WD 01/ 17180 PCT/ US00/ 22368 SCALABLE SW TCHI NG FABRI C BACKGROUND 5 This
invention relates to switching fabrics used to switch data in conputer

net wor ks anwoamtAmaso dat a novi ng . applications. Crossbars acTnusee2zespe of
swtching fabric used to switch data between pluralities of devices. They
can be 10 thought of as a switch that has a plurality of vertical paths

i nterconnected by switching elenents to a plurality of horizontal paths in

a manner that the switch el enegtaLAREE SWXTSHCNGNESERFANY one of the verti cal
paths to any one of the horizontal paths. CGenerally such crossbars are 15
i npl emented with custom application spackérouNmtegrated circuits (ASIC s)

. SUMVAR Accorg'hng fo a .aspecFL of theaspr_ sgnt i \genti on, 3 20 switch
fabric ificludes a’*hdtWy® ERLALST N £9HEGPART t32PGCS HEGEST@nd out put s
and a di stridmitet asticin r@mpateangermtks andr ovhéele datzomokbliagki ng

swi tching fabri.c apability over a series of byte sliced buses. According
to an addi tiac?ﬁ)&Ilcagb 23 of the present 25 invention, a swtch for coupling
networ k devi ces tooasbaed wiek opeotess f switkhirs saydiw aketytof virtual

gueues and i npu e nt. | ogi c.coupled to_at |east o bus, said input
segnent | ogi®¢™H Shdé?gﬁ%té’eteﬁ RAPERT A TSUET §680SS ng‘g’ﬁiynﬁaﬂal?% shoul d be
sent toland thshght sPgaerd swdgeh tlhaBhselacplunhl Lty Rfwvertioal queue

houl d b ted 1 tput port. WD 01/17180 PCT/ USOQ 22368
Accor di ng t & TR adiT T ST esederY %ﬁ?{‘ﬁ?emﬁré BRE T hvEn e BAYE f’s'%ftch fabric

Accordi ng t §An°atar T ons a§pe
i ncl udes a fafr dbrptomtal tpathls in a manner that the switch elements

can interconnect any one of the vertical paths to any one
of the horizontal paths. Generally such crossbars are
15 implemented with custom application specific integrated

circuits (ASIC's).

_ SUMMARY
According to an aspect of the present invention, a
20 switch fabric includes a network switch having a plurality
of inputs and outputs and a distributed switching
arrangement to provide a non-blocking switching fabric
capability over a series of byte sliced buses.
According to an additional aspect of the present
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 queue
incoming data should be sent to and output segment logic to
30 select which new virtual queue should be connected to an

output port.



data swi tches each having a plurality of input ports and a plurality of
out put ports the plurality of switches capable 5 of switching any of its

i nput porwoaa7idny of its output ports wth.the pluralBGNUSH223Et a swi t ches
having inputs coupled to a plurality of input buses so that a first byte
of a first one of the input buses is coupled to a first one of the
plurality of sw hebesdirandocaaauaderdionglbyspect dthehtOpkesait i nput bus is

coupled to a succeedi ng on f.the, plurality of, switches,.One or nore of
Che T ol | owi HEVETL AT e TEg b ERD RIS HIaHoR) R it RIPERMLDEAS of | he

i nvention. Adtiagbwpeciey rahe hasitmy ablpdusalithi oy ilnplti porss &idfad pr ovi ded
for scaling rotary swtch for a Ltitude of —paorts. The rotary swtch
uses virt ualpqd’ﬁég?'ﬁ% %gmo%%&uﬁgpofﬁ% gﬁﬁrggﬁ%hoof(’:(?ﬁ'f'%f}?mc F full
crosshar scapabiskiit ¥hisgcnyt bdt iasyimdut pertaptd ayewvdEsicanodgui e to any
of its output queue i.t hoyt bl ocki ng., The C.permits 20 dynam c
confi gurati é’ﬁ’rgfs ‘é{agl?m}benéﬂliuﬁgl'rlfsyv %ed%g ‘th% errsoéll?f’épgc%)%%tpst all owing a
switch to graaupiiedante.ay.pluzdlipprof inpuidbpses ssd dhd28apbditst Ugiteg a

passi ve backpl ane._ BRI EF | PTI DRAWN 5_F 1 is a block
di agr am of . £ nét gbfit sYst é)%E‘??ﬁRcfrﬁFdfqr\\I&gge;o Ay gv]\'nefg?ﬁg = }d%sf i°§1%bl ock
di agr am showifnghanpiugd dianodt switaies,t bedr ot sugcendiinghby®¢ @f Ihes a bl ock

di agram,af the rotar it ch. - 0 p SQ0/ 68 FIG 4Ais
a bl ock 1§i agrlé:%tof'n%'y? 3‘1\’“5? g/LQs\cfmogrg%e%(;:\uégﬁe%{l%%é%&ﬁlﬁﬁégl ?ge configuration.
FIG 4B is plretktdi@frsmbteheswo rotary sw tches

One or more of the following advantages may be
provided by one or more aspects of the invention.
A high performance, scalable switching fabric is
15 provided for scaling a rotary switch for a multitude of
ports. The rotary switch uses virtual queuing providing
the rotary switch controller (RSC) full crossbar
capability, such that any of its input queues can couple to
any of its output queues without blocking. The RSC permits
20 dynamic configuration of additional ports. The RSC is a
modular concept allowing a switch to grow from e.g., 32

ports to 64 ports to 128 ports using a passive backplane.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a block diagram of a network system
including a rotary switch.
FIG. 2 is block diagram showing an implementation of
the rotary switch.
FIG. 3 is a block diagram of the rotary switch.
30



coupled in a byte sliced configuration. 5 FIG 5A is a chart diagram

showi ng byte mapping for a single rotary swwtch of FIG 4A. FIG 5B is a
chart di agr svo@howeng byte mapping in the device of FIG péBusdohidss6 i s a
b] ock di agram show ng structures used in 10 arbitration in the rotary
switch. DESCRIPTION Referring to FIG 1, a networked system 10 includes a

rotary switch 12 transt gpl 09 daiady @by PRH o PY tx%taeyléwﬂ&ptgoum%hs ina

non- bl ocki ng manner. For instance, the “swtch can be used for sending
packet data atimplaituitiet plafed randdgurpEde®ssors 14 to network devices 16

coupled to separatg@g324Bi §sFl B RUS§2agrd o f A ¥oB W] Cwilirdic] udes  a
data path that is sliced orﬂggrtltloned on an 8 bit (i.e. 20 byte) basis to

al | ow syst em 1€rP4YR1L Sk i8xBah Fhigpdecgnfiguratiom F| FO bus systemto an 8

x 8 FIFO bus systerprdsgo;sforddn,as 4dg E&ﬁ%ﬁ%@ﬂytl%é&%%o%%mh 12
includes a plurality of 8-bit wide Virfual I|nput "Quéues ("VIQ') 18 that
are di stribut esingkeo Hoppay sebEhtef WLER &8ch of 8 byte 25 wide input

segnents coupl ed tgrkS ek t8e; Ud:% 48agrhf sHWiRGY ¥k tadbsiel 6§ tRedl SO

includes a plurality of output SegnentS 20. The rotary switch 12 also
includes a svi®EHich@®If BFi c4Bet work 24 which in combination with the

Virtual Input Queugsang Qgt@m&@g@&agrmgém&%g%@rﬂewr@so e sy de data
fromany of the plurality of Input Virtual -3 01/ 17180 PCT/ USQQ 22368

Queues 18 b ARG OPBLS BAR &l No8YiE®dtricting the access of any
ot her input segnment to any of Input Virtual Queues 18. Data switching is

controlled by a arbiter 22. The internal_fabric 24 of the RSC 12 provides
full DESCRIPTION

Referring to FIG. 1, a networked system 10 includes a

rotary switch 12 transfering data from input ports to

15 output ports in a non-blocking manner. For instance, the
switch can be used for sending packet data at plurality of
network processors 14 to network devices 16 coupled to
separate 32 bit FIFO busses. The rotary switch 12 includes
a data path that is sliced or partitioned on an 8 bit (i.e.

