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and Forward Switch Device, System and Method CROSS
WBRBRANGH2TO RELATED APPLI CATI ON [ 0001] The SUlPJCQ‘ﬂISZOOSI()zGMS
matter disclosed 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/ 04QtgPe and Feeward srRthDevite, 8YSfemaiitd Method
10/ 041, 040, filed on Decenber 28, 2001. BACKGROUND
Field: 10 [00021 The subject matter disclosed herein
relates to the transm ssion of data packets. In
particul ar, the subject natter disclosed her ei n
CROSSARIPERENCE oS (I FebaPpoleAzbrom  sour ce
devi ces to destination devices. In ormation: [0003]

~ Processing platforns typically conprise a host
{0004} ocedhs J@ﬁ?maﬁnq digpdosed erein relatés tdeeposkngticS. Datent Appl. Nos.

10/ SRR PO A b S e 585500,

* 10/046/70R hﬁ!e@'on‘iﬁéébﬁﬁ& 285u00Y, and 10/04 5980, 6Tkd &n DERERBEN 28, 2001.

f or med according to one or nore 'standard 1/0
architectures such as, for exanple, the periphera
conmponent s interconnect (PCl) architecture according
to the PCl Local Bus Specification, Rev. 2.2,
BACKGROENDLS, 1998, or PClI Express Base Specification,
Rev. 1.0, July 16, 2002, 20 pronoted by the PC
F.lﬁpecial Interest G oup. [0004] A communication system
L y transmt nessages or data packets between devices
coupl ed by links according to a data link |ayer
[0008)" Ot OFifY subjelt MHEd discRtsd BlfeinfreladR\b Gf ﬁ@ﬁnﬁésﬁﬁﬁd'ﬁ data packets.
messages or data packets to any of a plurality of
In pagtipider, tlte\ﬂub}ﬂ@t meftar dlisglpsed baveinoklaichite fawiarding dhtaipackets from
celve Jessages or data packets froma 25
Smﬂé%%%@g eeﬂ?@mgFuinnﬁﬁgress port and forward the
nmessages or data packets to a destination device
Infommtmngh an egress port. Prior to forwarding a received
nessage or data packet, 1 23 FEB2007 WO 2004/019562

2003/ 026245 howev the swtch t cal | .
ey 1 FERESSnER &t boent 205 SRk SRyl peripheral

devideR@RH ¥R YO %fé&%ﬁt &fabﬁ@h&nﬁ%ﬁﬁﬁoﬁ Bet@idey f)ﬁ)c%&%s hosted on the
integrity of the received packet. Such a checksum

host processing system and the peripheral devices. Such an J/O system is typically formed

according to one or more standard VO 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 E‘xpress Base Specification, Rev. 1.0, July 16, 2002,

‘promoted by the PCI Special Interest Group.

[0004] A communication systeni 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 2

source device at an ingress port and forward the messages or data packets to a destination

- device through an egress port Prior to forwardlng a recewed message or data packet,
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, operation typically introduces latencies in the , 23 FEB 2007
process of forwarding the nessage or data packet from '
W 220941019562 devi ce to the destination device. 5 BR/ES2003/026245
DESCRI PTI ON OF THE FI GURES [ 0005] Non-liniting and '
“non-exhaustive enbodi nents of the present invention - '
howavler tb@swxﬂcésmfpnchi@dpwfmins aeherkemmepeention@nfapdridon ofthe recewed
ref erence nunerals refer to

meﬁiSFﬁ%%@ﬁ*% pa %ﬁls @5'#85 theiieERE gl ab%rqcmgeqi E@Fkﬁhl %@é a checksum
0peP§tfb% 1’9{)§§llysﬂ%ﬁﬁde§ fhrenlfs L@&Qgisr é%'sga 5sa#e or data -

schenati c "di agram of a processi ng p orm ACGOT
PaCinfaomi@r@mbenbmiceﬁthbldestmaaemdewcmvent ion. [0007]
Figure 2 shows a schematic diagram of ‘a processing
~platformaccording to an alternative enbodi nent of
the present invention. [0008] Figure 3 shows a
schematic diagram of a portion of a switch according
BRIBF DEESCRIPHIOR OFTHE FleUREssent i nvention shown in
Figures 1 and 2. [0009] Figure 4 shows a format of a

dat a packet . accor di ng to an enbodi ment of the swtch
[0005h o \wn Now-Irigige end nop-exipostive quiesimeits of thegmesshiowvention will be

desdrltl HPEAAGCE b M A0S EhuPlsORRRR A B AR Ruflflirofer o

om an I ngres an egress

l]ke@an:l th:tongmmoﬂmraaaﬂmmgmnml@& otltww&%pahﬁém shown in
Figure 3. [0011] Figures 6A through 6E show formats

packet. header recej.ved at ess -
W““&ﬁcor Hishge Fshais schgmaiia q!he%fa@n%f&ow %@?ﬁﬁmaﬂn?%tf?@anréwg to an
emb%ﬁﬁﬂéht'o?tﬂ%‘;ﬁégeﬁtﬁveﬂt@9121 Figure 7 shows a flow

diagramill'ustrating a process to forward a data
gﬁlcket_ froman ingress port to an egress port
[000Zk c or Highee 2 ghoavs asvbetirediagrem offreprdetssing pbitfrma8cording to an

e ERILR SN J RIS O30 Sos6258 Toots

Figure 8 shows a schematic di agram mappi ng of a
[00081 t i F;gurew shoiwtsclhschematic disgramsel @iriienodd switdiGcchiding to

ruc accor ding to N er(bodl ment of the switch
embg&%%g the-prssd dnventiomsomm ipikigres 6 28¢3ws a schemat i c

diagramillustrating the formation of a routing
[0009] Figure 4 shows a format of a data packet according 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 accordmg to an embodiment of the switch

shown in Figure 3.

[001 1} 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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, 5 table froma conbi nati on of decoded address ranges
for transmitting downstream nessages and inversely 2 3 FEB 2007
NE@ yWi#MAYS6Dr upstreamrouting according to an PCT/US2003/026245
enbodi nent of the nulti-port switch shown in Figure
8. [0015] Figure 10 shows a flow diagramillustrating

o [0083] endiipmreBishowpea echenmtiadingradi mgppithg ofamnmitb-editmeich of a
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the multiz switch shown,in Figure 8. 10 TAL LE .
repﬁé@éﬁi“rﬂr?fcﬁ@ i; é}mﬁyeeqce%@gttﬂ%g@ﬁg@mephpg% LaEE Shown in

. Figapgai fication to "one enbodi ment” or "an enbodi ment"

means that a particular feature, structure, or
characteristic described in. connection with the

[00&tb o diFigine 9ishowsia behgmatic diagtam Blasiratimgehe fvoation of 2 pfuting

' resent 15 ipventi Thus, the appeatances of the

tabls gl B S5fRingtin bF A oot s 58 BB e ool feann

medsaEdsQing i RGPS dddotinE IOstrédhh FortRe Ghédrdiak it® Bn 8iBoditent of the
necessarily all referring to the same enbodi nent.

multisparh v gl shownhis Figwre 8.cul ar features, structures, or
characteristics nmay be conbined in one or nore

odi 2 . o i . .
00RT0C PR} 10 h e dow MRERLL S SR CengkldRh G bl altBrding
to amyhblodinukid e icarultilppricndtch shovai i Figedkisnes for '
perform ng one or nore |logical operations. For
exanpl e, machi ne-readabl e i nstructi ons may conprise
instructions which are interpretable by a processor
conpi l er for executing one or nore operations on one
DETAILYY PESErgPYpORCt S- However, this is nerely an
exanpl e of machi ne-readabl e instructions and
enbodi nents of the Present invention are not limted

[00%6h t hReforensp deroughpst fhospegificalioanp Nens embiimentyet ant

emtdAh&EE Heglqs s Jﬁz{r&éﬂm‘r t&%tﬁitee cﬂn&e o@cﬁar%&%@?tlice%&gribed n
mal ntal ni ng e_xpr SSI ons it are percel vapl e py one

contctipn wdthnthe bimbedimehvis iechade lie at l8ast 6AE Binbedihratabihe present

. _medi um may, conprise one or nore storage devjces for .
MVELigRi %“*‘d i‘teaaPBFm‘FF&& Af %@PP@Q%I 2| eiebOHizRent o s anggphppdiment

B O SRTBESE AP PO el e

- embodimentn Hutheaymonsg tisqpartidmive featyres, Istsetuzes conmbiasicteristics may be

comg’xaeapl es of1 a_machi.ne-readabl e nedi um and enbodi nents
= H%%?%%gﬂ{eei gﬂ?‘?‘?}% are not limted in this
respect. [0019] "Logic" as referred to herein rel ates
[0017p st *Methifierda@ibleeinbt@ickbidasaBferRf teRERIn leésaidlexpressions
.gperations. For exanple, logic nmay conprise circuitry -
whighmnanp bﬁ, padarsiaed By enegr mee aachines for performing one or more logical

~operations. For example, machine-readable instructions may comprise instructions which

are interpretable by a processor compiler for executing one or more operations on one or

iore 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

3
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» 5 output signals based upon one or nore input signalgs. 93 FEB 2007
Such circuitry may conprise a finite state machine
whizobw/mewei ves a digital input and provides a ®icgidsabos026245
output, or circuitry which provides one or nore .
anal og out put- signals in response to one or nore

semidvtedor Medih. Howghed thesddrs rerd] P ek AinplBY oL O MAChinS-readable
machi ne- executabl e 1 nstructions stored jn_a nachi ne-

megiwy 3k pabadimenin of thepresanh v priengre potdipied i) fis respect.
circuitry to execute such machi ne 10 execut abl e _
rapdoRSt r I . Les of .
(O0tof | S " B Y borch 1605685 B S BRe Rt (A RER B o flor grore
logitdl@ppmieen tFor ryanpliepiogit may@imprisaciradtrywhible provides one or more
respe tg. [ 0020] A "praocessjn Sést eni’ as discussed . _, .,
OUtY pighdls pastedupen pBe af IBBTRITPIE S1Z8AI o PucheiF GIREY anay fgmprise a finite
oo e B O R ! BT S L BB B O fowitey
which poeisiss oup arymoenmalog oatpnosigmdningegfonkd® @reesansdre analog input
. inventi fn.ar_e 15 nat lim.ted in this respect. e3,"host )
signglh, s IR ¥ Comprisgmpehing proguipleppitaicHopg figteddn pgnaghine-
readdbRGRARIN I SAAbIBRIGNMWER pFBRYsshS cﬁ‘éﬁﬂ’é&g elcBc1ft Sl -ﬁlﬁtﬁﬁﬁé—
with a "peripheral device." For exanple, a peripheral
exeqiéabiecipstmeofiops. olpwevarnihasesare memly excuaploeositystitres Whishnmay

N A N TN N T

processi ng system and peri pheral device, and

_[00261TDOCA FiBidic8ssitg sybiemPTag RBhsst NG BihirSRtes 20 a@bmbiion of

~ limted in these respects. {_0021] A "data_bus" as )
hardpigregnd saftpigravssaireesdar apcemplishing eamputptjorrab tasks. However, this

A e UL Y LS8R T i v

not laps¢daimthin despegerA et ploceleing egstethid uendered tul Igerein relates to a
nmerely an exanpl e and enbodi nents of .{he, presen -

procP Y P E SR R U RS0 SorP RSt aict “PompUggL dovice.” For

exars ﬂl@,%?h%f dé8cd RhPhFR ettt Thidve &ltgﬁ@ Srdn? af Bpplication
I'nteraction between devices coupled in a bus structire
procefidioeied on e hagepiocessingaaystmint Flodetver, duke essmdreaiy exdpeples of a

nos SR W B R Lt o b o
are tiof BAE6E in tetexebprcll receive data froma transm ssion

medi um For exanple, a port may conprise circuitry to
data to or receive data froma transm Ssion

lﬂmh@??éﬁ‘iﬁ& Brgias gefered tylarein relafas ta Qeuiry forinmemiiting data
0 / / .
betw}é@ 6 0%3p ’ 5’%[ a émﬁf&%&kﬁglgg?@néﬁ{rgceg?ng

IS is nere exanpl e of a port and e
systetithandpr eihieral dexient Howewt ghisat mietely te dxamplehing embodiments of

. respect. [0023] An '"ingress" port as referred to
- the Pﬁfé?ﬁilﬁvqﬂ@%aﬁ@qfémgw&dwmf EopRbety g g@asacrla% g referred to

