WO 01/ 27777 PCT/US00/ 26584 MEDi CD AND APPARATUS FOR | NI TIALI ZI NG A
COMPUTER I hgeEASE The present invention pertains to the field of conputer
systens. More particularly, the invention pertains to tﬁgT’PF@{ZgS%f
detecting devices coupled to a hub interface in a conputer system
BACKGROUND Ry el hiYRPPLk Sabs FROH iRfrag LK QompEvER n@iReakiy PI CaI Ly rely on

st andar di zed busses, such as the Peripheral Conponent Interconnect (PCl)

bus adhering to a_Specification Revision 2.1 bus devel oped by the PCl
Speci al Interest EPORSSEH inpetion prraiey tedksficld of compyter sxstemst More syst em

chi pset conpP@R&RkISHIY, hCRVEREBH ﬁéﬁa@nsqaa,evﬁemf%@@&ﬁr}?edgv@srcogisggg({;%urhﬁve i ght

transaction originating at a processor and inte or
first be defiitegéacedn a eompifigrisysteahi pset conponent that serves as an

i ntermedi ary bus and a PCl bus. The first chipset
conponent mﬁgkﬁggNggFFﬁﬁ%?&{ransaction over the PCl bus to a second
syst em chi pset coRpion@atputsh systemsaygichlly hdyon steddavdizedbiisses, sadhsaekid on to t he
di sk drive. Busses %Ch as the PCl t&g@) | so gr,ovi de fqQr communi cation with
ot her conput EFFPREfAl OmPaRSHAt intereanpest 8‘.‘%&5’1‘1 Bng 10 3 ppecification Reyigiondilwor k
adapt ers. Begad\dévelopsdBiFtne PCSpedful Inttest Groud b PBMIRA DRighh, 18 alfo Wt ddimfervar i ety
of conponent types, each with varying requirenents, the busses are not

necessarily SYMSTFBIBIFt FURPORFRLS (] IPEPIRUBIARIE AN HithGRothere Fiaperampls, pset
conponents.  FuhdaBiE orfeitialfSht ATHOGERE bl iffeRd &Y o AEAAISIEL zed  Dusses

such as the PCl bus must adhere to bus standards In or to ensure
conpat i bi | i t ylelivgkadto atfinss chipentpornponent, thatisefvesras an anterstediainbhetweenttie make

subst anti al ' [ . Lcate. with each
other - Anot hEFoer g sl R PCL B, THEloRE hin el ERARRN waRTTNGRHLY! |

desi gni ng antansaethon’ avet the POT busto asedond syspranehipsst dogapohent Wbl vcalddaf orm to
st andar di zed ;suppl.y and .. signali. yol t ages when relying on busses such as
PCl for connﬂﬂ‘%gp?ééﬁnﬁéf%‘gﬁ&‘t‘ag%v& conponents, thereby |ocking the
manufacturers i nt Buged $ush s 46 PCYBuSURProvi@SfoPEmikaEuon Witk okt computer
technol ogies. Therefore, it would be desirable to provide a flexible point

to point i nt &ystesm devioes suchas graghiss enstrliers andoetverk adaptesn Broavsednssensyshet
component s bfie249 bid fifst idebrflt Wi a%ri&%f]ée&?oﬁe&t é}\égchawigif@ﬁﬂgsm for

initializing such an interface erernt presence of a devicte  coupled to
t he chi pset véquirements, thechubses areinot nesessarily joptimdized for allowing communication

between chipset components. Further, chipset manufacturers who rely on standardized

busses such as the PCI bus must adhere to bus standards in order to ensure compatibility
with other components, and are not at liberty to make substantial changes in how the
chipset components communicate with each other.

Another issue that faces chipset component manufacturers in designing and
manufacturing chipset components is the need to conform to standardized supply and
signaling voltages when relying on busses such as PCI for communication between
chipset components, thereby locking the manufacturers into certain design practices and
manufacturing technologies. Therefore, it would be desirable to provide a flexible point
to point interface that provides optimal communication between chipset components. In
addition, it would be desirable to have a mechanism for initializing such an interface

wherein the presence of a device coupled to the chipset via the interface is ascertained.
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WO 01/ 27777 PCT/ USO0/ 26584 Further, it would be advantageous to assign
device identification nunbers if a device is detected so that a processor
may poll angogegeth7i he devi ces. SUMVARY OF THE | NVENTI ON AeeRisoh/deskst O one
enbodi nent, a systemis disclosed that includes a central processing unit
(CPU) and a nenory controller hub (MCH) coupled to the CPU. The MCH

i ncl udes a f#&rﬁi’e{),iim&ﬁé ﬁéa%vs‘:ﬁfb’e&%' th &dsignMelicd ReRRRAGR faniblrs §61 &ellce i€
presence of a hu agent coupled to the MCH BRI EF DESCRI PTI ON OF THE

DRAW NGS Thedstesiedrsoitieat a procéssorumaypatl @ad tepd thgyleiéesexanpl e and not linitation
in the figur f BRARR ing drawi ngs, in which |ike references

I ndi cate si m%@“%féﬁgﬁ?s, angﬁ?/n which: Figure 1 is a block diagram of
one enbodi nent of Aaxondingpobae ershyoslinent, a systemn isali®lased thatbihohades acagmabam of one

enbodi ment of agents . cted by a hub . inte e: FEigur S bl ock
di agr am of off&¢ ﬂﬁ%ﬂ?‘ﬁ&ﬁiﬁtﬁ?gﬁmﬁ%ggecﬁg °15§F cﬂ@% d°H@E‘gQﬁF%§YﬂFFS"Ur edis a
f1 ow di agr anMGCH in6ln@escafirerdntsifate codtrollBethatis dpepdblena ieten thifprasedveldf a il er f ace;

Figure 5is a timng,di illustrating a split transaction inplenented
by one enbo%ﬁeﬂb‘??ﬂlplg?t%ﬁgmrface; Figure 6 is a tining diagram

I |1 ust r at i ngBRfgpDEsakipPIONTTIHEDHAWINGS| On of data packets, according to
one enbodinent; Figure 7 is . a timng diagram.illustrating flow control of

dat a packets, accBiednysguon isillistated byomay i srampls agmet imitationdg thy figures,of | oy

di agram descpe Qi ddthphiiingdrbiRgD in WRSPERAERELR iddiQWY siiliHeleflenSPRABH | ONS
according to one enbodinent; Figure 9 illustrates the physical signal

i nterface acWbicBing to one enbodinent; and Figure 10 is a timing diagram

illustrating sourg : . g O
DT L Dpg 3 o BurNG RbRERHiAgrit U 6hd nBRAEHAE o Wbomblte tef

Figure 2 is a block diagram of one embodiment of agents connected by a hub
interface;

Figure 3 is a block diagram of one embodiment of a presence detection
mechanism;

Figure 4 is a flow diagram for one embodiment of the initialization of a hub
interface;

Figure § is a timing diagram illustrating a split transaction implemented by one
embodiment of an interface;

Figure 6 is a timing diagram illustrating arbitration and transmission of data
packets, according to one embodiment;

Figure 7 is a timing diagram illustrating flow control of data packets, according
to one embodiment;

Figure 8 illustrates a flow diagram describing the steps of responding to flow
control operations according to one embodiment;

Figure 9 illustrates the physical signal interface according to one embodiment;
and

Figure 10 is a timing diagram illustrating source synchronous clocking according
to onc embodiment.

DETAILED DESCRIPTION
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-2 11IH W 01/27777 PCTIUSCO 26584 A nmethod and apparatus for initializing
a hub interface is described. In the follow ng detailed description of the
present i nVER¥BHW7nuner ous specific details are set for PATAURNESSEr to
provi de a thorough understandi ng of the present invention. However, it

wi ||l be apparent to one skilled in the art that the present invention may
be practiced w tAeiethot and sppasaesifén isitiaiéding 4 iub ihtarfadeiedestrited alnths

wel | - known sfructures.and devices are shown. in bl ock diagramform rather
than i n_dot aloio%ing ERiefdestsaios SEioSSsea IERiond-PERES wt B OB FOA Some

portions of fona ikleddar topebvitROhdBhghamBerstrding 6f thopreRhEindrBsLNHeWever) if €r N8 Of
al gorithns and synbolic representations of operations on data bits within a

comput er ettt §F aPpasRtde gneytilied inhe ag that the Breset dnvEPHRPN TRy R PEASHSRY ons are

the means usggindii iebOsRcifie Héthils®dn biferdilRarded, ¥l kAGES Sthidfird ah@ diviced RSt
effectively convey thé substance of their work to others skilled in the

art. An al goshopmrin plock diagramcfamm. gatherthan|iy detaib i erderde ayaid plscuringehe -

consi st ent s?lqu;,p GeftlonSt €ps leading to a desired result. The steps are
those requirfng physical manipul ati ons of physical quantities. Usually,
t hough not necessSamd gortians of the defailed desdriptionsahkas follow drepresenfeddt wons ofcal  or

magnetic si ggﬂﬁﬁﬁg%ﬁn&%ﬁ &Sﬁ?&ta%% &%pera&&n%%ﬁfd%%%ﬁggvitgl?%ic)gls&er conpar ed,

and otherw s as proven- conveni e S, “principally
for reasons okmogymiheseidgogichmit descaptinns tmgl represeatationprazd the agarsiussd bythbsees,

el ements, sy I characters. terns.  nwibers, or the |ike. .shoul d be
borne in m nggﬁ‘?%\?\ét%(ﬁga L E S“iaq ?8(5? mP ﬁgié%&é'ﬁ]i ‘o thrsu{’séarnﬁ%ogat%e "¥8%e
associ at ed wid dthdéréiskildgdfin eierartatim gbdvyieting Blherpuiardt geherally, andeisedtone agtlf-
convenient labels applied. to these quantities. . bUnless specifically stated
ot herw se as c%’ﬁﬁéf’%ﬁgg‘?“%% qu?ésea&BF fog?/\?cﬁ’ée‘iffsé’i‘uggf' Sihes arg &m?esre%ﬂﬂrb?%ci at ed

t hat t hr oughemysicehfarfip@aras of physied F@@ritieﬁ. Usuas), mgghn&:hédes'fshﬁg, fhesens such as
"processing” or "conputing" qr. "calculating” or " erji ni ng" or

"di spl ayi ng" TARtiRaLS til%a’%?‘é’? glectpgpl Ph'_éa%\???gﬂﬁ‘ag‘rfép%ﬁ%?f%gé B> a conput er
system or Shihsféfed, ®nffided Wdnipaed, Hal bibeBvisaMarigalatdd) 3t hadBriven betivesierand
transforns data represented as physical (electronic) quantities within the

conput er sys @ktmes, prngipally fof repsens QEFRIRIPILUSARR, b refST tadhesg signals ashits avajups,
; gp_r esent ed @ﬁnﬁm’ssgﬁ, ls,Fl:H?Q&Ex"s,i tErinsVhdntely, &tBe QIPUt €r system nenories or
gl sters or otnher uch 1ntformation storage, transm Sssion or dISp| ay
devi ces. The pr eskahouldhechprienn mind; boweven that all of thesp apdisimiarftenmsgea o deni ng t he
oper ations associated with the appropriate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated otherwise as apparent from the
following discussions, it is appreciated that throughout the present invention, discussions
utilizing terms such as "processing” or "computing” or "calculating” or "determining” or
"displaying" or the like, refer to the action and processes of a computer system, or similar
electronic computing device, that manipulates and transforms data represented as
physical (electronic) quantities within the computer system'’s registers and memories into
* other data similarly represented as physical quantities within the computer system
memories or registers or other such information storage, transmission or display devices.
The present invention also relates to apparatus for performing the operations
herein. This apparatus may be specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated or reconfigured by a computer
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herein. This apparatus may be specially constructed for the required
purposes, or it may conprise a general-purpose conputer selectively’
activated ogofofep i gured by a conputer -3 WO 01/27777 BEEﬁg&QR&§6584
prograntstoreg I'n the conputer. Such a conputer programmnmay be stored in a
conputer readable storage medi um such as, but is not limted to, any type

f disk | udi i
net - ont i g s bRy SR rc?tg‘gffpta%sm P S Srore i computer 1
( RAMS) , EPRGVBdabEEFBKaVBnedtmgmdms bk st liriadd tc,amglsype@fdlslahyluﬂiyxgﬁopﬁy medi a

Computer systithh oniebicks BN B caeton 4yl et wgdnsr oMl o ot

i nherently r@hddénecksd nkmbrie) MAMEN EPRONEEERRIMS maghdtilor Spbal @kdéSer Var i ous
general - pur pose machi nes maY be used, with prograns jn accordance with the

t eachi ngs he#itype of megia spitab ﬂPbV%‘“lﬁfr‘R‘iEﬂ'F’%H’tsW on%, ghkearRequPIRBIR speci al i zed
apparatus tao, u{épgﬂgﬂhﬁmreqw red nmethod steps. The required structure for
a variety of t hese machines will appear fromthe description below In
addi tion, the prcBerigorithmsiand display niesentebhesein B’@GOWF?I"-‘F&F@P'@%MVO any

particul ar RQh zﬁ‘%ﬁlﬂeljcﬁggﬂ@%?aralug Wnl:Aus ggne?éiuﬁﬁ Giea&l&’fhnwﬁ"a B L‘lé@(f ety of

progranmi ng T'anguages ment t e teachi ng s of the
i nventi on aswilke programsdn tmo@am:e thehw@@msmerexmrmwg)remmeabn@o

ooy S Gl TR PR EobaS «DberfWRh e UMM AIHRRefC IE SN 9. @
central proc&8SiTg uni proces conttol etc.) in one or nore
per sonal conginicare Ry 8 vaiety, ofshnsvmadnnwlkspmanfmmsthedmnptmndmloe/ Inis a bl ock

di agram of on system 100

i ncludes a c%‘ﬁt%‘r &ﬁpméce"tst%“Q'nt%nqgém?%g{kﬁxﬁgﬁg%ﬂeg ri ks a‘qﬂ Bus 05. In one
enbodi ment, fidgtaiiiiing Bnguage. dcwfllslierappnacxadaetuaemamty(qf ):rcgmmrm;xg I:aﬁgqage.sc essors

I ncl udi ng the P nt| u@ sor and Pent rﬂ rz 11 processors
avai | abl e frB‘ﬁY gf“&?%f’ﬁé‘?%’ﬁaﬁgsg n° e:‘éor ni a.

