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Abstract

Template-driven HTML documents posses an implicit,
fixed schema denoting concepts and their relationships in
a hierarchical fashion. Discovering this schema remains a
relatively unexplored problem. By exploiting a key obser-
vation that semantically related items in HTML documents
exhibit spatial locality, we develop an algorithm for auto-
matically partitioning them into tree-like semantic struc-
tures which expose the implicit schema.

1 Introduction

A growing number of Web sites are maintained by con-
tent management software and thus a large number of Web
pages are machine-generated via templates. Normally in
such Web pages there is implicitly a fixed “schema” and
what changes is the content. Informally a schema for
a Web page represents concepts and relationships among
them in a hicrarchical fashion. For cxample, Figure 1
is a screen shot of the New York Times front page (sce
http://www.nytimes.com). Observe that this page includes:
(1) a taxonomy of items such as “NEWS” (consisting of
hyperlinks labeled with “International”, *“National”, ...),
“OPINION” (consisting of hyperlinks “Editorial/Op-Ed”,
...), etc.; (i) several headlines of news articles where each
article begins with a hyperlink labeled with the news head-
line (e.g., “Inspectors in Iraq ...”) followed by the author
of the article (e.g., “By JOHN F. BURNS ...”), followed by
a time-stamp and a text summary of the article (e.g., “The
new zero-tolerance ...”). The schema for this fragment of
the New York Times front page therefore includes the tax-
onomy (which does not change) and the template for the
news article. We should point out that the schema will also
include several additional elements pertaining to other con-
tent appearing in the page.

Knowing this schema explicitly has several uses. For ex-
ample, it eases the task of formulating queries to retrieve
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Figure 1. New York Times Front Page

data from Web documents. In the New York Times exam-
ple, one can pose a query to retrieve all the links under the
“NEWS” item in the taxonomy. Knowledge of the schema
is the key to transforming legacy HTML documents into
more semantics-oriented document formats such as XML
and DAML. Yet another application is audio-browseable
Web content. By putting a dialog interface to the content
of a Web page which is reorganized based on the knowl-
edge of its schema, a user can easily browse its content us-
ing audio. More generally a Web site itself can be navigated
using voice commands. Audio browseable Web content can
significantly expand the reach of the Web to visually chal-
lenged individuals.

The important question then is: Can the implicit schema
in template-driven HTML documents be made explicit? But
discovering schema of HTML documents requires glean-
ing semantic information from HTML tags — a task that
is difficult if not impossible to accomplish since their pri-
mary purpose is presentation of data in the document. Al-
though steady progress is being made in the development
of markup languages that facilitates extraction of seman-
tic knowledge (e.g., XML and DAML), HTML documents
continue to proliferate.
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Figure 2. Screen Shot of the Semantic Parti-
tion Tree for New York Times Front Page

In this paper we formulate the problem of schema dis-
covery from HTML documents as one of “automatically
discovering semantic structures in HTML documents” and
propose an algorithm for it. Our objective is to take a
HTML document generated by a template and automati-
cally discover and generate a semantic partition tree. Each
partition will consist of items related to a semantic con-
cept. For example, Figure 2 is such a tree corresponding
to the New York Times front page in Figure 1. In this fig-
ure, a Partition Node groups semantically related contents
together and structures them into a tree. In this paper we de-
scribe an algorithm for automatically discovering semantic
structures in template-driven HTML documents.

Our Approach The idea underlying our approach is
based on the key observation that in such documents se-
mantically rclated items, as discerned in their rendered
views, cxhibit spatial locality. For cxample, obscrve that
in Figure 1 all the taxonomic items such as “NEWS”,
“FEATURES”, etc., and the corresponding hyperlinks un-
der them are all spatially clustered together in the rendered
view. The same observation holds for all the headline news
items, their associated authors, and the corresponding news
summary. Each of these items appear as the leaf nodes in
the DOM [1] tree corresponding to the page (see the DOM
tree fragment in Figure 3).

How do we algorithmically determine spatial locality?
Tt turns out that in such HTML documents spatial local-
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Figure 3. DOM Tree Fragment of New York
Times Front Page

ity can be captured as “similarity” of path structures in
DOM trees. For example, observe that for all the links
under the “NEWS” item (“International”, “National”, etc.)
in Figure 1, their root-to-leaf paths (see Tfigure 3) are all
tr-td-table-tr - td - a- fonty' and henee identical. Sim-
ilarly, since the items “NEWS”, “OPINION”, and “FEA-
TURES” arc all related in the sensc of belonging to the con-
cept of a taxonomy, they also have similar path structures.
We can exploit this observation to define a notion of sim-
ilarity between paths based on their path structures. A strict
notion requires that they be identical while weaker forms
can be defined based on edit distance. In this paper we chose
the former. Based on this notion we can group all the links
under the “NEWS” item in one partition, all the links un-
der “FEATURES” in a different partition, and so on. Note
that the paths of all these hyperlinked items in each of these
partitions are identical. Let us denote any such path as 3.
Now how do we build the tree of partitioned segments? We
reduce this problem to one of finding repeated substrings in
a string. Specifically, observe in Figure 3 that the different
taxonomic items such as “NEWS” and “FEATURES” have
identical root-to-leaf path structures. So they all become
part of the same partition. Let us denote this path as a.
Notice how all of the taxonomic items and their associated
hyperlinks appear within a table structure in the DOM tree
— a manifestation of spatial locality. Suppose we label all
the paths of all the leaf nodes under this tree (correspond-
ing to the table structure) in sequence. This will result in
the string sequence a3*a3* ... (x is the Kleene star oper-
ator). Since o3* is a repeated substring, all the nodes cor-

'Here font tags with different subscripts denote font tags with differ-
cnt attribute values such as size, color, clc.
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