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Abstract: In Vehicular Adhoc Networks (VANETs), collaboration and coordination between mobile
nodes (vehicles) and static nodes (roadside infrastructure) are significant. The great challenges of the
VANETs are rapid changes of topology, perceiving and transmitting of physical environment parameters.
Because of the lack of central coordinator and the selfishness of the vehicles, effective routing is a
challenging task in VANETs. Optimal resource allocation is quite essential to achieve an effective routing.
Game theoretical models have currently been used as a tool to bring fairness among the resources
utilization and users. This work proposes an approximation Colonel Blotto Game (CBG) model to analyse
the possible strategy set for each player in allocating resources. We have calculated the payoff to nodes
for motivating the players who are involved in the routing process. A generalization of CBG has enabled
deterministic and implementable equilibrium strategies. The existence of Nash equilibrium (NE) for pure
strategy has proven. The proposed work has also found out the optimal strategies by introducing a method
of Lagrange multipliers. Experimental results show that the proposed CBG based resource allocation
scheme could significantly allocate the resources fairly to forward the packet thereby enhancing the
routing.

Keywords: Game Theoretical Model, Mobile Ad Hoc Networks, Optimal Resource Utilization, Efficient
routing, Angle based geographical area selection.
1 Introduction
Vehicular Adhoc Network (VANET) has attained momentum. It is also increasing day by day as there is
an exponential hike in vehicle population. VANET is not only aimed to provide life-saving and safety
applications, but it will also become a robust network for users’ communication. This point, the unique
VANETs’ characteristics pose great challenges in maintaining a stable connection for a longer time. In
VANET all vehicles have its wireless On-Board Units (WiOBU) and spatially distributed wired
infrastructure units (WRSU) deployed on the roadside. The WiOBU and WRSU participate in the
communication. To achieve effective communication, nodes’ collaboration is essential. But cooperation
among the nodes in VANET is one of the critical issues in designing scalable and effective routing
algorithms.
Robustness is the main aim of the effective routing algorithm that should resist against the frequent path
disruptions caused by vehicles’ mobility. To improve communication, research has to be performed to
analyze the efficient use of constrained resources or infrastructure (WiOBU, WRSU and Network
provider). On-demand resource allocation is a crucial feature of mobile adhoc networks. In general,
underutilization of resources, unfair resource sharing, and selection of in-apropos resource allocation
strategies are the key factors that degrade the network performance. Existing schemes are not suitable for
enhancing VANET resource allocation because of self-configurable nature, overhead, and uncertainty.
Since the effective communication of VANET depends on the role of competition in the process of
resource allocation, game theory approaches [Nisan (2007), Osborne (2004), and Shoham(2008)] provide
a way to translate the problem as a mathematical formulation. It is currently used in a variety of domains
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including behavioral biology, computer networks, economics, and political science. A classic Colonel
Blotto game is a two-player auction-like game that allows distributing each player's total resources among
a fixed number of tasks. Here packet forwarding or communication is being termed as the task. The
successful completion of each task was performed by the player who allocated the higher amount for it.
The total payoff of each player is decided by the number of tasks won. In this work, it is aimed to
consider players with identical resources, i.e., each node (either mobile or static) in the network with
equal capability and specification of resources. And they are thus analyzing how optimal strategies have
adapted to the different situations of each opponent. Various approaches have explained effective
allocation of constrained resources.
Recently, the game theoretical approach has been used to solve resource allocation problems in various
domains like wireless sensor networks, cloud computing [Wei, Vasilakos, Zheng et al. (2010)], and
mobile adhoc networks. Ye and Chen (2013) used a non-cooperative game model for the load balancing
and resource placement problem. In this paper, their focus was making sure the Nash equilibrium and
finding out an optimal resource allocation strategy. This work does not consider the mobility scenario
which is one of the most contributing factors for dynamic topology changes in VANET. Zhao, Zheng,
Wen et. al. (2014) applied convex pricing scheme for energy efficient up-link power control and
sub-channel allocation in two-tier femtocell networks. It does not have the complete analogy of VANET,
and it also has not considered different resources.
Moreover, the pricing scheme only deals with the static resources. Al-Zahrani and Yu (2016) proposed a
two-level dynamic game theory algorithm to ensure the energy-efficient resource allocation and inter-cell
interference management. The pricing factor has been fully characterized using the utility function’s
penalty portion. They have also analyzed and proved the existence and uniqueness of the Nash
equilibrium (NE). A distributed iterative algorithm based on the fixed-point theorem has also been
formulated to attain the NE of their game model. Since the nodes or vehicles in VANET get power from
its battery, the energy would not be much of a concern in VANET. This scheme does not sufficiently
address the resource allocation issue of VANET which is highly dynamic in topology formation.
Hence we devise a protocol to provide an optimal solution for resource allocation issues of Vehicular
Adhoc Networks, using a Colonel Blotto Game model (RAVA-CBG). The primary goal of RAVA-CBG is
to obtain optimal strategies for resource allocation as the equilibrium states of a dynamic process; it works
well for a realistic situation. Differently, from the approaches mentioned above, RAVAN-CBG reveals the
best actions from each node. The main contributions of this work have briefed as follows,

