; 2345e3eRbZZ[ ] Fb] f abaTRbgr SCALABLE SW TCHING FABRIC 5 10 15 20 25 30
BACKGROUND This invention relates to swtching fabrics used to switch data
in conputer networks and ot her. i plications. ' Crossbars are
one type of switching fabric useaﬁm“ﬂulwmﬂlﬁ““@%a between pluralities of
devi ces. They can be thought of at has a plurality of
vertical pglohgiadet €rconnect ed by swi t'sbionty el enents pEy@soidzssgal i th3-bfa. 2003
horizontal paths in a nmanner that the switch el enments can interconnect
anyone of the vertical paths to any one of the horizontal paths. Generally
such crossbars are inplenmented with custom application specific integrated
circuits (ASIC s) . SUMVARY ACAINBUENSNITOHING &BPRIX of the present

invention, a switch fabric includes a network switch having a plurality of
inputs and outputs and a distribut E&CEERAIBRI ng arrangenment to provide a
non- bl ocki ng swihehi NGeheln celaRRabibifytoNBly 2aSB8Idseisd tByte sliced
buses. According to an additional aspect qf the present invention, a swtch
fox coupl i ngvHeEPwdrte dBVFTWLteED NPTHRTRD ARY P BEEs R’ MPH%udes a plurality
of virtual gpElieatsdtb.i nput segnent |ogic coupled to at | east one bus, said
i nput segnent |qgic_.to _deferm to ' ' u incom ng data

shoul d be sent ;&gosé%]%frgu?{i)eutowge entOSQT%%QSM%%J gg%’%% %\%ﬁ? c‘% new vi rtual
queue shoul gwbkchc dakre detdedro PARrDULAES Porevices. |Thexugan (63 WD 01/ 17180
PCﬂ7|JSOQb223§§hght of as a switch that has a plurality of vertical 13 Aug
2003 Accordi ngréstq an_addi t'hoc{;%l as.pkr%gt of it he tDrgsent invention, a swtch
fabric incl B8 A FPFRRBFTRRPY §V 00T £180FYehES 28 R ng a plurality
of 1 nput popfshandoatypl peihs tiyy af maymeputhasorbs swheclplaleménttsy of swit ches
capabl e 5 of . gW HCRLBhLARY R -dnbkSof RAME vdQLES) tHRLABY Phinl toheoUt pUt ports
with the plurality of data sw_ tches having i nputs coupled to a plurality of
i nput buses “SothhFCTHZMtAL PH e FEETRTHTESUE éJrBF’s‘PEH% PRPut buses is

coupl ed 150 amplémdntenewiah therqal epmliichyiaf spatitikesnteyrdtead succeedi ng byte
of the 10 fiy, i,Nn is coupled to a succeeding one of the plurality
of sw tches.cj'%g&tegg%sfré‘og)e' of the foll-om ng advant ages may be provi ded by
one or nore aspects of the invention. A high performance, scal able
switching fabric is 15 provided for swaMhgyg a rotary switch for a multitude
of ports. The rotary switch uses vj rtfu?g1 g%eui ng providing the rotary
switch controll e’im‘(‘%ﬁi?g i PP ABEEhAT ERPAFSEPEY, T YERH P iaf any of its

i nput quauesswanhctplie trzladys of netwoxkuspidchgheves wiplhwoality) ocki ng. The
RSC permts @PiﬂXlef’é“aﬁﬁc&ﬁfthHrﬁd tg(r;dfy‘trgg‘gget& ohal.paLts. The RSCis a

nodul ar concept allowm ng a sw tch t row frome.g., 32 ports to 64 ports
to 128 port SAUFSPAG A8 REPFLIBAK PPraT OSBRI EFPYBESCREPTIINCOF THE DRAW NGS
25 FIG 1 i scaablorly divagrameoiesn ofichywer k1 syt eazencl uding a rotary switch.

FIG 2 is block ggggﬁmgspoo%ngdﬁqigm %gggégtoifo&eofprgggng otary switch.
25 invention, a switch for coupling network devices to a
network processor, includes a plurality of virtual queues
and input segment logic coupled to at least one bus, said
input segment logic to determine to which virtual gqueue
incoming data should be sent to and output segment logic to
30 select which new virtual queue should be connected to an

output port.
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FIG 3 is a block diagramof the rotary switch. 30 _2_ WO 01/17180

PCT/ US00122368 13 Aug 2003 FIG AAis a block diagramof a rotary swtch
coupled in a byte sliced configuration. FIG 4B is a block di agram of two
rotary switches coupled in a byte sliced configuration. 5 FIG 5Ais a
chart diagram show ng byte nmapping for a single rotary switch of FIG 9A.
FIG 5B iswdhagd di agram showi ng byte mapping in therdeyisg of R-Gig.283
FIG 6 is a block diagram showi ng structures used in 10 arbitration in the
rotary switch. DESCRI PTION Referring to FIG 1, a networked system 10

includes a rotaryaswidiehy k% bhanefieisdd dabéct! Bemﬂeney&seq@rts to 15 output
ports in a non-bl ocki ng manner , Fqr #é&stan e, the swtch can be used for

sendi ng - packet"VRE Pt 3pPHntaP f%Prd'F TREPR aprfEJE%"s§dP§aJii§Yt6 net wor k

devi ces 16 cotgrheswiteheepercht baBihgoat plireDi thyussesnputhportat any sW t ch 12

i ncl ud d h, thap d t . €.

| ncl udes a_daig, patly a{memgta,&% sRE AL {{ dgyggﬁdsmcﬁgs RaBlladl. e 20

byte) basis a to be e
systemto &n ‘85 >§WBt<FlPF‘® puis ofy st hingRH IBQ?tFO‘FCt HnaSOfdé§ér¢%@dt bel ow. The

EO{/ ?[3 y) S\imst fﬂpcﬂr&s‘ “E‘%Nf‘g FLutali & idfyd&ia ?wbtéhe\éﬂ ?@ri\f’g{ %}Mﬁt'ts'hnp?t SQSe;JeSZS
a istr ment s w each o yte

wi de input sed ?f‘?ﬁ'?g 1E:ofi'pP 356%60’}{ 3“?'?11 %\9 %olghatﬂ"i‘eft’éstt YE&wi t ch” devi ce

12 al so incl uedes dipturaki¢f the tmm{tubu&gnemc&pzed thhe fiotsar ynswitch 12

al so i ncludes,a (g {Dﬁtyarigttaottr'sﬁlmte\émés@% Muc%@dm; GQubI gn with the

Vi rtual InBut Queues and out put segrrent | ogi c can nove CI3}('jltt-'t§yte wi de data
fromany &P tRESH PRy Oysofs H@?ﬁa%ecvtptﬁaﬂuccgedinwr@euoﬁm
PCT/ US00/ 223681urality of switches.

13. Aug. 2003 Queues_18 to an 0 Wit hout restricting the access
of any ot her |nput% gegrré"r“?tretongane f‘?ﬁf’w“ﬁﬁ/ a@"?rftlfgle g% 18. Data

switching i s poericel| eyl dpg araromat@'pezzs Sthéhe rntne’ten'aiorf abric 24 of the RSC

12 provides full 5 Lapy petr@oatgn@ut Fozeli[2) 'sVJ':L{:d/hltnlaaEaBI.S.L’C g full of any and
all of the inputs to any and all of the outputs. I'n a exerrpl ary rotary

switch 12,153 heFevided 598 sgabtltg i d%ta\’ﬁyr FYiLich fpu® Babtidede s

di stri but ed O\pertsﬂ segeeritare. guitcl GusdsQrsrual @&gﬁﬁ@tpmnddﬁtgout put
segnents, thusg A8V Efe 1 ZRBAVI t ports to any of
the 128 out put port agyT%lQ%h cﬂ& I'S an%Pnﬁegggdé%t%Isbgﬁﬁeued structure that
does not requicRBaRAHTE rfr‘%?hswftfcﬁphg’f The Lot curangsi eam cdirle ithut ed

function betwaap & IiQ@S&J@uta@gﬁﬁentl@madowc@@@gs50t§e Iscapéhdste RSC fabric
24. The 15 RSC arbjter ggdip % cbc%.aler round I‘Oblp service for received
packets: THe BE‘EJS%SPg . r85h°'br VR E SRR PETET 1 héPe tHiCotg P a sinpl e
round robin ormovt/elghtcedcému elyoeimong dvdtthetdR8Eod Zrofihe. out put port
switching is hased qnea Fldlels 85 bidgr g&it%nu§fxﬁber£eﬁagsqtvge£§€k'bh99eto FIG 2, an

i npl enentation of the system 10 of FIG 1, 1's shown.- A rotary switch
device 12 is shown coupled to a pair of network processors 14. The network

processors are preferably paratk EﬂESbBBlHdONUd)E‘ iTuhr e dcpr ocessors. One

exanpl e of uch a cgssor 5 US Patent Application
ontitled " PARALLEL! PROCES @52&%1?—1%%&%%@% 2 M9REgk Syi\ggust 31, 1999 by
Matt hew J. Adiinsiinding agkotamydswsisihgned to the aSSI gnee of the present

invention and incogpor 3t ed MNRELRI & ¥ ah efiRiens &n EaSTRhtdiieppspcessors 19
communi cate W th data SUBQ\:%\I ng devices 30 13 e.qg., here Media Access

Controllers (l\)ﬁ‘@ &PtiHar WD 01117180 PCTI USOQ 22368 13 Aug 2003
coupl ed to the physigal3 Layeblotk aiingtavordf Bfe rotary switch.
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The system 10 al so i ncludes a passive backpl ane 30. The passive backpl ane
30 enploys tri-state steering logic to enable dynam c reconfiguration of

t he system 10 based on 5 the nunber of ports supported.- This system10 is a
byte slice arrangenent. As a byte sliced arrangenment, when new ports are
added, all ports stop transmtting to RSC devices 12. Depending o

buf fering awmdosering initialization time, input pOrrCI/USH2368 ma{}’ Aig- 2003, ¢
to be paused. The 10 passive backpl ane includes nine (9) main busses
30a-30b. The first bus 30a is a conputer bus e.g., a Personal Conputer

| nt erconnect (PCl )FIBus4A ki & elohk sdijagrpmiafgedrdesy swidchherweflede strictly

speaking the backpy@BesiigeA0toRagsia@ont he bridge and m croprocessor unit
that is-15 commnlgfﬁpassom ated with busses such as the PCl bus can be

provi ded as a daudiferfRdfde tRomki aFAm L H&¥8 i XAFapA It SH® 30. The other 8
busses on thecbasiga anea m’yeelﬁﬁdeﬂmdnﬁgﬁmmﬁct t he RSC bl ades

Bl ade_0- Bl de3 S l.ad Ny genent qf RSCdVICSlZ net wor k
processors 14 20 :':F gré}?mr Za\lfl%ces %H %orvl’(lzrégt SCFRRIS 8%t 50 32 bit

Uni di r ect i onalsibabsaofary sybeeh @feBlGntd.-up to four 8 bit segnents. The
segments can be siggd b@%.esdaoaxatrlfaedmamﬁrsmmﬁg%wcel ﬂ%tplmeriﬁ ggidppor ted by
the system 10. If a sin Ie bl ade is used i.e., poft system the
backpl ane st e&EV hGE 195gf t cSfinect s Bus 30b to Bus 30e and Bus 30i to Bus 30f
to provide input det@, 6ii®e.a blowk 24adian EFBYSngasardstisses usedtire RSC 12.
These two S mmdiat g.figgdback of 8 bits each from Bus 30b
and Bus 30%bu (??%11?{\/\%1%3“46& |1h:enput gu?%iggﬁfo the RSC 30 12. Bus 30d is
steered to Bus 30c for transmt to the MAC -5 WO 01/ 17180

