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Abstract - There are some situations were more than one decision maker is involved. Classical combinatorial optimization 
theory does not suffice and it is here that cooperative game theory can make an important contribution. In the case of node 
selection in a MESH network, a cooperative game algorithm is proposed specifically musical chair concept. Musical chair 
game is played by the nodes and the winner node will be the most efficient node, efficiency is calculated based on nodal 
delay and energy consumption by node. Before that nodes are registered into the bloom filter for security purpose. 
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I. INTRODUCTION 

 
There are cases were an efficient node in the MESH 
network needed to be selected. After the calculation 
of nodal delay [2] and energy efficiency [3], the 
nodes are supposed to play a cooperative game [4], 
typically the musical chair game. Musical chair is a 
simple fun game that is usually played, which has its 
rules and can easily represent it in flow chart form 
also is easy to make algorithm to find the winner 
node that is most efficient can be declared with this 
gaming algorithm. The method of game theory 
consists of the construction of models or 
methodologies that can in principle be applied to a 
wide variety of abstract interactive situations [4]. 
Before the commutations on energy consumptions 
and nodal delay are made, the nodes are supposed to 
register into the bloom filter that acts as a registry. 
Bloom filter is a space-efficient probabilistic data 
structure that is used to test whether an element is 
member of a set. So Bloom filter here acts as a 
registry, and the node that is in the mesh is supposed 
to register into the bloom filter. Bloom Filter uses 
superimposed hash transforms to provide a 
probabilistic membership test. Non- members are 
typically detected quickly. Membership is tested by 
comparing the results of the hashing on the potential 
members to the vector. In its simplest form the 
vector, which is composed of n elements, each a bit. 
An element is set if and only if some hash transform 
hashes to that location for some key. 
Here the IP address of all the member nodes is hashed 
and stored into the bloom filter. Then the further 
computations are made. The member nodes in bloom 
filter will calculate its efficiency based on nodal 
latency and energy consumption, and the nodes are 
supposed to play the musical chair game. Basic 
bloom filter algorithm consists of two functions and a 
constructor: a ‘bloom filter’ constructor to hash the 
nodes, one ‘add function’ to add the nodes to bloom 
filter and a possibly contains function to query 

whether a node is possibly in the bloom filter. If a 
non member arrives, the bloom filter will reject them. 
Generally, we consider two factors: Latency delay 
and Energy consumption. Both factors should be less 
for the efficient node. The winner node can be found 
out using the musical chair algorithm. Latency delay 
of node is also named as nodal delay and nodal delay 
happens because of some factors [2]: 

1. Nodal processing delay 
2. Queuing delay 
3. Transmission delay 
4. Propagation delay. 

 
The Nodal delay of a node is the summation of all 
these factors together. To find the Energy 
consumption of a node in mesh network have its way 
that depends on the states of nodes. There are 
generally three states: 
1. Active state which its value will be higher than X 
value 
2. Idle state whose value will be less than Z 
3. Semi-Active state has its value Y which is between 
X and Z. 
Node lifetime T is the summation of amount of time 
in, 
 Active mode: ta 
 Idle mode: ti 
 Semi-active mode: ts. 
So, estimation of energy consumed during this 
lifetime is denoted as Et which is [3]; 
Et=Ear*ta + Esar*ts + Eir*ti. 
Where Ear is Energy in active state, Esar is energy in 
semi active state and Eir is the energy in idle mode. 
 
