An Analytical Model to Estimate Path Duration in MANETS

A. Trivifio-Cabrera, J. Garcia-de-la-Nava, E. Casilari, F.J. Gonzalez-Cariete

Dpto. Tecnologia Electrénica
Campus de Teatinos,
Mélaga (SPAIN)
34952137191

atc@uma.es

ABSTRACT

Mobile Ad Hoc Networks (MANETS) are strongly impedt by

the mobility of the ad hoc nodes. Mobility modetdhengineers
to abstract the changes of position in network susBifferent

mobility models have already been proposed to charize the
behaviors of mobile devices that are greatly catesl to the
conditions of the possible scenarios where netwarbs be

deployed. In the context of mobile ad hoc netwotkse, Random
WayPoint model has received significant attentiord a has

become one of the most employed mobility patterfmvever, a
formal description of the time during which a geaét-hop path

is valid has not been proposed yet for this mobtethis paper,
the authors provide an analytical model for linkation as well

as an analytical study of path duration in multphwireless

networks. The predicted results are compared wehsured data
and good agreement is reported.

Categories and Subject Descriptors

C.2.2 [Network Protocols]: Routing Protocols

General Terms
Reliability, Theory
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1. INTRODUCTION

Among the multiple scenarios where ubiquitous catingumay

be present, the Mobile Ad Hoc Networks are recg\significant
attention. Mobile Ad hoc Networks (MANET) allow \eless
devices to intercommunicate without the use of prerexisting
infrastructure. However, the absence of any cengwdl entity
transfers the routing procedures to the nomadibadterminals
as direct communication is only possible betweeighimuring

nodes. Thus, distant nodes require the collaboratif

intermediate terminals that should forward the seysackets to
the final destination through multiple links or fsop
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The method for selecting the intermediate nodewvels as the
response to any link break in the path are the mlaamacteristics
that differentiate the existing ad hoc routing poais. These
protocols can be roughly divided into three categorproactive,
reactive and hybrid. In proactive or table driventpcols nodes
send messages periodically in order to update dpeldgical

information about the network, so that a route nsnidiately

available as soon as a new connection is requi@m.the

contrary, in reactive or on-demand protocols, nodeserate
route queries in order to discover a needed raute particular
node. When a response is back-propagated by tinoreto the

origin node, nodes cache the configured routea fertain period
of time. Finally, hybrid protocols combine bothad&gies as they
follow proactive scheme for a restricted closere@mound the
sending node while it employs the reactive techmiqgio

communicate with nodes out of this defined proactivea.

In general terms, routing protocols requires thefigaration of

some parameters which greatly influences on thewarét

performance. Usually, the specifications recomnsorde default
values for these parameters that do not follow experimentally
evaluated criterion, so that the values differ imrieus

specifications. Specifically, in the case of reaetprotocols, the
time that a route is considered to be valid vadieggending on the
particular algorithm that is being utilized. Fosfance, in AODV
with enabled link layer detection, stored routesdmee invalid

after 10 seconds (the Active Route Timeout) withdngting

utilized [1]. Meanwhile DSR and DYMO contemplateosher

time constant equal to 3 and 300 seconds (RouteJaveout

and RouteTimeout respectively) to suppress patim the node
caches [2] [3]. These time-out periods are apgledll the nodes
without taking into consideration the mobility catmahs or the

route length (estimated by the number of hopspriter to select
an appropriate value for this parameter as weltocaknow its

main impacting factors, an analysis of the time thpath is valid
should be performed. In this sense, the aim of wWosk is to

present a statistical characterization of the domadf routes in
mobile multi-hop wireless networks. This charaaation can be
of great help for the routing protocols to sele@etbie routes or
proper values for the route timeouts. Additionalthe prior

assumption of the disruption of a route may be ulgef initiate

the route discovery procedures earlier, diminishthg delay
associated to reactive protocols [4].

The rest of the paper is organized as follows.i8e@& presents a
short survey on related work in the area. Link tdarafor the
Random WayPoint is studied in Section 3. Secti@x@ains the
analytical model for the path duration. This modeVerified by



extensive simulations described in section 5. Bin&ection 6
draws the main conclusions of the paper.

