2 1 APR 2601 METHOD AND APPARATUS FOR AN | MPROVED | NTERFACE BETWEEN
COVPUTER COVPONENTS FI ELD OF | NVENTI ON The present invention rel at est dPRHEN
field of conputer systens, and, in particular, the field of providing an

i nproved interface between conputer corrponents. BACKGROUND OF THE

| NVENTI ON Modern conputer systens include a Central Processing Units (CPU

as shown | ﬁtﬁﬁgﬁéﬁlﬁﬁﬁﬁf%ﬁm@éﬁmt\@?@w 1 INTRREAKE BETIGBEN he

CPU and systemnenory via a c Qﬂqm red to as a host
bridge 105. The host bridge 1gg®may al'so prowlge oﬁter conponent s and/ or

subsystens in a conputer with an interface to the CPU nenory subsystem
For exanple, as further shown in Figure 1, peripheral conponents (e.g., a
keyboar d10FIERDs@FINVENTIONINd/ or mouse 111) may be interconnected to each
other via a inpug/output (1/0). brld?e 107. The I/ O bridge 107, in turn, may
be interconnect K RISSANt My eRESD Biateste f%@‘etcbobficﬁvpééaféﬁsﬁemseﬁﬂdclel bet ween

th bsyst A d t I t | b
(o0 " a PePBREE e e KR TR el MBSl ot A R SO htoer oy

al so join kbmpdﬁee{tg_ace between the /0O bridge 107 and the CPU menory
subsystem As a result, the interface between the I/O bridge 107 and

CPU/ menory subsystemis further conplicated and restricted by the

speci fication f an ext ernal bus 113 (e.g., PCl) which joins

the interfSite LX97 and the CPU nenory subsystem As

L e e SR T R

interconnected to system memory 103 (i.e., the CPU/memory subsystem.) As

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

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

Additional external busses (e.g., a Peripheral Component Interconnect
(PCI) bus 113), however, may also join the interface between the I/O bridge 107
and the CPU/memory subsystem. As a result, the interface between the 1/0
bridge 107 and CPU/memeory subsystem is further complicated and restricted by
the specifications/requirements of an external bus 113 (e.g., PCI) which joins the
interface between the I/O bridge 107 and the CPU/memory subsystem.

As a result, there is a need for an improved interface between peripheral

components and the processor/memory subsystems.



SUMMVARY CF THE | NVENTI ON The present invention provides an interface to
transfer data between a menory control hub (MCH) and a input/output? 1 APR 200k
control hub (ICH within a conputer system including a data signal path
to transmt data between hubs in packets via split transactions, and a set
of command signals, wherein the interface provides a point-to-point

connection MM excl usive of an external bus
connect ed BRI EF DESCRI PTI ON OF THE DRAW NGS
The- present inv i atl on
in the figur eseg}?é ?f\bébgﬁ:lé{gﬁgg%‘%fgq %ﬁﬁ‘?ﬁé&&%cﬁ%\%@rﬁ@'}%&%&

indi cate ghainoay cohehub,(MOH) hndahinght / duitgut eordtrbl ihwum)e@]tﬁ”pgrrput er
systeminpl enenting an interface between conputer conponents according to
the prior mp@egay@emu@cladmmﬁam signalrpadh tohmnembodi et webn aubemput er
system i npl eﬂe?t n hhe i nproved |($t erface between conputer conponents.
Figure 3 i P%°¢ Srﬁ‘ﬁgp F HGPSHhUO S L&t ating a split transaction inpl emented

ALock di f
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i nproved i nbanEat®s bertaeeeNITRULAEH the KUHOBLRNLSIve 6If9Hre§ate‘§nh§b@s ddrHeRtkd
diagramillustrating arbitration and transm ssion of data packets,

accordi ng tlrastly tertbedntestare. Figure 6 is a tinming diagramillustrating flow
control of data packets, according to one enbodinent. Figure 7 illustrates
a flow di agram descri bing the steps of responding to flow control

oper ati ons FAERTIRSORIPTIONG SFheM FRMwinGP 1 APR 2006

The-present invention is illustrated by way of example and not limitation in

the figures of the accompanying drawings, in which like references indicate
similar elements, and in which:

Figure 1 illustrates a computer system implementing an interface between
computer components according to the prior art.

Figure 2 is a block diagram of one embodiment of a computer system
implementing the improved interface between computer components.

Figure 3 is a timing diagram illustrating a split transaction implemented by
one embodiment of an interface. _

Figure 4 is a block diagram of one embodiment of a computer system
implementing a hierarchy of multiple improved interfaces between computer
components.

Figure 5 is a timing diagram illustrating arbitration and transmission of
data packets, according to one embodiment.

Figure 6 15 a iming diagram illustrating How control of data packets,
according to one embodiment.

Figure 7 illustrates a flow diagram describing the steps of responding to

flow control operations according to one embodiment.



Figure 8 illustrates the physical signal interface according to one

enbodi nent. Figure 9 is a timng diagramillustrating source synchrozrﬂ)t'?lgR 2004
cl ocking according to one enbodinment. Figure 10 illustrates a conputer
system having nultiple processors inplenmenting an inproved interface

bet ween conput er conponents according to one enbodinent. Figure 11 is a

bl ock di agram of_one enbodi nent of a conputer system inplenenting the

i mproved i nt er f igUBRE Weertraenpir ehy Sortpgraimterabeasiond g twente al

processi ng E‘;ﬁfyt is integrated with a conputer conponent. Figure 12 is a

bl ock di agr %‘fl Y- enbodi nent of a conputer system inplenenting the

i nproved interf ag : ts, wherein a central
processi ng uni t%ﬁgu?ﬁ?g?g{@ggﬁ%gﬁﬁ @(’I)(Pn%%&g PO ORAIN oA HOGFEShi cs
unit. DETAI&E&@E@QBbB@IeQ}b@ﬁg{n{gmr oved interface between conputer
conponents is described. The interface may be referred to, herein, as a

hub-interface. Thgutrll ilhisératexecompater syateen haciegf multgplepeetdssgrsoui | di ng
bl ocks of cor Iogi,c via a narrow and hi gqlh bandwidth interface. In the
fol I owi ng dBYCSTERFIBE 2AridiRECYSE BT EiCE ebiveerseampytarisompongints agrerding to

apparent, : ne skilled in the art, that the present invention
may be prggl}tgi%\élg%o%&r?%@m these specific details. In other instances,

wel | - known strugigngesll thdbl(éekid@@g,ﬁ-aﬁ% 8f SRONRbbLAIRERC ad&'cﬁﬂgé@rfsgéé&n rAgt her
| on.

than in detail, in order to avoid obscuring the present vent

i || ustrat edmiplerRegting tRe inpeoerboderferd baifvebheomphrent@npanentsl @KL a

i ndi vidual conppnents with a point-tq-point interface. In alternative
enbodi nent §?“H6€\BV§F,55”E‘5émr‘lhll%-"l"'ﬁ’gé?tﬁad‘élt}hﬂfoﬁmﬁﬁﬂ@oraﬁohmfer face between

three or more GQURANENES: biodk diagram of one embodiment of a computer system
implementing the improved interface between computer components, wherein a
central processing unit is integrated with a computer component, and a graphics

unit.

DETAILED DESCRIPTION

An improved interface between computer components is described. The
interface may be referred to, herein, as a hub-interface. The hub-interface is an
interface for connecting building blocks of core logic via a narrow and high
bandwidth interface.

In the following description, numerous details are set forth. It will be
apparent, however, to one skilled in the art, that the present invention may be
practiced without these specific details. In other instances, well-known structures
and devices are shown in block diagram form, rather than in detail, in order to
avoid obscuring the present invention.

As illustrated in Figure 2, one embodiment of the hub-interface provides
individual components with a point-to-point interface. In alternative
embodiments, however, the hub-interface may provide an interface between three

Oor more components.



2 1 APR 2004 More specifically, Figure 2 illustrates one enbodi nent o{ %@]
hub-interface 204 used to interconnect two separate conponents (i e2 ,A 0
agents) within a chipset. The hub agents provide a central connection
between two or nore separate buses and/or other types of conmmunication

| ines. For exanple, as further shown in Figure 2, the chipset includes a
menory control hub 204 (MCH) and an input/output (ICH hub 206. The nenory
control hub 204Vicas spefinaliyn Aiggrer2ilRistiptesvirdasnbed imdrerof ehe aabiiatdrfaveb

bet ween one or nore Central Processing Units 208 (CPU) and the system
menory 210.20fHseddn IDBBCRRRRL §We sapaTate eompanettsi(oh, bebagentsy aitlona

i ph | t it hi th t . Q. keyb d 218, disk dri
o4, ecanndliBs IERAVET SRUSBIO9EEf OREbyER T AE TERTErR AT QLSRR and
t heir agenteggggmg-bmefgﬁap&eamer%@gﬁp@%ﬂ@ﬁaﬁgﬂms (PCl) bus 212 and

PCl agents i nterconnect i e nenory 210 and CPU 208

via the hub-int efdras@mp@Zas R tHeHsBOGRANRETE LAY Whe bhidiet ifehh &G meatdigr
than interconnecting directly with the nmenmory control hub 204. By using
t he hub-i nteentrzad dubo(4nMe Bl nndan inpett Aewtpry (Kdi) hob 2066ibTRE sneandry ¢drerdlCH

206, inprove cess,i s praovided,between I/ 0O conponents, and the CPU nmenory
subsyst om (B2 33 Shb B HaH . drnY GHe ot < NI HedBHE e CaAEm oP by

| at ency.) | Lii : i: f i calability
of a corrpurﬁgféjgééérgtr}lpfaec{gg?ﬁg E]Tor{glgy a%{gn(gqﬁjr)gg;}nﬁ agi?zsg’é{eﬁ%‘g%‘% aots'f ormto
hi gh-end deskt ophedl@HI206R 00 dsRinkistértbedploatfe@widn DY riBL19 YetbherA

backbone for 1/0O building blocks. In an alternative enbodi nent, the CPU
and the MCHoarponernteyrithiadheaysemsierg)laceybnrobAthclisge drime 229230anmer 2%0wn i n

Vi 8t he nuBAAIOR T aker 22 JGreRErr, B PEFRA R S BRASeRhE REH and a
0 o o eyl CofooGRCI kel ol 064 g7 5 pLaRiphayap . o1l
sen conductiftertdtiec? 3dirsctbouthatietriembey 2 @hwd €PU 208 via the hub-interface

202, by interconnecting with the ICH 206, rather than interconnecting directly with

the memory control hub 204.

By using the hub-interface to interconnect the memory control hub 204 and
the ICH 206, improved access is provided between [/O components and the
CPU/memory subsystem {e.g., increased bandwidth, protocol independence, and
lower latency.) In addition, the hub-interface may also improve the scalability ofa
computer system (e.g., upgrading from a base desktop platform to high-end
desktop platforms or workstation platform} by providing a backbone for [/O
building blocks.

