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CACHI NG BACKGROUND The invention relates to caching in nenory controller
hubs. M cr QMR systens generally include one or nore REFBISY1/30362
controll er hubs that control and coordinate the transfer of data between
the conputer's system nenory, central processing unit (CPU), and
peri pheral devices. C?aphi§§A%§%IT%ﬁﬁﬁﬁﬁ*§°ﬁa§9%83§%dﬁﬁgi by peri pheral
devi ces known as graphics controllers that require a nenory controller
hub to transfer data between the graphics controller, the system nenory,
and the CPU. A design concern associgﬁ@ﬁeﬁqupnicroconputer systems is the
quality of tWO'd"f@'?@%.h‘Rf@Jti@%DlelEEé§et<§”é@i}ﬁin%nﬁh néRGly citndideq image
(collectively referred to below as "graphics") processing.
Hi gh- per f or rgpgg. graphi cs processing requires processor-intensive
cal cul ations and the fast manipulation of |large quantities of data.

Several designs ﬁfgﬁ%@%@sﬂ;|s§§§eﬁ§dgé&e?éamﬁ\i%chhal@-Bﬁéf&f%lfée

gr aphi cs processing ucing the cost of the conplete system

and al I'owi ng, L.Qr, YPERAES 11 %@%SCQHQFJ[ Eont SYSLOH SoeaRekitd tdhe A cOnputer
system may inc gae a graphics. controller coupled to |Iocal nenory for

storing grap@&%ﬁsgg%abfS%EQJ“ﬂétmgggoggé computer’s system memory,

central processing unit (CPU), and peripheral devices.

Graphics applications may be supported by peripheral devices
known as graphics controllers that require a memory
controller hub to transfer data between the graphics
controller, the system memory, and the CPU.

A design concern associated with microcomputer systems
is the quélity of two-dimensional (2D), three-dimensional
(3D), and video image (collectively referred to below as
“graphics”) processing. High-performance graphics
processing requires processor-intensive calculations and the
fast manipulation of large quantities of data. Several
designs have been implemented to achieve high—perjormance
graphics processing while also reducing the cost of the
complete system and allowing for upgrades to the computer
system’s capability.

A computer system may include a graphics controller

coupled to local memory for storing graphics data, so thag
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WO 02/27499 '2 9 APR 2005 PCT/USO | /30362 the anmount of daﬁw nust be
transferreqv$§%£%§§ the graphics controller and the system &4/ or
the CPU is ced. Increasing the anmount of |ocal nenory RGI/VSIE83620

the graphics controller inproves graphics performnce, but also increases
the cost of the conputer system because |ocal graphics nmenory is

rel atively ekpenzhoent |afslatgczhatnend 0§ $oaagdereqdt BehEer V' he sane
graphi cs performance, however, if a dedicated bus, e.g., an Accel erated
Graphics Pogtapy , contnaldén endotihe esyHiere aiemostlyl apay o ¢ Hee fditorly
controller hub. An AGP allows the controller to treat portions of system
nenory as dediedated. | ocbadrapssiy che pmawry oiagrl 8gHeEY 2Nl Wit Cof

| ocal menory required and |lowers overall system costs. Conputer system
costs al so mapeberapdiceddyradllieri anpraves herardriigsh eezifognapas c UL
controller and integrating its functionality into the nenory controller
hub. In suchaasoohfitgeasds orhd @ siewdr fheoremmltiesr swsibeims bpeees? descri bed
as a graphics/nmenory controller hub, since it perforns graphics processing
functions inladdit ypaphbcs memurny dentedbtavely reursfrevivieuncleeaslocal
Additionally, it includes one or nore output ports to send graphics
signals to exterpalsdesgqeesed tuchchdevat hivedesarsy Jdnspds csCRESfoumahce,

