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Abstract
We considerthe problemof organizingaddresgablesfor internetroutersto enable
fastsearchingOur proposals to to build anefficient,compactindeasilysearchable
implementatiorof anlP routingtableby usinganLC-trie, atrie structurewith com-
binedpathandlevel compressionThe depthof this structureincreasevery slowly
asfunction of the numberof entriesin the table.A nodecanbe codedin only four
bytesandthesizeof themainsearchstructurenever exceed256kB for thetablesin
theUS corerouters We present softwareimplementatiorthatcansustairapproxi-
matelyhalf amillion lookupspersecondna133MHz Pentiumpersonatomputer
andtwo million lookupsper secondon a more powerful SUN SparcUlItra Il work-
station.

1 INTRODUCTION

Thehigh andsteadilyincreasingdemandor Internetservicehasleadto a new ver-
sion of theinternetprotocolto avoid theimminentstanation of the presenddress
spaceThenew version6 beingstandardizewvill replacehecurrent32-bitaddresses
with a virtually inexhaustible128-bit addressspace.Another consequencef the
gronth is theneedfor highertransmissiomndswitchingcapacitiesLinks mayread-
ily beupgradedn speedandaddedn numberto increasehenetwork’s transmission
capacity Equipmentor the synchronousligital hierarcly is now beingdeplo/edto
provide link ratesof 155.5Mb/s, 622Mb/s and2.5 Gb/s.Increases$n switchingca-
pacity are not equallyaccessiblendthe bottlenecksn todays Internetarechiefly
therouters.

With theupgradeof thetransmissionnfrastructurdollows thatroutershave to in-
terconnecboth moreandfasterlinks. But few if ary of todays routerscanprovide
switchingwith aggregatethroughputof 50 to 100 Gb/s,asneededor afew tensof
portswith bit ratesof up to 2.5 Gb/s. Yet this canbe accomplishedy fastpaclet
switches,asproven by the availability of high-capacityATM switcheson the mar
ket. It is importantto notethat thereareno fundamentalimits asto why the same
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performancecannotbe expectedfor IP routers.The problemsareratherpertaining
to designchoicesandto practicalimplementation.

In this paperwe consideraddressookupasoneof the basicfunctionsof arouter
alongwith buffering, schedulingand switching of paclets. All of thesefunctions
have to bestudiedin orderto increasehroughputThevariablelengthsof IP paclets
complicatebuffer managemenand schedulingcomparedo protocol-dataunits of
fixedlength,but anaveragepaclet lengthfar longerthana cell may compensatéy
reducingthe numberof suchoperationgersecondor a givenlink rate.Switching
of pacletscould be madein parallelif routersincorporatespace-diision intercon-
nectionfabricsratherthanthe customarilyuseddatabuses.The remainingfunction
thathasbeendeemecktritical for the viability of multi-Gb/sroutersis the address
lookup[11].

Theaddresdookuphastraditionallybeenperformedcentrallyby a processothat
senesall input ports of the router (Figure 1a). An input modulesendsthe header
of a paclet to the processoioften called a forwarding or routing “engine”). The
processouseghedestinatioraddress$o determingheoutputportfor thepacletand
its next-hopaddresgit alsomodifiestheheader)Whentheheadehasbeenreturned
alongwith theroutinginformation,theinput moduleforwardsthe paclet acrosshe
interconnectiometwork to the designateautputport. The next-hopaddresss used
at the output port to determinethe link addressof the paclet, in casethe link is
sharedoy multiple parties(asan Ethernet,Token Ring or FDDI network), andit is
consequentiyot neededf the outputconnectgo a point-to-pointlink.



When a single routing enginecannotkeepup with the requestdrom the input
ports,the remedyhasbeento emplgy multiple enginesn parallel.An advantageof
having engineservingasonepoolis theeaseof balancindoadsfrom theportswhen
they have differentspeedsindutilization levels. The disadwantageis the round-trip
transferof paclet headersacrosghe interconnectiometwork. This loadis concen-
tratedto afew outputsandcanthereforebeproblematidor aspace-diision network.
Whenthe network links areupgradedo higherbit ratesthe naturalmodificationis
to placeonerouting engineon eachinput module(Figure 1b) simply becausehere
will not be muchidle time in the processingo sharewith otherports. This means
thateachengineonly needdo offer arateof addressesolutionsappropriatdor the
link, andthattheinterconnectiometwork is notloadedunnecessarilpy thetransfer
of pacletheadergwhichwill becomeamultiple of 40 byteslong by theintroduction
of IP version6). To supporta 2.5 Gb/slink meanghat1.25million lookupsshould
be sustainedn the averagefor today’s meanpaclet sizeof 250bytes.

