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A hub interface is an input/output (I/O) interconnect for connecting I/0
hubs and Peripheral Component Interconnect (PCI) bridges adhering to a
Specification Revision 2.1 bus developed by the PCI Special Interest Group of
Portland, Oregon, to a memory controller hub. A Hub interface is a half-duplex
bus with a distributed arbiter. Synchronization on the interface occurs by a
global clock and two request (REQ) signals. Agents at each side of the interface
assert REQ signals to convey a request to the other agent. For example, one
agent (e.g., side A) sends a request signal to the other agent (e.g., side B), while
side B transmits a request to side A. The REQ signals are sampled at each side,
and a decision is made as to which side will be granted access of the interface.
Figure 6 is a block diagram of an exemplary hub interface. The hub
interface includes agent A and agent B coupled by request signals (REQA and
REQB) and a data component. Each agent includes an arbiter. The arbiters
arbitrate for ownership of the hub interface. The assertion of either an REQA

signal or a REQB signal is an arbitration event. At each arbitration event, the
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signal or a REQB signal is an arbitration event. At each arbitration event,
the 1 WD 01/33375 PCTI USO0/ 26875 arbiters within exam ne both the REQA and
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SUMMARY OF THE INVENTION
According to one embodiment, a computer system comprises a first
agent, a point to point half duplex interface coupled to the first agent and a
second agent coupled to the point to point half duplex interface. The first agent
delays arbitration of a request to access the point to point half duplex interface
until the access request is received at the second agent, and the second agent
delays arbitration of a request to access the point to point half duplex interface
until the access request is received at the first agent.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention is illustrated by way of example and not limitation in the
figures of the accompanying drawings, in which like references indicate similar
elements, and in which:
Figure 11is a block diagram of one embodiment of a computer system;
Figure 2 is a block diagram of one embodiment of a memory control hub
(MCH) and an input/output control hub (ICH) connected via a hub interface

bus;



Figure 2 is a block diagram of one enbodi nent of a nenory control hub

(MCH) and an input/output control hub (1 CH) connected via a hub interface
bus; 2 WO 01/ 33375 PCT/ US00/ 26875 Figure 3 is a block digghagyedsr9ne
embodi rr@Yﬂmé?fﬁ'fs g 2 Ior one

nterface controllers; Figure 4 is a flow diagram
enbodi nent of the operation of interface controllers; and Figure 5 is a
cl ock di agr apjgaire 8riea diddddiagrim of oae enitodimlent&f inperfpagatritunleds| ay
interface, and Figure 6 is a block diagram of an_exenplary hub interface;
Figure 7 is &gﬁrﬂaﬂ@aéﬁ%ﬁléﬂﬁrﬁm fos ong embe mept pf theorfgaien 6h i npl enent ed
by one enbaodi nen an interface; Figure 8 is a timng diagram

illust r%‘?rg@cea‘i%thﬁ(i%‘f?’c?ﬁdand transm ssion of data packets, according to

one enbodi MepfoyEisgHih @1EK Biagrdnh BF Be BhdaEaNehd blusimiatiidgcld | ow control of
dat a packets, ~ according to one enbodinment; Figure 10 illustrates a flow

di agr ampigsgatibnriplayhntetfeps andl responding to flow control operations
according to_one enbodinent, Figure 11 illustrates the physical signal

i nterface acEgude ﬁdsgglgrﬁ%élag%%@f ﬁﬁﬁf‘?n‘gﬁﬂyﬂ?&ﬁg@rﬁ(g's a timng diagram
illustratin . i | ; i t.
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DETAI LED DE chani®smor 1 ncreasing the length

bet weeny¢ gRPeAHYdEIMetOUphrGhtétfacg hub interface is described. In the
follow ng detail ed description of the present invention nunerous specific

detai |l s are Eigure 8rs h timing diegram ilisitating arRitraiéinroand tiAgenstiamarf ng of the
pr esent inven%i on. Ho%ever, it 'I(%)].Pget,apparent to one skilled in the art
that t heat3RaskRts ASFPEANENY G FBROPPENY ced wi t hout these specific

details. In ?i[gt?ﬁ'é 9110 § tRAFRSdiaBRirh 1HRMWMrY lUWIheD] 8Rdata packets,

according to one embodiment;

Figure 10 illustrates a flow diagram describing the steps of responding to
flow control operations according to one embodiment;

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

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

DETAILED DESCRIPTION

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

Figure 1 is a block diagram of one embodiment of a computer system 100.
Computer system 100 includes a central processing unit (CPU) 102 coupled to

bus 105. In one embodiment, CPU 102 is a processor in the Pentium® family of
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devices are shown in block diagramform rather than in detail, in order to
avoid obscuring the present invention. Figure 1 is a block diagram of one

enbodi e conput er system 100. Conputer system 10Q,4 &S a
central @@8@%332% ng unit (CPU) 102 coupled to bus 105. I%dgﬂ@oe odi nent

CPU 102 is a processor in the Pentiunm(r) famly of 3 WD 01/33375

PCTI USO¥ @%840rs iﬁélﬁdﬁﬁgs’MeS’einlﬂi@hl\@iIDgrdc{&%d?éﬂmmPr%ﬁ)Pérititﬂﬁ@clélsSor famly and
Pentiun{r) 11l processors available froml|ntel Corporation of Santa C ara,
Cal i f or precessoxstaepiallefeim Iniel kerpartionaiypapta Glase. CaAifpmary control hub

(MCH) 1 qeiniat%'fﬁﬁa&%,%gki’g{fbﬁgggs 103. MCH 110 nmay include a nenory

control £8% mai n system nenory 115. Main system

menory 115 shor@sh dH@BnaddhEB VRN $ 510k aldséduptéd Ri1Bud @8, MiCe 1gecut ed by
CPU 102 or any other device included in system 100. In one enbodi nent, nain

syst em fRiyoihylulieta inectargeentiphiani t2 tha doropded ssa nEmsy ytefrDRERoryHowever ,
mai n system nenory 115 may be_inpl enented using other nepory t%/pes.
Addi t i ohEl- Main sxseraperiosy 1h2 stosentalg ang segseness of Iayppctionsipt 551 e CPUs
and/ or nulti t .8s, H 1 .al ' raphi cs

i nt erfa%’éecfi%l §Xuﬁgﬁéga% gF% %Pg{g rid(\:é?féeééglé]l@gﬁé gﬁgfggquﬁ%ocﬁﬁeegenbodi ment ,

gr aphi cembBHEHEAE MdidIybent AR 116 indidPHi§RaRicCRInelom Bfced80 via an
accel erated graphics port (AGP) fhat operates according to a Specification

Revi si omead@ryi (RRAMc dlalseedropain bystemt memoCplpd sy lohiroplegzemntad d ar a,
California. In addition, MCH .includes a hu I nterfa ontroller 120.
ot er { abEnBShEMeBIO PR AddRiarBT EviEre M e B FSRRIRA T BRR P8t put
control b, j S L aes Senhdbsl40 provides an interface
to inpu?%u?sgb?r%l%gajlgée%%/es Wlu![l 1% S&%r%put eer ('gs;ii/%sstem 100. ICH 140 also

i ncl udes a hMCHrtlehay elsodndlude agjrapRids tietfats 11&ashifled tc agrhphigst o MCH
110. I CH 140 may include other interface controllers 120, For exanple, a

second dqeeleraterd 380t PBE PEY OdIDeRhBrarhisdirEace blis seumsAol nt er f ace 160
Lo i AL AL RERoP130 614 AReRred YipRics Bofl (KEP) St bbetdiled Mo a7t W1
according to a Specification Revision 2.0 interface developed by Intel
Corporation of Santa Clara, California. In addition, MCH 110 includes a hub
interface controller 120. Interface controller 120 is used to couple MCH 110 to an
input/output control hub (ICH) 140 via a hub interface A. ICH 140 provides an
interface to input/output (I/0O) devices within computer system 100. ICH 140
also includes a hub interface controller 120 that is used for coupling to MCH 110.
ICH 140 may include other interface controllers 120. For example, a
second interface controller 120 may be coupled to a network interface 160 via a
hub interface B. Nevertheless, one of ordinary skill in the art will appreciate that
other hub interface controllers 120 may be coupled to other devices.
Devices coupled together via a hub interface may be referred to as hub
interface agents. A hub interface agent that is positioned closer to CPU 102 in
computer system 100 in terms of travel distance may be referred to as an
upstream agent, while an agent that is further away from CPU 102 is referred to
as a downstream agent. For example, for the MCH 110/ICH 140 hub interface,
MCH 110 is the upstream agent and ICH 140 is the downstream agent.
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ot her hub interface controllers 120 nmay be coupled to other devices.

Devi ces coupl ed together via a hub interface nay be referred to as hub
interface agents. A hub interface agent that is position o CPU
102 in VEQRBIPE system 100 in terms of travel distance %ﬁ@%)?gesfﬁerred to
as an upstream agent, while an agent that is further away from CPU 102 is
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packet - based split-transaction protocol. Hub i'nterfaces w |l be discussed
i n nor esysem 100 #ioarelatieeliutariow enflaelativett bighdaadviidthiideecpatbnal dat a

e e LR T
S 3L SR BRI ReB ARG T, BT
According to one embodiment, transfer of information across the hub interface
bus is accomplished using a packet-based split-transaction protocol. Hub
interfaces will be discussed in more detail below. The hub interface includes a
bi-directional data path 251, a stop signal 253, a request A (RQA) signal 254, a
request B (RQB) signal 255, a clock (CLK) signal 257 and data strobe (STROBE)
signals 258. According to one embodiment, data path 251 is 8 binary bits wide.
However, data path 251 may be any width (e.g., 16, 32 etc.) in other
embodiments. Stop signal 253 is a bi-directional signal used for flow control.
According to one embodiment, stop signal 253 is transmitted from a first agent
to a second agent in order to indicate that the buffers of the first agent is full and
that the first agent cannot continue to receive data from the second agent.
Consequently, the second agent stops the transmission of data.
RQA signal 254 and RQB signal 255 are request signals that, during
normal system operation, are asserted in order to request control of the hub
interface. STROBE signals 258 are used to synchronize data into a hub agent

while operating in a source synchronous mode. According to one embodiment,
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enbodi ments. Stop signal 253 is a bi-directional signal used for flow
control. According to one enbodi nent, stop signal 253 is transmtted from
a first _agent to a second agent in order to indicate th ers of
the fi rg‘f(gﬂ%’éﬁ'{s is full and that the first agent cannot éggﬁ{glﬁor/l%g;{o
receive data fromthe second agent. Consequently, the second agent stops
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S
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rate of " €ig nmes that of the ock signa 57. Further, hub interface A
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254, 5 DAT, te. ) i i efore
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According to a further enbodinent, in order that the renote agent does not
sanpl e MiIG}Hal6 to KCH 140achissderh interfacedheAcedreling tag fuaiber be adj ust ed so

h h | ock out tije, ' i pn.del f i I
L1 ans mamees TR e RESr e empld S o8t BRCTaRA e e b agat i on dol ay

mul t i pl f'o?lgldaéttgﬁ% 22?85&%9}(@1&;&?&5% adffibiad B thREffe GbOEKuPEiieOsetap one for

exanpl e, mttedfromICH 140 nay not be received at

MCH 11Qitetaind prbbapatite delaysif acdigiedd tearsheitted Srarhahe edartfi agere i8 i s a bl ock
di agram of one enbodi nent of interface. controllers 20A a dU%ZOB for

i npl emegreatey thamthe prapagarten delayrmaitipligd By Hislease dockieerd M&2rface

controller L2RALER! SEGH for elEmpl, S RGBS ST 258 Hefsrititb AR AR 10,
140 may not be received at MCH 110 until after the first clock cycle has elapsed.

