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Abstract. In the so-called Web information systems, the role of extract-
ing data of interest from Web sites is played by software components
generically known as wrappers. As a result, the existence of flexible tools
for designing, developing and maintaining wrappers is crucial. In this
paper, we present WByE (Wrapping By Example), a user-oriented set of
tools for helping the user to build wrappers. WByE is based on informa-
tion implicitly provided by the user by means of suitable and intuitive
interfaces. It includes two components: the ASByE tool, used for gen-
erating specifications on how to fetch desired pages (be them static or
dynamic), and the DEByE tool, used for the extraction of data implicitly
present in the fetched pages.

1 Introduction

One of the most important features of the so-called Web information systems
is the capability of incorporating data from many different Web sites. In such
systems, the role of extracting data of interest from an specific Web site is
played by software components generically known as wrappers. As pointed out
in [16], the task performed by a wrapper roughly involves three steps: (1) the
fetching of the pages from the Web site; (2) the identification and extraction
of data (objects) implicitly present in the fetched pages; and (3) the storage
of the extracted data in suitable a format (e.g., XML, relational tables, etc.)
for further manipulation. The range of Web applications requiring wrappers is
enormous and, therefore, the existence of flexible tools for designing, developing,
and maintaining them is crucial.

Motivated by this, many works have been developed in the last few years that
address the problem of wrapper generation. The pioneer works were carried out
using very sophisticated mechanisms, but which required some expertise from
the user in subjects such as automata, grammars, agents, internet protocols,
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and computer programming in general. This is the case of many very success-
ful projects such as ARANEUS [3], TSIMMIS [6], LORE [14], ARIADNE [13],
FLORID [12], and W3QS [8] to name just a few.

More recently, new approaches for wrapper generation have emerged that are
oriented towards the less experienced Web user with few or none programming
skills. This is the case for tools such as NoDoSe [2], W4F [16], and XWRAP [11].
Most of these approaches, however, address the problem of fetching Web pages in
a simplistic manner or assume that the user already has collected the documents
in a separate process.

In this paper, we present the WByE (Wrapping By Example) environment, a
user-oriented set of tools for helping the user in the task of fetching and extract-
ing data from Web sites. The ground for the development of such an environment
is the idea that the user is able to interact with high-level graphical interfaces
to provide examples of how steps (1) and (2) mentioned before should be per-
formed for obtaining data of interest from a particular Web site. These examples
are then used to automatically generate low-level specifications (including page
fetching commands and data extraction patterns) that will be used to automat-
ically collect and extract data from the Web site.

The WByE environment is composed of two integrated tools named ASByE
(Agent Specification By Example) and DEByE (Data Extraction By Example).
The first tool is used to generate a page fetching plan (PFP) that guides the
behavior of an agent responsible for fetching a set of pages from the target Web
site. The user interacts with the tool’s interface to provide examples of how to
reach the desired pages within a site, to fill any forms needed, and to navigate
a set of related pages to form a collection. The generated fetching plan specifies
how the agent will perform these tasks automatically when invoked. ASByE is
specially suitable for building plans to fetch pages generated automatically as a
result of filling an HTML form.

The second tool, DEByE, is used to specify how to extract data from the
pages fetched and to logically organize them according to the user’s perception
of the implicit structure of the data in the pages. The DEByFE’s interface is
based on a metaphor of nested tables which are built by the user by cutting
and pasting pieces of data present on a sample page of the Web site he/she is
interested in. From the examples provided through the assembled tables, the tool
derives an object extraction pattern (OEP) which describes the textual context
and the structure of the objects to be extracted.

Once generated by the corresponding tools, the PFP and the OEP are given
as input to a general purpose wrapper, which includes a page fetching component
and an extractor component. The wrapper then automatically performs the page
fetching and the data extraction tasks, and stores the extracted data according
to an XML-based format. if the wrapper needs to be modified due to changes
in the site, the WByE environment allows the user to revise the PFP and/or
the OEP accordingly. Fig. 1 illustrates the general framework provided by the
WByE environment.
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Fig. 1. Wrapper generation using WByE.

