1 6 MAR 2004 WD 01/27777 PCT/ US00/ 26584 METHOD AND APPARATUS FOR 1 fi MAR 2004
| NITI ALI NG A374OMPUTER | NTERFACE The present invention pertains to the
field of con{)zl?ger systens. More particularly, the invent i%%Tfﬂé?“{za?%%s to
the field of detecting devices coupled to a hub interface in a conputer

system BACKGROUND OF THE | NV ON Prior _conmputer systens typically rely
on st andar d%%ﬁggég?%%mgswﬁ%ﬁgﬁ ent | nterconnect
{PCl) bus adhering to a Specification Revision 2.1 bus devel oped by the

PGl Special | nt eTRsbrecE@UBveticRPekhianth Gk E@Rof dothpidrQYSIeAEPNMRE system
chi pset conponents to communi cate one with another. For exanple, a

t ransact i orpapnéuarintthegnvention pertsesstodhe beld of deteniangiddvores goupled tala hute ni ght
first be del iéte:red to a first chipset conponent that serves as an
i nt er medi ary)'HECHERA CPHEV P8 sor bus and a PCl bus. The first chipset

conponent wWoul-d-LBBRp & +Cinve\Gof F @ansaction over the PCl bus to a second
system chi pset conponent which would then deliver the transaction to the

di sk drive. BussPsostmhpasr SyheniREpibally mlysm pamardieed rssespsonhraseid | on Wit h
ot her conputer system devices such as_graphics control]ers and network

adapters. Besmbsel Gipspapesyiferceppest{ECBARusgdheringde 4 Inesicaden Revisiog 2vhr i ety
f o . . :
necessnr yPusdeRERped B b CT U el Rl B PO fapnd ot B o bbmbik:

conponent s. sykidd Etgpset @binpdaéntsRtHn@AtNERE SnavvithaabtheiNFaiterathpledazed busses
such as the PCl. bus nust adhere to bus standards in order to ensure

conpa i ?g | : tra,nﬁawctrwrgﬁln@mgcasgﬁ&ﬁ@ﬁ@,ﬂ%ﬁﬁ%ﬁé faror digk drive anght frst %Ee )
substanti al , ¢chan i 3 [ eac
cther - Anoutrdrerdane lepsd EompHlE B ERRARERIRLGATIT EREL e

desi gni ng aitdcesIBNMsAGIdW PODbGHI MR ElrsiGOIReN@Monk 5t WHEd tiRedddlivecdsf orm to
st andardi zed supply and signaling voltages when relying on busses such as

PCl for contmansactzan over e Biebbus tetispeand sysiapohinsescompracabyhich sxauwidthene

manuf acturers. i nto certain desi racti ces and manufacturing
t echnol ogi i'v?ﬁg}céfaé’ﬁﬁtloﬁto_&%%‘%g( g“é‘_lcdesi rable to provide a flexible point
to point interfaggsde0abcHPAQte BES ngmkaﬁiovﬁawmrﬁ@bhﬁmi&eumme@ Rbmpeter

conmponents. In addition, it wou be desirable to have a nechanism for
initializi ngystencbedeesi sute rf gmphicohentwilierst dnd norvearkadeplofs. Bedewsedaseoapibed t o

the chipset, b2 P But Tt ISface Wil Sirkey) SFGmpotent (§pe¥, each with varying 27777
requirements, the busses are not necessarily optimized 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 manofacturers 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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PCT/ USO0/ 26594 Further, it would be advantageous to assi gn device 1 B MAR 2004
identification nunbers if a device is detected so that a processor

pol |l and devi ces. SUMVARY OF THE | NVENTI ON Accor

enbodi rren‘?g%gn?ﬁt emis disclosed that includes a central dﬂé;‘?%%ogggﬁg uni t
(CPY and a menory controller hub (MCH) coupled to the CPU. The

includes a first interface controller that is operable to detect the
presence oﬁuraichubwoa@ebqadc@mpgms tooassige dvOEE :cBWE@t@ES@ﬂb@ﬂél IONdOFcd HE

DRAW NGS |on|s illustr exarrple and not limtation
inthe fi g{]e?céséed f“h%P‘a%%Sa%‘EﬂX/Pﬂg%%%ﬂ Wﬁ@e"icﬁ ‘whi ch |ike references

i ndi cat e s§yhb@kyleBNiNvENa6hi N which: Figure 1 is a block di agram of
one enbodi nent of a conmputer system Figure 2 is a bl ock diagram of one
enbodi ment of aferrdingdmnectmbobneat, hapstemn it disflaed thatigundes3 destra bl ock

di agram of one .enbodi presence det ec m Figure 4 is a

f hani
flow di agrRiff¥6EdHE (g%&ﬁﬁéﬁ‘f TRAY £PRrqllsy E?%{Mgg{ﬂ Fg‘?fﬁﬂfm _U-i erf ace;
Figure 5 igcy chMd&Qa‘i‘?rﬁ%@%éc‘JoH?rBﬂé}tthﬂgs @péml& to a&&nﬁ@ rbQcd S'ﬂ%l figent ed

by one enbodinent of an interface; Figure 6 is a. I agra
i1l ustratiaggnecduiptedabitenMaittl transm ssion of data packets accor d| ng to

one enbodipent; Figure 7 is a timng diagramillustrating flow control of
RESSHETIGN FFHHRRAMES

dat a packeBRIEF gN QF TR ment; Figure 8 illustrates a flow
di agram descri bypgidl,B;ci .?E’l%s%mﬁ%i%%‘f@ﬂarh e ah @bt 16RIY: fo%lm(?lpceﬁé{\tré
according to one enbodi nent; Figur l'ust at es the physi cal gna

i nt erface the ecrotipagying domeingsytin dihfohriike raﬁad:nEctsgudﬁat&@nm&raldmmg.lgndjinagr am
illustrating source synchronous clocking according to one enbodi nent.
DETAI LED D& | PTION -2 1 6 MAR 2004 WD 01/ 27777

Figure 1 is a block diagram of one embodiment of a computer system;

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

Figure 3 1s 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 5 is a timing diagram 1llustrating 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 one embodiment.

DETAILED DESCRIPTION



PCT/ US00/ 26584 A nethod and apparatus for initializing a hub interf bd4AR 004
described. In the follow ng detailed description of the present invention
numer ous dp@civiirer details are set forth in order to provi gerdudop@tsaugh
under standi ng of the present invention. However,. it w/ll be apparent to
one skilled in the art that the present invention may be practiced wthout

these specific details. In other [nstances, wel|-kpnown structures and

devi ces are shoaﬁnflho%%%ﬂp%r%{b? E’%’?'B{‘]fﬁmgr%lb%wecrf‘?&ﬁlﬁqFSH@?%Qi 1In then or der
to avoi d obggdkifdddikitd REESSAMn dINERELARinvONTE ARk il dakig Gl ed
descri ptions thért@f ol | ow astr eﬁpr esent@g I nmtver rlns @?ﬁ rg%%r"u 1tfﬁr#§&ejalg§}cs§lnbol iC
r epr esent at foothsn ofdeo pe petvidensthoroughtiaddyithsding bhihe peesemnpuénion. MRWRRY:, ifThese
al gorithmc ﬂggcri&}i ons anq“retg,r esentations are the neans used by those
skilled i n VHePu2RR BY B et aintee thiMbde pesscRidpysfeiop eumirayagtised
substance OJVitﬁ&ﬁ'tﬁes\‘}@E&iﬁé 8&19%@61}1%6@? 'il%slta‘?mlgf];i WeliNGo@nt st agxgrde{ligg a'sr?
here, and generq!ly, onceived to be a selT- consistent “sequence eps

| eadi ng to shosl@sinrbdetkrdisgthin. forheratieehan ai gethillQs @rde lidvoid\@bscRANS theal

mani pul ations of physical quantities. Usually, though not necessarily,
these quanfFiGPeE ARt he form of electrical or magnetic signals capable
of being stored, r eaoll . ' otherw.s

mani pul ated. It ﬁ%’i‘égg‘ﬁ?@% Og%ﬁvc%%%tg gsqu ﬁ‘?rl{%éﬁg%?‘?% %’5{] ngle\m‘%?c@éa?éons of
comon usagadgortbmseahe synbolihiepeessntgiiets f aferbiidiss, onviakdi6igs, witlih Qefipater
s_ynbol s, character SH teIr ns, nunbers, or the like. It should be borne in

m nd, howevBFMOPhatheaf plegrithmis descaiphos 4d| raprescarationa ats theymsans used by ihesed
with the apgs i ' . (I r ni ent | abels
Appl i o 1o THen e ne R PR i A B o B BB B8
appar ent f romthdreskifled irothe ag. dirsagaithris here! aridsgeapalg,doat€ided @de a farfoughout
the present invention, discussions utilizing terms such as "processing" or
" conput i ng"C@EISteRLFAYFaRs A ters leadmgite g desiredgesw Thedieps e thpsy regniringe | ke,

fer tot i on_.and.: - : L
Chect roni o el BnBIQuBROSORRERaHuaif R TRUL ALy, SRR bt RlecBLlly Blse

r epr esent edqumsititipdpke deel fofre lo€ elecwioklay ntpgaatd digmss sdphble of béiag coga t er
systenis registers and nenories into other data sim]arly represented as

physi cal quiHiSfaTedscUPRiRfHh CORPARGnHIh Bheryyssmasnipad [t das Brovereonyeriest or

ot her such étrﬁfn%sn%"f—ggal iiaf' A960nstdr2BH0R Tk & refll ?(f!h@ye Qgﬂlz{[lﬁﬁsbils-r% es

present inventioh a elates to apparatus for performn € opérations
her ei n. Thi dempmay snbs]sralyarkaers peohg nbyiberoattheilikeed for the required

purposes, or it pay _conprise a general-purpaose conputer selectively
activated or r ecgﬁgﬁ“ﬂﬁ ng%’f- 13 MR ePEYer @BE%GM‘F{‘CZ’GéWG&WW@ be

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” ar "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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PCT/ US00/ 26584 program stored in the conputer. Such a conputer pr ogrlagnMrrAaRy 2004

be stored in a conputer readable storage nedium such as, but is not

limted t ype of disk including floppy disks, optical disks,

CD- RO\VE, gﬁﬂﬁaégﬁeto-optical di sks, read-only nenories ( RORBYUSOMakfom
access nmenories (RAM5), EPROVE, EEPROVE, magnetic or optical cards, or any
type of nedia suitable for storing electronic instructions, and each

coupl ed t opmgramospridin thy strepattrusSuchhe oalpg @f ptdpiEm ag bdisheRins ResRat ed
herein ar emgg%qli nher ent I(%(\ rel ated to any particular conputer or other
¥

appar at us. B S TFEABRTUY MpTHCP 38 LUt HEttepug. Wi tipsed diskiingiuging floaps i n
accor dancegsw ; . @ACHY erej it . prove conveni ent
const r uct %%%@%E‘%i&éﬁzggﬁg@g&g u@a%ngqoﬁéétfcg? E{ﬁSF éea(ra'e(aﬁl)( P& oRet %@N@’eps.

