SHARED TRANSLATION ADDRESS CACHING BACKGROUND The
invention relates to caching in memory controller hubs. Microcomputer
systems generally include one or more memory controller hubs that
control and coordinate the transfer of data between the computer's

system memory, centf@FgtBbe TRAYIAAHTTRU pRPRERST | fiietBldevices.
Graphics applications may be supported by peripheral devices known as
graphics controllers that require a memor{y controller hub to transfer data
between the graphics controller, tﬁ§g§§té%Uﬁl1%mory, and the CPU. A
design Géricernassociated withraicracompuater systemsiesdhe quatity-ofl lex
two-dimensional (2D) , three-dimensional (3D), and video image
(é&lf‘é&tively referred to below as "graphics") processing.

High-performance graphics processing requires processor-intensive

calculations AP e 5t MaRpTTRtiGHEorafge quamitied st Aat. Severare:

designs have been molemented to achieve high performance. graphics
processing while also reducing the cost ot the complete SyStem and

allowing-or upgrades, to,the, camputer sysiem:s cananility, A.computer,

system may include a graphics controller coupled to local memory fof

stecing-graphics-data; 2o that +1 ibemountofdata that-musibe; ces
transferred between 'he ‘ |
Graphics applications may be supported by peripheral devices
known As graphics controllers that regquire a memory
controller hub to transfer data between the éraphics
ﬁontroller,vthe system memory,‘and the C?U;
AVdeSigﬁ,concernkassociatéd’with microcomputer systems
is' the quality of two-dimensional (ZD),ithree%dimensional
(3D), and video imége (cbllectively refer;éd to below as
“graphicsf} processihg; High—performénce graphics
processing réquires processor—iﬁtensi&e célculétions-and thé
fast manipulafion of large‘quantitiés‘éf:aata. $everai
'designé have beénvimplémEnted to achieve'high-pe;formance
graphics processing whiie also reducing the cost of the
complete system and allowing for‘upgradeé to thevcémputer
syStem’s capability. |
A computer systeﬁ.may include a graphics controller

coupled to local memory for storing graphics data, so»that



graphics controller and the system memory and/or the CPU is reduced.
Increasing the amount of local memory available to the graphics
controller improves graphics performance, but also increases the cost of
the computer system, because local graphics memory is relatively
ensive. Less local memory is required tq achieve the same graphics
oo Tt o GEAICHEN bUE & 6o Hre RECA B B
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perormance. héwever- i a-d
P%@%‘@f Js1S 4564 10, Gauple the controller to the memory coptroller hub,, ;-

An AGP allows the controller to treat portions ofn%ns?érrkﬁ memory as

dedicateddocalgraphics: meme, which reducesdhe amaunt.of 19¢ali 121 +o
memory required and lowers overall system costs. Computer system

coste atposmayde reshiced 1y elinvipating thesperipheral g@phicsiance, but
controller and integrating its functionality into the memory controller hub.
Insleh dconfigwrationltke aesnonf camteoliestiwiltis rhetterdescribeckas a
graphics/memory controller hub, since it performs graphics processing
fuRfiéris Fradditien teamenory TortrokaAd srhnsterdanctions. Less local
Additionally, it includes one or more output ports to send graphics signals

toBXUETHAI tBvIERE ) SUcH ab Califde 74y tbes TERer sy ahi Hafpaker o~mance,
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DRAWING=Hjiguie1 isa schgmatighlgck dlagram of & amputer . o rorory
controller hub. Ah AGP allows the-confroller to treat
’portions'of system memory as dedicated local graphics

. memory, which reduces the amount of local memory required
and lowers overall system costs.