Al ternatively, othgrp @?&iﬁstﬂaydxbgemadale Asmmmmteueﬂmdamp opdithhord 10 is .
al so coupled to bus 1 I ncl ude controller 112 that

i s coupl ed t BrOgFaERIAg grsyéct‘g%_{ @f% SSIRR PRt (C%}ge ’%‘é’ﬁﬁf’?}“‘?ﬂﬁ %P8 es data
sequences of oxhél&txﬁdisgérm sl dopliensyetex aetvere dvdristdtidbk, 222  or any ot her device

included in system 1 In on enbo | ment mai n st em nenory, 115 i ncl udes
dynani ¢ random ackigeee b 5 hefs%%%%%ﬁ 115 nay

be i npl enent @gmﬁﬁ&f@s@ﬁlhﬁb ineRABY d’ceh&‘ﬂ%?ocesﬁﬂg bk CRY) 102 ¢ouphsl toBYs l@BSO be

In one embodiment, CPU 102 is a processor in the Pentium® family of processors

including the Pentium® II processor family and Pentium® III processors available from
Intel Corporation of Santa Clara, California. Alternatively, other CPUs may be used.

A memory control hub (MCH) 110 is also coupled to bus 105. MCH 110 may
include a memory controller 112 that is coupled to a main system memory 115. Main
system memory 115 stores data sequences of instructions that are executed by CPU 102
or any other device included in system 100. In one embodiment, main system memory
115 includes dynamic random access memory (DRAM); however, main system memory
115 may be implemented using other memory types. Additional devices may also be
coupled to bus 105, such as multiple CPUs and/or multiple system memories.

MCH 110 may also include a graphics interface 113 coupled to a graphics
accelerator 130. In one embodiment, graphics interface 113 is coupled to graphics
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coupled to bus 105, such as multiple CPUs and/or multiple system nenori es.
MCH 110 may al so include a graphics interface 113 coupled to a graphics
accel er at orwod®277%n one enbodi nent, graphics interface 1l&cTusowessgd ed to
graphics -4 1l WD 01/27777 PCTI USO0/ 26584 accelerator 130 via an

accel erated graphics port (AGP) that operates according to an AGP

Speci fi cat i onacdegritsd 130 v 43 abé&l@ité@@zﬁpld&:}féh(m@ﬂ’) B dpebfds a6UrdRE RfdnON Of
Santa d ara, &p&“@élfo nia._|In, other nent s raphics interface 113 nmay

be i npl enent pesyreationReyision 29 F‘&éféc%‘?ﬁ‘fﬁlf’qul%’rlmf reefamrezf S@@taé—'ﬂﬁphl cs

accel er at or 3@ forMeHn biier HB6ARhE, Eﬂﬁhk@kﬁmﬁa&qﬁs %%Efx ‘%%
coupled to a bridge 125. Bridge 1 may provide a ace en MCH

110 and a syévbfﬁtﬂiﬁecwrpﬁgé@zelnl@togmnblpwcclgrwcu&mo VI a hub interface
A. Further, MCH 1 140
e R O LSS i |

via hub interface B. ' | ace puat (1/0
devi ces wi t hibridgeApumey proyide amintedface heGreed MCHH YO ambiaystem(hue Bridgerias &

i nterface CO%@@HBWG@I%%?F%%%%AS Poﬁt? h@gﬁlégge‘eggghrol | er 120 may be

coupled to a network Interface ra” hu a‘H’dltlon

anot her i nt erfiput/eutputomotitral Ihhb (ICHZ 040reig hbleinceafagd B.AITH 140 frotides aphmedfak tol 65.
Devi ces coupl. edt,to t(pﬁg yia a. ub |ntterface 58 efery ed to as hub
agents. A hdB" age fevices WibincomRUEr g0 004 BHHInFIRde NG9t er
system 100 i nndre imerfaoé cdntralezs 1200i Fok axcumtpleyoie xheﬁa@‘oahwﬁruma&y@dﬂ upstream
agent, while an ent IS fU{ her mCPU 102 is referred to as

a downstream 8&%‘?\‘%" al”—“t?fmé V“H ‘Eéﬁa - 15 3ddfuen: ensthesdntemface 110, 1 CH

140 is domstcbmneaizd\ﬁybkmuplamdarmﬁmmdzm6£rface 160 and fibre channel
165 are dovvnstrea ents %)6{ tgh MCH 110 and ICH 1 However, one of
ordinary skill i cs‘a‘i"llpl foCtags yiarclubigtestacs magy bp “?f?ff@rt? avl ages.ndy be

coupl ed to otms ragedx@ma@xe posiddntt dd6kr EPEPBI16Pin c@&b&gﬁsyﬁeﬁrlbd gl?teflxﬂsﬁof A

provi des a conventional interface to a PC bus. Brid 146 provides a data
path between ditayce g2y b teiemed 19atap apstisam; agens. whileap jagens i’@hlatfurthayaw coupl ed

to PCl bus 14‘?011’1@?@{@?1549&&%%gﬁy\hfs‘?regl‘ﬁg%cpdf’o@e%i %H%elzgef However,

one of ordinary skill in the art wl I ate I ces may be
coupl ed to Pdowpsteeampf MGH, 1 HY dCH 160is dowestwﬁm@tfmciﬂulw oid feltwork interéacar t Wi | |

recogni ze. t Najeg afPhbrt GFanflds bl echEorSBENMER 1680 REF1, 51 N0 ©

chip. Further graphic
However, one of ordinary skill in the art will appreciate that hub interfaces 120 may be

coupled to other devices.

ICH 140 may also include a bridge 146 that provides a conventional interface to a
PCI bus, Bridge 146 provides a data path between CPU 102 and peripheral devices.
Devices that may be coupled to PCI bus 142 include an audio device 150 and a disk drive
155. However, one of ordinary skill in the art will appreciate that other devices may be
coupled to PCI bus 142. In addition, one of ordinary skill in the art will recognize that
CPU 102 and MCH 110 could be combined to form a single chip. Further graphics
accelerator 130 may be included within MCH 110 in other embodiments.

Figure 2 is a block diagram of one embodiment of a hub interface coupling an
upstream agent 220 and downstream agent 230. A hub interface is a mechanism for
connecting main building blocks of the core logic of a computer system, such as the

system 100, via a relatively narrow and relatively high bandwidth data path. Between

5-



accelerator 130 may be included within MCH 110 in other enbodi ments. Figure
2 is a block diagramof one enbodi nent of a hub interface coupling an '
upst ream agwmo12207 and downstream agent 230. A hub i nt er fregaishoiésBsMEChani sm
for connecting main building blocks of the core |ogic of a computer .
system such as the system 100, via a relatively narrow and relatively

hi gh bandwi dtndividiahcqmponentSistopmputer sysiem®00, sncliyas betweem MOS0 Y0268 Bridge

i ndi vidual c t 0 a Ween MCH 110 and
bri dge. 125, el SRR Bt UL I P el Re et ER i o
According to emhedlmnhonhmbnbf mfonaat&hecrossfthe lmfbonmaaedxus BaraaplitHed uhmgla

f b k based I
protocol . B EFTEPR LoD BoliRef B3RS Tie-RGCbs ARu MR ke hub

interface inétlogdes a bi - d| rectional data path 251. a stop signal 253, a

request A S and e st. B ( nal 258 and a system
reget Si gngFQA)ZSSJrge d?t ‘ﬁ’@"icB‘ %ﬁé?r‘ﬁﬁtﬂ"ﬁléﬁgal}a{hréﬁ fgnah233sa g %I ts
wi de. Howevekequédi@d 1254 whdll fequeBYB (FQBY kignal ZH8M aa tenreset Bigher  of 2.
St op signal 243 IS (ﬁ%-gﬂﬂect i onal si g m usged for nf I giv?/ corr?t ro RQA

signal 254 aRdd-REESCE|iREiaOnoGBboEentd Pa§1 i 8 Bits Widga Howeyrsirthedatapatha

syst em oper atjifif ma ?bea@ssiafhtzﬁﬂ id 456%#6{2 tsaoﬁﬁgm@as lﬁ%l-&aﬁuah&m mgfra:t he hub
interface. In addifion nal 258 &d/% e used during a systemreset to
8

det ect whet hé&sed far QRYMF@FP’@&Q%Q@F&I 258and; ignal 25 are mqpestsignals thigst r eam
agent 220. TR BURHh AR 6feratlBRYaréhsifeld R brdiGio WgllEsk fof 'c&ﬂ?b# of i iy Such as

a clock signal, one or"nore data strobes that operate at four tines the

frequency of int¢rface| ock si gnal and a voltage reference signal (not shown).
Al ternatively, th ock
signal other thaﬁl aﬂ%h?n ﬁﬁé)gg‘xﬁérrp lgéaz%tlta%lggts%rﬁ }egét?o &)ef(e& @ﬁ?tﬁér ate of
ei ght tines aldawnsfeam agent Bmmﬁlb'selkplﬂitgnpﬂtreaﬂhgenhw |'ﬂtdaut§ mmfacfs coupl ed

downst r eam agenEsosloek BecmdRe Vel RAS 6N ARl o0t )

control the bpdrae aribunnndsehwimzqnextch of theblockignal aie: valfagetreferchert signhlxoet

controller- e det ect at tect s whet her
Gownst cam aeEmmoRbHRER e, BE BAE NEher Baf hrallf dnfudifeof BALRTRE S "0 T
presence ack et haigfout) rBok exhndpld, thetdatasastesiniag runcat & raieefl eighotipesahstiof thedet ect

nmodul e 225 acknow e i.nglthe presence of downstream agent
system clock'signal.

The hub interface is coupled to interface éontrollers 120 and 232 within upstream
agent 220 and downstream agent 230, respectively. Interface controllers 120 and 232
control the interaction between the hub interface agents. Interface controller 120
includes a presence detect module 225 that detects whether downstream agent 230 is
present. Interface controller 232 includes a presence acknowledge unit 235 that transmits
a signal to presence detect module 225 acknowledging the presence of downstream agent
230. According to one embodiment, the presence detect process is executed during
system initialization. System initialization is detected at a hub interface upon reset signal
255 being de-asserted.

Upstream agent 220 also includes control logic 228. Control logic 228 receives
signals from presence detect module 225 identifying whether a device is coupled to

upstreamn agent 220. Control logic 228 also stores a device identification (ID) number
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230. According to one enbodi nent, the presence detect process is executed
during ‘systeminitialization. Systeminitialization is detected at a hub
interface upmoorasmt signal 255 being de-asserted. Upstr eawusopesss220 al so
i ncludes control logic 228. Control logic 228 receives signals from
presence detect nodule 225 identifying whether a device is coupled to

upst ream age mssigﬂﬁent @umpstmlaml agent @20.28omiot ygist 238 emirdaidethisdefoimption mfid cat i on

N e Y

CPU 102 \/\heneaoatrom&iczﬂ? addresses the devi ce I D for the agent including

control logic 228. Fi I.s.a blogk d| enbodi ne of the
devi ce presence del’?%‘l'% g‘r‘?‘é}ﬁﬁ‘é‘gﬁaﬁ hﬁfetg‘élg"t"éc(?tp“??ﬁ‘lfﬁﬂé 325 and
presence ackn@dtREgA beiWekn pfence d¥is ﬂlﬂ@lﬂe m zﬁﬁt rdzmiu lakndviedgeghicz3gsence
acknow edge unit 235 are coupled via 258. According _to one

enbodi ment, pPEsBadetestmadyle dé’r‘?%eéﬂﬂm %%@3 RGENELWGR Qi t 235

i ncl ude resi S%nQﬂa? 288, ]A&Bﬂhr@?to oﬁ@ew&oqzmeﬁe |pYesedRe hetea nbdBidI2hS W preshet or
coupled to a I'Tne voltage Vcc, whi R2 i's a pull-down _resistor coupled to

ground.  Furt skpowledgsi upt@3s Raciudg f@@ﬁ%b@d&? FrapestiselynRl is arpubliuptresister i n
refation to rgcﬁx‘pfeh% a vdﬂdﬁé 2%5)@%11& RS R Wﬂ'r&éﬂér'c&?ﬁ)&&@ ghdun§. , the

de- assertion reset signaf : , contro ogl c 228 tors RQB si gnal
258 to det er nFurtheniresistorR leis designed todwme aigprall resit@@eiinsretatiopioerdsister Ribst r eam

agent 220. - Accor di fg | %Qﬂgﬁﬁmgﬂp% (*golﬂéﬁeoll.ssérggﬂ &t ?sxgr?a? Ry es RQB

signal 258 on the Tna active going e power-on rese er to
det er m ne whetdmirol mgmmmnmmnal 25810 dstemtine wnethwadwnm'cmagnnagent 230

bei G tr ansii C20 CR e Rt ol 226 Aeddma S HiK il Belic g s | V!
det ect ed, RBsa@nméraQR Signdl aszpod the thattive ggingedgt cfiapower-asicsd or orlr thhas a hi gh
resi stance conpared to resi st or nse n | ow | 0 level is
[ ranem 1 od.t BREGE biedtel § A3V Siemp gL B BRIt P VIR S AR, 230 | s
present. One pfesént, RQBsignat RSS #s pullediHigh, psiilting inla higiclogio level Hehigttrahﬁﬁxttéd ors R
and R2 may be replaced wt t her devic ch apsi st rther,
presence det el pae 5_#5 lgﬁgow’ﬁ%%?ﬁ%t i’@uﬁ% E‘gg%bgrﬂgf’ fég ’srfﬁ‘ye‘g
configured sughuhddhcededdite!R 1l 126 b high@dsitantScompared to resistor R2. Consequently, a

low logic level is transmitted to control logic 228 representing that upstream agent 230 is

present. One of ordinary skill in the art will recognize that resistors R1 and R2 may be
replaced with other devices, such as transistors. Further, presence detect module 225 and
presence acknowledge unit 235 may be configured such that a high logic level is
transmitted whenever a device is detected and a low logic level is transmitted if no
device is present.

