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1. Introduction

With the development of the Internet, the World-Wide-
Web has become everyone’s invaluable information source.
However, most of data on the Web is currently in the form
of HTML pages, which is neither well-structured nor as-
sociated with schema. It is almost impossible to use such
data efficiently. Web wrapper technology has been de-
veloped to transform unstructured /semi-structured data to
semi-structured/structured data, which can be queried and
analyzed using matured techniques developed in database
and other fields. The main issues of wrapper generation
include (1) to identify semantics of the data contained in
an HTML document and, (2) to establish the mappings be-
tween its structure and its semantics. Various wrapper gen-
eration tools developed addressed these issues in different
ways [1, 2, 3, 5, 4].

In this paper, we present a wrapper generator, SG-
WRAP. It was design and developed based on the following
observations. First, while user interaction is probably the
best way to help the generation of wrappers for a specific
HTML source quickly and accurately because of the diver-
sity of HTML pages and limited semantic information ex-
pressed in HTML tags, user’s efforts should be minimized
as much as possible. Second, the ultimate goal for wrap-
per generation is to transform the original data into some
structured one that is easy to consume, rather than to un-
derstand the structure of the original data. When a user
gathers data from the Web, s/he must have her/his needs
in her/his mind. It is often not necessary to generate wrap-
pers for the entire HTML document. Therefore, SG-WRAP,
adopts a novel, schema guided, approach for wrapper gen-
eration. With this approach, a user defines the schema of
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data to be extracted from an HTML page in terms of data
type descriptors (DTD) of XML [6]. The user also provides
example mappings by associating data in the HTML page
and elements in DTD. The system then induces the map-
ping rules and generates a wrapper that extracts data from
the HTML page and produce an XML document conformed
to the specified DTD.

Compared with other available wrapper generators, SG-
WRAP approach has the following unique features. First,
with the guidance of user-defined schema, the wrapper gen-
erated could be more accurate and better reflect the users
requirements. For the same source page, different users can
obtain different data based on their interests. Second, the
extracted data follows the user-defined schema and is ready
to populate to database directly. As such, the wrapper can
be easily integrated into the data integration process. Third,
minimum user interaction is required. the user only needs a
few clicks to establish the correspondences between data el-
ements in the HTML document and elements in the schema.
The system will induce the data extraction rules from the
given sample matching instances.

2. SG-WRAP: The System

SG-WRAP consists of five major components: Prepro-
cessor, Schema Acquirer, Rule Generator, Rule Refiner and
Wrapper Generator. The main user interface is shown in
Figure 1. Module Preprocessor is responsible for setting
up the environment for the system. It fetches the Web
page using the URL (Figure 1, A) given by the user. The
fetched HTML page is displayed (Figure 1, B). Another
input of the system is a user-defined schema for extracted
data, which is obtained by the Schema Acquirer and
displayed on the screen (Figure 1, C). A user entered
schema can be saved in a Schema Base to be used later,
or shared for other sources from which the same kinds of
data to be extracted. The fetched HTML page is parsed.
Syntax errors, such as missing tags in the original HTML
document are fixed during the parsing process. Internally
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Figure 1. SG-WRAP: The main interface

the HTML page is represented as a tree using the document
object model (DOM) [7], where a data item is a leaf
node in the tree and its position in the document can be
described by the path from the root to the leaf. As such,
when the user highlights a string in the page shown, its
path can be identified, which is displayed as an HTML
tree path (Figure 1, D). Similarly, when the user clicks
an element in the DTD, it is displayed as a semantic tree
path in the schema (Figure 1, E). The Mapping Acquirer
of the system captures those user clicks that associate
strings in the HTML page and their corresponding ele-
ments in the DTD. For example, with the sample page
in Figure 1, the following mapping can be captured
html.body.table[0].tbody[0].tr[0].a[0]
<=> Web robots.robot.name "Alkaline"

where Alkaline is a string in the HTML page,
html.body.table[0].tbody[0].tr[0].a[0] is the tree path
in the HTML tree, and Web robots.robot.name is the asso-
ciated element in the DTD, respectively. In other words,
from user interactions, the system obtains a set of instances
of rules that map strings in the HTML page to elements
in the schema. With this set of sample instances, the Rule
Generator generates data extraction rule by an induction
algorithm, which takes the list of mapping rules instances
L as input and returns a candidate rule by incorporating the
similar mapping rule instances into a new extraction rule.
A sample data extraction rule for the HTML page shown in
Figure 1 is as follows:

Web robots:htmlf
Robot: body.table[0].tbody[0].tr[] f

Name: a[0].txt ;
Purpose: table[0].tbody[0].tr[0].td[0].txt;
Availability: table[0].tbody[0].tr[1].td[0].txt;
Platform:table[0].tbody[0].tr[2].td[0].txt

g g

The data extraction rules are induced from a limited set
of instances. In order to guarantee that the data extrac-
tion rule is applicable for the entire HTML document, SG-
WRAP includes a refining process. The Rule Refiner gener-
ates an XML document by applying the induced rule on the
input page. The generated document is displayed in Fig-
ure 1, window A for user to preview. From the displayed
document, user determines whether the current extraction
rule correctly extracts required data from the source page.
If not, s/he can identify more mapping instances. The induc-
tion process will repeat and the Refiner will merge the pre-
viously generated rules with the refined rules. The system
will display a new version of result to the user for check-
ing. This refining process continues until the user is satis-
fied with the data extracted. The wrapper is generated based
on the final data extraction rule by the Wrapper Generator.

3. Evaluations

Although wrapper generation work has been reported in
the literature, there seem no standard ways to evaluate the
performance of such systems. We conducted a series of
experiments to evaluate the usability, correctness and effi-
ciency of SG-WRAP. The usability tests selected a number
of users to use the system. The results indicated that, with
minimal introduction of the system, DTD definition and
structure of HTML pages, even na?ve users could quickly
generate wrappers without much difficulty. For correctness,
we adapted the precision and recall metrics in information
retrieval to data extraction. The results show that, with the
refining process, the system can generate wrappers with
very high accuracy. Finally, the efficiency tests indicated
that the wrapper generation process is fast enough even with
large size Web pages.
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