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ABSTRACT--- The proposed work, Cuckoo Search (CS) and 

M-Tree based Multicast Ad hoc On-demand Distance Vector 

(MAODV), is a two-step process, which involves M-Tree 

construction and optimal multicast route selection. Divisional 

based Cluster (DIVC), a technique of clustering inspired from 

Divisive clustering, builts the M-Tree using three constraints, 

destination flag, path-inclusion factor, and multi-factor. This 

paper aims to provide optimal multicasting with multiple 

objectives, such as energy, link lifetime, distance and delay. 

Index Terms — Cuckoo Search, Divisive clustering, MANET , 

M-Tree, , Multicast Routing,  

I. INTRODUCTION 

Mobile Ad hoc Networks (MANETs) [21] are 

infrastructure-less and self-organized wireless networks that 

have a decentralized management. The multi-hop wireless 

links in the MANET let the randomly moving nodes to 

exchange the data among themselves. Communication 

between two nodes can be built with the intermediate nodes, 

even if the nodes are away from the radio range [6, 24]. 

Although the nodes can construct a network with its self-

organizing ability, these mobile nodes have restrictions in 

the utilization of resources, transmission power, and battery 

life [21].  

In MANET routing, the two main classifications include 

proactive and reactive routing protocols. The proposed work 

is for reactive multicast routing protocol whose unique 

feature lead to the discovery of different protocols and 

algorithms for routing [12, 13]. In this kind of routing, the 

source node transmits the data packets to a set of destination 

nodes, which is a common issue in the communication 

networks. The multicast routing protocols aims to achieve 

on time data delivery, reduced routing control overheads and 

stable connectivity with reduced packet losses [9, 15].  

This paper proposes a multicast routing protocol, CS-

MAODV for MANET. This tree-based clustering and 

optimization algorithm for routing is concerned with 

objectives namely, energy, LLT, distance, and delay. The 

proposed multicast routing approach consists of two stages:  

i. Construction of M-Tree using DIVC  

ii. Finding optimal multicast routes using CS algorithm. 

The rest of the paper organised as follows:  
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Section-ii : DIVC-based m-tree formation 

Section-iii : CS - based multicast routing 

Section-iv : Cuckoo search algorithm 

Section-v : Conclusion of the paper 

II. DIVC-BASED M-TREE FORMATION 

DIVC is a clustering technique inspired by Divisive 

Clustering or top-down approach. Here, the technique 

groups all the data in a cluster, which then divides further 

into clusters until all the data forms a cluster separately. The 

division of clusters requires several criteria or constraints, 

which a node in the cluster satisfies. The algorithm 

considers three constraints, namely, multi-factor, path 

inclusion factor, and destination flag to form the clustering 

and thereby, to construct the M-Tree. When a source 

requires sending a data packet to the destination set, it 

transmits a RQ packet to its neighboring nodes in the 

transmission range. Each node checks whether the three 

constraints are satisfied to forward the data. Only the nodes 

that satisfy the criteria can take part in the communication. 

Consider a sample network topology for the clustering as in 

figure 1. 

 

 
Figure 1. A sample network with two destinations 

 

The following are the brief description of the constraints 

to build the M-Tree effectively. 

Destination flag: The first constraint in DIVC is the 

destination flag, which notifies the destination node during 

the transmission to select the route. During the route  
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discovery process, the technique selects the node by 

checking if it is a destination node using a flag. If the node 

is a destination node, the destination flag is set one and 

creates a path. In the other case, the flag is set zero and the 

node broadcasts RQ until it reaches the destination. 

Path-inclusion factor: The path inclusion factor identifies 

the node in a path that has been involved in the transmission 

once. Thus, the factor can avoid the repeating paths, thereby 

reducing the processing time and wrong route formation. 

With a preset value, this metric either considers or 

neglects the node/nodes along the path. 

