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CACHI NG BACKGROUND The invention relates to caching in nenory controller

hubs. M cMt®Jd?%r systems generally include one or nore permosy/He6 ol l

hubs that control and coordinate the transfer of data between the
conputer's system nmenory, central processing unit (CPU), and peripheral

devi ces.

G aphi cs appl i cat $HREEDTERANSLAUDMO rAMYRESS |CACHERNEr al

as graphics controllers that require a nenory controller hub to transfer
data between the graphics controller, the system nmenory, and the CPU.
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processi ng ﬂ&buires processor-intensive cal cul ati ons and the fast
mani pul ati on 01t | arge quantities of data. Several designs have been

“inpl emented to hi_eve hi gh- perfornmance graphics processing while al so
reduci ng the co 1qﬁocpﬁgug ﬁ?ﬁﬂg 4% gp
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the CPU is reduced. Increasing the amount of |ocal nenory available to the
gr aphi cs cofRMHalePHOFEEEVRE Braphi Y pePPOr RahigeHijft 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 gquality 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-performance
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 that
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al so increases the cost of the conputer system because |ocal graphics
menory is relatively expensive. Less local nenory is required to achi eve
t he sane J§v@pr2way performance, however, if a dedicated busPC%l%ouuﬁ@z
Accel erated G aphics Port (AGP), is used to couple the controf er to the
menory controller hub. An AGP allows the controller to treat portions of

system Nendfye asmdAstH ¢at adrhOeRkt Ghahives tFBAREY rdigdt veRdUeRs t he anpunt
of local menory required and | owers overall system costs. Conputer system

costs al so gRyLie-4 edueed by el fal isng cbhendgs t Phaidlognarhices gontroller
and integrating its functionality intothe nenory controller hub. In such a

configurati Péh&é'&i.m%{c?feggﬂhgoéﬂléra@%ti SEPELLEl MGRH ReDi88b8e to

‘gr aphi cs/ menory controller hu since It performs graphics processing

functions a0l fiian.dt o MeuBE Yo Oidiolveand LEANS! e fANGLERRS: but

i u .
Addi tional ly, I'ncl udes one or nore output ports to graphics signals

to external deyloeseoch as eathode By LiBesel TMpndectlat panel

nonitors. A graphics/menory controller hub ocal nenory

for storing i ta, - 21 27 , 1/3 Rl
DESCRIPTIC»}%§§%¥%§ﬁh@¥§SFPSE%EY1¥¥1é%%é§3§§§ﬁt?cgj%%éﬁ%'dig%%én?SFgg conput er
system Fi i.S chemmat | ock di,agram of a_qgr. i.C
controlIerqﬁﬁﬁﬁ%ﬁfﬁhﬁg%gqgn hgiég%fég: éﬁ%t?ém | B¢ d?%gfgﬁfggggé%%1erated

gr aphi cs pog AGP) .functiagnaljty ,of a graphics,gemory . .contrgller hub.
DETAI LED Dgg%ﬁ%‘ﬁ?ﬁ’c\llfl.lr? gegé%h?%rb%systegr%"aarﬁe%?e;Pec%an <ol Irg hﬁﬁ% may be
i ntegrated

ith [,nternal graphics controller a interface with an
ext er nal grgéﬂ?c QﬁQVi&E Pﬁ?gug AAAGP ¢ 8rF?néﬁ%gﬂ?g%¥h§hﬁeW8P§r¥ontroIIer
hub Contr0|§o£¥¥galer 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.



graphics and nenory functions it is referred to as a graphics/ nmenory
controller hub (GMCH). The GMCH provi des both internal graphics processing
and scal aBY@0?4phi cs performance through an AGP interfacepcThgofAlGk, My be
used in one of two nutually exclusive nodes: AGP node, in which case the
GMCH uses its capability to interface wwth an external graphics controller
and its internal graphi cBRIBACDESTRIBTION ©FdDBABIRES or G x npbde, in which
case the GMCH uses its internal graphics capability, and its ability to

i nterface w t hFaguextlerimala geaphatsc danddloldiegras 6f sald@sutler G x node t he
GVCH can still -3 WO 02/ 2p99 PCT/US01/ 30362 interface with a |oca

menory nodykeemhr ough the AGP port to provide additional graphics nenory
for use by the internal graphics. Wiether the GVCH operates in AGP node or
G x node can beigleteramined aghematicablocland agebmdof i igyddihistsart - up
sequence of the conputer. Figure 1 illustrates an exenplary conputer system
1in witbnbhe cdIHtgarbaubnpl enented. The conputer system 1 includes a

