WD 00/ 2
PCT/ US9
BETWEEN

FIELD OF THE | N\VP@TON

6801 V.

9/ 25818

WORLD

of conputer systens. Mre articul arly
field of m%@%%ﬂgﬁﬁgﬁwaw X‘h‘

BACKGRO@ IintenatibhdEPateh EhissficsBbh 6 £r i or ¢
di Zgekroispres .,

st andan
bus, td

t IS invent i OE gﬁ ‘ﬁ;ﬁ)é&’n}

DN
such as the DAL i

al | ow conputer system chi pse

pher al onent
<eymﬂ@m"§mw°e Bhrun ol g

T(ﬁ)’lnﬁl‘,dﬁfoﬁnﬁubﬁcytph Nﬁhﬂeiy r el yVo0 00/26801

| nt er connect

( PC] &P’

anot herl.

(@Y Taternationl Application Number: g

i nt ende
conpone
PCl buq.
over tHh
del i ver
PCl bus

offl

For exanple, a transaction origi

2 ﬂ.&a.a.x.ﬁoﬁ.eﬁﬂfmaa@s ark Nobm6d P95k oy
first chipset conmponent w4

Ys L0 @ second syst em chi

BHACt | Ok NoRmbd Bos I 9T | V8.
al so prOV|de for conmunication w t

(71) Applicant (for all designated States except US): INTEL COR-
PORATION [US/US]; 2200 Mission College Boulevard,
Santa Clara, CA 95052 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only}: HARRIMAN, David, J.
{US/US); 846 27th Street, Sacramento, CA 95816 (US).
AJANOVIC, Jasmin [US/US); 106 Wocdard Lane, Folsom,
CA 95630 (US).

(74) Agents: MILLIKEN, Darren, J. et al.; Blakely, Sokoloff, Taylor
& Zafman LLP, 7th floor, 12400 Wilshire Boulevard, Los
Angeles, CA 90025 (US).

PeSpIss j@P'

processor
BA,BB BG,

Wsﬁﬁ‘é‘ﬁ‘f CHAHBE oL o, a2

het We es] Fi, S, GPJ GE; 68,501, HK) WY, ID{0, 19, IS, IP,
pul d KﬁéﬁiﬂkaM@kU%H@E&ﬂédédB{P NM

pset g -@6

usuzxm*ﬁﬁmszw 2 (GH) muxx

h ot %IM“G LutSé+TZ, UG, ZW), Eurasian patcnt (AM,

mm RU, TJ, TM), European patent (AT,

BE, CH CY, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU,

MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published
With international search report.
Before the expiration of the fime limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: METHOD AND APPARATUS FOR COMMUNICATING TRANSACTION TYPES BETWEEN HUBS IN A COMPUTER

SYSTEM
(57) Abstract
400
One embodiment
of an apparatus for

communicating  transaction

313629 202726 224D 221D BIIBITIEISM 1312 HI0IL T 6 543210

types between hubs (130,
160) in a computer system
(100) includes a data
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path input/output  unit
(135, 165) to output a
packet header (500). The
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packet header includes a
request/completion field

Adkirens{63:32)

(31} to indicate whether
the packet header (500) is
a request packet header or a

completion packet header. The packet header (500) also includes a read/write field (30) to indicate whether the packet header (500) is for
a read packet or for a write packet. The read/write field (30) further indicates whether a length of data is to follow the packet header, The
packet header further includes a data length field (8-13) to indicate the length of data.




syst em devi tes such as graphics controllers and network adapters. Because

busses such " as the PCl bus nmust interface wwth a variety of conponent
types, each with varying requirenments, they are not necessarily
optim zed for wad dozésong conmuni cati on bet ween chi pset conp&&af{sg9/25818

Further, chipset manufacturers who rely on standardi zed busses such as
the PCl bus mMETHORAND ARPARATUS FORCONMUNICATING TRANSARTIONTXRESBET WEEN:
with other conponents, and ar MlUBSIINa COMBETER SvsTEMKe substantial changes
in how the chi pset conponents_conmuni cate with each other. Another issue
t hat faces chi pset conponent ION:si gni ng and
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into certain ﬁe5|gn practices manuf acturing technol-ogi es.

Q 6501 computer system.

PCT/ US99/ 25818 Prior computer systens that rely on standardi zed
busses such_as PCl for communi 84 ND\ORTHE ENTRIOK onponent s al so
typically have no pechani smfor conmypicati that a particuylar

transaction is isoPRPGoBREIeE pxseasdymeallyaely anfandardized bussess sush asghg i | |

ensure an adeguale h @bfpofiin MAtodbcPCH T 6 oW ebhpibs ySkinenipidl ' LY of
components to communicatc one with another. For example, a transaction originating at
a processor and intended for a disk drive might first be delivered to a first chipset
coxi_xponent that serves as an intermediary between the processor bus and a PCI bus. The
ﬁ'rét chipset component woﬁld theh deliver the transaction over the PCI bus to a second

- system chipset compbnent which would then deliver the transaction to the disk drive.

Busseé such as the PCI bus also provide for communication with other computer
s_ygt;.m devices such as graphics controllers and network adapters. Because busses such
"as the PCI bus must interface with a variety of component types, each with varying
requirements, they are not necessarily optimized for allowing communication between
chib;ét components. Further, chipset manufacturers who rely on standardized busses
éucli as the PCI bus must adhere to bus standards in order to ensure compatibility with
6¢ér components, and are not at liberty to maké substantial changes in how the chipset
components communicate with each other. Another issue that faces chipset component
manufacturers in designing and man_ufactming chipset components is the need to
'.c.t:n-"xform to standardized supply and signaling voltages when relying on busses such as
PCI for communication between chipset components, thereby locking the manufacturers

into certain design practices and manufacturing technologies.



