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Abstract: To solve problems with limited resources such as power, storage, bandwidth, and con-
nectivity, efficient and effective data management solutions are needed. It is believed that the most
successful algorithms for circumventing these constraints are those that self-organise and collabo-
rate. To make the best use of available bandwidth, mobile ad hoc networks (MANETs) employ the
strategy of multi-casting. The communication cost of any network can be significantly reduced by
multi-casting, and the network can save resources by transmitting only one set of data to numerous
receivers at a time. In this study, we implemented multi-casting in the virtual cord protocol (VCP),
which uses virtual coordinates (VC) to improve effective routing and control wireless data transmis-
sion. We have improved the classic VCP protocol by making it so that intermediate nodes can also
forward or re-transmit the dataset to interested nodes. This improves data transmission from the
sender to multiple receivers. Simulation results proved efficacy of our proposed enhanced virtual
cord protocol-based multi-casting strategy over traditional VCP protocol and helped in reduction
of number of MAC transmissions, minimization of end-to-end delay, and maximization of packet
delivery ratio.

Keywords: multi-casting strategy; virtual cord protocol; virtual coordinates; management of MANETs;
enhanced multi-cast protocol; flooding

1. Introduction

Solutions for efficient and effective data management are required to address issues
with scarce resources, such as power, storage, bandwidth, and connectivity of commu-
nicating devices. The algorithms that self-organize and cooperate are seen to have the
best chances of overcoming these restrictions. Mobile ad hoc networks (MANETs) use
multi-casting as a way to optimise the utilisation of available bandwidth. Multi-casting
allows networks to save resources by sending only one set of data to many receivers at
once, dramatically reducing the cost of communication for any network.

Multi-cast routing is an efficient way to establish group communication from the
sender to multiple receivers when the same set of data is to be transmitted [1]. The main
goal of multi-casting is to make the best use of the available bandwidth. Multiple senders
can send their data to multiple receivers, simultaneously. However, each sender node has
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its group members that receive data via multi-casting. The destination can be a group of
multiple receiver nodes or selected nodes from single or multiple groups.

A group of dynamic collection of nodes with rapidly changing multi-hop topology is
known as mobile ad-hoc network (MANET) [2–4]. In MANET, group members are dynamic
and can join and leave multi-cast groups at any time, and the movement of nodes is arbitrary.
A node can join a single group or multiple groups simultaneously. In MANETs [5–13],
communication within the network uses nodes, which can be mobile devices, PDAs, tablets,
laptops, etc., with Bluetooth, infrared, and Wi-Fi technologies. MANETs can distribute
snapshots, audios and videos through its communication technology. In MANETs, it is
also possible for a node to forward data packets as a router, but not be a member of this
multi-casting group.

There are two types of routing: first is the traditional routing that is used at the time
of network creation, as discussed in [14,15], where various techniques are implemented,
typically based on flooding. This technique is easy and simple to implement, but it has a
critical issue large communication overhead. Available traditional multi-casting protocols
are based on flooding. The distance vector multi-cast routing protocol (DVMRP) [16] is an
example of traditional multi-casting. DVMRP constructs a source-based multi-cast tree for
each source node by using a backward path algorithm. This protocol relies on flooding to
create a multi-cast group. Flooding is a waste of bandwidth and battery power. Moreover,
it keeps the processor busy.

The second type of routing in MANETs is distributed hash table (DHT) algorithm,
which is applied to the public key or IP/MAC addresses to search/implement unique
values for logical or physical identification of the node. These DHT-based routing tech-
niques [17–20] are reliable, efficient, robust, and effective as compared to traditional routing-
based techniques. Various protocols have been introduced to solve all the above problems
suitable for MANETs. Some well-known protocols have been studied, classified and
compared in [21–24].

Multi-casting has not yet been implemented in virtual cord protocol (VCP) [25] or
any other DHT routing-based protocol. which takes advantage of virtual coordinates to
improve efficient routing and manage data communication wirelessly. In the VCP network,
all nodes are virtually connected to each other. The main idea of virtual ring routing
(VRR) [26,27] is based on location independent hierarchy without flooding in the network.
Virtual ring routing provides both traditional point-to-point network routing and DHT
routing to the node. The routing protocol discussed in [28,29] is an example of traditional
multi-casting. The main contributions of this study are described below.

