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Abstract - Simulation is economical because it can
carry out experiments without the actual hardware and
provides a good compromise between complexity and
accuracy. Simulation can be done by using the network
simulators implemented in software which are valuable
tools for researchers to develop, test and diagnose network
protocols. Simulation is used to verify and evaluate the
performance of networks. Research on Network depends
on the following techniques- Analytical model, Emulation,
Testbed and Simulation to measure the behavior and
performance of protocols for wired/wireless networks.
There are many different network simulators available; it
is extremely difficult to choose an appropriate tool for
performance testing without the complete analysis of
existing tools. This paper presents the short survey about
network simulators for Mobile Ad-Hoc Networks
(MANETs). It helps the researchers to find a simulation
model that is reliable and efficient. We have described four
different network simulators (NS-2, OMNET++, NCTUns,
GlomoSim) features, advantages, disadvantages of and the
comparisons of them.
Keywords- Discrete-Event
Source, Testbed.
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I. INTRODUCTION
During the last ten years, Mobile Ad-hoc NETworks [1]
(MANET’s) have become more and more popular. This still
growing interest requires adapting solutions from the
traditional wired networks to the wireless environment.
Performance evaluation of algorithms and protocols becomes
challenging at different stages of design and deployment and
implementation. Performance analysis of newly designed
algorithms and protocols are extremely desirable for efficient
MANET’s deployment. For the performance analysis of
MANETs the follow techniques that can be used are
Analytical Modelling, Testbeds and Simulation/Emulation.
Analytical methods require certain simplification to model and
predict the performance. Therefore, they are inappropriate due
to inherent complexity and diverse nature of MANETs.
Oversimplified models may lead to inaccurate results that are
not desirable.

Testbed- It can be implemented and deployed on actual
hardware. While testbeds might yield the most accurate
results, there are several drawbacks, such as: the need to
obtain hardware and the severely limited monitoring and
debugging possibilities, as well as, high effort needed to create
an artificial environment resembling the real application
scenario. Hence, testbed implementations will generally be an
option only for smaller numbers of nodes and during the later
stages of the implementation phase.
Emulation is hybrid approach that combines hardware and
software where some components are implemented on real
hardware and some are simulated.
Simulation is economical because it can carry out
experiments without the actual hardware. It is flexible because
it can, for example, simulate a link with any bandwidth and
propagation delay or a router with any queue size and queue
management policy. Simulation results are easier to analyse
than experimental results because important information at
critical points can be easily logged to help researchers
diagnose network protocols. There are three types of
simulation: Monte Carlo Simulation, Trace-Driven Simulation
and Discrete-Event Simulations. The last two simulations are
used commonly in MANETs. Discrete-event simulation is
widely used for MANETs, because it can easily simulate lots
of jobs running on different sensor nodes. This simulation can
list pending events, which can be simulated by routines.
Trace-Driven Simulation provides different services. This kind
of simulation is commonly used in real system. The simulation
results have more credibility. It provides more accurate
workload; these detail information allow users to deeply study
the simulation model.
Simulation can be done by using the Network Simulators
implemented in software and are valuable tools for researchers
to develop, test and diagnose network protocols. Different
types of network simulators can be categorized and explained
based on some criteria such as commercial or free. Some of
the network simulators are commercial which means that they
would not provide the source code of its software or the
affiliated packages to the general users for free. All the users
have to pay to get the license to use their software or pay to
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order specific packages for their own specific usage
requirements. Some of the typical examples are the OPNET
[2] and QualNet [3]. Commercial simulator has its advantage
and disadvantage. The advantage is that it generally has
complete and up-to-date documentations and they can be
consistently maintained by some specialized staff in that
company. However, the open source network simulator is
disadvantageous in this aspect, and generally there are not
enough specialized people working on the documentation.
This problem can be serious when the different versions come
with many new things and it will become difficult to trace or
understand the previous codes without appropriate
documentations. On the contrary, the open source network
simulator has the advantage that everything is very open and
Every individuals or organization can contribute to it and find
bugs in it. The interface is also open for future improvement.
It can also be very flexible and reflect the most new recent
developments of new technologies in a faster way than
commercial network simulators. We can see that some
advantages of commercial network simulators, however, are
the disadvantage for the open source network simulators. Lack
of enough systematic and complete documentations and lack
of version control supports can lead to some serious problems
and can limit the applicability and life-time of the open source
network simulators. Some of the open source network
simulators include NS-2 [4], NS-3 [5], OMNeT++ [6], SSFNet
[7], NCTUns [8], and J-Sim [9].
The aim of this survey is to find a MANET simulator
that provides a good balance between features, efficiency,
extendibility, accuracy, and easiness of use. Such a simulator
will allow researchers to take the steps described above
without much pester, and allow them to concentrate on their
research rather than the simulator. Therefore, this survey
contains information about features, strengths and weakness of
different network simulators and comparison based on a
collection of papers and surveys, some of which compare
different Network Simulators according to defined criteria and
some of which analyze simulators performance to a specific
project or area.
The reminder of this paper is organized as follows. In
Section II, we introduce previous work related to our study. In
Section III is the main section of our paper where six Network
Simulators are described in detail. In Section IV, Comparison
between the Simulators is discussed. The paper is concluded in
Section V.
II. RELATED WORK
There are several surveys, comparisons, and also some case
studies about wireless network simulators. They all differ with
respect to the selection of evaluated simulators, the intention
of the work, the focus of the potential comparison and the
level of detail.
In [10] the author described a Case Study in which four
popular Network Simulators, J-Sim, OMNeT++, NS-2 and
ShoX, were used to evaluate a topology control protocol. The