25

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 nmedium according to a data transmission
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v transm ssion nmedi um according to a data transm ssion 29 FEB 2007
protocol. An "egress" port as 5 referred to herein
WO 4P441986@ a port to transnmit data through a PCT/US2003/026245
transm ssion nmediumtoward a destination. However,
these are nerely exanples of an ingress and egress

‘_ protpcxrlt Hoswmder, élmmemﬂmaﬂ emfimplef ppes and embuémtem’a"bﬁhe present

t limt ese respects. [0024] A "data packet”
on e o E‘E‘th"g“h PPkl ates to a unit of data that
may be transmitted to a destination according to a

| [0029ft a Aﬁaﬂéf@sﬁ bR agdYe R0 9 herbin @itaés RS %t&?ééew%%ata froma

conprise a er"” portion an pay porti on.
tranSi:hEmpm;dedmm mntdmgﬁoma@ata;umnnssmnqmmeu& fkimt‘%res’.sﬁtportsas

B VN N TR LN A

a deSIRibR! HoRbRiMbicoRe MJI% eemnﬁxwof%ﬁe@%e andd@pdds 5}»@&'
i nformation." However is i's merely an exanpl e of

embgdimengsaod lteet praseot vbatitimase net lishited in dhqse eespactsi nvent | on
are not limted in this respect 15 [0025] An egress

0080 Y351 R AR it Qe b oy ve

trans“mttbdlfﬁ 4 dustbiglontdaeortieas & danlttanshistiba old e agta pavket may
be fornmed froma nmenory tg sequentia store data

com%%the&frf pertion apd a1 Bailead” poriont he pwleaﬁisnﬁreem §HY comprise
t gcql
conBHTATCR Aok LIRSS P DaRLR 3] ol

~ The hbadeugdl'tiamnﬁg rempripoedntiat mferdiatign suchaisgfiriergmplel Bdestiflion

ver,. this rrerel an ex e.of a transm
inforg OB AN sk gh Dierly g ‘”1‘28} HoRnphcet rd omppdiments of
thcﬂréééhﬂlﬁ%ﬂtl@n%&t‘lﬁﬁ%%thﬁ%Qﬁéﬂ- A "switch" as referred
herein relates to circuitry and logic to f or war d
recel ved data to one or nore destinations. For

[0028x anpiecgress partiody brdssedaipd with aatrpnsmia nwye t@ stopedate packets
to tréqﬂgut 189 'n%nst'n%sglgn p’aegfaj 1L egn&p%xetﬁgggr S éato?th 2’? que e lg’ltay be

an egress por

| fomnleﬂ}ﬁommmlemﬁr}aﬁ)%@m&haﬂy Wotehlath R sr6l féﬁ&aﬁﬁhﬁsmn over the

However, this is. nere exanple of a_switch and

I
transgHEs ediv@ ageording ip ﬁé’é@rﬁa‘lﬁwﬁé‘ﬁ? pErosle Data Packeisda g

' transn f r(gﬁhém 88 RS filmitleld Pfréhat{tm dgrls Poﬁ‘%cécﬁ'ﬁgfgr t§ Q)B&éi‘:{ ing ru rules.

In re ates to circuitry to transmt
Howehenyj thisgs mArei}emn exaniplekf atynspribgicde apd embodiments off the present

cormunl %&1 en tvvo devices in 30 either
m"el?}mnd*ﬁ W?’“BFESB?Cdl rectionally. Being linited to

transmtting data between two 5 o Z FEB 2007 WO

100263 004/A0%Q868* ROTFHRAA0 BLRAPRMRes 19 8iréllify afd 38¥ik &) firivald

.25

' transmt data between _the devices independently of
rece1g@%¢

abiio 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
: k__ievices. 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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y informati on. However, these are nerely exanples of 2 FER 2%7
serial link and enbodi nents of the present |nvent|on
woeomd19kdzm ted in this respect. [0025] "Routi n@1/us2003/026245
information" as referred to herein relates to data
~associating 5 destination addresses wi th physi cal

poirfi€ SlseAAUINR Sy tFfnB BIPbRwedh the ‘&Hﬁbébqnaé}@nﬁentﬂf of ddaR¥s

. up table" may conprise routing information t
infopmating. (Hfé’\fﬁt}’elsﬁhmwmenem evargldsod aiseria ldéctamd epsheklabents of the

S ation (e.g., a port of a switch
presgf}t ‘E‘é"xﬂﬂggxﬁ Ihgbl%? g“f)’fﬁs ®6f a switch). However, .
~these are nerely exanples of routing information, a

[0028put | TRotiap ifoRngtion” a8 kefoied RIHcpein aélste_ﬁﬂwﬁa Hﬁﬁ&i&uﬁ’é
the present invention are not limted in these

desqqgg%@dcgessqw{tb @hgqlcal\dgmngamsnd’;@r @mnmlpsaa“munsgvtablﬂ’f or “look
up tagﬁ?rﬁlg}é ¢ me@ée%{@égc@gﬂ{aﬁ% %{1 8001%9 gﬁﬁt{l}?ﬂl’? st Waa{t}dggx;n a data

packeowith Ia%ihykloﬂldésﬁﬁaﬁbﬁ (88 6 part oflalsHitpiR6K@évieLERIpkRIto Aport of a
port to an egress port_in response to

i_ngress
SWI*&“Q)S ﬁ%"% HleS? AfeGRAED SxamRies o€ renting Ipformation aggnidigtable and
1 r r:
ook B thole o BF 0 FeRER ey sl ypsmgmect
packet through a switch fabric to an 15 egress port in
[002Has e A apiteh viey comptisom“swifchriatrid qmovilimg cixaitpt ad lagic to

Torw B4 RSP G BT T BEArep o St GBS M oA 198G todevard a
data biket FeREIVRT 6t B ek BSrtrt@ &R b%’r%% ﬁ I g%gggé tof J¥sBHSHdn

the switch fabric to the par port.
inforpgafien egsocipled seitiathe egmsaemﬂ eAampich snayfalsp swinpride & ‘Horwarding

cir” o B Mo et P et RO el = e o an

egres%@mo[-tﬁﬁ Beed Apon @estiRFisH irTOrnkHiies e fuf @xa.nﬂﬂe raeifo%'é&lﬁlg @rouit may
in relates . to a process controlled b

asso%ﬁ‘tsg diedeptination duformarion visk aparticglspagreaspshans inffgate the
forw&d b Qe P 85%’?@63(& ﬂﬁ&@sﬁg §WR§‘§ %1%?8 Qg F]l{elrl:}%awular egress

processi ng system devi ces 'cou ‘ ‘

port. sjiewever, thoe aremargdy exanqﬂeseasﬁmxaﬁn fabripmat e fawarding circuit, and
cat data buffers in ystem nenory of a

embo@'ﬂf&%’&% ot thg Pgﬁﬁg{ﬂelﬁwfswntar%@ﬁm%dﬁa et ALpectss

receiving data from devices coupled to an 110 25
[00303Y ST @M “chlirBbratidA pRiteiREahd RerRIdQ6 ALHLrdIRYs Bl Sfrocess

initialize device drivers on the processing system
conirgled Bsppivarsigamysieelloeste tsapicevenabling eormtngoatior hetween

o o 18 T R TR oo
_ exam@le@mﬂ&iuﬂdrﬁﬁdrﬁptobﬂss&ﬁ%lebﬂ& de@tvusfeld8 31dysdm memory of a

Qonf}@geuratlon transaction"” as referred to herein

proceseipgsYsiemt HrATRIEPEHDS figfa shor lgeelﬁmgré@taaﬁmrdepm&e@ml@ togn VO
systofl, AGRLE hEROUER D Radte IRy % HRHRLE detife il 3nHS

or a
processing system corresponding with devices coupled to the /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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v WO 2004/ 019562 PCT/ US2003/ 026245 resources to a devi CQZ 3 FEB 2007

function. A configuration transaction may provide

WX WPHeI9P@N to a processing systemidentifyi n@Carus2003/026245
device or device function to enable allocation of

resources to the device or device function. However,

_ resotivestd sdevivedhyction. exangfigerationaraasaetiogmag provide information to a

Proc g3 i PR e GEHioE oSSt funcgof sl Alosaiion of Fesoutces

to HERURE 3} QR PERGRAY FRovER: it i ﬁ%@@%@%@mﬁ ation

ransaction by transmtting a guration requést
transadidore srxbembalimenteof the poasexicuvertioh ureciot imiteddn this respect.
exanpl e, an enuneration procedure may initiate a bus

10039) e A8 AR MATOUE BRI P 2OPRE PRI
transhitt@pad ‘©CohBHAMIGEI gl LAIMEHE Al @ev%'t‘!ﬁbt" abhse ﬁﬁ&?@ﬁ.eﬁor

devi ce or device function. However this is nmerely an
exanjije.cyoampingrabipn grasedifre gnayadnitiste a bupuasaction) addrvssed e atasgeted

tion are jnot

devifd o Wi ARRCTIOh s IUFE 1 3R Al Sl onstclioh B it haleltefources 1o

cominQnieafeavith the kapasd 86vickiraleR R \iistdidn b HowevalaiisGemerely an
. response to a configuration request. For exanple, a
exanygd¢ pEe cordigupition remrest and grttiogiments oftheipigsrat inggntion are not

. ”@5 ~data conprising data fields with information
hrmtlg(gen |s|t‘r§|gpr?g€15 the device and/or resource requirenents

of one or nore functions of the device in response to

- {0038 r eqUesfigurkidmehsader”ab rafeirsd toehiezbiy relateetoatapd provided by a

.canfiguration header and enpodi nents qf ,the present
deviqe {i L5RPPBIF 19 A &0 RU9H fediestn ?WW&%%%EY‘P‘? {”Gﬁ?&?“g?a

conﬁgﬁhséﬁbﬁ RoAULE 2 ﬁ%né@éc?da&@é’mﬁﬁdigﬁ;% 841R fERb @Jitgﬁnfoﬁnéti&ﬂ&ntif)ﬁn g

| IS in_a processing system coUpling hardware
the devdso andiersressfurce npquitaasgitnef enesiramre foctiensanfghedevice in response

o0 TR B T b S et

- embdaife®s 8f e peasshtdivenionayehot Hnkite ih ShisRERy. an exanpl e

of a system bus and enbodi ments of the present .
Inventjon are not limted in this respect. [0035] A
[0034] 5 &ge‘wst% Hugt a5 jedareddo heredn rrlatey tapalatatys dn o predepsing
temQDuBLiFOHRIF g i ” '
A edevi gésgt 0 e%raeblegg\ﬁ?%aﬁgfaﬁpg(g%e %ﬁ%&sﬁﬁ?ﬁé&:@e{}gﬁ% E%Stem bus
may ¢ranpridewnsiataiziis (@ Sotiea demial psoceking eniaiGiB, and niaii dggenory of a

proceiie SRy BEVAVS: BEe BIeAUPATBIAHe Sl g and smbodiments

of thed 18 invetitfinsark ot MBhREYirARisG¥gepl. € of a bridge and

enbodi nents of the present invention are not limted
in this.respect. [0036] A bridge may be coupled to a
[0035hr oc s ridge sapgetered i bergin wglatgsio gapdjtry oslogic Gupledaetween a
[ /. al s 0 ‘se ry bus; t
data l}tﬁ:s gﬁg %n%?ge cgeér %ségoné%gedtrin%m?ssm% 0%%91%%8%\!66115[116 dfta 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 iransmit data between the

| bridge and devices coupled to the secondary bus. Accordingly, the bridge may fransmit