Computer system costs also may be reduced by
eliminating the peripheral graphics controller and
integrating its fnnctionality into the memory controller
~hub. In sﬁch a configuration the‘mémory contréller hub is
 better described as a graphics/memory controller hub} since

it performs graphics processing fuﬁctions in addition to
memory contrbl and tfansfer functions. Additionally, it
includes one or more output ports to send graphics signéls

. to external devices, such as cathode ray tubes'(CRTsX.and

flat-panel monitors. A graphics/memory controller hub may

be coupled to local memory for storing graphics data.



system. Figure 2 is a schematic block diagram of a graphics memory
controller hub. Figure 3 and 4 is a schematic block diagram of
accelerated graphics port (AGE) functionality of a graphics .memory
controller hub. DETAILED DESCRIPTION In a computer system, a

memory controller hub yaay fecintegrated,with- andnigrnal graphics

controller and may interface with an external graphics device through an
AGP poed.,Because the memantcentilies hub contrals beth, araphics. -
and memory functions it is referred to as a graphics /memory controller
bubty(&MCH) The GMCH provides both internal graphics processing and
scalable graphics performancee through an AGE interface. The GMCH
may béiserkinone of tvie nemeathyr ekdlasize dhadestAGE smadedhics
which case the GMCH uses its capability to interface with an external
grapHiEs controfer ahdHHe internal graphics functionality is disabled; or
Gfx mode in WhICh case the GMCH uses.its internal graphics capability,

and its éﬁlﬁﬁfto Sinfétface WitharExERal graphies contFdiietTs Yisabled.

In Gf he GM H can st|II fa WI'[ a Ioc memary, mod
PsRop it Ll

Ate U ;
<:ro%g pgrt%gsprowde tlona grap l|<cj:§lafnem}(’)ry oru e%§ oS

%g'ggrpgngmc& \M}gther the GMCH operates in AGP mode or Gfx

mode
DETAILED DESCRIPTION
In a computer system, a memory controller hub may be

integrated with an internal graphics Cont;oller and may
interface with an external graphics device through an AGP
port;‘ Because the memory contro;ier hub'éontrols both
graphics and memory fgnctions it is referred to as a
graphics/memory controller hub (GMCH). The GMCH provides
both internal graphics ptodessing and scalableVgxaphicS
performance through an AGP interface. |

| The‘GMCH‘may be used in one of two mutually exclusiﬁe
modes: AGP mode, in whiéh case the GMCH uses its capabiiity,
to interface with an extérnal graphics controller and its
internal graphics functionality‘is disabled;'or Gfx mode, in
which case tﬁe GMCH uses ité internal graphics capability,
and itsbability to iﬁtérface with an-external gréphics

controller is disabled. In Gfx mode the GMCH can still



can be determined automatically and set during the start-up sequence of
the computer. Figure 1 illustrates an exemplary computer system 1 in
which the GMCH can be implemented. The computer system 1 includes
a. microprocessor (for example, CPU) 2 coupled to s GMCH 3, which
contains a system memory controller hub. GMCH 3 may also be referred
ithtasra sehipsettar dcaredagicriedGHD pravides ap waterface etmeesrt to
CPU 2 and system memory 4, and between CPU 2 and a. bus, for
Texample, apediphers ]l congronens imerconresoP Tl or ublink?y btsHal:
Various input/output (1/0O) devices 6 are coupled to PCI bus 5, which is
Lol fo GMEBA Bia iy Gitpiit Corisie? hub(IEAF Peomputerx mode
system 1 may also include a graphics device 7, which may be a graphics
B FeF EoE 15 ot Hidifory” 81-bY viich Ay BL ARG IRlnE =207
Shée@gr%léﬂogylechlI\/(Ijl\c/}lgmt)haéep:rovides external local memory for the

Internal graphics f?mctlohghty of GMCH 3. A shared AGP/local memory

interfage 9, provides,a dedicated interface us beoveen GMCH 3and 1 in

graphics device 7. Graphics and video signals may be sent to a display
«Hevice 18 drosuaraphics devicaiitarais 4l presentiihercompytefen 1

system, or may be sent to display device 10 from GMCH 3 if graphics
ideviceiZ és absentrbigtise 2<busiratés otkergdetads ot SMCEI3cinghidingto 2
a CPU interface 20 coupled to an AG? interface 21, a local memory

GHteifate 22 anhinpotidatpus (IO s iterfgoe 28, controller hub. GMCH
3 may also be referred to as a “chipSet”‘or “core logic.”

