘system.memo:y 4 is.disconnected in tiﬁe
:froﬁ the data.tranéfe; itself; .An AGP_compliaqt graphics
~device (bus masté:)'7a initiates a transaction with an
access request. The AGP inﬁerface 21 respbnds to.the
requeét by directing the corréqunding data transfer at a
latef.time, which permits.the AGP graphics device Ta to.
éipeline several éccesslyequests whiie walting for,data
transfers to ocdui. As a result of pipelining,.seyeral read
.and/ér write access requests may be simultaneously
outsténding iﬁ reqﬁeét-queueé 100. Access requests can

either be pipelined across an address/data bus (AD bus) 105,



queue 100.. Read data are obtained from system nenory

4 and are returned at the initiative of scheduler 102

‘through read data return queue 10.4.-and across AD

bus 105 of the AGP 9. Wite data are provided by AGP
conpliant graphics controller 7 at the direction of
suiredid elGrlA2 .o WReBns p@ELed Stimmidrallidiebiandt hadwess elines
data queue 108. Thus, AGP transactions generally

i1 Wk AdH oF |0aY edcac68aShY eRRI S ajudu@allao .

transfers. G aphics data may be stored in system

menor ys¢hafieler @eHp2o0peEas eshed Nud¥ds dMa@eukBts in request
conjunction with an external AGP conpliant graphics
CONMUDI 1@, 7aRedd dMRENa Y CEbBaioRer 6 JystehXmabdey 4 and
using its internal graphics functionality. Wen using
Syst SRR MBI Y 4 tQeShaneigeaphiss sékﬁdhlégwﬂd23t%&6§gﬁ read
virtual nenory addressing concept for .accessing

052P01 £sc 0t aqudur AGZ BRdEacRo$d MB Miis GL‘bSM%f 9‘.&1@th959

aperture is defined through which addresses in the

pﬁ¥§t&aéa@y35 fﬁﬁWQB$d4b9aﬂGbec@ﬁﬁfﬁﬁﬁﬁjdﬁéﬁﬂﬁﬂﬁﬂc@ﬁtroller

contro [er. 7a. e graphiCs aperture appears to

aQ{_: El? &PPéé@lJnerof7§cﬁ§d§1§2 M3 ainédt R eontd guaisable

T near. menory, although the addresses in

pEXS gl v Ei/ééf T Hhihre 19!, OC%‘BgQ fR&p U@Paz@éc‘t%ns

grap I'Cs Ccon are not contlguous

cont| s bl ock, of, r d

aﬁap?urgf%elr?ﬁ' %degrlapq%lngg)égo%t %giﬁ'iger %gq‘%%etsu%ﬁtaa%%
access_|large data structures, such as texture bltnaps
(FYpPEaFFS 1 KB to 128 KB), as single entities in

Vlrtuagraphlcs data may be stored in system memory 4 when

GMCH 3 operates-in AGP mode in conjunction with anlexternal
AGP'comoliant graphics controller-7a,_or.wheh GMCH -3
operates in Gfx mode using its internal graphics
functionality. When uaing system memoxry 4 to store graphics
data, GMCH.3 uses a virtuai meﬁory addressing concept for
.accessing graphics data " In AGP mode, a 32 MB or 64 MB
graphlcs aperture is defined through which addresses in the
_physrcal system memory 4 can be accessed by graphics
controller 7a. The_graphics_aperture appears to graphics.
controller'7a as a 32 MB or 64.MB contiguous block of linear
memory,.although the-addresses in physiCal systen memory.

