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SDODV: Smart and Dynamic On-demand Distance Vector 
Routing Protocol for MANETs 

 
 
 
 

Maram Assi 
 
 
 

ABSTRACT 
 
 
 
 
 
Mobile ad hoc networks (MANETS) are a set of nodes connected to each other in peer 
to peer fashion. As MANETs have challenging characteristics such as mobility and 
limited energy, traditional existing routing protocols are not very efficient. Therefore, 
the routing problem designated to find and maintain an optimal route between two nodes 
is not very straight forward. In this work, we present SDODV, a new smart and dynamic 
on-demand distance vector routing protocol for mobile ad hoc networks that addresses 
the shortcomings of existing routing protocols. Our proposed adaptive algorithm 
increases effectively the lifetime of the built network by considering the network 
topology when establishing a route. It monitors the traffic load, nodes mobility, 
neighborhood density and battery power to adjust the routing of packets accordingly. 
This protocol is based on the distributed reinforcement learning approach and on the 
traditional AODV. SDODV improves the quality of service because its chooses the 
shortest and the more stable path and it considers mobility, bandwidth and the power of 
the devices as well. Experimental results prove that SDODV out-performs shortest path 
and reduces the energy consumption. 
 
 
Keywords: Mobile Ad Hoc Networks, Routing Algorithms, Q-learning, Adaptive 
protocol, AODV, Shortest Path 
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1 Chapter One 
 
 
 
 
 
 
 
 
 
 

Introduction to MANETs 
 

 
Since the emergence of wireless communication devices, the world is witnessing an 

increasing interest of ad hoc network. Wireless networks can be classified into two main 

categories: The infrastructure-base and the infrastructure-less. These two categories are 

illustrated in figures 1 and 2. In the former concept, all the devices communicate through 

a main access point; for example, a router.  In contrast, in the second type of networks, 

participating devices do not rely on any centralized base station. The communication 

takes the mode of “peep-to-peer” since the wireless nodes are sharing information in a 

direct manner. Unlike infrastructure-base networks such as cellular, the wireless devices 

forward the packets by a direct node cooperation.  This type of network is known as ad 

hoc. There exist different types of infrastructure-less networks including Mobile Ad hoc 

networks (MANETs), Vehicular Ah hoc networks (VANETs), Wireless Sensor networks 

(WSNs), and Wireless Mech network (WMNs) as Sarkar, Basaravaju, and Puttamadappa 

(2008) explain in their book. In MANETs, forwarding of the packets is done by direct 

nodes cooperation. Thus nodes can play the roles of a sender, a receiver or even a router 

simultaneously. Smart phones, Personal Digital Assistant (PDA) and laptops are 

examples of these nodes. Any device possessing a transceiver and capable of receiving 
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and transmitting signal is able to join an ad hoc network. These below criteria can give a 

better description of the characteristics of MANETs. 

 

1.1 MANET Characteristics 
 
 

1.1.1 Topology 
 

Nodes in MANETs are in constant move. Hosts might join and leave the network at any 

time. Therefore, their topology is extremely dynamic. Nodes movement can be arbitrary 

and thus leading to an unpredictable network structure. Ali and Zafar (2011) explain that 

MANETs are spontaneously built LANs and that are differentiated by their high 

mobility level. These networks can be defined as temporary. 

   

1.1.2 Bandwidth 
 

The bandwidth in wireless links is generally considered limited. Wireless hosts share the 

wireless medium when they transfer packets which may lead to interference in some 

cases. Moreover, in real environment the rate of the transmission might be affected by 

several negative properties of the network such as noise and fading (Zhang X., Wu, 

Zhang Y. & Sung, 2013). These vulnerabilities can be caused by natural effects such as 

shadowing and weather. 

 

1.1.3 Energy 
 

Nodes in MANETs suffer from a limited battery level. The energy is not rechargeable. 

Consequently, the conservation of the energy is of crucial concern. If the energy of a 

device is depleted, the participating node will not be able to be part of the network 
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anymore. Therefore, efficient consumption of the power of the MANET node will 

increase the network lifetime. 

 

1.1.4 Transmission Range 
 

In MANETs, wireless devices can occupy the role of a receiver, sender or even a router. 

The nature of its topology introduces a new type of communication known as “multi-hop 

communication”. As Haraty and Traboulsi (2012) point out, nodes are no longer limited 

to their possible range of transmission. The communication among several hops extends 

the transmission abilities of the network. 

 

 
 

Figure 1 Infrastructure-less network type 
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Figure 2 Infrastructure-base network type 

 

Mobile ad hoc networks are characterized by a main challenge related to range 

transmission. Since devices are in constant move, an existing direct link between two 

nodes might not be valid anymore. What we mean by direct link, is the case where two 

nodes A and B are directly connected being in their respectively transmission range. 

In addition, we introduce the notion of asymmetry. Asymmetric links take place because 

of the various range capabilities of the nodes. In fact, node A having a wider range than 

node B might be able to reach its neighbor B, whereas this later node might not be 

capable of reaching directly A. This will require node B to find an alternative multi-hop 

communication to reach A. Figure 3 shows the asymmetric property. 

 



 5 

 
 

Figure 3 Asymmetric link between two wireless devices 
 

 
1.2 MANETs Applications 

 
Different fields can make use of the ad hoc networks. As explained by Bangnan, 

Hischke and Walke (2003) ad hoc network can support the soldiers to be connected with 

the headquarters and the vehicles in military battleground. The application of MANETs 

in the military field is shown in figure 4. 
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Figure 4 Military MANETs application 

 
 
In a personal network area, nodes are coupled with a specified range and can form a 

localized network. In conference, ad hoc networks can be built to share information 

between multimedia devices. 

 

Besides being applied for commercial use in the industry sector, ad hoc networks can be 

of great benefit in the situation of emergency. In case of a disaster, the infrastructure-less 

nature of this type of networks helps a lot.  
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1.3 Standardization Efforts in IETF 
 

The interest in mobile ad-hoc network increased and led to the foundation of a 

community whose target is to gather knowledge to come up with beneficial and 

preferment protocol for MANETs. One well known ad-hoc related community is the 

Internet Engineering Task Force (IETF). It is a non-profit organization founded in 1986 

and supported by U.S. federal government. IETF main goal is to “to make the Internet 

work better by producing high quality, relevant technical documents that influence the 

way people design, use, and manage the Internet” as stated on their official website. 

 

1.4 Problem Definition 
 

The main goal of routing protocols is to find for every packet to be transmitted a short 

route that is stable and decreases the overhead of the routing. Since there is no single 

protocol that works well under all environments conditions, in this thesis, we intend to 

come up with a new routing algorithm for mobile ad hoc networks that is adaptive and 

provides quality of service. We aim to design a protocol that works under all traffic load 

and avoid congestion. Moreover, it aims to take into consideration the mobility, 

neighborhood density, power and bandwidth when transferring the data packets in order 

to enhance the routing mechanism performance. 

 

1.5 Thesis Organization 
 

The rest of the thesis is organized as follows. In chapter 2 we give an overview about the 

different types of routing protocol with some routing algorithms examples. Next, we 
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define Reinforcement Learning concept in chapter 3 and we mention some of the main 

RL based protocols. In chapter 4, a detailed explanation of AODV is achieved and 

famous AODV variants are visited.  Chapter 5 gives a detailed explanation of the 

proposed algorithm SDODV. The experimental results are presented in chapter 6. The 

analysis accompanied with a comparison with the standard routing method is done.  

