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1.   Web application convergence and wrappers

Many people use various web applications. Some 
people may use a hotel search web application and a 
route plan web application to find a route from their 
home to a hotel that they have found and print out the 
results. In this way, several web applications and 
other systems such as printers are typically used at the 
same time. Useful applications can be made by con-
verging web applications and other systems. This 
web application convergence requires each applica-
tion to be a component. Our wrappers enable such 
web applications to be used as components.

2.   Importance of components

In NTT Network Service Systems Laboratories, we 
conduct research on service platforms to provide 
ubiquitous services by combining various compo-
nents. Users receive appropriate ubiquitous services 
from the platform when components that are suitable 
for each user’s situation are combined dynamically. 
Providing such ubiquitous services requires various 

components to meet changes in a user’s situation. 
Those components are combined to make a service 
more suitable for handling the situation.

Mashups are becoming popular these days. A 
mashup is used to create Web 2.0 applications. Mash-
ups stimulate user-initiative in the creation of appli-
cations because of their simplicity. In using a Mashup, 
application creators find components such as web 
services and converge them. In this way, they can cre-
ate applications easily, but a huge number of compo-
nents is necessary to enable them to create applica-
tions as they like. 

3.   Making components from web applications

3.1   Outline
We have conducted research about wrappers that 

make web applications, especially web applications 
that perform searches such as hotel search web appli-
cations, usable as components. The wrapper intercon-
verts a web application’s protocol and a component’s 
protocol, which is SOAP (simple object access proto-
col), and makes the web application usable as a web 
service. However, creating a wrapper for each web 
application is laborious. Therefore, our wrapper 
interconverts in accordance with a configuration file 
written for each web application (Wrapper in Fig. 1). 
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For example, a configuration file for a hotel search 
web application has to be written to wrap the web 
application and make it usable as a hotel search com-
ponent. To make a huge number of web applications 
usable as components, a huge number of configura-
tion files must be written, so a method of reducing 
this work is required.

3.2    Generation of configuration files by auto-
matic extraction of search results

A configuration file contains descriptions of where 
to extract from an HTML (hypertext markup lan-
guage) document given by a web application and how 
to convert the extracted search results into an XML 
(extensible markup language) document. Our wrap-
per-generation tool supports the generation of con-
figuration files by automatic extraction of search 
results from the HTML document and the writing of 
the position of the extracted search results in the 
HTML document into the configuration file (Wrap-
per tool in Fig. �). 

To extract the search results, the wrapper tool uses 
a feature of an HTML document generated by a 
search web application as below. Most search web 
applications generate HTML documents automati-
cally using a database. Such HTML documents tend 
to have a repetitive tag pattern. The wrapper tool 
extracts search results from the HTML document 
automatically by using the repetitive pattern.

4.   Utilization of repetitive depth pattern of tag

Our method of extracting search results finds areas 
in an HTML document that have a repetitive depth 
pattern of tags to find the repetitive tag pattern. The 
depth of tags means the number of nesting levels and 
is visualized as shown in Fig. 2(a). HTML documents 
often have the repetitive depth pattern shown in Fig. 
2(b) because web applications generate HTML docu-
ments mechanically. The wrapper tool extracts the 
area that has the same repetitive depth pattern as the 
search results. 

This method is similar to a method used by a human 
being to find search results in an HTML document 
generated by a web application. When search results 
need to be found in an HTML document written in a 
foreign language, an area that has a repetitive pattern, 
such as a table or list, is found. The person finds the 
correct search results even if there are many other 
elements such as menus and banners. In this case, the 
person will use neither the HTML tags nor the mean-
ing of text in the HTML document but the appearance 
of the HTML document to find the results of the hotel 
search. In this way, the wrapper tool extracts search 
results from various HTML documents generated by 
web applications by using a method used by human 
beings in their daily lives.

5.   Experimental results

We collected �00 HTML documents written in 
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Fig. 1.   Overview of wrapper and wrapper tool.
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Japanese generated by �00 web applications provid-
ing services, such as an online shop, hotel search 
service, and rental apartment search service. At the 
same time, we implemented an experimental program 
that finds an area that has the depth pattern and 
extracts a segment around the area as a search result 
segment. 

Then, we tried to extract search result segments 
from the HTML documents using the experimental 
program and found that the program extracted the 
correct result segments from 80% of the HTML 
documents. This means that our method can process 
the HTML documents generated by most web appli-
cations. 