20 byte) basis to allow system 10 to be expanded from e.g., a
2 x 2 FIFO bus system to an 8 x 8 FIFO bus system and so
forth as described below. The rotary switch 12 includes a
plurality of 8-bit wide Virtual Input Queues (“VIQ") 18 that
are distributed into input segments with each of 8 byte

25 wide input segments coupled to 16 of the VIQ’s 18. The
rotary switch device 12 also includes a plurality of Output
Segments 20. The rotary switch 12 also includes a
switching fabric network 24 which in combination with the
Virtual Input Queues and output segment logic 20 can move

30 byte wide data from any of the plurality of Input Virtual

-3-



5 input to output connectivity that is, a full of any and all of the

I nputs to any and all of the outputs. In a exenplary rotary switch 12,
there are w@ti/mdibit wide Virtual |nput Queues ('"VIQ'),PaiVEs00236 ed over 8
segnents e.g., 16 VIQ s per segnent and 8 output segnments, thus 10

provi ding a device 12 having 128 input ports to any of the 128 out put

ports. The fgQehésifg ad kA §iz 10, aye@%tmtugéyfﬁddmg ¢aes not
require symetric switchin switchin |s a d| tri butg{d function

bet ween a | 08S€es$ r%ﬁwg”é‘ﬂeﬁ&%ﬁd@“&r FEERERT S °l£?né(n8 B ABPTc 24. The

15 RSC ar bi t ghedds PIRVI BQEadshatdhinuid eabttfblaeavweaf@fbltre&ceeved
packets. The processors 14 can Erov:%g acket s |ther I a sinple

round robin or welRftigFerapt T e 5RSc 2 ?’ﬁ’e&?iut por t

swi t chi ngsi Slhﬁﬁﬂdto WutpubUsbnié & ifviatki enascahe,rra £201 Ref earyt _@dt alEI G 2,
an i npl errentatlon of the Sys%rgymaertl;g-aﬁf FLG A rotary switch

1 h
devi ce 12 isO&hbh® 1RSI &8 of’fn%tﬁw B?ﬁg\é\ng%r% 14. The network

processors aéﬁeﬁpﬂ@j alturpasal te ]lzaseﬂeffellatret hreeasesit p,nmteessors One
exanpl e of suc

entitled " PAﬁAEE‘Hfr OCGSS% I Si%@:l—l&é %ﬁzﬁgri]ﬁg]ﬁlégdgéa{tﬁggugﬁg q:at |1889 by
Matthew J.  Adgl etia vty s’i|peraBdgﬁ65t gared] 8t out et mr@nee, o{:hmshe pr esent
i nvention and I n¢ orated, her ] reE ence.. Eg% ﬁgssors 14
communi cdPe REPR? ‘-’aasﬁlﬁﬁf‘ﬁ?ngé gﬁ/ &es 26 e §° ere WB’S ccess
Controllers (MACoSpithgiorase THe HLA1L17484n H@’ﬂbp@@@&@@lﬁﬁ&ue@edpl ed to the
Dok ane SEr She TN el pd L UELET M S0, LOPLUERS MRS
t o enabl e dysabitchimsdnf agdiatiidmtEd fhectien datveehasetoene
arrangement among processors 14 and the RSC fabric 24. The
15 RSC arbiter 22 provides a fair round robin service for
‘received packets. The processors 14 can provide packets
either through a simple round robin or weighted fair
queuing to the RSC 12. The output port switching is based
on a PULL arbitration scheme.
20 Referring to FIG. 2, an implementation of the system
10 of FIG. 1, is shown. A rotary switch device 12 is shown
coupled to a pair of network processors 14. The network
processors are preferably parallel-based multithreaded
processors. One example of such a processor is described
25 in US Patent Application entitled “PARALLEL PROCESSOR
ARCHITECTURE”, filed on August 31, 1999 by Matthew J.
Adiletta et al. and assigned to the assignee of the present
invention and incorporated herein by reference. Each of
the processors 14 communicate with data supplying devices

30 13 e.g., here Media Access Controllers (MAC'S) that are
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5-the nunber of ports supported. This system 10 is a byte slice
arrangenent. As a byte sliced arrangenent, when new ports are added, all
ports stop weansfge ti ng to RSC devices 12. Dependi ng on sdutidsess22neg and
steering initialization time, input ports may or:my not have to be
paused. The 10 passive backpl ane includes nine (9) main busses 30a-30b.

The first bus 30a; colyp BU$ £a & BehepRatk fnputer I nterconnect
(PCl') bus. Wi I egt h?s@?s brllgh%resé bus, 5gearnd therefore strictly speaking the

backpl ane is not Phsssyten B#P@Ig—'én%]ﬁtﬁefﬁ Gr BpFotEs ckpdianet B&t is 15
comonl y assogal 85wk BuARNSUSH dfpldis REh-bstoakdi Lol ousded as a

daughter card to maintain a passive backpllane 30. The other "8 busses on
t he backpl ane tar enabee dynanig epeoRfbgiratienrsE Bhad‘é\ssfanadé’ bappdden 3. A

RSC bl ade si s (38 ALKBEPESE Porlls B§§% svd£es this BELVEE kPriacespoes 14 20
and network devices 16. Since the US data (32 bit Unidirectional busses)

is sectionedSlics apraRdeRant-g Bt a ey fld cepharsargaiand c #henpeew zed

based on the myyper 20f ma/alaqnt 8Pt sstQ@heﬁht@yng% Reet @BV iLes | T 2
single blade is used i.e,, E port system the backpl ane steering

| ogi ¢ connect $2BusPgpgrdirg Bﬁbbﬂégeﬁh@g Be steerdnBun B igasieni de i nput
data, 1i.e., tt\me2419 Ffﬂﬁb Aabg BUSHESP ddt haeeREE He pallde3e tHRe busses
ac

al ong vvlth i mredi ate k of 8 bits each from Bus 30b and Bus 30i form
two 32 bi &0; nmsswgs%%cmlame 1Rs@1%s mingg Q) 3pain Putses §2rd0Bus 30c for

transnmit to theeMiCrst oY 3 16180 dd02236§. , deviea@ohfr The 24 data
bits of FBUS buses along with the 8 bits fromthe RSC 12 form 32 bits to

the MAC. Sini ICzS’F“PVterBB%t%W"in?C& BB BYP -Bu¥P36R TP ey §€499PEh 8 Dbits
of i nmmedi at e gugedhagktsleter Srieomthet RoGpla kingl Ohe Beclpillahet @s not

passive, the bridge and microprocessor unit that is
15 commonly associated with busses such as the PCI bus can be
provided as a daughter card to maintain a passive backplane
30. The other 8 busses on the backplane are used to
interconnect the RSC blades Blade 0-Blade 3. A RSC blade
is an arrangement of RSC devices 12, network processors 14
20 and network devices 16.

Since the FBUS data (32 bit Unidirectional busses) is
sectioned into up to four 8 bit segments. The segments can
be sized based on the number of equivalent ports supported
by the system 10. If a single blade is used i.e., a 32

25 port system, the backplane steering logic connects Bus 30b
to Bus 30e and Bus 30i to Bus 30f to provide input data,
i.e., two 24 bit FBUS data busses to the RSC 12. These two
busses along with immediate feedback of 8 bits each from
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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5 the MACs 16. Each bl ade e.g., Blade-0 to Blade-3 is simlar in
construction and are scal ed together via the passive backplane 32. Thus,

i f systemW@oKige64 ports supported, the steering | ogi RCHVRE92236f0\n)

sel ects the appropriate 10 bytes fromeach of the busses and connects them.
to their respective destination busses in 16 bit sections. If 128 ports
are instantiddwite tlsen the Sechatanbstzeof FBBSbbtises dlomhetitd tige rot ed t hat

a 64 port systemcan C i.gured into.a 96 rt stem where the section
size is 8 bitgs fﬁﬁmlgg?h;g&{ e5°ﬁ§é‘glbﬁ&% rgg st V\n%llﬁ‘wgﬁf % i nput
segnents (ims edy ak steeymab sicbBes830h land hesgég peitdf 8 danki gfirati on, a
fourth RSCis reguired tg c te.the 32 it.byte-slic Therefore, 96
port systern;lr?"ée & ﬁee&ﬁasc}n@(? aafg?rflrpﬁ?}’ee- ggg- }% o4 odm\/\ﬁgc}ﬁl 3 tpoopul at ed
with only anti#) MR8S Wsing bits (31:8) on both input sections. Referring to

FIG 3, the RSC i ncl udes i npu t hogic,devices.(lLSL) 40a-40h that
handl es i ncom ngjiéﬁbsg%%?% ©-&id gllégg-r &0931?‘%3_? n%:sonsllrl{ldlézﬁt Jz'i'r)lt 0 an
appropri at e aonsturalkctionpand ureuscahedirdgedhequeilzs thegipasg¥@e) devi ces
42a-42p. 25 .Th SC 12, al jnhcl.ud t g [ yices (OSL)
dan aah. Thotpiage gze's fr‘?t“%‘m 1ECEPste A nag %‘T‘J&%‘ugcs%pggﬁ%%s 42 and
del i ver the et stieerihe edigput(netdehodnlt seleEBEI Horapgirobribtéei on to

appr opr i:fbg etkggl%%sd%\ékﬁegﬁéﬁ-oﬂ%e ioapyés YEIZH aahnge@y%eﬁ?gox?gﬁm are

coupl ed e outpu segnent logic via a series o I'pl exers 470
to 47' 227- -BapP@ile7d89 PETAUSCoNSSHB inEd6hbot sentiomisti pIexd& 420 to

42127 | s C0Lg&ﬂ%():agee?f?%aﬁ{tiattlagfé\éi:ﬁéﬂr'ac!hei 98UL; GUYCR 48 BMolds Tow e 0.,

VI Q 420- 421 mu exer Y. There are sixteen of sald multiplexers
in each col u¥tn.shpsddobe prateast thps a 64 port system can be configured

into a 96 port system where the section size is 8 bits, and
15 the three RSC blades are used, with only 6 input segments
(instead of the possible 8). 1In this type of
configuration, a fourth RSC is required to complete the 32
bit byte-slice. Therefore, 96 port systems require the use
of a simple. add-in board which is populated with only an
20 RSC using bits (31:8) on both input sections.