service is particularly inportant for energing applications that rely on
I sochronous services in the systemto nove fixed anount of data on a

regul ar basis. In prior systens, the notion of isochronous B,Eq@é% gdﬁs S
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SUMVARY OF THicombivbivdtiddbetween chipsé coiphietitsaiid topipalydiavénd mechaaizhi for cati ng
transaction types between hubs in a conputer systemis disclosed. The
apparat us i nclcgmemn&amlhatpazamqulap trasisactiqmis xsgchrpnm@ andghoplédtbechapdled it a
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t he packet header. The packet header further includes a data |length field
to indicate thke moamgtoﬁlsoéhrmuanslaﬁtidﬁE ifeB@iRieR Withhh SibsySidmsDR/MSNIEB host
The invention is illustrate way of example and not_ limtation in the
figures of tIfem Eﬁd3a¥ Fryurollers, apdthere ¥s|q@é“¢8%%%@§endﬁ@iscat e
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SUMMARY OF THE INVENTION
A method and apparatus for communicating transaction types between hubs in a
- computer system is disclosed. The apparatus includes a data path input/output unit to
" output a packet header. The packet header includes a request/completion field to indicate
_ whether the packet header is a request packet header or a completion packet header. The
péc_ket header also includes a read/write field to indicate whether the packet header is for
“a'read packet or for a write packet. The read/write field further indicates whether a’
length of data is to follow the packet header. The packet header further includes a data
length field to indicate the length of data.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention is illustrate(i by way of example and not limitation in the figures of
the accompanying drawings, in which like references indicate similar elements, and in
which:
Figure 1 shows one embodiment of a computer sys{em including a hub link.
Figure 2 is a block diagram of one embodiment of two hubs connected by a hub
- link including a data path.
" Figure 3 is a diagram of one embodiment of a request packet header including a

32 bit addressing mode.



Figure 2 is a block diagramof one enbodi ment of two hubs connected by a

hub link including a data path. Figure 3 is a diagram of one
enbodi nent of a request packet header including a 32 bit addressi ng node.

2 WO 004nitrddréso1 PCT/US99/25818
PCT/ US99/ 2581S Figure 4 is a di-agram of one enbodi nent of a request

packet header i ncl ubigwes 4is a @ingtam ofoaie cobodimenhofiferequest packetfhiegder including @
di agram of one fﬂboéﬂ ment of a request packet header including an inplied
addr essi ng nod&4 bitaddressingmade, o 5 i s a di agram of one enbodi nent of a

conpl eti on packet lg.: . ' . sh a tabple, of one.e di ment
of a conpletion st 2?1 ggﬁgdggg}aﬁaam %c‘i]ng#é‘%c'&meng)gﬁﬁgﬂw %acgetllyga%rmcglgdﬁmf
one enbodi nent jMfied alidRBiRGhédRN descriptor routing field portion of a
packet header.m%1 2 Figure 9 shows a table of one enbodi nent of a

transaction descri pFigoredtis aidixgtam of one embodiment of a completion packet header.
Figure 7 shows a table of one embodiment of a completion status encoding
scheme.
Figure B is a diagram of one embodiment of a transaction descriptor routing field
portion of a packet header.
Figure 9 shows a table of one embodiment of a transaction descriptor attribute
field encoding scheme.
Figure 10 is a flow chart of one embodiment of a method for communicating
- transaction types between hubs in a computer system.
- Figure 11 is a flow chart of one embodiment of a method for communicating
routing and attribute information for a transaction between hubs in a computer system.
DETAILED DESCRIPTION '
One embodiment of an appai'atué for communicating transaction types between
* hubs in a computer system includes a data path input/output unit to output a packet
* header. The packet header includes a request/completion field to indicate whether the
packet header is a request packet header or a completion packet header. The packet
header also includes a read/write field to indicate whether the packet header is for a read
packet or for a write packet. The read/write field and the request/complction field further
indicate whether a length of data is to follow the packet header. The packet header
- further includes a data length field to indicate the length of data. An intended advantage
of the embodiment is to provide an efficient mechanism for communicating transaction
- information between two chipset components over a hub link. An additional intended
- -advantage of the embodimenl is to provide a packet header that can be efficiently
decoded by the receiving hub.



field encodi ng schene. Figure 10 is a flow chart of one enbodi nent
of a nmethod for comrunicating transaction types between hubs in a conputer

system Figure 11 is a flow chart of one enbodi nent d for
comuni cat i ngMO2P88}y and attribute information for a transa&?’%@é@&een

hubs in a conputergsyst.e N . . L ED
DESCRI PTI O IS 1w e mbosiment of s computer sy 100 o SR ke

transaction t ysuesTHeayWaan oo fichded 4prdc&Oirud ouptadtb aMub AC I THARbLA ARy a path
i nput/out put unit to output a packet header. The packet header includes a

request / conpl scluda atieeiotly tantrioliel argkie covpbddite a system meamke140h thddwub issisalso
request packet header or a conpletion g_acket header. The packet header
al so i ncl udescerpiedinagraphics pecslcratqrd 20., fhe graphigieontraller 2@ ispyeferablyconpled | s

ol 220 oSN o b ASa BRGHEL po PR b ARSI
o o o o Dbmiase Tips gty ot 16l leagnipitrhonot
enbodi ment i s Thestpragy deidceal V0ds prieferablyt a hard dizkidsine. f The InbBalso preferably
transaction information between two chipset conponents over a hub link. An
additi onal i npeayified aminjerface tpea JE1 und8@nbodi ment is to provide a packet
geade.r t h\e/l\;) ggln 2 gggief]:lttel f.sea Eclci( dgag:a%jg on%%m%ggin{egtc oe tl\llé l?u% hhnT(bl'SO coupling the
PCT/ US99/ 2SSI §u, A and the hub B. The hub link 150 includes a bi-directional data path 151, one o
more data strobes 152, a flow control signal 153, a group of arbitration signals 154, a
systcm reset signal 155, a clock signal 156, and a voltage reference signal 157. The data
path is preferably 8 bits wide, although the data path width may be any width thatis a
. power of 2 and greater than or equal to 8 bits. Hub A includes a data path input/output
unit 135 and hub B includes a data path input/output unit 165. Both data path
ing};;gloutput units 135 and 165 inte;fé.ce to the data path 151.
R In general, the hub link 150 is a mechanism for connecting main building blocks
. of the core logic of a computer system, such as the system 100, via a relatively narrow (8
bits in the present embodiment) and relatively high bandwidth data path 151. Between
indiyidual components in a8 computer system, such as between hub A and hub B, the
connection is implemented in a point-to-point fashion. Transfers of information across
the hub link 150 are accomplished using a packet based protocol. A request packet is
generally used to start a transaction and a completion packet is used to terminate the
transaction. The bub link protocol also provides a transaction description mechanism to
. provide deterministic quality of service. This mechanism, discussed below, provides

 information used for routing. of hub link traffic as well as identifying the attributes of a

transaction, for example by defining the transaction as isochronous or asynchronous.



Figure 1 shows one enbodi nent of a conputer system 100 including a hub |ink
150. The system 100 includes a processor 110 coupled to a hub A. The hub A
may include a nmenory controller, and is coupled to a system nenory 140. The
hub A is al sowouepkse to a graphics accel erator '120. The gr aBgTd$99/25818
controller 120 is preferably coupled to the hub A via an accel erated

graphi cs port (A igmﬁésndégmm@fqaesmbe@imeot@fmmsm#t&embfqu 150.