allocated for use.by AGP graphics controller 7a are not
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menory. Access requests from graphics controller 7a
address virtual nenory within the aperture range, and
~then GMCH 3 forwards access requests within the
aperture to physical systemnenory 4. The
originally-issued addresses sent from graphics .
comttrigiuosrs . 7aTheeconbhgiened Mdakniof aereryt pdapgsses in the
controller 26 using a G aphics Address Remapping Tabl e
(ARN)LcsThepe@ARTei peant bd| EragfHicmosfas Lbert (@ to quickly
menory address in the aperture range with. o
corgessp dradioeg dplips BEARCEWERDI |5 Wi r3ds SEX LUFRe P ERREPS s
stored in systemmenory in a |location known to GVCH 3
beryisealilys I &Baticod2 B sKBt oradl §inale @ahiidies Wt wirtual -
GMCH 3. Addresses are mapped fromthe graphics
apsrdure into systemnenory in 4 KB pages, and each
entry of the GART translates one 4 KB page. Thus, when
an  advmss s egureistiss frevepyvephievmariaphilesy 7a address
controller -7a in the graphics aperture,. the request
| eiromehtremidny stiahliedthhi kpetherapprngs i sansl GARF GMCH 3
entry is fetched fromsystem nenory 4. The address of
t heresces sadegestequieshisnwihbin tiye s curgpdot gh#sigal
.translated using the fetched translation table entry,
aggstée Magestd i s Ther waigédal byt hesudd phydiesgies sent: from
address in systemnenory 4 identified by the fetched
GARIpeDE$ Yoorftxr sidead 7 aup reeweys dgted swi byresiad af sgapam
AGP graphics controller 7a to systemnmenory 4, GVCH 3
pEoNt €651 @r GMRTus iant ray Graphe c28Afldre$ 9 cRéhapsingr iNadplap
to four entries from: ' '
(GART). The GART is a table that matches virtual memory

éddress in the aperture'fange with'correspondihg physical
memory addresses. The GART ié stored in system memorylin a
location known to'GMCH 3 because its location is stored in a
register within GMCH 3. Addresses are mapped from the
graphics apérture into s&stem memory in 4 KB pages, and ea;h
entry of the GARTltransiates one 4 KB page;' Thus, when an

~ access request_is received from gfaphics controller 7a in
the gr;phics aperture,. the #equeét is momentarily stalled
wﬁilé.the appr@priate GART ehtry is fetched from system
membry 4, The address of the*éccess.request within the 
graphics aperture is translated ﬁsing the fetched

translation table entry, and the request is forwarded to the
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the GART. GART entry.cache 28 may al so be known as a
transl ati on | ookasi de buffer (TLB) Wien a GART entry

is first retrieved fromthe GART in system nenory 4
"to translate a virtual address into a physica

address, the entry may be stored in the TLB 28

pegisdicag Bdddesa shrepstemomnty ¢ izentifdedeRy Ehere

an address request from graphics controller 7a needs
tfetgded GARTarBt&XRT entry, the. entry can be
retrieved.- fromthe |local TLB 28 rather than fromthe
‘GART iTio dipseantps peteny neaoe§s 4e@Blarie GART AERt graghics
may be stored in TLB 28 and each GART entry provi des
acoes® ltlera 74KBopayeteh memory 4ddiéEbes proyicdesis. KERT
of access requests fromgraphics controller 7a may be -
terams] atsedieuisngoirth@ ocGARTyeat ot sy storted Josgakhyprips from
TLB 28 before a new GART entry nust be retrieved from
st (FARTENDIGARTS enttrydatahst E@ana g ot soIdeekn@@nneeds
to use a GART entry that is. not stored locally.in TLB
2Faridlen tiece doaika sdaer puflfay HELBRt ri¥wed o GARTsgstem 1is
menory 4 and then stored in TLB 28 for future use,

t hier eh r d il AN F . @er BART eVh 0sigs tyem Staprcery i4n tHLB

28. 8 Referring again to Figure 2, in Gx node, the -
it Siddte O aphitamlengidiess2inod SMlkySioef iaeir@st4 MBe

| ogi cal addres-s space through which addresses in the
PEWSEE Sha P Y5 RIRIDIIN theOT LAl BV eo9idinqcioe skt By ream
I nt ernal graph|cs engi nes 27. The | ogical address

SOAEEr SPRSAISS | O MHARRIES tapat bal haardss Rsquesk? Hidror

64 MB contiguous block of l|inear -menory,

_ graphlcs controller 7a needs to use the same GART entry, the.

