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Abstract 

Many broadcasting protocols for ad-hoc wireless networks perform poorly in situations when network 

becomes untrusted. In real environment, any node can be unavailable or be unable to receive broadcast 

packet or to forward the received packet for many reasons. To improve the reliability of broadcasting in 

the face of limited trustworthiness of nodes, multicover dominant pruning (MDP) [2] covers its 2-hop 

neighbors multiple times. Here, as the total number of transmissions (forward nodes) is generally used as 

the cost criterion for broadcasting, MDP costs too much redundancy. In this paper, we propose three 

better fault-tolerant approximation algorithms: multicover total dominant pruning, multicover partial 

dominant pruning and multicover improved dominant pruning. All these algorithms not only utilize 2-hop 

neighborhood information more effectively to reduce redundant transmissions but also significantly 

improve the reachability of nodes in an unreliable ad-hoc wireless network. Extensive simulation 

experiments have been conducted to evaluate the efficiency of the proposed heuristics. Performance 

analysis shows that the proposed heuristics significantly outperforms the multicover dominant pruning 

broadcasting algorithm. 
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Chapter 1 

 

Introduction 
 

 

A mobile ad hoc wireless network is the category of wireless networks that is formed with a 

collection of low power wireless mobile hosts connected with each other through a temporary 

wireless network setup. The mobile hosts utilize multi-hop radio relaying and are capable of operating 

without the support of any global topological infrastructure or any centralized administration or any 

standard support services [18]. As the hosts are mobile in nature, they are free to move randomly and 

organize themselves arbitrarily; thus, the network’s topology may change frequently and 

unpredictably. In such a network, the routing and resource management are done in a distributed 

manner in which all nodes coordinate to enable communication among themselves. A node can be 

able to communicate directly with any other node which resides within its transmission range. 

Otherwise, to communicate the nodes that are beyond the sender’s transmission range, it requires the 

help of the intermediate nodes to relay the packets. This requires each node to be more intelligent so 

that it can function both as a network host for transmitting and receiving data and as a network router 

for routing packets to other nodes. The applications of ad hoc wireless networks range from medical 

sector, personal area networking, military environments, civilian environments to emergency 

operations where networks need to be deployed immediately, but base stations or fixed network 

infrastructures are not available, not trusted, too expensive or unreliable.  Moreover, ad hoc networks 

can be rapidly deployed with minimum user intervention due to their self-creating, self-organizing 

and self-administering capabilities. Unicasting and broadcasting are the two basic ways for data 

dissemination in wireless ad-hoc network. Although broadcasting is unreliable in nature, it is more 

frequent in wireless networks compared to the wired networks due to the dynamic nature of wireless 

ad-hoc network. 
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1.1 Broadcasting in Wireless Ad-hoc Networks and its Applications 

In a mobile ad hoc network, broadcasting - sending a packet from a source node to all other nodes in 

the network - is a fundamental operation. It is a one-to-all operation which creates a multi-hop 

scenario, where packets originated from the source host are received and further relayed by several 

intermediate hosts before reaching all the nodes in the network since all mobile hosts may not be 

within the transmission range of the sender host due to the limited radio power. In such a network, 

each mobile node operates not only as a host but also as a router. Apart from this, broadcasting is 

spontaneous that means any mobile host can issue a broadcast operation at any time in the network. 

When it becomes necessary to send an error message to erase invalid routes, broadcasting is used 

[17]. Broadcasting can also be called as an efficient specialized mechanism of multicast in fast 

moving ad hoc wireless networks [14] where destination is all the hosts in the network. The way that 

packets are transmitted in wireless ad hoc networks is quite different than the way that those are 

transmitted in wired networks, the significant difference is that when a host sends a packet, all its 

neighbors will automatically receive that packet.  

 
Broadcasting has many applications in graph-related problems and distributed computing problems. 

Because of host mobility in wireless ad-hoc network, hosts requires to perform broadcasting more 

frequently, e.g., for paging a particular host, sending an alarm signal and for service discovery as 

well. Broadcasting is also performed for finding a route to a particular host in several routing 

protocols such as Dynamic Source Routing (DSR) [15],  Ad-hoc On-Demand Distance Vector Routing 

(AODV) [43], Cluster Based Routing Protocol (CBRP) [34],  Location-Aided Routing (LAR) [35],  

Zone Routing Protocol (ZRP) [36] and many other unicast routing protocols. Some protocols even 

use broadcasting for actual data transmissions. Sometimes, broadcasting may also be used in LAN 

emulation [44] or to provide multicast services in networks with rapid changing topologies. 
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1.2 Broadcast Storm Problem in Wireless Ad-hoc Network 

In wireless ad-hoc networks each mobile host is equipped with a CSMA/CA (carrier sense multiple 

access with collision avoidance) [37] transceiver and there is no acknowledgment mechanism 

(unreliable). In such a network with mobility, global network topology information is unavailable to 

facilitate the scheduling of a broadcast. Therefore, the most naive approach for broadcasting is blind 

flooding which is usually very costly. In blind flooding method [5], each node will obligate to 

rebroadcast the packet whenever it receives the packet for the first time. Clearly, this costs n number 

of transmissions in a network with n hosts. Although theoretically, such blind flooding ensures a 

complete coverage, in reality, such naive flooding is not only resource-consuming but also causes 

serious redundancy, contention and collision, which causes many nodes not receiving the message as 

a consequence. Collectively, these issues are known as broadcast storm problem [6]. 

• Redundancy: We know that the radio propagation is omnidirectional and there may be several 

hosts within the transmission range of a host. So, when an intermediate mobile host receives a 

packet and decides to rebroadcast a message to its neighbors and all of its neighbors already 

have received the packet already then the rebroadcast is considered to be redundant. Ultimately, 

receiving the same message more than once is called redundancy. 

• Contention: In wireless ad-hoc networks, mobile hosts may become close to each other while 

they are roaming with their free will. After receiving a broadcast message from a host, all of its 

neighbors try to rebroadcast the message and therefore contend to send the same message to the 

same receiver node.  These rebroadcasts may cause serious contention in the network. 

• Collision: Because of the RTS/CTS mechanism is inapplicable for broadcasting in wireless ad-

hoc networks and the timing of rebroadcast is highly correlated, two or more neighbors may 

forward the message to each other at the same time. Thus, collisions are more likely to occur in 

flooding and which results less reachability. 
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Figure 1.1: Broadcast storm problem. 

Fig. 1.1 represents a network scenario where the nodes indicate mobile hosts and the links between 

nodes indicate that they are within the transmission range of each other and the arrows indicate packet 

forwarding. This figure describes the situation after every node in the network forwards the packet 

exactly once. This blind flooding will create serious redundancy in the network. For example, each of 

the nodes B, C, D and G receive the same message 3 times. When the originator node B broadcasts 

nodes A, C and D will receive the packet. After receiving the packet from B, nodes C and D decide to 

rebroadcast the packet at the same time and they will contend for rebroadcasting. Both nodes will 

contend to rebroadcast to node B as this node is the common neighbor of node C and node D. If the 

timing of the rebroadcasting of these two nodes are the same, a collision will happen as both of them 

forwards packet to each other. 

1.3 Broadcasting Algorithms 

A variety of broadcasting protocols [1], [2], [5], [10], [26], [38-42] have been proposed to address the 

broadcast storm problem. All those techniques can be broadly classified into two categories, which 

are also referred to as deterministic and probabilistic algorithms respectively: 

 

1. Reliable broadcasting  
2. Unreliable broadcasting 
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We can call a broadcast algorithm reliable if it guarantees (at least algorithmically) that a broadcast 

massage reaches all the nodes in the network. These protocols are based on the so-called concept of 

“connected dominating sets” (CDS) and ensure that every node in the network receives a broadcast. A 

dominating set D(S) of a set S is the set of nodes such that each node from S either belongs to D(S) or 

has a neighboring node that belongs to D(S). Here, all nodes will receive the message if it is 

retransmitted only by the nodes in the CDS. Connectivity provides propagation through the whole 

network, whereas domination assures reachability by all nodes. The reliable broadcasting task can 

therefore be solved optimally by finding a minimum connected dominating set (MCDS). Optimality 

here is measured by the percentage of reduced number of forwarding in a reliable broadcasting 

scheme. However, the problem of finding a minimum connected dominating set is NP-complete, even 

if a node has global knowledge about the network.  Therefore, one must apply heuristics to flood 

intelligently. Reliable broadcasting algorithms usually use one or more hop neighbor information for 

their forwarding decision. Many reliable broadcasting algorithms have been proposed over the past 

decade [1], [2], [10], [29], [47]. 

Depending upon the way of utilizing the neighborhood information to reduce the redundant 

transmissions, we broadly classify the assortment of reliable broadcast algorithms into two categories: 

 

1. Reactive Protocols  

2. Proactive Protocols 

 

In Reactive protocols, each node makes its own forwarding decision after receiving a broadcast from 

an upstream node. To make such a decision, a node at first determines whether further forwarding is 

going to cover any more new nodes or not. If it seems to cover no more new nodes then it avoids 

forwarding. One of the most promising reactive broadcasting techniques is called Self Pruning (SP) 

was proposed in [5]. 

 

In proactive broadcasting, a node selects a subset of downstream nodes among its neighbors as 

forwarding nodes. A node tries to select most promising neighbors based on some criterion such as 

high node degree, power level, cover area etc. Some promising examples of proactive approaches 

include Dominant Pruning (DP) [5], Partial Dominant Pruning (PDP) [1], Total Dominant Pruning 

(TDP) [1], etc. DP, TDP and PDP reduce redundant transmission by reducing the number of  
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forwarding nodes. However, the impact of broadcast latency requires a thoughtful consideration for 

effective proactive broadcasting. On the basis of the reachability, the proactive broadcasting 

algorithms can be categorized in two types: 

 

1. Fault-ignorant  
2. Fault-tolerant 

 

In real scenario, a wireless ad-hoc network may become an untrusted network. A node may fail to 

carry out its forwarding duties for various reasons, e.g., power failure, noisy environment, or 

intentionally becoming uncooperative nodes or selfish nodes. The algorithms which cannot ensure 

reachability of a broadcast packet to every node in the network due to the “single-cover” 

characteristic are called fault-ignorant algorithms. DP, PDP, TDP, etc. are the examples of fault-

ignorant algorithm.  

 

To address the problems of reachability, un-trusted environment demands fault tolerant design of 

broadcasting protocols. To make broadcasting algorithms fault tolerant, we need to increase 

redundancy. So, the fault-tolerant broadcasting algorithm needs a tradeoff between increased fault 

tolerance and minimum redundancy. Many fault-tolerant protocols have been proposed in [21-23], 

[26-27], [30-31], [36-37], but these are for unicasting mechanism. For broadcasting, multicover 

dominant pruning (MDP) which has been proposed in [2] improves the reachability of nodes in an 

unreliable ad-hoc wireless network by ensuring multiple receptions of data packets.  

 

As full reliability often induces a cost that is too high, the unreliable broadcasting algorithms can be 

used for the applications that do not require full reliability. If a broadcast protocol cannot guarantee 

that a broadcast message reaches all nodes within the network or depend on a probability, it is called 

an unreliable broadcasting protocol. Here, a node may miss a broadcast packet because the protocol 

(intelligently) reduces redundancy by inhibiting packet forwarding from the nodes which find 

themselves “less-effective” as intermediate forwarder. The effectiveness of a node is often measured 

based on some preset probability values or counter values, or based on distance and location [6]. 

Usually, this kind of broadcasting algorithm requires no topology information.  
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Figure 1.2: Packet forwarding in the ad hoc network 

 

1.4 Broadcasting in Wired Networks 

In ad hoc networks, ad hoc network routing is an imminent problem. Ad hoc network routing should 

be flexible and efficient because network topology changes frequently and bandwidth is limited in ad 

hoc wireless networks. Several efficient point-to-point routing algorithms have been proposed [15, 

34, 35, 36, 43]. These proposed algorithms try to avoid routing loops and reduce the overhead of 

routing information exchange. In addition to unicast routing, several researchers studied multicast 

routing in ad hoc networks [47, 48]. Broadcast can be considered as the special case of multicast. 

Since broadcast is to send data from one source to all other nodes in the network, we can regard 

broadcast as the multicast in which all hosts are destination hosts. The two major methods used to 

construct multicast tree is the shortest path tree and Steiner tree [49] in wired networks. Packets can 

be sent in minimum hops in shortest path tree, since the paths between source and all the destinations 

are shortest paths. On the other hand, Steiner tree minimizes the total cost of multicast tree. It is 

known that constructing Steiner tree in arbitrary graph is NP-complete [50]. Also, the shape of the 

Steiner tree changes so frequently when the multicast destination is added or deleted. Thus, the 

shortest path tree is most widely used as the multicast tree in wired networks.   