fl at-panel nonitors. A graphics/nenory controller hub nmay be coupled to

| ocal menory fowevekor i B0a oda@itLeddaiia, e2g., an Accelerated Graphics

Port (AGP), is used to couple the controller to the memory
controller hub. An AGP allows the controller 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 functionality into the memory controller
hub. In such a configuration the memory controller hub is
better described as a graphics/memory controller hub, since
it performs graphics processing functions 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-panel monitors. A graphics/memory controller hub may

be coupled to local memory for storing graphics data.
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Figure 1 is_a schematic block diagramof a conputer system r?s a

schemati c b‘TVQdR/ZEIPagram of a graphi.cs nenory controller hubPCHEHUIIE3E and
4 is a schematic bl ock diagramof accelerated graphics port (AGP)

functionality of a graphics rrermr\# cont rolﬁr %@& TAI LED DESCRI PTION I n
a conputer system a menorBRIEGNPESCRIFTAGY ARy e iNtegrated with an

internal graphics controller and may interface with an external graphics
devi ce through dHoneP lpbdpta Thampddct Péoﬁﬁrrﬁ?-?g’é%torfglal EPTRUEEEont r ol s
both graphics and nenory functions it is referred to as a graphics/ nenory
control | er $ydrenGVMCH). The GMCH provides both internal graphics processing
and scal abl e graphics performance through an ACGP interface. The GVCH nay
be used in one dfigmwme RutBap| ychswmdtisi Wi ockpdéaor P infd§r2PRIGAI ch case
the GMCH uses its capability to interface with an external graphics
control | er membiy sontmoddral hgpaphics functionality is disabled;, or Gx
nmode, in which case the GMCH uses its internal graphics capability, and
its ability to iFitenfeadeandt B &% @xsdramdtigr é’éﬁpgsdl%‘b‘?ﬁl‘%(ﬂ er is disabl ed.
In G x node the GVMCH can still -3 )
accelerated graphics port (AGP) functionality of a graphics

memory controller hub.

DETAILED DESCRIPTION

In a computer system, a memory controller hub may be
integrated with an internal graphics controller and may
interface with an external graphics device through an AGP
port. Because the memory controller hub controls both
graphics and memory functions it is refgrred to as a
graphics/memory controller hub (GMCH). The GMCH provides
both internal graphics processing and scalable graphics
performance through an AGP interface.

The GMCH may be used in one of two mutually exclusive
modes: AGP mode, in which case the GMCH uses its capability
'to interface with an external graphics controller and its
internal graphics functionality is disabled; or Gfx mode, in
which case the GMCH uses its internal graphics capability,
and its ability to interface with an external graphics
controller is disabled. In Gfx mode the GMCH can still
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:+2 9 APR 2005 WO 02/27499 PCT/ USOL/ 30362 interface with a Iomw
nodul e through the AGP port to provide additional graphics use
by the int ewgé’lzmt??aphi cs. Wether the GVMCH operates in AGP PGHESOI30G2x
node can be determ ned automatically and set during the start-up sequence
of the computer. Figure 1 illustrates an exenpl agz)/ conputer system1l in
5

whi ch the GVERTELTase MiseRehPedl MIRCTOMIGIER PBEh 1the MGR Ry ta to
m croprocessor (for exanple, CPU) 2 coupled to a GMCH 3, which contains a
syst em nenor YOG A tHepa 1 ARPh B $riprerso toes nee by ethe dirderpal
“chipset"” or "core logic." GMCH 3 provides an interface between CPU 2 and
syst em menor Y¥IaPhigsd behRESRTCPIR 26MHH cperadest op ARBHPPLE or X pledeal
conponent interconnect (PCl) or HublinkTM bus 5. Various input/output
(1/0 devi cesc® &% ehepmédetoapbpmaiica lvmsingh seksdsolipg ethe tEMIHW® vi a
i nput/output controller hub (ICH 11. Conputer system 1l may al so include a
gr aphi cs devi%guencenisifc rhgngobruteyr aphi cs control l er coupled to | ocal
memory 8, or which may be an AGP Inline Menory Module (AIMV that
provi des ext ernal Higeade feddiypstoatehenn rexempdlargr aphpeser faysitdamoialint y of
GVCH 3. A shared AGP/local nenory interface 9 provides a dedicated
i nterface buswibethwgdre GVOH c3nahd impidmagedovi fbe7cofpapdr csy ek W deo
signals may be sent to a display device 10 from graphics device 7 if one
is 4 WD 02/ 27499 Ri<E APRIZAOProcessor (for example, CPU) 2 coupled to a

