2 8 APR 7001 WO 01133375 PCT/ US00/ 36875 METHOD AND APPARATUS FOR Sum%ﬁ;
MULTI - CLOCK PROPAGATION IN A COWUTER SYSTEM HAVI NG A PO NT TO PO ¢
DUPLEX | NTERCONNECT FI ELD OF THE | NVENTI ON The present invention pertains
to conmputer systens. More particularly, the invention pertains to

i ncr easiig 0t/m87% engt h bet ween conponents coupled via a hBBTiUWEHEECce.
BACKGROUND OF THE | NVENTI ON Si nce the advent of conputer systems t here has

been a CO% ﬂ#@d‘%p&?@%&ﬁu&%ﬂ%p%?ﬁﬁ@MB’L‘TICQﬁSéK Hi'of?,g Jt} 'ﬁro‘” de

quality s nonetary v

i ncreases @snduett SPSTERSHSVING RO INEXDEOSET aawwwmdmmhdm@ﬁr chip
connections. The nunber of pins that are necessary to nake chip

connectanderﬂUf%%‘é‘Efﬂ‘ﬂOducti on costs of a conputer system As a result,

there is an ﬁer-l ncreasi ng demand to nake inter- Chlcr?{ connectlans fast and
narrow. One CREARPEETGIMETFRSPHRINYN FIRPHrayesmmedYiore pattalp

connect [T PO SR AR EEnoRnk RaRe RO RN et cohasRREI AT Vi ages

adheri ngnt;@ iAterSiReci fication Revision 2.1 bus devel oped by the PCl Speci al
Interest G oup of Portland, Oregon, to a nenory controller hub. A Hub

i nt er f aBacksraunal @FMHEHEXENH&M wth a dist ri buted arbiter. Synchronization
on the interface occyrs b gl obal cloc wo request (REQ ,si gnal S.
Agents at eaeficgitieagyent Cioﬁf%ft?éé)éste%s F1e g@d’%‘i%é@%mf‘éo%ﬂ\%

et ol R aF Ph B SYF LI GTRLBcNE 1 QOFALR L Gegulels sends a

request signal 'to the ot e Btransmts a

r equest pigPetirgdes AuesT ENERQjSH BoR)rThat dcfarpd pehdlctRaddss idehe and a
decision is nade as to WhICh side will be granted access of the interface.

Fi gur e 6xpesisa absasiitedivaidh amuthmmﬁpbm yTheipuiniies of pies thEhergub
interface includes agent A and.a ent cou %ﬁ% t}g req%qest S|P%nal s (REQA and
REOD)  aPiFeseATHtia oo GHE MR SagrESt RETIIGIOTAGR S 8 3 E9TPHAE ar bi tor s
arbi trafg,d VA%“Q?%E@BMM % e DHDirlc R0 Emal RG0SR ThOMlgh 1 [her an

REQA ngna or a signal Is an ar tion event. At each arbitration
event, ¢dithektions fast and narrow. One example of a fast and narrow interconnect is

the hub interface.

A hub interface is an input/output (I/O) interconnect for connecting 1/0
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 clock 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.

Figure 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

|



2 8 APR 200& WD 01133375 PCT/ US00/ 26875 arbiters wi thin exam ne both_the
REQA and REB signals and determ ne ownership of the hub interface 28 APR 2004
i ndependently and sinul taneously. Wien the hub interface is idle, the

first of either agent A or B to assert its request wns gg@&rﬁmfg I f
agents AY@AYB’F equest ownership simul taneously when the SPHt%81F ace i s
idle, the |east recently serviced hub agent wi ns ownership. Typical hub

i nt er f aedstas subEntd@miat bosh GraR 85 opadFdieh g rahereppoigitréne end in | ess
t han one base cl ock %‘%I_e including the effect of clock-to-out and setup

times) . oMowEYEP OlttR8 rfﬁiﬁ(rfﬁéed@%i%ﬁweaﬁbﬂ arehsirpHeneeugly, Whevahesyst ens)
in whi he, desir.ed;l t-h_of hub i f t h e th
clock  BPOARIET e ARl et By o O LS H el Pt B ER 1g | BHgaLES! GH% he ot her
hand, keepj ot z 1205 i |3, i t he

cl ock rgt@g{,é?%nﬁ ' Eg?\%ée}qf rfgaﬁ%gn%ajhg%/thé&% 3?@%#&‘%@&%@%&%@ tg%gﬁt ageous

to develaprfacertidby thntkasnaebany serviced Rk egest whe dwengishiwf hub interfaces
Wi t hout sacrifici n% system performance, SUMVARY OF THE | NVENTI ON Accordi ng
o

to one enbodilipira) habdoinsinces 2sspsne thad b grads psopagade to Hyempposatepoi nt t o
oi nt hal f .dupl i nterface coupled.t .he first agent and a second agent
P ount cdeng it ids Som BhE b BobRRBLE Ut B iR he Bt Mogd pRcanggons 2

del ays aldb!dkl0HiOedet, SltRShat eRERERPad NI RRIDYe £ O sORI L liBh] dup! ex

interface “until” the access request 1s re Second agent, and

the secpndragetie deletealylengitbot 4 Albontedfaca séefidrthad RoRE BEBa bRe chriknt to
point half duplex interface until the access request is received at the

first agbemd-t@RNERESCR. O tORaTHE |DRZaN) NGD theethewbarnd dreepsng | | ust r at ed
by way qf ex | e .a not lLimtation in the figures of the acc anyin

0 at made SHTAEEA Jaibtt & P Cosk THHPUR & Haflpas g b heae B 1
whi ch: FEi i : j. agh i 0, ter system
i gur e B REn ey e e B R o i o 10 S VB, S IR T

(MCH)  aptkchBnishpit inerdaan the migtivlof hub ifitePidces anprei edervficing shefeni nt er f ace

bus;

performance.
SUMMARY OF THE INVENTION

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;



17 2 8 APR 2094 WO 01/ 33375 PCT/ US00/ 26875 Figure 3 is a block diagram of
one enbodi nent of interface controllers; Figure 4 is a flowdi agrarﬁ&&?ﬂ 2004
one enbodi nent of the operation of interface controllers; and Figure 5 is
a clock diagramof one embodiment of a nulti-clock propagatiaon delay

i nterfac¥9 0 A}7Figure 6 is a block diagramof an exenpl ar gCﬁWBGQ’ﬁFQrface;
Figure 7 is atimng diagramillustrating a split transaction inplenented

by one embodigfEite £k AN okRU IR i bhBoSirhén B fihiE AGe ¢bAGHARS,
illustrating bitration and Transm ssion of data packets, according to

one enbodi NneRigurel Pigraefl@wi diagranh fdmgnokraboaimerntlafshe apengidd o control of
data packets, according to one enbodinent; Figure 10 illustrates a flow
di agr amrdederd bdmtgotiers; @méps of responding to flow control operations

according to_one enbodiment,; Figure 11 illustrates the.physical signal
interface acEb%‘bﬁen’g’st%dgﬁédmé%‘g‘oqfr%}ﬁgmgﬁnﬁrﬁﬁé ”ﬁﬁi'gfg’éﬁti m ng di agram
illustratin Qi!r? g&h@j cl ocking according to one enbodi nent.
DETAI LEB“%%%% %Q?%E{aﬁg' and nmechani smfor increasing the length

bet ween conppnaiess isGObpLR A a ramdoMubeterplat pbebiiftedfges i bed. In the
follow ng detail ed description of the present invention nunmerous specific
details are Feguredtish timing deagram pusiratieg agplihbrosytiamaep strendécdhg of the

present invention, However, it will be apparent to one skilled in the art
t hat thEYﬁP@seéWf’oqhﬁ‘\/%thf&ﬁ‘ lﬁﬁﬁffilf?@ practiced w thout these specific

details. 1n ether dastance g;avg?h}n-mgwgggégr&mi%a APt HEXISE & € shown

in block di agr%unﬁform r at an'in in order to avord obscuring

the preggpt idk\é@g]’]fa'tgﬂdh%gybﬁe émbsdambhock di agram of one enbodi ment of a
conput er sﬁstem {00.  Cofputer system 100 includes a central processing

unit (CPU) 162wepisectiming Birgraosillusirabng flemboehitnelm! datPgatketsi s a
T OCesS Kl cording 1o oné embbdithent ¥ ©f
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
withput these specific details. In other instances, well-known structures and
deviges are shown in block diagram form, rather than in detail, in order to avoid
obscuring the present invention.
Figure 1 is 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

3



3 28 APR 2004 WD 01/ 33375 PCT/ US0O0/ 26875 processors including the
Pentiun(r) 11 processor famly and Pentium(r) |1l processors avail glglﬂépR 2004
fromlntel Corporation of Santa Clara, California. Alternatively, other
CPUs rra)( be used. A nmenory control hub (MCH) 110 is also coupled to bus
105. MCHY4 88333y include a nenory control ler 112 that isPEI)@ﬁP%ﬂSFo a nain
system nenory 115. Main system nenory 115 stores data and sequences of

| nStr uchi@ns.dah Blithe MLARHRMH M GRS %iﬁnynmlvlaﬁ{mg\%ugge i ncl uded in

system100. In one e ment, main systemnenory 115 in s dynam c

random peg@ssors Fwatialyle((ERAVh el Bowpyeition® Surgy Siem CelMyriall5 may be
impl emented using other nmenory types. Additional devices nmay al so be
coupl edAlterhativelpsothes Gdh samambetisgle CPUs and/ or mul tipl e system nenori es.

MCH 110 may al so i ncl ude i interface 113 coupled to_a graphics
accel er at or z\gﬁﬁm%’cﬁ%ff@iﬁ%ﬁm?13&5@%‘%@%@&@%@@ 1@?-3MQHC%WM ed to
gr aphi c ceel %5)*% i I I CS: AGP) that

oper at e@a?algglgr &%‘g{e 0 cébgrgﬁi? r ?g??“oa%l%éc@?%l?éﬁggrﬁﬁ}rﬁ%hﬁ&e%&}él oped by
Intel {305 NOGRE bpdiedf mEAMR 105 8ictes Balal IRI Bdhrenkss GCdsirlefon MPE: 310
includes a hub ‘interface tontroller 120. Interface controller 120 is used
to couphechied B0 o 187 or anpothautgute wahided intaysteph CBf. IMdénei a a hub

interface A._ 1 CH 14Q provides an jnterface to input/output (1/0O devices
Wi t hi n @BRpABENG JRIBFYIED MearpryA0 5 iarluges dyradus randup acerssr f ace

controller 12 i S far.coupling to 110. .1 CH 140 i ncl ude
other 1 REBTADRAND; 31 Sen S5 RURelehia Y 5 08 b il e e

control &ﬁﬁ%@%m Q?H@.eﬂdaﬂicﬁmamﬁw\&%gnﬁﬂy £lsb ﬁ@%o&gfédwoao@s 1f3ub _
interface B. Nevertheless, one of ordinary sKill in the art wll appreciate
that odvbrashobltipledrlds end 6ot maoilttiplesyion meymbeecoupl ed to ot her devi ces.
Devi ces coupl ed tﬁﬂet her via a hub interface nmia)be referred to_as hub

i nterface ag¥ltels 118 mapalsainelpdee gigphicsintgriace 153puplsHea g@bicst o CPU

102 11 SR80 ST ARl SR AL Gy e 1100 1

as an ups agen € an om CPU 102 is
ref err egdabficsaRcde YR30 @amra&%eterat%a:ﬁrsgﬁmalp%n {AGPY feaMpdrdikd/ | CH 140
a

hub interface, MCH 110 is the upstrea ent "and | CH 140 i's the downstream
went . according to a Specification Revision 2.0 interface developed by Intel
Corporation of Santa Clara, California. 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 rnay 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 downstrearn agent. For example, for the MCH 110/ICH 140 hub interface,
MCH 110 is the upstream agent and ICH 140 is the downstream agent.

