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BACKGROUND OF THE I NVENTION Field of the Invention The invention rel ates
generally to bus protocol bridging. Mre particularly, the invention
relates to input/output (I/0O address translation, such as remapping a
continuous | ogical address space to a potentially discontinuous physical
address space, in a bridge. Desc_,, dption of the Related Art I nputl out put
(110 peripheral devices typically operate nore efficiently if they are
presented with a large contiguous view of systemnenory (main nmenory). This

al | ows such devi ces wonRKAErEOIRbARASTRETLIAD o bRHGE. 27 €2 of memory
. |

containing the data in which they are 1ntereste conti guous vi ew of
menory is especially inport ariROFBIATEFOANACAL VOBEs whi ch nust of ten
retrieve an entire texture map in order to render a scene on a display

devi ce. For purposes of this app f’fﬁlb?ﬂ” address space in which the
1/0 peripheral device operates ?%a L v.e}gdﬁﬁ% perception of a large

conti guous addr essCosjsinedhereings materiabshat is subjpat tosopyright grotsstions face. " At any rate,
ol n oDy Efiﬁﬂyﬁ%‘*ﬁ‘?‘;’{“ﬁﬁ‘%“Wﬁywﬁﬁ“%ﬁgﬁﬂﬂﬁﬁd% Fosa
transl ation' i!mﬁwﬁgﬁ%%ﬁsﬁ%@%@%@%eﬁﬁ le%%fﬁ?ff’\'déd by the

peri pheral depitodedserdserves olf rightspotheicopgrightwiessvéver. | y di scont i nuous physi cal
addresses in main nenory. -1 WO 01/16772 PCT/ U800/ 22833 An exanple of a

current technique for addreﬁé é&a slation will now be described with
reference to Fi_ gure 1. Figu CRGR QFHE INYENTION ok di agram of a general

pur pose Field of the Invention
The invention relates generally to bus protocol bridging. More particularly, the
invention relates to input/output (1/O) address translation, such as remapping a
continuous logical address space to a potentially discontinuous physical address space, in
a bridge.

0, glated

Input/output (/O) peripheral devices typically operate more efficiently if they are
presented with a large contiguous view of systera memory (main memory). This allows
such devices to make random accesses into a large area of memory containing the data in
which they are interested. A contiguous view of memory is especially important for
graphics cards which must often retrieve an entire texture map in order to render a scene
on a display device. For purposes of this application, the address space in which the /O

 peripheral device operates that gives the perception of a large contiguous address space

is called a “virtial address spﬁce.” . . ' - o

At any rate, because the peripheral device employs a different address space than
the main memory of the host computer system, a process called “address translation” is
required to map the virtual addresses supplied by the peripheral device to the
corresponding potentially discontinuous physical addresses in main memory.
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conputer system 100 that illustrates translation of graphics addresses to
physi cal addresses. The conputer system 100 incl udes processi ng neans,
such as one or nore processors 105 and 110, a chipset 120, a nmai n nenory
125, a nenory bus 124, an Accelerated G aphics Port (AGP) bus 130, and a
POl bus 140. WOPUISHE exanple, the main menory includes a B2 gdr ess
rel ocation table (GART) which contains entries for mpping virtual
addresses used by a peripheral device, such as graphics accel erator 135,

to physical addresses in main nmenory 125. The chi pset 120 provi des bridgi ng
functi ons between the AGP bus 130, the PCI bus 140, and the nenory bus
124. As part of the bridging function, the cbipset 120 translates graphics

addr esses contai ned, i and_write transactjon ed., .read and

wite transactions '3? E]gf’g Hﬁs?‘%@“’é‘?% 4‘%@ %& ?"ﬁ’fgg"?"%

correspondi ng Vpﬂlyefmhmeﬂmssﬁzummm& lemetidock diagram of4 gegertllperpasdl t T 126.

Consequent ly, 'd&mﬁ:ter%ﬁ%ﬂ;o@hmﬁ &ﬁ&?u@&%bﬂwgﬁﬂmbﬁd&@&&&%&&xw th Figure 1,
a suc

processing of graphi cs as texture maps, requires nultiple
accesses to nm%@‘FPé?‘FoW"PE‘B“‘“F’V%‘%"(lootfﬁ@d@m?é‘t‘g%s‘f?héﬂﬁéﬂﬁ?’%ve an' entry

fromthe GART IpiessdtfilOsuad I10SHhipet 1200a nkit n@moy12s; 3 masloky ®6sSI24,9peci fied in

has ' beon det o NEACHA CHBRUPGRACH B3 abfi pc1 8 HECH BEGRME dicftae® 1 °2°
second access tmmwpﬂ“dﬁwp}“ciﬁwwlmaﬁ@mﬂﬁmwmh mmmgenmmfog ata

speci fied by tmpplﬁgﬂammaﬁesesmyqf figheraliepiod, sk ¥ppBRORcdtiatd @8y, i s that it

I sol ates the video .s stem from rest of the conputer systemso there
isn't nearly as® ﬁiﬁi‘ ["E@f{?ﬁﬁw*awﬂifo bandwi dth as there is with PCl .

However, from the dBechipst128mrosidenbeidging fusctions/betwien theosFRiue 130, A BCI t here are
a number of i naff il ﬁa%mescmt R%awok&etmmwc&mﬂééh&w% of ~AGP

transactions are urrent andled rst, accesses mal n menory 125,

which is typi Gpteinedl i inboppArad apd wile tnsyrtions (2. (BRANG) . ar e
relatively sl omdwdapamﬂoﬁsmngmﬁ&sdmgﬁphmtaaﬂemormwmmeﬁg menory

(SRAM), for ex . ha P?# qr purposes of

addr ess transl ocglarmst conp En srhs E% access reéue@f’iﬂ such as those
ori gi nated by MMW@SB@E‘WW&EW proesssingiofigraplies datan bus 115 or
t hose received mﬁwﬁapbwﬁuxééﬁmuﬁsms&@%mé}%usal'iﬁdt,ﬁelcﬁiaét are

S U 0 5 AR bt R 1 o SHS A T ¢ (7
specified in the transaction being executed. Then, after the desired physical address has
been determined by the chipset 120, the chipset 120 must perform a second access to
main memory 125 in order to read or write the data specified by the transaction.
One of the great advantages of AGP is that it isolates the video subsystem from
the rest of the computer system so there isn’t nearly as much contention over 1/O
bandwidth as there is with PCL. However, from the description above, it should be
apparent that there are a number of inefficiencies associated with the way translation of
AGP transactions are currenfly handled. First, accesses to main memory 125, which is
typically made up of dynamic random access memories (DRAME), are relatively slow

compared to accesses to static random access meriory (SRAM), for example. Second,
the main memory 125 accesses for purposes of address translation must compete with
other access requests, such as those originated by processor 105 or 110 and received over
the system bus 115 or those received on the PCI bus 140. As a result, AGP translations
are glowed down by compeﬁng traffic. Finally, if the translation unit (not shown)
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handl es multiple types of traffic, e.g., systembus traffic, PC traffic,
and AGP traffic, the situation is further conplicated as arbitration | ogic
becones necessary to resolve contention for the transl ation unit anong the,

vari ous tygf'c? 775nbound and out bound transactions. \ﬁﬂl oplg”%ey rabl e,
therefore 0 provide a technique for translating I/O addresses
speeds up the execution of I/O transactions and offers a sinplified

i npl ementation of the address translation logic. In addition, it would be -
advant ageous to performthe necessary 1/0O address translation in a device

that is insulated fromother types of traffic, such as systembus traffic
or traffic fromother 1/0O devices. BRI EF SUVWARY OF THE | NVENTI ON A net hod

and appar at Usarife§ il ﬁ'i)‘pbﬁd’ttﬁ% erge,rswwix{nue&amelmﬁsfﬁ& A AGRIhfHE die an

I nput / out put ﬁ\guog qu?gny 0@ dgﬁf |§ ./ O ex ansi on .bridge includes a
first interf AR4EHonj futher gom t‘?b‘FfJo‘s trafion Jogic bRgp gﬁ?”ffmé(r?ﬁ ess translation
unit. The fi lcerttermm for tha gaslationtunit gmongthefvaxions wesoﬁ inbeundewipdudmundo a system

menory and | /4Q, ol l er through one or nore I/O ports. The first
i nterface unlt ena es data_transfers over the _one or npre |/O ports to or

fromthe main menbMgulde desipbledhgrefpredy progls 2 teghpiquefoppsiatingdiQ ace uni t .
provi des bus ad&&ﬁsMﬁ{spS@ﬁﬂﬁSeﬂaﬁoﬁWu&GMsasﬂiﬂxﬁedransfers over a

bus 10 of 11 Qg elib Ol Alssredl Sblaifion 1010 AUMERS WA Bbdnllocbiol 1S

coupled to the ace uni econd SURit. The

addr ess t r angedermde nepessarn Qyaddresy tanslatignjinagisvice that isdrsplgted fompother r ansact i ons

recei ved on tiiRs sAaMRGutldseysteaiRs RIMfiC6ARAAR ot othel DO déviddRNOr'y cont ai ni ng
physi cal addresses of pages in the main nenory of the conputéer system

O her features and advantages of the invention will be apparent fromthe
acconpanyi ng dr awi ngs and BRIERSUMMARY OF THE IN¥ENTIOM i on. BRI EF DESCRI PTI ON
OF THE SEVERAL VI EWSs OF THE DRAW NGS The present invention Is illustrated

atcomanyi ng. df avhREOATRY sPRRARH adetried St ar g addre i ten gt o, o
sim | ar el enanpugowputi(1/0) expansivin bridgs. mmmwbmemw@/mmm gure 1 is
a bl ock di agraMatshidhd ek lehifl beiFan AddRbsk RdnsiBbidn vt PTIRIER imkePacenRBNI CS addr ess
translation. configured to be coupled to a system memory and I/O controlier through one or more /O

ports. The first interface unit enables data transfers over the om or more I/O ports to or

from the main memory of a computer system. The second interface unit provides bus

control signals and addresses to enable data transfers over a bus to or from a peripheral

device. The address translation unit is coupled to the first interface unit and the second

interface unit. The address transiation unit translates addresses associated with

transactions received on the second interface by accessing a local memory containing

physical addresses of pages in the main memory of the computer system.

