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W2 aAR4L1 9562 PCTI US2003/ 026245 Store and For i
Devi ce, System and Met hod CROSS REFERENCE TO R Ei%’ég%}“%‘s

APPL| CATI ON [ 0001] The subject matter disclosed herein
relates to copending U S. Patent Appl. Nos. 5.
10/ 00 5 ivh € Ny NQV: 2. 2001, 09/997 441 .fil ed
on NoYLHEcn e SR Befice Bihtam pcbiacting oo
2001, and 10/041, 040, filed on Decenber 28, 2001.
BACKGROUND Fi el d: 10 [0002] The subject matter disclosed
herein relates to the transm ssion of data packets. In
j ' t ' sed herein rel ates
CR(F@é H!IWQ?@N@ ﬁ%ﬁ%m%ﬂ&i&ﬁce devices to
destination devices. Information: [0003] Processing

[000ny! at foHdBubjexPinefdr! discfexa® hb%e R1NSSh cB{;éiﬁﬁ@%:UfBJ Faient AFbl. Nos.
heral™ 15 devices and an |/ O system that enabl eS

eri
10/ 05@ rfilecon Dovirabande 0P AVENT et 1n Bledear Noventher B8s2001,

i st em e i evi ces. C 10
10080 62 o4 8 DS bae 0 e e aRe LOBAE AR, SR b Reqmbipe o
standard 1/O architectures such as, for exanple, the
peri pheral conponents interconnect (PCl} architecture
according to the PCl Local Bus Specification, Rev. 2.2,
8, 1998, or PCl Express Base Specification,
BA(BE;W§P1JUW 15, 2002, 20 pronoted by the PCl Speci al
I nterest Group. [0004] A conmunication system may
Field:ransmit nessages or data packets between devices
coupl ed by links according to a data link |ayer protocol.

n such a syste a .deyice.may transnmt nessage r data
10007 ot S Gooiiohl i Teiptess Aoy CepsU T GURt oL IR R
In paaiédlf) the BiBjceVikied? didcldsed Ybrefifdel Hes!t6 $8tw4RdiE AAAGRASKAS from

dat a_packet's froma 25 source device at an rngress port
souregrdpviass imAestinpléondeyirgges or data packets to a destination

devi ce through an egress port. Prior to forwarding a

h&{g@;ﬁ%‘/ed nessage or data packet, 1 0 WO 2004/ 019562

52003/ 026245 however, the switch typically perforns
a checksum operation on a portion of the received

[0003Tes s Ryecaasing platfopaciypicatly conprisea hbst pradesgng systeh, gefipheral

.recei ve(illooacket . Such. a checksum
devices and an I/O system that enables communication between processes hosted on the

host processing system and the peripheral devices. Such an /O system is typically formed
according to one or more standard I/O architectures such as, for example, the periphezal
components interconmect (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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woPRbahiolk: typically introduces latencies in the S -
of forwarding the nessage or data packet from tpﬁéplgsgé?:"éo@&%

device to the destination device. 5 BRI EF DESCRI PTI ON OF

howev: R@Styb NoRad 4 bidd 'q‘?)ﬁ{:@ﬁ, i
" eﬁ%&% %ﬂt S O%Q?ﬁ é epr esée%@%c%\%gﬁﬁ%%ﬂﬁ%ﬁl ggsgrﬂ?ebreegeww

message 9 dags packatle ansurctibe indtdrowiof ghef regeived pacitedr Sirch & checksum

: er. { ' t [ hout th
operaliB HyrReRy BUIBL AT o ot Be pddiSe BRI aldihE YR R gyt aaca
packefFifipum ¢helsoghmmdevicesolisnddstinatibradedoe.of a processi ng

pl atform according to an enbodi nent of the present

i nvention. 100071 Figure 2 shows a schematic diagram of a

processing platformaccording to an alternative

enbodi nent of the present invention. [00081 Figure 3
BRIEH BRSGRERCFEONQF THEJIGHRESa portion of a swtch

according to 15 enbodi nents of the present invention

[0005]2 ][‘ Og@qéinﬂlilﬁitﬁig(ﬁﬁ Jon%&a&tivk%%hﬁh%% g);f ;crhéé rﬁﬁég%@ﬁ %Iﬁ/ee;lﬁgg%ﬂ be

[ data packet according to an e
describgil tveifh wierancd to the ultevigg fig00s0heieguliks rdRcacminiBembontear to
. ' ' ] racess to forward a data
like p%%\[gﬁ[g? h?%%ﬂ%\é##}%trsggé}eg%s? g&fg%ésgrs gcslgb rt accordi ng
to an enbodi ment of the switch 20 shown in Figure 3.
[0006] 001Figurs §shews 6 Achdmatigghagt EmsHovpiooessatespladormaagacdie to an
?@Qﬁr ' . l.ngress port according to an
embo?ﬂ ter r?gﬁll?&vlgﬁeéeﬁﬁgcl)%}eﬁgn' of the switch shown in Figure 3.
00121 Fi gure 7 shows a flow diagramillustrating a
[0007hr oc Eigiire & showsaschanaigidaapaniadta pocessinarlatfomesesopding t¢ en
ltern3 eSS %‘nﬁ& | : enbodi ment of the data
: Brnpa‘c’:ket g eggfe?%%gﬁ%%"%& I'gures 6A through 6E. 2 WO
2004/ 019562 PCTI US2003/ 026245 [ 0013] Fi ?ure_8 shows a
[0008) c he Figre 3 ghelys anshrapmbicbagstmapiimpartiop of & swifich epcording to
bolERERS SR QRN Linvenddd sHBYS, 19t cording to an
e oenbggi nent tplcr)f ?ﬁevsv&f)t csﬁl S oamﬂlg%%yli%g?gs 3. [0014]
- Figure 9 shows a schenmatic di agram illustrating the
10009k or nEiguen4 shows p Sermiah §f 2 Jatagscketiacepndingiordy smalddiment of the

switcll SREL th Relress ranges for transmtting downstream

[0010] Figures SA 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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wiEe88@8,2nd i nversely decoding for upstreamroutin
according to an enbodi ment of the nulti-port SWFT@ﬁZMBKnams

shown in Figure 8. [0015] Figure 10 shows a flow di agram

[0013) | | UStdiRb BREOAS 2 QBBIRARLdiftaR 1RSS5 8g 8E8 ahi B it
nbodﬁ%gﬁt of the nultl-p%?t switch gshovvn fﬁﬁhl gur e 33'10

repremmcmﬁ adﬁéﬁﬂrwmrf BEPPEINRET @ @ﬁbedmlé a§ ﬂmmtqhu shown in
igurepgCi fication to "one enbodinent” or "an enbodi nent”
means that a particular feature, structure, or
characteristic described_in- connection with the ,
(00148 o e Shaws AeFhREG diagiam) SFatingdhe RIGHHIPEIRE 2GPuting
table HoRSE EBminE‘gDhBM SPHLed Z@a&%ss fﬁjgg PRanaNGESs Ahwh aBpr ase
in one enbodi nent" or iment” In %arlous aces
messages ¢0d iroiprseiy iigcoglpmor iup%ttaamroatleg Aotordiggds garemtgpdanbnt of the
{. enbodi nent. Furthernore, the
nmﬂnaﬁ&F§£ﬁ r%gg% ur S, Structures, or characteristics nay
conmbi ned in one or nore enbodi ments. [0017]
[0015} l\/ac Rigwee 1@ shieiw$ @ flokndingrant illosizating anefnenrazelieropieeessiagcording
to an b3 SR 8¢ RRREREH AR SwitAPHIMER 1BY e _understood by one
nore machi nes r pertformng ong or nore |ogica
operations. For exanple, nachine-readable instructions
may conprise instructions which are interpretable by a
processor conpiler for executing one or nore operations
DET@mLEnﬁDEg(gﬁ@ﬁgcﬁata obj ects. However, this is nerely an
exanp e of nmachi ne-readabl e instructions and enbodi nments

the present invention are not linmted in this respect.
E0016h5 [%@fﬂoewh@tﬂ%ﬁaamﬂm@aﬂa NP EMpPadigiGrdqok Bhher ei n

embofRh&H®fchfs ﬂﬁﬂh@aﬁ@ﬁﬁ? kem@E, sthRhiE A thRhcRFREE %%é&ﬁy%d in
whi ch are percei vabl é@pne or nore machi nes.

cormeslighyith thg embedinen i lffr watrded & adeash enaEpbe ém«mt@é ﬂmxre@@nt
invenfiBA. eTﬁﬁQ rtﬁ&%:;%%i’dn@@ssoif iRé Fﬁ[taQé "‘ﬁgmgae'i:@oo‘aﬁmﬁnt” r “an embodiment”

machi ne-r ea l e Instructions. Such storage evi ces may
in varg@ylacss ﬂ@fptlglmlt thifgppeéfidation arean@ naGra@0ly/ DIBFBRIng to the same

emboﬁ’ﬁ:ﬂ-é ltJS%gQﬁé quicﬁ fléﬁ%ggéag:ﬁgtllu?e Ep?g%\.‘%ten%nﬁﬁaﬁe

exanp |ne r um an
combmn?donhonentmom em1hed1m®$ent invention are not limted in
this respect. [0019] "Logic" as referred to herein

foo17] ©! 2ecfifoSEAdIEIM ril?st{u%{io#e:{sfrgfegeQQO R0l RL eipgggsfo%s
perations. For exanple, TogiC may C ise Ccirc
WthhNhlB—E e pndeisted byrmmeanr maye erashines [ﬁmltpesfogmailgoﬂm&elﬂompbglcal

operafififs. Hor'tRbh it Rcn e HARd e RUGTerink Slyf dofn TR 1S QMRS vhiich

are 1nterpretable 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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t hi ne which receives a digital input and provides
W§5@14&1§%§ output, or circuitry which provides BREU§P003/026245
nore anal og output signals in response to one or nore

i BB RS SR8 s e B P AR g

medmm mth&hbodmbmf the pessehiiatvémidnviré RopliotRdsh figs eéshesti try
to execute such nachine 1 o executabl e instructions
|.es . of tru t ur.es

| :
15 R R o TR AT IEeoBF OH BT ER pBe of more
logical npentiomn ]arreexaﬁtplé ilogit achyi comiphias eirceitneshich gro0ided ot or more

"gr oqeﬁsi gﬂl stent’ as di scussed %gr ein relates to a.
OWPUEFEAHRRICGIPER ONF 4F FRALF SRR ERYFT wEFl CREWERRY cogprise a finite
state BAHATENvh A BEEI G DEicahl PP andFRbPided R WBMEN ouldth Sor diuitry

merel y an exanple of a processing system and enbodi rrents
whichgyroyidgs PReSEmOrs AR wetnuta%mi%inrr@quusmt@ et op mog¢ gnalog input
signalk. emcio%l a@%&n LRSS in Jt s{o%g ahf gﬁ{iﬁhé‘

rel at es roceSS|ng systen1 iC
readalple madHire ap eombmnan Vit propessial C@l@mtmetd e:@@ute mla mchmea

e n

exceulfld RRSS lond Yoy, B 8Bl of b 4R i ey

providsrlogie swid regntsyidments offidwewesent trivesidom e e lahifedinahpdeasspebis.
a host processing system and peripheral device, and

| [Oozglleang kBRIYCSiRS C)z %ﬁ%@&%{ﬁssé@%&&h‘ Rlhtesdd aa&ﬁsfqer hti &{ g% t ed

n these respe ta bus™ as re
hardwaesr asidrsoifievage essourses foragicemylishing Wraplsuatlbmﬂrtgsldat ﬁowever this

is melggia‘g{e%%{x@gé h?g oce?srmpg g&%ﬁ% ngg&?ré rl#sz ﬁgﬁ%{e pr se.n HlérF%ﬁmn are

not limided inghisHespeetr A ‘hhstprosessing eys;telaﬁ ae xefiepked ta helrem relates to a

inventi an e .not. ed i,n
proceSIRAVRT by ot BF aRESEFR copifRC LG Vil £ PRliohesdsice! For
examl:ﬂaraep ampﬂiei'eétdemcé maBprovide igaits @oMretsiee ougand £6& Soippliedion
roced atg (}ﬁi} ture wherein 02—16 devi etrgnsm s data
process harie ¢ BORHRROCHREE SHREPC S PHP ST oTHE S R PaPlRsf 2
host pfddesta)g dystqantahd patiphableddvird, 41 fabedithdned 6f @ préent invention
rcuitry to transmt data to or receive data froma
aremﬂ’ éfe@ﬁr‘??Ba?ﬁm For exanple, a port may conprise
circuitry to transmt data to or receive data froma
[oozm r ans flilstaibas” aeabifetreddRdRrdh Rdato t@cﬂ@hﬁyﬁbﬂﬁ&ﬁﬂrﬁl&hﬂgﬁa‘ﬂa WO
betw 84/ 019562 PCT/ 82003/ 026245 prot, o%%i However, this is
ctwegmh et L EARYPLS: B0at S mayAFARSBHb IR RERY 2en hash processing

systenP5iRBEL érl ﬁ&ﬂl&[&vi&n I%@e%?tthis'lﬂhk@éiy'aﬁ dxBip1d 8PERbodiments of
0023 ‘ingress" port as referred to herein relates to

the Pr%e%wel%ttm 26 aoy Emlgd an thigrespect+ Aot tEasisastiond dis gefierred to
heremq'gl?.%% géé Bf ikRrRR berddeaMR St DI A LEX sirfRurc §HES] 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 fo or receive data from a transmission medium according to a data transmission
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wézﬁ@f/ﬁ tgd to herein relates to a port to transmt data
rougﬁ transnission nediumtoward a desti nalgq:wszoosmzsza

