VIO 41/ 31460 PCTI US00/ 29275 NMETHOD AND APPARATUS FOR AN | MPROVED | NTERFACE
BETWEEN C®MPUTHRICOVPONENTS 5 FI ELD OF | NVENTI ON The pr epemuseomogrst i on
relates to the field of conmputer systens, and, | n partlcul ar, the field of

providing an Mmp%mspfmh%mm 10 BACKGROUND
OF THE | NVENTI ON Nbder’gﬁwwém ﬁFﬁmge rocessing Units
(CPU 101) interconnecte 0 system rrem)ry . €. the CPU/ nenory 15
subsystem ) As shown in Figure 1, data and other signals are transmtted
bet ween the CPU and system nenory via a conponent comonly referred to as
a host bridge 105. The host bridge 105 may al so provi de other conponents
and/ or gsubsystens in a conputer with an interface to the CPU nenory
subsystem 20 For exanple, as further shown in Figure 1, peripheral

conponent ﬂj&w?rdlog, disk drive 110 and/or nouse 111) nmay be
I nterconnected to each other via a input/output (1/0O bridge 107. The 1/0
bridge 107, i nThepreseritinvention relateytoahi €idld\bf for ?@tehh %/aslw, 105 to

e

provi de an interface between the peripherals and menory 25
subsyst emin pértidilar] 46 field1of psoddadp & improved interface between

computer components.
10
BACKGR OF THE INVE N

Modern computer systems include a Central Processing Units (CPU
101) interconnected to system memory 103 (i.e., the CPU/memory

15 subsystem.) Asshown 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 prov-ide
other components and/or subsystems in a computer with an interface to
the CPU/memory subsystem.

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

25 subsystem.



Addi ti onal external busses (e.g., a Peripheral Conmponent |Interconnect
(PCl) buwol@Bg460however, may al so join the interface. bet ReFUS/2R273 / O
bridge 107 and the CPU nenory subsystem As a result, the interface
bet ween the |A@dhﬁét€h%x€&ﬁa%s@°félme¥ight%ﬁx§d hént> further

a

conplicated and restricted by the specifi ions/requi renents of an

t I 11 PClL) whi j O the.ipt the I/0
bri dge TBPERIEHIPER ) BB Ralaide 61 PeSbleFtemahdsrt o need for
an inproved interface between eri pheral conponents and the
pr ocessotheddRbbridge 347 and the @L&@@PMWYM-US@ @/esaltgheSUMWARY OF THE

| NVENTI ON The present invention provides an interface to transfer data

bet ween interfacerbetweah thé 1/Q bridyel107 and @PUWM@?MKQQNEM hub -5 (1CH)
a

Wi thin a conputer system including a data sign path to transmt data

bet n m\}\tﬁ%i “Hﬂﬁclé } i f.ecommand .
signal s, erreclan t e%ﬂ#%ﬁ%?gy{%g?ﬁg&%g%ﬁgﬁm n Iim-%é)r{nect ion

bet ween t he MCH.and .the | xcl.ysji ve of .an external bys onnect ed
direct | m@d@ﬁ@%ﬁéﬁ?iﬁ«&%@@%@ e#@Ff%ﬁ%@F%‘*“’éé&F DESCRI PTI ON
OF THE DRAW NGS The present invention is illustrated by way of exanple and
not | i nbridge 307 and the:CPL/imemory subsystemr.onpanyi ng dr awi ngs, in which |ike

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

peripheral components and the processor/memory subsystems.




references indicate simlar elenents, and in which: 5 Figure 1 illustrates
a conput erWOWEBHEG i npl enenting an interface between conp®CEUSEYMBThent s
according to the prior art. Figure 2 is a block diagram of one enbodi nent
of a conmpuiITMMARYS ; NNg the inproved interface between
conputer conponents. Figure IS atimng diagramillustrating a split
transaction inplenented by one enbodi nent of an interface. 15 Figure 4 is
a bl ock diagram of one enbodi nent of a conputer systeminplenenting a
hi erarchy of miThe piesentrinventioh pravidésareinterfarete ¢ransfergater conponents. 20
Figure 5is atimng diagramillustrating arbitration and transm ssion of
dat a packéctetweenaanetnorgy contsolhubiMGH)end a inputfoutpet cantrolthubi ng di agr am
illustrating flow control of data packets, according to one enbodi nent. 25
Fi gure 5 iﬂ&hamg ompier systgmamclnding asdataysignal pathge tesmsmitsponding to
fl ow control gper ations according to _one enbodinent. 4 WO 01/31460

e

PCT/ USOOY ebsgin; packets,ia splittransaetionseand si gnal i nterface

accordi ng to . one enbogdi.nent. . . . . .
9 aseto commamcfj sxgngllts, wherein the interface provides a point-to-point

connection between the MCH and the ICH, exclusive of an external bus
connected directly to the interface.



5 Figure 9 is atimng diagramillustrating source synchronous clocking
accor di ngowe3pke enbodi nent. Figure 10 illustrates a conpot/esoogesisem havi ng
mul ti pl e processors |nplenent|ng an inproved interface between conputer
> 8t - Figure 11 is a bl ock di agram of
bl ementing the |nproved I nterface

: ON
bet ween conpyt, m%ﬁ{rﬁ Qg}; unit is
integrated wt li:’a §1egi conmputer corrponen?y gdl;fraéex %&ock di agr am of
one enbggi;ERidh iAftha figFesbPihe atlsth gaﬁyﬁglc&% @%W}ﬁd&ﬁk&oved interface

bet ween conputer cormponents, wherein a central processing unit is

| nt egr arefdrenicesiralicdte simnilas elemeatpand i whiclt a graphics unit. 5 WO '

01/ 31460 PCT/ US00/ 29275 DETAI LED DESCRI PTI ON An inproved interface bet ween
conplit er conponents is described. The interface may be referred to,

herein, as a_hub-interface. The hub 5 interface is an interface for
connecting bﬁtgtuerlgllnsmtes agommiter system implementing anvinterfacei gh bandwi dt h
|nterface In the foll ow ng description, nunmerous details are set forth. It
will  bbeygencamputes semponents agearding to the prioradt.- art, that the present

i nvention nmay be practiced w thout these specific details. In other

I nstances, well 10 known structures and devices are shown in bl ock diagram
form rather

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

components.

Figure3isa ttang diagram illustrating a split transaction
implemented by one embodiment of an interface.
15 _
_ Figure 4 is a block diagram of one embodiment of a computer
system implementing a hierarchy of multiple improved interfaces

between cdmputer components.

20 Figure 5 is a timing diagram illustrating arbitration and

transmission of data packets, according to one embodiment.

Figure 6 is a timing diagram illustrating flow control of data

packets, according to one embodiment.

Figure 7 illustrates a flow diaéram describing the steps of

responding to flow control operations according to one embodiment.



than i'n detail, in order. to avoid obscuring the present invention. As

i |lustrat®™0ygIEoOgure 2, one enbodi nent of the hub-inter fRBCEUSI283B des

i ndi vi dual conponents with a point-to-point interface. In alternative
enbodi ments, however, the hub-interface nmay provide an 15 interface between
three or nore conponents. Mre specifically, Figure 2 illustrates one
enbodi ment of Fhre@iHustrites fragshydivhl sigadl interfateatesrdngeto on® separate
conponents (i.e., hub agents) within a chipset. The hub agents provide a
central cembodiment. between two or nore separate buses and/or other types
of 20 communi cation |lines. For exanple, as further shown in Figure 2, the
chi pset includes a nenory control hub 204 (MCH) and an input/output (ICH)
hub 206. The nenory control hub 204, as shown in Figure 2, provides an 6
WO 01/ 81460 P@imaﬂﬁamngidiamﬂwiogﬁhmemmouae or nore Central
Processing Units 208 (CPU) and the system nenory 210. The I CH 206 provides
an intercﬁhﬁkt}'tgm@ﬂépﬂé@ﬁn@aﬂb@ééme@@ri pheral conponents within the system
(e.g. a keyboard 218, disk drive 5 224, scanner 222 and/or nouse 220.)

Mor eover, the external busses and their agents (e.g., Peripheral Conponent

W th Cho momor § S 1 ERERES painud B e Aevihe abple RRESyL " oY

| Nt er CONNGELI e ad HEphdddaafirsd @ bBRbeer! Biplidt E6508RERIS N0 di rect |y

with the meRory CcO
10  according to one embodiment.

Figure 11 is a block diagram of one embodiment of a computer
system implementing the improved interface between computer
components, wherein a central processing unit is integrated with a

15  computer component.

Pigure 12 is a block diagram of one embodiment of a computer
system implementing the improved interface between computer
components, wherein a central processing unit is integrated with a

20 - computer component, and a graphics unit.



10 By using the hub-interface to interconnect the nmenory control hub - 204
and t he wQle1/2089 i nproved access is provided between |/ PCUUsM®ROZISt S and

t he CPU nenory subsystem (e.g., increased bandw dth, protocol

i ndependence%%%ﬁw In addition, the hub-interface nmay also
| nprove the T T1 conmput er system (e.g., upgrading 15 froma

base desktop platformto high-end desktop platforns or workstation

| at f b Ldi %H;%g%@@, i |l %CJWe':sﬁr . .
gl ?er(r)l;m veyé%%'p?r‘é@ i'%tt e a#?ﬂﬁp@&%ﬂﬁ%@%r ate 18%&'.616‘; ngl e
sem congyctor ynit 23 sh in, figure,11, .whergin the single
semni con @Fergqﬁletu@ggé F%seﬁfsé-gf’g'ae' ?m'{aﬁghwv?féa%ﬁ%%b-: n'? erface. In

anot her alternative enbodi ment, the MCH and a graphics unit 232 (e.qg.

cont Bol /interfaceiseninterface fomiconnenting buildingiblotks of core logiciviataor unit 230, as
shown in Figure 12, wherein the single 7 WD 01/31460 PCTI USCQ 29275

sem Conq-ﬁgf&pahaiﬂjgﬂ%aﬁrimk%@ the ICH via the hub-interface. In yet
anot her alternative enbodi ment, the MCH, the graphics unit 232 and the CPU

are integrat n si nal .conduct or upi.f. 230, ereifl.t single
sem conduct oﬁgtfﬁ? f&?é’ﬁ‘"%s&égﬁﬁbéﬁ' l?‘ﬂ)&‘?ﬁ%“ﬁ %l—télh é}%tsﬁg?%&ﬁ ﬂrﬂ' @lref ace. 5 To
provide the inproved interface, the hub-interface includes one or nore
uni que fheappasent, hawgner, dapoaskilled inithg arta that she present inventionr ed  acr oss
the hub-interface using a packet based split-transaction protocol. For

exanpl e,may begracticedasithdut thessspecific détails. I dthen rgtinces, well- a separate- -
conpl etion packet may subsequently be used to term nate a transaction, if

10 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

15 interface between three or more components;

More specifically, Figure 2 illustrates one embodiment of the hub-
interface 204 used to interconnect two separate compoﬁents (i.e., hub
agents) within a chipset. The hub agents provide a central connection -
between two ;)r more s;eparate buses and/or other types of

20 communication lines. | |

For example, as further shown in Figure 2, the chipset includes a

memory control hub 204 (MCH) and an input/ oz;tput (ICH) hub 206. The

memory control hub 204, as shown in Figure 2, provides an



10 necessary. Figure 3 illustrates an exanple of. a split transaction
across thwdwmsudonterface. As illustrated in Figure 3, a PHUSYEMRTS
initially obtains ownership of the hub-interface via arbitration 302.

nitianly o . _
ol | ow ng l%?coxme@ﬁ&?h&@& b&%eemﬁ{e%égtﬁ%&f%%&gam%&ﬁag@%m necessary

(e.g., in e case 0 returning nsaction), a
conpletio se 308 wll follow, . the request phase. Prior to the
conpl et ORCE’Eﬁ?é‘d tgS\ﬁE"?}"EF“,I“'Fﬂ\é”')ﬂz%@'pondi ng hub agent, will first arbitrate

306 for ownership of the hub- interface. In between the tinme of
transmtting aThed(#E20@providesaniindercatnectiondepueet varicuspl et i on packet
across the hub-interface, separate wunrelated packets may be transmtted

acr 0ss t hgehipherdll@niptifentd withGe e , .h&;@dﬁ@zﬁ,&%m@r rules, as
di scussedepbel ow I n re 8 WO 01/ 31460 PC‘?I\%OO/ 9275 detail. For exanple in

t he case a read ue from ripher.al rovi ding the

reques ed%ﬁt%ﬁﬂ?%%’ﬁ%ﬁ%gc Eﬁpcvla s&gg&%ﬁ%}éﬁ?ﬁﬁs%‘fa ready to be

returned in a conpletion packet. During_the tinme_ it takes to obtain the
mhﬁalm‘mﬁgmw@l

request ed their agentsiegaders bhus 2 Al packet s
waiting in a queue/pipe of the nenory control hub 204 may be transmtted

to the | CPQfgents 214) dntereenneetimtireotly iwitlrthpumembdry 24¢ and €RIEst or
conpletion is transmtted as a packet across the interface. For wite type

{ransact | g via f! R fupHaaeicy; 87 lekdbrlBi £ iththe 1ERY 206 6lnby o
than interconnecting directly with the memory control hub 204.