m croprocessor (for exanple, CPU) 2 coupled to a GMCH 3, which contains a
system menory eofi#ol3 eimdhub i s YOk Bed)s Albiechedigfim ek to as a "chipset”
or "core logic." GMCH 3 provides an interface between CPU 2 and system

menory 4, ;apdi eiveenyGRHi2sapdra pase) fin@X3RRl Sry o PE | al-sconponent
i nterconnect (PCl) or HublinkTM bus 5. Vari ous |npu¥/output I /0) devices 6

are coupl gdnt ey PGnies 1% Wabeh is coupled to GMCH 3 via input/output
controller hub (1CH 11. Conputer system 1l may al so include a graphics

device 7, which nmay be a graphics controller coupled to | ocal nenory 8, or
whi ch may be an AGP Inline anogi Modul e (Al t hat provi des external
| ocal nmenory for the internapﬁg ﬁﬁPcQE? 5 lity of GMCH 3. A shared

AGP/ | ocal nenoty 4 deaffaee SyREeM| desmansitdiceatedl idt enfRch bus bet ween
GMCH 3 and graphics device 7. Graphics and video signals may be sent to a
di splay dextegrded nammanaphhesrdeyigeaphids @BRtES11ér 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 referred 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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wo 02/27499 PCT/ USO1/ 30362 present in the conputer system or may be sent
to display device 10 from GVMCH 3 if graphics device 7 is absent. ( Figure 2
illustrate® i details of GMCH 3, including a CPU int erfawesidosmeupl ed
to an AGP interface 21, a local nenory interface 22, an input/output (I/0
hub interface 23, and a system nenory interface 24. G aphics functions can
be perfornethtarfiateemiah gr apbal snagurmomediuise 26h ravgic -hHen@iGRdeoat diad a
stream and di spatch controller 26 to manage the fl ow of data and vari ous
graphi cs engideisie2 Addd tpenaOr gr gplapdd aemoper bt oNse @y dafea inBetkasling to
Figure 3 and 4, AGP transactions are run in a split transaction fashion in
whi ch a requesihifcar. dahatheanshe€rGNaH @pelkb@8s SYStATR MRy WriGIE] mode

di sconnected in time fromthe data transfer itself. An AGP conpli ant

graphi cs deyart eod R4S eFBShet) adbomdtt 1d=A06S addt s@nsagtimn tiet Btapragsess
request. The AGP interface 21 responds to the request by directing.the

" correspondi sgiaice torarskeco@putet ater tinme, which permts the AGP graphics

device 7a to pipeline several access requests while waiting for data

transfers to ocatifgur@s 1ainegitiaeds RirPelkkRbgry S8y dler 3@ tapdioinwite
access requests may be sinultaneously outstanding in request queues 100.

Access requ@sich GaR eMchetalepd 1MR6ht_EN 0SBhaNcailess/sgatanbys (AD bus)
105, _$ WO 02/ 27499 PCT/ US01/ 30362 107 of AGP 9 or transferred through

si deband adgdiessidd RehitQbpebcAR 9 andt Laasbyed biuy eduesiigueds 400
Schedul er 102 processes the access requests I n request queue 100. Read data

are obtai negydd oM SYSIRMCBRARL Ys 42 AN RRE meRbUY) NESh @l 1hiRe kbt | agyyg of
schedul er 102 through read data return queue 104 and across AD bus 105 of

the AGP 9. Yide AR R ScRboyLACh, Ie AR AIPDLEAN - 0ADY Goggantroller 7

at the direction of scheduler 102 when space 1s availlable
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



in the wite data queue 108. Thus, AGP transactions generally include

i nterl eaved access requests and data transfers. G aphics data may be stored
in systemRMZWYU when GMCH 3 operates in AGP node in ConpgigishNsysM th an
external AGP conpliant graphics controller 7a, or when GVMCH 3 operates in
G x node using its internal graphics functionality. Wen using system
menory 4 poes¢mt elrgridEhicospdata, s G, 3 casesyab¥i séntal t amehizipy agddr essi ng
concept for accessing graphics data. In AGP node, a 32 MB or 64 MB graphics
aperture dsviledi hedidduwr aigh @hi € hgedddriessesviinet hei phmrsdaad. system nenory 4
can be accessed by graphics controller 7a. The graphics aperture appears to
graphics contrbldwefe 7a idduat32cdB orhéid deBacant bguenst [ oclknatidihgear
menory, although the addresses in physical system nenory allocated for use
by AGP grapbPusicosifold @0 éaupled ngd arb AGPVWOn(d2£2de 4919, RCTLUSQ1/ 30362
contiguous. The contiguous bl ock of nenory addresses in the graphics
aperture pendty Sigiefiftices 220nkA 0 @it /Fathatquiresl ynas cassedrakcge2dat a
structures, such as texture bitmaps (typically 1 KB to 128 KB), as single
entities hfdVardplerda@iory ABEEESadLquest srhpam gr apliiGHGoRBROLLEer 7a
address virtual nmenory within the aperture range, and then GMCH 3 forwards

access I eguesssmad t 'qﬂtfé&namegky;fm@iéso dpheatsSYS! e @Mny:14de The
originally-issued addresses sent from graphics controller 7a are translated