The requi r eddomitacuedsunendriys (RAMY) EPROMs, EERROMBGhighas: ¥ dphicARRGAT of T OM
the description below. In addition, the present invention is not described
with ref er &ycpe af Bsgiagaiable foraroringredestrameiingruciaep andeachtcowpled tde

appreci ate ety of progranmm ng | anguages nay be used to
i npl enent %{é&ﬂéra ﬁ%ﬁgé&()f the invention as described herein. The prograns

i ncl udi ng executra®bRyokiftahy Al digf)SysPidkeRRd BXRGHAR doiYh&B 1 PFel i & any
programm ng devices (e.g., a central processing unit (CPU), processor,

cont r ol | erparti¢la) computener ahergpparaiyer Yeriols geoamalipepossysacinss rs@r hearssd

wor kst ati o c. Fi.gur LS | ock .di agr am of .one enbodi nent of a
conput er s‘[y'@f'é’r?n‘s%ﬁ‘? "g%a’ﬁﬁda“f“é‘?“’?*y‘g}fce‘ﬁ%‘ffdﬁﬁsﬁﬁﬁ’wéé‘ TBCRRYT SN VBPI6RESsi ng
uni t (CPU) caituentipleapediglitdappiaws td perfith BERREAIE® hletho@RKpd0Thi feqBired
processor in the Pentiunm(r) famly of processors including the Penirun(r)

| | process#RuctuRifpsa gaiptpenthesgrachines wil appess fromsthedescrigdrebslpwmin | nt el

Corporatio f. Sant ra | ifornia.. ternatively, other CPUs may be
vseh A menson i Bt ifepiiRl s Pk Bl Puodl wh RtyHE Y e BE<uE v 110
may i ncl ug&%geqmn@rmngﬁ@&.rnleinrbeﬁégre&iB@B tha? aGAHRY € pfdRrAnmBigNaspiaEam

menory 115. Main systemnenory 115 stores data sequences of “instructions
that are eRétbeaschip ioplemar thegeachings of Herinvralipe es describrtickrein. syst em 100.
I n one enbodi ment . pgairﬁ_ng%%fu%m MEIRLYL) 11 i[ncl ude dénan‘i random access
merory (DRAM) ;  MOGETE S ECH ANE PSR AREHITuCtRs Hag begAcy nEREIUYEi ng

~other nmenopgtatpfig dddibies (8 ad cahenl ?@&:sﬁﬁg uAltSOPUS pré@uddr &dntBl1Vec3QR,
such as nultiple CPUs and/or nultiple systemnenories. MCH 110 may al so
i ncl ude a YREPHPEE RCHICAAF GRERPUIST IYHOUBIseersovarkgiatphs. €. accel erator 130. In

gne erbodi ment, pgh 8RN €3 Ak ALAGE of & drioPHBLEY a B BbBPYsftn 160,16 MR
Computer system 100 includes a central processing unit (CPU) 102 coupled to bus 105.
In one embodiment, CPU 102 is a processor in the Pemtium® family of processors
including the Pentium® I 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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accelerator 130 via an accel erated graphics port (AGP) that operat ?ﬁbMAR 2004
according to an AGP Specification Revision 2.0 interface devel oped by

I ntel Corpenaiss@aty of Santa Clara, California. In other e ",Ur'g?]%&s
graphics interface 113 nay be inplenented using a hub interface EBRtrol I er
120 coupl ed to graphics accelerator 130. MCH 1 10 nmay al so i nclude a hub
interface 120 that js coupled to a bridge 125. Bridge 125 may provide an
interface b%CFS\Eé%OTI\}éiI ‘T‘;‘Lé‘? arrglesated graphichant (AEPY Yt 9pBates accoolipg tdart 0 MCH

110 vi a hubgigpt it af81iéh REUELRS 0 ; IS ulegto an. i nput /oyt put
control hub (i C%e 146V A ﬁgltt?ni"h @E@éé%&fdﬁ’%&%ﬂ’ e BWOB"é‘émaf’E%l‘lH‘laéﬂF%ce to
i nput / out puCal{fbt). denties embuiiniings, gRFRS Giteditet @M be iHpRmdRdBynd NC! ude
one or nore interface controllers 120. For exanple, one interface

" control | er RWONiRElRCHEONIERYGp ) ARcoupled tecarsmivids aceelemfcadd0.160 via hub interface

C. In addition, ppey .aterf. control Ler may be coupled to a fibre
channel 165. Devi Ces”?Mgﬁ’g&%*ﬁéﬁ?%ﬁ%irﬁcr acm%&g}?{grcpgglg ﬁ%glbﬁgg?é:f%rred
to as hub aBadgs]25mahplova@entiniciate bawBAPMAIPNESatd P§RIent BuCHbdR2 2ishs
conputer system 100 in ternms of travel distance nay be referred to as an

upst r eam agepledipiNieHald Oagaehieb interface 4\ f Eurthee MEHRaM O if caupl@Rd ah02 i s

referred to. d st r.eam For. examl e,.. bri 125.is downstream
of MCH 110,'“?%&‘8‘%'3‘&%@’” S@?ggﬁﬁ%yla "g@?‘:‘%dféfg?&%ﬂ?‘? apfnjedacedgo
and fibre ciponalipdiGFOyUevilaREhRBMpAEL S S 080fdH Matrh] sl Arf)é'érl“o-

u

However, one of ordinary skill in the art"will appreciate"that h
i nt er f aces Mo ipwyfapecontipliprseld0t Fopermmpldeicdrterfade@ednirdlernt®) radyslee i ncl ude a

bridge 146 th rovides, a conventional interf tqQ.a PCl bus. Bridge 146
provi des a %Dé% E’fdggt% hncg'g?r\i/{\é%tﬁ 022 S‘ﬁ'ﬁ'%ﬁfﬁcﬁﬁﬁﬁlagﬂé‘w@@g?h“Eﬂé %Es t hat
may be coupiddgrotier PO mbyise dohplddelaUtife aRaedigy. devi ce 150 and a disk drive
155. However, one of ordinary skill in the art will appreciate that other
devi ces may be PBeviptsewpuplsd pagethngyiziaibub interfadelinay bo refomed wfasdutliagamy. Aki | |
inthe art w,/| re ni.ze .that ., CPU d MCH 110 coul gd. be conbined to
forma si ngtlmeb 2 _elmpt.%g arPP ﬂg?n%_rca{f)ﬁf &oség_ﬁclg’ "RFOPBYnIG a8 FR Qf grae!

wi t hi n MCH did@ndedmay¥ b@fcf@?éaqalamh?gufahgégeﬁx, hilg 2R a i BHar S RAR&WRfy One
enbodi ment of a_ hub interface coupling am upstreantagent 220 and

downst r eam fag@iP 3302 isxcfemiod ite aer flermsticamaagametc Fanesamglorbridgeridgdt i ng mai n

100, via a Serarev MeRd BT Qi A lRrPR LRHEN At hethalR e ™" "
Bet ween -5 fi60barddfibre 004hn¥I0 651dre ddwdstRad] 4%59@0?55@4\4@?5!31 10 Adatregoonent s in

conmput er system 100, such as between MCH 110 and bridge
However, one of ordinary skill in the art will appreciate that hub interfaces 120 may be

coupied to other devices.

ICH 140 may also inciude 2 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 PCT 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
upstreamn 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

systern 100, via a relatively narrow and relatively high bandwidth data path. Between
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125, the connection is inplenmented in a point-to-point fashion. AccorgliMa® 2004
to one enbodinent, transfer of informati on across the hub interface bus is

acconpl i skaslgshig a packet-based split-transaction prot Ogélrfuslﬂh'ﬂsm
interfaces will be discussed in nore detail below The hub interface

includes a bi-directional data path 251, a stop signal 253, a request A

(RQA) Si gNahdi¢ritaPitingbneRYYE6m té{%)eggitcﬁﬁélch%@%emfg%éﬁsfige@nﬁﬁgi\%%:irgna'

255. According to one enbodi nent, a path'is 8 bits w

t he data pdth. theicdotecmay ihenpergenedline pdiat oippia fpdver AetordingSbope si gnal 243
is a bi-directional signal ~ used for flow control. RQA signal 254 and RQB
signal 258 *HediagERnsis ghintermaion acess (hgGuhdrigEceRys desrcap@Hshed aningdyr e

asserted i er fi.e : r i . | .
addi 11 on,  REEREsd e EfERaRE bRl il Rleckdats BPoc 4R B Soprt B
whet her abdtanstream agent 230 is actually coupled to upstream agent 220.

The hub interface may al so include other signal paths, such as a clock
si gnal, one or ndrehubdpisriaes pplwdes i dirspara datapatly By asiopsignahdS¥ requency

of the clo [ : [ t wn). . .
A ternati varg o URIRGAG el S AR LET BIRDE AR 1 SEBM i siegal
signal ot IS5, tAvedrdigiiio. onk@inbedimigit he Hite patatiag sl ks HewevetNh@datapi@t € of

eight tines that of the _sgste_m clock signal. The hub interface is coupled
to interfacWddoRey be pey width thahisck poyeer of §i B1oprFignss 24 biarh bislifepiombegeaid

d . ' || 2 232
control ¢ niereite (R cor ST OROA Bl ash MERLBETREA20A B Pl ipna g

control | er duddg nbAtAUgGEEMOpRIAEIBANGE asleh@Tin orBEUb eeqReh fohanudpbaat Guhet her
downstream agent 230 is present. Interface controller 232 includes a

presence adR‘ﬁEf\foedge unit 235 that transmts a signal to presence detect

modul e 225 aCk”n ,aﬂgﬁioﬂ%gggsﬁa?gg@% 8t u&‘a"éﬂ%gg%gh&ﬂ %tet toiect BREREA! NG

to one enbodi ne € pr process xecuted during system
i ni tiali zata dywnsBGyshegenitPB30iividuzalyiconples igiseeirdgait 220 hThe hat pitdree upon
reset signal 255 being de-asserted. Upstream agent 220 al so includes
control | odh?y dsminclygdpOfhst sigagfiratispsichas aclpek sigaplypng o meg Ak Bobscdadet ect

dul e 225 j i i heed - 220.
Cont ol -t og e b nl Bl BirachcO8Y I G1dcR <RHPLEE, ddopt BRLERBLS AP Hoy 22
MAR 2004 Woh6&hR 7ARTmRETHE! ) I004 26 Eibbea kaiy gpevaret at houl s of @rrolegkesignal 20.

Control logic 228 maintains this information and responds to CPU 102
whenever CRtherahansigyr ekasrexampls. e daresuobrs |y [Rat ageinef ¢ighl Rasyigat of the

system clock signal.

The hub interface is coupled to interface controliers 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 comtroiler 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 duning
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

upstrearn agent 220. Control logic 228 also stores a device identification (ID) number
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control logic 228. Figure 3 is a block diagram of one enbodi nent off §hdAR 2004
devi ce presence detect nechani sm between presence detect nodule 225 and
presence aeghoptBedge unit 235. Presence detect nodul e 225 Sogsgnce
acknow edge unit 235 are coupled via RQB signal 258. According to one

enbodi ment, presence detect nodul e 225 and presence acknow edge unit 235

i ncl ude resj.s: i vel . is.a.pull-up resisto
coupled to d§§l}g?ﬁ§n!\7{gllrtugg%l@§3&ehvzp ||'gé%?q!¥dgéﬁ%%§ Tn_?:@galvﬁs trh 'essllngci 3 “?:[b?fbc{ ed to
ground.  Fuesgeeids 1o €BUSIO wiRnkversCRIEI 09 Begteises NRR vRe IVEbS the Q84 tdNMeding N

e

relation to resistor R2. During an interface initialization (1r.e., th
de- asserti diP0HP! [9g¥et?%i gnal 255), control logic 228 nonitors RQB signal