● A two-player Colonel Blotto Game model has been formulated.
● Deterministic equilibrium strategies are derived. It means that each player can get specific

optimal strategies for resource allocation.
● Utility function and the payoff for each node have been calculated for motivating the particular

nodes that completed the communication or packet forwarding successfully.
● The performance of the proposed scheme RAVAN-CBG has been evaluated by performing

extensive simulation results. As per the analysis, the RAVAN-CBG provides the optimal solution
for VANET resource allocation.

The remaining portion of the paper has six sections. Section 2 summarizes related work and highlights the
differences between it and our work. Part 3 describes the problem statement, Colonel Blotto Game model
in VANETs in terms of payoff formulation and analysis of Nash Equilibrium Strategies. Part 4 shows our
simulation results and relevant performance analysis. Finally, Sections 5 presents our conclusions and
discusses future direction.
2 Related Works
Resource allocation in VANETs is a challenge for time-sensitive applications. Game theory plays a
significant role in providing the optimal solution for resource allocation in VANETs. Dimitris and
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Athanasios (2010) surveyed the impact of the game theoretical approaches and their applications to
wireless networks. Though many researchers are involved in providing better algorithms for routing and
resource allocation, very minimal works are used game theory approach for solving the resource
allocation issue of VANET. At the same time, game theoretical models have used in providing secure
communication in MANET and resource allocation in cloud computing. Zeng, Xiang, Li and Vasilakos
(2013) presented a directional routing and scheduling approach for VANET by considering the factors
like congestion, buffer, and delay. The works [Bacci, Sanguinetti, and Luise (2015), Srivastava, Neel,
Mackenzie et al. (2005)] proposed a game theory based efficient routing framework that includes various
essential assumptions. Bacci, Sanguinetti, and Luise (2015) suggested a non-cooperative game model to
describe the behavior of each node in a wireless adhoc network. Srivastava, Neel, Mackenzie et al. (2005)
surveyed the impact of the game theoretical approaches and their applications to packet forwarding. The
authors applied a game theoretical approach to analyze the packet forwarding and cooperation mechanism
in non-mobile wireless adhoc networks. Ng and Seah (2010) presented a game theory model to derive
conditions for collusive packet forwarding, truthful routing broadcasts, and packet acknowledgments
under a lossy wireless multihop adhoc environment. Liu, Hua, Chen, Alghamdi and Ali (2018) pointed
out that the patterns of each node interaction vary for the nature of the topology. They have also
determined the set of circumstances in which the cooperation and packet forwarding can exist without
incentives. Ji, Yu, Liu (2010) formulated a belief evaluation framework to obtain cooperation enforcement
based packet forwarding strategies. These strategies have been selected only based on each node’s private
information (node's past actions and imperfect observation of other nodes’ information).
Wang, Chatterjee, and Kwiat (2011) focused on exchanging one-hop information. They have proposed a
hidden action game model with imperfect private monitoring to perform the packet forwarding process.
The authors have also introduced a state machine based strategy to reach a Nash Equilibrium (NE).
Furthermore, they have extended their work to a general wireless network scenario. The main aim of their
extension was to analyze cooperation rate prevail over collusion using evolutionary game theory. Xin Xu
and Huiqun Yu (2014) introduced a good resource allocation algorithm for cloud networks using a game
theoretic approach. They have modeled the resource allocation problem as a great finite game with perfect
information. It has also ended with an NE decision. Xiaoqun Yuan et al. (2017) developed a traffic
interaction model to disclose the traffic interaction between geographically distributed data-center clouds
and physical networks. A resource allocation model among data centers and an optimum resource
allocation strategy to allocate the system resources among different links have also proposed. Cheng et al.
(2014) investigated the opportunistic spectrum access for cognitive radio VANET. They have modeled a
non-cooperative congestion game for the spectrum access process. They have also proved the existence of
the Nash equilibrium (NE). Uniform medium access control protocol and slotted ALOHA approaches
have used to analyze the efficiency of their work. This work has not dealt with different resources like
bandwidth, memory, processor with different capacity.
3 An approximation Colonel Blotto Game Model in VANETs
In this proposed work, it is aimed to make use of the unique property of VANET to bring optimization in
resource allocation. The VANET is a wireless adhoc network class which includes a set of vehicles as
mobile nodes and roadside base stations as static nodes. The processing power, memory, battery power,
storage, communication capability, and queuing facilities are called resources in VANET. Since the
mobile node of a VANET moves in a single direction of a lane, there is no need to broadcast the packets
into 360 degree. In this work, it has assumed that all nodes (WiOBU and WRSU) have configured with
homogeneous resource sets. Here optimization in routing allocation and routing is brought by considering