Wi thin dapagsts e &ntangl LeE R0ttt 1@ 133PhECEo Al RaS JReMePB|,Ng Tabl e
(CART). The CART is a table tﬁat mat ches virtual nenory address in the

aperture n i ; oRdL ALY physiLal e . GART is
pangeL M 4y GRISR agapﬂlw eﬁfg%eswggog&ggf@ggafggﬁpt@g

stored in systemnmenory in alocation Known | ocati on
I'S Storedob@ré&ions 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

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



register wwthin GMCH 3. Addresses are nmapped fromthe graphics aperture
into systemnenory in 4 KB pages, and each entry of the GART transl ates one
4 KB page.WORE2749Nhen an access request is received from grl%g%@%m%
controller 7a in the graphics aperture, the request is nonentarily s%alled
while the appropriate GART entry is fetched fromsystem nenory 4. The
address of 1ie SCCess g egueshn¥d idH e cBGAP B §ShaRErdddr@siss 1t hass! at ed
using the fetched translation table entry, and the request is forwarded to
the _7_ WP 2pP RCEHUSELLSORE? mBhysierlstadde@ssidd), system nenory 4
identified by the fetched DART entry. To speed up nenory access requests

from AGP gr aphi CsefQpt1led! heb FaolOs SYS e BRABEY Aeqédddd ArPreyihdes a GART
entry cache 28 for locally storing up to four entries fromthe CART. GART

entry cacheqddndrepp@l Skehe kROUN S GhdidRsl atbans{oakasidR Qulif 8ra(TLB) .
When a GART entry is first retrieved fromthe DART in systemnmenory 4 to

transl ate asyérialeRAALRSSHENINI @ PINA 63 saHdRESSy 1d1E t8RlynMRYa8e

stored in the TLB 28 residing in data streamcontroller 26. The next tine

an address gegyesdt fPMeLRPRLES, O dehp/BuBeElS 0 WRe ABegsame CART
entry, the entry can be retrieved fromthe |local TLB 28 rather than from

t he DART i ngdj e : i ntylas din
TLB 26 and SGh GRF Sty rou s Antoce ta A" GkE P o horary
addr esses, up 6 .acCcess OgHESES 1fgh0 aphi GO 7a may
be transl at zda%%h:leg dtgt%éa%&% g?lt?rlslgs st%c])cfégzl %gﬁl%%éﬁ%g%qgé?%?e a new
GART entry S etri d te no 4, T . tream
controller g?é Enheég3”33'!31(3%3 lﬁj%\eé%aqh%«\g{ép J’Z%f’rynﬂt r%t’ ?‘épngfaé?ag%tel r)I%ocal ly in TLB

28, the necessary, ent.r be. retrieved from system neno 4 and t hen
stored in T‘ﬂﬁ%é%fl&’r JTryuctltrhrlr%é ﬁrslte?ri fere yacrcéeﬁrsajé%‘!ﬂ%e%%s eanc{);éiaﬁ)craevi ously
stored in TJC_B 28 9

ransfers.

Graphics data may be stored in system memory 4 when
GMCH 3 operates in AGP mode 1n conjunction with an external
AGP compliant graphics controller 7a, or when GMCH 3
operates in Gfx mode using its internal 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 contiguous block of linear
memory, although the addresses in physical system memory

allocated for use by AGP graphics controller 7a are not

-6-



WO 02/ 27499 PCT/ USO01/ 30362 Referring again to Figure 2, in Gx node, the

i nternal graphics engines 27 of GMCH 3 define a 64 MB | ogi cal address space
t hr ough mﬁvgﬁzﬁﬁ@?esses in the physical systemnenory 4 or pphdMo¢asssbe
accessed by internal graphics engines 27. The |ogical address space appears
to graphics controller 7a as a 32 MB or 64 MB contiguous bl ock of |inear
menory, al tdrauiglyuche . adbressasigvopisy dileak s§sreamuyemddyedses A Me

