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Abstract— In this paper we presenta Location Aided Knowl-
edgeExtraction Routing (LAKER) protocol for MANETs, which
utilizes a combination of caching strategy in Dynamic Source
Routing (DSR) and limited flooding areain Location Aided Rout-
ing (LAR) protocol. The key novelty of LAKER is that it can
gradually discover knowledgeof topological characteristics such
aspopulation densitydistrib ution of the network. This knowledge
can be organized in the form of a setof guiding_routes, which in-
cludesa chain of important positionsbetweena pair of sourceand
destination locations. The guiding_route information is learned
during the route discovery phase,and it can be usedto guide fu-
tur e route discovery processin a more efficient manner. LAKER
is especiallysuitable for mobility modelswhere nodesare not uni-
formly distrib uted. LAKER can exploit the topological character-
istics in thesemodelsand limit the search spacein routediscovery
processin a more refined granularity . Simulations results show
that LAKER outperforms LAR and DSR in term of routing over-
head,saving up to 30% broadcastrouting messagescompared to
the LAR approach.

I . INTRODUCTION

Mobile ad hoc network (MANET) is an infrastructureless
network formedby a setof wirelessnodes that arecapable of
moving around freely. Thereis no fixed infrastructure suchas
basestations.Eachmobile nodeactsas an end-systemand a
router. Two mobile nodes within transmissionrangeof each
other can communicate directly via the ad hoc wirelesslink.
A multihoprouteis neededwhenthedestinationis beyondthe
coverageof the sender. Hencerouting is a key componentof
MANET performance. A number of routing protocols have
been proposedfor MANETs during the recent years[1], [2].
Most of theseroutingprotocols canbeclassifiedinto two cate-
gories:proactive protocolsandreactive(on-demand)protocols.
In proactiveapproaches,each nodewill maintainroutinginfor-
mationto all possibledestinations irrespective of its usage. In
on-demandapproaches,a nodeperformsroute discovery and
maintenanceonly whenneeded.Dueto thenodal mobility and
fastchangingtopology, on demandprotocols generally outper-
form purelyproactiveprotocols.

On-demand protocols, such as Dynamic Source Routing
(DSR)[4] and Ad hoc On demand DistanceVector (AODV)
routing[5], often useflooding techniquesto searchfor a new
route.Floodingbasedroutediscovery worksasfollows. When
a node S hassomedatato sendto node D but hasno existing
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routeto thedestination,it will initiatearoutediscoveryprocess
by broadcastinga route-requestpacket. An intermediatenode
I, uponreceiving theroute-requestpacket for thefirst time,will
rebroadcasttheroute-requestagain if it doesnotknow arouteto
thedestinationnode D. Finally, whenthe route-request packet
reachesanode(whichmaybethedestinationnodeD itself) that
hasa routeto nodeD, a route-replypacket is sentbackto the
sendernodeS.

To reducethe flooding overhead,a variety of optimizations
have been developed. For example, DSR aggressively utilizes
route caching strategy to reduce the number of route-request
messages.As the route-replymessagepropagatesback to the
requester, all neighboring nodes along the route can listen to
therouteinformationin a promiscuous way andstoretheroute
informationin its cache. Later, whena new route-request mes-
sageis propagating in the network, an intermediate nodethat
hasa cachedrouteto thedestinationcanreply to therequester
withoutrelayingtheroute-requestmessage.Sothetotalrouting
overheadcanbereduced. Thedisadvantageof caching routeis
thatthesecachedroutesmaybeobsolete by thetime it is used,
especially underrelatively highmobility. Our ideais thatit will
bemoredesirableto cache somelonger-lived propertiesof the
network other than the to-be-broken routes. In real mobility
patterns,nodal density maynot beuniform acrossthenetwork.
Somepartsof thenetwork mayclustermany nodes,while some
otherpartsmay have sparsenodes. We believe it is useful to
cache this kind of nodal distribution informationandlater use
it to guidetheroutediscovery process.

Another techniqueto reduceflooding overheadis usinggeo-
graphical locationto limit the flooding area.This approach is
usedin someprotocolssuchasLAR[6] andDREAM[7]. Ac-
cording to both the senderand the receiver’s locations,a re-
duced flooding sub-region can be defined insteadof flooding
theentirenetwork. For example, in LAR thegeographical lo-
cationinformationis carriedwith the route-requestmessages.
Uponreceiving a route-requestmessage,an intermediate node
will determineif it is in thereducedflooding area.Only those
nodesin thelimited arearebroadcasttheroute-requestmessage,
hence the number of routing messagesis reduced. In some
cases,however, thismethodof defining theflooding areasolely
by thesourceanddestinationlocationsis too coarsein granu-
larity. In othercases,it maynotbeableto overcomethe"void"
areain thenetwork andhasto resortto flooding theentirenet-
work(discussedlaterin SectionII-B).



