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Abstract

Extracting information from the web data sources becomes very important because the massive and
increasing amount of diverse semi-structured information sources in the Internet that are available to
users, and the variety of web pages making the process of information extraction from web a
challenging problem. This paper proposes a framework for extracting, classifying, analyzing, and
presenting semi-structured web data sources. The framework is able to extract relevant information
from different web data sources, and classify the extracted information based on the standard
classification scheme of Nokia products, which has been chosen as the case study.

Keywords: Information Extraction, Semi-Structured, Web Data Sources

1. Introduction

Nowadays, many users use web search engines to find and gather information. User faces an
increasing amount of various semi-structured information sources. The issue of correlating, integrating
and presenting related information to users becomes important. When a user uses a search engine such
as Yahoo and Google to seek specific information, the results are not only information about the
availability of the desired information, but also information about other pages on which the desired
information is mentioned. The number of selected pages is enormous. Therefore, the performance
capabilities, the overlap among results for the same queries and limitations of web search engines are
an important and large area of research.

At the present time, the Internet is general and many people use the Internet to find information. A
variety of web pages and the frequently changing of information in web data sources make searching
and extracting information very difficult. When Internet users want to get information about Nokia
products for example, they first visit search engines such as Yahoo and Google, and then visit all web
sites suggested by the search engine.

Many researchers [1], [2], [4], [5] work on extraction of information from web data sources in
different domain (traveling, products, business intelligence) but these researches deal with limited web
data sources and the user still need to use the search engines such as Yahoo and Google to gather more
information.

In this paper we present our proposed framework for extracting, classifying, analyzing, and
presenting information from different web data sources. A brief description of the framework can be
found in [15]. The components of the proposed framework include query interface (QI) which is used
to accept user's queries and search web pages through search engine based on the user's queries;
information extraction (IE) which is used to extract and classify the web pages obtained from QI and
convert the extracted and classified web pages into text form; and relevant information analyzer (RIA)
which is used to determine the relevant information extracted from IE.

The rest of the paper is organized as follows. In section 2, the previous works related to this
research are reported. In section 3, we present the proposed framework. Conclusion is presented in the
final section, 4.
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2. Related works

Many researchers have proposed approaches for searching information as discussed below.

Bernard, Danielle, and Amanda (2007) [7] proposed a model to improve Web search engines by
classifying user searcher based on intent in terms of the type of content specified and operationalize
these classifications with defining characteristics. The limitation of this study is that they assigned each
query to one and only one category.

Shady, Fakhri, and Mohamed (2007) [14] proposed a novel sentence-based representation, called
Conceptual Ontological Graph (COG) for enhancing search engine quality. It captures the semantic
structure of each term within a sentence and a document, rather than the term frequency within a
document. This research needs to extend, to link the presented work to web document retrieval and
apply the same method to text classification.

Hongkun, Weiyi, and Clement (2007) [12] proposed a new technique to automatically extract the
precise search result records template for any search engine. There is one limitation in this research.
The statistics-based solution does have an inherent weakness in dealing with attributes that have the
same or nearly the same values (data units) in all search result records. These data units will be
mistakenly recognized as template texts.

Another stream of researchers proposed tools for extracting information from semi-structured
information web data sources as discussed below.

The Information Systems Universal Data Browser (IS UDB) (2006) [1] which has been proposed
by Guntis and Girts is used for searching, extracting, analyzing, classifying, translating, storing,
integrating, and browsing semi-structured data. The IS UDB deals with limited semi-structured data
sources (web pages), thus user needs to use search engines such as Yahoo and Google to get the
required information.

Srinivas, Fatih, and Hasan (2007) [4] work on information extraction from web pages using
presentation regularities and domain knowledge. They argued that there is a need to divide a web page
into information blocks, or several segments before organizing the content into hierarchical groups and
during this process (partition a web page) some of the attribute labels of values may be missing.

Paul and Mukund (2005) [8] present a classification algorithm based on discriminatively trained
context free grammar (CFG) to extract information from semi-structured text, and propose that the
effective search and reuse of extracted information requires field extraction. The challenge is in
converting the semi-structured information of customer (which is already available in an unstructured
form on web sites and in email) into the regularized or schematized form required by a database system.