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

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

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



while interface controller 120B represents the interface controller within
|CH 140. Each interface controller 120 includes a delay nodule 340 and an
arbiter 350, Delay nodul es 340 delay arbitration request HEg7khey are
recei vedVBI3P%R arbiter 350 within the sane interface co]fﬁroiofafer 20. For
exanpl e, delay nodule 340 within interface controller 120B del ays a RQB

255 signal begf At i I 1.4 ot d [y
controller 1’%6%%%5%tddé?%%/&%gg}éﬁgmgﬁsg&% %ﬁl{ﬂﬁg?%? g‘%éf gt%:ﬂelcl d(}tﬁtgrv{’) lﬁgr 120A
del ays ge]Rth2A54 eglinddntheftne propagasioneteddywecobyhulirtetfate A5Fosi t hi n
interface controll'er 120A. I n one enbodi nent, del a%rmdul es. 340 incl ude
one or emmnepleeifitwioenotlacythessare mequived fordi@Bstenale?Ivaiobestaceivedrmtt he art

will appreci t.hat .ot her devi ces e used, t rovide a lay. 6 WO
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T R e S R P e T B
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255 one cycléﬂbléfrréﬁc'igtaf teae fariqygnershipeof hyphintertacesy. &ihﬂﬁs?ﬁrflﬁﬁg’r%f ace

controll.er 12 Ar.bi t 350 i L i uR. Loherface A
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controllers 120A and 120B exanmi ne both the RQA 254 and the 255 and
det er m hethahe ®RQAI254ahdithe RQB 85F avd deterdupe valarershipafdud imterfageeousl y. As

descri bed above, .in order  for the 254 d 25 i gnal,s~t.,0 be

exani neddspaugiens éﬂg W“‘é}ta%eé&ﬁi]yarg%@??%f@?%ﬁ%‘%éﬂ%ﬁ]eﬁgﬁe interface
trol 1 .1 i - i i | t

compensarir b RO BT 0 bk iR Sin AUHRAL A Qe albifouday, O

recei veghodiuld 5 @t therinRiRict eon@6ler Vilemandmitting thatepfeatsighsl delhpgs t he
first of either the upstream or downstream agents _to _have its request
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either the upstream or downstream agents to have its request signal (RQA 254
and RQB 255, respectively) sampled asserted wins ownership. If the upstream
and downstream agents request ownership simultaneously when the hub
interface is idle, the least recently serviced hub agent wins ownership.

Figure 4 is a flow diagram for one embodiment of the operation of
interface controllers 120 for implementing a multi-clock propagation delay
interface. At process block 410, a request signal (e.g., RQA or ROB) is received at
an interface controller 120 to access hub interface A. At process block 420, the
request signal is transmitted to arbiter 350 in an interface controller 120 coupled
on the other side of hub interface A. At process block 430, the request signal is
received at delay module 340 within the interface controller in which the signal
was initiated. At process block 440, the request is transmitted from delay
module 340 to the arbiter 350 within the same interface controller 120 after the

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



interface is idle, the |least recently serviced hub agent w ns ownership.
Figure 4 is a flow diagram for one enbodi nent of the operation of

interface controllers 120 for inplenmenting a nulti-clock .on del ay
i nt er f ack¥O 9%83383 ocess bl ock 410, a request signal (e.g., ‘%2‘9%’?3%) i's

received at an interface controller 120 to access hub interface A At

pr ocess phhpadatibtldelaacrdse hudshtesfagoal. Condeqaeatiy]thedeftednipriabis 350 in an
interface controller 120 coupled on the other side of hub interface A At
pr ocess réxededd adpothiarbitersipdsn tisngytralpe sagnpleddsi thedaae deflagdgddul e 340
within the interface,gont ler..in ich.the. signal. S initiated. At
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arbi ter 1§§9r%fatu th SRRr 38 WRtdrHiRE (\AMethG ARt r&d et “ﬁﬁ@e?rﬁﬁ{edt. hgs requisite
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01/ 3337 deREIHddSilinves 8vbarbpieop3iferbitnatd éhdgpeaciensly amdsimndentacgyA.
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access. tlahsagited §rans the mquedting interfecieantroltprilzd actess diubonteréideek gai ns
control of interface A process bl ock .470. At,process 0 80, data
Co T aneAT AT Jhnfs FndRErRY. Foterraienid FopTeesa BEnhss nub
interfa P I e J i rned to
b ocese e BRI o R o e O e L g ary

ski |l i ehdthoaess blodis 426ognt3demay batprpcessed in bivarikty d2differeht430 may be
processed in a variety of different  sequences. Fqor exanple, the process

di scl oseefjuencps-okesexamplekthezroness discloseddpmresessdriegieditmmayiscess in
o ocese Ly B2 L BHOBLL YEhty SR B0 R IO be
nul ti - chasknd RBOPRGALE Sxecti@dPih pataBief ace. A RQA signal 254 to access hub
neerface A IFisgure 5 is a clock diagram of one embodiment of a multi-clock

propagation delay interface. A RQA signal 254 to access hub interface A is

asserted at interface controller 120A during clock period 0. The RQA signal 254

is not received at arbiter 350 within interface controller 120B until clock period 1.

Similarly, the RQA signal 254 is not received at arbiter 350 within interface

controller 120A until clock period 1 due to being delayed by delay module 340.

As a result, the simultaneous and independent arbitration at both arbiters 350

occurs at clock edge 2. After arbitration, interface controller 120A is granted

access of hub interface A and begins to transmit data to interface controller 120B

during clock period 2. However, the data is not received at interface controller

120B until clock period 3 due to a one clock cycle propagation delay.

During clock period 1, a RQB signal 255 to access hub interface A is
asserted at interface controller 120B. Subsequently, the RQB signal 255 is

received at arbiter 350 within interface controller 120A, and arbiter 350 within

interface controller 120B, during clock period 2. Accordingly, the simultaneous
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asserted at interface controller 120A during clock period 0. The RQA signal
254 is not received at arbiter 350 within interface controller 120B until

cl ock peyj .o Simlarly, the RQA signal 254 is not recgpygrRodfdes® Diter
350 vvithWr?dll/n‘" ¥fface controller 120A until clock peri od ? gue to ?ei ng

del ayed by delay nodule 340. As a result, the sinultaneous and i ndependent

ar bi t r at,@NnabpdtidhtarBittion 3 Bdth QSIS 380 oedus ki @daleedge Al ter
arbitration, interface controller 120A is granted accesS of hub interface

A and béfpwevérpsinca irstetfaceladrarelieri 120ér hascascessrio hoibl isterfz@ B\, intarfaag cl ock

period 2. However he dat.a is ,not] re_ce'hvegq.at interface contrgller 120B
until clgpioder igfP doenpotigmediaely mprhe grhilrabpBp Rystiass caBiralier puri ng

cl ock pek} .- i ; i : i sserted at
i nt erfa?gbggﬂ frnéglpgg 11%8%8?‘}%%1%@8%%%{‘%3%& tﬂ ﬁtew anttsr?%%gﬁsg%si%gear ecei ved at

ar bi t er 3afplvetiiutingtioek pegiogant rol I er 120A, and arbiter 350 within
interface controller 120B, during clock period 2. Accordingly, the
si mul t aneous Isteyface tprB@alter 120B, beprressysot grratethawsentalneb itsriacat i on at

both arbjiters 350 occyrs.at c .ed .. However, .since interface

contr ol I‘AéPnfﬂgﬁlﬂcgggrlBgfe%gcet% Sl%?@?‘d&é“’ﬁ?@ﬁ{e #ea?éﬁert%%ﬁ{ rol ler 120B
does not._.J I i mit.he; i i ; (_q(cfge r; 120A

mai nt ai trllrgeg%ﬁ? !rcglltl&%gewuztﬂ)%i %ﬁgﬁ‘lgﬁ&éﬁéﬁw Iuhta ﬁgkgat a rﬁ%’slgl(tf%l?%cﬁ has been
conpl et edntioilentR0B Badcapted adess. of Intteintartarecd ahd degirs th268)srhibwaver, i s not

granted access to hub interface A unfil clock period 5 si nclge a RQB signal
254 is nointexape eontaelarsi@Ofe Haweventhe datads aohresivesatiddmiags i | ¢l ock

edge 5. Duri Kk j . hnter e r i .ant ed access
of “nub P S PR dnfrabe neiel Bt R ERRE Yo RertEdrRedtin O, o
120A. I—Q\éﬁggr, the data is not received at interface controller 120B until
cl ock period 6 because of the one clock cycle propagation delay. Although

the present iAltemghotheipresygénverttion haebeen describeé mateeferensgtio hult er f ace A
et veen A0 B P R AL R Sl B e
appreciate that the present invention may be implemented at other hub
interfaces (e.g., hub interface B). Further, one of ordinary skill in the art will
recognize that the invention may be implemented at interfaces in arbitration
systems that do not include hub interfaces.
Referring back to Figure 2, the hub agents provide a central connection
between two or more separate buses and/or other types of communication lines.
By using the hub interface to interconnect the MCH 110 and the ICH 140,
improved access is provided between I/O components and the CPU/memory
subsystem (e.g., increased bandwidth, protocol independence, and lower
latency.) In addition, the hub interface may also improve the scalability of a
computer system (e.g., upgrading from a base desktop platform to high-end
desktop platforms or workstation platform) by providing a backbone for 1I/0O
building blocks.
To provide the improved interface, the hub interface includes one or more
unique features. In one embodiment, transactions are transferred across the hub

interface using a packet based split-transaction protocol. For example, a Request
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interfaces (e.g., hub interface B). Further, one of ordinary skill in the
art will recognize that the invention may be inplenented at interfaces in

arbitra Stems that do not include hub interfaces hegsback to
Fi gure y'8p]r{‘~é3§%ub agents provide a central connection beﬁlfe@%ﬁtv\o or nore

separate buses and/or other types of comrunication lines. By using the hub

I nterf EPls'JHeart6%m@§ttréﬂ%sc%ﬁ&Q s@pskatd€ohiPibld Packemnayed access is

provi de etween 1/0O conponents and the CPU nenory subsystem (e.g.,
i ncr eassi(bsb@md\nﬂ}dbéms@mmmmam@etpmsdeh@m if peakssaswer | atency.) In

addition, the hub_interface may also, i rove t he scal ab| | i of a conputer
system (e. g FlgHEﬁVa]é‘llﬁﬂatF? Wégrﬁéee ftéf?rﬁﬁﬁtﬂ‘?’b?‘?ﬁqsﬁ th éﬁbend deskt op

| at f | @ O
Do ai sk TaBh ot BPEREE 7l Rl B DR AR R PR &f ace

i ncl udegeQRfH Piterfidedia dbittagione@RUr Bsllowingahe agfibadionp theretis ansact i ons are
transferred across the hub interface using a packet_ based

spl i t - tregunestqthasa 7p4 olfowmsessaFyfe. gxanmeecasaomaiumg dntg\fpoa res 75

PCT/ US00/ 26875 . Packet t t

Compl etqrwapsena@aq%aiplebaaeiaa%k@’& SR E S e B el B RBES Ton, i
”ecessa@fnﬁ{@n@ aée,' de}e'ﬁé@&%%e o HAGIHD Dlerd whl fitsttaBASAE VDO ForaCr 0SS

t he hub ust rate igure 7, a hub agent initially

obt ai n%@ﬂ@@hsﬁbbt}m‘hub heetfate.i nt erface via arbitration 702 Fol | owi ng the
arbitration, there is a _ request phase 704. |If necess ) in the case
of returni nglrdmtweﬁaﬁh&tm&@f trapgnd Heg F‘dﬁﬁlue%Péélﬁepﬂaéﬁa %ﬁoi‘}ﬁﬁ%‘éﬂdﬂﬁg wil

follow t he uest a t he
respond?‘ﬂﬁ {‘F né’gaéhgpa%\ngﬁ t%ﬁ rs Ht)ergﬁt% %%%%8&&5‘ glﬁest the hub
i nt er f agenorhHdPANBE e Y intBrf&de ihla@BSrlahté agtkapfeel@mmpa@faer and a
correspondi ng conpletion packet across the hub 1 nterface, se arate

unr el at edegas Kidcsissealybdlew inrmasnietadd Fat exarsplenian thalsapnoba t

accordance with predeterm ned order rules,.as dis usse bel ow. | n nor e

det ai | . TeRUEStIRAA peripheral tg memeyy, provadipg the reques a may take

multiple clock cycles to have the data ready to be returned in a completion
packet. During the time it takes to obtain the requested data, separate unrelated
completion and/or request packets waiting in a queue/pipe of the MCH 110,
may be transmitted to the ICH 140.