 

 
Figure 1.3: Redundant transmission problem in the ad hoc networks 
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The broadcast property of the ad-hoc network is not totally similar to that of wired networks. For 

example, the packet sent by node B is delivered to all nodes in the transmission range of B in Fig. 1.2. 

The large circles around the nodes A, B and C are the transmission ranges of individual nodes. Thus, 

only one packet transmission is needed for node B to deliver the broadcast packet to A and C 

simultaneously. In wired networks, two transmissions are needed to deliver the packet to both A and 

C. The most common broadcasting method is blind flooding where each node broadcasts a packet to 

its neighbors whenever it receives the packet along the shortest path from the source node. The 

broadcast tree constructed by this blind flooding method becomes the shortest path tree in wired 

networks. Therefore, blind flooding is simple and relatively efficient if it is used in wired networks. 

However, in wireless networks, blind flooding could waste wireless resources considerably and may 

not be suitable. Consider an example shown in Fig. 1.3 where node A floods a packet. Nodes B, C 

and D all receive the packet by one transmission in wireless networks and by three transmissions in 

wired networks. Although it seems that here, wireless networks are winner, yet in wireless network 

nodes B, C and D all forward the received packet again unnecessarily and waste limited wireless 

bandwidth, if blind flooding is used. 

 

 

1.5 Motivation of the Thesis 

It is assumed that all nodes in the multi-hop ad-hoc wireless network will cooperate in the communal 

task for the implementation of any networking functions such as routing, broadcasting, multicasting 

and medium access control to maintain connectivity. However in real environment where the network 

is un-trusted, this assumption need not be always true. Some nodes may be intentionally unwilling to 

contribute to the community, or they may actually fail to carry out their duties due to power failures 

or other errors. An uncooperative node may try to mislead its neighbors, e.g., by acknowledging a 

packet and then dropping it. This kind of failure is really not easier to diagnose and recover. In the 

case of actual failure, a node may acknowledge a received packet and then fail to forward it for 

objective reasons, e.g., the next-hop neighbor has become temporarily unreachable because of 

interference or other environmental factors. Many efficient routing/forwarding schemes avoid 

feedback for the sake of simplicity or overhead. Thus, there are many situations when a network may 

become un-trusted. So, we need to effectively solve these failure problems in broadcasting by 

developing a fault-tolerant broadcasting algorithm.   
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The existing fault tolerant broadcasting algorithm such as multicover dominant pruning (MDP) [2], 

considers the harshness of wireless environment and improves the reachability of broadcast packets in 

an unreliable ad-hoc wireless network by ensuring multiple receptions of the same data packet. 

Although MDP ensures fault tolerance, the number of forwarding is unacceptably large like the blind 

flooding. The major motivation of this thesis is to find a fault tolerant broadcasting scheme that will 

effectively reduce the number of forwarding. To make broadcasting algorithms fault tolerant, 

undoubtedly we need to increase redundancy. Hence, it has become apparent that an effective fault 

tolerant broadcasting algorithm needs a tradeoff between increased fault tolerance and minimum 

redundancy. To this end, we plan to develop a broadcasting algorithm by applying the concept of 

different optimization techniques with the necessary modifications required to provide fault-tolerance.   

 

1.6 Contribution of the Thesis 

In this thesis, we concentrate on developing fault-tolerant optimized broadcasting algorithms. To this 

end, we will apply the concept of Partial Dominant Pruning (PDP) and Total Dominant Pruning 

(TDP) [1] with the necessary modifications to provide fault-tolerance. In particular we target to 

develop two fault tolerant algorithms dubbed as Multicover Total Dominant Pruning (MTDP) and 

Multicover Partial Dominant Pruning (MPDP) where the concepts of TDP and PDP are applied on 

MDP in order to reduce the number of packet forwarding more.  As a second contribution, we 

propose a new improved and most efficient fault-tolerant optimized broadcasting algorithm titled 

Multicover Improved Dominant Pruning (MIDP) which is an improved version of MPDP. Moreover, 

the environment may not be always un-trusted. Therefore, to operate the proposed algorithms in both 

trusted and un-trusted environments easily, we also incorporate some tunable parameters in the design 

of the protocols. We measure the efficiency and effectiveness of the proposed heuristics through 

extensive simulation experiments. To summarize, the main objectives of our thesis are as follows: 

 
 

1. Develop novel efficient fault-tolerant broadcasting algorithms which optimize the number of 

packet forwarding.  

 
2. Incorporate some tunable parameters in the design of the protocols so that the algorithms can 

continue to operate in both trusted and un-trusted environments without any modifications. 
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3. Identify the effectiveness of the proposed algorithms in several networks and transceiver 

parameters through extensive simulation. 

 

1.7 Organization of the Thesis 

After an introduction which is provided in this chapter, the rest of the thesis book is organized as 

follows:  chapter 2 discusses some related works on reducing broadcast redundancy and ensuring 

fault-tolerance. A graph model for describing the details about the algorithms DP, TDP, PDP and 

MDP are presented in chapter 3. Three proposed fault-tolerant broadcast algorithms with example 

scenarios which are described to understand their functions thoroughly are discussed in chapter 4. 

Simulation results are shown in chapter 5. Finally chapter 6 concludes the thesis with some outlines 

for possible future works. 



Chapter 2 

 

Literature Review 
 

 

In this chapter, we provide an overview of broadcasting algorithms that focus on reducing broadcast 

storm problem. A significant amount of works have been done to alleviate the broadcast storm 

problem. Section 2.1 discusses some simple broadcasting algorithm. Works related to fault-tolerant 

optimized algorithm for wireless networks are presented in Section 2.2. 

2.1 Broadcasting Algorithms in Wireless Ad-hoc Network 

Many efficient broadcast algorithms have been proposed in [1], [3-10] to overcome the shortcomings 

of blind flooding, assuming the environment is ideal. These algorithms utilize neighborhood and/or 

history information to reduce number of forwarding. In [5], Lim and Kim prove that creating a 

minimum flooding tree is an NP-complete problem. The problem of constructing broadcast tree that 

minimizes the number of packet forwarding is very similar to the minimum connected dominating set 

(MCDS) problem [45].Since this is an NP-complete problem, an approximation algorithm AMCDS 

proposed in [13]. But this approximation is not suitable for ad hoc wireless networks, as it needs to 

know the global network topology. Two approximation algorithms: self pruning and dominant 

pruning are also provided in [5]. In the self-pruning algorithm, each node exchanges the list of 

adjacent nodes with the neighbors. A node prunes itself from rebroadcasting if all its neighbors have 

received the broadcast packet by the previous transmission. The dominant pruning (DP) algorithm 

which is one of the promising proactive approaches utilizes 2-hop neighborhood information to 

reduce redundant (re)transmissions. A node selects some nodes from all of its neighbors to create a 

forward node list in such a way that they can cover all the nodes that are within its two hops. A 

similar forward node selection algorithm, multipoint relaying, is proposed in [8]. 
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In [6], Ni et al. extensively studied the broadcast storm problem- broadcast redundancy, contention, 

and collision in blind flooding. Five algorithms to reduce broadcast redundancy are proposed, such as 

probabilistic scheme, counter-based scheme, distance-based scheme, location-based scheme and 

cluster-based scheme. These algorithms assume the estimation of network redundancy by each 

forward node and also the collection of information about the whole network. All these five 

approaches are probabilistic in nature, they cannot guarantee all the nodes in the network receive the 

broadcast packet, which is a marked downside of these algorithms. 

A scalable broadcast algorithm is proposed by Peng and Lu in [7]. Like the self pruning algorithm, 

the main idea of their broadcast algorithm is that a node needs not rebroadcast a message if all its 

neighbors have been covered by previous transmissions (unlike the immediate previous transmission 

in self pruning). To achieve this, a node gathers the local topology knowledge. If a message is 

received firstly, then schedule a rebroadcast by delaying the rebroadcast operation for a random 

period. In this period, any successive duplicates are discarded. 

A connected-dominant-set-based broadcast algorithm that uses only internal nodes to forward the 

broadcast packet was studied in [9] by Stojmenovic et al. Internal nodes are not other than the nodes 

in the dominating sets derived by Wu and Li’s marking process [19]. Nodes that are not internal 

nodes only receive the broadcast packet without forwarding it. As a result, a decrease in the number 

of redundant transmissions can be possible. 

Calinescu et al. [4] propose a location-aware pruning method that is an extended work of the two 

proposed heuristics of Lim and Kim in [5]. In our paper, we assume that each host has no location 

information of other hosts. Therefore, those protocols which depend on location information are out 

of scope of our work. 

A protocol that is based on a global infrastructure (spanning tree) to select dominating nodes is 

proposed in [3]. Undoubtedly, it is an overkill to first construct a spanning tree, select dominating 

nodes (forward nodes) from the tree and, then, perform a broadcast, as we know that wireless ad-hoc 

network consists of a handful of mobile hosts and hence, the nodes must have to construct a 

connected dominating set on the fly.  

To reduce redundancy more two improved algorithms named total dominant pruning (TDP) and 

partial dominant pruning (PDP) have been proposed in [1]. Both of these algorithms utilize 



CHAPTER 2. LITERATURE REVIEW                                                                                                         13 

 

 

 
neighborhood information more effectively. Among these two algorithms, TDP eliminates more 

redundant transmissions but requires 3-hop neighborhood information and thus consumes more 

bandwidth whereas PDP algorithm requires only 2-hop neighborhood information which results in 

less overhead. Therefore, the PDP algorithm is considered as one of the optimized broadcast protocol 

for wireless ad-hoc networks and it can also be applied in ad hoc wireless mesh networks for 

multimedia streaming applications [11]. Both the TDP and PDP do not have a constant approximation 

ratio but it can be achieved by selecting the cluster-heads as forward nodes and using the pruning 

technique in the clustered network [20]. 

 

2.2 Fault-tolerant Optimized Algorithms in Wireless Ad-hoc Network 

All of the above algorithms have been proposed considering only the ideal environment. In real life 

scenario, a wireless ad-hoc network may rather operate in an un-trusted environment where a node 

may fail to carry out its forwarding duties for various reasons, e.g., due to power failure, noise in the 

environment. Sometimes a node may intentionally un-cooperate nodes or behave selfishly. Therefore, 

in an un-trusted environment, broadcasting algorithms need to be fault tolerant which could be 

achieved by increasing redundancy in a controlled way. Most of the research addressing node failure 

has been aimed at protecting unicast routing protocols against malicious attacks. There are three types 

of such protective schemes: cryptographic [29], incentive-based, and punishment-based. 

 

The cryptographic types include a secured variant of Destination-Sequenced Distance Vector Routing 

[30], that is, Secure Efficient Distance Vector Routing [24] where routes are signed with a one-way 

hash function, which makes it impossible for intermittent nodes to tamper with them. Ad-hoc On-

demand Distance Vector Routing [58] has been secured via a shared key accessed in a hierarchical 

manner, with the modified protocol named Security-aware Ad-hoc Routing [31]. ARIADNE [25] 

which is a secured modification of Dynamic Source Routing [15], employs symmetric-key 

cryptography with a key management scheme dubbed as TESLA. All those schemes suffer from two 

drawbacks: when a node has been compromised they cannot manage, and they are infeasible for low-

cost sensor networks as they are costly to implement, being power and memory intensive. 
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In the case of incentive-based class, two models based on the so-called nuglets are proposed in [23]. 

In one model, the sender stores a certain number of nuglets in the packet header to pay for the 

delivery. After receiving the packet and before forwarding the packet, each intermediate node charges 

the packet one nuglet. The packet is dropped, when any node founds the packet that runs out of 

nuglets. Estimating the correct number of nuglets needed by the packet to reach the destination is the 

major drawback of this model. Apparently, attempting at extrapolating this kind of solution onto 

broadcast protocols are difficult. Another payment scheme, is proposed in [33], depends on a central 

credit clearance service and thus suffers from a single point of failure and therefore, it does suit well 

with ad-hoc networks. 

Punishment-based class includes special monitoring tools [27] run by nodes to mitigate routing 

misbehavior in DSR. The first tool watchdog monitors the behavior of all nodes on the active paths, 

and the rater allows the nodes to avoid paths leading through misbehaving nodes. There are more 

observer-based systems, such as COFIDANT [22], HADOF [32], CORE [28] and OCEAN [21]. All of 

them is directly applicable to guarding unicast traffic against node misbehavior. 

The first fault tolerant broadcasting protocol, multi-cover dominant pruning (MDP) has been 

proposed in [2] by Rahman et al.  MDP improves the reachability of nodes in an unreliable ad-hoc 

wireless network by ensuring multiple receptions of data packets. MDP also incorporates some 

tunable parameters in the design of the protocol so that the algorithm can continue to operate in both 

trusted and un-trusted environments without any modifications.  Although MDP ensures fault 

tolerance, the number of forwarding is too large; sometimes it can be as large as the blind flooding.  