There are many researches focusing on information extraction for business intelligence to collect
available information for companies and easement the efforts concerned in gathering, merging, and
analyzing information. Horacio, Adam, Diana, and Kalina (2007) [5] proposed the MUSING project
(Multi-industry, Semantic-based next generation business intelligence), that needs to cover many
semantic categories including locations, organizations and specific business events to help companies
that want to take their business overseas and concerned in knowing the best place to exploit.

Fei, Hong, Zhuang, and Zhao (2005) [13], proposed an information extraction system that aims to
automate the tedious process of extracting large collections of facts from large-scale, domain-
independent, and scalable manner. The biggest of these challenges stems from the fact that search
engines only make a small fraction of their results accessible to users.

Another stream of researchers work on extraction of information with agent. Sung, Kyung, Tae, and
Hyuk proposed an Intelligent Traveler Support System (ITSS) (2001) [2] for helping traveler to find
important information about traveling more easily and effectively. There are many limitations in the
traveler supporting system. One of this limitations, the system deals with limited web pages which are
related to destinations and weather. Thus, travelers need to search through the numerous web pages to
gather all the necessary information using search engines such as Yahoo and Google.

Hongkun, Weiyi, and Clement (2006) [11] proposed a method to automatically generate wrappers
for extracting search result records from all dynamic sections on result pages returned by search
engines. There are many limitations in this research. The lack of a general pattern for the sections on a
result page makes it more difficult to extract the sections. Some consecutive sections with the same
format may be mistakenly extracted as records while some large records may be incorrectly extracted
as sections.
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Utku and Torsten (2006) [10] proposed a complete system for semi-automatic wrapper generation
that can be trained on different data sources in a simple interactive manner. This method typically
requires the labeling of a single tuple, followed by a selection of a tuple set from a ranked list where
the desired set is usually among the first few, plus the labeling of another tuple in the rare case when
the desired set is not found in the list.

Gilles (2006) [9] proposed a new method for extracting information from the web using wrappers
and this method (wrapper construction) is based on different techniques: labeled page based induction,
relation extraction, structure discovery and most recently a new approach based on the generalization
of the contexts of a small set. The limitation is to build a wrapper for a data source which can extract a
relation it contains. The description of the relation to extract is given in the form of a set of example
instances.

3. The proposed framework
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Figure 1. The proposed framework

The major tasks of the proposed framework are to extract relevant information from various web
pages (WPs), classify the extracted information, analyze the extracted and classified information, and
simplify the analyzed information. Figure 1 illustrates the proposed framework. The framework
consists of the following main components: Query Interface (QI), Information Extraction (IE), and
Relevant Information Analyzer (RIA). In the following we discuss each of these components in details
and we use the notations Attr (WP), Sub_Attr (WP), and G_Sub (WP) to denote the attributes of WP,
sub-attributes of WP, and group of sub-attributes, respectively. We use Attr (DB), Sub_Attr (DB), and
G_Sub (DB) to denote the attributes, sub-attributes, and group of sub-attributes, respectively that are
saved in a database which represent the attributes, sub-attributes, and group of sub-attributes,
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respectively of a standard classification scheme (SCS). For the chosen case study, we use the SCS
proposed by Guntis and Girts (2006) [1].

3.1. The Query Interface (QI)

The Query Interface (QI) is the key entry to the web and tool for accessing information. A user
writes a product name (query) in the query interface, and the query is send to a search engine to search
the web data sources. The results of the query and web documents are saved in folders by the query
interface as HTM files. Example of a simple query is shown in Figure 2.

Figure 2. The query interface

3.2. Information Extraction (IE)

The Information Extraction (IE) component is the major component in the proposed framework.
The aim of this component is to extract relevant information from the web pages obtained from QI
based on standard classification scheme (SCS), classify the extracted information, and convert the
extracted and classified information into structured information. Figure 3 illustrates examples of the
results of a query and the web documents which are stored in folders. The IE extracts and classifies the
web pages that are stored in the folders, and converts them into text form. The details steps are
discussed below.

Figure 3. Examples of results of a query and web documents

Step 1 Pre-processing: The process of pre-processing consists of two steps, namely: (i) determine
relevant web pages and (ii) prepare tokens.

