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1. OVERVIEW

We have witnessed the rapid growth of the World Wide
Web— The Web has not only “broadened” but also “deep-
ened”: A 1999 survey [1] estimated a total of 800 million
pages on the Web at that time. Nowadays, 19.2 billion
Web pages as reported by the recent index of Yahoo.com,
denoting at least 24 times increase in six years. Further,
while this surface Web has linked billions of static HTML
pages, an equally or even more significant amount of in-
formation is “hidden” on the deep Web, behind the query
forms of searchable databases. A July 2000 survey [2] esti-
mated 96,000 “search sites” and 550 billion content pages in
this deep Web. A more recent study [3] in April 2004 esti-
mated 330,000 deep Web sources with over 1.2 million query
forms, reflecting a fast 3-7 times increase in 4 years. With
the virtually unlimited amount of unstructured and struc-
tured information sources, the Web is clearly an important
frontier for data management and knowledge discovery.

Accessing information on the Web thus requires not only
search to locate pages of interests, on the surface Web, but
also integration to aggregate data from alternative or com-
plementary sources, on the deep Web. While the opportu-
nities are unprecedented, the challenges are also immense:
For the surface Web, while search seems to have evolved
into a standard technology, its maturity and pervasiveness
have invited the attack of spam and the demand of person-
alization. On the other hand, for the deep Web, while the
proliferation of structured sources has promised opportuni-
ties for more precise and aggregated access, it has presented
new challenges for large scale and dynamic information in-
tegration. These issues are essentially related to data man-
agement, in a large scale, and thus present novel problems
and interesting opportunities for our research community.
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Goals. In this tutorial, we will go over recent advances
made in helping users access information on the Web, in or-
der to (1) promote the awareness of the database community
for the technical challenges in this area, (2) stress the new
spirit and shifted agenda injected by the unique character-
istics of the Web information, and (3) engage the database
community for open issues and research problems.

Target Audience. The tutorial is intented for re-
searchers who are interested in the new access scenarios and
research problems in Web information search and integra-
tion, from the perspective of the SIGMOD community, i.e.—
How is Web search different from querying a database? How
does Web integration, with its large scale and open borders,
differ from traditional information integration scenarios?

Prerequisite. No specific perquisite knowledge. The
tutorial will start from introducing basic characteristics and
observations of Web information access, and the technical
details will be self-contained.

2. OUTLINE

Two main topics that we will cover in this tutorial are (1)
keyword-based searches on the surface Web and (2) source
integration on the deep Web. Traditionally, users have pre-
dominantly used a keyword-based search interface in access-
ing the information on the surface Web, where they type in
a short list of keywords that describe what the users are in-
terested in. While this interface has proven to be powerful
in describing the user’s need and identifying relevant tex-
tual pages on the surface Web, its inherent limitation and
the rapid growth of the deep Web has also made it necessary
to develop novel ways to integrate diverse sources that pro-
vide rich interfaces on structured data. This tutorial will be
organized around these two approaches for Web information
access and cover their historical evolution, state of the art
development, and open research issues.

2.1 Part|: Searching the Surface Web

While having an elegantly simple interface, it requires
tremendous research and engineering efforts to build and op-
erate an effective keyword-based search engine. First of all,
search engines have to constantly fight against Web spam-
mers who employ an ever-evolving set of tricks to artificially
boost their ranking in the search results. They also need to
be able to distinguish the diverse need of a user simply based
on a few keywords that the user types in. In the first part
of this tutorial, we will review some of the recent advances



made by the Web, database and IR community in this con-
text. Roughly, this part of the tutorial will be organized
around the following themes:

1. Basics of Web Search

e General architecture: Web crawler, indexer, and query

engine

e Basic terms and models: inverted index, vector-space
model, TF-IDF and PageRank

e Taxonomy of Web search

2. Fighting Web Spam: How search engines identify and
filter out the pages that artificially boost their ranking
in search results

e Content-based spam detection

e Link-based spam detection

3. Personalized Search: One global ranking for every user
may not be adequate when multiple users have diverse
needs. How we can customize search results depending
on the interest of a particular user

e Topic-Sensitive PageRank

e User preference model

e Personalized ranking

4. Architecture and Performance Issues: How search en-
gines deal with the enormous data and query load and
be able to answer queries quickly with reasonable re-
sources

e Link analysis optimization
e Query engine scalability

5. Search Engine Impact and Bias: How the ranking in
search results may affect how users access Web pages.
How we can model these changes in the user behavior
and what are the implications of these changes

e Web-user behavior and models
e Page popularity evolution

e New ranking mechanisms

6. Open Research Challenges

2.2 Partll: Integrating the Deep Web

With the proliferation of databases on the Web, their im-
pacts to Web information access is immense. In the re-
cent years, as many research projects have built up sig-
nificant efforts in addressing the deep Web, their results
have started to flourish. Meanwhile, the search industry
has moved rapidly, beyond page-based unstructured text, to
the previously unexplored frontier of database-backed struc-
tured data— e.g., the many ”vertical” search engines that
cover structured data in certain domains (e.g., jobs, prod-
ucts), and the very recent debut of the ”Google Base” for
building a Web-scale structured database across various do-
mains. The second part of the tutorial will bring the aware-
ness of this important new frontier, outlined as follows:

1. The Emergence of the Deep Web
e Basics of the deep Web
e Surveys of the deep Web

e Observations and implications

2. The Systems: Web Integration Applications

e Horizontal: Deep-web search systems

e Vertical: Domain-based search engines

3. The Problems: Technical Issues and State of the Art
e Source modeling and characterization
e Schema matching
e Query mediation
e Data collection
e Wrapper construction

e System integration

4. The Solutions: Common Techniques & Unified Insights
e Common basic approaches

e Emergence of unified insights

5. Open Issues and Future Directions
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