al l ocated for use by internal graphics engines 27 are not contiguous. Like
t he graphi cragbécsurpeusedke iprAGR smodephi he comtiqguews 7Bl bokgetclkinory
addresses in the | ogical address space permts internal graphics engines 27
to access |laragpessddeagst dacd wiesiaduirekl, ysash sanglexteurtel biiesapsa virt ual
nmenory. Access requests frominternal graphics engines 27 are transl ated

wi t hi n dat altstrieamigont KBl t@rlZ86 Kisi, ngsas Gnapdhi as- ffrizssliat vontdabl e (GIT),
which is stored in systemnenory in a location stored by GMCH 3 in a

regi ster wndmaryGMCH 3. Addresses within the | ogical address space are
mapped into system nmenory or AIMMin 4KB pages, and each entry of the GIT
transl ates one 4KBepageeq@Hstemnoregraddics ovabt yoldetrefai addwhes her access
requests are mapped to systemnenory 4 or ALMM nenory, if an AlMMcard is
present. Theiang heBo?Z$ wbddin ntheMalde3tthoe caatp: GARE eéhtni e¥CHBY be used
to store up to four entries locally fromthe GIT in order to -9 WO

02/ 27499 PGWAMGRHs38362s s peathaatess thanphysi apd ritory. phiyBLeal he nunber
of GART entries or GIT entries that nmay be stored in TLB 28 is limted by
the physi calyslicth aefargi 2e ofhd R ibliBalugH Dgstde SRR sERB benst OFem CART
entries in AGP node and to store GIT entries in Gx node effectively

doubl es t heyrupHies ebnPARTI&F TaThrentibfsl1abed wigdhike dstar edrésm TLB
conpared to the nunber that could be stored if separate TLBs were used for
GART and Glcbrgioihes. 26ddéiaonaldiapndssngdatings $ at@nabBnyoTsboee GART
entries in AGP node and to store GIT entries in Gx node sinplifies the

internal | ogiarmof, GYRE SaRecadise tardien@het| A9t ehsLMeTubt Rehdipgt i Ons of
the TLB. O her enbodinents are within the scope of the follow ng clains. -

10 WO 02/ 244225 in the aperture ranfe with corresponding thsical L
PCT/ US01/ 30362 What is claimed is: I. A nmenory controll'er hub conpri sing:

a graphi cs gubsystam-adapt ed 10 RYRAOLM gL gphy c, %ﬁ%&%ﬁi {ﬁ@ﬁo? gata; and a

cache adapted to store addresses of |locations in ysical nenobry avail abl e

to the graphy '%Hbﬁ}{%ﬁmcéoémcﬁC?srib%%a%épi‘{&S:L%ﬁ%o%ﬂggag%lzé@'fntao a

graphics controller coupled to the nmenory contr to store graphics

data. 2. TheJTRIRLY wGORES Obh& UP ARk ELalD 1rd WARM from the

graphics aperture into system memory in 4 KB pages, and each
entry of the GART translates 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 1s translated using the fetched

translation table entry, and the request is forwarded to the

-7-



i ncluding a dedicated bus interface coupling the graphics controller to the
menory controller hub. 3. The nenory controller hub of claim2 wherein the
dedi cat ed YWA82FHPLr f ace i ncl udes an accel erated graphics pechlshiFRze: 4. The
menory controller hub of claim1l configured to provide a block of |inear,
virtual nenory addresses for use by the graphics subsystem wherein the
cache i s addmsédatloadtoess aturessesn oknpogat i otentifighybychhe menory t hat
correspond to addresses within the block of linear, virtual nmenory

addr esses. fekkhedWeRB2/ 27%99. PCT/ US01/ 30362 5. The nenory controller hub
of claim1 configured to provide a block of linear, virtual nmenory
addresses for ufe byeeieupgragings acgessolkkanes whehwim AtRegcaphecs s adapt ed
to store addresses of l|ocations in physical nmenory that correspond to

addr esses wdrtinoltlke Bhot& ofstemessmoryi At uaiICHEhmpvadesess@ldRT 6. The
menory controller hub of claim1 configured to provide a first bl ock of

| i near, virdruady meebey2adfoessesflyr steeiby tihetgriaphi esteoasr Htdrer and
adapted to provide a second bl ock of linear, virtual nmenory addresses for
use by the grea@iRds sGbRYs¢renyy Wieerhel 128t heycatde hes kadapt ed &0 store
addresses of locations in physical nenory that correspond to addresses

W t hin the frarstlaltiocklobké s hdarhuifent UZLBenOWhemddiGeassesnang 1 store
addresses of locations in physical nmenory that correspond to addresses

wi thin the Siacandebkaekeaf fromettes GARTt Wal spebat ymeaddredses. 7. A conputer
system conprising: a CPU, a display device; a systemnenory adapted to
SLore vi dea: fiaisa adedanonr vh 8B G ditdetss AR oaa NBINPY Vedonlddekker; brd coupled to
the CPU - 12

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.



