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BACKGROUND OF THE INVENTION

Field of the Inventon

The invention relates generally to bus protocoi bridging. More particuiarly, the
mvention relates to input/output (1/0) address translation, such as remapping 2
continuous logical address space to a potentially discontinuous physical address space, in

a bndge.

Description of the Related Art

Input/output (I/O) peripheral devices typically operate more efficiently if they are
presented with a large contiguous view of system memory (main memory). This allows
such devices to make random accesses into a large area of memory containing the data 1n
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 VO
petipheral device operates that gives the perception of a large contiguous address space
1s called a “virtual address space.”

At any rate, because the penpherai device employs a different address space than
the main memory of the host computer system, a process called “address ranslation™ is
required to map the virtual addresses supplied by the peripheral device to the

corresponding potentially discontinuous physical addresses in main memory,



An exanple of a current technique for address translation will now be
described wth reference to Figure 1. Figure 1 is a high-Ievel bl ock8 FEB 2004
di agram of a general purpose conputer system 100 that illustrates
transl ati on of graphics addresses to physical addresses. The conputer
system i des processing neans, such as one or nore s 105
and 110%9§[%ﬂ?ﬁ2et 120, a main nenory 125, a nenory bus 1fﬂ?ﬁ§ﬁﬁ3§£ﬁ

Accel erated Graphics Port (AGP) bus 130, and a PCl bus 140. In this
exanple, the main nenory includes a graphics address relocation table
(GART) which contains entries for mapping virtual addresses used by a

peri pheral device, such as graphics accelerator 135, to physical addresses
in main nmenory 125. The chi pset 120 provides bridging functions between the
AGP bus 130, the PCl bus 140, and the nenory bus 124. As part of the

bri dgi ng functi 6fcxhele ehp pyent wctmique foaddrassazrngptipohyit sow deldesssled cont ai ned
i n i nbound yigackeRAGk WiikSrell’ FNRAET it Bvd biock 8AFamHId (xjﬁc'n-h m%h&”.sac“ ons
originated by the graphics accelerator  135) to co respoé I ng ysi cal
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nmenory 125Pcrses 105 ped B peldpset 12902 pagtmareary | 2 @ memosnusy24.28m t he GART
126 that CQick@SReMNdSapnistPBR (AGRPRIAS0,AHEE 885 busSRECH thRdxdmpid, iR hdignsaction
bei ng executed- Then, after the desired ggésical address has been

det er m ned TRPOPhBCRATSAERPMOS @ddressdeipgitinsaple (S HRP) which eontalpspnges &¥ond access

to main MexBhte $Ral AAAERC s Oy A@BGhRal WhvideSsub NS HafinitsaR8Rikdrads by the
transaction. One .of ,the great advgnlhgges of AGP is that it isolates the

vi deo subs%?@ﬁ??lﬁgﬂﬁcsﬁcﬁﬁ‘ PER{CBP™ conput er systemso there isn't nearly
as nmuch cont ent Techapset 120/ Hovideandudish fAindont BWweenithe AGP BuPGo, thElppever, from

t he descripti above, it sho e apparent. that .there are nunber of

i neffici en@f’%g‘{aa@o%? aFeg “f;ﬁ'fh‘gs Wﬁ}eé’ﬁ@%? Qs cﬁ\bép”cfllg]nsacti ons arc
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made up of qﬁnanic raFdon1acce§$ ﬁpnnrges éQRANﬁ% are rel at.ively sl ow
conpared t §"R¥RELapRCpasargnficd by NG gRPAELASEIRRRHH) 1Y SRR exanpl e.
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specified in the transaction being executed. Then, afier 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 wnite the data specified by the transaction.

One of the great advantages of AGP is that 1t isolates the video subsystem from
the rest of the computer system so there isn’t nearly as much contention over /O
bandwidth as there is with PCI. 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 currently handled. First, accesses to mam memory 125, which 1s
typically made up of dynamic random access memories (DRAMS), are relatively slow
compared to accesses to static random access memory (SRAM), for example. Second,
the main memory 125 accesses for purposes of address wanslation must compete with
other acgess requests, such as those originated by processor 105 or 110 and received over
the system bus 115 or those received on the PCl bus 140. As a result, AGP translations

are slowed down by compcting traffic. Finally, if the translation unit (not shown)

_7.



1 8 FEB 2004 WD 01/16772 PCT/ US00/ 22833 handles multiple types of traffic,
e.g., systembus traffic, P traffic, and AGP traffic, the situatipgpfrgg 00
further conplicated as arbitration |ogic becones necessary to resolve
contention for the translation unit anong the various types of inbound and

out bound,,, E}ﬁp@qﬁ:ti ons. It would be desirable, therefore, tP%THfS‘BWf&g%a
orf tra i 6h of

t echni que nslating 1/0 addresses that speeds up thé execu

1/0 transactions and-offers a sinplified inplenentation of the address
translation logic. In addition, it would be advantageous to performthe
necessary 1/0 address translation in a device that is insulated from ot her
types of traffic, such as systembus traffic or traffic fromother 1/0
devi ces. BRI EF SUMMARY OF THE | NVENTI ON A nmet hod and apparatus are
described for perform ng address translation_in_an _input/output (1/0)

expansi on HRRgEMuHRE DREY oL Hn SitofYBTT Byferatife Pl BYfG 2nf AGP fibetieace
unit, a secifliohd Rith&cemyiated 28 BbitANoRBdicdSHmds AbGEsAl OResdRet . The first

interface unit is _configured to be coupled to a_system ry and 1/0
controll er @ﬁ?&?@ﬁ%ﬁ%ﬁ@ﬁ%? é”‘i?’@ongﬂjb‘r‘f@.‘mfﬂécsﬂfFé?”‘idri‘f‘gf%g@&‘@duni t enabl es
data transfiemsacomir the one or nore I/O ports to or fromthe main nenory
of a conputer syste The. second .interface unit. provides .bu control

si gnal s and addﬁl‘e%%”gib"t drs %I“Er‘if%ff"é%’f%ﬁ%ﬁéercb“'ﬂgee@r 5”‘3%5“5 @Oor froma

peri pheral addew:€ehat shbels agd deasscutib@bBlV@tractiohs dndicffesauphdithedo the first
interface uni %‘and .t h(gfé@ecq%nd ir\%[ erflace nai E'ﬁm-]”hewc%qéjﬂeeasd% tr %stltati on unit
transl at es 'THFEREEL F R TR R OBF R P AL oL BT TRA PR second
interface kptrfancessi-degsagy VO@adresyemunlatioo ord deivise tigt ispisyBied dtoraalitresses  of
pages in the eg?hg'a et as:osf stggﬁPS%agBytor%fﬁyéérgmhcr (ﬁggviée@at ures and

advant ages e inventron w apparént from acconpanyi ng
drawi ngs and fromthe detail ed description. BRI EF DESCRI PTI ON OF THE

SEVERAL VI EWs OF THE DRA ﬁ!@?ﬁ?ﬁ t 'Fm(gr)%' is illustrated by way
of exanpl e, and not by vv\a{% 0 .m@f?@r{ﬂm t I\Ileﬁ?ll\ﬂgures of the

acconpanyi ng drawi ngs and in which like reference nunerals refer to

simlar elenment$ apgled hd¥dpb&ius 38 ddscBbda R #RBAning address tanslation in an

input/output (/O) expansion bridge. The /O expansion bridge includes a first interface
unit, a second interface unit, and an address translation unit. The first interface unit is
configured to be coupled to a system memory and /O controlier through one or more O
ports. The first interface unit cnables data transfers over the one or more 1/Q ports to or
from the main memory of a computer system. The second interface umit provides bus
control signals and addresses (o 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 translation 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.

Qther features and advantages of the invention will be apparent frorn the

accompanying drawings and from the detailed descniption.
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:



WO 01/16772 PCT/ US00/ 22833 Figure 1 is a block diagramthat illustrates a
prior art approach for graphics address translation. Figure 2 is a b8®&ER 200
diagramthat illustrates input/output address translation according to one
enbodi ment of the present invention. Figure 3 is a block diagramthat

i1 ustratgsog{saphi cs address translation according to one i y=tn of
the present 1nvention. Figure 4 is a block diagramill ust r &t nggéin

exenpl ary chi pset in.-which enbodinents of the present invention may be

i npl enented. Figure 5A is a sinplified block diagramillustrating

hi gh-1evel interconnection anong functional units of a graphics expansion
bridge according to one enbodi nent of the present invention. Figure 5B is
a sinplified block diagramillustrating a nore detailed view of a graphics
expansi on bridge according to one enbodi nent of the present invention.
Figure 6 is a high-level flow diagramconceptually illustrating transaction

processi ng acCoFguRd isQ vhRR deFhathiEMsudks & PRodirePsdhcH Y gApHian. Figure 7
is aflowdiagramillustrating inbound PCl wite transaction processing
accor di ng P8dEHERHYERI nent of the present invention Figure 8 is a flow

di agram il | ustr giguh@? RUtHRMRAGRE thiviilistaks RAPe@nriiOMd9eeshiipg according
to one enbodi nent of the dtr,])resent i nvention, Figure 9 conceptually

i || ust r at e GFEMheoge EDPdmelt P g PSR I"¢&1908ddr ess space transl ation

accordi ng to ongigarb®Riadtk ddfrabNRaPNEERBE griaphiE Hdl@EL. tranklGtibnGcdfdin
illustrates an'g_)é%gpl ar‘$/f }Yi rtual. address format which nmay be errp%oyed to
refer to dd? FSEOPEMHE A MBTEE™YFA8¥S in main menory. Figure 10B

illustrates an Egerpd afayblock diagam i okt essan emplanydhipsht ifdjiicke  enpl oyed to
refer to dat c{iesidi irl’tl: 4M13 te pa S.in main nmenory. Figure 11A _
i |lustrat e§m§ﬂ ’é‘%tﬁﬁﬂgﬂ} GRRT %WP’F 5’ ?E? WCT?‘%Uppor t address translation
to 4Kbyte pagesFignra®i is anenplified blotigdingrath IBisirhfingstiighaleod iagrc@xesphary GART
enry T gl e HOPON i PO S5 e AEhILAR L AN 3 BRSSP 1
the present invention.
Figure 5B is a simplified block diagram illustrating 2 more detailed view of a
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 to one embodiment of the present invention.
Figure 9 conceptually illustrates graphics (virtual) to physical address space
translation according to one embodiment of the present inventon.
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 memery.
Figure 11A ilustrates an cxemplary GART entry format to support address
translation to 4Kbyte pages in main memory.
Figure 11B illustrates an exemplary GART entry format 1o support address

translation to 4Mbyte pages in main memory.