4



4 2 8 APR 2004 WO 01/33375 PCT/ US00/ 26875 1 CH 140 may al so include a PCl

bri dge 146 that provides an interface to a PCl bus. PCl bridge 14628 APR 2004
provi des a data path between CPU 102 and peripheral devices. Devices that
may be coupled to PCl bus 142 include an audi o device 150 and a disk drive
155. HoweQ8F333ghe of ordinary skill in the art will apprBeFfat&¥t%5t ot her
devices may be coupled to PCl bus 142. In addition, one of ordinary skill

in the art wikdHnecoagn zieoifdud CBYAUMZidnd MeHa 30 Gam g be e Geobi ned to

forma single chip. Further graphics accelerator 130 may be 1 ncluded

Wi thi n NICH b0 F@l britige 1étrpooivident slatFpetiv et @ees P62 kndipagtpiacef one
enbodi ment _ of %,110 coupled to 1CJ-1_140 via hub interface A A hub

i nt er f acVisesa LiRYaFRRANShRyrPceied thECL ks Adbindwiagn Bhdekdevicet he cor e

| ogi ¢ of T ch.as computer system 100, via a relatively
narr ow &Rg aﬁ@@#fﬁ?&@‘yﬁgﬁ IB@E‘ TR toédﬂ‘ﬁf%.s ﬁ%&%@ﬁf Y"ﬁhi vi dual
CONMPONenLS réfaCARBUb Bler D QAP be S8GMAZ0 PE WRRN 4¥CH, i lGi7 140,

t he conng?tri 0?1 is i npleermant ed i ae pgﬁl]lte-tg- poi nt fashi 8%&1%2’206}9 ing to
one enbeddireny skilf antdfeeart ofilliraéeyrind than CRLF D8Band a0kl IndRiHage bus is
acconpl i shed usi ng a packet-based split-transaction protocol. Hub

i nt er f acesbined thEoran 3 sirgle ghim Hvsther getpliirs aselawatoTH80mudy bat er f ace

i ncl udes bi, - di.yrect dat ath 251, a stop signal 253, a request A
(ROA) sigrigfiedayiti C“@gﬁi@w& %@ﬁjh”‘%cislﬁﬁglts-zﬁ, a clock (CLK) signal 257
and data str ST RBE)ock S ' ' t, data
path 251 is g@@f nary bi tg%ﬁl%%ﬁgﬁéﬁﬁ/gﬁ%ﬁkﬁ%ﬁ%ﬁtﬂ%?1%@?8@%@2 y width
(e.g., 1GIBRACetia.Hubi imtetfher A. enhabiin®pfase isS AecBagBAl f0228nhscting

bi -directional_signal used for flow control. According to one enbodi nent,
stop si gran ulsling biocks siithe sereflpgin of af gomputggeystemy, sugh aecompuagrent i n

d i ndi that, the buff f £ Ny Il_and that th
Firet agent oL RhSi dEtel M Pl IR M chBanboagde.

Consequepfl¥en Hmvmwegn@%@ht%%%ﬁmr &}vst?ﬂgtrm?w& o b&%eaen] 74y si gnal

254 and RQB signal 255 are request signals during normal system
oper at i o1) aad dChb 40, tleel comentideris ﬁmgﬂmﬁﬁ e argoint-t@poifigashibn, i nterface.
R g2 g S, by P A0 o ac
bus is accomplished using a packet-based split-transaction protocol. Hub
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 1s 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 RQOB 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 a hub agent

while operating in a source synchronous mode. According to one embodiment,

5



whil e operating in a source synchronous node. According to one enbodi nent,
5 2 8 APR 2004 WD 41/33375 PCT/ US00/ 26875 STROBE signal s 25S may cl a8KAPAA0l
at four tines the frequency of the clock signal. Alternatively, STROBE
signals 258 nay operate at a nmultiple of the clock signal other than four.
For exaf®®B3B8TROBE signals 258 may run at a rate of ei JMIYSHE¥7} hat of
the cl ock signal 257. Further, hub interface A may include other signal

pat hs, suc Ss.a reset signal for resetting,system 100. According to one
embodi FBMm ,B%Hﬂf o Aoy b tﬁéﬁ%’ HTE DA TURCH thﬁgf-’ Cfoﬁg si gnal s
transmtte n _hub,.inte . 5 : _etc.)
hour SR NS S TREBEA P20 Ml e R siBRpc i 2R L
enbodi BEALa] olHR 1BRATKUEYESES MiSle! STROBEG s 258 ir@Ralurt & 4 FAvel between
MCH 11 o I CH 140 across hub interface A~ According to a further

enbodi mirtt, tirhes dradef théalock sigraéab. eFamybert, hdbestenbice sanplyeirsiyfral s in a
forbidden time zone, the delay nust be adjusted so that the clock out tine,

setup otherssignal RAtBpayshias? T66¢tHLTHT far EsaiiaE iR ¥t ed from the near by
agent is greater. than the propagati hphie L h ase cl ock
period. Usi Hif<QTa58s0 %Teo%ﬁg?)‘g{}?%ﬂ’ %ﬂgb%}éfl@g% rer}a%’ag%ﬁﬁ"%fegnal 255
transm I ihgeaic¥edad NOA 239 rngidssafter the
first (S:P%}g%%;g?]glggaaés %?g%@gged]lezﬁggﬁel %Qi g a i)l%ck di agramn?of Done

enbodi TEATACS 1 sicgrihaaea ewekpabpegstiorl@€lay drfbre20& Hing ai dgstiertoni ng a hub

interface with signal propagation delays, interface controller 120A
r epr esénosetembadimamtatveo closk crles pragegningdiera sigmal touavel betvgerace

t I OB t he .interf troll it hi | CH 140. Each
nter t AE TRl T 26T ST B et g Rbdue ‘a6 HhE" an arbiter 350,
Del ay %B%Hrcﬁ%gg\ﬁamnﬁ!d@’tﬁﬁt%é"ré’l%b&”aeg;e?\‘il'd%% ﬁopﬁfrﬂagréi Ys3h@ received by

the arbite in the sane intefface contro 20. For exanpl e,

del ay fomialien B4% void)ithe dalgrihasebeadjtistet|sertha0f detlagst BrfRQBet2H5 si gnal
before it is received by arbiter 350 within interface controller 120B, and
del ay misueihed propagation delaytalrageal drnsmytied fTarpope A8REYSAZLIRAA 254 si gnal

e B a0 Y LA RPN P 200, 1

Homeve%asé)agcg&epirogi S¥¥nk ﬁlfieﬂamip'fb,tah@QB signal 255 transmitted from ICH
140 may not be received at MCH 110 until after the first clock cycle has elapsed.

Figure 3 is a block diagram of one embodiment of interface controllers

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 235 signal before it is
received by arbiter 350 within interface controller 120B, and delay module 34(}
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.



art will appreciate that other devices may be used to provide a del 2)@ %Zﬁ
8 APR 200 WD 01/ 33375 PCT/ US00/ 26875 According to one enbodi nent, d Ia@P i
nodul es 340 are configured with a delay that is equivalent to the
propagation delay across hub interface A For exanple, if two clock cycles
are requi¥Pdd3FYF ROB signals 255 to be received at arbit &~ T358%4% hi n
interface controller 120A (e.g., a | clock propagation delay), delay

dul e 340 del : ' I 55 I f t mtti it t
e & e R S o By FalfY S L P b 2Ry B b L% o
owner SNHPI01BHR ddfth PLIEAEE, the HIBaBSREH BERY Rloss el AN st gnal 254 or

an RQB sig s an arbitratfofl event. At eac itration event,

ar bi t er e 3HQpW, thivo tIBkRICK ales afoRtiglolekdeios RIDAsARR 25808 bexardined abot h the
RQA 254 and the RQOB 255 and determ ne ownership of hub interface

i ndependantdrBS>anditsinmmitedneoesitspllead 20d <egi bedclatopmpagatondealaypor t he RQA
254 and RB 255 sigpals to exam ned sinultaneously at. each arbiter,

del ay ﬁs@m%@ufy‘ ?ng:b ‘il‘ﬁé}’? HE&??‘%E%IS(%SHPPSICV%‘F%E etFAIFEM RRE HgOt he r equest

si gnal del. he si.gn 0 for the propagation delay incurred
bef or e f‘%é?%i%%téﬁ?%‘ &F‘gjézé%evcgg‘?@%ﬁgé%t her arbiter 350. Wien the hub

interface isarfltess 30earbitiste 16f owdetdtep of RabuRstfaeam. OThdgwastiseam agent s
to have its request signal (RQA 254 and ROB 253, respectively) sanpl ed

assert edithémst BUresgmap254 6r sh&QpsignehmrS anrd abuwrgioreeverdgertteachequest
owner shi p sinul taneous]y when the hub ., interface is 1dle, the |east
r ecent | JTR4ERUPE &Y ERLBTRIGENTO AN HE Tber e sontmilens L20A pad 4 2PP &% Bgr am f or

one, emhadh Btk SN RPALAKOAY Sl | DAELARS SORELLRL BF Rud2ALAL

i mpl ene & I-clo opagat I on rfface. At pr 5cess bl ock

410, a rREpeAHeRigRAH diultanef Ay O'ASUBLTibed EBEEE, iR Braér fRMhe RIBAT ace
controller" 120 to access hub interface A. At process bl ock 420, the

request 234 gnRQB 255 sigsrist tode w@manki senuBstequslaat éavherrbier deday rol | er 120
bR T ACLT R M T
cort oL s 0 L 808 Y B i S MR AGEAL0, 11,
sanme i nfRefRaateRabiM 2bitd285@m1 Welentthe hubaftirtdckes kileGkeditsl 6f del ay (e.g.,
one clock cycle) corresponding with the

either the upstream or downstream agents to have its request signal (RQA 254

and RQB 255, respectively) sampled asserted wins ownership. If the upstream

and downstream agents request ownership simultaneously when the hub

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

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

interface controllers 120 for implementing a multi-clock propagatior; delay

interface. At process block 410, a request signal {e.g., RQA or RQB) 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



7 2 8 APR 2004 WD 01133375 PCT/ US00/ 26875 propagati on del ay across Quﬂg p
interface A Consequently, the request signal is received at both ar hRe?rﬂg‘
350 intime to be sanpled by the sanme clock edge. At process bl ock 450,

arbiter O.mthin both of the interface controllers 12 rhitrate in
or der tgvcggl[%\r%rﬁ ne whet her the request wll be granted. AEC%H(%%(’@I’S? yed

above, the arbiters 350 arbitrate independently and sinultaneously. At

pr ocessphimaatdbOdelay acsosdelubriftaregewhi Chns@AMast ne ziegbegtfﬁgﬁal%mt roller