PCT/ US00/ 22368 13 Aug 2003 devi ce 16.pesarf#raata bits of FBUS buses al ong
with the 8 bits fr t C fqrm 32 bit Ja the C_Sinmlarly, Bus 30g
is steered to Bus g%@h 5ﬁﬁg$t éé% \?‘vntﬁ %etf)qo’fg Fyf?ﬁ%zﬁa{%&f“g}éﬁbaack dat a
fromthe RSC 1tegyforitcB2lditrsnsfering athAOSm 6npEaphrbd dde e. g., Bl ade 0

to Blade 3;4s oﬁite;u;;soft@ E@'}SBEMﬂo‘éﬂlﬁd"%aﬁﬁ@r sc%ﬁqntsegr%ehe'ehy' a the
passi ve backpl ane 3 hus, .if s%/stem orts supported, the

steering | ogi CSHEE SHoRA) e Ee sset“ﬁén%ﬁ*ﬁf:lﬁ?ﬁ |d§tQ% a0 PhYT RS thr ofn each of

t he busses anth«soregirockhamst 04 tthenetvedpdetiose tlestoupaéd av busses in 16
bit sections i ti d n segt. ize is 8
bits. It shoul%éﬁéag%%;)? 3@&%8 %Zé%grtaltsh%sfoe‘%n aﬁ& ehcgglf |n%3}1§dgl nto a 96
port system wherddtgheatdeshpbriisspicqdsop pintitioned am anh@ 1?JFFr dé.R8C bl ades

are used, bt hp@id)ybhsidIRUYt aXRGMEYHE ten( maioead aa‘pahb@d Ressidle,8). In this
type of conflggratlggmgfourth SC i s re g&i 0 conpl ete the 32 bit

byt e-slice PoPof BT° GBS pRYTEelyE? &is®r tHE TEEBr 2 $Pnpl e add-in
board whi ch i sfpofhukat dzhoxilbéd @nllywan TB@ IRS@IMSﬁm-ngIJtZS if8Iud)s en both
i nput sectionsy; Behet '&QBLQLQ:'dee 3vlrttt]§1 Fi%gml?Qde'ﬁQL Ug%Q"') Npyity é.l%fggnent

| ogi ¢ devices ISL 40a- 40h t hat handl es i ncom ng ta an i stributes

the i nconing daf% lété%P%ﬁﬁrHHﬂ APRMY, SPETRNtS H’p"dt e&ﬁ'éLR,i BnbX4e t ual queue
| ogi ¢ (VQLp5devwidedndidan-sbpentdd copl d&S5€0 116 alfsthd vabwdes. oahput segnent

| ogi ¢ devi ces 4 e 4, ta the VGh
| ogi ¢ devi ces %@Qﬁld ﬂgﬁ:cﬁlvg?vt% . laéé’t ghg egut %Lj}ug:afl% o% ‘?1311 BUS for
di stribution t8eaptep?? at eTMXG%éW cadtel 12TH?55? npetudds eual queues 420 to

421z are coupl edlﬁ@utntgefawlauﬁetmrﬁemmmcm 06 Gomdinét Bord wi€h i @5k Of
mul ti pl exers 4]1 to 4 | USOQ, 722368 13. Aug . 2003

o PcT
Each of the mul ffb‘faénglguﬁ?&e‘t‘%s 3?8 ?’]f‘ g ISP B G CeAE K2R ¥R vi rt ual
i nput queue® 4Bdyte vide dotwve €rgm,anyl ¢ 42e- ﬁRdnazltproﬁmhpmtpN&xemaMZO). There
are sixteen of said nultiplexers in each_colum. The output of the 5
mul ti pl exers 470 to 4712 for each of t he3tol ums (e. g., multiplexer
470-971s for colum 0) feed correspondi ng output multiplexers 490 to 497
whi ch axe coupled to the output segnent |ogic 44a -44h. The RSC 12 al so
i ncl udes I nput Ready | ogic 46 that



10 sanples the virtual input queues in the virtual queue logic (VQ)

devi ces 42a-42p to report back the status of the virtual input queues to
mapped i nput segments, so that the devices 14~(FIG 1) that supply data can
track buffer fullness. The RSC 12 al so includes output ready |ogic 48. 15
The~Qut put Ready Logic (ORL) 48 is anal ogous to the Input ready b]:g%ipc.z 3
However, twooRI8048 sanpl es the network devices 16 ePQ/USIONEGR t r ans ¢ P%ady
bits to determne if the network devices 16 are ready to accept nore
transmt data. The RSC 12 al so includes Qutput Segnent Arbitration 20 Logic
50. The CQut pulueS8egrdnto Arbiontont FRUEOYIte Brhaut weistki¢windetis i bed in FIG

6, is used todgkerdd Ry Winek WidultUségrddRUto QHeUS: SHEW iRty de data to
its out-put segnent in an approf)rl,ate timesl 01;[1 %ue preferred schene has the
Qut put  SegnerfUeAehi 15-at PO BYGFBE $RiRGTEHEERY PobFH Y g2 25 mul ti pl exed
arbitration al gor rhdinmntdheall fipbiticSegnentthkaRACC 12 1 Bloyi8és ifnler f aces with the
net wor k proces 4 ] i L rtual.queu Lhcom ng npkt
(64 byte p%yllon 8’)[;' é%(?%?gugg&géﬁ%&ﬁ%F%%gRé% %Z%ﬂ%ls%g %Pﬁ%g%ll%{/i of virtual
queues. | n onef dhanpiruts3te T andiedl 18t FretQdPUEtieudd 20 whi ch each i nput

segnent "can _Jyemp1 W GbkA7 8Q:1PETNS)0LRA:268:d 3 28A31£2002 _ di rect inconing
npkts. The RSC 1 s_arranged i ,58 aeggergs e%%,c, 8 input segnents. I|f
f.ewer i nput s‘éjgﬁélﬁb‘sI% P'gﬂl‘ﬁsrg i) re SISYRBUEECOTOT i & SEFRF Gured for fewer
ports), then éogi,cablygompergsrurepti npud segrenderanes,) ahned 5 to form
either a 3¢ b{:%%;%@&?é el 8% RO hSdingllz@ %&@I&:@é%gaw cl(fggggorw)- The

| Sla 40 uses 1n- information to control virtual eue I ng and port
arbitration. P8 PAREYT WOSERt (1O FaPriSeds 38 MRS PYnaeyed as woul d be
associ at ed W sbrdduex pdHati doinoof rdiide cominettic $hetdhinhandhenf or mat i on

i ncludes a destjnat.ion, out put Lis), it..a "Transmt As |s"
control bit, 8" E’ﬁ emgnjasbIaeQ%%tnrﬁggf‘e%%ugkglg&ﬁ&&ﬁggaeFlloéar’sice] a Virtual Queue

I dentifier (4abrargemes; ROONSIRACESPErOANYAB! Bhe RSGf fabrigaddl. ddba avail abl e
per 15 cygke, rathif186£ 3 grdPideist 8 FAGUESEER rebiNsbANdCYE} ES are _
required. There is an optim zation, in 64 qr 32 port,rmdesk 16 bits/32 bits
of i n-band i nFEFHEIE%RAGEE SposePECCHIEF R Hdr B2 MTYVHife PRAEBhd i nf or mati on
cycle is requieieer lthpoligtdat airdml et heuret assirapri nclghdes fadw 32 bit header 20
wor ds cont ai ni_ng.control, i ryet i f Qued. by, i.gh 32 bit

wor ds of packé’tugag%ga].;co hee %%epﬁta' igg%tc’q’\%rd ?épc%%ﬁgég%gg ltg o&és(e@lput
segments. The oneaddili srixidgrbitedchem® 2 bytes of control far each input

segment, E?rmdepeCLﬁéﬁ§rixgge BM @Zd.ozlsoﬂﬂ%imbh&rhéhﬂ%@iﬁn ggsaﬂéﬁéygﬂé&n bb_yte 25
count, end of packet, and byte enable for t S ,\WOr ei ng
transnitted. fﬁe% Eg;&t‘pg't lgeﬁﬁ% 'S p"é%tlaﬁ”eﬂ"%gge Véc?hiezt VPO XU esses of
new packets beiongléddded pairact petdpny rrogepisrsF1 40 TRt |Ingfackkt s bei ng sent
to the sanme OLHxQBEsMst afd %rlegéflﬁﬂy' L2113 e$180sea miRGRALIMYeaF! FO SO that 30
all four output byte segnents begin to send data to the -e WO 01/17180
PCT/ USOQ Z23682Pgessokf -p One6aamift fiit SHFD BResesrrt He deifsib§el e. Byte
data fromihe 9 oyt pidensegpPitatich eagbtiad‘maeaftrimprbees3drbi t out put FI FO
bus. Two outp . per , RSC a abl e drive 5 cantrol signals
(start of pact%%@%%ﬁ ’pgfékeec?,%nt ég%‘gani ?kéglgitgg,bhf ngﬁgﬁﬂ %érror), while all
segment s dri verdiyesta atnabl eangl geslianedThe that yamigeemtatorh¢ ayiesesanpl es the
ready signals f@fengldn QubiPiHcodBstitiat hoRsin Al | r3dlBrle SEBIBNLE Update their
ready bit status in |lock step so that the'}pgx &0 sliced bytes of the input

FI FO bus can bE'SREPEHSEESt He CORMEP G HE. 1l R 1h SERPHGENeSTH556t segment

| ogi c 42 isel utle d.lbe, ABUE Hedi: Brotsss TobBirolands COACISH| tistgnaes, TxSel, EOP,
and NewQHdr. The FBUS data bits are as above, the TxSel bits 15 are used to
frane the FBUS data bits as valid, wheréas, EOP is used to explicitly
identify the end of a packet. The New(QHdr bit indicates to the I5L 920 that
a new set of Virtual Queue information is comng. An optim zation may be
that if EOP  AND Newthdr are asserted this would require 20 only a single
prepend cycle to indicate a target Virtual Queue. The inplication in that
case is that the transfer is not a new packet but rather continuation data
froma currently transmtting packet. In this case an in-band EOP is

requi red. 25 The I nput Ready Logic (IRL) 46 sanples the status of the 16
virtual queues in virtual queue |ogic 92a-42p associated with each input
segnent. If a VIQ has avail able space then the IRL will report that to a
requesting network processor 19 (FIG 1), via VIQtransmt ready bits. 30



