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Today’s world depends on networks. Computer networks and mobile phones have 

become commonplace to a vast number of people. To further ease our networked lives 

a new breed of networks has arisen. Ad hoc networks make it possible to flexibly 

create networks between mobile communication devices without existing 

infrastructure. 

 

This thesis introduces a new simulation tool for the simulation of wireless ad hoc 

networks on a protocol level. It also explains the basic principles and theories behind 

such networks. A closer look is taken to OSI link layer medium access control (MAC) 

protocols of ad hoc networks and the implementation of such in the simulator. Also a 

set of simulations is presented to demonstrate the simulator and its possible uses. 
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Nykypäivän maailma tukeutuu verkkoihin. Tietokoneverkot ja langattomat puhelimet 

ovat jo varsin tavallisia suurelle joukolle ihmisiä. Uusi verkkotyyppi on ilmestynyt 

edelleen helpottamaan ihmisten verkottunutta elämää. Ad hoc –verkot mahdollistavat 

joustavan verkonmuodostuksen langattomien päätelaitteiden välille ilman olemassa 

olevaa infrastruktuuria. 

 

Diplomityö esittelee uuden simulaatiotyökalun langattomien ad hoc –verkkojen 

simulointiin protokollatasolla. Se esittelee myös kyseisten verkkojen taustalla olevat 

periaatteet ja teoriat. Lähemmin tutkitaan OSI-mallin linkkikerroksen 

kaistanjakoprotokollia ad hoc –verkoissa sekä vastaavan toteutusta simulaattorissa. 

Lisäksi esitellään joukko simulaatioajoja esimerkiksi simulaattorin toiminnasta ja 

mahdollisista käyttökohteista. 
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IEEE  Institute of Electrical and Electronic Engineers 
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MACA Multiple Access with Collision Avoidance 

MACAW Multiple Access with Collision Avoidance for Wireless 

MSDU  MAC Service Data Unit 

OSI  Open Systems Interconnection 

PCF  Point Coordination Function 

PDA  Personal Digital Assistant 

PDU  Protocol Data Unit 

PRMA  Packet Reservation Multiple Access 

RAMA Resource Auction Multiple Access 

RTS  Request-To-Send 

TG  Traffic Generator 

VCS  Virtual Carrier Sense 
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1 INTRODUCTION 

 

In today’s world networks have a great role in people’s lives. Telephones, mobile 

phones, PDAs, computers, laptops, etc. all depend on different kinds of resources 

accessed through networks. People around the world find it convenient to ease their 

life by using networks for finding information, communicating, shopping and 

accessing variety of services. Advances in the network technologies seen in the last 

decade or two have resulted in appearance of mobile wireless communication, which 

has made the use of networks so ordinary, that few of us really remember anymore 

that they might be using one. 

 

The impact of mobile networks to the every day life of most people has made it 

necessary to examine and to improve the network technologies in use. Studies have 

been made to outline the various prospects and challenges of the emerging new 

technologies [AHNC04]. Number of studies have also investigated the protocols used 

in these new networks and suggested improvements to existing standards [CROS03] 

[PERF03]. 

 

This thesis will examine the characteristics of mobile ad hoc network and describe the 

implementation of a wireless ad hoc network simulator. The simulator was 

implemented using Java [SUN03] and JVOPS [JSUP98] [JVOP97] [JVOP98]. At the 

latter part of the thesis a set of simulations will be presented describing and examining 

some characteristics of the wireless mobile ad hoc networks. 
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2 WIRELESS NETWORKS 

 

In a wireless network, network nodes, often also called as terminals, communicate 

with each other by using some wireless medium, such as radio channel. Since 

nowadays a mere stationary wirelessness does not always offer enough added value, 

usually these network nodes are perceived also to be mobile. The wireless nature of 

the network means that the signals sent by the network terminals and transmitted by 

the wireless medium can be received only within some certain transmission range 

(Figure 1). Factors influencing to the radius of this transmission range can be for 

example transmission power used by transmitting node, existing nearby obstacles and 

geographical details. As all data transmissions in the wireless network are broadcast 

transmissions by nature, also collisions of transmissions can occur resulting in 

corruption of data by signal interference. Wireless networks can be roughly divided 

into two main categories: ad hoc and infrastructure networks; often also 

correspondingly called as distributed and centralized networks. [WMAC00] 

 

 

 

 

Figure 1. Wireless network with four network nodes and their respective 

transmission ranges. 
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2.1 Wireless infrastructure networks 

 

In centralized wireless networks pre-existing infrastructure is present (Figure 2). Base 

station, often also called as access point, serves as an interface between the wireless 

and wireline networks as the wireless network is merely a wireless extension of the 

wired network. Base station handles the network management functions and it also 

usually requires all network terminals to be located inside its transmission range. Both 

time and frequency division multiplexing can be used for multiplexing purposes in a 

centralized network. Such centralized wireless networks can be based on for example 

GSM, UMTS and WLAN. [WMAC00] 

 

 

 

 

Figure 2. Basic architecture of ad hoc and infrastructure networks. [WMAC00] 

 

 

 

2.2 Wireless ad hoc networks 

 

“Ad hoc network is a network of autonomous nodes that self organize and self manage 

the network without infrastructure support.” [AHNC04] 

 

Although quite skimpy, the previous definition captures the essence of wireless ad hoc 

networks rather accurately. Explicitly it means that wireless ad hoc networks have no 

pre-existing infrastructure and therefore they have also no central administration 

(Figure 2). This minimal existence of infrastructure enables very flexible and simple 

application scenarios between network terminals; the very fact that has made ad hoc 
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networks very interesting for users. The network nodes are computing and 

communicating capable devices such as laptops, mobile phones, PDAs, etc. Such 

network technologies as Bluetooth, WLAN and UMTS can be used to build an ad hoc 

network. [WMAC00] [MANE01] 

 

2.2.1 Characteristics 

 

As mentioned, a wireless ad hoc network does not usually have any infrastructure 

support. In some cases a minimal network infrastructure can be present, but an ad hoc 

network does not rely upon it. This lack of network infrastructure leads to necessity of 

the network nodes to manage the network by themselves transferring traditional access 

point operations to the network terminals. The mobility of nodes strains an ad hoc 

network by causing constant dynamic change of network topology, so the network 

connections are always subject to breakdowns and changes. The scale of the network 

also alternates due to terminal mobility and network self-management. [AHNC04] 

 

Routing in an ad hoc network can be arranged on single-hop (no signal forwarding) or 

multi-hop (signal forwarding enabled) basis, depending on used routing protocols and 

configurations. Since a mere single-hop network does not scale very large, multi-hop 

routing is usually preferred. The lack of network infrastructure means that all nodes 

must act also as routers to enable data packet forwarding from source to destination. 

[AHNC04] 

 

The mobility of the network nodes creates also a power constraint. Since they are 

wireless devices, they can not be line-powered, thus depending on their limited battery 

resources. All data transmissions in the network are usually committed in the same 

frequency band, so time division multiplexing is used for multiplexing purposes. 

