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ABSTRACT

The ever-increasing demand for data necessitates the use of novel techniques in Con-
tent Distribution Networks (CDNs) to ensure efficient content delivery with guaranteed
Quality of Service (QoS). One promising approach is the distributed fog-based CDN
model, which relies on the optimal placement of fog nodes to meet these demands.
Despite numerous academic efforts to develop CDN models, many critical aspects of
CDN technology remain underexplored. These include the integration of fog comput-
ing with CDNss for localized processing, scalability challenges, efficient content distri-
bution, improved adaptability to diverse user demand requirements, and cost-effective
infrastructure management. This thesis addresses these issues by proposing various

comprehensive approaches to build an efficient content distribution model.

First, we introduce the problem of deploying fog nodes and establishing the content
distribution path to achieve guaranteed QoS, named the Fog-CDN problem. This NP-
hard problem is a non-linear instance of the facility location problem. We construct this
as an optimization problem by considering geographical regions, the locations of open
public WiFi access points (OPWAPs), QoS, and cost to achieve three primary research
objectives: strategic placement of fog nodes to process end-user requests, construc-
tion of a content distribution path with guaranteed QoS, and cost minimization when
building a fog-based CDN model. We propose a framework with a heuristic for opti-
mal fog node placement (PFOLR) and two approaches for content distribution, Greedy
Performance-based Node Selection (GPDS) and Greedy Fog Node Selection Algorithm
(GFNSA), to achieve these objectives. Our results demonstrate that the proposed meth-

ods outperform baseline techniques and provide near-optimal solutions.

Next, we propose the Joint Optimization Algorithm for Fog-node Placement and
Content Distribution (JFnP-CDA) to jointly optimize fog-node placement and content
distribution. Using a two-step procedure using clustering and the Voronoi method,

along with a nonlinear programming method, we optimize the size of the geographi-



cal regions, the locations of OPWAPs, QoS, and the cost. We validate the effectiveness
of the JFnP-CDA algorithm using real-world OPWAP data, demonstrating its validity
over baseline methods. We optimize (jointly) the deployment and distribution factor
and address the impact of fog node deployment on content distribution, a topic often

overlooked in current research.

Next, we focus on factors such as space-time considerations, load balancing, and
response time to enhance the Fog-CDN model capability. For this, we analyzed the
locations of OPWAPs in two metropolitan cities of India (Mumbai and Chennai) by
scraping and proposed a study to enhance the content distribution process within a Fog-
CDN model, which coordinates numerous edge network hot spots near end users. To
address the challenges of complexity and cost in Fog-CDN, we proposed a heuristic
to optimize the problem objective. Our approach reduces service delays and costs by
optimizing the Fog-CDN problem to build optimal service sub-regions and distribute
content efficiently. We validate the effectiveness of this model by using real-world
OPWAP data from metro cities, demonstrating that the proposed algorithm outperforms

existing techniques in both cost and performance metrics.

Finally, to improve the Fog-CDN performance, we studied the Fog-CDN model to
leverage cache deployments at various levels. Traditional CDNs have inherent limi-
tations in effectively distributing content in densely populated areas. Therefore, the
deployment of distributed fog node caches in Fog-CDN needs a closer look because
it affects critical parameters: network resources (caching and storage), quality of ser-
vice (QoS; latency), and costs (capital and operational expenditure). Consequently,
we focused on analyzing those critical parameters by presenting an in-depth analysis
of content popularity. For this, we have scraped and analyzed real-world data from
YouTube to gain insights into content characteristics, which are crucial for minimizing
QoS issues and costs. Additionally, we explore the deployment of micro-caches at the
edge level, presenting various use cases to ensure low cost and high performance. We
discuss the trade-offs between content popularity, caching, storage, and performance,
demonstrating that our proposed model outperforms baseline CDN models in total cost

and QoS guarantees.
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ABBREVIATIONS

ABR Adaptive Bit Rate

APs Access Points

CCp Cloud-based Content Provider

CDN Content Distribution/Delivery Network
COTS Commercial Off-The-Shelf

CSp Cloud Service Provider

DPI Deep Packet Inspection

ES Edge Severs

FOG-CDN Fog-based Content Distribution Network
FNPP Fog Node Placement Problem

GUI Graphical User Interface

HTTP Hypertext Markup Language

IaaS Infrastructure as a Service

ICN Information Centric Network

IoT Internet of Things

IPTV Internet Protocol Television

ISP Internet Service Provider

MANO Management and Orchestration

MIP Mixed Integer Programming

MILP Mixed Integer Linear Programming

MLS Mobile Live Streaming

NAT Network Address Translation

NFs Network Functions

NFV Network Function Virtualization

NFVI Network Function Virtualization Infrastructure
NIST National Institute of Standards and Technology
NS Network Service

o&M Orchestration and Management
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OSS/BSS Operational Support System/Business Support System
OPWAPs Open Public WiFi Access Points

PoD Point of Deployment

PoP Point of Presence

QoE Quality of Experience
QoS Quality of Service

RTT Round Trip Time

RO Resource Orchestration
SaaS Software as a Service
SDN Software Defined Network
SE-B Semi-Edge-Broadcast
SE-U Semi-Edge-Unicast

SFC Service Function Chaining
SLA Service Level Agreement
UAV Unmanned Aerial Vehicle
UDN Ultra Dense Network

VoD Video-on-Demand

VAS Value-added Service
WAN Wide Area Network

WOA Whale Optimization Algorithm
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