Hovvever these are nerely exanples of an ingress and

o B3R i Ml ATRCEL RO 3Bk BRI

mven'a@na@fn@thweﬂonﬂmeqsnecrtel ates to a unit of data that may
be transmtted to a destination according to a data

o0t | SR RRLEL, PERLEE Gk B BanRkS o Ttre SOUDL i fom
transipiesion mdmy acesmiing de a d@t&tt@mtru@ampmhmm i 4nt’ ‘ccngtass port as

S e e D
referrgc{ %ﬁ?e%% ?e&?%s ‘fflor%ﬁ {]t 31‘[ %{1 tﬁr Hg@ qumor&%)ﬁﬁlrl.lal toward
a destumflon nHbiwevers thehe ars, mémty exaniiteof andﬁgfdsm ahd egress port, and

Howev this an exanpl e of a
embo eg{sr%gh%?re W@&Pﬁﬁ%’?%t IB’Flten“f ST nvention are
not limted in this respect. 15 [0025] An egress port nay

[0024]be aA $'dath phelcktNad fefa-red tfodieseih relgige el vhil ofidatathdaihnady be
C S, to Lransmt. to a . transm ssjon nedi mthrough t he
transrEd L fost Pt Faing fo & Riad e RRIon MOTeL rats Backet may
compﬂﬁrﬁ)‘l‘hé:a&ﬁ” %@ﬂitﬁfﬁﬂdad DayEdaar @ofltind The bAMbhE BoftRn may comprise
ssion over the transnjssion nmediumaccording to a

conter i Brs S BIOSRSSHH Sy dcdsstingdigneyiseia suppart af an pppligation

The héidRHBortiBY nite ddndptssdidohadl tlfkx@issibn ARCIEEH, ?&8@&9{1513 a%%ﬁéa&gl
to ordering rules, 20 However, this is nerely an exanple

informptiog.”t Hawskes e mcrshoe o feht dagmacket andegabgdiments of

the pregeﬁﬁme&{bnairs nBPhimbitedid 86 tedpddpi s respect. or [0026] A
swtch" as referred to hereln relates to circuitry and
logic to forward received data to one or nore

[0025] e 5 tATh SEPETROTE 1@V bsaspqsiated withy “tansmihaveBahid sfaregdata packets

to trarRbdi 18lal thdbs N si ROHESuAGrd 2 the Eé’regsoﬁc\(i@r 4 @Q{sﬁuf &l‘f&ie\ﬂ'ﬁgy Bé

an ingress port to an egress port ‘based upon
formeddiom p memsny ito sesusatialbnstaresdts foraditod for tt%lm%’m oeaf the
tranan@aﬁéh m'é@l‘ﬁﬁi’%oorélﬂ,‘g %o h afiBEmEMiRdn 5L D, p{%cﬁ%tu‘fg and
nbodi nents of present 1 nvention are not ‘lTimted
tfansmlhqlseue m@d@tﬁranspouﬁ thrapgh améegressportofosprding tootderieg nrules
C Vee c
Howegéjf ﬁﬁfﬁl Ik @n%yéypr ﬁl ga {60 % mf]%eu%g‘hﬁt&g%onnu %ni:ga%¥%%8resent
inventyst ave ent imited @vibéerespert.30 either unidirectionally or
bi-directionally. Being [imted to transmtting data
bet wee P | ts,
1002612 S PRPAHR g et SR AT AR S R R G Ip Rl
recewpqh d€p eqnqucplt mogf dea:tidatmss 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
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nformation. However, these are nmerely exanples of a
Wéé&?%ﬁ%‘#nk and enbodi nents of the present invBRT{USAM0F/086245

not limted in this respect. [0028] "Routing information"

. .as referred to herei.n relates.to data, assocjating 5
pointG3 o Tk G, Be Rt e e e RedeesindEpaentn g afgres
informeatiamp |However,lhedel 4t nieddly @k afpies| TokseribPlikiaRhE em®BYiments of the

caonprise routing. ipforpation to associ ate destination
preseqt i Pia?rf"?tﬂ“’é“%fg’tnaﬂ“sﬁﬁmé‘éf- with a physical destination

(e.g., a port of a switch or device coupled to a port of
[0028]a stRduwtink infdem@iien’; ad RE&eedioth iEh Slite8 %@ ARla8Ss iUt | Ng

. ipforpation, .a routi t.abl e and 1 ook up table, an
destingieg idrenes wih RO Cpk SR bRRIFTH ARy 5 AMBIoe & tEquting; febled of ook
up tablldasgy EREPEH Buiihf iﬁfgﬁﬁgdimﬁosa@{g&&&e NRYtIeR fih&&n%ﬁégggﬁ Ghea

fabric" providing circuitry and logic to or war

packehwithaahypisrh destipgiondessmt port af swiiteh of dbvice crugled twppbgefa
switcH)O Hdwdver, MRk dnfirelJ @k AnPRS K Todtieah¥ 5 Hha20n 2 rdullfs%35%e and

port to an egress port 1 n response to destinatlon
look upriplele nand eseb eilimenisat de mics¢nt tilmeentign essnpidithited\irs thiebetespays.
al so conprise a "forwarding circuit”" to initiate the
0029)f O VREAIBI R Rniiaeivedida i 1% '
[ ]f abri g to anfy15 eigfseés port tf??ﬁ%?s&g{’dﬁg %v%gg?ia%}gﬁt@%gto
forwagdiaiz hefieempotter Ferenapinde, asvwitshwibdt mepyoéarapriige logig to forward a

' . ' ' ' e} L th tti.cul ar
osa pESSSREES o B 34 L%, LALELHRS LRI o RSGLEH, o
mfornmgiipn apwweiatad withchgberedsepati Acwifchhnaxalso compripantfaulaading
PSP - v t hes e re exanpl a
cironitS 30 ot B forw HEMRY 61 o rock R BRERE Mo A R fbre an
egressqiortt indapydagemt ddstinatitin inforarationoFok exarhpld, b BorwhiRdlg circuit may
. ects,. 20 [.0Q30] ,An ".enuneratijon procedure” as
assooif 83 A Srip it intyilar O s PfeB it Belee SOC il tnfRisaney
forwandiigrefthe ngeb)edidam paked the@adhetht e&@UR E&FiE0aht bAdicular egress
rocesses hosted gon the processing

ommuni cati on bet ween q [ 2SS,
port. HOUPUH B HEMTEY ComplietPhtmsieh Rhie gaafpriwiing circut, and

embodi@iifRlof thefite il iBFetibR Brdh RS BMhald ReRlcEs. dat a buffers
in a systemnenory of a processing systemfor

transnltting data to, or, rec ivhgg dat.a from devi ces

[0030] cou p”r.ré FBe: ﬂlqry %Oﬁgdlg?’.’s . eIyg t(g., heéeﬁné*ﬁ RS AQ Ribgpcess
controlle@ b d piccebiig Y Gemitbiallbédte Z&odR¥%E 68V @nSmARichién between
g%gfe33|n system correspondi ng with devices coupled to
proces Skeg °_§3§? BHYCRBRR Tt and e vicss eoynled foaelGhpistem. oforan
exampld) UiRHRLEARARERIY Fy AT ST RAR BBALS 1Ph sirsgén %@g%ﬁio& a

invention are not limted in these respects.
processigg systefifa rapsopittinsdaie foor regsiving datz Swm detiessetquptesl tatae /0

systerr. CARD, £V 6indr i Alprod B WIRS AL BRGALRCRINLSul2rEly BEA1 ©

4 resources to a ‘%g@‘u"c e coup eﬁg(lt’ %Htéﬁg%tcgev 1t Sdnarrersa?xﬁ %‘g ate 6
procesy\gg 3904 @easaRonding 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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wBGhhAR933/ 026245 resources to a device functiop, A _
conft i gu?%ti on transacti on may provide informati bhTU523/026245
processing systemidentifying a device or device function
resourb6s RNARLEARhOER, | RRoffi hRHOH WGeRSuctibf r[fzg)eprg?i\ﬁ'e(fﬁfo?ﬁlaﬁ
device function. However, this Is nerely "an exanple o
procesgu Sygiennideniitying adevet Podednel funetionl inensble dlocetien pf essemtces

to the igﬁx\/igg '61' gi&g%f %mg&tm l hwr?ggr, :tl?is tgé1 | reli}zgtgg)?]aﬁnlipglg ok?li%gﬁ%igﬁ‘i%ﬁon

?n go a

unera rocedure nirtiare ara
transattiemsmtémbonlitmgnistof dinspies¢ntrigventioaand hedimitddin thisessdct,
addressed to a device or device function. For exanple,

an e ' rocedur . nitiake a.bus trapsaction
1003212 S0 S B BREARY i s R unt kB BR %Y
transmittirtg at@négoatibn gequast’ addtesanbmot deotice @ devicedahaion. For

rresources to co nicate with he targeted devi or
examplE A% CUerAHon OCAENEY TRIHRL § RUS SRR on Adtirsisd it targgted
devicetorciuvideQunétionon ihigigteestordighreidiogiieaich ©fallobste RERTSEs to

i nvention are not jmted [n this respect. [0033]

| ]
commirya e vl hejtgrgelcd dguice oxdeyvicedppctiony Jlavesver Hils & mewdy i
exampl@ba BERLARTbrMqlest A8Y bAfbodinéRS BRI Priln@inG Ot dPhtealol ON
. . request. For exanple, a device may provide a
Limite ghtigigeRact-on header as formatted data conprising data
fields with information identifying 15 the devi ce and/or

[0033]" €S OWlokEighRdioh hesmat §s RifcRBE tdkerBRr8latddN6 Hh@FoPldel BS a
device in respgnse . to a request. However, this is nerely

. P . .
devicedf TesPRRT © BfondleuBiongaASt oROheRIBHe driifviceBRaPIRside? of
confighPfioR R as FEiRiel MatAE SnpP@ling bt trRMs v m%nﬁﬁftﬁfﬁtenﬁgling
[00341 A "system bus" as referred-to herein relates to
the deyige anifgsrespilrge prayensiye! eipsaraneredpstiong of redignies in response
to a refESRUHBS VA tfls RTRERRSAN B AL OFa cﬁﬂﬁgﬁ%ﬁmh&de?aﬁ stem
"bus 20 may conprise a data bus to couple a centra
embodimgais oS ithrgprasant veppn arringtdimiterbimshis redpeet. processi ng
system However, this is nerely an exanple of a system
{o0341bus _&n%rsféi‘ipﬁﬁié.’%ri&ﬁrre@fto HRRIREENENMo 4 AULBLL Bl ?fo%egb‘?ﬁ
limted in this respect. [0035] A "bridge" as referred to
systemheaupiling herdarase resguiees efip prgcessing syitem c Baptednijes aexsten bus
ey <Ay B 06 e JBER S8 TP R4 BB IS ot
procesgingreybtem. Haowevtgehrsay nerellyl @ etavipdest ¢ systantun andembodintents
. ' . tocol native to the data
of the glfjegaljta%%@glr}?‘%C%tghﬁige&n%r@fss{eg ecg'x anple of a bridge and
enbodi nents of the present invention are not limted in
[0035]t hi A reridrsC tas r¢fonedlo Rerbin rhiptenteycidgaityowdbgid cbopked between a
essi "l " Sugh bri dge
daa oY SREFE YA Y NN, GO0V ey By S e
the devie¢sndénr exrapB)a briddg aayrshatibvdavecss tocphednicate with a data bus
accord§1§gct%nad}%rc>¥ocgyr?eitivpe‘ § redcllapcg |b¥1§. O%GQEII', qgse isrrrg ,reiyr gnn g)r;nalltlple ofa

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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WZ) &Om&% 204/ 01962 PCT/ 1JS2003/ 02624 data from devi ces ~
coupl'ed to the secondary bus toward the process{Ffd/E328PHIR6245
through the primary bus. Simlarly, the bridge may

