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Abstract
We considertheproblemof organizingaddresstablesfor internetroutersto enable
fastsearching.Ourproposalis to to build anefficient,compactandeasilysearchable
implementationof anIP routingtableby usinganLC-trie, a trie structurewith com-
binedpathandlevel compression.Thedepthof this structureincreasesvery slowly
asfunctionof thenumberof entriesin the table.A nodecanbecodedin only four
bytesandthesizeof themainsearchstructureneverexceeds256kB for thetablesin
theUScorerouters.Wepresentasoftwareimplementationthatcansustainapproxi-
matelyhalf amillion lookupspersecondona133MHz Pentiumpersonalcomputer,
andtwo million lookupspersecondon a morepowerful SUN SparcUltra II work-
station.

1 INTRODUCTION

Thehigh andsteadilyincreasingdemandfor Internetservicehasleadto a new ver-
sionof theinternetprotocolto avoid theimminentstarvationof thepresentaddress
space.Thenew version6 beingstandardizedwill replacethecurrent32-bitaddresses
with a virtually inexhaustible128-bit addressspace.Another consequenceof the
growth is theneedfor highertransmissionandswitchingcapacities.Links mayread-
ily beupgradedin speedandaddedin numberto increasethenetwork’s transmission
capacity. Equipmentfor thesynchronousdigital hierarchy is now beingdeployedto
provide link ratesof 155.5Mb/s,622Mb/s and2.5Gb/s.Increasesin switchingca-
pacityarenot equallyaccessibleandthebottlenecksin today’s Internetarechiefly
therouters.

With theupgradeof thetransmissioninfrastructurefollowsthatroutershaveto in-
terconnectbothmoreandfasterlinks. But few if any of today’s routerscanprovide
switchingwith aggregatethroughputof 50 to 100Gb/s,asneededfor a few tensof
portswith bit ratesof up to 2.5 Gb/s.Yet this canbe accomplishedby fastpacket
switches,asproven by the availability of high-capacityATM switcheson themar-
ket. It is importantto notethat thereareno fundamentallimits asto why thesame
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Figure 1 Two routerarchitectures:a. oneor morecentralizedrouting engines,b.
oneroutingengineperport.

performancecannotbeexpectedfor IP routers.Theproblemsareratherpertaining
to designchoicesandto practicalimplementation.

In thispaperweconsideraddresslookupasoneof thebasicfunctionsof a router,
alongwith buffering, schedulingandswitchingof packets.All of thesefunctions
haveto bestudiedin orderto increasethroughput.Thevariablelengthsof IP packets
complicatebuffer managementandschedulingcomparedto protocol-dataunits of
fixedlength,but anaveragepacket lengthfar longerthana cell maycompensateby
reducingthenumberof suchoperationspersecondfor a given link rate.Switching
of packetscouldbemadein parallelif routersincorporatespace-division intercon-
nectionfabricsratherthanthecustomarilyuseddatabuses.Theremainingfunction
that hasbeendeemedcritical for the viability of multi-Gb/sroutersis the address
lookup[11].

Theaddresslookuphastraditionallybeenperformedcentrallyby aprocessorthat
servesall input portsof the router(Figure1a). An input modulesendsthe header
of a packet to the processor(often calleda forwardingor routing “engine”). The
processorusesthedestinationaddressto determinetheoutputport for thepacketand
its next-hopaddress(it alsomodifiestheheader).Whentheheaderhasbeenreturned
alongwith theroutinginformation,theinput moduleforwardsthepacket acrossthe
interconnectionnetwork to thedesignatedoutputport.Thenext-hopaddressis used
at the output port to determinethe link addressof the packet, in casethe link is
sharedby multiple parties(asanEthernet,TokenRing or FDDI network), andit is
consequentlynotneededif theoutputconnectsto apoint-to-pointlink.