author described the outstanding features and also compared
the effect needed for the installation familiarization,
implementation visualization from features and useability
point of view.
In [11] the author gives map characteristicss that MANETs
Simulation tools should feature and current support of these
gives the description of a DIANEmu, GlomoSim, GTNets, JSim, Jane, NAB, NS-2, OMNet++, OPNET Modeler, QualNet,
and SWANS Simulators. And provides the estimation of their
popularity, and gives some hints on which simulator to use for
what needs.
In [12] author simply presents a comparative study of two
network simulators, OPNET Modeler and NS-2, and provides
a guide to researchers undertaking packet-level network
simulations. The simulator outputs were compared to the
output from a live network testbed.
In [13] is a deliverable of a project called IRRIIS,
Integrated Risk Reduction of Information-based Infrastructure
Systems, the purpose of which is to identify, list and compare
tools and components suitable for simulation of critical
infrastructures. The simulators used are OPNET Modeler, NS2, QualNet, OMNeT++, J-Sim, SSF and Backplane.
In [14] author gives an overview about different issues in
wireless sensor networks on a general basis. Only at the end a
table is presented comparing the considered simulators
according to their language, the available modules, and
whether they have GUI support or not.
In [15] the author described a comparative study by
considering the installation, familiarization, implementation
and visualization of popular Network Simulators NS-2, J-sim,
and OMNET++ and Shox.
In [16] author described a case study of Simulation tools
for wireless Networks, compared strengths and weakness of
NS-2, GloMoSim, J-Sim, OMNeT++, OPNET, QualNet.
III. NETWORK SIMULATIONS TOOLS
A. NS-2
NS-2 [4] is a discrete event simulator which provides
support for simulation of TCP, routing, and multicast
protocols over wired and wireless (local and satellite)
networks. It is the most popular network simulator used by
researchers. The Network Simulator began as a variant of the
REAL [17] network simulator in 1989 and has evolved over
the past years.
NS-2 is written in C++ and is based on two languages:
C++ which is used to extend the simulator (i.e. to define
protocol behaviors), and OTcl [18], an object-oriented
extension of Tcl developed by David Wetherall as part of the
VUsystem project at Massachusetts Institute of Technology,
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which is used for scenario configuration, manipulation of
existing C++ objects, periodic or triggered actions, etc.

¾

In NS-2, to create the topology of the network for
simulation some of topology generators may use they are Inet
Topology Generator, GT-ITM (Georgia Tech Internetwork
Topology Models) topology generator or Tiers Topology
Generator and convert their outputs to NS-2 format.
Generation of topologies by hand is another option. The
simulation event scheduler of the simulator, contained in OTcl
script interpreter, is either a non real-time scheduler or a real
time scheduler which is mainly used for real-time
synchronization of an emulated network. The user indicates in
the event scheduler when network elements should start or
stop transmitting packets. In order to visualize a network
simulation in NS-2, traffic and movement patterns should be
generated and references as inputs into the OTcl code
configuring the simulation scenario. The simulation can then
be visualized by Nam [19] which is shown in figure 1. Using
the trace file generated by the simulator. However, states that
Nam cannot be used for accurate simulation analysis. Node
appearance can be changed according to node’s inner state, but
it is limited. Extended Nam Editor can be used to graphically
create simple scenarios and save them as script files. For
statistics plotting, external tools like gnuplot or Xgraph must
be used. There is a function in OTcl configuration file which
can periodically call itself to collect statistical data of
simulation and write them into a file. The file generated by the
function can be referenced as input into external tools for
plotting of data like Xgraph [21] and Gunplot [22].

