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Abstract 

The simulation of mobile networks relies on a reliable movement generation. 

Random movement patterns are frequently used in simulators. In this report, 

the performance of the popular setdest movement generator, which is built 

into the ns2 open source simulator, is investigated using two statistical tests: 

quadrat count test and the variance to mean ratio (VMR) test. The results 

show a non-uniform distribution of nodes during the simulation with a bias 

towards placing the nodes in the center of the simulated area. We propose 

and implement a different method for random movement generation in the 

ns2 simulator and show that our movement generator improves the random

ness of the node distribution during the simulation. The new generator was 

successfully tested with the ns2 simulator. 
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Chapter 1 

Introduction 

This report focuses on two main aspects: investigating the setdest utility 

used in the open source network simulator ns2 which is generating random 

movements of the nodes, and building a new random movement generator 

that can work with the ns2 as we11[16,19]. For the investigating portion, 

we will compare and contrast the randomness and the delivery ratios of both 

generators. In this chapter, we present a general view of the networking from 

both wired and wireless perspectives, of mobile networks, and of mobile ad 

hoc networks. We also investigate the network performance methods and 

finally outline the description and scope of the problem. 
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1.1 Networking 

Generally speaking, communication networks can be divided into two main 

categories: wired and wireless. Wired networks exist between a number of 

devices connected to each other using connecting media such as cables and 

routers. Wired networks can be applied within an area limited by the cables 

and routers that allow for sending and receiving of data. Wireless networks, 

on the other hand, are free of such space limitations and are able to connect 

different devices more easily. A wireless node can function both as different 

hosts and different routers and it forwards the packets to neighboring nodes. 

1.1.1 Wired Networks 

Wired networks are networks that contain two or more computers connected 

to each other using cables and routers to deliver data packets between com

puters. Wired networks are limited by the physical cables required to connect 

the computers. 

1.1.2 Wireless Networks 

Wireless networks are networks that have a number of devices connected 

to each other without using any kind of cables to deliver the data packets. 

Transmission takes place over a wireless medium, typically electromagnetic 

(radio) waves. Nodes in wireless networks play an important role in sending 

and receiving data packets while simultaneously acting as routers. There are 
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six types of wireless network; each has criteria distinguishing it from the oth

ers. These types are wireless personal area networks (WPAN s), wireless local 

area networks (WLAN s), wireless wide area networks, wireless metropolitan 

area networks, mobile devices networks, and finally, wireless mesh networks 

[29]. This report focuses primarily on mobile networks. 

1.1.2.1 Mobile Networks 

Mobiles ( cell phones) have become one of the necessities of daily life. Mobiles 

make communications among people much easier and play an important role 

in many aspects of our lives, including communicating with family, friends, 

work or study colleagues, and business associates. Mobiles can do much more 

than a typical communication using voice. Mobiles can make calls, send 

text messages, capture pictures and videos, browse the internet, use social 

networks, and many other things not related to this study. Mobiles connect 

to the internet using the Internet Protocol (IP) [1]. IP is a network layer of 

the TCP /IP protocol stack that delivers the packets of information [1]. The 

TCP /IP protocol stack is created based on five layers to send and receive 

information between two units [1]. There are some other protocols used 

with mobiles such as MITP and MVolP. MITP is based on Mobile Internet 

Telephony Protocol, which is an application layer protocol that deals with 

a model known as client and server for mobile Internet services [2]. MVoIP 

is another protocol that is used to communicate and pass voice through the 

mobile; it stands for Mobile Voice over IP [3]. 
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A cellular network is a large network that contains mobile nodes along 

with base stations [4]. A cellular network can have more than one base sta

tion, and all base stations are connected to each other to make the whole 

network. A base station is a node that has different criteria from other 

nodes, such as a high energy demand [5]. Furthermore, the base station 

is a fixed-location transceiver that serves each cell in the area [6]. Hun

dreds of phone users in a specific area who are supported by the same base 

station are assigned different frequencies. Multiple base stations and their 

controllers can be connected by one of three link types: wireline, fiberline, 

or wireless microwave links. A base station controller typically serves more 

than 100,000 phone users and switches their support among adjacent base 

stations. Base stations have characteristics such as location, connectivity to 

public switched telephone network, use of mobile switching centres, and the 

ability to communicate with mobile stations using transceivers. Frequency 

reuse is a highly-common strategy in cellular networks. Adjacent cells in a 

network each use a radio frequency; given their limited number, frequencies 

are reused under the restriction that adjacent cells cannot have the same 

frequency [11]. 

Networks containing computers, mobiles, game devices, etc., can be 

connected to each other by different types of wireless networks, called ad hoc 

networks. Ad hoc networks are different from other networks because they 

have no need for designated routers or centralized control of the network. 

Ad hoc is originally a Latin phrase meaning for this purpose. Ad hoc 
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is a connection between two or more devices, and it can be either wired or 

wireless without central control [7] [11]. Two mobile hosts can communicate 

with each other without having both hosts in the same range of transmission 

as long as the packets can be transferred between them with the help of other 

mobile hosts [7]. Having ad hoc networks without central control gives the 

opportunity for a number of different applications to deal with the ad hoc. 

There are three main applications that can deal with wireless ad hoc net

works. These are wireless mesh networks (WMN), wireless sensor networks 

(WSN), and mobile ad-hoc networks (MANET) [22]. 

Firstly, wireless mesh networks have nodes containing mesh routers 

and mesh clients [8]. The nodes in this application can be hosts, routers 

to transfer the packets for themselves, or nodes that have no direct wire

less connection with their destinations [8]. Wireless mesh networks have 

the advantages of low up-front costs, ease of maintenance, robustness, and 

trustworthy service coverage [8]. 

Secondly, a wireless sensor network is a number of sensors or nodes 

connected to each other using wireless network media to accomplish sensing 

tasks [10]. Wireless sensor networks can be used in many ways, such as se

curity, monitoring, or following patients health [10]. The main advantages 

of wireless sensor network application are low power for communicating un

tethered over a short distance and collaboration with the others as a group 

[9]. 

Finally, mobile ad hoc networks (MANETs) will be described in detail 
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in the following section. 

1.1.2.2 Mobile Ad hoc Networks (MANET) 

The mobile ad hoc network (MANET) is a subcategory of ad hoc networks, 

which are described in detail in the previous section. Ray argues that with the 

advent of newer technologies, mobile ad hoc networks are becoming an inte

gral part of next-generation networks because of its exibility, autoconguration 

capability and lack of infrastructure, ease of maintenance, self-administration 

capabilities, and cost-effectiveness [12]. A MANET contains mobile nodes 

that can be connected wirelessly to each other, for example, through ei

ther Wi-Fi or Bluetooth. Node can be connected over wireless links in ad 

hoc fashion without central control; this is one of the main advantages of 

MANETs. In addition, MANET is dynamic and does not rely on fixed or 

static structures [12]. 

Consequently, the frequent changes that occur in network topology 

play a very important role in mobile ad hoc network protocols performance 

[12]. MANET consists of mobile nodes, and these nodes move in the space 

following a pattern based on user preferences, or they follow an algorithm 

that can be random or uniform. There are many mobility models for ad hoc 

networks. In this report, some of them will be described in detail in Chapter 

3, such as Random Walk Mobility Model, Random Waypoint Mobility Model, 

Random Direction Mobility Model, A Boundless Simulation Area Mobility 

Model, GaussMarkov Mobility Model, A Probabilistic Version of the Random 
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Walk Mobility Model, and City Section Mobility Model [13]. In addition 

to continuing the movement, bandwidth optimization, power control, and 

transmission quality enhancement are some of the usual factors impacting 

MANET performance, all of which are outlined in the literature on wireless 

and mobile communication using ad hoc networks [21]. 

1.2 Investigating Network Performance 

Each new network has to be investigated and evaluated before the network 

can be opened for regular use. By evaluating network performance, the errors 

in network operation can be detected and corrected before the network is put 

to use. There are three approaches that can be followed to investigate the 

network performance: empirical study, analytical modeling, and simulation. 

1.2.1 Empirical Study 

In an empirical study, the actual network is used under a controlled envi

ronment. Test users that behave like real users are needed. Performance is 

measured by observing the actual network in use. The main inconvenience of 

this approach is that the entire network or a significant portion thereof must 

be built, which can be both difficult and expensive. In an empirical study, 

the actual network is used under a controlled environment. Test users that 

behave like real users are needed. Performance is measured by observing the 

actual network in use. The main inconvenience of this approach is that the 
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entire network or a significant portion thereof must be built, which can be 

both difficult and expensive. 