Furthermore, as shown in Figure 7, each request or completion is
transmitted as a packet across the interface. For write type transactions, data is
associated with the request. For read type transactions, there will be data
associated with the completion. In some cases, there will be more than one
completion for a request for the case where the completion packet is
disconnected, effectively splitting it into multiple completion packets.

In addition, in one embodiment, the hub interface uses transaction
descriptors for routing of hub interface traffic as well as identifying the
attributes of a transaction. For instance, the descriptors may be used to define a
transaction as isochronous or asynchronous, which, as a result, may then be

handled in accordance with a predefined protocol.
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request froma peripheral to nenory, providing the requested data may take
mul tiple clock cycles to have the data ready to be returned in a conpletion
packet . ri he time it takes to obtain the requested rate

unr el at e‘d%och:/?)%ﬁ%eti on and/ or request packets waiting in a%%og?ggge of the
MCH 110, may be transmitted to the I CH 140. Furthernore, as shown in
Figure 7, eapfirthefHesd i®bnéembodiment, itlse bafidwsdthtdfeHe asteBfapaipket across the
interface. For wite type transactions, data is associated with the

r equest incFersed éngharlylpe transmitsiogitbe data praketsiyipla speremswnchaeseies at ed with
the completion, In sone cases, there w/l| ﬁ$ nor e .t han on(g ﬁorrpl etion for

a r equedpck Brode,MoReQyERniEy e gD the hihinterfageProyidesthfiect ed,
effecti (IR | Bad ; [ ' ; dition, in
one. e R e e o R ey st a9 o1 Fout ng
of hub i nt erfragkernadif t ietntaslimehts, Aewetenti Hyb frdetflie maythei but es of a
transaction. For instance, the descriptors may be used to define a

t r ansacimplenzented svith tnse tharall ekthecrtiane (ratuggdsiasidiscissed pavgt, may then be

handl ed i d i t def.i ned pr.ot ocpl . :
hoT) UsooBess Gepiiiimibhbihe ScPRE SR sRiRhn Morert S, MR R ArkdfRice
I nterfagg,1hS1ddee ﬁéédﬂ'lsb anerﬁgfaltéec@ler B SAH tdYBr e dndp Haaiteaththa a

source synchronous cloc . Moreover, in one enbodinent, the hub

i nt er f ageextemvdldes dhiyeset,i witheasdepdrting Wrath thelesype &f theiprgsentnar r ow
connection (e.g., less pins/pads). In alternative enbodi nents, however, a
hub i nt¥WeageNmy be inplenented with |ess than all of the unique features

as di scussed abpiygye Nrient, 1EBTUEOT ARPTPHSIRORPE OFERGE | nventi on.
Mor eover, the 3 | rconnect bridges and
and/ or ot her FepsRrafa@grityl, the Fub tefxteisridscibedhirctiirps prtsvd t hout departing
fromthe scope of the present invention. TRANSACTI QN, PROTOCCOL AND

PHYSI CAtrahsw¢EIRS layer; agiretacet laypriandya physicallpyemtlder giginetionfescri bed i n

three pgerzttwséenalayers, however, is to be regarded in an illustrative rather than a

restrictive sense, and is therefore does not to imply a particular preferred

embodiment.
TRANSACTION LAYER

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

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

within the hub agents.
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transaction layer; a protocol |ayer; and a physical |ayer. The distinctions
bet ween | ayers, however, is to be regarded in an illustrative rather than a

restrict e, and is therefore does not to inply a i 5
or of er r SHOWABER: fent . TRANSACTI ON LAYER I'n one enbod LS e

interface, the transaction |ayer supports the routing of separate

t ransact i ons Ihradtesmatiteembodosents Nbehtidnshecti@t d @reipfoiiatdd praydednsi st of
one or nore packets.) For exanple, in one_enbodinent, the transaction
| ayer ofabiliy tadistingéph deehgediirgobrequests based on thRistespeeldye, which are

be - used et PR FaR Tafihd: PRCRENG o SRR SenhBedgihe Lo g, ™
MCH) . apd{sattidR dbagi tb%@xh@gzﬁ@éﬁﬁ@%ﬁaﬁmédﬁfﬂﬁogéﬁg,t 5 glisnd hr ough

the hub interface. For instance, i ne enbodi nent, t nsaction
descr i ptthatsmewp fixetl amounts 0§ defa ecoepbgtliaobagiseket sideacic aulio heal time
request-initiating agent. based on, initially suypplied (within a request
packet ) OPSIRHNS-) %ﬁ@rrﬁgﬁﬂto € OpeEationsnas qn&@eéi%‘ihieﬁfwc%)%o help to

130 of I Redy BRBoT R BT e MU Po irbndthe ARl FO00: Do
descri ptr@ﬁﬁng:;jﬁ@td@bpiﬂ chelet b6 sappbittays @ifi&ﬁ??é Boupetatiohqelpandl i ng of

requests based on their respective ransaction attributées. For instance,
the tramssbromomsaktri butes identified in the transaction descriptors may

identify operations ,as..| sochronous (.l.e., operatians .th ve fixed
amount s of - a4t AP ATE LT Rt darestisrdes P RS tbNgaaMS HeaR A ne
oper at i 0Bgihg AR1Pan& aHIdtirib1E FRRET ) hRBHatRR dnilsiiihidned A¥rd difeld ansact i on
attri but es, ﬁay be handl ed 1 n accordance wth a correspond’i ng predeterm ned
rout i ng fietdy magbeiusedrtdgrotilesarmpmrnose spihei fiinctidypef the teprenatioon (e. g.,
i sochronous.) In one enbodi nent, the transaction descriptors include two
fiel ds: dgscriptors, without departing from the scope of the invention.
In one embodiment, the routing field is a six-bit field used for packet
routing, as shown below in Table 1. The size of the routing field, as well as the

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

Table 1 Routing Field of Transaction Descriptor

5 4 3 2 1 0

Hub ID Pipe ID

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

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

may have only one hub interface hierarchy. Figure 1, however, illustrates an
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routing field and an attribute field. In alternative enbodi nents, nore or
less fields may be used to provide one or nore of the functions of the

transact criptors, wthout departing fromthe sco 5
8%/%%2? pﬁﬁ?@é?ﬂg used for

inventio he enbodiment, the routing field is a six- _
packet routing, as shown below in Table 1. The size of the routing field,
as wel | exantple of abmpivbert sysfene(100 based emmultipleniub irtterfacdpierathicse In

invention. Table 1 Routing.Field of Transaction Descriptqr 5 4 2 1 0 Hub
| D Pi pe 48P mGSImPIEMeing YiheeeheR FeHRcq NETHE0Y anéeﬁ%q ¥elgre used
for the &Ju)@ooll Ray‘ﬁé:ﬂsé'djﬁ”t%fljh%%lﬁ%ldwb agent that initiated the

n dalt e \

transaction. | ernative odi ments, to provide a hub interface

hi erarchy excBedichgaiBingudged bienel t_HéiﬁbS,lting(IM&l beased # ideatifputing fiel d.
For exanple, there may exist nultiple hub interface hierarchi€s in a
systglm m?rmm_eeé@eeqasfm@mhm mtﬁlefacen?]gam Fhee*ﬂmphsrtﬁlhiléﬁ sEoqul beh_
capabl e rautjng conpl etions t he base e hierarchy. In this
cont ext ,é)omﬁ‘?lg[lﬁtgi’éﬁ?/ys% &&tgrrﬁq% {'[?%vgr%gﬁ%%lf%&s IIE‘QB" ‘F(?ﬂtéﬁ’]fee’ice segnment s
st ar t i ngf¢fi0 BhdBUMMDIab R RL B @MUY trafRISR seblrdle ~ pfbd¥@Hh s sHQL thast ance,
comput errsylst em 100 amaty ﬁave®onl ?yornae ﬁub sieﬁ)t ér?agg: hi ererc%/.thgi gure 1,
however Pipé [Dshaybe siseth cdRAnni0dte 38 3RS sRCTdINEHE Q1468 .£5, MEHMblae trafficonput er
system 100 based on multiple hub interface hierarchies. In enbodinents

|
i npl emenRitidgedhy yidesns ”Hﬁa@S’i’ heee flifterent alfibetey, and mayha handpdén of " 000"

b d i H field.; Th i_ni ng. th bits of th ti
i o1 d- by Cargefse ALY Bardepiind ORGP Bl ietia® SR Ren il ot er Tace
agent .. EQhl@xaAPieparie ihfechalFIpbs, ¢ mAyisERYdFRR ¥hlud G ‘@poalin HRB (Uni ver sal

Serial Bus) host controller ‘“traffic and Bus Mastering ID (BMID) traffic
vi a sepdlip¢ D'figlgpes. " As such, the Pipe ID may be used conmunicate to the

ave i ffer oot amclisPhbsembnd thasf B bihpelan disSiptohs Rl fdfuad” P
an attribute field. In one embodiment, the attribute field is a three-bit value,
which specifies how a transaction is to be handled when a target hub interface
agent receives it. In some cases, the attribute field helps a system support
demanding application workload, which relies on the movement, and
processing of data with specific requirements or other differentiating
characteristics.

For example, the attribute field may support the isochronous movement
of data between devices, as used by a few recently developed external busses.
Such data movement requirements need to be maintained as data flows through
the hub interface between 1/O devices and the CPU/memory subsystem.

