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ABSTRACT

Packet Reach ability and Broadcasting in Mobile Adc Networks (MANETS) is a fundamental data
dissemination mechanism with a number of importapplications, e.g., route discovery, address
resolution. However broadcasting induces wisatknown as the “broadcast storm problemfiigh
causes severe degradation in network perfacenadue to excessive redundant re- transmission
collision, and contention. Broadcasting in MENs has traditionally based on flooding, which
simply swamps the network with large numlzér rebroadcast messages in order to reach allanketw
nodes. Although probabilistic flooding has been ohthe earliest suggested schemes to broadgast
there has not been so far any attempt adyae its performance behavior in a MANET enviromte
In an effort to fill this gap, this paper investiga using extensive NS-2 simulations the effettsmumber

of important system parameters in a typical MAN including node speed, pause time, andenod
density on the performance of probabilistioofling. The results reveal that most of ehes
parameters have a critical impact on thechesbility and the number of saved rebroadcas
messages achieved by probabilistic flooding.

Keywords: MANET, FSR (Fisheye Sate Routing) Protocol, Broadcasting, Flooding Probability, Saved
Broadcasting, Packet Reach Ability, Node Speed, Pause Time, Mability, NS2.

1. INTRODUCTION one neighbor wusing narrow beam directional
antennas or separate frequencies for each node [4].
Mobile Ad Hoc Networks (MANETS) consist of Broadcasting has often been studied in the litegatu
a set of wireless mobile nodes which communicat@ainly for the one-to-all model [5], and most
with one another without relying on any pre-exigtin this study is devoted to this model; it vgrth
infrastructure in the network. The distributednothing that the one-to-many model can also b
wireless, and self-configuring nature of MANET<onsidered, where fixed or variable angularnbea
make them suitable for a wide variety ofantennas could be used to reach several neighbors
applications[1].These include critical military at once [6]. Broadcasting has many important
operations, rescue and law enforcement missions ases and several protocols in MANETSs assume the
well as and disaster recovery scenarios [2,3]. Othavailability of an underlying broadcast service7[4,
potential applications of MANETs are in datalt is also used for route discovery in reactive
acquisition in hostile territories, virtual classms, protocols. For instance, a number of routing
and temporary local area networks. protocols such as Dynamic Source Routing (DSR)
[8], Ad Hoc on Demand Distance Vector (AODV)
Broadcasting is a fundamental operation [8]Zone Routing Protocol (ZRP)Fisheye State
MANETs where by a source node transmits Routing (FSR) [9, 10], and Location Aid&buting
message that is to be disseminated to all the nadegL AR) [11] use broadcashg or one of its
the network. In the one-to-all model, transiue derivaives to discove and establié routes.
by each node can reach all nodes that afleinw Broadcastingalso servesas the last resort for
its transmission radius, while in the one-to-ongther groupcommunicatbn operatons such as
model, each transmission is directed towardsy 0 multicast.
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A probabilistic approach to flooding has recauntof theobtainedresuts and suggestions
been suggested in Fisheye State Routing (FSRjor future work.
Protocol [5,12,14,22,23] as a means of reducing2 RELATED WORK
redundant rebroadcast messages and alleviating
the detrimental effects of the broadcast storm |4 my previous research work, [20] the

problem. In the probabilistic ~ scheme, when jhyestigations was on the behavior of the Proactive
receiving a message for the first time, a noderoyting Protocol - Fisheye State Routing (FSR) in
rebroadcasts the message with a pre-determineghe Grid by analysis of various parameters. The
probability p; every node has the sameperformance metrics that are used to evaluate
probability to rebroadcast the message. Whenoyting protocols are Packet Delivery Ratio (PDR),
the probability is 100%, this scheme @  Network Control Overhead, Normalized Overhead,
to simple flooding. The studies of [12,14] have Throughput and Average End to End Delay.
shown that probabilistic broadcast incurs gxperimental results reveal that FSR is more
significantly lower overhead compared to blind efficient in Grid FSR in all QOS constraints. FSR
flooding while maintaining a high degree of can pe used in all Resource critical environments.
propagation for the broad cast messages. Howevegyig Fisheye state routing (GFSR)consumes less
when analyzing the performance of probabilistic handwidth by restricting the propagation of routing
flooding, these studies have not taken intocontrol messages in paths formed by alternating
consideration a number of important factoetth gateways and neighbor heads, and allowing the
could greatly impact the performance of a typicalgateways to selectively include routing table
MANET. Such factors include node mobility, entries in their control messages. PDR and
network density, and injected traffic load. In an Tproughput are 100% efficient in  Simulation
effort to gain a deep understanding and clearResyits in NS2. A new approach to reduce flooding
insight into the behavior of probabilistic flaod  performance with the Fisheye State Routing (FSR)
in a MANET environment, this = paper investigates protocol using ns-2 network simulator under
the effects of mobility on the operation and gitferent performance metrics scenario in respect t
effectiveness of probabilistic flooding. Two Node Density, Speed and Pause-time.

