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Abstract— In this paper we present the analysis and performance evaluation of
ns2 to facilitate the simulation and upcoming wired & wireless networks. We have
briefly explained in the table the comparison between widely used network
simulators. Here we have presented the framework for ns2 to facilitate the simulation
and also explained the implementation steps. We have shown the performance
evaluation matrix. We have also shown the steps to bring improvement in the
specified factors affecting the performance of network.
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1. INTRODUCTION

Networks continue to grow more complex as industry deploys a mix of wired
and wireless technologies into large-scale heterogeneous network architectures
and as wuser applications and traffic continues to evolve [9]. In order to
evaluate the behavior and performance of protocols for wired and wireless
networks, simulations are a good compromise between cost and complexity,
on the one hand, and accuracy of the results, on the other hand[10]. Since
there are many simulators for wireless networks, it is often difficult to decide
which simulator to choose [10].

After our literature review we can suggest that to begin our study for the
enhancement of any research one should be fundamentally thorough with
the existing algorithm. Modeling of existing algorithm over wired & wireless
would be the first step towards many upcoming positive development and
enhancement with improvements in current technology.

Simulators can provide full control when simulating wired & wireless network
behaviors [12]. In the past decade, the test bed based evaluation approach in
wireless networking research has emerged to be a popular means due to
the emphasis researchers on practicality [12][14]. Surely the results
obtained by simulators can never beat the results obtained by practical
approach but as far as feasibility is concerned, practical approach is not
possible to be implemented in each situation because of the few factors like
cost of equipments, area covered, feasibility criteria, network traffic availability
in even and odd hours, etc.
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But, Simulators enjoy little unique advantage over test-beds. In simulations,
network scenario scan be conveniently constructed and modified, and
statistical data can be easily collected. Simulations can model a large scale
network with a variety of topologies, which would be expensive to build with
test-beds. In addition, test-bed results are often heavily affected by the
surrounding environment, in which many factors are unpredictable and
uncontrollable [12].

It is believe that this survey will aid researchers, application and tool
developers while selecting an appropriate tool for their implementation [11]
[14].

2. TYPES OF PERFORMANCE ANALYSIS

There are three techniques that are observed for analyzing the performance
of wired and wireless network. Our observations are stated below.

2.1 Analytic Modeling:

In this model we perform analysis using numerical calculations with
mathematics using probability, calculus, operation research, queuing networks,
etc.

2.2 Computer Simulation:

Here, modeling is developed on simulator where realization of physical behavior
of developed network model is set and developed using probability, statistics and
queuing theory.

2.3 Real Time Physical Measurement:

Actual test are performed over the network under this test. Generation of
actual situation is done and test data are fed to the network situations. Here,
actual data are used for analysis.

Analytic model is pure mathematics based and so very tedious which if not
computed with accuracy, may give us inaccurate results. Real Time Physical
Measurement is not feasible approach especially when network includes
hundred of nodes and costly routers with costly other network components.
This do not permit us to go with the option of costly Real Time Physical
Measurement nor tedious and error pron Analytic Modeling. Thus, we have
limited our study methodology up to network simulator as there are a number of
advantages to this approach: lower cost, ease of implementation,
and practicality of testing large-scale networks [8].
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3. TYPES OF NETWORK SIMULATORS

Network Simulator is a pure event based simulator and can be of two types [13].
1. Discrete Event Simulator and

2. Continuous Event Simulator.

3.1 Discrete Event Simulator:

In discrete event simulator, the representation of time is quantified and the
system state changes only when an event occurs. For example, arrival of
person in queue of railway reservation or departure of person from ticket booth
after taking ticket. Here, state values are always integer.

3.2 Continuous Event Simulator:

In continuous event simulator, models time as a continuous progression. Here,
state values are always real values. For example, snake covering distance,
water flowing through the mountain. Generally computer simulators are
discrete event simulators.

4. NETWORK SIMULATORS COMPARATIVE STUDY

Widely Used simulators are Ns-2, GloMoSim, OMNet++, OPNet, and QualNet.
While for physical layer2, very few simulator tools are used. The theoretical,
numerical, statistical analyses are vastly used for physical layer. As a
simulator, NS2, GloMoSim, Qualnet, OPNET, OMNET++ is used for the
implementation of the error model at the physical layer [6]. In this section, we
will give a short overview and a comparative study about the five widely
used network and system simulators, respectively.