[AHNC04] [WMAC00] 
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2.2.2 Usages 

 

There are lots of scenarios were it would be beneficial to use an ad hoc network 

instead of common wireless infrastructure network. Economics and network building 

costs are rather good reasons to consider using an ad hoc network instead of 

infrastructure network. If the data traffic is unexpected and impermanent, the 

construction of necessary network infrastructure for a centralized network may turn 

out to be quite expensive. Ad hoc networks are superior as a solution, when both 

forecasted traffic and revenues are low and inconsistent. [AHNC04] 

 

An ad hoc network can also be a useful supporting feature for an infrastructure 

network when there is some limitation to its performance. Unexpected rise in the 

amount or change in geographical density of traffic may be handled with an ad hoc 

network without expensive upgrades to existing infrastructure. Also some physical 

environment inaccessibility limitations such as buildings and other blockages can be 

dealt with using an ad hoc network. [AHNC04] 

 

If the data traffic demand is purely local, without any need of outside connections, it is 

rather needless to use any network infrastructure. A meeting room communication 

would be an ideal use for a wireless ad hoc network, especially if nothing from outside 

networks is required. [AHNC04] 

 

Using ad hoc network concept enables a variety of different kinds of networks. 

Community and enterprise networks offer mobility and connectivity to their members 

allowing a constant access to local resources and information. Home and sensor 

networks allow users to monitor and modify their surrounding environments. 

Emergency and vehicle networks take care of variety of sudden and unforeseeable 

communication needs. Ad hoc networks can also be used to respond to the military 

need for battle field ad hoc communication. [AHNC04] 
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2.2.3 Benefits 

 

Many of the benefits of an ad hoc network have been already previously mentioned. 

Support for ultimate mobility, minimal need of infrastructure and low costs promote 

the use of ad hoc networks. Also extended network reach, location specific services, 

speed of network set up and locality of traffic are interesting items, which all 

undoubtedly are needed by the network users and can be offered through wireless ad 

hoc networks. [AHNC04] 
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3 WIRELESS MAC PROTOCOLS 

 

In general, medium access control protocols are responsible for controlling the access 

to the common transmission medium among users in the data networks. They define 

the rules by which the users can access the shared medium in an orderly fashion thus 

having a key role in the fair and efficient sharing of often very limited bandwidth 

available. MAC protocols, just like wireless networks, are correspondingly divided 

into two main categories: ad hoc and infrastructure MAC protocols. [WMAC00] 

 

MAC protocols operate at the data link layer of the OSI Reference Model forming 

their own MAC sublayer (Figure 3) [IEEE01]. Such protocols are for example 

CSMA/CD [IEEE02], which is familiar from Ethernet, and specifically in wireless 

networks RAMA [RAMA92] and ISMA [ISMA93]. [WMAC00] 

 

 

 

Figure 3. OSI Reference Model and the position of MAC sublayer. [IEEE01] 

 

 

Currently occurring convergence of various networks has introduced multimedia and 

real-time applications also to the wireless networks. Increased QoS requirements in 

terms of delay and jitter have lead to complex MAC protocols that specialize in 
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specific access problems such as hidden nodes, exposed nodes and capture, for 

example, which occur due to location dependent carrier sensing typical for wireless 

networks. All these problems can lead to either collision of transmission or unfair 

sharing of bandwidth. [WMAC00] 

 

 

3.1 Infrastructure MAC 

 

Due to the centralized nature of the network, infrastructure MAC protocols locate most 

of their medium access control logics in the base station. They also usually assume 

that all network nodes are in the transmission range of the base station and that all 

transmissions go through it. Such centralized protocols are for example ISMA, RAMA 

and PRMA [PRMA89]. [WMAC00] 

 

 

3.2 Ad hoc MAC 

 

Ad hoc MAC protocols are based on the principle of CSMA, which refers to listening 

to the medium for any ongoing transmissions. In CSMA, new transmission can be 

initiated only when no active transmissions are detected. Usually distributed MAC 

protocols employ CSMA/CA, where the collision avoidance is arranged by either 

using separate bandwidth for certain management transmissions or with a simple 

handshake procedure during the transmission. Examples of distributed MAC protocols 

are MACA [MACA90], MACAW [MACA94] and IEEE 802.11 [IEEE99]. 

[WMAC00] 

 

 

3.3 Special concerns 

 

There are some issues concerning the wireless MAC protocols that arise from the 

wireless nature of the media. These particular properties of the wireless media force 
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the protocols to face very different kind of difficulties than in wired networks. 

[WMAC00] 

 

3.3.1 Half duplex operation 

 

Due to a great difference in power between the transmitted and received signal, the 

node transmitting is unable to detect or receive incoming signal while transmitting. 

Much more powerful transmission interferes with incoming signal enough to 

completely clutter and even hide the received signal, so the collision detection 

becomes impossible. Half duplex operation of wireless networks forces wireless MAC 

protocols to employ multiplexing either in time or frequency, and to use collision 

avoidance instead of collision detection. [WMAC00] 

 

3.3.2 Time varying channel 

 

The received signal power may vary as a function of time due to signal propagation 

customary for radio networks. This propagation may result in cluttering or fading of 

the received transmission, so handshaking procedures are commonly used in wireless 

MAC protocols to relieve the problem. While adding to the overhead, a successful 

handshake is rather reliable sign of working communication link. [WMAC00] 

 

3.3.3 Burst channel errors 

 

The error rates in wireless networks are much higher than in wireline networks and 

these errors usually come in long bursts rather than as a random noise. As a result 

wireless MAC protocols use three main methods to minimize the errors: smaller 

packets, forward error correcting codes and retransmission. Most commonly used is 

the retransmission method, which includes an immediate acknowledgement of 

received packet and a retransmission of the packet in case no acknowledgement is 

received by sender. [WMAC00] 
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3.3.4 Location dependent carrier sensing 

 

In wireless network only the nodes inside the transmission range of the transmitter can 

detect the transmission. This is called ‘location dependent carrier sensing’ and it 

results in three special scenarios of network operation typical only to wireless 

networks. [WMAC00] [PEAW98] 

 

A hidden node appears when a node is out of range of transmitter, but within the range 

of the destination node (Figure 4). This type of node is not necessarily aware of other 

transmissions and causes collision on transmission by transmitting while another 

transmission is already active. This special case is called ‘hidden sender’ problem and 

is commonly solved in MAC protocols by using a handshake procedure before the 

actual data transmission. While the control packet handshake resolves the hidden 

sender problem, it creates a special case of ‘hidden receiver’. In this case the hidden 

node quite correctly defers from any transmission when it notices a control handshake, 

but at the same time it can not notify a possible fourth transmitting terminal the reason 

why it is not responding to a separate transmission. This may lead to a situation where 

the fourth node assumes that the hidden node has left the network or that the link is 

down for some other matter, when the hidden node is actually just waiting its turn. 

[PEAW98] 
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Figure 4. Hidden node scenario. (Node C is hidden from node A; 1. Hidden 

sender, 2. Hidden receiver.) 

 

 

 

An exposed node on the other hand appears when a node is within the reach of the 

transmitter, but out of reach of the destination (Figure 5). In this case underutilization 

of channel is imminent, since an exposed node will not transmit even though its 

transmission would not interfere with the reception of data at the destination. Actually, 

exposed node also produces both exposed sender and exposed receiver cases, but both 

of them result to a denial of parallel (non-collision) transmission. MAC protocols can 

try to solve also this problem partially by using a control handshake before data 

transmission, but the underutilization of the channel and the exposed receiver case are 

still left unsolved. [PEAW98] 
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Figure 5. Exposed node scenario. (Node B is exposed to node C; the node B is 

unable to transmit.) 

