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BinarySearchSchemesfor FastIP Lookups
PronitaMehrotra,Paul D. Franzon

Abstract— IP route look up is the most time consuming
operation of a router. Route lookup is becominga very chal-
lenging problem due to the increasingsizeof routing tables.
To reducethe number of entries, routing tables store vari-
able length addressprefixes.To determinethe outgoingport
for a given address,the longestmatching prefix amongstall
the prefixes,needsto be determined. This makesthe task of
searching in a large databaseeven more difficult. Our pa-
per describesbinary search schemesthat allow fast address
lookups. Binary search can be performed on the number of
entriesor on the number of mutually disjoint prefixes,which
for mostpractical routing tablesis a little lessthan the num-
ber of entries. Lookups cantherefore,beperformed in O(N)
time, whereN is number of entriesand the amount of mem-
ory requiredto storethe binary databaseis alsoO(N). These
schemesscalevery well with both large databasesand for
longer addresses(asin 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 bandwidthhungryapplicationslike video
conferencingbecomingincreasinglypopular, thedemand
on theperformanceof routershasbecomevery high. The
mosttime consumingpart in thedesignof a routeris the
routelookup.This paperdealswith routelookupschemes
thatallow fasterlookupswhencomparedto othercompa-
rableschemes.

WhenanIP routerreceivesa packet on oneof its input
port, it hasto decidethe outgoingport packet depending
on thedestinationaddressof thepacket. To make this de-
cision, it hasto look into a large databaseof destination
networksandhosts.However, theproblemwith a lookup
databaseis that if it wereto storeinformationfor all pos-
sible destinationaddresses,then the databasewould be-
comehuge.For instancefor a 32-bit IPv4 addresses,4GB
of memorywould berequired(assuming,outputportsare
storedin 8 bit fields). For 128-bit addressingof IPv6, an
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Prefix Next Hop

10* 3
1011* 9
011* 8

010110* 5
001* 4

101101* 2
011010* 6
011100* 1
10111* 8
00101* 7

TABLE I
A SAMPLE ROUTING TABLE WITH PREFIXES AND NEXT

HOPS

impossiblylargeamountof memorywould berequiredto
storeall theinformation. To circumvent this problem,the
classlessinterdomainrouting (CIDR) schemewas intro-
ducedwhich allowed for the aggregation of networks to
reducethe numberof routing tableentries. Currentrout-
ing tablesonly storean addressprefix which represents
a groupof addressesthat canbe reachedfrom the output
port. For instance,a routing table can have an entry of
128.* with an associatedoutput port of 2, which would
meanthatany destinationaddressthatbeginswith 128has
be directedto outputport 2. Therecould alsobe another
entryof 128.14.*with anoutputport of 5. Therulesnow
have to be interpretedasfollows: if thereis a destination
addressthatbeginswith 128it shouldbesenttooutputport
2, unlessit beginswith 128.14,in which caseit shouldgo
to output port 5. The problemthen becomesof finding
the longestmatchingprefixto determinetheoutputportor
the next hop address.As an example,considera sample
routingtablewith prefixesasshown in TableI. For anin-
comingpacket with a destinationaddressbeginning with
1011010*,entries10*, 1011*, 101101*all give a match.
The longestof theseis 101101* andso the correctnext
hopaddressin thiscaseshouldbe2.

Therestof thepaperis organizedasfollows. SectionII
discussessomeof the previous work done in this field.
SectionIII andSectionIV thendescribethedetailsof our
algorithms.We testedtheperformanceof our schemeson
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practical routing tablesand the resultsof thoseare pre-
sentedin SectionV. SectionVI discussessomeof thekey
featuresandissuesassociatedwith theschemesandwefi-
nally concludewith SectionVII.

I I . PREVIOUS WORK

Mostof theapproachesusedto solve thelongestmatch-
ing prefix problem,fall underone of the two categories
[3]. The first is the ”thumb indexing” approachwhere
eachbit of theaddressis checked to seewhich partof the
dataspacethe searchhasto be directedto. The perfor-
manceof theseschemesdependsonthesizeof theaddress
space.Theseschemesperformreasonablywell for IPv4
wherethe addresssize is 32 bits. However, with IPv6,
theseschemesareexpectedto performpoorly. Theother
methodsusebinarysearcheson eitherthenumberof rout-
ing entriesor thenumberof possibleprefix lengths.These
schemeswouldscalebetterwith thehigheraddresssizeof
IPv6. Our paperdealswith binarysearchmethodswhere
thesearchis performedon theroutingtableentries.