7
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+ 30 bridge and devi ces coupl ed to the secondary bus '
Accordingly, the bridge may transnit 7 2 3 EEB °92 3 FEB 2007
RAPW04MOs52004/ 019562 PCTI US2003/ 026245 dat a fr aspr/us2003/026245
devi ces coupl ed to the secondary bus toward the
processi ng systemthrough the primary bus. Simlarly,

datd RV RIS cIBIedlts ﬁﬁ%@b&n&gﬂl Bus'toFEidUeEp f&@ég’m{/ tem through the

~_processing system on the ‘primry bus to I Ces
prineayy pued Sinulartyeths budgriney tlavsnit Hhtmemwedtﬁm thegmecessing system

f d b
on ¥ by B Ratipesoueidd Ibusathnan S Fovira o Tie aismerely
exampost Eﬁﬁmaﬂf SudRdonldbiY tigksi Bu %1@@&% Bﬁ e 6 b embO@iBathte vf the

ridge" as reférred to herein re ates to a -

presgut gyention ase nof liveiteddn these respetem bus and an UO system
" For exanple, a host bridge may enabl e communi cation

oo, SRR R SR B e
syste@iisedd be VO Jysem0 (Fos eganie abdbt Bﬂgg e Hgy\Bivdle cdiindmication

nmerely an exanple of 10 a host bridge and enbodi nents
bet\?%ﬁentaﬂ@r%wﬁ spppusops &l prepesaing smsemwromlﬁw 3 $yystp bus and one or

morf: gﬁ'gi?g% coup {4938 Lulﬁor e%&%ldr g%tésf tr)nﬁie Iggfrewye?ft s'if ﬂ:e&&ygﬁre%lﬂple of

a device ween
a hopir torddgesingd gndbyditrenmsafdhapresanp iivettivipatt nbl litjted itsthésnespect.
Such a root device nay conprise hub circuitry coupled

L bus, of rocessj ng, systemto transm,
100335, 5 A %ﬂ‘%r%&%@%‘p d b glah%tt% BYiet OEegt data
bemﬁta%a@éing@éteﬁﬁa@ﬁiﬂba% 130 ﬁ ssaeﬁaéo%trae%c may

a root device may conprise a e coupl i ng suc
Cﬂmaﬂsﬁyhu‘tetmduw toupled @ deydteadus ofbmmmassmgtdystem ® trmlusmlltyiata

t d di ts
bt BERTReF s Re ar S nRfim S PR PUHIE (e VO system.
Alsol, Q038! dofics WidyGomiBiYe B BostBhIEE Boiling SHOL eI BuS ISV O Mevices.

t hrough a root device at an upstream port" and
Howeyeip rﬂaa isprgerglyecxgapiccd ¢ roptrdsuips aod embpdimsngs of the present

1nven§<ﬂ o?ﬁﬂt@c?fntglsrhsg) t20 transmt data between the

evl ces an pfocessi ng system Such a switch
may al so transmit data between the other devices
[0039]hr oudylswitels mag be veupdedvust preasrsingsysiem thiougly e roottdeee at an

e nerel exa | es .of an upstre port a
uPSﬁs%maPrte& 19 Rt dR¥geh hiawel 0Bk of wer%?d@%ﬁfwm ports™ ¢

transitily @4th 'b@t'@ve@ﬁ &e"b@ﬁer |dbﬁb£se£1d' the bRRS&iH E’t%ﬁlt S‘Sucilod%gﬂch%ay
"cyclic redundancy code" as re rred to herein

also frangnié data betavese them%hetrldtesmeQﬁarmghtmmdtlm ddwm;rttgamaiorts
Bow§ftplefe fre SRy K5 PR SFarfhelRaR M eody SOvisShRint Pt g

embocﬁhi%ﬁ’:ﬁ&iﬁﬁe PeRhehvetiotfite Bt IR OMTBEe 98pacis CRC t 0
i ndicate the reliabi I|ty of digital data in a received

dat a transm ssi on ness

[0040] A “cyclic redundancy code (CRC) as referred to herein relates to a set of bits

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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; However, this is nerely an exanple of a CRC and a 9 3 FEB 2007
checksum operation to validate a data transm ssion

WOWOHOICSEZ, and enbodi ments of the present inveowius003/026245

are not limted in 30 these respects. 8 2 3 F E 3 2007 -

‘WO 2004/ 019562 PCTI US2003/ 026245 [0041] Briefly, an
(0044 hvbh o dBriefity, apfentbodinpntefih presestihvention is diccdited switch -

ot AR of B s %‘n'déé%cawgp%h? R gy crcuit may

* conBRBERFRaidM B HhdeBetd Kok ﬂ@&lgﬁés °p & Ab@A 4 &&E&ﬁ%bﬁ@f& a

through a swtch fabric to a nsmt queue of
trangmit quenemgian egraspport pncu‘dmobmpleunn of 2 eharkamk speratmn However

s B A cab rcmet Bsdoir Pab Sh e o BBhsentinvention ar

notlnﬁ;t@m{mﬁgsea}é@ec@ot limted in these respects. [0042]
- Figurée 1 shows a schematic diagram of a processing

| at f orm according to an enbodi nent of the present
[0042},y e rffiges.1 showpys eaw@csij@mﬁemcyssm@metfmm@dﬁm@to an
embﬁ&’imgﬂpb@:ﬁé gre%x{trh\gg{ IP hﬁr(ﬁ'-"q.g%nq Bys e&%;glr Quah %%r ﬁ%llgp e%to

provi I oot evi ce
comnmnmates,aﬂapmaraydmcted glero@gh Corgespd &pf@mlﬁ@h k&t devize. The
&%ﬁ,‘l made . Intel Cor poration. However, this is
core %f‘ylaé{rfm@wawﬁmemorh Fifet Ol FeEBETyAeatalerdwbr ) made by
ol orkH868k B0 B b ORIPLE Bl LPY K8 ol s

res
of the prﬂayﬂtllmflntldn arefmot limitadi this repgecO rPdﬂ@h&ab@éﬂiwsldbﬁplleﬂ o the
e,or. nore . processing bridges 12 (e,

+ core R mtey Pt R FoUpIS, 0RO RO IR GHieR Pays & brc or more

procéa%ﬁ"gQQﬁOQS'Slﬁo(rc‘]e‘t: LBEIEA to Fputkoltp ‘gﬁg@g ‘ala‘!rl@és St&eﬁ add Is% ub

switch Ih the illustrate i ment
procesgei.ras @ ponuplleayutalcbmcbe S\mdpl(bdlnttbe dbwirated embeginett, the

es _ho t he CPU 2 .gand
0l SR 1M alord solPfR3 % 3 Foctagmies frospubemedisant
proceses Hosted @ndli&)CBU 22y MemSAtm&S 6 Acorditf 1Bl éI)rQlfocol such
per i pher al_conponents interconnect protocol
as, fo( EXRYD ea%UB%VarSﬁ’gS%I Bua prtycol sepsriphgesl spémrfentsantmnnect

. protoaﬁ’i\’qicg) ([% oo na . grto ﬂh% P@]gtdc%.ﬁocaﬁgg %%?#ef £ ﬁar?ber 18,

1998 Al $paomal[tttyrest@ohp dierdindfict GhaTIL ocalpse8petification’yr
ces nerely an exanple

Aoy, GEh SHERI0 B DR SORIEREP SRR aRTTE e s 15, piowever, this i
mereRf @5 Bin IJBE%’Brb&@sﬁélglatﬁﬁh ahdl BnbS&inieRtsldtise ]51%§€Bﬁ ‘fﬁventlon are

0043] Each switch may conprise an upstream p

| -noth@ld@émeﬂustl@snaqt; core logic 4 and

[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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Howgver,i

. 25 a plurality of downstream ports coupl ed to devi ce?3 FEB 2007

18. According to an enbodi nent, the switch 10 may
woacbbd/diedea upstream and downstream conmuni cat i GIET/US2003/026245
‘bet ween a device 18 and the core logic 4 through the
- upstream port. The switch 10 may also facilitate
paclctit bassd uppﬁ@esttxmm @4ta assovikitudosith the daei mesagaavdatepackst.
__ throu correspondj ng downstream ports .in endentl
%Sé@fr@rqlb@ embodimgrt of g $kchas tnple @ Pa%(ieas

o platf&ﬁfﬁnh@%%?%tﬁ#t@@f‘ tﬁﬁgreg nt%ﬂvéiiﬁ}.’)h cgt%nhféd% #ak fespect.

10

20

25

-'mesgaegdcﬁ)é'élla 2 1%

message or or mat Icating
desti nati on. Accordl ngly, the SWI tch 10 rray conpri se
[0044pgi ¢ Acoordixtpetn mh embadineyt, elestinmtioh dblamauaimpiseasy dgta that may
9562

. be a@@ﬁ}féﬂﬁ%%ﬁ%gfﬁa@@ﬁwg@ i@oﬁ%wa@@é% ek JesHnafign data

f&ﬁl@;\%{ﬁtaqgfdﬂnﬁfbﬁ {a8n Ieﬁ’cr(e dalpfs Bﬁiﬁﬁ&? or senal link for

this 1s nere an errb ment of a s
onﬁgmmmr@phestrpadcep onipéﬁ somgletiph aacﬂ@t mﬁhnddﬂnb@imMa B1adata
the resg& i nvention are not |i tedlaﬂp
A2 AOCBYHF A JRFeeTE ™ Sfrafpart of @ non- '
confBeghiitiPfdqa Bt fadiat. nﬂ&w@@?ﬁhbﬁear@%réiﬁbﬁaﬂlﬂ% of@étinStidifdata and |

._associated with-an egress port of the switch 10. For
embedimgriteot the preseid snvention eve nph limiteday theserrspests. a

|nforrrat|on identifying a bus segnent (e.g., bus

0BTt g B O A Y B
- I/0 da.tleesl sﬁc@asj dbrcexamp s ag Bilrtndd abir¢lke lselﬁplﬁhm Letpoils @ small

map address as part of a nan- urat.i,on
competfa é!ﬁtel}é aripace (Powbve Eenaln%’% LT @ |gtgrigge or
t
ErfifS coRfbI oAb, Hcie TSR Efe%%peﬂi HETEprhich may
be coujled th adownst@ameiiontiansvitch anﬂemlmdlmm’ss dﬂhﬁpg,esent invention are
&lang ﬂe of several 1/0O devices such as, for
nmé’}’%‘é) S ECher net controller coupled to a network,
a small conmputer systeminterface (SCSlI), a Seri al
[0046]TA | Ab&drHiRGe aRembodigRAL BECPUT BB @ﬁdﬁu@:ronegﬁ'%ﬂﬁb @focedures
control ler interface. However, these are mare
to ingtializs|theproresgiagplasormrip @nabiaymssss%h Qi}ié@ and system
r&ﬁé‘%ﬁ&r Sﬁﬁ[ﬁlﬂﬁ) afe @{th 5 @*&Ie%% el’;ﬁ%%%h[?ﬁfét the QfPU B%ay execute
sentlnvenlonae Kot Limted in respec

msﬁﬁlﬁﬂ@ﬁﬁ] stdAed i ghagvélatiemendrydhorshbwn) hepdobbf ametyI/O system
ecute . one or nore procedures to initialize the

oé‘ékg iRsirushonsapmhig g2 Ithe prsirarmeron § and gxesyteda
resp&%c! 16 a%?gt]eﬁlyd%&@ RenESRYBROS s&ﬁEﬁEﬁE n@llﬁlu*&‘cet& control one or

perip vices. For exanple may execute

B more Enum&tatmn: provessesstoaitlockie rﬁsaummtambmssésde g imitiglizing tata bus

t .of b I/ st
arivilapt el Aavemyo sATRORIGE 1 Oh EHEe Ty RIbR e irs B dyioes by,
for %AW, @BfiARg 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

1o appeér to the core logic 4 (and processes hosted on the CPU 2 and system memory 6) as

30

a PCI devices as defined in the PCI Express Base Specification, Rev. 1.0, Julyt 16, 2002

10
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¢ response to a systemreset event. Such BI CS 2 3 FEB 2007

instructions may initiate or control one or nore
HOW4APEn processes to allocate resources toPCI/US2003/026245
processes (e.g., initializing data bus drivers and

device drivers) to comrunicate with correspondi ng data

 (hertinsfer thnPQERXres SpycifieBiond) Iexhisehbodioent, morguinaition s

mer eléétean

SENTEE TS NN (TENER: e

switth 06 868 edwitdh”Idelict & préfided B RLESE 1 1% ofthe PLOERp R

enbodi nents of the present invention are not Iimted

Spedificationsnd dspiges 18 §s0udtioints” asmgovided in segtionl 1 32fdhe®@l |

t he.swit ches and dewvices ,18 may | apted to
Explegt SO GUER HonPR: B Wk in Shrpbe s 1 eSRvettpy sveem
may it fo @stmBNichte WithRNEWilth Ghd WevicddcoplRaito gerts 6fRke Bitch,
- _defined i.n the PCI Express Base Specification, Rev.
and embodithgnigtof i pressoDmvertpnargngt Ianwedmolns regpect.