Finally, chapter 7 ends the thesis and presents some recommendations for possible future 

work.  
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2 Chapter Two 
 
 
 
 
Routing Protocols 

 
In MANET, the devices belonging to the network are directly connected to each other 

without the need of a physical access point or a predefined infrastructure. In order to 

make the communication of the wireless devices efficient as much as possible, a 

mechanism defining the rules of data distribution between the participating nodes is 

necessary. Therefore, the routing protocols’ primary goal is to find an optimal path that 

routes a message from source to the corresponding destination. Another important 

function of it is being responsible for the transfer of the data packets through the 

network’s nodes.  

 

According to the authors of “An overview and study of security issues & challenges in 

mobile ad-hoc networks (MANET)”, the dynamic nature and mobility of MANET 

makes the design of these protocols a challenging process (Umesh, Mewada, Iaddhani & 

Bunkar, 2011). Traditional protocols are neither applicable nor efficient in the case of 

MANETs due to the mobility of the devices. Several algorithms have been proposed in 

the literature. Each one works best under certain circumstances. The ongoing researches 

in the field aim to enhance existing protocols and suggest new designs that seek to out-

perform present ones and improve the performance of MANETs. 
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Various protocols presented in the literature can be found in “Review of Various 

Routing Protocols for MANETs” written by Gupta, Sadawarti, and Verma (2011). Some 

of these protocol along with their categorization are represented in figure 5. 

 

2.1 Routing Protocol Types 
 

2.1.1 Pro-active (Table-Driven) Protocols 
	
Pro-active protocols require that each node of the network maintains the whole state of 

the remaining nodes so that each device can know the current topology. Nodes exchange 

routing information frequently in order to learn the MANET topology. This knowledge 

is necessary for the routing and should always be up-to-date. Routing tables have to be 

synchronized whenever a route needs to be established the data is immediately used 

from the routing tables and the path is built respectively. Dynamic Destination 

Sequenced Distance-Vector Routing Protocol (DSDV) proposed by Perkins and 

Bhagwat (1994) is a common algorithm of this protocol category. We mention that the 

way routing data is broadcasted and maintained differ from one algorithm to another. 

The number one disadvantage of pro-active protocols is that is tends to increase the 

overhead in the network leading by its turn to a degradation of the performance. 

Moreover, in pro-active protocol, we have the tendency to maintain routes which may 

never be used. Keeping the routes up-to-date will consume the bandwidth. However, the 

main advantage of this type of protocols is that is requires little or sometime no delay for 

the route determination. 
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2.1.2 Re-active (On-demand) Protocols 
 

Unlike proactive protocols, on-demand protocols build the path on a request basis. No 

maintenance of the full network topology is required. A re-active protocol rather tries to 

establish a route upon a node’s query to send a packet to a specific destination. A 

specific procedure is invoked. The general steps of the path discovery are similar among 

the algorithms. It starts by the route discovery mechanism. A message is broadcasted 

from the source to all the nodes of the network. Once the destination is reached,  

the destined route is returned back to the destination to instantiate the data transmission. 

One example of re-active protocol is Ad Hoc On-Demand Distance Vector Routing 

Protocol (AODV). The goal behind this category of protocols is to minimize the network 

overhead. However, it created a delay in the path determination from one side and 

increases the control message overhead from another side by the flooding strategy 

employed in the path discovery process.  

 

2.1.3 Hybrid (Pro-active and Reactive) Protocols 
 

A Hybrid protocol is the combination of the re-active and pro-active properties. We 

mention Temporally-Ordered Routing Algorithm (TORA) and Scalable Source Routing 

(SSR) as two examples. These algorithms mix the advantages of on-demand and table-

driven. Re-active broadcasting manner is used to transmit the packet to the destination 

and pro-active approach is used to store initialized route. This type of algorithm is 

beneficial under certain network condition including the traffic volume. 
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2.1.4 Adaptive (Simulation-aware) Protocols 
 

Similar to Hybrid protocol, Adaptive protocols combine both reactive and proactive 

specifications. The main difference is that it relies on specific network metrics to shift 

between these two models. The disadvantages of Adaptive protocols are identical to 

those of the hybrid protocols. TORA is also considered an adaptive algorithm. 

 

 

Figure 5 Routing protocol categories 

 
Besides the mentioned classifications, routing protocols can be categorized as static vs. 

adaptive and centralized vs. distributed. 

  

In centralized routing algorithm, a central node is responsible for making the route 

choice, whereas in distributed algorithms, the route decision is made at every node of the 



 13 

network.  DSR is considered to be a centralized routing protocol in which the source has 

the full path details whereas AODV follows a distributed approach of routing. 

 

Another routing protocol classification is related to the network traffic. Some algorithms 

change routes depending on the traffic load. The main goal is to avoid congestion. These 

are known as adaptive. Static algorithm builds up always the same route for a pair of 

source-destination nodes regardless of the traffic. Route change only occurs when a link 

fails or a node moves out of the network. 

 
 

2.2 Routing Protocol for Ad-hoc Networks 
 

Below are some of the traditional routing protocols. Table1 presents a comparison of the  

main features of some of the main protocols. 

 

2.2.1 Destination-Sequenced Distance Vector (DSDV) 
 

DSDV is a table-driven protocol. It is considered as an enhanced form of the distributed 

Bellman-Ford algorithm in which every node keeps a table of the shortest distance as 

well as the first node of the shortest route to each and every node of the network. 

Therefore, the main advantage of DSDV is the small delay required to set up the 

process. However, the algorithm requires frequent updates to the routing tables which 

affect negatively the efficiency. DSDV was developed by Perkins and Bhagwat in 1994. 
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2.2.2 Dynamic Source Routing (DSR) 
 

Flooding is the main concept of DSR which an on-demand routing protocol. Johnson, 

Maltz and Broch (2001) clarify that DSR is a source-routed protocol. Each node of the 

network maintains a table containing the routes from the node to the destination. This is 

achieved by the accumulation of the nodes building up the path between the source and 

the destination. The main two phases of DSR are path discovery and path maintenance. 

When a node N wants to send a packet to another node D, N looks for any cached 

possible route. If none is found, the flooding process starts. Route request (RREQ) 

messages are sent to the nodes of the network. DSR presents caching capabilities. This 

property helps reducing the overhead in route discovery. In fact, intermediate nodes can 

reply by cached routes instead of flooding the request. The main disadvantage of DSR is 

the increase of the packet header size because the whole path is transferred between the 

nodes which may lead to a bad performance. 

 

2.2.3 Temporally-Ordered Routing Algorithm (TORA) 
	

TORA is considered a hybrid routing algorithm. It was first introduced by Park and 

Corson (1998). Another known name to this protocol is link reversal protocol. In TORA, 

multiple routes from source to destination are allowed. However, these routes are not 

certainly the shortest ones. This is possible by the establishment of a direct acyclic graph 

(DAG). Nodes need only to maintain information of one node neighbor only. Path to 

frequently visited destination is stored in a pro-active manner. The main goal behind 

TORA is to minimize as much as possible the overhead of control message in dynamic 

network. This can be achieved by caching multiple paths instead of just one. Therefore, 
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whenever the topology changes, TORA does not require a path discovery and instead 

can rely on its cached paths. Only when all the cached routes are invalid, the route 

discovery is triggered. Hence, shortest path is not always assured since multiple paths 

have been cached. 