GMCH 3, which contains a system memory controller hub. GMCH

3 may also be referred to as a “chipset” or “core logic.”

GMCH 3 provides an interface between CPU 2 and system memory

4, and between CPU 2 and a bus, for example, a peripheral

component interconnect (PCI) or Hublink™ bus 5. Various

input/output (I/0) devices 6 are coupled to PCI bus 5, which

is coupled to GMCH 3 via input/output controller hub (ICH)

11. Computer system 1 may also include a graphics device 7,

which may be a graphics controller coupled to local memory

8, or which may be an AGP Inline Memory Module (AIMM) that

provides external local memory for the internal graphics

functionality of GMCH 3. A shared AGP/local memory

interface 9 provides a dedicated interface 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



.+ PCT/ USO1/ 30362 present in the conputer system or may be sen&_ tﬁpﬁ“ @EI ay
device 10 fromGVMCH 3 if graphics device 7 is absent. Figure § II& rates
ot her det aMQO0Y¥P7HRCH 3, including a CPU interface 20 couplPEA/USOVHI6AGP
interface 21, a local nenory interface 22, an input/output (1/0O hub
interface 23, and a systemnenory interface 24. G aphics functions can be
perfornmed byebeattr hml thye apinmyecofohent soRIaXuhec fePhcFRd SR adat a st ream
and di spatch controller 26 to manage the flow of data and various graphics
engi nes 27deviper L0r firgna@iitss idperaphoes RViRs 4. iRePRFPRNy to Figure 3
and 4, AGP transactions are run in a split transaction fashion in which a
request for dat&@igurandfillustmrtelsr ofheyster einmly GHCHs3di Sretfeded in
time fromthe data transfer itself. An AGP conpliant graphics device (bus
naster) 7aa GiPUI dhesréatead®actirdmanicbhannAGR ckrtsr facquésdt . @ THFaGP
interface 21 responds to the request by directing the correspondi ng data
transfer amemoriatietetifeee 9hi cin pepmitysuthiet AGY QYr A9 dataefree 22 to
pi pel i ne several access requests while waiting for data transfers to
occur. As andesulsysabmpipmbiyi i erfaver 8k . r e@epairl FUNFLiPRS agtb e
requests may be sinultaneously outstanding in request queues 100. Access
requests CaferfRirmeey biye ipkpehaherkairicss canpadenes s? Jatd ishs ipabidfus) 105,

5 WO 02/27499 2.9 APR 2005 .PCTTUSO /30362
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, AGP transactions are run
in a split transaction fashion in which a request for data
transfer to or from system memory 4 is disconnected in time
from the data transfer itself. An 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 corresponding data transfer at a
later time, which permits the AGP graphics device 7a to
pipeline several access requests while waiting for data
transfers to occur. As a result of pipelining, several read
and/or write access requests may be simultaneously

outstanding in request queues 100. Access requests can

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



:+107 of AGP 9 or transferred through sideband address lines 107 of AGP 9
and received by request queue 100. Schedul er 102 processes t RS APB 2985
requests i WWO8RBE? queue 100. Read data are obtai ned frommystsmsosaory 4
and are returned at the initiative of scheduler 102 through read data
return queue 104 and across AD bus 105 of the'- AGP 9. Wite data are
provi ded by AP £OMYPE antorgkaphs fer vahtthaldugh s7dabandeadtiress ildnesf
schedul er 102 when space is available in the wite data queue 108. Thus
AGP transacti@nsof ggiteraldny iraeéirded iy erdcpeased qaevess0@ equest s and dat a’
transfers. G aphics data may be stored in systemnenory 4 when GVCH 3
operates in AGP nmsteedulx0nj0enekboasséd hhan sdessnakquUASPs cORIERFSE
graphics controller 7a, or when GMCH 3 operates in G x node using its