Other features and advantages of the invention will be apparent from the
accompanying drawings and from the detailed description.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:
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Figure 2 is a block diagramthat illustrates input/output address
translation according to one enbodi nent of the present invention. Figure 3
is-a block diagramthat illustrates graphics address translation according

to one enbodinent of the present invention. Figure 4 is'a L agram
illustrati ng%“lgﬁ ﬁpl ary chipset in which enbodiments of pﬁ@%&@gnt

i nvention may be inplemented. Figure SAis a sinplified block diagram
illustrating high-level interconnection anong functional units of a

gr aphi cs expansion bridge according to one enbodi nent of the present
invention. Figure 5Bis a sinplified block diagramillustrating a nore
detailed view of a graphics expansion bridge according to one enbodi nent
of the present invention. Figure 6 is '"a high-level flow diagram
conceptual ly illustrating transacti on processing according tqQ one

enbodi ment of the pFigweds 3 bierk Aiagrem thatilusirptes apripartapprpash i) BapliEm
Il lustrating | nagssdadsationw i te transacti on processing according to one

enbodi nent of the esent. i.nvention. FEiqure .8 [,s, a. fl i m
i|lustrating out boﬁﬁr‘?&“ﬁ%“ﬂzﬁ]ﬁ “W%H’%gg'?‘ﬁ%fﬁsmﬁﬁg%“é’é‘%?dﬁéy“g%@%@i ng to one
enbodi nent of tae@rdingse enstemboriment ¢fdle presényimvesttion. concept ual Iy il l ustrates
graphics (virtual) jyguldB¥siictk aagisth GENRBAGSraphitiaGed e htidacidiighd 10 One
enbodi ment of the préesent 1nvention. Figure 18A illustrates an exenpl ary
virtual addresd® Pesemhedimant efithe pesent mventio oved to refer to data residing in
4Kbyt e pages i n mnai Figue dix'ablock diggram ilthSiting an ezdmphtysshipsat inovhichpl ary vi rt ual

addr ess format mﬂa@fﬂ%%eﬁw‘ﬁ%a ﬂeﬁgﬁeﬁn@néé) data residing in 4Myte

pages i n nain nenor usfrates an exenplary DART entry format

. FI
to support address ¥iswaﬁg|isat%hﬁewwksysremp}&a@§nswﬁwhm on i gure | IB
il lustrates an amefyiRhdibnal CHMRIF 2 pidphiys dxPankibi bridge StINg fo oAckakbediment bf ansl at i on
to 4Moyte pages, I N %ln nenory. -4 WO 01/ 16772 PCTI US00/ 22833 DETAI LED
DESCRI PTI ON OF A et hod and apparatus are described for
per forni ng addr ess FiguneSBisasowplified blosk diagram illustrating 2 more detailed view of 2

graphics expansion bridge according to one embodiment of the present invention.

Figure 6 is a high-level flow diagram conceptually illustrating transaction
processing according to one embodiment of the present invention.

Figure 7 is a flow diagram illustrating inbound PCI write transaction processing
according to one embodiment of the present invention.

Figure 8 is a flow diagram illustrating outbound PCI write transaction processing
according fo one embodiment of the present invention.

Figure 9 conceptually illustrates graphics (virtual) to physical address space
translation according to one embodiment of the present invention.

Figure 10A illustrates an exemplary virtual address format which may be
employed to refer to data residing in 4Kbyte pages in main memory.

Figure 10B illustrates an exemplary virtual address format which may be
employed to refer to data residing in 4Mbyte pages in main memory.

Figure 11A illustrates an exemplary GART entry format to support address
translation to 4Kbyte pages in main memory.

Figure 11B illusirates an exemplary GART entry format to support address
translation to 4Mbyte pages in main memory.



1/0 expansion bridge. Broadly stated, enbodi nents of the present invention
seek to provide a technique for translating |I/O addresses that speeds up
the execution of I/O transactions by, anong other things, insulating the:

I/ O trans| ati evice, e.g., an 1/ O expansion bridge, ﬁérﬁ%'ﬁb r types of
traffic, g@c‘hﬂgg system bus transactions. According to one egitzgge of the
present invention, the GART may be stored in a local SRAM rather than )
across the nmenory bus. Advantageously, since the interface is local and
accesses to fetch GART entries do not have to conpete with other types of

traffic, transactions can be conpleted faster and the inplenmentation of
the translation device can be sinplified. In the follow ng description,

for the purposes of expEPAREDTESCRENIONOF THEINVENTIONMIetails are set forth
in order to provide a thorough understandi ng of the present invention. It

wi || be apparent, however, to one skilled in the art that the present
i nvention may be mgth&lind epparamé sri destrited for paforning addresytonslitiop it ai | s. I n

ot her inst a%%g%agyg@dﬁdg%%@&u%mmﬂg%&gﬁm&w i n bl ock

di agram form” ~ pres ent | on 1 ncl udes vari ous steps,,  which will be
descri bed ba!‘OMEaWWQ“ERWB?“StW%EWtW&F}eWM°gg°perforrred by
har dwar e ¢ o FRRREsy WmolEdthd? things, Tialdtifrthé YO trasintiondedoecegi anliiCe i nstructi ons,
whi ch may be used.t.o cause §RE&kiGs- PUr pose processor
~or logic ci P’Sﬁ‘l‘?é“’b‘?%‘g?%‘“m‘%‘%%‘%%?ﬁr, 3’#‘#{3 r%c? %‘)’?\S tgéuﬁ'erformthe st eps.

Al t er nat i velAgsordingto onafature pf thepresgat inverptionshaSART marsisprdiibhlotd  har dwar e and
sof tware. | RRAM afbrl i a¥iPds iR rRERAMuEEANaNtEeodslyPshive BB @ikérfabd BB T ON Wi | | be

described with referenc t he ;Accel erat ed G aphics Por, GP) and a
gr aphi cs ad&?‘b’§§°S§‘éF°JE“g\1$‘6#l‘Pf%‘?sé‘° “‘(‘@A‘f&ﬁ%"‘é’&'ﬁ?”ﬁﬁﬁ% ss‘lhllgf"_éié’[ o a graphics
expansi on biastasiogs@xiBhe dompleted fastet and the implementation of theranshtiorndeyics ¢ak o

transacti On%esﬁnpﬁﬁd&’?t hod and apparatus described herein are equally

applicable to other types of 1/O transactiops and |/ O expansj.on bridges or
ot her types of lﬂ@?@%‘%ﬂ&“i‘%@\fﬁ’c@“@ﬁ“?ﬂ@p a&mﬁ%'ga%“ cont i guous

vi ew of nai rdetaitsniy sgt folttoin ordesda povide a thiwoughamdrmitapdiag of theaeseig inteition.ci n ar e
thought 10 B Se iheeds hoSORRSE s QI i fhe ahadil bl iVl 00/ 22833

transactions 1 nvol'vi ng’ the VESA Lgcal .Bus (VLB) and/qr, the Peri pheral
Conponent  [pctied UPM?WP@P?“’&?&‘&&“‘“' 1 ol s, well ko

structures and devices are shown in block diagram form.

The present invention includes various steps, which will be described below. The
steps of the present invention may be performed by hardware components or may be
embodied in machine-executable instructions, which may be used to cause a general-
purpose or special-purpose processor or logic circuits programmed with the instructions
to perform the steps. Alternatively, the steps may be performed by a combination of
hardware and software.

Importantly, while embodiments of the present invention will be described with
reference to the Accelerated Graphics Port (AGP) and a graphics address relocation table
(GART) locally accessible to a graphics expansion bridge (GXBY) for translating various
AGP and PCI-like transactions, the method and apparatus described herein are equally
applicable to other types of /O transactions and I/O expansion bridges or other types of
buses where the device on the I/O bus needs a contiguous view of main memory. For

example, the techniques described herein are thought to be useful in connection with




Term noi o Before describing an exenplary environnment in which various
enbodi nents of the present invention may be inplenented, sone teens that

wi |l be used throughout this application will briefly be defined. The term
"bus" generally refers to the physical communication medi umor channel

over which iﬁ*éPHﬂWﬂbn flows between two or nore devices. WRAMUSOL2BHEs with
only two devices on it is considered by sone to be a "port," as used

herein, the termbus is intended to enconpass such ports as well. The
terms "processor bus," "system bus," or "host bus" typically refer to the

hi ghest -1 evel bus in the hierarchy of buses of a conputer system This bus
Is typically wused by a system chipset to send information to and fromthe

one or nore prqcessors. of . t ut.er e LMo s" refers to the
bus that connec sa%'ﬁgslﬂ‘é" ?%/tpesul%s%%%“fm%"%%)t}lg?ee"rﬁi‘%ﬂi%ég’@fmgnd t he
processor (s). |Introemment{RGP)Busn sone conputer systenms, the processor bus and
the nmenory bus maybe the sane bus. A "local VO bus" is typically a

hi gh- speed i nput/output (1/0) bus used for connecting various types of
peri pheral devi he nmenory, the system chi pset and/or the

processor (s) of theBefompestritingay stemplaryleaviroanentinl whichwaribsoemtadiients off sk st or age

devi ces, hi gh-@{ﬁg LNEE o) HAG sotd ' F . i tical
peri pherals are ‘on%g%% ) céﬁp‘fgg'g&%%gga’bsﬂs 0 h&g&ﬂ@ﬁ%ﬂ(&ﬁ%ﬁf@%cal /0O
buses incl ude tadicationpill briefly bepigined( \/| B) | t he Peripheral Conponent

I nterconnect (PCl) ‘ieterm2Biet” baeralfyGefess & 84 BFsidal epiMuGiBatioldflediurh H4GP) Bus.

Again, for purpgses of this_.disclqsure, a bus desi.gned be shared by
nore than two 5@%@&“5&1"5"%{%‘? ‘_mg “s""lbﬁf’i'@a“‘?’(g?' 13 y"es()r#’l;@'./l'= %%wgg\/i ces, such
as an |1/ O por tontytwordgpicesondt it xonsideted by samneitebe a “porh basyseddorein; thetemi s at ed
Graphi cs Port" i iffehded toendoniphd BucR Bécds@s §@NCe bus specification, as described

in the Accel erated aphi ¢s Port |nterface, Spec j on.. Revision 2.0, My
4, 1998 and subseq&ﬁ%"f%ﬁcﬁs?f ??I%%%,s’ Y‘Eﬁ?ﬂg@mnﬁﬁ’gﬁﬂf fast, high
qual ity di spl ayhighést-leSdDbyyin fiin hiesrchywf buseslefa computpe systems THELS Iy iR _
PCT/ USOQY 22833 ysdy by B Sdstel citipsetfolskfd TnforiaEbin/t64nd YromHeoh orlefbrprbielsors bANSAct i on

with AGP semant] cs
. the computer system.

“Memory bus” refers to the bus that connects the memory subsystem to the
system chipset and the processor(s). Importantly, in some computer systems, the
processor bus and the memory bus may be the same bus.

A “local VO bus” is typically a high-speed input/output (I/0) bus used for
connecting various types of petipheral devices to the memory, the system chipset and/or
the processor(s) of the computer system. For example, video cards, disk storage devices,
high-speed network interfaces, and other performance-critical peripherals are commonly
coupled to a bus of this kind. Common local I/0 buses include the VESA Local Bus
(VLB), the Peripheral Component Interconnect (PCI) Bus, and the Accelerated Graphics
Port (AGP) Bus. Again, for purposes of this disclosure, a bus designed to be shared by
more than two devices and a port designed for use by only two devices, such as an I/O
port or AGP, are both considered to be buses.