¾

2.

NS-2 offers a comprehensive documentation and
a regularly updated manual as well as an API for
C++ and OTcl classes.
Other features of the simulator include models for
different network architectures including Wireless
LAN, MANET and satellite, built-in traffic
models with support for development of new
ones, plugging of new pseudorandom number
generators, and net- work state estimation .

Advantages and disadvantages

Advantages:
1.

2.
3.

NS-2 has advantages of large number of available
models, realistic mobility models, powerful and
flexible scripting and simulation setup, large user
community, and ongoing development.
NS-2 includes an energy model and it allows user to
easily generate traffic and movement patterns.
It provides a set of randomized mobility model and
there are several projects to bring advanced mobility
models to the simulators.

Disadvantages:
1.
2.

3.

NS-2 needs to be recompilation every time if there is a
change in the user code.
It is not so well structured software architecture and
the mixture of compilation and interpretation made it
difficult to analyze and understand the code.
Simulation running will be very slow especially when
the network simulated contains many nodes.

B. OMNeT++
OMNeT++ [6] [28] (Objective Modular Network Testbed in
C++) is a open source, discrete event simulator tool written in
C++. OMNET++ is a general-purpose simulator capable of
simulating any system composed of devices interacting with
each other.
OMNeT++ supports wireless and mobile
simulations within OMNeT++. This support is said to be fairly
incomplete. OMNet++ is for academic and educational use.
Figure1: NAM of NS-2

1.

Features
¾

¾

¾

NS-2 supports deterministic or probabilistic
packet loss in queues attached to network nodes
as well as it supports deterministic and stochastic
modeling of traffic distribution.
NS-2 provides emulation facility; NS-2 can be
connected to a real network and capture live
packets just like a common node. It can also inject
packets into the live network.
The simulator can generate personalized trace
files by allowing users to select parameters to be
traced, therefore saves CPU resource.

OMNeT++ [28] provides a component-based, hierarchical,
modular and extensible architecture. Components, or modules,
are programmed in C++ and new ones are developed using the
C++ class library which consists of the simulation kernel and
utility classes for random number generation, statistics
collection, topology discovery etc. New modules may be
derived from basic object classes like module, gate or
connection. A high-level language called Network Description
(NED) is used to assemble individual components into larger
components and models. Alongside the simulation kernel
library, the simulation environment contains a Graphical
Network Editor (GNED), a NED compiler, graphical (Tkenv)
and command line (Cmdenv) interfaces for simulation

243

IRACST – International Journal of Computer Networks and Wireless Communications (IJCNWC), ISSN: 2250-3501
Vol.2, No.2, April 2012

execution, graphical tools for simulation result analysis
(Plove, Scalars), a model documentation tool, utilities (random
number seed generation tool, etc.), documentation and sample
simulations. the simulator includes modules for Application
Layer and Network Layer of OSI model as well as a Network
Interface Card module which encapsulates MAC and PHY
layers. OMNeT++ has extensive GUI support. This is shown
in the figure 2. GNED allows building of network topologies
graphically, therefore provides easy definition of network
simulation scenarios. It can generate topologies as NED files.
Tkenv supports interactive execution of the simulation, tracing
and debugging. The user is able to start or stop the simulation
execution in Tkenv and can change variables or objects inside
the model at runtime. It provides the user with a detailed
picture of the simulation state at any point of execution.

¾

2.

hierarchical topology using NED language and
multiple open source pseudorandom number
generators some of which are quite feasible for
large scale simulations
A future development is that simulation
executables created by the simulator are actually
standalone programs that can be run on other
machines without the simulators.

Advantages and Disadvantages

Advantages: 1. OMNeT++ provides a powerful GUI. This
strong GUI makes the tracing and debugging much easier than
using other simulator.
2. OMNeT++ accurately models most hardware and includes
the modeling of physical phenomena.
Disadvantages:
1.

2.
3.

Figure 2: OMNeT++ GUI during simulation.

In OMNeT++, basic entity is a module. Modules can be
atomic, which capture the actual behavior, or they can be
composed of sub-modules. Modules communicate with each
other by sending and receiving messages through their gates
which are linked to each other via connections. Gates can be
associated with propagation delay, error rate and data rate, and
they support only 1-to-1 correspondence. Connected modules
form compound modules. Every simulation model is an
instance of a compound module type, i.e. hierarchically nested
modules. This level of components and topology is dealt with
in NED files. Each module is able to generate, read or react to
messages (also known as events).
1.

