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WD 2004/ 019562 PCT/ US2003/ 026245 St ore and Forward
Switch Device, Systemand Method CROSS REFERENCE TO
weBLANES6APPLI CATI ON [ 0001] The subj ect natter PCT/US2003/026245
di scl osed herein relates to copending U S. Patent
Appl. Nos. 5 10/005, 895, filed on Novenber 2, 2001,
09/ 997,441, filed on Novenber 28, 2001, 10/040, 702,
fi | egtore PRAT@ONarS SWItEh Devide] 849tk Gl Mttt on
Decenber 28, 2001. BACKGROUND Fiefd: 10 [0002] The
subject matter disclosed herein relates to the
transm ssion of data packets. |In particular, the
subject matter disclosed herein relates to forwarding
CROSSIRE PRRENGE TOORELATE DA BIBVICLFION destination
deV|ces I nformation: [0003] Processing platforns
pically conmprise a hgst processing syste

[0001ber i T‘p?h@suh]ect 1Bteradiscdessd Asreimielatpsdo sopening Heﬁ Pafeahfiggl. Nos.
10/008 ¥Y3UR eﬁ%&'ﬁ’&e&l EN@%@O%@%{@?@F@@{O gig&%rﬁﬂ%? 2@8%({913n

ptocessing system &@n vi ces
10/04bl7©2$ﬁ&t1®m])@eﬁ1y¢11 28aR091, fand 1@/041,84¢.diled oy Diecembier 28; 2001.
nore standard 1/0 architectures such as, for exanple,
the peripheral conponents interconnect (PCl)
architecture according to the PCl Local Bus
Specification, Rev. 2.2, Decenber 18, 1998, or PC
BACKGRO¥NIBase Specification, Rev. 1.0, July 16, 2002,
20 pronmoted by the PCl Special Interest G oup. [0004]
Field A comuni cati on systemmay transnmit nessages or data
packets bet ween devices coupled by |links according to
a data link |ayer protocol. In such a system a
[ooozpl evi TBe Bityedt hﬁftsmlﬁclmasha@asmmtemttﬁe @mkﬁiﬁoﬂ of dutyparkets.
plurality of other devices throu W tch.
Inpa@maeﬁhwmeqt atteripgjosed dereireiesia eléwes ngga pﬁﬁllg%%ﬁgm
sourc%ﬁgﬁbést%%eﬁ%ﬁ&‘?ggﬁé/ésce at an ingress port and forward
nessages or data packets to a destination device
t hrough an egress port. Prior to forwarding a received
Informegemge or data packet, 1 WD 2004/ 019562
PCT/ US2003/ 026245 however, the switch typically

oo P B B BR8P0 b e
devick a4 V@ sOfteth igat eRAAERENRAE KR ion bSbl@dfbnEpr@deg@sihldﬁtbd on the
operation typically introduces |atencies in the

host ppersaing syvtern pdhihederpherpdayioss.a§echom @ system is typlcally formed
according to one or more standard I/O architectures such as, for example, the peripheral

components interconnect (PCI) architecture according to the PCI Local Bus Specification,
Rev. 2.2, December 18, 1998, or PCI Express Base Specification, Rev. 1.0, July 16, 2002,
promoted by the PCI Special Interest Group.

[0004] A communication system may transmit messages or data packets between
devices coupled by links according to a data link layer protocol. In such a system, a
device may transmit messages or data packets to any of a plurality of other devices
through a switch. The switch will typically receive messages or data packets from a
source device at an ingress port and forward the messages or data packets to a destination

device through an egress port. Prior to forwarding a received message or data packet,
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packet fromthe source device to the destination
devi ce. 5 BRI EF DESCRI PTI ON OF THE FI GURES [ 00051
wolaop4loigder i ng and non- exhausti ve enbodi nents oPCThS2003/026245
present invention will be described with reference to
the followng figures, wherein |ike reference nuneral s
howeveéf @i sivitch typieallpetSroidy eeghami opdigtiotbsn opsitibh gbtheseceived

unl ess otherw se specjfied. 10 [0006]. Figure éb‘i?g? a
message |9 Aafeipaciet &g@%ﬁ%edhe HUGEIEE @%@’Pﬁ@c%‘feétpﬁélf% ae q%%sum
operaﬁ&h %lcagmpddﬁ%g la@&m&ﬂ% thé %Qsts IRy I?inrdlﬁg the RQAde or data

OWs a schematic agr am o ocessli ng
packepﬁatnfthe svace devdeanty theodeatinataintdevivat | ve errbodl ment of
the present invention. [0008] Figure 3 shows a
schematic diagramof a portion of a switch according
to 15 enbodi nents of the present invention shown in
Figures 1 and 2. [0009] Figure 4 shows a format of a

BRIEIEDESPRAPITIOACOP DHREFIGURRS enbodi ment of the switch
shown in Figure 3. [0010] Figures 5A and 5B show a

flow diagramil]ustrating a process to forward a dat

[0005hac pn-fiimeand Ry @dauHy e embgdimeniypldls pissmt tnvention will be
descn%lgg 8{1@' gﬂrefnggidqﬁh% E&g fi gg ﬁg £, \?12@38 "Méﬁfxé‘fg% %@ﬁn%alsr}efer to

like phuts theoyphoktethe hadalsriignms emiﬂesjombrwmgspesﬂiedpo rt
accor ding to an alternative enbodi nent of the switch

10006 ooigid | s pemetts difestn ey b padoes b g Sikprding to an

embo@i%‘éﬁ%fthfeﬁ)%&ﬁﬁn{réiﬁ()ﬁss port to an egress port
according to an enbodi ment of the data packet 25

headers shown in Figures 6A through 6E. 2 WO
[0007h 0 0 4 igus=sshops 7y sosanis/ disgs am T apyeresyingplgtfpen gccording tgan

e f g&@ a nulti-port switch to a
altem?@%r%@@rﬁ ?‘%‘g%ﬂg%% @In@g%g({ Structure according to an

enbodi mnent of the switch shown in Figures 3. [0014]
[0008Fi guFigu® Bdhows aschahevatiagradicdgrpemian dfiestwitchianepriing to

formati outing. 5 tabl.e froma conbination of
embogigiegthef Beesdy ighGRIEshodn if igher 1 B downst r eam

messages and inversely decoding for upstreamrouting
[0009AC C OFig11re0% $HOwAN BARA G ARBta patkdt RBcording to an embodiment of the

switch shown in Figure 3.

[0010] Figures 5A and 5B show a flow diagram illustrating a process to forward a data
packet from an ingress port to an egress port according to an embodiment of the switch

shown in Figure 3.

[0011] Figures 6A through 6E show formats for a packet header received at ingress

port according to an alternative embodiment of the switch shown in Figure 3.

[0012] Figure 7 shows a flow diagram illustrating a process to forward a data packet
from an ingress port to an egress port according to an embodiment of the data packet

headers shown in Figures 6A through 6E.
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mul ti-port swtch shown in Figure 8 [0015] Figure 10
shows a flow diagramillustrating an enuneration
wonroemgdsseaccording to an enbodi nent of the nmuPCTAS208/026245
sw tch shown in Figure 8. 10 DETAI LED DESCRI PTI ON
[0016] Reference throughout this specification to "one
[0013p b OHighRr 8 $howws d'whemeatitdisgrammnippiegeia mli-pert switch to a

part.i cul ar ature, struct.ur or_charac St .

reprefsgigipR B P DUg RSB ROHTE ) B BHBa e pe ych shown in

Figurieé@.' uded in at |east one enbodi nent of the present 15
I'nvention. Thus, the appearances of the phrase "in one
enbodi ment” or "an enbodi nent"” in various places

[0014} hr oBightaA shavwss sshewptiq dagrewyillasteatingthe oEagden of 4oyiing

referri ot [ : He
table fropy3 %W@Paqo&%(%eégﬁsatd?{%{%#lgs, Btrrgll(r:%%?gfgt eri ss%r% cS
messABRY aR@inveRBRi dReding femestegantimoueing abaadding it sn ehbedi@nt of the
""Machi ne-readabl e" instructions as referred to herein
multirportandtchishown i E8rohs 20 which may be understood by
one or nore machines for performng one or nore
[0015? ogl F%,lu o BPSIAYS LAGw dfefanPiiRERAtEhe dBGMREToBFRGREEaccording
nstt Get ons may conprise instructions which are
to an iembediptent abihe ninyltigoprsvitel slorwic iniigieer8. f or executi ng
one or nore operations on one or nore data objects.
However, this is nerely an exanpl e of machi ne-readabl e
instructions and enbodi ments of the present invention
are not limted in this respect. 25 [0018]
DETANBED DESCEa®aiON nedi um' as referred to herein
relates to nedi a capable of naintaining expressions
whi ch are perceivabl e by gone.or nore chi nes, For
[00163 x anieterense thrguahatd _“}P%%%’Sﬂ%lc%“%@! Nliii ﬁ’%o@mf i ¥eBne
embo%ﬁmﬁﬁ%r’ ﬁleﬁﬁé)%%gfgﬂﬁ}fﬁlﬁleﬁatﬁﬂﬂ st @hrleNGr datRtcPistic described in
nmachi ne-reada Instructions. Such storage devices
connetipn avittpihe smbopinené s incladpianiat least ong ewbod ot of the@pesent
. PCT/Us2003/ 026245 sem conductor nedi a,. e »
invenkiop. (BB BRAAIRES SRS e Saappeit B A s en
in vaRBROSLOB MuDu ot AEs Bie@FRMion 41¥ 8t ha@BssariBy dibtefdriing toetile same
in this respect. [0019] "Logic" as referred to herein
embadishente Furtbemaracheparticdpr fgafiress Fiuskremn er gharggipristics may be
l.ogj.cal operations, F exanpl e, logic may conprise
Comb&?%clﬂiotnlcy? W%r%ﬁmg?d&%egés one or more 5 output signals
based upon one or nore input signals. Such circuitry

[0017yRy CMERhins@eaiablelliitstructidmtae refeiréd tochendin célates tedxpessians

_digital input and provides a .di gfital out.put, or .
which maéllhethsglerstood by one or more machines for performihg ore or more logical

operations. For example, machine-readable instructions may coniprise instructions which
are interpretable by a processor compiler for executing one or more operations on one or
more data objects. However, this is merely an example of machine-readable instructions

and embodiments of the present invention are not limited in this respect.

[0018] “Machine-readable medium” as referred to herein relates to media capable of
maintaining expressions which are perceivable by one or more machines. For example, a
machine readable medium may comprise one or more storage devices for storing data or

machine-readable instructions. Such storage devices may comprise optical, magnetic or
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whi ch provi des one or nore anal og output signals in
response to one or nore anal og input signals. Also,
woagimissmy conpri se machi ne- execut abl e i nst r ucPCOMS2003/026245

stored in a machi ne- readabl e mediumin comnbi nation

with processing circuitry to execute such machi ne 10
semicdXéidrabédia.i Hotveud] ihefsare Hipyety examploeska machineseidyble

.exanpl es of structures which my provjde |ogic and
medl'i!ﬁﬁg‘gﬁﬁ]@?@@e@ﬁ affiee PeEse Ay entppaie P%Hlfﬁ‘rt%deﬁ“i‘otglslrﬁﬂeﬂed

in these, respects. [0020] A "processing systeni as
[oo19f!! SC%;?@’ RGERHAd FChatBTelhfts B GAITRIrE 2 faPfofthing e GMaote

and software resources for acconplishing conputational
logicdl apérstiondoiov exkamplei gicisaynengirise aivcwiirainyllieh pfovides one or more

rocessi ng system and enbqdi t f the present . .
outpu? gl P 4PYR 95° PGRIOT APL PR PR C R BEY CRmppigg finite
state RIGARRSThIZE r8o6Ha 3! &%_&u ifpueidd@stotided H%ﬁtﬁl SRp@A 6ScitRitRy

_ processing system whi ch may be adapted to conmunicate,
whiclwprowidgs opreet porsraaplogewntnié signgtpm reepamp oeoneprpeicghapg input
. evyi,ce,m rovide i nput. acel Vv [ .
senfl R0 B R0 DRl B R Sy e
readaBl¢Shieinm o v Bihati b @B pycessirR dicyitBxidrgabase sdchanadhirst

processi ng system and peripheral device, and )
exectighl s oS oFlopIgRen, hesseare MepRhs Fxamepies olstRicRirpphich may

provi!riée %fcea‘ﬁgieﬂlﬂoﬁﬁﬁ&té' gistﬁlF gf%ent 1[:1%&1)1‘1 fe 'rfé)ﬂi?litk%o‘:ﬁﬁ tifdSe respects.

rred to herein relates to circuitry for
transmtting data between devices. For exanple, a
[0020Hat aAbpocrssng syatesii ds dimtissed bernmerlatestio stcopbortioniofig
syste nd a peripheral devi.ce. However hjis i .
harcviAlS B PO A P SSRGS TB gzl kS s dgwever,this
is metdly 8Né:adp18bLa PRIcedsity sySiemi aAd lehibS dinHest the PresBitSnvention are
transaction"” as referred to 25 herein relates to an

not linite@ inaibisi retpeplet AChost greogessing systapl” @d refarred touliereinreletes foea
wher ej . . devj ' t s
poce L DBt O R A e S £ BB e ror

examplROA péripherdl dbeice aly heoidy @pits Eebdeed v Ouiphisdion b apdication
transmt data to or receive _data froma transni ssion

procefplsiethonrhe hestaweaessingsystsn: Hexyevsrpeiesse Berdy pranplegof a

P e A G TP

are n@&Qiddited i BGRe REPLIIS2003/ 026245 protocol. However, this
is nerely an exanple of a port and enbodi nents of the

resent, . inventign are.not limted.in this respect.
10021 (058 Mty O 5 By iRl el Pist i SR G st
betwde@ deviB&Y. tFdr@xiBpRI ¥ 8at Bh@mby @Fhdnit HAtBBERTRA aADdsT Rt g
according to a data transm ssi ongﬁ/rot ocol. An "egress"

systepand agsripharaldsiviced Hooverves; Siinismesralyes examplepadtenbydiments of
the prtege%p ﬁ;@eﬁti&aérg ntopﬁr%ﬂ%] inath}srr%écm Vo i t%géclﬂi%l’ ggl\@erfe(;“red to
herein relates to an interaction between devices coupled in a bus structure wherein one

device transmits data addressed to the other device through the bus structure.