. 258 to determne - stream agent ..230 is coupled to upstream
agent 220. Accorgig%gg? g%%ﬁ%’gg%65%%ﬁ??g%n?ﬁ¢WFnllOééji’%g"épﬁ Pre¥gnpl ededkas

signal 258 @BctaRBri BaGke Pre@icDde@EGBod e 22 PANEFreMhct 888 WAL LHRN3E0

~determ ne whet her a downstream agent is present. If no downstream agent 230

is presentPreraBe deigaamoREg 22 apd)piestich aghnowleiga luniti?g Siare @upleghvid BYEC | evel
being transm t to control logic.228. |If a downstream_agent 230 is

dot ot ed. " FOE A Pha rs88MegS sor PRSUEER grosefis EIRbEORLErZ RS RIS a. hi gh
resi stance geAB®leAde LRIt RSS IRIe (ERstoSISHINCN UL decdyvely. OM ks%tﬁl-b M:‘%i deS
transmtted to control |ogic 228 representing that upstream agen (36 is
present. Oneupledopdilmarvpliagd Vic,iwhileR amtpuliddwr msisgnicawple¢dh@tgrowsi. st or s Rl
and R2 may be  repl.aced with.other devices, such as transistors. Further,
presence deﬁwcr'rfgﬂﬁ@éﬂié%aeﬂﬁi’e. e B%"ér?csé'.‘ajlcrlgﬂé'\i\‘l‘?d‘gécl&?\?'i toysgsios 2 e .
configured such biahg an (HisHrack Q8itig1iJE8EYi.d She 1E-30SHIdnt e PEREU S5 devi ce
is detected and a low logic level is transmtted if no device is present.
Upon syst ensantiol jogid 2% inomorCR(IB §i2nyd @ISE so duatmiot whetieca 2@8nsuietin agemac h
upstream nt 220 in order to a rtain whether a _downstream agen 30 is
coupl ed toa_ggj:'ﬁ Cob@?? foc'ﬂﬁsgfmﬂﬁ§?’}t§§ﬁ1 AGEprding g ong FmHB‘%Hleh‘FOT’%O]g "éégéd,
control | 0gisnAetRABATeIAPLST 68 DRNAactile gbidg e&?g’ébflaogomldn &Y HUESler 40T €OVeET,
if a device is not detected at upstream agent 220 CPU 102 manages the

upst r eam agéatermEpowhsthef a fownkdreamragentgx pessent. If rep cimvmm:magnragéms 230 is

detected, CPU 10 ceiv re se frgqmthe u re ent and .
subsequent | e T QB R TR ts FR IR Pehr e ine R O EBos Y BT B
PCT/ US00/ 26634nf6rRgRi 128. 102 8enLitRAtizBRII30 gt GEd, ROB WigRArS3a¢ pulpsbgned
to all conponents wthin conputer system 100 upon configuration. In

addi ti on, cgmpohence geistar&liBs plngeresisane: epiparcdsotronsor REHC0d@qeentlyl £H
140. For exl%mjfogic 16V 150%@}11?&&\4 ttoryogtrol 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 1nitialization, CPU 102 polls contro! 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 downstream agent.
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MCH 110 may be assi gned device I D nunbers between 0 and 7, and corrpopﬁrMAR 2004
within |1CH 140 may be assigned device ID nunbers between 8 and .

Further, {fogRsppstream agent 220 nmaps | ogical internal devices onto a
downst r eam agent, the upstream agent 220 uses device | D nbErBEFY2%68431 ¢ or

any internal devices mapped onto the downstream agent. Figure 4 is a flow

di agram for one enbodi nent of the initiation of a hub interface 120 (e.g.

upst r eam agent ﬁzwfdlwlomﬂecmdlhrhﬁ'@cldem‘_ce,ﬂlammiobrm amtt essfpmee 16 8l c@/@inents

fol |l ow ng Rith co%g‘g ste 100 pOV\@I‘ on re[fs:| rocess bl ock 420,

upst r eam agent T | el A T ESF‘G'QP RSERYAVIEE Tdhet her a

downst r eanhagset are85p¢:@ﬁéxh@@n WHH%QH@ICMHM:@P tanﬁﬂe Rb mﬁ@%ﬁ&tpmﬁiﬁ 430, a
a

signal is transmtted to control |ogic 228 indica ownstream .
agent has b¥d ldi@m@orttecﬁmgncqodm*msl@ oincecks Be3deer @ amct? dmteompoechts whiinher a

downstrea been det ect upstream gent 220. If _a downstream
ovi ce has et A Uit bR SEREe ara PR BRGNS S bthersiG an apsiream

interface, QP08 tha £Rf'gli‘caﬂ?rl@cmﬁtdepfcgggﬁﬁémo%glréf}r?a é?ﬂergsﬁ%lnfgﬁkl%br eam

agent 220. At process bl ock 450 I eterm ned oh rrécei ves
a pol | respensevice hnupbderse®nd bfpenty RRdnalldevizes MRbpeitihts eeriovwa@stréant esponse

from upstream agent 220, CPU 102 polls downstream agent 230, process bl ock
460. If it2F3 been deternined that no downstream agent is coupled to

upstream agent QQot el J985di pol |
request since tﬁgﬁlﬁﬁbq?%tﬂgrfﬁg%ﬁg?%een dld;gltt:)rl“ %]&Oj:?lgz:atélggtog (%)Hiéfga%e

Consequent 130 (e.gipsgtstrezmagee 2202 28t procase bibek dd 0] mhruhsmtblrfecé i3 refUfcl 2 iagal

conmput er system 100. rring back to Figur t he hub agents provide a
central cofHBRRIFGH 5B NEERP ™R it n Br%gﬁﬁ%ie‘u@u%@é‘“éﬁd’/géﬁ“ BPraprieypes

of communi R@%*’gﬁﬁnl%@@% o.%xrs&amnﬁmwnaperamstréﬁﬁa%&t @é&lﬁageﬂafw%thufbhe MCH

110 and the i nproved access Is provid ween conponent s
and t he CPloteréador wt privsssstileck 1350 g signeins treaseited anchwitei logic PTfondicating
[ ndependenc and .l ower |aten | n,addi fion, thebpoﬁgal nterface may al so

i mprove th& g‘@ﬁ'i LBP Y IYEragyasgn fede e/ RrRCesS Padf BGelrBHcE base
deskt op - 8wheleM\tb Wt aMQ B 1l 6dch dddciddSADZGeRH a gl LR0LOT R :I&b%sﬂ@arﬁnd

desktop platforms or workstation platform by providing a backbone for 110
bui | di ng b#®dkeshasTot peamdethstadh theiupprovreagenhdisatilescibs hob entérfideei proenss ace

i ncl udes ope or, re unique features. in one enbodinent, transactions are
transferre Oﬁ%f"% 's the hub interface using a packet based

split-transacti @RpRIceisH&dk 4400 CPEXRITIoRls ustRAAHESht AC K prbesyiBREKk kSp, st ar t
a

it is determined whether CPU 102 receives a poll response from upstream agent 220. Ifa
CPU 102 receives a response from upstreanragent 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 10 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



transaction and a separate Conpletion Packet may subsequently be ugefl MAR 2004
termnate a transaction, if necessary. Figure 5 illustrates an exanpl e of

a split trnep9aeiizen across the hub interface. As illustratedaiddokigyre 5,

a hub agent initially obtains ownership of the hub interface via

arbitration 502. Following the arbitration, there is a request phase 504.

| f necessar e.q....1n the cas f returnjng.data.for a read transaction),
a conpl eti Oﬁrf]la%é%g: %'ég-c\l/’\nd FFSk&fPoﬁF@quhoé "Yoékfdg‘é n pjpteEn bﬁrﬁr%‘flglf‘g % he

conpl eti on phABSHe RPVEVALididdWofi@spondi ng hub agent, will first arbitrate
506 for ownership of the hub interface. In between the tinme of transmtting

a request packet Tambvadecibe rrepmend imgfaceabphel inerfpadicitdeaonossmbleudigie
~interface, %elglarate unre aé.ed Eackets nsﬁ% be tr nsrn'tteg_glac_ross t he hub

interface if? tSorB 2Rt & ‘Repr dqeteehan & R sigFed Agress thewb iieEaei UURE bel ow
in more det@jcker h:REd SIATRNE BN E%ﬁoc%@s?orocfxaﬁ'ngfegQ%cﬁﬁappﬁkﬁg{s%cﬁlo tart a

peri pheral to nenory, provi ((ZI:I ng the requeste ata may ta tiple clock
cycles to thawsectidreandat pire@dyorhpletien Paker megdsubrequesionid edeidoo tepainad a

During the tine it takes to obtain the requested data, separate unrel ated
conpl et i on GHEPEHOM HJI§EESYacket s wailing in a queuel pi pe of the MCH 110,
may be transm ¢t et sfbiklad d0amB ol BSEITOLSoachtn SRMLE Ryl B> 4 caCh
request or conpletion is transmtted as & packet across the intertace. For

wite type filusiasad id Pigare Slailub gemsianrilabbdinsidwhetship offtBEIb6ts interfRE viead
type transactions, there will be data associated with the conpletion. In
sone cases, ¥PHEUENGOR] Tipdioiigthe Retrying, bsteps areassiriprseadMe dfipegessasy t he
case where . i i i i litting it
Rto mul 1 o et oh Bl fof s U TARREELALT SnbREbY Kot BRI "R,

interface uftidw thansmestphased 3 kpthe ikbmiplztion phake] Ngvevier, drek pindlidgoine
traffic as well as identifyi n% the attributes of a _transaction. For
i nstance, t#8nHSH | agbirats0for reisgship oide ibHB iefdcsnsact i on as

| sochronous or - & . GelR. 2004 VR 2177 BT pHNOLAERK a5l onous,

whi ch, as a resu may then be I n‘acc ance wt efi ned

prot ocol . erhlbleﬁﬂfi)gz&:kci derd38 chectitidGaicrfacy, sepahate bavaliwiddiabkerd maheei nterface is
increased in part by transmtting the data packets via a_ source
“synchr onoustrlsgakedardass thphdbintstiace i acspraagqepbigh reAsteriifed Al Migse?S ace

provides t h%&g{l?éf@eﬁ&g iPARAAALD HGRahGIeYR 1HikaSe o WPV GRAMRE Lon (€. 0.,

| ess pins/p
peripheral to memory, providing the requested data may take multiple clock cycles to

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 5, 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

9.



In alternative enbodi ments, however, a hub interface may be inpl eneptf#AR 2004
with |ess than all of the unique features as di scussed above, w thout
departi ngvig @mihe scope of the invention. Mreover, the }%&%’g#%
could al so be used to interconnect bridges and and/or other &t s
within or external to a chi pset wi t hout departing fromthe scope of the
present invention RAFIS@ PROTOCOL AND PHYSI CAL LAYERS For greater
clarity, tAYYRRCIWe ey PisBe |asreﬂeéé?qyt55‘a’ behangleddn gegordance withaypredstingd

| ayer; a pr pgtgggll | ayer; and a physical |ayer. The distinctions between

| ayers, however is to be regarded in an illustrative rather than a
restrictive sensiyntendoiesit drereeftadémenese baidwiath ofIiTRE dtedfaedld inErehH in
preferred enbodi nent. TRANSACTI ON LAYER I n one enbodi ment of the hub

i nt er f ace, PRROY FASTMINEshe da1y Bicksisppon saprecynelyanowRrloak medmpaYlateever. in

transactio e _h terface consi st of one
or nore pg(ﬁ:&éﬁﬁ;’&)ﬁl%& [%e%ﬁ?’ﬁaﬁcm' pé%gge eotﬂ ﬁcé’ﬁetd lg%',\’ﬂe""{]Pga%’é‘Et“is’é‘ﬁ 4 ayer of
the hub i m@bmng@mr(atgesiestsrp@m@gg) on descriptors, which are included in

t he requests and data packets. The transaction descrl ptors may be used to
support ar bi tratlﬁcﬁﬁeﬁ'étlmelﬁb@ﬂlelﬁw hwmr, i haubhotierfacremey beingpleBiipd withd/ or

to facilit quf, n ts_ an packets . through t

i nterface. %{f [f]l ns aﬁ%lg um gg%"i‘"é %ls a PKE oL d 12‘@32'?9 5085 s
suppor t rou,»tftmmeénucﬁprmbebwemma%eﬁ@rfm%urd%m R YE therk Sreb @ dpgs agent
based on initially supplied (within a request packet) routing infornation.
The transa@nd andigesther pempencalsseitiialop extormabucehipset, witesi dipartmgrfrom ze
packet - decaodi ng tJ wit.hin .the hub agents. In alternative enbodi ments,

t he transactifm’ dggBFSH}‘dP%"“QPEO provide the ability to distinguish the

handl i ng of requestTmsﬂmm«wmmww@mmym{mw'but es. For

instance, the transactiton attiributes 1denti i on
descriptors may Hcmgmqtefryzlmtg,ohqhﬂa Mﬁd?fazc)i}ﬁcsmt:ﬁiﬁ BUee farRCT aBROH @6 584

operations,as | ochro hat .nove fi d a nts of data
OIEI) a regulsé? %r‘bazgﬁoéqco g@?ﬁggysé&?!ﬂ OﬂFé:L\ “"ﬁ‘ﬂ%svt?:ﬁ%}?x PYITS. u“’ﬁé‘“ Is
resul t, theoppesatddans andfiudndans Fahe? Granie dthBidd RASAGEA RRhGtiokd ek st toTBY

be handl ed in accordance with a correspondi ng predeterm ned routi ng
protocol i nmphdeparticulgupiséeredemhodondritc type of operation (e.g.,

i sochronou o odi,pent, the transaction descriptors include two
fields: a m&@-@m nattrlbutefleld In alternative
enbodi ment's, NOMR Ak efrf®S8inkdn® bfithe TRY iNET4HE Efle Qnsaction layer supports the routing

of separate transacttons 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 attnbutes. For

instance, the transaction attributes identified in the transaction descriptors may identify