Upon system initialization, CPU 102 polls control logic 228 within each upstream
agent 220 in order to ascertain whether a downstream agent 230 is coupled to each
particular upstream agent 220. If no agent is detected, control logic 228 does not respond
to the CPU 102 poll request. Moreover, if a device is not detected at upstream agent 220,
CPU 102 manages the upstream agent 220 as if it does not exist. If a downstream agent
230 is detected, CPU 102 receives a response from the upstream agent and subsequently

polls the downstreamn agent.
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transm tted whenever a device is detected and a low logic level is
transmtted if no device is present. Upon systeminitjalization, CPU 102
pol I's cont 4ple1hR9 C 228 Wi thin each upstream agent 220pk‘?n19609£§£s4t0
ascertain whether a downstream agent 230 is coupled to each particular
upstream agent 220. If no agent is detected, control |ogic 228 does not

respond to the t.. .Moreover. if a device is not detected
at upstream agen&gyﬁgo%q%%%n%?iga‘é‘? ré“'?)ﬁgstar“"e%ﬁglé%etﬁfﬁ STBPARERT £ ¢
does not exwghin compaterhysverstl 0@ apanagefiguratidd0In &idilieh aoinponenCiivict@®3 r ecei ves a
response from.the u eam nd guent | ol |l s the downstream
agent. -7 VW[Ebffsffe/gpj"Il Ef’:‘f’f'ﬂgﬁg%ggﬁd ﬁ%@i@r ﬁh@*%‘%ﬁ%ﬂ@ﬁ%ﬂ?’ﬁ@ﬁt, devi ce

| D nunbers MCH Bshg)tecsiigned devieamnmnbetsDetetO Bnd D AR Eddipofistid ®ithia 00 upon
configuratign. |In addition, caonponent device ID nunbers are split between

MCH 110 andiGreifOmey beassiened dayirelD numisehetieen addi ln Fughes, if spupsiyame
assi gned deydea€220hdps (BaRaFinkaial @81teorid 8 ddwnstbain g%ﬂpgﬁr%?:nﬁemaga{tazol CH 140

may be assigned device | D nunbers between 8 and her, I'f an upstream
agent 220 ni§ssdevisgiIPaumbers d 134 forgayintssaal devicss mappadiestortbeadavagesam  t he
upstream agggtg.nt_zzo uses device |ID nunbers 16-31 for any internal devices
mapped onto the downstream agent. Figure 4 is a flow diagram for one

ermbodi ment of t Hagunei4is aflpwdiagranpfonens embodinentaf thejipitiation of 2 hub pearfasam agent
220). At pr h | | ' conput er
syst em 100 g%ﬁg%'-’ ghﬁ?'égé%&t %\?)).p?lg%rgggg?%lﬁggfloﬁBﬁﬁﬁ%&fﬁe@%&?&é"&%ﬁt sanpl es
RQB si gnal @®@uten systegie 00 powdeomeresritnat picestshiblpckdPovpstreaneagentiP@semples coupl ed

to the hub gt Epfsg ' . nsm,tfed to
control Iogllzggfggrg I'n i‘%é{d‘,”ﬁé88&%2{‘%%%’3@%2@?@5%@%‘3r‘,’ url%dgto gélﬁgdet ect ed.
At process intedfaée. 424brocets bileck d30,arsignaldsltransinittedeo cantrdblogis 2&mdicatpgnt has been

det ected by tream agent 220 . |f d ream vice. has not been

det ect ed, twgaﬁ%gtﬁgggﬁgﬁlagﬁ?n%gﬁsbﬁm ‘Zeéec 'eik%c?sﬁf’g’% %%e’,“ %Bect,'@glg bl ock
436. At pr owhéher aldowlistebdfl agéaPhhsHaeh detdcted by ppdtreaaageng220. IP20ownbtredni 0OCeSs .
bl ock 450, ,it is determ ned et her CPU 102 recejves ol | response from
upst r eam aggﬁ’(fcefﬁ)’.mi’?en;gm tpsirespLteru s blr’%@’ﬁh s'@tefa'rf’%rﬁ’rﬁﬁeéf ream agent
220, CPU 10R0&d36s downstream agent 230, process block 460. If it has been

determ ned that po do tre t i
At process iock 425? &’QF [})2 plof]s upstream agent 220. At process block 450,

it is determined whether CPU 102 receives a poll response from upstream agent 220. Ifa

CPU 102 receives a response from upstream agent 220, CPU 102 polls downstream
agent 230, process block 460. If it has been determined that no downstream agent is
coupled to upstream agent 220, control logic 228 does not respond to the CPU 102 poll
request since the hub interface has been disabled, process block 470. Consequently,
upstream agent 220 is rendered invisible to CPU 102 and computer system 100.
Referring back to Figure 2, the hub agents provide a central connection between
two or more separate buses and/or other types of communication lines. By using the hub
interface to interconnect the MCH 110 and the ICH 140, improved access is provided
between I/O components and the CPU/memory subsystem (e.g., increased bandwidth,
protocol independence, and lower latency.) In addition, the hub interface may also

improve the scalability of a computer system (e.g., upgrading from a base desktop

-8-




coupl ed to upstream agent 220, control |ogic 228 does not respond to the
CPU 102 poll request since the hub interface has been di sabl ed, process

bl ock 470. wWowseguent |y, upstream agent 220 is rendered pcraisesisksa t o CPU
102 and conputer system 100. Referring back to Figure 2, the hub agents
provi de a central connection between two or nore separate buses and/or

ot her types glhtférantthighceatideskidpl pleformEyr wistkigionpeatfot) by paéwdihgee t o

i nt erconnect, the l\/gHé&O ,@nd the 1 CH 140, inproved access is provided

bet ween 1/ O PaSKYRIGEORILO Byiidlinghlodspy nerory subsystem (e. g., increased

bandwi dth,  prot ofF®probidé B SR AEinte AR, IhQWEY inte?fabliGdiudes lofe Skebieiuffiue t he hub
interface may also_ inprove the scalability of a conputer system (e.g.,

upgr adi ng f r ANMEesp lsenegabriigsnt, ganspetiops argymansforred acrpssplerubdpigrfacsasing a
platformto R : k ' f

provi ding a %g@?%%ggﬁﬁ‘?%%ﬁﬁ%ﬁﬁ xgc ?Tégg&dsgo@\?ﬁlggfstuﬁée@rsr%% c?ved

i nterface, twenshationiand &pdpatste Gompletida Packebmay subsaquentiyiibg ysed 6 teaminas, | n one
enbodi nment , ti e transferred across the hub interface using a
packet based&é%%ﬁg’?'tllrfg%ggc ion protocol. For exanple, a Request Packet is
used to start a FigaresSitlustares amexampiegfarspligraosaepidredorass tiehoh gtterfaay. As
subsequent|ly..be used.to termpate a..transaction, .if_ne sary. Figure 5
i|lustrates gﬁm&%\d%lrt‘égwgaa g ‘ﬁgfml"flﬂﬂ@é)g’fal"gr?wgsﬁs@ggf{ll‘ﬁgﬁiwger{aﬁ? YPface. As
illus]E r at ed mitﬁﬁgmsm.SFolmwmhageﬁaﬁbmim&aﬂﬁ hyeqaﬁmgha’ssswne. hebsspryof the hub
interface vi arbitration 502. Fall ow the arbitratjon, t e.ls a
request phas g"%’o‘ﬁ.‘hel "Ias%‘g(f?ig@ﬁ\gfata?‘ér. ‘if?cp sqcfign c%l‘é°énpg‘f“°f’@f‘i§f’gﬁé1§'ﬂ ata for a
read transactdllm)the feqaipHasd. i Fidr A Corfidtioniphise, Hodleb?\¥hé RSpdratiiganb phase.
Prior to the conpletion phase, however, the responding hub agent, wll
first arbitré&eét’B‘G'éﬁf‘éf“bgWFeioéﬁ?'p?vﬁ‘Frsf‘Wé’fHﬁﬁmPWﬁ%’faF%ce. In between the tine

of transmtting amREkHRR theRinfekd? raftuRg 8 A6t pARet A8 a c fiidgOn packet
across the hub interface, separate unrel ated packets nmay be transmtted
across the heempleticayRagkes agross shedwb duieréase Frpamtp rugleed prekaG anagblier rul es, as
di scussed bekainiifed Ridis B8 had Interfald in QXD Wit pbferdrRfRd Bfefruikag T equest
froma peripheral to nenory, providing the requested data may take
mul tipl e cl odiscusyed below ig margidetail. for gxamply indlpcaseriisgeadgequestdvm a a
conpl etion p | tpjp&,- | ' BEhial | ed dat a,
separate unr gf@%r&l %%l e’ on“g{ﬁ%?%wgeques%angagé%@ﬂ\?\%%?1?%%&8%%

have the data ready to be returned in a completion packet. During the time it takes to

obtain the requested data, separate unrelated completion and/or request packets waiting
in a queue/pipe of the MCH 110, may be transmitted to the ICH 140.

Furthermore, as shown in Figure §, each request or completion is transmitted as a
packet across the interface. For write type transactions, data is associated with the
request. For read type transactions, there will be data associated with the completion. In
some cases, there will be more than one completion for a request for the case where the
completion packet is disconnected, effectively splitting it into multiple completion
packets.

In addition, in one embodiment, the hub interface uses transaction descriptors for
routing of hub interface traffic as well as identifying the attributes of a transaction. For

instance, the descriptors may be used to define a transaction as isochronous or
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in a queue/pipe of the MCH 110, may be transmtted to the I CH 140.
Furthernore, as shown in Figure 5, each request or conpletion is

transm tt ed vlo0i2777packet across the interface. For wite pympesodragsacti ons,
data is associated with the request. For read type transactions, there
will be data associated with the conpletion. In sone cases, there wll be
mor e t han onesynomph®isi whicli,as a eesule guay stienfoe haridivel in accerdaticervaith 4 yedefingdd| et i on
packet is disc nn?cted, effectively splitting it into nultiple conpletion
packets. In g&"g‘,"?,-on, i n one enbodi nent, the hub interface uses transaction
descriptors for Fatliermeredh oheimbadiment, altecbahd ikl of tRSinterhde idfmciesedtd f yi ng
the attri butes gf a tr.a.ns&l%tion. For, instance, the descriptors may be used

to define a PPAREHASTing theidata packstsyina sgpree syngigsopons sipsk mogde-ylorsosr e 584
asynchr onous on¥Eihsdiimés, the hiidSikleifacePRovided B2 iGeAR Whh@FidiH UegGieAsalgace With a

redef i ned rotocol. Furthernore, in one enbodi nent, the bandw dth of the
p P !

interface i s "PRRY BeMEHicRAe.8pleftPIBYPANansni tting the data packets via a
source synchronoug, fleRiakve @sRdinMAt SR RN er, 4 Bub iﬁe&a&rm@fﬂerfﬁgﬁmeﬁt&?wmb
interface provides the increased bandwi dth despite using narr ow

connecti on ( desgthan plbakthe ppiguafaarutes ag discussedaboye. withoutrispaftingfrom thetseopever, a
hub interfaceg VeRtidn NS EERE e f. | f eatures
as di scussed ggggne, ﬁt\}\(}lnt' ho'utg@gég}%r%hﬁgkrﬁf g%@%@@%ﬁ? Bé¥tk{& nenléptr?\?iggﬁsi on.

Mor eover, t hendhars/drother ¢omponenssiwithin losextéraal tsechipset, witheut departingtfroor thelges  and
and/ or ot her tthin or external to a chipset, w thout departing
from t he scé%%g‘%?”’?ﬁ%%“?”e@g“r{ "i nventi on. TRANSACTI ON, PROTOCOL AND

PHYSI CAL LAYERS For TRANSACTION.RRC QAND MeLAYERSscri bed in
three parts: a transactl .| . rotocol. laver: and hysi cal |ayer.
The di stinctions g%rt@\?eaécﬁg{%gyér g?{;%%‘\%erﬂ\%ceerl,g 8?s§nbef’ 6X§’§d°rp§gglﬁgxggsa¥th°nan

I 1l ustrati ve layat; A@rotdcobiayer; and sitphysidal lagers Fhesdistinatichsibetwekelagérahowenaeds not t o

imply a particul ar preferre nbodi nent . TRANSACTI ON .LAYER. | n.one
erboti ment. of® HBENTRS T At BERurEeE HeE g AR RED e sRnie. A URIRET 9985 B9 ¢ out i ng,
of separat e timplyagaiticalaSpréfensiembicdimbnacr oss the hub interface (which may

consist of o rS . s.) For exanple, in one enbodinent, the
transacti on

In one embodiment of the hub interface, the transaction layer supports the routing

5

of separate transactions transmitted across the hub interface (which may consist of one or
more packets.) For example, in one embodiment, the transaction layer of the hub
interface generates transaction descriptors, which are included in the requests and data
packets. The transaction descriptors may be used to support arbitration between queues
within a hub agent (e.g., MCH), and/or to facilitate routing of requests and data packets
through the hub interface.