In this paper, we introducea new approach to reducethe
flooding overheadin routediscovery. During a routediscov-
ery process,our approach attempts to extract knowledgeof the
nodal densitydistributionof thenetwork, andremember these-
ries of locationsalong the routewheretherearemany nodes
around. We calledtheseriesof "important" locations asguid-
ing_route. Themotivation behind guiding_routes is thatwebe-
lieve that,in many situations,even individual nodesmove fast,
thepopulationdensity distributionof thenetwork is not chang-
ing sorapidly. Usingthis kind of guiding information,we can
furthernarrow the searchspacein the routediscovery process
andovercometheproblemof "void" areain thenetwork. Sim-
ulationresultsshow thatLAKER cansaveupto 30%broadcast
control messagescomparedto theLAR approach,while achiev-
ing highdelivery ratioandalmostsimilarend-to-enddelay.

Therestof this paper is organizedasfollows. Thedesignof
LAKER protocol is describedin SectionII. Performanceeval-
uationof LAKER basedon simulationis presented in Section
III. SectionIV talksabout relatedworksof our proposal.The
paper is thenconcludedin SectionV.

I I . LAKER PROTOCOL

In this section, we describeour proposal – a Location
Aided KnowledgeExtractionRouting (LAKER) protocol for
MANETs. LAKER inherits the route caching strategy from
DSR. In addition to caching forwarding_routes asDSR does,
LAKER alsoattemptsto cacheanew kind of informationabout
thenetwork topology – guiding_routes. A forwarding_route is
a seriesof node IDs which connect the sourceto the destina-
tion hopby hop. A guiding_route is a seriesof locations along
a forwarding_route where thereseemsto bemany nodesclus-
teredtogether. Although individual nodes comeand go fast,
thestructureof theseclusteredplacesis notexpectedto change
asrapidly. So it is possibleto discover andcachethis kind of
guiding informationduringtheroutediscovery process. In the
next roundof routediscovery process,we canutilize this in-
formationto guidetheroutediscovery directionandnarrow the
searchspace, even finer comparedto theLAR approach.

Theassumptionswemake for LAKER areasfollows.
� Each node knows its current location, for example, by

meansof GlobalPositioningSystem(GPS).
� Eachnodekeeps trackof thenumberof neighbors it has.

This canbe achieved, for example,by means of periodic
beaconing messageon the network layer, or with assis-
tancefrom thedatalink layer.

� EachnodehasanEnd-systemUniqueIdentifier (EUI).
� Thereexistsa geographicallocationservice(forexample,

see[9]). WhennodeS hasdatato sendto node D, S can
look up thelocationserviceto obtainD’s up-to-dateloca-
tion.

Theguiding_routes – which have theknowledgeof thepop-
ulationdensitydistribution of thenetwork – play an important
role in LAKER’s routediscovery process.Existingknowledge
canbeusedto guide theflooding, andnew knowledge maybe
discoveredin thecourseof routediscovery. Theideaof caching
guiding_routes in LAKER is to exploit topological characteris-
ticsof thenetwork, hencethemobility model usedin studywill
have greatimpact on our algorithm. We will discussthis is-
suein Section II-A, followed by two importantfunctionaliti es

of LAKER: knowledgeguidedroutediscovery in SectionII-B
andknowledgeextractionin Section II-C.

A. Mobility Modeling

In current literatureof mobileadhocnetworks,the"Random
Waypoint"[10] mobility model is widely usedin simulations.
In this model, initially all themobilenodes areuniformly dis-
tributedin thesimulationarea.Whenthesimulationstarts,each
nodestaysat its initial position for a specific durationcalled
pausetime, andthenrandomly selectsa destinationwithin the
simulationarea,andstartsmoving towardsthisdestinationwith
a stablespeed, which is randomly chosenfrom a predefined
range.Whenthemobilenodearrivesat thedestination,it will
staytherefor pausetime seconds,thenchoosesanotherdestina-
tion andnew speedandcontinuesto move, andsoon.

