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Abstract

These days, people access the Web by using various devices and methods, such as PDAs, cellular phones,
and voice-based browsers. However, most Web content is designed for desktop computers. Therefore, already-
existing Web content should be transcoded to be suitable for each access device and method. For this purpose,
some annotation-based transcoding systems have been developed. An annotation is additional information of Web
content, and effective adaptation can be achieved by using it. One of the most difficult problems of annotation is
the cost of annotating Web content. Many popular sites, such as news sites, have a large number of Web pages and
add new content continually. Hence, it is almost impossible to annotate all of the content in these sites. To solve
this problem, we introduce a method to extract common layouts from Web pages. We focus on the structure and
characteristics of particular HTML tags that affect the layout of Web pages. Our method calculates the distance
between Web pages using this method. When the distance is below the threshold, these pages can be considered as
the same layout pages. By using this method, a certain annotation can be applied to any Web pages that have the
same layout. Therefore, the cost of adaptation will be reduced.

key words: HTML, layout group, transcoding, adaptation, annotation

1 Introduction

With dramatic improvements in computing power, network bandwidth, and data compression techniques, the role
of World Wide Web has been diversified. The importance of the Web has increased not only in information
dispatch and collection but in various fields, such as electronic commerce, remote education, and the formation of
communities. Simultaneously, the tools to access the Web have also been diversified. In addition to conventional
Web browser on desktop computers, people now access the Web by using various devices and methods, such as
PDAs (Personal Digital Assistants), cellular phones, and voice-based browsers.

Because mobile devices such as PDAs and cellular phones offer portability and real-time connectivity, the pop-
ulation of mobile users is increasing explosively. Another aspect is that visually impaired people have difficulties
accessing printed documents. Voice-based browsers [1, 2], which read the Web content aloud by using a synthetic
voice, etc., are important information sources for such people [3-7]. However, most Web page is designed for
conventional Web browsers on desktop computers. Therefore, already-existing Web content should be transcoded
to be suitable for each access device and method. For this purpose, Web content transcoding systems have been
developed [3-5, 8-11] .

Since most mobile devices have restrictions in screen size, adaptation of the layout, such as by splitting pages
and reducing picture sizes, is required in order to display a Web page effectively [9, 12-14]. Next concern is the
visual expression of Web content. To improve the density of information and support visual operations, many Web
pages arrange information by using visual expressions [4, 6, 10]. For example, as shown in Fig. 1, the main content
is placed in the center, and additional information such as a header, a footer, advertisements and an index surround
it. This information is visually fragmented and organized into groups by using the different background colors,
layout tables, spacing and so on. When a voice-based browser is used, it is very difficult to access this visual
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Figure 1: Sample Web Pages

information [4, 6]. In addition, since voice-based browsers read out the Web content according to the order of the
HTML [15] tags, users have to listen to this additional information before arriving at the content they are looking
for [4, 5].

Recently, methods of extracting the updated portions of HTML documents are being studied [3, 5]. By finding
differences among the target HTML documents, the old versions or the neighborhood documents, these methods
make it possible for users to access the latest information easily. However, these methods have some problems. For
instance, when the layouts among these HTML documents are different, these methods can’t extract the updated
portions. They also can’t remove dynamically inserted parts of a document such as advertisements. Another serious
problem is that the unchanged portion will be discarded even though it is an important part of the content. Hence,
a more accurate adaptation method is required.

Annotation-based transcoding is expected to become a method for performing accurate and detailed content
translation [4, 9-11] . Annotation is a kind of Metadata [9, 11, 16-20]. It has additional information about some
Web content, and effective adaptation can be achieved by using it. In general, for each annotation related to URI,
an XPath [21] or XPointer [22] is used to define where the annotation is attached in the document. Comments,
role, importance, etc. of the designated part can be denoted as an annotation. In [4], the authors divide the Web
page into semantic groups. The information about these groups, such as the role and the location (e.g., XPaths), is
saved as annotations in XML [23] format. By using the annotations, the layout of the Web page can be changed
without breaking up semantic groups or losing information. When semantic groups are rearranged in the order of
importance, users can easily access the important information, even if they use a voice-based browser. An index of
the content can be easily made from the annotation of semantic groups, and this helps mobile users understand an
outline of the content in a small display. This is also useful for users using a voice-based browser.

In this way, by adding annotation to each bit of the content, accurate and detailed content translation becomes
possible. One of the most difficult problems of annotation is the cost of annotating Web content. Many popular
sites, such as news sites, have a great number of Web pages and add new content continually. Hence, it is almost
impossible to annotate all of the content in these sites. Additionally, since Web content may be revised if time
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passes, an annotation has to be robust [14, 18]. This increases the difficulty of annotation.
In these sites, however, most of the content is created by using templates. Web page written with the same

template generally has a similar layout. When using the same template, the location (e.g., XPaths) of the each
semantic group and it’s role are almost identical. Hence, if annotation can be shared among Web page with the
same layout, the efficiency and the robustness of annotation can be improved drastically.

To solve this problem, we have developed a method for extracting the layout information from Web page. We
focus on the structure and characteristics of particular HTML tags affecting the layout of Web pages. Our method
calculates a distance between Web pages. If the distance is below a certain threshold, those pages can be considered
as using the same layout. By using this method, a particular annotation can be applied to any Web pages that have
the same layout. Therefore, the cost of annotation is reduced.