II. RELATED WORK  
 
Bloom filter. Application of BFs and their variants is 
used to improve performance of the approaches 
proposed to address security problems with different 
types of networks [1]. The bloom filter is used for 
various network security areas.  
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Delay Estimation. The time it takes to process a 
packet in a network node (router, switch, hub, etc.), 
which is dependent on the speed of the device and 
congestion in the network. Contrast with propagation 
delay. [2]  
Energy Consumption. Energy efficiency can be 
achieved by utilizing clustering mechanism in WSN. 
Clustering is a technique in which many sensor nodes 
are grouped together to perform a task [3]. 
Cooperative Gaming. The method of game theory 
consists of the construction of models or 
methodologies that can in principle be applied to a 
wide variety of abstract interactive situations. [4] 
 
III. PROPOSED SYSTEM 
 
3.1.    An Overview 
In a MESH network, the efficient node is considered 
as the winner node. This is selected using a 
corporative musical chair game algorithm which is 
proposed in this innovation. Generally, we consider 
two factors: Latency delay and Energy consumption. 
Both factors should be less for the efficient node. 
Before computations are made, the nodes are stored 
into bloom filter which acts as a registry.  
 
Bloom Filter Functions and Constructor 
 
struct BloomFilter 
{ 
 
   BloomFilter(uint64size, uint8_t numHashes); 
    void add(const uint8_t *node_ip, std::size_t len); 
   bool possible (const uint8_t* node_ip,std::size_t       
len) const; 
 
} 
 
The winner node can be found out using the musical 
chair algorithm. Latency delay of node is also 
named as nodal delay(d_nodal) and nodal delay 
happens because of some factors:  
1. Nodal processing delay 
2. Queuing delay 
3. Transmission delay 
4. Propagation delay. 
The Nodal delay of a node is the summation of all 
these factors together. 
 
d_nodal = d_proc + d_queue + d_trans + d_prop 
 
The delay nodes are entered into an array in delay 
incremental sort order such that least decrement 
comes first. Consider nodes 1 to 5 in Fig 1(a). If the 
delay nodes are in the order 1,5,3,2,4 as in Fig 1 (b), 
the least delay node is 1 and most delay node is 4. 
 

 
 
To find the Energy consumption of a node in mesh 
network have its way that depends on the states of 
nodes. There are generally three states: 1. Active state 
which its value will be higher than X value, 2. Idle 
state whose value will be less than Z and 3. Semi-
Active state has its value Y which is between X and 
Z. Node lifetime T is the summation of amount of 
time in active mode: ta, idle mode: ti and semi-active 
mode: ts. So, estimation of energy consumed during 
this lifetime is denoted as Et which is  
Et=E_ar*ta + E_sar*ts + E_ir*ti. 
Where E_ar is Energy in active state, E_sar is energy 
in semi active state and E_ir is the energy in idle 
mode. E_ar, the energy consumption in active state 
has packet transmission probability: Ps and has some 
other factors that needed to be considered, 
 
- E_Tx : Energy consumed because of transmitted 
packets 
- E_Rx : Energy consumed because of received 
packets 
- E_Tx_Ack : Energy consumed because of 
transmitted acknowledgement packets 
- E_Rx_Ack : Energy consumed because of received 
acknowledgement packets 
 
E_ar = (1+Ps) * (E_Tx + E_Rx + E_Tx_Ack + 
E_Rx_Ack) 
 
Insert the energy nodes into array in incremental 
order of energy consumed such that least consumed 
comes first. Consider nodes from 1 to 5 in Fig.1(a). If 
the energy consumed is in the order 3,5,2,4,1 as in the 
Fig.1(c). The least consumed node is 3 and most 
consumed is 1. 
Then position of each node in delay array and energy 
nodes are noted. Positions of nodes of both are added 
and are mapped correspondingly. In Fig.2 has the 
explanation. 
 