important metrics, notably reachability and saved i

rebroadcasts, are used to assess network G. P. Mario, M. Gerla and T.W. Chen, (2000)
performance. Moreover, the well-known random €t.al, proposed that the FSR is a descendant of
Waypoint model [15' 16] is used to ana'yze GSR [21] In [22], the a.uthOI‘S Interuce a. novel
through extensive simulations the impact of Proactive (FSR), the notion of multi-level fisheye
varying node pause probabilistic flooding times Scope to reduce routing update overhead in large
and speeds on the performance of. The tsffec netyvork_s. Nodes_exchange link state entries with
of varying node density, i.e. the number of their neighbors with a frequency which depends on
network nodes per unit area for a givend|stance to destination. From link state entne_s,
transmission range, and varying the traffic loagl, i nodes construct the topology map of the entire
the number of broadcast request injected into the'etwork and compute optimal routes. Simulation
network per second are also studied. TheeXperiments show that FSR is simple, efficient and
results presented below reveal that node speedcalable routing solution in a mobile, ad hoc
pause time, and density have a critical impact orenvironment. Fig. 1 refers the Fisheye scope with
the reachability achieved by probabilistic flooding different hQPS-

and also have great impact on the SavedThe f0||0W|ng are the advantageS of FSR.

rebroadcast messages. * Simplicity
] ] * Usage of up-to-date shortest routes
The rest of the paper is organized as followsx Ropustness to host mobility

Section 2 provides an overview of previous work « Exchange Partial Routing Update with neighbors
on broadcasting in MANETs. Section 3 briefly

describes the Proposed work probabilistic floodingz,  prOPOSED WORK

method . Section 4 presents thegerformance ) )
resuts and analyss of the behavior of the In the flooding scheme, every node retransmits
broactasting algorithm and presents the toits neighbors as a response to everylynew
simulation model and the parameters used in thdeceived message. The probability-based scheme is
experiments Finally, Section 5 Shows the @ simple way of controlling message floods. In that
Simulation Results and Sectioncéncludes by a
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network resources without affecting delivery ratios

It should be noticed that in sparse networks
there is much less shared coverage, thus some node
will not receive all the broadcast messagesessl
the probability parameter is high.

4. PERFORMANCE ANALYSIS

We have used the ns-2 simulator [19] to
Fig. 1: Fisheye scope conduct extensive experiments to evaluate the
performance behavior of probabilistic flooding

each node rebroadcasts with a predefined probabilith FSR protocol. The network considered for
p[12]. Obviously when p=1 this scheme resembleshe performance analysis of the rebroadcast
simple (blind) flooding. In the area based suhe probability vs. density has been varied from 25
a node determines whether to rebroadcast a messagedes up 100 placed randomly on 600 X 660 m
or not by calculating and using its additional with each node engaging in communication
coverage area[5].The neighbor knowledge schemé&ansmitting within 250m radius and having
[4] maintains neighbor node information to dieci bandwidth of 2 Mbps. The retransmission
who should rebroadcast. To use the neighboprobabilities have been varied from 0.1 to 1.0%
knowledge method, each node has to explicitlywith 0.1% increment per trial. The random
exchange neighborhood information among mobilewaypoint model [15, 16] has been used for

hosts using periodic “hello” messages. The léngt simulation. In this mobility model, nodes that
of the period affects the performance of this sohiem fo|low a motion-pause recurring mobility state,

Short periods could cause collision or contentionynere each node at the beginning of the
while long periods may degrade the protocol'sgimyation remains stationary for pause-time

ability to cope with mobility [18-20]. In this goconds  then chooses a random destination
research work Random Waypoint Mobility Model ;.4 starts moving towards it with speed selected

(Bench Mark Mobility Model) is proposed. .TO . from a uniform distribution (0,max_speed). After
Evaluate the performance of Packet Reach ability IShe node reaches that destination. it again stands

considered with speed, Pause-time and Node Densit%(tiII for a pause time interval (pause tinad
with different levels. Saved Rebroadcast is aldo se P P

to different levels.

picks up a new destination and speed. This
cycle repeats until the simulation terminates. The
3.1 Probabilistic Flooding in FSR maximum speeds (max_speed) of 0, 5,10,15,20
m/s and pause times of 0’ s are considered for the
The simple flooding scheme [12] is a straight purposes of this study. It is worth notitigat
forward broadcasting approach that is easy tdhe simulation parameters used in this study
implement with guaranteed message disseminatiorhave been widely adopted in existing
In this scheme, a source broadcasts messages performamre evaluaion studes of MANETs
every neighbor who in turn rebroadcasts received15,16],and aresummarizedelowin Table 1.
messages to its neighbors and so on. This Boces
continues until all reachable nodes have receivied aTable 1.Summary of the parameters used in the
rebroadcast the message once. The probabilistic Smul ation experiments
scheme [12] is one of the alternative apghea Simulation Parameters Value
that aim at reducing redundancy through
rebroadcast timing control in an attempt to adey
the broadcast storm problem. In this scheme, nwheg Bandwidth 2 Mbit
receiving a broadcast message for the fimsie,ti