In this paperwe presentan efficient organizationof IP routingtablesthat allows
fastaddressookupin software.Ourimplementatiorcanprocessapproximatehhalf
amillion addressepersecondon a standardl33 MHz Pentiumpersonatomputer
The performancescalesnicely to fully exploit fastermemoryand processorlock
rates,which is illustrated by the fact that a SUN SparcUItra Il workstationcan
perform2 million lookupspersecondTheadwantagewith a softwaresolution,such
asours,is thattheprocessocanrun separatéookuproutinesfor multicastandflow-
basedouting(basedn sourceaddressanda 24-bitlong flow labelin IP version6).
It canalsoprocessvariousrouting optionsas specifiedby extensionheadersThe
processos cachingprotocolautomaticallyexploit temporalcorrelationsin paclet
destinationdy keepingthe mostaccessegartsof the datastructurein the on-chip
cacheA low-costimplementatiorcould consistof afield-programmablgatearray
insteadof a microprocessgrandlessthana megabyteof random-accesmemory

2 ADDRESSLOOKUPFORTHE INTERNET PROTOCOL

An IP addresshastraditionally consistedof oneto five bits specifyingan address
class,a network identifier and a hostidentifier The network identifier pointsto a
network within aninternet,andthe hostidentifier pointsto a specificcomputeron
thatnetwork. Routingis basednthe network identifiersolely Eachof theclasse#\
throughC hada predeterminedengthof the network identifierwhich madethe ad-
dresdookupin routersstraightforvard.

This class-basedtructurehas beenabandonedn favor of the classlesdnter-
domainrouting (CIDR) [8]. An IP addressannow be split into network and host
identifiersat almostary point. Addresdookupis doneby matchinga givenaddress
to bit stringsof variablelengths(prefixes)thatarestoredin theroutingtable.If more
thanonevalid prefix matchesan addressn arouting table,the informationassoci-
atedwith the longestprefix is usedto forward the paclet. For instancethe address
222.21.67.68natche®22.21.64.Qvith 18 bitsand222.16.0.Qvith 12 bits. Thefirst
of thesetwo is longerandshouldconsequentlype usedfor forwardingthe paclet.



The matchingprefix is not necessarilythe samein all routersfor one and the
samelP addressThis allows the tablesto be smallerin size sincea large number
of destinationsanbe representetly a shortnetwork identifier Most routersusea
defaultroutewhich is given by a prefix of lengthzero.It matchesall addresseand
is usedif no otherprefix match.The coreroutersin the Internetbackboneare not
allowedto usedefault routesandtheir addresdablestendto belargerthanin other
routers.We have usedtablesfrom theseroutersin our evaluationto ensurethatwe
testwith realisticworstcases.

The result of the lookup is the port numberand next-hop addressA next-hop
addresss not neededor a point-to-pointlink andthe correspondingouting-table
entry would only needto containthe port number Even when next-hop addresses
areneededthereareusuallyfewer distinct suchaddressethanthereare entriesin
theroutingtable.Thetablecanthereforecontaina pointerto anarraywhichliststhe
next-hopaddressem use.

The addressstructurefor IP version6 is not fully decidedeven for unicastad-
dresseslt is, however, suggestedo keepthe variable-lengtmetwork identifiers(or
subnetverk identifiers)[10]. Thus,a subnetwrk canbeidentifiedby somen bitsin
arouter while theremainingl28 — n bits form theinterfaceidentifier (replacingthe
hostidentifierof versiond). Our datastructurehasbeendesignedo handleversion6
addressewhenneeded.