In an alternative embodiment, the CPU and the MCH are integrated on a
single semiconductor unit 230, as shown in figure 11, wherein the single
somigpnductor unit 239 is coupled to the ICH via the hubsinterface. In another
alternative embodiment, the MCH and a graphics unit 232 (e g.
control/ageelerator) are integrated on a single semiconductor unit 230, as shown
in Figure 12, wherein the single semiconductor unit 230 is coupled to the ICH via

the hub-interface. In yet another alternative embodiment, the MCH, the graphics

e



the hub-interface. In yet another alternative enbodi nent, the MCH th
graphics -4 2 1 APR 200 unit 232 and the CPU are integrated on a si r?gFéPR 2004
sem conductor unit 230, wherein the single sem conductor unit 230 is
coupled to the ICH via the hub-interface. To provide the inproved

interface, the hub-interface includes one or nore unique features. In one

o Mot yh11226 AOT Ry &, [ANSLELA B AGK PRSI Mol DLEDEAERURiR0, 2

packet based split-trans ion pr reexanp

used to stafe AngleaREAESHOICtANINA 238RAEAI S8 IPhLIC AN, i PASKELL TRYface.
subsequently be Used to term nate a transaction, if necessary. Figure 3

illustrates an eXampbeideftha ispiroved rersfact, itbe habriogsfachendiubes bnt ef frase. As

illustrated in Figure 3, a hub Sggnt initially obtains ownership of the
hub- i nt er f abRIGHELEaUEeS r gy Prenerboditrent, HFANRRFLIONGS e banstertesmcrosiathe hub-a
request ph 4. .1f _nec [ g....1in the case .of. returning data for a
read tr ansa@‘?ﬁgg < usané é‘&%ggf?ﬁ%d%ﬁggg ABACRG PT&BFQIO\EOIF hE2TE IHR¥Hse.
Prior to the, G @dddo) stPhasRandieMBN 8hd 4 iPaks ' [ fy will
first arbit %te 306 for Sowner szﬁilp of the :%?BI E?gr e@g?rbpﬁd%g?ﬁv\;ven t he
time of trandsequemdy bensedesterpaaketa aadsationl ifespensdiyng conpl etion

packet across the hub-interface, separate unrel ated packets maé be
transmtted acr oEgUrnd IhuBIates an exe@piaobe sphdape@ciipn Acprsedee Brhi ned or der

rules, as di ed i e detail., For _exanple in.the case. of read
request fﬁginecrgg%ér‘%%ﬁ@%\ﬁat d‘olrrr\‘lr)rlstel b 7" apbﬁgiaaFﬂb'W%n%l%% ﬁgést%”ﬁnﬁlrasgéo %5"% ake
miltiple chaein@yRbesid &bnaysod B@Z.@Fbﬁo&ﬁ%ﬁ%%é Qrﬂ?ﬁafiﬁﬁ,‘%h@?éjis'arke ues

conpl etion packet. During the tinme it takes to obtain the requested data,
separ at e urplesati@d. ¢ongpdestargrie.gandtior caseqpiesturpackeita fomh téadtiaRsction), a
queue/ pi pe of the nenory control hub 204 nmay be transmtted to the |CH
206. Furt heiompetioahass ik villfpherehs regursh phastielrionto themeneplebani s
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will be dat@e hub-interface.

In between the time of transmitting a request packet and a corresponding
completion packet across the hub-interface, separate unrelated packets may be
transmitted across the hub-interface in accordance with predetermined order
rules, as discussed below in more detail. For example in the case of a read request
from a peripheral to memory, providing the requested data may take multiple
clock cycles to have the data ready to be returned in a completion packet. During
the time it takes to obtain the requested data, separate unrelated completion
and/or request packets waiting in a queue/pipe of the memory control hub 204
may be transmitted to the ICH 206.

Furthermore, as shown in Figure 3, 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.

5.



associated wth the conpletion. In sone cases, there will be nore than one
conpletion for a request for the case where the conpletion packet is?1APR 200t
di sconnected, effectively splitting it into nultiple conpletion packets.

-5 21 APR 2004 In addition, in one enbodinment, the hub-interface uses
transaction descriptors for routing of hub-interface traffic as well as

identifying the atdddiRUAES o er@bbHRRSACIH b_lfrqtrer[jagghg&ct?a%s':#gﬂdescri ptors

may be used to define a transaction as' 1sochronous or asyn Bus, which,

as a resul tdesomytdrhénr heithand lea-imnerface aadangewullth ideieieS iHaed (s ot.ocol .
Furthernore, in one embodi ment, the bandwidth of the inteffdte is

i ncreased ioh agaznsagtionr dreynnstanag thadescriptopariegtte wied ta drdinecetraynHERioANOUS
clock node. Mreover, in ong enbodi &'; the hub-interface provides the
i ncreased BAMRAFARATRSHIAENEAGH &/ Helh 125w onhemay sher be fandjassia

pi ns/ pads than Have ity qul in the prior art). In alternative

enbodi rrents,&%owever, a ?ggé-i%fm%raﬁg)éggnay be inplenmented wth | ess than

all of the uni q%rﬂ_ﬁé&h&ﬁr@?ina&léjérﬁﬁgéﬁﬁé‘ntat}@/l?and%fdm%tfttqeef?ﬂ%xtfil is fromthe
scope of the invention. Moreover, the hub-interface could also bé used to

i nt er conneéncrbasediespan ¢y dnatisonitond e dotaemkatssy ik tsbiPreasy nekt@idial clbek a
chipset, wthout departing fromthe scope of the present invention.
TRANSACTI o@o%&uo“ﬁw&’%w %PW@REIHEAVE#SE hpbrintprtage @roeidgs the/incrénsed

hub-i nterf i e :hed.:iLp.three rts...a ,transactign layer;, a protocol
| ayer ; andagggm%ﬁcggél%y‘gsrlhg‘?h%rgﬁmsﬂt% ?H% §ts r}s(eb%?\féseﬂ”’ﬁzy@?%?h%b\%‘(}gr, is

to be regag '@alilpbaéhhgédjﬁt ﬂ-@t['bﬁ{@r s@j her than a restrictive sense, and is
t herefore does not inply a particular preferred enbodi nent. TRANSACTI ON

LAYER | n one entoditeemtiveferhbed ments imvéamea hube'nteréa‘teaﬁ%\i' ba im@Y@hented
across the

supports the outing of separate transactions transmtte ;

hub- i nt er f 488 [%FW ﬁlif?f ?ftf‘oﬁ%i%*ﬁ featugeasisassed pheketwithomdepactimgl e, i n

one embodi PRI thé chopter&r}ﬁ@%\'ré}ﬂion. Moreover, the hub-interface could also be used to
interconnect bridges and and/or other components within or external to a chipset,

without departing from the scope of the present invention.

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

and is therefore does not 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



| ayer of the hub-interface generates transaction descriptors, which are
included in the requests and data packets. The transacti on descri pt §risAffedslt
be used to support -6 21 APR 2004 arbitration between queues within a hub
agent (e.g., MCH), and/or to facilitate routing of requests and data
packets through the hub-interface. For instance, in one enbodi nent, the

transact i onardesatiopbetwesupponds withitt b hgbafgea® (@ eMOR) Rl To Gk tde the
request-initiating agent based on initially supplied 2vv| thin a request

packet) routduithg of mquestsand dite packetsabtdugh thedadrimpedase. al so help to
reduce or possi bgé/rn’&ﬁfket-decodi ng Iorgi c \g@ftshi n the hub agents. In
alternative enbo ance; MEOns eRPgd MRt HesErnrcErs dessopirssuppotthe
ability to djsti ' i f T ests, based on their respective
tr ansa>c/ti onl(y%ﬁg]%u%ﬁﬂgf&@gw (r%é{sar}%ég,tottﬁéew?qfuae ts’é%ﬁf‘gﬂg A8E0S sed o

i dentified inftidlhestsainedolitam a 5t PAELES) FIRMIr IR doh i AP TRE 1ARSa@fon
| sochronous (i.e., operations that nove fixed anounts of data on a regul ar

basi's; e. g.desgrigéarsaisabelipaorrediice bnposailelygiacknsdpcodisg dogiesuitin thB@ub
operations, as.identified by the transaction attributes, may be handled in
accor dance 3¥S-a cor respondi ng predeterm ned routing protocol in order to

support a Spect fjcailofe; 08 ARSIALLAN (1 ancd SRRNSNONE o8 O0E e e

enbodi ment, the transaction descriptors inc :
field and abiltyttd didtiaghiselthe HaRdahIFREqhaLes @a@é@%d’@@‘iﬁnesﬁ@d{tﬁie&rrarl\ﬁ§ﬁon
0 e

fields may be Used to provide one or nore of the functions

transact i ortttrifestesi peoomstander Huutranksption iangibutesidiehefisd apeh®frahbe-tion
invention.d:ln on? enbodi pent.,, the routigg field is a six-bit field used for
packet r oS RGP IUS EHIFFBEY QReratofsmsdSachropaus (ize aperatiens bat My« i el d,

2 oo 08 oAU S M BRSSO B s
As a result, the operations, as identified by the transaction attributes, may be
handled in accordance with a corresponding predetermined routing protocol in
order to support a specific type of operation (e.g., isochronous.)

In one embodiment, the transaction descriptors include two fields: a
routing field and an attribute field. In alternative 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 i§ a six-bit field used for packet
routing, as shown below in Table 1. The size of the routing field, as well as the

attribute field, may vary within the scope of the invention.

Table 1 Routing Field of Transaction Descriptor

5 4 3 2 1 0
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.



3210PpelIDAs shown in Table 1, three bits of the routing field are
used for the Hub ID which identifies the hub agent that initiated t hé APR 200k
transaction. In alternative enbodinments, to provide a hub-interface

hi erarchy exceeding 8, additional bits could be used in the routing field.
-7 2 1 APR 2004 For exanple, there may exi st nultiple hub-interface

hi erarchies in Y. i i.ch case th nt at the top of the

hi er ar chi es shoﬁFlogr %}éﬁi@ﬁa{%\%@ &ayr%? irﬂﬁfhpg?)ﬁ*g‘géf‘f%kﬁceg’?%‘l@rf}b‘% Iﬁéa BHEBMHf |
the hierar 1 i > hi . i j pl.e connecte
hub- i nt erfgggvglggncg% g“ﬁt rrﬁl)&trtléjhef!rEJ mgkﬁt@%@rafﬁﬁg#ﬁ%d%ﬁo@ag%goér{f)u?lggg. , a

Menory Contcoaipletibng beck to iettanef thd BietgrcRy. i Inl thid domke&& ahi%YaﬁIcﬁg*' havi ng
only one hub-interface hierarchy. Figure 4, however, 1illustrates an

exanpl e of copsisteiasitidplernonnecthd buibrineefaresepirenss sthitesg frioon adwidbodi nent s
a default value of "000"

i npl ementing, oply,one, hub-interface hierarch .
Imarrg be usiadgﬁeﬁpatcﬁer%tb 388N f%ﬁd?%oﬂégﬁnm%&'{%%} deoynstange. igera dut i ng

field i i i j yes within a ., hub-interface
hpent . hoy TRudteRs byt habihe dilh S P RESANRRER Y PR 4 HealePer by
host cont r dllusteatts bn exathpBesf Masérdased ohDwBMb-Rtetfadd hicGadindesSqRar at e

"pipes." As such, the Pi %I D may be used communicate to the servicing
agent (e.gembychnentaimplementing enlyieredtitbintdifatenienirchy pi dekillhaalae of

different aptri butes. and. € dled in accordance with a

pr edet er m né@é pp&ygt&%yged‘dp@%ﬂ-ggb ?ﬁ{}@l ace agent does not i npl ement
separate inter I ol : aul f "000',in.the Pipe
ID field. In an aetrreé%ﬁn eghé%%ﬁgﬁgtn@,rg?&l@gtfﬁeell%?é%ﬁgﬁsﬁggoc qe ‘O s further
include amntethalipipes/ dictled withinoneuemeeat@agentt W@r@k&ﬁ?@%ikﬁe farglehy s a

three-bit value, which specifies how a transaction is t e handl ed when a
target hubStppertiintarnabert(Unetessaldierial Bushhegwentras breffid dred Bus Mamwesngi el d
helps a Syflf)e(‘m-'fﬁ?%ra%ﬁc via separate “pipes.” As such, the Pipe ID may be used
communicate to the servicing agent (e.g., MCH) that traffic initiated by different
“pipes” have different attributes, and may be handled in accordance with a
predetermined protocol. If a hub-interface agent does not implement separate
internal pipes, it may use a default value of “000” in the Pipe ID field.
In an alternative embodiment, the transaction descriptors further include
an attribute field. In one embodiment, the attribute field is a three-bit value,
which specifies how a transaction is to be handled when a target hub-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 (e.g..
IEEE 1394 and USE.) Such data movement requirements need to be maintained
as data flows through the hub-interface between 1/Q devices and the