2. RELATED WORK

Simulation has been the main method for analyziegproperties
of route or path duration in ad hoc networks. Onahe first
studies concerning the analysis of path duratios dige to Bai et
al. [5]. Basing on experimental results obtainedsbmulations,
they assume that the lifetime of a path with foummre hops can
be approximated by an exponential distribution. ldeer the
authors do not consider the fit of any other stashdfistribution.
Moreover, they do not justify the selection of axp@nential
distribution with any mathematical validation. Tope with this
lack, Han et al., basing their work on Palm’s tkegrstate that,
under some circumstances, the lifetime associatatdse paths
with a large number of hops converges to an expalen
distribution [6]. The previous works present a cldsadvantage
as they provide a solution for the analysis of pattich is valid
only for routes with a large number of hops. Theretheir study
could not be fully applied to usual ad hoc netwaaksl practical
MANET applications where the paths only consistLdb 4 hops
[7]. The importance of short paths is reinforcedtbg fact that
the most relevant protocols utilize the minimum hlooint as the
metric to select the route in use in order to redine effects of
the wireless retransmissions on the performanciefnetwork.
Anyway, the popularity of the exponential fittingd1made it a
common approximation in some other works as irf98]

Most authors have analyzed path duration by me&esgirical
results. For instance, [10] have shown that the rmessidual
lifetime of routes depends on the number of hopselkas on the
mean Link Duration. On the other hand, [4] anabftic proves
that the average lifetime of a path decreasesitsitength.

An analytical study on this issue is due to Tsehgl.eThey base
the analysis of the route lifetime on a spatiatdise model [11].
This study simplifies a MANET into a cellular netstkacomposed
by hexagonal cells to compute the path availabillty [12],
authors formally describe the distribution functiaf path
duration assuming that nodes move according to rstant
velocity model.

In this paper, we develop an analytical framewarkorder to
analyze the factors on the lifetime of a path thdbrmed by an
arbitrary number of hops.

3. LINK DURATION

There exist several mobility patterns that try taptore the
behavior of the mobile devices under different winstances. In
this sense, entity and group mobility models hagenbproposed
[13]. In the entity mobility pattern, movements nbdes are
independent of the movements of the rest of theesoihat
belongs to the same network. On the other handhengroup
mobility models, the movements of different nodess@orrelated.

Although link duration is considered a fundamergiarameter
when evaluating the mobility in a MANET [14], fewluslies
analyze a formal description of this variable. Scanéhors have
formally studied the link duration for specific mility models.
For instance, [10] have studied the mean valuandf duration
under a constant velocity model meanwhile [4] apadyit for a
deterministic, partially deterministic and Browniamobility

model. On the other hand, [15] formally describkd statistics
associated to the link duration for a simplifiechdam mobility

model. In [16], a thorough analytical study of sosignificant

parameters of link duration is presented. The rd&advantage is
that it is only based on the Constant Velocity Mode

One of the most extended individual mobility modédsthe
Random WayPoint (RWP) whose generic formulation was
considered unreliable. In order to suppress thtalilgy in the
results, authors in [17] propose the incorporat@na simple
modification that consists of fixing a minimum npero speed in
the nodes. This mobility pattern is called the Miedi Random
WayPoint. Due to its popularity as well as its dafity of
characterize multiple scenarios, the authors of tiantribution
will continue the analysis of link and path duratiassuming
nodes follow the Modified Random WayPoint Model.spite the
Modified RWP is widely utilized as a mobility patte at the
present, no analytical formulation has related #iatistical
properties of the link duration to the parametdrshe modified
RWP, the network dimensions, the node density oe th
transmission range. The only found references ased on
simulations [18]. In general, the authors suggesie t
approximation to a standard distribution functiotheut any
mathematical support [5] [19].

In this section, we approach the link durationirfgtwhen nodes
follow the Modified RWP. The following standard tlibutions
are utlized: Normal, Gamma, Weibull, Rayleigh, &ar
Exponential and Lognormal. The parametrization dfe t
approximations are based on the Maximum LikeHodtihtzdion
(MLE) Adjustment. For this purpose, we evaluate fittengs by
means of the Kolmogorov-Smirnof goodness-of-fit (#sS test).
The K-S test is an extended tool that captures nlagimum
deviation of the hypothesized Cumulative DistribatiFunction
respect to the data to approximate.

The computation of link duration is obtained by thi#ization of
a developed module that was incorporated into tlald¥d tool
[20]. The basis of this module resides in the comipon of the
connectivity graph. A connectivity graph informsoabthe nodes
that are neighbors, that is, that are directly eated because the
distance that separates them is lower than therri@sion range.
Differences in the evolution of the connectivityagh imply the
break or the creation of links.

In order to support the results obtained by the eltped
algorithm, the distribution of link duration is alsomputed from
traces obtained when the NS-2 Simulator tool isleysa [21].
For this purpose, the AODV routing protocol waslizeid
emitting periodic Hello messages [1].

To simulate the conditions on which multi-hop wesd networks
can be deployed, we have evaluated the link duratésying the
simulation area (1500x300%rand 2000x2000 fi, the maximum
speed (5, 10, 15 m/s), the pause time (0, 50s)ntle density
(15, 50 mobile nodes) and the transmission range, (250 m) in
10000-second simulations.