‘entry can be retrleved from the local TLB 28 rather than

| from the GART in distant system memory 4, Since GART
entries may be stored in TLB 28 and each GART entry provrdes
access to a 4KB page of memory addresses, up to 16 KB of
access requests from graphics controller 7a may be
translaﬁed using the GART entries stored locally in_TLB 28

" before a new GART entry must be retrieved from system memory
4.. If data stream controller 26 needs to use a GART entry
that is not stored locally in TLB 28, the necessary entry
may be retrieved from system memory 4 and then stored in TLB

28 for future use, thereby replacing an-entry previously

stored in TLB 28.



al t hough the addresses in physical system nenory 4 or
AlMM allocated for use by internal graph ics engines

27 are not contiguous. Like the graphics aperture

used in AG? node, the contiguous bl ock of menory
addresses - in the |ogical  address space permts

i nt er Reifegraplgi egatngFneBlore @/adBes8x Pafge tig dnternal
structures quickly as single entities in virtua

AR cSACEs o esedlieqf GG M idafdntal §faliRi tIGRi Regress
27 are translated within data streamcontroller 26

(EHaRe &h@oaishi edichTaddse 818D MTakee PRETFFal Wiy THER Jemory
stored in systemnmenory in a lotation stored by GVCH

3 igr ARBYidareLenRERPASENRY Sntesddle §58BNHFE NEE S 27

| ogi cal address space are mapped into system nenory
d¥heaIldaiiarl ARIrSE§e5P2ERRRRAFT it YraPhifg, coxfmpeller 7a
transl ates one 4KB page. GIT entries additionally :
ot e A Bt [odr MBccentigeeie el @fngppeart BeRyYLYem
menory 4 or ALMM nenory, if an AIMM card is present.
Thkthawmte tha RBIngsedsi hn QU 322k ¢ vedeHe "EARTY eht ¢4 dstMM
may be used to store up to four entries locally from

t okl o@itled nfar deve by i9tspeall aramviscs enstipsscal are not
-menory. Since the nunber of GART. entries or GIT
ecentsmidmt Meikebshet graghies R Dgdes usedniipedGRynode,
the physical die area size of the TLB, using the sane
THIBe t gorst yeo GARIL carkt Kifeseinnr AGRIgRRsesmd nt het bpel ey
entries in G x node effectively doubles the nunber of
CAress {Pdcenternesst hatemgbegsapriots iendinBscdiphe ediccess
to the nunmber that could be stored if separate

TLBsgaved gralseerictiures quickly as single entities in virtual

memory.

| 'lAccess requests from internﬁi graphic; enginés 27 are
translated wiﬁhin data stream cohtroller 26 using a Graphics
franslation Téble (GTT) , which is stored in system memory in
a léCation stored by GMCH 3 in a register Qithin GMCH 3.
Addresses within the.logiqai address space'are-mapped into
system memory or AIMM in 4KB pages, and eécb entry of ;he_

'.GTT translates one 4KB page. GTT entries additionally
determine whether access requests are mapped to system
memory 4 or AIMM memory, if an AIMM card is preSent.. The
same TLB 28 used'in.GMCH 3 to cache GART éntries may be used

to store up to four entries locally from the GTT in order to
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GART and GIT entries. Additionally, using the sane TLB
to store GART entries in AGP node and to store GIT
entries in Gx node sinplifies the internal |ogic of

- . GMCH 3 ‘because a single |logic serves both. functions

of the TLB. O her enbodinments are within the scope of

't hpe¢d| 409k Y t@lmmcammemOAEeor@iw ttheomeamdsge©f GART
of this invention, there is provided a nenory

centroés$ eorhfﬁlrjrcemqmaﬁ rpatamgy apéi esosbsystldB 28 is
adapted to perform graphics operations on data; and a
cathetadapy ethe sy v ladideesses "ofz¢ ochtind L using the
physi cal nenory avail able to the graphics subsystem

f opmst BEBNGe graphi @¥RUardrdrd dvahfBbheds ared graapitices GTT -
controller coupled to the nenory controller hub to
seoteigsaphi @6x dmede cHfeamively donbies | e hubmbray of GART
further include a dedicated bus interface coupling

t he grapantsiesnthat Iy te shermdndnyTLB omdmmd dezk Hwilkhe
Optionally, the dedicated bus interface includes an _
aaosberathdt geaphd Cise pirdredAGE) sePptavaal Lys . wde used for
menory controller hub is configured to provide a

btask ahdl Greasnt viés valadEmacyaadgy essesg fidie Usmd)ILB to
t he graphi cs subsystem wherein the cache is adapted

t gtstker earaddhesses M A aiddenandntphysoeal GTEMIYries in
that correspond to addresses within the bl ock of -

| GERakod¥i Elﬂ?ilﬂ‘ﬁ@@r%@(idft%%&@.& 1opttosdl d;nycatmeoecause a:
menory controller hub is configured to
- single logic serves both functions of the TLB.

