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Abstract— IP route look up is the most time consuming
operation of a router. Routelookup is becominga very chal-
lenging problem due to the increasingsizeof routing tables.
To reducethe number of entries, routing tables store vari-
ablelength addresspr efixes.To determine the outgoing port
for a given addressthe longestmatching prefix amongstall
the prefixes,needsto be determined. This makesthe task of
searching in a large databaseeven more difficult. Our pa-
per describesbinary search schemeghat allow fast address
lookups. Binary seaich canbe performed on the number of
entriesor onthe number of mutually disjoint prefixes,which
for mostpractical routing tablesis a little lessthan the num-
ber of entries. Lookups cantherefore,be performedin O(N)
time, where N is number of entries and the amount of mem-
ory requiredto storethe binary databaseis alsoO(N). These
schemesscalevery well with both large databasesand for
longer addressegasin IPv6).

Keywords—Addr essLookup, Binary Search, LongestPre-
fix Match

I. INTRODUCTION

Traffic on the internetdoublesevery few months[1].
Additionally, the numberof hostson the internet have
beenincreasingsteadily forcing a transitionfrom the 32
bit addressof IPv4 to the 128 bit addressingschemeof
IPv6[2]. With bandwidthhungry applicationslike video
conferencingoecomingincreasinglypopular the demand
on the performancef routershasbecomevery high. The
mosttime consumingpartin the designof a routeris the
routelookup. This paperdealswith routelookupschemes
thatallow fasterlookupswhencomparedo othercompa-
rableschemes.

Whenan IP routerrecevesa packet on oneof its input
port, it hasto decidethe outgoingport paclet depending
onthedestinatioraddres®f the paclet. To make this de-
cision, it hasto look into a large databasef destination
networks andhosts. However, the problemwith a lookup
databaseés thatif it wereto storeinformationfor all pos-
sible destinationaddressesthen the databasevould be-
comehuge.For instancdor a 32-bitIPv4 addresseiGB
of memorywould be required(assumingputputportsare
storedin 8 bit fields). For 128-bitaddressingf IPv6, an

The authorsare with the Departmentof Electrical and Computer
Engineering, North Carolina State University Raleigh, NC 27695
email{pmehrot,paulf@eos.ncsu.ediRh:(919)515 7351. This work
wassupportedy ARDA undercontractMDA904-00-C-2133andNSF
undercontractEIA-9703090.

| Prefix | NextHop |
10* 3
1011~
011~
010110*
001~
101101*
011010*
011100*
10111*
00101~

N0 O|N| A~ 0100 ©

TABLE |
A SAMPLE ROUTING TABLE WITH PREFIXES AND NEXT
HOPS

impossiblylarge amountof memorywould be requiredto
storeall the information. To circumwentthis problem,the
classlessnterdomainrouting (CIDR) schemewas intro-
ducedwhich allowed for the aggregation of networks to
reducethe numberof routing table entries. Currentrout-
ing tablesonly storean addressprefix which represents
a group of addressethat canbe reachedrom the output
port. For instance,a routing table can have an entry of
128.* with an associatedutput port of 2, which would
meanthatary destinatioraddresshatbeginswith 128has
be directedto outputport 2. Therecould alsobe another
entry of 128.14.*with anoutputport of 5. Therulesnow
have to beinterpretedasfollows: if thereis a destination
addresshatbeginswith 128it shouldbesentto outputport
2, unlessit beginswith 128.14,in which caseit shouldgo
to outputport 5. The problemthen becomesof finding
thelongestmatding prefixto determinetheoutputport or
the next hop address.As an example,considera sample
routingtablewith prefixesasshowvn in Tablel. For anin-
coming paclet with a destinationaddresseginning with
1011010*,entries10*, 1011*,101101*all give a match.
The longestof theseis 101101* and so the correctnext
hopaddressn this caseshouldbe 2.