• In this study, an enhanced VCP protocol for multi-casting in a DHT-based network
has been implemented to save network bandwidth and battery power by exploiting
virtual coordinates (VC) and low aspect ratio of VCP protocol.

• We modified traditional VCP protocol and transmission of data from the sender to
multiple receivers is improved in a way that intermediate nodes can also forward or
re-transmit the data to interested nodes.

• Flooding leads to wastage of network resources. In this study, flooding is avoided by
using VCP for multi-casting purpose.

• Reduced number of MAC transmissions, minimized end-to-end delay, and maximized
packet delivery ratio are the significant contributions of our proposed enhanced virtual
cord protocol-based multi-casting strategy.

Rest of the paper is organized as follows. Section 2 uncovers the background and
state-of-the-art literature. Problem statement and the proposed system model are described
in Section 3 of this paper. Section 4 presents simulation setup, methodology, results and
discussions. Section 5 concludes our study with a discussion of future work.

2. Background and Literature Review

This section first introduces the background of routing protocols, especially the virtual
cord protocol, and then discusses the current literature.
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2.1. Route Discovery

Route discovery is an important feature of all routing protocols where the source
node “S” broadcasts its route request message along with its ID and desired destinations
IDs. The source node’s neighbor matches its ID with the desired destination IDs of the
message. If it is not a destination node and has no path information to the destination
node, it re-transmits the same message and adds its ID. In the second case, if the node is
a destination node, it replies directly, or if it has a cached route to communicate with, it
retrieves the cached route for communication. Data flow diagram for discovery of routes is
shown in Figure 1 and a typical route discovery algorithm is shown in Algorithm 1.

Figure 1. Data flow diagram for discovery of routes.

Algorithm 1 Pseudo-code for route discovery
Set S as source Set
D1 to DN as destinations
Broadcast sourceID, destinationIDs in RREQ
For (Destinations 1 to N)
While (node != Destination)
If any familiar route exists
Do not broadcast RREQ Fetch route
else
Broadcast RREQ

In case of node failure along the path, it is necessary to quickly repair the connection
or use an alternate path to deliver the data packet and the failure may result in a lower
delivery rate. Mesh protocols are better in terms of robustness [30].

2.2. Virtual Cord Protocol (VCP)

The virtual cord protocol is a DHT-like protocol that, in addition to providing the
typical DHT operations such as insert, get, and delete, also provides an effective routing
mechanism [25]. Aside from effective routing, the following features of this protocol
are crucial.

• It is easier and simpler to be implement the protocol at the MAC layer.
• Since VCP requires only knowledge of direct neighbours for routing, it is scalable.
• A node’s immediate environment includes both its predecessors and successors,

reducing the communication load when nodes join or leave the network.
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• Greedy routing along the cable always leads to a path to the destination. It cannot be
affected by packets stuck in dead ends.

• There is no need to know the exact position, which could be expensive in terms of
communications or system requirements. Instead, we use a simple relative position.

• To enable effective and fault resistant routing and data management, the virtual cord
protocol uses virtual coordinates.

• Energy, bandwidth, storage, and communication constraints can all be addressed with
VCP based on virtual relative position/coordinates and its low aspect ratio.

2.3. Literature Review

The most relevant literature review, with respect to our proposed enhanced multi-cast
protocol (EMP) is presented in the following.

Authors of [31,32] have described dynamic changes in network topology as the main
challenge of DHT-based multi-casting. Other challenges include dealing efficiently with
frequent and unpredictable changes in the network topology, host failure, link disruption,
joining of new nodes, and merging of two networks, etc. The mesh-based multi-cast routing
scheme presented in [33] and its results in this paper have been compared with the on-
demand multicast routing protocol (ODMRP). Figure 2 depicts the structure of forwarding
mesh in ODMRP.

Figure 2. Structure of forwarding mesh in on-demand multicast routing protocol (ODMRP).

A new multi-cast approach “explicit multi-cast protocol E2M” for a small group of
MANETs is discussed in [34] and a multi-cast technique called familiar route retrieval
multi-casting (FRRM) is presented in [35] to efficiently retrieve the nodes route based on
route awareness. The proposed system was compared with route driven gossip (RDG)
protocol in a network simulator and the results proved the effectiveness of FRRM protocol.