120 is granted access. If access is granted, thé requesting interface

cont r ol taseivga atPotbambriels 50 thuime it be $aopled, bipthecesse blboklkd470. At process
bl ock 480, data is é?ra‘g(sgtt d frﬁneét h(i_l,r%q esz‘i ng, interface controller
120 across h{i ATAFEEEARE U gRPisas A9 thinpogh pbihe inderfare ruralleds cont r ol
is retu - 0C, - not her request is jnitiated. One
of ordi {n%lf%béﬁ?f’ﬁl?‘i‘ﬁ%?ﬁg& gg{&ﬁ? “?%@%%&.ﬁ%é‘wﬁ%ét‘wﬁﬁﬁ&%sﬁ%d-a%&s 420 and
430 mydé&r%ﬂ%ﬁ)&%dtﬂé‘ar@it\éﬁiﬂEVerfrat@ihﬂcﬂ&f&menﬂ%r%heﬂﬁﬁﬁtafe%ﬁs%a”p' e, the

process disclosed in process block 430 may be executed before e process
i n procésprixess blarkcicOntttie datrminéy wipclocapeshhgdherfad Qoandlid3momey be
executed in (E)ar al | eL(. Figure 5 ia &eCl ock di agram of one enbodi nent of a
mul ti - cBGERES BFSFRgHACERSde BEN et [EefragitestingrOeréagrrantiler geingccess hub

i nterface i S t i rf\ace ntrol |l er 0A ri,ng .cl ock period
0. The %S&A%liogr]ljéﬁj %ﬁéﬁg%sgh%{&rggsc%ll%\‘}gé?@t APBPTEF %%5 ‘%lét HF% Pnterface

cont r ol ¢r8hsch BB #BHI thehRelk rdrfice corltbildrhy, RS 90l 4254 is not
recei vedr at arbiter 350 e\?\%@t ﬁ)ﬁgl ntiar%eacce coe?{t rglalcgc%%lZOAnﬁénr'?l %I ock

peri od dn BT A@5Beilhaccded myed ghynted| epntneldeiretuBA€d to peodss BRitktas0t he

si mul t aneous angd i ndependent . a%gi hrﬂ%ti on at both arbiters 350 occurs at

cl ock e‘dgéfez%n% EEFeHaS t5riathdad- efoadinagy skilbin the arpevallirecagraze ed

access .of I A i to trapnsmt _data to. jnterface

cont rol 3?9*11(%%@95%&(?%303(@?%0%2% ggpé&eﬁfﬁég}ﬁ }’aflﬁé' %’Ia@geir%mnot recei ved
at i nt elehacRcd0OMdreixkaiple 1RO Brofdss disdaeld iRglrbesksbiguesiPmayae ¢l ock cycle
propagati'on delay. During clock period 1, a R@B signal 255 lyo access hub

i nt er f anecltedsbefassthet prdceds inmprerdsaddododtr. oh ltematR@B:, pSubsedledksl y, the
ROB signal 255 is received at arbjter 350 within interface controller

120A, %@8%‘?3[%‘?‘33% siecHied njparallelace control ler 1208, during cl ock

period 2_ Acﬁg[‘ﬂé B Xclotcﬂedﬁé% bPBR2URbodiment of a multi-clock

propagation delay interface. A RQA signal 254 to access hub interface A is
asserted at interface controller 120A during clock period 0. The RQA signal 254
is not received at arbiter 350 within interface controller 1208 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 1204 is granted
access of hub interface A and begins to transmit data to interface controller 1208
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. Subsequentiy, the RQB signal 255 is
received at arbiter 350 within interface controller 1204, and arbiter 350 within

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

8



2 8 APR 2004 WD 071333375 PCT/ US00/ 26875 and i ndependent arbitration at
both arbiters 350 occurs at clock edge 3. However, since i nterface 28 APR 2004
controller 120A has access to hub interface A interface controller 120B

does not | n’S tely win the arbitration. Interface contr ‘% i A
mai nt ai n?(gg‘; ;’gl of hub interface A until the data transg'%: f@ﬁw#ﬁ&been
conpl eted during clock period 4. Interface controller 1208, however, is not

grant ed a%%ciﬂgigg{ag%agbarm@%ﬁg?boeﬁ HBlls Soogk REf A udIge a RQB st gnal

254 is not s easserted at interface control until clock

edge 5. HukRgr, lreeknprefdcedohirallat e2¢.a¢Rs ae@8s {ohligintéZAE: iAs ifieaRiced access
of hub interface A and begins to transmt data to interface controller

120A. Haweverler { FeB daeanpsimotediaeli wenl thg arbritrdracleterdormt qwittaler120B unt i |
cl ock period 6. because of e.ane clock cycl e propagati on  de]ay. Although
the predéfft MAVEATSGRNHY Ol%)g‘é‘}ﬁf 18%?‘?@@&““{]1’? ‘faéf‘ é@gﬁ%@qubhﬁﬁ e nterface A
bet ween o ]%fle% @Eﬁn%%&ﬁ%ri&{'@. of ordinary skill in the art wll

at e

appreci at'e rese invention may be inplenmented at other hub

interfaces (@n@rfadetbniitier1agB, Hwelut ishedt gromedalcasdb hastyinsdifhde i n the

art will recognize that the invention may be inplenmented at interfaces in
ar bi t r atA ontil sipsk gresiodhasinge aftDBisrgrial @84 o tisatrgrlédideasseRedsatr i ng back to
Figure 2, the hub agents r ov, ge 1‘2 éent_r conrﬁecti on  het Wee]n two or nore
separ at a"BG5E8 CARULHET bt Pnf@/ ek 688 ImtHiaE PEh PRTIRES: INtBJfaG8i ng the hub

e aSBEbybn AT RS Ricd REMTEY 140 AOALIR JdbdR o LARCAYPA ACCESS 15

provi ded between nponent’s” an ubsystem (e.

i ncr easqg iRRpA: dbRroREPI TNO] HOWERENGRNERa ianst leoMBEd at altepRye) I N
addition, the hub interface may al so inprove the scalability of a conputer

syst em (centrollenpBadntidcloch peaiddas bedkask 06 thapirat floeintyde prgpagatibn deskt op
pl atforns or workstation platform by providing a backbone for 1/0
bui | di ndl%?}bcks. To provide the inproved interface, the hub interface

7l o ATROE g 0% FERLER s ORI TRk b elonpi ons o
split -t RARSACE IA0Pe tVnOMT H 1IFORneXam 180, dheRE@aR1ary skill in the art will
appreciate that the present invention may be implemented at other hub
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 I/0O 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

9



9 2 8 APR 2004 WD 01/33375 PCT/ US00/ 26375 Packet is used to start a
transacti on and a separate Conpl etion Packet nay subsequently be ugdbARRGZI0
termnate a transaction, if necessary. Figure 7 illustrates an exanple of a
split transaction across the hub interface. As illustrat IR Fgure 7, a
hub ageﬁ‘toﬁﬁph‘al | y obtains ownership of the hub int erfaggTdylg%?/‘g itration
702. Following the arbitration, there is a request phase 704. If necessary

(e 9. RS (B840 Qlart BYHIILEGHENA of Rhafhil ERHHBATACKLOM,. 3 compl etion

phase ow t he request phase Prior t conpl eti on phase,

howevers,bbag draBpon didtbidnedmageteta trvhddctibhf $headsbatyr ate 706 for  ownership
of the hub interface. In between the tine of transmtting a request packet

and a corredjigndé Rglustortps et iesampac ket splortosssachen hatpssithefubce, separate
unrel at ed packets_may be, ;‘gansrri tted acros,s_tt]ﬁri hllélb, interface ilr.[)I
accor dantafaget mspllugeedintoguss det hub apert miially QrtgisWBEIBWP ioh mor e

det 3l | nERL AR il LG GRR0 T AollSRle dEdUERIa oM ARerT pheral Lo

menory, he” requested data I clogR cycles to

have 1 heqfalida0y4! & hReiabplagd il hecBeBpaliAmg pagksla (B 1 ng the time
it takes'to obtain the requested data, separate unrelated conpletion

and/ or tretpaestnpacioetsierian tphage Vo8 aviljfielimt phpeeqfest hbaddCH ridNto theay be
transmtted to the 1 CH 140. Furthernpre, as shown in Figure 7, each request
or conpompletionPhase dinetaretheaespopdiarRdiubaegani switharstarbrrated06mr writ e
type transac atla. i.s . associated with the request. For read type

ion
transachB’?fé,lt“pt ﬂiﬁ*‘é Wit a associated with the conpl etion. In sone

cases, ther | ; 11RO Ao 8L REt Fhd § nbhe case
where the cgrr}p éé%viegﬁﬂgggﬁle%@ﬁgaﬁgﬁgtclggne%%%%wg;cf éetcti veﬁ?%%?%f‘?lln git into

mul ti pl@neelenbeipaeRetresst the Hub intelifsdepseparateaneetared gackets mahbe hub
interface uses transaction descriptors for routing of hub interface
traf fi dramsmowted agsosstbatiubyinterfagean ageendapge vy thopredeterpiegeiqrdsr For

e SRS, It AL SEABRERERY, 4 o
accor dgpgGeWitding PgHdraNRImREM9C Blovidthg the requested data may take
multiple clock cycles to have the data ready to be returned in a completion
packet. During the time it takes to obtain the requested data, separate unrelated
completion and/or request packets waiting in a queue/pipe of the MCH 110,
may be transmitted to the ICH 140.

Furthermore, as shown in Figure 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 nterface traffic as well as idenhifying 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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2 8 APR 2004 WD 01/33375 PCT/ US00/ 26875 Furthernmore, in one enbodi ment, the
bandwi dth of the interface is increased in part by transmtting théfhéﬁ%ﬂmﬂ
packets via a source synchronous clock node. Moreover, in one enbodinent,
the hub jnterface provides the increased bandw dth despite_using a_narrow
connect i O &3>, I ess pins/pads). In alternative enbodi neftsVSohotEver, a
hub interface may be inplenented with | ess than all of the unique features

as di scussed gRGm ot LB  IBRALLNOUENOMA IS R SPRG Blodili fenvent i on.

Mor eover, theée I'nterface cou al 0 be use I'nterconnect bridges and
and/ or @hhessecOpsHTe By Srashiitiing e @athalRbtshea 8 sehfRSSinchridiaut departing
fromthe scope of the present 1invention. TRANSACTI ON, "PROTOCOL AND

PHYSI CALldchYE®Se. Mrregveat®pne karbodyinenhdéhdbbbiinteefdrageoi sledeber i bed in
three parts: trapsaction | ayer; a protocol |ayer; and a physical |ayer.
The di sﬂm%ﬁ%@ﬂ%@t%@ﬁpaw@g %Bmwreowcv@%%gﬁiﬁarm Pafsan
illustrative,rather .tha restricti sense,. gngis heref ore does not to
inply a part il%ﬁitgpaﬁlrvg‘é;rpﬁg%m enﬁ%ohcﬂ%%ﬁetr! ggﬁﬁl\]@ CW%}A R In one

embodi ngnl, | Gheh e WHR 1bRlBRHAADS thEnidReaRIkoBs HAYBEcHURRIEL S the
routing of separate transactions transmtted across the hub interface

(whi ch wighowratepasting ffronehescaperaf thadhetrgion. Rdiorexanpihe, hiniraedace

enbodi ment, the transaction |ayer of the hub interface generates

transactpeld alea briusearte intgramecthddgeransiand/ or eter Fepesestanithimt a
bt ween Cg e s R PR, R RS Bl om By 8RB BBRRRL T e

routing;Qferdifuests and data packets through the hub interface. For
i nstance, 1 n one enbodiment, the transaction descriptors support routing

of conpl eti on pABKENS AKSEIONOPRRE @e@ic ANDFTHYSICAJ biamased on
initially su%pl ied (wwthin a reguest packgég rouyt.i ng i nformation. The
transaction H8EEFIYPELFANLY 4B REPpntesfaceiy %&begd’éé KePaiheni ze

packet - 13k zgcitl%% llaQQ%;Ca p%’gtémlrlla);er??axbcﬁjg p@@/@ﬂtaﬂay%;’. The distinctions
between layers, however, is to be regarded in an illustrative rather than a
restrictive sense, and is therefore does not to imply a particular preferred

embodiment.
TRANSACTION LAYER

In one embodiment of the hub 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
intertace.