CPU/memory subsystem.
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demandi ng application workl oad, which relies on the novenent, and

processing of data with specific requirenents or other differentiatiﬂ&$Rz%¢
characteristics. For exanple, the attribute field my support the

i sochronous nmovenent of data between devices, as used by a few recently
devel oped external busses (e.g., |EEE 1394 and US$.) Such data novenent
requi rements need to be naintained as data flows through the hub-interface
bet ween |1/ 0O devilpedteanalitdhembBdimensy yddubsybtramactivn REiARRs 2004inkude
alternative enbodi nents, additional transaction attributes may include the
ability to therbditpheiditferapsinipbetwesndspedped ra'fafan:WWﬁa@cbachbemohpmncy is

on st LarkB e a R el Sularatn an&wﬁﬁ%a@@%?ﬁg b 1%3@%%@5% cover .
another _pasphale AL oL s, A cruRly 6 b BT eLEDRRE ALt 10

support a formo read cac nor € e

Mai n nenor ydagiptnk diiButvdeld Be aRU'|e§§hEr b ﬁréﬁe’ﬂ&@ébtlé’oﬁm(@ec%%h é%emf&%noﬁl SO
be used to support ordering rules betweén transactions transmtted across
t he hub-i ntread agéhinEendsdbvplfexr, mione efzierd Mso dif ientmain nemsagt bhanbsvidthh
identical transaction descriptors are executed in strong order (i.e.,
first cone - first serve.) Transactions having the sane routing field but
different attribute f | ver, may be reordered with respect to each
ot her. For exanple, Qﬁiﬁeq?éﬁlg—lelpf%ﬁ msnt i sochronous transacti ons do not
need to be strontHetranshetied dMstﬂ‘lﬂtcrresmﬁlsotb@ wednoRuppettordeaingaeddsons. In
addition, in one enbodi nent of the hub-interface interface, dafa

transni ssi betweere tipasadtiansdransrigied asresgrthe hubviaterfasgudor examipidrén ona t he

same directi,on, or.the o osite Read conpl eti ons Fl owi ng, in one
i rect | on SO RIS IeaA R a5 s e o B RS T HoEh & aipe U Bt | on.
And, wri tesgl%g%eosrtd% I?J.?fu%'t Loved &Q; PASR ) read requests flowng in the sane

di recti on.

Transactions having the same routing field but different attribute fields,
however, may be reordered with respect to each other. For example, in one
embodiment, isochronous transactions do not need to be strongly ordered with
respect to asynchronous transactions.

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

In alternative embodiments, however, the ordering rules for transactions
travelling across the hub-interface 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.



In alternative enbodi ments, however, the ordering rules for transaction
travel ling across the hub-interface interface, nay vary within the st 6déR8%&
the invention. For exanple, in one enbodinent, the hub-interface

i npl enents the ordering rules provided in Peripheral Conponent

I nterconnect (PCl) (Revision 2.2) to determne the flow of traffic across
the hub-interface in opposite directions. -9 21 APR 2004 PROTOCOL LAYER In
one enbodi nent, the hub-interface uses a packet-based protocol with two

types of pmimERand conpl etion. A request packet is used for each

hub-interf Conpl eti on packets are used where required, for

exanple, to ret 0 ion, of certaip types
Yhhre eé?'ﬂ?g@itrﬁent kgtﬁul‘?%t@%’{ceef;% wto?%esd (Etﬁ'c?le‘?jugs

of wite transactions wites and ted

conpl et i onkwoGgfmek ef Faakd&aqléqhsstaarr@l @ﬁﬁgl@klahedA%gﬁestt BkkeGOLEES ch
y

request packets by transaction descriptors and ordering, as previous
di scussed itwbtingerfaactransactiont Gemfrlensapttionts heyesed Wheadebiquiied, fdrh one
enbodi ment, the hub-interfa e interface uses an arbitration protocol that

i's symTet r iexampde.dPIEITRERE. alt%rOféS?a“ﬁb‘P‘éW skgerromipletiggohcedriniypenof equest

si gnal , [ y nt atta hed to the

interface. ‘Ngte t?%r‘r{]’:{%%ﬁb}@g? QI y dl?gv‘éﬁwg é‘a ‘%38}1‘%% VH% Rt ée%léﬁ?éercghl p of the
interface icg @m@hemoyn MBbaPaRKketsidte QERITRO N FFEHei EH%&;{;QJ Waghd rddiail n
signal is usggﬂ There |s an :pr??) lied rel atIOI’lShllp betlﬂfveerrl he ar% CI:atl
event that pgikets bartragsationslesenipturpand ortieringtasrfrav@uwshddisbessstian tthef that
agent's transm ssion. In alterpative enbodinent, framng signals could be

used wit hoé?Ct%fgb‘é?tt]i‘%-grr?I?'S@ﬁﬁl’P% A¥ebpe of the | nvention. The end of a
packet transm S?h%&d?&&l"l”lﬁ o‘?@%@o&ﬁk‘# rit e AC ntglqentlp;f)'r%cgl Lés\égggt Ihte S

interface (e.g i'sin t’he process ransmtt |ng
control 0farl§1|th%tiolﬂlt;ﬁroft@@cﬂ thé{t #eyaTaettic e @isk@AUes! Fot BRAhpld, Ba@ddlbi on, in

one enbodi nent,
agent drives a request signal, which is observed by the other agent attached to the
same interface. No grant signal is used, and agents determine ownership of the
interface independently.

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

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

packets, as is described in more detail below.,

Packet Definition

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

-10-



flow control is also acconplished by using a STOP signal to retry or

di sconnect packets, as is described in nore detail bel ow Packet 71 APR 2004
Definition In one enbodi ment of the hub-interface, data is transferred at a
multiple rate (e.g., |Ix, 4x, 8x) of the hub-interface clock (HLCK), which
in one enbodinment -10 2 1 APR 2004 is a common cl ock shared by the hub

ts joi - | f o h data. .i ifted dat
lanal pat o CRD T b e B P s o R b RS FbuRtestsewtdeiator
some power ©ftrdndnitRdhcross a d8ta AdnalFt) (PO) @i _fh%ZrHlB-intEﬂ%é‘%ich?{]agaﬁace

may have varying data transfer granularities (i.e., transfér w

dependi ng upotertane wickths foésomat moaedot the (wi.glf §) 16f 24 192 )daka skgnadhepath. For
exanple, in the case qf an eight-bit interface width in 4x node, the
transfer wi'Gt$ragesmay Nves asEingiat transtes grasularitiepyl & atrgnsfgr whdths),ansf er

te and/ j-nt er f | t the data signal path, t f
wath (1 o tmoeiB Ut M SRR BB ebe Ceaedon
addi tion, idxaensleciFDO@ (RBAL aRAEKALS! FY RS LAY ﬁ.&hﬁ{?fgﬁﬂlﬁ&%@? &lidth

W dths. As-.a result, the packets are transmtted in nu pl e séctions
(i.e., packieB biisqreardi)l.Ckn e resodiynenying the tpacket atased dbvitdadtdriice
packet w dt hs ize of double words (32 bits). In the case of a 32 bit

he
transfer wi'dtdft chﬁge Sipteeispn! Bathatieckrangien vidthe(l epneseiared bytes tiensfetredf ace

starting w t..significant byte (byte 0) and finishing with the
nost si gni fé%a}?\peggggﬁ(bﬁ?tcgg ), as shown below in Table 2. In the case of

ess si gni f1 cant doubl 6-ver o { packor ar aTES. Do reranan il REnRLe) {7

bytes of theidthat Assi wpsult, (he packeBmup Oratinited in heultiptessestigns {i.< apicket

S gnal (. ¢ty (1R Smbasiinediols pimyebare dvs Banip pesiohm diibra

Table 2 Bytg dyﬂémo?ﬁg?@ gtg_er for 8 and 16 Bit Interface Wdths

In the case of a 32 bit transfer width, the bytes of a packet width are

presented on the interface starting with the least significant byte (byte 0) and
finishing with the most significant byte (byte 3}, as shown below in Table 2. In
the case of a 64 bit transfer width (e.g., a sixteen bit wide interface in 4x mode) the
less significant double-word (packet width) is transferred on the lower bytes of the
data signal (e.g., PD [0:7]) and the more significant double-word is transferred in
parallel on the upper bytes of the data signal (e.g., PD [15:8]). The two examples

are shown below in table 2.

Table 2 Byte Transmission Order for 8 and 16 Bit Interface Widths

HLCLK T\ 1\ HLCLK [\
Po(7:0] Yol o [fas]s[7)  Porzio1 Zfofifa L)
‘ | | PD[15:8] ~Ya[s[s]7)

8 Bit Interface 16 Bit Interface ol

-11-



-11 2 1 APR 260 The Protocol Layer of the hub-interface interface is also
responsible for framng the data. As such, the framng rul es inpl enkhtA&R 2004
by the hub-interface define howto nap one or nore packet widths onto a

set of transfer widths. To sinplify the parsing of packets into packet

wi dt hs, in one enbodi ment of the hub- interface, the follow ng three
framng rules are inplenented: 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 fi e kScalflagel bANS! it Willilce BNANAGKS! OCCHR S an

integral nunber of transfer widths. Any availa

consunmed by farpagkbe dmy. heshdt, ke fuinihg raledostylemepted KPWe |ERsELGSLE on,
and will be iggored by the receiving hub agent. In alternative

enbodi nent s deRBE A0V &3 F1apapRrl oF Myire Perkettw idthsony a sdted trangfdrevidisedTHy t he
hub-interface w.thi.n the. scope of the present invention. Table 3 and Table
2'set 1 or t hoNBP U, T ST o A Raimi G Patket Reioa A AR Finbedimgnuetthaiuye
for the casepffage GheBbliod ! lsglgq ekl e st using 32 Bit

Addr essing and Corit ai ni ng 'Il:%]gierg%(f)u Igg\%}%%rgf%})&?ﬁ%ﬁﬁgh& E??‘g FCBOR Q5Ad
Byt eFi rst BphelddtistByd editide Bydtermnel oBy tenisfestwiBYk e data section of a packe _Iﬁif
TransmttedTransmttedTransmttedTransmttedTransmttedTr ansmpt t ecf ransmtt

edTr ansni t t BEESSAtIP31ES 08]tba fipsbnae 8 arrapn{ersy gltbrarkDi paclaltanciple? af] on
oyte 11 by PHH ANHALES Yab B T eader Second DWof Databi rst DWor
Adr eSS ng and. Conbal T g i Ge UAtl B AL ar A TR b RIS il ™
a double word (DW) transmission, and will be ignored by the receiving hub agent.
In alternative embodiments, more, less, and /or different framing rules may be
used by the hub-interface within the scope of the present invention.
Table 3 and Table 4 set forth below, illustrate examples of the framing rules

given above for the case of a 64 bit transfer width.

