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Abstract

This thesis covers three main issues in content delivery with a focus on placement algo-

rithms of replica servers and replica contents. In a content delivery system, the location

of replicas is very important as perceived by a quotation: Closer is better. However,

considering the costs incurred by replication, it is a challenge to deploy replicas in a

cost-effective manner. The objective of our work is to optimally select the location of

replicas which includes sites for replica server deployment, servers for replica contents

hosting, and en-route caches for object caching. Our solutions for corresponding appli-

cations are presented in three parts of the work, which makes significant contributions

for designing scalable, reliable, and efficient systems for Internet content delivery.

In the first part, we define the Fault-Tolerant Facility Allocation (FTFA) problem for

the placement of replica servers, which relaxes the well known Fault-Tolerant Facility

Location (FTFL) problem by allowing an integer (instead of binary) number of facili-

ties per site. We show that the problem is NP-hard even for the metric version, where

connection costs satisfy the triangle inequality. We propose two efficient algorithms

for the metric FTFA problem with approximation factors 1.81 and 1.61 respectively,

where the second algorithm is also shown to be (1.11,1.78)- and (1,2)-approximation

through the proposed inverse dual fitting technique. The first bi-factor approximation

result is further used to achieve a 1.52-approximation algorithm and the second one a

4-approximation algorithm for the metric Fault-Tolerant k-Facility Allocation problem,

where an upper bound of facility number (i. e. k) applies.

In the second part, we formulate the problem of QoS-aware content replication for

parallel access in terms of combined download speed maximization, where each client

has a given degree of parallel connections determined by its QoS requirement. The

vi



Abstract vii

problem is further converted into the metric FTFL problem and we propose an approx-

imation algorithm which is implemented in a distributed and asynchronous manner of

communication. We show theoretically that the cost of our solution is no more than

2F ∗ + RC∗, where F ∗ and C∗ are two components of any optimal solution while R

is the maximum number of parallel connections. Numerical experiments show that the

cost of our solutions is comparable (within 4% error) to the optimal solutions.

In the third part, we establish mathematical formulation for the en-route web caching

problem in a multi-server network that takes into account all requests (to any server)

passing through the intermediate nodes on a request/response path. The problem is to

cache the requested object optimally on the path so that the total system gain is maxi-

mized. We consider the unconstrained case and two QoS-constrained cases respectively,

using efficient dynamic programming based methods. Simulation experiments show that

our methods either yield a steady performance improvement (in the unconstrained case)

or provide required QoS guarantees.
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