only the angular geographical regional resources [Bhuvaneswari, Paramasivan (2018)] which are placed
in the same direction of a vehicle going. For example, if a node n1 wants to send a packet to n2, a vector (

=rn1n2) is used to connect those two nodes. And then the minimal geographical region is selected by𝑟→
considering the vector ( ) as an axis. The minimal geographical region has chosen by increase the angle (𝑟→

a) step by step up on both sides of the axis. Here the angle value should be chosen between .∠ 10≤∠𝑎≤90
By doing this nearly half of the resource population will not allocate and participate in the routing
process. To enhance the resource allocation and routing process of VANET, it is assumed that the
resource allocation approach is a two-player approximation Colonel Blotto Game model. Consider this
approximation Colonel Blotto Game model [Ferdowsi, Anibal, Walid, Tamer (2018)] has eight tuples

. These eight tuples’ definition is as follows𝑉𝑛, 𝑃, 𝑅𝑛, 𝑁, 𝑆𝑗, 𝑇𝐶, 𝑈𝑗, 𝐴𝑓{ }
: Set of vehicles.𝑉𝑛

P: Players. Since there are two players, a sender (S) and a receiver (R) participate in this game.
: Set of available homogeneous resources in the angular geographical region between the two𝑅𝑛

players
N: Set of tasks or data transmission.

: Strategy or action spaces where .𝑆𝑗 𝑗∈𝑃
: Transmission cost. Each data transmission/task has initialized with a communication cost based𝑇𝐶

on the level of the completion.
: Utility function of each player in the game.𝑈𝑗
: Approximation factor. It is a continuous differential function.𝐴𝑓

Equation 1 has defined the set of possible strategies for each player ( ).𝑆𝑗
(1)𝑆𝑗 = {𝑖=1

𝑛∑ 𝑟𝑖𝑗 ≤ 𝑅𝑗, 𝑟𝑖𝑗 ≥ 0)
It corresponds to the different possible distributions of available homogeneous resources across the tasks.
In specific is the resources allocated by the player j to complete the ith task. The payoff value of player j𝑟𝑖𝑗
for the ith task can be defined as follows

