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APPARATUS YO/ &RP§ MPROVED | NTERFACE BETWEEN COVPUTER COVPONENTESEIEHY oF
I NVENTI ON The present invention relates to the field of conputer systemns,

and, in particular, the field of provi di“rr‘l& an i %ed i nterface between
conput er conmpdhERED BNEXARINDADE STHPR| AMENTRN SN ERIGERE Y EED s

include a Central Processing Un i nected to system _
menory 103 (i.e., the CPU mm%égmﬁg{(g#wmm in Figure 1, data and
other signals are transnmtted between the CPU and system nenory via a
conponent commonly referred to as a host bridge 105. The host bridge 105
Jray al so provi de ot her conponents and/or subsystens in a conputer with an

interface to the CPU nenory subsystem For exanple, as further shown in
Figure 1, peripheral conmponents (e.g., a keyboardl 09, disk drive 110 and/or

Jmouse 111) Wt ed to each other via a input/output (1/0

bri dge 107. 7, in turn, may be interconnected with the
host bridge 105 tiRe Bra¢hdgnantontRiftace Hetmeens thRReE! Rhesmk Sardl)éh t he
CPU nenory subsystem Additional external busses (e.g., a Peripheral
Conponent | prréicubimndet fi¢lR@ prousling 3, imfppweed interfaye besvedrocomphteri nt er f ace
between the 1/0O bridge 107 and the CPU nenory subsystem As a result, the
interface HFYWRXEMBe |1/0 bridge 107 and CPU menory subsystemis further
conplicated and restricted by -1 7 APR 2003 WD 00! ?6798 PCTI | JS991 25630
t he specifications/requirenments of an external bus 113 (e.g., PCl) which

j oi ns the iBAEKGROTNNDWOETHRENVENTBIONge 107 and the CPU nenory
subsystem As a result, there is a need for an inproved interface between
peri pheral conmponents and the processor/ nenory subsystens. SUMVARY OF THE

| NVENTI ON Modern computer systems include a Central Processing Units (CPU 101)

interconnected to system memory 103 (i.e., the CPU/memory subsystem.) As
shown in Figure 1, data and other signals are transmitted between the CPU and
system memory via a component commonly referred to as a host bridge 105. The
host bridge 105 may also provide other components and/or subsystems in a
computer with an interface to the CPU/memory subsystem.

For example, as further shown in Figure 1, peripheral components (e.g., a
keyboard109, disk drive 110 and/or mouse 111) may be interconnected to each
other via a input/output (I/0) bridge 107. The 1/O bridge 107, in turn, may be
interconnected with the host bridge 105 to provide an interface between the
peripherals and the CPU/memory subsystem.

Additional external busses (e.g., a Peripheral Component Interconnect
(PCI) bus 113), however, may also join the interface between the I/O bridge 107
and the CPU/memory subsystem. As a result, the interface between the I/0
bridge 107 and CPU/memory subsystem is further complicated and restricted by
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The present inxenti on provides an interface to transfer data bﬁS @?#3
separate MBLYHEPhi n a conputer system including a data si d’r?g SB o
“transrit data between hubs in packets via split transactions. In one

enbodi ment, the data is transmtted in a source synchronous node. In
addi tion, ithespecinittonnequiremenpaeian exteoralthusid di(e-gi, K1) mehidajaans thel ude

t packet and [ t,, Lf . Fuyrth , 1N g
bod mont PGB REREEE R 0 PP IER IL Aicbihedellr Ty, SV EETPESCRI PTI ON.
OF THE DRAW NGS_E?sﬁ@sﬁgﬁ%ﬂére'ieﬁer@eaqer55%ihl rH@écﬁ%%ﬁapé’bWeé?{anEﬁ and

eflg e i

not limtation int ures of the acconpanying draw ngs, | ke
ref erences donglhredngs ahdith@predessmntrsemanygl silbsysbernhi: Figure 1 illustrates a
conmput er system i npl enenting an interface between conputer conponents
according to the prior art. Figure 2 is a block diagram of one enbodi nent

of a conputsr, gh%%mﬁ% RF i nproved interface between conputer
comonents.%ﬁmg—n%g“ i ramillustrating a split transaction

i npl enented by one enbodi nent of an interface. -2 - 7 APR 2003 CVO
00F26798 PCT/ US99/ 25630 Figure 4 is a block diagram of one enbodi nent of a

conmput er syst emThHenptesemtninvagtiantprevedesian intenfadettogtansferptaie ddtwerrer f aces
bet ween conputer copponents. Figure 5 js a tim.n iagramjllustratin
arbi L1 at | o SHAGHE FARG LGS G B BHiE &7 ik dpaN g5 A ERS! BHE N
Figure & 'Sda@a%bm/%%\oghﬁgi}?ﬁﬁége'tyﬁtars?lilt:? LG O Rl Shbd@iReOfHe s

) a .
according to one e I ment”. gure ustrates a ow di agram descr1 bi ng

the steps df traespotied g atsoufdemyrehndnials mpeealn additbes on dne@nitdifient, the
enbodi ment. Figure 8 illustrates the physical signal interface according to
one enbodi rRAsketsEpytraasmiitingathe; data dndldg adpinestracket a2 sompietion

Synohr ONOUS, SLBE K 1086601 #0090 ROIN BB Rl B SackBed bLttRly 2t o 2

conput er sYStERY having € processors
transaction descriptors.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation in
the figures of the accompanying drawings, in which like references indicate

similar elements, and in which:

Figure 1 illustrates a computer system implementing an interface between

computer components according to the prior art.

Figure 2 is a block diagram of one embodiment of a computer system

implementing the improved interface between computer components.

Figure 3 is a timing diagram illustrating a split transaction implemented by

one embodiment of an interface.

»
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i npl'enmenting an i nproved interface between conputer conponents accorgl n@f
' one enbodi‘Yngl‘f'z.é'@ETAl LED DESCRI PTI ON An i nproved interface BETREEHEShput er
 conpohents is described. The interface may be referred to, herein, as a hub
link. The hub link is an interface for -3 W 001 26798 - 7 APR 2003

PCT/ US99/ 25630 connecti ng buil di ng bl ocks of core logic via a narrow and

hi gh bandw dth i f . i ll.ustrated i \ di t of _th
ub 1 nk pr ovi ded TEHES §du AT K HPEIRENCE ChF SR PBICRE of §LBBTES BFFace. I
al ternative iﬂﬁ?&%ﬂﬁﬂé%hi@%ﬂf?f Iﬁw‘hggi ﬁnfém@drwer@mg bdEwaEh :bcf)}?wghftéi'ce

bet Ween three"or nore~conponen specifically, Figure 2 i strates
.one enbodi mepinpmfnerite hub |ink 204 used to interconnect two separate
conponents (i.e., hub agents) within a chipset. The hub agents provide a
central connection between two or nore separate buses and/or other types of

.communi cation |i For. examnl e,. : [ 2, Lguyr : i pset
i ncl udes a rrermry%‘ g%ﬁetgbsl ér . 851 lig%n%kgﬁ#&éhn?%ﬁqﬁr%{g%{f géttg%xfshzl%%&hgb
206. The nerdity paedts Ackerdifgho ¢ endlsodingmt. i n Figure 2, provides an

i nt erconnection/ hub between one or nore Central Processing Uruts 208 (CPU)

and the system nenory 210. The 1/0O hub 206 provides an interconnection

bet ween vari ous ri pheral .canpopents within.the system(e. a keyboard

28, i sk drive DIBUTCEImErDBR AR Tt Ao ot P s Pedlf

external bu i e.g., PCl bus 212 and PCl agents 214),
%&@éréﬁ?g tb BRE @n?tﬁﬁﬂﬁ?en(t

interconnect indiréctly wth the menory 210 and CPU 208 via the hub Iink
202, by interconnecting with the 1/0O hub 206, rather than interconnecting
directly with the nenory controller hub 204. By using the hub link to

i nt er connect t he Fignir ¥ ilkenirates pélovhdirgram derdribing fheotpphobuspondingdieed

(oca: | nor dieudSusRFGRRons At A TRE b s AR Toner 1 atency ) In

addition, the hub Iink nay al so i nprove the scalability of a conputer
system (e.g., upgrading froma base desktop platformto high-end desktop
platfornms or wor Kggaré §illydteates thy physigal sigrail itesfabe stdsading tyong O bui | di ng

bl ocks. embodiment.

Figure 9 is a timing diagram illustrating source synchronous clocking

according to one embodiment.

Figure 10 illustrates a computer system having multiple processors
implementing an improved interface between computer components according to

one embodiment.
DETAILED DE TION

An improved interface between computer components is described. The

interface may be referred to, herein, as a hub link. The hub link is an interface for

-3-



- 7 APR 2003 'o OU/ 2679b PCT/US99/ 25630 To provide the inproved interfatdPR 2003
the hub |inK¥QWA%iBes one or nore unique features. In one enb¥di’HEt25630
transactions are transferred across the hubl ~nk using a packet based
spkit-transaction protocol. For exanple, a Request Packet is used to start

a transact i onomnettimgsepibdiagdlGdapl felore loglaciet namyvs ahd ddgle bbhgwidthused t o
termnate a transaction, if necessary. Figure 3 illustrates an exanple of a
split transa&ttevacécross the hub link. As illustrated in Figure 3, a hub ~

agent initially obtains, ownership of the hub.li Vi rbitrnati 02.