Table 1 Routing algorithms comparison 

 

		  

 Type of 
Protocol 

Hello 
Message 

Multi-
casting 

Routing 
Metrics 

Loop 
Free Scalability Reliability Load 

Balancing 

AODV Reactive No No Shortest 
Path Yes No Yes No 

DSR Reactive Yes Yes Shortest 
Path Yes No Yes No 

DSDV Proactive No No Shortest 
Path Yes No Yes No 
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3 Chapter Three 
 
 
 

 
 

Reinforcement Learning 
 

Recently, Reinforcement Learning (RL) is noticing an increased interest in the wireless 

domain. It is a machine learning sub-area that helps an independent agent to infer the 

state of its environment and proceed by taking actions that benefits the state in a way 

that leads to an optimal policy. In RL, the agent behavior is learnt by a set of trial and 

error interactions. RL algorithms can be split into two branches: model-based and 

model-free algorithm. In a model-based algorithm, the probability of the transition of the 

state is known. There is no learning of the model while learning a policy in a model-free 

RL algorithm. As Sutton and Barto (1998) explain in their book, there are three main 

elements in RL other than the environment model. The first element is the policy which 

can be defined as the behavior of the agent at a specific time. Another important 

component is the reward function. It represents the mapping of a specific action to a 

numerical value describing the reward of the taken action. In other words, it categorizes 

an action as good or bad. The third RL element is the value function. This element plays 

an important role in determining the accumulating reward of an agent that defines 

goodness on the long run. The agent will therefore make use of their prior experience in 

order to improve their performance. 
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Figure 6 Reinforcement learning 

 
 
Usually in RL, the environment is modeled as Markov decision process (MDP).  MDP is 

a mathematical concept that depicts the performance of an agent in a given environment 

by a set of 5 elements (Bellman, 1957). It is usually used for decision making situation. 

The mathematical 5-tuple is (S, A, T, R, γ), where, 

• S is a predetermined set of States 

• A is a predetermined set of Actions that can be accomplished by the agent 

• T (s, a, y) is the probability distribution for the state s to become in state y when 

taking the action a 

• R (s, a, y) the direct reward acquired while transitioning from state s to state y 

after taking the action a 

• γ the discount factor having a value between 0 and 1 that balances between future 

and direct rewards 
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When all the above elements are known, the optimal policy can be achieved through 

dynamic programming. In the case where not all the model is explicitly identified, 

different methods based on the approximation can take place. We mentioned among 

these strategies TD-Learning and Q-Learning. In TD-learning, for every policy the 

return is expected whereas in Q-learning the estimation of the optimal action is 

estimated for each step. 

 

In the case of MANETs, the use of RL is of significant profit. The fact that the nodes do 

not have a global view of the whole environment makes Q-learning a convenient 

approach to the routing problem. The principal goal of any agents is to get the maximum 

number of reward resulting on the future run in an optimal policy as Chettibi and Chikhi 

(2011) ascertain. 

 
3.1 Q-Learning 
	
Q-Learning introduced by Watkins (1992) is one form of reinforcement learning used in 

wireless network. In this approach, each node or host is considered as a learning agent. 

While an environment model is not necessary, the approach works by estimating the 

value of each pair of state and action. This makes the power of Q-learning that the 

optimal policy is reached by the learned experience and by the exploration of the 

domain. These visited actions are usually kept in a lookup table as Q-Values.  We denote 

by Q (S, A) the calculated estimate Q-Value of an agent in a particular state S, and 

moving to an action A. Q (S, A) is considered the future reward. The set of all Q-value 

can be combined into a Q-Table as shows table 2. 
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Table 2 Q-Value table 

Current-State Space Next-State Space Action Space Q-value 

 
 
 

3.1.1 Mathematical Representation 
 

Figure 7 shows the mathematical representation as represented by Watkins (1992) of the 

Q-Value in a Q-Learning algorithm. We designate state by s, action by a, learning rate 

by 𝛼, reward by r, and discount factor by 𝛾 where 0 ≤ 𝛼 ≤1 and 0≤ 𝛾 ≤1. 

 

	
	
	

Figure 7 Mathematical representation of Q-Value 

 
On one hand, the higher is value of 𝛼, the more the agent is likely to forget the previous 

Q-value that it learnt and replace it by the new estimated value. If 0 is assigned to 𝛼, the 

agent will learn nothing. On the other hand, the higher is the value of 𝛾, the more the 

agent relies on the Q-value of the next event. In fact, the discount factor represents the 

future rewards. Therefore, if 𝛾 = 0 then only current rewards will be considered. 

 

One main challenge in Q-learning is to have a balance between exploration and 

exploitation. Since Q-values are iteratively converging to optimal values, it is obvious 

for the agent to act greedily in the choice of the next state. However, we shouldn’t 

neglect the important role of exploration in order to explore good actions and help in the 

convergence. 
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3.2 Existing Q-Learning Based Algorithms 

 
3.2.1 Q-Routing Algorithm 
 

Boyan and Littman (1993) were the first to introduce a reinforcement learning approach 

for the MANET routing problem. Q-routing is a distributed variety of the traditional Q-

Learning. It is a protocol that seeks to find a balance between minimizing the number of 

hops and dealing with the possible congestion in the network. This can be achieved by 

gathering statistics about the topology of the network to make the decision that 

minimizes the total delivery time. In MANETs, it is impossible to acquire a global view 

of the state of the network. Therefore, the decision making is done by each node through 

distributing the reinforcement learning among it. Each host has a Q-Table in which it 

keeps tracks of the total delivery time. With every packet delivery to a neighbor, the Q-

value is updated. In this manner, knowledge about the network is incorporated gradually. 

 

However, the main drawback of Q-routing is that the adaptation to the network load 

when the traffic lowers after being high is very slow and as stated by Boyan and Littman 

the algorithm find it impossible to converge again to the optimal shortest path. This can 

be explained by the fact that the Q-value estimate of the best neighbor will only be 

updated after being visited. Therefore, some path does not change even though they are 

not the optimal ones. Consequently, this will lead to an increase of the total delivery 

time. Therefore, it is very important to find a balance between the two main steps of a 

reinforcement learning algorithm: The exploration and exploitation. 
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In Q-routing algorithm, each node 𝑥 holds a table dictating possible path to each and 

very node d of the network. These Q-values stored are of the form Q((y, d) where d 

denotes the set of all the nodes of the network, y belongs to the neighbors of x denoted 

by N(x). As Boyan and Littman describe, Q((y, d) is nothing but “node x's best 

estimated time that a packet would take to reach its destination node d from node x when 

sent via its neighboring node y excluding any time that this packet would spend in node 

x's queue, and including the total waiting time and transmission delays over the entire 

path that it would take starting from node y.” 

 

3.2.2 Q-Learning Based Algorithms for MANETs 
	

3.2.2.1 A Reinforcement Learning Approach to Network Routing based on Adaptive 
Learning Rates and Route Memory 

	
The main goal of the algorithm proposed by Kavalerov, Likhacheva, and Shilova (2017) 

is to achieve a low packet delivery time under all traffic load. Learning and memory are 

used to achieve the underlying routing paradigm. The proposed algorithm is an 

extension of the adaptive Full Echo Q-routing. The main concept behind the later 

routing is the implementation of a balance between the phases of exploration and 

exploitation based on the traffic load and delivery time. This balance can be achieved by 

varying the values of the learning rates. The disadvantage of the full echo algorithm is 

that it leads to non-optimal solutions with high delivery time under high load traffic. The 

added value of the proposed algorithm is the integration of memory that deals with the 

control of the list of already visited nodes.  Therefore, the choice of the neighbor is done 

based on the least Q-value and a list of visited neighbor nodes. The algorithm proves 
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through the experimental results that it outperforms Q-routing and Full Echo Q-routing 

in terms of delivery time. 

