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present Invention relates to networking systens and the forwardi 20
-routing of information therein. being nore particularly directed to the
probl ens ofwé;”é;??ﬁ'f?on met hod for managi ng both cell and packeC3fiBI§/Qi340
:witching in the sane device. having common hardware, common (QS (Quality
of Service) algorithns. common forwarding algorithns: building a switch
that handles frame switching without interfering with cell swtching.
Background of Invention Two architectures driving networking ”ﬂ‘mmmmlmmmﬁmc
cell switching and frane forwarding. Cell sw tching involves

transm ssion of data in fixed sine units called cells. This is bagagson
technol ogy referred to as Asynchronous Transfer Mdde (ATM. Frane
forwarding transmts data in arbitrary size units referred to either as
frames or packets The basis of frame forwar di'na_ is used by a tjmmmﬂmmmwm
protocol s, the nost notewort NEBYRRKANGSESTEMS ot ocol (I Jyy
precept invention is concerned with forwarding cells and franes i ro@&2¢onmon
systemutilizing common forwarding algorithms. In eo-pending U S patent
application Serial No. 581,467, tiled Decenber 29.1995. for High
Performance Universal Mulit-Ported Internally Cached Dynam ¢ Random Access
Menory System Architecture and Method. and co-pending U.S. patent
application Sej T noluh 1 I ste . .
Architecture ?Ig‘% a%ﬁ%“?ﬁ%a‘z%fm&é’lt é%ﬁwﬁﬁgheé%%%éggliﬁéo "ﬁ}r{ﬁj"tr A eHBHE of
Packets agefg Mbre pticutGrlyodidctédi@thd prébizms B0 doméron MERGITSY nfunEgirg BER cdNRAEPSEKEdbr frine
prom sing solution of common cell/frame forwarding is provided. Most
traditi orraftchinginshqpame deyigs. bavigg cammop baryate. cemman QefifRPMRYC Sérviee) algorithens.cpramlono Ut

in variable siz cket.for i nnected by nefwgrks (defined ac a
col | ect i o’Jﬁmﬁ?d '"5%%@?1"@'3’)""%"3%'%'I‘cﬁ')g'éﬁ%tggreg%'?ecsﬁgg""éé‘%( theyinge ﬂ't“é?"é’.‘ celepishipgy  ATM
has becone widely available as a technology to nove data between hosts,

havi ng been deﬁ!ﬂiﬂ&ﬂlﬁ.ﬂlﬂm a common met hod for sending traditional

t el ephony data ac well ac data fear conputer-to-conputer communication

3' ~ PLAY 2002 a%ll(egééi‘ rivR J\Lor 86&!13 cc itchi .n m was
to apply Tine MDQvi si on l\/ﬂl tﬁgl. exﬁ%g '( T%AI\/? }gg‘tv gf e%‘hg?@ {j@%ﬂﬂ\%ﬁ%hg%@

circuit ainvdeahethnanifsion efiaa imduelsizofnitt dahed celix. EhisidiaEdah Ei@blogtaieRal ®as Ci I CUi t
A may be allocated x ampunt of tinme (and thus data), followed by y and z
and then Asyaganeps Traster Moda(ATM) Erpeferyardine gransmisscdata drprbifraryside@nisi referfed ex either as

di scussed_Fi g 3. k'l;hg_l? heacl} ‘ci rFu“i’ Ui i S c%ngl elely sr%/}nchronous Thi s et hod.
however, [F& PReFFhare ' o1 "PRE 1°0RS Rt S8 A G U PHPTAIesols: Bepastgiewerthy bdng te o
circuit hggmRotdbctigm Qusend its allocated bandwi dth is not used on the

| ine. ATM addresses this bandw dth issue by allowng the circuits to be
asynchronous Thewgkentiavesiivh thcincérs:d 9/ith fotwadlingicelR dndIrmBOin b Eorfikbn kyRide Lfftiztha ténmon
items. any circuit can transmt at any point in tine, The ITUT

(1 nt er nat fsvRsdinemigrdbmimin g nedie YrisPasptisentication &arialdtsntAl 45T Gited Dersmbef 29r1898. foyHighne

CaTT), i n_organi zatd rtere t he United Nations to provide
el ecommubr BT an s LMo e RhEG Ry i stoatsds Ao Ve Sraphcimiesint i ¢
glnt eRfa?(l;) fQOeI"hGM |utd cEPHklaé U.@.r}mcﬁl nﬁlicn@&%ﬁa@-ﬂ&@b@jﬁ. ﬁch|1&92?.‘ %7%ch§98ém gllhu\e/gtl;n!: Ptip le

and Methad of Dual Path Data Processing and Management of Packets and/or Cells and the Like, both of common
assignee herewith, a promising solution of common cell/frame forwarding is provided.

Most traditional Intcrnet-style host-to-host data communication is carried out in variable size packet format.
interconnected by nctworks (defined as a collection of switches) using packet switches called routers. Recently.
ATM has hecome widely available as a technology 10 move data between hosts. having been developed to provide a

common methad for scnding traditional telephony data a< well as data for computer-to-computer commaunication



ccnnin voice end video npplientions: 3) Dato for Connection-Oi®igt gaY 7002
Traffic; end 4) Cattt for Conneeti onI es:Oriented Traffic. These servi ces,
in torn, arc supported by certain "classes" of ATMtraffic. ATM noves dat a
in fixed size units called ccllc. There arc several types SCTABWMOINHes",
t hese argvc?%%éw]’ed to as ATIr1l Adaptation Layers (AAL), these ATM
adaptation |layers are defined in I TU T Recommendation L363. There are 3
defined types: AAL1l. AAL3Id and AALS. AAL2 has never been defined in the

| Tope pr&ﬁ&:@ﬁfmdvﬁ&lb)@dﬂs“adﬂﬂ\p%bma)uaﬂdn erplé]x AMRTTIM QO IRpHIRala ik e RirdyPE. Wt h
respect to the ATMcell make-up, there is no way to distinguish cells that
belatbmtgcdad’ugdmwbrayfenmas a gpwek édr ¢xemge kikegt & ral bdrdiboand)x irpuammbitraandager ' | he
adaptation |ayer is determined during circuit setup: i c. when a host
cofptt ot Rt tf 86 t et 'ﬂfféf’mrhkﬂg in M“""cch‘?“s“’"f‘ rrginanendescystsd Fiech rﬁ‘)l&ﬁt er

I !’]fc:(‘% .rcrﬁcunf imfﬁgf\{m‘r rll(chr%no E q’?ﬁ grYgJ how cvcr ha dm?§s|c |lml|£|l0n< wnR%andwnd uultrt S

circ een oef i ne real-t1me appli a"°"hs such as
VOisfage ifd cindditHRvonWR td s&\thSCMSmmﬁﬁh ld&fl bS0@6h thQlne. AR ddredsds MY Jnﬁm dat agram
oriented services such as for~~~arding | P datagrans. A series of AALS cells
ar assebaly inthexdngfile cinmkseto bypsenciyeroke Mhoughtandhddth iy stil] dividedimana fixkdleSetipdatdiems.consi st s
of a streamof cells with the P17 bit set to 0, except for the tact one
(as"“’l%‘f‘é?“‘?ﬁ"ﬂ'&!'t’f%{‘tvéﬂ“‘ WiMSg 1) This is referred to as a segnented packet.
TS bl P e AP RENRR) G PRl 0 IRRN S i 1

vari abl e 'si ze xe sl ze cel epen n

SW g dahtediEn al.emte@ Bi5thé DRicdNARRE 1b ﬂot.baa&ea‘w.&sumumxr& defad G kB stct ed to each
other directly nr tlirougli ATM netw-nrk~ If connected direcrly , then
packeks | pC@stam Bii RmefpqCisiinEmuldtige. i.p-fconsanmuscyoind adghvidedt R owiptilcBicRate forhen al |

pi ckets eX|I|n e re~uter arc cho st~e cel|s of 53 hy~tes
- 2 cernip {icR Y %UQ”W"Q'Q?’%?W qﬂBTﬁ'BB%r' ?'@%'%\Tef%’r%“a{f’ "Serreeterii¥es based on
t NEorete T RfRE. ThIsOIRERY, intdrhre LEHHRAbPGK R cRsLL D ANE HaiAS ABM dRSlaad i OF t "
service. This neans that if bandwidth is available, the data gets through.

| T, ixedisiielvaisadiadecinTvek, ardzavechbiyplts lof ABM rigpes awese braizleged thesATMadagiatam | S dr opped.
This works well wth nost conputer data applications such as file transfers

or st LY St =d%?€ee's'3vmmd§ﬁ'u6@émﬂtﬂwwnﬂﬁiov'wt‘ﬂ\ﬂaﬁwmfaﬂ ons that

can not m e retran of no,val ue, h ac with

vi d¥T> Ar{ﬁﬁﬂ/gﬂ‘gﬁ ‘"Jd\e ‘fl ng a ‘?/'l'c &5 "rd:t{r]rgé‘?'é'ﬁ °qw§6fﬂ‘é'?°"%?€3§“drf$ sele  wher eas
i1 RAL § QB3 Egbin@PRb be@fpk APfh Eplt { Io%ee(m &1 auﬁh.pqmé ¥ to a'ék.mgh Lgmpacket
size is arbitrary at any point in tinme nmaking speC|f|c el ay variation

C ONwEldnfRIBhStajaeids Wihoded @ltylisthatbefohf@RBoticslagtt NDSt 1 Npossi bl e, as there is no way
of predicting what type and size of traffic is ahead of any other type of
traf fic. 11fh8apRkbnBESs deld@lincdYsiing RANH L Eupl iREWILAD Rost IRFFPVImunitRS ko RE abl e to
recei ve the maxi mum data size, neaning that that buffering schenme nust be
opt hawvazie At th ihand hest doppgarinictat e pae&ébrshc\mml iewill bise fdn @ speéifi@viddalerediot  wast i ng

too nmuch nmenory on snaller packets. ATMis designed to provide several
ser vi‘EEhe a‘tee@f&rﬁdé'shcﬁfﬁ f rwk‘@rce‘nm"cawm SHARE YOS ST videpedile A hathsenctsArsdant Bi t

beB cified Bit and two
ver By BEEV b QPR s e bR B sl FAR M. “Thece
Ser ik 16 bIRIPE paBiS, Fhechlion aedn ARLS REEcofdlsts b @diebdrfor EAL IFHhERS b1 (/DS
Parameters. Traffic Paraneters include Peak Cel) Rate (constant bandw dth).

Sus DaixtrpitThrahc@el dnc (Rethrer ifuSEHdd,in WRX) MbEisBiiérad 109k Z@prdWBSPackeM Ni UM Cel | Rat e
(MCR) and Cel| Detay Variance Tol erance. QoS paraneters include Cell Delay
Vari at Oﬁht{sqpmrcm @\L«ltkl#ﬂ&%nmg bU8a &m:»nw‘;im%%wnmm % %}keJEradl?Js?{c cml ay

(maxCTD). As an exanple Constant Bit Rate e service used for
VOIi @epcifid oM ind B s anplhinigdiaRshdied Mefinnesh %u@:s%ﬁ»&’éoﬁ%&ct@@&a SRRNEMer ihi@hy al | ows
the user at call setup time to specify the PCR (peak cell rate, essentlally
t he ohhredahi AdMgeiwotkln @f cailabttedrtixacly. thea pakk€bLar arblley deivoar &nﬁuﬁbytpjmwa&ur e that
t he val ues requested by the user and accepted by the network are net: if

t heyheaplenaphsts exipng ghe fratepior dhopnsd wiwifded retdlec!$S3pporti ng CBR. The vari ous

cl asses of service direct the network to provide better service for sone
traffic as opposed to other types of traffic. In AT M with fixed |length
cells, switches nanage bandwi dth utilization on a fine effectively by
controlllng the amount of data eath traffic flowis allowed to put on a
line at any nonent in time. They ganenlly have sinpler buffer techniques
arising fromthe fact that there is but one size of data unit. Another
advantage is predictable network del ays, especially queuing |atencies at
each switch. Since all data units are the sanme size. this helps to ensure
that such traffic QoS raraneters as CDV are easily neasurable in the
network In non- ATM net wor ks (i.e. frarre based net wor ks) frarres can range

Y T T o .



applications, such ac file transfers. better bandwi dth utilizat |%01 MAY 2002
i nere~se~ performance rather than decreased hop-by hop | atency. Recently.

- the denmands on nore bandwi dth and QS have grown many fold due to new

appl i cat iwoseBss77nul ti medi a services, including the before BEIABPHYUi deo
and voice. This is forcing the grovvth of ATM networks in the core of
tradi tional picket-based networks. ATM because of its fired packet size,
bri ngs reduced processing tinme in networks and hence fatter forwarding

(I .c. | OY"er P@I Rci}/o)mclc&re@g thplrlh gl§mWPfoth$lt(lP lb&na@yla}etd&m;\& a& ?‘%@st@ﬁéﬂant age
of traffic elassifiemon Stnee e cells, ac earlier pointed out, arc
fixed Skehce. THisxhdahihdd Abhrivitth .ea,rauabne. :&Qnu@&bdmndnrmugthe@&ihmwamm flot | e.
networks can carry trnditianal packets Iin cell formal) and constant

bandwi detilshierteanhedah i dfappey; Thivarks fvell cdith mmsw"'d'adﬂa)ﬂpnﬁsatimﬂs‘llch sUlisegsfontd v he
detnonctrated, nost conventional networking systens inherently ate designed
for eit FF@P“MS‘F‘WA'F&W‘??QW'F dererot prprk el T"é" amplicatiopt thal oy reiransEtit oy d’aﬂtg"w"!“ﬁ"tﬂhfe

present } Q,\(,el{,‘,tQ'C,%th Jgo ,,%tvt}%g ghl £y vut}eo g)hlfolfl §r§erq'na no%/ eense W] ?sr}(l;etlﬁf)séer

al pori t firic enent an acke arc

bot h Ce'aéﬂcaam ke t@l%@ s&ﬁQnMIl&oﬁJ&@m ﬁat:fedslieri\s tht?ar)r &t By pbfatih GRe :ﬁﬂq'ng\%et:lhc delay
significant adeant;tge over the prior techniques, as later nore

expl ai negtiatich comamfaeMYlu@é)QZy WO 18836V idpossible.ais there ismy omi of pradiisy tht type and
B98/ 01940 An object of the present invention) accordingly, is to provide a
novel syistdirnlie siahedefany etheripe ieeiisde brdfem dat mysthandle e =Bdmw°qﬁemfsthe sble to

L e e s G B S
charact %Ihhé&\h§§ame°infe%:t‘$}‘?ﬁng%%ﬁ£ﬁménﬁmléasHSlQV.&aQ&:sSUCh a ”0V9' architecture
in which the architected switch can serve as a packet switch in one

application ambl R Yesignédab proGind deGekal fervice Betdgbiiek fon SifTtrerit apli€hlions.Thésk helidbCoRsMNEBit
har dware and software. Still a further object is to provide such a system
wher ei n RateCBR)e A vailbbleiBit Bate fABRIUnsresibed BitRawdUBR)iandtwouGsions of Gagsbir BicRated VBRD r
both cells and data packets si mul taneouslén based on a common cel Udat a

packet s "¢ty ¢ Ref-rerimg dtieteiseia C’Wé‘df" delined iy '?S‘F'b?fi'rd’ér cParapsierand Q97 Earpipyters.
al gor it hlrlmf;thrd' %{e}é@i{c d‘d? € eellréat 6}consl n?bandvf) %be ustaina Fl(ﬂg R g(_ pl\/ﬁand 2 BmsJ Sa z

t echni ques Ter=an exp arnea. her &
are nor qupsy, Mifitb@ ELIVRAEMAS a.win baa,t ViFiaRPPaGEHRE st mms%um@ém deﬂy
summary, fromone of its inportant viewpoints, the Invention enconpasses in
a dat a nakindh DN, SNt Raib EILR) &nd ehatiduch Selrmiewmhyaﬁaxerrbh &% anAidviplecConstati
arbitrarily-sized multi-protocol franmes froma plurality of UO nodul es any
of whi cHBitkutr GRR (gl the spavick psagyfer yaine andfviderapplicatiorpigrigtined ps vpreieeemng'hml!wsm“/l

cells or such franes in transform

ol I 5, U ALt Gesty PR REX st G ol bt B L e e R o
cont ai Nefe hdlwdeR faubi Bleh erdbre (ha@RE 2R egbddeSbiHe @erméhe@@ hheRoRIRTER iRy are
characteristics necessary for correct operation of cell forwarding;

pr ocessi m4g, tiehewoadkaidiced suppodig CBE. | nformation in a fot vvardi ng engine with
comon al gorithms not dependent on context-sensitive infornmation contained
in the cell o%ewamw”seanﬁewiﬁséifcrfgi‘etﬂetse!ktos'rfr"h'e betdi saryic fosoinp frffigms oproredty an
egress queue mana passi, nglfthe cell/ packet to the eqress 1/0O transrnt

facility*thvEdeh" gEv ! % 'BrB e S I AR P e At vitizrigy onAlne Sy b
(CDV) so o Selilw N9 .GhaLact & i
Cont 1 of ioREoigine fiohHeh R (A A Ebiow LU HELEL DG CAEREh 3L ri el
NanageNekkive @@ bliidd Eenfucddeitife f;&l the @dad.amcekemma @ade Gtldhea Wil AvRlhEr diviR@gRlid NY
the correct operation of either cells or packets. 5

predictable network dclays, especially queuing latencies at each switch. Since all data units are the same size, this

helps to ensure that such traffic QoS parameters as CDV are easily measurable in the network. In non-ATM
networks (i.e. frame-based networks), frames can range anywhere from, say, 40 bytes to thousands of bytes,

rendering it difficult to ensure a consistent CDV (or PDV, Packet Delay Variation) since it is impossible to predict
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and techniques are hereinafter presented in detail. Draw nes

wi |l now be described in connection with the acconpanyi ng drawi ngs i n which
the before nmentigned Fig. 1 is a diagramillustrating an A7¥ctrAsysmiaonous
Transf er %9{35 Il format; Fig.2 is a simlar diagramof an I|nternet
Protocol (1P) frame format for 32 bit words: Fig.3 is a flowhart conpari ng
Ti me- Di vi sion Ml ti pl exi ng (TDM) ATM and Packet Data frane forwarding;

Fig. 4 is _a block d}fqgck mcm‘ e Sw.teh ng\guap aL'[leyentl on with the cell and
packet ™ Fl¥F e puwork g king congsient et °d agramor a traditional prior art
bus- based SW/J.:np»mgragaaarmaﬁce%lur/ﬁ?dcarndcrfkcghc @uuvlots.cmmmn%@d\csm.&%h dat a
flow diagram Fig. 7 is a block diagramof a traditional prior art

CI 0SS- EBEmittiyp vt b harguo afodid St ilwntigws &meh<id qyrucBpd bulls nongesentiddactdapa f 1 ow
diagram Fig. 9-10 arc interface diagrans illustrating, respectively, a
cell swnvéﬁhwft“ﬁ"‘a" Haﬂ‘wce h‘t‘té’r‘f'at'b" Eheadsr s add&h'ekect' calrmaging 'at'é“‘a'r‘ie lpapdvidth
switch, and a th a cross-bar

or rrerrf)f llgf ng{o fkd‘ﬁ‘ tlﬁ?_n |Pt%c nciuéark h::(gj &gerémrgmlssu%ﬁurnéI[-nrcﬁx:éna:rlcalr(rg bylés arca!%?(:et SWi t ch
Wi th ”ﬂa&d#cd%ﬁ'%ﬁé ho'“m; %ﬁ.a%.\qa.radﬁmace ook boﬁm,,&uh Dh&kd: aﬁﬁmmam%g&;)vel Y,

for NxN nenory connection buses; Fig 14 is a block diagramof the sw tch

ar chi t elidksthit@He chiiefrPkeas R ihah NINCEIAS. IIOKTTM, Wi 11000 Byiee is\Bdpfled itNRBNEyied Vith@GBIAGCE | ON
with the packet and cell data switch as a trade name of NeoNET LLC, the
assi gnbeadesfi.ct 10/HY o ABEI ( %Qﬁcﬂel'ﬁ dothorltis Bpngiven £5 bytecheadsr ingreasiet thrgdwviarss be

respectl vel y. of exteng 1INE ctiaon flows for forwardi ng decisions
and an"¥¥EPE Wy 'S =JdeH? r"n"é‘ts'll"ﬁ%‘% %"ﬁ'b"“’f‘f‘ﬁ the sysilyble by ‘Bﬁ”%l‘nfé“" data
f_OI‘ war ﬂ%ﬂ»go?h‘im? n&ﬁivtcElogwthtao%ﬁth@dct:}e.{uﬁg onL@Q% g‘l’"& nIQ{cQQF:seE ??vahglgkur) bl ock

di agra is a second stage f orvvar
di agramndEIdGSorZQaa.n.dmzdmare respective di agram; of par se graph menory on

power up and of a sinple illustrative IP

For some applications, such as video and voice, latency is more important than bandwidth while for other
applications, such as file transfers. better bandwidth utilization increases performance rather than decreased hop-by-
hop latency.