Guptaet al [4] presenteda hardware implementation
basedon an indirect lookupschemewherethenumberof
memorylookupsrequiredto determinethe outputport is
quitesmall (1-2). However, their schemeexploiteda fea-
tureof theIPv4 routingtablesthatmostof theprefixesare
smallerthan24 bits. This maynot necessarilybe truefor
IPv6 tables.Also, theamountof memoryrequiredto store
the forwarding tableswasaround33MB. A much larger
memorywouldberequiredfor IPv6.

Binary triesuselessermemoryto storethe forwarding
databases,however the numberof memoryaccessesre-
quired to evaluatethe next hop is muchhigher. A num-
ber of optimizationshave beensuggestedto improve the
performanceof binarytries.TheNetBSDimplementation
usesa Patricia Trie [5], wherea countof bits skippedis
maintainedfor one-way branches.This reducestheaver-
agedepthof the trie to someextent. The averagelength
of thesearchin thePatriciaimplementationis 1.44log(N)
whereN is thenumberof entriesin theroutingtable.For
large databases( � 30,000), 22-23 memory accessesare
still required.Level Compression(LC) canbeusedto fur-
therreducetheaveragedepthof thetrie [6].

Someapproacheshave usedcompressiontechniquesto
make the forwardingdatabasessmall enoughto fit on an
on-chipSRAM or a cache. This avoids someexpensive
DRAM accesses.The schemeby Degermarket al [7]
makes a forwarding tablewhich usesonly 5-6 bytesper
routingtableentry. Thehardwareimplemetationby Huang
et al [8] compactsa large forwardingtableof 40,000en-
tries into 450-470KB.Still other schemes[9], [10] have
usedcachingto improve theperformanceof routelookup.

Cachingrelies on the temporallocality of dataand this
maynotbeveryusefulfor corerouterswhichexhibit very
little temporallocality.

Otherapproachesarevariationsof thebinarysearch.Bi-
narysearchby itself canwork only with numbers.Prefixes
in the routing tablesrepresentrangeof numbersandnot
discretenumbersandanaive implementationof thebinary
searchon prefixeswould fail. A few modificationsto the
binarysearchhave beenproposed.Thefirst of theseis the
schemeby Lampsonet al [11], whereeachprefix is ex-
pandedinto two entries. The setof theseentriesis then
processedto computepointersto help in the searchpro-
cess. Yazdaniet al [12] defineda sortingschemeto sort
prefixes of different lengthsand then appliedthe binary
searchto thesortedlist. However, theirschemeleadsto an
unbalancedtreeandthenumberof memoryaccessesfor a
searchbecomesvariable. The above schemesperformed
a binarysearchon thenumberof entriesin theroutingta-
ble. Waldvogel et al [13] suggesteda hashbasedscheme
whereabinarysearchis performedon thenumberof pos-
sibleprefixlengths.Theirschemescaleswell with thesize
of theroutingtableandat most5 hashlookups(for IPv4)
arerequiredto determinethenext hopaddress.However,
aspointedout in [11], this schemewould not scalewell
with longeraddressesasin IPv6.

Our work focuseson binarysearchesperformedon the
numberof routing tableentries. In that sense,it is clos-
estto thework in [11] andtheir schemehasbeenusedto
compareour resultswith in therestof thepaper.

I I I . DESCRIPTION OF THE ALGORITHM

To understandthealgorithm,wefirst look at avariable-
degree tree constructedfrom the prefixes in Table I as
shown in Figure1. To placeprefixesin their relative po-
sitionsin thetree,two conditionswereused.For two pre-
fixes, �����	�
����
�
�
���� and �������
����
�
�
���� ,
1. If ����� , thenA is a parentof B (wherethe parent
couldbeany nodealongthepathfrom thenodeto theroot
of thetree)
2. If ���� �!�#"%$&�(')� , thenA lies on the left of B.
To compareA andB, if theprefix lengthsof A andB are
equal,i.e. "*�,+ , thentheprefixescanbe comparedby
taking their numericalvalues. However, if "!�� + , then
the longer prefix is choppedto the length of the shorter
prefix andthenumericalvaluescompared.
By applyingtheseconditionsto all theprefixes,thetreein
Figure1 canbeconstructed.