In alternative embodiments, additional transaction attributes may include
the ability to differentiate between “snooped” traffic where cache coherency is
enforced by hardware (i.e., chipset) and “non-snooped” traffic that relies on
software mechanisms to ensure data coherency in the system. Moreover,
another possible attribute would be an “explicitly prefetchable” hint, to support

a form of read caching and allow for more efficient use of the main memory

bandwidth.
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accordance wth a predeterm ned protocol. If a hub interface agent does not
i npl ement separate internal pipes, it my use a default value of "000" in
the Pipg, I i.eld. In an alternative enbodinent, the tra JoPds7s
descri pt@?oli)/ %Jiﬂgher include an attribute field. In one enbo ?Mn%nt, t he
attribute field is a three-bit value, which specifies how a transaction is
to be handl ed when a target hub Ondeatif@Balesagent receives it. In sone
cases, the attribute field helps a system support denanding application
wor kI oad, whi Tie trahbR$iodnddstRp Y @A Also bRNfed B6 868SSH I definddidesi t h
specific requirenments or other differentiating characteristics. For
exanpl e,batheenttranishetiens tranginitted asmpysahe hubdnfesfachr Bovesamplemenhe of dat a
bet ween devi ces, as used by a.few recently devel oped external busses. Such
ot n TR R BTEHOR AL el FeRCHP S At B PaRatEhPough t he
hub i nt : Vi € the CPU nenory subsystem In

fs{t{/(ﬁ‘%ge %Y‘ﬁ@pﬁ}s‘f 9012\%. P s?r[\‘ftgl)

al terna i'ments, additiona ansaction attributes may include the
ability to diThessnionsthaviet ieeamesnaapsdieltmad difervhenardaghekieher ency is
enforced by hardware (i.e., chipset) and "non-snooped” traffic that relies
on sof theweveregrahesiesrderedrisith sespechtaeshrashery For exampdgsineme Mor eover

anot her eDr%Sc?c%)ibl e .attri bute "expli.citl refetchable". hint, to

ld.b
support PTG lspgg(?nggé\lﬁfaﬁéa%f?gmz% st re)e/?t I OrdgredSgiths t he

mai N merpag ect@@g%&ggnog&rmaq%ﬁg.WS PCT/ US00/ 26875 Ordering Rules The
transacti on descriptors can also be used to support ordering rules between

transact i ons Ihraakistion,tis drecmolssd infent lofibhé htle irftarfece, Eata eaasplisionsn one

enbodi nment , tran%ﬂcti ons with identical transaction descriptors are
execut edf RerBitier P Bage Progress ovey reguestspgitherin the saype directipnoidhet i ons
havi ng t . in j . (] tE i elds, owever, nmay
e cor GRPSAtarfieHohp Repl Eofhettor AR, A Alrtioh HeBiivea ¥

pass read requests flowing in the same direction. And, write requests are

allowed to pass read requests flowing in the same direction.

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

PROTOCOL LAYER

In one embodiment, the hub interface uses a packet-based protocol with
two types of packets: request and completion. A request packet is used for each
hub interface transaction. Completion packets are used where required, for
example, to return read data, or to acknowledge completion of certain types of
write transactions (e.g., I/O writes and memory writes with requested
completion). Completion packets are associated with their corresponding
request packets by transaction descriptors and ordering, as previously discussed
in the section on the Transaction Layer.

In addition, in one embodiment, the hub interface uses an arbitration
protocol that is symmetric and distributed. For example, each hub agent drives
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enbodi nment, isochronous transactions do not need to be strongly ordered
wWth respect to asynchronous transactions. In addition, in one enbodi nent
of the hu§ i face, data transm ssions are permtted t B80T €SS
over redﬁ ng%géither in the sane direction or the opposite direction.
Read conpletions flowng in one direction are allowed to pass read

request § rbd @t Brial WhRhS2BBsc @By itRA ot Ggelf dtt&heBdaRb Saee  al | owed to
pass read fequests flow n? in the sane direction. In alternative

enmbodi merieaceh O geant sigrel o dead, agd rgkris deterninareyantrsbipsof theavel | i ng
across the hub. Hgterfaﬁﬁ, may vary within the scope of the invention. For
exanpl eMEHagHRdEREBAFMLHAt . the hub interface inpl ements the ordering

rutes provi dgghreBvEes BRELAIbHRNRRN ARl LRLR FARMREIALIG hsddeMiaL an 2.2) to

determne th low of tra across t hub 1 nt e I n opposi

di r ect i @nsmpliPROERGOhshipYiRwieon eheaditatdbmenént thaegiueb annigent ace uses a
packet - based protocol with two types of packets: request and conpletion. A
r equest oyaekstp of the bierfage angbthe ey of thatraggat's traasmaggiomnIn Conpl et i on
packets are used er.e r ired, for, ex | e o.return read data, or to
Deknow BagELS RSP E TEuPElE iERs s RrBe food Gutpil Borrii iy, &1/ O
wites é}{édscﬁg%whé’\m\ieﬁﬁo}‘ﬂ th requested conpletion). Conpletion packets
are associated with their corresponding request packets by transaction

descri pt or s @helend dé i prgketisammeissionsicgus whes addib intertfhe axeat tleat on t he

Transaction Layer. In addjtion, in one enbodjnent, the hub interface uses
an ar bi oWasithantgHaee e AR the Bragesmet trpesraibngdeta); pleases itsgpniRhnpl e,

each h .ugf t%%%merf%le‘é?sc%%éé%%eg 3'4%%1;’%%?% gﬁgf UﬁQQ{iéﬁ&%\? in Bpbequest s | gnal,

which i§ serve a ched é sane interface. No

grant sémbadirhént)fled: cariteblagaRbacesrhplishatEb PBRISHEPOM sighdl toiretrgr f ace
i ndependent|y. Moreover, in one_enbodi nent, no explicit framng signal is
used. Torediscornechpaikgibiasds descaibedrishnprepdetaddelame arbitrati on event that

gi ves 2P 3% Befinition

In one embodiment of the hub interface, data is transferred at a multiple
rate (e.g., 1x, 4x, 8x) of the hub interface clock (HLCK), which in one
embodiment is a common clock shared by the hub agents joined by the hub
interface. The data is transmitted across a data signal path (PD) of the hub
interface, which has an “interface width” of some power of two (e.g., 8, 16, 24,
32.) As aresult, the hub interface may have varying data transfer granularities
(i.e., transfer widths), depending upon the transfer rate and the width of the data
signal path. For example, in the case of an eight-bit interface width in 4x mode,
the transfer width is 32 bits per HLCK. As a result, by varying the transfer rate
and/or the interface width of the data signal path, the transfer width (i.e.,
number of bytes transferred per HLCK) can be scaled.

In addition, in one embodiment, packets may be larger than the transfer
widths. As a result, the packets are transmitted in multiple sections (i.e., packet
widths.) In one embodiment, the packets are divided into packet widths the size

of double words (32 bits).
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ownership of the interface and the start of that agent's transm ssion. In
alternative embodi ment, framng signals could be used w thout departing
from the sco of the invention. The end of a packet tr occurs
when a ﬁﬂBoyﬁgz§face agent that owns the interface (e. quﬁﬁgﬁﬁﬁaﬁﬁe
process of transmtting data), releases its control of the interface by
de- asserti ng IA the AR aB20si8trantfer addiH, itheb 1e@ o@a@acleahoﬂitm@é flow
control is also acconplished by using a ST gnal to retry or disconnect
packet s presenited dedbe 1rt5e1:fa¢enstnﬁmg withahe least engmfﬂalekbyte[ﬁeytm@)tarnh In one

(e, &Esh?a{zgtv%% ORGSR B QB ) oECRIRS s APIF A B

embodi Ml ¢ m&aﬁgemam@ ¥k Nt RiaoRRbTad eol ?w he hub
interface. The (?ata Is transmtt across a data S|gna of the
hub i ntigs Ieasex,gnvﬁnamln dbableand (peokeaodd i) d transferredon t[h@VIBWeﬁbyte&O (e.g.,

8, 16, 24, 2.) sult, the hub interface may have varyl ng data
transfeﬁ)fé?fa@%ﬂaaﬂlgﬁqlégg Pp@mﬁlﬂéﬁ}éﬁ é?Orﬂﬁtﬁf‘hfsSantd@HblﬂdW@@ épon t he

transfe d of th si gn ath F ,. 1 n the
cace of maRoter ek & ket api B o5 HfeeRE s PRI E Mg n s 32
bits pe{wgﬂeggm relsBoWH belBW Hahbley the transfer rate and/or t he

interface width of the data signal path, the transfer width (i.e., nunber

of bytes tra r I one

enbodi nent , ggﬂé@e{ﬁgté)ﬂ 11|_‘h.f(}§rme ?fﬁ aﬁtquaG ?H@&%cgmld Rs a result,

t he pac.LeLs_a.r_e_L.r_a.nsm_t_t_ed_l_n_mu_t_l_pl_e sections{i—e—~—packet—wdths.) In
one enbpdi nent, the packets are divided into packet w dths the size| of

doubl e words (32 bi ; 01/:33375 PCTI US 875 the case qf a 32
bit transfeHbGEKn/ th b 't es\ of :a packét ‘esent ed on t he

interfatce startlngf‘ signi fi_cant e 0) and finishing
with the Qﬂn t mte 3) D&Z@ﬂmmln Table 2. {In the
case of a64 b|t transfer vvldth(eg, %?IX'[ de interface{in 4x
node) PD[15 fj:m

8 Bit Interface 16 Bit Interface ot13

The Protocol Layer of the hub interface is also responsible for framing the
data. As such, the framing rules implemented by the hub interface define how to
map one or more packet widths onto a set of transfer widths. To simplify the
parsing of packets into packet widths, in one embodiment of the hub interface,
the following three framing rules are implemented: a header section of a packet
starts on the first byte of a transfer width; a data section of a packet (if present)
starts on the first byte of a transfer width; and a packet occupies an integral
number of transfer widths.

Any available transfer widths not consumed by a packet may be filled
with a bogus double word (DW) transmission, and will be ignored by the
receiving hub agent. In alternative embodiments, more, less, and /or different
framing rules may be used by the hub interface within the scope of the present

invention.
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the |l ess significant double-wrd (packet width) is transferred on the | ower
bytes of the data signal (e.g., PD[0:7]) and the nore significant
doubl e- d i transferred in parallel on the upper byte shissfiat a
signal ( .Ogo.lfﬁgé [15:8]). The two exanples are shown bel g\(/:v?{Un table 2.
Table 2 Byte Transm ssion Order for 8 and 16 Bit Interface Wdths HLCLK
HLCLK PO 7: 0fablg§ andpTable 4epiorfippelon), iliustraze exanples:dfjthd fianGing 8 Bi t
Interface 16 Bit Interface p"3 . The. Protocol Layer of the hub interface is
al so r esOFFHER #8?"3{?%&&‘3655? REa Elggité.ra CIWHRD- the framing rul es
| mpl enent gpl YRGB Ui HBEHiAAR AN aRQ ¥ drai [ ket
w dths onto a seta of tra sfer1 w dt hss.ﬂgg Si r?.gﬁqlalfl?/ﬁgggqg%goﬁéq% I%%ackets
into packet widths, in one enbodi nesfiDafa t he hub interface, the follow ng
three framng rules are inplenented: a header section of a packet starts
on the f[iTst ?%te 0f a transter wdti, a data sectTom of—apacket—
i

present) st ;§edogf'ndgj§ijgdf1jfarnd§§{§§%f‘§‘ (el q“t"rﬁﬁhqstréff‘ Byid dit frd Band ErsiPae ket
)

OCCUPi € Ny PBA ST AP0 1SWITER BB 190, oh PETSSH S rUb Q’ﬁ?fé'}'é\fﬁifl’é A "aﬁoa%‘g“gFf‘ansfer
wi dt hs not| cepisumedefiys al paaket | MBye Pe fokked gth @ QQU]SI ;.J g word
([)V\) t r dnsp-ssi ohr—at dwill bhe | d hy the receijvi ng hub agent . In

al t er natli ve_embodi mBAEEss i32k. | ess, and/ or di ReewssttHeatieani ng rulles| may be
used by |t he hub i Seesfdbw ovi Ddtan t he scope of Ehg pweseata | nventijon, 16 WO