 

 

 

A capture may occur instead of simple collision, when one of several simultaneous 

transmissions has much higher signal strength at the receiver than the others. If the 

destination terminal can decode a transmission without errors in the presence of other 

transmissions, a capture of channel takes place (Figure 6). This leads to unfair sharing 

of bandwidth, which should be adjusted by the MAC protocol. [WMAC00] 
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Figure 6. Capture in wireless network. 
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4 IEEE 802.11 

 

IEEE 802.11 is a standard for MAC protocols in wireless local area networks. It is a 

part of 802 standard family, which defines the local and metropolitan area network 

standards for the data link and physical layer of OSI Reference Model (Figure 3). Like 

its parallel standards, IEEE 802.11 contains in fact both MAC sublayer and physical 

layer specifications. [IEEE99] 

 

The basic distributed version of the MAC layer specification in the IEEE 802.11 is 

also commonly known as Distributed Foundation Wireless Medium Access Control 

(DFWMAC). [WMAC00] 

 

 

4.1 Distributed coordination function 

 

IEEE 802.11 employs a distributed coordination function (DCF) to control the 

medium access in the ad hoc network. The standard 802.11 specifies also a point 

coordination function (PCF), which is used only in centralized wireless networks. The 

DCF is essentially a CSMA/CA scheme, where a wireless terminal willing to transmit 

first listens to the medium for a specified time and transmits only if the medium is 

free. If the medium is occupied, the terminal defers its transmission until the medium 

is free and starts again to listen to the medium for any other transmissions. [IEEE99] 

 

 

4.2 Virtual carrier sense 

 

To tackle with the problem of hidden nodes, IEEE 802.11 uses a simple control packet 

handshake before the actual data packet transmission. In this handshake Request-to-

Send (RTS) and Clear-to-Send (CTS) messages are exchanged between the source and 

destination nodes. Both RTS and CTS include a duration field, which informs all the 

other terminals in range about the assumed duration of total transmission and helps 

them to determine the time to defer transmissions. Use of this kind of Virtual Carrier 
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Sense (VCS) minimizes the negative impact of hidden sender scenario by forcing also 

the receiver to inform its neighbours about the transmission. The use of RTS-CTS 

handshake can be controlled by using the ‘RTS_Threshold‘ attribute, which 

specifies the minimum length of data frame with which the handshake is used, so the 

overhead caused by the handshake procedure may also be limited. With the attribute 

the handshake can also be configured to be used always or never. [IEEE99] 

 

 

4.3 Data transmission 

 

The data packets handed down to MAC layer from the upper protocol layers are sent 

inside special data frames. IEEE 802.11 supports also the fragmentation of the long 

data packets. The size of these data fragments is controlled by the 

‘Fragmentation_Threshold’ attribute, which specifies the maximum length of 

data field in a single data frame. All data fragment frames are sent after a single 

handshake, but every one of them is acknowledged by the receiver to enable fragment 

resending. Also data frames include a duration field by which terminals can adjust the 

VCS. [IEEE99] 

 

 

4.4 Positive acknowledgement 

 

IEEE 802.11 utilizes also a positive acknowledgement scheme to confirm a successful 

transmission. After successfully receiving a data packet, terminal sends always an 

acknowledgement packet to sender for confirmation. The acknowledgement acts as an 

indicator to sender, of which it can deduct the absence of collisions during 

transmission, since the collisions can not be directly detected. This means that in basic 

circumstances a sequence of RTS-CTS-DATA-ACK is carried out during the data 

transmission. If the sender receives no acknowledgement frame in a certain time 

interval, it immediately resends the data frame. Only a limited number of 

retransmissions are allowed, after which the data is discarded. [IEEE99] 
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4.5 Known weaknesses 

 

Since the IEEE 802.11 standard is already few years old, there already exist some 

studies about its performance. Studies concerning the use of the standard MAC in the 

wireless ad hoc networks show some general points requiring improvement. 

[PEAW98] [PERF99] 

 

For example, the IEEE 802.11 DCF protocol does not respond particularly well to 

high level of mobility in the network. While it is rather robust under moderate 

mobility rates, its performance decreases on high rate of mobility. Increasing mobility 

introduces also a growing number of hidden terminals, which always has a degrading 

effect on throughput and performance. Also the values of ‘RTS_Threshold‘ and 

‘Fragmentation_Threshold‘ effect heavily on the overall performance of the 

distributed network. If only a low rate of mobility exists in the network, should the 

values of both attributes be set high to avoid wasting bandwidth. On the other hand, if 

there exists a high rate of mobility, the values should be set low to avoid collisions and 

to assure successful data transmissions. [PERF99] 

 

It has also been suggested that there is some additional weaknesses, if the routing in 

the wireless ad hoc network is implemented on multihop basis. For example, both 

hidden and exposed node problems exist in multihop network and in some cases the 

impact of these problems is even increased. [WORK01] 

 

 

4.6 Suitability 

 

Despite the existing weaknesses, there are still some positive factors to support the use 

of IEEE 802.11 as a base for the wireless ad hoc network simulator. The main reason 

is that it is a standardized and well documented protocol with already tested 

implementations. This means that the design and implementation of the protocol will 

not be too difficult. Another reason is that IEEE 802.11 includes several basic features 

common to many distributed MAC protocols. It also offers means to adjust data 
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fragment size, handshake threshold and other attributes as an integral part of the 

protocol.  
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5 TOOLS AND TECHNOLOGIES 

 

The simulator project makes use of several tools and technologies, some of which are 

discussed in this chapter. 

 

 

5.1 Conduits+ 

 

Conduits+ is an object-oriented framework specifically designed for protocol creation. 

It is also a black-box framework, which aims to easy creation of modularized and 

reusable software components. [COND95] 

 

The basic concepts of the Conduits+ framework are conduits and information chunks. 

The term ‘conduit’ refers to a software component, which has two sides, side A and 

side B, to which other conduits can be connected. All data passed through these sides 

between the conduits are called information chunks. These information chunks are 

represented in the framework by Messengers. A protocol layer can be constructed 

using one or more conduits connected to each other. There are four basic conduit 

types: Protocol, Adapter, Mux and ConduitFactory (Figure 7). [COND95] 
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Figure 7. The conduit types. [COND95] 

 

5.1.1 Protocol conduit 

 

Protocols are usually represented as finite state machines. In Conduits+ the basic 

protocol functionalities are described by using the Protocol conduit, which 

encapsulates the behaviour of a protocol. It remembers the state of the protocol and 

provides all commonly required protocol facilities such as counters and timers. A 

Protocol conduit has exactly one neighbouring conduit connected on its both sides. 

[COND95] 

 

5.1.2 Adapter conduit 

 

The Adapter conduit is used as an interface between the framework and some external 

software or hardware. It has only one neighbouring conduit connected to only one of 

its sides and the opposing side is usually very implementation specific. [COND95]  

aAdapter 

isaConduit 
[   ]sideA 

aProtocol 

isaConduit 
[   ]sideA 

isaConduit 
[   ]sideA 

aMux 

isaConduit 
[   ]sideA 

sideB[   ] sideB[    . . .    ] 

aConduitFactory sideB[   ] 
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5.1.3 Mux conduit 

 

The Mux is a conduit used for multiplexing and demultiplexing of information chunks. 

