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ABSTRACT: Mobile ad hoc network is a self-governing wireless network for mobile devices. It does not require any 
fixed infrastructure to be configured which makes it more appropriate to be used in environments that require on-the-fly 
setup. The network requires no centralized management, the structure of topology is changed arbitrarily and the 
communication between the devices will take place via radio waves at anywhere and anytime. Nodes of ad hoc network 
can act as end system as well as routers. The challenges of mobile ad hoc network are scalability, resource availability, 
security threats, no predefined boundary and limited power supply. Routing in mobile ad hoc network determines the 
best path to reach the destination in the network and it plays a vital role in deciding the quality of service. The quality 
of service for wireless routing is more challenging than wired network due to node mobility and resource constraints. 
The goal of quality of service is to provide a better service to the selected network traffic. The quality of service 
parameter includes end-to-end delay, routing overhead, packet delivery ratio, throughput, control overhead, energy, and 
jitter. Optimization can be used to find out the best solution from the possible set of paths. Different optimization 
techniques are available to provide improved quality of service in mobile ad hoc network routing.  Artificial Bee 
Colony algorithm is one of the swarm intelligence-based optimization techniques and finds out an optimal path from 
source to destination. This algorithm is based on the intelligent foraging behavior of a honeybee swarm. 
 

KEYWORDS: Mobile Ad hoc Network,Quality of Service, Swarm intelligence, honeybee behavior, scouting, 
foraging, path selection. 

I.INTRODUCTION 

A.MANET 

Mobile Ad hoc Network (MANET) [1] is a collection of mobile devices which forms an autonomous network. 
The mobile nodes are not having fixed infrastructure for communication. In MANET, all the nodes can move freely at 
any time and it can connect to other nodes. Every node is independent in the network without having any centralized 
management. Each node can act as a router as well as host devices.  

 1) Characteristics of MANET 

 Dynamic Topology: The topology of the network is changed dynamically with respect to time. 
 Decentralized Control: MANET does not require any centralized management. The mobile node in MANET is 

self-configuring, autonomous system and infrastructure less network. 
 Multi-hop Routing: For nonlinear networks, multi-hop communication is performed rather than single hop.  
 Autonomous Terminal: Each mobile node is independent node’s which function both as a host and a router. 
 Distributed Operation: The node control over the network is distributed. The nodes should cooperate with each 

other and communicate among themselves 

 2)Issues in MANET 

 The unpredictability of Environment: Ad hoc networks may be deployed in unknown terrains, hazardous 
conditions, and even hostile environments where interfering or the destruction of an actual node may be 
difficult. 
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 Power Constrained Operation: Some or all of the nodes in a MANET may depend on batteries or other 
exhaustible means for their energy. So, the communication-related functions should be developed for lean 
power consumption. 

 Resource-Constrained Nodes: Mobile nodes trust on battery power, which is a rare resource. Also, storage 
capacity and power are severely limited. 

 Limited Physical Security: Mobility indicates higher security risks such as peer-to-peer network architecture 
or a shared wireless medium accessible to both legitimate network users and malicious attackers. 
Eavesdropping, spoofing, and denial-of-service attacks should be considered. 

 Scalability: It is defined as whether the network is capable of providing an acceptable level of service even in 
the presence of a large number of nodes. 

 Boundary Limitation: In MANET, physical boundary of the network cannot be defined. 

3) Applications of MANET 

 

 Education: Used in virtual classrooms, ad hoc communications during meetings or lectures, universities and 
campus settings. 

 Entertainment: MANET is applied to support multiuser games, wireless peer to peer networking and outdoor 
access of internet. 

 Context Aware Services: It provides services like call-forwarding, mobile workspace, location specific 
services, and time dependent services. 

 Sensor Networks: MANET provide services like data tracking of environmental conditions, animal 
movements, chemical/biological detection, body area networks. 

 Tactical Networks: used in military communication operation and automated battlefields. 
 Commercial Environments: MANET is used in electronic payments at anytime and anywhere, dynamic 

database access and mobile offices. 
 Emergency Services: MANET is used in Search and rescue operations, Disaster recovery and Replacement of 

fixed infrastructure in case of environmental disasters. 
 
B. Quality of Service 

 In MANET providingQoS is more challenging than a wired network. The objective of QoS routing is to 
identify paths that have adequate resources to satisfy a set of constraints and at the same time attain global efficiency in 
resource utilization. QoS is stated in terms of end-to-end performance over the network which includes various 
parameters such as end-to-end delay, bandwidth, energy, throughput, packet delivery ratio, and jitter. Energy in 
MANET is defined as battery power in the nodes. The parameter end-to-end delay refers to the time taken for a packet 
to be transmitted over a network from source to destination. It comprises of processing delay, queuing delay, 
transmission delay and propagation delay. Bandwidth is the maximum data transfer rate of the network. Throughput 
has defined the rate of successful message delivery across a communication channel. Providing multiple metrics 
solution is not an easy task in MANET. It can be solved by using an optimization method.  