-10-



provi de one or nore of the functions of the transaction descriptors, 4
W t hout departing fromthe scope of the invention. In one enbodi ment‘l,ﬁt"%R 200
routing fiwbdiig7a six-bit field used for packet routing, agrS&eMEsskel ow

in Table 1. The size of the routing field, as well as the attribute field,

may vary within the scope of the invention. Table |I Routing Field of

Transaction, Jeseri 4 i i I.n Table 1

t hree bi tsrbf tl('?rgg Irg%)&{of"%ah#{jlgqu' %pregatugosne@dgﬁgﬁoqtckﬁégﬁﬁ%oﬁ%%oﬁF%‘ﬁ oniacfg%’fl?’{‘ i es
the hub agemsist bgt, videotdr atiéid réd)@imet dpeR&REE.) OAs a kdbull thebpakiivg, eiiaesiment s,
to provide a hub interface hierarchy exceeding 8, additional bits could be
used in thedybatiapgpclpn altabytes: may bapledied rescsordayceexiisa comdspppdieg hub

i nterface hi era}rchiee iug a_s stfm i.n . which case.the agent at the top of
the hi er ar cHFSECTHBE '5g85%%ﬁ? i P QPR @ WSS RN PSRN (B8t he base
of the hierigschynouk) this context, "hierarchy" consists of mltiple
connected hub interface segnents starting froma hub interface "root" agent
(e.g., a M -1).InRpe emiwdamone, the ragratiern dassitipnts iioQudeatyohfzalds: ambytingnigeidub

interface hierarchy. Figure 1, however, illustrates ap exanple of conputer
yst em 100 BUEHERIIGHATT BF AT NERAGHABET TG PE P LLEIor HAGRE BNt 5
i mpl enment | gﬂow&lén@opﬁm%ré"&f?hc Fﬁ%ﬁéﬁ%h@!r%sﬁ&%ydﬁégi , Witﬁou‘{ﬁkgﬁtiﬁ 000"

may be used in the Hub ID field. The remaining t its of the routing
field may bfeorasbadsdope ofldmtinfeptiomt er nal  pi pesl | queues within a hub

(Uni ver sal Geri o B ROROTE It FRNBHERt 66 DA AACAIE, FALERhe FPPS TBM - 11
10 VAR 2004 QLI /TCT! SSRUUZSTE Blnd ol Loyl & AERRASLE ) RS-~ /S

such, the Pipe ID may be used conmunicate t servi cing agent (

MCH 110) t hedry tmithfif the scopietaf slteadvdiyiodi f f erent " pi pes” have different

attri butes, and mag/ be handIPe,d in accordancg wWith a predeterm ned protocol.
Table ing Field of ion De

If a hub 1 Rout Transact scriptor
5 4 3 2 ! 0
Hub ID Pipe ID

As shown in Table 1, three bits of the 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 m the routing
field.

For exarnple, 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-
-11-



i nterface agent does not inplenent separate internal pipes, it may usé MAR 2004
default value of "000" in the Pipe IDfield. In an alternative enbodi nent,
‘the transagyjpmrrdescriptors further include an attri bute plgrabsdorzés94 one

enbodi nent, the attribute field is a three-bit value, which specifies how

a transaction is to be handl ed when a target hub interface agent receives

L1 SOMD) (fARESia kbRt birBll/R SRl tle PRND apot B aHARRdaBTRA] NG

appl i cati on workl oad, whic relies on the novenent, and processing of data

wi t h speci feracingqgentdment™SCHr | [G) Hext trafficfifi gierdtbiyati ffergnicipipeat bavel &ffeest  For
exanple, the attribute field y support the isachronous nov nt of data
bet ween de‘\’}irlpé’é‘?s'égéjﬁ‘éé CB?’CHQ;? CFE’(%@?&‘:IV”H%P@I%‘}SHH'“@ P@*?Fé’l?nﬁ s. Such
data nove; Ny i [ : gh the
nub i nt or { BEarech AP T inBERR ol Crab RAMB IRE, ERaI T Fs WA vt of

al t er nat i vepparmmdien®ipe § fiatdidi ti onal transaction attributes may include the

ability to differentiate between "snooped" traffic where cache coherency is
enforced by habusmilermative embofimenét the Harpacypindesaoipadurtberdpslpde ahat reli es

: e _ 1
anot her " poSUTGra 71 phf amGRRH e, A RAUHATRY ke N8 AYENTn RERRY T

support a hewMRinsitiad iCR gdRrRAGvRhlaaXeEOubThleefaceidehCicetlvesis elnodoriehe
mai n menory bandwi dth Ordering Rules The transaction descriptors can al so

be used t ocasepples stdndefitlddelnslasysie: spepdrt demandsnmanpbiaatian werklaadte whicher oss
the hub interface. For ex l.e, in.on L nment. tran i with
ent ol Mok 85 e wfveri Robrei PR St SR S ThRlne e RERERL PO 1 "

cone - fir gffepdfiMBng clldraii&asickons having the sane routing field but
different attribute fields, however, nay be reordered with respect to each

ot her. For exanfbeexamplerike atirifoig fieldtmay susperhiherssbranounhBwrenenLi datanot

need to be_strongly ordered wi_ th respect to asynghr ctions. -12
176 NAR 20BFES 5oy 7B PP By rEeRR b RN Bk AR e o
the hub i ntRAEREE: red@tdndnt AREAIts Bt aitSnt@hed a@itATbWe thréwzh Bk BulpmogtR8S over
requests, either inthe same direction or the opposite direction. Read

conpl et i onbetMeonilifydavices aed dier( e immmery subsysteifed t o pass read requests
Lout g, R iR e UGS S esh P pupss 1 od
ability to differentiate between “snooped™ traffic where cache coherency is enforced by
hardware (i.e., chipset) and “non-snooped™ traffic that relies on software mechanisms to
ensure data coherency in the systern. Moreover, another possible attribute would be an
“explicitly prefetchable™ hint, to support a form of read caching and allow for more
efficient use of the main memory bandwidth.

QOrdering 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.

-12-



In al ternative enbodi ments, however, the ordering rules for transactifoMAR 2004
travelling across the hub interface, may vary within the scope of the

i nventi onwdotiz77exanpl e, in one enbodi nent, the hub interf ag@nisopipents
the ordering rules provided in Peripheral Conponent |nterconnect (PCl)
(Revision 2.2) to determine the flow of traffic across the hub interface
in opposite dir [FYeX ; hai I di . interface
uses a packet-bggteag@lg?gtlg?gg W tﬂllntéﬁggftg}/]gggg%(;%?%gbizg?g%nsrng%ﬁ%gtm%nd

conpl et i on.peAnitedue stakp palgedss oserusgiksfsofiteadinhbybme oiredtiod e thel dpRasidct i on.
Conpl eti on packets_are used where required, for exanple, to return read
data, or t&EERHWREIFEMHIMS diogmom angdirarypnafpalowsd iprraserepd Fawads i ons
(e.g., UO writ.es: AW j ue i . npl etion
backet s ar CoALEE in BRSAREREYGH AR ubhe BobGREEMAO EPRAE el kea
transacti ofigERE i eQhme ditectipnderi ng, as previously discussed in the
section on the Transaction Layer. In addition, in one enbodi ment, the hub
interface uses dn a&p@iawmmm%wm@dmevmdtc orfeyingymips tfer wangaadiods st r i but ed-

For exanpl each hub nt .dri,ves a request. signal ich is served by
the ot her dtrRlaartSn B F0h e mdy AT T e BeRpe ottt enlidh TR Loed,
and agent exgRbRY. A K QNEHRIBEPhehub meﬂf@beﬁlpﬁﬁﬁ:ntsnﬂsaﬁiaﬂﬁgmlys- probigegver,

in one enbodi ment, no explicit framng signal is used. There is an inplied
rel at i onshiip PegphesalCarhporgnbinteregringst (B¢Br{Revinmn 2g3)ve detgrmageiret lowwér shi p of
t he interfaaﬁﬁ and ttﬂe start .of .t hat attggnt's transm ssion. In alternative
enbodi ment ,FAPGATTRYS the PER AVTACs i GPRS G S Rt hout departing from t he scope
of the i nvegpbOencopegettrof a packet transm ssion occurs when a hub
interface agént that owns the interface (e.g., is in the process of
transmi tting datlaypneembediswat ithashufomtariare ufes @ipeckattbasedaretocd ywitletwislypes | ng
a request si.gnal. I n addition, i.n ong enbodiment, flow cgntrol is also
Rcconpl | shal PRgRes TR et eRmeleyiny & Ber ot sisd st hitmiebet a0 i s
descri bed ifinsi®ic8. d6pletioR BhdRits ard Bsedl viheM YRR fOMExQhpR 7 to/rétumn read

PCT/ US00/ 26584 Packet finition In one _enboal ment of the hub interface,
data is tralatd er reatknowiedpaitampkeon efiasrifia. types of Mxite Brnsaghgnsdé.gt, ¥ wmiss

by £he. hab 0aTEOH TR Y st BRI R B blFHE BT SR v
across a dalitcaashaRRyuERRlcls B rbiionat 5haseund st aspaniousl

"interface w dt of sone = power , 16, 24, 32.) As a result,

the hub i ntdiscuased imtlye Seaien amihy iTmepsectioa Layer. .