Multi-factor: The multi-factor of the DIVC approach 

consists of three different factors, such as energy of the 

node, LLT and the distance between two nodes in a cluster, 

given as, 

T

T
node

LLT D

DLLT 1
Multi factor E 1

N 1 N 3
 

where, nodeE
is the energy of a node, LLT is the lifetime 

of a link between the nodes, LLTN
is the normalized LLT , 

TD is the distance between two nodes and 
TDN is the 

normalized distance. The formulation of multi-factor is such 

that the energy utilized is maximum, maximum LLT and 

minimum distance. The functionality of LLTN and 
TDN is to 

maintain a low value so that the lifetime of the network is 

maximized and the distance is reduced between the nodes. 

Satisfying the above-explained constraints, a source node 

sends the RQ packet to the destination nodes via the 

intermediate nodes. Once the receiver receives the RQ 

packet, the nodes in the destination initiate the RP phase. 

The destination nodes begin to send the RP packet to the 

source node using the path reverse information in the RP 

packet. The intermediate nodes that receive the packet 

forward it to the neighboring packets until the source node 

receives the RP packet. Thus, the clustering technique 

constructs the M-Tree with the routes established between 

the source and the destinations. Figure 2 shows the M-Tree 

constructed using DIVC for the sample network. 

 

 
Figure 2. M-Tree Construction 

III. CS - BASED MULTICAST ROUTING 

The optimal selection of multicast routing to transmit the 

data packets is illustrated in this section. The multicasting 

selection scheme adopted here is based on CS algorithm to 

improve the search process. CS algorithm is an optimization 

technique that adopts the behavior of Cuckoo species with 

the Levy flight. The fitness evaluation of CS algorithm 

includes several objectives to form an effective route for the 

transmission. The following sections describe the solution 

encoding, fitness evaluation and the multicast routing 

algorithm in detail. 

3.1. Solution Encoding 

Solution encoding is the simplest way of representing the 

algorithmic procedure. The aim of a multicast routing 

algorithm is to broadcast the data packets from the source 

node to the desired number of destinations. Let 1D and 2D

denote two destinations, which receive the information from 

the source S . Each destination has a number of paths to 

reach the destinations from the source, represented as, 

1 1 2 mD P ,P , ,P and 2 1 2 nD P ,P , ,P , such that the 

range of a path mP  depends on the number of nodes in the 

corresponding path i.e. 
m j0 P N . From the m  number 

of paths, the routing protocol points out the paths with better 

fitness values as the optimum solutions. Figure 3 displays 

the solution encoding of CS-based routing scheme. 

 

 
Figure 3. Solution Encoding of CS-based routing 

3.2 Fitness Formulation 

The fitness is an important function that determines the 

quality of the solution. The fitness of the algorithm 

considers four objectives energy, LLT, distance, and delay. 

The fitness of the algorithm must have maximum node 

energy, maximum LLT, reduced delay with minimum 

distance between the nodes, as in equation (15), 

 

where, T is the total number of nodes in the network, D is 

the number of destination, iP is the number of paths 

available to reach the thi destination, nE is the energy of the 

node, LLT is the lifetime of the link that exists between the 

nodes n and n 1 , TD is the distance between n and 

n 1 . 1f is the total number of nodes available in a path, 

which is given as, 
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where, 
jN is the total number of nodes in the thj  path. 

An effective algorithm requires maximum node energy so 

that the node can participate in the transmission. The energy 

of the node often reduces due to the mobility and dynamic 

network topology. Hence, it is essential to maintain 

maximum energy in a node throughout the transmission. 

The nodal energy nE has a value in the range 0,1 , where 1 

refers to the best case and 0 refers to the worst case.  

The second constraint is the lifetime of the link (depends 

on the node’s mobility), which an algorithm requires to be in 

maximum. LLT influences the lifetime of the route to 

improve the network lifetime. It also resembles the energy 

of the nodes in the link, which requires a maximum value to 

increase the LLT. Thus, the link that exists between two 

nodes n and n 1  must attain a value, 0 or 1, indicating the 

best and the worst value, respectively. The LLT calculation 

uses a normalized factor LLTN to normalize the LLT value 

in the range 0,1 . 