The DEByE tool and the DEByE approach for data extraction have been
detailed described in [9,15]. For this reason, in the present paper, we focus our
discussion on the features and the functionality of the ASByE tool. Thus, the
rest of the paper is organized as follows. Section 2 describes the ASByE tool.
Section 3 presents an example of a wrapper constructed for a popular Web site
using the WByE environment. Finally, Section 4 concludes the paper.

2 The ASByE Tool

In this section, we give an overview of the ASByE tool. First, we present the
visual paradigm used by its user interface. Next, we discuss the features related
to the fetching of sets of static pages stored in a Web server. Finally, we show
how the tool addresses the problem of collecting sets of dynamic pages, i.e, pages
dynamically generated as a result of filling HTTP forms.

2.1 Visual Web Exploration

The user interface of the ASByE tool uses a graph-like structure to represent
a portion of the Web. The nodes displayed in its work space represent pages
and directed arcs represent hyperlinks. Similar metaphors were previously used
by the Hy+ system [7] and by the diagrams of the ARANEUS data model [3],
which inspired the “look and feel” of the interface. The user navigates from node
to node exploring the hyperlinks according to his/her interests. Fig. 2 shows a
typical usage session with the interface, while Fig. 3 shows the types of arcs and
nodes used by the interface to represent the different pages a user finds when
browsing a Web site. The source nodes in the graph (i.e., the ones not pointed
by any other node) are called Web entry points and are directly selected by the
user using a dialog box where he/she enters the URL of the page from where
he/she wants to start the exploration. The tool then fetches the page and builds
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Fig. 2. Usage session for Web Exploration.

a node corresponding to it. From this point onwards, the user can select for
each node an operation he/she wants to perform. The set of operations available
depends on the type of the node reached. The most common and simple operation
allows the user to select a hyperlink to explore, what is done by selecting one
of the hyperlinks shown in a pop-up menu. When a hyperlink is selected, the
corresponding page is fetched and a new node is created in the interface’s work
space to represent it.
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Fig. 3. Arcs and nodes used to represent a portion of the Web.

Alternatively, the user can follow a hyperlink by selecting the “View in
Browser” operation. This operation opens a window of a browser* where the
user can analyze the page contents and select the hyperlink of his/her interest.
Due to specific instrumentation included in the page previously to its presen-
tation, the ASByE tool is notified of the hyperlink selected by the user, what
causes the fetching of the corresponding page and the creation of a new node to
represent the newly select hyperlink. This feature allows the user to explore the
Web in the traditional manner, and eases the task of navigating through pages
with many hyperlinks, which would be difficult to represent in a pop-up menu.

2.2 Page Collections

In many cases, the user is interested in treating a set of logically related pages
as a collection. As an example, suppose one is interested in collecting from the
DB&LP Web site [4] the pages that contain information on all the volumes of the
VLDB Journal. These pages can be reached from the VLDB Journal Page on that
site (see Fig. 4). It will be tedious or even unfeasible for the user to specify that
he/she wants to individually collect each page corresponding to each volume.
To cope with this, the ASByE tool tries to infer, from each page represented by
an icon, sets of related links in such a way that a single collecting specification
can be generated for the whole collection of pages referred by these links. The
tool uses several heuristics to determine which links will be grouped. These
heuristics are based solely on the position and on the labels of the hyperlinks.
As an additional advantage, when more similar links are added to the page, the
corresponding pages will be automatically included in the collection.

In the interface, when the user selects a “Page Collection” entry in the hy-
perlinks menu (see Fig. 3), a new node is created with an icon that represents
a collection of pages. We note that no page is fetched at this moment and that
this node is considered terminal. Moreover, the only operation available is for
the generation of the fetching plan for the page collection.

* Currently, only Netscape is supported, but the tool can be easily extended to support
the MS Explorer.



The VLDB Journal

The VLDB Journal and the proceedings of the VLDB Cenference are the main publ of the VLDE Endowment.

Editors-in-Chief:
Peter M. G. Apers, M. Tamer Ozsu, Ron Sacks-Davis, Stanley ¥. W. Su

VLDE Journal Page at Springer
Contents

* Wolume 8, 1939

* Volume 7, 1898

* Wolume 6, 1997

+ Wolume 5, 1856

+ Volume 4, 1855

+ Volume 3, 1654

+ Volume 2, 1853
* Volume 1, 18592

Fig. 4. A snapshot of the VLDB Journal page from the DB&LP site.