In addition, in one embodiment, the hub interface uses an arbitranon protocol that

is symmetric and distnibuted For example, each hub agent doves 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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transfer granularities (i.e., transfer widths), depending upon thel Ermfzg[]t,
rate and the wdth of the data signal path. For exanple, in the case an
‘ei ght - bi t wiohierfamce width in 4x node, the transfer w dth ipeTRR0bicsss per
HLCK. As a result, by varying the transfer rate and/or the interface width
of the data signal path, the transfer wdth (i.e., nunber of bytes
transferred per HLCK) can be scaled. In addition, in one enbodi nent,

packets may be IargerPadkanDleﬁeuttm'ansfer vvi dths. As a result, the packets

are transmtted in rrultlgle se tlgb‘% packet widths.) In one

enbodi ment, t he [PACREMPOGFRENYPY Y ‘WFBcafﬁaék‘éﬂS RN e dah RIS 6 (ol e
words (32 1 §S)gyyl t fe f a
packet wi dtlﬁ Iglyr?egx rogérqe{l%e &?fag{ %Cko,ﬁ'[ Q\c“;eiﬂs ne\%%ﬂ rﬂé'{a%p eas? mpft

si gni fi cantcidektshatedydyeh®hutpageritd Jbir&blbpghe/\mamntdﬂﬁcmme dm gnidnk@ard doptse
(byte 3), as shown below in Table 2. In the case of a 64 bit transfer
width (e g.2dap sEralash B0 afiterehytinierPas evhich s ano dusiagseviddS 1 spmRi f i cant
doubl e-wor d d dat a
si gnal (e ovfeEBFFﬁé %V\% ghl)é b§ é’"f)arA% gﬂr’é&‘ghh%ﬁ”%hﬁfhg&e@i‘ﬁg%‘gfvﬁ'@ g'aet\a

t r ansf erredrahs\fepgfaa;lula@iuemet hﬁanﬁD&frdtht @@eﬁam%hpordmbaransﬂegfa@d arldahg., PD [
15:8]). The two exanples are shown below in table 2. Table Z Byte

Transmi ssi oviddr efethe fdava sggnahpath6 Fai exampleent Hesawy oftansightdiypRriaoowidfon

01/ 27777 P /US 6584 .The f, the interfac

responsi bl g‘f'BP é‘fﬁr?@fﬁr%dg’ ;9 ll}tﬁfeﬁﬁ@;l{ot%e e P%Pfgva% @'ﬁrr:r”ﬁ?rgrrrrea?\et ed
by the hub inplRlihdmeertRE Wigthtd\thd mmgwr@smomc tFIRERr Raftk Glte. WiLGHiHRS 0OBf1es
set of transfer widths. To sinplify the parsing of packets into packet

wi dt hs, i n tanefeaed gt MK)@fantbhéCﬂiﬁb interface, the followi ng thr ee fram ng
rules are inpl ted a head section, of a L I rst
byte of a transf r? Wtﬁnhm Y Fa Oglrg%néteagﬁgo I%pg%:I ér tﬁ%na];h E)rraggéc}h dlhst arts

on the firsgs bb@sﬁthft}e%aﬁl{c%f:WaandE@m AlHipte seRASHR.c. QBAKEI WRILAT) mt»@gral
nunber of transfer wi dths. Any available transfer w dths not consumed by a

packet may amrebordnmb:etdrhmtahkeas angsiytidediigimbpas keioridths by sizg afdaudlesvends (Bhd wil |
be ignored.b the receiving hub agent. In alternative enbodi nents, nore,
| ess, and/é? hifferent framng rules may be used by the hub interface

. Within the scopepahe i@ dPaSIYiH trndfee MidtdNthe Dodeb 6f 3paker Wadth Erefpreehielioht h
below, illustrate exanples of the fram ng rules m&l ven above for the case

of a 64 bi ttht iraerddcerstariog with thalshst s@niecgoekite (bytad) 23d Imishiggowite i mestand
Cont ai ni ng sTghnrlF canD%Ubl (%th%r) sgownD%el%w in 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]) amd 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 Z Byte Transmission Order for 8 and 16 Bit Interface Widths
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1 6 MAR 2004 WD 01/27777 PCT/ US00/ 26584 4th Byte 3rd Byte 2nd Byt eJFﬁ MAR 2004
Byte 41h Byte 3rd Byte 2nd Byte First Byte Transmtted Transmtte
Transmttedb dyyasm tted Transmitted Transnmitted Transm ttegethrosidséd ed on
PD] 15: 8) on PO 15:81 on PD(15:8) on PD]15:8] on P0)7:0] on PD[7:0] on
PD] 7: 0] on PD]7:0] Byte 7 1 Byte 6 | Byte 51 Byte 4 1 Byte 3 1 Byte 2 |
Byte | | By 0 Address (32b) Request Header_ Second DWof DataFirst DW of
Data (Bogug DW Third DWof Data Table 4 Request using 64 Bit Addressing}and
Cont ai ni ng |Thr ee Doubl e-words :of Datta 4th Byte 3rd Byte 2nd Byte First
Byte 4th Byte SHHCEB;KeE:an Byf:e Rirst Byte HI&%WMt ed
Transmitted Transmitted Jransnitté& ransmtted Transnitted smtted| on
PD( 15: 81on [PD( 1BD$J @ PPR(Jnq282pn]s 1‘}5:810nPB@1;1J:101 O0lon PD17: 0] pn
PD(7:0] Bytle 7 1Byte 6:IByie b TByte€:4 1Byte 3 1ByT Byte 1 |Byte 01
)5 [84¢]
8 Bit Interface 16 Bit Interface a3

Address (31:2) Request Header (Bogus DW AddPB§H5:63:
Dat aFi rst W of Data .

The Protocol Layer of the hub interface is also responsible for framing the data.
As such, the framing rules implemented by the hub interface define how to map one or
more ;Sacket widths onto a set of transfer widths. To simplify the parsing of packets into
packet widths, in one embodiment of the hub interface, the following three framing rules
are implemented: a header section of a packet starts on the first byte of a transfer width; a
data section of a packet (if present) starts on the first byte of a transfer width; and a2
packet occupies an integral number of transfer widths.

Any available transfer widths not consumed by a packet may be filled with a
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 mnterface 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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. (Bogus DWThird DWof Data plt7 Request Packets The packet header flofriwAR 2004
for request packets, according to one enbodinent, is shown below in Table

5 and Tabveo&277im t he exanpl es shown in Tables 5 and 6, thahoaswieiseader is
one doubl e-word, with one additional double-word required for 32 bit
addressing, and two additional double-words required for the 64 bit
addressing-mmde. . The fields of the headers as shown in Tahles 5 & 6 are
descri bed bel owntehe tahleps. bdveakt erinpdsicve :amRedi ARALS Obndtehe R eyie

i nterface, |t h@afsmaledl grapmoileudedsmiind tThesteadensmied Ttsheirequesitepdckeitemay
vary without @EPAREH AgPHcdmes AY 15t opBOIGTS! t MECK Al entPPBAL FEPI70kxapre), t he
header may|idcl #ed dddeifonal Bd &l U, eress! fBverds! B 2dilf freent! fiveleds! i h
place of thg Trelds ShguesDeiaW. Moreover, the ereaieildidigerNe 11 €l ds [my
also vary wt ar-+16 6 0 he—-Rv-eri+or—Table—b5
Request Pagke Y ¢!hal8s it Addressin§"ShBVe!@ARR 2004 VD
01/ 27777 |k Uast Byte TiBagssmDWled First Byte Trantmhird D&def Bdta30 29 28 2f 26
25 24123 29 2T720 19 18 I7 16115 14 13 IZ IT 10 9 8 17 6 5 4 3 2 1 Gnrqg| 10
w !cr laf Addr[ 31:2] Transaction Dcsc. Routing Field PCITUSOO 26584 Re-
served Tabl e 6 Request Packet Header Format for 64 bit Addressing R ca ct
Last Byte Transmitted First Byte Transmted 31 30 29 28 27 26 25 24123 22
21 20 19 1Jable 4 Rk4best4ising 6UBit W ddie&ite dnd Cohtdnidg Thke®Dbgblecwords of

Data .

41h Byte 3rd Byle 2nd Byte First Byte Ath Byte 3rd Byte 2nd Byte First Byte
Transmilted Transmiited Transmitted Transmitted Transmitted Transmitted Transmitted Transmitted
on PD{15:8] on PD[15:8} on PD{15:8] on PD{15:8] on PD[7:0) on PD{7:0] on PD[7:0] on PD|7:0)

’| Byta 7 | Byte & i Byte 5 | Bytad | Byle3 | Byte2z ! Bytet | Byle 0 !
Address (31:2) Reques! Header
{Bogus DW} Address (63:32)
Second DW of Data First DW of Data
{Bogus DW} Third DW of Data

pttd

Request Packets

The packet beader format for request packets, according to one embodiment, is
shown below in Table 5 and Table 6. In the exampies 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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r/ - w cr of Ik Transaction Dcsc, Routing Field t Addr[31:21 Addr (b5 MAR 2004
Transaction Descriptor rg/cp cr r/w Address Format (af) Lock (1k) Re-

scrved TD wbtgh 7725 Attr Space Space Data Length (DW Data L%@oﬁ% Last

DWBE Last DWBE 1" DWBE 1" DWBE R ca Base Address Base

onent

Last Bvic Transmiued First Byte Transmitted
3130292827 262524[2322212019 1817 16[15 19131211109 87 6 5 4 3 2 1 0

rq jr/ fcr jaf |1k [Transaction Desc.  [Re-  [TD Aatr [Space [Data Length (DW)  |Last DW BE [1* DW BE
epjw Routing Field served Base
Addr(31:2] R lea }
] /"~ Address
ct
Table 6 Request Packet Header Format for 64 bit Addressing

Last Byte Transmitted First Byte Transmiued
31302928272625 242322212019 18 17 16{1S 14131211109 8 f7 6 5 4 3 2 | 0
rq frf ter [af [lk [Transaction Desc.  [Re-  |TD Atr  |Space [Dara Length {DW) |Last DW BE |1 DW BE

R Base
cpiw | - Routing Ficld scrved
Addr[31:2) R [ea [ 32bit
component
Addr(63:321 64 bit
component
Transaciion Descniptor ‘The Transaction Descriptor Routing and Attribute fields as
previously described.
rq/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°).
t/w Read (*0’) or Wnite (*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 bave this bit set. Hub agents, which do not
comprehend lock, ignore this flag and will fill this field
with ‘0.
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64 bit conponent The Transaction Descriptor Routing and Attri bute fqi @IM}[@R 2004
as previously descri bed. Request packets are identified with a '0'" and

conpl eti orwopazkets with a '1' in this |ocation. Conpletionpdeghremds(' 1)

or no conpletion required ('0"). Read ('0') or Wite ('I"). This field
indicates if data will be included with a conpletion (read) or a request

(wite). sing formt |t er Inmplied (,'Q 32164 ("1).
Flag to mggcate at t he requeg |z§[a[])e Deth 'Bfg"gnllggﬁlgﬂg “éoé‘a{léﬂ‘i%lc Qéﬁhests

and conpletions in a |ocked sequﬁﬂﬁe nutbet th@éﬁ%leui}bﬁisl?éﬁrcs%ﬁicd isBhe ﬁg?”ts
whi ch do not conprehend lock, ignore this flag and wll fill this field

with '0'. -17 1 5 MAR 2004 WO OtiompaerDahas, 60000 StpmesenﬂssmelﬂdeE-word.
PCT/ US00/ 26584 The data length is given in doubl e-words, encoded such that

t he nunber Sdaceoubl e- wor ds r epr €sieMiefdiseldtORe dpdtingtion kpa@: Bipaliet the TéHSst.
"000000" represents one doubl e word. This field selects the destination
space type for the request. ningie capsdimeninpossitesdsisinasiogspadenandlude spaces

i nclude Menory ("00"), and 10 e %r%] Oﬁy agg@&ﬁ@)for the first
est

doubl e-word of any read or wite or 10. Byte enables are
request, this byte

nabl o 1161 B P EEG 1 one’ enBUBIRANES o fhe | S9uBUnorEnt s s6i o Hahor y
or 10 read or wite request w t&qﬂ&tb&’%&noﬁr@b[@cbwe enables are active low. If
there is only one double-word for a request, this byte
enable field is used. In one embodiment, it is illegal to

issue a memory or IO read or write request with no bytes

enabled.

