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Preface

Welcome to volume 64 of the Advances in Computers. This series is the oldest
continuing series, beginning in 1960, which describes the continuing evolution of
the development of the computer and the field of information processing. Each year
three volumes are produced presenting approximately 20 to 25 chapters that describe
the latest technology and the use of computers today. This present volume, subtitled
“Programming paradigms: The World Wide Web and other programming models,”
is concerned about the changes in software development today. It is mostly about the
impact that the Internet and the World Wide Web have on today’s use of computers,
but includes other related development topics, such as the growing use of “open
source” as a model for software development.

The Internet and the Web have had a profound effect on how information is
obtained today. Billions of pages of data are freely available from computers world-
wide. The problem is how to find that information. This is the role of the search
engine, known locations where users can type in queries and obtain lists of pages
that contain the information desired. However, how do search engines find their re-
sults? In the first chapter, “Automatic Evaluation of Web Search Services” by Abdur
Chowdhury discusses the problem of “finding information needles in a worldwide
haystack of search services.” He discusses various search strategies and various mea-
sures of determining how well the search worked.

Web search services are just one type of web service needed. As the commercial
development of the web continues to grow, services are needed for handling finan-
cial transactions, inventory control, security of communications, and a whole host of
other services needed to support a commercial enterprise. In Chapter 2, Sang Shin
in “Web Services” discusses the various standards that are growing to handle this
myriad of issues needing standardization. Without such standardization, it would be
impossible for diverse industrial organizations to communicate effectively.

In Chapter 3, “A Protocol Layer Survey of Network Security” by John V. Harrison
and Hal Berghel, expands upon the security standards of Chapter 2 and discusses
how one violates the security of a system and can successful attack—or prevent an
attack—on a computer system. It discusses the issues involved in intrusion detection
systems and the various security defects, called vulnerabilities, which exist.

Xiii
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In Chapter 4, Roland T. Rust, P.K. Kannan and Anupama D. Ramachandran
discuss “E-Service: The Revenue Expansion Path to E-Commerce Profitability.”
Whereas Chapters | through 3 are concerned with a system builder’s view of cer-
tain web services, this chapter discusses the business view of the Web. How can one
use the Web to develop a profitable electronic or e-business? “A customer-centric
market view necessitates that firms learn the customer laws of the virtual world to
retain and enhance their market share.”

Chapter 5 changes focus slightly and looks to the future. The World Wide Web is
just the beginning of the integration of accessing multiple computers. In the future it
is forecast that computers will be everywhere with large numbers of machines inter-
linked with all aspects of your daily life. Originally called “ubiquitous computing”
by Mark Weiser, it is now known as pervasive computing. Debashis Saha, in Chap-
ter 5, discusses the implications of “Pervasive Computing: A Vision to Realize.” In
his vision of pervasive computing, “the environment is saturated with a host of com-
puting and communication capabilities which are gracefully integrated with daily life
so that user will be able to interact with a smart environment from everywhere using
a seemingly invisible infrastructure of various ... devices.” What are the attributes
of a pervasive computing environment, and what projects are now being undertaken
to study this phenomenon?

“Open Source Software Development: Structural Tension in the American Exper-
iment” by Coskun Bayrak and Chad Davis is the subject matter of Chapter 6. This
brings up a new phenomenon in software development—open source. Traditionally,
companies developed a product and then sold (or licensed) the software for users to
run on their machine. Selling multiple copies of the software was how they acquired
revenue. However, we now see another model for software development called open
source. In this model, individuals contribute software to a central repository and any-
one is able to download that repository, via the Web, and run the software for free.
Systems such as the Linux operating system, the Eclipse development environment,
the Apache web server, and the Mozilla web browser are all open source products.
So the intriguing question is how do people who develop open source systems gener-
ate any revenue in order to stay in business? This chapter explores this question and
other issues related to this concept.

The last chapter entitled “Disability and technology: Building barriers or creating
opportunities?” by Peter Gregor, David Sloan and Alan F. Newell discusses an issue
that cuts across all of the previous 6 chapters. It is generally assumed that individuals
use computers by typing on a keyboard, moving a mouse, and reading a display
screen. But what about those for whom these are difficult or impossible tasks? How
does the blind interact with computers? The elderly often have problems with modern
technology. What about other handicaps? This chapter discusses how one needs to
develop computer systems that address the needs of these computer users as well. As
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some of the earlier chapters clearly indicate, computers are becoming pervasive and
without a degree of computer literacy, individuals will be cut off from many of the
benefits of society. How do we provide those benefits to all?