ai}a



WO 01/ 15772 PCT/ US00/ 22833 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A net hod
and apparatus are described for perfornming address translation in an 8 E£8 2004
expansion bridge. Broadly stated, enbodi nents of the present invention seek
‘to provide a technique for transl ating I/ 0O addresses that speeds up the

execut i transacti ons by, anong ot her things, el/O
transl aﬁ?gﬁg%é/v?ce e.g., an 1/0 expansion bridge, from %éﬂpgﬁég

traffic, such as system bus transactions. According to one feature 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 sinplifie In the follomnng descri ption,

for the purposes of ekBTAf=RYP HFSC r@p%@Fg FEMVENTIGNt ai | s are set forth

in order to provide a thorough understanding of the present invention, It

wi |l be apparent, Eowever to one skilled in the art that the present
i nvention may BeMcPRAICRRRARN 1R ERFETRed fRr ReFiofRiRg addsgre EptsiagionE At | s. | n

ot her i nstme@SnsmtﬁHdgknEWﬁHIy Sth el ChriboBiPneARG S BR bt ifeRionietol N bl ock
di agram form., The  pr i nven i ncl ydes rious steps, _which wll be

es v
descri bed PERI954. teehigue Té’ﬁ%s ad'l"gpﬁe?%ﬂ?ﬂé‘?é ltpﬁtf’gm’lﬂaﬁ*mmb% ¥&rformed by
har dwar e mmnmabg, anfongetheDfings 3R SEithk VONRGELNM-RY%EE lgakh @0 nstructi ons,

whi ch may be use us ener a ose or, speci al - purpose processor
or |ogic &YEU ?g ‘éﬁcog? Hﬁﬁ&”ﬁﬁﬂﬁ"ﬁh@ ?“ﬁégsrﬂétf?’c?ﬂféga E)CI‘BB‘“Pf ormthe steps.

Al ]tter nat i \ﬁetyr;j:ngh@or&tfmc pﬁghelpe;gmtﬁuemﬁmdmbyipatmmmwm aQécal har dvvalr eband
sof t war e. [ : e_enbodi e ent _i.nve n w e
descri bed S mtmaeg%'héﬁr{éﬁ?% df'e mf’ﬂ%”i&%e'%"raggé‘if“g‘fgg’ﬁ @?"ﬁﬁ’ﬁc C&@af and a
graphi cs addasssestelfacabibin ctlmibiéonc(tﬁ#ﬁlf): chropad Wigh aberegss bf gaffia a graphi cs
D T SRR Lol Bleic RS A D GnRAL OA I oAFE B Bl

transacti ons, appar a escrl eérein are equa
appl i cabl @CF’G‘P@fih‘br types of | /O transactl ons and I / O expansi on br| dges or

other types of Inthyﬁﬁlﬁw\’t@%éﬁng% Vet &%ﬁ:&&%ﬁﬁu%@&% g:eﬁpnt'guous

view of main nmenory technl ues scrib rern are
t hought t @eBids are et igrihjip O@Ghtﬁ@twctm mrptsmsldq_rstannmfzmztcscnt invention.

It will be apparent, however, to one skilled in the art that the present invention may be
practiced without some of these specific details. In other instances, well-known
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 bnidge (GXB) for translating various
AGP and PCl-like transactions, the method and apparatus described herein are equally
applicable to other types of I/O transactions and /O expansion bridges or other types of
buses where the device on the /O bus needs a contiguous view of main memory. For

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



WO 01/ 16772 PCT/ US00/ 22833 transactions involving the VESA Local Bus %%%%)
and/ or the Peripheral Conponent |nterconnect (PCl) Bus. Terrrinology‘| 1004
Bef ore descri bing an exenplary environment in which various enbodi nents of
the present invention may be inplenented, sone terns that will be used

t hr ough ' application wll briefly be defined. The y !
generalﬁybpg?gﬁé to the physical comrunication nmedi um or %ﬁ% %EH%Ver

which information fl ows between two or nore devices. Wile a bus 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 terns "processor
bus," "system bus," or "host bus" typically refer to the highest-I|evel bus
in the hierarchy of buses of a conputer system This bus is typically used
by a system chipset to send information to and fromthe one or nore

pr ocessor stagpacueidnyabyipgithe v ESyskqsph BusNkB) gndhersthe Peaipberal Gampenentbus t hat
connect s theIRKRI ppcIyBsystemto the system chipset and the processor(s).

| mportantly, in some conmputer systens, the processor bus and the nenory
bus may be the sanme bus. A "local 1/0 bus" is typically a high-speed

i nput/ out petrfidelfy bus used for connecting various types of peripheral
devices to the _nenory, the system chi pset and/or the processor&s) of the

conput er syst efeIqEDACSERRAPHPREXTPHBCEYHPREBEN! i ¥Rick Yagioutembpdimeaess

hi gh- speedhagtwar kvedtbs ifap 6 npl@hchil DRfe Belsl BB EEnel idrbiGRbut RS | pheral s
are commonly tcoupled to a bus of this kind. Conmon |ocal I'/O buses include

the VESA L3peigatiggwill hnpflg be defaneer i pher al Conponent | nterconnect (PCl) Bus,

and the Accel em&%&@@%&&smﬁe&is 1§ NSBhysidl corhMMadbRme@iUmRRses of this
di scl osure_ a bus de |ﬁne to be shared 2% mare than two devices and a port

desi gned PG hY A BTGy HovE RSV EERIHO AEMQIF dEfiess: pEhile AU KBE are both

consi der ecbrlyobelebiv&asm it ideoRidRFcabedort RHRIaC'PoftORE Lsel Absih, the tedm bus
hi gh- per f ar mance, bus specificati on, ﬁs described in the Accel erated

Graphi cs PoPfonfiee i epeamapas el P 4F M6k, Revision 2.0, May 4, 1998 and
subsequent reviTht @ass tiiedeedod bud, &Y stérs bekd Sdrhed biOnydiadly refiritgihequal i ty

di'spl ay thigh%gt)-lgfc uhsi i %hc%ri]:q-ar\c/g]ydcﬁ%usi;cgaoQE (S:O'mputcr system. This bus is typically
used by a system chipset to send informaton to and from the one or more processors of
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 "loeal VO bus” is typically 2 high-speed input/output (/O) bus used for
connecting various types of penpheral devices to the memory, the system chipset and/or
the processor(s) of the compuier sysiem. 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 O buses include the VESA Local Bus
(VLR), the Peripheral Compaonent Interconnect (PCI) Bus, and the Accelerated Graphics
Pert (AGP) Bus. Again, {20 purpas2s of this gigelseure, 2 buc dacigned to he chared by
morec than two devices and a port designed for use by only two devisss, sush as an /0
port or AGF, are both contidered 1o be buges.

“Accelerated Graphies Port” (AGP) is a high-performance bus specification, ag
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.



18 FEB 2004 WD 01/16772 PCT/ US00/ 22833 A "PCT transaction" generall ypaeprESmL
to a PCl transaction with AG senantics that is issued on the AGP b
used herein, a "bridge" generally refers to the logic and circuitry

. ‘embodied in a chipset, for exanple, to connect two buses and allow the

devi ce(s), O bus to communicate with the device(s) o and

Vi ce ver‘é’gﬂg&p@ay of exanple, one comon bridge found |nnpé‘§§r§>®%lgg3systerm
is a PCl-1SA bridge, -which is typically part of the system chipset. The
PCl bus al so nay al so have a bridge to the processor bus, <called a PC
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
i ndi cation of the amount of data to be transferred. The direction of a
particul ar transaREltonsicionaersrallywgfers o arfiGi Itrensvp@irosp\éd)tﬁi%scafamﬁdﬁe
processor (§)eis iLeh of teCacPBus. | NbouNd transaction” generally refers to a
read or wite request directed to the conputer system by a peripheral

devi ce, such as‘sais¢d brseincabeaidpaligskeralit efessge thedegicand cipuiny ghbakrded net wor k

| nter face: gtteat cQALUO e RRIAGIEOIY S0 ARl Kesf i dEE Budig 3 T ead or
write request directed to a perip era device by the conputer system

| nput / Qut pmnwmﬁ@s»sn}nthaﬁ@mfs} Gﬁﬂwﬂf}l%e@ vigeaterpr e By yhy ehexapplssest i nventi on

are thouQMon&%n%d%@fb%ﬁ@Héﬁnﬁﬁ@f wstehﬂ is LAODRAHHARe, Wridh iP§hEAlHAY addr ess
translation in.an ansion bridge. In order to put this broad aspect

of the predfdht sYFRREAPESn IMPElhs@lee mayalse iavss) baidge ‘é?éffﬁﬂj?%i‘”é?&‘tem

architect Lﬁ’aﬁedf]p@mxgkhs%%rﬁgbmnt of the present invention nay be
i npl emented w now be descrlbed with reference . to Figure 2. Figure 2

illustrates a JeHEcar=Hof BBswrlicHRpR drnesRane AIDIE MeRAMEIF YAe or nore of

the steps @fucs (Hmrmpbme@mdldag ;ﬂx&coﬂxetranﬁfb&dlyﬁﬁﬂly lﬁxﬂudchesmemm i nvention
may be perforned and arat us . acco to one enbodi nent of

the present TRFERT PBf aﬁ‘ﬁ?“ F’éécf"&%”’ B 'faé‘ %00 i ncl udes a
processi ng near@e diretion asa pardculdr tandaetiqariodeatires id0Shapmspedle ofthe hi pset

220, a main e us 2 4 and 1/ 0 bus _230.