In this sub section we summarize the most interesting capabilities,
advantages, base language and type of existing simulating tools for wired and
wireless networks in given table. Table 1 has all simulators considered in the
previous section listed in the consecutive columns and main features and its
base [7] in the context of all simulators in the consecutive rows,
respectively [3].

Wireless Networks simulators exhibit different features and models. Each has
advantages and disadvantages, and each is appropriate in different situations.
In choosing a simulator from the available tools, the choice of a simulator
should be driven by the requirements. Developers must consider the pros and
cons of different programming languages, the means in which simulation is
driven (event vs. time based), component- based or object oriented architecture,
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the level of complexity of the simulator, features to include and not include,
use of implementation, and practicality of testing large-scale networks

(8].
TABLE I: CHARACTERISTICS OF DIFFERENT NETWORK SIMULATOR

TOOLS

Protocols Types Based On
Supportted
OPNET ATM, TCP, | Commercial Finite State
FDDI, IP, Machines
Ethernet, Frame
Relay, 802.11
OMNET++ Wireless Open Source for | Object
Oriented Academia Oriented
Concepts C++
GlomoSim Wireless Open Source Object oriented
Networks Concepts JAVA
and PARSEC
Qual Net WAN, Wired, | Commercial Object
Wireless Oriented
Networks Concepts C++
NS-2 TCP/IP, Open Source Object
Multicast, Oriented
?outlngl, Tep Concepts of
r?toco s C++and OTcl
Wired &
Wireless
Networks




NJSIT VOL. 5, NO. 1, JUNE 2012 93

5. NETWORK SIMULATORS COMPARATIVE STUDY

Widely Used simulators are Ns-2, GloMoSim, OMNet++, OPNet, and QualNet.
While for physical layer2, very few simulator tools are used. The theoretical,
numerical, statistical analyses are vastly used for physical layer. As a
simulator, NS2, GloMoSim, Qualnet, OPNET, OMNET++ is used for the
implementation of the error model at the physical layer [6]. In this section, we
will give a short overview and a comparative study about the five widely
used network and system simulators, respectively.

In this sub section we summarize the most interesting capabilities,
advantages, base language and type of existing simulating tools for wired and
wireless networks in given table. Table 1 has all simulators considered in the
previous section listed in the consecutive columns and main features and its
base [7] in the context of all simulators in the consecutive rows,
respectively [3].

Wireless Networks simulators exhibit different features and models. Each has
advantages and disadvantages, and each is appropriate in different situations.
In choosing a simulator from the available tools, the choice of a simulator
should be driven by the requirements. Developers must consider the pros and
cons of different programming languages, the means in which simulation is
driven (event vs. time based), component-based or object oriented architecture,
the level of complexity of the simulator, features to include and not include,
use of parallel execution, ability to interact with real nodes, and other design
choices.

There are several popular network simulators such as Tiny OS Simulator
(TOSSIM), National Chao Tung University Network Simulator (NCTUns),
NetSim, Java Sim (Jsim), etc. Out of all above stated simulators, NS2 is most
widely used network simulator [1][6]. NS2 is open source and easily
available on internet. It is easy to download and install on any linux (open source)
based platform like Ubuntu, Fedora, Suse. Thus, big cost benefits especially for
those whose research projects are not sponsored by large amount and large
rich organization and university. NS2 support for applications, protocols,
network types, network elements, topologies, traffic
modes, etc [1] [6].

Above stated all simulators are not implementing protocols according to RFC
(Request for Comment) standardization. Only NS2 provides all its protocol
implementation according to RFC standardization specification [13].
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In addition to above stated features, NS2 do not create problems for errors
like SYN, END, ACK, URGENT [13].

6. NETWORK SIMULATOR-2 ARCHITECTURE

NS2 is a discrete event and packet level simulator [5] developed at US
Berkeley to analyse the performance of wired and wireless networks
[2][13]. It is object oriented simulator written in C++ and Otcl (Object
oriented TCL Tool Command Language) are object oriented then the question
arise in mind that why NS2 does uses two languages? Answering these question
because the simulator needs to fulfill two different purposes.

1) First, the detailed simulation of protocols require a system
programming language which can efficiently manipulate bytes, packet
headers and implement algorithm than run over large data set. For such task,
run time (execution time) is more important than turn around time. C++ is fast
to run but slow to change, making it suitable for detailed protocol
implementation [13].

2) Second, research in networks involves slightly varying parameters, setting
different configuration or quickly exploring different scenario. For such
task, iteration time is more important than run time. OTcl runs slow but
can be changed quickly, making it suitable for varying parameters,
configuration settings, etc. Thus, OTcl can be used to set up different topologies,
varying the number of nodes in topology, etc [13].