[0022] A “port” as referred to herein relates to circuitry to transmit data to or receive
data from a transmission medium. For example, a port may comprise circuitry to transmit

data to or receive data from a transmission medium according to a data transmission
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a destination. However, these are nerely exanpl es of
an ingress and egress port, and enbodi nents of the
wonres@dsez nvention are not limted in these reBOEaS003/026245
[0024] A "data packet" as referred to herein rel ates
to a unit of data that may be transmtted to a
protodd@SHoWwa¥dr ORisas ariell Ag ekample ddb pott hadh smbedinemtysfdhopebent
i A data packet may 10 conprise a "header" portion and
invention g ppoliited By thisgasPedhe payl oad portion may conprise
content data that is to be processed by a destination
[002310€Vi &€ “i'n%rg%" Of s 18ferRA tGRALIGRLER o 2 pbfo RRRARdata from a
portion y conprise control information such as, for
transneixsiopmediutesbidieg toandata rfrenrissianorotocelowly Eegresshpgrtias
rely.an exanpl e of a dat ket. and enbodi nent s of
referngh{o TSTGUR ELeS RVERTET B mat AG1A TOUER A PR ERE Mo fgveard
a destinatib® 0BGV e, BBILTS niRMsl) eX@NpIBLoRHSALIcH Al Mrédy port, and
"transmt queue" to store data packets to transmt to
embodintentsrof ithespressnt myaition arth nollgnitedia thesedespepisrt. A
transmt queue may be forned froma nenory to
equent | tqr ; r 1SSl
100245 PR bicel RrBrehB o AALATRAEE 1] St GPERTURT AR be
transrhittad Sa &stinatidar aeterdalg toRatat tpaskgdsRn pro@col rAadstaiphcket may
queue may be transm tted fhrough an e re(fswft).ort .
compHgcHrigAdy” PertivRder RngaylprePord H5qegipad pejfionimay comprise
contefitdafyl that38'td E&s& ba BERRSTL IRHRUR sBRSbrENRR0I R RN,
of the presen Invention are not limted in thrs
The heseppation (EY26Mphist settal nforsationfseeh eyl forexampd, fidestination

. relates to circuitry and | ogi o for recei ved
inforgR; BOBREToft P ESr I SN PG 0L & R Bkl g EnogtiThents of
the predint TReATRY: £OABY lifRePinRthidh@pbdty of ports and logic to
forward data received on an ingress port to an egress
port based upon 25 destjination |infornpation associated
[0025]ni t hAp hgressenast mayibe assaciatadwethes | tranmdt qusuersiostqre gata packets
exanpl f i [ f At g
o a0 e AP RS o A BBRERE myy e
formed frdik 3 nsndre iesagaentizlylseredata fahmtied fordransmisgionroyet the
transmt, data between_ devices. A seri EI | i nk l%gy
transipisgQn BEAEE MCOTBNHI hiald BRRTHIICR ProtPcpbt Ra Ragkels 1 2
' ' it Qthrdtizh Gh e&Ed RRRhdbrdihg to ordering rules.
trans i YLEE T AN GERAEh S FECK PP cndhe to grdering nles
Howdvet, eeis mavelysan\aRap B¢ R eme® it RGTYUIBRIOGBY @i2@auls of the present
oi nts, Lal . link gaytransrrit dat a between the

. se
lnveng%?réé@tﬁli‘?&g BhdEFEPRPCof  address i nformati on.

However, these are nerely exanples of a serial link

[oo‘zs{a_nd_ ArhRriTeRtLsfeftd tdRereiRirElaRE to diftueiy itloglctto Fotward
imted in this respect. _ _ _
received data to one or more destinations. For example, a switch may comprise a plurality

of ports and logic to forward data received on an ingress port to an egress port based upon
destination information associated with the received data. However, this is merely an
example of a switch and embodiments of the present invention are not limited in this

respect.

[0027] A “link” as referred to herein relates to circuitry to transmit data between
devices. A serial link may provide point to point communication between two devices in

either unidirectionally or bi-directionally. Being limited to transmitting data between two
5



10

15

20

25

30

[0028] "Routing information" as referred to herein
relates to data associating 5 destinati on addresses
woizod¥/pysssi cal destinations. For exanple, a "reariusgno3/026245

tabl e” or "look wup table"” may conprise routing

information to associ ate destination information in a
pointsjakérial Piak keily thinbRitAiapibesheal thel @stitaidtdepand iy o.f aadﬂaw t

of a switch or device coupled to a port_ of a ch).
informesigay dlowey e these pre meeky sramplenel a sorsyl link gnd ﬁglbodlments of the

and | ook up table, and

preseljletE%O I me hr“:égrog llﬁlﬁgqﬁ?%ss}g%g anentl on are not limted

in these respects. 10 [0029] A switch may conprise a
[0028]' swi ‘thmtihghrfbmﬂatimné‘a"s thfergedctioherdin re}at@snm dateyassodigting

destingfiy RidterS S Bn Ay ST B hiions Ry tiRle, % “sauihE R pr “look

up tabl€GBhY EnHye 2ButiPALRTHaROH to dsSociile Sébﬁ%§ﬁorpﬁﬂ’$rrﬂdﬁon in a data
response to destination information associated with

packet wé @gqhﬁsealﬁmttnatlm Mt e nom*;a awviieh etodgyidesoupled to a port of a
circuit” f arwar di f..a
switctp, HolGafe Bes il oaPplgiet otk hlfmp i oo ane
look upgEBIS Sand@irfboiliindias €the pRRert@didntian m@hol Hiifedad iete redcts.
exanpl e, a forwarding circuit may associated the
estAnatlon informati gn Wi th partlcul ar egress port

(00295 g 4 SWitFIMEY CARPTISG? vwaahrf@br& rpading SHCYERy apdilggic to
t h
v REPY, 8 IRHEN, bR LS BOHA HAOE
data paoliet cdeeivadon an argiesa pbdrivan dgnags pnrt inuregponsaid destmatmn
odi ITem %hf esent i nveﬂt ion.are not

inforn A S POl O1 AR et Genigtee s Torwarding

circui'to @Iﬁﬁh&é ﬁle ﬁﬁn&ﬂfr@ft‘%@eée@vé&&fa@d ﬂhck&ltﬁitoﬁ h ta@w@tcﬁ’ MRS an
controlled by a processing systemto al Focate

egreSSrmbmrb,a@e;i @@ablestrrgltlon mformaioni dier pemmernn fopwa@mliult may
assoc ARG DN RERRERS] Ritn pAEME RGP ER GARLEY 1O

an en

forwartiyg &f the Ee’téﬁed duta packd eirbugintha switet ﬁiﬁhﬁ@ﬂﬂfe}pa@fﬁcu@ar egress
%@ essmgsstemfor transmttln‘% data to or
port. Floweves W@S%P&? merely gxarapies aka switeh fabri¢ andym fagyapding circuit, and

embo&ﬁﬁ%‘h% ep°r9 en?&v%@&ﬁﬁeir@hbﬂﬂnﬂi@ﬁ%ﬂ %@e@@&sa' S0
intra | evice drivers on rocessi ng system
corresponding with devices coupled to the VO system

[0030]HoweAme fenutricess on paoeedme” ak yefexahiollesinfelans trapmeresi on

contl 5 o R T BpbAies A58 a8 Beteon
processePRdstitinahé prockdsipsaslehPid RYiceSERIpI ot I/ ERidh. For
relates to an event in an 30 enuneration procedure to

cXamplp) acCANBCraEgD RFQEEEs may allcuetﬂ dota lydiepd ioch system tamanbeka
process{n&a)s,a/stgl%afto tral%mV\an%%O rl?g?%éw?r%%apsﬁf)%#%gc%% gﬁupled to an I/O

Fces EVECE
systerfi.r Al®agd ér@ﬁdﬁﬁibnﬁfr@éldddﬁé By SedBiitifizeldevide drivers on the

processing system corresponding with devices coupled to the I/O system. However, these

are merely examples of an enumeration procedure and embodiments of the present

invention are not limited in these respects.

[0031] A “configuration transaction” as referred to herein relates to an event in an

enumeration procedure to allocate resources to a device coupled to a data bus or allocate

6
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processing systemidentifying a device or device
function to enable allocation of resources to the
wdevispa9we devi ce function. However, this i s mMeCEIUS2@B/026245

exanpl e of a configuration transaction and

enbodi nents of the present invention are not limted
resourtés thhidevice sardbn. A dodfg@dhtidm tremattsrambay proyidede fumatiomto a

initiate a conflguratlon transacti on bX transm t ing
procesgingsyeng denkifyng 2 deyige oF devigritupetionfocgable a@%a§8n8 resgurces
to the 8&%&% JRE i Rion F‘Pfowe@éla AL & m&@lf‘aﬁi%‘i{%ﬁfé it} conﬁguratmn

ure may Initiate a bus transaction addresse

transaaldnaargﬁmmmws afdthe predent iicvenfiom ateimohlimdted in thisrespest.

configuration transaction to allocate resources to

conmuni cate with the tar eted devi
003217\ ki B pre et R e R f ponfitrgion oy
transnfifiig1 a0UbAL PR TS EYRST” RIasbseie di d¥RTtt Or @éviéRPIGS elﬂdr
invention are not limted in this respect. [0033]
examplGenfenguerstipoprosedire mayagitiptefadiusdepnsastipe pddressed foup gggeted
device %rn(%%}gcgr rcl?érrl] gor %ﬂg%e ?corg?%ﬁ'rﬁﬁ)n tFHnE&%BH E}g%ll%cgtearesources to

commnﬁ@uﬂeebﬁt}athe e@@a‘tww@dd cﬁrdehmadm{cuaﬁ Howvendrtthid isl ateaely an

nPrlsm data fields vvlthlnforrrﬁ%lonldent %lng 15
examnlm yeeniearabinp reuesiand grmbedineets Pidhe icserb ANEREOR AR o
11m1te§bﬂ{‘ﬁﬁ ﬁf the device in response to a request.
wever,  this is nerely an exanple of a configuration
header and enbodi nents of the present invention are
[0033]n ot ‘ﬂonﬁgmdtwmhaaldmé’ asesfpaed to I@e@@azt?law\s tosdate pmvm byas
d ferred éenrelate % ﬁ ?11. rovide a
e"“’ep%&sé’gg?%ta 2 COUUBERILTRAF g ?Fa?‘&m %2FEYGH P%aéfé’ oYa

configRfAoRIShdd a8 Forinatled &4 cO:pRRhe datd fi3)s el iBBsmaBOn fRytifying
conprise a data bus to couple a central processing

the dewige an@/mommemﬂnwﬁmf 9necﬁr ngorg Agnctieny eigths yleyispqn response
toa regﬁ%sg dﬁrﬁe Yer t%1s is {rﬂ%lg F% ge %'PB' nt?ém?ﬂo%ta?ép e{ﬂﬁs and

|nven are not 1 mted

embodithehRicF tlieﬁﬁr%ﬁt invekHddre Aot Thnitedoia thiasespedter red to
herein relates to ci rcwtry or |l ogic coupled between a

data hus and gne evi es to
[0034}; ¢ arfy Eﬂ@ sg@s 5%?%%@5‘%‘% relpfes 9 cg’tag&és IR RPIOGAESIE o
systengi gm%g hafdHarEBSRES ofd REELER: FRYerS np&l e@caﬂﬁffé ‘é.%?rstﬁnﬂ bus

cate with a data bus accordin r ot ocol
may congpiivea tdaga bhetomupleblwntrﬂmmmg it gC whip agmory of a
exa e of e and, enbo
proceR i RoRE Fin TR el T P ?fZassgétsPlhb TBgebgdiments
of the PrdseaniRYioR BreGio BhBld 19 tHs REREESSI Ng system t hr ough a
primary bus. Such a bridge may al so be coupled to a

"secondary bus" to transmt data between the 30 bridge
[0035]and Ayebiidgss apmigraktothsraim eelafariomrdgrirying dogipeewried hﬁwen a

data b{lg gnda&ed&%l&@)ie‘hﬁc?sr}ﬁ IEhéble ?ransm1s51on of data between the data bus and

the devices. For example, a bridge may enable devices to communicate with a data bus
according to a protocol native to the data bus. However, this is merely an example of a

bridge and embodiments of the present invention are not limited in this respect.