- Other eﬁbodiments are within_the égopé of the following

claims.
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provide a block of linear, virtual nenory addresses
for use by the graphics controller, wherein the cache
is adapted to store addresses of locations in

physi cal nenory that correspond to addresses within
the block of linear, virtual nmenory addresses.
Optionally, the nenory controller hub is configured to
provide a first block of |ineannes rtual nenory
addresses for 10a use by the graphics controller and
adapted to provide a second block of linear, virtua

MM A6 RUH P SEE SoA OF a MSE Yo £ hﬂmigrmg%éﬁps‘yﬁéf is

wherein the cache is adapted to store resses o
PrAvdeRd chdneme fihyed il o Weemrlyul haempot s &spond t o

ad Wi & hd | r bl ock_of |ipear, virtuyal |
m%@%ﬁl&&%%&é gsﬁtdé Itl ogé?%$%& 2 r%%%g%r’%fgﬂf PBIF/ns:
openatghyss cal dawerand hat correspond to addresses '
within the second block of linear, virtual menory
.ad&ré%ascgk‘? %&%c%treo‘i‘ N tD- Aot resRTtobflegations in
hylsR\aNt in@fo e s i Sap 1K OV dath a; COPULLT -
P ylc:?orlrpri Si ngo: iha- CPL} ~a display ggew ce, %ss@s(ﬁ%&n%n%?g/ storing
grapidscedate st A dedb battte andyraph Misleontdat Blemncb@pled to

| ed he .CPU and | ed
e Bk S S Thstory ™ (HE oSty RO O [

conprising: a graphics subsystem configured to perform
hi cs data; and a cache

graphi cs_operations on grap ! ‘
A AP deS St 1A Sl ks 4RO A Y T ey [ lude & dedicated
bus interface coupling the graphics controller to the memory

controller hub.

Optionally, the dedicated bus interface includes an

accelerated graphics port (AGP).

Optionally, the memory controller hub is configured to
provide a block of linear, virtual memory addresses for use by
the graphics subsystem, wherein the cache is adapted to store
addresses of locations in physical memory that correspond to

addresses within the block of linear, virtual memory addresses.

Optionally, the memory controller hub is configured to
provide a block of linear, virtual memory addresses fof use by
the graphics controller, wherein the cache is adapted to store
addresses of locations in physical memory that correspond to

addresses within the block of linear, virtual memory addresses.

Optionally, the memory controller hub is configured to

provide a first block of linear, virtual memory addresses for
10a



physi cal nenory available to the graphics subsystem
for storing graphics data and that available to a
graphics .controller coupled to the nenory controller
hub to store graphics data. The conputer system may
further include a dedicated bus interface coupling
the graphics controller to the nenory controller hub.

anal | e dedirpatad dussddteld el ] d
use%tglel er atgxgo?%{iaphl cs port (AGP). 10bﬁ(§%| onal?&ldi\,;l@ﬂea secon

bl ﬁxlsn@rylé@rﬁarrm | Vele ths |n§w|a;mreeﬁseﬁ foovise by the
i r dre g for S
gra?hQQ%rap as sHBsyg{é%%lhng mﬁ%ﬁ%ﬁ% % (fégh %% cre
addaeapteesd otEo Istaartel cagkd ries gesy safca l méitthQﬁSthhd"t piwzsh :.Eﬁ:égj;cf(nd to
ry th .correspond tq addres es wi thin the ocC
addSFslser?eé‘i’ll R ﬁéﬁ?&%]ﬂg? esiN&ti il Tyl ppRnory
adderBeY Rt Q) |afo Ui ddE-Ltfd By Q%éétlcﬁ{sovirﬂeprﬁz%lcal
bl ock of |inear, virtual nenory addresses for use

