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ABSTRACT

Gossiping is the well-organized approach for infation dissemination in Mobile Adhoc Network
(MANET). In Gossiping approach, the node forwardskets with the probability known as retransmission
probability. This probability must be chosen appiaiely and effectively which is a challenging task
this paper, we propose a fuzzy logic techniquegmssip based reliable broadcasting in Mobile Ad hoc
Networks. In this technique, each node computesdlde velocity, residual energy and node degrees@h
inputs are passed through the fuzzy system anéuttzdfied inputs are fed to the rule base systeme®f
are constructed based on the intuitive thatrebroadcast probability at the nodes in spansss should be
set high and that of at the nodes in denser aelmsia The outcome of fuzzy system defines the evditu
retransmission probability. Through simulations, pveve the proficiency of our technique which regkic
the packet loss ratio and improves the networkgperénce.

Keywords: Mobile Adhoc Network (MANET), fuzzy system, Gd3aged Routing.

1. INTRODUCTION 1.2 Gossip based Routing

1.1 Mobile Ad hoc Networks (MANET) Go_ssip algorithm is also known as probabilistic
algorithm, where packets are transmitted based on
An infrastructureless, group of wireless mobilehe retransmission probability. The retransmission
nodes that forms short-range network dynamicallgrobability is also known as gossiping probability,
is defined as the wireless adhoc network. [lyvhich can also be fixed, dynamic or adaptive.
Typically, Mobile AdHoc Network (MANET) is a Dynamic gossip scheme selects the probability
wireless network, which provides autonomous anbased on the local information. In adaptive scheme,
multihop connectivity among mobile hosts.probability is adjusted based on the local network
MANET is a decentralized network and changes itstructure, coin tosses and the local responseeto th
topology dynamically. [2] MANET includes a flooding call. [6] Gossiping protocols improves the
processor, memory, a wireless radio and a powegliability of the system. [7] Due to the advantsge
source. [3] In addition, it is equipped withof flooding, the gossiping algorithm lessens the
inadequate resources like power and bandwidthumber of retransmissions. [8]
When compare with wired networks, wireless
networks has more merits and its own Iimitationst.r

[4]

They take decision based on the repeatedly
ansmitted local information with a small set of
peers and they are referred as epidemic protocols
Lack of central controller allows a group of[9]. In peer communication, gossiping protocols are
mobile nodes to communicate with each other angsed to enhance the scalability [10]. In gossipebas
maintain connectivity among them selves. Militaryprotocols, the possible locations of destinatioa ar
applications, sensor networks, crisis responsgpssiped by the nodes [12]. By reducing the
conference meetings and home, office networkgommunication overhead, gossiping protocol
etc. are some of the applications of MANET. [5] proves that it is more efficient and scalable than
flooding based routing protocols [13].
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Scalability, network load balancing, resilience t®. RELATED WORKS
node failures, symmetric nature and simple low cost
management are the qualities of gossip based S.Rajeswari and Dr.Y.Venkataramani [8] have
protocols [14]. Because of these qualities, gossiproposed an adaptive energy efficient and reliable
based protocol is widely useful for peer samplinggossip routing protocol for MANET known as
ad-hoc routing, database replication, datAEERG. According to their approach, a counter is
aggregation, failure detection and reliable muttica assigned to denote the number of neighbors at each
[15]. node. The counter is kept in active state. Counter

MANET can use gossiping approach to taCkIvalue is adaptively changed based on packet

import design issues such as unreliable links, imult elivery ratio. In their protocol, the nodes caniie
P 9 ' ﬁctive mode with probability p or sleep mode with

hop connectivity, dynamic topology changes an e SR oo
adaptability. This protocol is highly hardness t robability 1-p, which is fixed at the initial siag

failures [16]. Even though, gossiping protocol has Weijia Jia et al. [11] have proposed a novel
many merits, there be existent some issues suchsasilable and reliable multicast protocol based on
follows, clustering technique and gossip methodology. They
. have combined both Local Retransmission and

* Gpssmlng protocol can lead to a CataStrOph'éossip-Based mechanisms (LRG) to provide high
failure when a lack occurs to meet thereliability of data delivery. Dynamical changes of
guarantee. T_hls_guarantee criterion differs fo{;ossip probability and gossip scope upgrade the
different applications [9]. spreading ratio of messages make the protocol

