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Abstract 

 
     Warless networks can be hybrid in nature direct data transmission and also data transmission through packet forwarding. This 

involves both infrastrucureless and infrastructure – based nodes that are involved communications. Nodes in such networks 

should cooperate each other in order to have robust packet delivery which reduces delay and in energy efficient fashion. 

However, achieving cooperative packet delivery in resource constrained networks where mobility is an important feature is 

challenging. Recently Akkarajitsakul et al. proposed a coalitional game approach to solve this problem. In this approach a group 

of nodes determine to join or leave a coalition based on the computation of payoff towards each member in the group. The payoff 

is nothing but average delivery delay. Based on the payoff dynamics at runtime group of nodes make decisions. This will reduce 

the delay in communications besides reducing computational cost. In this paper we implemented such packet delivery approach 

using a prototype application which demonstrates the proof of concept. The empirical results are encouraging.  

 

Index Terms - Hybrid wireless network, cooperative packet delivery, coalitional game 

 

1. Introduction 

              Communication networks changed the way they are created and used. Communication networks are of 

wired and wireless in nature. These networks evolved over a period of time. Wireless communications are prevailing 

in the world. Mobile nodes can operate in different environments. They are in Wireless Sensor Networks, Mobile 

Ad Hoc Networks, and Wireless Mess Networks and so on. They can work with or without infrastructure. In this 

paper both fixed infrastructure and infrastrucutreless nodes are considered to form a hybrid network. The aim of the 

paper is to implement coalition approach that can leverage packet delivery and delay performance in such hybrid 

networks. Figure 1 shows a sample network where some nodes directly communicate with base stations while the 

other nodes follow packet forwarding approach.  
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Figure 1 – A hybrid wireless mobile network 

     There are many real world applications that are using such networks both in civilian and military activities.  The 

mobile nodes are supposed to send data to base station. The base station is something that can be used to have 

effective communication over network. There are some relay-based schemes found in the literature as explored in 

[1], [2] and [3] that can be used to reduce delay in delivery of packets. Recently Akkarajitsakul et al. [4] proposed 

coalitional game approach in order to achieve cooperative packet delivery in hybrid networks. This model is capable 

of analyzing resources allocated and makes best decisions. Some nodes form as group and decide to join a coalition 

or not based on the payoff for each mobile node. This will reduce delay in data transmission and nodes spend less 

energy in order to have better communications. Social networking analysis explored in [5], [6] and [7] also helped in 

achieving coalitional game based solution for cooperative packet delivery. In this paper we implement the scenario 

of coalitional game approach in the form of a custom simulator built in MICROSOFT .NET framework. Our 

simulation shows the coalition dynamics and packet delivery. The remainder of the paper is structured as follows. 

Section II reviews literature on cooperative packet delivery schemes. Section III presents the proposed approach. 

Section IV presents implementation details. Section V concludes the paper.  

 

2. Related Work 

       Our work in this paper is related to Delay – Oriented Networks (DTNs). These networks exhibit long delay in 

communications. DTNs are known for having many links which are not reliable as explored in [8]. However, they 

form an important class of networks in the real world. There are some store-and-forward DTNs. Mobile nodes and 

their selfish nature is exploited in [9] for packet forwarding efficiently. The recent solution in [4] also used similar 

kind of approach. The main difference between [4] and [9] is that there is coalition game approach in [4] which will 

use computation of payoff of individual nodes in a group in order to achieve cooperative packet delivery. In [9] the 

gain of individual nodes is computed in term of probability of packet forwarding. A community detection algorithm 

is explored in [10] which follows different approach altogether. VDTN concept was studied in [11] for analysis of 

throughput delay. It also explored non-cooperative game in order to evaluate the behavior of nodes. A data 

propagation scheme was explored in [12] for better routing of packets in MANETs and DTNs. Later on cooperative 

packet delivery schemes came into existence. They are explored in [13], [1] and [2]. Data dissemination strategy, 

clustering based multi-channel MAC protocol and achievable-roadside-vehicle relay communication schemes are 

explored by those researchers respectively. In [14] a new protocol was proposed namely multi-hop broadcasting 

protocol for message dissemination efficiently. As mentioned earlier, recently in [4] coalitional game approach was 

used to achieve intelligent cooperative packet delivery in hybrid mobile networks.  
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3. Proposed Solution  

           The proposed solution for cooperative packet delivery is the coalitional game approach proposed in [39]. In 

coalitional approach nodes are considered with and without fixed infrastructure. The hybrid network considered is 

used. Nodes in the network are part of a group. Each node in a group has some gain in terms of payoff. The payoff is 

nothing but the probability of packet delivery. The best payoff is expected by nodes. The group of nodes which have 

high individual pay off decides which coalition to join or which coalition to leave from. This will help in making 

effective decisions with respect to cooperative packet delivery.  

 

 

Figure 2 – Conceptual overview of the network 

First of all mobile nodes determine whether they should form a coalition and then think about communication 

decisions. SNA based algorithm is used for grouping mobile nodes. More details on coalition approach are presented 

in [39]. Figure 2 shows the overview of the coalitional game approach.  

 

4. Implementation 

            We built a prototype application to demonstrate the proof of concept of cooperative packet delivery. The 

environment used for application development is a with 4 GB RAM, core 2 dual processor running Windows 7 

operating system. Microsoft Visual Studio 2012 is the development framework used to build the application. The 

application is a simple custom simulator that mimics the source node, destination node and routers. It simulates the 

coalitional game approach.  

 

 

Figure 2 – The interface for sender node 
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As can be seen in Figure 2, it is evident that the sender node is capable of sending any content to destination node. 

The destination node received that content. However, the cooperative packet delivery is the in coalitional approach 

is demonstrated with visualization.  

 

 

Figure 3 – Visualization of coalition dynamics 

As seen in Figure 3, it is evident that multiple groups of nodes can be formed and they can decide to join coalition or 

leave coalition. The payoff of the individual nodes is computed and decisions are made dynamically. The 

communication process is based on the coalitional approach presented in [39] where more details can be found.  

 

 

Figure 4 – The destination node 

As can be seen in Figure 10, it is evident that the destination has received the content sent by source. Here is the 

common communication scenario simulated. However, it is important to observed in the simulation process that the 

coalition approach is followed and packet coordinated packet delivery is used.  
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Figure 5 – Performance comparison 

As shown in Figure 5, it is evident that there performance advantage of the approach implemented in this paper. The 

coalitional game approach has shown significant improvement in performance over the base line approach.  

 

5. Conclusion 

In this paper we studied the problem of cooperative packet delivery in hybrid wireless mobile networks. There are 

many approaches came into existence as found in the literature. Recently Akkarajitsakul et al. [39] presented a new 

approach based on coalitional game. This approach allows nodes in the network to have coalitional game concept 

and make decision to join or leave a group based on the payoff computed. Individual payoff and the group payoff 

need to be considered for dynamics of the communications. In this paper we implemented the coalitional game 

approach using simulation, a custom simulation application, to demonstrate the proof of concept. The simulation 

results are encouraging.  
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