WO 01/ 33375 PCTI US00/ 26875 METHOD AND APPARATUS FOR SUPPORTI NG MULTI - CLOCK
PROPAGATI ON | N A COVPUTER SYSTEM HAVI NG A PO NT TO PO NT HALF DUPLEX

| NTERCONNECT FI ELD OF THE"I'NVENTI ON The present ‘i nvention pertains to
conput er wpauAsws Mre particularly, the invention pertBEHUSWZ687hcr easi ng
the | ength between conponents coupled via a hub interface. BACKGROUND OF

THE INVENTI@}@SE@Dﬁ z ARV ordurPSRPINGNUSY L BER PROPAE LTIBRSNDEEN 2

cont i nuous “pus uce production costs 1n order to provide quality
systens at COMPUFER SYSTEMIAWINGaA RUINT TOROINTHHALF TURLEOINTERGONNEET eases

product i costs | xpense associated with inter-chip connections.
The nunbgrguamp?ﬁ%fq‘?f‘g{en%xge necessary to make chi p connections increase
production coghg éﬁése&\t GORPLUbE pertains t@fﬁmﬁﬁteﬁsysaauk.tMo'rél?aﬁidu&r}a}n
-ever-increasing demand to nmake inter-chip. connections fast d .narrow. One

exanpl e dhe invieation peataing e &ereasing e feneth belyveep LeMPORENSHOMPEIIRA hub
Interface {8 an knput/output (I1/0O interconnect for connecting I/O hubs
and Peri ﬁlﬁl’é‘?bllnti‘gg{n}%bnent I nterconnect (PCl) bridges adhering to a

Speci f i cBAKGROUNIOPTHRINVEMI®ONIevel oped by the PCl Special Interest G oup

of Portland, Oregon, ,to.a .nenory controller . hub. A Huh.interface is a
hal f - dupl ex §H‘§E%‘E AdY i°£E?’f‘BHi>ééaY53‘F’B?'t‘h?Fe*@9%8?1‘} %ﬁ‘?‘%&ﬁ%‘ﬁ'f’ he .
| nt er f acq, pefitepridudtiordtdaiiah ofd@ak prodide yRak ns@RE&Aucdgnal s. Agent s
at each side of the interface asseft REQ'signals to convey a request to

t he ot hemengsany vabaes. Xpgmpior faster thaijameages podugoneosts isEiris a request
signal to_the other i SA ey Its a request
to side APTHE astlg(gﬁgf'hsﬂlgerr%mspa%rﬁgﬁ?& \gg{g h s|](§1éé'?])(i:pginstdﬁ-l gp%'e@ci sion is
made as trecadatitoshalee diip cotrectonsinerbascprginctién tésts ofiet evthputer Figure 6 is
a bl ock diagram of an_exenp]ary hup interface. The hub.__interface includes
agent A éﬁﬁ%eﬁﬁaF%é\eg%sﬁf)eysﬁﬁ‘éﬁasgﬂgg%ﬁ?d(ﬁéékwp 0B) and a data
coNPonent,nkatidnd 4R hnd RaHBHE O e@ntP1é 61 a fabh&ndhRirbefrifiteradidicct &t e f or
ownership of the hub interface. The assertion of either an REQA signal or

a REQB sithebib irgerfacear bi t rati on event. At each arbitration event, the
A hub interface is an input/oéutput (I/O) interconnect for connecting 1/O

hubs and Peripheral Component Interconnect (PCI) bridges adhering to a
Specification Revision 2.1 bus developed by the PCI Special Interest Group of
Portland, Oregon, to a memory controller hub. A Hub interface is a half-duplex
bus with a distributed arbiter. Synchronization on the interface occurs by a
global c;lock and two request (REQ) signals. Agents at each side of the interface
assert REQ signals to convey a request to the other agent. For example, one
agent (e.g., side A) sends a request signal to the other agent (e.g., side B), while
side B transmits a request to side A. The REQ signals are sampled at each side,
and a decision is made as to which side will be granted access of the interface.

| Figixre 6 is a block diagram of an exemplary hub interface. The hub
interface includes agent A and agent B coupled by request signals (REQA and
REQB) and a data component. Each agent includes an arbiter. The arbiters
arbitrate for ownership of the hub interface. The assertion of either an REQA

signal or a REQB signal is an arbitration event. At each arbitration event, the
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1 WD 01/33375 PCT/ USO0/ 26875 arbiters within exam ne both the REQA and

REQB signals and determine ownership of the hub interface independently
and simultaneously, Wien the hub interface is idle, the fj i t her
agent A or g(‘[%’:"?ﬁ%ert its request wins ownership. If age%(glzésﬂelgﬁr??B

request ownership sjnultanequs t he interface is jdle, the |east
recently secPiteBIVIRYB %@Weowthgh%ﬁﬁ&&ﬁ?dpﬁﬂéyﬁ?%& ar\'@o‘?‘?tﬁfféﬁf?aces assume
that all sigpabship! SRAGARLS irkterfhdds Hﬁﬁk@ﬁiehﬁ aRd SirhlltdrRSasly N L& ebase cl ock
cycle (including ﬁe effect of cl'gc -to-ou¥ and sétup ?}’rres). ngever,
there may Deulcimterfica imidie, ithefitsbateither ggentshe pvBrio assettdispquest wihs ch t he
desired length of. a hub interf.ace seqnent has nore than a _.one.clock of
end t o- end SHeerspr 164EEnit D S A RAREE VG P LR RHE YA RRR,

keepi ng t hte@nide isAdRY) theliehst Yedetl seivilddeh®) fpekt Withl dwhdrBhips the cl ock
rate, and hence the _bandw dth. erefore, it would be advantageous to

devel op a net hodygiral hub ierfecerassimethatald sighals prepagate toftha@pppsiter f aces

W t hout sacyidfi Gj LNVE Accordi ng
to one enbo |dn%ﬁ%%gq}ééac/§#rpu gﬁ%%%@%&%%%%%p%ﬁ& w,lhg\lpoi nt to
poi nt hal f sdtup gmes)ntHioweee, thetexheayl be certdin applicitiong ¢§., sertlesysieea)nd agent
coupled to the point to i nt. half duplex interface. The_ first agent

del ays ar biipmahiclyhegesie i‘ﬂ\%@?ﬁ?{}‘% gdace 3¢gment has merefbhpnRa angicdodkupl ex

interface drhilioldng &ma hﬁﬂﬁﬂéffaé&sﬁ&%‘%h\é@ﬂx&k&tﬂ@r%ﬁ?ﬂ nt, and

the second agent dela rbit_ratlon of arequest to access thie point to
poi nt hal f tHephdsto-end delayde a singlé tlocheyde bmits theedodstaté, anddesrede at t he

fi : . ' | is i1l d
by way of | CERRBHED TReITble M oh o AR ST eloP SR8 abforpanyi ng

drawi ngs, imedhanisin fol ikereasd thie dergeh of hidb Gaedaces Witttut sedri#itaiY Systeand 1 n
which: Figure, 1 is a block diagramof one enbodi nent of a conputer system
Figure 2 | PeHOBM3REE. di agr am of one embodi ment of a memory control hub

(MCH) and ayupmiRkY P HPHiviRateg 0l hub (1 CH) connected via a hub interface

According to one embodiment, a computer system comprises a first
agent, a point to point half duplex interface coupled to the first agent and a
second agent coupled to the point to point half duplex interface. The first agent
delays arbitration of a request to access the point to point half duplex interface
until the access request is received at the second agent, and the second agent
delays arbitration of a request to access the point to point half duplex interface
until the access request is received at the first agent.
BRIEF DESCRIPTION OF THE DRAWINGS

The 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 is a block diagram of one embodiment of a computer system;

Figure 2 is a block diagram of one embodiment of a memory control hub
(MCH) and an input/output control hub (ICH) connected via a hub interface

bus;



bus; 2 WO 01/33375 PCTI USOQ 26875 Figure 3 is a bl ock diagram of one
enbodi nent of interface controllers; Figure 4.,is a flow diagramfor one
enbodi ment of the operation of interface controllers; and Figure 5 is a
cl ock di aYPHPEHTS one enbodi ment of a nulti-clock propa§STVSH2EEF ay
interface; and Figure 6 is a block diagramof an exenplary hub interface;
Figure 7 is aFiguredds a bhgkaliagrhiusonatinbgdimep bf inténfadecentrolérsj npl ement ed
by one enbodi pent of. an interface;, Figure .8 is timng.di agram
illustrating 5?%’?#&??%‘” B8Ry Rf‘%g‘i"éﬂd’ﬁ?em&gfl?% #8008 gccording to
one enbodjaente oJritifess; IndiS- @ timng diagramillustrating flow control of

data packets, according to one enbodinent; Figure 10 illustrates a flow
di agr am descr Figurg 5tihe clotk gingofm péepoendbodjment of 4 owlt-cluckol oper ati ons
accordin .. Fi.gure 11 illustrates the physical signal

to one odi pept ;. F
i nt er f ac @ HRABFAN SFV KRS EE0di ment ; and Figure 12 is a timing di agram
i1l ustrating pipre6 isyblkkd O 88 kkdifiplaRckal Bitéiade One enbodi ment .
DETAI LED DESCRI'PTI ON A net hod and_mechani sm for increasing the |ength

bet ween conpoKigyee 7 icptipyieg dipgran illistrating a sphilizansactiprsioplsmgntedn t he
follow n ' . Eﬁtct;' {.] . the present invention numerous specific
details g@%gﬁbﬁ’;ﬁ;‘ﬁ |nflaglr {eérpfa?éé provide a thorough understandi ng of the
present i nvenFigmne 8 kdonemimg diagram [llushreting pdhiteatiort andtranskissibrdf i n t he art

that the present invention may he practiced wthout these specific

details. dFﬁRﬁcgﬁtﬁ'a}cﬁ%@?&E’s‘,’n‘%@‘%Q ; structures and devices are shown
in block di agrgd 9ign tilmdid\@hgiadh@ihistalifd Ab cohftoP6ita bAci@¥Di d  obscuring
the present invention. Figure 1 is a block diagramof one enbodi ment of a

conput er agspsding te 0pe embodiment;
Figure 10 illustrates a flow diagram describing the steps of responding to

flow control operations according to one embodiment;

Figure 11 illustrates the physical signal interface according to one
embodiment; and

Figure 12 is a timing diagram illustrating source synchronous clocking
according to one embodiment.

DETAILED DESCRIPTION
A method and mechanism for increasing the length between components

coupled via a hub interface is described. In the following detailed description of
the present invention numerous specific details are set forth in order to provide
a thorough understanding of the present invention. However, it will be
apparent to one skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known structures and
devices are shown in block diagram form, rather than in detail, in order to avoid
obscuring the present invention.

Figure 1is a block diagram of one embodiment of a computer system 100.
Computer system 100 includes a central processing unit (CPU) 102 coupled to
bus 105. In one embodiment, CPU 102 is a processor in the Pentium® family of
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Conmput er system 100 includes a central processing unit (CPU) 102 coupled to
bus 105. In one enbodi ment, CPRU 102 is a processor in the Pentium(r) famly
of 3 WD 01/33375 PCTI USCQO 26875 processors including thel, ‘f‘RJer {5) I
processor fHAM3B3Thd Pentiun(r) 111 processors available trom[ntél
Corporation of Santa Clara, California. Alternatively, other CPUs may be
used. A NMEPREsssS iricdiiding thd Reitlund® Ul procedsspfanalypiretiPérdivon® MO05. MCH 110

may include a nmenory controller 112 that is_coup|ed ..a i n system nenory
115. Main @V%qe&ﬁfﬁé}?%‘fi%?ﬁ&wﬁ mﬁgo%ﬂgsﬁa%éeéﬁg?n}lﬁst ructions that
are executsgfl Dyt ,M&@Uﬁ%}i%%éd.de“ ce included in system 100. In one

enbodi nent; main system nenory 115 1 ncl udes dynam ¢ random access nenory
(DRAM) . However A mamorg yortterhhuwb fMIGH) 1Y isralgo beuplap tebesi@dd MUE HE ot her
menory types. Additional device | so be led.to hus 105, such as
mul Ui pl e CPYY Beds A ererfartellet A Rahis cpunied e man Syl areoncl ude a
graphi cs | aiSr{Raesyblen aRHbr9A 15 StoResdAR BhE Seqthe® STiRdtAlCtidRY thdtArdne
enbodi nent, graphics interfate 113 is coupled to graphics accelerator 130

via an accekemugedby §PAbHI20s apyother slepice indudeshisysystem 1M dnoarng to a
Specificatig evi si on. ' [ vel ope . I oration of
Santa d ar 5’,"%8§Ff‘?‘§‘r ﬁ}r&ggs}%ﬁéﬂgé‘%{%ﬁﬁl g%ﬁﬁ“%%ﬁ?\ %?:‘V%J%(Sa‘?ogl %%é‘%’ I nterface
control | er peforyl (DRANR.CHowenér, flairesysist memorsyeld 5tnaaycles imisledetitelil 0 t o an

I nput/ out put, control hub W ‘Jiéo via_ a hub int erLace A ICE( 14(% provi des
an i nt er f SEBSABNTIPEPBILRES idigenabdeviees mpk #lpo 02 erHRied o 9s1®m 100. 1 CH
140 also ingl adaanpldePusihal bAnaiiBkydbhshetidfied hat is used for coupling
to MCH 110. ITCH 140 "'may i nclude othér 1'nterface controllers 120. For

exanpl e, a sechiH 10 orayadw indnde olgraphidinterface BE3 conpledty a graphagst wor k
Interface 160, via b interface B. ver.t hel ess.,.one af .ordinary skill
in the artaﬁﬁe}?atgﬁg?%%a(fng ef’ﬁ’a danm&?'hgfa (E?If‘%f}@ﬁ glése 5%?@?%?? ers 120 may be
coupl ed t OgRiphtds adealeratst 13091 difscceleriibd grapddetpef (ACP) thatwperatser f ace may
be referred to_as hub interface agents. A hub interface égent that is

posi t i onedaeredisg te 8 Speafisaion Kevisionp Qinteriage devalarss Bh®r ns of travel
~ distance n&XqQﬁ'a{i&ft Sf §&fla t?arQ,SCQ{Tomia. In addition, MCH 110 includes a hub

interface controller 120. Interface controller 120 is used to couple MCH 110 to an
input/output control hub (ICH) 140 via a hub interface A. ICH 140 provides an
interface to input/output (I/O) devices within computer system 100. ICH 140

also includes a hub interface controller 120 that is used for coupling to MCH 110.

