; e3eTd"6TTl g~ 5 MAR 2002 *166166* A DEVI CE AND A METHoD FOR
CLASSI FI CATI ON AND FORWARDI NG CF PA(@%WW&WM&M field of th@§ MARNA0YZ0N
The present invention relates to a | i and a net hod for

classification and forwardi ng of packet sis¢iBescription of related art The

growth of the |nternet has led f{ situatli re, ] i 1Lng a
scarce redolfeP dCE LA ﬁ“%TrHog rﬁ%é‘ F@%ﬁgf@@ﬁg&&&?gg%@mﬁ t[%ep@g@ﬁ%t
switches in the Internet - are not powerful enough to handle the traffic
that aggr egpasical theldieb iy WH{$R%sIOThe current trend for dealing with

this problemis The rldsue: riouiars i on somes of o thel bokcdended 1 swi 4€hi ng
traffic, and lnst use switches of different_ kinds, such as, EDDI

Swi t ches, aAfﬁtgﬁqeifﬁos,c %%SJEEIC &t et st c %%Waﬁ%}%gt%fngaﬁg?tf‘o be a nore
cost effective solution, since the price for switching capacity is nuch

| over t harPedwer yatiicsn for rolatiery adpacity. One of the main limiting factors
for performance e rdRH UK &he CHRARD o, & S tCh 4ssofLep Ghaimed to
be the processing of incom ng packets. When an | P packet arrives at an

i nput por Y1 % Hed\erdth e LTHBSUSS G B KUY Fiedl- afde cT8dseti ed, and
based on thg arassiifd caldtonHder packeteds § orvarsieckd® an, eghpyt jport. The
packet classifjcation operation consi]{s)#s of an&l\ ysi (r}g i n{ormati on in the
packet hed f(rgteqr?&st— tHe® ik iRRHS T At eE neR dL2 R Bet BRani ned) , and
per form ng raafl faek uhaoperdd ity ttas obt aite tdhel d o oidgrapd Ome s eqoheed to forward
t he packet to its next . In_principle, the sa kind of classification
needs to bcedrpreerqtortrFf&dol;focgr s‘%/ﬁ‘-flcllﬂﬂg Bt th htemo?)&%(ﬁ%o "is° gre%eF%ff?/V? hought
to be noreworpls datced Same anf |hedoketert hain $ort@m M ceffior amdEt her net
frame. The | LREIALIQN, SO S o SRACNIAY, 2 dal abasgpher an ent ry
mat chi ng the packet. The efficiency of a [ookup operation depends on the
dat a st ructirteChesed ATt Svhid @ abaded Hdiermsat ugiurekesuchhas simpSe tabl es

and |inkedd s A & oSk tQd TR BB v P Wo NAVEL] hes draubagk thatethey are
difficult to search efficient] 5 MAR 2002 |'1n interesting conprom se

: 0
bet ween a Gl tAWINS aﬁﬁPaa‘”i‘%/%kléﬂ mych fver thhan thethrscephfbach, the
address i ssqparind-icatedtitni 0 a nunber of sections, and each section is used
to address a di fof ere tI evel .of a s.%arch ree. At_each vael a nunber of
smal | tables ar & Fs&d (O SIHE poithter¥ 78 T 2ptopts Bt Palbres'dn t he
next | evelan THermuterst iddmpeastdd s pacey i ¢hhi Is ealttenf cidhimedbt eshbe but on~y
a parti al ged r eat qQverl o) dress space
that are ignrreﬁ,?e at aér%;?l gg.n%atfrﬁce?n%%hgg %thg‘eét%gsa' m‘%’ﬁ eﬁi%eél%'&\?\ﬁgn t he
utilized affresFesdtarsd AINRYErRIAFG Pk e ZRFEEs SThackacipe apredel " VLS
| npl enent add ki dRRUEY Jadd 8561 d,7esnAsh SfdVion e drasPefi-C
Zukowski, Proceedi ngs of INF,CII%\/I "91, 991, pp. 0515-0529, discloses the use
of tries iTPYRRITF RATKEE Forf Hathieisd I%k‘?ﬁ’b W ERF i RREC T ePl3Bhs. Binary
tries haveadlsn hdersdisfictd oo aspeatd i drengd s Peltls esSesnafpsieyanpl e the
commonly us Patricia trie, which is a refjnenent of_a binary trie. But
cince | b AlhelBL A N PR T TRRe e Fhpranehac b of
Patrici a taddyess requbndi v eoamkaoimEadx,. divkree hbyenbegna skvekap
suggesti o P i ts é)ﬁé&ps i ddr essabl e
Menory (CA etr?aoelsq}tH o??%?e{%ﬁjt{}%%%&e% mv%%c?u@ﬁ?te%ﬁﬁéf‘g%];/&does not
current|y ProRafkgtartfe HetotgXather suft iRF EMEigLl¢ onitostam® kuke ¢his a

practical sidHifbation needs to be performed by a switch, but the
operation is generally thought to be more complicated for

an IP packet than for an ATM cell or an Ethernet frame.
The lookup operation consists of searching a database for
an entry matching the packet. The efficiency of a lookup
operation depends on the data structure used for the
database. Data structures such as simple tables and linked

lists are easy to implement, but have the drawback that
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they are difficult to search efficiently.



Summary of the invention The object of the present invention is to solve
the above nentioned problens and to provide a | ookup device fg
classification and forwardi ng of packets, wherein the input to ﬂﬂgapygkup
device is a destination address of an incom ng packet and the destination
address conprises n bits, wherein n ?s an integer. This object is achieved
by providing the | ookup device defined in the introductory part of Caiml

wi th the advantggepys. f&at ures: Qo t&ﬁJ Qaseetu@%zgnglﬁa it ebpsai ghGlaim 2
0 5 MAR 2002 The Iookup deV|ce accor ing to the present invention,

conpri ses®i L 5tRfés! Lohetei v eath: st%g%htépﬁégéﬁﬁ§ba bhedefer R fedSpr ef i x
| ength antddtarptectmrxgrerpt@sent@ntaegr@ﬂpsettaddeessaa ewler eeBriba fikrst

t t th hort f h dth th st t
he T ongEbtopret i ST Rt I Wit HE Pt s STRY PRORu BN e 5P s kompr | ses a

routing nesor ylereahs &ommemeedotoemald tabhest age, usker ébnseach stage
conpr i ses, 3 [EIPLY: TeAfs 180. 3 PIANQ BabRbbeonl (FBLRLES, jubgiein each entry

conprises”a poi nt er F-conprises a pointer to the menory
means in Thersieks %thbb W%ﬁt%ﬁrﬁﬁ%ﬁ%rwtbhtheeﬁébtPﬁgthﬁnﬁﬁplﬁeansustorlng

the forwagdjno i pd of 1@t | Ofee WL @i We acFEEBEANUABOE rQhgbihe poEEESRENdiNg to
t he shortest reflx Ien th of the destination address are searched for in

the firstohe %ﬁﬁF?ftqﬁ% *hery"i HSEnBLT PP¥t CRBNBrYS medR€ wherein
a match i&i@uml mmrese&ﬁerptolwﬁ@ﬁ teetheiseeondadanesyeseans, then a
second nu er, of |ts corresg ond| to the next shortest prefix length of
the destifat]oh ddt%s% %r%‘g %kﬁ?%t in the second nenory neans, and so
on until a Ion@mﬁ amﬂxﬁmeujWﬂ&ﬁlbmﬂmﬂmGREmtioundf Rbeteng Tmbl@etnter to

the routipg Je éqgﬁ$ ﬁgep t foé“ﬁigkgﬂskgfoﬁ EEBB Rgg %grm?rd:ng of

sai d |ncon1ng pac in a vant;g
capabl e ofNEIr h? hg %%b | Rivk UP° ber 0 ﬁnr?léyéPéesFGh?heﬁﬁD®é t he design

i s sinpleand fastyo@nthd trdisidderedoreagpbsableckep aibhobigad IP router.
This solution also works with identifiers with different | engt hs.

Advantage%ﬁ%ﬂ%ﬂsthe first stage conprises only said first menory neans, and
all the other siagasy cofmd sea\aaczhls?olk@@éxe neafsfonhes el abidel éhgdh th

I ted to th 1 d th
romory MER e ol 1 T ST e R P BERBR bl 5o cach entry
in the flwmicm|}ﬂQarmaﬁnqenm&ﬁnsabtaobn@@pyl5esea pattSbnteahE a valid bit,
and eacl - enidy, é{k{é“%i Eikéﬁﬁﬁﬁ% WEaﬁésé'ﬁ9r89gP§ gﬁg ¥ﬁ£59195t

wher ei n a set va inan entry represents a_va I X and the
poi nter fOEIRRFBYCIhaErent ris cOmRISEYS 228 COPBif¥er to the routing menory

neans, and a sefhdiad thPid ddbrRAEAUEFY | Sudhestidhs nEBDH.MpI@ﬁé‘ﬁt nmeans t hat
t he preflx mat ches an entry in the routlng nennré ge E is shorter

t han thatr%Hﬁt%ﬂ %ﬁRﬁ?tﬁP?ﬁ%?ﬁeﬁny%&?ﬁf% NERRE B4 ?Sﬁﬁb feMGmPRY menor y
rreaﬂs ]cc:orrﬁmt?)eSt@ POH 1Y ethé Ordlj’IElr(q}]'l'ﬂahblél MeoweyerPa0AM Admnbagggdauzt Y,
each of the first [ ns, has a_poi nt er_ _out .a,va it
out put aﬁ%P% 55?5 %Htr%ﬂﬁtkn ngﬁﬁit&@rg?hmnéﬁDYyaﬁegng kgsgéeB%#Hter

out put antow ot didinaloaitputs aheratbiche poilnteenout put of the q:th
menory neans i s connected to the (g+l1):th nenory neans, and to the logic

means of §hendar1d¢ thhSt AQ6n@ih Wherein the valid bit output and the part

bit outp ns are connected to the |O?IC neans of the
(g+1):th Stage'The object of the present invention is to so

above mentioned problems and to provide a lookup device
for classification and forwarding of packets, wherein the
input to the lookup device is a destination address of an
incoming packet and the destination address comprises n
bits, wherein n 1s an integer. This object is achieved by
providing the lookup device defined in the introductory
part of Claim 1 with the advantageous features of the

characterizing part of said Claim.