The problemwith performinga binary searchon vari-
able length prefixes can now be seen. By simply sort-
ing theprefixesin somefashionandperforminga binary
search,it would not be possibleto determinethe longest
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010110* 011*001* 10*

00101* 011010* 011100* 1011*

101101* 10111*

root

Fig. 1. Binary TreeConstructedfrom TableI

Prefix Next Hop

00101* 7
001* 4

010110* 5
011010* 6
011100* 1

011* 8
101101* 2
10111* 8
1011* 9
10* 3

TABLE II
PREFIXES FROM TABLE I AFTER SORTING

matchingprefixes.For instanceconsidera sortingdefined
asfollows:
For thetwo prefixes ����� � � � 
�
�
�� � and ����� � � � 
�
�
�� � ,
1. If theprefixesareof equallengthsi.e. if "-�.+ , then
thenumericalvalueof theprefixesdetermineswhichis the
largerof thetwo.
2. If theprefixesareof unequallenghtsi.e. if "-��/+ , then
thelongerprefixischoppedto thelengthof theshorterpre-
fix andthenumericalvaluesarecompared.If afterchop-
ping theprefixesareequal,thentheshorterprefix is con-
sideredto bethelargerof thetwo.

Using the above definition, the prefixes in TableI can
be sortedin ascendingorder asshown in Table II. This
is equivalentto having performeda post-orderdepth-first-
searchon thebinarytreein Figure1.

Performinga simple binary seachfor a given address
on the sortedprefixes, would not necessarilylead to the
longestmatchingprefix. For instance,prefixes 10110*
and100* both lie betweenthe entries011* and101101*
but bothof themhave differentlongestmathcingprefixes.
In general,theprefix couldbe any of theparentnodesor
the root (default) node. Therefore,to determinethe cor-
rectnext hop,additional(anda variablenumberof) steps

would needto beperformed.This problemarosebecause
thenode101101*did notcarryany additionalinformation
aboutits parentnodes.Wecanavoid thisproblemby stor-
ing an additionalfield at all nodesthat gives information
aboutall theparentnodes.Thisadditionalfield, whichwe
call thePathInformationField, is a 32 bit entry(for IPv4)
wherea 1 in any bit positionin thefield meansthat there
is a parentnodewith a prefix till thatbit position.For ex-
ample,for the leaf nodeof 101101*thePath Information
field would look like 0...101010,i.e. thesecondbit (corre-
spondingto 10*), the fourth bit (correspondingto 1011*)
andthesixth bit (correspondingto theleafnodeitself) are
setto 1. In addition,thenodewouldalsocontainapointer
to a list of next hop addressesfor the correspondingbits
in thepathinformationfield. In this case,the list of next
hopaddresseswouldbe2,9,3.Now by looking at thepath
information field the longestmatchingprefix can be de-
terminedandthe correctnext hop addressobtainedfrom
the list. The datastructureusedat the nodesis shown in
Figure2. In our implementation,we storethe following
information at eachof the leaf nodes: the prefix, prefix
mask,thenext hopaddresscorrespondingto theleafnode,
the numberof internalnodesin the pathanda pointerto
thelist of next hopaddressescorrespondingto theinternal
nodes.TableIII showstherelevantinformationstoredwith
eachof theentriesin TableII. Usingthesameexample,if
theaddress10110*wereto besearchedfor in thelist, the
searchwouldpoint to betweentheupperandlowerentries
of 011* and101101*,respectively. A matchbetweenthe
address10110* andthe lower entry 101101*resultsin a
matchof upto 5 bits. By looking at the pathinformation
field, bit 5 is not setto 1. Thenext lower bit that is set,is
bit 4. Therefore,thelongestmatchingprefix for thegiven
addressis 1011* andthecorrespondingnext hopaddress
in thenext hop list is 9. In this case,theaddressneedsto
becomparedwith only the lower entry resultingfrom the
searchfailure.To seewhy this is true,we look atdifferent
casesasearchcanendup in:
1. Betweentwo leafnodeswith acommonparentnode.In
this caseeitherof thenodescanbeusedto determinethe
next hopaddress.
2. Betweena nodeandits parentnode. In this case,the
parentnodeis the longestmatchingprefix andthe parent
nodeis thelower (larger)entry.
3. Betweena nodeconnectedto the root nodeanda leaf
nodeof thenext branch(asin 011* and101101*). In this
case,nothingis gainedby comparingwith thesmalleren-
try, sinceit can only lead to the root node(default next
hop).
In all possiblecases,it suffices to comparethe address
againstonly thelowerentryto look for partialmatches.
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No. of Nodes
Pointer to list