(2)𝑓 𝑥( ) = {0, 𝑖𝑓𝑟𝑗𝑖 < 𝑟−𝑗𝑖  𝑇𝑐2 , 𝑖𝑓𝑟𝑗𝑖 = 𝑟−𝑗𝑖  𝑇𝑐, 𝑖𝑓𝑟𝑗𝑖𝑟−𝑗𝑖  
To derive deterministic equilibrium strategies, it is planned to use the differentiability of the approximate
utility function. In this point, the payoff value for each player defined in equation (2) can be written as an
approximation function. This approximation Colonel Blotto Game model captures aspects mentioned
above by calculating the approximate utility function discussed in the equation (3).𝐴𝑓( )

(3)𝑈𝑗𝑖` 𝑟𝑗𝑖, 𝑟−𝑗𝑖 , 𝐴𝑓( )≜ 𝑇𝑐π 𝑡𝑎𝑛 𝐴𝑓 𝑟𝑗𝑖 − 𝑟−𝑗𝑖( )( ) + 𝑇𝑐2
The utility function of each node in the VANET is the summation of the approximation payoffs from𝐴𝑓
each task completion. In order to calculate the payoff of each packet transmission, the portion of
resources allocated by each player for packet forwarding has considered. This means it is also necessary
to capture the packet drop due to collision in the network which was treated as the gain for the opponent
player. The payoff from each data transmission (i ϵ N) can be described in the equation 4 and it has been
expanded in equation 5 based on the equation 2. Here each player’s the approximation utility function𝐴𝑓
is defined in equation 6.

(4)𝑈𝑗𝑖 𝑟𝑗𝑖, 𝑟−𝑗𝑖( ) = 𝑈𝑗𝑖 𝑟𝑗𝑖, 𝑟−𝑗𝑖 , 𝐴𝑓( ) 
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𝑈−𝑗𝑖 𝑟𝑗𝑖, 𝑟−𝑗𝑖 , 𝐴𝑓( ) = { 𝑇𝑐П 𝑎𝑟𝑐𝑡𝑎𝑛 + ∞( ) + 𝑇𝑐2 = 0, 𝑟𝑗𝑖 < 𝑟−𝑗𝑖  0 + 𝑇𝑐2 = 𝑇𝑐2 , 𝑟𝑗𝑖 = 𝑟−𝑗𝑖  𝑇𝑐П 𝑎𝑟𝑐𝑡𝑎𝑛 − ∞( ) + 𝑇𝑐2 = 𝑇𝑐𝑗𝑖, 𝑟𝑗𝑖𝑟−𝑗𝑖  
(5)

(6)𝑈𝑗𝑖` 𝑟𝑗𝑖, 𝑟−𝑗𝑖 , 𝐴𝑓( )≜ 𝑗=1
𝑛∑ 𝑈𝑗𝑖` 𝑟𝑗𝑖, 𝑟−𝑗𝑖 , 𝐴𝑓( )

3.1 Finding Optimal Resource Allocation Strategies
In order to deal with the constrained resources of VANET effectively to complete the data transmission,
the following sections apply the Colonel Blotto Game Theoretical approach at a granular level. As per the
approximation Colonel Blotto Game model definition described above, S and R are the two players who
have Xs and Xr number of resources respectively. It is also assumed that Xs ≤ Xr. In general, both
players/nodes should apportion their whole resources among N tasks. Here the numbers of packets
forward are treated equally among two players. Specifically, no players have different priorities. It is
considered that and number of resources allocated by each player to a routing process of a packet.𝑋𝑠𝑗 𝑋𝑟𝑗
The fraction of tasks and represents the payoff the player sender ( ) and receiver ( )𝑋𝑠𝑗 > 𝑋𝑟𝑗 𝑋𝑟𝑗 > 𝑋𝑠𝑗 𝑈𝑠 𝑈𝑟
respectively.  In general the payoff of the VANET node can be denoted as follows,