MENPKHE §F&§hﬁ@§nﬂﬂﬂ9ﬂﬂlﬁﬂ adghe sfest elithine e heedand blO”k of
t t | ocati ons in physica
lln@g§pr%QrE%a§ %kﬁlgﬁgngﬁﬁr 3%%@ LD

fhat corre sses wthin the bl ock
of I|near V|rtual nenory addresses. Optionally, the

contr [ ler bis conflgured to, provide a
(T RCEoERStE B Rrodher PR HHemiy dddeasen 1 grhere is

pro¥$aehy al ben@uapl &S seehi e AN S adapted to
provide a second block of [l'inear,” virtual nenory

adér €§8és for use by the
a display device;

a system memory adapted to store video data and non-video
data; and
a memory controller hub coupled to the CPU and coupled to
the system memory, the memory controller hub comprising:
a graphics subsystem configured to perform graphics
operations on graphics data; and
a cache adapted to store addresses of locations in
physical memory available to the graphics subsystém for
storing graphics data and that available to a graphics
controller coupled to the memory controller hub to store

graphics data.

The computer system may further include a dedicated bus
interface coupling the graphics controller to the memory

controller hub.

Optionally, the dedicated bus interface includes an ,

accelerated graphics port (AGP).
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-graphi cs subsystem and wherein the cache is adapted
to store addresses of |ocations in physical nenory
that correspond to addresses within the first bl ock
of linear, virtual nmenory addresses and is adapted to
store addresses of |ocations in physical nenory that
correspond to addresses within the second bl ock of

| i 0&.onalilft,UadhdTerErdr R ABRSSESE e AOGS diis‘gcér?ff'gured to
further aspect of this invention, there is provided a

profefifod &l ostoiing idhtes skisrtofal qeendwihsadarednss cidr use by
i r er b cache wherein the | ocations

theiErgﬁgggga%u%%ﬁkﬁghgréuggaiIable to either a graphics
corhegklier theowplodet tic tdumprenbriyo cardrolddirdudr Orof

il able t, hi bsystem of th
LocghRpRS! 1er BRI e "R A, T SRR TurAdresses

witBOAPEheeloRkovWrdilnGea M) GGk tfall i8R vy HddMad sdenory
addresses the nenory controller hub for use by the
graphi cs subsystem and storing in the cache

add flo [ ' i.cal . that ..

N
provideual birerdr pfaddnesses vi@uuadnaldmoryt keldmidwss for use by

further conprises: providing a block of |inear,
thev?F?BEFcﬁeg§P§r 3&@&53@%1 n the nmenory controller hub

f owhegeiby thie cacarhiies scRpted &) st AR HYPdMEd e

the cache addresses of |ocations in physical nenory
locahapreoineppindcesd aeMoEysEdali einresrony dok asidresses

witﬁiHGEBE block of linear, virtual memory addresses.

Optionally, the memory controller hub is configured to
provide a first block of linear, virtual memory addresses for
use by the graphics controller and is adapted to provide a
second block of linear, virtual memory addresses for use by the
graphics subsystem; and

wherein the cache i1s adapted to store addresses of
locations in physical memory that correspond to addresses
within the first block of linear, virtual memory addresses and
is adapted to store addresses of locations in physical memory
that correspond to addresses within the second block of linear,

virtual memory addresses.

According to a further aspect of this invention, there is
provided a method of storing addresses of locations in physical
in a memory controller hub cache wherein the locations in
physical memory are available to either a graphics controller
coupled to the memory controller hub or are available to a

graphics subsystem of the memory sontroller hub.
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virtual nmenory addresses. Optionally, the nethod
further conprises: providing a block of I|inear,
virtual nenory address the nenory controller hub for
use by the graphics controller, and storing in the
cache addresses of |ocations in physical nenory that
correspond to addresses w thin the block of linear,

vi be@Bngﬁﬁ?ryt%@dh%%%%% I i %V'c(yrr%m a dy.ock of

linear, virfual nenory address the ry controller
huprbvidiseg bybtlh@kgpépmmasubwmal arthorst addupddes the

the cac dre S | ocations in sical neno '
mem?ﬁ%tcggrrgggond t% 5§3}8§§e§ ﬁﬁ%lgﬂéﬁéﬂﬂ(ﬂﬂPQﬁys em; and
stokiﬂgain ther tdahemaRire saddr @S acatidnd aimMpnlsiRhal memory
nputer chip conprising: an internal raphi cs

tha%u%@§§Féﬁpaéa59eédﬂée§§@ﬁoMﬁﬁ@ﬂ@pﬁhﬁ; KatdfodsingRr,

v1r?§£§ méRdrya ag@gggs@gapted to store addresses of
ocations in physical nenory available to the