C. NS2 Architecture is composed for 5 parts:

a. Event Schedular

b. Network Components

c. TclCl (Tool Command Language with C++ and OTcl Language)
d. OTcl Library

e. Tcl 8.0 scripting language

Advantage of using Tcl language is, it does not need special editors, nor does
it has any complex structure that need to be followed during coding [2]. The
sequence of statements is also not necessary to be maintained, as it
automatically fetches the required instructions for topology generation and
other task as and when required.

To develop a network model research needs to follow following broad steps:
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Step 1: User writes simulation script using Tcl.

Step 2: Make the entry of each event occurred during simulation execution into
trace file.

Step 3: Display graphical form of simulator model during execution using
nam trace.

Step 4: Generate graphs based on trace file analysis and implementing c++
codes for analysis & graph generation based on dot tr file

7. NETWORK MODEL GENERATION

Now moving towards 1% step we go for detailed study of generation of
simulation scripts. As stated before, for generation of simulation script we use
Tecl scripting language [2]. We generate a network simulator having 8 node
structures with one router which when congested due to heavy traffic drops
the packets. Fig 1 shows the Network Topology providing us the overall idea
for our test bed. We start our simulation by generating object of the simulator.
This can be done using following syntax:

set <object name> [new Simulator]
One example for the above specified syntax:

set ns [new Simulator]

Fig. 1 The architecture of nodes
We can use routing or we can omit this activity under simulator.
Syntax: $<object>rtproto <protocol>
Eg: $Sns rtproto DV

Before moving forward, we should generate the trace file to store the output or
log of the execution which is further used for analysis of experiment after the
experiment ends. We can do this as stated below.
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Syntax:
Set <file instance> [open <filename>.tr w] Eg: set f [open out.tr w]

This creates the file with file name and open that file in write mode. After
opening the file, we need to set our simulation to store all events to that log
file in .tr format. This can be done by:

Sns trace-all $f

Thus, we have set all settings for trace file where entry to file is made when
simulator is in run mode. Once the task of trace file generation is over, we move
forward for generation of nam file to display the graphical format of events
occurring in trace file. This can be done as follows:

First create object for nam file and then attach that object to operation.

eg. set nf [open out.nam w]
Sns namtrace-all $nf

Now next step for us would be the generation of topology. Topology consists of
nodes and edges.

Talking network point of view, we generate senders and receivers and
intermediate gateways and then we set TCP connections between nodes.
Generation of nodes would be the first step to topology generation.

eg. # 0, 1, 2, 3, and 4 are sender nodes.
set nl [$ns node]

# 5™ node named as G is acting as gateway or intermediate node

set n5 [$ns node]

# 7% node is named R is acting as receiver connected through gateway node
set n7 [$ns node]

# Hash indicates comments here.

Here we named G and R as gateway and receiver respectively. Till we do
not set the parameters and link specifications between the nodes, each
sender, receiver or intermediate nodes are treated as same i.e a simple node
or terminal. We can see that definition has no difference between them whether a
sender, receiver or gateway.
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As there are many senders sending to single receiver in our topology, we prefer
to distinguish between the traffic flows from each sender to single receiver.
For this purpose, we would like to suggest following syntax.

# Define different color for data flow.
Sns color 1 Red;
$ns color 2 Sea Green; $ns color 3 Blue;

This gives different colour to traffic generated between source nl to receiver
R, from n2 to R, n3 to R and n4 to R. This research specifies the colours
between different senders sending traffic to single receiver and then next step is
defining the edges between created nodes.

# create links between nodes

Sns duplex-link Snl $n5 6mb ims Droptail
$ns duplex-link $G $n7 6mb 1ms Droptail

In the congestion situation, our router would try to accommodate
maximum of the packets limited to size of queue defined. To define this, we
can use following code.

Eg. $ns queue-limit $n5 $n7 5

The example in this research indicates that buffer size to accommodate
unsent packets is set to 5 packets. After 5 packets are added to queue, further
congestion results to packet dropping.

This research also defines the layout of the proposed topology. This is done
using following code for each node and goes on as per topology
requirement.

Sns duplex-link-op Snl $n5 orient right-up
Sns duplex-link-op $n2 $n5 orient right
Sns duplex-link-op $n3 $n5 orient right-down

$ns duplex-link-op $n4 $n5 orient right

We can start monitoring queue at particular time. This can be done using
following code.

$ns duplex-link-op $n1 $n5 queuePos 0.5.