ICH 140 may include other interface controllers 120. For example, a
second interface controller 120 may be coupled to a network interface 160 via a
hub interface B. Nevertheless, one of ordinary skill in the art will appreciate that
other hub interface controllers 120 may be coupled to other devices.

Devices coupled together via a hub interface may be referred to as hub
interface agents. A hub interface agent that is positioned closer to CPU 102 in
computer system 100 in terms of travel distance may be referred to as an
upstream agent, while an agent that is further away from CPU 102 is referred to
as a downstream agent. For example, for the MCH 110/ICH 140 hub interface,
MCH 110 is the upstream agent and ICH 140 is the downstream agent.
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upstream agent, while an agent that is further away from CPU 102 is
referred to as a downstream agent. For exanple, for the MCH 110/1CH 140
hub interface, MCH 110 is the upstream agent and ICH (Oli Bég%Pdovmstream
agent. 4 W@OUBATS3375 PCT/ USOQ 26875 | CH 140 may al so iMc sy bri dge
146 that provides an interface to a PCl bus. PCl bridge 146 provides a data
pat h bet ween (BE’Hmmmdsmmlmmlbrdigellééﬁlatpeewldeﬁsanimerfamyobe coupl ed

boe of o FRTbAAge 1k Aides A bat bR R0 12 ad brPRGRL; oo oo 1

coupl ed tRvideh. DevicdstRat indy de dblipied to POFb@ 142 diidid@dy addlioldevidd the art will
recogni ze that CPU 102 and MCH 110 coul d_be conbl ned to forma single

chi p. Furlbfend grdighdive Hed: dleveves, onesd ordinaryeskill mcthgasiwill thin MCH 110 in
th nbad Fi f MCH 110
Coupt ed AP T DU feviced 9 b B\ GACARCIO e SERON SREGE D VCH o

connecti rwdmmﬂqhmﬂwaigwﬁHmwgmaétﬁalﬁéPmahdMCI—bIlO&ouhineJt er system

such as conputer system 10 via a reI tlvel narr relatively high
bandwi dt WOHW dfgpim aBEtgi"e‘élHH ‘E?@Hf%?f uter system 100,
such as WW@IMd@%dlh%connectlon |s impl emented in a
poi nt - t o- p0| nt ashi According to one enbodi nent, transfer of

i nformati on aEIgm‘s 21131131)10019 dlagwndeone embedmnachﬁ:I'ﬁ ﬂ%@lmplsd tg a

packet - b plLit-transactjon Hub ni er aces be di scussed
in nore géfﬂ]l@ .qﬁ‘z ce bAi %5@@8153571“5‘31“85‘ %’Igg? i onal data
path 251 mﬁn%hﬂ&nfgltgdikﬂds of & cote Ic%mxﬁ&tco&;{di@%ys&ng@a& %ébmlﬁutef equest B

(RAB) signal 255, a clock (CLK) ghal 257 and_ data robe ( STROBE)
signal s zmemﬂ@eowaaﬁelapselxﬁ@rr@wb@tﬁ Telgitvel mglabﬁ%%w%ﬂar%pﬁhb. nary bits

wide.  Hewevel é\tmdm&aqg{@ﬁgéﬁén@m&ﬁp@@y%%@u&asﬂe@w%é’nﬁi@a) in other

enbodi nent’s. op sign 31s dir signal used for flow
control. lla\andal(ﬁli-lrigﬂ,tthe cmmeeh@mmmmhmemed)bl zpoinito-point fashioransmi tt ed from

a first toase .dr i ndi cat,e .t he buffers of
The Tir s Alamting e pramet st 8f Ridurten At kR Rt e 1o
recei ve gal# dceapliddiLapuipRkenbased spiSRauANIdY protbelSERANd agent st ops

the transm ssi on of data.
interfaces will be discussed in more detail below. The hub interface includes a

bi-directional data path 251, a stop signal 253, a request A (RQA) signal 254, a
request B (RQB) signal 255, a clock (CLK) signal 257 and data strobe (STROBE)
signals 258. According to one embodiment, data path 251 is 8 binary bits wide.
However, data path 251 may be any width (e.g., 16, 32 etc.) in other
embodiments. Stop signal 253 is a bi-directional signal used for flow control.
According to one embodiment, stop signal 253 is transmitted from a first agent
to a second agent in order to indicate that the buffers of the first agent is full and
that the first agent cannot continue to receive data from the second agent.
Consequently, the second agent stops the transmission of data.

RQA signal 254 and RQB signal 255 are request signals that, during
normal system operation, are asserted in order to request control of the hub
interface. STROBE signals 258 are used to synchronize data into a2 hub agent

while operating in a source synchronous mode. According to one embodiment,
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RQA signal 254 and RQB signal 255 are request signals that, during nornmnal
system operation, are asserted in order to request control of the hub
interface. STROBE signals 258 are used to synchroni ze datg. ub agent
whi | e oper MAHF3"™ a source synchronous node. According tgc’lt),glgeﬁ%@%%di nent ,
5 WD 01/ 33375 PCT/ US00/ 26875 STROBE signals 258 may cl ock data at four

times the drigome 255 Byl Rk atS11aBat imib B Pedueney vt tiTRBE si gnal s 258
§ &%?B'ZSIB%&&&&Q a ' ﬂ(i‘)@cLerejt,han f our. For

may operate at a tiple the clock signal ot ;
exanpl e, STREBEAteywdively? SEROBY signalsi58anaysererate at aingwitiple oftheclosk of the

clock signal 257. FEurther, shub inter . ' _ kgnal .
paths, su OH"eFég%q og:ir.gﬁ(oi]ieympleg,éﬁffﬁﬁﬁ%@%%lﬁggyn%g%g%tgi%'rflg to one
enbodi ment gioietindslthatBfith Cldck 43naER57b Fusihiet) Mubdntesfach Atthay indhedesi gnal s
transm tteagon_hub interface A (e.g.,, RQA 254, Rq3 255 DATA 251, etc.)

i ncur a claber g pgths sichdsiaggses sigpakior sepeHMEFYs efelil-nation. In one
enbodi nent, t C i f ¥ 4R bet ween
VG 110 o' 1| oot G SrBodplen MCRh 1 70RinaICH Btnal BeblidiEy,

enmbodi Nentgych thatthesightistrahbmittesimt kulaiteatfacioee.noRQA2Hd, BOH 259l s in a
forbidden tine zone, _.the deiag must be ad' u;t ?d so that t,he.cl.ock out tine,
setup ti MRAZARY Y63 JAUF 85 lask PIOPagatign eiﬁf e‘?"Fé?Fs‘ﬁ?v“- 1&g 24eFHBHCPhe near by
agent is Jdidd ' 1704 o h sighhl ROrvel begvdase cl ock
peri od. Usllgr?gl%tae%bbase@gil'gvzvﬁg{oogg?%ééoé‘}aéﬁﬁhf or exar?gll_e, ; RMB signal 255

t ransni t t &dCH i to@EH 1400rcnesy hubtinteefacedeiAcsording Hurilerunt i | after the

first clock cygle has ela Figure 3 i o] i f one

enbodi mnt%?gqc’ﬂ\eﬁpﬂgﬁéeégﬁ%%ﬂe@?%e aﬁ‘btﬁf oéa%ggjﬁ 'ulggﬁa?gp%\ceénenti ng a hub
i nterface pgiided anrl zopeohadalay eiusd Bk adjusted sot thaf theeloxiruut tinhe sethBOA
represents the interface contraller wt

) € ir&g%llo’ V\MH e interface
cont r ol | ertime awr pegpagebian delayof a signal Haps mihe PeATRY ABERYE 140. Each
interface Male i idgr 350.
ol sy moadieaebfighife Pebhagifiol A8y dnilfphil BPalk Pasd R BErB0. U ® o by
t he ar bi t dras@86ckpetiod of tme formxampleca R&lPesignal 255 fiansmitted frewICk anpl e,

et or o 1t o maens iramedye s VR TioagRyRet e fibdo it e Bt 1206 ana

del ay nodul e 34fgure 3 is a block diagram of one embodiment of interface controllers

CH

120A and 120B for implementing a hub interface with signal propagation delays.
Interface controller 120A represents the interface controller within MCH 110,
while interface controller 120B represents the interface controller within ICH
140. Each interface controller 120 includes a delay module 340 and an arbiter
350. Delay modules 340 delay arbitration requests before they are received by
the arbiter 350 within the same interface controller 120. For example, delay
module 340 within interface controller 120B delays a RQB 255 signal before it is
received by arbiter 350 within interface controller 120B, and delay module 340
within interface controller 120A delays a RQA 254 signal before it is received by
arbiter 350 within interface controller 120A. In one embodiment, delay modules
340 include one or more register latches. However, one of ordinary skill in the

art will appreciate that other devices may be used to provide a delay.



within interface controller 120A delays a RQA 254 signal before it is
received by arbiter 350 within interface controller 120A. In one

enbodi nmen nodul es 340 include one or nore regi | at ches.
However, gﬁﬁﬂgkﬁ%rdinary skill inthe art wll appreci§%§h§ﬁg¥gﬁther
devices may be used to provide a delay. 6 WO 01/33375 PCT/ US00/ 26875
According to ahgoRROR iR Embdiait, HBRY nRsiutdB40 hRe ERMglE gth\eﬂth a_del ay

that is equivalent to the propagation delay across hub |nter ace A For
exanpl e, delaytth@tlalewivaMt@@e@mpmqgn delay fagrosdomb itenfadesA.2B& t 0 be

O opagat COmBRr )0 otk il Hicteb e R RRICRI o ket & B cie OO
before t Eiﬁkﬁl’ééi‘BBOMﬁﬂlmintéﬂace&:bhtrbHér 1264 (wﬁt hilntldcRipeopageiondRldyy) | er 120B.
Arbiters 350 arbitrate for ownershlgﬁs ub |nterface A. The assertion of

ei t her adeRgmedyaafi0 delaysROBrsigrals S5gnaicydebefore ipnanibing #4t0 on event. At
each ar le{e@%g@g,-&ﬁﬂ&ﬁe%ﬁ& %519 @i thin interface controllers 120A and
th the P

120B exam ne \ e RQB 255 and determi ne ownership of
hub interfac eArbxrdea@mbmdty farmdvisrship bAhebirgénfacess Thsassédion gfbove, in

order for 254 S to.he exam ned simyl taneously at
each ar bfither a:@ g%f%rﬁégﬁ‘wgg% an prtuization eyent éfegéb
transni t&fﬁiﬁaﬁ&ee«&q@&&eﬁm%&uﬂ%&w&e dbﬂﬁ'oﬁél@ nabAkAd 00 eRERIne for the

propagation delay incurred before the signal is received at the other

arbi ter beth thwfé%% Rheand theRQB 25%end deferming owmeslﬁp pfhulpinterfaceher the -
upstrea s Y S 254 and RQB
255, rersr%)ec Frve yyag‘g%@gﬁg‘té%s‘% t'g% (gﬁsgééegm%g)&gh& O%?“af H‘eﬁgé ream and

downst r e254 agEROB zssqigﬁals tobe exahined simultdreoasiyat yacmhaebltérh&elhyb interface

s idle, the |east recently serv hub agent w ns owner shi Figure 4 is

a flow dmg%ﬁﬁa?ﬂem@ tefask gpnierie &?0 FRBSTH RS thegRauee Sighaldieiase

controll [ i nterface.
ﬂ{e%lé%g ﬁé é}fflmotéﬂéﬁferfsﬁﬂie[iﬂo?ag%ﬁ%h deﬁgqhaa&&p@&afé A8 b A

At process b a reques I's recei ved at
an int erfeaweéehﬂle@ﬂl@larhm 350. Hhendbe hub mtnxfwa‘lac;ﬂe,ﬁthe f\rstpfocess bl ock

e S
bl ock 434hd RQB Zsamqﬁcﬁselghﬁmpled asserted wins ownership. If the upstream S

and downstream agents request ownership simultaneously when the hub

interface is idle, the least recently serviced hub agént wins ownership.