The "Random Waypoint" mobility model does not capture
themobility andtopological characteristicsin thecaseswhere
nodesmayclusteratsomesub-regionsof interestinsteadof ran-
domly moving around. For example,thereareseveral events
occurring at differentplaceson a large campus, mobile users
roamfrom oneevent locationto another, pausingfor a certain
periodof time at eachlocation. We believe this is morereal-
istic thanrandomlychoosingdestination. Another example is
that thereis an obstacleregion(like a lake) within the simula-
tion areaandthemobileusersarerestrictedfrom enteringthese
regions. In order to capturethis kind of mobility patterns,a
recentwork[12] proposedthe "RestrictedRandom Waypoint"
model. In this new mobilit y model, a mobile node will ran-
domly choose a destinationonly from a set of sub-regions,
whichareseparatedassmallpartsof thewholesimulationarea.
A similarmobility model wasusedin [13].

In this paper, we adopt the "RestrictedRandom Waypoint"
mobility model. Thedesignof LAKER is aimedat takingad-
vantageof topologicalcharacteristics(populationdensity distri-
bution)of thenetwork.

B. Knowledge Guided Route Discovery

LAKER is a descendant of DSR and LAR, and thus
uses an on-demand request-replymechanism in route dis-
covery. When a node S needs a route to node D, a
route-request messagewill be broadcasted. The route-
requestpacket contains these fields: source_EUI, destina-
tion_EUI, traversed_forwarding_route, source_location, desti-
nation_location, guiding_route, traversed_guiding_route. The
first threeitemsarestandardcontentsin a DSR route-request
message.As the nameindicates,traversed_forwarding_route
storesthechain of nodal EUIs alongthepartial pathtraversed
so far. The next two items, source_location and destina-
tion_location, areintroducedin LAR to definetherequestzone,
whichmaybechosenasarectangularshape. Thelasttwo items
arenewly introducedin LAKER. Thefield guiding_route stores
someguiding information(initially this field may be empty if
the sourcenode doesnot have any guiding_route to the desti-
nationlocation; astheroute-request messagepropagatesin the
network, intermediate nodes may fill in the guiding informa-
tion). The field traversed_guiding_route storesthe newly dis-
coveredguidinginformationastheroute-requestmessageprop-
agatesin thenetwork.
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Thereare two major advantages of using guiding_route in
the routediscovery process.First, it canguide the routedis-
covery directionmorepreciselyandfurther narrow the search
spaceevencompared to theLAR approach. An exampleis il-
lustratedin Figure1. P1andP2aretwo guiding positionsalong
the guiding_route. The request zoneof LAKER is defined by
thelocationof thesourcenodeS,theguidingpositions,andthe
"expectedzone", which is theestimatedregionwherethedesti-
nationnodeis currentlylocated. As discussedearlier, thepop-
ulationdensity is notuniformly distributedin thenetwork area.
Therearesomesub-regions with higher populationdensity. In
routediscovery phase,it is verylikely to find afeasiblerouteby
limiting thesearchspacealongthis chainof “hot spots”. Only
nodesin thisnarrow band will participatein theroutediscovery
process. Sincethe searchareais further reduced, LAKER is
expectedto incur lessroutingoverheadthanLAR approach.
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Fig. 2. Routediscoverywith void areain thenetwork

The secondadvantage of using guiding information is that
theroute-requestmessagecansmartlypassaround some"void"
areathatexists in thenetwork, asillustratedin Figure 2. Note
thatthereis avoid area(maybealake) in thesimulationarea.If
usingLAR’s rectangular requestzone, it will fail in searching
a feasibleroute to the destinationandhave to repeatwith an
expanded request zone up to thewholenetwork. If thesource
nodeShasrelatedguiding_route in cache,it canusetheguiding
informationto directtheroutediscovery to passaround thevoid

areawithout flooding theentirenetwork.

Algorithm 1 Routediscovery in LAKER
01. whenintermediatenodeX getsRREQfrom nodeS to nodeD :
02. if nodeX is locatedin animportantposition
03. addX’s positionto traversed_guiding_route in RREQ
04. endif
05. if nodeX hasforwarding_route to thedestinationD
06. sendRREPbackto thesourceS
07. else
08. if nodeX hasnewer guiding_route to thedestinationD
09. updateguiding_route in RREQ
10. endif
11. if guiding_route existsin RREQ
12. if nodeX in theLAKER requestzone
13. rebroadcastRREQ
14. else
15. dropRREQsilently
16. endif
17. else
18. rebroadcastRREQ
19. endif
20. endif

The LAKER route discovery algorithm is shown in Al-
gorithm 1. RREQ standsfor a route-requestmessage,and
RREP for a route-reply message. Upon receiving RREQ,
intermediatenode X first adds its own location to the tra-
versed_guiding_route field in RREQif it thinks its locationis
an importantguiding position(thiswill be further discussedin
SectionII-C). NodeX thendecides if it is within the request
zonebasedon the guiding informationcarriedin RREQ,and
processesRREQaccordingly, that is, rebroadcastsor dropsit.
During this process,intermediate nodes can update the guid-
ing_route field in RREQif they havenewerguiding information
towardsthedestinationlocation.