Next Hop
Prefix Mask
Prefix

Path Information

List of Next Hops

Fig. 2. DataStructureusedat a Node

Prefix Next
Hop

Path Informa-
tion

Next Hop
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 III
SEARCH SPACE OF THE PREFIXES IN TABLE I I

A. Building theDataStructure

Building thedatastructureis fairly simpleandthesteps
involvedarelistedbelow:

Step1 Eachentryis readfrom theroutingtableandstored
in anarray.
Step2 Theentriesarethensortedfrom thesmallestto the
highest. To compareprefixes, the rules listed previously
areused.If prefixesareof equallengthsthenthenumerical
valuesof theprefixesareusedto comparethem.If prefixes
areof unequallengths,thenthelongerprefix is choppedto
thelengthof thesmallerprefixandthencompared.If after
chopping,theprefixesareequalthentheshorterprefix is
consideredto bethelargerof the two. Doing this ensures
that in the following step,the child nodesget processed
beforetheparentnodes.
Step3 Entriesfrom thesortedlist arethenprocessedand
addedin anarray, oneat a time. Eachentry is alsotested
with thelastarrayentryto seeif it is a subsetof thearray
entry.
Step3a If it is asubset,thenthenext hopinformationcor-
respondingto thearrayentry is addedto thenext hop list
of thearrayentry. Thepathinformationfield of thearray
entry is updatedandsois thefield containingthenumber

of nodes. This stepis thenrepeatedfor previous entries
till the testfor subsetfails. To seewhy this is necessary,
considerthe last prefix in Table II. When prefix 10* is
comparedwith the lastarrayentry (1011*), it is addedin
the next hop list of 1011*. However, 10* alsolies in the
pathof 10111*and101101*andthecorrespondingentries
needto beupdatedaswell.

B. Searching theData Structure

To searchfor the longest matching prefix, a binary
searchis performedon the entries. The searchalgorithm
is summarizedbelow:
Step1 Binarysearchof theaddressisperformedonthear-
rayentrieswhichleadsto avaluebetweentwo consecutive
arrayentries.
Step2 The addressis then matchedwith the lower en-
try, andchecked againstthe path informationfield. The
longestmatchingprefix and the correspondingnext hop
addressfrom the next hop list is picked. If no matchis
found,thedefault next hopaddressis returned.

C. UpdatingtheDataStructure

Inserting or Deleting entries from the data spaceis
equivalentto 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 alsocheckedagainstentriesabove it
to seeif it is a subsetor not, andthe corerspondingpath
information field and next hop list is updated. Deleting
an entry follows a similar procedure.Updatingthe data
strucutre,therefore,doesnot requiretheentiredatastruc-
tureto bebuilt from scratch.

IV. USING DISJOINT PREFIXES FOR BINARY SEARCH

The searchspaceusedin the previous schemecan be
reducedfurther by usingonly mutually disjoint prefixes.
Two prefixesareconsidereddisjoint, if noneof themis a
prefix of theother. It is easyto seethat thesecorrespond
to the leaf nodesof the treeshown in Figure1. All inter-
nal nodescanberemovedfrom thesearchspacesincethe
informationcorrespondingto themis alreadycontainedin
thepathinformationfield andthenext hop list of the leaf
nodes.The searchspacecanthenbe shortenedasshown
in TableIV

FromTableIII andTableIV it might appearthata con-
siderableamountof memorymight be wastedin storing
internalnodesa multiple numberof times. For instance,
next hopaddressescorrespondingto nodes1011*and10*
arestoredin the list of next hopsfor both 101101* and
10111*. This is not necessarilytrue. An examinationof
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Prefix Next
Hop

Path Informa-
tion

Next Hop
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 I I

practicalrouting tablesfrom [14] shows that mostof the
nodesin factdo not have any internalnodesandnext hop
lists to store.Figure3 shows thenumberof internalnodes
for all the leaf nodesfor variousrouting tables.Fromthe
figure,it canbeseenthatmorethan93%of theleafnodes
donothaveany internalnodesin thepathto therootnode.
Therefore,theoverheadin memoryto storeinternalnodes
multiple numberof timesis actuallyquitesmall.

The build and searchalgorithmsneedto be modified
slightly to accommodatethechangesandthemodifiedal-
gorithmsaredescribedin thefollowing subsections.

