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Abstract: A wireless MANET is a collection of wireless mobile hosts that dynamically create a temporary 
network without a fixed infrastructure. The topology of the network may change unpredictably and 
frequently. Therefore, multicast routing in ad hoc networks is a very challenging problem. This paper 
proposes a multi-constrained QoS multicast routing method using the genetic algorithm. In this work, 
Genetic Algorithm is used to determine the optimal multicast routing satisfying the quality of service 
requirements such as total delay, total delay jitter, packet loss and total bandwidth.  By selecting the 
appropriate values for parameters such as crossover, mutation, and population size, the genetic algorithm 
improves and tries to optimize the routes. Simulation results indicate its better performances compared to 
other methods. 
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1. Introduction 

A MANET is a multi-hop wireless network composed of mobile hosts communicating with each other without 
the support of a fixed network infrastructure. Wireless links are formed or destroyed whenever one mobile host 
moves in or out of transmission ranges of other mobile hosts. Intermediate mobile hosts between two 
communication nodes act as routers [1, 2].  Thus, the mobile hosts operate both as hosts and routers in MANET. 
When the hosts are mobile, they are free to move randomly and organize themselves arbitrarily. The creation of 
routing paths is affected by the addition and deletion of mobile hosts. Thus, the topology of the wireless network 
changes unpredictably and frequently. As a result, unicast or multicast routing in ad hoc networks becomes a 
challenge due to this dynamic nature. 
The basic function of Quality-of-Service (QoS) routing is to find a better path based on QoS metrics, such as 
end-to end delay, jitter (also called delay variation), bandwidth guarantee, and packet loss probability. QoS 
routing is much more complicated than regular routing because of routing under multiple constraints. In 
addition, most QoS routing algorithms consider the optimization of resource utilization. The problem of QoS 
routing is difficult because multiple constraints often make the routing problem intractable, and the dynamic of 
network state makes it difficult to gather up-to-date information in a large network. Wang and Crowcroft have 
shown that the problem of finding a path subject to constraints in QoS routing are NP-complete [3].  Genetic 
Algorithm was introduced by John Holland in 1960. It is a meta-heuristic adaptive search algorithm based on 
natural biological evolution theory. It can be applied to a wide range of engineering problems to obtain faster 
results [4-6]. 

2. Multi-constrained QoS Aware Multicast Routing Model 

Assume that a network is represented as a weighted graph G = (V, E), where V denotes the set of 
vertices as nodes and E denotes the set of edges as communication links connecting the nodes.   |V| and |E| 
denote the number of nodes and links in the MANET, respectively.  Without loss of generality, only digraphs 
are considered in which there exists at most one link between a pair of ordered nodes.   In G (V, E), considering 
a QoS constrained multicast routing problem from a sender to multi-receiver hosts. The multi-constrained 
spanning tree is defined to be a multicast tree T = (VT, ET ) rooted at s, where VT ⊆ V, ET ⊆ E, s Є VT .  Let ‘ s’ 
be the source node of a multicast tree T.  A multicast delivery tree is a tree rooted at a source node ‘s’  and 
spans M, where M = M* U {s},  M* = {t1, t2, …tm} is the set of receiver hosts and ‘m’ is the number of receiver 
hosts in multicast delivery tree T . In a delivery tree T (T ∈ G) rooted at source ‘s’ and spanning all of the 
receivers  M, a path from the source  ‘s’ to the receiver  ‘t’  is denoted by p(s, t).  

Le t  R  be the set of positive weights and R+ be the set of non-negative weights.   For a 
multicast delivery tree T = (VT, ET ), for any link e ∈ ET , the following QoS metrics can be defined. 
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delay function:  Delay (e): E �R 
bandwidth function : Bandwidth (e): E�R 

cost function:  Cost(e): E�R 
jitter function: Jitter (e): E�R+ 
packet loss function: Packet loss (e): E�R+ 

Each routing path p(s, t) from a source ‘s’ to a destination node ‘t’ in a multicast tree T has a measured 
value of delaymax,  jittermax,  bandwidthmin, and packet lossmax that should be limited by the QoS constraints.  In 
this, the delay and jitter are additive metrics, the bandwidth is a concave metric and packet loss rate is a 
multiplicative metric.  For a path p(s, t), the following QoS parameters are defined.   

            (1) 

                                   
                                  (2)  

                            (3) 

   

                         (4)  

The proposed QoS routing algorithm should satisfy some constraints to support real-time multimedia 
communication.   In this work, four QoS constraints are defined:  DT, JT, BT and LT.   DT is the maximum end-to-
end delay constraints, JT is the maximum jitter (delay variation) constraint, BT is the minimum available 
bandwidth constraint, and LT is the maximum packet loss rate constraint of a routing path.  The QoS-based 
multicast routing problem is to find the T(s, M) which satisfies the following QoS constraints.   

   delay max(p(s, t)) ≤  DT                                                                                        (5) 
   jitter max (p(s, t)) ≤  JT                                                                                                (6)  

bandwidth min (p(s, t)) ≥  BT                                                                                         (7) 
             packet loss max (p(s, t)) ≤  LT                                                                                    (8) 
where, the delaymax(p(s, t)),  jittermax (p(s, t)) and  packet lossmax (p(s, t)) are the maximum values of end to end 
delay, jitter and packet loss rate  from the source ‘s’ to the  destination ‘t’ in the multicast tree T should be 
inferior or equal to the delay threshold DT, JT, and LT .  Also bandwidthmin(p(s, t)) is the minimum bandwidth in 
every link in the whole multicast tree which must be greater or equal to the minimum bandwidth BT. 