Recently, the demands on mare bandwidth and QoS have grown many fold duc to new applications for
multimedia services. including the hefore described viden and voice. This is forcing the growth of ATM networks in
the core of wraditional packet-hased networks. ATM, because of its fixed packet size. brings reduced processing time
in networks and hence faster forwarding (i.e. lower latency) It also brings with it the ability to take advantage of
traffic classification Since the cells. as earlier pointed out. are of fixed size, traffic patterns can be controlied through
QoS assignments: i c. nctworks can carry traditional packets (in cell format) and constant bandwidth stream data
(¢.g. voice/vidco based data)

As will suhscq_ucml_\' he demonstrated, most conventional networking systems inherently are designed for
cither forwarding frames or celfs but not both In accordance with the present invention, on the other hand, through
use of novel search algorithms, QoS management and management of packet/cell architecture, both cells and frames
can be transmitted in the same device and with significant advantage over the prior techniques, as later more fully

explained



mul ti cast packet; Fig. 22 presents an initialised | ookup table, with all
entries pointing to unknown route/cell forwarding -6 3 0 MAY 3ADMAY 2002
- PCTI'18981 01940 WD 99135577 information. and FiF 23 illucrratcc the | ookup
table after adding an illustrative |IP address (209.6.34. 224/ 32)' and Fig 24
is , queuiw@I¥PaF am for schedul i ng system operation Furt hePCTA88804949,nd
"1'0 preferred Enbodi nents of In~~ention Before ~r~ceedrng to illustrate
the preferred architecture of the invention, it is believed necessary to
review the |gylelsaf in9ihtiof the pnor and ~f current network systems, which
the present ‘Tnvention adm rably overconmes. Current networking solutions arc
desi gned ei tAn@bjedt 6f thSiestsd nivéadord et @difgly lisabd pro@de rdhdl Sysichardbitdcareanshabaand, all
types of data networking switches nmust receive data on an ingress port,
make a ufeh wish ahy trghréfe fos proprssing daineerkets apdiergelissioviarneusly ith a3 paskstst ang withdye
egress port and transmt th ropriate egress port physical

t data.on the a
i nt eyféfE‘@?"“BgVBff TpivE ‘BE&SS‘ac_alég’hw‘faab'}g\ﬁB’?'%fl‘eﬁﬁggspect s, there are different
[ equi 1 ement s, ddfer S5l is Wikdvialluibl 4 ThucE LA TR MARAI Ak s B L0 S LRLE

al | current technology divides sw tching el ements I nto three Lypes: - picket

bri dgeSwitdh@h/én@ bshlicaioh sdad £ISwitcii Andthdr fphidalidnisthig the Aarhd Hakwhare BRS ofuidne

di stinction between bridges and routers is blurred in that both forward
dat agr nnc  arsalll & Yupthe abjkcy isnaysdvide suth @ ystem|vwehereid imdovied Ebulg are BeEhievédin Marginy @S .
t hus the discussion focuses on decagram switches (i.e. roofers) and ATM
SWi t chaharacetisticsfof hptheliand daapagkets simyliagesysly bpsaden a pemmnaseit/data patkets algerisima |
requi renents for these two types of sw tching devices based on current
sol utions, aHddfitiooal abjsetiytamratide acpmmennatsing ategrf{m for forwasdingeslis Ang datcpaghksts yeine
provi de_nechani al | ow simul taneous transfer ~f cells and frames

5 0
wi t hout**S&Vetel ?gﬁﬁtﬁ%‘{'&? ‘g the correct operations of either ATM switching

or frame forygyk indrm.hc.ub\;cas DR6ELxphifbd el ARG tle ABre pRBCURLG SQiALatdd Wtﬁmp}a&ﬁed
will then be clear. Roo [y h

ers typically ha~c a ~ide variety of physica
interfagass. LAN i nterfaces, such as El hernet. Token ring and FDA, and

wi de-nice interfaces, such Frame Relay, X 25. Tl and A7TM A roofer has

nmet hods for receiving frames fromthese various interfaces, and each

i nterfcmnimsydi fferent frame characteristics. For exanple, an Ethenet
frame. may he anywhere from 64 bytes to 1500 bytes. and an FDDI frame can
be anywhere from 64 bytes to 4500(i ncl udi ng header and trailer) bytes The
roofer’s 1/ QaRMathtne roklohdd itd iRBorBRAIRRPoihul) e idventRS SfREthphbRin WakndtfPkidd Wy sidne Al
interlace and presents the resulting frane, such as nn I P dataeram to the
f or war dwieesiradagiisteceivdda efiter ATM chillng adhgtilyaizk Dbk 6-p@dtocd! fr@mésf fromthqhdratinedf ¥ON
address. Fic 2, and nmakes an appropriate forwardi ng decision 77te result of
a f or wamefiulegjarg et whithean boself 5 frrmnigteriasesagymethediof prio¢essing ppth ST Mpesis or sush frenesind ned
by the faorwarding tables. The egress port then attaches the -srpiniirete

nct ~r k- YR ke PRSDBPrming fames afets ysive comenalgqrithmfor fopardinghased g copipl o £ ace.
Since _7 3 conVAY) i N8, 0 99) 3290 { L PCTI I BOS/ 01$é0n%di fferent interfaces

—ml’oam?i ame and in suchamarfnerasto preserve aracteristics necess {
may have di erent rane size requirenents. a route y be requir (o]

" f I a9 e Qrrect Bpekdiial 8 celi fofvarding PrRessing (N pARIRAT 3R ol A EcPm DR A (rwRldihE engli@ With
exanpl e, a 2000 byte f~DDI frame nust be fragnmented into frames of 1500

byt es oOtonines algtrdindimet depdntig)t db etdbtexdsensitve isforniaticicBiindd i hé Eefl @EpacKel) addgadsing OUt er
technol ogy offers "best effort"” service. This neans that there are no

guar ant eests inbladingdaSanforavation\ dnjegreso guelremaiagempesding the cellfpaciet tolthrgrdss YOt tramsmit,
Furthernore) because routers transfer dntagrans of varying sizes, there are
no per Bsliydt weh deanagy as g piods piniga! cplbdeday voriajen(CRND socs notpyimpacsorpet eelly out er
is characterized by its ability to transfer datagrans of a certain size.
Thus, t fREvadipgsbraqerighesigndopteofling he transmit Fsilily se g5t pratiderommen bagdvyidth gnapagement
transfer, 64 byte frames in one second or the |atency to transfer | 500

byt e f r AR 5hfoutefl Airaskels 18 Y SygUiRPasiipastie ot areradon of cifneg ey packers.
characterized by last bit in, first bit out. An ATM switch, by conparison,
has only one type of interface) i.e. ATM An ATM sw tch rmakes forwardi ng
deci sion by | ooking at a forwardi ng table based on VPW nunbers, Fig. 1.
The forwarding table is typically indexed by physical port nunber, i.e. an
incomng cell with a VPWCI on ingress port N Gets mapped to an egress port
Mwi th a new VPWC pair. The table isSmanaged by software el sewhere in the
system All cells, no matter what the ATM Adaptation Layer (AALx), have the
same structure, so that if ATM swi tches can forward one AAL type, they can
forward any type. In order to swtch ATMcells, several fundanental
criteria must be nmet. The switch nmust be able to nake forwardi ng decisions
based on control information provided in the ATM header, specifically
VPWCI . The switch nust provide appropriate QS functions. The switch nust
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The three main requirenents of inplenmenting CBR type connections over a
tradi ti onal packet switch are low CDV, small Delay and guarantee}l) MAY 2[][]2
-bandwi dt h. Voi ce, for exanple consunes a fixed anmount of bandw dth, based
on the fyp | Nyquist's sanpling Theorem CDV is also rt of
contract) gﬁg‘;%lt’gys arole into the overall Defay. CDV is t'ﬁé’"’t”(?f'a"%\or st
case variance, i ted arriv time and_actual ival tinme of a
packet/cgf°P rreq ’H'ggc“ F‘ﬁ‘f déé’-’"éﬂ'déﬁ%]'?“& a1 '?fﬁ"'lag"'é’ffﬁ‘(?gf' H‘e @ilit wants to see data
arrive equidistant in tinme. If, however, the network cannot guarantee this
equi di stant requirenent, sone hardvvare has to buffer data - equal or nore

t han tBeawimgst case CDV anount introduced by the network. The higher the
CDV, the higher is the buffer reqU| renent and hence the g 3 0 MAY 2002
PCTI 1B981 01940 WD 991 35577 hi Delay: and. as illustrated earlier. Dctav
i s not goodTHedtvertBR WMl pow beFffs@!g’F‘i@°°'1°&‘¢'R’ét““'b‘ét$@el°"mt'wd(§"ltasaduh"dm'albhfyrequeue
data at the egress based on rErl orl t(éfOf traffic, ardl ess of how data is

queued™ertipngd Fiec! ixp digerpp {lutratingpn ¢4M; y“6‘?‘i°'}°éhUP'}’@h’§ <3 c5lf fprmag et queued

behi nd one nor e .packet s h mum,.packet size, and
thin inher eﬁ i/sacsb"H 'E' "'tme(’s{atzﬁgmrer@);fsr &o?{ﬁ’a 1°m°g°rm§rfl°g??g'ﬁwo'ﬁpa packet - based

network Th ehga era%wem cSﬁahﬁgdﬂJngﬁlv%%n mq,léxfag PRV RTIRRE PAckth Baid Rne
priaritics. Froma Network Atanagement point of view, a network manager
usual | prakdigs to carve out the total egress bandwidth into priorities.
There are several reasons for carving this bandwidth: e.g it ensures the
nmanager t haFigcidne blotk diagafiof e {ilclydfdire iPrentimiwity thaell dnd pacetimesfacksn)  al ways has
roomon the wire even duri ng very high line bandwi dth utilization, or
perhaps a CFiR Sitnbletksdineramiof  wadjriafal priok prt pys-bysed pwitshing rshierivraapd g, 6 isancmprre,
ete. T ereua nerous net hods to address bandw dth per traffic priority.

Broad & assecshdatta“f’ﬁd"’é"n’echanl sns are Round Robin Queuing. Wighted Fair
Queui ng and P ;05 bibdk Mﬂ“'oﬂgnadﬁﬁmpﬁmhbqulbgtgym\e%itéhlr&%rcﬁm* ﬂ' ﬂsgx Té.)n{crésne
sake of dlSCUSSIOﬂ and conpl et enece of this docunen cas&s ' 0

queui Ngar akts AW diggrdng PUt i Nt o queues based on priaitics, usually by a

har dwar e engi ne that | ooks at a cel Upacket header or control information
associ at ed Wigt910ed infeiee Hiegrargsdllustrating; edsbdctpatyk etell awitch\with amatyrinicraceload,lephchare.

It is how data is extracted/ de-queued fromthese queues that differentiates
one quitArlers onertisaitehs fndfav 6M%me‘teh'e&crfacspmllewmtm'dwmquqs b errhamgry swisghe

queui ng rrectélanl sme ueues .in round robin Cushion. This neans

that traffi &gd2ad) d@d"‘l"f‘ft tfgagéﬁféé’"é‘ﬁﬁwéﬁb‘ﬁ"ﬁﬁ\é‘ﬁé’“"é‘é't'%'"fﬁ%"‘&’aFﬂé‘ Yith A5

bandw advant a is sinplicity of inplenmentation) a major
di sadvgtlntr'lct'fﬁce "sgfc(?'vﬁf gm?ﬁéme'ﬁ'orytc%"é'%%m %"é Sis that this nechani sm conpl etely

|l oses the cepcanta gt,ckmaw. lof e sulREH QEHitHurbBiShe rdlERinDEDRRSGARE Lo¥g RbkaR

al l ocati on mechani snms. The only clear advantage is sinpliclity of

i npl e memtnednnmnh thigniacet snd cdR@ora shvile ks mraahnae\eqmwag LOCARO@Eiprerofite prddent
enhancenent of 'Sinple Round Robin Queuing ', where a weight is placed an
each qaenligatipy; the network manager during initialisation time. In this
mechani sm %ac g %ﬁgég'ﬁeue i, S se rviced hated nn the weight |f one queue
is allocate Thgre ¢ AReRRiEbe °’i“t“d‘tléi’1"‘ls'“58’“‘§@f‘\9f’t‘§‘d' fma'ﬂe'zdfc'smem i me.
Anot her g%gvyce,oq?% uncmgsgg)?g I.,f!utdpacfgmg‘lrl ﬁ'ﬁ ted ha dwi dth. and will be

seni ced" e naj o Lyerdine § ‘H‘éf‘% i < unused handwi dt h
on the wire | o e

This resul ts‘“‘%‘ﬁ“téﬂtéﬁgtz'a”“m bfipeiocP b Sndg D% SBecoRE %r?aa%“:“tb**
racket isdkaFL1) dlaB@m@le- queui ng al gorithm™ which is crucial for 9_ 3

PRA' f 20fl2 WD 99135577 PCT// B98J01940 packet-hated cwitchec (ii~~i ng
equal wei ghtFigsoahd 2 paokspéctied dRmms Birparse pragh thentoReonpaneh i aid bl @ kinpie alubu@iive 1P
schenme. f riority Queuinc In this qucuine ncchanicm outrut queues are

ser vi cenlysatt pickettbased on priority. The Highest Priority Queue gets sen iced
first, and the Lowest Priority Queue gets scr~~iccd last. In this

mechani sm  HigReprespt Ei’r'l“t"}'"l"r‘%ﬁkt’ﬂ tgbley Mith plsentries aiming totnknowvo yere/ctll forvardingy
Queue. The draback of this type of mechanismis that the Lower Priority
Mechani sm may recuit in ~cro bandwi dth. The adcantage of this mechani sm
besi des being sinple, is that the bandwidth is not wasted: so |long ac there
is data to send, it witl be sent. Thefe is. however, no associ ation of
packet size in the de-queuing nlgorithn~. which is crucial for packetbased
switches. Gving equal weight to all packet sizes throws off the bandw dth
all ocation schene, as belore noted. fromthe ahocc exanples, there is a
need to strike a bal ance between Priority Queui ng and Wi ghted Round Robi n
Queui ng, along with packet size. This calls for a solution provided by the
present |nvent|on where . h||th prlorlty trafflc IS st rvi ced before | ower

Y Y o g,



" Architectural |ssue~ in Switch Design Current switching soluti O?jlnml 2%2

two distinct soiutions 1 ) nenory and 2) cross-bar. These sol utt

~illustrated in Figs. 5 and tS showing a traditional bus-ba %ql gggmmrmry

based ar@fpéstre, and in Fig. 7, showing a traditional cross-bar

switching architecture. In the traditional nenory-based sol utions

represented b~~ Fig 5, data nust first be placed inside of main nenory from

the /O cart T hic data transfer takes several cycles ac bits ate noped

from t Rermkdebdid Blge2 3ilGus ikt i Riokup @B BIieY addhigh6 BluaGnve & @bred i F0b.68£1t33) g nodul es

must transfer data t~ conmon nenory, contention for this resource occurs

Mai n menor yFip2éisapytwee ¢ogram far shepdlias sywgmeeeiani srn and a transfer nmichani sm

for data fromone physical port to another physi cal port I hc rate of

transf end., of the egress port and the
i ty—or S et O- OV e oAt ¢ . pveaton v n menor~~ and t he

nunber of |nterfaces t hat nmust access main 10 3 0 MAY 2002 WD 991 35577

PCT/ | B98/ 01848 fEsaTiin 10 ihiElGadBE Geibritl hikniBQMR( thdinTehibn. s beiit\ad QE’LJ;M& ghiaces

t hrough a common bus, with nmenory access. with a plurality of

dat a- r e Binivatiorg olabthribr sadisfivirient mayyolkGy sprona swhichihe ptefcay ine@tin adrwuablh oteRGmesar i ous

dol I ed and dashed |ines showi ng the interfacing paths and the shared

nenory, as F%"‘Wé'f-“l“’"'k'ﬁbW‘t’"°‘ﬁ§’°ﬁb‘f'—’r”l‘t"éﬁ"‘bﬂﬂ's‘b'FE'W B§F°§$“ el Afbrfag sutededlle s s es

of the sha L‘F e %w“ eul t in.s hs naaﬂtin Al cont el .increasin the

| at encYPESHIABF LS ETAR) I" t’ 3 Which &l dRay™ fr‘ft"?é?“"“r‘t PRI nd of

ar chi t g6k we & J@ggéw.ﬁ fhe L6 pcrnqr:@eﬁt.hghmmt hﬁh@rant..rrete egrat P Rysic@im&RQNOt begin

until the enfl re packet/cell is received. Furthernore. as the accesses to

t he sShaewed RERBE danddr@arding £-pas.alitre agalilbo@srequirema g ifidr e¢lisividdhing a¢tchs &sme he

contention is increased. this results in increasing the latency of the

syst emforvadingds heforsinter- oH grethdsipelpetiidnd swighne fereral itoriren sy stdesionts mig. 6,

t hus, SWI?CFICS ampm B?ar‘tcu:c%ﬁrs %T sm'?chpcehc dﬁ@nQuchr bcmelct;[h%dt Oa E!rr]oeuleg?ﬁwrr%d m%hafﬁ”ral to M

and t h&"SURBer Oor a menory access 1S OW ng nctions
OCCUT : (FhSE Grag@int G ity GroQ toullRttaflo 8 URBEihg @ndiiEHR 84 Wells IRR ke dlskuksidnTocifaidned
menory. The time to transfer a packet or cell is equal to ((8 8)/W'hil,
wher e Sathganesgjitehics (. O ronfas) md D™ swindhesbyt es for the packet or cell. Mis the
access time per read or wite to the nenory and Wis the nunber of bits for
a Menory ac@8sSs order At th fRcshREHRIba g dhitdcaf ) RGuiR Aentt @&t Shelei@o lyhddBr dvitchivigiddvRed T T O
menory. This neans that if a packet is destined to an ATMinterface as in
Fi g. 5, bafedin congatkolgjons nmdehcln to fir¢sent thetersopsswhgt gbrerpisdutipps dolwet peovisks mechadisnts toalief er
time frommain nenory in the worst cast this could be N packets (where

Nis tHEvfiBergs “b‘é‘ﬂk@t’ "“‘i’fé H‘“Wt"ﬁt’éf"f‘ﬁ&'&é?“ PTREY WeIivs o ﬁ'é“‘t:hﬁt‘ BHERRSN
anong o 16 oW L . ntidvEntio ) B=4000 bytes and
V1 o R e @R PRk W ol AR e S b LRI ) e (4000
8)/64) 80 = 40.000,n nose%on S r.ac et t nsfer gueued before a cell

can be sent RARGVECMAEFLY ?5‘""5°P5"é:’b°8'dﬁ'§' Bar LBa T e 3 Eherigy; Tokpangy ) y
i thergqbSpiiad Gﬂ@hw?ﬂh!kr@@c:cmcl\td?ﬁnemuﬁy WOALBORY Rim. ARuk s r\(\?ll:o%; fofRifiing | I 2
switch has 16 ports and all the ports are cont endi ng simul taneously, then
t 0 t r anfshves frdmhiesSarias paoheet. andeath thtorfed s & (d@ehOfr 0 OhanaBr@E R CFuA Ekamplelah Ehetneg et

into the ntcmry) and the came ampunt to get out-- a total tinme of about |
.3 mi | | FansEgnbreny e Gom ethyies o F00PMe g an ERBHrame cande prywherafeamidbytesint her pert

has to it 0 nor So f n ports. n-1. or orts hare to
gai n ac g‘gt%"gﬁrgﬁts 'i’sbyr?f:LrPF '°‘t'?5é?’°l"§’db6r“t"§ "‘°§6’dﬂém'd§e‘é‘ﬁﬁtﬂ§e’“h ot b
nanosecwgél |§|Er€:\céj'§¢e|glc<p¥< l‘\rhr@wﬁ il Qﬁ-!e r?lPtthqrr;rg)éthchgr@rgémg rgtg e, C%mgrdx

the original tort can occur. nce there arc vteFI( 4
bite = &}ikOlooke 6@ TedesunR@E hdd&eseE@Q. in8 nﬁ&pﬂvﬁﬁﬁ nh}ﬁwrvl‘u’@n a0 eRQhdBeraand the
full transfer t akes 500 3 b MAY' 2002 991 35577 rcrnB9sr0194o t 2t70 =
6()t) . 400vaniing 08BOOR ts:endSodagemitohederebsPpoB ysde@ Mibied RRthPlotsrdig iidbR)E. The @RS bat
time which is 600.t>00 nanoseconds + 40, 000 nanoseconds = 0.10. 000

nanos ec BRSPS he FITETHRLITSTORY SRt Moy ranamigh erfotrhen heaiosigO dterfemdinec onds
out of menory. This cal cul atwn. noreover. does not include any CFU
contention issues or delay because of egress port buoy, which woul d nmake
this calculation even larger. There _arc simlar disadvantages in
traditional cross-bar bated solutions as shown in Fig. 7, before
referenced. where there is nn main nmenon . and buffering of data occurs
both at the ingress pon and egress port. In the nmenory-based desi gn of

Figs. 5 and 6. buffer nenory is shared across all ports, naking for very
efficient utilization of nenory nn the switch In the cross-bar arproach of
Fig. 7, each port nust provide a | arge anmount of nenory, so that the
overaII menory of the systentrs Iarge as there |s no conmon sharrng of

N s o e " o o Y .




f3 Wite of data fromthe recei~~c port IV I to |local nenory of rt
If 2. The time to transfer a packet ~r cell is equal t~ (tB "~ /qgﬂ€9§@me
T. where f3 i~ equal to the nunber of bytes for the packet or 3 0 MAY
2002 WO 991 35577 PCTI 1898101940 cell. Mis the access une per read or wite
to the nemw 935§V s the nunber of bits for a nemory access BRETBS{0:940he
transfer tine of the cross-bar switch As the packet gets larger. so does

t he ti arerkw imarfages fmay havt differem framd Sive rgpiosentysaroutanmo be reauidedp I'ragmedt” 1 fgameciec al
menory. 1'or a racket transfer fnllnved by a cell transfer to an egress
port . fchep clht datppramiinp uieable sive. Fopgrample 22000 byts FORb{TRe mysthe Sgerassted fniedfemss ofFi gc
5 and 6. The pac eg st be transferred to |ocal nenory at the sane: peeds
as for 'R "‘Fr‘é’t'r{i?‘g’f {frsggﬂ“’é‘(ﬂﬂ'f?“o "hefrs! 19U%Rt age that there is no contention
for central nmenory, does not alleviate the problemthat a packet transfer
in front of Camaptiolitertechneiéaxoffernibest eifpsie setiika Jhis ménas tha thetearstnoghrsantsesthab r
funetionina of very fast interface speeds. The goal isS to create a )

swi t chfangramswiltnet pdipradin afouts-bned puatis Fyrthermore dieppuseroutersfransler Jptagrams of yarying ¢
D O e e e bR MR e B DR cRGR) ARk I ALl | o2
f 1 ames k00 @ARstdr BEEE SRS 9P R Edriaih Kz BB TheESPacity/ B ia kdeF by 1R Rharddferibed BE ind BB 1o
started to conme up with very high speed routcrs. they have not);

howev eradiRest BRIMmEDin BhciddodEoraticlaidnbyero Adieies £ 1500 Bye fr@dkbUiiomRTngteSs pokt kbLa% efrbds N
mai ntai ning a pol ari zed set of networking devices, ii.e. routers and ATM
SWi t chpart. Thislarepdyiis chadacterized byl Ionbilis, fostditioltat achi eves very high speeds and
that provides the required QS support and has interfaces that nerge ATM
and Packet - hasesl BRI catiafon R8s dnlyonS@PErididrGée! ACRTMFADATM swildhimakedd | |
allow the current invectncnt in either networking technology to be

pr eser Yedardiyigdecsiah bysloykidgoangisrvaiding2dbit Gassd de MRV nunitiess, Fig.d U forvarding @bla 3
interfaces on a data switch port that accepts ATMcells and treats certain
ATM c e bipisatiysingsxedibe physigpidon pumbersi-cagn incpmingfcrlbyith 2 VRIUVED ornsingresis porph] ekemappesiio an

ot her interfaces and onl cejlﬁ‘ or‘ et another set of interfaces, i S shown
in | at FewiPetiadtg ney YPVYCIprindbeteble b5 anaesd by spraseelyegherr in iy systsPual ff:"hd°

deci sion at .t i-agr, J f f.or cel . i tch acket
and ool AR RERb LRk RRS. 1Rl RASCLaBRE o6 fuliEam it ARE

packet i0yftyan fordkira Riy&pENt i nvention, based on this technique of the
previously cited co-pending applications, explains howtn create a general

dat itch that . t | 0gi. i.e. A i § chi d ket
ui {ching)  AROEST Sk ATMEey e R tuek e T e bR b
St t O (DX3105cL 05, AR iniblisfon ISP TSR I EH FR T

and Pac ed switch designs and various interfaces on r type of

ttch d%@fbr&ﬁkﬁﬁbﬁrcg{rﬁ@ ldo¥ funtriohd ERttslvitdnGust providalrs IFecifit teiddQpls, thepdhics CBmstahn ey
pertain to forwarding 13 3 0 MAY' 2002 p~' ngg8101940 991 35579 packets
or cel | Bt R4te (€BR) Bfitemd Wadidble Alt Riate SWBR) OCHS (vbiod svaidesytrapa i ik fiterind €y low Sdtersy W t h
Packets switches forwarding rolls. Fig. Typical Design of an ATh4 Swi tch

and more importantly low or guaranteed Cell Delay Variation (CDV) and guaranteed bandwidth.