internal graghigs 1danctiepldaty. albesbtmimgl sroesyreanr ReHoL0 4 adde
graphics data, GVCH 3 uses a virtual nmenory addressing czncept for

accessing gr gphi sst@atéd 4t ACPiRRdEat Bvd82 VB difedid elrB10gr Blphowsh aqwact ur e
i s defined through which addresses in the physical systgn1ﬁenory 4 can be

accessed by graphigsurgoiidd 19 Zad IBLogs aphines aPEr biir ehaph@ars. to
graphics controller 7a as a 32 MB or 64 MB contiguous bl ock of I|inear

Dy AGE. or aphi S8 o T ol ot Ta At e ol 6 VD 03/ 27408 215 APR 2005  PCTI USO
1] 30362 ‘ . - 499 2;9 APR 2095 PCT/ USO
7 at the direction of scheduler 102 when space 1s available
in the write data queue 108. 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 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 store graphics
data, GMCH 3 uses a virtual memory addressing concept for
accessing graphics data. In AGP mode, a 32 MB or 64 MB
graphics aperture is defined through which addresses in the
physical 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 coﬁtiguous block of linear

memory, although the addresses in physical system memory

allocated for use by AGP graphics controller 7a are not

-6-



:~contiguous. The contiguous bl ock of menory addresses in the graphics
aperture permts graphics controller 7a to quickly access Ié&%ﬁiﬂkﬂ%ﬁ
structures,“@U@H7g§ texture bitmaps (typically 1 KB to 128 KBFT/US&/3B62gl e
entities in virtual nenory. Access requests from graphics controller 7a
address virtual nmenory within the aperture range, and %Qen GVCH Sthe
forwards accesst¥awpisst s Thiet BPAtEHeCEH&YAfe Otfog‘ﬁﬁ’f?ﬂ'ca TSt em nenory 4.
The originally-issued addresses sent from graphics controller 7a. gre
transl at ed wotéphicatapestngenPeEBht? FTRMIE FOMNFOIEF aphi R Qﬁhﬁgi s
Remappi ng Table (GART). The GART is a table that-matches,virtual nenory
address in theceperiange daige SHEERTEERT esHHHYIATy FEEFEaP L *Pbr y
addresses. The GART is stored in systemnenpry in a,. |l ocation, kno to GVCH
3 because itdtyptarlln i KBsttor d48i KBar #2gisEr® WYt eEMR BHF esses
are mapped fromthe graphics aperture into systemnenory in 4 KB pages,
and each enteyony.the GART transl ates one 4 KB page. Thus, when an access
request is received fromgraphics controller 7a in, the graphics aperture,
the request is noAenessitequasdls dgomErpRRiER %ﬁﬁﬁ%ﬂ%%e§tga HHiry is
fetched fromsystem nenory 4. The address of the access request within the
graphi cs apemtititeal smémang| it wd nudiheg aPRETREE cFARFE 1 r3diss CaEP oMbt e entry,

and the request is forwarded to the 7 WD 02/27499 2 9 APR 2005,
PCT/ USO1/ 30362 rwards access requests within the aperture to physical

