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Abstract. Metadata plays an important role in discovering, collecting,
extracting and aggregating Web data. This paper proposes a method of
constructing metadata for a specific topic. The method uses Web pages
that are located in a site and are linked from a listing page. Web pages
of recipes, real estates, used cars, hotels and syllabi are typical examples
of such pages. We call them a series of Web documents. A series of Web
pages have the same appearance when a user views them with a browser,
because it is often the case that they are written with the same tag
pattern. The method uses the tag-pattern as the common structure of
the Web pages.
Individual contents of the pages appear as plain texts embedded be-
tween two consecutive tags. If we remove the tags, it becomes a sequence
of plain texts. The plain texts in the same relative position can be inter-
preted as attribute values if we presume that the pages represent records
of the same kind.
Most of these plain texts in the same position vary page to page. But, it
may happen that the same texts show up at the same relative position
in almost all pages. These constant texts can be considered as attribute
names. “Location”, “Rating” and “Travel from Airport” are examples
of such constant texts for pages of hotel information. If the frequency
of a text is higher than a threshold, we accept it as a component of
metadata.
If we mark a constant text with “N” and a variable text with “V”, the
sequence of plain texts forms a series of N’s and V’s. A page in a series
contain two kinds of NV sequence pattern. The first pattern is (NV )n,
which we call vertical, where an attribute value follows the attribute
name immediately. The second pattern is NnV n, which we call horizon-
tal, where names occur in the first row and the same number of values
follow in the next row. Thus we can understand the meaning of values
and can construct records from a series of Web pages.
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1 Introduction

Due to the rapid spread of the Web, huge amounts of information in various for-
mats are available on the Web. In order to extract useful information from huge
Web pages, there are many research tasks such as extraction of knowledge from
semistructured data or HTML files [2, 4, 9], topical crawling which automati-
cally collects Web pages of user’s topics [1, 3], and integration of semantically
homogeneous information which is heterogeneous in representation.

We are constructing an information integration system utilizing Web pages
on specific topics. In order to realize such an information integration system, we
need to realize the following subtasks: collection of Web pages on a specific topic,
classification of the collected Web pages, information extraction from Web pages,
and construction of a database of extracted information. However, Web pages
on a specific topic are available in multiple Web sites of different formats. To
resolve differences between multiple databases, the database schema is necessary
for each source and metadata is necessary as an integration target.

There have been many efforts to construct metadata for this purpose. But it
is not a trivial task. In this paper we propose a new method for semi-automatic
construction of metadata from a series of Web pages [14]. A series of Web pages
are pages that are located in a site and are linked from a listing page in the
site. Web pages of recipes, real estates, used cars, hotels and syllabi are typical
examples of such pages. These series of pages can be searched with a phrase “list
of” and a keyword of the topic.

In most cases, a series of Web pages are in the same site and are linked from
a page of contents in the site. We call the source page of the links as a page of
type A. The Web pages that are linked from the page of type A are called pages
of type B

A key problem in Web Mining is the separation of the structure and the
contents from an HTML file. A series of Web pages have the same appearance
when a user views them with a browser, because it is often the case that they are
written with the same tag-pattern. The proposed method uses the tag-pattern
as the structure of the Web pages. Individual contents of the pages appear as
plain texts embedded between two consecutive tags. If we remove the tags, it
becomes a sequence of plain texts. The plain texts in the same relative position
can be interpreted as attribute values if we presume that the pages represent
records of the same kind. Most of these plain texts in the same position vary

A
B

B
B

TypeA TypeB

Link list
(Table of Contents) Each content pages

B

Fig. 1. Link Structure of a Series of Web Pages
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HTML
TAG
plain text

constant
RECORD NAME
ATTRIBUTE NAME

variable
ATTRIBUTE VALUE

Fig. 2. Structure and Contents of HTML Files

page to page. But, it may happen that the same texts show up at the same
relative position in almost all pages. These constant texts can be considered as
attribute names. “Location”, “Rating” and “Travel from Airport” are examples
of such constant texts for pages of hotel information. If the frequency of a text is
higher than a threshold, we accept it as a component of metadata. Our solution
is to use (TAG, RECORD NAME, ATTRIBUTE NAME) as the structure, and
ATTRIBUTE VALUE as contents (see Fig. 2).