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 spectal 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).
Exiended 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 (‘") 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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Last DWBE Byte enables for the | ast double-word of any read or wité b MAR 2004
request. Byte enables are active low. If there is only one double-word for

a request wohingrfiield must be inactive ("I | 1 1"). Byte enafdesoasgs be

di scontiguous (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 thed as it woul of cv Thi s
doubl e- V\ordﬂlggﬁ?%grﬂded f or theq‘{f%gr dcséhf'tf)??r M}d sdé‘%lﬁﬁgﬁ%o(fésﬁfﬁut not
for the inplied addressing nodepubiExicadedcnded Ry shd @it hdfeGalasoR2 it
addressing ('0") or 64 bit addressing ('V). Config Type (ct) For

configuration cycles only, this bit is g 16 PEIGRL e Type O ("0") or
Type | ('1") configuration cycle type. —ggr'@’a'use—cm'lr%—guratl on cycles wll
al ways be per f or e headet ForBiat fuirta cadq;nee@siplagcettda't&dbigtto iofie OMBbdiARAEk W t h
the "Extended Addr ess” bit. -18 MAR 2004 WD 01/27777 PCT/ USQ0/ 26584
Addr [ 63: 32)Shgypebelagdn dsbley; tk*%reméwdﬁmtmdaah%r @reegubleTgrd. The fields
doubl e-wor d i 4 npl eti on Packets
The header ?ﬂéf’ﬁg?g‘#cgg%gs‘té%cn f"hﬁbgcngme eet?ﬂ:rcggé% I%%b%ﬁe enbodi nent, is

shown bel ow in T&bhlecrﬂanvlertrrﬁmd:mfrmgdﬂ e hith xmmcbemme: sheofi@dslipuilied wor d.
The fields  of the headers, as shown in Table 8 are described fol|ow ng the

table. |n alhtdeadarifoea @?fﬁﬁ}ail%m%cbmax}mh\uﬁmpm@mwérommeme ofithe fi el ds
:c ncl uded i nvu;'t? meﬁﬂ% c%%gcﬂ%g%z{ycmci Cﬁﬁncﬂ%}/ﬂgﬂ ssV\hélep%E- dQF art I ng
romthe scope t or exa i

addi ti onal figldh ¢h plaessf tfht: eilcdrs ,as désceibéd ardesmbwnfUcaJudSMo?eomuam é?lf:oﬂhhg? f ields
as descri bed and shown bel ow. Moreover, the encodi nﬁg of the fields may al so
vary wi t houthe dishisr mashalse v ithous denselings from éha ssppmef B inveraen.e 7 Conpl eti on

Packet Header Fo t Byte Transmtted 31 30 29
28 27 26 25 2412 Ee+@E‘A’%‘°§‘sgé‘%@wf%&%£%§12 11 109 8 17 6 54 3 2 1 0
H Re servedl k,Jransagtion Routing Field Desc. Re- serv gd,TD Attr Rsvd

Dat aL.engt h( W) G BPI6Es PRS0 19 18 17 1615 14 1312 11100 8 6 5 4 3 2 1 0

rq |r/ |Re- [Ik {Transaction Desc. |Re- [TD Awr |Rsvd |Data Length {DW) [Completion Status
cp |w {scrved Rouling Ficld served

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.
rfw Read (*0") or Write (*1°). This field indicates if data will

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

Lock (1k) 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 fiil 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.
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Transacti on Descriptor The Transaction Descriptor Routing and Attri Hub MAR 2004
fields as previously discussed in the Transaction section. rg/cp r/w Lock
(1k) Datawengtny7fonpl etion packets are identified with a 'plraidbobltss

| ocation. Read ('0') or Wite (- I'".). This field indicates if data wll

be included with a conpletion (read) or a request (wite). Flag to indicate
that the cqmphgti®nsiafspart of gy iR s _and conpl etions
in a | ocked se@uéncea VSVI | havelﬂt ilﬁ?‘gggg'%"’%g%g".‘]?‘%%gr‘fﬁ‘é‘?%\g&ne“?%ﬁ‘“aﬁgnot
conprehend ] .ock, ignore this f and . will fill this field with "0'. The
data | engt hRelsgr%S?ven i n doubl e-'&@?ﬁgf"eg\ﬁl&%aﬁfﬂs[?ch‘ that the nunber of
doubl e-words re resen%&g is one plus _this nunmber. Thus, "000000"
represents one dBOBFEMRBTNENL @ghup igteiare. zamplopony for Freryory PETs USOMTRGES 4
Conpl eti on [ | et ] ) | ng. predetermned,..

Reser ved Allf%?ré‘lg@rh \%g‘g“ g@%@f?g%égﬂegae/%?gnntéoarsiggcee “glreﬁﬁﬁst ot Rty
interface, coapued.i Dikswises compi@iions TEAHemEBYwiNed YAagendit RS tat RaiHaRend ul |
anount of data requested so long as the entire request is eventually

conpl et ed. ePIRRAYES! hasdiegn semplsteds orhiymmigiit Pe dpne wssatitly aipadicobardubhat | ess

t han t he | r t S en coml.eted. This m ght be done to satisfy
a particul gﬁ‘%tﬁiﬁ“ ]alﬁ%?gf 3§§mfr§t &ht arﬁg'&ﬁfﬁgﬂ%ﬁ for a particular platform

I n addition, forinadaRigHet a kdtaksttRaYtdifes CoMPlebh QRe inkdRod, tH §Aeat or, in one
enbodi nent, retains information about the request, which nmay be stored in a
buf fer of emhediment; gtainsgnfumangfeshout grregyeahihéch miy be $tafednmatiubior ofay

i nclude th ransacti escriptor, the size.of the packet. |ock status,
routing i n?%"lr lr'r]élaﬁl %,hug'?’é?quﬁlﬁr; rﬁg?lﬁﬁlr;e{hls _Oéﬂ"a}lg?:g]a\?il?fgmfcﬁge H&WFE\?W on(s),
the initi atdescrRéC RSsidest BOpakal i0RR cBlusMduling ForfRiohe&BOPIHAGoegUest - I n
the case of multiple conpletions, the initiator accunul ates a count of the
dat a conpl evkea reestving ghegromyletian(s) ede dtiagnmalchehde spingletiah(sy withakt is ful ly
corpl et ed corresponding request In the case of multiple completions, the initiator accumulates a
count of the data completed for the original request until the original request is fully

completed.
_ Interface Arbitration and Packet Framing
In one embodiment of the hub interface, when the interface is idle, the assertion

of a request from either bub agent connected to the interface is considered an arbitration
event. The first agent to request wins ownership of the interface. If agents request
ownership simultaneously when the hub interface is idle, the least recently serviced hub
agent wins. In one embodiment, all hub agents track the least recentty serviced 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.

-20-



Int-erface Arbitrati on and Packet Framin In one enmbodi ment of the hdof MAR 200%
interface, when the interface is idle, the assertion of a request from

‘ei t her hubwagent77connected to the interface. is considered miT/asdoiz6szat i on
event. The first agent to request wins ownership of the interface- If

agents request ownership sinmultaneously when the hub interface is idle,

the | east recentlyosednibshe MU BachdABNHe M iespddditfdd Bor eRR@SINEBER ownal the died
agents track the |l east recently serviced sta?us (e.g., via a status flag

of an i nt er dlddcarieyi &seuch). in pnedmbodimenty @ tigwblosti vebret mayabd progatminyed via a hub
arbitration. routines may be used w thin.the scope of the present invention.
Once a hub Y€ Cc&(?ﬁ’l??ar“\ésm%lﬁ[ér &Rﬁé%‘ﬁfcﬁmfﬁ In gReN IRk &%&hce, it will continue
to own the int CEIAGE eifibiidaddanCATRIE utilihidd ARHRMIMherfale SERkbda D

al l ocated tine bandw dt expires. IEor exarrpll e, In one e Odcl ment, a
timeslice cogomt @ arndsagentol iatkd cheitranefec bf twdpackgenThé exanaplé i1histrias anbi tetition
allocation and to limt an agent's interface ownership. tenure. The tine

al | otted t oo ¥ idikdpieripce Bate, vithhe ipedacetherictyrmpee ide + Marester.df thene
same for b hBE el RER1HEM S ALl RG0AE 2 U0 dAGAIP rlddt S bhLs
timeslice counter I's started upon ~acquiring ownership of interface and

counts hub §igh&lr(Pag@athasegent aclkn heekafigie ihuittakd bn Fifdre 804 (WMOnGdyreck Ay
PCT/ US00/ 26584 Ln one enbodi nent, each hub agent is responsible for
managi ng it sergiad (MRS 2Re8. Adld reit iAGANt AgssetE HS extamahiqueh si@nadRLQA)and

ti | | ue: + Vi ] i f - i f
cach | ntor | SUERT s B SO IER' sikduclh Ttk (1 OBF b BEK ERIEE LA chbsh 1!
ar bi trati ontd 8 inabgvd) bbforditefiinggacie trapefisdivtDoff digenimedgad agent B and t he

transfer of two packets. The exanple illustrates arbitration out of an
idle interface stpecempedimene theag srartaesladkaislaydeinrathegransmittpdddatabeeover ,

in the exanple ill r : j ' ' a t ra r node
wth o gnt BRe Te A1RhY A Svalalfe BRI Rodiolf Padth e BaAbRERE e
in Figure 6¢lock elf©3 NPRé fifse paiket YonsBey ofit@8 do(DIRS)orag60n andidandesqulites Agent
A asserts its external request signal (RQ% and sanples the state of the

Agent B's rtyeidsie dogksae rpmoB) inghe dk sradee e sseopdppeiist isqhuep dapbleavases

i nactive) b re.starti . .SS| themSae edge. In one
enbodi nent, %{)ﬁ‘e@e& fn%J éli(?\%g‘p%?g%wd{e@g%@g‘gﬁ%%‘G?&Eehctir}arﬁsm't ted data (i.e.,
data from Agent A) is avail abl e internall ¥Wlbw CCditirélecei ver (i.e., Agent B),

starting from clock edge 3. The first packet consists of two doubl e-words
602 and 604 and rfegos eeBodimgat Fadke NS RGeFdardissaarecicd by RgTeslvifg A&™ The

220ond,Pack e 1 RhF R B Al e A, P Bl o0 681 o5
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
transmmission 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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I n -one enbodi nent, packets may be retried or-di sconnected by a recei f/i nﬂ 2004
agent due to lack of request queue space. data buffer space, or for gt éli?
reasons. W@ tonr&?7enbodi ment, Flow control is acconplished RESIGPIGSTTOP

signal Figure 7 illustrates an exanple of the use of STOP signal. As
illustrated, Agent A asserts its external request signal (RQA) and sanples

the state @imbdi@fAGRRE. BlotedvefliRshe eibghiabni( RB)TOMsighaddksaaged dn budei ch i s
shown to be inactive) before starting packet transm ssion off the sane
edge (e. g.Sloeksowichdmperespgndre [theolmah gramsfengd adiasky vyethay Forraxamgla, an a 4x

transmtted from Agent. i.s_avall abl i ally dn the.r iver, af Agent
5 atart1 ngoPt O SoeA e B, SdhD e P RaiRt S P PEAEAG bR of
data transpiieed, fdramAdead, i STOPkiRalis Eahpie@ Pt it YickR(whgeRt B to
enact flow control by asserting the STOP signal, as illustrated in Figure

7, at cl ockegietge ofia transaatioh béiog psagdirea refarears pdiptlof PD si gnal changes from
one hub agent t not her, owner shi th TOP. signal will b be
exchanged fol | o&Pﬁ%“"H‘gﬁE"effé?@f%q%é’dsp[(%;ls'&“% ‘Bﬁg‘?ﬁﬁ {&B[ (ﬁffﬁ%gﬁs&)