« The combined feature of gossip routingddaptive to the rapid changes of network
protocol and flooding algorithm initiates €nvironment.

broadcast storms. These storms bring peakKeyvan Kashkouli Nejad et al. [12] have

number of collisions and could cause systerg,onised a novel topology information retrieval
failure [8]. scheme. By considering this scheme, they have also
1.3 Problem I dentification introduced an enhanced Hint-based Probabilistic
, Protocol. Their protocol is able to work efficigntl
In our previous work, [27] we have developed & nger any network topology: nodes-density and
new gossip based broadcasting protocol. For thg,erage  area size, and mobility. Instead of
gossip-based broadcasting, we consider tWgyoadcasting extensive control packets for network
probabilities p and q. Here p represents thgnoiogqy information retrieval, their scheme
rebroadcasting or gossiping probability and Qarefully reuses the feedback information carried i

represents the replication probability. p is esteda nicast packets for this purpose without introdgcin
based on the network density and is dynamlcallé{ny extra overhead.

adjusted in order to achieve both reduced _ o
rebroadcast and high reachability. The network Xuemei Gao et al. [17] have proposed a heuristic

density depends on the number of nodes and tB@ssiping-based approach for routing in MANET.
node’s connectivity in the selected area. According to their approach, each node transmits

, . . . packets with some probability. The probability is
In this work, the retransmission probability p isestimated based on the residual energy of a ntsde, i
generally based on node degree only, withoyjg|ocity, and the information from its neighbor.
considering other metrics like node velocity andrpeir heuristic gossiping mechanism facilitates to
residual energy, which have great impact ORgject appropriate nodes and thereby prevents
gossiping  probability. ~ To  alleviate  this jequndancy, contention and collision caused by
shortcoming, in this paper, we propose to developyading. However, by their probability estimation

fuzzy logic technique for gossip based reliablgechnique we cannot compute accurate value for
broadcasting in Mobile Ad hoc Networks. gossiping probability.

. The paper is organized as follows, se_ction_—2 Advanced adaptive gossiping technique is
includes related work, proposed solution s, gnosed by Boto Bako et al. [18]. Their technique
described in section-3, section-4 consists 0f aple to adjust the dissemination probability
simulation results and section-5 with conclusion. dynamically and in a distributed manner. They have
used the two-hop neighbor information to compute
the value for gossiping probability. In their
mechanism, each node periodically transmits hello

S —
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message to discover two-hop neighbor informatiomrobability (p) to the packets based on the outcome
the transmitted hello messages consists of neighbafrfuzzy system.

table, which initiate more control overload. Furthe : :
they do not provide any mechanism for reducina'2 Computation of Metrics
packet losses. 3.2.1 Residual Energy

Julien Haillot et al. [19] have introduced a new Let E be the initial energy of a node and energy
system for content-based communication. In theirtilized by a node after time t is computed as [21]
approach, information flows towards interested
hosts rather than to specific set of destinations. Ei)= R O+ PR Ou (1)

Their approach is perfectly suitable for applicatio
of information sharing, news distribution, serviceWhere' R(t) represents energy consumed by node n

advertisement and discovery. In order to account fgfter time t, Pis the number of packets transmitted

the absence of end-to-end connectivity jqfter time t, Pis the number of packets received

disconnected MANETS, they have considered th%ﬂfr t|me0t.n ;rlld“ are constants, it takes values
concepts of opportunistic networking and delay—eween and L.
tolerant networking. Using equation (1), we can estimate the residual

