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Abstrak

Walaupun terdapat kemajuan ketara dalam Rangkaian Data Dinamakan (NDN),
pengendalian trafik Video atas Permintaan (VoD) yang cekap masih menjadi cabaran
akibat strategi caching yang tidak optimum. Hal ini menyebabkan peningkatan
kelewatan hujung ke hujung (E2EDelay) dan beban pelayan yang tinggi. Mekanisme
sedia ada sering gagal mengurus permintaan video dalam talian serentak, terutamanya
dalam persekitaran rangkaian yang dinamik. Kajian ini menangani ketidakefisienan
tersebut dengan mencadangkan satu mekanisme penempatan caching terkoordinasi
baharu yang direka khas untuk perkhidmatan VoD dalam persekitaran NDN. Objektif
pertama kajian ini adalah menilai ciri fungsian tujuh mekanisme penempatan caching
sedia ada melalui simulasi, bagi mengenal pasti keperluan fungsi penting untuk
penghantaran kandungan VoD yang optimum. Berdasarkan dapatan ini, mekanisme
baharu iaitu Coordination Caching Placement by Video Partitioning (CPVP),
diperkenalkan. CPVP bertujuan meningkatkan kecekapan caching, mengurangkan
kependaman, dan menambah baik pengalaman pengguna. CPVP menggunakan
teori hipergraph untuk memodelkan tingkah laku caching koperatif dalam rangkaian.
Ia membahagikan kandungan video secara dinamik dan menyimpan segmen video
di sepanjang laluan ke klien melalui tiga penghala yang berdekatan. Mekanisme
ini merangkumi tiga skema utama: Video Aggregation Scheme (VAS) untuk
mengenal pasti video penuh dan menentukan penghala yang boleh digunakan untuk
caching; Video Cache Decision Scheme (VCDS) yang mengurangkan redundansi
dan kependaman; serta Video Partitioning Scheme (VPS) yang membahagikan video
kepada tiga blok untuk disimpan secara teragih. Simulasi dijalankan menggunakan
ndnSIM 2.0 ke atas empat topologi rangkaian, menilai empat metrik prestasi utama.
Hasil kajian menunjukkan bahawa CPVP mengatasi mekanisme sedia ada seperti
Leave Copy Everywhere (LCE), Leave Copy Down (LCD), dan caching secara
kebarangkalian (Prob). Secara khususnya, CPVP mencatatkan pengurangan 22.3%
dalam E2EDelay purata dan peningkatan 56.5% dalam nisbah hit cache pada topologi
GEANT. Kajian ini menyumbang kepada pembangunan strategi caching yang lebih
cekap dalam NDN dan menawarkan peningkatan ketara dalam kualiti penstriman VoD
dan prestasi rangkaian.

Kata Kunci: Skim Pengagregatan Video (VAS), Skim Keputusan Cache
Video (VCDS), Skim Pembahagian Video (VPS), Hipergraf, Penempatan Cache
Penyelarasan oleh Pemisahan Video (CPVP).
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Abstract

Despite significant advancements in Named Data Networking (NDN), the efficient
handling of Video on Demand (VoD) traffic remains a challenge due to suboptimal
caching strategies, resulting in increased End-to-End Delay (E2EDelay) and elevated
server load. Existing mechanisms often fail to manage simultaneous online video
requests effectively, particularly under dynamic network conditions. This study
addresses these inefficiencies by proposing a novel coordinated caching placement
mechanism tailored for VoD services in NDN environments. The first objective of
the research is to evaluate the functional characteristics of seven existing caching
placement mechanisms through simulation, identifying the features essential for
optimal VoD content delivery. Building on these insights, a new mechanism,
Coordination Caching Placement by Video Partitioning (CPVP), is introduced. CPVP
aims to enhance caching efficiency, reduce latency, and improve user experience.
CPVP utilises hypergraph theory to model cooperative caching behaviour across the
network. It dynamically partitions video content and strategically stores segments
along the path to clients using three neighbouring routers. The mechanism incorporates
three integrated schemes: the Video Aggregation Scheme (VAS), which identifies
the full video and determines cacheable routers; the Video Cache Decision Scheme
(VCDS), which minimises redundancy and latency; and the Video Partitioning Scheme
(VPS), which divides the video into three blocks for distributed caching. Simulations
are conducted using ndnSIM 2.0 across four network topologies, evaluating four
key performance metrics. Results demonstrate that CPVP outperforms existing
mechanisms such as Leave Copy Everywhere (LCE), Leave Copy Down (LCD),
and probabilistic caching (Prob). Specifically, CPVP achieves a 22.3% reduction
in average E2EDelay and a 56.5% improvement in cache hit ratio on the GEANT
topology. This research contributes to the development of efficient caching strategies
in NDN and offers practical improvements in VoD streaming quality and network
performance.

Keywords: Video Aggregation Scheme (VAS), Video Cache Decision Scheme
(VCDS), Video Partitioning Scheme (VPS), Hypergraph, Coordination Caching
Placement by Video Partitioning (CPVP).
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CHAPTER ONE
INTRODUCTION

Over the past decades, the Internet has become one of the most popular tools
that are utilised in our everyday lives. With its development being based on
Transmission Control Protocol/Internet Protocol (TCP/IP), the Internet has flourished
dramatically. This progress is actualised not just because the Internet has many
applications, but also because of the different media types that have access to
it. However, with this expansive growth and diversification, the network exposes
several significant challenges, such as delay, data redundancy, and unexpected
interruption. Hence, the focus is on developing and growing future network research
[1, 2]. Furthermore, coordinated caching within Named Data Networking (NDN)
for Video-on-Demand (VoD) is crucial for enhancing performance, scalability, and
user experience. Coordinated caching is a strategic and cooperative approach where
caches at different network nodes work together, rather than operating independently,

to manage what content is stored, replicated, or evicted.

The initial target of the Internet was to share data between two point-to-point endpoints
and offer channels of communication between them. This concept follows the
traditional telecommunication network idea. In this process, the function of the
identifier and locator of the data holders is handled by the IP address, which is the
most essential element for the transmission of packets. For consumers to access data,
they need to be initially informed about the location of the data and also be provided
with the IP address of the holder. However, many consumers are only concerned about

what they can subscribe to and less about where they can obtain the content [3, 4]].

To enhance serving the consumer, the development of future networks is needed, such

as NDN, which is a new architecture developed by the Palo Alto Research Center
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