Fol I owi ng the arbi Sr@PS%&?‘FZ‘%ngeswam}ee‘?iﬁﬁ‘g?ma%s"ef tgﬁil.u_%l 1#“@%5@2% Sry _
(e.g., in the,gaesAlcohfidHSMNGiged omrtogadiﬁa&t&ffaé@%m%aﬁae conpl etion
phase 308 will follow the request phase. Prior to the conpletion phase,

however, t hecrdspomenisgy hbuwevagehe hub link fiaysproaidé tn @t terf306 bboveanihees bi p

of the hub link. In between the tine of transmtting a request packet and a
cor r espondi n§LEHPPRIVBAHacket across the hub 1ink, separate unrel ated
packets may be tr ! . - 8 ; i bRLARSR j :

pr edet er mi ned or dg\}ggﬁguﬁtptggglcggygﬁslgghg§e1QH%5+tg€vBP?gnrmre Zlgg)ﬁ% orllred;é?r%l e
in the case ebcdtd gadrdopfeestwd separated@inphedrat (L@, nEvragyntspwitkila rBbipjdee
requested data nmay take multiple clock cycles to have the data ready to be
returned in & h@én%l BYINShPPRGRE R, ceptiial ARPRerbion; hfwieen twieedr MOTOIRPAFRfetvses
request ed da%gdéggﬁ;a{ea}tﬁggsn{)ﬁlOar}‘g\qmqgar{pénelt%é)r_l and /or request packets

waiting in a queuelpipe nenory con PoT 1 er hub 204, may be

transmtted to th@okklhmple, 2QGurthef LROWHBA Fig@a® 3 ReMehipRefinglides 3, m

request or conpletion is'transmtted as a packet across the interface. Fox
wite type tcangaber buk 204V xand sodnpub@uipuh(ihdubsfifeskhe remorgad type
transacti ons, t{}eﬁe f’\“ % ed ta,assg.ci at ?d with the. co%l eti on./l sone
cases, there “QTPUBENTR 284135 SROSHLILBIGHF S £1 RFPVEDES I FUGHEOSRCFRM AP case

where the cogplgldp ié%{i}a‘-ifri% frgd it DS kM EN UndRh bFdtBGh thbnld¥©
mul ti pl e conpl et %%narﬁggﬁgrf&g? - - §E§%R%%03EC\/§OE%0?5?6798 PC#N%S&‘%SE%%&
In addition, 20 one enbodi nent, the hub |ink uses transaction descriptors
for routing of hub link traffic as well _.as identifying the attributes of a

transaction. For ithgddRtiaub 2R6 paesides pndnterepnastiondedveen yeripuepgripheral
be-handl ed | (CRECORA AR e SRIPRTER AR R dRiet <R ol P benr K 500"

enbodi nent, tahe/banthusedd.)oOMdrevém ties éaemal busisreabein dpapdd (e.LYPCI bus
transmtting the data packets via a source synchronous cl ock node.

Mor eover, i n2dAanddifddgents 219himterngpnnectlingirectlyesth he memasy 280 apd et dt h

despite usin nanpr Qv y=.C tiQ e.d...less.pihns/ S n_alternative
despit e ot NapR PN WERIBSH) M BafrorRIP AR YRTAT 20b Rl E0a"

the uni que feafedécitelfinglidire¢slyamitRRRe themdrl ddiRrdlledanray 20419 from the scope
of the invention. Moreover, the hub link could also be used to interconnect

bri dges and and/ oByouding thohpbiinktte interbdmnest the renrety comteolehhpbg04 and
PROTOCEL AND EREAVERD AP BIOATRRETech acsestib dOEIa bemeend. Fliompaments and the
described in f : td I : : : a
phys! cal 1 ayor U eSSy bRl RAE, fedsP BanddrBliCH06Rcol Ffpendiitifiand .

in an illustleweyateriylieIn hlditich, &R@hﬁbQﬂrﬂd&ﬁayaﬂﬁﬁml\gﬁMeitheTsMﬁlﬁﬁ@y 6f gloes
not to inply a particular preferred enbodi nent. TRANSACTI ON LAYER I n one

embodi nent ofCORRUAY Sy SterRie- g Hiparadingazomon basg desksop platferm rehighoendg of

. . q h bl . : ¢
one-or mor o RakePPRbERS ST shorRCetiE RO IR B brkting AB R (0 7
of the hub | iy Blgekes transaction descriptors, which are included in

the requests and data packets. The transaction descriptors may be used to
support -6 - 7 APR 2003 WO 00/ 2679b PCT/_hJ_S99/ 25630



arbitration between queues within a hub agent (e.g., MCH), and/or to -7 APR 2003
facilitate"OWIM of requests and data packets through the HUBUS¥HRS30For

i nstance, in one enbodi nent, the transaction descriptors support routing of
conpl eti on packets back to the request-initiating agent based on initially
suppl i ed (wi thin Fo peoueetthparipeoyed oueiface, ithé brhdi %’dnchfﬁ@e onegmgaetd on
descriptors also help to reduce or possibly mnimze packet-decodi | Qgi c
W Ehi 't he. HabaRgARISrES i RDS Fao i DEHP S 21% FETIeareba ponire b
descriptors SQ.Provij Lot hStd i~$h . | i

requests bas%l‘dl\ g?\ ae#?(q?etéggse%b%}%}g t%f?%%s?ggtﬁitﬁcgg%;lto?rF%ﬂ?eagﬁﬁ%bé ngﬁgtggnce,

t he transactpatkeaid tidddoasart demindakc 86n iapdtdeepatates@mhp i odeRBakepiralys may
identify operations as |sochronous (i.e., operations that nove fixed
amounts of dithsegnently bguisad totermynate ytrangaciion, Hmesaerasy real tine
pperations.) As a result, the operations, as identified by the transaction
attributes, may bBigwaedliBdstratesnanexdapde of splittrensactopandossghe hethdirde. niined

ti t | i d t t ific,t f ti ) s
| Sochr anous. 3 TaistbITCHEYER fehbab iRt FaBALE PP O BSERTo DL Helera Bk b
| sochr Bt it _ Bl
more or | ess Fiarieh 30 FRMGRRhe plLEY ke e e ons of

the transact h@ssle§qeigDlifthe ca¥eldfadturtenadbiator bremt thessains, Stomipdetion
invention. In one enbodinment, the routing field is a six-bit field used for

packet routiphases¥)8swidifolloar Bve vaquestiphase. Pries teithe completiorn pasenfowese,
as well as the attribute field, vary, W thi he scope.of .L,he i.nyeption.
Table 1 Rout H}‘Fgr i Setis PR frahitras ofle tor oS heREEs g5t et ERR 003
PCT/ US99/ 25630 Hub I D Pipe ID As shown in Table 1, three bits of the
routing field arelubeiaveessthekisnepbtrapsmittimgenraquept PaGkes anf @ weiesprgBAING hat

initiated the transacti on, | n alit ernat.iye. e i [ OVi a hub
l'ink hierar cﬁ?/mg%gleoend? an%eé?“&a%he?%‘g%f“‘%q P g%%gl%ggfg%%%%gd?eﬁg%‘ﬁg%reputi ng
field. F_or e&aﬁ%med R&8s RYhEX ik mkédrabﬁc@wbtthﬂ%!ﬁemrﬁﬁawbt@ér tuled) as
system in ~~hich case the agent at the top of the hierarchies should be

capabl e of rdiscussgddmipivéhirooee detail. For examplesia the casreofi reagh reqyest! fiomtd s
context, "hierarchy' consists of .multiple connecfed hub Link se nt
Starting froRPAPATHALFS e o Prowding Hikregienas et riPtiake Air RISk

I nstance, Fi Gyﬂlé‘st%lhix}éﬁkr&at@%ea%lf%%@f&ﬁﬁi@d% @éﬂrﬁh?%rt‘i%n kt. @uﬂhgrtﬁéChY-
Figure 4, however, illustrates an exanple of system based on two hub |ink
hi er ar chi es. tifme it rddaditoebtainithp regesstéchdatanseparate unueldted komipéetanrcnyd / ar

default value of "00Q" may be used in the Hyb ID field. The r ining three
bits of the FeARSShPa¢sess WaiiRe Bea as}@aehapﬁ@gﬁm meeq%xﬁiﬁrgg@ P4qiyes

within a hub hg!ﬁs the I / O Control Hub may support
i nt ernal USBb% ni vfggga t%g%ir{e{ﬁ?;&qg)joﬁbst controller traffic and Bus
Mastering ID (BMED),traffic v,is separate,"pipes.” As such, .the Pipe ID
Ty be used commufEaEBRPE B ShOBFVRG G S SRER Eatupst Or R e af 1 o
initiated byu@ihEingftedhs a PlabRSt achGsahd iihfepfaga! Fad Mit@ﬁﬁéhaﬁéﬂ&i&ﬁ% Pfa is
handl ed i n accordance with a predeterm ned protocol. “If a hub |ink agent
does not i nphssoeiated gyt ttereijuesy Falr readgpe transaations dheredwilbbd datzal ue of
"000" in the Pi | D field. | I ti di t, the t ti
o e e el cor T Bl L0 st TR e b o

completion for a request for the case where the completion packet is disconnected,

effectively splitting it into multiple completion packets.
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an attribufg filgled- I'n one embodinment, the attribute field |&ﬁugﬁy2g@_;gbeptR
val ue, which specifies how a transaction is to be handl ed when a target hub

link agent receives it. In some cases, the attribute field hel ps a system
sypport demanding _g... wQ 00i 26798 - 7 R, 2003 PCTI US99/ 25630, appljcation
wrKload, whi ch BEFIGEiosh T A® RBIGHERER: 4 NP UL S g O aoR s RPIors
speci fic regy xroﬁﬁﬁgt kﬂ{b RUDEA AL 14 GBS iabh g iR MAEHAbLAS &Sy trézﬂsra]gtign. -
exanpl e, the attriBute Tiel'd may support the I"sochronous novenent o at a
bet ween devFeemstafrelRtddiyriptdrenhagbenised toldefihopeathrestaonak idvchsasousorg.
| EEE 1394 and USB.) Such data novenent requirenents need to be maintained
as data fl oasyrnchrouems, vhiichias 4 feskltberayedan bedranslied s agagpddanee Wby arenor y
subsystem 1In If.t er,native . enbodi nents, additional transaction attributes
may i ncl udePIHEARSARIAOPY differentiate between "snooped” traffic where

cache coherency is enforced by hardware (i.e., chipset) and "non-snooped”
traffic that rel Festhgrmess inape emmeé'&sﬂ‘@é’aéﬁiéﬂ@g‘ Bgf}?&e BYeEAGHSY in the

o B IR RSB Dy SRS e

pr ef et chabl cachin

efficient uggdd NMBEdREinHEHbbARAM I tHe hed tekiprgvRldsabe TG ehdednsact i on
descriptors can al so be used to support ordering rules between transactions

transm t t edbasdwidtht despitehisingik naFsw exangition (erg-oees pirisdprdent ,
transactions w tlgrlllagent ical transacti 3_510 descri %ﬁrs are_executed in %Vrig‘ng

order (i.e., fir B tveerpodizanfy ROWEVETsa REP AU TRAY RE AR IpEme
routing fiehgdoh, gl"rl]fo? %@aﬁiqgtetfem@&@asf HRLGsedNBMRY N ithFRY dlggggg% fehethe

with respect to each other. For exanple, in one enbodi nent, onous
transact i onscat® ofcheirechtian. el oseowargthe loubiEnkdowld also éepeset] tbonterconnect
asynchr onoug transactions. In addition, in.qne enbodi fent of the hub link

i nterface, @atlges ARA RIS OF GHRETLOEPRIGHLE MBHUN ST Rk Al hp R sel dFith@Huest s,
ith i t i ti j i ti . Read | eti
either in %85%%b;ne&é sggpglgfgﬁap#gﬁgh%ngbhec i on ead conpl etions

flowng in on I'on are pass read requests flowing in the
sane direction. And, wite requests are allowed to pass read requests

flowwng in the sane direction. g _ - 7 APR 2003 wo ooh6~~s
TRANSACTION, PROTOCOL AND PHYSICAL LAYERS

For greater clarity, the hub link is described in three parts: a transaction
layer; a protocol layer; and a physical layer. The distinctions between layers,
however, is to be regarded in an illustrative rather than a restrictive sense, and is

therefore does not to imply a particular preferred embodiment.