*Accelerated Graphics Port” (AGP) is a high-performance bus specification, as
described in the Accelerated Graphics Port Interface Specification, Revision 2.0, May 4,
1998 and subsequent revisions thereto, that is designed for fast, high-quality display of
3D graphics and video images.
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that is issued on the AGP bus. As used herein, a "bridge" generally refers
to the logic and circuitry enbodied in a chipset, for exanple, to connect
two buses and all ow the device(s) on one bus to comunicate with the

devi ce(s) t ot her and vice versa. By way of exanpl

bridge fod%mfﬁ%@orrputer systens is a PCl-I1SA bridge, MWWaI ly

part of the system chipset. The PCl bus also nay also have a bridge to the

processor bus, called a PCl expansion bridge (PXB). In the context of this

application, a "transaction"” conprises one or nore of a request (address)

phase and a data phase. A transaction typically includes a start address,

a transaction type, and an indication of the ambunt of data to be

transferred. The erm ned from
A B ﬁ%h&%’?gg@a&??&%& E;ér%“ri g%Js?cﬂ&?\gﬁl{ R@p aﬂ@&

t he perspective, of t ore, an transaction”
general |y r &ptip issuedonsthe A B B wite request directed to t he conputer

sysLemhby a perlm.eédakreﬁek yﬂ:]rgﬂg :gaﬁhgsa&fe@swuﬁwgm@aad Elrcuitty Sibodsei & 2g€ de}/: ce,
or high-spee rk interfa nd an un ransaction" generally
refers to a dl@ (ﬁ{go ecgtw( &“Pé%%%‘&‘”%" cegs} EP% ©devi ce by the
conput er sysmmcatemhﬂle@aﬂmOmamés’sndmmsts&tliwmﬁmb,dneatures of the
prefsent 'nV%Huh&{b o&d&fw&ﬂpu &&nﬁ?ﬁ\gdiﬂlsh\bnug%evﬁdﬁbhlhgpxcm}'}%ﬁ hon }["“h it
perform ng address trans an exp n order to pu
thi s br oad aggwfwaf 60 130 RCThs gl BT A RS 1t 85 ProcSet Bibom) ar y

conput er systMaPGlrexbunsnmcbndgeM)\/\hl ch one enbodi nent of the present

i nvention may bg, '1@;? Q%F& g&{?h% ference to
Figure 2. Fi gure + strat l%':fkug,gnénera pur pase qn%tg?'g; stem 200 in
whi ch one oFeqHﬁF@d"é?ss)tPWé'i deayslataphase, A fraeronwpically ingly d‘%‘dsﬁﬁé" odi nent of
t he present aitransgdtion e, mmhﬂwpﬁmfonﬂaamdotﬁmfdmtdmlmfmdappar atus according

to one enbodi rrenfhcca{rec&& %ﬁ%"kﬂy‘ﬁ&“ﬁmmm$w GApputer system

200 i ncludes a processing as one or nore processors 205 and

210, a chi pmssmﬂmwmmmmasmmwwwwmd alocal 1/0
bus 230. AceaQuét difctbdio tHeicomputer Byattin Byatperiphtisl deviteDsudh ashAfleb B, Wdes an addr ess

transl ation abI 226 he d S ran at..l q{; | e containg entries (not
shown) whi cﬁ& ‘fhlg} é9(1[dr€"§1vns a'f"% “'4 W “?gm”(fgre&es Y ecei ved from
a peri pher almfetemuac@dgwtpmybmtoaamh@eiésvtqehymnmmm7 WD 01/ 16772
PCl YUSOQx 22833

Input/Output Addres lation
Various features of the present invention are thought to be generally useful in

connection with performing address translation in an I/O expansion bridge. In order to
put this broad aspect of the present invention in context, an exemplary computer system
architecture in which one embodiment of the present invention may be implemented will
now be described with reference to Figure 2. Figure 2 illustrates a general purpose
computer system 200 in which one or more of the steps of a method according to one
embodiment of the present invention may be performed and in which an apparatus
according to one embodiment of the present invention may reside. The computer system
200 includes a processing means, such as one or more processors 205 and 210, a chipset
220, a main memory 225, a memory bus 224, and a local /O bus 230. According to this
embodiment, the chipset 220 includes an address translation table 226. The address
translation table contains entries (not shown) which facilitate the translation of virtual
addresses received from a peripheral device 235 to physical addresses in main memory
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225. As described further bel ow, the chipset 220 may i nclude one or nore
integrated circuits upon which various chipset functions, e.g., system bus
arbitration, 1/0 address translation, etc., nay be distributed. In this
exanpl e, the chlpset 220 acts as a brldge betmeen the both the |local U(c)
bus 230 and Y0 Qﬁyﬁem bus 215 and the nenory bus 224. As ﬁﬁ?’f" 1922838 5

brj dgi ng operations, the chipset 220 accesses the |ocal address translation
table 226 to map the continuous 1/0 address space enpl oyed by the

peri pheral device 235 to the physical address space of the main nenory
225. Inportantly, as will be explained further below, by locating the
address translation table 226 local to the chipset 220 (e.g., in a

decl o2t od o cliph SLsetlbfibi SRy AP b HADRIEL LR il 1o

peri pheral deviCe Ien exec I'Cs Address
Transl ation Vamrmum&bwhwowchmmﬁw@gmg,mhusadq\lramxeﬂphwgm to be

particularly ushsHod, ee. m&ﬁefd%&mmea xﬂdﬂyeﬁﬁx&&meﬁb@in@wm@h@egraphl cs

T e oy e ooty e BT B eSS B 24 o ovel

bl ock di agram |As|pu$bmabndmpg@pgﬁmsmbclﬁpsemeeccemmﬂaalaﬂ#eﬁmsla&ﬁo I n which

an inproved vir, A, ceONe
enbodi nent of t preﬁ%?ﬁ%%%gﬁgnay %ﬁ %ﬂg&lﬁ g&%ﬁg tggrrputer system
300 incl udes ﬁ%ww@ewwwz%mmbes wilbe 305 and 310,
a chi pset 320, eﬁp}aﬂlﬁnmmwybyaaémgahmmwmhuﬁmﬁ% mmcmd:ﬁé éipséred

G aphi cs Port L 34 th I_ment

depi cted, the ﬁsgég aé’fggal OP{%BOWng;FPa Sy g%ngacgorné o’ga ion table
(GAR | ) 326. TW@M%W(EMEEW@M@MWS (descrl bed bel ow) which
contain infotmation for acconplishing the translation of virtual addresses
received froma cS.nac el erator 335 to physical addresses of the main
menory 325. Accoft 58 L= 1 0 di ment, the GART 326 is |locally
accessible to the dﬁmpmﬁhmneﬂmﬂmamhahmRMEnabéMngnkﬂtaummhdgnsﬁmﬁmhe menory

bus 324 in rralegem YgdoePwandiion ﬁﬁﬂh%@hcs:i&ﬁgf%&i’é,ﬁﬁﬁas%ap b function

bet ween the A t he PCl the nmemor As part

4.
of the bridgi ng" lﬁ?&‘??”&‘?g‘a?ﬁ&sdﬁﬂf‘ﬁé%@emcﬁlFd@fﬁésf??"égf‘@?‘%l’ﬁﬁp%”éddresses
contained in i Msnh@ﬁl@ﬂﬂlm&mxﬂmhg@wmwmpmdys&ﬁd wite

bhysi oal - addr SOl n Sl ify PRl MBS R byl e 01 300" 10

descri bed abov&mbegdirnent ofghe present mvenuan may be implemented. The computer system 300
includes processing means, such as one or more processors 305 and 310, a chipset 320, a
main memory 225, a memory bus 324, an Accelerated Graphics Port (AGP) bus 330, and
a PCI bus 340. In the embodiment depicted, the chipset 320 includes a graphics address
relocation table (GART) 326. The GART 326 contains GART entries {(described below)
which contain infotmation for accoriplishing the translation of virtual addresses received
from a graphics accelerator 335 to physical addresses of the main memory 325.

According to this embodiment, the GART 326 is locally accessible to the chipset

320 rather than being located across the memory bus 324 in main memory 325. The
chipset 320 provides a bridging function between the AGP bus 330, the PCI bus 340, and
the memory bus 324. As part of the bridging function, the chipset 320 translates
graphics addresses contained in inbound read and write transactions (e.g., read and write

transactions originated by the graphics accelerator 335) to corresponding physical
addresses in main memory 325 using the local GART 326. As described above, with
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WO 01/16772 PMUSOOR2833 reference to Figure 2, by ‘locating the GART 326 in
the chipset 320, inbound transactions from peri pheral devices, such as the
graphics accel erator 335 nay be nore efficiently processed and execut ed.

| mportantl r than the roughly 300 to 500 nano m ght
be requi rexvq(gﬁ%e to fetch data frommain nmenory 325 (emmw

fetch fromthe |ocal SRAM can be perfornmed in approximately 30 nano

seconds or |ess. Exenplary Chipset Having briefly described exenplary
environments in which the present invention nay be enployed, an exenplary
chi pset inplenentation will now be described with reference to Figure 4.
Figure 4 illustrates an exenplary allocation of functionality anong a

plurality of ,ufiis w(ifghre q,blx&a}n AN 94 il Be SRS QMbiRANt Of the present
invention. In this exa he ch| l§et 320 . i ncl des % S em addr ess
a priipe) g 336y bermpe

control | er (&pRsyctiopsfry deioeta E"D‘hﬁ?‘%ﬂh}"é?"cf SMPE| expansi on
bridge (PXB) emﬁntlmpd@m exeyai dinportatitly, citer thaa ) rovphly, 300308 hambi ¢ RAM
(SRAM 405. Qe%%@ﬂ rﬁ%rﬁgﬂ |, sections (not
shown) of th-é-&gné%cﬁ&b y @ﬁgggA%Eng?fergﬁony fg§& Erans! at | ng and
di recting syRe¥Dptfstch from thedecakSRAM pap be perfogped in peproximately maen t or mai n
menory 325. Isécomisofle®CtS as a routing agent for inbound traffic, directing
it to a peer 1/O port 412 or 427, main nmenory 325 or the system bus 315.