[0036] A bridge may be coupled to a processing system through a “primary bus.”
Such a bridge may also be coupled to a “secondary bus” to transmit data between the

bridge and devices coupled to the secondary bus. Accordingly, the bridge may transmit
7
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WD 2004/ 019562 PCT/ US2003/ 026245 data from devi ces
coupl ed to the secondary bus toward the processing
weyesi4@mishr ough the primary bus. Simlarly, thReThiSiage26245
may transmt data received fromthe processing system
on the primary bus to devices coupled to the secondary

data flous devitssRvepled tos ecodndarydiue towvare Yepbessing spstemmlnmugh the
and secondary busses coupled to a br

[
pricuag sl SYBHRShe WHEoTPY UYL (3 BREN B et bR GEocTsipg gem
A S
on the i 535 | PARREL EonI Lo hoohB), o, HBTEV SR &6 hikdely
exampiysbiépmhmy aad secanddiPbasses eonpléebto adxaigpl and enbrgigments of the
an%g enabl e.co ni cation between a hardware
preserptd Pe% egtot Imipd LS SHESREGSt em coupl ed to a system
bus and one or nore devices coupled to a hub or
[0037]8 eC o ehiAbAd RIS réleMBY &f heréilirslaies tdBbElZe upRABERY €&naf
a host bridge and enbodi nents of the present
system hussmd anl/@rsgsterat Fpr exanende,iarhoshbridgeangyeanable qogungication
t device" t
betwea%\a} %%réi(\j;\{are FEsQuIc %}otf % éé’egggé? Pe% g&ﬁb&%@ﬂggssggtﬁgf)%l% eind one or
more aéidce’sm:ou}ﬁllﬁ@ td OitpstiseCdddJatshst &mw@éﬁ, hhig iy metel)dﬂve}mple of
conprise hub circuitry, coupled to a Sy eﬂ;bus of
a hOSté’rﬁSﬁgéé@% enhedimgats ofthepreseahgprtionarg notlup this respect.
processes hosted on the processing system and devi ces
(00381 0! DA bk eeﬂ&”'a/s E)%i%bfé& ﬁmeréiﬁ r8hR0 10 245G todRMHR JXRY
rise a host bridge coupling such a systembus to
betweEﬁJa quuessm;g sysﬂeblm1deﬂn, 1np1tt{®tp13 (Ili@) eysyena nSeshaapiob deyiceamay
evi ce an % rese |nvent1 X
compfiubsitchi DMCR AL § RLoTR BUpRkt PIOFEBS6 Py ATy P LR L e

betwe@ﬁ pFRERLE ROt oal tRE ?ﬁﬁé@h@sy@wﬁi 2180 dRices8bupled ©%n /O system.
devi ce at an ream port" and coupl ed to other

Also, d evdtelewice mawgmpus@a best ﬂmd%e canphing sedismsystsnt bus tod/O devices.
Howeg%rgggg%st éjre g/%,gl:% %;l\ﬂglgﬂoé‘%lq oto er\]recre agg \émgg 1m%ﬂ?s &Qﬁ%niesent

invenﬁi@t@;emetm&éumhﬁlsee@ﬁct.deVI ces thr ough respective
dovvnst ream ports. However, these are nerely exarrpl es

ap upstream port and a dommstrean1 ort, and
[0039]enbo@|SW§ﬁ1? maype P‘h‘é’lﬁff SEIOCT A8 e BiokEh B o0t dayice gt an

“upstﬂf%agaﬁs %n& Gl 8 ot Q4G ethrdugh loh€ of ﬁ@%%%&g@@ﬂ ?orts to

as re rred to herein relCates to a set o
transn2ib date ivbivween thei dtler @ﬂnegncesadtnddhe arqcnssm@barsfant rSuch i ssgfchmay

oo CERSRQ e LE Do UEpY iRy LISTEt oo fypdepipieem ports.

Howeoae &é&é 9@ n'i@éfly RRaRFIeE 6F ALGhABad potdad alowdEirsah Botthdhd
rel[iability of digital data in a recei ved data

embodimentsrrifdks prasenbimyerféon arppoitinaited mtheseirespaeisel y an
exanpl e of a CRC and a checksum operation to validate

[00401?‘hgf"%?l clirc?&ﬁﬂhe?& QabF {C‘R@O&% ‘i‘oﬁ%ﬁ%%ﬂ?&tté a 8%t of bits

&Sent “1nven |on a
combined with digital data in a data transmission message. At a receiving point for the

data transmission message, a predefined “checksum” operation may be performed on a
CRC to indicate the reliability of digital data in a received data transmission message.
However, this is merely an example of a CRC and a checksum operation to validate a data
transmission from a CRC, and embodiments of the present invention are not limited in

these respects.
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30 these respects. 8 WD 2004/ 019562 PCT/ US2003/ 026245
[0041] Briefly, an enbodi nent of the present invention
woomingsted to a swtch conprising a plurali PgTais2003/026245
ports and a forwarding circuit. The forwarding circuit
may commence forwardi ng data packets from an ingress
[0041]poOr tBridfly) a@bmbdodiiehiCdr thapresent iwveation isadisniet toaeswechf

an gress port priagr to c npletlon f a checksum
compriiieg aPplusHity pSRRAEnd ﬂ5t£0f\ﬁqlr g LCiLeuit.o [ 1:1§cu1t may

© commERRASHIRM g?fe&ga }%tcﬁ&f fr%ﬁpzﬁfjihgi%%ﬁ r@fhr&ﬁ‘g% P&ERAYhbric to a

I nventi.on not Timted I'n these respects. [0042]
transnfit queue of as kgress porigurive e voop iy pharckxcksunp ppereen. ngowever,

pl atform accordi.ng. t o, an nbod nt of ent
this s e G R Py St 26 0B FRRAIP™S oA TEBH By opion are
not hrﬁi@é'&"i!ririh&%tr@s Witk h peri pheral devices through core |ogic
4 providing a root device. The 10 core logic 4 nay

conprise a nmenory bridge or a menory controller hub
[0042)( Nmslgmdeshws alsﬁtematle@hwratoif 8 Rrocegsipg Riatfonpagcording to an

f
oL B B, O 1 Y R e
commBﬁicatrehaﬂﬁbertiﬂawat &611«;59 Wiroagh taretdgic 4 posdding glroot4dema;y The

i ncl ude, for,k exanp He or nore conmu |caﬁ)@@ %
core lglcéwyaomweawxée B0 MEHRLY q@ntpderhu 9%3 Dipde by
Intel é&g&lﬁﬂb‘ﬁ / ng 161%5/ i9 )neg&y @)?arﬁ]{)}g IB{ %?cgﬁ él%‘bleé Qﬂ@ex%ﬁo%lments

cessor contro a switch
of the Ipreselhtanvéﬂtmatara’(oe tinsteld dul thierespect.hBeripghega] Id@lbcwcwlﬂdlte the

14 al so ,be. cou d to devic dapt.ed t
core 10 FN BT B0 T XA PR OB B IR o0 Hopi S 00 gf Tore
proceéﬁ%ﬁfﬂﬁg@? (e % 600%91%@&5 iid}ht/bBtpat dRY) deRides AlchGRla stdtefe
for exa Uni versal "Serial Bus protocol or

proceqser); @hEanontr@h@émb A¢ en{l arswitelb Afe b the pﬂwr@teélen(bnéuyent the
v i 8L 50 Yo b BEPlad SRR RAL O

procedstOhdsted & Bk THU Phind $i8tenPllenody 6lacdudinfes dévicapiowto) such

Addi tionally, each switch 10 nay .be coupl ed to, one or
as, forfyampife ¢iliaeraa Seing Biipgirotogsljcg PF@P %rcengvoa?mé%a%?@ect

protoc%i 1 (P lﬁ{(@ g e§c°b'o oatfnf: 9@@1@9%}%{%%1%% REv.ihe December 18,

hven are not in t s resp
1998, [POI!!S@]BmEaIﬁteremﬁrmjp hi€eimaftecthaffPCEEocat BupSpecaﬁnatmnf’)
coupled to the core |lo 4 and 25 a

adairipgifs e KGR0 FiTadio qBe oE Ao $VIcE r dlontpep this i
merelﬁ‘ﬁn %ﬁg%eﬁib B brockfithg pAXddanklerBodihasts bE fh%tp?eééﬁﬁfhﬁfﬁﬁmn are

SLT 6AM cOMTUNi cation between a device 18  and
nothmihgimdhlerb&pgctc 4 through the upstream port. The switch
10 may also facilitate direct

[0043] Each switch 10 may comprise an upstream port coupled to the core logic 4 and
a plurality of downstream ports coupled to devices 18. According to an embodiment, the
switch 10 may facilitate upstream and downstream communication between a device 18
and the core logic 4 through the upstream port. The switch 10 may also facilitate direct
peer-to-peer communication between devices 18 through corresponding downstream ports
independently of the core logic 4. The switch 10 may receive data from the core logic 4 or
devices 18 in a data message or data packet format indicating a destination. Accordingly,

the switch 10 may comprise logic to determine an egress port for such a message or data

9
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peer-to-peer comuni cation between devices 18 through
correspondi ng downstream ports independently of the
woanw/oiggec 4. The switch 10 nmay recei ve data PComS2e/026245
core logic 4 or 30 devices 18 in a data nessage or
dat a packet format indicating a destination.
packeAbeseddipny dystinatigredasmpssosiated withythe datmiessageyidatarngcket.

determ.ne an egress,.port far .such.a 9
Howdyg) 3.9 o5 cs erribg ot Fovish &° iR a2 Bisthe
platfod@Sdnidnaitoain G o tAS pRE¢MTSANTLA Bretilde lifiitea ints@geecar

data packet. However, this is nerely an enbodi nent of

a swtch as inplemented in a processing platformand
[0044k nhodiceasAing tefn eBoHMEEh ﬁ@stmarg% flata maycenpsise P’ilihggtt% glat may

. . . |
be asigid el Sieh 35 Ol porb AL S£RAEIE R B, RERREHERAn data
may @BgREeatinfbrmatidn identéfgingssbyscegmett (¢.ge bssumberl Ot seFiet link for

e, h : . _ .
o R PP o8 B2 Y COIPL B8 s et
mess%ér[ﬁ?ira?a k& Shdy®o ﬁjprﬁg a¥mor® nEp LIS &S pRtof £AILST

acket conpl

r spli etion packét. Al so, destination
configaration reqaest packet. ndswenpe, thesedae mepdy: keamptes ofcdesipngtion data and

nor address as part . of .a.non- configuration
embo:ﬁregaggg ?P%‘g Pigsent 1%?@9% Er,e 1% @Elé%& e %F%“g%z anpl es of
destination data and 10 enbodi nents of the present

[0045] NV € Alct&dindlt6 af BinbbdliMeng dhé devideed8 niBsoagirise ahPOASHS several
According to an enbodinment, the devices 18 ma
/O deviagsrsush agdgr examplsy a8 Bheragt contrabeg 9y akioa etV gk, apgall
: t r
comp R fin ifEa1CS0, a BER ATAFHRMY By Maln Lo or

graphidshconfroRerf iakeface Hioweet themealre inatedy &xaneplerof dgvaphivbsh may
controller interface, However, hese are rel ) .
e o eSO B ey cob Bl 57 BE sty mventon are

notliﬂﬂf@ﬁ%ﬁﬁﬁ?f@s ft of a switch and enbodi ments of the
present invention are not limted in this respect.

[ 0046] According to an enbodi ment, the CPU 2 nmay
[0046¢ x e c diceonding to an embedirentdbiei CBY 2 My pxsouicalie Qs maie procedures

.. [ | at f t I t
o BRSPS RS AR LA 2t tm
mem@%r 4 Rhhahulend Ga8 pefipliereixiiires, Féruxafipld, ther@BU @xemudxecute
20 instructions stored in a non-volatile pepory énot
instrughignmytored ipanen-yplaglememeryi(ngt shpsing As parbpicshasiclesystem

(Bloggséﬁ%%ggétﬁ%ﬁoﬁ@%a Be 12adeH thg s%@&n Meride P TRARK Y @edﬁﬂd

ecu response to a systemreset” event. Suc
respdBkED 4 Histenumsétensatmdych BIOS dtstruotiomsandyr injtiabner @mntrohomeeor
enuner ati on proces%fs to allocate resources
QCptgTP

10, .
morepﬁnﬁg@gaé@glf)(@e@ie’s tq SPFRGS &Ergccﬁﬁﬁgs e&,,ilgléllagmg% gata bus
drive! éﬂdccfevf%'d}j‘ﬁ&%) tol @nERATEARE GAthR oWelfbnaREdaRRRRE Al dH@Rs by,

uses an evi ces by,
for example, defining buffers in the system memory 6. However, this is merely an
example of how a processing system may execute processes to initialize a processing

platform and embodiments of the present invention are not limited in this respect.

