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WO 02/ 43302 PCT/ US01/ 43379 3 SUMVARY OF THE INVENTION It is therefore an
object of the invention to provide nethods and apparatus whereby different
ki nds of \bsaagRand signals can be switched through a sing ' i,Ng
fabric. I\? igf aﬁis]o an object of the invention to provide g&r{gy\%?i%el enment
whi ch can switch TDM ATM and variable |l ength packet traffic all through
the same switch fabric. It is another 2object of the invention to provide a
network switch chipset which can be combined with identical chip sets to

provi de,@roat @ 6 ARRNGIIE séMck OB RYEIC Thhid, ATM @ellsHré R@igne®ifetendf t he

invention to B/(rlow de_a network switch which aghgws flex blfg art.itioning

anong TERQritissResed oA QLY. | Bgsiexamplafonstapt bitdate( SLVICARJtH hg%PBB‘?tyof t he

i nvent i @pvikSaridds fibeMhisiely2qRiohlaartd a provisidhedd TDM tesheogtantV diabledit rpleanes so
that th i lure of switc

f h elements or li.nks doe of i di atel y.cause a
connect§ SeFYics 18 an RtGrOREdIALe PrigH LTV IC Wlflﬁléperrﬁ\}té ﬂiequ% qugfsoduﬁlpg \?%Ia%ﬁa
net wor kofswngestiomhUadpetifind bie sater(IVBRE sesticass theelovest prionitycamdtis vsed der dared dat a
transm ssj.oQn,.. L ' i o provi de a network
sui ton G aRvsifBApkbiapaRte BEh e tuchid® ARk Aol B0 o
architectures. In accord with these objects which will be discussed in

g ﬁte a:oljr Pe:otrnmi E%rrsrﬁmn}égg&lrc zs}’ﬁa%é‘dbrpét frhine 0{38 HEBks \iviglfﬁﬁ Rihighna 783chyeles at | east
o.n e endi ces as a "service
pr ocessHPEhronpks pgylogélgg\{elqpﬁ é%%f%ﬁ élllhg ﬂ@ﬂ??da‘gﬁgfg%ﬁ?mb%%&%% IMYAE 5 SONET
STCO); I ,(A fS&iﬁE"ﬂnngIﬂu‘gﬁghmt BE Mework. Tl éxactdodation offibliphyledd is dptermined GRbuEhand
rane based, | nt . ket ' . ' f
O A e RS 0 Sub A R B s, s e
EandWi dipnas jruiefeated o as TS 1 SONDCT-1OCTHE SONGTanetwark ingdudas|advisrarchy o ROBEdhent
12X . . t S i ; . v/Di
as LeXg %:C%a(ljs}rj\gﬁ%rgmﬁ%q? zgﬂjﬁ)ﬁﬁ- 1%1@&%}%\1@3&5&% QF{:}P&{ proidife AR ca%&?ﬂif cal

swtch a I nventi on 1 nc es mnmu pl'e port processors and

mul ti pl 21,804 TEpigealemoR (I3 signgls). .S T4 signals haveeiramgrateof 5144 MBitiseey Mi®essor s
are coughee!frimed/per@asond, nd 128 nfifroseebndd s frime dISE@QHY, tissbase (BT elyeae & and

each of lgyfﬁel\d})%!cc\,/ gqu%%lén% rt‘o &lle ?\fgla'trﬂtﬁnéﬁcan S\fg-i)x%/te4(§§§’12.84f1=155.520), and the
payload portion is referred to as the virtual container (VC). To facilitate the transport of lower-
rate digital signals, the SONET standard uses sub-STS payload mappings, referred to as Virtual
Tributary (VT) structures. (The ITU calls these Tributary Units or TUs.) Four virtual tributary
sizes are defined: VT-1.5, VT-2, VT-3 and VT-6. VT-1.5 has a data transmission rate of 1.728
Mbit/s and accommodates a T1 signal with overhead. VT-2 has a data transmission rate of
2.304 Mbit/s and accommodates an E1 signal with overhead. VT-3 has a data transmission rate
of 3.456 Mbit/s and accommodates a T2 signal with overhead. VT-6 has a data transmission
rate of 6.912 Mbit/s and accommodates a DS2 signal with overhead.

Each of the above described broadband technologies can be categorized as TDM, ATM,
or Packet technologies, with SONET being a complex form of TDM. From the foregoing, it
will be appreciated that TDM, ATM and Packet each have their own unique transmission
requirements. Consequently, different kinds of switches are used to route these different kinds
of signals. In particular, TDM requires careful time synchronization; ATM requires careful
attention to the priority of cells and QOS; and packet (e.g. IP) requires the ability to deal with
variable length packets. For these reasons, switching technologies for TDM, ATM, and variable
length packet switching have evolved in different ways. Service providers and network
designers have thus been forced to deal with these technologies separately, often providing
overlapping networks with different sets of equipment which can only be used within a single

network.



PCT/ USO1 /43379 coupled to 8 (second stage) swtch elenents. A three stage
non- bl ocki ng swtch according to the invention provides a total bandw dth
of 240 20 five stage non-bl ocking switch providesp l..faandwi dt h
of 1 Tbrgatsi’p8 AH %x%rrpl ary three stage folded C os architect u(‘;ﬂre/hg(tv{f!‘sg(’:43

i ncludes forty-eight port processors and twenty switch el enents. Four port
processors are coupled to each of twelve (first and third stage) switch

el enents. Each of the twelve (first and third stage) switch el enents are
coupled to eight (second stage) switch el ements. According to the presently
preferred enbodi nent) each_port pr. i [.ded with neans for
coupling to two ports of aSQMMé%YgﬁSEmI@E@ﬂ&gort of two switch

el enent s thereby providing redundancy in the event of a link failure.
According to_t venti,on datafr me_of 9 js used to
transport ATHfS Wf%ﬂh ohiect R E“%fbf&“‘? 6}8%“3”%0'? tﬂxfsoa?ééé%a?&?ﬁvgﬁé one or
nor e swiiffefenekiadesftsoddbatdhegrdsemnde smtdteldehrOpghaSnglo(swssmng fabgeh frame is
transmitted in 125 m croseconds, each row in 13.89 mcroseconds. Each sl ot
includes a four-bit tag plus a four-byte payl oad (i.e., thirty-six bits).
The sl ot banbisi alsoran(objectgfihe invention te proxide pmghwork plgmentyehichaagswitph LHM.g

| arge eﬂm*an&oarpaﬁrewng’mpa@kamﬂt th¥ubh R\ @mB ewRich fibse.f our-bit tag is a
cross connect pol nter ch is set up when a TDM connection i s provisioned.
The | ast twenty slots of the frame are reserved for |ink overhead. Thus,
the franme i syeegabieeolsjéctofitheynvegtisite peapidevaneeworkaivitth elfipseEwhichion B¢ gnal s

AT anacyaenet il BROS PRI ARt BRI PS8 e ned

for a sixty-four-byte payload (large enough to accommobdate an ATM cell wth

swi tch overhg % {tﬁh% Wﬂqv@ﬁtﬂ)‘ﬁt@{ ﬁ'vfﬂe%%d?ﬁﬁwft&%hlﬁh RESWE fldxfifle The

si xt een four-Dbi are no needed [51%1[ DU routing so they are
used aspp'amlt"}g?bml‘sgqﬂéMpM%@P d varaablerignedh ParkF Y% | engt h packet payl oad.
O the sixty-four-byte payl oad, twelve bytes (96 bits) are used by the

switch for internal .rou his | eaves fifty-tw) payload
which is suf f‘i“@ﬁh‘érrﬂbl‘tcooé'b? ?’Ve HPRATIR REQYe ?WIWEQMWIQCE&II@%%J%E%&%%

suf fi ci prhessorthd: dedfailurpaf keitch ekdments driialsrdoes avl immediiely PBISS agownesor r out ed
through the switch with a twenty-eight-bit routing tag which allows routing
t hr ough "é@tf‘en switch stages using four-bits per stage. The renaining
sixty-eight bits of the PDU are used for various other addressing

i nformation %%Hhé%bjeepéffiﬁé inbEhiBR & B PFovideas RRENbrEkQWitah Which harfildd rhltitast a
packet, or a control” nessage, whether reassenbly of the packet should be
abortedaSVﬂéﬁwcaﬁh\é)lﬁfaﬂméa@q@s'ﬁ‘”‘?’rst fragment, nmiddle fragnent or |ast
fragment, how many payl oad bytes are in the last fragment) the fragnment

sequence count, .and 88 i Hé3dE &

Pt | 1501/ a3 rseBEndt RRELY IR nSkhioh ol pbduplk swiQfCIRpRis s |
frane i architehogoassvéliasffolded Clos arabitedieres.i ne and section overhead in a SONET
frame. The LOH may contain a 36-bit franme alignnent pattern which is used

to delineate the byte and row boundarjes from seri al at strea .a 32-bit
stat us regi streacco@rw@a@hseamfrsmwmrmw1b&%ﬂ£ﬂt§f% "s‘gﬁ@a}c‘?? %eﬁ‘réorg%@rt‘?}? fier,
and a 3%Plhf§ p?égbﬁtfln%ﬂh&@fn@ludéi ﬂ%sﬁﬂp@?@r@%%ﬁ(ﬂ%&fcﬁ‘e@ teinehd agpemhd:dsyt not
provi si one andw e arbitr a ections
as traf Af8 %ﬁ‘f‘%"r%m?qsreors%f"é‘ﬁé’frr MP%&%&'C ﬂ?%‘%ﬂpl%? %Sgﬂﬁgar es e sane
frame aO@AXNSONETFSIRN STStx/ATM-g) inteafacwifort IDMusatfiok adFEORAaansddU APl e

mai nt ai g{aﬂﬁq 1ﬁtleﬂ&9(for'?\'lg\%ﬂd ﬁ&k&tﬁﬁ?ﬁtﬁ dnﬁ‘éﬁ”ﬁtbﬁ&e t(pﬂ)@Q.Witéﬂ éleﬂn&ntam' t r at ed

by a sy request's an

I's.1nplenmented {%Sach
each r owxeshplafyepoftrpaeaessoThas %W&l &R Randyyideh @%YW&@SW&FQ Afsignal pAe’r I i nk,
* two of it ERndeft KRMNRY 175618 2l dupbolts b icthl AAdWRIHESI0GBRd one of
whi ch |\§@tr§@g®tsolcarry ar bi tratllgén grantpep[b According to the presently
preferred enbodinent, a forty-eight-bit ( 1.5 slot) request elenent is
generated fora gaRhl dREthlaEbdrdiﬁgtiﬂhémvemdoofmdlththsmp&apﬂmcwmamd el ement