For instance, in one embodiment, the transaction descriptors support routing of
completion packets back to the request-initiating agent based on initially supplied (within
a request packet) routing information. The transaction descriptors also help to reduce or
possibly minimize packet-decoding logic within the hub agents.

In alternative embodiments, the transaction descriptors also provide the ability to
distinguish the handling of requests based on their respective transaction attributes. For

instance, the transaction attributes identified in the transaction descriptors may identify
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i nterface generates transaction descriptors, which are included in the
request’s and data packets. The transaction descriptors may be used to
support ar bmMOreaR17®h bet ween queues w thin a hub agent (epcrrusobkdsys and/ or
to facilitate routing of requests and data packets through the hub

I nterface. For instance, in one enbodinent, the transaction descriptors
support rout epegatiohs asdsepbronpusdhe-pepskatives tbatckovpdixmenmmxdslmaioniatrégl}ldrng agent
based on initj.al ' . u ket) rauting.i Lmation.
The.tr ansact TS &b FHBRb: cblho it e b By 5 3B 0 coeleihy Wierid
packet decodbytje kragsactioni atributes, imay heibandlpdrin sccoddance|wigraetrespendinpodi nent s,
the transactio d_escrdi gttors alctsoﬁ' pré)vi de the abill :tpé) t? dItStI ngui sh the
handl i ng of P’&E"d%?l‘%e UG PEYOGOR I rdsr L SUpRoTE 3 3PEFifiG fYbs of PRERAtion (§-B-hut es.  For

i nst ance, thBo¢Hradomayti on attributes identified in the transaction
descriptors may identif .-10 WD 01/ 27777 PCT/ USO0/ 26584 operations as

| sochr gnous (i Ye.I,n oéﬁémg?q“ﬁﬁg' the, EanspRien descrpigrsdprivdsitwo Heldgrarquiing figld equl ar
basis; e.9., and #friBlite KMl OnaREhative ERLORRERE, IS o leAFiehis BB Lisedith e _
operations, as identified by the transaction attributes, fay be handled in
accor dance wPoKidg opePrTBYR BHF ftpctions of thedtansaption desariptasy witheutslepdrtingn or der to
support a sp&eifthEschydst i inARgba/t i on (e.g., isochronous.) In one .
enbodi ment, the transaction descriptors include two fields: a routing field
and an attri but e ¥hjoapgmbediment; the reating Beld isnoii-bie field useddfprpagket ragipgfasel ds may
be used to i MORHA Lan - i on
descriptors, B{vagetﬁhbg&iwﬁggg{ftli ng s?‘rE (‘))?nﬁltg ﬁéd{@gtglf)@’ %fﬁ{%aéﬁﬁna&/tén ?gi%ltd ﬁ%ﬁy one
enbodi ment , vy withinthegrope of|the ingentioni x-bit field used for packet Irouti nﬁ,
as shown bel ow i I i f.the rauting field, as well as the
attribute field, %ﬁj@?ﬁagén%ﬁ%ﬁq%#ﬁg&gg%rbéesgpfﬁe i nvention. Table 1
Routing Field of Transacdion Dgscriptjor 5 4,3 2 1,0 Hub § D I pelD As shown
in Table 1, three bits—wof—therouting.field are used for the Hub | D which
identifies the hub agfdubtBat initiated {PipetHAnsaction. In alternative
enbodi nents, to provide—a—htb—t+rteraceh-erarechy—exeecedAg 8, additional
bits coul o be usegs slsh%wtnqg THbIE E,Itﬂge bigsI o%lt]%routing field are used for the Hub ID which

identifies the hub agent that initiated the transaction. In alternative embodiments, to

provide a hub interface hierarchy exceeding 8, additional bits could be used in the routing
field.

For example, there may exist multiple hub interface hierarchies in a system, in
which case the agent at the top of the hierarchies should be capable of routing
completions back to the base of the hierarchy. In this context, “hierarchy” consists of
multiple connected hub interface segments starting from a hub interface “root” agent
(e.g., a MCH). For instance, computer system 100 may have only one hub interface
hierarchy. Figure 1, however, illustrates an example of computer system 100 based on
multiple hub interface hierarchies. In embodiments implementing only a one hub
interface hierarchy, a default value of “000” may be used in the Hub ID field.

The remaining three bits of the routing field may be used to identify internal
pipes/queues within a hub interface agent. For example the /O Control Hub may support
internal USB (Universal Serial Bus) host controller traffic and Bus Mastering ID (BM-
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For exanple, there may exist nultiple hub interface hierarchies in a

system in which case the agent at the top of the hierarchies should be

capabl e of woavimmy conpletions back to the base of the PCBUSMRES4 I n this
context, "hierarchy" consists of nultiple connected hub interface segnents
starting froma hub interface "root" agent (e.g., a MCH). For instance,
conput er sysEBaifE0vinteparnigyBipenl 4s b theRipe B may beused poramuniedts/to thg gure 1,
however, ill e e I At : ; ltiple
b1t erf achry % BnfiR g VG 0yt TR Mhlio R AR, Biokdtale ARl |
i nt erface hi atributeh)yand may bé baridied\ymogerderice With @ predeterthigediprotdcoln IffatmbHub | D ,

field. Th | ni | outing
ont 1 1y 1 nt Gar g R Bt e el ips ol [0 RS bF, )

t he 1/ O Cont 1000” hithe Pipy B fig)dort i nternal USB (Universal Serial Bus) host

controller traffic and Bus Mstering,| BM -11 Q1/ 27777, PCTI USOO 26584
ID) traffic via sIf-iﬂﬁF'éecr%amf)F‘Bé‘écﬁme%’s%%gﬁ(ﬁ?c“?ﬂéesﬁ‘ & frelgdedn o

communi cat e L@tibuteSield dh bhedritghdire ithe( atrigute fibidhs 4 thbde-Hithwatuef Whith specifies t i at ed
by different "pipes" have different attributes,. and may be hapdled in
accor dance whe¥a a'p‘?‘é&’@ﬂ%‘P%Fﬁé@ﬁS‘r“ﬂFBééﬂ"@‘B‘f‘ inierfare ageREReVEE L MFORE does

not i npl ement,ssepRlaatisind ﬁél@h&lﬁia@is@@l%upﬂoh deBidndifeapplicktion Wotklosd] weicwf " 000"
in the Pipe IDfield. In an alternative enbodi nent, the transaction

descri ptors feliey ncthe mavgmeab andhprogassipg of Aate With3pacifi¢ reapiFRIeBifios 88ent | t he
attribute figleglehSafhglhirR®erRlids. val ue, which specifies how a transaction is
to be handl ed when a"target hub interface agent receives it. In sone
cases, the attri bEarexsmpls. gherpgirigare feldyray SHRPOT ShrosqchEnB RS TRP TR B A M8 at i on
wor kl oad, whi,gReed @VicES ated BFa FRMBERIY devaldfed¥xRef:d Bussd, Ghctfidka W th
specific requirenents or other differentiating characteristics. For
exanpl e, t hemavemsnbrequirdneatscheedilp bs majniainedian datp Hows hemmgh thedyh inerfece of dat a
bet ween devi : &gﬁ:ﬁ devel oped external busses. Such
dat a nnverre%%%%‘é%??%?r%ﬁ sdtﬁ%ggw{ng € r}lg%(yr?t gill_ned as data flows through the
hub interface belhabemative@miiediments, additionahransauyjonettiiujessnpydgoludethe | n
alternative ' . L LdoQ ,,qggﬁc&ﬂe o dohddeic§ Ss diffeddy! ude the
ability to d??qpﬁgééﬁ?@%@ém%g%t\vggn%gﬁ%pe trg%fa?g \xlherec?cache coherency is
enforced by hirdwakedices, chipset) and¢homsneoped? meffic thanretiesomsofiware mechdnismsiiat rel i es
on software nechapnis to .epsure d h ' . reover, ’
anot her poss F’Eﬁ“ﬁ’a‘{éfatcgﬁefffﬂcé "?/\g‘ﬁ F}Ef%gé q%%eg"%r’ SR polstbid Ao ol e
“explicitly prefetchable” hint, to support a form of read caching and allow for more

efficient use of the main memory bandwidth.

Ordering Rules
The transaction descriptors can also be used to support ordering rules between

transactions transmitted across the hub interface. For example, in one embodiment,
transactions with identical transaction descriptors are executed in strong order (i.e., first

come — first serve.)
Transactions having the same routing field but different attribute fields, however,

may be reordered with respect to each other. For example, in one embodiment,
isochronous transactions do not need to be strongly ordered with respect to asynchronous

transactions.
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"explicitly prefetchable" hint, to support a formof read caching and allow
for nore efficient use of the main nmenory bandw dth. Ordering Rul es The
transacti onW@d¥e1WPpt ors can al so be used to support ordersgrgusoortesss bet ween
transactions transmtted across the hub interface. For exanple, in one
enbodi ment, transactions with identical transaction descriptors are

execut ed in strorlgaddiden i ¢neembodiment of thegmb inteffice Statagmnsmeisyiods ansact i ons
having the s : ' ' t . di t attribute.fields, however, nmay
be reordered Wt eﬁlrtgeglg%c rb?%)sqgg%ﬁecglte%;e'r%.{tﬁ or 3‘8%%%4’5&?°“%°’&ﬁ%¢@ﬁﬂb°di ment ,

i sochronous diregtieradRdad nempletions floweegdn be diecidén aa glloveditslpise tbadidglesiespect to

asynchronousg . f.rans Lons.. =12 01/ 27777 PCT] USOQ/ 26584 I n addition, in
one enbodi ne%?&%g mtﬁggﬁebdsmleﬁ‘fo& 3, Witlg Tpquests %’ﬁé‘h?"%%di DRSS ZEAd reAuEsS tted to
make progr esBowiugin thespmeesdiectionl t her in the same direction or the opposite
direction. Read clg\%)l etjons &l,owi n%ai n one direction are allowed to pass
read requests fIBHBRYYA SORRAIDENS, DOWEYeE theprdermgdules for ransaetianest s ar e

al | oned to pessllingacossafit flifterfideOhyehry RithileheSAbR: FitcSRven@bh. £d?
alternative errbogei ments, however, the ordering rules for transactions

travel | ing aTPBEE: tH@e ﬁEi‘B‘_’quF@r‘PﬁE@? inf?afﬁcq/impmwmmdmgwmwﬂm he

i nvention. HalPerighefdlothpohdht REcAIRS BATR Hevisidn®.2) WPddidtinle REBor BP! ENMENL S
the ordering rules provided in Peripheral Conponent Interconnect (PCl)
(Revi si on 2.%3ff¢ acrensthe hpbinterface iy oppasitsdireetions.f i ¢ across the hub interface

i n opposi te PROTEGCONIAVIIOIOCOL LAYER I n one enbodi ment, the hub interface
uses a packet-based protocol with two types of packets: request and

conpl etion. A reddeseembodicesnt,itke hubdeferfase uses@ipacisbbised profoaclevitht tmartgmest i on.
Conpl eti on PEOsatess: fgfest 2RI NMBREiEN." | %P¢IP o. return read
data, or to acknow e&g%s c_omg tlhgr}i %f%@%g&aaf%?[syuges o+a%1\}\}“|tﬂf%‘{eﬁaﬁ%sactions
(e.g., |/ O viansgotion.Fomnpiesion pyckeds iateasedwhdre reguimssks fop exampie ketetuemyead Conpl et i on

ket ' ' ' di.ng. t K b
Drancact | on G0k oF tAbitikds corbillen o SAel GRS Rm go Hourt,

section on ténd riensory weites ovith regpested domplatidh). Completioh guoketCarb addbdmsd with he hub

interface ust%éir g‘cprre%[l;otyd}nrg%qlugsrg pgclicg!;[s ?:9 (t)rlansgpuac}n descriptors and ordering, as previously

discussed in the section on the Transaction Layer.

In addition, in one embodiment, the hub interface uses an arbitration protocol that
is symmetric and distributed. For example, each hub agent drives a request signal, which
is observed by the other agent attached to the same interface. No grant signal is used, and
agents determine ownership of the interface independently.

Moreover, in one embodiment, no explicit framing signal is used. There is an
implied relationship between the arbitration event that gives an agent ownership of the
interface and the start of that agent’s transmission. In alternative embodiment, framing
signals could be used without departing from the scope of the invention.