[0047] In the illustrated embodiment, the switches 10 and devices 18 may be adapted
to appear to the core logic 4 (and processes hosted on the CPU 2 and system memory 6) as
a PCI devices as defined in the PCI Express Base Specification, Rev. 1.0, Julyt 16, 2002
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25 for exanple, defining buffers in the system nenory
6. However, this is nerely an exanple of how a
wonroE@dsicng system may execute processes to i NPCTAIS2®B/026245
a processing platformand enbodi ments of the present
invention are not limted in this respect. [0047] In
(hereiddFRr iHe!“PEI BxpRYs Spdoifibationt), It ks embodimest, 20 caurderation

devi ces 18 naybe adapted ta a r to the cor Q0]
procedprg Bl ApPeRSSBECH Gb REPTBTFTHE PO 18 sy SRaf WARLE,
switc a()sags as“s%(ftc?’i’ gﬁicéja%‘f)‘r&\ﬁae@ﬁl s‘é@ﬁéxﬂlﬁgﬁ JT th BCPEkprEepr ess

pecl ron, Rev. 1.0, Julyt 16, 2002 10 WO
SpecifZAféh AADBEACRIB/AIS2EPBINTeBovidedingentian ks - 2tofdhe e

Ex Specj.ficatipn). |n thi ' .
ExpresNAerBEIoh 1Y Bekdnre: ey up pRufle PEAT Apraiing pysem
may bgé@ SPldbnRh@titAs With @ seaRIUAA aaticesioupletl heporsvo i thé swiich,

"switch" device as provided in section 1.3.3 of
and erhbalifents B frequeseSpuvemtionrs oot lupigeddafhis 6P as
"endpoi nts" as provided in section 1.3.2 of the PCl 5

BXpr e S BRE F I GRdd o shd) Scbifte R ERlNerdf
[0048]¢ 2 rfpFR r@ﬁg ﬁoogv{/{ él%pdrdggggg% \rélgjﬁstyﬁ/% tnté% é{ﬁ%y.e be ad a%t ed to
proce@RE18) oAk @ thir things, slidcaterestcady communivaisl veith the dewvicess18

couplechipepovroHea 8oribe! A TGS FHpUeh (4 PSESuEor g giag it 10
and eéé%oﬁ%% ?%&%gtiﬁfo%a BHABRY dathRSesSidds r ARY peoke Uk e div

n procedure to, anong other things, .
upstreatd suette thedourstresn ports oFms Wit ) may Hhepkkemgess logis tog

10 coupl ed to downstream parts, of SW
transryi 53 10X BATHBOROVBT R RGORP ¢ s i gh SoRERughfh &t B upon
the coﬁl%&&xierl%uﬁﬁg Rrratation tHa® whe enas1ithed for fomasdige datamabadgas or
pac

ets fromthe wupstreamports to the downstyeam ..
data packets frofithe spitteah po0 terdlye dastinatirisrnsEeap gpit. However, thisis
transmt. data fro
ey RO e SIS LR R RO bl e o
sourch QWhsteat PRt 158 destinativatdowastresi pbit ashedbédments of the present
forwardi ng data nessages or 15 data packets fromthe
inventips exeailipbied it Bis1§&egkst i nati on downstream port .
However, this is nerely an exanple of how a switch

[0049&% : {g%h%f th Ry SRl ReRAS RIS 2R oS BcRFak Blatfor@béording to an

wWnst ream port to a dest’i nati on downstream
alternptivé erabelimebioat thepresend invehigorpr LS compler 402 and ysteny ot

limted in this respect. 0491 Fiqure.
mem QO LS AR OR S O B B e Bty Ry and
systetnm@Horys Y &hﬁﬁﬁﬂidﬁ@es%@géﬂmﬁfal dbvitbethpugs @andot device 104.
I nventi'on. A CPU conpl ex 102 and system nenory 108

Switahay 1 tdeqehicompaisparoenstsim@oshy o2 e elyality Qs ﬁiﬁ‘f"iﬂg‘iﬂ??&l B 124
cP . o i
coup(F i areSRr & i BETpRIREeh iy difk SOIRUMEIR Gy to

transmit data to or receive data from points on the processing platform. A device 118 may

also define a bridge to a data bus of a legacy PCI system 120 according to the PCI Local

Bus specification.

[0050] In the illustrated embodiment, a device 118 coupled to a downstream port 124
of a switch 110 may communicate with processes hosted on the CPU complex 102
through the upstream 122 of the switch 110. The CPU complex 102 may execute an
enumeration procedure to configure the switches 110 and resources at the CPU complex

11
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Swi tches 110 each conprise an upstream port 122 and a

plurality of downstream ports 124 coupled to devices
wa2804/040devi ce 118 may define an endpoi nt conmpPCSiUSEN03/026245

circuitry to 25 transmt data to or receive data from

poi nts on the processing platform A device 118 may

102 to @haRindebhBturicdioh g the devickat 14 8bSsiclofin enuregaidyn propedure
system 120 according to_the, PCl

l, . B et e
may copRiEed maeIdsR: (o WOBERL e shachqs 8EPd el RbS Al or
“endpcglgdy’ltd%ﬁic% ]f-g p%glyc@dqg SEQiod '/;j@f”(ﬁé PET PR Spebitation. a

communi cate wth processes hosted on
the CPU conpl ex 102 30 through the upstream 122 of the
[0051] SWi T thelillstrafdrerfiiRidimentpthe xpdicanmpgrt é3&ed the sych 110c1s

coupleg i arlovareus it 1ohel Beor il B Aep PSP TgtEe mey
act as tE gt:er({t gg%ﬁgg P41 QRE &éech 1102 ah@ cemphsd 10gicao forward ddta aressagedor

ces 118. Such an enuneratign procedure nﬁfé £
data packeprirae the vitbddQe .8 odammesiage er dafa Pagkiefdnaiing ahARp o

devi ces 11 s.a "switch'\.or. " Lnt" i
the de}slicgsvf eca)upﬁ)d%g s sgﬂ%lc\:% 1gpc)tt§ gr?gés&ggg%tgds %t HETPERRFplex 102
througiﬁﬁﬁ@ updteanl ot 14206158d switcht @aj Shruiarty tiedsveitthddDasmy,

he upstream port 122 of the svvi'(tc 110c is Ehcpgpl %ﬁl
compriss logiddu R PRELR pEREALS T SRATERER APEPTogesics hosted on'the

AceLd] i L 16 ek
cru GERTAOH gt R0 0 ol e detine
110c diRSRRRes 108 coudddrodawkatant pats 12Heofdhd switchntife. Howgver,

these amEmIEy 3agples 8 By A1Be SRR boh o) gRiedttoard
messa%% S Swedira Eﬁ%@%%ﬁst%ﬁ%@%‘e‘yfé@m d102 setdndamgiehcbepled to

reamp f the switch 110a. Simlarly, the
a dowawidaahpdrl OAthedirstsovitcrapdiesdoragnds elghe BraRAtANVERtign are not
. . messages or data packets from processes hosted on the
hmlteéF’@JﬂEgWﬁPﬁ' 102 (received on the upstream port 122 of

the swtch 110a) to the swwtch 110c and devices 118

[oosztgupA@&raiag@@m sibedcg descds24 8abupled tsddwittredm@orts 124 of
wever,

: hese are nerely ex | es, qf how aﬁ%i t

the sveitehtIdRa may ceeimunicaie WEBICHESS "tob‘PPgrt W §i§°ges

., _between ' hE RbRJa tevide 118

indeoBERE e FreREREE RIS T Rtpite iz cRarhre o

O O e e esnet. . [OOLT] oaneOr B ng s

packearp EABHEILARS Wik greeBalan G BpF BT E b IRLE i pleflee o
§ ' 0€ 81§ tMérl loudalke s

downﬁ%nﬁg%%%llgﬁ otﬂgfezsﬁ@(:%\%mg?aé p}mlélsggwﬂ}lggepegéent I 1; of

messqueat datgmcheiso u switch A0 Ubihe (oeresopupsirewn REHEE &0 be

routegl todt%\éld%sic:eu[?S associated with the destination information. Similarly, a device

coupled to a downstream port 124 of the switch 110a may transmit a data message or data
packet to the switch 110a with destination data associated with a device 118 coupled to a
downstream port 124 of the switch 110c. The switch 110a may then route the data
message or data packet to the switch 110c through an egress downstream port 124 (of the
switch 10a) to an ingress upstream port 122 (of the switch 110c) to be routed to the device

118 associated with the destination information. However, these are merely examples of
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20 coupled to a downstream port 124 of the switch 110c
may transmt a data nessage or data packet to the
woewdd4mhoskd Oc with destination data associ at edPOIUS2@3/026245
device 118 coupled to a downstream port 124 of the
switch 110a. The switch 110c may then route the data
how deeRrsagay dorwthed datp agdseiged or ddtepsbitstirohdiDswitdtcoagh t he
é_egress upstream pqrt 122 {,o,b . routed to the device
embodiyenisafihs picsdnt weRtphare dakhimisd s TeERsFIvat i on.
Simlarly, a device 25 coupled to a downstream port
[0053]124 Récotrnﬁlﬁg%\’hﬁ ERbddifRntTEE CPERSMbicxA 003 A) JRERAES OF
data packét to the swtch 110a wth desti'nation data
enumergor prcediroia, Ammngd ether thingsgaltapats! respuress 4o cefommusicateanith the

- swiof g Spf st b0 SR nnut A beae b R RS

the upbft&4m Ebﬁqag df e LEIcBI30 dTHO ShrBaBtiGPprocd e fal alsb@stablish
switch 10a) to an ingress upstream port 122 (of the

routingipfoshatiamie) forvward datagugseages o1 €3ie padkgtsciom thejupgtream port 122

to the FRRAGHALESL L% “8 R0 0%t BB 8l an R Plma
from £SortE2ONBAR 2GS0t 124awa destinadsn deyndteaamepgait Bt ased upon the

. messages or data packets through swtches and
routing ABoERAEMH @ farward daigmesseases PhRn Padstsram tha unsirpang gart 122

to theitdgséﬁ%gan UBRAG cgp‘éz%ﬂ. HSFAFHi R it Mefdly mﬂgefhow a

U conpl ex may execute an enunerati
switclpmay doiowaed & dataanessages bhdata piikegfomal Jouoatdownelseumn pexs to a

.to comunicate with the. 5 swtches 110 and devices. ..
desting Foft QRUBiEa RS TLRH FSHPOURR 5D Pt 6 PEoRnyETl PRAfcY bgnted in
this rdspéc@ugh the upstream port 122 of the switch 110. The

enuneration procedure may al so establish routing
information to forward data nessages or data packets

[0054 r onkighie Lighomisdenrhppatic diggramiad ameetiorovlstitsh0p peasding to
- 4 I

s el PV 10 RSSO AP

The swHtsh 20Gina9BotipviBsi preatityof porfsdbupid &6l linlo Mn tieprésintly

. routing . information to forward gata rI%ssa es or dgta

ﬂlustrafag»@e@dm% AHFEIGHH P ABHTSSETVES 4318 Pagksts wRich gayibg dpivispded

to any( P IREERT Aibes bofts 2B NRLRE cplidlifidyh, JERRL0CHE switch 200

may berandagrasyyaok 22 torrecaia dtupacketd dvoms sn essocipted fink or an egress
desti nation do tre rt. and .enpbodi nent f the

port t6 fraatah 4R paskeraamn Bk o ot e St men g oo e s on the

switcl{o 0Py hhedHiLedfuBOHMALIE a5 @l §RBbdsGodl FAnBYRE pert.pOr tion

f a switch 200 according to ~an enbodi mént of the
switch 10 shown in Figure 1 and switches 110 shown in

[0055]Fj gulnghopresarily iustratad cpowdimagntcbaperts ef GeswitePOq pagf
transnfi© b GO H!aﬁai%aalgetsl. S&Sinl fiﬂ(stclaﬁpﬁﬁ 65 8L according to a data
packet format. Figure 4 shows a format of a data packet 250 which may be received at an
ingress port and forwarded to an egress port of the switch 200. The data packet 250
comprises a header portion 252, a payload portion 254 and a tail portion 256. The header
portion 252 may comprise information associating the data packet 250 with a data packet
type and destination information associated with a destination device to receive the data

packet 250.
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il lustrated enbodi nent, an egress port 202 receives
data packets which nmay be forwarded to any of a
wohoumidstey of egress ports 210. In one enbodi NBAT/US209/026245
port of the switch 200 20 rmay be an ingress port 202
to receive data packets froman associated |ink or an
[0056]eQr eAscopding td an bmbodiment, tetdatapacket25 Oanay breasspgisted with any

oA RS BEAL By MR 20
comp%%%% g%l&?f}lpe. ERRIEr, HiRsd 418 niireisREmplel bF ash padiedtypes and

I'ment’; the ports of the switch 200 maé transmt
embodimenéoefi thepetatrd ipeenkion srepat Bmited in thesgagspesisp leang o

B
formaAt E&PeN@tlg apothe dabOFRES tﬂjb” dssavigted oithaheléaa packan250.

egréss port of the switch 200, The data athSt 250 .
Accorprgly,itee swicth2mpy peiract destination igfosmoation fopyihe hesdenrortion

and a tail, Dok headetii pd?Rbh RSEloRRS da@backet
252 bgsbeﬂp Prslzhel ans?%l#g??%tﬁ%g%kgg 'g't iqﬁg%{ﬂr%&gata pgcke_t 2 Sc °
250 mytdonrida irffopasticatsuch ygp Goramamgies b CR(E pompaditoyakidtsyahol.

associated with a destination device to receive the

data_, 30 k 50. 1 .2004/.019562 ‘
10057 BhsHRs BromBL s o BB SEEBrd N DS 4R B iy dae
i)ackettglﬁoﬁa#Glg%t%a rt frdh dPRs Port a8REiha e sh ¥hbbdiaRt ofahep@bent

severa acket types such as, for exanple, a
inventienjaeituspated &1 Figyyes 3omd 4. doriypoak 363 theaerkat paspgie262 may

However ., these_are. .nerely,exa p :
cxrod R RO o Lok OB BB 24258 i Rltrcsived
at thegrebd Port 20b Al inhRses EiRsRwet calcdlaticane dateibibdireveived data
t hé header portion 252 may mai ntain destination, .
packdt af dlrasksuno pirewt 204 fRasedipory the gairacterbdiia nackgt ypo ifermation, at

ac ' j_t
e T i
packdt I;N\fiﬂf i@édd@ﬂfoﬁiél@'gl THBEpal’BEiIM may ltheincur?tramlsﬂitwed infpomation

t he assqcj ate at a packet pe.. The j ortion 256
from grtich(aT G5ica i eiiEeder DGRy 2 LSk 0B besRERTBR- such

as, for exanple, a CRC or a packet valid symbol. 10
[0058? |0|05751t bid @ W68 Sthe Padlittl pafer 208 Wna férwavdifll 8EIAN206 may determine

ustrating a process to forward data packets from
routimginforgragios freon thetextragieddastinatiqnapformation (f srgpacerdig to a look

odj nent of the n i L.OR: | '
up 1B RL e g et ! 2R B ndo B Bigflodiaes,
the piE¥t p&¥&r A8 ImApd AerfiffkRhethdtitke irafsaiitaidue212 (assvdisted with the
header portion 252 of a data packet receiyved at the
selecterdgpeess pe 21 0Dio Zapae piTFAG S (e dsbeacki 1L HodAnsrmit GHeue 212

is cal%%lled&t r%ceiégiﬁl.%l?% (ﬁeﬁ% 8&0&@?(6%%%%%it§@%@0&%ﬂ)9 beQkatImo the

cui't ased* upon tHe extr ata packet type
forwhrafr@r oiRuit @06 n@dy then initiate the forwarding of the data packet through the

switch fabric 214 to the transmit queue 212.