If we mark a constant text with “N” and a variable text with “V”, the
sequence of plain texts forms a series of N’s and V’s. A page in a series contains
two kinds of NV sequence pattern. The first pattern is (NV )n, which we call
vertical, where an attribute value follows the attribute name immediately. The
second pattern is NnV n, which we call horizontal, where names occur in the
first row and the same number of values follow in the next row. Thus we can
understand the meaning of values and can construct records from a series of Web
pages.

Making content-related metadata plays an important role in information in-
tegration on Web pages. As the extensive studies on the Semantic Web, RDF and
RDF schema show, extraction of meaningful metadata describing the contents
of Web pages is the key to realize an information integration system. However,
almost all Web pages in the current WWW are HTML files and the acquisi-
tion of appropriate metadata is still a major problem to realize such a system.
Hence we propose a new method for semi-automatic construction of metadata
from a series of Web pages as a realistic method for implementing information
integration on the Web pages.

In order to extract a template specific to a series of Web pages, our method
uses a measure of structural similarity among Web pages. Measuring the struc-
tural similarity among semistructured data has been an active research topic [4,
5, 6, 8, 10] and it is fundamental to many applications such as integrating Web
data sources. The authors have proposed a method for extracting a common tree
structured pattern from semistructured data [11]. This extraction method can
be applied to extracting a template specific to a series of Web pages.

Umehara et al. [14] targeted a series of Web pages. But their aim is not in
generating metadata, but in transforming a series of HTML files into a series of
corresponding XML files. Their method requires a user to prepare transformation
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examples. Stuckenschmidt et al. [17] proposed a knowledge-based approach for
metadata validation and generation but their approach is within a framework
of ontology. Handschuh et al. [16] proposed a general framework for creation
of semantic metadata in the Semantic Web but the framework does not deal
with raw data of Web pages. Arakas et al. [2] proposed an extraction method
of metadata from Web pages in a Web site but do not consider information
integration using metadata.

These works focus on some of the subtasks such as extracting a template
or making metadata. But our aim is to construct a total system of information
integration utilizing Web pages on specific topics. We believe that our method
will be improved by using the methods of these related works.

This paper is organized as follows. In Section 2, we explain the idea with
the Web documents of hotel information. In section 3, we propose a method for
extracting records from a series of Web pages by transforming the pages into
tag sequences. Then the metadata is constructed as a list of strings that appear
in the same position of all the records. In section 4 and 5, we give a method for
combining the names and the values of attributes. In Section 6 we conclude this
paper.

2 Metadata for “Hotel”

In this section, we explain the idea of constructing metadata for “hotels”. An
online hotel reservation site “Bookingsavings” 1 has lists of hotels for many
destinations. For example, a list of hotels in Perth is displayed in Fig. 3.

The list has 20 links to the pages of detailed information of the hotels, where
“Rating”, “Rates”, “Room facilities”, “Hotel facilities”, “Location”, “Travel
from Perth Airport”, “Travel from railway Station”, “Children/extra bed” and
“Places of interest nearby” are displayed in the same pattern as we see in Fig. 4.

The page for “Novotel Vines Resort” contains “Wineries”, “Historic Sites”
and “Local Attractions” but does not contain other fields. Nevertheless, 19 pages
are written with the same pattern. We describe the pattern as the following tag-
sequence, where “*” represents the positions of texts which vary hotel to hotel.
� ✏

html head title * meta meta meta meta link /head body div table tr td

img /td /tr tr td div * * * /td /tr /table table tr td br table tr td

img /td /tr /table div * div * br a img /a br br span * * img img img

/span br span * * * br br div * br div * br div * br div br li b * *

br li b * * br li b * * br li b * * br li b * * br li b * * br li b *

* br br /td /tr tr td a * * * * * * * /td /tr /table table tr td img

/td /tr /table a * /div /body /html

✒ ✑

The pattern contains 36 such fields or texts. These 36 texts form a record of
each hotel information. The fields are classified as common parts and individual
1 http://www.bookingsavings.com/asia pacific/australia/perth/index.shtml
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Fig. 3. A List of Hotels in Perth Fig. 4. A Page of Detailed Information
of a Hotel