_0_ WD 01/17180 PcTi USOOr~z36s 13. Aug. 2003 The networ k processor 14 can
use this information to schedule transfers to the virtual queues. The

vi rtual queues VIQs are associated with a particular output while there is
valid data maintained in 5 the virtual queue. The virtual queues can have a
suitable 'storage depth e.g., 4 npkts for 19 of the queues and to 8 npkts
for two, whasanaech npkt is 64 bytes. There are 16 Viptrgha@teues!sd-Aug.2003
associated with each input/output segment. Qther arrangenents are possible.
Each VI Q has an 10 i nput pointer and an output pointer. The input pointer
is used by theodpllﬁtlttoS&gﬁ'E;ﬂ{yshQ@i'Qaﬂrer(dfsh) néthoRUSIp data into the Vi Q

whi | e t he out put Egl nte slousagd bj%/ctlh out put ,Se%sa nent _Logi c to "pull" data
fromthe VIQ for drstFibation2dat t15e T aRsh 1°¥BUE CkPha¥n e npl enent at i on,
the VIQ s 15 Bre pspaiie bpokilader 3 comlarc 6si-staver yradeingegisi nce a read

and wite rraytbeenggm&wngmié Y elBREH u@QtImokh@hJ gllk,éte@rr Qgsélaasfedogﬁra“ on, the
VIQs are cycle twce as fast as t elnpu fil ox exanple, if the

i nput fill 1 athe nuEbgl FoRMLLS SHRAPYYED rnrﬂ’i‘tlss%%ﬂth:B@SEQquhe out put
drain 20 rateswmd drbengmdecoupkes t@&e891\m:éd|:ﬂi$n§ézﬁérﬂ I k& hign the VIQ s

woul d operate t 6 .S, tw ce .fast the faster of the
| nput or Qut pagﬁﬁé%g r%dtdtjaeg %_‘Zg%%g% |s\|1/:§? traf’ﬁml J88e® %gﬁ 1§PYai ni zed as
2 bytes in w é2h @t‘?ﬁe@@é@sSled“tfﬁeaift%Fﬁﬁt%‘-e@ysrhqasinltia@&zhmm der to

maxi m ze the effd m&g@y Igfrtg h@nggaﬁa\y ﬁg\t el e 1 bteh Ea dtChm-Lab“ C operates
at twce eout g drain to acconplish this would be to

way

cycl e the VI QP8° J\/‘\'Ae ag ahaﬂeajémflﬁé?? ’%ﬁﬁt ??érm%ﬁ/ %Eﬁ"ﬂ 3a-#¥-have the VIQ s
be twi ce as wrte.fiHdstishus B0ahis Wl Chmpuderimmue. ge,glaeaérso&aB bits w de the
VA s are buff 14,1918 /122368 .13 AU g . 2003
16 bits of w??g%%?a&%ﬁcgage%r g\fplc@ng%g\n I Iqqhgg%-l\%q% %}ld%efd read data
which will beP8gpAndehrereiche Fst\HlF'ﬁ%Y s8p#Fingathd I3ckpaviez 18 it chunks. The
Qut put Segnentpakegic; (;ﬁBlb)riéaelaﬁxdamictﬂwsb@éss%rf\hrlltefchatTh% Qut put Segnent
Logic 44 uses J Li nmen ed |térgtsls%g S5 resutlts to sel ect which new
Virtual Qidue ‘should Se connec b & Btit *HoFtT PAfec®BPeexani nes

Transm t read?rbﬁcéﬁd/\,hﬁcm danghtsy] card @ hyirnthén QuipputiReddykblidnelogi ¢ (ORL)
48 to determ ne.i fridhe:Rast BULL RSt ohstr{eeasiakphgnéoax%%sgé +3 new npkt (69

bytes). The OJ ut Se ment e VIQ crossbar logic fromthe
out put drain Eﬁpﬁkﬁyﬁgﬁ%&ag r‘%l?&%ﬂx@&éd%t ‘eab RuPpide segnent (16

* 69B * 8 = SKB) anTaImrsndmmmf RFCati¢vwest 1y eeossdkaprbcesepes afse at a

hi gher freguengy. nJ{}%r@S&evﬂ%e ngd.udes a 16 15 entry tineslot queue. Each
VIQto Qutput Port has an exB ici't timeslot entry. If a VIQis not

avai | abl e, its sl otinegythe FBEfpfatsdsdédl iy ¥widirstuionaidyudsest ompr essed
(most likely msest2dndefinte ufpl Lbim@ri s biltaaééme%‘i:at edtheUBddrlenskiped VIQ s
are avail abl e., 20, TQCFbCalgttag ggag% ng ! % v) i nterrogates the
destination netwsr K U&vT ces™ 5T FIBPST )% STy raéﬁg?npt“?:é PBFY%d The
transmt readyPywithe ssgenskd byf theiREE bRade ishesdutipat, Segaent Logi ¢ 44

(OSL) to pronmyseed §cefmr0met |B§ QnéZ {2y 0 Py, segment
FBUS 31. ThenaQLtZ?48 s é rﬁ ° &352‘? l%%qingrs:@? ﬁ#%ug Pall

attached MAC s-% BPEhiG5y aPT’leB“tsr °t B‘r‘%a?@f B tRrovide inRet ABtassenbl es all
the transnmit rieady bid L4anik PBUSIdies bimesest to tdhei Rsa agpecireye o put

segnent beTpiél Wheo28 H385 $15 EnbbdiSebOrdBELI I o1 fs Nl do8f e queue

Bus 30b and Bus 30i form two 32 bit input busses to the RSC
30 12. Bus 30d is steered to Bus 30c for transmit to the MAC
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WO 01/17180 PCT/US00/ 22368 13 . Au g . 2003 with that output port's npkt.
This is done to avoid head of queue bl ocking. The Qutput Segnent
Arbitration (OSA) 50 is used to link a virtual queue 42 (VIQ to an output
port. The RSC 5 12 enploys a distributed crossbar selection schene. The
net wor k .processor 14 perforns wei ghted fair queuing and provides 15?}& tﬁ:ﬁa
el enents faootrmasmi ssion to the RSC 12. The RSC 12 permswrmsesses 8 T al
service algorithmand a non bl ocking schene so that efficiency is

mai ntai ned'. 10 Switch Arrangenents Referring to FIG 4A, a rotary swtch
14a, is coupldedide 1pr ovitde2a dhte BitsTle® BUS susdchilogy fvabnithe She rotary
switches 14a,j,s_f b S I e 32 hi yte sliced
busses.- The g&?%uft%gf ¥?£§%reo%§%§éwy?gggi}% ftgélg@&'l eé(}mtt%;% ‘put busses
e.g.; FBUS OBupBify is erperge Fhpus %@fdé?dtwgﬁémitgyﬁ dxitgf okach bus BO Bl
are coupl ed ipns@HIRNELedAck @ =0EREY thel ke 12460 Fadn 032 biles aust put side the
first four_output .se rgents df each rotary switch 20 provide the bytes of
FBUSI O, the rh t”%%a out put segnents provide the bytes of FBUS, 1. The
mappi ng for this Bachabyedert gi s BladenO ite Bla@e_BAls |samilds inmanner a byte
sliced archi t&%g%@cesi%ng%wags-scz%a £eensl vagded ghkLagture, is

non- bl ocki ng. , y input_port can 25 be connected to any out put
port without RAkeksnry 38ny BBerlf FygEehIOt P2 Sth BUHIcEtRRAFLES any ot her

out put port. dHe s8&¥riRBElEyie] enottkhokhpulelpotd sheadbpeoppledata to

di fferent,ones of all of th s rts. ferri to FlL.G. 4B, a pair of
rotary svmlgcﬁb stef4gf°“36ail51b°efar‘qgé %ﬁﬁ?gdéﬁ%ocprn(fvf etq%m49?< ti‘%—'fFO BUS

swi t chi ng - 12respretpye xestnandyn UB@ER2 36s 1630ty sgctiopgo3 ¥aBeBc. The rotary

3‘3" E) g:he; 14a, Q&deﬁé/%ﬂslﬂa%ia%egmieﬁ aw&bedid@?/sbﬁ@qg B@iR3. whi cﬂ ar i4each
it byte slic uses. ut put_ segnents_of t rotary swtches a,
14b are coupl &4 5?‘8“6&%1“"5?@55? & §4, p‘g%sgyﬁt?‘bcﬁﬁ% 5°nG998 e he i nput
side, the firsitd woosbyicas efsteachhdnes tBO-d83taore sdeepled bitd,hend nput
segnent s t fr i1 a, . mbe : I byt es of
each bus g%e glg%phégat%&% ﬁ%é{?e%%% g?es;e%én“t’l\gaqgggﬁg %&%&ng%ﬁ \g(rgy switch 14b.
On t he out put (Epsfeadhef fihespogaibleudlput I8 dddentweopfeach rotary 10 switch

provi de the bybgsi PkaEBYS Q. fddienned ibWeeub-pattcSeam@rts the sbytes of
FBUS"1 and so forth. The nap,Pgélerrlr%ﬁfor thi s arrangenent is shown in FI G 5B.
d C

In this manneP'h BYEasttice PFRc26r B SEF oIS B TS B 8%s 1 i ced
archi t ect ur e, oifsa sifhpke addr-thiltcactuvlsicndls ipepnbatdyl weli @gly 18 That is, any

i nput por t)ocamsbe, HPNELLLG 31 05)aR% VIO YhLROkcRIMhsNOt bl ock any ot her
i nput port from connécting to_any_other _output In]{%néeone cycle, all
h

ort.
i nput ports can cotiFeETHRE &t BE%i £r e’?}bemRSSr?@slBEl%ff otP PBut ports.
Thus, rotary swgichesieasn (I6LrolbaHeOh tuhaprivadddes | arcgein® FBESI dazhi ng
fabrics. Four i §C i i i e 0 be coupl ed
such that o g S RaphElane AloRipdUeEd {7 shctodidbe P LWLLERT 00 TR
first bytes ofingubapieususn gdgphald aueve HOoL ¢ r SRLEvievdkes s¥eohAdP byt es of each
bus coupl el t OrhehRsS BC0RHs S Wt Ciltiest Bifshth ¥t gferf 16ACh ab¥25 (681pl ed to the
third switch aﬂd fourth bytes of each4bu lcgqt%lagd toht he fgur h switch.
Mor eover, with Iaéﬁg‘é‘r FBE PSP SR Red? PR SRRl T¥RAPPYS: F88E t o | ar ger
buses, e.g., &dwnitesbirsesd dmlémet dthgedatwonbi the attwiis s¢delad bke provided in
a simlar manngfys €0 (N8 PULRAYL, SIFG grgafmérm%oa&ﬁ@e'som 30pgLrangement is
provided. -13 WO 01117180 PCIT/ USCI)p 2368 13 . AuG . 2003 This swi tching
fabric i s scalHmug, virtaal eugiepyioxpantfed #Fomeartedcto Hererhri:
confi gur at BON {eiheROr 1syik04 BAip0k tsHridp 4O malt HLexErF 4RO deug7cpnfi gurati on
(128 ports to 12B ports) w thout adding additional hierarchial |evels 5 of
switches. That is, expansion occurs on-&-single |evel of switches which
reduces latency and conplexity. Referring to FIG 5A, the mapping as a 2 x
2 FI FO bus :



switching fabric requires one RSC 12, with bytes output nmapped as foll ows:
10 1. output sgnment O - byte O ( bits(31:29) ) output FIFO bus O 2. output
segnent 1 - byte 1 ( bits(23:16) ) output FIFO bus 0 3. output segnment 2 -
byte 2 ( bits(15:08) ) output FIFO bus 0 4. output segnent 3 - byte 3 (
bits(07:00) ) output FIFO bus 0 15 5, output segnent 4 - byte O (1 20
bi t s(31: 2AWOMBUSHUt FI FO bus 1 6. out put segment 5 PCHYsw2mes( bi'tst92718)
) output FIFO bus 1 7. output segnment 6 - byte 2 ( bits(15:08) ) out put
FIFO bus 1 8, output segnent 7 - byte 3.( bits(07:00) ) output FIFO bus I
20 and the i rfash s@dgimennulrimppeeirad2o Lo Afuat degerpled -toheaed of bits(31: 29)
)i nput FI FObus,2.h ppushse gls@cnu;aeuemae;n (1e8i £5( e3a 16N bl ARULELFCous 02 5
3.inputsegnent 2 - %/t e2 é bits b 2 %{I ngut FI F (g |nputsegnent3 -
byte3 ( bits(¥PF BY}-IRYTHS ’fl'—qleboué“ 85 iat5u ’s’étg?ﬁﬁn‘f Sa yte0 ( bits(31:24))
i nput FI FCbus O tiippettesesg ire ndaleh- dnyiml (THe ps¢@3: ©6)9Yhel nput FI FObus 13 0