Table 3 Request using 32 Bit Addressing and Containing Three Double-words of
Data

4th Byte 3rd Byte 2nd Byte FirstByte  4ih'Byte  3id Byte 2nd Byte First Byta
Tramsmitted Transmitted Transmitted Transmitted Transmitted Transmitted Transmitted Transmitted
on PD{15:8] on PD[15:8] on PD(15:8] on PD[15:8] onPD[7:0] onPD[7:0] on PO[7:0] onPD[7:0Q)

| Bye7 | Byes | Bytas | 8yes | Bpes | Bpez | bByet | Bytao |
Address (32b) Request Header
Second DW of Data First DW of Data
{ DW} Third DW of Data

eIt




4th Byte 3rd Byte 2nd Byte First Byte 4th Byte 3rd Byte 2nd Byte First
Transmtted Transmtted Transmtted Transmtted Transmtted TransmtldeﬁIZUUL
Transmitted Transmitted on PD(15:81 on PO 15.8] on PD(15:8] on PD(15 8] on
PD(7:0] on PDX7 0] on PD(7 0] on PD(7:0] Byte 7 1 Byte 6 1 Byte 51 Byte 4

1 Byte 31 Byte 2 Byte 1 1 Byte O | Address (31 :2)Request Header

Add ; f Fi. f. Da hi DW of Da
br1> Roquest® Pacicera et S RuctthBle BB B anh C Fp b ISere Pavklaords of

accordi ng tpagpe enbodinment, is shown belowin Table 5 and Table 6. In the

exanpl es shown in Tables 5 and 6, the base header is one double-word, with

one addi ti opal bI e- X»Erd req |red for 32 blt adareSS| Ny, —amd—two
n

addi tional poukl §m. Baui TR f o ¥ i s BVﬁ’odé"’s‘ﬂWe
fields of the hes ems@nn%gsa b g ga% ﬁa X § % 9 ? "gv“’?dthe
| ng

tables. In pltergptiyve E@g‘g)oqh Ak s |ofgyttel;1e|hgpe:; nq egj,eaeceg i elg
i ncl uded i n| t ke—header +-he—request—packet—mmy vary w %nllf dpn
fromthe scppé_of the ﬁqﬁ’v%?ﬁt B&R! _For exa;ﬁpl e, theR‘?fB&ééHem i ncl ude
additional field, |less fbeljds, or different fiel dﬁddrgsgaqsecs@)of the f el{ds
shown bel ow. voreover g of the fretd vary—wthput
departing fromthe oiecéﬂgf[ﬁ?%ﬁg?{%w..t: or—able E:"Jé e ler
Format for {32lhit Addreé@Wr}lq Lit Up. 2 T-"11ktF4 Filpisd DV8ehPatr anrms r b N4
2? 20 27 2722~ 2412) 22 2t QL 19 17 1t 111 14 11 In 11 1 8 17 d 1z) |z |
orqgq INcTflItTfnnsaetien flew ka-TD AarSp cc Data Length (DW Ls,)t DWBE1l"
DWBE 1 cpwRouting Fielderved Addr[31: 21Rea

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

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

fields may also vary without departing from the scope of the invention.

Table 5 Request Packet Header Format for 32 bit Addressing

Last Byte Trangmuteed First Byt Teansniticy

HBRPBDRBEPWRAVB W RREHBBUBE B 8343 2 9

v |0 jer |af (il [Teansastion Dase.  |He.  |TD Atte  |Space (Data Length (DW)  |Las DW BE Y DW BE
cp |w Routing Ficld served

Addr[31:2] R |ea

1 Address
ct

Basc
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ct Address -13 2 1 APR 2004 Table 6 Request Packet Header Format for 64 bit
Addr essing Last Bic Transntucd First Byte Transtnwed 31 30 29 28 27 R&PRH
24 12-3 22 2f 20 10 1S 17 1 b 1151 L1 13 121 | 10 1) 41765 4. 21 Ory
Cr r/ 1f Addr[31:2] Addr[63:32] 1k Trnn.nctiun Deis R itnm Field Re-

}Crticd TD Atir Space D.u.t Lecn;,th 11)WIl.a.t DV SF 1" r)WHE Rca 3" _ bit

bi t
cotnpon, nt 64 Ifablggrﬂ%%rcl%rs]t Packet Header Format for 64 bit Addressing

Last Byie Transmited First Byte Transmitted

330 29 28 27 26 25 24(23 22 21 2009 1§17 I()lIiIJI.'\IZII e X I? 6 5 4 3y 2

rg [if Jer [l [Ik |Transacuon Dese [Re |TD Awr {Space [Duwta Lenath 10W) |Las DW BE |17 DW BE _

P e Ruuting Field served e

Addr{31:2) R |ea A2 bu
component

Addr[63:32] 64 bil
componenl

Transaction Descriptor  The Transaction Descriptor Routing and Attribute
fields as previously described.
rq/cp Request packets are identified with a ‘0" and

completion packets with a ‘1’ in this location.

cr Completion required (‘1) or no completion required
(‘0.

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

Address Format (af) The addressing format is either Implied ('0") or 32/64
bit ("1},

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

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

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

double-word.

-14-



Transaction Descriptor The Transaction Descriptor Routing and Attri&u{lﬁ A
fields as previously described. rqg/cp Request packets are identifie FWQQ
‘U and corrpletion packets with a '1" in this location. cr Conpletion
required ('1') or no conpletion required ( 0'). rI' wRead ("0'") or Wite
("1"). This field indicates if data will be included with a conpletion

d t te). f dd f t
ci thet TmpiPERE (01 or a2rba Bt ekl Elip Bnag et Bimie e < hat
the request is part of a |ockede %éé'squ?ﬁ‘%ﬁe e ARG LA, HY @m%ﬁé*@és‘ﬂda‘?f%% ina

| ocked sequence will have this bit set. Hub agents,

conprehend | ock, ignore this flsggc@ndd\MdlelMEmIdryt(moS’ el (with '0'. Data
Length The data length is given in doubl e-words, encoded such that the
number of deuBMeBkor ds represerﬂ}’é@len%ble%fmthtﬁssttdimsbiﬁuﬂ'm@irofélf‘r}use,ad"cﬂOOOOO"
represents one double-word. 14 2 1 APR 20% pace I@ %é(fl eI%EJseI ects. the
destination space type for the WIEFGEYESt PrVIBRETERD % SNIRYET AR 3ftive

destination spaces include Nerﬂ?\gylf(thgg'%’on gnégoﬁbf%lw})}'d %c?rt E%@(LE@R/E’PGS

enables for the first doubl e-word of an
or 10. Byte enables are activeb &@é\haﬁéfﬁehﬁrsﬁislea %'M\eoétﬁbé@ﬁﬁéxﬂ- was d fOf a

request, this byte enable fleld is used. In one enbodinent, it is
illegal to issue a memory or IO read or write request
with no bytes enabled.

Last DW BE Byte enables for the last double-word of any read or
write request. Byte enables are active low. If there is
only one double-word for a request, this field must be
inactive (“11117). Byte enables may be discontiguous
(e.g.: “0101"). This field is never used with special
cycles since it overlaps the “Special Cycle Encoding”
field.

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

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

Config Type (ct) For contiguration cycles only, this bit is used to
indicate Type 0 ('0") or Type 1 ('1") configuration cycle
type, Because configuration eycles will always be
performed with 32 bit addressing, this bit is
overlapped with the “Extended Address” bit.



illegal to issue a nenory or 10 read or wite request wth no bytes

enabl ed. Last DWBE Byte enables for the | ast doubl e-word of any rea&'cﬁPR 2004
wite request. Byte enables are active low. If there is only one

doubl e-word for a request, this fi eI d nust be inactive ("1111"). Byte

enabl es may be di scontiguous (e.g. "0101") This field is never used with

i al t I th al ( d field
Addr [ 31: 2] FHATS3 BTt addrecs | CRGERGRAFES P46 PT SRBUII BEwrE Pode. T same
type of cycle. This doubl e-wor dﬁgﬁb!en‘g}) %qnﬁélr edtfggt},?%r%ﬁg ag@)?%élt‘flfed

[

addr essi ng nodes (but not for t essing

Address (ea) Indicates 32 bit adﬂjdg_ssi ng ('"0") or 64 bit addreSS| ng (1').
Config Type (ct) For configuration cycles only, this bit is used to
indicate Type 0 ('0'") or Type 1 ('1") configuration cycle type. Because

configuration cycles ﬂ | | al.waﬁs be performed with 32 bit addressing, this
bit is overlapped w : d Address" bit. -15 2 APR 2004
Addr [ 63: 321 Upp r - S m)de

doubl e-word is |ei;1k(1:€Ia (%%f o?‘htlﬁf&q ngﬁrt) léaapd‘qglgtn% to(%%?r@PPgH“%tckets
The header if ehd®h HeddwanClumé 2t Ilﬁmriéaeﬁkl@@dm@&*QOMIH%ﬁdEPlsQﬂ?e SoRadioEny .
shown below in Table 7. In one enbodi nent, the header is one doubl e-word.

The fiel ds Bfe fields loésleheaders, astibvanvni in Telk @ @e alescritesicivl lbedngoheé eidlag t he

t abl e. X . X
- 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

Last Byte Transmitted First Byte Transmitied
31 30’928772675"4[73222 20 19 18 17 !6]15 4131211109 817 65 4 3 2 10

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

Transaction Descriptor  The Transaction Descriptor Routing and Attribute

fields as previously discussed in the Transaction

section.

rq/cp Completion packets are identified with a ‘1’ in this
location.

r/w Read ('0") or Write (‘1'). This field indicates if data will

be included with a completion (read) or a request

(write).

-16-



In alternative enbodi nents of the hub-interface, however, the Fiel dzzr 20
I ncluded in the header for a conpletion packet may vary w thout dep raﬁ% !
from the scope of the invention. For exanple, the header may incl ude
additional field, less fields, or different fields in place of the fields
as descri bed and shown bel ow. Moreover, the encoding of the fields may

al so vary departing fro e of the |nvent|on Table 7

Conpl et i onw'qﬁ3 @%) Header For mat F]_a&srkp ‘Batcé el"ihé‘ﬁékr‘ﬁ ‘EQIEB letiongis peyt @f arlaaked ni .
ti ca 31 30 29 28 27 26 25 241 1 15 14 1 2.11 10

8 176 543210 TD ART Rsvd ;éh%%ﬁg\) Rgi%a% é‘E”“ ik éﬁé’f‘us Desc.
Re- served Routing Transactio FicigledctwSRHAGE tRsHkseTrﬁg(éjﬁ&tmncrpgé%kptor
The T ransaction Descr iptor Routing and Attribute as previously

di scussed in the Transaction semhporhend lock, ignore this flag and will fill this field
with ‘0",

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

Completion Status Indicates completion status using predetermined.

Reserved - All reserved bits are set to ‘0.

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

In addition, for a request that requires completion, the initiator, in one
embodiment, retains information about the request, which may be stored in a
buffer of the initiating hub agent. For example, this information may include the
transaction descriptor, the size of the packet, lock status, routing information, etc.
Furthermore, when receiving the completion(s), the initiator matches the
completion(s) with the corresponding request. In the case of multiple
completions, the initiator accumulates a count of the data completed for the

original request until the original request is fully completed.

Interface Arbitration and Packet Framing
In one embodiment of the hub-interface interface, when the interface is idle,

the assertion of a request from either hub agent connected to the interface, is

-17-



rg/ cp Conpletion packets are identified with a "1 in this |ocation Oo\ég
Read ('Q) or Wite ('1'). This field indicates if data will be inctddd§ 2004
with a conpletion (read) or a request (wite). -16 2 1 APR 2004 Lock (1k)
Flag to indicate that the conpletion is part of a | ocked sequence.