TRANSACTION LAYER

In one embodiment of the hub link, the transaction layer supports the
routing of separate transactions transmitted across the hub link (which may
consist of one or more packets.) For example, in one embodiment, the transaction
layer of the hub link generates transaction descriptors, which are included in the
requests and data packets. The transaction descriptors may be used to support

-6-



PCT/ US99/ 25630. In al ternative enbodi ments, however, the orderj Jod il ign.svlfl\glr2 0
5?@ W% the

‘transacti OH3%#52%1 1 i ng across the hub link interface,

scope of the invention. For exanple, in one enbodinment, the hub Iink
i npl ements the or dering rules provided in Peripheral Conponent

| nt er connecrbitRCion b&exdesi preues Mithip adetle egentletheMIBIvastl /or 4 faclitate oss

the hub link i.n opposite directions. P LAYER. I.n one enbodi ment, the
hub |ink udestinssidrarestsand datapacsts @%ﬁ%‘&e#‘& UK.of packets: request
and conpletion. A request packet is used for each hub |ink transaction.
Conpl eti on packdias instangedn oneamebodigantethe trapsastiansiescrip®rs s4Rpartr ead
data, or to ackno=. -l e completion of .certain types of wite transactions
(orq.. 11 OMRR ST sRamEnon pouret L8Rt S tesdeSr dbE e rediiied Bnprct i on
packets ar§nagg ugﬁ £Vt Bhihheldque o £ 3RONGuRE o' iRAISSI AR CHIRE faR¥actio
transacti onndes@ﬁ thr S%Mr der'ung,}sas gr evi 0|§sl y di scl:ussed In tahe1 n
section on ddseriptarnaisotheip thayduce dmpesdiblyiminimize packetdeoddimgibgictwighirub
link interface uses an arbitration protocol that is symetric and

di stri but edhebsP ageatpl e, each hub agent drives a request signal, which is
observed by the other agent attached to the sane interface. No grant signal

is used, and agdntaltedntteverembodimentshile tshnsactioniesefiptgs alsoguenitthey .
Mb di nent licit f i i i d.. Th i
oot ed T osnn BB Bche BRnEiE of pr el birevan e P B et as e,
owner shi p ofyf Sb.”FSf fx@gﬁu@rlé\ett%w%kﬁaﬁ a@tfribémgé iRAEMHedSInitha RaRE&RRN- I N

alternative enbodi nent, fram ng signals coul e used w thout departing
from the scdgseriptorshmeay idemifi operathensesdsofhranpas kiet., dperasonstiadmarec ur s

when a hub Jink agent that owns the interface (e.g., is in the process of
transmitti réxe&ﬁ%r&p}mitse@g] R 9T A KEBAR B 615 ¥ €0 RF aEiR B itk OpRrabpRs Ay a
request sig 1.t LON; i , e 03

O & 007 2 ea8s el 2RE sP5 o, A0 AARE WAL té%lésgﬁ%?‘il‘gﬁf&?“%ys'usaﬁn%ga STOP
signal to rigiidled®in decraanacivitbackatespoaslihg pedaeihitkd foutigeprdeddl in

bel ow. Packet Definition In one enbodinent of the hub link, data is

t r ansf er r edorgler o aupPOLlacspesifis type @f opesatian(e.@xisodironpashub |ink cl ock
(HLCK), which in one enbodinent is a common cl ock shared by the hub agents
j oi ned by the hulm dnedmbdtiametat, thd sahsaxtion ddsedp s dsdude thabdieddgaal path

(PD) of the hub |jnk, which has an "interface tvidth" of some power of two
(e.g., 8, 1l6owing @d)anﬁlsaraa%émqgeléhénrﬂ}tﬁmaﬂke OfAReNtsa FYATR QT desSa

transfer gr iy { +.€ . i dt i t ransfer
rate and th@éﬂl\tfi\»L %E#%fﬁf{éetod%{ogx é?éﬁé‘?;%%’%&%? ﬁ%ﬁ%@pﬁeﬁqu {Eeégggoge of an
ei ght - bi t i déseribesre, Wittiolit depdxingpiiem tHeescbpans tied inedltibni s 32 bits per
HLCK. As a result, by varying the transfer rate and/or the interface width
of the data si gn@ omAéMbodfifent, BISIRItnG HEIQ i6 la-sB-bit HEIQ ese® forydcRet
transferred per HLCK) can be scaled. In addition, in one enbodi nent,
packet s mayrdwdinigaasshowhdmelewen lahlest. e Theisiitehaf. thagoatingfield, astwell patheet s
are transmtted in nyltiple sec,ti,onﬁ gﬁi . e., t%gc;ket w dths.) In one

embodi ment , AHRRULS may varygwWithiadhe AeoPe, o heinyeHHS t he size of doubl e
words (32 bits). In the case of a 32 bit transfer width, the bytes of a
packet wi dt h ar el'able1Routing Field of Transaction Descriptor
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present ed he.jonterface starting with the least signific Jt% :
a) and fi naﬁﬁ%gﬁ\% th the nost significant byte (byte 3), %E/B%{\%%B&POW in

‘Table 2. In the case of a 64 bit transfer width (e.g., a sixteen bit wide
interface in 4x node) the | ess SI gni fi cant dozubl e- vvord (packet width) is
transferred on the |ower’ bytes bf "the data si‘gnal (e g., PD [0:7]) and the
nore significant doub 'S transﬁarre&dbg rallel on theg upper bytes
of the data signal [? [15a]). The t mpl es are sho bel ow i n
table 2. -11 WO 00I 708 - 7 APR 2003 PCT/US99/ 25630 Table 2 Byt e

Transm ssion O dgg sﬁ@%m&n%lé@ tﬁlrée b1tk 8f fRCRUIGH fi8 d HeEldSe PREHRIH G D2 3
a s~s i~ u. HLCLK ~: PO ~ 2 3 PO 58]456788|tlnterface16

Bit InterfasbichHdeRrifientia hllﬂaygentotﬁmt frétiated thiertkarisatteeoh.ads alterrdtse
he hub |1 e BRATRERO Riovikne v 1 RGP ERETecAn 8 n B s bBLe oR
one. embodi rentest e e R Towi ng t hr ee frami hg rules are
{ranstor v dt h; EOEIREc A A SRR e B R e TR r ot
byte of a tvﬂﬁ%&%"se%@ﬁ%&n@ﬂdh@té@%k%eH‘é%’l@h%‘é sABuldb&es rgdblé‘éff?&f

transfer widths. Any avallable transfer w dths not consurmed by a packet nay
be filled vvtdxhpketlbng&mcldmltﬂebmrcd thBWerarcys nirstionontent “hidrardhy”i gnor ed

by the receivi b agent. In alternatjve enbodi nents l.ess, and /
or di ffererﬁorfsisg?ﬁgﬁ“‘rlgp&cwdﬁé us%@nkye@ﬁénmaqtm&ﬁm ﬁ?\ﬁb ‘ge8be of
t he present I 0 |

exanpl es ofaéﬁl\{%?%é%rhr%%g&g?@gr{lag oggéﬁs ?i?%éﬁcggugg P Wsu%{?ls &Etransfer
wi dth. -12 having oAfRoA@GablindOh{04h98 Hi 4)59Wezeb3Uusdabies ad dieftLpasbf

using 32 Bit Addressing and Contai ning Three Doubl e-words ef Data atn Byte
3rd Byte 2nwystmbased on tw:tleummk@e@r@n@s Byt embadingsats implemenging only

Transmtted Tr t.ed Tr.ans d ns d Trapnsm t Tr
Tr ansmi ttef%gﬁgm}gﬁr%Fb %fegi | g dgﬁ) gﬁ’ﬂ[sig %fheoﬁn"%@églg] on
i s Byr o Bhe Sappaing %lugg? st therouting fild may be wsed to dentty '€ 4

internal pipes/queues within a hub link agent. For example the I/O Control Hub

may support internal USB (Universal Serial Bus) host controller traffic and Bus
Mastering ID (BM-ID) traffic via separate “pipes.” As such, the Pipe ID may be
used communicate to the servicing agent (e.g., MCH) that traffic initiated by
different “pipes” have different attributes, and may be handled in accordance with
a predetermined protocol. If a hub link agent does not implement separate

internal pipes, it may use a default value of “000” in the Pipe ID field.