WO 02/ 27499 PCT/ US01/ 30362 and coupled to the system nenory, the nenory
controll er hub conprising: a graphics subsystem configured to perform
graphi cs dP@PEET#8Hhs on graphics data; and a cache adapted peTflsdi/Soze2
addresses of locations in physical nenory available to the graphics
subsystem for storing graphics data and that available to a graphics
control |l er coupRederoinheagminoroy Eaptirel ¢ erirth@fxt oodeor ehgriapirimsildat a. 8.
The conputer systemof claim?7 further including a dedicated bus interface
coupl i ng t lraghaphi esgtoes rdl lodr GMOHt Redeitgy . édnMBolbeicdlinddesEhe
conputer systemof claim@8 wherein the dedicated bus interface includes an
accel er at edspgreaphbhecsupbrvhidGRAdre8 seFhen canputhgs isydt epsodm cdeaiony/ wherei n
the nenory controller hub is configured to provide a bl ock of I|inear,
virtual nerboy addMessesbd acasssebly byhentgeaphl gxapulbisysérmings @& wherein
the cache is adapted to store addresses of -13 WO 02/27.199

PCT/ US01/ 30362 lobdcal | address pippsiecabpaenoriyo tdraphdosr espionel texr dddr esses
wi thin the block of linear, virtual nmenory addresses. 11. The conputer
system of asaiem3Z MAeoei 64 tNEe cendgyotsnt Yot exf Nubebs wandigured to
provide a block of linear, virtual nmenory addresses for use by the graphics
control | er ;alandugheté nadidme: cEhdan phasi@d Bk st eat aeroaddd esis asI MM

| ocations in physical nenory that correspond to addresses within the bl ock
of linear, alilidcagkdnesdrysaddr ssesnal 2grdptel corpytiaes syst £ aforcl aim 7
wherein the nmenory controller hub is configured to provide a first block of
| i near, Vi rdosahigueasly alds essegrbphiuseapyridie gsaphissacontidql,l er and is
adapted to provide a second bl ock of tinear, virtual nmenory addresses for
use by the {}capBheSgSeRSYISIRIN Andewbey edddidistacheths aspied to store
addresses of locations in physical nenory that correspond to addresses

Wi thin the fddreksbkpske Ofe thin@AN Nt AL VAL r SBHIIY cAddnesSEP Bhdidesadapt ed
to store addresses of l|ocations in physical nmenory that correspond to

addresses Wdlrlyendhbg sepeehl0Gkiek1li Againglier bhak t TBEDIY AddngSSes.
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 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-



- 14 WD 02/ 27499 PCT/ US01/30362 13. A nethod of storing addresses of
| ocations in physical in a nenory controller hub cache wherein the
| ocati onsWP23MP8i cal nmenory are avail able to either a gramhi/gso1zesger ol | er
coupled to the nmenory controller hub or are available to a graphics
subsystem of the nenory controller hub. 14. The nethod of claim 13 further
conpri si ngsppedvadeegs adblimukeickl] neeary . vigitngsl thenprpbetdre$BET t he
menory controller hub for use by the graphics subsystem and storing in the
cache addr essasesfol o€HE iontyriies physivay breraiorethan €bBre$pond to
addresses within the block of linear, virtual nenory addresses. |5. The
met hod of dliaibed3byuthderhycomadi siingaresr ovdati v &hbl 8BR, ofisinnddre, virtual
"menory addresses in the nmenory controller hub for use by the graphics
control | er saardTsBOto Ngtoue AMRTC acheiagdireIsHs model avdt tonstore [BLSI cal
menory that correspond to addresses within the block of linear, virtual
"menory addeesséss 16.GHhenarst ddeot iceky midid fasr tther nonbpr i of MEBERDr ovi di ng
a block of linear, virtual nenory address the -15 WO 02/ 2p99
PCT/ US011363G2Theapt yieoniliadl ey babsforedisin MLEBt kemgeaphi ts wontrol | er,
and storing in the cache addresses of |ocations in physical nmenory that
corr espond ntuebaddt Rs§s esowi d hen sttheecll DEKsafaddtre LBsVive ke al sk nfurry
addresses; or providing a block of linear, virtual nmenory