Accor di ng R ""fsr?iréy ﬁ"ﬁ{?&ﬁ rrafe’nme’0 db %setgcﬂﬂ%ﬂﬁ@ de%cagﬂ ‘gn ress

transl ati onaquicah:luecrz&ﬁ: thd tren;mmllsmrsn bytxmha’ah dewmict, atddhers e grie@cand dekt ri es (not
shown) whigh fagcili ta§§ht he tLARS] & 'ﬁd:r' efCl Ml salag n%gggl%%sg&c&ﬂgel ved from

a peri pheral &evi ce phyS| cal SSes I n nai
refers to a read or write request directed to a peripheral device by the computer system.

Input/Output Address Translation

Various features of the present invention are thought to be generalty useful in
connection with performing address translation in an /O expansion bridge. In order to
put this broad aspect of the present invention in context, an cxcmplary 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, 2 memory bus 224, and a local IO 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 1o physical addresses in main memory



-7 1 8 FEB 2004 WO 01/16772 PCT/ US00/ 22833 225. As descri bed further bel ow,
the chipset 220 may include one or nmore integrated circuits upon whi 8REB 2004
various chipset functions, e.g., systembus arbitration, 110 address
translation. etc., may be distributed. In this exanple, the chipset 220
acts as [ bet ween the both the local 1/0 bus 230 em bus
215 and #éélf}g%@ry bus 224. As part of its bridging opera |on§'§iwt§é§"t

chi pset 220 accesses-the |ocal address translation table 226 to map the
continuous 110 address space enpl oyed by the peripheral device 235 to the
physi cal address space of the main nmenory 225. Inportantly, as wll be

expl ai ned further below, by |ocating the address translation table 226

|l ocal to the chipset 220 (e.g., in a dedicated on-chip or off-chip SRAM,

i nbound transactions fromthe peripheral device 235 nay be nore

ef fi ci ent | g2exdedesenbeddraish bdew Abtishersst 2P0 amnylivalvdsPny/ar morasntegratedir es of the
present ln\eﬁmlﬁsqao@&«ﬁmﬁbmbm SQ;#aﬁm tc'gcgyﬁéwum@&monfmad&}@;sfOrmng
address translation froma graphics a dress” space, such as that enpl oyed by
AGP- conpat iTBISaligP ¥hi B3y kicdistalased. dothisreampipehe elipsatlOass asphdscof mai n
Menory 225 pewfehOHE 8o méxo@al bohs b8y Ald Y QekmBuagr it it Hshdfbidaa gener al
pur pose conputer system 300 in which an’inproved virtual address:

transl at i odvstrad RhitoRrISHEOPLENN: thociuprst L6 TPE HIC 1erp! 39 sHFEEBA | nvent i on

may be i mphgeenisedmag i SATRBESIO Mﬁ&@@ﬂaéggnpnbfaalwmcaﬁmmahw neans,
such as one_or "nore processors 305 and 310, chj pset ? mai N menory

225, a memseyiogiiphysital addresspane of HF@H’"@‘%EBW&%S PB?&Oﬂe'Atépas Witde330, and a
PCl bus 34@xpliiRed fighamaRdi, ngmtarﬂFmeqH&dss daRQa kol tse1263241 ionkd ¢HiRSt

graphics address . rel gcation tab 326. The GART 326 cont ai ns GART
entries (deédbfsgrdnaediciigd onuibinay ofh HIBRRTE FYK2F8PS BB 8Kl i shi ng t he
transl at i opc@fhcil advikl 23860y 66 5R& dfﬁ@amyeidccufcaom a graphics accel erator 33~
to physical addresses of the mai mnenory 325. According to this enbodi nent,
the DART 326 is locally accessible to the chipset 320 rather than being

| ocat ed acshick AeldreaDaysidtss 314 in nmain rrermry 325 The chipset 320
provides a bridgin functl betvveen the A e, PCl s 340, and
P e 2 bus o G QUSRS AR R RIS TR 350
transl at es pc@:ﬁrﬁqh’@j adﬂrcaﬂmknelsmsﬁmmgabhimhddnss spbeunath pethat mmb:mul bte
transact | OnS 3 n%tahblc thS chcfcs 1'h:v th?]%}ﬁ as‘lrtl.gl a%érc?sns%ac%r Ifg'xlam%c%qor?!2§ he graphics

accel erat or espon
Figure 3 is a high- levcl block d[agmm lllusmmng a general purpose computer system

300 in which an improved virtual address translation technique according to one
embodiment of the present invention may be implemented. The computer system 300
includes processing means, such as onc 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 enuies (described below)
which contain information for accomplishing the translation of virtual addresses received
from a graphiss as¢cleratar 235 to physical addresses of the main memory 315,
According 1o this embodiment, the GART 326 15 locally assssaible to the shipsst
320 rather than being located across the memory bus 324 in main mcmory 325. The
chipset 320 provides a bndging function between the AGP bus 330, the PCI bus 340, and
the memary bus 324. As part of the bndging 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 descrbed above, with



addresses in main menory 325 using the |ocal GART 326. As descri bed ﬁg?%EZWL
with 18 FEB 2004 WD 01/16772 PCT/ US00/ 22833 reference to Figure 2.

| ocating the GART 326 in the chipset 320, inbound transactions from

"peri pheral devices, such as the graphics accelerator 335 may be nore

efficien opf@sessed and executed. Inportantly, rather th hly
300 to 5 dynano seconds which m ght be required to get to??g?gﬁm%ﬁ%g from

main menory 325 (e.g., DRAM, a fetch fromthe | ocal SRAM can be perforned
in approximtely 30 nano seconds or |ess. Exenplary Chipset Having briefly
descri bed exenplary environnents in which the present invention my be
enpl oyed, an exenplary chipset inplenmentation will now be described with
reference to Figure 4. Figure 4 illustrates an exenplary allocation of

functlonallt Elurallty of _units .(e.qg,, Chlés) according to one
enbodi nent * Frcméorfg jeage Aeby lpgaiiaihr GART 3261 ths chipspidt® nbopd chi pset 320
i ncl udes a naiStRiNs HAd REBhdake vieds] fich 4SACYTapfddaccderaySIBMGHeaneoONt rol | er

(SDC) 420, PCl pan bri dge B) . 425, graphics ansi on bridge
(GXB) 410, SHHEFLY aft’i"'t':“‘?‘é!oﬂ\‘hg(e N‘f? R’é%‘}mzl*ﬁe‘ 42 "d‘&ﬁq%‘i&g ‘¢ A8 addr ess
and cont r olsec»aéd WRIBISm(ghobe Rhiwa Yo £t td f2eh daty FloaPndlbl medbdhy. 32Feg SAC i s

r esponsi bl r.trans atln tin t em bus accesses to the
appropri at i“rﬂo'tﬂ)ﬁﬁ?h P g ﬂ“ﬁgﬁ'ﬁ% %g_pcr?q gbapggggnaé%ly A P88t i ng agent
for inboundedondddriless. directing it to a peer I/O port 412 or 427, main
menory 325 or the system bus 315. The SDC connects to the data signals

(not shown) on the system bus 315, and also to main nenory 325 by way of
t he nenory Extrspl3@4ACHappdt t he SAC 420. The data for all transfers passes

thr ough the SOCLRRY JLALENEwBRS) S0 DRI L TR B TRir 325, T F O

one of the 1/0 p or peer port 412 or
427. The combectnpbicdhet mmlm@lﬁAOmkﬁcamnbrSD@ m&@caibicobﬁi \fﬂdr concurrent

data transtgfgnc. 9 rf ﬁ-‘eﬁyﬁ{g@mﬁ%wﬁéammkwmcmnBmam%;h%yor 427

thereby nmaximzing the avarl bandw d t'o each systemagent. In
al t er nat i vemenhopiuratint of unithis-gf, ghipt)iaereading p oge e@?@m%ef mzereamu t he SDC may

be conbi negheid. an Bi\EhApRYEL APHE N1 HRlerORlfeq dofkollefEh I
di stributed over additional integrated circuits
415, a system data controller (SDC?420 a PCI expansion bndgc (PXB) 425 graphics
cxpansion bridge (GXB) 410, and static RAM (SRAM) 405,

The SAC 420 connectis to the address and control sections (not shown) of the
system bus 315. The SAC is responsible for translating and directing systemn bus 315
accesses to the appropriate YO port or main memory 325, It also acts as a routing agent
for inbound traffic, directing it to a peer VO 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 /O ports 412 or 427 to memory or peer to peer [fO 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 or 427 thereby maximizing the available
bandwidth to each system agent. In alternative embodiments, the functionality of the
SAC 420 and the SDC may be combined into a single system memory and /O controlicr
421 or distributed over additional integrated circuits.