In an alternative embodiment, the transaction descriptors further include
an attribute field. In one embodiment, the attribute field is a three-bit value,
which specifies how a transaction is to be handled when a target hub link agent

receives it. In some cases, the attribute field helps a system support demanding



Addr ess (32b) Re%gest Header Second DW of DataFirst DWof Data '&(!Bo us -7 APR 2003
DW Thi td DWE'R41°8 Fabl e 4 Request using 64 Bit Addressing & 3R ng
Three Doubl e-words of Data 4th Byte 3rd Byte 2nd Byte First Byte Ath Byte

3rd Byte 2nd Byte First Byte Transmitted Transmtted Transmtted

Transnitted dApplicationt edrilpadswhidchertlits andhe rrenenmeninsnd precessmgrel dasa 8yitlon

PD(15:8) on P 8] on PD[t5:8], on,.BY 7'.0].0on,PD7 Q)..on PD[7:0) on
P[D)([ 7:0) ) [ By"i’Ige[c%‘r‘i;‘Lr reer%eDrE_ts gg;pb\fg chf%b}:gmkjng %D%ctgr&twéw eD[2 ~ ?Byt e 1~

Byte 0 Address (31:2)Request Heao_ler{BQ%us DW Addr ess (63: 32) Second DW of
Dat aFi rst DW of DE®mEBoyDL, tw atiiibatedwldmaasuppert the diosbrormtsmpyemgat of
ket header, f t f t k di t di ,
Chown bel ow TACTRIEeS Sl Tt o8 03 bk aCETANA S Rt AT T RS ang
6, the base figadesoq &&ﬂgwp%&-ms%owzﬁéhwguﬁdméd@ﬁ@éd HoHbLEMRIathed

required for 32 bit addressing, and two additional doubl e-words required
for the 64 bagdaddiessingpugbdbe hiibdirk bétvsenf] /Chéehicesland tha€PEhiomemiony
Tables 5 & 6 are described below the tables. In alternative enbodi nents of
the hub |inkSUt¥éte el ds included in the header of the request packet may
vary without departing fromthe scope of the invention. For exanple, the
header nmay i ncl udkn aldefinativegmbadiments, additiorgldmnsaetion attribusgpap drdgde 7

APR 2003 PCT/,US99/(.25G30. di f f t fields i l, .of .the fi,eld h )
bel ow. Mor eo%’T‘g"{‘%’etoe‘gif%:ﬁ?’h@gtg?’emlﬁg’? i %}0@5%3@‘58’ }\‘/eég§aﬁl'7\}i?ei Se’gcg'mp‘érti ng

fromthe scopgidfed B¢ Haptwatd 61?2_.@-., ch?gi?s*ék)ean'él W%&ogﬁ%?kﬁﬁfﬂéqﬁgﬁfelﬁ%ﬂat fox
32 bit Addressing Last fiytc Trattsrrutted Flrs! Byn,: Transrtued 31 30 29

26 27 26 25 2&fpFaPPm2th2fishB tb@nidreldath Tohdrdrdy i tﬁd’sﬂﬂe@. Spredved, ahadher |

Orypr/ cr laf Ilk ~Transa~uon Dcsg. | Re- I TU Atty | Spacc Data Length (DW
Last DW BE 1P0WVIBEW¢¥69%°‘F1F1&I%PI} F@@V&W RER{E{C i{ﬂzq ?Pin%éo étlpm%@etg)mqux

- 7 APR 2003 : St t

Format for 65% %%%@%5%%%&%%%%@%% ert!aﬁ%gg%?ll %n%gralﬁg?‘grah’rhe
Transacti on Descri ptor d?gut_i ng, a}nd Attribute fields as previously

descri bed. Iaenng kules

The transaction descriptors can also be used to support ordering rules
between transactions transmitted across the hub link. 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.

In addition, in one embodiment of the hub link interface, data
transmissions are permitted to make progress over requests, either in the same
direction or the opposite direction. Read completions flowing in one direction are
allowed to pass read requests flowing in the same direction. And, write requests

are allowed to pass read requests flowing in the same direction.
5.
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rq/cp ' ckets are identified with a '0" and conpl etlon acke7té
with a I Q\U(ﬁﬁgt/ﬁi?% | ocation. cr Conpletion required ('1') or PhEY Eg(’r‘?ﬁp'@tl on
required ('0'). r/wRead ('0') or Wite ('1'). This field indicates if data
will be included with a conpletijon gread) or uest (wite). Address
Format (af) The huelteraating epthasimends, diowgyver, t‘.hﬁlqr arlpz%GU}eScfPr transactions
("1"). Lock Fl a LS Iocked _
sequence. REQY %L% a&ﬁ%ﬁsqgﬁg‘lukqfno}hmtt\gﬁg%e’F&?é'i seqll}g}lgge'\;/ﬁt |eor§ ® this bit
set. Hub agﬁ%ﬁuowh%besé@m%a O, i ORE eeRtestinled® Kehel WAL IbSerhbtd tROD Wi | |
fill this field wth '0' ta Length The dat a | ength is given in

doubl e- wor ds;dezivgpdeels sroshdedhant Pthphataiﬁ&rxnpcbnetmjhltacmnets (PEPr(Bewidied i s
-15 Lwt Byte Tr nsrruuengfiost By tg; Tr ans ted 1 30 29 28 27 26 25 24123
22 21 20 f 82 2htodetenmyme %3 tpf1ig gerpsg e hgb §nk i3 opppsgre direpligpr 2003
WO 00/ 26798 PCT/ US99/ 25630 one plus this nunber. Thus, "000000" represents
one doubl e-word. Space This field selects the desti nati on space type for

t he requestPRQT%@mxﬂiﬁrrEnt possi bl e destination spaces include Menory
("00"), and 10 ('OL"). 1st DWBE Byte enables for the first doub] e-word of
any read or wri tB‘@’é%]@é@?P ﬂfﬁe%r’i}iﬁ uplinkysepgp packgibpees pratogeltwith gwpow, | f

used. 10 ond ReRRbarmt FelBerte ] s dbfUET] adsd B icke fRIReR Ot Bl i
~~rite requgsk tMinkhctith. fa}&ﬁﬁle%aq&&qietstﬁghsm\/valfe@quuﬁ@abﬂoe%xé glé he Iast

doubl e-word of any read or wite request. Byte enablés are active | ow.
there i s onrgruomecadoddtheomior acknomla geqqmgiehqrho&cefrtaendymmf Weité nact i ve

("1111"). Byte enabl be disco uous 0101") Id is
never used W%ﬁ@é?%g"?z@‘@glt%%%ﬂ Gyartdiineeaspubi shrgeret

Encodi ng" d be
on PCl for gg)#gﬂ?@%g%?ﬂegélé g%gé%gvdg‘{jﬁ'é cilrésgg’ ?ﬁ?ﬁ%}%ﬂ‘e??é%]% and
64 bit addr eassaugiomdssriptoss andtorﬂermrghas pmvlmnﬂyaﬂshmse:i hgtheogetion bxttRaded
Addr ess (ea)r I ndi cat es 32 bit addressing ('0') or 64 bit addressing ('1').
Config Type (%rtsjicm @¥PfFi guration cycles only, this bit is used to
indicate Type 0 ("0'") or Type 1 ('"1') configuration cycle type. Because

configuration cybladdition, imbnaymsbodimest, the hubAPK i2e@Bacd\Ged @h26F¥Rtion

PCT/ US99/ 25}%300toc01 that is symmetric and distributed. For example, each hub agent drives a

request signal, which is observed by the other agent attached to the same interface.
No grant signal is used, and agents determine ownership of the interface

independently.

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

the invention.

The end of a packet transmission occurs when a hub link 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
-10-
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perforrred W|th 32 bit addressing, this bit is overlapped with the " 6r}éended

Address" bIMO.OO28R8r [ 63: 32] Uppcr address bits for 64 bit addrFéRg°

This doubl e-word is included for the 64 bit addressi ng node. Conpl eti on
Packets The header format for a conpletion packet, according to one

enbodi mengonttd 1§ ABWRCbePlished bahlseng'a Sﬂ"ﬁ)lbsngnehtwuhtmm distorendsbpadtets,s one
doubl e-word. The fields of the headers, as shown in Table 8 are descri bed
fol | owi ngas Iselesambed m moae dekaibbelow enbodi ments of the hub |ink, however,
the fields included in the header for a conpletion packet may vary WlthOUt
departing fromthe scope of the invention. For exanple, the header may

i ncl ude additional Padtad Ddfggofi el ds, or different fields in place of the
fields as described and shown bel ow. Mreover, the encoding of the fields
may al so vary IM@ﬂn@amb@dpaﬁnt nfjtherorh ik %ﬁfép%fr@ﬂsﬁeﬁ@q Fhachyulbple ratep| e 7

Trans t LG50t dos. 38 Sighe Py ik SRR, WHETAbRE chliofimBit ey 15 15 13

10 9 8 17;9@&% %M&fgo%ﬁdmﬁ@aerltg boiREABYAS: E'hQﬂB) 1PESCThe Bata ik TD At tr

| Rsvd Dat engt etion Status cp w served Routintt Field served
-17 - 7trARBn1t2éH)3crcrss Odat26pa8] POT (CEYPT256 dabTirdn setuith das BeS mtﬁrfﬁtﬁ The

d d di d
m the. Trandat f%?éo?%é’%p@‘é? of feqe Eofipk brttonpabkeredr ahe BURIKBaTw (h o
1" in tc\}q?}/é gg%t‘}ﬁ% a e g%rz(mﬂa)l i8 (ﬁg. 'ti'&éf ldth-gf]'d% fehﬁir%l\'ﬁ%&ﬁst €s

if data rea or a 'request

Lock (1K) uiahnafer katel 444 ﬁ“@tﬁldth&if th@aafaosrghze]tpalh iFor pasinpdd, mth@cdse(d)f an
sequence. Requests and conpletions in | ocked sequence will _have th| s bit

set. Ageneightwhhi iohedacenyidtbdnpdixaneds th@éx@nSfegnwrdéhtlhﬁ% bitp 2T &HA-Ki S & i 1|

this field wt he e wor ds,
encoded s&&Ht Eé{tvatrﬁg‘%éﬁmg?r r&%‘ﬁﬁ’l"‘g? é\’gﬁhﬁsﬂr%ergarclgi%gfttxg)@|tﬂ§g8%§%?pérga-sl this
nunber. Thys, thOBQAART viileh BSEN SmBBEoIByHek eratdfcdredpaPHEIT IO cafitlat US

| ndi cat es"conpl eti on status using predetermned . Reserved All reserved

bits are sedtledo '0'. In one enbodi ment of hub link, conpletions for nmenory
reads nmay provide |ess than the full anmount of data requested so Long as

the entire reqiestditorg's bheainbodifmmEt giaitets mkgbederger thgh did assfeor
menory wites may indicate that |ess than the entire request, has been

conpl et ed witlthss 4 gheswlb thepackess ag rangmittechin multiple Sﬁﬁ‘BOlT‘fr (e PREKS]Y ace
latency r eqi'él S. mfrqtonfe%;nbodou%{e%'t CtH'e%racQétgta;g Hmldea Into packet widths the size

of double words (32 bits).