The hub B ) bly. ' . | nt erf to,, ' 17 Th
ctorage devi clclaendiRaddSuRgmatt St s kotipn obe Flefliped Top 300 1™
r ef er abl ' ] 1l 143 ' 21is a
BI ock di aér a%xﬁdo&ﬁ%@%@%@ﬁ@ﬁ%rﬁﬁ}%ﬁg 6%*( ]’%g%ddgg’l?ﬁﬂ ‘f°r‘1‘3ﬁ§“%§ﬁ ﬁub 16\ and
the hub B. Theqhiéd for BXbil alirbs3inl webase %shbﬂhii@li%h&@'h&ﬁﬁaﬁlypﬂfeheawl, one or

more data strobes 152, a flow contr ol si gna 3, a group of arbitration
signal s 154, significdn bytcdbits 0 thraypgh[7) ik3tansfarred amrésstheydutd patlo 631 finst] Fhevol t age
reference signal 157. The data path is preferably 8 bits w de, although
the data pat hVW%ﬁC\ﬁiﬁyf@éP&Wtwwmmdqs@@drﬂééﬁﬂo“ﬁf Ipthg fellayringt er t han

or equal to 8,bits. Hub A includes ata path. i nput/out put. unit .135 and
ub B el udeSsriniams SEueyeriis s Brldh AeRhe Gt Rilses R rBpdingili, ascintl

I nput/ out put  YhideSeprsantteberréPedBUiRE Sdfetnes OOMRE estdlifag Ricthed 3k possible. | N
general, the hub li'nk 150 is a mechanismfor connecting nain bpw I di ng

bl ocks of the coreThogqaesttompletinmficld(rqppitdin 31safche frst doables/prl iadica®d, vi a
arelatively narrow (8 bhits in the present enbodi nent) and rel atively high
bandwi dt h dat #hgthena packet ig reguest packes ariachemipletionpacken t Rreferably, a8 6B indicates a

t h bet JA.apd hub B, . th ti i s ippl '
or nt -1 0- po n SR AP A 1o Hfetes A SoREIN A PR repee kR RO 50 -
are acconpl i S%E{ireaéés cﬁet@é&é%ﬁtﬂﬁgﬁéﬁ%hgﬁlg%%&'to“?‘" request packet is

general ly use o'start a transactron and a conpl etion packet is used to

ternm nate the. tranypcich@mritelfi€ld (WAW) 4t bRIGOVT AHeOfrel dodbRWoitl iaicalies whether a
transaction description nechanismto provide deterministic quality of

service. Thi spaiketianireadordiveite rausdctival dhe readowiitd fisld alfodndicateso nlong aithfthe
{ransact fon, - FebeBkampielon feidorhaien ganellbF srder Tote Rt o Feproele if e
asynchronous. packet is a request and if a write is indicated, data will be included in the packet.
Further, if the packet is 2 completion packet and if a read is indicated, data will be
. included in the packet. An indication of a request packet and an indication of a read
signifies that no data will be included in the packet. Likewise, an indication ofa
completion packet and a write signifies that no data will be included in the packet.
PreferaBly, a read transaction is indicated by a “0”, and a write transaction is indicated by
a“1”. | | |
The completion required field (cr) at bit 29 of the first doubleword of the request
packet 300 indicates whether the initiator of the packet requires a response to the request
. packet. Preferably, a completion fequired is indicated by a “1” and a no completion
.- required is indicated by a “0”. A write request packet header with the completion
required bit set is issued when the initiator of the packet requires positive confirmation

~- that the request has completed. The completion for the write should preferably not be

5
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PCT/ US99/ 25818 Figure 3 is a diagram of one enbodi nent of a request
packet header format including a 32 bit addressi ng node. The base portion
of the packet weau0lf ormat 300 is one doubl eword in | ength (PSTASIYETIS

equals 16 bits). An additiqgnal doyblewgrd is, required for 32 bit .

agdr essi ng nnﬁ%i‘,’"‘&@ “%*ﬂ g%wv'ﬁ%ﬁ ffea@d @%W@F@F‘&BW ,Meggry, KQs gnd %qnéamleranL
byte (bits 0O ' A ' The
Dyte (D11 0 Shittfiiad ety BRRIAIN B PEHESGo M RRAAN ThERatbieibp |
fol I owi ng desejuired bid pfefeibly SioulPid respectBd by e thrb @ foSall REGSG!Es! incluBingS
settings or encodi ngs are discussed. These represent preferred encoding
schemes. O hespesirdoytilesy schenes are possi bl e. The

request/conpletion _field (rq/c at bit 31 of the first doubleword
i ndi cates whet her The wﬁéé@%f)ziﬂrf&éﬂl@ﬂ%d&ﬁs of thefirstdqublewiorhindisaest .

0% L hdi . ket d U bndi gat
conpl et i on packtret B8 it SheTorial iR BRfETor Gatest G2 o4 Bfl i Fessinal For
header, this fhehghoaiuh thdwh R é’s,éﬂe"afbitw%d ?%&'E‘o 41936 intfidatefexpiest d (17 W
at bit 30 of the first doubl eword 1 ndi cates ether a

addressing. For implied addressing, the af bit should be set to “0”.

(=

The lock (k) field located at bit 27 of the first double word indicates whether or
not the current packet is part of a locked sequence. All requests and completions in a
locked sequence should have this bit set to “1”. Agents that do not comprehend lock

-should ignore this field and should always fill this field with a “0”.
' The transaction descriptor routing field located at bits 27 through 21 of the first
., double word will be discussed below in connection with Figure 8,
. ... Bits20 and 19 are reserved for this embodiment.
" w. The transaction descriptor attribute field (T.D. Attr;) located at bits 18 through 16
. of the first doubleword will be discﬁssed Below in connection with Figure 9.

. The space field located at bits 15 and 14 of the first doubleword indicate whether
the packet has as a destination memory space (“00™), I/O space (“01”), configuration
space (*10”), or special cycles (“11”). )

The data length field located at bits 13 through 8 indicate the length of data (if
any) to follow the packet. The data lengﬁ ié preferably given in doublewords, encoded
such that the number of doublewords represented is one plus this number. Thus,
“000000” represents one doubleword.