[0059] In the presently illustrated embodiment, it should be understood that the switch
fabric 214 may forward the received data packet to the transmit queue 212 prior to
completion of the checksum operation (initiated at block 264). The switch fabric 214 may
begin “streaming” the leading portion of the received data packet to a transmit queue 212
upon a selection of the egress port 210 concurrently with execution of the checksum
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bl ock 264 the packet parser 208 may associ ate the
header portion 252 of the received data packet with a
woaeed@odoor mat . The parser 208 may then extracPCT/US2003/026245
destination information fromparticular fields in the
header portion 252 based upon the header fornmat.
operafi@05H8he AhedXsomlciz6ib 204 hEppacdmepleper sithe zb@:kamm operation at

f di 2 d
diamap P38 rthe POASRFHBITENS SO P LB e G R FAT oL AT ygrese
port 265 ai the%gféetreg {%ﬂ%ﬂlﬂ qRedelAb. Itihe (CRU ShtuRelvAR, etdatipacket

gress port ased upon the routing infornation, At
may H@Itmhnﬂﬁa fron He q@hacteéttrapamé arewz( 2rthipugl therqerisaponding egress

her the tra
port afeapdgs sy odgring SIS 8hs ST SER 1S, Tod By packet
may H&ikéhpea o the! thankiét cfu%ﬂ@&fﬂldck%m ugd 2ingtess perd 302 may finitiate
receiving the data packet (e.g., transmt ¢

a linkflesel yetryaett bbichwoimetrh@snwlqlb@%ﬁ datagagket (ufbe I%BSSWQV 202.
Upon,tdlﬁqepg) | 1y hli‘\}a g\x{' fa Cq]a%%waﬁlg sagct&i Eﬁhﬂﬁg&'ﬁﬁe@q@fﬁ y then re-adjust

abric e'transmt “queue
space?alr@llabﬁlﬁ 59 Endueut be apdidee dhty phtltet Sarrteineissivbodi ment ,
it should be understood that the switch fabric 214

L S S T R
dlam%?ﬁt fh%%gfe%tréhttfaﬁérﬁg qBEud19Gkay20dart a dﬁﬂbé’l\&h it tafl @biiion 256

egin "stream ng" the |lea rtion of
of the ﬁoszva"réeﬂada/cepadat dpcatike that ealatarmlsemls mqa elelfznayLﬁHew the

cre ST 5 S S 1 b RS b2 i

to rec%)g{ bER2RR31H 2R R atud BRHAE BlifecRyurh bRcwin2OKGuovided thei the
Upon conpl etion of the checksum operation é
symbd! iammearied paor torthe etrepletomeransmissiones thedaty parfetioy the

vons SRR A, A GO PR O PG el
that tH&didt&lpadkeeisdataidneers elie insared bpmbo banslrdischatithe detmpablest after

sel ected transm.t queue 212 . through the corr d| n
beingigrusardedopstinka dde FefchE s visedasy hee FuyEe a&wﬁﬁ?voe?

retrarh%n%sbcln %étgg gggi%]aa&e%% ﬂhé skiiMpbod!, TR KviEAtBORASK@EN initiate a

romthe transmt Eueue at bl ock 278
link 1av1§1 rétheon tigriegissymort foz @aralmylssmnp thealatagpacketk Thes@itch 200

may Ehglfg E@Its%{' glgllﬁﬂigﬁpéﬁg g%ttg)gﬁ@%lft{ler r%g%\%n?g@ﬁgﬁ:e g]ifl 16er§Bonsg %é ﬁecelpt of the

retraﬁsﬁﬁﬁ‘édh&iatgﬁﬁﬁ(egac;keta the selected transnmt queue 212
may then re-adjust space availability to enqueue an

addl tional data packet for transm ssion. % ?f@f
[0068Nn aFigrertA thyowghhowd shasn formaisder 2 g%céqe eagpr rgpeived afjan jngress
port eﬁag%%c%la%%?ésng ! a%rﬁ‘tﬂ’é%aﬁ% n%ml%&ﬁméﬁi{q&qﬁ@@atﬁ BQ&%@SO sho%vn in

nsert a sy e tall portion
FiguRf4. tIID&ef 1B WeKr e Gogtahay ﬁaﬂketheldlath pmketrfgbm hatrial limkdataading to

acket is invalid. Thi
a PC? (3GIO) format. It should be understood ahat tohe presently illustrated embodiment
may be applied in forwarding 32-bit or 64-bit addressable Request packets (Figures 6A
and 6B) as well as Configuration Request packets (Figure 6D) and Request Completion

Packets (Figure 6E).

[0062] Each of the data packet headers comprise a symbol at byte 0 indicating a
corresponding data packet type such as, for example, a request packet, a request
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egress port 210 to begin transm ssion of the data
packet fromthe transmt queue 212 prior to receipt
woho@mwisseral i d CRC status fromthe checksum ci PCUiUS208426245
(provided that the 15 synmbol is inserted prior to the
conpl etion of transm ssion of the data packet fromthe
com;ilétﬁiii(i%iﬂtet ate U&nﬁ.’glﬁéﬁonﬁpadb&ti thweeeihes® gretrhﬁe@ad)@mples of data
acket (not s

recognj z hat .t he dat
packeﬁém@éfha' glaivrh?an%{maatﬁﬁl 8ht %eﬁ ol armpeket 3&?%6 @%ﬁ@&@ & ooy
ter being forwarded on a Iink. The
1ndlc%tggte}g€?%3 glgw E,yg%%my then initiate a link level retry
for retransm ssion of the data packet fromthe swtch
[0063P00. InTthe prasputizhillpedatedymbodimentn diffesent typeg 0f Hestinatiay el

. reLry. the jn ne ort. for transm.ssio f the

inforfyidn indfs ool IS, PrBAE SiyH iR RRRRBRREP PR md e i

assoch£aEWith dutdglif Pmhtieh %%Miﬂégi AShARNItANEARRABSE2 120and
recei g(té of the retransmtted data packet. [0061]

egresFpoiRee Basehvpanghpacwarslets packeittypd, eecordipadn an clhbadisent,

desi SRl 0L AR08 OBl P BB AR U
destinatior addregue g.,4 PClsoafigtfadon Biressso foaate a@vldeemeﬂevm Iﬂhﬁtlon

dat a packet from a serial link according to PCl
in an eReRU9LPTRREsS, Kk leper Addrase ol HRer S HOH NUFher) Heshould be

o BRSO AL SRR o T i
be asgm;&k@i witlf Fougimgasfofatian@.g5B) adeokwel tabley toCmbdct g desiniation

est ure and .Request Conpl efi.on
transipg R H A bR St 6f e BE T G IoR Aot b i g hest
respeBgaders conprise a synbol at byte O indicating a
correspondi ng data packet type such as, for exanple, a
request packet, a request 15 WD 2004/019562
[0064pCT/ BispuUBsmreBow dingsine iliusiatingaccymbndiment to process data
packectéj fgc&lggcg Qg' Og%x%é‘scﬁo‘?é%vgﬁ?ﬁé@é% forr%x%‘tee%ieasqfh?sotﬂ?erde g%‘ igures d6A

through 6B. $pbn kel ofh datamelka tfrohea@keral Hiid atstlie Iin@es‘sl pett@0npihe
I ndi cate other data packet types. [0063] In th

packes parsaid8ymay exfeact data gackivbyar Frprmatignsfrosh @}ﬁbww&ca%s?n of the

i 0
data &Ogﬁahtgg&eg %\Xﬁ%&]@%d&?féﬂse ‘Pééb’gi\%ﬁ Eigﬁ dﬁ@lgéé‘?ﬁ n_ah%anqg&ﬁed as either a
requeaismk‘cptaxr eatequeshcqmp]emmgoalchétcblamwpon th@e}dmbedrdata@aaket type

inforaGin TS JRRCHCOPaPe Hapkal sk aps PRy oot i Ao ikt

size R EfEROA JTRRY packeiEfdaliabased uptd SeBRirh&8d Hﬁ){ paSERtypee a
destination device identifier or a physical

informetsan) adddddn thelsireekthe packet payled) fran tha Gengil’l Heldanbytes & and
20ftf1é)pe|tc?<8t6ﬁe%d9r. devi ce or device function

[0065] If the received data packet is classified as a request packet (e.g., as shown in
Figures 6A and 6B), at block 508 the packet parser 208 may extract destination
information (e.g., a destination address) at bytes 4 through 7 if the request packet uses 32-
bit addressing or at bytes 4 through 11 if the request packet uses 64-bit addressing. The
forwarding circuit 206 may then select an egress port from a look up table based upon

routing information associated with the destination information.
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10 in an enuneration process, link layer address or an
egress port nunber). It should be understood,
woauweasse2t hat these are nerely exanpl es of deBCTMER06K26245
information that may be associated with routing
information (e.g., in a look up table) to select a

[0066flest Ifithé reosived Hatapatitet hiaarsifidd s aneuestvodipl®ivngatket (818, as
present invention are not limted in these  respects.

showhaa P L rpipe J0%6 Racket paTBey 208 SepAmRIRF 1a§qm@tlpm§om the

pck BRI 4 A0SED PLANIPELRLS S0tk
requlésthHESﬁfﬁd\at b)hesa& giind QiE'l‘héJﬁmvalrdﬁ@amiuth6 ana:iahan pelek ah

a serj.al nk at .th re ort 202, the
cgresy B0 BOTHGILRS InSpRRY B ATooklh (Gaie aXPatakis digjpgree D or

Requbﬁﬁmithgﬂeyeggl%grhe byte O location of the data
packet header. At di anond 504, the received data

Eacket may be classified as either a 20 request packet
[0067hr  alry adgifeostto @omsiusst” on “mmﬂemorb’aﬁg@cpaab@trtypm @ccording to an

ot BB A R UL ATt 5. P
confip@ahet read bz @rite &qnés@avmré & heddet hRay Roglseike haa E’dﬁhtlfﬁ@gsg d

upon the extract ed dat a packet type information)
physige| FBIEHaoRALKSS (8- buenyakeat devisgpuher Ardier dayice function

e
b R Pl e Bl e po B s & onleRRf KRN e
physiealrcegfigsbtiqreakietss @myg:e asswiasdtbwith routingiigformsti&Ainaridok up
B)., bl ock 50 acket parser, 208 may ext
table (n e sAest Aoty REROBRES ooyt E omfgaR ARFasRe gy
may tﬁEn By pReesded &Y @b@ﬂpl&lbﬂ ddthBadks §t packet uses 32-
bit addressing or at bytes 4 through 11 if the request

Eacket uses 64-bit addressing. The forwarding circuit
[0068b06 Kagn sdhestion oif er eguess payt @sstherdrlocks ¥aSnersf24othie regeived data

o APk A RRUAR s bl R SR80 Bl a2 e
tranerEﬁbu&Z@ Q@dlEB&Zé TecelW¥AB6 flath badkee(digteid/erh) dad sﬂhoﬂl@cﬂéet

| assified uest conpl eti on packet (e.g.,
under§1}93 QWYVEs &h’ﬁt awefeswarg mgiof thadatpmckefdo paekasnpbgusas Ofthe
oo B B, AR L U M o KBS i
operatioti Bndﬂt@rmuicﬂi ealid' CRGU s tresmissidn dfithe datapadket ﬁSthha ﬁannlt

The forwardin CII‘C it 206 hen sel ect a
aueusy el RcRaresP PaFAT-OLES WEPTHFOLHURTEHE 5 Wil GORDision of the
check%éﬁ%' RABSCIrahd agsckﬁffn SPRthiESh Vlaes HITRE PoRion! J2 M4 &
O?’?ess port. [0067] 1I9én* add\l}dtal onst 0 a ?’equoélsd?t da
packet tepackat mdaba tlpamn@ed trpmethe frensonit jugctaocanding to ordermg
rules at oval 520. Otherwise, if the checksum operation indicates an invalid CRC, the data
packet may be dropped from the transmit queue and a link level retry may be initiated at

the ingress port at oval 520.