Preferably, the logic neans in the i:th stage conprises a nmultiplexer, an

OR-gate, and an AND-gate, and each logic nmeans in all the ot heg 5 5 o but

the first stage conprises a nultiplexer, an OR-gate, a first ANDgate, %nd a

second AND-gate, wherein the inputs of the nultiplexer in the second stage

are connected to the pointer outputs of the first and second nenory neans,

and the inputs of the first AND-gate in.the_second stage are connected to
e TIRIERS M :

the valid bit outputCVFuR HESECONE HBRDF)InE8nS"an8 E5 T he *PEFE APt out put

of the ficstpnems y1 netanges andhéhernnpath otapke repcondnAbDagate in the
second st qﬂg§c part Rt gutpyts L. kst, and second
menory ne%%%?ggﬁﬂﬁ% e i%%%%%Qo%QfﬁeﬁCRpgateB?n therg éo%gngtage are
connect edd¥@RMP oLAGANCTTDI t WeeFpiBt tARDIgacé Sh2PRerS§@EBRENEFa§eeand to

the validshbftOsit phite Of x t NENG LK SEnHERREY 1 FRANS £ aWRERBbRekBALNRUES tO the
mul tiplexer in the pith stage, wherein is an integer gnd 3< p<.i-l, are
connect ed ¢3¢ He %6$%¥%rl%ﬂg %twb?htﬂebgfﬁh ﬁgﬁnﬂﬁoﬁﬁangegﬁaetSlﬁﬁ out put
of the nmutdsmpl exes Ofrdlei{@p-emdhy shages andnebeednput saell thenfir st
AND-gate in the pith stage are connected tgo_the valid bit qutput of the
pith nenn?@a%%hﬁgu3ﬁaufdg%%ho%E%%? %?%ﬁ é5§808n SAR agggpﬁ %Eg (p-1):th

st age, ansiteheng nputabof ¢heesecbad, dwherAND- gatd entrhecpimphistage are
connecte i t I ns .and_to the output
of the sg%%ﬁ%é%ﬁdﬂ%ﬁ%f?ﬁﬁ?ﬁeg%%@§§:%QEE?EEE?ngn'5¥ gg?nEStEHSf the OR-gate
in the pin¢refadgeeae TonheteextoStasSouPput BPLPREIf FPsENRND-gate in the
(p-1):th s$@gen@nteh®r Aot PULt 8F 1 hher PR gatRairA hBeihPothathost age, and
wherein the inputs of the |tiplexer in the i:th stage are connected to
the poi ntBICETABE OfFThe  FIRHE fRfopy feana “ARACNE-AR Gat BUE of the

mul ti pl exelsoofest herdfr:1)1éhgsh age, taaddtbeinhapubs atidtbesAbbegate i n the
:th stage arg gonpected {othe, val i, bil, quLput gf.the Lithogemory means
and to the ou%pu ot the seétond Ewga?eyin e’(|-f): h sFage, and the

i nput s of in heh®ORE gatte meme he medhs svhgeeaneacoatebt ed founte out put of the
AND- gat e | it t h u h -gate_.in.the (i-1):th
st age. Ad%gﬁégﬁg%a§?¢%&§%%%?c oigh%ogﬁgg&geﬁegﬁrgnﬁsgﬁfg %ﬁghs€age

conpri sessecerd Nabper bbE it putonndsaending kat ERenge&iit shesteptshort er

prefix | epgthsx aj&ng@t HPAMEhdi e SULRYE SonPraalerabl ¥reedeh rehage rakso _
conprises a deconpression |ogic neans, wherein the i:th decogEreSS|on | ogi c

means is tOnhRet T tRENHLY t PpRBResNf FReCN: PRtdtagelCRAESEhe q:th
deconpr esgé ©chi0gi Sra®eomshaés veanecbeaddl owhetbinhhehg: pbineaer yomeass and to
the (g+1):.th nennr% neans, Fbreb§ gs ch%g¥gd gigengk §avkg oggknization.
Advant ageb?dt {19 AT Bt PSR BAERS mbhor § OEaAs t8Ps 3 E8APFTERE 5 fmsk
field, anfaddeedsngagffselid, inandnangoppress.-ffhg bietin whvpeitnge set
conpress {{ag Prll{s'é‘&'éﬁgﬁ e§st9§ét09€pﬁgsébﬁabh% bePe 2B At BaL each of

t he nenory neans-~al so s a mask field output, an adgness.tag,fleld out put
and a cong%ls@pfmg RO BYIt BUELewhEBHEL RerRerfadkef d8isd 9outBut IMPRE addr ess

tag fiel dagyt paidt, t&ed COAPLESehéladobbt sQutpBlie ¢ thaipai-ahar Teut put of
the r:th nmenpry nmeaps is connect?d to the r;tg_geconpre55|on,l gi ¢ nmeans,
i

wherei n rrPYteh- i FhEHefOlnbiaR flsp WaR§SwHeFS A9EREH fd&ESmYtESsi on 1 ogic

means out Quf Sesenew ogther, wherein the new pointer output fromthe g:th
deconpression | pgic neans is coppnected to_the (g+l).:t 5 _LL~AR 2002
menory neans an ?ﬁf?ﬁﬁ?%%f%te?ﬁ u%ﬁﬁF%fF%ﬁgfhgo%£fﬁg§§cgﬁgye§§ﬁgn | ogi c
means i s €bnatchemotry mbéanaul ahgl exéstbe ohdeir: tshaglesgeomprafser gblcy, each
deconpresgi pg4t 00 an [ -ANDrgat 8,12 GRIpArator, a first
nultipIexés,83n§g%€%§§bnghﬁg??ﬁpﬁgée?g mﬁerein%ﬁﬁé ?hpu?% of the AND-gate
in the r:€ANHREBRPre8sPehh| BERC (ABANS ths MEBRFYC MEd NSo afise thgsid ‘ftihel d out put
of the r:hBnBYDRYaABANGHAREi hogt e Bint AnRkglirx drenaidy<ef-1t he destination
address, and t i pputs_of the conparator hn the r:th cong%gssion | ogi c
means i s connecPERLEHAPhY aBAFBSENFLY fPelf8odtpGt df tHe ™MK Ynenory neans
and to anmeahpuklfooovipeiAAB- gaparitnbtie and la deddrpressi @emd @giat: nmeans,
and the in of first .t~ pl risn t - 1.h. _deconpr ibQn_| ogi c
means -~s ggﬁ%gcfgdwg %héﬁprgﬁnf’%y g‘ﬁ%ﬁt a& % hr&gm{rgrt%e%ecr%&%lﬁle%;r?gbénd to a
| ogi cal | ywbesegnah, sahdvahedi bptit $noknt lee tyac orepp nadentsl exewliid the r:th
deconpr esg&@@ikoghe_ Gﬁ@ngoﬁﬁteanf%tmd £floQ b COWRuLy, fd&{gﬁ-@%éw gate in
the r:th deconpression | ogic neans, and to an output fro fhe conparator in
the r:th deconpression | ogic means, and in that the new pointer output from
the r:th deconpression logic neans eith&r is the output fromthe first

mul ti pl exes or the output fromthe second nultiplexes inthe r:th
deconpression | ogi c means depending on if the conpress flag bit is sets or
not .



Anot her object of the invention is to provide a nethod for classification
and forwardi ng of packets, wherein a destination address of 63 i ncom ng
packet conprises bits, wherein n is an integer. This object MAR2802ed by
provi ding the nethod defined in the introductory part of Claim10 with the
advant ageous features of the characterizing part of said Claim The nethod
according to the present invention conprises i stages, wherein each stage
repr esentsomtpredet et he nedupipfi xehengt meand, aapdeéi xetepresehis angroup of
addresses,  wWherein the first, stage, LeRLEseNk s hbergher t X | ength
and the i th stg elreg?éséh%g %ﬁg fgngegtgpre?bx fé%gt%ﬁéﬁPgégihits,
wher ei n eBRHCIstageN 6°Nt I goRPr FBesraut abbemngfogkt PPeBs, waskel A each entry
conpri sessi@o ol At erafi ehde wWahehyei Lher caempbhaesrarpei At eprt enhhe table in
t he next stage, or_a pointer to a routlng t abl e storlng the forwarding

i nf or mat | YA TnET ef Ret Ret el RBAT ¥ ofprNEeSOPRE SEBpE: POIRbEEehPchPfor a
first nunmberloftibitemeoyresponding to the shortest prefix Iength of the
destination ad ss in the first table; - if.t nt in the first table
wherein a natc%&fga?%% %O%%nffi%%%haogoF% e%lfggtﬁé gic%% Ctapl'e?"to search
for a secondl aunbentef butsutoraespondi hgtt outhetnerd shpatésbiprefix
length of, e, desihgathon, addr s 0 £B8n3e699d,t 80 fier BRALEP QRgUNti| a
| ongest ﬁ%ﬁgﬁfn' prefix hés geen ?an@, aﬁere?natﬁe po?ﬁter ?o tﬁe routing
tabl e gi vesv'ahed flot WaPdi Rt i nVbeRat PoRNEOPORBERESr ARRRUBT OSaFlei @ebhi ng

packet. Thand®) Mméglvant a0eowhthrEhi soMehBOdgi$)t bRt mbhot$ RBRAR! € of
perform ng one IookuE%ger table cycle. Furthernore, the method 1s sinple

and fast,@hdFtthe refBrensupt able f8flahlghtedd: | PeoypeFein

Advant ageos|ya 1 eachi enbliypi.t &he thespatt-Bitt abtpstabsotgengrtges a part
bit and a valid bit, and each enﬁrx kn %Re h:th tabl e algo gonprises a
valid bi tPSHY diFPaS sBF e vaPPBebEEYi hPah Ent Py FePfeRents &'Galid prefix,
and the pogntlerttiietadgéor that entry conprises a pointer to the routing

tabl e, and a.segré¥g£agi$hi€ﬂgnlg€%%ym£$nﬁrg?qgh? Egpﬁﬁ%?%ggs that the

prefix matches an entry 11 ero ng a IS's r than that
entry, aneompel o ntefulteblerer.the eRtggten ahd gnt ANDPapRbecoapdi ses a

poi nter to,tie f&id) mbnkabhea1Vhengi BrhelkSsaBgkBt s@er tABdrirsg <i- 1.
Preferably, an entry in the first_(i-1) tables’is not allowed to both have

a set val PRI tCANRE 4588t 2 pRPL L BPEeXRBvaAlalfBolaF§. , 2at MaBENANB-f ound when
an entry dgitoneast agesco8nai SRO-gasel wakikdihi thandnplitst Be gméchi ng

entries of shorter prefix lengths are set part bits, Preferably, each entry
'n cach (b6 €57 bohpr 8BS RCRATKoF Para>t Ancantr ket B FRRI 8. and a
conpress poagrdrtoutputs of the first and second memory means, and
the inputs of the first AND-gate in the second stage are
connected to the valid bit output of the second memory
means and to the part bit output of the first memory
means, and the inputs of the second AND-gate in the second
stage are connected to the part bit outputs of the fist
and second memory means, and the inputs of the OR-gate in
the second stage are connected to an output from the first
AND-gate in the second stage and to the valid bit output
of the first memory means, wherein the inputs to the
multiplexer in the p:th stage, wherein p is an integer and
3<p<i-1, are connected to the pointer output of the p:th
memory means and to an output of the multiplexer of the
(p-1):th stage, and the inputs of the first AND-gate in
the p:th stage are connected to the valid bit output of
the p:th memory means and to an output of the second AND-