parts according to the frequency. The common parts appear as the names of
fields of the record. A field with frequency 19 represents a name of an attribute.
On the other hand, the texts in a field with frequency 1 vary according to each
HTML page. There may be some exception, as in the 25th field of “Ascot Inn
Hotel”, where “Extra bed” is used instead of “Childbed/extra bed” and as in
the 23rd field of “City Waters Hotel”, where “Travel from Perth” is used instead
of “Travel from Perth Airport”.

3 Metadata Construction Algorithm

In this section, we describe an algorithm for constructing metadata given a key-
word. Fig. 5 shows the algorithm.

In the first step, we send the keyword to a search engine for collect-
ing pages related to a topic. Here we send the keyword augmented with the
phrase “list of”. Thus we obtain Web pages which are supposed to have
many links to related pages. These are the pages of “type A” as we ex-
plained in the previous section. A page of type A contains many links to
the desired pages, i.e., pages of “type B”. But it may contain other kind of
links, e.g., links to the top pages and links to famous pages. It is often the
case that the pages of ”type B” are located in the same directory in the
same site. Such directory is calculated with the base URL. For example, the
HTML files of the hotels in Section 2 are in http://www.bookingsavings.com/
asia pacific/australia/perth/hotels/. The pages which are linked from the
page of type A and are in the directory are the pages of type B.
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Table 1. Contents and Frequency

field frequency contents
1 1 Sullivans Hotel Perth - Perth Discount Hotels
2 1 Sullivans Hotel Perth, Perth discount hotels ...
3 1 View photos, ... at Sullivans Hotel Perth
4 1 Save on room prices at Sullivans Hotel Perth, Perth.
5 1 Sullivans Hotel Perth, Perth
6 1 166 Mount Bay Road Perth Australia
7 19 Rating:
8 19 &#160;
9 19 Rates:
10 19 &#160;
11 1 Minimum 110.00 AUD - Maximum 130.00 AUD
12 1 Sullivans Hotel Perth Description
13 1 Overlooking the City and the Swan River, ...
14 1 Sullivans Hotel Perth Services
15 16 Room facilities
16 1 - All rooms have TV, in-house movies, ...
17 19 Hotel facilities
18 1 - Bar, restaurant, room service, ..
19 19 Location
20 1 - City - nest to Kings Park.
21 7 Travel from Perth Airport
22 1 - Taxi from airport (about AU$ 28, 30 minutes)....
23 8 Travel from railway station
24 1 - Taxi from railway station (about AU$ 5, 5 minutes)....
25 6 Children/extra bed
26 1 - Maximum 2 children are allowed to stay ...
27 19 Places of interest nearby
28 1 Kings Park, Swan River.
29 19 Worldwide Hotels
30 19 –
31 19 Asia Pacific Hotels
32 19 –
33 19 Australia Hotels
34 19 –
35 19 Perth Hotels
36 19 Copyright, terms and conditions.

The second step is to obtain the common tag-pattern of pages of type B. It
is obtained as the tag-sequence for a Web page which belongs to the maximal
cluster with respect to the tag-sequence mapping. To use the tag-sequence is
introduced in [12]. The tag-sequence mapping is a function from an HTML file
to the tag-sequence of the file. It eliminates attributes of tags and deletes textual
contents which appear outside of HTML tags. The maximal cluster is defined
as follows. Let f be a mapping from a set X to a set Y . A cluster in X with
respect to f is an inverse image of y ∈ Y with respect to f , i.e., f−1(y) = {x ∈
X | f(x) = y}. A cluster is maximal if the number of elements in the cluster is
maximal.

The 3rd step is to extract the contents from pages of type B using the tag-
sequence. We do not need pattern matching at this stage. Because, we already
obtain the corresponding contents when we calculate the tag sequence of the
HTML file. At this stage, the i-th page a[i] of type B is represented as a list
a[i, 1], a[i, 2], ..., a[i, n] of strings. Since the pages of type B are supposed to have
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the same tag sequence, the length n of this strings is the same to all pages of
type B. Thus a page of type B is transformed into a record with n-fields.

