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Abstract

Anadhocnetworkis a collectionof mobilenodeswvhere
communicationtakes place through the wirelessmedium
andin theabsencef anyfixedinfrastructue. Directcom-
municationis only possiblebetweemeighboringnodesand
hencemulti hopcommunicatiorbecomesiecessaryor dis-
tantnodes.lt is essentiathat a routing protocolis usedby
a souice nodeto discover a routeto the destinationnode
sothat it can successfullgransmitits messge via the in-
termediatenodes. Thelifetime of a particular routeis de-
pendenton the speedand directionof movementof all the
nodesinvolvedin the route In this paper we investigate
the expectedifetime of a route so that the routediscovery
protocolcanbeinvokedat theright timewithoutdisrupting
the communicationWe arguethat if the movementpattern
of the nodesis absolutelydeterministicthenthe lifetime of
a route can be determinedexactly. On the other hand, a
chaoticmobility patternwill bring in uncertaintyto thelife-
time of theroute We calculatethe expectedifetimefor dif-
ferentmobility models.

1 Introduction

Cellular wirelessnetworks completelydependon fixed
basestationswhich are all connectedo the wired back-
bone.Thedeploymentof sucha network is not practicalin
timesof utmostemegeng dueto bothtime andeconomical
constraintsInstead mobile multi-hop radio networks, also
calledad hocor peerto-peernetworks, play a critical role
in settingup a network on thefly in situationssuchaslaw
enforcemenbperations battle field communicationsgdis-
asterrecovery situations,andso on. In suchsituations,all
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thenodesn the network includingthe basestationsarepo-
tentially mobile,andthe communicatiormustbe supported
untetheredetweerary two nodes.

Static or single hop protocols(asin cellular networks)
are not suitable for multi-hop mobile wireless networks
sincetheseprotocolsassumearetopologychangesDueto
the mobility of the hostsandthe limitations of the wireless
channelsthe problemof routing becomegnore involved.
Someform of routing is generallynecessaryn ary multi-
hop wirelessnetwork to route messagefrom a sourceto
a destination. The efficiency of sucha routing algorithm
is very vital sincethe throughputof the systemheavily de-
pendsonit. Frequentoutechangesiueto mobility of the
nodeswould increasethe signalling overheadwhich is re-
quiredto establisha route. Oncethe routeis established,
a route maintenanceprotocol is usedto provide feedback
aboutthe links of the route andto allow the routeto be
modifiedin caseof ary disruptiondueto movementof one
or morenodesalongthe route. It alsoaimsto maintaina
routeaslong aspossiblebecaus¢hereis usuallyahigh cost
associatedavith every routerepair

It is clearfrom the earlier discussionthat the mobility
of the nodesaffectsthe durationof routes. It is desiredto
keeptheroutesaslong aspossiblesothatnot only the net-
work sustaingts stability, but alsothe overheadcost(sig-
naling, computation,etc) associatedvith route discovery
andmaintenancés reduced.One of the well known solu-
tionsto this problemis themobility predictionof thenodes.
Various mobility predictionschemesave beenproposed
for ad hoc networks|[1, 2,5, 6,7, 8,9, 11, 12, 13], most
of which aresimulation-basedMany researcherbave ad-
dressedhe mobility characterizatioimssuesn wirelesscel-
lular networks, whereone of the two nodes,the basesta-
tion (BS) is stationary{14]. Refs.[7, 8] have extendedthe
conceptof cellular mobility in ad hoc networking applica-
tion, whereary two nodesaremobile. Associatvity-based
routing [13] selectsa routebasedon associatiity statesof
nodes. The objective is to selectroutesthat have long-



lived links accordingto the associatiity of the nodesin-
volved. Signalstability-baseddaptie routing[2] selectsa
route basedon both the signalstrengthbetweemodesand
a nodes location stability. The routescontainingstrongly
connectechodesare preferredover the weakly connected
nodes.Thework presentedn [1, 9] predictsstatusof links
quantitatvely. The proximity modelproposedn [8] quan-
tifies the future proximity of adjacentnodes. In [11, 12],
the mobility predictionschemeenhanceghe performance
of the unicastand the multicastrouting protocolsby us-
ing global positioningsystem(GPS)locationinformation.
Location-aidedoutingprotocol[5] alsousedocationinfor-
mationobtainedrom GPS.Theperformancef on-demand
multicastrouting protocolis improved by the useof mobil-
ity andlink connectvity prediction[6] in which the routes
areselectedasednthelongestdurationof their existence.
Theseworks take into accountthe randommobility of the
network nodesto computethe future availability of a cur
rently availableroute.