The end of a packet transmission occurs when a hub interface agent that owns the
interface (e.g., is in the process of transmitting data), releases its control of the interface
by de-asserting a request signal. In addition, in one embodiment, flow control is also

accomplished by using a STOP signal to retry or disconnect packets, as is described in
more detail below.
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is symmetric and distributed. For exanple, each hub agent drives a request
signal, which is observed by the other agent attached to the sane
interface. Nwewaarw signal is used, and agents deternm nepcrwsoodsgp of the
interface independently. Mreover, in one enbodiment, no explicit framng
signal is used. There is an inplied relationship between the arbitration
event that gives an agEnt! ﬁﬁ%‘ir'ﬁhi p of the interface and the start of that
agent's transm ssion < ve enbodi nent, framng signals could be
used wit hout deparm biegenitodiment 6t m«:mameffademta i§ vabEdne at dmeligRdae{e.@, packet

transm ssi on oc e that owns the interface
(e.g., isin lt"‘h b%gg"sh&'mﬂg [‘{&n‘gkhgﬁ In png embedignent is a COMMPR|  of t he
interface bya&ﬂ‘sﬁﬁg&ﬁ)t the Eu@agléﬁ’tﬁ 5&&&1 bg;luwmb m:éﬂfhcad@l.et da®is uhﬂ&mm acros

enbodi ment, flow control is a acconpl i shed by using a STOP signal to

retry or di scitfsignahpaixeRDy of the hul ingestaes which hapan mréacaéﬂcahlofwen@w -13 WO
01727777 PCT/L3RPAGRFE . E’%kﬁ 3@?%@&@&%& Hum&r%!@m; ermarﬁ §(&Jl§ hug

interface, data Is transferr at"a nultip rate
t he hub i nt ertfansfer gram&ame&g()ransimmﬁhs)ndmmlmmmtmmﬁmataam@n cl ock

shared by th

transmtted g@?t)ﬁgbsf%edﬁ ngllsl{% nal eﬁ%}@@é%@&i&%&%g g‘é“iad?“‘\?m ch has
an "int er f acetxwmaeiiehthe mnmmthmﬁﬂdmsoér HIMOK.( s gresulg by I&ylngme t&ﬁst)errms a
(oo 1 amsiol B Bhediee yRRY of1RY Gant s il U Gonstel R 65 B REORGS 01 o
the data si gnainsfpntd'permm{exarmlsealedn the case of an eight- b|t |nterface

width in 4x node t ransfer 2 bit esul t,
varying the tr ans%?(nﬁé " 03?1817'8(\’/3'?'?1% paﬁlfe r??cbéﬁeﬁﬁtthmémpﬁﬁw@“m gnal
path, the tr Mﬁculuvtlﬂtphd(ets afe transmmbern miltiply sextionst (f.amitlest wédihgden dde CK) can

e e e el R SERSE R RO BB PO T

sections (i. eits).packet w dt hs ) In one enbodi ment, the packets are divided.

into packet width he si dou rds (3 n the case of a 32
bi't tFansfer i dt it UERESSEE 300l rangies i hWYg‘EHféPﬁi‘ﬁ)“@‘%‘bmsﬁWJ%e
interface stagd infefavd dtihind @it @i@ﬁast%lgﬁiﬂcﬁﬁt%@t@%}bé’@)&nﬁ BiisBin®with nfldsﬂl shi ng

with the nost  significant _byte ¥, 3), .as_shown below in Table 2. In the
case of a 64 significapthyter(hyte 3),asshown elow if Table 2. In the case of a 64 bit transfer

width (e.g., a sixteen bit wide interface in 4x mode) the less significant double-word
(packet width) is transferred on the lower bytes of the data signal (e.g., PD [0:7]) and the
more significant double-word is transferred in parallel on the upper bytes of the data

signal (e.g., PD [15:8]). The two examples are shown below in table 2.
Table 2 Byte Transmission Order for 8 and 16 Bit Interface Widths
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width (e.g., a sixteen bit wde interface in 4x node) the |ess significant
doubl e-word (packet width) is transferred on the | ower bytes of the data
signal (e.gvool70: 7]) and the nore significant doubl ePGBUS00I26584

transferred in parallel on the upper bytes of the data signal (e.g., PD|
15:8]). The two exanples are shown below in table 2. Table 2 Byte

Transm ssi on -
PCT/ US00126984 HLCLK _ :HLCLK .PD[ 7:. 0] (g OL 2 3.4 5 6;i P D 7:01 12s

PD{ 15:8] 4 § s Hi8cBkt frnt\er f ACE\ 16 Bi t | njeeiac mot ocol [Layer
of the hub ijnterface i s al res ible for fra d - As suych,

the fram ng frul GBDEM]E“EFQ 5 e hub mmpr()pc ef2[ak how to map |one or
nore packet W dths ont@ a Set :of nsfer w dt hs= TO- ol i fy the parjsi ng

of packets ijnto packet wi dths, |n one enBBﬂi&rSht,’dﬂS &]&) hub i nt erfade, the
following three framng rules are inplenented: a header section of &
packet starts on the f8Bisintoface of a transfer wildtdintarfackat a sect,i.aon of a
packet (if p i -
packet occupies an integral number of transfer w dths. Any avai | abl e
transfer widths rice FESpcolkaxgr BVh%th‘B’a‘E!%EfﬁceH’ﬁys%@sﬂﬂF‘F‘P]é(§°f\/§fat"H“53'h° B¥&us doubl e

word (DW tra0ahSké ﬂ&un@&ﬂeﬁ%ﬂpﬁeuﬁﬁm& 99 0k &b Berf0€adiRE bW id'Rapibie s20ent . I n
alternative enmbodi nents, nore, |ess, and/or different fram ng rul es may be

used by the MprgtPacket widthsquto g sehpfiransier widtse To simpliy the parting of peckesinon.  Tabl e
3 and Tabl e ﬁé‘ifwxét% tuho&eelnﬁ%(dm{eh! b tﬂ%%c@xﬁ@ﬂh@ﬁall@&u&h&eé frﬁH?nEQulééJ' es

gl ven above ?OI’ t he case of a bit transfer wd equest usi ng
32 Bit Addregrs nm@leraﬁued:ehcaﬂemeﬁtgomf ﬁ@ecmmsmmﬁrst hyfe oflaamaasfemdm

310 Byt o ond By ey aterssf P sk ol At Ble YL Gl Bluili g ¢ 7 B

Transm tt ed facketongupiesdn integnal mimmbercf Famfes widthsed Transnitt ed on PD115 8) on

p(7.0] Byte v PByraateDl opofsdpen o] oabide flyfluiufung, 01, |

Byte O bogus double word (DW) transmission, and will be ignored by the receiving hub agent.

In alternative embodiments, more, less, and/or different framing rules may be used by the
hub interface within the scope of the present invention.

Table 3 and Table 4 set forth below, illustrate examples of the framing rules
given above for the case of a 64 bit transfer width.
Table 3 Request using 32 Bit Addressing and Containing Three Double-words of
Data
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Address (32b) Request Header Second DWof Data First DWof Data (Bogus DW
Third DWof Data VIt Table 4 Request using 64 Bit Addressing and Contai ni ng
Thr ee Doubl wowvern®? of Data 4th Byte 3rd Byte 2nd Byte FPEEUSHE65844th Byte
3rd Byte 2nd Byte First Byte Transmitted Transnmitted Transmtted

Transmitted Transmtted Transmtted Transmitted Transmtted on PD[ 15'8] on

PD115: 81 on F’D[‘I?‘S?’UHS_‘PDIT‘S o o] onP 0L O PO
0] ( ften bt b ﬁﬁdsﬂ;% O xte.,aif”t e s o7yt 11
Byte O A_ddresso roili5:8)) on R GLae 84 PoIed Ch Po[ (5B bl so[LYY jetoje s6PH[10B: @2p(7:0)Secjond DW
'CI)'];] Dat akFl rrs]t D\Na?n‘arDht Byte 6( Bocpys 5 DI eyl rldBDWof mtzalp’_BitQ! Re@m@stl Racket s
e packet header—forme St PaCRetrs, —dacC r ' [
S ghovvn bel| ovy—i-r—Tab} Zmﬁ'%gs abe g A Lhu b(ﬁf“%ﬁ%eh]ero”e, e”UEg: g\:ng,
and 6, the bgse headéec‘?"@q)\ QA o world i th E;mgr?r'ip 3nal dodblle-word
required for |32 bit addifeges AW} and two additioﬁbt'!d BWutiIBatawor ds r dqui r ed
for the 64 bilt_addressing. node The fields of the headers as sheiwn i n
Tables 5 & 6 are described below the tables. In alternative enbodi nents of
the hub interface, the fields included in the header of the request packet

may vary vmtrg(% rting f xanpl e,
the header gﬁeﬁgﬁ?ﬂﬂf a‘ﬁg\gtém‘{x&ﬁeisﬁdgo %1 essE‘pﬁmfgg\‘l @ &E!jll? g{r:desn? fields
in place of pdt# fields shown bel ow. Mreover, the encodi ng of the fields
may al so vary wi thout departi ng fromthe scope of the invention. Table 5

—_.—

Request Packdqt ader For 595 pt Adgr essi ry 16 27077
s F B bbe VBOeledl
PCT/ US00/ 26584 1l ay? By dneth 34 'tsut e St Ehtta Crreli A s ?&a ﬁifs%@a od 28 27
26 25 24123 242 ZriLPDIZl@ri!ll@ POIS:8] Po PPGMJSWIM“]PB o P0[710] TO’DW]%}."Y"%’“I) o PRI7Y 1 10
| Byter | Bytes | Bytes5 | Bytea | Bytes Byte 2 Byte 1 Byteo |
Address (31:2) Request Header
{Bogus DW} Address (63:32)
Second DW of Data First DW of Data
{Bogus DW} Third DW of Data
pli2

Reguest Packets
The packet header format for request packets, according to one embodiment, is

shown below in Table 5 and Table 6. In the examples shown in Tables 5 and 6, the base
header is one double-word, with one additional double-word required for 32 bit
addressing, and two additional double-words required for the 64 bit addressing mode.
The fields of the headers, as shown in Tables 5 & 6 are described below the tables.

In alternative embodiments of the hub interface, the fields included in the header
of the request packet may vary without departing from the scope of the invention. For
example, the header may include additional field, less fields, or different fields in place
of the fields shown below. Moreover, the encoding of the fields may also vary without
departing from the scope of the invention.

Table 5§ Request Packet Header Format for 32 bit Addressing
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rq r/ cr of Ik Transaction Desc. Re- TD Attr Space Data Length (DW Last DW
BE | DWBE Base cp w Routing Field served Addr(31:2] R ea ct Address

Tabl e 6 ReguwesinsPacket Header Format for 64 bit Addressi pgrigslefiyt €
Transmitted First Byte Transmitted 31 30 29 28 27 26 25 24123 22 21 20 19
18 17 16115 14 13 12 11 10 9 8 17 6 54 3 2 1 0rqr/ cr of Ilk Transaction
Desc. Re- TD Ahtfropae Data Length (DW Last DW BE lewsldA.BRuePase cp w
Routing Fi el ss8ry echs Asigibh 251 23 1sRs e@usBR14bb iz naesmopents 4+ Addr{ 63: 32] 64 bit

f component Transacti on Descriptor The Transaction scriptor Routing and

Attribute file r/ﬂﬂ: Trqnmmlbaus Ry w Yata LG pWV) UESEE paeketR are
identified [ (Routing, Fetdr, on kets withta '1' {in | ocati on.
cr Conpleti gM*BBEHuired (' 1' ) or no corrpl etion requi red ('o )‘.‘ ey . Read
('0") or Wite{—Id—F-s—+Feldindieates—F—data—wtH -EVuded with a
conpl etion (read) or a request (wite). Address Format (af) The addressing
format is either lied or_32/64 bit_ ('1' Lock (1k) Flag to

i ndi cat e that thJaP %‘t“ef ?“ﬁ'éﬁ‘tﬂeaﬂe’aﬁ"ﬂﬁ‘kgl!“ €¥Ngrequest s and

conpletions in a |locked sequence w il have this bit Set . Hub agents, which

o "o WA 808 el el P P L "‘Lé“zﬁ."z‘é“:‘;o;ﬁ' d wth

i n doubl e- Wi B FEARERon Dkt TRETHD Al TR ot Bl Ereabw 0 PRI BWEBE @ bW B TRPr esent ed
is one plus [l Kip@¢ Fieldl U $srved| 0000 0" represent§ one qoubl e- .
Addr[31:2) lR ea }32 bit
component
Addr(63:32] 64 bit
component
Transaction Descriptor The Transaction Descriptor Routing and Attribute fields as
previously described.
rg/cp Request packets are identified with a ‘0’ and completion

packets with a *1” in this location.
cr Completion required (‘1’) or no completion required (*0°).
riw Read (‘0°) or Write (‘1°). This field indicates if data will
be included with a completion (read) or a request (write).
Address Format (af) The addressing format is either Implied (“0”) or 32/64 bit
‘1.
Lock (Ik) Flag to indicate that the request is part of a locked
sequence. Requests and completions in a locked sequence
will have this bit set. Hub agents, which do not

comprehend lock, ignore this flag and will fill this field
with ‘0°.
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Space This field selects the destination space type for the request. In one
enbodi nent, possible destination spaces include Menory ("00"), and 10
("OL"). 1st WWNIBFTByte enables for the first doubl e-word RET/ESH2658ad or
wite request to Menory or TO. Byte enables are active low. If there is
only one double-word for a request, this byte enable field is used. In one
enbodi nent, iDatakerigth egal to | Thedatalengtinis givenrin doubleawardsrenoaded suchequest

with no bytes enabled. Last DWBE,Byte enabl es _&,&rgsfeg%séqq??itifﬁ&%bse-mrd of

any read or wite request. Byte enables are activ ere 1s only
one double-word for a request, thilmsmber.eTihs't0000UOE répregerts ore do(blé-Wbid.) . Byte
enabl es may be discontiguous (e.g.: "0101"). This field is never used with
speci al cycl espasd nce it over| a/Thistfieid selsps cliealestibpdoresphreappk fogthe faqedstl.

Addr[31:2] The 32 bit address i enerated as i ld .be on PClL for same
type of cycle. This doubl e-wor di?gm’icﬁ'bq°ﬂi%e&t’%§5’tbfe\r,§%&§?no%??8“éﬁn 19

addr essi ng nodes (but not for tiMendipliced, ardidr@eBh.ng node). Extended
Address (ea) Indicates 32 bit addressing ('0') or 64 bit addressing ('1').
Config Type (mtbWBE confi gur at iByte enyblesfor the Kiyst ddubleswdrid iof arsy remiont write

indicate Type 0 ('0') or Type 1 ('P) nfiguragtion c e type. . Because
configuration cycles will al \/vayée‘lg_)'@“b%%etﬂ“r‘?gg ﬁﬁm‘? "J%‘giﬁf ?mégta’fé%%‘ﬁ g, this
bit is overlapped with the "ExtgéR@nhdaie sble-Word forakSquebt! this\pe01/ 27777

PCT/ USOQ 26584 Addr[ 63: 32] Upper .address bjts for 64 bit addressi ng node.
This doubl e-word is included for‘“i‘%%ﬁ'ﬂglsﬂis?d‘a & TpoflimemsfEis il | etion

Packets The header format for a GeeRhenbSIbr O eHa br wARGEfUItNGitl fo BRG
enbodi nent, is abled
enaoied.