GART and GTT entries. Additionally, using the same TLB to

store GART entries in AGP mode and tc store GTT 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.
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address the nenory controller hub for use by the graphics subsystem and

storing in the cache addresses of |ocations in physical nenory that

corresponWa @/23dr esses Wi thin the bl ock of l|inear, virtuapciRelinie:

addresses. - 16 .AKY. A A A a. A AA3E .A3E .A32 . AN2 . A(2 .AF2 . AYY .A . AE
. A 2 >'"0gh

J BvO-~yt 0] #hZt)] ta] crdedd] cial:c(a] c: a] cTa] ca] ca] ca] ca] ca] ca] ca] c’\a] ca] ca] cajc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] cal] cal GBu! W

Lct | wrmhe”Y] ca] ¢a] cal qal oak]gp 1galgal cca(]n\p;\)?]l%a].]]gca] ca] ca] ca] ca] ca] cal ca
] ca] ca] ca] ca] caJ ca] ca] ca ca c cal tuU~
a graphics subsystem adapted to pexrform graphics
operations on data; and
a cache adapted to store addresses of locations in
physical memory available to the graphics subsystem for

storing graphics data and available to a graphics controller

coupled to the memory controller hub to store graphics data.

2. The memory controller hub of claim 1 further
including a dedicated bus interface coupling the 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 configured to
provide a klock 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.
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E| MP| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca]c
alcalcalc ‘& %/ a] ca] ca] ca] ca] ca] ca] ca] ca! ?yYA} 1E{ bA} | w mhc”Y] ca] ca] ca] ca] ca
] ca] ca] ca]WQP#aT#4] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] epehadddl sesksal cal ¢
a] ca] ca] ca] ca! $+7CDF#G-~.

Ld! k! nly! 11w mgb] X] c] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] éa] caffta] vaheay cadraajcdddrchfbapfatldin 17 cghyigtted to
# #HAP=IX PSP ( YEEWEEEE&E' ' T' ' ' | wmhc™Y] c] ] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]
ca] ca] ca] cajaticE eapdartapfal tradara] vdrtapéahendca]achlrealsea] fatcade ' 6() ((()
0))) *+R+++++++++++, . ?1F1l 1R1al112zuoj e [ V]] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] ca] cal] cal]| delUjgrapbaleatcat cval lbai.caheakpin] thd cefddu] da) edppaddateal cal 2J2
233n33344! 4% 444444445F55(6b666777" 848<8?8H3| wgl gb\ U
UV] cal] ca] cejwa] caMrealkeal cé] tada@]was] dal pa}feaq:a:h]rwr]qm/] ¢apcta] ca] ca] ca] cay
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! HST8UBWBX8889; 9w999:
o <AL <esapeesponkien| wrildhedses within the block of llnear, virtual

a@aa @@@\AAEAxAAABV\BBBCCBCSD\ D DhDt DuD{ vqgl fa\ W

WV] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c
a] ca] caU] ca] ca] ca] ca] ca] ca] ca! ubwbx DDDESEEEEEQFUFFFF4G Gy GGGH: Hr Hz H} HHHgI | |

JCInJ| wr mhcY 6. The memory controller hub of claim 1 configured to

UV] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aj cia] C§1]1 ca]ged-eialec @] galrea] babar t JORRMSELEER FutdrEFddal By Cadd ks s 4l HHHgl 11 JC
Jnd| wr mhc?Y

W] ] ca] ca] cadsalwalsalkea] gabheadcalanlealea] eal cajamlenieabeal cad cal cal caj c
a] cal calca]cal ca]ca]ca]caljca> ~_@O%E& ()-10%& ()- y&0%& ()-sz10%& () -

1 10% & () - gdcdrikDWab& K b£014084E virtual memory addresses for use by
10%& ()-10%& ()-10%& ()-&10%& ()-10%& ()-10%& ()-gh

J- dE(NﬂO@b&tKQ %%%ﬁ&s(kuﬁé %@@h()whef@l%b&h@)cache is ada
MLO%&' () - S3MLOYBE () - s- BvaB! 3: 10%& () - : 109%& () - | 6F10%h8 ()-410%& () -
iotle%D& ()- é)tcﬁifé/d%%d(r)es@QQZé@‘Vw@a&)oré@kﬁ%%H&si&al LA & chht 10% u& ()- 10b

10bY+Y10%0& .- e%%%HQﬂBQG éQ?f%@géQ “SHHEUEHE) 310063 ) ©rSI0RR A () - &10% u&
()-ri S&lO%JU&(