10 By using the hub-interface to interconnect the memory control hub
204 and the ICH 206, improved access is provided between 1/0
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 syste;n (e.g., upgr.ading

15 from a base desktop platform to high-end desktop platforms or
workstation platform) by providing a backbone for 1/0O building blocks.

In an alternative embodiment, the CPU and the MCH are
integrated on a singlé semiconductor unit 230, as shown in figure 11,
wherein the single semiconductor unit 230 is coupled to the ICH via the

20 hub-interface. In another alternative embodiment, the MCH and a

graphics unit 232 (e.g. control/accelerator) are integrated on a single

semiconductor unit 230, as shown in Figure 12, wherein the single



10 be data associated with the conpletion. In sone cases, there will “be
nore thwaooBeiseonpl etion for a request for the case wWhePET/URW/2927pl et i on
packet is disconnected, effectively splitting it into nmultiple conpletion

packet s sefniflcorditictdrofnit 280 ROupldR e TCH Viethe Hub-Mb@fiRe Cintpédts transacti on
15 descriptors for routing of hub-interface traffic as well “as identifying

th ttr ' ' . . ' b d
to. dot ehetiEraReRhartyd (ABSdER e TCHLRE Wi EGARR dprg * 10V, o
result, _may then be handl ed in accordance with a predefined protocol.
Fur t her 37 are integrated:on aisirgle semicondauctar wnih2¥) whereinthesingle is 20

I ncreased in part by transmtting the data packets via a source

synchr ogemdconiduckormmit 230/4s compled td thedTH eiuib@ihabrinterfiace. hub- i nterface -
provi des the increased bandw dth despite using a narrow 9 WO 01/ 31460

PCT| SOO’ 29218, @%@&&h@&l‘é@g?d infeffafe thd hubAfifertid/inflaes k@i cal |y been

used in the pri‘or art ternative e ment s, owever,

hub-interface may b i npl enented ,wij,h less than all of the upique features
as di scOEdaore e Teafugs: fig one smbadiment transachensers feansferred | nvent i on.

Mor eover, the hub interface could also be used to interconnect bridges and
and/ or actoss the bupdnterfave wisirtg mpacket basedsplit:-tramsactiop pzotocul.t hout - departi ng
fromthe scope of the present invention. 10 TRANSACTI QN, PROTOCOL AND
PHYSI CAlFok @X&ple, a request packet is used to start a transaction and a separate -

completion packet may subsequently be used to terminate a transaction, if

10 necessary.

Figure 3 illustrates an example of a split transaction across the hub-
interface. As illustrated in Figure 3, a hub agent initially obtains
ownership of the hub-interface via arbitration 302. Folldwing the
arbitration, there is a request phase 304. If necessary (e.g., in the case of

15 returning data for a read transaction), a completion phase 308 will follow
the request phase. Prior to the completion phase, however, the |
responding hub agent, will first arbitrate 306 for ownership of the hub-

interface.

In between the time of transmitting a request éacket and a
20 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




For greater clarity, the hub-interface is described in three parts: a
transacti oNOloaB6p a protocol |ayer; and a physical |ayer PCTHSBOYRREI ncti ons
bet ween | ayers, however, is to be regarded in an illustrative rather than a

restrictiv n ' | ar preferred
15 enbodi réet?ﬁ Fmi&t{ﬁfﬁgfﬁﬁgﬁ}@%{oﬁ rren?@ro?ﬂﬁ?mﬂub-i nterface,
the transaction | ayer . supports the rout| n nsacti ons
transm t t cRreErBcREQViding the reqpes Wagggr@?éiqfﬂ? e or nore
packets.) For exanple, in one 20 errbodl mant the transaction. |ayer of the
hub- i nt er f e t@;erdataamaslyttomesamrnedmiesomghtmrspaddatcbuang thecl uded in the
requests and-data 10 WO 01/31460 PCT/USOCQ 29275 packets. The transaction
descri ptorﬁnﬁﬁ}ha‘k@st&@&am g@ééte&ﬂhtat dr@te urielatRbeorfiphipn Wi thin a hub
agent (e.g., MCH), and/or to f litate routing of requesis and data
packet thro h the terface, For ingt.an I .n rrent t he
transacti ot JFﬂﬂ?%P?c%& m@gqﬁﬂf@ﬁ W@gﬂﬁmygggﬁg s back to the
request initiating agent based on initially supplied (within a request
packet) r ol 2ot maydretransonitted thshe IGHI06¢ i on descriptors also help to
reduce or possibly packet- decod| ng l ogic within the hub agents In
alternative e I Jrent s tra ctiop desc s als .provi de the
ability to dist ?@ﬂ?’ﬂp gyre eﬁ?ﬁé %‘PeﬁggﬁfP‘BR respective
transaction attri butes. For |nstance t he transaction attrl_but es

transmitted as a packet across the interface. For write type transactions,

data is associated with the request. For read type transactions, there will
10  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 addiﬁom in one embodiment, the hub-interface uses transaction
15  descriptors for routing of hub-interface traffic as well as identifying the-
attributes of a transaction. For instance, the descriptors may be used to
define a transaction as isochronous or asynchronous, which, as a result,

may then be handled in accordance with a predefined protocol.

Furthermore, in one embodiment, the bandwidth of the interface is
20 increased in part by transmitting the data packets via a source
synchronous clock mode. Moreovei', in one embodiment, the hub-

interface provides the increased bandwidth despite using a narrow



identified in the transaction descriptors may identify operations as -~
| sochr or’¥091B146@¢. | operations that nove fixed anount.s of pdpUSIMRI2A I egul ar
basis; e.g., video or audio real tinme operations.) As a result, the 15

cocor darnotfign (58 lebs Bihe/Hald e RARAT Py Hesh oBld B ®ier  n orcer  fo

support a specific type of operation (e.g., isochronous.) In one

embodi né¥t: the transaction descri ptors include two fields: a routing
field and an attribute field. In alternative enbodi mrents, nore 20 or |ess
fields may bdnaltethativerrrbodiments, lmwewerga hitbiihterfaceeidyobe of t he
transaction descriptors, wthout departing fromthe scope of the invention.

|10 0%4rd}dhBntedGH{thTORY tRER 45 of ke ARRRTRAE i L@y field is a
six bit fireld used for packet roohlt?? ng, " as 2@5%5%% ow |ﬁ%§g€’e 1. The size
oo 0 i o B ol
432105 I1Hub IDPige ID As shown in Table 1, three bits of the routing

field arntenfase could alse be Maed taintesconnectdridgesandtare foriotherent  t hat
initiated the transaction. In alternative enbodi nents, to provide a

hub- i nt ebfrgmentewithiipr exteareditd @ chipsefdeithb@ dépaitihg ffsktHe be used in the
routing field. 10 For exanple, there may exist rultiple hub-interface

hierarc Qb&‘ﬁe of present invention.

10 TRANSACTIOQN, 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

15 embodiment.

TRANSACTION LAYER
In one embodiment of the hub-interface, the t;éhsaction layer
supports the routing of separate transactions transmitted across the hub-
interface (which may consist of one or more packets.) For example, in one
20 embodiment, the transaction layer of the hub-interface generates

transaction descriptors, which are included in the requests and data

10




system in which case the agent at the top of the hierarchies should be
capabl e oWOrt33i46lg conpl etions back to the base of the hiRGHEPINPIZIFn this
context, "hierarchy" consists of multiple connected hub-interface segnents

starting ' f - . t 8 s 15 Control Hub.)
For i nst akc%@,@t%i ’gl‘lﬂér)fghgéaféhfwﬁs‘ifers %‘?@?E%“%ﬁ%e“rﬁgﬁégfﬁﬁﬁ%%ﬂtyﬁe ub-interface
hi erarchy, Figure 4, hqwever, .illustrat e |l e, of,  system based on
two hub-i WMWW%P‘EL\F%W“JS‘!"?M&%&&' f@%f"‘éfﬁ?ﬂ!@ﬁg only one

hub-interface hierarchy, a default value of "000" wmay be used in the Hub

| D fiel d. ra@ting of reqGests aAd4bda paditedHiraogh the Hule-interfacei ng t hree bits of
the routing field my be used to identify internal pipes/queues within a
hub-interface agent. For, exanple .the ltg; may suppQt ,internal USB

(Uni versal Ser £aF instanceipaneembodiment, the transachipredescriptarsr i ng 1 D (BM | D)
traffic via separate "pipes." As such, 5 the Pipe ID maybe used comruni cate
t 0 t he5sesuppongoating bf {empletioblpdcketsitaick to tHef vequestiinititing dgendi f f er ent

"pi pes" have different attributes, and may be handled in accordance with a

pr edet er m : : Q%mi L apl ement

separ at e”}bﬁﬁ%%?{lg%guﬂél%& y useﬂae‘ahg%%tfw\%ﬁl%gg}faﬂ%gwi n the Pipe
IDfield. 10 In an.alternative eg%) di menf, the transacti on descriptors
further ilRetrAngactipndescriptars alsohelp to redyice of posti ckethe attribute field

is a three-bit value, which specifies how a transaction is to be handl ed
when .a  decoding logic within the hub agents.

In alternative embodiments, the transaction descriptors also

10  provide the ability to distinguish the handling of requests based on their
respective transaction attributes. For instance, the transaction attributes
identified in the transaction descriptors may identify operations as
Isochronous (i.e., operations that move fixed amounts of data on a regul&
basis; e.g., video or audio real time operations.) As a result, the

15  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
20 or less fields may be used to provide one or more of the functions of the
transaction descriptors, without deiaarting from the scope of the
invention.