To success in this it, as an only conduit, has simultaneously several conduits 

connected to one of its sides, while only one conduit can be connected to the opposing 

side. [COND95] 

 

5.1.4 ConduitFactory conduit 

 

The ConduitFactory conduit is closely connected to the Mux. It has the ability to 

flexibly create new conduits that are connected to Mux on demand. It enables the 

framework to address the communication session type of scenarios, where new session 

specific conduits need to be created. [COND95] 

 

5.1.5 Messenger 

 

Messages called information chunks are represented in the Conduits+ framework by 

the Messengers, which traverse through the graph of conduits. A Messenger triggers 

an operation in conduit whenever encountering such. Messengers are carried around 

by special MessageTransporters. [COND95] 

 

5.1.6 Design patterns 

 

To provide even more flexible solutions to the problems of protocol design, Conduits+ 

introduces several design patterns. Such patterns are for example Composite, Strategy, 

State, Singleton, Command and Visitor pattern. Of these, the State pattern is tightly 

connected with the Protocol conduit, which is actually implemented using the State 

pattern. The Visitor pattern, on the other hand, is connected with the 

MessageTransporter, which is Visitor pattern’s subclass. [COND95] 
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5.2 JVOPS 

 

JVOPS is a light Conduits+ based protocol creation environment, which was 

developed initially at LUT and later in co-operation with Necsom Ltd. Basically, 

JVOPS is a Java [SUN03] class library containing the fundamental elements of the 

Conduits+ framework, such as conduits (Figure 8) and information chunks. It includes 

also some other facilities, like timers, which are not specified in Conduits+ 

framework, but which are very useful in implementing communications protocols. 

JVOPS version 1.1 was used in the project although version 2.0 already exists. 

[JSUP98] [JVOP97] [JVOP98] 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Classes derived from Conduit class. [JVOP98] 
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The JVOPS version 1.1 was used to implement wireless ad hoc network simulator. 

There already exists a JVOPS version 2.0, but this version was not initially taken into 

use due to lack of some source codes. Since the version 1.1 was found to be quite 

sufficient to implement the simulator, the version 2.0 was left untried. However, 

porting the system to use a newer JVOPS version should not be too difficult, since the 

structure of the JVOPS has not changed dramatically between the versions. It may also 

act as a good introduction to the implemented simulation system if it is further 

developed by a new developer. 
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6 SIMULATOR IMPLEMENTATION 

 

The scope of the wireless ad hoc network simulator project was initially set to MAC 

layer simulation and testing, so a major work effort was invested in MAC layer 

implementation especially. This means, that although the architecture was designed to 

be as versatile as possible, the MAC layer module became the most authentic part of 

the protocol stack. The modular architecture of the simulator ensures that, if the 

simulator is further developed, modules of interest can rather easily be rewritten, if 

necessary, and inserted as part of the simulator. 

 

 

6.1 Requirements 

 

Numerous requirements were presented for the wireless ad hoc network simulator 

project. The depiction of a wireless mobile ad hoc network was the most important 

one. The simulator was supposed to represent an ad hoc network capable of simulated 

data transmissions over a virtual radio channel. As in real world, the simulator to be 

implemented was required to simulate also the special scenarios of hidden and 

exposed nodes, which were explained previously. 

 

To enable these scenarios and also for added reality the collisions of transmissions and 

signal interference were desired features for the simulator. The network terminals were 

required to have transmission characteristics for both transmitting and receiving data 

over the simulated radio channel. The radio channel was supposed to correspond to a 

real world radio channel, but it was also permitted to be a simplified depiction of it. 

The adaptive transmission power control was also desired, but it was left optional. 

 

Like its real world counterparts, the simulated ad hoc network was required to use 

multi-hop routing, whenever the actual destination is not available for the source 

through a common single-hop broadcast procedure. For the MAC protocol layer a 

simplified implementation of some existing and documented CSMA/CA MAC 

protocol was required. 
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The simulator was also required to be configurable and the extraction of simulation 

results was naturally a desired feature. Furthermore the simulator was wished to be 

modular and easy to develop further. 

 

 

6.2 Simulator architecture 

 

The overall architecture of the simulator was initially designed to have three separate 

and individual parts: the traffic generator, the MAC protocol and the physical layer. 

As the project progressed, a multitude of additional modules were introduced to 

supplement the simulator. 

 

6.2.1 Basic simulator design 

 

The traffic generator is designed to produce and send authentic data between the 

network terminals. This data is handed down to the MAC layer, which handles the 

media access control functions and data fragmentation. The physical layer represents 

both the physical layer protocol and the radio channel and it is used to deliver the 

transmissions and to simulate wireless network characteristics. These individual parts 

produce a protocol stack of three distinct layers (Figure 9). 
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Figure 9. The simulator protocol stack. 

 

 

The simulation environment includes several wireless network terminals, each of 

which consists of the protocol stack of three previously mentioned layers. The number 

of these terminals can be flexibly changed and they all operate on a simulated radio 

channel (Figure 10). 

 

 

 

 

Figure 10. Basic architecture of the simulator environment.  
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6.2.2 Detailed architecture 

 

As the original basic architecture contained three protocol layers, the implementation 

was constructed in reality of seven separate layers of modules (Figure 11). 

 

The pure Java implementation of the traffic generator module remained as specified 

earlier, but it was quickly found, that it required an adapter layer as a connector to the 

JVOPS implementations of other protocol layers. This so-called ‘traffic generator 

adapter’ enables the traffic generator to exchange messages with a special router 

protocol, which is needed to generate a network route for the messages. The router 

layer is connected to MAC layer, which handles the medium access control functions. 

MAC protocol layer is further connected to the physical layer, which transmits the 

given messages through a radio channel adapter. The lowest level of this stack is the 

radio channel layer, which connects the separate protocol stacks through the interface 

offered by their respective radio channel adapters. 
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Figure 11. The simulator protocol stack presented using Conduits+ [COND95] 

elements. 
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In addition to the actual protocol layers, the simulator implementation required also 

other modules. All of these additional modules were implemented using Java and they 

are created and run under the simulator main module [Figure 4]. 

 

The main simulator module is responsible for setting up the simulation. It creates 

among other things the network module, which creates and controls the entities 

operating in the network. The terminal entity contains the protocol stack described 

previously and it communicates with the radio channel entities created for every 

transmission. The simulator contains also an event scheduler, which acts effectively as 

a timer for all simulation entities. The event scheduler is not analogous to a real time 

timer; instead it is a discrete scheduler handling events in their order of appearance. It 

does not either totally replace the JVOPS scheduler, which handles the synchronous 

scheduling of all JVOPS messages in the context of JVOPS implementation. The 

simulator also has some support modules such as statistics facility for gathering 

statistical data of the simulation and a logger module for easier and more standardized 

logging of program execution. 
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Figure 12. The simulator object achitecture. 
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6.3 MAC protocol architecture 

 

The implemented MAC protocol is based on the IEEE standard 802.11 [IEEE99]. The 

simulation environment does not require an authentic implementation of the standard, 

so some functionality, such as power save functions, was left out and some was 

simplified. Additionally, some new functionality was implemented as a part of the 

protocol to back up the simulations. 

 

6.3.1 Functional overview 

 

The implemented MAC protocol includes the main features of the distributed IEEE 

802.11 protocol. The most important function for the MAC protocol is to ensure 

reliable medium access for upper protocol layer data packets. This was achieved in 

implemented MAC protocol by having both CSMA/CA and VCS functionalities. The 

use of RTS-CTS handshake is controlled by using the ‘RTS_Threshold‘ attribute. 

Also positive acknowledgements and retransmissions are employed to ensure the 

arrival of the packets. Data fragmentation is an integral part of 802.11 protocol, so it 

was naturally implemented with the ‘Fragmentation_Thershold‘ attribute. 

Additionally, the basic possibilities of using adaptive transmission power level 

(feature not described in the standard) were implemented to enable later examination 

and development of the desired simulation characteristic. 

 

6.3.2 Interface messages 

 

Since the basic functionality of a MAC layer protocol is just to ensure the medium 

access for the data from the upper protocol layers, only messages connected with the 

transferring of data are passed through MAC interfaces. 

 

 ‘dataToMac_request’ primitive is passed to MAC protocol through MAC up 

interface by the upper protocol layer entity. It is a request to provide a medium access 
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for a MSDU packet handed over by the upper layer. The request contains data packet 

as a parameter including source address, destination address and data length. 