The PXB 425 provides a bus protocol bridging function between the /O port
427, such as an F16 bus, and the PCI bus 340. A single PXB 425 typically connects to

-0



The PXB 425 provides a bus protocol bridging function between the 1/0 port
427, such as an F16 bus, and the PCl bus 340. A single PXB 425 typi calBREB 2004
connects to 9 1 8 FEB 2004 WD 01/ 16772 PCT/ US00/ 22833 one UO port 427 and
creates two 33Whz, 32-bit PCl buses. Alternatively, the PXB 425 nmay

support @,850&@?479 64 bit PC bus. A conputer system may infﬂ\}éﬂlﬁsﬂﬁ)ﬁ@b& © s

PXBs (typi to 4). The GXB 410 creates a bridge be

412, e.g., two F16 buses, and the AGP bus 330 by providing a bus protocol
bri dgi ng function between the 110 ports 412 and the AGP bus 330. In this
manner, the GXB 410 adds a high performance, dedicated graphics port to
the conmputer system Miltiple GXBs can be instantiated in a conputer
systemto create a nulti-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. Bri ePhyl/O phrt ACKB 41 @ ted bes 3 1Nz 3D Yit REE bytcs. gyl tourtiyolytbe PXAMRACt | ons

from the 119, BRphs a AR easfikdite LACHLANLL 08k bty e LSCISLAVEr | ng them

on the AGP 30 using t appropriate signalfng proto nversely,
t he GXB 410yriedigdtis 4)- nbound transactions issued on the AGP bus 330, again

stores themint cr@kb ) i e C|ated W th
t he i nbound traﬁ{sactl )grlgwc jﬁ@ggg@ﬁﬂﬁ??g gﬁs‘%%gg? %?)uncf%?ransactl ons
onto the | g thoiPdps 2A0by previding k biveproloerd britlgie funciamrtchwencn 8t/ | bel ow, t he

GXB 410 PeRERIT @l a5 b4s306! AlhORaRKr FLERBIA1G 241G rf%%@.\h geored in an
on or off-chip S 405. Several advant'ages are achieved b e chi pset

ar chi t ect ufedicafed EﬁP{jL‘t‘F goryto e gognputey fystemxyiuitple G Hssan bt @EF‘-‘M’AUm"! he system
bus 315 anghRnnesi¥neth csas%taemlntg&@m‘c G&o& los:m@ayonelmmpnaafawnﬁﬁe rce of

contention for the resources. of avvay vvlt t he need

for associ HE&dEh Kl 6 fogrsasna PW@CN%’C’B‘T‘]HO P§I"ﬁ‘é@ Et”lﬁiéh -resides in

the GXB 418ri.B/de-aDER 4@k alid igrhc ﬂﬁg?&ﬁlbdﬂlﬁd%ﬂls'acr{b% frbmtﬂ%!ﬁ@[)@mw'fh mai n
menory traffic and the menory §4 is nore efficientl ut|I|zed

Addi ti onal fi7 SPRRS F‘Bd’&f”‘ﬁﬁAﬂﬂ%@é@B‘é@"@ BerRn e P 3283 2 wng s oxi mat el y
ten tines ipedpaibtetsipmiidgiprébe!. @ﬁBcAclﬁQhJ@ﬁBtmog&egy%ohm;ﬁmmrﬁ bus 324.

Consequent L, 115, S0k LESHLT L5 0 roted, RLchocel, ridae Tor servi i no
faster, ansidiesce agbtiaed afth t}{chﬂﬁbuﬁmﬁmﬁa.thbﬁ’lﬁndlﬁduégﬂlﬂ gaisbeddrintgues descri bed
above. ExenB'llsacn nsl onnttoe It %’0 ;E)n(ss OA]sI will Be gcscnpcd n%Bnhlclrl Qctawf bc'lowb% descri bed

GXB 410 performs address transiation by accessing the GART 326 stored in an on or

off-chip SRAM 405. Several advantages are achieved by the chipset architecture of

Figure 4. First, the GXB 410 1s 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 1o the GART 326 are approximately ten times faster than if the

GXB 410 had 10 go over the memory bus 324, Consequently, the end result is an

improved protocol bndge for servicmg trmnsactions on the AGP bus 330. The improved

protocol bridge is simpler, faster, and more efficient than the current bridging techniques

desenbed above, Exemplary intetnal pamtitionings ofthe GXE 410 will ba deseribed

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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bel ow. Inportantly, in view of the recent wave of integration, is

contenpl ated that one or nore of the GXB 410 conponents coul d be 18 FEB 2004
integrated onto a single integrated circuit (1C). Additionally, in
‘alternative enbodi nents, one or nore of the GXB 410 - 10 18 FEB 2004 WO

01/ 16772 )/ 0/ 22833 conponents could be integrated wt sor
and/ or n%@g%ﬁto a single integrated circuit G aphics EESQ’HS#OZZ% ridge

Functional Partitioning An exenplary partitioning of the various functions
of the GXB 410 into particular units wll now be described with reference
to Figure 5A. Figure 5Ais a sinplified block diagramillustrating

hi gh-1 evel interconnection anong functional units of a graphics expansion
bri dge according to one enbodi ment of the present invention. In this
exanpl e, GXB 410 includes an AGP bus interface unit 505, a data buffer unit
510, a tr &emereentdpod buistegrafed WEths precegRRANd/ATimenBPYonta pdingls it diatpbr t
interface ypifk 525. The AGP bus interface unit 505 may be based upon a
66Mhz, 32-bit PCl bus. In practice, to ease inplenentation, the AGP bus
interface unit 505 may be further divided into the core PC bus and the

i ncr ement algdAgk @xﬁg}%n@qg% thei AT LaRAR: ities. On the AGP side, the AGP
bus interface unit i ncludes arbitration | ogic (not shown) for nanagi ng
AGP bus 330 owhBFEIAYHBIHEENE HERFUREO SN SGr DTSR 8are i ons.

Addi ti onal byricMSinGORIT Rk beSdegiBbSwaR ekfAElie RS PRErIL PpeMi Sded aby the AGP
bus i nterface .uni to epnable AGP data transfers over the AG bus 330.

The AGP buSTPHbEHladeusi HBE5g Y EAIISS RIEFRPRIHORHMONBH &A% “Rfansact i on
queue and @pi graphils kpansion OFid s MNing O o @inbodiffieMD f Bitpratenamheaton. thntra
S ream eonerl Rl 0L £k 1 SReREL G0 P L BRI P e,
descri bed franishdridn qbelcanit 51 5@ GARMs@CIA00mdoe{CepaminterfadaunitpbeMent s one or
But for | SpARE Hayares LB aneat i i aRaed EET B duBaRE Sar  ous
dat a buf f erasagnpiemersationfibs AGRIPpinerfatrniddb anay bk figtheudividebib® thmgoreont ai n
but fer's. oy cbethenh IR Boptal G Bkl Be B B Mo bliles T R e AT o type
in each di AédttuemtafacasmbSlsamiwies axbitfation logic (not shown) for managing AGP bus

330 ownership between inbound and outbound transactions. Additionally, bus control

signals and addresses are provided by the AGP bus interface unit 505 to cnable AGP data

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 wansactions. Buffer

space may also be impiemented in the GXB 410 to support various data buffering needs.

For cxample, the data buffer unit 510 may contain data buffers {or temporarily stoting

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 transiation 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 1s performed within the GXB 410 by the

GART unit 520. According to one embodiment, the GART unit implements a push



As descri bed above, in current graphics address translation mechani Sﬁ’FEtB%UL
CART 126 is stored in main nmenory 125. Accordingly, in such

i npl enentations, CART functionality is performed proxinmate to main nmenory
125. In contrast, according to the present enbodi nent, DART functionality

i s perfoygRgngdrehin the GXB 410 by the CART unit 520. Accarh;8@~kgsone
enbodi nent, the GART unit inplenents a push - | | 1 B FEB 2004 WO 01/ 16772
PCT/ US00/ 22833 nodel -and transl ates transacti ons whenever a valid
transaction resides in one of the transaction queue(s). In this regard,
the GART unit 520 is responsible for accepting inbound transactions from
the transaction queue(s) and translating the transactions as necessary. In
t he enbodi nent depicted, the GART unit 520 is coupled to a local off-chip
SRAM 405 tha(# i ncludes the GART 326. Alternatively,.the GART 326 nay be
stored i n ™3 6l EAsRIesBARECUPRE WhglRYer dribd Baagten sgsidss peepghEr bl e f or

progr amm Ngantdeeon GRUIE@Nt B 1Bk rdghra, HRAMRAQMI: SEOEs SEOMIiYIe Torsbplish be
initialized as . invalid or rogranmed before any accesses conmence. The
GART uni t ‘B'%‘D‘“Eéﬂ“?ﬁé“%s(r)f@&@8“?’8“‘19(“8@‘?”5 PHTICRARIEABSTHYIERAIAI |y every