In the case of a 32 bit transfer width, the bytes of a packet width are
presented on the interface starting with the least significant byte (byte 0) and
finishing with the most significant byte (byte 3), as shown below 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]) and the more significant double-word is transferred in
parallel on the upper bytes of the data signal (e.g., PD [15:8]). The two examples

are shown below in table 2.

<11~



- 7 APR 20Q3.1V0. 00 26798 PCT/ US99I 25630 In addition, for a reguest thadPR 2003
requires cgﬁ%ﬁ%?ﬁ"g’% the initiator, in one enbodi nent, retai ﬁ?qﬁﬁ?%?m(}i on
about the request, which nay be stored in a buffer of the initiating hub
agent. For exanple, this information may include the transaction

descri pt or Tablee2 Byse Toangmissirmt eder forckand 36 Rit IntegiacaVidther nat i on, etc.
Furt hernore, when receiving tht conpletion(s), the initiator matches the_
conpletion(s) wth the corresponding request. In the case of multiple
conpletions, the initiator accunul ates a count of the data conpleted fof

the original requesk Wnal reqyest i sf fully tonpl et ed.

Interface Arbitration'and ket mng In one erfbodir\rrE'r(f g‘R—t—he hub || nk
i nterface, | whepgrhegj nt bl (1435 (]2, t he RBRRD ioEqu!z equest from
ei t her hub| agent [con]n @*‘!aﬁa i erface, ﬁg }c , an arbitratipn

event. The|first agent to request wi ns OWrFE[Dﬁl‘H;gLOf ga erface. If
e~ hub Tk

agents request ownership sinultaneously rH-hen t isidle, th
| east recently servicgd. nt wins. In one e i all hub agents
track the least recen gi}h@gy\%?ﬁed status (e.q., \r}}égéig@%}gatcﬁs flag o‘I‘"gan
internal register.) In alternative enbodinent, alternative arbitration
routines may ber ok By ENGr SERD Bk iRerREEREN o FAYBALBLA for PRiRIrE hub
agent acquires tﬁgq%%&egros%?%&o&%e mter%'rgcre, ]gt vv%(?l ?ont]i nueorto oaﬁ t he
interface dnddatal Ascoeh) hiedsarnirg tulaniaplenosented byuheidubdinlabkefinahed toi me
bandw dt h expires. For exanple, |In one enbodinent, a éitnﬁ,sl i.ce _counter is
provi ded i MaPaRRe ALBAI§ARCkeWidhe OFItO BARLN Wamsiar radts: de AP E ni ¢ an

agent's interf i e . e ti . (i.e.,
Fmes § ce Ay OfEHORLS HBaARRY FiaHifid (i AbLAhE o UAOSHE {12,
to the sameplldWilpf @eee frifenki RS dré empbethbrted: & hehdel QtivRQT aqsdties dthgs
ownership of interface and counts hub |ink base cl ock periods. In one

enbodi ment pndhe firshitytagéattransfereplihs b idate sestiomenf agpardket (6 poesent)istarts one

al I ocati on, ch, in one,enmbodi nen a tineslice value be -1 - 7
APR 003 - B0 BB obE HRORHE HREACTH b ERaKrCUP R AT PP REB AR ho

regi ster feonnegehvigihgrface in each hub agent. Figure 5 illustrates an
exanple of arbitration for the hub link interface bet~n~een hub agent A and
agent B and the jranst.er ~ i1 - .
arbitration out Acﬂ %ﬁalfa&lé;tri nt %’rr @?gﬁ% %&%@g‘\%ﬁ@lﬁt@ ?ﬁéc#ﬁf’}e‘??ﬁé’gzﬂ{eﬁe‘ﬁ“
returning ak®dgdkeioudds a¢E(DWNtraRemessasilagdi willisé fgdicred byhBeirdéetvihgdfib S

using a 4x data transfer node with eight bit data signal {PD) path. "Agent
A, in the egemplla altdrnativeerdodimentyumeors, leps andd ongsiferent fnaming sulesimas
(MRS) agent. As resuylt,...="agent, A asser its external request signal
(RQA) and égﬁ‘ﬁfeggyttﬁ‘gﬂg’ibalﬁ%k&f‘g}lﬂéhié%?ﬁe%ftz‘erpéﬁifégtlmé? K4 (RQB) on cl ock
edge 1 (~n~hich_is shown _to be inactive) before startipg packet

transni ssion of fabl3 gaﬁir&agbrg‘é.seqfﬁr%hbﬁe% &%@ﬁ% ?xqrﬁspeé ot gha Fremingrules

del ay bef or ] t ' rom Agent A) is available

i nternall ygl?\f] eﬂ%@g%%%?%&?@wééﬁﬁ@%gt%}“ ng fromcl ock edge 3. The
first packet consists of two doubl e-words 502 and 504 and requires two base
clocks to transmit in the 4x node. The second packet is three doubl e-words
506, 508, and 510, and so requires three base clocks in the 4x node. Flow
Control In one enbodi nent, packets may be retried or disconnected by a
recei ving agent due to |lack of request queue space, data buffer space, or
for other reasons. In one enbodi nent, Flow control is acconplished using a
STOP signal. Figure 6 illustrates an exanple of the use of STOP signal. As
illustrated, Agent A asserts its external request signal (RQA) and sanples
the state of the Agent B' s request signal (R@B) on clock edge 1 (which is

shown to be inactive) before starting packet transm ssion off the sane edge
(e.g., clock edge 1.) -20 12-

D




WD 00/ 26795, - 7. APR 2003 PCTI US99/ 25630 Fol | owi ng a two cl ock del ay, thd APR 2003
data tr ansfi %47 % om Agent A is available internally in thep?glf@?%é?wat

Agent B, starting fromclock edge 3. In one enbodi nent, follow ng receipt

of. data transmtted fromAgent A is the first opportunity for Agent B to
enact fl owTabie § Hequeshusiong 3Bt tddsvaingAnghgpntaiging Tisee Raublerwadgur e

6, at clock ﬁge 4. In addition, when ownership of PD signal changes from

one hub agé’fn ® another, ownership of the STOP signal will be also be
exchanged following a predeternined nunher of clocks. Mireover in one
enbodi ment | the,IOP sigpal bm eRaMPheByEN BASR. Cl GRlese WaiOHHeCORFREHRON] t O
the final transfsencofrragsmpacRatsmwedrhrsmiier Texanpd graninmted TArsmipd rapurgieng AN
ei ght bit +~i dePPD 3 jegPrils)e) ot %‘%ﬂ'@?"%ﬁ@hhd’l“ PRIS Ok atipPEd) eRI7IBhst PEITECK .
However, for la B8 moldeBretshel STEP di gbial i's Badpl edfvachl Bt hl chisdk lwl th
t he begi nni|n
the receptijon

of a Trapg@ktt Pibyhel Ng Used as a T efRf@PoeHPRht) - Fol Tlow ngI
6 8 o SARKS re—hth—agent—that—regevres—the—STHeP-si gha
det er i nes |whet her i pegaly PWghpate iddi t i anal™'"§ ed'Datp; gure 7 isga
f1 ow di agram{descri bi ngBolges &M8ps perforned by a huibd 8Yent Data det er ni |ni hg
whether it |may retry sending a packet follow ng recei pt of a STOP signal,
according to one enbodinent. In step 702, a hub agent that is currently
transm tting packets recejives a STOP signal._ |n response, in step 704 the
hub agent thdxe Adtequest using B> Addressingeaindt fomdaining iygee Daublayeonds

(whi ch act io\{ gtg the STOP signal) is requesting ownership of the interface,
by sanpling the other hub agents request signal (e.g., RQ.) If the

reci pient gf—the STOP signal deternines that the agent which-sent the STOP
signal is rot meguest isR@yewnesshtp aisidyfae nbee f ace)sybn 3ieEe 706rst B
current owrler Tebsmike Trangmatef deesmiay Taptrétlehtirapsoitted Jregsntted drapsretieétTrapplitewi hg
recovery friom°f R¥ 53t EpPRIEP) F’hé"'b“ts &F PHE ,°“iPP[7'|°}(I 9n"Pf &t ?"rﬁuﬁébl tHBY%k he
agent whicH act Pt el 88f | BreapR Biafs Byte 3/ LSuge P@T?Vl‘ﬁ%/ 8Ed0 b h
STOP signall i s request AogreesvErshi p, in sfep 708, Regmestiifieadsr owner

determines |i f[TTS TIMESIH GRS TR eXpired. [T the i ReIdG8al The curfrent
ogls ! s983792
Omer Of the nt Crface LQJ AN |}r acdl Ln o710 t o r\us(r r\v-ﬂ-5

A R epH-eth——St F1-0—the eft—ewrer—e|l epses
o~.vnershif. Lf_the PEHRAL PYESEDRtA! he curfent own jrspgw ?fo@atéxpi red. Ith
current owrter| may transf{iogua D¥acket with jan attri bBoiréDMhat Dat di f f er gnt
fromthe interrupted packet. Mdre specifically, 1n step 712, the Cumizen
o~~ner determines ITf 1t has a packet wth a attribute type that Ts
different fromany packets that have been retried in the present

arbitration session (Iteé;estpg'&e@seri od of the current owner's tenure), which

needs to be transmtted. e current owner does have a packet with a

di fferent attri brieepadkdt Ab&fer fdfmbhforGuahi@tpaeler! adteydinitoae tO transmt
t he packet. Otherwi'se, the current owner release ownership of the
i nt er f ace. embodiment, is shown below in Table 5 and Table 6. In the examples shown in

11

11

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 link, 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
13-



PHYSI CAL | NI ERGA&Es | n one enbodi ment, the hub link interface dﬂ%ﬁﬁéahgéngm
r or

physi cal interface that operates at a base frequency of elthe
100M -1z. O her frequencies nmay al so be used. In addition, in one

Cranst or tSERTIRGR FLRIAR P gBs R B ISR IR e
base hub I{ hs%agﬁ%so%%rf ‘{Zl%ﬁttde;kﬁtxﬂg_fr@rmﬂg's%om%'lﬂgeﬁ@o@' bit data.
interface 6e S operating at ‘a baSe frequen of 66MHz or 100MHz, a

