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Abstract:

An Ad-hoc network is a type of wireless network where nodes communicate with one another using
multi-hop links, without the reliance on any fixed infrastructure or centralized administration. In
this dynamic network, wireless mobile nodes self-organize to create a communication framework
that uses multi-hop point-to-point (P2P) routing to establish network connectivity. Given the limited
range of wireless transmission, each node acts as a relay for other nodes, enabling communication
between distant nodes by forming a cooperative network. The primary challenge in Ad-hoc
networks lies in discovering and maintaining routes for data transmission between source and
destination nodes, especially when they are separated by multiple intermediate nodes. This
decentralized and infrastructure-less approach makes Ad-hoc networks highly flexible, but also
presents unique challenges related to routing, scalability, and network stability.
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1. Introduction

NS is an event driven network simulator developed at University of California at Berkeley, USA, as
a REAL network simulator projects in 1989 and was developed at with cooperation of several
organizations. Now, it is a VINT project maintained by DARPA. NS is not a complete tool that can
handle all kinds of network model. It is really still an on-going endeavor of research and
development. The users are dependable to authenticate that their network model simulation does not
contain any bugs and the community should share their discovery with all [1-3]. There is a manual
called NS manual for user guidance.
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NS is a different event network simulator where the timing of events is maintained by a scheduler
and able to simulate different types of network such as LAN and WPAN according to the
programming scripts written by the user. Besides that, it also implements multiplicity of
applications, and protocols such as TCP and UDP, and network elements such as signal power,
traffic models such as FTP and CBR, the mechanisms of router queue management such as Drop
Tail and many more [4-5].

There are two languages used in NS2 C++ and OTcl (an object oriented extension of Tcl). The
compiled C++ programming hierarchy makes the simulation efficient and execution times faster.
The OTcl script which is written by the users their own specific topology, protocols and all
requirements need in the network models. The simulator is produce the output also can be set using
OTcl. The OTcl script is written which creating an event scheduler objects and network component
object with network setup helping modules. The simulation results produce after running the scripts
can be use either for simulation analysis or as an input to graphical software called Network
Animation (NAM) [6].

2. Literature Review

Ad-hoc networks have gained significant attention due to their decentralized nature and the absence
of fixed infrastructure, which makes them highly adaptable in various applications such as military
operations, disaster recovery, and mobile sensor networks. According to [1], Ad-hoc networks are
composed of wireless mobile nodes that dynamically form a network without any central
administrative control. This flexibility is advantageous in scenarios where traditional infrastructure
cannot be established, but it also introduces several challenges, particularly in routing and
maintaining network connectivity [7].

One of the core aspects of Ad-hoc networks is multi-hop point-to-point (P2P) communication,
where data is transmitted between nodes through intermediate hops [2]. In traditional networks,
communication typically relies on fixed infrastructure like routers or base stations, but in Ad-hoc
networks, nodes must collaborate to forward data. As discussed by Johnson and Maltz [3], routing
protocols play a crucial role in ensuring efficient communication in such networks. Early research
introduced two main categories of routing protocols: proactive (table-driven) and reactive (on-
demand). Proactive protocols, such as the Destination-Sequenced Distance-Vector (DSDV) routing,
continuously maintain routing tables, while reactive protocols, like Ad-hoc On-Demand Distance
Vector (AODV) and Dynamic Source Routing (DSR), discover routes only when necessary [4].

The dynamic topology and the limited transmission range of nodes in Ad-hoc networks create
several routing challenges. The constant mobility of nodes leads to frequent topology changes,
causing routes to break and requiring continuous updates. According to Perkins and Royer [5],
maintaining robust and efficient routes in such a dynamic environment is essential for minimizing
latency and ensuring data delivery. Additionally, factors like limited bandwidth, power
consumption, and node mobility further complicate the design of effective routing protocols [8].