Referring to FIG. 3, the RSC 12 includes input segment
logic devices (ISL) 40a-40h that handles incoming FBUS data
and distributes the incoming data to an appropriate virtual
input queue in virtual queue logic (VQL) devices 42a-42p.

25 The RSC 12 also includes output segment logic devices (OSL)
44a-44h. The 0SL devices 44 pull data from the VQL logic
devices 42 and deliver the data to the output side of the
FBUS for distribution to appropriate MAC devices 14. The
input virtuwal queues 42y to 42:;27 are coupled to the output

30 segment logic 44 via a series of multiplexers 47, to 47;2;.
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5-mul tiplexers 470 to 4712, for each of the colums (e.g., nultiplexer
470- 4715 for columm 0) feed correspondi ng output nultiplexers 490 to 497

whi ch are c@eiefss 0 the output. segnent |ogic 44a -44h. ddwudstszsds? al so
includes Input 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 i t_gqu u os n at ot ices 14
(G "1) " that BeBorg GAF ambitERBREs A6 TIPS copedhe Mo S,

i ncl udes out puther saguabginpws qugEeSh@Z GJI s REHd§-$ogitiY @Rey42482 i s
anal ogous to tde %@995%1&?@9&%99' CphdIQMBVRS s1kf6efRr 43 :8anpl es the

network devi ces transmt ready bits to determne if the
net wor k devi casilt@paereready etaGhaéeépmnnDr'@et catppttof dehea. The RSC 12 al so

\ncludes Odt Py,  S3GTER- &Y Pt LA, 2ol QYR 82 crd%:dRuimpld! (Segrient

Arbitration Logic 6, IS used o deternine
whi ch vi rtual mulgppiegeeud’shdn dopr ool wen dht efeleé fesrespqn@ingeguepeti n an

appropriate tipmslh g%exg)ﬂ@ psroefcsrw whG REMEr daSod 1@ dOebPHhe &%Iﬁc“t

Arbitration Logic usin round robin time 25 nultiplexed arbitration
al gorithm Thesomsnt S@@h@rﬂ“lal_crdﬂé (1SL) 40 interfaces with the network

processor 14 and dehergz@es \Mrs%hlﬁbma@é THiRMe raAdy | TG NG TRKE (64 byte
payl oad) should be sent to. 12 has a plurality of virtual queues.

| n one exdfpl sampdeshthe Yﬂf@:‘@é vpppﬁaqumésl the vt ehaladrenfplegsegnent
can -7 WO 01/ (lzb%QOdE’GIéé@O@jaZ%QQBtodtéﬁ&}t iHaeRMtNE SRk oEhenBSC 12 is

arranged into segnents e.g., 8 Input segnments. If fewer input segments
are required (Jizaualt hRPRSCIUENESs tRORRPRRR ddPUSr SESHRATS patd $hatt Bam

logi cal l'y contdegyeds hBPUFTGLATERhEL @I} MR} a can track buffer

fullness. The RSC 12 also includes output ready logic 48.

15 The Output Ready Logic (ORL) 48 is analogous to the Input
ready logic. However, the ORL 48 samples the network
devices 16 e.g., MAC transmit ready bits to determine if
the network devices 16 are ready to accept more transmit
data. The RSC 12 also includes Output Segment Arbitration

20 Logic 50. The Output Segment Arbitration Logic 50 as will
be described in FIG. 6, is used to determine which virtual
input queue should provide data to its output segment in an
appropriate timeslot. One preferred scheme has the Output
Segment Arbitration Logic 50 using a round robin time

25 multiplexed arbitration algorithm.

The Input Segment Logic (ISL) 40 interfaces with the
network processor 14 and determines 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

.



5to formeither a 32 bit datapath (32 ports), or a 16 bit datapath (64
ports). The ISL 40 uses in-band information to control virtual queue

| oadi ng an¥O@ut#80arbitration. In-band information is uBEHU$08228%i i ze pin
cost as woul d be associated with 10 explicit out-of-band control. The

i n-band information includes a destination output port (8 bits), an SOP
bit, a "Tradassedt Andomingompkicd. biThe BSOY1IZ imnablkengeditimado bit, a CSR

enabl e, and a Virtual eug ldentifier (4 bits). Since.,. there is only 8
bits of in-bIRAGEH eai%li’l abJrrépupncerSe ef:n)(‘/%l e,ff;r%w?ﬁell’%plg"r E°P8°BIts

required, 2 banebeshiced d$.are thee®SCr 28, isThemdigered Hpt ifeweati on, in 64
or 32 port nmodes, its/ i LN i nf i,on _are.possible,

t herefore onP?/r%sn)e‘ ilt%’-e%aéég?% %lrjnz:to?lfgﬁbg?%aeqq’lpg&r gégiﬁérﬂetd? al%r?paglag?a to the
crossbar $nctodésrm witB2rbat3hdsdedat2patior (B2 pomtal niowy ac bt bot

information f0] | owed eight (8) 32 bit, words of packet data. The
32 bit input da\%\%‘?%ﬁ s(%)céoﬁﬁg%%éd to 4 input segnents. The header is

segnmented into 2 Tha €SLofi0ceses din-bendednfrimgiitnstgneritrolandrspati fi es
the ViIQto | t p i k e - t, A et, and
byt e enabl e gg&? hlggidgg% géd gﬁ?@e %g%%gg%?%ﬂ't réﬁs%gﬁ]elcfl.f%%ﬂlggglogﬁ%ut
segnent s speuvséd b misdwige pire ogs® addveskkdephsaeqiiasketishbei ng | oaded
ina "pendipg" f E I ets | NG _ out put
port ar 617 oadiet {E dheCbErhartd \coRREEL " MR A B8R LARBHT oLt put
byt e segnent $npkuefes teo dsehinafpiar CYtPRE Pag B birsrigm PCF bSb) 22368

out put FI FO bys Qs tNEs SAIRENELS: 1BX, CalBde TdrRB1ENEoAL r QUYL §egnents is
conbined to formtﬁe 32 bit output FI FO bus. Two out‘{)ut_ segnents per RSC
are enabl ed €S8R gnakde, and a Virtual Queue Identifier (4 bits).
Since, there is only 8 bits of in-band data avaiiable per
15 cycle, and there are 16 bits required, 2 in-band cycles are
required. There is an optimization, in 64 or 32 port
modes, 16 bits/32 bits of in-band information are possible,
therefore only one in-band information cycle is required.
Input data to the crossbar includes two 32 bit header
20 words containing control information followed by up to
eight (8) 32 bit words of packet data. The 32 bit input
word is connected to 4 input segments. The header is
segmented into 2 bytes of control for each input segment,
and specifies the VIQ to load, the output destination, byte
25 count, end of packet, and byte enable for the last 32 bit
word being 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
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5-control signals (start of packet, end of packet, transmt as is,
transmt error), while all segnents drive byte enable signals. The out put
control | ogWO WM es the ready. signals for all output RESHISEEIPESns. Al |
out put segnents update theit ready bit status in lock step so that the 4
10 sliced bytes of the input FIFO bus can be switch at the sane tine. The
i nputs to theoubput EERpMNis bagthe 4fanenclyade. t Bgte FBIS datom bhés4 (7:0), and

control signals, TxSel, ECP, .and Ne r. .IThe EBU t.a hits ar above,
the TxSel bitS"BY rsee‘{i'%eé’ggt 5 °f Fgmn%u\%,%qﬁmfﬁrﬂa he %fgblgzs ongPg,keEﬁOZr eas,
EOP is used boasexplicitly identify the end of a packet. The NewQHdr bit
indicates to the | 4 a el Qf t information is
com ng. An optim zg ?ooﬁﬁr‘?té“‘? tsggmgﬁ%\%%f t %&S Xké %\ﬁ?&f%g)r (eirég%erted this
woul d requbr ecftoal ysiggreilsgl(etprepehdpaskete eodioflipsatketa taagstitVi rt ual
Queue. The inplLicati 1 .th e 1;S:th t sfer. | ot a new
packet but ra e?gto%tnal‘r{nsgné“tttl %%rggfé ‘#}?lolnel %ﬁlcggcﬁé’e&nﬁgy rlé’r?sn???i ng packet.
In this case anabhebsighadGR The petpnt ebnt281 TheginmampReadyhéogeady | RL) 46