The expectedifetime of aroutecanbe calculatedonce
therouteis provided by ary routing protocol. For instance,
one of the most popular routing algorithmsis Dynamic
SourceRouting(DSR) [3, 4] which is anon-demandout-
ing algorithm. DSR assumeshat the path obtainedis the
shortestsinceit takesinto consideratiorthe first paclet to
arrive atthe destinatiomode.Theroutereply pacletis sent
to the sourcewhich containsthe completeroute informa-
tion from sourceto destination.This might take consider
ableamountof time andmight disrupta real-timesession.
If an alternatve route canbe computedbeforean existing
routebreaksthenthe sessiorcanbetransferedo thealter
nateroutewithout ary delay This canbe madeapplicable
to any multi-hoproutingalgorithms.

In this paper we arguethata prior knowledgeaboutthe
possibledisruptionof routesis importantandthattheroute
rediscarery protocolshouldbeinvokedattherighttime. An
earlyroutereconfiguratiorwould meanmoreoverhead On
theotherhand,if theroutere-configurations delayedthen
the route might breakbeforea new route is found which
would incur delay in the communication. We claim that
the expectedlifetime of routeswill be differentfor differ-
entmobility modelsandwe studythe predictability of the
lifetime of the routes. We considerfour mobility models-
deterministic partially deterministic Brownianmotionand
Brownian motionwith drift. Althoughthesemodelsdo not
capturethe completemobility spaceyetthey capturesome
of the commonscenariosvhich arecompletelypredictable
to completelyunpredictable. For the individual mobility
models,we analyzethe expectedifetime or the probability
thata link would be alive aftera certaintime. For the pur-
poseof analysis,we only considertwo neighboringnodes
(within eachothers transmissionrange)and their corre-
spondinglink. This canbe extendedfor all the nodepairs

in routeandthelink with the lowestexpectedlifetime will
dictatethelifetime of theentireroute.

Therestof the paperis organizedasfollows. In Section
2, wemotivatetheneedfor prior knowledgeof routedisrup-
tion. In Section3, we presentour approactof finding the
expectedroute lifetime from the knowledge of individual
links. Section4 discusseshe four mobility modelsalong
with theanalysisfor the expectedifetime. Conclusionsare
drawn in thelastsection.

2 TheNeed for Prior Knowledge

It is notnecessarthatarouteexiststill thecommunicat-
ing sessiorbetweenthe correspondingiodesis complete.
This may simply happenif one or more nodesalong the
route move or a nodefails in the unlikely event. In either
caseanew routehasto befoundfor thesessiorio continue.
If it is somehev possibleto predicthow long a particular
routeis goingto last, thenwe canperforma route discor-
ery sometimebeforetherouteis broken. The predictionof
thelifetime of arouteis possiblesincethe destinatiomode
knows the locationandthe velocity of all the nodesalong
theroute. It is alsopossiblehatanodegetsa detailedinfor-
mationaboutthe expectedifetime of individual hopsalong
theroute. Theproblemarisesbecausef thefactthatwe are
not ableto accuratelypredictthe lifetime of arouteafterit
hasbeendiscoreredbecausef the mobility of thenodes.It
is possibleto accuratelypredictthe exactlifetime of aroute
if the mobility patternof the nodesare completelydeter
ministic. However, thisis highly improbable.

The mobility modelplaysan essentiatole especiallyin
routing in mobile ad hoc networks. The mobility model
shouldinclude both the speedand the direction of move-
mentof the mobile node. The expectedifetime of a route
highly dependson the mobility patternof the nodes. For
example,if the nodesmove in a deterministicmanner(eg.
in astraightline with aconstanspeedr all thechangesn
directionandvelocity areknown in advance thenit is pos-
sible to determinethe exact time at which two nodeswiill
move out of eachothersrange,i.e, d(z,y) > tTrange- ON
theotherhand.,if thereis noinformationavailableaboutthe
movementpatternor if the nodesare moving randomlyin
all directions,thenit becomedlifficult to predictthe life-
time of aroute. In thatcasewe canonly make an estimate
basedn the averagespeedandthe analysisbecomegprob-
abilistic. If the movementpatternis somavhatin between,
i.e., thereis a probability distribution functionfor the node
going in differentdirections. The probability distribution
functionwill have the highestvaluein the directionof mo-
tion, thus decreasingvalue on either side. Thus we see,
how the lifetime of a route canbe predictedfrom the mo-
bility modelof the nodes.Oncethelifetime of aroutefrom
sourceto destinationis successfullypredicted the alterna-



tive routescan be constructedorior to the end of the path
lifetime in atimely manner

3 Expected Lifetime

We assumehattheroutefor whichthe expectedifetime
is to be calculateds given by somerouting protocol, DSR
for example. We assumehat the pathis v; — v, where
v; andw,, arerespectiely thesourceanddestinatiomodes.
We also assumethat all the nodesare able to recordthe
information abouttheir position (mostlikely from a GPS
system)andvelocity. During a route discovery procedure,
this spatio-temporainformationis passean the neighbors
who in turn passon the informationwith its own informa-
tion appendedIn this mannerthe locationandvelocity of
all thenodesnvolvedin arouteareknown to thesourceand
destinatiomodes.