" GMCH 3 providgs an interface between CPU 2 and system memory
4, and between CPU 2 and a. bus, for examéle,'a periphera;
component}interconnect:(PCI) or Hublink™ bus 5. Various
input)output (i/o) devices 6 are coupled to PCI bus 5, which
is coupléd to GMCH 3 via input/output-contrbller hub (iCH)
11. .Computer‘system 1 may also include a graphics device 7,
which‘méy bé.a graphics controllerbcoupled to.lpcai meﬁory
8, or which may be an AGP inline Memory Module (AIMM) that
provides extérnal loéal'memory fbr the’internal gréphics

: funétionality of GMCH 3. A éhared AGP/local.memory
interface 9 provides a dedicaﬁed interﬁace bus between GMCH

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

~sent to a display de#ice_lo from graphics device 7 if one is



and a system memory interface 24. Graphics functions can be performed
by internal graphics components 25, which include a data stream and
dispatch controller 26 to manage the flow of data and various graphics
engines 27 to perform graphics operations on data. Referring to Figure 3

And 4 -AGE, trapsactigns are-run, in asplit, trapsaction fashion in which a.,

request for data transfer to or from system memory 4 is disconnected in
dime ctomdhe data transfer itsel; APAGE carapliant graphics device (bus
master) 7a initiates a transaction with an access request. The AGP
interfaceRirrespondsue tthe trquesh by directng the CoaéSpondingdataiing
transfer at a later time, which permits the AGP graphics device 7a to
Ipip&lihelsdrararaceess rerjtrrsesiwhile 3Waithvf fortdrataanstels té okear !
As a result of pipelining, several read and/or write access requests may

TSIl EDRER S Bufstanai g iR GUas - iEues 160, AlbesEYeuedts 23
can either be pipelined across an addresgs/data bu (A_L? us) 105, 5107
a&%épﬁys?eg H}emOIaytthYS_- pa §§ %J.C %\b%u:okrlg

face : be
or transferred thr-ough SidEband address lines Gp §°"

Anditeceived by gequest gue %@Qé&'@&%&%@r Onesses 10 attesSae

requests in request queue 100. Read data are obtained from system
Anemesy 4and are fetuined at the iniiativerafscheduler 102 thyeughdeadow

data return queue 104.and across AD bus 103 of the AGP 9. Write data
@fe prevded by AG2xompliantrgraphiesconteller to perform graphics
operations on data.

Referring’to Figure 3 and 4, AGP transactions are run
in a split transaction fashionlin which a request for data
transfer to or from system memory 4 is disconnected in time
bfroﬁ the data tranéfer itself;van AGP compliant graphics
device (bus master) 7a initiates a transaction with an
access request. The AGP interface 21 responds to the
request by directing the corrésponding data transfer at a
laterrtime, which permitslthe AGP graphics device 7a to
pipeline several access reéuests while waiting‘for,data
transfers to occur. As a result of'pipelining, several read
and/or write accessvrequests may be simultaneouély

outstanding in request -queues 100. Access requests can

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



7 at the direction of scheduler 102 when space is available in the write
data queue 103 Thus, AGP transactions generally include interleaved
access requests and data transfers. Graphics data may be stored in
system memory 4 when GMCH 3 operates in AGP mode in conjunction

withan %%E@a'gAGPtC%@'ﬁ“é%p ics cont roller, 7a, or when GMCHL3 . -

operates in Gfx mode using its internal graphics functionality. When using

System mefmerys 10, stare yapbics, data, SMCH 3uses a yistual memory
addressing concept for accessing graphics data. In AG? mode, a 32 MB

or 64 MBcgeaphics-apetture iscdefired Hireughrwhich addresses intheequest
physical system memory 4 can be accessed by graphics controller 7a. '
Thesgraphits apetttre appears te graphics confrofier Fas=ea 32aMBror 64 and
MB contiguous block of linear memory, although the addresses in,
physicarsystamdmamdrycalioédibairase by AGP rapRics Contloner gy read

are not -6 contiguous. The contiguous block of memorg addresszs inthe

gFfotics Bpefttreiertits §faphids tonttoferFa GUILRY REcessIdge -
d%ta%tru%{u%es, such as texéurg l%itmggg(txgicaﬁl I%B to 12&\;4&@), 8Srroller
I e ata. a vidae 'X mgstsafn g gg 1

: i_ . re gII'O T
singie enttes In virtu memory. ACCESS requ romgr Ics controller