] ' f.r t he prpgessi ng.system . .on t
d
o B 81 AL KB 16 LR RSB} S Mo e
primarphay.e Bimildrbs ehedniigeansy yransenia dplaascaivedfromehy pasubssing system

seconda busses coupl o a brj dge, d enmbodi nents of
on th RERBFIEN BHRIRR: SRR o8 shemaaniiis ey STao s e ndrely
examp RS pdplitmary 86Bsgcoliark ®aksebicb@sled t@s biidbednddknifodifiefisbf the

relates to a bridge. coupled between a system bus and an
preseqy R VERLGnATe np mﬁ%‘iﬁb&’@?e ESPYeY bri dge may enabl e

communi cati on between a hardware resources of a

[0037Pr OC @S Hio3Pbiidit’ anr&enpd esdhé@intre S 180 cUMApRITDreen a
re devi coupled to a hub or second data bus.
Syste \FBY an;ifeﬁ?

anilffy I nEPRFNATRINC.beRs PEdEe may epahlstongpiaigation
betweith RFRQdleTeRuscRlbrh o&%ﬁf@ BistbRVRpblddo %rs"}st][éﬁ{ bid é{%&o &5k or

in this respect. [0038] root device" as referred
more Heyisphcoupled s hup o sgeqnd-date bus.r Hawwver, s is mpeslyiee axample of

a hostPREES /AN boiRh &N ﬂg th ! eéeﬁpﬁt‘/gﬁﬂéup Be Ak ﬁl@iteﬁyi?xtetgi%rg%égh

a root device may conprise circuitry coup
tem bus_of a processing systemto transmt data

(0038 a¢ wéeToph drvisss as refesed ip bmeinelaprsce asisving te yrneamitaing
beme%‘g\a %géesgﬁgeyﬁantaga% mﬁ@/aﬁahgpp% %?st@nﬁ Quch 4 Bt d&@ﬁg ﬁfag

[ npri Se”a host bridge cou g"such a s=ystem
comprishyle girewityy copdordicer systémh dus of aprasiegsing sustemysb érapsmit data
[ S nt ng.i [e
e 89020 ATl U S GO 56
Also, eoopt de¥iccomay propessa hopt byidge notglinpach a siystem biesvioddO atevices.

! r rt" and _coupl ed to .ot her,.devic t hr ough
moweRl, GHTECEATHEE ot SR B e ek et
invenfieh weennitlingiedtinh éis despiectes and t he processing system Such

a switch may also transmt data between the other

evi ges,:1 hr Y 0 treamports. ver,
mﬂﬂfhes% %P{eéﬂr?gr e ygog%zeﬁ&:p{oeas&g? esgn%us § ane%rrr?Lt%r% mg%g%‘éme at an
“upstigomsirt emuth qoapkd tanther davioeh thenigh wfe driveorer dsembiream ports™ to

invention are not limted t hese .respects., [0040].
transrbf YR 6Pl e B e Bhe o BeprieSuhs ShTah: Sythersahih may
also traabmitaRid Bet@edeihe othdidesiced hré@iDicRpsb vk dBwalis A podtal a
o i n dat a trag)z?m Ssi onﬂgessa e. At a receiving point for

OWeVHR TGS 3¢ MR hFALRIRS %‘g‘a&gﬁea%l perbenst ¢ Avpnstiease Ratinmd
embo@ipdaé o Oihe PoéeREnPEtoA #B doiimed F¥aetOrdspelitgat e the
reliability of digital data in a received data

onanly TSGR MRS 0, TRVBMEL IS LS el o0 X,
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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wh3hs8ss on froma CRC, and enbodi ments of the presen
invention are not limited in 30 these respects. % @ﬁ?mﬁﬂnﬁzﬁ

2004/ 019562 PCTI US2003/ 026245 [0041] Briefly, an
[0041]enboﬁh@ﬁ3ntanq;mﬁdaﬁn&ﬁ%ﬁﬂé ﬁeEé&ﬂ%éfe%oh% 8&&3& &,g' EQitdh

switch <onprising a pl orts Brwar di i ng
COMPpRFipg aupﬂvralrwéﬁm’rmw R rfgrvmrdm Ctlrcmiy Thedmvendimgf dronmmang

‘ comnﬁﬁ&@fo?@ﬁhﬁﬁ%détﬁgg&lé& fr a%%ﬁ oxItQhr ugl-t] 1a 1’%\%% th t%brl ¢

trans ueue an e por rior
transngip Apdustdfom agiesa poti @ciks tmumpp]e&bn oﬁ a chl&n&eumrqpeﬁaﬁdn Sowever,

an ex 0 and. o di nents, of the
tis i RGBT P Pent T Ot PGS Fitbis Rae pESBugatention are
notl@ﬁﬂﬂﬁ]th&egum&cﬂs.shoms a schematic di agram of a processing
platforn1according to an enbodi nent of the present

tlo A _CPU and sten1 Q ar oupl ed
(00421, o1 L SRR AP R0 R0 F S FE PG BHOBB RSBk & osem
embodlfr[mt dfuhg pResefinveaRone eﬁx Chhe2 bad @wtanh@@:h@ry% ﬁ%yco@@martbs e
contraqll er hub nmade

b b
commip{ERle Yy BERE ey RERETeEn SaTF 0BG mupdipechrook dRpre dhe
core 1égié a@ﬁaﬂ@yhpxeseamﬂexﬁaﬁﬂm@&% mehot solﬁfoﬁr}%? REb (ONED 1n@8e by

are naot limted in this respect. Peripheral devices

Intel plgn-t Blopireer. By & meghcamexample o€ p gert dovise sadampagiments

of the PRRAT inPEHRIGRINMIHALA ANHRYebSec8, PAYhePdl d3DIC s cou led to the
processing bridges 12 (e.g., coupledto input/out

core 1qgi¢ §ymaysipriugs. of examle cons Qg CORPRRCRRNDTTS %mnﬂl@ more

o SERRRLE12 Sy g 14 b

processeR)oieHO contrellerded ladusk eviteh tdmnthi cﬁmsaawdt dgan:rhmassm
t
V0 hug Rh&dngn4 xﬁﬁ%ﬁipyb@ ﬁéﬂxgig@f&&%é? {n?éd% Rk Wl

evi ce protocol suc or éxa niver
procesBesshqstest aycible GRU pend phseml mcmnmﬁ] ecttosdmg tes device tptotocol such

o ( ace I n PCl Local.
as, for%%g%l?fe Lflﬁg‘%]r)sal ﬁ%ngl ]Euszpro c@lﬁgg?na@rzﬁfamfgggnts Igaerconnect
protoc8h@GTale. g.n haoedihg (&“thgﬂ’ClHerrcel Baf Sﬁécliﬁbﬂlonf’ﬁlevw 2aDeEMISber 18,
Addi t. o it 10 may be
1998, PEF bl bsput Pt cad "GP EotsT Hyt SPodifiedion
Add1t1tmﬂ1]§} }ta(ﬁnS\elXIﬂﬂm Rapbe 2ofpled 65 6h6r Mbad dBidBs 38U However, this is
nt of the esent vention are_ not linted.in

mefebﬁﬂ%" Pff[Cﬁ%ﬁE:éo lééfgﬂnmq oty OEBitEr P! fyention are
notlmﬁtwtlﬁmgk%egt coupled to the core logic 4 and 25 a

pIurallty of downst ream ports coupled to devices 18.

Acc n enbodi ment, the switch 10 may facilitate
f°°431ups%1rﬂé%ﬁﬁ% L} e COPILITE QB RSP AR PP FoBRed b e e e 4 Fad

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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n he_core logic 4 through the upstreamport. The
W@\%ﬁ“{"@#fﬁ may also facilitate direct peer-to- pBel/US2003/626245

comuni cation between devices 1 S through corresponding

packegﬁm3%§g @e&ﬂ{ahﬁn db{éda%g&”&%@ }%&r[ﬁ @fﬁ cfapaeméél;{agg e bP Sht% p%.clé%.h €

receive e core
Howentenitltie 3s nﬁrelyl ap o dinmas sﬁgewmhch@aumpmmd Ifnzﬁ mcessmg

platfo'rr?ldl 6t‘atnllb merﬂ g{hgat I ¢ 1nven£J o1 aregréa[t leI)mttsthde 11;1%1/]\45 r%&e%g may

conpri se ogre T e “an®egre or ‘su
message or data 9 WD 2004/019562 PCT/ US2003/ 026245 packet
[00441) as edcopdingle shiendtoidomentatiestaaton idatagdaycothptisreanjadata that may

rdata acket.. . this is
be asqBERRRP iR an G G BT Pl DY E Eon St 5T%0 Bl amo
may dgohgirise ranmesrthatioib dtdintigrihg a s segmpdtgs ey tbus muattter)oor setial hinkt for

= con gt pirEros RSk B 0 B ks e A S gp e e data

messdBRYor d&tdqeacaetslﬁsy Ed1APrivd 4 Medibre ifSaddRestas phritofe wos-t ch
10. _For exanp such destination data may caqnprise a

configurptieniaqusst Haéﬁfﬁt Foyyavgr dhgsgare iRl expmplss of ggatingtiepslaga and

embo@imeifts bPlhe'ﬂr&.’énﬂ( BYentforCABhLOUR AR th&d E'@s%%ct@ acket or
split conpletion packet. Also, destination data in a data

nessage or data packet ma onprise a nenory map address
[0045h5 pé‘l"f’oréﬂn tOr?Br?mWF@tué’éi qytres JGUBIY CoaRRR A RRflteveral

o déxh@&esueh Qs,PBf @ia\m;ﬁé st coasdiiRabhped dsth actistkl® small
0|mentso gresent i nvention are not I|mted|n

Comp’cl??éeﬁﬁﬂ?l@éﬁ’@éf@%e( 51 Soxid ¥ o g erfacs # Tahasslnnmeh intexfare or

graphgc%vdoﬁﬁéllélsln@%c@ 0ﬂBWe§§r fbke %P@m@fel? 8X&hfles o d0viH&WARD may
suc for exanple, an Ethernet controller coupled to a

be cou@tedm R doamstmm porg @iﬁp gweich apd eorodiments o€ the(rgeRinf invention are
not limtel 3 1 A h?{ter face, a Fi brechannel interface or

graphics controller interface. However, these are nerely
exanpl es of devices which may 15 be coupled to a
[0046H own dceensdingioran eptbodingnt tre GRY sy ¢xate enepr meee procedures

o i 320 SRR 9 862 o B pCLEs Hpo b 5 P0RE0) o e
memaenyed tmrcqmempate cathupesphetad dewices. aFelzgiampéf ﬁh@eé’&éz mEpy execute
instruRlighd SRR (SRR Fule QSIS TaRORLSN A A 8 EBYR 170 stom
(BIOE):) r Snmhamgﬂrmqtmhkl ma@l%ld 18advgiytoghe syri@m Zlﬁ)emasrsrtfr arel éxzostedtior ed

respol e, S rb ol SRS insTrei s AR Do B sBaSbes® or

moretehemsﬁ&ioarprﬁmmyo allacHle fo60GtEe b pidcedses Gﬁ)g1§ﬂuﬁ:ﬂ1zm§ Jath &0
reset. even

) ch BIOS Lnstructions itjate or
driversgmd qgv: V&FSBI I BYETRE R ‘é{f &ﬁﬂﬁ?ﬂfgﬁ%‘?e@ E“%qswaééir‘%lces by,
for eXeBSAH EgHit PbiIFRS BSHR Syétemimembhy} &1 Flowdved ta ienibsty 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

10
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wodoyps19s@nd device drivers) to conmmunicate with
correspondi ng data buses and devices by, 25 f or PEXAITp108/026245
defining buffers in the systemnenory 6. However, this is

(hereiffeR ki¥e AT EXHER $HeLifaYNs. Bh ML IRV INUR SN IR BXGE Ut €
ocesses to initi al Ize a processing platformand
procecgﬁg

myr?élw&teaﬁsws Bt tél@éﬁtchswmmlat&mawomnummﬁetvel&l the

, the
Sme fﬁ ES %1 T%P and g %)EAe‘;s}déldéﬁr#aeylg‘ztlﬁ apt e ?g%gesar to
Spemﬁd:veloucané deviges 18 ag ‘andppind® esquevided uresbcunntlhiﬁ GPthe’Gnd

moroRf SRR, e B AT Bled By
may bt Qd¥De@ 0OAAAAREARGTH LSRUOB A3 GR4Red bratpdé dnaaf}icefs dffiiee PG,