i ncl udes in request el r nmodul e
for each® Wﬁ ﬁtg“?ell "’d?{ﬂ “eILh F reaq 58 a@fjdg?e g(%?;f?ée&“-E ﬁ%rggsg &dq{)ebd&h@a ggﬂr

pr ocess@ach) amtlz (firstlandi chiidrstage) swctl@lemehtsran@yacrhoq@ ‘therSQ)theil‘f?gFthtﬁg glegsatsiy i ority

| evel information. Request elenments are buffered by the switch el enents and
low priority request elements are discarded by a switch elenent if the
buffer fills. Each request elenent which is not discarded as it travels
through the switch fabric is returned to the port processor fromwhich it
originated during one "rowtinme", i.e. 13.89 mcroseconds. As suggested
above, requests are nade "in band" interleaved wth data and grants (the
returned request elenents) are rrade out of band usi ng the th| rd channel
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Addi ti onal objects and advantages of the invention wll beconme apparent to
those skilled in the art upon reference to the detail ed description taken
in conjqub QRBWith the provided figures. BRI EF DESCRI PTI{MN, & Ji5i DRAW NGS
Figure 1 1S a sinplified schematic diagramof a port processor accordlng to
the invention; Figure 2 is a sinplified schematic diagramof a switch

el enent according to the invention; Figure 3 is a schematic di agram
illustrating the data frame structure of the invention; Figure 3a is a
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illustrates the mall nrf?} atures of the switch elenent 10 Referring now to

Fi gure M the ¢ventRfia Ssor 10 includes a SONET interface and a UTOPI A
|nterface On the |ngress (RX) side, the SONET interface includes a serial
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(for” both8Nmigresegonds. Eely slatineludegadpw-hit @aspsadee- ‘?}ﬁe ?@Fﬁ‘e tﬁg‘ty H¥r ess

si de of bﬁé}eTM&dena{vﬁftﬁ @qﬁoormmdsﬁl ﬂaﬂeﬂylztsgpm;ﬁrwmdsn@ga @Todgh toi nt er
processor

SONET terf f
O 1 grmaan B L ignel L ety The uiBisade ¥ 8 P bronp B binds s BT
| P packehén i TBIV pamieetibni mpmmsEéBEj Thedagt gwersy slotschd thn‘frttmmarS@NE’Ped fardinkace
| ud f E f
557" ancoyofiey? Lt fifie N bipable SFYaiing AN ALACE LERY - TONESGRIRRDTD
al so i nthouglean STMcH @@nehaﬁtaﬁapaaty of onlygl08 b pigpdsnt er generator 38, a

SONET franmer and TOH generator 40, and a parallel to serial interface 42.

On the ingress side) the UTOPI A interface,incl gs a UTOPI Gfé'n Hk 44 for
ATM and Pac kE@fsAEW"érIEC&F*dﬁﬁ’lﬁR@UﬁP‘P@C%‘iat@f"i sixper slotsds defined for a ;ropy A

i nt er f agiReyl faai-biydle paylbdaqlaygesinsughohedpnirodatd A TBI ciidvith sWiCRoferhesdpu 50.
maximum of ninety-six PDUs per row is permitted. The sixteen four-bit tags of a PDU are not
needed for PDU routing so they are used as parity bits to protect the ATM or variable length
packet payload. Of the sixty-four-byte payload, twelve bytes (96 bits) are used by the switch
for internal routing. This leaves fifty-two bytes for actual payload which is sufficient to carry an
ATM cell (without the one-byte HEC) and sufficient for larger packets after fragmentation. The
PDUs are self-routed through the switch with a twenty-eight-bit routing tag which allows
routing through seven switch stages using four-bits per stage. The remaining sixty-eight bits of
the PDU are used for various other addressing information such as indicating whether the PDU

contains an ATM cell, a packet, or a control message, whether reassembly of the packet should
be aborted, whether the payload is a first fragment, middle fragment or last fragment, how many
payload bytes are in the last fragment, the fragment sequence count, and a destination flow

identifier.



The ingress portion of the port processor 10 al so includes a switch nmapper
52) a parallel to serial switch fabric interface 54) and a request
arbitrat e egress portion of the port processor es a
seri al tglc%g?“ {‘ switch fabric interface 58, a switch 3@38’%@?‘3 ) and a
grant generator 62 WD 02/ 43302 8 PCT/ US01/ 43379 For processi ng ATM and
packet traffic, the port processor 103utilizes, at the ingress portion, a
descriptor constructor 64, an |PF and ATM | ookup processor 66, an |IP
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i ncludes the follow ng nodul es which are instantiated only once and which
support the other nodul es, but which are not directly involved in
"switching": a configuration RI SC processor |58, a systemcontrol nodul e
160, a test pattern generator and anal yzer 162, a test interface bus

mul tiplexer 164, a unilink PLL 166, a core PLL 168, and a JTAG interface
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WO 02/-13302 10 PCT/ USO01/ 43379 The sl ot bandwi dth (1/1700 of the total
frame) is 2.592 Mops which is large enough to carry an E-1 signal wth
over head.yghe, f8yr-bit tag is a cross connect pointer whigdriy§e$8579Uup When
a TDM connection is provisioned. The last twenty slots of the frame are
reserved for link overhead (LOH). Thus, the frame is capable of carrying
the equivalent of 1,680 E-1 TDM si gnalEs. The link overhead (LOH) in the

| ast twenty slots of the frame is anal ogous in function to the line and

secti ?”1&1916%5%! ﬁ&ﬁeét@le%eﬁ%-ﬁf thic the'Ehf:?tcﬁ anhe Bzhﬁe ﬂ\fagﬁéﬂ s btﬂ'da]lfd mﬁ@atsﬁr e f

i nserte e sw in Fi ere are four S o
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i nsert eﬁht b(blie(fopﬂh@t wiitch bagé indivhys tlaothe reqibse i malticasy Plad tequast 1|s§orward¢dmo to all

t put d
So-bit LeR TN coRfOI 3 fral g R I CooRl B AIER Lerhfidt bRl
uni que foom feadte d@mlpme mulnkasandnrctuéatm@ waffersr Sprethgidatakas beenvirgnamised it anmabl e
registe i n‘?ﬁl&c%stﬁdu?fe? Eluézg&jcd her'esleﬂfnhi ih8ldatahehdd? ﬁﬁd &céemme@ o Mlidher

sl ot . Sswtc and ent ler includes a four_bit |ink u&ber a

twent y- o@gut Iimks 1tm48éﬁbeﬁ@ﬁem Air!ius BefAn Hhermpulficast ¢ontOlSOHGRbRRUM 95  hi t
stuff paighes hebdgbd\WiRich 8@ Handied &l thé @mmhameesls iicdst RAuess. Thedtotess or 1D

The stuff att rn is co out i nks C ur,abl e via a
sof t war Eﬁpﬁgﬁﬁf HFeEAYenE H&D@@Wq“‘i"ﬁhfecﬂ ZH’& [5’3?}2@? g&ja 8@1 {5%6‘3'1 pr ot ocol

dat a uniru)ticast PDXisemnsmited, s requestesni aeant mustatrmvstyhefss\mch byceordiaghothd (1 ar ge
enough to a l. he PDU i s
il ugt rﬁﬁcg'a‘f\g[gquﬁitea %‘mtﬁi%a& 14 reggr{/c?i tﬁ?ﬁé{}ﬁﬂ%n%&%lﬁ?hﬁ@ s permtted
(it bei reguestt @de fm@tacltlm») natxl.aﬂiﬂwpmbﬁm@rcemgramm ©are thepathds SSONEM @S- 48 1 ow

I's sevephyndi PSUs ar-giﬁ%lﬁéﬁtt(ﬁﬁ'&ft&QHé okl wiiRES lateRby uiQ hd leSivedIRns3éxpirs &ach
slot) are not needed routing so they are used as parity bits to

pr ot ect thefgeargwr&rePBUﬁég,}r@&gut O the sixtyfour-byte payl oad, twelve bytes
(96 bits) are used by the switch for internal routing (slots 0-2) bit

positions O- .. Thi Ieavsflft t

payl oad whi c%ﬁb’gog?gfag@péﬂ? cB/a tﬁ'?]éé)?tfﬁ% ﬁ%ﬂ'ﬁ@efﬁl l?\ﬁigfng é&a)r?r{]gd’%lﬁéée {e HEC) .
and suf fn the emupdrorefdrence e thp dethidddsiesdription fakewyinsonpincidm, Wl‘ﬂh@epwgiedre sel f
rout ed ?g‘r“%ygh the switch with a twenty-eight-bit routing tag (slot 0, bit
position 27) which allows routing through seven stages using four bits
per stage. The remaining sixty-eight bits of the PDU are used for various
ot her addressi ng i nfor rBRIBFDESSRETION OF THEDRARINGShe PDU bits at sl ot
0, bits 30-31 are used to identify whether the PDUis idle (00), an ATM
cell (O1), an I P packet (10), or a control nessage (11). The two bits at
slot 1) bit pipore 1 srsi@pliftl sshenaisdibgran ohapabprecedser deperdingdd ther ot ocol

ver si oan, e chi p which produced the PDU. For Packets and contr ol
nmessages, “URE* “val i d bytes" field (slot I, bits WO 02/-43302 11