75 address viial memgry, within.he aperture sangeand then GMEH31ap1.
forwards access requests within the aperture to physical
in the write data queue 108. Thus, AGP transactions
generally include interleaved access requests and data
transfers.
Gréphips data may be stored in system memory 4 when
GMCH 3 opérateé iﬁ AGP mode in conjunction with an:external
AGP compliant graphics controller 7a, or when GMCH 3 |
operates in Gfx mode using its internél graphics
functionality. When’using system memory 4 to;gtqre graphics
data, GMCHY3 uses a virtual memory addressing concept for‘
.accessing g:aphics‘data. In AGP mode, a 32 MB or 64 MB
graphics aperturé is defined ﬁhrough which addresses in the
physical system memory 4 can be accessed by graphics
controllexr 7a. The gréphics aperture appears to giaphi;s_
controller 7a as a 32 MB orx 64‘MB contiguous block of linear
memory, although the addressés in physical system mémory,

allocated for use by AGP graphics controller 7a are not



system memory 4. The originally-issued addresses sent from graphics
controller 7a are translated within data stream controller 26 using a
Graphics Address Remapping Table (DART). The GART is a table that
matches virtual memory address in the aperture range with

<orrespanding physical, memory, addresses. The GIRT s stored o system. ;.

memory in a location known to GMCH 3 because its location is stored in
o degister withinceMCH S-fiddregses-arednapped from the graphicgus ckiy
aperture into system memory in 4 KB pages, and each entry of the GART
~ aransiatebone 4 B pager Thus rwisen ancaceessyegtestisoeoeies
from graphics controller 7a in the graphics aperture, the request is
(mdRisTtadly stafidt While heEpproplaeiCART enthi fsifetched frortual

system memory 4. The address of the access request within the graphics
ma‘ﬁnecﬁl}’re is translated using the fetched translation table entry, and the

requestis forwarded to.the physical address in system memory 4 ,
(dentifisd by the Tathad GARTE. SRy 6 Sp6sA U TRamory AcEess==S

Jeauests ram AGP graphics. contraller, 7a 1o systern memory 4, GMEH, 35

provides a CART entry cache 28 for locally storing up to four entries from

#heGART. CART entycaches28 mayialse he knownasa Hansiaion:.1
lookaside buffer (TLB). When a CART entry is first retrieved from the

sSGARTsystem memaryid tor irahslata g-virimal addeessinge asphysieal £ ron
address, the entry may be stored in the TLB 28 residing in data stream
graphics controller 7a are translated within data stream
contfoller 26 using a Graphics Address Remapping Table
(GART). The GART is a table ﬁhat'matchés virtualbmemory
address in the aperture'fange with correépondihg physical
memory addresses. The GART i1s stored in syétem memory in a
~location known to.GMCH 3 becauge its lo;atibn is stored in a
regiéter within GMCH 3. Addresses are mapped from the
graphics aperture into system memory in 4 KB pages, and each
entry of the GART traﬁsiates one 4 KB page. Thus, when an
access request is received from graphics controller 7a in
the graphics aperture,. the requeét is momentarily stalled
while the appropriate GART entry is fetched from System
memory 4. The address of the access request Qithin fhe

graphics aperture is translated using the fetched

translation table entry, and the request is forwarded to the



controller 26. The next tine an address request from graphics controller
7a needs to use the same DART entry, the entry can be retrieved from
the local TLB 28 rather than from the CART in distant system memory 4.
Since CART entries may be stored in TLB 28 and each CART entry

Rovides: aceess-tosa 4KB page oh mesmenyaddresses; 1 116 KB né
access requests from graphics controller 7a may be translated using the
CARdhentriessstoredtogally in TLB 28 before a new CART entry must be
retrieved from system memory 4. If data stream controller 26 needs to

use a CARTEMYY HRtTISTOEstored focally FTERES, %ﬁ@fﬁe’t%%saﬁﬁ@hﬁrys
may be retrieved from system memory 4 and then stared in TLB 2

e TRe! ﬁferéay?gma&ﬁwh BABY previoust “Stored AP TEBB. asGART
Referrl igure qde the internal graphics engines
Z‘flotrél\%&%fd ine ar64 M% IHYcaf res% spar(%e tr%:oggh Whi I% 8 srom
addressgsrin th@MS&%%f@Q&H@F@Wm 4 or AIMM canbe accessed by