The final objective is the distance metric TD between the 

nodes and n 1 . Even though, the position of the nodes 

changes frequently, the distance between the nodes should 

be kept to a minimum. Similar to the other constraints, the 

distance measure also has a value that ranges from 0 to 1. 

TDN is the normalized distance that maintains TD in 

between 0 and 1. The delay of the algorithm is not 

formulated as it is directly proportional to the number of 

nodes connected in a route. Hence, the delay of the proposed 

algorithm increases with the increased number of nodes. 

IV. CUCKOO SEARCH ALGORITHM & 

ANALYTICAL RESULTS 

The proposed multicast routing algorithm is developed 

based on CS algorithm that depends on the habitat of cuckoo 

species. The algorithm considers three rules: i) At a time, 

the bird lays one egg, which represents a solution, on a 

randomly chosen host nest, ii) The high-quality egg or the 

solution with the best fitness proceeds the algorithm, iii) The 

host bird abandons the alien egg with low quality, while 

choosing the best with a probability. With the utilization of 

the newly formulated fitness function in the CS algorithm 

approach, optimal multicast routing of MANET is possible. 

Various steps of the algorithm are explained as follows, 

i. Initialization  

The algorithm generates an initial population 

i iU ;0 U K , of dimension K . The objective is to select 

better solutions from the K available paths, where the initial 

solution is,  

1 2 m
i i i iU U ,U , ,U  

where, m is the required number of paths. 

ii. Generation of solutions  

In the second stage, CS algorithm generates new solutions 

using the levy flight equation, which forms the appropriate 

solution initially as, 

l l 1X X Z Levy ;Z 0  

where, Z denotes the step size, is the entry-wise 

multiplication, l 1X  is the solution at iteration l 1  and 

Levy   is the  Levy flight model. 

Levy flight randomly generates new solutions in each 

iteration, to select the most appropriate one. It follows a 

distribution given by, 

Levy ~ v l ; 1,2,3  

where, is the mean. For the solution updated based on 

equation (18), the newly computed objective function 

computes the fitness. 

iii. Multi-constrained Fitness Evaluation 

The fitness function formulated using the four objectives. 

The solution having maximum fitness is chosen as the best 

fit solution. The solution that has minimum node distance, 

maximum nodal energy and LLT with reduced delay is the 

best fit solution.     

iv. Termination 

Every algorithm requires a termination condition once it 

finds the best solution. The user can define the termination 

criteria according to the desired application of the algorithm. 

This optimization algorithm halts when the number of 

iterations reaches its maximum or when no significant 

change is observed in the results in further iterations.   

Frame 1 exposes the pseudocode of the CS algorithm, 

which provides an outlook of the procedure. 

 

CS Algorithm 

1 Input: Population iU  

2 Output: Best solution lX   

3 Begin                               

4 Initialize the population iU of K multiple solutions  

5 Generate a random solution using equation (17) 

6 Update the solution using equation (18) 

7 Calculate the fitness iF(U ) for the random solution 

and lF( X ) for the new  solution using equation (15) 

8 if i lF(U ) F( X )   

9 Choose lF( X ) as the best fitness 

10 Increment l  by 1 

11 Repeat the steps 5 to 10 until l  Maximum count   

12 Terminate 

Frame  1. Pseudo code of CS algorithm 

V. CONCLUSION 

A multicast routing protocol designed with multiple QoS 

constraints. Multi-objective consideration is one of the 

challenges that most of the algorithms of multicast routing 

fail to follow. The proposed algorithm overcomes the above 

issues providing appropriate transmission along the selected 

suitable routes from the 

source to a set of destination. 
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Cuckoo Search based routing provides optimal 

multicasting with multiple objectives, such as energy, link 

lifetime, distance and delay 

FUTURE RESEARCH WORK 

The MANET simulation is going to be conducted in 

MATLAB to confirm the performance of the proposed 

protocol with the following parameters: energy, throughput, 

control overhead and PDR. Further a comparative analysis 

will be made with MAODV, QMRPRNS, and PDTMRP. 
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