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Abstract
Optimized Link State Routing (OLSR) is a standard proactive (RREP) packet. This approach presents the disadvantage

routing protocol for Mobile Ad-hoc NETworks (MANETS). In  of a long response time in comparison to its proactive
this paper, we use a zero-order Sugeno Fuzzy Logic SVSte”bounterpart.

(FLS) for adjusting the willingness parameter in OLSR protocol.

Decisions made at each mobile node by the FLS take into . . .
account its remaining energy and its expected residual Iifetime.ProaCtlve routing protocols, also known as table driven,

Simulation study revealed that the proposed protocol Fuzzy&'® mod|f|cat|ons.0f traditional I|nk-§tate and distance-
Energy-Aware OLSR (FEA-OLSR) is more energy efficient than VeCtor based routing protocols for wired networks. They
EE-OLSR a heuristic based energy-aware variant of OLSR. are built on periodic exchange of routing information. This
is in the aim of making routing tables up to date all the
Keywords: OLSR, MANETSs, Zero Order Sugeno Fuzzy System, time. Moreover, routes are maintained toward all possible
Willingness Parameter, Energy-Aware Routing. destinations. Hence, routing could start immediately
whenever data traffic is present. However, the main
drawback of proactive routing is the great amount of
1. Introduction generatedouting overhead. This leads to the wastage of
netwvork-bandwidth and nodes-energy.
Mobile Ad-hoc NETwork (MANET) is a collection of
mokle wireless devices that are able to communicate One interesting proposals to reduce the generated routing
without any pre-eStab”Shed network infrastructure. To overhead by the proactive approach is the Concept of
ensure routing service, all nodes in MANET cooperate in Multi-Point Relays (MPRs) introduced in the OLSR
forwarding neighbors traffic until reaching its intended protocol [3]. The key idea is to limit the number of
destination. Traditional rOUting prOtOCO'S built for wired retransmissions required for a node to flood a packet in the
networks could not be directly used in MANETS. This is entire network. For this purpose, each node elects a subset
because MANETSs are characterized by many challengingof its one-hop neighbors to be responsible of forwarding
features including poor wireless-links quality, nodes jts proadcasted packets. Those nodes are called MPRs.
mobility, limited bandwidth and energy-resources. This is Certainly such a solution also contributes to minimization
in addition to the lack of any central control. Due to the of the overall network energy Consumption_ However, as a

abOV-e-mentioned features, the dESign Of SpECiﬁC rOUtingnon_uniform routing protocoiy OLSR overuses the energy
solutions for MANETSs has made the main focus of almost of the MPRs nodes. In fact, energy is drained more qu|ck|y

all researchers’ contributions in the field of mobile ad hoc jn MPRs nodes than in no-MPRs ones. Therefore, it is a

networking [1]. mandatory to rethink energy aware versions for the OLSR
protocol. Particularly, maximum lifetime routing approach

Routing protocols for MANETs could be classified as that avoids nodes with poor energy profiles should be
either reactive or proactive [2]. A reactive routing adopted.

protocol does not calculate routes beforehand, but only

when data traffic is present for rOUting. This is done via a|n this paper, we propose an energy-aware OLSR variant
route discovery procedure which is initiated by the sourcepuyilt on a zero order Sugeno fuzzy logic system. To the
node. This lattetbroadcasts a Route REQuest (RREQ) pest of our knowledge, this work is the first one in the
pacet to all its one-hop neighbors. Each neighboring nodejiterature to use a FLS for adjusting the willingness
rebroadcasts again the received RREQ. The samggarameter in OLSR protocol according to nodes energy

operation is repeated until that destination node is reachedprofiles. The reminder of this paper is organized as follows.
In answer, the destination node generates a Route REPlaysection 2 reviews the related literature to maximum
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lifetime routing with OLSR. Section 3 gives an insight on 3, Adaptive Routing in MANETs Using Fuzzy
Fuzzy Logic application for adaptive routing and L ogic Systems

particularly on its application for energy-aware routing.