 

 

 



Chapter 3 

 

Preliminaries 
 

In this chapter we discuss some basic terms and concepts which are used throughout the thesis in 

Section 3.1. Section 3.2 presents the first promising broadcasting approximation – the Dominant 

Pruning (DP) algorithm. Two optimized algorithms – Total Dominant Pruning (TDP) and Partial 

Dominant Pruning (PDP) which utilize neighborhood information more effectively to eliminate the 

redundant transmissions that DP fails to address are described in Section 3.3 and 3.4. Finally, Section 

3.5 describes the fault-tolerant broadcasting algorithm- Multicover Dominant Pruning (MDP).  

 

3.1 Assumptions and Notations 
Let us consider a simple graph G to represent an ad hoc wireless network, where node v has received 

a packet from node u which indicates that both nodes u and v are within their transmission ranges and 

these connections of the nodes are on the basis of geographic distances of the nodes. This kind of 

graph is called unit disk graph [12]. The circle around a host u corresponds to the transmitter range of 

host u and all the nodes in this circle represents the neighbors of u which is denoted as N(u). Each 

host sends periodic “Hello” packets, each of which contains the sender node’s id and the list of its 

neighbors and thus, they can obtain neighborhood information. Neighborhood information can also be 

obtained by the piggyback technique; that is, when a host sends a packet, it attaches its neighborhood 

information along with its id into the packet header. Therefore, the two-hop neighborhood 

information can also be obtained easily. N(N(v)) and N(N(u)) are the sets of the nodes which are 

within 2-hops away from node v and  node u respectively. Throughout the paper we assume that u is 

the “sender” and v is “receiver” and v is u’s one-hop neighbor and hence, {u} is the subset of both 

N(u) and N(v); and N(u) and N(v) both sets are the subsets of both N(N(u)) and N(N(v)). Table 3.1 

represents some basic notations which are used throughout the thesis. 
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Figure 3.1: Dominant Pruning 

 

 

TABLE 3.1 

SUMMARY OF NOTATIONS 

Notation Description 

u Originator node (Sender) 

v Intermediate node (Receiver)  

N(u) Set of all one-hop neighbors of node u 

N(v) Set of all one-hop neighbors of node v 

N(N(v)) Set of all one-hop and two-hop neighbors of v 

F(u,v) Set of forwarding nodes of v 

B(u,v) Set of nodes from which v will create the set F(u,v) 

U(u,v) Set of uncovered neighbors that are exactly two-hop away of v 

S(u) Set of nodes that is covered by u only once 
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3.2 The Dominant Pruning (DP) Algorithm 
In the DP algorithm, when node v receives a packet from node u, it starts creating its forwarding node 

list F-set by selecting a minimum number of forward nodes that can cover all the nodes in U-set, 

which is the set of all the uncovered two-hop neighbors of v. For the selection of forward nodes, the 

greedy set cover algorithm [16] is used. Among the nodes in N(N(v)), v does not need to cover them 

all since u is the source node, nodes in N(u)have already received the packet, and nodes in N(v) will 

receive the packet after v rebroadcasts the packet.  As a result, the uncovered two-hop neighbor set of 

v becomes U(u,v) = N(N(v)) − N(u) − N(v). After that, v starts constructing its forward node list 

F(u,v) from B(u,v) = N(v) − N(u) to cover all the nodes in U(u,v) so that each node of U-set can 

receive the data packet at least once. Initially, v sets F(u,v)=∅ and B(u,v) = N(v) − N(u). Then, in 

each iteration, v selects a node w from B(u,v), such that w∉ F(u,v)and the list of neighbors of w 

covers the maximum number of nodes in U(u,v). Next v inserts w in F(u,v)and sets U(u,v)= U(u,v)− 

N(w). When U(u,v)becomes empty, the iteration stops. In Fig. 3.1, the nodes under blue colored area 

represents U(u,v). 

 

 

 

 

Figure 3.2: Total Dominant Pruning 
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3.3 The Total Dominant Pruning (TDP) Algorithm 

In this algorithm, each node piggybacks their 2-hop neighbor list in the header of the broadcast 

packet. When v gets N(N(u)) with the packet, v can easily deduct this set from its own 2-hop neighbor 

list N(N(v)) as u has already covered all the nodes in N(N(u)). Thus, U(u,v) is reduced to 

U(u,v)=N(N(v))-N(N(u)). Consequently, the size of the F-set is reduced. Fig. 3.2 illustrates the total 

dominant pruning algorithm. After calculating the U-set, v starts constructing its forward node list 

F(u,v) from B(u,v) = N(v) − N(u) to cover all the nodes in U(u,v) so that each node of U-set can 

receive the data packet at least once. Although TDP algorithm shows a remarkable improvement 

compared to DP algorithm in terms of number of forwarding, it consumes more overhead as each 

node needs to piggyback their 2-hop neighborhood information with the data packet and therefore, the 

size of the broadcast packet increases.   

 

 

 
 

 

Figure 3.3: Partial Dominant Pruning 
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3.4 The Partial Dominant Pruning (PDP) Algorithm 

In this algorithm, unlike the TDP algorithm, no neighborhood information of the sender is 

piggybacked with the broadcast packet. However, this algorithm deducts all the nodes that are 

deducted in DP algorithm and besides this, more nodes are excluded from the two hop neighbor set of 

v.  Since the neighbors of the common neighbors of u and v exist in the two-hop neighbor set of u 

(i.e., N(N(u)∩N(v)) ⊆ N(N(u)) ), this set can be excluded from N(N(v)). Therefore, the two-hop 

neighbor set U in this PDP algorithm is U(u,v)=N(N(v))-N(u)-N(v)-P, where P=N(N(u) ∩N(v)). 

Between the two algorithms PDP and TDP, TDP eliminates more redundant transmissions but it 

requires 3-hop neighborhood information and thus consumes more bandwidth whereas PDP 

algorithm requires only 2-hop neighborhood information which results less overhead. Therefore, the 

PDP algorithm is considered as one of the optimized broadcast protocol for wireless ad-hoc networks 

and it can also be applied in ad hoc wireless mesh networks for multimedia streaming applications 

[11]. 

 

3.5 The Multicover Dominant Pruning (MDP) Algorithm 

All of the above algorithms have been proposed considering only the ideal environment. In real 

scenario, a wireless ad-hoc network may become an untrusted network. A node may fail to carry out 

its forwarding duties for various reasons, e.g., power failure, noisy environment, intentionally its 

forwarding duties for various reasons, e.g., power failure, noisy environment, intentionally 

uncooperative nodes or selfish nodes. Considering these cases, un-trusted environment demands fault 

tolerant design of broadcasting protocols. To make broadcasting algorithms fault tolerant, we need to 

increase redundancy. So, the fault tolerant broadcasting algorithm needs a tradeoff between increased 

fault tolerance and minimum redundancy. The first fault tolerance protocol is multicover dominant 

pruning (MDP) [2]. MDP improves the reachability of nodes in an unreliable ad-hoc wireless network 

by ensuring multiple receptions of data packets. 

This algorithm works as like as the DP algorithm with one exception. Here, when v receives a 

broadcast packet from u, v starts constructing its own F(u,v) such that each node in U(u,v) is covered 

at least m times by the nodes in F(u,v). Since m = 2 is the best choice according to [2], throughout the 

paper we will consider the matter of multicover to the case m = 2.   
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Algorithm 3.1 presents an extension of the algorithm introduced in the description of Dominant 

pruning for finding multicovers. The algorithm starts by marking all nodes in U(u,v) 0. In every 

iteration, it finds the node wk ∈ B(u,v) with the largest number of neighbors that fall into U(u,v). Then 

wk is added to the forwarding list Fk, and the neighbors covered by it are remarked: 0 to 1, 1to 2. Here 

mark 0 means that the node has not been covered yet, 1 indicates a single cover, and 2 stands for 

double cover. The process continues until all nodes in U(u,v) are marked 2. 

 

 

 
 

 

Figure 3.4: Multicover Dominant Pruning 
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Algorithm 3.1: Multicover Dominant Pruning (MDP) 

1. Create the set U(u,v)  

2. F(u,v)= ∅, Z = ∅. 

3. For each node w ∈ U(u,v) do 

4. Mark(w) ← 0. 

5. For each node wi∈ B(u,v) do 

6.       Create the set Ci such that Ci= N(wi) ∩ U(u,v). 

7. Let K = {C1,C2,...,Cn}. 

8. Suppose, Ck is the set such that, 

9.        |Ck| = maxCi∈K{|Ci|} 

10. If |Ck| = ∅  then exit. 

11. F(u,v) = F(u,v) ∪ {wk} 

12. For each node x ∈  Ck do 

13.        If Mark (x) = 0 then 

14.             Mark (x) ← 1 

15.         Else if Mark (x) = 1 then 

16.             Mark (x) ← 2 

17.             Z = Z ∪{x} 

18.             For each Ci∈ K do 

19. Ci = Ci−{x} 

20. K = K −{Ck } 

21. If Z = U(u,v) then exit. 

22. Otherwise go to step 8. 

 



Chapter 4 
 

 
Enhanced Multicover Dominant Pruning 
Algorithms 
 
 
In this chapter, we first describe a generic algorithm for our three proposed fault-tolerant broadcasting 

algorithms in Section 4.1. Then, we individually discuss three enhanced multicover dominant pruning 

algorithms: the multicover total dominant pruning (MTDP) algorithm, the multicover partial 

dominant pruning (MPDP) algorithm and the multicover improved dominant Pruning (MIDP) in 

section 4.2, 4.3 and 4.4 respectively. Section 4.5 summarizes methodologies of all the heuristics 

discussed in this thesis. All the algorithms are then rigorously illustrated through an example in 

section 4.6. 

 

4.1  Generic Enhanced Multicover Dominant Pruning Algorithm 
 

Although MDP ensures fault tolerance, the number of forwarding is too large like the blind flooding. 

To eliminate the number of forwarding in MDP, an improvement of MDP is needed and to this end, 

we will apply the concept of PDP and TDP with the necessary modification required to provide fault-

tolerance.  In this thesis, we propose two enhanced fault tolerant algorithms referred as Multicover 

Total Dominant Pruning (MTDP) and Multicover Partial Dominant Pruning (MPDP), in which the 

concept of TDP and PDP is applied on MDP to reduce the number of packet forwarding. We also 

propose a more efficient algorithm based on the idea of Enhanced Partial Dominant Pruning 

algorithm [10] named Multicover Improved Dominant Pruning (MIDP), which will eliminate the 

number of transmissions most ever with fault tolerance ability. After describing these algorithms, we 

will illustrate them through examples. A generic algorithm of our three enhanced multicover 

dominant pruning broadcasting protocols is given in algorithm 4.1. Here the creation of the set U(u,v) 

will be changed according to the proposed heuristics. Clearly, straightforward multicover dominant 

pruning is a special case of DP with multicover (m>1). In MDP, the goal is simply to cover each 

nodes of U(u,v) more than once whereas in DP, forwarding nodes try to cover each nodes of U(u,v) 

only once to avoid redundancy. To increase the reachability of DP, MDP selects multiple forwarding  
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Algorithm 4.1: Generic Enhanced Multicover Dominant Pruning 
 
1. Create the set U(u,v)  

2. F(u,v)= ∅, S(v)=∅, Z = ∅. 

3. For each node w ∈ U(u,v) do 

4.       If  w ∈ S(u) 

5.           Mark(w) ← 1 

6.       Else Mark (w) ← 0.  

7. For each node wi∈ B(u,v) do 

8.       Create the set Ci such that Ci= N(wi) ∩ U(u,v). 

9. Let K = {C1,C2,...,Cn}. 

10. Suppose, Ck is the set such that, 

11.        |Ck|=maxCi∈K{|Ci|} 

12. If |Ck|=∅ then exit. 

13. F(u,v)=F(u,v)∪{wk} 

14. For each node x ∈ Ckdo 

15.        If Mark(x) = 0 then 

16.             Mark(x) ← 1 

17.        Else if Mark(x) = 1 then 

18.             Mark(x) ← 2 

19.             Z = Z ∪{x} 

20.             For each Ci∈ K do 

21. Ci= Ci−{x} 

22. K = K −{Ck} 

23. If Z = U(u,v) 

24. For each node y∈Z do 

25. If Mark(y)=1 then 

26.   S(v)=S(v)∪{y} 

27. Exit. 

28. Otherwise go to step 10. 
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nodes from B(u,v) to cover each nodes of U(u,v) so that the receiver node can receive the broadcast 

packet from multiple neighbors. If one node fails to forward due to untrusted environment, others 

must forward that. In [2], Rahman et al. shows that m=2 is the best choice. For m >2, the reachability 

does not improve much, but the redundancy increases to a great extent. Therefore, in this paper, we 

limit our discussion of enhanced multicover dominant pruning to the case m = 2. 