PCT/ USOl/ 43379 24-29) are used to indicate how many payl oad bytes are
carned by thﬁ%ﬁl@é whafinpiitrdkERedabc tiaghath oMivaRhRfemdniccbidthgibthd s the | ast
fragnent of a fragnmented packet. The VOQ D field (slot 1, bit positions
19- 23) IEM i es the class of service for the PDU. The class of service
can be a value fromO to 31) where O is the highest priority and 31 is the

com ot ¢ packELN > i e ogpin) Pkl ol FAE2 waGRIGT wl Bhaniddr ) 7,

a last fragnment (10). The A bit at slot 1, bit position 16 is set if
reassenbly f@f t&fl 8§%atlb§h g?inﬂﬁlluﬁpﬂl'h%\h pr@seﬁtl %%éa%x?ﬁat@ﬁﬁ Ppupacket
(or partial packet i scard operations. en th is set, fragnents of
t he pacK‘%quq*%@l VeMIoN this point are di scarded by the out put port
processor. The fields |abelled FFS are reserved for future use. The Seg#
field at slo count er i.ch .cqun et
fragments. h@“&@? 'ﬁlaggﬁ'%"%cgfa&mé‘f Hlé’?tfﬁtmﬁ ebmfvs\e%cﬁae %‘%éf%)qggﬁt he "fl ow'
in the destehras a first pogd ofghosvashor t o whi ch this PDU bel ongs. A "flow' is an
active data connection. There are 128K flows per port processor. As

menti oned above, since ATM and Packet traffic are typically not

provi si oned, bandw dth nust be arbitrated anong ATM and Packet connecti ons
as traffic enters the system Mreover, since TDMtraffic shares the sane
frame as ATM and Packet traffic, bandw dth nust be arbitrated while

mai ntaining TDM tim ng. According to the invention, bandwidth is arbitrated
by a system of requests and grants which is inplenented for each PDU in
each row of the frame. The request el enents, which are generated by the
port processors include "hopby-hop" internal switch routing tags, swtch

eI ement stage, and prlorlty |nformat|on Accordl ng to the presently

Y oy T - o



12 PCT/ LI S01/.43379 preferred enbodi nent, the row structure i s sonmewhat
different depending on for which link of the switch it is configured.
Figure 3 nts the row structure between the port p nd a
switch elt%{)rgﬁ/#ﬁg? the first switch fabric stage. The fi rsitseﬁ/lgg@%%? two REs
occupy the first three slots of the row The present inplenentation of the
arbitration logic which processes REs Tequires at |east twelve slot tines
of | atency between each three-slot block of REs on the input |ink. Also,

there nust bﬁﬁﬁfé%liﬁ&dﬂ@ﬁ%édn@gfwﬁmﬁbu{aﬁ g fhe k& stndffre Ricludig; leqweser e recei ved

byaswltcheerrent to when th REs are inserted into the output |ink of
the swi SIBMeRs EasEONdiage o Q{eéﬂétﬁ is used by the arbitration logic for
mappi ng i ncomng REs into the RE buffers. Thus, the row structure for the

i nk between_t he f.irst st and. S v e first
group of REsF ‘§P‘§r‘{'|s ﬁéd'é?fnaglgﬁlusﬁg@rhgfiﬁr%%aggﬁ iﬁggf‘?jg@f%ctgg%gﬁo%gure 3c
whi ch sheewiohhadsane structure as Figure 3b offset by thirty-two sl ot
times. According to the presently preferred enbodiment, TDMtraffic my be
swi tched through the switch_elenments wth finest anul arit ne sl ot
per row. TheFiEmgis anehematis IIW@%at“ﬁP‘%gﬁf’e@r@%ﬁ itegturg;svyi aﬁc‘ﬁa\'/’&n sl ot
for evegmhé pventibie switch elements will not allow different switch paths
for the sane TDM data slot for different rows within the frame. This neans
that the switch does not care about what the current row nunber is (wthin
a frane). The DETAILEReDESGRIRTHON OkJlHiE PREFERREIEMBODIMENIS: i ng t he
contents of the Link Overhead slots. Wth a finest granularity of one sl ot
per row, the switch elenents can switch TDMtraffic with a mninmum of 2.52
Mops of swi t Thé appatatuschfithigtinvengpmgenczallylingludes p po profeisREAASWIh EIRMEst. f our
col umms l%tlr&tf ﬂ%&%tﬁ@%ﬁl f@%@-oﬁﬁg ohbr&@ﬁopﬁ) 2R Fi Ftallllhﬁﬁatés%é fldin

eIerrents fic wth agranuajtgeof a . &}Zg cgannel
Al't hougfeaaxrw the sypiteh slemegh QP JRefeTpNE BOV 1 Elguteol mﬁwrﬁqu%@ré it
wi |1 st BONBEIenisaaeeshdta0UTORLS Intdrfacer Onthahjeks (IRS()QRlaadhbSONET\mkdfang f our

Chi - B0  SRE P naF Ry R SO EE TRl BRI SERAIRIOIT ()

bi ts of exiengtondd, a Ripke otdagpdintet prodesomii6t anshaspash eveshﬁadnﬂPOH) MC@IJI 8bEIDt)W WO

02/ 4330 : oo RSET
pr esent %ﬁﬁ@gy %&é Ué&?? QQ%?P%O Qéﬂ%@sﬁgiﬁlﬁﬁ%ﬁeﬁ 23- fg%%vs byt

bits 15fa@tyieight éramrsm(éori?b forspeighticeltdelingafore 22 EpreAEND sarlérfewmg% her
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t t b h
can seng EoRARGT efRRuARE "R gte B U RS IPAESHIARE EessBlackl PO,
1) a hoetSONEEirfterfase pmllldeé)for(mlghtﬂﬂmwm&ﬁtﬁoofomﬁﬁéwmﬁ@ﬁ are sent
via the gédefldim@ %@aama@yl%igm c%lnnﬁ@ppmmc q'A8 egﬂegm& oithd s(gmsqhm@gs& also

i nfrequén his relatively sl ow cantrol ness te the
connect i'l?ﬂ‘dﬁ%lbpgg geaerater dht alsh order P‘P‘Etef Beheratey n§ ﬁ@&%{f@a%?ra& Ligﬁ'?er nal
sof t war eﬂmdbﬂtﬂ) hid ﬁipdrﬂ[dmmﬂalridteﬁf&fﬁ‘ 429L(Drﬁtht freprese side,ahe Uﬂ‘GP&AIxmerfmet hin the

switch eI t e | i gure
S0 RBERD s SRR 15k APMAR Akl i e A5 BN DR sl 01
deser i akide, ethe UTQRA iftedfacerindddes Tilriety-sin da64-hyte FiEQs bfbanﬂmUT@li’tIA@u@Slt ohe
OC-48) 16bits wi de at 155 MHz) four OC-12s, serially at 622 MHz, or four
OC-3s, serially at 155 MHz. \Wen confi gured as one OC-48, the deserl aI i zer
12 is not usdHe ingreshpersian Phie eart aeocessar 1o mclydesonevitsh mappet 7 a parallel
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arallel stre eserialize ncl ude i Vi i npu

_ Serial EIGENET ‘Qgiéf'%é‘ﬁemﬂﬁ‘épfi“ﬁ@)ﬂﬁ‘gl St fabrE Tt S8 Srdeh ApBhARE S0 . bl

serial datant geneudtor . one-bit 622 MHz clock and a one-bit 155 Mz clock. The

outputs include a sixteen-bit parallel data output) a one-bit 38.87 ML
clock and a 9.72 Mz cl ock.



WO 02/ 43302 14 PCT/ US01/ 43379 Parallel data is sent to the SONET franer and
transport overhead (TOH) block 14. Al inconm ng signals are framed

accordin t BELLCORE GR- 253 standard which is incorp hefhei n by
refer encgewb%(e;}ﬁ%/te boundary and the franme boundary are fg%ﬁgﬁgff sganni ng a

series of sixteen bit words for the F628 pattern. The framer frames on the
pattern F6F6F6282828. | ndependent SONEBI SPEs within the STS-N franme are
derul ti pl exed by the framer 14. There is a maxi num of four independent |ine

I nterfaces, (?Jegsrl ?F/[ %{ et 4fflcNthk BQE%ch@é&Br l(ﬁ‘ﬁ’tﬂ%?%@ﬂfe uﬁg’rédéfer s. The

i nputs tothefrarrer Si_xt een- bj ra | el E’D‘%\i@:ﬁfa

one- bi t patiosla dmrtprpr\mnatrua@eé‘ﬂ)tanrlgléam—ré WPWHECSS% 6gary ifican
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start o ra I.ndi.ca a si E ID t ET
SPE nurrar@rsesst*r%S Selsant ek e i ig ot b el A5 g'é& hadiy 72, & T

si de pOégress ftio@lﬁfﬂidpmmpra'dbesdﬂ,l an(oiansnm)alaadnﬂ(enanagm%sandraeramrmtismd'tler
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2 o i 359%;@. HEE Corh 3 S chits TRI0GRa i, FREpoFpRERIS:
over headsdnbmidsdamth ammn@dmmwmdﬁvmlm%roan@qblwh @% The inputs to
the TOH term nation are the sane as those discussed above with respect to
the framer. The sixbit SPE I D enabl es data jnt Qﬁ}}hl s bl OC]?]KF NE‘P | s no
need for an e purposgaf eest Rracessns at ingress o thesswighiste yngack, TR 8‘%?’and to
the neﬁ Bnd))\“ll’ﬂ'/i‘(a(aﬁﬂrfd PRt ddehrddiy tbrmee dRarnadBcries. beIEItI\EWdhl'eapqmtdﬂgmtey fE |T ows
into this oc not |
poi nt er °{ 0 correc e start of
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process ‘iy respons a pol nter gsustl ficati ons t hat

were i n¥drbtyted in t’ne@rQiﬁT framg gest strigped ﬁg aF‘F‘ éhfu\é Oyteg preruflerrdat I INEESS © he

payl oad ﬂ%%hﬁt&%“ﬂt folis h Both 'P{ﬁh ﬁmﬂoﬁ WFec i pRefatsle fthdﬂhel PDUR orf
forty-erght sor ar e tedctlo t he

orty-ei ter Eroc% &l ¢
fortyei gmﬁaufeélr@ﬁbra{'d@? tSt”é Fﬁ‘ ’§PT Alg Iy %&%m’*b & CRIERR G
tl Me- she{eqsbrt Tts&sgoamt@msﬂwmcmteandmmemmmwlave br_ytmeazeangnamtedhose
the fr nator 14. The outputs include a sixteen-bit

par aI I el*’ttgﬁfqe%&d%gg Sﬁ'“fi je-bit start of SPE indicator which coincides with
word 1 of SPE 3, a one bit SPE valid indicator which gaps out overhead and

accommodat es t latﬂél 6t Bréee Rbrt 1R dud] dwigth@Rintent Whi ch
i ndi cat es V\hgﬁgﬁaéhg over e lﬁe tepr sﬁlg)n St he out rocessor