Last DW BE Byte enables for the last double-word of any read or write
request. Byte enables are active low. If there is only one
double-word for a request, this field must be inactive
(*1111”). Byte enables may be discontiguous (e.g.:
“0101™). This field is never used with special cycles since
it overlaps the “Special Cycle Encoding” field.

Addr[31:2] The 32 bit address is generated as it would be on PCI for
same type of cycle. This double-word is included for the 32
and 64 bit addressing modes (but not for the implied

addressing mode).
Extended Address (ea) Indicates 32 bit addressing (‘0”) or 64 bit addressing (‘1°).
Config Type (ct) For configuration cycles only, this bit is used to indicate

Type 0 (‘0") or Type 1 (‘17) configuration cycle type.
Because configuration cycles will always be performed
with 32 bit addressing, this bit is overlapped with the
“Extended Address” bit.
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shown below in Table 7. In one enbodi nent, the header is one doubl e-word.
The fields of the headers, as shown in Table 8 are described follow ng the
table. I n amomAHUT ve enbodi nents of the hub interface, hecwusesresshe fiel ds
included in the header for a conpletion packet may vary w thout departing
fromthe scope of the invention. For exanple, the header may include

addi tional fiseldds3:B2ks fiel ds, mrppetiaﬂanesse% forf6i4€bh:c£adxie§m;glza6de Thist he fields

as descri bed and shown bel ow. ver, .the encodin e fields may

al so vary without departing fro 'f “’gﬁio‘f)g‘cb‘ﬁ‘f éﬂie%\‘}g’l‘ftafi%ﬁss'“ﬁémd@ 7

Conpl eti on Packet Header Format Last Byie 'Iiran;ggted First Byte
Transmitted 31 30 29 28 27 26 25 2412 18 17 16115 14 13 12 11
10 9 8 17 6 5 4 3TRe feader fofinat for R2omplelionpaekei et dr@ing RESHe enfBBdimERt, At t r Rsvd
Data Length (DW Conpl ,&Wgen St at us cp w served Routing Field served

Transacti on DB pglpwn Frr Hreng cmbpiments the ihgadsy is Rag doubls-werd: Thetfieldsut e

fields as progyicieaders, & showa HEFabid m@es-gﬁ@éasf@ﬁ&hﬁﬁth%‘?ﬁﬁé on. rq/cp
Conpl eti on packets are identified int | ocation. r/w Read

("0') or Wite (' In 3ltemﬁﬁvesemtroélrepmwﬂﬂa,edtuésntﬁrfacadzoa/ew; the fb‘és inglstleddad with a
conpl etion (rgagbadd ) e t hat
the conpl eti (;n I sdégzg(rn?a %%%éigﬁggﬂéﬁqvﬁn%%lﬁg%&%lg hg@'glnt ﬁ?é lons in a
| ocked sequerigeentigy. | For pxample, thedegder H@E!HCIUAgeddltsonab\ﬂ'rﬁl@Hess@eldator differenehend

| ock, ignore fq%q- t th The
data | ength |dsem§|§r\l/én In %@k&égfhéedaghg%g glegot%\h%{eﬁ tP%e nu'r%%érJ of
doubl e- wor ds theficlésmay deb vagy mﬁmupdiqpemng fiom theistbpe of théingentioR00000"
represents one do 77 PCT/ USOQ 26584 Conpl eti on
Status Indicates ;l%h%ﬁ’*?&g%leu " ihc\séqulgl % P er mi ned. Reserved Al l
reserved bits abLew$@lmdts0 V. I n one enbodl ment of hub italf.aG8s conpletions

for menory readsonmy zarzsqudez 21 @ BSis 1N fis I4h§>12f1l|.||16 9 asrqauats pfs daf 3 requested
SO | Ong as t e r\r':t: Ir‘ V'Mlll'\(""‘ iﬁ T\lnhf 1al r\nnrh I I I(D\I\l QD,

conpl etions {ﬂi‘i&g ot &?;f“ R F‘éf (P{“‘f eoggh (% v@s §°"t"'ﬁ'5ﬁs“"f“he

Transaction Descriptor The Transaction Descriptor Routing and Attribute fields as

previously discussed in the Transaction section.

rg/cp Completion packets are identified with a ‘1° in this
location.
r/w Read (‘0") or Write (*1’). This field indicates if data will

be included with a completion (read) or a request (write).

Lock (Ik) Flag to indicate that the completion is part of a locked
sequence. Requests and completions in a locked sequence
will have this bit set. Agents, which do not comprehend
lock, ignore this flag and will fill this field with ‘0°.

Data Length The data length is given in double-words, encoded such
that the number of double-words represented is one plus
this number. Thus, “000000” represents one double-word.

-19-



entire request has been conpleted. This m ght be done to satisfy a
particular hub interface |latency requirenment for a particular platform In
addi tion, fwoarreguest that requires conpletion, the inipPCTAISKM?26584N ONe
enbodi ment, retains information about the request, which may be stored in a
buffer of the initiating hub agent. For exanple, this information may

i ncl ude the €rmplstort $tatus descr i Ipdioates aomplesion etaty$ usifgeprpdeekmined | ock st at us,
routing information, etc. Furthernore, when receiving the conpletion(s),
the initiatoResssedhes t he conpl &l reseryed bitsiaterset loc0’. corr espondi ng request. In
the case of multiple conpletions, the initiator accunulates a count of the
dat a conpl et ed fdnonhemmdiirgtmathbénfeéme epmipldtionshfor mpmgiynadds meppwyidei s ful |y
conpl eted. | I ne ment of
the hub int e[rl Ztézér?ﬁg Jﬁh%% ?@g“&l’%ﬁ&iﬁ etﬁergnag e§t15%§m8 a request
fromeither bnﬂzplagnﬁriukwsmemumhdns’fdrmmom wriksmay indiceto tiwat ey thah the
arbitration event re s.owner s of t he

Mter face. 1 PR BAEsst g prencpro e At e Pt eRROTAPRHRR: BH hu
interface |Smtdilfaeelateh@ﬂe@a&tnemefemmdrmuwwtfmd hub agent wins. In one
enbodi nent, all hub Qgents track the | east Fcent y .serviced status (e.g.,
via a status flag® P T AIPGTe tl?aé&q’é‘feérmﬁnp eHomn, thedpifaps. o odi ment

al ternative embddithérd}e@ins idfotraiGibabdaithd fqLis hivhiniby!be bldfedSE 8 paffédlof t he
present inventiagn. Once a hu{t_zg gent acquires the ownership of the

interface, ithejgiliatingbup pgrae fpplethis Informatien may inplpds the ransgcionat es it s

transacti on, dQEriptsy, tHe s28 oftht PARECRCE étﬁlﬁs,bﬁﬂﬂ@ﬁrﬂbrﬁmm@ﬁ Ric! BErthe@breexanpl e, in
one enbodlnent a tinmeslice counter rovided in each hub,  agent to

control bandWhen 1§ceAYing e completionss) the | lnF‘ qr mateheghe fomplstions) with g‘eown er shi p
tenure. ThecdEndl n%‘?éqtu&q anh@caQé‘& IﬂlﬂﬁﬂE c&ﬁlpleﬁons,tthé‘iﬁﬁiaiog Gccuimbilak aMBYy be

different or the sane interface agents attached to the sane
interface. Thant Pfrfb%‘llﬂtt@mfefthP@“S?P%lr‘Q‘EEStl‘}p'éiﬁheQitﬂml#eﬂ‘FF@' sl ship of
i nterface an pjs hub interface base clock periods. -20 WO 01/27777

PCTI US00/ 26584 In one enbodi nent, each hub agent i s responsible for
managing its own tineslice al |2AcHa pArbitratien and PacketFraming,odi nent, a

timest i ce vl ue. MabnDEn i AALR BRI frefrahllned B B RiA6AS SRR ISsERA Ster for

each interface i ent. Flgure 6 (rates an exanpl e of
arbitration bbaregiest foorh either eubfagemcbmeweétothmbter@ggn:owdawdamgbmauw and the

transfer of tug, PACKELSsenl Meqisd MhEor et JrtledfieidR! ta@liBquest

ownership simultaneously when the hub interface is idle, the least recently serviced hub

agent wins. In one embodiment, all hub agents track the least recently sgrviced status
(e.g., via a status flag of an internal register.) In alternative embodiment, alternative
arbitration routines may be used within the scope of the present invention.

Once a hub agent acquires the ownership of the interface, it will continue to own
the interface until it completes its transaction, or until an allocated time bandwidth
expires. For example, in one embodiment, a timeslice counter is provided in each hub
agent to control bandwidth allocation and to limit an agent’s interface ownership tenure.
The time allotted to a hub agent (i.e., timeslice value) may be different or the same for
hub interface agents attached to the same interface. The timeslice counter is started upon

acquiring ownership of interface and counts hub interface base clock periods.
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out of an idle interface state, with the interface then returning to idle.

Moreovér, in the exanple illustrated, the interface is using a 4x data
transfer noseomt7rtr ei ght bit data signal (PD) path. AgemCTAIS00 2658 he
exanple illustrated in Figure 6, is the nost recently serviced (MRS)

agent. As a result, Agent A asserts its external request signal (RQ@A) and
sanpl es the stat din ofie ¢thbodimgentieaglt @brnmmsnpngwalfor(rmmpns evotiedidgge 1
(which is sh 0 of of f
the sanme ed %YXQ h&lor'?‘teg%lér%ﬁ'dg ne\éﬁ'%oo&} [é‘fguﬁlé&lgé Hf\lge c?%%‘s%%m&%@ orhglgt he
transmtted msm'ﬁace(conenandrwa’fbrraam i@efiate iApadhchubagent.abl e internally in the

receiver (i. startin he . first packet

consi sts of tvvo ﬁ'bliee(’B %%Eﬁs 6’6?‘ }P&e %&‘%ﬁ@“?@d%@énte%% betyeEn Ry ks to
transmt in gdea Amnmmgiﬁtsmﬂhs ef0RE oPiRtketss The eRanplo Rk EadkRktigatioa06, 608,
and 610, and so _requir es three base clocks in the 4x node. Flow Control In

one embodi mefitof paiisinteriace state, withith igigriace tisndeymmiRgle ddle-ploroyerciaitts ng agent

due to |ack eiarﬂpmusss;atequtﬁeﬁnéﬂ@sg,usﬂ?aax Bth frekstes PiRae willeighObit @dther
reasons. In one enbodi nent, Flow con is acconplished using a STOP

si gnal . Fi gusignat (F) nadh rAsieatA dn theexample illystratersin Figure 6, isthemmast gaently As
I 1 lustrated, r sanpl es
éH(MK’S)%géﬁ IS a rds8ilt, Seft’ i{'%selisqg%gﬁl’nai;feq&% snérgggi%&f(‘agﬁ

the state of “The Agent S request 'signa on cloc ichis

shown to be fsamaplesithestatp of the dgent &'t tequpsirignrbRQB) oasinek sddedr(which ig showsane
edge (e.qg., ¢loc | C the data
transmtted or%nﬁhfgg‘%%%r% sstﬁ-gl@%ﬁ%%gmgmﬁg?ogr&f) Ff/gﬁ?éne%%%e recei ver at Agent
B, starting fromhlone kmb@tgmels. thém isorievoeideb delaybefore tﬁaxtdnsxmttngdateﬁei,pt of

enact {1 ow cBREPSF BeGRER byl Ty Wb RBPGE Mot A, 0

7, at clock cbcllgedgé,B The ﬁddpackempnsrdtﬂaof mmﬂm’uﬁqwmdsﬁommg a@i reqiieesges from

one hub agent t anot | so be
exchanged f ofYd ﬁ@“%%‘sg?g&‘é‘i”év{] l}?mé '%ﬁi‘/’@é‘fgﬁg{?ﬁ%’bﬁ%%’ number
of clocks. Mg0& @08 and 610, andsceinamd tesetbase deckSHGRe 4% godd. i s sanpl ed on base
cl ocks, which correspond to the final triEstr of a packet w dth. For
exanple, in a 4x node (using an ei ght bi D signal), the STOP signal

i's sanpled each bﬁ&ﬂe@inﬁ@dimentl‘?&ﬁé@ihay bexetriad ér disdoRakRted b Q@ reeEMRgsigetal i s

sanpl ed each fourth clock (with the
due to lack of request queue space, data buffer space, or for other reasons. In one

—

embodiment, Flow control is accomplished using a STOP signal.

Figure 7 illustrates an example of the use of STOP signal. As illustrated, Agent
A asserts its external request signal (RQA) and samples the state of the Agent B's request
signal (RQB) on clock edge 1 (which is shown to be inactive) before starting packet
transmission off the same edge (e.g., clock edge 1.)

Following a two clock delay, the data transmitted from Agent A is available
internally in the receiver at Agent B, starting from clock edge 3. In one embodiment,
following receipt of data transmitted from Agent A, is the first opportunity for Agent B
to enact flow control by asserting the STOP signal, as illustrated in Figure 7, at clock
edge 4.