gave 1n the (p-1):th stage, and the inputs of the second

4



7 wherein a set conpress flag bit indicates that conpression is used,
wherein the method for the r:th table, wherein r is an integegmsm g ]ngrSi
al so conprises the follow ng steps: - to AND process the mask fie % d the
destination address bits corresponding to the r:th prefix length, giving
masked destination address bits as output; - if the conpress flag bit is

not set, tq output a new pointer which is input t(%) t he 9: th taﬂD and
whi ch ~s i’HPU9&'s" the ?%%t?n%‘t%tb?%ef%Fetﬁ%n"?‘fﬁe ab? et MR ET Pithe new
poi nter i sodmrured byt usimge!t eepoi ntreeahs oand heo (4He : ¢htpabl @f unehanged,

with the g,}gr r{@tm\gy_ e§)? tm] S 50{{e§po${jégg tgn&hghé Hblwsefég | engt h

as | ow or Its; or e conpreéess is set, to output a new
poi nter whilth Q%‘Q%ﬁﬁutlm othep gt F}S‘tﬁ%ﬁfear%n@lom‘if@hedsw n‘iﬁuﬁt QWtRWHe routing

table for difh@cHetﬂ"ut@th@NDﬂébe{ae'fht@#e n@wppl@ﬁeécaéef%@e@owh the high
order bits set to 0, and the |low order bits are forimed using the bits of

the i gh ortEPYart! df"e HER A it et friofn thel | gth) Sta¢ anted He | east
si gni fi cantheistn@fe ¢ het nzew& pmlniﬂgsl@mslﬁr@mthetmom@cyé ngrst ep.
Enbodi nents of the inve w be dEfCI‘I bed %{jfth a reference to the

acconpanyi 1y iawW hgs r[ v%?%rhte%r?%?p‘b%s% bYFoh' b THEOTY AW HYS Figure 1
shows a screhdtd oardlcagtrram off tthee fuel Usplexan ¢ P ba@kei headerstd&gure 2

shows a s f 1 e eSSEes usi ng t hree
%}%ﬂﬁéﬂgt i accor garan of, P fa an‘ﬁﬁ% 6- bi g

prefix le tot e princip resent |nvent|on Fi gure
3 shows aQﬂfﬁtﬁ@tcﬁ%gfr%nﬁ w2 1 igb ket d@\mé@t a%%o?féﬁ—n-‘g tly rttqn@orpr SRATES

i nvention;afd G & 1k shiovsu@ Dt acke i a86RM Afipagsesompressi pndogic means
form ng part of the | ookup device according to the present |nvent| on; and

Figure 5 iS39% RPEHAIY OIP4he Mt Ho QRTE? B ny t 8% hie' b exfefte iaent i on.

8 connected to the output of the AND-gate in the i:th stage
and to the output of the OR-gate in the (i-1l):th stage.

Advantageously, a match is found when an entry in
one stage comprises a set valid bit output and all the
matching entries of shorter prefix lengths are set part
bit outputs.

Preferably, each stage also comprises a
decompression logic means, wherein the i:th decompression
logic means is connected to the multiplexer in the i:th
stage, and the g:th decompression logic means is connected
to both the g:th memory means and to the (g+1):th memory
means. Hereby is achieved a memory saving optimization.

Advantageously, each entry in each memory means also
comprises a mask field, an address tag field, and a
compress flag bit, wherein a set compress flag bit
indicates that compression is used, and in that each of
the memory means also has a mask field output, an address
tag field output, and a compress flag bit output, wherein
the mask field output, the address tag field output, the
compress flag bit output, and the pointer output of the
r:th memory means is connected to the r:th decompression
logic means, wherein r is an integer and 1<r<i, and
wherein each decompression logic means outputs a new
pointer, wherein the new pointer output from the g:th

decompression logic means 1s connected to the (g+l):th

5



Det ai | ed Description of Enbodinents In figure 1 there is disclosed a
schematic diagramof the fields ~n an | P packet header. The I ka@
header conprises 12 different fields. As is disclosed in flgurgqﬁﬁﬁ 2 e
fields are: Version, |IP header Length, Type of Service, Total Length,

| dentification, Flags, Fragment O fset, Tinme to Live, Protocol, Header
Checksum Source Address, and Destination Address. It can also contain an
Opti ons fnergry TRepBsagedi Ahpr DAL pPentas avfPefedtroryfds of 4P packet

classificattonpréPsaddr esg.Logkns WBi eBnhscusead thor Heorwarndigig @f uni cast
packet s baged on th ir destination address, and identifier |ookup, which is

i nt ended ¢ B@euéea f8529¢f0or exanple, forwarding of multicast packets and
fl ows of packetBreHbeapIgseeachndeobmpnebsibasedgmn tiee nlsP catgrass d ookup.

A routing, Aag&ﬁ §Q%éy gogokg ?ggessgsfpggF mgére lg§érgn%p5;|x and a next

hop address I X represe group o Ses I'S given as an
| P addres%e@@@% RuAREPAepeEf | XhEEAYDhthEoi nEXRAADPE, tthlﬁfeAINlD-@raéfa xn

193. 10. 66€ﬂ§4rf€ﬁr§§§8&§rééé bR @99&@8§§§n§h9§ec%ﬂn%b&%b Rict @y e equal to
193. 10.66. So a routlngPta le entry for a given prefix applies to all

addr esses™ Rk ch'&te PREPRE @FoﬁbechEPeﬁe%9th@e6P§f@%d The 55 Acithl e for

an addr essrépokupehgrhasedtps aégtmagesh patebsBy Bhef ithe Winiph tishe
destination ddress of En i nc F pgcket as keé Hhe routing table is
ﬁg p Bt Pe

sear ched for %%t??@%aﬁf rné?c ReSTPEFSPR &7¢ “nBFE@ "Tharr one
mat chi ng entngctetietonehai atidrhes| bageStepdebiuxpis clfosér. rByhusing this

principl S y h t.s f o] n abl.e entry that is
pi cked. E%eﬁér% mggwécg%élggpgi ?Bg§8L k?% IHBE gﬁb ﬁa%ﬁoﬁko&fhg t hree
entries: Pr*’efﬂlQeNéB@Pfﬁ@F)lQVIOlQQBC1108665| angd. tbe64nPetB93L10166. 27

193. 10. 66{ 2854931 10: 6188 9n thdhe: @gd5§§§m§9§ségoﬁ6l%%lwo%kgn@at%h all
three entries, but it is the last entry (193. 8) i s picked,

since it ﬁ%%n?ﬂEe?oﬁaeE?epP%fPReflOBtqutofstPﬁernﬁgtm@ﬂ@éﬂfﬁ€a@ﬁtry)

and to a logically 0O-signal, and the inputs of the second
multiplexer in the r:th decompression logic means is
connected to the output from the AND-gate in the r:th
decompression logic means, and to an output from the
comparator in the r:th decompression logic means, and ain
that the new pointer output from the r:th decompression
logic means either is the output from the first
multiplexer or the outpu: from the second multiplexer in
the r:th decompression logic means depending on if the
compress flag bit is sets or not.

Another object of the invention is to provide a
method for classification and forwarding of packets,
wherein a destination address of an incoming packet
comprises bits, wherein n is an integer. This object is
achieved by providing the method defined in the
introductory part of Claim 10 with the advantageous
features of the characterizing part of said Claim.

The method according to the present invention
comprises i stages, wherein each stage represents a
predetermined prefix length and a prefix represents a
group of addresses, wherein the first stage represents the
shortest prefix length and the i:th stage represents the

longest prefix length with n bits, wherein each stage

6



In figure 2 there is disclosed a schematic diagramof a prefix tree with
6-bi| addresses using three prefix |lengths according to the prggci | e of
the present invention. The address space can be thought of as 0nher e
t he nodes represent prefixes. Each level in the tree represents a specific
prefix length. Prefixes with other Iengths than the ones used in the tree,
have to be extended to ver al | on flxes For ex nple for the tree
in figureS@"PhéSHrefi x& gfoo o@rtéﬁﬁﬁh YNBEE FAE FB B¢ ECPRAGEES nt o
"0100" and 'pol0iteroff 1kéngiinieh len thee tacaerisach anpde nlias aoe toie two
attributes,phe b ek hadicatesd | dihe 3%q%gre%prt%8%ntfguma' eqeet X,
corresponding to an entry in the routin , the second icates if it
is part oBt&IvalIS dhgr éPirxaréingg 1a ieama tivans WiNigate itthé& her ERitRofat ches an
entry in thephaukisngntaklepshut is shorter than that entry (a prefix of a
prefix), a node is not allomed to be both valrd and part. it is, the
valid roufe K&sSE4 8 ERfeRdddSS tHEDTEXE IQﬁé?hcoﬁﬁFﬁﬁﬁﬁngﬁpgnéﬁes of
this | engtheasnvaltiedr bfrefame lehditihe oft tthiebdees 1ake isat addtessode i s said
to be inv krdfngtfrng a matching route, the tree is searched fromthe
short est grefrx ant if %ﬁé first valid or invalid note is encountered. In
this way theilfonpestentatychni s$hgudransteédbtle bbefreanda Mh&cholisowi ng is the
procedureg i dre 1.Q1 i i tabl e repr nt ed by
the tree |%QPE Eggbgqs % %?é@quéﬁgktﬁgngfﬁgngQgEl@ %O ggg%%glrst t he
short est épéfﬁxsﬁéﬁgﬂhn0029fr§fléewédC@ﬁreFﬁ@nﬁ&P@hﬁﬁgtéﬁtP?Xﬂs a part,
resul 1ingshp 2e8@CoRM £hQokkpgtHOHEL theTtale%ter\tart»tolns a@tﬁese RAr kheA | ast

| ookup "010110" is then performed, resulting in a valid entry. This entry
points i nE6CPRE FEBLPRg tabl e where the forwarding information is stored.
10 When fawer spr @f)e[lnthQV@' &o&r@%slﬁsﬁﬁtlcﬂ1h@epﬁlétf@x,5hé\5!0b@éﬂ, nmore menory

i's needed_to %torg b .due t% % bi t teng gn ug to a alld
prefix | ehgPRe al efﬁé“né & PSF B &8t i gsrPH a"8r &fPxe 6ﬁﬁst5

present. [brwhodiexganplfermahe ost dprbéowwanrding béngths uscambngs every
node thatpa%k%Qe ﬁ%%tmﬁﬁkr %@%%E%@é‘wﬂdh Qg!% é@Qh%E'Fg @RQ%Slkn jlsts prefix
group. But with'f is found wt ewer nennry ®accesses,
maki ng théapébR@pOﬁaQ?éﬁormh@glG@@I1@@6%@ oer deblle gidlehe di stance

bet ween, @%B%H@%m%QeWh%%ep%%E%%@aﬁ%esh%pﬂ%eg%@ fard , hawgmieh jaenory can be
used. In figure 3 there is disclosed a |agran10f a | ookup device

accordlngtpérﬁﬁ@rﬁré§éﬁ?bﬁﬁvéﬁﬁi@nhlﬁﬁeepgogﬁprﬁéﬁﬁée 30 is based on IP

address | ookppyvawhia EOugwse@at:w efnerrwarletl R@eOF ivBiCast1pagkel eBased on
their destrnatron address. The devi c nprises i sta 321,