Ss. § |f|cat|on dnent n
aund ezt e pesRbdERe et rCater PobRresta « ne
processing platformto communicate with the switch 10 as
[0o48]a " smd:do@.ﬂnngdeuh embadinpmthe €PT 2 rﬁ:e,cé:ieonte]anaan&nmfratichae PCI

proco5HR i AP L Pgh 0580 TGOS (PEPRBUBIFTERAR he devicd: 18

couple%)tammﬁ%mq;ordsbmuﬁmhubltsrdughm epsyreath poresPihe sthitchaw
a _processing system mayéajeiladapt ed to communj cate with a

and eséahilich fouiig @&ymatien (o fpiatd dei2 pagseazes or dale nRagkets from thgg

u streﬁﬁﬁtiﬁﬂisffs TheS A nREMPREE Nhel PMBIM 1ORa R ERNRmris1b8d 1d N
P hi's respect. [0048] According to, an gn‘oodl rreﬂnt %e CPU

transn;_lt Aty fioxe & §PEo8 AOWREFRIIAPPIS P 2 Siealérign dor@strears ﬂ@ﬁd&aﬁ@« upon

the coh@étﬁ@%‘ouﬁﬁ UIBEatioR IRMI W £Sest B 1SRRI S AT £ 14 fgtcﬁté Hl%ssaces or
devices 18 10 coupled to downstream ports of a switch 10

data packesUfom: the upgiseaperaT fothe d@ﬁtm'«’f’f@nsdmm@ﬁea;@ pogtn dlewevs) thisHs
merel%%tewaﬂpfe@ﬁow LR Bal 950658 aQﬁEs?mEﬂs%g@ 9L 8atQpadladt Fom a

acket fromthe upst ream pOI‘tS 0] ‘] downst feam pOI‘tS
sourceldhevishteantpard tomgestihatiorc demphdtegan peyi enci embodizrentd of Wepeesent

mvent%%r?%?e%o?ﬂﬁﬁ&ﬁ lgﬂ}\g%izetségﬁm port to a plestg nati on plovvnst ream

based upon ollective routing information that
was established for forwarding data nessages or 15 data
[0049]p ac KiEgyref2 gmwsresohpmntie dingpan ol a@redessids platfoam apgording to an
S
stvernfiOY A SRR e PRI St A Cru B A0 HR
memoﬂry o638 maysomese dprmstsieg sygient (etm, ca:mjnsingmta @rmore CPUs and

wnst r nd enbodi nent t ent i
systet ERR PRt P SR ER B oty g P b LYl £
SwitchesicliOedach cOnpeisamn mﬁsu&aﬁrpmessﬂ and p Ipatrﬁlwuymfabmﬁem pbfis 124

0. al odi of th resent. i nvent L on A
courighry E3itp 4151 Btiis TP SRanTRGRG Py S ity R Sy
transnflif 88836 bR feceietdam ﬁ'&n $oint§ OHRRé BFogssin \§1aBbrmiD Aed<HRids] mnﬁay
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
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stem nenory) which conmuni cates with peripheral devices
W?ﬁ?“@‘ﬂﬂﬁ’ﬁé root device 104. Switches 110 each JUnEFP¥83/426245
upstream port 122 and a plurality of downstream ports 124

] ed to devices 8 f
102 0 AP ROTCBHBFPETRY T Pty 5 S5Rp A buekAt o
may cdrﬁﬁr%eVaﬁpl@@étﬁlrE t® BR@erlesh® @witﬂ&sﬂﬂ@cmﬁsievg:ep 148 fap prfswitch’

device 118 may, . al so define to.a data.bus of a
“endpiaifdieyicpan pSgUdehimSRs g Ao BCL BEPiReS SRR - Bus
specification. [0050] In the illustrated enbodi nent, a
[00s1] { d eV 1§ EhelilBs € AU kRBolithent, VOB FRBTDEONR2 bzme ofitch EMdctis h

t h
conpled o mARSTOEFOrL HAUGHE HEC LTS CAFPISPED, (V4] | Kf ™oy

act as 41$bt d gbﬁ:eq’glqhg%{?dcﬁ)l 16 % SRMprifXReid 1 f@f‘wa@@ﬁﬁh&iﬂa@é\s or
procedure to con ure the SmﬂtCheS 110 and resour.ces

data pacﬂcets@anmctbmwmh nomgz@@m WESHEP OPATAPIS TS PHEEHBE fb%“e of
the dev1cese{]f9§)%$ﬁef iy g\kfﬁéﬁ { P&)% glibc%gés 8\¥iea @8 th]ej@PU SUap1IAN1 02

enuner a procedure rse a proce ure to
throughribenapsitemt hert smz bﬁﬁl@§W1t1)b ldﬁd Siwilady, the gwish 310agaY ch

d
comr e peE 150 UGBTI e B il b £
CPU conifek mt:;ecﬁhed op tHervpatrepn port[122 affthe heitsinil @) ta tleeswischs
110c cqup| Eeﬁ%ﬁd?§ ﬁgmﬁi%\xﬁc?\%rhrg oht rtzs 122{011 s Wcﬁci%é' IaI%'ever,

as a root evi ce
these £r8mdBB; S¥milés df Howca fir sﬁm‘]ﬂh me@eaclt ag acrod}toiefvme\ha fokvehad a

nmessages dat kets, f h
messages bESa APEOGHO BB PR BRERALEVIR BTt frgh sebBS e ipPopypled to
a dowﬂ&i‘éa‘h?ﬁoﬁ@ {OHRE SFitdD ahd) emBotiingdhtd df ﬂik)présmnpmeme&'e not

hosted at the CPU conplex 102 through the upstream port
limited Zip thg¢ respectswi t ch 11 Oa. Sinmilarly, the switch | | Og may

10 conprise logic to forward data nessages or data

- [0052jPac KBk SorlifoRinas e affedtpad @ ebsar 8tdompleGRY cba.mptrm pofs 124 of

(recei ved on the upst t,.122
RS S AN T A e e

o downst r eam

1ndep&ﬁ&1ﬁy%r@ées§é§‘ho§ﬁéﬂbﬁ %é—@l’@coﬂrﬂw\leﬂ Fot bﬁﬁﬂ)la,raadmceel})ﬁ

exa es of how a first switch nay a as .a r,oot dev

coupled R perded obtheivdtehyl 10¢ @&@g‘gsfiﬂi‘?&“% 9 Spi@ messpee o data
packe:‘l?i ?cy {h%es%vfc‘})_luﬁl ot qvvﬂ détxﬁﬁfcﬁ‘xr@a@ WisbEAtOoKTh @detRe 138 @oupled toa

tream port first switch, and enbodi nent
downsﬂn@mp pese?d qfrth@mflt@ml Wee Thetswitchri 08 ananthen reuts %

mess;{%a052 L Cz?c egj%otr}ge &\Sﬂi&p} ﬁﬁ?@g&%ﬁhe ﬁé@%s&?ﬁsﬁ@a&c m%% gba?ée)
routedvid ﬂlmmcceelsl 8ldbBocdmerhivittl tho destimaton infhrmatiay Slmﬂarly, 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 110¢ through an egress downstream port 124 (of the
switch 10a) to an ingress upstream port 122 {of the switch 110¢) to be routed to the device

118 associated with the destination information. However, these are merely examples of
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| desﬁnﬁ%@%&mw Boft

' ntly of processes hosted on the CPU c o
wbHeRADAS ﬁ@?ﬁ%@%%m

For exanple, a device 118 20 coupled to a down
124 of the switch 1 IO may transnit a data nessage or
how @3icds nRIGEANaldQiat )RSl dhla PrrlstiBrRieh siiahl o dat a
associated with a devicCe 118 coupled to a downstream
embogligaguts  oijthg preseat ypatian arq pat limited gwihistespedtOc may t hen
route the data nessage or data packet to the switch 11
(0053108 t Abaiathet Ban(RHBRBE ISR %ﬁ?[éx 1022mb P eReourd gyt ed
to.the device 118 associated wth the destinhation
enumergHlgh REACEERLe ta; #pRg Piier thingsy alierarespupssde qogmunicate with the

- switcKRWIStn8 AR RRE | 1%&?1%9&1 &W@M&ﬁ%ﬁor&%ﬁﬁ%@i@ﬁoﬁﬁug

data nessage or L pac et to e SW
the upgirsam parti 192 efthe swisciot| Gt Bk enurheratidiepiocediréSnayoalsd establish

rouin i AUIRAE FPDL0R 08 llat B bkl s il B0 2
to the stnivnstredid pGdts t1A4.0Thb swiicle id ass tHevbshpreopy fo th2dmitadata

the switch 10a I ngr.ess upstreamport 122 (aof the
from 4 (e ol bort 024 4 BB o BSwasirebuTert 138 6063 upon e
routingSshomati@titororwaiddatdlestdapad bioduth PhctPlb@he HOWRNAT port 122
t.hese are nerel exaaﬁgeggof 12 WD ,2004/ 019562
e

to the desiaton SSNFSESAE PG oFEY SFrdlps ip PRIy 2B sKamRle hpasa

switctDinagl 3w 428 6 kRtSmbidagedt daw pLResH&AG soRfRAWWRResmYPorl RS
nt |nvent|ogw§re not limted in this respect. [0053]
gaberipents ¢fdhepresensipy entiongpe peflimited n

this r ute an enuneration procedure to, anong other things,
al l ocate resources to communicate with the 5 switches 110

and devi ces 118 coupl ed to downstream ports 124 of a
[0054]g,j ¢ ﬁ]ﬂfﬁ)ﬂtqwsow%em@%dwg&m g4 mppBtan alzpsvaitch 30 aggprding to

an emB3Gimchh8f BRUNBIANI0RRRE G BHHIE 1TRY sk ReLELPl M n Figure 2.
routhg information to_forward data nessages or data

The spuehetEmey srmprise apdirpliial ports copled folinkre ndbhmpresenthy
iHlustri0d tfbddfnentNg SbdsPortHD2TRYeil DEMS pEH?Je{s%%hicH%a} l%egfogwarded

transmt data froma source downstream port
to any gt nlvalioed earsaorie 240p & ong eubpdiswesat, apyporthe theswiicl 2OQ
bk af et etd b € , ckets from
may b B R 0 g TR RO Rl R R el
port tol2ansmibdate prckethers thedindre e othea emdodiméres, plartiadarporiswint thi

. . ages or data packet from.a source
swite gomﬁs]?i Q%rfréj %%?c?ﬁ#ghg%ﬁ St ThIS R PHBWA &1 °85HF B8Tt  and
enbodi nents of the present invention are not limted in
[0055]t hi dntlsspresentlylifluptofsdgmbodjureat,3hs hatsofiths chvitoh 206 may

i L on_of  a mﬁtgﬂﬁ 0.according.to a
wensnel QXKD PG B sl Mo kil 1520 2150 e o « e
packetsfrmhath &3 gire Mostshavunformatrd fgud Ra PackeTPEO sMidChay 80 ré®ived at an
: conpr.i a urality of r coupled to |inks. In the
mgressb Pl %ﬂ? ??/rwagcllec{ {0 an eygress pgﬁ otf%he swf?ch ,’900. Ql"he 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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wd deshiated enbodi nent, an egress port 202 recegj data __
packet s \Elﬁl ch may be forwarded to any of a pl %F§?¢§29036‘}2624°

egress ports 210. In one enbodi nent, any port of the
0 I .

O L R e e
one dfisevis sl datipdokeppledush as) fohexaniphk.a rbque;sit bmkeempeabtr gent s,

particul ar ports on the swtch 200 ave fi
completinn pasks typs: HewsYer; theyecas mssrly epamy S@g ﬂ@@@aa@tttypes and

e ports

enibe GRS of Tact s B BB dn'y, hotiShliB] EANEIIREH IS Tn k2, B0
embcm'ilmﬁﬁﬂ; thd hehdel‘r«;mrﬁ@mmzamy matitaincestiratioaridfongation m dffernl5

acket format. Figure 4 shows a. fo of a data ket
formpls Jepgnding viRep the drlaparket &’P&@S%ﬂ?lat?im@ © feirPack 356,
Acods B0 BBl Rn OO 5Pk Bl Ar-laligh SRAPe Tafud Rofion
252 lmsed upon ikehssoeibtal daa paqkeirtyp@ nTEéSﬁul prrtion é&@l ef theplatatpagket

252 may .conpri se inf rma i on as | dat acket
250 lzsbcwpﬂ%'?lg%@tlaaé 4t E?@F H’g? ef ValishS¥aroh,
associ ated with a desti nat| on deV| ce to receive the data

(00570 p%g&g s 32%na 5B WO-ZORM; Qia%ﬁ@fﬁ 11?&’&‘aﬁ§§@9§6&3§%m&8@5ﬁ1a

ccord to an enbodi nent data packet 250 na
packetsfmm an argrwsqalonetny.n egiess it aopenling tadan emba@lmt 0 epresent

S R g G2 YR8 32 may

extra@X IR heskePiypd dhRrBaIdiEloh YiRESeadBlporei6h 08D 16 ﬁfdﬁtaqfackeh @eceived
present invention are not limted in these respects. In

at thoMEress pan@dR med anitislse cheskgum qedulation orsdatain theuecsived ata

o

b100125614 theﬁﬁ@l@ét(iiaf@i' 308 inhe am:htehha QQadﬂSﬁpoﬁidnr }ﬁ@tofdbestelcélaéd da{ta
information fromthe header portion 252 based uypon the

packgiswit pdeader faraplp J6RBATSTLYS. thapp thcp éﬁramffiilwozsﬁoawt%

for

R e i e S

Fi gures 5A and 5B show a flow diagramillustrating a.
[00581r oc eAisblbok Mﬁ mmC&atmrsepa@&emcthEW@Iﬂi@&Cﬁeri %Qfsmpbd@telmine

. ress ccor di to od| men
routR PR AP o P At heBPp FTRSaaiitly &, P R G0k
wp ta%fé? andl @ae Bakhres ?bﬁ@no BBsd RN € lfo%ﬁh% G Bask eAt BIyEe268,

in

ormation from header portion 252 of a data packet
the pacloatiparser 208 mm deiengms’éleﬁ@r theztoamsmmueﬁﬁtilulat(@samétn@ wiiduthe

culatio in.the rec
selecfgLedtehnctt 7 21 ol Dol BB YRR, 2B ARG Bhene 212
is caPA1K 6F rdc¥iveng 1he AafaBatled (e.84 transmit queue not full), at block 270 the
forwarding circuit 206 may then initiate the forwarding of the data packet through the

switch fabric 214 to the transmit queue 212.