In addition, when ownership of PD signal changes from one hub agent to another,
ownership of the STOP signal will be also be exchanged following a predetermined
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begi nning of a transaction-being used as a reference point). Follow ng the
reception of a STOP signal, the hub agent that receives the STOP signal

det er mi nes WR¥REF7it may retry sending additional packetRCT/US0HRES8 8 is a
fl ow diagram describing the steps perforned by a hub agent in determ ning

whet her it ma retr endi ng a.packet follow ng receipt of a STOP signal,
according to ere‘ﬁﬁ%’&?ﬁ'r%?’.eg‘ieﬁ '8?‘3—?&"@92‘,‘“38" Hl?b&é%feﬁ’ﬁ" ihampled npasent |y
transm tting cRRRhichlcBfIpYRPodheTiatransied B packdl Widh.P FBS&ambl}, @l4% 804 the
hub agent that receives the STOP signal determnes if the other agent

(whi ch act i vaRedg (psing agright bif wide|PP signaP e STOP signahihsampled sachrbaseaiock.
interface, by kg 1k Bdet i ., R@B.). If
the recipient %???Ihfedgs%@%gi 'Q%T%we%?ger%?ﬁgﬁé@pl% ﬁgﬁéﬁﬁu&ﬁ acg)gﬁ'kwé\ﬁ?‘gh sent the
STOP si gnal beginping of igansactipnbeingwsed 817 fefernce peint).nt er f ace, in step 806 the

current owner of : ' pnacke |1 owi n
recovery fromt he?@@o@hé‘%ﬂ@?{cﬁé&n% ﬁg?@)ﬁgﬁgﬁl t?lghﬁ%g@q%&e{%‘r“&&ntg%g?ﬁgt t he °
agent whi ch aignaldeteadine$rehe<BROR nEiygetsyl sending sigitonslipackeswiFigust B s a flow st ep 808,
the current woer ees(tn_lr.m't?legt isf ei IS Li mars?l {écec Qias expi re?‘. | f. the
timeslice for BHE I83FRNR B §iRRs Pefprmef by @ hph fgent.in deleumifiing Whether if gpay s oy g1,
the current rayendingh pakadoiomisg ebdift.of L STORGighklNEabiding té ore dntbodigtent, ent
owner has not expired, ..the current., owner. may transmt a packe ({th an
attribute that isIUieRSoRaHTubaEEH s CPﬁ%%W'aﬁwamsaa%&'f reckisFea éB‘&. fically,
in st gp 812, sighsl. Guifespte, fwf 80d @tiecHubiagen® thiaf reianga&hsmWh etépinires & g
attribute type that is di.fferent fr ny packets that haye been retried in
the present gl? ther 2pgmb ‘é}‘sasc%ﬂed(tL? g&ﬁf‘ﬁﬁb‘éﬁ%ﬁ?“% °‘E’?Fé5héﬂj?‘rbi%t owner's
tenure), whi GlterfdeeySamplitghé 5tBerhib hientd redubstbizBalqelp. RQB.)OWner does have a
packet with a different, attribute in step 814 the current owner

h
attenpt to transnifithe Reipisatof e STGRigng] determings that the agent Wibﬁcmr‘é?egﬁggy

hip of id i L
?V\N/prg rR E AICE ?n sfoggg ée ﬁnk%gééfuﬁﬁéﬁ§ owResf bR defrade, RQTépls‘éla%%@é&ﬂ owﬁé\é‘ékrﬁAl

. I ment, the hub interface i ements a physica
i nterface t haterfasp gay piampi to ansmit @ ppoketiolonips srcowry fem tw@-o n {lgoNVHz .

Q her frequeRg@eLRandBiY it &fermiRd HAFMe adent WAiEH hdtivRed ihB SPOP sARGHI nent, the
physi cal interface uses a source synchronous (SS) data transfer technique _

whi ch can be 'efyasing Pwawkekip:tipstep 3%s the curgrat gwegr determines if its timeslice has
expired.

If the timeslice for the current owner of the interface has expired, in step 810, the
current owner releases ownership. If the timeslice for the current owner has not expired,
the current owner may transmit a packet with an attribute that is different from the
interrupted packet. More specifically, in step 812, the current owner determines if it has
a packet with a attribute type that is different from any packets that have been retried in
the present arbitration session (i.e., the period of the current owner’s tenure), which
needs to be transmitted.

If the current owner does have a packet with a different attribute, in step 814 the
current owner may attempt to transmit the packet. Otherwise, the current owner release

ownership of the interface.
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4X of the base hub interface clock. As a result, in an enbodi nent having an
8-bit data interface (e.g., PD) operating at a base frequency of 66MHz or
100MHz, a D¥PeRA7H7h of 266 negabytes per second (MB/s) BETASWWBIS4 nay be
achi eved, respectively. Furthernore, in one enbodinent, the hub interface
supports a voltage operation of L.8V, and is based on conpl enentary

met al - oxi de sem conduct or procepHYSIMMICINTERFATE Ng. | n an alternative
enbodi nents, however, the interface may operate at alternative frequencies
and/ or al t er nat i WeORS embdiggnt, thehul intertace implemgnds 4 physigaligteriage hndwi dt hs,
and support gpklaRE BEd bad@fr@PRehcY s Blhey BENBE S 100ME L COMEr dqubicdntay&isai gnal
processing, W thout departing fromthe scope of the invention. External

Si gnal s Def ib§iusedo in peiditigne incone embadimgrtethe physicehiptsiface uses agoafcei nt er f ace of
t he hub int : : ' .ment. As
Shown i n Fi gl e GouE(eS? Bl et b G ol 3 a1 R BB

bi - di r ect i orfef ofghgybase hut int¢sface diock. ABB résuith an embddimend hh¥ieg ang-binkdatapai r  of

source sync t ' R ) ata clagking. In an
al ternati ve%‘%%ﬁ?fé'ﬁ?,ﬁs)ﬁ%{t@ﬁ? eaf?a%{gg@g'ﬁl\éyvﬂf g%ﬁgg o L@Nﬂ&ﬁ%ﬁ?@f‘gé@?s hown in
Figure 9, 266atgabyitesipat seeang(MBis)tor deOMB/s nmy bPErhicked,3¢speatizalyal so be used
along with an addi tional pair f..pair. of .source synchrongus strobe signals
(PUSTRBN, PUSTRB T’S‘i‘%?reeo’\?‘e"r“? °‘|“ﬁ°dé cnt, the g‘ﬂ"n‘&?ffg s&ﬁ%’ PYYRES OBHRAYY ect i onal
dat a si gnal sofd®W, dndis bused dn complertielitiry aietal-oxide sumichindeabl Ro@bks @MOSY at i on

si gnal connects.each agl?nt to tFe.ot he évRng RC%% and a bi-directional
STOP si gnal SERaling dn gy Yematye e ‘rﬁﬁmﬁégﬁ f S AG MY PREES A ow, as
previously deemativecfequidits bhdiorditeindiwsizaa Qatd ingdifakss tb BRvidd Salylig system reset
(Reset), comqmon cl ock %HLCLK and vol tage reference signals (HLVREF). As

wel |, si gndtaBdwigihscand suppop alterasfive oprseiifs) voltages,hased onaliemativestenalyt put
| mpedance t prbdaesing) it Qdgadting HonPGR kddpR Of 6 S4nicADPT OPY | at e val Ue to

conpensate for manufacturing and tenperature variations are also included.

The physical signals showmn in the interface illustrated in Figure 9 are
further described belgw in_Tabhle 8 1In alternative enbodi nents of the hub
I nterface, the si 1 the physical interface nmay vary w t hout

departing fromthe scope of the _invention. For exanple, the physical
interface may i ndjigRye 9 ikjshates the physicalfignalipisrfacesf ghedmb interfacy betyesntym t he
signal s shovybiaBedrd, dttofith 188 &bddiifdnt RS Mo G FiahedY e hubdittBacs -
physical interface uses a bi-directional eight bit data bus (PD [7:0]) with a differential
pair of source synchronous strobe signals (PSTRBN, PSTRBP) for data clocking. In an
alternative embodiment, the interface can widened. For example, as shown in Figure 9,
an additional eight bit data bus (PD [15:8]) can also be used along with an additional pair
of pair of source synchronous strobe signals (PUSTRBN, PUSTRBP.) Moreover, in an
alternative embodiment, unidirectional data signals could be used.
In addition, one unidirectional arbitration signal connects each agent to the other
(RQA, RQB), and a bi-directional STOP signal is used by the receiving agent to control
data flow, as previously described. Additional interface signals include the system reset
(Reset), common clock (HL.CLK) and voltage reference signals (HLVREF). As well,
signals for each hub agent (ZCOMP) to match its driver output impedance to the
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Table 8 Hub Interface Signals for Eight Bit Agents Nane Bits Type O ock
Description (Pads) Mdde PD[7:0] 8 ASTS SS Packet data pins. The data

i nterface WNeNWI2@T78, in one enbodinent, is held by acti VRETYRHS¥er s at
the last voltage value to which it was driven. PSTRBP 1 ASTS SS Negative
PD Interface Strobe (default voltage level = VSSHL) and Positive PD

| nterface St a@;hepr(am\bamewbdmmsdtefoehmamﬁamgla)xd tengpetabuee vapiatiorisdee disari ng f or
4X and | X dat a d ansfer on the PD[7:0] interface. The agent that is
providing d¥¥98¢i ves this signal. PSTRBN and PSTRBP should be sensed
full'y differenti aihe/phyticdl BigndlSSHRWGGA the Wmllluswﬁns‘a‘gﬁewa&d fuhdrD
Interface Strobe, see PSTRBP descript.ion /0 CC3 Active-high
[1 eguest f][omd&‘géh‘t belqwhintTable & ll'bﬂfeﬂla“i"?ﬁm‘?"dﬁbe“@°ftﬂlf t‘%fF‘ﬁacﬁvm%?‘msp of the
ub interface, e mtlﬁgrfaeem &R to send,
and is deassgr}thgé%ldv\%egﬁgﬁ her al 9v&9 eﬁﬁﬁgégégg%g&ﬂgifgtpg?fggnt or agent
A determ neanlehmn iFor mledthpéhﬁmbmte & Y pelydeanorpdess or difereaipignalsa| ue i s

VSSHL. RQA 1 ?lgﬁg#r A. S
above descri’ p Bfagﬁg‘t‘a‘%{f’%@ 999(%9%&%} ?%S?‘Q%Q.dﬁémfvﬂggt‘?‘% gw )cont regl
toretry or di sconnept é‘%gl%h?nterﬁﬁ%sﬂor%@trﬂipA bepeer face base cl ock,

I n one enbodi nent, ei t Thi'sS provides timng information

for the cor . =T O Hpe (Y CRotd || [Dekngaen L 1el Dl OW.  RESET# T 1
Active-| ow feset indj tl)nto g{ge nterface agents! -24 [111 V\DOl/%??
PCT/ USO0/ 26384 HLVI L N A f2ade reference (VCCHIP) for differenti al

i nput s. I n A®B{7:0) ASTS' ss¢ Packet data pins. The data interface when idle, in one

embodiment, is held by active sustainers at the last voltage
value to which it was driven.

PSTRBP 1 ASTS SS Negative PD Interface Strobe (default voltage level =
VSSHL) and Positive PD Interface Strobe (idle voltage level
= VCCHL) together provide timing for 4X and 1X data
transfer on the PD[7:0] interface. The agent that is providing
data drives this signal. PSTRBN and PSTRBP should be
sensed fully differentially at the receiver.

PSTRBN 1 ASTS SS Positive PD Interface Strobe, see PSTRBP description
above.
RQB 1 /o cc? Active-high request from agent A (output from A, input to B)

to obtain ownership of the hub interface. RQA is asserted
when agent A has data available to send, and is deasserted
when cither all of agent A’s data has been sent or agent A
determines that it should release the interface. Reset voltage
value is YSSHL.

RQA 1 o cC ' Request from agent B (output from B, input to A). See above
description of RQA.

STOP 1 ASTS cc Used for pipelined flow control to retry or disconnect
packets.

HLCLK 1 I N/A hub interface base clock, in one embodiment, either 66MHz

or 100MHz. This provides timing information for the

common clock signais (described further below.