11



target hub-interface agent receives it. In sone cases, the attribute field’
hel ps a wpdtsmMesupport demandi ng applicati on workl oad,. WACT/HS#09275s on 15
t he novenent, and processing of data with specific requirenents or other

differentiat !I'RQ) ﬁ&&ﬁﬁéﬁthﬁ%u gtfﬁgggg;g ﬁg_gipﬁeﬁz‘;geh%}e field may

support the i'sochronous . nmbvenent tween devices, as. used by a
few recently devel oped, external, es .0,, |EEE 1394 and USB.) Such
data no gt r%"?&&ﬁ?h@M‘ﬂé’ég%ﬁf? e&ﬁﬁi%?ﬁeaﬂfﬁéﬂr%‘éh’a&%&%fll ows through
the hub- interface between 1/0O devices and the CPU nenory subsystem 13 WO

01/ 31460asReél aiSte aetbate field anayvany within the scopenfthe dmiveritiomaal transacti on
attributes may include the ability to differentiate between "snooped"”

traffic where ch coherency. s enforced by hardware (i.e., chipset) and
" non-snooped"TaCh%?A%qmgélﬁﬂf@f ransagh SEHROTrechani sns to ensure data
coherency in the 5 system Moreover, another possible attribute would. be

an "explicitly prgfetchgple" hignt, to,supporf a forgnof read caching and
allow for nore _efficient use of the npin penory hand\/\&_Et h. Ordering The
d

transaction desiHyBt[g»s can al so be IDo support ordering 10 rules
betwden transactians transmtted acloss the hub-interfate. For exanple, in
one enbodi nent, transactions with identical transaction descriptors are

crecuted, |1 AL SRR S s Py o g el a2 0n

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.

10 For example, there may exist multiple hub-interface hierarchies in a
system, in which case the agent at the top of the hierafchies shouid be
capable of routing completiohs 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 (g.g., a Memory

15 Control Hub.) For instance, Figure 2 illustrates a system having only one
hub-interface hie;archy. Figure 4, however, illustrates an example of
system based on two hub-interface hierarchies. In embodiments
implementing only one hub-interface hierarchy, a default value of “000”
may be used in the Hub ID field.

12




fields, however, may be reordered with respect to each other. For 15
exanpl e, WO & 4@nbodi ment, isochronous transactions do nBET/HEWEITE be
strongly ordered with respect to asynchronous transactions. In addition, in

one enbodi ment m&:&ﬁﬂﬁhﬂgmﬁéwwmwﬁ@ﬁadxﬂﬂaeusé@ﬁsm ssions are

permtted to make progreSs over requests, either in the same direction or

t he opposi.te  dir.ectign. Read ¢ L et fd oW i Lhection are
al | oved Sttty e binel/ane ey i S A sl B exptpIy 0
01/ 31460 PCTI USOQ 29275 And, wite requests are allowed to pass read .
request s thelfHgmay suppor internal USE - (UninersahSerial Bushhostcontrebdi nent s,
however, the ordering rules for transactions travelling across the

hub- i nt er ketfic hnd BusM astering IDEBM-IDY thaffic Via béparaedipipest” Absuchjvention. For
exanpl e, in one enbodi nent, the hub interface inplenents the ordering rules

provi dgd i ' ent. s Vingd 2.2) to
deternsnetﬁﬁgﬁ#élig]vﬁga?bet‘%g? :ultgxﬁggse%ﬁtggﬁg%&?ﬁngg#ﬁgg%ﬁﬁop osite
directions., PROIOCOL LA 10 |n one, enbadi nent . the hub-interface uses a
packet badbat teafficinitiated by different \pipes"dha rent aptplutes, anda¥onpl etion. A
request packet is wused fer each hub-interface transaction. Conpletion
packet s aibe haswled ishaocerdange withda ptedetermimetiprotonol. df athubread data, or to
acknowl edge conpletion of certain types of wite transactions (e.g., 1/0

Writes angnibrfadE APt dies it imtpletdrt defaratelintamal fipes it mayQisRIat i 0N packets

are

-

Q)

el

default value of “000” in the Pipe ID field.

10 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

15 the movement, and pro&essing 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 USB.) Such data movement

20 requirements need to be maintained as data flows through the hub-

~ interface between I/0 devices and the CPU/memory subsystem.

13



associated wth their correspondi ng request packets by transaction
descri ptwosr/ando or deri ng, as previously discussed in thePCEUSINRNTN t he
Transaction Layer. In addition, in one enbodi nent, the hub-interface

interface usey a@d&m&ﬂzﬁxﬁbé&ﬁh&rﬁ& RAdteRAl trifdattione a&yime&s%syand

di stributed. For exanp eac hub agent drives a request signal, which is
observed t o} r.a 1 1/ 31460 PCTL,USCLY 29275 ttached to the
sane inﬂﬁaﬁéegﬁeR§ﬁ§¥&ﬁg%§T5H§?¥$%gﬂE%%,SQRRP%SgéhﬁgéaaFﬁ?ﬁ? owner shi p of
the interface independently. Moreover, jn one enbodiment, no explicit :

f r am ng cohgrericyiis enfoseed byrhardware (3., chipset) @ndeinen-seoped”bet ween t he
arbitration event that gives 5 an agent ownership of the interface and the
start oftriffietthagelies 6n software Aichanisins tolensuredata eohefendy inthe fram ng
signals could be used wthout departing fromthe scope of the invention.

Th d .S S _ A h
S SR Wi OB Wl g 0o 1

owns t he s*In the process o dat a) rel eases
10 its contral qf,the interface by de-asseriin request _signal. In
additiorere}%tch@ﬁ% i W%#f%&gm“f@%ﬂi& ﬂbﬂ%’ged by using a
STOP signal to retry or disconnect packets, as is described in nore detail
bel ow. dfficient usaeof thetmain memony bandwidthent of the hub-interface, data i's -
“transferred at a 15 nultiple rate (e.g.,1x, 4x, 8x) of the hub-interface

dock (HLCK), which_.ip .0 len‘nodi ment is a common cl ock shared by the hub
agents joined by QIE@_&—LQQT‘“ i

The transaction descriptors can also be used to support ordering
10 rules between transactions transmitted across the hub-interface. For
example, in one embodiment, transactions with identical transaction

descriptors are executed in strong order (i.e., first come - first serve.)

Transactions having the same routing field but different attribute
fields, however, may be reordered with respect to each other. For
15 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

20  direction are allowed to pass read requests flowing in the same direction.

14



the hub-interface. The data is transmtted across a data siﬂnal ggth (PD)
of the hwo-G1314%0f ace, which has an "interface w dth" of 00BHF of two
(e.g., 8,16, 24, 32.) Asa result, the hub-interface may have varying. data
20 transf Rhdgwaite tajuebisafre llotred tbpassiead reiuésts Howiiep Guthientgmepon t he
transfer rate and the wdth of the data signal path. For exanple, in the
case of aa? éﬁOV\D 01/ 31460 PCTI USQOQO 29275 eight bit interface width in 4x
node, the P er width is 32 bits per HLCK. As a result, by varying the
transfer rate and/or the interface wdth of the data signal path, the
transfer w dt hiydjiednative'@R8odRhekts, Itfwever ¥heoraehAg Pales fbCK) can be scal ed.

5 1In addition, 1n one enbodi nent, packets may be larger than the transfer
wi dt hs. a resul the packet re.t smit.t i n | tiple.sections

U e palbracipts HavsiiRg e ehe Bub iR instficd Bl e vftbitiea 1 nto
packet wi dths the size of double words (32 bits). In the case of a 32 bit
transf®r thedchpe ofithelinvention. Eorexample,inone embodin@ng thedubed on t he
interface starting with the least significant byte (byte 0) and finishing

Wi th the pRefface igipléineatt therderihy hdedprovided BOPeriphéralv in  Table 2. In the
case of a 64 bit transfer width (e.g., a sixteen bit wwde interface in 4x

e 1 oner CRyzehPRleic6Rpor (BT} (eVioh 4 PRt the o b 157 01 "

significant doubl e- d.i,s transferred i arallel on the upper bytes of
the data gﬁ%ﬂ?sé.tﬁg,iwbenfef&cmppma QO¥p| es are shown bel ow in

tabl e 2.
PROTOCOL LAYE
10 In one embodiment, the hub-interface uses a packet-based protocol

with two types of packets: request and completion. A request packet is
used for each hub-interface transaction. Completion packets are used
where required, for example, to return read data, or to acknowledge
completion of certain types of write transactions (e.g., I/O writes and
15 memory wntes 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 interface uses an
20 arbitration protocol that is symmetric and distributed. For example, each

hub agent drives a request signal, which is observed by the other agent

15



Table 2 Byte Transmi ssion Order for 8 and 16 Bit Interface Wdths 17 WO
0113146WOCTs148800 29275 HLCLK HLCLK j  PD[ 7: 0] ~00~ i 4s67°PCPDHOP/293750123

PO[ 15: 8] 4567 8 Bit Interface 16 Bit Interface p113 The Protocol Layer of
t he hub- rfa |nterf | s\.al so res i bl r.framng the data. As
such, tﬁ@a 35 ﬁcﬁ‘ﬁgﬂ&ﬂ‘tlﬂg&ﬂ H'mffaf'at@ef‘gste define how to map
one or nore packet vmdths onto a set of 5 transfer widths. To sinplify the
par si ngdetermingkewnership of thednterfacetindependently. one enmbodi nent of the
hub-interface, the followng.three framng rules are inplenented: a header
section of acket starts on . the first te of. a .trgnsfer,wdth; a data
secti on. SEK%"P“(P*‘eﬁ?@? &‘FH";’“EP&FB‘BE&?R%mﬁsR%‘?ﬁB@PEed-of "a transfer

wi dt h; and a packet occupies an integral number of transfer 10 widths. Any
avai | abThenenammmmmmmmahgyrmupmnwemghm@m I'led with a
double word (DW transm ssion, and will be ignored by the receiving hub

agerB A agehiCoWAEE aﬂa@qhta}facéaha&hesgdre&magéﬂu’s different franing
rul es nay used b he hub-interface within the scope 15 of the present

{ram noSAFAES i i b, Hi Bl é@%‘%ﬁ%aﬁ"heslgf e

wnhout departmg 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
10 its control of the interface by de-asserting a request signal. In addition, in
one embodime'nt, flow contrbl is also accomplished by using a STOP

signal to retry or disconnect packets, as is described in more detail below.

Packet

In one embodiment of the hub-interface, data is transferred at a
15 multiple rate (e.g., 1x, 4x, 8x) of the hub—inte;face 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,I which has an “interface width” of some power of two
(e.g.,8,16,24,32.) Asa resul.t, the hub-interface may have varying data
20 transfer granularities (i.e., transfer widths), depgnding upon the transfer -

rate and the width of the data signal path. For example, in the case of an

16



WD 01131460 PCTI US00/ 29275 Table 3 Request using 32 it Addressing and
Cont ai nh gVPW18M6Houbl e words of Data 4th Byte 3rd Byte 2R€TBIR0829R7F st Byt e
4th Byte 3rd' Byte 2nd Byte First Byte Transmtted Transmtted Transmtted

Transm tt ) ] It ] i X -1 on PD(15:8] on
PD( 15: 8] gggg@?%ﬁggw@@%ﬁggegg?%&ggﬂgg grgg]rglésr},eego( 7:01 on
PD(7:0] I te 7.1 byt 1 byte | Byte 4 1 Byte 3 1 Byte 2 1 Byte 1 |
Byte 0 Aﬁi@i@ %%zsssqiz‘egﬁéfm gir riteppdor the interfacet DWof Data {
D Third DWof Data a+l 5 Table 4 Request using 64 Bit Addressing and

Cont ai ni ngwidthed thedatacsigveal gatlythOtransér il (e hdniherof BptesByt e First Byte
4th Byte 3rd Byte 2nd Byte First Byte Transmtted Transmtted Transmtted

Transm tt egaJdrahe 'Eff’*ﬂdgséﬂrﬂet Transmitted Transmitted on PD(15:BJ on
PO(15: 8] on PD?‘?S%) on PD(15: GJ&gfr%dPD(TOJ on PDX7:0] on PQ(7:0] on PO

7:0] | Byte 7 1 Byte 6 1 Byte 5 1 Byte 4 1' Byte 3 |1 Byte 2 ) Byte I | Byte
0 1 Ad&dress (%:a@diﬁhﬂdﬂ%)heldﬁﬁiﬁ‘m{e%a&d&ﬁ&gﬁdﬁﬁt Jthap@lkeond DWof Data
First DWof Data (DW Third DWof Data pr,z equest Packets 10 The packet
header forgBtsrbOidtREURS ] reARK he paAGRQhfl 2ehdnBt@ASn multiple

sections (i.e., packet widths.) In one embodiment, the packets are divided

into packet widths the size of double words (32 bits).