7.1 nputseg bi 45: ) p I ut segnent 7 -

byt e3 ( b| %rg%‘gt68$3¥£elqﬁspg7 t'E_zé) 18’ Qg%\heeajrcg Eglﬁhgcp%j%ﬁaéslp%ﬁds to byte "x" of
FBUS "Y." ThuR¥ttipdewrit dde- @@gﬁeﬁt%olemnl(’) Feed coshrpmRONdERhH PRty to 35
corr espondi ngnM dibptigke QUYL T ol $NQRLEN al B PdBupE 8@ @NtBe Gutput 2, 3 or 4, 5,
6, 7, respectlvele% Efel’l;ll ngdt% FIG 5B, to expand to a 4 x 4 FIFO bus
swi t chi ng fabPTEPEGUIFSs %o ‘B8C devices 14. FIG 5B shows the out put
mappi ng Wi th the GbepRSC FEppbwd ascludks InpWd B4ddy718@icl 46RS@MD out put
segment 042. ﬁglgsouw%r%@gm%ué GheufSTn, ChOWRYLa S GUBENL 818 4 RSC' 0

out put segnent out put " seghent out’put segnent 5 7. RSC
0 out put segneéMells deyiges pae- Poﬁf’piﬁ”%g‘i’l%ﬁ& tl'?e @taF\’SC°f B put segnment 0
10. RSC-1 out puttsagarmit Luddes BOGndppedt prduts egetints 2 skbtA2t RRe 1 out put
segnment 3 13. RSC 1 t S t nent 5 15. RSC_1
out put segrrent °5 70 cleg %C— ‘i)gomﬁ’?%ué%% Eg%%_%ar?%g_g?}é ba"%-gef)yte 1 - byte O -
byte 1 - bytefgllnﬁtgﬁte The REGtE2 @lsopy\ncdudes opypwt Zeady Ppgéc 3H8. pyte 2 -
byte 3 - byt e re-oldph® ReadyP¥bic2 (orRDYUE 8s Rinkh3$éRhis28d et §£%.§3 16)
bits(31: 24) bltsé23 16) bltS%fBl 24;_‘ #F}L‘LS% 3: 16%L 1:5‘5(31 24 its(23:16)

bi t s(15: 08) biFEBEH7-WEF - bitP¥ eI 08¥ e 7B e hi e (1BM8F bi t s(07: 00)
bits(15:08) bides{oas a@)emmmaa&ﬂgea@m bgts t&oastmmpatifil FO bus 0
output FIFO b o | FO bus 2 )
out put FI FO b&?ezn%& dglfg bus % Ot%a%t Eallgg Lu%“‘% O&Eal%{“ EI FO bus 0O

out put FI FO bifgte- o&*}?uf‘sqtllﬁoab?fs il‘cb‘éﬁﬁﬁuPuFH‘FOSB‘menI miﬁaﬁtmrm bus 2 }
gut put FldFﬁ bllfoch)flaO)Ut )33 dﬁkﬁi& twgmﬁne P&Bl@tﬂtlghﬁggﬁu_slﬁ[ﬁ akheiinput woul d
e mapped in si,milar mann not ,shown, i.n eln ut segnent s
mapped as; gf REECTPeRptR gréSrre?ft d3- 5t &6 %:tﬁrFs?%fhi )V“r it FI Fbus

02. RSC 0 i nputiswyireatche- smlellp{owdtes(iw 16) 3t epteud Emtosn%c 0

i nput segment 2 4, f%f&t(e Bihs(13%; 2%nk bAOELEQand %8Sk icaR &Lsegm%‘nt b3 -
bytel ( its(23; i hput FI FQbus gRSCOmputs ment4 - byteO

bi ts(31:24)) i §r?%i°ﬁs%ﬁg’r%g t 1Py Areiftvsd ‘%XH‘ 'il“(e bi ts(23 16))

i nput FI FCbas 2nulRSEDezatpatistgrehnd® algbytteth.( bits(31:29)) input Fl FObus

38. RSC*0 i nput seg y 2 ) 3 9. RSC_1

i nput segnent0 - bgtﬁgé %npule éﬁggstﬁgﬁ: &ég I)izoaolt?@g%ﬂlfgog%lh |t§1|§5utsegrrent 1 -
byte3 ( bi ts(OWWF)‘ PHSEE FPFAJuaN Bet RS(‘}nes which virtual queue an

incoming mpkt (64 byte payload) should be sent to. The RSC
12 has a plurality of virtual queues. In one example,

30 there are 16 virtual queues to which each input segment can

.,



-1 inputsegnent2 - byte2 ( bits(15:08)) inputFlFGbus 112. RSCl i nput segnment 3
- byte3 ( bits(07:00)) inputFlFQous 1 4013.RSC_1 inputsegnent9 - byte2 (

bi ts(15: 08)) i nputFI FObus 219. RSC1 i nputsegment5 - byte3 ( bits(07:00))

i nput FI FObus 215. RSC 1 i nputsegnent6 - byte2 ( bits(15:08)) inputFlFCous
316. RSC1 i nput segnent b7 - byte3 ( its(07:00)) input FI FObus 3 where in FIG
5B, FBUSXY corresponds to byte "x" of. A5 FBUS "Y." Thus out put segnents
(RSC 0 0,1/ RSC10,1) , (RSCO 2,3/ RSC1 2,3) , (RSC O 4,5/ RS%.JAU?:Z%E3!
(RSC-0 6, 7WORYTI8 6 7) representing output FIFO bus BERUSRUA368 2 'and" 3
respectively, connect concurrently to corresponding Virtual -15 WO
01/17180 PCT/ US00/ 22368 13. Au g .. 2003 | nput QJeues in VIL 42 for the

i nput segmentd&reft i iRSARITE PRkERrss&Re RSC112 s apErrgedTHIE®, an 8 x 8 FIFO bus
crossbar reqLHergﬁasmfls RSG. chui ﬁ)gpuﬁ/\llsfebmém outmlfbwéﬁaﬁmdt gsSegm5ntl=.0 1. RSC O

out put segnment_ 0 _- it out FO s 0 2. RSC-_0

out put segnent-c reqlblreg gi% g%czl% % ot fgﬂ%r ﬁrbﬁe YY1 3. RSC 0 out put
segnent 2 - Ipangs, (thlwt MQEEQI%) C)On‘émlmu‘ls Frnm@ bemments, aRSA nesut put

segnent 3 g blvct &0Pm (eiltht 8 (352241t Jatbibqriht (52 Ffdrbiis, 3r5a RSE1 P out put
segnent 9 - te O bits(31:29) ) out put FIFO bus 9 6. RSC_0 out put
segment 5 - B tépﬁé ‘tﬁ'lt%‘%%t’f 129) output FIFO bus 5 7'. RSC 0 out put
segnent 6 - byte Ohé 1mit 4¢ 3Ibe29;n-)baodtp\ﬁorﬁaﬁ©nbt|s ®n8ro RSCxEualt put
segnent 7

B b%\.tte%e 1 a(ﬁ' Esér?dlgg?'l Qrb@\’.'}mtonlzl FlQ-chxﬁd lé%grxgaQ(}%% 395 RSC_1

out put segnep its 16) ). out put RSC 1
out put segnengsed 33°b‘93t’1=}miz‘f At §?32:3"“26‘)'°‘*)1d09? pﬂ?FOF}?F@desthl 11. R5C 1
out put segoengxpd icibydi-df{bddt 8?:3‘2:016% toheouﬁmahdﬁlhggrausio% 12. Sggi
out put segnen >
out put segrren%‘ ‘gludeﬁ ?edeft%n%ltos(?'gpfg % %pnt}‘tt EHE bi‘ 2 RsC 1
out put segnentTxansmiythe 1s’( cmttr@(lzl?smla)a ?ymtep@hld:bﬁﬂm;sbst.la RSC 1

out put SegNENks enabYl e ;,d< it 8(28chef} DacAUlP: FARQBys 6 16. RSC 1
out put segnent 7 - b te 1 blt§ (23: 16 % out put FIFO bus 7 17. RSC 2

out put segmentitrer EHSES 35(oi% E(A5 08 S BaPP ARt B9 HAR1D PEE. RSC 2
out put segsentydle, layxaeth%r(e ord 36158 requicetiput ihFbEADUFcleslBreRSC 2

out put segnen yt t.s( ut put.. F 19. RSC 2
out put segmen:r %“ire@ oo i B 2 9’%8@; Lt %ﬂtG“FFE%%% € 30 35 20, RSC_2
out put segnenfrodes, Bﬁt kigs/ zﬂ?ittés( ¢5: P8 Pand cifprratiPEG fu$ossibile, RSC 2
out put SegnmentchSrerd¥gt 6ni bndifrsbiha A)ormaMilRUEydTFO: bt ubrd?. RSC 2

out put_segment 7 FBYFceS o8 v ERotnp) vihBEh erey g Bedder T 2

29. RSC3outiut segdentddtaifpinge8oftdglt S{BZm8BIor) Gul partell BOhyps to

025. RSC3out puteiﬁﬂﬁﬁw) 32 ﬂw fidrds 'ekgﬁa(&éto@ata) O%r&uog' E@Hﬁp\}gﬁ
RSC3out put segnent 2 - byte3 bits out put FI F

RSC3out put segrieffiais q??f’%@e(i BP t5 egub@)e);margﬁsputﬁ}q:@gager A
340_28. RSC3outgagtssgie ahdo 2 bytés3 off bcbrtt&@ﬁ)?f&&))e)acl@uh@utﬂel@%us

929. RSC3out put s ggegt& - q%] %ﬁg ?Q)% ou%béjeslil F \US 530 RSC
3out putsegmantaé1 %(f i’ ‘? ltS% 0 E lﬁpf—l 633" JI3§C30}GE putsegnent?
- byte3 ( ?bfitsf(C(WtOOE)r)d obtRRgkFr FA3ds Yteﬂfﬁfﬁhlse ifaputhes dgaerd2sbibul d be
mapped as fol |\ peilfy transmitted. The 4 output segments specified

receive the VIQ addresses of new packets being loaded in a

“pending” output FIFO. All packets being sent to the same

output port are loaded into a similar “pending” FIFO so that

30 all four output byte segments begin to send data to the

-8-



WO 01/171180 PCrl1USOA 2236s 13. Au g . 2003 1.RSC 0 i nputsegnment0 - byteO (
bits(31:29) )inputFl FOous 02. RSQO i nputsegnmentl - byteO ( bits(31:29)

) i nput FI FCbus 13. RSO) i nput segnment b2 - byteO ( its(31:29) )inputFl FQbus
29. RBC"0O i nputsegnent3 - byteO ( bits(31:29) )i nputFl FObus 35. RSCO

i nput segne yteO ( bits(31:29) )inputFlFQous 46. RSC0 in uts n
byteO ( bi p&‘?g’" l24) )i nput Fl FObus 5 ZO7. RSC Q0 i nput §§§W§%f2€5 f@gﬁt Eéﬂa
bits(31:29) )inputFl FObus 68. RSO mputsegment? - byt el ( blts(31 29)