The SDC connects to the data signals (not shown) on the system bus 315, and
also to mmi n&mm!mjzgm’;&by way. of the rrermry bus 324 and the. SAC 420. The

data for all tramﬁ,{ng gm,ﬁ,b@ system bus
315 to msunma 2 fro ﬁ:pOf t e1/Op to menory or
peer to peer ™ %’M“fy" me nl‘f?f W“b‘?t% SAC 415 and
SDC 420 al | ou&feﬁwemnaﬁrﬁuméd!mmsammmwdlmudwfﬁwommus 315 and to

die 1/0 port gug ammwﬂ.ﬁgmnémomtbmwndw dth to
each system agen I n a terna nbadi ments, the functionality of the

SAC 420 and tiyeatigpdin %%%smm%mwﬁw and 1/0
controller 4Is,a@ysteduktarcmhmlledsmemoamleﬁpmmhbﬁdm@}tmmﬁgmblﬁcsui ts. The PXB
425 provi des F@g@ SORAM ﬁém gg3et ween the |/ O port 427,
such as an F1 , t 54@&‘&% 340. A single PXB 425 ttypl cally
connects to 420conneclstotheaddressandconn'ol ns (not shown) o

system bus 315. The SAC is responsible for translating and directing system bus 315
accesses to the appropriate I/O port or main memory 325. Italso acts as a routing agent
for inbound traffic, directing it to a peer /O port 412 or 427, main memory 325 or the
system bus 315.

The SDC connects to the data signals (not shown) on the system bus 315, and
also to main memory 325 by way of the memory bus 324 and the SAC 420. The data for
all transfers passes through the SDC, whether from the system bus 315 to main memory
325, from one of the I/O ports 412 or 427 to memory or peer to peer 'O port 412 or 427.
The connection between the SAC 415 and SDC 420 allows for concurrent data transfers
to the system bus 315 and to the /O ports 412 ord27 thereby maximizing the available
bandwidth to each system agent. In altemative embodiments, the functionality of the
SAC 420 and the SDC may be combined into a single system memory and I/O controller
421 or distributed over additional integrated circuits. .

The PXB 425 provides a bus protocol bridging function between the IO port
427, such as an F16 bus, and the PCI bus 340. A single PXB 425 typically connects to
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-9 WD 01/16772 PCFNS00/ 221133 one |1/O port 427 and creates two 33Mhz,
32-bit PCl buses. Alternatively, the PXB 425 may support a single 64-bit

PCl bus. A conputer systemmay include nmultiple PXBs (typically i to 4).
The GXB 410 regte a bridge between the I/O ports 412, e.qg.. tw F16
buses, and the ﬂé%zbus 330 by providing a bus protocol br 922833t i on
between the 1/0 ports 412 and the AGP bus 330. In this manner, the GXB 410
adds a high performance, dedicated graphics port to the conputer system
Mul tiple GXBs can be instantiated in a conputer systemto create a

mul ti-graphics port workstation. The primary function of the GXB 410 is to
create a bridge between the 1/0 ports 412 and the AGP bus 330. Briefly,

the GXB 410 does CRLd n ans t|c e I/0O ports
412, storing thém Br??er naﬁ"ﬁ ar%‘ﬁg%%ﬁgglh'&% 'Ts?‘fg 'Bﬁtli‘%ﬁb bus 330
using the appr@wmé3slng}néﬁ-bmgplpmtio@owmemmwhmdemmpm10 accepts
i nbound transacgypRRf 1thgsued on the AGP bus 330, again stores them
internally, transl aiﬁef@éﬁ]g gra hics, addresses associated with the inbound
transactions, and i %@%W*ﬁ%ﬂﬂﬂmﬁﬁl%zﬁé!am FifBusgtat o t he UO
port(s) 412 As aniit&mwemmybmﬁdhgaﬁm@tdmﬂlbd&gifgﬂxnchai&wweﬂthevoGXB 410

perforns addre A5t Qred in an on or
of f-chi p SRAM fl%%“%&?/‘é@%f@pgvangg%es are acﬁ?g\éﬁi}%gs lPé' mﬁlggf
archi tecture ofde FﬁW’@m&sP"W‘P@f“WWM@W‘%GXBWMSWMIUM system
bus 315 andf as%ﬁpﬁé@ﬁk@ﬁbﬁi&ahﬁ]ﬁf&bﬁcéstpgﬁ%ﬂy%&hlmm Q,Ercﬁ of |
contention for aour ces, o th the nee
for associ ated ar gg)tl{‘)’n oali’%é E%w%eﬁgm}@’pﬁgse“? d%ﬂ%é%rem des in
the GXB 410, acﬂneﬂséhq@%@pdmsmwmmwgownwmmmmm th main
menry traffic m%ﬁﬁ@mﬁmnﬂowfdtﬁ&m@wﬁmﬂf&'mﬁﬁw wdihj thb 2€0-
itionally, the cal w&c&&g&&s tg fggg RT 326 are approxi mately
ten tines fasteﬁpprf’m 513?“ olyathe 45410 agepts ipbgund fmpsactions, s 324,
Consequent |y, tmmwemaaosamsmmmmm mm&kthbgrhﬂgs for servicing

transactions on, %m %ﬁ I's sinpler
faster, and m)re efI|C| en an t e current |n tec gues descri bed
above. Exenpl arSiaFieRT 95D P 817 g ¥ilbfre desqgb d‘ﬁ"leloﬁéthescrl bed
bel ow. | npor t arGXB/410iperformeaidess tiahdativeRyodéessiig\d GART 376 e@fed inia@Br orl S

contenpl ated t Rgg LQURARK 405. Several advantages arc achieved by the chipset architecture of
Figure 4. First, the GXB 410 is isolated from the system bus 315 and associated system
traffic thereby eliminating a source of contention for the resources of the GXB 410 and
doing away with the need for associated arbitration logic. Second, since the GART 326
resides in the GXB 410, address translation processing will not interfere with main
memory traffic and the memory bus 324 is more efficiently utilized. Additionally, the
local SRAM accesses to the GART 326 are approximately ten times faster than if the
GXB 410 had to go over the memory bus 324. Consequently, the end result is an
improved protocol bridge for servicing transactions on the AGP bus 330, The improved
protocol bridge is simpler, faster, and more efficient than the current bridging techniques
described above. Exemplary internal partitionings of the GXB 410 will be described
below.

Importantly, in view of the recent wave of integration, is contemplated that one or

more of the GXB 410 components could be integrated onto a single integrated circuit
(IC). Additionally, in alternative embodiments, one or more of the GXB 410
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nore of the GXB 410 conponents could be integrated onte a single integrated
circuit (1C. Additionally, in alternative enbodi nents, one or nore of the
GXB 410 -10 ----------- - WD 01/16772 PCT/ USOQ 22833 conponents coul d be.

I nt egrated processor and/or nmenory onto a single

circuit. “MhhngézExpansion Bri dge Functi onal Partitioniﬁgﬁﬁﬁ$@§§%blary
partitioning of the various functions of the GXB 410 into particular units
wi |l now be described with reference to Figure 5A. Figure 5Ais a
sinplified block diagramillustrating high-1level interconnection anong
functional units of a graphics expansion bridge according to one

enbodi nent of the present invention. In this exanple, GXB 410 includes an

AGP bus interf | on queue
i ¢ 515, . Cogpeftobid 38 gl Ghity pLouRl edte et oniGe shBRERRY LT U000 o
i nterface uni®805 may be based upon a 66Mhz, 32 bit PCl- bus. In practice,
to ease inplenentation, the AGP bus |nterface unit 505 may be further

di vided into $he. core .P(ﬂrjd and the.increnental |ogic that adds the AGP
capabi | i ti es™&r PSR- unghona’ Larerei

s interface unit 505 includes
arbitration | ogi oﬁr(mplslmmyonﬁupfﬂlamvﬁgﬂ%@%@sGMOMershl p between

Iggound and Qﬁaﬂiﬂﬁm%ﬁmde%g@dm%f&bﬂﬁt fam tp@@.rgts?;qh sggnaksép agdt
addresses are s i pterface, uni o, enabl e ata
transfers ové bié"”ﬁéé‘“@&@““ﬁﬂmg’d@?ﬂw W'@PF’&’E’EW?M!S WSy al so
mai ntain an ofnpapimbxpanﬁm&a@emm@pg&mm&uﬂodh@oﬁhﬁmqmnshom) for
performng agy &ﬁxﬁﬁé%ﬁ&’uo'&m&aﬁh@%ﬁﬁ%&% 204 tafite BRSH, B9 2

able In the trans

transacti on unt de uat resources are aval action
queue unit 5%%@%?%%1% 2 GART ynjt 520, and an 4O pop dperfags ynit 225 s 0w, t he
transacti on mﬁamsumce&ﬁﬁsosmﬁyemmpo@mesm IDbiePCI birse I practice, M Ssact i on

queues for | G4 B Sl HAHRSGhE 8 Sy Bl PR R SO D

|nplenented |n suppor var ousy ering needs. For

exanpl e, the P%P%%WM@‘@E@M‘@M@BFW‘UE&% Orythe AGE sigthet erpor ari | y
storing dat &Gﬂ%hin&rﬁéﬁn%ﬂdﬁesaﬁhﬁtﬁﬂh@cwim)mﬂymb@ngmaﬁem ed as

separate buf figg 5[ gh ALl i ANSAT biehlind YRSeckidhs SRSl G LOPT 25 2

comon buffer I N curren grapni cs”address translation’
mechani sns, tsiggalsandaddresmareprowdedbytheAGPbusmterfaceumtSOStoenableAGPdala :

transfers over the AGP bus 330. The AGP bus interface unit 505 may also maintain an
internal transaction queue and data buffers (not shown) for performing any necessary
intra stream reordering and for holding a transaction until adequate resources are
available in the transaction queue unit 515 to service it.

As will be described further below, the transaction queue unit 515 implements
one or more internal transaction queues for inbound and outbound transactions. Buffer
space may also be implemented in the GXB 410 to support various data buffering needs.
For example, the data buffer unit 510 may contain data buffers for temporarily storing
data within the GXB 410. The data buffers may be implemented as separate buffers for
each transaction type in each direction or as a common buffer.