The three main requirements of implementing CBR type connections over a traditional packet switch are
low CDV, small Delay and guaranteed bandwidth. Voice, for example, consumes a fixed amount of bandwidth,
based on the fundamental Nyquist’s sampling Theorem. CDV is also part of a CBR contract, and plays a role into the
overall Delay. CDV is the total worst case variance in expected arrival time and actual arrival time of a packet/cell.
In so far as an application is concerned, it wants to see data arrive equidistant in time. If, however, the network
cannot guarantee this equidistant requirement, some hardware has to buffer data - equal or more than the worst case

CDV amount introduced by the network. The higher the CDV, the higher is the buffer requirement and hence the



Ac prcvioucly expl ained, defined within the ATtvl standard th ﬁ ﬂm!: 7002
mul tiple ATM Adaptation Layets ( AAL | AALSf , each one speciffg g a

different type of cer~~ice froma w de spectrum of service ?&Tﬁ#

Const anty, Bigtsd38ft (CBR) to Uncpecified Bit Rate (UBRI. r'i’ﬁrgﬁ ¢ Rate
(AALI) contract guarantees mnimal cell loss with |ow CDV, while
Unspecified Bit Rate contract specifies no traffic paranmeters, and no
quality of Servi ce guarantees. For the purposes of this invention it is
convenient eo limt the discussion émp @ﬁ i()\n‘ R) and AALS (Fragnented

Pac lhighe Pelap: 399. spillprpedepdlie Relavagnof 2o9h H§° Y% native cell interface
cards, S*mwcngwdLJ.\tm‘ent,..mawL&s o atfhe gﬁaeusg o/ef,M, e ciey mmﬂmwe ATM
interfaces. The cells arrivi ng fromthe physical |ayer nodul e

Pr OCRE Hdevdy, A EBthUMedet3 virRGbnPajuir@heng wifilgaofutuedibcMbdletk 6r, moddpacdas \Eth dllat es per
VCl established contracts (services ) for inrnmng cells: e.g Peak Cell

Rat ehenSusit i mednu@gintketRiat.@nd tihioharantly Baribytesfhetmost (Ciche Fangrn enprpcketdassdich as

Ccl| Delay Variation (CDV) and Cell Loss Rate (CLR) arc guarantees provided
by tM&°kox based on the actual design of the cards and the switch. The
contracts,are set b chani sns.
Cel | Dat Zn. TOm e Jho%ul?’ep%te unléﬁrlgﬁa%?ﬁ@r‘t%d YLrﬁieﬁo%thggﬁliL{gem Fig. 9
.10 RidSQRS, Bﬂ(mtkymngerrduglly m)csleearmﬁummb&sed bﬁdﬂvmhu(.ﬁbrg.eéhmcal |s are
then forwarded to the egress port which has some requirenments of shaping

t r af fevegs! tegsoppforicel viogrhig b vigh: o itepwres bmenaess Baysensol tafic (HigherPrierity ed Leyr ess
tths hove, t o buf f he egress s Since ATM
conng‘t?f"?ﬂ'ﬁé“"bﬂyghab%?g'ga"v%ﬁwﬁ °pf)'\'t‘ff'"gt"§36'fgﬁ¥'" cLés‘taédq' 't" B E‘é’?"‘s’t’#gger nmodul e

al Sodgpsg\n{" tl{arcmilc‘ulﬁbetﬂﬂndbggdmlhm@éjgg This is because the next hOp_ hoc no
rela ronship to the ingress VOAPI. Native Packet Interface on ATM Switch As
ment i onedmier aFchnGmch&Grk@di@ thaddress Biinbl Wil per rhffia prioftly M roadiclaidd of 1hesd eckdniont de a

met hod that facilitates the routing o! packets. there have to be at | east

t wo peRming Rihist Quaeing. mhlhti@tr@uwmped Printity Quevingrichcirmdtiodologe vilide dxglaneddet.  Thi s
means that current, cell sw tching equi nt has to carr |nterfaces t hat
have " $FT YSHEERard PRRIErFse ‘§"d 'I"’('—:"és'"?‘g‘g"é\ﬁ Prye; @ fEi“t"%/‘ IMRFUEEEESP A" t he
core e the

dos; Bk GuTH NGIARE b bl udR e Rl Sl of A SRR BRSTARS o

typi calprdRaGk®E cellipicedt hrel@e (roh tha Backplint, 18show datils dxGacEdi@Vgacubd Troitigse qliéhes that