(i) Determine relevant web pages: Not all of the web pages that are received from QI are related
to user’s request. Therefore, IE determines relevant web pages by analyzing the title of the web pages.
IE checks the title of each web page (HTM files as shown in Figure 4) by comparing the tokens which
are found between the tag <TITLE> and </TITLE> against the query as submitted by the user (i.e.,
keywords). The tokens are saved in an array and the HTML codes are ignored in this step.
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<IDOCTYPE HTML PUBLIC "-//fW3C/DTD HTML 4.01 Transitional//E]
=<l-- saved from url={004 D http /fwww. esato. comsphonesisindesx php/phone=
<HTML>

<HEAD>

<TITLE=HNokia 7600 - specifications and reviews</TITLE>

=M ET.S http-equuiv—Content-Type content="text‘/htiml. charset=ISO-8859-1
=MET.A content="IMNolkia 7600 specifications and reviews" name=keywords
<MNMET.:A

content="MNolia 7600 specifications and rewviews and pictures of the phone n
name=description><LINK href="/" rel=top><LINK title="Esato.com RSS"
href="http /fwww.esato. comfrss/" type—applicationfrss+ml rel=alternate><
href="/help/downloadhelp.php" rel=help>=<LINK href="faboutfsitemap.php"
rel=contents><I1-- 2008-09-24 19:25:29 -->

<SCRIPT language—javascript src="21_ filesfscript.js"
type=textfjavascript>=</SCRIPT>

<SCRIPT language—javascript type=textfjavascript><I!--function rate{pid) {
"fphonesfcomparesize php?id=" + id + "&id2Z=" + idZ.width = w1l + w2:.1f(h1]
param) T function ovcomp(idl, idZ, w, h){ fit = document getElementById

= "url(Ygfz’phonecomparebackground. png')"; war iHTML = 'Relaty
src— "http fwrwrew. esato comfphones{comparesxze mage php‘?xd“' + id1l + "=
"saitre<ftahle><h finction hwreoord

Figure 4. Example of Soufce code (utle of a Web page)

(if) Prepare tokens: After IE checks the title of a web page, IE saves the tokens that are found
between the tag <TABLE> and </TABLE> in an array for matching them with SCS. Many of the web
pages that the corporations used to announce their products are programmed using the tag <TABLE>.
The tag <TR> denotes the row of <TABLE>, the tag <TD> denotes the field of <TR>, and the tag
<TH> denotes the table header. If there is more than one tag <TD> and there is no HTML codes
between the tags <TD> and </TD>, then IE saves the set of tokens that appears between the first tags
<TD> and </TD> and prefix this set with the symbol “-” which denotes a sub-attribute (WP), and
symbol “:” which denotes the value of a sub-attribute (WP) for the set of tokens that appears between
the second tags <TD> and </TD>. If there is only one <TD> in one of <TR> or <TH> and there is no
HTML codes between the tags <TD> and </TD>, then IE saves the set of tokens that appears between
the tags <TD> and </TD> and prefix this set with the symbol “*” which denotes an attribute (WP).
Figure 6 illustrates the sub-attributes and values of the sub-attributes found in Figure 5 that have been
saved with the symbols “-*“ and “:” in an array.

<T.ABLE class=tblmain height=440 cellSpacing=0 cellPadding=0 width="100%%" border=0>
<TBODY>
<TR>
<TD>
<TABLE cellSpacing=0 cellPadding=0 width="100%%" border=0>
<TBODY>
=TR>
<TD>
<TABLE cellSpacing=0 cellPadding=0 width="100%%" align—=center border=0>
<TBODY>
=TR>
<TD>General<TD>
<TD>
<TABLE cellSpacing=0 cellPadding=2 width="802%" align=center border=1>

<TBODY>

<TR>
<TD>2G Network</TD>
<TD>GSM 850 / 900 / 1800 / 1900</TD></TR>

<TR>
<TD>3CG Network</TD>
<TD>UMTS 850 f 2100</TD></TR>

<TR>
<TD>Announced</TD>
<TD>2003, 4Q</TD></TR>

<TR>
<TD>Status</TD>
<TD=>aAwvailable</TD></TR>

<TR>
<TD>Weight</TD>
<TD>123 =</TD></TR>

Figure 5. Example of the source code of a web page

*Seneral

-2G MNetwork
GSVI 850 F 200 F 1300 5 1200

-3CG MNetworls
UORMTS 350 F 2100

-Snnounced
-Z003, 40

-Status
LS srailable

-WAreicht
1123 o

Figure 6. The sub-attributes (WP) and values of sub-attributes (WP) shown in Figure 5 saved in an
array
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Step 2 Extraction: The process of extracting information consists of two steps, which are (i) extract
based on the attribute and (ii) extract based on the sub-attribute.