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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2 8 APR 2004 WD 01/33375 PCT/ U S00/ 25875 In alternative enbodi nents Btm 200
transaction descriptors also provide the ability to distinguish th(g

handl i ng of requests based on their respective transaction attributes. For
i nst ance, ransactlon attributes |dent|f|ed|nthe t act ]

descri pt’b(?é yj identify operations as |sochronous (i. 1[;%5@3@9{%63%5 t hat
nove fixed anobunts of data on a regular basis; e.(,., VI deo or audi o real
time operat 'hQ@&e)nzA&e&zrﬁB@&lﬂrﬁentEh@erFths@Et‘z&@esc@ tbdentd Ek@ﬂd@{h&he
transaction attributes, may be handl ed in accordance with a correspondi ng
pr edet eabnlnpdo dnsjmgmgh y:he)lttzmxﬂling of mqdeststasslippondir aespieetivéi ¢ type of
operation (e-g ochr ous I n one enbodi nent, the transaction

descri pfr@F‘éa‘ifHE] %ﬁﬂ% %Oéll%eéa“%? W%U?P?f’gﬂpﬂé’lﬂdlbaﬁﬁﬁ wendifed ipuhe field. In

alternalv 0 e ess _field dto r.oovi de one or
nore of tﬂg ﬁq{t}%‘cgl oni;&’tt(g%s ’f{ﬁﬁ ?‘1%&?1% SO :[éga%fDBPBS G- t% £tig8part i ng

from t heh%GARGe ﬁ&eaammgmaea ol B rBRSIaeBRALI BN ; ebhﬁzf 'Fgmln%' dis a
six-bit field used for packet routing, assovﬁhb oW in b The si ze

of the opetatiogsf)i Ak d,reasltvblopasatidre, agidonitifietiebyf iheltéansm@yiomary within the
scope of the invention. Table |I Routing Field of Transaction Descriptor 5
Hub | D attgbatgs; E@wwmr@dﬁ@ 1@@@Wfd|aﬁceram¥ea qorrespraseling psedétermenedut i ng

field are used ftor I ? t ch |d§nt|f| eg t he hub agent that
initiat B YHeP? Qﬁ%d@t? N Cfﬁ“%?‘?rérar?é’teF & YRR BbaPHEHRE (et provide a hub
i nterfagg-RigiAIghy exceeding 8, additional bits could be used in the

routing field. For exanple, there may exist nmultiple hub interface
hi erarchi es Lmoae esysidement, nthabiachactasedéheipagerhcladetthe fi@ipsoi the
hi erarchi es shoul d be capabl e of
routing field and an attribute field. In altermative embodiments, more or less
fields may be used to provide one or more of the functions of the transaction
descriptors, without departing from the scope of the invention.
In 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 i 0

Hub ID Pipe ID

As shown in Table 1, three bits of the routing field are used for the Hub
ID which identifies the hub agent that initiated the transaction. In alternative
embodiments, to provide a hub interface hierarchy exceeding 8, additional bits
could be used 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

12



routing conpletions back to the base of the hierarchy. In this cont P?:B?
"hi erarchy" consists of nultiple connected hub interface segnents st AE%@UL
from a hub interface "root" agent (e.g., a MCH). For instance, conputer
system 100 ~may_have only one hub interface hierarchy- Figure 1, however,
i||ustra\’“85°‘ﬁ?1%12 2 8 APR 2004 WD 01/ 33375 PCT/ u500/268759§§§ﬁ8‘?’e£23f
conputer system 100 based on nultiple hub interface hierarchies. In

enbodi mesxtasnpleplf eoBntitegsenéy 180 eaceduh milkigNné AGE ifteeihas &lbtardhidefgul t

value of "000" may be used in the Hub ID field. The remaining three bits
of the rasnbodignentelidpieryendngsaly a one ahtinfeyface hferndly, pideésilqueiies wit hin

a hub interface agent. For e the /O Control Hub may support
i nternaIOfU§§8( AXBE Ea?éngmegﬁg%h@)ﬁ%gst controller traffic and Bus

Mast er i | D .t ' ' el L As h, t Pi | D
Ty be used comamrea i et R B PPAALE AAuRRRL by SediRuenll (TalT o

i ni tiat adtdmadpipleey ghéuespiRBE a haven@ifater éﬁt.qiérre&%tﬁéth@ﬂd%my be
handl ed in accordance with a predeterm ned protocol. If a hub interface
agent ddesntmot Hubnpbeseppodepmraald)JSB{EnnalsyiSees] Big) sy cuseoledef aul t

val ue of "000" in t Pi pe field. Ln an alternative enbodinent, the

t r ansacttfa C&@Qﬁ?%@%ﬁ?r%%&hﬂﬂﬁ@ltmﬁc V¥hsearfieb eS| éisguchnthene

enbodi rihyte fi ' ee-.bit val ye [ specifies how
a tranrs?g Féﬁ%hﬁg?ﬁ% l‘g’ggﬁQWJ*‘gJag\?\kzﬁqgg%rrvé%Tgﬁ Iﬁ‘ll %t%r%é?“ydéﬁfﬁi:ecei ves
it. In Sﬁﬂﬁté‘c@ﬁgﬁiff&ﬁ@lta}ﬁ;ﬁésb%fa_eefd'iﬁér@nh@!tﬂ%u?es?ﬂﬁ& %ﬂﬂf&'@ﬂ%&ied%”and' ng
application workload, which relies on the novenent, and processing of data
wi t h specididancegutlr epeedateoniredieotoid f érahtb attengce spartatdesrrict i cs. For
exanple, the attribute field nay support the jsochronous novenent of data
bet ween 'AEIEEER! SCRATHEJRIPDPALP PRI 1} By HIeR ‘é%g@éitdﬁé‘éﬁ ekt®0ndn thasses.  Such
data no b (pgui rements need to be maintained as data flows through the
hub i nterface between I/O devices and the CPU nenory subsystem In

al ternative ¢nhadiifRnisve aftotinad, the apaactioand@tiipidiy FeShERhdned ude the
ability to differentiate between "snooped" traffic where cache coherency is

enf or cednbytritartdigld [ ore emblodpmget, Yhaatribntnfieldospedtectbiaivhlue, t hat relies
on which specifies how a transaction is to be handled when a target hub interface
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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sof tware mechani sns to ensure data coherency in the system Moreover,

anot her possible attribute would be an "explicitly prefetchable" hintf APRIN
support a formof read caching and allow for nore efficient use of the

mai n menpry ndwi dth. 13 8 APR 2004 WD 01/33375 Orderi| -

PCT/ USOg*?ééé/}*g’a}ﬁ'he transacti on descriptors can al so be uskgg@gh]dézﬁég?ﬁort
ordering rules between transactions transmtted across the hub interface.
For exanple, in one enbodiment,Otdensa®idlens W th identical transaction
descriptors are executed in strong order (i.e., first conme -- first

serve. ) Transaed {aRs iyl didclifirs QAR fB'd (B4l doBUl AL er gl attri bute

i f
fields, however, may be reor eregl W th respect tgpeac% gt”ﬁé"rr.l'il?—sor exanpl e,

in one berbeet MEimsactiGechiRou®d oAbk hUbSnaR ! FBeedatd b8 $hEong! ¥
ordered with respect to asynchronous transactions. In addition, in one
enbodi nembatimaend, Wabsdcoas atejdatdical ranseships sieomsptoas ergeterutdeih t o make
progress over reggiestfs, either_in the same direction or the opposite

di rect i GHOTRRGCE Gript 1215t 6Aer1 {03t AZFYied one direction are allowed to pass

read request s f i bt S Lrection., And,. . wite requests, are
allowed to p2§§hr9%¥§ ng'ﬁté#s&eghe%ﬁﬁégﬁf% ﬁﬂg bsugrgéffﬁfetné@ﬁrg’r‘i‘.te ?‘ﬁ? ternative
enbodi Megkseveh OMBY&e, rebh@eredd@ith ResPddt BSedPlothE ANSAHEINSe vl |1 ng
across the hub intferface, may vary within the scope of the invention. For
exanpl e embpdmenénbodinants taheadiudnsidit eolf mee torhel erenils orbereer @ahi ng

rul es provided in Peripheral Conponent I|Interconnect (PCl) (Revision 2.2) to
det er m ABSRHRELIT FHRC forg)ﬁ“éﬁ‘tfr?ﬁsaéﬁﬁ’ﬁé-s the hub interface in opposite

di rections. . e di t, the h i nterface uses a
packet - based ‘gr%{?tg% lbm%t@%nb%ﬁﬁeﬁgrsmgfé gggclI'(%tfz%fgc?’e&c;ag%éﬁanéﬁﬂssd%%I etion. A
request apagkehitiédl Ws@dké Progastioviuibqueter figes iﬁﬁﬁ@§ﬁ9te'cﬂfbc:i§ﬂgs}' tRk! ON
packets are used where required, for ~exanple, to return rea ata, or to
acknowl eggesitodpleetidpmnRetd cempaetionsyfhesirgf in awd dedticansaciticonsd (€. 9., 1/0

wites and rreBrDry wites with requested . .
pass read requests flowing in the same direction. And, write requests are

allowed to pass read requests flowing in the same direction.

In alternative embodiments, however, the ordering rules for transactions
travelling across the hub interface, may vary within the scope of the invention.
For example, 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 préfocol 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, 1/0 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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conpl etion). Conpletion packets are associated with their correspondi ng
request packets by transaction descriptors and ordering, as previoudl8/APR 2004
di scussed in the section on the Transaction Layer. In addition, in one
enbodi nent, the hub interface uses an arbitration protocql that |s.
symet ri ¥9Md* Y st ri buted. For exanple, each hub agent drivé&"™ 4?3 apr
2004 WO 01/ 33375 PCT/ US00/ 26575 a request signal, which is observed by the
ot her a t d+.h i o i s used, and
agont s dar v ey e aner Sh b oriRe Y e acast R I M cover . 1
one enbastentant, Nogrexpéigaskisfusedi 191 sganabieiesmin@dwrERaHis dfshe an i mpl i ed
rel ationship between the arbitration event that gives an agent ownership
of the imesiEradedenpandanslystart of that agent's transnission. In

alternative odiment, fram ng signals could be used w thout _departing
from the scg‘g:gre&f"efﬂé‘ qf}%ﬁéﬂn?e?%me HeO Efrti ot Hé“bﬁ%ﬁ@“atl Faesd- dSeBhSoccur s

when a i r : i rface.(e.g.. is in the
processgg?n{té]geﬁs;ﬁe?%ﬁrﬂ%?gg?ag, rtgg\égggletéaqfotns%eglﬁtt?%lg’(’?ﬁ g? RE%Tt er f ace by
de- assebtiritgsiaipt sfaheshtesi@pahd tho saddbtthaapéht’ ONgnsAMBRH ant, f1 ow
control is also acconplished by using a STC%’ signal to retry or disconnect
packet s altemnaty/ecasedieent, franung sgetedi towe bewseBacirbu Dedpattinigdrorhn one
enbodi nent of the hub interface, data is transferred at a multiple rate
(e.g., nﬁ%,s%?f? e BVEMO UL i nterface cl ock (HLCK), which in one

enbodi nent | pretelpancely I th ub agents, j pi ned by.the hub

i nterface. Ta—gggg‘t%a ispf%}éa%ggﬁﬁ ?’é%g%lgeg%csusr ymaeé‘t%ﬁggé?}tg}rgﬁﬁ?ﬁe?%ﬁfpof t he
hub i nbarfsane intebfaeh (h1as i thelproidsa e tandbdittirgf dSMB RAVES itOfodwe (€. g.,
8, 16, 24, 32.) As a result, the hub interface may have varying data

t r ansf ef Yreantgréadethede-agserting atnegnesteignal dilhsiddidepgndimeg upon t he
transfer rate and the width of the data ignal, path. For exanple, in the
Case. of “EHOGTGRRL AT CHRGP ST GOT HIARAS Boauns ATHOR Pigmsl & Tkt h i 5 32

Ut or Pobr SCinnd kR is QUGB [Tt DRELAARSEGY Tar e andfor the

interface e data sign e transfer wdth (i.e., nunber
of byt eBadkeaamdéfenitash per HLCK) can be scal ed.

In one embodiment of the hub interface, data is transferred at a multiple
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.) Asaresult, 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 (i.e.,
number of bytes transferred per HLCK) can be scaled.

In addition, in one embodiment, packets may be larger than the transfer
widths. Asa 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).