01/ 33375 T/ US007 267 pre 3 and Tabte= — o1t How—t+t+yst|rat e
exanpl es O‘Lphe%nﬁggi%@n—aﬁ%fnr fed MQCJ Driéfiaa 64 bitl tfransfer
wi dt h. Tabte eorHe S B Ade-esS-rg—and—Cont-ail-ni-ngThi'se
Doubl e-words of Data 4th Byte 3rd Byte 2nd Byte First Byte 4th Byte 3rd
Byt e 2ndiale & Request gying 64rBitrAdilrassingrndh Containing ThnearDioubde-randsni t t ed
Transmitted Transmtted Transrn'ttedof'Bgtgsm'tted

4th Byte 3rd Byte 2nd Byte 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] on PD[7:0] on PD[7:0] on PD[7:0]

| Byte 7 ! Byte 6 | Byte 5 I Byte 4 | Byte 3 | Byte 2 [ Byte 1 | Byte 0 l
Address (31:2) Request Header
{Bogus DW} Address (63:32)
Second DW of Data First DW of Data
{Bogus DW} Third DW of Data

pf12

Reqguest Packets

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

In alternative embodiments of the hub interface, the fields included in the
header of the request packet may vary without departing from the scope of the

invention. For example, the header may include additional field, less fields, or
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on PD{15:8) on PD[ 15:8] on PO 15:8] on PD 15:8) on PD[7:0] on PO 7:0] on
PO 7: 0] on POy 7:0] Byte 7 1 Byte 6 1 Byte 5 ( Byte 4 1 Byte 3 Byte 2 | Byte
11 ByteﬁO(%“}'ﬁ?%SS (32b) Request Header Second DW of Datg% 02 iedV of Dat a
(Bogus DWof Data plll Table 4 Request using 64 reSS| ng
and Contai ning Three Doubl e-words of Data 4th Byte 3rd Byte 2nd Byte First
Byt e 4t idiflprentdiaddsin plagpaf Byetficlds shawnpelow TMarsaven gt arcading of ed
Transmtheg ansm tt ed Tra g gléed Tra smttfled Tra(;}sgltted Transmitted on
PD[ 15: 87N ekt T8Y gL PABrY HR08L ISR BRE EMR G RS - 6 TBYEBIY: ] on

PD[ 7: 0] on PBfb1Qls R¥§est PhcRitBefdck Pkt FodsByfiadafél@me3 Byte 2 | Byte 1
1 Byte O Address (31:2) Request Header {Bogus DW Address (63:32) Second
DW of Dat @, fld$hmitddV of Data {Bogus DW Third DWof Ratapfie. Request

Packet s Jh@zmczk% 25*‘!@%9%21‘:2%5%'[17 16ffs laqwzeﬁtm@ag kSs Agcording to one
enbodi nent, is shown below in Table 5 and Table 6. In t he exarrples shown in

Tabl es B TR i iR AR NEA0ERD A é‘E:‘IﬂtQH:QéuF‘(D\‘JOP s oW T« BWEeapdi t i onal
doubl e- a,sml‘g r ¢qrbiidridoor J2velli t addr efsi ng, and|two addi ti onal /~Base

doubl e- VG Hs,requiTed  ftor the 64 bIT addressing rnode. e figlds of the
headers,| as shown in Tables 5 & 6 are described bel ow t he |t g ggddrest n

al ternative enbodi nents Oof the hub 1nterface, the fields inctuded in the
header of the request packet may vary wi thout departing fromthe scope of

the i nventlon I E@(ﬁ?@% d ditional field, |ess
fields, or V\(Bl;%;f7 Eé%% %gﬁ gﬁl':g%%t Ofr§r4éanA?g'é‘fsa'§' &in pl ace of t he
fields Shg\sl}/gylqunllsr% ted Mor eover, the encodi ng of First Byte Transmitted

31 30292827262524'232221 201918 17 16[15 14 13 12 11 109 8 |7 6 543210

rq |t/ |cr |af ]Ik |Transaction Desc. |Re- |TD Attr |Space |Data Length (DW) |Last DW BE {1¥ DW BE

cp |w Routing Field served Base

Addr[31:2] R |ea 32 bit
component

Addr[63:32] 64 bit
component

Transaction Descriptor ~ The Transaction Descriptor Routing and Attribute

fields as previously described.

rq/cp Request packets are identified with a ‘0’ and

completion packets with a ‘1’ in this location.

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

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

Address Format (af) The addressing format is either Implied (‘0") or 32/64
bit (‘1’).
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the fields may al so vary wi thout departing fromthe scope of the invention.
Tabl e 5 Request Packet Header Format for 32 bit Addressing Last Byte
Transmitied First Byte Transmitted 31 30 29 28 27 26 25 1 20 19
18 17 1&%”&%@3 12 11 10 98 176 543210 rqr/ cr o |°égs7g
Transaction Desc. Re- JTD Attr Space Data Length (DW Last DWBE 151 DW BE

Base ¢ &@Q)U“ ng Field Semgqofﬁ%e&%khaﬂther@@q@ét iPggress lodleltl e 6 Request
Packet r' Format for 64 bi't Addressing Last Byte Transmitted First Byte

Transmitted 31 30 29 28 27sexfhiedbe.2RAPBsBarkllc@0ple®ions ina loekertb 14 13 12 11

10 9 8176 543210 Frg Mlcr flk Transactio sc. Re- JTD Attr Space
Data Length (DW Last D\NBEseﬂ?anﬁ/\Y"EiélF‘éﬁe %ﬂgitﬁﬁt'&{gﬁ&@&%éﬂuﬁég

Addr[31:2] R ea 32 bit r conpo h : ey ﬁnth
Transaction Descriptor The rtﬂ?ﬁ%}ﬁhﬁﬁ&%& ptrgﬁﬁllsglu %ﬁ&gﬁgq ttrlsl but e
fields as previously descrifhgd with/@p Request packets are identified with a

"0" and conpletion packets with a '1" in this location. cr Conpletion

requir 1 r no conpl ety j it Pin) ddutte Readis( eRcodeer Wite
("1). eﬁﬁfas]“?ﬂ}get d i ndicat egﬁ‘?eagatqgmgl\%qﬁgl%%pli nc(F udgd W t:3§1eaC conpl etion
(read) or a request (witeguchAthdt dasnimabemdf d@ibhle-Mherdsdepessentegl fsor nat i s
either Inplied ("0") or 32/64 bit_ ('1'). 18 . .

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

double-word.

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

spaces include Memory (“00”), and IO (“017).

1st DW BE Byte enables for the first double-word of any read or
write request to Memory or 10. 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 10

read or write request with no bytes enabled.

Last DW BE Byte enables for the last double-word of any read or
write request. Byte enables are active low. If there is
only one double-word for a request, this field must
be inactive (“1111”). Byte enables may be
discontiguous (e.g.: “0101”). This field is never used
with special cycles since it overlaps the “Special

Cycle Encoding” field.

Addr[31:2] The 32 bit address is generated as it would be on PCI

for same type of cycle. This double-word is included
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WO 01/ 33375 PCT/ US00/ 26875 Lock (1k) Flag to indicate that the request is
part of a | ocked sequence. Requests and conpletions in a | ocked sequence
wi |l havg thi it set. Hub agents, which do not conpreh i gnore
this f|a‘§°é’wé§3v7u?|| fill this field with V. Data Length Tﬁéeﬂﬁg‘?’?ﬁ?gngth is
gi ven in doubl e-words, encoded such that the nunber of doubl e-words
represented is one plus thifer thed®and Bhbi,addRESAAOMIRE(BSEMStS0ONE

doubl e-word. Space This field selects the destination space type for the
request. In one enbodi ment, theé@pbed adesessing mede).spaces i ncl ude Menory
("00"), and 10 ("01"). 1st DWBE Byte enables for the first doubl e-word of
any readixpended Midelressqeest tlodMatesrdR hit ad@esBypd’ Cnaddelsit addresairig ve | ow.
If there is only one double-wrd for a request, this byte enable field is
used. I n one enbodinent, i s illegal to issue a nmenory or 10 read or
wite request with no bytes enabled. Last DWBE Byte enables for the |ast
doubl e- wordfigTypeayctl ead or FRericonfigerpizst cyclystanly i leis issusedaot i ve | ow. | f
there is only one double-word. for_a r st, this field nust., be inactive
("1111"). Byte enabl es may BBglCGfesjéﬁ?ﬁ(sgﬁgﬁT(}’é’.e&.d'59‘1’@18‘}?5‘“‘?& s fieldis

never used ith special ¢ i I . " H cle
En\éodi ﬁg" fi \g: d. Agdr I[ 31: Z{Q#E% tgggg%&g%%erlcg{sf??ghéﬁEggla?g\ghagwfi woul d be

on PCl for same type of cydegerfOihtediwithl32-bipaddiessingstiidditis 19 WO
01/ 33375 PCT/ USOCQO 26875
overlapped with the “Extended Address” bit.

Addr[63:32] Upper address bits for 64 bit addressing mode. This
double-word is included for the 64 bit addressing

mode.

Completion Packets

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

In alternative embodiments of the hub interface, however, the fields
included in the header for a completion packet may vary without departing
from the scope of the invention. For example, the header may include additional
field, less fields, or different fields in place of the fields as described and shown
below. Moreover, the encoding of the fields may also vary without departing
from the scope of the invention.

Table 7 Completion Packet Header Format
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for the 32 and 64 bit addressing nodes (but not for the irrpl i ed addressing
node). Extended Address (ea) Indicates 32 bit addressing ('0') or 64 bit
addr essi Config Type (ct) For configuration cycle s bit
is used ?W)Oll ndT cate Type 0 ("0") or Type 1 ('1") confi gu?g?ﬁﬂgﬁwm&é?c |l e
type. Because configuration cycles will al way s be perfornmed with 32 bit
addr essi ng=t'®hTE"BFt is overl apped with the "ExtentedSdemegs" bit.

Addr [ 63: 32P 2URpEr2S P93 20118 1§ Br 1062 140312 BlddPedd] igSnbde 2 Thi s

doubl e- VIITHRES Th TEhUG6D- 0Tk D RA Rk [BHHSLER®WITIC om{)&wﬁfsmmw“w tion Packets -
The head@r s@Jedl"B.tRoﬁtlBg’and corghal i on Jachet accordi ng to one odinent, is
shown b Win bre 7. Th one enbo he header 15 one uoubl e- vvord.

The fi el T crib ~-follow ng the
t abl e. If\ls‘:1 %er napggcgﬂﬁégod?fn}éi?gﬁgﬁw%n Egg‘g‘lp%?g?]’lg g ,&g&g};‘g the fields
included in the header for afigdsBb préviBusl@ekaiussRYinvieyTriahtd@idn departing
fromthe scope of the invention. For exanple, the header may i nclude
additional field, less fieldsction. different fields in place of the fields
as descri bed and shown below. Moreover, the encoding of the fields may

al so varmy/ept hout departing Compiletidrepsdepearefidédtéfiedweri a dnin Tiebl e 7
Conpl eti on Packet Header Format 20 WD 01/33375 PCT/ US00/ 26875 Last Byte
Transmitted First Byte Tr and@ratie®l 31 30 29 28 27 26 25 24123 22 21 20 19
18 17 16115 14 13 12 11 10 98 176 543210 rqgr/ Re- Ilk Transaction
Desc. Ra/WID Attr Rsvd Dat a Remht' @) oPWritedfid). eThis fieki atdisatepifvdaer ved
Routing Field served . . . )

will be included with a completion (read) or a request

- (write).