 
3.2.2.2 Q-Learning Based Adaptive Routing (QLAR) 
	

Serhani, Naja and Jamali (2016) introduced a new adaptive routing protocol that 

considers mobility of the nodes. Their proposed algorithm integrates Q-learning on top 

of the traditional Optimized Link State Routing (OLSR). A new combined metric is 

introduced to accommodate the changing topology conditions. QLAR gather mobility 

information through the learning technique. It then combines the learned mobility factor 

with another metric known as Expected Transmission Count metric introduced by De 

Couto et al (2003). Routing is based on the choice of the nodes with the lowest Q-value. 

Every node updates its Q-metric after the exchange of min Q-values between the nodes. 

The quality of a route is the sum of the quality of each node of the path. Therefore, 

QLAR routes packets based on the more stable path instead of the shortest path. The 

algorithm has been compared to standard OLSR using ns3 and shown to decrease the 

packet loss by 6%. 

	
	
3.2.2.3 QL-AODV 
 

Proposed by Wu and Kato (2009), QLAODV is a Q-learning based protocol that extends  

AODV. Learning is distributed among the nodes to be able to collect information about 

the network including mobility and bandwidth usage of the nodes leading to an efficient 

routing paradigm in dynamic network. A Q-Table is used to keep the Q-values 

representing the quality of the path based on the hop count, bandwidth and mobility at 
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every node. Exploration is done as in AODV by RREQ forwarding and the Q-Values are 

updated accordingly. Hello messages are used to keep the Q-table up-to-date. In 

addition, the Max Q-value along with the mobility and bandwidth info are attached to 

the hello message. Therefore, the algorithm is able to route packets based on the route 

that is shortest, more stable and with enough bandwidth.  
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4 Chapter Four 
 
 
 

 
Ad hoc On-Demand Distance Vector (AODV) 

 
4.1 Standard AODV Protocol Overview 
 

AODV was first introduced by Perkins and Royer (1999). It is a hop-by-hop an on-

demand routing protocol in which a route to the destination node is established only 

upon request. AODV achieves the shortest path algorithm in routing data. It takes into 

account the count of hops when building the path. AODV holds some characteristics of 

DSR. For example, routes are only maintained between the nodes that need to 

communicate. One improvement over DSR is that AODV tends to keep the path 

information in a distributed manner at each node instead of holding the whole path 

information at the source node. One-hop path information is kept at most at each node. 

 

4.1.1 Path Discovery 
 

When a source S needs to send a data packet to a node D, S checks for a valid route path 

in its route table and redirect the packet through it if it exits. If S does not have any path 

leading to the destined host through one of its neighbors, it initiates a broadcast for a 

connection. This mechanism is known as path discovery. The sender broadcasts a route 

request (RREQ) to its neighbors. The structure of this special type of messages is 

presented in figure 8. Upon the completion of the RREQ broadcast, the host builds a 
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reverse pointing path toward the source. RREQ broadcast mechanism can be visualized 

in figure 9. RREQs are characterized by two important fields: the source and a broadcast 

Id. Duplicate RREQs with same identical broadcast id and source are dropped by 

intermediate nodes. When a source needs to send a new RREQ it increases the broadcast 

id. Once an intermediate node knowing a path to the destination or the destination itself 

receives the RREQ, it replies back with a route reply RREP informing that a path has 

been determined. This can be achieved only if the sequence number of the stored RREQ 

is equal or superior to the one sent by the source. The sequence number is used to 

indicate the freshness of the route. Otherwise, the RREQ is forwarded to the neighbor to 

proceed with the discovery after incrementing the hop count. Any upcoming RREQ to 

the destination from different paths are discarded. This ensures the shortest path 

selection. Whenever a RREP is generated, every node of the path records a pointer to the 

host that initiated it. RREP is forwarded based on the reverse link paths built. Since the 

routing table records the reverse path while a RREQ is forwarded, a frequent purge to 

this table is necessary after a timeout interval. 

 

Source Add. Source Seq. No. Broadcast Id Dest. Add. Dest. Seq. No. Hop Count 

  

Figure 8 AODV RREQ format 



 26 

 

	

Figure 9  AODV RREQ broadcast 

 

4.1.2 Path Failure 
 

Whenever a route breaks because of the move of one or more nodes, the destination or 

the intermediate nodes send a route error RERR. Figure 10 illustrates a link failure 

between two nodes C and D. The route error is forwarded to the source that stops data 

transmission and initiates in this case the route discovery process. 

	

Figure 10 AODV link failure 
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4.1.3 Path Maintenance 
 
 

Besides the path discovery mechanism, nodes participating in active path are capable of 

periodically broadcasting “Hello Message” to their neighbors in order to provide 

connectivity information.  Figure 11 clarifies the interchange of Hello message between 

neighbors. This process helps maintaining the route tables up to date. For instance, if a 

nodes stop to receive a Hello message from its neighbor for a specific predefined time 

threshold, we assume that the connection is lost. The corresponding entry is removed 

from the routing table. The structure of the routing table is shown in figure 13. 

 

Figure 11 Hello message broadcast 
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4.1.4 Loop Free 
	
AODV is loop free. This characteristic is achieved by the inheritance of properties from 

other protocols such as on-demand property mechanism from DSR and destination 

sequence number from DSDV. Highest sequence number for each destination is kept by 

each node. Loops are as such prevented since sequence numbers increase for discovered 

routes. Thus the freshness of the different routes is determined by the sequence number. 

Sequence numbers help also in the avoidance of broken links. We mention that unused 

path in AODV are expired after a specific period of time even though they are still valid 

and the topology did not change. 

 

4.1.5 AODV Disadvantages 
 
 

Some of the limitations of AODV are: 

• AODV is a shortest path algorithm where the metric is the number of hops 

• Suitable for static networks 

• It does not take into account the energy of the devices 

• It does take into consideration the stability of the links between the nodes 

• It does consider bandwidth availability and congestion into account 

• High overhead due to the route requests and replies 

The below example represented in figure 12 can give a better explanation of the 

drawbacks of the traditional AODV 
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Figure 12 Route selection 

 

Destination Sequence No. Hop Count Next Hop Expiration Timeout 

 
 

Figure 13 AODV routing table structure 

 
 

4.2 AODV Variants 
 

	
4.2.1 AD-AODV 
 

AD-AODV is an extension to AODV in which a new metric is introduced. AD-AODV 

takes into consideration the hop count and the mobility of the node in route 

establishment. The main goal is to build the shortest stable path. As proposed by Wang 

et al. (2012). The new added metric M represents the relative mobility of a node in 

reference to its neighbors. This can be achieved by frequent exchange of Hello 
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Messages. M is thus calculated based on the number of nodes that join or leave the 

neighborhood of the host in question during the hello interval. Mobility information is 

attached to the RREQ shared among intermediate nodes and then the destination host 

concludes the average mobility of the whole route. The destination will then decide 

based on route having the smallest M. In terms of reliability, AD-AODV has shown 

improvement aspects as compared to AODV.  

 

4.2.2 AODV Based Energy Efficient 
 

Enhanced AODV is another AODV based algorithm. The main goal behind this updated  

version of AODV is the maximization of the network lifetime. Kim and Jang (2006), 

authors of this protocol explain that enhanced AODV focuses mainly on the distribution 

of the energy consumption among the nodes. While in the traditional AODV, 

intermediate nodes battery is used without equilibrium, the proposed algorithm deals 

with the energy problem by considering the battery of the node and the mean value of 

the nodes’ energy.  The battery information of each node is attached to the RREQ shared 

messages. Thus, once a RREQ is received by a destination node, the reply message is 

not directly forwarded. Instead the destination host is allowed to receive multiple RREQ. 