A. Building theDataStructure

Themaindifferencein building thedatastructureis that
not all entriesget addedto the searchspace. If an entry
is foundto bea subsetof thepreviousentry, thenit is not
addedto thesearchspace.Themodifiedalgorithmis de-
scribedbelow:
Step1 Eachentryis readfrom theroutingtableandstored
in anarray.
Step2 Theentriesarethensortedin anascendingorder.
Step3 Entriesfrom thesortedlist arethenprocessedone
ata time. Eachentryis testedwith thelastof theleafnode
entryaddedto seeif it is asubsetof theleafnode.
Step3a If it is a subset,thenthe correspondingnext hop
informationis addedto thenext hop list of the leaf node.
Thepathinformationfield of theleaf nodeis updatedand
sois thefield containingthenumberof nodes.Thisstepis
thenrepeatedfor previousleaf nodeentriestill thetestfor
subsetfails.
Step3b If it is notasubset,thenanew leafnodeis added.

B. Searching theData Structure

A binarysearchis performedon the leaf nodes,but the
addressnow needsto be checked againstboth the upper
and lower entriesreturnedby the search. The stepsin-
volvedin thesearcharelistedbelow:

Step1 Binary searchof the addressis performedon the
leafnodeswhich leadsto avaluebetweentwo consecutive
leafnodeentries.
Step2 The addressis then matchedwith the two leaf
nodesto seewhichof theleafnodesis a bettermatch.
Step3 ThebettermatchfromStep2 ispickedandchecked
againstthepathinformationfield of thecorrespondingleaf
node.The longestmatchingprefix andthecorresponding
next hop addressfrom the next hop list is picked. If no
matchis found,thedefault next hopaddressis returned.

C. UpdatingtheDataStructure

Insertingor Deletingentriesfrom thedatastructuredoes
not requirethesearchspaceto bebuilt from scratch,asbe-
fore. To addanentry, a binarysearchis performedto find
thelocationof theinsertion.If theentryturnsout to bean
internalnode,only thenext hoplists andtheparentinfor-
mationfieldsof thecorrespondingleaf nodesgetupdated.
If the entry to be addedturnsout to be a leaf node,then
the leaf nodearray is updatedwhich is an O(N) process.
Deletinganentryfollows asimilarprocedure.

V. RESULTS AND COMPARISONS

WeranouralgorithmsonaSunUltra 5 with a333MHz
processorand512MB of RAM. Theprogramswerewrit-
ten in C and compiledwith gcc with the compiler opti-
mizationlevel 3. Wealsocomparedour resultsagainstthe
binarysearchimplementationof Lampsonet al [11]. The
binary searchpart of all algorithmswere identical. We
usedthe searchtime, build time and memoryconsump-
tion to evaluatetheperformanceof theschemes.Practical
routingtablesfrom [14] wereusedin theexperiments.
Average Search Time RandomIP addresseswere gener-
atedanda lookupwasperformedusingbothschemes.Ta-
ble V lists the averagelookup timesfor differentrouting
tables.FromTableV it canbeseenthatourschemewhich
usesall nodesin the searchspaceresults in over 10%
improvementin lookup speedsasopposedto the scheme
from [11]. With internalnodeseliminatedfrom thesearch
space,an improvementof 15-20%canbe obtained. The
differencestartsgetting larger as the size of the routing
tableincreasesasseenfrom Figure4.
Build Timeof DataStructure The time requiredto build
the searchablestructurefrom the routing tablesis shown
in TableVI. The time shown doesnot includethe initial
time taken to readentriesfrom a file andstorethemin an
array. This meansthat for all algorithmstime startsfrom
sortingtheentriesandendswhenthesearchablestructure
is built. As seenfrom the table the time taken to build
thesearchablespaceusingLampsonetal’s scheme[11] is
morethantwo timesthe time taken to build ours. A pro-
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Fig. 3. Profileof routingtablesfrom

Routing
Table

No of
Entries

Binary Search
(All nodes)

Binary Search
(Only Leaves)

Binary Scheme
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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Fig. 4. AverageLookupTime for DifferentSchemes

file of thetimestaken,usinggprof,shows thatmostof the
differencecanbeaccountedfor by theinitial sortingof en-
tries. Sincethenumberof entriesin their schemeis more
thantwiceours,sortingbecomesa fairly expensive opera-
tion. Build time for theschemethatusesonly leavesin its

searchablespaceis notsignificantlydifferentfrom theone
thatusesall thenodes.This is dueto thefact thatmostof
theentriesin theseroutingtables,endupasleavesandthe
overheadin addinginternalnodesis very small.
MemoryConsumptionTable VII shows the memory re-
quiredin storingthesearchablestructurefor all schemes.
Memoryrequiredfor bothbinaryschemesis closeto half
of thatrequiredin [11]. This is becauseeachprefixin their
algorithmgivesriseto two entriesin thebinarysearchta-
ble. Memoryrequirementfor theschemeusingonly leaves
in its searchablespaceis not significantlydifferent from
theoneusingall thenodes,for thereasonpointedbefore.