Section 4 describes the OLSR protocol in a greater detailn important feature in designing routing protocols for
EE-OLSR, a heuristic based energy-aware OLSR, ispaNETs isadaptivity. An adaptive routing protocol could
presented in section 5. Our proposed protocol FEA-OLSRpe gefined as a routing protocol that is able to change its
is introduced in section 6. Simulation results are reportedrouting policy online according to current network
and discussed in section 7. Finally, sectipn 8.concludes the onditions [12]. In fact, in MANETS, routing information is
paper and draws some future research directions. usually inaccurate and incomplete due to their dynamic and
distributed nature. To deal with such imprecision, let us say
fuzziness, the use of Fuzzy Logic Systems has been proven
to be an advantageous solution.

2. Related Works

The literature counts many research works in the area o

maximume-lifetime routing for OLSR protocol. As shown szuzzy Logic Sytems (FLS) proposed in the context of

in Tablel, we could distinguish two main families of MANETSs adaptive routing could be classified according to
solutions.,The first one seeks to make energy awaretheir optimization goal into [13]: FLS for routes costs

selection of MPRs nodes. The second one focalizes on th&Stimation, QoS-based routing, energy-aware routing,
choice of low energy-cost paths for routing. A position-based routing, zone-based routing, clustering,
combination of both solutions is also feasible. parameters configuration, and routes local repair. Since the

FLS proposed in this paper subscribes in the energy aware
routing area, in what follows, we focalize our attention on
related works to energy-aware routing based on fuzzy
logic.

Table 1: Some Related Works to Maximum-Lifetime
Routing with OLSR

Energy-Aware Low Energy-
MPRs Selection ~ Cost path

Ghanem etal. [4] 7 El-Hajj et al. [14] proposed a fuzzy based hierarchical
Wardi et.al. [5] v energy efficient routing scheme (FEER) for large scale
Benslimane et.al. [6] v mobile ad-hoc networks. At each node, three inputs for the
Guo etal. [7] fuzzy controller are considered, namely: residual energy,
Mahfoudh et.al. [8] ; . . .
De Rango etal. [9] traffic, and mobility. The inferred value gives an
Lakrami et.al.[10] indication on node importance which is exploited in
Guo et.al. [11] 4 cluster-heads election. To evaluate paths cost in AODV
routing protocol, Ali et al. [15] proposed that each node
Very intuitively, Ghanem et al. [4] proposed to use the implements a fuzzy controller which takes as inputs:
residual energy as a criterion for choosing MPRs nodes. Imumber of hops, packet queue occupancy, and remaining
addition to the residual energy, Wardi et al. [5] suggestedenergy. Abirami et al.[16] proposed a FLS to be used by
considering the reachability and the degree of one-hopdestination nodes to choose energy efficient paths. The
neighbor nodes. To select paths with maximum bottleneckFLS inputs are battery cost and power consumption of
residual energy level, Benslimane et al. [6] combined discovered paths via the conventional route discovery
energy-aware MPR selection with an energy aware pathprocedure of a reactive routing protocol. Dutta et al. [17]
determination algorithm. Guo et al. [7] modified the path proposed a fuzzy controlled power-aware multicast routing
computing algorithm in OLSR. Paths are selected (FPMR) protocol. Each node in the network implements
according to the residual energy level of intermediate two fuzzy controllers: EINS (Eligible Intermediate Node
nodes. Mahfoudh et al. [8] proposed a variant of OLSR Selector) and RPE (Route Performance Evaluator). The
where MPR selection and path calculation is determinedEINS inputs are the node residual energy, the minimum
by both a node’s residual energy level and its number ofrequired energy to forward all multicast packets through
neighbors. De-Rango et al. [9] modified the setting methodthe node, node link stability with its predecessors in the
of the willingness parameter in OLSR. This is by multicast communication paths and number of established
introducing the battery power and the expected residualpaths multicast members. The EINS output indicates the
lifetime. In the same context, Lakrami et al. [10] suggestednode eligibility to act as a router in a multicast path. The
considering energy and mobility factors. Guo et al. [11] RPE estimates the quality of a multicast route. For this
developed a new energy aware metric for routing with purpose, it uses as input parameters: hop count, number of
OLSR. This metric takes into account both nodes powereligible intermediate nodes in it and number of multicast
consumption and their residual energy. members present in it as an intermediate node. Hiremath et
al. [18] proposed an adaptive energy efficient reactive
routing protocol. The proposed protocol is based on a
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fuzzy thresholding of residual energy of noc
participating in the route discoveprocedure. A nod
forwards the received RREQ if and only if its resic
energy is higher than the threshold value included ir
RREQ. If the node decides to forward the RREQ th
calculates a new fuzzy thresholdcarding to its neighbor:
residual energies. It includes this threshold in the RI
and rebroadcasted it again.