el aborating on packet interface on the cell switch. The phy~~ical interface
~~~0 difigrensigtes onp guspipgmechrasedrm apates a buffer and then they arc fed to the
"Header Lookup and Fcxwardi ng Engi ne". The packet-based f~n~~ardi ng engi ne

deci GespletRvendayhieQBcuppert and assoctate~ a VCI nunber for cells of 14 . 30
MAY 2002 \HDs mﬁummnp@mﬁcsgmmgm tquivkrobip Gehlicst Thikrganp thg kdfic is digidedgmeo s
segnented into cells the Segmentation Unit. Fromthere on; the packet is
t r eatiB NS Pchpeye ﬁ"t‘Pre“'né‘E'vs‘/%“"%t@f’t‘ BhitEtens ﬂa"*eﬁgﬁ'mvtmtve%whvm}@s*go. ng

thr Ouﬁtt %Q%htggc@?.l.ts g.gmggl tggn.attqs .t.ﬁ tlid Wecnabfsih Qttn.,ﬁttg{ 16Es .g cI,..Qtp?ofﬁnw bélghyt he

sSwWtc e egre e cells enter cel ace. then the
Pr OC afust tktg bé Sanhgéd by tafer @idehtih MedharidddVihe bilyiclé N Rivihad iV @m@Gilylof imple@éniaione ON
AT1~1 cwitchl If the cells enter a packet interface. then the cells have to
be regssraRb&drbiif 0 packets. These packets arc then put into various
priority omeqesin@methinRANRs ARRIh@FHeraEr Sinple FOuRARHRE Qiling Clhcre h\WRight ¥ phgedOf
racket interfaces on the ATM Switch shoul d he exam ned. AALS Interface on
ATM Swicich hucde HRahetnetvork enmea Be ke indialihNbnSimic t1a FhisgetHadsns eglipiatity pacdietesricedf or e
sendi ng the packet to the ATM Switch. In that case, packets would arrive at
the AP hihe veieht ff cpquege fspieraed 106! dhe dandwidibr # Hill e sorviced 198 oRMmBWATOBEF wer e t o

acct to a ave to reassenbl e the AALS
Packel" &Nt Vp“e‘?g{)r mq'é"'%"'@-';ﬁ"dw' 'ehc?"g “’(‘)d pe “H"f‘td(‘i'o';1 Uk et AT SR AEHT BBt er
makec;, Nol ) ' it
throubt“?dfng\tﬁ"%’oﬂtzﬂqﬁttt?“g;"Stifﬁf."ﬁé\t?t“3"35?%*“ oo e i mdal

i Nt er faG@dD Mhadis Mhb\Shd £bcibison SR 4172 infthHe.- qlcl..ngLnEmm. tangchMLu%ans‘fl I's are
first policed on a per VCI based to ensure that the sender is honoring the
contract. Once the policing function is door:, an Assenbler wll assenble
the cells of a VCI into packets. These packets are then forwarded to the
forwardi ng engi ne, which nmakes the9%forwardi ng deci sion on the assenbl ed
packet and some routing algorithm The packet then travels the ATM Switch
as nentioned in the Packet Interface on ATM Switch section. about
Difficulties in Processing Packets on Cell Swi tch Keeping the goal of the
present invention in mnd, i.e. to achiete strict QS paraneters such as
CDV and | atency and packet |loss, this section will tier the difficulties ol
atterrptl ng to de5|gn for packets through a traditional ceII swltch

B A AL £~ . .



PcrnB9srol 940 The PDV (err a packet through a cell switch is c3~%rM4¥Dt2«gUZ)f
a concern chart the additional delay. The assenbly process can be
processing nultiple packets at the same tine from various |&g{ /op$aet s and
packet s, wb@oiskd73 causes an unpredictabl e anount of PDV, essentially hayed
on switch contention and the nunber of retries of sending cells from
ingress to egress. Cell loss through the switch causes packets to get
reassenbl ed incorrectly and theref ore adversel y affects appl i cations that
are real -time content specif le tran rf er. pr recover
from a MFSHYE ‘b‘&&?e‘t"‘("&ﬁ%’"' “’6"8?‘%1)'}1’«%‘3" ARSI T "? wédé\hu“i' §“°m§ﬁ?"é ™traffic on
the switch due to retransm ssions. In sumary, passing packets through an
ATM swi BrierityQRyetnenot provi de packets with the sane CDV and | atency
characteristics as cells. It sinmrly rsovides a nmechanismfor passing a
packet pat hﬁ qldmeam@mnlmsamptnce.nm,l}?ﬁ%aaadgi.c.Eagmn ,.ﬁmt% Chie Arghds@lbdy ONal
Packet Switch 1s shown in Fig. nati ve packet erface cards.

Packet sQ@kegeisQér\vicdd dhestl abdihi b&cﬁmﬁw@kﬂgm&gicmuw 1a thistv@ciphiyie. iHighér PheHer | ace.
The Forwardi ng Engi ne makes a routing decision based on sone al gorithm and
t he heaWraffic gifvays hrecfpat'ket-owcci‘w’e*rt%e'céfg? daydbagkf thisjtgpe gbmdchpaym istthbthtcpwrie t
travels_to the e ress vi.a the whi ch coul d.be designed in one
of many REEPMEETE™ "RY BYUIN b""s‘?&‘g"’"k( + &?ﬁg“&%ﬁﬁﬂ'al‘ IREHRRIFT brsi beimg ety "mhe
egress, bakm@.d.n%q,ls.%&.me @ylomq Hore Sl dads 568 e fif 6 o ;a.cnme iOfdweVfr %J%goﬁ.so.. of

Queues are responsib for prioritizing traffic and bandwi d mana rrent.
Cel I i n§igfih &e G- @mlwﬁﬂm\svmilﬂl’krihﬁoi[ﬁﬂdlbﬁdtd)ﬂr&‘chtﬁ&ﬁlﬁﬁgqudI\ANEthto afS P sizes
Fig. f 3 with AALS interfaces, provides a nechanismto allow cells to pus

t hr oughWﬂHﬁ"ﬁSB‘kh@é‘"'f’tbr?@““%““t’“f‘i'e"‘%e‘l"I°‘§'°ﬁié°dof AALS type There is no practi cal

way of creat |rtua C ough wi tch,
and part nt %- 'herae"s‘éﬁf"m"'ﬁ/g'ﬁ |'so°n"°?§?° ’f"tk”"’f ﬂce "”‘?"ed"'"‘r éﬁ’é‘WF g"%%?‘gﬁ‘ih an
archit eﬁmem.%wng AfhewiEabit e CTHRQMs ﬁ#s}«man Ol BE the AEER SNERbrwhed: NEY
are assenbled into packets by an Assenbly nodul e. The packets thus created

ar e t henighprcieantrd isaxaictd befotcildser privkily walfiq) B kb quelé 8 Edraee R lcaldWithinits baPvRRS
side, if packets have to go out of the Switch as AALS calls, they arc first
segnent adpeatiog Iv sidiforhta shgabove reayisment.d °'"IF“f Prdfed Symlﬂdrl‘ey""eﬁr‘v'hs’h!abma Qe exrawhenout |

Dfficultie Processi n et Switch: There are problens that a
cell fl é%"i"b?c‘?é’g‘ oL atiapeng s 53’&‘??55'"‘3'5{"# aan "E‘l‘b‘f‘n‘&‘?“"ﬁﬁ&‘#@é’ﬂ‘ Wetke Pt Thit teshriayey ¢ 1 onpl y

diffi eu'eLfo;cgrb'\ﬁ%derhq»gJ ihar ﬁl@Luc%&nﬂn@AMm{dglth do§s"l\%n\a b%d(v%hlnt ‘hc re an§ pggr}ed ltnhe
QoS guarantees require l'ustrate Creference 1s made
t~ the dieagiesihchown in hef~re described Fig. I 3 01e of the bi ggest

chal l enges for a packet switch is to support AAL) cells. The sinple reason
is that - Jkd =:Based header Lookup and Forwardi ng engi nes
do not _A@g,.g&%ﬁolgwgi@ 55/%5%%%?'2@98\]01940 WO 99J35577 si nul t anenua

recogni ze cells and packets: therefore. AALS ceNs which can be converted

i nto packets @iem BURPANEIIonE BInBloy S0 FstR& YW Rns' G Phérhdey 4n@B) chdds-Bab) GhesPdaitidnd diy Of
the switch. Anong the featurct of ccllt, are the CDV and the del ay

char act ehyssatedisFiesPhiandiSrbpvde staditidwiduthsedant me albry bgaddrehparokeind g Thhowitg's
nore del aX and an unpredi ctabl e CDV. The packet switch. as is inherent in
its nang™ 'i“?ﬁ3|‘i“§§b‘fﬁ‘éﬁ°"‘b%1fﬂ\é‘f"é“'bf various sues and nunbers arc queued up on

the switch t cel hance_of nai

type of reasongb fadi g"ﬂl‘mﬁ V\@?(’L"qm W mhcad g\’gesr ?’%ﬂ“‘ﬁhﬁ’é‘d’f R&s '('g& °g'f'"'l he

I nventi qnenmen&r@a@md wew«u%&rmse;me,auclcy“'bl #@M@E 8k Dy nditge mmfm 14)
and unlike all these prior systens. optinizes the net wor Kk I'ng system
transm t dénktgy. Bdéchc el diGer@n L0 MbaUER Shudtrdnki@ dita io@&ﬁﬁ&ﬁhd%tﬁm%ﬁﬂh RO RSoutctIt O
the other. Furthernore, it maintains the strict QoS paraneters expected in
ATM swi t €hes )\ﬁagushmasmstim tot 2 ODfing raccignioysrea ta @ inechDiissh. for Bl Gorh 6ne plysic v ed
by having a conmon ingress forwarding engine that is context independent,

a: wi t eh PRSP Pnethermisicdl parh dPet's opiEryls isghsgihighvadepeodapt enithessparil plake eprass eorcapd thand a
common e rle‘alhgovmm“gmn\e-d- “E S fl owi i ng qrou gh the architecture of the
i nvention acqui ri ng Caric ‘CHE "That ACPEM BT ¢y REIPTRFT plRicriess that sy spgess | nt ai n
their QoS char acteri stl CS.



The mai n conponents of the novel switch architecture of the invge@t hﬂh) 002

sonetines referred to herein by the acronymfor the a~signce he

. "NcoN." as shown in Fig. 14, conprise the ingress part, the switch fabric
and the egipsessgrart. The ingress cart is conprised of diffePCHIBIBNIDCal

interfaces that may be cell or frane. A cell interface furthernore may he

either pure cell forwarding or a mxture of cell and frane forwardi ng where

a frame is conprised of a collection of cells as defined in AALS. Anot her

part of FJ&% i ngress corrponent is the forwardi ng engine which is common to

both cells ‘and frames. 'the switch fabric is common to both cells and

frames. The mgasENyPBE/i6Figl658c CRNMMERcdsthréug ficop@ioh Busawith riemdiiBRess. Wika f i Nal

part of egress processing is the physical |ayer processing which is

dependaturalirpf dfvereceiving aod trapymtiwper LEpons M 2setc- 1wl ey N"‘S‘W'tdew dashedinesghdwimge  Of

t he invention describes thdose arts fpat, afre comon t h Lh cell and frane

process‘"‘d@"’f‘ﬁ'(—?g R PR AP S i e o Br MRS W e °"sd Yo\ d i Al

expl ai nﬁghmmntomteu@rngu@rnﬂm LRchiY Rltedsig thbRiehd iy hfre&e.mi.t,t ANGUireBpC ket

twi tching arc prcdictahle CDV, |ow Latency, |low Cell Loss and bandw dth

Mmanage neabsiantidl indhid ki@l Srcingeudte Gromsealripeedsitgad ke Galrd! ifRornatiof FX@hdt begih ubiti the entire

architecture of the invention. Figs 4 and 14, 17 30 M,Y ~ 2002 WO

99J 355 ckpiiee|l isiesggdot 9ao however contai ns two physi cal interfaces AAl. 51!

and packet Ip ﬁrfaceggc Lhe res mg"qq e esa;sgcd mq\?f rence b t ween the
two types of TATBPF-AEE° 1S fh duf s ‘” ¥ 'l'lt:l uncti on"

and Peéont\!%oﬁl}@nq}eggd lhtJ: Q’ﬁltsqg’nérea'mng thd |§ta{2§3§r tl(eAﬂkjh' 39 the l‘ahﬁorﬁytﬂlﬁglbwsmta\ honor

contracts set by the network manager as per any ATM switch and al so provide
SONME SOddka fkv dig@pioNBg. GNhysewheidUie olyass dpe @&t reddre weg rathemenideds @et wiMieslehephysi cal
interface nodules, the systemix identical for a packet or rt cell

i Nt er f atusberih bitsdgramempny accers is W) the doliawing Mnctipns oes8hcept t hat once the dat a
traverses the physical interface nodule, there should be no distinction
hetwcen a poTketis dadrie ef data frbin ghe reﬂ;dvclpbrsttlSo $hwed oancey. (the Muetoa:nsfkriatpmauruelmhi ch
has t hree maj or bl ocks, nanel "Header Lookup and Forwardi ng Engi ne"

"Q0S") eavel to CHIBYYIM. whese P és cayahyg he h'é.‘t?ﬁfl%"’e‘m“?'é’“aﬁ!ﬂ“ BRI s theperesctimeprriesdel v .
The di scussio [ hi,s invention) ,t

Chese ¢ Reae gnareey i T roRerbisd drvbeentl) A e Bkt beas far palpr
The i nveni4ong nR6sent ed i abefore-referenced co- pend| ng U.S. patent
npplications Setisl No. 581.467, and Serial No. 900.757, both of comon
assi gnee herG‘Wk‘inbhnstﬂﬂﬁﬂ'\rﬁh&alida(ﬁncdﬂﬁnmhtﬂ@csgs&tﬁmﬁfﬂlowﬂﬂlfylalial tht @li@ncy, and
can i ndeed achieve zero |latency even as data rates and port densities arc

i ncr eas delaycd el aohit efseansidy pime @mla#it' MemOe. hnd inthe wesst e3se this gguiddie Nh’echlf)@h@yt‘é
cells or, 64 hytc to 64K Isthrouhextr cting the con

i o t ndEMES PR AL RAGEE MR 8 1 G sTdne B s oy I e

Pr OV 1 Akt o L% vl ans M 05 Vhdsdathal or 264 BLYRL bt RODRARIp 16} e hot o sy
swi t chi ng, routing ana I'tering decisions as data'l's el ng wrltten
i Nt 0 Merg EY0.00YRkroY@ondErbo! Spatar AIER qickt@ betwrk b €N cdiHR sVVRAIDIT BE 1hEnahddbnds p?) Of
Fig. 14 are first policed at 2 ac per the eontrnet the network manager has
i nst al | ed bpnccds. FisUhly [ifalste. is aotvpentignebn the bisotbbtsberer. dothasee s, & o Awilclhas @6 pasis | Nt 0

packets on selected VCl, Conming out of the policing function 2 are either
ecl |'s or"d¥LbsAMEAe 9NRdng ’"“B'é’&?t?ﬁﬂf’ theny 'S e basrRe R?f"‘t‘?‘f’é'dd‘%i't“éf AP ranpyseands | s

no dist Iéns?lol (c)lrllnupﬁg V\Bnt?npy g‘ndnﬁ(\tm: am%{]nt %ﬁe Ll a a;ll rLe ofugoupl.a}n%ll|[;cet:a h%ﬁ!z %Duets l?lglr ESS

port wh o conply intertace requirenent

ar ¢ queuR@vetizadhfveid iRt mNe&N«mtcamSumd weidlo ritmak & dNESoA&nk 16 PRAIRN. of B pBreaM ned
for destination interface and Q-S requircrncnts. This information is passed
on to thevegeesgcdsnbd erhar ShiQeSnmbd Yl e §i an@ecGan t 90 nddadeonS\utetue by the
so-lahcled at R, The QS for a cell-type interface ~~il! sinply ensure

t hat cel%ys'r'at*é*sc ‘bewh@ﬂ‘tche'wawve&‘htOTiRat'emamoevri ?jpfed'crﬂatcew@(ettylcs &irc then
forvvarded‘{‘y ‘ Pﬁe ~' Cl S%E g nmodul e_f 0, where the cells ate

f or War de¥y*“tef f’f“l’ PhIFSTEar™T AeFT! é’é"%’t‘fdthérmt“ﬁé’?“é‘f"é‘ A aeipages ?‘??e

requi renentc of the next hop sitch. Since the _ 18 . 3 0 MAY 2002 WO

991 35577 PCTI 1 B98101940 Q@S nodul e 6 does not kno.v fromthe control data
whet her a packet or a cell is invol ved tt sinply requests the data from
the NcoN Switch into the "Buffer 12."''"The control data informs the "Per VO
shapi ng" hlock 10 to do either header translaNnn if it ~erc a cell gorog

m n anot her VCl tunnel, andlor segnentation if the data .vas a packet going
out on a cell interface anctlnr reformshaping :rc per the renote end

requi renents Native Packets through the NeoN Switch As packets enter the
interface card, the packet header is exam ned by a Header Lookup and
Forward| ng Engi ne rmdule 14 V\/mIe the dat a |s sent to the NenN data swi tch

e e Dol o~ o~



interfnees, such that if cell characteristics are naintained. @ POREL s
have the sane characteristics as the cells. The packets nr:ry tahus have
mensur ahl e and | nw PDV (Packet Delay Variation) and |ow |l atency, with the

nr chi eect re suzﬁorti ng packet switching with cell charact ep¢finsgpigeod yet
i nterfaci 8 PRPEK st ng cell interfaces. Wiile the traditional packet
swtch is unable tn send non-AAL1 cells as before explained. AALS cells

al so suffer an unpredictahlc anount of PDV and delay - |his being obviated
by the NeoN Switch of the invention. Packetc throueh_ ~ traditional AThl

Swi t cA29 0 gWmperecqni Sathy et 1Y Y teg Riyiecut sty it AR o® ekt n,  not
the c580d flnddGaNERN o Yahdlorl tof AL udnlec iRk Rbly. EAPariRE o iBlecohL 65 o hi ¢
type of hybri swntch|ng of the Invention possihle include tir ngrccc

I ON. ~aetoRCTHNAEUKRon. hRovagdoeSEn IBTEe s TPU dddicdnidh {s€ids drdéldyi tecause begressPord) MAY ~
2002 WO 991 35577 I ngrccs Forwardi ng Engi ne Ucscri ption PCT/1B98/ 01940 The
pur r odesyothitthewld nakcgecafeuwipina-exeliaregs- Engi ne 14. Fig. |4, is to parse the

i nput franelccll and. based on predefined criteria and c~ ntentc ref the

frame/ cel | . ThgRE SRy S‘F%ﬂ"‘dﬁ':htj‘ 'erév' | Sprs-barbrsed sluiens *t fate v fie 7 bt
I1/f d t
ce rl‘a fClEfCé %v eCrtpl vl; (r?n m::at‘v(v:]ﬁ'%l n{aﬁ Onfd%ﬁﬂ%n% r&glggcc{npbmme% }:Ls \}mgxérg%é gsb nslas for

det er it ne en e contents ocatl on

act i ONge MdindryMascd 6dsigh bIFRIR ahd6. G4IRBhErRIM is Irhad hedst i poat. makingdrr Ve RuREBAT Ch,

which is an iterative process, results in a forwarding derision. A

f or waruiii fatjorcke GieBarpen theswirchdle the lcmsrbaut approach bf Fip W cach port owe povitldwdargd aoweweint | oned
framel ccll. Such procesxi nq i nclude counting statistics. dropping the
frame 'mm‘we Fq that 6? aveal BrTPY ¢ the "f‘f"ﬁ'rﬁa‘“’é? asdhere is gogomman.tharing °§‘I&'§E’f Fhm'gr ess

por ts. ewuc i otﬁy ’[ conduu }or lhe HR f8%ﬁ§a§a raﬁsn %}%c'§#n%“ q\Q§ qV?nolher Rys;cn a({ne ream

of fouf characters Ix racte ave a propri

mat chi JygeNt v fowrs hrbl silBEAREDYEIy to\rdnkTer@at RBRQGIYRIE pok /g bf lﬁd’l@d WpbtpersduRGaMi®|E t O
the next character. The final character b produces a pointer to a

f or war ditatberebn inprynsingthellaedep pnd mopreslicrabitiman the ddvefromotheefivst inpatanort ishassferred toithe r at ed
woul d have a different collection of entries in nenory produci ng di fferent
resul t QPuypas: Bwbmadwﬁ@f%WWMMr*meﬁgwm m'cumrsxerd'éfhr highrae gfdsa 5

i B R T e e e L e S
par sersw,gﬁ‘l ng | ogic that foI I ovvs instructions wi tten into the passive
menory conponent which is conposed of two nmj or storage sections: | )Parse
Graph Trce finR@hgitionhlicpss-tar sBitchingdrcRijectime Eyv@ G Fig. 7 MOEPIDintketideQhrodgh 3 tomnfong. | 9.
and a minor stortge xcction far statistics collection |lIte Parse G aph Tree
is st oP‘efg\%“'aT“‘@a'Yt“Ff&‘t‘ 'eéh't"aﬁ‘ﬁ%‘“éh the yoriess mskmd di‘fb‘ﬁ’d@F‘%E‘ﬂsﬁ shngweawmf'mn
the res f set Far war

Luns nn l?nc <h1t c' mcmnr aq is wc{? nnwa e‘ls'l{ Q:Pb makes a forw*r?lm g:lmtnotb aé{% o[\ H’l omm n the

cont ai AS i NT Of AL ON about inati on por it on,

egr ess 4Qig a:darq.arma M hcAfahsiiRicd BERBs HESdsOBar kit Ebdle b IR 6EARS Rort. Butlr oumnﬁac flat agam
it can traverse beyond the UA and SA fields in the packet header and starch
into t henFlootrtianh thivicerkss inrigte, Then Fie B0 dusnbitércd iRt ingrERAn@ OIS infihe | S
menory that is divided into the 2" hlocks with each bl ock having 2"

el ementmognipfdime it fpkes tofrapsfer e engite cell/eapkehto the geress memere. Bferetiir ee t ypes - branch
el ement, leaf elenent, or skip elent:nt and within each bl ock, there can he
any conbi nat horwsaé of@huemaihe dedgive port A local méthdry. CTUE Ghé ¥ kit udaaclfcocrr cdlificeq@ur r ose
of the present inention. the Passing Mcro-Engine is generic fromthe

st andpoi nt t hatto (R*REVEMihrecd traualiine mempercsd Mﬂedttfit*vmml obecliM irthed asresik time

deci si ons based on that conparison. This can be applied, for exanple. t~
an~ text - st ar cHEHE PU‘HE‘E'PH‘F\E""“%'&%{}"%I‘H& npegher pfdity ‘37 ?1“‘?1‘?%! wresy-yASRs ARk et Bt
such -20 ~0 Y 200 ) GTI'l1B98101940 applications. as an
illustration, h dsmg'ﬁslﬁmcg )01 ngwmc “Ydetonate" in a letter or enuil may
be searched and if a mtch is detected. the search engi ne may then execute
predet er mi ned® fYE Pl Eom e ficciie ret Yrialorah memery eflcaresnpon 2. fRaetime thsangfetde menor y

can even be needlCJCPOTt? "ﬁrc%nnl l]:\ ﬂg‘mr)qﬁ |1nwlgclrjg E[;qeugltm !h?g nbcrgnf bytes for the packet or



“in the context of the inventinn. Fig. 14 illustrates having two3ehtMAY 2002
points. One entry point is used to aearch for text in one | anguage, while

_ the second entry point is used to search for text in another . Thus
t he sanewmednssisns and the sane hardware arc used for tmo$5§b§§ﬂ§?ap
searches. There are two conponents to the datagram header search, software
conponent and the hardware conponent. The software conponent creates the

el enents in the Parse Graph for every newroute it finds on an interface.
The sof twar e hedl. Mér ignaatsemapcy repdpg erig retpdhmatay. iWig the mawhecof Bitsdoralmelbrg nent  and
endins on a Leal Eletnettt. titer defined. for each additional new routs.
The hardwar e WefERE™E fds rapsfer PPOTHMG FAROR SN AT ERIekAes's lareet tpdipes dhs iimprout
the 1P header. |nfach LOS/E 1CANRGd HAY 10G0L Nealhy'L S § N Lhe memory region
as illustrated TR G 2t OFRe Tt Al hernery ean be divided into multiple
rcgi nns. each regi on of menory being a separate series of ittstnrctions
used for di Firapke rappipt iPiteyed yase! yapster (pan e&(ese Pyt thefylrulation is hesames far e 1 egi ons
is used for IR forwardin il e r.region i S or A f

f or war JFRYY >R ’gly‘é‘i"é'inggt g"r"%m Ti"%'ggérlr‘g"r'rﬁdﬁrf"s&r%‘? 't°i'°§+'?“ze}él'?f$g 'o'geﬁ?)'r’n'f‘ ’%40" *tnknown
rout €" ne HRRSH Bided BRtionNMhe heIEANRE Hin HGreiisHo QEnBRLdnTBr de SiraPriisitiohyd8eEnot MBAHte e NEW
entry is inserted, the structure of the Lookup Tabl e changes. as

i |1 ust pablevithats pagyePnsfemin éort bl acalt ransi¢rgen chyse dalays thalprePrOthGpraptr fatsoring obveoin
insened. Since this is a byteoriented | ookup enEine, the first blxk has a
poi nt efSYIHEBFLBEIY n the 209 Ixation. The pointer points to a block that has
a new point l. AR L on i .

500, 6. 34, 224 fg ikl s sitl ﬁ%‘gF {,,gg@.t,,kﬁ 'B'?ﬂ'cej’ﬁ' s (OF SUREY ?ﬁr‘lﬁup“d%%‘thh%"ﬁ% o own

I out €. rqGiRdiQRy Thbi@ vidiBRE sdalablé i @rmisdf pRkd irdpotl andhieBevite FiR6ld BB foequatiinien t he
ATM portion of nmenory. As nentioned earlier, there arc 2" bl ocks each with
2~ el envenstesoficells paddrames (tom ag ingfys PeH i@ @R €8 FFfe structurt: of each el ement is as
shown in Fi .117, wi.th each ghgnent ha(iq&ht e fglhomﬂp hfielgs. I '

I nstructi on TR BT AH e T P s P G T P &Peg T R T h S E M Rt PO TS

resul ti,5golpfbvis fd AToh Qohide Hgdidemths thélsth m;hﬁznalnmwagdwer HERAEdgRivceid S as
fol | ows. §ranch Elenent (00). In so far a the cro Engine is concerned,

t he Dbr asiidis 08 AT REitcBS SATYDIIA kojutiprOis ore Sha daige JeOveryelrigh spegdshand)thn @rovides tHa exquied t

bl ock addrecs. Also, within the branch el enment, the user may set z| 3 0
MAY 20CeS sunpertand hsdrgeforr o mpses A sndifacketipased (sghnologies of she pameripiuiace Fig 3cthisnt al

el ot B G Tr T B et ol SHRRPTOR o B BB S B o

engi ne gsswabarsi ng an 1P header, and the hr:tnch el enent was placed at the
end of the destination field. then the user could update the egrcst port
field of themtasuasineirgige inifcs of-@ datakWitchipod thai de@hiis ATM ctiR@ndateaik ceniibl ATM g at e
the egress tort infortnatton at the end of parsing the VPl fteld. Lcaf

El enment asp@ketsand qipgrens AT nRons. afcprs iy @ecket Methenitctifcessad enyrglisap yetaeothey seyob

engi ne., The forwarding i nfor i.Qn accunul at during.the search is then

£ orvar dBEOE. € MBS R PGTRE b (o B Phireoils gh e e e o o)

This ek | ' . ' . o ' to parse
2 packer s gEpREER AL o iR kBB R R ol G hTE) il 0 PO
has t O baadidikibh pal¥Rt an®R YhepREEAEMehidh, bhsed®drnThik RctinfyBe df iHe BRVIBEIYRRAEE penifiy USEd
to make a decision. if the skip eletncnt were not there then the nticm

engi ne vwpplidaghnk aspdnirts ok @epab ogpéral gasvittohn siegen 1hd tearthnbibgids diz. ATM siehingmdm ng
strean) adding t~ parsing tinme.~The skip elenent allows the mcro engine to
ski p fi erckpssyighinepandiselecotht thige vesdigedatPyand cctntinuc the search. The skip
size is dctcrihcd hclow. 2. Skip Field: This iicld it especially used for

the ski pueliscenants SvdhD&kgnews the parser to skip incom ng datagram header

fields to al inWufpesk of @Sic&ion § @A6AFAATd cohiths @M FrdPe@E Rhsed fulifch figiRhdvaride t he
user wanted to forward packer based on DA but count statistics based on ToS