ti hme a ge\éwoa@pérypmﬂheamb@diﬁ.&@rde;ﬁdcd.ﬁwcmxaﬁ@sm isE’éxﬁikrdaﬁmld&gI dm&hi]ge a15
achi eve ssui_n rogr anmi_n ccess requests fr e syste us :
The 110 pogﬁwn%éﬁl?“ég'@?'%ﬁ? fhe ?ﬁ%‘%ﬁ%&%‘afﬁﬁ@- i"ﬁt‘%ﬁlgpegﬁ)y P18t "nore 1/0
ports by =arabdhip§RARYURRIGA RN dnidsd0ds dlsaregforsible@airogritmMgeheor more 1/0
ports. For_exanple, r.di nbodi nent.. the. 1/ ort interface
unit 525 iﬁ?{’SPﬁﬁgégg‘?S[%‘ﬁgﬂg g%s%ﬁ%ﬁ§°f chV‘f‘h:'ic%f'se‘r“i’ﬂ@ ‘unit 525 renoves
t ransact i onsgrimord béferd anlp acrsket coamsact. | Tre GART e $)0 cmibatadaredo i n t he
transacti on _gue | 5 based, upon . .availability an tream priority,
and ¢ r ans iege T PPAM AR B EDy HBR0 KR s BreistiorE e BE B2 117 e
request ieampler Pragrartirhisg magtoe a¢hdeved bydisfuingpro gremapigraopess atpestodiofrer i n t he
dat a buffg&eggkk1§&glgs sent as well. For outbound transactions, an entry
is added to t'he appropriate outbound transaction queue maintained in the
transacti on qudire Iihpart BEEace unitjdk posdesthe mrfice wosoci meredOmartaban out bound

transacti agl§1&?gc{)d§§é€51gt?da%ﬁggtﬁrs%w (RPSHe Rt FrohHld Bhad ol BnfiRt @ buffer unit

510. For the pi t escription. transactions and the data
rel at ed t Irspeding tmons emhedimeph theillQ pmraatetereswpap atneeriaagstrso Fiphwseser | vari ous

ot her alt efRald Y& RIRQAEL BRIY2S réhives mansactions from the inbound transaction
queue(s) maintained in the transachon queue unit 515 based upon availability and stream
priority, and transmits the transactions across the appropnate /O port 412. If the request
is a write, then data is read from the appropnate buffer mn the data buffer unit 510 1s sent
as well. For outbound transactions, an entry is added to the appropriate outbound
transaction queue 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 thercto have
been partitioned to separate units. However, vanous other alternative cmbodiments arc
eoniemplated, For example aceording 10 one embodiment, related data bu frerc and
transachions may be grouped together, Therefore, nothing disclosed heeein 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 detatled view of
graphics expansion bridge 410 according to one embodiment of the present invention.

According to this example, in the spinit of the AGP specification, the high and low AGP



contenpl ated, for exanple, according to one enbodinent, related darn
buffers and transactions may be grouped together. Therefore. nothi g8 FEB 2004
di scl osed herein should be construed as limting the present invention to
‘an enbodi ment based on a particular partitioning of GXB functionality.
Figure S®d /@Rl mplified block diagramillustrating a norg @’Jﬁﬁg Vi ew
of graphics expansion bridge 410 according to one enbodlne 0

present invention. According to this exanple, in the spirit of the AGP
specification, the high and low AGP 12 1 8 FEB 2004 WD 01/16772

PCT/ US00/ 22833 and PCl streans are naintained as separate structures up
until the 1/0 port interface unit 525. The transaction queue unit 515

i ncludes an AGP low priority queue 560, an AGP high priority queue 565, a
PCl i nbound queue 570, SAC inbound control |ogic 580, SAC outbound control
| ogi ¢ 585, 28HBCESIOERS Ha MeHierdgs stReTEOTC Fite VARl /Q peeintesfees uniti t 505

recei ves i sboung RGBS a@meﬂ% &én@d&&hﬁc&%’wl%émg%@eﬁ%@o%qtiéspt hemto the
approprlate ueue 560, 565, or 570. F exa ound transacti ons

from t he PHOELY BprieCa. %%@&l@@méqv% 5%%%6@%& corfel B AG0SAG he AGP

bus int erfaﬁ@mmmcfonn&@égm 5’9‘5%:%@@8&&%%&9@59@|ﬁk9@ﬁbé$§cﬁ£9%}/es
out bound tgggsactl Q fro the 1/0 ports queues themonto the P(

out bound qdE&UECHEH ™ P Uaﬂfaﬁmmcffoquréaé(??ége3%%m@aﬁ# hem imiPdaded by the
AGP bus i nhﬁirfn;&ﬁ&: diRisd 5@0555 bl tFaﬂuamplebiasmm fensa@itnbRbRGhet r ansact i ons

do not req ess tr ot to go through the GART
unit 520. géjartcd‘“[‘ @%d%ﬁ’@ﬁ‘ﬂ“ﬁ‘ﬁl@w %’lP tb“SE"GF’{aFfb‘f‘Udes an
arbitratioﬁOﬂnlt 530, an executlon unit 535, and a WW|teback un|t 540. The
arbitration unit. 5 f or.nms n functions 1 arb anong
the AGP and POl Tices BEEOGH Poapalieit tsdesst o o Surd ity oac bwa Bedld com ng
fromthe coodfsi4jdraad qm:m:cs:mﬁh romlo thnP I dousdiglc(2590. gaaecabmmnai;ueSRAM

530 1 nvol ved Hestdt WESR bl BE BRI RD i B Pl Bt M oy (R "
transacti onmqglmdesn@@@rmssaﬁpt raquire 3@@ressi fahslyion theys Inat redd wegotthrodghe vi rt ual
addresses yl WU &P, Af A0 bits wide in one enbodi ment) associated with the

i nbound transactlons I'n the transacti on queues 560, 565, and 570 are too
wide to be fed ﬂi:qoecb{ig i thig embpd irggaanhe GART unit 520 includes an arbitration unit

530, an execution unit 535, and a writeback unit 540. The arbitration unit 530 performs
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 manslated 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 virtual
address of the transaction that won the arbitration, The arbitration unit 530 may then
communicate to the exccution unit 535 that it should assert the approprate control
signals for the SRAM operation (e.g., read or write). In thic manner, the execution unit
535 can immediately issue an SRAM cyele without having to process the address further.
Alternauvely, the arbitration unit 530 could provide the execution unit 535 with the
SRAM address and the execution unit 535 could assemble 2 full packet and issue it to
SRAM 405.



405. Therefore, the SRAM address generation function (GART index gerﬁéjﬁt' z[ﬁ
function) of the arbitration unit 530 determ nes an SRAM address bas % 4
the virtual address of the transaction that won the arbitration. The
arbitration unit 530 may then comunicate to the execution unit 535 that

it shoul w@szeni2 the appropriate control signals for the BRAMsepeRsdi on
(e.g., read or wite). In this manner, the execution unit 535 can

i mredi ately issue 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 1 8 FEB 7004 WO

01/ 16772 PCT/ US00/ 22833 | deally, the SRAM 405 should be run in pi pel i ned

node and every n unit. 530,sh be a provide
The - address f or D fiscra LS b il e PPe R T e s Ve PE b Mifun, cat e ¢ he
avai l abi l'i ta]bim:tnomh:eurse&thctutdabmmm pmvtdeutetaedresse“ouhe nmu uadshiction3dbe | N one

embodi ment, %t Ha?tcn? C%tn{ﬂ(‘l)r}llcupd}lc 2-15‘!:2311 ablll E)tl ‘%}-—\’Eﬁ\ﬁ ans c e%x ch' clinoti“lst SRAM
operations by asser ing an eassert con S|gna at th
appropriatelbinmes. In an alternati ve enbodl ment , the execution unit 535

TRy perform an XGAUANShads WULGN, LOCLUIRS, O S8 83N N0 AN ER N9 SRAW
i TRk o 5

address fromthe ar execut y sending it to
t he SRAM 401ivcramﬁerby@édaﬂhnemnd d@sscmne &Re\éecweul $gnal hehc mmmue@mcunlint 535,

they are usgq, éﬁﬂat%%&%ﬁ%@ﬁ%ﬁﬁ%%cﬁﬂ L%Ek %R%Bérfﬂ-ln%%&gn%%n thet he inbound

transacti on address corres ing t entry is wthi he GART
aperture, tweth intled SARTCESME2p lmogmtsédb‘tté agrsess drom thelenbezagon prihSand on.

However, i fcx&éﬂﬁng lt'ﬂ?g%% tl{t@wqof"dﬂh%élkheﬂ én&c?%%&c‘gﬁrc& E‘)etthRT

aperture (c.g., Tt Is a sica dress then the DART entry is dropped
and no trarFéF%tt'P'bhmi@%é‘Fféﬁcnﬂé‘Hi toPﬁf%ad@rtSéeﬁeltweréﬁ%éﬁdrré%c t he

executi on URdcun®8nsh@bn RBEssQbHedpb @i 18 tHe @R PendSEwathinlthead gkt | ON
| ook-aside buffer to facilitate address translation, In any event t he

"t rans| at edPeEg teraghe GARJ entry st tp geoipam aidﬁ’lﬁﬁﬁ?&“f?"é‘né"a?é‘t”?in‘ dr ess or
the physi cahboafidltr@G8ctio ad@e MGl tstde tHBART hfceRAqK gURiida a%.caﬂhe wri t eback

UNIL 540 T eggl VS Shen the GART Endy & diSapdand HotalRid 2k REALLIPE, BY
alternative embodiment, the execution unit 535 may hold old translations or use a
translation look-aside buffer 1o 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 recerves 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 entry of a queue in the ransaction queue unit 515).
For example, according to the embodiment depicted, the writeback unit 540 1s
responsible for overwriting the virtual addresses of the inbound transactions with the

translated address provided by the execution unit.