Therestof the paperis organizedasfollows. Sectionll
discussesomeof the previous work donein this field.
Sectionlll andSectionlV thendescribethe detailsof our
algorithms.We testedthe performancef our scheme®n



practicalrouting tablesand the resultsof thoseare pre-
sentedn SectionV. SectionVI discussesomeof thekey
featuresandissuesassociatedvith the schemesndwe fi-
nally concludewith SectionVII.

[l. PREVIOUS WORK

Most of theapproachessedto solve thelongestmatch-
ing prefix problem,fall underone of the two cateyories
[3]. The first is the "thumb indexing” approachwhere
eachbit of theaddresss checledto seewhich partof the
dataspacethe searchhasto be directedto. The perfor
manceof theseschemeslepend®nthesizeof theaddress
space. Theseschemegerformreasonablywell for IPv4
wherethe addresssize is 32 bits. However, with IPv6,
theseschemesre expectedto performpoorly. The other
methodsusebinary searchesn eitherthe numberof rout-
ing entriesor thenumberof possibleprefix lengths.These
schemesvould scalebetterwith the higheraddressizeof
IPv6. Our paperdealswith binary searchmethodswhere
thesearchs performedontheroutingtableentries.

Guptaet al [4] presenteda hardware implementation
basedon anindirectlookup schemewherethe numberof
memorylookupsrequiredto determinethe outputport is
quite small (1-2). However, their schemeaxploited a fea-
tureof the IPv4 routingtablesthatmostof the prefixesare
smallerthan24 bits. This may not necessarilybe true for
IPv6tables.Also, theamountof memoryrequiredto store
the forwarding tableswas around33MB. A much larger
memorywould berequiredfor IPv6.

Binary tries uselessemrmemoryto storethe forwarding
databaseshowever the numberof memoryaccessese-
guiredto evaluatethe next hop is muchhigher A num-
ber of optimizationshave beensuggestedo improve the
performancef binarytries. The NetBSDimplementation
usesa Patricia Trie [5], wherea countof bits skippedis
maintainedfor one-way branches.This reduceghe aver
agedepthof the trie to someextent. The averagelength
of thesearchn the Patriciaimplementations 1.44log(N)
whereN is the numberof entriesin theroutingtable. For
large databaseg>30,000), 22-23 memory accessesre
still required.Level CompressiorfLC) canbe usedto fur-
therreducethe averagedepthof thetrie [6].

Someapproachesave usedcompressiortechniquego
malke the forwarding databasesmall enoughto fit on an
on-chip SRAM or a cache. This avoids someexpensve
DRAM accesses.The schemeby Degermarket al [7]
makes a forwarding table which usesonly 5-6 bytesper
routingtableentry Thehardwareimplemetatiorby Huang
et al [8] compactsa large forwardingtable of 40,000en-
tries into 450-470KB. Still other schemed9], [10] have
usedcachingto improve the performancef routelookup.

Cachingrelies on the temporallocality of dataand this
may not be very usefulfor corerouterswhich exhibit very
little temporallocality.

Otherapproachearevariationsof thebinarysearchBi-
narysearchy itself canwork only with numbersPrefixes
in the routing tablesrepresentangeof numbersand not
discretenumbersandanaive implementatiorof thebinary
searchon prefixeswould fail. A few modificationsto the
binary searcthave beenproposedThefirst of theseis the
schemeby Lampsonet al [11], whereeachprefix is ex-
pandedinto two entries. The setof theseentriesis then
processedo computepointersto help in the searchpro-
cess. Yazdaniet al [12] defineda sorting schemeto sort
prefixes of differentlengthsand then appliedthe binary
searcho thesortedlist. However, theirschemdeadsto an
unbalancedreeandthe numberof memoryaccessefor a
searchbecomesvariable. The abore schemegerformed
a binary searchon the numberof entriesin theroutingta-
ble. Waldwogel et al [13] suggestec hashbasedscheme
wherea binary searchis performedon the numberof pos-
sibleprefixlengths.Theirschemescalesvell with thesize
of theroutingtableandat most5 hashlookups(for IPv4)
arerequiredto determinethe next hop address However,
aspointedout in [11], this schemewould not scalewell
with longeraddresseasin IPv6.