(7)𝑈𝑠.𝑟 = 1𝑁 𝑋𝑠.𝑟𝑗 > 𝑋𝑟.𝑠𝑗( )||| |||
In this process deals the cardinal(| . |) and its optimal strategy outcomes conform to the NE. In this type of
game model each player’s payoff tries to maximize with the given strategy of the opponent. Suppose
consider a case is greater than means the game has very minimal optimal strategy which leads that𝑋𝑟 𝑁𝑋𝑠
player or node always wins all items. Because based on the equation 7, . In this case .𝑈𝑠 + 𝑈𝑟 = 1 𝑈𝑟 = 1
In the reverse condition do not resemble the pure strategy. The probability distribution for the𝑋𝑟 < 𝑁𝑋𝑠
resource set allocated by a player j ϵ P is defined by . The expected𝑅𝑗1, 𝑅𝑗2, …, 𝑅𝑗𝑁{ } 𝑃𝑗 𝑅𝑗1, 𝑅𝑗2, …, 𝑅𝑗𝑁( )
marginal probability distribution of allocated resources to route a packet/taski has defined in the equation
8 and 9. The equation 9 specifically illustrates the cumulative distribution.

(8)𝑃𝑗𝑖 𝑥𝑗𝑖( ) = ∫ 𝑑𝑥𝑗𝑖 ∫ 𝑑𝑥𝑗𝑖−1 ∫ 𝑑𝑥𝑗𝑖+1 ... ∫ 𝑑𝑥𝑗𝑁𝑃𝑗 𝑥𝑗1, …, 𝑥𝑗𝑁( )
(9)𝐶𝑗𝑖 𝑥𝑗𝑖( ) = 0

𝑥𝑗𝑖∫ 𝑑𝑥𝑃𝑗𝑖 𝑥( )
gives the expected contribution in each player’s (WiOBU/WRSU) payoff from the process of routing𝑋𝑠.𝑟𝑖

a packet j. In specific, the probability in the equation 10 and 11 shows that allocated resources are𝑋𝑠.𝑟𝑖
larger than the opponent players.

(10)𝑈𝑠.𝑟𝑖 = 0
𝑈𝑠.𝑟∫ 𝑑𝑥𝑃𝑠.𝑟𝑖 𝑥( ) 0

𝑥∫ 𝑑𝑥1𝑃𝑟.𝑠𝑖 𝑥1( )
(11)𝑈𝑠.𝑟𝑖 ≡ 0

1∫ 𝐶𝑟.𝑠𝑖 𝑑𝐶𝑠.𝑟𝑖



The NE is determined by maximizing with respect to the marginal probability distributions .𝑈𝑠.𝑟 𝑃𝑠.𝑟𝑖 𝑥( )
The NE should be determined with the condition that the sum of the allocated resources equals the total
resources . From the equation 12, it is observed that we can write two Lagrangians by introducing the𝑋𝑠.𝑟
Lagrange multipliers () which provides the optimal strategies.

(12)𝑋𝑠.𝑟 = 𝑖∑ 0
𝑋𝑠.𝑟∫ 𝑑𝑥𝑥𝑃𝑠.𝑟𝑖 𝑥( ) ≡ 𝑖∑ 𝑥𝑑𝐶𝑠.𝑟𝑖

(13)𝐿𝑠.𝑟 = 1𝑁 𝑖∑ 0
1∫ 𝐶𝑟.𝑠𝑖 𝑑𝐶𝑠.𝑟𝑖 + Γ𝑠.𝑟 𝑋𝑠.𝑟 − 𝑖∑ 0

1∫ 𝑥𝑑𝐶𝑠.𝑟𝑖( )
4 Experimental Environment Setup and Performance Analysis
The proposed RAVA-CBG resource allocation protocol has been implemented using SUMO and network
simulator (NS3) tools. The simulation area selected for doing this experiment is a circular bidirectional
highway with a length of 3142m (diameter of 2000m) with 2 lanes in each direction. In this simulation
area, nearly 200 vehicles and ten RSUs have placed. It is also assumed that all vehicles are equipped with
DSRC and GPS technologies. In this simulation environment, all vehicles follow the microscopic
mobility model. Optimal resource allocation and efficient routing were the main aims of the RAVA-CBG
Model. The tool SUMO has used to set the number of vehicles, traffic pattern, traffic signal deployment,
lane configuration, round trip details and so on. The detailed simulation parameters’ configuration is
listed in Table 1. It has decided to export and use the Kovilpatti, Tamilnadu road map from
OpenStreetMap for doing the simulation. The map layout is illustrated in figure 1. The simulation has
been performed for the National Highway scenario.