In the case of a 32 bit transfer width, the bytes of a packet width are
10  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
15 more significant d'ouble;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
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enbodi ment, is shown below in Table 5 and Table 6. In the exanples shown °
I n Tabl a¥091/81360 6, t he base header is one doubl e-word, vrCTIUSIR9278ddi ti onal
doubl e-word required for 32 bit addressing, and two additional

doubl e-fwords required Tor the 64 DIT addressing node. T1ne fietrds—ofthe 15
header s as shown in Tables 5 & @ are descri bed bel ow:the tables. |19 WO
01/ 31469 In Iternatlve njs of e hub-intenface,
the fie ds |n ude | : of the requet vary w tlhout
departi hg fp(U[l] ;nvent orYekd3WkE, the header |[may
I ncl ude addltlondjaqle f cm, H el ds, B:[ éﬁ P El‘ elds in placg of the

fields ghown bel ow. 5 Mor eover, the enﬁgﬁg m; s l, | ds may al sojvary
wi t hout | departing fromthe scope of the |nv | e 5 Request |Packet
Header Format for | dressi ng Last - Byte ‘ted First Byt ¢
Transm jted 31 3083%5%@" 26 25 24123 22 21 Bim@g']l 7 161154 13 12 11
1098 h6543210 rqr/ cr of k- ransaction DosS€e. e- TD Am space
Data Length (DW Last DWBE In DWBE cp w Routing Field served Base

Addr (31: 2) R¥he PeotoadHLayes of thdhhbdnterfaee irtetfalaiskalso tespdasibleor mat for 64
bit Addressing Last Byte Transmitted Fist Byte Transmtted 31 30 29 28 27

26 25 2 9 7 43210
r/ cr oﬁ%&ﬁ%%%%t%oﬁg%le‘g‘c ﬁl@%éﬁuﬂ%r%%ts é’%ggij%%é%ﬁa %eng (DW Last E)\C)IV

BE 1 D& face define how to map one or more packet widths onto a set of

5 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 byteofa
transfer width; a data section of a packet (if present) starts on the first byte
of a transfer width; and a packet occuéies an integral number of transfer

10 widths.

Any available transfer widths not consumed by a packet may be
filled with 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

15  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.

18



¢cp w Routing Field served Base Addr(31:2) Rea 32 bit conponent

Addr (63: 3MO®B10t rconponent Transacti on Descri ptor ThRCTYERZ8¥SEi on
Descriptor Routing and Attribute fields as preV| ously described. 15 rqg/cp
Request p'ExBieBsReqmsﬁMBﬁ‘BﬂdAddtdssmgaﬁd@ontaumgrﬁhmelaoulpiaekets with a

1" in thmrapgﬁga@n cr Conpletion required ("1') or no corrpl etion
required (L 0') 20 WD 01/.31460 PCTI US00/ 29275 r/w Read (' Q') or Wite

a'). Thig flmg;wl ncy,dcy;,[,es zhjgy,gat Arsttiad | BeevenC| dnflid ermwcg,gmy@t i of

(read) of ardinefite@® Stranémie ittéd) (fampilted - Drinisioited ( Fringm of Or frat i s
either | rr)I |@d’DIQ53D 9’”’@1?551 30812[75@14%?%5?1 P"UDVﬁloekaU(@k ortADE ) @Ppﬂal cale that
the requekt }i SPY'ﬁ'érl b Bﬂ#&ad‘ s%ﬁeﬁc@mﬂe&ué&% nBWt’o | Btsi%nk {n a
| ocked sefudr NUAV s s (DY ' bst WBads '
conpr eheng Q.
Data Length . .

{ DW} Thlrd DW of Data

plit

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

_ 4hByte 3rd Byte 2ndByte  First Byte 4th Byte 3rd Byte 2nd Byte First Byte
Transmitted Transmitted Transmitted Transmitted Transmitted Transmitted Transmitted Transmitted
on PD[15:8] on PD[15:8] on PD[15:8] on PD[15:8] on PD[7:0] onPD[7:0] onPD[7:0} on PD[7:0]

| Byte7 | Bytes | Bytes | Bytea | Bpe3 | Bye2 } Bytet | Byeo |

Address (31:2) Request Header
{DW} Address (63:32)
Second DW of Data First DW of Data
{DW) Third DW of Data
) ph2
Request Pa
10 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

15 headers, as shown in Tables 5 & 6 are described below the tables.
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encoded such that the number of double- words represented is one plus this
nunber . wdlwusised 000000" represents one doubl e-word. 15 PCRHESODOZIST i el d
sel ects the destination space type for the request I n one enbodi nent,

possi bl e Wﬁg&xﬁ 0 01"). 1st DW
BE Byte enabﬁéﬁ%wh}%m%ouw rhacd tﬁe'Zf‘b&laQ(i!laag‘ri&\i/vr| te request
to Menory or . Byt enabl es _are active Iow there is only one

doubl e- ibthe ea#&m&qmtm EBW%BY‘Q‘O% riing the " one
enbodinment, it is illegal to issue a nenory or I1Oread or wite request 25
Wi t h nostppessf thaahvention. aBor dlaniile,Ahe headertnay ihdndeadditianaldoubl e- wor d of
any read or wite request Byte enables are active low If there is only

one dOUhE@ m&s%éngg vaﬁeﬁudstlﬁ?:aa‘elcﬁltﬁeﬁuﬁiséhemwe ("1111"). 30
e e disc

Byte enabl es may ont I guous 0101"). This field is never used

| R | a le Encoding” field.
Adar 31 Mereover; e fReodin ot the FEi3h o7l ald Fenc Rl delaHEE 35 on oI for

sanme type of cycle. This doubl e-
from the scope of the invention.

Table 5 Request Packet Header Format for 32 bit Addressing

Last Byte Transmitted First Byte Transmitted
31 30 29 28 27 262524'232221 20 19 18 17 lGlls 14131211109 8 |7 6543210

[rq ot Jaf [ik [Transaction Desc. [Re- |TD At [Space [Data Length (DW) |Last DW BE |1 DW BE Base
Routing Field served . . o
Addr{31:2 R
- FEl e
ct .
10 Table 6 Request Packet Header Format for 64 bit Addressing
Last Byte Transmitted First Byte Transmitted
3130292827262524322212019181716[151413 1211109 8 6 5 4 3 2 1 0
lrq o/ fer laf ik [Transaction Desc. - [Re- [TD Attr [Space {Data Length (DW) |[Last DW BE [1* DW BE Bas
cpw Routing Field served e
Addr(31:2) - . -|R lu 32bit
. . coraponent
Addr{63:32) 64 bit
component

Transaction Descriptor ~ The Transaction Descriptor Routingand -
Attribute fields as previously described.

15 rq/cp Request packets are identified with a ‘0’ and
completion packets with a ‘1’ in this location.

o Completion required (‘1") or no completion
required (‘0").
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word is included for the 32 and 64 bit addressing nodes (but not for the
inplied WOMEIsOng node). Extended Address (ea) | ndicat cRCHYS9{20275
addressing ('0') or 64 bit 40 addressing ('1'). 21 WO 01/31460

LR e e b T
0] It

Because configuration cycles
addressing, this bit is overl 8ppEeAusst "Ext ended Address" bit.

Addr [ 63: 374 g4feReForfisl (8DS DI { $hé 98dfdsigifoRmef 18 efthes ‘0%ldrS

doubl epwor #ﬂg@fngl ude(gﬁf or tglf}/&%ipﬁ’ gtaél’dressi ng nlblggﬁé‘%& éorrpl etion
Packets The header format for a conp el)'l on packet, according to one

enbodi mentLock{llighown bel ow i nFlagitbdndicaterthattheqeuett isepirt of ke header 15 is

one doubl e-word. The fiel ds ofockéd@ .SReM&Y@cbm JeHumg iR are
described followi ng the table,jddked! i BRI BOEst. Hu e
hub-interface, however, the Zé W %ﬁ&ﬁﬁﬁe&f& &' igrdre conpl etion
packetymay vary without .~ this flag and will £ill 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.

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

1st DW BE Byte enables for the first double-word of any
20 read or write request to Memory or 1I0. Byte
enables are active low. If there is only one
double-word for a request, this byte enable
field is used. In one embodiment, it is illegal
to issue a memory or IO read or write request
25 with no bytes enabled.

Last DW BE Byte enables for the last double-word of any
" read or write request. Byte enables are active
low. If there is only one double-word for a
request, this field must be inactive (“1111").
30 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
'35 on PCI for same type of cycle. This double-

word is included for the 32 and 64 bit
addressing modes (but not for the implied

addressing mode).
Extended Address (ea)  Indicates 32 bit addressing (‘0") or 64 bit
40 addressing (‘1').
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departing fromthe scope of the invention. For exanple, the header nmay 20 "
i ncl ude wiadiBl4ehal field, less fields, or different fiel BST/UROAZe of the
fields as described and shown bel ow. Mreover, the encoding of the fields

01/3146?)@%%;;5%?: mﬁt&f@%&%ﬁé { rbi&kp“ﬁe—égttlﬁgtn ngt WB)yte

Transmitted Flat Byte Transit 25 2123 22 21 20 19 18
17 16115 14 13 12 11 10 9 ac<p nfjgyration cycle eUPer 60 nfiguratigsact i on Desc.
TD Attr Rsvd Data Length (D\A}'cles:mlllahvayjsnbspatfosneqiwwthéi\bm Routi ng Ful d

ed Tpansaction Descriptor Thaddressingehisbit Doverlapped withitheng and 5
Attribute fields as previ ous@tgidgaj‘qaggesgﬂb&he ransaction section. rg/cp
Conmpl etion packets are identified wth a "1 in this location. r/w Read

(' 0') orAdux{6332] 1'). This fUpperaddresshitsfor64 bitaddressingimods i ncl uded
with a conpletion (read) orThis degbleswotdus ineludeddok theléq bl ag t o i ndicate
that the conpletion is part addressiﬁ?g)ﬁm,sequence. Requests and conpl eti ons
in a |locked sequence will have this bit set. Agents, 15 which do not
corr;iroehend | ock, ignore this flag and will fill this field with '0",

ompletion Pack

‘The header format for a completion packet, according to one
embodiment, is shown below in Table 7. In one embodiment, the header
15 is one double-word. The fields of the headers, as shqwn in Table 8 are

described following the table.

In alternative embodiments of the hub-interface, however, the
fields included in the header for a completion pécket may vary without
departing from the scope of the invention. For example, the header may

20 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.
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Data Length The data length is given in double-wrds, encoded such that
the numbeWQf1/3d468bl e- words represented is one plus thi s PCFESI0292%6 Thus,
"000000" represents one double-word. Conpletion Status Indicates

corrpl etion st ved Al reserved bits are set
to '0". 25 Inaic;ébgez#b&g?lﬁgﬁﬁqﬁfﬁ#%g&g? ?%@é, conpl etions for menory
reads nay pestPretesmivdss than the full anmount of dat a FistRyg®simine! S0 | ong as
the entird %é@]@ﬂe@tﬁ lz%ubwmlaanw l@éﬂtﬂ letllatillmkei\/\hsé 3 doBpi dt Pons for

menory w e Lo oW Tohice st—tgs been
n o satll sw a lf)hg'rtlccfmg hub-i nt er{ff ace 30

conpl et edgp : hhg ¥R ;
I nt er face—t=atency regurrenent—for—a partrcurar-ptatformm—23—WO 01/ 31460
PCT/ USOQ' 29275 |In addition, for a request that requires conpletion, the
initiator, in opne dlrrent aInSJI’lf rmat i on, ahout the request, which
may be sUFAMSAC ti“ﬁ‘ée?ﬁﬁ’ of'nfen ﬁ?ﬂj“ﬁ%rg‘g@?ﬂgaﬁ‘gr exanpl e, this

i nf orati on may incl ude the tARH atﬁﬁle!ﬁsa%gm%y iscugsediipdhef t he packet,
5 lock status, routing infornkransactiostsectiorzur t her nor e, vvhen receiving the

conpl etion , the initiator tc the conpl ef i ) ,the
corresponﬁé% request. In the ?’%etéw g?% ‘ie&%ﬁagt‘ﬁ"% 14Re initiator

accumul ates a count of the ddhis et ed for the original request until
the origi Pﬁb request is full R&m F&P‘Wnte (‘1’). This field indicates if
10 data will be included with a completion (read)
or a request (write).
Lock (Ik) 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,
15 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.