Figure 4 is a flow diagram for one embodiment of the operation of

interface controllers 120 for implementing a multi-clock propagation delay

interface. At process block 410, a request signal (e.g., RQA or ROB) is received at .

an interface controller 120 to access hub interface A. At process block 420, the

request signal is transmitted to arbiter 350 in an interface controller 120 coupled

on the other side of hub interface A. At process block 430, the request signal is

received at delay module 340 within the interface controller in which the signal

was initiated. At process block 440, the request is transmitted from delay

module 340 to the arbiter 350 within the same interface controller 120 after the

requisite clock cycle delay (e.g., one clock cycle) corresponding with the



received at delay nodule 340 within the interface controller in which the
signal was initiated. At process block 440, the request is transmtted
fromdelay nodule 340 to the arbiter 350 within the sanme_i f .
control | er Wo@8Y3BT%er the requisite clock cycle delay (e. é’??hjg#@%%?ock
cycle) corresponding with the 7 WD 01/ 33375 PCTI USO0/ 26875 propagati on

del ay acr oggopagationideldyeareosd hubdnefauent IGonsédquentigheséquestsighaliis  r ecei ved
at both arbiters 350 .in tine tqo be sag)pl ed li)y th sameé&l ck edge. At
process bl deseivesint batlyarbiters 3dn fmefobesammplest by He samesiockedsgont rol | ers

120 arbitrate | Kt?ﬁ&?e@s %Bcﬁ'%(%mi{é?s Wnﬁaw@m BRURRTFN &Arhthﬁlegg anted. As

descri bed above, e arbiters 350 ar ate I ndependently an

si mul t aneod?0 grbitréte ip codede deteymimel@bethet thiegeqadsé will he grantted.hAs equest i ng

interface control ler 1 is. granted. access. | ccess.i s,.granted, the

requesti ng Wé@&%@ﬁ? F’?ﬁlﬁegﬁ aﬁrﬂgra?ec%ﬁ{epgﬁeg?ly SR eg&gleyA, process
bl ock 470. Mb:BEe3s Btk 260 Gkis Htbrniiddwhich rb @Rt} inefaéd @Mtdoner 1Bryest i ng
interface controller 120 across hub interface A “on DATA 251. |f access is

not grant egrardedneasss. i 1§ agagssis geanted the rrguesting interfarg gontnplieregainsot her
request is initJagted. f di_nar. bl 14 r hl ] .recognize that
process bl 88%501936‘%2’&8%%69éa%%&gsg?%%l‘z?so é(f‘ tipgoéie@gg%cfé{l §6’0 t"%:Ilgf ferent

sequences. yfaakmetaRbm the beqesting iterfiaceebatoller 120 s hab htefficed80 may be
execut ed before the_process_ in pr oce;s bl og,k 420. Alternatively, process

bl ocks ~ 420ndATAZLnfpcerss isat sraniedropiphisreiurned R iprocessiblock 4500ck
di agram of ,glac. SrdRe: fesga&st@; irfitidted L Oné bpséamaggkmmeaﬂ%ﬂméc@ggé face. A

RQA signal 254 to access hub interface A s sserted at interf

cont r ol | er tH2@tockss blogke428EndA3Pinaay I prHicessRdin & vgrietly of Slifferest not recei ved
at arbiter 350 wittll_i n_int e%f ce cont Eoli@er 120B unlthiy c‘iﬁack riod 1.

Si il arly, SS9HENERSA TOT SXAInPlosthe Process dsglosed, i propess higgkd thin
interface eg@utddbdfere thePfocess inl protaas bldeRURO.JAkefHatively, PRicRS Klediayed by
del ay nodule 340. As a result, the sinmultaneous and i ndependent

arbi t r at | o2Qand30may be execittesbip pasallielr s at cl ock edge 2. After |
arbitration, i | : f hub interface
CHBLES B LARN Sapfin bEGHE LT AN Ur 2 BRAESRCR

A and begins t ansmt data during clock

period 2. pinpagetion dblay dutesfaces A BRQA sigaal25d tancdess bub aderfan il | er
asserted at interface controller 120A during clock period 0. The RQA signal 254
is not received at arbiter 350 within interface controller 120B until clock period 1.
Similarly, the RQA signal 254 is not received at arbiter 350 within interface
controller 120A until clock period 1 due to being delayed by delay module 340.
As a result, the simultaneous and independent arbitration at both arbiters 350
occurs at clock edge 2. After arbitration, interface controller 120A is granted
access of hub interface A and begins to transmit data to interface controller 120B
during clock period 2. However, the data is not received at interface controller
120B until clock period 3 due to a one clock cycle propagation delay.

During clock period 1, a ROB signal 255 to access hub interface A is

asserted at interface controller 120B. Subsequently, the RQB signal 255 is
received at arbiter 350 within interface controller 120A, and arbiter 350 within

interface controller 120B, during clock period 2. Accordingly, the simultaneous

8



120B until clock period 3 due to a one dock cycle propagation delay. During
dock period 1, a R signal 255 to access hub interface Ais asserted at

i nterface ol | er 120B. Subsequently, the R signal ecei ved at
arbiter 3§88 "Thi’n interface controller 120A, and ar bi te&%&ﬁ%ﬁ

I nterface cont roI | er 120B, during clock period 2. Accordingly, the

si mul t anembindepérdbht 3A3iEatid(FHSBORILIGRS50 cends khdeaeadierd. arbitration at
both arbiters 350 occurs at clock e&ge 3. However, since interface

cont r ol | dFHowepst, figge Hierdace contrallas 1204 das accessito hubtinterface A, indenfacsl | er 1208
does not SRR t 120A

mai nt ai ns'J con?‘regfﬁhaydqgsglol nt er@(?ﬂteg}; %#Jﬁﬁa[rbﬂﬁﬁbgat a ?%ncgoglgoﬁén has been )
conpl et ecﬂmﬂrmagltmhmodntp:é of bub ihtelfadeek fiatikthe datartedrisectick?hd3, bdeawever, i s not

granted acc s o hub 'é‘g%erfa a5 A until clock period 5 since a RQB signal
254 is ncﬁ" interface controller 120B until cl ock

edge 5. Duri nqn@kﬁe&c&ﬁfdn@mz‘ns hoieTdraEshot ERMtéPAd 8 td ABB iherdb@nt ed access
of hub interface A and begins fo transnit ta to interface controller

120A. Howkwahl clogeperiadd srscmRQBe&;@lalaael istmot sﬂmpleddeassemd @bl | er 120B unti |l

cl ock per.i del ay. Al though
t he preselﬁl gﬁag?/g(ﬁft?égl%? %@?C%(}g ‘Q'ge%-i%X ﬁg%l&i(%% ﬁgatgleu{%%rfﬁfb I nterface A
bet ween Nohitrblier E208 is Q}dnleﬁhccéﬁsef hiib riteifacr A afid beginé fo trRRsradt dat | |
appreciate that the p 5 |nvent|o&ﬁrra¥@lge I mpl errent ed at other hub

i nt er f acdQ interfgce coptiglien @ﬁalé%wgfer nopyeseiyed gk ltersasg skill in the
art will cohGeRan2es .ﬁm&loabgeﬁaa/@ta&a%e BFthe Bfie LIGEL éﬁﬂaag? tibfit €rfaces in

arbitration systens that not i nclude hub |nter erring back to
Fi gure 2deldye hub agents provide a central connectlon bet ween two or nore

o ort ace to. PHESHER akSe BEEoR oS BEE el e Pith (B R ems REDBE' accoos is
provi ded nbteirfweeA betviket (VOB 10 rdAICH 140; oﬁPbr ORIRITY skﬁluh&blé arrwifle. 9.

i ncreased bandwi dth, protocol independence, and lower |atency.) In
add.t.onappr@qﬁﬁﬁ‘a.t#teé?rﬁmuﬁf&yﬂanwﬂﬁfm enfed stathgphibty of a

interfaces (e.g., hub interface B). Further, one of ordinary skill in the art will

- recognize that the invention may be implemented at interfaces in arbitration
systems. that do not include hub interfaces.

Referring back to Figure 2, the hub agents provide a central connection
between two or more separate buses and /or other types of communication lines.
By using the hub interface to interconnect the MCH 110 and the ICH 140,
improved access is provided between 1/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 platform to high-end
desktop platforms or workstation platform) by providing a backbone for I/O
building blocks.

To provide the improved interface, the hub interface includes one or more '
unique features. In one embodiment, transactions are transferred across the hub

interface using a packet based split-transaction protocol. For example, a Request
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conputer system (e.g., upgrading froma base desktop platformto high-end
desktop platfornms or workstation platform by providing a backbone for /0O
bui | di ng bl ocks. To provide the inproved interface, the huyb inter%gce
i ncl udes orYOBY333®re uni que features. In one enbodi nent, PLTAROR8 P ons are
transferred across the hub interface using a packet based

split-tra ' ... aaagtel ; 4,;5%375

PCTI USOO %&iﬁggc{g%&?gaﬁe r‘1to starfse {%ﬁggﬁl?%%g%l&g séparate

Conpl et i onsuBseduaintlyde used s sgmdnate p tiresartied, if pecessarnate a transaction, if
necessary. Figure 7 illustrates an example of a spli ransacti on across
the hub i nt er fEigwre %gluPF?ﬁﬁéﬁPét‘%‘BPEﬁﬁisaﬁF fgansa g’hﬁ%mgsg@}ﬁ e al y

obt ai ns owper&hip AQfiTudedibFigaET, Haa® a§bﬂt MitRilly Brhios ohRrstiplof owi ng t he
arbitration, there is a request phase 704. |f nécessary (e,g., in the case
of retur ni thg hidtinterface aiaraghi!ratioma?%gad"pilgwy}g the aghipnationothephisge 708 wil |

foll ow t he reguest Prior to th onpl e er, the
respondi ngr%g&zé'éﬁ??&gﬁf PEFEPRLY SE b e aes@.%géﬂ}xgrgingg%iaefrog %ﬁ-‘é@%f t he hub
i nt er f ace. rhisabBENEE Botnpletionphasé 708 wilbfellowi the requestpiese. Faiok ed thend a

correspondi ng conpl eti on packet across the hub interface, separate
unrel at ed gaeRletien physeyboweyer, the respanding az agent. Wﬁﬁﬁﬁ?&‘?‘é@%ﬁ or

accor dance %Lﬂﬂ%[&qﬁ&ﬁﬁmﬁﬂ der rules, as discussed belowin nore
a

detail. Fol"ex e Inthe case of a read request froma peripheral to
menory, provi dilndetweer ihgiinse eftraistmEttigya teghest panketiapide airoesponginiges t o

have the data ready to,be returned jn.a conpletio cket., During the tine
it takes t'EP’BB]FHP’MY"Pﬂ%et Fgﬁﬁ%@lﬁé&’% 3.‘%’,”‘%55&%5 eeuqfﬁlraée?ch%cg(etsclg%bgt i on
and/ or r equgSimiRa REcks IR Al itérface il Beded 4ic it piedetdidulihdd frder may be
transmtted to the ICH 140. Furthernore, as shown in Figure 7, each request

or conpl et ides, asdiseyased helowein mere-detaib kar examplasingthg casaofirzeed. For write

type transagct.li : | Cl i 1 E d type
{1 ensact | ofeduef i dHeftphfral 85 3REIdRY Siobldily baSe BEMET fae iy F8Y | VP2
cases, themaltiple tlobk cyalestottiawe thedataceadyt tetbeartiirned in a eompltionor t he case

where the conpl etiqn packet.is
) pacrlzgt. Dur?ng Hit time if 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 7, 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 asynchronous, which, as a result, may then be

handled in accordance with a predefined protocol.
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di sconnected, effectively splitting it into nultiple conpletion packets. In
addition, in one enbodi nent, the hub interface.uses transaction

descripto outing of hub interface traffic as well L dentifying the
attri but eﬁ)élggsér ansaction. For instance, the descript &c@%&é@«s & used to
define a transaction as isochronous or asynchronous, which, as a result,
may then be Fantheadoieniramreamiadimen, the andndde ofthelimediedsl . 10 WO

01/ 33375 .PCTI U 00126%5 Furt herF{Dre i n, one. enbodi nent, the bandw dth of .
the i nt erRFERSCAINPAEL YA mIHIg, FdBﬁ?HaFﬁﬁ%mataﬁ%Cq#Yé‘%n&uBackets via a
Sour ce SYRERIGAISMofdREK ilTBRCemDBUIRRNE the hilb RREFAEMRGI RS he t he hub

I nterface provides the 1increased bandw dth despite“using a narrow

connect i dncrgased banfwddthsiespiteyusing a narrowl coenactionde.ge léss giims/ipiads). however, a

hub interface; be,. i epented, with less than all of the unique features
ns di scussed ibaERatts CRRCERRLELPPVRYETHS Bip EHERRESBO BE the § nvent i on