[0059] In the presently illusirated 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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8l t he packet parser 208 may associ ate the header ~
“g%@%ﬁgﬁ 52 of the received data packet with & QEHHREP026245
format. The parser 208 may then extract destination .
Operaﬂi&f Wﬂmtch@éksuj‘r{ aRRegdd, C@f)&ﬁ{ cd‘rhﬁ%g&l bPiHe@chaqee Bp&Qt'ictﬂ &N
~ 252 "based upon the header fornat. &0058] At bl ock™ 266,
diamonfl @ 7pbk eheqkansesircaii Odrmvay providedt @8 Costpig imdicg®migyhe ingress
. Y i . e ;
e e
may bedalahshiteeddreslthe selaried gasmst gore 22 20htvaizkdhe pomesphading egress

J [ r mat J \ 6 h ket. 2
port afRligE fo pRIREETHI RLPOER 7y 8RR G s S B RliaBs iR
may béidkdppieliefrort ghetingghie giirat pluck 228Qhditlse apess lperta®02 may initiate

., receivin h t acket. Jf t transmt queue 212
a tink [y Epmtty ot 20, R e trinsion ¢idbw e pachse SR iRefint pott 02
Upon q#tgjpﬁnmte inhvHlid dat@padbef) Gle S1&tdd@ardinit ?ﬁ&@ﬂ?ﬂga‘} tHegutéladjust
206 may then initiate the forwarding of the, data packet
space gypiiabHy o enqusperarpdditipnpkdaa naqlst fHLSERSIAT queue 212.
[00591 In the presently illustrated enbodi nent, it should

[oosoPe URAer Afetodivehibdidi@estMipdiirecdipbbf 4n BIALATRCE efavaratl t he
recei ved data packet to the transnmit queue 212 Prior to

diamang 2dttethiesalegted RS RHIeER M BEY 4R5512 $YTHP ] B the 2t} Postig &6

of the 48 Warddd&ats }e{h&&!a iR BBtz RA4ndBMa ARG hvaBl AIE M8y alid¥e the
| eadi ng portion of the received data packet to ,a transmt

egressppatiel Gpbegifp Fanumisaipe of fherlags packet Egmeds tggpmitapgue 212 prior
to recgigf G Skl CHcE Braf SRt U eHebk e P AREEGL Brotia¥¥ihat the

04/ 019562 PCIT/ US2003/ 026245 operation by the checksum
symbaliis ingette@prior igiba cempisitionios frapmishieon o éb«é%mpe‘é@ AoppbWeat

: 5 _ . ‘ . )

wansriph QR 124 AV FREGHRIIE i fabicd ol SRy b RoftrdcBbnize

that thealatcpasdtet isanmeatia fromahe igted $yfimbd] @andrGoardithgslalapagket adter

. t.he dat ket r ] .

oeing R FoRREEE 719 T Bt ROMREhle Mol e Wi 3R By o

retranpfstioncdahel daig packafoen ilrgwitthe90atTHel sedich2Z0®. may thich éniGRE a

., ,Status is_invalid e. dat a packet be dropped f.

tink 16 e OV R BT GRTB A LG A G RE ST o Ei g0

may tA&Ysatiefst ihallidk lavdlireley Feweihe iedeiyingtletico &k redBOndean receipt of the
retransm ssion of the data packet to the ingress port

retranspygtted dgtpackChppi ng the inval i d data packet, the sel ected
transmt queue 212 may then re-adjust space availability

[0061f O EFiGURHses Athradgh 6F chal fodias fackeickédicatiermeseiived aiom indfdss

00601 In an. alternative enbodi nent, on .recei f, an .
port f AFFIEh “CHESEIEP 8 A RERGO DR of I Gt Beieh 250 e in
Figurél4 € ¥Rre, dRe Yedspoet thaprdeyivethe ddta hBeet &Fdm RGEMAIAMKZREordDig to

the forwarded data packet indicating that the data packet

a PCT(AGiQy farmat. IFHFPg“Hd%P udersipodiihat the presently 1llustrated 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 requestl
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SS1oRQt 210 to begin transm ssion of the data packet ~
Wﬁgg%ﬁ?ﬁ‘e&{ransmt queue 212 prior to receipt oFCEﬁJSN‘J?"OZGZ%

invalid CRC status fromthe checksumcircuit 204

DEQYi that Yy o f9 th

com RS or R r R, My R R Sl or e

packetrtypesrthat maebe iRliedted i asstifich] orpickiehbeaderanthtizchpafikldtmay

. ae (N0 t.hen recogni ze that the data packet is

md1c%%vo;qq?§gﬁ¥¥‘r‘%ar%? té’plesﬁserted synbol and discard the data
packet after being forwarded on a link. The receiving

[0063devi de thegyresdigly illnsitdted embodlinmint, [déffedent ey of destination

. L anspi SSi of .t dat acket. fro e switeh 200.
infork BHO8 I e 0 WiagéiRafh AndParEhiguss b4 MRoRdh 6E DY, on
assodidted wihrrosSng aifbrihgtion ©tdetiifitiiss devinafiot hendait Fup@ckEs and
The vi/itc 200 may then satisfy the link |evel retry .
cgrost PO Alfle. PSS HORG RIBUTHE F4% PEAKSbADE: 150RUES fpen smbpianent
destitfiiondffotinktief ndal @Rl destRARh M @Uaasi A drhreRatE
show formats for a packet header received at an’ingress

destingfon agfiregs 6xpe A (dconPamitor adéisssiotlepsia pidpricerss sighive fiznction
in an ShuinBRitidapRoRAE Kk 1294 RIAWE of M Zorebd eéé&:t ﬁ‘yﬁ&geﬁg Teshoullfbe

i ngress port nmay receive the data packet from'a seria
undexstqyd, hewerai thgt these arepmirely3magplésafrdestinationsihbubetion that may

: Ly i ' j .nay
be s A ohlR it O IR bt TR o SEREL TeliniOF
transRétavsue 2 b2 ehd embpfingrnteef ha presaut i6Bntis ave nbt Hmited in these
respe%nfi guration Request packets (Figure 6D) and Request

npl eti on Packets (Figure 6E). 30 [00621 Each of the
dat a_packet headers conprise a synbol at byte O
[0064] ndi Egurad shows eritayp iagravy ildpstrating sk emboyiyecrd (e pracsss dasx
t .
peck ¥ BEB0EY 557D BRI moRrE e headted BMERL houEh 2 o iindroa
through 6Ke tUpadosesiot of ¢ Hats @adlrat froer e beriad Xkt dise imfratatpart 202, the

i pdi d i i el f .
e R385 280 BT e ARl O 56800, B S 1By ne
data prakkidtcatigtp est didfB63 1508 Ntht hecepredtant packiet ndg bealBdified as either a
differe tion 5_.infornmation

-~ enbodi ment t.type f destin
requef{ Rk B sogfleds BB oty R R Men o Pl ea i eiad GRe ARt 4Tpe
inforfaktiomyAbbloaks 606 ahd 82 ithdipidkiet pdrgeri20RaANHARHEESANIN the data packet

. et er m.ne destjnation transmt queue 212 and _egress
size (55 AOAREE PEEP T ATEAPICH ISR U S S a PyRFeL pe
inforReEe) A0 ORI AGTRHE PRIKet paylSst frHRlthe Pleh BT HAY iPHyERY and
conprise a destination device identifier or a physical
2 of thepeskstbsaglst-address (e.g., a PO configuration address to
| ocate a device or device function 10 in an enuneration

[0065P! OCESthe rédeiVed AYLHackSHsRISsMed A 298 EIPpRREL (18! MREhbwnlih

. shoul d be
Figures 6A and 6B), at block 508 the packet parser 208 may exiract destination

el

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 44-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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oad, however, that these are nerely ex | es_of )
estﬁ%lﬁltgt’tl%on i nformation that may be associ at ﬁW%WO?’/O%“’

routing information (e.g., in a look up table) to select
dest.i;nat i on ransm t. queu 12 and enbodj nents of the
1006}, & oIk HETH Tk ST ERBetis Clavsiird ech reieeh GoBPIenG8 pagiEs (e Boas
showG4furbicBY £ block 3088hPpdck OMaticA APy bk itk titoh i from the

enbodi nent to process data “packets recelved at an

packehggadersidpniifyingithvsoveeredithe fudenlyingadqust fromiestsoatoedDor

“ i h .y cei pt . dat ket
roaps S TE" S80% bV} Aba O e P B8 Bl 2o el ek e
egref3iosefom OSutiyin FAAGH irf@fok BRHHH adsyRShI e rsBEtck?B okrom

the byte O | ocation of the data packet header.
Requgs dvithoan egress PeEcei ved data packet may be classified
as either a 20 request packet or a request conpletion

ack 2 s XL d gata cket type ..
006} o Ph2fRREE . RahdP: S shRElcon0 8 PR BoecdRBuing o aos
embaodigede bitenilate phéiet tiptanpadikdide asmmnﬁgah&ihﬁ ré&dikst @fg.,lahe

acket header (based upon the extracted data packet type

configHrabioRgead Wiy deanestd vhsee aheadergnay eamprissidata yaylifying # r om
. N j i I ket ;
physjcBPeorfRgHSy sladteid, KR 06lce fnftbaldi/ LTS function

numigdras€pén determsnmgrtia tlesdatp padket is 0 a Gonfi@saidiouéd type, the

4 Fi gur 6A ang 68%1,H ag bl ock 508 the packet parser 208

P YSW&EW&%?EP&EPH FPERY B 2sspriplse et ToRtiqgIgormationds ailerkt yron
t ' S

3G iy B8, KLU b | e BBl

may thsgbeprogsssci s awempladivnidata padkht égsi ng. The forwar di ng
circuit 206 may then select an egress port froma | ook:

t ed on 30 routing info i op,associ at e
oossfP , ol R R v Dok o 26837 SRoSesaved dai
pack® @IS R03 41026 2AD trhRABO Judub of IR sSERERH 68 FEs636:2 aPBRKES 12 & the

cl.assifjied as a request conpletion packet (e.g., as
transagfaisus 15 avpiddile tetepelve therlaganecka ddiameng £4 Ret It ghewiébe 208
e i af L. Of acket header
ndefS L RE i RE Bkt SO WS palE IS PR L copvenf e
egress pottr(e.g., [iough 4 seilclefibee) MYy Edhend@iprivy te sxudbf 0Pz cHdtRsum

forwardi ng ci rc?it 25)6 may then select an 5 egress port
Opersiiog o FiBtGF’i“ﬁﬁ 2;Vi3ne i GRMpIRisgiop abthedgta pasket fiems s Eanismit

e, 50504048 4554 Mol 505 5o
checlgantcgtera:ty)pe If ﬁwcchedis:mgdd}ﬁraﬁnn velliﬂm?iﬂi@(rﬂ(l gortieh ofBiedlata

3 t. types may incl ude PCl. configuration request .
packelgthg dataphtee) gt_t?r%ﬁlﬁswqd;%n Hie HRTPIE qugbriacnording ie exdgring
rules REGEHR 520D HEPIRE] i$ the Mokt et dibh RHifates an invalid CRC, the data
packet may be dropped from the transmit quene 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 quene 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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10 physical configuration address (e.g., bus nunber,
WHHIMADSH ber and/ or device function number). RGIHS2003/026245
determining that the data packet is of a configuration