High-Level Transaction Processing

Figure 6 is a high-level flow diagram conceptually illustrating transaction
processing according to onc cmbodiment of the present invention. In this example, at
step 610, a ransaction 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



the execution unit 535 and the configuration control unit 595 format tgg
data and routes it to the correct destination (e.g., an entry of a f]@ef 2004
in the transaction queue unit 5 1 5). For exanple, according to the

‘enbodi nent depicted, the witeback unit 540 is responsible for overwiting
the vi rtw@lmﬁgpl,gesses of the inbound transactions wth the, translaled
address provided by the execution unit. High-Level Tr ansactl on Procéssi ng
Figure 6 is a high-level flow diagramconceptually 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
subsequently nade at step 620 based upon the transaction type whether or
not to performaddress translation. If the transaction is an inbound
transaction (e.g., one received fromthe AGP bus 330). then is= 1 6 FEB
2004 WO 01FAGFTEn PCTLisBRGIRINSASitH staprfbc Oitlenvipe. olctbs samgeticomtannues with step
630. Q1 her Wiiifing ivhndalifor! € 20SACH AR Idnif o&)tﬁr%wotpeﬁm Aglhan (e g., one
recei ved fromt e one or O ports 4 then "proce$Ssing conti nues
with step BReessipg coaptippesegy steprédfs Aatroi3 Oprassiedan pracesgnpispedermed. Wil e for
conveni enc GmiCARToARhIch&S GAR dieS REE bl el Al i RAGH{ HOTRWRP SRAM 410,
not all inbound transactions are translated. For exanple, inbound

transact i ofitd. n&gd dntroynd Fansasiions nanslaise e 5er cramelc debeynd fResa®@ps r ange (e. g.
the GART agReikied vithilladdreds oulifie bf @B Aot @cke (Af., ﬁkmf@ﬂ%mﬁww QLA
transactions bypass the trans]ation processing Finally, at, step 650, the
transact i obf Faslaedc i sep 610 epRousp Freptioat EVFBEFS’J‘% ganglaton RBESHEE- t r ansact i ons

are execut eglaigNaGRp 630, APirshsitioh h@xaduﬁdraarxﬁesapﬂméaauaﬁﬁ @4t hdoivy transactions
are executed on the AGP bus 330 | nbound PCl Wi t%B‘HF aactl on Processing

Pr ef er abl y "SRG PrFcrrden anessmope Rl thelfD poriyyf I gan PaEF B pr ocess
both AGP #ansaed bots AGRINBG30Y ransactions recei ved on the AGP bus 330 to
provide a |l evel of backwards conpatibility. The processing flow through
the GXB 410 is very simlar for each of the PCl, low priority AGP, and
hi gh pri or [nbyund®[ S¥rite dimnsakiien Bloosseing onl y t he processing of an exenpl ary

PCl transacti O%rﬂcmhlyﬁéls oeténCiP II"I:)g[ure gf B | XB'4 lgﬂi'lsrc%nl7 gurcd 8 p];cnlcgsvsv bgihagr am
illustrating inboun ransac |on

AGP transactions and PCI transactions received on t.he AGP bus 330 to provide a level

of backwards compatlbthry The processing flow through the GXB 410 is very similar
for each of the PCI, low priority AGP, and high prority AGP stream. Thercfore, only
the processing of an exemplary PCI ransaction will be described herein.

Figure 7 is a flow diagram illustrating inbound PCI write transaction processing
according 1o 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
ransaction is buffered in the PCI inbound buffer 570. Upon winning arbitration, the
virtual address associated with the PCI wransaction is translated 1o a physical address in
main memory 325 ac deccribed further below (step 730). The PCI transaction’s virmal
address is overwritten with the transiated address at step 740, Due 10 the speculative
nature of the remmeval of GART entnies, when translation is not to be performed, the
translated address may be the same as the viral address. At any rate, the translated PCI
transaction is buffered in the SAC inbound buffer 580 at step 750 until the ransaction
can be executed on the appropriate [0 port 412. Finally, the translated PCI transaction

is performed by executing a write cycle on the /O port 412.
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according to one enbodi nent of the present invention. In the exanple FER 2004
depicted, at step 710, a PCl cycle runs on the AGP bus 330 deIiveriLS IER
PCl 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

i nbound Wf 1867/870. Upon winning arbitration, the virtual padgicgssais
associated with the PCl transaction is translated to a physical address in
mai n menory 325 as described further below (step 730). The P(
transaction's virtual address is overwitten with the translated address
at step 740, Due to the speculative nature of the retrieval of DART
entries, when translation is not to be perforned, the translated address
may be the sanme as the virtual address. At any rate, the translated PCl
transacti on | éjff[ered in the SAC i nbound buffer 580 at step 750 until the
transactio - et e 4 RBHCR £TREESHBHr opri ate UO port 412. Finally, the
transl ated PC Mae&aa&a :Q)Bve oG tbP&df RihER HorR e @KAA YE LB ladWyittefGRHCl € on the
UO por't 41%11 J6 &g&l B 2004, WO 01/.16772. PCT/.US00/ 22833 Qut bound PCI Wite
Transact i off 'Pr 6 BE@rrfusietcdhis cirpeseringaserrR e d Sits orrdRisat®f ons need not
be trans| atregsabiontviei noXbbe dddBibedlWith LHI-BIRE tJ Fithald. antdéorfdhigﬁo thy ocessing -
associ at ed vmtq an _out bound PCl Bi\g” te trans cti og now be descri bed
with ref er SRP'T 8 “FHGIRAESE!S ARUEF ARG VOPFHi 1S 2ndk ﬁm"&“cs’ds\ﬁclﬂf’%‘i $¥quest is
execut ed omowed t&ﬂ&mbulgdﬁ\da:ﬁﬁhcﬂlﬁ@ SBSQ‘ﬂhtBSEHDIan $2¢.eDyRdssaglsted @k ed to the

SAC out bound ntrol .10 5 ta associated with
t he PCl re%‘ue requcyt s %%F%FF‘S&? "g'%é;t"ﬁét’f AR %f cﬁﬁg)@ UBOT §INIRE 2Bt ep 840,
upon W nni rRgiteanon ambiskor, alid @mbduhdrBCEWote matdaeiomus bofmderF@ emu'tnhgat ransacti on

is perfor cle 330, A wite

conpl et i og%&nfgy %ﬁ’%ﬁélﬁgg bﬁseﬂgdl{ ?ofom\p ep?" mpﬁ °8utal§oﬁr?6° vttt afifi ¢ e
transacti omeMQDOb@PCbmvplbemtheémfcmhbiytcé stcepsiudp Gtan d586)360Addr ess
Transl ation Overview Figure 9 conceptually illustrates graphics (virtual)
to physical address space translation according to one enbodi ment of the
present i nédaepohanitionQuervidwy this exanple, a virtual address 915
conprises an AGR A &3S %My AR 81 JJ&@ (vikdar mggﬁmvwd}gg address 915
represents an adgress I n'the contl nuous | ogi ca ress space enployed by
t he graphi E%“SéP@QEP‘é‘P%m@BSCmPQS’r‘m@%a%FEGSCFH@VSK@P“a@d?févssl B30, a portion

thereof, Okxaipheh virfhPidaRlsi 01 QiphyRdn WEPRaLRE: AR5 8359 82G L s used to

retrieve an
virtual address 915 represents an address in the continuous logical address space

cmployed 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
tdentifies a physical page in main memory 325 containing the physical address
comesponding to the virtual address 915. The physical page identified by the GART
eatry is combined with the offset 925 from the virtual address 915 to form the main

memory address 930.

suppert for Multiple Paps Sizes

According to one embodiment, the GXB 410 supports two different page sizes in
main memory 325. The wanslation of the virtal address 915 depends upon the page size
in which the corresponding 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

16 -



appropriate entry fromthe GART 905. Information contained within the GART
entry identifies a physical page in main nenory 325 containing the 16 FEB 200t
physi cal address corresponding to the virtual address 915. The physi cal
"page identified by the GART entry is conbined with the offset 925 fromthe
virtual g§@§§§39I5 to formthe main nenory address 930. SURgﬁrt for
Mul tiple zes According to one enbodi nent, the GXB s two
different page sizes-in mnmain nmenory 325. The translation of the virtual
address 915 depends upon the page size in which the correspondi ng physi cal
address resides. In one enbodiment, a fixed page size 4Kbyte or4Moyte) is
used for all pages falling wiwthin 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 progranm ng nodel is designed using 4Kbyte pages
-16 16 FEBoROORTWDu@S/ B@Wcﬁniﬁﬁl’latﬁeeigzzﬁa&ﬁon%ﬁmer ¢:e3.thalyxBl | owi ng a

| ar ger pa yi the GXB 410 is conpatible
Wi th hi ghg‘glgﬁ (g)orr{%ﬁ%’gwé%}%w peﬁbman é/compu s)fs ’msabove all pages in the GART

aperture are onfh;, zfmvg,rall@ng:tsh@mp GHR"ﬁﬁpcnaﬂctaai’mtslzverzemeldhmt t he GART

aperture C e i ff

enbodi mnmnﬁﬁ% gr(c]]roesscln%{rmé:gfll‘gf?%cﬁé%eﬁa gr[?m)amﬁgcriﬁ %éﬁ&d'ﬂgﬁwol l ed as
descri bed si#ek.oln thifeghedime@Ahe pddgess FramS@sloaneegx@rmldangmlvallwtcumi'olhdiakr ess format
whi ch may hernneipligyed to refer to data residing in 4Kbyte pages in main

nmenory. According to this enbodinent, the virtual address 915 is 40 bits
wi de. The AGP zfem*reé%ﬂmmatmws@sry vi8ahiddsesafpdmativdhidhinhaydte 1025 conpri ses

