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Abstract. In an Optimized Link State Routing (OLSR)-based mobile \eiss network, optimizing the flooding of broadcast
messages is a challenging task due to node’s mobility andviadth resource consumption. To complement existing &mist

to this problem, the Multi-Point Relays (MPR) selection nesently been advocated as a promising technique that has an
additional feature of reducing the number of redundantaesmission occurring in the network. This paper contisuouthe
investigation of an existing MPR-based solution, arguimat by considering a cost factor as an additional decisioarpater

in selecting the MPR nodes, the enhanced MPR selectionitdgoieads to less packet loss in the network. Simulation
experiments are presented to validate the stated goag tieraverage packet loss ratio as the performance metric.
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1. Introduction

With the widespread availability and rapid evolution of @@ss local area network technologies such
as 802.11 [8], Bluetooth [6], to name a few, the use of MANESTgriowing fast [9—-11]. In a MANET,
there is no need for an infrastructure or a centralized agtn@tion for nodes to communicate with each
other. Nodes cooperate to provide connectivity and sesvitwever, this flexibility is accompanied
by several challenges, in particular, from a routing prosige. In MANETS, the bandwidth, power,
speed of mobile nodes, density of the topology, distribuad location of mobile nodes, are among
the various factors that can influence the routing proced]3hereby the establishment of a routing
path between a node pair. These factors, if not well comttiplcan lead to an increasing packet loss
and a decreasing network performance and link stability. faksas routing is concerned, one of the
primary challenges in a MANET is to determine methods fouralg the waste of bandwidth and power
consumption while ensuring a stable transmission of in&drom, and quickly responding to network
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changes. Of course, these methods depend on the capabitiptimizing broadcast messages in the
network.

To cope with this issue, one of the recent proactive protokobwn as OLSR [13] has been advocated
as a promising routing protocol for multi-hop wireless amtmetworks. In OLSR, only a subset of
pre-selected nodes referred to as MPR nodes have specifitidinalities of performing topological
advertisements as well as broadcasting and forwarding mf@lomessages, with the goal to reduce
the impact of message flooding and control overhead. Thef$¢P& nodes is chosen in such a way
that a minimum of one-hop symmetric neighbors is able tolrediche symmetric two-hop neighbors.
To calculate the MPR set, the node must possess the knowtd#dbe link state information about
all one-hop and two-hop neighbors. The objective of the M&hnique is to reduce the number of
redundant retransmissions, while ensuring reliable dgliwf broadcast messages. In a MPR-based
OLSR wireless ad hoc network, every node needs to issuedietitello message to update the 1-hop
neighbors set and 2-hop neighbors set tables. Every nodedyamically select a neighbor node as
MPR node at a time. After this selection is completed, message broadcasted, and control messages
as well as traffic data that all packets should transmit thihddPR nodes are identified.

This paper continues on the investigation of a heuristimohiced in [4] (our so—called MPR-based
OLSR heuristic) for the selection of MPR nodes. We considars factor [4] as an additional decision
parameter within the MPR-based OLSR heuristic, and we dstrate by simulation that the resulting
heuristic (so-called Enhanced MPR-based OLSR heuristiere tienoted as EMPR-based OLSR) has
superior performance over MPR-OLSR in terms of averagegidoks ratio in the network. Our primary
objective is to investigate the impact of packet loss dutiagsmission when the coverage of a hode’s
selected MPR increases due to the introduction of the abetioned additional cost factor in the
computation of the MPR selection node.

The paper is organized as follows. Section 2 presents thtetbivorks. Section 3 overviews the
MPR selection concept. Section 4 describes the proposedEMBed OLSR heuristic and contrasts
it against the MPR-based OLSR approach. In Section 5, stinolaesults comparing the proposed
EMPR-based heuristic against the MPR-based heuristicresepted. To this effect, OPNET [14] is
used as the simulation tool, and the packet loss is consideydhe performance metric. Finally, in
Section 6, some concluding remarks are given.

2. Related work

The selection of the MPR set of nodes is a fundamental operati the OLSR protocol. Most
solutions to this problem are in the form of heuristics. Rspntative ones deal with MPR-based flooding
techniques [2,4,15,16], as well as reducing the number lisioms or maximizing the bandwidth [7,
17]. With respect to link stability, the authors in [18] sted the link lifetime using various mobility
models. They derived a formula to calculate the expectedevaf each node in order to select high
expected value of MPR. Similarly, in [5], some statisti@dtiniques based on link stability metrics were
used for selecting MPR nodes while enhancing the routedifitipand decreasing the packet loss. Other
OLSR enhancements deal with quality of service routing h&seR selection, by combining the MPR
selection mechanism with the path determination algorith®a-21]. In almost all these representative
solutions, the goal has been to determine the impact theteeleof MPRs has on the performance of
OLSR

This paper introduces an additional parameter in the MP&tHeh method proposed in [4], namely the
costvalues calculation by all 1-hop and 2-hop neighbor ao@air goal is to improve the process of MPR
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Fig. 1. Example network.

through reducing the total packet loss during transmisdtoereby, achieving a superior performance
than that of the MPR-based OLSR heuristic.