I nt ernal graphlcs subsystem for storing graphics data

I
oryRPEERSTEer 525, BB, T3 B e ceBERc v aphi cs

COﬁfb@hHEthQUDﬂadkt@fthQn@@EDUNQ&t@EQDn&&br@ﬁﬁﬂmiﬂékses in
graphi cs data. 2. The conputer chip of claim1,

theW%%W%Fﬁ FRABLEBAPEERUBhIERT HS&n Divn pike/ el cs controller;
angcontroller hub. 3. The conputer chip of claim 1,
further conprising a dedicated bus interface coupling
t hetexiergnah ghaphiacbecandrelsises bd tlheatdopst én ghiysical
ut er chi

mengit 1A br PAEECPRAI A5 2RO ARERPe M A Ed g A Lo ot Linear,

virfP)memory addresses.

Optionally, the method further comprises:

providing a block of linear, virtual memory address the
memory controller hub for use by the graphics controller, and
storing in the cache addresses of locations in physical memory
that correspond to addresses within the block of linear,
virtual memory addresses; or

providing a block of linear, virtual memory address the
memory controller hub for use by the graphics subsystem, and
storing in the cache addresses of locations in physical memory
that correspond to addresses within the block of linear,

virtual memory addresses.
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5. The conputer chip of claim1, wherein the conputer
chip is configured to provide a block of I|inear,
virtual nenory addresses for use by the interna
graphi cs subsystem wherein the cache is adapted to
store addresses of |ocations in physical nenory that
correspond to addresses within the bl ock of I|inear,
viriual menory addresses. 6. The conputer chip of
éi%ﬁﬂﬁ 1, wherein the conmputer chip is configured to
provide a block of linear, virtual nmenory addresses
for use by the external graphics controller, wherein

tthe cdctranpuwerahipeanprisingt or e addr esses of | ocations

in.physi cal,.mempry .t ha ofrespond to..addresses
iR PR e B! CRPB G ershied e RRaR S e das and
é.cadifteadapien td storecadidresds ofllgvativds in}{!ﬂ?ii@él Mndrhéry QORI Mo the
chip.is configured to provi i rst bl ock of

hi de a

interna graphies suppystera foraiorng graphiesedaband adapigd do pipre aeldlresses of locations
. I | . e .
in phys P51 BcRREy SHRBERF R Bl b Con BRBPL TR REC ik i for
storing \gsaphipg datae | nt er nal graphi cs subsystem wherein the

cache is adapted to store addresses of |ocations in

physical menory that correspond to addresses within

bhe fi [ M, whi

2hd | TS ompREieb of SRR, wHbich L cBRPREY (PR £ R RUoupu
controljghhigh.cal menory that correspond to addresses within

the second bl ock of linear, virtual nmenory addresses.

8. A conputer systemconprising: a CPU, a display

devi C&hedompates BhipRelaim a0 ARtheFlcdrRpridiny £d¥dislRed Blatidterface

.and non-video data; and a conputer chip coupled to the
couplingthy exigrnebgrppleies eantroler toythe egmprierothyp- t he conput er

chip conprising: an internal graphics subsystem

configured to perform graphics operations on graphics

dat a; Thedompatee beipadapirad, wherinthe dadidated Besintdrface includes an

| ogati ons in physical nenory available to the
mmdmpwgggm WSQPgézﬁ%)-subsysten1for storing graphics data

and adapted to store addresses of locations in

physi cal nenory available to an external graphics

éont r dlhe epmpotepklag of olaim 1, wherein the computer chip is configured to provide

a block of linear, virtual memory addresses for use by the internal graphics subsystem, wherein
the cache is adapted to store addresses of locations in physical memory that correspond to

addresses within the block of linear, virtual memory addresses.