(i) Extract based on attribute: Information Extraction matches the tokens that are saved in the
array with Attr (DB) and matches the Sub_Attr (WP) with Sub_Attr (DB) for extracting these tokens.
IE saves the Attr (WP) in a text file as well as the Sub_Attr (WP) with its value. In this step, three cases
are considered, namely exact match, overlapping, and mutually disjoint. There are cases where no
match is found between the set of tokens saved in the array and Attr (DB). In this case, IE matches the
set of tokens with Sub_Attr (DB) as shown in the next step.

(ii) Extract based on sub-attribute: In this step, two tasks are performed, namely: (i) extract set of
tokens by matching with Sub_Attr (DB) and (ii) extract G_Sub (WP) by matching with each G_Sub
(DB). In some of the web pages, the sub-attribute appears as attribute. Therefore, IE matches the set of
tokens with Sub_Attr (DB). If there is a match, then IE saves the set of tokens as a sub-attribute
together with its value in a text file. If there is no match among the set of tokens saved in the array and
DB (Attr (DB) and Sub_Attr (DB)), then IE matches G_Sub (WP) with each G_Sub (DB) for
extracting G_Sub (WP) as well as Attr (WP).

Step 3 Classification: After performing the extraction process, IE classifies the extracted
information. Two steps are performed in this process, namely: (i) identify the index number of Attr
(DB) that is matched and (ii) group the extracted attributes and sub-attributes based on the index
number.

(i) Identify the index number of Attr (DB) that is matched: Information Extraction extracts the
Attr (WP), Sub_Attr (WP), and value of Sub_Attr (WP) and later identifies the index of Attr (DB) that
is matched. Figure 7 illustrates the example of the attributes that are saved in database with the index
number Index_no.

Attribute ~  Index_no

4

+ General
+ Size

+l Display

+ Ringtones
+ Memory
+ Data

+ Features

00 N O BhwN e

+ Battery

Figure 7. Attr (DB) saved in database, Index_no denotes the index of Attr (DB)

Figure 8 illustrates the example of sub-attributes and values of the sub-attributes, where each line
begins with the index of Attr (DB) that is matched. For example, IE saves the sub-attribute weight with
the index of the attribute Size.

00 00

weight

123

height
87

width
7=

NN NN NN NN

depth
12

standbytime (h)

smms

AN EN BN KB 1 I
<
q
a
a

00 00

ush
Mo

Figure 8. Attr (WP) in a text file with index number of Attr (DB)
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(i) Group the extracted attributes and sub-attributes based on the index number: The matched
attributes and sub-attributes are then grouped based on the index number. For example, the lines with
the index 6 are grouped together as attribute DATA. Figure 9 illustrates the example of the extracted
attributes and sub-attributes that are shown in Figure 8 after grouping them based on the index number.
In Figure 9, the symbol “*” denotes Attr (WP), the symbol “-“ denotes Sub_Attr (WP), and the lines
without the symbols “*” and “-* represent the value of Sub_Attr (WP). Next, the name of the text file,
path of the text file, name of product, the number of correct extract, incorrect extract, and unmatched
are saved in a table called Structured Information. Figure 10 illustrates an example of the Structured
Information.