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
(GART) . The GART is a table that matches virtual memory
address in the aperture range with corresponding physical
memory addresses. The GART is stored in system memory in a
location known to GMCH 3 because its location is stored in a
register within GMCH 3. Addresses are mapped from the
graphics aperture into system memory in 4 KB pages, and each
entry of the GART transiates one 4 KB page. Thus, when an
access request is received from graphics controller 7a in
the graphics aperture, the request is momentarily stalled
while the appropriate GART entry is fetched from system
memory 4. The address of the access request within the
graphics aperture is translated using the fetched

translation table entry, and the request is forwarded to the

-7-



:physical address in systemnenory 4 identified by the fetched GART entry.
To speed up nenory access requests from AGP graphics control28rAPRa240%
syst em meno¥9Q 0%2748/CH 3 provides a GART entry cache 28 for PoDuEbII303420r i Ng
up to four entries from the GART. GART entry cache 28 nmay al so be known as
a translation | ookaside buffer (TLB) When a GART entry is first retrieved
fromthe GARIhysicaistedressoip 4yseenperaatde 1deptifidd BYdMSs into a
physi cal address, the entry nay be stored in the TLB 28 residing in data
stream contfetdrerd ZARTTRatAext tine an address request from graphics
controller 7a needs to use the sanme GART entry, the entry can be retrieved
fromthe | ocal TR Zecat hwr mehany AEofF$ Hee (URRES ﬁremsﬁﬁﬁtg§®ﬁﬁ%ﬁﬁ menory
4. Since GART entries may be stored in TLB 28 and each GART entry provides
access to a 4B paigesnf sty sadur nenesy dp BH S rBoBLdesc SR equest s
from graphics controller 7a may be translated using the GART entries
stored | ocal éytin AL 8 Hafwrlecalhgws CARME MR \Fomfourpenfei e e&d f r om
systemnmenory 4. If data streamcontroller 26 needs to use a GART entry
that is not sher®mRT ocatART ientEyBc28het R mey exlowr WeekhPYn Aflydbe retri eved
fromsystemnenory 4 and then stored in TLB 28 for future use, thereby

repl aci ng anteshsYyapt@vi bustasidst buddeirn (TLB) 28.Wheg AOGART27R0DY 219 APR
2005 PCT/ USO 1/ 30362

first retrieved from the GART in system memory 4 to
translate a virtual address into a physical address, the
entry may be stored in the TLB 28 residing 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 a 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.



~Referring again to Figure 2, in Gx node, the internal graphigcapgngsnes 27
of GMCH 3 define a 64 MB | ogi cal address space through which addresses in

t he physi caYO8%¢H8M nenory 4 or Al MM can be accessed by i nPERABOV3BEDI cs

engi nes 27. The | ogical address space appears to graphics controller 7a

as a 32 MB or 64 MB contiguous bl ock of Iknear gfnvny, %k%h§%¥gk

addr esses in phy&egrripgt age endt ¥ HYGF Al MR Fed “For T uise

i nternal graphics engines 27 are not contiguous._Like.the aphi cs

aperture usezrapnigepemgdacs @heo%qu”g&oagfgv‘ac% %‘# %e&&%cgédgéeasrseesss in the

| ogi cal address space permts internal graghics engi nes ZZ to_access

| arge data stpamst Fhaoughi ¢REGha33d59TRSE &t PFeEhY§%§AL'€d§Iemn%ﬁﬁﬁgx

, Access requests frominternal graphics engines 27 are transl at # within

data stream €orit POMMercap6 bEsPREEES T dPhilOSTrRFRanST R T 51P f&ﬁﬁgefé ), which

is stored in systemnenory in a location stored by GMCH 3.in are i ster

Wi thin GVCH Bhe lmtrirassls esiAREeRi APIFR JRRGECSI CRJEF BB SHACR TAPE Fliphed i nt o

system nenory or AIMMin 4KB pages, and each entry of the GIT translates

one 4KB pageas GIT32Mb jas e4d¥pt Fenbigurusgdlecki AE WtHe ™I ss request s

are mapped to system nenory 4 or AIMM nenory, if an ALMM card | ﬁresent.