We can use this code for each connection between nodes with gateway. Next
job for us would be creation of traffic. Before execution start, even if we have
topology ready, parameters determined, execution of simulation is effective
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only if we generate test traffic. Even the analysis can be done only after the
traffic is generated and executed.

Traffic can be of two types: Connection oriented and Connectionless. To
create connection oriented traffic, we need to take help of TCP and SINK agents
available with NS2. And to create connectionless traffic, we need UDP and
NULL agents. This can be done between each sender and receiver using
following code.

#Setup a TCP connection
set tcp [new Agent/TCP]
S$ns attach-agent $n0 Stcp

set sink [new Agent/TCPSink]
S$ns attach-agent $n7 Ssin

$ns connect Stcp Ssink Stcp set window_ 8 Step set fid_1
#Setup a FTP over TCP connection set ftp [new Application/FTP]
Sftp attach-agent Stcp

Sftp set type_ FTP

#Setup a ubDP connection
set udp [new Agent/UDP]
Sns attach-agent Sn4 Sudp
set null [new Agent/Null]
Sns attach-agent $n7 Snull
Sns connect Sudp $null
Sudp set fid_

#Setup a CBR over UDP connection set cbr [new Application/Traffic/CBR] Scbr
attach-agent Sudp

Scbr set type_ CBR
Scbr set packet_size_ 1000 Scbr set rate_ 1mb
Scbr set random_ false

In the above written code, we set TCP connection on source and attach it to
sender node. Then we created TCP Sink to receiver. We connected the TCP
and TCPSink. Also, we set window size equal to 8. The set up flow of traffic
between 2 nodes have been given id 1 in last line. There after we created FTP
over TCP connection. Not only data packets also files can be transferred over
the same connection between nodes n0 and n7.
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Then we created UDP connection between nodes n4 and n7.We generated CBR
(constant bit rate) traffic over UDP connection with the packet size equal to
100 and rate set to 1mb with no randomization. These connections set are
shown in figure 2.

Same code would be implemented between other nodes with options
available for agents are TCP, TCPSink, UDP, Null, CBR, etc. Connection
between these nodes gets completed only after connecting these nodes.

We are done with all other task. Moving towards end of the definition of tcl file,
we define finish procedure.

Proc finish {} {
global ns

Sns flush-trace

puts “running nam...”
exec nam -a out.nam &
exit 0}

Above stated code sets global instance of ns and clear trace logs stored in trace
file. Gives output string indicating that now graphical version of simulator
in the form of nam (network animator). Thereafter, it executes NAM file.
Finally it exits. Now the only thing remaining in our model is to set the start
and stop time for running our simulator model. This can be done as follows.

Sns at 0.5 “$ ftp, cbr start” Sns at 150.0 “$ ftp, cbr stop” $ns at 150.05 “finish”
Sns run

Thus, after calling the finish procedure, we have called the instance to run the
created simulator model.

Before we can proceed with performance evaluation, we must choose the
different metrics that would help us in making comparisons. There could
be different metrics to determine the performance like throughput, delay,
jitter, packet loss. The choice of metric would depend upon the purpose of
the network setup. The metrics could be related to the different layers of the
network stack. For example, TCP throughput is based on the application layer,
whereas IP round trip time is based on the network layer. For example, a
network supporting multimedia applications should have minimum delay and
jitter. Packet loss might not be a critical issue for such a network. However,
packet loss might be a considerable factor for networks supporting textual data
oriented applications, something like someone downloading by FTP.
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Once the metrics have been chosen, one goes for their quantitative
evaluation by subjecting the network under diverse conditions. For example,
one could make step by step increments in bandwidth of the links, which in
turn improve the throughput. However, the throughput might get saturated
beyond the certain point. That is, further increase in bandwidth would not
improve throughput. Thus, the optimum value of bandwidth has been
determined.

It might not be always possible rather feasible to obtain best performance
from a network due to various factors like high cost equipments, network
and topology complexity, compatibility of available network components. In
such cases one would like to obtain optimum performance by balancing
different factors which we call trade off between available benefits and
inevitable odd situations.
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Fig. 2 TCP and FTP are set for communicating nodes
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8. PERFORMANCE MEASUREMENT:

Latency: It can take a long time for a packet to be delivered across intervening
networks [16]. In reliable protocols where a receiver acknowledges delivery of
each frame of data, it is possible to measure this by taking help of round-trip
time [3].