Lock (k) Flag to indicate that the completion is part of a locked
sequence. Requests and completions in a locked
sequence will have this bit set. Agents, which do not
comprehend lock, ignore this flag and will fill this
field with ‘0".

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

double-word.
Completion Status Indicates completion status using predetermined .
Reserved All reserved bits are set to ‘0".

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

satisfy a particular hub interface latency requirement for a particular platform.
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Transaction Descriptor The Transaction Descriptor Routing and Attribute
fields as previously discussed in the Transaction section. rg/cp

Conpl et i ts are identified with a '1' in this | ocatiRRe0 skl Read
('0Y) or%oﬁggﬁ' 1'). This field indicates if data wll be incl/uded with a
conpletion (read) or a request (wite). Lock (1k) Flag to indicate that

t he conpl et i dm addipant fasfa rrqlhiegtitbal reguiyes nempldReEqu st Bitatdrcionpieet i ons in a
| ocked seguence will. have this bit set. Agents, .which do not . conprehend

| ock, i g‘é PGy Fqtags Hﬁ)rmqtqonfqb,optﬁ?ﬁrseq F?tef’v@lég]{’}?y&@ storgd i A engt h The
data le i b YiSiRiatif o R 2o s hat er of
doubl e- V\r%%f goﬁggéeseﬁtleg S %ﬁ?ﬁﬁﬁ?xﬁg’g@?&ﬁ%’z&%ﬁ%@mg‘gglb‘gﬁgg

repr eserthe tei@aciion tbscriog. theeizp lof thopadiiegtivek stadlis; abegngonpl etion status
using predetermned . Reserved All reserved bits are set to '0'. In one
enbodi manforafatiqub efqit Bpthgranoreombrea reenisingdhe gemplstiondak shevinjtiatorovi de | ess
than the full anmount of. data requested so.long as the entire request 1is
event uaIm@tCE‘SﬁgTee‘foéHPPﬁPioﬁ@%@& %Eeo?ﬂfr%iﬂ%‘ﬂé“% gqquﬁé gﬁfia?ee_ may i ndi cate
t hat 'e%ultgﬁ&cbﬁﬁﬂ@t@éﬁsf, ehd RSO B3I BRER LQIBItIeHe dzg SOipRidg Re done to
satisfy a particular hub interface latency requirenent tor a particular

pl at f or rthe o?ikiviD r0q1n &3 37 8il BT biigipal P&RWESt islfnlladditpleted. f or a request that
requires conpletion, the injtiator, in one enbodiment, retains information
about the request, which pdacs pelet Byaming j nitiating hub

nteriace Arudrationand, hiaeles

agent. For e bs, A nf ' @pfé' : than

descriptor, ;iﬁeqm S %%E%I%ﬁ]rg Ogglg%eF?%P oc C%B'gl%l%{sj;&er%%ﬁ]%qgiﬂg’ the
assertion of a request from either hub agent connected to the interface is

A £

considered an arbitration event. The first agent to request wins ownership of the
interface. If agents request ownership simultaneously when the hub interface is
idle, the least recently serviced hub agent wins. In one embodiment, all hub
agents track the least recently serviced status (e.g., via a status flag of an internal
register.) In alternative embodiment, alternative arbitration routines may be
used within the scope of the present invention.

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

In one embodiment, each hub agent is responsible for managing its own
timeslice allocation. As such, in one embodiment, a timeslice value may be
programmed via a hub interface command register for each interface in each hub

agent.

22



information, etc. Furthernore, when receiving the conpletion(s), the
initiator matches the conpletion(s) with the corresponding request. In the
case of .ol e conpletions, the initiator accunul ates t he
dat a corﬁé{;ﬁ{@a% or the original request until the origi nlgiﬁ?éeb%gésa% IS
fully conpleted. Interface Arbitration and Packet Framing |In one enbodi nent
of the hub i AtigrreRHlusjyaéss amexanmpleraf atkitiasiondbethe e irgssfecd i on of a

request f ej r agent nnected to . the interface js consjdered an

arbi trat) Fé‘ﬁ%ﬁ,éﬁp%‘fﬂﬁgﬁn r%g ge&égrﬂmf%‘egéﬁlfé%rto%wﬁsp%{)ﬁéﬁ' sHigesmplse

| nter f ackustidreagilizativh Guest aMIBTSRERACS LI AR RSl he hub

interface is idle, the least recently serviced hub agent wns. In one

enbodi meefurnilg toridle. Mgeenvert inabk exampleibistraeaktihd htefaad sadint at us (e. g.,

via a stat % {Ia of a inher, al. . re ister.é In alternative enbodi nent,

al ter naflr\?{é 3 rﬁﬁgﬁeﬁfri‘ vy tqlglé%blhﬁ9 asagnaldBR) prthhi AgemeAsitolhe of t he

present .l j i r the.o rshli p of the

it or f ag P HfRirat bR Rkes A0 nRRANERT bR RHIRIRS) Redymittt es 11

t r ansactéseilt, AQfent# hdsefts it@bkﬁﬁﬁéh@qhbﬁ%igﬂ@@H?thﬁdeéé%cﬂ%ﬁ t}gé:&rau%ﬁﬁp' e, in
e u

one enbodi nent, a tineslice counter is provi in ea agent to
cont r ol theafgantiBls raquest signeh (B@B) oo cldckiedgar (wdgents showit s bace owner shi p

tenure.. The t| allotted t hub agent (i, e., tinmeslice value) may be
di ffer emacﬁyeiﬁ%ogea%rq%pﬁ% i“i‘?tné?‘flgg&@ Qééh? §apeedeRed to the sane
interface. Theohd BBHoUGEe g | t [[ing o r.shi p of
interface and 8ountsOﬁggelﬁﬁﬂ%é%Lé%%rgscgéé:lﬁe%eégyggfroﬁgggé {Ijlaﬂg%‘ﬁtg@cg% i ment,
each huf.eaghats ficsn PgepoAg ibheaifable imaagillygnithe r@Mverti. dPaleReBRl | ocation.

As such, in one enbodinent, a tineslice value may be rogramed via a hub
i nt er f actaT RGN glttg’ég ieggﬁlg" flbe fsicpacket epnsigte of W@d@hlbﬁ?ﬂxb/ordg 802. 22 WO

01/ 3337 i r il lLustrates,,an, exanpl e,of arbitration for
t he hubg}?%)?g% %Jg((ge%%g? 'Y/Z\S/e?tévnd:’lzn%% Cg%%ﬁtto,&_raé}?wlgﬂbme%@ﬂggt Pt er of two
packet spackeeisthasdlgublet oieds' SU6CS0B HAHIF1O! 41 O i”éqtﬁfesatﬂrééjﬂ)fse' Ab&LF ace

state, with the interface then
in the 4x mode.

Flow Control

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

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

Following a two clock delay, the data transmitted from Agent A is
available internally in the receiver at Agent B, starting from clock edge 3. In one
embodiment, following receipt of data transmitted from Agent A, is the first
opportunity for Agent B to enact flow control by asserting the STOP signal, as
illustrated in Figure 9, at clock edge 4.
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returning to idle. Mireover, in the exanple illustrated, the interface is
using a 4x data transfer node with eight bit data signal (PD) path. Agent

A int le illustrated in Figure 8, is the nost r rvi ced
ST BEFDb0aER

(MRS) a a result, Agent A asserts its external request signal
(RQA) and sanples the state of the Agent B' s request signal (R@B) on clock

edge 1 (whi Chinia8dsthervhén b&metdhas bf PE)sipeflehanséAfrbhiendREK @beht RNSM SSi on
of f the sane edge. In one enbodinent, there is a two clock del'ay before the

t ransm nethetapwnetship of thb BEOPsignahgaHibem)sa lee exchianged éollewargwal |y in the
receiver (L.e.,.Agent . tarti from.cl ock ed 3. .The first packet
consi st ?réée?%lﬁﬁ%vg%bpéélo% ﬁgﬁ%‘?@@d%ﬁﬁ% iment; e clocks to
transm ;4 1eAQHEDL h bndSot : ds 806, 808,
and 810TSl I{r%éik}s%n?ﬁégui resa%mczégggg cﬁ%gc E neljnot%geﬁ%(ld@rm efsr g)éow Control In
one enbedckenyidthackatexanmylehie o £t mioeld (osingiammi%hebiit eddbPasighebei vi ng
agent due to | ack of request queue sl%'zggeH data buffer space, or for other
{

r easolns the ﬁT@ﬁesimTilda parppled gachbase g | f@’?ﬁ%oﬁ%lai ]]?‘W@@dﬁsihﬁgﬁl:ﬁ?ETGD
' . Fi 9 j STOP sjgnal. As
;5: Igtrjlgt r E{é%?{sesﬁ%%d%%t}égégﬁg %rch)@%etﬁﬁ%egft’rggﬂggf agfadﬁﬁg?rsh%agand sanpl es

t he stahge(g)gsgt}gferég@};oiﬁ't)s request signal (R@B) on clock edge 1 (which is
shown to be inactive) ~ before starting packet transm ssion off the sane

edge (e.g., CbbHokirgdere lecepfiohbbbniST§Plasignel, thelrkb dgémiythat heretlasdhe
transmtt from Agent Ais ﬁvaj | abl e i nt erpal IEyi i.n the receiver at Agent
B, starPIkY ¥i8BM d4teuRInsggehether 1 iagpret g atditenal aFRIST ecei pt  of

data tr ).t f iﬁg@g fd it nt Bto
enact f?%pg&tr??rgglﬁ(ﬁg]é eh ﬁlﬁsgchﬁﬁggﬁedgéﬁssf%enxgﬁ?ﬂééﬂﬁal1?’1{1%%%{@6 in Figure
9, at clesdnedg v@heﬂ'&r\iﬁrﬁiz/réﬁ?éénﬁ’ﬁg/ e2 6A1Bwirlgnreagight bf @ $TOMeN
ownership of PD signal changes from one hub agent to another, ownership of

t he STOFigoRrhAsrorgding tpenepswodémerthanged fol [ owi ng a

In step 1002, a hub agent that is currently transmitting packets receives a
STOP signal. In response, in step 1004 the hub agent that receives the STOP
signal determines if the other agent (which activated the STOP signal) is
requesting ownership of the interface, by sampling the other hub agents request
signal (e.g., RQB.)

If the recipient of the STOP signal determines that the agent which sent
the STOP signal is not requesting ownership of the interface, in step 1006 the
current owner of the interface may attempt to transmit a packet following
recovery from the STOP. On the other hand, if it is determined that the agent
which activated the STOP signal is requesting ownership, in step 1008, the
current owner determines if its timeslice has expired.