P e W R T T

supports a vol t age operatlon of 1. 8V and i s based on conplenentary

met al - oxi de CET COTY t ess C%ﬁS) '%ﬁ“aff@?ﬁatlve
embodi nent 3, wh%ﬁBVé 25fﬂ€ ﬁfé*?a&é ¥ ope ?é?éoﬁt Pe?natlﬁe % equenci es

and /or al Ferpative—Sized—data—interfaces L‘L“fﬁv:d vREy-ng-bandw dt hs,
and supporlf [a i r‘h%aﬁg b Er a}fctv ;D\/}SLft%’éc go %E%“éa‘” st W jﬁﬁli 2063 | pe@

00/ 26798 r‘?ddlj 9 25633 -o—al-t-erfrativ SeHred Pt eSSt e i it departi ng
fromthe sico |5e f the i nvent| on. External Signnals Definition EI%J RadiBs

i Il ustrat es—the—phystrcat—st+gnat—mterface—of—ttehub—+ink—between~t wo hub

agents, according to one enbodinent. As shown in Figure 8, the hub link
physi cal interface uses a bi-directional eight bit data bus (PD[7:0]) with
a differential pair of source synchronous strobe signals (PSTRBN, PSTRBP)
for data clocking. In an alternative enbodi nent, the interface can w dened.
For exanple, as shown in Figure 8, 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.) Mreover, in an alternative
enbodi ment, unidirectional data signals could be used. In addition, one
unidirectional arbitration signal connects each agent to the other (RQa,
RQ), and a bi-directional STOP signal is used by the receiving agent to
control data flow, as previously described. Additional interface signals

i nclude the systemreset (Reset), common clock (HLCLK) and voltage
reference signals (HLVREF). As well, signals for each hub agent (ZCOW) to
match its driver output inpedance to the appropriate value to conpensate
for manufacturing and tenperature variations, are also included. The
physical signals shown in the interface illustrated in Figure 8 are further
described below in Table 8. In alternative enbodi nents of the hub link, the
signals included in the physical interface nay vary w thout departing from
the scope of the invention. For exanple, the physical interface may include
nore, less or different signals varying fromthe signals shown in Figure 8

and further described belowin Table 8. - 7 ~4PR 2003 WO 0U/ 26798
PCT/ US99/ 25630 Table 8 Hub Link Interface Signals for Eight Bit Agents
NaneBlts (Pads}Type Cl ock ModeDescri ption., y, - R S

i~ ~...-. . ,PD 7: Q8ASTS SS Packet data pins. The data interface when
|dIe |n oneenbodlnent is held by active sustainers at the | astvoltage
value to ~~hich it was driven. PSTRBP1LASTSSSNegative PD Interface Strobe
(default voltage |level =VSSHL) and Positive PD Interface Strobe (idle
vol t agel evel = VCCHL) together provide timng for 4X and 1Xdata transfer on
the PO 7:0J interface. The agent that isproviding data drives this signal.
PSTRBN and PSTRBPshoul d be sensed fully differentially at the
recei ver. PSTRBN1ASTSSSPosi tive PD Interface Strobe) see PSTRBP
descri pti onabove. RQall / OCC Acti ve-hi gh request fromagent A (output from
A input to B} to obtaLn ownership of the hub linkinterface. RQa is asserted
when agent A has dataavailable to send, and is deasserted when either al
of agent A's data has been sent or agent A determines thatit should rel ease
the interface. Reset voltage val ue isVSSgl. RQpll/ OCCRequest from agent B
(output fromB, input to A). Seeabove description of RQa. STOPLASTSCCUsed
for pipelined flow control to retry or disconnectpackets. HLCLK1I N Ahub |i nk
base cl ock, in one enbodi nent, either 66MHzor 100MHz. This provides timng
information for thecommon clock signals (described further
bel ow. RESI r T#1lI CCActi ve-1 ow reset indication to hub |ink
agents.' HLVREF1l N AVol t age reference (VCCHL/2) for differential inputs.In
one enbodi nent) the voltage is generated on thenot herboard through a
vol tage divider. HLZCOW1I/ ON AProvi des | npedance Conpensation. -24 -7
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= Acti vel ustained Tri-State. SS = Source Synchronous

Common Cl ock Mode Signal ' In one enbodi nent, Peset is a systemw de
si.gnal ; it is an output from aqne conponent of the sy m apd an input to
t he ot her corrp%ﬁ? ?%e.q‘%ﬂﬂBB@ﬁt,ﬁ??g%DeétFW%é%@%PHngéngf%respect to
HLCLK. Conmmon C ock Transfer Mdde Operation Ln one enbodi nent, nmany of the

signal s trafsM e “across the hub link interface arePErPEnshHTYed in
accor dancé' #i ¥R & EinbR B120ek hidd 16 INpk d® §pedPfital 155 the i ng of the

signal s t transm tted comppa-—clock gode— - nced to a
single cl @gk [T 9. peer Hitb [k et oors |Patat B hath P& b odifent-esw. t he
. cp W M ouiing ke Sery . .
signal s ngs Let:ﬁ‘séasys em-clocki—exteri-or—to'the hub i ent s

> ; _ e—hubB—in nts.
Mor eover , ['tH&k2 may be more than one hub link segnent in a syBt[@m-.ifh.ahi ch
case dif f preat—base—elocks—rayr—beused—for—the—di-Herent segrrj At For

d7[63 3 . ? B A

exanpl e, ORE Cohponent ni ght inplenent both a 66MHz base hub |inkxHerface
and a 100MHz—bhase—hub—+Hri—nterface—Souree—Synrehronous—ranster Mode

Qperation I n one enbodi nent, the packets/data axe transmtted using a
source synchronous cl ock node, which provides a technique for nultiplying
the data HramsfeenRaseriptordat dherkianesciion ldesariptanRentiogianshd tiuibutry 4X
source _z5  CVO 00l 26798 - 7f ,f\PR ' 29(%3 P(I?T/dUSQgD/ %5630 synchr onous
clocking node with an eight bilt® gafSPEENTY S5TH % ansni tting a

doubl e-word,(i.e., four byte) requ fires only one hub link clogck cycle
(HLCK. ) AFf&fhatively, transmitqqusst %acgﬁtfb?ré 19\%‘?@‘%@%8‘ 330 st ce

synchronous cl ocki ng node on %ng}lgmnB%k&é‘kﬁtﬁm'%ﬁ't@%&tw' d require a

full hub I'ink clock cycle to conplete. re specifical I'n one enbodi ment
of sour Cecrsynchr onous transm Sécl)rggletion required ("1) or no completion required

(0.

r/w Read (‘0’) or Write (‘1’). This field indicates if data will
be included with a completion (read) or a request
(write).

Address Format (af) The addressing format is either Implied (‘0") or 32/64
bit (‘1°).

Lock (1k) Flag to indicate that the request is part of a locked

sequence. Requests and completions in a locked
sequence will have this bit set. Hub agents, which do
not comprehend lock, ignore this flag and will fill this
field with ‘0".

Data Length The data length is given in double-words, encoded

such that the number of double-words represented is
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strobes (e PSTRBN PSTRBP) are sent with a data transm ssign |
accorcjance“&? 9%6§9Spr edetermned timng relationshi p between Fﬁ@’”&:?g/%fﬂ%,os and
the data. The strobes are thereafter used by the receiving hub agent to
| atch the data into the receiving hub agent. Mre specifically, in one
enbodi ment, the edges of the sONEHAES HuFRpEAPRITABNSay Q0O represemts one

ivi _Q{ ggence and timng of data being

pa RS

recei ving hub agent to identify t‘_{%efe
transferred across the data si éiﬁ)a For exanple, as illustrated in

the timng diagramof Figure 9,_in_o nmbodi ment . a first data trapsfer
correspondSPEEE the rising edge oFS ﬁsiégﬁgf%ﬁg‘qn&%SWFWrﬁé’aéﬁéﬁp%%orﬁ $RBN. A
second data transfer correspon Q.. t LS| SIEEN @i d e
falling edge of PSTRBP. Ln add??ﬂ%ﬁt' ﬁoélﬁlgh{eﬁ)ﬁggﬁéﬁ%oggggﬁ%t he}&{;hown in
Figure 9, the transmt edges ofsphbe iskleleddeRBHRBRIPSTREBN I&Y €'0pv)si ti oned
near the center of the data valid window. As a result, the receiving agent
IS given aRg pppigpdata sanpl | NG @ﬂgwegPo%@qmpéémev\%k%%aﬁg%m%l m ng
skews. Moreover, 1n one enbodiment a mninmum data valid before strobe edge
(tDvb), and a mini num data val ivrisf teguest toolvteredgeox {Ov Bytarcaablesareised by
the receiving hub agent to identify and |atch _data being transnfted. Once
the receiving hub agent | atche®ctikg lpWcHnihege ipenly angdeihlg-warg ‘E‘i’éraeafter
hel d for brief period to resynch ,Z8.: t k£ L h ub | ihk clock
(HLCK) before being passed al or{ﬁag\nggtth&lﬁ%{;ﬁtee tja%léé\fééelﬁtlg u%@' blné{?% 00/ 26798 -
7 APR 2003 PCT/ US99/ 25630 | n t hgnbedigaitng iSPREhT icCiaéhon nidiohn¥EID iredd has
been described with reference to specific exenplary enbodi nent's thereof. It
wi I, however, be evident that orarribueequesi Withanp byseserhbdedinges may be
made thereto without departing fromthe broader spirit and scope of the
invention. lket D& @Rl e, the hulBilteekablet éoif thedastadmdileivingrd of @meread or

enl aodi nent, nay be inplenented in a conputer system having mnul tiﬁ{qe i
processors, as illustrated in FVEtR Earest. Mheserables argaciveday . df Bwrais

are, as a result, to be regarded,] Lhhu td [ Ik

restrictive sense. 27 - 7 M%@g?%g%\;%ﬁcflpg?rr@%s%gfﬂ‘i%%l%#?g}lfségs to
transfer data directly between idadtvé1nuD) Bptererablaitlafiule dibddntizudus
conput er system conprising: a data signal path to transmt data in packets

via split transactions; and a deg- of 0¥Bmvamds ielghiaineyentesed withsspeagial
interface provides a point-to-point connection between said first hub,and
sai d second hub, exclusive of aFrXCgeitsé‘?cl‘fd oB‘arga ﬁ‘ﬁecﬁ% ‘%i&%@?@c?%mﬂhe
interface. The interface of clagdpl, wherein said first and second hubs
wi thin said conputer systemare conmponents within a chipset. An interface

to ”a”SferAQé‘és[%Bft ween a fir Mbﬁ%ﬂg?%s%gggggeﬁ%%@&%&ﬁ SO B

system conprising. a set of data si gna alr Oof source syncnronous

strobe signals, said data signabssimangpe bf epdle This daabki-wrordas fRlinded
transactions, said packets including a request packet and conpletion

packet, said request packet indouthad?and p4hitaddressiogsmedes dut nghfpr the
implied addressing mode).