Table 1: Experimental Parameter Setup
Simulation Parameters Values
Simulation Time 1800 Sec
Antenna Type Sectorized
Network Interface Type PhyWirelessPhyExt
Vehicles Population 15 cars/km/lane
Radio propagation model Nakagami-m (m = 3)
Modulation used 64 ¾ QAM
Packet size 256 bytes
Network traffic Generator CBR (256 bytes, rate:

1)
Vehicle speed 60 to 110 Kmph

Detailed PhyWirelessPhyExt configuration
PHY Parameters Values

CarrierSenseThresh and
ReceivedPowerThresh

3.162e-12

Freq 5.85e+9
NoisePowerThresh 1.26e-13
PowerMonitorThresh 6.310e-14
HeaderDuration 0.000040
PreambleCaptureSwitch 1
DataCaptureSwitch 0
SINR_PreambleCapture 2.5118
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SINR_DataCapture 100.0
trace_dist 1e6
PHY_DBG 0
Bandwidth 70e6
Modulation Reference Index 3
Tx and Rx antennas height 2m

Detailed IEEE 802.11p MacExt configuration
 MAC Type  IEEE 802.11p MacExt
MAC Parameters Values
Congestion Window (CW) Min 15
CWMax 1023
SlotTime 0.000013
Short Interframe Space (SIFS) 0.000032
ShortRetryLimit 7
LongRetryLimit 4
HeaderDuration 0.000040
SymbolDuration 0.000008
Modulation Reference Index 3
802_11a_flag True
ReadyToSend (RTS) Threshold 2346
MAC_DBG 0

Figure 1: Realistic National Highway Scenario
The proposed Resource Allocation scheme for VANET using Colonel Blotto Game model (RAVA-CBG)
analyzed the impact of the angular geographical region based resource selection in VANET routing. It is
planned to conduct extensive experiments using homogeneous resources to observe the effectiveness of
the RAVA-CBG approach. The simulation results performance of RAVA-CBG has compared with the
existing protocols Multi-Community Evolutionary Game Routing Algorithm (MCEGRA) [Wu, Di et. al
(2012)] and Public Goods Game Group Interaction Model (PCG-GIM) [Ding et. al. (2018)]. The
performance of the proposed scheme was evaluated against the above said protocols in terms of
propagation delay, packet delivery ratio, routing overhead and routing latency. While in the previous



works [Wu, Di et. al (2012), Ding et. al. (2018)] only solves the selfish behavior of the nodes which
belong to various communities and considers the node cooperation in the routing process by using
evolutionary game theoretical approach. Currently, it is aimed to provide an optimal resource allocation
scheme based on the VANET routing protocol by using approximation Colonel Blotto Game model.
4.1 Packet Delivery Ratio
It was decided to evaluate the efficiency of the proposed work (RAVA-CBG) through setting up the
simulation environment (Table 1) to calculate the packet delivery ratio (PDR) with varying the vehicle
speed. Figure 2 shows that RAVA-CBG has continuously maintained a higher PDR of approximately 91%
when the vehicles are moving 100 kmph speed. The main reason for this optimal performance is that only
the portion of resources allocated by each player/node has considered for routing the packet from sender
to receiver. Also, the proposed scheme follows a specific procedure to find a set of the optimal strategy
for each player.

Figure 2: Packet delivery ratio vs. Vehicles’ speed
4.2 Routing Latency
 Routing latency is one of the QoS metrics in the packet forwarding process. In general, routing latency is
defined as the time taken to deliver packets to the player receiver to find an efficient path for packet
forwarding. Figure 3 illustrates the routing latency for three protocols when the speed of nodes/vehicles
varied from 70 Kmph to 110 Kmph. It has determined that the performance of the proposed scheme is
optimal than the related PCG-GIM and MCEGRA schemes. From the simulation study, it has observed
that the routing latency of the proposed scheme is 12 ms with the vehicle speed is 80 kmph in the network
and 14 ms and 15 ms for MCEGRA and PCG-GIM respectively.
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 Figure 3: Routing latency vs. Vehicles’ speed