Whena single routing enginecannotkeepup with the requestsfrom the input
ports,theremedyhasbeento employ multiple enginesin parallel.An advantageof
havingenginesservingasonepoolis theeaseof balancingloadsfrom theportswhen
they have differentspeedsandutilization levels.Thedisadvantageis theround-trip
transferof packet headersacrossthe interconnectionnetwork. This load is concen-
tratedtoafew outputsandcanthereforebeproblematicfor aspace-divisionnetwork.
Whenthenetwork links areupgradedto higherbit rates,thenaturalmodificationis
to placeoneroutingengineon eachinput module(Figure1b) simply becausethere
will not bemuchidle time in the processingto sharewith otherports.This means
thateachengineonly needsto offer a rateof addressresolutionsappropriatefor the
link, andthattheinterconnectionnetwork is not loadedunnecessarilyby thetransfer
of packetheaders(whichwill becomeamultipleof 40byteslongby theintroduction
of IP version6). To supporta 2.5Gb/slink meansthat1.25million lookupsshould
besustainedon theaveragefor today’s meanpacket sizeof 250bytes.

In this paperwe presentanefficient organizationof IP routing tablesthatallows
fastaddresslookupin software.Our implementationcanprocessapproximatelyhalf
a million addressespersecondon a standard133MHz Pentiumpersonalcomputer.
The performancescalesnicely to fully exploit fastermemoryandprocessorclock
rates,which is illustratedby the fact that a SUN SparcUltra II workstationcan
perform2 million lookupspersecond.Theadvantagewith asoftwaresolution,such
asours,is thattheprocessorcanrunseparatelookuproutinesfor multicastandflow-
basedrouting(basedonsourceaddressanda24-bit longflow labelin IP version6).
It canalsoprocessvariousrouting optionsasspecifiedby extensionheaders.The
processor’s cachingprotocolautomaticallyexploit temporalcorrelationsin packet
destinationsby keepingthemostaccessedpartsof thedatastructurein theon-chip
cache.A low-costimplementationcouldconsistof afield-programmablegatearray,
insteadof amicroprocessor, andlessthanamegabyteof random-accessmemory.

2 ADDRESSLOOKUPFORTHE INTERNETPROTOCOL

An IP addresshastraditionally consistedof oneto five bits specifyingan address
class,a network identifier anda host identifier. The network identifier points to a
network within an internet,andthe hostidentifierpointsto a specificcomputeron
thatnetwork.Routingis basedonthenetwork identifiersolely. Eachof theclassesA
throughC hada predeterminedlengthof thenetwork identifierwhich madethead-
dresslookupin routersstraightforward.

This class-basedstructurehas beenabandonedin favor of the classlessinter-
domainrouting (CIDR) [8]. An IP addresscannow be split into network andhost
identifiersat almostany point.Addresslookupis doneby matchinga givenaddress
to bit stringsof variablelengths(prefixes)thatarestoredin theroutingtable.If more
thanonevalid prefix matchesanaddressin a routing table,the informationassoci-
atedwith the longestprefix is usedto forwardthepacket. For instance,theaddress
222.21.67.68matches222.21.64.0with 18bitsand222.16.0.0with 12bits.Thefirst
of thesetwo is longerandshouldconsequentlybeusedfor forwardingthepacket.



The matchingprefix is not necessarilythe samein all routersfor one and the
sameIP address.This allows the tablesto be smallerin sizesincea large number
of destinationscanberepresentedby a shortnetwork identifier. Most routersusea
default routewhich is givenby a prefix of lengthzero.It matchesall addressesand
is usedif no otherprefix match.The coreroutersin the Internetbackbonearenot
allowedto usedefault routesandtheir addresstablestendto belargerthanin other
routers.We have usedtablesfrom theseroutersin our evaluationto ensurethatwe
testwith realisticworstcases.

The result of the lookup is the port numberand next-hop address.A next-hop
addressis not neededfor a point-to-pointlink andthe correspondingrouting-table
entry would only needto containthe port number. Even whennext-hop addresses
areneeded,thereareusuallyfewer distinctsuchaddressesthanthereareentriesin
theroutingtable.Thetablecanthereforecontainapointerto anarraywhich lists the
next-hopaddressesin use.