[0069] In an alternative embodiment, transmission from the transmit queue may
commence prior to validation of the CRC by the checksum operation (e.g., at diamond
514). In this embodiment, transmission from the transmit queue may not be suspended
until receipt of a CRC validation. Instead, an invalid packet symbol may be inserted in the
tail portion of the data packet prior to completion of transmission from the egress port.
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enbodi nent, other data packet types may include a PCl
configuration request (e.g., a configuration read or
wonit@issguest) where a header may conpri se darPar/us2003/026245
identifying a 10 physical configuration address (e.qg.,
bus nunber, device nunber and/or device function
Uponlteseigtrof thd ippdpabibetanismi gl fréatthd dppesd poet apd dktettiorsoithe a
) confilguration request type, th physi cal
invalidespmibgl it reemviag deuics gy issardag seried detpiparkst g Pifgnpt a
link 14 LR rblki K. t44RsmitRRIdGtal Aok ERlrbiponddtordlifiSRvel
nk léﬁggt%e%@ggg%éﬁtdﬁguch %mconfi 5 rgti g‘n rr é%lrjlesto dat a
retry plath& tgresspyrt ofithe svétch), toesseismstted datrpicketinay bafoawarded to

acket type, 15 [0068], . Upo el ection of an egress
the trf%tfp’tlt ‘H’ce“é A tsgR ec%t@gﬁ@ﬂ ﬂg"z‘iﬁreﬁslﬂgﬂr ecei ved data

packet may be forwarded to a transmt queue of the

[0070F€! ERfpRft EHRES RBEhatds diRkAEKmBIpdng bf 4 MAlti-Hé@EWIEH to a
queue 1s available to receive the data packet (di anond

repregniytion jof a&visigply BEd bug siresturesenrdingiie ¢ embpdigtent phthe switch
0 i f . j
200 TR0 T SRR nRIShelk ool BB U ¥ o
root d291EE®0S andh pluralit) o€ dewhdticam irts®2¢ Benisdito 2epafies dévics
to determ.ne a_valid nsni ssi.on of the data

CRC. Tr .
618. hmencembodimenthdedesisend 8 may, gﬁ B dedcrsiadapfable do gryide an
« t . i . 4 i I
endgiie B e O oo MRPRROR IahatvR T, SiaR 18
may coapritetodser irter fFACRCopmmirmamcaé witheheldevenstipanketts 6CRaccording
dat a packet, may. be transmtte ro e transmt eue
to ot B ROR U o HeIAI o M Rapa S oeh Briapet
protobdls.t HBweRECHSIBrO RREAY c@npIBEb LA Bfer@be foR\iRVices wiffeh may be
the data 25 packet may be dropped fromthe transmt
couplgd bue dawitsizgainipokt dfevetitchand gmbadinieats afithe present dnventipreare
; 1'1%1%r es%gorg a{ oval 520. [0069] In an alternative
noth %brf it "R %hsni ssion fromthe transmt queue may
conmence prior to validation of the CRC by the
[0071F hecKseuriippes ai embBoditedt, theadwithhad0rdmphidel) logicrantl birsuitry to

enbodi nent, transm ssion fromthe transmt quqeue may

forwae flatp aneseagse proeade BEPkaisiprelYed ) plouBe TBSTERParb{c &ich gpstream
cl ed i

port 23k S8t ) ARt BB LRSS O €6 £ Sthe'strcam
port 62anplaglowvasirain poraiz4)i Stieewitch 610 hiag cempesslogar to.asosidhe
N
in a ré\@{r@ahB10 Br Rbkiupableyiéalédiss WERktindiB8 cEREEpMt."HoHBVdrCiis is

may di scard the received data packet and attenpt a
merelyianlexpmpls| of legie in a sypideh todewoyasd deth nessages pndaiapackets from an

maref B35 Gl b RO R O Shrenlh b e i
this r@speket may be forwarded to ,

[0072] A processing system (not shown) may configure resources enabling processes
hosted on the processing system to communicate with the devices 618 by executing an
enumeration procedure. For example, the processing system may execute an enumeration
procedure to configure resources to communicate with the switch 622 as PCI devices
according to the PCI Local Bus Specification as illusirated in a virtual mapping 600. For

example, routines in operating systems such as versions of Windows® sold by Microsoft
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5 the transmt queue and re-transmtted through the
egress port. [0070] Figure 8 shows a schematic di agram
woap@iongseof a nulti-port switch to a represenPariuseos26245
a "virtual" PCl bus structure according to an
embodi nent of the switch 200 shown in Figure 3. A
Corpotidrt ifk0S sTaNstelDby Sen Mictopgdteragor paiiorBZ20pS(3 espld by
to a_ root device 604 and a plurality of downstream
WindRiser Sygoms,dot playExeeite a8 guEnsrolonprpreduce Wog?@rel TRSOYHEss at
ermbodi - ' . - he | e mer
the prEER AL by abRFu e Y B Vi iR ing Heov (e eB Bre mescly
example€ofcutifRepridsis mSp exéduicat érmmerdldngroceinesing emtpdiments of
devi ces 618 nmy. conpri other interfaces to

Y. CONpri se
thepféwp%t&tl’ear%ﬁ?ﬂn{“ﬁgﬂ&d $¢PEm ports 624 according

to other protocols such as, for exanple, Infiniband,

[00732Pi £ {HOIRstr i@ b IARRER Phd sWitMLA10Gh S appemay elic probiesiag
are nmerely exanples of an interface for devices which

systermmy obe or hbrecteuises coupdedatodRiplshus ahthegertideyioe 04w The fwitch

d enbodi ments of th i i QD .
610 nf3y ot i Bngderend SAPRSD Pob Y GClineRiRh o ek receved at
the ufdfeadipdRE22 ffoRea PO belin&iforcpiopedises I tigicoumspaf an initial Type

circuitry to forward data nessages or_data pacgets
0 configeratioetransactions igrszdichied P sasy peyide p eopfiguratipn R3derasam

illustif Eip ?’é}%}t%f 38r @18%&6%?(3‘6}%% ’A?rté%itécﬁlré‘S?écfiﬁ@%i%ﬁ,t Rev. 1.1,

On” egr 65s” por t e upstteam 20 port
Dece®Bér 18, 1898 P@I Spedalinteosst Goau) (heibhefienihe CRCH-1Q- P Pridge

oo TR b L ST P OB PRAS B1, S frorion
proce'tda eﬁéﬁh‘gﬁ Iﬁgééa%r x?&mréég @ tHePbdeBeng 8Y3kén & cdn@linidite with the

entify the destination ‘egress port.
upstrédompont 222 tdihs virtial REF-63-FChhridgeaéd®. e of logic in a
switch to forward data nessages or data packets from

n Lngress part. an.eqr r '
I e e e L e R
the efR8R8Edn prbORIGA] mAy i @ae sHsBuedy Tisu11 ¢ardigushian)ansayions (as
configure resources enabllngégnocesses host ed, on the

illustyptesiciesesting SY3d drafitbe Bk e a5 1 49EORIRY locupsipgm port
622 t?%lelgé‘?ecx%%d}ges%ﬂabl 1O RNVAREEAHR B tHeUowaRERN Borts 624

processing system may execute an enuneration _
as a vired @dire-Pai beidgd 20fur la thesauscaeativ oLthasailypsal eonfigutation
the switch 622 as PCl devices 30 according . tq.the PCl .
transachions, 10gjs B EVHFLALY BAY BV i RBET R 07 erpafigiation
| 8% ABRh& it B25ad 4h ARGARY P Girtual PCI-to-
head%;}g@éﬁgngagﬁng%%%@ i ons g:f n_dovvs%r g sold bo e
PCI bvidge 666 cbuplddBto\aBe2@0k D heEEh T RS2 e 620. Such

eGP BR3AF Bl b PREF L 2 hvfebio i grssin

conversion as illustrated in Section 3.2 of the PCI-to-PCI Bridge Specification.

[0075] Following each Type 1 configuration transaction to configure resources at the
processing system to communicate with a corresponding emulated or virtual PCI-to-PCI
bridge 606, the enumeration procedure may initiate a subsequent Type 1 configuration at
the upstream port 622 directed to the emulated or virtual PCI-to-PCI bridge 606. The
switch 610 may comprise logic to provide a configuration header identifying a

corresponding device 618 as a virtual PCI device 608 coupled to an emulated secondary
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W ndRi ver Systens, Inc. may execute an enuneration
procedure to configure resources at the processing
weysi4@msaecording to the virtual mappi ng. Howererjus2003/026245

these are nerely exanples of routines which may

execute an enuneration procedure and enbodi nents of 5
bus of e epfidsedbr ViRVARCIGs-RCToridgt 606.n8hetdlopic at t}ieeswneh[ﬁéo tmay

[0073] In the illustrated enbhodi ment, the_swtc 10,
emulgte Fyap héaTypo! configyratioadensasiion famarding apilastmte Séctlon

vV, at the root device 604.

3.1.2$266@§M§P§E%05§8B¥18 @%Ig)%pfﬁ%génl ogic to respond to Type

O or Type 1 configuration requests received at the
[0076],1 pst Aeeordingrto af2@bédinient am;vnemmepmt bhmay Eoc edupled ta s

i 0 Sl et WD PR Sbd v

reque§t0c6fa' &)We%dn@ﬁlgh@m PCASo-PCI *bﬁ&%é e@@ thd Hvifdhanbenayprofide a
Cl-to-PCl” Bridge Architecture Specification, Rev.

resmnselto enmézte theamrestgse cﬁgﬁw PGIsegpenti i rqsmr@cé@the@@eﬁlon from
the sv§16c ﬁﬂn g{ete%g?ltep ﬁgrrl] Prqualge maayrat%%dc?age E,B%P ? ginﬁh:fﬁ%rhgég V}lﬂ’l the

serial G, anldh&lloRBid FBoatceO1d hE 0&el link as P bedsahleacaith a smgle

resources at the pr ocessing systemto communi cate wth
devicg Howeser, fus isaagiely op exapplead hbFiehe Pregerice OPEPUS sRepent may be
ermlifed B0 ehors R B0l ol Bierti o b EhrelotfnRpiap are not
limitddhie tlesuwspeat i on procedure may initiate subsequent Type
1 configuration transactions (as illustrated in
ectjo 1.2.1.1 P
10077Bp e o e Bhysisaed opriancnp.a dousfi g prosived atihe
upstréa%§ poti 623 fisRARL t0dd d6ABHAY b8 hiRBiawWdiWwitiedsinafont B rmation
downstream ports 624 20 aSs a virtual PCl-to-PCl bridge
00mp21@1@g apraddiges. chersstch 616 aedy oefnptrheic@q‘gwpbﬁme ranges of addresses
0 u on nsac S
for e g1l B 08Bt R BREb B2 s B BB UBeFS llpRel o -

downb@@@hepoﬂt eemt Fénexagpk, GRsweRhondinhy ddanebisceadlipdt tegfits for
as_ an enulated or virtual PCl-to- PCl bridge 606

cach adslpss dangedsspcipiedonidh pachislosmgtreann goxf; ¢y dpia mpgspge Eropiged from

el U0 G800 ) oG 61 LRl BLARIS GOl
limit mgmms siagnhasbe forwestiedtoette dowteehingort3s22 afocidied with the
PCl -to-PCl Brid ecification. [0075] Foll gwi ng each
addre?%/’ﬁ‘égﬁ E%%?W%@g 'B%"?‘P%F%‘Hﬁet Q?Wshsaf%‘}‘ﬁ%a@ﬁ? om the oot
devick ﬁﬁﬂﬁé 6B 9d@ksd Wiich BEQRGRT BINGitRY Sh TS &ﬁ%‘%@@b&%& with any
a correspondi ng ermul ated or virtual to-P

ofthdﬁQVdg;Heﬁﬂmrts h24.enunmerati on procedure may initiate a
subsequent Type 1 confi gurati on at the upstream port

[0078 (i dglgcr: eg tﬁrget B&g{e’l\}@%{ %Eraéib Al a&eﬁpg't)letsoega[ngcfl%lt

registefsqut Rhaders i fafigh @atthe Bodiﬁﬁﬁiﬁfn dndﬁi&fdtﬂ‘oﬁ ipRétedure. Figure 4
correspondi ng device 618 as a virtual PCl  device 608

showg 3 seheatptic diagrane tHushting duwshgan forwarding address ranges over an
address map 650 defined by a switch according to an embodiment of the multi-port switch

610 shown in Figure 3. In the illustrated embodiment, the switch defines address ranges
654, 656 and 658 (e.g., including base and limit registers) for forwarding downstream
messages to respective downstream ports. According to an embodiment, the enumeration
procedure may model each downstream message address range for a downstream port as
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19 WO 2004/ 019562 PCT/ US2003/ 026245 bus of the
emul ated or virtual PCl-to-PCl bridge 606. Such | ogic
wakod4vasn t ch 610 may enul ate Type 1 to TypePdT/US2003/026245
configuration transaction forwarding as illustrated in
section 3.1.2.1.2 of the PCl-to-PCl Bridge
an addpess irfrige doi fmlnwal[dﬁig":fﬁ@ssdges diroth & gritmaraiusatiacetondaty, bua of a

24rra e COo to a 5 devi.ce
Vlﬂ“&%‘iﬁ F?ﬁ’i‘?@p%]ﬁ‘gflg %M? go‘i"’l"ﬁ“ﬁé@ﬁl%ﬁs (,Slfnélag » the
enu%'%‘%%a%pr&%%ﬁ%e?lg?%%b@deélggé' ﬁﬁlto?to? ’rc]l% cfsb\?\fr{stzrﬁﬁlg %‘%&%}6{ address

ranggsriowald éownstreesmms e.pothenuiiat &f thb edpessenges 664, @O6RBH 658) as

response t.o the.indication fr t he
an o BRRETHY orwErcinRaRSRaEes G Bl By serebde fi8 ogthe
-ﬁﬂuﬂq&jaggngnhmggﬁpar with the serial |link, and allocate
resources to the serial link as a PCl bus segnent with
a single 10 device. However, this is nerely an exanple