Extended Address (ea)  Indicates 32 bit addressing (‘0") or 64 bit addressing
(‘'1).

Config Type (ct) For configuration cycles only, this bit is used to
indicate Type 0 (‘0") or Type 1 (“1’) configuration cycle

type. Because configuration cycles will always be
-16-



a set of c m@nd signals including unidirectional arbitration_signal échAPg 2003
comon, cl o (“§721 | wherein said interface provides a pointP g%?(zﬁ?w
connection between said first hub and said second hub, exclusive of an
external bus connected directly to the point-to-point connection. 4. The
interface of claim1, wherein @efoTQEdtWéFh‘s?B?clt’h‘féﬁdF%ssm thisbédson sai d
interface with a request packe ubse t 0., |tr t wner shi p of
said interface. The interface &F IaBP nﬁﬁ}é? ﬁ)ht% 4‘2%58% acket B

i ncludes a transaction descriptor. 6. The |nt?rface of claim4, wh e| n a

conpl et i on pa&ket33]s transmi tt SPRAT zsdsdréss hite farfdebit addeaspingenods:

request packet of said first tr i r f

wherein said request packet i né19 g)es 2 rlar%%%ggg%é%%sc@:ﬁ ggd%ﬁgﬁ‘?a d
conpl eti on packet includes a ceppg&spondi ng transaction descrl ptor. -28 -
7 APR 2003 8. The interface of claim®6, wherein a request packet for a
second transaction can be transmtted across said interface prior to
transmtting said Conpletion packet mresponse to the request packet of
said first transaction. 9. The interface of claim8, wherein said first is
a nenory controller hub to interconnect a processor and a nenory device.

10. The interface of @lapmdn Weeal N a second hub is an input/output (1/0
hub to interconnect peripheral conponents within a conputer system 11. The
interface of claim1, wherein said data signal path is scalable. 12. The
interface of claim 11 wherein packets are transmtted across said data

si gnal path vi a Theseadee f@rylmail‘fpoacmm}dhbok pmgkiet, ad®rd Figetol oneeerhbedinénte| ai m

12, wh d f d t 1 iy egt | |
e S%E%‘émn'sb%ﬁﬂr G I3l o b Goe Spgtsintanty e Negagh Paedon ey > 2
bi t t f

arbitra IOWI’GI n gg p?n%dé‘;? afs%ﬁyﬁ‘ﬁl Ta%lels a%égigeénb#folﬂsbﬁng%@ﬁlﬁ&e 0

claim 13, ace includes a systemreSet si gna a

| ock and f
a7, wher of HhakeE e Bor BRE S e REP L B 67 Lop HRACRElRARY i
a hierar Chxhe%eﬂaléxtfoli)'aecoh%l@ﬁtaﬁ?%k&%w% whecﬂﬁtltdnetgamﬁ iﬂfﬂ%ﬁtbéﬁcop?&

interface of clalm®6, wherein said request packet | udes a fiel
i ndi cati ng the uavemrqni diormxapqﬁk,ethe|l‘tBadeqm3yeldlC1uderaei§bbnsel fields lees flelsipe@lt | ve

t h t f, cl 4, bet
o' hubs & eipre T rBeP s e tinlce 8 Qe AL A CEIY . MGreRYa, e
wherein a WOBEQM PelRINONRG 3 Paf witkiott HBpSF{RCRoHPHSBpPLEARE €r m ned

anount of tinme. -
invention.

Table 7 Completion Packet Header Format

Last Byte Transmitted First Byte Transmitted
31 30 29 28 27 26 25 24'23 22212019 18 17 16I15 14131211109 8 I7 6 543210

rq [t/ |Re- Ik |Transaction Desc. {Re- |TD Attr |Rsvd |Data Length (DW) [Completion Status
cp |w |served| (Routing Field served

-17-



- 7 APR 20G803826780 i nterface to transfer data directly between a first/ ARRol003
and a second hub within a conputer system conprising: a firACTHaW35Er
transmtting data between said first hub and said second hub in packets via
spl'it trans I . : ONdryERs, bt etolps ooty i | s,
wher ei n sai ?%\%gﬁ?g?ggﬁ?lg\??ﬁesd% poli ntsg(?gqryc?i@%fr%%%r@tl oh be?‘vt\ggg‘ngai d
first hub and said second hub, exdlisaypréfioasiyatis@rssed ubtise Tamecicd
directly to the interface. 20. The interface of claim19, wherein said
first and second hubs within saisg¢c@onputer system are conponents within a
chipset. 21. An interface to transfer data between a nenory controller hub
and an inputgeep put (1/0 hub ofCampihdtpsepackiethare idcobfipdtveith systierthis
conprising: a bi-directional data signal path and a pair of source
synchronous strobe signals, sai dOFRH QN s gnhal path transmits data in packets
via split transactions, said packets including a request packet and

conpl etion pdevket, said request Rackéd) onWuidh (\Y)-aThisdrdd dndisated ébdatapridir ;
and a set of command signals including unidirectiopnal arbitration signal, a
bi-directional stop signal, a sf}%ﬂ‘éﬁ“rr e‘f"ltbi"j'g‘rﬂim?{1 loggl‘ﬁﬁ)‘h ¥V PERUEP G nal |
and a vol tage reference signal. (%@n‘te he interface of claim19, wherein said
interface includes a neans for initirating a first transaction on said
interface with a request packet._23. The interface of cl.aim 22, rein

oo ' r equestopEIAE ol udes & (Faniatt eHedBat M edp bR T Rdtal Adbril o
claim22, wherein said interfacgeiieh _q@edr}peg&sartcpgmggmﬂdi{sqg Aolldp! etion
packet in response to said request’ packet of said first transaction. 25.
The interface of claim 23, whereequsatawilkhaesthiphitet. Agettagdehich do not
transaction descriptor and said conpleti acket incl ydes correspondi ng
transaction descriptor. 26. The q%e&eﬁﬁegq‘a /ABRPIRH ¢ lﬁﬁ%%\%? iw?lsf&fﬁusﬁeld
interface includes a nmeans for tyapsgitting request packet for a second

\ meal an st | . (
transacti on across said |nterfacvg prior to transmtting said conpletion

packet in r onse t.o the reque cket of .said first transaction.,-30
DUAPR 2003 TR HREGN ef face of  EISEReIEnEtHRRTen LagHH ATPR R b Tded
menory controller hub having a j %@pg LSS
menory device. 28. The interfacre@%?ﬁg%g%}{r%%%s ere‘%tﬁlﬁggi{’g secg?l%ﬁﬂ%bdqlss an
i nput/output (1/0O hub having a seapkistthisimtrebeodhect “(HE00Pheepabserdsipoment s
within a conputer system 29. The interface of claim19, wherein said first
means for transmitting data in gWida split transactions includes
further includes neans for scaling a data signal path. 30. The interface of
cl ai m 26, wheerapletim Statur er f acendicdtesiasnpletion staustusings pradetergnipadket s
across said interface via a source synchronous cl ock node.

Reserved All reserved bits are set to ‘0",

In one embodiment of hub link, completions for memory reads may
provide less than the full amount of data requested so long as the entire request is
eventually completed. Likewise, completions for memory writes may indicate
that less than the entire request has been completed. This might be done to satisfy

a particular hub link interface latency requirement for a particular platform.



31. The interface of claim25, wherein said transaction descriptors i ndlAPBe003
a means for\(‘?f)cﬁ@(r;ﬁe’igﬁz ying separate hubs within a hierarchy of rFEﬁ'NSfB?@“O
interfaces between three or nore hubs. 32. The interface of claim 24,
wherein said request packet includes a neans for indicating if a conpletion
packet is requirkdadditions furssrequest that regpiees ¢araplesipne the paditer.. in3ye The
interface of claim32, wherein interface jncludes a,neans for arbjtrating
bet ween sai Bﬂﬁﬁagn?%fr r%m@ﬁ?fﬁn%tﬁ%ag uf ﬂ}eerleﬂ%:g{ W:?Elr&‘ FRY BSHeraERE of -
claim 22, I N sai:d: o t j : : i I i ng
cuner shi p of g & PR BB O B P e A nrL g e
anount of timBsacdion dréseriFfﬁxefHeaﬁze of tied padRe lockberteas, fosting ihfdreiatiengetc.
provi des a poi nt-to-point connection between said first hub and said second
hub, excl usFughefmare, exhern respiving tho peraplettprds) e [yitiagonmatqhes the t o- poi nt
connection. -31. .A2. A . . .

CA A5. AF. A3SORPREI R ikh Aherorespanding rRguast, Inthe gasepf npltigly 1o ag A Avos
LAY 9. A LA @t‘)m@le‘lid}%} {1 iRt Sccumulates a count of the data completed for the
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Figure 5 illustrates an example of arbitration for the hub link interface
between hub agent A and agent B and the transfer of two packets. The example
illustrates arbitration out of an idle interface state, with the interface then
returning to idle. Moreover, in the example illustrated, the interface is using a 4x
data transfer mode with eight bit data signal (PD) path. Agent A, in the example
illustrated in Figure 5, is the most recently serviced (MRS) agent. As a result,
Agent A asserts its external request signal (RQA) and samples the state of the
Agent B’s request signal (RQB) on clock edge 1 (which is shown to be inactive)

before starting packet transmission off the same edge.

In one embodiment, there is a two clock delay before the transmitted data
(i.e., data from Agent A) is available internally in the receiver (i.e., Agent B),
starting from clock edge 3. The first packet consists of two double-words 502 and
504 and requires two base clocks to transmit in the 4x mode. The second packet is

three double-words 506, 508, and 510, and so requires three base clocks in the 4x

mode.