Requests and conpl etions in a locked sequence will have this bit set.
Agents, which d not r ehend Ioc,|15}éﬁn gnore this flag and wll fill this
field with"{s! *’t‘bﬁ nﬁaﬁ*ﬁa S EWY é,fsrﬁaggnbﬁwr@ﬁuw vdoglshvengushigsof the

ded f one Ius this
nunber . Thudteh f%@%o‘fﬁ%‘fﬁ%@@é%%%‘g@ SRR et R meabas
| ndi cat es cmmltﬁteu@ést&b@tdﬂ@ 681 6d IWu% 8f WiRgdin oﬁfé&%ﬁﬂnen thbese“’ed

bits are set to '0'. In oné enbodi nent f hub-i nt ace ions for
menory readagargy trapkdhe dimst esentlpaartibel itahls (@punt a@‘tat@@ﬁﬁgﬁﬂ‘%ﬁ%‘téﬁa?o

| ong as the enti re re(i]uest IS event ual ll?gl npl eted. Likew se, conpletions
for menory WSIHEE) daplicraptew emb f’ﬁéf{‘emteé ertfﬁélﬁetah'e!t@ﬁmwr@uﬁmamy bassdben
conpl et ed. ne to , y ~a particular hub-interface

i nterface | at gﬁ%gﬁ‘%g{?f ﬁtpresgp fcul ar platform In addition, for a

request that reqoinkes Altiae mr&h&éc{%é@h%of H3 iQRGfac g”{‘?% I’E%@hp#g

retains information about the request, which e store

the initiatdwg thabntzegbme unlﬁd)nt @xaniptes, 1tstthar$atné@rdmﬁmtqmrﬁﬂ1/oda@3d Hge the
transaction de crd Rt or, size of the packet, |ock status, routing

i nf ormati o fléf%l t rfefPﬂrﬁér F 8xafiRin i BRRETIDAGIMARL, @difpRgidesauser is he

icgiséi g;f O:TU{?ttth&éd Erpgachcf?ﬂﬁ’la&ﬁt%(c%}ltﬁ%Egna&?dt Ailoca 183%&19%0&3%1%%%@&?5'[ he
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.

[n 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.

Figure 5 illustrates an example of arbitration for the hub-interface interface
between hub agent A and agent B and the transfer of two packets. The example
illustrates arbitration out of an idle interface state, with the interface then
returning to idle. Moreover, in the example illustrated, the interface is using a 4x
data transfer mode with eight bit data signal (PD2) path. Agent A, in the example
illustrated in Figure 5, is the most recently serviced (MRS) agent. As a result,
Agent A asserts its external request signal (RQA) and samples the state of the
Agent B's request signal (RQB) on clock edge 1 (which is shown to be inactive)
before starting packet transmission off the same edge.

In one embodiment, there is a two clock delay before the transmitted data

(ie., data from Agent A) is available internally in the receiver (i.e., Agent B},
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conpletions, the initiator accunulates a count of the data conpl et ec& f o
the original request until the original request is fully conpleted®¢' R 2004
Interface Arbitration and Packet Fram ng In one enbodi nent of the
hub-interface interface, when the interface is idle, the assertion of a
request fromeither hub agent connected to the interface, is -17 2 1 APR
2004 considered an arbitration event. The first agent to request w ns

owner shi p ctarting from detlaedge Bf Thgdnmsispackgliesisisinnénshidpublaruldrdnsodshyl
when the hyh-interface is .idle ghe | east recently serviced hub agent

wins. In on@*@REJEARERE [WaIRash GlpckyEntranemich thadxireade. Feeeerdny mamket ted
oot e Inosd e StBRASEH 8 St BHeLOBlo ES SLer . st el ve

enbodi ment,” alternative ar ion’r Scope
of the presgsdei nvention. Once a hub agent acquires the ownership of the
interface, it will continue to own the interface until it conpletes its
transaction, or until an allocated tinme bandw dth expires. For exanple, in
one enbodi nent, a tinesligce counter is provided in each hub agent to
control bandwi dth aIﬁﬁ@éﬂﬁ%&E@hd tolimt an agent's interface ownership

tenure. The ti | 1.0 : e ,tineslice value) may be
different or tﬂgnggﬁgﬁ%&%ﬁ%ﬂ?i Q%%F?%@gagéerﬁ&é%ﬂg@ﬁ%@ne{c&‘fhé asrghg\?/ng
interface. afbgt 441806 |dckDIGOGMRIGubBe 3P AHt PR e AGALE T rrahd o s0f
interface gnd counts hub-iﬁttlerfqgceebgse clock perio é’.drp%rg\rﬁ&er%ggg}shent,
each hub adrnneiesnbrabpumdi Blbev f@ntrolesagiomgpligtedonsing aiSTESP sigeanl | ocat i on.
As such, in one enbog nt, a tinmeslice val ue maé be programmed via a
hub-i nterface c&rEaE Hﬁgf@f@rar‘f%ﬁar@a'@wfithe@ﬁ? aERTHR sigral. Mo lluageted,

Foure 5 T ANH LSS AN DAL o A BB OR Loy e b Ler ate
the |t erTate then TEVULRI NG Lot al oo Nor Bover, T nethe Ci s Ghekfe) W L1
i |1 ustrat ebefarhetaringriaaket fransmisapneotdthe 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 6, at clock edge 4.
In addition, when ownership of PD signal changes from one hub agent to
another, ownership of the STOP signal will be also be exchanged following a
predetermined number of clocks. Moreover, in one embodiment, the STOP signal
is sampled on base clocks, which correspond to the final transfer of a packet
width. For example, in a 4x mode (using an eight bit wide FD signal), the STOP
signal is sampled each base clock. However, for a 1x mode, the STOP signal is
sampled each tourth ¢lock (with the beginning of a transaction being used as a
reference point}.
Following the reception of a STOP signal, the hub agent that receives the
STOP signal determines whether it may retry sending additional packets. Figure 7

is a2 flow diagram describing the steps performed by a hub agent in dgtermining
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data transfer node wth eight bit data signal (PD) path. Agent A, in the
exanple illustrated in Figure 5, is the nost recently serviced (MRS 1 APR 2004
agent. As a result, Agent A asserts its external request signal (RQ\) and
sanples the state of the Agent B's request signal (R@) on clock edge 1
(which is shown to be inactive) before starting packet transm ssion off
the sanme edge. In one enbodinent, there is a two clock delay before the
transni t t edwdatker if may. retgasending m pagket follpwing avaip il 2STOPeinadll y i n the
receiver (i.e., Agent B), -13, 2 1 APR 2004 starting fromclock edge 3. The
first packei’CCE’Bﬁjl'éT%tPso eRBAYBER} e- wor ds 502 and 504 and requires two

base clocks to t 1=~ nl 2, The second cket s three
doubl e- wor ds SOG?FP%%Q%%h%h%E&g%éF] aggs ?Lér(ﬁﬁ?ﬁ?bégraflﬁmg mt&a%é&“‘@ﬁo@ﬁ%”’ieﬁat he 4x
mode. Fl ow £pOPrsogndin [@Resgiedinmeas 704)?:%1?% aEet tBSt FRENEFROETOP signal

di sconnected by a receiving agent due to lac request queue spac

buf f er spacégteonifarif thdhether egsonyhichaconatedthe SITA@ENign &l) G\e@bling | S
acconpl i shed using a, STOP signal. Figure ilJustrates an exanple of the
ise of STOPYTEHATP Sdhe s w,ampig&@e&t el 3gents request Argnal ygest
si gnal (RQSI)(Q@WO' sanples the state of the Agent B's request signal (RQB)
on clock edgé I' (which is shown to be inactive) before starting packet

transmi ssi on of fiftthe redpRnedd ehd STOP,siglQeletddBed that FRé hOMNGL2hisvRt HloCk
del ay, the data transm !tﬁtéed from AgentgarlA is available inter na?%y Si n E}Le

recei ver atSTgBrigml isnar tdqugsting emuleoskipadghe Sitetface e steprdfbcthaentrent

fol | ow ipt.,of data t itted f AtA'tr?@f't

oppor tuni ty ¥ B RN TaseaRAL Ae Al e SFSBI bpaskel dolowea FRsOSTORTaMmynal
as illustr o T | 36K @95 & it 1gn_qwner ship
of PD signat?‘%ésﬁacg\%e??:tﬁfnogﬁéaﬁag’ gggﬁt toml};}ﬁ!ci)trE h%&?lec?\%%&#% %?qwtaﬁ%&sTOD
signal w | IthhSTOB sighel exehangaty batnepsMipgnatePresiehetirortonuaper of

cl ocks. Moreover, in one enbodi ment, the STOP signal

determines if its timeslice has expired.

If the timeslice for the current owner of the interface has expired, in step
710, the current owner releases ownership. If the timeslice for the current owner
has not expired, the current owner may transmit a packet with an attribute that is
different from the interrupted packet. More specifically, in step 712, the current
owner determines if it has a packet with a attribute type that is different from any
packets that have been retried in the present arbitration session (i.e., the period of
the current owner’s tenure), which needs to be transmitted.

If the current owner does have a packet with a different attribute, in step

714 the current owner may attempt to transmit the packet. Otherwise, the current

owner release ownership of the interface.

PHYSICAL INTERFACE

In one embodiment, the hub-interface interface implements a physical
interface that operates at a base frequency of either 66MHz or 100MHz. Other
frequencies may also be used. In addition, in one embodiment, the physical

interface uses a source synchronous (55) data transfer technique which can be
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is sanpled on base clocks, which correspond to the final transfer of_a
packet width. For exanple, in a 4x node (using an eight bit wide PD1APR 200
signal), the STOP signal is sanpled each base clock. However, for a |x
node, the STOP signal is sanpled each fourth clock (wth the beginning of

a transaction being used as a reference point) Follow ng the reception of

a STOP si gnflad-tloekéd bo aaeBtertdddd af £ 6k \’f?esbéslé%ubsﬁ%g)rfﬁegcggélf.gﬁ ][rF? \?ﬁsin

whether it nmay retry sending additional packets. Figure
di agr am desurémbndimbst ktepg qped-bardma iltgrfachehz 2BENL bfhtﬁ‘?@crm‘ﬂﬁeng -19 2
1 APR 70(14 whether it may retréH%endi ng a_CFacket follow ng receipt of a
STOP si gnalfrequgnssiadioty! s 0o bamtwidth of 66 @by festpdy saged that i s
currently t ittd ckets receives a STOP signal. In response, in
step 704 tt{w{jﬂ]o&g@ﬂ&ﬁﬂ%@aﬁ}@eﬁ@&v%éesg?@b"%lb’gnal deternmines if the

ot her agent (whiglyiReihyat gdohd ' I S [ owner shi p of
the interface, by sanpling t he gt %?ﬁﬂgfégg‘géem%%g@ggf‘%%irf%ﬁ%?“?%@g?f‘

RQB.) If th@llrageiqueemﬂiom)bftR&V,&Tﬂ%sﬁaQ@t&bn@@h@ﬂ@h@ﬂ&xr?hﬁétaﬁ—eﬁicﬁgent whi ch
sent the STORP signal is not rmjest_i ng ownership of the interface, in step
706 the curEBHEONGMGIAF PHICesh KMt Drsi gredingnyinaint A teshative emdosliinenss, packet
foll owi ng n very.,.fr.o the STOP. other _hand, if it is determ ned
that the aggﬁ%‘%ﬁi the RigTfarsmay OPﬁéa%?E%?%ﬁ“dHé{F frequepgige andfgr alip@asivep, in
step 708, &hedcditheRter MBS0 pHRLGE FhRGH e ibhnl ' i S BXRLEed. I
the timeslice for the curreOnF ovt/ner Eﬁ %hgnlhtrﬁgg g%‘ia ﬁ§§P§§pale§§?hﬁ step
710, the copeestinpwnkagesbesskbon aiwetaiviepigrd p&b@séiir\gﬁwiitﬁﬁltf&?ah Eldink €nt
owner has not expired, the current owner may transm't a packet w th an
attribute thascqRe szﬁi‘Pﬂ@Y%‘HﬂD‘?-r omthe interrupted packet. Mbre
specifically, in step 712, the current owner determnes if it has a packet
with a attribute type that is different fromany packets that have been
retried in the BPxeseal sgrﬁilg[)aﬁhmbnsessi on (i.e., the period of

Figure 8 illustrates the physical signal interface of the hub-interface
between two hub agents, according to one embodiment. As shown in Figure 8, the
hub-interface physical interface uses a bi-directional eight bit data bus (PD [7:0])
with a differential pair of source synchronous strobe signals (PSTRBN, PSTRBP)
for data clocking. In an alternative embodiment, the interface can widened. For
example, as shown in Figure §, an additional eight bit data bus {PD [13:8]) can also
be used along with an additional pair of pair of source synchronous strobe signals
(PUSTRBN, PUSTRBP.) Moreover, in an alternative embodiment, unidirectional
data signals could be used.