The addressstructurefor IP version6 is not fully decidedeven for unicastad-
dresses.It is, however, suggestedto keepthevariable-lengthnetwork identifiers(or
subnetwork identifiers)[10]. Thus,a subnetwork canbeidentifiedby some� bits in
arouter, while theremaining

������� � bits form theinterfaceidentifier(replacingthe
hostidentifierof version4).Ourdatastructurehasbeendesignedto handleversion6
addresseswhenneeded.

Therehasbeenremarkablylittle interestin theorganizationof routingtablesboth
for hardware andsoftwarebasedsearchesduring the last years.Hardware imple-
mentation,which we do not considerhere,is discussedin [17]. We thereforeplace
our proposalin relationonly to thethreemostrecentworksfrom theliterature.Our
searchstructureandimplementationis akin to andhasbeeninspiredby thework of
Brodnik et al. [4]. They usea differentdatastructurefrom oursandareconcerned
with thesizeof thetrie to ensurethat it fits in a processor’s on-chipcachememory.
As aconsequence,it is not immediatelyclearif thestructurewill scaleto thelonger
addressesof IP version6. A mainideaof theirwork is to quantifytheprefix lengths
to levels of 16, 24 and32 bits. This exploits the old class-basedaddressstructure
but maysuffer from theongoingredistributionof addressesthattendsto smooththe
distributionof theprefix lengths.Ratherthanexpandingtheprefixesto a few levels,
we uselevel-compressionto reducethesizeof thetrie. Thus,weobtainsimilarper-
formancein our simulationswith a moregeneralstructureandwithout makingany
assumptionsabouttheaddressstructure.

Waldvogeletal. [15] useadifferenttechnique.Prefixesof fixedlengthsarestored
in separatehashtablesandthesearchoperationis implementedusingbinarysearch
on thenumberof bits.Using16 and24 bits for thefirst two hashtablelookupsthis
searchstrategy is very efficient for currentrouting tables.However, for a routing
tablewith longerprefixesanda smotherdistribution of prefix lengthsthis approach
maynotbeasattractive.

The work on prefix matchingby Doeringer, Karjoth, andNassehi[6] usesa trie
structure.Oneof their concernsis to allow fully dynamicupdates.This resultsin
a large spaceoverheadandlessthanoptimumperformance.The nodesof the trie



structurecontainsfivepointersandoneindex. Moregeneralbut slightly datedworks
onGb/sroutersthatcouldbeof interestto thereaderarepresentedin [3, 14, 16].

3 LEVEL-COMPRESSEDTRIES

The trie [7] is a generalpurposedatastructurefor storingstrings.The ideais very
simple:eachstring is representedby a leaf in a treestructureandthe valueof the
stringcorrespondsto thepathfrom theroot of thetreeto theleaf.Considera small
example.Thebinarystringsin Figure2 correspondto the trie in Figure3a. In par-
ticular, thestring �
	�� correspondsto thepathstartingat theroot andendingin leaf
number3: first a left-turn ( � ), thena right-turn( 	 ), andfinally a turn to theleft ( � ).
For simplicity, we will assumethat thesetof stringsto bestoredin a trie is prefix-
free,no stringmaybea properprefix of anotherstring.We postponethediscussion
of how to representprefixesto thenext section.

This simple structureis not very efficient. The numberof nodesmay be large
andtheaveragedepth(theaveragelengthof a pathfrom theroot to a leaf) maybe
long.Thetraditionaltechniqueto overcomethisproblemis to usepathcompression,
eachinternalnodewith only onechild is removed.Of course,we have to somehow
recordwhich nodesaremissing.A simpletechniqueis to storea number, the skip
value, in eachnodethatindicateshow many bits thathavebeenskippedon thepath.
A path-compressedbinary trie is sometimesreferredto asa Patricia tree[9]. The
path-compressedversionof the trie in Figure3a is shown in Figure3b. The total
numberof nodesin a path-compressedbinarytrie is exactly

� � ���
, where � is the

numberof leavesin the trie. Thestatisticalpropertiesof this trie structurearevery
well understood[5, 12]. For a largeclassof distributionspathcompressiondoesnot
giveanasymptoticreductionof theaveragedepth.Evenso,pathcompressionis very
importantin practice,sinceit oftengivesasignificantoverall sizereduction.