I hope that you find these articles of interest. If you have any suggestions of topics
for future chapters, or if you wish to contribute such a chapter, I can be reached at
mvz@cs.umd.edu.

Marvin Zelkowitz
University of Maryland
College Park, MD, USA
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Automatic Evaluation of Web Search
Services

ABDUR CHOWDHURY

Search & Navigation Group
America Online

USA

cabdur@aol.com

Abstract

With the proliferation of online information, the task of finding information rele-
vant to users’ needs becomes more difficult. However, most users are only partly
concerned with this growth. Rather, they are primarily focused on finding infor-
mation in a manner and form that will help their immediate needs. It is essential
to have effective online search services available in order to fulfill this need. The
goal of this chapter is to provide a basic understanding of how to evaluate search
engines’ effectiveness and to present a new technique for automatic system eval-
uation.

In this chapter we explore four aspects of this growing problem of finding
information needles in a worldwide haystack of search services. The first and
most difficult is the exploration of the meaning of relevance to a user’s need. The
second aspect we examine is how systems have been manually evaluated in the
past and reasons why these approaches are untenable. Third, we examine what
metrics should be used to understand the effectiveness of information systems.
Lastly, we examine a new evaluation methodology that uses data mining of query
logs and directory taxonomies to evaluate systems without human assessors, pro-
ducing rankings of system effectiveness that have a strong correlation to manual
evaluations. This new automatic approach shows promise in greatly improving
the speed and frequency with which these systems can be evaluated, thus, allow-
ing scientists to evaluate new and existing retrieval algorithms as online content,
queries, and the users’ needs behind them change over time.
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1. Introduction

The growth of information on the web has spurred much interest from both users
and researchers. Users have been interested in the wealth of online information and
services while researchers have been interested in everything from the sociological
aspects to the graph theory involved in this hyperlinked information system. Because
of the users’ need to find information and services now available on the web, search
engine usage is the second most common web activity after email. This fundamental
need to find pertinent information has caused unprecedented growth in the market
for both general and niche search engines. Google™, one of the largest web search
engines, now boasts over 4 billion indexed HTML pages [24]. ResearchBuzz, a site
that tracks search engine news, has reported some 30 new search products per month
since the late 1990s [39]. These sites only begin to express the growth in available
information and search engine activity that is being observed. With that growth, the
basic research question we are interested in is: “How effective are these systems in
finding relevant information?” This question is the focus of the chapter.
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What does it mean to have an effective search service? There are many questions
to consider when evaluating the effectiveness of a search service:

e s the system responsive in terms of search time?

e [s the Ul intuitive and well laid out?

e [s the content being searched both useful and complete?

e Does the search service help users fulfill their information need?

e Are the results presented with enough surrogate information for the users to
understand whether their needs have been met?

These questions cover many aspects of a service’s quality, from operational system
characteristics [15], to the evaluation of the usability of the site [40]. Those issues
are covered in other bodies of work and beyond the scope of this chapter. What is
examined here is a service’s ability to take an information need from a user and find
the best set of results that satisfy that need. Additionally, we examine how a set of
engines providing the same service can be examined and ranked in terms of how
effectively they are meeting users’ information request needs.

In Section 2 we explore the meaning of relevance, and ask the question “What
is a good result from a search engine?” Since relevance is at the heart of informa-
tion science, we present a brief background into prior efforts that attempt to provide
a cogent definition of this elusive concept. In Section 3 we explore the history of
search effectiveness evaluations, and the various aspects of effectiveness that must
be studied. In Section 4 we explore the metrics used to understand these systems. In
Section 5 we examine the web and the tasks users expect to accomplish when using
web search services. In addition, we examine some of the factors that are specific to
web systems in terms of changing user interests and content changes. We argue that
because of constantly changing needs and content, traditional manual evaluations
are not a tenable solution to understanding the effectiveness of these systems in any
timely manner.

In Section 7 we examine a new methodology for automatically evaluating search
services that is much less resource-intensive than human-reviewed relevance assess-
ments. Performing human assessments on very large dynamic collections like the
web is impractical, since manual review can typically only be done on a very small
scale and is very expensive to repeat as content and users’ needs change over time.

In Section 8 we examine automatic estimates of effectiveness on various tasks in
relation to manual evaluations. In Section 9 we further explore how this approach
can be applied to site and intranet search services. Lastly, in Section 10 we examine
future research areas for these techniques.