Abdelmajid Khelil et al. [20] have developed an®"nergy of a node as follows,

epidemic model for gossiping, which is a flooding- Re=E-E(t) 2
based probabilistic broadcasting technique. Theijr :
main objective is to postulate an adaptive broadcad-2-2 Node Velocity

algorithm for a wide range of MANET operation Considera as maximum admissible speed of the
conditions. Their approach has mainly concentrategode. The average speed of a node can be obtained
on reliable gossiping, a frugal and adaptiveyy estimating cumulative value of last n
broadcasting technique. Their reliable gossipinghovements. Then, the average speed is symbolized
specifies a simple mechanism for tuning thenathematically as below [22]:

forwarding probability of gossiping depending on

the local density of a node, reflected by the numbe avg $ D (9)/n

of its neighbors. To provide fault tolerance in th . .
network, they have also considered Collisiors(vhere’ D is the distance covered by the node at

contention, frequent link breakage and networlt<Ime t. This is can be represented as,

partitioning _ i=t
Distance, D (t) = Z Dist, (4)
3. PROPOSED SOLUTION el
3.1 Overview Equation (4) denotes the sum of distance covered

In this paper, we propose a fuzzy logic techniquBy & node closing seconds and t represent the
for gossip based reliable broadcasting in Mobile Agurrent time. The mobility factor (MF) is defined a
hoc Networks. Initially, afore transmitting datathe difference betweem and average speed of the
packet in gossip based broadcasting protocol, tHtode. MF is represented as follows,
node _has to set appropriate retransmi_ssion MF =o-avg S (5)
probability (p) to the packets. Our technique
assigns this gossiping probability using fuzzy ¢ogi  From the computation of MF, we can conclude
system. According to this, each node calculates ithat larger MF exhibits slower node and conversely

velocity, residual energy and node degree. Thesgnaller MF indicates faster node.
inputs are made pass through the fuzzy system. The

fuzzifier of fuzzy system constructs the -3 GOSSp Based Broadcasting Protocol Using
membership functions for inputs and output. Rule§YZ2y Logic

are created in rule base system and the inferenceror gossip-based broadcasting, let p be the
engine maps input to output. Rules are constructgfbssiping probability or retransmission probability
based on the intuitive thathe rebroadcast This probability is estimated based on residual
probability at the nodes in sparser areas should lg@ergy, node degree and node velocity. To estimate

set high and that of at the nodes in denser a®astRe gossiping probability (p) with more accuracy we
low. Defuzzification is done using weighted-meanse fuzzy logic.

method. The node assigns retransmission
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3.3.1 Fuzzy Logic Low Medium High
1 —

Fuzzy logic theory was commenced by Zadeh inembership

1960's and it is used as a tool for designin( Function

uncertainty of natural language. Fuzzy systems a

well sm_ted for approximate reasoning typlcgl_ly 05 —

deals with mathematical models to make decisia

for incomplete or uncertain formulation [23].

=

The fuzzy engine includes inference system thi 0
consists of fuzzification, rule base and 0 25 50 75 100%
defuzzification components [24]. The schemati % of Nods Desroe
diagram of fuzzy logic is shown in figure-1 and Figure 2a: Fuzzy Set For Node Degree
basic components of fuzzy system are described
below: Low Medium High

» Fuzification Membershi]p

Fuzzification represents the decisive inpL
values in terms of the membership function of th
fuzzy set.

Function

03—

» Thelnference engine

Succeeding the fuzzification process, the
inference engine computes the fuzzy output bas:
on fuzzy rules. Generally, fuzzy rules take if thel 0 25 50 75 100%
rules.

=

% of Residual Energy

. Defuzification Figure 2b: Fuzzy Set For Residual Energy

This component interprets the fuzzy output to thr

Low Idedinm High
decisive value. The fuzzy output is derived using 1 -
mathematical process. Membership
Function
Input Fuzzification L Fuzzy Defuzzfication
Interface Inference Interface prut
Engine
T :

Fuzzy Rule Base

=1

25 50 15 100%

% of Mode Velocity
Figure 2c: Fuzzy Set For Node Velocity

Figure 1: Fuzzy Logic System

Low Medium High

332 Fuzy Based Gossiping Probability 1
Assignment Fuzzfication Membership

Function

In the course of fuzzification, node degree (ND)
residual energy (RE) and node velocity (NV) are
taken as inputs. As a result of fuzzification anc
defuzzification process, we obtain retransmissio
probability (p) as the output variable. The inpota
output variables are qualitatively indicated as L.ow 0
Medium and High. The membership functions ar
represented across the range of input values. T #h of Retransmission Probability (1)
member functions for node degree, residual energy Figure 2d: Output Fuzzy Set
and node velocity are picturized in figure 2a, 2b
and 2c respectively. Figure 2d represents the Node Degree

membership function for output variable. According to our previous work, the term node
degree represents the number of neighbors