It calculates the mean of the consumed energy in reference to the number of nodes and 

sends it back with the RREP messages. The mean energy is stored on the intermediate 

nodes also. Then based on the mean energy, the delay time of the RREQ message is 

modified.   
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4.2.3 AOMDV 
 
 

As AODV is single path, AOMDV is a multi-path version of the traditional AODV. The 

main target behind this variant is to maintain several path in the route discovery step 

(Yuan, Chen & Jia, 2005). This overcomes the overhead of re-instantiation of route 

discovery in AODV in case of link failure. AOMDV is especially beneficial in highly 

dynamic networks. In AOMDV, the routing table at each node contains a list of routes 

instead on just one route. A route is a pair of next hop and hop count. The route with the 

least number of hop count is advertised. Whenever the shortest route fails, an alternate 

route is used. AOMDV take into account the loop free property. 

 

4.2.4 Congestion Avoidance and Load Balancing in AODV-Multipath (AODVM) 
 
 

Puri and Devene (2009) proposed a new algorithm known as AODV-Multipath that 

avoids congestion and balance network load.  It also indirectly helps decreasing link 

failure. As in AOMDV, AODVM maintains several routes to destination in every node. 

However, the first difference is that it does not ignore the path with higher hop count. 

Congestion avoidance can be attained by checking the queue length at every node. 

Whenever we diagnose the possibility of congestion, an alternative path is chosen based 

on the route list maintained at every route regardless of the shortest path. This will then 

assure load balance in the network. Therefore, in AODVM, route selection is based on 

intermediate hop-count and congestion level at each node. 
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4.3 AODV Variants Discussion 
	

AODV based Energy Efficient algorithm finds an equilibrium between the number of 

hops and the stability of the route by considering the energy level of nodes. This design 

is mainly suitable for static topologies where nodes move little.  

 

AOMDV outperforms AODV in highly dynamic network when it accommodates failed 

link by alternative routes instead of initiating new route as in AODV. However, 

AOMDV does not provide any congestion avoidance mechanism. 

 

While AD-AODV and AOMDV care about the mobility of the nodes, they fail to focus 

on the power and traffic load which are major characteristics of MANETs. 

AODVM provides alternative to congestion and link failures but does not consider 

power consumption. Similarly, QL-AODV favors routes based on bandwidth and 

mobility characteristics of the nodes but fails to give importance to the battery usage.  

 

Since mobility, power and varying load traffic are the main characteristics of MANETs, 

we need to have an efficient algorithm that takes into account all these properties to offer 

the most reliable routes between nodes. As power and mobility of nodes cannot be 

avoided, designed algorithm can at least be aware of these issues and try to avoid routes 

based on nodes with low performance. 
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5 Chapter Five 
 
 
 

 
SDODV 

	
5.1 Motivation 
	
Routing is a fundamental concern in both wired and wireless network. A wide range of 

protocols have been proposed in the literature. Some protocols give excellent results 

when deployed in static topologies. However, the nature of MANETs makes the routing 

problem a challenging one as several metrics should be taken into consideration to 

achieve good performance. Since each algorithm works best under a given set of 

environment settings, some protocols seek to achieve low power consumption. Some 

other mechanisms give importance to the stability of the network. Thus, we will 

introduce a new Smart and Dynamic On-Demand distance Vector routing algorithm 

(SDODV) that considers the mobility and energy of the node to determine a route. The 

algorithm is designed to achieve good results under low and high load traffic by 

adopting a congestion avoidance paradigm and load balancing. SDODV applies 

reinforcement learning on the traditional AODV. In AODV, a broadcast methodology is 

established to find the shortest route from source to destination. However, since the 

topology is dynamic, this shortest path might easily become a sub-optimal route. 

Consequently, forwarding paradigm should be modified accordingly. RL will help solve 
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this problem by the use of a Q-table that will help to change to a better route 

dynamically. 

5.2 Proposed Algorithm 
	
 

SDODV follows a similar approach to the algorithm proposed by Wu et al. (2009) that 

considers bandwidth efficiency and link stability of the network by integrating Q-

Learning into standard AODV. 

 

From one side, the added values in SDODV are the consideration of energy in the 

network and the neighborhood density of the nodes in the path consideration. Wireless 

devices are limited on energy, and the consideration of power consumption is vital to 

improve the lifetime of the algorithm. It also favors nodes with a higher neighbor 

density, which means nodes with a higher number of neighbors. From another side, it 

introduces as well a congestion avoidance property.  

 

Therefore, SDODV alters the computation of the Q-value by adding new vital metrics 

and makes changes to the exploration phase in AODV. Nodes need to share some 

information with each other to reflect the topology of the network. This information is 

shared by the hello messages that will also be amended as compared to the standard 

hello message of AODV. These modifications will be discussed in details in the 

following section. Q-Learning is distributed among the nodes, and information is 

inferred from the status of the network to shift between efficient routes. 
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5.3 Reinforcement Learning 
 
 

In our proposed protocol, the model is represented as follows. The entire ad hoc network 

represents the environment. The set of nodes along with their links and packets denotes 

its components. An agent is designated by a packet with the source destination pair P (s, 

d) where s is the source and d is the destination. Each mobile node is a state and the 

collection of all the hosts forms the state space. Therefore, for a specific node s, the 

possible actions to be taken are the set of neighbors. The state transition is nothing but a 

packet being forwarded from one node to a neighbor. 

 

In SDODV, every mobile node keeps a Q-table containing the Q-value that ranges 

between 0 and 1.  The size of this Q-table is dynamic because it is determined by the 

number of destinations and neighbors. An example of Q-table is presented in table 3. 

These Q-values are updated regularly upon the receipt of the Hello Messages. The agent 

will act in a greedy manner, so it will always choose the action having the highest Q-

value. The concept of reward R states if the destination is reached through this taken 

action. R will have the value of 1 if the destination is reached and 0 otherwise. In other 

words, this reward tells if the state-action chosen pair leads to the destination or not. 
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Table 3 Q-Table structure 

 Neighbor 1 Neighbor 2 Neighbor 3 

Destination 1 Q(D1, N1) Q(D1, N2) Q(D1, N3) 

Destination 2 Q(D2, N1) Q(D2, N2) Q(D2, N3) 

Destination 3 Q(D3, N1) Q(D3, N2) Q(D3, N3) 

 
 

 

5.3.1 Bandwidth Factor 
 

Bandwidth can be described as the maximum amount of data that can be transferred in a 

fixed period of time. It is usually expressed in bps. Locally used bandwidth can be 

estimated as proposed by Renesse (2005) and his colleagues in their technical report: 

 

𝐵𝑊𝐷 =		 4	×	6
7
	(bps)	

	

N: Number of packets sent or received by the node  

S: Size of a single packet expressed in bits 

t: time period set be default to 0.5 second 

The bandwidth factor of a node x will be: 

 

𝐵𝑊𝐹 =
𝑀𝑎𝑥;<= 	− 𝐵𝑊𝐷

𝑀𝑎𝑥;<=
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MaxBwd : Maximum bandwidth of x 

Assuming that all the nodes have the same maximum value of the bandwidth, we can 

suppose that the higher the value of BWF the better will be the performance of a node. 

 

5.3.2 Power Factor 
 

The power factor PWF used in SDODV is the one presented by Walikar and Biradar 

(2015). It represents the power level of the node and is equivalent to the ratio of the 

residual power to the maximum initial battery value. The highest the power level, the 

better will be the route containing this node. We will compute the remaining energy 

power RMP of the node x at time t. RMP is given by  

 

𝑅𝑀𝑃 = 𝑃𝐼𝑛𝑖𝑡	– 𝑃𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 

	

 

Pinit : The initial power energy of the node 

Pconsumed: The energy consumed up till the time t. This is energy is the sum of the energy 

spent on the receipt and the transmission of data. 