The final step is to classify the fields and distinguish the names of the at-
tributes and the values of the attributes. If all j-th fields have the same string,
we consider the field represents the name of the attribute whose contents follow
in the sequel. Conversely, the attribute values vary one by one. So, we distinguish
the names and the values of attribute by the frequency of the strings among the
same fields.

4 Alignment of Names and Values

We can consider an HTML page to be a merged sequense (T1, P1, T2, P2, · · · ,
Tn, Pn, Tn+1), where Ti is a tag and Pj shows a text. A series of Web pages
H1, H2, · · · , Hm have the same tag-sequence, so that the sequence of plain texts
(P i

1 , P
i
2, · · · , Pn

i) can be extracted uniformly from each page Hi(i = 1, · · · , m).
The plain text P i

j in the j-th position may be an attribute name or an
attribute value. In the previous section, we showed an algorithm to distinguish
names and values according to the frequency of the text. In this section and next
section, we explain how to name the values or how to bind names and values.

Consider a series of pages of “used cars” as an example. Characteristic key-
words of these pages are “maker”, “model”, “year”, “mileage”, “color” and so
on. These keywords are the attribute names and are displayed with attribute
values aligned vertically or horizontally when we see the pages with a browser
(Fig. 6). In both cases of alignment, a name and the corresponding value are
displayed close to each other. Such display improves the visual effect and helps
user’s comprehension.

Imagine that we have a series of pages as in Fig. 7 and that we know that F1

is a name. Where does a corresponding value appear? If F3 is another instance
of name, the value for F1 should be F2. If F2 is a name, then the value for F1

should be F3. Thus, if names are aligned vertically the corresponding value
appears horizontally next to the name. If names are aligned horizontally, the
corresponding value appears vertically next to the name.

5 Binding Name and Value by NV Sequence

Fig. 8 shows a series of syllabus pages at “Anan National College of Technol-
ogy”2.

The page of type A in Fig. 8 (a) has 44 links. Three of them are the links
to the top pages of the site, the college and the syllabi. The other 41 links are
the links to course pages or pages of type B, e.g., “Applied mathematics”(Fig. 8
(b)), “Circuit theory”, “Electromagnetics” and so on. These pages have the same
template of 31 fields shown in Table 2. The second column “Freq.” shows the
frequency of the field text. For example, the 4th field text “course” appears in
2 http://www.anan-nct.ac.jp/gakka/syllabus/h13/curri e.html
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procedure Pattern-and-Bs {
Input: a listing page a;
Output: tag-pattern;

X = the list of pages linked from a;
B = the maximal cluster in X w.r.t. base();

D = d1, ..., dm = the maximal cluster in B w.r.t. tag();
p = p1. ∗ .p2. ∗ .... ∗ .pn. ∗ .pn+1 the tag-sequence tag(d1);
return(p, B);

}

procedure ExtractFields {
Input: a tag-pattern p = p1. ∗ .p2. ∗ .... ∗ .pn. ∗ .pn+1;

an HTML file h;
Output: a record a = (a[1], a[2], ..., a[n]);

if tag(h)=p {
a[i] = the i-th variable parts ”*” in h;

}
return (a[1], a[2], ..., a[n]);

}

procedure NameValueSeparation {
Input: a1, ..., am : a list of records of the same fields,

i.e., ai = (a[i, 1], ..., a[i, n]);
α : a threshold;

Output: a list nv of ”N” and ”V” of length n;

function g(i) = a[i,j] the j-th field of i-th record;
for( j = 1; j <= n; j + + ) {

weight[j] = the number of elements of maximal cluster w.r.t. g()
in {1, 2, · · · , m}
if ( weight[j] > α) {

nv[j] = ”N”;
} else {

nv[j] = ”V”;
}

}
return nv;

}

main {
Input: a keyword w;
Output: a list of keywords;

SearchResult = search(”list of ” + keyword);
(p, B) = Pattern-and-Bs(SearchResult);
C = map { λ(h) ExtractFields(p, h) } B;

NV = NameValueSeparation(C);
return the names of NV ;

}

Fig. 5. Metadata Construction Algorithm.