(o]
322, ...33150| GOPRILSERyGr BT ?l§ ?ﬁeafWﬁgﬂ%sPéée 35¢ PéﬁPe§8gﬁ§ t he
shortest pretihe liengt hadie Bheod dompstiags 32&aﬂenr@3entghehelhoagest prefix

[ ength W Lhn Bt pTbe shogkup dey o230 ahee cotmniges Aouting remory

means connecte ach st age 324
conprrsestaeneﬂemyemeén§l@GIOfB@ﬁatS@yt136¢0m@¢l§ﬁ§rﬁn@oan¢§EIeOOf entries,

wher ei n eagh S0LIGORBEISES APQ ! irel diwhiseh ol Bhelr CamPEizes
p0| nter to the nenory neans I n next st age, or a pol ntér to the routi ng

nmenory nedné 3§aﬁﬂﬁcﬁe§P§ré@aﬁhéh@oEW§rdﬁn@atﬁpﬁﬁnépr SRETYhdNd&SE nat i on
address i soufipuly tavlke beekup dedreer3@henataalti Ret3§., Anl ksl nunber of

bits correspondln e sh rtes refix.length of the desti.nation address
are sear cR@IF&EF | ﬁeﬁﬁe ﬁﬁf& ﬁ&e E a%&bﬁF FREPEACEY #n t he

first nerrproynmean&o%hev\he;rﬂi yn tén roetodle i svhfemendn dorpr bsed naegeirnzed t o t he
second ne ans 362, then a second nunber of bits corresponding to the

next shortegr preflx Iength of the destination address are searched for in
the second mPwerfenabdys 362 endmy so dmeurftiidsta (ioddesebdwischisngogr ef i x has

been foung,l ﬂéf@@geit% tb%?:hpqltiaq;eera tQd h}%lriqytbii'tg RN % etl part bit.
Advantageously , a match is found when an entry in one
stage comprises a set valid bit and all the matching
entries of shorter prefix lengths are set part bits.
Preferably, each entry in each table also comprises a

mask field, an address tag field, and a compress flag bit,
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means 39 gives the forwarding information for forwarding of said incomng
packet. All stages but the first 32Z, 32;, 32a each conprises_a | ogic neans
90Z, 903, 90", wherein the i:th logic nmeans is connected to bBOrMAR002: t h
menory neans and the (i-1):th menory neans. Each entry in the 4:th nenory
means 36q al so conprises a valid bit, and each entry in the 3 first nmenory
nmeans 361, 36Z, 363 al so conprises a part bit and a valid bit. A set valid
bit in anwkateynrepseseabspaecval fdapr efiicx p nand atthe poiatt erorforelsd ifoer t hat
entry conpri a J [ t he, ti ry. 9. t part bit in
an entryn?ﬁ ?%gdq:?ﬁégéﬁ%r§9ﬁeggéggé"fgg-??%g§4t5§§%§lt at %%%lﬁréfix

mat ches amsSe@bryntadeheardul FhgL meabsy AEaRs139s boe ifoldkoinrer than that
entry, andctpe.pointer field for the entry in the g:th nenory nmeans 361,
36Z, 363 conPrises a pointer to the (gq+1 ) : th nmenory neans 36Z, 363, 369
wherein q7is %nAWHfﬁﬁg?e%ﬁdtﬁ%_ﬂéi#- 131dE3oR &Mt RESTHNEE M st nenory
means 361ad362ss363thasoarpepoheingutputhea rvahi ¢rifti xoutegputt hand a part bit
out put . Th§v95thmnepgéydne§ns 68 ha onlé g. Qi nt er thqt and a valid bit
out put. TREVSYPNh"TBGTE Reans 902 80%%9?53 Il £rplPéXés 42qg, an OR-gate
494 and an AND gatecO6xef&achlhogbctneansoitnsall tle cottlpert st ages but the

first stage; , J | Ses t ,plex Z, i OR-gate
492; 94j,ggléﬁggtwiﬁﬁ%a%§n£%%§€4%8 EHe S'Egcgﬁggﬁwofgﬁié”ﬁgﬁ;?%83. The
i nput s of 1PRet niPt Fpf ekedt D22 hpbleohRscteg ﬂétﬁhéaﬁgﬁnt@Weéﬁﬂ@uﬁ§eof t he

first andngpceadnfBADLY BANSA36Y, ud®Rg The bRRWLS roff ddhe thier §4-AND- gat e
962 are connect ed io the valid bit output of the second nennr%,neans 362
i

and to the' paPttaPte ot puen8edt hBLENr SPeneRSity "RLARE BEErSPRe PildSut s of the
second ANBogatepdB82iay et sotnectednt prefiexpaehghint agutiput cafdetrheifisr;st and
second menpory neans 361, 36Z. The inputs of the OR-gate 94Z are connected
to an outBﬁt of the first AND-gate 96Z and to the valsid bit output of the
first neneryifreghs SGiprdbe fhpytbitoisheemyl tiopbexesti @ thlee pith stage,
wherein p_j i r.an <. p.<i: re,c ted t pQi_nt er out put
of the piFh§ﬂg§5r€ﬁ§§§n§9agag%% gﬁ Bthﬁf%Bf%?%g%ﬁugpﬁgﬂéggg g? t he
(p-1):th sppge. ta2the Thetinputsbde fhe thest :ARNDtghtle . i whelreipi thest age

are connegtedobontbe yal k-l QUERUENEf niBR BirbR MR JmaRy and to an
output: of the second AND-gate in the (p-1):th stage. The inputs of the

gat -L1).1n .

second ANBPHatRei hoY her fe¥ Pt agar&r ECEBRAe LAY SPen® & i £h6ut put of
Ehi)pihh mgﬁDéy%ﬁEap§ran6ft?héﬂ@o%ﬁ}éutf@bmlhﬁesqqgﬁd:AND19®H@,iﬁnﬁhe g

pl):th s e Lnputs.o .OR-gate in the pi st age are connected to
the. out pubhgr YRR f FTOp: RAERBht BFnOfnE EpRe): PRLCESGe AN d L&A out put  of
t he OR-gatbei aomper{pd)stépstage. The inputs of the nultl plexer 92q are
connected to i r.eu t r ng .3 ut put of
t he nultiplegégggggépﬁ%eofn%ﬁ sl§¥ebggoﬁﬁggéétg%gGEeagésggﬂRggtggt?o t he

val i d bitaoueparentet he wRAvA9CAPRABY3BY amdwtiiddshe ioutwhdtchaf the second
AND- gate 48;. The inputs of the OR-gate 94q are connected to the output of

the AND'9§E§e@6§e§89i%Qiéheo?UEHHtDQBWHHQSCRQate 993. The routing nmenory
nmeans 34 are_gonnecte 0 e outputs fromthe nultiplexer. 42 and the

OR gate 49q. "¥ABTPat t SBPYS aRdSFREMP AL Fd PP TaMe Ods €8S & 16T HnéMwhen t he
| ongest mabcpatietonsddetn short, a match is found if an entry in one stage
is valid and_all thg nﬁtching e trigs oB.shorter Ieng}h%.ar%Fparts. The
pointer and fheUpSrf 2RAYVafi G BFPETAFe Y489 Y Oh Gn@ Stidde TE6t he next
unti|l allwliehgbthbihazddbeenesxaniingdthWeen paerfeixc i engytfhourdcorisd ngesul ti ng
router table i h g ol; i t.ages, w thout being
changed. ?het§§|ﬁggﬁ%§é?$§8Feéﬁg pﬁ%gggﬁnﬁé&@ggqfﬁé stage if the valid bit
of that stagEipgrged, shadst pebpark BirgshmaPf gr d@ickyy stevdes are set. |f

this is ngtcbidentheomuhti pkexehcseheehs ite output fromthe previous
stage, i.e. sends the results on froman earlier hit. In figure 4 there is

di scl osed a BE8Ekedf aghantof BlAGKoAPRELETOR I Ggide SRTESHAUIEF i t he

| ookup dewkeafsagoemndhggphott BE phesabkupyvriviioe abwyeiirg ad }hd scl osed
one decongressign.logig.neans 01, but each stage in the | ookup device 30
(see figuP&8FEonBrFBESCR/ d8B6npression 1 ogic neans. In the | ookup device
30 accordi ngFtigukegtr és3a fhewechthatl @ fbeh@ detdmpr essicodild to ltdbg ¢ neans
501, 50z, O~ >h _deconpressi on | ogi c neans 50i conprises an

AND- gat e §§g§e2§céﬂﬁgﬁg§§9'5gl, a first nuitiplexer 56; and a second

mul ti pl exes 581. Each entry in each nenpry neans 36;, 362, 363, 364 (see
figure 3) also conprises a mask field, and address tag field, and a
conpress flag bit, wherein a set conpress flag bit indicates that
conpression is used. Each of the menory neans 361, 36~, 36s, 36A also has a
mask field output, an address tag field output, and a conpress flag bit

o ~ 1 1 o o o o ]