One of the main reasons for extraction failures was 

that there were other non-search result segments that 
had repetitive depth patterns. For example, collec-
tions of links and menu segments often had the 
repetitive tag pattern, and they had the repetitive 
depth pattern. The experimental program could not 
determine whether the found segment was the correct 
search result segment.

6.   Wrapper tool

We implemented the wrapper tool based on the 
experimental program. The tool generated the con-
figuration files for the wrapper. Its graphical user 
interface (GUI) is shown in Fig. 3. Users operated the 
tool and made the configuration files as below. 

(1) Enter URL

Next>>

(2) Enter output parameter name
Prev. candidate1 2 3 4 5 6 7 8 9 10 Next

bgcolor=#f6f6dc
align=center
width=8%
href=http://www.ntt-h.com/
Hotel NTT
10,000 yen
0422-59-1234
Midori town, Musashino city

(3) Enter input parameter name

Next>>

hotel
search.php

hotelName

y=2007
m=08
d=31
area=tokyo

Next>>

area

(4) Enter information about
web service

Port type
Operation

Next>>

NTTPortal
searchHotel

http://www.ntt-p.co.jp/hotel/search.php?y=2007&

(5) Download configuration file

XSLT

Other configuration

?

?

?

?

Download

Fig. 3.   GUI of wrapper tool.

<html>
<head>

</head>

<body>
<table>
<tr>

</td><td>

<td>XXXX-XX-XXXX</td>

大分県A郡

</title><title> 旅館検索

旅館検索の結果です．

</td><td> 旅館A

<tr>

</tr>

</td>

</td>

<td>

<td>

熊本県B市

YYYY-YY-YYYY

</td><td> 旅館B

</tr>
</table>

</body>
</html>

</td>

</td>

<td>

<td>

宮崎県C市

ZZZZ-ZZ-ZZZZ

</td><td> 旅館C

</tr>
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Fig. 2.   Depth of tags. 
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(�) The user entered a uniform resource locator 
(URL) of a search result HTML document generated 
by the target web application and clicked the next but-
ton on the tool’s GUI.

(2) The wrapper tool showed a search result such 
as information about a hotel. The user confirmed that 
the information was the correct search result; other-
wise, the user was shown the next search result can-
didate. After being shown the correct search result, 
the user checked the check boxes on the GUI to indi-
cate output values of the web application used for 
output values of the component, which is a web ser-
vice, and entered their output parameter name. For 
example, the user checked the box next to hotel name 
and entered hotelName as an output parameter 
name.  

(�) The wrapper tool showed elements in the URL 
of the search result HTML document. These elements 
are directory names and a file name in the URL path 
and input values in the URL query string. The user 
checked boxes to indicate input values of the web 
application used for input values of the component 
and entered their input parameter name. For example, 
the user checked the box next to an area name and 
entered area as an input parameter name. 

(�) The user entered the port type, which is a class 
name, and the operation, which is a method name. 

(5) The user confirmed whether the generated 

XSLT file, which has conversion rules for conversion 
from HTML to SOAP, and another configuration file 
were correct. These two files were downloaded as a 
zipped file. 

In this way, the user obtained the configuration files 
through an easy operation, and those files make the 
web application usable as a component by inputting 
the configuration files into the wrapper.  

7.   Application of wrapper technology

Are wrappers useful only for ubiquitous services or 
mashup services? One of the most popular uses is a 
bank account aggregation service or cross search ser-
vices. These services show the search results of mul-
tiple web applications on one page. Users can com-
pare those search results by looking at the page. To 
make such services, the service creator must write 
programs for each web application to extract impor-
tant segments from HTML documents generated by 
the web applications. 

An example application for a hotel cross search is 
shown in Fig. 4. In this case, the application shows 
search results for travel agencies A, B, and C. The 
wrapper extracts search result segments from the 
HTML documents generated by each web applica-
tion, converts them into a compatible format, and 
sends them to a server for the cross search applica-
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Fig. 4.   Example of wrapper application.
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tion. The server generates an HTML document from 
the received search results and provides it to the user. 
The service creator creates cross search applications 
easily and with less programming by letting the wrap-
per extract important segments and by using the 
wrapper tool. In addition, when the design of HTML 
documents generated by a web application changes, 
the cross search application manager generates a new 
configuration file easily by using the wrapper tool, 
and he/she does not have to write a program. This 
means that the wrapper and the wrapper tool can also 

reduce the maintenance cost of cross search applica-
tions.

8.   Conclusion

We implemented wrappers and a wrapper tool that 
can make a huge number of web applications easily 
usable as components. As future work, we plan to 
develop wrappers to reduce maintenance costs more 
effectively by following changes in web application 
design automatically.
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