RESET# 1 I CcC Active-low reset indication to hub interface agents.*
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enbodi nment, the voltage is generated on the notherboard through a voltage
di vider. HLZCOW 1 1/0 N A Provi des | npedance Conpensation. VCCHL 4 power

N A 1.8V VEAVPTH ound NV A Total: i 25 t ASTS = Acti velBFT&$89265%ed
Tri-State. 2 SS = Source Synchronous Mde Signal 3 CC = Common C ock Mde
Signal 4 In one enbodi ment, Reset is a systemw de signal; it is an output
fromone ¢ nt [&f t syst E¥hrang Velraes refpsenee (VECHIHR fap differential e deert (Js) .
Mor eover, set is Jasynchronous wt 'Ierﬁtﬁ&iﬁaﬁthebdkaddks%ate&hﬁmthﬁb&ﬁk

Transfer Mpe Operatji on Ijn one pnbod R v et the signals transniftted
across the hub intenface jare transmtte,cs' ccordance with a common [cl ock
node. More EPe&OMEcqltly, (e tiphAg af"°"‘?°ﬁlé“"§q‘“§ﬁ§?“§"“ts%‘a‘t are transmittled

via the conp¥eCRU ocH 4nodel rave rEf/érent&d to a single clock (e.g., theg hub

interface closdu) |1 a4alteynabd VEnANDOdi nents, the signals may be tied|to a
system cl ock c?xterl QL to the hpb inferface agents. Mreover, there be
nore than 'lﬁ hub_jin flace sepnentiin a system in which case differjent

base clocks may be wused for the different segnments. For exanple, one
conponent m ght .Egre t base hub interface and a | OOMHz
base hub mterfacrg‘l; ?‘Egve%ﬁl%%s?ﬁ’??ﬁ%ansfer Mode Operation In one
enbodi nent, the p%ﬁS(ﬂSsdrcEaSﬁchbﬁodsrl\mmmgmed usi ng a source synchronous

cl ock node, vvhich, ovi des e for multiplying the data transfer
rate of data. For é eﬁ?ﬁf“% %lﬂwg‘?ﬁé‘ﬂﬁlmnt usi ng  4X sour ce synchronous
gl O(t:) Iki ng rrgde_ wi th hbdhe eﬁibgdntnebu, Resdtis a sgstgi-alidedagnal; uhs’ﬁwtp'u}t fr'bmgmla y I
oubl e- wor i . e uires_only one terface clock cycle
(o) A ¢ e organaief e syt hod 7 iyt £ 8 Qe oRBPRLS) Moreorer i

synchronous gdyaéisbritiis Wl eespitt & HECIKL bit data signal path woul d requi re a

full hub interface clock cycle to conplete. -25 WQ 01/27777 PCT/ US00/ 26584
More specifically, in one enboser HE SO FrETHCH 10B  ansni ssi on,

In one embodiment, many of the signals transmitted across the hub interface are

transmitted in accordance with a common clock mode. More specifically, the timing of
the signals that are transmitted via the common clock mode are referenced to a single
clock (e.g., the hub interface clock.) In alternative embodiments, the signals may be tied
to a system clock, exterior to the hub interface agents. Moreover, there may be more
than one hub interface segment in a system, in which case different base clocks may be
used for the different segments. For example, one component might implement both a
66MHz base hub interface and a 100MHz base hub interface.
Source Synchronous Transfer Mode Operation

In one embodiment, the packets/data are transmitted using a source synchronous
clock mode, which provides a technique for multiplying the data transfer rate of data.
For example, in an embodiment using 4X source synchronous clocking mode with an
eight bit data signal path, transmitting a double-word (i.e., four byte) requires only one
hub interface clock cycle (HLCK.) Alternatively, transmitting a double word using 1X
source synchronous clocking mode on an eight bit data signal path would require a full

hub interface clock cycle to complete.
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strobes (e.g., PSTRBNI PSTRBP) are sent with a data transm ssion in
accordance with a predetermned timng relationship between the strobes
and the dat aYOPH¥7Ftrobes are thereafter used to |atch t REVHSMW&ESBHt 0 t he
receiving hub agent. Mre specifically, in one enbodi nent, the edges of the
strobes PSTRBP/ PSTRBN are used by the receiving hub agent to identify the
presence and ti niMege specifiedlly, ip@negmbadiment of soedte apnchmsoushmnshaitsiorsi gnal

pat hs. For e I d in di agram of Fiqure 10, in
one enbodi rreéﬁggél'sfegm 13&% %r an@f v >e8 Y&%é%%?gmf%m I‘fbacf?rg?‘}‘fﬁ%é'é@e of
PSTRBP and t ipeedétahﬂunm;lmnlgeelafonﬂﬁﬂ' bitieenAhesstrobedthnd SHealatal INE ftedbes £61 r esponds

to the risin e e of ,P nd.the fal]|{ng edge of PSTRBP. In addition,
in one enbod?l?Fé °“§§d1°3?t§ﬁ@f’%§tﬁmq\°ﬁ“ﬁvﬁ'§%@ Bt he transnit edges of

t he strobes PSTRBMOFB%BEBN:@I&GnMSérhbﬁmt nwgdggmtm%sgs of the data valid

w ndow. As a rg‘fiﬁg _tlge receiving agent is given_an input data sarrpl I ng

wi ndow t o ad® 4B% B aregiyed &y, FW‘Y‘F‘EP%“‘%R@W““W# esencejagd one

embodi Ment - a iRy SRt AR Qrai{s’i'érkéii ale.%ﬁs%@dai& gm Grof G%e’, adififstdeel! NI UM
e (t sed b

data valid after strobe are recel ving hu
agent to |dem1h¢ynmmdmgamnfﬂum Weinmyeﬂmmqttaé'mstdamfﬂhmmw ng hub

agent | atche t he fo bri ef
pgrl od to reZ"y% s'lngg%lo?%sﬁ mgéﬂ?ﬁﬂ%@%u@@?@ﬁa’%é&g cléja&a tﬁqﬁf&k) bef ore
bei ng passedomdsporgis\to thl rising b@efwl?smmtand mmm@edgawpmw at i ons and

nodi fi cations of {he present i tlon bt hec parent to a
person of ordi narb‘%ﬁf‘l"f‘ n ﬁn"t% mEtfaf gﬂ&‘ﬁég?%mroﬁgé‘ﬂ'etlﬁ CT’H}S 0i ng
descri ption, eligesioftht etrdtes RSTRBB!RSIRBN &t positonBd fidar thélcarterT e datiBatid Shown

and descri bed oy way of illustration is_in no \é@/ i ntended to be
consi dered | %iR4own s a resplty e Srceiving agent 15 pivea ap iNpHiiats JamDHAZ Wiadew s

embodi ment s ae&nﬁsadawh%iﬂeﬁtén@nﬁn@skewsh%ré&epﬁ, Ste ehiBBdifemt A RiniMnE h 1 N
thensel ves recite only those features regarded as the invention. -26 WO

01/ 27777 PCTAagyelidios strabe afsastivbltand 8 minimummedgta valid after strehgedgatR¥®pr i si ng:

a central pr i counl ed
to the CPUp \%r%:"?%ldgn&it B#(}hé reb&iiihd) hutPdEnido [HRARY ¥n 120k Gtk b&ihg RMRmiNMEH) p

Once the receiving hub agent latches the incoming data, the data is thereafter held for
brief period to resynchronize the data with the hub interface clock (HLCK) before being
passed along within the hub agent.

Whereas many alterations and modifications of the present invention will no
doubt become apparent to a person of ordinary skill in the art after having read the
foregoing description, it is to be understood that any particular embodiment shown and
described by way of illustration is in no way intended to be considered limiting.
Therefore, references to details of various embodiments are not intended to limit the
scope of the claims which in themselves recite only those features regarded as the

invention.
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i ncludes a first interface controller operable to detect the presence of a
first hub agent coupled to the MCH. 2. The systemof claim1 further
conpri si ng WOfl2%¥7 point to point |ink coupled between tyerndsossdss4oi nt to
point link and the first interface controller. 3. The systemof claim?2
wherein the MCH further conprises: a second interface controller; a second
poi nt to poi LAk coupled to the second interface controller; and a
second hub agent . coupl ed the second point to point |ink; wherein the second
Fhas s clmed

interface co 'Soperabl e to detect the presence of the second hub

agent. 4. Tha. syshegeh c6hpiisiig?d Wherein the first hub agent is a network
interface card and the second hub agent is a graphics accelerator. 5. The
system of clai m 2 wher¥feRtalpsocessingunit{CRY  a8é¢ control l er includes: a

presence detect modul e; mangyComkdiel hdthS/i@H)CéaH%llsc?Qa th@Ci’gewl&rr&?ﬁfggﬁ?ﬂet ect
5 ul'e

nmodul e. 6. The systemof claimb5 wherein the presence detect no
moni tors the hub inchdes¥ Bskintetdacteonicaller pperahletoanteet tf presgacefdfadirsthub agent .

7. The system of ' Whekel he control |ogic responds to a poll
request if the flgegltéqggﬁ ageﬁw:lﬁs' detect ed and does not respond to the

pol | request 2 f t Mhe $ystesxofiglabn 1 digrthet comprisiig adesteoine . pofht lifheoupledt em of
claim5 wherein t |r .agent. j.ncl udes presence cknow edge nodul e
Q&WLén tﬁé ﬁgyg%ﬁ‘g&()) W!ntolgg( ag? g'ﬁ Jﬁ‘s[tllbtel?ﬁg CO[BP@

for transmtting a presence n e &ence detect
modul e vi a t Be poThd sysiempudichaim Riwhiereirdthe MGH fiythtcsampfised ai m 8 wherein the

presence detect modul e 9 r.i Sﬁ.s afi el resistor coupled to the hub
interface and the preskicdAMRIARICAH Y Fpdul e conprises a second resistor

coupl ed to the point tosepaidioint tayoint1idk cotpled\o thelsbeond idterfack bdntrbiler: and
LLTLLIIIEE I~ h S WO 01/ 27777, PCT/ USOX.26584 10, The s§stemof claims8

wherein the presence o614 HyB &L cQUBled thesecond point @ point HAki st or coupl ed to
the point to point |inkheéifltHeReconl BRHIEE catedoIIk S5tadIc B A& the presence

of the second hub agent.
4. The system of claim 3 wherein the first hub agent is a network interface card and
the second hub agent is a graphics accelerator.
5. The system of claim 2 wherein the first interface controller includes:
a presence detect module; and
control logic coupled to the presence detect module.
6. The system of claim 5 wherein the presence detect module monitors the hub
interface to detect the presence of the first hub agent.
7. The system of claim 6 wherein the control logic responds to a poll request if the

first hub agent is detected and does not respond to the poll request if the first hub

agent is not detected.

8. The system of claim 5 wherein the first hub agent includes a presence
acknowledge module for transmitting a presence acknowledge signal to the
presence detect module via the point to point link.

9. The system of claim 8 wherein the presence detect module comprises a first
resistor coupled to the hub interface and the presence acknowledge module

comprises a second resistor coupled to the point to point link.
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conprises a second transistor coupled to the hub interface. 11. The system
of claim2 further conprising an interface control hub (ICH coupled to
the MCH. 12wdaersgstem of claim 11 wherein the | CH conprpcruEs00/26¢84econd
interface controller; a second point to point |ink coupled to the second
interface controller; and a second hub agent coupled the second point to

poi nt 1ink; wher eirfe {ysRmSACRNA 8 WhERIH tBE Sreehtt dect MbdulScRiRised st 0 det ect

the presence of a second hub agent coupled to the second interface
control | er. 13. THansisgesceypladito tepoint lopaii dink and the presence scknewedzeimpdrlsdes a

peripheral conpongghorisedy &ESRAGRNGRE! doubled BRe kM RleRkel © @ PCl bus. 14. The
systemof claiml1l V\%erel n the conponents residing wthin the MCH are

assi gned conpdénenThasstemss slpim fusther epnprising ap intgrasecangralimb£Id)cqupled
conponents resi dloqgeMd}pi n the I1CH are assi gned conponent addresses within
a second address range. 15. A nethod of initializing a hub interface
conpri sing: 12anpThesgysemudiclaim  bwhperintthd KOhkcongpeisesr mi ni ng whet her a

downst ream agent is coupl e%.to tgec ooing;g, to point link; and transmtting a
first signal if the dotwSYIduR4GSRT S det ected; transmitting a second
signal if the downstr easecamgiqmint tcspaatiinkl edupiddaalthe sédond Mirefapeetdngdllepfand| ai m 15
further conprising: receivi nal. at contr logic if the

downstream agent is d&teEeR% Ptag%f ;‘Iﬁr?ge%t'%lesg‘f‘qnfié’? R e gﬁllﬁ froma central
processing unit (CPU); wheiéin theGkdond fntérfuee sontoliet idiafarablpao tetéat dprdsencePU i f
]E Lurat Llai sgohub_ a_gen}a ge%;rgﬁ%s to utpreﬁ t(F)%:els. %(I ¢ T e, rrett@%d. of claim 15
npri si ngt 28504 FRUPISC|t [ sgPng ipteEage QORISR Wo 01/ 27777
PCTI USCON65843.  The system of claim 12 wherein the ICH further includes a peripheral component
interface (PCI) bridge coupled to a PCI bus.

14.  The system of claim 11 wherein the components residing within the MCH are
assigned component addresses within a first address range and the components
residing within the ICH are assigned component addresses within a second
address range.

15. A method of initializing a hub interface comprising:

sampling a point to point link;

determining whether a downstream agent is coupled to the point to point
link; and

transmitting a first signal if the downstream agent is detected;

transmitting a second signal if the downstream agent is not detected.

16.  The method of claim 15 further comprising:

receiving the first signal at control logic if the downstream agent is
detected;

polling the first hub agent from a central processing unit (CPU); and

polling the second hub agent from the CPU if the first hub agent responds
to the poll.

17.  The method of claim 15 further comprising:
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receiving the second signal at the control logic if the downstream agent is
not detected; and disabling the hub interface at the first hub agent. 18.
A conput er YO EHTonprising: a first hub agent; and a pdOTUSPER26883i nt | i nk
coupled to the first hub agent, wherein the first hub agent sanples the
hub interface to detect the presence of a second hub agent upon initiation

of the conputer systeneceivng htiecomsigiiabit tRysheMISgic kil dowhSresheipBitns t he
first hub agent congr%ég%:é?%a presence detect nodul e; and control |ogic

coupled to the pr’é°§ ct nodule. 20. The conputer system of claim 19

wherein the control | aii¥ablidg tBEB ih@rfaceflat he First h@W@ent, t 0 @ central processing
unit (CPU) iigthe second hub agent is detected and transmts a second

signal to th&-cPU* FPMPHEr SYSEB COMPISINgGent is not detected. 1111 1 1 | 1 11
1111LMSIIIT - Z3Yirst hub agent; and

a point to point link coupled to the first hub agent, wherein the first hub
agent samples the hub interface to detect the presence of a second hub agent upon
initiation of the computer system.

19.  The computer system of claim 18 wherein the first hub agent comprises:

a presence detect module; and

control logic coupled to the presence detect module.

20.  The computer system of claim 19 wherein the control logic transmits a first signal
to a central processing unit (CPU) if the second hub agent is detected and

transmits a second signal to the CPU if the first hub agent is not detected.
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