3* DISPL. &Y
- display~width
1 128
- displayheight
180
- ledsize

_ seconddisplas
B o P

4* RINGTOMNES
- woicedialing
A

S* MEMORTY
- memory
S e o

6% DaT.a
- Zprs
: ¥es
- urnts
- ¥es
- hsdpa
- Mo
- bluctooth
- ¥Yes
- usb
- Mo

F* FEATURES

- smms

Figure 9. Attr (WP), Sub_Attr (WP), and value of Sub_Attr (WP) in a text file after grouping

8 Structured Information

Neme | posh of text Product Corect Inccorect || | posable coreect
extract
Text 1 | Fiimy project2yWP in Text after classify\1.txt | Nokia N79 s2 o 2 s4
Text 2 | Fiimy project2{WP in Text after classify}2.txt |Mokia 7600 53 o 1 54
Text 3 | Fiimy project2\WP in Text after classify\3.txt |Nokia 6212 classic 46 3 o 49
Text 4 | Frymy project2wP in Text after classifyi4.txt | Nokia 6600 fold 28 o o 28
Text S tF:\my project2iWP in Text after classifyiS.txt | Nokia 7310 Supernova |27 o o 27
Text 6 |Fimy project2\WP in Text after classify\6.txt |nokia 7600 9 s 10 24
Text 7 | Fiimy project2\WP in Text after classify\7.txt | Nokia 5800 32 o o 32
=3
< i >

[ startria | | |

Figure 10. Example of the structured information

3.3. Relevant Information Analyzer (RIA)

Relevant Information Analyzer (RIA) analyzes and simplifies the relevant information extracted
and classified from Information Extraction (IE). RIA identifies the attributes and sub-attributes that
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belong to the same product that are extracted repetitively and compares them to remove the repetitive
attributes and sub-attributes. Three steps need to be considered, namely: (i) Analyzing, (ii)
Simplification, and (iii) Presentation.

(i) Step 1 Analyzing: RIA analyzes the extracted and classified information from IE by grouping
the attributes and sub-attributes that are extracted repetitively belonging to the same product. The name
of the product is saved in the Structured Information table. RIA groups the records in the Structured
Information table based on the name of the product. Those records with the same product name are
saved in the same table (Similar_table). For example, there are two text files in Figure 10, which are
Text 2 consisting of 53 correct extract, and Text 6 consisting of 9 correct extract for the same product
Nokia 7600. Text 2 and Text 6 are then saved in the same table by RIA.

(i) Step 2 Simplification: RIA simplifies the analyzed information by comparing the sub-
attributes that belong to the same product and removes the attributes and sub-attributes that are
duplicates. For example, refer to Text 2 and Text 6 shown in Figure 10. RIA compares the sub-
attributes of Text 2 and Text 6. Text 2 consists of 53 correct extract, while Text 6 consists of 9 correct
extract which are found to be part of the extracted sub-attributes of Text 2. Therefore, RIA removes
Text 6.

(iii)  Step 3 Presentation: RIA presents the simplified extracted information, which is the name
of the text file, web page, name of product, the extracted attributes, the extracted sub-attributes that
describe the extracted attributes, and the values of the sub-attributes. Figure 11 illustrates an example
of the extracted information.

The extracted information

The Extracted Information The Extracted Attributes, Sub Attributes, and Values of the Sub-Attributes
Mame text ‘Web page Product A | | TITLE: Nokia 6600 fold ~
Text 1 i, buy. com Nokia N79 1* GENERAL
- 2gnetwork
Text2 www,esato.com Nokia 7600 :anSEMVé?DBDU/lSUOH‘BUD
Text3 . letsgomobile.org Nokia 6212 classic - 3anetwor
+ UMTS850/2100
» WWW,gsmarena, com Nokia 6600 fold - announced
e D + 2008, April
Texts lifestyle.iloveindia.com Nokia 7310 Supernova 2 status
Text 7 v, n1wireless.com Nokia 5800 v « Comingsoon.Exp.release2008,3Q
< 2| | |2* DIMENSIONS
_d
: 87.7x44x15.9mm, 52cc
Name of the Selected Text Text 4 - weight
1 110g
Name of Product Hokia 6600 fold 3* DISPLAY
- type
Web Page W, gsTNarena, com : OLED, 16Mcolors

- size
No. of correct sub-attribute value pairs extracted |28 £ 240x320pixels,2.13inches

4* RINGTONES

vpe
: Polyphonic(64channels),MP3
- custoization
: Download
- vibration
i Yes

5* MEMORY
- phonebook
: Yes,Photocall
- callrecords
i Yes
- cardslot ™

Figure 11. Example of the extracted information

4. Conclusion

In this paper, we proposed a framework to search and extract information from different web data
sources. The proposed framework provides facilities to the user during search. A user does not need to
visit the homepages of companies to get the information about any product, just write the name of
product in the search engine and the framework searches all the available web pages related to the text
which the user writes in the search engine, and the user gets the information with little efforts.