internal graphics engines 27. The logical address space appears to
graphics contwllenda as a32-MBrar64 MB: gontiguus blockrof liseary is

memory, although the addresses in physical system memory 4 or AIMM
atioeatedrfor vusebydnternal graphiisrEhgines 273 aea notncontigbious. Like
the graphics aperture used in AGP mode, the contiguous block of o
nmemory atidresses it tel logical caddréss space pefmits intedtalsgraphics
engines 27 to access
entry may be stored in the TLB 28 resmdlng in data stream
controller 26. The next time an address request from
graphics controller 7a needs to use the same GART entry, the
"entry can be retrieved 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 provides
access to é 4KB page of memory addresses, up to 16 KB of
access requests from graphics controller 7a may be
translated 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.



large data structures quickly as single entities in virtual memory. Access
requests from internal graphics engines 27 are translated within data
stream controller 26 using a Graphics Translation Table (GTT), which is
stored in system memory in a location stored by GMCH 3 in a register

within GMEH 3, Addresses withip the logical address space aremappedna1
into system memaory or ALMM in 4KB pages, and each entry of the GTT '

transtates oneAKB page7 G entrieszadditianallya detemineayhetheraddress
access requests are mapped to system memory 4 or AIMM memory, if an ’
Al earch isopresent: Tdte same TEBs28 ysed in SMEH 3o Tachem memory
GART entries may be used to store up to four entries locally from the.

GTPin didBf 16210 SFecFaecasstdPphysiEd Thérm oy 2Smtetha1limBer <7 -

of GART entries or GTT entries that may be stored in TLB 28 is_ Iimitﬂjg -
by the ATAF dRFGERTS2 6B e 1B toihgtRe S8R TEER Sore -5 '@

GIRT entries.in AGP e and to store GIT _entries, in Gfx mode
eﬁ%cﬁvgl% cf%ub%% tﬁénr%%mgg%fl &IRT o?éﬁ'ﬁﬂeﬁtﬁegkt é? fnayvbg Ls}zo'red

in TLEcompared to {he .oumber thatcould be %?@&Hx_%%@ﬁ&%tﬁ TLBS atvm
were used for GART and GTT entries. Additionally, using the same TLB

tq storesGIRT eptriessin AG?imeoderand to-sipre 6 Eaptriessin Gfxreode t
simplifies the internal logic of GMCH 3 because a single logic serves both
funetiohgwofike TLS1 @thehembedimentsape within the sdope ci@Re mode,
following ~

the contiguous block of memory addresses in the logical
~address space permits internal graphics engines 27 to access
~large data structures quickly as single entities in virtual

memory.

Access requests from internal graphics engineé 27 are
translated within data stream controller 26 using a Graphics
Translation Table (GTT), which is stored in‘system memory in
a location stored by GMCH 3 in a register within GMCH 3.
Addresses within the»logical address space'are‘mapped into
system memory or AIMM in 4KB pages, and each entry of the
GTT translates one 4KB page. GTT entries additionally
determine whether access requests are mapped to system
memory 4 or AIMM mémory, if an AIMM card is present. The

same TLB 28 used in GMCH 3 to cache GART entries may be used

to store up to four entries locally from the GTT in order to



claims. 10 Annex According to one aspect of this invention, there is

provided a memory controller hub comprising: a graphics subsystem

adapted to perform graphics operations on data; and a cache adapted to
store addresses of locations in physical memory available to the graphics
subsystemdor staring igraphics data,and avaiabletoagraphigs-corirolietrT
coupled to the memory controller hub to store graphics data. The memory
eantralter hutb ey furthet include:a dedicated suts nderfacertauplingithe
graphics controller to the memory controller hub. Optionally, the

denicatet! bus fterfabe ctadesian accderaidd grdptibs pdRRAGR)ing the
Optionally, the memory controller hub is conftigured to provide a block of

&4, Virtal hethoRFaldiessas forivse by thEraphsbsysteftore CTT

wherein the cache is adapted_to store addresses of locations in physi
o el con s 10 Ao SR e TG 8t Tl 2T

memary addresses. Qptionally, fhe memary cantrpfler QHR&%Q‘%’%ﬁ%e%Q

provide a block of linear, virtual memory addresses for use by the

graphics coptrolles,whergin dhe caghe s adapteddo stores agddressesHf for
locations in physical memory that correspond to addresses within the

bloek of linean virkwal ;memory addiessesally, using the same TLB to
store GART entries in AGP mode and to store GIT enﬁries in
Gfx mode simplifies the internal logic of GMCH 3 because a
single logic serves both functions of the TLB.