C.Swarm Intelligence 

Swarm intelligence [2] deals with collective behaviors that result from the local interactions of individual 
components like ants, termites and bees with each other and with their environment. Two of the most popular and 
successfulexamples of the SI approach are Ant Colony Optimization, Artificial Bee Colony Optimization and Particle 
Swarm Optimization.Once the problem is specified, the forward pass starts by artificial bees search for a partial 
solution to the problem. After discovering the enough information, they return to the hive where the partial solutions 
they have gained are shared between the searchers. Each artificial bee has to make a decision based on a certain 
possibility, whether it will continue searching succeeding its own path, or change to a fellow searcher’s solution. The 
last step is to decide which solution is the best, based on certain criteria. 

II. RELATED WORKS 

This section discusses the algorithms that have been proposed by various authors providing on routing in 
MANET. Swarm intelligence techniques [3] for food foraging behavior applicable for MANET. It deals with ant based 
routing tofind the shortest path to reach destination. Learning strategy is based on pheromone level of ants which helps 
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to make appropriate routing decisions and it uses the forward ant which is sent by the sender, whereas backwardant are 
used by the destination node.AQoS based routing protocol[4] adds quality of service to the routing in MANET. Swarm 
Intelligence [5] inspired the Self-Organized Networking (SON). The main idea is to provide principle and optimization 
approaches of various bio-inspired algorithms, measuring and comparing critical SON issues from the perception of 
physical layer, Media Access Control layer and network layer operations.Efficient multipath [6] routing for mobile ad 
hoc networks constructs multiple paths using RREQs. Energy is not required for choosing the paths. Here the proposed 
protocol not only considers residual energy but also transmission power of nodes in paths selection to exploit the 
lifetime of networks. The system comprises of three stages which are 1) Control transmission power, 2) Calculate 
residual energy and 3) System operation.A hybrid ant routing algorithm [7] for reliable throughput using MANET is 
proposed. Here, ant-like mobile agentsare used which sample the node between source and destination. In MANET, 
each node forwardsthe packet between two or more node. By varying the time cycle, throughput and packet 
performance can be increased. When throughput is increased, efficiency is also high and improves the quality of 
services.An improved [8] antcolony based multi-constrained QoS energy-saving routing (IAMQER) and throughput 
optimization in wireless Ad-hoc networks. It is constructed on the analysis of local node information such as node 
queue length, node forwarding number of data packets and node residual energy, balances the relationship between the 
network throughput and the energy consumption, thus improving the performance of network in multi-constrained QoS 
routing.  
 

Ant colony [9] algorithm finds the optimal path to reach destination. Ants exchange the information with each 
other by pheromone factor. Algorithm uses the request and reply ants for effective route discovery. Here, congestion 
metrics are measured using buffer occupancy, load of the channel and packet drop rate. Connectivity level of the route 
is measured by received signal strength of the link. 

III. BEEIP 

A.Basic Honeybees Behavior 

One of the most noticeable behaviors in honeybee algorithm [10] visible to us is the foraging of each 
individual bee. The foraging process includes two main modes of behavior: recruitment of nectar source and 
abandonment of a source. It starts with some scout bees left the hive in order to search food source to gather nectar. 
After discovering the food (i.e., flowers), scout bees come back to the hive and inform their hive-mates about the 
richness of the flower and the distance of the flower to the hive (i.e., location) through a special movements called 
dance, which are round dance, waggle dance, and tremble dance depending on the distance information of the source. 
Typically, it dances on different areas in an try to advertise food locations (by touching her antennae) and encourage 
more remaining bees to gather nectar from her source. After the dancing show, more foraging bees will leave the hive 
to collect nectar follow one of the dancing scout bees. Upon arrival, the foraging bee stores the nectar in her honey 
stomach and returns to the hive. The described process continues repeatedly until the scout bees discover new areas 
with potential food sources. 

The honeybee behavior is applied over the routing in MANET for route discovery. BeeIP is a new honeybee-
inspired adaptive routing protocol based on the collaborative behaviors of honeybee foragers. BeeIP is a multipath 
reactive honeybee agent explores the topology only when data are required to be transmitted between nodes. They are 
designed to monitor and estimate the performance of the discovered paths and select the optimal one based on a 
selection mechanism inspired by their natural counterparts. 

 Three kinds of honey bee are used to search the food sources is shown in Figure 1, which includes scout bees, 
employed bees, and onlooker bees. 
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Figure.1 honey bee foraging algorithm 

 Scout bees examine the food source randomly; employed bees will examine the food source and share food 
information to the onlooker bees. 

 Then, onlooker bees will calculate the fitness and select the best food source. 
 After scout bees finding the food sources and return to the hive, and it compares the quality of food source. 
 The waggle dance is performed to share the information about the food source direction. 
 Then, the scout bees will be sent through the best food source path to bring nectar back to the hive.   

Honey bee algorithm is a population-based search algorithm. It mimics the food foraging behavior of honey bee 
colonies. The feature of honey bee routing in MANET is how adaptive behaviors that are met in the natural system of 
the hive are applied to solve a complex routing problem and to find the optimal path to reach the destination. 