Features
¾

OMNeT++ is a feature-rich and powerful
simulation tool.

¾

OMNeT++ has external extensions which enable
it to provide support for simulation of wireless
networks. Two most known and used extensions
are INET Framework and Mobility Framework
for mobile ad-hoc networks.
Some features of the simulator are failure
modeling at specified times at runtime for nodes
and links, built-in traffic scenarios with support
for custom development, creation of any form of

¾

It does not offer a great variety of protocols, and very
few have been implemented, leaving users with
significant background work if they want to test their
own protocol in different environments.
Poor documentation and poor analysis of typical
performance measures [25].
The mobility extension of the simulator fairly
incomplete [26].

C. NCTUns
NCTUns [8] network simulator, which is a high-fidelity
and extensible network simulator capable of simulating both
wired and wireless IP networks. NCTUns stands for National
Chiao Tung University network simulator. The predecessor of
the NCTUns is the Harvard network simulator [22], which was
authored by S.Y. Wang in 1999. The Harvard network
simulator has several limitations and drawbacks that need to
be overcome and solved. Some useful features and functions
need to be implemented and added to it. For these reasons,
S.Y. Wang developed the NCTUns.
The NCTUns uses a distributed architecture to support
remote simulations and concurrent simulations. It also uses
open-system architecture to enable protocol modules to be
easily added to the simulator. Functionally, it is divided into
eight separate components some of most important
components are described: The first component is the fullyintegrated GUI environment by which a user can edit a
network topology, configure the protocol modules used inside
a network node, specify mobile nodes' moving paths, plot
performance curves, play back animations of logged packet
transfers, etc. The component topology editor is used to
generate topology [27], which is shown in Figure 3. The nodes
are created using the node editor. A node in the NCTUns
represents a network device such as a switch or an IEEE
802.11 (b) wireless LAN access point. This is shown in the
figure 4. The node editor provides a convenient environment
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to flexibly configure the protocol modules used inside a
network node. By using this tool, a user can use the mouse to
graphically add, delete, or replace a protocol module with his
(her) own module. As such, the node editor enables a user to
easily test the functionality and performance of a new
designed protocol.

immediately registers itself with the dispatcher to join the
dispatcher’s simulation machine farm. To plot the graph
performance monitor component is used. This is shown in
figure 4.
1.

Features
¾

The second component is the simulation engine. A
simulation engine is a user-level program. It functions like a
small operating system. Through a defined API, it provides
useful and basic simulation services to protocol modules (to be
described soon).

¾

The third component is various protocol modules. A
protocol module is like a layer of a protocol stack. It performs
a specific protocol or function.
¾

The NCTUns has a fully-integrated GUI
environment by which a user can easily perform
simulation studies.
The topology editor provides a convenient and
intuitive way to graphically construct a network
topology, by specifying various parameters of
network devices and protocols. A network can be
either a fixed wired network or a mobile wireless
network.
The performance monitor, easily and graphically
display the plots of some monitored performance
metrics such as a link's utilization or a TCP
connection's achieved throughput.

Figure 3 . Topology editor of the NCTUns simulator

Figure 5 . The performance monitor of the NCTUns network simulator

¾

¾

Figure 4 . Node editor of the NCTUns simulator

For example, the ARP protocol or a FIFO queue is
implemented as a protocol module. A protocol module is
composed of a set of functions. It needs to be compiled with
the simulation engine to form a simulation server. Inside the
simulation server, multiple protocol modules can be linked
into a chain to form a protocol stack. The fourth component is
the simulation job dispatcher, which is a user-level program. It
should be executed and remain alive all the time to manage
multiple simulation machines. The fifth component is the
coordinator. This is a user level program. On every machine
where a simulation server program resides, a coordinator
program needs to be executed and remain alive. Its task is to
let the job dispatcher know whether this machine is currently
busy running a simulation or not. When executed, it

2.

The packet animation player, using the packet
animation player, a logged packet transfer trace
can be graphically replayed at any speed. The
packet animation player is a very useful tool
because it can help a researcher to visually debug
the behaviors of a protocol.
The main features of NCTUns are Tunnel
Network Interface, Simulating Single-hop
Networks, and Simulating Multi-hop Networks.

Advantages and Disadvantages

Advantages:
1.
2.

3.

It provides easy to use GUI Environment.
Its distributed and open-system architecture design
supports remote simulations and concurrent
simulations, and allows new protocol modules to be
easily added to its simulation engine [27].
NCTUns [27] provides better functionality and
performance.
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Disadvantages:
1.