The idea behind computingthe expectedlifetime of a
link is to determinethe time at which the two nodesmove
out of eachothers range. To find the expectediifetime of
aroute,we mustconsiderall the hops(links) in the routes
separatelypecausa breakin ary of thehopswill breakthe
route. Theconditionfor theexistenceof alink betweertwo
nodesr andy is

d(.’L‘, y) S tx'rangey

whered(z, y) is thedistancebetween: andy, andtz,qnge
is their transmissiommange.For a routefrom v; to v, hav-
ing (n — 1) hops, we can representeachhop by v;v; 1
for1 < ¢ < n — 1. Sincethereis alink v;v;+1 between
v; andv; 11, we cansay that d(v;, vi41) < tZrange for
1 < i < n — 1. But dueto the mobility of the nodesthe
inequalitywill nothold true aftersomeperiodof time. The
time for which the two nodeswill be communicatingwill
dependntheirspeedaindrelativedirectionof motion. Let
E [t;] betheexpectedtime thatalink will exist between;
andwv; 1, which is theith hopin theroute. Therefore the
expectedime for theentireroute E [t] canbefoundby tak-
ing the minimumof the expectedifetimesfor all the hops.
Thus,

Etj=min{E[t];1<i<n-—1}
4 Longevity under Various Mobility M odels

We considerfour mobility modelsandstudytheir effect
onthelongevity of routes.

4.1 Deterministic

In this model, the movementof all the nodesare com-
pletelydefined,soit is possibleto calculatethe exacttime

atwhichtwo nodeswill move away from eachotherstrans-
missionrange. The instantaneougosition of a node can

be representedy a vectorin the two-dimensionalplane.
Let us considertwo nodesn; andng with position vec-

torsp; andp; respectiely, attime ¢t asshavn in Figurel.

If d(t) = |p1 — p»| is the mutual separationof the two

nodesat time ¢, then for the two nodesto communicate
with eachotherd(t) < tz,qng.. NOw let us considerthe

positionsof the two nodesat time ¢ + é¢. If their move-

mentvector within the time interval was ¥; and v, their

currentpositionsat time ¢ + §t would be (p; + ;) and

(p2 + ¥2) respectrely. Their mutual separatiorwould be

d(t + 6t) = (p1 + U1) — (P2 + 02). If we continuein asim-

ilar fashionandcalculatetheir mutualseparatioraftertime

(t + kdt), wherek is aninteger, then

At + k6t) = (F1 + ki) — (Ba + ko).

This is dueto the assumptiorthat the nodesmove with a

steadyvelocity. Thelink betweerthetwo nodeswill break
if d(t+kdt) > txrange- SO,by knowing theinitial positions
andthe velocitiesof the nodes,we cancalculatethe value

of k for which d(t + kdét) > tx,ange. Thecorresponding
time for which the link would be active is két. Thus,the

expectedifetime of alink is

E[T] = két.

d(t +31)

el
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Figure 1. Deterministic motion of nodes

4.2 Partially deterministic

In thismodel,thedirectionof movementof all thenodes
areknown with a certainprobability We assumehatthere
is aprobabilitydistribution functionfor thedirectionof mo-
tion. For the sale of demonstrationywe considerthe proba-
bility distribution functionasshown in Figure2, wherethe
probabilitythata nodedeviatesby ananglefd from its mean
pathis proportionatlto cos §. Sothe probabilitythata node
changedts directionbetweerd and(6+466), whereéd — 0,
is givenby 1 cos §56. Thefactorof § comesbecausét can
go to eitherside, left or right, with equalprobability The



expectedlife of alink canbe calculatedin the sameman-
nerasthe previousmodel,but with theuncertaintyfactorof
% cos 6606.

It canbe notedthat any other probability model could
have worked aswell, the directionwould simply resultin
a differenttermfor the deviation. This modelis motivated
from thefactthatnodeshave a generaldirectionof motion.
A nodemoving in a particulardirectiontendsto move in
that direction, may be with slight deviations. It is hardly
the casethata nodeaftertraversingin a particulardirection
will travel in the oppositedirection. If we follow the same
approachasin the previous casethenthe expectedifetime
would be

E[T] = (% cos 0;50)"két.

whereg; is the deviation from the forward directionat the
ith time epoch.