(Type ofineBadevinaaher fypeall chich desipv0 Bpeaifiqany isid@enting pedbicink QittALAIBEcet Rakty péraia 1d forvhiding
ToS Field. This makes for a faster Forwardi ng Engi ne. The size of this
field should be calculated to allow for the |argest skip that the user
woul d ever need for its data tw tching box, which couhl be based on the
protocol. etc. 3. |nerenental Forwar%ing Info Field: During header parsing,
forwarding information is accunul ated. The (awardi ng i nfornmation may have
many nutual |y exclusive ficlds.1lhc Forwardi ng Engi ne should be flexible
enough to update each of these mutually exclusive fields independently, at
it traverses the incom ng datagram header. During parting of an 1P packet,
for exanple, the egress port could be deci ded based on the destination
field, fettering could be decided on the source address) with QS decided
based on the TOS field. Another exanple could he for AT1~1 parsing. 7-he

o o \ I~ A r - - o, 4



3 0 MAY 2002 WD 991 35577 PtrT/1B98101 940 the control path The y\?qqm{'cml}z he
incremental forwarding information (hercaiter referred to as I'FI):hould be
equal to the nunber of nutually cxclucive increnental pieces in the
forwarding i nformation 4. Next Block Address Field: This fimlxinegnotd4e next
bl ock addg‘ég%”ﬁsi’)"lookup after the current one. The leal node instruction
ianorcc Chic field 5. Statistics Ofset Field In data switches. keeping
flow statistics is as crucial as the switching data itself. Wthout keeping
flow ctatictics it would he difficult, atbPest, _Eo manage a swi tch. Having
t hi Backesr pelig: ¢ dssyst Pl AT swiches (ryasiire mrke's-o Hpg At P%fl“é&-‘uwg‘i‘w&”érf""w#i- s
poigt: of the parse. On an 1P Router, for exanple, one Could collect packet
count on ~~nrious groups of DA. various Goups of SA all ToS, vorious

proyocRlisp&ldi of h ATRE Bfitegxanpl e dealing with an Al'hl switch. this field
COUF‘-&B a]l] hOWediiQy EiEincd. QerfnetiatnirGR! ATM Qedddrdlléeddrsli@lipted/RIm Rliapidlidn 1Qfers ( AAL 1-
conbi nations thereof. if the designer wants to nmaintain 5 eounters, then

t he ADILTIE e odelapesifyfingl adlifsioufrd obe@rvBe (r@n a wide shec@ith sisbrvieéscdahely. Tohstant Bit Rate (OBH)S et
into the Forwarding Lookup Tahit. Fig. 18, later discusst:d in ntxt:

det a YnspegifitdBirRate (BRI Repstot BR e P! beopest exarmepsrainimatcgthlotsyvite low| GRY; whilepi eces
of infor n'g%l %n that li oci ee é’li rf tcd al‘tnt(!)\ Qyiatltdqwt hlit fo-#élairlicef in;amgscuoptqe Lo Oeg Is on
pac fBtrecitisd £ Ratg sontest rgeifiss 8° 5T PR ES AT "8 VPR F BT S ITNG s °ah: RIS PGt a
har dyadiitn i £ t&LGRAA0 HRR i Bisduilon I AL AC KRG kndUs GEragiehibd MERGT. | Ce Of the
present invention. The reference design parser has storage that contains

t he packFig TWhsraepreibswichipg withrpgtive qelfjierftegardy thowing different fnodulet dfa gerelid ATMINT
header information is to tx two levels in gepth. This creates a two-stage
pi petvitsherithgpuvp AT detefars o Ty £l SHvinefton theiphysigel MvermediieRHY L uegocessed fr s mpdulen o

| NOT %3 el Bleél|oR oIEl A vt odr YCIRHARRA L RBIANRE: {illSockdiflf &RS e f LKA Al N0

Engi ne w e to performa up until the entire heade

i Nf CellRick. @BstaRE COEIER:. BaQGHl BaHi Rk DiHichfirstrle@ot kdh & GRit BEIhy Viradbh TEDVG adadleit Lbsk Y -
The two stage pipeline allows the Ingress Fawdi ng Engine to performa

| ookRep (QUR )R @uapmeesaidvided mcierbok bakadontit ragral desigh ofiths cards hektrswitdtheThe eovtracsardar
information in parallel. Wen the present header | okup.is conplcled. then

t he tydhemeesk masaesr 9oL T signalivegpastentsmiyretiPat (mqmthe poficinefpgstiondhen goet fpthe st or es
| f t i i i | h
go g;@ﬁ@g F'b"eg .%Q?f'%&e Bt?iqzn Ek‘;g[ hyHe 91@1\&%&31& aSwﬂhr(?‘%gl geﬁg argnﬁtg Oglsmfflb the %ﬁ“s port

n ma cc tar tagra or ¢
an i YieihhacRe dedifttmdAaREingRing 1RtAS 10edid Engbidn b B R Rote LdafectBR o PN Odgretdifipig | WO
~~al ucs mv heaﬁsed. A%‘M Transfer Dlélﬂe signal from each Dbl A%e%l‘aﬁ‘r?ef wilt
i Nndi Gedesigtd vall Bave todistfer dae b theeptehsalde. StnccdiM 8 gribnsIOaRd g)a gointhogbidrtisstgthleader
infnttnaunn fromthe I ngress DNt A bus. A packet/cell. signal w |l indicate
t hat Egrseshanpramedulg alsp apip wansiatsdfis AR Rpggeg Ihiy i £ the semden bes ooiglatinasipds the ipemss
st et Qggwjls ei ther a packet header or a cell header Wien headér information
has béen conpletely stored froma DAt A channel, a request |<x~l,u~ ~~~ill

he aggfid BflketRferAEAGEATM $bkQE C, there will he a register-based table
whi Cﬁﬁwﬁtks A G Bk Rbimd RIS OFN N 218 iR Peihadhal G4l Ve il N

mnt inthe P licader'1l ahle. The ingress Forwartling Engline uses the
SOUT gfkesihéd¢ ha@E6 baad N fwal pidinis Bl@den (Waih6ststwahbre Packdishhdcelld HeWorke inkei. triis Mbsnei@ t he

| ngress Fonvarding Engine to star the search at any field in the 1P header
rtr firemded sisching equinghetrhag theary intcgfaqeghat haypnagife ratket iperbpkeatuniesE itie swich s sibing ey |
along with the skip functions |ater explained. will allow the Ingress

For u¥besree ALMENGT ARVEY Mduofvdhordyherfoms BEx a1 the fesien §f serieprake dtseiprs fhetsgnnegst m
corrpl‘oqag,[@;“g‘rci ng cases Iter interface.. A suitable hardware |ookup is
shown 1n Fig. ‘19 using a Pant: Tree Gaph | ookup algorithmto determ ne a
forwar di ng 61 rSdk@MnierhBd én o/ hBKstshd dn iR S 63, l&'e‘nb&&in@o B0 ifcrbe A HRXOE At a
time of either an I P destination address or VPWI header. This caltahility
i S prseghamaptvtial ibyrfaoivbusgueincdmigpackackid p bR ank AVEthé atéTéd{sife tHeRIRr ISbkup @RdUT €
which is pointed to by nnc of sixteen originating nodes, one per interface.
The drivgidnaEdreing’ Mesdackestraged drvardieg cpgincaleqideothe sezemymait hig! arsoqyits b ¥'Chramsbal fdr eddls of,

al l owing software to build these trees anywhere in the nenory structure.

For



" Anibble or. byte lortkup can result in either an end node te ul § oMM 2002
branch node result. The | ookup contra) state machi ne controls the | atkup

. process by exam ning the status flag bits acsocinted with each éfgﬂ’mﬁ)‘
These st atvos99f3bs¥g bits are the end node, skip node, and Skl C'Elf he end
node (lag hit indicates if the | ookup v~as an end node or a branch ncxle.

1f it wac an end node, then tire | ookup result is the index value into the
second stage Forwardi ng Table Lockup nmenory. If it wac a branch node. then
t he ninalphekeOThePycka thed @diksdprsentall inlo caIR B inE1S@meEHib] UrBtNFrbin (dredR.AIR phcket fsredtd just as
Ettch hrnnch node Icxtkult result is the pointer to the next branch node.
The xfathr mo&et uigrhing m mebiely ineatuss gofne thiquah evnfm'afHP'ﬁémtaod 9 lie;§ witchrByffty beforeqntering
ni bbl es, indicated b skip sit PI’I ng t he | ooku | he bank sel ect Rag
D1 te Rarihdr Seprr o= e P bR ffed e ite 'f@&pzwv'*wébﬂwwmwe

int nex
st at e RAbREnHTM 3R _fr hEsRs Did §,,ch. HRIRE Weh e WA €0 &h@&&&seﬁ,@@mﬂ&&cm m
controls to acti~atc. The result of the Parser |ookuP is rite For~~~ar

Tabl e phc@@kad@rhenipisi i6th vir®usprioan Kucods aniBhes ktyipicd &lidhamgpckeheviktor ast rdi ng rccul t.
including the foncarding infornation called the For~~~arding ID In order to
NPtimi zc | dortmpestl mskgiverieemrmtied\ ™ Hrish thedktrs ¥tinede can he piltchned. allo

tog the f{rst stage art anot her (ookuP in raraHeI The Forwarding |f)
{70l d AALS ierfaze ca PMrFL‘

\%’f‘“ V\? E b‘t }%E’ﬂhV)St Signi ficant
Bytc) of tH‘e“ﬁ“Fb‘i"a“‘i‘% 01 #d &3%'“5“ 123 fngire F BACKS! e ATHE Switehelp that
the a it S

Egr casrp Tperee vt 3’““%%56’5“%'55“ e BE S A Lo 8
need trouteddid SEATNESitdR] il wéulihaGUSIdhsEghbId fihe IALS P2EcS ind [pirforh § rdufingedisidn BA i€ Once the
interfaces. For unicast packets. for exanple. sit hits of the Forwarding ID
can i MM SwitchRpwer grokds thgderivisting deeiziorf anghe AdADAsket drvguld fhen pusirit throghghe AT M witeh
wll provide a Layer 2 ID. The Layer 2 IDw Il be used by the Egress
Forvvar’&f'ﬁb'—"FH@‘FE % det er mi ne what Layer 2 header needs to he ~repended to
t he packet t
1 & moved” PG ke BAREChSy ATRORANRRRLE R 1, 1 BRAR R iy ik e o2
suf f ervdylbased i enst@ khaCiRd defider it hforkng YR kondrack. Dnttd thel politin@ VinGt@dn lid¥dnd, £nd3Sbler WRIEVI CE
with the appropriate Channel ID. For unicast traffic, the Destination 1lIF
nunberasiemblie the tedts oftal NCliired morelz. Thess pickess areghenifqrvadefl todtkr forwerding engina,yrehich @akégthe

i ndi cates what type of Lai/fer 2 header needs to added onto the 8acket dat a.

For ‘P't“i"@é{‘gf’m‘t"hé“ﬁﬁf‘t"i“ﬁ’ dpockahrndsemecepting gt The Backs) then avels the ATM Swikch g
addi tig i transmt the multicast. The
Egr ess %J%g'“wéﬁg‘%é‘pm per o?‘lr;ncgl1£i= tch?‘(r:'lést I D table | ookup to determ ne

on whi plrrikmtied haseseskine pPRaekedn teil §w&t transmtted on and shat ki nd of
Layer 2 hear@ping de palof B Gleseliindendn PAGAELLe. @abhitve it GosHTAMEer@ fuck dsiCBVQAd 1ency
Packet Under the Forwarding Engine It is nowin order to exptsin exanples

of a sindphcket fovclthiy =dep+liéid<!|ﬂad1(fé3¥llitsm mgu)hine kealesiio fotnrclétyigroighgitmditicost cdiilyeitch.
invention. On !rowe E Fi g 19, 2" bl ocks of the parse graph arc
filled wit h"fcé'df‘garé&ré free g5 inReT Pﬁf’t‘é SR eqiedPtckplf i1s epembled pnd giferardieststiveaiy y
|11 W@ hlyeStheh aRAGERIRicd 8 ol Gee SAE R ! RESSROLRH i N BELYRL h:ﬁ%ugmgﬂ’alé s

a del au route of all unrecogni sed packe fwarc Is responsi

setti ngackl'@s HefdR 1@ Eis Wifped AL preskRiire. THA YepPrtaVBd 471 rebdd@nbWAB8sQ!Ge &ha? ERRhpredidhbie
updated into thie ~arse graph nmenory will he: explained for the illustrated
cases ofd vamgiumbledDYUPicka sl Yiapaledtel st hs errigkmdGined &b pidkaan bk reovido Q. ie X
filter packet) aginkE the sinple Ip Packet. Sinple Milticast Packet Ot
power U f‘ﬁ‘é“’é‘ﬁ‘!‘?’f‘é’“'mc?'l‘tR’é'“‘?ch"'f‘ﬁ‘é“%‘r“%'@h'e"'abPPdlvE'thslnm'a?“ﬁéd‘aé,%‘hﬂfEﬂ‘ht‘ﬁ"’oe

filled t t ot ffs
the padiel e P aren iy pp vy B8 bty o Ao K Wiy bureasegh oo e e
exanpl Com 7;;|v.h¢_a'tr|d Ich'zﬁné iNGGEYos R@&Wm hé?ﬁo @1&9‘&&' lgraekim lthiéqiéjﬂ;su n 69 usec delay in

224.5.6.7.1n this case, the hardware wi I'l' T ookup 't he ffset in the 1
bl ack (buinging dnraGighnil fdktip bl cxk is al so cal | ed ~rieinating node) and f| nd a
| eaf . The hardware will end the search and | ook up the default offset in
the 224'" |ocation sod | ook up the FLT and forward the packet to the
cnnlrol prncesc~r. -25 ~ 0 MAY ~ 2002 WD 99335577 PCT/1B98/ 01940 \ Yhen

| hc control Proceesor fonvardc cuhscgucnt packets of Destination |p address
224.S 6.7. it wll



generate the graph shown in fig. 21. the software first has t~ create tﬂﬁﬁ
parse graph locally. The parse graph created is listed as 1- 12@-&-%1.2 e
software nlwayc | eroke up the first hlack a.k.a originating node. The

of fset i g_?r,st hlerck is 214, which is the firs) h~~t ePON/IBIRO1940
de~tinatien B eaJcr. It finds a default route. -- an indication for
software to allocate a new bl ock for all suhsequent hytes of the
desrinatinn I P address. Once the software hits a default route. it knows

that this 43 Plg‘ll ok Q#a:ﬂ?ﬁlﬁmghircﬂlmgtt&% e orB 674 cBncErR MRK WS addkibiin Gyt W&ﬁ;ﬂﬁ? to

al l ocate new bl ocks for every byte it wants the hardware to séarch tor  a

mat C hpsdesd Exmibt fadeism muiiplaphoied SGihe sii€ Gragkonavariag fiz@Bmoss a8d oiels\\@hid ehitdaghey ant M
it finds that 129) 2) 13l are the next three avail able bl ocks to use. The
sof t wapredisiblelambuveef POYstsehtalhclard omeretch entetion adiibe npinbdy o BAtriesfof Sending deltefrob'

of fset of block 129. continuation element with 8A of | 31 in 6" offset of
bl ockingress wsgesh | caf el ement of FLT offset 5 at 7* offset of hlxk | 31. Once

such a brapgh tli aleaf is created. th ode link,is then installed. The
e e ot i o i ke AR B rende i O Snetl M bl SRR R O

case, api’nl%:alﬂmﬁpamgri: Q'a'latnicqpmﬁl ‘WtMW ﬁlblr%ctq'frmgc&.l dé¥ecoRdr 9@t d%géd?ygckhme ;Io"

bl ock.” The harJwarc is nrrw ready for any subsequent packets wt
dest i disripbdaaiish, but nasldesane 1304 ohGswitch @ ervettssmigionsi t  knows not hi ng about it.
Now , when the hardware sees the 224 of the the destination |IP_address, it

goes to t hio symuegy. nsTiTepatketpihroyeh sp A LM swiith dogtnotpeqvide Pagkessrith the gomg oG and lntency
continuation el t. with.BA of 129, . i S0 to tire S~
of f set 'Tcs"e"(’:'(')cﬁff ce‘gﬁ gs"S'\F% est 1 na cr%‘ﬁmlrg-l%ggpgéag%& tWéLa&%‘éQ/ “ﬁ]'ock and find

anot her continuation element with BA of 2. Tlrc hardware will then go tn 6*
of f sePegigmpt Bagket 8WHeh dest i nation 1P address) of the 2'"t block and find
anot her cof\trrdifioat! Perket Srishisthowriin Fie- ! 3 xithypotiyeppcketinerlane qardy; Fagkets pre; forwardeddothe)
t~ 7* offset. (fo i I J . ! nd
1 nd EoreEpt gt U b Pl SR PoRBEnp REEE £t Bl e sl o
conpl giaqid htda@ of (e fEBleC Oncd i eppsh porfiDdevidall de padet dNNB I s Libritle PadkQGAERDWRIcA t O
t he subsequent hardware hlock. calling the end of packed parsing It should
he notwtl be datpnet irconh afmubrarwrs Gcg. Nbyhh busses, lagepomtralyfiemotyapogl cetcd c0meaagst the packdtsend up
menory by software. The |length ~f the search purely depends on the software
r equi PRYHEEnsralfie pHE Rpryes) BRG Qucuattr rieatsiblr fajrderivzing,Eallicppd prodwidihmaptsemsgt such
parting arc sire of nenory, and search tinme which is directly proportional
t 0 t h€elldmgtfliceadn RacketSydtcbh. I n this case, the search will resuh in the

har dwar e effhaodiliong! pdckeeaitdiphovwnin Rarid evitbAAphingrigesl prbddrk aipechmmismito Flow caliskie pass
wi th Mack 255.255.255.f1 2 f~ 3 0_MAY 2002 WO 99/ 35597 PCT/ 1 B98I i 01940
Bui | ditriRyekhebe s ipreas iscells arg PLAALT g Toprg is no gractical yay-of steatipg p pinugd cqll swijchthrangh 3 o
mask 255. 285 . ss of 4.6. 1S . now installed. 4 IS cncc,
The s SRRGR Bk Ry ARfra BT Plbycfoct sblio WSl BB S abfleblll 5106
conti nuat i Qe AR8RA s adpdiledBA chtfiract effeemiRE 2 Phrt WetinBiedMnlolpadkiCHy HAstembPinfodid 6
in block 129 and find a default FLT nffsel. The software then knows that

t hi s iThe packelsitios cieachd are Fhewpprncesed coatly like ninas packet dleH@Ea O herepieas dideOif kS kdtshatehego
parse graph. such as block 2. At offcet 7 of block 2. it will install a

| eaf Mkt Bwigh esA STy, theypre first seemgnied adigen header franalated. Finally gt ase shrpedand s5y owf
writigg_aﬁﬁonti uation element with 8A of 2 at offset 6 of block 129. When
t he ha?iieiiesinBecosingalls 98 PRekct yiMieht he header 4.6.7.x, it will_look into
the 4* of f SEr BF PgvemithatirehBrrelacshts iFrapgsens wdiprabnrehket siichelt issriramely difficuts for o

t29, then | ook at the 6* offset i ck 129 and fin continuation

of eneralye g siF wan d Bhpor DS ry Sl Bl il PRy e
FLT of; j Tholnkh Makye ' ' .

Bt  or® Rt K el bl etk L0k of Bl o A8 4 B pUARAR e b
Mack 28AL12%15. The impib rtson 4 SAEL 1281 Ronid FabkelBaked Headdd RBokL 48 FR@ErSiRe EgiHe doinbt Fi 0.
20 and install a packet with an illustrative: nmask 255.255.0.0 and address
of 4.8.x.y. In this case, the software will go to the 4* offset in the
originating node and find a continuation clement with 8A of 129. The
software will then go to offset 8 in black 129 and Cnd a default 1°7..T
offset. At this time the software know that it hac to install a new FLT
(say 4loffset in the 8 " offset of-wl-xk t 29. The hardware when receives
any packet with the header 4. R x.y it wll look into the 4* offset
originating node and find a ctrntinuatirrn clement ~~ith BA of 129 , then
| ook at the lcaf clenent of block with FLT of 4, and term nate the search.
In thin case the hnrdaare will do only 2 | ookups.



Conpl ex Filtered Packet Now assune that there was a requi rerreng tmgi ?(mr
packet with header 4.5.6.8.9.x.y.z.1 1. There ere no restricti rps Ire
above concept of parsing the packet, and the tine it takes to t he
packet Wb ghRssease since the hardware will have t~ read d’rﬁ’@gﬁfﬁéf
bytes. The hardware will sinply keep parsing however until it sees a Ieaf
el emrent. The x.y.~ hytec arc bl ocks hich contain continuation el enents
pointing to the next block with all continuation elenments of x pointing to
hl cr ckimpuangduk refaRitd dikahd RBkcR! 1RNRAE, AADE cells VLR B Gorvered il dicks ar@ddpboRel s ;s
continuation t:lenment~ of ~ frointing to the block ahich has entry 11 as a
| eaf . asavere rdsectioe intthdyapahifyvdbtheaMith. This is where the fork el enent cones nen

play and nmay be called up to | ogku he frrncarding at the end o! search
568, - At e aeygh i 65 RO B Sy i RS DS SRR Pgrehed o
1P 1~ Luuhtalkg?otc dE‘fi’}C‘lﬁ@tuﬁunp?tﬁct{bﬁ%\(’ahegacicl p\aﬁkgtﬁulh&crﬁ tmslv\Me nLa leL {ﬂﬁ g;:ge\{xer se
of adding address to the parse graph, above expl ai ned °ffor
I eNDV @hricusidebing nErier nidiqBaed upios thasviki0 Pdckeited cM@ kvkuld(h%n’&d’ho@ﬁhdce@f mdiididin any ty
remenbering cacti bl ock address and offset in block. fOR ( Frnm Lca ande
t oar i @i nsbiohly Qo thkdpet the vitgn| y ¢l ement i n bl ack) set default FLT affsct nt
the previous NODE offset address free the tact black ga to previous black
ELSE set def ault FLT offs t at last lcaf. exit f_NDIF END FOR Egress
BandwiBrefersed,Emhodime gavention, nnect x a NeoN port to one or multiple
physi cal ports Each VO I\/bdul e supptxts nmultiple traffic priorities

i nj ect ed V'ﬂaﬁrﬁéhwesmmye%ﬁm D62 Pl « 21 ok L] dJ.ﬁh&r'.QJ,',,g .| S assigned

Bor ne bandw nct war k manager l'ustrate bei ng

| abel ea@l..ﬁscshm@e.wmsg §ySiak hﬁtrarﬂﬁmﬁ@*oll)cel}s ald FeanRt N KHI Bt Entédhally mn&nse&khmé s to
define how bandwi dth is managed an nultiple traffic profiles. NeoN Queuing
Conceptsr. Firtheqoes it DinthiesIng sOIERRS myamatsts cxteeted in AEMisivisahes. suds srigt €DV darey abl e to

associ a?i:'[l cecll k?'ss I'ILN 15 ach?cggifbygzl:{t;n%tglcgmnt\%% ?n(grcss gr\batdmg engine that is context independent, & :Mlch

fabric that transfers cells and frames with similar latency, and a common egress QoS engine-- packets flowing
through the architecture of the invention acquiring cell QoS characteristics while the cells still maintain their QoS
characteristics.

The main components of the novel switch architecture of the invention, sometimes relerred to herein by the
acronym for the assignee herein, “NeoN.” as shown in Fig. 14, comprise the ingress part, the switch fabric and the
egress part. The ingress part is comprised of differing physical interfaces that may be cell or frame. A cell interface
furthermore may be cither pure ccll forwarding or a mixture of cell and frame forwarding where a frame is comprised
of a collection of cclls as defined in AALS. Another part of the ingress component is the forwarding engine which is
common to hoth cells and frames. The switch fabric is common to both cells and frames. The egress QoS is also
common to hoth cells and frames. The final part of epress processing is the physical layer processing which is
dependent on the type of interface. Thus, the NeoN switch architecture of the invention describes those parts that are
common to both cell and frame processing

The key parameters required for ATM switching, as earlier explained, and that are provided even in the

case of simultaneous packet switching are predictable CDV, low Latency. low Cell Loss and bandwidth

management: i e providing a guaranteed Peak Cell Rate (PCR). The architecture of the invention, Figs 4 and 14,

7.



Wi th every priority queue and also to ensure maximumline utilg A
Traditionally, bandw dth enforcenent is done in systens by al I%@a}{‘b‘ﬁr‘mm

fi xed nunber of buffers per priority queue. Tttis neans that the engueing
of data %9%3 7er ority queues enfarces bandwi el th aHc~cat PERABIEHIBUT f er s
of a cer 5 Yeue are titled, then data for that queue is drorpcd (hy not
enqucui ng data on tltat queue) this being a roulth approxi mation of the

i deal requi renment. There arc many real life analgicc to understandi ng t he
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as ne surggtg%/ t he amount of hi ghway oceupisd. In fact if one entry cranp
is al PYFRER trailers. then the backup on the other ranps eatld be very
significan h dits
i mport anceh'“llﬁgm%ﬁsrdﬁcgeséé o} Eoﬁerem"%“?aﬁ ?‘é‘uﬁ‘gb’ts Fm%l &%o&aor?ggg" éﬁ{%sﬁ gga, %Erran age
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priority etc. The NeoN Queuing of the invention handles the problem
directly. Neon Queuing views the buffer allocation as an orthogonal
par angiigive (Qells theou@habe Syitehd bandwi dth i ssue. NcoN Qjeui ng will literally
segnent the physical wire into small time units called 'Tinme Slice" (as an
exanpl e, aggeom mat el y 200 nnnoseconds on t'JC48 |ine of Ow byte packet on
an OC48). R‘é‘E'B“FT‘éﬁH Ao igchd 0 fiegtpalicsd at zp“li!‘“l"n’t"S“‘t“Ffé“ePFi‘"Gﬁ"l"t"y‘!Q!}Eues
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i nf or ndittingian @ovebngpacket of 5 Odth unfilahe BBorkacl dinegresbjoritWieresiail Based cofibly 0@h the e i t sel f
and c) the bandwidth nllc~cated for the priority queue. Once a packet is
dc- quelnistitce unitrerrels- To el are qi"ﬁ“’d’blﬂl‘eﬂ‘%ﬂ“tﬁﬁ“‘l‘@pl‘eﬂ‘éﬁf eclithppderfigecramingd fae | o

De- t f ft k t
dequeyaimtipr iyt RS bt T R Pessd oo e *Er e dbS ma 4 s
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Bandwi dt h Manager 1~ nonitoring t ineto e er exact next to
send. PhikEemaEhRRIHE ThdteNek QR forviafledio R AN ET EhapRAEERAGI wT»Jﬂ&E thi Rided USt @