Onemight think of pathcompressionasa way to compressthe partsof the trie
thataresparselypopulated.Levelcompression[1] is arecentlyintroducedtechnique
for compressingpartsof the trie that aredenselypopulated.The ideais to replace
the 
 highestcompletelevelsof thebinary trie with a singlenodeof degree

���
; this

replacementis performedrecursively oneachsubtrie.Thelevel-compressedversion,
theLC-trie, of thetrie in Figure3b is shown in Figure3c.

For anindependentrandomsamplewith a densityfunctionthat is boundedfrom
aboveandbelow theexpectedaveragedepthof anLC-trie is ����������� ��� , where������� �
is theiteratedlogarithmfunction, ������� ��� ��� �����
��������� � � , if �"! �

, and ������� ���$#
otherwise.For datafrom aBernoulli-typeprocesswith characterprobabilitiesnotall
equal,theexpectedaveragedepthis ���%�&���'����� ��� [2]. Uncompressedtriesandpath-
compressedtriesbothhave expectedaveragedepth �(�%����� � � for thesedistributions.

If we wantto achieve theefficiency promisedby thesetheoreticalbounds,it is of
courseimportantto representthe trie efficiently. Thestandardimplementationof a
trie, wherea setof childrenpointersarestoredat eachinternalnodeis not a good
solution,sinceit hasa largespaceoverhead.This maybeoneexplanationwhy trie
structureshave traditionallybeenconsideredto requiremuchmemory.



nbr string

0 0000
1 0001
2 00101
3 010
4 0110
5 0111
6 100
7 101000
8 101001
9 10101

10 10110
11 10111
12 110
13 11101000
14 11101001

Figure 2 Binarystringsto bestoredin a trie structure.
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branch skip pointer

0 3 0 1
1 1 0 9
2 0 2 2
3 0 0 3
4 1 0 11
5 0 0 6
6 2 0 13
7 0 0 12
8 1 4 17
9 0 0 0

10 0 0 1
11 0 0 4
12 0 0 5
13 1 0 19
14 0 0 9
15 0 0 10
16 0 0 11
17 0 0 13
18 0 0 14
19 0 0 7
20 0 0 8

Figure 4 Array representationof theLC-trie in Figure3c.

A spaceefficientalternative is to storethechildrenof anodein consecutivemem-
ory locations.In this way, only a pointerto theleftmostchild is needed.In fact,the
nodesmaybestoredin anarrayandeachnodecanberepresentedby a singleword.
In our implementation,thefirst 5 bits representthebranching factor, thenumberof
descendantsof thenode.Thisnumberis alwaysapowerof 2 andhence,using5 bits,
themaximumbranchingfactorthatcanberepresentedis

��A�B
. Thenext 7 bits repre-

senttheskip value.In this way, we canrepresentvaluesin therangefrom # to
�C��D

,
which is sufficient for IP version6 addresses.This leaves20 bits for thepointerto
the leftmostchild andhence,usingthis very compact32 bit representation,we can
storeat least

�EBGF
strings.Figure4 shows the arrayrepresentationof the LC-trie in

Figure3c,eachentryrepresentsanode.Thenodesarenumberedin breadth-firstor-
derstartingattheroot.Thenumberin thebranchcolumnindicatesthenumberof bits
usedfor branchingat eachnode.A value H�I �

indicatesthatthenodehas
��J

chil-
dren.The value H �K# indicatesthat the nodeis a leaf. The next columncontains
theskipvalue,thenumberof bits thatcanbeskippedduringasearchoperation.The
valuein thepointercolumnhastwo differentinterpretations.For aninternalnode,it
is usedasa pointerto the leftmostchild; for a leaf it is usedasa pointerto a base
vectorcontainingthecompleatstrings.