0.5 —

=

=1

25 50 75 100%
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surrounding a node. Further, the retransmission Table-1 shows the fuzzy rule set of our approach.
probability (p) greatly depends on node degree. As explained case (i) and (ii), the remaining rules

. follow the same criteria.
» Residual Energy

Since, residual energy of a node has direct Table1: Fuzzy Rule Set

implication on data transmission; this metric is
taken into consideration. Nodes with low residual Rule| Node | Node |Residual |Retransmission
energy may run out of the network soon and brings Velocity | Degree | Energy | Probability (p)
in retransmission circumstance. (NV) (ND) (RE) _
1. Low Low Low High

* Node velocity 2. Low Low Low High

The stability of the network is significantly | 3. | Low Low | Medium| Medium
affected by mobile speed. The node will move out_4. | Low |Medium Medium Medium
of other's transmission range quickly according tol 5. | Low |Medium| High Low
its mobile speed. This mobility leads to link fagu | 6 | Low |Medium| High Low
and thereby increase the retransmission of packets. | Medium| High Low Medium
Hence, we consider node velocity as an inpup—g—|Medium| High | Low Medium
variable for fuzzy set. 9. |Medium| High | Medium Low

10. | Medium| Low | Medium Medium

Rule Assessment 11. | Medium| Low High Medium

Rule evaluation defines the quality of fuzzy| 12. |Medium| Low | High Medium
approximation. The inference engine of the fuzzy 13. | High |Medium| Low High
system is based on fuzzy rules. It maps input ang14. | High | Medium| Low High
output parameters to member functions of input ang-1>-_| High | Medium Medium High
output. The fuzzy rule base fundamentally consists ig E:gﬂ ::SE Mﬁ?g';’]m ':?ghh
of set of if-then rules. Multiple inputs are contezt 18 | High High High High

using AND operator.

The rebroadcast probability at the nodes iDefuzzfication
sparser areas should be set high and that of at theDefuzzification is the process of extracting
nodes in denser areas as low. Our fuzzy inferencepresentation value from the fuzzy set. There are
system is designed based on 18 rules and they alifferent types of defuzzifiers. We have taken the
described in table-1. Among 18 rules, we illustrateveighted mean method; it is the most popular

two examples as below, defuzzification method in fuzzy system. The
: defuzzification process is symbolized as follows

Case (i) [25]

If (NV =Low) && (ND = High) &&(RE = High) . _ —

Then P = no(P)TPIY 10(P)

Retransmission Probability (p) is Low _

End if Where, P denotes the centroid of each output

Case (ii) member function ang, ) is the strength of the

If (NV = High) && (ND = Low) && (RE = Low) output member functionP” is the crisp value of

Then output from defuzzifier.

Retransmission Probability (p) is High .

End if The overall process of our fuzzy system is

described in the following algorithm-1
In Case (i), the retransmission probability (p) is

set to low, in view of the fact that, lower nodeAlgorithm-1

velocity will not initiate more failures. In addin, SteP-1 _ _

nodes with high residual energy and node degree doNode calculates its velocity (NV) (as per
not require more retransmission of packets. equation-3)

Nodes with high speed will quickly move out of St€P-2 _ _
others transmission range and brings in more link Node measures its residual energy (RE) (as per
failures. At the same time, low residual energy an§duation-2)
node degree needs additional retransmission of daggep-3
packets. Therefore, in case (ii), the retransmissio |t glso computes node degree (ND)

robability is set to high.
P Y J Step-4
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Before transmitting data packets, it passes NW.2 Performance Metrics

RE and ND through the fuzzy logic system The proposed Fuzzy Logic Technique for Gossip

Step-5 Based Reliable Broadcastif§L-GBRB) protocol
The fuzzifier fuzzifies the inputs and buildsis compared with the existing gossiping protocol
member functions for input and output variables [20]. The evaluation is mainly based on

Step-6 performance according to the following metrics:

The inference engine maps the input and outpidelay: It is the average End to End Delay.

to member functions using rule set o .
Energy: Itis the average energy consumption of all

Step-7 nodes in sending, receiving and forward operations.
fuszr;/es e(iefuzzn‘ler extracts the output from theDrop: It is the average number of packets dropped

at each receiver.
Step-8

Based on output value, the node set
retransmission probability (p) to the packet

4. SSIMULATION RESULTS

Eacket Delivery Ratio: It is the ratio of the fraction
of packets received successfully and the total
number of packets sent.