12 bits. Rigidyed dDBrek ld dist khiRS ik SRk anmrﬁért@i/ R B35l Mt whi ch

may be enployed to refer to data résiding In e pages I n nmain nenory.
Accor di ng Spogest, ﬂ@m@aiffﬁérﬁsﬂmé‘*%ﬁw& EM@BS dyess 192 cogwises40 bits

w de. mm@;magmemta@gr@%méqgglgs reduced to 18 bits and the offset
1025 is increased to 22 bits. IS contenpl ated that various other page

si zes coul d be Y3RuES MM HlEEES aFF&i‘P‘%‘“’X.IR“F Fdeeey fare WAk &bl ary GART entry
format 1 1@hidyed &uaﬁefotdaaddmﬁ@m AMBRSpagts lﬁﬂlatirpm%'yt RcdRURS ol s M N

menory. In tbrc])dlmcnt, rrpl & virtual a s:sse ! rl ag]élo 0 l:!lLSs. w:? Howcvcr the AGP address
1021 is reduced to 18 bits and the offsct 1025 is increased to 22 bits. [t is contemplated
that various other page sizes could be accommodated

Figure 11A illustrates an exemplary GART entry format 1105 to support address
transiation to 4Kbyte pages in main memory. In this example, the entry 1105 is 32 bits
wide and includes a panty 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 panty bit 1115 covers the entire GART entry 1105, 1t may be generated by
hardware and be calculated such that the total number of 1's, including the panty bit
1115 total to an even or an odd number.

The coherency bit 1120 indicates whether or not the maffic from the graphics card
needs to be soherent with the system bus 213, Coherency is discussed further below,

The vahd bit 1125 indicates whether of not the SRAM 405 contains valid data for
this enay. If the valid bit 1125 indicates the data is valid for the entry, then it is ok to use

the entry for address translation.



wi de and includes a parity bit | 1 15, a coherency bit 1120, a valid ik
1125, a new page address 1130, and a reserved area | 1 10. Each ent}gF B 2004
covers one 4Kbyte page. One negabyte is sufficient to hold 256k entries or
a total of 1 GB of translatable space for 4Kbyte pages. The parity bit

1115 cow entire GART entry 1105. It may be gener ate%:.[tm war e
and be cﬁ@df‘gﬁéd such that the total nunmber of 1's, inclu mgsot0 Z&%arity
bit 1115 total to an even or an odd nunber. The coherency hit t 120

i ndi cates whether or not the traffic fromthe graphics card needs to be
coherent with the system bus 315, coherency is discussed further bel ow

The valid bit 1125 indi cates whet her of not the SRAM 405 contains valid
data for this entry. If the valid bit 1 175 indicates the data is valid for
the entry, then it is ok to use the entry for address translation. -17 1 8
FEB 2004 WD 01/i2&myoxampty, themey rrgaidress {130 4s Thkiwplide;, Thheeweweepage address 1

130 is 24 Bid&s WM @BQomphisesASWnRAGERss AAKS 39 Mrha t address
of a 4Kbyte phi/sj c%{zéagé inrtmai nssnenory%B%}JS tk%gg@oﬁﬁg?ﬁgo%%gdesi red

physi cal ~ atidr@gigins pEcdiPhBisal pddsess-at es an exenpl ary CART entry format to

support addr essrigdreanBlifdstBs il AMBMLEG RRUSSY PRI sufBoWidirest N this
exanpl e, as above, the entry 1106 is 32 bits wide and includes a parity

bit 1 1 1 Bnshuon g d{RyrRasts ip mpipmemoryy &) thy ckierle. 2oePove, haaWy Ailfe addr ess
113 1, Agndit.;.meaﬁzsr Mﬁi@ a2l BRfidds a\_lpailii)ibil]a:léld s,JaJo%ﬁcrmEﬁ%h 1emf, wm%rm,qﬁe 142/835 e g
page. above, t arl ty%é:)l t overs the entire entry an
may be cal'TUP%E é‘?)d?%%clw bR mf“ﬁ}é“dtaé'i"‘él?l Huwrbdl St Eagh @iicREefieng t he parity
bit 1116 tatbyje pspgean even or an odd nunber. The coherency bit 1121
i ndi cates whether ,or not the.traffic f om.thq? aphics.card needs to be
coherent with tH&P8Y% rﬁaﬁﬁg"ﬁg. CEERETENEY '%%F%@Us@ga“# Wt ¥er bel ow.
The valid duldulaiei26ct theli ibabasnwhietr bl s,ofichnidg thdy@nnSRAM 403odlonhpdves val i d
data for e rta;l)éd‘iinurggeersti on. If the valid bit 1 126 indicates the data is
valid for THe entty.then it is ok to use the entry for address
transl ation. | AhthorexabpllEl] intheatrsevicfage reddr esfic Tib8itht gragkcslratds wi de.
The new PaQ&4ds 1o be coherent with the systemn bus 315. Coherency is discussed further below.
The valid bit 1126 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 it is
ok to use the entry for address translation.
In this example, the new page address 1131 1s 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
differentthan that illustrated in the examples of Figure 11A and Figure 11B. Also, in
altemative 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 Lo 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



address 1131 conprises a start address of a 4Moyte physical page in &@ n
menory 325 that contains the desired physical address. In al t er nat iMEFEB 2004
- enbodi nents, the relative positioning of the bits and fields may be
‘different-than that illustrated in the exanples of Figure | IA and Figure
11B. Al sQyo bther® ternative enbodi nents, the entry format npyrgaksfsac! ude a
page nnde(%lt to indicate the destlnatlon 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-g.,
graphi cs accel erator 335) may or may not want to be coherent with the
system bus 325. According to one enbodi nent, coherency is selectable on a
page- by- page basis. For_ purposes of this dlsclosure "coherency” neans
that the adRESeESORN] 310 paysoentheineches fordiatBadiessolf theyeXImaPs one or

more - 19 bufr E.Ea%easl% MMQZ&%‘PQE(M@QW 313%?0355!96:061&5&1@{&&950@”(1 310
may snoop their caches for that address t he textur%ﬁ {‘%’3{5 ot her-i mage

data is marREE Yy AEGCSERYY HE F§ePAES %ﬁ/w‘rﬁlé I FPCRseLEsTor's "Whta is not
coherent. Ad@tre@smcmvabah@yﬁmeﬂbbuﬁyﬁ&ﬁvw{auﬁhdmtnmann hePbeCRSMAE' S WC
buffer arc not ged Alternatlvgaz Ehe a Ilcatl kpo that the
data in nalnﬁ“ffﬁwg‘ EsesRA =B S LIS BO™ i<t 4 ‘%E)’b“'é’é ‘Cfé‘“é 0P came from
di sk) and wedag wilduQustzithesm 6ad 3L Stbandwadts eo fbldes :daidaemdmm usi ng system
bus 325 bandwidth so forces the access to be non- coherent. As descri bed

above, for AGP—type accesses which hit in the AGP range, there is a
bit per GART enhnylesnhberdhbdm; éor il RSP -tygratcbsses Whichaddidn es AGsraggehdeent . For

ACP. LYPe ACEERSER bt BlUS LI AR LANIG e, LLSLIBL AL, Sor aBpOn DI

coherency indic m-a con uration register of the GXB
410 to det eypmamsseheutedhép &vifyrange| mfvmmmt(t P2 enﬂi&rce)hcxynqynndmmrboher ency

appl i es 10 AGRESRq YR R e o x%ohm/égﬁﬁ@ﬁt@ﬁeu&iemcs‘é he PC

protocol are’always done coheren transl ation
tabl e or ndwmporantly, Wehﬂrrwegoncrmgmbgewfamdm tocageess h%ﬂﬂ the ApPirsrtodedsnlpeen

descri bed withd %&ﬁgﬁ{}%lmto&;pﬁgamﬁ RILOHIABN, S HeMer €& hitthd Wil l,
however, be evi éent that various nodifications
translation table or not