- As described above, in current graphics address translation mechanisms, the
GART 126 is stored in main memory 125. Accordingly, in such implementations,
GART functionality is performed proximate to main memory 125. In contrast, according
to the present embodiment, GART functionality is performed within the GXB 410 by the
GART unit 520, According to one embodiment, the GART unit implements a push



GART 126 is stored in -main nenory 125. Accordingly, in such

I npl ementati ons, GART functionality is perfornmed proximte to main nenory
125. In contrast, according to the present enbodi nent, GART functionality
S perfornedvﬁg&agﬁ%the GXB 410 by the GART unit 520. Acc one
enbodi nment , e unit inplenments a push -11 WO 01/ 1677 C t 22833
nodel and transl ates transactions whenever a valid transaction resides in
one of the transaction queue(s). In this regard, the GART unit 520 is
responsi bl e for accepting i nbound transactions fromthe transaction
gueue(s) and translating the transactions as necessary. In the enbodi nent
depicted, the GART unit 520 is coupled to a | ocal off-chip SRAM 405 t hat

i ncl udes the O‘%E[ QEE%J %ﬁ! st.pred in an
on-chi p SRAM el%"més °qu¢h\é?e§%q$'gs ons%g’?e ‘Ys' e@g@amﬂ ng the
contents of thé‘”SMRn%@(s)Théhlm mﬁﬁmmtézmmmwblaﬁrmﬁw invalid or
progranmed bef gibGund iinsAieMSFRSth ueuI(e)em@eﬂIhﬁuytﬁeu‘éé’Qc:ﬁmsbe directed

Starfed for BBl P ”‘°ﬁ”?%m<é&seve o8 o BB armi ng
access request§RAMCA@6ﬂhtmclmi;smemnﬁ&mnmwﬂi@mn&mybe§t6tedamun|t 525
provides the | g Gifrman. mm&umsﬁ;,;éxgr@@s&@w,e@%@.gwerequests and

data transfers over one or nore g according to
one enbodi ment SonieRts of heSRAM405. Fhe SRAMAOy, shopld EPQB“W@F%‘&‘@E%“UAD F16 buses.
The 1/ 0O port |pbgaﬁaeemmsaﬁssesemeﬁetmrmmtmmm&ﬁmmwnbound

transaction | ran EQ ue.unit 515 based
upon avail abi | P‘?’g‘g S re%%]&%g’l'éo%%f/& ?‘9%3 &fnqs%%d??’ansact i ons
across the appF’@ﬁWlea?@EWﬂpmﬂvbm@mﬂbymgmWaeqnﬁtstf@mthen dat a
is read fromt e sprpapsisate buffer in the data buffer unit 510 is sent as

wel | . For outbound. transactions entr a ded to the ropriate

out bound transact i@ﬁﬁgﬂgﬁg’kﬁeﬁfxﬁbﬁgﬁ’q 595”3?:?’?"&%"‘%8&5@ nit 515.

| f necessary, mmw;nmwmxfmmmmwmmmm delivered to
the appropri at W&Hﬁ&ﬂm&&nﬁoﬁ&eﬂ@ﬁx@mﬁéﬁﬁx aoUQﬁniszgirQerfaEwaotﬁGb&&r poses of

this descripti ;}E%lﬁ;ran g%":?l onts nd t data related thereto have been
partitioned to P prt 52 F‘“s‘ff&?'fs&??%%’&mdaﬂ’l‘%‘fq‘?at ive
enbodi nent s ar queue(s)miainmiied inchk trahsaction yeenPbt 51 5 baaal upbmayailabiligrand swdlandi nent ,
r e.I ated data b H&Jr@; %mgsmits the transactions across the appropriate I/O port 412, If the request
is a write, then data is read from the appropriate buffer in the data buffer unit 510 is sent
as well. For outbound transactions, an entry is added to the appropriate outbound
transaction quene maintained in the transaction queue unit 515. If necessary, data
associated with an outbound transaction is delivered to the appropriate buffer in the data
buffer unit 510.
For the purposes of this description, transactions and the data related thereto have
been partitioned to separate units. However, various other altemative embodiments are
contemplated. For example, according to one embodiment, related data buffers and
transactions may be grouped together. Therefore, nothing disclosed herein should be
construed as limiting the present invention to an embodiment based on a particular
partitioning of GXB functionality.
Figure 5B is a simplified block diagram illustrating a more detailed view of

graphics expansion bridge 410 according to one embodiment of the present invention,
According to this example, in the spirit of the AGP specification, the high and low AGP

L)
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transactions may be grouped together. 1'lierefore, 'nothing disclosed herein
should be construed as limting the present invention to an enbodi nent
based on a particular partitioning of GXB functionality. Figure SBis a

sirrplified%,gl lagramillustrating a nore detailed vi phi cs
expansi on rlogjééé’glo according to one enbodi nent of the %\rgg@g?\ ?%vention.

According to this exanple, in the spirit of the AG specification, the high
and low AGP e -12 WD 01/16772 PCT/US00122833 and PCl streans are '
mai nt ai ned as separate structures up until the /O port interface unit

525. The transaction queue unit 515 includes an AGP |ow priority queue 560,
an AGP high priority queue 565, a PCl inbound queue 570, SAC i nbound

control | ogi SF&%J | ; t bound

queue 590. gT%é%u%ﬁga_rf ﬁ’?ﬂé‘rg‘&lég%s nit %‘% r g‘é‘?ﬁ%s”?n olu n‘ggk@y

transact i ons 5¢% ol frpnsactiegequspecunit 365 inciades ayAGE Jowpricaty aprue 560, # 48P i at e queue

ggg 565, or hfgﬂﬁriorﬁpﬁh ueﬁvgml!gl irib6id gaehe BTY, SAC aibdamcontvs logik 580, Bhef AGP bus
are route Q . oun t i nterface unit

505. The sm°‘68§‘15‘%%°ﬂ§°‘5%%‘i #81(?),1 a“?53?%%?@%?%%‘sﬂgtﬁgbﬁgg‘%%r@éct ions from

the 1/ 0O por 595 gaeivenimbound AGE sranspationsfrompthe AGP b6 330 ndaddstbemiodhee 590. . The

PCl  out bound afpséihieite iR 560)545,/61570.SFor BxafpREifboiid PdTorad¥altions fonk it €7 f ace uni t

505. I nportant]y, caus he "_oui bound tr acti do,npt require address
transl ation W“ﬂ%%ﬁ&mﬁﬁte‘ﬁﬁfgegﬁgfuﬁ?8%71%?’%@“&%%’“5%‘?&32‘@? According to
‘this enbodi n86%., the GART unit 520.includes an arbitration unit 530, an
execution unit 53ﬁxefs§;&%m;%o%'c&ﬁ?ﬂ9€ic?yhﬁ%ﬂmtﬁﬁﬁéﬁoﬁﬁdﬂﬂeﬂﬁ't 530

performs two main functions: (1) arbitration ano t he AGP and PCl
accesses andwmgﬁ@%ﬂ?‘ﬂ&eﬁﬂﬁmmg) S AYequpdgHeve
conf i gur at i ors9inmirti 3lunlosded byrthdAGR Hus(intprfacganitci05t Inportamtly, Sevaddedddr esses ( GART

doct i ny i ChSpubl el ob it B0 edlond i ) il e W g, | 7 U0
560, 565, andheBARTINYS2he translated next. The virtual addresses (which
are 40 bits wi de Adording tohibafbodizichy the SARTIuai 520 iidhides dnhaebittaiiOunitd _
{ransact| ons 535 ap bifuhlk 4335 R SE it0: TR Wi S Alkfids0 W I TO

two main functions: (1) arbitration among the AGP and PCI accesses and SRAM

accesses (programming accesses) coming from the configuration control unit 595 and (2)

generation of SRAM addresses (GART indices). The arbitration function of the

arbitration unit 530 involves deciding which transaction of those at the head of the

transaction queues 560, 565, and 570 will be translated next. The virtual addresses

(which are 40 bits wide in one embodiment) associated with the inbound transactions in

the transaction queues 560, 565, and 570 are too wide to be fed directly to the SRAM

405. Therefore, the SRAM address generation function (GART index generation

function) of the arbitration unit 530 determines an SRAM address based upon the virtal

address of the transaction that won the arbitration. The arbitration unit 530 may then

communicate to the execution unit 535 that it should assert the appropriate control

signals for the SRAM operation (e.g., read or write). In this manner, the execution unit

535 can immediately issue an SRAM cycle without having to process the address further.

Altematively, the arbitration unit 530 could provide the execution unit 535 with the

SRAM address and the execution unit 535 could assemble a full packet and issue it to

SRAM 405.
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405. Therefore, the SRAM address generation function (GART i ndex generation
function) of the arbitration unit 530 determ nes an SRAM address based upon
the virtual address of the transaction that won the arbitration. The
arbitration ' may then comunicate to the execution unit 535 that
it should asserP € appropriate control signals for the §ﬁ&W&tion
(e.g., read or wite). In this manner, the execution unit 535 can

i mmedi ately i ssue an SRAM cycl e wi thout having to process the address
further. Alternatively, the arbitration unit 530 could provide the
execution unit 535 wth the SRAM address and the execution unit 535 could
assenble a full packet and issue it to SRAM 405. -13 s WD 01/16772

PCT/ US00122833 | de mll ed node and
every clock the ar b?‘ﬁ%?‘%ﬁlﬁl §‘8§"“ﬁ‘§§i"aﬂ’6@‘%%ﬁ“?&? epg\“% °t he address
for the next tr‘HﬁEﬁ’@{‘F’B’rﬂPé“%@be%'ﬁ%mﬂoalde@emstfehmmamm@l&val lability

of the next tramaaédmac&ﬂnﬂnhﬁeﬁ%mmﬂﬂfom&xmﬁﬁcuoh&Mh%ccﬁ&ﬁ%ﬂh”Eﬂt the
execution unit 5 initiates and controls vari ous SRAM operatlons by

asserting and deasserting SRAM control signal at the appropriate tinmes. In
an alternative enbo&imm‘wdmet,ﬂ;«e@mﬁbmmittj&itﬁﬁs@ﬁndngnupbwimammexecut i on

stage Wwhi ch i neperd6ins byPds@pg ah rﬁgm ﬁﬁM r

arbitration unit 530 .a)ﬁ{j xec ing it senag &% m’{a{" */I%OS When
GART entries ar® %”é‘?’?ﬁé’ﬁ"’%ﬁ?’ “@’%E‘E’d’ﬂ‘}t Xepripn #f8g8 used to

per f or m addr es swhishdmdides piraassing anin@adpBRAM idﬂresslm)m ﬂxéﬂmuﬁdn ikie936 avdt | on

address corres g;qh&g ?fﬁ! h GART rture, then
t he GART entryp(iQs usedﬁy@m{dﬁl : orm S%ressﬁ‘frar‘?%n |osnare °\W€Q/§P£ if the

i nbound transac"P‘F"B?‘P"é’&ﬂf%ss ﬁ?wsd@mr&mmmmap@m@mm@ g., it is a
physi cal addramﬁnd&ahﬁmohmwﬁr&ﬁﬁedmwxﬁﬂﬂaﬂkﬁe@ﬁﬁ'l‘s' ation is

per f ornmed. nbodi t he execytjon. unit 5 may hold

ol d transl at i on@ ﬁé Elgl{etﬂ‘g& raﬁ? sfﬂﬁpﬁ%ﬁ dg?f’o‘?“%mg&i“’“fe&“f g@?l itate

address transl ﬂWW@HMﬂSMEﬁQﬁBMSMB@gaMnmw e.g., the

original i nbouruddﬁggﬁ&&aﬁ.;GQRTa,qgr,gﬁﬁ,gm i Goah | S Provided
Write ac uni t 540

to the wi tebac5 uni t t T ecel ves M data and
usi ng i nf or mation pro Lﬁ%ﬂ' eexecnuonumt 35 may hold old translations or use a

translation look-aside buffer to facilitate address translation. In any event, the “translated
address,” e.g., the original inbound transaction address or the physical address is
provided to the writeback unit 540.