I th f 16, Vi j i | | 0gi ¢ 42a-42
sarpl s Lhe SRbHRE sod Ml Bubil Vel stissanl 1 VAL Wlepiougebonie, 420 420
IRL will repompdehatthein neagyebit nstatatsndnklopk otterseo thatFti® 4), via

VIQt ransiﬂﬂ rs?{i‘gé’d%%tﬁes A ;3 %eV\Q\[?\%T{] 1%7125%055%%%1?094 rien dpegfiet wor k

processor can use I's I nformat e transters to the virtual
queues. The vispmgatimgieues VIQ s are associated with a particul ar out put

while there is Val&ﬁg(gﬂﬁhﬂgakgtﬂhgeﬁqhﬂ:segment logic 42 include the
FBUS data bits (7:0), and control signals, TxSel, EOP, and
NewQHdr. The FBUS data bits are as above, the TxSel bits

15 are used to frame the FBUS data bits as wvalid, whereas, EOP
is used to explicitly identify the end of a packet. The
NewQHdr bit indicates to the ISL 420 that a new set of
Virtual Queue information is coming. An optimization may
be that if EOP AND NewQhdr are asserted this would require

20 only a single prepend cycle to indicate a target Virtual
Queue. The implication in that case is that the transfer
is not a new packet but rather continuation data from a
currently transmitting packet. 1In this case an in-band EOP
is required.

25 The Input Ready Logic (IRL) 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



5 the virtual queue. The virtual queues can have a suitable storage depth -

e.g., 4 kts for 14 of the queues and to 8 npkts for t(ﬁ%ésg@%g{se each npkt

is 64 byt MOOREPe are 16 Virtual queues associated wikt nput / out put

segnent. Ot her arrangenents are possible. Each VIQ has an 10 input pointer :
and an output pointer. The input pointer is wused by the Input Segnent
Logi c 40 (ISL) t&hgushtdeaiia Huecessehel 410N WER| Bhihetnferpatipdi R er is used

by the out pui.;RETERL k080G &8 tRY! $irdaliagheaast he VIQ for distribution
out the transmt FBUS. In one inplenentation, the VIQs 15 are single

ported random ac&assvisherl arewpec¥lQ's fre asspeigtethd il fe may be

concurrent |y, 1,8quhhgd s@fpdthamfitlk! thérdsishahionesatd ainthen¥ Qs are
cycled twice as fast as 'the mgut fill rate. For exanple, if the input

fill raté iBhesF-igONRE TRVt hEPPNPLEt Wy MserBERESa e SUERRR %Irai n 20
rate woul d b&@ra@%cggpm;eff.—,SQ!\/langBLi%ldrlai Bl 8he duwiest haa ¥ @ s woul d
tha

operate at 133 to 166 t istwice as fasf as the faster of the I nput

or Qutput FRWXtsafes. twey teharst pREh Pkt d S 88uBE RSN HEeERgEFRI LR-d as 2
bytes In wigha1d 36688 ssboeiatbl eie @aeyChaput 2dutiputosdghedn. Maxi m ze

the efficiency of the Rotar switch 12, the swich fabric operates at
twice the output OtPBBSaHﬁ:%ﬁ%“\e&f'é.aﬁlé’m S'ac%%‘ﬂbl‘&g)nhﬁﬁi "woul d be to
cycle the VIQsuit pogatagadnd as basput Ardinter . wayhanitphtb@ointer hive the
the VA s ar iR £ 606t G REE0EVISUE P10 A USII29968 TAE bi ts of
wite data. feadgpewnilenshendutphetphint@erbissused byatedattptah ch will be
3uppl i ed (o the Swithe fabiic Gt 130 1AOMNE.8 BY AR BseThE. Q4 P!
out the transmit FBUS. 1In one implementation, the VIQ's
15 are single ported random access memory devices. Since a
read and write may be concurrently required for the full
crossbar operation, the VIQ's are cycled twice as fast as
the input fill rate. For example, if the input fill rate
is 66-80Mhz from the input segment FBUSES, the output drain
20 rate would be a decoupled 66-80Mhz. FBUS drain rate then the
VIQ's would operate at 133 to 166 MHZ that is twice as fast
as the faster 6f the Input or Output FBUS rates.
Alternatively, the queues can be orgainized as 2 bytes in
width and accessed on alternate cycles. i
25 In order to maximize the efficiency of the Rotary
switch 12, the switch 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

-10-



5-filler. The Qut put Segrment Logic 44 uses Qutput Segnent Arbitration 50
results to select which new Virtual Queue :should be "connected" to an
out put portwobignsSL exami nes Transmi't ready bits whi ch mrrussabdsect ed by
the Qutput Ready bit Logic (ORL) 48 to determne if the output port is
ready 10 to accept a new npkt (64 bytes). The Qut put Segnment Logic

decoupl es t he |\l €g0§ﬁbﬁflee0@ia@.af r%é&%f@fge%ngrﬂﬂ fre%tc)ﬁ 1eyb§£rpl oyi ng

a 16 rrpkt queue at ~eac out.put segnent
decoupl i ng al loddwseatedetaS8timh Wﬁ-élo%r%%@latedatﬁlth%rs‘"flrtélq:uéﬁbylcﬁfe OoSL

44 includes aq{k§_ igoﬁggrg glmhgksqueue Each VIQ to Qutput Port has an
explicit tinmeslot entry. VIQis not available, its slot nay be

conpressed. Up to ﬁhsl@@@%ﬁeﬁﬁeﬁénﬁ%&%e@swwétw|<'=ké119“e|$l°t2) bef ore

filling isg at egh o Wi skiRoed MIS 43! §s8y alghie s Ape Qut put
Ready Logi c ( 11%8 |nteerroﬂ§ttes ? esgﬁ nat i 0?1 net V\t%?llk dg\éﬁges 16 (FI G

1) for transmAtrbrléaaylolmi% reﬁﬁétﬁr‘é‘hSWJEGCrtea’&}CBl]t’%W e tyeddQB§uehe RSC 12

in the Qutputs,3e9peRL t@&&rfec%d( OBb) att QU Lereat ard @8t BRamBRs 12 to
t he appropri ate out put ment FBUS 31. The ORL 25 48 is a ready bus

Master. It cydragsphto léllqltét vherl Rrameldectet lPnFheh Qutpihsheady eady

bits. The ORLAR 185sentbes s tbh@et&ARNSIE tis eadYolidit d¥FLPEOVELLSy t hem
to their respectlve out put segnent. The OSL 48 uses these bits to

det er m ne1Pf t49e aCEEPtOR R9YE uéséh'%Yﬁ%F)be fhp| QUtPWy Seprenpp Bagiv180

PCT/ US0012236§ie cWubhiet hahe QHigD WiroBSbAr SLAGK £rofi Shé Soutpe GRadnoi d head
of queue blocking. The Qutput Segment Arbitration (QSA) 50 is used to [Iink

a virtual qued@t®z Py Q‘PJc‘b‘”é’r? gut pUrPForqueupnat Rggch output segment
(16 * 64B * 8 = 8KB). This decoupling allows the crossbar

to operate at a higher frequency. The OSL 44 includes a 16

15 entry timeslot queue. Each VIQ to Output Port has an
explicit timeslot entry. If a VIQ is not available, its
slot may be compressed. Up to n slots may be compressed
(most likely n = 2} before filling is "wait stated" until
skipped VIQ's are available.

20 The Output Ready Logic (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 FBUS 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 queue should be filled

30
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5 12 enploys a distributed crossbar sel ection schene. The network processor
14 perforns weighted fair queuing and provides the top elenents for
transm ssiwmoniGi88he RSC 12. The RSC 12 in turn ,uses a HCGVUSOHZBES ce

al gorithm and a non- bl ocking schene so that efficiency is maintained. 10
Switch Arrangenents Referring to FIG 4A, a rotafy switch 14a, is coupled
to provi de awiZtix thakl 561:15}1115 modti'ehmpRt f alhic. ishdone@ttay ywvoidi hedes 14a i s
fed by buses BO- Bl kare each 32 bit 15 byte sliced busses. The out put
of the rot ar?/Ps%e[uc,eh ﬁ‘é 19~ coupl ed to output busses e.g., FBUS 0, FBUS 1.
On the input sidhe DbePﬁt)LBednyehESAﬂbi’emﬂidnuﬁOm B30 arse ueedpted in
sequence to rotar tch 1 ut Si st four
out put segne Jtr%‘ velgcﬁawo %eruf gi\%l ‘%{?ﬂogo prOV| 1}—‘leth)rq:t es o? S 0, the
next fours oulpuimrdeyseat distpridwited thasit;ﬂresedaécﬁﬁus s];:he"ﬂae neippi ng for

this arran eer h .t e l'i ced

archi tect urgnl S oﬁrkoérgegg\%ﬁl srhb%tg\gfgﬁncevge nglt:%ﬁl ‘g{(}te quaeul%é ﬁ%% bl ocki ng.