 When the simulation environment has vehicles which move with the speed of 120 Kmph, the time taken
by RAVA-CBG was 20 ms whereas the related MCEGRA and PCG-GIM approaches took more time to
route the packets from sender node to its receiver. The latency in both related schemes is because of
frequent link failures and more control packet transmission to find the routing path. The proposed work
has not considered the entire population of the resource around each sender and receiver node in the
process path finding and forwarding the data packets. More specific to say, RAVA-CBG considers the
resources placed only in the angular zone ( ). Simply because of this reason the proposed10≤∠𝑎≤90
protocol allows nodes to send packets to their neighbor hops with minimal overhead.
 4.3 Routing Overhead
 In this simulation experiment, the routing overhead has assessed for RAVA-CBG, MCEGRA, and
PCG-GIM by varying different speeds of the vehicle. Figure 4 exhibits that the routing overhead of
RAVA-CBG is less than over other two protocols. The main reason for the optimal performance is
RAVA-CBG is reducing the network traffic by adopting angular geographical region based architecture
and minimal transmission of routing control packets among the neighbor hops/players in the path
discovery phase. On the other hand, when the route request of MCEGRA and PCG-GIM originated from
the source, it flooded throughout the network until the destination has reached which caused the high
routing overhead. RAVA-CBG can send approximately 85 packets/second when the vehicles are moving
in 90kmp because only minimal handover is involved in the routing phase.
 4.4 Propagation Delay
 From the implementation and simulation results, it has found that the propagation delay of the
RAVA-CBG has compared with MCEGRA and PCG-GIM routing schemes. Formally, the time taken to
run the code in all nodes of the network is called propagation delay. From figure 5, it may be concluded
that the propagation delay will increase when the code size scales. The result shows that the optimal
allocation of resources by an approximation Colonel Blotto Game Model holds less propagation delay
over other two relevant schemes. The reason for the optimal performance of RAVA-CBG is the execution
of the code takes place only in the players who place between the source and destination. Moreover, the
proposed work derives two Lagrangian’s functions with a Lagrange multiplier to find optimal strategies.



 Figure 4: Routing overhead vs. Vehicles’ speed
 

 
 Figure 5: Propagation delay Vs. Code size

5 Conclusion and future research scope
We have used an approximation Colonel Blotto Game model to reveal the best actions from individual
strategy to minimize inappropriate resource allocation for transmitting the packets in VANET. If an
allocated resource is underutilized or not sufficient in packet forwarding, it may degrade the network
performance. A novel resource allocation scheme was developed to calculate the payoff for senders and
receivers those who are involved in the packet routing. Utility function has calculated for each player. A
packet can be routed through a path when the player gets the high payoff and optimal cooperation.
RAVA-CBG is a novel scheme to enhance routing and motivate effective usage of constrained resources.
The specific angle based geographical location based player selection scheme helps to reduce the control
message flooding in the network. The proposed game model also derived the deterministic equilibrium
strategy profiles for senders and receivers based on its payoffs and utility. It has tried to find optimal
strategies for each player in resource allocation. It has also proven the existence of a Nash Equilibrium for
pure strategy. From this model, we are able to obtain optimal strategies through Lagrangian maximization
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of payoffs. We have taken the National Highway scenario to check the optimal performance of the
proposed scheme RAVA-CBG. We have chosen MCEGRA, and PCG-GIM protocols for comparatively
analyzing the results. From the simulation results, we have concluded that RAVA-CBG shows optimal
performance in terms of packet delivery ratio, routing overhead, propagation delay and routing latency
over other two schemes. Based on the extensive study of the recent scholarly papers, we may conclude
that this is the first work that uses the approximation Colonel Blotto Game model to address the
constraints and issues in designing an effective resource allocation scheme for VANET.
One of the future research directions of the proposed work may focus on using a Network which includes
heterogeneous resource types. It can be extended in several other significant directions like considering
the RAVA-CBG resource allocation for simulating urban scenarios and games with extended running
time.
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