The writeback unit 540 receives SRAM data and using information provided by
the execution unit 535 and the configuration control unit 595 formats the data and routes
it to the correct destination (e.g., an entty of a queue in the transaction queue unit 515),
For example, according to the embodiment depicted, the writeback unit 540 is
responsible for overwriting the virtual addresses of the inbound transactions with the
translated address provided by the execution unit,

High-I evel Transaction Processing

Figure 6 is a high-level flow diagram conceptually illustrating transaction
processing according to one embodiment of the present invention. In this example, at
step 610, a transaction is received. A determination is subsequently made at step 620
based upon the transaction type whether or not to perform address translation, If the
transaction is an inbound transaction (e.g., one received from the AGP bus 330), then
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the execution unit 535 and the configuration control unit 595 formats the
data and routes it to the correct destination (e.g., an entry of a queue
in the transaction queue unit 515). For exanple, according to the .
enbodinentrgﬁ@}ghfd, the witeback unit 540 is responsi bl rwiting
the virtua Aresses of the inbound transactions with the  translated
address provided by the execution unit. H gh-Level Transaction Processing _
Figure 6 is a high-level .fl ow di agram conceptually illustrating transaction
processi ng according to one enbodi nent of the present invention. In this
exanple, at step 610, a transaction is received. A determnation is

- subsequent |y nade at step 620 based upon the transaction type whether or

not to perfo n i nbound
transacti on E‘msge SM el ve Sﬁkg%ot %Eg{ﬁ%&#&&oﬁﬁﬁ -14 WO

01/ 16772 PCTpusmud Emon(eﬂameqew the acar mgredpartB A2, tpt h st ep 630.
Ot herwi se, i i:mbéaﬁngdoaﬁt&a@&m&plm axtseplsilpuﬂdlaﬁanqma@ﬁ.g Bperfdmes. . one

recei ved from,t.he one or orts 41 conti nues
Wih Step bacvingr Smatel WARTeliohnS ster Greval ffled B SRANE 1" ' or
conveni ence, 4(9Aﬁﬂia&hlboﬂtdmmomr@pwmdatﬁwmyplmmbgmmmam he SRAM 410,
not al |l i nboyQeinfikea\drfal ddaRSs odisile b R RGP LaRES (e.E Othe EXRTReRrure) Wil LN d

transacti ons clfy virtual address outside of the AGP range (e.g.,

the GART apet"’fﬁﬁé‘)‘ ém$ﬁ3%ﬂgf W‘*M‘f“ég < fpanslatien procesiiigh ound

t ransact i ons Finglhaststep 680, ﬂmmmunmmepnmmghuapgppna&hua(elgymbmndstep 650, the

transaction h&mﬁ@&gﬂ&}eﬁ'&e&&dwﬁn %EP:&Q thi,g ;@l%gmgg ond F@NSACt i Ons
? s 41 out boun

are executed on ohe Or hDrEe. O transactlons
are execut ed 3515%cHed gtpe AGE b 3g0). | nbound PCI Wite Transaction Processing
Preferably as shown in Figure SB, the GXB 410 is configured to process

both AGP t”in 30! ctlons recei ved on the AGP bus 330 to

provi de a | eve e e O A i | ity Thpné)rocesm ng flow through
the GXB 410 is ve&ﬁfe@blmﬁmmm%ﬁw iscpnfiguggdtogrecess oty  AGP, and

hi gh priori t)AG%@nﬁ&ﬁoﬁﬁiﬁdPEhﬁiﬂc&&ﬂm&denﬁehﬁwmmddm&n exenpl ary
PCl transacti o bactia %%ﬂﬁﬁ&' ﬂ?e&%‘%%g‘?fﬂ ‘%glihe Ghﬁ 9 %}r{\%ﬁr agram

i 11ustrating o ABOUN t1on CESSI ng ording to one

embodi ment offoreeh ofthe BEh fow mﬁﬁ@mﬂh@mﬁﬁﬁw@md&ﬁ@%mlyat step
the processing of an exemplary PCI transaction will be described herein.

Figure 7 is a flow diagram illustrating inbound PCI write transaction processing
according to one embodiment of the present invention. In the example depicted, at step
710, a PCI cycle runs on the AGP bus 330 delivering the PCI transaction to the GXB 410
followed by the data associated with the PCI transaction. At step 720, the PCI
transaction is buffered in the PCI inbound buffer 570. Upon winning arbitration, the
virtual address associated with the PCI transaction is translated to a physical address in
main memory 325 as described further below (step 730). The PCI transaction’s virtual
address is overwritten with the translated address at step 740. Due to the speculative
nature of the retrieval of GART entries, when translation is not to be performed, the
translated address may be the same as the virtual address. At any rate, the translated PCI
transaction is buffered in the SAC inbound buffer 580 at step 750 until the transaction
can be executed on the appropriate /O port 412. Finally, the translated PCI transaction
is performed by executing a write cycle on the I/O port 412.
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710, a PCl cycle runs on the AGP bus 330 delivering the PCI transaction to
the GXB 410 followed by the data associated with the PCl transaction. At
step 720, the PCl transaction is buffered in the PCl inbound buffer 570.
Upon mﬁnning4@6?IiEgtion, the virtual address associated w h 3C!
transaction i ated to a physical address in main nenory as
descri bed further below (step 730). The PCl transaction's virtual address
is overwitten with the translated address at step 740. Due to the

specul ative nature of the retrieval of GART entries, when translation is
not to be perforned, the translated address may be the sone as the virtual
address. At any rate, the translated PCl transaction is buffered in the

SAC i nbound buf a 750 until the transacti on can be executed
on the approprlg)t-'é-%mg%(h Eﬁ#’?—é%#gﬁ-yz the translated PCl transaction

is performed by exee’s;tdmgbedabwvc,toetbqtyldmmottsheedlnﬁ(bcpmﬂafedhzﬂwﬁxs 1. 'WO
811167520"36;—/ US4Ry. ﬂj{%ﬁé&mﬁ%&&&@m{& m%s&&&amﬁkﬁtﬁiﬁ&%oﬂﬁuﬁl?»‘iﬁéz | n?hASGXB
escri bed above, outbou sactjons nee a y the

410. To further WW%%Y@P&WLﬁg?““%ﬁW@éE@?F@%‘USEa B‘r}\ﬁg n out bound PCl
write transact iexampls)d writtieguektds atecsized loioaﬂm\pdrulz axiderRE ceguesias #cefpad andS.
According 1o tNigseq &R0l Con ﬂga Jgﬁ@olfo?ﬂgﬁ‘sts(%teésﬁn@ %ﬁ)eﬁaﬁ&sﬁ:ﬁk&%po” 412

and a PCl request IS recelv rou ] out bound control |ogic
585 (steps 810 #8&C Brzwstmwwb«r%mffwwmt AestapEA0, upen Riaging 2y
transferred to hﬂnﬁammebuf,ﬁlebumharm&teﬁmsﬁomp%ﬂ&memweomyu ng an

arbitration tine % g ttpeA utgg%%’ﬂ% EE 51“%331%% ol | e&)ﬁ,{for med by
c us

executing a wi e on etron i ndi cation
may be provi ded ﬁafovfémmd P@lovtse winengtinn hxheengompleted suserseiellyi(siaps Bidand 86O)
conpl eted successfully (steps 850 and 860). Address Transl ation Overview

Figure 9 conceptyal 'y illustrat.es graphics (virtual) to physical address

space transl at mmne enbodi ment of the present invention.

Briefly, in this e¥guwé2eoncepmalivtillustratesgrhplicsqvigual) tephypical addgesespacAGP addr ess

920 and an of f sghnsf) t?o'iﬁ Wbﬂe%&rﬂéﬁf’&%e@éh?m&eﬁ%ﬁ%ﬁgﬂysuﬁﬁs address in
ca

t he conti nuous Iog dress s ace , t he graphlcs accel erator

335, for exanpl & "WH‘ fdpﬁﬁ 20 sdap pitset Ve Thener
i nfornmati on der Mad&em’lﬁh@m&ﬁ&mdd&@sﬁ&ﬁZ&ang@hlmﬂmﬁpmeve an

employed by the graphics accelerator 335, for example. The AGP address 920, a portion
thereof, or other information derived from the AGP address 920 is used to retrieve an
appropriate entry from the GART 905. Information contained within the GART entry
identifies a physical page in main memory 325 containing the physical address
corresponding to the virtual address 915. The physical page identified by the GART
entry is combined with the offset 925 from the virtual address 915 to form the main
memory address 930,

Support for Multiple Page Sizes
According to one embodiment, the GXB 410 supports two different page sizes in

main memory 325. The translation of the virtual address 915 depends upon the page size
in which the cortesponding physical address resides. In one embodiment, a fixed page
size (e.g., 4Kbyte or 4Mbyte) is used for all pages falling within the GART aperture and
an indication of the page size is stored in a control register in the GXB 410 during

system boot. Currently, the AGP programming model is designed using 4Kbyte pages
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appropriate entry fromthe GART 905. Information contained within the GART
entry identifies a physical page in nmain nenory 325 containing the
physical address corresponding to the virtual address 915. The physical |
page i dentf4 y the GART entry is conbined with the f 925 fromthe
virtual a r%@g"815 to fonn the main nenory address 936&&§E§ or

Mul tiple Page Sizes According to one enbodi nent, the GXB 410 supports two
different page sizes in nmain nenory 325. The translation of the virtual -
address 915 depends upon the page size in which the correspondi ng physi cal
address resides. In one enbodinent, a fixed page size (e.g., 4Kbyte or
4AMoyte) is used for all pages falling within the GART aperture and an

i ndi cati on ' | L: c 0 i L. the GXB 410
during syst gfr)ﬁ%{)%{. &Erﬁr’éﬁﬁiﬁ?“%%&Eﬁ%‘g‘&r%ﬁgﬁnﬁ%éﬁsﬁé‘ i gned usi ng
4Kbyt e paged0istempapblp vith higlyperiormenessompytoragstemst or - GART entries. By al | owi ng
a l ﬁrﬁer hpage siwmuwoge,all?dWﬁ&me%&%&{r&onbsiﬁé&%n@%m&lo i's comﬁati bl e
W t igh p or.manGe .£Q t stens. il e abqgve, a es in the GART
aperture ar 2‘[‘%’%‘8"%‘.’“%ed'g%‘“r‘g'ﬁ%%%ﬁpﬂmgﬁwwwwa‘?‘ﬁ péﬁ?f)ﬁfcﬂ? €, the GART
apert ur e nayizeso frcthisembadiment, theladdiess pranglationaieeds itof Heaiynamipallyséontealled s t hi S

enbodi ment , dedagbed®elbwssS transl ati on needs to be dynamcally controlled as

descri bed bel ow. _Fi J10A illustrates an exenplary, virtual address fornmat
whi ch may be erﬁ?ﬂ%g@ﬁ s@ﬁﬂ%‘ﬂ&?ﬁ“‘ﬁé%ﬂ&"ﬂth’&kw be