4. The Optimized Link State Routing Protocol

OLSR first presented in J&nd then standaized in IETF
RFC3626 in 2003 [19 is a proactive link state routir
protocol built on the concept dflPRs. In OLSR, each
node chooses a subset of its one hop neighbors to fo
its packets in case of broadcasts. Therefore, pé

flooding in the entire network iachieved with minime
amount of retransmissions (see Fig 1.). The MPR se

node is a minimal subset of its ohep neighbors th:
cover all its 2 hop neighbors.

Colorednodes retransmit the broadcasted pa:

(a) Conventional flooding (b) MPRs mechanis

Fig. 1 Flooding optimization by MultRoint Relays Techniq

In OLSR, each node broadcasts Hello messages in wi
indicates the state of its link§hank to Hello messag
exchange, a node could build both itsghbors list and
MPR-=elector set. A node which has chosen -hop
neighbor, node X, as its multipoint relay, is calle
multipoint relay selector of node X [IL9 Moreover, eacl
node broadcasts periodically TC (Topology Cont
messages containing thist of it MPR- Selector. OLSR
nodes exploit TC messages to construct a Topology T
This latter with neighbor list are used to construct
Routing Table. It is worth mentioning that OLSR is be
adapted for highdensity networks. However, for a
network with low density, each neighbor becomes N
and OLSR performs as any ordinary link state rou
protocol [20].

In OLSR, each node maintains a willingness variable
reflects its ability to act as a router (i.e. as a MPR) fc
neighbors. The wlingness value is piggybacked in He
packets (see Fig.2). However, in the stan

implementation of OLSR this variable is set to a del
value. In other words, it is not exploite

B e e e e et e S
Reserved | Htime | Willingness
B e s et T L
| Link Code | Reserved | Link Message Size
R -+
| Neighbor Interface Address
|
+

B
| Neighbor Interface Address
—4-+-+

e e ot S EE S e Y

Fig. 2 The OLSR Hello Message Formi19]

5. Energy-Efficient OLSR (EE-OL SR)

De Rango et al. [9have proposed a heuristic to set
willingness value in OLSR Protocol. Each node accor
to its residual battery and predicted lifetime decide
attribute a low (WILL_LOW), a defau
(WILL_DEFAULT) or a high (WILL_HIGH) value to its
willingness variable. The proposheuristic is depicted in
Fig. 3. Note that the predicted lifetime inconds at time
step t,Lifetime, is calculatecas in Eq.1:

RE¢
DRatey (1)

Lifetime =

RE; andDRate, denote, respectively, the residual ene
and the energy drain rate at time :t . DRate, is
computed using the prnential moving average method
proposed in [21]. Taneasure the energy drain rate
second, each node monitors its energy consumption ¢
aT seconds sampling inter.

DRate; = o X DRate;_; + (1 — o) X DRatesampe 2)

In Eq.2,DRate,_, indicates the drain rate calculated in 1
previous interval, whereaDRategympe IS the newly
observed energy drain rate ve.