Mor eover jmpligndtitbd witheledsahign all 60fe dniedeittres R didcasdedidoeennect bridges
and and/or_other conponents within or external to a chipset, wthout

depar t i ngvithastdenertingdpun dhe scape of the dnientiony Mareever, Anterfare  PROTOCOL
AND PHYSI YIFR?S EqQt | LV i r .5 .described in
t hree parc'?@:El agé% raﬁggghtgﬁgﬁ%%}’ghggp%a&%rPgﬁ%ércg}ﬁl ﬁggrgtgp 1%‘snllcal | ayer.
The di st onettentd to b ehipsetnwithyetrdepattinvgefrain, the scdpe df ¢he pgserded i n an
illustrative rather than a restrictive sense, and is therefore does not.to
inply a P¥PPEM ar preferred enbodi nent. TRANSACTI ON LAYER I n one

embodi ment of t her ANBAICHION FROTOOL AN PEVSICATAVAYEREPPOT tS  the
routi ng of separate transactions transmtted across the hub interface

(which may cboersgreatenelagtye thahuybnterfage iscdesyrilrst indheggpiasts: 4 n one enbodi nent
the tra I er | : n es: transaction

descri pt %r%g%t&‘ llqtlz ’%r%rg}oﬁ%%&%lég?%Q&’ﬁg&?éélg?%gt gﬁgﬁﬁg{‘@packet s. The

t r ansact betwedn $ayeiry) howeven is tolbe regarded in mujlinstritive kitherahawa bet ween queues

wi thin a hub agent (e.c{g
restrictive sense, an

is ’thé\{'gg)ré does not to imply a particular preferred
embodiment. _
- TRANSACTION LAYER

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

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

within the hub agents.
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and/or to facilitate routing of requests and data packets through the hub
I nterface. For instance, in one enbodinent, the transaction descriptors

support routln conpl eti on packets back to the reques <Ng agent
based on %P 3?{/ supplied (within a request packet) rott},tdirﬁjgwiﬁ?ior mati o

The transaction descriptors al so hel p to reduce or possibly mnimze
packet - decodi ng Ih aljematiwe embodirhenth,ithe aigastction Hesvipt@rs/aBePEOVIAETheSOO 26875
In alternativye t.ors al so prowdethe

e dJne hetran action descri
ability to abFlétVi shéhﬁgﬂ’&‘ﬂl%o %s(ﬁ{kf"s*f’ OB RGIFTSREEHE r respecti ve

transacti onrishétidihtesbutt errﬂﬁgtwmetthﬁlsaém&m&& idkhfifidi el dentified
I n the transaction descriptors nay identify operations as |Isochronous

(i.e., opertarisaction desariptasymayiistentifyoperations s badgomua(l,eegpemmbasu S:

e. g V|de or I P& ult, the op erations,
as identifi %nﬂy‘g?hg ({%% mt‘ gﬁpa aﬁ? %%@?re%s’sﬁ HSHBPQ%? TR t<’;t‘5'80rdance
with a COFro@%f&ﬁbiisﬁ%@ﬁ@@bﬁlt?ﬂ@d}ﬁﬂahdr@}ﬁdﬂ&ﬁﬂé@ﬁ&c@bttﬁs@étﬁﬁ{ to support a
specific type_of operation i sochronous.) "I n one enbodlnent t he

transact i oitiaibuges, rb§}}aﬁé{€\§]d§ acpydanes with azsorrﬁsnmdﬂggpr ete

attribute f, [ lﬁg@? EE%HE fields may be
used to proélﬁgﬂggkcgogérﬁﬁ%?ﬁér(g??? e fun |ontsypg?)¥§ﬁgé){af]r azs' §«tion

descri pt or dsochrdriomsf) departing fromthe scope of the invention. In one
enbodi nent, the_routin s.,asix bif field us for ket routing,
as shown bel ow PhORGET O‘;lee@ethglt‘?é‘swof‘ﬁ}@s?r&}f’fsdﬂc Pa% S8l 1 as the
attribute frb@ﬂzﬁ% filRandadryatibdte Reld) erSARRRatNe énkﬂf‘odlﬁl‘éﬁ&t ife oF b © |
Routing Field Transaction Descriptor 5 4 3 10HubIDIP|peIDAs

shown in T@slcbmaybwadtmnrgvxskqm@rmguqﬁghefﬁt@mpwéthsgansmmhe Hub ID
whi ch i demdegér hﬁrr@@ﬁt % 2}‘ 5%{’,18‘; gﬂpgr}}% %&%nsact ion. In
o pr e er

alternative o en fi erarchy exceedi ng 8,
addi tional bi t SIn one embodiment, the routing field is a six-bit field used for packet

routing, as shown below in Table 1. The size of the routing field, as well as the
attribute field, may vary within the scope of the invention.
Table 1 Routing Field of Transaction Descriptor

5 4 3 2 1 0

D 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 in the routing field.

For example, there may exist multiple hub interface hierarchies in a
system, in which case the agent at the top of the hierarchies should be capable of
routing completions back to the base of the hierarchy. In this context,
“hierarchy” consists of multiple connected hub interface segments starting from
a hub interface “root” agent (e.g., a MCH). For instance, computer system 100

may have only one hub interface hierarchy. Figure 1, however, illustrates an
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could be used in the routing field. For exanple, there may exist nultiple
hub interface hierarchies in a system in which case the agent at the top
of the hierarchies should be capable of routing ¢onpl et to the
base of tWEO3¥IHrchy. In this context, "hierarchy" co{r’lhsil'is[iusoﬁé(}%(rrulti ple
connected hub interface segnents starting from a hub interface "root"
agent ( e.erampde M3dmpiFer syistesn d0{tlgsed onputlpledydtinterfacohierarghieavin onl y one

hub interface, hierarchy. Figure 1, h ver,. i l.l.ustrate n,1l2.W0 01/ 33375 -
pCT LSOO s ey £ ope Sy aRrat RO RS hub

i nt er f aceppi-emalibetised th the FRAAIDEAAS | npl ementing only a one hub

i nterface hierarchy, a default value of "000" may be used in the Hub ID

field. The rerfientmgining theebbitssofdhe rawingdield maytheaised tnidepifiused t o

identify . jntgrnal i / 1.5 hi ?{I%I’@ﬁ . For exanpl e
the I/0 legeﬁ{‘?eitﬂlgﬁdgu%g%%gﬁdﬁ:%\{%@ﬁ%&%g; ni-v rga gi al Bus) host
cont r ol | aContidl@ b mafsdpfses itvemiabUSB(UhDe{sBMdrial Bug)idst conttailesepar at e
"pipes."” As such, the Pipel be used commupi.cate.to the servicing
agent ( e.tpffic preiBus Mastaring D) @Bﬁm irathic Xip parate RIPEHt A8 shdudhe have

di fferentp; N RSus %M.' ls&Fridi S ONRETYHaeraff
predeternl?ﬁ%gﬁ% ocole.aiag?1 a I%Eeﬁ?grsf&gédéﬂgaa%én??%%es nothhrai %gil:ﬁecrrent
separ at e ihitiatediay diffeperd “piptes hhaveudifferentiattribmtes aadumaypbe hgslled im the Pi pe

ID field. | | 1 t i mbodi nent,, the .t t j pt furth
ol uge S£FPHARETS e FEPAErNRS BHBOBI A e S RO ABR R i el d 15 a
t hr ee- bi timpdriéht sephrafdintRRAlifip@sit sy wsetar duf@atvalas of 0000 ibthehand! ed when a

target hub’interface agent receives it. In sone cases, the attribute field
hel ps a RipeExfigldoport demandi ng application workl oad, which relies on the

moverent , andy, g gﬁ&%ﬁﬁ@@eﬁﬁom&n‘%& Haffiefibh id@sc?] s FeARENiAcIRle Ot her

differentiating aracteristics. For exanple, the attribute field may
support tanetirbutdfieldo is onoershedimengfthel atteibwietfiobdis athyéeckit value, used by a few

recently douel ORo SXb e Rahe RHSR B be R R PUSEE  iSRMaLE TN S ool

to be nmai
agent receives it. In some cases, the attribute field helps a system support

demanding application workload, which relies on the movement, and
processing of data with specific requirements or other differentiating
characteristics.

For example, the attribute field may support the isochronous movement
of data between devices, as used by a few recently developed external busses.
Such data movement requirements need to be maintained as data flows through
the hub interface between I/0 devices and the CPU/memory subsystem.

In alternative embodiments, additional transaction attributes may include
the 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 system. 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.
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the hub interface between I/0O devices and the CPU nenory subsystem In

al ternative enbodi nents, addit.ional transaction attributes may include the
ability to differentiate between "snooped" traffic where rency is
enforced by e (i.e.., chipset) and "non snooped" tr;%cﬂ(‘g“@%g relies
on software nechanisns to ensure data coherency in the system Moreover,
anot her possible attribute woul d @rderidgRulescit|y prefetchable” hint, to
support a formof read caching and allow for nore efficient use of the

mai n nenory barifhw tlarsactich d€cptods datbalRiBé Lo 368Port oieidg AdeRul es The

transaction descriptors, can al so he used to support grdering rules between
transact i o%ti’vteﬁﬂ?l%?‘fﬁ%‘&n%igﬁﬁ%ﬁte%é%t ‘hb‘é‘?‘f“é% \Ce§PT £ QN one
enbodi nent, SR | PR a MR Wit idntitdl HdnRRSRntde0d |

execut ed i neﬂiét rong or de?l (1 .e.], ?fleklst@l (ﬁme--ﬁ?‘idregéthés*g%%&;&%‘g%@g{gt i ons
havi ng t he steorgg omiet (ireg firstajothebufirstisdre) ent attribute fields, however, may

be reordered with respect, ta each ot her., Far. exa e, i n qQne egbodi nent,
i sochronous tra ﬁﬂﬁcﬁﬂgs_ heying ?hens@&fe ’io_meE %’t‘f%ﬁgﬁ%erﬁf‘ﬁ jé‘it"égutﬁi flqﬂ' respect
to asynchr oRgsver! Mma§ B€ rédtsred witR dekipeHQB eadHotABE FIFRR 1in 8he t e hub

interface, data transmssions are permtted to make progress over
requests, etmbediment ispchreneusdranseqtiong demot need todhssstonglylordsred with Read

conpl etionsﬁ &M&w&gugwﬁiﬁ?ﬂ&are allowed to pass read requests

flowng in sanme’direction. Wite requests are allowed to pass
read requests flinadditianpirt dree @abedithene 6f thethublintefate; dadd trxtsmrigioas nent s,
however, the orderigﬁra%Prul es for transactions_ travelling across the hub

interface, JRPeTFAHEA {hake RIRGTeSR BP¥ vt eit}h"?}'éﬁtﬂi‘%?ﬁme guectionerihe, in one
enbodi ment 10&3&4’&&@ Hireétitire ’ﬁe’éﬁ%oh@ét(ﬁ%ﬂ%{%o?ﬁ&g% Sh&I8Eb N JrblafiSwRAGY! ded in

Per i pher al nponent | nterconne vision 2.2) to determ ne the

fl ow of tr gfass readequests fiewingtinithe savheidizeitiono pAnd, whtelfequests ares.  PROTOCOL

LAYER 11 01 /T8 1B Vead bt B RSeaiSrdefgciet. Dased prot oco

In alternative embodiments, however, the ordering rules for transactions
travelling across the hub interface, may vary within the scope of the invention.
For e'xample; in one embodiment, the hub interface implements the ordering
rules provided in Peripheral Component Interconnect (PCI) (Revision 2.2) to
determine the flow of traffic across the hub interface in opposite directions.
PROTOCOL LAYER

In one embodiment, the hub interface uses a packet-based protocol with
two types of packets: request and completion. A request packet is used for each

~ hub interface transaction. Completion packets are used where required, for
example, to return read data, or to acknowledge completion of certain types of
write transactions (e.g., I/O writes and memory writes with requested
completion). Completion packets are associated with their corresponding
request packets by transaction descriptors and ordering, as previously discussed
in the section on the Transaction Layer.

