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Preface

The need for this book stems from the sheer amount of modern web traffic coupled
with increases in cacheable, bandwidth-consuming multimedia objects. In this
book, we provide the most comprehensive study for proxy cache replacement
strategies. We categorize these strategies into four categories; recency-based,
frequency-based, recency/frequency-based, and function-based. We provide a
quantitative comparison of cache replacement strategies on the category level and
then compare the best strategies of each category based on very important per-
formance metrics. We then diverge from these replacement policies by con-
structing a model, represented in the weights and structure of a neural network,
from actual web traffic. This approach has the advantage of incorporating subtle
traffic pattern information which may be difficult for a human to discern when
designing a top-down algorithm. Furthermore, we provide a single method which
is capable of creating multiple models; this allows models to be created which
target localized traffic patterns as well as general ones. We first provide the
simulation architecture, setup, parameters, and results of this novel technique then
we explain the implementation details in the Squid proxy server.

This book is based on a number of my publications co-authored with my
students Sam Romano, now a software engineer at Google and Jake Cobb, now a
Ph.D. student at Georgia Institute of Technology. I would like to thank them both
for their contributions to this research. I would like to thank the anonymous
reviewers of Simulation: Transactions of the Society for Modeling and Simulation
International, Sage Publication, The Journal of Systems and Software, Elsevier,
and Neural Computing and Applications, Springer-Verlag, for their comments and
critique that helped to improve the quality of this research. I would also like to
thank the staff members of Springer, Wayne Wheeler for introducing me to the
Springer Brief series and Simon Rees, for the follow up through the preparation of
this book.

Last, but not least, I am deeply grateful to my family for their continuous
support and encouragement.
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Chapter 1
Introduction

Keywords Web proxy servers - Proxy cache - Cache replacement strategies -
Neural networks « Squid proxy server

With the debut of Web 2.0, many researchers are interested in studying their
workload characteristics in order to design more efficient servers. YouTube is an
example of a very popular Web 2.0 site, and hence, it was the choice for many to
conduct such research [1]. Gill et al. [1] conducted an extensive analysis of
YouTube workload and observed 25-million YouTube transactions over a three-
month period that included the downloads of 600,000 videos. They compared
traditional Web workload characteristics to that of YouTube and found many
similarities. They concluded that traffic characterization of YouTube suggests that
caching popular video files on Web proxy servers reduces network traffic and
increases scalability of YouTube servers [1].

User-perceived delay results from both overload of individual servers and net-
work congestion. Proxy caches are used to address both issues by attempting to
serve requests locally. There are several decisions that must be made such as cache
placement and replacement. Our main focus will be the cache replacement problem,
the process of evicting objects in the cache to make room for new objects, applied to
Web proxy servers. Proxy servers want to serve as many objects from the cache as
possible, serve as much data from the cache as possible, or both. Optimizing both is
ideal, but many practical algorithms optimize for one over the other.

There are many replacement strategies to consider when designing a proxy
server. The most commonly known cache replacement strategies are least
frequently used (LFU) and least recently used (LRU). Podlipnig et al. [2] provided
a survey of Web cache replacement strategies. They have done well to not only list
well-known strategies, but also categorize the strategies into five groups.

Although both a survey and classification of these strategies are available, there is
not a known record of results comparing the majority of the cache replacement

H. ElAarag, Web Proxy Cache Replacement Strategies, 1
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algorithms. Balamash and Kunz [3] compared cache replacement policies qualita-
tively rather than quantitatively. Many of the works consulted for this research
presented results for different strategies against, at most, three to five other strategies.
However, their results cannot be compared effectively because most literature
devised their experiments with differences in their implementations, such as the use
of auxiliary caching, representation of Web object characteristics. There is also the
difference in trace files between experiments and a large range of different sizes used
for the cache space. Lastly, different proposals used different criteria on when to
cache an object such as ignoring PHP files, cgi-bin scripts, POST requests, and
simply just using all requests presented in a particular trace file.

In spite of the many cache replacement policies proposed in the past years, the
most popular Web proxy software, Squid, uses least recently used as its default
strategy. We believe that this is because there has not been a comprehensive study
presented that compares these strategies quantitatively. As Wong [4] mentions “all
policies were purported to perform better than others, creating confusion as to
which policy should be used”.

In this book, we present a study of cache replacement strategies designed for
static Web content, as opposed to dynamic Web content seen in some Web 2.0
applications. Most caching that occurs with dynamic content occurs on the
browser side and does not occur from the standpoint of proxy servers. As a result,
these strategies have not been considered. We have researched how proxy servers
can still improve performance by caching static Web content such as cascading
style sheets, java script source files, and most importantly larger files such as
images (jpeg, gif, etc.).

This topic is particularly important in wireless ad hoc networks. In such net-
works, mobile devices act as proxy servers for a group of other mobile devices.
However, they have limited storage space. The extensive research on cache
replacement policies we provide in this book is crucial for such environments with
small cache sizes and limited battery life.

Neural networks have been employed in a number of applications, particularly
in the area of pattern recognition. Neural networks are able to learn by experience
and hold an internal representation of meaning in data. An appropriately structured
neural network will be able to generalize the knowledge acquired from training to
data that lies outside the training set. This property makes neural networks useful
for solving problems that contain uncertainty or have a problem space which is too
large for an exhaustive search. We use neural networks to solve the Web proxy
cache replacement problem. A bottom-up approach is justified by the heavy var-
iability in Web traffic which makes general characterization of that traffic difficult.
Neural networks are selected for their strength in pattern recognition in noisy data
sets. Additionally, they can learn from example by training against a data set, yet
are able to generalize beyond the training set. Thus, they are well suited for
developing a general replacement strategy from a set of data samples. This
approach has the advantage of incorporating subtle traffic pattern information
which may be difficult for a human to discern when designing a top-down
algorithm.
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The rest of the book is organized as follows. Chapter 2 defines Web requests
and the characteristics of Web objects and presents some background information
about Web proxy servers and Squid. Chapter 3 presents some background infor-
mation about artificial neural networks. In chap. 4, we present TWENTY SEVEN
cache replacement strategies we simulated against different performance metrics
[5]. To the best our knowledge, this is the most comprehensive quantitative
analysis of Web cache replacement strategies. Chapter 5 presents our novel
approach to Web proxy cache replacement that uses neural networks for decision
making and evaluates its performance and decision structures [6]. We finally
present in chap. 6 the implementation of our neural network proxy cache
replacement scheme in a real environment, namely in the Squid proxy server [7].
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