 

The algorithm 4.1 presents an extension of the greedy algorithm introduced in [5] for finding 

multicover (m=2). The algorithm starts by creating the set U(u,v) which will be varied for the 

individual heuristics. For example, in terms of MDP, the set U(u,v) = N(N(v))-N(u)-N(v).The 

forwarding node set F(u,v), the set S(v) (the set of nodes that are covered exactly once by the node v) 

and a temporary set Z are initialized with empty. Then, for each node w of the set U(u,v), the 

algorithm will check that whether it exists in the set S(u). If it exists, that node w will be marked 1, 

else it will be marked as 0. In step 7 and 8, for each node wi of the set B(u,v), a set Ci is created with 

those neighbors of wi which are existed in the set U(u,v). Then a set K is created with all the sets of Ci 

(C1, C2, ..., Cn) in step 9. Then a set Ck is created with the set Ci which has the largest number of 

nodes in the set K. If Ck is empty, then the algorithm stops. If we sum up from step 7 to 12, in every 

iteration, it finds the node wk ∈ B(u, v) with the largest number of neighbors that fall into U(u,v). Then 

in step 13, wk is added to the forwarding set F(u,v). After that, each node of the set Ck which is the set 

of neighbors of wk is remarked: 0 to 1, 1 to 2. Mark 0 means that the node has not been covered yet, 1 

indicates a single cover, and 2 stands for double cover. If it is marked as 2, it is added to the set Z and 

deleted from all the sets Ci of K. After ending this FOR loop, the set Ck is deleted from K. Eventually 

when Z becomes equal to the set U(u,v), the algorithm will find out the nodes of the set Z which are 

marked 1 in order to add them to the set S(v) and then the process stops. If Z is still not equal to 

U(u,v), it goes to step 10 again.  

 
 
4.2  The Multicover Total Dominant Pruning Algorithm 

 
Likewise MDP, the node v will make its F-set so that it can cover all the nodes in U(u,v)= N(N(v))-

N(u)-N(v) twice. In MTDP, it will apply the minimization technique of TDP to cut down number of 

forwarding. In particular, node v will exclude all 2-hop neighbors of its previous broadcasting node u 

from its U set. Thus, node v will reduce the size of its U-set to U(u,v)= N(N(v))-N(v)-N(N(u)). 
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Figure 4.1: Multicover Total Dominant Pruning 
 
 

 
However, if any node in N(N(u)) is covered by its previous broadcasting node u only once, the node v 

must try to cover that node one more time, even though it is in N(N(u)). If S(u) is the set of nodes that 

is covered by u only once, u will piggyback this set in the broadcast packet. Then the 2-hop neighbor 

set that needs to be covered by v’s forward node list F(u,v) is increased to U(u,v)=N(N(v))-N(v)-

(N(N(u))-S(u)). Like MDP, the set B(u,v) will remain same, B(u,v)=N(v)-N(u). In Fig. 4.1, v and w 

both nodes are the neighbors of node u. When u broadcasts the packet, it piggybacks its single 

covered node set S(u) in the header of the packet (S(u) is the area with blue and purple color in the 

circle of v and w ). After receiving the packet, v will construct its U-set from its two-hop neighbor set 

and also add the S(u) nodes with the U-set. Here v will must deduct its B(u,v) from the U-set as they 

will receive the packet during the rebroadcasting. After all the calculations, the final U-set of node v 

will be as like as the blue colored area in the Fig. 4.1. The algorithm of the MTDP algorithm remains 

the same as the generic algorithm for enhanced multicover dominant pruning (algorithm 4.1).  

 
The extra cost of the MTDP algorithm is that 2-hop neighborhood information and the set of single-

covered nodes of each sender are piggybacked in the broadcast packet. Therefore, it consumes more 

bandwidth than any other broadcast algorithm. To describe the mechanism of this algorithm in more 

details, now we will see a working example in Fig. 4.2. Table 4.1 and table 4.2 will show its 

neighborhood information and activities of the forwarding nodes.  
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Figure 4.2: A sample network of twelve nodes with source node 6. 

              

 TABLE 4.1 

                NEIGHBORS WITHIN TWO HOPS (FIGURE 4.2) 
v N(v ) N(N(v )) 
1 1,2,5,12 1 ,2,3,5,6,7, 9,12 
2 1,2,3,6,7,12 1 ,2,3,4,5,6,7,8,9, 11,12 
3 2,3,4,12 1 ,2,3,4,6,7, 8,12 
4 3,4,7,8 2 ,3,4,6,7,8,11, 12,13 
5 1,5,6,9 1 ,2,5,6,7,9, 10,12 
6 2,5,6,7,9 1 ,2,3,4,5,6,7,8,9,10, 11,12 
7 2,4,6,7,8,11 1 ,2,3,4,5,6,7,8,9,10,11, 12,13 
8 4,7,8,13 2 ,3,4,6,7,811, 13 
9 5,6,9,10 1 ,2,5,6,7,9,10, 11 
10 9,10,11 5 ,6,7,9,10,11, 13 
11 7,10,11,13 2 ,4,6,7,8,9,10,11, 13 
12 1,2,3 1,2,3,4,5,6,7,12 
13 8,11,13 4 ,7,8,10,11, 13 
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TABLE 4.2 

THE MTDP ALGORITHM 

u v U B S F 
φ 6 1,3,4,8,10,11,12 2,5,7,9 3,4,8,10,11,12 7,2,5,9 
6 7 3,10,12,13 4,8,11 12 11,4,8 
6 2 4,8,11 1,3,12 8,11 3 
6 5 10,12 1 10 1 
6 9 11 10 φ 10 
7 11 [ ] 10,13 φ 10 
7 4 12 3 φ 3 
7 8 [ ] 13 φ [ ] 
2 3 8 4 φ 4 
5 1 3 2,12 φ 2,12 
9 10 13 11 13 11 
1 12 4 3 4 3 

 

 

In this example, when node 2 receives the broadcast packet with the set S in the header, at first it will 

mark 0 in all the nodes of U(6,2) except the nodes which are belongs to S(6). It will mark 1 in all the 

nodes of the set S of node 6. The most important matter of this example is that the nodes of the U(6,2) 

are node 4,8, and 11, but all of these nodes are in the set N(N(6)). But as these nodes are belongs to 

S(6), they must be covered again by node 2. Therefore, node 4, 8 and 11 are in the set U(6,2). Here 

node 2 can only cover the node 4 through the node 3. Then node 2 will mark 2 to node 4. As node 8 

and node 11 are left uncovered and marked 1, it will insert these two nodes into the set S(2) and add 

to the header of the rebroadcast packet. The mapping of set cover by the node 2 is shown in Fig. 4.3. 

 
Figure: 4.3: The mapping of the set cover problem of node 2. 
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Figure 4.4: Multicover Partial Dominant Pruning 
 
 
 

4.3  The Multicover Partial Dominant Pruning Algorithm 
 
 

In the multicover partial dominant pruning algorithm, Likewise MDP, when a node v makes the list F 

of forwarding nodes, it will try to cover all the nodes in U(u,v)= N(N(v))-N(u)-N(v) twice so that each 

node of U-set can receive the same data packet from two different forwarding nodes in F-set. 

However, like the concept of PDP broadcasting algorithm, the node v will exclude some more nodes 

from its U-set to reduce the redundancy of MDP. These nodes are the neighbors of each node in 

X=N(u)∩N(v). Thus, the node v will shrink the size of its U-set to U(u,v)= N(N(v))-N(u)-N(v)-N(X).  

Nevertheless, if any node of P=N(X)-set was covered by its previous broadcasting node u only once, 

the node v must try to cover that node one more time to ensure fault tolerance. Then the 2-hop 

neighbor set that needs to be covered by v’s forward node list F is increased to U(u,v)=N (N(v))-N(v)-

N(u)-(P-S(u)) where S(u) is the set of nodes that is covered by u only once and piggybacked in the 

packet header. In Fig. 4.4, v and w both nodes are the neighbors of node u. S(u) is the area with blue 

and purple color in the circle of v and w. Like all other algorithms, the set B(u,v) will remain same, 

B(u,v)=N(v)-N(u). The algorithm of the MPDP algorithm remains the same as the generic algorithm 

for enhanced multicover dominant pruning (algorithm 4.1). 
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TABLE 4.3 

THE MPDP ALGORITHM 

u v P U B S F 
Φ 6 Φ 1,3,4,8,10,11,12 2,5,7,9 3,4,8,10,11,12 7,2,5,9 
6 7 1,3,12 3,10,12,13 4,8,11 12 11,4,8 
6 2 4,8,11 4,8,11 1,3,12 8,11 3 
6 5 10 10,12 1 10 1 
6 9 1 11 10 φ 10 
2 3 1 8 4 φ 4 
7 11 Φ 9 10,13 9 10 
7 4 13 12 3 φ 3 
7 8 3 [ ] 13 φ [ ] 
5 1 Φ 3,7 2,12 7 2,12 
9 10 Φ 7,13 11 7,13 11 
1 12 3,6,7 4,7 3 4,7 3 

 
 

 
 

Figure 4.5: Improved Dominant Pruning 
 

 
4.4   The Multicover Improved Dominant Pruning Algorithm 

 
Before discussing MIDP, we need to clear out the concept of Improved Dominant Pruning. At first 

we suppose that node v’s id is greater than node w’s id and both nodes have received the broadcast 

packet from u and both are in the forwarding list of u. In this algorithm, node u piggybacks its 
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forwarding node list in the packet header. Like the PDP algorithm, when v constructs its U-set, it will 

exclude N(u), N(v), N(N(u) ∩N(v)) from its two hop neighbor set. Moreover, it will exclude some 

more nodes. Node v will see that its id is greater than the other forwarding node w’s id, so it can 

deduct the nodes which are the neighbors of the common neighbors of both w and v as w will must 

cover them. Therefore, the two-hop neighbor set U in this IDP algorithm is U(u,v)=N(N(u))-N(u)-

N(v)-P-Q, where P=N(N(u) ∩N(v)) and Q=N(N(v) ∩N(fi)), for each node fi ∈ F(∅,u) where F(∅,u) is 

the forwarding list of u. P and Q, are the area with orange and yellow color respectively, are shown in 

the Fig. 4.5. 

 
In Fig. 4.6, we suppose that node v, z and w are the one-hop neighbors of u and node v’s id is the 

greatest among the other two and all these three nodes are in the forwarding node set of node u. So, 

when u broadcasts the packet, u will piggyback its forwarding node set in the packet header. Node u 

will also add the set of the nodes which is covered by u only once (the area within the circles of v, z 

and w which is not overlapped by each other in Fig. 4.6). In this algorithm, like MPDP, a node v will 

at first exclude the neighbors of each node in X=N(u)∩N(v) from its U set. Then MIDP will exclude 

some more nodes to minimize the number of forwarding further. Let, previous broadcasting node u 

had the forwarding node set F= {w, z, v} with id 1, 2 and 3 respectively. When v will calculate its U 

set it will exclude all the common neighbors of each node in Y= (N(w)∩N(v)) ∩ (N(z)∩N(v)). Thus, 

the size of the U-set of v reduced to U(u,v)= N(N(v))-N(u)-N(v)-P-Q where P=N(X) and Q=N(Y). 

However, for fault-tolerance, if any node in P was covered by its previous broadcasting node u only 

once, the node v must try to cover that node again. Then, the 2-hop neighbor set that needs to be 

covered by v’s forward node list F is increased to U(u,v)= N(N(v))-N(u)-N(v)-(P+Q-S(u)) where S(u) 

is the set of nodes that is covered by u only once. Like MPDP and MTDP, the set B(u,v) will remain 

same, B(u,v)=N(v)-N(u). The algorithm of the MIDP algorithm remains the same as the generic 

algorithm for enhanced multicover dominant pruning (algorithm 4.1). 

The extra cost of the MIDP algorithm is that the set of forwarding nodes and the set of single-covered 

nodes of each sender is piggybacked in the broadcast packet. Therefore, it consumes slightly more 

bandwidth than the MPDP algorithm. As this algorithm requires a special case we need to add some 

more nodes to the previous example in Fig. 4.7. Table 4.4 and table 4.5 will show its neighborhood 

information and activities of the forwarding nodes. Here, when node 7 rebroadcasts the packet, it adds 

its forwarding list [8, 11, 13] to its packet header. When node 13 will receive the packet, it will see 

that it has the greater id of the other two, so it will calculate the neighbor nodes of the common 

neighbors of the co-forwarding nodes. Here, node 16 is the neighbor of the common neighbor 15 of 
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node 8 and 13. Node 16 is also the neighbor of the common neighbor 14 of node 11 and 13. As node 

8 and node 11 will cover node 16, node 13 will exclude node 16 from its U-set.   

