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Abstract: Problem statement: Most mobile nodes in a wireless ad hoc network @yevered by
energy limited batteries; the limited battery lifie¢ imposes a constraint on the network performance
Therefore, power consumption of network operatiaascritical and subject to optimization.
Approach: A novel hybrid PSO was proposed for solving th@imum power multicast problem in
wireless ad-hoc networks. The MPM problem has beathematically formulated to a constrained
optimization problem using hybrid PS@Results. In results, we considered that the centralized
algorithm requiring a global knowledge of the netk®is impractical in large wireless networks, the
distributed version of the centralized algorithrguieing multihop neighborhood information under the
assumption that limited frequency band is availalenclusion: A variety of simulations were
conducted to examine the performance of the prapaggproach and the results show that our
algorithm consistently outperforms existing teclues,.
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INTRODUCTION distributed and power efficient broadcasting scheme
are proposed in the dense networks, which is
Wireless Mesh Networks (WMN) are multi-hop approximated as a continuum of nodes® Im greedy
networks, composed of wireless liffks that are filling algorithm is proposed for the minimum cost
typically composed of static wireless mesh routerd  broadcast tree, where at each iteration the reliabte
potentially mobile mesh clients. The major advaatag that maximizes the full rate of the unreliable rde
of multicast routing lies in its capability of sag found firstly and then the node reached from thenéb
network resources since only one copy of messageode with minimum transmission power is included in
needs to be transmitted over a link shared by paththe broadcast tree. As demonstrated’ pyhe power
leading to different destinations. One of the majorconsumption is dominated by communications. For the
concerns in ad hoc wireless networks is reducindeno purpose of energy conservation, each node can
energy consumption. Several algorithms  for(possibly dynamically) adjust its transmitting paowe
constructing minimum power broadcast trees hava beebased on the distance to the receiving node and the
presented . Initial research on multicast routing background noise. An evolutionary approach using
mainly focused on the problem of finding a minimum stochastic search is proposed by Maeksl.®!, which
Steiner tree. The Broadcast Incremental Power (BIP3uggests that improved results can be achieved over
algorithm proposed fl exploits wireless multicast BIP algorithm at a higher computational cost. A swa
advantage and provides better performance than theased Ant Colony System (ACS) algorithm is presginte
Minimum Spanning Tree (MST) and Shortest-Path Tredy Daset al.”!, which is shown to be able to find better
(SPT). Wieselthieet al.®! proposed the BIP algorithm, solutions in very little computation time.
which is based on the greedy heuristic method and In this study, a hybrid PSO was proposed for
provides a very fast sub-optimal solution. minimize the total energy consumption for the
The usage of multiple radios significantly impreve multicast session problem. The powerful search
the capacity of the network by employing concurrentcapability of HPSB® is a key factor in improving the
transmissions in the netwdtR. Inf, low complexity, system performance in terms of the total consumptio
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power. Simulation results demonstrate that thds equipped with omnidirectional antennas and
proposed approach outperforms the MPM algorithmrandomly distributed over a specified region. One
and is comparable to the best reported resulthién t particular node is chosen to be the source nodehwhi
literature so far. has to broadcast a message to all other nodesein th
network. It is well known that path loss accoumtsthe
Related work: A significant body of research in signal attenuation due to the physical distancevéen
MANETs has researched efficient network layertransmitter and receiver in a wireless scenario.
multicast and broadcast, typically focusing on mstr A graph representation for the multicast treenn a
such as energy consumptidh the number of ad-hoc network is proposed®n Given a connected
transmissions or the overhead in route discovey anweighted undirected graph G = (V, E), V ={w,, ...,
managemeHf’. Li et al.** considered a residual power v} is the vertex set of G and the E = {@, ... , ais a
routing that aims to maximize the remaining batteryfinite set of edges represent the connections htwe
energy at each node, while keeping the total energihese vertices of G. Let The same concept is apjdie
conSlez?pt|on for the routing is bounded. Liang andpe MpM problem here in order to model the broadcas
Yangd"" recently provided an improved solution for this yrce in the ad-hoc network. We represent an ad-hoc
problem. Thus, the network lifetime is defined Be t o1« by a node-weighted directed graph G = (N, E

time of_ the first node_ fz?quPé. Several studies of 0), where the vertices in N = {1, 2, ..., N} represte
prolonging a network lifetime have been conductgd b . ’'. . : .
... individual mobile node, E characterizes the set of
researchers. For example, Chang and Tas&ftilas BT . ;
transmission links in the network (Fig. 1).

proposed to maximize the network lifetime through The subgraph of G can be expressed using a vector
avoiding to use low power nodes and choosing a _ - .
shortest path in terms of the energy consumptighef > {xa, X2 e Xnjwhere each element xi can be defined
packet rate in the network is given in advance. as follows:

Apart from minimum Steiner tree approadhés
and a few local search approadtféthe MEM problem ={
in the case of omnidirectional antennas has mastgn
tackled with heuristics for the Minimum Energy
Broadcast (MEB) problem with a subsequent pruning The element qu in g, which denotes the
procedure to eliminate unnecessary transmissiomsgk {ransmission power required of by node u for its
and Poorvendrdl? considered maximizing network transmission in the multicast tree is given by:
lifetime broadcast tree problem in both symmetnd a
asymmetric networks with the objective to keep the :{max(&vlpuv)ifedge(U.Vm E 2
broadcast tree alive as long as possible untiptheer ‘o Otherwise
energy in a node expires. However, Kang and
Poovendrah® focused only on a single broadcast flow The corresponding consumption power for a
and does not address the problem of how individuabroadcast tree is calculated as:
flows should be routed to maximize the total adibles
volume of broadcast/multicast traffic in the preseof — p =% g, (3)
inter-flow and intra-flow interference.