10% u& 1 190
ZKdEbCZU10f(Vc-)> Wi 3|V[L /°¥§ ?3{8%%50 % u& %:é /‘31‘8%?( eg%sf %;Qu%&%‘g‘%% 10% ug&!’
()- Z ix phfgg%éﬁuﬁeﬁbry tﬂé%ﬁ%ggﬂgkpbhéof%uaddresses 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
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u& ()- 10-u 10-u 10-u7Z10% u& ()-4 10% u& () - ~\ =1 ;
fl(l)oo/%]gpa&' ((].20:’;10% u& () - r’rﬂ.%(l’J/e u(&') ()- 10(V: 3&' 8 LexdBT =
U : ) N = . . , .
;/e u%d e (12\10% ug&%) S?(VU\?E \ =!I #MLO% u&' () -!10% u&' () - 10% u&POr/Ushses®’ () - T10
E~\=!/10% u& ()-& MLO% u& ()-+10% u& ()-)Gl0% u& ()-'10% u&' () %@L0% u&'
- Eluj _@L0%4& Q- tol@he 4Ps iRy ZEOMryE eu'& )
o b R L B R
: S {9m0% & () - Y" 10% & () PdEj] @ 10% &
109 & () - mLO% & () -s10% & ()- 3910% & () - J 109% &('(() Q’deNC 10( 10(
10(() Y7GLO% & ()- @ 1GMg&abhit8%d{ystIrl Rp&ippred IO EE{OPIFIEYNC
: 00/&3& ()- QA% ()- 10%& ()- 10938 ()-"910%&' ()- 10%3&' ()- A} 1EAEYNC
9/@& () - Z10%638 £ ApHQ%UCE e a il OAEES )grbQ¥id&'s( Hatd 0% () - E{ bAJEYNC
- 9*@O0%:% () - F(S10%:& () - @MLOYE () - 9$GLOURK () -
MLO%EE, () - 410%4G&' () -AlB(Aietd¥hE 490G d 0Bore addresses of locations in
%8(%(2‘10;/&3%0% szlgcyé%f/éi Lo((isw%a& ()-F. 10%% ()-@ 10968 () - +#}"?YNC
T & hvyd 086 1d | & (thel¥@pBi¢y -IukE -
G~0dEYNIC:9nTL0°/e4| §h§'- 310%| &'%3 ‘(7@100/41 &'l ()(Efoookm Ez (fs) HEISEE FEE()
OJ&I&;() nﬂoq&%@bfﬁn éﬂﬁﬁ@@ ¥ata and that available to a graphics
1? /(iﬁ?&- ()-Y(@Oo%| & (%- S& 10%4| & ()-L$10%4| & ()-F"10%4 & ()- @ 10%4| & () -
tdrhlitjt k!YE!QShEQ&wﬁ%ﬁ)c U8 €p- tHOH4perdd]| controller hub to
104| Y7GLO%| & () -, |4 10%| & ()-f210%4| & ()-!!"7"q"y""dEbC
&10%& () - 10%& (Ly %5%H§g50%&t@) 1098 ()- 109%&' ()-""
#[ ###$dELCLOYR ) °100 1098 () -109&' ()-10%&' ()- 10%&' () - $=$x$$$( YE&IEDLC(

8. The computer system of claim 7 further including a

dedicated bus interface coupling the graphics controller to

the memory controller hub.

9. The computer system of claim 8 wherein the
dedicated bus interface includes an accelerated graphics

port (AGP) .

10. 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 graphics subsystem;

!

and

wherein the cache is adapted to store addresses of
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10%&' ()-% 109%&' ()-$10%&' ()-"109%&' () -
10%&f()-\10%&fS)-E&W&&&&&&&&bC'QlO%&T()-310%&T()- 10 10 106F10%& ()-4
10%&'()-2yW@&E d%l&"T""dEbCFlo%&'()- 109%& ()-109%& ()-  PCT/US01/30362

109 ()-109%& ()- GLOY% ()-' 6(j ((()O dEbC

10%&' () - YI09%&' ()-s109%& ()-10%&' ()-&10%& ()- 10%& ()-0O))))*+R+dELC " 10%&' () -
, 1098 () - $ 1p@%E&ONS - Ln I0URS (013 1RFRY ) thDogE (DreRpend+ e 133 nd@48M 109 () -
10 10 106F10%& ()- 410%& ()-210% ()-0 109%&' ()-3,,..?1CID1E1F1}"SH= 10 10
106Z10%&’ ( y-i'thi0%&h¢)blodi0UV&'ipat0oRifYudl MOy pEdEPsFAR1a1112J2dESH=
10nMO0%@&’ () - 10%@& () - 10%a& () - 1094a&' () -