That is, anyprowidespthe tem ez&meteoﬁne(nmsm@samn e e BSEt13M t hout

bl ocki ng anyp,0f *iﬁ’c 12MP tuPH{ SRR EQI&{‘%% 08ty %hg[ldoé‘tzpéﬁ port. 1n
e, por u

any one cycl i npu S can co at a to Feren ones of all of
t he out put ﬁ@kQ@nnI@efsehemmgeq Ghﬁlt@fﬂ:B:l@qYarLﬁ Mmtﬁtzaweﬁ switches 14a, 30
14b are upled to provide a 4 x 4 FIFO BUS switching -12 WO 01117180 -
PCT/ USOCQ 22368 fabric. The rotary switches 14a, 14b have input segnents
coupl ed by keidschRArpanggmentsare each-?.32 bit byte sliced buses. The

out put - segment s locLhes QLA 1wl ukhes ljcﬂ:%’ryléé?ltéﬁ & &0URkedoi ) it put
usses e )
J to provide a 2 x'? FIFO BUS switching fabric. The rotary

switches 14a is fed by buses B0-Bl which are each 32 bit

15 Dbyte sliced busses. The output of the rotary switch 1l4a is
~coupled to output busses e.g., FBUS_0, FBUS_1l. On the
input side, the four bytes of each bus B0-Bl are coupled in
sequence to the rotary switch 14a and on the output side
the first four output segments of each rofary switch

20 provide the bytes of FBUS_0, the next four output segments
provide the bytes of FBUS_1. The mapping for this
arrangement is shown in FIG. 5A. In this manner a byte
sliced architecture is provide. This byte sliced
architecture, is non-blocking. That is, any input port can

25 be connected to any output port without blocking any other
input port from connecting to any other output port. 1In
any one cycle, all input ports can couple data to different
ones of all of the output ports.

Referring to FIG. 4B, a pair of rotary switches 1l4a,

30 14b are coupled to provide a 4 x 4 FIFO BUS switching
-12~



5-the input side, the first two bytes of each bus B0-B3 are coupled to the
i nput segnents of the first rotary swtch 14a, whereas, the |ast two bytes
of each buswiwy@nemsspl ed to the input segnents of the secerwiusootsss switch
14b. On the output side the first two output segnents of each rotary 10

switch provide the bytes of FBUS_ O, the next two output segnents the bytes

of FBUS_1 and gg.fiert hendheodmRpiseactnes 144 sl%rﬁagsnﬁga d Seyhewesin FIG
5B. In this mannerl a Tbyte sllceg archlﬁecture I S_provi . Thelé"g\ byte sliced

architecture, Garded RY/PWhHiReESurFBighPYS 836H- B oekk rhytel51iRae is, any

i nput port canRsCONGRE! Skt AAYmaHEDUSE RO roeagyngmtéw 1agy ekper
i nput port fromconnecting to any other output port. U{% one cycle, all

i nput ports cafe G@HEFédd%‘fePLﬂi?U&l Pr&fente dhes SaPIt?)fFPt 3out POt ports.

Thus, rotamy syid qhﬁﬁtC@ﬂd@e HUBiede t BudiiMiede olrab g8k nudd sEkChiag
fabrlcs Four switc ping of which'is_ set out below) can be

coupl ed such t3RHPLEAGRe, th b‘;}‘tl’lé‘tbl%@%‘enE%Lﬂfdtl?@ EdLpF cEP Tt KE¥ifshr

switches with f4d,stinBytss, ofheal 1282C BwBUSYEIRDredatn bhe did %ou%%&ic@@
second bytes of each bus’ coupled to the second switch, third tes of each

bus 25 coupl ed-t% PRt FPFRETA ©©fh ERRdSeed W°G?F§ss‘6¥t%c1rflbous nchadl ed to

the fourth swcilﬁjputl\/ew@vme ﬂ/ﬁﬁshl Itabg@ﬁtpsm Feymefivkt6hesadh @otakPat can
interface to | arger buses buses, even | arger configurations

coul d be plovi clhnpr%"%‘ii?nqhﬁ %ﬁﬁegf B Re SREpREXSitdw LUEPHES ar

connection S%s'grnremgeﬁﬁ@tbytfesowvwdesl 1 -ami A0 %L&H;L80rﬂ%cﬂalg§e%2£§§5
Thi s swtchlngﬁfabrlc is scal easi anded froma 2 x 2 FIFO
t

|
bus confi gur atiow @332 Y d‘s §§°F58r{"§)qﬁj t% an'® s mappep,@
confi gurati on Hyt28 spREés atchik2Btpeet 53 pidvicet adlisppddishiiesal

hi er ar chi al le%%hﬁtecture, 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 input 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.

-13-



5 of switches. That is, expansion occurs.on a single level of swtches

whi ch reduces |latency and conplexity. Referring to FIG 5A, the mapping as
a 2 x 2 Fwapipasoswi t ching fabric requires one RSC 12, RUTUS0RBEs out put
mapped as follows: 10 1. output segnent O - byte O ( bits(31l:24) ) output
FIFO bus 0 2. output segnent 1 - byte 1 ( bits(23:16) ) output FIFO bus O
3. out put segmentrhas syt ehihg( fabts¢ 185 GRalpble} plite Fl lé@smugi 0 4. output

segnent 3 - te 3 ( blts(07 0Q) FI_FO bus, 0 out put segnent
2 hyte 0 (SHhandes 159 ) RS EEEGRNS & 18 Broutaut searent
( bits(23:162 )po&utbputzpF&&(arbmxls F1F®UhysU tof gt idn- (Y8 epokris

bits(15:08 ut _FI FO out t, 7 - t bits(07:00
) ou'gput F?I’—%a%tsspforﬁﬁr WﬂH}oﬁé Pﬁ%m a%iﬁ% g%eer&rggx,Xaifx%ﬁﬁ s(egment)
0 - byteS0 (othisd¢dhedd) Jndtnpst Expehdium Occlrsioput sieghenteder byte 1 (
bits(23:16 nput . FI F S 5 t .38 goent, 2 byte 2

b: ts§15: 08% Iﬁ’gg hﬁflfg%cl{‘ rﬁdﬂcelsﬁlpau enpu rrentc%mplet})uté' g ( bi 'Es(O?: 00) )
i nput FI FO bus OReferriwytts@grenbAi thebmagpﬁln@ a8 tas(2335 24F1%0 ilnput Fl FO

bus 1 6. in egnept, 5 s (o 23,16 ut FIObuslBO?
i nput segnen %CElgﬁtga%g(c %\gg?i tg%engaf %;}%kbbg% % |nput segnment
7 - byte 3 (mdppes(8%: 66)1dws:nput FI FO bus 1 where FBUSXY corresponds to

byte "x"qof FBUS "Y." Thus, the output segnents 0, 1, 2, 3 connect
concurrently to 35 corres%ndl ng Vi rty ut segnents O,

1, 2, 3 or 4, 5, 8% cfi §§%1F{eﬁ§fr‘ 3 @g‘—ﬂ@{l%@i"ng chpandtoa

72, OCutput
4 X 4 FIFO bus §vwotue tNGe tzC- E@QUD I €81 dsW0s :BSC ) &ycb@@&.xﬂdlbu bG 5B shows

t he out put mappi ag dskpdr sdpdeuB pubytERPPEHita&g07:00) ) output FIFO bus 0
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
B. 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
B. 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 o0or 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-



-14 WO 01/17180 PCT/ US00122368 1. RSC O out put segnment O - byte 0 (
blts(31 24) ) output FIFO bus 0 2. RSC O outip;ut segnent 1 - byte 1 ( bi=
+s' (s3:16) WUOESe FIFO bus 0 3. RSC 0 output segment 2PCT/PSPPR2368 (
bits(31:24) ) output FIFO bus 1 5 4. RSC 0 output segnent 3 - byte 1 (

l'l

bits(23:16) output FIFO bus 1 5. RSC O output segnent 4 - byte 0 (

bi ts(31: 24) out put FIFO bus 2 6. RSCO output segnent 5 - byte 1 (

bits(23:16) ) out put HSICEQ)%HE“ZSW‘F‘?“REGC prtgut du’Pltgé%rré ‘ltP tFéFo ‘;gz 0

b (5(31:20) ) outpdt FEPRIRIHE (G butbE Sedped ke
oltR t35eg§ent G U{ Ru$lt§ M@Jt ) ou'tp (Qb s 1