 

 ‘dataToMac_status_indication’ primitive is passed to upper protocol layer 

entity through MAC up interface by the MAC protocol. It is a status indication 

referring to the preceding data request handed over by the upper layer earlier. The 

indication contains a parameter for transmission status. 

 

 ‘dataToUp_indication’ primitive is passed to upper protocol layer entity 

through MAC up interface by the MAC protocol. It is an indication of incoming and 

successfully received MSDU. The indication contains data packet as parameter 

including both source and destination address and data length. 

 

 ‘txStart_request’ primitive is passed from MAC protocol through MAC down 

interface to the lower protocol layer entity. It is a request to start a transmission of a 

PDU frame constructed by MAC protocol entity. The request contains the data frame 

with the desired transmission power level as parameter. 

 

 ‘txStart_confirm’ primitive is passed from lower protocol layer entity through 

MAC down interface to the MAC protocol entity. It is a confirmation referring to the 

preceding data transmission request handed over by the MAC layer entity earlier. The 

confirmation primitive contains the status of transmission as a parameter. 

 

 ‘rxStart_indication’ primitive is passed from lower protocol layer entity to 

the MAC protocol entity through MAC down interface. It is an indication of the 

beginning of data transmission. The indication primitive contains no parameters. 

 

 ‘rxEnd_indication’ primitive is passed from lower protocol layer entity to the 

MAC protocol entity through MAC down interface. It is an indication of successfully 

received data transmission. The indication primitive contains the data packet including 

transmission data, the average reception power of the transmission signal and the 

reception status as parameter. 
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6.3.3 MAC frames 

 

Basic PDUs of distributed IEEE 802.11 standard MAC were implemented for the 

simulator. However, to simplify the protocol, some unnecessary messages, such as 

power save and other management messages were left out at the implementation. All 

PDU data frames are delivered between protocol layers as data parameters of protocol 

primitives discussed previously. 

 

CSMA/CA method is utilized in implemented MAC protocol by using RTS-CTS 

handshake prior to the data transmission. As the upper protocol layer entity hands 

MSDU data over to the MAC protocol, the RTS frame is first sent to reserve the 

wireless medium. However, this RTS-CTS handshake is not mandatory for all sent 

data packets. The configuration parameter ‘MAC_RTS_THRESHOLD‘ controls the data 

packet size after which the handshake is required. If the size of the MSDU in bytes is 

lower than the value of the parameter in bytes, the RTS handshake is not initiated. The 

parameter can also be set to the value zero to use RTS-CTS handshake for all MSDUs. 

The size of RTS PDU is 20 bytes and it contains only a little information. The frame 

type declares to its receiver as well as any other listening nodes the initiation of 

CSMA/CA handshake. To direct the frame to the right receiver it contains the receiver 

address as well as the source address of the transmitting terminal to enable response. 

The effectiveness of the RTS frame is based on the duration field, which contains the 

length of time in microseconds for duration of which the sender is reserving the 

transmission media. Roughly the value of this duration field is the length needed to 

transmit one CTS frame, the DATA frame pending and one ACK frame. 

 

When the MAC protocol receives RTS frame from its peer, it responds with a CTS 

frame, which finalizes the medium reservation and declares a working channel. The 

CTS frame is 14 bytes long and in addition to frame type it contains basically the 

receiver address and the duration fields. In the receiver address field is the address of 

the sender of preceding RTS frame. The duration field contains the length of time in 

microseconds needed to transmit a DATA frame and an ACK frame. 
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The data handed over from the upper protocol layer entity is transmitted in special 

DATA frames. All MSDU packets received from upper layer must be under the size 

limit of 2304 octets according to the IEEE standard 802.11. These data packets can be 

fragmented into smaller data units by MAC protocol layer if so configured. The size of 

these data fragments can be set to desired value with a configuration parameter 

‘MAC_FRAGMENTATION_THRESHOLD’, which is limited by the fore mentioned 

2304 bytes. Every data fragment is equipped with a DATA header. The length of 

DATA frame header is 34 bytes. In addition to the frame type it contains the source 

address of the frame, destination address of the frame, some routing information, 

necessary packet numbers and the duration field. Every DATA frame has a length of 

time to transmit the DATA frame in question and an ACK frame in its duration field. 

 

All received data frames are replied to with a special ACK frame to confirm a 

successful transmission and decoding. The use of ACK frames enables resending of 

data packets in case of unrecoverable error. The size of ACK frame is 14 bytes and it 

contains the frame type, receiver address and the duration field. The duration value is 

set to 0 microseconds if no more DATA fragment packets are expected. If consecutive 

DATA frames are expected, the length of time necessary to transmit the data is set to 

the duration field. 

 

6.3.4 Medium access contention 

 

In the IEEE standard 802.11 [IEEE99] the medium is accessed by contention. 

Basically this means a competition over the medium between the wireless network 

terminals. So, when the medium is assumed to be free, the terminal wanting to 

transmit picks a random period of time to wait. The wait time is on the order of 

microseconds. After the random backoff time has elapsed, the terminal is free to 

transmit the RTS frame. If the RTS-CTS handshake fails, the terminal repeats the 

backoff and waits again for a turn to transmit. If the handshake did not fail, the 

terminal carries out the normal RTS-CTS-DATA-ACK transmission procedure. 
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6.3.5 Virtual carrier sense (VCS) 

 

The VCS functionality of the MAC protocol is implemented by using a special 

Network Allocation Vector (NAV). The NAV is simply a timer which expresses the 

necessary backoff period for a terminal. The NAV is updated using the duration field 

in all transmitted PDU frames. Even the frames addressed to other terminals are 

decoded enough to get the estimated duration of the transmission. When the backoff 

period expressed by the NAV is over, protocol proceeds back to the normal contention 

based medium access. 

 

6.3.6 Transmission power control 

 

The MAC protocol simulator is equipped with a capability to adaptively change the 

used transmission power to limit the channel occupation only to the lowest possible 

degree. The MAC protocol includes the rate of used transmission power to all sent 

PDU frames and calculates the necessary transmission power from the known power 

loss characteristics of the particular link. The information of power loss over a link is 

extracted of the initial transmission power notice in a heard PDU and the power of 

signal received. This information is stored and updated regularly for all terminals 

heard by the node. All transmissions to nodes, of which there are no prior power loss 

characteristics, are carried out with the maximum transmission power of 100 mW. 

 

6.3.7 Protocol states 

 

The MAC protocol was implemented as a finite state machine with five states: 

initState, readyState, backoffState, receivingDataState 

and sendingDataState (Figure 13). In every state, the protocol accepts input 

specific to the particular state, executes the corresponding tasks and dispatches some 

output either to upper or lower protocol layer or to a peer entity. 
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Figure 13. A basic state diagram of the implemented MAC protocol. (Note: Some 

timers, counters and interruptions are omitted for clarity.) 
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7 SIMULATIONS 

 

To give an impression of possible uses of the implemented ad hoc simulator a set of 

simulations was run. The idea of the simulations was to observe the effects of four 

distinct properties of mobile wireless ad hoc network and its MAC protocol layer to 

the network performance. The four chosen properties were MAC fragmentation 

threshold, MAC RTS threshold, the velocity of network terminals and the number of 

terminals in the network. As a summary of these simulation scenarios, so called 

optimized simulation set was also run to check the effect of combined individual 

optimal values of these parameters. 

 

 

7.1 Common characteristics 

 

Since there exists a certain number of random factors in the simulator, all simulation 

results are averages of three separate but identical simulation runs. With this measure 

crudest statistical deviations were hoped to be controlled. 