Upon L el R T R PSP RRE BT A8 TROE b oIS

invalid mﬁlﬂpfhefryceaﬁng @eeiss npor discarié siporseised aa&qmbkat and attempt a

tion request data then be pro
tink 16581 o omtPosi it op B 0 PO GBI o & Hak lovel
retry ot BheSBilzteRE pOift 0B theRB¥iRY, RO rré-uaﬁsrﬁitteh%tdqugt $@9 verfobvdded to
the recei ved data acket be forwarded to a transmt

the traggmif<ughe mres'ém@@v @dtfg’?’é%lk SELes§POBl ock 512 |f t he
transmt queue is available to receive the data packet

[oo70i( di aRAR PMdws 4 &h&ﬁgﬁé did®am :’é{%? ki QOfmulipemeswitdhliata

the forwarding of the data pa to the transm t %ueue
repressntatlm of aGyisinel ;RQItbL(Sétycmr@ recouding 4o anicmbledin it Qf) hegyitch

t
200 ARG, 08 shirc R KT W ol e e PEF LA A
root devlgmﬁ% enct a pheality of owwestredin pggh 624 eova{:}t%@%rqspmtlwvms
618. e%i?o%uﬂgnt h%rﬁéqg:e? %ﬁ'?} %hy @f@éﬁéés?ﬂtaﬁfabim prav ide an

ec sum opera sum operatton val
“endpbime” BRespobdd iarthe PCE Bapoas Speqlﬁcdxtem Alﬂﬁndatfeiypmekbmmﬁls

be tran mthe trapnsm C r .
may cffgkisf R pifiaced B gRobl R T ok A8, bt Eaccopine
to othél:q&bﬁicblgmucm déa (f?lt eﬁmqﬂhe i Infiaibadd QR%pid T/ ot Hive e%ﬁr?amk—el t

e droppe romtetrasmtc u in \
protodhly OHRIFEBer T PUF N xp etEen Bt dticed fupiciSigy be
coupié@@@dowxﬁsnamnqimmﬁmal m@ﬂbmmentstdfam PtesehtORvEitm are

the ftransmt queue may conmence prior to validation of
not lirpygd $FeFESchecksum oper at i on (e.g., at dianond
514). In this enbodi nent, transm ssion fromthe transmt

. [00711queuacdmamg% abenﬁ»uamﬂ e@ie S@itgh 6l b coppeised Iogic addRfeuitry to

|idation. an invalid packet, synbol e
fomqqi%? fegsaens ?ﬁéﬁtaPé‘flﬁ‘e*Wﬂ"Sﬁ oga SPH%’ed’agfé SHBRH &¢ ga épF ppsirgam
port 682 GPh @bivabir&im b61R RATISS BiFferédt AR WSS podt (e.g., the Whktream

2004/ 019562 P /USZOOS/ 026245 Upon recei pt of the data
port 632 k8 ovPaFAN PPB G211} ofhe Freleyp Himay GPF‘PEﬁE logie &o pysepiatsrthe

destinkfi6n ad YA 1hf$n§1¥ﬂ@19|w1tht1€ﬁnﬁ ﬁﬁbﬂhﬁﬂ) g, GBufBY koSt ch éthleed
recei ved data packet and aitenpt ink level retry.

in a raybing takde ef jpokaip tableptq idgntifi the élastmnan [SEESSE POY rHQ"é@’Gﬁrf
merelg\?\.ﬁntia:}é%]t;xﬁétcﬁ Z&féh in b Shitdn # f%@%:d A8 GRAsAARE br ﬁgtat Ckets ﬁ

e-transmtted data packet” may or viar g
ingress pof to s epreanpoitt angLengieodimenis of theprssdnt ulecbntxhn@mghottlhelted in
this ré ngr £ss port. [00701 Figure 8 shows a schematic diagram

T i .
pping of a nmulti-port switch to a representation of a

"virtual" PCl bus structure according to an enbodi nment of
{0072} he Awirogsssing 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 conmmunicate 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
18
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L

in Figure 3. A switch 610 may conprise an
wé%@?ﬁ‘ga?'n port 622 coupled to a root device 604PaH§S2003/026245

plurality of downstream ports 624 coupled to respective
devi ces 10 6 @l gppﬂ gﬁ\é qps%
Corp oﬁﬁ dg“w cés %4 ams@l&%&?%() prgll\?lgg%éms ot}ev %]Esﬁ)qu as gm%l&%y
WindHb&e Siykteshs] Incl ey PCcukx i essnSpton f)t(ﬂ:aﬂmerto configure resources at
Al ternativel thed ice 18 mm ri se other
the PrprRsSiIE RXREM UGBS TR FIRPPIE diaMeYT o Bmbarraerel
examysies ef fufities *Fvﬁlcﬁtrﬁ@j eﬁcﬁfc@@ﬂrﬁmﬁdﬂ@ﬁbrﬁﬁmc&ﬁfra exdepibediments of
I nfiniband, Rapid I./Q_ or Hyper Transport protocols.
meprﬁﬁ?ﬂé%ﬁnﬁ?%é@@oél@l??ér%lWsé‘?é;&ﬁ?ﬂ es of an interface for
devi ces which may be 15 coupled to a downstream port of

00732 SWiri 6B idataasiomntst, Be SR ID5QRY apBae s tl:@ﬁ)r&!ie%smg
not limted in_these respects [0071] Acaordl

systerg 3 GBF FEMOTe dedces forplsdde 6 P&&hﬂsl% Else 108 %Vl%gg%i fla FWitgh
610 nfdd co!hfﬂd&@ 16168 RsPBIBRIBHA ottt PasHShEatQERIGUEHs Ritefed at |

source in ress port (e.gd., the uUpstream port 622 or a
the upgtaps PodRAZ6em a1 qmu@r@nqrf roeefurge dnitheeqwpe ebpredtial Type
ort
0 congg%angxiﬁgnsach&? tHe %{ta?m n%?{r&wﬁ? % é;?éﬁ n%g\ég %%%cge?gb phe

illustrdigsitin fuapten 3 ad meeB@I-thGI Baidige A\ relitdeture Fpieoidicaiién Rayt ildn
4t
Decerfzg%rgzsaér)? b]ill('f’l;}-Sﬂegfa? lLete ?@mﬁ.)‘tﬁ)%gl%u%dffér e %f &%é?ﬁhﬁgé’r

10 i I'nation egress
Specifoatinng} fo ¢rhilgie o iderdife Iay vmm@’kaﬁfbmePﬁﬂ biridige ©20n Tae mmcratlon

o forward nessa ols dat a ack ts.from
proceé%ﬁgtm%%\@lgﬂ g§?a e 1es urc S at 8pr<?%:8 dB em t c?ﬁn?u&ceaé% g?t%q:ﬁe
upstreiaﬂvpcmttzmlaﬁﬂ:ewmﬁallB(]‘ﬁ-ﬁ)aEC]tmdg%Gzohl s respect [00721 A

processi ng system (not shovvn) may configure resources

[0074]5 n %ﬁllﬁlcgnéﬁgqgee ]tnit%%ﬁ Térpgev Iogle 12 % tpan(s)gc% aq ghe5 ngf'sttr%mnt&ort 622,

exec
the elﬁnmﬂfﬁtcﬂtpmnemlr@nmgmnﬁatd?amﬂnsminepe 1 hm@gmamumgsasﬁsmse(ms

RTINS R R T —

622 tdl eﬂdydh&ﬁ'e&mraésﬁ@faﬁhm chmmiunéalGh wibcalch Btfshesmei:sftfeaﬁi pars 624

as a Vil PiRo et 2By 1 eioniend e, of there e TP baiatioe

transazfbfs, Weidatmesaith 218 a0 4t Q@%&e%@&%@émﬁﬁmn

Cor oratlon Li nux, Sol aris(r).sold by Sun M crosyste
headeg pdemﬁwg a(cPyregpong mesiqynsirspRy neyt 634 ?’FdfPé} Fap ae;ﬂsctréﬂ%uallf’ ~to-

PCI b’i‘ﬁ o BYEEHERAD §£Bé€ﬁ&él5/'b%§ oPURCEAULEPERt-POT bAHELE20. Such
ources at the procéssing systemaccording to the

logic @t ﬂlﬁ@mtchééa nrRy. e akeveeF ype hios eyee @ comfigirgtion transaction
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-io-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
19
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ok %)egss69f routines which may execute an enungy
procedure and enbodi nents of 5 the present |nve%g%0%{?2g“°

not I| mted in thi;; respect. [0073] In the |IIustrat¢d
bus SEIRE RAbg ol R SPOEB ST bR BRE R it AP SR8l Oy

emulmm‘ll"ypifl/ ke E’yﬁ@lﬂf coﬁﬂ@@rﬁtiﬂn&fﬁﬁlsatﬁibﬁ fOBYardFRE ihethed it sétion
respond or Type_l configuration requests

3.13. é@é?f\ﬂé‘?jPQI’to BGEBUQ& PReAIGHION. 622 froma PCl enuneration

procedure. In the course of an |n|t|a| Type 10 O

nf i 88&H] [
mO?%@nflg‘Eércg{ﬁln QOE élz‘er ase%lalcf ustrat e%tal ﬁé%h]ﬂ] ee?‘so%\b?)%et? %e
deviBOb1 8 thr&\Gh: aBserﬂgbn]é(noh Elhaat)u e réspende to el ,rperl con€iguratiod,
Decenber 18, 1998 %I Speci al . I nt erest g )
requestde @icREEsRAndingyirtuabClyig P bridep é@@ thsg%vh iy providea
I
resp R4/t cullie NGl O p M liSoglel. Jhteiothed i dialon from
the mﬁmh;ﬁl@cﬂmsamnmeﬁmen pmcbdummmofaﬁte aviguis Begrbent nhinber with the
ort 222 as the V|rtu PCl -to-PCl bridge 620,
Senf#@@ff mr?ﬁ@wr%%tq the e | ﬁéad’%@.sw%tm a single
devibé. AASREVEOthidhs ridi8 léﬁ%kﬁﬁgm Aol @%_?reseﬁ& eof%ﬂg%eg:hbﬁqnay be
rocedure’may initlate subsequent configuration
emutatedhigaotnuneratias prodelust andteatbodimenis bf the peestntinterttionfart het
ri dge Specification) at the upstream port

lum@glénh}s ’éﬁSP%C?at e resources enabling conmmunication with
each of the downstream ports 624 20 as a virtual

[007ﬂCI - R tREH W3 trhdg emBOSimdi, £ difvifteins@labf pRR&ReRivdd R 3%

Type 1 configuration transacti ons, Ioglc at the switch

‘upstream pary6%% Homdhe pot ﬂh‘écﬁp@bfﬂ?ém%tﬁﬂtd itk d@stm@hqm iformation

G R B
for farwardimpgdacly dbwsstemtdaes miessapes tol?ﬁb-offﬂzmld% Glj& 601@:2&1 to a
dow Such I&gﬁg{}gﬁqt he switch 610 may enmul ate a Type 1

TEKPIRIG, Fgriddichi R may dafinpdnsq aid lmit registers for
[ |
cact Qo R PO i ol R ally e Feadleb GRist o
the rbmaimram 6Qerhavimganradipss withesauadizess aingehiefingd by: e bmle and

.. t t di | at
i e i TSP GRmer e gl BBnet el BATh et BePIPCRGE o
addrﬁ@)&aﬁéﬁ UTIRd Svifch10SLAMEES | Cg[%?@d&vﬁs‘ﬁ%in%é g&éeg Broth thelrd6t

upstream port 622 directed to the enulated or virtua
devigthavting BChddsessdduclde:s 1bh &1B@ithini ancid des0 ramgy assonjatddseith any
I C to rovi a configuration header identifying a
Ofthggig PRY® g%k/l ce 618 as a virtual PCl device 608
coupl ed to an emrmul ated secondary 19 WO 2004/ 019562
[00781CT| US2Qd; g%&ﬂénbcbtﬁnﬁht ihesveital etioadaPiefideHabdhnd limit

PCl-to-PCl bridge 606. Such Iogic at the switch 610 may
registers for each address range in the course of an enumeration procedure. Figure 4

shows a schematic diagram illustrating downstream 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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o

w8HbAl8sckype 1 to Type 1 configuration transaction _
?orvﬁ&rlg?ﬁ-r%g as illustrated in section 3.1.2. 1. 2FPGf/453/026245
PCl -to-PCl Bridge Specification. [0076] According to an

EEOR AR Yor frvaRNAS ol R S URL
ar.l N devi ce 618rtf.hr ogdiﬁ?%égiegfﬁg{c’&? ?ﬁ) n%tbkagﬁco% gonﬁﬁryob& ofd
virtualdeahipsRCY bridg qrresperiding mdthi te dosqutrs4miporta Similarly, the