)
)
)
bi ts(23: 16)s ) out pyt Sb
bits(15:08) ) output FIFO bus 0 10. RSC 1 output segnent 1 - byte 3 (
bits(07:00) ) outpudt FCEDobtmitOseghdnt RSCbﬂteoQut( bﬁt8$@gﬁﬂnt) gutpuh RO Pug
)
)
)
)

bits(15:08) ) outpt FC E‘D°bti§‘tlseﬂ5“-‘§]’.°25 i ﬁ ouf tPut er S @
bi ts(07: Og.)l)O out pyt %@ ut :ZS % (p ti% tgﬁ “Z 3
bits(15:0 out put HIFO s 2 4 RSC "1 out put segrrent -

bi ts(07: 00) out put HscFOobtimit2seghnt RSCoyteonIt (PRittsSEGIBNDY ﬁ.ltputb)!‘t[]ﬂ) Bm{ 0
bits(15:08) ) out P&t HBIC%%E%EBS@@P-%I RSCel3 dubihs 1JSt“”sé nénx‘;;u;k" eug g(
bits(07:0Q). ) out pdt °B SCOmpRt F u 'F%\r
manner (not’ shomp‘%l MoEHG o B, *PRe™ rglp'g segn‘enftsé%zgpe aEry

i nput segnent 0 - 1bByt@cOr CubddeS{cherdd) ) pidepait( 5@ Hus) Q ou’a;%ue FIRSGQSIznput
segnent 1 - byte nia( Hsict 5(BGut6Ieghentnput bieF® bhses007:30) RSGitpGt immputbus 2
segnent 2 - byte 0L5( I}ﬁCL%(°3'lP“24aegy‘e¢tn§m byyeFD) (hhkEs15:48) RSgntpuy EEER b§éggmant
3 - byte 29 bi t s(F3: 58 PR uTeIRTRO’ BUBYE 35 PHSE T OPhPubTERY FERt Pys -
byte 0 ( bits(31:24) ) input FIFO bus 2 30 6. RSC O input segnment 5 - byte
1 ( bits(23:16) ) THguinPRFQOUS e mapRed 0 impdhideyienne -(ngyt ehowy

bi ts(31: 24) ) Fl bU@he’a thgg,gg PPYlaceamglt 7 - byte 1 (
bits(23:1 illpngtﬁs FFEg bus ngm l:ln ﬁ psi% meﬁt 0 - byte 2 (

015015 09} | A Ao R%?Q" et b Hes

'.l

o>

b! tS( 07:0 ) ' npUtB l?.'dgitosegri % & 1ap tbl@@(gm J.ﬁpu YE&ro :l:
bits(15:08) ) inputs. FsED b.Hﬁutlseg}ngnt BSCpitd npuuolsse(gmls Blnpubytﬁo?&m(s
bi ts(07:00) ) input FIFO bus 1

=R

5. RSC_0 input segment 4 - byte 0 ( bits(31:24) ) input FIFO bus 2

30 6. RSC_O input segment 5 - byte 1 ( bits({23:16) ) input FIFO bus 2
7. RSC_0 input segment 6 - byte O ( bits(31:24) ) input FIFO bus 3

8. RSC_0 input segment 7 - byte 1 ( bits(23:16) ) input FIFO bus 3

9. 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_1 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_O0 0,1/ RSC_1 0,1) , (RSC_O
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-



13. RSC_1 input segnment 4 - byte 2 ( bits(15:08) ) input FIFO bus 2 40 14.:
RSC 1 input segnent 5 - byte 3 ( bits(07:00) ) input FIFO bus 2 15. RSC 1
i nput seg¥dBI8 pHyte 2 ( bits(15:08) ) input FI FO busPE/USPE223SC 1 i nput
segnment 7 - byte 3 ( bits(07:00) ) input FIFO bus 3 where in FIG 5B,

FBUSXY corresponds to byte "x" of 45 FBUS "Y." Thus out put segnents (RSC_ 0
0,1/ RSC 1 Gnput, QYREEBS Gn ¥FIB/ 4RI the3d)inpuf REQrents50f RBUE £1F0 , (RSC_0
6,7/ RSC 1 Qs Qasrgprlesgntl ng gutput FIFO busses 0, 1, 2, and 3

respectivel y, connect "cSiicarrent | y to corresponding Vi rtual -15 WD 01/17180
PCTJUSOO 22368 Thpsit auduassi RIRQ [bus? crossbime teyuitresedn$t sshdfpsinput Fl FO

busses 0, 1,.. us, & 8 FIFO bus crossbar requires 4 RSC
chi ps, vvitwltgﬁeeggt L&apsgggda% 5 1. RSC 0 output segnent 0 - byte 0 (

bi ts(31:24) ) output FI FO bus 0 2. RSC 0O output segnent 1 - byte 0 (
D15 | ot S evad T g bR |

. C e en u
bits(31:24) ) oudpasc Pl fCpriuse@eni @ 5 bYRSC 0 bdtr mt24$e)g|¢emut4ﬂ-‘?0b3utse2 0 (
BI tsggil 4; g ouzpt?rzc-lﬂ: ‘Egpb‘iﬁe‘li“e“% 3 Egﬁ:g °o&';bﬁ$ %e%j‘r’re’nzu?"t lb‘ggé"“@ 3
i ts(31: oug py 3 s ORI (3 £4HEN &
bi t s(31: 24) ) ouap%gﬂ% p e?.".:ﬁss QOOUtb@‘eEwSeﬂWE)nBE? gﬁ)@oﬁg §
bits(31:24) ) outprschl Eﬁ-)pbuseanenﬂfﬁ 9 byRSGC 1 bqtlst(pmtzrlse)gmsenfﬁut(rxfoqusee 1 (
bi t s(23; ?1L6) ) ou%pBﬁCJﬂl ﬁ@%ge@en’g_d -RBEeP O e pUBl 24y neetebt - FIl’a’ytkeISP(
blts(23 6) ) ggsbus 1 & oyt pu nent 2 Ilgxt s
bi t 5(32: 16) ) oul pAE DUSedne ey R oot zasl%gnleeﬁtfﬁi e
bits(23:16) ) outpuschl E@pbume&ene& 131th$(:£_lele16) Segoriat rFiro Hayte 1 (
bi ts(23:2%6) ) o2 pBseC Bl #@phusedhent 3 - byte 1 ( bits(23:16) ) output FIFO bus 3

13. RSC_1 output segment 4 - byte 1 ( bits(23:16) ) output FIFO bus 4
14. RSC_1 output segment 5 - byte 1 ( bits(23:16) ) output FIFO bus 5
15. RSC_1 output segment 6 - byte 1 ( bits(23:16) ) output FIFO bus 6
16. RSC_1 output segment 7 - byte 1 ( bits(23:16) ) output FIFO bus 7
25 _
17. RSC_2Z output segment 0 - byte 2 ( bits(15:08) ) output FIFO bus 0
18. RSC_2Z output segment 1 - byte 2 { bits(15:08) ) output FIFO bus 1
18. RSC 2 output segment 2 - byte 2 ( bits(15:08) ) output FIFO bus 2
19. RSC_2 output segment 3 - byte 2 ( bits(15:08) ) 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 [1 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_B'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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14. RSCl1 out put segnment 5 - byte 1 ( bits(23:16) -) output FIFO bus 5 15.
RSC_1 out put segnent 6 - byte 1 ( blts(23 16). ) output FIFO bus 6 16.
RSC | . out pulVos@8mdht 7 - byte 1 (bits(23:16) ) output FI REHEPA236SH5 17
RSC 2 output segment O - byte 2 ( bits(15:08) ) output FIFO bus 0 18. RSC2
out put segnent 1 - byte 2 ( bits(15:08) ) output FIFO bus 1 18. RSC__2
out put segnent byte 2 ( bits(15:08) ) output FIFO bus 2 19. RSC 2

out put segment py&@c 3. i{nglt tsigﬂémom BytQUS RUb1EL A DU Bipud G120 puRSIC 2
out put segnent byrecd (npbt ts2bdnt 08)- pyteud pubitelF:O2bus ﬂuquJF.IF&SGGZ

out put segnent byREC D {rpbt tseldnt0B)- hyteud pubitBiARHUS Hpul FIFRSAs 2

out put segfent - byﬂ‘éci {noME t5§€’165‘t0:8)‘ gytﬁu‘i pfu%ltFHiO?Hué Brup FIFRGEs 3

out put segnent Yy N oTR Y 08)_ LvQUS Rui u 4 R§C3
out put segnent gy @c‘% fnﬁak RV %ﬁ@ én%iﬁéklﬁnoz us iugé FRBS 5
bywrec 3 {npht tse t00) Pyteud qubitEkFHO2bUS fnpu? FIFRBGs 63