3. Overview of MPR selection

The OLSR protocol has been extensively investigated initeeture. Rather than re-describing its
basic functionality, this Section is meant to setup the exirdf the study carried in this paper. OLSRis an
optimization of the pure link state-based routing protd&8]. Two important concepts were introduced
in the RFC3626 OLSR draft [23] that can enable OLSR extemssinamely, neighbor discovery and
Multipoint-Relay selection (MPR). This paper focuses omg$PR. The later is particularly important
since it has an immediate effect on the routing protocoliggmance. Indeed, the overhead of control
traffic generated by the OLSR protocol as well as the floodifigiency depends on the MPR selection,
which itself, is known as a NP-hard problem [17]. In the MP&s®&d OLSR protocol, each node selects
a subset of its one-hop neighbors as its MPR list, based eodieHELLO messages received by these
neighborhood nodes (one-hop neighbors and two-hop neighbdhe compilation of MPR lists then
builds a database of nodes that are used in the routing [mtcesmpute the shortest paths to all possible
destinations in the network. Compared to classical lisitesalgorithms, MPR-based OLSR algorithms
have been proved to significantly reduce the number of mesgagansmissions and control traffic [1,
2,4,7,16,18,19,22-24], to name a few.

This paper continues the investigation of the MPR-basedROh&uristic proposed in [4]. One of the
drawbacks of this heuristic is that in the employed MPR tégpi, only a selected number of nodes
propagate the message, which might limit the chances tlainssage reaches all the nodes in the
network. The situation is even worse when the bit error natdhé radio transmission is high [4,13],
leading to dramatic packets loss in the network. The MPR&&LSR heuristic [4] proceeds in three
main steps (as detailed in the next section) among whichetbensl one is devoted to the optimization
of the MPR set. An analysis of this MPR-based OLSR heurigti&cdhown that it is within a log n factor
from optimality [4].

Our enhancement to the above MPR-based OLSR (so-called Ebd4B&D OLSR) consists of keeping
the core of the MPR-based OLSR heuristic, but introducingst factor (in the above-mentioned Step
2) as an additional decision parameter when designing timized MPR set.

The EMPR-based OLSR heuristic produces a larger cover fangiee MPR set compared to that of
the MPR-based OLSR heuristic. As an example, the MPR-bak&R®euristic applied to the example
network shown in Fig. 1 producd®, b, c, 3 as optimized MPR set with a cover range as depicted in
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Fig. 3. MPR set cover range when using the EMPR-based OLSkstieu

Fig. 2, whereas for the same network, our EMPR-based OLSRdhieyields{1, 2, 3, a, d, 4, 5, pas
optimized MPR set with a cover range as depicted in Fig. 3.

Our goal is to demonstrate that the EMPR-based OLSR heuostperforms the MPR-based OLSR
heuristic in terms of packets loss reduction in the netwadmnkthe sequel, we adopt the same notations
that were used in [4] and we describe the MPR-based OLSR araNtPR-based OLSR heuristics.

4. Enhanced MPR-based OLSR

The network is represented as a graph G (i.e. a set V of nodea aet of neighbors for each node).
For each element x in V, M(x) is the neighborhood of x, N(x)ie set of one-hop neighbors of x (i.e. x
covers any element of N(x)), k) is the set of two-hop neighbors of x, D(x) is the degree (ifex the
number of links connected to x), and MPR(X) is the selectedRMEt of node x.

The MPR-based OLSR heuristic as introduced in [9] can be sanmed as follows:

— Step 1: Start with an empty MPR set MPR(x)
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— Step 2: Calculate N(x), Nx) and D(x) for all x in N(x)

— Step 3: Selectas MPR nodes those nodes in N(x) which are thheeighbor of some node inx)

— Step 4: As long as there exist some node ff¥)lwhich is not covered by the set MPR(x), do the
following:

« For each node z in N(x) which is not element of MPR(x), detaesrthe number of nodes that z
covers among uncovered nodes if(R).
x Add in MPR(x) the node z for which this number is maximum

Let S, be the set of nodes selected in Step 3 and (X, X;) be the set of nodes selected in the above-
mentioned Step 3 and Step 4 of MPR-based OLSR heuristicetaaply. Let Nibe the set of nodes in
N2(s) that are neighbors of some nodes siniSet N> = N?(s) — Ne. A unit cost Cy, associated with

each nodey in R , iIs defined as follows [8]:

1

= — 1)
IN"(2) — U1 N ()|

Cy

where|P| denotes the cardinality of the set P. As pointed out in [4]efach % chosen by the MPR-based
OLSR algorithm, this unit cost is equally distributed amamgles that are newly covered irf NOur
proposed EMPR-based OLSR heuristic takes advantage dé#tigre. Its stepwise description follows.