Therehasbeenremarkablylittle interestin the organizationof routingtablesboth
for hardware and software basedsearchesluring the last years.Hardware imple-
mentationwhich we do not considerhere,is discussedn [17]. We thereforeplace
our proposaln relationonly to thethreemostrecentworks from the literature.Our
searctstructureandimplementatioris akin to andhasbeeninspiredby the work of
Brodnik et al. [4]. They usea differentdatastructurefrom oursandareconcerned
with the sizeof thetrie to ensurethatit fits in a processos on-chipcachememory
As aconsequencét, is notimmediatelyclearif the structurewill scaleto thelonger
addressesf IP version6. A mainideaof theirwork is to quantifythe prefix lengths
to levels of 16, 24 and 32 bits. This exploits the old class-basedddressstructure
but may suffer from the ongoingredistritution of addressethattendsto smooththe
distribution of the prefix lengths.Ratherthanexpandingthe prefixesto afew levels,
we uselevel-compressioto reducethe sizeof thetrie. Thus,we obtainsimilar per
formancein our simulationswith a moregeneralstructureandwithout makingary
assumptionabouttheaddresstructure.

Waldwogeletal. [15] useadifferenttechniquePrefixesof fixedlengthsarestored
in separatdashtablesandthe searctoperations implementedisingbinary search
onthe numberof bits. Using 16 and24 bits for thefirst two hashtablelookupsthis
searchstratgy is very efficient for currentrouting tables.However, for a routing
tablewith longerprefixesanda smotherdistribution of prefix lengthsthis approach
may notbeasattractve.

The work on prefix matchingby Doeringer Karjoth, andNassehi6] usesa trie
structure.One of their concernds to allow fully dynamicupdatesThis resultsin
a large spaceoverheadandlessthan optimum performanceThe nodesof the trie



structurecontaindfive pointersandoneindex. More generabut slightly datedworks
on Gb/sroutersthatcouldbe of interestto thereaderarepresentedhn [3, 14, 16).

3 LEVEL-COMPRESSEDRIES

Thetrie [7] is a generalpurposedatastructurefor storingstrings.The ideais very
simple:eachstring is representedby a leaf in a tree structureandthe value of the
string correspondso the pathfrom theroot of the treeto the leaf. Considera small
example.Thebinary stringsin Figure2 correspondo thetrie in Figure3a.In par
ticular, the string010 correspondso the pathstartingat the root andendingin leaf
number3: first aleft-turn (0), thenaright-turn (1), andfinally aturnto theleft (0).
For simplicity, we will assumehatthe setof stringsto be storedin atrie is prefix-
free,no stringmaybe a properprefix of anotherstring. We postponghediscussion
of how to represenprefixesto the next section.

This simple structureis not very efficient. The numberof nodesmay be large
andthe averagedepth(the averagelengthof a pathfrom therootto a leaf) maybe
long. Thetraditionaltechniqueo overcomethis problemis to usepathcompession
eachinternalnodewith only onechild is removed. Of coursewe have to somehav
recordwhich nodesaremissing.A simpletechniqueis to storea number the skip
valug in eachnodethatindicateshow mary bitsthathave beenskippedon the path.
A path-compresseldinary trie is sometimegeferredto asa Patriciatree[9]. The
path-compressedersionof the trie in Figure 3ais shavn in Figure 3b. The total
numberof nodesin a path-compresselinarytrie is exactly 2n. — 1, wheren is the
numberof leavesin thetrie. The statisticalpropertiesof this trie structurearevery
well understood5, 12]. For alargeclassof distributionspathcompressiomloesnot
give anasymptotiaeductionof theaveragedepth Evenso,pathcompressiols very
importantin practice sinceit oftengivesa significantoverall sizereduction.

Onemight think of pathcompressiorasa way to compresghe partsof the trie
thataresparselypopulatedLevel compession1] is arecentlyintroducedechnique
for compressingartsof thetrie that aredenselypopulatedThe ideais to replace
the s highestcompletelevels of the binarytrie with a singlenodeof degree2?; this
replacemenis performedecursvely oneachsubtrie.Thelevel-compressedersion,
the LC-trie, of thetrie in Figure3bis shavn in Figure3c.

For anindependentandomsamplewith a densityfunctionthatis boundedrom
abore andbelow theexpectedaveragedepthof anLC-trieis © (log™ n), wherelog™ n
is theiteratedogarithmfunction,log* n = 1+log*(logn), if n > 1,andlog* n = 0
otherwise For datafrom a Bernoulli-typeprocessvith characteprobabilitiesnotall
equal the expectedaveragedepthis O (log log n) [2]. Uncompressettiesandpath-
compressettiesbothhave expectedaveragedepth©(log n) for thesedistributions.