2004/ 019562 PCT/ US2003/ 026245 (hereinafter the "PCl

o0 RO ke, B 1 PO o,

mer at’i on® proce
procpdiae &8 SiMop g piled tlangs tlibcarmaonirestte comntriinidat withwihedbvités 18
as, a "switch" device as provided in section 1.3.3 qof
couplebiopternstpria perts efseiichc R wanah e wRsirrrm ol fi vt 10
and giRRRR Sl P rRERH 0 Tt A8 théifhets O drBpk o 15 e
upstexmmpirts to thehpwmatrpmopess i Tig ssyitcheld mapthios canppseddgic o

cQ ni.cate with_a swtch and devices goupl.ed to port
transGil G418 S0 § BOhEce AR APN e QEptar R Ay By port Sesédupon

the coN¥&RVeiIrORiHY BfdIRktiéd Mhi §k éshitliRh& fof $Reetding @4 Blessages or
Accordi ng to an enbodi nent, the CPU 2 may eXecute an

data pnThmfanéh\e upstrewre gort éo thy, de@tﬁgﬁﬁigﬂ(ﬂpmﬁtrqq:n s, ﬂowever, this is
merdfy @&t SF B0 SRR F nE ISR 2 hathislod AR ERE bl o

souréd dovREEAR P06 hide@inatitie dSwhdteamlbrond @sbaihémsthof the present

. . routing information to forward data nessages or data
invenfionare Bot ligited WhisggsPesteam ports to the downstream
~ports. The switch 10 may then conprise logic to
ran ] in
00 e o e o O BRI PaRording fo an
alterpasiveienpoilivhent wé thepreseidtvensione ¢t €81 wivgdex B2 and system
.-formagrdi ng dat.a massagies or 15 dat awﬁac.kets from t&gU d
eGPt SRR BOPPI G RIRESHES Sy e (&% FOMRETPE SR popre s an
systchiPMRIRFy) WL chrBmuiiRaes Wit heAPReR] &vies fovugh Swot Gévice 104.
may forward a data nmessage or data packet from

Switelsh 148 caruersenrisa m ppTeamopast e andapiE otk ports 124
' dj th fq 3 i: . ‘
coupfih BT TRO A TEREEL B mby Be @i RED ol PUS AR, BiifPho

 transBth@NBid 6 18ty &fa BbmPpoite 68 sl MYcRkAL platforac ¢odelised 18 may

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

~ Bus specification.

[0050] In the illustrated embodiment, a device 118 6oupied 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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¢ 20 alternative enbodinment of the present invention. ? 3 FEB 2007

CPU conpl ex 102 and system nenory 108 nmay conprise
WOO0esEbEd Ssystem (e.g., conprising one or nmor ec@RIdS003/026245
and system nenory) which conmuni cates with peripheral -
devi ces through a root device 104. Swi tches 110 each

-' 102 t§° #‘f%a%ﬁgﬁgﬁ?%@ﬂm% He'flggs AR SucR la emlrhéndtion procedure

coupled to devices 118. A devig
may 3d:8privya proteduss frenameints the switehes Siorgdslerises 1 18ast0 S?Btc or
transmt. data t

“endppigt chtongopraecaSeody e Pk ey apifealPrne”

bridge to a data bus of a |egacy PCl system 120
'[oosﬁccoﬁﬂ 1h9tratt&?er5’@dnhaﬂadhe ?bﬁea&@ﬁ@ﬂt 157 of iheBwiE DO 5] is

the ustrate nmbodi men a device .118 cou

L pl e
- ,coupmm&aampott 1294f thefswatch\lf:l@a: hAgepadingly, te SRR iééaemay

ectafwﬁ&gq}gieopez‘s e FV %éinﬁi) @]cmpﬁ %@H%Wéqﬁg nbgsages or

o _data g%{ﬁ&seffmﬁ% SFRYCHEMO6 H.8, @ila nfRBsHEe batiita @aﬂ{em:c&[gmmr!gcat one of

ure the switches 110 and resources a

o the devicps Iak8 ccmplegt;o ﬁim@tgh 1\]{@;:)29@4(;@1@5 Qgsted at the EEL% complex 102

US2003/ 026 |
thm"tggert{‘ﬁ@ﬂ?n@@gl Vﬁ% e@?rjgr 'g,%}ﬁx Fon ‘proce Vgur Icalqgg;flﬁéyh

comlﬁ%m{) tiefo ﬁ)rWaﬁP@éﬂwﬁlessbgesQiilﬂ&ﬁr@bEetk Iﬁerrspmot:esh@oﬁ@d cartbie

devices 118 as a "switch" or endp

: CPUmompl@e 402 recgived qgﬁhwugﬁre@rﬁéyoﬁdngfﬁﬂ]%%\gﬂc 110a) Ftothe switch

T i

' theset SreandeMnshmngheophow a fizet sefitch meaysat axhrabt device to forward

. Accordingly, the switch 110a

T T

a do‘gﬁf:t?é'ﬁgféoﬁ bf thd 'ﬁ‘fr% sRaeKeha efiRinhdies SFhE 9&36{&@1@%&1ﬁ0@ are not
' at a

nmessage of data packets ori ginating at one of -
limiteién deytespect. 118 coupl ed to the switch 110c) to
processes hosted at the CPU conplex 102 through the

roosly CRBBrBRE ko g SubauhBR, St &5 cbfina B B bl o 124 of

0gi € or war
the s%ﬁﬁ:ﬁqqeﬁ iy déﬁﬁﬂuﬁ)cﬁcd@i&l&s déviogs nﬁamapbdso teswaighdhOe he

CP | 02 d h
indepensleniy D rogassewjoste oGS SR CHPDIZA BI2. iy apPieed A e 118
couq_%&%l e&‘owﬁs?ﬁjegﬁgﬁarlzﬁ %ﬂkfewlﬁzh]ﬁ@c ﬁ{aytt%sﬁsw dl dalh thé¥age or data

e nmerely exanples“of how a first
packeiid b sWityh aL0c with dostioationtkinta cwotioteflovilies dovigrebiSpgupled to a

R B e o S R o
meséalgé ot dﬁéﬁﬂ p[aﬁl?et t@g{é sﬁﬁ?g Iiiis Gﬁftg}soﬁplggfthé (Rr@RERERRtarh PR onbe
routed io the dev1ce 118 associated with the destination mformatlon Similarly, a device
coupled to a downstream port 124 of the switch 110a may transmlt a data message or data
packet to the switch 110a with destination data associated with a device 118 coupled to a
downstream pert 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 m_erely examples of

12
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- destigrheny
this #e8pddpi S respect. tl [0053] According to an embodi nent,

. [0052] According to an enbodi nent, devices 118 couplzeg FEB 2007

to downstream ports 124 of the switch 110a nay
WENW040183e Wi t h devi ces 118 coupl ed to the swPCEhIS2003/026245
110c i ndependently of processes hosted on the CPU
conpl ex 102. For exanple, a device 118 20 coupled to a

howdidswicss negrfopeart di2dnastageber data padkets tRougmywitcirsandt a

dat a nessage or data. packet to the switch 110c with
embipduppyis ot B Dersens TRkl gedgt mfﬁéai@ewwchs coupl ed
to.a downstream port 124 of the switch 1 1 QGa. The

A Lo

packet  to t _ _ .
enumgeation pracedire ta, 2mang other things; elfodats resvarabe o cemmuiBicate with the

- i@ delfeb e GuBRA 1 Al MRl J7A 6F et b1 through

the %ﬁ;ﬁeﬁﬁ pbfte 23wt kwhifla 108Yhé ERRSbGioPpdalrdRES 8RE edablish
ata packet to the switch 110a with destination data

routiigdpormetion in foward detpineessages or datp badketsdiam thtowpstreane port 122

route ,

froni 4 Beurtddvagsirean pRel 19430 @ ﬂmﬁhﬁ&@ﬂ&@@dﬁ%ﬂ%ﬁ)r& 044 Ya8&d upon the
_.swiitch 10a) to an_ingress upstreamport 122 (of the ™

routingiip o3ty forvasd dald messpgesox data mslkes oz thepgpstream port 122

o 801 oV 095 BHIRD 5 5B PP

switcay GrSa60a REEMISRRESHORA e kehbyn daviee owatrdaal pet o a

dat.a ssages or. data packets through switches and' . .
AN poR AR srbedimentsRidhe pispend inveptien freof Hpited in

the CPU conpl ex 102 may execute an enuneration
fro'ceo_lure to, anong other things, allocate resources
10054l cdfigAi3chows wiseltematie didgramiof e pedion b aamitchl 800 eewrding to

. .. downst r rts 124 of, a.swiich 110
an e pEERNP il bOEPIT LTS e Rl a3 s ffn Hrfigure 2.
The switclE200 ancqnpiRdi fleraliB)ofPosie cogiiabid 1alks. TPtheiphgsently
... Jnformation to forward data nessages or data packets
illustpig phedinisyt e smepaart A2 xeoqives G pRoKFIs pYivemaL pe Sorwarded
or h - : . .

to e P et Br 0 B B RO, 8 o B e ikth 200
may He an inga¢sis purtdOdnis taceizendata phckedslfronsadssopiied kit dilm egress

outing jnformation to fqQrwgrd data nessages or data
port {5 hearstid el R o i ik S1cE e&’%@?@e&t% Retiggat paTkt PTbie
switcHUIShAyeRve BRel fildfondiRYey &1 mgfé% ot ®r éﬁaé?eéé . '

exanpl é of howa swtch my Torward a data nessages

or data packet from a source downstream port to a

{0055} e st IhErinsescadyiBsireiadembedinent] thaptsi ofgint svitsh 200anay

ﬁansﬂﬁ%?@éei%@a@ﬁicﬁ&s 3h S inks g(i)l}p?edd tio "Yevices 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 payldad 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.

13




., this respect. 15 [0054] Figure 3 éhows a schematic

di agram of a portion of a switch 200 according to &n3 FER 2007

wolodioressk of the switch 10 shown in Figure 1 a@gdyps2003/026245
swi tches 110 shown in Figure 2. The switch 200 may '

~conprise a plurality of ports coupled to links. In the

 [005B] ©SeAbbakdink kb S bbb EtheaT iRdiaRENticket @5 0an AP b6 apotiated Gdth any

recei ves dafa packets which may be forwarded to any

one of seyeral datapreliet ipee sirchas, foperapla,@ reguess RaCkHHBSiORAnt |

 confo et b s 5 08 g P GAAes o

embedinkitLSBhe PREENt tidvehtiam sginbt Hadted priblesd respavid. Him drenk.
I n . other enmpbodi nents, particular ports an_the, Swiéiﬁh
OBy grent

 embpdimantythnbeader porian 267 ey srrantpinydegtination; rfrway

5 fomgggso&;eg;[erﬁ@%g f&g{,}ﬁ théd%?f@kg%t Jh%s&ri@gcgagégghé hétu%ae& 95b.

e por € SW ma transmt

- AccOrdirigty,ahd Swidet 2000aaK extsacodessinaticnl informiation dropi the Header portion

22 bivpaoan Qo anencigd dua anek ohERoTEo g0 RQTIOR 291 Bl ks paket
- 250 gg&%ﬁﬁ,%séplfgg%oﬁ%aﬁs, ﬁ&%%aﬁf%a ERBF 488tKePvalll symbol.

g
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ess ‘por e swtc e data packet 2507
_ conprises a header portion 252, a payload portion 254
[005Znd aFigards Spoartd ThsizG6a lowalidgrand éllustipting aguo@sotofayward data

+ .conprise.informatji on associ ati ng..t he data cke

PRy SRR Sheppe BHLAORia R FoREP ARGk Rpresent

inveRBSIP5d AuSEht¥ I Figndestahdal iAQBIsR 6g Sthb®atiest r 26%2may
data 30 packet 250 13 2 3 FEB 2007 WO 2004/ 019562

extrREAtaPRol08 ORGRABMi@0Ee thekendsn prytion 287 of Adat skt received
at o i R G BTt AR R A B PR re@d Qe

types stc

 packee gitdetkepacifiuit J0ae Bakeduppanpd ettrpteduhtkpickeyiype information, at

However, these are nerely exanples of dat acket .
block P84 dheprskeigpisa b ey sesoceHabp HESlen PO A G hegegeived et

| pacl{%ﬁ%evithieaa. L84 thindth %g géﬁmtrﬁay {1en @RRact RERAHLASNbrmation

er ‘portion My malntal n destination

' froni perticuint fields inrthelhédder portion 262 trased ugep drafisadenfoomat; he

dat a packet type associated with the data packet 250.