The last doubleword byte enable field (Last DW BE) located at bits 7 through 4
of the first doubleword indicates the byte enables for the last doubleword of data of any
read or write request. The byte enables are active low (“0”"). If there is only one

- doubleword of data for a request, this field must be inactive (“1111”"). The byte enables

6



packet is .a read or a'wite transaction. The read/wite field also

I ndi cates, along wth the request/conpletion field, whether data wll be
included in the packet. For exanple, if the packet is a request and if a
wite is indicqlgfdneddfta Will be included in the packet. FurtRET/USIN25818e
packet is a conpletion packet and if a.read is indicated, data wi]l be

i ncl uded i n t hmaphe discontignousi(eic 501037)- Byteenables arernop mepnipgfulfor speciaheydes i on

f d signif]j h LI be.ingluded in th Li kew se,
an Tndi cat ; on 814 Gerelage e danaRH e offeed hp Praeledh FRrBRRE 1o Gatn
wi 11 be included i n}l‘féi?rspé’éﬁlﬁf‘envorﬁﬁé ExldbR: fleld Q"quBﬁ)rlaémi)ﬁQB itl?toi;xI%*gé et ed

by a "0", and a wri ransaction s i1 ndicated by a™1".

conpl eti on reqyefist doubledofddndicatés the byte enablestiiethé fikst dowbiesdrd obdala of ariyhe
request packet 300 indicates whether the initiator of the packet requires a
response to thecadenweitt reguasktotmeniiryf 10 adsicpnfiguratiomspaces.ohhe e enablesjare

I ndi cated by a "1" an 0 conpl efion ui red i.s indicated "0". A

d b
Wite request ﬁ&'é?@é?wlﬁ‘é(gfbglrf there 1§ op é’"&&%ﬁﬁ@‘f’?'&r?fflétﬁﬁ?'raefﬁq‘ﬁsﬁ ﬂgéﬁafis i ssued

when the initiatqr of th ackgtol ir it ' i Q t he
request has cor?ﬁggf‘@& .s{’q"ﬁ%g%%s 1&3&3'# an%?le?ﬁléi’&# y‘?‘é&g@%‘{%& g}’e e0 r1<'§glaéyy t%mt
be enables are not meaningful for special cﬁcles, and therefore the LastWOoBR 601

PCT/ US9925818S returned until the wite has reached its final destination.
Menory, 1/ 0O arndedapsthegipeciilicyclc cnadihgrfeddiest s preferably shoul d al ways set

the conpletion required bit. The conpletion required bit preferably should
be respected by the Thesepsial exsie encpdipg figlddecated;a bits,{thgepeh O of the first

doubleword encodes a special cycle type. This field overlaps the first and last

- doubleword byte enable fields.
The address[31:2] field located at bits 31 through 2 of the second doubleword
-+ indicates the entire address for 32 bit express addressing mode and provides the lower
portion of an address fqr 64 bit express addré_ssing mode.
. The extended address field (ea) located at bit 0 of the second doubleword !
-+:; indicates 32 bit addressing (*“0”) or 64 bit addressing (“17"). This field is valid only for
: . memory or special cycle requests only. This field is overlapped with the configuration
. 'type (ct) field. .
The ct field located at bit 0 of the second doubleword is valid for configuration
cycles only. This field indicates.a type “0” configuration cycle if set to “0” and indicates
a type “1” configuration cycle if set to “1”, These configuration cycle types preferably
correspond to PCI configuration cycle types.
Figure 4 is a diagram of one embodiment of a request packet header 400
-.%. “including a 64 bit addressing mode. The fields for packet header 400 are identical to the
fields shown in Figure 3 with the addition of an address[63:32] field. The address[63:42]

- z field contains the upper address bits for 64 bit addressing mode. For this mode the ea



speci al cycl es. The address format (af) field |ocated at bit 28 of
the first doubl eword indicates whether the addressing format is either

i nplied or express (32 or 64 bit addressing). For the enbodi nent shown in
Figure 3, the aOo#i2680ioul d be set to "1" to indi cate express PEHUSISSBIY.

F i nplied ad sing, the af bit should be se o "0" The | ock
(ilr() | FP e: d | ocgleﬁ‘sg’?%ﬁlt? by B\ealfi#éssﬁ:’lrj%%] flﬂﬂ!ﬁl‘%ﬂ%ﬁ anly fori 4chitaddigssinger or

not the current cket is part of a | ocked sequence. "‘All requests and
conpletions in a ocked sequence should have this bit set to "1". Agents

that do not conprehedgy 5395{, SGh ways fill
this field with a "0". t9iad gf?ransgocﬁl?%‘%&h%qgl &ké{%géti%r?gbf ield

| ocated at bi t Sndudihgamwingiied hddréssidgendder The ﬂaawfoepmetd.emdr 500 ereddentidaiaed
bel ow i n connection with Fi %ure 8. Bits 20 and 19 are reserved for

this enbodi mentthe fieldyshownyin Kigsea 3 with thewarengion of thetbsenea of the sskehd doubleward.r . )
v | connocPHIHEH el Bt Bl L Bt s et e
1 o " my&gggwfe;%g@ggmgp%@ £ A e (355 2

destination menory space contigur a

("107), or speciddtessydilbrdiscerhdd by context. Whed B ifhpliéd mERAS Qseld] ﬁ'& sidrQ6 8 £t at
bits 13 through 8 indicate the l'ength of data (if any) to follow the

packet. The datwith thegeduestpagket  Breadfifigldgs seio 107 fovinipliedaddiessingmaalded such
that the nunber of ubl ewor ds represented Is one plus _this nunmber. Thus,

"000000" represents ‘CHE® 6‘"(&) ’%‘Pd’ one embodlmm@fﬁagmp’ewbmmma@yﬁao enabl e
Lol 25 OB A A0l S i AR
Il st S o T
byte enabl es  the space field. The byte enable fields and the special cycle field aréreplaced with a
- completion status field. The completion status field is preferably loaded with a value
f!'gm the completion status encoding table shown in Figure 7.
. - - 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
E for memory writes may indicate that less than the entire request has been completed.
This might be done to satisfy hub link interface latency requirements for a particular
* - platform or to allow tradeoffs with respect to return data buffer size. If a memory read or
write request has multiple completions, the completions may have different status. This
may occur, for example, when an access crosses a device decoding boundary. Memory
read completions preferably should contain at least one doubleword of data. The total
amount of data provided for all completions corresponding to a single request must equal
* exactly the amount of data specified in the originai request. For packets retuning the
= “master abort” status, all data requested preferably should return all “1”s.
' Figure 7 shows a table of one embodiment of a completion status encoding

scheme. For cycles targeting a device on a PCI bus, such as the PCI bus 180 shown in

8



WD 00/ 268Q1 ) :