VI. DISCUSSION

Wehavecomparedtheperformanceof ourschemewith
theschemeby Lampsonet al [11] becausethatis theonly
other binary searchschemethat we areawareof, which
searcheson thenumberof entriesin the routing table. In
the searchschemeby Lampsonet al [11], eachentry in
the routing tableis expandedto two entriesin the binary
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Routing
Table

No of
Entries

Binary Search
(All Nodes)

Binary Search
(Only Leaves)

Binary Scheme
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
Table

No of
Entries

Binary Search
(All Nodes)

Binary Search
(Only Leaves)

Binary Scheme
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.The time taken to searchfor an entry is 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 schemesis 1�2 . Our
schemestherefore,resultin 1-2 fewermemoryaccessesin
just thebinarysearch.After thesearchis narroweddown,
ourschemes,for mostof thetimedoesnot requireany ad-
ditionalmemorylookupto determinethenext hopaddress.
For thesereasons,theaveragelookuptime in our scheme
is lower thanthelookuptime in Lampsonet al’s scheme.

The othermain point of differenceis the build time of
thesearchablestructure.As pointedbefore,thebuild time
of ourschemesis alsomuchsmallerthanthebuild timeof
Lampsonet al’s scheme(seeTableVI). Themain reason
for this differenceis thesortingstepwhich is requiredby
all schemes.Sortingbecomesmoreandmoreexpensive
asthe numberof entriesto be sortedincreases.This ac-
countsfor majority of thetime difference.Thebuild time
will be particularly crucial for larger routing tables,be-
causeupdatingentriesrequirestheentiresearchablespace
to be built from scratchin Lampsonet al’s scheme.For
largeroutingtables( � 100,000entries),this couldbeseri-
ousproblemin their scheme.

Onepotentialproblemwith ourschemesis thatthepath

informationfield hasto beequalto thesizeof theaddress.
For IPv4 this meansthat thepathinformationfield hasto
be 32 bits. For IPv6, this would meanstoringa 128 bit
field, leadingto highermemoryconsumptionand longer
times to processinstructionsusing this 128 bit field. In
comparison,the additional information that Lampsonet
al’s schemeusesare pointers, the size of which would
dependon the numberof entries. For a routing tableof
100,000entries,thepointersneedto beonly 18 bits wide.
Storingthehigh andlow pointersin their scheme,would
make the extra memoryconsumptionto 36 bits as com-
paredto 128bits in our case.However, this couldbe im-
proved somewhat aswe show next. If very long or very
shortprefixesdo not exist in the routing tables,then the
numberof bits usedin storing the path information can
be reduced. Figure 5 shows the variouspossibleprefix
lengthsand the correspondingnumberof entriesfor the
MaeEastrouting table from [11]. This may not be clear
from the figure, but, no prefixes exist for prefix lengths
smallerthan8 bits andlarger than30 bits. Thepathinfor-
mationfield, therefore,only needsto have 23 bits to store
therelevantinformation.Wedonothaveany datafor how
coreroutingtableswouldlook like for IPv6,but weexpect
to beableto considerablyreducethenumberof bits used
in storingthepathinformation.

Sincethemaincomponentof bothschemesis thebinary
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searchontheentriesin thesearchablestructure,theperfor-
manceof bothschemescanbeenhancedby goingfrom a
binarysearchto a multiway search.This hasalreadybeen
shown in [11] andthereforeis not thefocusof thispaper.

VII . CONCLUSIONS

We have describedmethodsto adaptbinary searchto
work with varible length prefixes. By storing informa-
tion correspondingto parentnodes,wecanreducethetime
taken to searchfor a next hop address.Furtherimprove-
ment in performancecanbe obtainedby usingonly mu-
tually disjoint prefixes in the searchablespace. 10-20%
improvementin averagelookup time over otherschemes
canbeobtained.In addition,reducingthesearchspaceto
lessthanhalf, theamountof memorytakenby thesearch-
ablespaceis alsoreducedto abouthalf. Thetimerequired
to build thesearchablestructureis similarly reducedcon-
siderablydueto thefewer numberof entries.
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