In addition, in one embodiment, the hub interface uses an arbitration

protocol that is symmetric and distributed. For example, each hub agent drives
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two types of packets: request and conpletion. A request packet is used for
each hub interface transaction. Conpletion packets are used where
required, for exanple, to return read data, or to ack npl etion
of certaiWoMYP8® of wite transactions (e.g., /O wi P@g@%?{?%ér)mry wites
w th requested conpletion). Conpletion packets are associated with their
cor r espoRgbditst SigAAISEhidhAS kbdesvdalbyi tha b et Aatked pitesamad ordering, as
previously discussed in the section on the Transaction Layer. In addition;
in one eierrseello, sranicsign 1 wed, mdagentscietermine pyvremhiref ther ot ocol that is

symetri %% | F@%h . For exanple, each hub agent drives 14 WO

01/ 3337555 g%?% g request signal, which is observed by the other .
agent at t ac heblorenvehen oamembodineerftaweexploit graaring siggakis usad. (Fhetk isand agent s
determ ne owngrship.of . the interface j.ndepe tl.y. NMbreover, in one
enbodi meAR MR ecixﬁﬁgf?%}sl‘lﬁh'?%%&s@%lﬁéﬁhP% eﬁ%’&%ﬁgﬁﬂ%‘?@fﬁ B inplied
relatio ,namqg?hg; YERB itth @ Pid tha biaP bf INANgehPlralinVi8SoRNIrAageNnt  owner ship
of the interface and the start of that agent's transm ssion. In

al t er nat abllernetivpoeinbedimentfzaming signglsaoyldhr wspdiwithetdeparting fromepar t i ng
. from th sc%‘?e f%‘ th‘}a L.hvention. The end of a packet transm ssion occurs
when a hHi§ SEPRE? Sénaeé‘gﬁf"that owns the interface (e.g., is in the

process of tregseid éf dygacet ednsmisfi®osRars whercahtib interfade dgeat that er f ace by
de-asserting a. request signal. In addition, .in,one _enbodinment, flow

control Penathednigafasafs -g-sitan theprocsssgf Ganspeiting dafa), releases it gontEd! i sconnect
packets, , eifixﬁfeﬁgccﬁ:&j Qé-gsd.eﬂ%x?gd'_Feqqgg'chénapeirPéMdiBéﬁhﬁtonQef inition In one -

enbodi ment o I nter e, datais transferred at a nultiple rate
(e.g., |ambddimed,)flasf comteoltisitise atcomipliskedbyuiing WISTIOP sigialdd retry one

enbodi nent ,is a commpn clack shared by t J ents joined by the hub
i nterfac® d‘???é‘"ﬁéﬁ%?cggtst?dﬁg?ﬁcflﬁggma% 1685‘2&%15]%%? g'gsi gnal path (PD) of the
hub i nt pxdiRePefiiicdh has an "interface wi dth" of some power of two (e.g.,

8, , , .) As a result, the hub_interface have varyi.ng data

rate (e.g., 1x, 4x, 8x) of the hub interface clock (HLCK), which in one
embodiment is a common clock shared by the hub agents joined by the hub

interface. The data is transmitted across a data signal path (PD) of the hub
interface, which has an “interface width” of some power of two (e.g., 8, 16, 24,
32.) As aresult, the hub interface may have varying data transfer granularities -
(i.e., transfer widths), depending upon the transfer rate and the width of the data
signal path. For example, in the case of an eight-bit interface width in 4x mode,
the transfer width is 32 bits per HLCK. As a result, by varying the transfer rate
and/or the interface width of the data signal path, the transfer width (ie.,
number of bytes transferred per HLCK) can be scaled.

In addition, in one embodiment; packets may be larger than the transfer
widths. As a result, the packets are transmitted in multiple sections (i.e., packet
widths.) In one embodiment, the packets are divided into packet widths the size
of double words (32 bits).
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(i.e., transfer widths), depending upon the transfer rate and the w dth of
the data signal path. For exanple, in the case of an eight-bit interface
width in 4x node, the transfer width is 32 bits per HLCKﬁ@%@F ult,
varyi ng theV@PHRT%r rate and/or the interface wi dt h of §EE |gnal

path, the transfer width (i.e., nunber of bytes transferred per HLCK) can

be scal ed. |n agditd @Be of 13DbR traftferlividih thelhytdsalf & paBleth@dtiager than the
transfer wdths. As a result, the packets are transmtted in multiple

sections (i Présenffts’a@k mtw@mgtayhnaqwthéh%mwmam byie (beteldasdar e di vi ded
Kk 33375
:Dggl'louggglg ?a"‘?‘ﬁg‘ez‘é‘zssgﬂﬁﬁég’g‘éwbl Tt r a %er W %@hwél K\g{’é@ of a

packet wi dthe edse oﬁaéé.daﬂtteahsfar mhleh (erg. 2o dizieen bit avitle ngen&dehnuhmd@st

f t. byt fte O htherm ficant byte
(ot o5 iUl Rotn st Ut L0 b andh i
wi dt h (e-ggf &Ms d{@% , P fiR7]) RS e%srégig]ﬁﬁcafﬁ%hblet‘bad §ss_significant

doubl e- wor packet is transferred on"t ower bytes of the data
signal (e. gransiéﬁeﬁl(inp]a)'allxhdntth@ppﬂréymsgﬁrthe datasiguellelgs-Rd[15:8]5 The

t f | | el t r tes of the data signal (e.qg., PD
[rlg:ng] )e.rr_(la_ I nef‘é)%‘rg X f‘g°r‘]"’%9§°§’orf§3ﬂ’18ér ow in table 2. Tagl e 2(B '?e

T 1 SSi O f 8 d 16 .Bit_| t CLK PD} 7: 0] 0
(o6 ooy v bibls e e piriieigeion Ogdgt Eon e 14 B PRierfacs WA e 1 ore

The Pratocol layer of the hub int prfam: is also responsihle far

framng th data. As such, the framng rules inplenmented by the huf

i nterface $ef| map e or nore t hs o a set of
transfer wjdt hE’id}gXVsMar Si ngﬁgéfgammwket widqths, in
one enbodi Tent e framng rdles are
I mpl enent el Pméﬂ ﬁ@packeﬁ:ﬁ@t@mm first bytelof a
transfer W|dth a dat a sectlon of a pac | starts on tlhe
first bytelof a transfer width; and a pﬁ[et é}cﬂg@gﬁ)n i nt egral

8 Bit Interface 16 Bit Interface pha

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 packet 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 a 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 interface within the scope of the present

invention.
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nunber of transfer widths. Any available transfer w dths not consuned by a
packet may be filled wth a bogus double word (DW transm ssion and wi | |
be ignored by the receiving hub agent. In alternative ?E? gd S, nore,

| ess, andV@9@3fFerent framing rules may be used by the I'nt erface
within the sc%pe of the present invention. 16 WO 01/33375 PCT/ USOQ 26875
Tabl e 3 and Tdsble marngablgﬂts# foeth below, iltuséraieaemplesmfithe framingie frani ng
rules giv f sfer width. Table 3 Request-

: r%?ﬁsagigéé? l;o% f&mﬁegﬁ%o 3 64bit ga:{% el V&l&&

using 32 ressin tarnin T ee ubl e-words of Data 4th Byte
3rd Byte Pikle B)Re&piésmsﬁngssz BitiAddrBysirg Bidl CButa@ni&%ctlﬁyfé Ddublé-ivois €
Transmtted Transmtted Transmtted Transmtted ransmtted Transmtted .
Transmitted Transmitted on PD[15: 8§ P8P 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) Byte 7 1. Byte 6 | the 5 | Byte 4
| Byte 3|l Byheyed |adife 2ndlepBYtrisiBre AdHBRSS 4 ) BQQH@StFut Second DW
of Data Hi r StanspktddofranBitted Trag?%u '@Nged‘ﬂhnsmdedDW itteDtagsmptied Irranﬁabslae 4 Reqguest
usi ng 64 |Bi P"M&P#@s’i‘"ﬁ 1 4R prEPh "T‘I’{?‘@?"Tﬁ?mﬂ PP Bls on R 9bat 4 4t h Byte
3rd Byte |2nid Bife ' FEPY v?yé954th °E%t e ﬁ"&l BVt Be2ndl gied 3. Pgt0 Byt ¢

Transm ttjed Transm tAddebsI(Fd$mi tted Ty ansmi t tRahudsteHemaei t ed Trapsm tted

Transmi t tje |ransrge1gg,edunwod] 02 152 8) PN POUCTHR] D%f*ﬂd‘tm PP(15:8] on

PD[ 7: 0] qn PBF+ —o—PB(H—6)—+Byt te—6—+—Byie|5 | Byte
4 Byte 3| Rr/l#p 21 19199. P“ flfn 01 fddress ’fhwdQW ﬁLﬁﬂmqf I—Ipaginr ( Bogus

.
DW Addr dss—{63+32—Seesend PW-of—Bat-a—F s t—DW-of—Dat-a (Bogud—BW Third DW
of Data pl12 | . ..

Table 4 Request using 64 Bit Addressing and Containing Three Double-words

of Data

v

4th Byte 3rd Byte 2nd Byte  First Byte 4th Byte 3rd Byte 2nd Byte First Byte
Transmitied Transmilted Transmitied 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}

| Byte?r | Byteg | Byte 5 | ®ytea | Bytes | Byte2 | Bytet | Byteo |
Address (31:2) Request Header
{Bogus DW} _ Address (63:32)
Second DW of Data First DW of Data
{Bogus DW} Third DW- of Data

ph2

Request Packets
The packet header format for request packets, according to one

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

In alternative embodiments of the hub interface, the fields included in the
header of the request packet may vary without depa.rting. froin the scope of the

invention. For example, the header may include additional field, less fields, or
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Request Packets The packet header format for request packets, according to
one enbodinent, is shown below in Table 5 and Table 6. In the exanples
shown in Tabl es 5 and 6, the base header is one double-

addi ti onal YOMPES word required for 32 bit addressing, wﬁgq?ﬁﬁbé@éptlonal
doubl e-wor ds reqU|red for the 64 bit addre55|ggonnde The fields of the
header s, asdléﬁe fields i place of the fieldgshowgekdewn neeverwﬁhet@cpémgeﬁ. In

alternativ | ed in the
header of t e req ﬁsggﬁgu%g%%ﬁ&%%ﬁgﬁmg%ﬁ (%r’fgé rom #ﬁe scope of
the invention. Table 6Relqplea,PatchetIﬁmlteﬁormgtﬁoneﬂbﬂe&dﬂidsﬁmgnal field, less
fi.elds, or 17 WD 01/33375 PCT/ US00/ 26875 different fields in place of the
fi el ds shown Lgdrgupsmitshr eover, the encodi ng of the fFmebdIemmw al SO vary

wi t hout dep¥re pdg§ 21 pocp4 e élc?@pélsdf 16|1584 1309 eni%oR ! Fablee3s? Request Packet
Header Formmt _faor 32 hit Addressing last Ryte Transmitted First Byte
Transnmi tt eg o (8l wm%ne;? fgﬂ egﬁwzms,egemwhw Jigs RWBE " DBGBEL 18 14 13 12

11 10 9 8 "9d jjjjj it .Y 1k Transadi-i-on [ ] - TD Attr
_ Space Data [F%RlPh (DW Last DWBE 1" DWBE cp w Routing Fi efddnyed Base
Addr[31: 21" for 64 bit

Addressing Last Byte Transmtted F| rst Byte Transmtted 31 30 29 28 27 26

S0 2.2 0 i o,

DW BE Base gRgW-Routd Ng Field served Addr[31: 23 R ea Y%Bm .4 COnponent

Addr [ 63: 32)y, %g% by Js 26 ?Qﬁﬁ% 19 1Fh ARG 1390 11063 CH 'ppEOJ "{Tgnsaction
Descriptor Routing and Attrib

rq [/ |cr Jaf |k |Transaction Desc. |Re- |TD Attr (Space [Data Length (DW) [Last DW BE |1* DW BE

cp |w Routing Field served _ Base

Addr{31:2] R leal\ 32bit
‘component

Addr[63:32] 64 bit
component

Transaction Descriptor ~ 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’).

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%).
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fields as previously described. rqg/cp Request packets are identified with a
'0" and conpletion packets with a '1" in this.location. cr Conpletion
required ('1' no conpletion required r/wRead ("0') or Wite ('1').
This fi e|§’°|]"ﬂ'35?3§ét es if data will be included with a cOffbU8Y28H> (read) or
a request (write). Address Format (af) The addressing format is either -

| mplied (Eolk ikpr 32/ 64 bit Flagho indiddte MRt BHelr3gqadse isfsakt LEIREREB 75  Lock (1k)

Flag to indicate that the request is part of a |ocked sequence. Requests:
and conpl etions in a | ockedseqyener Reguasts pndreqmaplefipas By a losked Hub agent s,

whi ch do not conprehend | Ogéigehger'@[lﬁhé‘}éitﬁisfbkt%gt.%Qg%‘é%%ﬂts,f‘;\r“é}étdw s field

with "0'. Data Length The dat eng I's givenIn e-wor encoded )
such that the nunber of douhbecomprebernidtiocicsgmdrethis flagand willfiil this s nunber .
Thus, "000000" represents 0{_}%@ doubl,e-word. Space This field selects the
destinati on space type for t with flrest. I'n one enbodi ment, possible
destination _spaces include I\/Ermr;i ("00"),, and, 10 ("01"). 1st DWBE Byte
enabl es Pfabengthi rst doubl EbsBRia lateth imsivenie daublepords, ep to Menory

or 10. Byte enables are acédcﬁg;héﬂﬂenh&b%fﬁ&dﬁe-%%% etp&g@ig-\/\ord for a

request, this byte enable fie I's used. In one iment, 1t is illegal
to issue a menory or 10 r eemk plustiis hembex)iButs, R00800{oepyesestsenabl ed. Last
DW BE Byte enables for the |a t1 douhl e-word of any read or wite request.
Byte enables are active | O\Afl-m?tf “MREfe is

Space This field selects the destination space type for the
request. In one embodiment, possible destination
spaces include Memory (“00”), and IO (“01”).

1st DW BE | Byte enables for the first double-word of any read or
write request to Memory or 1IO. Byte 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
discontiguoué (e.g.: “0101”). This field is never used
with special cycles since it overlaps the “Special
Cycle Encoding” field.