𝑃𝑊𝐹 =
𝑅𝑀𝑃
𝑃𝐼𝑛𝑖𝑡	 

 

5.3.3 Mobility Factor 
	
The movement of nodes in a MANET cannot be guessed. Nodes can move in a random 

direction with an undefined manner. The mobility of the nodes affects the performance 

of the network in general and has a great impact on the routing algorithm. The more  
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stable are the nodes, the better will be the life of the established connections between the 

nodes. In fact, while in re-active protocol, a path is built, it is of great target to have the 

node building up more stable paths. This will result in longer lasting network. Therefore, 

the mobility of the nodes will be including in the discount factor of our function in order 

to affect the path selection decision. The mobility of node will be calculated as follows: 

 

𝑀𝐵𝐹 = 	 	
|𝑁𝑥 ∩ 𝑁𝑥𝑃|
|𝑁𝑥 	∪ 𝑁𝑥𝑃|

		0																																				, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

,									𝑖𝑓	𝑁𝑥 		∪ 𝑁𝑥𝑃 	≠ 	∅ 

where, 

𝑁W: The set of all the current neighbors of the node x 

𝑁WX: The set of all the previous neighbors of the node x (at the time of the previous Hello 

Message) 

Therefore, each node has to maintain the set of neighbors, in order to compare it	the new 

set of neighbors upon the timeout of a Hello message. The computed MBF is then 

attached to the Hello message. 

 

5.3.4 Node Density Factor 
	
This factor represents the ratio of the number of neighbors of node x to the total number 

of nodes in the network. In fact, the more the node has neighbors, the more it is likely 

for the node to find a path to the desired destination. Therefore, we compute the node 

density as follows: 

𝑁𝐷𝐹 = 	 	
|𝑁𝑥|
|𝑁𝑡𝑜𝑡𝑎𝑙|
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where,		

𝑁W: The set of all the current neighbors of the node x 

𝑁7Z7[\ 	:	The set of all the nodes of the network 
 
	
5.3.5 Discount Factor 
 

An important parameter of the Q-Learning algorithm is the discount factor. In traditional 

Q-Learning algorithms, the discount factor is a static value most of the time equal to 0.9. 

In QLAODV algorithm proposed by Wu et al. (2009), the discount factor is dynamic 

and considers the bandwidth and the mobility of the nodes to reflect the state of the link 

to be chosen. In our protocol, we have modified the discount factor to include additional 

parameters including the power and node density factors. Therefore, the discount factor 

becomes in function of the hop count, energy, link stability, available bandwidth and 

node density in the route. This formulation of the discount factor will ensure that the 

chosen path is a stable one with enough energy and bandwidth. 

	
𝛾 = 	 	𝑀𝐵𝐹	×	𝐵𝑊𝐹	×	𝑁𝐷𝐹×	𝑃𝑊𝐹		

	
	
	
5.3.6 Exploration 

 
 

When a source node S wants to send a packet to a destination node D, and there is no 

information in the routing table of the sender about a path leading to D, the exploration 

process will take place. Exploration will occur exactly as it is achieved in traditional 

AODV. One slight modification is that whenever an intermediate node is receiving a 

RREQ we will check the size of interface queue of the node. If the size of the queue 
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exceeds a predefined threshold, the RREQ is discarded. This will prevent a node from 

being congested leading to deterioration of the network performance due to a selection 

of an already congested path.  

In fact, congestion can take place anytime in a network. It happens wherever the number 

of incoming packets to a specific node exceeds its maximum indicated buffer size. In 

this case, the congestion at the node will lead to a data packets loss. 

 

By not transferring the control packet to the neighboring node in order to avoid 

congestion and packet loss, the routing packets will be forwarded to alternative 

neighbors with enough size in their buffer and an alternative path will be chosen. Figure 

14 demonstrates this congestion reduction mechanism. This is one way of link failure 

avoidance and load balance. We define the threshold as being 75% of the maximum 

queue size of the node.  

 

We compute the percentage of occupied queue as: 

𝑝Q_occupied = 	 Nb_Packet

𝑀𝑎𝑥_𝑄𝑢𝑒𝑢𝑒_𝑆𝑖𝑧𝑒
×	100	 		(1) 

 

Nb_Packet      : Current number of packet in the interface queue of the node 

Man_Queue_Size: The maximum queue interface size 
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Figure 14 Congestion reduction through alternative path 

5.3.7 Exploitation 
 
 

While Exploitation is about choosing the best of the known actions in our knowledge, 

exploration is the art of discovering new moves beyond our current knowledge aiming a 

global optimum. In order to forward data, SDODV chooses greedily the neighbor node 

with the maximum Q-value. Therefore, for every packet to be transmitted, if another 

route with a higher Q-value is found in the Q-table, the path will be updated in the 

routing table. The unicast approach proposed by Wu et al. (2009) is implemented to 

make sure the path is valid. However, in order to improve the performance of the 

algorithm and to prevent local optimum, a periodic exploration is essential to discover 

better neighbors.  This can be achieved by the AODV periodic Hello Messages. Nodes 

will then be aware of new best neighbors.  

 

5.3.8 Convergence 
 
 

Convergence is an important matter in the algorithm performance evaluation. We do not 

want out algorithm to be locked in an optimal best neighbor. As Watkins and Dayan 
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(1992) ascertain, as long as all the possible action are sampled repetitively which is 

achieved in SDODV, reinforcement learning converges to the optimum action-value 

pair. This is attained in our algorithm through the use of Hello messages to sample all 

the neighbors of a specific node. 

	

Figure 15 SDODV protocol route selection 

 

5.3.9 SDODV Effectiveness 
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Standard AODV solves the routing problem by finding the shortest path relying on the 

minimum number of hop count. In SDODV, different metrics are considered to find an 

optimal path. SDODV uses distributed Q-Learning to evaluate a route based on the 

number of hops, the energy, the mobility, the node density and the available bandwidth. 

Figure 15 explains how the different metrics are combined to find a path. The shortest 

path is guaranteed because of the discount factor that will be deducted on every 

intermediate node. Due to the dynamic discount factor, SDODV succeeds to find a short, 

stable route with enough energy and bandwidth. 

 

Q-Values are the actual representation of the network topology. Therefore, we should 

make sure that these values are up-to-date so they can be as close as possible to the real 

states. Therefore, nodes will be exchanging hello messages every hello interval. We 

mentioned here that the smaller is this interval, the surer we are that the Q-Values are 

more accurate. However, we have a trade-off between the overhead and the exactitudes.  

 

We choose this hello interval to be small and equal to the one specified in the traditional 

AODV which is 1 second. Every node S will receive from its neighbor X the value 

MBFx, BWFx, NDFx, PWFx and a part of the Q-Table of X. Eventually, only the max 

values for each destination will be sent to the node S.  Consequently, node S can update  

its Q-Value for the neighbor X as per this function 

 



 44 

The fact that only part of the Q-Table is shared with the neighbors lowers the exchange 

overhead. If a node does not receive a hello message for a max number of hello 

intervals, we will consider that the nodes are not neighbors anymore, and we will set in 

this case the Q-Value to 0. As set in AODV, the max allowed number of lost hello 

messages is 3. Subsequently, if a node fails to receive a hello message from a neighbor 

for 3 seconds, existing routes through this node are not considered valid anymore. 

In the above formula, R is equal to 1 if the node is a neighbor of the destination node d, 

otherwise it is equal to 0. 

Tables 4 and 5 can give a better explanation of the SDODV algorithm and the Q-

Learning algorithm in the proposed protocol respectively. 