Finally, in To¥” proposed a conditional max-min
battery capacity routing schema which adopts differ
strategies for different stages of battery energy
consumption.

1,if edge eisselectedin the subgre
0, Otherwise

(1)

)

I'&___:)-! Mobile vertex

MATERIALSAND METHODS )
/\\. Power vettex
\_/

The proposed method:

Formulation problem: The Minimum Energy
Multicast (MEM) problem is an NPhard optimization
problem both in case of omni-directional and
directional antennas. A wireless ad-hoc network wt
nodes is considered in this study, in which evesgen Fig. 1: The widget = (V;,E) for node v
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The objective of the MPM is to extract from the «
original graph G, such that minimum power
consumption R. Therefore, the MPB problem can be
stated as:

Pr= o G =2, max, (%, R, 4)

HPSO for MPM problem: PSO and GA has been

successfully used to perform a wide range of
optimization problent¥. Each particle in the swarm
represents a multicast tree. The population of
permutation-based chromosomes

{cp =[c;...% ] .p= 1F is initialized by employing a

hybrid of random and deterministic approaches, where
P is known as the population size. In order to poed
the deterministic solution, the MPM algorithm isnru
first and the corresponding node subsequently atlued
the broadcast tree is recorded into a node sequence
which serves as the deterministic population fag th,
proposed HPSO approach.

Based on the node sequence, the construction of
the broadcast tree can be carried out using HPSO
algorithm as follows:

Input: Source node s and chromosome=| c,....% |.

Obtain the first unmarked node z in permutation
cp, construct a link between source nodes s and z
and assign the required power psz to the source
node

Check all the remaining unmarked nodes in the
permutation to see if any other node is already
covered by the above transmission between nodes s
and z, mark those nodes to avoid the subsequent
selections

Go through the unmarked nodéim permutation
sequentially. Employ the rules of the MPM
algorithm to add node’ zo the existing tree and
assign a power ¢p to the corresponding source
node (assuming it is)s

Check all the remaining unmarked nodes in the
permutation to see if any other node is covered by
the above transmission between nodesrsl 2,
mark those nodes to avoid subsequent selections

If not end of permutation, goto 5

Calculate PT by Eq. 4 and form a multicast tree T
in which all constructed links correspond to the
edgesinT

RESULTS

In our network model there are 20 nodes including

one source node and four sink nodes. And the

Output:

broadcast tree T and the correspondingnaximum generation is 80, the swarm scale is 4@ Th

consumption power PT. For clarity, the flow of tees part we make a comparison of the simulation results

operations is illustrated in Fig. 2:

among HPSO, GA. Figure 3 shows the trend of the
optimum  multicast

tree power with maximum

« Initialize PT = 0, mark the source node s in thegeneration 80. Figure 4 shows the success rate of

permutation cp to

selections
Generation N Old population
| e ps2 ps2+1 ps
Ranking : -
. | ind.1 ind.ps'2 | ind. psi2+1 ind.ps
N ] 2 3 D
[] Etires Discard
([ Fitness | PSO || I Tournament .| Crossover and
ranking — 1 selection 3 mutation
r J Enhanced off spring
elites %
—————r - — -
ind.1 I I ind.ps’2 Iintl. psi2+l ‘ I ind.ps ‘
Generation N+1 New popoulation
H . 0
Fig. 2: HPSEY
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Fig. 4: The success rate

Table 1: Comparison of running time (sec)

Node GA PSO HPSO

20 0.48 0.27 0.21

40 0.63 0.45 0.38

80 1.59 1.42 1.36

120 3.16 2.68 1.97

160 7.72 5.37 4.18
DISCUSSION

In Fig. 3, comparing with GA and PSO, the curve

of HPSO shows excellent convergence ability in the

early stage of iteration and after the 20th gefmrahe
algorithm’s optimum position is almost found, from
30th-40th generation the particles totally convengéhe
optimum solution. Comparing with PSO, because ef th
introducing of probability based updating mechanism
the updating process become more flexible and taféec
and the searching efficient is improved too. Ondtrer
hand, the introducing of the anti-congestion tactic
further avoids the happening of immature convergehc
is prove that when the terminal evolution generai®
certain, HPSO can find better multicast tree.

In Fig. 4, It show that in the 10th generation the

success rate of HPSO exceeds the success rate of GA

by 40% and after 30th generation, the rate of ssfaé
routing is nearly 100%.
The power of each link is uniformly distributed in

range [0,160]. In Table 1, we have compared the
running times between Hybrid PSO algorithm, PSO and

Genetic Algorithm (GA) and for different combinat®
of node and edge.

CONCLUSION

Multicast routing problem arises in many
multimedia communication applications, computing th
band-width-delay constrained least-cost
routing tree is a NP-complete problem. In this gtud

multicast

introduce multicast power minimization algorithm
based on hybrid PSO for multicast algorithm. The
experimental results show that this algorithm has
performance. The simulation results show that the
HPSO combines the advantage of fast convergemee , t
better global optimization performance and efficign
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