Our work focuseson binary searcheperformedon the
numberof routing table entries. In that sensejt is clos-
estto thework in [11] andtheir scheméhasbeenusedto
compareour resultswith in therestof the paper

To understandhe algorithm,wefirst look at a variable-
degree tree constructedfrom the prefixes in Table | as
shawvn in Figurel. To placeprefixesin their relative po-
sitionsin thetree,two conditionswereused.For two pre-
fixes,A = ajas...ay, andB = by bsy...by,,

1. If A C B, thenA is a parentof B (wherethe parent
couldbeary nodealongthe pathfrom thenodeto theroot
of thetree)

2.1f A ¢ Band A < B, thenA lies on the left of B.

To compareA andB, if the prefix lengthsof A andB are
equal,i.e. n = m, thenthe prefixescanbe comparecy
taking their numericalvalues. However, if n # m, then
the longer prefix is choppedto the length of the shorter
prefix andthe numericalvaluescompared.

By applyingtheseconditionsto all the prefixes,thetreein

Figurel canbeconstructed.

The problemwith performinga binary searchon vari-
able length prefixes can now be seen. By simply sort-
ing the prefixesin somefashionand performinga binary
searchjt would not be possibleto determinethe longest

DESCRIPTION OF THE ALGORITHM
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matchingprefixes. For instanceconsidera sortingdefined
asfollows:

For thetwo prefixes A = a1 as...a,,;, andB = b1 bs...by,,

1. If the prefixesareof equallengthsi.e. if n = m, then
thenumericalalueof theprefixesdeterminesvhichis the
largerof thetwo.

2. If theprefixesareof unequalenghtsi.e. if n # m, then
thelongerprefixis choppedo thelengthof theshorterpre-
fix andthe numericalvaluesarecompared.If afterchop-
ping the prefixesareequal,thenthe shorterprefix is con-
sideredto bethelarger of thetwo.

Using the above definition, the prefixesin Tablel can
be sortedin ascendingorderasshawvn in Tablell. This
is equivalentto having performeda post-ordedepth-first-
searclonthebinarytreein Figurel.

would needto be performed.This problemarosebecause
thenodel01101*did notcarryary additionalinformation
aboutits parentnodes.We canavoid this problemby stor
ing an additionalfield at all nodesthat givesinformation
aboutall the parentnodes.This additionalfield, whichwe
call the PathInformationField, is a 32 bit entry (for IPv4)
wherea 1 in ary bit positionin the field meanghatthere
is a parentnodewith a prefixtill thatbit position. For ex-
ample,for the leaf nodeof 101101*the Path Information
field wouldlook like 0...101010i.e. thesecondit (corre-
spondingto 10%), the fourth bit (correspondingo 1011%*)
andthe sixth bit (correspondindo theleaf nodeitself) are
setto 1. In addition,the nodewould alsocontaina pointer
to alist of next hop addresse$or the correspondingdits
in the pathinformationfield. In this case thelist of next
hopaddressewould be2,9,3.Now by looking atthe path
information field the longestmatchingprefix can be de-
terminedandthe correctnext hop addressobtainedfrom
thelist. The datastructureusedat the nodesis shavn in
Figure2. In our implementationwe storethe following
information at eachof the leaf nodes: the prefix, prefix
maskthenext hopaddressorrespondingo theleafnode,
the numberof internalnodesin the pathanda pointerto
thelist of next hopaddressesorrespondingo theinternal
nodes.Tablelll shavstherelevantinformationstoredwith
eachof theentriesin Tablell. Usingthe sameexample,if
theaddresd0110*wereto be searchedor in thelist, the
searchwould pointto betweerthe upperandlower entries
of 011* and101101* respectrely. A matchbetweerthe
addressl0110* andthe lower entry 101101*resultsin a
matchof upto 5 bits. By looking at the pathinformation
field, bit 5 is not setto 1. The next lower bit thatis set,is
bit 4. Therefore thelongestmatchingprefix for the given
addresgs 1011* andthe correspondingnext hop address
in thenext hoplist is 9. In this case the addresseedso
be comparedwith only the lower entry resultingfrom the
searclhfailure. To seewhy thisis true,we look at different
cases;searclcanendupin:

1. Betweenwo leafnodeswith acommonparentnode.in
this caseeitherof the nodescanbe usedto determinethe
next hopaddress.

2. Betweena nodeandits parentnode. In this case,the
parentnodeis the longestmatchingprefix andthe parent

Performinga simple binary seachfor a given address nodeis thelower (larger) entry

on the sortedprefixes, would not necessarilleadto the
longestmatchingprefix. For instance,prefixes 10110*
and 100* both lie betweenthe entries011* and101101*
but both of themhave differentlongestmathcingprefixes.
In generalthe prefix could be ary of the parentnodesor
the root (default) node. Therefore,to determinethe cor

3. Betweena nodeconnectedo theroot nodeanda leaf
nodeof thenext branch(asin 011* and101101%). In this
casenothingis gainedby comparingwith the smalleren-
try, sinceit canonly leadto the root node (default next
hop).

In all possiblecases,it sufficesto comparethe address

rectnext hop, additional(anda variablenumberof) steps againsionly thelower entryto look for partialmatches.
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Prefix Next Path Informa- | Next Hop
Hop tion List
00101* 7 0...010100 4
001* 4 0...000100 -
010110% 5 0...100000 -
011010% 6 0...100100 8
011100% 1 0...100100 8
011* 8 0...000100 -
101101* 2 0...101010 9,3
10111~ 8 0...011010 9,3
1011~ 9 0...001010 3
10* 3 0...000010 -
TABLE I

SEARCH SPACE OF THE PREFIXES IN TABLE I

A. Buildingthe Data Structue

Building the datastructures fairly simpleandthe steps
involved arelisted below:

Stepl Eachentryis readfrom theroutingtableandstored
in anarray

Step2 Theentriesarethensortedfrom the smallesto the
highest. To compareprefixes, the ruleslisted previously
areused.If prefixesareof equallengthsthenthenumerical
valuesof theprefixesareusedio comparghem.If prefixes
areof unequalengths thenthelongerprefixis choppedo
thelengthof thesmallerprefixandthencomparedIf after
chopping,the prefixesare equalthenthe shorterprefix is
consideredo bethelargerof thetwo. Doing this ensures
thatin the following step,the child nodesget processed
beforethe parentnodes.

Step3 Entriesfrom the sortedlist arethenprocesse@nd
addedin anarray oneatatime. Eachentryis alsotested
with thelastarrayentryto seeif it is a subsebf thearray
entry

Step3a If it is asubsetthenthenext hopinformationcor
respondingo thearrayentryis addedto the next hop list
of thearrayentry The pathinformationfield of the array
entryis updatedandsois thefield containingthe number

of nodes. This stepis thenrepeatedor previous entries
till the testfor subseffails. To seewhy this is necessary
considerthe last prefix in Tablell. When prefix 10* is
comparedwith the lastarrayentry (1011*), it is addedin
the next hoplist of 1011*. However, 10* alsoliesin the
pathof 10111*and101101*andthecorrespondingntries
needto beupdatedaswell.

B. Seachingthe Data Structue

To searchfor the longest matching prefix, a binary
searchis performedon the entries. The searchalgorithm
is summarizedelow:

Stepl Binarysearclof theaddresss performednthear
ray entrieswhichleadsto avaluebetweertwo consecutie
arrayentries.

Step2 The addressis then matchedwith the lower en-
try, and checled againstthe pathinformationfield. The
longestmatchingprefix and the correspondingiext hop
addresdrom the next hop list is picked. If no matchis
found, thedefault next hopaddresss returned.