The background to the design according to figure 9 is that a conmon case in
sparse routing tables is that a prefix group only contains two _different
kinds of entries. The first kind is one or several consecutivel\PaMAR 2002
entries, all identical. The second kind consists of all other entries in
the group and are either invalid or valid. If they are valid, it is due to

t he exten e&giq%ng%g%Qgteg%t%Qi@%Ha%gﬁ% g;uu the first kind of entries
overl ap. i%—eﬁ%Fﬁrze—%hef%EﬁﬁFy—fequrfeﬁeﬁ¥s-for t hese groups, we introduce
a special way of représefitionget hetheTe daschiigglosent iy sshteamtilzs added whi ch
i denti fi eg;ithe Waldird @Rt ey afyst he fol g dangtdyqand @lso,a | ength

i ndi cator or 'a mask to allow groups of valid. In this way the table can be
reduced t ®3GKEF \RE &t r ICOEPIOSE Serttr ¥ 1idre teddr dsddt hats et ch the tag,

and one enrtify:lbekd he guberecaddresses.ri1d1sn needed d s e bid Haddag that

the 14 5 ~pR 2002 ¢ ression is.t e done. Bjts in the entries are
saved by eggitﬁg Pt ﬁgn%(?r’ﬁﬁfrl(g?%gotté’ Ig‘squﬁ}}’he%%’afg’tﬁaés‘sonr'ange of the
menory. Byldagisng Firhiggenth@®flisgh ,ofdewr addriess,biftrotearpli ndtezatkbe used as
| ow o der chiets phen spdLes g ATDng e LaTRessed danles, L0 flgure S
there is disclosed a flow chart of the method according to the present
i nvent i onal¥Recoethod BagPwrsiansbife€Rde0. The net hod conprises i stages,
wher ei n eachrgkage  k8PL SRt 5 cadphkedebemimed prefdopdengt hand 4 frefi x
represents a group of addresses, wherein the first 'stage represents the
short est ﬁ#éﬁg%ngﬁéﬁﬁnénéptﬁQdF?Fﬁ PRSP e R Sntis tifed d%@bst prefix
L\Engt'h Wt rivakidisg whieuahiagachaskage ;bgré}égi S tﬁneti&blﬁﬁasqfir%&tﬂdnes,

erein each entry caonprises_a pointer fie i.ch either conprises a
poi nter ¢ GoREaEabP B RUERE 15ARE 4PREEP ord orim cr e Gt Fifg +abl e
storing theeforfwar difng enbopieti dnrwilherieaf ter mudte daaok B2 ketthe amet hod
conti nues (t ear.c [ first nunber of bits corresponding to the
short est 6}§W?X%Feﬁagﬁegg'the destination address in the first table.
Thereafter, &hebpbsekes?, 1nNenguest ienbiaseasked theetliferaddr@ssntry in the
first tabhgowligrein a match is found conprises a pointer to the second
table. If the answer is affirmative the nethod continues with bl ock 66,
wherein a selr&RUfingetpBlRel8nEsY AC5edEnddrdrisse sohasi ttevacdiiedsisondi ng to
the next sheprkesk BhEf bXnkeBghBpohdtite séeshi pakirak ad@esenty the second
table. Thereafter, at bl ock 68, the question is ked whether the entry in
the second OBl 8TwAGPEPRSE et 1S POURR GOmBRi Sos SRR SEetd ™ he ¢ hi rd
tabl e. |f ahbeaapseéixi $eabfthr mEbirvexbhe lept hbed ddnipoirafesk until a | ongest
mat chi ng prefi e i Bt inter to the raquting table,
at bl ock @8?‘3?v§§§gﬁg ?Sp%éggpﬁghggﬁoggﬁgﬁgﬁg %F f&?ﬁﬁ%ﬁﬁﬁg 3t °ai d
i ncom ng packetreThanath&éondPRodli §6cofpl @t gdugting dalb 1z entirvt Heranswer at
bl ock 69 @r 468ehsppegaki \égpﬁ@@sn%hgqlc%fdlr@g%%swwthhcm oGk %9 (Fe
invention is not limted to the enbodi nent described in the foregoing. It
will be oB¥PYHs CPNEESRRRY &PEf BréAdXmodifications are possible within the
scope of therhel bewhBgpPeaifB®. ahSaddrelsdl MookupAilsodate A ¢@e(30) for
cIaSS|f|cgt|on nd fo mardln% of.packgts MQFreLn the input to the | ookup
devi ce (30PN9§SE BESFNRAS BRTAddr e¥3 T8 ThF FRESHNRS 1aLIestdrsse He
destinati an addoesagcaPppiagketnabi key, Wrekeirout iingy aabld eger characteri zed

in that t I p Vi npri.ses _i_.stages (321, 32z, .32 , Wherein
each stagg%ﬁﬁgﬁégsfgg §§§f%§§q¥l?§ppgggh€%%ap%Fé&éFﬁ?nﬂﬁgﬁﬁﬁ?gf%&elength
and a prefoxer éppesenesmatghdog ehtaddr adsesonewhdrtdi rhehd drigestt st age (321)
repr esent shaqr r el X t d - hh st epresents

t he Ionge§¥%g§gf?§ Fgﬁgfﬂ'wﬁphuﬁgggtthgnghgﬁc?ﬁég'tﬁggﬁéégﬁ%% évi ce (30)
al so conprt§e8ogtr §BECAS Lre ko) LRFakables Eréannddiedd it pialked - therst age
(32q), whexahpleackostader(32koud2ag 32331324k HCHNY 381 G iR R JEans
(361, 36z, %63, 364) for storing a table of entries, whereineach entry
conpri ses A pdiAter field which either conprises a pointer to the nenory
nmeans in the next stageefdak a poi nter t®ekhehoputing nenory neans (39)
storing the formarding bnfornation, mhei§?n1@ g%r§t nunber of bits
corresponding to the shortest prefix |engifh of tThe destination address axe
searched for in the filPst lAemdry6neans (381}0.@Ad27f the entry in the first
menory neans (361) mh§ggiqoq6@9§§h is fgggq%gpgg(?ggs a pointer to the
second nmenory neans (362), then a second nunber of bits corresponding to

t he next shortest prefix length of the_destination address are searched for
in the second nenory neans (362) and sd on until a | ongest matching prefix
has been found, wherein the pointer to the routing nenory neans (39) gives
the forwarding information for forwarding ef said incom ng packet.



2. A |l ookup device characterized in that said first nenory nmear stages
(322, 323, 32q) 903, 404) , wherein the (30) according to Clal g.wg$§
first stage (321) only conprises is (361) , and in that all the Wach
conprises a logic means (402, (g+1) :th logic neans (90Z, 403, 904) 16

is connected to both the (g+1):th nmenory neans (36Z, 363, 36a) and the 1

th menory neans ( 36~, 36z, 363) , wherein g is an integer and |1SqSi-1. 3.
A | ookup devi ceT80xddeesrsdilng .tl0 .Gleaish 2oudhkiamadctodr iaddd tihmekhat each entry

nohe Liegtplbsl)pemry.ohs (36L 362, 3995 Alee.comrLses gpart bit

and a val i each entr nory means al'so
conprlsesPaCVQ@rdsbh?e mhehéﬁntﬁesépnﬂﬂﬁﬁjﬁquh&l@nﬁéntﬁw igprtésents a

val id prefiXy @BQcE@@chhBEg field for that entry conprises a pointer to
the routing nenory neans %3 and a set part bit in an entry in the g:th

menory means means®tAEEFCt Féfl%snﬁtéﬁé§séﬁ EntSP MR e dr6dE PRy menory
nmeans (39pf buprésisherter wlihan et-hatl emidrye,s sad dheigoaintteer piieghe for the

entry in h ans 3 367, 36 ) o rlses a inter to the (g+1
) : th neg%% tﬁeansxfgéinQB 5 §§§4frlnflp Iookup dé@ﬁ%ép%BO) according to
C ai m 3, thaeattenizE&Hei adtirat seaphcef ceme b tdtoud@htl) fmewory tmeans (361,

362, 363), hac o BB IbE<OULRYL. ey hded ubics OULR! 1 12 paLh DL out put.

and in that t nenory  neans has a pointer output and a valid
bit out purepv\sﬁ@e@tﬁ eheppeoildter pogtput Lehattive c?retfﬁxmnwwhrr@éﬁ@r(%l, 36~;

363) is CP@H§€ﬁ§dtBQntBﬁe(gﬁ%£ h@e@eqﬂth@e%Q%e(3@éwe3Q% peb4), and to the
| ogi c neans of the (g+l):th stage (322, 32 32q), and wherein the valid

bi t outpu?*%%Hd?ﬁetﬁaﬁﬁvﬁF?lo&Pﬁ@@roPrﬁﬁéxﬁsthEﬁﬁﬁﬁ%@nﬁéﬁnsfPEGIhQSGZ 363)
are conneeted te thgukegbccheapsedh t M@10g+b) tikrsftage (B22d 3dve 324 )

5. A lookup device 0), accordi to O ai .. ,char cterlzed in that the
| ogi ¢ neaﬁg @Oifpﬁﬁg?h Pfn 93& e €3%q) %éééprlg CRIH {i-pl exer (924)
an OR-gate (994)n thedtaeeAN@ag@teo@@ths oard dfn twat teadbulkegi c means

(90z; 9032hén£g}&t g ?ggg O;ﬁg%%e ?'ggzh%tg” en%ta%ev%ciA p?f%%lx

mul ti pl exér ( ate rst e (962
963) , an@oar@@QQndlAngtgaae @m&zy 48; )thevvrr@rt@lmgt rt@hlmuttgleofset:h)ed

mul tipl exgrg(824dsi Dethe 14 part of a valid prefix, being a part
means that the prefix matches an entry in the routing
table, but is shorter than that entry (a prefix of a
prefix), a node is not allowed to be both valid and part.
If it is, the valid route has to be extended to the next
length, marking all nodes of this length as valid. If none
of the attributes are set, the node is said to be invalid.

To find a matching route, the tree is searched from
the shortest prefix until the first valid or invalid note
is encountered. In this way the longest match is
guaranteed to be found.