HYREC D {npbt tseEBAt0D) Hyteul pubitFiRE2bHuUS Ppul FIFRSEs I
out put segnent byte 3 ( bits(07:00) ) output FIFO bus 3 40 28. RSC 3
out put segnent - bytrec3 @nﬂuittie(;ﬂéﬁtom)- byteut pubitsl(FEO1bUS dnpuR FIFRSGs D
out put segnent 1%yﬁ@¢3 nPBFt%%: ob)- gyteuk pfulPltFK@G)l@ué Brug(FIFRYEs 3

out put Se%e”t 2 - %yfécj Lol (52 0%)' u% L[l‘giEEFEOlg gﬁﬁgg—f *?%%g;ﬁput

out put segnent
segnents woul d be lmppad 1afnphio | degidnt 4 -1ﬁyt\é\0 Qlﬁ:lZlﬁOlBCE/iASGQ/FZEé%@Ssh RSC
0: n ut segrrent 0 i4b 5@_1011'(Publﬂeslf®l 524)by)te|hpulplt|§r2!3®1@u$ DwpuR FIRSGuO 5 nput

t 1, byte 02 entndut PO (pRits RS@@’UH? @ bue
;egnggte )tgl ?s(?:’.% ﬁﬁﬁﬁ(lnpubggzﬁfl FObEge § %ts%@g i nPREe £é séswﬁf 3 -

out put segnent
out put se@fent

b>u>n;kac>\10>o1b>u>nn

byte 0 ( blts(31 24 |nput Fl FO bus 3 5 RSC Q input segrrent 4 - byte O
( bi tS(31 24) ) d.ngg‘;é s gment e 2 Bits(lS 0B8) )} input FIFO bus 0
inp segment 1 - byte 2 ( bits(15:08) ) input FIFO bus 1
18 RSC 2 input segment 2 - byte 2 ( bits(15:08) ) input FIFO bus 2
25 19. RSC 2 input segment 3 -~ byte 2 ( bits(15:08) ) input FIFO bus 3
20. RSC 2 input segment 4 - byte 2 ( bits(15:08) ) 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 FIFQO 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) ) input FIFO bus 3
28. RSC_3 input segment 4 - byte 3 ( bits(07:00) ) input FIFO bus 4
29. RSC_3 input segment 5 - 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 B x 8 FIFO crossbar configuration each
input/output segment 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. Each of
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6. RSCO input segnent 5 - byte O ( bits(31:24) ) input FIFO bus 5 7.
RSC O input segnent 6 - byte O ( bits(31:24) ) input FIFO bus 6 10 8.
RSC 0 i npYOuEg¥-Nnt 7 - byte O ( bits(31:24) ) input FITHYQY22¥8 9 RSC 1

i nput segnent 0 - byte 1 ( bits(23:16) ) input FIFO bus 0 10. RSC 1 i nput.
segnent 1 - byte |I. ( bits(23:16) ) input FIFO bus 1 11. RSC_1 i nput
segnent 2 - thet ©S3 [opid H1ehehby 0|dq:lmrmEhEOaHnim XikEud?. qRSEG B2 nput

Segmont 4 - Ryank to g Ee0 i heJoudih sElbEE foste pa-RR | L coqrent

5 - byte 1 (1nlp|utts(:“BGS 1@gn)enrtﬁpat Flm:dtus:fSa 1éy REQRetlpropidesegnent 6 -

Vbt s(23er ) SRR FepB a0 Tt Biatinatiin lslill SRRy [ 5 (V'

bi t s(15: 68) gaqkﬁpuamFIF@lmwa@ qugue RE@bRri npit eignetarting tgmth

! (

o1 2(1e: o0) e BRUFEEaTHEES 34 n e tol Ay SeATERbeBias W 28

bi t s(15: 0B) outipnpusedier®d Bogig igMperfogmed; nplhis appping4is sb:,qr@dz (

bits(15:08 2 tpifRTEA

b: t:E15 08) ) i |aﬂgg‘%t€dézgol}3§bd§p %Jeuéég% |%§§? %egrre@r%? gérf Hy&l %5 ((

bi t s( 15: 08) O)Jtpn*putmﬁ RBrhRyese 300> §012RSC izlqsrepapegegmntam byte 2 (
(
(
(
3
(
(

bits(15 1@8) p)ol'n@Qi:'E 1!:3 '@eb‘ﬂ%xz vgfltuﬁs gué N 15 G YL chEe‘%%o‘i 3

bits(07:00) ") 1nput FIFO bus O . 3 i nput segnent
bi ts(O? 00) thej ppat- FIPFG%E@PIQU?GE @S(‘J%“F*’ﬂb‘&ﬁ uRe fee At eatrlebayt(@ns
bi £5(07: 00) chi BRMh SR BUTmEnS. 27meRofedy U IREOTBRLoS tnebY! €
bits(07:00) ) input FIFO bus 3 28. RSC 3 input segnent 4 - byte 3
bi t s(07: 00) BEXEnBREke FO Bgstyansmity’dc 3 i nput segnent 5 - byte 3
bits(07: 00) ) | NRREn RIHO0AEBUE S&fherRSE0gié NPAItcoHPAEREL @ne byte 3 (
bits(07:0 i nput FIFO bus 6 40 31. RSC 3 | nput segnent - byte 3 (

bi ts(O?léO) t)raPﬁ’BﬁTSJFQrFGfbﬁg packe) tona BaRth‘iﬂiaerPEFBssHéﬁ QRPEgur ati on

each i nput/seyheat ﬁ@rae&teqaéstbeui%%utgusvnmﬂ%tloaytegm goheo32  bit
FI FO bus concurrent W th the ot her, RSC .12 ; Jotﬁ"s Referring. to FIG 6,
¢ Ii%’&l

di stri buti ofUBPLY nERORUTRUt S8gMEH: LREAF VELESR 50h is

shown. Eachtdht is stored in that output ports' map queue go mexr vo-
This NEXT_VQ number is an address that the Output Segment

w

(

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 used by the eight input segments to transmit

30 destination information to the selected output segments.
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--17 WD 01/17180 PCT/ US00/ 22368 the OSA | ogic el enments 50 determ ne which
virtual queue 42 to link to which ofthe output segment g{sg 44a- 44h. The
|nput FBUS Wed@hemsss at a start of a new packet provides af’CT ¥323¢¥% packet
"SOP" flag, the destination port of this new 5 packet and a virtual queue
nunber. At this starti ng point the destination port is known, so a

physi cal mappiThdst mult@la)umguussegmgh’dﬁmgiwarﬁssmé crivege. aThi 8tmapping i s
stored in an_out ort u p I S out put
ort Nap QueudoBobol 3v FRBSEE B dve ATl RN oS s Moot L]

vi rtual queue thkiichvhaé o prheliet réspecthee papt QuEae;h Vilhe@edore 50byrai nt ai ns
up to 8 entries_(an for C t igg;ﬂ;ﬁ g@{ S 8 VI ¢ of
the next packmp(l?ﬁ?)% ran Qe{nggé‘ en t tg)l&;{% l{;ér/rér?lt% Ifh ?E 44

conpl et es Hhe skEgmentnBes sigiagn oof pant pazietsorged pamtnmﬁ arexgoBt, the Qut put
Segnent Logic | I sts Log 0 pL¥;t he

CQut put Segrrent E:gg:gc ‘?‘l{%bﬂ%ﬁ%ﬁh&ﬁ%@g 2 Efréé)sltnst%r%gg #%tth t

out put ports' ad@prqulelue 60 NExr vQ This NEXT VQ nunber is an address that
the Qutput Segment 20 Logic 44 uses ¢ QyifRede gul tipl exers 62a-62h
that feed the Qutput Segnent Logic' ry output queues. The
VIQ nunber is a 7 Brtigatade Thderhteed mumt whigei thedmvepitioni hascat e

whi ch 1npgh SEALENL30Li A 1o ash uﬁéﬁfﬁﬁ "GR! cfle Dadsss il 9@&&%9& VIQ

wi thin that input 5 segrrent ' ese / bits L can conpletely
speci fy the rrberepickehe tﬂ?rﬁaoﬁ-nanéﬁﬂ'ﬁ@twloﬂ posmiernsiadvden t he | nput
Segment Logi Cﬁh%&:.»é&% ntot&emmw%éq&p@’aef%@%ﬁ%ﬂﬁoﬂ thH?c}Q" vision
mul ti plex bus 70 used by t ight input segnents to transmf 3

desti nation i AEodrained ko qn¢e5§@l>ec@%otltmtap@?n§e@n@rﬁlsns Other

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

What is claimed is:
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-18 | WD 01/ 17180 PCT/ USQQ 22368 This muttiptexing is straightforward =
since there are at a naxi rrumlmumm m e sorted and. 46 cycles to
pronote WeR718¢ Q4 to their F mml)ﬂ ue. The®EFSIS22868  enpl oyi ng
a very sinple round robin techiiqgfie the i fputr 5 segnent Destination ports
are sorted over the next 8 cycles. The Map Queues drain using a first in
first out algorithm Qher Enbodi ment SIUAIMSS to be understood that while
the inventi Qn hazg 10.ttrc§ﬁ%agesgrci:oqneq:ii gsc_:onj unction with the detail ed
descri ption~ -t he? ot o egdihg ‘d68¢ription is intended to illustrate
and not limt the soopekobwiheh ivardmg enplutality o depatedrgy the scope of
t he appended Ia{__m;. her aspects, advantages, and nodifications are
SREpat=A 55

wi thin the the following clains. What is clainmed is: -19 WD
01/17180511111114 1dilsk¥ibltel $witiching bhRrRGEMIBA0L2286@viddNaSnGhAIMS 1. A

itch fabri [ ; J ' i it ' t d
out puts; ant SCRLTH SOREEHEE it R che: 2L e Eroy o hon.