1.2.2 Analytical Modeling 

Analytical modeling is a tool that uses analytical techniques to predict net

work performance. Using mathematical formulae to calculate interactions 

that might happen between different network entities allows us to predict 

network performance. Analytical models help to detect errors that might 

occur while the network is operational so that they can be solved before 

the actual network is constructed. Analytical modeling should be done us

ing one-dimensional and two-dimensional tests with both static and dynamic 

situations for topology. Analytical modeling will be examined in more detail 

in Chapter 4 below. 

1.2.3 Simulation 

Simulation is testing using a computer program to track the behaviour of a 

network. Simulation includes protocol simulation, movement simulation, and 

traffic generators. Network simulation helps determine how a real network 

would function and helps predict the networks behaviour. Several program

ming languages and simulators are used for network simulation, such as Java, 

C, or ns2; in this report, however, we focus on ns2 and Java only. 
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1.2.3.1 Network Simulator 

A network simulator ( or ns2) is a functional tool that was first used in 1989 

and became one of the most commonly used tools for testing networks (27). 

N s2 uses the same functions as protocols such as TCP and UDP to simulate 

the nodes movements and behaviours and to choose the appropriate network 

type and the preferred traffic model (27). All aspects of simulation are defined 

in a TCL script that denotes the number of nodes, the topology, the data 

traffic etc. Using the Network AniMator (NAM), ns2 visually depicts the 

movement of nodes and the transfer of packets [27). 

The random movement in ns2 is implemented using a tool called set

dest. Setdest is an independent tool that generates the movement and creates 

the OTcl file that can be read from the simulation TCL file to simulate the 

movement. Setdest generates the movement following the Waypoint Algo

rithm, which is described in Chapter 3 in more detail [6,13,17,18). 

1.3 Problem Description and Scope 

The main focus of this study is an investigation of how movement generators 

are used in network simulation in ns2 and how to generate random movement 

for the nodes in the wireless network. 

In order to evaluate the network performance, we need to simulate not 

only the network behaviour but also, in the case of mobile networking, the 

node movement itself. This requires generating the nodes trajectories and 
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movements, which can be accomplished with a movement generator. Every 

mobile network simulation requires such generators; as a result, we need a 

variety of movement generators to study different mobile network scenarios. 

The main scope of this report is the investigation of the setdest util

ity used in ns2 to generate the random movement, and the development of a 

new random movement generator for use in ns2. In particular, this report de

scribes the performance of ns2 setdest, from the point of view of how random 

the movement is, using statistical tests. Also, a new method for generating 

simulation movement is described and integrated into ns2 simulation. 

In Chapter 2, we present the background information and the related 

work on movement generators. In Chapter 3, we present the movement 

in MANET, providing some movement types supported by some mobility 

models. Finally, in Chapter 4, we investigate the performance of the setdest 

utility and the custom generator using some tests also described in that same 

chapter. 
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Chapter 2 

Background 

Section 2.1 covers the major factors and movements that impact the networks 

performance. Section 2.2 identifies some related works that have been done 

by other researchers working in this field. 

2.1 Factors that Impact Network Performance 

Network performance is not always consistent across networks because there 

are some factors that play important roles in the performance. Each in

dividual factor, or a combination of more than one factor, can change the 

performance of the network. Some of the main parameters that can make 

the difference to the network performance are bandwidth and latency. 

Bandwidth is one of the characteristic measurements used to test net

work performance, and sometimes it is also be as a throughput. Second, 
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latency is the other major method of measuring network performance. La

tency, also known as delay, refers to the time it takes for a message to travel 

from one end of the network to the other. The propagation time, transmit 

time and queuing time are the three major components that on which latency 

is based. 

2.1.1 Movement has Performance Impact 

In mobile networks like MANET, the node movement results in changes 

to the network topology and in turn has an impact on the performance of 

the entire network. The movement of mobile nodes can be classified under 

three main categories: deterministic, random and uniform. Each of these 

movement categories has a number of movement styles, and each style has 

its own performance. Each movement style impacts the movements within 

the network and cosequentily the netwok performance directly or indirectly 

and positively or negatively, all which could determine network performance 

to greater or lesser extents. The theory of natural movement as studied by 

N.S. Dalton and R.C. Dalton tried to quantify the effect on the performance 

of MANET [23]. One previous study at UNB by Xinmei Zhang investigated 

two main movement styles, random movement and urban movement, and 

compared them in terms of their impact on the network performance [32]. 
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2.1.2 Selected Related Work on Movement Generators 

Network simulator ns2 is a tool used to experiment with networks, to estab

lish movements and to investigate the performance in many different ways. 

Ns2 deals with both wired and wireless networks with a variety of choices 

of parameters. The movement generator in ns2 is described in the following 

sections in detail. Random movement in ns2 can be generated using the 

well-known utility called setdest, which uses the Random Waypoint Mobility 

model [24, 7]. 

T. Camp, J. Boleng and V. Davies [7] stated that many random move

ment mobility models are having problems with the border effect. When a 

mobile node reaches the boundary, it either stops moving for a period of time 

or bounces back to the simulation area towards the centre. The behaviour 

makes the mobile node more likely to be in the centre than along the side, 

resulting in more clustering in the centre and more unbalanced randomness 

of the node generally. The Random Waypoint Mobility model is one of the 

algorithms that operate with this problem. This defect in the Random Way

point Mobility algorithm applies to the setdest utility performance and to 

the ns2 simulation as a whole. A voiding the clustering that might happen 

in the centre of the simulation area while using the setdest utility can be 

done by using the Boundless Simulation Area Mobility model which allows 

the nodes to cross the boundaries and to reappear at the other side of the 

simulation area. The Boundless Simulation Area Mobility model is described 

further in Section 3.1, under the subheading Movement types. 
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F. Choy, J. Bltjens and R. H. Soni, in [26) investigated the perfor

mance of the hyper wireless ad hoc networks in two main ways, with static 

and dynamic nodes. They used a number of movement mobility models to 

perform this investigation, and as a result of their work they stated that there 

was no significant impact on some of the performance categories they used, 

such as packet delivery ratio and routing load. However, other categories 

such as throughput and end-to-end delay varied from time to time. 

At UNB, Xinmei Zhang [32) discussed the MANET performance in 

different simulated environments. Zhangs report relied on the free space 

environment and the urban environment to investigate network performance. 

The main result was that MANETs performance in free space was better than 

the one in the urban environment. The testing of the two environments was 

done using two routing protocols: DSDV and DSR. 
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Chapter 3 

Movement in MANETs 

There are five types of mobility models described in [7]: 

• Exponential Correlated Random Mobility Model, 

• Column Mobility Model, 

• Nomadic Community Mobility Model, 

• Pursue Mobility Model, 

• Reference Point Group Mobility Model. 

Firstly, Exponential Correlated Random Mobility Model is a group 

mobility that has movement created using motion equations with a given 

position of a node or group of nodes at a specific time. Secondly, Column 

Mobility Model has a methodology of searching and scanning nodes following 

a given line, allowing each node to follow the other in a specific direction. 
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Thirdly, the Nomadic Community Mobility Model is a number of movements 

from one point to another as a group following specific realistic scenarios. 

Fourthly, Pursue Mobility Model also follows specific realistic scenarios for 

a group of mobile nodes. Finally, Reference Point Group Mobility Model 

(RPG M) denotes the random motion for a specific node or group of nodes 

that has a group leader to control the group motion [7, 3, 4, 2]. In addition 

to these five models, node movements can follow different movement types; 

three types will be covered more extensively in the following section. 

3.1 Movement Types 

Mobile ad hoc networks are based mostly on mobiles. Mobiles move around 

and change position relative to one another over time. Furthermore, mobiles 

or nodes can move following many types of movements, such as deterministic, 

random, and other movements. These types of movements can be generated 

on the computer using programming languages such as Java or C++, and 

then used by ns2 in simulation and movement visualization. 

3.1.1 Deterministic Movement 

Deterministic movement is based on the source, destination, direction, and 

velocity as known parameters [102, 31]. City bus movement is one of the 

most popular examples used to explain deterministic movement. A bus in 

a certain city has a specified rout and time schedule. Furthermore, the bus 
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source, destination, and direction are always known for every bus; we can 

calculate the velocity if needed while the source and destination are known 

parameters. This particular example can be shown in Figure 3 .1: Example of 

the city bus movement model representing buses routes in Fredericton, New 

Brunswick with all bus stops placed on the routes directions. 

Figure 3.1: Example of the city bus movement model (After (34]) 

3.1.2 Random Movement 

The random mobility used in MANET development and performance evalu

ation has different types. Even though the node movement is random, these 

types differ in the way the nodes move. Three random movement types have 

been investigated in [7]. These types are Random Walk, Random Waypoint , 
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and Random Direction. Each mobile node in the Random Walk model has 

a randomly generated starting position. The nodes travel from their start

ing position to a randomly generated new location by generating random 

direction and velocity. The velocity has to be bounded by minspeed and 

maxspeed values and the direction also has to be in range between O and 2 

[7]. A node changes direction and speed either at the end of a time interval t 

or if it traveled a distanced. The Figure 3.2 demonstrates how the Random 

Walk Mobility Model works. In this diagram the path of a single node is 

shown, with the lines modeling the paths and the dots modeling the turning 

points. 