oo 7 LB 260,05 A CRaRE RO B ke LA R sceomine
roﬁtﬁ?@nﬂ@ﬁ@ﬁérﬂfr@ﬁ tHabArfaakREtitayips infifigatica {e.9ucbbring2ba look
ol the data packet 250 may conprise informatjon

h
up table) A scloR cHMAESSSS ROTAG) BRSeH UpAE ResTOVENE dnfeymsism: Aiplock 268,
the pllafqgé&?aré% 948 Sﬁy %eﬁj_ggle%&ga{y %e%a%u's%\gftcﬂ.{eﬂg gg‘ afsgocijz;.tgc}n with the

tratrng a“ process orwar

- sele@®d bRGEASHt D) s E4pable of geeivingoihe Hatagaoketi Afjthiedraasmit queue 212

enmbodi ment _of _the present

~ is capable of receiving the data packet (e.g., 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 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 fo a transmit queue 212
upon a selection of the egress port 210 concurrently with execution of the checksum
14
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- [006flackdn apétl

. invention as illustrated in Fi gures 3 and 4. At bl o§k3 FEB 2007
262, the packet parser 262 may extract data packet
Wopeod/ps2mat i on fromthe header portion 252 obcaudaiosezez4s
packet received at the ingress port 202 and initiate
‘a checksum cal culation on data in the received data 15

openaﬁmkley thetchedkaninstimuit 204.uUpoR@vinplBasredf thp ohedkdsan operation at

dioniond 23 e ehakub erogh 2o R ek et g R i R eress
port202 afld thte@@legt%g ?Eal’x?ﬁtﬁ e ZIEaTiktﬁE G fafs REAHRY, tHeQfafiplacket

e par ser en extract stl nati on
mayi beftansmittedriont l:hmmekwteﬂ itmusait qlﬁawlfldﬁ thnough ¢helroamgsponding egress

portg'lg [ ggggr ?@E %ﬁa@%?%g}gép fég% E&gﬁg rtgﬁa}tp M[“H%Hg %heA&ata packet
may%egﬁlseﬁ}kr Wion -cﬁll@ﬁaﬁ c{f[bﬁheat bidek 298 lah thd ﬁfgfé&s!’fﬁért 202 hbPMitiate

estlna iton information (e. g., according

alinkdeval tetrylat qu@ktz@mfa)remcsnwim thmdaig packst fsothe imgreps port 202.

th ut f t bl 268,.. th
Upop aiipeineie insang igthnanShaalle Firhed Gtimitounf 2f7 Al her st
spac@UBHRbARY td é &ﬁfﬂﬁé a4 Sdllitibrlal détﬁ‘?ack%ﬁfo? glafEnRE6HRSS port

210) is capable of receiving the data packet. If the

transmt ueue 212 i.s capable of receiving the data
Clgmatlw emBefimenh aprn tseript off amyinvalid R ke 8sm)

i 25, SO D 2O b g ) Bion 26

of ﬂfea"thWacdeathtd pacﬂcbﬂnﬂfcmﬁmm theidate pﬁdl&t is[iAGARY This trap allow the

presently |IIustratede ment ul d be .
egreéﬁmfr%@de&egwérmwsg% afaamﬁﬁket %E%VWBPW&}@?%PW
to reESﬁted qp%@cﬁe%&%% &ﬁeechkéﬁmlkuﬁwqpl%wdeam he

et1on of ecksum operation (Tnitiated at
symbd»los:inséiﬁe!ﬂ) pricFlie tlm/uot‘@ﬂlstfoatmf trendigsiomgf 8 da@g:aqket from the

gt Re itk A ErE P DB B8PS hEFELIRE g Roice
that 1HeRIaRP8R& iPBivhlid HOnCIRB EMbRaN yboMabhd dR¥AE Whd @a Pickbthfter

checksum 14 3 FEB 2007 = WO 2004/ 019562 _ |
beinpformastzd om/ 20ER 4Ehegigeqiving davips mey sheariaitiata miink leyel retry for

4'. * I i . i a % a
rera iR B0 VTP Sk A kA6 36 ST SREERSOOBrafhen initia o
link ﬁ%l 1Birfbushd Mgireapom fortretritimidsivgy efybe dgie phol&:ﬂ 2Thsnsimtch 200
selected transmt queue 212. |f the CRC stat

smay o satisty e tals v BLietk oy Tasi RV WGP IOP O AP Of the
retraﬁﬁiaﬁt%&ﬁgty@ﬁimt queue 212 through the correspondi ng
egr ess ort according to ordering rules at block o
276. If the CRC status is invalid, the data packet
[00611ay Figuteohpdbirogh O shew tforasmior a aces headepreseived 7 ingress

s AR AB fTe drs

RAEC KB Erel Melif@rebd WSy RRETve Mdata plRRBt Fl6@RNerE] Iﬁlﬂ@ccordmg to
| nval i d data packet, the selected transmt queue
a PCﬁﬂﬁIﬂ)éﬁrm@, diogheyid be undersiood that the 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 '
| | 15




S,

. space availability to enqueue an additional data 3
packet for transm ssion. 10 [0060] In an al ternative FEB 2007
wohmdiomst, upon recei pt of an invalid CRC st atpsrgd2003/026245
di anond 274,  the selected transmt queue 212 may
insert a synbol in the tail portion 256 of the

i corhpleias ﬁ@qteﬁ@taaco@ﬁgmhgill P@Bk%atm&seﬁeh ghedehe ﬁh@{re?% Bﬁsﬁﬁ;ﬁ&s ofdata

“is.invalid. This ow the egress port 21

padketfivaes thatrmey be inghpaisel 1o mectdigldofrmpacket hsaden aesnch  field may -

‘ t 12 prior to receipt-of an invalid CRC
..md{cra?engtﬁérdaf’argeﬁ%g hBcksum circuit 204 (provided that

tatus fro
"~ the 15 synbol is inserted prior to the conpletion of

: [0063]an s rin sisd mﬁs@tlytxmﬁué@mnmaﬁ@ént fdi @ereht Wpest dfadestikdtion

queue 212). A device receiving the data packet. (not
mf@rmest Hhﬁsﬁ ﬁéﬁﬁhp%skéécm@&s showain Figgrag£dn Emtgbeﬁ gy be.

assbN @l ohpleb O o6 LGSR o AR laflyPERlcHhit (u831 2 and

el n orwar ded on a

- | egreksmoﬁélﬁasztdaé Iﬂpbmapa@lbﬁlaﬁd:ita pkckbec%«/pb deebridihgf toran embodiment,

o 10

15

20

a5

30

R

2 of the pac

transg’] ssi.on of the data packet omthe switch 200.

ABQIHMAY FOMREFE § distipaiion dgvisg idgngifier exaphysisal y
desRatloRSdiRes Fes% @Pfﬁ‘t %%gfgufﬁbﬁ %E&@%&E'I@%ﬁ@& fl%\ﬁ@ﬁ &aie@lce function

. packet. The en-sati
in ahenemeratibn prdcessyiink @yeeaxhirass og aldegtessq:dﬂnmmﬁp nk ehdudd be

5 o Gl e G

be dsﬁtﬁ@ité’@ﬁutﬁ&‘otﬁ&g ilfrBg8on m%floé’k t(ﬁé‘&&%% tfaﬁon .

an alternative enbodi nent of the

- tranpmgit queuEZ P gnl embadéments pfithe |pm'§ﬁmsavq;nmon anenyot rhemmdue these

respzegtg data packet froma serial |link according to a PCl
O format. It should be understood that the

presently illustrated enbodi nent may be applied in
[006HDr vvaFlyurEg? ﬁib\hg 4 flow divkrinh flaeetiRsapdhBodie@HEStprocess data

acket.s es 6A and 6B as wel | as Configuration
packeisfreeve greéw?jhwet degdernigrieitndeastillesiagideini Fagures 6A

. throﬁ’él? BRI Spblireisi R o@g)data% *&%%L %@&gh %@g {x@gﬁ ﬁ?ﬁ@%t the

header s conprlse a sy
packed parsepii§dnagextatchdgia phakiet typp ﬂlfsnnwmaa%oxﬁ dre hayta hidoatiomof the

data g SeaBE) Aprtor st s od drpiracka oyl s citer a

requesHfacki oah ir@ficBehfiletidHYMBNS 'baseH'ii%%ﬁ e éctﬁ@fe@'déta packet type
- exanpl es of data packet types that may be 1 ndicated
mfomat@ns it tlockisd06 fﬂné Sphdhepackelqeser 208 maycleteaminiecthel datapacket

iz g0 R0 RS Bl MR RR b b e
mfoﬂmtmm addedrto tlfe dind off thiephdket p @1@&%&@%@%&@?%& in bytes 1 and

orrraf(s shown in Figures 6A through 6E ma
ethea er.

[0065) If the received data packet is classified as 2 request packet (¢.g., as shown in

Figtires 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 . .

' rdutin_g mformation associated_ with the destination information.

16
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. associated with routing information to determ ne a 2 3 FEB
destination transmt queue 212 and egress port210.
WASWG4/019662 a particul ar data packet type, accoPdirniy2003/026245
an enbodi ment, destination information nmay conprise a
‘destination device identifier or a physical

[006@st | rifithiegeceaddrdatagpatiectds clasiffd as aeduesidonipletiorastidkess.g., as

device function 10 in an

B T T R T AT

packef ReaB&REHyink theidite Of AR l}nldgxqug }eg][%gst f*b?x‘l‘?‘@fur & 1or
these are nerely exanples o € Rt on 1Nt of mat] on
“requpster #iaty fielet hyten 8iand Bd The fdrwandihg sigeuitrB06rmmt then select an
O...1n a look,up tahle) to select a, destination
_eg‘§3?5£§£fr#‘?m QHERE 1Bpahation 1 adeck wasiebls astociating Hicesauee ID or
RequevopID 9ithameeh@k pbkm ted in these respects. 15
100641 Figure 7 sﬁovvs a flowdiagramillustrating an
enbodi_nment to process data packets received at an

10047 gr edn agditien g2 freqissid or Scdmplation ’alitagmckeétityst, nacceding o an

acket

oS B o A B PR B bt 2abFHEL o

roma’seria _

configmiation pad 9ew2ORqwy) Wide ahbadifidy E@ﬁrPﬁEe §atR Sdentifying a
|_nforn?t| on fromthe byte O location of the data

physjiglicenhigwaiien addagss ¢¢-anbwdnBuker, devisemaobiy sull/aadevice function -

mmﬁ)%f')k qypdﬁ%été?ﬁ%r%{:}%ﬁ%t il %gta}%ﬁlge'tt tisg%rsa ecgan.ﬁg%ﬁ%?l% gesqtue?ﬂ%e? e

or ‘a reques ron p

- phyggalenfigatatiat aldpas ket beyssocidtsll WttiRIuiag infHmit ACikS: 1886 up

d. 522, the packet_parser 208 may determ ne the data

and.
 tablg 0 IdRRTY o SEress RO« RESDeNSes (o fuchREopHENatiomEsaest daascket

mayReNbé C%Edﬂé&ﬁnﬁaﬁ%e@%&%%keg%gg i nf or mati on)

added to the size of t acket yl oad fromthe
"l ength" field in bytes 1 and 2 of the packet header.