 
 

Table 4 Pseudo code of SDODV algorithm 

SDODV Algorithm 

   
  1: At every node S 
  2:  for every packet do 
  4:      check if there is a valid route in routing-table 
  5:       if it exists then 
               choose the neighbor Y with the highest  
               Q-Value in he Q-Table and forward the packet to Y 
  6:       else start standard AODV exploration 
  7:            if QInterface of intermediate node W < 75% 
  8:                forward RREQ to neighbor  
  9:            else drop RREQ  
10:            end if 
11:       end if 
12: end for 
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Table 5 Q-Learning in SDODV 

Q-learning in SDODV Algorithm 

 
  1:  At every node S 
  2:  Initialize QS(x, d) = 0 for every d 𝝐 D, x 𝝐 Ns, where D is  
       the set of destination and Ns is the set of neighbors of S and  
  3:  for every event do 
  4:       if hello interval expires then 
  5:           For every d, attached the max Q-value QS(x, d) 𝝐 Ns,         
                and attached them along with the MBF, NDF, BDF  
                and PWF 
  6:           Send hello message to neighbors. 
  7:       end if               
  8:       if x receives hello message then 
  9:            Get maxValues, MBF, NDF, BDF and PWF 
10:            Computer 𝜸x  
11:            if hello message sender is the destination, set R = 1  
12:            else R= 0 
13:            end if 
14:            Update Q-table 
15:       end if 
16:  end for 
 

 
 
 
 
 
 
 

6 Chapter Six 
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Simulation Results 

 
In order to evaluate our proposed algorithm performance, we will simulate SDODV 

using Network Simulation under real network environment. We will compare it also 

with traditional AODV for various scenarios. The performance of the dynamic proposed 

algorithm will be evaluated in reference to the packet delivery ratio, average control 

overhead, end-to-end delay and the residual energy.  

 

6.1 Network Simulator  
 

Network Simulator 3 (NS3) is an open source development software used by researchers 

to simulate network applications. NS3 “encourages the development of simulation 

models which are sufficiently realistic to allow ns-3 to be used as a real-time network 

emulator, interconnected with the real world and which allows many existing real-world 

protocol implementations to be reused within ns-3” (Ns-3, n.d.). It provides results that 

are close to real projects. NS3 includes different modules such as LTE and WiMAX and 

various routing protocols such as AODV and OLSR. This software provides a real–time 

scheduler that allows the user to send and receive packets to the real network machines. 

The two main programming languages supported in this network simulator are C++ and 

Python. The underlying components of NS3 are written in C++. There exist Python  

bindings that allow the call of C++ code from Python. 

The basic steps to run a simulation in NS3 can be summarized as follows. 
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1. Defining the topology: Use of helpers that simplify the network configuration 

process and help creating the facilities along with their relationships. These 

helpers include: NodeContainer, NetDeviceContainer, InternetStackHelper, 

Ipv4AddressHelper.  

2. Developing the model: Adding the models to the simulation. This includes 

IPV4, links, applications, UDP, etc... 

3. Setting nodes and links configuration: Each model is responsible to set values 

by default. This includes for example packet’s size. 

4. Executing the simulation: Generating events of the simulation and logging all 

the data that is requested by the user. 

5. Performing simulation analysis: When the simulation is stopped, the data 

collected can be analyzed to generate statistics. 

6. Visualizing the analysis: Data collected can be plotted and showed in a graph. 

 

6.2 Experiments Setup 
	

 

We will use NS3 to evaluate the performance of SDODV. NS3 simulation parameters 

used in the experiments are shown in the below table 6. We define a network consisting 

of 20 to 40 nodes moving with a speed of 3 – 15 m/s in an area of 700m x 700m based 

on the random waypoint mobility model. IEEE 802.11 is used in the data link layer 

implementation. The channel capacity is chosen to be 1Mbps. The size of the queue 

interface which is the maximum size of data packets that can be held by a node is 
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defined as 50. The selected size of the data packet is 512 bytes. Initially, all the devices 

have an initial energy of 100 Joules. We will run the simulation for 50 seconds. 

	
Table 6 Simulation parameters 

Simulator NS-3.26 

Number of Nodes 20, 25, 30, 35, 40 nodes 

Area 700 m x 700 m 

Node Velocity 3 to 15m/sec 

Mobility Model Random Way Point 

Data packet size 512 bytes 

Transport Layer Agent UDP 

Routing Protocol SDODV, AODV 

MAC 802.11 

Simulation Time 50 seconds 

Initial Energy 100 Joules 

Reception Power  25 W 

Transmission Power 15 W 

Bandwidth 1 Mbps 

Communication Range 250 m 

Queue Interface Size 50 Packets 

	
6.3 Results and Discussion 

  
6.3.1 Random Waypoint Model 
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The random waypoint model is the mobility model chosen in the experiments. It defines 

the movement of the nodes over time. Mobile devices move in a random and free way 

with no restriction. The speed, direction and destination of every moving device are 

chosen randomly. Every number of seconds, a node is assigned a random speed between 

0 and a maximum pre-defined speed value and an arbitrary destination to travel toward 

within a predefined area. The behavior keeps on repeating until the end of the simulation 

is reached.     

 

Figures 16 through 20 show the random movement of 20 nodes in a 700m square area 

through the random waypoint model for a simulation of 50 seconds. The five snapshots 

are taken to illustrate the effect of the node mobility. The red dots represent the mobile 

nodes and the green lines symbolize the connections between the communicating hosts. 

The snapshots of the animations demonstrate how the nodes are free to move in the 

predefined area in any direction. As a result of the nodes moves, the neighborhood of the 

devices might vary. Some of the routes might break and become invalid when a node 

moves out of range of other nodes.  
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Figure 16 Position of nodes at time 10 seconds 

 

 

Figure 17 Position of nodes at time 20 seconds 
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Figure 18 Position of nodes at time 30 seconds 

 

 

Figure 19 Position of nodes at time 40 seconds 
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Figure 20 Position of nodes at time 50 seconds 

	
6.3.2 Metrics 

 
6.3.2.1 Packet Delivery Ratio 

	
The Packet Delivery Ratio (PDR) is the ratio of the totality of packets received by the 

destination to the totality of sent packets by the source. The higher is the value of the 

PDR the more the algorithm is considered efficient. The PDR can be calculated in 

reference to different parameters. In our experiments, we will show the PDR results 

respectively to the modified velocity and to the network size. The PDR is calculated as 

follows: 

𝑃𝐷𝑅 =
	𝑅𝑃	
𝑆𝑃 ×100 

 

where, 
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RP: Sum of all the received packets by the destination nodes 

SP: Sum of all the sent packet by the source nodes 

 

PDR to velocity 

SDODV outperforms standard AODV in terms of PDR when the velocity of the mobile 

nodes increases. In fact, SDODV achieves better delivery ratio than traditional AODV 

irrespectively of the velocity. As shows the result in figure 21, as the velocity increases, 

the PDR decreases for both algorithms. However, the adaptive proposed algorithm gives 

better results. The PDR is decreased by 2% when the velocity is increased from 3m/s to 

15 m/s while the PDR drops by around 4% in the case of AODV. This can be justified 

by the fact that SDODV dynamically changes path and adapts to better routes based on 

nodes with highest Q-values whereas AODV waits until a route breaks before it 

reconstructs a valid path. When a route is requested, AODV replies back with the path 

having the least number of hops count. The path might include nodes with high mobility 

leading to an unstable path. Whereas the proposed algorithm seeks to build the more 

stable path and consider multiple metric instead of only focusing on the number of 

intermediate nodes including mobility and bandwidth which are directly related to 

possible link breakage. Since SDODV is able to adapt quickly to topology change, the 

adaptive algorithm shows better results in terms of PDR as compared to AODV even in 

the case of low velocity. 
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Figure 21 Packet delivery ratio for varying velocity 

 
 
 
PDR to node density 

Figure 22 shows that the PDR increases with the increase of nodes number. This can be 

justified by the fact that the more nodes we have, the more the chance of transmission is 

greater for the same transmission coverage area. The results show that SDODV achieves 

higher PDR with the increase of node numbers than AODV. This is resulting from the 

statement that with more nodes in the network, SDODV has more options for alternative 

paths before a route breaks. With the topology change, SDODV can accommodate for an 
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alternative path before the route breaks whereas AODV route packets always based on 

the path with the least number of hops. Therefore, SDODV delivers more packets than 

AODV 

. 