For an easier understanding, the results of the t€s%s are
averaged and included in Figure 1 where the stralgtes
represent the standard deviation. As it can berebdethe best
approximation is obtained by a lognormal distribatfunction. It
must be noted that for each of the performed sitiwrs, the
lognormal distribution is always the best fittingcarding to the
K-S test.
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Figure 1. Mean and deviation results of the K-$steser 50 scenarios

From the results of Figure 1, we can conclude thatognormal
distribution provides a better fitting to link ddien although the
Exponential and the Rayleigh functions have beatelyiutilized
as the best approximation [5],[19].

4, PATH DURATION

In multi-hop wireless networks, a path is a seqaeeraf
communication links that are formed by adjacenghleors. Due
to node mobility, these links are broken and tiius path lifetime
becomes finite. This lifetime, called path duratiogpresents the
elapsed time from the generation of the path tbrigsk.

4.1 Description of Path Duration

Since a path between two nodes becomes invalid@s as one
of its links is broken, the path duration is ecieethe minimum of
the residual life of the links that conforms thadute.
Consequently, the distribution function of routeation R) can
be mathematically expressed as:

N
P(R<t)= P(rin:iE LiF < tj @

whereF; represents the fraction of lifetime still remaigivhen
the path is created meanwhlilgis the duration of theth link in

an N-hop path, i.e. i < N. It is necessary to include tlg

factor as each link may have already been activentenval of
time before the path was discovered. We suppose ttie
lifetimes of different links in the path could bensidered
mutually independent except for the case of adjalieks as the
movement of a node may simultaneously affect thetthn of

two adjacent links. However, we will assume that éffect of the
correlation of the duration for adjacent links egfigible as it has
been reported in [6]. Under this assumption andsicleming that
the distribution for the duration is the same fbrtlae links, the
previous expression can be further simplified into:

P(Rst):l—iElP(Li R >t)=1-(P(LCF >V (@

Fi and the link duratioh; are independent variables, so:

1o N
P(R<st)=1- f of dyd
(R<1) ((I)UIX £ () OF (y)dy xj "

1 [ N 4
P(Rst):l—(ij(m jfL(wdwa )
0 t/x

wherefi(x) is the probability density function of the frami of
use whilef_(y) is the probability density function of the link
duration. We assume that the factor of use can beelad as a
uniformly distributed random variable in the [Oitiferval (which
implies fz(X)=1). So the above equation is further simplifietbi

1 N
0]

P(R<st)=1- f dydx
(R=t) (ét)x L (y)dy ) )
4.2 Application to the Modified RWP

Although Equation 5 is valid independently on thehility
pattern that the nodes follow, the distributiondtion of the link
duration {.) depends on the mobility characteristics. The
Modified Random Waypoint is not associated to amhysed
expression that relates statistical propertiedheflink duration to
the parameters of the RWP. However, the experirhestalts
reflect a lognormal behavior as shown in sectiorilBerefore,
substituting in Equation 5 th& as a lognormal function of
parameters andyp, we have:

N

2
lo g 1( log(y/
P(R<t)=1-| ] | exp —( 9y 4 dydx| (6)
Ot/xya\/ZT 2
The resolution of this integral yields to:
11 [logt/n-logi)]. )"
og(t/x)-log
P(R<t) =1-| — Jerfg ———— |[dx
"=y (Zé { o2 } J ™

from which we can obtain that:

N
1 logt/ 1)
Zerfd ——— ..
Zer{ U\E j i
P(R<t) 21— 5

logt/ 1) - o

Lerfc
\/50' (8)

ot —eX
2u 2

Therefore, Equation 8 represents the path durati@engeneric N-
hop path when nodes follow the Modified Random WagP

5. RESULTS

To verify the correctness of the abovementionedlyéinal
results, the software module developed for linkation was
extended in order to compute all routes that thdemsocould
establish based on a connectivity graph. Once ehgpatation of
link duration is completed, it is straightforward éxtend it in
order to calculate the duration of a sequencenktlii.e. a path.

The Figure 2 compares the analytical results obthifiom the
analytical model of section 4 to those providedthy simulation
of a representative scenario. Similar approximatiare obtained
when other conditions are configured.
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Figure 2. Comparison of CDF for paths of severapsh Scenario
parameters are: Uniform speed, Vmax = 10 m/s , imihm/s, Pause =
0s, Txrange =100 m, Nodes = 15, Area = 1500x800

As shown, simulation data closely follow analyticadsults.
Therefore the analytical model approximates acelyahe path
duration. As exposed in Figure 2, path durationrelges when
the number of hops that it contains increases.

6. CONCLUSIONS

In this paper authors propose an analytical maatdirik duration
when nodes follow the extendedly used Random WanPohis
model has been verified by means of simulationsosscr50
scenarios enclosing different mobility and transiois
conditions. From the link model, path duration nlode
constructed and checked again via simulations. Bathand
Matlab simulations were run. The simulation resudte well
approximated by the analytical equations.
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