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

current owner determines if it has a packet with a attribute type that is different
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predet er mi ned nunber of clocks. Mreover, in one enbodi ment, the STOP
signal is sanpled on base clocks, which correspond to the final transfer of
a pack i For exanple, in a 4x node (using an eigh i j PD

si gnal ),e&lo\t,&r%ggg}@ signal is sanpled each base cl ock. Homg(\:/gllrlj?oowggﬁa 1x
node, the STOP signal ig sag‘pl ed each fourth clock (with the beginning of
a tr ansatYRANLRIGG!S habhavgbeer rtded ie thejpnenent arpdtatiswi segsionei.eecept i on of
a STOP sj gt ives, the, STOP signal determ nes
whet her S[lhtg ?)%1%13? d_r(;e}?tpyg/%géﬁg?%n%gg}t?ll{%%glwrﬂﬁg pEFds ® ¥ Hﬁ?gmit@ecgs a flow

di agr am descIlf tha\gurrbiet Gheasd RerHakBsh g ifhDdBRSALt a{tf}ﬂ?ﬁi@ @[r%ﬁ' ng
whether it may retry sending a packet” followi ng receipt of a si gnal ,
accor di 1§14 thoaerrerbodneemeay atienypiep ti0Gnit thepdrkage@thdrivbe,ithe current |y

transmttin ackets, recei ves.a OP signal. In response, in step 1004 the
hub ageﬁprgeﬁégwrgggg@gge?wge%o Seiit %H?@t ernines i f the other agent

(which activated the STOP siggggyci el iwng ownership of the
interface, by sanpling the o%%é}%%eﬁ.gg:de%uest signal (e.g., R®B.) If

the reci pi entinohetenebdsliRnsthedlubdateefate nepldiattstbhshRalinwiieh sent the

STOP signal is not r queéti ng ownership of the interface, in step 1006 the
current %’l@,&fg}ergqeslaﬁé PR Beaaencymeieitier SfviHz or 1 0@MEH. tOthepdudptentis| owi ng

_the. other hand. if it js determined that th
ngent - SEVERSS BT T piechOstbE R ment dhe ph i R URER e A ot op
1008, 1 Beurceuyheniorsess)deketiahors tidhriyde RS gg%cll—?ie%g:ikfeg(:!o T the

tinmeslice for the current owner of the interface In step 810,
t he cur transfeswata at4X ehthedbasamebshigrfacefcladie As aesuilic i ARenthiRligient ent

owner as. not ired, t curre owner may transmt a packet with an
attri buF%V‘Pﬁaﬁ“ §{é§t ‘5:‘1(3*? f%thfﬁ'Ee k]er%nﬁ)ﬁQPF?ﬂt@rgr%}pﬁ Rasepraguency b f6MHz

speci fi i 3 r \nes~hi d I has a packet
wih a ot WS Yeravirol eI ALt per TR 08 bl prBe5 5

f r om anbe pelukeed, rebpdctivalye been retried in the present arbitration session
(i.e.,

Furthermore, in one embodiment, the hub interface supports a voltage
operation of 1.8V, and is based on complementary metal-oxide semiconductor
process (CMOS) signaling. In an alternative embodiments, however, the
interface may operate at alternative frequencies and /or alternative sized data
interfaces to provide varying bandwidths, and support alternative operating
voltages, based on alternative signal processing, without departing from the

scope of the invention.
External Signals Definition

Figure 11 illustrates the physical signal interface of the hub interface
between two hub agents, according to one embodiment. As shown in Figure 11,
the hub interface physical interface uses a bi-directional eight bit data bus (PD
[7:0]) with a differential pair of source synchronous strobe signals (PSTRBN,
PSTRBP) for data clocking. In an alternative embodiment, the interface can
widened. For example, as shown in Figure 11, an additional eight bit data bus

(PD [15:8]) can also be used along with an additional pair of pair of source
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the period of the current owner's tenure), which needs to be transmtted.
If the current owner does have a packet with a different attribute, in step
1014 the owner may attenpt to transmt the packet ﬁﬁ@r p-3€, the
current ggﬁé&&él ease ownership of the interface. PHYSI CAtC gﬁﬁA%E I n one
enbodi ment, the hub interface injg)]!Rerrents %ﬁghysi cal interface that

S )

oper at esyachepnisstrabefighly (IJ7SERBNe PUSE oMoareowdiz in & hiterrfataguenci es
interface

may al so_be wused.. I n. addi.tion, .in. one e i ment, the physi cal

uses a e%%?%@%}}h‘éﬂlr@f%hgnf taalﬁlﬁ?ﬁ@gﬁ‘ggﬁ?ﬁ? chni que which can be
quad- cl ocked haddifigR SR usidl fi @%}?‘a‘? ' | ock. As a
result, in an enb(;c}i ment uhavli%ﬁgé%%)séglﬁriaﬁ%gast I ﬁ?fgﬁ?éggég{(}{ag%&?ﬁgm

oper at i ije athex (B34, ROByuemLy bolliréétidizl SFOPIOgNAIs usedBdhé sddeivahg266
nmegabyt es per sec%gd (I\%@s) or 400MB/s may be achi eved, respectively.
Fur t her R8EBt 1q ¢PTHHR! datp lemrespreyinusidesriped - Astditopplonterfacesignage

oper at i I an _conmpl e net al - oxi de .sem conduct or
process %?%ﬁ/ﬁg%hgly%%gﬁfjrﬁ 5& (?‘%&%g C&_FFEPH §1chzﬂif%i ar?éﬁYgl,tagf’oWé?Fé*F‘fe the

| nterf ackriay (DVRAFS. Ak il RIgHld 167 hUPRUBAELASZRNGAAS) BIhAR Ve i zed
data interfaces to provide varying bandw dths, and su;gport alternative
oper at i dgivey olutagleisnpesianed tothadppropataite ealse goabmpeosatedong, Wi t hout
departi ﬁa f rfO{P t he aéiﬂch%gp()f t_féeV |lnv.ent| oen.1 External Signals Definition

EI tgure ] ah i:mif’rn&ma ‘Hﬁ?g! cei‘lrtaé’PSﬁér 15 Srqiaded of thﬁ hub i n}:_erface11
et ween two p?}g% : : nt .. As. sho in Figure :
the hub interface phyzlslggﬁgicgri?t Wgctgeggtggﬁgggﬂ[s i }%%%ﬁ%regﬁﬁﬁ? bit data

bus ( PDfuftRe0dgscribed beldii fifi @ablts. din Heirfiatdfe GABHEBNSYIBIHQNRYE Strobe
signals, (PSTRBN, PSTRBP) for data clocking. In an alternative enbodi nent,

the i nt reHaee dhpsighrirdnstndeddn the phpsieal interficewmay varmi witheut1, an
additio i ah i a h (PD [.15: can_al so he used along with an
i 1 ongr= B ol e Bofs 8t Bis biShaoRFonr S8 BRitel sebrace

may include more, less or different signals varying from the signals shown in

Figure 11 and further described below in Table 8.

Table 8 Hub Interface Signals for Eight Bit Agents

Name Bits | Type |Cloc Description = -

(Pads | |k
1) | Mod
PDI[7:0] 8 ASTS' | SS° Packet déta pins. The data interface when

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

was driven.
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synchronous strobe signals (PUSTRBN, PUSTRBP.) Moreover,
data signals could be used.
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In addition,
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PasitivetTIo batet fdeé trbbe \sek IRSJRBR Vel

trobe.(idle voltage | evel = VCCHL)
jeic)@Rféﬁ(‘hdtf‘}“éFnsf er on

Active-high request from agent A (output
from A, input to B) to obtain ownership of the
hub interface. RQA is asserted when agent A
has data available to send, and is deasserted
when either all of agent A’s data has been sent
or agent A determines that it should release
the interface. Reset voltage value is VSSHL.
Request from agent B (output from B, input to
A). See above description of RQa.

Used for pipelined flow control to retry or
disconnect packets.

hub interface base clock, in one embodiment,

timing information for the common clock
signals (described further below.
Active-low reset indication to hub interface

agents.’

in an alternative
one

to

interface signals

VP) to
sat e

hub
hout

hbl e 8
ption
hce
hst
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the PO 7: 0]

interface.

The agent that

is providing data drives this signal.

PSTRBN and PSTRBP shoul d be sensed fully differentially at the receiver.
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' ASTS = Actively Sustained Tri-State.

?SS = Source Synchronous Mode Signal
* CC = Common Clock Mode Signal

In one embodiment, Reset is a system-wide signal; it is an output from

one component of the system and an input to the other component(s).

Moreover, Reset is asynchronous with respect to HLCLK.

Common Clock Transfer Mode Operation

In one embodiment, many of the signals transmitted across the hub

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

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

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

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

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

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

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

66MHz base hub interface and a 100MHz base hub interface.
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MP VCCHL 4 power NVA 1.8V VSSHL 4 groun VA d Total: 25 1 ASTS = Actively
Sustained Tri-State. 'SS = Source Synchronous Mdyde Signal 'CC = Comron

Cl ock l\/bg%r(ﬁingl%I I n one enbodinment, Reset is a systemw dergisbipakis it 1S
an out pu rrom “one conponent of the systemand an input to the ot-ﬁer
conponent (s). Mdreover, Reset is asynchronous with respect to HLCLK
Common C ock Transfer MdgoReSFhcRFoddusNansfl?Mbade UperfBby Of the signals
transmtted across the hub Tntérface are transmtted i n accordance with a
comon cl ock Inude etvbodimapetiefpackeisy datarpse tiarisnytied using asgigks that are
transmtted via th 0 n clock node are referenced.to.a single clock
(e.g., tsﬁécwqqﬁ'tciﬁ"fﬁ%@mégéi W&E‘%%Prpﬁlddeélatat&&ﬁ@ﬁWéO%WﬁgﬁP&é‘?ﬁ Eh,e &%té si gnal s
may be tje 0 m t.er . il | ce agents.

Mor eovert%aq%ﬁéerrrg?engga%% n%érﬁé%{&ggﬁég&érﬁ%r@?%n&%ﬁ&% %’Sgﬁ%ﬁ? in a system in
whi ch cagaciiddorisaiéciiag emadeowith amightebitideth dignaltpuh, widdmitting asegnent s.
For exanpl e, one conponent nmight inplenent both a 66MHz base hub interface

b
and a 10GMuteweard (hab fown lesite hreguires only ong Bub mteHete ook ryeg 1EIL(Ssdr ce

Synchronpus Tr.ansfer Mde. Qperation | n on odi_1ren h agket.s/data are
Y anom CALSAEVRY s SoReRRIr ot e s R Rual NnsrintoRegie;
technig | iRt i Qdtd fensialah v aasbghire Al Hutdtafadelo@xanpl e, in
an enbogﬁ?rae‘%gmlr%i r%g 4)(1 sourcgr1 gnchronousqcllrocki ng um)de V\jiith an eight bit
data si giale tpabmpleteansmi tting a double-word (i.e., four byte) requires
only one hub interface ¢l ock cycl E &HLCK. Al ternahi vely, transmtting a
doubl e word Jd¥prRysSpeExif cB Y emPedBRetdf soRFFRynchronous

transmission, strobes (e.g., PSTRBN/PSTRBP) are sent with a data transmission

in accordance with a predetermined timing relationship between the strobes and
the data. The strobes are thereafter used to latch the data into the receiving hub
agent.

More specifically, in one embodiment, the edges of the strobes
PSTRBP/PSTRBN are used by the receiving hub agent to identify the presence
and timing of data being transferred across the data signal paths. For example,
as illustrated in the timing diagram of Figure 12, in one embodiment a first data
transfer corresponds to the rising edge of PSTRBP and the falling edge of
PSTRBN. A second data transfer corresponds to the rising edge of PSTRBN and
the falling edge of PSTRBP.