PCT/ US991 25818  nay be di scontiguous (e.g., "0101"). Byte enables are not
meani ngful for special cycles, and therefore the Last DWBE field overl aps
the special cyghgesdaedi ng field. The first doubl ewor dpbyiugowizeis e
field (1[err] DWBE) |ocated at bits 3 through O of the first doubl eword

i ndi cat es t he Rigare 1pthakbmplefion stathestouldsepresend thevastudl tefmidation fof thercyclecad or
wite request to menory, I/Q or configuration spaces. The byte enables are

active | ow (" cexpept flor sperinlcyrles, avhich pseferablhouldorerros “weatessipbromplstioniest |

ot b S, PO D Lo R A S o e o
l es, and ' J 1

creoang 11 of dopeortomptétn i (M Poc: fir OURIE 2R debe SRRAplerfalfidona

through 0 of tHEI tus/ Edr ed@tiple SN hab RAICAAEredeivEIeghestiict htgétingdt, thehi s fiel d
overlaps the first and | ast doubleword byte enable fields. The
addr ess[ 31: 2] dampletionstatusauustbe Yrinesterabort [ rThisdor2speinds tochowcthe nyiclel moblddhave d
indicates the entjre address far 32 bit express addressi ng node and

provi des the |§Hainalsdpp PG Likewise, theditarget abegt™ B%"HP@%‘I‘%%@“&'&%I?’@E@F ng

de. T ield . t t hit O of th
T douol o BT B9 Reedd B e BEBRS el Pl
("1"). This figl onfy BAlsedbPid YoechOwith FBEREY infimal pRsblédh. cycl e requests only.
This field is overl apped with the configuration type (ct) field.

The ct field locat eﬂ{eai}npmﬁﬁog o?];“wgeéﬁl? 86]-91,1@9&?" sthrééoﬁ{ﬂLzéi& ifs?}l;at the

configuration
request (or the portion indicated in the data length) was completed successfully at the

final destination. Thus, a bridge will not return a completion packet for a request when it
‘passes the request through to another interface, but must wait for a completion packet to

‘arrive on the other interface which it will then return to the originating interface.

For a request which requires édinpletion, it is preferable for the initiator to retain
information about the request. Typically this information will include the size of the
~ packet, lock status, routing information, etc. Some of this information will be implicit
for s'ome initiators. When receiving the completion(s), the initiator may use the
information to match the completion with the corresponding request. When a request has
- multiple completions, it is preferable for the initiator to accumulate a count of the data

completed for the original request until the original request is completed.

Figure 8 is a diagram of one embodiment of a transaction descriptor routing field
portion of a packet header. The routing field for this embodiment is a six bit field used
for packet routing. Other field widths are possible. Three bits are used for the Hub ID
which identifies the agent containing the initiating master for a transaction. For this

"embodiment, the total number of hub link components within a particular hub link

hierarchy is limited to 8. There may exist multiple hub link hierarchies in a system, in

9



cycles only. This field indicates a type "0" configuration cycle if set to
“0" and indicates a type "1" configuration cycle if set to "1". These
configuration cycle types preferably correspond to PO configuration cycle
types. -woaesset 4 is a diagram of one enbodi nent of a r BgHAS9/25818k et

header 400 inclyding a 64 bit addressing nmode. The fields for packet header
400 are identi e)g’iw"c‘@“tﬁsaﬁ%ﬁ ¢ tapfthe; hierprchies must bcapableef rawtingcompletions

addr ess[ 63: 32] L T [63:42] field gontains the r address
bits for 64 bi tb%lﬁ{&g?s%‘?‘%&ﬁgn%é%ﬁi@%"teﬁ‘}' shigBrchy fgusgy herein 1S defied as 3

[ WO Q02:688ér of hierarchically connected hub link segments s ir¥ féo afhub ligk “root”
PCT/ US99/ 2s818 field is be set to "1". The address| 637 32 reldis

i ncl uded- ‘onl y fagent@vhidhiis typiteitly s sienmry contiel hub. The remaifing Wiree bits of tie futigg am
of one -enbodirreni of a request packet header 500 including an inplied

addr essi ng noddieldigg usedde wnﬁ&rintﬁa@k‘axipqs’éwabinfaéoﬁ 1i§!kga§ede ot ea:amﬁ anI/Qed
field h [ ' 3 with th xceptio .t a nc t he secgn
doubl eword. TP sominsPLae! mEbhE Mhépd Grivred sEr S5 frsipostoaiebin

I whi ch d ' I 8 2}
1 S0 be Used | o ais Her I GNUIBES conliofel EBEL O SBHRLE Spdl R UE AR,

Wien the inpli efechmdem tGconmthical®torbélfep¥icing agdne (ih thik btaniphea membAsdonaEK et -
The af field is set to "0" for inplied addressi ng node.
. hub) that traffic initiated by different “pipes” does not have an ordering requirement. Ifa

hub link agent does not implement separate internal pipes, it preferably should use a

default value of “000” for the Pipe ID.

As mentioned above, the routing field is divided into two 3 bit sub-fields, the Hub
ID sub-field and the Pipe ID sub‘-ﬁéld. Thé Hub ID sub-field is used to support routing in
a multiple hub link system (i.e. in the system that comprises of more than 2 hub link

: agents). Transactions coming from different hub link agents (and hence, with different

Hub IDs) preferably should have no ordering requirements with respect to each otiler.
Use of Hub ID is optional for thé hub link-based systems that do not support more than
two hub link components and for particular hub link components that are not designed as
a hub link building blocks that can be used in larger configurations. Components that do
not use Hub ID information must drive all “0”s as initiators of packets and ignore this

field as iargets (i.e. assume all “0” in this bit filed).

The Pipe ID sub-field may be used to differentiate transactions only if the
. trahsactions have no ordering requirements with respect to each other. In other words,
' they are sourced from different internal pipes that carry un-ordered traffic. Otherwise, a
_ ,defﬁult value of all “0”’s must be used for this field. Components that do not use Pipe ID
info preferably should drive all “0”s as transaction initiators and ignore this field as

- .'_targe_t_s_ (i.e. assume all “0” in this field).
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Figure 6 is a di.agram of one enbodi ment of a conpl etion packet header 600.
The various fields are identical to those shown in connection with Figure
5, with the exception of the absence of the conpletion required field, the

address format “f,dﬁ}&qmand t he space field. The byte enabl e fighgcsosnskis he
special cycle fie are replaced with a conpletion status field. The

conpl etion status fiRigude Dshgwei abRiufvné anbedimenttdf adrasictién desodiptditribute
conpl eti on status encodi ng! tabl e shown in Figur Conpl etions for