Other embodiments are within the scope of the following

claims.

-10 -



Optionally, the memory controller hub is configured to provide a first block
of linear, virtual memory addresses for -11 use by the graphics controller
and adapted to provide a second block of linear, virtual memory
addresses for use by the graphics subsystem, wherein the cache is
adapted to store addresses of locationg i, physical memory that
correspond to addresses within the first block of linear, virtual memory
addresses and to store addresses of locations in physical memory that
corresponditocaddresses within ¢the sécand block-of nlineat,, vithatmemory

prcJEsses. Agcording g apcihel aspegt of hislguention, there is
provided a computer system comprising: a cP ;a |§play device; a

systernaemoty adaptedstostoredddde datecand: ndn-widenr alaita;cand a

op <memary coptrolier-hub coupled to the CPU and coupled to the system
memory, the memory controller hub comprising: a graphics subsystem

corfigtfédfo PEABIR Graphics Operafhss6it §Raphics-@4aart 4Ad a ddehe
phyadapteddestore adekessesiof lecations iR Rhysical mermerysavailabletostoring
_the graphics subsystem for tirin%ﬁgraphicg data and that available to a
o % 2 A bR CoRtraNe COLPIAPIR e TherfoR Gaidir FRb toadre? oupled to

thegtaphicsydatantroller hub to store graphics data.

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

contreoller 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 for 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

-11 -



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).
-12 Optionally, the memory controller hub is configured to provide a block
of linear, virtual memory addresses for use by the graphics subsystem;
angl whE rein the g_giche IS ggg@tg 19 Igtoarg gdg&esses f Iocationsfillp

usFf)hyéjica r%eﬁ%?? laﬁ%or?espon t0 addresses \%rﬁﬁien htéQbIBgl?gf' ﬁaeaar, second

b 1wirtuab memoreatdresses: Optiorally; the diemeryconioierhabliy the
gra?BHQ%‘éreQ&Bs@@ﬁ’ ide a hlock of linear, vitwal memory addresses for, ..o

use.by the graphics controller; and wherein the cache is adapted to store
adedressesof [6eations i phyBicalhentory tiRTOFEspoRa t6 aaarese’d to

addvthinthe blogk oflinear, virtuakmemory. addresses. .Qptionatiythe memory
memory controller hub is confic%lg%ed to provide a first block of linear,

adfftat fiermdry ddirésSESTor IEe By e Graphics Tonfdfierandiysical
medapteghioprovigdesas ;seaand blockf Hvears virtieh memory addressesfosck of
. use by the&ggfics subs stgya aend wherein the cache is adapted to

P

13 $66 addrésses of focations in pﬁwy%ﬁ:%f’memory that correspond to
addresses within the first block of linear, virtual memory addresses and

According to another aspect of this invention, thére ié
provided a computer system comprising:
a CPrU;
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
dperations on graphics data; and
a cache adapted to store addresses of locations in
physical memory available to the graphics subsystem 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).

S12-



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
conftrotiéchall by are- availabie toyacgraplhics sabsystem ef theriemaned o

conroller hyh, -13 Qptignally trhevme hod-further comprises: providing a
probIock of Iinear,cvirtaal memoryl; addrgs%gg%hénerﬁng%réééﬁt?o Fee??\uggfgr use by
theyserBp thcgraphitsstbsystemecand storing in the cache addresses of

locations-in.physicakmemorysthat correspand to.addresses within the
block of linear, virtual memory addresses. Optionally, the method further

L ocidmpiisest PréViding SEBI0BRTP e & diftuaPRERTGy Ml dFesseddn ehae s

witmemory eoptrelter hub fof nse by the graphicsieantrollersandstering in
the cache addresses of locations in physical memory that correspond to
addresses within the block of linear, virtual memory addresses.
Optiowely threl irethdth furthencomprises:providinghabldck efdineagured to

pro¥iiyal memory addiess the . memary contyolier hub for ysebythe o o, b
graphics controller, and
the graphics controller; and
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
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 is 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 contrcller hub or are available to a

graphics subsystem of the memory controller hub.