In the foregoing specification, the invenrtion has been described with reference to
specific embodiments thereof. It will, however, be evident that various modifications
and changes may be made thereto without departing 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 S{)i rit
and scope of the invention. The specification and draw ngs are, 8 FEB 2004
accordingly, to be regarded in an illustrative rather than a restrictive
sense. . 19 18 FEB 2004 What is clained is: 1. A graphics expansion bridge
conprising: a first interface unit to be coupled to a system nenory and 110
controller through one or nore 1/0 ports, the first interface unit

enabl i ng dgiaifdiamedars over the one or nore 110 ports to or froma main
menory of a conputer system an Accelerated Graphics Port (AGP) interface
unit that provides bus control signals and addresses to enable data
transfers jover @ SnstoR bRled JoRidti@nper i pheral device; and an address
transl ation uni tﬁégﬁﬁﬁ‘g ts_g thegfioir:l‘lls%1 ?ériterface unit and the AGP interface
unit, the addradist inteefsrsiuait i copled to@ systemBrRPE agd APrmontolicatreush ege or

associ at eqy g {/8 goﬂgwsﬁ%fa&m SR6 i ONR: ERACRISE R0 A/ Hénst%b{ or
accessing stati ¢ random access nenory (SRAM containing a graphics address
r el ocat i orfromabinein MGARTY of acompstepsysiemet y, t he GART including physi cal
addresses of p ' | f. E@ﬁrﬁj ; 1 siddAR 28§ aphi cs
expansi on bri d%g%ch élgrfl%fi %@m\gﬁg@%ﬂt%@@ I Etﬁé&g%%ggg%nﬁlr%aﬁlgty o?
entries eadfremssiochaieditatianblen oyerge AGP braitmonfearpr peripheral devlcaidindg an

| ndi cati on 1 denfliy kNG, MOBhNGH AplAQ) A FRSAS: Wil el ASp RRGE.ALR, L0 be
snooped on a processor "bus of the conputer system 3. The graphics

expansi on thy dddrges tofnslgticn ynitto trevstatecgraphich addichdesassociated mgthantiogpd &46Pt support s
mul tiple i Dy, i r I I 4 DL dde . GORT ot to a
first forﬁ%gggﬁd"g?%gggdnwggrwrﬁtu% H%?C%%irgggtr%%%%?cs‘ aecxpesinsc?ro%ﬁf (rﬁiAqmg)e of claim
3, wher ei ronthiningialgripbice agskiese reddcatéon e (GART tings entiretysheGAR Tandsiage pages, 2
Moyt e pag : - ] sion bridge of claim
3. ey of it HAT RSt FosBE e merhl AU ERETRERC 7% Noyte. b A

chi pset conprising;, a graphics expansion bridge to provide a buy, protocol

bri dgi ng bet we QL edFRhsfon HriABYSE Bith R Undrdid B PRET ShoRAE Aflurdfes BF er at ed
Graphi cs Port (%}&%&?’Blus ,’{Et%e grragﬁl cs expansion -20 _ aa;n o

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.

3. The graphics expansion bridge of ¢laim 1, wherein the address translation unit supports
multiple page sizes by interpreting entries in the GART according to a first format or a second

format.

4. The graphics expansion bridge of claim 3, wherein the multiple page sizes include two or

more of 4 Kbyte pages, 2 Mbyte pages, and 4 Mbyte pages.

2. The graphics expansion bridge of claim 3, wherein the multiple page sizes include 4
Kbyte and 4 Mbyte.
b. A chipset comprising:

a graphics expansion bridge to provide a bus protocol bridging between one or more

input/output (/O) ports and an Accelerated Graphics Port (AGP) bus, the graphics expansion
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1 8 FEB 2004 bridge to translate virtual addresses associated with iﬂﬁ?ﬂﬁqmt
transactions to physical addresses wthin a main nenory of a conput
syst em based upon a graphics address relocation table (GART) stored
entirely in a local nmenory; and a system nenory and UO control |l er coupled
to the graphics expansion bridge and configured to be coupled to a system
bus and a nenory bus of the conputer system the system nenory and 110
control | eran%e Beh MOV idBi1AddE ABSds e fatdd Qv TAbduh @ Fiutsh@ioRPrdo ph iR EAr@kRks behal f
of the graphics expansion bridge. 7_ The chipset of claimb, wherein the

| ocal mensTifcHRpRmEEeAef JRMEHFLSYSmIREeMRPH? grephissaddressalgpatian 2bles menor y
(SRAM . 8.cARE) &R eftire9fin Qio@élrﬂcgwor)v"ﬁﬁd ein the GART includes a plurality of
entries each associated” wth a page in nain nenory and |nclud|ng an

i ndi cati on i derftsy§tgm FmRREanE SO eontrpldsr couplpdds de grapliics pmnsiondidag@idare to be
snooped 0%@@3&9‘%@ §§8'fupmi§o DlysteRius M%ory Bus &F tﬁ‘éeé teP §yslehrthe sk

i nput / out put transactions in a I dge, "t he net ho conprisin

recei vi ng W%@dﬂf{? eryEroler tqpqyfogmdntgar@@quﬁto(ﬁqd;ﬁromb%lmalp/n@rrﬁ@g@n edgf el mi ni ng
an addr ess, Anghndl fhs6d bidfgoci ated with the 1/0 transaction; retrieving an
entry from address translation table based upon the address, t he address
translation table stored entirely in a local nenory coupled directly to the
bri dge; and forpgng,a, Wﬁh(ﬁauha’gﬂlﬂ%ﬁﬁcﬂ h@koé@%%}&éﬁé ofkcl IBG%H Eflp lstQtlda mai n
menory of a conputeP syst em based upon t try and fset. The
met hod of raldainecss memei(bRAMe | ocal 110 bus conpri ses an Accel er at ed
Graphics Port (AGP) bus, and wherein the bridge receiving an 1/0
transaction on a local I/O bus conprises the bridge receiving an AGP
transacti dn an Thhehip@gpofnlgim 61 whergingherfad RS dnchidety @!Pfrﬂltjf@fe%egreég?ﬂst‘%@teéddr ess
transl ati Qo GRIP RT)

12. The neqw §Q%?mc a|ﬁ*ég§ﬁﬁ%?%?§ﬂ?9§"MQ?H%Pﬁéﬁgﬁhgﬁg%ﬁﬁPaggg&ggfgfﬁln|ng
whet her acdtinsthe pagenredo paignoppag| ongdufpcesser hus of thejsempis¢ier ent or non- coherent.
-21 18 FEB 2004 13. The nethod of claim9, mhereln the |l ocal nenory

conprises static random access nenory 8
g. A method of translating input/output (I/O) transactlons in a bridge, the method
comprising:

receiving at the bridge an 1/O transaction on a local /O bus;

determining an address and an offset associated with the 1/0 transaction;

retrieving an entry from an address translation table based upon the address, the address
translation table stored entirely in a local memory coupled directly to the bridge; and

forming a physical address that identifies a location in a main memory of a computer

system based upon the entry and the offset.

10. The method of claim 9, wherein the local [/O bus comprises an Accelerated Graphics
Port (AGP) bus, and wherein the bridge receiving an I/O transaction on a local IO bus comprises

the bridge receiving an AGP transaction on the AGP bus.

11. The method of claim 10, wherein the address translation table comprises a graphics

address relocation table (GART).

12, The method of claim 9, wherein the method further includes determining whether access

to the physical address is to be coherent or non-coherent.
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14. The method of claim9, wherein the nethod further includes: deteﬁgk?iﬁgu
whet her the |ocation resides wwthin a 4 Kbyte page or a 4 Myyte page’i @
main menory; and interpreting the entry based upon the results of said
determ ning. 15. A nethod of translating input/output (110) transactions in
a bridge, the nethod conprising the steps of: a step for receiving at the
bridge an 110 transaction on a |local 110 bus; a step for determ ning an

address ang. an THefreliodagsRimh af vaitkrai thi ldchiemdrlddy témptiacitatRitanddmSdcess f or
receiving an entry froman address translation table based upon the

addr ess, tHRENOMY & translation table stored entirely in a |ocal memory
coupled directly to the bridge; and a step for formng a physical address

that identifies a location in a main nenorﬁggf a conputer based system
based uponi% he Bitmephodiid clapa.oylessn the msthod Huthepiptlsdesof cl ai m 15, wherein

the | ocal 110 DieARGRLHRAR: 88 1AGEAIEAS SAnEANREASEaERF | 4 (GRpRLR hand

wherein the step for receiving at the bridge an I'/O transaction on a | ocal
110 bus deaippeses; se bridge receiving an AGP transaction on the AGP bus.

17. The met hod ;g rdiAb MekBery BAACH AR th@suTE bPQe detbrhRglg. | Ncl udes the steps

of a step for determ ning ether the location resides within a 4 Kbyte
page or a 4 Mouyte page in the nmain nenory; and a step for interpreting the

entry baseg upo fhgq Eﬁ?éﬂsfaﬁl%ifn SRLHuASOS FR RS laBRided the Mdifodet hod of
claim 15, wherein the | ocal n%ry onprises static random access nenory

( SRAM) . - Z@mprising the steps of:
a step for receiving at the bridge an I/O transaction on a local I/O bus;
a step for determining an address and an offset associated with the I/O transaction;
a step for receiving an entry from an address translation table based upon the address, the
address translation table stored entirely in a local memory coupled directly to the bridge; and
a step for forming a physical address that identifies a location in a main memory of a

computer based system based upon the entry and the offset.

16. The method of claim 13, wherein the local I/O bus comprises an Accelerated Graphics
Port (AGP) bus, and wherein the step for receiving at the bridge an 1/O transaction on a local I/'O

bus comprises the bridge receiving an AGP transaction on the AGP bus.

17. The method of claim 16, wherein the method further includes the steps of:
a step for determining whether the location resides within a 4 Kbyte page or a 4 Mbyte
page in the main memory; and

a step for interpreting the entry based upon the results of said determining step.

18. The method of claim 15, wherein the local memory comprises static random access

memory (SRAM).
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