X ® pages in main
menory. Accemgloyry to wfer toidata residing éi 4Kbyte pigeeinain memonya dite@dinag dHEs i S 40 bits

w de. The AGRbGHiHE#R viraQd&aN B4 1S 86bi bi Q”;P?l ..1025 conpri ses
12 bits. Fi %g e 10% i&llregstrat es, an%é_xné‘% eé?%/él\x/lélrgt ua ggéjfrmz%és?ornat whi ch
may be enpl %‘&P"?B“’P 1025 gompsiges 12BisS: di ng i n 4Mbyte pages in nain menmory.
Accor ding to thiFigurettRiusmases an ekémplaty vittiad hddassiofimb wiidibmiysbeagai N 40 bits

wi de. Howev é%) -],&%%Ii reduced to 138 Dbi.ts d the offset
1025 is incre '§%‘J§q‘¥o _ 'f%g'lggeglﬁ%fnl S Egﬁ?éﬁnp_ a ‘enﬁnor’f'hgﬁmr\‘}‘élFPg@§ ot her page
si zes coul d cBbodiment theyirmeladdress PLp is again A bits wide; tHawewss, thaAGRaddmsbsar y. GART entry
format 1105 1021 isteyred fo 18 6itliadd the officfIV25 Rlincrbasell © 22168y, [I6is B@iplat=d MBI N MEMOry.

In this exagl Griols'dhefiibe szed ol b SccammBalcd.

Figure 11A illustrates an exemplary GART entry format 1105 to support address
translation to 4Kbyte pages in main memory. In this example, the entry 1105 is 32 bits
wide and includes a parity bit 1115, a coherency bit 1120, a valid bit 1125, a new page
address 1130, and a reserved area 1110. Each entry covers one 4Kbyte page. One
megabyte is sufficient to hold 256k entries or a total of 1GB of translatable space for
4Kbyte pages.

The parity bit 1115 covers the entire GART entry 1105. It may be generated by
hardware and be calculated such that the total number of 1's, including the parity bit
1115 total to an even or an odd number.

The coherency bit 1120 indicates whether or not the traffic from the graphics card
needs to be coherent with the system bus 315. Coherency is discussed further below.

The valid bit 1125 indicates whether of not the SRAM 405 contains valid data for
this entry. If the valid bit 1125 indicates the data is valid for the entry, then it is ok to use
the entry for address translation.
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wi de and includes a parity bit 1115, a coherency bit 1120, a valid bit
1125, a new page address 1130, and a reserved area 1110. Each entry covers
one 4 1Cbyte page. One negabyte is sufficient to hold 256k entries or a
total of 1GB of transl atabl e space for 4Kbyte pages. The ' M 1115
covers the eWOIOMSIBART entry 1105. It may be generated by %@%&g and be
cal cul ated such that the total nunber of 1's, including the parity bit

17115 total to an even or an odd nunber. The coherency bit 1120 i ndicates
whet her or not the traffic fromthe graphics card needs to be coherent
with the system bus 315. Coherency is discussed further below. The valid
bit 1125 indicates whether of not the SRAM 405 contains valid data for this

entry. If the vali |t 1125 i ndicat t .S -yvald the entry,
then it is ok to ugxe'?nstemm%wrpe%w%ﬁﬁf%?%“j??g%‘ér’é°; 15*?1"%3’% c) 01/16772
PCT/ USOO 22833 address 1130 soneprisesp start addiees of @ Akbygphysicatipags iy mppgupmory bits wide.

The new page aﬂ&&%&é@%@é’)&’ﬁ&?ﬁ%aﬁ‘%&d&sﬁta” address of a 4Kbyte physi cal
a

page in main nmenory . contains the desired physical. address. Figure
11B il lustrates an RigoseiiBifystratpean exepplaty GART epfry fogmat iR 9pRoRt addies o<
transl ation t o yédvaNdnQo FFBAEpagE inikin mememp. kn thit example,as shoesyhe entryd$06above, the

entry 1106 is, ity wW.de and inel. ﬂ?ﬁ” 121 2 dakik Bit 1226GPNer ency bit

1121, a valid Bsﬁ?b%\ﬁia?mgmclr\]lgﬁqggrgﬂngﬁgﬁe&%g 1‘),{t andareserveg' areas 1111

and 1136. Each nempaggadsdeseckl3], endresceyrbareas 1 gad 1128 Basheply coVBEoPRrity bit 1116

covers the ent i4M%yv§ﬂ§I. entry 1106 and maybe cal cul ated such that the total
I ncl udi

nunber of 1's, ng t he .pati bit 1116 t or an odd
nunber. The cohererﬁﬂi’k’%‘gt&“’l@% Ptﬁgﬁééﬁegsﬂ}imgﬁef?g‘?&lﬁvﬁ%?@ﬁ\éﬁp%ffic from
t he graphics caslchlatedasadishat e total muoiherof bs, ingluding theparify bit HiAf teipbtodn sven Coher ency
i s discussed fyrthas, w. The valid bit 1126 indi cates whet her of not

t he SRAM 405 contains valid_ data.for entry in %Jes lqQn. Jf the valid bit
1126 indi cates t he "aeeherercypi 3] ipdigates Mﬁ?’t”?‘, ?%b?l‘f?ﬁn *esmpg'ﬁs ?“gd use the
entry for addr qeds folbatshleriitivih thelsystein tius 315x Dolerancy is Siscussedfupbegbelowidr ess 1131
I's 14 bits wide. Thg NG YR3HS indicates whether of not the SRAM 405 contains valid data for
entry in question. If the valid bit 1126 indicates the data is valid for the entry, then itis
ok to use the entry for address translation.
In this example, the new page address 1131 is 14 bits wide. The new page
address 1131 comprises a start address of a 4Mbyte physical page in main memory 325
that contains the desired physical address.
In alternative embodiments, the relative positioning of the bits and fields may be
different than that illustrated in the examples of Figure 11A and Figure 11B. Also, in
alternative embodiments, the entry format may also include a page mode bit to indicate
the destination page size (e.g., 4Kbyte or 4Mbyte) and provide for dynamic control of the
address translation process. In this manner, more than one different page size may be
concurrently supported.

Coherency

Traffic from the graphics card (e.g., graphics accelerator 335) may or may not
want to be coherent with the system bus 325. According to one embodiment, coherency
is selectable on a page-by-page basis. For purposes of this disclosure, “coherency”
means that the addresses will appear on the system bus 325 so that the one or more
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address 1131 conprises a start address of a 4Moyte ‘physical page in main
menory 325 that contains the desired physical address. In alternative
enbodi ments, the relative positioning of the bits and fields may be .
dlfferent‘wg t illustrated in the exanples of Figurﬂcﬁug Fi gure
11B. Al'so, I'n alternative enbodi nents, the entry format nay also include a
page node bit to indicate the destination page size (e.g., 4Kbyte or
AMoyt e) and provide for dynamic control of the address translation
process. In this manner, nore than one different page size may be
concurrently supported. Coherency Traffic fromthe graphics card (e.qg.,
graphi cs accelerator 335) may or may not want to be coherent with the

system bus %wseﬁggfﬂﬂ@%E@Q@&Wﬂ%ﬁma&&&?rﬁ%h&éﬂ@%}em abl e on a

page- by- page basi s. purposes of this disclosure, "coherency" neans

that the ada‘l’%’ég’é@"’%‘%* ‘:‘;’1‘1"“8‘?“""{‘% (W) by e procesipsghen shat datais i one or
nore 18 WO O&h&ai?Rdd?@'o%bEﬂBiﬂfé&%sSmrmahﬁfzﬁpr&eﬁoﬂrWCiﬂﬂermymsnoop their

caches for t O a is marked
write combi n%ﬁnwfmﬁv”} Ee%&oggggé%‘wﬁ?ﬁ%t@%dﬂm%gﬁa I'S %oher ent.
Addr esses onnot by@@ymemeé(eszscmmmm a’i%“ﬁﬁmb'swfdé‘)mhbuf fer are

not  snoopedihe d¥id WithodtubiSsyktem bik328 Bitldiviaay, sdforcEdie dcbaytobBadn- t he data in main
menory 325 Wa%?{?“gt used by the processor (e.g., it came fromdisk) and

wants the gr s card to fetch the-data WlthOUt usi-ng system bus 325
bandwi dt h, so f o/Aesdescrtisdabeve; o all AGPipe pesessesrdiinhihis in the AGP thogtheteed above,

f(;; rRT al | tAGP\-NIis1 “ﬁ ﬁmt Mbmmhht i lﬁes![\\{]letﬁéi@a%é me&mth %ERGPJFS aAgD t Itoer
entry which de es et her e ress i.s cohere or - type

accesses out ¥PE “F%‘“ﬁgsr&? ﬁ%‘“ﬁ"ﬁf‘@%ﬂ gﬁ (‘8“%’“"“%}%’“@?@ toher ency

i ndi cator) mmpbeheadfrema confignrationoregisiter giitheGXB 110 to geterimine tizfcobermmcyoXB 410 to

det erm ne thﬁnﬁg 0 &g{c#, Bl fsfngRhe cy applies

to access usl g tEi;e AGP rdé?%}go?i Qn prhgs%gcesses usi ng ?ﬁwéﬁymot ocol are

al ways done LEFREFSUsipg the P ‘Pﬁ?}"fﬂgﬁysﬂ?'le@hfée‘ﬂx’?@ﬁg‘f’&wyﬁ“‘?abl e or not. In

t he foregoi n@nﬂmmtdbie@anot.on t he invention has been described with

reference to ?‘f‘h{:at F&I@@%ﬁ@@&f&éﬂ%ﬁﬁmﬁ&%m%&?&w&e evi dent

t hat various nopd
specific embodiments thereof. It will, however, be evident that various modifications

and changes may be made thereto without depamng from the broader spirit and scope of
the invention. The specification and drawings are, accordingly, to be regarded in an
illustrative rather than a restrictive sense.