In addition, in one enbodi nent, packets may be | arger than the tranig
wdths. As a result, the packets are transmtted in nmultiple sectio @E&ZU,M
packet wdths.) In one enbodiment, the packets are divided into packet

wi dths the size of double words (32 bits). 15 2 8 APR 2(1},94} SW&:}.’LBBB?S
PCT/ USOOP2687551 n the case of a 32 bit transfer width, the bytes of a
packet width are presented on the interface starting with the | east

si gni ficant by %cép%wﬂagibmﬁansffém%hnﬂwe H’t@s Bhﬁp &t vpi@Rifd cant byte
(byte 3), as s elow in Table 2. case a64 bit transfer

Wi dth (egented o8i thiedarerfrce sWrdﬁcrlvmttblﬂhatEGSHSIOﬂDfchDU@))te (bhe 0)esel significant
doubl e-word (packet width) is tfansferred on the | ower byt es of the data

si gnal f{résiing wm[tbemqstamlﬁmtrw@ bs}itgn fassharrdaiprdnwmbde RsIn

t f d L1 el { f ot | .

|15 1yhe Fhee Of B! Biaipnde wrBndf o 96 ﬁe%ﬁvb‘?w?po»nﬁa St aimang by U
Transm,ggsij % ﬁEarqu&i 18186, @kﬁt‘@; Q?ad/é’fg&ﬁomgc%%%? sLayer of

the hub Interface 1s so respons ram ng such, the
fram ngfrkéastd ﬂgh@h(%rg eBDRY: 7)) hen e mﬂtefjgﬁﬁ&adeﬁbﬂlelehﬂmdﬁs map one or
nore packet widths onto a set of transfer wdths. To sinplify the parsing
of packearsfemed ipaskaiel wmdhhyppnenbgr@ ddrthedetrengnafeghd’ E g]r)t dhtace, the
following three framn s are |r'rgl enented: a header section of a packet
starts B ?’WénP]iePéfQB}Vg‘@”g’F ViR &RlEer width: a data section of a packet
(if present) starts on the first byte of a transfer wi dt h; and a packet
occupi es an Tiablegdsite Transmission Qrdasfer8 andiRBit frtpriagaWidthe tr ansf er

wi dt hs not consunmed by a packet may be filled wth a bogus double word
(DW trfansm ssion, and wll be ignored by the receiving hub agent. |In
alterngtive enbodi ments, nore, less, and/or different:. framng rules may be

lésidpgyz'(t)g?%l@&?éer acefw f\hin: the SCARE [Of )t'h_e\E)ée_m’Ll_nventl on. 16 2
PD[7:0] ﬂﬂﬂﬂﬂﬂ ; PDI7:0] _Jol1]2}3]
i15:8] s fe])

8 Bit Interface 16 Bil Interface o113

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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PCT/ USO0/ 26875 Table 3 and Table 4
the framng rules given above for
Tabl e 3 Request using 32 Bit Addres
of Data 4 » 3rd Byte 2nd Byte
Fi rst Byt“ségog%g;ﬁ’sm tted Transmtted
Transmtted Transmitted Transmtted

PD{ 15: 8] on Pbpizten} and Trblers §it forthRB] G O lusira RRYxE;

5| Byte te
Data (Bo
Table 4 i Bit ,, Add

of Data AfhNe RsRPbe L BARAE
First Byte Transmitted Transmtted
Transmtted Transmtted Transmtted

S

S

set forth below, illustrate exanphes,af
the case of a 64 bit transfer w d?ﬁ.ﬂpR 2004
si ng and Cont ai ni ng Three Doubl e-words
First Byte 4th Byte 3r _Byte
Transmitted Transm tt&f%g%é%IDt ed

on PO 15:8] on PO 15:8] on PO 15:8] on
leByt ghelirhmiByd e 6 1 Byte
Address (32b) Second DW of

11 Byte O I

| Byte 3 | Byte 2 1 By . )
b‘ﬁ?s S)V&le“i:?ettﬁj’ee 07 thaerse CEiarﬁélthDWaﬁewtléthrhi rd DWof Data p | | |

and..Cont ai nijng Three_ Doubl e-wor ds
ta"@?‘é“g[’fW“Syﬁére@rlaoBl}'i‘é‘WGS Byt e
ofismtted Transmtted Transm tted

on PO 15:8] on PO[15:8] on PD[ 15:8] on

si.n

PD[ 15: 8] ron—+P8t70t+-on—PBF+~6}—o6nPB+~0]—on PDO.7: 0] Byte 7 | Byte 6 1 Byte
S | Bytej 4 |4Bytee 331 BByt e2a@Bhe Bytrg@bie | Bydye 0 do eMIAr e8ss,(31r2) RRQuUest
Header (BogU?f@_5 ) Aﬁé{)‘ﬁ g &8@‘.‘"3@) TrRapitttd OO Datralfr rsdnsiisofanbata ( Bogus
DW Thi rd DyV%ﬁe liaal% : eﬁUégﬁ:“ﬁBHR&’ L P%f‘cﬂ?é’t‘” hefdEr0l f o PRt f o
request packets. accbrdi hg 85 ohe B&ibbdPifent | Y 2shbwivibkel bweiwe Thbile 5
and Tablje 6. In the faxasgl@sbshown i n |Tables m%@gsleeéJbﬁ Paseq'ge der is
one doubl efword, Wt gdr 1 7 omat—dpubte=——wor-t—-equ-red—for—32 Di t

addr essi ngmggﬁﬁg i:Tlsla{‘ar‘iﬁlll‘\l e-words re ll_lrlsi’ WHO!fQﬁtat he 64 b|t

addr essi ngl nmode. ThelBqaisdsWdf the headers, asThmd®W bhDFabl es 5

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

of Data
| .
4th Byte 3:d Byle 2nd Byle First Byle 4th Byle Jrd Byte 2nd Byte First Byle
Transmitled Transmitted Transmitted Transmilted Transmilted Transmitled Transmitied Transmitied
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? | Bytes | Bytes | Byes | Byte3 | Bytez | Byetv | Bytep |
Address (31:2} Request Header
{Bogus DW} Address {63:32)
Second DW of Data First OW of Data
{Bogus DW} Third DW of Data
phr2

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 departing from the scope of the

invention. For example, the header may include additional field, less fields, or
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6 are described below the tables. In alternative enbodi ments of the hub
interface, the fields included in the header of the request packet r6a¥PR 2004
vary w thout departing fromthe scope of the invention. For exanple, the
header ude additional field, less fields, or 17 2 4 WO

01/ 3337%@1%%1) 0/ 26875 different fields in place of the F?ﬁﬁﬁ&%ﬁp

bel ow. Moreover, the encoding of the fields may al so vary w t hout

departi ﬁgff@'leﬁmﬁlek@ wgopee of thetfeel il nolow n@ﬁiO\’Tab’[caeé\fﬂeqlumemcd?hngeﬁ Header

For mat f.or Addr essi n Las te Trans tted st Byte Transmitted
ey 00 26 065 ey S u 3h6 3 et i@olfsorrﬁ 4605 G ANeINYENGan 10 9 B 176

543210 Bass ;g\qggﬁ&%t‘ﬁg gﬁq Format for 64 bit
Addr essi ng Last eByte ransmpl'ftelge iIrs E‘a ansm‘??{:e&m’fﬁl 30 29 28 27 26
25 24123 L%sgnﬂZJr 0,49 18 17 16115 14 13 12 11 10 9 8 I' 543 210 Base

TanSmLie st.Bvi Tr:nsm

32 bit S HE z%cagiﬁtn@e@@n?ngu s G 90, egCh LS, The Transaction

J
Descri ptor Roufing an I'el’ ds “as preV| rq/ cp cr
Request a\r\ re—tdent h—& ard—eorpl-et-on—packets with a
VoA 7 f ct g TM S Y
1" in (s afff“é:@';:‘c P Sé,tcg,on ¥ efefii” D“‘f‘iu #hPY) Lr”y%aé('rTBF’éitEl skequi r ed
("0") r"gdr[”“‘d (-0 —or—Wte— (3 )—Fhis—H-eldilndicatesif_data wll be
i ncl udeld*Wth a conpletion (read) or a request S ddress

Table 6 Request Packet Header Format for 64 bit Addressing

Last Byie Transmiticd First Byte Transmitted
31302928272625 2423222120 191817 161514 131211309 8 6 5 4 3 2 1 ¢

rg fr/ jer |af Ik |Transaciion Desc.  Re-  [TD Awr  [Space |Daws Length (DW)  |Last DW BE [i“ DW BE

cp |w Routing Field served Bus

Addr[31:2) R lea 32 tie
component

Addr(63:32) 64 bit
compongent

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").

t/w Read ("0") or Write ('17). This held 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°).

18



(wite). Address Format (af) The addressing format is either Inplied ('0")
or 32/64 bit ('1'). 18 2 8 APR 2004 WD 01! 33375 PCT/ US00/ 26875 Lock § AR} 2004
Flag to indicate that the request is part of a |ocked sequence. Requests
and conpletions in a |ocked sequence will have this bit set. Hub agents,
whi ch dd¥OAb#33¢bnprehend 1 ock, ignore this flag and will F?Tmsﬁ%ﬁéh field
with V. Data Length The data Iength is given in doubl e-words, encoded such

t hat tgleeqr}(u(gp)er of doubl e- W?%aqsto 1§Bg§§e§%§§%éﬁqu8§ﬁs%aytsollmcfckgif”ber Thus,

"00000 esents one doublFe-wor sel ec

destination space type for § en"c@CIHé‘ lt.testsl Ind gﬂ@ﬂﬁisrﬁﬂﬂibocﬂééﬁ bl e
destination spaces include nory 0"), and 10 ("01"). 1st DWBE Byte

enabl es for the first doubl seqmmde@fxllérnyenbladblmt Hul:tzegereq,uebtchtctn Menory
or 10. Byte enables are active low, If there is only one double word for a
request, this byte enabl e ff‘@’l epmprehend logh, ighere tgy AeAtwili s || egal
to issue a nenory or dlgfw %,te request with no bytes enabl ed. Last
DW BE Byt e enabl es for the H6ubre-word of any read or wite request.
Byte enables are active low_If there is .only one double-word for a

r equestDatariengthel d nust béhe Aata lepsthy iseian )T‘ de‘y}?]é AT 5CPRSA be
Th| field use W th %Qccftal cycl es

di scontiguous (e.g.: "0101" SV
since it overlaps the " Specl2 Clh “'Ey&l'f emfimlCDSdP det 1| el gio s represe
one plus this number. Thus, OOOOOO represents one

double-word.

Space This field selects the destination space type for the
request. In one embodiment, possible destination

spaces include Memory (“007), and 10 ("017).

1st DW BE Byte enables for the first double-word of any read or
write request to Memory or [0O. Byte enables are
active low. If there is only one double-word for a
request, this byte enable field is used. Inone
embodiment, it is illegal to issue a memory or 10

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 thereis
only one double-word for a request, this field must
be inactive {“1111”). Byte enables may be
discontiguous {e.g.: “0101”). This field is never used
with gpecial 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 15 included

13



Addr[31.2] The 32 bit address is generated as it would be on PCl for sane
type of cycle. This double-word is included 19 2 8 APR 7004 WO 01/ 3338%PR 200k
"PCT/ US00/ 36875 for the 32 and 64 bit addressing nodes (but not for the
implied sing node). Extended Address (ea) Indicates dr essi ng
('0") or%gg{%ﬁt addressing ('1'). Config Type (ct) For coﬁ% g%ﬂlg

cycles only, this bit is used to indicate Type O ('0") or Type 1 (' 1 )
configuration cycle type. Bgeals® £obi U RId o8y &l s\l nﬁt' pays  be
performed with 32 bit addressing, this bit is over appe t he

"Ext ended Address" bit. Addth&é8ngHidddpeessaddiresie}bits for 64 bit
addressing node. This double-word is included for the 64 bit addressing
node. CprpdeiddondBaskats Thenhradarsof o i

according to one errbgd?;}rrentn ﬁségﬁomﬁ{g%a%e&vgﬁﬁ% ﬁg&éﬁgtgﬂdgﬁ% é?Tbodl ment ,
t he header is one doubl e-wdt). The fields of the headers, as shown in
Table 8 are described followng the table. In alternative enbodi nents of
the hubContierfgseicthonever , Foheokfihtion A& 'léé%‘ﬁ i&?&‘?a for a

conpl etion packet may vary w thout departl ng e scope of the

i nvention. For exanple, thelﬂrréaaker‘l“ypaey[)(ﬁc)loudqp@dd(lt emaﬂ, diagle, | ess
fields, or different fields |n pl ace of the fields as descrlbed and shown
bel ow. Moreover, the encodi RECI8ftyRhdecpesaernfiguration cydeywilltahoays depart i ng

fromthe scope of the invention., Table | eti,on Packet Header Format 20
28 APR 2004 WD 01.133375 P ?B§H€f’é’é’€7‘§”h?mf3§%‘ér@??‘&ﬁ’sﬁil% PEdSFirst Byte
Transmtted overlapped with the “Extended Address” bit.