20 Thus, “000000” represents one double-word.
Completion Status Indicates completion status using
predetermined .
Reserved All reserved bits are set to ‘0’.
25 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 .comple;ted. Likewise, completions for
memory writes may ix}dicate that less than the entire request has been
completed. This might be done to satisfy a particular hub-interface

30 interface latency requirement for a particular platform.
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10 Interface-Arbitration and Packet Framing s In one enbodi nent of tHhe
hub- i nt ewbaemsid6mt er f ace, when the interface is idle, theCHUSWY2RN of a
request fromeither hub agent connected to the interface, is considered an

arbitration e 314t T : o = i.n of the

i nterface. | ﬁy‘aagiedﬁFén’refgg3er§hu§%%tst%§gr&§gdsin§%ﬁm%@ﬁ@gt@?{eﬁ t he
hub-interface is idle, the |least recently serviced K hub agent wns. In one
enbodi neone embodimentaretains mfoamhpn@bpeaﬁe requestaWhich magibeed status (e.g.,
via a status flag of an internal register.) In 7alternative enbodi nent,

al t er natstgredainid buffér efithednitiating hubyagent.u Fed exainiple,thishe scope of the
present invention. 20 Once a hub agent acquires the ownership of the

interfa i 1 i : i f : i i letes its
Cifornhatitrl a g&u@wﬁe mfgxm%aggegm £t ﬁfeeswg{z}bé keflp

transaction, or untfl 24 1. 1460 PCI1°USO 275 &l located tine
bandw dt.h expires. For.exanple, in QM enbodiment, a tineslice counter is

pr ovi eoloFﬁs RY ﬁb'éW&°E'o‘#Fr g""ﬁ'ﬁﬂ&ﬂf"dt‘%&hﬁ%xs B and to linmt an
agent's interface ownership tenure. The time allotted to a hub agent

(i.e., tcompletion(s)dhgeinitiatpr matcdhasithe completiony(s) withdhg f or hub-interface

agents attached to the sane interface. The tineslice counter is started

upon acgtsrféspond iest. dn thelcasd sfanubiple contpletibhy, the dhitlatsice base cl ock
perlods. I n one enbodi nent, each hub agent is responsible for managing its

accumulates a count of the data completed for the original request until

the original request is fully completed.

10 Interface~Arbitration and Packet Framing

In one embodiment of the hub-interface interface, wl;ten the
interface is idle, the assertion of a requesf from either hub agent connected
to the interface, is considered an arbitration event. The first agent to
request wins ownership of the interface. If agents request ownership

15 simultaneously when the hub;i_nterface 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 régister.) In
alternative embodiment, alternative arbitration routines may be used

within the scope of the presenf invention.

20 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
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own tinmeslice allocation. As such, in one enbodinent, a tineslice value 10
may be pro@rendrsd® via a hub-interface command regi ster foPCEHSW29278t erface
in each hub agent. Figure 5 illustrates an exanple of arbitration for the
hub- i nt er jlisated tifrerBackvide egpsiresh For egample)ireotie egbodiRearyd t he transfer
of two packets. The exanple illustrates arbitration out of an idle

interfaceFE{EQ ] ' ' Jidl e. Moreover, in
t he exanple ?ﬁ%‘éﬁ%%&r&%ﬁgaﬁgér a@%ﬁg%&&é%hgﬁgl?}%ng&xg ransfer node
with eight bit data sigpal (PD), path. Agent A in the_exanple illustrated
in Fi gur ealocation and-to jayt aP&S&H%?g‘*%’B?Qﬁ%‘@Be’(S nyrenfhe ime,; result, Agent
A asserts its external request signal (RQN and sanples the state of the
Agent B' sallfttectpiehubsiggnii.e/ BfRslicevaluelinaydealifferdnt oh thessamown t o be

i nactive) before starting packet transm ssion off the sane edge. 25 WO

01/ 31460 Jeoié Y/ mﬂif@% irlt& [ : :5l ock del ay
beforg§t hgﬁrﬁ ransnﬁ?%e%eégkta EI .e., data ? romi%ént Ag I's avai l abl e
internally in the, receiver (i..e., Agent, B),, starting from.clock edge 3.
The fi rstg‘f}é'gﬁ’éls“ PEP@aBémF%qwgﬂf?%‘H/&fr‘Bé’%a&a&oﬁﬂ@% requires two
base clocks to 5. transmit in the 4x node. The second packet is three

doubl e- woirderfaechasesb®k peni9ds.10, and so requires three base clocks in the

4x nmode. Flow Control In one enbodi ment, packets may be retried or

di sconnected by a recei,ving a t .due to | ack request gueue space, data
buffer space one embodiment, eath hub agent?s responsc%{)le fogmmagﬂ\g its "

own timeslice allocation. As such, in one embodiment, a timeslice value
10 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 iilustrates arbitration out of an idle interface state,

15  with the interface then r‘eturning to idle. Moreover, in the example
illustrated, the interface is using a 4x data transfer mode with eight bit
data signal (PD) path. Agent A, in the example illustrated in Figure 5, is
the most recently serviced (MRS) agent. As a result, Agent A asserts its
external request signal (RQA) and samples the state of the Agent B's

20 request signal (RQB) on clock edge 1 (which is shown to be inactive)

before starting packet transmission off the same edge.
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10 for other reasons. In one enbodi nent, Flow control is acconplished using
a STOP swgmaBil4ebi gure 6 illustrates an exanpl e of the uskCDUS®BRIETSSI gnal .
As illustrated, Agent A asserts its external request signal (RQ@A) and
sanples the state aof {.he Agent B' s request, signal ) on clock edge 1
(which is 15 B/nfeEM Wé)aw&f’@?gf‘-‘}a'%%e@gfet transm ssion of f
the sane edge (e.g., clock edge 1.) Following a tw clock delay, the data
t ransmi ttraresniittechdade (ite. Alats from A gemb |A) is available infernallytin thecei ver at Agent

B, starting fromclock edge 3. In one enbodiment, follow ng receipt of
data tragedtver (i‘.@.,ﬁﬁ(%ﬁtm,%értﬁ\g £26m Qoéledge 3.SThofifstiPaeRet Y for Agent B to .
enact flow control Dby asserting the STOP signal, as illustrated in Figure

6, at cl . SH; ition, when
© owner Shic%ﬁés?s%%@gfbg%é&%—%%r&??ﬁ%\%]%@e %gggen gg’agenghgle(g?&omer shi p of
the STOP signal w il be al be exchanged . follow.ng a predeterm ned nunber
of cPocKEansmpit inthe4x mede, eéﬁmffﬂé‘afeﬁﬁ%e%‘iﬂ%lﬁ‘gﬁ’éflswzﬁfsanpl ed on base
docks, which 5 correspond to the final transfer of a packet w dth. For
exanpl e,508pand 810, amdde requaires thnee bagh¢lobky inthddxmhvde.gnal ), the STOP signal

is sanpl ed each base clock. However, for a 1x node, the STCP signal is
sanpl ed each fourth clock (with the beginning of a transaction being used

as a reference Qi nt
P$10w 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
10  for other reasons. In one embodiment, Flow control is accomplished using

a STOP signal.

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

15 showntobe inactive) before startiné 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, starﬁng from clock edge 3. |
In one embodiment, following receipt of data transmitted from Agent A,
20 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.
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10 Fol I'owi ng the reception of a STOP signal, the hub agent that receives
the STOP WQ@AH3146t er mi nes whether it may retry sending ZEGEUSPMHZTS
packets. Figure 7 is a flow diagram describing the steps perforned by a

hub agent in dp{ gddition)dhehvreershi &%Déighﬁvdﬁﬁgéé fienfoRéRtBt fol | ow ng
recei pt of a STOP signal, according to one enbodinent. 15 In step 702, a

hub agent that, i s gurrently.trapsmd.tA Kk ei v a STOP signal .
In respon@g‘?&itﬂ @P@F’vﬁ‘ﬁ’“ﬁ#&“ﬂmt}g&‘&gﬁ?ﬁ ?iﬁggfwﬁtg%fl%imteﬁgﬁ si gnal
determines if the other agent (which activated the STOP signal) is

r equest i nfpllowingspredetermined numben o clopks. Margavey inieme ot her hub agents
request signal (e.g., R@B.) 20 If the recipient of the STOP signal
det er i negniadimeie HeSTOPWiIe! is sienpled @ baBEEloekg Whichs not request i ng

ownership of the interface, 1n step 706 the current owner of the interface

may atge L, tes /314 P 0 75 foll ow ng
recove$ym§g%€ﬂ%%%3?‘ﬁgﬁg%€?aﬁgﬁ%dlﬁ% ?81' Pgéé@é%ng%d that the
agent which activated the STOR signal is requesting ownership, in step
708, the Sfdedusinganeightbit widskD signal)the SXOH sigualigsampladeach 11 the
timeslice for the current owner of the interface has expired, in 5 step
710, the base dotk. dowever fens &x modes the 8 TOP signahis sampled ieaeh f or t he
current owner has not expired, the current owner nmay transnmt a packet
W an akdiiutork (ith the bk S0k a HRABCBR bellgPhbdePiesrdtatekel . Mor e
specificaﬁy, I n stkep 712, .h‘é current owner determ nesggf ?é{et as a packet
wth a at'i)Hn%Jte type that is different fromany packets that have been

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

packet following receipt of a STOP signal, according to one embodiment.

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

other hub agents request signal (e.g., RQB.)

20 If the recipient of the STOP signal determines that the agent which
sent the STOP signal is not requesting ownership of the interface, in step

706 the current owner of the interface may attempt to transmit a packet
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10 retried in the present arbitration session (i.e., the period of the
current weensmses tenure), which needs to be transm tted.PCH/USKMRI2ISTr I ent
owner does have a packet with a different attribute, in step 714 the

current Wi se . the current
owner r@ gﬁﬁ%&ﬁ%@%ftf'?ﬁiﬁ Qﬁ“‘%@‘%@%‘?& &L&?q FRREACE | 'h one
enbodi nent, the hub-interface |nterface inpl ements a physical interface
that opthaithe agentwhichactivatedthe TOP signalis requestingowneyshigs in Ot her
frequencies may al so be used. In addition, in one enbodinent, the physical
i nt er f agtep 798sthe current @wayercleterntines (fSﬁ)tinieslicemstexph'eﬂer t echni que whi ch
can be quad-cl ocked to transfer data at 4X of the base hub-interface
clock. As a result, in an enbodi nent having an 8-bit 28 11-~1 WO 01/31460
PCT/ US00/ 292Hzhe timeslica for the current gwneppf %E#@lfﬁﬂj"?éte’@%mf requency of
66MHz or 100MHz, a bandw dth of 266 negabytes per second (MB/s) or 400MB/s
may $e ae?lmo,eme cuzrert Ownvet|releabes dvnershipe, If ithe tineshicdfotithent , t he
hub-interface interface 5 supports a voltage operation of 1.8V, and is

'nan o ernaé‘?‘é‘éf‘*‘?%%“f%" R O e

alternatiye fre uen for alternative SI ed dat interfaces to
provi deWity3n agribyte, er%é’%‘ﬂﬁ%%i‘! 'éFI“IPé'I‘ Racket- ting vol tages,
based on

specifically, in step 712, the current owner determmes 1f it has a packet
with a attribute type that is different from any packets that have been
10 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 paéket.