de- queui ng engi ne -29 3 ~0 MAY 2002 WO 991 35577 PcrnB9sr 01940 The NcaN
Qucui ntidrwapded fohie ploysied gmdria¢enfigniicy onshapeadiss @& theGéquirdiityits DEtht QUG Ewih. S@Ee the

TDHi ~sehene for allocating bandw dth for different pnoriticc. using
priority queuing for ABRf A~ ailablc Bit Rate) bandw dth. Added advant ages
of the Ne~N Queuing arc that. withim-.the TDM nechani sn) bandwidth is

cal cul ated not an 'packet count' but on 'racket h~~te ci~e'. | his
granularity is a nmuch better replica of the actual bandwi dth utilization
and allows true bandw dth cal cul ati ons rather than

si rnul at edl approxi mati anc. the second ' NeoN Advantage' is that the Network
Manager can dyam c~lly change the bandwi dth requirenent. simlarly to a
sliding scale on a vol une :



control. This is feasible since the bandw dth cal cul ations far ?UiMAY'tMUZ
queues arc not at all based on buffer allocations. In Neon Quedl ng, rather.
t he bandwi dth al hxation is hexed vn the time slicing the b?gq%gg,&9gp t he
physi cs) wde®3ssThi s type of bandw dt h nmanagenent is absol utél'y necessary
when running at very high line speeds, tv keep line mlintion high.

Mat hemati cs Used during Queuing First we will devctap the variables and

constants being used in the ultimte mathematics.. Sgnbol sDescri pti onTSTi ne
Sl i ce Q0T mesyls APt ksiy fRmhs corsakfae gPetieat RAEHCHr P Elds inyoberh H Simpypresjuests the data
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Queue on o3V )l miBeird wndit tefoorh shGrigene panthy remBle pslarvigentins ent er ed or cal cul ated by
the CPU Sof t war e. PnNunber of Priority Queuc~. TBWotal Bandw dth of the
Wi reNTTDNcx1 Tint To Dequeue.C TCurtem Ttne in TS unite -30 3 0 MAY 2002
WO 99 N6 67 PadREFtirBEgi e DkONCoritshder first the user interface level to sec
h~~ bandw dth is all ocated anongst various priorities. the user is normally

given the jnh of dividi nﬁ 10Q7?r ban?w’ dt h anongst _various priorities. The
user coul dAaPEEsEEeEdNERte ST IVIPRTE MRS TSI PrEHad FeokumsA B i n bits
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caxi |y Changed based on the 110 nodul e. The Bandw dth | ~l anager does not

t eed ?efw ABBEEHG it o guReTy Y niBtiienrepy{iee theshp prekel ks Rlpol Sylieh spdress- BackesQof.y - ~n
pair. Thus, |t . . . nn handl e data at
ol e ek R ARG o L ROl bk el e e
requi ra@mgltpﬁckcﬂ?ﬂll&g&%muihll)c sk@l Ron(bldokihgXomtoDdataR@iedh 8lo lﬁéjﬁlir§§§35 chdd@e,t he
priority queues is dc-queued on the output Cfo. The dequeue engine

cal culwaich @il goduc Hdtens e st contrelipacko addaend itftaxhe mhéviak ligedPHY ai the fpise IMe gadbyt werguat i on
(2) below. There is one such nunber for each queue) which gets updated
every '¢ terpes '@ g ieelpee tae nagketilbbraeementeethendreadar wansiaisd angd shaned beforedk leves theT TS,
((Fackct chtc Count ' BitTinc) / (TS))" A) + NITS,.t (2) where Bit Tint is
a const'dRE® t hat may be fed by the CPU on power-up. depending on the UO
Modul e. Kec~ing NTTS' two decimal places would nmean that we woul d have the
abi | i tAdvaptages o teceNendh Switeh Arehifeetnee of o lovention S tine, as tinme approaches
infinity, but with instant granularity always being TS Iime. Next Tirnc To
De- queue is, the tine that we start e de-gueue process after the current
de-queue. THIS |8 °pr|"ﬁndrra}'lmik\fl/ﬁbgnshé%'gh()'hc%oﬁeﬁ'(':oﬂlraf"éﬁf"%“lmfr%m%’hﬂ R Slinber of -
buf f e Gmbrheds! sufhaki€de chifokichbfics Gld HdR@inedNRdnPackess kB REHME cHRULEislQUVhe censBhile Ti NME)
nodt TS)) + CT (3) Queuing Processing It is nowin order to decide the

pr occ amékayg maetbd e vetresagyablg end s Ewket PelonY writianpad v preasyewitnhd schidgaeePr i ority

supporting packet switching with cell characteristics and yet interfacing to existing ccll interfaces.

While the traditional packet switch is unable to send non-AAL1 cells as before explained, AALS cells also
suffer an unpredictable amount of PDV and delay - this being obviated by the NeoN Switch of the invention.
Packets through a traditional ATM Switch also sulfer the same long delays and unpredictable CDV - again, not the
case in the NeoN Switch of the invention The modules that make this type of hybrid switching of the invention

possible include the Ingre<s Forwarding Engine. the Egress QoS, and the Switch Fabric



Qur:ues~ Fig. 24, which depicts the overall queuing and schedu%m mss
Control Data, which includes datattam addresses. fromthe

Data Switch'. is sorted into priority queues based on the QoS information
enbedded 93,$15§ _}:ontrol Data. by the Queue Engi ne. The Schegtsipeg/oB48i ne
operation hder ed i ndependent of the Queue Engi ne which schedul es

dat agr am addr esses t hrough use of the novel algorithnms of the invention
listed further below Tile queuing |I:nginc has the fllow ng tasks Enqucuc
Dit1 Rcad .i fif yeue t he packet onto tire arpropriatc queue.
Ther ePW%“fB‘?T'SHEﬁ'gdugﬂ%E" W' 1 Local CPU queue and one Drop Queue

Wat ermar k Cal cul ations Cal cul ate when to put back pressure on the ingress
based on WAE&GhBIKO us flerchd Forvahedig@rgind e Ofitp. 04 GK@ harse ek (hdoBdli RO bRAGK et S
when the Priority Queues arc full 1. 3'0 MAY 202 99/ 35577

rcrns Bedduihazéa:cn‘mfnd eachs eredﬁmtfyenQuﬂcuefoFMrdutghlea‘i.enanHwI mecyg vt thdig@mceeMoramd ier -
pHcad"' and a 'tail pointer - pTail,; . ut Fifo feeds the priority
Qucuc eonfpared ggaing "Ffm“f‘@“ ipmoes i =1"r=t5h1$f’ﬂ%"" a‘g R‘S'p‘F"ia"r?é"’“‘m&Ff'F'B?{aﬁ’F“}h" there is
a forvvarg For rate ? a‘n/g suni ng 'y ckct@ S, average si ze
packef® ™ FBF ”C‘r‘\“'“ ‘b"r‘c'fccess'?"r‘\c '"Wl"f‘P D °'ﬁ'é BT aB?)“'f Joensed "§“ *he

pr ef enfeds RIGHAQ f&Q%m?ﬁcc&h«?N (BreARInp ¢ m.s.'foprﬂwgmﬁmmqume .ﬂ:&&?ﬁor I's as
fol l ows.  Read input Fifo. Find priority nl the racket |i:(roomon queue)
nove lhistemzfitiohdd Gritind/ExiLBucHprécessin® mpyliadidde cqphting kdisyics ri@yiing thd@dBa e eelipok 3énting
update stnticties increnent buffer count on queue | E: (packct rnunt on >=
wat er thgrfiemefr celitgp sqy e@n@)ﬁetmesmek l'p‘?'e 48 thispracess isahonm sywsrasy Ipvely Aninpiy stesam
stati chshG\lDI F LSE m~ef,=1_r| q'faja Qoml ut F fo 'Er dro‘g queF Iagdate
~t at i Ef [EEhENgSeEs FRE VEPBale ERBIEHAETS Y °"H'° S paRoy- WP eI e As
each qgm.r.aiucm%ﬁtﬂJn%.em@,aa.a.fae.gmm RO h%a&&pi poltie} @ a Rvdrdifd entyl Al S PUL
onto one of N queues after it is verified for physical space avail able on
t he quiiteeent skeéamidil Etfaghcters thivDthat HKaga worddhavdredilfsad U lidctich oflénrits insnefdoty ploduciag dr op
queue. which allows the hardware to return addresses back to the

ori gi rfifferamtfesytx t via the ' NceN Control Data Switch'. Also n watermark is
set. per queue, to indicate to the ingress to filter out nan-preferred
traffic. THins praﬂldgdrlhﬁrd‘sm-'tin&rtﬁilmg'@e biut defi@d aksbeto Packicg Mik@dEntiad ThePasineMiEf-
Schedul i ng. Processing This section v: ill list the algorithmused to

de- queknsing Hdivideddintg pvanqy, ngFtve parkand g erssiveRar [The ey v BardEe(sTied ¢ sfihg parser, being

fogic that follows instructions written into the passive memory component which is composed of two major storage
sections: 1)Parse Graph Tree (PGT). Fig. 18, and 2) Forwarding Lookup Table (FLT). Fig. 19. and a minor storage
scction for statistics collection The Parse Graph Tree is storage area that contains all the packet header parsing
information, the resulis of which is an offset in the Forwarding Lookup. The FLT contains information about the
destination port, multicast information, egress header manipulation. The design is very flexible. ¢.g. in a datagram, it
can traverse beyond the DA and SA ficlds in the packet header and scarch into the Protocol field and TCP Port
number, etc, The propos;:d PGT is memory that is divided into the 2" blocks with each block having 2™ elements
(where m < n ). Each element can be one of three types - branch element, lcaf element, or skip element and within

each block, there can be any combination of element types.

While particularly useful for the purpose of the present invention, the Parsing Micro-Engine is generic from
the standpoint that it exasnines an arbitrary collection of bits and makes decisions based on that comparison. This

can be applied, for example. 10 any text-searching functions. searching for certain arbitrary words. In such
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This cal culation also hac tn he done during one TS. Wit here?,thllMA‘f'Zhﬁ% =
NTTD AND no hack pressure fromoutput GGo X = FALSE fOR (all ! , Irgh
tol_ow ii' (plicad" ~= pTail") IF (CT r_ NI'i"'S") Dc-Qucuc Hcad")

Cal cul atg eHsHFTS' Cal cul ate NTTD update statistics X=TR BNDIr |
sync up ? sone variable. Il see equation (2) above. Il sec equation (3)
above. 32 3 0 MAY 2002 WD 991 35577 BNDI F HNDFOR 1F( X==FALSE) FOR ( all
r* . Iligh to Low IF (pHcad. !'= pTail") tkQueuc (pTail") update statistics
X=Tinlifhmi e DFR@RIvRGriore 968 Ob Ve Hobt dr “dNBiCRy Diblis br el ¢ be RAlcRE ndudat e
statistics ENDIF Update CT The function De-Queue is conceptually s sinple

r ofietFhyiedeterieds ths sratshengife mpxthen faqsue erpdptermivsd funglionyIpel s signaling g pipreyle f2cThe

exal anation of el qupgs%gi qugpdg fi.§%.ﬁge“qggve is that there arc two FOR | oops
i n ' REE Y PSR D RS SPIT &Y VR POO R erf'3¥ i ng the committed bandwidth to
the queue, and the second FOR | oop serving for bandwi dth utiti:ation,

somet i madhecaniexbef the dyprrignFie. HAMMIRIE P INEETR PBRORINSEQas thirYi naigt if #seds to seakvh

Conmij.tted FOR Logr . romthe H ghest Priority Queue
ok B o ARl S ADPEAE LTS R RTbT 50| | o
haSne@lrikims SRR seHAd 1REMEEbrc b8 IRl WB@pkstonFarthes | Check to see it the Qucucs 'Tine
hat tn dequeuc, by conparing its NITS' against CT. If the N 1TS, has fallen

behi nd ﬁtﬁj.teh@mmﬁeﬂgﬁﬁﬁ dagrbPRURHRLen, Q0 Uinenl (I nSERAER 00CS ON. T OF

t he next eue unt gueues are checke a roma queue is

S C li@kpoheRCITH: GofGrare@ubthponént Exeités ME didmenis S thettaitiGapIe@r vy ndwBdie RikAMGa aNd a tY' 1 TD

is always cal cul ated when any queue is de-queued. When a Network manager

as ditggins. The paftivire hastto drdate agpnigescesaph stiming dramna Bfanchl Blemoni sgdndingdnaiLledd ERaént,be 1005b.

Since NTI'S" is based on datagrnmsire, the output data per ciueue is a very
[~

ac cly dafiaed; ferehdditonsirot rute: Thn Brrdyaraiksthneraabirombranchda bsst Blerment. clyeless s now
ex%mungcﬁ,p‘ Aggregate FOR Loop. This loop is only executed when no queue is

e
dc-queued ﬁ'f'fr"i ng the Conmtted FOR | oop. In rthcr wards only one de-queue

operation is perforned in one TS. In this FOR Loop. all queues arc checked
from Hi GHER thesprnbr (mpay epty RoiRd e TMoR FaIP of Ypstagdin Figd e Thednivp! memest queuc. The

| Q1 LA e B, SR @Rl WG » b R RS ion i arklT © VRS 1O

a
data I n e queues. gqueues were sSti ®ad of CT
(1 tapptiddiofdOh the cdiBollFR. ROEHR )of thé fegibrd @ ustl €0 [F foiWaIdMg Whileakk G @@ 0is @@dtce FOR Loop

for enpty queues then the second tinme around the fart ~~~ill he the sane.
Ho weiMeforwafding 1 systgmpsat dheandfOR i initalizefdacspoint tod prédovima aiae ] Seeadidpghat @hlforwarding
information is available. When a new entry is inserted. the structure of the Lookup Table changes. as illustrated in
Fig 23. The illustrative IP address 209.6.34.224 is shown insened. Since this is a byte-oriented lookup engine, the
first block has a pointer inseried in the 209 tocation. The pointer points to a block that has a new pointer value in the
6 location, and so on until alf of the 209.6.34.224 address is inserted. All other values still point to unknown route,
iserting the address in the 1P portion of memory has no impact in the ATM portion of memory.

As mentioned earlier. there are 2" blocks each with 2™ elements in the parse graph tree. The structure of each element

is as shown in Fig. 17. with each efement having the following fields.

1. Instruction Field: In the current design there are three instructions resulting in two bit instruction field. The

instruction description is as follows.

*  Branch Element (00). In so far as the Micro Engine is concerned, the branch element essentially points

the Forwarding Engine to the ncxt block address. Also. within the branch element. the user may set
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3 p MAY' 20Q2 WD 99135577 PGTI | B98101940 NTTS' was not reachgdy MAY 2002 .
queues then the aggregate will find the highest priority such queue and
de-queue it. also in ttt~t case it would update NifS. and cal cul ate NT fD.
The algorithmhas huitt in credits for queue that do not haRCT/HRIEO 1940

dc- queue WP??(&W’tlrre slot: and debits for data that is de-queued in rite
Aggregate Lex~p. 'lltese credits and debits can accunul ate over arge
periods of time. The debit and credit accunulation tine is a direct
function of J\h&nﬁh&%ﬂ Rt lNercJa‘;mevl\fﬁhﬁiluHTnm tf‘@g liQﬁd Juﬁs autaal bi t number
wnutd yield 6 mnutes I1n each direction at using i 60 nSec as TS (2sr '
160nSee) .  Erdzarlisivic BidindtitCid ek figptveredingUblormiadonc Dovfexganiceid the Gickoaexgifeavat papsiipt S

andl or debits, depending on the application this algorithmis used. For
exanple if t P M‘goriv‘t'hm'm%“%“‘b‘@‘ﬂ}?(-‘ﬁﬂ W&FWI“&'“FS?‘"‘EBR prhc"@icwvu#ov's one
}[Aﬁg;/dc\(,)\ﬁ.mj Lngvdgtlf tgg{gé%shﬁaat uﬁlg?ft the for\\m\rdméln?l% or JnYh“Vm-.m 6" eaigcrf o &PP% th¥ traffic

sI'o chani s or cI"e
debi t sl ered|;Fﬁ”gé,,%%m,,%qmcggd@y,gmgmﬂlﬁglldy Betting NITS' to CT. if NITS
is way ahead of CI. Queue has build a |ot of debit) then setting the NITS"
to CT wouled pREEIh@OD!)TDhiddced: Agruckeit énd ofparinkg @ thy/ micio eRgInk Sthe innchedidgl | €N
behind CT, Queue has build a tot of Credit, then setting IJTfS, tn CT woul d
mean | osi ng @idrmatibreaceynmifited duriigtheigshreh is-then fmwidebin thiemext OBR Blockiinthe depigny t he
Algorithm It is now appropriate to exam ne how to build a CBR queue out of
t he al gori°t hiki® F‘S‘?’éﬂ"&ga‘}'é“"%fg'éﬁ nrevided @ speryn by ﬂ"’f‘l“ﬁ “‘2'2!“‘ i} takes fopargsd assumed

t hat t he out Pt lh V\écr ?(' I Sdﬁ E)I\L“;ﬁ num gftbloy%gtcsss eedn%m eugme dtﬂﬁslool:ie“r Pfogcvgfgg?? and

t hat Qjcuc 1 |g SStPErT Or 'l een assig

Qucuc. "fhe wenmr.&&mlmcqm&mguaedemkmsn{aa.tdb&.&;Blﬂ .mayaema &mtomaé ed by
summ ng all the input CBR flow bandw dth requirenents. for sake of
sirnpficity thibe ake edfitk WduldWie gaeapdioripiap ough- stghuﬁc:ﬁBRldQlemncoeag:kuem sh a
bandw dth requi renent of- 2.4 Mits per sceond.'|lhe CBR Queue bandw dth will
then he 2. 4hh¢#ﬂs$‘1 nIsire wnfébc skip glemqnt ﬁlowszhvwwm"pfé? ‘*@Jﬁ@hﬂ thejinceming| 0' k). | n
ot her wads 4 g'r%? \9‘\/4 {?Q = 1001 10 = 10. Bated
on Equation f“NI’WS"" Wﬂ?"d"]’é? “ﬁ"’i‘b” 89 a 45 byte datagramis
dcquucd,, Yo' MQM.-'n me a 9U
byt e dat agr Eﬁl?sﬂgﬂ'&%“@“cﬁﬂ %g erth%'l’Equat FB‘&%MM 'hé é%“aqo 9“"3“‘?"8’:;‘%“ inl
every tidamgrdin ¥bRdcbiydide «hliba gt RERris@rchifg] UL 468 header BaSe@shnpddif g Ust wiRidd . fortikd D
woul J result in 2 every time a 90 byte datagramis dcqucucd - Based on
Equat i orpecBet basedyondDAshupguuntshatisticstbred a8 Eypd 4f Service) field ureoyld dmeehefmir's Pélssd based
on dal agt am svt and t h

al gor i t HfP P Pﬁﬁgﬁse'ﬁﬂ%ﬂ?‘"(ﬂ?k‘é\{°P'e‘“’§°bg°éﬁ d'ﬁ’aa'llﬂ‘ﬁ&a'l"f "V@?V"&'éqﬁﬂ?? °"§'Hﬂ edcan
achi eve W ﬁ{ox fnr'ih% lntgc§ e Nﬁ\’hc%@@%u\@ve?%éﬁ:’?qup&(vﬂﬁ%rh&l@é& Jablﬁlbe ﬂé&@n speeds.
Thi s al ogaithm al so taT<es datagram siu into account during scheduling

r egar dl esgrddeolaetd. he dat agram being s cell or a packet. So |ong as the
network Manager sets the weight of the queue as the sumof al) ingress CBR
f1 ow bantgeermanal ?ré"d'l"gb\‘? ‘f‘ﬂﬁpﬂf"é%‘ﬂ%s“’c"ne‘%m@bnﬂ infprepovjon r'vcame‘&ﬂbm y.

Ex | t UHR 1 le t
i ngrgngn@%'dﬁgﬁ?gﬁ%"gég Shavc ma mutunIlY ex \fcf{%‘% )%E%Q"é'f'ﬁﬂgﬁ)sﬁ'é'“‘f ’t’)‘f’"l &y ﬂal nple to
whi ch US&Sugh mﬁéa@ehhw&&e hﬁ(ﬂﬂg’bﬂhhv&ﬂmt RGepWidtry. o] .,Lmlsmsmmaag,w pe of

queue. one of queues W th 096 Bandwi dth. and then this queue Is dc-queued

when t hekegded. Dukihg f@ssial biyan MOpacitel) BF exaphidd) e EgdesSdriGoRYI Be dedide@ biNddlonThe Bislidnille set
so far in the future that after the al gorithm de-queues one datagramthe
next onefidids fikpeipgqould bdrdegidéden the QuSe @Wdnass| withi Qo$ degidddpeschendie TRSITRldsAnottred, t he

algorithmof the invention is very precise in delivering bandwidth, and its
example could be for ATM parsing. The egress parsing could be decided based on VPI ficld. and the statistics

count could be decided based on the VCL. As the parsing is done. therefore,various pieces of the forwarding

information are collected. and when a leaf node is reached. the resuhting forwarding information is passed on to
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granularity is based on the siu of TS being independent of OeIgIUP lfemnz

i nformation, and al so provides all of the ATM services required: ﬁ%\pl yrng
not only packets al so enjoy the ATM services hut cells and packets coexi st
on the sawe dopkenface. Real Life Network Manager Exanples THFETROROIMYn wi ||
now consi der different Network Managenment bandw dt h managenent
scenarios~al) well handled by the invention. Inso far as the NeoN Network
controller is concerned. there are n queue egress (as an exanple it could
he R) e ch el ssi gned wi dt h Manager
W e arana s e P o) Per ey iR R R InA Rl ol o
deci de ngdat do@he dsviteSdt mbHRCxcREivd iR@eRARPMAlid\nd @rwddiihe HiRMARn | N Whi ch case
the left over bandwidth will sinply be distributed on a high to | ow

priorit . Bes ook ABeristell: THdeE if nekidivkiSaddkss tralhdkidfier thddrredesnaoTHE 1eMBid&JEr  Ccan
al so exam ne statistics per priority and make strategic statistics)

deci si on@"mﬁ'“'!@"m"‘énﬁ change percent age al l ocations. Exenplary Case 1:
fixed Bandwidth 1n th scen this divided into

al | queueS™isfig Offiy r’&'&é&%“é’ R\ °‘f 'tff'l"‘%ﬂ“’éﬁ‘i‘“‘i‘ ‘h’é§‘t"ﬂﬂﬁ¥4‘%‘é’“ﬂuwé'§ e | behave
exact | y n L C. le{ﬁH' S :QrEct 4 t ¥ o

Egress B\gn'gﬁtkfg Elt\‘/)é\ﬁézggﬁ @ﬂi |1 dé’“?’&'lé}h‘?r{égg'z’ﬁg"e{u éd‘eno"ﬁ's i t‘P?%% "éndw dth
ac requescidadiodayond (b enddie krvitick nt Mirivag@ings ofithél patise. mentmuque:ueamaa nd@uRI enpty,

t he egress bandwi dth dcxs not have tinme to execute the second FOR | oop

( Aggr egarelect Rogks)cunhpipdous gaprs of PA. tprigpeGrongpf Sholl JoS.grarious grpiecels g5l another
PCTnsIsr 019412 de%m&uh‘hennq\l"lﬂ"twﬁch%g ﬁggﬁgirtd nklow |§c mel'tur;I ceourE)IcHP s on mé’.W d\?{lﬂ géga(}fdur | ng

the time~tTe € Service its
time w tmuﬁmansqn%gﬁuagalgmtmdut.smhxa.mdwceltnhfs e nala.zeafarfmemﬁ&m galgt wor k
Manager decided to allocate 12.5 ~ bandw dth to every one of the eight
gueues, ¢.h@nTOlfet FddWbis ks shdfaa dras thh Bswirdingliogkup Tahde, Fig. 18.H@aer digeusedinlnedwi dt h
Manager, D'-Priority List of all 4, one for each priority. Bit Tinc Based
on 1 JO Ml E-cngé*ss imakranpirrtas Akeappspally exclpsivg picgsgofdnformminn that ineeauissd 0t h of

12.5 SE. 'éh}aﬂ)l'l{ da % ate to be 8.00 ( 100/12.5). For a O48 Bit Tine
woul dcaP il Phs fiael fogsvaggline jriosmatian pack efExerrpI ary Case 2: Mxed Bandwidth In this

exanpl}?ﬁee@&fm ?wafclﬁi{legnfl%ggm Jth is divided into all of the queues. In

fact,

The lollowing is an example of a hardware reference design for the parser useflul with practice of the
present invention. The reference design parser has storage that contains the packet/cell under scrutiny. This storage
element for the cell/frame header information is to be two levels in depth. This creates a two-stage pipeline for
header information into the destination lnokup stage of the Ingress Forwarding Engine. This is necessary because the
Ingress Forwarding Engine will not he able to perform a laokup until the entire header information has been stored
due to the flexible starting paint capability. The two stage pipeline allows the Ingress Forwarding Engine to perform
a lookup on the present-header information and also stores the next header information in paraliel. When the present
header lookup is completed, then the next header lookup can proceed immediately.

The storage clement stores a programmable amount of the incoming bit stream. As an example, the
configuration may he 64 bytes for 1P datagrams and 5 bytes for cells. For an interface that handles both cells and
frames, the maximum of these twa values may he used.

A DMA Transfer Donce signal from each DMA channel will indicate to a state machine that it can begin

snooping and storing header information {rom the Ingress DMA bus. A packet/cell signal will indicate that the
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bandwi dt h on the queues ix not 100 of the bandw th avail able. TbeMﬁgrR%
bandwi dt h Manager w ill deliver the constant handw dth on the 3queues up to
the allocated anobunt, and then aggregate traffic anongst the priorities on
the remaini ng bandwi dth. This guarantees sonme percent of a etaaBIS®940raffic
to make i‘YOt’g/Pii]bh the port and al so provides prioritized traffic. For
queues that are not full during the allocated tine. that bandwidth will be
| ost to the aggregate bandw dth. Exenplary Case 3: No M xed Bandw dth For
All Queues In this scenari o~O-Xe is allocated as fixed bandwi dth for all
que UESer brestopnd dspisteer gypacket epistor A ST et Brder e mitiondies kepveomrlaislsserd. The