18 pr oc éneréases which peranibiy foche C@PP E%“@tﬁ&?“ﬁ’éﬁlﬂ"\eﬂts QEWWBfPOftFIBP?‘B’rS?S;@Fg ht
SO\IE'rI]' Sgﬁﬁlcnﬁl \gﬁ?\ %ﬁhﬂe%&p&e U@@gbm/uzagggdg&oﬁﬁlyemgmmﬂ?ﬁm nffamtayroeugt:ﬂt pat h
over hea ce nl ess
pr ocess @rfailug i %?W@'éﬁ‘iroéﬁurs t %é‘tﬁ‘és ¥ ‘p?tgl %ﬁ@%‘\'fg{ ﬁggd& Xrlggsgfs?gor 18
i ncl ude r&funéinghin the swhetr sl thalcodmcaonsrapumamamfedwerbnf @ psrv@nnb)hetsrvretco falspi t
start of SPE indicator, and the one-bit POH valid indicator. The outputs
include a one-bit V 1 indi cator, J 1 info, alarns, and path status Furt her
detai | s aboufTubliegrew tofFigurs 2, aswitchelement HQarcordingy thevearon BSIWIES ndar d and
docunentgii,Q fha?éfpﬁ@mart)tk Bahd i3 et Fat e Wrddules P peY (sﬁ@mpm foRcSindHiguas 2trdnos e

avai l abl e from Lucent, or. TranSw tch. .Onc he, fr n f
i nconi ngl WE‘EP@UQOQH‘I%Q? grox}des ppg ik i Pﬂjqf)%‘.é“q gﬁrko%?p q%gﬁéﬁé th as been
i dent i fis@glcieélement 100r iFhl@bs]oﬂt:dhtnethemwdbawrangitmﬂtaltdatammqrmnz@h}ébdmnbwanl F

trol si | d t t : l:
oxt 1 act PP dg g el HE m%gﬂe"i‘a’?{&ﬁﬁﬁs$%%ﬂ‘a‘“§r‘? s ‘“?q“é‘ﬁer s or
| P pack each modde ﬂQZ)proolldeSt u“a)ffbr\mrd datamaltshl OSPEly G §1%d At ﬂ@fwftﬂde@lm YN Pal
- micropr 1908 Th@H&éSJF;%ﬂfs afScolleBiRiyTefered b £a0hitit@iHgh sPiife EnaRgelofmmer af fi c.

The data trom eac S routed |rectly 0 the xtractor.
_ SPEs coreasPmivhy tyadatanpathsargprayided is|tp inckgage the handwg "gﬂé BL%aﬁ/’teg?ﬂﬁ‘ze and
the cel 'daéﬁtth@eetmareabmlpr&me 1 @6l tibgival! YeriabdadstrERE whivh dxeeeds (daubles)ed t o

carry pack ove ONET e Port rts
packet dtr'ebanémffﬁ §8?‘“glﬁgh¥so‘faﬁ 8@?%&%0@@% Byt 1 fp&ﬂgﬁﬁ,ﬂ[ léqjgl(%ﬁ?%

STS-3c (VCG-4), STS-12c (VG- 4-4c), and STS- 48c (VC-4 16c). The dat agrams are
encapsul ated in PPP packets which are franed using the HDLC protocol. The
HDLC frames are mapped byte-wi se into SONET SPEs and hi gh order $DH VCs.
The HDLC framer 20 perfornms HDLC fram ng and forwards the PPP packet to a
FI FO buffer 24 where it awaits assenbly into PDUs. The franmer 20 has an

i nput which includes a sixteen-bit parallel data input) a six-bit SPE 1D, a
one-bit SPE valid indicator, and a one-bit PYLD valid indicator. The out put
of the frarrer 20 |ncI udes a srxt een- b|t data bus, a one- b|t start of packet
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PCT/ US01/ 43379 The TDM data is routed to a TDM denul ti pl exer and | ow order
poi nter processor block 26 where the | ow order VIs and VCs are identified.
If a party PE is configured for TDM data, then the M SR iAg is
descri beyﬁg%/%o he host interface 78. Each SPE can carryﬂ-a co ?%rgti on of
VC-11 , VG12 , VG2, VC-3 & VC-4. There are seven VT groups in a single
STS-1 payl oad, each VT group has twel ge colums. Wthin one VI Goup all of
the VTs nust be the sane. Different VT groups within the sane STS-1 SPE can
carry B Wbl ah BEtp grmudood tlzasaeerw ftRgrahfiake &l | VTs
e of t ufégu(ﬂlﬁptl?éq]atax t{/@gf)us 3 aare denul S | exed it) grat he eSC]\IET
sr gnal rb&tséﬁomﬁmmléé‘ﬁkrlg@mm1BI?Ptfl'§k lgﬁgﬁa(ﬁraqtrlpgs ks, There is no
interpretation of the traffic required to |locate the contai ners and

tributaries ags all of this infaor, t he onfr a n table
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sl ots based on the input slot nunber and determ nes whether the traffic is
TDM PDU, or a request elenent (RE). For TDMtraffic, the demapper

determ nes the destination |ink and row buffer 132 menory address. This
information is stored in a demapper RAM (not shown) which is configured by
sof tware when TDM connections are added or torn down. For PDU traffic, the
dermapper 128 assenbles all sixteen slots which nake up the PDU into a

" single 64-byte PDU word, then forwards this entire PDU word to the row

buffer mapper logic 130. The PDUs are assenbled prior to forwarding themto
. the row buffer 132 so that the row buffer mapper 130 can wite the entire
PDU to the row buffer 132 in a single clock cycle. This provides the

maxi mum possi ble wite-side nenory bandwidth to the row buffer 132. It is a
significant feature of the switch elenment that twelve entire PDUs are
witten to a single row buffer in six link slot tinmes (twelve core clock
cycles). For request elenents, the demapper 128 assenbl es the three-slot

bl ock of REs into two forty-eight-bit REs and forwards themto the request
parser nodul e 152. The row buffer mapper 130 is responsible for mapping
traffic which is received fromthe data stream demapper 128 into the row
buffer 132. The nmapper 130 provides FIFO buffers for the TDMtraffic as it
is received fromthe data stream demapper 128, then wites it to the row
W O 02/ 3302 24 PCT/US01/~3379 buffer |132. The row buffer _menory address IS

.



The mapper 130 also wites PDU traffic fromthe data stream demapper 128 to
the row buffer 132 and conputes the address within the row buffer 132 where
each PDU wi.| witten. PDUs are witten into the rowb rting at
addr ess O‘Xygr’i’%ﬂ%ﬁén every si xteen-sl ot address boundary thgzr‘vg@%‘t?]é%?%up to

t he maxi mum confi gured nunber of PDU addresses for the row buffer 132. The
row buffer 132 contains the row buffen3nenory el enents. According to the
presently preferred enbodinment) it provi des doubl e buffered row storage

whi ch all ows one row buffer to be witten during row N while the row data

which was witten during row N-1 |
mapper . Eadhgeow butfer 1s capable of storing 1536 slots of data. TRis
al | ows e row|buffer to store ninety-six PDUs or 1536 TDM slots or a

conbi ”aﬂd()@rl‘ of [the~tyo traffic types. Request elenents and |ink over heaﬂ
not

slots afe NOT gent to the row buffer 132. Therefore the row buffer does
need tou)ﬁﬁosi zggobRe@ccomodate the entire 1700 input link slots. Accor fli ng
to the presentlly preferred enbodinent, the row buffer wite port is
16*36=5[fpiRi t s |Wepafsd; it supports witing of only one thirty-six-bit gl ot
(TDM daja) or witing of an entire 576-bit word (PDU data) in a single
cl ock cifpllog. Requesite Artist3nag4i on utilizes two conponents: a centralized
request || parser |nodul e 152 and a request arbitration module 134 for eachiof

t he out puto1l i nKsys Faelnsts 28lwnents are extracted fromthe input slot stfeam
by the flata strieam demapper 128 and are forwarded to the request parse

152. Thirriequestvpeyis prbik33-§ orwards the forty-eight-bit request el enenffs
to the ppproprijate request arbitration nodule 134 via two request buses
(part off1xihe i npesbyte fikbikWs0 120) . Each request bus may contain a new
request | el enent| each [ This timng allows the reguest
arbitration Togic to process thirteehablehuest sources in | ess than eight
core clock cycles. The thirteen request sources are the twelve input data

streans and the internal nulticast and in-band control nessagi ng nodul e
156. Th&he switchstlements knost Whetheroa noten siasonfais 1M data diaRieronbigifedt el enent

buses apghieEfhtablBs. ainbsd @aldese €l enents which are targeted for output |inks
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a buf f enuinberr djhk gowrctivn tble han breshameedity atqeatrdlizd Rsteamsconueflefiehicheanority. | f
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request dgtlfam%fosi(nto t he outgoing serial data Iinks. This includes mapping
out pu

of the nK sl ots based on the output slot nunber to determne if
the traffic is TDM PDU, request elenent, or test traffic. The
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. mapper 130nLIr@esl The 8lerisllzEr PAhEIBAC cirbuifty €Sdivide 1RV ifpit8eridldlocRs Bat @ PDU i's
not duplicated wthi h request .el.enents,

| n the swtch, For ) t he,
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mapper i t RRK OB t pattern fromthe output lin us
122. Th@@gbpgésﬁﬁgp%gﬁﬁgaﬁé3Bg?ggﬁéaﬁﬁ% either the test pattern generator
162 or test interface bus 134 nodul es. The data stream nmapper supports sl ot
mul ticasting at the output stage. For exanple, the data stream mapper for
any output link is able to copy whatever any other output link is sending
out on the current slot time. This copying is controlled via the napper RAM
and allows the mapper to copy the output data from another output link on a
sl ot-by-slot basis. The data stream serializer |38 creates the output |ink