{0068 [ 0UBg salgctiph ef preemrssquriod ehadbdokt 508 DrSRAsthi féwetiedslata

b T KT RTICACN R,

- transeis ueistis availablefie FeBive BHe dfa Backe@dRRARINARAD). OR sBIHHSSS)

at b%éﬁs 4 through 7 if the request packet” uses 32- .
o4, dgiexe; thgt e fawapding of thedafapagket 1a thefirankaitrugueef the
- Rj [  _forvarding circujt
cuef3gkele ¢ RuBA Bt PSR ol O BLRLOBCE E thlioun
operataiyl to detesmihetiyatid IR €.0 WansGissivh @f et dapAEEORbMA B ransmit

Wit h the destination informatjon, 16 2 B FE B 2007
queugiropeiy s £aEcsH PRTIRY S GSIendebelgiqresd] L Anmtil pempletion of the

checkﬁ@@bﬁ&&&i&ﬁtﬁt}mgﬁ@sﬂrﬁop%g@ﬁig}%lg%esﬁ:ﬁe g{}@ﬁéﬁ%@ pLihe data |

conpl'eti on packet (e.g.,

- packefy Geidabagckéionprlrkeanspaitesieiror? G8: tragmivqueac hecording to ordering

i.dentif

packet may be dropped from the transmit queue and a link level refry may be initiated at

' ' ' fr L ket heagder, [ th
e AT ORI RSELE ASReS LB B
- the iljgress 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 2 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 ggress port.
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the LaRene 5

"requester ID' field at bytes 8 and 9. The forwardi ng2 5 FEB 2007

circuit 206 may then select an 5 egress port from

MLz gI9562f ormation in a | ook up tabl e associ atpegutdeesioze24s
source I D or Requestor ID vvith an egress port. [0067] -
“In addition to a "request” or "conpletion" data packet

: "Upbly peeiphofibit data padlet GnsnEfbO GoiPRt egRld (Tt Sl detpaineif the
- ])é(ﬁes rray i nclude a PCl configuration request. (
m"e f oh¢ Brevaggleicewpa dsqaad thegeqeivaedata padke h@%rattempt a-

{
il TRY SO (5 AU SR ARG p N laponse ) g jove
retramﬂﬂrenngess ot diuleswicoh), the re-tramsasittdd ddt packée reyrberforvearded to
hat I he ‘dat'g packet, is_of a configuration request
%@W&ﬂ%@%@%ﬁ eereBRAtess may be

assom ated with routing information in a | ook up

10090! Bk ISR o schmBE L 28RO bopiFESPORRRE -kt SHEM 18

- configuration request [ a~packet™.
l‘eplpscmdwaf adyirtual ol teisisoociiet :a:cmiﬂm@b ahmﬁ)odhﬁelﬁtﬂﬂﬁﬁd switch

200 B0 it S AR S e o

roo?detv!im ahd € itYfof WD KRB G @zgfrc%ﬁgléﬁ %% }engctWe%lﬁces

512 if the ransimt queue |s avai | to rectelve
6184 de anpewhediment, mmcss_é) 8§ may be REddvibes adaptabiesiqudvlde an

@?ans%5 Fe%ﬂgff]emgﬁ ?ﬁfe é%lﬁsg %{f{ffa e%emgﬁ}ﬁéet 6a 1ces 618

mammmnefm iR OrfATBY tCIMBEiSatR "mhthfthé 8o C%thsoézf-%ccordmg
checksum 20 operation to determne a valid

 to offje AERcels eh oY, fotrxanmle Ipfarghand, RepithLt(her HypersHiansport

protg!:‘(ﬁk' eHg%g% % ﬁ%%eef 318}{511%% ?P%Hgﬁar%ﬁé g $ l?S{,}dcegltwhlc:h may be

I anon con‘p

_couplpé tet donnstiehmtpoet afheskitinm pebatintntsel the ptesenttifenGBE are

portion of the data packet, the data packet may be
tﬁgf‘ﬂtthf’%eow?ﬂeﬁ%the transmt queue according to

ordering rules at oval 520. Otherwise, if the

not |

. [0078hec kﬁbléﬂr&ﬁae&@ﬁﬂ &ﬁbbdiﬂieﬁﬁfﬂ?essvﬂfbh'di%b Hgaqﬂé{ec[}agl % tryto

. 25 packet nay dropped fromthe tranSmt q
forwapddatp @wé$ag¢samr@atmpqckbte réqsiedanedsoatee ivgress Myt 655, thempstream

I 006 | te ve enbodl
por R B RA bR 2B B A28 B the wpteam
port 622 oF aﬂﬁwnﬁ}daﬂﬁidroﬁaégf ThbewitHce Wnﬂa? @01@12 to associate the
operation (e, g.,_ at dianond, 514 |se odi ment

-destiﬂlﬁ%\?% Mdess @#Ofm@mntw@l TS mﬁ’nqatme(e{gayomg méonnatlon stored

ina ﬁﬁﬁxﬂg rﬂ:gﬁéj oGl ﬂg 'tébéé)% gié?{tlffihe%eﬁﬁguxg gr% It Iélgwexﬁer this is

I nst an i1 nv pa
meretlyl en exanple pbldgicoin aofwitchao mmrcpaak elessAgbObr cﬂzﬁa packets from an

| eti on of -trans fromthe egress port. 17 2
g OT (0 BT VoRSr B0 POROURE ST NSz 609} B26phe are not limited in

_this respect.

- [0072] A processing system (tiot shown) may configure resonrces 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 illustrated in a virtual mapping 600. For

example, routines in operating systems such as versions of Windows® sold by Microsoﬁ_

18



15

20

5

. Upon recei pt of the data packet transmitted fromth w
egress port and detection of the invalid synbol, tﬁez 3 FEB 2007
wecwddMings2zdevi ce nay di scard the recei ved dat apgaals2003/026245
and attenpt a link level retry.. Upon receipt of a
re-transmtted data packet (in response to a link _
Corp&fibn, Tt BoRtis? s by Gus dsicRRYderns, of Ve veuiks® by pSOSB sold by
.re-transmtted data packet may be forwarded tg 5 the
WindRéves hystempa.doe mayexesute ai sawmeation procesdiyn tq pratigyredssources at

tae FRlssing Bt abusPibE SO R T B P bl Ph 2R B merly

‘exarf@iple¥ of foudihes Wiith B4y egbdute inleBmeaivndirdgdute @1 embodiments of

enbodi nent of the switch 200 shown in Figure 3. A
the prgpang ventirhary neldirpitedsin this respsetr eam port 622 coupl ed
to a root device 604 and a plurality of downstream
rts : : ' i 3,
0078 oS RRHREE bR bRAR T iYL oph Gal N e Bc iR
systadapbabbembre devizes cupded to"adtCdnis at theasotdiesieithdd The switch

.. the PCl Express Specification. Alternatively, the .
610 ay; 0BYriaq PEIGRFEPORD T T HFomedt @%&H@Oﬁ&em?& received at
the L@gﬂg%iﬂgﬁﬁ@fz Wolila PEEe HSERTLRREL. S TPk BGfe bghﬁ‘gﬁﬁal Type

r protocols such as, for exanple, Infiniband,
0 coRfigirdtidl Qansactippthe sFih $HOnay proidoz obdrdigurtiventeader as

. hese are mere of an _interfagce for dewvice
el S Shke BB PR A Bl RS
DecSthhéiCiig, 2958, P s?é&rﬁ%@r&t Gt (REREANREr thD ¥ROLtQPCRBeidge
not limted in these respects, &0071 Accordi ngrto an |
SpoaifibRkACmHe OBy G NS BEHpeEC] bades @Al The enumeration
Lroul try t farwar e ' t x
proPUFE My e eck S UBEA 3 B RARARRRn Bl QBB i e

upstRAfd pdrP22204s the vk CRRAPEDIHdg@4R0t 0 a di fferent
destination egress port (e.g., the upstream 20 port

622 of downstream. port 624). The swich 610 ma
iﬂﬂ”aonpr#’f&@w%t _ 1@183182535&&%& shipgon fastriich fiohe a%{eé&wﬂ 622,
the dnfrFRh pPitetiik %%@Htia@sdb@éq{%ﬁ@f){p@ﬁ doRfiguratibR Wehd¥@tions (as

I nformation store in a routing table or |ook-up
illustrafiotl &) section ddk 1.1 pf thed CletotEGlaRidgs Spgeidicstigryrat the upstream port

ver, this is,..nerelv an exa e af [ in.a
622 {0 rosoRtchs g P RibafE W Sadh of B8 aBwhilrim ports 624
as a @itual POI-RSBCPRHdge2062 M 6@ Rafke PPEdch AMkese Mypdil enfiguration
the present invention are not limted in 25 this

 transeatignsclogic] ad thregwiish 2 § ceayspayide yithe Mpstrram RTO AR 2 ferfiguration

SRR  SERRATERT APR38R B

PCI byld gx&sudouppd ana seioudmtydins ofthe rvixeed RICE-to-POIT beidgap2@, Such

t he processi ng system nj? execute an enunerati on

logigpt dhettiter Q19 rehimgaicd T isoliockhe O F BB aEHPR FeEBsagiieh
conveRTorP I if168r Ran B8crid 3.0 AR IROGH ek Michiith, PO

ocal Bus §beC| Ication as 11|l ust
mappi ng 600. For exanple, routines in operating

[007y st diedlowingheask Type & iconguwhtion iahsaetian)to sohfigury resources at the

procc'a\él sﬁlrgos%/gtgﬁl to communicate with a corresponding emulated or virtual P_CI—to-PCI

bridge 606, the enumeration procedure may initiate 2 subsequent Type 1 configuration at

' the upstfeam 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

o corresponding device 618 as a virtual PCI device 608 coupled to an emulated secondary
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.18 23FEB2007 WO 2004/ 019562 PCT/ US2003/ 026245 7 3 FER 2007
Corporation, Linux, Solaris(r) sold by Sun :
WOR00Ei8%6@ns, or VxWorks' or pSOS(r) sold by  PCT/US2003/026245
W ndRi ver Systens, Inc. may execute an enuneration
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registd £ @ hddbyRGareeGR Hld GHERIIIAN eRhimeration 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

' 610showninF igure 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 fo an embodiment, the enumeration
procedure may mode] each downstream message address range for a downstream port as
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the upstream port 622 directed to the enul ated or o

virtual PCl-to-PCl bridge 606. The 30 switch 610 nay 23 FEB 2007

WOrR994/8185620gi c to provi de a configurati on head@®CT/US2003/026245
identifying a correspondi ng device 618 as a virtual
PCl device 608 coupled to an enul ated secondary 19 2
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- 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 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 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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. shows a schematic diagramillustrating downstream 2 3 FEB 2007
forwardi ng address ranges over an address map 650
WEX 200460198682 a swit ch according to an enbodi nent WET/US®03/026245
mul ti-port switch 610 shown in Figure 3. In the
illustrated enbodi ment, the switch defines address

asspeiatedhe repminingmedrestaess 66 and 669 nithiite npstisamepose2. However,
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,.-bridge. 620. [0079] According to an enbodi nent, the
Bn&%ﬁgf%-cb%ﬂgogw tch illustrated with reference to
Figures 8 and 9 may conprise logic to inversely decode
[0083re addnassk 3 495pS&he atftran@adion 19 mit REVR A PStream port
downstream nessages fromtihe upstreamport 622 to the
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.__nessages, fromthe second bus.to the primary bus of
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the g@fé{éﬂfa?ﬁ?j@gﬁ%ﬁg ﬁ%am&‘omstream port 624 independently
of the processing system Such logic at 20 the switch
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th cei ved data nessage or data packet to inversely
ass"&@fﬁﬁ‘&ﬁ’“&lﬁ&@%‘ﬁﬂﬁ)&qs R Ao liaisee porespoms te therhyprd

E coni?@ﬂﬁﬁ?r?traﬂs%@@&f‘in%ﬁfed 2t BfdcRRB62 g&%{:&@%ﬂfﬁﬁ]}s glru{ %?Eration procedure

©orwarding messages fromthe  ups
may inttiate 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 _conﬁgureition header

identifying the device coupled to the downstream port as a PCI device.
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. The switch 610 may then forward the recei ved data .
nmessage. or data packet to the inversely decoded 2 3 FEB 2007
Veaes4/09a6n port 624. However, this is nerely amrCT/US2003/026245
exanpl e of how a 25 switch nmay forward data packets or
messages froma first downstreamport to a second
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a routing table to forward data nessage or _
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condiguratioattiapsacpipnc éétalmetlvéndhamlzchaniy eorgpredagic Woform a