6. The computer chip of claim 1, wherein the computer chip is configured to provide
a block of linear, virtual memory addresses for use by the external graphics controller, wherein
the cache is adapted to store addresses of locations in physical memory that correspond to

addresses within the block of linear, virtual memory addresses.

7. The computer chip of claim 1, wherein the computer chip is configured to provide
a first block of linear, virtual memory addresses for use by the external graphics controller and

adapted to provide a second block of linear, virtual memory addresses for use by the internal



the conputer chip for storing graphics data. 9. The

conputer systemof claim@8, wherein the conmputer chip

in an input/output controller hub. 101. The conputer

systemof claim@8, further conprising a dedicated bus

interface coupling the external graphics controller

to the conputer chip. 11. The conputer system of claim
grapﬂigs sdﬁ@?d’t&h Nwhéeirtae csked acb:ig?ed' t6 tsf%"ré @&ﬁeés%&MG@ﬁloiQ in physical

accel er at ed graphics por t .. The conputer
memgtisthahgastesponsl thaddregses fvgthm ths 1r@tdﬁp<dq @frhr@h]r, irtunl memory addresses

[

and i§ g@f}ft&fj{oﬁgorré ggcérrség ¥ oggoézgm%ls(ﬁ ﬁlel%ll% 1 ry éﬁr/ apéﬁ@égond to addresses
withiaubs s/ei:bﬁtﬂlbloch od lihSarywienal rﬁethb@/ azlatéseesl s adapted to

store addresses of |ocations in physical nenory that

correspond to addresses within the block of |inear,

Vi Kt ual The conputer system of

Clgln]8AQ&§@E%?%9§E§%%§ﬁ%w$%r chip is configured to

proCPte a bl ock of linear, virtual nenory addresses

for .use 5 the external graphlcs controller; and

whfispiay %@c%ache is adapted to store addresses of

| og & stéﬁ@ﬁxeh{brﬁ BaSt&Rlo sPRERId0 ldARtand GRHVESINh; tald
addr'esses wthin the block of linear, virtual nenory

aduieerapter chim couped todhp GPEF anshesupled ¢9 thelsybtemgnempi; Bierpomputer

uter chip is configured to provide a first
dnp%&%gﬁﬁﬂ? linear, virtual nenory addresses for use by

the exted imaémgr@qjﬁmssubmm ebrfipuraind peffofifl gpdphitstoperations on
provi de a second bl ock of linear, virtual nenory
aogppisedattandyse by the internal graphics subsystem

and whef gl e taﬁﬁi}s' to ore SdaRaRE %f‘lchtxocﬁsq{l?hﬁgﬁl?%&?&y%@ailable to

| ocations in p menory that corre
aditie éstemsl graphicshsubispstémrfet stodimg graphics date and addptedralstore addresses

rg@%%/%ﬁgg ; eﬁpﬁyg %gﬁoag%glpﬁ%gﬁ g)étlsc}t:ng (cj:% gontroﬁleg fcoupled to
adgle 86 2BateVERiPifdr dtheng SapRibedRthock of | near virtual.
menory addresses.

9. The computer system of claim 8, wherein the computer chip in an input/output

controller hub.

10.  The computer system of claim 8, further comprising a dedicated bus interface

coupling the external graphics controller to the computer chip.

11.  The computer system of claim 10, wherein the dedicated bus interface includes an

accelerated graphics port (AGP).

12.  The computer system of claim 8, wherein the computer chip is configured to
provide a block of linear, virtual memory addresses for use by the internal graphicé__ subsystem;

and
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15. A nethod of storing addresses of |ocations in
physi cal nenory in a conputer chip cache, the nethod
conpri sing: determ ning whether the conputer chip is
operably coupled to an external graphics controller
or whether the conputer chip perfornms graphics
operations on data using an internal graphics

subvayeiretine cactd ik bddphel e hédressds B loSatéeidh BBlysical afémory that
external graphics contraqller, then storing in a cache

corrgpen 19 addEessss iritiie thedlpgk efdincas yetuabmemesy pddspsses n

physi cal nenory available to the external graphics

controller for storing graphics data; but if the

cobput elhe horppyter §ystems ofilaiph8 oshapiartix camsutenchitsaconfigured to
~_usi n d.nternal graphics, subsyste hen stqring.in
prov{iRa! Ha o 1ol A8 bard motrd BdrP AR I Sphy Ehecepetoal sppifics controler
and available to the external graphics controller for