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

temperature variations, are also included.
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the current owner's tenure), which needs to be transmtted. If the current
owner does have a packet with a different attribute, in step 714 thg1 APR 2004
current owner nay attenpt- to transmt the packet. Otherw se, the current
owner rel ease ownership of the interface. PHYSI CAL | NTERFACE I n one

enbodi ment, the hub-interface interface inplenents a physical interface
that operates at_a bﬁse_ frequency of either 66MHz or 100MHz. O her

frequenci es may HM%BhBEcHsagnals shawaiiniton inteHaenidlustistrs] iekigure Barphysi cal

i f - h S) ..d . fe hni whi ch
bo <20 5 1 RBhB RSHIAR PRRLHCTEE AL IR PP AR fBaGmas Rl g " "
hub it et agRerflcaie fgndls iSatkd id the A0 GERONETREL IBVIAG ANaIpI L data

interface (e.g., PD) operating at a ba requency O0MHz, a

bandwi dt h afep266ng¥gahyhescqarofsee dndent(dvB/ B)r exanmdOMBe B b taghieved,
respectively. Furthernore, in one enbodi nent, the hub-intérface interface

supports a Mypindgde spaeatesoar gfifereg\siganld viosyibgdeamdhe conpllestent ary

met al - oxi de-.. _seni conduct or ,proce CMOS). sigpnaling. In an alternative
enbodi nent ,‘gqu%\éﬁ}‘é?‘,“t&‘ﬁ%d W@’Fﬁj‘@io‘ﬁdg} (%Ler%t e at alternative frequencies
and/or alternative sized data interfaces to provide varying bandw dt hs,

and support alternative operating voltages, based on alternative signal

processi ng,Tabid 8 &lub-tepente hgeffaonbighhl foe @pghtdit Agentsnvent i on. Ext er nal
Si gnal s finition Figure 8 illustrates the physical signal interface of

the hub-i ft&face |B¥ weelY®wo HoBkagditseiptiekcording to one enbodi ment. As

shown in Kigure 8, |thRis) hub-i ntieyb@ce physical interface uses a
bi -directi eight bitifdatg bus (PD[7:0]1) wth adifferential pair o

-onal g — t —— : T
source synfhlctous |€t r obe ASTynal S ( PSTRER! dapSTRBEYe dita interienbicgeki ngre | |
an alternative enbgdi ment, the |i nterflag@od@dBnVs HAABH A ctEOLustaEXATRIHE 1258S
shown in Figure 8, |an additional eight bit data bus (PDa[_lo-:GJ) can als

r

voltage value to which it was driven.
PSTRBP 1 ASTS 55 Negative PD Interface Strobe (default voltage level =
VS5HL) and Positive PD Interface Strobe (idle voltage

level = VCCHL) together provide timing for 4X and 1X

—a

L=y

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.

PSTRBIN 1 ASTS SS Positive PD [nterface Strobe, see PSTRBP description
above.
RQa 1 /0 cc’ Active-high request from agent A (output from A,

input to B) to obtain ownership of the hub-interface
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 cent or agent A determinas that

it should release the interface. Reset voltage value s

VESHL.

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

STOP 1 ASTS CcC Utzed for pipelined fiow control to retry or dicconnect
packets,

HLCLK 1 I N/A | hub-interface base clock, in one embodiment, either

-22-
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St robe (|dIe vol t age | eve

VCCHL) together

VSSHL) and Positive PD Tnterfac
provide timng for 4X and 1X

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

[n one embodiment, many of the signals transmitted across the hub-

interface interface are transmitted in accordance with a common clock mode.

More specifically, the timing of the signals that are transmitted via the common

clock mode are reterenced to a single clock (e.g., the hub-interface clock.) In

alternative embodiments, the signals may be tied to a systemn clock, exterior to the

hub-interface agents. Moreover, there may be more than one hub-interface

segment in a system, in which case different base clocks may be used for the

different segments. For example, one component might implement both a 66MHz

base hub-interface interface and a 100MHz base hub-interface interface.
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data transfer on the PD[7:0] interface. The agent that is providi ngeﬁfh@i
drives this signal. PSTRBN and PSTRBP shoul d be sensed fully differ @"
at the receiver. PSTRBNLASTS55Positive PD Interface Strobe, see PSTRBP
description above. RQall/OCC Active-high request fromagent A (output from
A, input to B) to obtain ownership of the hub-interface interface. RQa is
asserted when agent A has data avail ghle to send, and is deasserted when
either all of agent ASS, ’ gfatifndet er mi nes that it

ST MLOLORS 18
shoul d rel ease t | Rase t val ue is. VbSHL
ROb1[ / Omequestlhﬁdgﬁrg%en% t( grﬁ %%%%#5@%1 29 tﬁ?)rﬁﬁm’t%%A‘ﬂs’.‘h%ééoHﬁ%e
descri pti ogyathfERusITEIR MO ES td e PRIhARA: i ry or
di sconnect ;})’acket s.uSHLCLKll N Ahub- i terlf ace tgasgﬂlcel %g\lﬁﬁlﬂﬁﬁq%ﬁg téﬁ&%&% ment ,
ei ther - 22 tearbixRRt20OdaB6Mar @ample) Hm efibodirpesmigisg 4Xissurge | nf or mat i on
for the common cl ock i%‘nal s (described further bel ow. RESET#1l CCActive-| ow
reset indi CHRFRAPNOHSKIMKING Bradecw thgerright biiduRrrgnal parbl tragemittihgraence
VCCHL/ 2) f ' Nt i ' - nmbodi t . the volt '
oot 2 L EATE Bl P sy SRR e P et S

generated on the no

HLZCOWP1[ / @WeARE avEge srahbRedanced6apRansal LoRg IXId AP IR : '

VSSHL4gr oundN A Totlgf: 25 i 8 @ h%ﬁ&u?é’fockmg
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 by the receiving hub agent to latch the data into the
recetving 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
itlustrated in the timing diagram of Figure 9, in one embodiment a first data
transfer corresponds to the rising edge of PSTRBP and the falling edge of PSTRBN.
A second data transfer corresponds to the rising edge of PSTRBN and the falling
edge of PSTRBP.

In addition, in one embodiment, as further shown in Figure 9, the transmit
edges of the strobes PSTRBP /PSTRBN are positioned near the center of the data
valid window. As a result, the receiving agent is given an input data sampling
window to accomrnodate various system timing skews. Moreover, in one
embodiment a minimum data valid before strobe edge (tDvb), and a minimum
data valid after strobe edge (tDva) are also used by the receiving hub agent to
identify and latch data being transmitted. Once the receiving hub agent latches

the incoming data, the data is thereafter held for brief period to resynchronize the
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ASTS = Actively Sustained Tri-State. SS = Source Synchronous Myde Si gnal
' CC = Common O ock Mbde Signal ' In one enbodi ment, Reset is a systeht PRI
signal; it is an output fromone conponent of the systemand an input to
t he ot her conponent(s). Mreover, Reset is asynchronous with respect to
HLCLK. Common C ock Transfer Mbde Operation in one enbodi nent, many of the
signals transmtted across the hub- interface interface are transmtted in
accor dancedata ith thertminirebdate dode(HLUVBY espediclic phisyd Adwes tiiminghef the
signals that are transmtted via the common clock node are teferenced to a
single cl oBkb@gegt, the hub-interface clock.) In alternative enbodinents,
the signals may be tied to a systemclock, exterior to the hub-interface
agents. Moreover, there may be nore aterface segnent in a
system in whic LEfer : - g e..different
segnents, For e@gﬂ%?g?ggﬁgoéﬁﬁ%ﬁﬁgﬁ§“§$§ﬁﬁéﬁﬁgﬁgﬁ§ﬁ#§§g§%9§%%gnﬂ? base
hub-i nt er f aeferdm:bebfsﬁé@fidﬂde@pl&@l\érﬁbcttﬁﬁ&edwEheir@cbferIf AGR, hoWwevérabeevideht2 1
APR 2006 Source Synchronous Transfer Mde Operation In one enbodi nent, the
packet s/ dathatareiqusanedificebansisndghangesuns g begyadhienetoswihoukdepateingwhi ch

provi des a.techni gue for | tiplying.the data transfer rat f data. For
exanpl e, iHoghné%%%ﬁ%ﬁPgﬂﬁwcéRegéﬁ?%@”eé‘)t/‘HEhr dremp gcthiedy hpderfiss h
an ei ght bjdi.03q Welprz1A LELI - H%iﬁgﬁﬁr N our

byt e) requ!rgs %%P;tone %8%§?%fe$?g€§kéﬁggﬂfg@%ﬂg .fg]kkt Hﬁgiively,
transmtti tamawbhs rﬁ\@lltiqbl&lﬁ'roflgssldﬁs,&gul‘lﬁetrﬁbéﬂqhrm%@[bbsltﬁ| URKispgcifemeer on an
eight bit data signal path would require a full hub-interface clock cycle

to conpl et end Nspwi1RgRewief prakesult, g be negarapd di rant ugtatscuratkestaohr onous
transm ssion, . strobes (e.g,,, PSTRBN/ PSTRBP) are sent with a data

transmi ssi B Y XdPdance
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with a predetermined timng relationship between the strobes and the_data.
The strobes are thereafter used by the receiving hub agent to | at ch2 ¢ HER 200
data into the receiving hub agent. Mre specifically, in one enbodi nent,
the edges of the strobes PSTRBP/ PSTRBN are used by the receiving hub agent
to identify the presence and timng of data being transferred across the
data si |, .pat hs. ' For exanple, as illustrated in the timng diagram of

Fi gure 8%%1 Si?émgqrbsodi ment a first data transfer corresponds to the
rising edge of PSTRBP and the falling edge of PSTRBN. A second data
transfer cor regdpbimésface ta wansfirsiatagliedtp betweBSIRBMan doithe Hhalhicry edge of
PSTRBP. I n addition, in one enbodi nent, as further shown in Figure 9, the

{1 ansii tandadgpsy/cakpu: bensd b SECISTIAR RSHFRNL LS A0 ANRM near the center

of the data valid window As a result, the reteiving age is given an
i nput dat a, 3Pk ' ) at.e various systemtimng skews.
Mbr eover, in onghﬂg)%%!gﬁ%gﬁphgia%qﬁﬁ%%d‘éf§p©aﬂ'ainﬁa%'8¥%raﬂdstrobe edge
(tDvb), and ﬂini mum .data valid after strobe edge (tDva) are al so used by
the recei \ﬁﬁ?g" CARER, $18R4)S, Wheasin saig infaefageprevidera poibeiorgpintrcansattivned. Once
the receiving hub agent latches the inconmng data, the data is thereafter
hel d f obebreafsaiddylCotiandosaibBESHcixe lmsive of i exteidd] alslcoﬁg?&ts?dlﬁfkcﬂﬁt@th\eﬁ th the
hub-interface clock (HLCK) before being passed along within the hub agent.
In the fimergn ig ISPREiphblajtis QMBI 19 ; L BEdod N

T o I L sy TN ot er . e

reference to specific exenplary odi nents thereo

evi dent that i cat| . and e e .made thereto w t hout
departing frzb;%ﬁ% Hgéigaregg é:fra'uggi’h% gﬁ I%mg’é‘fsﬁicﬁﬁv F% Compitelax anpl e,
the hub-jnterface .-i nterfgace, according to one enbodi nent, may be
i mpl enme YRR CTRRAATAB YL 1§9§ﬁ‘é’ﬁ?thavi ng nultiple processors, as
illustrated in Figure 10. The specification and drawi ngs are, as a result,
to be regardédThainderficeiofstaimtli wherein $aod reqbesh packet includes a transaction

descriptor.