Addr{63:32] 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 a 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 § 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



31 30 29 28 27 26 25 24 123 22 21 20 19 16 17 16115 1-1 13 12 11 10 9 8 17

6543210 Transaction Desc. ~-,llk TD Attr Rsvd Data Length (DWj g APR 2004
Compl etion Status rq ii LR~ cp w Re- served Routing Field ed Transaction

Descri pt Qr ransaction Descriptor Routing and Attri but Lel .as
previ ouslg‘iloébgéﬂ;ssed In the Transaction section. rg/cp Coﬁ%vg%@ggf%ackets
are identified with a 'I' in this location. r/w Lock (1k) Read ('0') or

Wite (' 1'%p«8FfRpsmfd eld indicates if data wll be imechudesumsth a

conpl et i 8in30(2 ead) 2606 262y BQuUestS 15(Wd|tse) 13 Fliage ¢ & pndicate thato t he
A £ . Rocnrioct o 'Dnd CQW“!_e.t_l_DnS I n a

Al PP

conpl et i pr-s—part—of —a-toekedr—seeayence—Reguests—ane AP
| ocked ﬁe:égfé;gga Mol ;O‘%\s,/ce (i bit ) "‘%énegﬁt(s,) MATPEHe a8 Yot tonpr ehend
| ock, i grere-this—Heag—and—wH—+—thits—Feldwth Q. Datal Length The

O +

|
data length is_giﬁeg i.n doubl e-vvolrd , encoded such that the number of
doubl e- whFSAFapR dESFHRWT s THR rpnsActioniLResptiptrrRowting and gooobote

t doubl e- d. . | et St at, | ndi.cat l.eti t at
represent s one doubl e-wor d. GoIPl.et 0l Sy A0d S T SURlSL on status
section.
rq/cp Completion packets are identified with a ‘1" in this
iocation.
r/w Read (‘0") or Write (‘1"). This field indicates if data
will be included with a completion (read) or a request
- {write).
Lock (1k) Flag to indicate that the completion is part of a locked

sequence. Requests and completions in a locked
sequence will have this bit set. Agents, which do not
comprehend lock, ignore this flag and will 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 Statiuis Indicates completion status using predetermined .
Reserved All reserved bits are set to ().

In one embodiment of hub interfage, completions for memory reads may
provide less than the full amount of data requested s¢ 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.



Reserved Al reserved bits are set to '0'. in one enbodi nent of hub

interface, conpletions for nmenory reads nay provide |ess than theq’ IM;R 2004

anount of data requested so long as the entire request is eventual @/I

conpl ete wi se, conpletions for nenory wites may indi hat | ess

t han theq«g)n(%I 5%’ request has been conpleted. This mght be ggl%eSGP’ 387&“ sfy a

particular hub interface |atency requirenent fora particular platform

91 2 8 APR 2010 Dt idh, BR3T7 EqRed tHSO I RBAEZohipladeh ftheinitf29: g, beguest t hat

requires conpletion, the initiator, in one enbodinment, retains information

about tr?éﬂb‘éﬁé]wf r%ﬁi%ﬁ"f@r@ﬂi@%&hﬂ@dm requeshufhieh rody bhstdmitihat i ng hub
may include. the transactjon

t. E t hi f t
Sgggri ptbgj:ff exaﬁgp‘gllgé aé‘llnitl ?)%eéor miIie!t Drled‘é%@?at snerEaiommant sckda on, etc.
Fur t her g ¢, E@Qafﬂ%ﬁ FRELYLRY HBS;s mk&ga&“&%q\ LhguLnbbiaeor ches the

conpl etion orr'es | ng request mul tiple
conpl et iiaftsmdthh, iefd. tP@xttﬁénﬁ@@mﬂeatr@selaufgoﬂﬁtco%plkhsn 1 ReGR t&f ed for
the original request until the original request i's fully conpleted.

| nt er f ageatahps threafccvmplam(ﬂa&kbﬂh@cms@ﬂdﬁngmeqtea‘sboth thendaselof t he hub
interface, en the interface.is idle, the assertion of a request from
ei t her AGBIL Qg%ﬁ‘? RieRY dle Fytiotos acaeifaieea F@Uﬂb@fﬂé‘ﬁdhtédoml%tlemfor ation

cvent.  The obigieh /AGE0L L BOUESS, Mhos QwneEsl Do the Tnterface. If

agents reque Si nmu neoust rface is

the I east recently Servicodpubraa0anbiien ahf I%Qﬁeﬁm%_r%e all hub
agents track the least recently serviced status (€.g a stat us flag of
an internal In@@eﬁmbodlmwtafﬂbe habiineroboghornhe irabifecanatidlee tisg bi trati on
routi nes nay. used WI hi n the scope of the present invention. Once a hub

agent aléatfir 8§* qfl"n’ereﬁ\‘ldﬁ'éﬁv EAMPiHer QE?PéF‘P%%Ctqu fO {9 Intecdeciifue  to own the
i nterfacs Uabldd L aCORRRhR eht STRE APGAGERPR ructPliks 8021052 gd, time

interface. If agents request ownership simultaneously when the hub interface is

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

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

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.

~J
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bandw dt h expires. For exanple, in one enbodinent, a tineslice counltzer S
provided in each hub agent to control bandw dth allocation and to | il % APRIR0!
agent's interface ownership tenure. The tinme allotted to a hub agent (i.e.,
timeslice v may be different or the sane for hub inter nt s
attached‘gpc?%?ﬁé sane interface. The tineslice counter isgggg[&tg(g“ 3‘pon
acquiring ownership of interface and counts hub interface base cl ock
periods. | n On&UEnBalLFEHES 2B g AMINHO Serbraticn feestpohsibhhesfafe nanagi ng its
own ti rBee%I ice.allocati one enbodi ment, a tineslice value

on. . As sugh, i
may be BrO§FAMMEAR Aaa’h‘iijﬂg?lﬁttﬁﬂ‘%\ége HEhMERA! FEgiPatketsf dheeaemplat er f ace
i h iNYbtra ek PR . 375, PCT/.US0Q/ 26875 Fi S
Tk Mottt O MO R QU L o o

illustrates an exanple of arbit e het ween hub

agent Arahdnagend idBeaMbrebeed, hated é{anﬁ)ﬁl_etild\@stpﬁﬁﬂ,e%-m@?%cﬁ)ﬁﬁﬁpilng a
il Iustrat&f arbitration out of an idle interface state, with th& interface

then réXudain dgpnséeriapde with eighebit data sigeabRidppathi lAgestt rgtiadhe t he
interface_is Uﬁ' n d4x data transfer node with eight bit data signal (PD)
pat h. A&éﬁ?‘%";“ﬁq{aﬁ% R Figed 19 thedpesteeently mrgmfg (BIRS)2gent Avst

tl i Ul t t A ts it t |
Fequost o oAt BT Ry Sk e n T B IR e AT Sestiined: el gnal
(RQB) othelAgekt BigRquesiiined] (ROBRWIEICe 1 hgﬁg%!@%o%ftgrﬁe starting

packet transm ssion off the sanme edge. In Iment, there is a two

cl ock dénzyivisebefcse stating pasket tranbromsian off the. sanstagdiged. r om Agent A) s

avail abl e i n?ernal I %Cliég t he ilecei ver (i.e. , Agent B), starting fromclock
edge 3. The ?ngaeﬁg PERbISEE] |§ v wWeckidaliyerafpredbegoms mitedstata and
requireg d o Sa s i:1, e Ax node, The seco packet is
t hree dgu%fvgtagfﬁg%%%#%g,a&éﬁ%ﬁ?i&erg?\%h%é eraﬁ?l?’%rs(‘tehr’g%erﬁ e clocks in
the 4x swdeng Frow Raktadye J. MMionfrse PROREALIstPHRT So 8- e JLidd ed or

di sconnected by a receiving agent due to | ack of request queue space, data

y
buf f er 3paSE4 apd regrirepte basegooksto trangmi ietbodi mode. Fhovecoadt rol is
| i . usli T
acconp fﬁ&ee is'tHred d%ugle%ords 806, 808, and 810, and so requires three base clocks

in the 4x mode.

Flow Control

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

Figure 9 illustrates an example of the use of STOP signal. As-llustrated,
Agent A asserts its external request signal (RQA) and samples the state of the
Agent B’s request signal (RQB) on clock edge 1 (which is shown to be inactive)
before starting packet transmission off the same edge (e.g., clock edge 1.)

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

illustrated in Figure 9, at clock edge 4.
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signal. Figure 9 illustrates an exanple of the use of STOP signal. Agtﬂ I
illustrated, Agent A asserts its external request signal (RQ@) and ar%ﬁé@
the state of the Agent B's request signal (R@) on clock edge I (which is
shown to be inactive) before starting packet transm ssion ngf tgs%_sams
edge (e.%y00183dek edge 1.) Following a two clock delay, tR&ETERPYE™™
transmtted fromAgent Ais available internally in the receiver at Agent

B, starting Ihf[; gg}jﬁ&&‘ﬂvﬁgﬂgu%erékﬁp AReD §g§$ldéH£%@Es Flofh Fg@‘;hﬂ% aro%ﬁ?.tcpg ,?I)

data transm om Agent A, 1s the fi opfor t uni or Agen

enact fhawtreendwokrdyp a$sies STOY sidieal STi0ResdlgnBe exéfangel| fabhahed in Figure
9, at clock edge 4. 23 2 8 APR 2004 WD 01133375 PCT/ US00/ 26875 I n addi ti on,
when owpeeddiepmitedrmuribgnal clohksh georérven iomnaembadienent; the SHoPher ,

hi | .th T i |l will b | b ! f ol i
R ARSI EE R EIE T
i | { I i : t.qQ, & i_nal_ .t f f
Sl GBI o 3Pl M SR SEBIIE o bl anster ©

si gnal ) the $TEPSISRa1SE 9idipldcBeSATsE HIRRCHDRAELrC FACKT x HOWRY e STOP a | X
node, the STOP 3Bignal i$ sanpled each fourth clock (with the beginning of

a transsighiabis saeiplgd easkdoashalackf(ertnthe hegimting dfal fravdangohveirgecept i on of
a STOP signal, the hub agent that receives the STOP signal determ nes
whet her usgd aag referencedeiditing addi tional packets. Figure 10 is a flow

di desciihi t f . h t,jyn, deternni
whother it ko P Bed M rRRToR S AT r B LD PR s r oY o7
accor di 5g0irosi RS SRR IR hethBr ﬁ%g}i&%er@dmgad@gﬁ@ﬁali&keiss currently

transmtting packets receives a STCP signal. I'n respon in step 1004 the
hub ageRhigurkdD is edkiw elSagrhen Sd<Pibisg Ymadtepeperfnimed hyfa hhle agehein agent

(which activated the STOP signal) is. requg(sti nﬂ%ov\nershi p of the
i nt er f ag &terBYNERWNEHET d hBay TR EY SR08 NgybReeket dglewing wegipdiof @S THPP rROB. ) I f

the reci.pient of the ST i I term nes that the agent which sent the
STOP siﬁ'gﬁnfggor{gbgé%ﬁggteﬁ%%g?shi p of the interface, in step 1006 the

In step 1002, a hub agent that is currently transmitting packets receives a
STOP signal. In response, in step 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
gurrent owner determines if ite timeslice has expired.