-13 -



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. -14_
MCstt PoCldiing, 1.tA comptiterchifn eamprisingnan inteenal graphics
subs¥%temda%%pt§d to Cp(%gfog q_riaggig]s: oper.atigns on data, and ﬁli%cac:he

ada%teg fo store addresses of locations In Bfﬁyrsu‘:lfi lrné“r%%?ytgvf} feto S the

menthevinternalrgraphicssubsystenvfor staringhgraphicsidata andedaptedito and
st cstoreaddresses efaleﬁ@t'%reﬁjyg9@4@0%'m'@e@&cm'@bi%topﬂ%&esgakuemry

graphics controller coupled to the computer chip for storing graphics data.

thay TRFESMPaRT chip 6FU&RT EeRherekt the Complte? ekipdih dninear,

viraputiowpHl eontialerdui: 3, The computer chip of claim 1, further
comprising a dedicated bus interface coupling the external graphics
controller to the computer chip. 4. The computer chip of claim 3, wherein
the@edicated bys inteface incudeS art raceelesatedigraphics port (AGP).

5. The corgguter chi %fcqlaiglfliwherein the,c mggtegl crpllé) is con(f%gured

to &g\?igé a%?oci of lineatr, vﬁrtué]nrﬁearﬁbryvé‘dt resses For lisé t%/dt g-o8€s in

theintermalyraphics sobsysteiwherainuthe dachehis agapteditosstomtroller;
snddddresses of locations in physical memory that correspond to
storing in the cache addresses of locations in physical

memory that correspond to addresses within the block of linear,

virtual 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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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 MCSLLP

addresses of locations in physical memory that correspond to addresses
witpip 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@mnﬁﬂapggq)t&m!ygg%;a second block of linear, virtual memory
addresses for use by the internal - 15 MCSLLP graphics subsystem,

whBHHTFTRY SRR TS WHAPIED 1028167 ARRITEESeE BHHSE AIGHS DIy it and

mematjcthatpcat tesparddaraddsessesavathinntbeylirsiibloekoed lingabvirtuak
.. memory.addresses and is ada teg.to tore addresses of locatjons in .
e S ol E o B 3 b QLR ATt B ata o ppatons
in pliiyfeesd, imeal menrdly tddrestesal&rap tomputerbystenplediophisingnpater chip for
storiff Hahdisplay device; a system memory adapted to store video data and

non-video data; and a computer chip coupled to the CPU and coupled to

the system memory, the computer chip comprising: an internal graphics

subsystemheephigurec RGN YranhicsOReRHRNG QR g PRICS KA i tput

tarHj cache adapted to store addresses of locations in physical memory
COMRV&NabIE to the internal graphics subsystem for storing graphics data and

adapted to store addresses of locations in physical memory available to

o ior L OCBRIGR S EL G PHRRAS L0 SRR SR IFDE N ace
coupling the external graphics controller to the computer chip.

4. The computer chip of claim 3, wherein the dedicated bus interface includes an

accelerated graphics port (AGP).

5. 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 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
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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 MCSLLP
controller to the computer chip. 11. The computer system of claim 10,
sLain the dedicated bus inferfage ingludes, an, accelerated graphics port
graﬁg{AnGP). i;Z. The computer gystem of claim' %?Wﬁere?ﬁsteﬁg CS%%&’%%%%S? Si]sgal

merpefibthedrteP o Videarpiers o hiim st St an eisspadiredseenforyi askiresses

and By theiaterRatgraphics subsystRNY iaps 16 MilkPmwhereitthe cAchBesses
. is adapted to store addresses qf locations in physical memory that