Y'L10%@&' () -10%& ()-J2233n3334dESH= 10

S109%@&' ()- 10%a& ()-109%a& ()-109%@& ()- 10%@& ()- 109%@& ()- 4444 4! 4444bC 10Y
@ 10%0%' ()- 10%D&. () The 109@RIYEx- sy8@en0@ claim 7 wherein the memory
J10@310%a& () - 109%4a&' () - 445F55( 6b6dELC 10Ss10%0&" () -1 L-109%0&% ()-F 109%0& ()-Y
@O%& () - lVbOXORL € ) - YulF 11990 fipuly6 6678 8A4898: B} 2?HCock of linear,
100710908 () -y210%0% ()-!'1( 10%00% () -s$109& ()-!f

109008 () - Vil@u@s' fipmo By SxBHEXERBI fOmNAdOURY (HDhartG¥Rhi s mtOEE¢) ker;

@O%' ()-"L10%&' ()-F10%& ()- 100 10G 9w999: : ; dEnV 10%

910%&' ()-1CG%& () - mlO%&' () -

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 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.
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@OY% ()-109%& ()- Z109%& ()-;U;;;;;;dEMV 10% . 109 ()- , 109%& () -
*109%& () - YL0%& () - $10%&' ()-" 10%&' () -; 1<A<I <r <s<t <u<<xnbCl0%0%& ()- 10 10

10610%&' ( WUeAP9E () - 2109’ () - PCT/US01/30362
010%&' () - <<<.=>>?}[9nbC! ! 10%&' ()- @ 10%& ()- @ Y@LO%&' ()-4 ! YRILOYRRE () -4
Y10%&' () -33"10%&' () - 2?2?27 ASHE! 10 10 10610%&' () -

11098 () - @ 0109&3( ) -A NAITANE EfFogling Zadsge (Sesy @b @ @AFAESHN 10
10% & ()- 10% & ()- 10% & ()- 10% & ()-" 10% & ()-

10% & () - ABAFA% AAABHESHeridfr v1 0%h&ro) Lo 1 09418 qachel ohgge iy - the

109% & ()-10% & () - 10% & () - BWBBBCCBCIESH=! 10

(10% & () - &oteyfans )i S IR (AL mMeOUER §¥e available to either a

'109% & () - 10% & () - BCSDYDZD[ D\ DhDxDDbC! 101 10%<& () -"910%&" () - 10%& () -
10( 10( 10672094 &5 (Forrtlnskls: 1 JcoDDESEEEEJEC! mer® rh0 %ot £ p1 16841k Jor
C10%<& () - 109%<& () - 10%<& () - Z10%<&' () - EE9FUFFFFAEDCI

are available to a graphics subsystem of the memory

controller hub.

14. The method of claim 13 further comprising:

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

linear, virtual memory addresses.

15. The method of claim 13 further comprising:
providing a block of linear, virtual memory addresses
in 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.

16. The method of claim 13 further comprising:

providing a block of linear, virtual memory address the

- 15-



10 110%<& ()-109%& ()-z10%& ()- 109%& ()-10%& ()-1I
Gl0%<& ()-F4G GyGEGHIELC
10. MO%<&WP 02239 &' () -*10%& () - (10%& () - &10%& () - | PCT/US01/30362
$GLOY%& () - H: Hr HmHxHy HzHHHbC! 10" L10% & () - 109% & ()- 10< 10< 10<610%& () -
4f 109%<& () - 2109%<& ()-Hgl11JCInJdEDLC!
10F10% & ( )meh@y&'cont 103 & (Hulh 1 &'se) by 1094 & KaphliG¥ &ob ¥ radigdd,CInJdELC
10F10% & ()-10% & ()-10% & ()-L10% & ()- 10% & ()-610% & ()- Normal"
"Headi ng 13sl' stdgadigngn28he "cd'dieadiddge88¢s " of Haaditignd3jio" phiveiatiing 53] ¢
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Par agraph Fomory] #hEL &5t OspAyEttE HERTYXEZE S idfthjrOth'e2 H8pubndf J6789: |
<=>?@\ g-O x EA+ I"$E&&' O) R+3, F1J244b6: 8; 9;
; <? GN\BBCDERHH®}r] BEDEEGH] JKEMNOPQERETEYIKYZ[ 83~ " abcdef ghi j kl mopqgr st uvweTi m
.es New RomanAri al Courier New'h Root EntryWrdDocunent
I"#$9R' () *+,-./0123456789providing a block of linear, virtual memory
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl rmopqgr st uvwxyz

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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