PCT/ US00/ Z?tgﬁzﬁ dd es WhefeP tkRay MVRY SRR addlti AREpRRBQJIFIRITE 8 it BFI0RTOP

signal is sdnpled on base clocKs, which correspond to the final transfer
of a packetiagtati Beschbingehasppseperfonmed Uxa hnpegent usdargmaningivdiethepittmayi de PD
signal), the STORP signal is sanpled. ea?h ?gﬁe.crggck. However, och a | x
mode, the SToPesfigaaiparke faliRrian reaiphof v PR SEBERSCUAIE ? RES b MRy of a
transaction be".'ﬂrgﬂggﬁéz,aash@ta[%g{lﬁﬁmgSurp&kl?tﬁagn%@msﬁ@ﬁacn&sw&w&faﬁsmown of a

STOP signal, the agent recel ves OP " signal determ nes
whet her it sigpyl. Netesposendi sep SEidine ihob agenpaakersivesihg $TEOMBsigsal deveoninesifagr am

describing the steps performed b hub agent in determ nin ether it may
retry sendigPiberpgertdivhich QCBM)P‘H%%FZ%@]%PE rigr %5 %‘ﬁ%‘fr,smg@ ding to one
enbodi nent . t §E§ﬁ fochRHqueS Sl & | RoBrnansm tting packets
receives a"g%%’ §f‘°gn {ngﬁﬂ@?@gﬁ%ﬁg&c ﬂ|an qstep 04 the Rub)aagent t hat

recei ves the ST@Rhsirgpikntctetties BTOBSIgnhl detcmminets hieat tagrgent ¢hichsbntabs $V@Ped
the STOP signal) is requesting ownershij f the iﬁéq{ef ace, b\¥ sanpling the
other hub &gapkis nperguetingoyRErspLighe m&é?ﬁ-}“ pieP Afi8 the Py gt {iife STOP
signal det erni GRTe Y Blvidetec VERPrrofiB08TOPS ORYh
requesti ng?@%&%ﬁ;ﬁ%ﬁ%{ﬁ;{lﬁ%ﬁl nt e#,g%%,bt?ﬁ s%ep ‘5:3069;he current ownere of the
interface wer AkAE DR is detdriramsinthat the prokehich abtivaedige SGCFR/BgRal iy om t he
STOP. On the other hand, if it is determ ned éhat .the_agent which

activat ed F‘FFEICSF(E:‘U@@HHP' in step 808, the current owner determines if 1t nmeslice 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 owter may transmit a packet with an atribute 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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requesting ownership, in step 808, the current owner determnes if 1§5MAR 2004
tinmeslice has expired. If the tinesl:ice for the current owner of th
‘interfacavbasz@xpired, in step 810, the current owner relreaaessoesmer ship.

If the tinmeslice for the current owner has not expired, the current owner
may transmt a packet with an attribute that is different fromthe

i nterrupted packet. More specificallz, iLn stea 812, the current owner
determnes if it has a packetP ! C ype that is different from
any packets th r [=Yo P t it i ssion

al, é)“%%ﬁ}b%ﬁﬁﬂemeﬂlé P\?{gmté?chg h‘ﬁ%igﬁ'l%ﬁgg? ph %lgﬂ RN hZE

(i.e., the perio he current owner's nure needs to be
transm tt eperads o h%a@&frécﬁﬁhcpmmmcdm}{hfb‘{ e0aMpRCc lRhekddaesciel thhpalent
attribute, in step 814 the current owner nay attenpt to transmt the
packet. Otbsarsed.shby addiieons ift prengmiadi@enty die hxwcal GUAEICERISes HIOUfYe i nter f ace.
-22 1 R MAR 2004 127777 [,US00/ 26584, RPHYSI I | n,.0ne
enbodi ment®y"t 8"%{\%\358?119%[? raaesérj‘?%% K ur‘nvf%.él?'?icaprh csc#uc?égﬁ\: Irclmrl%?%-rﬁﬁgcgﬁtrﬁg%a =

operates aix af datasd heslisedifite efocki MBarehRMAZan@imbbAGMM hatihpan styiegaienci es
may al so be used. In addition, in one enbodi nent, the physical interface

uses a sounteefacsieg hPDhopsaigS) adaseaflrequaneyf ofr66MIdhal MR chandandthef

quad- cl oc to transfer da 4 f-ihe hase, hub.,interface clock. As a
Toau £ °f et menieehit B DR ndR Raidry sERE “pp)
operating at a BasRrhbRIUERRYeModdBMiiZihe hutl tidize sapgori dWiolthfe Ofcraidab

megabyt es per second (MB/s) or 400MB/s may be achi eved, respectively.
Furt her nordd, 1.3 Y5, andds batsddinrmemplerndnéary metdl wixidefsgmecosdpgion precess (eM@ye

operation ,of 1.8Y, and is.based .on conplenentar tal - oxi em conduct or
process (CBHINEs; ﬁ%ﬁ[%‘.’“"lcﬁng??dgﬁr&r‘ ﬁgvf‘\’/‘: %’%'}01[8‘?‘? s oq?ga&%%er , the

i nterface JRYnRRETRLEBeRles MR ANGHhANR side@@RNAIeERcRNE pRIvid] ¥gyiRgt | ve sized
data interfaces to provide varying bandw dths, and support alternative
oper at i ng banidwadibs anhasppbrodteanative OperrURE Ylpged, baq@ﬂ@@égtsmgyc sigeHout
departing fromthe sgqﬁe of.thg in[gnaggQﬁt%ﬁagg%%L Signal s Definition
Figure 9 i PPESEINgt BUNPYSIeBHTLE {9 WF §7° & \PYLE8 ot the hub interface
between two hub agents, according to one enbodi nent. As shown in Figure 9,
the hub interface physical interface uses a bi-directional eight bit data

bus (PD [7:0]) di Li &g pair of source synchronous strobe
si gnal s ( PSTRBN, a clocking. In an

Figure 9 illustrates the physical signal interface of the hub interface between two

hub agents, according to one embodiment. As shown in Figure 9, the hub interface
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. Inan
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, inan
alternative embodiment, vnidirectional 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 (HLCLK) 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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al ternative enbodiment, the interface can wi dened. For exanple, ag B A00%
an additi onal -
al ong wi t NWWARVEAE ti onal

Figure 9,

eight bit data bus (PD[ 15:8]) can al so be used

pair
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urt ng
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00/.26584
& emb st dBe SRR o,

I n ﬁ%gmwlnm enbodi nents of

Tabl e 8 Hub I nt er f acelahlgRdTub {merfarghignpisifonkigit BiNABRHEt s Typed ock

Descriptiqn (Pads) Mode PO 7: Q) 8ASTS' SSPacket data pins. The data interface
when idl e,| Nameone dridodi ndmee. i sCladkd d Dsyeripemi ve sustai ners at the |ast
vol tage val ue to Wil 1 was dfiwgn.| PSTRBPI ASTSSSNegative PD Interface
St r obe ( default vollt age dievel — \'ngHL} and-Positive PD Interface Strohe
(i dl e vol {&5& Pevel] SyCCHLPSFoget Fer  [Jriavrida= pintri Thg SFopedare whig idde % %gat a
transfer gn the PD[|7: 0l ijnterface. THemagamdn, tshab by &uprsowindisaghdtad aolelfei Vs
this signgl. PSTRBN and PSTRB F shoulid_be sensed Eflly differentially at
. ¢ L alicto'w il Was dfiven
the receier. PSTRENLAST$SSPosifive BDIhterface Strobe, see PSTREP
descri pti qiSTRBP 1 ASTS 5§ Negative PD Interface Suobe (default voliage level =
VSSHL) and Positive PD Interface Strobe (idle voltage level
= VCCHL) wogether provide timing for 4X and 1X data
ransfer on the PD[7:0] interface. The agent that is providing
data drives this signal. PSTRBN and PSTRBP shouid be
sensed fully differentally at the recetver.

PSTRBN ] ASTS S5 Positive PD Imerface Strobe, see PSTRBP description
above.

RQB 1 o cc’ Active-high request from agent A (outpint from A, input to B)
to obtain awnership of the hub interface. RQA is asserted
when agent A has data available to send, and is deasserted
when either all of agent A's data has been sent or agent A
determines that it should release the interface. Reset voltage
value is VSSHL.

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

STOP 1 ASTS cc Used for pipelined low control 1o retry or disconnect
packets.

HLCLK 1 I N/A hub interface base clock, in onc embodiment, either 66MHz
or 100MHz. This provides timing information for the
common clock signais (described further below.

RESET# | i cC Active-low reset indication to hub interface agents.*
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above. RQB11/0CC3Active-high request fromagent A (output from A, ilnpMAR Q004
B) to obtain ownership of the hub interface. RQA is asserted when agent A
‘has data avaol/abi’e to send, and is deasscrted when either adrnafooagsent As
data has been sent or agent A determines that it should rel ease the

i nterface. Reset voltage value is VSSHL. RQAl 1/ 0CCRequest from agent B
(out put frjomvRer nput to|A). SeJNﬁDbOVeVﬁﬁﬁQéférmcéM@bz%.ﬁ&l—%l éﬁISE%C}LéSGd

for pipelijned flow|contragl to retry of d| sconnect packets. HLCLKI'I N Ahu
i nterface [base clodk, in|one enbodi nef™CEPEhAF VBB BTN O tTHPEd
provides tli mng inflormatijon for|the camﬁgha@biagd@.ﬁdcgnal s (descri bed furtre
bel ow. RE$ cltjve-|I reset,, 4 ndi hlerface agents. © 116
MAR 2004 \/'\1%{%]'?}0% 7 PCT/ 00/2"£§§4 FL%E‘E?P E\%l tage Ieference (VCCHLIA)
for differleffiGHt inputs. |IPavene| Bffbodi heht, the voltage is generated on tlh
not her boarjdvdsioughl & volitaags di wigder). HLZCOVPI UON APr ovi des | npedance
Conpensatitqon.  VCCHU4power|Nl Al. 8} VSSHL4groundNI A Total : J25 ASTS = Actively
Sust ai ned {T°f¥:st at ei %2 S$ = Soufce Sylnchr onous Mbde Signal 3 CC = Conmon
Cl ock Mbde Signal a In one enbodinent, Reset 1s a systemwde signal; 1t is
an output fromone conponent of the system and an input to the other
conponent (s). MorA8¥8= Aﬂwétsmssalnqt'l]méhmonous with respect to HLCLK
Common Cl ock Traan er atl Ln.one enbodi ment, many of the signals
transnitted acr os t'ﬁsé)"hcﬁ YPRRTEPFUC Oger%’g"f‘ir ansnitted in accordance with a
common cl ock rrod’ecclxbc@nmqm)ﬂ@moldyslgﬂaﬁ timng of the signals that are

transritted V|a4the common cl ock node are referenced to a single
In one embodiment, Reset is a system-wide signal; it is an ouiput from one

component of the system and an input to the other component(s). Morcover, Reset is
asynchronous with respect to HLCLK.