Flow Control
In one embodiment, packets may be retried or disconnected by a receiving
agent due to lack of request queue space, data buffer space, or for other reasons.

In one embodiment, Flow control is accomplished using a STOP signal.

Figure 6 illustrates an example of the use of STOP signal. As illustrated,
Agent A asserts its external request signal (RQA) and samples the state of the
Agent B’s request signal (RQB) on clock edge 1 (which is shown to be inactive)

before starting packet transmission off the same edge (e.g., clock edge 1.)
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10% W& () 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 6, 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 number of clocks. Moreover, in one embodiment, the STOP signal
is sampled on base clocks, which correspond to the final transfer of a packet
width. For example, in a 4x mode (using an eight bit wide PD signal), the STOP
signal is sampled each base clock. However, for a 1x mode, the STOP signal is
sampled each fourth clock (with the beginning of a transaction being used as a

reference point).

Following the reception of a STOP signal, the hub agent that receives the
STOP signal determines whether it may retry sending additional packets. Figure 7
is a flow diagram describing the steps performed by a hub agent in determining
whether it may retry sending a packet following receipt of a STOP signal,

according to one embodiment.

In step 702, a hub agent that is currently translmitting packets receives a
STOP signal. In response, in step 704 the hub agent that receives the STOP signal
determines if the other agent (which activated the STOP signal) is requesting
ownership of the interface, by sampling the other hub agents request signal (e.g.,
RQB.)

If the recipient of the STOP signal determines that the agent which sent the
STOP signal is not requesting ownership of the interface, in step 706 the current
owner of the interface may attempt to transmit a packet following recovery from
the STOP. On the other hand, if it is determined that the agent which activated
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determines if its timeslice has expired. -

If the timeslice for the current owner of the interface has expired, in step
710, the current owner releases ownership. If the timeslice for the current owner
has not expired, the current owner may transmit a packet with an attribute that is
different from the interrupted packet. More specifically, in step 712, 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
714 the current owner may attempt to transmit the packet. Otherwise, the current

owner release ownership of the interface.

PHYSICAL INTERFACE

In one embodiment, the hub link interface implements a physical interface
that operates at a base frequency of either 66MHz or 100MHz. Other frequencies
may also be used. In addition, in one embodiment, the physical interface uses a
source synchronous (SS) data transfer technique which can be quad-clocked to
transfer data at 4X of the base hub link clock. As a result, in ar embodiment
having an 8-bit data interface (e.g., PD) operating at a base frequency of 66MHz or
100MHz, a bandwidth of 266 megabytes per second (MB/s) or 400MB/s may be
achieved, respectively.

Furthermore, in one embodiment, the hub link interface supports a voltage
operation of 1.8V, and is based on complementary metal-oxide semiconductor
process (CMOS) signaling. In an alternative embodiments, however, the interface
may operate at alternative frequencies and/or alternative sized data interfaces to

provide varying bandwidths, and support alternative operating voltages, based
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Figure 8 illustrates the physical signal interface of the hub link between two
hub agents, according to one embodiment. As shown in Figure 8, the hub link
physical interface uses a bi-directional eight bit data bus (PD [7:0]) with a
differential pair of source synchronous strobe signals (PSTRBN, PSTRBP) for data
clocking. In an alternative embodiment, the interface can widened. For example,
as shown in Figure 8, an additional eight bit data bus (PD [15:8]) can also be used
along with an additional pair of pair of source synchronous strobe signals
(PUSTRBN, PUSTRBP.) Moreover, in an alternative embodiment, unidirectional
data signals could be used.

In addition, one unidirectional arbitration signal connects each agent to the
other (RQa, RQb), and a bi-directional STOP signal is used by the receiving agent
to control data flow, as previously described. Additional interface signals include
the system reset (Reset), common clock (HLCLK) and voltage reference signals
(HLVREF). As well, signals for each hub agent (ZCOMP) to match its driver
output impedance to the appropriate value to compensate for manufacturing and

temperature variations, are also included.

The physical signals shown in the interface illustrated in Figure 8 are
further described below in Table 8. In alternative embodiments of the hub link,
the signals included in the physical interface may vary without departing from the
scope of the invention. For example, the physical interface may include more, less
or different signals varying from the signals shown in Figure 8 and further
described below in Table 8.
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(Pads) Mode A A RE s
PDI[7:0] 8 ASTS' 55! Packet data pins. The data interface when idle, in one

RN

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

PSTRBP 1 ASTS 55 Negative PD Interface Strobe (default voltage level =
VSSHL) and Positive PD Interface Strobe (idle voltage
level = VCCHL) together provide timing for 4X and 1X
data transfer on the PD[7:0] interface. The agent that is
providing data drives this signal. PSTRBN and PSTRBP

should be sensed fully differentially at the receiver.

PSTRBN 1 ASTS SS Positive PD Interface Strobe, see PSTRBP description
above.
RQa 1 1/0 ey Active-high request from agent A (output from A,

input to B) to obtain ownership of the hub link
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.

RQb 1 1/0 CcC Request from agent B (output from B, input to A). See
above description of RQa.

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

HLCLK 1 1 N/A | hub link base clock, in one embodiment, either 66MHz

or 100MHz. This provides timing information for the
common clock signals (described further below.
RESET# 1 I cC Active-low reset indication to hub link agents.*
HLVREF 1 I N/A | Voltage reference (VCCHL/2) for differential inputs.
In one embodiment, the voltage is generated on the
motherboard through a voltage divider.

HLZCOMP |1 1/0 N/A | Provides Impedance Compensation.
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" ASTS = Actively Sustained Tri-State.
' SS = Source Synchronous Mode Signal
' CC = Common Clock Mode Signal

* In one embodiment, Reset is a system-wide signal; it is an output from one
component of the system and an input to the other component(s). Moreover,

Reset is asynchronous with respect to HLCLK.

Common Clock Transfer Mode Operation

In one embodiment, many of the signals transmitted across the hub link
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 link clock.) In alternative
embodiments, the signals may be tied to a system clock, exterior to the hub link
agents. Moreover, there may be more than one hub link segment in a system, in
which case different base clocks may be used for the different segments. For
example, one component might implement both a 66MHz base hub link interface
and a 100MHz base hub link 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
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complete.

More specifically, in one embodiment of source synchronous transmission,
strobes (e.g., PSTRBN /PSTRBP) are sent with a data transmission in accordance
with a predetermined timing relationship between the strobes and the data. The
strobes are thereafter used by the receiving hub agent to latch the data into the

receiving hub agent.

More specifically, in one embodiment, the edges of the strobes
PSTRBP/PSTRBN are used by the receiving hub agent to identify the presence
and timing of data being transferred across the data signal paths. For example, as
illustrated in the timing diagram of Figure 9, in one embodiment a first data
transfer corresponds to the rising edge of PSTRBP and the falling edge of
PSTRBN. A second data transfer corresponds to the rising edge of PSTRBN and
the falling edge of PSTRBP.

In addition, in one embodiment, as further shown in Figure 9, the transmit
edges of the strobes PSTRBP/PSTRBN are positioned near the center of the data
valid window. As a result, the receiving agent is given an input data sampling
window to accommodate various system timing skews. Moreover, in one
embodiment a minimum data valid before strobe edge (tDvb), and a minimum
data valid after strobe edge (tDva) are also used by the receiving hub agent to
identify and latch data being transmitted. Once the receiving hub agent latches
the incoming data, the data is thereafter held for brief period to resynchronize the
data with the hub link clock (HLCK) before being passed along within the hub

agent.
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2. The interface of claim 1, wherein said first and second hubs within said computer system

are components within a chipset.

3. An interface to transfer data between a first hub and a second hub within a computer
system, comprising:

a set of data signals and a pair of source synchronous strobe signals, said data signals
transmit data in packets via split transactions, said packets including a request packet and
completion packet, said request packet including a transaction descriptor; and

a set of command signals including unidirectional arbitration signal and a common clock
signal, wherein said interface provides a point-to-point connection between said first hub and said

second hub, exclusive of an external bus connected directly to the point-to-point connection.

4, The interface of claim 1, wherein a first transaction is initiated on said interface with a

request packet, subsequent to arbitration for ownership of said interface.
5. The interface of claim 4, wherein said request packet includes a transaction descriptor.

6. The interface of claim 4, wherein a completion packet is transmitted on said interface in

response to said request packet of said first transaction.

7. The interface of claim 5, wherein said request packet includes a transaction descriptor

and said completion packet includes a corresponding transaction descriptor.
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point-to-point connection between said first hub and said second hub, exclusive of an external bus

connected directly to the interface.

20. The interface of claim 19, wherein said first and second hubs within said computer

system are components within a chipset.

21. An interface to transfer data between a memory controller hub and an input/output (I/O)
hub of a chipset within a computer system, comprising:

a bi-directional data signal path and a pair of source synchronous strobe signals, said data
signal path transmits data in packets via split transactions, said packets including a request packet
and completion packet, said request packet including a transaction descriptor; and

a set of command signals including unidirectional arbitration signal, a bi-directional stop

signal, a system reset signal, a common clock signal, and a voltage reference signal.

22, The interface of claim 19, wherein said interface includes a means for initiating a first

transaction on said interface with a request packet.
23, The interface of claim 22, wherein said request packet includes a transaction descriptor.

24. The interface of claim 22, wherein said interface includes means for providing a

completion packet in response to said request packet of said first transaction.

25, The interface of claim 23, wherein said request packet includes a transaction descriptor

and said completion packet includes a corresponding transaction descriptor.

26. The interface of claim 24, wherein said interface includes a means for transmitting
request packet for a second transaction across said interface prior to transmitting said completion
packet in response to the request packet of said first transaction.
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31. The interface of claim 25, wherein said transaction descriptors include a means for

identifying separate hubs within a hierarchy of multiple interfaces between three or more hubs.

32. The interface of claim 24, wherein said request packet includes a means for indicating if a

completion packet is required in response to the respective request packet.

33. The interface of claim 32, wherein interface includes a means for arbitrating between said

hubs for ownership of said interface.

34. The mterface of claim 22, wherein said interface further includes a means for is allotting

ownership of said interface to one of said hubs up to a predetermined amount of time.
35. The interface of claim 21, wherein said interface provides a point-to-point connection

between said first hub and said second hub, exclusive of an external bus connected directly to the

point-to-point connection.
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