The following is the procedure to find the address
“010110” in a routing table represented by the tree in
figure 2. The three prefix lengths are 2, 4, and 6. First
the shortest prefix length “01” is looked up. The matching
entry is a part, resulting in a second lookup, “0101”.
This entry is also a part. A last lookup ”“010110” is then
performed, resulting in a valid entry. This entry points
into the routing table where the forwarding information is

stored.
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second stage are connected to the pointer outputs of the first and second
renory neans (361, 362), and the inputs of. the first AND-gatg %ﬁ@ngt t he
second stage are connected to the valid bit output of the second 2
means (36~; and to the part bit output of the first nmenory neans (36i), and
the inputs of the second AND-gate (98z) in the second stage are connected
to the part bit o] r (361, 36z),

and the inputs o the£§¥2é)I %ngI géYﬁﬂghgggegg% g?ay%g§§€§%onnected to an
out put froﬁ?rﬁlflh@thl‘ﬁstm%\lﬁ}'@%@ﬂ(%%)“?ﬁd?ﬁet§e€6ﬁéesf~ geThhd ¢® €% valid

bit outputeofctdesfirskc8BHDEYN GBaNS é%élm%eeem l@ﬁgtﬂpuéﬁdt@hé he
mul tipl exer (92 in the Flth st age, ?re n ngs an |nte er and g p<~-1,

are connec@%ﬁptégfh%lbo?H éieﬁuiﬁu?~Bfe hd BFPHPnERoPS RE ﬁ%nE36§ and to
an out put fﬁLtéwemmlé;ptExesnéﬁZBQt@éehhew@piémgthsstage band, téectpput s of
the first AN e (963 h 1fh e.are n d he,valid bit
out put of fﬁ%yg?%%tnngngh %ﬁg %@%ﬁ}ggﬁg %%EaﬁgggtRg%go%gﬁh%hsg%ond

AND- gat e (@829si#nthes (prafirhgsewge, Bandvwihe ﬁﬁﬂarsl©veiﬁe seeoath AND- gat e

(983) in the pithystage Pé@ePQNﬁﬁ§£fda&9eEQ§sPaﬁék?h PHLPYL Qi the pith
menory neans (363) and to the outpu t he second ANDgat e (982% in the

(p-1):th s@%@%ﬁfaﬁﬁh?héd?ﬁbu?%0b¢et%€ kﬁW@éFea?§9§?elﬁl§h%“%?th stage are
connect ed peox diden ou@@pléneé &rhlemﬂu spe ANDrgahee (963)ebfelifeapiit ot age and
to an out put the OR 992 inthe (p-1):th stage, and wherein the
i nputs of TH %prﬂﬁT?ﬁ¥e§g? ?%2 h the i:th stage are connected to the
poi nter output of the i:th nennry means (36q) and to an out put of the

mul tipl exer (923)n ofighee (8-dhetdr s¢ ageschndethe bhpoksdpigtdre ANDgat e
(46q) int I ct put, of the i:th
menory nea Pgb}%% ?§$9%gt%£ gggﬁ %$8t%28§é@%ng pik£9gﬁ u% 83) in the
(i-1):th sl@@bu0a®@VI©@ Bﬂph@sb®$e@h@nCF?gé@éreﬂ&q}OPhUPhewml@m Bt age are
connect ed ﬁ§b&hﬁoP”f@P&a95158eof®g59@5§t( ngetnbéBéd'oﬁhtﬁéﬁﬂe and to the
output of the OR-gate (993) in th il):th stage._18 5 MAR 2002 6. A
| ookup dev?%%t{@®5l%%06?ﬁFﬁ§StoT@$a gk UEhﬁ?&éF%r?Qeﬂo?ﬁr%ﬁéﬁ B match is
found whensgsgeantiy, i mone stapg.CoRpthses fdg%&'fe valiisd 4hi rheutrpektand all

the matchin ent es of shorterlﬁgeflx | en ths re fet ar zt outputs 7.
A | ookup d® % Y ot iy e prf bt o 6“5{ At%ri zed in

t hat each $t'algest(a@é13232r2epzﬁa%qnt532me ladrsge o gore Sies ]aerdﬁﬂormrt&ssn on

| ogi ¢ neans. (50 0 e dec iC
nmeans (502§1§§'%%%%e%?oggg d%gﬂ% ?@ éﬁégeggﬁﬁgb%gs § ng?ﬁﬁ ﬁghgg and the
q:th deconpeassi opnhegtednbansa{®04;: tb502tage3p2is Mhe&:ttéegﬁ t¥ibot h t he

g:th WEWDryzerqu‘Q} (ggl’céﬁprlggs aarﬂng)?yt fﬂgaﬁg"@f tszr,re%r geans (36~
363; 360Q) ookup deV|ceﬂé3 ) accordi ng aim7, characterized in

that each EP¥r§tPhiRachanbfBty PeaPRLY38%; SB?reQBSea§€4§néF¥o conpri ses a

mask fiel dcora@rﬁgléif,e§spb@gtétetdel@ndhacﬁoamtaés Ebﬁgrbbés a\hpdsemﬂeﬁ set
conpress flag bit indicates that conpres§|0ﬁals used, and | Pe each of
o

the menorytTrebhs TYBILY3BS3"863" BRG) NEK 9€s RRsR PPN eBu ButPe an
address tagofit ehg oahput, maadsa3¢owpuebsstbagsbtheoﬁbpuardmhgre|n t he mask

[i el d ot Pl colhe: AOAT TRl AoTL Sl HT BUlielle 1 SOTMERRS Lh! BRoDT L out put.

and the p0|n er ou Menory neans 36Q) is
connect ed teckhe deYhC§eé©nﬁFQSS|bhn¢oéBc Aedassts50umbgp20f5D8ts504)

wherein r bér?@sb&ﬁ&gﬁg @Bdtﬂé_gﬁakte§9dp9@?ﬁﬁ'@eﬁ@@h decenpr essi on | ogic
means (501, 50~ puts a new pointer, wherein the new pointer

out put froﬁ??hé“at%ﬁndé@gﬁﬁﬁéséF6n5ﬁ65F58§e5ﬁ§ iBothesfi rsboBEmPEY connect ed

to the (g+heantn3gpmayg n?ﬁ“@hé 3675 r 6530 ﬁﬁﬂ)fﬁﬂgttrﬁ@m@ﬁ}’\/rﬁ)@érﬂﬁ exslout put
fromthe i:th deconpression %glc nmeans & ) i's connected

mul ti pl exeVPEHSAY fnMeREN; 15hIEPAGeCOHPT SF&OQUBO&86F66t936§ aEESPH?ng to
Claim 8, chamnaetvemnezead Bﬁzthﬁhema£haﬁam0ﬂpmemsennofo@itsneans (50_; 50~;

saz. ;) GanyessEnfher tn, ERPPERE, spRREesToBreg iy prpdsfiogE taLe (>4

destination address are searched for in the second memory
means 36;, and so on until a longest matching prefix has

been found, wherein the pointer to the routing memory
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562; 563; 56q) and a second mnultiplexes (581; 582; 583; 584) , wherein the

i'nputs of the AND-gate (521; 52z; 52~; 524) in the r:th deconB SSIO Ioglc
means (501; 50z; 50~; 504), is connected to the nask field ou Sﬁ

r:th nmenory neans (36,; 36z; 36;; 364) and to the r:th prefix Iength of the
destination address, and the inputs of the conparator (591; 59?; 543; 59q)

inthe r:th deconpression |logic neans (501; 50Z; 50;; 50q) is connected to

t he addremsanag3fi eidesuthputooatdensg: thimematyonedns (86¥ars88rg 363; 36q)

and to ancputpul fresmiNg ARPraat eA@%taé@% bae3thel2q) rkp Bhe rith
deconpression | ogic nmeans (501; 50Z; 50;; "50q) 0 and the i npufs of the

first nul??plé%@se@§@1C°9@415§G3a Béﬁwfiﬁeﬁﬁé 02y h4fecohPr-essi on 1 ogic
means (50dhebOrn BRA3; 159q)Jbgleomeeﬁgedst@ohhecaeanterb@uhpuhe0ﬁ ke rith

menory neans (361; 36 6 nd to a | ogicall gnal and the

i nputs of" ‘?fﬂ%&ef&%ﬂasnﬁf‘% EP%XZ gsgh %@QM%s@eaééq) EF tRBEFYERT

deconpr esshend | ogi venmeapsmésb0d; 350Z5;155@3;ormqls$s connetiedot o, t dedout put
fromthe g 5 Z; 5 de Ssi, | ogi c
neans (50€QEE %ﬁﬁgg 2356§§ g%gsgoﬁgﬁoggtgggn%rggfthgg%o:ﬁﬁraggP (541;

54z; 593; C%@@§l$ﬁ5tﬁepﬁrthbdéceﬁﬁrésgﬁéhdl gFe Aeams ¢8oOid box; 1503; 50q) ,
and in thak én@rgeweEQEQEEESOHtQgil&rPBEEB@ rahh deeopBhgeskom,kagi C means
(501; 50z either is the output fromthe first mul ti pl exes (561;
56Z; 563; f%q‘}h%ﬂ; ?Hé%u?%ﬂ?ff%?n 'E‘h@%@&%ﬁdtﬁuFP?pF@%één@S@meSSZ 583;
584) in thearisthsdenosptessionblogis Hﬁaéﬁt£§01n bhg; q5@8 meRg) ydependi ng
on if the co f i s set_.or A method for classification
and forvvar%l‘?‘ﬂg gé"pagci ?6’\@1 gl n“}f‘tde@}? rPart%% * AU 2SS AM ARt héomi ng
packet conprisesraubibg, mahergimeanss3an bnteger shoharacteenzedaitn that the
Tet Nod. COOPEL$2SahaSEROSS oL MOEE Ok 0 PACRo51 808 ERREESER! 9,8 BLEGet er m ned
prefix | engt a prefix represents a group o dresses, “wherein the
first sta@@@éﬁpr@@éﬁﬁs%he Shor Bést el ke e erytPPiandet hieo i thér st age

represent g4 he. tpnﬁeﬁérgrﬁééﬁsl @@gthsewtfza@ bidsre Wheg i f gach stage
conpri ses, a tabl e entries, wherein each entry

conpri ses ACPRF Rt @RS LENE WhT &h B3 ehert CoMrieee af bbFht BPNPBYt he table in

thfe next xﬁéaﬂe 3@{, a36)29| Blegr Hak & r;wimgr tabi;alet%l@glickleo{@rwardl ng
i nformati on

n hod co - to search for a
first nunB%?pB? %V?s cB?FEstBd?HBnB ﬁg sﬁoFﬁe@gm8F¥fpﬁaP€na%h of the
desti natibas addl gss poitberfousputabhe; a- vailﬁhblenbnyphn t fraef ursh tabl e

wher ei n ay i 0 ise Seco .. L0 search
for a secogﬁi n%cse?go?ablcfés?{%%lrsrse%pagnﬁ E?o )%%e neXt eas %q}quatweprlle Y
| engt h of anfleaeBNPnaetend badFays 1¢gl¢mm%ﬁnﬁwmht®blethe apkleso on until a

| ongest ”§E§€é§9b9£ethé hassbespafoundo, W §i 1 RQINter to the routing
tabl e glues forwardi ng |1 nformation for formar ing of said |ncon1ng

packet . 1FUlBiREERBE Aézorthngand @raidR-B8tecHdractéri zodf 1 Ht ¥ Peach
entry in QQEef46§i 463k&mﬂabbe&oabsmwem@amesaaza pagt bmé amsudsvakid bit,
and each F % ig Ee i:th.table al so co se lid bit, wherein a set
valid bit RLEAPFG*PEDF B3 cths SOVAFT FPriet | ea%%l?ﬁ%rp%?ﬁ?%stleld f or
t hat entrgfcbhprfsestaapdlBEeonUOmeheryomEBng Bébje363ndh£:mnpqmst in an
entry in th. I t tehe n_e t he
routing tégltﬂe ?%E?g gH g?etag % § &Eﬁ%ééﬁ&@ dg ﬁhg %?g er %?eld for
the entryoihpeheo§: thetaBCendompmpsesmaap§|aﬁeram® t@etmq+aarthb;able

wherein do|ipah bRt eger f§99tlﬁgmfg ﬂ-\efaikg 3/5\ rrth@d ﬁ?ﬁ@édbf‘gtﬁg Gaimii,

characterlzed in that an entry in I rst |- es is not all owed t~
bot h haveS&csgé 6HPrea5P 48an%r%.%%@n$@ﬁ?dtﬁ@ tne P%Fhe?h%danEBFdlng to