If we wantto achieve the efficiency promisedby thesetheoreticaboundsit is of
courseimportantto representhetrie efficiently. The standardmplementatiorof a
trie, wherea setof childrenpointersare storedat eachinternalnodeis not a good
solution,sinceit hasa large spaceoverheadThis may be oneexplanationwhy trie
structureshave traditionallybeenconsideredo requiremuchmemory
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Figure 2 Binary stringsto bestoredin atrie structure.
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Figure 3 a.Binarytrie, b. Path-compressetlie, c. LC-trie.



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

Figure4 Array representationf the LC-trie in Figure3c.

A spaceefficientalternatve is to storethechildrenof anodein consecutie mem-
ory locations.In this way, only a pointerto the leftmostchild is neededIn fact,the
nodesmaybestoredin anarrayandeachnodecanberepresentetly a singleword.
In ourimplementationthefirst 5 bits representhe brancing factor, the numberof
descendantsf thenode.Thisnumberis alwaysa power of 2 andhenceusing5 bits,
the maximumbranchingfactorthatcanberepresenteds 23!. Thenext 7 bits repre-
sentthe skip value.In this way, we canrepresenvaluesin the rangefrom 0 to 127,
which is sufiicient for IP version6 addressesThis leaves 20 bits for the pointerto
theleftmostchild andhence usingthis very compact32 bit representationye can
storeat least2'? strings.Figure4 shows the arrayrepresentationf the LC-trie in
Figure3c, eachentryrepresenta node.Thenodesarenumberedn breadth-firsbr-
derstartingattheroot. Thenumberin thebranchcolumnindicateghenumberof bits
usedfor branchingat eachnode.A valuek > 1 indicatesthatthe nodehas2* chil-
dren.Thevaluek = 0 indicatesthatthe nodeis a leaf. The next columncontains
theskip value,the numberof bitsthatcanbe skippedduringa searchoperation.The
valuein the pointercolumnhastwo differentinterpretationsFor aninternalnode,it
is usedasa pointerto the leftmostchild; for a leaf it is usedasa pointerto a base
vectorcontainingthe compleatstrings.

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



searchedor andletEXTRACT (p, b, s) beafunctionthatreturnshenumbergiven
by theb bits startingat positionp in the strings. We denotethe arrayrepresenting
thetreeby T. Therootis storedin T[0].

node = T[0];
pos = node.skip;
branch = node.branch;
adr = node.adr;
while (branch !'= 0) {
node = T[adr + EXTRACT(pos, branch, s)];
pos = pos + branch + node.skip;
branch = node.branch;
adr = node.adr;
}

return adr;

Note thatthe addresseturnedonly indicatesa possiblehit; the bits thathave been
skippedduring the searchmay not match.Thereforewe needto storethe valuesof
the stringsseparatelyand performone additionalcomparisorto checkwhetherthe
searchactuallywassuccessful.

As an examplewe searchfor the string 10110111. We start at the root, node
number0. We seethatthe branchingvalueis 3 andskip valueis 0 andthereforewe
extractthefirst threebits from the searctstring. These3 bits have thevalue5 which
is addedo the pointer leadingto position6 in thearray At this nodethe branching
valueis 2 andthe skip valueis 0 andthereforewe extractthe next two bits. They
have the value 2. Adding 2 to the pointerwe arrive at position15. At this nodethe
branchingvalueis 0, which impliesthatit is a leaf. The pointervalue5 givesthe
positionof thestringin thebasevector Obserethatit is necessarjo checkwhether
this constitutesa true hit. We needto comparethe first 5 bits of the searchstring
with the first 5 bits of a value storedin the basevectorin the positionindicated
by the pointer(10) in the leaf. In fact, our table (Figure 2) containsa prefix 10110
matchingthe stringandthe searchwassuccessful.