Otherwise, the current owner release ownership of the interface.

15 PHYSICAL REACE

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 (SS) data

20 transfer technique which can be quad-clocked to transfer data at 4X of the

base hub-interface clock. As a result, in an embodiment having an 8-bit
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10 alternative signal processing, wthout departing fromthe scope of the
i nvent i onWO¥H469al Signals Definition Figure 8 illustratBSTURW2PPs cal
signal interface of the hub-interface between two hub agents, according to

one erfbodh&ﬁ%ter&e%%gwm)%g%tﬁgg&a%e ﬁéqgehesbof 66MHz6Ee physi cal

I nterface uses a bi-directi ht bit atd bus (PD[7:0]) with a

di fferenti I r.0f .SQULCE nchronous strobe bgnal s N, PSTRBP)
for data @M@na?’Wﬁ“ﬁﬁ@?@%ﬁ&?ﬁ?’é{%s&%éaﬁ’%@t? % ri%bgﬁ-ége can

wi dened. For exanple, as shown in Figure 8, an additional eight bit data
bus (PD [ pyd)e achigves, sespeetivelEd al ong with 20 an additional pair of pair
of source synchronous strobe signals (PUSTRBN, PUSTRBP.) Moreover, in an
al ternative enfodinent, .unidirectional datg signals, could be used. 29 WO
01/ 31460 PCT/ EBB%)‘Q@??’WH“%BH&P&BH@%%%’HF ?%*8‘&{-*’3% bitration signal
connects each agent to the other (RQa, RQ), and a bi-directional STOP

si gnal 5i ssupporthy voltage operativniod b8érand is based oniconvplementary as previ ously
described. Additional interface signals include the systemreset (Reset),

comon 5 ededslkoxilib Sérdicondtictorlpradls (CHVEDS) Righaling 3h an(iteMiitive As wel |,

signals for each hub agent (ZCOWP) to match its driver output inpedance to

var i att onSioRiReN@ Nk e, BIPFIARCE Y BBl e’ LIRS Tl er ace

illustrated in Figure, 8 .. . ) )
frequencies and /or alternative sized data interfaces to provide varying

bandwidths, and support alternative operating voltages, based on
10  alternative signal processing, without departing from the scope of the

invention.
xt ignal finiti

Figure 8 illustrates the physical signal interface of the hub-interface

between two hub agents, according to one embodiment. As shown in

15 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 interfacg can widened. For example, as shown in Figure
8, an additional eight bit data bus (PD [15:8]) can also be used along with

20 anadditional pair of pair of source synchronous strobe signals
(PUSTRBN, PUSTRBP.) Moreover, in an alternative embodiment,

unidirectional data signals could be used.
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10 are further described belowin Table 8. In alternative enbodi nents of

t he hulwowi/sb@ce, the signals included in the physical PCTUB0292% nmay vary
wi t hout departing fromthe scope of the invention. For exanple, the

physi cal i nt ghiadelitiomyorienmiditectionat arbieration sighdl connedts eagnal s varying from
t he signals shown in Fi gure 8 and further described belowin Table 8. 30 WO

T R (UG

are r~, .e.
ha~v yr si% . fy A: _~ 5. .

PO 7: 01 AEFP&"‘“S} “\GQER@/C‘HH{‘& dﬁt?lgl°wfﬁépa%‘f‘8“§1§ftd€?$%ll"éi -when idie, in one
enbodi nent, is held by active sustainers at the |last voltage value to

whi ch i tAdditiosal inderfacesignls indadstinsystemireset (Reset)comimore St robe ( def aul t
voltage | evel VSSHL) and Positive PD Interface Strobe (idle voltage |evel
= VOGHL)cidQU@INELKY aAd véftake Pafefbrict sighilNHIL VREFT2As Wl on the

PD[ ?:gg] |nterfacré'KpThe ageﬁt t hat |s#§row di ngFgata drives this si gnal .

PSTRBN TRBP ense fulldy dif ere."ltl t ..t he receiver.
PSTREN TOREAH Bab peEnt (A OMD) 1f Aiaith 8 el utPRndmnie Rute 11 o
above. RQa 1 I/ 0O CC Active-high request fromagent A (output fromA, input
to B) tApproRriatevaluesocompens efmamfm and temperature

variations, are also included.

The physical signals shown in the interface illustrated in Figure 8
10 are further described bglow in Table 8. In alternative embodiments of the
hub-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 8 and further described below in Table 8.
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interface. RQa is asserted when agent A has data available to send, and is
deassert eWOwéndai t her all of agent A's data has been seRET/HPORIEIt A
determnes that it should release the interface. Reset voltage value is
VSSHL.  RQpaBlelg Q&Qn@%&thérfa@ 08 KighiBuigenem B, input th A). See
above descri ption of . STOP 1 ASTS CC Used for pipelined flow control to
retry or : oA X e N e S A i .,-l n
one enbo -ﬁ%‘af e ‘Ejﬁ”’ g m;f’w €18 ;;, ';_,_' g e .,-,\:w..---';.a.‘ ‘ijon
for t he I eré’K b; his R TN " A t a-x!v"f.. ‘.v.. Do Y . . 2
Active-| pw" ndicgitlon t b hub-li Bk eiila%6s Rae a%twes i
Vol t age eference (VCCHL/ 2) fpr diff,gftgégvﬁalml EiSwas dRv@ e enboc?sment, the
vol t age rafed orl A€ nysn herb@’gmevbrmmgamvdmgeq@a-
HLZCOWP | /O N A Provildes i npedan a/$gnmapagiﬁ‘@mp s&ommgv@ﬁgé 1 8V
VSSHL 4 ¢ground NNA Totjal : 25| 1 AS'Ingewvmmg ifor3Xah@1xr} SS =
Sour ce Synchronoup Mbdg Signaj 5 3 mmm[mhme Thie@geénit thatis § one
enbodi nept, Reset{is a|systentw de [gireuidihg datd drives this signal RETRBN@nd PSTRBP
should be sensed fully differentially at the receiver.
PSTRBN 1 ASTS |[SS Positive PD Interface Strobe, see PSTRBP description
above.
RQa 1 I/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 sent or agent A determines that
it should release the interface. Reset voltage value is
VSSHL.
RQb 1 1/0 CC | Request from agent B (output from B, input tb A). See
above description of RQa.
STOP 1 ASTS |[CC Used for pipelined flow control to retry or disconnect
packets.
HLCLK 1 1 N/A | hub-interface base clock, in one embodiment, either
66MHz or 100MHz. This provides timing information
for the common clock signals (described further below.
RESET# 1 I cc Active-low reset indication to hub-interface agents.*
HLVREF 1 1 N/A | Voltage reference (VCCHL/2) for differential inputs.
In one embodiment, the voltage is generated on the
motherboard through a voltage divider.
HLZCOMP |1 /0 N/A | Provides Impedance Compensation.
VCCHL 4 power |N/A |18V
VSSHL 4 ground | N/A
Total: 25

' ASTS = Actively Sustained Tri-State.
?$S = 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.
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one conponent of the systemand an input to the other conponent(s).

Mor eoverwoORBeSsBi60i s asynchronous with respect to HLCLK 3RCTROS@I¥275460
PCT/ US00/ 29275 Common Cl ock Transfer Mbde Operation In one enbodi nent,
many of the signals transmtted across the hub-interface interface are
transmtted in accordance with a common clock 5 npde. More specifically,
the timng of the signals that ar e transmtted via the common cl ock node
are referenced t oCommoy €l angfe atien i nterface clock.) In
alternative enbodi nents, the si gnal s may be tied to a system dock,

exterior 1o Yhenluinb Al ACHaRYRR e sRRAERRm: gafagraaﬁp@ more than one

hub-interfac segnen I'ch case ere 10 base cl ocks
may be used, for t he dlfferent seq For exanple, one ¢ onent m ght
i npl enedubnisterfacespigfadeare tansoy iedin agcordance With @ comnon base

hub-interface interface. Source Synchronous Transfer Mde Operation In one
embodi nanbde.t Morp apkeifisaliytthe sindng of tsesighald that arg transhiitedwize synchronous
cl ock nmode, which provides a t echni que f or mJI ti pI ying the data transfer

rate of #glfmnigH cRERHRD Xawopise synchronous

cl ocki ng node an e|g bit ﬂata sign I path éransmttl ng a

(FEGKC) “tﬁfes@%ﬁsch&a VaueBie R GR0r. i hiphindbey bEHR 63 cource

synchronous docki ng mode on an ei ght bit data signal path would require a
full hulsysteme dpslseemﬂemgl@ hub-interfags agents. Moreover, there may be

Q\

more than one hub-interface segme_nt'in a system, in which case different
10 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. |

urce Synchronous Tr: d eration
In one embodiment, the packets/ data are transmitted using a
15 source synchronous clock mode, which provides a technicjue for
multiplying the data transfer rate of data. For example, inan
embodiment using 4X source synchronous clocking mode with an eight
bit data signal path, transmitting a double-word (i.e., four byte) requires
only one hub-interface clock cycle (HLCK.) Alternatively, transmitting a
20 double word using 1X source synchronous clocking mode on an eight bit

data signal path would require a full hub-interface clock cycle to complete.
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32 WD 01/ 31460 PCT/ USQOQ 29275 More specifically, in one enbodi nent of
sourrg syWeHH@A#ds transni ssion, strobes (e.g., PSTRBN PHGEHBORESsent
with a data transmission in accordance with a predeterm ned timng

rel ati onship s are thereafter
used by the 5 %&%ﬁ%@ﬁ%ﬁgﬁéﬂ%mﬁ%&%&&e E?g |nto the recei ving hub
agent. Mire. specifically W the of t he strobes
PSTRBP/ PSHrRBFmISSion, sig g?i)(etﬂ'rel%% rSé%‘FFtw t ify the presence

and timng of data being transferred across the data SI gnal paths. For
exanpl e, transmissioiriatardordancawith apregletérayneditiniingirglationshipi n one 10
enbodi nent a first data transfer corresponds to the rising edge of PSTRBP

and the fgbiwdaf tRESROBEs ol FHRMatd STHeUMbbed hfe thepdder iséd geﬁaonds to the
rising edge of PSTRBN and the falling edge of PSTRBP. I n addition, in one

i obet peéreaneEbkdenf 0 BN Be dablia the tBvindRAERbS 0P T e dara vl i 0

wi ndow. As a result, the receiving agent is given an input data sanpling

wi ndow to acco é’ﬁ““?’%ﬁ*‘ Nehe % in one

enbodi nent a mmnq}rgruht&ag?{an)ﬁ??ﬁ efore é\i'l‘sfrobe edge (tDvg;, and a mni mum
data valig ey abe ed [ e Q us recei ving hub
agent to Focht Aj’é REN é’%eﬁéﬁ’%ﬁé?cﬁt gf“ﬁ &@éﬂg&t et he recei ving
hub agent | atches the i ncom ng dat a, the data is thereafter held for brief
period t opresspeedmdtiming of daticheingtransferred ageoss the data signal paths

For example, as illustrated in the timing diagram of Figure 9, in one
10 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

15  center of the data valid x'vindow. As a result, the receiving agent is given
an input data sampling window to accommodate various system timing
skews. Moreover, in one embodiment a minimum data valid before
strobe edge (tDvb), and a minimum data valid after strobe edge (tDva) are
also used by the receiving hub agent to identify and latch data being

20 transmitted. Once the receiving hub agent latches the incoming data, the

data is thereafter held for brief period to resynchronize the data with the
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WO 01/ 31460 PCTI USOQ 29275 hub-interface dock (HLCK) before being passed
al ong wiwaion3tdie hub agent. In the foregoi ng specificatPCHUBNEIZ2Tvent i on
has been described with 5 reference to specific exenplary enbodi ments

t her eof . s\ &W - ' ivHRin®EiHdat i ons and
changes 1’trrulzatt)i./ \eéekirregde t her e%paeftoﬁ%h,tgﬂg&égrgﬁ#gba rom-t he@lyrdolgder spirit and
scope of the invention. For exanple, the hub-interface interface,

accordi r?§e{“:) one enbodi nent, nmay be inplenented in a conputer system
having nultiple processors, as 10 illustrated in Figure 10. The
specification and drawings are, as a result, to be regarded in an
illustrative rather than a restrictive sense. 34 | T. WD 01/ 31460

PCT/ US00/ 29275 Cl= 1111111103111 liJj 1)1l 2111111 L S, Wigt is.claimed is: 1
T An i nt f 1 AR ErERGMEAFECHkAtoR the. iveptign s bren desstibied Wit Tol hub
(MCH} and 2 a input/output control- hub (ICH within a conputer. system
conpbi sireferercedodpecific eyerplarytémbodiments thereafa ibwilh, howeeersbei a spl it
transactions; and 4 a set of command signals, wherein said interface

provi desgviddiftithit vahdisi mbdiffrations aAd| ME beiiade Meretond said | CH,
excl usive of an external bus 6 connected directly to the interface. 1 2.