Double lifetime=65535;/*set to a maximal value*/
Double battery = RE/ INITIAL ENERGY;
if (DRate != 0.0) {lifetime = RE/ DRate; }
willingness= WILL DEFAULT;
if (lifetime< 10.0) {willingness= WILL LOW;}
elsef
if ((battery < 0.1) & (lifetime < 100.0)) {
willingness= WILL LOW;}
elsef
if ((battery > 0.1) && (lifetime > 100.0)) {
willingness= WILL HIGH;}}}

Fig. 3 The willingnes Setting Heuristic of E-OLSR [9].

In EE-OLSRimplementation, less than 10% of resid
battery capadty is considered as low value. Moreo! less
than 10 seconds of predicted lifetime is considered |
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short, whereas more than 100 secdadsng lifetime The
authors claim that their willingness setting pol
contributes in a better load balancing where lottery-
charged nodes are avoided in comparison to the sta
OLSR.

6. The Proposed Fuzzy-based Energy Aware
OL SR (FEA-OL SR)

To compute the willingness parameter, in FFOLSR,

each node uses a FLS. In this latter,Reenaining Energy,
RE, and the Expected Residual LifetinkeRL, are the FLS
inputs. The linguistic termaused to qualify them are:
“Low” and “High”. Note that all the input members|

functions are TrapezoidalA Trapezoidal membersh

function, u(x), is defined by Eq.3 The membership
functions associated RE and ERL inputare graphically
presented in Figures 4 and 5.

xX—a .
( . Ux€lab]
1 if x €[b,c
u(x) = { 1 xelbd 3)
k P if x €[cd]
0 otherwise
1 Low
e High
0.5 A
0 1 : '
0 0.4 0.9 1

Fig. 4 Membership Function f&E Input

1 Low
0.5
0 / ; \
0 300 700 2000

Fig. 5 Membership Function f&RL Input

The output of e fuzzy logic system is the no
willingness to be chosen as an MPR node. To qualify
output, the terms “WILL Low”, “WILL_Default” anc
“WILL_High” are used.It is worthwhile to mention th
the output membership function is constant sinns as
illustrated in Fig. 6.
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——WILL LOW
—— WILL_DEFAULT
0.5 ——— WILL_HIGH

Fig. 6Membership function for Willingness Out)

The inference gine for the fuzzy system follows Zero-
order Sugeno fuzzy model. The Sugeno fuzzy m(also
known asTSK model) was proposed Takagi, Sugeno
and Kang in [22].A typical inference rule in a Sugeno

fuzzy model has the following form:if mput1 =
x and Input2 = yThen Outputz = ax + by + ¢

For a zeroerder Sugeno model, the output z is a cons
(i.e.a = b = 0). The output;; of each rule is weighted by
the firing strength wof therule. The final output of the
system is the weighted average of all rule outj
computed ashown in Eg. . N denotes the number of
fuzzy rules. The proposed fuxrules base is introduced in
Table 2.

. _ Zivzlwizi
Final output = o 4)
Where:
w; = MIN (u(RE), u(ERL)) (5)
Table2: Fuzzy Rus Base
FLS Inputs FLS Output
RE ERL Node Willingness
LOW LOW WILL_LOW
LOW High WILL_DEFAULT
High LOW WILL_LOW
High High WILL_HIGH

7. Simulation Study

We built EE-OLSRand FE/-OLSR on top of UM-OLSR
[23] which is an OLSR implementati for the NS-2
simulator [24]. Inthis simulation stuc, we are interested in
measuringthe following performance metric i) Time to
Half Nodes Energy Depletion (THNED) in Seconds: The
time at which the network ss 50% of its nodes exhausting
all their batteries; ii) Average Data-Packets Ddlivery
Fraction (PDF) The ratio of successfullreceived data
packets by destination nodes to those generated by
nodes; and finally iiiAverage end-to-end Delay (Delay) in
SecondsThe average time that takes a data packet
from the source node to the destination r

Table 3: SimulationParameters setting

Simulation Parameter Value
Network Scal 800m x 800r
Simulation Time 900s
Number of nodes 50
Mobility Model Random Way Point

Maximum Nodes Velocity 5m/s
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Pause Time 0s FEA-OLSR is really more energy-efficient than EE-
Traffic Type CBR OLSR.
Connections Number 10,20 Unfortunately, network congestion has incurred a
Packets Transmission Rate 4 Packets/s . . . .
Initlal energy 10 Joule reduction in the PDF metric for both protocols. This could
Transmission Power 0.6 Watt be explained as follows. On one hand, congested nodes
Reception Power 0.3 Watt systematically drop any new received data packets; on the
The weighting factor 03 other hand, high traffic load is coupled with a high
T Sampling Interval 5s

interference level.