) i nput FI FObus t 0 23 16)) i nput FI FQbus
010. RSC_1 |npulty% Bﬁe%ﬁdlggg °“t gﬁgr@a&tﬁs %5515 gﬂg Edﬂ?s 1 1511. RSC 1

i nput segnment 20Uty téqsff(enléﬁtlss( 32“@6}9)1 Fmﬁwﬁl‘@@@@ QilQORﬁ@tlFlIEmutsegrrent3 -
bytel ("bits(®g.16)) inputFl FObus 313. RSC-1 i nputsegnment9 - bytel (
bits(23: 16)) i'npu&FIF us 419.RSC'1 in utse ment5 - bytel ( bits(23:16))
nput Fl FObus 5 2050 FRSEESF iRAMSBORaIRtORss BYECTpLed (i 851W) ) | nput Fi FChus
616. RSC 1 5npq¢xs:egmes:tghalsbyﬁte§ft(oﬂo|p1as&e’53 64 Jofi pptitdt, FEbarmm{d 7. RSC2

i nput segnent 0 yt t 0 nput £ 2 1 nputsegnent 1
- byte2 ( bi tgs 1% n(Sl Elcu%l(:rlljlg amlf'e %11 E@g?%ﬁ |rnlvt?$§¥ctgrrent2 - byte2 (
bi t s(15: 08)) ?‘Pﬁﬂ}teFP §- 2’11@a RBQP‘F%GGP‘ST&}@W@ Sawlteaztl(le biekdy 15: 08) )

i nput FI FObus 8ig{¥1BSERr lammuélﬁ;%lﬁedﬁ&mabwrﬁz (antl B§t( . Q8dnlegtgput FI FQbus
921. RSC2 |nput g%magégr %(é)( %Q bi tts (%19 ?‘—'dﬁ‘?@ FObus b 3022. RSC C2

i nput segnent 6" T 6F 0853 9 Pnpt B‘??@SZt*?%ﬁutsegrrent b7 -
byt e2 ( |t1§(1§l(<B)d) by tgrutE| FGhuispTR FIRSGDus3 camput sefmnt0 thdyt e3 (
bits(07:00)) kaputklEGUs 025. RSC _3 i nput segmentl - byte3 ( bits(07:00))

i nput FI FObus 126. RSC3._ i nput segnent 2 - byte3 (_ bi ts&O? 00)) i nput FI FQbus
23527. RSC3 i nput s&gfettP4s t°%§‘€ SNRut pRYTPRLOBYYic ABUITELEGD Uhe328. RSC3

i nput segnent 4FBUDyaed Kitsi (3(O7: @6 )contpoll BibAME 9281RSESe) nRH! segrrent b5

- byte3 ( its{0; 0)) 3Q. RS i_.nput se 6 - byte3

bi t 5(07: 00)) ﬁ%pauﬁt Aﬁ@g%&@%@% gﬁ%uﬁ%&%%‘{eegt LR g‘g’iﬁ‘?f"isb’(tsm ts(07 00))
i nput Fl FOBds ?rﬁfd%seﬁh“eo Frang HerTBET srsbaritcons ivgdial ivdereash Eonput / out put
segnent of thQsREstlgosé’Mptl@B%lZlibéfﬁﬁf?ftﬁc—f‘%nézop'at%ﬂ:ll:(?b goncurrent

with the other, RSC 12 slices Referrin 1stri utlon of the

Qut put  Segnent®#PHi% P4t i BHLERHS e B I%a 120kh31ts asPeNuEetEREh of - 17 VO
011 17180 PCT/ USOQI:R2868e- i8fordtdon R0@Bnide OSA dpeghDzRHEREBRLS 5

det erm ne whi gh w5t ual | j K 19f & e out put segrrent
| ogi ¢ 44a- 44h Thetl nﬁu%dwéﬁg I\g%m}r}g]r:] dsﬂa?é%r\gha St YA e % et provi des

a start of20palRey @ S@glef IPéQPe’tqﬁéyak%t‘i°nantﬁoﬁf ttagget Wiistwelw 5 packet and
a virtual quegeetsinbehe Alplibisiost antirAg @éﬁeﬂtlst*hﬁtd@ﬁé iahbfdy port is

known, so~a physj cal pin the ut put ic is performed. This
mappi ng is stg‘rge%ioCt J? SuCp ﬁ% Tc\}/brp gggﬂ’"Egéﬁ 2 fity8ital port has an

out put port Wﬁrw EwlelngmeS]eetqueUeszhnal ets@i Aan lLih-benditEprs to t he
next virtual 1qugé@l\mach has a packet for the port. Each Map Queue 60
mai nt ai ns p to 8 entries (Rgne for ~each |n£>ut segnentf. The entry has the

VI Q¢ of tt‘? next &PPYY Ready Loqdfi {1Rbe. 46 samples the status of

the 16 virtual queues in virtual queue logic 42a-42p
associated with each input segment. If a VIQ has available
space then the IRL will report that to a requesting network

processor 14 (FIG. 1), via VIQ transmit ready bits.
30
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When the Qutput Segnent Logic 44 conpletes the 15 transm ssion of an packet
to a particular port, the Qutput Segnent Logic requests the. Qutput
Arbitration Logic 50 to supply the Qutput Segnent Logic 44 with the NEXT VQ
nunber that is stored in that output ports' nmap queue so xexT vp This NEXT
VQ nunber is an address that the Qutput Segnent 20 Logic 4.9 uses 3tR 003
control 8: WRRIIIBYHI exers 62a-62h that feed the Qut putPCBEEIBIES Log\ 19-59316
npkt entry output queues. The VIQ number is a 7 bit value. The three nost
significant bits indicate which Input Segment and the |east significant 4
bits indicate whi he\iaOWREk MZRCeRERT LAPEAD P5° dddfeiniormgting £Rese 7 bits
the OSL can C%ﬂﬁo@uelwra%laeetg‘ Yot tige rvextuepaqlse&esro be transm tted. Di sposed
bet ween-t he Inp~S nt Logic ( 40 and t.h port Map Queue 60
isatine divisio 'gﬁ BPEABUSS7 aaren FoPRE2 |§h"fl nput segnents to
transmt 30 dgstﬁmﬂanmutpﬁbrwiatleothetrs iheraéedeiﬂteohnuutpmecsegrrents -18
WO 01117188 P%é uﬁ%zﬁ%ﬁ%uéiﬂ ThBW rtua?2 002 udl SinMHb 4 R 8X1dMp1kS

straightforward since there are at_a maxiimum 8 new packets to be sorted and
16 cycles to PFofstEederidl °-91Qf FBXtHhEPF Te8heths WSt 3ehet ® Therefore,
by enpl oyi ng apwxies \fozi tyal,e wvhexmearobupktt b gueed.heThayeubrd 1segnent

Desti nati on Pk, A &, 5004 80 NakeANA AL 0B NS RS odN ol Queues drain

using a first out agorl Pis "l s to be
under st ood that V\/rﬁ'qh@ftW@fﬁnﬁgﬂéﬁﬁtlsoﬁr%é):?si@olt?eenE%Fé’sEWB@G #M conj unction

with g hg det _a:i:ng@lt Qﬁiﬁﬁw?n@naﬂ lmeutg:@ff ,pﬁttheexf .or egflmﬁudtht@illcsn :A; ]
intended to illustrat nof limt.the sco the jnvention ichis
defined by thé‘sga gfaf %) g%&%ﬁ %@&g}-ﬁe} Reph &2 Wffant ages, and
nodi fications taueeVI/Q,t frhnl ¢ h@esmﬂmtlﬁohﬁethiss fuekdl Gy e cdv&pms What is
claimed iS: " soud 1000, 0 15180 aaPCTASNOLR2T08 £o.3as Adifye 2003 ChAI N~

1. A switch fabric conprises: _a network switch having plurality of inputs
and outputs: W& 5he TRBERHHERES siPt ¥ r’r{fj‘phﬁ"“l‘eéﬁ@%’rﬁ%‘nt t?% V8RO%i de a
nonbl ocki ngp svdxieC Biig) ef @bftte@i eapddn bttyssomerory devies.ofsibykeas! i ced buses.

2. The swi tchi ne% f?l?%lw%lg% b@éon%?f&ltﬂyt ui%cﬁ gt@rnlcle el(%uillfl rst swtch

and the switchHi ng ric her conpri ses: econ work“swi t ch havi ng
a plurality ofcjosghes O@ﬁaa’@lﬂnpu‘f—%e V§Q ‘Tf?éfesWQ]@ﬁi hgldeabpikassf agl aim 1

wherein the 15yl shphbdutied ﬁMet.Ch!’dlgeﬁémﬁl@gei@&hehﬁ&utthﬁllln%i:é of the

first and second~da swi_tches coupled to a pluralit t buses so
that a first bﬁﬁes%% Mz frep & g‘ﬁ ‘H?ttﬁ'ér?ﬁ%e BUSESe Héé’&tﬁ? RBitir st

swi tch, angioa tast wbyld bef atdweofiplest 66u80Mie ERUPpKedin cratbectsacone switch.
20 4. The Swi {14 R0ubGH lofiePlehel 1831 UNEIEhR I8 IL S LA DU R0 e  chi ng

arrangenent has . outputs of the first and second data swltc es coupl ed
to a plurali tya%fthﬁu?ﬁfterbage"é‘e B“R%Prao‘fquEtFW &¥%-a first one of the
25 out put buseslternaeindigd tige idneuéd rcah Savidrghiniard as l2asttdyti@ of the

first output bysyds LQURLRYSLE g1 EGAA0d YWbeh. -20
. 25 In order to maximize the efficiency of the Rotary
switch 12, the swiltch fabric operates at twice the output
FBUS drain rate. One way to accomplish this would be to
cycle the VIQ's twice again as fast. Another way would be
to have the VIQ's be twice as wide. Thus, if the VIQ's

30 input segment is 8 bits wide the VA's are buffered to form
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WO 01/17180 PCTNSOO 22368 13 . Au g . 2003 5. A switch for coupling network
devices to a network processor, conprises: a plurality of virtual queues:

i nput segnent | ogic coupled to at |east one bus, said 5 input segnent |ogic
to determine to which virtual queue incom ng data should be sent to: and
out put segnent logic to select which new Virtual Queue should be 1§ neﬁtu
to an outpwoopong. 10 6. ' The switch of claimb5 fur PeRYSIEBMEI i Si dp1 npu
ready | ogic to determ ne whet her~the input gueues can receive data. '

The switch of claim5 wherein the input queues are 15 coupled to the out put
queues by a nénbbtoeki mylter datbar Read towhiatiocasraddefretrth 18.bilise switch of

claim 7 whergjen, % P dieR| QKNG 86 OSRRALSWol £ RG1 AL FAGLNENL Conpri ses:
20 a plurallty 0 tiplexers coupled to outputs of the plurality of the

i nput  vi rtuali3gosb@4z 8 i &BpkSes of the virtual queues to fed to a
second pI ur ality ofe mkﬁmt‘ﬂs@yﬁérﬂ: Lbgic plosduca E8putcimésidehe out put segment

| ogi c. %‘Fﬁf \t?% tlpu e men;:'"lﬁcf)t{:l rﬁioggrlé +29; rb|t ation logic to

sel ect mhl e second Blura 'ty of
mul ti pl exers Rmpicoergcmloa 60 ztehielbﬂtmtset,%@rmhicfl ogv /irtgdl Quepe om-XSo

pcr~usoonz3s$pldig ¥l -'Qonn&%é" 1@) ah Mﬁu@.hpéﬁb”@\e el dag€ses @ pair of
data switches_each havin orts and a Rl urality of

out put ports T’f?é‘sg‘ﬂt?ﬁi?&g }%tc?aﬁlébcfhe %? Cs%lfgifﬁdngyaw OFtRYSs RPAGUL ports to
any of its omjpumopoctt@msaaedtpadqrtemmmtﬁ she tochpst Ipavt nigg krpdy S coupl ed

{0 2P Ur a1 Lo aleckBPU oSER:5004 ted {1 HAL Aikbe olocfeld ayone, of the

buses is couple to t he t swtch, and a e first bus
is coupled todetrapiesdie gW tcéﬁss’ialr 19gie §\KP‘E‘C‘H‘°f 8‘{‘)‘1"1?"6 8F2%1 ai m 10 wherein

said pair of daig syi én(‘;he§1rh'tﬁ\él mg r@iﬁtpqﬁ@eceupé&d 5@tp’ﬂmpké§n@nltty of 15
out put buses so thgt a firs buseg) is coupled to

fi e
the first switth,” ad asé yt eT’bes ?ﬁ‘é ﬁg? %&5“? ri!’(?o'ﬁ]f)(l"s %o the second
switch. 12. The camr'ach aftalarhngr@fr tYeiuendy. vvﬁbe €15k thelnpdidenfa data 20