 

The data traffic was the same for all of the simulations. It was not set to a maximum 

level; instead a moderate traffic level was chosen. The network terminals were 

configured to send random size transmissions up to 10000 bytes long. These 

transmissions were fragmented to MSDUs no more than 2300 bytes long. After 

receiving a single MSDU, the MAC protocol layer further fragmented it corresponding 

to the simulation configuration and these MAC PDUs were sent over the simulated 

radio channel between the network terminals. 

 

Three different performance indicators were monitored for all of the simulations. The 

total transmission rate contains all the transmissions between the terminals including 

MAC overhead and forwarded packets. The service rate on the other hand included 

only the workload data that was successfully received though MAC layer by the upper 

layers. Also the traffic content was monitored to resolve the ratio of overhead and the 

actual workload in the data transmissions. 
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7.2 MAC fragmentation threshold 

 

To examine the effects of the MAC fragmentation threshold a set of nine separate 

simulations was run (Appendix 1).  

 

7.2.1 Simulation properties 

 

For the simulation scenario in question a wireless ad hoc network of 15 nodes was 

configured (Appendix 1, Table 1). The velocity of mobile nodes was set to a moderate 

average level of 2 meters per second. The threshold for RTS handshake was set to 512 

bytes, so that all smaller MSDUs would be sent without the handshake. 

 

The nine simulation runs were performed correspondingly with nine different 

fragmentation threshold values. Since the size of a MAC fragment is not allowed to be 

0 bytes a reasonable minimum of 256 bytes were chosen. The maximum value for the 

fragmentation threshold parameter was chosen so, that the maximum MSDU size 

would be exceeded. Thus the maximum fragmentation threshold value of 2304 was 

chosen. The fragmentation threshold values for other simulation runs were evenly 

spaced between the minimum and the maximum with a step of 256 bytes. 

 

7.2.2 Simulation results 

 

The overall view of the results (Appendix 1, Table 2) is rather convincing. Both the 

transmission rate (Figure 14) and the service rate (Figure 15) decrease when increasing 

the MAC fragmentation threshold. In both cases the rate per node with threshold level 

of 2304 is over 60 percent lower than with the threshold of 256.  
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Figure 14. The behavior of the transmission rate in Sim_1. 
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Figure 15. The behavior of the service rate in Sim_1. 
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It is noteworthy that also the share of the overhead decreases dramatically from the 

initial 16.9 percent to only a 3.9 percent, when the fragmentation threshold is 

increased (Figure 16). This is naturally due decreasing number of transmitted data 

packets, thus resulting in a fewer data packet overhead bytes. Regardless of the 

behaviour of the overhead the optimum transmission and service rate is achieved at the 

smallest MAC fragmentation threshold level. 
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Figure 16. The behavior of the traffic content in Sim_1. 

 

 

As for curiosity, with the fragmentation threshold value 2304 (no fragmentation at all), 

even a slight improvement of both transmission and service rates were detected. In 

case it is not a mere unwanted statistical occurrence, it is probably simply due to an 

overhead decrease of over 30 percent between two last simulation runs 8 and 9. 
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7.3 MAC RTS threshold 

 

The examination of MAC RTS threshold was conducted with ten separate simulation 

runs (Appendix 2).  

 

7.3.1 Simulation properties 

 

As for the previous simulation, also for this one a network of 15 nodes was created 

(Appendix 2, Table 3). Also the average velocity was kept at the same moderate level 

of 2 meters per second. The MAC fragmentation threshold was set to 1024 bytes, 

which meant that the maximum MSDU would be fragmented into three MAC 

fragments. 

 

The examined RTS threshold was configured to points between the minimum of 0 

bytes and maximum of 2304 bytes. Other threshold values were evenly spaced 

between the minimum and the maximum with the step of 256 bytes. In case of the 

minimum threshold value 0 bytes, every transmitted MSDU would be preceded by the 

RTS handshake. On the other hand, no RTS-CTS procedure would be activated for 

any MSDU at the threshold level of 2304 bytes. 

 

7.3.2 Simulation results 

 

Also in this case the simulation results are rather clear (Attachment 2, Table 4). Both 

transmission (Figure 17) and service rate (Figure 18) increase when the MAC RTS 

threshold is increased. This means that the rates near their optimal at the higher 

threshold values. Only exception to this is noticed at the very highest threshold values, 

between threshold values 2048 bytes and 2304 bytes. At this point the rates decrease 

considerably by almost 60 percent. Because the maximum MSDU size is 2300 bytes 

and the major part of the simulation data traffic consists of these maximum MSDUs, 

the threshold level of 2304 bytes means this major part of transmissions is not secured 

with the RTS-CTS handshake. On the other hand, the threshold level of 2048 bytes 
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means that only the largest MSDU packets are secured with the RTS procedure, so 

only minimal amount of time or resources is wasted to smaller packets. Thus it seems 

that to reach the optimal performance of a network of described kind, it would be best 

to use RTS handshake only for the largest MSDUs.  
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Figure 17. The behavior of the transmission rate in Sim_2. 
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Effect of MAC RTS Threshold on Service Rate
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Figure 18. The behavior of the service rate in Sim_2. 

 

 

The content of the transmissions changed rather little while increasing the RTS 

threshold (Figure 19). Little by little the share of the overhead decreased towards 

higher threshold values. The only major change in overhead was a drop of 12 percent 

from RTS threshold value 2048 bytes to 2304 bytes. This decrease consists naturally 

of ending the use of RTS handshake. 
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Effect of MAC RTS Threshold on Traffic Content
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Figure 19. The behavior of the traffic content in Sim_2. 

 

 

7.4 Velocity of mobile nodes 

 

The velocity of mobile terminals is not a characteristic that can easily be controlled in 

case of wireless mobile network. However it is a property that potentially affects the 

performance of the network causing interruptions on the network connections. To 

investigate the effects of the node velocity a set simulations with five different node 

velocities were run (Appendix 3).  

 

7.4.1 Simulation properties 

 

As before, a network of 15 mobile terminals was configured also for this simulation 

(Appendix 3, Table 5). The MAC fragmentation threshold was set to 1024 bytes and 

the RTS threshold to 512 bytes. 

  

The used average velocities ranged from 0 meters per second to 8 meters per second 

with a velocity interval of 2 meters per second. Each simulation had a possibility of 

some stationary terminals and the maximum velocity of nodes was twice the average 
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velocity of the simulation. These velocities equal roughly velocities of a common 

walker, bike rider and at maximum levels even some fairly slow moving motor 

vehicles. 

 

7.4.2 Simulation results 

 

The effect of the mobile node velocity to the network performance was found out not 

to be as great as expected (Attachment 3, Table 6). The highest transmission rate 

(Figure 20) as well as service rate (Figure 21) was received with the average velocity 

of 0 meters per second (all terminals stationary). Only slight changes in transmission 

rate were discovered in simulation instances with moving terminals (instances 2 - 4). 

Curiously enough, at first the service rate seemed to increase with higher velocities. 

However, at the maximum average node velocity of 8 meters per second the service 

rate reached its minimum indicating a limited deterioration of service rate with higher 

velocities. 
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Figure 20. The behavior of the transmission rate in Sim_3. 
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Figure 21. The behavior of the service rate in Sim_3. 

 

The ratio between overhead and workload content of the data packets remained 

approximately the same throughout the simulation (Figure 22). It may be presumed 

that the velocity of the network nodes does not affect to the degree of overhead. 
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Figure 22. The behavior of the traffic content in Sim_3. 
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7.5 Number of mobile nodes 

 

The number of the mobile terminals in a wireless ad hoc network may affect the 

performance of the network by increasing the possibility of both hidden and exposed 

node situations. The impact of the number of nodes on the network performance was 

studied with a simulation set of five simulation runs. 