The i nt griacs: Qdpathifl o tEBFGIder $pirft d L3P of MdlinvERibh! ey sai d

conput er

example, the hub-interface interface, according to one embodiment, may
be implemented in a computer system having multiple processors, as
10 illustrated in Figure 10. The specification and drawings are, as a result, to- -

be regarded in an illustrative rather than a restrictive sense.-
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2 systémare conponents within a_chipset. 1 3. The interface of claim1,
wher ei n aWO 9¥31460r ansaction is initiated on said interfacBCTHSYY2085,

request packet, subsequent to arbl ship of said interface.
1 4. JieIMSt er face of cl ai m 3, whe mmmmnﬁ msqmi packet includes a
transaction 2 descriptor. 5. The*intenfase ® aim3, wherein a

conpl etion p%ﬂhénsq:lmm&dmsmtted on said 2 interface in response to said

request packet of said first transaction. 1 6. The |nterI.l gM claim 3,
wher di-n san interfacesto transfendata dixegtly betweena memory control @Iba%@u

SR anent °”mpa‘:§$%@iw£$' i QA0 thined oy ”%s%ﬁé‘%i%é&%%sﬂ‘%iéégﬁ?{ - ansact i on
b t to t fyt d

ol ot orf GtERtna) Fe PUETRnEE dR L%%?Yé@ Pl At A ¢ ™

t t ~ ~~ ~~ Soint

Pré?' /n fggo} Ofgsfn ;g?%;%\g\sa%?sgéna?% é}%}ﬁéw }? rov@es]%éé‘l#\eﬂto-psal dat a

S|59nal pat éldgf\d&lﬁnfl%ﬂ; e%,&fusg} Sof Arncexte] By Packets are

transmtte across sal ata st gna via a source synchronous cl ock
de. 1 l%n}{g&ea%ﬁmﬁlqgtmm%&@ 9, \/\herel n said interface includes a set

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

strobe signal, a unidirectional 3 arbitration signal, and a bi-directional

stop signal. 1 11. The interface of claim 10, wherein said interface

fartigr i rMHeligeafaeDf elaiti 1, dwireindaid MCH and saith ICH withieksaid gomiputernd a

vol tage reference signal. 1 12. The interface of claim1ll, wherein said

t 12an ssysteno arelecmponents withie atchipsebepar at e

1 3 The interface of claim 1, wherein a first transaction is initiated on said interface

2  with a request packet, subsequent to arbitration for ownership of said interface.

1 4 The interface of claim 3, wherein said request packet includes a transaction

2  descriptor.

1 & The interface of claim 3, wherein a completion packet is transmitted on said

2  interface in response to said request packet of said first transaction.

1 6.  Theinterface of claim 3, wherein said request packet includes transaction

2 descriptor and said completion packet includes a corresponding transaction descriptor.

1 7.  Theinterface of claim 5, wherein a request packet for a second transaction can be
2 transmitted across said interface prior to transnnthng said completion packet in
3 response to the request packet of said first transaction.

35



2 hubs within a hierarchy of rrultl |l e interfaces between at |east three

hubs. 1WQ01/3H460 i nt er f ace of c mmm’i ai d requeRGT/BMOREITS| ncl udes
a fieldindicating if 2 a co mmm required in response to the

respective request packet. 1 14. The Y nt%er face of claim 3, wherein
arbltratlon between said hubs is symretric and 2 distributed. 1 15. The
i rg.er f dliee interface of dainvBewhereim sdididata signabpathds evalablehi p of said interface
up 2 to a predeterm ned anount of time. 1 16. An interface to transfer
data directly between a nenory control hub (MCH) and 2 an input/out put
control _hub (1CH wthin a conputer system conprising 36 WO 01/31460

1 P&/ usiieiterdace of daim 8, whevein packets arestransmittedpcosssaid dataesignali d MOl and

said, I CH in packet 4 vi lit, transactions; and 5 a second neans for

2 trmtbmxemagr%‘r}mﬁfp rFiq"'jJOmﬂHS-r ein said interface 6 provides a
poi nt -t 0- poi nt connectlon bet ween said MCH and said I CH exclusive 7 of an
external bus connected directly to the interface. 1 17. The interface of

ofthonofhe IR0 bokhéRin 3k nR ol ded €hgt BRI RIong) 2V S) T TS
i ”‘W Gl ATE SR SeREr D yRY b e gl S Lrdd RFERRL 12 “nr i n

3 Saeh%x&m ?napahatabmﬁetdmas&gasggmtion 2 descriptor. 1 20. The

interface of claim 19, wherein said interface includes neans for providing
a 2 conpletion packet in response to said request packet of said first
transacti on.

1 11. The interface of claim 10, wherein said interface further includes a system reset

2 signal, a common clock signal, and a voltage reference signal.

1 12. The interface of claim 11, wherein said transaction descriptors identify separate
2 hubs within a hierarchy of multiple interfaces between at least three hubs.

1 13. Theinterface of claim 5, wherein said request packet includes a field indicating if
2 acompletion packet is required in response to the respective request packet.

1 14. Theinterface of claim 3, wherein arbitration between said hubs is symmetric and
2 distributed.

1 15. The interface of claim 3, wherein a hub is allotted ownership of said interface up
2  to apredetermined amount of time.

1 16. Aninterface to transfer data directly between a memory control hub (MCH) and
2 aninput/output control hub (ICH) within a computer system, comprising:
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1 21. The interface of claim 18, wherein said request packet includes a
transacti WO OU/Hdecri ptor and said conpl etion packet incl uBeBU§00/29275
correspondi ng transaction descriptor. 1 22. The interface of claim 21,
wBerei n saifigstimesns foreransfitittitgsdta between’ said MCHanwisaid IOH inguickets packet
for a second transaction across said interface prior to 3 transmtting

s4i dvizsplitetansactierszendi n response to the request packet of said first 4
transaction. 1111111211111! 11 1 | 1111111111 R s = 37 WO 01/31460

PET/ US00/ aseqsd meags forrransmittingeomuiandsignals whexpisrsaidhindexface i r st neans
for transmtting data in 2 packets via split transactions_includes further

i icl udes PpERYides wowanormngcqmeah@m betreensai MCHand said HeH, exclusivee of
cl.aim 23, erejin id interface includes, neans for transmtting 2 packets
a%r oss saP Mﬂ'@m@%‘w&nsdg@a%&x%&%% €cl ock mode. 1 25. The
interface of claim2l, wherein said transaction descriptors include a neans
2 for identifying separate hubs within a hierarchy of nmultiple interfaces

&1 037 oqudbE Spiteed of afindlcPherkirt R JCP o BRENICHP oy il clmutlEt O

pack | ' ' ggg,p the respective request 3 packet. 1 27.
TZe ?#%tgﬁafégg%!fr%g}eg?sn? ) \SII\E@P%%] I nterface includes a neans for
arbitrating 2 between said hubs for ownership of said interface. 1 28. The
interface of claim2l, wherein said interface further includes a neans for

i'$ 18  The interface of claim 17, wherein said interface includes a means for initiating a

2 first transaction on said interface with a request packet.

1 19. The interface of claim 18, wherein said request packet includes a transaction

2  descriptor.

1 20. The interface of claim 19, wherein said interface includes means for providing a

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

1 21. The interface of claim 18, wherein said request packet includes a transaction

2 descriptor and said completion packet includes a corresponding transaction descriptor.

22. The interface of claim 21, wherein said interface includes a means for
transmitting request packet for a second transaction across said interface prior to

transmitting said completion packet in response to the request packet of said first

TR

B> W N =

transaction.
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2 allotting ownership of said interface to one of said hubs up to a ~
pr edet etw® ARBIld6hount 3 of tine. 1 29. An interface to tRGCKES092927at a
between a menory control hub and an 2 input/output (1/0O hub of a chipset

Wi fhin coQnput er te cCONpPr.i Si.Ng;. a bi -di t i gpal ta signal path-
1 anég'a pi-F‘F ’-‘g&fé&EPigﬁé‘y%nW&?EﬂE Sg@%ﬁi%ﬁ@ﬁﬁ?&&gﬁﬂﬂgﬁq\g ‘gg?ép signal path
transgm,ts.d ' . | ' | | _ {
21| BARFaS Pid iR abRE et Hibehlr PR The A SRIBEORIB A, || g g
3a ggﬂjdest packet and conpl eti on packet, sai'd request packet including a 6
transaction descriptor ; and 7 a set of command signals including
unidirectional arbitration signal, a bi 8 directional stop signal, a system
reset signal, a common clock signal, and a voltage 9 reference signal,
1wheaei n Thelifiterface of além23pwiheeginaajibinérface includes aears dor tranbwittegn 10
" said nenory control hub and said I/O hub, exclusive of an external bus
2 coipaekdts derabs saiidr interfacetvia alsourneisynchronmisrdodkamadet i on. 1 30. A conput er
system conprising 2 a processor; 3 a nenory control hub (MCH) coupled to
sai d processor; 4 an input/output control hub (ICH coupled to said MCH via
an interface t 5 transfer data difectly betyeen the, and the ICH, 6
15ai2§ i nﬂé\emtﬁ;?qsaﬂf Glpim ziaw&ewgﬁau{ Hapﬁqb@r&ﬁﬁ@mrs &r%ﬁdqe AMeANSet s vi a
spl.it,. 7 transaction and.said.interface i.ncJ udjng a set of comand
2.} dpridentifyipgsepatale Bubgwithin aierarchiv of mulfipletptertaces Befyvesn tHEPRSE | on
3bet ween %ai d MCH and said ICH,. -
more hubs.

1 26. Theinterface of claim 20, wherein said request packet includes a means for
2 indicating if a completion packet is required in response to the respective request

3 packet.

1 27. The interface of claim 26, wherein interface includes a means for érbitrating

2 between said hubs for ownership of said interface.

1 28. Theinferface of claim 21, wherein said interface further includes a means for is
2  allotting ownership of said interface to one of said hubs uptoa predetermihed amount

of time.