/0195 PCT/ associ ate ni
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may malntalnroutlnglnfornatlontoforvvar dat a

fo fignragign heasler toesheractsrige 8 dpvige pofimpiinm of adeyice coupled to
2 IFPRRSRYE ofl bR REES ST ey REAN b Ao e ARl 1h s

resphicagram i | lustrating an enuneration procedure
according to an enbodi nent of the rrultl-port switch

shown ure 8 and 9. t he Lu
ioﬂ%ﬁtbodﬁfgﬂtck Swigh Wéyélﬁg’t“‘eh’f%ﬁ‘i of i‘ffdgtsét og fprwarding
meRRREETRh tmp@&eﬁﬁ ?H& & e deet !s oseéhea FaREOHF fRifest Taybe

communi cate wth the swtch as one or nore
reprgesritedby base ragd lmyueg@temdbﬂﬁyfb et the cpﬂfﬂagwcutt |Enilowmg the

emupsep 1t oo ebti G el 1A A2y PERM St a8 ol it Fgpeg dpooding to

forw4d medsdgtd Eroth m&tmem bit9 b the & Eﬁﬁb@iﬂ ,loB frofi 4 fidst @6wnstream
at an upstream port a swtc an he upstream

datajpprt tonhsgecped @wmsare@x@ﬁlﬁtagmrtaas| déwuﬁﬁ@é@b@vq widlh referpnegyiogigure 9.
For Y:k!lﬁ‘t?%éthe s%tcﬁ ?r{ g%m%flkedﬁ) ic t:;l;legtr%ﬂ gmﬁ'tg.tlhﬁﬁngﬁ&fﬁgﬁrﬁversely
ntra seunt conti guratl on

decd)dlag flacdddoss raiged deodigred weﬂirthqadmtrnstmamrdllamqroms ¢o form a routing
vi ces, | nd" the upstream

tablﬁd &bt tglrtsgllg tcl:ge Fr@éftt]éqg dlsgg Epe%?p@%rgég fInessagcs 2 source
dow%%ﬁ@ﬁﬂ Poit tcpﬂﬁ %]alﬁ? ¥ bf 4 B@inRidn dRnbBitka E}bﬂg e) at

| ocks 706 thr O For each downstream port of

the swi t ch, the enuneration procedure at bl ock 706

o [008r7hy | Wl@h@eénasrbm lﬂuattatﬁdl agpdrdasaribad whabars araseatly considered to
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the Mtt ﬂ%awl atandgg ot TRYAifidAibAORAP Be Hr286,0RARGNIYValRHS nedy Be@ibstituted,
Vi rtua

- 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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20 to-PCl bridge corresponding with the upstream port
as illustrated in section 3.1.2.1.1 of the PCl-to-PCl
Bri dge Specification. [0084] The upstream port my
provi de a configuration header identifying an
associ ated downstream port as a PCl-to-PCl bridge in
response to the Type 1 configuration transactig 2007

Inthe CifMst | @t ed at bl ock 306. Accordingly, the enunerati

T procedure 25 may initiate a subsequent Type 1
configuration transaction at block 708 directed to a

1 %}w cg on the secondary bus of the virtual PC -to-PCl

: HGE T s ponding with the downstream port
(roRiGhditaRbadket BY Rfinglest rt-Eysp@wt&l b diagdr as
|IlusgtLgrjdaE&gjd|n sec(‘]élelolglb . %ﬁg%fptﬂg PCl -t o- PCl
Br i dgemgpeds Wihinatpioogssing mﬁffpr@mmle cm@utemreslua“wﬁaprqgessor a
conf i ratl on, transact.i.on 0,.the
upst r ’g% PSSP gy BY R ‘Je}?%?ﬁiﬂ]e&ﬁt? 5%°F‘°'6 Ee”}%%‘}ée}’ @
| dentihdrask Rt oM@ fid@BinsdRer @Mis@BmbdRerk Bifhg SRV b pRSR1ROT t
as a PCl device. 22 2 3 FEB 2007 WD 2004/ 019562
PCT/ UB?'O@H¢\@2»@2¢!B9019@0!89]9 petigheedt deRg: t 0 an enbodi nent,
Ehe%gi?cm&i%"tmq %&n&gunf’ oe %rg!rlﬁn 0 (r: P(}m:%rr:] Qf rthge\srfec%weed %at? %ac?%{og%iidaﬁ {ion
conf i gadaipadket, wiilk Bie aa'ﬂeﬁﬁabl(éﬂs theiiy Febdhle@ Bhadbfork ke @hta wﬁat is
based upon information identifying the device coupl ed
to t HeceyedaesP/pt@sm port. For exanple, the device at the

ALy r
PR SRR Tk 0o SRL AL A Rt
The sainirelingtywarding @ rdcaved@bribnbohie: camphdkeg tthrca:gri. @mt&tﬁatﬂe r
to the upstreamport in response to the Typ

confi ‘Zj the switclyiq afrans guers o a0 edigse parteling %F'Wnortt%‘é’”@‘ﬁﬁflf’ h
TRy CAMTRE r 4Bl pbonfalThengr ORI LS B HRREH IPON
information 1dentifying one or nore functions of the
devi cecond eme)pneebbf b potresirg@latien rtigsesatopdeamportdotieiugons of hi s
is nerel xanp e of how switch 10 form

conf i A" ?SBFn‘ fiEg§aYce35d (R gL PP P"f@“‘%ﬂ' tRYGrsaad ﬂi?ere”‘

f uncthDmheGlst @mashtCecP HRlsEBnd Gmpdhes AMERE L BAMLRRA

and enbodi nents of the present invention are not

|'i m tsgubdl insettér at the tabgplatthe da{!ﬁ(h@@ﬁt]to matetﬂmttlink Etdretry from

it defi fo
oS AR/ FERE TRt LS e “a PR PasUrL B < Sdch 5
I angasedhd Ml VLSHLM tHEBGreBSport %remaﬁ@ﬁﬁ Biteciabyadase and
limt registers defined at the upstream port.

FoI I mpwgetoﬁwfrséhlalﬁ@rratm on procedure at bl ocks 702
use i nverse decoding to

o svalg%?nnetgd condéurat*o\lfwoi%%%{ toniﬁél%r?cgsés T ?Jngl‘ ts to the u pstream
P@dshons®b the E@ﬁguaatléri He&der, 648 Ao @BAating communication resources at
 the processing platform to communicate with a virtual bridge corresponding to a port of

the switch.
2 . The method of claim 1, further comprising:
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data port to a second downstream data port as

di scussed above with reference to Figure 9. For
exanple, the switch may conprise logic to extract
routing information frominversely 20 decodi ng the
address ranges associated with the downstream data
ports to forma routing table. The routing t e
then be used to forward data nmessages froma %@%?%%E%07
downstream port to the upstream port or a destination
downst ream port. OOS?%@V%iIe t here has been

i Fanetne &y ndrgionesedor Bie gheginyt orgrion fpa b jperpsy portto the
consi g&ihflqlefe of BE EXRTOH SRR LIRS 1obn éorﬁ@etg esent
invention, It will be understoog by those skilled in
25 t hénerded tolfattransanit q@us of ok bgress potlarkli cat i ons nmay be
made, and equi val ents may be substituted, w thout
O G e e e Geepmdre T ARy fiTeon,

Ad d.' t 'e@‘@a%lpbry toa Eﬁ@@éﬁom%éohé‘r@# thOERC indiBlon lil;ecm E@éﬁ& cR@ adapt
a particular situation to the teachings of the present
I nvenindication reguttdddrort thel gpeksan epgrafion perfotiae atdterrigresd port.

i nventive concept described herein. Therefore, it is

i ntended that the present invention not be limted to
thR rRRbd df 9&!%@[fu@1@h§8%r@ﬁ@§e%ct9él§ closed, 30 but that the

i nvention include all enbodinents falling within the
sitsapping tadf forwirdedaiplo eantie flom tbé nsmit U8 o 2B ehetradiny 2007 I n

the d ai . th Ising: T I Vi dat
st B gl P Pl S R e e coupl tng &

plurality of conponents within a processing platform
in a single conputer including a processor, a root
dég mgleed gheleim Srferthgrcomprisiag eingresa eorbitserdngtheracket invali syafoh
PR oL LS At D A SR b B
b EratRA, SBErein the Btess e pettvd didpingtihataReckaiem Bk rdiBrhitueue
peripheral devices; the switch initiating a checksum
dpeiratse rihedackgt iyl synbal respivadifem e peessddt dat a packet to
validate the data packet, while the data packet is
bei ng recei ved and before the data packet is received
Clbepkidide gfaim g\ ibbterantpriahd: y concurrently with respect to
.receivin% t he data packet and the checksum operati on,
oRgaring raRsriinn e fatrarketip e egong SPrPRoBH Refora Rdaidat a

pPackefackdif UGN réeivdichriziotdy2Rihb Fansrf qubia®s Bdahecnokt Rort the
transmt queue of an egress port 6# the swtch prior

t o congessperpandof the checksum operation perfornmed at

the i ngress po the, egres ort coupled to a second -
CRRBTREIR POPRR G RE8 BPe pIERCTLT R CHAEOEL LB Ao
. conp ORAnsRRihg 8o AR SHC indication to the second component, wherein the

second component drops the data packet received from the egress port in response to

the invalid CRC indication.

.The method of claim 5, further comprising:

extracting destination information from a porfion of the received data packet based upon a data



the processor, the root device, and the one or nore
peri pheral devices and different than the first
conmponent, wherein the second conponent receives a
packet invalid synbol inserted at the tail end of the
data packet to initiate a first link level retry from
the switch for retransm ssion of the data pa
wherein the switch initiates a second |ink ﬁé@%ﬂ“*yﬁ%7
g &El(eYty&"éﬁgo?ﬁed WA B8 FeBeil@ Bidta ;fa@{eﬁ ar%]g r anfn} ssi oln of | the

ata packet in response to tr i.rs i evel .
By BB s bieere HERRE AR d it oot
t ¢ommpRicatively seypled ta fine sdcend cempoantidentified hyithe destimationgnirmaaticm n
header, the processor allocating comuni cation
resources at the processing platformto comunicate

Lth i,rtual bridge corresponding to a port of the
2&F9@ﬁ9y§ng%é“ﬁﬁ?ﬁgﬂﬂgf claim1, further conprising:
- %éctlgg?'thé: QREURH Bas€PDbn a PHyaRHrEsk bide séeofdXC 1 ndi cat i on
based on the checksum operation fromthe ingress port
t 0 t heonppEnsRdiedjuibereceytd datagadeif te soqie tatagfatketis t he
dat a packet Bas beeH conpletelé forwarded to the
t r ans ATPORISTILE BRUCH AP GILYE B8r ¢ : and sel ectivel y
{doREAGhE dgrd38pdiBEsel QIoHEH i8S lie Rl SuREGHS Rlqudst R pEAS if the
transmt queue of the egress port to a the second
conporsesied f4ta peaket ICREdiated wWithed re@mesticampiatioredaiagbiket YBRC
indication resulted fromthe checksum operation
performed at the ingress port. 3. The nethod of claim
Zrhe bthdd We Biaird @ MhErbAGisise! ectivel y dropping the
forwarded data packet fromthe transmt queue of the
elgieatningso pailbiily ofte spessoert te trnamit thareesivedbiaBRESKEtrad cat | on

fromthe checksum o atign.. 4. The nmethod of clajm 3,
PRSP AR B R B Rl i 8y
hG&&fresk posal i d synbol into a tail portion of the data
packet in response to an invalid CRC indication from
the checksum operation, wherein the egress port

oY, r dropping the data packet fromthe transmt
q%@%ﬁagﬁﬁgﬁ%sponse to the packet invalid synbo

ragluedity efghorfsicouplet! foa siitgfaBiSat p@f dne p&t cohping@ etk qpéuecthai m
4, further conprising: the egress port starting
t r ansPTIRYioFRYS Heablgf being epmenipicativPivcrpled o EpER Ity of Apenaaats
bef or Ginhhertatify pihih Iﬁ*pats]ingléﬁon%gt@nncrugiﬁfé &&Q?SSPJFB&%&E,Y
at the transmt queue of "the egress port fromthe
I Ngr es® opor mpreaarghdraldaviessponse to the invalid CRC
i ndication_received at an end of the data gacket, t he
_ él@P%&%lm circuit to execute a checksum operation on at least a portion of a data packet
received at an ingress port while the data packet is being received and before the data
packet is received completely, the ingress port communicatively coupled to.a first
- component of the processing platform and the first component being one of the
processor, the root device, and the one or more peripheral devices;
a forwarding circuit to commence, substantially concurrently with respect to the checksum
operation, forwarding the received portion of the data packet through the switch fabric
to a fransmit queue of an egress port prior to completion of the checksum operation

performed at the ingress port, the egress port communicatively coupled to a second
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10.

1.

12.