 

7.5.1 Simulation properties 

 

Since the parameter to be investigated was the number of mobile terminals, each of the 

five simulation runs had a different number of nodes in the network. Minimum 

number of nodes was set to 5 nodes and the maximum to 25 nodes. Other simulation 

runs were evenly spaced between the minimum and the maximum with the increment 

of 5 nodes. 

 

The average node velocity was configured to 2 meters per second (Appendix 4, 

table7). The MAC fragmentation threshold was set to 1024 bytes and the RTS 

threshold to 512 bytes. 

 

7.5.2 Simulation results 

 

The effect of number of terminals on transmission rate is rather clear (Figure 23). 

From the minimum number of terminals to the maximum number of nodes the 

transmission rate decreased by over 6 percent. The drop of the rate was consistent with 

an exception of one simulation instance. From simulation with 10 nodes to simulation 

with 15 nodes the transmission rate interestingly increased slightly. This may well be 

due to the random nature of some characteristics of the simulator, but it may also at 

least partly be a result of increased number of routing possibilities. Similar result was 

namely discovered on parallel confirmation simulation. 
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Figure 23. The behavior of the transmission rate in Sim_4. 

 

 

The drop of service rate from node number minimum to maximum was almost 50 

percent (Figure 24). The great difference between the decrease ratios of the 

transmission rate and the service rate can be explained by deteriorating multihop 

routing. The transmission rate depicts the packet traffic between any two nodes, 

whereas the service rate is the rate of traffic between the actual source and destination. 

Increasing number of nodes in the network increase also the necessity to use multi-hop 

routing instead of simply using single-hop. It also increases the possibility of hidden or 

exposed node scenarios along the packet route resulting in increased ratio of broken 

packet routes. Thus it seems that with low number of nodes the probability of packet 

reaching its actual destination is higher and correspondingly the service rate is 

increased. 
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Figure 24. The behavior of the service rate in Sim_4. 

 

 

The overhead ratio remained the same for the whole simulation, so it can be assumed 

that the number of nodes does not affect it (Figure 25). 
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Figure 25. The behavior of the traffic content in Sim_4. 
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7.6 Optimized run 

 

It should be noted that this simulation was carried out with a composite configuration 

of a few independently optimal configuration values (Appendix 5). These values also 

interact creating performance profiles dependent on the mutual relationship of the 

values. Also the network situation and the type of the data traffic have a heavy 

influence on the network performance requiring adjustment of some (or all) of these 

values to reach a real optimal performance in each separate network scenario. 

 

7.6.1 Simulation properties 

 

Since the optimal traffic and service rates were reached in a network of stationary 

nodes, the velocity of the network terminals is set to 0 meters per second (Appendix 5, 

Table 9). Similarly the MAC fragmentation threshold is configured to 256 bytes, since 

it was discovered that the network performance is better with small packet size. 

Furthermore, the MAC RTS threshold was set to 2048 bytes to limit the use of RTS 

handshake only for the larges MSDU packets, as found beneficial previously. 

 

To have something to compare to and to broaden the simulation coverage, the 

simulation was run with increasing number of nodes on separate runs. The minimum 

number was 5 nodes and the maximum 25 nodes. The rest of the runs were evenly 

spaced between the minimum and the maximum. 

 

7.6.2 Simulation results 

 

It is fairly easy to discover that the combined optimal values of fragmentation 

threshold, RTS threshold and the node velocity have quite an impact on the overall 

performance of the simulated network. The transmission rate per node in the network 

was significantly higher than in previous simulation (Figure 26). The only exception is 

a situation where there are only five terminals in the network. Even in that situation 
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the change is positive, but only by 12 percent. Otherwise the improvement of the 

transmission rate is from 60 to 80 percent. 
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Figure 26. The behavior of the transmission rate in Sim_5. 

 

 

The service rate also improved significantly (Figure 27). At the greatest the 

improvement of the service rate was over 90 percent compared to previous simulation, 

but as in the case of transmission rate, also the service rate reached its smallest 

improvement in the situation of 5 network nodes. In fact, comparing to the simulation 

studying the effects of the number of terminals on the network performance, the 

service rate decreased in the 5 node network. The decrease was small, only 5 percent, 

so it may be safe to assume, that the studied parameters have rather little effect in a 

network with very low number of nodes and come fully into the play in larger 

networks. 
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Figure 27. The behavior of the service rate in Sim_5. 

 

 

There was no major change in the ratio between the overhead and the workload in the 

simulation. The only change was a slight change towards smaller overhead when 

increasing the number of nodes in the network. The level of overhead stayed rather 

high throughout the simulation, at over 16 percent, which was directly due to small 

MAC fragmentation threshold of 256 bytes used in the simulation. As already noticed, 

the high level of overhead did not have a significantly negative impact on the network 

performance. 
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Figure 28. The behavior of the traffic content in Sim_5. 

 

 

It is also notable that the ratio of transmission and service rates in a network of 5 

terminals is quite different to the rest of the network instances. Whereas in the network 

of 25 nodes the service rate is about 36 percent of the corresponding transmission rate, 

it is about 57 percent in the network of 5 nodes. This indicates that in smaller networks 

a larger part of the data traffic reaches its destination without problems and consequent 

retransmissions. 
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8 CONCLUSION 

 

The goal of the wireless ad hoc network simulator project was to implement a useful 

research tool for later use in the field of mobile networks. This being he case, the main 

result to assess is naturally the implementation itself. However, a set of simulation was 

also run, which can be used as a basis to determine the usefulness of the 

implementation. 

 

 

8.1 Simulator implementation 

 

The initial requirements stated that the implementation should depict an ad hoc 

network of wireless mobile nodes. These nodes were supposed to be able to exchange 

data packets through simulated radio channel. The CSMA/CA should be used for 

medium access scheme by a preferably a well documented MAC protocol. 

Additionally the implementation was required to be both configurable and easily 

further developed. 

 

To put it simply, all the requirements were met. Even if the simulator implementation 

is a simplification of a real world ad hoc network, it uses the same basic principles to 

work. In every simulation it creates a mobile network corresponding the given 

configuration and it gathers some performance data of the simulations. The simulated 

terminals are mobile and they cause desired hidden and exposed node scenarios 

throughout the simulation. The collision of packets and signal interference is frequent 

and it is dealt with according to the universal radio physics. Furthermore, the structure 

of the implementation was designed to be modular, so it can rather smoothly be 

changed or expanded. Hopefully the simulator will be a useful tool at least for testing 

of theoretical research results. 
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8.2 JVOPS experiences 

 

After a period of familiarizing, the use of JVOPS in the extent needed in the project 

turned out to be quite easy despite of the rather sparse documentation. The use of basic 

elements was rather simple, so only a basic knowledge of Java and object-oriented 

programming was found necessary. This seeming easiness of use is unfortunately only 

due to the rather primitive and limited implementation of JVOPS. The project needed 

only the basic scheduling system with no JVOPS timers, but anything more 

sophisticated would no doubt have suffered of the limited timer resources of JVOPS. 

Also the lack of proper tracing and logging facility may inhibit the broader use of 

JVOPS. This is especially true in protocol design and programming, where the tracing 

of protocol messages (whether PDUs or primitives) is the main key to establishing a 

flawless protocol. 