The same TLElEBowsedlia a@dTEs3es ol aeihes IGART SYUREPTLSTREY e OﬁségM to store

up to four entries locally fromthe GIT in order to -9 WD 02/27499 2 -9 APR
2005 PCT/ USELlo¢B80862for use by internal graphics engines 27 are no

i

contiguous. Like the graphics aperture used in AGP mode,
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 engines 27 are
translated within data stream cohtroller 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 memory, 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

-9-



. speed access to physical nmenory. Since the nunber of GART e%gi/ﬁ’? @fl GIT
entries that may be stored in TLB 28 is |limted by the physi®tal™ di Srea
size of thé"qPB248%ing the same TLB to store GART entries iRCTUSI0E and

to store GIT entries in G x node effectively doubles the nunber of GART

or GIT entries that may be stored in TLB conpared to the . nunber that could
be stored ifSBepArateeLBL RWYS1G8ddmFBITY GARESRd t%?Tn‘éIH}P?? e%‘.f: ARt

Addi tional ly, using the sane TLB to store GART entries_in . ode and to
store GIT eneRf&kes mor G (fode iesnshatiBRY thfe STr&AnaP F%Bi ot GVCH 3
because a single |ogic serves both functions of the TLB. O her enﬁgdinents
are within tRéNsESPeLHf ERNPTHILCEHN Age 3F%A ntt2e of APR 2885 EEMMIEE A
menory controller hub conprising: an interpal_ graphjcs subsysten1adqpted to
per f or m gr aphees ThBekat 5erice GRRFacatrafd %P(ﬁéﬁh&qgiaﬁPthPosgPﬁ?eGT
addresses of locations in physical nenory availabte to the internal

gr aphi cs subSpstéas +brGCEY gradRy effephivel N RiRF ddepPEBPEs SFf oFRART
addresses of |ocations in physical nenory avail able to an external
graphics comtr 6FTepntsips dehato Maye brefbPyeR ot I8 &omRaB ok sER?i ng
graphics data. 2. The nmenory controller hub of claim1, further conprising
a dedi cated busbent shéhcecrblipld iForied &%t aeparatey RS wer8oHerel FeF to the

menmory controller hub. 3. The menory controller hub of claim2, wherein the
GART and GTT entries. Additionally, using the same TLB to

store GART entries in AGP mode and to store GIT entries 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-



- dedi cated bus interface includes an accel erated graphics port (AGP) 4.
The nmenory controller hub of claiml, wherein the nenory contrg%é hub |s
configured to provide a block of Ilinear, virtual nmenory addres APR: 200
by the internal graphics subsystem wherein the cache is adapted to store
addresses of locations in physical nenory that correspond to addresses
within the bIock of linear, virtual nmenory addresses. 5. The nenory
controller Rfyel@im 1, wherein the nenory controller hub is configured
to provide a of | i near, virtual nmenory addresses for use by the
external graphics controller, wherein the cache is adapted to store 11 1.9

APR 2005 addresses_of | ocations ii phyglcal menpry that correspond to
addresses wit hin t he™B"BER GPFFREAFT FPtESWpﬁéﬁﬁPg addresses. 6. The

menmory controghernhubnaf @EéFH&és @ﬁ%%?bﬂeﬁhgdaﬁgggr¥OCB@EE8Ehegd§EHiE§

configured to provide a first block | i near, virtual " nenory esses
for use pperhtlercepnabatgraphiics controller and adapted to provide a
second bl ock of t yal r f r the interna
graphi cs subs%s?%%&gmﬁaag¥%atﬁé ggg ¥gégg 9 Fo?lonédapesses of

| ocat i onphiypiphysiembryeaony lbbat tortﬁspmndetﬁaladdapﬁﬁes wubbiyatehe first
bl ock of _Ii near, ,virtual addresses and is adapted to store

addressegoﬁfSF8€&PPOH§aPHlCﬁh?é?éa?nﬁeﬁﬁﬁ9t?HaFocﬁFPé§péﬁ@r?ésﬁédpésses

within thecseesnd iRl peksotalli neAbryvhbhyahpoMBMREY 2addie8SR81 §rapnipaput er
system conpri si ng:
controller coupled to the memory controller hub for storing

graphics data.