 

 
Figure 4.6: Multicover Improved Dominant Pruning 

 

 

 

  Figure 4.7: A sample network of seventeen nodes with source node 6. 
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              TABLE 4.4 
                NEIGHBORS WITHIN TWO HOPS (FIGURE 4.8) 

v N(v ) N(N(v )) 
1 1,2,5,12 1 ,2,3,5,6,7, 9,12 
2 1,2,3,6,7,12 1 ,2,3,4,5,6,7,8,9, 11,12 
3 2,3,4,12 1 ,2,3,4,6,7, 8,12 
4 3,4,7,8 2 ,3,4,6,7,8,11, 12,13,15 
5 1,5,6,9 1 ,2,5,6,7,9, 10,12 
6 2,5,6,7,9 1 ,2,3,4,5,6,7,8,9,10, 11,12,13 
7 2,4,6,7,8,11,13 1 ,2,3,4,5,6,7,8,9,10,11, 12,13,14,15 
8 4,7,8,13,15 2 ,3,4,6,7,8,11, 13,14,15,16,17 
9 5,6,9,10 1 ,2,5,6,7,9,10, 11 
10 9,10,11 5 ,6,7,9,10,11, 13 
11 7,10,11,13,14 2 ,4,6,7,8,9,10,11, 13,14,15,16 
12 1,2,3,12 1,2,3,4,5,6,7,12 
13 8,11,13,14,15 4 ,7,8,10,11, 13,14,15,16,17 
14 4,8,11,14,16 3,4,7,8,11,13,14,15,16,17 
15 8,13,15,16,17 4,7,8,11,13,14,15,16,17 
16 14,15,16,17 4,8,11,13, 14,15,16,17 
17 15,16,17 8,13,14, 15,16,17 

            TABLE 4.5  
           THE MIDP ALGORITHM 

u v P Q U B S F 
φ 6 Φ φ 1,3,4,8,10,11,12,13 2,5,7,9 3,4,8,10,11,12,13 7,2,5,9 
6 7 1,3,12 9 3,10,12, 14,15 4,8,11,13 12 11,13,4,8 
6 2 4,8,11,13 φ 4,8,11,13 1,3,12 8,11,13 3 
6 5 10 φ  10,12 1 10 1 
6 9 1 2,5,7 11 10 φ 10 
7 11 15 2,6,13 9,16 10,14 9,16 10,14 
7 13 15 2,4,6,8,11,16 17 14,15 17 15 
7 4 13,15 φ 12 3 φ 3 
7 8 3,14 φ 16,17 15 16,17 15 
2 3 Φ φ 8 4 φ 4 
5 1 Φ φ 3,7 2,12 7 2,12 
9 10 Φ φ 7,13,14 11 7,13,14 11 
11 14 8,15 φ 17 16 17 16 
8 15 11,14 φ φ 16,17 φ [ ] 
1 12 3,6,7 φ 4,7 3 4,7 3 
15 16 φ φ 11 14 11 14 
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4.5 Summary of Methodologies of the Broadcasting Protocols 
 

In this section, we will sum up all the methods and calculations of the reliable optimized broadcasting 

protocols that was discussed and proposed in this thesis. Table 4.6 shows the summary of the 

methodologies of the protocols. Here, the calculation of B-set will be remain same, B(u,v)=N(v)-N(u) 

for all the heuristics.  

 

TABLE 4.6 

SUMMARY OF METHODOLOGIES 

 

Broadcasting Protocols U-set 

Dominant Pruning (DP) U(u,v)=N(N(v))-N(v)-N(u) 

Total Dominant Pruning (TDP) U(u,v)=N(N(v))-N(v)-N(N(u)) 

Partial Dominant Pruning (PDP) U(u,v) = N(N(v))-N(u)-N(v)-P 
where P=N(N(u)∩N(v)) 

Improved Dominant Pruning (IDP) U(u,v)= N(N(v))-N(u)-N(v)-P-Q  
where P=N(N(u)∩N(v)) and Q=N(N(v) ∩N(fi)),  
for each node fi ∈ F(∅,u) [F(∅,u) is the forwarding list 
of u] 

Multicover Dominant Pruning (MDP) U(u,v) = N(N(v))-N(v)-N(u) 

Multicover Total Dominant Pruning 
(MTDP) 

U(u,v) =N(N(v))- N(v)- (N(N(u)) – S(u)) 

Multicover Partial Dominant Pruning 
(MPDP) 

U(u,v) = N(N(v))-N(u)-N(v)- (P - S(u)) 
where P=N(N(u)∩N(v)) 

Multicover Improved Dominant Pruning 
(MIDP) 

U(u,v)= N(N(v))-N(u)-N(v)-(P+Q-S(u))       
where P=N(N(u)∩N(v)) and Q=N(N(v) ∩N(fi)),  
for each node fi ∈ F(∅,u) ) [F(∅,u) is the forwarding list 
of u] 
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4.6 Example 
 
This section illustrates our proposed algorithms with a more rigorous example.  The improvement 

over MDP and the performance comparison among the proposed three algorithms are more prominent 

here. With this example we see the number of forwarding varies with the heuristics. Fig. 4.8 shows a 

sample network of 25 nodes. We create this network where all nodes are randomly scattered in a 

625m×625m square area. The population of node is 25 in the fixed deployment area. The transmission 

range was 125m. The created network was a connected network. For this example scenario, 

experiment is conducted considering node 0 as a source node. Neighborhood information of each 

node is shown in Table 4.7. 

 

 
 

Figure 4.8: A sample network of 25 nodes where source of a broadcast is node 0. 
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TABLE 4.7 

NEIGHBORS WITHIN TWO HOPS 

 
v N(v) N(N(v)) 
0 0,1,4,5,6,9,10,14,17,19,20,21,22 0,1,2,3,4,5,6,7,8,9,10,11,12,14,15,16,17,18,19,20, 

21,22,23,24 
1 0,1,4,5,6,9,10,11,14,17,18,19,20,21,22 0,1,2,3,4,5,6,7,8,9,10,11,12,14,15,16,17,18,19,20, 

21,22,23,24 
2 2,3,6,17,20,23 0,1,2,3,4,6,9,10,12,13,17,19,20,21,23,24 
3 2,3,4,6,9,10,13,19,20,23,24 0,1,2,3,4,5,6,8,9,10,12,13,16,17,19,20,21,23,24 
4 0,1,3,4,5,8,9,10,19,20,21,23,24 0,1,2,3,4,5,6,8,9,10,11,12,13,14,16,17,18,19,20, 

21,22,23,24 
5 0,1,4,5,8,9,10,16,18,19,21 0,1,3,4,5,6,7,8,9,10,11,14,15,16,17,18,19,20, 

21,22,23,24 
6 0,1,2,3,6,12,17,20,21,23 0,1,2,3,4,5,6,9,10,11,12,13,14,16,17,18,19,20, 

21,22,23,24 
7 7,11,14,15,18,22 0,1,5,7,11,14,15,16,18,21,22 
8 4,5,8,9,10,16,19,24 0,1,3,4,5,8,9,10,16,17,18,19,20,21,23,24 
9 0,1,3,4,5,8,9,10,16,17,19,20,21 0,1,2,3,4,5,6,8,9,10,11,12,13,14,16,17,18,19,20, 

21,22,23,24 
10 0,1,3,4,5,8,9,10,16,19,21,23,24 0,1,2,3,4,5,6,8,9,10,11,13,14,16,17,18,19,20, 

21,22,23,24 
11 1,7,11,14,15,22 0,1,4,5,6,7,9,10,11,14,15,17,18,19,20,21,22 
12 6,12,17,20 0,1,2,3,4,6,9,12,17,20,21,23 
13 3,13,23 2,3,4,6,9,10,13,17,19,20,23,24 
14 0,1,7,11,14,15,18,21,22 0,1,4,5,6,7,9,10,11,14,15,16,17,18,19,20,21,22 
15 7,11,14,15,18,22 0,1,5,7,11,14,15,16,18,21,22 
16 5,8,9,10,16,18,19,21 0,1,3,4,5,6,7,8,9,10,14,15,16,17,18,19,20, 

21,22,23,24 
17 0,1,2,6,9,12,17,20,21,23 0,1,2,3,4,5,6,8,9,10,11,12,13,14,16,17,18,19,20, 

21,22,23 
18 1,5,7,14,15,16,18,21,22 0,1,4,5,6,7,8,9,10,11,14,15,16,17,18,19,20,21,22 
19 0,1,3,4,5,8,9,10,16,19,21,24 0,1,2,3,4,5,6,8,9,10,11,13,14,16,17,18,19,20, 

21,22,23,24 
20 0,1,2,3,4,6,9,12,17,20,21,23 0,1,2,3,4,5,6,8,9,10,11,12,13,14,16,17,18,19, 

20,21,22,23,24 
21 0,1,4,5,6,9,10,14,16,17,18,19,20,21,22 0,1,2,3,4,5,6,7,8,9,10,11,12,14,15,16,17,18, 

19,20,21,22,23,24 
22 0,1,7,11,14,15,18,21,22 0,1,4,5,6,7,9,10,11,14,15,16,17,18,19,20,21,22 
23 2,3,4,6,10,13,17,20,23 0,1,2,3,4,5,6,8,9,10,12,13,16,17,19,20,21,23,24 
24 3,4,8,10,19,24 0,1,2,3,4,5,6,8,9,10,13,16,19,20,21,23,24 
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TABLE 4.8 

THE DP ALGORITHM 
 

u v U B F 
φ 0 2,3,7,8,11,12,15,16,18,23,24  1,4,5,6,9,10,14,17,19,20,21,22  10,14,6 
0 10 2,11,13,18  3,8,16,23,24  3,16 
0 14 16 7,11,15,18  18 
0 6 11,13,16,18,24  2,3,12,23  3 
10 3 12,17  2,6,13,20  6 
10 16 6,7,14,15,17,20,22  18 18 
14 18 4,6,8,9,10,17,19,20  5,16  5 
18 5 3,6,11,17,20,23,24  0,4,8,9,10,19  4,0 
5 4 2,6,11,12,13,14,17,22  3,20,23,24  20,3 
4 20 11,13,14,16,18,22  2,6,12,17  [] 

 
         Total number of forwardings = 10 
 
For the DP algorithm, nodes in N(0) will receive the packet directly. Since U(φ, 0) = N(N(0)) − N(0) 

= {2,3,7,8,11,12,15,16,18,23,24}, the forward node list for node 0 is F(φ, 0) = [10,14,6]. (The 

selection order is 10, 14, and 6.) From U(0, 10) = N(N(10)) − N(0) − N(10) = {2,11,13,18}, we have 

F(0, 10) = [3,16]. Similarly, from U(0, 14) = N(N(14)) − N(0) − N(14) = {16}, we have F(0, 14) = 

[18]; from U(0, 6) = N(N(6)) − N(0) − N(6) = {11,13,16,18,24}, we have F(0, 6) = [3]. Therefore, the 

total number of forward nodes (including the source node) is 1 + 3 + 6 = 10. 

 
 

TABLE 4.9 

THE TDP ALGORITHM 
 

u v U B F 
φ 0 2,3,7,8,11,12,15,16,18,23,24  1,4,5,6,9,10,14,17,19,20,21,22  10,14,6 
0 10 13 3,8,16,23,24  3 
0 14 Φ 7,11,15,18  [] 
0 6 13 2,3,12,23  3 
10 3 12 2,6,13,20  6 

 
         Total number of forwardings = 5 
 
For the TDP algorithm, node 0 has the same forward node list F(φ, 0) = [10,14,6]. From U(0, 10) = 

N(N(10)) − N(N(0))-N(10)= {13}, we have the forward node list for node 10: F(0, 10) = [3]. 
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Similarly, from U(0, 14) = N(N(14)) − N(N(0)) -N(14)=φ, we have F(0, 14) = [ ]; from U(0, 6) = 

N(N(6)) − N(N(0)) -N(6) = {13}, we have F(0, 6) = [3 ]. Therefore, the total number of forward nodes 

is 1 + 3 + 1 = 5. 