 

This having said, the JVOPS was quite an asset in this particular project. The 

simulator materialized with a design simple enough to be implemented with JVOPS, 

which presents the basic conduit framework well enough to make protocol creation 

quicker. With the improvements of schedulers and timers as well as tracing and 

logging facility, the JVOPS could quite easily reach a new level of usability. A further 

improvement would be a broader and more detailed documentation to ease the 

introduction of JVOPS to projects. 

 

 

8.3 Simulations 

 

A set of five simulations was also run for this thesis. Examined attributes were the 

MAC fragmentation threshold, MAC RTS threshold, velocity of nodes and the number 

of nodes. Additionally a simulation was run with a configuration of individually 

optimal attribute values of the first three. 

 

Based on the simulations it can be stated that the simulator implementation works as 

expected. The used network was discovered to work best with a low value of MAC 

fragmentation threshold and with high MAC RTS value. Similarly the mobility of the 
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terminals reduced the network performance and the highest performance was reached 

with stationary nodes. Also the increasing number of terminals in the network causes 

the network performance to deteriorate as expected. The impact of the attributes was 

observed after running the final simulation with combined optimal values. The 

transmission performance of the network was increased from 60 to even 90 percent 

comparing to a corresponding simulation with anything but optimal attribute values. 

However, this increase came to effect at larger networks. With only 5 terminals the 

network performance seemed to be rather independent of these attributes. 

 

 

8.4 Development ideas 

 

As the simulator implementation was required to be easy to develop further, there are 

already some development ideas for the future. Due to some time constraints the 

simulator was left without proper graphical user interface. The implementation of such 

would obviously be a beneficial step for the later use of the simulator. Also the task of 

porting the simulator to JVOPS 2.0 could turn out to be useful if new features are to be 

added to the simulator. The porting could also act as a good introduction to the 

simulation system. Though the current data traffic of the simulator is somewhat 

configurable, it is still rather random and monotonous. That in mind it might be 

advantageous to further develop the traffic generator part of the simulator to generate 

more authentic data traffic for diverse network situations. 
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Appendix 1: Effects of MAC fragmentation threshold 

 

 

 

Number of nodes 15 

Average velocity of nodes [m/s] 2 

Maximum velocity of nodes [m/s] 4 

Minimum velocity of nodes [m/s] 0 

RTS threshold [bytes] 512 

Maximum MSDU [bytes] 2300 

Maximum TG transmission [bytes] 10000 

 

Table 1.  Part of Sim_1 configuration. 

 

 

 

Simulation 

run 

Fragmentation 

threshold 

[bytes] 

Transmission 

rate of node 

[bytes/s] 

Overhead-

% 

Workload-

% 

Service 

rate 

[bytes/s] 

Sim_1_1 256 4647,7 16,91 83,09 1620,2 

Sim_1_2 512 3961,2 10,85 89,15 1651,3 

Sim_1_3 768 3519,9 7,60 92,40 1286,6 

Sim_1_4 1024 2544,8 7,42 92,58 950,3 

Sim_1_5 1280 2269,2 5,79 94,21 907,6 

Sim_1_6 1536 2112,2 5,73 94,27 839,4 

Sim_1_7 1792 1551,5 5,65 94,35 639,8 

Sim_1_8 2048 1378,9 5,60 94,40 563,2 

Sim_1_9 2304 1465,0 3,89 96,11 640,0 

 

Table 2.  Sim_1 result data. 
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Appendix 2: Effects of MAC RTS threshold 

 

 

 

Number of nodes 15 

Average velocity of nodes [m/s] 2 

Maximum velocity of nodes [m/s] 4 

Minimum velocity of nodes [m/s] 0 

Fragmentation threshold [bytes] 1024 

Maximum MSDU [bytes] 2300 

Maximum TG transmission [bytes] 10000 

 

Table 3.  Part of Sim_2 configuration. 

 

 

 

Simulation 

run 

RTS threshold 

[bytes] 

Transmission 

rate of node 

[bytes/s] 

Overhead-

% 

Workload-

% 

Service 

rate 

[bytes/s] 

Sim_2_1 0 2137,7 7,45 92,55 807,1 

Sim_2_2 256 2661,0 7,44 92,56 861,2 

Sim_2_3 512 2544,8 7,42 92,58 950,3 

Sim_2_4 768 2865,0 7,35 92,65 1123,2 

Sim_2_5 1024 2908,4 7,28 92,72 1093,3 

Sim_2_6 1280 3573,1 7,28 92,72 1283,6 

Sim_2_7 1536 3926,1 7,21 92,79 1298,8 

Sim_2_8 1792 3854,4 7,09 92,91 1452,3 

Sim_2_9 2048 4350,6 7,01 92,99 1406,0 

Sim_2_10 2304 1849,1 6,18 93,82 652,7 

 

Table 4.  Sim_2 result data. 
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Appendix 3: Effects of velocity of mobile nodes 

 

 

 

Number of nodes 15 

Fragmentation threshold [bytes] 1024 

RTS threshold [bytes] 512 

Maximum MSDU [bytes] 2300 

Maximum TG transmission [bytes] 10000 

 

Table 5.  Part of Sim_3 configuration. 

 

 

 

Simulation 

run 

Average node 

velocity [m/s] 

Transmission 

rate of node 

[bytes/s] 

Overhead-

% 

Workload-

% 

Service 

rate 

[bytes/s] 

Sim_3_1 0 3085,0 7,43 92,57 1020,8 

Sim_3_2 2 2479,3 7,42 92,58 966,5 

Sim_3_3 4 2494,7 7,41 92,59 995,5 

Sim_3_4 6 2397,5 7,41 92,59 1006,5 

Sim_3_5 8 2540,1 7,42 92,58 892,4 

 

Table 6.  Sim_3 result data. 
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Appendix 4: Effects of number of mobile nodes 

 

 

 

Average velocity of nodes [m/s] 2 

Maximum velocity of nodes [m/s] 4 

Minimum velocity of nodes [m/s] 0 

Fragmentation threshold [bytes] 1024 

RTS threshold [bytes] 512 

Maximum MSDU [bytes] 2300 

Maximum TG transmission [bytes] 10000 

 

Table 7.  Part of Sim_4 configuration. 

 

 

 

Simulation 

run 

Number of 

nodes 

Transmission 

rate of node 

[bytes/s] 

Overhead-

% 

Workload-

% 

Service 

rate 

[bytes/s] 

Sim_4_1 5 2577,4 7,44 92,56 1693,7 

Sim_4_2 10 2505,9 7,43 92,57 1144,2 

Sim_4_3 15 2544,8 7,42 92,58 950,3 

Sim_4_4 20 2507,0 7,43 92,57 858,7 

Sim_4_5 25 2416,7 7,42 92,58 859,2 

 

Table 8.  Sim_4 result data. 
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Appendix 5: Optimized run 

 

 

 

Velocity of nodes [m/s] 0 

Fragmentation threshold [bytes] 256 

RTS threshold [bytes] 2048 

Maximum MSDU [bytes] 2300 

Maximum TG transmission [bytes] 10000 

 

Table 9.  Part of Sim_5 configuration. 

 

 

 

Simulation 

run 

Number of 

nodes 

Transmission 

rate of node 

[bytes/s] 

Overhead-

% 

Workload-

% 

Service 

rate 

[bytes/s] 

Sim_5_1 5 2884,9 16,87 83,13 1641,9 

Sim_5_2 10 4588,9 16,47 83,53 1607,0 

Sim_5_3 15 4215,3 16,21 83,79 1887,6 

Sim_5_4 20 4303,9 16,09 83,91 1632,2 

Sim_5_5 25 4030,0 16,09 83,91 1457,8 

 

Table 10.  Sim_5 result data. 

 

 

 

 

 