C. Updatingthe Data Structue

Inserting or Deleting entries from the data spaceis
equvalentto addingor deletinganentryfrom anarray To
addan entry a binary searchis performedasoutlinedin
the previous section,to find the locationof the insertion.
The entry is thenaddedinto the array which is an O(N)
process.Theentryis alsocheclked againstentriesabove it
to seeif it is a subsetor not, andthe corerspondingath
informationfield and next hop list is updated. Deleting
an entry follows a similar procedure. Updatingthe data
strucutre therefore doesnot requirethe entiredatastruc-
tureto bebuilt from scratch.

IV. USING DISIOINT PREFIXES FOR BINARY SEARCH

The searchspaceusedin the previous schemecan be
reducedfurther by usingonly mutually disjoint prefixes.
Two prefixesare consideredlisjoint, if noneof themis a
prefix of the other It is easyto seethatthesecorrespond
to the leaf nodesof thetreeshawn in Figurel. All inter
nal nodescanberemoredfrom the searchspacesincethe
informationcorrespondingo themis alreadycontainedn
the pathinformationfield andthe next hoplist of the leaf
nodes. The searchspacecanthenbe shortenedasshovn
in TablelV

FromTablelll andTablelV it mightappeatthatacon-
siderableamountof memorymight be wastedin storing
internalnodesa multiple numberof times. For instance,
next hopaddressesorrespondingo nodesl011*and10*
are storedin the list of next hopsfor both 101101*and
10111*. Thisis not necessarilftrue. An examinationof



Prefix Next Path Informa- | Next Hop
Hop tion List
00101* 7 0...010100 4
010110* 5 0...100000 -
011010* 6 0...100100 8
011100* 1 0...100100 8
101101* 2 0...101010 9,3
10111* 8 0...011010 9,3
TABLE IV

SEARCH SPACE OF THE PREFIXES IN TABLE Il

practicalrouting tablesfrom [14] shavs that mostof the
nodesin factdo not have ary internalnodesandnext hop
lists to store.Figure3 shavs the numberof internalnodes
for all the leaf nodesfor variousroutingtables.Fromthe
figure,it canbeseenthatmorethan93% of theleafnodes
donothave ary internalnodesn the pathto therootnode.
Thereforetheoverheadn memoryto storeinternalnodes
multiple numberof timesis actuallyquite small.

The build and searchalgorithmsneedto be modified
slightly to accommodat¢he changesindthe modifiedal-
gorithmsaredescribedn thefollowing subsections.

A. Buildingthe Data Structue

Themaindifferencean building thedatastructureis that
not all entriesget addedto the searchspace.If anentry
is foundto be a subsebf the previous entry thenit is not
addedto the searchspace.The modifiedalgorithmis de-
scribedbelow:

Stepl Eachentryis readfrom theroutingtableandstored
in anarray

Step2 Theentriesarethensortedin anascendingrdet
Step3 Entriesfrom the sortedlist arethenprocessewne
atatime. Eachentryis testedwith thelastof theleafnode
entryaddedo seeif it is asubsebf theleafnode.
Step3a If it is a subsetthenthe correspondingnext hop
informationis addedto the next hoplist of the leaf node.
The pathinformationfield of the leaf nodeis updatedand
sois thefield containingthe numberof nodes.This stepis
thenrepeatedor previousleaf nodeentriestill thetestfor
subsefails.

Step3b If it is notasubsetthenanew leaf nodeis added.

B. SeachingtheData Structue

A binary searchis performedon the leaf nodes but the
addressnow needsto be checled againstboth the upper
and lower entriesreturnedby the search. The stepsin-
volvedin thesearcharelisted below:

Stepl Binary searchof the addresds performedon the
leafnodeswhichleadsto avaluebetweerntwo consecutie
leafnodeentries.