TABLE 4.10 

THE PDP ALGORITHM 
 

u v P U B F 
φ 0 Φ 2,3,7,8,11,12,1

5,16,18,23,24  
1,4,5,6,9,10,14,1
7,19,20,21,22  

10,14,6 

0 10 3,6,8,11,14,16,17,18,20,2
2,23,24 

2,13 3,8,16,23,24 3 

0 14 4,5,6, 7,9,10,11,15,16, 
17,18,19,20 

φ 7,11,15,18  [] 

0 6 2,3,4,5,9,10, 11,12,14, 
16,18,19,22,23 

13,24  2,3,12,23  3 

10 3 0,1,2,5,6,8,13,16,17,20,21  12 2,6,13,20  6 
 
           Total number of forwardings = 5 
 
For the PDP algorithm, node 0 again has the same forward node list F(φ, 0) = [10,14,6]. From P(0, 

10) = {11,18}, we have U(0, 10) = N(N(10))−N(0)−N(10)− P(0, 10) = {2,13 }. The forward node list 

for node 10 is F(0, 10) = [3]. Similarly, from P(0, 14) = {16}, we have U(0, 14) = N(N(14)) − N(0)− 

N(14) − P(0, 14) = φ and, then, F(0, 14) = [ ]; from P(0, 6) = {11,16,18}, we have U(0, 6) = N(N(6)) 

− N(0) − N(6) −P(0, 6) = {13,24 } and, then, F(0, 6) = [3]. Therefore, the total number of forward 

nodes is 1 + 3 + 1 = 5. 

TABLE 4.11 

THE IDP ALGORITHM 
 

u v P Q U B F 
φ 0 Φ φ 2,3,7,8,11,12,1

5,16,18,23,24  
1,4,5,6,9,10,14,
17,19,20,21,22  

10,14,6 

0 10 3,6,8,11,14,16,17,18,20,22,23,24 2,13 φ 3,8,16,23,24 [] 
0 14 4,5,6, 7,9,10,11,15,16, 

17,18,19,20 
φ φ 7,11,15,18  [] 

0 6 2,3,4,5,9,10, 11,12,14, 
16,18,19,22,23 

φ 13,24  2,3,12,23  3 

6 3 5,8,10,13,16,19,24  φ φ 4,9,10,13,19,24 [] 
 
 Total number of forwardings = 5 
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For the IDP algorithm, node 0 again has the same forward node list F(φ, 0) = [10,14,6]. From P(0, 

10) = {11,18} and Q(0,10) ={2,13}, we have U(0, 10) = N(N(10))−N(0)−N(10)− P(0, 10)-Q(0,10) = 

{2,13 }. The forward node list for node 10 is F(0, 10) = []. Similarly, from P(0, 14) = {16}, we have 

U(0, 14) = N(N(14)) − N(0)− N(14) − P(0, 14) – Q(0,14) = φ and, then, F(0, 14) = [ ]; from P(0, 6) = 

{11,16,18}, we have U(0, 6) = N(N(6)) − N(0) − N(6) −P(0, 6) –Q(0,6) = {13,24 } and, then, F(0, 6) 

= [3]. Finally from U(6,3), we get F(6,3) =[ ]. Therefore, the total number of forward nodes is 1 + 3 + 

1 = 5. 

 
 

TABLE 4.12 

THE MDP ALGORITHM 
 

u v U B F 
φ 0 2,3,7,8,11,12,15,16,18,23,24  1,4,5,6,9,10,14,17,19,20,21,22  10,4,14,22,6,17,5 
0 10 2,11,13,18  3,8,16,23,24  3,23,16 
0 4 2,11,12,13,16,18  3,8,23,24  3,23,8 
0 14 16 7,11,15,18  18 
0 22 16 7,11,15,18  18 
0 6 11,13,16,18,24  2,3,12,23  3,23 
0 17 3,8,11,13,16,18  2,12,23  23,2 
0 5 3,7,11,15,23,24  8,16,18  18,8 
10 3 12,17  2,6,13,20  6,20 
10 23 12 2,6,13,17,20  6,17 
10 16 6,7,14,15,17,20,22  18 18 
4 8 17,18  16 16 
14 18 4,6,8,9,10,17,19,20  5,16  5,16 
17 2 4,10,13,19,24  3 3 
3 20 5,8,11,14,16,18,22  0,1,12,17,21  1,21 
20 1 7,8,15,16,24  5,10,11,14,18,19,22  10,18,11,19 
20 21 7,8,11,15,24  5,10,14,16,18,19,22  14,22,10,19 
1 11 Φ 7,15  [] 
1 19 2,13,23  3,8,16,24  3 

 
     Total number of forwardings = 19 
 
For the MDP algorithm, nodes in N(0) will receive the packet directly. Since U(φ, 0) = N(N(0)) − 

N(0) = {2,3,7,8,11,12,15,16,18,23,24}, the forward node list for node 0 is F(φ, 0) = 

[10,4,14,22,6,17,5]. (The selection order is 10, 4, 14, 22, 6, 17 and 5.) From U(0, 10) = N(N(10)) − 

N(0) − N(10) = {2,11,13,18}, we have F(0, 10) = [3,23,16]. Similarly, from U(0, 4) = N(N(4)) − N(0) 



CHAPTER 4. ENHANCED MULTICOVER DOMINANT PRUNING ALGORITHMS                                39 

 

 

 
− N(4) = {2,11,12,13,16,18}, we have F(0, 4) = [3,23,8]; from U(0, 14) = N(N(14)) − N(0) − N(14) = 

{16}, we have F(0, 14) = [18]; from U(0, 22) = N(N(22)) − N(0) − N(22) = {16}, we have F(0, 22) = 

[18]; from U(0, 6) = N(N(6)) − N(0) − N(6) = {11,13,16,18,24}, we have F(0, 6) = [3,23]; from U(0, 

17) = N(N(17)) − N(0) − N(17) = {3,8,11,13,16,18}, we have F(0, 17) = [23,2]; from U(0, 5) = 

N(N(5)) − N(0) − N(5) = {3,7,11,15,23,24}, we have F(0, 5) = [18, 8]. Therefore, the total number of 

forward nodes (including the source node) is 1 + 7 + 11 = 19. 

 
 

TABLE 4.13 

THE MTDP ALGORITHM 
 

u v U B S F 
φ 0 2,3,7,8,11,12,15,16,18,23,24  1,4,5,6,9,10,14,17,19,20,21,22  φ 10,4,14,22,6,17,5 
0 10 13 3,8,16,23,24  φ 3,23 
0 4 13 3,8,23,24  φ 3,23 
0 14 Φ 7,11,15,18  φ [] 
0 22 Φ 7,11,15,18  φ [] 
0 6 13 2,3,12,23  φ 3,23 
0 17 13 2,12,23  13 23 
0 5 Φ 8,16,18  φ [] 
10 3 12 2,6,13,20  φ 6,20 
10 23 12 2,6,13,17,20  φ 6,17 
3 20 11,14,18,22  0,1,12,17,21  11 1,21 
20 1 7,15  5,10,11,14,18,19,22  φ 11,14 
20 21 7,11,15  5,10,14,16,18,19,22  φ 14,18 

 
 Total number of forwardings = 13 
 
For the MTDP algorithm, node 0 has the same forward node list F(φ, 0) = [10,4,14,22,6,17,5]. From 

U(0, 10) = N(N(10)) − N(N(0))-N(10)={13}, we have the forward node list for node 10: F(0, 10) = 

[3, 23]. Similarly, from U(0, 4) = N(N(4)) − N(N(0)) − N(4) = {13}, we have F(0, 4) = [3,23]; from 

U(0, 14) = N(N(14)) − N(N(0)) − N(14) = φ, we have F(0, 14) = []; from U(0, 22) = N(N(22)) − 

N(N(0)) − N(22) = φ, we have F(0, 22) = []; from U(0, 6) = N(N(6)) − N(N(0)) − N(6) = {13}, we 

have F(0, 6) = [3,23]; from U(0, 17) = N(N(17)) − N(N(0)) − N(17) = {13}, we have F(0, 17) = [23] ( 

here, node 17 has covered the node 13 only once and hence, S(0,17) ={13} set will be piggybacked 

with the packet and sent to the forward node 23 to be covered once again and when node 23 will 

receive the packet, it will add the node 13 with its U-set: U(17, 23) to cover node 13 once again); 
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from U(0, 5) = N(N(5)) − N(N(0)) − N(5) = {}, we have F(0, 5) = []. Therefore, the total number of 

forward nodes is 1 + 7 + 5 = 13. 

 
 

TABLE 4.14 

THE MPDP ALGORITHM 
 
u v P U B S F 
φ 0 Φ 2,3,7,8,11,12,15,16,18

,23,24  
1,4,5,6,9,10,14,
17,19,20,21,22  

φ 10,4,14,2
2,6,17,5 

0 10 3,6, 8,11,14, 16, 17, 18, 
20,22, 23,24 

2,13  3,8,16,23,24  φ 3,23 

0 4 2,3,6, 8, 11,12, 14, 16, 18, 
17,22, 23,24,  

13 3,8,23,24  φ 3,23 

0 14 4,5,6, 7,9,10, 11,15,16,  17, 
18, 19,20 

φ 7,11,15,18  φ [] 

0 22 4,5,6, 7,9,10, 11, 15,16, 17, 
18, 19,20  

 φ 7,11,15,18  φ [] 

0 6 2, 3,4,5,9,10, 11, 12,14, 16, 
18, 19,22, 23  

13,24  2,3,12,23  24 3,23 

0 17 2,3,4,5, 8,10, 11, 12,14, 16,  
18, 19,22, 23,  

13 2,12,23  13 23 

0 5 3,6, 8, 11,14, 16, 17, 18, 
20,22, 23,24  

7,15  8,16,18  7,15 18 

10 3 0,1,2, 5,6, 8,13, 16,17, 20, 
21 

12 2,6,13,20  φ 6,20 

10 23 0,1,2, 5,6, 8,9,13, 16,17, 
19,20, 21, 24 

12 2,6,13,17,20  φ 6,17 

5 18 0,4,6, 7, 8, 9,10,11,14, 15,  
17,19,20,22,  

φ 7,14,15,22  φ [] 

3 20 0,1,5,8, 10, 12, 13,16,  17, 
19, 21,  24,  

11,14,18,22  0,1,12,17,21  11 1,21 

20 1 2, 3,5, 8,10, 11, 12,14, 16,  
18, 19,22, 23,24,  

7,15  5,10,11,14,18,1
9,22  

φ 14,22 

20 21 2,3,5, 8,10, 11,12,14, 16,     
18, 19,22, 23,24,  

7,11,15  5,10,14,16,18,1
9,22  

φ 14,22 

 
Total number of forwardings = 14 
 
For the MPDP algorithm, node 0 again has the same forward node list F(φ, 0) = [10,4,14,22,6,17,5]. 

From P(0, 10) = {11,18}, we have U(0, 10) = N(N(10))−N(0)−N(10)− P(0, 10) = {2,13 }. The 

forward node list for node 10 is F (0, 10) = [3, 23]. Similarly, from P(0, 4) = {2,11,12, 16,18}, we 

have U(0, 4) = N(N(4)) − N(0)− N(4) − P(0, 4) = {13} and, then, F(0, 4) = [3, 23]; from P(0, 14) = 

{16}, we have U(0, 14) = N(N(14)) − N(0)− N(14) − P(0, 14) = φ and, then, F(0, 14) = [ ]; from P(0, 
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22) = {16}, we have U(0, 22) = N(N(22)) − N(0)− N(22) − P(0, 22) = {} and, then, F(0, 22) = []; 

from P(0, 6) = {11,16,18}, we have U(0, 6) = N(N(6)) − N(0) − N(6) −P(0, 6) = {13,24 } and, then, 

F(0, 6) = [3, 23] ; from P(0, 17) = {3,8,11, 16,18}, we have U(0, 17) = N(N(17)) − N(0)− N(17) − 

P(0, 17) = {13} and, then, F(0, 17) = [ 23] (here S(0,17)={13}); from P(0, 5) = {3, 11, 23,24}, we 

have U(0, 5) = N(N(5)) − N(0)− N(5) − P(0, 5) = {7,15} and, then, F(0, 5) = [18]( here, node 5 has 

covered the node 7 and 15 only once and hence, S(0,5)={7,15} set will be piggybacked with the 

packet and sent to the forward node 18 to be covered once again and when node 18 will receive the 

packet, it  will add the set S(0,5) ={7,15} with its U-set: U(5, 18) to cover the nodes 7 and 15 once 

again. But, as 7 and 15 are in node 18’s neighbor-set N(18)= {1,5,7,14,15,16,18,21,22}, node 7 and 

node 15 will receive  the packet directly from node 18 and therefore, they will not be added with 18’s 

U-set). Therefore, the total number of forward nodes is 1 + 7 + 6 = 14. 