In the simulation experiments we evaluate the protocols Table 6: Delay with variable number of traffic Contiers

performances under two traffic scenarios, namely: low and _Number of Connectiol 10 26
high traffic-load. Briefly, simulation parameters were setas ~ EE-OLSR 0.019288622  0.022078025
FEA-OLSR 0.018312655  0.02246488

illustrated in Table 3. The obtained results are presented in

Tables 4, 5 and 6 where each result is the average of 2 .

simulation runs with randomly generated mobility %‘S shqwn in Table 6, FEA'OL.SR has ”.‘afked the onve.st

SCenarios. delay in both low and high traffic scenarios. In fact, this is
a suitable feature for real time applications that requires a

Both EE-OLSR and FEA-OLSR belong to the Maximum- short end-to-end delay. However, under high traffic

Lifetime routing family. Hence, their main objective is to conditions, data-packets spend longer time in the queuing

extend network lifetime. Many definitions could be found buffers of congested nodes. This explains the deterioration

in the literature for the concept of network lifetime. For of the Delay metric under high traffic scenario for both

example: time to first node energy depletion, time to a protocols.

certain amount of nodes energy depletion or time to

network partition, etc. In this paper, we have chosen the

second definition by measuring the time to 50% nodes8. Conclusions

energy depletion.
In this paper, we tackled the problem of adaptive energy-

efficient routing in MANETS. Our focus was on exploiting
the potential of Fuzzy Logic reasoning in overcoming the
issue of available routing information uncertainty in

Table 4: THNED with variable number of traffic connections

Number of Connectiol 10 20 ‘
EE-OLSR 202.2044452 83.64942645 MANETs. Particularly, we addressed the problem of
FEA-OLSR 207.7831096 83.83367985 OLSR willingness-parameter setting according to nodes

energy-profiles using a Fuzzy Logic Zero-Order Sugeno
The obtained THNED results show that FEA-OLSR system. Simulation results have confirmed the
ensures a longer network lifetime in comparison to EE- outperformance of FEA-OLSR in comparison to EE-
OLSR. This confirms the efficiency of the proposed FLS OLSR an energy-aware heuristic based variant of OLSR.
with regard to the heuristic implemented by EE-OLSR. We expect that coupling the proposed FLS for MPRs
However, as could be easily observed, increasing trafficenergy-aware selection with an energy-efficient route
connections has a negative impact on network lifetime.computing strategy will contribute to better performances.
This is because nodes consume more quickly theirTo enhance network adaptivity in face of variable traffic
energies by forwarding more data traffic. This also conditions, we are currently working on an extension to
explains why the difference between the achieved THNED the presented FLS.
results, for FEA-OLSR and EE-OLSR, becomes less Adaptive routing in MANETS is a very challenging issue.
important under the high traffic scenario. Dealing with the uncertainty of available routing
information constitutes only one aspect of the problem.
We believe that nodes in MANETSs should be also able to
learn how to make adaptive routing decisions online. As

Table 5: PDF with variable number of traffic connections

Number of Connectior 10 20 . . .
EE-OLSE 89.85170 42732234 future research perspective, we plan to investigate a
FEA-OLSR 90.03226 42.9269675 combination of Fuzzy reasoning with a machine learning

technique.
Economizing energy should never come at the cost of data

packets dropping. An energy efficient routing protocol is R
one that achieves a good tradeoff between maximizing 1]

packets delivery fraction and maximizing network
lifetime. In terms of PDF metric, FEA-OLSR has

outperformed EE-OLSR protocol. This indicates that
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