2. The memory controller hub of claim 1, further
comprising a dedicated bus interface coupling the external

graphics controller to the memory controller hub.

3. The memory controller hub of claim 2, wherein the
dedicated bus interface includes an accelerated graphics port

(AGP) .

4. The memory controller hub of claim 1, wherein the
memory controller hub 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.

5. The memory controller hub of claim 1, wherein the
memory controller hub 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

11



-a CPU, a display device; a systemnenory adapted to store video data and
non-vi deo data; and a nenory controller hub coupled to the CPU and coupl ed
to the systemnmenory, the menory controller hub conprising: a®$ PR R

gr aphi cs subsystem configured to perform graphics operations on graphics
data; and a cache adapted to store addresses of |ocations in physical
menory available to the internal graphics subsystem for storing graphics

data and,gdapteds! 851 8ae 1B0dr 8358 8h LOCAERRRY LAARNYLSLGRLIRADLY
avai l able to an external graphics controll er ¢o pl'ed to e ﬁennry
control | eddhabster witbinnghgr &pbicks ofiatlaned?,| $1iAPRa2080Bm8 ryThedeerpiser
systemof claim7, further conprising a dedicated bus interface coupling

the external graphics controller to the nenory controller hub. 9. The

conput er system of rgkanem8ryvwheneirB1tBe dadi eat edaihus,i pherkagechacl udes
an accel erated graphics port (AGP). 10. The conputer system of claim?7,
wher ei n PRBEORENBPPLredALroher 1Fubons igvntrgtipeBrryigroni dératbbdokkobf

Subyst ekt S wher oL Rt RS A dna e Caaan: att o8, bPe ThHaradbaBayr
| ocat i ongraphphygscoak rogdery anhdatdeprtedspongrboidddressesndwbilbicik blfe bl ock
of linea&ingggEu%krgﬁggr%e%gQQeg%%%ésses for use by the internal
graphics subsystem, wherein the cache 1is 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.

7. A computer system comprising:
a CPU;
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:
an internal 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 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 memory

controller hub for storing graphics data.
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.11, The conputer systemof claim?7, wherein the menory controller hub is
configured to provide a block of linear, virtual menmory addressgg APy osi5€
by the external graphics controller; and wherein the cache is adapted to
store addresses of Ilocations in physical menory that correspond to
addresses w thin the block of linear, virtual nenory addresses. 12. The
conputer systemof claim7, wherein the nenory controller hub is

configured togprovi r bl f Jdinear, virtu menory addr esses
for use by thg'extggga%OREPZEﬁigggggn &1 F&FEn ’i§u§%§6fe&opérﬁﬁé@ﬂd€ a
second bHedk cafed brnearnteirfual coempiiygadteessesrhan ysaphy ckhe internal
graphi cs subsystem _and wherein the cache is adapted to store addresses of
Iocationgopﬁrﬁﬁ;§ﬁcﬁp FEFoPFTORt COBFFedpEAd B -addresses within the first
bl ock of linear, virtual nenory addresses and 13 1:9 APR 2005 is adapted to
store addresses of |ocations in physical nenory that correspond to
addresses witRi.n t Abesecopttierosksten pfealainviert wakregmotcaddridssesd 13.
A et hod,_ of ri addresses of | ocations.i hysi,cal menory in a nenory
contro||8§3h§§98§%%8? the %gfﬁoﬁn 88ﬁﬁ}ﬁ§ﬁﬁ§g 82?é§ﬁ?ﬁiﬁ§rﬁhé¥ﬁgﬁ'the
menory controller hub is operably coupled to an external graphics
controller or ﬁheth r the nmenory controller hub perforns graphics
operations onldat alP§sCRPPHGSENEISHEN GEaphré® dub¥istrern hhe memory

controller hub is configured to provide a block of linear,
virtual memory addresses for use by the internal graphics
subsystem; 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.