29.  Aninterface to transfer data between a memory control hub and an
input/output (I/O) hub of a chipset within a computer system, comprising:
a bi-directional data signal path and a pair of source synchronous strobe signals,

B W NN e

said data signal path transmits data in packets via split transactions, said packets
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9 exclusive of an external bus connected directly to the point-to-point
connect i onwoamd14660 at | east one peripheral conmponent coudCI@02%35d | CH.
.1 31. The conput er system of cI ai m 30, wherein said peri pheral conmponent

is a Perl her al ne conn The
cérrpLH‘%lF1 %g geuest B?"gé COWP cjﬁeg %ﬁf’&b“ﬁ%&’%%% 15‘812 3 thin said
uter,.s X onents w t hin a chipset. 11111113 1111111111111
Wm@éaeﬁ%%&%pPCT/ UsOd 29275 1 33. The conputer system of
cI [ m 32, I3 A a&ne Qi oL interface
WI7?h a reﬂégpgpwﬁ ?}sléquent ?o ar%?‘%ﬁryg?llgfn %ﬁ&c‘)v\%‘nrsh%gi of said 3
| ercg Al s@g SR rest Sighll, choﬁ{rﬁomé%ks ,@ind $¢bageequest
|nc es esc

packe saction riptor. he conput er- syst em of
Clgai Nefeten %ﬂlwﬁeﬁﬁq@h@m@ﬁmcﬂfwﬂéa _ pdxﬁficamecﬁoﬁebeﬁveeﬁ erface

I n response t sai d request packet of. said first transaction. 1 36. The
CID"P Watd nferiérgBoptrol habrindsaidd® diub, exdlubiveof @rséxtorrdl dusiconheded a 2
transaction descriptor and said conpl etion packet includes a correspondi ng
tnanS@ieédtbﬂotﬁe?ehﬁnbfpaintcmmofﬁhe conput er system of claim 36, wherein a
request packet for a second 2 transaction can be transmtted across

said interface prior to. transmtting said 3 conpletion packet in response

to the request acket of said first transaction.
1 A computer system comprising

2 a processor;

3 a memory control hub (MCH) coupled to said processor;

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

é transfer data directly between the MCH and the ICH;

6 said interface having a data signal path to transmit data in packets via split

7 transactions, and said interface including a set of command signals, wherein said

8 interface provides a point-to-point connection between said MCH and said ICH,.

9 exclusive of an external bus connected directly to the point-to-point connection; and
10 at least one peripheral component coupled to said ICH.

1 31. The computer system of claim 30, wherein said peripheral component is a

2  Peripheral Component Interconnect (PCI) agent.

2 32. The computer system of claim 31, wherein said first and second hubs within said

R

3 computer system are components within a chipset.
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1 38. The conputer systemof claim 36, wherein said data signal path is
scal abl wo @/3380 The conputer system of claim 38, wherei RCPASREIR7Hr e
transmtted across said 2 data signal path via a source synchronous dock

T e PSS St B O oo
2 D BiHRR M £ Qv PaPRA, ool G BIOO BIRRp R G  ONS%

3 V\Qn%a’gﬁGO PCT/ USOQ 29275 1 41. The conputer system of 'claim 40, wherein
sald Interface further includes a 2 systemreset signal, a common cl ock
signal, and a voltage reference signal. 1 42. The conputer systemof claim
41, wherein said transaction descriptors identify 2 separate hubs within a

1 hi34 ar cPhe coimpufer spstem of dainm 83, svhereiresaidaequiest packétineludeba. 1 43. The
conput er system of claim42, wherein said request packet includes a field

2 2 tramiactiom degsdriptar.conpl eti on packet is required in response to the
respective request 3 packet. 1 .44. ' The conputer system of claim 43,
wherein arbitration between said hubs is 2 symetric and distributed. 1

45. The_conputer system of. claim 44, wherein a hub is allotted ownership of
sat %n‘q W?@P?‘&Eé%%tﬁ“% claimn Sjﬁét'h?’#i'hé&O gign packst ig transmitted qme

co t ‘ stemof claim3l. wherein the. ter systemincludes 2

2 R et nbaRonte © Fid faantSChiat b Saud BB rBRaaBaRT 51 “uher of -t he
conputer systemfurther includes a 2 third hub coupled to said ICH via an
I nterface conpri sing:

1 36. Thecomputer system of claim 35, wherein said request packet includes a

2  transaction descriptor and said completion packet includes a corresponding transaction

3  descriptor.

1 37. The computer system of claim 36, wherein a request packet for a second
2  transaction can be transmitted across said interface prior to transmitting said

3 completion packet in response to the request packet of said first transaction.
1 38. The computer system of claim 36, wherein said data signal path is scalable.

1 39. The computer system of claim 38, wherein packets are transmitted across said -
2  data signal path via a source synchronous clock mode.

1 40. The computer system of claim 39, wherein said interface includes a set of bi-
2  directional data signals, a first and second source synchronous strobe signal, a
3  unidirectional arbitration signal, and a bi-directional stop signal.

T
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3"a bi-directional data signal path and a pair of source synchronous strobe
signals, wosasteslata signal path transmits data in packetPCTiSao/3g27$ t
transactions, said packets 5 including a request packet and conpletion

VIR S0 oy R el A0 Wiechn s R RRE B CRRS 5 000 05 7

set Qf, m% | ' i g i febick sfdrlapn signal, a bi 8
d?re%ﬁ%na sto%“%lr%%a , a éslgég?g régg‘?agdéﬁgﬁ?e% com?%{agl ock signal, and
a voltage 9 reference signal. 1 48. The conputer system of claim 31,
wherein the processor and the MCH of said 2 conputer system are

| 1t egpat eTherompritesyster of elairdud| whettin baidtrdt@actibe d beyidengfyem of
claim 31, wherein the MCH and a graphics: unit of said conput er system
ake isepargtehult within s hieyhrchyofinmaltipleinterfaces betwiedrDat léasrthmeethubsnt rol . hub
(MCH) conprising: 2 an interface to transfer data directly to an

| nput/output control hub (ICH within 3 a conputer system the interface
having a data signal path to transmt data in 4 packets via split

t Landdct | dhe compnter system of elaimdRgwhergin said requestipacketdngludes a field e

provides a pgi nt-tq-point connecti,on between said the MCH and said 6 |CH,

o3| indisating 1 a FompleHion Packet 2 prqHikeddn reshanse g therespectivaeiede. 1 51. The

\r,\T?nD'rpédg&ntrol hub of claim50, wherein said MCH and ICH are 2 conponents
t hi

thipset. 1 52. The menory control hub of claim50, wherein a first
transaction is initiated on

1 44.  The computer system of claim 43, wherein arbitration between said hubs is
2 symmetric and distributed.

1 45. The computer system of claim 44, wherein a hub is allotted ownership of said

2. interface up to a predetermined amount of time.

1- 46. The computer system of claim 31, wherein the computer system includes

2 multiple processors.

47. The computer system of claim 31, wherein the computer system further includes a
third hub coupled to said ICH via an interface comprising:

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

A
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transaction descriptor ; and
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2 said interface wth a request packet,
owner shiwp axf31seei d 3 i nterface.
wherein said request packet

subsequent to arbitration for
1 53. The nenory contr olPCTOIS0®RI2C5 ai m 52,
includes a 2 transaction descriptor. it11111

7 LTI 4 két of colmtmbnd sigrials inéiidiy Qhiditetbional drbitedtidn Ssighal, dbk4. The nmenory

eignal, and alvoltage -

control hub of claim53, wherein a conpletion packet is transmtted 2 on
8 saditettivreal Stopesignal, e spstenereset signal, a commasen dac£
transaction. 1 55. The nmenory control hub of claim52, wherein said request

9 pawsferencesigndbs 2 transaction descriptor and said conpl etion packet

t
lg
.transacti

zsiﬁm

18
a

secon rce synchronous strobe si gnal, a 3 uni directional

I ncludes a correspondi ng transaction 3 descriptor. 1 56. The nenory
control hub of claimb55, wherein a request packet for a second

rapsagtion cap be transmift across said interf Fel o.transmitting
28" e fomfes svatsnkat Anirn B RBRGE a3 pnceriok podthe MCE o 00 11 £
on..,1 57 .The Y. rol .hub, of claim 56, wherein said data
Sysfexn A IS g@@%&g%sﬁéﬁ%ﬁ@%{ " hub of claim57, wherein
packets are transmitted across said 2 data signal
synchronous dock node. 1 60. The menmory control hub of claim 59,

agd. i nﬁ-ﬁgfcaﬁ@dtacé f94 of chfth 31 whereiR tHe MCH &0tPh gaplacs itV Saip first
n SO I

2

path via a source

wher ei n

arbitration

2SI Géﬁbuté*yi'sthﬂ!aréiiﬁﬁgi‘dt@ﬂ%§§iﬁgle$5eﬁ'ﬁ€dndtict6ﬂmﬁfhe nmenmory control hub of .

N U s W N =

Pk

claim60, wherein sai

50. A memory control hub (MCH) comprising:

interface further includes a 2 systemreset signal,
a common cl ock signal, and a voltage reference signal. 1 62. The nenory
control . hub of claim®6l, wherein said transaction descriptors

an interface to transfer data directly to an input/output control hub (ICH) within"

a computer system, the interface having a data signal path to transmit data in

packets via split transactions, and a set of command signals, wherein the

interface provides a point-to-point connection between said the MCH and said

ICH, exclusive of an external bus connected directly to the interface. -

51.  The memory control hub of claim 50, wherein said MCH and ICH are-
components within a chipset.

52.  The memory control hub of claim 50, wherein a first transaction is initiated on

said interface with a request packet, subsequent to arbitration for ownership of said

interface.

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

transaction descriptor.
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2 identify separate hubs within a hierarchy of nultiple interfaces between
at | east tWP&#31480 hubs. ~'::11i11111~ 11111111111111 L M PCTABOWE203/ 31460
PCT/ USOQ' 29275 1 63. The nmenory control hub of claim62, wherein said

raquest.  pdftetineirivty ¢orGobhib 6f daim 53whesdin aaomgl &Dp@dk@t ifpansifiitRd | S
required in response to the respective request packet. 1 64. The nenory

cant ron saidlintetface in responsevbesai re packet of salbfirst eransactibriiubs is 2
symmetric and distri but ed. 1 65. The nenory control hub of claim 64,
wherein a hub is allotted ownership of said 2 interface up to a
predet erm ned amount of time. 1 66. The nenory control hub of claim50,
wier 9 t memoyys@ntmbhulhgfaclam 53, whersinsaid sequest packatdneludesi on a

Si ngl e sem ,conductor un 1 67.. The nmenory control hub of claimb50,

wier dransagtio tebmfk éaldwemlﬁaoapaﬁejm@“d%ssa cprrespanding tragsaction on a
Si nglgssquronductor unit. 111111111111111711711171212111111. 71° CL M ~* R

48 N

1 56. The memory control hub of claim 55, wherein a request packet for a second
2  transaction can be transmitted across said interface prior to transmitting said

3 completion packet in response to the request packet of said first transaction.
1 57. The memory control hub of claim 56, wherein said data signal path is scalable.

1 59. Thememory control hub of claim 57, wherein packets are transmitted across said
2 data signal path via a source synchronous clock mode.

1 60. The memory control hub of claim 59, wherein said interface includes a set of bi-
2  directional data signals, a first and second source synchronous strobe signal, a

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

1 61. The memory control hub of claim 60, wherein said interface further includes a
2  system reset signal, a common clock signal, and a voltage reference signal.

1 62. The memory control hub of claim 61, wherein said transaction descriptors
2 identify separate hubs within a hierarchy of multiple interfaces between at least three

LA
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63. The memory control hub of claim 62, wherein said request packet includes a field
indicating if a completion packet is required in response to the respective request

packet.

64. The memory control hub of claim 63, wherein arbitration between éaid hubs is

symmetric and distributed.

65. The memory control hub of claim 64, wherein a hub is allotted ownership of said

interface up to a predetermined amount of time.

66. The memory control hub of claim 50, wherein the memory control hub and a

processor are integrated on a single semiconductor unit.

67. The memory control hub of claim 50, wherein the memory control huband a

graphics unit are integrated on a single semxconductor unit.
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