— Step 1: Same as in the MPR-based OLSR heuristic

— Step 2: Calculate N(x), Nx) and D(x) for all x in N(x). Calculate the cost valug @ssociated to
each node z in N(x) using Eq. (1)

— Step 3: Select as MPR nodes those nodes in N(x) which are theneighbor of some node in
N?(x). Enlarge the MPR(x) set by adding those nodes in N(x)hlase the lowest cost values (there
might be only one such node or many such nodes)

— Step 4: As long as there exists some node #xNwhich is not covered by the set MPR(x), do the
following:

« For each node z in N(x) which is not element of MPR(x), detaesrthe number of nodes that z
covers among uncovered nodes if(R).

x Add in MPR(X) the node z for which this number is maximum or adtMPR(x) the node z with
lower cost value.

The distinction between the MPR-based OLSR heuristic aadEtiPR-based heuristic relies in the
introduction of the aforementioned cost valuga3sociated with each node z in N(x), which contributes
to the construction of the optimized MPR(x) set.

It should be noticed that the introduction of the cost vatuidae MPR selection calculation has resulted
to the following impacts. The first one is an increase of theRM#unt. In this case, Step 4 of the
proposed EMPR heuristic will attempt to control this sidieetf by allowing each node to periodically
update its neighbor table using “HELLO Messages”, which Meesult in allowing each MPR selected
node to flood TC message to all other MPR nodes in the netwohe sEcond one is an increase of
the coverage of a node’s selected MPRs, which in turn willéase the redundancy of TC-messages
forwarding. In this case, the MPR-forwarding strategy dibscl in Step 4 of our EMPR heuristic would
handle the duplicate re-transmissions directly at thegieldvel when selecting the MPR node set.
Indeed, when a mobile node nl will receive a packet, each n8d&ould be required to determine
whether node nl has been selected as MPR node — note thatrddized through computing the node



254 T.-H. Lin et al. / An enhanced MPR-based solution for floodihgroadcast messages

Table 1
Simulation Environment and Parameters setup
Parameter Meaning
Number of nodes 50
Communication range 200
Mobility model Random waypoint
Wireless LAN 802.11g
IP protocol IPv6
Transmission type G723 voice bps
Data rate 11 Mbps
Maximum received lifetime 0.5 sec
Simulation start time 10 sec
Channel match criterion Strict match
Traffic duration 3600 sec
Traffic mix All explicit
Traffic start time 60 sec
Simulation area 2*2 krh

n2's neighbor’s table, the node n2’s two-hop neighbor tanld the number of neighbors of node n2.
If the answer is yes, then node nl will be sending the packesdl bther designated neighbor nodes.
Otherwise, node nl1 will not send the packets, but will renaaitive.

For both heuristics, experimenting the processes of MP&8eh within a specific node using OPNET
revealed that this additional decision parameter helpEieR-based OLSR heuristic producing a larger
cover range for the MPR set compared to that generated by #ie-based OLSR heuristic. This feature
helps reducing the number of packets loss in the networlnduhie transmission period (as illustrated
through the simulation results shown in Section 5).

5. Performance evaluation

In this Section, we evaluate the performance of our EMPR&&LSR heuristic against that of the
MPR-based heuristic via simulations. The performance @ispn metric is the average packet loss
ratio, representing the ratio of packets lost to the totakpts generated in a certain time period. The
simulation tool is OPNET [14] and the location of the nodasiisdom. The simulation environment and
parameters setup are captured in Table 1.

We have used a single seed value and have ran several sonalatFor the same scenario, the
simulation time was set to 1 hour and the node’s speed wasdviitam 10 m/s to 90 m/s.

Figure 4 depicts the speed of the mobile node (x axis) velsuamount of traffic it has received (y
axis) in terms of number of bits. Figure 5 illustrates the M&Rint time average versus the mobile
node’s speed when running both heuristics. Finally, Figepicts the average packet loss ratio versus
the mobile node’s speed when running both heuristics. |bseoved that the EMPR-based heuristic
outperforms the MPR-based OLSR heuristic in terms of tatatimer of packet loss during transmission.

6. Concluding remarks
In this paper, we have proposed an enhanced version (calfREbased OLSR heuristic) of an

existing MPR-based OLSR selection method in MANETS (refémio as MPR-based OLSR heuristic).
Our proposal considers the cost value as an additionalrfaEtdPR selection. Our simulation results
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Fig. 4. Mobile node’s speed versus the amount of traffic uecki
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Fig. 5. MPR count versus mobile node’s speed.

have shown that the EMPR-based OLSR heuristic yields arlmttgage packet loss ratio compared to
the MPR-based OLSR heuristic. As future work, comparingptioposed EMPR-based OLSR heuristic
against few other existing MPR-based selection methodéirfhrstability in MANETs would be an

interesting work. Also, we have not simulated the change PRVcoverage, nor investigating the

NS_MPR forwarding TC message strategy.
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Fig. 6. Average packet loss versus the mobile node’s speed.
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