Step2 The addressis then matchedwith the two leaf
nodesto seewhich of theleaf nodess a bettermatch.
Step3 Thebettermatchfrom Step2 is pickedandchecled
againsthepathinformationfield of thecorrespondindeaf
node. Thelongestmatchingprefix andthe corresponding
next hop addresgrom the next hop list is picked. If no
matchis found,thedefault next hopaddresss returned.

C. Updatingthe Data Structue

Insertingor Deletingentriesfrom thedatastructuredoes
notrequirethe searckspacedo bebuilt from scratchasbe-
fore. To addanentry, abinarysearchis performecto find
thelocationof theinsertion.If theentryturnsoutto bean
internalnode,only the next hoplists andthe parentinfor-
mationfields of the correspondindeaf nodesgetupdated.
If the entryto be addedturnsout to be a leaf node,then
the leaf nodearrayis updatedwhich is an O(N) process.
Deletinganentryfollows a similar procedure.

V. RESULTS AND COMPARISONS

We ranouralgorithmsona SunUItra 5 with a333MHz
processoand512MB of RAM. The programswerewrit-
tenin C and compiledwith gcc with the compiler opti-
mizationlevel 3. We alsocomparedur resultsagainsthe
binary searchmplementatiorof Lampsonetal [11]. The
binary searchpart of all algorithmswere identical. We
usedthe searchtime, build time and memory consump-
tion to evaluatethe performancef the schemesPractical
routingtablesfrom [14] wereusedin the experiments.
Average Seach Time RandomIP addressesvere genef
atedandalookupwasperformedusingbothschemesTa-
ble V lists the averagelookup timesfor differentrouting
tables.FromTableV it canbeseenthatour schemewvhich
usesall nodesin the searchspaceresultsin over 10%
improvementin lookup speedsasopposedo the scheme
from [11]. With internalnodeseliminatedfrom thesearch
spacean improvementof 15-20%canbe obtained. The
differencestartsgetting larger as the size of the routing
tableincreasessseenfrom Figure4.

Build Timeof Data Structue The time requiredto build
the searchablestructurefrom the routing tablesis shavn
in TableVI. Thetime shavn doesnot includethe initial
time taken to readentriesfrom afile andstorethemin an
array This meanghatfor all algorithmstime startsfrom
sortingthe entriesandendswhenthe searchablstructure
is built. As seenfrom the table the time taken to build
thesearchablepaceusingLampsonretal’'s schemd11] is
morethantwo timesthetime takento build ours. A pro-
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Routing | No of | Binary Search| Binary Search| Binary Scheme
Table Entries | (All nodes) (Only Leaves) | from[11]
MaeEast 23113 | 662ns 610ns 761ns
MaeWast 35752 | 742ns 652ns 845ns
PacBell | 27491 | 703ns 656ns 761ns
Paix 17641 | 640ns 634ns 739ns
AADS | 31958 | 700ns 640ns 777ns
TABLE V

AVERAGE SEARCH TIMES FOR DIFFERENT ROUTING TABLES
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file of thetimestaken, usinggprof, shavs thatmostof the
differencecanbeaccountedor by theinitial sortingof en-
tries. Sincethe numberof entriesin their schemds more
thantwice ours,sortingbecomes fairly expensve opera-
tion. Build time for the schemeahatusesonly leavesin its

searchablspaces notsignificantlydifferentfrom theone
thatusesall thenodes.This is dueto thefactthatmostof
theentriesin theseroutingtables,endup asleavesandthe
overheadn addinginternalnodess very small.
MemoryConsumptionTable VIl shavs the memory re-
quiredin storingthe searchabletructurefor all schemes.
Memory requiredfor both binary schemess closeto half
of thatrequiredin [11]. Thisis becauseachprefixin their
algorithmgivesriseto two entriesin the binary searchta-
ble. Memoryrequiremenfor theschemaisingonly leaves
in its searchablespaceis not significantly different from
theoneusingall the nodesfor thereasomointedbefore.

VI.