5. References

113



A Framework for Extracting, Classifying, Analyzing, and Presenting Information from Semi-Structured Web Data

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

Sources
Mahmoud Shaker, Hamidah Ibrahim, Aida Mustapha, Lili Nurliyana Abdullah

Guntis Arnicans and Girts Karnitis, "Intelligent Integration of Information from Semi-Structured
Web Data Sources on the Base of Ontology and Meta-Models", In Proceedings of the 7"
International Baltic Conference, pp. 177-186, 2006.

Sung Won Jung, Kyung Hee Sung, Tae Won Park, and Hyuk Chul Kwon, "Intelligent
Integration of Information on the Internet for Travelers on Demand", In Proceedings of the ISIE,
IEEE International Symposium, Vol. 1, pp. 338-342, 2001.

D. Beneventano and S. Magnani, "A Framework for the Classification and the Reclassification
of Electronic Catalogs"”, In Proceedings of the 2004 ACM Symposium on Applied Computing,
pp. 784-788, 2004.

Srinivas Vadrevu, Fatih Gelgi, and Hasan Davulcu, "Information Extraction from Web Pages
using Presentation Regularities and Domain Knowledge", Journal of World Wide Web, Springer
Netherlands, Vol. 10, Issue. 2, pp. 157-179, 2007.

Horacio Saggion, Adam Funk, Diana Maynard, and Kalina Bontcheva, "Ontology-based
Information Extraction for Business Intelligence”, In Proceedings of the 6™ International
Semantic Web Conference and the 2" Asian Semantic Web Conference, Vol. 4825, pp. 843-
856, 2007.

Fatima Ashraf and Reda Alhajj, "ClusTex: Information Extraction from HTML Pages”, In
Proceedings of the 21% International Conference on Advanced Information Networking and
Applications Workshops (AINAW'O7), pp. 355-360, 2007.

Bernard J. Jansen, Danielle L. Booth, and Amanda Spink, "Determining the User Intent of Web
Search Engine Queries", In Proceedings of the WWW International Conference, pp. 1149, 2007.
Paul Viola and Mukund Narasimhand, "Learning to Extract Information from Semi-Structured
Text using a Discriminative Context Free Grammar”, In Proceedings of the 28" Annual
International ACM SIGIR Conference on Research and Development in Information Retrieval,
pp. 330-337, 2005.

Gilles Nachouki, "A Method for Information Extraction from the Web", Journal of Information
and Communication Technologies, Vol. 1, pp. 517-521, 2006.

Utku Irmak and Torsten Suel, "Interactive Wrapper Generation with Minimal User Effort", In
Proceedings of the 15™ International Conference on World Wide Web, pp. 553-563, 2006.
Hongkun Zhao, Weiyi Meng, and Clement Yu, "Automatic Extraction of Dynamic Record
Sections from Search Engine Result Pages"”, In Proceedings of the 32" International Conference
on Very Large Data Bases, pp. 989-1000, 2006.

Hongkun Zhao, Weiyi Meng, and Clement Yu, "Mining Templates from Search Result Records
of Search Engines”, In Proceedings of the 13" ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining, pp. 884-893, 2007.

Fei, Hong, Zhuang, and Zhao, "Information Extraction System in Large-Scale Web", Journal of
Communications and Information Technology, ISCIT, Vol. 2, pp. 809- 812, 2005.

Shady Shehata, Fakhri Karray, and Mohamed Kamel, "Enhancing Search Engine Quality using
Concept-based Text Retrieval”, In Proceedings of the International Conference on Web
Intelligence (WI07), pp. 26-32, 2007.

Shaker M., Ibrahim H., Mustapha A., and Nurliyana L. “A Framework for Extracting
Information from Semi-Structured Web Data Sources”. In Proceedings of 3 2008 International
Conference on Convergence and Hybrid Information Technology, Vol. 1, pp. 27-31, 2008.

114


http://ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=10481
https://www.researchgate.net/publication/220384939