. storing graphics data. 16. The nmethod of claim 15,
f upherem tge ppheds adppteddtojsfore pddressapeof logations pin plysicat memory that

oG SRRBELT ORI bR LA

virtual nmenory addresses in the conmputer chip for use

by, the_jnternal graphi Subsystem and if the .

cohput eﬂ’%ﬁ‘?rﬁp‘ﬁﬁrr %Q./swﬁtofgcﬁ%aah&aﬁh%ﬁa il GasrRute Phimis gonfigured to

laStst 16K St IEHeAR i by | 3] i

provié&ggﬁgs add? esses dfvnlg%a?atl on a?%i@%ﬁigcﬁgi‘gfﬁ %r?o{*_\?"t‘ﬁa%‘ Llﬂncs
controtler aslpoadaptal togutdvids 8 esconid tiock dfttied] virtoabhetmoryeaddresses for use
b tvi.rtual e r%( addresses. 17. The nethod of claim 15,
y the inteing g&Bﬁ%f WSHge™ #9 he conputer chip is coupled to

anwBetRI tha badie P8 da8 Ridr®hd REsseP6 YL MRS iPplsREKmRory that
linear, virtual nenory addresses in the conput'er chip

correppind g @dgxpssep avithin thefipt Weckyf linsat; yirtwabmemory addrdssis and is adapted
in-i hi _
o sk SEBEL Poc LR SRR AP SELEOREl PR fiin e

secondisiatk ofisnear) vty ncemhorgratdareyses.hat correspond to
addresses within the block of |I|inear, virtual nenory

addr esses. _
15. A method of storing addresses of locations in physical memory in a computer

chip cache, the method comprising:

,. determining whether the computer chip is operably coupled to an external graphics
controller or whether the computer chip performs graphics operations on data using an internal
graphics subsystem,; and

if the computer chip is coupled to an external graphics controller, then storing in a cache
within the computer chip addresses of locations in physical memory available to the external
graphics controller for storing graphics data; but

if the computer chip performs graphics operations on data using an internal graphics
subsystem, then storing in the cache addresses of locations in physical memory available to the

external graphics controller for storing graphics data.
16.  The method of claim 15, further comprising:
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18. The nethod of claim 15, further conprising: if the
conputer chip perforns graphics operations on data
using the internal graphics subsystem providing a

bl ock of linear, virtual nenory addresses in the
conmputer chip for use by the external graphics
controller, and storing in the cache addresses of

| afeneicompuien clpib\peiforths giiphios Ypdridns ©Ardags \E&iﬁ%jth% anternal graphics
addresses within the block of linear, virtual nmenory
subsysient exayading g blqok of H@e%roWbme@ﬁwddées&wmth@cqmaer chip for use by

them]?e?i'ﬁﬁf?éﬂhl&rsﬁﬂ aféﬂrre gagtroller, providing a block of

virt nory addresses in the comput er chip
f of thasemipytet bieipipetformagraghiapbpersticns baydataaumsingthe internal graphics

sus B S o R -E5H 550 i SRR Sub R pigomespond 1
addrebde§ wHh@the ®lodid JTear, VirfublAbmBR RidYes3gidr esses. 14

17.  The method of claim 15, further comprising:

if the computer chip is coupled to an external graphics controller, providing a block of
linear, virtual memory addresses in the computer chip for use by the external graphics controller,
and

if the computer chip is coupled to an external graphics controller, storing in the cache
addresses of locations in physical memory that correspond to addresses within the block of

linear, virtual memory addresses.

18.  The method of claim 15, further comprising:

if the computer chip performs graphics operations on data using the internal graphics
subsystem, providing a block of linear, virtual memory addresses in the computer chip for use by
the external graphics controller, and storing in the cache addresses bf locations in physical
memory that correspond to addresses within the block of linear, virtual memory addresses; or
if the computer chip is coupled to an external graphics controller, providing a block of linear,
virtual memory addresses in the computer chip for use by the internal graphics subsystem, and
storing in the cache addresses of locations in physical memory that correspond to addresses

within the block of linear, virtual memory addresses.

14