[0079%¢ hé’»@)@@ gosssrbedient, themuitegam switehiiluseated mithaeistence to
FiulD 30 SMAELANA0 0 D SERBELAROL Sl B3P 56 nd
658 (ﬁ‘(ﬁﬁﬁﬁz]’arﬂmgtdowmﬂréausmeﬁhgek fearh olet upsttam pofl@BD 36 THRaldWnstream
dq% acklgl @CEI ved gt the _upstream port 622 from
portsioid) fogpvide ofdessaggse 1opkIdIgdnesages diost dovarsirsam ports 624
1 [ I

o o SRR 21 AT Y57l AU AE I
pack¢tsummairvd¢1 ata émlhstlﬁwmsrtrﬁé’d:m theet wpstrems aget $22 of theecceived data

mess S SRR R R A0 s 652 o
660. e ipséRESnS Hsten®BGY 1RATHEES tHﬁﬁG&s@ée%@Qin@tf&dfoMHdn%%'fh
downstream port. A data nessage received from the

packqtp et datevicssgeniaon dhd segondarnbie teshe piimpiyrbuaof Sredvices PCI—to-

ror R T L PO P SR

associated wwth the address range. The svvltch 610 may

[0080] hen Aicgording td (ammbbtﬁa’rmmm:&g&ﬁl gloanayt d1so dﬁldiﬁ{tnsedegdb &
within an

ving an address ch does not_ fall
Forw g 4 OB s S B P Lt e ST gt SBPP RSB AR4 Exinsecond,
destlrﬁl‘ﬁbh%o@%é‘treahpggrg@fﬁﬂéﬁeﬁkl&g%(g t?@}%%@&@%@?&%m 1 qgic at

switch 610 may defi ne ‘base egl sters 1
the swigdhht duaesss destimption infohmatomuasseiaéd with dreueesiedd data message

or dofRERT VP Hilied B iR PR e 2P habe gt

e§|254 HEr0d 2 5B RBfido A Rrvafih D e a g fHdh ¢ _
e n enbodi nent of1 t he ﬁu|tlgﬁégl¥lte gg\/lélylt ch ng%%(’lttﬁﬂ

a
The spritgh 660 ay|then foevar thasteeeiy etidasatssiage or date hackstit thi
inveré%‘f}ff H&%ﬁe@ggx’{fﬁ&éaﬁl%%%%§4. However, this is merely an example of how a

switch may forward data packets or messages from a first downstream port to a second

downstream port, and embodiments of the present invention are not limited in this respect.

[0081] According to an embodiment, the switch 610 may comprise 2 memory to
maintain routing information in a routing table to forward data message or data packets to
a destination upstream port 622 or downstream port 624. For example, the switch 610
may comprise logic to build a look-up table to associate address ranges 654, 656 and 658
with respective downstream ports 624 in response to the enumeration procedure, and
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654, 656 and 658 (e.g., including base and limt

regi sters) for forwarding downstream 30 nessages to
woes@adaeicre downstream ports. According to an PCT/US2003/026245

enbodi nent, the enunmeration procedure may nodel each

downst ream nmessage address range for a downstream port
assocaate 1RO e@INAINAIdDES E612ePCTY WSO R GR4Hstream pert p83 sHowever,

. .ran for forwardi ng nessages f.roma prinar us

i G R BT YRR RSB A Bt PR o oo

data £1@EaBSNA Mt Yohclbts B ddsEnARNPDIHE @ATMBS dimeisOf kiR prigsent he

. enuneration procedure may al so nodel the union of the

inverdiowsse reldimiteskisdjeraspeitess ranges for all downstream
ports (e.g., the union of the address ranges 654, 656

nd 6% r - [ es

1008777 Gt T B8 ol A6 G Porh ARG o Sl A RR0

accoridGlg toenRGibodimety of 2 GnulfigoriHwirhchowh gFigorea8 and 9. In the
enbodi rent, the nulti-port switch illustrated with

illustradgdsfrapRAmER!> 2 RQFETSEN SR HHA!E B ERYREaIRrocedyTe to
alloc% \(f)?sro?i?éeh’ t@ﬁ?ﬁxé&&&ﬁ@ wARAhE SRitSPEERS Fredr nRpbPeNdevibadising

or war ownstream nessages fromthe upstream
Typeoartd BRR 1t configerationtransactonske istiatedde Chapter HobHihiedEI-to-PCl
anges for forwardi ng nessages from downstream

. addre :
Bnd%f’ggﬂeglsfs@ﬁﬁon'to the upstream port 622. Accordingly, the
switch 610 may forward data nessages or packets

[0083] eCeiAtdlockt302, ATVt EadiBubioh thddaction isi@itlapsitat @A Mp§edain port
622 if the received data rressage or. packet is

of a sgtebe st the ARl RIEPIiEBRY FRAVMGHPoaHgYaYen headsy dgmiifying a virtual
PCI—@%%(EFI?%%%? : gﬁélaelaﬁon S%Qed%@ ﬁlgeftﬁ&qggiawsugg@gs@@a may

I nver se* decodi for rwar ta 15
configarukieh srandacticdsaat theapagesn powmo ehengate additivyal kesiceolotited

o Jprimary bus of the virtual PCl-to- PCl bridge 620 as
behindf tha yesiream PRrtngptisroted ore {Syicesenples e S%Omg@réf bus of the
virtuaa-‘lm'-tfch)'-lg(?toﬂr%)e/) itl%@cﬁ:ms 766 AREMNEL 0f F o Ra@IRRFISTBI poftR€ the

SWtc also conprise logic to forward a data
switarehs@gemeratidapeocpdirk et bloelc @)omdy atitiate hiType 1donhguméemm
rt 624 to a.sec stination downstreamport 624
ansfifi (il § TS £ RensmedEEy PRl nT L PR NP BR DY domlitte
the dé@nétR@nS¥art §a GHUaIRDT-tdSTEC Ratal seboridafyBUFRIf it irtual PCI-
associated with the received data nessage or data

to-PJridee comespending avith the uptiwanm nestasi iHustTage id somtionrehdl.1 of
I f ress ranges 254, 256 and 258
thengﬁé-gg%%néflggggﬁgg%ﬁﬁg messages fromthe upstream port
622. The switch 610 may then forward the received

[0084]at a Tie sipstgeanoportimbg pfravidesd cdndighintion hesdes eleyti fdapate d
BN s TGN N
configlrafBa 83883 1ibk Afided dt bR kBN HLEAM AN the EfmferfHEONEcedure
may initiate a subsequent Type 1 configuration transaction at block 708 directed to a
device on the secondary bus of the virtual PCI-to-PCI bridge corresponding with the
downstream port (including a Type 1 to Type 1 forwarding) as illustrated in section
3.1.2.1.2 of the PCI-to-PCI Bridge Specification. In response to the Type 1 configuration
transaction initiated at block 710, the upstream port may provide a conﬁgurétion header

identifying the device coupled to the downstream port as a PCI device.
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downstream port, and enbodi nents of the present
invention are not limted in this respect. [0081]
wéeomroddsey to an enbodi nent, the switch 610 mapCT/US2003/026245
conprise a menory to mmintain routing information in
a routing table to forward data nessage or data
[0085pack etcsotding i@ aﬂ@mhodMand),rthm ﬁ!&l‘t(ﬂmﬂmmam logix2togrovide a

downst t For exann
configipIgB HERFL B 15 PEieEs B FdeHoPGuR i) Egirectt
transAtRAGhiHhRd3E HI08R 30¢ BAEE sip Sbthfordhlion AdbnfiBing Metdevice coupled to
respective downstream ports 624 in response to the
the dewostesant poh Perczennleethe device at thedowosir@ropgpmay transmit a

cons AR R TR B LR P i

then F@WanElhe cofifidFatich H¥ad&@lty tRrupeiedn bert O rdipomsa te ket dipe 1
may maintain routing. information to forward g[jag
&

conﬁmé@élag gngctiont Altpaaikels thosviidmmacqrerrisdegis
confi} ?g#l gg%téis gﬁfgﬁsf?%gg%}ﬁgwhg }Sg@ $ 198 Ctﬂ)‘?l% of tE cfe@ﬁe
receldechgrthérdm\k/hsﬂfehmq:ton'm dHewevern tine usaﬂnemiy epr Q)(aﬁllblﬂ‘ af how switch may
formac cordi ﬁ%ﬁaﬂﬂ? gga%gnptgdﬁb%g%epgg ghgvelccl%lqlr l %fd'ﬂ. (\fnge coupled to
a dowhR_di! ;{1%5’{ andeRbRfFERs BF t}@iﬁ%&m oYntionl atré ﬁ(‘it%rﬁ'ibd in this
enunerati on procedure to | ocat e resources
respeconmuni cate with the smntch 610 as one or nDre PO
devices using Type 0 and Type 1 configuration

rans i as illustrate -
ooy o sk 71 B e £l Sidsgs) o npertipe
messﬁ@éﬁ fréin TyePgpsttesn pbit @tuthatdeoi%et Ractsafinice bf addréssed may bel
an ug streamport. of a switch, and the u siream

repreg@n:t@d hapaseand rhﬁnhreg@m drfingdiebiheNpsiEraim PrenkqligyTing the

enmﬁérﬁt*olﬁﬁirocéj e ét% St 7@1 {hg&%%l 7-Eaeth%;§mﬁ fﬁa:y%e BiveRE Ut Sling to
may t tlaesu sequ configuration

forwhidanesaages dirvsn édswﬁslmeamqmrts ¢mthe ppstreanopen wordroat & first downstream
addi ti onal gevi ces lpcated 1

th
data g 0 § geegnd daPRGRRARPOT el es Y el 5t Pipaes (o Figure
For é(l%ﬁlg!}g BleYsvhieh iy ctom;)nsé’ 1d; r_g‘l@l%l exPrg&t b gﬁhf(ﬁfﬂaﬁ&? Froat 1nverse1y

706 through or each downstream port of
decotling thsaddress rarigee assnciated atithohe dowogrhamedata pastsde Kornpg routing

e RSy A0E  90  B h wbb R s

dowﬂ’d@&ﬁﬁl%% B Fhd ups@eh EBR bah Qestinafiol a¥RBitFeaMPaROrt as a
virtual PCl-to-PCl Dbridge on a secondary bus of the

virtual PCl 20 to-PCl bridge corresponding with
[008TIpst rWhile thera hagdeen illustrated el descrdadi Wi ar presendly foqﬁldered to

be e)lalﬂgnlg %B&ﬂnf ﬁs o@”ﬁﬂe e gl%ﬁtio‘ﬁa 'vﬂﬁ ‘be hﬂ@éﬁ% gz ;chose skilled in

tréam por rovide a Conti guration
the artdhaitwaﬁyum@hatnmomﬁcatlons may be made, and equivalents may be substituted,

without departing from the true scope of the invention. Additionally, many modifications

may be made to adapt a particular situation to the teachings of the present invention

- without departing from the central inventive concept described herein. Therefore, it is

intended that the present invention not be limited to the particular embodiments disclosed,
but that the invention include all embodiments falling within the scope of the appended

claims.
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associ ated downstream port as a PCl-to-PCl bridge in
response to the Type 1 configuration transaction
wonodsioatssel at bl ock 306. Accordingly, the enunmeCamisem3/026245
procedure 25 may initiate a subsequent Type 1
configuration transaction at block 708 directed to a
devi €. AWMShe secondary bus of the virtual PCl-to-PC
brh&%ﬁ. COLI €S onding with the downstream port
[ ﬁad pe 1 to Type 1 forwarding) as
|Ilustrated in section 3.1.2.1.2 of the PCl-to-PCl
Brl-dge Apeethed eqmpéng:| n response to the Type 1
configuration transaction initiated at block 710, the
upsteivbg apdata paviyt g aongless pogedfisgiicht i on header 30
identifying the device coupled to the downstream port
asinéidtal adBedlkeem operaiibh 30a4otibsAhHFeteivad 083 pAARE4nd
[ 0085] According to an enbodi nent, the switch

COofmRitheRing Rvardif: Ak RbREd ﬁata%‘a&iét %‘B@éﬁ Qé\vﬂ?&@ﬂ@ﬁc &a
the upstreamport in response to the Type 1

{

transﬁl?%d&%up%‘%ﬂ s T R e R
to the downstream port. For exanpl e, the device at

oPergio8- downstream port may transmit a 5 configuration
header to the switch identifying the device as a PCl
device. The switch may then forward the configuration
header to the upstream port in response to the Type 1
cahf i guTlad methotl péinkac lj the methddefurthén ocoedpyisirtgselestivdly h
may conprise logic to forma configuration based upon

transhiétia p fed foPRardee Bith hYdkROfOMEh O frafMiCqidB Gl F3psnseto 4 Rlid CRC
device received at the downstream port. However, this

ind1cht‘i"m¥'ﬁ51%'tMe Bk o how switch may 10 forma PC
configuration hea to "characterize a device or
function of a devi ce coupled to a downstream port,
and enbodi nents of the present invention are not
imted_in thi resp 86] At block, 710, th )
sv& ‘tch Wla@aoa QEclgip 2&@}@ H@Fh%ﬁégrﬁym@}ngfssk%\@y fgppping
rressa%es fromthe upstreamport to the device. Such a
the forgiagted sintaaphgkeldtwn thedtanpait qusug impgesponst tedniyvaiddeR@nd
limt registers defined at the upstream port.
indickibdd fomnrihe theeksummuparatidn. on procedure at bl ocks 702
through 712, the switch may use inverse decoding to
forward nessages from downstream ports to the upstream
port or froma first downstream data port to a
ond ' : |
af ﬂ?é"ﬁl%&& @?EIQ%? tﬂgﬁfetlﬁﬁi ﬂhﬁ&%@ﬁ%s@%ﬁ%ﬁ%ﬁﬂ%&x}puka

erence to gure or exanpl e

bRy B8 Gt D OB T A i

the downstream data ports to forma routin
from VY"le cqmecksum operation. P g

5. The method of claim 1, the method further comprising selecting the egress

port based upon a portion of the received data packet.