' ' - | ' 606, th i tch
o B i e alertad Sy orihe Alpilecan meSwdt bt

ranggdpr pll dowaghream pottn(a.sibensibort of theexdidngk eaige® 854,658 andS8) as
associ ate a bus

i h nuneratio rocedure ma
- a@ﬁ%ﬁ%ﬁ%ﬁ%@ﬁﬁ% RieieEes BpPhf PRFHEY biindp &p9cgBday bus of the
virtual R OlHwoeRET badgend0seri al 1ink as a PCl bus segment with a
single 10 device. However, this is nmerely an exanpl e of

ow t A e 0 bu e nt may .be ._emulated in_an
o079 RS P R hodimats B o iR i Rar b S rerence to
Figutien 8 @nd i9onapremprise lokictb tivderbély detbodd @i RAatess 1RG4 b54,656h8d
658 (glrlfustgrat ed, enbodi nent, a downsiream dat%é_gacket recei ved
PR s PR e BrP e 38S S F IR BPF o m It P22 ionhptslownstream
ports B28PRI (&b ellle\Wdtifessl Asieb N ftlr ifORvdrBf Y Iﬂétt,sia?&s ﬂ'&n%%fs%n@&rﬁ%oﬁt@ 624
I ne

address. The switch_ 610 nmay conprise Togic to de

to the upstream portepd: cAcsosdinglyy therpyighd Hmey orvduddstemessagkston

packelBfssayes at # d8Rastant P&t 68X kS AR L%%G%Lﬁyr?& iy él?eoreceived data
downstream port 624. For exanple, the swtc may
messagerqrMackeldd auwneiatsdyith » dgstinaiips afdress gneitheadddmssrange §62 or

660. T5E PdREGHg Wdtbn SAFN O] ﬁx%rﬂmg%rs% gsclﬁ%n u %r ggﬁﬁ%%g data

received from the'root device 6 ress
packsf enfigta miese@er 98t tha serondati brsdolshie srivtarphseotihd vadudl PATtto-
PCI bi@gé 82648 jIiRYafed 9 oW Leam por t
62% associ at ed V\/l%tqﬁlﬂtg %lfeepa\ggglrge :lg(éﬁ ?%%’giz.éjrﬁ#ré%m@ﬁg%&o
t hen ignore downstream nessages fromthe root device

may | S

(0080}, 5y AgeQtdiTRdgraasmbpdiraentdtheswitsh 614 mawalshicomprisa tieiess
P (Yo [ Toley j . oRsiream por 624.
omfa[ QO785a s g%ﬁﬁ%t%%%ﬁ%lggﬁ r‘#e %?i,rgt%gvnss\grwu . Ig%ét]_ltﬁ)fw)f Second,
destingden dawpatseananert b2 hindepeidandlyi cfitke prdcessimasisteamldSastslogic at

he swi i numer atio ocedure. Fjgure 4
e o A80:fed e, SRS b SRR R S
or datp pacieet ) imyemdlrdesede adgemative doamstragt HORSS 258 Eora e address

' -t ch.accordi,ng to an epbodj nent of the
rangel S 230 o 23 RS o GO U Soeen 013 1hg P port 622
The switthu§10 atagdhanbodaneht redehedsuitt ﬁ{ésﬁa%feidi‘ %ﬁta%ﬁ@k@csté thénges

t

. 654, 656 d 658 . i ncl udi b d |
e R I Rt oL B o e v

switch map @iiniare AdRWASK e 3 mPNabSs frAGES Hl: ngwtnﬁtr%?n WEHHQQ LB na
d the enunmerati on _procedure may nodel eac ownst ream

owngreawRest: 28 reg(é@dll%%%of%\e PhesgBhAYeRBemrsorot LizteZOn this respect.
[0081} According to an embodiment, the switch 610 may comprise a 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 2 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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w8 W,79941019562 PCTI US20031026245 an address range for .
ﬁozrv\ér di hg messages froma primary bus to a secgﬁ%‘aqsﬁo‘ﬁ’ﬂ@@*”
of a wvirtual PCl-to-PCl bridge 606 corresponding wth

assodifte tﬁ&%ﬁiﬁ%@ﬁdﬂ%& rang'g{fés%%ﬁafﬁsd Retn tREWPREAL fBt 622. However,

. .procedure may al so nodel e union of the downstream
this if@esely ansraride of koyaeyitch may maigtain sewtinminfonationdo dorward

data tf3€sagp &5t . an

data B4 60 poPR SO S AR B b8 of i S 2

Imventpnzarg aobhvatey ibtlds bpedhe  virtual PCl-to-PCl bridge 620.
[0079] According to an enbodi nent, the multi-port switch

[0082(]2 lo lﬂgfﬁflglg&% éﬂo% 4 i?ctv? ﬁf‘aggzﬁj; tﬂgustll;ggg traﬁzengg%pa%o% ;ﬂ:ggedure

l'ogi ¢ to inver eco r'ess ‘r anges
accoglbnyg togBterahoding®gof the muflGrpeet sivitg: downsirkgaes8smddesin the

. e.upstream part 622 to the.downstream 10 port
iltusth QS £BRE BRI SPer Beb PRa R b Gy D Sstylue v
allochte rescaiprassth coamupdcdts with4he witth 6101 ps bheamnpey PCBd@vices using
cordingly, the switch 610 may_forward ta nmessages._or
Type EERLTAOT L bonbRiion b thuaices SaRpTes Gbben Ne G iamCT
BridgeoSpectizchtion. t he recei ved data nessage or packet is
associated with a destination address in either address

range 2.0 660. The ocessi ng system.may. then nodel
10053 AARIF R S0 i) Tt ER G i G AR 108 s Ok BB S geam port
of a siitch, ARG SROGS kLA Pothea B At@RGAIh ipUSatich Hda@eriabMERH n g4 Sirtual
PCl-to- PCl bridge 620.as illustrated in

of e.yirtyal 1S
PCI‘%@FB?XQ& ofbg FRATRERUqroRTioepdysp minyshep ufiptesubsegRent 00801
confifGRObH tAGsARIoRS aBMBAPLRERM pott RE efhbabe £ItisBY daliels located
conprise logic to forward a data nessage or data packet

“behind ; dhe apFteeMp T (s8> ERRtrst locdsvisr qovplal todhaserendany, bus of the

virtusl St LA CPBrid QYIS bIRRIY 9 fro@dft7 101 IENENRUR AblistPlarh BErt of the
rocessi ng; . system Such | 09 h 61

. ic at 20 the switc may
switclis thegagmenaiioroproreduss setlpeln 708G sBriinitiats Wil ype 1 Renfigweationd

transS&HoR (RISBYE o BYpedaba @@(&}n&%lw\éﬁktﬁeﬁ&e@égggﬁg)ggt {3 enumerate

destination downstream port 62 ranges
the downstreans parids 258rtua FGidd-Hr bridgewer alfavgndas dag of tHer GringIRCI-
i, . ' hen_ forwar
to-PCHYHE R ndint it s callboe s TR RR T JAR R 517 of
the Plédodél] Rindges$paifinaont 624. However, this is nerely an
exanple of howa 25 switch may forward data packets or

Ss [ : :
00 et S bort b eIt DB B 386 e, o1,
assocgated downktirgrne pdrtian aPRIlgoRESIdettge in FEpShic tactheoTgpad t o an

' €. SW L:C 10 nay conpy-i se nenory .t o
cons L Ak ISP RAR Y (S0RG1E5, AeTBRE AR procecure
may fndtiate b dutisdqmemeBgadieconfigledtionpagisadtion 4 bleckdmBt difatddas a

deviq%%?tﬁx%%%n%:ﬁl%%}i)bggszof%e Q%Fﬁ&i?o%&? li)%dgg éc')rrtla:s%%n égn\n?i!l:l'?ﬂle
downstream port (including a Type 1 to Type 1 forwarding) as illustrated in section
3.1.2.1.2 of the PCI-{o-PCI Bridge Specification. In response to the Type 1 configuration
transaction initiated at block 710, the upstream port may provide a conﬁguré.tion header

identifying the device coupled to the downstream port as a PCI device.
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wa 0By 1dzPrise logic to build a | ook-up table _ <
associ at e address ranges 654, 656 and 658 vvithi’eT'rUsmmmmz“”

respective downstreamports 624 in response to the
[0085NUMEA 8édr@ihgRb A6 REHHo8IimdH the dwileh 28R AHALIBEIR to provide a
11iPCT/ US20031026245 associ ate the remal ning address ranges
confyggsatigiphepgder HithhupsieaRort 8drsnonss toths Typgispafiguratinns j s

transABH & thide& ¥AWBLE 308 bW uB oS Mib&hatiBYidBR: R the WRYHCE RBupled to
information to forward data nessages or data packets to

the dgaaistraamipgrt. finresample. Gessdicaehths shrearp pestanay trapsmit a
gonqgﬁmw fhadl 8 e gwp Igavc&%g%%@n@!@r&s %B%ﬁic.xgd'ég{ﬁ% &9t switch may

gure ows ilTustratin
then denvrazd dlié cmfipuodisdiheader dc thor whishrgamoanineaipodserenthe Aypt e

| ti-port sw tch,shawn,.i Fi res 8 and 9..1ln th
Bt Rirsa i SAalifVisy T bREERY oB0BrE stk o formant o
confiurainmiessad upon pifecedon éddmifyiak lone af emdre sinlstioasSof the device

NoJo) icate with the switch 610 as gne or nore PCT |
receigEq Pk (RO PE- SNy E OB ABSFARPSof how switch may
formtd POB 361 fi @irsti @thdadbrits tchataettrize a dadfet @ fihcbibnlolf@ device coupled to

PCl-to-PCl 10 Brigdge Specification. [00831 At hl ock 302,

a downsfteam portq; HRodipgns pf Hisquesenbiiveationareingt lipried 1 Hhis
respdtpst ream port of a switch, and the upstream port may
return a configuration header identifying a virtual
Cl-tp-PCl. bridge. The en rati on procedure may then
(00841 ¢ 1 K¢ 8o %%&@&E% AYitchBay %EEP%? ,r%ﬁ%etqf&ﬁ@&éﬁqs dstontardine
messdPéed freANhBE apétrdan S IFEMha deviad dshiilPs fngd @ 1a8@%sdelGidyesk 15
"behi nd" the uPst_rea_m port_ ( directed to a device

represeRipe £y base ak @Eéaﬁataﬁﬁe&%g of ibepipstroamn pas| Fpbpwing fhe;
enunk¥rh§lGe proRbdtk AE KR RF QUL 151 e SHRICHSRG M AANPSEL E@éBEing to

port of the swtch, the enuneration procedure at bl oc

forwangempgipgesirealosnsirappports toteiugeireamn oart, erEomaciisbdownstream
data {Bbﬁ t% tu%&&dado%&eémh ShiGRRVRT o0 kvifil relfé}snéeﬁatﬁi &,

con

Gt ?69@
or 0 enunerate thqa OWI_’]%tl‘eam pOI‘t_ as a Vi ytua
For emgmple - thcswiteh wige comprsslogimidaxiracirouthg irfferndtionufadm P@rersely

t.Q= ' : 24l | M- POr t
decolfhe e Sidrell LAOE AHAREEUMRY A bilxd I R RO LB 4 roifing
tableBrTiggeuSpe tibld may ithen. be[uB6d til fofwerdudess 4 neasagpofibnnayource

vi de configuration header j.dentifying an, associ ated
dompo%ﬁ%’tgoerg?% t%% rP gtzr:\esamap L %g‘?%aﬁh%‘? Eﬁ‘ﬁgg[tfeﬁl%f ®¥bonse to the

Type 1 configuration transaction initiated at bl ock 306.
[0087Ac c or'Wihilg lthere hirebeenulietatédomdptesordishdreh2 Srempresemilyt cakilesed to

equent,. Type configuration trapsacti.on, at, block 70 .
be eI E ARl A e B b e BB & YATHE e et deffga in
the aRGhait varisGh other dgeifrativRspande Rghdsl il édidvalclavislyRanbgtuted,
WithGSlIHZ r}d?gg%n%ﬁio% IIYAO t?uelsctolge ;DI}{ % i&vgn%ro\rll\? Tcidgt%na?& Ilnlal'l)lf'l ?r}ord%ceagions

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

T
O

- 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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wd Joodotesez of the PCl-to-PC Bridge Specificati Qi ddhoosinzerds
response to the Type 1 configuration transaction

initiated at block 710, the upstream port nay provide a
confi gysave@n header 30 identifying the device coupled
to_the downstreamport as a PCl device. 22 v WO
200¥hatigslimedSEl i 7S2003/ 026245 [0085] According to an
enbodi nent, the switch conprises logic to provide a

conf i gurAanietiodwatielsirgt t he upstream port in response to
the Type 1 configuration transaction initiated at bl ock

308eRARE o WRADAREQE Hi?lﬂgli?’:é%s bERBEL YR, the device coupl ed

to the downstream port. For exanple, the device at the

do .eamport may transmt ag.5 fiquration header to
e R R R
swtch may then forward the configuration header to the
upSPREERCEEfory srdingdporrseived data pagkes dhrougls o switghy Fabric g 2
transaction. Alternatively, the switch nay conprise |ogic
trangroit fjoeun of ancegnéss gortaf terswith edion pocompletonaf fherchecksum
identifying one or nore functions of the device received
operafioi.ne downstream port. However, this is nerely an
exanpl e of how switch may to forma PClI configuration
header to characterize a device or function of a device
coupled to a downstream port, and enbodi nents of the

T i
e S G Sl s e

. .represented by base and |limt registers defined at the
indigppieon fmamtheorhecksapl opewition. t he enunerati on procedure at
bl ocks 702 through 712, the switch nmay use inverse
decoding to forward nessages from downstream ports to
the upstream port, or froma first downstream data port
to3a secoRIndRYNSE QSR JR ﬁeﬂﬁﬁtfu&ﬁerddo%g}ffs s RRAVAY Wrddhing
reference to Figure 9. For exanple, the swtich may
. . hact . e, tio
the SSATRUEE fara YRt (bl it QO BB R Coi ¢ 1
. .t he wnstream data ports to forma routing table. The
lndu}agapgﬁogxftgbq%g@wwﬁ:gaﬁl%e used to forward data nessages
froma source downstream port to the upstream port or a
desti nati on downstream port. 100871 While there has been
illustrated and descri bed what are presently consi dered
t 04. be &hempitbodobdaintibsmethoti Hertieresanirisinpviasdrinna padket
wi |l be understood by those skilled in
invalid symbol into the forwarded data packet in response to an invalid CRC indication

from the checksum operation.