first F | j sted in sect| Scheduling , will considered ac NOP.
Exen‘f)"f"é‘)r%/hlr&qg'é"ch? 'cfyycﬁé"r(r'lku@ Eg*ﬁg%p%tdh In this illustration) the Network
Manager may initially come up with No M xed Bandw dth fcx all Queues and
then, as Fiof headeglpehars Gerpyil e CHHTTLRIR B SRR Yrindictr Ioghfilpagess Farwardioe cr eat e
S REH D BSHES, B B, WS AL Spo L AN Dl L0

ress port wouf Ictate

on "G EItRaRx BRkdhte, TR ot AR .w;nﬁtsstmmainkmt.@m SanESR LAPHM LD TS

| argel y dependent on the depth of the (Il oafing point depth. As” an exanpl e,
it nByp h@da s6haas eonidinad in thandieaional thqylselee Shineypabiinf, Blrgevith Hiskp tubaidnsitatgd| | es
10d" of one percent, tend u~auld calculate to be 240kl-!z for an tJC48 |ine
and Bplikgdywifl glowghe logrgsp Faryaling Engine to scarch apy figidyansiginioe figm eqthes g formsempipgs9sr 0~940

It s”ou'l q:aslgg pb'g__' rcgcd that the above cases are exanples onl~, and the
aFf , T shof "t he: al gorithmof the invention is not limted to these
Cc:,sc< Further mmdificatiana will occur to those skilled in chic art, and

such are & iahichardwgre fogkup isishowgiin g A9 pying aFarss Tree Granh laokypyalgariym tg derermipes_ont t v
ac defined.,in.the.a ndcd_cl ai =37 3.0.h~AY. 200 met hod, of

o g gt s Asn Ry 5t o8 b 87 oy Punt dP e i deadiBhen et o o
packQprct ‘\c:lf!é’r.mﬁarﬁﬁﬁ?ls‘éﬁ?m%ab‘ch@_sﬁﬁfnﬂz.séacf?foo@ dathive AGhYRNEL Ry i  t hat
conprises, applying both the received data cerl s and data packets to a

CONMB Poidled ta byt blRiccE@ipinitidg hddegoric per iderat« Mhef cipindiag hodaek sfpredlicd

dat a-forwardi ng, indiscrimnatingly using conmon network hardware and

al gogrimmableareisicobapgdiablerfowiteselivrretn beilskibaseirecs nfwheredn thomemansétered i n t he
cell or packet and wi thout transform ng packets into cells; and controlling
with a coawidhic e Winkliphanraniaigeitenin cad gt tebding D@ériah a8t lesub MThe pklpebnudiat a
forwarding without inpacting the forwarding of either, wherein the cell and
pac k &tte BEshine errivhpolum fresess ?g"p'r‘wé@s gaes fee Hisoevarive vibewhiatkypgThesegme wi t h
co n .al gorithns, i ndependent of .infaor ion.contained in the cell or

pack f‘,b"é%ﬂ"'c "gr" ‘édf‘nsgi"ﬁggimr'l iR 'iﬂc'fn" r ‘E)E?%tnf'ghé“ dgcr' '\ﬁb'lrf%'f FRFUB ARG BE"] W hssed to
a NelaBRhick nREI1E Sas b SR odTARA §R TooRUpGeshiDR e GndbOvafhe MRINQESnEEHE PwirdiRgS M t
facility and in a manner to provide mninmmcell delay variation, and

f ui r tTetde Lonkpnreintry.qUiavish pragh nelerthdngie nibhfeor tytiondtips iwill dofiihbdkehtiDanichd dobiEis

i nformation passed fromthe forwarding engi ne and managed by the queue

nmanad@rd Eyt baerhrede daokup resptfs thepainer do g ex branphatis e skip aodp Bascdit inptsents thehe  cormmon
al gorj thm,. W t ueyi ng_.anagj.n rocessing as each control packet is read
from’l’%é"_r‘%'\'/ﬁc “(:SE',pgf"b'f‘ put "the 'géécr?_gd?yn' 'i)&' ne or ¢ "‘5ﬁ‘ﬁ'r"é‘r °§“’8‘f’"§‘b§1§2’§’ after it
I'S VEhdichit Rffich AR wift BRUEAR e ndRN ki Fhe 186K3F AnEM RIS wil Bl Wi Rt er €i n,
shoul d there be no such space, the data is put in a drop queue and returned
by t heciinhHie indintux cdtrok R@Eeas of the network. 2. A nethod as clained in
claiml1l wherein a watermark is set for each queue to instruct each ingress
to filter Qe QNndatAaik HEF R drdi i Fabfe 4 i : hensde T usly
processing i mE or mat iﬁon coﬁsyi ned\i ﬁ 'dz;t a oggﬁpl\@'cgﬁémﬁ'gtogmﬁni’éﬂgfléﬂ(}rﬁpf r ames

r ecei fd@ekding rebSinAPIng & (Of aring bR LIRS ke BGwSURE BITIn okd2Ah oRRTR 1ok EStime

appl ying both the received data cells and data packets to a commobn data

SW t cirrformanagt. thid lhokmgstapdien it liad. falbaw izahd firgisdpep@citaboitainokup @ paanidi The
indiscrimnati ngl y using comon network hardware and al gorithns for

f or nafererdine IR Seldyilldn ved mreep! Want BFhihe MR Mor Siepifierd Byre) ofes Gl i usedto packet

and w t hout transformn ackets into cells; and controlling with a conmon

it p . |
bandwi"HEa R REHESDAYY A ERNBB A Her Ben Fveh Ry mylisacenackgiatier eramnisathelE#RSS wi t hout
i npacting the forwarding of either, wherein the cell and packet control
information is processed in a co n forwardi ng engine with common

al gorithns independent of information contained in the cell or packet, and
wherein the information fromthe forwarding engine is passed to a network
egress queue nmanager and thence to a network egress transmt facility and
in a manner to provide mninumcell delay variation, and further wherein
-38 3 0 I~AY 2002



quality of service information is included in the information ¥ﬂs§ﬂd f[mgm
t he forwardi ng engi ne and nanaged by the queue nmanager for both-c s and
packets simultaneously and based upon the common algorithm wth queuing
managi ngv(pgg?ﬁgﬁsi ng as each control packet is read from t RETRBISOIPA0 t o put
the sane 1nt0o one of a plurality of queues after it is verified that

avai |l abl e physi cal space exists on the queue, and wherein bandwi dth is
allocated for different priorities by packet byte size and based upon tine
slicing the bandwi dth. 4. A nethod as clainmed in claim3 wherein the

net weRuRveMaRegetil pradia fRok 21 hisbilforapeuine plreultisashengkett ™ HERIMEses Fior unisast A et hod
of processin ckets aof .infqrmtion, . f far in W t and  queue
gV A T orde B csf Racee R BBy Rlcel Rebahdi it | e
SW tolb bitsd i proVidk atl._laﬁr $AS8nd 1IN 2 BN 8f uséd t‘}lﬂ_%reilcksj[ﬂmﬁfding‘Ui“?osde@rtrﬁn@(vhaht I'S
verified that avail abl e physical space exists in the queue; placing the
pac k etayer & idddenBdedsoOdhel prependelt 1o fhe ppdietidatasioo prckkist hae igadees wilhbeSuddeh 03t packet ad il
returning the packet information through the switch; setting a waternark
for duameredyliemtbe Egseseidb| FEFQ (fest ip.ifirst nitelye BavesnBuilsr Mereary: Eer cellsftesiaxst 2@ willr af f i c;
and allocating for different priorities by packet byte size and based upon
time @?Vfdéf%ﬁ{j" 'ﬁ'ég"ﬁ'éﬁ‘a\m' W?m%g'cﬁ'%é'(}éibem architecture apparatus for
simulteuly processing information contained in data cells and data packets
recei ved dfor nirgy saffic. the Dastightionl/Frnumbes inkicawg ths paverkfesdination imesfaeerapd thedlappn®i ng, i n

conbi patj on, .neans_for | yi bot e received data cells and data

pac ke{ﬁé“‘}fﬁ"&?ﬁ"’t’?{é”i°h'g?'g§3‘9@6%§°qg'8 ﬁ@ﬁﬂ“&fg’f‘ “%W%f'%%“vﬂ' '?'ﬁf‘h "Fl’i'gﬁ'?ﬁ'g en neans
for Cﬂtﬂéa‘e?“(li lpgytteh»eu@w AtEderld@ditioh Gldl whitR Bee DAE J‘tﬁﬁacui cmﬁm | mk&l Ynef orwar di ng
data by a conmmon al gorithm based on control information contained in the

cel | EgrespQuekeanagedwittiptriren b Muhicasd D obleioalgm padeieadis on which ipetficss theipein wilf ger
controlling with a conmon bandw dth managenent al gorithm both cell and
packet"“ﬂ'éit“’g of gndwdmdint of LAY Aberder AP Aeck PhYC ek 48 war di ng of either, wherein
the cell and packet control information is processed in a common forwarding
engi ngnmfn;n@ GATRA, Al %L&hﬂﬁm\h%@%ﬁ dent of information contained in the
cell or pa ﬁet, and ereln nmeans Is grovi ded for passing the information
fromthe forwardi ng engine to a network egress queue rmanager and thence to
a net wor K B@mes Sn drdca@@kpldin dxartplds bt asimpieradd d ddmfllenfatkeahroégh taForwhrdiog Exgine ofal

cel | / packet delay variation. 7. APF)ar atus as clainmed in claim®6 wherein
qual i thy inydntienePrpawer uprffie A fral 2°Giecks 8F thararseigrant atefilledipithlaf elpmepts pointingieand®d f r om

t he forwaydi engj ne a ngnaged e gueu na far .bo cells and
LSkl 0y SRR e B e TRl hliasSigy 200,
8.  ADPRAfIRhReRd fcRls T whe is FdsftindiBie/or WRGRE B Me SR IBIR MR Ay inMBlicRthafidt M i S

al so provided for simlarly forwarding both cells and data packets. 9.

Appar akuncnsas vpdagd inedhii garse praphmchompiagil te icxplibed fogticillvsngled vase A 6fi anighple RplliaytIP
processing that operates as each control packet is read fromthe switch, to
put t¥&X8ane into one of a plurali t4h Pk IS adesomalax T pickatisgirgdhe ¢ hat
avai | asbl Enpp‘\é&'lcal space exi sts on the queue. 10. Apparatus as clainmed in
cl ai m*Piner€in, should there be no such space, nmeans is provided for the
dat a tgimghuiliths PRk drop queue and returned by the switch to the ingress of
the network. 11. Apparatus as clainmed in claim10 wherein a watermark is
set for eadh powrewe tht ontiratddcksticthe Buse firaphigergrgsmiytbe hskinied fo bo Glicdvah eyl ielehentsr ed
data traffic. 12. paratus as claimed in claim9 wherein neans is provided
for al'haoeeint tordg offsetRbAE Tt iHehrdlk rosr the maekstip the Nruypik fogsssob fetitaek de aspyredfosthise  and
based upon tine.slicing.the handw ) ratus as clained in ¢claim12
eher o STk UE SFT Fatrd destoan l Addrss ozt L T Bl e trerets sRLert Bront
L9 PR Gl A GhA! AR foiih b hRo IR Bleaibl G5 30 pfl 3 1e5 118 nduafe T 11 X0
size units and the packet data s of arbitrary: o Zec ol fVaem

ar chi t &g thel kRPN RBIAIUR: db Qi ¥isdTH il 2LAUSHN W 1R SF AL ACT dofd fodidBithe piiet ARE 21 Ned
in data cells and data packets received at the ingress of a data networKking
syst emoenwdiprekegprpar at us havi ng, i n conbi nati on, neans for applying both the
received data cells and data packets fromthe ingress to a comobn data
switch within the system neans for controlling the switch for cell and
packet, indiscrimnately forwarding data by a common al gorithm based on
control information contained in thg.cell or packet and w thout

transform ng packets into cells; nmeans for controlling with a common

bandw dt h managenent al gorithm both cell and packet data forwardi ng w thout
i npacting the forwarding of either, wherein the cell and packet control
information is processed in a comon forwardi ng engi ne with conmon

al gorithnms, independent of information contained in the cell or packet, and
wherein, between the ingress and the switch, a VCl function or assenbly is

Y




-40 3 0 MAY 2002 16. Apparatus as clainmed in claim15 V\/nereiyj SM‘
assenbly connects not only to the svv~tch but also to a header 113 2%
forwarding engine for both the cell and packet data; with the engine
connecting through a control data switch and a quality of S?,Hhﬁﬁ,d’iwgl ng
nodul e t ow®D 9@6%%8r, al so inputting fromthe output of the swtc

Appar atus as cl ai rred in claim1l6 wherein the buffer feeds a cell data VC
shaping circuit that connects with the systemegress. -41 .Au

. A AuF. An3. A, . Aa. A2. A39. A3. Af ! r. A@

AL AA _. Avizh (hAEonAEQ!FmALo’SIOA{'ﬁR MAchan MISAHDGM%QP ayakdes Bl s €. ARdn A AY. A
.AlF. AF9. AYn3. A% Al . A@ A@l . A, . A@ ) *>pFX8

%Al SUGkeeoritcdficiRioh dah anddlif- 2] cal] caU] caU]call ca]c

a] cal] cal] cal] caU] caU] cal] cal] c

ay
U] cA aU] C aU] CEU]‘\E‘&U]‘ Ea] 'C‘Rﬁ']c[fa'é.l)] E"‘éff éta[!j] le@]lt a']utparse graph created is listed as 1-129-2-131.

Z] 23}5-[:']] Ca 0\\1 \n loo npK HLCVLUF‘“'%"%I {%’Ciﬂ& unal fcm mq‘atﬂz?%flb'éjh&aq ca

" (((* Otpyestyte of: l!ﬁ dc«m'm]'n( MQSQW@.%@E&%IN&&@ RQMCJI*&&O@M%I%%QMI&@ for
U] c”aU] cal] cal] caU] cal] cal] cal] cal] cal] cal] caU] cal] ca U] c”aU] ca]c
a] caU] caillshteauincards etatd @aﬁ]toalﬂ]nddx&S@&Gﬁc:ﬁWﬁq&S@@e’M TOUQE, it knows that this is a fink

al caU] crees: Emuythe Ak t‘ét)]"&ﬁwf d'liU]'B"&iU]"&‘a{’Jr'lf’é‘lJ] e lockiipresney Ry wae e hegraatg) cau ¢

0] b ) e kR Rt B e s Ty ay oy LR At st R 2L ca
] cal] cap] patdeaMinabhisatloaalhicadduar vemivh Cinddicaddneibl datlen hall Bakd #aU] ca

Ul cral] ca] cal] ca] caU] cal] caSSSSSTTRT_TmIqTTTTTTTTTUU UUU

U&U) US Usistldf bk un emzﬁﬁb!]th]rma'] th]lca] 13 au]se a']‘!saw] lxtta]t ba-td] Jenf dendhtotfLTIaMecs | cal

] ca] cal ca] ca cal ca Li]ﬂl
a] caUUUW, W‘F'/L!J(} o AW AcssEBA '& é’é'ééEf '"f Gre E'PWFVHRF ']"UP]"&'!&iJ]Tﬁfa‘]"EaB]‘%a] cau

ca] cal] c C a
]U\/] I:aU] ]‘%g 'fl}he "8* s L‘{% g{”f %‘#{]hﬁﬁ\ Ic?r‘?nﬁﬂoo%r ssgsiéseé"sg']}"%gg&ﬁﬁ'tf{/"ze>| ztnh
cl\Wgj Y Qﬂl‘[}(ﬁaﬂ]ml cal caU] cal] ca] caU] ca] cal] ca] caU] ca] ca] cal] ca] cal] ca] cal]
ca] caU] calU] ca] caU] cal] ca] c
a] cal] cal calﬂ]ect:arler} is iy u}u}y*}t«]vrwbﬁeqwtm Wo(fwg-bl]:m:c] v\@dz&ssmpﬁa]em though it
a] cal] ca] cal] ca Ul caU] caU] cal] cay cal cal ]2 -
a] cal] c 5m aCU}ng %Q]W\& cd\a@rg%_geg@] 24 qz( the the csunauon lP addtess lt goes to |||e 24

&5

a] ga?ﬂyigﬁf]c 2@ 'c'% hmrgbf' h]q‘ath? kmﬂ “'ﬂ] Ear]'ca] re s W e agar
_adi xyKausmemkddrednXRlid blakdicadd 10 add}eeﬁu] .m@ta&cﬂa&ﬂ&a&&@%ﬁ&leﬁanm cajc

aU] cal] caU] caU] cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] caU] ca] cas® Yhj nq( Yy{upj e_

YThc] XRBAS POt faotziaic cal] berfo e oid] @rd bt oldeftionioh tPaidfress) of the 2™ block and find

aU]] ga?J]U]c g?éﬂ&a%ﬁwwm WAL U ' Thatherd e il teea poiod ofiseid fmay byte of destination IP

%ggﬁecﬁ%@%{ﬁﬁjﬁw"‘ R ADTEL 0 % Thg resdiopre sy koAt it s eormelste] %y ¢
FLEu L s e e ety S el B e et o2

WV] cal qa&&qa.l;i].g:aU] caKsyyBDQSx$' 4@s{uoj e_YShc] XRU] U] cal] cal] ca] c

a] cal] cal] caU] cal] ca] caU] ca] cal] caU] ca] cal] caU] caUl caU ca]c a]Jc

aU] cal] ca] calfj vald tcabhdthidpte highoed i maﬂ?) siiNd lof thg parse graph put in memory by software. The
?2DQ | S~xr mhb\ VPhc] XRU] cal] ca caU] ca

a] caU] caefetpipre ssesrienyespycdses '\vae'awe'm%*atﬁ] ROESITR dearlh endmemary sz e 4Ea] caU
haoar- o7 R A RGP ) AT CRUFRA Tt s eroyicne) e PR L P ca

ca ca Ca w il result in the ha warc ccly u r an o0KY lll
%Caﬂ caﬂ o (Y‘I@Jc(;sééh <8-gch\ "U] (‘38. cha f lnf<| Bek}\ %Pg&G ph and | lookup in FLT.
zuoj d*XRhc X caU] ca] cal ca] ca] cal] ca] cal] caU] cal caU] cal] ca] cal]
cal cal Eli 1?%%[ eatedU] calUl calU] caU caU]cal]c aJca< @B e

N B R V4 W&r &&&&& "', >, @ -} xsnga[ VPhc] XUU] ca] cal] cal] cay caU] cajc
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is then forwarded to the Buffer Manager and eventually the Egress bandwidth managet.
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Packet with Mask 255.255.0.0

This subsection will huild upon the parse graph in Fig. 20 and install a packet with an illusteative mask
255.255.0.0 and address of 4.8.x.y. In this case. the software will go to the 4* offset in the originating node and find
a continuation clement with BA of 129, The software will then go to offset 8 in block 129 and find a default FLT
offset. At this time the software knows that it has to install a new FLT (say 4)offset in the 8 offset of block 129.

The hardware when reccives any packet with the header 4.8.x.y it will look into the 4™ offset originating
node and find a continuation clement with BA of 129 | then look at the leaf element of block with FLT of 4, and
terminate the scarch. In this case the hardware will do only 2 lookups. -
Complex Filtered Packet

Now assume that there was a requirement to filter a packet with header 4.5.6.8.9.x.y.2.11. There are no
restrictions to the ahove c})nccpt of parsing the packet, and the time it takes to parse the packet will increase since
the hardware will have 10 read and compare 9 bytes. The hardwarce will simply keep parsing however until it sees a
leaf element. The x.y.7 bytes are blncks which contain continuation clements pointing 10 the next biock with all
continuation elements of x pointing to block y, all continuation elements of y pointing 1o block 2. and alt

continuation elements of 7 pointing to the block which has entry 11 as a leaf, and the rest being default. This is where

the fork element comes into play and may be called up 1o lookup the forwarding at the end of search 4.5.6.8.
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Walk down 10 end of leaf remembering each block address and offset in block.

FOR ( From Leaf node to ariginating nade)
IF ( only element in block)
set default FLT offset at the previous NODE offsct address
free the last block

£0 to previous block

ELSE
sct default FLT offset at last leaf.
exit
ENDIF
END FOR

Egress Bandwidth Manager

Every /O Module connects a NeoN port to one or multiple physical ports. Each VO Module supports
multiple tralfic priorities injected via a single physical NeoN Port. Each traffic priority is assigned some bandwidth
by 2 network manager, as iflustrated in Fig. 14, being labeled as the “QoS (Packet & Cell)”. The purpose of this

section is to define how bandwidth is managed an multiple teaffic profiles.
NeoN Queuing Concepts

The goal of NeoN Queuing. of the invention. thus, is 1o be able to associate a fixed configurable bandwidth
with every priority qucue and also to ensure maximum line utilization. Traditionally, bandwidth enforcement is done
in systems by allacating a lixed number of bulfers per priotity queue, This means that the enqueing of data on the

priority queucs enforces bandwidih allocation When buffers of a certain queue are filled. then data for that queue is
dropped (by not enqucuing data on that queuce), this being a rough approximation of the ideal requirement.

There arc tnany real life analogics to understanding the concept of QoS of the present invention, e.g. cars on
a highway with multiple entry ramps or mosing objects on a multi-channcled conveyor in 2 manufacturing operation.
For our purposes. let us examinc the simple case of “cars on a highway™ Assume that 8 ramps were to merge into

one lanc at some pont on the highway In real life experiences. evervone knaws that this could create tralfic jams.
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efficiency. One way to manage this flaw is to have no control, and hive it be serviced on a first come, first serviced

method. This means that there is no distinction between an ambulance on one ramp and someone headed to the beach

on another ramp. But in the methadology of the invention. we define certain preferential characteristics for certain

eniry ramps. There are different mechanisms that we can creste. One is to send one car from cach entry ramp in a

round robin fashion. i.e. each ramp is equal. This means counting cars. But if one of these “cars” turns out to be &

tractor trailer with 3 trailers, then in fact equal service is not being given 1o all entry ramps as measured by the

amount of highway occupicd. In fact if one entry ramp is all tractor teailers. then the backup on the other ramps could

be very significant. So it is important to measurc the size of the vehicle and its importance. The purpose of the

“waffic cop™ (aka QoS manager) is to manage which vehicle has the right of way, based on size, importance and

perhaps lane number. The “traffic cop™ can, in fact, have different instructions every other day on the lane entry

characteristics based on what the “town hall manager™ aka network manager has decided. To conclude the concq':l

of QoS understanding. QoS is 2 mechanism which aliows certain datagramsto pass through queues in a controlled

manner, $0 as to achieve a deterministic and desired goal, which may vary from application to application e.g.

bandwidth utilization, precision bandwidth allocation, low latency, low delay, priority etc.

The NeoN Queuing of the invention handles the problem directly. Neon Queding views the buffer
aflocation as an orthogonal parameter to the Queuing and bandwidth issue. NcoN Queuing will fitcrally segment the
physical wire into small time units called “Time Slice™ (as an example, approximately 200 nanoscconds on OC48 -
time of 64 byte packet an an OC48). Packets from the back-plane are put into the Priority Queues. E:iéh time a
packet is extracted from a quecue, a timestamp is also tacked along with that queue. The time stamp indicates distance
in time from a *Current Time Counter’ in Time Slice Units, and when the next packet should be de-queued. The
‘distance in time” is fun-clion of a) packet size information coming in {rom the back plane, b} the size of Slice Time
itself and ¢) the bandwidth allacated for the priority queue. Once a packet is de-queued, another counter is updated
which represents the Next Time to De-queue (NTTD) ~ such purely a function of the size of the packet just de-
queucd NTTD is one for cell-based cards, because all packets are the same size and fit in one buffer. This really
proves that the NcoN Egress Bandwidth Manager is monitaring the line to determine exactly what next to send. This

mechanism, therefore. is a bhandwidth manager rather than just a de-queuing enginc
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allows truc bandwidth calculations rather than simulated/approximations. The sccond *‘NeoN Advantage’ is that the

Network Manager can dynamically change the bandwidth requirement. similarly to a sliding scale on a volume
control. This is feasible since the bandwidth calculations {or priority queues are not at all based on bulfer allocations.
In Neon Queuing, rather. the bandwidth allocation is based on the time slicing the bandwidth on the physical wire.
This type of bandwidth management is absolutely necessary when running at very high line speeds, to keep line

utilization high.

Mathematics Used during Queuing

First we will develop the variables and constants being used in the ultimate mathematics.

Symbols Description

TS Time Slice of bandwidth on wire used for calculations, (200nSec
for OC48).

NTTS Next Time To Send. This number in units of Ts representing a

address to de-queue from current time,

BitTime Time period of a single bit on the wirc of the current YO module -

Aa Delay factor in Number of TS, representing bandwidth

calculations set by Network Manager, for priority Queue n.