7,

menbry reads nejelberspiing stheme. Theatritee figlt is profombly sthresditvalusqyitich secifics

tor aory | 1S g irgrepeiion i fo e Hagulen wibdn i ETRoaikE by g Toreet PO TAKAR R b oo

for menory writ been
| eted. This_night i i nk i .

com! e, 1 Sl RSl o196 e AL MBS RN o

to return data fifolRrfield #poitd detndHBIHR aYplicafitn Korkibdds WhichGs T themotethdrt P! €
conpl etions, the conpletions nmay have different status. This may occur, for

exanpl e, when amdgroessingofohtesitaspeificquality of sérvige bairelnents oldtharr y r ead
conpl etions preferably, should contain at |east one doubl eword of data. The
total anmpunt ofdifferentigting sheracterigics.aln addisiop) weeently develppedextommnl hessessugh 63 ngl e
request nust e ct he nt of data specifi in the,origipal
request. For pgﬁ& @?é‘f‘%ﬁ? e @ﬁngﬁje “?’f&'ﬁ"é’f"s 5’8&? entg# g%ﬁbe e detYé"teg These
request ed pref epaRintees BRI 5k hShiAl{ad 3k Hata oWs through the corflsls§stém IRPYG 2

tabl e of one enbodi ment of a conpletion status encodi ng schenme. FOr cycles

targeti ng a devbatweenl/Q dé¥itesland memotyr as the PCl bus 180 shown in
8

While the attribute field is sufficiently large to specify the range of traffic
| diﬁ'erentiating options available with current chipsets using a one-to-one bit encoding, it
R may be insufficient to directly describe the range of options which platforms may need to
:sqﬁﬁén in tﬁe future. Therefore, ihe attribute field may be used as an index into an
" 'azit.t'_;;il.:ute mechanism table. Thls indirection provides a translation between an attribute
s';-;c:zcification.and the actual chibéet mecﬁénisms used to im;ilemeiit it,
| | _ Futuré attributes that ixiay be support_ed by the attribute field may include the
| éi)iliw to differentiate between"‘snooped” traffic where cache coherency is enforced by
| 'hé'rdware (i.e. chipset) and “ﬁon-snooped” traffic that relies on software mechanisms to
ensure data coherency in the system. Another possible attribute may be an “explicitly
.;i_réfetchable” attribute to support a-form of read-caching and to allow for more efficient
‘ _' uée of the main memory bandwidth.
a One important aspect of the transaction description routing and attribute fields in
request and completion packet_s is the mechanism for carrying attributes of transactions
from origination point to the point of service and back. This is important for pfoviding an

overall solution for deterministic quality of service.
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WO 00/ 6801

PCT/ US99/ 25818 Figure 1, the conpletion status should represent the actual
termnation for the cycle, except for special cycles, which preferabl
shoul d report Wwo'0seselessf ul conpl etion" status. For hub | i nkPGTp§ar@ss18

devi : | eti St at ' f I ] ned . Of
oS oo et SR A ERLE AR o BhFIH P bl R b HBisPing, . o
on a PCl .bus. y5abctRnapms Betwebn ﬁaﬂaliipakérﬁ{fut&%‘?%m[ 2G3iepa81 @ arﬁél&_@ﬁéadéms
targeting it, the conpletion status nmust be "master abort.”™ This

corresponds t ooiltpwt frdmea sgnding agentitela data patht Ghapackethbader ilkBideshi kew se, the
"target abort" conpletion status indicates that the targeted device was

abl e t o decoderegnest/egrapletion ficld to indicate whather the pagkethqaderiea Frapest pagket hepder
ly b d b t with i nt . pr.ohl T

O e D B o nABr ekl Bk PRy s ppeadl

the request (Béad%g'ﬁ]fm fehdfhckdd 3k fd?ta%it%_%ﬁctéﬂaﬁaﬂ%ﬁrléa whRHRd fifheRiRAEE €d

successfully at t I nal dest] nati on. ge w not return a

conpl eti on paclkdethbrd leagth0faasts thiIdw the packethcaiie The Ewk&t helaBérQl@ inélades
anot her interface, but nust wait for a conpletion packet to arrive on the
ot her i nt er f ace dafailerigth fieldid indicite therlength of data.t Atstep 1030 theet packet iheader isace.

For a request which requires conpletion, it is preferable for the initiator
to retain infBioREYEd 8hp ISERIVIDE 8868t r equest. Typically this information will

ot ude the si ze. of pili AAEl A bt bt SR b Ll 0 TBRRAscalh: SO

of this information sone Irators. en recel g

the conpl eti ongsuking afi®attritutd infoRfiatiGhfor$ frasa6tidn YeBdER huby inlaQofputed sfdién.
conpletion with the correspondi ng request. Wen a request has™ multiple
conpl etions, i .tAt.'slfsp pide rtrabsaetiqna#esotrip@ri routingfield is_tuntmmc'llnm_i'm_sactian deseniptonf _
e a2 ML o Fha otk B iS5
trans ‘f_’lCt ion deﬁggchmop{:ou'ﬁgé' hglggncfhlcﬁL g hub identification portion and a pipe identification
pgﬁion. The hub identification portion identifies a hub that contains the initiating agent,
| and the pipe identiﬁcation portion further identifies the initiating agent within the -
‘ i&éntiﬁed hub if the transaction has no ordering requirements with respect to a second
- aéent in the identified hub. At step 1120, a transaction descriptor attribute field is output.
. In the foregoing speciﬁcation the invention has been described with reference to
- specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader

spirit and scope of the invention as set forth in the appended claims. The specification

and drawings are, accordingly, to be regarded in an illustrative rather than a restrictive

sensc.
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portion of a packet header. The routing field for this enbodinent is a six
bit field used for packet routing. Oher field wdths are possible. Three
~bits are used for the Hub ID which identifies the agent containing the
initiati ng maswereoRe01 a transaction. For this enbodi nent, th&®CTaISa¥2588rber
- of hub I'ink conmponents within a particular hub Iink hierarchy is limted
to 8. There may exist multiple hub Iink hi eEkAMMS es in a system in

9 W 00/ 26801

PCTUS99M25818 What Is oteimed ishe agent at-the top of the hierarchies nust be
capabl e of routiggwcoml etions_back to the correct hierarchy. The-term

"hi erarchy" as luc®¥anparatysacomprififigs ned as a nunber of hierarchically
connected hub link segnents starting.froma hub |ink "root” agent which is
typically a nenmory 3?&‘?1”8‘?’ lm%uwﬂgﬂ?gﬂﬁ“‘ﬂ“ﬁﬁp?‘}#fe@aﬁ?’tge81“"1‘1"' adefut i ng
field are usedi,{cg,di,ggtentify internal "pipes" within a hub Iink agent. For
exanple, an 1/O control hub conponent may support internal Universal
Serial Bus (USB) host coateqatstesmpletigf fiéld t@indidateSwheRet e pabifet hEMet 95
controller traffic via separate "pipes"” and use this nechanismto

comruni cate to the servici ng megeast packet hehder oes aompletian packetihgadeont r ol hub)
that traffic initiated b dig}fer?gtg "pi pes" does not have an ordering
requirement. |f a hub | i ARAYGERE leldde indinate whathertha pasksy headerisifor aread|

pi pes, it preferabl ¥a‘§ggpul d use a default value of "000" for the Pipe ID.

or for a write packet, the read/write ficld further to indicate
whether a ,l_ength of data is to follow the packet header; and
a data length field to indicate the length of data.