In Random Waypoint, the movement is not constant since pause times 

are introduced. The nodes in this model have to pause for some time before 

they change direction or speed [7]. The nodes start at randomly chosen posi

tions, pause for some time, and then start moving in a uniformly distributed 

velocity between rninspeed and maxspeed towards a chosen destination. The 

drawback in Random Waypoint is clustering near the centre (i.e. having the 

probability that a nodes is near a given point increase towards the center 

of the area). Figure 3.3 shows the mechanism that the Random Waypoint 

Mobility Model uses when simulated. 

The Random Direction Mobility model [7] was introduced to over

come the drawback in the Random Waypoint model. In the Random Direc

tion model, a node travels at a chosen velocity in a chosen direction until 

it reaches the boundary or boundaries of the area rather than a randomly 
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Figure 3.2: Mobile node travelling following a Random Walk Mobility Model 
(After [7]) 

chosen location. Once a node hits the boundaries, it pauses for a time t, 

chooses a new direction, starts moving toward the boundaries again, and so 

on. For better understanding of this model, Figure 3.4 shows the Random 

Direction Mobility model mechanism. 

3.1.3 Other Movement Types 

In this section, some other movement models will be discussed. The other 

category contains four well known models: Boundless Simulation Area Mo

bili ty Model, Gauss-Markov Mobility Model, A Probabilistic Version of the 
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Figure 3.3: Mobile node travelling following a Random Waypoint Mobility 
Model ( After [7]) 

Random Walk Mobility Model, and City Section Mobility Model [7]. First, 

a Boundless Simulation Area is based on the velocity of the mobile node, of 

the current direction, and of the previous direction [5]. This model has a 

feature of handling differently the boundaries of the simulation, where some 

of the other models involve stopping or bouncing off once the mobile node 

gets very close to the boundary [7]. In Figure 3.5, the boundless simulation 

area model is shown. 

The Boundless Area mobility model will be covered in detail in this 

report in Section 3.3 while it is the new mobility model used in the custom 
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Figure 3.4: Mobile node travelling following a Random Direction Mobility 

Model ( After [7]) 

random movement generator. 

A Gauss-Markov Mobility Model looks like a random model when 

actually it is not, for it follows a pattern that can be predicted [7]. The Gauss

Markov model calculates two main parameters of each mobile node: speed 

and direction at a certain instance based on the last instances update [7, 1, 11]. 

This is a model that can have a simulation path as shown in Figure 3.6. 

The Probabilistic Version of the Random Walk Mobility Model is a 

model that uses probability to determine the next position by knowing the 

number of states of each position [7,14]. The probability of new movement 
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Figure 3.5: Mobile node travelling following a Boundless Area Mobility Model 

(After [7]) 

that follows the previous direction is higher than moving in any other direc

tion [7]. The Probabilistic version of the Random Walk Mobility model is 

shown in Figure 3.7 and it can be compared with the Random Walk Mobility 

model, shown previously in Figure 3.2. 

Finally, the City Section Mobility Model is a realistic movement model 

that uses a grid of columns and rows to represent streets and uses limited 

velocity for each particular area on the grid to represent movement around 

these areas using the streets. In the City Section Mobility Model, the mobile 

nodes start moving from some defined points in the grid and then move to 
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Figure 3.6: Mobile node travelling following the Gauss-Markov Mobility 

Model ( After [7]) 

some chosen destinations randomly [7, 15]. An example of the City Section 

Mobility Model is shown in Figure 3.8. 

3.2 Setdest Utility 

The setdest utility is a tool used to generate nodes movements for the mobile 

nodes in ns2 simulation first generating the nodes in the specified boundary 

and then using the Random Waypoint Mobility models algorithm to create 

random movements for the mobile nodes [6, 13, 17, 18]. There are two 
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Figure 3.7: Mobile node travelling following the Probabilistic Version of the 

Random Walk Mobility Model (After [7]) 

versions of the setdest utility that can be used in the ns2. These types 

are known as v 1 and v 2. Setdest uses the following parameters: setdest 

version number, node number, pause time, maximum speed of the movement, 

simulation time, x coordinate, and y coordinate. Version 1 is used in this 

report. ( On the other hand, version 2 uses slightly different parameters than 

version 1, such as setdest version number, number of nodes, maximum speed, 

minimum speed, speed type, pause time type, simulation time, x coordinate, 

and y coordinate [16,19]). The output of both versions will be exactly the 

same in terms of the structure, but there will be differences in the information 
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Figure 3.8: The City Section Mobility Model 

that allows ns2 to read the file and to execute the simulation as needed. The 

setdest utility generated file must be called by ns2 to get the simulation 

to run with the random movement based on the setdest utility using the 

Waypoint Mobility model. 

3.3 Custom Random Movement Generators 

The setdest utility uses the Random Waypoint Mobility model algorithm. 

The waypoint algorithm is known to have the border effect, which creates a 

kind of clustering at the centre of the simulation area as time increases [7]. 
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We identified the need for a new random movement generator that can be 

better or similar to the setdest utility in randomness and performance and 

at the same time avoids the border effect. The border effect problem can 

be sidestepped by following a different algorithm for example the Boundless 

Simulation Area Mobility model. The main idea of the boundless model is 

to allow nodes to breach the edges of the simulation area, thus permitting 

greater movement or navigation in the area. Moreover, going over the edges 

in the boundless simulation means that once the mobile node reaches the 

boundary on any side of the simulation area, it does not bounce the same 

way as it would in the other models; rather, it disappears from the one side 

and reappears at the other sides of the simulated area, continuing with the 

same direction, which makes the simulation area look more like a tube than 

a flat, four-sided plane. The computation complexity of generating this new 

movement in the boundless mobility model is the same as in setdest: the only 

difference is in considering condition when a node arrives at the boundary. 

In the case of setdest it bounces back, in the case of the new generator it 

reappears on the other side of the coverage area. Figure 3.9 shows the two 

views of the simulation area. 

Our random movement generator uses this method to avoid the bor

der effect without affecting the randomness performance too much. In order 

to avoid modifying and recompiling the entire source code of ns2, we decided 

to use the Java programming language to build the new random movement 

generator independently. The new random movement generator we built 

26 



(0 1 Ymax) (X max,Y max) 

Closed coverage area 

(0,0) (Xmax ,0) 

Figure 3.9: The simulation area of Boundless Simulation Area Mobility 

Model is shown as a tube [7, 28] 

generates a file readable by ns2 that has all the movements of all the nodes 

during the simulation time. During testing, while applying the Boundless 

Area Mobility model to the new movement generator, we faced a problem: 

ns2 does not allow for a node disappearing from one edge and reappearing at 

another edge. To address this issue, we had to split a single motion specifi

cation for a node into three steps: motion to the boundary, then skipping to 

the other side of the simulation area followed by continued motion from the 

other boundary to the destination. Shipping to a new position is not sup

ported by a standard version of ns2. Our solution proposed by DeDourek 

uses a new function, setpos, which forces a new position on a mobile node, 

without moving along a straight line like in the setdest function [33]. 
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Once this problem of jumping from one edge to another was solved, 

we applied this method to ns2 using the Java code. The Java code firstly 

generates the initial random positions of the nodes, giving them a random 

double for the x Coordinate between zero and xM ax, a random double for 

the y Coordinate between zero and yM ax, and zCoordinate equal to zero 

at all times for all nodes, where xM ax and yM ax are entered by the user 

along with the simulation time. These initial coordinates of x, y, and z have 

to follow a specific format that allows ns2 to read it correctly. The following 

is an example of the initial random position of one node in ns2 TCL format: 

$node_(O) set X_ 323.81544267544473 

$node_(O) set y_ 576.9394231828528 

$node_(O) set z_ 0.000000000000 

After randomly setting the initial positions of the nodes, it is the time 

to create the nodes movements by taking into account the following four main 

parameters: xEdgeMax, yEdgeMax, the simulation time and the maximum 

value of the interval Max _Movement. The node movements commands can 

be in one of two main formats. The first format is used for the node that 

does not reach the boundary, and this kind of format has the time, node 

number, xCoordinate, yCoordinate and speed. The other format is used 

for the nodes that jump from one side to the other. This second format has 

a small difference in the parameters than the first format. In this second 

28 



format we used setpos instead of setdest based on DeDoureks modifications 

to the ns2 mentioned above. Moreover, in this format there is no speed in 

one of the three movement commands that will be generated for the nodes 

which cross the borders. We used setpos instead of setdest because the node 

disappears from one side and reappears at the other side at precisely the same 

time. The time generated in setdest command is chosen randomly between 

0.0 and simulation time for all nodes. Moreover, the time for each movement 

of a single node depends on the time for the node immediately previous. 