Addr([31:2] The 32 bit address is generated as it would be on PCI
for same type of cycle. This double-word is included
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only one double-word for a request, thi s fi eld nust be inactive ("1111").
Byte enabl es may be discontiguous (e.g.: "0101"). This field is never used
wi th speci al YCl es since i't overl aps the "Special Cycl elfa% 8+ » field.
Addr[ 31: 2) WRAV3B it address is generated as it would be 0 or sane
type of cycle. This double-word is included 19 WO 01/33375 PCT/ US00/ 26875
for the 32 and 64 bit addressiflgtl'fﬁneﬁld(&lhltmlireésﬂﬁgniohes(Bﬁ@hbﬁfbraddreSSi ng
node). Extended Address (ea) épldl C ﬁs) 32 b|t addre55| ng ("0") or 64 bit
addressing ('1'). Config Typ appliedpddee -on cycles only, this bit
is used to_indicate Type 1') confi urat| on cycle

1
type. BecadbdendsetAddress (eoh cﬂBﬂEét%g‘\ﬁ?%“;ldﬁé%mgt{@ yeidivaddrgssing 32 bi t

addressing, this bit is overl pbped with the "Extended Address" bit.
Addr[ 63: 32] Upper address blts for 64 bit addreSS| ng node. This

doubl e- wor _u@ﬁd for t n etion Packets
The headerq;orﬁgam a conpl gi%fgﬁn%ﬁrﬁég ‘?’g}'ntg?s hSr‘i‘éggtcfrbodl ment, is
shown below in Table 7. In onen@;ﬁmqry@mco')t&}erﬁﬁqcter) ¢dilf;gneah&publ e- Word

The fields of the headers, as shown in Table 8 are described follow ng the

‘table: In alternative enbodi néwels tye- @ﬁ@%ﬂﬁom‘ﬁﬁﬂ%@d‘?ﬁ)‘mb@waﬁ he fields
i ncluded in the header for a t departing
ent SRS O TRt lay, el

fromthe scope of the invention. ) may | ncl ude
~additional field, |ess fieldspoverlappdd withrthe fExdbnlded Addiessebitf the fiel ds

as descri bed and shown bel ow. Moreover, the encoding of the fields may
al so vary widdrpas32]eparti ng Upper address bits for 64 bit addressing mode. This -

double-word is included for the 64 bit addressing

mode.

Completion Packets
The header format for a2 completion packet, according to one

embodiment, is shown below in Table 7. In one embodiment, the header is one
double-word. The fields of the headers, as shown in Table 8 are described
following the table.

In alternative embodiments of the hub interface, however, the fields
included in the header for a completion 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 as described and shown
below. Moreover, the encoding of the fields may also vary without departing
from the scope of the invention.

Table 7 Completion Packet Header Format
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fromthe scope of the invention. Table 7 Conpl etion Packet Header Format
20 WO 01/33375 PCTI US00126975 Last Byte Transpitted First Byte Transmitted
31 30 29 28 27 26 25 24123 22 21 20 19 18 17 16115 14 1%%@;25%&9 8 17 6
54 3 2 1WOOAHY r/ Re- ilk Transaction Desc. e- JTD ALtT Rsv ta Length
(DW Conpletion Status cp served Routing Field ed Transacti on Descri ptor
The TransaéstBeaieBeitstcri pt or Routing and Attribute FFiBstigemiged previ ously
di scussedih2BaT Frafdal BgA 19 $dzishe BpgPdp® Goltpt ét # oh 2phcket s are
i dentifi ﬁ%ngﬂTmnﬁctioﬂmscl eS [TD AAE \Jd(r_ﬁhtaldhétﬂ/(bﬁe 2 binpletioh)Status OT Wite ('1').

i [Roléd [

This fie R Fifld datsavediwi | | [be |i ncl uded W th a conplefion (read) or

a request (write). Lock (1k) Flag to indicate that the conpletion is part .
of a | ockp@nsartiaH Deeeiptte queRiesTranshcionDesdriptdrRiuting drdckagbutequence wi | |

have this bit set. Agents, which do not . conprehend 1 ock, ignore this flag

and will fill this field wifields ayprevigusly discyssed imthedbransacd@ft h i s given in
doubl e-words, encoded such s&%%the nunber of doubl e-words represented is

one plus this nunber. Thus, " 000" represents one doubl e-word.

Conmpl eti on atus Indicates @ﬁﬁ@ ' ks t .hed .
Reserved rﬂi/f‘sfsreserved bits are gﬁaéggc%is%gﬁdegﬁg&gw@%ﬁ?ﬁeﬁmé hub

I nterface, conpletions for rieestion. reads may provide |less than the full
anount of data requested so long as the entire request is eventually
conpl et ed/wti kewi se, conpl etRead$'0f) @ Wirred(f1y). Whis field irdicateslifdatee  t hat | ess

than the entire request has been c | eted. Thi m ght pe done to
a wiﬁ%e in ngde w? a comp etiong@ea 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 fill this

_ field with ‘0",

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

such that the number of double-words represented is

one plus this number. Thus, “000000” represents one

double-word.
Completion Status Indicates completion status using predetemrﬁned .
Reserved | All reserved bits are set to “0’.

In one embodiment of hub interface, 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 interface latency requirement for a particular platform.
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satisfy a particular hub interface |latency requirenment for a particular
platform 21 WO 01/33375 PCT/ US00/ 26875 1In addition, for a request that
requires copgpletign, the initiator, in one enbodi ment, retgl ' rmat i on
about the rg’gﬂié%"’?p\/\hi ch may be stored in a buffer of theﬁjﬂlﬁto?%%?ng hub
agent. For exanple, this informati on may include the transaction
descriptor, the Injagditism, forea request thatirequiresicampletiangthe inifiatomiroemat i on, etc.
Furt hernore A . f 2. inithator .matches the
corpl ot | on (e EHERMIGRAERIBOG hEBe et ol Mal b8 5Ghea JER 10T
conpl et i onshuffdh®f thu initkiting labdcagent. aFesexanysleythisehfoihation ntayciadildet ed f or
the original request until the original request is fully conpleted.

Interface AR8itansiGton deserimanithe siee ahthgparketdaek HABISAIWMNE of the hub
interface, ;phen ki Lypt R&Endrs 4 s [ fy t from
ei ther hub agentarn?ghéntg'c?%lg to (%ra'edvﬁénlfreerc Flgg‘ég @E%S@E%é;{lbélggl)’e%eéﬁﬁgr itration
event . The rhatches thgenmpletionés) wegh thei cosresporalisgrqruest. Thehe caseef f ace. | f
agent s request. owner shi.p_sinuj taneousl en t he hllg i&tjerfac t%c?fori dl e,

the | cast FEBIRS SPaBletbng dhe mirelgeeneutalaies 1 roio of S Aip rempletsd formub
agent s tragke biigirla®AtfuestaGRI thy/ oyl e§lest il cofpletedVi @ a status flag of
an internal register.) In alternative enbodinent, “alternative arbitration
routi nes may be used within Interfagechrbimatiomand PacketFramingnti on. Once a hub
agent acquires | ' f i 1] |- cont.i.hu to own the
I nterface until &’?5"%%%@ eés}‘ti%E g%etnr%lagnig'geghcg'ﬁ‘?h%‘r Ehttf\r,’:lﬁl"éleffa %]sa{flﬁo ted tine
bandwi dt h exgertiems of &eequestfmeithenhabh agerbonhertd to the inteifatdise counter is
provi ded in eaéh gub ent. to contél[hol .bandwi dth allocation and to limt an
agent' s i nCeRPdered FRAEPEIAIIN YRR, hefiat ageptioiensest aime gwaership ablbst (i . e.,
timeslice yabkhRde, rIPrXT%é?ﬁs‘EE b6 cﬁ%er&ﬁptsﬁﬁuﬁﬁ%uglgrwﬂk&pﬂie%ﬁ)riﬁf&ﬁc@&ent S

attached to the sa ' ounter is started upon

b

interface. The tineslice
acqui ri ng dHecthelieast xecently sesviced bub pgemtowimss Irose émbedinaare, d3bseb cl ock

et oS L RgBR R B Ao et UL RGBS R BP0,
may be  pr eggigterTe fn witernatibelbmbodmidracaltepnaaRdbiegiontroutihey mapeb i nterface
', eac h hu Bsed 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.
In one embodiment, each hub agent is responsible for managing its own
timeslice allocation. As such, in one embodiment, a timeslice value may be

programmed via a hub interface command register for each interface in each hub

agent.
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agent. 22 WO 01/33375 PCT/ US00/ 26875 Figure 8 illustrates an exanpl e of
arbitration for the hub interface between hub agent A and agent B and the
transfer of two packets. The exanple illustrates arbitration Zé of an
idle intWea¥BIBtate, with the interface then returni n*gCTE’%S"P'a% > Mor eover,
in the exanple illustrated, the interface is using a 4x data transfer node
wi th ei ght bi Fighre8 iBugirades arrspmple of arbijeationfor tha huhénteefaeerpl e i | | ustrat ed

in Figur i t._recen rviced (MRS) agent. a result, Agent
A assert ;%e?‘%’%en&l%ﬂej%%ég'?iraenc?ﬁaé%ﬁélgrg‘ﬁgl?e t(rﬂa?ﬁr OXRFHL féﬁiﬂt%s HexaBRee of the
Agent B' Sllusteutesirbitizgionlout BRI idieintérfinks setld svith thelmelabsthehown to be

inactive) before starting packet transm ssion off the sane edge. In one .
enbodi meReturpingte idls. Marggyez, ip the example Bhpipted; the interfacedstusing dlata (i . e. |

data fro | ki [ ' e\ hwer.(i.e., Agent B),
starti ngq?rﬁgm %ﬁeferga‘gyg.m‘%}ﬁp Ft:&sag %EJE%?DEB%% éqléﬁ gf\’ @\A%'(edoubl e-wor ds
802 andesgmpleritlusteated ireBigtiveos, listhe nudst cécentlp sénvived (MIRS) agétte Aba node. The

second acket is fhree double-words 8Q6, ..and 810, and so requires
three bag‘l’es t 5ﬁ§t‘&iaﬁsef'ﬁétsﬁ§te é‘?‘l"?gﬁwg'@&iﬁ&él)al‘ synplesfbpeinteaft | packet s

may be rg{gAgglmsfqu@@g@@m FOBYorec '\ggqgﬁ&gggmg“@ogg | ack of request

1o
queue space, data buffer space, or for r reasons. | n one enbodi nent,
Fl ow coninagtivé)defare stasting peckettrangmission off the sagnetdgeri gure 9 illustrates an

exanpl e of t e > 9 | . L1 rated,.. Agent .A asserts its
external req B@s s"i"g‘];?a e‘ilgf]sc? té'gésrr% %ksél%%\’ég%feﬁ%tge 5’1%‘anétte éfétﬁt B's

Le}guest (iiegtd@tai(rmkgem.A)h-mh.]-hﬁlbmtknﬁwiﬁhhé&C&b@(,jmel)%gbﬁtgpaf:ti\ée)d. .
efore starting packet tragn sion off "the same e (e.qg., clock edge 1.) .
. Fol | onftRENE %ﬁg‘ fi?%aéga 13’51? %f%ﬁé’ae‘&%t 501?%1%%8&".{(1 %wgqlmrﬂgm Alis |
avai | abl gnd 86L4iPIqUirksHvidBase @ERkY & tralsnB i the Bx nRIR! tfh'at%{:éeaﬂnr clock edge

3. In one enbodinent, follow ng receipt of data transm om Agent A,

i s the fpacketisdhyesdoyhlerwords80AFORar@ §19, anhen refjliives dhwext base chckasserti ng
the STORShE 1R koddS
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 9 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 (ROB) on clock edge 1 (which is shown to be inactive)
before starting packet transmission off the same edge (e.g., clock edge 1.)
~ Following a two clock delay, the data transmitted from Agent A is
available internally in the receiver at Agent B, starting from clock edge 3. In one
embodiment, following receipt of data transmitted from Agent A, is the first
opportunity for Agent B to enact flow control by asserting the STOP signal, as
illustrated in Figure 9, at clock edge 4.
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illustrated in Figure 9, at clock edge 4. 23 WO 01133375 PCT/ US00/ 26875 In
addi ti on, when ownership of PD signal changes from one hub agent to
anot her, ovvnershl of the STOP signal will be also be eXCWfsﬂ oW ng a
pr edet er m n¥Q ¢ ®r of- clocks. Moreover, in one enbodi nent 0/{‘&5'
signal is sanpled on base clocks, which correspond to the final transfer of

a packet wi dthh’lEﬂHltRmamNeﬁ oWﬂ&rsauphsfPdeign(auatam efftoRi @iethdy 4gemt ete PD
signal), the STOP sig | ed ea se. C k. However, for a 1x

node, the sveﬂwerswﬁasﬂt stgﬁ]%%@ %@hwﬂghﬁeﬁo be @&%&pﬁﬂfp lioneingagi nni ng of
a transacti P Q@iﬁﬂﬂﬁdqﬁﬁﬁo&%f%o%ﬁé IBRLFR ] ﬁﬁéemf%:hfé‘ﬁt,”cﬂfzggéﬁ eception of
e ST

a STOP signa ub agent at recelives t sl gha et erm nes
whet her it s:gnal tseﬂan;pledenrjbage ddmiqstwhmhlconaspoemisto théfigalrtearkferiofaa f 1 ow

di des b he, st f hub t I Ni
whothor |1 FREGeiRlitl ToRaRGPE BakUmots g HuERRCE PRAcTDREAP  of gnal

accor di ng tge gtvap%tgmisrsaﬂt led BachiHaBe dIBAS. HAwBYE, RGN thHas, thespopr ent | y
transmtting packets receives a STOP signal. I'n’ response, in step 1004 the

hub agent tsigaal mmﬁ&eadvéomlocgu(‘guhlth@bemmmg@éauttaltsmuothemg agent

(whi ch actlv T nal) is requesting owership of the
I nterface, Lﬁf/ ggﬁ%hﬁgﬁ% omt "her hub agents request signal (e.g., RQB.) If

the recipient OFonm:\%TtﬁE’rs¢e@ﬁahoﬂ@BEUMs 1ith@hub hgeragRatrevhivatheent the
STOP signal _is not requesting ownership o the int erface, in step 1006 the

current ovm"f‘@ppo‘tlg’ﬁﬂéleFW$%‘€Eethﬁ’iﬂt &tﬁYéﬁﬁY sepdlipg additanabpasketéet f ol | owi ng

recovery fn hat the
agent whic act | vat gé) @ag%% Si gng}ﬂ bgﬁfefé?fll%gg&%g?s H ﬁll n step
1008, the detammmxgcwhﬂherdemyrreuyzsendmg a$atketédlowmgha&pr«pf arﬂDPl f the

timeslice for heocg gat__Qwn ﬁ he interface has expired, in step 810,
t he currenf® 8F°F P@agé’y é)ldérﬂf" If the timeslice for the current

owner has not Bx4tep 2002, hmbqgaiﬁmt @Wﬂﬁénﬂ?ﬂahérﬁﬂﬁﬂgEza&&@fé@Sﬁve%t h an
attribute that is different omthe interrupted packet. Mre

speci fi cal BYOP signaleln regponse; igestep 1004 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 1006 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 the STOP signal is requesting ownership, in step 1008, the
current owner determines if its timeslice has expired.