We have comparedhe performancef our schemawith
thescheméyy Lampsonretal [11] becausehatis theonly
otherbinary searchschemethat we are aware of, which
searche®n the numberof entriesin theroutingtable. In
the searchschemeby Lampsonet al [11], eachentry in
the routing tableis expandedo two entriesin the binary

DiscussiON



Routing | No of | Binary Search| Binary Search| Binary Scheme
Table Entries | (All Nodes) (Only Leaves) | from[11]
MaeEast 23113 | 80ms 80ms 210ms
MaeWast 35752 | 130ms 120ms 330ms
PacBell | 27491 | 90ms 90ms 260ms
Paix 17641 | 60ms 50ms 150ms
AADS | 31958 | 120ms 100ms 300ms

TABLE VI

TIME TAKEN TO BUILD SEARCHABLE STRUCTURE

Routing | No of | Binary Search| Binary Search| Binary Scheme
Table Entries | (All Nodes) (Only Leaves) | from[11]
MaeEast 23113 | 0.62MB 0.58MB 1.06MB
MaeWast 35752 | 0.96MB 0.9MB 1.64MB
PacBell | 27491 | 0.74MB 0.7MB 1.26MB
Paix 17641 | 0.48MB 0.45MB 0.81MB
AADS | 31958 | 0.86MB 0.81MB 1.46MB

TABLE VII

MEMORY REQUIREMENT FOR DIFFERENT ROUTING TABLES

searchspace.Thetime takento searchfor an entryis of
the orderof log(2N) whereN is the numberof entriesin
the routing table. Oncethe binary searchis performed,
an additionalmemorylookup is required(approximately
half the time) to obtain the next hop address. In com-
parison,the searchspacein our schemess < N. Our
schemeshereforeresultin 1-2 fewer memoryaccessem
justthe binary search After the searchis narraved down,
our schemesfor mostof thetime doesnotrequireary ad-
ditionalmemaorylookupto determinghenext hopaddress.
For thesereasonsthe averagelookuptime in our scheme
is lowerthanthelookuptimein Lampsonetal’'s scheme.

The othermain point of differenceis the build time of
the searchablstructure As pointedbefore the build time
of our schemess alsomuchsmallerthanthebuild time of
Lampsonet al's schemgseeTableVI). Themainreason
for this differenceis the sortingstepwhich is requiredby
all schemes.Sortingbecomesamore and more expensve
asthe numberof entriesto be sortedincreases.This ac-
countsfor majority of thetime difference.The build time
will be particularly crucial for larger routing tables, be-
causeaupdatingentriesrequireshe entiresearchablspace
to be built from scratchin Lampsonet al's scheme.For
large routing tables(>100,000entries) this could be seri-
ousproblemin their scheme.

Onepotentialproblemwith our schemess thatthe path

informationfield hasto be equalto the sizeof theaddress.
For IPv4 this meanghatthe pathinformationfield hasto
be 32 bits. For IPv6, this would meanstoringa 128 bit
field, leadingto higher memoryconsumptionand longer
timesto processinstructionsusing this 128 bit field. In
comparisonthe additional information that Lampsonet
al's schemeusesare pointers, the size of which would
dependon the numberof entries. For a routing table of
100,000entries the pointersneedto be only 18 bits wide.
Storingthe high andlow pointersin their schemewould
make the extra memoryconsumptionto 36 bits ascom-
paredto 128 bits in our case.However, this could be im-
proved somevhat aswe shav next. If very long or very
short prefixes do not exist in the routing tables,thenthe
numberof bits usedin storing the path information can
be reduced. Figure 5 shavs the various possibleprefix
lengthsand the correspondinghumberof entriesfor the
MaeEastrouting table from [11]. This may not be clear
from the figure, but, no prefixes exist for prefix lengths
smallerthan8 bits andlargerthan30 bits. The pathinfor-
mationfield, therefore only needso have 23 bitsto store
therelevantinformation.We do not have ary datafor how
coreroutingtableswouldlook like for IPv6, but we expect
to be ableto considerablyreducethe numberof bits used
in storingthe pathinformation.