Transmitterrange 250 m

a node rebroadcasts the message with a pra-s'mmz’mon Time 100 seconds
determined probability p so that every nodes h | Pause Time 0, 5, 10 seconds
the same prok_)ability to rebroadgast the MeSSagerqy5iogy Size 600 X 600 M2
regardless of its number of neighbors. In dense

networks, multiple nodes share similar transmission Number of Nodes 25,50,75,100

range. Therefore, these probabilities control the paximum Speed 0, 5, 10, 15, 20 m/set

frequency of rebroadcasts and thus could sav
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Fig. 2 : Impact of Saved Rebroadcast with 50 Fig. 4 : Packet Reach ability with different Node
Nodes Speed 5,10,15,20 m/sec

Figure 4 shows the rebroadcastprobability
SavedReBroadcast | 50aing Packet reach abity across three

. ,| different maximum node speedsand the reach-

= . 2 ability achevedn the caseof continuousmobility.
-] Overall, aaoss the different broalcast
P i probabilities, reach abity increases as the

- mean nodespeedncreases.

so000 [ B— The savedrebroadcastand reach ability
300 : havealso beenexaminedas a function of the
50500 rebroadcats probability across different node
4050 - pausetimes. In general thelongerthe average

2000 . pase time is, the lessthe node movenent is
£ within the network. The saved rebroadcast
@010 : achieved by probabilstic flooding is shown
26010 for continuous mobility in Figure 2 and 3fe

penacen maximum speedof the nodes has beenvaried
2000 from 1, 5,10 to 20 m/s. For each probability
20000 value, as the nodepausetime increaes the
s o0 o 150000 =m0 | amourt of savedrebroadcasticreaes.Figure

Fig. 3: Impact of Saved Rebroadcast with 75 2 and 3 shows the rebroadast probablity
Nodes againg reach abity across three different

maximumnodespeed values.fe Packeta@ach

4.1. Effect of Speed and Node Pause-Time ability achieved forcortinuous mobility (0

The resuts for saved rebroadcastsachievedby and 20’s pausetime) is shovn in Figure 4.
probabilistic flooding are depictedin Figure 3 Reach ability exhibits improvement as the
for cortinuous (i.e., 0 s pause time)and non- mean node pause tine increases across the
continuousmobility. For each pause time, the differentproballity values.

maximum node speedhasbeenvaried from 1,
5, 10,to 20 m/s. As theresuts show, the node 5 SIMULATION RESULTS

speed has critical impad on the observed . ,
saved rebroadcas value since for each As tcan be observedfrom the figures, the

probability value, as the mean node speed savedrebroadcastincreaseswith higher nodes

increasesthe savedrebroadcatsincreases. speedsand trdfic load. The amountof saving
(SRB) increasesasthe traffic load of the nodes
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increases, the number of nodes covering a
particular area also increases. As the probability
of the transmission is fixed for every node this
implies that these are more candidates for
transmission in each “coverage” area. Hence,
there is greater chance that a transmission will
occur, thus (SRB) increases at the level eacl
probability. In addition to that, (SRB) decreases
as p increases in addition as node speec
increases the connectivity increases then the
probability of partitioning decreases thus (SRB)
increases at certain period of time (Figure 10).
From the result figure 5 shows the initial

deployment of nodes placed randomly and in
figure 6 the flooding starts marked with red

circles. Figure 7 and 8 explains asdrcolor Fig. 7 : Red color nodes shows that flooding
nodes shows that flooding message rebroadcast to message rebroadcast to its neighbors

its neighbors. In figure 9, entire nodes in the
network rebroadcasts. Finally in figure 10, after
certain period of time some node does not
rebroadcast which is shown in blue color as they
are saved. The below figures 5 to 10 are the
simulation output results from Ns 2 Simulator.

© (o]
o’ 8ag @

Fig. 5: Initial Deployment of nodes with
Random placement

1.' o 5 e
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Fig. 9: Entire network shows rebroadcasting

Fig. 6: Red circle showsflooding starts
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6. CONCLUSIONS AND FUTURE WORK
(5]

This paperhas aralyzed the effects of node
spea and pause time on the perfomance of

the probabilistic approachto flooding (or

broadcasting) in MANETs. Results from
extensive ns-2 simulations have reveale
that mobility and pause times have a

substantial  effect on the reach ability and
saved rebroadcast metrics. The results have
shown that for different  rebroadcast’]
probabilities, as the node speed increases,
reach ability and saved rebroadcast decreases.
Moreover, as the pause-time increases saved
rebroadcast increases. So, during Simulation at
certain period of time some node does n
rebroadcast as messages are saved. In Future
work, similar performance trends can be
observed when the other important system
parameters, notably with node density antfl
traffic load, which may have a great impact on
the degree of reach ability and the number of
saved rebroadcasts achieved by
probabilistic broadcasting scheme.
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