Common Clock Transfer Mode Operation

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 Elock.) In altemnative embodiments, the signals may be tied
to a systemn 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 2
66MHz base hub interface and a |00MHz 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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clock (e.g., the hub interface clock.) In alternative enbodi nents, 1t EEMAR 2004
signals may be tied to a systemclock, exterior to the hub interfac
‘agents. M}MOgU2@T77 there may be nore than one hub interfacRCHE§IMENNE84i n a
system in which case different base clocks may be used for the different
segnents. For exanple, one conponent mght inplenent both a 66MAz base hub
interface and I (grﬁytﬁ' i face. I Transf er
Mode Operati onafrfr?mo 6 e dﬁ‘r’r@ﬁ%hPﬁg&ﬁgcﬁéggﬁgégrgch%@% Frgjﬂsgﬁsst'gnéd using a
source synghben@us, PSTRBK/FITREP M cdnt Pid\d diesiransieolivt @uecdBindauwlitd 1 yi ng
the data transfer rate of data. For exanple, in an enbodi ment using 4X
sour ce syrZhierousedlinelg Bipuspeep titivseathe sepegstangitbe drit-aThe grables pat h,
transmtti doubl e- wor L.E.. . four byte equires only one hub
interface I@fgrg% SRS go % th‘.g fialﬂ\llqtgr‘hneartelce\}ge(’f’?%u% lagerlﬂs[‘rri tting a doubl e word

using | X sour Celosy{HBIfRAMYSn GhOEKbHImERT theQazaohgktkokt data signal path
would require a full hub 1 nterface clock cycFe to conplete. -25 1 6 MAR

2004 WO O3 DRER 7PHPORBNSoe nesbgdthiircei vineclnitf dgenl toydentify teeresshedindent  of
source synchronqus transm ssion, strobes (e.g.,,PSTRBN PSTRBP) are sent
W Eh a dut SR A TSR 3 3 L8 AT PP et G AR e GEd

rel ati O”SW'nRR?ﬁﬁYWge&a%ﬂﬂﬁn &*Fi?pfesl05}'&9'0ﬁé’lﬁn%‘ixﬂcntgh?rsﬁéaﬁé)ﬁﬁﬁf&rc‘énc.%&g?faf ter

used to latc e data 1nto The receiving hub agent. Mre specific y, in
one enbodiwehdt jisihhedgdofeRSTRBP hed di:rfallies e ddeSSIRBVREN RBNcaced dise daisfert he
receiving hub agent to identify the presence and timng_of data being

t r ansf er r PTEEPYUES 1@ Hie npmedgegh b TEBMNand ‘PE@BR&P&E"-é’fI%gIWH-ustrat ed in
the timng diagyam,Qf Figure 10...1i0 0 Len | Lat .ransfer
corresponds to ta}%i‘ejﬁ’r‘i“sfﬂ%“ceed%beddbq‘grﬁs#;%%q%%gb‘fvﬁé'% F%“H’ 22 ‘ngé%o [PSTRBN. A

second dat @igks 8Nk 8lrob3 I THEBR/RISTR BN tahepdsitsinag nedgle ednidr ST BRNi st ¢hiidhe
falling edge of PSTRBP. In addition, in one enbodi nent, as further shown in

Fi gure 10, windewt rismaresull, thelgpseivatz aghet is givobes LIPYT RBPAPBIIRENY mdewpesi t i oned
near the center %f t he data val.id S\é\(/l QQOK‘&Q A‘\jsV aiggguléboéi%mraeceé.vi ng agent
is given aft PR EAROERNGITRY B AW 1 O e CoMOdaT R VAP ous M e
timng skeufa vAlR! BIYR strobd e @RI BVDOSHIERIniMu dbtdvdld det arotkl ddde BEVAY €
strobe edge (tDvb), and a minimumdata valid after strobe edge (tDva) are
al so used oy alshasecdbetheireeeiving halyegent toodéntdyand {atchrdats bainsransmuligrei ng

D e S
the hub i nggérfraged & Refachi-Eko thb aharattihé Agb inkafsedloak HDCH) bbfore bdigg hub
agent passed along within the bub 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
l 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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Whereas nany alterations and nodifications of the present invention @i MAR nZ4

doubt becone apparent to a person of ordinary skill in the art after having
read the foregoing description, it is to be understood that any particul ar
enbodi ment shown and described by way of illustration is in no way

intended to be considered limting. Therefore, references to details of
various enbodinents are not intended to limt the scope of the clains

whi ch i n thevnmelsvesmédeei te only those features regarded as the invention.
16 MAR 2004 What is clained is: 1. A computer system conprising: a nenory
controller hub (MC); and a first interface coupled to the MCH to transfer
data directhy betweempuichgstvfadompdsiaz:first hub agent within the conputer
system the first interface c i Sing. a data signal path to transmt data
in packets via sﬁl"?efmfyr%?ﬁg?il:efﬁ%@éa%% set of conmand signals, the first

i nterface provi dafigst imt@facadoupled pabatCHommacer dna dilket Weereeh e MOH aadhadfirsthe
first hub agent, excl.usive of an external. bus connected directly to the
first inter 5%%%“&‘%@“?/%?8’8 ?tgﬁyséer?’éhedﬁe}fatel%tf&fcﬁ80n6‘?r’es’sn§hce of the first hub
agent via the first iadbtesifgead@ath2 trifieit duaputagetssysipE nrapkactbriasi ndl wher ei n
the MCH includes a firgt ci tg0l. : ! eto
detect the presence of gttoﬁéa%%@tas F%ﬁl%qgeg%%t]hg@?ce%ﬁogmé@?raﬂ%}% étrwg(i/lg{& gﬁegt claim
| further conpeeshalylCH andtbebrnthubpget feadesivodph edema buheonmeid diaellydo hecond
hub agent c | ) e ' ' of claim
3 wherein t%gg?r\??ﬁ%fa %rﬂ]ti%egﬁco%rgr%g?gogése%g{@ggrgﬁﬁcﬁ %?geriﬁggﬂgyg%@)h\?ﬁ%ﬁﬁgt coupl ed
to the seconmeriast.erf ace that detects the presence of the second hub agent.
5. The computer systemof claim3 wherein the first hub agent is a network
interface card and the second hub agent is a graphics accelerator. 6. The
conput er sy3t em dhe epraputr Sysigiresiesiain ¢ fderejnythg Mic%l iBelpdee @ MED Y BES ntrpllE | udes:
a presence dgifGiio PRAMESice 2NELEOME pRlentdT e GAWRD &kt 0 the presence detect
nodul e. 7. The conputer system of claim6 wherein the presence detect
nodul e nonitors the first interface to detect the presence of the first
hub agent. 8. Thqhg@@wﬁ@@ysﬁﬁg@f&mi@ﬁ ferd Rl $8mpriviRgr ein the control logic
responds to a poll request if the first hub agent is detected and does not
respond to the pdiSFeopgyirsiere souplehie thy MEH: Mih agent is not

a second hub agent coupled to the second interface.

4, The computer system of claim 3 wherein the MCH further comprises a second interface

controlier coupled to the second interface that detects the presence of the second hub agent.

5. The computer system of claim 3 wherein the first hub agent is a network interface card

and the second hub agent is a graphics accelerator.

6. The computer system of claim 2 wherein the first interface controller includes:
a presence detect module; and

control logic coupled to the presence detect module.

7. The computer system of claim 6 wherein the presence detect module monitors the first

interface to detect the presence of the first hub agent.

8. The computer system of claim 7 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
27-



-27 16 MAR 2004 detected. 9. The conputer systemof claim®6 wherein t heMAR 2004
first hub agent includes a presence acknow edge nodule for transmtting a
presence acknow edge signal to the presence detect nodule via the first
interface. 10. The conputer systemof claiml further conprising a central
processing unit (CPU) coupled to the MCH 11. The conputer system of claim
10 wherein the MCH further conprises: a nenory controller coupled to the
CPU, and a gleapistics interface. 12. The conputer systemof claim1 farther
conprising: an interface control hub (ICH) coupled to the MCH, a second
interface coupled to the ICH, and a second hub agent coupled to the second
interface. 18. THehecomputtresystay sf @amaf wickan the T2t ivbergentinciudes 4 @kbeo@npri ses a
second interface ontraoller coupled t -' r etects

t he presencéﬁng?%%egggﬁﬁfrﬁ@ﬁ”@g%%gpm%ﬂ&nﬁﬁgﬁﬁﬁﬁgﬂF@ﬁE?g%@%ﬁ%%ﬁﬁggain113
wher ei n t he r&hld s thadirst imefacedes a peri pheral conponent interface (PCl)
bridge coupled to a PCl bus. 15. The conputer system of claim 12 wherein

t he conponents residing within the MCH are assigned conponent addresses
within a firkt adtheesspytersyserantclaime foohep ovreprismanssitel prgcasiingwmt (CFHe | CH
are assigneqmﬁﬁgpgqﬁggﬁﬁgdresses within a second address range. 16. A hub
agent conprising a presence detect nodule, wherein the presence detect
nodule nonitors an interface to detect the presence of a device coupled to
the interfacq, thgdQLeHtASem SOMRM 191W@ieiAndRcH fhehabmpath to transmit
data in packets via split transactions; and -28 16 MAR 2004 a set of
command si gnal s, &hememcarolercopedp Hiekd’ M abi nt - t o- poi nt  connecti on
between the firsfohulksaganleand the device, exclusive of an external bus
connected directly to the interface. 17. The hub agent of claim 16 wherein
t he presence detect nodul e receives a presence acknow edge signal if the
device i s detxect ethe chBputdigstbrbf AgeNt fadier €brddrizing? furt her conpri sing

control logic coupled to the pre ce defect dule. 19. The hub agent of
cl ai m 18 wherein #HBEGﬁﬁFPBP]ﬁ$ ﬁgi‘Pﬁ g%@ﬁ@”ﬂ irst signal if the device
a

second interface coupled to the ICH; and

a second hub agent coupled to the second interface.

3. The computer system of claim 12 wherein the ICH comprises a second interface

controller coupled to the second interface that detects the presence of the second hub agent.

14. The computer system of claim 13 wherein the ICH further includes a peripheral

component interface (PCI) bridge coupled to a PCI bus.

15. The computer system of claim 12 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.

16. A hub agent comprising a presence detect module, wherein the presence detect module
monitors an interface to detect the presence of a device coupled to the interface, the interface
comprising:

a data signal path to transmit data in packets via split transactions; and
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is detected and transmts a second signal if the device is not det dcfi MAR 2004
20. A conputer systemconprising: a first hub agent; and second hub agent;
and an interface coupled between the first hub agent and the second hub
agent to transfer data directly between the first hub agent and the second
hub agent, the interface conprising: a data signal path to transmt data in
packets via split transactions; and a set of command signals, the interface
provi ding a poi nttQr DRI SQRNIE HeliRifacDELVRRB 2 bhR-Higomt cdhbiBgRRMccand t he
second hub agent, exclusive of an external bus connected directly to the
first inter flasub egeatasi thetdadcs excdisive eharngyeamnal Begrfgnussted gisecy P hangriectce to
detect the presence of the second hub agent upon initiation of the
conput er system 21. The conputer system of claim 20 wherein the first hub
agent conprildes: Thahyr aseté elaitel Gekersip HEPESCSHEFRORCIYS rePUYISE PESHSF ed to
the presence deiQke RN the dé¥ice il DQec@MPUt er system of claim 20 wherein the
second hub agent i1 ncludes a presence acknow edge nodule for transmtting a
presence acknow edge signal to the presence detect nodule. -29

18. The hub agent of claim 17 further comprising control logic coupled to the presence detect
module.
19. The hub agent of claim 18 wherein the control logic transmits a first signal if the device

is detected and transmits a second signal if the device is not detected.

20. A computer system comprising:
a first hub agent; and
second hub agent; and
an interface coupled between the first hub agent and the second hub agent to transfer data
directly between the first hub agent and the second hub agent, the interface comprising:
a data signal path to transmit data in packets via split transactions; and
a set of command signals, the interface providing a point-to-point connection
between the first hub agent and the second hub agent, exclusive of an external bus connected

directly to the first interface;

wherein the first hub agent samples the hub interface to detect the presence of the second

hub agent upon initiation of the computer system.

21, The computer system of ¢claim 20 wherein the first hub agent comprises:
a presence detect module; and

control logic coupled to the presence detect module.

22. The computer system of claim 20 wherein the second hub agent includes a presence
acknowledge module for transmitting a presence acknowledge signal to the presence detect

module.
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