A. Based on Speed

4.1 Simulation M odel and Parameters In the simulation experiment, we vary the speed of

i . . he node as 5,10,15,20 and 25m/s keeping the
NS-2 [26] is used to simulate the propose(%umber of nodes as 100.

algorithm. In our simulation, the channel capacity
of mobile hosts is set to the same value: 2 Mbps,
For the MAC layer protocol the distributed Speed Vs Delay

coordination function (DCF) of IEEE 802.11 (for
| o————* 9 |

wireless LANS) is used. It has the functionality to

=

0
notify the network layer about link breakage. g 2 # —e— Gossip
| . . . . s 4 —=— FL-GBRB
n the simulation, mobile nodes move in a 500 3 ,
meter x 500 meter region for 50 seconds simulation 0 ‘ ‘ ‘ ‘
time. The number of mobile nodes is varied from 5 10 15 20 25
20 to 100. We assume each node moves Speed(ms)
independently with the same average speed. All
nodes have the same transmission range of 250 Figure 3: Speed Vs Delay

meters. In our simulation, the speed is set as.2m/s
The simulated traffic is Constant Bit Rate (CBR).
The pause time of the mobile node is kept as 10
sec. Our simulation settings and parameters are

Speed Vs Packet DeliveryRatio

summarized in table 2. ot
o]
Table 2 Simulation Parameters < g T T | |~ Cossi
No. of Nodes 20,40,60,80 and 100 S 051 —o—o —— —=— FL-GBRB
Area Size 500 X 500 g, -
Mac 802.11 5 10 15 20 25
Radio Range 250m
Simulation Time 50 sec Speed(m/s)
Traffic Source CBR X X X
Rate 50.100.150.200 and 250kb Figure4: Speed Vs Delivery Ratio
Mobility Model Random Way Point
Speed 2m/s
Pause time 10 sec
Transmit Power 0.660 w
Receiving Power | 0.395 w
Idle Power 0.035 w
Initial Energy 15.1J
p value 0.4
g value 0.2

503



Journal of Theoretical and Applied Information Technology

31° May 2013.

N

Vol. 51 No.3 I

© 2005 - 2013 JATIT & LLS. All rights reserved-

SATIT

ISSN:1992-8645

www.jatit.org

E-ISSI¥17-3195

Speed Vs Packet Drop

5000
el = == e B
3000

2000
1000

—eo— Gossip
—=— FL-GBRB

packets

5 10 15 20 25

Speed(m/s)

Figure 5: Speed Vs Packet Drop

Speed Vs Energy

5

10

—&— Gossip
—=— FL-GBRB

Energy(J)

o N MO

10 15 20 25

Speed(m/s)

Figure 6: Speed Vs Energy

Figure 3 gives the delay of both the protocols
when the speed is increased from 5 to 25m/s. As we

can see from the figure, the delay is less in Hsec
of proposed FL-GBRB protocol when compare
with Gossip, since it chooses the retransmissi
probability based on velocity.

Since the broadcasting probability is adaptively
adjusted depending on the connectivity in our

pass through the fuzzy system. The fuzzifier of
fuzzy system constructs the membership functions
for inputs and output. Rules are created in rukeba
system and the inference engine maps input to
output. Rules are constructed based on the inguitiv
that the rebroadcast probability at the nodes in
sparser areas should be set high and that of at the
nodes in denser areas as low. Defuzzification is
done using weighted-mean method. The node
assigns retransmission probability to the packets
based on the outcome of fuzzy system. Through
simulations, we have proved the proficiency of our
technique. Further, our technique reduced the
packet loss and improved the packet delivery ratio
when compared with existing gossip protocol.
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