First, the initial time used for each node as the pause time and also as the 

first value for simulation time is chosen randomly between the 0.0 and 5.0 

to keep the initial pause of the movement as brief as possible. The following 

equation shows how the initial node time is calculated: 

Tinitial = 5 > Random,double > 0 (3.1) 

Second, for all other moves, we set the pause time to O and increase 

the simulation time with a random double value between 0.0 and 15.0 (the 

maximum value of 15 was chosen to match the speed of movement in the 

custom generator with the corresponding value used in setdest ), and the 

only difference between the second move and the rest of the moves is that 

the time for the second move will be added to the initial time; however, for 

all subsequent moves, the equation will be different and will be shown later 

in this Section. The following equation demonstrates the second move of a 

29 



node that had an initial time calculated: 

b,.T = (15 ~ Randomdouble ~ 0) + Tt,nitial (3.2) 

Third, for all the movements from the third movement on and the 

time will be calculated using the following equation: 

b,.Tnew = (15 ~ Randomdouble ~ 0) + b,.T (3.3) 

Time is not the only random dynamic parameter in the movement 

commands, for the new position which includes the xCoordinate and 

yCoordinate is also a random dynamic parameter that uses a random double 

interval. Generating new positions for the nodes is based on two parameters: 

the angle and the random interval. Firstly, before generating a new position 

for a node, a random angle between O and 360 degrees has to be chosen based 

on the current position of the node using the following equation: 

angle = (360 > Randomdouble > 0) (3.4) 

Once the angle is chosen, using the maximum value of the interval 

is known from the user input, we can calculate the new xMax and yMax 

which is the end coordinates of the interval using the following equations: 

xMax = cos(angle) x Max_Movement (3.5) 
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yMax = sin(angle) x Max_Movement (3.6) 

After determining the xM ax and y Max, we now can calculate the 

new destination for a node that based on three main thingsthe angle, the 

M ax_M ovement, and xM ax and yM axby adding the new x and y coordi

nates to the previous coordinates following these equations: 

New xCoordinate + = xMax > Randomdouble > 0 (3.7) 

New yCoordinate + = yM ax > Randomdouble > 0 (3.8) 

The speed in the custom generator is calculated based on four main 

parameters, which are xCurrent, yCurrent, xOld, yOld, CurrentT and 

New M ovementT. Since we have these parameters, we can calculate the time 

for the current movement to reach the new position at exactly the specified 

time with the calculated speed using this equation: 

d 
J ( xCurrent - x0ld) 2 + (yCurrent - y0ld)2 

spee = 
(NewMovementT - CurrentT) 

(3.9) 

Finally, as described above, the movements commands can be for ei

ther a node that does not cross the border( s) or a node goes across the border. 
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The nodes that do not go across the border(s) will have just one generated 

movement command as in the following example: 

$ns_ at 63.904477062 "$node_(O) setdest 

118.025456608 271.953011717 9.048003190" 

On the other hand, the nodes that go across the border(s) will have 

three movement commands. The first line represents the movement from the 

current position to the border, the second line represents the jump from one 

border to the opposite border and the last line represents the movement from 

the border after the jumping to the destination. The following is an example 

of the generated three commands made by the custom random movement 

generator which represent the movement that has a jump from one border 

to the other through the movement: 

$ns_ at 102.779352050 "$node_(O) setdest 

247.578795505 0.000000001 12.273796854" 

$ns_ at 113.299385328 11 $node_(O) setpos 

247.578795505 999.999999999" 

$ns_ at 113.299385328 "$node_(O) setdest 

247.984526589 998.357412892 12.273796854" 

The speed of movement is the same in the first and the third lines, 

which are making the movement to be exactly the same before the jump and 

after it. Figure 3.10 shows the three movements that happen once the node 
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crosses the border ( s). 
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border 

o.o o.o) 

Figure 3.10: Three steps those nodes have to follow once they reach the 
boundary. 

In addition to the movement file readable by ns2 , the custom move

ment generator generates a trace file that has the following format: 

• Movement type either Regular Movement (M) or Jump ( J ) 

• Node Number 

• Time 

• Difference in time between the two movements. 
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• Speed of the movement. 

• Current xCoordinate 

• Current yCoordinate 

• Next xC oordinate 

• Next yCoordinate 

These parameters help to trace the movement while the simulation is running 

by the Java code. 

The following pseudocode describes how the new movements are gen

erated in the custom generator: 
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Algorithm 1 Pseudocode Describes How the New Movements are Generated 
in the Custom Generator 

input: list of nodes 
output: List of movements for a list of nodes 

for each node do 
x f-- randomnumber (0 ... 1) * xLength 
y f-- randomnumber (0 ... 1) * yLength 
time f- random (0 ... 1) * max_time_gap 
movements f-- list of movements 
add initial movement to movements list using x, y, time. 

while time < max_time do 
time f- time + random (0 ... 1) * max_time_gap 
double angle f-- random (0 ... 360) 
xl nside f-- x % xLength 
yl nside f-- y % yLength 
x f-- xlnside + cos(angle) * max_move 
y f-- ylnside + sin(angle) * max_move 
create new movement with x, y, time. 
add movement to move list 

end while 

for each movement do 
Movement curr f-- current movement 
Movement prev f-- previous movement 
Movement next f-- nextmovement 
distance f-- geometric distance from (prev.x,prev.y) 
to (curr.x, curr.y) 

time_dif f f-- next.time - curr.time 
speed f-- distance/time_dif f 
curr.speed f-- speed 

end for 

for each movement do 
Movement entry f-- current movement 
Movement next f-- next movement 
if entry.x < xLength and entry.y < yLength then 

write movement to file 
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else 
calculate equation of line created by (entry.x, entry.y) and(next.x, next.y) 

sople f- (next.y - entry.y)/(next.x - entry.x) 
intercept f- entry.y - (slope* entry.x) 
minDistanceToBoundary f- (oo) 
xOld f- entry.x 
yOld f- entry.y 

for each boundary do 
if line cross the boundary then 

distToB ound f- geometric distance to 
boundary inter section 

if distToBound < minDistanceToBoundary then 
mark this boundary as the first crossed 
minDistanceToBoundary f- distToBound 
entry.x, entry.y f- boundary intercept 

end if 
end if 

end for 
write movement to file 
if selected boundary is XMIN or XMAX then 

newX f- entry.x % xLength 
else 

if selected boundary is not XMIN or XMAX then 
newY f- entry.y % yLength 
entry.time f- the time for the current entry 

newTime f- entry.time + 
(minDistanceToBoundary / speed) 

end if 
end if 

end if 
write set position using newX, newY, newTime 
create new movement using xOld, yOld, entry.time and insert in 

movement list after entry 
end for 

end for 
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Chapter 4 

Investigating the Performance 

In this Chapter, we tested the performance of network simulation using a 

variety of tools, including the randomness tests and the delivery ratio calcu

lations. We have used the quadrats count test, the variance to mean ratio 

(VMR) test, and the confidence intervals from the tests to complete the 

investigation. 

4.1 Statistical Tests Used 

There are three main tests used in this research to help us with the inves

tigating part of the performance. This section describes the criteria and 

methodology of each test to give a better understanding of each test sepa

rately. 
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4.1.1 Quadrats Count 

The quadrats count test is an established technique used for analyzing the 

spatial point patterns, in our case network nodes, in an area by dividing 

this area into a certain number of sub-areas and then counting the number 

of points in each sub-area independently. Nevertheless, this technique does 

not collect all x and y coordinates; rather, it treats each node as a point in 

quadrat count calculations (30]. Moreover, the areas (quadrats) do not have 

to be only squares, yet in our tests and experiments squares are the only 

shapes used. Figure 4.1 represents how the whole simulation area is divided 

and used in this test. 

Each quadrat count represents the number of nodes in the area covered 

by the square. Counting of the nodes in each quadrat is programmed in 

Java. The Java program requires an input file generated by the ns2.This file 

is generated during the simulation by sampling the node positions at regular 

intervals, 10s in our case, and writing time, node number, xCoordinate and 

yCoordinate to the file. Then, the Java program reads this file, and based 

on the position of each node locates a quadrat it belongs to and increases 

by one the corresponding quadrat count. The Java code does that for all 

samples with the same time stamp. Consequently, the count in each quadrat 

represents the number of nodes in that quadrat. The Java program stores 

all quadrat counts corresponding to the node positions deserved at different 

times during the simulation ( every 10s) for the future analysis. The Variance 

to Mean Ratio (VMR) test can be then applied to these numbers to evaluate 
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0. ) 

Figure 4.1: Division the simulation area to sub-areas (Quadrats) . 

the randomness of the distribution of the nodes. 