For identifying a set of links in a page as links to a page collection, the
following heuristics are considered: (1) Hyperlinks Proximity - Sets of very
near hyperlinks in a page are considered candidates to form a collection (e.g.,
several links separated by a single comma); (2) Similarity in the URLs -
Similarities in the URLSs refered by a group of hyperlinks count positively towards
considering them as a collection (e.g., URLs formed by the same directory path);
(3) URL Hosting - URLs belonging to different HTTP servers are usually
not considered as part of a collection; (4) Enumeration in the Hyperlink
Labels - A group of hyperlinks whose labels form an explicit enumeration is a
strong candidate to be considered as a collection (Fig. 4 presents an example
of such a case); (5) Number of Hyperlinks in the Page - The fewer is the
number of hyperlinks the stronger is the support needed for the above heuristics
to be taken in consideration when identifying page collections.

The heuristics adopted work well for pages where the semantic context is
well defined, as is the case for the page shown in Fig. 4. However, in many
other cases the heuristics may fail for pages whose subject is less focused, as it
occurs in pages from the so-called “Web Portals” . For cases like this, the interface
allows the user to group or ungroup links by his/herself to form customized page
collections.

2.3 Dealing with Forms

A recent study [10] estimates that 80% of the Web contents are located on
the so-called hidden Web, i.e., on Web pages which are dynamically generated.
In most of the cases, these pages are generated by programs invoked through
HTML forms. Thus, an important feature for any Web agent is the ability of
automatically filling these forms to retrieve the generated pages. Moreover, in
many cases the agent must take parameters as input to supply different values
to form fields each time they run. The ASByE tool provides means for the user
to include in a page fetching plan instructions to fill HTTP forms, with default
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Fig. 5. Dealing with forms in the ASByE tool.

values or with values derived from parameters supplied as input at the moment
the plan is executed. Here again, the interface asks the user to provide an example
of how to fill the form and uses this information to generate instructions for filling
it in the collecting specification.

Fig. 5(a) shows an example of navigation that leads to a page containing a
form. For this page, the user selected the “Learn to Fill Form Operation”. This
operation opens a window of a browser displaying a modified version of the form
page. In this version, a small bullet is included near to each form field, as shown
in Fig. 5(b) (notice the small round shaped A).



When the user clicks one of these bullets, a pop-up box is opened for the user
to specify: (a) if the field should be a parameter or if a default value should be
used all the time and (b) a nickname to be used when referring to the field. This
nickname eases the task of later assigning values to the parameterized fields,
since the user does not need to know the name coded in the HTML description
of the page, which might not be representative of the meaning of that field.
After filling the fields he/she is interested in, the user finally submits the form
as he/she would normally do in an ordinary operation. The tool then uses this
information to generate the correct instructions for filling and submitting the
form within the page collecting specification.

In most cases, the result of submitting an HTML form is a linked thread of
pages. Thus, after the sample form submission, the interface creates a new node
using an icon that indicates an answer thread. Next, we discuss how we collect
pages that compose an answer thread in our tool.

2.4 Collecting Threads of Answer Pages

Although there can be many ways to generate answer pages that result from
filling HTML forms, almost all services available on the Web include, in each
page, a hyperlink or a button to the next page in the answer. We call such a set
of pages a thread.

To generate collecting specifications for a thread of answer pages, we again
rely on a user action. By selecting the operation “Learn to Follow” from an
answer thread node, the user is presented with the first page of the thread
shown in the browser window. Actually, this page is a modified version of the
first page of the thread, instrumented in such a way that every link selection
and button pressing is trapped by the tool. Then, the user is asked to select
the link or to press the button that leads to the next page in the thread. This
action is trapped by the tool and its request (a GET or POST) is analyzed with
the corresponding parameters. Based on this, a number of “hints” to control the
behavior of the fetching agent is coded in the page fetching plan. These hints are
used to determine how to fetch, from the first page of a thread, all subsequent
pages until the last page has been reached.

Depending on the type of mechanism used to fetch the subsequent pages
(link or button), one of two available heuristics is used and coded in the PFP.
If the user selects a link during the “Learn To Follow” operation, the ASByE
tool generates a pattern expression that extracts the link used to retrieve the
subsequent results. The tool uses techniques adopted by the DEByE tool [15]
for generating this pattern expression. While there is a match for this regular
expression, the pages are collected until no more links that match the expression
are found (Heuristic 1).