 

Figure 22 Packet delivery ratio for varying number of nodes 

 

6.3.2.2 Control overhead 
 

The Control overhead evaluates the efficiency of the routing algorithm. It is usually 

calculated by dividing the number of control packets by the total number of data packets 
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increased velocity of the nodes and to the node density. The decrease in the number of  
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control overhead will lead to a reduction of the bandwidth congestion and to the energy 

consumption. 

 

Control overhead to velocity  

When the speed of the moving nodes is increased, the number of stable routes between 

source and destination nodes is decreased as well leading to an increase in the number of 

invalid paths between communicating nodes. In order to make up for the broken links, 

the sender will broadcast RREQ packets to establish a valid route. For instance, as figure 

23 shows, the number of interchanged control packets is higher for an increased node 

mobility speed for both AODV and SDODV. However, the number of routing packets in 

SDODV is lesser than the total number of control packets shared in AODV. This can be 

explained by the fact that when building a path SDODV considers the mobility and the 

neighborhood density of the nodes leading to a choice of more stable paths for routing. 

Thus, SDODV disfavors nodes with high mobility from participating in the route 

exploration process leading to an avoidance of path recomputation. The adaptive 

algorithm decreases the overhead through the dynamic path change mechanism. On the 

other hand, AODV chooses path based on the number of hops only which might lead to 

the choice of an unstable path.  
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Figure 23 Average control overhead for varying velocity 

 
Control overhead to node density 
 
With the increase of the number of nodes in the network, we notice that the number of 

control overhead increases for both algorithms. This is related to the larger number of 

control packets broadcasted in the network in the route exploration phase. As figure 24 

demonstrates, SDODV presents a better result than AODV which can be explained by 

the fact that, redundant unnecessary broadcast packets are eliminated. The congestion 

avoidance mechanism characterized by dropping RREQ packets for the nodes having an 

occupied capacity of the interface queue by 75% in SDODV, decreases as well the 

number of unwanted flooded packet requests in the network. From another side, with an 

increased number of nodes, the adaptive algorithm SDODV has more options for stable 
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path choice. Choosing stable path increases the lifetime of the selected routes and 

decreases the routing overhead that results from route breaks and route discovery 

process.  

 

 

Figure 24 Average control overhead for varying number of nodes 

 

6.3.2.3 End to End Delay 
 

The End To End delay is the time needed for a packet to traverse from source to 

destination. The time includes the delay introduced by packet transmission, path 
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0

1

2

3

4

5

6

7

20 25 30 35 40

Av
er
ag
e	
Co

nt
ro
l	O

ve
rh
ea
d

Number	of	nodes

AODV

SDODV	



 59 

The delay for one transmitted packet can be calculated as follows: 

Delay = Packet Receiving Time – Packet Sending Time 

 

The lowest is the value of the end to end delay, the better is the performance of the 

protocols. The average end to end delay is equal to the summation of all the delays of 

the transmitted packet divided by the total number of packet received. 

As shown in figure 25, the delay is directly proportional to the velocity. Due to the 

increase of movement speed, some links will break leading to invalid path. As a 

consequence, route discovery process will take place creating an additional delay.  

 

Therefore, as the speed of the node increases, the average end-to-end delay increases. 

SDODV achieves a smaller delay as compared to AODV under all velocities. This is 

explicated by the fact that the adaptive algorithm reduces the number of route error 

packets generated. Consequently, the decrease of numbers of route errors generated 

leads by its turn to a reduction of the time the packet has to wait in the buffer resulting in 

a lower delay. 
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Figure 25 Average end to end delay for varying velocity 

 

6.3.2.4 Average Energy Remained 
	

The energy remained at a specific node is the difference of the initial energy and the 

total amount of energy used.  

 

With every packet reception and transmission, the nodes loose an amount of its energy 

resulting in a decrease of the initial energy. The energy consumption of every node can 

be calculated by subtracting the current energy from the initial energy. When the energy 

of a node becomes zero, the node will not be able to neither receive nor to transmit a 

packet. The average energy remaining is the ratio of the total remained energy to the 

total number of nodes. 
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As figure 26 shows, the proposed routing algorithm SDODV consumes less energy than 

AODV for all the speeds of the nodes. For instance, when the velocity increases, the 

number of broken links increases and route discovery is instantiated by flooding the 

network with control packets leading to an increase energy use. Since SDODV share 

less control packet with the increased velocity by the maintenance of stable route, 

energy consumption is lesser in the dynamic algorithm which makes it more efficient 

than AODV. 

 

 

Figure 26 Average remaining energy for varying velocity 
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6.4 Conclusion 
 

The mentioned results show the comparison of SDODV algorithm and standard AODV 

protocol. The proposed adaptive algorithm is proven to outperform AODV in terms of 

PDR under different velocities and for an increasing number of nodes. 

SDODV is proven to decrease the average energy consumption as well. In addition, the 

control overhead is reduced for SDODV when the number of node varies between 20 

and 40. This same last metric shows better result for the adaptive algorithm for increased 

velocities as well. Consequently, the adaptive proposed algorithm is a mobility, 

congestion and power aware mechanism. SDODV guarantees the choice of stable routes 

when forwarding a packet to a destination. Thus, it decreases the link failures 

occurrences leading consequently to a reduction of route discovery characterized by an 

increased packet delivery ratio. Avoiding excessive route exploration improves the end 

to end delay of packet transmission. 
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Chapter Seven 
 
 
 
 

Conclusion and Future Work 
	

 

6.5 Conclusion 
 

This thesis has proposed SDODV an efficient algorithm based on Q-Learning and 

AODV. SDODV helps routing packets through the battery-rich, neighborhood-dense, 

stable and less congested path. This is achieved by distributing the learning among 

nodes of the MANET and by the exchange of route information among the nodes. The 

distribution of learning is integrated into the nodes as proposed in QLAODV. We have 

proposed a new formulation of the discount factor to reflect the whole topology of the 

network. Thus, SDODV can dynamically change its route based on the learned state of 

the network. A path is defined by considering the hop count, energy level, stability and 

neighbor density of hosts. Queue length is used in the congestion detection and helps in 

its avoidance. Experimental results show that SDODV outperforms the original AODV 

in term of packet delivery ratio for different velocities and network node numbers. 

Simulation outcomes prove that SDODV has lower overhead control as compared to 

traditional AODV. The adaptive algorithm improves as well the energy consumption of 

the MANET. 
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6.6 Future Work 
 

For future work, we intend to test the proposed algorithm for additional metrics 

including different mobility models. In this thesis work, we integrated distributed 

learning on top of AODV protocol. Exploration is done in a reactive manner as in 

AODV. We propose to embed the dynamic path selection through learning on other 

existing protocols to check its performance and benefit from the consideration of path 

quality in path selection. The studied metric can also be used in proactive or hybrid 

protocols. 
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