Sincethemaincomponenobf bothschemess thebinary
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searclontheentriesin thesearchablstructuretheperfor
manceof bothschemeganbe enhancedy goingfrom a
binarysearchio a multiway search.This hasalreadybeen
shovn in [11] andthereforeis notthe focusof this paper

(6]

[7]

VIl. CONCLUSIONS (8]

We have describedmethodsto adaptbinary searchto
work with varible length prefixes. By storing informa-
tion correspondingo pareninodeswe canreducethetime
takento searchfor a next hop address.Furtherimprove-
mentin performancecan be obtainedby usingonly mu-
tually disjoint prefixesin the searchablespace. 10-20%
improvementin averagelookup time over otherschemes
canbe obtained.In addition,reducingthe searchspaceto
lessthanhalf, the amountof memorytaken by the search-
ablespacsds alsoreducedo abouthalf. Thetime required
to build the searchablstructureis similarly reducedcon-
siderablydueto the fewer numberof entries.

9]

[10]

[11]

[12]

[13]
REFERENCES

“Internet Host and Traffic Growth”
(http://www.cs.columbia.eduigs/internet/gnath.html).
“Internet Growth Summary (http://www.mit.edu/people/
mkgray/net/internet-gmth-summaryhtml).

N. McKeowvn and B. Prabhakar“High PerformanceSwitches
and Routers: Theory and Practic€, in Hot InterconnectsTuto-
rial Slides(http://tiny-tera.stanfod.edu/nickm/talks/indg.html)
Aug. 1999.

P. Gupta,S. Lin, andN. McKeawn, “Routing Lookupsin Hard-
wareat Memory AccessSpeeds,in Proc. IEEE INFOCOM’98
(SanFranciscoCA), pp.1382-13911998.

K. Sklower, “A Tree-BasedRoutingTablefor Berkeley Unix,” in
Tedhnical Report (University of California, Berkeley).

[1] [14]

(2]

(3]

[4]

[5]

S. Nilsson and G. Karlsson, “IP-Address Lookup Using LC-

Tries! IEEE Journal on SelectedAreas in Communications
vol. 17, pp.1083-1092Junel999.

M. Degermark,A. Brodnik, S. Carlsson,and S. Pink, “Small

Forwardingtablesfor fastrouting lookups; in Proc. ACM SIG-
COMM, vol. 27, pp.3-14,0ct. 1997.

N.-F. Huang and S.-M. Zhao, “A Novel IP-Routing Lookup
Schemeand Hardware Architecturefor Multigigabit Switching
Routers, IEEE Journal on SelectedAreasin Communications
vol. 17,pp.1093-1104,Junel999.

T. cker Chiueh and P. Pradhan,“High-PerformancelP Rout-
ing Table Lookup Using CPU Caching), in Proc. IEEE INFO-

COM’'99, pp.1421-14281999.

T. cker ChiuehandP. Pradhan;CacheMemory Designfor Net-

work Processors, in Proceedingsof Sxth International Sym-
posium on High-Performance Computer Architectue, 200Q

vol. HPCA-6, pp. 409-4182000.

B. LampsorandG. V. V. Srinivasan;|P LookupsusingMultiway
andMulticolumn SearcH, in Proc. IEEE INFOCOM'98 vol. 3,

(SanFranciscoCA), pp.1248-12561998.

N. YazdaniandP. S. Min, “Fastand Scalabeschemedor the IP

address_ookup Problem, in Proc. IEEE Confeenceon High

PerformanceSwitcing and Routing pp. 83—-92,2000.

M. Waldwogel, G. Varghese,J. Turner and B. Plattner “Scal-

ableHigh SpeedP RoutingLookups; in Proc. ACM SIGCOMM

vol. 27, pp. 25-36,0ct. 1997.

“Michigan University and Merit Network.
formance Management and Analysis (IPMA)
(http://nic.merit.eduipma).

Internet Per
Project.