In summary, the literature highlights the potential of Ad-hoc networks for flexible and
infrastructure-less communication, while also addressing the technical challenges that arise from
dynamic topologies and the need for efficient routing mechanisms. Continued research on routing
protocols and network optimization is essential to unlock the full potential of Ad-hoc networks in
real-world applications [9-11].
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Fig. 1 Process of NS2
OTCL Helps in the Following Way:
With the help of OTcl we can describe different network topologies
It helps us to specify the protocols and their applications
It allows fast development
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Tcl is compatible with many platforms and it is flexible for integration
v Tcl is very easy to use and it is available in free

Initialization

#To create a new simulator we write

set ns [new Simulator]

From the above command we get that a variable ns is being initialized by using the set command.
Here the code [new Simulator] is a instantiation of the class Simulator which uses the reserved
word new. So we can call all the methods present inside the class simulator by using the variable

ns',
» Creating The Output Files
#Create the trace files
set tracefile[open out.tr w]
$ns trace-all $tracefile
#Create the nam files
set namfile [open out.nam w]
$ns nametrace-all $namfile

In the above we create a output trace file ‘out.tr' and a NAM visualization file 'out.nam’. But in the
Tcl script they are not called by their names declared, while they are called by the pointers
initialized for them such as 'tracefile' and 'namfile' respectively. The line which starts with # are
commented. The next line opens the file 'out.tr" which is used for writing is declared 'w'. The next
line uses a simulator method trace-all by which we will trace all the events in a particular format
[12-13].

The termination program is done by using a 'finish’ procedure

#defining the ‘finish procedure’
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Proc finish {}

{
Global ns tracfile namfile
$ns flush-trace
Close $tracefile
Close $namfile
Exit0
}

In the above, the keyword proc is used to declare a procedure called ‘finish'. The keyword global is
used to tell what variables are being used outside the procedure.

Flush-trace is a simulator method that dumps the traces on the respective files. The
command close is used to close the trace files and the command exec is used to execute the NAM
visualization. The command exit closes the application and returns zero as default for clean exit.

In ns we end the program by calling the 'finish' procedure:
# End the program
$ns at 125.0 “finish”
Thus the entire operation ends 125 seconds. To begin the simulation we will use the command
# Start the simulation process
$ns run

So we are creating a bi-directional link between nodes n0 and n2 with a capacity of 10 Mb/sec and a
propagation delay of 10 ms.

In NS an output queue of a node is implemented as a part of a link whose input is that node to
handle the overflow at the queue. If the buffer capacity of the output queue is exceeded then the last
packet arrived is dropped and here we will use a 'DropTail' option. There are other queue types such
as RED (Random Early Discard) mechanism, FQ (Fair Queuing), DRR (Deficit Round Robin), SFQ
(Stochastic Fair Queuing) also available [14-15].

4. User Datagram Protocol (UDP)

The User datagram Protocol is one of the main protocols of the Internet protocol suite. UDP helps
the host to send send messages in the form of datagrams to another host which is present in a
Internet protocol network without any kind of requirement for channel transmission setup. UDP
provides a unreliable service and the datagrams may arrive out of order, appear duplicated, or go
missing without notice. UDP assumes that error checking and correction is either not necessary or
performed in the application, avoiding the overhead of such processing at the network interface
level. Time-sensitive applications often use UDP because dropping packets is preferable to waiting
for delayed packets, which may not be an option in a real-time system [16].

# Setup a UDP connection
set udp [new Agent/UDP]
$ns attach-agent $n1 $udp
$set null [new Agent/Null]
$ns attach-agent $n5 null
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$ns connect $udp null

The command set udp [new Agent/UDP] gives a pointer called 'udp' which indicates the udp agent
which is a object of ns. Then the command $ns attach-agent $n1 $udp defines the source node of
UDP connection. Next the command set null [new Agent/Null] defines the destination of udp by a
pointer called null. The next command $ns attach-agent $n5 $null defines the destination node as
n5. Next, the command $ns connect $udp $null makes the UDP connection between the source and
the destination i.e nl and n5. To identify a particular flow we mark it using the command$udp set
fid_2 [17].