 
Fig.2 Node Position and Sum of positions 
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Consider the Sum column, 6 is mapped to node 1, 7 
to 2, 4 to 3, 9 to 4 and 4 to 5. Sum is sorted and 
mapped nodes are 3,5,1,2,4. 
With these calculations, the node which has least 
latency and energy consumption is the efficient one. 
The nodes are intended to follow musical chair 
algorithm which is used to declare the winner. 
3.2 Algorithms 
3.2.1 Musical Chair Rules 
Step 1: Start 
Step 2: Play Music 
Step 3: n players running around n-1 chairs  in one 
direction. 
Step 4: Music stops 
Step 5: n-1 players selected 
Step 6: If only one chair is remaining, then the seated 
player is declared as winner,Go to step 9 
Step 7: else 
  Decrement players: n =( n—) 
  Decrement chairs:(n-1) = --(n-1) 
Step 8: Repeat step 2 
Step 9: Stop 
3.2.2 Algorithms to find the Latency delay time  
and Energy Consumption of a node 
Function latency 
Step 1: Start 
Step 2: Initialize 
       Processing delay- d_proc 
       Queuing delay- d_queue 
       Transmission delay- d_trans 
       Propagation delay- d_prop 
       Assign 
       node= node-1 
Step 3: Calculate d_nodal, delay of each  node in 
latency function 
   d_nodal = d_proc + d_queue +  d_trans + d_prop 
Step 4: Return the latency value to an array 
Step 5: Stop  
 
3.2.3 Function energy consumption 
Step 1: Start 
Step 2: Initialize and assign energy values 
            X value, Y value, Z value 
            E_ar:- Energy in active state 
            E_sar:- Energy in semi active state 
            E_ir:- Energy in idle  mode. 
            T= Node lifetime 
            ta=Amount of time in active mode, 
            ti= Amount of time in idle mode: 
            ts=Amount of time in semi-active mode 
            Ps= Packet retransmit probability 
            E_Tx :- Energy consumed  because of     
    transmitted packets 
             E_Rx :- Energy consumed because of    
     received  packetsE_Tx_Ack :-     
     Energy  consumed because   
     of transmitted ack packets 
             E_Rx_Ack :- Energy consumed because of    
received acknowledgement           packets 
Step 3: If value > X 

 Then is in active state 
Step 4: else if value < Z 
 Then is in ideal state 
Step 5: else if X>Y>Z 
 Then is in semi active state 
Step 6: Calculate node life time 
 T = ta+ts+ti 
Step 7: Estimate energy consumed during active 
mode of each node 
E_ar = (1+Ps) * (E_Tx + E_Rx + E_Tx_Ack +     
E_Rx_Ack) 
 
     Step 8: Estimate energy consumed  during life              
 time T of each node 
                   Et=E_ar*ta + E_sar*ts + E_ir*ti. 
Step 9: Return Et value to array 
Step 10: Stop. 
3.2.4 Algorithm to find the efficient node using 
musical chair concept 
Step 1: Start 
Step 2: Efficiency is calculated (based on latency and 
energy consumption) 
Step 3: n nodes are working and least efficient is 
rejected 
Step 4: n-1 nodes selected 
Step 5: If only one node remaining 
Then winner node is selected as efficient, Go to step 
8 
Step 6: else 
Decrement node: n = ( n—) 
Step 7: Repeat step 2 
Step 8: Stop 
 
3.3. Proposed Architecture 

Fig.3. Architecture of the proposed system 
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Fig.3 shows the architectural diagram of the system. 
The system contains Bloom Filter that acts as security 
measure. The nodes get registered into the bloom 
filter. If there comes any foreign nodes or attacker 
node, the bloom filter rejects it. Then the efficiency is 
calculated by in terms of delay and energy 
consumption of the nodes. The nodes play a 
cooperative game, particularly the musical chair 
game as proposed. After that the node that remains 
after the game will be declared as the winner node. 
 
IV. FLOWCHARTS 

 
Fig.4. Overall Flowchart 

 
Fig.5. Musical Chair Flowchart 

 
Fig.6. Game Applied Flow Chart 

 
RESULT AND DISCUSSIONS 
 
In this methodology, there provided practical and 
applicable information on the efficient node selection. 
The proposed flowchart is displayed on Fig.4. , the 
flowchart of musical chair is shown in Fig.5 and 
flowchart of game applied to the system is shown in 
Fig.6. Further developments on the methodology will 
be proposed in future works. 
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