Swi tohes SOMPELSE, cinlhlkUbalid Y Blowheblal odusHesord ML apegrent | 001 ¢

coupled to th uses, sai-d i nput segnment ICc to determ nes
whi ch virtual eﬁlﬂjétfétl h%f%ﬁﬁlﬁb MY shiuPRdY 1§e’h‘?t #yailableg itme switch
fabric of cl aisbdGayhse G:ldfhpt:élﬁe}mal rupftodat slokwi iahes emppessal out put

segnent | ogic cougll%q {L’Zdlt 28 fo agutf}iﬂ} %thspu‘sal%ggggt%obi l.ect virtual

gueue shoul d He connec n out pu ort 180
PCT/ LJS00I 22368idm:d Aig's azeoayaMabirme switch fabric of claim10 wherein

the pair ofy data swid ehgsutCREMY 38gic (ORL) 48 interrogates the

destination network devices 16 (FIG. 1) for transmit ready
bits. The transmit ready bits are used by the RSC 12 in
the Output Segment Logic 44 (OSL) to promote data from the
RSC 12 to the appropriate output segment FRUS 31. The ORL

25 48 is a ready bus Master. It cycles through all attached
MAC's fetching the transmit ready bits. The ORL 48
assembles all the transmit ready bits and provides them to
their respective output segment. The OSL 48 uses these
bits to determine if the tail of the gueue should be filled

30
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l ogic to control mapping of bytes of the input bus to 5 the input segnent

| ogi ¢ and mappi ng of bytes of the output segnent logic to the output bus.
15. A switch fabric, conprises: a first plurality of data sw.tches each
having a 10 pl urallty of input ports and a plurality of output ports the
plurality of switches capable of switching any of its input ports al Qg2 $h3Of
5.ts out putw@uitig® said plurality of data sw tches h&GTHPIERBuL s coupl ed to
a plurality of input buses so that a first byte of a 15 first one of the

i nput buses is cougl ed to a first one of the plurality of ~switches, and a
succeedi ng by¥ithothathOutpyt PorfptmRKEs |'E§‘léo’cﬁnldéﬂet"d’ aveift beedi ng one of
the plurali tyopfqug%tmmﬁingzo 16. The swi tch fabrl c of claim 15 wherein the
plurality of swt re t ccee tels thlrd byte of a
four byte bus. %nfh%u%gﬁntt%%mf gr %Etf&ﬁon géé}g e 58 swi t ches 25
coupl e four b;lirec sl viethabugesie ARJ(VERD htd ke futputt podte abhk REE second

byt e- of eagh én]g,ﬁo%w d%tsa%ukaear&osgyﬂ edii&ibhesdehat SMiet ch and the

third byte an faourt te of each_of the-four buses bei ng coupled to the
second swi t chietweyk Pm%ﬁ‘iﬂf%#@ﬁ%@?%@%@ fpdr qugping anspo3 18. The
switch fabricppdvicdeai ﬂhe’l.iolﬂ/ﬂﬁreﬁieﬁtﬁ rm;rptwrashmtsymmf tewHecRes 12re four and

t he succeedi ng, b 6C0 y The switch
fabric of cl algrrln ?/%S% ere n ggg'\%l %efh %%{nggé %@gg%% aByt%%soPl ced buses,
and with the bileciingypeheste eecﬁhaéf efﬂé’iép‘@htlsb%%ab@@%g coupled to a first
one of thggsw tches, a second byte of each of the eight buses 10

bei ng~coupl ed to a second one of the switches, a third byte of each of the
ei ght buses b third one of the switches, and a fourth byte
of each of the ei ghifebuses theF1iy ddupd edtéxy @vibelr tthapnies obuplea swit ches.

Z5 20. The SW'ttoCEfct\g.l&” & 9f ‘é'ﬁif‘@ &stmleemgsamrﬁa' rof -dalg, switches

have outputs cou lurality of out buses so that a first byte of
a first one offvihehqsudéds ’iss £ed Ul é’t}s?% BOnE f‘ihrl§{‘ & E_FR 32nBlt | ast byte of
the first fwusy S‘zeCQlMBeﬁdbGsQe’Eshe THRC 6ath Wbt Cthe ratéhryAgwALb)h MAA A A AY

. AuL. A. A Af . AY. A AO/ 3 Dudb A. 0 AF '

ORY| wr mhc”Y] ca‘]ougﬁ ca] ca ?c A]% Q] 'ca 5<'§-]d§\a]F§§%-ca] ccina ca] ca] ca]jca]calc
a] ca] ca] cal] ca]mPEaf]x;&],cal]tQ:é]Oea]met]eeT'af eghndys BOKIR ake ZvpeplLled ;

yt ni d*YTnhc”] aﬁ&&%ceﬂl&afle}kgﬂ Cswkaahqa] &3] @Al e calsad %ahsa] ca] ca]calc

a] caU] caU] caU] ca cal ca
3141y preheg Flaate (’(lf( ”(t(:’{“"")i%l %k?ﬁ‘?rﬁﬁ?f%’a‘] &4t ca] ca] ca] ca]l cal ¢
a] ca] ca] cajcal emvtag cza]eca]/cﬁ od| erl oa]:t:ef]oofa]ur@]zcas]m]anas] ca]calc”a]c

al +--</ {//////é%@?é‘r f U?h @@quﬁ@GEZ]ﬁ] in{ ¥ %gupkf a\Wc] U ca] caU

] caU] cal] cal] ca ca] ca] ca] ca] ca] caU] ca] cal] ca
] caU] ca] ca] ca] %a]a@afe%ﬂ*—?}?ﬁ@'{‘s his mannes<p s Af AAOB(B
C( vql gb] XSkf]na:]eea];ﬁ@]ﬁa]:ﬁ&]eca]; qa]ocra]:lea] cra].@:a:]y(t’éa]zma:]eaaU] ca] cal] ca] cal] ca

]((C::?rgE(C::%]CE?JL\IJ]Cga 1ﬁe}’l TL{{ %&i %M&W\/qﬁg% J)?I?P]:cpa rc:afca] ca] ca] ca]

ca] ca] ca] ca]ca]cal]oea]ac‘ee]dcta] Ty| eufRY] etk cujreav) edpelsidiac ape ajtéakcal] ca] cal

caj CaU] caj Ca M@@ﬁx Ag\rﬂn Wﬁln ’{:o_any other output port. In
! 7% B I T [ daztoi d’\Yka chﬂg U] ca] ca] ca c"a] ca] cal] ca
U c”aU ca] caU] B2y ©26] E¥f'Ca E EB] Jc%]d&‘af} dEUPLLgszant

cau)gal callcalcall saleeprlepts ) £8) %ayL&aloffamaazl CQ) fahes 3l 8] cal ca] ca] ca
ca o

pnrprrrrrr 9, vivil 1999 FPRIEy bR @PUkE4 |UfcH] AT EQ) RYSaFeHtghéay cal] ca] cal] cal ¢
a) ca] cal] ca] caU] ca] ca] ca] ca] ca] c”a] ca] c’\1 lLca] ca] cal] ca] ca] ca] ca] ca] ca
*20QvX] 8} xsni ¢ Xkf]] U U ca] cal] ca] ca] ca] Ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c
a] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca :

50BSuz} 24| wr n} xsni ¢~ Xkf]] U] U ca] caU] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca]
ca] cal] cal] ca] calU] ca] ca] caU] cal] ca] cal] ca] cal] ca] ca] cal] ca

#&) fH " (1094& () -L!' 10%K& () - &10%& () -, 109%4& ()- Y " 109& () - 109H& () -
109%& ()- ), k_@ (10%H y109%& ()-! Ny1O9NN&' () - 10%4& () - 109%& ()-!f



10% f & ()-y/ 10%4& ()-' +789: ; uj _@ (10%4S#10%4& ()- 10H 10H 10H
810%&' () - @L0%& () -3Y10%H& ()-!'k yl09%H& () -!
pWU3j @ 1b” S109%4M17&' () -!# S10%##& () -! S109%&' ()-'c | " 10%H& ()-! 1" 109%&' () -!
O 10%s& () -, pi }17?_@1b" S, ]
10944& () -+ 109K ()-19*T10%& ()- @ 10%4& ()-!\ S10%\ & ()-! SlO%HH?ASJESEQNM
XYxmbCl 1b” S¥eeuwB&’ ()- 10H 10H 10Hy2ml0%H& () - PCT/US00/22368 e
110%48 () -/ 10%4& ()-Y. 10%4& () -2/ qwBnbCl | 10%& ()-!" 10%r& ()- 'y’
10%0& ()- 'U lq%&f()- Ixt™ 10%+& ()- !lip 10@6{&f()- gKOPwX9. C
10' 0S2710% o&fgyrid.100bg&otycy PVLYERF0&4T,) 14D havgypupud'seyrents| 10%50S0& () -
H( 1 109008 (?cB’S{i}é@BQy Jﬂis@bﬁ&h@%ﬂﬁéb& bre daeM19Vaa& t;lc-agsljl.cle\d 0 10
1100 y - ' - ' - ' ' '
H 10 () - ! gljige/segf ()I‘hé #f)]ﬁ Iﬁt& s(e)gmen‘g'so o(% 1;1193 (J):\é\t,ﬁ(aY%(Ws tches ?4a, 14b
are coupled to output busses e.g., FBUS_0 to FBUS_3. On
5 the input side, the first two bytes of each bus B0-B3 are
coupled to the input segments of the first rotary switch
14a, whereas, the last two bytes of each bus' are coupled to
the input segments of the second rotary switch 14b. On the
output side the first two output segments of each rotary
10 switch provide the bytes of FBUS_0, the next two output
segments the bytes of FBUS_1 and so forth.

this arrangement is shown in FIG. 5B,

The mapping for
In this manner a
byte sliced architecture is provide. This byte sliced

architecture, is a 4 x 4 architecture and is non-blocking.
15 That is, any input port can be connected to any output port
and not block any other inpuE port from connecting to any
other output port. In any one cycle, all input ports can
couple data to different ones of all of the output ports.
Thus, rotary switches can be coupled to provide larger
20 switching fabrics. Four switches (a mapping of which is
set out below) can be coupled such that eight, 4 byte buses
could be coupled to the four switches with first bytes of a
each bus coupled to the first switch, second bytes of each
bus coupled to the second switch, third bytes of each bus
25 coupled to the third switch and fourth bytes of each bus
coupled to the fourth switch. Moreover, with larger rotary
switches i.e., that can interface to larger buses, e.g., 8
byte buses, even larger configurations could be provided in
a similar manner. On the output side a similar connection

30 arrangement is provided.
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10 1° 3 10% & ()-1k* 3 10%& ()-1\" 3 10%& ()-!: 3 10% ()-2Z[zzXIMC 10’ 0°
91094 & ()- (1, 9109%x& ()-(!_ 910% (& ()-(1b  910%& ()- (!