4.1.2 Variance to Mean Ratio (VMR) 

The Variance to Mean Ratio test is a statistical test that describes the charac

teristics of a spatial distribution. We calculate the mean x, and the variance 

s2, of the number of points (network nodes) in each sub-area in the quadrat 

count method recorded at different times during the simulation. 
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Where: 

• xi denotes the quadrat count for a square at i, 

• m denotes the number of squares. 

Then we calculate the VMR: 

2 

VMR=~ 
x 

(4.1) 

(4.2) 

(4.3) 

The value of VMR indicates one of three possible scenarios: firstly, the 

uniformity in the nodes movements whenever it gets to value zero; secondly, 

the randomness in the nodes movements whenever it gets closer to one; fi

nally, the clustering in the nodes movements whenever it gets higher than 

one. The closer VMR is to 1, the more the points are randomly distributed 

[20]. 
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4.1.3 Confidence Intervals 

When comparing results from different simulation experiments, we will use 

confidence interval. The confidence interval is calculated based on the chosen 

confidence level. This confidence level can be between O and 100%. The 

confidence interval method can also be called t-test or z-test, where t-test 

can be used with samples less than 30; however, z-test can be used in cases 

with 30 samples or more. In this study, the t-test is the only confidence 

interval method used because we have only 20 experiment samples. The 

t-test uses the following equation to calculate the mean of all experiments: 

( 4.4) 

Where the x denotes the mean of the samples values, t denotes the 

value from the t-test distribution table that corresponds to the confidence 

level chosen, s denotes the standard deviation of the same values used in x 

and finally, n denotes the number of samples used. 

4.2 Comparing the Randomness in the Set

dest Utility and the Custom Generator 

As described in Section 3.2 above, the setdest utility is the random move

ment generator in ns2, and this report is mainly focused on investigating the 

randomness in setdest and comparing it to the custom generator. For the 
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investigation portion, the quadrats count and Variance to Mean Ratio tests 

have been used for this purpose. 

To compare setdest to the custom generator, we run five experiments 

for each generator using the following parameters. The simulation area is 

lOOOxlOOO 

• xEdgeM ax = 1000, 

• yEdgeMax = 1000, 

The simulation time is 1 OOOs and the number of nodes is 100. 

Furthermore, there are some extra parameters required by the setdest utility: 

• Pause time = 0, 

• Maximum Speed = 20. 

We run each ns2 simulation for 1000 seconds outputing nodes posi

tions at regular intervals, every 10s, obtaining 101 sets of samples, beginning 

with the first sample at the initial positions of the nodes for both the set

dest and the custom generator. Figure 4.2 shows how the VMR samples are 

calculated. 

We then calculate the quadrat counts for each set of node positions 

with the same time stamp, and then calculate the VMR for each set of 

samples. The average VMR from five runs is calculated and plotted on the 

chart. Figure 4.3 demonstrates the average of 101 VMRs samples from the 
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Figure 4.2: Sets of VMR samples 

setdest utility, whereas Figure 4.4 shows 101 average VMRs from the custom 

generator. 

Figure 4.5 shows the comparison between the setdest utility and the 

custom generator based on the results of the VMR test. 

We also note that the mean VMR recorded during five 1000s sim

ulation runs for the setdest utility is 1.422, and the mean for the custom 

generator is 0.985. Based on the evaluation we conclude that the custom 

random movement generator has better randomness performance that the 

setdest utility. 
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4.3 Comparing the Packets Transmission in 

Both Generators 

Recalling that the main deficiency of setdest utility was the clustering of the 

nodes in the center, we propose comparing the new generator to setdest by 

testing the transmission along the edges of the simulation area, and testing 

the transmission through the centre of the simulation area. In addition to 

mobile nodes, we placed two stationary nodes in the simulation area first 

one acting as a source generating 10000 packets of regular intervals lOOms 

over the simulation time of 1000 seconds, and the other node acting as a 

destination. For evaluating the transmission between these nodes we used 
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Figure 4.4: 101 means (of five VMRs) of the Custom Generator. 

the packet delivery (ratio) at the destination. 

The delivery ratio is a commonly used metric characterizing the qual

ity of connection and is defined as the ratio of the number of packets received 

at the destination node divided by the number of packets sent from the source 

node(s) [35]. In this report , when comparing the efficacy of the movement 

generators, we represent the deliverey ratio simply with the number of pack

ets received at the destination since the number of packets transmitted at 

the source is same in all the experiments. 

The other parameters used in both generators are exactly the same as 

the parameters used in the comparison in Section 4.2, with the only difference 

in that we have run the simulation with 20, 30 and 60 nodes. 
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Figure 4.5: Comparison of the 101 means (of five VMR runs) of the Setdest 
Utility and the Custom Generator. 

4.3.1 The Differences Between Both Generators in De

livery Ratio Through the Centre 

Since the simulation area is lOOOxlOOO and the test is through the centre, we 

test the delivery ratio in the path between the points [(0,500) and (1000,500)] 

with five samples (runs) and [(500,0) and (500,1000)] with another five sam

ples (runs). Figure 4.6 shows the delivery ratio through the centre for both 

the setdest and custom generator for the 20, 30 and 60 nodes. 

By applying the confidence interval method on the output that is 

shown in the Figure 4.5, and by using a confidence level (hypothesis) 95% 

46 



IA 

j 
u 
i ..... 
0 

j 
E 
= z 

• he delivery rat · by the .setdest 

utff through the center 

• he delivery rat · by he custom 
generator through the center 

3878.6 7 53.5 9 595.9 

1887 5600.5 9 90.8 

Figure 4.6: Comparison of the number of packets delivered through the centre 
by setdest utility and the custom generator. 

with 10 samples using the equation described in 4.1.3, we get the result detail

ing any significant difference, and the results are displayed in the Table 4.1: 

Table 4.1: The confidence interval results of the delivery ratio through the 
centre for both generators. 

I 60 Nodes I 30 Nodes I 20 Nodes I 
9459.91 6724.79 2945.23 

Setdest Utility TO TO TO 
9731.89 8182.21 4811.97 

9371.08 5150.65 1325.71 
Custom Generator TO TO TO 

9610.52 6050.35 2448.29 
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As shown in Table 4.1, there is no significant difference between the 

setdest utility and the custom generator in the delivery ratio through the 

centre while simulating the 60 nodes for 1000 seconds. However, there is 

significant difference when using just 20 and 30 nodes, which suggests that 

the delivery ratio through the centre in the setdest utility is higher than the 

delivery ratio in the custom generator. The following section outlines the 

comparison of the delivery ratio along the edges between both generators. 

4.3.2 The Differences Between Both Generators in De

livery Ratio Along the Edges 

The other way of testing the delivery ratio in this report is transmitting 

along the edges of the simulation area. Since the simulation area is square, 

there are four edges and for each edge collect five samples (runs), which gives 

a total of 20 samples (runs) for the edges. Each edge has the size of 1000. 

Figure 4. 7 shows the delivery ratio along the edges of the 20, 30 and 60 nodes. 

As shown in Figure 4.7 above, there are some similarities in the de

livery ratios. The confidence interval method used the t-test strategy de

scribed in Section 4.1.3 above. Table 4.2 gives the confidence intervals and 

demonstrates whether there is a significant difference between both genera

tors transmitting packets along the edges. 

The conclusion for Table 4.2 is that in the 20 nodes simulation for 1000 

seconds there is no significant difference between both generators. However, 
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Figure 4. 7: Comparison of the number of packets delivered along the edges 
by the setdest utility and the custom generator. 

Table 4.2: The confidence interval results of the delivery ratio along the edges 
for both generators. 

I 60 Nodes I 30 Nodes I 20 Nodes I 
3664.29 478.07 193.97 

Setdest Utility TO TO TO 
4802.91 955.53 576.43 

7933.68 1712.38 197.34 
Custom Generator TO TO TO 

8238.22 2351.92 468.96 

there is a significant difference in both the 30 and 60 nodes for a 1000 seconds; 

this time, the customer generator has a better delivery ratio in both 30 and 
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60 nodes scenarios. 

Next we will compare each generator ls performance in different regions 

of the experiment area. Specifically, we compare the transmission of packets 

through the centre versus along the edges, separately for each of the custom 

generator and for the setdest utility. Figure 4.8 shows the comparison of 

delivery ratio along the edges and through the centre in the setdest utility 

for the 20, 30 and 60 nodes, simulated for 1000 seconds. 
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Figure 4.8: Comparison of the number of packets delivered through the centre 
and along the edges using the setdest utility. 

Figure 4.8 shows the gap between the delivery ratio through the cen

tre and the delivery ratio along the edges by the setdest utility, indicating 

specifically that in 20 nodes the delivery ratio along the edges is 90.1 % of the 
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delivery ratio through the centre; furthermore , in 30 nodes the percentage is 

90%. Finally, in 60 nodes the percentage is 55.9%. 