In addition, in one embodiment, as further shown in Figure 12, the
transmit edges of the strobes PSTRBP/PSTRBN are positioned near the center of
the data valid window. As a result, the receiving agent is given an input data
sampling window to accommodate various system timing skews. Moreover, in
one embodiment a minimum data valid before strobe edge (tDvb), and a
minimum data valid after strobe edge (tDva) are also used by the receiving hub
agent to identify and latch data being transmitted. Once the receiving hub agent

latches the incoming data, the data is thereafter held for brief period to
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node on an eight bit data signal path would require a full hub interface
clock <cycle to conplete. Mre specifically, in one enbodi nent of source
synchron%sm/3557§n5m ssion, strobes (e.g., PSTRBN PSTRBP) g&gi% gl th a
data transm sSion in accordance with a predetermned timng relationship
between the strobes and the data. The strobes are thereafter used to latch
the dat aesyndirpnizertbe diata withrthe hubgeterfackisloek{pE 1K) edbtebeing passed

enbodi nent, th .egﬁe?l Bf th{s strobes PSTRBP/ PSTRBN are used by the

recei vi @O%B‘”ﬁ?j@ €Y i%ERti fy the presence and tining of data being
transferred t i ; i1l ustrated in
the timng dﬁgggie;g‘sg? &Ié?gﬁérgﬁ?g?%ﬁ%@%gﬁ%ﬁdﬁ %ﬂ%&g& I F gt%é&g{(%‘ Wflransf er
cor r esparnddotlst heventd appgentige pérsBSbRBRIIARL KR if dhé anGfedgavaizs PSTRBN. A
second data transfer corresponds to the rising edge of PSTRBN and the
falling réagéhe Ormngwi.esmpga@ilt lsdﬁ,beiwciﬂﬁ%toéaﬁb@lﬁ arnpartimsildrur t her shown in

Fi gure t I 11 es, of .t he st es PSTRBP/ PSTRBN ar e sitioned
near thée%}:beonc{l%lrentéfs Rg’\%ﬁ'eanég& TREd YW ?‘9685\@%&@“ Op &S o “fWe‘nF%’t%qp i ng agent
i s gi veno BB coApiderdblimitifANThbfgor RIONNES: RCFAIPLEY £iNg | ous system
timng skews. Moreover, iR one enbodi nent a mni numdata valid before
strobe edgmdimbnty areard intendied itonlimitl dteascopkiod thad tleims tihadteiredge (tDva) are
al so used by .the receiyi hyb agent to jdentify and |atch data being

t ransmi t%%gelm@qtﬁgﬂggngﬁmjum?geg@@%d ay thedngantioie i nconi ng data, the
data is thereafter held for brief period to 29 WD 01/ 33375 PCTI USOQO 26875
resynchroni ze the data with the hub interface clock (HLCK) before being
passed along within the hub agent. \Wereas nmany alterati ons and

nodi fications of the present invention will no doubt becone apparent to a
person of ordinary skill in the art after having read the foregoing
description, it is to be understood that any particular enbodi nrent shown
and described by way of illustration is in no way intended
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to be considered |imting. Therefore, references to details of various
enbodi nents are not intended to limt the scope of the clains which in

t hensel i.te only those features regarded as the iny L6398 VIO
017 83575 BAFEEEY 26575 CLA Mo VAL i S ol mimed is: 1. Algé(}trr/%ét}{a/ers’%system

conprising: a first agent; a point to point half duplex interface coupled
to the t’r_}',‘ﬁ&s agent; and second agent coupled to the first point to point
hal f duplex interface, wherein the first agent delays arbitration of a
request to avdesss climegda:nt to point half duplex interface until the
request_is received at the secand agent and the second agent del ays

arbi trati on SfCOMPREFHSESETLCOBREINE: t he point to point half dupl ex
interface until t ?ir%teafg%‘ﬁi't is received at the first agent and. 2. The
conput er system of cl al " wherein the delay of arbitration at the first

and second agent sa¢einteepiashilodupkxdntbriace eodpidgnahe iesteagebetasekn the
first and second agents. 3. A conputer system conprisi ng: a central
processing unit (SRdnd agentaoupled o thefirstpoigtvomoieidiaf euplex t he CPU; a

first point to point .interface coupled,to the MM .and an i.nput/output
control hub ’(r}tﬁ?“’cé’m:ﬂrsﬁ‘ t{l\g%{rﬁteage%t gfﬂ%@iaﬁli’l?ﬁagonpogﬁanrteql%ﬁtetpfaacg%sf% wher ei n
the MCH del a iR {8 BbirR Maff dibleLHHEFhcd EnECELTEquNSs FdcbRledRRithE t O poi nt
interface un%&ﬁ&%’ﬁyégquesta islPPr ecel vedC at the ICcll—Iu and v%herei n the ICH

del ays ar bi t s@ondmgeht and ¢heissntiagaot delays hebifriation of paeqtiestdopoi nt

interface until the request jis_ received at the 4. The. conputer system
of claim3 faeereheRript fspaigt hélféiéﬁ’g%‘rﬁ%lifﬁ%e ol ﬁgFﬁ?q‘i“Fﬁéﬂeé ¥e€oupled to

t he | CH; andat the first agent and.

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

until the request is received at the ICH.
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a first agent coupled to the second point to point interface, wherein the
| CH del ays arbitration of a request to access the second point to point

interfacg u Z the request is received at the first agenperRhdees first
agent dglloa@ g3%317r5bi tration of a request to access the seconﬁ pornt to point

interface wuntil the request is received at the I1CH 31 WD 01/ 33375

PCT/ USO8/ 268The domiiiter systpnitrclaiyss erheoéinchatimt3geheise netwkf i r st agent
is a network interface. 6. The conputer systemof claim3 wherein the MCH
i ncl udesntarfece.st interface controller coupled to the first point to point

e age and el S LSS P G EM RN FRRRL T AL SO o0 T

ein and second i nterface

control kﬁ@%&@@@ﬁt\f@ﬂé%@éd&iﬂ%@tg 1% @6 bairRGniekfabe hhE theUOpst to access
the first point to point interface. 7. The conputer systemof claim®6

wher ei nindhedés a s¢comddnsertanedontrolief exepled émthetitst poirgdopaiskintenface; bi t er
for granting access to. the first, point tﬂ oint._ interface; .and a delay
modul e fdtereisy theitHst andseconddaterficgcantrolless regeiye reqeSE §iGPRISsi ng: recei vi ng
afirst _re i j r - NE A interface

control F%Srogyaggﬁtl é“{jiuhgg?ét‘ﬁgﬁfe ?tﬁgtea %geesggléésp Frésafipfgona Oaie%]%tr%ﬁ‘%lﬁgecef equest signal is

received at FhbicosipePijstémwficiith 6 hthekéinghe fifdtemidazeond ittesfacer ;
receiving the first request signal at a second arbiter within a second
i nt er f acentrol¢nsaiomepriseand arbitrating at the first and second arbiters for

access of the interface 9 The nethod of claim8 further copprising:
det er mi ni ng whet h&F alrﬁ erﬁorggaxﬂm%?(fcgé% Oc%‘ﬁt FB# gt |%p8}r§ﬁ?§af%8'cess
and
a delay module for delaying the request signals.
8. A method comprising:
receiving a first request signal to access an interface at a first
interface controller;
delaying the first request signal before the request signal is
received at a first arbiter within the first interface controller;
receiving the first request signal at a second arbiter within a second
interface controller; and
arbitrating at the first and second arbiters for access of the
interface.
9. The method of claim 8 further comprising:
determining whether the first interface controller is granted access
to the interface; and
transmitting data from the first interface controller to the second
interface controller if the first interface controller is granted access to the
interface.
10.  The method of claim 8 wherein the process of delaying the first request
signal further comprises:

receiving the first request signal at a delay module;
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to the interface; and transmtting data fromthe first interface controller
to the second interface controller if the first interface controller is

grant ed a;fbc %?37%9 the interface. 10. The nmethod of clai mp8risyREA the
process O elaying the first request signal further conprises: receiving

the first request signal at a delay nodule; 32 WO 01/33375 PCT/ USO0/ 26875
del ayi ng the fir stdelaggugshe §rgymedudsosigaabiozdgiredetenadnedunbabenof cl ock
cycles; and transmfting the first request signal the first arbiter. 11.
The net hod oflQakdYFies: 304 t her conprising: receiving a second request signal

to access the int L : er; delaying the
second request si gfggﬁﬁﬁgﬁﬁcﬁ@e?ﬁ’é?é%gg%t}ﬁ%%lﬁcgggﬁg%rﬁg}i is received at the
second anbltmm@ﬁﬁd\/éﬁtgaihhsf@ﬁhgr@mlgﬂmg signal at the first arbiter;
arbitrating at the first and second arbiters for access of the interface;

det er m ni ng whet haecaiviagsesasand irequest sigaakionacess the interfgcaat agecskess to
the interface, zﬁa‘g[wad tra,fgsgi tting data fromthe second interface controller
to the first NERIEEE FIREOCTntroller if the second interface controller is

granted access f[odeieﬁ/‘?.n.g %@§Jc@ﬁ8-re&@est§i 1 bordr& B{¥dc6hA%e ﬁ&@@ig‘ﬂa[‘g a
first request signal “to access an interface at a first interface

controll er; ieseeiiednttthesédonsitarbiteryest signal at a second arbiter within a
second interface controller;

receiving the second request signal at the first arbiter;

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

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

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

12. A method comprising;:

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

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

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

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

13. A hub interface comprising:

a first hub agent;

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

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

first agent delays arbitration of a request to access the point to point link
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del aying the first request signal before the request signal is received at
a first arbiter wwthin the first interface controller; and arbitrating at
the fir ms%cpnd arbiters for access of the interfacleml.fanggwgub
interface conprising: a first hub agent; a point to point ITirnk coupled to
the first hub agent; and a second hub agent coupled to the point to point

li nk, wher eiyntilge rbgusdt iagesivedeadtalis sedobidt dpeht, emdotheaet@giegént 0 access
the point to point |link 33 WO 01/33375 PCT/USOQ 26875 until the request

i s recei ved dlayharkieban ohgenquesane aceess Secpriat ypamnt liadd wytsl thebi trati on
of a request_to c.cess.thcﬁ tpt«i)lifgt %ebrﬁi nt link until the request is

recei ved at TAECF i PIECAYEnt E4S ub interface of claim 13 wherein the
first agent 1iCchUEeStefalb bStairh BN héeth GRMiAPhE&E!: iRORLEd f:Qt the point to
point link and the second agent includes a second interface controller

coupl edntarfddescopdiailer coupledrtd the plointwheroentnlink med the sécoadcgeatond i nterface
controllers receive _request signals associated with the_ request to access

the poiipcludesgaierend inferfage contrellen goupiedia e aint 1 peigt inkowaegein t he
first d ;second j £ o lle I Se:.: i l...granting
accoss 16 PRCARGPHO B B PRl iR B ARt Bled BB e
r eqyestth§|rgq§ésq.to Ja@egsﬁl@e fiélifht wbg{f{tqgﬁ(, of claim 13 wherein the del ay of
arbitrationat the first ~and second hub agents corresponds to the
end-t o-¥nd sThmhiibdetezfacoof tem l¢theherfein the farstiand seenhchinterfgent s. 34
controllers comprise:
an arbiter for granting access to the point to point link; and
a delay module for delaying the request signals.
16.  The hub interface of claim 13 wherein the delay of arbitration at the first

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

first and second hub agents.
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