Claln112,o@hahacte&e%eénunSEBahdamaﬁb@b 8 aheund, wheg, anreNtinpids one stage
conprlsespg set valid bit and all the chin entrles of shorter Ereflx

| engths a gge Bgrgaﬁeté 23re connecte to an output of the firs
AND-gate 46; and to the valid bit output of the first

memory means 36;. The inputs to the multiplexer in the
p:th stage, wherein p is an integer and 3<p<i-1, are
connected to the pointer output of the p:th memory means
and to an output of the multiplexer of the (p-1):th stage.
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0 5 LIAR 2002 19. A nmethod according to C aim 13, characterized in that
each entry ~n each table al so conprises a mask field, an addrggf éﬁ ield,
and a conpress flag bit, wherein a set conpress flag bit |ndi MAR
conpression is used, wherein the method for the r:th table, wherein r is an
integer and | SrSi, also conprises the follow ng steps: - to AND process the

mask fielﬁ and th de$t| ati_on gdﬂh EIIS c rres nd|n to the r:th
prefix |e BFhlnal °ng - nﬁ Red 1485t t98 Caddr ?? § GG S - to
conpar e t henmasked desthratiedndatdress tpiuts otfo tinfze pactdlr eesdrag faaglsd; - if

t he conpr ag, bi n t W PO er JiG S input to
the q: ?E ?gglgb I bhtFEt ?g ?ﬁg SE%O%H 5%?0 F?%g i t% 5} thgj{ th table,

wher ei n tﬁéaﬁém166ﬁnﬂéPU1§ Pér kB8 §§Cﬁ§ﬂn@NPh@a§§|ﬁﬂeﬁhﬁrénﬁﬂhéﬂﬁﬁﬁs th

table uncaa@geannwctcedt he Qﬁ%t b@@tb@@ @d%@%s olfl tt%eccy reSRRAGMY to the
r:th prefix le g | ow ord ressflag bit is set,
to outputmﬁaﬁémgﬁ ﬁPthﬁhPBHPPé Pﬁpﬁpetéefﬁ@quNﬁ @56@ NP SAiFch i s

i nput to ﬂhethoutagg t ahkeihputshefi thk Oabbetewhar&m@ mh&hn@wa@w nter is
formed w40t Ae RLOD.ar d8r BLl 8,88 8 e a0 LG b order i g, are formed

using the h-ord it ér f romt He ( 1):th
t abl e, andpthé téa§tagﬁgnnﬁ|@@nanbpvt@ﬁtthé m@w Poi-gtegre congdef rigm t he

conparing,st Af A 2 S
2. A5@ AY, 3 = Sﬁggﬁ AI??{% y ég@t ﬁQA% @h%‘gir(u% are

4AMD57B~yt ﬁpd’m?’]:éﬁ@] &a] éﬁFc&Péﬂéj‘i(lfaPééP@Rapéa]t@@ar@aﬂod’}/a]f@@]n@a]%a] cajca]calc

a]Ca]Ca]CQLQaLBaLﬁaBQ@ GQ]QQ]@ﬁQ]ﬁﬁh@§Hh%§er 423. The_inputs of tT
Buw ° g PR L Y Pl s2u2x2y2\ 3931 >>@yt o] e ZU| ca] c~af ca] ca] ca] c&a
]ca]ca]caﬁ AT 6af €atiPead €] €A 2af %ﬁc%?c%ﬁﬁcé?%h@ﬂ@é}caf apeapéatpea] ca) c&al
ca] ca] ca] gah %B&B%m&ﬂ@@z ORAXFW VW YhY_ sebbhdpgroytare [ U] ca] ¢
ajcaJcalc %ca] ca] ]ca%calig]c%gcqlca t%JC%l ca]caU]ca]ca
]ca]ca]ca? Aa] g; xx%% nne
X{vpkfa\Mbpkpakcarcaheapﬁ@Ubaapc&G&ca@@aﬂcaﬁhe]oatpatcaicabeapea}caU]ca]ca]
cal cal cal gal calgal oplcal ool el Salfal g X ypkia) R
aU]ca]ca] ca]ca cajca]ca c ca calJca]ca ca]ca ca]cal c
alJca]ca outputs from the multlplexer 424 and the OR- gate 4,.
The part bit and the valid bit are used to determine

when the longest match is found. In short, a match is

found if an entry in one stage is valid and all the

matching entries of shorter lengths are parts. The pointer

and the part and valid bits are sent from one stage to the

next until all lengths have been examined. When a match is

found, the resulting router table pointer flows through

the following stages, without being changed. The

multiplexer selects the pointer of its stage if the valid

bit of that stage is set, and the part bit of all previous

stages are set. If this is not true the multiplexer

selects the output from the previous stage, i.e. sends the

results on from an earlier hit.

In fiqure 4 there is disclosed a block diagram of a

decompression logic means included in the lookup device

according to the present invention. There is only

disclosed one decompression logic means 50;, but each

stage in the lookup device 30 (see figure 3) comprises a

decompression logic means. In the lookup device 30

according to figure 3, there should be 4 decompression

13
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logic means 50;, 50,, 5053, 50,. Each decompression logac
means 50; comprises an AND-gate 52,, a comparator 54;, a
first multiplexer 56; and a second multiplexer 58;. Each
entry 1n each memory means 36,, 36, 363, 364 (see figure
3) also comprises a mask field, and address tag field, and
a compress flag bit, wherein a set compress flag bit
indicates that compression is used. Each of the memory
means 36, 36,, 363, 364 also has a mask field output, an
address tag field output, and a compress flag bit outpurt.
In figure 4 there is disclosed the decompression logic
means 50, for the first stage. The decompression logic
means for the other stages are constructed in the same way
and are not disclosed. The inputs to the AND-gate 52, are
the mask field output and the first prefix length of the
destination address. The i1nputs to the comparator 54, are
the address tag field output and an output from the AND-
gate 52,. The inputs to the first multiplexer 56 are the
pointer output and a logically 0O-signal. The inputs to the
second multiplexer are the output from the AND-gate 52,
and an output from the comparator 54;. The decompression
logic means 50, outputs a new pointer, which is input to
the second memory means 36; (see figure 3).

The background to the design according to figure 4
is that a common case in sparse routing tables is that a
prefix group only contains two different kinds of entries.
The first kind is one or several consecutive valid
entries, all identical. The second kind consists of all
other entries in the group and are either invalid or
valid. If they are valid, it is due to the extension of a
shorter matching route, that the first kind of entries
overlap. To optimize the memory requirements for these
groups, we introduce a special way of representing them.
To each part entry a tag is added which identifies the
valid entry of the following length, and also a length
indicator or a mask to allow groups of valid. In this way
the table can be reduced to only two entries. One entry
for addresses that match the tag, and one entry for the
other addresses. Also needed is one bit to flag that the

14



, 10% C& ()- '@B 10% & && ()-&$!' V3 10% u-u&' ()-&$!' B
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10% u-u& ()-5'[ 10% u-u& ()-5%$10% u& ()-3 10-u 10-u”_"ael "n"o"gH= l%-u 1

10@ =s10%@& ()-!| 10%@g& ()-5'i 109%@@& ()-5 10%@& ()-5#10%@& ()- 10-u
10-uo"p"q"r"9%& *gE= 10-u 1 10@[Fs 10% ()--5!'nFs 109%& ()--5! QFs
10%&f()--5?@PI@@@§PP-15L$90W@T@?09-1@@55 in the entries are saved

by placing all the compressed tables in the low address
range of the memory. By doing this, the high order address
bits can instead be used as low order bits when addressing
among the compressed tables.

In figure 5 there 1s disclosed a flow chart of the
method according to the present invention. The method
begins at block 60. The method comprises i stages, wherein
each stage represents a predetermined prefix length and a
prefix represents a group of addresses, wherein the first
stage represents the shortest prefix length and the i:th
stage represents the longest prefix length with n bits,
wherein each stage comprises a table of entries, wherein
each entry comprises a pointer field which either
comprises a pointer to the table in the next stage, or a
pointer to a routing table storing the forwarding
information. Thereafter, at block 62, the method continues
to search for a first number of bits corresponding to the
shortest prefix length of the destination address in the
first table. Thereafter, at block 64, the question is
asked whether the entry in the first table wherein a match
is found comprises a pointer to the second table. If the
answer is affirmative the method continues with block 66,
wherein a search is performed for a second number of bits
corresponding to the next shortest prefix length of the
destination address in the second table. Thereafter, at
block 68, the question is asked whether the entry in the
second table wherein a match 1is found comprises a pointer
to the third table. If the answer is affirmative the
method continues until a longest matching prefix has been
found, wherein the pointer to the routing table, at block
70, gives the forwarding information for forwarding of
said incoming packet. Then the method is completed at
block 72. If the answer at block 64 or 68 is negative the
method continues with block 70.

The invention is not limited to the embodiment
described in the foregoing. It will be obvious that many
different modifications are possible within the scope of
the following Claims.
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Claims
1. A lookup device (30) for classification and

forwarding of packets, wherein the 1nput to the lookup

device

(30) 1s a destination address of an i1ncoming packet

and the destination address comprises n bits, wherein n 1s

an i1nteger characterized in that the lookup device

comprises 1 stages (32,, 32,, 323, 324), wherein each stage

(32,, 32, 323, 324) represents a predetermined prefix

length and a prefix represents a group of addresses,

wherein the first stage (32,) represents the shortest

prefix length and the i:th stage (324) represents the

longest prefix length with n bits, and in that the lookup

device (30) also comprises a routing memory means (34)

connected to said i:th stage (324), wherein each stage

(32,, 322, 323, 324) comprises a memory means (36, 36,

363, 364) for storing a table of entries, wherein each

entry comprises a pointer field which either comprises a

pointer to the memory means in the next stage, or a

pointer to the routing memory means (34) storing the

forwarding information, wherein a first number of bits

corresponding to the shortest prefix length of the

destination address are searched for in the first memory

means

(36,), and if the entry in the first memory means

(36;) wherein a match is found comprises a pointer to the

second memory means (36,), then a second number of bits

corresponding to the next shortest prefix length of the

destination address are searched for in the second memory

means

(36;) and so.on until a longest matching prefix has

been found, wherein the pointer to the routing memory

means

(34) gives the forwarding information for forwarding

cf said 1ncoming packet.