When a button or other mechanism causes a form to be posted for retrieving
subsequent pages, the heuristic applied is a bit more complex. The heuristic is
based on the fact that generally a variable is passed when the form is posted to
inform the page of the thread to be fetched. For instance, the following set of



URLSs below corresponds to the URLSs used to fetch the second and third pages
of a given query on the eBay site [5] (notice the skip variable):

http://search.ebay.com/search/search.d117MfcISAPICommand=GetResult
&query=guitar&SortProperty=MetaEndSort&SortOrder=/5Ba},5D&skip=50

http://search.ebay.com/search/search.d11?MfcISAPICommand=GetResult
&query=guitar&SortProperty=MetaEndSort&SortOrder=/5Ba},56D&skip=100

Thus, the ASByE tool traps the form request generated by the user during
the “Learn to Follow” operation and uses this information to infer the variables
that change their values on the next request for a page of the thread. This is
done by parsing the retrieved document and extracting the values of the corre-
sponding form that was posted in the example given by the user. The numerical
values that change from one posting to the other are considered the values that
are responsible for determining the current page of the thread. Therefore, for
fetching the remaining thread of pages, the tool generates information on how
to enumerate the values of these variables (Heuristic 2).

In order to validate the two heuristics presented, we developed PFPs for 10 of
the most popular sites on the Web, according to the 100Hot site [1]. Some of the
most popular sites (such as the Quote.com site) do not provide any means for
generating a thread of answer pages and were therefore discarded. Also, although
the eBay and Monster sites were not the 9th and 10th of 100Hot list, they were
added because there are not many sites that require the use of the Heuristic 2.
The results are shown in Table 1. We observe that the results are very good,
except in the case of the Lycos site. In this case, ASByE failed to generate
a correct pattern for Heuristic 1 because the first page of the thread used to
generate the pattern had a completely different layout than the other pages in
the thread.

Site Heuristic |Query Pages Available Pages Retrieved
Yahoo! |Heuristic 1|“dynamic page crawler” 10 10 (100%)
Microsoft|Heuristic 1|“windows” 9 9 (100%)
AOL Heuristic 1|“page crawler” 41 41 (100%)
Lycos Heuristic 1|“dynamic page crawler” 100 1(1%)
Excite |Heuristic 2|“dynamic page crawler” 100 100 (100%)
Altavista |Heuristic 1|“dynamic page crawler” 20 20 (100%)
GO Heuristic 1|“dynamic page crawler” 40 40 (100%)
Amazon |Heuristic 1|“database system” 5 5 (100%)
eBay Heuristic 2|“guitar” 218 218 (100%)
Monster |Heuristic 2|“search engine” 8 8 (100%)

Table 1. Validation of the heuristics for thread collection.



3 An Example

In order to illustrate a typical interaction of a user with the WByE environment,
in this section we present the development of a wrapper intended to fetch and
extract data from the Amazon bookstore site. This wrapper could be used in
many applications, such as shop comparison and mediators. The wrapper gen-
eration process includes two major steps: (1) the generation of the page fetching
plan (PFP), with information on how to fetch the data, and (2) the generation
of the object extraction pattern (OEP) which describe how to structure and
extract the data of interest.

The first issue to address when generating the PFP is to locate the HTML
page which allows the user to make queries to retrieve the data. Using one of the
exploring features presented in the previous section, the user can easily reach the
Amazon’s advanced search page, which provides author and title based search,
as illustrated in Fig. 6(a).
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Fig. 6. Locating the Amazon’s advanced search page and defining fields properties.

Then, the user determines which query fields should be parameterized and,
optionally, gives a nickname for each field using the special bullets inserted in
the page, as illustrated in Fig. 6(b). In this case, the author and title query fields
were chosen, thus allowing the agent to fetch data related to different authors
and/or titles each time it is executed. After defining these properties of each field,
the user submits the form as he/she would do in a traditional navigation. The
ASByE tool traps the information submitted, fetches the corresponding pages,
and represents them by an icon in its interface, as shown in Fig. 7(a).