On the other hand, Figure 4.9 shows the delivery ratio along the edges 

and through the centre for the custom generator only, for all the 20, 30 and 

60 nodes, simulated for 1000 seconds. 
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Figure 4.9: Comparison of the number of packets delivered through the centre 
and along the edges using the custom generator. 

In this chart the gap between the mean of packets delivered through 

the centre and along the edges is smaller: the delivery ratio along the edges 

in 20 nodes is 82.3% of the delivery ratio through the centre, in 30 nodes the 

percentage is 63.72%, and finally in 60 nodes the percentage is 14.8%. 
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Chapter 5 

Conclusion 

This study describes an investigation of the performance of the popular set

dest utility used in the ns2 network simulator has been investigated. We 

proposed and demonstrated the advantage of a new random motion genera

tor for use in the ns2 simulator. Testing the new generator shows a marked 

advantage over the standard setdest utility. Detailed results of our study and 

recommendations are given in section 5.1, and the speculations about future 

work are outlined in section 5.2. 

5.1 Results of the work 

We investigated the deficiency of setdest utility reported in the literature, 

namely the non-randomness in node distribution and the clustering of the 

nodes in the center. Our investigation using the quadrat count method re-
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sulted in the VMR value significantly greater than 1 indicating clustering of 

the nodes. We also investigated the transmission rates in different regions 

of a simulated network generated with a help of setdest utility. We compare 

delivery ratios for transmissions through the center of the experimental area 

versus transmissions along the edges of the area and found that there is a gap 

( a difference) in the delivery ratios when sending data through different re

gions. Based on these test results we conclude that the nodes generated with 

setdest tend to cluster in the center for the experimental region. To remedy 

this problem we proposed, implemented, and tested a new random movement 

generator based on the Boundless Simulation Area Mobility Model, which is 

described in the literature as offering better performance. We then tested 

the new movement generator using the quadrat count method and obtained 

the VMR values much closer to one than those obtained when testing set

dest indicating a better randomness performance than that achieved by the 

setdest. We also tested the delivery ratio across different regions using a net

work simulated with the help of the new movement generator and the results 

were again better than those produced by the setdest utility in transmitting 

packets: we found a smaller gap than in the case of the setdest once we 

compared the delivery ratio through the center versus along the edges. 

We recommend that the new movement generator to be used instead 

of the setdest utility when randomness of mobile nodes distribution is a 

requirement. The new generator will be particularly useful when comparing 

the performance of different routing protocols for the use in MANETs. 
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5.2 Future work 

We suggest further testing of both generators using different statistical meth

ods to obtain additional measures of their performance, since in our work we 

relied on positions of the nodes captured in snapshots, rather than consid

ering their dynamic paths. Furthermore, the custom movement generator 

could be made into a utility and then distributed with ns2. This may be 

possible since ns2 is an open source software. Finally, some different algo

rithms ( many more are described in the literature) could be used to build a 

new movement generator which might give better performance than the ones 

described in this report. 
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Appendix A 

RunningNodes class generates the nodes' movements based on the Node class 

shown in Appendix B 

A.1 RunningNodes Class 

import java.awt.Point; 
import java.awt.geom.Point2D; 
import java.io.BufferedWriter; 
import java.io.FileWriter; 
import java.io.IOException; 
import java.io.PrintWriter; 
import java.sql.Time; 
import java.util.ArrayList; 
import java.util.List; 
import java.util.Random; 

I** 
* This class contains a couple of algorithms indicating the moving 
* patterns of the nodes. 
* 
* ©author 
* ©version 0.1 
*I 
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public class RunningNodes { 
I** xLength is the Maximum X position *I 
private static int xLength; 
I** yLength is the Maximum Y position *I 
private static int yLength; 
I** The maximum for the random increment *I 
public static final int MAX_MOVEMENT = 150; 
I** The Maximum initial time *I 
public static final int INI_TIME = 5; 
I** The maximum time difference between Entries *I 
public static final int MAX_DIFF_IN_TIME = 15; 
I** THe minimum time difference between Entries *I 
public static final int MIN_DIFF_IN_TIME = 5; 
I** The closest distance to the boundary *I 
public static final double VALUE_TO_BOUNDRY = 0.0000000001; 
I** The format of setdest for the regular output *I 
public static final String SETDEST_FORMAT = "$ns_ at %14.10f" 
+ "\"$node_(%d) setdest %14.10f %14.10f %14.10f\"\n"; 
I** The format of Setpos (JUMP) for the regular output *I 
public static final String SETPOS_FORMAT = "$ns_ at %14.10f" 
+ "\"$node_(%d) setpos %14.10f %14.10f \"\n"; 
I** The format of setdest for the regular TraceFile *I 
public static final String STAT_FORMAT_M = ("\t M \t\t\t\t %d" 
+ "\t %14.10f \t %14.10f \t %14.10f \t %14.10f \t %14.10f" 
+ "\t %14.10f \t %14.10f \n"); 
I** The format of Setpos (JUMP) for the regular Trace file *I 
public static final String STAT_FORMAT_J = ("\t J \t\t\t\t %d" 
+ "\t %14.10f \t 0.0000000000 \t 0.0000000000 \t %14.10f" 
+ "\t %14.10f \t %14.!0f \t %14.!0f \n"); 
I** The Number of nodes *I 
private int numberOfNodes; 
I** The total simulation time *I 
private float runningTime; 
I** List of the nodes *I 
private List<Node> nodesList; 
I** Print writer for the regular output *I 
private PrintWriter writeToFile; 
I** Print writer for the regular trace file *I 
private PrintWriter writeToFileStatistical; 
I** Random number generator *I 
public static Random random= new Random(); 
I** List of all available movements *I 
private List<MovementEnum> movements; 

I** 
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* Constructor 
* 
* ©param numberOfNodes 
* int number of nodes 
* ©param xLength 
* int the Maximum X position 
* ©param yLength 
* int the maximum Y position 
* ©param runningTime 
* float the maximum time 
*I 

public RunningNodes(int numberOfNodes, int xLength, int yLength, 
float runningTime) { 
this.numberOfNodes = numberOfNodes; 
RunningNodes.xLength = xLength; 
RunningNodes.yLength = yLength; 
this.runningTime = runningTime; 
// Add movements to the movement list 
movements= new ArrayList<MovementEnum>(); 
// movements.add(MovementEnum.X_MOVEMENT); 
// movements.add(MovementEnum.Y_MOVEMENT); 
movements.add(MovementEnum.XY_MOVEMENT); 
} 

I** 
* The method initializes the output generates the nodes and write to 
* the files 
*I 

public void start() { 
init(); 
try { 
run(); 

} catch (Exception e) { 
e.printStackTrace(); 
} 

stop(); 
} 

I** 
* Initialize each node by giving each of them a random x and y 
* coordinates. 
* Also initialize the I/0 object to write the result into the file. 

*I 
private void init() { 
this.nodesList = new ArrayList<Node>(); 

64 



try { 
// initialize buffered writer 
writeToFile = new PrintWriter(new BufferedWriter(new FileWriter( 
"CustomRandomGenerator"))); 

writeToFileStatistical = new PrintWriter(new BufferedWriter( 
new FileWriter("Statinformation"))); 

// nodesList.add(new Node(-1, -1)); 
// nodesList.add(new Node(-1, -1)); 
// initialize nodes 
for (inti= O; i < numberOfNodes; i++) { 
double x =Math.random()* (xLength - VALUE_TO_BOUNDRY); 
double y =Math.random()* (yLength - VALUE_TO_BOUNDRY); 
Node node= new Node(x, y); 
System.out.println("Created node with x,y: 11 + x + 11

,
11 + y); 

nodesList.add(node); 

// write to the file 
writeT0File.write( 11 $node_( 11 + i + 11

)
11 + 11 set X_ 11 + x + 11 \n"); 

writeToFile.write("$node_(" + i + 11
)

11 + 11 set Y_ "+ y + 11 \n"); 
writeToFile 
.write("$node_(" + i +")"+"set Z_ 0.000000000000" + 
II "\n"); 

} 

writeToFileStatistical.write("Movement Type" + "\t" + "NodeNumber" 
+ "\t"+" Time"+ 11 \t\t\t" + "Difference In time"+ "\t\t" 
+ 11 Speed"+ "\t\t\t" + "Current X" + 11 \t\t\t" + "Current Y" 
+ 11 \t\t\t"+ 11 Next X" + "\t\t\t" + 11 Next Y" + "\n"); 
} catch (I0Exception e) { 
e.printStackTrace(); 
} 

} 

I** 
* For each node this generates a list of entries which describes that 
* node's movement, once the entries are created it writes the output 

* 
* ©throws Exception 
* if there is an error writing to the files. 