4. The interface of claim 1, wherein a completion packet is transmitted on said
interface in response to said request packet of said first transaction,

5. The interface of claim 1, wherein said request packet includes transaction
descriptor and said completion packet includes a corresponding transaction descriptor.

6. The interface of claim 4, wherein a request packet for a second transaction can
be transmitted across said interface prior to transmitting said completion packet in
response to the request packet of said first transaction,

7. The interface of claim I, wherein said data signal path is scalable,

8. The interface of claim 7, wherein packets are transmitted across said data signal

path via a source synchronous clock mode.
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restrictive sense. -25 2 1 APR 2004 What is clained is: 1. An interface to
transfer data directly between a nenory control hub (MCH) and a 71 APR 2004
i nput/output control hub (ICH wthin a conputer system conprising: a data
signal path to transmt data in packets via split transactions; and a set

of command signals, wherein said interface provides a point-to-point

connection bet 1 I 1.4 | CH  exclusjve of an external bus
connect ed di rg'ct'i Yy %e(?)ﬁ%: 81\@:5‘#? g’?‘f’g%gﬂ Sfﬁghﬁ %EﬁiélSFseﬂﬁﬁtogblp@mCﬁpm@ |

mul tiple agif.ferent buses with separate protocols. 2. The interface of claim
1, wher ef ag@ﬁs@sgﬁf LEPRP $FFOSYNERIAnesi strobo sigodl oz usisémionglr € conponent s
within a chipset. 3. The interface of claim1, wherein said request packet

i ncl udesarhitfatign sigpel, end a Hdiredtiphalrstopdsigddie i nterface of claim 1, wherein a
conpl etion packet is transmtted on said interface in response to said

request packet0.dhesgtedfadd dfdlaiin BRARE L interfadaSuin §hhace of claimi,
wherein said request packet includes T ?%(ri]gg?:rtf?c%n aeé'g%cllﬁl%lsé‘rsyﬁﬂa resst d

conpl eti%a}paac&%m' | espondi transaction descriptor. 6. The
interface of clal n#ﬂ?lo\h;gg%éiﬁh%gd%E@%@gfcgﬁ%@%ﬁ‘g@@r a second transaction can
be transmtt gﬁross said interface prior to transmtting said conpletion
packet in r:gp & Ltprdaceid caig ids Whersikesid (wansaction descrifitors idensifct i on, 7. The
interface of claim1l, wherein said data signal path is scalable, S. The
i nt er f adEPaFRtedIuhs Within shierazihy qfankldpk: iatadds %@ﬁmehtaﬁtiaﬁ%feég (ai d data
signal path via a source synchronous clock node. -26 2 1 A R>2004 9. The
interface of 1@l TheniderfaddIr eiafin il cs j | set. _of
o polel G R PRI B eSS e

bi-directional data signals, a first sour ronous strobe

s gnal , ittt 65inBRAbn paI 180N i%hPaLse 120Y 2 01 di ecti onal stop

si gnal . onse to the respective request packet.

13. The interface of claim 1, wherein arbitration between said hubs is symmetric

and distributed.
14. The interface of claim 1, wherein a hub is allotted ownership of said interface
up to a predetermined amount of time.
15. An interface to transfer data directly between a memory control hub (MCH)
and an input/ output control hub (ICH) within a computer system, comprising;
a first means for transmitting data between said MCH and said ICH in packets via split
transactions; and
a second means for transmitting command signals, wherein said interface provides a
point-to-point connection between said MCH and said ICH, exclusive of an external bus
connected dirctly to the interface, the ICH capable of supporting multiple different buses

with separate protocols,

16. The interface of claim 15, wherein said ICH and said MCH within said

computer system are components within a chipset.
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10. The interface of claim9, wherein said interface further includ 1 &pp 200
systemreset signal, a common clock signal, and a voltage referenc

signal. 11. The interface of claim 10, wherein said transaction descriptors
identify separate hubs within a hierarchy of nultiple interfaces between
at least three hubs. 12. The interface of claim4, wherein said request
packet includqy. i NG i i.f .a conp|etion cket is required in
response to tﬁz ?leligg%:rﬁd\?g@r‘;fe%&elg?w%ég &%@acwﬁﬁmww@bf claim1,
wher ei n %jg'@iﬂrat%on bet ween sai.d, hubs is symretric and distributed. 14.
The inter &4 13t ansagtion pg said interfapgpvitha weiqhest pakebwner ship of sai d
interface up_to_a predeterm ned amount of tinme. 15. An interface to
transfer dat al8i Feeuisgrfasenfieclim 47 meivmeiy saidrbguest fidet (MRfles aaRs ok NPUL /

out put control hub (ICH wthin a conputer system conprising;, a Pi rst
nmeans fodeskcrptesmi tti ng data between said MCH and said ICH in packets via
split transactions; and a second neans for transmtting conmand signals,

wherei n said iat ; i 0i.nt -.t. 0- pai nt, connecti on between sai d
MCH and sai d F%f{efelgc Sg‘f‘ gg&gﬁéﬁ ‘%}%E%P e ‘%E&Jacedﬁﬂh@’étwfqr@m‘rimo t he

interfac t .| CH gapabl e of supporting nmultiple different buses wth
separ at egﬁ?%%gg? B?&Tg!ﬂ FPEROTSE facsatduvequest paskat o safsl firsttesrsidtionai d | CH and

said MCH within said conmputer system are conponents within a chipset, -27
2 1 APR 2004 4% Thrrsterfaceef claien bf, wdicasimsai® intwtak Shdlud@iaGnd Rt &5, f ace i ncl udes

. . . L 5 I .
a neans for initiating a first transaction on said interface wwth a

request tasketting t&quedthyeackewtfor & %@n@fraﬁa@ﬁcﬂi zﬂoss‘éﬁ?rh?tie sai d_request packet

includes a transaction descriptor. 19. The intertacé B RHO4n 18, wherein

sai d i nttedrfsagi@ink REUARD I ARAMBERE viding a conpletion packet in
response to sai% requgls?t pagﬁgt&é{%&é (lméch '?‘Streci“reg;@%eﬁ%?ﬂ‘dﬁmt The
i nterfaggRicifohdl M 15, wherein said interface includes a neans for

21. The interface of claim 20, wherein said first means for transmitting data in
packets via split transactions includes further includes means for scaling a data signal
path.

22. The interface of claim 21, wherein said interface includes means for
transmitting packets across said interface via a source synchronous clock mode.

23. The interface of claim 15, wherein said transaction descriptors include a
means for identifying separate hubs within a hierarchy of multiple interfaces between

three or more hubs.

24. The interface of claim 19, wherein said request packet includes a means for

indicating if a completion packet is required in response to the respective request packet.

23. The interface of claim 24, wherein interface includes a means for arbitrating

between said hubs for ownership of said interface.
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transmtting request packet for a second transaction across said interface
prior to transmtting said conpletion packet in response to the requestR 2004
packet of said first transaction. 21. The interface of claim 20, wherein
said first means for transmtting data in packets via split transactions

i ncludes further includes nmeans for scaling a data signal path. 22. The
interface of g¢lai 2t1 wher.ei n §aid interface includes neans for
transmtting BQ%QQ%SQECQQ& 1 Wherpin said interface Rutheriacisdeschmennifsr ¢l ock
mode. 23, The interface of claim 15, wherein said transaction descriptors

i ncl ude & al}?étm&owsmueﬁsmdmtn@acse@anacﬁatwmswpttbiarprézlicténﬁﬁﬁa

multiple interfaces between three or nore hubs. 24. The interface of claim

19, whereftimsai d request packet includes a nmeans for indicating if a
conpl etion packet is required in response to the respective request packet.

25. The interhac i;r1§4 rein interface includes a neans for
arbitrating bZ'tﬁn/eg&e]g%f?é U ssfef}'%r%%mé?f’s%mmawwt@lﬁm agidace. -28 21 APR

2004 26.. The int e(ﬁ;@tcng of. cl]aim 15, wherein said interface further includes
a means FHHUOyRULLY Pr?&a ?iShtlpn afcomanigr system, feamprisingone of sai d hubs
up to a predeterm ned anount of time. 27. An interface to transfer data

bet ween a APhérgctiooaldatd sipnd pathcindra paiﬂtﬁ@bﬁz@@bﬁibhrdnbﬁ@trdﬂé@i@hsﬁs#@ pset
I gha

within a conputer system conprising: a bi-directional data pat h and

a pair odatssighsladyRaREeRAdm if PhOles Wb %gggapls%ﬁiggs, g%?é%ﬁ%&q%@%dpat "

transmits data in packets via Split tr M8A& udi ng a

request g ion packet  said request packet including a
transact i gﬁé%?gae%g??ﬁ%%ﬁ%ﬁmmg&sﬁd BFAuesh Hﬂ%?ﬂu@]”&mﬂ stransadtiodi ng

uni direc iona}l arhi.tration signal, a bi- directional stop signal, a system
reset si‘if P45 28 mmon cl ock si gnal, and a voltage reference signal,
wherein said interface provides a point-to-point connection between said
menory corft ¥ pf command signals including unidirectional arbitration signal, a bi- directional

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

wherein said interface provides a point-to-point connection between said memory control

hub and said /O hub, exclusive of an external bus connected directly to the point-to-point

connection, the IO hub capable of supporting multiple different buses with separate

protocols.
28: A computer system comprising
a processor;
& memory control hub (MCH) coupled to said processor;

an input/ output control hub (ICH) coupled to said MCH via an interface to transfer

data directly between the MCH and the ICH:
said interface having a data signal path to transmit data in packets via split
transactions, and said interface including a set of command signals, wherein said

interface provides a point-to-point connection between said MCH and said ICH
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hub and said I/O hub, exclusive of an external bus connected directly to

t he point-to-point connection, the I/O hub capable of supporting multliAPRE00;
different buses with separate protocols. 28. A conputer system conpri sing

a processor; a nenory control hub (MCH) coupled to said processor; an

i nput! output control hub (ICH) coupled to said MCH via an interface to

transf er exelatiae dF b2 ettkdhaPBiNG : the ICH .said interface having
a data signal path to transm ?ﬁg%l%%dl?%ﬁﬁgﬂgtpgl%tﬁ'p Pt Fennectiom sheddCGhbns, and

said int Fncludin .set,.of command, signals, wherein said interface
pr ovi des%gﬁ%g?e% S-‘H%’B&S‘&igﬁlﬂ“a}%%ﬁ TR PUBES: Wikle pepstatepmRidolinendsai d | CH, -29 21