11. The computer system of claim 7, wherein the
memory controller hub is configured to provide a block of
linear, virtual memory addresses for use by the external
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.

12. The computer system of claim 7, wherein the memory
controller hub is configured to provide a first block of
linear, virtual memory addresses for use by the external
graphics controller and is adapted to provide a second block of
linear, virtual memory addresses for use by the internal
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
13



-if the nmenory controller hub is coupled to an external graphics
controller, then storing in a cache within the nenory controller hub
addresses of locations in physical nmenory available to the ex@érARR 2005
graphics controller for storing graphics data; but if the nenory
controller hub perforns graphics operations on data using an internal
graphi cs subsystem then storing in the cache addresses of locations in

physi cal . ai_l.a t ernal, graphics.control.ler for storing
graphicslgg?§%¥£%& #ﬁegkégﬁogdgpggséinP 310 3?988? &Snﬁ%Vg?ﬁﬁ; FEIEhe
menory cohtrokberebpbnperbonnsirgsaphi 3 thpar @heoBscodd @abakusifngihker,

i nt er nal rthhcs subsystem providing a block of linear, virtual nenory
addr esse¥TFhUEhe™RBRGYy 29E8REPEF er hub for use by the internal graphics
subsystem and if the nenory controller hub perforns graphics operations
on data using the internal graphics subsystem storing in the cache

addr esses of [L8cat PoRsthrdphysistalrinensdyresaescorfr éspetdond 2n9 APR 2005

et hod of EA RLLIZP Ot REy SoBRBPEY. EaTCFPLERE RERory RS, POFI BECRE 15 |

coupl ed tompniexhegrnal graphics controller, providing a block of |inear,
vi rt ual nennr¥ addr esses bn t he menory controller hub for use by the
external grapAPEETROALPEl FEBRLNGRALPE PRECKENGPYLEBALEEI hEP REboPsrabdpyl ed

to an extgnpabd gpaphi exteefbiobkabnisEOLbAY bl 1khecagheraddr egges of

memory controller hub performs graphics operations on data
using an internal graphics subsystem; and

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

if the memory controller hub 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.

14. The method of claim 13, further comprising:

if the memory controller hub performs graphics operations
on data using the internal graphics subsystem, providing a
block of linear, virtual memory addresses in the memory
controller hub for use by the internal graphics subsystem; and

if the memory controller hub performs graphics operations
on data using the internal graphics subsystem, storing in the

cache addresses of locations in physical memory that correspond

14



I ocations in physical nenory that correspond to addresses w thin the block
of linear, virtual nmenory addresses. 16. The nethod of claim 13, zﬂrﬂﬂﬁﬂmﬁ
conprising: if the menory controller hub perforns graphics operations on
data using the internal graphics subsystem providing a block of |inear,
virtual nenory addresses in the nenory controller hub for use by the
external graphics controller, and storing in the cache addresses of

| ocati onsof agpsical IRADLY + dteh%tlo%%r%seg%a&o %ggr 1233 heMdly/ n L he DI ock

of linear, wvirtual nenory addresses “Yer hub is
coupl ed pddar seetser nal graphics controller, prOV|d|ng a block of linear,
virtual nmenory addresses in the nenory controller hub for use by the
internal graphics subsystem and storing in the cache addresses of

| ocations in pBysi galk MWW biFat16Qk qum@ﬂ%@%ﬁ%&%%m‘@ thin the block
of linear, virtual nenory addresses.
1f the memory controller hub is coupled to an external
graphics controller, providing a block of linear, virtual
memory addresses in the memory controller hub for use by the
external graphics controller; and
if the memory controller hub 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.

16. The method of claim 13, further comprising:

if the memory controller hub performs graphics operations
on data using the internal graphics subsystem, providing a
block of linear, virtual memory addresses in the memory
controller hub 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 memory controller hub is coupled to an external
graphics controller, providing a block of linear, virtual
memory addresses in the memory controller hub 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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