*I 
private void run() throws Exception { 
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for (inti= O; i < numberOfNodes; i++) { II For each node 
Node node= nodesList.get(i); 
List<Entry> entries= new ArrayList<Entry>(); II Create entry list 

double currentTime = random.nextDouble() * INI_TIME; II Random 
II Initial 
II time 
II System.out.println("Node has x, y: "+ node.getX() + 11

,
11 + 

I I node. getY O) ; 
Point prevPoint = new Point(node.getX(), node.getY()); II Initial 
II point 
while (currentTime < runningTime) { II Until it reaches the Maximum 
II running time 

Point newPoint = movements.get(random.nextint(movements.size())) 
.getNewPoint(prevPoint); II Choose Random Movement and 
II generates new position from that 
II movement 

Entry entry new Entry(i, currentTime, newPoint); II Create the 
II Entry for 
II this 
II movement 
entries.add(entry); 

prevPoint = new Point(entry.getX(), entry.getY()); 
currentTime += (random.nextDouble() * 
(MAX_DIFF_IN_TIME - MIN_DIFF_IN_TIME)) 
+ MIN_DIFF_IN_TIME; II Create the time 
} 

for (int j = 1; j < entries.size() - 1; j++) { II Calculate the 
II speed for Entries 
II 1 to n-2 
double time= entries.get(j + 1).time - entries.get(j).time; 
double distance= entries.get(j).getDistance(entries.get(j - 1)); 
entries.get(j).speed = distance I time; 
} 

if (entries.size()>= 0) { II Calculate the speed for the first 
II Entry 
Entry first= entries.get(O); 
double time= entries.get(1).time - first.time; 
double distance= first.getDistance(node.getX(), node.getY()); 
first.speed= distance I time; 
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} 

if (entries.size()>= 1) { II Calculate the speed for the last Entry 
Entry last= entries.get(entries.size() - 1); 
double time= runningTime - last.time; 
double distance=last.getDistance(entries.get(entries.size()-2)); 
last.speed= distance I time; 
} 

II Write out first line of movements 
Entry second= entries.get(!); 
entries.get(O).writeMove(node.getX(), node.getY(), second.getX(), 
second.getY(), second.time); 

II Write out movement for entries 1 to n-2 
for (int j = 1; j < entries.size() - 1; j++) { 

Entry currEntry entries.get(j); 
Entry prevEntry = entries.get(j - 1); 
Entry nextEntry = entries.get(j + 1); 
currEntry.writeMove(prevEntry.getX(), prevEntry.getY(), 
nextEntry.getX(), nextEntry.getY(), nextEntry.time); 
} 

Entry last 
Entry prev 

= entries.get(entries.size() - 1); 
entries.get(entries.size() - 2); 

II Write out last movement 
last.writeMove(prev.getX(), prev.getY(), xLength, yLength, runningTime); 
} 

} 

I** 
* Stop the simulator, close IIO object. 
*I 

private void stop() { 
II try { 
writeToFile.close(); 
writeToFileStatistical.close(); 
II} catch (IOException e) { 
II e.printStackTrace(); 
II} 
} 
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* The entry represents one movement of a node, 

* 
* ©author Raid 

* 
*I 

class Entry { 

I** 
* The number of the node to which this entry belongs 
*I 

private int nodeNumber; 
I** 
* The of this entry 
*I 

private double time; 
I** 
* This is the X position of this node for this entry which may 
* exists out side of the boundary 
*I 

private double x; 
I** 
* This is the Y position of this node for this entry which may 
* exists out side of the boundary 
*I 

private double y; 
I** 
* This is the speed that the node will move from the previous 
* location to the current location using the difference between 
* the current time and the next one. 

*I 
private double speed; 

I** 
* This method returns the x position of this node translated inside 
* the boundary 

* 
* ©return double x position inside the boundary 

*I 
private double getX() { 

if (x < 0) 
return x + xLength; 
else if (x > xLength) 
return x - xLength; 
else { 
return x; 
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} 

} 

I** 
* This method returns they position of this node translated inside 
* the boundary 

* 
* ©return double y position inside the boundary 
*I 

private double getY() { 

if (y < 0) 
return y + yLength; 
else if (y > yLength) 
return y - yLength; 
else { 
return y; 
} 

} 

I** 
* This is the constructor for an entry 

* 
* ©param nodeNumber 
* int the is the index of the node 
* ©param time 
* double the time of this entry 
* ©param p 
* 
* 
*I 

Point this is X and Y position which may exists out of the 
boundary 

Entry(int nodeNumber, double time, Point p) { 
this.time= time; 
this.nodeNumber = nodeNumber; 
this.x p.x; 
this.y = p.y; 
} 

I** 
* This calculates the distance between this and the specified entry 

* 
* ©param e 
* Entry The previous entry to this entry 
* ©return double the distance between the two entries 

*I 
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double getDistance(Entry e) { 
double x1 = e.getX(); 
double y1 = e.getY(); 

return Point2D.distance(x1, y1, x, y); 

// return Math.sqrt(Math.pow((x-x1),2)+Math.pow((y-y1),2)); 
} 

I** 
* This calculates the distance between this and the specified x and y 
* location 
* 
* ©para.m x1 
* double which is the x position 
* ©para.m y1 
* double which is they position 
* ©return double the distance between the two positions 
*I 

double getDistance(double x1, double y1) { 
return Point2D.distance(x1, y1, x, y); 
} 

I** 
* This writes this entry as a line in the output files.This may 
* generate more than one line of output if the node crosses the 
* boundary as a result of this Entry. In this case the Entry is 
* modified and this method is called recursively 

* * ©para.m x1 

* double this is the X position of the previous Entry 
* ©para.m y1 

* double this is the Y position of the previous Entry 
* ©para.m x3 

* double this is the X position of the next Entry 
* ©para.m y3 

* double this is the Y position of the next Entry 
* ©para.m nextTime 

* double the time of next Entry 
* ©throws Exception 

* if there is a write error 
*I 

void writeMove(double x1,double y1,double x3,double y3,double nextTime) 
throws Exception { 
if (x == getX() && y == getY()) { 
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II When this point is inside the boundary - Also the base case 
II of the recursion 
writeToFile.printf(SETDEST_FORMAT, time, nodeNumber, x, y, speed); 

writeToFileStatistical.printf(STAT_FORMAT_M, nodeNumber, 
time, nextTime - time, speed, x, y, x3, y3); 
} else { 
double m = (y - y1) I (x - x1); II Slope 

II intersect with y axis Find which boundary we cross 
double b = y - (m * x); 

II Initialize the Min distance as infinity 
double minDistanceToBoundry = Double.MAX_VALUE; 
BoundaryEnum boundary= BoundaryEnum.XMAX; 

II For each boundary 
for (BoundaryEnum bound: BoundaryEnum.values()) { 

II Check if line cross the boundary 
if (bound.crossesBoundary(x, y, m, b)) { 

II IF so, calculate the distance to the boundary 
if (bound.distanceTo(x1, y1, m, b) < minDistanceToBoundry) { 
boundary= bound; 
minDistanceToBoundry = bound.distanceTo(x1, y1, m, b); 
} 

} 

} 

II This is the location at which the movement intersects the 
II boundary 
Point boundPoint = boundary.getBoundaryPoint(x1, y1, m, b); 

II This is the first line of the jump which is giving a 
II location to the boundary 
writeToFile.printf(SETDEST_FORMAT, time, nodeNumber, boundPoint.x, 
boundPoint.y, speed); 

II This is where the node re-appear from 
Point newPoint = boundary.getOppositePoint 
(boundPoint.x, boundPoint.y); 
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II the other side 
double jumpTime = minDistanceToBoundry I speed; 
double oldTime = time; 
time= time+ jumpTime; 

II Write the first entry to the Trace file 
writeToFileStatistical.printf(STAT_FORMAT_M, nodeNumber, oldTime, 

time - oldTime, speed, boundPoint.x, boundPoint.y, newPoint.x, 
newPoint.y); 

writeToFile.printf(SETPOS_FORMAT, time, nodeNumber, newPoint.x, 
newPoint.y); II This is the jump line written to the 
II output file. 

writeToFileStatistical.printf(STAT_FORMAT_J, nodeNumber, time, 
newPoint.x, newPoint.y, getX(), getY()); 

II Update the x and y location of the entry after the jump 
if (boundary -- BoundaryEnum.XMAX I I boundary== BoundaryEnum.XMIN) 
x = getX(); 
else { 
y = getY(); 
} 

II Recurse 
writeMove(newPoint.x, newPoint.y, x3, y3, nextTime); 
} 
} 
} 

I** 
* This Enumerator lists the four boundaries 
* 
* ©author Raid 
* 
*I 

public enum BoundaryEnum { 
I** 
* The Maximum X boundary 
*I 

XMAX { 

©Override 
public Point getOppositePoint(double x, double y) { 
return new Point(O + VALUE_TO_BOUNDRY, y); 
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} 