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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[/}
w%5z b that various other nodifications my
3%@13?‘?& ents may be substituted, without deﬁﬁrﬁsﬁ%‘“mﬁ“‘
from the true scope of the invention. Additionally, many

modiddisdld @B%e eE@eYi L8 ﬁﬂﬂ& Jv?h Q%Pat kB e%lﬂLe upon a portion

S|tuat|ontot etea ngs of the ese I nven

£ thoMeb ng fromthe central inventive concept
° %\ﬂes%??%dgﬁ %%éfth Therefore it is intended that the

5 AT 00 0 5 SRR o

[lin thin the scope of the appended
“P"“ eass C“%é %é‘{t,tgg@gagﬁ" PCT/ US2003/ 026245 CLAI M5 \What

Ee dis: %hod orrprl sing:. receiving a data
3 pef& St eaergr?st?d’r"éfsléasﬁ pRongfe degtipation. intoridtionat | ng a

checksum operation on a portion of the received data
packet; and commencing forwarding the received data
packet throu h a switch fabric to a transmt queue of an
edress awdtqfélagwﬁ ¢ 1pethod fudherorppimsisiogt of the
checksum operatl on. 10 2. The nethod of claim1l, the
neelestng the egsessaonhrased mepnseplexsical aflgress irathe rrmenvadgiatdrwcket
forwarded data packet fromthe transmt queue in response
with the egregg ppr iRE re¢eictidodats preket io mssdeiteh withsammqogs dateipanket
3. The method of claim2, the nethod further conprising
10 type;ged ectively dropping 15 the forwarded data packet from
the transmt queue in response to an invalid CRC
i sdiecting the dgreanpotidastbuonumm idpeti fdri ofra sofircélbita regtiéso dataf
claim1, the nmethod further conprising inserting a packet
packeit ifthe irebesweadizaka pavket ishesobtadod thgtiedabmpaidedath Padlesppase
to an invalid CRC indication 20 fromthe checksum
operation. 5. The nethod of claim1l, the nethod further
conprising selecting the egress port based upon a
PG t i OITHE mbihedrogeRrimead tiiahamhpa Feher c%ﬁllﬁ]sﬂé‘e met hod of
claimb5, the nmethod further conprising: 24

15  determining an availability of the egress port to transmit the recelved data packet;
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
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2004/ 019562 PCTI US2003/ 026245 associ ating the received
Wd’dgat"gg%é’é et with a data packet type based upon ‘& HOriityjz624s
of the received data packet; extracting destination

| BfferRiind cif du@i ool Bhdce Rordfarding therReMRd et FacReCkflugh the
based upon the associated data packet type; and 5

switcl? Blb@elib Adrdifi YA DIRA rebe?@?&q BRPR ddiRpIEsh bPald Glcksum
Information. 7. The nethod o cPa|n16, the nethod further
operafi Ol rising: selecting the egress port based upon a
physi cal address in the received data packet wth the
egress port if the received data packet is associated
Wi th a request data packet 10 type; and sel ecting the
egr.ess .port based .upo identifier of a saur of, a
- a8 oo PE A SE b Py B stitp e AR paRL
associ ated a fequest. conpl eti on data packet type. S. The
seloctap BRI S et B K Pl Hgesspise o0
..determ ning an availability of the egress port to
valid (R I gatORdT R s Gersenst ghyabRRet; and selectively
forwardi ng the received data packet to the transmt queue
based upon the availability of the egress port. 20 9. A
swi tch conprising: a plurality of ports coupled to a
swlilt ch Flabswitch af clpa 49, whrscipdhe egepiPors CoRjPESses logsgdey t
queue; a checksumcircuit to execute a checksum operation
selectyrelndrdpaths tfomvarded fdain packed frgat Be tpasketquese &) 1RSHORE ta AN
i ngress port; and 25 4 WD 2004/ 019562 PCTI US2003/ 026245 a
invalifl SyBa nuidingtian froui thetchedkswmepertfoor war di ng t he recei ved
dat a packet through the switch fabric to a transmt
gueue of an egress port prior to conpletion of the
checksum operation. 5 10. The switch of claim9, wherein
t HE. egr'Bssswidct oLdaim Psids sivitgh durtler coplpeisingiekie tbigsest acket
the forwarded data packet fromthe transmt queue in
mvalidespbos éxtd cheforwarded 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 pa;:ket type; and

fogic to select the egress port based upon the destination information.
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' i ndication fromthe checksum operation. 11. The
‘Véaﬁ?gﬁgﬁﬁ clai m 10, wherein the egress port corffr/4@003/026245

logic to 10 selectively drop the forwarded data packet
fromthe transmt queue in response to an invalid CRC
i ndication fromthe checksum operation. 12. The swi tch of
cl.aim the switch further.c I.S] | oqi i . 8.
padicet THRAIT St ME R pEP et ARl
response .t an invali i ndi cati.on fromthe .
B iR Porabasnu Qs PRYON “Ateeh ot s fata
the forwarding ¢ircuit, cqonprises l.ogic to select the
packet yiibehe FRRors O Helhe i ved JBmPERRt T TrRBIdORIt) deqpedate
acket. 20 14. The switch of claim 13, wherein the
Pad@fBWﬁhﬂﬂing circuit further conprises:: logic to associate
the received data packet with a data _packet type_ based
upresic tp sgerttthoperess Rarkbased spoeen WisnHlipaeiasourtoef sregyest data
extract destination information froma portion of the
packet Hdbé vasgivgdtdatppasrket is apwsiatbdiysauess scomplasionadaaip arkettype.
packet type; and 25 logic to select the egress port based
upon the destination information. 26 0 WO 20041019562
PCTI US2003/ 026245 15. The switch of claim 14, wherein the
f aswar ditegsvaiiahoefi dlaifu @, twierein énploireesting tiogiit firthes edraptises:
the egress port based upon a physical address in the
r éegic we detdahmepacketlabilitytofttivce ressgsst fpdrdnsinfit theeeveiawddi datal
data packet is associated wth a request data 5 packet
packet;)agpd;, and logic to select the egress port based upon an
identifier of a source of a request data packet if the
r @58t Ve sbldatelpasiatd the raeseaidatashcRerioqhe stnanitpheid iised
data packet type. 16. The switch of claim9, wherein the
upon fHRravanshingy 6f theWietesé podeher conprises: 10 logic to
determ ne an availability of the egress port to transmt
the received data packet; and logic to selectively
forward the received data packet to the transmt queue

~ baged ARQAehN@nFHRIdADI 11ty of the egress port. 15 17. A
system conpri si ng:

a switch comprising:

a plurali_ty 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

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 upsiream post of the switch through a root

device; and
27
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WO Shtlsfogdxsconprising: a plurality of ports coupl _
switch fabric, at |east one port conprising a ?ﬂgﬁ%%ﬁhmmn4a

queue; a checksun1C|rCU|t to execute a checksum operation
on oak of BRSS dAiRR rcbhﬁ’l@d &S dovAiBtRa] Pods BREJALVif@C eI ved at an
ingress port; and a forwarding circuit to comence
forwardi ng the received data packet through the switch
fabric to a transmt queue of an egress port prior to

Iet of the chegksum operation; a host, processing
éﬁ%&ﬁwﬂamtog éﬂ%@wﬁsﬁw fgeregrﬁ Dot BRI taugh

a root 25 device; and 27 0 WD 2004/ 019562 one or nore
selegiawely wansoutihe é@"’(@d@ﬁdﬂﬂﬁ%p&@aﬁﬁm thetrafsntihguamiin césponse to 2
PCTI US2003/ 026245 18. The system of claim 17, wherein the
valié GRESmdpatibn Gonpthe shéckb@@ioperfation.sel ectively transmt the
forwarded data packet fromthe transmt queue in response

to a5 valid CRCindication fromthe checksum operati on.

19 The system of claim 18, wherein the egress port

ris vel dr op or.war at a
pac et " s P G el S e PR h b ERG 8Bl ¢
ndlc on fromthe checksum operation., 10 20. The
Sele‘é%béﬁﬁoaft oxwaRdeg dalpmackst frophibe SNEEK qUERS WAESRANP I Fbs
logic to insert a packet invalid synbol into the
1nWﬁ@Kﬂﬂ3d@ﬁﬁ@aﬂéﬁpaﬁkeiw@ﬁmnnspomge to an invalid CRC
i ndication fromthe checksum operation. 15 21. The system
of .claim 17, wherein the forwarding circuit conprises
logic to select the egress port based upon a portion of

t heor ec aiheedsteiator cRAGKEt whéin the §W§t¥l§ il Eoﬁbﬁké@ 18%1
wherein the formardlng circuit further conprlses ogi c

insch% pnaaégagfégaﬁﬁ sgﬁl%of &;cg{hwé & PRf ﬁa%kem o §f A, PAGKE!

portion or e I'eCGI e data

CR(gackeglﬂ %}ﬁlgt ﬁ‘é tract{fgggt :Oggt(le?n information from a

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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‘ n the associ ated data packet type; and logic to

W‘?Zﬁé@f%ﬁe egress port based upon the desti nat i¥nt/US2003/026245
informati on. 25 23. The system of claim 22, wherein the

oS e Bl s RS n PSR pd S PimMle pocived dota
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| S.assaciated with a request data packet type; and |ogic
pac}{et@pg’ez}ngct the egress port based upon an identifier of a.

source o request data .5 packet jf t recei ved dat
D feloch BieGATER e oPed B it ol fe e PER ek dara
type. 24. e systemof claim 17, wherejn the forwarding
Pac}{%{f‘f}&iﬁef’elﬁ’ Eﬁmﬁf@rﬁya&%ﬁﬁ? pesgeiated dpguesh "%‘EPJ&‘ taaﬂac\i‘\%* type.
avai lability of the egress port to transmt the received
data packet; and 10 logic to selectively forward the
recei ved data packet to the transmt queue based upon
24, t Rbe gyaiern sficlaimyl 7 vhcran ghy fessardig ciropst further egmpasasof
claim7, wherein the swtch conprises logic to enul ate
t kgic fordotemyne eh awaibbility of HE egoess get toriranespois eeqedved data
recei pt of a configuration request packet at 15 the
packeyypsdr eam port. 26. The system of claim 17, wherein at
| east one downstream port is coupled to an of the devices
c toppe {ossedectivglyaphwvard thordceved data p20k& 7o thhwrasymsit gnewfbased
claim17, wherein at |east one downstream port is coupled
"upon the asaikatiliity cfahpegress pyst em i nterface. 28. The system of
claim 17, wherein at | east one downstream port is coupl ed
to an Ethernet controller. 25 29 0 WD 2004/ 019562
PCT/ US2003/ 026245

25. The system of claim17, wherein the switch comprises logic to emulate the

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 confroller.

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.
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WP 200l dpsgystem of claim 17, wherein at |east o
downstream port is coupled to a Fi berchannel i ﬁ’t%érlllgsgg%‘i_mzﬁus
30. The systemof claim 17, wherein at |east one

doynst r SRR off 81a5AUR| RHlefeh a 16hsPEd RIwtTBatlPOHGS cortfled to

a Fiberchannel interface.

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

5 aserial ATA device.

30