If the timeslige for the current owner of the interface hac expired, in step
310. the current owner releases pwnerghip. If the timeslice for the current gwner
has not expired, the current owner may trangmit 2 pa glegt with an atribute 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



current owner of the interface may attenpt to transmt a packet fol l?ﬁd rﬁﬁ
recovery fromthe STOP. On the other hand, if it is determ ned that PR 2004
agent which activated the STOP signal is requesting ownership, in step
1008, thg, nt owner determines if its tinmeslice has q;tair .ghf the
tinmesli cgof@%%ﬁe current owner of the interface has expire ,msl%ﬁf'%st’ep 614,
the current owner rel easg}; ownership. It the tineslice for the current
owner HESTYEY BRpfstethatfrae Sgen &plriegvinahe pegsent ansition spatdetian th nn
attribute that . ifferent fromthe.interrupted packet. Mre

speci f i ctglFIPG?ICidn&:tthgpcuﬂe)efg,owtw}Fé S?SP%%WESWH& eﬂlétt%gﬁit%”?‘fteﬁt has a packet
W th a attributge tyRent S@het 306 6188 £0Ec24 2 4,0 01/,33375

PCT/ US00/ 26875 from any packe?s t hat Easle t‘)éte}ﬁa'r%el? rri%g‘gaftﬁmflﬁ% Be&dent

ar bi t r atlild# tsessient fivrer mayt fteerpet todanimithRe GUEKANORBAR]seSiHLNUTr €) ,
which needs to be transmtted. If the current owner does have a packet with
a di f f ercEBterd Oy MeEease pwaresghip td1ke tiferface:r ent owner may attenpt to

transmt the packet. QherWiE%Yglgﬁ iﬁiﬁg gvvner rel ease ownership of the
i nterface. PHYSI CAL | NTERFA i , the hub interface

i mpl ements a [AY GRbodMET 368, at_a hase fr ency of

ei ther 66Nz or TOOMEZ. CX her frue%ﬁg%ré?%g%&gﬁegﬁss@jgéslﬁglelﬂ?eq'kj €addi ti on,

in one eidogfiarends,attiitaspligiuenty bNeiendosEMMSas 1BOMIQHT ERRSYAEHY, (SS)
data transfer techni que which c)z;m be quad-cl ocked to transfe? a %Lsat 4X

of the Badealsabe yiedr flaedditiokn ons enbabnlent, the pdiyseabodesfest usddavi ng an
S-bit data interface (e.g9. , PD) operating at a base frequency of 66MHz or
Toone. alise B h Rk s dhd et G e duE cumiah cNBbE Fiigr-doow ' may be
achi evegs,nk I ' . epbadi t.. the hub interface
support grag sﬁf&!t%géggY@%?é;lE%’?%%ﬁ%@%ﬁg@&aﬁﬁa},Sﬂbgsr ggﬁgﬁh@é‘rﬁvgﬂ’g‘ﬁ?%ty

met al - okbdmgsanBdandaatinterfaee cp@.gs, PI@YSatisg gﬂﬁbia&gf-ren{;&r?(gf Hd tive
enbodi ments, however, the interface nay operate at alternative frequencies

and/ or 8 LeYM&IF aebasidreidthi af 366 megeby ks ger secoudofN Bés var 400MgB pandiyi dt hs,

and support,.alternative operating voltages, based on alternative signal
pr ocess?gafh\ﬂv?ﬁb{?p%bv ¥ing fromthe

Furthermore, in one embodiment, the hub interface supports a voltage
operation of 1.8V, and is based on complementary metal-oxide semiconductor
process (CMOS) signaling. In an alternative embodiments, however, the
interface may operate at alternative frequencies and/or alternative sized data
interfaces to provide varying bandwidths, and support alternative operating
voltages, based 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 bug (PD
[7:0)) with a differential pair of source synchronous strobe signals (PSTREN,
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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scope of the invention. External Signals Definition Figure 11 illustrates

t he physical signal interface of the hub interface between two hub A§&PRI004
according to one enbodi nent. As shown in Figure 11, the hub interface
physical interface uses a bi-directional eight bit data bus éf 7: 0])

with a d¥Pl&P&itial pair of source synchronous strobe Sigh&l S%—*’?%@N,
PSTRBP) for data clocking. In an alternative enbodinent, the interface can
wi dened syRonrawaspitmbeasg stlo WU TRENg RUSTRBP. aM@ddi 64, onah Licghtypit data
bus (PD (15;8]) can also be used along with an additional pair of pair of

sour ce 25EOETKPR vOGATeA D) 383 PR RETYAWSdbL 26845 synchronous st robe

signal s (PUS;RB?, .PUSTRBP.%.dIé/Dreov r,,in an alternative enbodi nent,

uni di r ect i onal' “§at 4°%1 gHare! %flﬁ“ﬁ@f%é@a@ﬂl%@ﬁm@ﬂn@ﬁs edfle agANdiar ect i onal
ar bi tr aty i C >h: t.her ,.and a

bi - di retgﬁ)gtnfzélrgg 4 @Q&ﬁﬁ §%§§‘£‘9‘§§“”‘J§Z‘%§§?@i1%5$€§§§§be?§'68 BHt& ol data

flow, asgpnen austyl dies ﬂd@&@-pr@ﬂi@u&iyﬂ@kribéﬂ.eW@&ﬁoﬁ%gﬂﬁéﬁacé fehyde the
systemreset (Reset), common clock (HLCLK) and voltage referencg Signals
( HLVREFnclinde feg $ysteingieaets(Reset) eactmhulolangd LJIZCOR) vbhagatefrdrde dri ver

out put i.npe he appropriate valu o conpensate for manufacturing
and tenﬁ’g?@?mg%‘:;t ﬁéﬁggl;rség%ﬂ?% rieqgh Eﬁéégerﬁh GRYET )taimetdiad s shown in
t he int gy ul i i : further described bel ow in
Tabl ¢ 6o e e et o Ge8 4t o ork L Buc ' biRer TR "t he i gnal <

i ncl udeshanufidiariplysid &imparagifeatiatins wad ¥switdoytd. departing fromthe
scope of the invention. For exanple, the physical interface nay include

more, |ess of heiphweicehsigmialprakiosviviay tiergtef faoeniliuntrase g inaFsgiseomrurien  Fi gur e
o R L st R s ° ™
interface, the signals included in the physical interface may vary without
departing from the scope of the invention. For example, the physical interface
may include more, less or different signals varying from the signals shown in

Figure 11 and further described below in Table 8.

Table 8 Hub Interface Signals for Eight Bit Agents

Namne Bits | Type | Cloc | Description

(Pads k
) | Mod
e :
PD[7:0}] |8 ASTS' | SS° | Packet data pins. The data interface when

idle, in one embodiment, is held by active
sustainers at the last voltage value to which it

was driven.




PO 7: 0] BASTS' SS' Packet data pins. The data interface when idle, in ogﬁ
enbodi nent, is held by active sustainers at the |last voltage value t AR d#i
it was driven- 1G 2 8 APR 2004 WD 01/33375 | ASTS SS | ' MJS90126875 PSTRBP

ECS:TRBN R%%T%TOD HLCLK RESET# I | 11 I 1 ASTS1/0O I/OéAtSiTrDQ"SAOIZ!SS'I?S CC3

PSTRBP |1 ASTS | S5 Negative PD Interface Strobe (default voltage
level = VSSHL) and Positive PD Interface
Strobe (idle voltage level = VCCHL) together
provide timing for 4X and 1X data transfer on
the PD[7:0] interface. The agent that is
providing data drives this signal. PSTRBN
and PSTRBP should be sensed fully
differentially at the receiver.

PSTRBN |1 ASTS | 5SS Positive PD Interface Strobe, see PSTRBP
description above.

ROB 1 1I/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 66MHz2 or 100MHz. This provides
timing information for the common clock
signals (described further below.

RESET# |1 I CC Active-low reset indication to hub interface

agents.’




cc NVA cc Negative PD Interface Strobe (default voltage |evel = VSSHL) and
Positive PD Interface Strobe (idle voltage |evel = VCCHL) together 28 APR 200
provide timng for 4X and 1X data transfer on the PD[7:0] interface. The
agent t I roviding data drives this signal. PSTRBN PST. shoul d
be sensgg‘gf]!fﬁ}flp differentially at the receiver. Positi vepg@llsﬁ&eﬁggce
Strobe, see PSTRBP description above. Active-high request from agent A

(out puyt A, input to B gby & r.shi B, heyy ¢ A : e. RQA
IS asg é?]r{ejg{%\?her: age tl A hay/%atg@é% I a@i gﬁ{goﬁsgr‘;gl‘%rzcigyglf{cfiéggg{slé?ﬂed

when either allj of agent A 5 dat3 ihg&t@ﬁﬁmr&@ﬁbo&iﬁn@g?me \éb[%ﬁéteejl‘sm nes t hat
it shquld relegse the intefface.| Reset voltage value is VSSHL. Requyest
from dgent B (qutput |from B} i npytgareratddl onSbe rabtbeebakesicthirptigbn of RQa.
Used flor pi pelijned fllow conirol tjo retry or disconnect packets. hub
i nterflace base |cl ock| in onp enbddiGh#ge divisiether 66MHz or 100MHz. Thils

[
provid $ {:1 nifng in el tii fA)r I“E:% QD dC|9 b Si nalts (descri begd
furtheﬁ Io% 88\/ ctiv (g/iv rese(t i ndi cé{el on F{anﬁu% AL RCE™ agents.'| 27 2
4

8 APR{2(084 WD 01133375
VCCHL {4 power  N/A | 1.6V
VSSHL 4 groun | N/A
d
Total: 25

" ASTS = Actively Sustained Tri-State.

? S5 = Source Synchronous Mode Signal

*CC = Common Clock Mode Signal

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

Common Clock Transfer Mode Operation

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

66MHz base hub interface and a 100MHz base hub interface.



PCT/ US00/ 26875 HLVREF1l N AVol t age reference (VCCHL/2) for differential
inputs. In one enbodinent, the voltage is generated on the notherboaid APR 200
through a voltage divi der. HLZCOLI/ ON/ AProvi des | npedance Conpensation. M
VCCHL4powerN/A1 8V VSSHLAgroanN A d Total : 25 ' ASTS = Actiyvel y_Sust ai ned
Tri-Stat&0%®&E source Synchronous Mode Signal ' CC = CormgHSE6¥R Mbde
Signal In one enbodi nent, Reset is a systemw de signal; it is an output

from one conponent of thg system gng‘ﬂ's{]"%fé dde raqgmg:orrponent(s)
Mor eover, Reset is asynch Cl ock

Transfer Mdepes @Ihlb@alﬂn@npnlee aEQaH MRk aré@ﬁMsrﬁftté&h@sﬁanﬁhﬁcé ransm tted
across the hub interface are transnmtted in accordance With a common cl ock

node. Muyechspesid dloak ngdet hahith pravgdes a térdnsd wmbirsnt ity sngetherdans mi t t ed
via the conmon clo$ node are referenced to a single _clock (e.g.. the hub
i nt er f ad&aRyiecRaty 0 ﬁ‘atam IFEF ﬁmmv@ EhBBETHRes gent Hé‘“gl%'r%ﬂ‘ércﬁay be tied to a

system cl oc exter L ub | ;! reaqver there may be
nor e thasr¥n5ﬁiéorh% SC%‘E gac% e‘éNel et %51% Gca%a?%m PathMPrac E@ Yifferent
base cl qekshIBRYoRE( 1lé5€f9uf B%tel) h@qamelésférﬂywe HBORRE See QK BCKope
conmponent m ght i npl enent th 66MHz base hub interface and a 100MH

base hubiitetretivete. trarddni2tisy ARPRUBGOW ONDUBIE3BS F6uRET) HSRM268 2o Bing ce

Synchronous Transfer Mdde Operation
mode on an eight bit data signal path would require a full hub interface clock

cycle to complete.