Thisalgorithmis executed atintermediatenodes,hopby hop,
until the route-request messagereachesa nodethat hasa for-
wardingrouteto thedestination, or reachesthedestinationnode
itself. Oneor multipleroute-replymessageswill getbackto the
sourcenode.

C. Knowledge Extraction

In theroutediscoveryphase,ourdesignallowsmobilenodes
to extract partial knowledgeof the topological characteristics
in thenetwork. So, in the routediscovery phase,not only can
it be thought of assearchingfor a forwarding_route to a node
with therequestedEUI, but alsosearching for a guiding_route
towardsa geographicallocationin the network. In particular,
it attemptsto remember thoseimportant locationsin termsof
metricsof interest.Oneof suchmetricsmaybethepopulation
density, i.e., try to remember thoseplaces with more mobile
nodesaround.

Each node keeps track of the number of its direct neigh-
bors. If the number of neighbors exceeds a certain level,
guide_pos_nb_num, thenode will consider itself located in an
importantpositionin termof populationdensity. Whenrelaying
a route-request packet, suchan intermediatenode will append
its location informationto the traversed_guiding_route field in
theroute-request packet. As theroute-replypacket propagates
backto thesourcenode, it contains both forwarding_route and



guiding_route informationbetween the sourceanddestination
pair. We assumethat eachmobile nodeoperatesin a promis-
cuous mode,so it cansnoopthe guiding_route aswell as the
forwarding_route informationfrom all routingpacketsit hears.

Whentheroute-replymessagegetsback to thesourcenode,
it will cache both the guiding_route as well as the forward-
ing_route information,andstartssendingdatapacket usingthe
newly obtained forwarding_route. After sometime, the for-
warding_route in usemaybebroken. Thesourcenodewill ini-
tiatea new routediscovery processwith a guiding_route from
its cache.

I I I . PERFORMANCE EVALUATION

In this section,we evaluatetheperformance of LAKER pro-
tocol throughsimulationsusing the ns-2 simulator[14]. The
Monarch Group’s mobility extension[15] to the ns-2 simula-
tor provides detailed implementation of IEEE 802.11 radio
and MAC specifications. In order to compare the resultsof
the LAKER approach and the LAR approach,we utilize the
codebaseof DSRin thens-2 simulatorandintegrateLAR and
LAKER algorithmsinto DSR.

Thesimulationareais 1200� 1200squaremeters.A node’s
speedis uniformly distributedin therangeof (0, 10)metersper
second, andthewirelesstransmissionrangeis 250meters.We
usea 150 nodenetwork in simulation. There are12 constant-
bit-rate(CBR)connections,eachof which randomly startsdur-
ing thefirst 100secondsandhasabit rateof 2 packetspersec-
ond. Eachsimulationrunsfor 300seconds of simulationtime.
Mobile nodesmovewithin thesimulationareaaccordingto the
"RestrictedRandomWaypoint" mobility model.Theparameter
pausetime reflectsthedegreeof mobility. For differentmobility
degree,we usedifferentpausetimes of 0, 30,60,120,180, 240
and300seconds. Whenpausetime is 0 seconds, it means that
all nodesaremoving all the time andthe MANET hasa high
degreeof mobility. Whenpausetime is 300 seconds, it means
thatall nodesarestationaryduringthesimulation.
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Fig. 3. Simulationmobility model

As discussedin SectionII-A, mobility modelingwill have
greatimpacton theperformanceof routingprotocols. To show
LAKER’sability in exploiting thetopologicalcharacteristicsof
thenetwork,weuseamoreor lessartificial modelin simulation
asshown in Figure3. Note thatpopulationdensity is not uni-
form in differentpartsof thenetwork. Connectionstake place

between mobile nodes locatedin thediagonal "corner" partsof
thenetwork.