41 pages, i.e., in all pages. A field text which appears in all pages is an attribute
name or a common text to the site, such as a site name.

Field texts of Web documents in a series can be classified in two types.

N : Constant text that appears in almost all pages at the same position.
V : Variable text that varies page to page.
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Maker Mitsubishi

Model Lancer Evolution

Year 2003

Mileage 100

Color Yellow

(a) Vertical Alignment

Maker Model Year Mileage Color

Mitsubishi Lancer Evolution 2003 100 Yellow

(b) Horizontal Alignment

Fig. 6. Name Value Alignment

F1 F2

F3 F4

F5

F6 F7

F8 F9

F2

F4

F5

F6

F7

F8

F9

F3

F1

F2

F4

F5

F6

F7

F8

F9

F3

F1

F2

F4

F5

F6

F7

F8

F9

F3

F1

F2

F4

F5

F6

F7

F8

F9

F3

F1

Fig. 7. Relative Position of Name and Value

(a) page of type A

(b) page of type B

Fig. 8. A Syllabus Page of Anan National College of Technology

“N” stands for name and “V” stands for value. Then we can describe the
alignment of a page with some NV sequences NnV n. The i-th value is obtained
at the position of i-th V .
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Table 2. Appearance frequency of fields.

Field Freq. Word(s) Word(s)
No. (translated) (in Japanese)

1 41 Syllabus シラバス
2 41 Dept. Elec. eng. 電気工学科
3 41 Grade 学年
4 41 Course 授業科目名
5 41 Code 科目コード
6 41 Lecturer Name 担当教官名
7 41 Period 開講期
8 41 Credit 単位数
9 41 elective or required 必・選

10 10 5th degree ５年
15 4th degree ４年

14 28 First term, Second term 前期 後期
15 14 1 １

24 2 ２
16 17 elective (optional) 選択

24 required (compulsory) 必修
17 41 Course Goal 授業目標 教育方針
19 41 Abstract 授業概要
21 41 Message to students 受講者へのメッセージ
23 41 Text books, Teaching Materials, Reference books 教科書 教材 参考資料
25 41 Class type 授業形式
27 41 Evaluation 成績評価 の方法
29 41 Keywords, MISC. キーワード その他
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Fig. 9. Frequency and Length of Field Texts

Table 2 displays the names of high frequency. Note that another characteristic
feature of value fields is that the length is relatively large.

Fig. 9 shows the frequency and the length of field texts. We can see that the
text length is short and the frequency is high for the fields 1-9. On the other
hand, the texts in the fields 10-16 are relatively long and have low frequency. If
we see the fields 1-17 closely, we notice a discrepancy of the number of names
(9) and the number of values (7). The first and second name fields are the cause
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of the mismatch. There is no value corresponding to these “N”. This kind of
name can be considered as a record name instead of an attribute name. Thus
we have the NV sequence N2N7V 7(NV )7 and we can confirm that the record
has 14 attributes.

6 Conclusion

We proposed a method for constructing metadata from a series of Web docu-
ments. It is often the case that a site provides many Web pages for a specific
contents. Moreover these pages look very similar, because they are written with
the same template HTML file. We used the common tag-sequence as the tem-
plate of these pages. The individual contents of the pages are surrounded by
these tags. The i-th string enclosed by the i-th and i + 1-st tags can be con-
sidered as the i-th field of the record. If all of the i-th field are identical and
can be considered as a constant, it does not represent the value but the name
of an attribute in the record. The method we proposed uses the frequency of
the string in the same field to distinguish the name and the value. The fields of
names form a metadata for the series of Web documents.

Metadata construction is one of the key steps for integrating Web documents.
The core idea of the method is to use the frequency of texts that appear in the
same position of the similar semi-structured documents. The tag-sequence is
used in the present paper, but there are many other similarity measurements
that can be applied for detecting the similarity and for extracting a template of
Web documents [5, 6, 7]. These approaches will improve the robustness of the
proposed method.
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