 
 

TABLE 4.15 

THE MIDP ALGORITHM 
 

u V P Q U B S F 
φ 0 Φ φ 2,3,7,8,11,12, 

15,16,18,23,24  
1,4,5,6,9,10,14, 
17,19,20,21,22  

φ 10,4,14, 
22,6,17,5 

0 10 3,6, 8,11,14, 16, 17, 18, 
20,22, 23,24 

2,13 φ 3,8,16,23,24  φ [] 

0 4 2,3,6, 8, 11,12, 14, 16, 
18, 17,22, 23,24,  

φ 13 3,8,23,24  φ 3,23 

0 14 4,5,6, 7,9,10, 11,15,16,  
17, 18, 19,20 

φ φ 7,11,15,18  φ [] 

0 22 4,5,6, 7,9,10, 11, 15,16, 
17, 18, 19,20 

φ φ 7,11,15,18  φ [] 

0 6 2, 3,4,5,9,10, 11, 12,14, 
16, 18, 19,22, 23 

φ 13,24 2,3,12,23  24 3,23 

0 17 2,3,4,5, 8,10, 11, 12,14, 
16,  18, 19,22, 23, 

13 φ 2,12,23  φ [] 

0 5 3,6, 8, 11,14, 16, 17, 
18, 20,22, 23,24 

φ 7,15  8,16,18   
7,15 

18 

4 3 0,1,2, 5,6, 8, 12,13, 
16,17,21  

φ φ 2,6,13  φ [] 

4 23 0,1,2, 5,6, 8,9, 12,13, 
16, 17,19, 21,24,  

φ φ 2,6,13,17  φ [] 

5 18 0,4,6, 7, 8, 9,10,11,14, 
15,  17,19,20,22   

φ φ 7,14,15,22  φ [] 

 
    Total number of forwardings = 11 
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For the MIDP algorithm, node 0 again has the same forward node listF(φ, 0) = [10,4,14,22,6,17,5]. 

From P(0, 10) = {11,18} and Q(0,10) ={ 2,13}, we have U(0, 10) = N(N(10))−N(0)−N(10)− P(0, 

10)-X(0,10) = φ . The forward node list for node 10 is F (0, 10) = []. Similarly, from P(0, 4) = 

{2,11,12, 16,18} and Q(0,4)= φ,  we have U(0, 4) = N(N(4)) − N(0)− N(4) − P(0, 4) -Q(0,4)  = {13} 

and, then, F(0, 4) = [3, 23]; from P(0, 14) = {16} and Q(0,14)= φ, we have U(0, 14) = N(N(14)) − 

N(0)− N(14) − P(0, 14) -Q(0,14)   = φ and, then, F(0, 14) = [ ]; from P(0, 22) = {16} and Q(0,22)= 

φ, we have U(0, 22) = N(N(22)) − N(0)− N(22) − P(0, 22) -Q(0,22)   = φ  and, then, F(0, 22) = []; 

from P(0, 6) = {11,16,18} and Q(0,6) = φ, we have U(0, 6) = N(N(6)) − N(0) − N(6) −P(0, 6) -Q(0, 

6)  = {13,24 } and, then, F(0, 6) = [3, 23] (here, S(0, 6) ={24}); from P(0, 17) = {3,8,11, 16,18} and 

Q(0, 17) ={ 13}, we have U(0, 17) = N(N(17)) − N(0)− N(17) − P(0, 17) -Q(0, 17)  = φ and, then, 

F(0, 17) = []; from P(0, 5) = {3, 11, 23,24} and Q(0,5)=φ, we have U(0, 5) = N(N(5)) − N(0)− N(5) 

− P(0, 5) -Q(0, 5)  = {7,15} and, then, F(0, 5) = [18]( here, node 5 has covered the node 7 and 15 

only once and hence, S(0,5) ={7,15} set will be piggybacked with the packet and sent to the forward 

node 18 to be covered once again and when node 18 will receive the packet, it  will add the set S(0,5) 

={7,15} with its U-set: U(5, 18) to cover the nodes 7 and 15 once again. But, as 7 and 15 are in node 

18’s neighbor-set N(18) = {1,5,7,14,15,16,18,21,22}, node 7 and node 15 will receive  the packet 

directly from node 18 and therefore, they will not be added with 18’s U-set). Therefore, the total 

number of forward nodes is 1 + 7 + 3 = 11. 

 

The details of P, Q, U, B, F and S for different broadcast algorithms are shown in Tables 4.8, 4.9, 

4.10, 4.11, 4.12, 4.13, 4.14 and 4.15. From this example, we can see the performance improvement of 

the MPDP, MTDP and MIDP compared with the MDP in terms of generating a small number of 

forward nodes.  

 
 
 
 
 
 
 
 
 



Chapter 5 
 
 
Simulations and Experiments 
 

 
To evaluate the performance of the broadcasting algorithms DP, TDP, PDP and the fault tolerant 

broadcasting algorithm MDP and its three proposed enhancements MTDP, MPDP, MIDP, extensive 

simulation experiments have been conducted. We simulate all the broadcasting algorithms and 

perform a comparative analysis based on the simulation results. We also implement our proposed 

fault tolerant optimized broadcasting algorithms and compare the performance of the algorithms with 

the multicover dominant pruning algorithm. We build the simulation program using Java. The 

simulation is basically implemented in Network Layer. From Chapter 3 and Chapter 4 we can see 

that, all the discussed broadcasting algorithms are functions of two network parameters, (1) 

transmission range and (2) node population. We can observe their impacts on the protocols, assuming 

ideal Medium Access Control (MAC) or Physical Layers.  If the functions of the protocols would 

depend on the Physical Layer or Data Link Layer parameters such as, collision probability, bit error 

rate etc. then a simulation with more realistic environments (like ns-2) could be justified. However 

considering those event’s effects on our proposed broadcasting algorithms are beyond the scope of 

this work. 

In this chapter, we describe the experimental setup and results in brief. Section 5.1 discusses about the 

simulation scenario that has been used to run the experiments. Performance metrics that are important 

to evaluate the effectiveness and quantify the performance of our proposed algorithms are discussed 

in Section 5.2. Finally, Section 5.3 presents the simulation results to evaluate the performance of our 

proposed fault tolerant optimized broadcasting algorithms. 
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TABLE 5.1 

 SUMMARY OF SIMULATION PARAMETERS 

Parameter Name Value 
Area of deployment 625m x 625m 
Maximum Transmission range 225m 
Node Distribution Uniform 
Node Number 100-500 

 
TABLE 5.2 

DESCRIPTION OF SCENARIOS 

Number of 
Nodes (N) 

Transmission Range (m) of each 
node 

Number of random static 
scenarios for each case 

Total Number of 
Scenarios 

100 125 150 175 200 225 10 5 X 10 = 50 
150 125  175  225 10 3X 10 = 30 
200 125  175  225 10 3X 10 = 30 
250 125  175  225 10 3X 10 = 30 
300 125 150 175 200 225 10 5X 10 = 50 
350 125  175  225 10 3X 10 = 30 
400 125  175  225 10 3X 10 = 30 
450 125  175  225 10 3X 10 = 30 
500 125 150 175 200 225 10 5X 10 = 50 
 
 
 
5.1 Scenario Generation 
 
 
Table 5.1 summarizes the simulation parameters. We generate 330 random static scenarios in a 625m 

by 625m flat two-dimensional space. Table 5.2 describes the scenarios we have generated for the 

simulation. We take 10 random scenarios for each case. An example of a case can be a scenario of 

100 nodes and the transmission range of each node is 125m. A certain fraction of nodes misbehave by 

dropping packets without rebroadcasting them. For a particular scenario file, we first fix the number 

of misbehaving nodes Q and then the rest of the nodes are well-behaved nodes P. So the total number 

of nodes is N= P+Q. The percentage of misbehaving nodes is between 10% and 100%. As we 

increase the number of misbehaving nodes, the larger set includes the misbehaving nodes from the 

previous scenario. This ensures a consistent evaluation of the impact of the enlarged population of 

misbehaving nodes by retaining all the “features” of the previous environment and simply making it 

worse. 
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Reachability = Average fraction of well-behaved nodes receiving 
  

Number of well-behaved nodes receiving 

Number of well-behaved nodes in the network area 
= 

5.2 Performance Metrics 
 

In this section we define the performance metrics used to quantify our proposed algorithm. In order to 

evaluate the performance of the proposed heuristics, we consider three kinds of performance aspects: 

number of forward nodes, redundancy and reachability. We use the first matric “number of forward 

nodes” to evaluate the proposed algorithms through the variation of number of total nodes and their 

transmission range. Then, to see the effect of node failures on dominant pruning and on our proposed 

enhancements, we consider the latter two matrices. 

5.2.1  Number of Forward Nodes 

Number of forward nodes can be defined as the total number of nodes (forward nodes) who forward 

or rebroadcast the broadcast packet. Mathematically: 

Number of Forward Nodes= Number of nodes forwarding + 1 (source node)          (5.1) 

5.2.2 Reachability 

The average ratio of the number of well-behaved nodes receiving the broadcast packets to the total 

number of well-behaved nodes in the network is defined as reachability. Mathematically: 

 

  (5.2) 
 

 

Higher reachability ensures high coverage in the network that means more well-behaved nodes in the 

network will receive the packet. The goal of every broadcasting algorithm is to ensure high 

reachability. This measure of reachability can also be defined as Coverage. 
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5.2.3 Redundancy 
 

Redundancy is formally defined as the percentage of all well-behaved nodes participating in 

rebroadcasting averaged over all broadcast packets. Formally: 

 

    (5.3) 

 

The main goal of every broadcasting algorithm is to reduce the redundancy. The less redundancy in 

the network the better it is. 

5.3 Performance Comparison 

We simulate the performance of the DP, PDP, TDP, MDP and our proposed enhanced multicover 

broadcasting algorithms MPDP, MTDP, MIDP in terms of the three performance matrices, i.e.; 

average number of forward nodes generated, reachability and redundancy – coverage ratio. We will 

see the performance in terms of number of forward nodes through the variation of both total number 

of nodes and the transmission ranges. The simulation is conducted under the static environment 

defined earlier.  

 
5.3.1 Number of Forward Nodes for the Fixed Total Number of Nodes 

Fig. 5.1 (a), (b) and (c) compare DP, PDP, TDP and MDP, MPDP, MTDP, MIDP from the viewpoint 

of number of forward nodes by varying transmission range of the nodes. As we can see, TDP and 

PDP both are substantially outperform DP and between TDP and PDP, TDP shows less number of 

forwarding. So, TDP appears to be the best among the single covered broadcasting protocols. But in 

the case of double covered broadcasting algorithms, undoubtedly MTDP, MPDP and MIDP show 

better performance than MDP to a great extent. The percentages of forward nodes of these three 

enhanced broadcasting algorithms are almost near about. Yet, multicover improved dominant pruning 

algorithm overshoots the performance of both the MTDP and MPDP in all the three graphs.  What is  

Redundancy = Average fraction of well-behaved nodes rebroadcasting 
  

Number of well-behaved nodes forwarding 

Number of well-behaved nodes in the network area 
= 
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Deployment Area = 625mX625m, Number of Nodes = 100

 
 

Figure 5.1 (a): Effect of transmitter ranges in sparse network. 
 

Deployment Area = 625mX625m, Number of Nodes = 300 

 
 

Figure 5.1 (b): Effect of transmitter ranges in moderately dense network. 
 

Deployment Area = 625mX625m, Number of Nodes = 500

 
 
Figure 5.1 (c): Effect of transmitter ranges in dense network. 
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more striking in all these three graphs is that the trends of all heuristics are obviously downwards with 

the increase of the transmission range.  So, we can come to a conclusion that as the network gets 

denser and the average node degree increases (Increase of transmission range of a node leads to the 

increase of the number of nodes that are within that node’s transmitter range. The number of 

neighbors (n) indicates the node degree (d=n-1)), the percentage of forward nodes drops gradually.  

 
5.3.2 Number of Forward Nodes for the Fixed Transmission Ranges 
 
Fig. 5.2 (a), (b) and (c) show the simulation results of the algorithms DP, PDP, TDP and MDP, 

MPDP, MTDP, MIDP from the viewpoint of number of forward nodes by varying the total number of 

nodes. As we can see, TDP and PDP both shows a marked improvement in comparison with DP and 

between TDP and PDP, TDP shows less number of forwarding. So, TDP appears to the best among 

the single covered broadcasting protocols. But in the case of multicover broadcasting algorithms, 

undoubtedly MTDP, MPDP and MIDP show better performance than MDP to a great extent. The 

percentages of forward nodes of these three enhanced broadcasting algorithms are almost near about. 

Yet, multicover improved dominant pruning algorithm overshoots the performance of both the MTDP 

and MIDP in all the three graphs.  What is more striking in all these three graphs is that, the trends of 

all heuristics are slightly upwards with the increase of total number of nodes.  On the other hand, if 

we compare the following three graphs, with the increas of transmission range, the percentage of 

forward nodes decreases.  For example, in terms of MIDP algorithm for transmitter range 125m, the 

percentage of forward nodes shows a steady growth from 71% to 77%. For transmitter range 175m, it  

drops to 58%-62% and for transmitter range 225m, it hovers around 50%. So, we can draw a 

conclusion from the simulation results in Fig. 5.2, as the network gets denser, the percentage of 

forward nodes rises steadily even though erratic sometimes but with the increase of transmission 

range which leads to the increase of average node degree, the percentage of forward nodes shows a 

gradual fall. 