To evaluatethe performance of LAKER, we consider three
metrics: the number of routing messages, the packet delivery
ratio, andthe end-to-enddelay. For eachpausetime(i.e., each
point of thecurves),we run multiple roundsof simulationsus-
ing differentmoving patternsand thenobtain the averagere-
sults.We comparetheresultsof DSR,LAR, andLAKER pro-
tocolsasfollows.
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First, theroutingoverhead is shown in Figure4. We canob-
serve thatLAKER cangreatlyreducethenumber of broadcast
routing messages,compared to both DSR andLAR. LAKER
protocol candiscover topologicalcharacteristicsof thenetwork
andusethis informationto guideits routediscovery in a more
efficient manner. In average, LAKER can save up to 30%
broadcastcontrol messagecomparedto LAR. As thepausetime
increases,thedifferencebetween routingoverheadin LAKER,
LAR and DSR reduces. This is becausethe mobility of the
network reducesaspausetime increases,androutingactivities
becomelessandless.Note that thenumberof broadcastrout-
ing messagesin LAR is justa little lessthanthatof DSRin our
simulation,which is naturalbecausecommunicatingnodes are
in the four cornersandconnectionstake placebetween nodes
in thediagonal corners,andthustheLAR requestzone is often
comparableto theentirenetwork area.
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Second, Figure 5 shows the end-to-enddelivery ratio.



LAKER canachievea little higher delivery ratio thanLAR and
DSR. We believe this is becauseof the fact that LAKER can
reduce the number of broadcastingmessages, which leadsto
fewer packet collisions. The delivery ratiosin all threeproto-
cols increaseasthe pausetime increases,becausethe network
topology becomesmorestable.
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Third, let us observe the end-to-end delayshown in Figure
6. Except for somecasesat smallpausetimes(suchas0 and30
seconds),LAKER canachieve almostthe samedelayasLAR
andDSR. The reasonthat LAKER hashigher end-to-endde-
lay at low pausetimes is becauseLAKER attemptsto searchfor
new routesin a very limited space,which may leadto thedis-
covery of fragile routes,which in turn will incur moredelayto
packetdelivery.

IV. RELATED WORKS

Mobility modeling andlocationguided routinghave gained
muchattentionfrom researchersrecently. A survey onmobility
models in adhocnetworks canbe found in [3], anda number
of positionbasedroutingprotocols aresummarizedin [2]. Here
we only talk about a few works that arecloselyrelatedto our
work.

LANMAR routing protocol[11] attemptsto exploit the net-
work characteristicsaiming at addressingthe scalabilityprob-
lem. Theprotocol adopts a "ReferencePointGroupMobilit y"
model andattempts to keeptrack of logical subnetsin which
themembershave a commonality of interestsandarelikely to
moveasa"group". LAKER is differentfrom LANMAR in that
it attemptsto keep track of the population densitydistribution
of thenetwork, aimingat reducingroutingoverheadby means
of betterguidancein routediscovery.

Therestrictedrandomwaypoint mobility model we adopt in
this paper wasproposedin [12]. Theauthorsof [12] alsopro-
posedan"AnchoredGeodesicPacketForwarding" approach to
solve theproblem of "void" areain thenetwork. As proposed
in [12], theknowledgeof "anchoredpath"is generatedwith as-
sistancefrom a setof friend nodes in thenetwork, or basedon
a predefinedmapof populationdensity. Whenforwardingdata
packet, "anchoredpath" is usedasloosesourcerouting infor-
mation.Our notionof "guiding_route" is similar to theideaof
"anchoredpath". Our work is differentfrom [12] in the sense
thatwe usea differentway to generateandutilize this kind of

guidinginformation.In particular, LAKER cangradually learn
of partialknowledgeof thenetwork characteristicsandusethis
informationto guidefutureflooding-basedroutediscovery.

GPSRroutingprotocol[8] aggressively usesgeographical lo-
cation information in making routing decision. When an in-
termediatenodereceivesa packet, it will greedilyforwardthis
packet to oneof its neighbors,whichcanmostlyreducethedis-
tancetowards thedestinationnode. Whena packet is stuckat
someintermediatenodedueto the existenceof "void" areain
thenetwork, a perimeterrouting technique is appliedto find a
bypassingroutetowardsthedestination.

V. CONCLUSION

In this paperwe presenteda Location Aided Knowledge
ExtractionRouting (LAKER) protocol for MANETs. Under
mobility modelswhere nodes are not uniformly distributed,
LAKER cangradually learnof the topological characteristics
of thenetwork, suchaspopulation density distribution, during
theroutediscovery process.This kind of knowledgecanbeor-
ganizedin theform of asetof guiding_route, andcanbeusedto
guidefutureroutediscovery processesmorepreciselyandmore
efficiently. Simulation resultsshow that LAKER cansave up
to 30% broadcastcontrol messagescomparedLAR approach,
while achieving betterdelivery ratio andalmostthesameend-
to-enddelay.
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