©Override 
public boolean crossesBoundary(double x,double y,double m,double b) 
{ 

return x > xLength; 
} 

©Override 
public double distanceTo(double x, double y, double m, double b) { 
double x2 = xLength; 
double y2 = (m * x2) + b; 

return Point2D.distance(x, y, x2, y2); 
} 

©Override 
public Point getBoundaryPoint(double x,double y,double m,double b) 

{ 

double x2 
double y2 

xLength; 
= (m * x2) + b; 

return new Point(x2 - VALUE_TO_BOUNDRY, y2); 

} 

}, 

I** 
* The Minimum X boundary 
*I 

XMIN { 
©Override 
public Point getOppositePoint(double x, double y) { 
return new Point(xLength - VALUE_TO_BOUNDRY, y); 
} 

©Override 
public boolean crossesBoundary(double x,double y,double m,double b) 
{ 

return (x < 0); 
} 

©Override 
public double distanceTo(double x, double y, double m, double b) { 
double x2 O; 
double y2 = b; 
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return Point2D.distance(x, y, x2, y2); 
} 

©Override 
public Point getBoundaryPoint(double x,double y,double m,double b) 
{ 

double x2 = O; 
double y2 b· 

' 

return new Point(x2 + VALUE_TO_BOUNDRY, y2); 

} 

}, 

I** 
* The Maximum Y boundary 
*I 

YMAX { 
©Override 
public Point getOppositePoint(double x, double y) { 
return new Point(x, 0 + VALUE_TO_BOUNDRY); 
} 

©Override 
public boolean crossesBoundary(double x,double y,double m,double b) 
{ 

return y > yLength; 
} 

©Override 
public double distanceTo(double x, double y, double m, double b) { 
if (Double.islnfinite(m)) 
return yLength - y; 

double y2 = 
double x2 

yLength; 
(y2 - b) / m; 

return Point2D.distance(x, y, x2, y2); 
} 

©Override 
public Point getBoundaryPoint(double x,double y,double m,double b) 
{ 

if (Double.islnfinite(m)) 
return new Point(x, yLength - VALUE_TO_BOUNDRY); 
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double y2 yLength; 
double x2 = (y2 - b) / m; 

return new Point(x2, y2 - VALUE_TO_BOUNDRY); 

} 

}, 

I** 
* The Maximum Y boundary 
*I 

YMIN { 
©Override 
public Point getOppositePoint(double x, double y) { 
return new Point(x, yLength - VALUE_TO_BOUNDRY); 
} 

©Override 
public boolean crossesBoundary(double x,double y,double m,double b) 
{ 

return y < O; 
} 

©Override 
public double distanceTo(double x, double y, double m, double b) { 
if (Double.is!nfinite(m)) 
return y; 

double y2 = O; 
double x2 = -(b / m); 

System.err.println(x + 11 11 + y + 11 11 + m + 11 11 + b); 
return Point2D.distance(x, y, x2, y2); 
} 

©Override 
public Point getBoundaryPoint(double x,double y,double m,double b) 
{ 

if (Double.is!nfinite(m)) 
return new Point(x, 0 + VALUE_TO_BOUNDRY); 

return new Point(-(b / m), 0 + VALUE_TO_BOUNDRY); 
} 

}; 
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I** 
* Returns the other side of the boundary giving the specified x and y. 
* NOTE: the x and y should be located on the boundary 

* 
* ©param x 
* double the x position 
* ©param y 
* double they position 
* ©return Point the location of the opposite side of the boundary 

*I 
public abstract Point getOppositePoint(double x, double y); 

I** 
* Returns the point at which the line segment specified be the given 
* parameters intersects this boundary 

* 
* ©param x double the x position in side the boundary 
* ©param y double they position in side the boundary 
* ©param m double which is the slope of the line 
* ©param b double which is they intersects of the line 
* ©return point Returns the point at which the line segment 
* specified be the given parameters intersects this boundary 
*I 

public abstract Point getBoundaryPoint(double x, double y, double m, 
double b); 

I** 
* This method determines if we cross the boundary or not. 

* 
* ©param x double the x position inside the boundary 
* ©param y double they position inside the boundary 
* ©param m double which is the slope of the line 
* ©param b double which is they intersects of the line 
* ©return true if the specified line segment crosses this boundary, 
* false otherwise. 
*I 

public abstract boolean crossesBoundary(double x, double y, double m, 
double b); 

I** 
* Calculate the distance to this boundary given the specified line segment 

* 
* ©param x 
* ©param y 

double the x position inside the boundary 
double they position inside the boundary 
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* ©param m double which is the slope of the line 
* ©param b double which is they intersects of the line 
* ©return double the distance to the boundary 
*I 

public abstract double distanceTo(double x,double y,double m,double b); 
} 

I** 
* describes how the a node can move on the plane. This is an abstract 
* class,implementing subclass (classes) specify specific types of 
* movements 
* 
* ©author Raid 
* 
*I 

static abstract class Movement { 
I** 

* Giving a new x and y position for a node given the old x and y 
* position. 
* 
* ©param x double the X position inside the boundary 
* ©param y double the Y position inside the boundary 
* ©return Point new position which may be outside the boundary 
*I 

abstract Point getNewPoint(double x, double y); 

} 

I** 
* This method to make the movement just in X coordinate 
* 
* ©author Raid 
* 
*I 

static class Xmovement extends Movement { 

©Override 
Point getNewPoint(double x, double y) { 
double change= random.nextDouble() * MAX_MOVEMENT; 
if (random.nextBoolean()) 
x += change; 
else 
x -= change; 

return new Point(x, y); 
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} 

} 

I** 
* This method to make the movement just in Y coordinate 
* 
* ©author Raid 
* 
*I 

static class Ymovement extends Movement { 

©Override 
Point getNewPoint(double x, double y) { 
double change= random.nextDouble() * MAX_MOVEMENT; 
if (random.nextBoolean()) 
y += change; 
else 
y -= change; 

return new Point(x, y); 
} 

} 

I** 
* This method to make the movement on both X and Y Coordinates 

* 
* ©author Raid 
* 
*I 

static class XandYmovement extends Movement { 

©Override 
Point getNewPoint(double x, double y) { 

double angle= random.nextDouble() * 360; 
double xMax = Math.cos(Math.toRadians(angle)) * MAX_MOVEMENT; 
double yMax = Math.sin(Math.toRadians(angle)) * MAX_MOVEMENT; 

x += random.nextDouble() * xMax; 
y += random.nextDouble() * yMax; 

return new Point(x, y); 
} 
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} 

I** 
* Enum for all the possible movements 

* 
* ©author Raid 
* 
*I 

public enum MovementEnum { 
X_MOVEMENT(new Xmovement()), Y_MOVEMENT(new Ymovement()), 
XY_MOVEMENT(new XandYmovement()); 

private Movement move; 

private MovementEnum(Movement move) { 
this.move= move; 
} 

public Point getNewPoint(Point p) { 
return move.getNewPoint(p.x, p.y); 
} 

public Point getNewPoint(double x, double y) { 
return move.getNewPoint(x, y); 
} 
} 

static private class Point { 
double x; 
double y; 

Point(double x, double y) { 
this.x 
this.y 
} 

} 

} 

x· ' 
= y; 

%\end{} 
&\end{lstlisting} 
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Appendix B 

B.1 Node Class 
Node class represents mobile nodes in the simulators 

public class Node { 
private double x; 
private double y; 
private double startTime; 
private double speed; 
I** 
* Constructor 
* 
* ©param. x 
* ©param. y 
*I 
public Node(double x, double y) { 
this.x x; 
this.y = y; 
} 

I** 
* ©return the x 
*I 
public double getX() { 
return x; 
} 

I** 
* ©param. x 
* the x to set 
*I 
public void setX(double x) { 
this.x = x; 
} 
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I** 
* ©return they 
*I 
public double getY() { 
return y; 
} 

I** 
* ©param y 
*they to set 
*I 
public void setY(double y) { 
this.y = y; 
} 

I** 
* ©return the startTime 

*I 
public double getStartTime() { 
return startTime; 
} 

I** 
* ©param startTime 
* the startTime to set 
*I 
public void setStartTime(double startTime) { 
this.startTime = startTime; 
} 

I** 
* ©return the speed 
*I 
public double getSpeed() { 
return speed; 
} 

I** 
* ©param speed 
* the speed to set 
*I 
public void setSpeed(double speed) { 
this.speed= speed; 
} 

I* 
* (non-Javadoc) 

* 
* ©see java.lang.Object#toString() 

*I 
©Override 
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public String toString() { 
return "Node [x=" + x + ", y=" + y +" startTime=" + startTime 
+ ", speed="+ speed+"]"; 
} 

} 

\end{} 
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