The searchalgorithm can be implementedvery efficiently. Let L be the string



searchedfor andlet MEN9O>PRQRS9OUTWVYX[Z\X"LR] beafunctionthatreturnsthenumbergiven
by the Z bits startingat position V in thestring L . We denotethearrayrepresenting
thetreeby O . Theroot is storedin OY^0�9_ .

`
a>bEced OY^0�>_Uf
V a L dg`ha�bEcji L�kml�VYf
ZEn�o `mpCqrdg`
a�b�cji ZEn�o `mpCq f
o b n dg`ha�bEcji o b nsft q l�u c T0ZEn�o `mpvqxwWd �
]gy`
a�bEc$d OY^zo b n|{eMRN9O>PRQES>OUTWV a L}X~ZEn�o `mpCq X�LR]�_Uf

V a L d V a L�{gZEn�o `mpCq { `
a�bEcUi Lvkml�V\f
ZEn�o `�pCq�d�`
a�bEcji ZEn�o `mpvq f
o b n dg`
a�b�cji o b n'f�

n c���� n ` o b nsf
Note that theaddressreturnedonly indicatesa possiblehit; thebits thathave been
skippedduring thesearchmaynot match.Thereforewe needto storethevaluesof
thestringsseparatelyandperformoneadditionalcomparisonto checkwhetherthe
searchactuallywassuccessful.

As an examplewe searchfor the string 	��
	9	��
	9	9	 . We start at the root, node
number0. We seethatthebranchingvalueis 3 andskip valueis 0 andthereforewe
extractthefirst threebits from thesearchstring.These3 bitshave thevalue5 which
is addedto thepointer, leadingto position6 in thearray. At this nodethebranching
valueis 2 andthe skip valueis 0 andthereforewe extract the next two bits. They
have thevalue2. Adding 2 to thepointerwe arrive at position15. At this nodethe
branchingvalueis 0, which implies that it is a leaf. The pointervalue5 gives the
positionof thestringin thebasevector. Observethatit is necessaryto checkwhether
this constitutesa true hit. We needto comparethe first 5 bits of the searchstring
with the first 5 bits of a value storedin the basevector in the position indicated
by thepointer(10) in the leaf. In fact,our table(Figure2) containsa prefix 	��
	R	��
matchingthestringandthesearchwassuccessful.

4 REPRESENTATION OF A ROUTING TABLE

The routing tableconsistsof four parts.At the heartof the datastructurewe have
anLC-trie implementedasdiscussedin theprevioussection.Theleavesof this trie
containpointersinto a basevector, wherethecompletestringsarestored.Further-
morewehaveanext-hoptable, anarraycontainingall possiblenext-hopsaddresses,
anda specialprefixvector, which containsinformationaboutstringsthatareproper
prefixesof otherstrings.This is neededbecauseinternalnodesof theLC-trie donot
containpointersto thebasevector.

Thebasevectoris typically the largestof thesestructures.Eachentrycontainsa
string.In thecurrentimplementationit occupies32 bits, but it canof courseeasily



beextendedto the128bits requiredin IP version6. Notice that it is not necessary
to storethelengthof thestring,sincethelengthwill beknown to thesearchroutine
afterthetraversalof theLC-trie. Eachentryalsocontainstwo pointers:onepointer
into thenext-hoptableandonepointerinto theprefixtable.Thesearchroutinefollow
the next-hoppointerif the searchwassuccessful.If not, the searchroutinetries to
matchaprefixof thestringwith theentriesin theprefixtable.Theprefixpointerhas
thespecialvalue

���
if noprefixof thestringis present.

Theprefix tableis alsovery simple.Eachentrycontainsa numberthat indicates
the lengthof the prefix. The actualvalueneednot be explicitly stored,sinceit is
alwaysa properprefix of thecorrespondingvaluein thebasevector. As in thebase
vectoreachentryalsocontainstwo pointers:onepointerinto thenext-hoptableand
onepointerinto theprefix table.Theprefix pointeris needed,sinceit might happen
thatapathin thetrie containsmorethanoneprefix.