and changes nmay be nmade thereto wi thout departing fromthe broader spirit
and scope of the invention. The specification and draw ngs are,
accordingly, to be regarded in an illustrative rather than a restrictive
sense. { it -19 WD 01/16772 PCT/ US00/ 22833 CLAIMS What is clained is: 1.
An i nput / out pWO ORI expansi on bridge conprising: a first BGHESOVREB unit
configured to be coupled to a systemnenory and 10 controller through one
or nore 1/0 ports, the first interface unit enabling data transfers over
the one or nore 1/0 ports to or froma main nenory of a conputer system a
second interface unit that provides bus control signals and addresses to
enable data transfers over a bus to or froma peripheral device; and an
address translation unit coupled to the first interface unit and the second
interface unit, the address translation unit translating addresses
associated wth transactions received on the second interface by accessing
a | ocal rrem)ry' cont ai ni ng physical agoapgses of pages in a main nmenory of
the conpute @E‘é The 1/ 0O expansi on bridge of claim1l, wherein the
bus conpri se ?at ed Gaphics Port (AGP) bus. 3. The 1/ 0O expansion
bridge of claim 2, wherein the | ocal nmenory contains therein a graphics
address rel odat i oAn inphteutpaGAR) expansion bridge ton@risingansi on bri dge of claim 3,

wherein the |ocal Yak %ﬁ%&’d Elgq, ccess menory
(SRAM. 5. The |/%ﬁ§§<§§gna SIHHRE |gge of %P‘gﬁmtg erel ntﬂ'? %cal menory
conprises an off- chi pom@pnmrouMmmmd&pmvs«mmmwm 1/ O
expansi on bridge of C'&a%ﬂwﬁhﬁné&%ﬁ% bn%hUPﬁ&n@rﬂ&}&{gaﬁd rf ¥ Of

entries each associated wth a page In nain m)ry and 1 ncludi ng” an
i ndi cation a computer system;

a second interface unit that provides bus control signals and addresses to enable
data transfers over a bus to or from a peripheral device; and

an address translation unit coupled to the first interface unit and the second
interface unit, the address translation unit translating addresses associated
with transactions received on the second interface by accessing a local
memory containing physical addresses of pages in a main memory of the
computer system.

2. The IO expansion bridge of ¢laim 1, wherein the bus compnses an Accelerated
Graphics Port (AGP) bus.

3.  The VO expansion bridge of claim 2, wherein the local memory contains therein a
graphics address relocation table (GART).

4. The IO expansion bridge of claim 3, wherein the local memory comprises an on-
chip static random access memory (SRAM).

5. The 1/O expansion bridge of claim 3, wherein the local memory comprises an off-
chip static random access memory (SRAM).

6. The /O expansion bridge of claim 3, wherein the GART includes a plurality of
entries each associated with a page in main memory and including an indication
identifying whether or not addresses within the page are to be snooped on a

processor bus of the computer system,
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I dentifying whether or not addresses within the pége :are to be snooped on a
processor bus of the conmputer system -20 1 nli 11112111 1111 111111 c¢ L x
I WO 01/16772 PCT/ USQQ 22833 7. The I/ O expansion ;

bridge of_claim.3, wherein the address. translation unit r mul tiple
page si 2&88@‘%& erpreting entries in the GART accordi nﬁé’r@&g’n}#st f or mat
or a second format 8. The |/ O expansi on bridge of claim7, wherein the
mul tiple page sizes include two or nore of 4Kbyte pages, 2Myte pages, and
AMoyt e pages. 9. A graphics expansion bridge conprising: a first interface
unit configured to be coupled to a systemnenory and 1/0 controller

t hrough one or nore I/O ports, the first interface unit enabling data
transfers over the one or nore 1/0 ports to or froma nmain nmenory of a
conput er system an Accelerated Graphics Port (AGP) interface unit that

provi des bus control iz signals and addresses to enable data transfers
over an AGP e VOrxpansionbrifge qf slaimp Bevharein thgiaddressvgaslation yaigsupperts r ansl at i on

uni t coupl ed rﬁlﬁﬁﬁlbﬁagfegfz&sb;ﬁiﬂ&ﬁiéﬁagenﬁéyihuﬁr@mmce%g'tam&ﬁﬁﬁm unit, the

address translatioh unit translating graphics addresses associated wth

i nbound AGP torafesard fasmat r ecei ved on the AGP bus by accessing an off-chip
static random access nenory (SRAM containing a graphics address

rel ocati @n t afhe®Qxphtjon biilige SBARIm 7)wheselh the npikyple pak siackdnchadeawo Oof pages in

iam o wherdE P KB AL e, P MRS P orc oo cach assoct at ed

with a page in main nenory and including an :

A graphics expansion bridge comprising:

a first interface unit configured to be coupled to 2 system memory and I/O
controller through one or more /O ports, the first interface unit enabling
data transfers over the one or more VO ports to or from a main memory of
a computer system; | | '

an Accelerated Graphics Port (AGP) interface unit that provides bus control
signals and addresses to enable data transfers over an AGP bus to or from
a peripheral device; and

an address translation unit coupled to the first interface unit and the AGP interface
unit, the address translation unit translating graphics addresses associated
with inbound AGP transactions received on the AGP bus by accessing an
off-chip static random access memory (SRAM) containing a graphics

. address relocation table (GART), the GART including physical addresses
of pages in a main memory of the computer system.

10.  The graphics expansion bridge of claim 9, wherein the GART includes a plurality
of entries each associated with a page in main memory and including an
indication identifying whether or not addresses within the page are to be snooped

on a processor bus of the computer system.

11.  The VO expansion bridge of claim 9, wherein the address translation unit supports
multiple page sizes by interpreting entries in the GART according to a first format

or a second format.

KRR O O




I ndi cation identifying whether or not addresses wthin the page are to be
snooped on a processor bus of the conputer system 11. The |/ O expansion
bridge of claim9, wherein the address translation unit supports nmultiple

page sizes by inter reting entries in the GART according t fornat
or a second X‘G’r%ﬁf’ all 111111 L MS * t, WD 01/16772 PCTI &@ﬁ%ﬁ

The 1/ 0O expansion bridge of claim1l, wherein the nultiple page sizes

i nclude 4Kbyte and 4Moyte. 13. A chipset conprising: bridging nmeans for
provi ding a bus protocol bridging function between one or nore

I nput/output (1/0O ports and an Accel erated Graphics Port (AGP) bus, the
bridging means configured to translate virtual addresses associated with
i nbound transactions to physical addresses within a main nenory of a
conput er system based upon a graphics address relocation table (CART)

stored in a local nenory; and controller neans, coupled to the bridging
means and cond.i gﬂheHOtempdnaomtmdgleeﬂclﬁmla wmmmnmlmeazemm bus of the

conput er system 42(%‘ %ng data transfers to and fromthe main nmenory
on behal f of the 8g| ng an 14. A chipset conprising: a graphics

expansi on bridge providing a bus protocol bridging function between one or
nor e input/o puty ‘(hk;{sQ)c Pﬁ&@and an Accel erated G aphics Port (AGP) bus,
the graphics expan5| on conf L’gured to translate virtual addresses

associated with .bnmgmemsgmmdm ug projeegidridging fimeticadetecn Qe n a mai n

menory of a conputer fyste/Base Rs #hdohARBilGsted GHgRiESEo @GPFat i on tabl e
(GARY) stored in a |ocal nenory; asyste Gﬂﬂg VO controller

coupled to the grapM%@RM&iﬂFaEﬁ‘Pﬂ ®be coupled to a

system bus and a mmmmmmmﬁmbﬂmpmmrmwmwmﬁﬁemmemy and

|/O controller configured t erformdata transfers tqg,and . fromthe nain
menory on behal f of ?ﬂgmoryo acgmputersyshem%asedu onagraphxcsagdressre[ aflon

table (GART) stored in a local memory; and

controller means, coupled fo the bridging means and configured to be coupled to a
system bus and 2 memory bus of the computer system, for performing data
transfers to and from the main memory on behalf of the bridging means.

14. A chipset comprising:

a graphics expansion bridge providing a bus protocol bridging function between
one or more input/output (1/0) ports and an Accelerated Graphics Port
(AGP) bus, the graphics expansion bridge configured to translate virtual
addresses associated with inbound transactions to physical addresses
within 2 main memory of a computer system based upon a graphics
address relocation table (GART) stored in a local memory; and

a system memory and 1/O controller coupled to the graphics expansion bridge and
configured to be coupled to a system bus and a memory bus of the
computer system, the system memory and I/O controller configured to
perform data transfers to and from the main memory on behalf of the
graphics expansion bridge.

15. A method of translating input/output (I/O) transactions in a bridge, the method
comprising the steps of:
the bridge receiving an I/O transaction on a local I/O bus;



graphi cs expansion bridge. 15. A nethod of translating input/output (1/0
transactions in a bridge, the nmethod conprising the steps of: the bridge
receiving an I/Otransaction on a local 1/0 bus; -22 { s WO 01/16772

PCT/ Usomé’%‘??‘zwﬂet erm ning an address and an of f set ass%,g#olgg ith the.

/O trans retrieving an entry froman address tra abl e
based upon the address, the address translation table stored in a | ocal
menory coupled directly to the bridge; and form ng a physical address that
identifies a location in a main nenory of a conputer system based upon the
entry and the offset. 16. The nmethod of claim 15, wherein the |local 1/0 bus
conprises an Accelerated G aphics Port (AGP) bus, and wherein the step of
the bridge receiving an UO transaction on a local 1/0O bus conprises the
bri dge receiving an AGP transaction on the AGP bus. 17. The nethod of

claim15, wherein the |ocal nmenory conprjses_static random access nenory
(SRAM) . 18. THNetermining an gidress and an pifsetassaciated, with the Q) wamgactionit her i ncl udes t he

Stiﬁfi of . de'fr&ﬁéﬁiﬂﬁdﬂﬁn&f‘ﬁbﬂ%aﬂdi&shﬂgsﬁﬁbﬂ&bre%ieﬁ%ﬁoﬂ’%’émdﬂesﬁﬂ{’égbytS page or
a yte page in the nmain nenory; and interpreting the entry based upon
the results of the“%@%?ﬁshpﬁ&a%éﬁﬁfnaﬁgﬁ“%mgwgﬁpﬂh 15, wherein
the method furtherbrdgejandes the step of determ ning whether access to the
Physi cal addr Gag.:l 5 f19siB af RS bE el oarbR 358 S fentory o6

computer system based upon the entry and the offset.

16. The method of claim 15, wherein the local 1/O bus comprises an Accelerated
Graphics Port (AGP) bus, and wherein the step of the bridge receiving an I/0
transaction on a local I/O bus comprises the bridge receiving an AGP transaction
on the AGP bus. '

17. Themethod of claim 15, wherein the local memory comprises static random
access memory (SRAM).

18. The method of claim 15, wherein the method further includes the steps of:
determining whether the location resides within a 4Kbyte page or a 4Mbyte page
in the main memory; and
interpreting the entry based upon the results of the determining step.

19.  The method of claim 15, wherein the method further includes the step of

determining whether access to the physical address is to be coherent or non-
coherent,

\.
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