Wlt%?)%‘gsﬁ%or?g %(1)03%5 eé%ee%’v‘\’/ﬁfﬁ?? REBIER S fivisar, virtual memory
addresses. 13. The computer system of claim 8, wherein the computer
chigis Coﬂfé%{&?tépsﬁ'@}ﬂ%rﬁ‘p%@& .of linear, virtual memory addresses
for use by the external graphics controller; and wherein the cache is
ad&&gg;to store addresses of locations in physical memory that
coresponditeiagldresses within the block of linear, virtual memory
addresses. 14. The compuyter syst f claim 8, wherein the computer
chif LB G5 Broviie & Frar ot oF el oA heiiory
addresspsforhise by ité texbe (AR grap hics labhttoH eyard tscadaptéd tomputer

chifPrOvidg;a.second block of linear, virtual memory addresses for use by the
internal graphics subsystem; and wherein the cache is adapted to store
addresse¥oRiTRaliSHOMCP RYSEIF M EMGEPINdLOGRSTEEPEHP i a aBvEdisEs o
witlataptties tiess;biadk of linear, virtual memory addresses and is adapted to
store addz[%gc es %tf qugt[ions in Bgysicalorpfaorga(%{g: that orreﬁpond to

1 : - i
addresses wi Elirzil ﬁ% segosnO 6baloc S()sf"Tlnear, virtua rﬁe%%?y%ﬁra%g&gglablem

the internal graphics subsystem for storing graphics data and adapted to store addresses
of locations in physical memory available to an external graphics controller coupled to

the computer chip for storing graphics data.

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 graphics subsystem,

and
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15. A method of storing addresses of locations in physical memory in a

computer chip cache, the method comprising: determdning whether the

computer chip is operably coupled to an external graphics controller or MCsSLLP

whether the computer chip performs graphics operations on data using an

inter, raphics,subsystem; and if the computer chip is coupled to an

et A e Tr HHo SToFL 4 S CheE Wi TAE CErfsce 2o
COERipPAAHe88Esef Iothitichs i physiiatmenntn) availablaitodhesexternal

graphics controller for storing graphics data; but if the computer chip

perf?gmsrgl[ﬁlghics o%erations an data using an internal graphics

subsysten; th&PEOAhg ieiRe cAtke Sdthesie arrseationgin jshpsiGatred to
pramémorp availibtertoithe: exdernal.graphiesieonttallenforstering:aranRics, roler:
andlata. 16. The method of claim 15, further comprising: - 17 MCSLLP if the

computer chip performs graphics operations on data using the internal

graphiesiaubsyatanis previaiig dbtoetdofsineaf | virtirmismephesicddoresse shat
coriasthe conpues shipdor usehy.the internal graphics Subsystem; and if

the computer chip performs graphics operations on data using the internal

graphics subsystem, storing in the cache addresses of locations in

phyéfcal niémorythat costesponthio fddiesseshwithinpthe black eblingatd

i QLY 7T od of ¢claim 15, further .
pm\gggﬁglrfilgging: if trﬁq&%ﬁrﬁﬁ%ﬁgﬁ? Iﬁ%{ﬁ'&e&sﬁ ;f%r ex tjab éﬁeger}{a%ﬁ%lsgmpmcs
i }%ﬂ‘é@%ﬁﬁ&) FBIGER dFctiprshb vikedl mamonatdressesaiithees for use

by cempater elipiass useshydhe eyternal graphics controller; and if the

Comyﬂ}é%r g’ﬂg:) is 1g:é)upl d tto an external graphics controller, storing in the

cache addresess of IFCRIShY HophyStiar fiePhbtsAiieas coRespshasory that
coregdeired segidvithips thiattodk 6fst block of linear, virtual memory addresses and is adapted

to store addresses of locations in physical memory that correspond to addresses within the

co

second block of linear, virtual memory addresses.

15, A method of storing addresses of locations in physical mMemory 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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linear, virtual memory addresses. 18, The method of claim 15, further

comprising: if the computer chip performs graphics operations on data MCSLLP
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 of locations in physical

mer 3ty AP U6t P BHIFE A FIrRESEONHAStH e I8 B s P B ain Fmelaaphics
submemaryraddiressekichrof Hhecomputemnehip-is.aatiled toRNeXteERakhip for use by

raphics contraller, providing a block of linear, virtual memory addresses
the %%%L%%%gﬁgésrdgﬁpg %}l%% by the internal graphics subsystem, and

storiliname cache adaissses afliscatoreimphysicalusiegioryrthatal graphics
sub6@fEespand iaaddrasse sq vithiny the blaek, of i DEALGY r%@? MAYorrespond to

ddresses. - 1 . .
add?esscs W?&Sn the glock of linear, virtual memory addresses.

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 of 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.
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