 

5.3.3 Reachability 
 
To make the environment untrusted, we took an example network of 100 nodes in a 625mX625m 

deployment area. The transmission range was set to 125m. At first we intentionally failed 10% 

random nodes. For example, the set of 10% misbehaving nodes = { 8, 14, 29, 37, 46,55, 61,78, 83,95} 

Then we ran the program considering each and every 90 well-behaved nodes as source node. For 20% 
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Deployment Area = 625mX625m, TX = 125m 

 
 

Figure 5.2 (a): Effect of node density when transmitter range is 125m. 
 

Deployment Area = 625mX625m, TX = 175m 

 
 
Figure 5.2 (b): Effect of node density when transmitter range is 175m 

 
Deployment Area = 625mX625m, TX = 225m 

 

Figure 5.2 (c): Effect of node density when transmitter range is 225m 
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Area of Deployment = 625mX625m, TX = 125m, Node Population = 100 

 
 
Figure 5.3: Impact of misbehaving nodes on the performance of the broadcasting algorithms in terms 
of measuring the reachability. 
 

misbehaving nodes, we add more 10% random nodes with the previous misbehaving node set. For 

example:   {1, 8, 14, 18, 22, 29, 37, 39, 43, 46, 55, 56, 60, 61, 78, 79, 81, 83, 95, 97}. Then we 

considered each and every well-behaved node as a source node. For instance, when we took 20% 

misbehaving nodes, we considered each and every 80 well-behaved nodes as source node. Thus, as 

we increase the number of misbehaving nodes, the larger set includes more misbehaving nodes from 

the previous scenario. This ensures a consistent evaluation of the impact of the enlarged population of 

misbehaving nodes by retaining all the features of the previous environment and simply making it 

worse. For each scenario, experiment is conducted considering each node as a source node and for 

each node in the network rebroadcast decision is calculated. Performance measures are reported as an 

average of these random samples.  

 

Fig. 5.3 compares DP, PDP, TDP and IDP with the fault-tolerant broadcasting algorithms MDP, 

MPDP, MTDP and MIDP from the viewpoint of reachability. The environment of the network is 

varied by varying the number of misbehaving nodes from 10% to 100% while keeping the total 

number of nodes constant. We took the average reachability and redundancy/coverage of the 

scenarios where percentage of misbehaving nodes was fixed but we took each and every well-
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behaved node as a source node. For example, when we intentionally failed 10% nodes, then we 

calculated the reachability and redundancy/coverage by considering each and every 90 well-behaved 

nodes as source node. Then, we took the average of the results of 90 individual well-behaved source 

nodes’ reachability and redundancy/coverage. As we can see from the graph, the multicovered 

broadcasting algorithms appear to significantly outperform their single-covered counterparts. As we 

keep increasing the misbehaving nodes until 60%, the difference between the single-covered and 

multicover broadcasting algorithms rises gradually. Ultimately, the fault-tolerant broadcasting 

algorithms turn up the clear winner when we look at this simulation result, which is expected: these 

algorithms intentionally incur redundancy to improve reachability. To properly interpret the graphs in 

Fig. 5.3, we should realize that for a large number of misbehaving nodes (40%) the reachability of the 

single-covered broadcasting algorithms is so poor that they drops to below 80% and when 70% of the 

nodes are misbehaving, the reachability of all the heuristics plunged sharply, hitting a low of 0%.   

 

5.3.4 Reachability when First Hop Neighbors are Misbehaving 

To compare the reachability of the algorithms by varying the misbehaving nodes level-wise, we 

deactivated the source nodes’ neighbors (1st hop and 2nd hop). To be more specific, we vary the 

misbehaving nodes from 10% to 100%, but here the misbehaving nodes are source nodes’ first hop 

neighbors and 2nd hop neighbors. Rather than taking misbehaving nodes from the whole network, in 

this scenario, we only fixed misbehaving nodes from the source nodes’ one hop and two hop 

neighbors. Here, we compared the performances regarding reachability in two kinds of network- 

dense and sparse. For dense network, we took an example network of 100 nodes in the deployment 

area of 625mX625m. The nodes’ transmission range is fixed and that is 225m.  For sparse network, 

we took an example network of 25 nodes in the deployment area of 1000mX1000m. The nodes’ 

transmission range is fixed and that is 300m.  Like before, we calculated reachability considering 

each node as source node. For each source node, we varied the misbehaving 1st hop and 2nd hop 

neighbors from 10% to 100% and took the average of the reachability of each and every node as 

source nodes. 

 

Fig. 5.4 and 5.5 compares DP, PDP, TDP and IDP with the fault-tolerant broadcasting algorithms 

MDP, MPDP, MTDP and MIDP from the viewpoint of reachability when misbehaving nodes are 

source nodes’ 1st hop neighbors and the network is dense and sparse respectively. The environment of 

the network is varied by varying the number of misbehaving 1st hop neighbors from 10% to 100%  
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Area of Deployment = 625mX625m, TX = 225m, Node Population = 100 

 
Figure 5.4: Impact of first hop misbehaving nodeson the performance of the broadcasting algorithms 
in terms of measuring the reachability in dense network. 
 

Area of Deployment = 1000mX1000m, TX = 300m, Node Population = 25 

 
Figure 5.5: Impact of first hop misbehaving nodeson the performance of the broadcasting algorithms 
in terms of measuring the reachability in sparse network. 
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while keeping the total number of nodes constant. As we can see from the first graph (Fig. 5.4), the 

multicovered broadcasting algorithms appear to significantly outperform their single-covered 

counterparts. As we keep increasing the misbehaving one hop neighbors until 50%, the reachability of 

all algorithms was 100%. From 60% misbehaving one-hop neighbors, the trend experienced a gradual 

fall. Yet, fault-tolerant algorithms showed a much better performance (around 80% rechability) than 

others even when misbehaving nodes were 80% of the 1st hop neighbors. Inevitably, when the 

misbehaving nodes reached to 100%, the reachability of all the heuristics dropped to a low of 0%.  

Ultimately, the fault-tolerant broadcasting algorithms turn up the clear winner when we look at this 

simulation result, which is expected: these algorithms intentionally incur redundancy to improve 

reachability. To sum up, we can say that if at least 20% nodes are behaving well in one hop for a 

source node, we can achieve the reachability of around 80% by using the fault-tolerant broadcasting 

algorithms whereas the single covered algorithms achieved only 50% reachability. 

 

In Fig. 5.5, when the network is sparse, unlike in the dense network the algorithms never gains 100% 

reachability.  From 30% misbehaving nodes in first hop neighbors, the reachability starts falling 

dramatically from 90% reachability and reached to 0% when the all the first hop neighbors are 

misbehaving. Inevitably, the fault-tolerant algorithms showed better performance than the fault-

ignorant algorithms. When 70% nodes of first hop became uncooperative, the reachability of our 

proposed algorithms could not be up to the mark like MDP. Until 50% nodes are well-behaved in first 

hop neighbors, our proposed algorithms showed 80% reachability. 

 

5.3.5 Reachability when Second Hop Neighbors are Misbehaving 
 
Fig. 5.6 and Fig. 5.7 compares DP, PDP, TDP and IDP with the fault-tolerant broadcasting algorithms 

MDP, MPDP, MTDP and MIDP from the viewpoint of reachability when misbehaving nodes are 

source nodes’ 2nd hop neighbors. The environment of the network is varied by varying the number of 

misbehaving 2nd hop neighbors from 10% to 100% while keeping the total number of nodes constant. 

As we can see from the graph of the Fig. 5.6, the multicovered broadcasting algorithms appear to 

significantly outperform their single-covered counterparts. As we keep increasing the misbehaving 

two hop neighbors until 50%, the reachability of all algorithms was 100%. From 60% two-hop 

misbehaving neighbors, the trend experienced a gradual fall. Yet, fault-tolerant algorithms showed a 

much better performance (around 70-80% rechability) than others even when misbehaving 2nd hop 

neighbors were 90%. Inevitably, when the misbehaving nodes reached to 100%, the reachability of all 
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Area of Deployment = 625mX625m, TX = 225m, Node Population = 100 

 
Figure 5.6: Impact of second hop misbehaving nodeson the performance of the broadcasting 
algorithms in terms of measuring the reachability in dense network. 

 
 

 
Area of Deployment = 1000mX1000m, TX = 300m, Node Population = 25 

 
 

Figure 5.7: Impact of second hop misbehaving nodeson the performance of the broadcasting 
algorithms in terms of measuring the reachability in sparse network. 
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the heuristics dropped to a low of 11%.  Ultimately, the fault-tolerant broadcasting algorithms turn up 

the clear winner when we look at this simulation result, which is expected: these algorithms 

intentionally incur redundancy to improve reachability. To sum up, we can say that if at least 10% 

nodes are behaving well in two hop for a source node, we can achieve the reachability of around 70- 

80%. 
 

In Fig. 5.7, when the network is sparse, unlike in the dense network the algorithms never gains 100% 

reachability.  Until 50% misbehaving nodes in first hop neighbors, the reachability of the fault-

tolerant broadcasting algorithms were around 95% but From 60% misbehaving nodes in first hop 

neighbors, the reachability starts falling dramatically from 90% reachability and reached to around 

40% when the all the second hop neighbors are misbehaving. The reason behind this reachability is 

when all 2-hop neighbors are misbehaving at least first hop neighbors are receiving the broadcast 

packets. Inevitably, the fault-tolerant algorithms showed better performance than the fault-ignorant 

algorithms. When at least 30% nodes are active in 2-hop neighbor-list, the reachability of our 

proposed broadcasting algorithms was above 80%. 

 

5.3.6 Ratio of the Redundancy and Coverage 
 
The ratio of redundancy and coverage is shown in Fig. 5.8. The environment of the network is varied 

by varying the number of misbehaving nodes from 10% to 60% while keeping the total number of 

nodes constant. The node population was 100 that were uniformly distributed in a 625mX625m 

deployment area. The transmission range was set to 125m. We can see in Fig. 5.8, that the ratios of 

redundancy and coverage of the proposed enhanced multicover broadcasting algorithms are clearly 

less than that of MDP. Throughout the horizontal axes of the line graph, the difference between the 

performance of our proposed algorithms and MDP remains on average only 2%. To properly interpret 

the graph in Fig. 5.8, we should realize that the spectacularly greater ratio of redundancy and 

coverage of the multicover algorithms with values in the range of 15%-36% results from the fact that 

the coverage of these algorithms are not very poor like their single-covered counterparts.  
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Area of Deployment = 625mX625m, TX = 125m, Node Population = 100

 

Figure 5.8: Impact of misbehaving nodes on the performance of the broadcasting algorithms in terms 
of measuring the ratio of Redundancy and Coverage. 
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Chapter 6 
 

Conclusion 

In this thesis, we have studied the broadcast process in ad hoc wireless networks with an objective to 

maximize the reachability and minimize the number of forward nodes. We have discussed the 

redundancy problem of the fault-tolerant protocol multicover dominant pruning and then we have 

proposed three fault-tolerant optimized broadcasting protocols. The first two algorithms multicover 

total dominant pruning and the multicover partial dominant pruning both are the combination of the 

fault-tolerant broadcasting algorithm multicover dominant pruning and the enhanced dominant 

pruning algorithm (total dominant pruning and partial dominant pruning) which optimizes the 

redundancy considerably. In terms of the third one that is the multicover improved dominant pruning 

algorithm, we have introduced a novel efficient algorithm which optimizes the number of forwarding 

in a more efficient way with having fault-tolerance ability. From the methodologies of these 

algorithms it has been clear that the size of the two-hop neighbor set that to be covered in MIDP 

is the smallest among all other broadcasting protocols, UMIDP ≤ UMTDP ≤ UMPDP ≤ UMDP. Simulation 

results have shown that MTDP, MPDP and MIDP all these three proposed algorithms have better 

performance than the MDP algorithm irrespective of any network -dense, moderately dense and 

sparse. The difference among MIDP, MTDP and MPDP is almost insignificant but MIDP showed the 

best especially in dense network. Moreover, irrespective of the dense and sparse network, these three 

algorithms showed better coverage like MDP in comparison with the single covered algorithms, 

although their coverage is not up to the mark like MDP sometimes especially when the majority of the 

population becomes misbehaving. In terms of redundancy- coverage ratio, our proposed algorithms 

again showed better than MDP as their ratio is less than that of MDP.  

The work of this thesis can be extended in various ways.  In future, we will design a fault-tolerant 

broadcasting algorithm which will be able to achieve not only more saved broadcast but higher 

reachability than MDP algorithm also. Another direction of our future work is to develop analytical 

models of MTDP, MPDP and MIDP to determine expected number of forwarding nodes required to 

complete a broadcast. 
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