bl ocki ng swisiltbedgodssr.i c capability over a series of byte sliced buses.
2. The switching fabric of claim1l wherein the switch is 10 a first swtch

and the switching fabric further conprises: a second network swi tch having
a plurality2ef iTMptsvitching fabric of claim 1 wherein the switch is

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 switches 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 so 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.
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and outputs. 3. The switching fabpi ' erein the 15 distributed
swi tching arrangenent has the in EUME ! ”ﬂ! and second data sw tches
coupl ed to avgdmarmbity of input i rst byPETH$0032%$ r st 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 claim1
wherein the dpstribuwadcawedehtagpldngangewenk deas delsetous puktsvafk t he

first and second data switches coupled to a plurality of output buses so
that a first bYFeEBIH fiFEPTORE of the 25 output buses is coupled to the
first swtch, and aalgsiralbyyeodfvitmafli gatuesii put bus is coupled to the
second switch. -20 WO 01/17180 flllllllli%%l%olgtl oalsk LLo 1L PCT/ SO 22368
M5. A switch for cotpth fEIREPMorIE e ilBSST0-Q Het Work BFocesyor®
conprises: & phitpatidegmehtvisyialtqusresninapué weighentrtogl cqwouepl ed to at
| east one bus, ,said. S%put segrrek{nt sl% i ¢ t,oad(?t ermne to which virtual
queue i nconi nYPEERHE KRR SBRUER RS 567k’ ot Put segnent logic to sel ect
whi ch new Virtual ueipait segmedt bgignnecsetletv winiahuhput Vpottal Ohele The

swtch of claim5b r.ther _conpri,sing . in eg¥1 |l ogic to determ ne
whet her the i ngh?u%%«%aefo@gﬁg?%%e??/gan é’g‘tldéfl{:?lg e switch of claim5
wherein the input queues are 15 coupled to the output queues by a

non-blockl g croSshple SHiLRNLPO: AlHRMIERher Soonkl sTl! EHoQL Al 7

wher ei n t he” non- bl ocki ng
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:
arbitration logic to select which of the virtual
queues fed to the second plurality of multiplexers to

couple to the output segment logic.
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crossbar sw tching arrangement conprtses—20 a plurality of nultiplexers
coupl ed to out puts of the i nput virtual queues to sel ect
ones of twOOMNK7t®ual queue m,mmmnu;m,maond pl ur al i tBCTAFSOPMRA3ES pl exer s
that produce inputs to the outputt segnent «l[ogic. 25 9. The switch of claim.

8 further conprising: arbitration logic to select which of the virtual
queues fed to the second pIuraIity of nmultiplexers to couple to the output

segnent |Og|% 1t0%/g7%§0 | m||l|| et et orerrr e orrrl
PCTI USOOI 2236% S fU ch/f S6rr e SConprises: a pair of data switches

each havi ng a pl unaabaty @f datapetipores emed haping & i;tlyaraﬂ.imatqtmt ports the
SW t ches capabl e f swi t chi ay . of - i l,pP orts to.an its
;puat palsran? dég[lq&a‘itg¥¥ gf r\% LD Hfgrtps the swi e%e?O

out put ports sai a switthes I hputs coup a
pluralitys ofcapqh]te bisesischirnmmEny b rits byxpetopoaté ircstanyon€ Dfst he buses
is coupled tg fhe %o gL.switch, and a last 10 byte of the first bus is
coupled to theFecSa 8hitch.  11. The switch fabric of claim 10 wherein

said pair of dat asail trrtigs offadi by sittipbes bavupiednpota pbeplad top ef 15
out put buseS, 86 ANAY Bel1dte WikBs0fo Buldd 31 rony dlyddies Buses,L S coupl od

totheflrst svm tRe Tirst Pus Is coupled to the
second svm t cdne S.DZ tlﬁhebe-'a@tt cirs fcat;pileddio dhei fLiot whwirtghn Bhd palastof data

20 swi t f kﬁapégg“fsgpeafﬁ%ﬁ st xsotoggldé&l% BHE UsSoordd Rk 8ROMTeNt | 001 ©

coupl ed to t l'ural 1ty of buses nput segment logic to determ nes
whi ch virtual queue incomng data should be sent to.

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 switches comprise:
a plurality of wvirtual queues;
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 connected

30 to an output port.
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25 13. The switch fabric of etaim-10 wherein the pair of data switches
conprise: output segnent |ogic I urality of . output buses,
to sel ect vwaaarisgueue shoul d,@“ﬁfuwmﬁmﬂwto an outBERUSSOR2368 - 22 WO
01/217180 I LLELELLE LELELE ML 5 UsOQ 22368 M S 14. The

switch fabric of claim10 wherein the pair of data: swtches conprise:
| ogic to control mapping of bytes of the input bus to 5 the input segnent

| ogi ¢ and mappi ng bytes of_ the output . segnment |pgic to the gutput bus.
o0 St CPRY Bhe U e reb el ot Mt et A FhE w60 el Bee s ehett b ch
h?vi nlg_ a 10fplstw_ri:zlchéy ocﬁmﬁnrnetb'l : ]Portjstaﬂpl a plur a:ci ty of out|tout p?rtts t he
plurality of switches, capabl e of _switchin of its. input ports to any
of its output port$®9LGitP HMEAPLt a%?l%g’fg’&it?éh%é R g nBYE st oupl ed
put port: P . !
to a plurabityhef ihpput sbgeeat doglibaind ddpEingbytebpies oS thier shrpue of the
i nput buses is couglfe tp acsfit[rhst one of. the plurality of switches, and a
succeedi ng byt §IBFPFhECItF 't HPFpBETRES 8% coupl ed to a succeedi ng one of
the plurality of switches. 20 16. The switch fabric of claim 15 wherein
the plurality .qQf witches are.two_and fhe succeeding byte is a third byte
of a four bytlg'bug‘. S‘fﬁé.]ghr SPEHCL cROPRETISS '0f claim 16 wherein the switches
25 couple four byte Sirsedhusdstyaofl datah smiechesseadlythavand at he second
m ’ dOLyfgﬁgn%flp%g‘ri’f;%?gé{ te’i’nfﬁ%%e g%@g SRl 8d b9 sk hed Iddbughighs and the
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, and 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 wherein 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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of the four buses being coup itch. -23 WD 01, 17180

v 111aiax o000 11111 || 6s M 18. The switch fabric
of claim MP@ABSRI n the plural UI I FE re four PEIPSPREEcceedi ng
byte is a second byte of a fo . The switch fabric of claim

16 wherein the switches couple to eight byte sliced buses, and with the
first byte of each of the eight buses being coupled to a first one of the
swi t ches, f gglqli i pLed to a
second one o the S\%‘{l?ﬁgsf at e Eﬁgtg ﬂ;;w}%ggﬁﬁo%)t @d&%é%?ybéges bei ng
coupl ed to awih¢hes ore spurt ard s‘wet cHeseedny RYLEuif ha bsaeensf bgseh of the
ei ght buses  gbgi %Qleegm%p a fourth one of the switches. 15 20. The
switch fabric of ai m 10 erein said pair of data switches have outputs
coupl ed %0 a pl urallty of output buses so that a first byte of a first one

of the buseggis cOUR)i@Ent Pah i fdfr ettaﬁwt@mheee@natt@sgm%esof the first

bus is coupled to the second swtch. -
couple to eight byte sliced buses, and with the first byte

of each of the eight buses being coupled to a first one of
the switches, a second byte of each of the eight buses

10 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 coupled to a fourth one of the switches.

15 20. The switch fabric of claim 10 wherein said pair of
data switches have outputs coupled to a plurality of output
buses so that a firsf 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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