910%&& ()- (@10% & ()- !""™""D'}ro\= 10' 0, #10%& ()-F 10( 10
10(y2710% & ()-° 910% & ()-(!p° 910%(P(& ()-(!\p

910U( <( & ()- (D" +#: #HSSA<g\ = 15, Aug. 2003
10 of 1° 10%Kukb&ifo) - - | 1098bBb& () -: ! p10%b&’ () - - FF10%@ergsorzene () it gober ()
C - $6U088& ' (ZX69)\ =

10' 1 6 YOLO%PbPO& () - ! YOL0Y8b8b& ()-!" 10%b& ()-" 10%& ()-! :

“10%bUb&' ()-! lo'ms(q)tc(t(i@(;((a(bt)t):b@ BORLSUCYL €., easily

109} & () - 100/)(% ¥ é&%(z) % Zlﬂl@‘ol@\ps confi uration (32 p
10by2210°/d0&' Y‘V&O%&' |—g O%ué&' 8 - | #F 10% V] V&I () -1 (

10%b& ()-!" SROPR<EY)- l‘lpl'(-)%%’&e(’j 8! % é%ﬁ fanfigﬁr%i{omﬂlz/s} PGFES 101 ;

10: to 128 ports) without adding additional hierarchial levels

10: @I 10% ( 010%&'()- 1L (10%0b&: () - L#L(10% 9% % '()--//00123zX
6SHE 10! 1" '8 EVtye T*%O/& r‘%?%‘“}n °i’f)“g 798" 3 S(%%‘F i o0& ()-n(![
109%& () - n(Y#l@%s&i@h@@xmmG@Heu@%&stm a&r@'dom#l@%t& ()- 10 10" 10°

4ml0% & () -!° Referring to FIG. 53, the mapping as a 2 x 2 FIFO bus

switching fabric requires one RSC 12, with bytes output
mapped as follows:

10
1. output segment 0 - byte 0 ( bits(31:24) ) output FIFO bus O
2. output segment 1 - byte 1 ( bits(23:16) ) output FIFO bus 0
3. output segment 2 - byte 2 ( bits(15:08) ) output FIFO bus 0
4. output segment 3 - byte 3 ( bits(07:00) ) output FIFO bus @
15
5. output segment 4 - byte 0 ( bits(31:24) )} output FIFO bus 1
6. output segment 5 - byte 1 ( bits(23:16) ) output FIFO bus 1
7. output segment 6 ~ byte 2 ( bits(15:08) ) output FIFO bus 1
8. output segment 7 - byte 3 ( bits(07:00) ) output FIFO bus 1
20 :
and the input segments mapped as;
1. input segment 0 - byte 0 ( bits(31:24) ) input FIFO bus 0
2. input segment 1 -~ byte 1 ( bits(23:16) ) input FIFO bus 0
25 3. input segment 2 - byte 2 ( bits(15:08) } input FIFO bus 0
4. input segment 3 - byte 3 { bits(07:00) ) input FIFO bus 0
5. input segment 4 - byte 0 ( bits(31:24) )} input FIFO bus 1
6. input segment 5 - byte 1 ( bits(23:16) ) input FIFO bus 1
30 7. input segment 6 - byte 2 ( bits(15:08) ) input FIFO bus 1
8. input segment 7 - byte 3 ( bits{07:00) ) input FIFO bus 1
where FBUS,Y corresponds to byte “x" of FBUS *y." Thus, the

output segments 0, 1, 2, 3 connect concurrently to
35 corresponding Virtual Queues either in input segments 0, 1, 2,
3 or 4, 5, 6, 7, respectively.
Referring to FIG. 5B, to expand to a 4 x 4 FIFO bus
switching fabric requires two RSC devices 14. FIG. 5B shows
the output mapping with the output mapped as,

-14-~



‘ ' ‘ (- /9zX6dY: 10!! 1g10%E E

% 1& ()-m(1"  100PTPT& ()-m(!" 10% ()-n{v6677@BS)
é‘o()-#! t! 1%/@&', (7 (" 10%B<BE () -7 10% ()-# [10% ()-#! +y

WwZ?Z8& ()-19Q F; "<a<e<f <g<h<z[ PE: 10!! \ . . .
1o\ Bayacon ()QY010% & ()-Tal0\ L& ()-# N 10%\b\ & ()- 16 L0W\ I\ & () - #h<
<<=B>5>22X6Pgy ki1 3 10%eq ()-13 1002& ()-1°3 10%d& (O-m 13~ °
109@9G%& () - Ml gnst%JGUG& ()-m - #1008 () - 2@EBAT AAA ZPEEUSIIGS 13, Aug.
10111 " &109*&' () -1 &10%g&' () - YLOWT&' () - &10%¢ ()-'3 10W& ()-1D 3

' 1

109 ()- A9BqBB CUCEC C( CaVK@10! 11" 10T | e

LOT210967&" () - " - 10%T8ks)o buepdOYiGREn( 3 ~ By 8 BWT el )51 APYT L () [(GSGCPTRZFZ&

out IFO bus 0
1 -byte 1 ({ bits(2 ) .
\1/5@I L0 () - |§ RSC_. o output sigi:“:g; 2 Gfé‘é;&o pmtﬁ h{'éfgg/@;ﬁpﬁ) el (gib%?o& () -
“#1090% ()- zovH 111 }rr V‘p“tlé #10e &) Fltit?é)(:folml ztp:{] FIFO bus .
g 010%40885€) ¢ bUt@ltOQ/&mér)t-d ey G1O% bt &1 (2 g = 10! |
3285; ezezl (())/@flt()g/o & ()& I’%ﬁg} MIEOY(r RGE } - Mnaafme( )- SN LI\/ZM NS

- 1
NzXOg = 101108109 &'4)R§c utpﬁg)a/ggﬁ&:t(s Tohtl 1 BTeRsa 2355&05@3%35)3}
10% : & () -L 10% {

+ RSC_1 output segment 0 - byte 2 { bits{15:08) ) output FIFO bus 0

10. RsSC_1 output segment 1 - byte 3 ( bits(07:00) ) output FIFO bus 0

1l. RSC_l output segment 2 - byte 2 { bits(15:08) ) output FIFO bus 1

15 12 RSC_1 output segment 3 ~ byte 3 ( bits({07:00) ) output FIFO bus 1
13. R5C_1 output segment 4 ~ byte 2 ( bits(15:08) ) output FIFO bus 2

l4. RSC_1 output segment 5 ~ byte 3 ( bits(07:00) ) output FIFQ bus 2

15. RSC_1 output segment 6 - byte 2 { bits(15:08) ) output FIFO bus 3

20 16, RSC_1 output segment 7 - byte 3 ( bits(07:00) ) output FIFO bus 3

The input would be mapped in a similar manner (not shown
in FIG. 5B). The input segments mapped as;

1, RSC_0 input segment 0 - byte 0 { bits(31:24) } input FIFO bus 0
25 2. RSC_0 input segment 1 - byte 1 ( bits(23:16) ) input FIFO bus 0
3. RSC_ 0 input segment 2 - byte O ( bits(31:24) ) input FIFO bus 1
4, RSC_0 input segment 3 - byte 1 ( bits(23:16) ) input FIFO bus 1}
5. RSC_O input segment 4 -~ byte 0 ( bits(31:24) ) input FIFQ bus 2
30 6. RSC D input segment 5 - byte 1 ( bits(23:16) ) input FIFO bus 2
7. RSC_O input segment 6 - byte 0 { bits(31:24) ) input FIFO bus 3
8. RSC_0 input segment 7 - byte 1 { bits(23:16) } input FIFO bus 3
S. RSC_1 input segment 0 - byte 2 ( bits(15:08) ) input FIFO bus 0
35 . 10. RSC_1 input segment 1 ~ byte 3 ( bits(07:00) ) input FIFO bus 0
11. RSC_1 input segment 2 - byte 2 ( bits(15:08) ) input FIFO bus 1
12, Rsc_l input segment 3 ~ byte 3 { bits{07:00) ) input FIFO bus 1
13. RSC_1 input segment 4 - byte 2 { bits(15:08) ) input FIFO bus 2
40 14. RSC_1 input segment 5 - byte 3 ({ bits{07:00) ) input FIFO bus 2
15. RSC_1 input segment 6 ~ byte 2 ( bits{15:08) } input FIFO bus 3
16. RSC_1 input segment 7 - byte 3 ( bits(07:00) ) input FIFO bus 3
where in FIG. 5B, FBUS,Y corresponds to byte “x" of
45 FBUS "Y.” Thus output segments (RSC_0 0,1/ RSC_ 1 0,1) + (RSC_0O

2,3/ RsC_1 2,3) , (RSC_O 4,5/ RsC 1 4,5) , (RSC 0 6,7/ RSC_1
6,7) representing output FIFO busses 0, 1, 2, and 3

respectively, connect concurrently to corresponding Virtual
_15_
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c|\<D_Q0 10%5" S&1()RsLYGHEA {mebBUS* ShEq } - (LDUKZIKE( ))- SfpBOFIFO bus 5
Chcpcyccccc ”? Q) 15, RSC_1 output segment 6 - byte | bits(23: 16) ) cutput FIFO bus 6
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?_Q0 () ﬂtl & €)oyid }6Butput FIFO bus 2
RSC 2 output segment 3 - byte 2 ( bits(lS } output FIFO bus 3
30 .
20. RSC_2 output segment 4 - byte 2 ( bits(15:08) )} output FIFO bus 4
21. RSC_2 output segment.5 - byte 2 { bits(15:08) } output FIFO bus 5
22, RSC_2 output segment 6 - byte 2 ( bits(15:08) ) output FIFO bus 6
23. RSC_2 output segment 7 0 byte 2 { bits(15:08) ) output FIFO bus 7
35
24. RSC_3 output segment 0 - byte 3 ( bits(07:00) ) output FIFO bus 0
25. RSC_3 output segment 1 - byte 3 ( bits{07:00) ) output FIFO bus 1
26. RSC_3 output segment 2 - byte 3 ( bits(07:00) ) output FIFO bus 2
27. RSC_3 output segment 3 ~ byte 3 { bits{07:00) ) output FIFO bus 3
40
28, RSC_3 output segment 4 - byte 3 ( bits(07:00) ) output FIFO bus 4
29. RSC_3 output segment 5 - byte 3 ( bits(07:00) ) output FIFO bus 5
30. RSC_3 output segment 6 - byte 3 ( bits(07:00) ) output FIFO bus 6
31, RSC_3 output segment 7 - byte 3 ( bits (07:00) ) output FIFO bus 7
45 .

The input segments would be mapped as follows:
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6010%8" S& (1) 1098" s&' RbeDOfHE SR (IR %o
ee D QO F < RSC_O input segment 7 - byte 0 ( bits(31 24) ) input;_' FIFO bus
6010%8" S&' 10%8" S&' () 1098" S& () - 1098" S& () - 10%5" S& () - 1098" S&' () - eeeeee|\<D
_ Q0 GLOYS" S& () - 10%3* &< )inr@tO/@ag@&it "1W6'1S(&b;(t)s{ﬁ[lsﬁq 143REQERLEL70 D
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2100%' S& () - 100/<(5')' S& ()- 100/<§" S&' ( ) 109" S& () - 109 s& () S PBYE S ) TH FE f 1 f 04
(1,7 G09S (e ot S s B o B iz
5" S& >xfs NFRYE Ja f 1 t 6 ~ byte 1 { bits X
GLOvS" S E 31010%5" S&s )stwﬁ%s&se&i"nmp/s'%& ¢) ¢ 183S358) () EORETRR) S [ f af bf cf
ffjf{[;? GLOYB" S& () -1098" S& () - 1098" S& () - G{
OlO%S" S&' () j fof wf fif’f fRsQ.2 Put segment 0 - byte 2 { bits(15: 09) ) input FIFO bus 0 f
GLOYE" S& () - 10%8" S&( oo g It oys bsgf g)tg@mssw () 4rE0OBLBEhe) + £ £ 11 f W]

£ . ) input FIFO bus 2
; ?_Q0 GLOY&5SE () - heYmsSE thagmem: 3 - byte 2 ¢ bits(lS:OB) ) input FIFO bus 3

20, RSC_2 input segment byte bits(15:08)

= 4§ - 2 ( } input FIFO bus 4
21. RSC_2 input segment 5 - byte 2 ( bits(15:08) ) input FIFO bus 5
22, RSC_2 input segment 6 - byte 2 ( bits{15:08) ) input FIFO bus 6
30 23. RSC_2 input segment 7 - byte 2 | bits{15:08) ) input FIFO bus 7
24. RSC_3 input segment 0 - byte 3 ( bits{07:00) ) input FIFO bus 0
25, RSC_3 input segment 1 - byte 3 ( bits{07:00} ) input FIFO bus 1
26, RSC_3 input segment 2 - byte 3 { bits{07:00) ) input FIFO bus 2
35 27. RSC_3 input segment 3 - byte 3 ( bits(07:00) ) lnput FIFO bus 3
28. RSC_3 input segment 4 - byte 3 ( bits(07:00) ) input FIFO bus 4
25, RSC_3 input segment S - byte 3 ( bits({07:00} ) input FIFO bus 5
30. RSC_3 input segment 6 - byte 3 { bits(07:00) ) input FIFO bus 6
40 31, RSC_3 input segment 7 - byte 3 ( bits{07:00) ) input FIFO bus 7

For the 8 x 8 FIFO crossbar configuration each
input/output seément of the RSC 12 switches 1 byte of the 32
bit FIFO bus concurrent with the other RSC 12 slices.