~ 2 o . - . o,




PCT/ U SQOL1/.~3379 are 850 slots per rowtinme. A single FIFO (not shown) is
used to allow for deskew ng of the input serial grant streans for all 12
l'inks. TReods a8k, st ream demapper 142 is responsible for eigg(tf/gg(h 49_?7 the dat a
fromthe 1ncomng serial grant |links. This includes demapping of*The
received grant link slots based on the input slot nunber to determne if
the traffic is a grant elenent or anotder kind of traffic. The

determ nation is based on the contents of the grant demapper RAM (not
shown). According to the presently preferred enbodinent, traffic other than
grant elements is not yet defined. For grant elenents, the %rant stream

demapper 14Pasallebdan isseptie t@ﬁﬁwglf@mebﬂ@ﬂ:%a”épowfhmﬁ% fask 9~ &llght - bi t
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test patterns are created by either the test pattern generator 162 or the

test interface bus 164 nodules. A detailed description of the grant stream
mapper 146 i Bhehleski Idetdsq tarngaates b transpor (sectiomanddingheveshead foneadt i al i zer 148

wor ks 'lﬂgépfégtbnt bemt%m?ﬂﬁ théi® atéwnﬁ%ﬁl@bmﬁmteﬁ@to@ lszefméﬁﬁe sﬁ@teh .
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once fo&lig%ﬁgmﬂh%hrmg% II&III“.OIB?IIVO 02/ -43302 27 PCT/ A S01 /3379 The |ink
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input lin sane anismils | enent e the
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ned ment nf ormat i on
as the werdUex SPEI 3 mone-bit SPEwali h@lqatomwhmmﬁ%@lttohﬁbmﬂﬁnﬂhecomm@dﬂfﬁsf rom one
por {_Pr @& SRbvehnANid 1 ine-bINROH vk iRbickio Pt AIER itfarcs Hhe aphih@herhbde. randi ng
synchroni zation on the input links wth the source port processors in the
. first SRYAgs opithe GPWRYSch fabric. It also controls the ranging
synchroni zation on the output link grant streaminput with the source port

processors i e of ch f I

Reg/ Gr ant prﬁ@é%gll{r?{]ocﬁgé’ﬂ P‘EO(SeSISF%\‘ﬁEH“F%X{?Fpﬁggb%vﬁgﬁéia’e%a IIHEII‘SgﬁW ols the
r ecept i eightSONET SPEs1i Sin¢ectherefard dmmaximubaoffonpeighnSBEY, fartyseigidyath oMetheadi- band
comuni cations PDUs are forwarded to the Configuration R SC Processor |58
which interprets the nessages. The |link Rl SC processor 156 only handl es the
Req/ Grant processing needed to transmt nulticast and in-band

communi cati ons nessages. The configuration RI SC controller 158 processes
configuration and status nessages received froman external controller
nodul e (not shown) and in-band conmuni cati on nessages as descri bed above.
The system control rmdul e 160 handl es aII the reset |nputs and resets the
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WO 02/-L3302 28 PCTIUSQO /-43379 any slot on the data streamor grant stream
outpytsd Is al so capable of nonitoring input slots fromeither the
receive eam or grant stream The test interface I | exer
164 allo\ga%%}iééur0|ng transmt data fromthe external I? /Sgﬂéggﬁ
forwarding data to the 110 pins. This is used for testing the switch

el enent when a port processor is not available. The unilink PLL 166 is used
to create the IF clock needed by the unilink macros. Wthin each unilink

macro a{t%&%}gérs EllethWihéd WHidse rdc&%oﬂs areCﬂuasthauéu UTPhelifputs & th@pathlovetkeddat €. The

core PLL 1 to cre he. cl ock tch.el
| ogi c. Pracesher 1§indludpaneigit @'té),arage 491‘?0‘885‘%% b{tﬁ‘»@&i Véncq“gé’lge gt ot SpE” " ©
appr oxi fiatcailoy, agéﬁhe'\dﬁé-blt_ﬁm-l VAl RAGndibdcer. f'HQQ)uﬁ)Yl& mcSludeeﬁhef-lﬁr Vi mdiQwrpdses: (1

) boundar, a of _t th SIC fa 2) Debug
mterfa’é‘@g@fﬁmf I"i‘B hﬁgﬂﬁr gi‘&lﬁﬁ%ﬁﬁgﬁ%?k)@g‘g?c}r m&@wﬁ pmv‘% 3(}31&2 t here
ar g t Er 6R- zﬁatsmaaﬂd and gecunfdnkation apesmpanyikg btagddt® G,ONE%m@pnep’demhpmkS fvab 122,
and t e t ’@ES‘S §d to move switched traffic fromthe

I nput | (gsgta(‘)’ 4% E}@F %Eese buses are also used to carry traffic
whi ch is sourced or term nated internally within the switch elenent. The

si gni fi cant éﬂé@daeffﬂaﬁxe%um%eé HHE 1dcbﬂllfn§3$@NE1FﬁSD¥lllmgﬁﬁls gedoirt ahdthe 2
bel ow. The Si n| fl carhjﬁgata at ized in

Tabl 6 SB8I NP hgn bfer e A P AR EY BHE St BAE BN dUGar: zed i n
Tabl e 4blikﬂl’f0w>ntrol éi’giﬁlé) ahd tha Bah Rrikad Ad proCekseld; thd pafoad is extracted from the

raffi Z%? obls SEE i SRR TRV b AT L S bR BodTRfe B
i nput | eack[3PEASs Glmfgarddehrmpgtemclnmmlogroecpsmmmﬁabeﬁ oach Pk qap gatry arly@mer eq
0148Req§r§§tof§ AREP e 4L ASRALEHSPERALLK itcrPic p;f;%ehéa hflbAE&kAL or

req_b24&Parsed reques quest ars K td data O thru1247TD|\/I
data 36-bit data + | 1 bit destinationData Streamow buf f er

??.d;\ ess Eemﬁgfsﬁﬁs COehhiRg b:&d]l’léts fd ATM cdltsfagd seﬁﬁl@hhd Hmuxj firarkert20rand kiedell0 t hru
[ r
Stream pﬂ%‘ﬁﬂ@%‘?‘%&%ﬂ B&F"Yﬁ% Lr}ltl’faé’g‘lsfpﬁlfaf‘ ETFnC(Eﬂ ng?% t% carry. pac}(%t data {packet
|S {1 put | i okdr|SONET)The PottrRrd@Ssh? 00 suppetts péekebytes SPDE Tifor the flolewingSOMER
reana r §Wr
eachi npw{E‘ﬂv nk%gd&P?F %c%f% Egg\igg,g ac ¢ 4%?2@??&?@ g‘#tg%fé
dest i naThoddegramsaresaeapsilated imBPR packets whighare ﬁralae@ peing thg HOlef grotocol.
. Demappep b?}l@egg&ﬁg de knaé{)cd]b fte- “@s‘ae?l%thNEm SPEs ard Kigh Bter SDAKSCR! Whe

thenDduIe I ntern

d
Cont r ol HELiGhfsames Hkpesforms B AB{ramingmddoryardsthe BPP ppckebio a FIFONMHE 281 i nk
Rl SCPDUg/ht if dveaitassefmblitin® PIBUSt Tiedraniee 28 hpearsinput which includes a sixteen-bit

parallel data input, a six-bit SPE ID, a one-bit SPE valid indicator, and a one-bit PYLD valid
indicator. The output of the framer 20 includes a sixteen-bit data bus, a one-bit start of packet
indicator, and a one-bit end of packet indicator. Further details about packet extraction from
SONET are found in IETF (Internet Engineering Task Force) RFC 1619 (1999) which is
incorporated herein by reference.

The cell delineation block 22 is based on ITU-T G.804, "ATM Cell Mapping into
Plesiochronous Digital Hierarch (PDH)", 1998, the complete disclosure of which is hereby
incorporated herein by reference. The cell delineation block 22 has inputs which include a
sixteen-bit parallel data bus, a six-bit SPE ID, a one-bit SPE valid indicator, and a one-bit POH
valid indicator. The outputs include a sixteen-bit parallel data bus and a one-bit start of cell
indicator. Cells are placed in a FIFO 24 while awaiting assembly into PDUs. Further details
regarding ATM extraction from SONET are found in ITU-T G.804.
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{\larr?]gdethDescr}ptionEourceosIot numl ~1 | Current output slot nunber for
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dout 11 pout- ut link.rbuf_rcl_addr1212Row buffer read address. Data Stream
Mapper foreach output link.test_src | )é6test src2,336 'Test traffic
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nbodi tch
cepar at BEELIFE 1 darmbptse rrpiea nonds 4 i VEF RN 15 iBEkn PR BBl
mul ti cas\lelr}magd ofithe SPEr Pointeripootiessing is pediernmed s imwddﬂttbgvéyﬁslllsthﬁé& suited
for an %”%E(}%Mrd%@ww@ﬁéxﬁﬁé&d 189 dr&engght{i‘rgp&leﬁbr PREE 2@ HasCIB dbe

traffic. € sécon nb requires, ‘%ates t o 1 npl errent
€

Howev er Which incindesixtesn bifs pf pagalieh daip, @th‘&ﬁﬁ%ﬂ? aQmerbd stargh SEE indisaipr, a
one-bit SPE valid indicator, a one-bit V1 indicator, and one-bit POH valid indicator. The TDM

demultiplexer and low order pointer processor block 26 provides the following outputs to the
switch mapper 52: sixteen bits of parallel data, a one-bit VT/VC valid indicator, a six-bit SPE
ID, and a five-bit VT/VC Number (0-27). The TDM data is placed in reserved slots in the
frame as mentioned above and described in more detail below with reference to the switch
mapper 52. Further details regarding TDM extraction are found in the GR-253 specification

IP packets and ATM cells from the UTOPIA interface 44 are placed in FIFO 46.
Packets and cells from the FIFOs 24 are merged with the packets and cells from the FIFO 46.
The descriptor constructor 64 determines whether the data is an ATM cell or an IP packet and
generates a corresponding interrupt to trigger the IPF/ATM look-up processor 66 to perform
either IP routing look-up or ATM look-up. IP routing look-up is performed by searching for
the IP destination address for every packet and the IP source address for packets that need
classification. ATM look-up is performed by searching the VPI/VCI fields of the cells.
Outputs of the IPF/ATM look-up processor 66 for both IP packets and ATM cells include a
seventeen-bit flow index, a five-bit QOS index, and an indicator showing whether the IP packet
needs classification. If the IP packet needs classification, the packet is passed to the IP
classification processor 68 for classification; otherwise it is passed to the next stage of packet
processing, the RED/policing processor 70. The RED/Policing processor 70 performs random
early detection and weighted random early detection for IP congestion control, performs leaky
bucket policing for ATM traffic control, and performs early packet and partial packet discard for
controlling ATM traffic which contains packets. The presently preferred embodiment of the



31 PCT/ USOL/-43379 nulticasting is a frequent event. The second enbodi nent
requires nore latency in setting up a nulticast path, but less latency in
mul ti casthg h According to a first embodiment, mltig@sisda38st

el enment s ow through the switch in the same manner as standard uni cast
request elenments. At the point where the nessage needs to be multicast, the
hop-by-hop field' s bit code for that EiWitch stage indicates that the
request is nulticast. The request is forwarded to the multicast controller.
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each rofi®
into fifty-two-byte blocks and each of these blocks is encapsulated in a cell container (PDU).

These cell containers are also stored in one of the 128K queues in external memory by the data
link manager. The 128K IP/ATM flows are aggregated into one of thirty-two QOS queues for
scheduling through the switch. The data link manager 72 also aggregates all the control headers
required for transmission of cells through the switch into the QOS queues and inserts these
routing tags into one of thirty-one QOS routing tag FIFOS. One of the queues, is reserved for
high priority traffic. Any cells arriving in the high priority queue will interrupt the scheduler 80
and will be scheduled to leave the high priority queue immediately.