Themainpartof thesearchis spentwithin thetrie. In ourexperimentstheaverage
depthof thetrie is typically closeto 6 andonememorylookupis performedfor each
nodetraversed.Thesecondstepis to accessthebasevector. This accountsfor one
additionalmemorylookup.If thestringis foundat thispoint,onefinal lookupin the
next-hoptableis made.This memoryaccesswill befastsincethenext-hoptableis
typically very small,in our experimentslessthan60 entries,andcanbeexpectedto
residein cachememory.

Finally, if thestringsearchedfor doesnot matchthestring in thebasevector, an
additionlookup in the prefix vectorwill have to bemade.Also this vectoris typi-
cally verysmall,in ourexperimentsit containslessthan2000entries,andit is rarely
accessedmorethanonceperlookup.In all theroutingtablesthatwehave examined
wehave foundonly a few multipleprefixes.Conceptuallyaprefixcorrespondsto an
exceptionin the addressspace.Eachentry in the routing tabledefinesa setof ad-
dressesthatsharethesameroutingtableentry. In suchanaddressset,a longermatch
correspondsto a subsetof addressesthatshouldberouteddifferently. Overlapping
prefixescould alsobe avoidedby expandingthe shorterprefixes.For instance,in-
steadof having the overlappingprefixes

� # � and
� # ����� in a table,

� # � could be
expandedto

� # � #�# , � # � # � and
� # ��� # which all would point to thesameroutingin-

formation.Theexpansionincreasesthetrie sizeandwehave thereforechosento use
a separateprefix vector. Furthermore,we expectthis specialcaseto disappearwith
the introductionof IP version6 sincethe new addressspacewill be so large asto
make it possibleto allocateaddressesin astrictly hierarchicalfashion.

5 RESULTS

Themeasurementswereperformedontwo differentmachines:aSUNUltra SparcII
with two 296-MHzprocessorsand512MB of RAM, anda personalcomputerwith
a 133-MHz Pentiumprocessorand32 MB of RAM. The programsarewritten in
the C programminglanguageand have beencompiledwith the � p9p compilerus-
ing optimizationlevel �9��� . We usedroutingtablesprovidedby theInternetPerfor-
manceMeasurementandAnalysisproject(URL qE�9� V��z�9� t9tRt i��hc nml �'izc�b�� ��l�V � o ).



Site Routing Next- Numberof Entries Aver. Lookups
Entries Hops Trie Base Prefix Depth Sparc PC

MaeEast 39819 56 62991 38380 1439 5.92 1.5 0.42
MaeWest 14618 55 24143 14291 327 6.08 2.1 0.48
AADS 20299 19 33159 19846 453 6.28 1.6 0.45
PacBell 20611 3 33591 20171 440 6.32 1.9 0.45
FUNET 41578 20 63623 39765 1813 8.31 2.3 0.58

Table 1 Experimentaldata.Thespeedis measuredin million lookupspersecond.

Wehave usedtheroutingtablesfor MaeEast,MaeWest,AADS, andPacBell from
the24thof August,1997.Wedid nothaveaccessto theactualtraffic beingroutedac-
cordingto thesetablesandthereforethetraffic is simulated:wesimplyusearandom
permutationsof all entriesin a routing table.The entrieswereextendedto 32 bits
numbersby addingzeroes(this shouldnot affect themeasurements,sincethesebits
arenever inspectedby thesearchroutine).We have, however, beenableto testour
algorithmon a routing tablewith recordedtracesof the actualpacket destinations.
Therouteris partof theFinnishUniversity andResearchNetwork (FUNET). Real
traffic givesbetterresultsthanrunsof randomlygenerateddestinationsandowesto
dependenciesin the destinationaddresses.The time measurementshave beenper-
formedonsequencesof lookupoperations,whereeachlookupincludesfetchingthe
addressfrom an array, performingthe routing tablelookup,accessingthe nexthop
tableandassigningtheresultto avolatilevariable.