BWn - Bandwidth of Queuc n in Percentage as entered or calculated by
the CPU Software.

Pn Number of Priority Queucs.

TBW Total Bandwidth of the wirc

NTTD Next Titne To Dequeue.

cT Current Time in TS units
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Consider first the user interface level 1o see how handwidth is allocated amongst various priorities. the user
is normally given the job of dividing 100% bandwidth amongst various prioritics. The user could also be presented
with becaking up the entire handwidih in bits per second (as an example for OC48, it would be 2.4Gbits). In either
case, some CPU saltware calculates a number pair, priority-An, from %-priority or mBits/sec-priority. Since the CPU
is doing this calculation. it can be easily changed based on the 1/0 module. The Bandwidth Manager does not need to
know about the I/0 module type, only caring about the priority-An pair. Thus if a user connected to the NeoN port
that cannot handle data at full line rate. the CPU can change this value 10 adjust for the customer requirements.

An = 100/BWn m

Data (in (orm of packet address) from the priority queues is de-queued on the output fifo, The de-
queue engine calculation of the Next Time To Send for that queue is poverned by equation (2) below. There
is ane such number for each queue. which gets updated every time a packet is de-queued. The Calculations

for NTTS are: .
NTTS, = ((Packet Byte Count * BitTime) / (TS)) * 4,) + NTTS., 2)

. where Bit Time is 2 constant that may be fed by the CPU on power-up. depending on the VO Module.
chging NTTS, two decimal places would mean that we would have the ability to enforce bandwidth to the
100" of a TS timc, as time approaches infinity, but with instant granularity always being TS time.

Next Time To De-queuc is the time that we start the de-queue process after the current de-queue.,
This is primarily based on the current time and the number of bulfers in a packet just de-queuved:

NTTD. = ((Packet Byte Count * BitTime) mod(TS)) + CT €))

Queuing Processing

1t is now in order (0 decide the processing needed to queue addresses from the back-plane-on to the Priority
Queucs, Fig. 24, which depicts the overall queving and scheduling process. Control Data, which includes datagram
addresses. from the ‘NeoN Control Data Switch’, is sorted into priority qucues based on the QoS information
embceddced in the control Data. by the Queue Engine. The Scheduling Engine operation is rendered independent of
the Queue Engine which schedules datagram addresses through usc of the novel algorithms of the invention listed
further helow

The queuing Engine has the fallowing tasks-

. Enqueue Data Read input fifo and queue the packet onto the appropriate queue. There are

8 priority queucs and ! Local CPU qucue and onc Drop Queue

. Watermark Calculations Calculate when 10 put back pressure on the ingress based on

watermarks set for a queue

. Drop Packets Start Dropping packets when the Priority Queues are full
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feeds the priority Queues P, with hulfer address from the back-planc. Additionally, there is 2 forward. For OC48

rates, and assuming 64 hvic packets as average size packets, the following processing will be done in about

200nSecs. The preferred pseudo code of the invention for the En-quecue Processor is as follows:

Read input Fifo.
Find priority of the packet
IF(room on queuc)
move hulfer from Input Fifo to *pTail, priority qucue.
Advance pTail,.
update statistics
increment buffer count on queue
IF(packet count on >= watermark of that queuc)
set hack-pressure for that priority

update statistics
ENDIF
ELSE
move huller from lnput Fifo to drop queue.
Update statistics
ENDIF

The verbal explanation of the psucdocode listed above. As cach controt packet is read from the *Neon

Control Data Switch’ it is put onto one of N queues after it is verified for physical space available on the queue. If

there is no room set on the queue the data is put on a drop queue. which allows the hardware to return addresses back

to the originating port via the ‘NecaN Control Data Switch®. Also n watermark is sct. per queue, to indicate to the

ingress to filter out non-preferred traffic. This algorithm is simple but needs to be exccuted in one-TS.

Scheduling Processing

This section will list the algorithim used to de-queuc address from Priority Qucues Pa onto the output fifo.

This calculation also has to be done during one TS.

Wait here till CT == NTTD AND no back pressure from output fifo.  #/ sync up

X = FALSE /] some variable.
FOR (all P, High to Low)

IF (pticad, '= pTail,)

IF(CT >= NTTS,)
De-Queue (pHead,)
Calculate new NTTS,
Calculate NTTD
update statistics
X=TRUE
ENDFOR

/I see equation (2) above.
{1 see equation (3) ahove.

ENDIT
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1F (pHead, '= pTail,)
DeQueuc (pTail,)
update statistics
X=TRUE
ENDFOR
ENDIF
ENDFOR
ENDIF
IF (X =FALSE)
update statistics
ENDIF
Update CT

The function De-Queuce is conceptually s simple routine, listed below:

De-Queue(Q,)
‘POU!PU'QTB“J-+ = *‘pHend, ++

The explanation of the ps;xc'docodc fisted above is that there are two FOR loops in the algorithm - the first
FOR loop enforcing the committed handwidth to the queue, and the second FOR loop serving for bandwidth
utilization, sometimes called aggrepatc bandwidth FOR Loop.

Examining first the Commiticd FOR Loop, the queues are checked from the Highest Priority Queue to the
Lowest Priority Queue for available datagram to schedule. If a queue has available datagram, the algorithm will
check to sce if the Queucs Time has to dequeue, by comparing its NTTS, against CT. If the NTTS, has fallen behind
CT. then the queue is Dequeued: otherwise. the search goes on for the next Queue until all queues are checked. If a
data from a queue is scheduled to go out, a new NTTS, is calculated for that queue and a NTTD is ;Iwnys calculated
when any queue is de-queucd, When a Network manager assigns weight for the queues. the sum of all weights should
not be 100%. Since NTTS, is based on datagram size, the output data per queue is a very accurate implementation of
the bandwidth set by the manager.

Let us now examine the Aggregate FOR Loop. This loop is only executed when no queue is de-queved
during the Committed FOR loop. In other words only one de-queue operation is performed in one TS. in this FOR
Loop. all queues arc checked from Highest Priority to Lowest Priority for avaitable data to dequeue. The algorithm
got in this FOR Loop for one of two reasons: either there was no data in all the queues. or the NTTS, of all queues
were still ahcad of CT (it was not timc to send). If the algorithm entered the aggregate FOR Loop for empty queues

then the second time around the fate will he the same. However if the aggregate FOR Loop was entered because the
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NTTS, was not reached for all queues then the nggregate will find the highest priority such queue and de-queve it.

also in that case it would update NTTS,, and calculate NTTD.

The atgorithm has built in credits for queue that do not have data to de-queue in their time siot; and debits
for data that is de-queucd in the Aggregate Loop. These credits and debits can accumulate over large periods of time.
The debit and credit accumulation time is a direct function of the size of NTTS, ficld in bits. for example a 32 bit
number would yicld 6 minutes in each dircction at using 160 nSec ns TS (2% * 160nSec). Each individual queue
could be configured to oose credits and/or debits, depending on the application this algorithm is used. For example
if the algorithm was to be used mainly for CBR type circuits one would want 1o clcar the debits fairly quickly, where
as for bursty traffic they could be cleared rather slowly. The mechanism for clearing debits/credits is very simple,
asynchronously setting NTTS, to CT. If NTTS, is way shead of CT, Queue has build a fot of debit, then setting the

NTTS. to CT would mean toosing all the debit. Similarly if NTTS, had folien behind CT, Queue has build a lot of

Credit, then setiing NTTS, 10 CT would mean losing all the credit.

Example of Implementing CBR Queue Using the Algorithm
It is now appropriate to examine how to build a CBR qucue out of the algorithm listed above, again
referencing Fig. 24. Let it be assumced that the output wire is running at OC48 specds (2.4Gbits Per second) and that
Queue 1 (highest Priority Qucuc) has been assigned 1o be the CBR Queue. The way we configure the weight on the
CBR qucuc is configurcd by summing all the input CBR flow bandwidth requirements. For sake of simplicity there
are 100 flows going through the CBR Qucue. each with a bandwidth requirement of 2.4 Mbits per sccond. The CBR
Queue bandwidth will then he 2.4Mbits/scc Times 100, i.e. 240Mbits per second (i.e. 10%). In other words,
QRATE.. = X Ingress Flow Bandwidth,
A.=100/10 = 10. Based on Equation 1
NTTS, would result in 10 every time a 45 hyte datagram is dequued. - Based on Equation 2.
NTTS, would result in 20 every time a 90 byte datagram is dequued. - Based on Equation 2,
NTTD would result in | cvery time a 45 byte datagram is dequeued. - Based on Equation 3.
NTTD would result in 2 every time a 90 hyte datagram is dequeued - Based on Equation 3.
This shows that the queue will be de-queued very timely: based on datagram size and the % of bandwidth

allocated to the queuc. This algorithm i< independent of wire specd. making it very scalable, and can achieve very
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Example of Implementing UBR Queue Using the Algorithm.
1t is very simple to implement a UBR queue using this algorithm. UBR standing for the queue
which uses the left over bandwidth on the wire. To implement this type of queue, one of N queues with 0%
Bandwidth, and then this queue is de-queued when there is literally no other queue to de-queue. The NTTS will be
set 50 far in the future that afier the algorithm de-queues one datagram the next one is never scheduled.

QoS Conclusion

As has been demonsirated. the sigorithm of the invention is very precise in delivering bandwidth, and its
granularity is based on the size of TS being independent of Cell/Packet information, and also provides alt of the

ATM services required: implying not only packets also enjoy the ATM services but cells and packets coexist on the

same interface.

Real Life Network Manager Examples

This section will now consider different Network Management bandwidth management scenarios,all well
handied by the invention. Inso far as the NeoN Network controller is concerned, there are n queues egress (as an
example it could bhe R), each qucue heing assigned a bandwidth. The Egress Bandwidth Manager will defiver that
percentage very preciscly. The Network Manager can also decide not to sssign 100% of the bandwidth to all queues,
in which case the left over handwidth will simply be distributed on a high to low priority basis. Besides these two
fevels of control, the Network Manager can also examine statistics per priority and make strategic statistical
decisions on it own and ‘change percentage allocations.

Exemplary Case 1: Fixed Bandwidth

In this scenario, 100% of the bandwidth is divided into all queucs. If all queues are full at all times then the
queues will behave exactly like Fair Weighted Queuing. The reason for this is that - the Egress Bandwidth Manager
will deliver the percentage of the line bandwidth as requested by the Network Manager, and since the queues are

never empty, the egress bandwidth does not have time to execute the second FOR loop (Aggregate Loop), above
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discussed.

If the queues are not full all the time. however. then during the time the queue is empty some other queue
may be serviced ahend of its time without a charge against its bandwidth.

As an example,the Network Manager decided to allocate 12.5 % bandwidth to every one of the eight
queues, then the Network Manager has to provide to the Egress bandwidth Manager:

A,-Priority List of alt 4, one for each priority.
Bit Time Based on 1/0 Module Egress Bandwidth Manager is running on.

For a bandwidth of 12.5 &, A, would calculate to be 8.00 (100/12.5). For a OC48 Bit Time would calculate
to be 402 psec.
Exemplary Case 2: Mixed Bandwidth

In this example. not all of the bandwidth is divided into all of the queues. In {act, the sum of all fixed
bandwidth on the queucs is not 1007 of the bandwith available. The Egress bandwidth Manager will deliver the
constant bandwidth on the queues up to the aliocated amount, and then aggregate traffic amongst the priorities on the
remaining bandwidth. This guarantees some percent of a class of trafTic to make it through the port and also provides
prioritized traffic. For queues that are not full during the allocated time, that bandwidth will be lost to the aggregate

bandwidth.

Exemplary Case 3: No Mixed Bandwidth For All Queues

In this scenario,0% is allocated as fixed bandwidth for all queues. The queues will then behave purely like
priocitized queuing. The first For Loop listed in section 0 Scheduling , will considered as NOP.

Exemplary Case 4: Dynamic Bandwidth

In this illustntion: the Network Manager may initially come up with No Mixed Bandwidth for all Queues
and then, as it starts to build committed bandwidth circuits, it may create fixed bandwidth queuves. The sum of the
requirements of bandwidth of the flows at an ingress port would dictate the size of the constant bandwidth on the
egress port. The granularity of the aliocatable egress bandwidth is largely dependent on the depth of the flosting
point depth. As an examplc, it may be assumed that two decimal places may suffice. This then implies 100" of one

percent. and would calculate to be 240kHz (or an OC48 line and 62 kHz for an OCI2 line.

36 -



103$10% U&' () - SIM 10% U8 () -f*#10% U& ()-, @! 10% U& ()-S ' s10% Ljé&'m}{ L%
U () - & &&&&8&&& ' bC 10s 10%r& () - $310%r& ()-3 10 U 10 U 10 U; 180

U& ()-1 7S#10% U& ()-5z#10% U& ()- ' ', -.d/ 2dEbC

10" $$10%18 () - 5" $$10%18 () - s" 10%& () - @LO%E' () - MBS 10%& pyrnioskdisans () - 22
22222303 WASSTO0M| & ()-1"10% & () - 10%4| & () - 9$10%}| & ()-Z 10m 10m

10n8: 10%& () - n33B44* 556dELC 10$10%| & ()-3"10%}| & () - #10%4| & () -F

"109%| & ()- G 10%4| & ()- 10%}| & ()-66667y77dELC

10V10%}| & () - F10% & ()-109%| & ()-109%| & ()-"10%| & () - @#10%}| & ()- 7777777
7qy?C s ouEév |68" d ghat the 2 RSLS ALe, €XAM dgh ication of i

10V10%4| & 'JolE DRI 8t e UL OE RS SEyniet Avandghs rrliseipr obihg Algorim e ers GS 08888

qY?C invention is not limited to these cases
Further madifications will occur to those skilled in this art. and such are considered o fall within

the spirit and scope of the invention as defined in the appended claims
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packets into cells; and controlling with a common bandwidth management algorithm both cell
and packet data forwarding without impacting the forwarding of either, wherein the cell and
packet control information is processed in a common forwarding engine with common algorithms
independent of information contained in the cell or packet, and wherein the information from the
forwarding engine is passed to a network egress queue manager and thence to a network egress
transmit facility and in a manner to provide minimum cell delay variation, and fuirther wherein
quality of service information is included in the information passed from the forwarding engine
and managed by the queue manager for both cells and packets simultaneously and based upon the
common algorithm, with queuing managing processing as each control packet is read from the
switch, to put the same into one of a plurality of queues after it is verified that available physical
space exists on the queue, and wherein, should there be no such space, the data is put in a drop

queue and returned by the switch to the ingress of the network.

2. A method as claimed in claim 1 wherein a watermark is set for each queue to instruct each ingress
to filter out non-preferred data traffic. i

3. A method of simultaneously processing information contained in data cells and data packets or
frames received at the egress of a data networking system, that comprises, applying both the
received data cells and data packets to a common data switch; controlling the switch for cell and
packet data-forwarding, indiscriminatingly using common network hardware and algorithms for
forwarding, based on control information contained in the cell or packet and without transforming
packets into cells; and controlling with a common bandwidth management algorithm both cell
and packet data forwarding without impacting the forwarding of either, wherein the cell and
packet control information is processed in a common forwarding engine with common algorithms
independent of information contained in the cell or packet, and wherein the information from the
forwarding engine is passed to a network egress queue manager and thence to a network egress

transmit facility and in a manner to provide minimum cell delay variation, and further wherein
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and managed by the queue manager for both cells and packets simultaneously and based upon the
common algorithm, with queuing managing processing as each control packet is read from the
switch, to put the same into one of a plurality of queues after it is verified that available physical
space exists on the queue, and wherein bandwidth is allocated for different priorities by packet

byte size and based upon time slicing the bandwidth.

4, A method as claimed in claim 3 wherein the network manager dynamically varies the bandwidth
requirement.
5. A method of processing packets of information from a forwarding switch and queue managing

the forwarding, that comprises, as each packet is read from the switch, putting the same into one
of a plurality of queues after it is verified that available physical space exists in the queue; placing
the packet information in a drop queue should there be no such space and returning the packet
information through the switch; setting a watermark for each queue to enable the filtering of non-
preferred information traffic; and allocating for different priorities by packet byte size and based

upon time slicing the bandwidth.

6. A system architecture apparatus for simulteuly processing information contained in data cells and
data packets received at ingress of a data networking system, said apparatus having, in
combination, means for applying both the received data cells and data packets from the ingress to
a common data switch within the system; means for controlling the switch f:or cell and packet,
indiscriminately forwarding data by a common algorithm based on control information contained
in the cell or packet and without transforming packets into cells; means for controlling with a
common bandwidth management algorithm both cell and packet data forwarding without
impacting the forwarding of either, wherein the cell and packet control information is processed
in a common forwarding engine with common algorithms, independent of information contained
in the cell or packet, and wherein means is provided for passing the information from the
forwarding engine to a network egress queue manager and thence to a network egress transmit

facility, and in a manner to provide minimal cell/packet delay variation.

7. Apparatus as claimed in claim 6 wherein quality of service information is included in the
information passed from the forwarding engine and managed by the queue manager for both cells

and packets simultaneously based upon the common algorithm.
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12. Apparatus as claimed in claim 9 wherein means is provided for allocating bandwidth for different

priorities by packet byte size and based upon time slicing the bandwidth.

13. Apparatus as claimed in claim 12 wherein the network manager dynamically varies the

bandwidth requirement.

14, Apparatus as claimed in claim 15 wherein the cell data is of ATM fixed size units and the packet
data is of arbitrary size. )

15. A system architecture apparatus for simultaneously processing information contained in data cells
and data packets received at the ingress of a data networking system, said apparatus having, in
combination, means for applying both the received data cells and data packets from the ingress to
a common data switch within the system; means for controlling the switch for cell and packet,
indiscriminately forwarding data by a common algorithm based on control information contained
in the cell or packet and without transforming packets into cells; means for controlling with a
common bandwidth management algorithm both cell and packet data forwarding without
impacting the forwarding of either, wherein the cell and packet control information is processed
in a common forwarding engine with common algorithms, independent of information contained
in the cell or packet, and wherein, between the ingress and the switch, a VCI function or assembly

is interfaced.
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