The scheduler 80 is responsible for scheduling cell containers through the switch. The
scheduling algorithm used is weighted round robin which operates on the QOS queues. Once
cells have been scheduled from these queues, the control headers from these queues are
forwarded to the arbiter 56 and are stored in a request control table (not shown). The request
arbiter 56 forms request elements from the control headers and forwards these requests to the
switch data mapper 52 for transmission through the switch. The grants received in response to
these requests are deserialized by block 58, deframed and transferred back to the arbiter block
56 by the grant block 62. For granted requests, the cell containers are dequeued from external
memory by the data link manager 72 and transferred to the switch mapper 52 for transmission
through the switch.

As mentioned above, the port processor 10 supports redundancy in order to improve
reliability. Two redundancy schemes are supported. In the first redundancy scheme, the switch
controller supports redundant routing tags and transparent route switch-over. In the second
redundancy scheme, the port processor supports redundant data channels in both input and
output directions.

The redundant data channels connect to two separate switch fabrics. In the Appendices they are
referred to as the A and B data channels. Each control header contains two routing tags, and
each routing tag has a corresponding AB channel tag. This provides for two routes through the
switch for data transmission. If both routing tags have the same channel tag, this allows for two
alternate paths through the same switch fabric. If both routing tags have different channel tags,
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writes the FLOWID into FLOWID RAM, resets a request trial counter that counts the number
of times a request has been tried, and resets the grant bit. Each request message has a unique
request ID which is returned in the grant message. The request ID is the index in the arbiter
request control table into which the routing tag is copied. The routing tag along with the request
ID is forwarded to a routing tag formatter block which formats the routing tag into a request
message and inserts the request into a request FIFO in the switch mapper 52.

The grant demapper in the grant block 62 stores the request ID and the grant in a FIFO
called the grant_reqid FIFO. In the arbiter block 56, the request IDs are dequeued from A and
B grant_reqid FIFOS alternatively depending on whether the switchover bit is set. The request
IDs dequeued from the FIFO are used to set a grant bit in the grant register at the bit position
indicated by the request ID, to index the FLOWID RAM, and read the FLOWID associated
with the request ID. This FLOWID is written into a deq-flowid FIFO for the appropriate
channel, i.e. if the request ID is dequeued from the A reqid_fifo, the FLOWID is written into
the A deqflowid_fifo. The data link manager 72 monitors the deqflowid_fifo and uses the
FLOWID to dequeue data PDUs from external memory and send them to the switch mapper 52
for transmission in the next row time.

An end_of_grants signal is asserted by the grant demapper 62, when no more grants can
be received at the grant demapper. In most switch implementations the end_of_grants signal is
rarely, if ever, asserted. It is only in switches having many stages that the end_of_grants signal
is more likely to be asserted. Once the end_of_grant signal has been received the arbiter 56
begins the process of updating the request control table. If a grant has not been returned for a
routing tag stored in the request control table, the request trial counter is incremented and a new
request is generated using the routing tag. If a routing tag in the request control table has been
sent as a RE a (programmed) maximum number of times, the most significant fifteen bits of the



20. A nmethod according to claim16) wherein: each request for space is for
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ATM/P PDUs. According to the presently preferred embodiment, the demapper 60 is provided

with external memory for a PDU FIFO. For ATM/IP data, the demapper writes PDUs to the
FIFO and interrupts the data link manager 74. The data link manager 74 reads the header
information from the PDU FIFO, and extracts the FLOWID. Based on the FLOWID, the
datalink manager 74 retrieves a Linked List/Shaping/Scheduling data structure from external
memory. The data link manager 74 writes the linked list pointers to the PDU FIFO, then
initiates a DMA transfer to move the PDU to external memory. The data link manager updates
the head, tail, and count fields in the Linked List/Shaping/Scheduling data structure and passes
the data structure to the Shaping/Scheduling processor 76 through a Shaping/Scheduling FIFO.
The Shaping/Scheduling processor 76 performs the Shaping and Scheduling functions and
updates the Linked List/Shaping/Scheduling datastructure.

The data flow from external memory to the SONET/UTOPIA Data FIFOs 30 and 48 is
as follows. The data link manager 74 polls the PDU FIFO and SONET/UTOPIA FIFO status
flags. If the PDU FIFO is not empty and the SONET/UTOPIA FIFO is not full for a
particular output port, the data link manager 74 retrieves the Link List/Shaping/Scheduling data
structure for the Flow ID read from the PDU FIFO. (Note that for an IP packet flow, the data
link manager will continue to retrieve PDUs from the Linked List until a PDU with an End of
Packet indicator is found.) The data link manager then initiates a DMA transfer from external
memory to the SONET/UTOPIA FIFOs 30, 48. The data link manager 74 then updates the
Link List/Shaping/Scheduling data structure and writes it back to external memory.

On the transmit side of the port processor 10, the grant framer, deframer, serializer and
deserializer in the grant block 62, the switch demapper 60, the transmit datalink manager 74, and
the transmit scheduler and shaper 76 may be referred to collectively as the transmit (TX) switch
controller. The TX switch controller is responsible for either accepting or rejecting requests that
come into the port processor for output transmission. To do this, the TX switch controller
checks if the queue identified by the output port number of the request can accept a cell
container. These one hundred twenty-eight queues are managed by the TX data link manager



28. A method for switching ATM TDM and packet data through a single
communi cations switch, said nethod conprising: a) generating a repeating
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based on an arbitration techni que, wh2tein ATM and packet data is
transmitted early in each row and TDM data is transmtted late in each row.
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queues for each of the one hundred twenty-eight output ports using the following three rules. If
the full_status bit for the requested output port is set, there is no buffer space in the queue for
any data PDUs destined for that output port and all requests to that output port are denied. If
the full_status bit is not set and the nearly_full_status bit is set, there is some space in the queue
for data PDUs destined for that output port; however this space may be reserved for higher
priority traffic. In this instance the QOS number is checked against a threshold (programmed)
QOS number and if the QOS number is less than the threshold, the request will be accepted. If
the nearly full_status bit is not set, all incoming requests are granted. If a request is accepted,
the corresponding output port counter is incremented. This reserves space in the data buffer (30
or 48) for the arrival of the data PDU at that output port. The transmit data link manager 74
constantly monitors the one hundred twenty-eight output port counters and sets/resets the one
hundred twenty-eight full and nearly full status bits.

The port processor 10 creates complete outgoing SONET signals. All of the transport
and path overhead functions are supported. The SONET interfaces can run in source timing

mode or loop timing mode.

The high order pointer is adjusted by the high order pointer generator 38 through
positive and negative pointer justifications to accommodate timing differences in the clocks used
to generate the SONET frames and the clock used to generate the SONET SPEs.

At initialization, SPE FIFOs are allowed to fill to halfway before data is taken out. The
variations around the center point are monitored to determine if the rate of the SONET envelope
is

greater than or less than the rate of the SPE. If the rate of the SONET envelope is greater than
the rate of the SPE, then the SPE FIFO will gradually approach a more empty state. In this
case, positive pointer movements will be issued in order to give the SPE an opportunity to send
additional data. If the rate of the SONET envelope is less than the rate of the SPE, then the SPE
FIFO will gradually approach a more full state. In this case, negative pointer movements will be
issued in order to give the SPE an opportunity to output an extra byte of data from the FIFO.



said arbitration technique includes neking a request during row N for slots
in row N+1. 33. A nethod according to claim 32, wherein: the request is
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priority level information. 35. A method according to claim 33, wherein:
the request is granted out-of band. 3Z2 A nmethod according to claim 28,
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outgoing SONET frames is arbitrary. Each of the four signals can be running o fd¥¥ferent

timing so there is no need to try to synchronize them together as they will constantly drift apart.

There is no need to frame align the Tx ports to the Rx ports as this would result in realigning

the Tx port after every realignment of the Rx port.

For OC-3 and OC-12 the 16-bit wide internal bus is serialized to 155 Mbps or 622
Mbps by the serializer 42. For OC-48 applications, the entire sixteen bit bus is output under the
control of an external serializer (not shown).

There is a potential for forty-eight different SPEs being generated for the outgoing
SONET interfaces. All of these SPEs are generated from a single timing reference. This allows
all of the SPE generators to be shared among all of the SONET and Telecom bus interfaces
without multiplexing between the different clocks of the different SONET timing domains. The
SPE consists of the Path level overhead and the payload data. The payload data can be
TDM, ATM or packet. All of these traffic types are mapped into single SPEs or concatenated
SPEs as required by their respective standards. As the SPEs are generated, they are deposited
into SPE FIFQs. For each SPE there is a sixty-four-byte FIFO and these individual SPE
FIFOs are concatenated through SPE concatenation configuration registers. As described
above, the fill status of the SPE FIFOs is used to determine the correct time to perform a
positive or negative pointer justification.

TDM, ATM and packet data are all mapped into SONET SPEs as specified by their
respective standards. The type of data carried in each of the potential forty-eight SPEs is
configured through the external host processor. Based on this configuration, each SPE
generator is allocated the correct type of mapper. All of this configuration is performed at
initialization and can only be changed when the particular SPE is first disabled. Once the
configuration is complete, there is an isolated set of
functional blocks allocated to each SPE. This set of functional blocks includes one of each of
the following: payload mapper, payload FIFO, POH generator, SPE FIFO and SPE generator.



42. A nethod according to claim39, wherein: a PDU includes 16 slots. 43. A
nmet hod according to claim38, further conprising: f) extracting TDM data
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byt es of %@yﬁéﬁg‘?’ franme at the ingress to the swtch; an@ﬂ?sregeneratl ng
V1-V4 bytes at the egress fromthe switch. 44. A nethod according to claim

38, wherein: the arbitration scheme i2gludes a method of nulticasting PDUs.
45. A nethod of multicasting data through a comunications swtch,
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in a third FIFO which is used for deskewing the twelve input links. This deskewing allows all

the input links to forward slot N to the switching core simultaneously. The link deskewing is

controlled by the link synchronization and timing control module 150. The deserializer 126

also continuously monitors the delta between where slot 0 of the incoming row is versus the

internal row boundary signal within the switch element. The difference is reported to the Link

RISC Processor 156 and is used (in the first stage of a switch) as part of the ranging process to

synchronize the port processor connected to the input link.