The author of [16] presents a distance vector multi-cast routing protocol (DVMRP)
for each source node using the reverse path algorithm. The operation of DVMRP can
be divided into two main phases. In the first phase, the source node broadcasts an an-
nouncement message to the network. In the second phase, the neighbor or intermediate
nodes in the network forward this announcement message to other nodes in the network.
DVMRP constructs a source-based multi-cast tree for each source node by using a backward
path algorithm. This protocol relies on flooding to create a multi-cast group. Message
propagation or joining among member and non-member nodes of DVMRP is shown in
Figure 3.

The simple mesh-based multi-casting network protocol discussed in [36] uses the con-
cept of forwarding nodes. The mesh-based multi-casting network protocol uses some nodes
(group members or non-group members) as forwarding nodes for network communication.
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Figure 3. Message propagation in distance vector multi-cast routing protocol (DVMRP).

The multi-cast ad hoc on-demand distance vector (MADOV) routing protocol pro-
posed in [37] uses broadcasting and finds the route for multi-casting on demand and then
constructs a routing tree based on common ground. When a node wants to connect to a
network or has data to transmit, it sends a RREQ message to the network with a route
request. MADOV network topology is shown in Figure 4 of this study.

Figure 4. Network topology of multi-cast ad hoc on-demand distance vector (MADOV) protocol.

Using a single path between multiple nodes using a multi-cast tree can improve the effi-
ciency and simplicity of the network. However, the use of a multi-cast tree (split/unshared)
has some disadvantages. For example, in a split multi-cast tree, packets are distributed
along with the path in the multi-cast group. This path may be longer between source
and destination than the direct shortest path from sender to receivers. For these reasons,
the core-assisted mesh protocol (CAMP) was introduced by the authors of [38]. This
technique distributes information within each multi-cast group by establishing and main-
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taining a multi-cast mesh. Figure 5 describes the traffic flow of router in a multi-cast mesh
network (MMN).

Figure 5. Traffic flow of router in a multi-cast mesh network (MMN).

In [39], when a new node wants to join an existing group, it sends a join query (JQ)
message to the members of that multi-cast group. The member nodes send a response in
the form of a JQ Reply message. When a node wants to leave an ABMRP multi-cast group,
it sends a Leave message to separate from the group. If the node was not able to send a
Leave message, network partitioning may occur. The adaptive demand-driven multi-cast
routing (ADMR) protocol proposed in [40] is a source-based tree multi-casting protocol
that uses broadcasting to create a group.

ADMR can adjust its performance based on the application’s transmission model.
Data is forwarded using the shortest available path. In this method, data can be forwarded
in two ways: using a flooded tree and network flooding. When a node detects a broken link
in the network, it starts local repair, sends a repair notification to other nodes, and waits
for the repair. In MANETs, multi-casting in the downstream/upstream link state causes a
lot of overhead and is, therefore, inefficient. Forward group multi-cast protocol (FGMP)
networks track groups of nodes instead of links for multi-casting data packets [41]. In a
multi-cast group network, the G is associated with the forwarding group FG. All nodes in
the group FG are responsible for the multi-casting of data packets transmitted by G.

The dynamic access routing (DART) protocol discussed in [42] is a proactive routing
protocol. DART is similar to tribe at a high level, which works on the basis of node
addresses by splitting the address into two parts, where one part is dynamic for routing
and the second part is static for node identification. By offering adaptable mesh-oriented
structures, the authors of [43] have suggested a unique method named as dense multi-cast
zone routing protocol for robust multi-cast in mobile ad hoc networks. The term “dense
one,” which refers to a significant concentration of multi-cast participants in a particular
network area, is introduced in this paper. For multi-cast data transmission in ad hoc
networks, this idea offers greater stability and scalability.

3. Problem Statement and Proposed System Model
3.1. Problem Statement

Today’s highly dynamic networks are very complex and operate cooperatively and self-
organised in the face of limited resources such as energy, computing power, storage capacity,
and bandwidth. Efficient data management of complex networks is an important issue.
Available traditional multi-casting protocols are based on flooding. The distance vector
multi-cast routing protocol (DVMRP) is an example of traditional multi-casting protocol.
DVMRP constructs a source-based multi-cast tree for each source node by using a backward
path algorithm. This protocol relies on flooding to create a multi-cast group. Flooding
is a wastage of bandwidth, battery power, and keeps the processor busy. In this study,
an enhanced VCP protocol for multi-casting in a DHT-based network was implemented
to save network bandwidth and battery power by exploiting the low aspect ratio of the
VCP protocol.

