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Abstract 

Delay Tolerant Network (DTN) is a class of networks characterized by long delays, 
frequent disconnections and partitioning of communication paths between network 
nodes. Due to the frequent disconnection and network partitioning, the overall perfor­
mance of the network will be deteriorated sharply. The problem is how to make the 
network fairly connected to optimize data routing and enhance the performance of a 
network. The aim of this study is to improve the performance of DTN by minimiz­
ing end-to-end delivery time and increasing message delivery ratio. Therefore, this 
research tackles the problem of intermittent connectivity and network partitioning by 
introducing Agents and Ferry Mechanism based Routing (AFMR). The AFMR com­
prises of two stages by applying two schemes: mobile agents and feny mechanism. 
The agents' scheme is proposed to deal with intermittent connectivity and network par­
titioning by collecting the basic information about network connection such as signal 
strength, nodes position in the network and distance to the destination nodes to min­
imize end-to-end delivery time. The second stage is to increase the message delivery 
ratio by moving the nodes towards the path with available network connectivity based 
on agents' feedback. The AFMR is evaluated through simulations and the results are 
compared with those of Epidemic, PRoPHET and Message Ferry (MF). The findings 
demonstrate that AFMR is superior to all three, with respect to the average end-to-end 
delivery time, message delivery ratio, network load and message drop ratio, which 
are regarded as extremely important metrics for the evaluation of DTN routing pro­
tocols. The AFMR achieves improved network performance in terms of end-to-end 
delivery time (56.3%); enhanced message delivery ratio (60.0%); mitigation of mes­
sage drop (63.5%) and reduced network load (26.1 % ). The contributions of this thesis 
are to enhance the performance of DTN by significantly overcoming the intermittent 
connectivity and network partitioning problems in the network. 

Keywords: Agent based routing, Delay tolerant network, Sporadic connectivity, 
Store-carry-forward mechanism, Routing protocols. 
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Abstrak 

Rangkaian Toleransi Kelengahan (DTN) adalah satu kelas rangkaian yang mempunyai 
ciri lengahan yang panjang, pemutusan yang kerap dan pemetakan laluan komunikasi 
antara nod rangkaian. Oleh kerana pemutusan kerap dan pemetakan rangkaian, presta­
si keseluruhan rangkaian akan merosot secara mendadak. Permasalahannya adalah ba­
gaimana untuk menjadikan sesuatu rangkaian itu bersambung dengan baik bagi meng­
optimumkan penghalaan data dan meningkatkan prestasi sesuatu rangkaian. Tujuan 
kajian ini adalah untuk meningkatkan prestasi DTN dengan meminimumkan masa 
penghantaran hujung ke hujung dan meningkatkan nisbah penghantaran mesej. Oleh 
itu, penyelidikan ini menangani masalah ketersambungan terputus-putus dan pemetak­
an rangkaian dengan memperkenalkan mekanisma berdasarkan penghalaan agen dan 
feri (AFMR). AFMR terdiri daripada dua peringkat dengan menggunakan dua skim: 
agen bergerak dan mekanisma feri. Skim agen dicadangkan untuk menangani ke­
tersambungan terputus-putus dan pemetakan rangkaian dengan mengumpul maklumat 
asas mengenai ketersambungan rangkaian seperti kekuatan isyarat, kedudukan nod da­
lam rangkaian dan jarak nod ke destinasi untuk meminimumkan masa penghantaran 
hujung ke hujung. Peringkat kedua adalah untuk meningkatkan nisbah penghantaran 
mesej dengan menggerakkan nod ke laluan dengan ketersambungan rangkaian yang 
tersedia berdasarkan maklum balas agen. AFMR dinilai melalui simulasi dan keputu­
sannya dibandingkan dengan Epidemik, PRoPHET dan Feri Mesej (MF). Penemuan 

menunjukkan bahawa AFMR lebih baik daripada ketiga-tiganya, berkenaan dengan 
purata masa penghantaran hujung ke hujung, nisbah penghantaran mesej, beban rang­
kaian dan nisbah pengguguran mesej , yang dianggap sebagai metrik yang amat penting 
untuk penilaian protokol penghala DTN. AFMR berjaya meningkatkan prestasi rang­
kaian dari segi tempoh penghantaran hujung ke hujung (56.3%); meningkatkan nisbah 
penghantaran mesej (60.0%); pengurangan pengguguran mesej (63 .5%) dan mengu­
rangkan beban rangkaian (26.1 % ). Sumbangan tesis ini adalah untuk meningkatkan 
prestasi DTN dengan ketara mengatasi masalah ketersambungan terputus-putus dan 
masalah pemetakan dalam rangkaian. 

Kata kunci: Penghalaan berasaskan agen, Rangkaian toleransi kelengahan, Ketersam­
bungan sporadik, Mekanisma simpanan-bawa-maju, Protokol penghalaan. 
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CHAPTER ONE 

INTRODUCTION 

The rapid development of wireless communication today has witnessed the growth of 

numerous types of heterogeneous network. Heterogeneous networks can be defined 

as networks that connect computers and other devices that operate under different 

communication protocols and run on diverse operating systems or access technologies. 

For example, a wireless network which has the ability to maintain its services while 

switching from wireless LAN to a cellular network is considered as a good model 

of a wireless heterogeneous network. Heterogeneous networks can also operate in 

extreme terrestrial environments or mobile conditions which lack continuous network 

connectivity. The Delay Tolerant Network (DTN) is an approach that seeks to address 

the technical issues that make communication in heterogeneous networks difficult. 

The concept of DTN was first proposed by Fall in 2003 [ 1 ], and followed by numerous 

studies in the same field. 

The aim of this chapter is to place this study in its context starting with a brief overview 

of DTN and an outline of its major characteristics in Sections 1.1 and 1.2 respectively. 

Section 1.3 discusses some motivating factors for studying DTN. The problem state­

ment is presented in Section 1.4, where the current issues and challenges of DTN are 

addressed. Section 1.5 covers the research questions. The research objectives, scope, 

steps and research significance are presented in Sections 1.6, 1.7, 1.8, and 1.9 respec­

tively. Finally, the thesis organization is outlined in Section 1. 10. 

1.1 Delay Tolerant Network 

The Internet today successfully connects communication devices throughout the 

globe. The Transmission Control Protocol/Internet Protocol (TCP/IP) suite has the 
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