13,

14,

~ second®

port transmtting the invalid CRC indication to the
second conponent, wherein the second conponent drops
the data packet received fromthe egress port in
response to the invalid CRC indication. 6. The method
of claimb5, further conprising: extracting destination
information froma portion of the received d ac
based upon a data -25 23 February 2007 pac%%&a%$ §557
as s ocicamhgdentriite ptobsifigiednv @t thkadeconi extrpertent baingbone of the
selecting the egress port based upon the destination
i nfor Ipﬁ)tc?sa?{,’mqmrg petiapd t?ehcéne grg?og'sgenpﬁlglaltde\{l(@s different than the first
conmu ; :
A o S R
met hodht tbé taibdnd bfitheGiata bankdt hanitiaeariist inislevagetrydrarh the bwitalgfort he
egresstport_based upon a@§h¥chal address of the
et e daerarel g vinereif e syigriaRe @ SertMaek et
if th Setly B& B M&Q‘ss g@}{ ek r@l@@ﬁfs’éioﬁ of the @8 Q&keﬁw ?éépdﬁ‘sé tg'th@ﬁrst
request data packet type; and selecting the egress
port lickdedrefpend an i dentifier of a source of a request

OB R o4 AP BB B gy o

et hoGes@iirees bhiteProdessifid HidkiéHR o RRBRidativilga viflBithAdge1 Ni ng an
availability of the egress port to transmt the

r ecei vetssppating tparsiktet the saie in rewpbrse td thedoyfigiraliovieeedti.-ng t he
recei ved data packet to the transmt queue based upon
the availability of the egress port. 9. A switch

C D Hnitchiof\@him @ whbrbih Ak bdrass Pdrt BRBrsSs I6pRUcREvdrafbnt Wet Ch
fabric, at |east one port conprising a transmt queue,
t fq)@rvardsqi qi'ﬂtamazpkpt)ﬁ'org the pyemisquessaiBirense fo alyalid g C indication from the
cagﬁgm%&%$$¥@ly coupled to a plurality of conponents
wthin a processing platformin a single conputer

i ncluding a processor, a root device, and one or nore

peri pheral devices; a checksumcircuit to execyte a
e U i L et oot 1B 20TPr e SO SR oot a
phckeied defapeeetied tha transmit duagrirgssponse foten invelid ©RE indicatibatrem
PRE KRtksis ofRRiidhg recei ved and before the data packet
is received conpletely, the ingress port
comuni catively coupled to a first conponent of the
processing platformand the first conponent being one
dhe $viifeh of glaig & destencomaripieg ledisda insge i pasket iyl symeo! igtp te or

' . Vi Ces: . rwar.di Ci [ CUI ,
Rl RO Floa T oot o B R g shdon.
the checksum

.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.

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

logic to asscciate the received data packet with a data packet type based upon a portion

- of the received data packet;

-27.



15.

16.

operation, forwarding the received portion of the data
packet through the switch fabric to a transmt queue
of an egress port prior to conpletion of the checksum
operation performed at the ingress port, the egress
port conmuni catively coupled to a second -26 23
February 2007 conponent of the processing pl azt3f q)rm
a oces
R S S L o
di f f er igaséd upbrathe atskrelaifed deﬁpackeuwpﬂanemmsmetr ein the
second conponent receives a packet invalid synbol
i eEPEEPobhased ot destipaien iRfpmefie dat a packet to
initiate a first link level retry fromthe switch for
retransm ssion of the data packet, and wherein the
S Whe piitch afieldim a4, eBeren thefomading émit fiterel  retry on the
ingress port for retransm ssion of the data packet in
BOHSe to the first link level retry: and a

2007

'r GRRY LA e Crbss Fériba%@ DtinAGhRics Q&Féssgdi' e

t he processor, rocessor allocating resources at
the priothesséived dg m:lfeoftm re@ivetotzimpaiketdtagsovigtedwithavi r t ual

bri dge correspondin 0 of the switch i _
oGS RL i 1 5P B e St P bR v
ofofgomfgreqm%ﬁl n the egress port conprises logic to
selectively transmt the forwarded data packet from

t he t r aavketif the rporiMge datapapietipesacsiatet withaa reaukst ehEiRN data
indicatioon fromthe checksum operation. 11. The

swi t chP% ®ai m 10, wherein the egress port conprises
logic to selectively drop the forwarded data packet
fromthe transmt queue in response to an invalid CRC
i Adiocestingpfatidrm gystemtchreprigiige ck Sum oper ation. 12 The switch

further conpri si ic to insert the
pﬁé‘f?%?m%?%??%mgvmqs'nﬁ ﬁ'gw r%‘P%\/ar ded data packet
i N 1 esPARSS of RrisABudidd o dwhbhBle, et 6@ doRBoniphisiatirB@mit
checksum operation. 13. The switch of claim¥9,

wherein the'sgrwarding circuit conprises logic to

sel eCtac ec‘g 1mu§%e§)orti§\e§@rﬂmgp&%& onﬁ%?stlai)oaorg)cf)f %1'&3

recei ve 2 packet T eh*S

wher ei n t hpack® Fewfeﬁibtﬁgmg‘résfs@bti vihild the daR@Bcke@IBBiRd 8 &Fved
| ogic to associate the received data packet with a
dat a packefthpise hsslata rcisgssrecelved oty of the recei ved

dat a paq&%gr&ng it %%ug%gﬁah%XcugeQQMh |le9pg&t?o nﬁe%h%?gu aCt

destination 1 nformati froma portion o recei ved
dat a packebperation, commence forwardlng the received data packet through the

switch fabric fo a transmit queue of an egress port prior o completion of the

. checksumn operation performed at the ingress port, the egress port being
coupled to a component, wherein the component receives a packet invalid
s'ymbol inserted at the tail end of the data packet to initiate a first link level
retry from the switch for retransmission of the data packet, and wherein the
switch iniiates a second link level retry on the ingress port for retransmission
of the data packet in response to the first link level retry; and a

responding circuit to send a configuration header to the processor, the
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17.

18.

19.

based upon the associ ated data packet type; and | ogic
to select the egress port based upon the destination
information. 15. The switch of claim 14, wherein the
forwarding circuit further conprises: logic to select
the egress port based upon a physical address of a
destination specified in the received data p t o Lf
the received data packet is associated with aqgggﬁé gmn
dat a packet type; and logic to select the egress port
based upon_an idemtigier of § source oﬁﬁa request

data packeP ¥ REPBR EPYEH° ANI P BENHPAE R soci at ed

W th a requeshunkeEpiies Vitw slabecorPaokaly th Y patofie. A
processing platform system conprising: a swtch

coupl ed t oS¥ichingeseese tPWOBﬁ%%IhQGQ?bﬁﬁB%’f gocessing

CQURLH S0 10%n BlEH bdilor L iRH InbuiPaigled Lo @ switeh
fabric, at least one port conprising a transmt
queue;degicglamtksum circuit to execute a checksum

operation on at |east a portion of a data  packet

" BRSPS Seoes oL AT B maiAn Ao e R s e KRS o
bei ng dn@egkiqds fakshefver end i Be dadrBanP atd@imdiSarh psigiov ed
completely; a forwarding circuit to, substantially
conc urthetitpty agg whereindagrateh coplestile hopldrdesssing swisatane inen,
COMenge of 5Bl ALOG, bitG: rnsmaf@oqn&%ﬁairn@({msesé@r ough
the swtc abric to a transmt queue of an edress
port patfonm gygersonpl eti on of the checksum operati on
performed at the ingress port, the egress port being
coupl ed to a conponent, wherein the conponent receives
a TRESKRIn of A |15,Avhe IR grds S doRgrisas 10§D ® sbiRbtvelPhsrit
the data packet to initiate a first link level retry
f theriervardeddrfarasietftom thefangAibiredsn rase P Reid4Ry packet ,
AR R F6h the L KsmVpbGlbnl Ni tiates a second |ink |evel
retry on the ingress port for retransm ssion of the
data packet in response to the first link level retry:
a a_ responding circuit to send. a canfiguration
natepen g oate | hrdeB b esteet @i BRI o y 2007

P EQSAEBQFropahd FORadbd\htd REIRUFFEHe Adnshil§ueDE RERBSIsBS an
platformto conmunicate with a virtual bridge :

c BYaid SRS gictgn frem e gbacksupyopgrRion.

The system of claim 18, wherein the forwarding circuit

further comprises:

-logic to associate the receiv_ed data packet with a data packet type based upon a
' portion B

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

' 'Iogic fo select the egress port hased upon the destination information.

-99-




21

22

23.

24 |

25.

switch in response to the configuration header; a host
processing system coupled to an upstream port of the
switch through a root device; and one or nore devices
coupl ed to downstream ports of the switch, wherein the
ingress and egress ports are respectively one of the
upstream and downstream ports of the switch,, %mw2Mﬁ
wherein the switch couples the host proceSS|ng sys

and the one or nore devices via one or nore
interconnect within the processing platformsystem
17 sysip agaie dhpprreinthefriereiad crai &S n t he egress port
CQRpiskses logic to selectively transmt the forwarded
data packet fromthe transmt queue in response to a
Viedid talseER@e cprashi pordbasedupbr aptydichleddée elexismaipesppadficdn. 18.
The system of claim 17, wherein the egress port

conpr ey détatp@*%té fhe cacpivpd dgta BRC6H 'Staﬁ"éc'?“%ﬁjr%? ded data
p ack ete uersﬂﬁfa'bghﬁet%@ Eﬁtﬂ& c tdhdfeM fhe eﬁc} e ; Ergdége%%pdnoan %@ntn" er of

invalid CRC in |cat|on romthe m oper ati on.
19sourdded a eyesiedizof cl ai m 16, wherein the forwardi ng
circuit further conprises ic to associate the
el Fte BP EORSE R A PR R PO R
upon g.d@id i on of the received data packet; logic to
extract destination information froma portion of the
recei ved data packet based upon the associ ated data

cket %% and I% c to select the egress port based
SRS ena BT Mt S OISR G STPG95 Febr uar y
3848 bo detBnine R Gvaidbity St gresd Skt 0 thomitMaGLcBildd dhb €

forwarding circuit further conprises: logic to select
t he epackgsgnport based upon a physi cal address of a
estinati S ified ece ved [
(i BB Sl e e e bee S bR G R BT EG et
dat a pamkify ofinkRgessapd | ogic to select the egress port
based upon an identifier of a source of a request

data packet if the received data packet is associated
Vihé $ystam bREMES! wieRmRL 18si e dahatt@dam port is coupled to a device selected

from a group consisting of a graphics controller, a small computer system interface, an Ethemet

confroller, a Fibrechannel interface and a serialATA device.
The method of claim 7, wherein the virtual bridge is a virtual PCl4o-PCl bridge.
The method of_claim 23, wherein the configuration header identifies an additional virtual PCI-

to-PCl bridge coupled to a secondary bus of the virtual PCl-to-PCl bridge, the additional virtual

PCl-o-PCI hridge coresponding to an additional port of the switch. |

- The method of claim 24, wherein a virtual device is coupled with the additional virtual PCl-to-

PCI bridge.
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26.

27.

packet type. 21. The system of claim 16, wherein the
forwarding circuit further conprises: logic to
deternmine 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 based upon the availability

egress port. 22. The system of claim 16, mhe?%ﬁ%ﬂgpzmﬂ
| east one downstream port is coupled to a device
selected froma group consisting of a graphics
controller, a small conputer systeminterface, an

Ethb gk or c:éaﬁns WAdrithe virlial GEVRE RCHPRAGE thd ofichapdt s a
seri al ATA device. 23. The nethod of claim 7, wherein
t%hwrmwen%knkcﬁgéwmesem R pus gegmeM@limbepis E@Pcmﬁdmﬂgfée 24.
Smw mhnﬁ %tlnr 2 wherein the configuration
XL g &Rt rWPI%g £l ggﬁltional virtual PCl- to-PC
brldge coupled to a secondary bus of the virtua
PCl-to-PCl bridge, the additional virtual PCl -to-PC
ghe mg@od@waﬁ@eé\bwﬁﬁmgﬁ qoEmEHCAEQRAISPYresn Bive pradgregsfrangier

f . cl ual

Forinestues 0 A Bt Rl bR bGP choR o 2.
PCI bridge. -30 23 February 2007 26. The net hod of
claim 25, wherein the virtual device is coupled wth
the additional port of the switch through a seria
link, and wherein a PCl bus segnent nunber is
associated with the serial link in the conmunication
resources. 27. The nethod of claim23, wherein the
comuni cation resources have an address range for
forwardi ng nessages froma primary bus to a secondary
bus of the virtual PCl-to-PCl bridge. -31
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