To the best of our knowledge, multi-casting has not been implemented in virtual
cord protocol or any other DHT-based protocol, prior to this study. We have implemented
a source-based-tree structure using the VCP protocol for multi-casting in DHT-based
networks. Second, the already traditional multi-casting protocols are based on flooding are
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implemented. DVMRP [16] is an example of traditional multi-casting. DVMRP constructs
a source-based multi-cast tree for each source node using a backward path algorithm.
This protocol relies on flooding to create a multi-cast group. Traditional broadcasting in a
multi-cast group is shown in Figure 6.

Figure 6. Traditional broadcasting in multi-cast group.

3.2. Proposed System Model

The proposed system model is shown in Figure 7 where all nodes are virtually con-
nected via VCP. The communication between all nodes of the VCP is easier and efficient. It
is important to note that the VCP protocol does not allow flooding. However, multi-casting
has not been implemented in VCP, so far. In this study, we have implemented multi-casting
in VCP without flooding for multi-casting.

Assume that in the Figure 7, the source node is node (0.25), which multi-casts the
data to the receiver nodes. The node (0.5) is already a member of the multi-cast group that
receives messages from the source node (0.25). Now, the leaf node (0.75) is able to receive
data from the source node (0.25). In VCP, all nodes arrange themselves in the correct order
so that each node knows its predecessor and successor nodes in the network. All nodes
also know their logical-physical neighbors in the VCP network. Routing in the network is
done by using the virtual cord. Now, the joining node (0.75) applies a hash and obtains ID
for the source node (0.25) and its value/address.

The leaf node (0.75) is not physically connected to the source node (0.25). However, it is
logically connected to the source node via an intermediate member node (0.5). It sends a uni-
cast request through the intermediate connection node (0.5) for joining the multi-cast group.
Since, the intermediate node (0.5) is itself a member of the multi-cast group, it responds
directly to the requesting node (0.75) and does not send the join message to the source
node via uni-cast. The intermediate node (0.5) sends the copy of the message received
from a source node (0.25) via uni-cast. This also reduces the additional communication
overhead. In addition, VCP also provides the shortest available path between nodes
for communication.
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Figure 7. Proposed system model of enhanced virtual cord protocol.

4. Experiments and Evaluation

In this section, we present our experiments and results for the evaluation of the
proposed VCP protocol model with respect to number of MAC transmissions, end-to-end
delay and packet delivery ratio. First, we describe the experimental setup and methodology.
Later on, we will present results and discussion.

4.1. Simulation Setup and Methodology

As stated earlier, we have proposed an enhanced VCP protocol for multi-casting in
a DHT-based network to save network bandwidth and battery power by exploiting low
aspect ratio of VCP protocol. For this purpose we modified traditional VCP protocol
and transmission of data from the sender to multiple receivers is improved in a way
that intermediate nodes can also forward or re-transmit the data to interested nodes.
Flooding is avoided by using VCP for multi-casting purpose to avoid wastage of network
resources. The main objectives of this study are; (a) to reduce number of MAC transmissions,
(b) minimize end-to-end delay, and (c) to maximize packet delivery ratio.

Network Simulator is an excellent platform for simulation of existing and proposed
wired/wireless protocols. Therefore, to implement our proposed enhanced VCP protocol
and generate results, we used network simulator-2 (NS-2.35) on the Linux operating system
(Ubuntu) using object-oriented language C++ with a combination of TCL. We optimize
the results using static and dynamic assignment and compared the difference between
results of both cases. Impact of flooding and traffic load performance was analyzed by
changing network size. Results of proposed enhanced VCP are compared with traditional
VCP protocol.

The trace files are automatically generated during simulations at NS-2. Each trace line
starts with an event (f, r, d, +, −) descriptor followed by the simulation time (in seconds) of
that event, and from source node to the destination node, which identify the link on which
the event occurred. Figure 8 shows the trace file indicating source ID, destination ID, layer,
sequence number etc. observed during simulations.
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Figure 8. Example of trace file.

4.2. Results and Discussion

Excessive transmission of control messages lead to large overhead and low network
performance. The number of transmissions include all transmissions regarding route
requests from source node to destination nodes and clear messages from destination node
to source node, as well as transmission of data packets such as data ACK, RREQ, RREP,
MREQ, MREP, etc. Simulation results for variable number of nodes i.e., from 50 nodes to
150 nodes are summarized in Table 1.