45 Referring to FIG. 6, distribution of the Output
Segment Arbitration Logic (OSA) 50a-50h is shown. FEach of

~-17-



60 OLOYS" S& ()-10%6"S& ()-fffffff 2 Q0

GLOYE" S& () - 108" S& () - 106" S& () - 108" S& () - 1096" S& () - 1096" S& () -fFffffuf
.2 QD GLOYS" S& ()-1098"S& ()-G 60 OLOYS' S& ()- 109" S& ()-ffggg%g-g. ? Q0
GLOYS" S& ()- 1096" S& () - 109" S& () - 1096" S& () - 1096" S& () - 10%6" S& () - - 9298g9g
L g>gw[; ? Q0 GLOYS' S& () - 1098" S& ()-G 60 13 Aug. 2003
oLovs" S& ()WQ@U,{%WS& () >ngJgRng] gag_? PCT/US00/22368 g-
GLOYS" S& () - 108" S& () - 1098" S& () - 1098" S& () - 109" S& () - 109" S& () - agl gt gyg
gg7? @ G 60 OLO%S' S& ()- 10%6" S& % 1096 S& () - 109" S& () - ggghhhhhhseWs
Oy-#1098&' () - L @R 1oHe edeants 9 FevpEne) vhichgriomat, gaque 48 +@

1098 & () - 10%6t & iink- Bd‘lvml}.hléﬂ Hle% ut f Seck@i®& dohc 440YB ()rne3s10%6& ()

1096& 7 10%$d& ()- 10%$8&' 10988 () - @1098&
3810%&(%) h‘—i‘ﬁﬁ/@é”% 2eKPEY ’%&“@? sl%afg )BS‘J&[a ?e‘bcP&c{S%‘b(pﬁpﬁ%% | 0
1098& ()-1' 169%& Ef- pacmmp( )flaﬁsm%&t(i)lati(dr&bew&if( ):his new

3" 109%8& N u ue & -|

9B ()fl)s p%gg%%plm A Rugm quby %“Séﬁ%oéé’ag uﬂ;@\@@séﬁ)lpgl%% ()

1098& ()-1" 16%@@(5)&@% Parq l81 &1 (52 dp IR to tre%& O)-1"

i.go//gg 8 : 169%::& bebmen’kﬂ%&.c( sl pe ARURES () TIIELJS Y End )1-sp§@cm%g{ {/\B'%‘V\iﬁ | !
VLR 0 0 e '

10968 ()-1° %%F 8“ prt f@fﬁé“% Q&"iéﬁ%& ’%E)Ch p}@%ﬂ?& ‘F‘i%pggsp

10988 () - ppppppwpuDMt Mip Queug&0¢)60h17- 10UBEL (JueGps vmingain 10%& ()-1"

10%8& ()- QLQ) 7 % ‘chel new%‘g‘t\(\al |que&90@x&cﬁ)hajs alga@é&t(f

10%& ()-17 1 %& () I 1098& ( CqW ? I098& ( ~2 a

' 109%& ()-| 'theopgsd () Epeh feﬁ &%ﬁ#ﬁ%ﬁqﬁ araqﬁeqésqrstrlras Em%& ()-1"

180//22 8 IK le&eRa(c)h- anpzl{?)%&n@t ' W/?L&Ez)@ [Hasl?)z%@&?f)oé{ th; ¥

10 q 9 e trans 2 B 9 - a

10988& ()-1" 8%@‘% @(Eg %gqﬁqq‘lqm%‘}g@ '1098& ()-1' 1098& ()-1"

10988 ()-1' 109%& Ehen thww&ur)ngme&b%&le)ﬂqqqumeswfee ' 1098& ()-1"

10%$&f()'(15 transmission of an packet to a particular port, the Output

Segment Logic requests the output Arbitration Logic 50 to
supply the Output Segment Logic 44 with the NEXT_VQ number
that is stored in that output ports' map queue go nexr_va-
- This NEXT_VQ number is an address that the Output Segment
20 Logic 44 uses to control 8:1 multiplexers 62a-62h that feed
the Output Segment Logic's 44 16 mpkt entry output queues.
The VIQ number is a 7 bit value. The three most
significant bits indicate which Input Segment and the least
significant 4 bits indicate which VIQ within that input
25 segment. Using these 7 bits the OSL can completely specify
the next packet to be transmitted.
Disposed between the Input Segment Logic (ISL) 40 and
the output port Map Queue 60 is a time division multiplex
bus 70 uéed by the eight input segments to transmit

30 destination information to the selected output segments.
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1s defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope
15 of the following claims.

What is claimed is:
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10 a first switch and the switching fabric further comprises:
a second network switch having a plurality of inputs

and outputs.

3. The switching fabric of claim 1 wherein the

15 distributed switching arrangement has the inputs of the
first and second data switchés coupled to a plurality of
input buses so that a first byte of a first one of the
buses is coupled to the first switch, and a last byte of
the first bus is coupled to the second switch.

20
4. The switching fabric of claim 1 wherein the
distributed switching arrangement has the. outputs of the
first and second data switches coupled to a plurality of
output buses s§ that a first byte of.a first one of the

25 output buses is coupled to the first switch, and a last
byte of the first output bus is coupled to the second
switch.

-20~-



Y) BRWZwewsw{ wwww_?v U4
GLO% & ()-10% & ()-10% & ()-10% & ()-10% & ()-10% & () - wwwwy \ <?vU4
GLO% & ()-10% & ()-10% & ()-10% & ()-G Y) Bwwwwww _?v U4
GLO% & ()-10% & ()-10% & ()-10% & ()-10% & ()-10% & () - wawwww{ [ ; ?v U4
GlO% & ()-10% & ()-10% & () - Y) B10% & () - wwwwwwx_?v U4
GLO% & () - 1OM W7 1006 &' () - 10% & () - 10% & () - 1096 & ()PSRASNRIHy 7y U4 -Aug. 2003
GLO% & ()-GF  Y)BLO% & ()-10% & ()-10% & () - xx" x*x2x; xKx_?vU4
G10% & ()-10% & () -10% & ()-10% & () - 10% & () - 10% & () - KXSXXx x_xaxW ?v U4
Gl0% & ()-G[ 3Y) BRogyErqh) LapRcRPLILg o5 TY) Aa%kaesx bk P RRE¥RAM
GLO% & () - 10% 8&¢Jeskody &oﬁn)ar:ﬂ:ﬂ%) &' () 109% & ()-10% & () - XxxxxxxW ?vU4

Gl0% & B10 O(V 0 XXXXXXX_?vUA4
GlO0% & 8 %% &'Y%) ]al /&??( t}1 % éisr%‘f;i é‘%%) 109 & () - xXxxxxW ?v U4
GLO% & ()-G V) Biowwg s(e)gmw%lggéy aopded (9o riodeagt yormy bys, said

GLO% & () -1Q% &nﬁdt‘ Jsgé?n&'\t( )lb%pc%"t& 62t QYRE& o wADR &1Eduary ;ﬁ%@/ Oyéy_?vUA4
GLO% & ()-10% & 7% & () 10% & ()~ 10% & () - 6y 7y8y<y?yGy| \ <?vUs
GLO% & () - 10% &“%%miﬂ?ty‘ﬂ&t )Shi‘fﬁ’ﬁ}g &%( % oyQyZyryi yqy v

GLO% & ()-10% & () -ABphE s(e)gmw%n&g@: ﬂcO%é&a(t) +DOGH &efr) viptuy] Wueupyw] ; 2v U4

GLO% &: ()-10% ‘g.h%% ,EJ:Qe/ 8&0()(=l @t([; BEYYYYYY_ ?2v4
GLO% & ()-10% & s & 10% & 5’ A) &()-10% & () - yyyyyyW ?2v4

GlO% & ()-C¢ Y) BlO% & ()-10% & () - 10% & () yyyyyyy_?vU4
GLO% & () - 106 &. () -TB&i€ir bE8%8 1% i) 5 1O0MtRet )cohP U ng) 1 AZ Zeddh?VUL

logic to determine whether the input queues can receive
data. )

7. The switch of claim 5 wherein the input queues are
15 coupled to the output queues by a non-blocking crossbar

switching arrangement.

8. The switch of claim 7 wherein the non-blocking
crossbar switching arrangement comprises:

20 a plurality of multiplexers coupled to outputs of the
plurality of the input virtual queues to select ones of the
virtual queues to fed to a second plurality of multiplexers

that produce inputs to the output segment logic.

25 9. The switch of claim 8 further comprising:
grbitration logic to select which of the wvirtual
queues fed to the second plurality of multiplexers to

couple to the output segment logic.
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said pair of data switches having inputs coupled to a
plurality of input buses so that a first byte of a first
one of the buses 1s coupled to the first switch, and a last
10 byte of the first bus is coupled to the second switch.

11. The switch fabric of claim 10 wherein said pair of
data switches having outputs coupled to a plurality of

15 output buses so that a first byte of a first one of the
buses is coupled to the first switch, and a last byte of
the first bus is coupled to the second switch.

12. The switch fabric of claim 10 wherein the pair of data
20 swiltches comprise:
a plurality of virtual dqueues;
input segment logic coupled to the plurality of buses,
said input segment logic to determines which virtual queue
incoming data should be sent to.
25
13. The switch fabric of claim 10 wherein the pair of data
switches comprise:
output segment logic coupled to the plurality of
output buses, to select virtual queue should be conneécted

30 to an output port.
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15. A switch fabric, comprises:
a first plurality of data switches each having a
10 plurality of input ports and a plurality of output ports
the plurality of switches capable of switching any of its
input ports to any of its output ports; '
said plurality of data switches having inputs coupled
to a plurality of input buses so that a first byte of a
15 first one of the input buses is coupled to a first one of
the plurality of -switches, ahd a succeeding byte of the
first input bus is coupled to a succeeding one of the
plurality of switches.

20 16. The switch fabric of claim 15 whereiln the plurality of

switches are two and the succeeding byte is a third byte of
a four byte bus.

17, The switch fabric of claim 16 wherein the switches

25 couple four byte sliced buses, and with the first byte and
the second byte-of each of the four buses being coupled to
the first switch and the third byte and fourth byte of each

of the four buses being coupled to the second switch,
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19.

The switch fabric of claim 16 wherein the switches
couple to eight byte sliced buses, and with the first byte
of each of the elght buses being coupled to a first one of
the switches, a second byte of each of the eight buses
being coupled to a second one of the switches, a third byte
of each of the eight buses being coupled to a third one of
the switches, and a fourth byte of each of the eight buses

being coupléd to a fourth one of the switches.

20. The switch fabric of claim 10 wherein said pair of
data switches have outputs coupled to & plurality of output
buses so that a first byte of a first one of the buses is
coupled to the first switch, and a last byte of the first
bus is coupled to the second switch.
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