The data stream demapper 128 is responsible for extracting the data from the incoming
serial data links. It demaps the input link slots based on the input slot number and determines
whether the traffic is TDM, PDU, or a request element (RE). For TDM traffic, the demapper
determines the destination link and row buffer 132 memory address. This information is stored
in a demapper RAM (not shown) which is configured by software when TDM connections are
added or torn down. For PDU traffic, the demapper 128 assembles all sixteen slots which make
up the PDU into a single 64-byte PDU word, then forwards this entire PDU word to the row
buffer mapper logic 130. The PDUs are assembled prior to forwarding them to the row buffer
132 so that the row buffer mapper 130 can write the entire PDU to the row buffer 132 in a
single clock cycle. This provides the maximum possible write-side memory bandwidth to the
row buffer 132. It is a significant feature of the switch element that twelve entire PDUs are
written to a single row buffer in six link slot times (twelve core clock cycles). For request
elements, the demapper 128 assembles the three-slot block of REs into two forty-eight-bit REs
and forwards them to the request parser module 152.

The row buffer mapper 130 is responsible for mapping traffic which is received from
the data stream demapper 128 into the row buffer 132. The mapper 130 provides FIFO buffers
for the TDM traffic as it is received from the data stream demapper 128, then writes it to the row
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written into the row buffers starting at address 0 and then every sixteen-slot address boundary

thereafter, up to the maximum configured number of PDU addresses for the row buffer 132.

The row buffer 132 contains the row buffer memory elements. According to the
presently preferred embodiment, it provides double buffered row storage which allows one row
buffer to be written during row N while the row data which was written during row N-1 is being
read out by the data stream mapper 136. Each row buffer is capable of storing 1536 slots of
data. This allows the row buffer to store ninety-six PDUs or 1536 TDM slots or a combination
of the two traffic types. Request elements and link overhead slots are NOT sent to the row
buffer 132. Therefore the row buffer does not need to be sized to accommodate the entire 1700
input link slots. According to the presently preferred embodiment, the row buffer write port is
16*36=576 bits wide and it supports writing of only one thirty-six-bit slot (TDM data) or
writing of an entire 576-bit word (PDU data) in a single clock cycle.

Request arbitration utilizes two components: a centralized request parser module 152
and a request arbitration module 134 for each of the output links. Request elements are
extracted from the input slot stream by the data stream demapper 128 and are forwarded to the
request parser 152. The request parser 152 forwards the forty-eight-bit request elements to the
appropriate request arbitration module 134 via two request buses (part of the input link bus
120). Each request bus may contain a new request element each core clock cycle. This timing
allows the request arbitration logic to process thirteen request sources in less than eight core
clock cycles. The thirteen request sources are the twelve input data streams and the internal
multicast and in-band control messaging module 156. The request arbitration module 134
monitors the two request element buses and reads in all request elements which are targeted for
output links the request arbitration module is implementing. According to the presently
preferred embodiment, the request arbitration module 134 provides buffering for up to twenty-
four request elements. When a new request element is received, it is stored in a free RE buffer
(not shown). If there are not any free RE buffers, then the lowest priority RE which is already
stored in a buffer is replaced with the new RE if the new RE is a higher priority. If the new RE
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The data stream mapper 136 is responsible for inserting data and request elements into
the outgoing serial data links. This includes mapping of the output link slots based on the
output slot number to determine if the traffic is TDM, PDU, request element, or test traffic. The
determination is based on the contents
of the mapper RAM (not shown). For TDM traffic, the row buffer memory address is
determined from the mapper RAM which is configured by software as TDM connections are
added or torn down. For PDU traffic, the data stream mapper 136 reads one slot at a time from
the row buffer 132. The row buffer memory address is
stored in the mapper RAM by software. If the target PDU is not valid (i.e., a PDU was not
written to that row buffer location during the previous row time), then the mapper 136 transmits
an idle pattern in order to ensure that a data PDU is not duplicated within the switch. For
request elements, the mapper assembles the three-slot block of REs from two forty-ei ght-bit
REs. The REs are read from the request arbitration module 134. For test patterns, the mapper
136 inserts the appropriate test pattern from the output link bus 122. These test patterns are
created by either the test pattern generator 162 or test interface bus 164 modules.

The data stream mapper supports slot multicasting at the output stage. For example, the
data stream mapper for any output link is able to copy whatever any other output link is sending
out on the current slot time. This copying is controlled via the mapper RAM and allows the
mapper to copy the output data from another output link on a slot-by-slot basis.

The data stream serializer 138 creates the output link serial stream. Data slots are
received via the data stream mapper module 136 and the link overhead is generated internally by
the data stream serializer 138. The serializer 138 also splits the row data stream into two
streams for transmission on the two paths 110, 114.

The grant stream deserializer 140 in each module 102 works in much the same manner
as the data stream deserializer 126. The primary difference is that the grant data only utilizes a
single path, thus eliminating the need for deskewing and deinterleaving to recover a single input
serial stream. Since this serial link is only one half the data stream rate of the forward Link, there
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The grant arbitration module 144 operates in an identical manner to the request
arbitration logic 134. In the presently preferred embodiment, this module is identical to the
request arbitration module. The only difference is that it processes grant elements in the reverse
path instead of request elements in the forward path. It will be recalled that grant elements are,
in fact, the request elements which have been returned.

The grant stream mapper 146 is responsible for inserting data into the outgoing serial
grant links. It maps the output grant slots based on the output slot number to determine if the
traffic is a grant element or test traffic. The determination is based on the contents of the grant
mapper RAM (not shown). For grant elements, it assembles the three-slot block of GEs from
two forty-eight-bit GEs. The GEs are read from the grant arbitration module 144. For test
patterns, it inserts the appropriate test pattern from the output link bus 122. These test patterns
are created by either the test pattern generator 162 or the test interface bus 164 modules. A
detailed description of the grant stream mapper 146 is provided in Section 7.2.3.2.

The grant stream serializer 148 works in much the same manner as the data stream
serializer 138. The primary difference is that the grant data only utilizes a single path, thus
eliminating the need for interleaving the transmit serial stream across multiple output serial
streams. Since this serial link is only one half the forward data stream rate, there are only 850

slots per row time.

The modules described above (except for the request parser and the grant parser) are
instantiated for each link module 102 of which there are twelve for each switch element 100.
The following modules are instantiated only once for each switch element.
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P21 #0 ( 3988éscriBeadbdeke. (’])hefsyét@dnhoﬁﬁdﬂhnodule 160 handles all the reset inputs and resets the
appropriate internal modules. The configuration RISC controller 158 and the system control
module 160 are preferably implemented with an Xtensa™ processor from Tensilica, Inc., Santa

Clara, CA.

The test pattern generator and analyzer 162 is used for the generation of various test

patterns which can be sent out on
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external I/O pins and forwarding data to the I/O pins. This is used for testing the switch

element when a port processor is not available.

The unilink PLL 166 is used to create the IF clock needed by the unilink macros.
Within each unilink macro another PLL multiplies the IF clock up to the serial clock rate. The
core PLL 168 is used to create the clock used by the switch element core logic. In the presently
preferred embodiment, the core clock is approximately 250 MHz.

The JTAG interface 170 is used for two purposes: (1) boundary scan testing of the
switch element at the ASIC fab and (2) Debug interface for the Configuration RISC Processor.

As shown in Figure 2, there are three datapath buses (the input link bus 120, the output
link bus 122, and the grant bus 124) which are used to move switched traffic from the input
links to the output links. These buses are also used to carry traffic which is sourced or
terminated internally within the switch element. The significant datapaths of the input link bus
are summarized in Table 2 below. The significant datapaths of the output link bus are
summarized in Table 3 below. The significant datapaths of the grant bus are summarized in
Table 4 below.
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Name Qty | Width | Description Source ||
islot_num 1 11 Current input slot number for traffic from Link Sync &
ilink_req_O thru 12 48 Request elements received on the input link | Data Stream
- Demapper
| flink_req_11 module for each
input
link
Icl_req_0 1 48 Request elements generated locally Link RISC
Controller
req_a,req_b 2 48 Parsed request elements Request Parser
ilink_tdm_data_0 thru 12 |47 TDM data, 36-bit data + 11 bit destination | Data Stream |
itink 11 row buffer address Demapper module
think_req_. for each input
link.
ilink_tdm_dlink_0 thru 12 4 Destination output link (i.e., row buffer) Data Stream
- . identifier Demapper module
ilink_tdm_dlink_11 for each input
link
ilink_pdu_0 thru 12 | 512 Complete 64-byte PDU which has been Data Stream
- assembled from the incoming slots Demapper
ilink_pdu_11 module for each
input
link J
ilink_pdu_flag_0 thru 12 13 Each flag is asserted for each destination Data Stream W
- hich the current PDU is addressed. Total . | Demapper
1 w
ilink_pdu_flag_1 destinations = 12 output links plus the {nodule for each
internal MC & In-band Comm Controller ;!‘Pl:“
in
lel_pdu 1 64 Bus used to transport locally generated Link RISC
PDUs to the Data Controller
Stream Demappers

Table 2
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Name Qty | Width | Description Source
oslot_num 1 11 Current output slot number for traffic destined for | Link Sync &
the output links. Timing Ctrl
rbuf_dout_0 thru 12 36 Slot data output from the row buffer. Row Buffer for each
buf_dout_I 1 out-
rout_dout_ put link.
rbuf_rd_addr 12 12 Row buffer read address. Data Stream Mapper
for
II each output link.
test_srcl, test_src2, |3 36 Test traffic sources. Test Pattern
( 3 Generator, Test
est_sre Interface Bus
idle_ptrn 1 36 Idie pattern which is transmitted when no valid Data Stream
PDU data is available. Demapper module
for each input link.
olink_req_0 thru 12 48 Request elements for each output link. Req Arbitration
. modules.
olink_req_11
omap_data_0 thru 12 36 Link output after the mapping multiplexers. All | Data Stream Mapper

omap_data_11

12 outputs are fed back into each of the Data
Stream Mappers so that TDM multicasting can
be done.

for each output link

gnt_a, gnt_b 2

Table 3
= — ]

Name Qty | Width | Description Source
olink_gntslot_num 1 10 Current input slot number for traffic from | Link Syn¢ &

the Grant Stream Deserializers. Timing Ctrl
olink_gnt_0 thru 12 48 Grant elements received on the grant Grant Stream
olink_gnt_11 ;'?rc,:le(:lver which is associated with the output | Demapper.
olink_gntslot_0 thru 12 36 Demapped slots from the received grant Grant Stream
olink_gndslot_11 streamn, These are slots which are not Demapper.

carrying grant elements.