" 2. The apparatus of claim 1, wherein the packet header further includes a lock
field to indicate that a current packet is part of a locked sequence.
' 3. The apparatus of claim 2, wherein tlﬁle'paéket' header further includes a |
transaction descriptor routing field and a transaction descriptor attribute field.
4. The apparatus of claim 3, wherein the request/completion field indicates a
request header, the request header including a completion required field.
5. The apparatus of claim 4, wherein the request header further includes an
address format field. .
6. The apparatus of ﬁlaim 5, wherein the request header further includes a space
field to indicate a destination space type.
7. The apparatus of claim 3, wherein the reqﬁest/completion field indicates a

completion, the completion header including a completion status field.

8. A system, comprising: _ o Hlllllj "mj I"Jl "l'sl ” ,",
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As mentioned above, the routing field is divided into two 3 bit sub-fields,
t he Hub I D sub-field and the Pipe ID sub-field. The Hub ID sub-field is

used to support routing in a multiple hub l'ink system (i.e. C,%B—ﬁ;‘ﬂ%‘ stem
t hat conpri se¥voi2ei¥te than 2 hub Iink agents). Tr ansact i on& rom

different hub |ink _agepts_(apnd hence, w.th di rent . b.l .preferably
shoul d have no or déﬁ?‘h‘ﬁ“% %&PW@@@W§ SWVA"PF ?%egééag? p?q% '@gg%“t?)‘fr‘)sﬁép?o OWRYY 2, ¢

Hub 1D is optigggk nédder, ikiSpabiddl hbddekinkRagg Systens that do not support nore
t han two hub |ink conponents and for particular hub Iink conponents that

are not designed as a aheduest/cotapletion fieldgo iddicakeswhdthdr theopacket hemieslisian | ar ger
configurations.  Conponents that do not use Hub ID information nust drive
all "0"s as initiators of pattaues pagket hegderras aicampletipn packetheadesy gets (i . e.
assunme all "0" in this bit file . g The Pipe,I D sub;fjeld y be
used to differentiate tﬁéwéﬁﬁeﬁ?ld@ﬁﬁ‘%}wﬁwpﬁgutﬁ?gﬂﬁ ?’hﬁ%"agg
ordering requi rerrelrj)ga%e\{m'th respect to each other. In other words, they are
sourced fromdifferent internal pipes that carry un-ordered traffic.

O herwi se, a default val ue opforalvirite Packef]UilreRBwHESsEId Rithéto Indidatd d.

Conmponents that do not use Pipe ID info preferably should drive all "0"s
as transaction initiators anovhetens kengthiof ditadsd 1w falow theipgektet héader andassune
all "0" in this field). . _ 10
VWO 0026801 a data length field to mdlcat_e the length of data;

PCT/ US99/ 25818 a receiving agent including a receiving unit data path input/output unit to receive

a the packet header; and

a data path coupled to the sending unit and the receiving unit.

9. The system of claim 8, wherein the packet header further includes a lock field
to indicate that a current packet is pari of a locked sequence. '

10. The apparatus of claim 9, whérein thé packet header further includes a

' transaction descriptor routing ﬁeld'and a transaction descriptor attribute field.

11. The apparatus of claim 10, wherein the requestlcompieﬁc'm field indicates a
request header, the request header including a completion required field.

12. The apparatus of claim 11, wherein the request header further includes an

address format field. |

13. The apparatus of claim 12, wherein the request header further includes a
spacc field to indicate a destination space type. |

14. The apparatus of claim 9, wherein the request/completion field indicates a
caﬁlpletibn, the completion header including a completion status field.

15. A method, com;.)rising:.

outputting a packet header from a sending agent to a data path, wherein

o mm
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Figure 9 shows a table of one enbodi nent of a transaction descriptor
attribute field encoding schene. The attribute field is preferably a three
bit value which specifies how a transaction is to be handled when it is
received by awgbgigknhub |ink agent, for exanple whether thep¢r/asmassiBon
is to be handl ed asynchronously or isochronously. The attribute field
supports denmandi ng appl ithepdcket header irghddes whi ch rely on the novenent and
processing of data with specific quality of service requirements or other

di fferentiating characteri st ouputting agegyest/complstiondicld tp indicate whetherdhe o1 nal
busses such as | EEE 1394 and USB_enapl e .t he i sochrono venment of. data
bet ween devi ces.. These guarant eega%@eagg'ﬁﬁf?ﬂuggﬁé‘g‘egéwggﬁ%aﬁo etlt"ﬂrough
t he conputer system chi pset bet etlhidadeievi ces and nenory. Wi | e
the attribute field is suffici en\tMPgai arge to specify the range of traffic
differentiating options avai loatputtingalradwritecfidld ®indieete Whether'the packieChdaderone
bit encoding, it may be insufficient to.directly describe the range of
options which platfornms may need tsforaseadpacket onfor havritepacket, ththreadaimitee, t he
attribute field may be used as an j pdex intgQ an tirihute hani sm
table. This indirection provides éieFdré‘ﬁgfréPi"Hﬁc%Wg@éﬁaéFPg&P f%‘csé"
specification and the actual igﬁ‘jmpset mechani sns used to .inplenent it.
Future attributes that may be supported by the attribute field may include
t he ability to differentiate betnegicketheapamd traffic where cache

coherency is enforced by _
outputting a data length field to indicate the length of data; and

receiving the packet header at a receiving agent.