APR 2004 excl?gsi ve of an external bus connected directly to the
poi nt - t o- p&f KEstEE PeepPhespl compenetidouplag absaid BfH suppor ti ng nul ti pl e
different buses with separate protocols; and at |east one peripheral

conponent cou@Pethd eorspitet sycn FUaihi T8, GBETRU & é(’ﬁ:th | ai m 28, wherein
sai d peripheral conponent is a Peripheral Co%gp% e tgfgrllgéanrl %‘r?ﬂglléta (PCl)

agent . 39°ﬂl3_malmm[55n%ﬁtfﬁ¥e%cﬁﬁ%&‘;g€baﬂg £9, wherein said first and second

hubs within said conputer system are=conponents within a chipset. 31. The

conmput er syst claim 30, wherein_a first transaction is initiated on
said interf acga)vﬁehcogiﬂpéﬁﬁggf’mﬁ’gt‘?ﬁ’@f’,zgsﬂbﬁém‘ﬁém firsbare soterretiuibe wvithar

owner shi %)Pé‘gf said interface. 32. The conputer system of claim 31, wherein
sai d reqties POPRERETYSIo Migdempanents withmat dhipsetescri ptor. 33. The conput er
system of claim 31, wherein a conpletion packet is transmtted on said

interface in Besfersmputer sgiten e MpS B0PREYEH ﬁrsﬁﬂaé%ﬁ,ﬁg }r%tﬁa%%facu on, 34.
packe

The conputer system of clalim 28, wherein a reques C Yecond

t r ansact atin€sy ALr A said interface prior to transmttin
said o orfs];llmgti Onc@@vﬁh Aitglst bﬁ‘&eﬁ‘ﬁﬁ&%iuen?lo arbifration or ow%ership of said J

interface.

32. The computer system of claim 31, wherein said request packet includes a

transaction descriptor,

33. The computer system of claim 31, wherein a completion packet is transmitted

on said interface in response to said request packet of said first transaction,

34. The computer system of claim 28, wherein a request packet for a second
transaction can be transmitted across said interface prior to transmitting said completion
packet in response to the request packet of said first transaction,

35. The computer system of claim 28, wherein said data signal path is scalable.

36. The computer system of ¢laim 35, wherein packets are transmitted across said
data signal path via a source synchronous clack mode.

37. The computer systcm of claim 36, wherein said interface includes a set of bi-
directional data signals, a first and second source synchronous strobe signal, a

unidirectional arbitration signal, and a bi-directional stop signal.
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packet in response to the request packet of said first transaction, 35. The
conputer systemof claim28, wherein said data signal path is scal aljlieAPR 2004
36_ The conputer systemof claim3 5, wherein packets are transmtted
across said data signal path via a source synchronous clock node. 37. The
conput er systcm of claim36, wherein said interface includes a set of bi-
directional dgta.signals, a first and second source synchronous strobe
signal, a uni 'r’lrg?:P‘i"BH‘éfPf sistm pEelpion3 Sivgeadin sad dnterfire-fithe@dhidlomala St op
signal. -30 2 1 APR 2004 38. The conputer systemof claim37, wherein said
i nt er f ac@yftemirtest signall aidemmen clyckisiial, A€ voitelRakfordcE QRN C! Ok i gnal
and a voltage reference signal. 39. The conputer system-of cl ai m 38,

wher ei n sai d t39amng i ' 'S ad i fy. arate hubs within a

hi erarchy of nul ti%lgerhl n?er %@e@‘gﬁel?]\/\?egég&%é]% %%if‘g’ﬂw%@&ﬁa&@mo. The
conput er ; cl ai m.39 herej n sai d, request packet includes a field

i ndi cat i ng)ﬁlﬁbﬂz;@p g%%?plflgﬁsi“gﬁ’%&%ﬁcbﬁog@ﬂmpﬂwtqfﬁc‘ﬁé@qﬂ@mﬂ@stth&er espective
request E cket. 41. The conputer system of claim40, wherein arbitration
between 83 hubs is symmetric and distributed. 42. The conputer system of
claim4l, wherein a hub is allotted ownership of said interface up to a

pr edet er nmi ned4@uitherdonygfutdrisystem4T.c AT 9C ARBY LI Preal: i m.29 erein
the conputer systemincludes nultiple processa“(l)rs.a %ﬁb%ﬁgﬂng%%sﬁ g?l system

of cl ai nind&:atink eff 4 din g VELrOPAFREM rther., includes a third hub
coupled to sauiﬂ% | CH v[i;a an in%&elﬁeé@}e{éé:g{r?ﬁ;élosﬁsﬁg’:mﬁfﬁpg‘iﬁiVFéE‘t‘icﬁirP&kad-ata

signal path a [ ur.c nchropous strobe signals, said data
si gnal path t?gr@%%ypgg%§§§WﬁzgéﬁPé vwge@’ﬂlwmﬁﬁ%lhb%twtmmdhwaiisj packet s

including a request packet and conpl eti on packet, said request packet
i ncl udi nsg'nﬁn?tpﬁﬁgggﬁqﬁﬁ‘tecﬁescri ptor; and a set of command signals including
uni di recti onai arbitration signal, a bi - directional

2. The compu.ter system of claim 41, wherein a hub is allotted ownership of said

interface up to a predetermined amount of time,

43. The computer system of ¢claim 29, wherein the computer system includes

multiple processors.
44. The computer system of claim 29, wherein the computer system further
includes a third hub coupled to said ICH via an interface comprising:

2 bi-directional data signal path and a pair of source synchronous strobe signals, said

data signal path transmits data in packets via split transactions, said packets including a

request packet and completion packet, said request packet including a transaction

descriptor; and

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

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

45. The computer system of claim 29, wherein the processor and the MCH of said

computer system, are integrated on a single semiconductor unit.
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stop signal, a systemreset signal, a common clock signal, and a voltage
reference signal. 45. The conputer system of claim 29, wherein the 21 APR 200
processor and the MCH of said conputer system are integrated on a single
sem conductor unit. -31 21 APR 2004 46. The conputer system of claim 29,
wherein the MCH and a graphics unit of said conputer system are

compri i ng: o ieaPrRRE KSRl 240bhersin e I et dataphisoumit ol put

control hu(ﬁ (ICH within a conputer system the interface having a data

si gnal pEQCTBPUFLAYSRM apiniEaraicden & singlosemicopgidter wmimnsact i ons, and a set
of command signals, wherein the interface provides a point- to-point
connecti on béhéemesmirﬂcmﬁtmlhﬂﬂ(m)aﬁir@rih@gh excl usi ve of an external bus
connected directly to the interface, the |ICH capable of supporting nultiple

connect | = trol hub of
i fferent Qiisesfac¥td ﬂan':s?l\%?aga;cgre{afclﬂt@ﬁpinﬁg% églgﬁié ‘t’rh%gg\fm Hﬁ#ﬁ?@r‘}‘e{kﬁbge? _ 29_

claim47, wherein said are

The ne t hyb .of claim47, .wherein g first transaction is

it ot SR St MR ferffe i s e Seia bafltoiinimb o anmesketns

ar bitratiﬂn for ownership of said interface. 50. The nenory control hub of
cl ai m 4GPLLREISEHPNS I 7 264 @Eeamisand signals ovhedess the interfamsprovidena geiacr i pt or .
51. The nenory control hub of claimb50, wherein a conpletion packet is

t ransni tie-@dind comaiction heterckasad itie MEFPARBRID [T axglusREYE st cRaGKEL Of Said
first transaction. 52, The nenory control hub of claim49, wherein said

request cpasdcedd difketlyde telihRASES O eSab] %ﬁmﬂg LicoRRLell gn packet
i ncl-udes a correspo%di ng transaction E%gsgﬁfg{l r. ﬁkﬁ’lﬂ&é@ﬁﬁr%g&s‘?ﬁe
menory G & | ai m 52, wherein a request packet for a second
transacti on e@&r?%aﬁcgﬁsm tted across said interface prior to transmtting

said conpl eti,gn
al A" The memory control hub of claim 47, wherein said MCH and ICH are

components within a chipset.
49. The memory control hub of claim 47, wherein a first transaction is initiated on
said interface with a request packet, subsequent to arbitration for ownership of said

interface,

50. The memory control hub of claim 49, wherein said request packet includes a
transaction descriptor.

51. The memory control hub of claim 50, wherein a completion packet is
transmitted on said interface in response to said request packet of said first transaction.

52. The memory control hub of claim 49, wherein said request packet includes

transaction descriptor and said completion packet includes a corresponding transaction

descriptor.
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packet in response to the request packet of said first transaction. 54. The
menory control hub of claimb53, wherein said data signal path is schl ABR él0i
55. The nenory control hub of claimb54, wherein packets are transmtted
across said data signal path via a source synchronous clock node. 56. The
menory control hub of claim55, wherein said interface includes a set of

bi - directiongh, T ebBF@nirol Bulf bf hinfe %%Pqugr @%%fpf;,&lfsqgg%gsgg%}%s strobe

signal, a wunidirectiondl arbitration sidgn and stop .

si gnal . 8 rv. control hub .of claim5b6, wherein said interface
further :é%% %Q%*sé%r‘})csyaﬁs@ﬁqﬂg?&ss g dmperface rdmie Rarsskingspigirampletiod a

vol tage reference signal. 58. The menory control hub of claimb57, wherein
sai d t r aRCXEY MJRSRPBEL {0 1he ERayestipaekst pf spid Spsttravsactirbs wi t hi n a hi erarchy of
multiple interfaces between at |east three hubs. 59. The nenory control

hub of cl ai m 88 Thetrecreony coaird! b feddimpF; kekrdinsdig das s%nap;}jaﬁ{g i ndi cating
e

if a conpletion packet is required in response to the spective request
packet. &Qlabldre nenory control hub of claimb59, wherein arbitration between
said hubs is symetric and distributed. 61. The nmenory control hub of

said interface up to a

cl aim 60, whegei hub is all.ott owner shi p. of
pr edet er m nedgsgrrfgﬁ%?m%?ryﬁoﬁé?l h”%’f%%laim RVAeRsIN prrketyaee tramswitiedaoress ol  hub
of cl ai m4cg(3 wherein the nenory control hub and a processor are integrated
on a si %I MR RMEYI@A sgurce sysdrompe cleskomodecont rol  hub of cl ai m 47,
wherein the nmenory control hub and a graphics unit are integrated on a
singl e seni coHddte orenorycont@ub of claim S5, wherein said interface includes a set of

bi- directional data signals, a first and second source synchronous strobe signal, a

unidirectional arbitration signal, and a bi-directional stop signal.

57. The memory control hub of claim 56, wherein said interface further includes a
system reset signal, a common clock signal, and a voltage reference signal.

58. The memory control hub of claim 57, wherein said transaction descriptors
identify separate hubs within a hierarchy of multiple interfaces between at least three
hubs.

59. The memory control hub of claim $8, wherein said request packet includes a
field indicating if a completion packet is required in response to the respective request

packet.

60. The memory control hub of claim 59, wherein arbitration between said hubs is

symmetric and distributed.

61. The memory control hub of claim 60, wherein a hub is allotted ownership of

said interface up to a predetermined amount of time.
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62. The memory control hub of claim 47, wherein the memory control hub and a

processor are integrated on a single semiconductor unit.

63. The memory control hub of claim 47, wherein the memory control hub and a

graphics unit are integrated on a single semiconductor unit,
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