2. A lookup device (30) according to Claim 1,

characterized in that the first stage (32;) only comprises

said first memory means (36,), and in that all the other

stages

(32, 323, 32,4) each comprises a logic means (40,

403, 404), wherein the (g+1):th logic means (40,, 403, 404)
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109& () - 3FY@OYDE: €3 tA0boLB( t hB( fl gE0%E &h( nehtrOnDedyGz OBOR \ 363,

364) and the l:th memory means (36;, 36,, 363), wherein g

1s an integer and 1<£g<i-1.

3. A lookup device (30) according to Claim 2,
characterized in that each entry in the first (i-1) memory
means (36;, 36, 363) also comprises a part bit and a valaid
bit, and each entry in the 1:th memory means (36,) also
comprises a valid bit, wherein a set valid bit in an entry
represents a valid prefix, and the pointer field for that
entry comprises a pointer to the routing memory means
(34), and a set part bit in an entry in the g:th memory
means means thal the prefix matches an entry in the
routing memory means (34}, but 1s shorter than that entry,
and the pointer field for the entry in g:th memory means
(36, 36, 363) comprises a pointer to the (g+l):th memory
means (362; 363; 364).

4. A lookup device (30) according to Claim 3,
characterized in that each of the first (i-1) memory means
(36, 36,, 363) has a pointer output, a valid bit output
and a part bit output, and in that the i:th memory means
(364) has a pointer output and a valid bit output, wherein
the pointer output of the g:th memory means (36;; 36;; 363)
1s connected to the (g+1):th memory means (36;; 363; 364),
and to the logic means of the (g+l):th stage (32, 323,
324), and wherein the valid bit output and the part bit
output of the g:th memory means (36,, 36, 363) are
connected to the logic means of the (g+l):th stage (32,
325, 324). '

5. A lookup device (30) according to Claim 4,
characterized in that the logic means (404) in the 1:th
stage (324) comprises a multiplexer (42,) , an OR-gate
(444), and an AND-gate (464), and in that each logic means
(40,; 403) in all the other stages but the first stage
comprises a multiplexer (42,; 423), an OR-gate (44,; 443),
a first AND-gate (46;:; 463), and a second AND-gate (48,,

485;), wherein the inputs of the multiplexer (42;) 1in the
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second stage are connected to the pointer outputs of the
first and second memory means (36,, 36;), and the 1inputs
of the first AND-gate (46;) 1n the second stage are
connected to the valid bit output of the second memory
means (36;) and to the part bit output of the first memory
means (36;), and the i1nputs of the second AND-gate (48;)
1n the second stage are connected to the part bit outputs
of the first and second memory means (36;, 363), and the
inputs of the OR-gate (44,) 1n the second stage are
connected to an output from the first AND-gate (46;) 1n
the second stage and to the valid bit output of the first
memory means (36,), wherein the inputs to the multiplexer
(42,) 1n the p:th stage, wherein p 1s an integer and
3<pg:-1, are connected to the pointer output'of the p:th
memory means (363) and to an output of the multiplexer
(42,) of the (p-1):th stage, and the inputs of the first
AND~-gate (463) in the p:th stage are connected to the
valid bit output of the p:th memory means (363) and to an
output of the second AND-gate (48;) in the (p-1):th stage,
and the inputs of the second AND-gate (483) in the p:th
stage are connected to the part bit output of the p:th
memory means (363) and to the output of the second AND-
gate (48,) in the (p-1):th stage, and the inputs of the
OR-gate (443) in the p:th stage are connected to the
output of the first AND-gate (463) 1n the p:th stage and
to an output of the OR-gate (44;) in the (p-1):th stage,
and wherein the inputs of the multiplexer (424) in the
1:th stage are connected to the pointer output of the 1:th
memory means (364) and to an output of the multiplexer
(425) of the (i-1):th stage, and the inputs of the AND-
gate (464) in the 1i:th stage are connected to the valid
bit output of the i:th memory means (364) and to the
output of the second AND-gate (483;) in the (i-1):th stage,
and the inputs of the OR-gate (444) in the i:th stage are
connected to the output of the AND-gate ({464) in the i:th
stage and to the output cf the OR-gate (443) in the (i-
1):th stage.
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6. A lookup device (30) according to Claim 5,

characterized in that a match 1s found when an entry in
one stage comprises a set valid bit output and all the
matching entries of shorter prefix lengths are set part

bit outputs.

7. A lookup device (30) according to any one of Claims
1-6, characterized in that each stage (32,, 32,, 323, 324)
also comprises a decompression logic means (50;, 50,, 50;,
504), wherein the 1:th decompression logic means (504) is
connected to the multiplexer (424) in the i:th stage and
the g:th decompression logic means (50;; 50,; 50;) is
connected to both the g:th memory means (36;; 36;; 363) and
to the (g+l):th memory means (362; 363; 364) ..

8. A lookup device (30) according to Claim 7,
characterized in that each entry in each memory means

(36,, 362, 363, 364) also comprises a mask field, an
address tag field, and a compress flag bit, wherein a set
compress flag bit indicates that compression is used, and
in the each of the memory means (36,, 36,, 363, 364) also
has a mask field output, an address tag field output, and
a compress flag bit output, wherein the mask field output,
the address tag field output, the compress flag bit
output, and the pointer output of the r:th memory means
(36;; 36; 363; 364) is connected to the r:th decompression
logic means (50;; 50,; 503; 504) wherein r is an integer
and 1<r<i, and wherein each decompression logic means

(50;, 50,, 50,3, 504) outputs a new pointer, wherein the new
pointer output from the g:th decompression logic means
(50y; 50,; 503) is connected to the (g+l):th memory means
(362; 363; 364) and the new pointer output from the 1:th
decompression logic means (504) 1is connected to the

multiplexer (424) in the 1:th stage.

9. A lookup device (30) according to Claim 8,
characterized in that each decompression logic means (50.;
50;; 503; 504) comprises an AND-gate (52,; 52,; 523; 524), a
comparator (54;: 54,; 54;; 544), a first multiplexer (56;;
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563; 563; 564) and a second multiplexer (58;; 58,; 58;5;
584), wherein the inputs of the AND-gate (52;; 52,; 52i;
524) 1n the r:th decompression logic means (50,; 50;; 505;
504), 1s connected to the mask field output of the r:th
memory means (36,; 36,; 363; 364) and to the r:th prefix
length of the destination address, and the inputs of the
comparator (54,; 54,; 543; 544) 1n the r:th decompression
logic means (50;; 50,; 505; 504) 1s connected to the
address tag field out put of the r:th memory means (36,;;
36,; 363; 364) and to an output from the AND-gate (52;;
52;; 523; 524) 1n the r:th decompression logic means (50;;
50,; 505; 504), and the inputs of the first multiplexer
(561; 56;; 563; 564) 1n the r:th decompression logic means
(50,; 50:; 503; 504) is connected to the poinfer output of
the r:th memory means (36;; 36,; 363; 364) and to a
logically O-signal, and the inputs of the second
multiplexer (58,; 58,; 583; 584) in the r:th decompression
logic means (50;; 50,; 503; 504 is connected to the output
from the AND-gate (52,:; 52,; 523; 524) in the r:th
decompression logic means (50,; 50,; 503; 504), and to an
output from the comparator (54;; 54,; 543; 544) in the r:th
decompression logic means (50;; 50;; 503; 504), and in that
the new pointer output from the r:th decompression logic
means (50;; 50,; 5053; 504) either is the output from the
first multiplexer (56,; 56,; 563; 564) or the output from
the second multiplexer (58;; 58,; 583; 584) in the r:th
decompression logic means (50,; 50;; 503; 504) depending
on if the compress flag bit is set or not.

10. A method for classification and forwarding of
packets, wherein a destination address of an incoming
packet comprises n bits, wherein n is an integer,
characterized in that the method comprises i stages,
wherein each stage represents a predetermined prefix
length and a prefix represents a group of addresses,
wherein the first stage represents the shortest prefix
length and the i:th stage represents the longest prefix

length with n bits, wherein each stage comprises a table
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of entries, wherein each entry comprises a pointer field
which either comprises a pointer to the table in the next
stage, or a pointer to a routing table storing the
forwarding information, wherein the method comprises the
steps;

- to search for a first number of bits corresponding Lo
the shortest prefix length of the destination address in
the first table;

- if the entry in the first table wherein a match is
found comprises a pointer to the second table, to search
for a second number of bits corresponding to the next
shortest prefix length of the destination address in the
second table;

- and so on until a longest matching prefix has been
found, wherein the pointer to the routing table gives the
forwarding information for forwarding of said i1ncoming

packet.

11. A method according to Claim 10, characterized in
that each entry in the first (i-1) tables also comprises a
part bit and a valid bit, and each entry in the i:th table
also comprises a valid bit, wherein a set valid bit in an
entry represents a valid prefix, and the pointer field for
that entry comprises a pointer to the routing table, and a
set part in an entry in the g:th table means that the
prefix matches an entry in the routing table, but is
shorter than that entry, and the pointer field for the
entry in the g:th table comprises a pointer to the

(g+l) :th table, wherein g is an integer and 1<g<i-1.

12. A method according to Claim 11, characterized in
that an entry in the first (i-1) tables 1s not allowed to
both have a set valid bit and a set part bit.

13. A method according to Claim 12, characterized in
that a match 1s found when an entry 1n one stage comprises
a set valid bit and all the matching entries of shorter

prefix lengths are set part bits.
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method according td Claim I3, characterized in
that each entry in each table also comprises a mask field,
an address tag field, and a compress flag bit, wherein a
sel compress flag bit indicates that compression is used,
wherein the method for the r:th table, wherein r is an
integer and 1<r<i, also comprises the following steps:
- to AND-process the mask field and the destination
address bits corresponding to the r:th prefix length,
giving masked destination address bits as output:;
- to compare the masked destination address bits to the
address tag field;
- 1f the compress flag bit is not set, to output a new
pointer which is input to the g:th table, and which 1s
input to the routing table for the i:th tablé, wherein the
new pointer is formed by using the pointer from the (g-
1) :th table unchanged, with the destination address bits
corresponding to the r:th prefix length as low order bits;
or
- if the compress flag bit is set, to output a new
pointer which 1s input to the g:th table, and which is
input to the routing table for the i:th table, wherein the
new pointer is formed with the high order bits set to O,
and the low order bits are formed using the bits of the
high order part of the pointer from the (g-1):th table,
and the least significant bit of the new pointer comes

from the comparing step.
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