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a b s t r a c t

Extracting tuples from HTML pages has been an important issue in various web applica-
tions. Commercial tuple extraction systems have enjoyed some success to extract tuples
by regarding HTML pages as tree structures and exploiting XPath queries to find attributes
of tuples in the HTML pages. However, such systems would be vulnerable to small changes
on the web pages. In this paper, we propose a robust tuple extraction system which utilizes
spatial relationships among elements rather than the XPath queries. Spatial information
(e.g., 2-D coordinates) of elements are maintained in the DOM tree when a web page is ren-
dered in a browser. Our system regards elements in the rendered page as spatial objects in
the 2-D space and executes spatial joins to extract target elements. Since humans also
identify an element in a web page by its relative spatial location, our system extracting ele-
ments by their spatial relationships could possibly be as robust as manual extraction. To
specify and execute spatial joins, we propose a new query language, RAQuery, based on
topological relationships between any spatial objects in the 2-D space. We then propose
spatial join algorithms that efficiently process the RAQuery using novel notions of group
match and prunable relation group. We next propose a tuple construction algorithm to build
tuples from the extracted elements obtained by the spatial joins, which can construct
tuples even when there are no boundary HTML elements specified for the tuples in the
web page. Extensive experimental results using real HTML pages confirm that our solutions
are far more robust than existing tuple extraction systems without sacrificing performance.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

Extracting tuples from HTML pages has been an important issue [9,12,14,17,19,20,25–29] in various web applications
such as web data integration, e-commerce market monitoring, and mashups that repurpose and selectively combine existing
web data and services [29]. After tuples are extracted from web pages, they can be easily transformed to different structures.

Commercial tuple extraction systems have enjoyed some success to extract tuples by regarding HTML pages as tree struc-
tures and exploiting XPath queries [36] to find attributes of tuples in the HTML pages. In such systems, given a sample HTML
page T, the user first defines a target schema S for the tuples to extract and associates XPath queries of the HTML elements
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(corresponding to the attributes of the tuples) in T to target elements of S. The systems store these associations as mapping
rules for extracting tuples. Thus, these rules can be applied to all pages similar to T.

Commercial tuple extraction systems typically require two steps to extract tuples from a given web page: (1) selecting the
boundary element of the first tuple to extract (assuming the remaining tuples can be extracted by changing the position
information of the boundary element) and (2) selecting the corresponding tag for each attribute of the tuple. Fig. 1 shows
the conventional tuple extraction process in detail. Suppose a user wants to extract names, ages, and cities of the people
whose names are ‘‘David Dewitt’’ from the Yahoo’s people search page. The user is first required to select the TR tag (bound-
ary tag) of the first tuple. More specifically, an absolute XPath, /HTML/BASE/BODY/DIV[2]/TABLE/TBODY/TR[3], is used to lo-
cate the TR tag. Once the XPath for the first tuple is identified, the user needs to select tags for the attributes, i.e., names, ages,
and cities. Specifically, three relative XPath queries from the TR tag—./TD[2]/DIV[1]/A[1]/B[1], ./TD[3], and ./TD[4]—are used
to locate these attributes. The tuple extraction system will increase the index of the TR tag to extract the second tuple. That
is, /HTML/BASE/BODY/DIV[2]/TABLE/TBODY/TR[4] will be used for extracting the second tuple.

The conventional extraction systems have two serious problems. (1) Since absolute/partial match XPath queries are used
to extract tuples, they are vulnerable to small changes in web pages. For example, if the email column is added just before
the age column, the systems using either the absolute or partial-match XPath could not extract ages and cities of the people.
(2) The extraction systems assume there exist boundary elements for tuples. However, due to increasing popularity of CSS
styles, columns of a tuple to extract can be in different subtrees using DIV and SPAN tags. For example, if elements are
grouped by columns using DIV tags, not by rows, there are no boundary tags for tuples. Thus, a completely different mech-
anism is needed to resolve these problems.

We propose a robust tuple extraction system that utilizes spatial relationships among elements rather than the XPath
queries of the elements. Spatial information (e.g., 2-D coordinates) of elements can be obtained from the DOM tree when
a web page is rendered in a browser. Our system regards elements in the rendered page as spatial objects in the 2-D space,
and thus, executes spatial joins [38] to extract target elements. Since humans also identify an element in a web page by its
relative spatial location, our system extracting elements by their spatial relationships could possibly be as robust as manual
extraction. To the best of our knowledge, this is the first research to leverage spatial join to extract tuples from web pages.

To specify and execute spatial joins for tuple extraction from web pages, we propose RAQuery which is based on topolog-
ical relationships between any two bounding boxes in the 2-D space. Since writing a complex RAQuery for each target attri-
bute is tedious and error-prone, we also propose a high-level visual query composition tool called VisRAQuery, with which
just a few number of mouse clicks and drags enable users to compose the complex RAQuery.

We then propose spatial join algorithms that efficiently process the RAQuery for tuple extraction. The algorithms use no-
vel notions of group match and the prunable relation group. Since the spatial join for tuple extraction is a self-join over a DOM
tree, we can combine all different scan operations into one scan using the group match. We exploit the prunable relation
group to aggressively prune nodes which are to be disqualified during the join.

Once target elements are extracted, tuples must be constructed from them. We develop a tuple construction algorithm
based on a novel notion of maximal disjoint bounding tuple along with sophisticated resolution techniques. With the maximal
disjoint bounding tuple and the resolution techniques, we can construct tuples even when there are no boundary HTML ele-
ments specified.

Our contributions are summarized as follows: (1) We propose the first framework that leverages spatial join for robust
tuple extraction from web pages. (2) We propose a query language RAQuery that supports various matches as well as

Fig. 1. An example page from the Yahoo’s people search.
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