4 REPRESENATION OF A ROUTING TABLE

The routing table consistsof four parts.At the heartof the datastructurewe have
anLC-trie implementedasdiscussedn the previous section.The leavesof thistrie
containpointersinto a basevector, wherethe completestringsare stored.Further
morewe have a next-hoptable, anarraycontainingall possiblenext-hopsaddresses,
anda specialprefix vector, which containsnformationaboutstringsthatareproper
prefixesof otherstrings.This is neededecausénternalnodesof the LC-trie do not
containpointersto the basevector

The basevectoris typically the largestof thesestructuresEachentry containsa
string. In the currentimplementatiorit occupies32 bits, but it canof courseeasily



be extendedto the 128 bits requiredin IP version6. Notice thatit is not necessary
to storethelengthof the string, sincethelengthwill beknown to the searchroutine
afterthe traversalof the LC-trie. Eachentry alsocontainstwo pointers:onepointer
into thenext-hoptableandonepointerinto theprefixtable.Thesearctroutinefollow
the next-hop pointerif the searchwassuccessfullf not, the searchroutinetriesto
matcha prefix of the stringwith theentriesin theprefixtable. The prefix pointerhas
thespecialvalue—1 if no prefix of the stringis present.

The prefix tableis alsovery simple.Eachentry containsa numberthatindicates
the length of the prefix. The actualvalue neednot be explicitly stored,sinceit is
alwaysa properprefix of the correspondingaluein the basevector As in the base
vectoreachentryalsocontaingwo pointers:onepointerinto the next-hoptableand
onepointerinto the prefix table. The prefix pointeris neededsinceit might happen
thata pathin thetrie containanorethanoneprefix.

Themainpartof thesearchs spentwithin thetrie. In ourexperimentgheaverage
depthof thetrie is typically closeto 6 andonememaorylookupis performedor each
nodetraversed.The secondstepis to accesshe basevector This accountsor one
additionalmemorylookup.If thestringis foundatthis point, onefinal lookupin the
next-hoptableis made.This memoryacceswill befastsincethe next-hoptableis
typically very small,in our experimentdessthan60 entries,andcanbe expectedio
residein cachememory

Finally, if the stringsearchedor doesnot matchthe stringin the basevector an
additionlookup in the prefix vectorwill have to be made.Also this vectoris typi-
cally very small,in our experimentst containdessthan2000entries andit is rarely
accessedhorethanonceperlookup.In all theroutingtablesthatwe have examined
we have foundonly afew multiple prefixes.Conceptuallya prefix correspondso an
exceptionin the addresspace Eachentryin the routing table definesa setof ad-
dresseshatsharethe sameroutingtableentry In suchanaddresset,alongermatch
corresponds$o a subsebf addressethat shouldbe routeddifferently Overlapping
prefixes could alsobe avoided by expandingthe shorterprefixes. For instancejn-
steadof having the overlappingprefixes 101 and 10111 in a table, 101 could be
expandedo 10100, 10101 and10110 which all would pointto the sameroutingin-
formation.Theexpansiorincreaseshetrie sizeandwe have thereforechoserto use
a separaterefix vector Furthermorewe expectthis specialcaseto disappeawvith
the introductionof IP version6 sincethe new addresspacewill be solarge asto
male it possibleto allocateaddressem a strictly hierarchicaFashion.

5 RESULTS

Themeasurementsereperformedon two differentmachinesa SUN Ultra Sparcl
with two 296-MHz processorand512MB of RAM, anda personatomputemwith
a 133-MHz Pentiumprocessoland 32 MB of RAM. The programsare written in
the C programminglanguageand have beencompiledwith the gcc compilerus-
ing optimizationlevel -04. We usedrouting tablesprovided by the InternetPerfor
manceMeasuremenand Analysisproject(URL http://www.merit.edu/ipma).



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

MaeEast 39819 56 62991 38380 1439 5.92 15 042
MaeWest 14618 55 24143 14291 327 6.08 21 048
AADS 20299 19 33159 19846 453 6.28 1.6 0.45
PacBell 20611 3 33591 20171 440 6.32 19 045
FUNET 41578 20 63623 39765 1813 8.31 23 0.58

Table 1 Experimentatlata.The speeds measuredh million lookupspersecond.

We have usedtheroutingtablesfor Mae East,MaeWest,AADS, andPacBell from
the24thof August,1997.We did nothave accesso theactualtraffic beingroutedac-
cordingto thesetablesandthereforethetraffic is simulatedwe simply usearandom
permutationf all entriesin a routingtable. The entrieswere extendedto 32 bits
numberdy addingzeroeqgthis shouldnot affect the measurementsjncethesebits
arenever inspectedy the searchroutine).We have, however, beenableto testour
algorithmon a routing tablewith recordedracesof the actualpaclet destinations.
Therouteris partof the FinnishUniversity andResearciNetwork (FUNET). Real
traffic givesbetterresultsthanrunsof randomlygeneratediestination@ndowesto
dependenciem the destinationaddressesThe time measurementsave beenper
formedon sequencesf lookupoperationswhereeachlookupincludesfetchingthe
addresdrom an array performingthe routing tablelookup, accessinghe nexthop
tableandassigningheresultto avolatile variable.