Figure 2. Probabilistic direction of motion

4.3 Brownian motion

In this model, the direction of movementis a continu-
ous randomvariable uniformly distributed between0 and
2m. Also, the velocity at ary giventime is random. The
motionis shavn in Figure 3, wherea nodeundegoesran-
dommaovementdfor 8 time epochs.It canbe seenthatthe
distanceamoved in eachtime epochsare randomand the
directionof movementis alsorandom. It is ratherdifficult
to analyzethelink conditionbetweertwo nodeswvhenboth
the nodesinvolved are maoving in randomdirectionswith
differentspeeds.The link condition of a nodein a cellu-
lar architecturds alwaysanalyzedwith respecto thestatic
basestation. But in ad hoc networks, all nodesare mo-
bile andthemobility of a nodehasto be analyzedy fixing
the referencdrameof onewith respecto another Thisis
becausehelink betweerntwo nodess dependenontherel-
ative movementof the nodes[7]. For every movementof
a node,the referencerame of the othernodeis translated
anequaldistancein the oppositedirection. Effectively, the
mobility vectorof a nodecanbe obtainedasthe difference
of themobility vectorsof thetwo nodes.

Let T denotethe first time a node crossestz_range.
We will compute P{tz_range < T} by considering

Initial
position

Final
position

Figure 3. Brownian motion of nodes

P{X(t) > txz_range}, where X(t) is the Brownian
processand conditioningon whetheror not T < ¢. This
gives

P{X(t) > tTrange} = P{X(t) > tTrange|T < t} P{T < t}
+P{X(t) > txrange|T > t}P{T > t}

By using symmetryand simplifying algebraically we find
that P{T" > t} = 2P{X(t) > t&range}. We alsoknow
from the propertieof Brownianmotionthat X (¢) is normal
with mean0 andvariancet, its densityfunctionis givenby

f(z) = ﬁe—"‘z/”. Therefore,
P{T >t} = 2= [ e /dz,

Fromtheabove expressionwe canfind outthe probabil-
ity with which a nodewill move out from the transmission
rangeof another Sincewe have assumeda referencdrame
with respectvith anothemnode thevelocity vectorof anode
asseenby theothersreferencdramewill bedoubletheac-
tualvelocity. Theexpectedifetime canbeshavn to be[10]

ET] = oc.

It follows thatT", thoughfinite with probability 1, hasan
infinite expectation.Thatis, with probability 1, the Brown-
ian motionprocessventuallycrossesz, gnge, bUt its mean
timeis infinite.

4.4 Brownian motion with drift

Thismodelis moreobsenedin reallife wherethenodes
move randomlyasin the previous casebut the probability
cloud hasa generaldirection of movement. An example
would beacornvoy whichis moving in aparticulardirection
andtheindividualsaremoving in randomdirectionswithin
thecorvoy. Themotioncanbedefinedas

X(t) = B(t) + put,

whereB(t) is thestandardBrownianmotion. Thusa Brow-
nianmotionwith drift is a procesghattendsto drift off ata
rateu. It canbe shavn that



E[X(t)] = ut,andVar(X(t)) — t.

If we considerall the nodesin the systemhaving the same
drift velocity and direction, then the problemboils down

to the ordinaryBrownian motionasdiscussedefore. This

is becausef the factthatall nodeswill have zerorelative
drift velocity with respectto eachother If the nodesdo

not move with the samedrift velocity anddirection,thena
correctionterm containingthe relative drift motion vector
needsto be addedto the previous analysis. The correction
termwould be 7 — i3, whereg and s arethe drift ve-

locities of the two nodes.Since,the expectedlifetime was
infinity for Brownian motion, additionof a finite termdoes
not changethe expectedifetime in this case.

5 Conclusions

In this paper we arguethat prior knowledgeof the life-
time of a routein anad hoc network is crucial becausef
thedelayinvolvedin ary routediscovery protocol.Also, by
knowing the the expecteddisruptiontime of aroute,a new
route may be discoreredbeforea link fails alonga route.
We claim thatthelifetime of a particularrouteis dependent
on the speedand direction of maovementof all the nodes
involved in the route. Thus, the mobility modelsplay an
importantrole in the lifetime of a route. We analyzecdthe
expectedlifetime of a route by consideringtwo neighbor
ing nodegwithin eachotherstransmissiomange)andtheir
correspondindink. This canbe extendedfor all the node
pairsin routeandthe link with the leastexpectedlifetime
will dictatethe lifetime of the entireroute. The expected
lifetime for alink wascalculatedor four differentmobility
models. We are currentlyin the processof validating our
analyticalmodelby exhaustve simulationwherea number
of nodesarerandomlydistributedover a region andareun-
demgoing motionsaccordingto different mobility models.
We alsoneedto decidewhento invoke the routediscovery
protocolbeforetheroutedisrupts.
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