The result of submitting a query to the Amazon Bookstore site is a thread
of one or more pages, connected by a “Next Results” link which retrieves the
next 50 results related to the initial query. Thus, the user has to use the “Learn
To Follow” operation in order to give an example of how to follow this thread
of pages. This operation opens a browser window showing the first page of the
thread. The user then gives the example by clicking in the “Next Results” link
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Fig. 7. Representation of the results (a) and learning to follow the Amazon’s site.

of this page. Fig. 7(b) illustrates this step. Finally, the user generates the page
fetching plan. An excerpt of PFP generated for this example are shown in Fig. 8.

<PFP sourceref=’Amazon’>
<PLAN>

<REQUEST method=1>
http://www.amazon.com/exec/obidos/search-handle-form/

</REQUEST>

<REQUEST_FIELDS>
<VALUE field=’index’ parameter=’no’> books </VALUE>
<VALUE field=’query-0’ parameter=’yes’'> internet </VALUE>

</REQUEST_FIELDS>

<FOLLOW_METHOD>
<METHOD> 1 </METHOD>
<LINK_POS> 200 </LINK_POS>
<LINK_LEN> 91 </LINK_LEN>

</PLAN>
</PFP>

Fig. 8. An excerpt of the generated PFP for the Amazon site.

Having generated the PFP, the next step is the generation of the OEP. Using
the DEByE tool, the user loads a sample page from the set of answer pages
returned by the Amazon site and gives examples of the data of interest. An
OEP is then generated. Fig. 9 illustrates the excerpt of the OEP generated for
the given example. The PFP and the OEP generated in the previous steps are
then fed to the generic wrapper which fetches and extracts the data, storing
them in an XML format [9] in a repository for further use.

4 Conclusion and Future Work

In this paper we discussed WByE, a software environment for fetching and ex-
tracting data from Web sites. Its main distinctive feature is to be fully based



<7xml version = "1.0"7>
<OBJECTS>
<TUPLE type="Book">
<ATOM type="Title">
<PATTERN>
<'[CDATA[<b>[\s]*7<a ["<I+>[\s]*? ...
</PATTERN>
</ATOM>
<ATOM type="Authors">
<PATTERN>
<t [CDATA[<dd>[\s]*7 ([\x20-\x3B\x3D\x3F-\x7E\xA0-\xFF]+?) ...
</PATTERN>
</ATOM>

</TUPLE>
</0BJECTS>

Fig. 9. An excerpt of the generated OEP for the Amazon site.

on information implicitly provided by the user by means of suitable and intu-
itive interfaces based on high level abstractions such as nested tables an directed
graphs. WByE includes two components: the ASByE (Agent Specification By
Example) tool, used for generating specifications on how to fetch desired pages
(be them static or dynamic) from some Web site, and the DEByE (Data Ex-
traction By Example) tool, used for generating specification on how to extract
data implicitly present in the fetched pages.

Since the DEByE tool was already introduced in [9, 15], we focused our dis-
cussion on the ASByE tool. Thus, we described its main features, presented
the results of an experiment we have done with some popular Web sites, and
discussed an example of its usage within the WByE environment.

The ASByE tool has been designed having in mind a large class of Web sites
that provide huge amounts of data buried into HTML pages, be them static or
dynamically generated. Observing the features found in many of these sites, we
implemented the ASByE tool to deal with common situations found in them,
such as page collections, forms, and page threads. As a consequence, for sites
that include features based on technologies such as Java scripts and Java or
Flash applets, i.e., browser-processed generic code, the ASByE tool would fail
in generating a proper collecting specification.

Compared to other systems such as W3QS, FLORID, ARANEUS, XWRAP,
and W4F, ASByE includes some important features that are unique. First, it
requires no code writing; second, it includes a navigation metaphor based on a
intuitive visual paradigm; third, it supports automatic filling of HTML forms;
and fourth, it allows handling page collections and threads of answer pages. These
features make ASByE specially suitable for cases when the generated wrapper
has to be maintained due to changes in the sites of interest.

Although we have discussed the use of the ASByE tool in the context of
wrapper generation, its range of application is very much broader. For example,
we are now investigating its use for addressing a very well known problem in
general purpose Web crawlers used in search engines, which is the systematic
collection of dynamically generated Web pages.
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