Number of MAC transmissions are shown in Figure 9. The Y-axis in Figure 9 shows the
number of MAC transmissions and the X-axis shows the number of nodes. Results show
that the number of MAC transmissions in VCP are larger than the number of transmissions
in our proposed approach. This clearly shows that our proposed enhanced VCP approach
performs better than the existing VCP multi-casting approach.
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Figure 9. MAC transmission.

Figure 10 describes the routing information and packet delivery rates. The X-axis
represents the number of nodes and the other axis, the y-axis, shows the ratio of delivered
packets. The packet delivery in our proposed approach is better than that of the existing
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VCP approach because the existing approach is not implemented for multi-casting and
there is usually more than one receiver in multi-casting techniques, so the delivery rate
is better in our proposed system. In this way, the delivery of the packets is increased.
As shown above, the performance of the our proposed enhanced VCP approach is better
than the performance of VCP.
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Figure 10. Routing transmission/Packet delivery ratio.

The amount of time taken by a packet to be transmitted from source to destination
over a network is known as end-to-end delay or one-way delay (OWD). The end-to-end
delay is another performance parameter that is commonly used when comparing existing
routing protocols. We also consider this performance parameter for validating our proposed
enhanced virtual cord protocol.

Figure 11 shows the comparison of the average end-to-end delay. The end-to-end
delay is calculated from the transmission of data from the source to the destination node.
The X-axis in Figure 11 shows the number of nodes, and the Y-axis shows the average end-
to-end delay. The results in Figure 11 show that our proposed enhanced VCP outperforms
the existing approach of VCP.
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Figure 11. Comparison of end to end delay in transmission.



Computers 2023, 12, 21 11 of 13

Table 1. Simulation results.

Protocol Parameters # of Nodes Results Range

VCP
Number of MAC transmissions 50–150 2000–16,500
Routing transmission/Packet delivery ratio 50–150 2000–16,500
End-to-end delay 50–150 0.04–0.047

Enhanced VCP
Number of MAC transmissions 50-150 3500–8500
Routing transmission/Packet delivery ratio 50–150 2100–2700
End-to-end delay 50–150 0.017–0.022

5. Conclusions

In this work, we have proposed an enhanced VCP routing protocol for multi-casting.
As far as we know, VCP has not yet been implemented for multi-casting. In our proposed
model, we extended VCP for multi-casting purposes and transmitted our data from the
source to leaf nodes and then from leaf nodes to other interested receivers of the network
nodes. The joining of nodes and the construction of the network are the same in our
proposed protocol, as in VCP. However, the transmission of data from the sender to multiple
receivers is improved as the intermediate nodes are also able to forward or re-transmit the
same data set to interested nodes in the network.

Our proposed enhanced VCP approach is simple and very efficient for implementing
multi-casting and also for communication in MANETs. The proposed technique is imple-
mented on VCP with some slight modifications using variable number of nodes i.e., from
50 nodes to 150 nodes to improve the applicability of VCP. For 150 nodes, our proposed
technique reduces the number of MAC transmissions by 51.51%, reduces end-to-end delay
by 16.36% and increases the packet delivery ratio by 46.80%. This means that our proposed
improved VCP multi-cast protocol provides satisfactory results compared to the existing
VCP protocol. Our proposed enhanced VCP approach can be used in many scientific
and engineering application areas such as smart grid, security surveillance, and traffic
monitoring, where data transmission is performed from network station to home stations
and vice versa. Furthermore, network interruption detection, attack prevention and en-
ergy efficiency of the proposed system need further research, which will be considered in
the future.
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Abbreviations
The following abbreviations are used in this manuscript:

ADMR Adaptive demand-driven multi-cast routing
CAMP Core-assisted mesh protocol
DART Dynamic access routing
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DHT Distributed hash table
DVMRP Distance vector multi-cast routing protocol
EMP Enhanced multi-cast protocol
FGMP Forward group multi-cast protocol
FRMM Familiar route retrieval multi-casting
JQ Join query
MADOV Mmulti-cast ad hoc on-demand distance vector
MMN Multi-cast mesh network
MANETs Mobile ad hoc networks
NS-2 Network imulator-2
ODMRP On-demand multicast routing protocol
RDG Route driven gossip
VC Virtual coordinates
VCP Virtual cord protocol
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