Someof theentriesin theroutingtablescontainmultiple next-hops.In this case,
thefirst onelistedwasselectedasthenext-hopaddressfor the routing table,since
we only consideredonenext-hopaddressperentry in theroutingtable.Therewere
alsoa few entriesin theroutingtablesthatdid notcontainacorrespondingnext-hop
address.Theseentrieswereroutedto a specialnext-hopaddressdifferentfrom the
onesfoundin theroutingtable.

Table1 givesa summaryof theresults.It shows thenumberof uniqueentriesin
the routing table,the numberof next-hop addresses,the sizeof our datastructure,
theaverageof thetrie, andthenumberof lookupsmeasuredin million lookupsper
second.In our currentimplementationan entry in the trie occupies4 bytes,while
theentriesin thebasevectorandtheprefixvectoroccupy 12byteseach.Thelargest
table,FUNET, still occupieslessthan0.8 MB of memory, of which the trie-partis
lessthan256kB.

The averagethroughputcorrespondingto the numberof lookupsper secondis
foundby multiplying it with theaveragepacket size,which currentlyis around250
bytes.The routingsystemcould bemodeledasa G/G/1 queuein orderto find the
numberof pendinglookupsasa function of the routing system’s load.The arrival
processwould be given by the trimodal packet-lengthdistribution (peaksaround
40, 550and1500bytes)dividedby the link rateandtheservicedistribution by the
lookuptimes.



6 FINAL REMARKSAND CONCLUSIONS

The Internethasin practicebecomethe long-soughtbroadbandintegratedservices
digital network, in the meaningof a global communicationinfrastructurefor mul-
timedia services[13]. The intention was, however, that the B-ISDN shouldhave
beenbasedon the asynchronoustransfermoderatherthanon IP. Now when that
raisond’êtrefor ATM is disappearingthereis naturallygreatinterestin salvaging
the enormousinvestmentthat hasbeenmadeby finding a role for ATM ascarrier
of IP packets.Thus,we find IP routingcombinedwith ATM switching.Theideais
to establisha virtual circuit for a flow of packets in order to amortizethe costof
IP addresslookup over several packets [11]. We believe that pure IP routing is a
competitive alternative andhave shown that software-basedaddresslookup canbe
performedsufficiently fastfor multi-Gb/ssystems.

Wehavedemonstratedhow IP routingtablescanbesuccinctlyrepresentedandef-
ficiently searchedby structuringthemaslevel-compressedtries.Ourdatastructureis
fully generalanddoesnot rely on theold class-basedstructureof theaddressformat
for its efficiency. Eventhoughthedatastructuredoesnotmakeexplicit assumptions
aboutthedistributionof theaddress,it doesadaptgracefully:pathcompressioncom-
pactsthe sparsepartsof the trie andlevel compressionpacksthe denseparts.The
averagedepthof the trie grows very slowly. This is in accordancewith theoretical
results.Recallthattheaveragedepthof anLC-trie is �(�%�����'����� � � for a largeclassof
distributions.Actually, ourexperimentsshow thatin somecasestheaveragedepthis
smallerfor a largertable.This canbeexplainedby thefactthata largertablemight
bemoredenselypopulatedandhencethe level compressionwill bemoreefficient.
Theinnerloop of thesearchalgorithmis very tight; it containsonly oneaddressing
operationanda few very basicoperations,suchasshift andaddition.Furthermore,
thetrie canbestoredverycompactly, usingonly one32-bitmachinewordpernode.
In fact, the largesttrie in our experimentsconsumedlessthan256 kB of memory.
Thebasevectoris larger, but is only accessedonceperlookup.

The resultsshow that the routinely madestatementsaboutpossibleprocessing
speedsfor IP addresses,suchasthoseput forward in [11], arenot valid. In many
cases,for instancein [4], the trie implementationscited do not reflect the stateof
the art. Thus,we arguethat our new datastructureis superiorto earlierpresented
softwaremethodsfor theorganizationof IP routingtables.

ACKNOWLEDGMENT
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