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

More specifically, in one embodiment, the edges of the strobes
PSTRBP/PSTRBN are used by the receiving hub agent to identify the presence
and timing of data being transferred across the data signal paths. For example,
as illustrated in the timing diagram of Figure 12, in one embodiment a first data
transfer corresponds to the rising edge of PSTRBT 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 ernbodiment, as further shown in Figure 12, the
transmit edges of the strobes PSTRBP /PSTRBN are positioned near the center of
the data valid window. Ag a result, the receiving agent is given an input data
sampling window to accommeodate various gystem timing skews. Moreover, in
one embodiment a minimurn 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



I n one enbodi nent, the packets/data are transmtted using "a source
synchronous cl ock node, which provides a technique for multiplying t He ARR 280,
transfer rate of data. For exanple, in an enbodi nent using 4X source
synchrong l.ocki ng node with an eight bit data signal p mtting

a doubl’ 8?)\5?389’0 .e., four byte) requires only one hub in?(té? %:Jéﬁc “ock

cycle (HLCK.) Alternatively, transmtting a double word using | X source
synchr onssysichtaoke Hee datadeitbnhahubiighetfabé tloda{dLEkN@foRadin¥oiksd equire a
full hub interface clock cycle to conplete. Mre specifical fy, in one
enbodi nelengoritbBuied Wy AgtRfonous  transni ssion, strobes (e.g.,

PSTRBN/ PSTRBg\) are sent a:gitth.a dat% tqrégsn‘i ssiogn in accordance with a
or edet er mi ned” M RAHT Y HSTBHOR I HEIABER RS L ihopeserhnvatiordwith. The
strobes_ar : -t recei vi ng hub
agent . Nore epee e SppyRer 8T PR AT RE AP B Sbes
PSTRBP/ RGERBN farey disg debytiptivn, €igab beghderosd et 4 paleRtify the presence
and tim ng of data being transferred across the data 'signal paths. For
exanpl esmbadimenighiaran eddidescied bpivway ofi ilgsamion iFingur eal2ntémiaahe

enbodinent a first datg. transfer corresponds to the rising edge of PSTRBP
and them%ﬂ 9 %883”81‘ m&s%ﬂforﬂ HTBREPSdQrS tAISHragioOUSor r esponds to the

rising | PSTRBP. .ln addition, in one
enbodi rérﬂtg?dgéeftﬁ;gﬁg? ﬁsnﬁgr\}\%&?ﬁg EH:]]L?% S?g}g g? ﬁIehE ?lgﬁg‘rﬁhfcq‘eﬂ‘ges of the

st r obesthefkRBRs PEJIRBN B thob@$datt i RRedgAelad 4shBe GordRlorof the data valid

w ndow. As a result, the receiving agent is given an input data sanpling
wi ndow t o accommobdat e vari ous systemtimng skews- Moreover, in one
enbodi ment a m nimum data valid before strobe edge (tDvb), and a m ninmm
data valid after strobe edge (tDva) are al so used by the receiving hub
agent to identify and | atch data being transmtted. Once the receiving hub
agent latches the inconming data, the data is thereafter held for brief
period to 2 8 APR 2804 WD 01/ 33373 PCT/ US00/ 26875 resynchroni ze the data
with the hub interface clock (HLCK) before being passed
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along within the hub agent. Wereas many alterations and nodifications of
the present invention will no doubt becone apparent to a person of 78 APR 200{
ordinary skill in the art after having read the foregoing description, it
is to be understood that any particular enbodi nent shown and descri bed by
way of illustrationis in no way intended to be considered |limting.
Therefore, references to details of various enbodinents are not intended
to limt téhassspemedist he clains which in thenmselves recite only those
features regarded as the invention. 2 8 APR 2004 What is clained is: 1. A
conputer systemconprising: a first agent; a point to point half duplex
interface doupl éccompuiehgysteinroompagiedit ; and a second agent coupled to the
point to point half, glll{p| ex interface, wherein the first agent delays
arbitration of a re(fuest to access the point to point half duplex interface
until the requespointitepsietdelfvieplexinterfhes coupledid thefestagentchntihe second agent
del ays arbitrat] fy I pl e
interface until %on% o °&@'@§5 trhrgggllggtgg)ﬁﬁl{ ﬁ:{‘ﬁdup@? 1&%rfatcg “Qk%}en"zthp% aggﬁ{ ut er
syst em of cilekajrsmrllutmﬁuamé R requésbtocieteas/the poiatrth ipbintlialfaluplak mdn&cé unti the aemiess: ec ond
2‘2&2;3 ggg:ﬁe \%g%})\tthg sc%oncf a(%rgnt agd ﬁ’ln gcc%n%nt (Ez?alésa Xrblla'e{lon C{q'rz'l rt I‘l!lgsrt ](CIJAC %:géssls ﬁlgd uni t
(CPY); a rrmmnnppommhalbdluptmhnt(rm-@mtdmcpbcgdstUUetdtre:d@thc fiest fgensst 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 del ays
arbitration. of a‘hﬂf esupast sysenadchss 1 titherefn thsdclqgmflatbittatiommitm finsténeésécande unt i |
t he request, d_at t arbitration
of a requesgent§S oo %’8'1&@6{ n]‘dl't(r’“s’t“l P |n?eq%vaeg"eg H} ﬁsﬁﬁ%r?eﬁon aﬁn’ﬁsll t he
request is recel ved at the NCH 4. The conputer systemof claim3 further
conpri si ng: ccond 29I tmc m%)rclasi.nt, interface coupled to the ICH and a
first agent3 cou S PHS PREMSE nél"gpoi nt to point interface, wherein the |ICH
del ays ar bi traat¢enmal(pfrocassmgqums(tPU)o access the second point to point
interface until_the re eﬁ‘b(%'?é cei eqjt t]it l; e first agent, and the first
agent del ays arbPHraY© v (FEBR T8 % s the second point to

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 B

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

6. The computer system of claim 3 wherein the MCH includes a first interface controller

coupled to the first point to point interface and the ICH includes a second interface controller
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point interface until the request is received at the ICH 5. The conputer
systemof claim3 wherein the first agent is a network interface. 6.7 §A€R 2004
conput er systemof claim3 wherein the MCH includes a first interface
controller <coupled to the first point to point interface and the ICH

i ncludes a second interface controller 31 2 8 APR 2004 coupled to the first
point to point interface, wherein the first and second interface

cont r ol | er souplesde thedirst pgintiomoint igieafaes. whereinithetfiset andl sesondristerfecssentroles access
the first point réqeespagms ds Qe Bleli 358 the requEdfo SRR o PER &Pt infrdrikdn 6
wherein the first and second |nterface controllers onpri'se: an arbiter
for granting access to the first point to point interface; and a del ay
modul'e for sdel ayhOghdifer LARIETLIaRh EVAkRin B ird JIRSAf1 HRRE Bhidfiierd SCC1 Vi NG
a first request si gn access an intertface at a ftirst ace

control | er comprigeayi ng the first request signal before the request signal is
received at a f ontroller;

recei ving the f%nrag%ltegfopg&%ngslc%&n% t%e{ﬁg pgierl(q:grf](?lrg?'ﬁ&%agg%\l/]\ngt hin a second

i nterface cont radelagmodaledorateliying diteirequesitsighdle first and second arbiters for
access of the interface. 9. The nethod of claim@8 further conprising:
determ ning whether the first interface controller is granted access to the
i nterface; 8and Atmeaimsiomprisigg:dat a fromthe first interface controller to
;?Sntsggoggc:agtse{%%tg?eﬁec { llst%&n%al 6'.éch sanmt aceﬁta%rrst%;tgrfa gn trohl Felr’l It?le
process ofdethging yherfgstirérmedtisigsdl befewbeslteqmamhl 1f; mctlhezratacfmrrpnbltsreath:rrmeel Vi ng
the first frrgtqqeét e%‘lm%nﬁl at a delay nodul e; delaying the first request
signal for a eget éfm ned nunber of cl ock cycles; and transmtting the
first request seqma:hg thén Brsf teqit signbli 4t e secoddlarbifdn evithimtdvocbnd fintatfat torfroflery t her
conpri si ng: recei ving a second request signal to access the interface at a
second int'erface controller; delaying the second request signal before the
second request abitailg ai the fiest eidwecbnd tirbitkre foraeend tierifetfare; 32

9. The method of claim & 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; ,

delaying the first request signal for a predetermined number of clock cycles; and

transmitting the first request signal the first arbiter.

11. The method of claim & further comprising:
receiving a second request signal to access the interface at a second interface controller;
delaying the second request signal before the second request signal is received at the

second arbiter;
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2 8 APR 2004 receiving the second request signal at the first arbiter;
arbitrating at the first and second arbiters for access of the mterng\eR 2004
determ ni ng whet her the second interface controller is granted access to
the interface; and transmtting data fromthe second interface controller
to the first interface controller if the second interface controller is
granted access to the interface. 12. A nethod conprising: receiving a first
request signal Teeeiningdwseend requast figabatae fstfartist; i nterface control ler;

recel ving the ! ibhlf PAYRTGhO 0B ERNL, BB el i @ second

interface contr I TSt reques "before the request
signal is recei d@dmiatinawmthQIheacdond aterfapd ctohlroilet h@ra‘mrdsmcasnmeha‘laea‘ace and

controller t ' n ec0 blter access of
the interf acgpﬂ&g (91;\ c?r%hlggs%c%}i ngegfaééoé;(r)%é'?lgalr %}g\:ﬁe ﬁrgp te% ler gﬁk{e second it
to poi nt | intekfaccouoptratir isgeranivet af¢esstb thelitedgpent ; and a second hub agent
coupled to the point to point link, wherein the first agent del ays
arbitration of a request to access the point to point link until the
request i sl eceiAvaethad cdnipeisisgcond agent, and the second agent delays
arbitration of a regue t . to accesg t he K unti

48 4§

i.nt .t
request is recel°fRY &P IHHEApestugna é‘ﬁ‘icf‘iéja%léﬂr&c';ﬁfga Sﬁ lﬂ CF&S%“‘BJF el al m 13

wher ei n thmcefiiringﬂleﬁmrﬁquesnggndas sacond mneﬂw*it}ﬁ:r:f@eaadqﬂteiﬂidalcbaﬁfollegour)l ed to
t he point to point tEk and the. s 1}0 ent includes a $eco d interface
s

control |l er coufﬁlaéfb"gt ?‘iﬁb’e%ﬁﬂg“ﬁ‘ rqApeTLSieRAh B rEe e Me firitagtitenng
second inteﬁﬁia&efﬁgmtéxﬁicke@ﬁmn@pmve request signals associated with the
request to acces thegazﬁgig_t ?9{?1 in 15. The hub interface of claim
14 wherein the ¥ ‘F‘??“ eduE gRdier é’FtPTéES OraSHsH 8 theinterfaggynnr i se: an arbiter
for granting access to the point to point link; and a delay nmodule for

del aying t he regtuqest signals. 16. The hub |nterface of claim 13 wherein the

del ay of albbitr uBintgiface RRMPTsing; and second hub agents corresponds to an
end-to-end si gnafirscialbayetiet ween the first and second hub agents. 33

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 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 second 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 mterface of claim 13 wherein the delay of arbitration at the first and second hub

agents corresponds to an end-to-end signal delay between the first and second hub agents.
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