B. Honey bee foraging Algorithm 

The elements of honeybee are scout,ack_scout, forager and ack_forager. When a route [2] is required at the 
source node and there is no former routing information is available, and then a scout packet is generated and 
broadcasted to the network. The scout packet is responsible for discovering available paths to its destination, while it 
introduces neighboring nodes to each other, in a hop by hop manner. The scouting process is considered successful 
when source node receives one or more ack_scout packet. When a forager is received by the destination node, it sends 
piggybacked data to the transport layer and converts to an ack_forager. Like the real honeybees which take some time 
on the flower to gather the pollen or the nectar, the ack_forager stays at the destination node until some data packet 
needs to return to the initial source. While traveling back home, it collects up-to-date information about the nodes it 
visited and the links between them. 

A new quality value is calculated at every node received the ack_forager, and when it finally arrives home, the 
quality q of the path from the destination d to the source s can be statedin equation[1] as 

  𝑄𝑑𝑠 = ∑ 𝑞𝑁𝑛+1 𝑚−1𝑛=1 →  𝑁𝑛  [𝑑 = 𝑁𝑚, 𝑆 = 𝑁1 ](1) 
 
 Once there is necessary amount of data available, the last step of the methodology is to apply regression 
analysis using Pearson’s correlation coefficient to catch any strong positive or negative correlation between the two 
variables, time and the quality of a path𝑄𝑑𝑠 is expressed in equation [2] 
 

begin 

     Initialize the population of scout bees, generate 

randomly scout bees into the food sources and 

calculate the fitness value, 

repeat 

Each employed bees search around the food 

sources and update the new fitness,  

if the new fitness is better than old values. 

Search employed bees and recruit 

onlooker bees to search around the 

food sources and calculate on their 

fitness values. 

Choose the onlooker bees which have 

the best fitness value. 

else 

Send scout bees into food sources to 

discover new food sources. 

until (Stopping criterion is not met) 

end 
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𝑟 = ∑ (𝑡𝑖−𝜇𝑡)(𝑟𝑒𝑙𝑔𝑙𝑜𝑏𝑎𝑙𝑖−𝜇𝑟𝑒𝑙𝑔𝑙𝑜𝑏𝑎𝑙)𝑘𝑖=1√∑ (𝑡𝑖−𝜇𝑡)2𝑘𝑖=1 √∑ (𝑟𝑒𝑙𝑔𝑙𝑜𝑏𝑎𝑙𝑖−𝜇𝑟𝑒𝑙𝑔𝑙𝑜𝑏𝑎𝑙)2𝑘𝑖=1 (2) 

 
 If positivecorrelation exists, the foraging capacity is improved, whereas if it is a strong negative, the capacity 
is reduced. The foraging capacity is defined as the number of the remaining foragers for a path, (i.e.,) the number of 
foragers allowed to use a path in the future. 
 
  1)  Path Selection 

Compare each path quality value with its own previous findings, thus detecting improvements and 
deteriorations over time. Depending on the behavior of the routing protocol that one may want to attain, different 
selection metrics can be applied. On their way back, foragers collect this information and each path marks with a 
selection metric value. 

    2) Broken Links Detection 

BeeIP is designed to evaluate based on a path level routing, link breakage within a path is identified when no 
foragers return to the source node for given period of time. In such a case, the source node sets the path foraging 
capacity to 0 and the path is marked as unacknowledged. The first ensures that no future foragers will be given the 
broken path's unique identification number, whereas the latter allows the path to become available again if a forager 
eventually returns.  

IV. SIMULATION EXPERIMENT AND RESULTS 
 
 Network Simulator (NS) (version 2.35) is an object-oriented, discrete event driven network simulator 
developed written in C++ and Object Tool command Language (OTcL). The honeybee routing performance is 
evaluated by four metrics such asPacket Delivery Ratio, Throughput, Average End to End Delay and Control Overhead 
using network simulator. 

Figure.2 shows the end-to-end delay comparison between BeeIP and AODV routing protocol in 
MANET. The proposed BeeIP has low end-to-end delay than AODV routing protocol. 

 

 
 

Figure.2 Average end-to-end delay Comparison 
 

Figure.3 shows the packet delivery ratio comparison between BeeIP and AODV routing protocol in MANET.  
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Figure.3 Packet delivery ratio Comparison 
 

Figure.4shows throughput comparison between BeeIP and AODV routing protocol in MANET.  

 
Figure.4Throughput Comparison 

 
IV.CONCLUSION 

 
Routing in MANET determines the best path for data to reach the destination in the network. The path 

availability and stability of routes at an instance is an issue in MANET that affects the quality of service in the network. 
For different application, different QoS metrics are considered.Some of the optimization techniques considers multiple 
QoS metrics for stable routing in MANET.One of the optimization techniques to solve QoS issues in MANET is 
adaptive behavior inspired by honeybees which dynamically discovers and maintains the routing solutions and forward 
data packets over the wireless paths. The proposed scheme on honey bee based QOS routing reduces an end-to-end 
delay by monitoring the path quality of the route. 
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