——————
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hardware (i.e. chipset) and "non-snooped" traffic that relies on software
mechani snms to . ensure data coherency in the system Another possible
attribute may be an "explicitly prefetchable" attribute to support a form
of read- cachi NYOAN&8PL al | ow for nore efficient use of the PEI/HSHI2AHBY
bandw dt h. One i nportant aspect of the transaction description
routing and attribute fields in request and conpl etion packets is the
mechani sm for carrying attributes of transactions fromorigination point
to the point of service and back. Thi's is inportant for providing an
overall solution for determnistic quality of service. WO 00126801
PCTI US991 Zz5S81 - Figure 10 is a flow chart of one enbodi nent of a

met hod for conmuni cating transaction types between hubs in a conputer
system At step 1010, a packet header is output froma sending agent to a
data path. The packet: header includes a request/conpletion field to

i ndi cate whet her the packet header is a request packet header or a

conpl eti on packet header and a read/wite figghd to indicate whether the
packet header iH))for a read packet or for a wite packet. The read/wite
field further indicates whether a length of data is to follow the packet
header. The packet header also includes a data length field to indicate the
|l ength of data. At step 1020 the packet header is received at a receivVving
agent . o

Processor 110

Graphics . Svat
Accelerator Hub A . ystem
120 Memory 140

[ )

Hub Link 150

) J

Storage Hub B . PCI 180
Device 170 _

v

Figure 1



Figure 11 is a flow chart of one enbodinment of a nethod for conmmunicating
routing and attribute information for a transaction between hubs in a
conputer system At step 1110, a transaction descriptor routi nl% fdﬁ%&(& is
out put. The tywaletaébi on descriptor routing field identifies BRTOS? i ng
agent that initi.ated the transaction. .-The transaction descriptor routing
field includes a hub identification portion and a pipe identification
portion. The hub identification portion identifies a hub that contains the
initiating agent, and the pipe identification portion further identifies
the initiating agent within the identified hub if the transaction has no
ordering requirements with respect to a second agent in the identified hub.
At step 1120, a transaction descriptor attribute field is output.

In the foregoing specification the invention has been described with
reference to specific exenplary enbodinents thereof. It will, however, be
evident that various nodifications and changes may be nade thereto w thout
departing fromthe broader spirit and scoggyof the invention as set forth
in the appended clains. The specification and draw ngs are, accordingly,

to be regarded in an illustrative rather than a restrictive sense.
12 WO 00/ 26801 :
PCT/ US99/ 25818 '
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CLAIMS What is clainmed is: 1. An apparatus, conprising: ' a data
path input/output unit to output a packet header, the packet header

i ncl udi ng a request/conpletion field to indi #ﬁﬁﬁﬁer
t he packet hewo®026881 a request packetpﬁié’gser or a
conpl eti on packet header; : aread/wite field to indicate

whet her the packet header is for a read packet

or for a wite packet, the read/wite field further to indicate

whet her a length of data is to follow the packet header; and

a data length field to indicate the | ength of data. 2. The
apparatus of claiml1l, wherein the packet header further includes a | ock
field to indicate that a current packet is part of a | ocked sequence.

3. The apparatus of claim?2, wherein the packet header further includes a
transaction descriptor routing field and a transaction descriptor attribute

field. 4. The apparatus of claim 3, wherein the request/conpletion
field indicates a request header, the request header including a conpletion
required field. 5. The apparatus of claim4, wherein the request
header further includes an address format field. 6. The appar at us

of claimb5, wherein the request header further includes-a space field to
i ndi cate a destination space type. 3/7
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7. The apparatus of claim3, wherein the request/conpletion field indicates
a conpl etion, the conpl etion header including a conpletion status field.

8. A system conprising: 13
WO 0026801  wq gorz6s01 PCT/US99/25818
PCT/ US99/ 25818 a sendi ng agent including a sendi.ng agent data path

Il nput/output unit to output a packet header, the packet header including

a request/conpletion field to indicate whether the packet header is a

request packet header or a conpletion packet header, a
read/wite field to indicate whether the packet header is for a read
packet or for a wite packet, the read/wite field
further to indicate whether a length of data is to
foll ow t he packet header, and a data length field to

I ndicate the | ength of data;
4/7
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Encoding  Status ...

0000 0000 Successful Completion

1000 0001 Master Abort .

1000 0011 Unimplemented Hub Link Special Cycle
1000 0101 Tgi'et Abort

Figure 7




a receiving agent including a receiving unit data path input/output unit to

receive a the packet header; and a data path coupled to the
sending unit and the receiving unit. 9. The systen1of6§%§%ls8,
wherei n the pwoleeeésarader further includes a lock field t oPFH t hat
a current packet is part of a | ocked sequence. 10. The apparatus of

claim9, wherein the packet header further includes a transaction
descriptor routing field and a transaction descriptor attribute field.
11. The apparatus of claim 10, wherein the request/conpletion field
indicates a request header, the request header including a conpletion

required field. - 12. The apparatus of claim 11, wherein the request
header further includes an addre847format fi el d. 13.
The apparatus of claim 12, wherein the request header further includes a
space field to indicate a dgstingti ongspage type. g 14. The apparat us
of claim9, wherein the.request/conpl-etion field indicates a conpl eti on,
t he conpl etion header incfuding a conplgiion status 11 ld. 15. A
nmet hod, conpri si ng: HubtIBut t i ng |a paRipeID headel from a sending
agent to a data path, wheyein out put tijng

14
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e Default
Isochronous - -
Reserved -
Reserved
Reserved

Reserved

Reserved

Reserved
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PCT/ US99/-25816 ~ t he packet header includes
outputting a request/conpletion field to indicate whether the
packet header yispoRsdogduest packet header or a conpletion PCT/US99/25818
packet header, : - outputting a read/wite field to

I ndi cat e whet her the packet header is for a
read packet or for a wite packet, the read/wite

field further to indicate whether a length gfydata is to

foll ow t he packet header, and
outputting a data |lengt{rfTerogto tTdfcare the rengrihof data,— a
recei ving the packet hepder at a receijving agent. '

output a packet header from a sending agent to a data

path, wherein the packet header includes a
request/completion field to indicate whether the packet
header is a request packet header or a completion packet
header, a read/write field to indicate whether thc': packet
header is for a read packet or for a ﬁte packet, the
read/write field further to ir\dicate whether a length of data is
_to follow the pa(;ket header, and a data length field to
indicate the Iengt!i of data 1010

A

receive the packet header at a receiving agent 1020

Figure 10
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outputting a transaction descriptor routing field to identify an initiating
agent that initiated the transaction, the transaction descriptor routing field
including a hub identification portion and a pipe identification portion, the hub
identification portion to identify a hub that contains the initiating agent,
" the pipe identification portion to further identify the initiéting agent within the
identified hub if the transaction has no ordering requirements with respect to a

second agént in the identified hub 1110

\

outputting a transaction descriptor attribute field 1120

Figure 11