If the timeslice for the current owner of the interface has expired, in step
810, the current owner releases ownership. ‘If the timeslice for the current owner
has not expired, the current owner may transmit a packet with an attribute that
is different from the interrupted packet. More specifically, in step 1012, the

current owner determines if it has a packet with a attribute type that is different
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current owner determnes if it has a packet with a attribute type that is
different 24 WD 01/ 33375 PCT/ US00/ 26875 from any packets that have been
retried in the gresent arbitration session (i.e., the pﬁ,bg'ﬂ st.,sthe

current oWPHBER enure), which needs to be transnitted. B %r r ent

owner does have a gac et wth a different attribute, in step 1014 the
current Otimranmc §t6 thab hayebeengglaiediin thaprgsent arbitratioesession (iehe  current

owner 1 el §aseraWee i tuPreRf oWherd @g@,ﬁt@ﬂé Rggd?t%b + . n]lt?@t: ace' h one

enbodi ment, “the hub interface 1 np , si cal t hat

operates at albdeeufrenyuenerydaet heve hpacketivith aadifféRAdMitribeierstép equenci es

may al so In addition ' meagé%t the physical interface
h

d, ' m,
uses a S@E‘rl Se%m PB’HSQ@Wégfﬁ‘S’é?Oggfl%gﬁg%rp (theravismitees can be
guad- cl oq&ﬁ@nt@wnbf_mggbwﬂa,tsﬁipagftﬁg(ﬁg&fgcgp base hub interface clock. As a

result, in an enbodi nent having an 8-bit data interface (e.g., PD)
operating at a base frequenmﬂ&ﬂ)w, a bandwi dth of 266
nmegabyt es per ﬁh@/ be ,achi evgag. r ectively.
Furt her nore, P?}S@é;@ﬂg%{ﬁmtﬁ%hé@ e fﬁ%ﬁ | %%‘#‘?’%%%PEXP& H’tgre}g&/ol t age
oper at i onthatfopkraibs atartshse frefpaearey of sitheageMIR6E HIIMHE! Othaficd@en@sd conduct or
process én%g I gn Iing(.i ln an alternative enbqdi nents, however, the
interfac %%%8%?%61% Adifo, nane &b theghysical ipterface apera i ve si zed
data i nkgadcas &&fs?%)dﬁté’ﬁ*ﬁﬂéf&&e@@ﬂ@ﬁ W}\ﬂﬁ’crﬁﬂg SEH@QRJ&e@H ernative

e signal pr

operating voltages, based on alternati cessing, wthout
depar t i ngranhsigndataat 4Xobw hese hub interfacetdlask. ABetresulblin 8h gndlosliedti ni ti on

Figure 14 _jdl ustd, A i calrwsignal interface of th i nterface
betveen PogradD 4oL 8 MEBR R I D P rRing s den it ey 6B Fqure 11,
the hub bniGoNHeea bindswidti of 266 ndgabptes pesselohd (MBY §Wri400MB/Bingy bit data
bus (PD l 7. Q! % wth a differential palir of source synchronous “strobe
signal s P d, T§SRYEBY-f or data cl ocki ng. In an alternative enbodi nent,

the int er f acepg@ermbirdl 0 8re efBEABIMNHE huf SntSBWbupPofts ¥YoRagdd: 2N
addi tional eight bit data_ bus
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 on alternative signal processing, without departing from the

scope of the invention.
External Signals Definition
Figure 11 illustrates the physical signal interface of the hub interface

between two hub agents, according to one embodiment. As shown in Figure 11,
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. In an alternative embodiment, the interface can
widened. For example, as shown in Figure 11, an additional eight bit data bus

(PD [15:8]) can also be used along with an additional pair of pair of source
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(PD [15:8]) can also be used along with an additional pair of pair of
source 25 WD 01/33375 PCTI US00/ 26875 synchronous strobe signals (PUSTRBN,
PUSTRBP.) Moreover, in an alternative enbodinment, unidi rqﬁri ta
signal s couW&’”B’é”&%ed I n addi tion, one unidirectional arbi fdagp‘?%ﬁggi gnal

connects each agent to . the other , and a bi-directional STOP
signal is @y@ehwoyﬁétrﬁﬂé%mlﬁg’ Uﬁ R@%’t} Morggytes, inagvaltezmativeevi ousl y
descri bed. ﬂ&??‘ludﬂﬁ‘ EoAGRIRA HBALIS coliBBleifiga | NC systemreset (Reset),

comon dock ‘and vol tage refé&rence si gna ‘s (HLVREF). As well,
signals for eacﬂnhddﬂmgeone@ﬁﬁﬂva)onad)anwmﬁnnmgnaldom@ts@mh@génﬂ't@pedance to

t he approp o] ate for uf acturl ng, and tenperature
vari ati ons Sﬁ@éﬁnm %Pdeﬁ'ﬁ’e %W@P@a{% %jgaglds gm\mﬂwrﬁmvmgt erface
i |l ustrat egg bﬁtt%' e8] &Iy, b eliGksI1aSLIbbEd ARl T AlLEy

alternative enbodl nments of the erface e sig S 1 nc 18 in the
physi cal i nududethe systenvgspt Gﬂesettblsmmndn'pdmcﬂq (h@(ﬂrl@)mrtdhml&gepa‘erjncé he

i nventi on. Sic i nterf ude re, less or
di fferent s?%%‘ e(é—ﬁf\%%)ﬂé&@ﬁy@ﬂ}%{ %JP ?f’&ﬁé‘“g tn&#d@%fﬂ’é‘a 1ésnd further
descri bed lalei@mutj:u?&hb@dﬁ:cefal&h@aﬁ)rbpﬁatb%Rfeﬁ@‘é@m?bﬂéﬁé forf Or Eight Bit

Agents TVane..:..::.. floc..::. "Descrri . <(P. PD17:0]

8 ASTS ss@%’émnﬂaﬁad ﬁ?lﬁseraﬂtﬁe Vatiaonsare pba ecludrsh |dié in one

enbodi ment [ ta val ue to
whi ch it was d?ﬁ%/ghw %g%\%ls}h §§§9§*3%I?%§68}@ ['s§117%5&1,5g"%_?;&%$q@ #ETS sS
Negati ve Pblﬂthmdesadmﬂeimben(rdbﬁe&] [th altedinhHoeembudimenty/SiHehudnd Posi tive
PD Interface, (2 BRSNS eh 3 tnd Sokcal interras mdy de Yoot

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 11 and further described below in Table 8.

Table 8 Hub Interface Signals for Eight Bit Agents

JCloc ] Description.

PD[7:0] |8 ASTS' | S5 | Packet data pins. The data interface when
idle, in one embodiment, is held by active

sustainers at the last voltage value to which it |

was driven.
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provide timng for 4X and 1X data transfer on

i's providing data drives this signal.

differentially at the receiver.
see PSTRBP description above.

agent that
be sensed ful

PD | nt er f YO

Acti ve-hi gh request from agent A (out put

TR

the PD[7:0] interface. The
PSTRBN and PSTRBP shoul d

PSTRBN #@ﬁ@i@? Positi ve'

fromA, input to B) to obtain

owner shi|PSTRBFhe | 1hub JiASES f|&Se. |RQ8gdtivePIBhitéréate Bhobe fdefahilt Solthgs |dat a
avai |l ablle to sengl, ang is dgasserged it all ata has
been serft or aggnt Aldeterrines /g% ﬁvvgéjﬁ&ﬂr@ gglrﬂt%fép‘?‘ht erflace.
Reset vdl tage value i 9 VSSHL. gﬁéye(a@va@%éqgelf_rmg edhdrodt put
fromB, Jinput to|[ A). |See alhove scription §I’SCCUsedfor
pi pelindd flow cpntroll to rdtry orprogi dor@éméﬂxda&@msfaron A hub
i nterfade base dpck, ijn one |enbod el i her VHz or OMHz. This
provided timing|information for tﬁe?)i%ynﬂﬁﬁ;efﬁ&k %?%eﬁlépéaq(%escri ed
further |[below RESET#|1 | C¢ Acti ?}olvmm astaldrives iiigsibAal. PSTRBN | nffer f ace
agents' | 27 WO 0fLl/ 33315 PCTI|USOQO LVREF 1 | N/ Vol t age ref ¢rence
(VCCHL/ 4) for differential ilnputd andPIRBPshenld ed flly ol t age s
generat gd on-the| not hgrboard thr d‘tﬂﬂe&méﬂ?} Lﬁggré;yeweger HLZCO 1 1O N A
Provi deg | npedange Confpensati on.
PSTRBN |1 ASTS |SS Positive PD Interface Strobe, see PSTRBP
description above.
RQB 1 1/0 | CC | Active-high request from agent A (output
from A, input to B) to obtain ownership of the
hub interface. RQA is asserted when agent A
has data available to send, and is deasserted
when 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 I/0 |CC | Request from agent B (output from B, input to
A). See above description of RQa.
STOP 1 ASTS |CC | Used for pipelined flow control to retry or
disconnect packets.
HLCLK 1 I N/A | hub interface base clock, in one embodiment,
| either 66MHz or 100MHZz. This provides
timing information for the common clock
signals (described further below.
RESET# |1 I CC | Active-low reset indication to hub interface
agents.’
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MP VCCHL 4 power NVA 1.8V VSSHL 4 groun VA d Total: 25 "' ASTS = Actively
Sustained Tri-State. 'SS = Source Synchronous Myde Signal 3 CC = Common
Cl ock  Mode Signal_In one enbodi nent, Reset is a systemw dﬁcﬁﬁﬁ'ﬁ{sit is
an out put f PEHILSETR conponent of the systemand an input to ot her
conponent (s). Mdreover, Reset is asynchronous with respect to HLCLK
Conmon O peiy vig@nsf£r Mpde Opdmat A Oy itagenefersioe (VOERIL / 2V estydifferehtial

transmtted acrossf the hub interface are transmtted in accordance

comon cl éck node.}| More| specilfi cal|lipputshén engembodimanictheivghtageist hat| ar e
transmttéd via t compon cl gck d I r ingle cl dck
(e.g., the hub intjerface¢ clock.) | geg'le%g%é]ﬁ}%eﬁgﬁggbdéaﬁgg@&gﬁe si gnal s
may be tig¢d to a slystemclock,| extérvaMagbdivilére hub interface agents.

Mor eover, |t here be pore than one hub inpterface  segnment in a systlem in
whi ch cas¢HiZGQr dnt basd/ @l og R 4alP1exides BRPELANce (OMBPENSAECRNt segrgnt s
For exanp one clonpongnt m ¢ght | ement both a 66MHz base hub i ntlerface
and a 100 base jhub i nterfage. 28 WO 01/ 33375 PCT/ USO0/ 26875 Sour ge

Synchr onog¥CUHDsflet Mipoweenl Njisn 1.8Vone enbodi ment, the packets/dgta are
transmtted using ja soufce syﬂ nous cl ock node, which provides a
t echni que VsPHku ti4pl yi p§He transfer rate of data. For exanplle, in
an enbodi yent using 4X ggqurce| synghronous clocking node with an eight bit
dat a signm3 path, jtransfntting a double-word (i.e., four byte) requijes
only one hlUibtalnt erff2ce ¢l ock ¢ycle |(HLCK.) Alternatively, transmittijng a
doubl e wotd—ust+Reg——SsotHee—synrcht-orous—etockrng—node—om—anm——etght—bt't data
signal path would require a full hub interface clock

! ASTS = Actively Sustained Tri-State.