5. Constant Bit Rate (CBR)

Constant Bit Rate (CBR) is a term used in telecommunications, relating to the quality of service.
When referring to codecs, constant bit rate encoding means that the rate at which a codec's output
data should be consumed is constant. CBR is useful for streaming multimedia content on limited
capacity channels since it is the maximum bit rate that matters, not the average, so CBR would be
used to take advantage of all of the capacity. CBR would not be the optimal choice for storage as it
would not allocate enough data for complex sections (resulting in degraded quality) while wasting
data on simple sections.We define a CBR connection over a UDP one. Well we have already
defined the UDP source and UDP agent as same as TCP. Instead of defining the rate we define the
time interval between the transmission of packets in the command $cbr set rate_ 0.01Mb. Next,
with the help of the command $cbr set random__ false we can set random noise in cbr traffic. We can
keep the noise by setting it to false or we can set the noise on by the command $cbr set random_ 1.
We can set by packet size by using the command $cbr set packetSize . The packet size is specified
in bytes [15, 17, 18, 19].

6. Study analysis

The research paper presents a comprehensive overview of Ad-hoc networks, where mobile nodes
form self-organizing, decentralized networks without relying on fixed infrastructure. The paper
discusses the challenges of routing, dynamic topology, and scalability inherent in such networks,
emphasizing the role of efficient routing protocols like DSDV, AODV, and DSR. To simulate and
study the performance of these protocols, the paper introduces NS2, a network simulator that allows
the evaluation of various network scenarios [18, 19, including Ad-hoc networks. Through the use of
OTcl scripting and C++ programming, NS2 helps model network topologies, create traffic patterns
[16-17], and analyze the behavior of wireless communication under different conditions. The
outcomes of the research emphasize the importance of dynamic, reactive routing protocols in Ad-
hoc networks and underscore the significance of simulation tools like NS2 in developing and
refining these wireless systems.

7. Outcomes

1. Routing Efficiency: The study highlighted the performance of different routing protocols in
Ad-hoc networks. It was observed that reactive protocols like AODV and DSR performed well
under dynamic topology conditions due to their on-demand routing approach, minimizing
overhead compared to proactive protocols like DSDV.

2. Network Topology: The flexibility of Ad-hoc networks allows for deployment in a wide range
of applications, but the limited transmission range and mobility of nodes significantly impact
the stability of routing paths. The NS2 simulations provided an understanding of how quickly
routes break and the time it takes to establish new routes.

3. Simulation Tools: The study emphasized the utility of NS2 in simulating various types of
network models, including LAN, WPAN, and Ad-hoc networks. By using C++ for efficient
execution and OTcl for customizing network topologies and event scheduling, NS2 proved to be
a versatile tool for studying wireless network behavior.
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4.

8.

Traffic Management: Simulating traffic models such as Constant Bit Rate (CBR) and User
Datagram Protocol (UDP) connections demonstrated how bandwidth constraints, packet sizes,
and scheduling affect network performance. These simulations provide insights into optimizing
traffic for real-time applications like video streaming or voice communication in Ad-hoc
networks.

Conclusion

This research on Ad-hoc networks and their simulation using NS2 provides valuable insights into
the design, implementation, and performance challenges of decentralized, infrastructure-less
wireless networks. Ad-hoc networks, by their nature, offer flexible communication capabilities for
environments where fixed infrastructure is unavailable or impractical. However, they also introduce
unique issues such as dynamic topology, routing challenges, and scalability, which necessitate
efficient routing protocols like DSDV, AODV, and DSR. Through simulations using the NS2
network simulator, various aspects of routing efficiency, bandwidth management, and packet loss
can be evaluated, giving researchers tools to improve Ad-hoc network performance.
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