Someof the entriesin theroutingtablescontainmultiple next-hops.In this case,
thefirst onelisted wasselectedasthe next-hop addresdor the routing table,since
we only considerednenext-hop addresgerentryin theroutingtable. Therewere
alsoafew entriesin theroutingtablesthatdid not containa correspondingext-hop
addressTheseentrieswereroutedto a specialnext-hop addresglifferentfrom the
onesfoundin theroutingtable.

Tablel givesa summaryof theresults.lt shavs the numberof uniqueentriesin
the routing table,the numberof next-hop addresseghe size of our datastructure,
the averageof thetrie, andthe numberof lookupsmeasuredn million lookupsper
secondlIn our currentimplementatioran entry in the trie occupies4 bytes,while
theentriesin thebasevectorandtheprefix vectoroccupy 12 byteseach.Thelargest
table,FUNET, still occupiedessthan0.8 MB of memory of which the trie-partis
lessthan256kB.

The averagethroughputcorrespondingo the numberof lookupsper secondis
foundby multiplying it with the averagepaclet size,which currentlyis around250
bytes.The routing systemcould be modeledasa G/G/1 queuein orderto find the
numberof pendinglookupsasa function of the routing systems load. The arrival
processwould be given by the trimodal paclet-lengthdistribution (peaksaround
40,550and1500bytes)divided by the link rateandthe servicedistribution by the
lookuptimes.



6 FINAL REMARKSAND CONCLUSIONS

The Internethasin practicebecomethe long-soughtroadbandntegratedservices
digital network, in the meaningof a global communicatiorinfrastructurefor mul-

timedia services[13]. The intention was, however, that the B-ISDN should have

beenbasedon the asynchronousransfermoderatherthanon IP. Now whenthat
raisond’etrefor ATM is disappearinghereis naturally greatinterestin salaging
the enormoudnvestmenthat hasbeenmadeby finding a role for ATM ascarrier
of IP paclets.Thus,we find IP routingcombinedwith ATM switching.Theideais

to establisha virtual circuit for a flow of pacletsin orderto amortizethe cost of

IP addresdookup over several paclets[11]. We believe that pure IP routing is a

competitive alternatve andhave shavn that software-base@ddresdookup canbe

performedsuficiently fastfor multi-Gb/ssystems.

We have demonstratetiow IP routingtablescanbesuccinctlyrepresentedndef-
ficiently searchedby structuringhemaslevel-compressetties.Ourdatastructurds
fully generabnddoesnotrely ontheold class-basedtructureof theaddressormat
for its efficiengy. Eventhoughthe datastructuredoesnot make explicit assumptions
aboutthedistribution of theaddressit doesadapigracefully:pathcompressiocom-
pactsthe sparsepartsof the trie andlevel compressiompacksthe denseparts. The
averagedepthof thetrie grows very slowly. This is in accordancevith theoretical
results Recallthattheaveragedepthof anLC-trie is ©(log log n) for alargeclassof
distributions.Actually, our experimentshav thatin somecasesheaveragedepthis
smallerfor alargertable.This canbe explainedby thefactthatalargertablemight
be moredenselypopulatedandhencethe level compressiorwill be moreefficient.
Theinnerloop of the searchalgorithmis very tight; it containsonly oneaddressing
operationanda few very basicoperationssuchasshift andaddition.Furthermore,
thetrie canbe storedvery compactly usingonly one32-bit machineword pernode.
In fact, the largesttrie in our experimentsconsumedessthan256 kB of memory
Thebasevectoris larger, but is only accessednceperlookup.

The resultsshav that the routinely madestatement@aboutpossibleprocessing
speeddor IP addressessuchasthoseput forward in [11], arenot valid. In mary
casesfor instancein [4], the trie implementationgited do not reflectthe stateof
the art. Thus, we arguethat our newv datastructureis superiorto earlierpresented
softwaremethoddor the organizationof IP routingtables.
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