2.

3.

The connection through dispatcher with the
simulation server is not stable. Indeed it is frequent
that the coordinator becomes busy. In this case, it
notifies its state to the dispatcher, this will not be able
to select the appropriate simulation machine.
Therefore it is necessary to start again the
coordinator, the dispatcher and the client.
The programming is not supported by the NCTUns.
So simulation parameters set only by graphical user
interface.
The manipulation at every node has to be done node
by node, or all the nodes to the same time.

D. GloMoSim
GloMoSim [23] is a scalable simulation environment for
wireless network systems. It is being designed using the
parallel discrete-event simulation capability provided by
PARSEC [24]. Most network systems are currently built using
a layered approach that is similar to the OSI seven layer
network architecture. The plan is to build GloMoSim using a
similar layered approach. Standard APIs will be used between
the different simulation layers. This will allow the rapid
integration of models developed at different layers by different
people. The goal is to build a library of parallelized models
that can be used for the evaluation of a variety of wireless
network protocols. The proposed protocol stack will include
models for the channel, radio, MAC, network, transport, and
higher layers. GloMoSim stopped releasing updates in 2000.
Instead, it is now updated as a commercial product called
QualNet [3].
1.

Features
¾
¾
¾
¾
¾

2.

GlomoSim allows the simulation Scalability to
simulate networks with a hundred and thousand of
nodes.
GloMosim Supports protocol for the wireless
networks.
GloMoSim provides the Random Waypoint
mobility model, which may not be suitable for all
types of simulations.
The BonnMotion software provides a generator
for other kinds of mobility models.
GloMoSim is designed to be extensible, with all
protocols implemented as modules in the
GloMoSim library

Advantages and disadvantages

Advantage
1.

Achievement of large scalability, good mobility
models (“random drunken model” and “random
distribution model”), specify for wireless simulation,

2.

many ad hoc networking protocols support and
analysis and visualization tools are basic but
sufficient for general studies.
The ability to use GloMoSim in a parallel
environment distinguishes it from most other wireless
network simulators.

Disadvantage:
1.

2.
3.

Documentation is quite poor. No specific routing
protocols for sensor network, No energy consumption
models Still has transport layer and IP address
support.
Hard for user is to simulate large sensor network
since no hardware environment.
The main disadvantage of GloMosSim is update of
this simulator is not regular.

3. COMPARISONS
In this section we summaries the main streams of MANET
simulators in the table 1(see Appendix). Table 1 has six
simulators considered in the previous section listed in the
consecutive rows and special features in the consecutive
columns.
Network simulators exhibit different features and models.
Each has its own advantages and disadvantages and each is
appropriate in different situations. All four simulators common
feature is Discrete-Event Simulators and General Purpose
Simulators.
4. CONCLUSION
We described the four network simulators that support the
simulation of MANET’s (NS-2, OMNET++, NCTUns,
GloMoSim) features, advantages and disadvantages.
According to the survey, simulators have the many its features,
but none of them offer the good support for all features for
MANET simulation. Therefore we have searched a balanced
simulator that would offer a good user experience for
MANETs.
NS-2 and OMNET++ are the best choices for the MANETs.
NS-2 profits from the large available models, Ns-2 supports
wide range of protocols in all range of protocols in all layers
for example, the Specific MANET routing protocols are
provided by the NS-2. While the OMNET++ supports the
powerful GUI, well defined simulation engine and supports
hierarchical modeling, so it is better for development.
GloMoSim is also a good and are strong scalability power and
it is useful when the wireless network contains the large
number of nodes.
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Network Simulators

Sr. No

Main Streams
NS-2

OMNET++

NCTUns

GloMoSim

Limited Support

Limited Support

Yes

No

Open Source

Open Source

Open Source

Open Source

No

Yes

Yes

Limited

C++ , OTcl

C++ , NED

C

C

1.

Emulation Support

2.

License

3.

GUI

4.

Interface

5.

Available Modules

Wired, Wireless, AdHoc and Wireless
Sensor Networks.

Wired, Wireless
and Ad-Hoc
Networks

Wired, Wireless
and Ad-Hoc
Networks

Wired, Wireless
and Ad-Hoc
Networks

6.

Documentation and
User Support

Excellent

Medium

Good

Poor

7.

Scalability

Small

Large

Medium

Large

8.

Extendable

Yes

Yes

Yes

Yes

9.

Simulation Technique

Discrete Event
Simulation

Discrete Event
Simulation

Discrete Event
Simulation

Discrete Event
Simulation

Table 1: Comparison of Network Simulators
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