Packet loss: In some cases, intermediate devices in a network will lose
packets [15]. This may be due to errors, to overloading of the intermediate
network, or to intentional discarding of traffic in order to enforce a
particular service level. In our case after queue is full, our network start
dropping packets

Retransmission: When packets are lost in a reliable network, they are
retransmitted. This incurs two delays: First, the delay from re-sending the
data; and second, the delay resulting from waiting until the data is received in
the correct order before forwarding it up the protocol stack[4][15].

Throughput: The amount of traffic a network can carry is measured as
throughput, usually in terms such as kilobits per second. Throughput is
analogous to the number of edges between sender and receiver, whereas
latency is analogous to its speed limit [15][18].

9. PARAMETERS AFFECTING THE PERFORMANCE OF NETWORK

Different parameters can together or independently affect the output that
determines how well a network would perform. Few such parameters are
specified below.

Queue type and queue size: The queue of a node is implemented as a part of
a link whose input is that node to handle the overflow at the queue. But if the
buffer capacity of the output queue is exceeded then the last packet arrived is
dropped. We do set the buffer capacity by wusing queue size
[16][17][18].

In our case, queue type is set to Drop Tail and Queue size is 5 packets, after
that, packet start dropping instead of en-queueing[18].

Bandwidth: It is the maximum data transfer rate that is allowed by the link.
It is measured in unit bits per second (bps)[18].

Propagation Delay: It is the amount of time required for a packet to travel from
one node to another [4][18]. If the propagation delay is high then throughput
will be low i.e they are inversely proportional to each other. This also inspire
high rate of resending if the wait time for ACK is small at sender side.
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10. PERFORMANCE EVALUATION TECHNIQUES

Before starting with tuning the performance of a network one must remember
that the performance, to some extent, depends on the workload as well as the
topology [4][17]. A given topology might give different throughputs under
CBR and exponential traffic. Keeping this in mind, one can go for studying
an actual network. Otherwise one can simulate its performance using suitable
parameters. These simulations would largely depend on queuing theory.

Network Performance Evaluation in NS2

In this section we discuss how to evaluate performance of a network by
simulating it with ns2 [14].

Design, develop and generate a network topology to be used within the
simulation. This could be a wired network, in which case the topology remains
fixed. However, for a wireless network with mobile nodes the topology would
change with time, or randomly. This we have kept for future work [4].

Once the topology has been generated, traffic source (sender) and
destination (receiver) are fixed. Assign suitable traffic sources to the source
nodes like tcp, udp and fpt, and traffic sinks like sink, null to the destination
nodes.

Some of the parameters that can be used for comparative study of performance of
the network are: link bandwidth, propagation delay, node queue type. For
example: In ns2 we do create a link by using this code:

1 $ns simplex-link $n2 $n6 0.3Mb 100ms DropTail 2 $ns duplex-link $n3 $n6 0.3Mb
100ms DropTail

In this code there could be three parameters namely bandwidth,
propagation delay and queue type. We can vary these parameters and
could possibly obtain different throughputs. From there we can determine
the conditions that provide higher throughput values. That is, we can alter
different parameters and study their effects on one or more performance
metrics and thereby filter out the combination of parameters that gives best
performance.

Performance of the network can be determined by considering different
metrics for example 'Throughput'[18]. We can vary these parameters and
could possibly obtain different throughputs, which can be plotted using x-
graph. From there we can determine the conditions that provide higher
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throughput values. Make suitable combinations with the parameters that will
bring some changes in the throughput. Use the best combination of parameters
which will bring the improvement in available throughput and implement it
giving us best throughput.

This study considers only one performance metric. ie. throughput in our
experiment. Other metrics like packet loss, latency [15] and retransmission [18]
can also be measured to evaluate the performance of a network in a more
accurate way which will help us to setup the network in a improved manner
giving us better result than previous.

11. CONCLUSIONS AND FUTURE WORK

In this paper, we discussed few characteristics of most widely used
network simulator tools based on a couple of papers and our survey. Then,
with the results of our survey we shown that best suitable network simulator
tool for specific case of ours would be NS2 and discussed the criteria of
selection of NS2 tool for our requirement. With this paper we documented
important issues with implementation of the required topology in selected
network simulator tool that is NS2. We suggested increasing the reliability and
performance criteria to be considered and to be improved repeatedly of
simulation studies.

Based on our work, researchers can take decision to use various simulation
tools as per individual’s requirement. This paper would help deciding optimum
network simulator for the researchers.

Finally, we hope, the result is presented in this paper will motivate the
researches to put their efforts in thorough descriptions of the simulation
scenarios and taking care of issues in simulation studies of wired and wireless
networks.
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