* S = Source Synchronous Mode Signal

* CC = Common Clock Mode Signal

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

66MHz base hub .interfaée and a 100MHz base hub interface.
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cycle to conplete. More specifically, in one enbodi nent of source
synchronous transm ssion, strobes (e.g., PSTRBN PSTRBP) are sent with a
data trangplssi in accordance with a predeterm ned tim rel ationship
bet ween tﬁgbgﬁ#g es and the data. The strobes are theréghﬁgwo d to latch
the data into the receiving hub agent. Mre specifically, in one

enbodi ment, the edges of Sbﬁr@&ﬂbﬁ%na?ﬁfﬁ@&&ﬁwd by the
recei ving hub agent to jdentify tF esence and timng of data being

e pr
transferred adndds emodiment, thepas etﬁz‘ﬂﬁ’fé aredzansgitiag peing ageurdel ustrated in

the timn ' Ei S o P m@ym - 1l transfer
correspon%’sr%g&{ edr}{cé< irﬁltgi%glé%&l &rb%g%"{%ﬁ an te he g#fél*fé}%e %QL%f PSTRBN. A
second datrandferansd ef datar Fospamijde tip ahlembodénent witgeO§o?&RBN and t he

falling edge of PSTRBP. |n addition, .in.o enbqdi ment, as further shown in
Figure 125 NOUS SIP5THNE B Fntef’@tgltl%g"’e?@é MBRYRERNE A positi oned
near the gQiHI&wRE éi.é.,"@uﬂﬁjrt@f Mlirels ¥R SARTDInRrh&Sdddk eyl REHIZSE) VI Ng agent

is given an i nput data sanp IH%WI ndow t o accommpdat e various system
timng skalkermativelyotransmiting ddeuldemad weing 1X souncersynchrenausebekingef or e

strobe ed ) 1Ll | fher. st.robe edge (tDva) are

al so useaﬂggé %’ﬁégre &}g:ﬁ\?f i%éa %ﬁé]%g%%h@o%ﬁygg ?\“@/ﬁgﬁ ¢ lg?%eh&a‘gi a béi ng '

transm t tgdle torompldte. r ecei vi ng hub agent |atches the inconing data, the

data is thereafter held for brief riod éo 29 WD 01/ 33375 PCT/ US00/ 26875

resynchroni ze (4 ) before being
Meore speeisicatly, in @ MRREeksquEce SyBENORpItoK

passed alaRtibfishoblifehliPSTRBN/PSYRBPPAS BRI With b dRiA b 401

nodi fi cati ons '

them;‘)res invention w no doubt becone apparent to a
per son ofinacctirdamee with bipredetermined timing relatiomghipgetweenithetsirobes @ybi ng

R
consi der egeht.m ting. Therefore, references to details of various
© mbodi ment's a?\/?org %i[)eciifq}:a?ln ,di%donte%nllbiorcriiixgleltn’cr,1 Fl'lese%oggse 019 Jhetstnggsl aims which in

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 12, 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 12, 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
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t hensel ves recite only those features regarded as the invention. 30 WO
01/ 33375 PCT/ USO00I 26875 CLAIMS What is clained is: 1. A conputer system
conpri si ng: st agent; a point to point half duplex igdasdhesegrcoupl ed
to the fi rs?vog"éé#’? and second agent coupled to the first point to point

hal f dupl ex ingerf_ac , Wherein the first agent delays arbitration of a
request to ¥ onigg, the fats withdhe huhintgepge (&LGKﬁ){xsfqrgbsumassed he
request is Jl&?f@/v‘ft‘?x%ﬁ{eﬁtﬁea enfcond agent and the second agent del ays
arbitration of”a request tc§ access the point to point half duplex

i nterface until Whererenany altemtions end athdifidativheofi the presageinventiéh will The

conputer system.of claim1 wherein the delay of arbitration at the first
and second rﬁ’g‘g‘mbg bety e apRAgRt 1o R‘H’%mbﬂgo-rflg‘-a@h ﬁklg iy argaftenhayitgieen t he
first and %@&d’&%ﬁﬂ%&%d&c‘ i6R/TP116 be SHALSIDRARY dr/ MHic@aFent r al
processing unit (CPU); a rren!g?ly controle hub ( MCH) c%@lpﬁ]%gc@?t he CPU, a
first poi ntemkpdiwent shomwrneanddescibed by tvayof ilhestiekibn isinchaway igtehdedit put
control hu I . I Lo e first, point.t point jnterface, wherein
t he MCH deﬁ%&g%g%%gt@g%mﬁf &-Ee’ig, rﬁ’e@fee?%:eﬁoc‘g%t??s ?fﬁ’@rﬁuﬁst poi nt to point
i nterface waibddimbAtsheghetintdnded €6 Binitthe déopelt thhindWhihgrel n the | CH

del ays arbitration of  a request to access the first point to point

interface Ghemselyesreriterply thoss featurasyegnrded agithenmyention. The conput er system
of claim3 further conprising: a second point to point interface coupled to
the ICH, and a first agent coupled to the second point to point interface,
wherein the ICH delays arbitration of a request to access the second point
to point interface until the request is received at the first agent, and
the first agent

~
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del ays arbitration of a request to access the second point to point
interface wuntil the request is received at the ICH 31 1I!TI1I11]
IIIIIIIIil“}(HI%é7 Il L MS W 01/ 33375 PCTI USOCO 26875 5. The cogjuter
system of "HEPA™3 wherein the first agent is a network FCRUSIYEYE 6. The
conputer systemof claim3 wherein the MCH includes a first interface
control | arpagggpl ed to the first point to point interface and the | CH

i ncludes a second .interface controller coupled to the first point to point -
interface, wi¥paiinclafeedssist and second interface controllers receive
request si gnal @ﬁé@“g@&ﬂ | +he request to access the first point to
poi nt in?érfaé%?o . ﬂ conﬁ%&%@’stem of claim®6 wherein the first and
second interface aimtagehters conprise: an arbiter for granting access to

the first point to pojnt interf.ace;, and_ a del ule for delaying the
request signals. %PORt P‘I’?Bﬁﬁilgﬁb?]%ﬂﬁ‘.fa §E’B%fig§%?f §qsrggeqt- st signal
to access an inter;&gﬁdgéerﬁcgﬁ};]&toimtfgfﬁé}g&t??ggdt%lﬁ{uPlggl aying the first

request signal before the request sign €eceived at a first arbiter
wi thin the fiinderfaget whereine tragentdelaysagbitiation of eequestto acgepsest si gnal

at a second aphi 1.t hi | 1.1 |l et arbitrating
2t therirst Epdhdpochelt ARI8Merdt BRGAEE Eq S ip@iied g’ i
met hod of cl asdtoRd genttuend the saeohd aggit débiys arbitratign vhwidygesttbe first

interface controller is grante cess, to the interface; and transmtting
data from t headoprathe pRIRST? REiot gﬂ?ﬁmﬁr dntetace ypdil the requestiinfeceivade
control ler i fatttﬂgﬁfritraﬁtmﬂdﬂd?rface controller is granted access to the

2. The computer system of claim 1 wherein the delay of arbitration at the
first and second agents corresponds to the end-to-end signal delay between the
first and second agents.
3. A computer system comprising:
a central processing unit (CPU);
a memory control hub (MCH) coupled to the CPU;
a first point to point interface coupled to the MCH; and
an input/output control hub (ICH) coupled to the first point to
point interface, wherein the MCH delays arbitration of a request to access
the first point to point interface until the request is received at the ICH
and wherein the ICH delays arbitration of a request to access the first
- point to point interface until the request is received at the MCH.
4. The computer system of claim 3 further comprising:
a second point to point interface coupled.to the ICH; and
a first agent coupled to the second point to point interface, wherein
the ICH delays arbitration of a request to access the second point to point
interface until the request is received at the first agent, and the first agent
delays arbitration of a request to access the second point to point interface

until the request is received at the ICH.
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interface. 10. The nmethod of claim@8 wherein the process of delaying the
first request signal further conprises: receiving the first request signal
at a delay nodule: 32 1 111" LLE~00 " 00 111t 00 1l 33375
PCT/ US00/ 26F038F aving the first request signal for a prle%}lé?sﬁ@rf&?lged
nunber of «clock cycles; and. transmtting the first request signal the
first arbier. Thécompatersyitenh aficlaiined whérefruthe fiest agenipisiagietgork ecei vi ng a
second request_signal to access the interface at a.second interface
controller ;m"GEfP%ﬁri ng the second request signal before the second request

signal isgr eceﬂggoﬁlﬁm_w?‘%?ﬁ@ﬁm’f‘éh%@ JRéreir @ NMEHNACIUBEs 8 &gand request
signal at the first afbitefr; arbitrating at the first and second arbiters

f or access imterfateecoritraller feupded tiethefirstpaint tatpointdnterface ard tedCGHit er f ace

controller i ranted .access to the interf . ah I LLL] ata from
t he second @ci?%ﬁaaggo%%m%?rgﬁeecpn{rgﬁ rhcgupf st?(%ﬁ? %fbégf’{é‘é ggg’glﬂt}%t??fgge’if t he

second i nt ¢fHea6in the fikdtaht 8econd ififedfAbe BortfslRESrekeive bdtfuebiighdlace. 12. A

met hod conprising: receiving a first request signal to access an interface

at a first assoqiated wath theFrqusst teraccese the NishpPinhio RoiRkinteriigBest signal at a
Second LERS tob AR o LR RS el [
wi t hi n t he chhtrsllers abpiiaee control ler; and
an arbiter for granting access to the first point to point interface;
and
a delay module for delaying the request signals.
8. A method comprising;:
receiving a first request signal to access an interface at a first
interface controller;
delaying the first request signal before the request signal is
received at a first arbiter within the first interface controller;
receiving the first request signal at a second arbiter within a second
interface controller; and
arbitrating at the first and second arbiters for access of the
interface.
9. The method of claim 8 further comprising:
determining whether the first interface controller is granted access
to the interface; and
transmitting data from the first interface controller to the second
interface controller if the first interface controller is granted access to the
interface.
10.  The method of claim 8 wherein the process of delaying the first request
signal further comprises:

receiving the first request signal at a delay module;
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arbitrating at the first and second arbiters for access of the interface.
13. A hub interface conprising: a first hub agent; a point to point |ink
coupled t .fst hub agent; and a second hub agent coupled to the point
to point B’Y%E‘,%?’%erei n the first agent delays arbitrat i oP28Bequest to

access the point to point link 33 jiijiiiiuitiiiijitiij W 01/33375

PCT/ USOQ 26875 undelayitgthe digsteequestsigmed éoneepredeterinineslaaonberagent , and t he
second agent ?ec:ka glqrbi tration of a request to access the point -to point :
link until thé&®° é‘é’ g%@s [ eceived at the first agent. 14. The hub

i nterface of clai rrhllasmﬁaﬁg'u{kﬁ,@ereﬁhéggigagmbﬁirﬁc‘alrbm$ a first interface
controller coupled to the point to point link and the second agent

i ncl udes H- seddedanethed of elaim 8 durthesicomprisingpl ed to the point to point |ink,
wherein the first ﬁ@ﬂ;‘ | I i [ st signals
associated wth the rﬁq%%g%g{‘%?%‘ﬁ%é@sg‘fagg&%%g%ttﬂ%%‘t%rglgc%ta\{?isﬁ%?‘%ia The hub
i nterface of dhtetfacelebndodleri n the first and second interface controllers
conprise: an arbiter, for granting access he point to point |ljink; and a
del ay nodul e for dgF]é%"Séﬂ?ﬁ‘é"P‘é ?"%@igf’ re the seqand teghest sigwal ace of
clai m 13 wher @i factibed deth@¥eddhddhitdef ation at the first and second hub

h

agents corresponds to the end-to-end signal delay between the first and
second hub agent s. rereivirigithe second request signal bt the fisst arbites1 34

arbitrating at the first and second arbiters for access of the
interface;

determining whether the second interface controller is granted
access to the interface; and |

transmitting data from the second interface controller to the first
interface controller if the second interface controller is granted access to
the interface. |

122 A method comprising:

receiving a first request signal to access an interface at a first
interface controller; ' |

receiving the first request signal at a second arbiter within a second
interface controller;

delaying the first request signal before the request signal is
received at a first arbiter within the first interface controller; and

arbitrating at the first and second arbiters for access of the
interface.

13. A hub interface comprising:

a first hub agent;

a point to point link coupled to the first hub agent; and

a second hub agent coupled to the point to point link, wherein the

first agent delays arbitration of a request to access the point to point link
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until the request is received at the second agent, and the second agent
delays arbitration of a request to access the point to point link until the
request is received at the first agent.
14.  The hub interface of claim 13 wherein the first agent includes a first
interface controller coupled to the point to point link and the secc;nd agent
includes a second interface controller coupled to the point to point link, wherein
the first and second interface controllers receive request signals associated with
the request to access the point to point link.
15.  The hub interface of claim 14 wherein the first and second interface
controllers comprise:
an arbiter for granting access to the point to point link; and
a delay module for delaying the request signals.
16. ' The hub interface of claim 13 wherein the delay of arbitration at the first
and second hub agents corresponds to the end-to-end signal delay between the

first and second hub agents.
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