48 Parsed grant elements Grant Parser

Table 4

—— — |

According to the presently preferred embodiments, each switch element includes a

multicast controller and a separate multicast PDU buffer. Two alternate embodiments are

provided for multicasting. The first embodiment requires fewer gates and is best suited for an

environment where multicasting is not a major portion of the traffic. The second embodiment

requires many more gates to implement. However, it is better suited in an environment where
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manner as unicast requests. The process repeats with the sequence of send request, receive
grant, transmit PDU. Le, before each multicast PDU is transmitted, a request and a grant must
traverse the switch. This arrangement may be considered a "store and forward" arrangement.
Such an arrangement introduces some latency with regard to the multicast data. In order to
ameliorate some of this latency, the multicast PDUs include a multicast cache tag
(McCacheTag), a 4-bit tag which identifies the multicast cache entry to use when duplicating the
PDU. The multicast controller compares the McCacheTag to a McCache (a subset of the
routing table) before copying the PDU for multicasting. If there is no entry in the McCache
which matches the McCacheTag, the PDU is discarded. The cache entries are loaded via a
multicast parameter PDU (similar to a Request Element). The first embodiment of multicasting
supports up to 16,000 active multicast flows. The latency for each MC packet is two row times.

According to the second embodiment, a multicast path is reserved for a period of time by
sending multiple requests (one for each hop) until all hops have been granted. Once the path is
set up in this manner, PDUs are multicast one after the other with no latency until the reserved
time expires or there are no more PDUs to transmit. Rather than "store and forward", the
second embodiment implements a "bandwidth pre-allocation” mechanism. A multicast path
(tree) is reserved for a period of time measured in "row times". The latency of this embodiment
is all in the set-up of the path which requires one row time for each hop through the switch. The
multicast PDU of this embodiment does not include a cache tag, but is in other respects the
same as the PDU of the first embodiment. The parameter PDU comprises slots 0-3. Slot 0 is
the same as in a unicast request element. Slots 1 and 2 include a routing tag for one destination
as well as other information for arbitrating link bandwidth. Slot 3 includes an indication of the
duration requested for the multicast session. The duration indication is 16-bits. The longest
duration which can be requested is therefore 64,000 row times. As mentioned above, nine row
times equals one SONET frame time. The second multicasting embodiment permits up to
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Claims:

1. A method for switching ATM, TDM, and packet data through a single communications
switch, said method comprising:

a) generating a repeating data frame having a first plurality of rows, each row having a second
plurality of slots;

b) pre-assigning slots in every row of the frame for TDM data;

¢) defining a PDU as a fixed number of slots in one row;

d) assigning PDUs to ATM data and packet data based on an arbitration scheme.

2. A method according to claim 1, wherein:
said step of generating a repeating data frame includes repeating the frame every 125
~ microseconds.
3. A method according to claim 1, wherein:
each slot has a bandwidth large enough to accommodate an E-1 or DS-1 signal.

4. A method according to claim 1, wherein:
each PDU accommodates a payload of 52 bytes.

5. A method according to claim 4, further comprising:
e) segmenting packets which are larger than 52 bytes into 52 byte chunks.
6. A method according to claim 1, wherein:
said arbitration scheme includes making a request during row N for a PDU in row N+1.

7. A method according to claim 6, wherein:
the request is granted during row N.

8. A method according to claim 6, wherein:
the request includes "hop-by-hop” internal switch routing information and priority level
information.

9, A method according to claim 7, wherein:
the request is granted out-of-band.

10. A method according to claim 6, wherein:
PDUs are configured early in each row and TDM slots are configured late in each row.
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11. A method according to claim 1, wherein:
the frame includes 9 rows, each row containing 1700 slots.

12. A method according to claim 11, wherein:
each slot includes a four-byte payload.

13 A method according to claim 12, wherein:
a PDU includes 16 slots.

14. A method according to claim 1, further comprising:
e) extracting TDM data from a SONET frame at the ingress to the switch;
f) stripping off the V-V4 bytes of the SONET frame at the ingress to the switch; and
g) regenerating V1-V4 bytes at the egress from the switch.

15. A method according to claim 1, wherein:
the arbitration scheme includes a method of multicasting PDUs.

16. A method for arbitrating bandwidth in a communications switch, comprising:
a) generating a repeating data frame having a plurality of rows;
b) making requests during row N for space in row N+1; and
c) granting requests through an out-of-band link.

17. A method according to claim 16, wherein:
each request includes through-the-switch routing information and priority level
information.
18. A method according to claim 17, further comprising:
d) buffering the request at each stage of the switch,;
e) discarding low priority requests when the buffer reaches a threshold.

19. A method according to claim 18, wherein:
said step of granting requests includes returning requests which have not been discarded
before reaching the egress of the switch.

20. A method according to claim 16, wherein:
each request for space is for a 52-byte chunk of space.
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21. A method according to claim 20, wherein bandwidth is arbitrated among ATM cells and
variable length packets, said method further comprising:
d) segmenting each packet larger than 52-bytes into a plurality of 52-byte chunks.

22. A method according to claim 21, wherein:
each request includes through-the-switch routing information and priority level

information.

23. A method according to claim 22, further comprising:
e) buffering the request at each stage of the switch;
f) discarding low priority requests when the buffer reaches a threshold.

24. A method according to claim 23, wherein:
said step of granting requests includes returning requests which have not been discarded
before reaching the egress of the switch.

25. A method according to claim 24, further comprising:
g) discarding requests for all following segments of a packet when a request for one segment
of the packet has been discarded.

26. A method according to claim 16, wherein:
said requests are made in-band.

27. A method according to claim 16, wherein:
said requests are made out-of-band.

28. A method for switching ATM, TDM, and packet data through a single communications
switch, said method comprising:

a) generating a repeating data frame having a first plurality of rows, each row having a second
plurality of slots;

b) pre-assigning some slots in every row of the frame for TDM data; and

¢) assigning the remaining slots to ATM and packet data based on an arbitration technique,
wherein

ATM and packet data is transmitted early in each row and TDM data is transmitted late

in each row.
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29. A method according to claim 28, further comprising:
d) extracting TDM data from a SONET frame at the ingress to the switch;
e) stripping off the V-V4 bytes of the SONET frame at the ingress to the switch; and
f) regenerating V1-V4 bytes at the egress from the switch.

30. A method according to claim 28, wherein:
said step of generating a repeating data frame includes repeating the frame every 125

microseconds.

31. A method according to claim 28, wherein:
each slot has a bandwidth large enough to accommodate an E-1 signal. (also DS1)
32. A method according to claim 28, wherein:
said arbitration technique includes making a request during row N for slots in row N+1.

33. A method according to claim 32, wherein:
the request is granted during row N.
34. A method according to claim 33, wherein:
the request includes "hop-by-hop" internal switch routing information and priority level

information.

35. A method according to claim 33, wherein:
the request is granted out-of-band.

36. A method according to claim 28, wherein:
the frame includes 9 rows, each row containing 1700 slots.

37. A method according to claim 36, wherein:
each slot includes a four-byte payload.

38. A method according to claim 28, further comprising
d) defining a PDU as a fixed number of slots in one row;
¢) assigning PDUs to ATM data and packet data based on an arbitration scheme.

39. A method according to claim 38, wherein:
each PDU accommodates a payload of 52 bytes.
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said arbitration scheme includes making a request during row N for a PDU in row N+1.

42. A method according to claim 39, wherein:
a PDU includes 16 slots.

43. A method according to claim 38, further comprising:
f) extracting TDM data from a SONET frame at the ingress to the switch;
g) stripping off the V-V4 bytes of the SONET frame at the ingress to the switch; and
h) regenerating V1-V4 bytes at the egress from the switch.

44. A method according to claim 38, wherein:
the arbitration scheme includes a method of multicasting PDUs,

45. A method of multicasting data through a communications switch, comprising:

a) generating bandwidth request elements, each request element including through-the-switch
routing information and an indication of at which stage in the switch multicasting begins;

b) granting requests based on the availability of bandwidth;

¢) transmitting a packet of data with a routing tag to the switch stage where multicasting
begins;

d) making copies of the packet of data at the switch stage where multicasting begins; and

¢) replacing the routing tags in the copies of the packet of data.

46. A method according to claim 45, further comprising:
f) buffering request elements at each stage of the switch; and
g) replicating request elements at the switch stage where multicasting begins.

47. A method according to claim 45, wherein:
each request element includes an indication of priority.

48. A method according to claim 46, wherein:
each request element includes an indication of priority.
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57. A method according to claim 52, wherein:
requests made during row N are granted during row N.

58. A method according to claim 55, wherein:
the frame includes 9 rows, each row containing 1700 slots.

59. A method according to claim 55, wherein:
each slot includes a four-byte payload.
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63. A communications switch comprising:
a) a plurality of port processors, each having at least one network interface; and
b) a plurality switch elements, each having a plurality of ports for coupling to port processors,
wherein _
each of said port processors has first and second switch element interfaces for coupling
to two ports of a port processor or one port of each of two processors,
each of said port processors having automatic means for redirecting traffic to either of
said first or second switch element interfaces in the event of a switch failure or switch
congestion.

64. A communications switch according to claim 63, wherein:
each of said ports comprises two serial links which are interleaved to effectively double
the bandwidth of a single serial link.

65. A communications switch comprising:

a) a plurality of first switch elements forming a first switch fabric, each of said first switch
elements having a plurality of ports;

b) a plurality of second switch elements forming a second switch fabric, each of said second
switch elements having a plurality of ports;

c) a plurality of port processors, each port processor having at least one network interface, a
first switch fabric interface coupled to one of the ports of one of the first switch elements, and a
second switch fabric interface coupled to one of the ports of one of the second switch elements;
and

d) means for automatically redirecting network traffic through either of said first switch fabric

or said second switch fabric in response to a switch failure or switch congestion.
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66. A communications switch according to claim 635, wherein:
each of said ports comprises two serial links which are interleaved to effectively double
the bandwidth of a single serial link.

67. A communications switch comprising:
a) a plurality of port processors, each having at least one network interface; and
b) a first switch fabric; and
c) a second switch fabric, wherein
each of said port processors has first and second switch fabric interfaces for coupling to
each of said first and second switch fabrics,
each of said port processors having automatic means for redirecting traffic to either of
said first or second switch fabrics in the event of a switch failure or switch congestion.