6. The method of claim 5, the method further comprising:
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table. The routing table may then be used to forward

data nessages froma source downstreamport to the
wapsiqoagsse port or a destinati on downstream por PCT[USRBZ 26245

Wiile there has been illustrated and descri bed what

are presently considered to be exanple enbodi nents of

t lagsoplatiag fie rcostest danpadket with b data pacids tygtedasedyponagretion

skilled in 25 the art that various other

of the TREHifd Lthd PAtkefiBY be made, and equival ents may be
substituted, w'thout departing fromthe true scope of

S TR p TR AL S0 R e

eachi ngs, of th esent. i nvention w thout departing
upon%}}ecﬁ%‘{"ll?ge%gﬂﬂ’%\‘f CF{Y\VSTﬂ“ldve concept described herein.
Therefore, it is intended that the present invention
5 néelepiing theiegiess pest based ppen the degtination HHP A0
di scl osed, 30 but that the invention include al
enbodi nents falling within the scope of the appended
clainms. 23 WD 2004/ 019562 PCT/ US2003/ 026245 CLAI M5
Wyat i sThelmaéthedlof dainile, the methba dneiseomptisigy: r ecei vi ng
a data packet at an ingress port of a switch; 5

| RLfebi@ld R eBresd K BANH P& Abhyica? RdRediGh tetedled &3 packet

recei ved dara packet; and <comencing forwardi ng the

with G RN fort ol REFYE ol PR RO Wl R e gt

to, conpletion of the checksum operation. 10 2. The

10 type; A hod of claim 1, the method further conprising
selectively transmtting the forwarded data packet
f selertingthe egresnipert hared 8poman idepidig @l asowrce af f sequretdata
i ndication fromthe checksum operation. 3. The nethod

packedif thé edcrivad dutagantedt iwabsdcintéherequestippmpleatign slefagatlel Gipe.

dropping 15 the forwarded data packet fromthe
transmt - queue in response to an invalid CRC
i ndication fromthe checksum operation. 4. The nethod

ofe cl ai . bk Lhserting a
paélgc':ket mer]{?%f‘?‘g"@%gﬁ t{lérﬂh%@l?ﬁe ?_or \Xgr gggmg'ata packet
s LlesRene s, LA PYALL 8o CRG I SRk The AT LR Bl
and

selectively forwarding the received data packet to the transmit queue based upon

the availability of the egress port.

20 9. A switch comprising:
a plurality of ports coupled to a switch fabric, at least one port comprising a
transmit queue;
a checksum circuit to execute a checksum operation on at least a portion of a data

packet received at an ingress port; and

25



10

15

20

25

5. The nmethod of claim1, the nethod further
conprising selecting the egress port based upon a
weoandioavsenf t he recei ved data packet. 25 6. ThecmeiSkwd026245
of claim5, the nethod further conprising: 24 WO
2004/ 019562 PCT/ US2003/ 026245 associ ating the
r ecloirwadingatinujde kemmgiceforvatding thewekeived 31%5@ phekstthrough the
upon a portion of the received data packet; extracting
switctl €srioatal teshsinitf quet@bf aneghese pora ppior to compdétidnhef the cecksh
dat a packet based upon the associ ated data packet
Opm%$6 and 5 selecting the egress port based upon the
stination information. 7. The method of cl aim 6,
the nethod further conprising: selecting the egress
port based upon a physical address in the received
dat a pagket res ort he rece ved dat
pakket i Selararit Sadren pEghest Pl IR s
type; and selecting the egress port based upon an
selectivrdy fransmait therfopvarded data packgt ﬁr@aab%tralwailhqueﬁs&@qume toa
the received data packet is associated a request
validdIR lireti ¢ avion devna theahkeltsumyoperatio.  The net hod of cl ai m
1, the nethod further conprising: 15 determ ning an
avai lability of the egress port to transmt the
recei ved data packet; and selectively forwarding the

regei Vgﬁil a@& hQﬂéfcﬁ?‘n qgowha%ntthéegﬂasstpcﬂv@&ﬁp&% Bsbidipon

the av |ty 0 e egress port . A switch

: r f 0 I
selecﬁ‘yi%? FE?P tg).? f?rgvggée% q?ag é) c%% Cogn n{_phrescrsa%grﬂﬁ q%gltlé f r@srﬁ%ﬁké t%t?a.n
. Queue;. a chec circuit to execute a checksum
m"ale@Rg'tlp aty ‘Pmlnfé‘“a%bce"]ésuﬁ’o?ﬁef%wnof a data packet
received at an ingress port; and 25 WO 2004/ 019562
PGT/ US2003/ 026245 a forwarding circuit to comrence
forwardi ng the received data packet through the switch
fal®i ¢ Tie switdhaofaidim 9 tiewevitch famthee gpmpssipgldgiptd insert opacket
conpl etion of the checksum
invalid symbol into the forwarded data packet in response to an invalid CRC indication

from the checksum operation.

13.  The switch of claim 9, wherein the forwarding circuit comprises logic to

select the egress port based upon a portion of the received data packet.

14.  The switch of claim 13, wherein the forwarding circuit further comprises:

logic to associate the received data packet with a data packet type based upon a
portion of the received data packet;

logic to extract destination information from a portion of the received data packet
based upon the associated data packet type; and

logic to select the egress port based upon the destination information.
26



operation. 5 10. The switch of claim9, wherein the

egress port conprises logic to selectively transmt
woOhesioasssar ded data packet fromthe transmt (BREUAISRO3/026245

response to a valid CRC indication fromthe checksum

operation. 11. The switch of claim 10, wherein the

egress port conprises logic to 10 selectively drop the

forwarded data packet fromthe transmt queue in

I §5p0NgLQiteh of Elﬁifﬁ‘llg,‘iv% iROiosRardRig difcaihfiffier comprises:

checksum operation. 12. The switch of claim9, the
it ¢ — . . _
R R b ST o R8Ol Bt sp R ol ARGt  (RPRKEed data
packe: BB AAETAICAL I 1 T4y RS IR h P g o Hitoe Pk G

the forwarding circuit conprises logic to select the
5 packebtppesandport based upon a portion of the received data
packet. 20 14. The switch of claim 13, wherein the
f dogiatalichet dierepuiss pbibhsedupow ap identfer ofl axgiurcetad a request data
associ ate the received data packet with a data packet
packé: YBe RASRE UR@DHadket RPAskdRReds rdqhestceppicvied daatpacket type.
packet; logic to extract destination information from
a portion of the received data packet based upon the
associ at ed data packet type; and 25 logic to sel ect

| iPor nalE o 26 SRt S0t Birgae o™ KRB AR g ppmoiges

The switch of clai 4, rein the forwardi CiJrcuit
10 f degints delempne %é‘.’aﬂaﬁ@& g‘p tiels egepHAt ?ﬁgﬂg@?ﬁéﬂ% TG F‘P data
based upon a physical address in the received data
packgtzarklet with the egress port if the received data
packet is associated with a request data 5 packet
t Mpsic tasddedtioglycfotward cheaeteitdiadatgparkst tpdhd trivssetiquepohased
an identifier of a source of a request data packet if

niRevhRERiiMest Hat@epapiet is associated a request
e conpl etion data %ﬁcket type. 16. The switch of claim

9, wherein the forwarding circuit further conprises:
10 logic to determne an availability of the egress
port to tr@nsnit t.he received data packet; and logic

15 t o ’sel ¢ SYNSPYOPBHHAEY t he received data packet to the

transmt queue based
a switch comprising:

a plurality of ports coupled to a switch fabric, at least one port comprising a
transmit queue;

a checksum circuit to execute a checksum operation on at least a portion of

20 a data packet received at an ingress port; and

a forwarding circuit to commence forwarding the received data packet
through the switch fabric to a transmit queue of an egress port prior to completion
of the checksum operation;
a host processing system coupled to an upstream port of the switch through a root

25  device; and
27
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upon the availability of the egress port. 15 17. A
systemconprising: a switch conprising: a plurality
woho@mes2coupled to a switch fabric, at | east PONASpP®BN26245
conprising a transmt queue; a checksumcircuit to
execute a checksum operation on at |east a portion of
2Oona od atcge perdkestconpled tw éelvistrean porig oEts spatcl; and a
forwarding circuit to conmence forwarding the received
data packet through the switch fabric to a transmt
gueue of an egress port prior to conpletion of the
chgcks eos?f% | QD QbreRI Bi6 @5k Ford YSihiides Wkt A
tgl%gn afp}lst ea?nltdp%lmglfﬁt he switc tﬂl?%ugh gﬁé}og?gi 25
eyi ce: a 4 4
sl sl hedbo G A Rl AR AREO B RopReto
.swtch, 18. The_ systemof claim17, wherein the egress
Vahdéﬁé mdiatien fom Thﬁﬁﬁ&lsﬁm oggqagglg.i vely transnmit the
forwarded data packet fromthe transmt queue in
response to a 5 valid CRCindication fromthe
checksum operation. 19. The system of claim 18,
whigx, ei rThdsystegr efsdaipol, wherepr ths @grasoport comprises logic to
sel ectively drop the forwarded data packet fromthe

selectiV@ 8ript the ierded dagspeRadronotheirankmitaubge GREsponse to an
i ndi cation fromthe checksum operation. 10 20. The

inval}YERE qh&i@atﬁnaﬁréﬁ %lge chBERS Jbeifﬂf%n.SWi tch further

conprises logic I nsert "a packet invalid synbol
into the forwarded data packet in response to an
invalid CRC indication fromthe checksum operati on.
15 21. The syste aim 17 V\,herﬁi n .t he for.vvardi.n%

of

ci ¥k ui t TR l?lg’gfe whgreiny fhe suritop furthey Sauptizes lpeic

based upon a portion of the received data packet. 22.
inserThpackgtinsatichsynehdiinte fe fopwnsfed date peckebingasnemprytodniayalid

further conprises: logic to associate the received
CRCdadisatipackenth tivd ¢Heclesutladergimoket t ype based upon a 20

portion of the received data packet;

21.  The system of claim 17, wherein the forwarding circuit comprises logic to

select the egress port based upon a portion of the received data packet.

22.  The system of claim 22, wherein the forwarding circuit further comprises:

logic to associate the received data packet with a data packet type based upon a
portion of the received data packet;

logic to extract destination information from a portion of the received data packet
based upon the associated data packet type; and

logic to select the egress port based upon the destination information.

23.  The system of claim 22, wherein the forwarding circuit further comprises:
28
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° upong]éqﬁﬂaggbﬂiw of§

logic to extract destination information froma
portion of the received data packet based upon the
wazsamigtced data packet type; and |ogic to sel ecr/ushm3/026245

egress port based upon the destination information. 25
23. The systemof claim 22, wherein the forwarding
cilogiaita selast themgrase pprt based upoi2 8 physicxd eddregsinghe received data
PCT/ US2003/ 026245 logic to select the egress port

packd@E@dhépaassepopiiy Heaateiveitiatsmacket is hesocietediwitida thanest data
packet wmth the egress port if the received data

packd? ejnd S associated with a request data packet type;
and logic to select the egress port based upon an
identifier. af f : '
t O 45 Bl 0 ot Pt Do, BENERL DR sorb R RShaleht deta
conpl etion_data packet type 24. The system of claim

packe} 31 ey PP IR 2eR5T izesn o s feduesl SPrupleeh g parkd e
logic to determne an availability of the egress port
to transnmt the received data packet; and 10 logic to
sel ectively forward the received data packet to the

24. t rErsysttmafelsmids etiereimtha foriverdnvacirait fuither eimprises:
egress port. 25. The systemof claim 17, wherein the
SVbgi6 ko €QBMihE 88 avABbLity 6f tREBEBESp It trapseitahe fecoifveddata
PCl-to-PCl bridge in response to receipt of a

packc%oe{hfdi guration request packet at 15 the upstream port.
6. The systemof claim 17, wherein at |east one

AL AT B A s

laim.17 V\,heﬁei n at | east one downstream port is
SHHPIS R&nput er systeminterface. 28. The

system of claim 17, wherein at | east one downstream
port is coupled to an Ethernet controller. 25 29 WO
2004/ 019562 PCT/ US2003/ 026245 29. The system of claim
175. whelteisystatn d fedsiin 1 6yvehateintist svatoin qoorptriseslogmup lesuilatothe
a Fi berchannel interface.

presence of a PCI-to-PCI bridge in response to receipt of a configuration request packet at

the upstream port.

26.  The system of claim 17, wherein at least one downstream port is coupled to

an of the devices comprises a graphics controller.

27.  The system of claim 17, wherein at least one downstream port is coupled to

a small computer system interface.

28.  The system of claim 17, wherein at least one downstream port is coupled to

an Ethernet controller.

29
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30. The systemof claim 17, wherein at |east one
downstream port is coupled to 5 a serial ATA device.
wW0Q004/019562 PCT/US2003/026245

29.  The system of claim 17, wherein at least one downstream port is coupled to

a Fiberchannel interface.

30.  The system of claim 17, wherein at least one downstream port is coupled to

a serial ATA device.
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