Here, the QoS multicast routing problem with constraints represents a minimization problem, where 
their fitness function is to find a multicast tree ‘T’ which minimizes the weighted  combination of cost, delay, 
jitter, bandwidth and packet loss after satisfying the QoS constraints. Thus, the problem can be formulated as 
follows. 

Minimize f (T(s, M)) = w1fc + w2fd + w3fj + w4/fb + w5fplr                                                     ( 9) 
where  

fc =  cost(T(s, M))                                                          (10) 

fd =                                               (11)                                          

fj =                                                 (12) 

                        fb =                                            (13)                                           
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fplr =                                  (14) 

Here, fc is the cost of the multicast tree,  fb is the minimum available bandwidth on each edge of the 
multicast tree which must be greater or equal to the minimum bandwidth BT.   fd,  fj and fplr are the maximal 
delay, jitter and packet loss rate from the source ‘s’ to the more delayed  destination in the multicast tree T 
should be inferior or equal to the threshold values DT, JT and LT. And w1, w2, w3, w4 and w5 are the objective 
weighting coefficients used to evaluate the problem relating to the importance of these QoS routing objectives.  
Cost(T(s,M)) represents the cost of the multicast tree. For optimal performance of a network, cost, delay, jitter 
and packet loss rate must be minimized and bandwidth must be increased.    Hence the fitness function f(T(s,M)) 
is a minimization function. 

3. Genetic Algorithm 

Genetic algorithm is also a searching algorithm that employs the ideas of natural selection and the 
genetic operators of crossover and mutation [8-10]. In each generation, a new population of solutions is created 
by exchanging and combining the information obtained from the solutions of the previous generation. In genetic 
algorithm, the variables of the problem are like the genes in a chromosome. A context in each bit of string is 
called chromosome. One gene of a chromosome represents one possible solution. A flowchart of a typical 
genetic algorithm is shown in Figure 1. 

 
Figure 1. The flowchart of a simple genetic algorithm 

The different phases of GA for natural evolution through encoding, selection, crossover and mutation 
operations are discussed as below. 
Encoding  

The chromosomes of the multicast tree are represented by tree structure encoding to save the time of 
conversion between encoding space and solution space. Different possible trees are recorded as the solution set.  
The different parameters such as delay, delay jitter, packet loss, bandwidth and cost are calculated for each of 
the tree in the solution set. 
The Genetic Operators  

• Selection: It is a process of selecting some of the strings from the search space.  Using Stochastic 
Uniform Selection, twenty random strings are selected from the string set. 

• Crossover: It is a process of mixing and matching two strings to evolve with a better one. Standard 
uniform crossover technique is used for the crossover of two parents selected randomly from the 
matting pool. In this problem, the crossover probability is kept as 0.8. 

• Mutation: It is a process of changing a small part of the string synonymous to genetic mutation in 
biological theory. The probability of mutation is kept as 0.4.  Mutation enables the search to be 
extensive rather than getting constrained within local optima.  

Fitness Test 

The fitness function affects directly the convergent speed of genetic algorithm and whether the global 
optimum is found. The fitness value of a chromosome is the value of the fitness function for the solution (e.g., a 
multicast tree) represented by the chromosome.  The fitness value uses the following form.  
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f(T(s, M)) = w1fc + w2fd + w3fj + w4/fb + w5fplr                                         (15) 

Besides satisfying the conditions in Equations (6.8) – (6.11), the route selection is based on fitness 
value. The fitness function  f(T(s, M)) is to select the best route. By maximizing the fitness value i.e  fit = 
1/(1+f), the multicast tree minimize the delay, jitter, packet loss and cost values and maximize the bandwidth 
value. This means that a packet from source to receivers is transmitted with least cost and a long lifetime. 

4. Simulation Results 

  The GA parameter values considered for the simulation are (i) number of generations - 100, 
(ii) mutation - 0.4, (iii) crossover – 0.8.  The weights for QoS parameters are assigned randomly. The Figure 2 
shows the change of average objective function value with the change of number of generations.  This algorithm 
can quickly generate the optimal solution.  It takes 12 generations to find the feasible path and hence it proves 
its low time complexity.   

 
Figure 2. The Fitness value in various Generations 

5. CONCLUSION 

In this work, an attempt is made to choose the optimal multicast route satisfying the quality of service 
requirements such as bandwidth, end-to-end delay, delay jitter and packet loss rate. The simulation results 
depicting the best fitness value with respect to generations.  By selecting the appropriate values for parameters 
such as crossover, mutation, and population size, the genetic algorithm can be used to select the optimal 
multicast route from a list of routes satisfying the quality of service constraints much faster. 
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