In this paper, we also explain the practical application of our layout group extracting method, that is insertion of
a “Skip Navigation Link” into the Web page. Insertion of a “Skip Navigation Link” is an important item of Section
508 [24], and it improves the Web’s accessibility for blind people [3, 25]. Our system can drastically reduce the
Web authors’ workload to improve Web accessibility.

This paper is organized as follows. In Section 2, we first introduce our layout group extracting algorithms. In
Section 3, we evaluate the effectiveness of proposed algorithms through experiments. In Section 4, we will explain
how our proposed algorithms can be applied to an actual system. We conclude our paper in Section 5.

2 Layout Group Extraction Algorithms

In this section, we introduce layout group extraction algorithms. To improve the density of information and visual
accessibility for people with normal vision, many Web pages arrange information by using visual expressions [4,
6, 10]. In general, the main content of a Web document is placed in the center, and additional information such as
a header, a footer, advertisements, and an index surround it (see Fig. 1). Most of these documents are created by
inserting updated content (e.g., the latest news or search results) into templates. Hence, common layouts are used
for many documents. For documents created from the same template, the location and the role of each semantic
group will be similar. Therefore, if an annotation is shared among all of the content with the same layout, the
efficiency of annotation can be drastically improved.

In this paper, we describe the algorithms for extracting the layout groups from Web documents. Our method
focuses on the structure and characteristics of particular HTML tags affecting the layout of Web pages. Our method
calculates a distance between Web pages based on the information. If the distance is below the specified threshold,
those pages can be considered as being the same layout pages. By using this method, we can easily categorize Web
documents from the point of view of the layout.

We first summarize HTML tags that affect the layout of Web document. Then, we will explain how to calculate
a distance between Web documents and how to extract the layout group based on the calculated distances.

2.1 Layout-Related Tags and their Characteristic Uses

The structure of the block-level HTML tags is the main factor determining a Web page’s layout. Some of the
text-level (inline) tags also affect the layout of Web page. Examples of such tags are:

• Table (TABLE, THEAD, TBODY, TFOOT, TR, TH, TD)

• Form (BUTTON, FORM, INPUT, SELECT, TEXTAREA)

• Horizontal Line (HR)

• List (OL, UL, LI)

• Style Container (DIV, SPAN)

• Paragraph (P)
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Figure 2: XPath List of Layout Tags

In this paper, we call these tags “Layout Tags”. In many sites, the fragmentation of semantic groups and the
page layout are controlled by the hierarchical structure of table elements. We can often recognize a layout group
from observation of the Layout Tag structure. In our algorithm, we first analyze the HTML document and find the
Layout Tags. For the purpose of dealing with the Layout Tags of the HTML documents, each tag is described as an
XPath [21] expression. Fig. 2 shows an example of an HTML document and the extracted list of Layout Tags.

The enumerated Layout Tags captures the outline of a Web page. Fig. 1 shows Web pages having identical
Layout Tags, and that these pages have visibly the same layout. However, not all HTML documents having an
identical list of Layout Tags have the same layout. For example, Fig. 3 shows snapshots of two HTML documents
whose lists of Layout Tags are identical. From this figure, it is obvious that layouts of these HTML documents
are different. This mismatch is caused by the differences in how they use the Layout Tags. Arrows in the figure
point to the corresponding “TD” tags in these documents. In the upper document, the “TD” has attributes such as
“WIDTH” and “BGCOLOR”, and it contains a “TEXT” element inside the block. On the other hand, in the lower
document, the “TD” element has no attributes and it contains only an “IMG” element. These factors make the
layouts of the Web pages different. Hence, to extract layout groups accurately, we have to consider how the Layout
Tags are used.

In this paper, we introduce a characteristic value of a Layout Tag to explain how it is used. Each tag’s attributes
and information about the elements within the subtree are stored as its characteristic value. For instance, the
attributes of “TD” are “ALIGN”, “BGCOLOR”, “WIDTH”, “HEIGHT”’, “COLSPAN”, “ROWSPAN”, “CLASS”,
etc. Furthermore, the total length of the text, and the number of images and links in a “TD” cell are also recorded
as characteristic values. By using a list of Layout Tags with these characteristic values, we can describe the layout
of a Web page in detail.

In following subsection, we describe how to calculate the distance between two Web pages based on lists of
Layout Tags and these characteristic values. We also explain the method for extracting the layout groups from Web
documents.
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Figure 3: Differently Laid Out Pages with Similar Structure of Tags
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2.2 Layout Group Extraction

As mentioned in the previous subsection, the judgment whether Web documents utilize the same layout is done by
comparing the lists of Layout Tags and their characteristic values. This is how we evaluate the differences between
layouts as the distance between Web documents.

Assuming that A and B denote lists of Layout Tags in two Web documents H A, HB, we define the inter-page
distance D as:

D =
∑

i

di(Ti) (1)

where Ti is the ith Layout Tag that satisfies A ∪ B. d i denotes the distance function of the Layout Tag T i and can
be given as:

di(Ti) = Wi ∗ ∑
j{WCij ∗ fCij (CAij , CBij)} if(Ti ∈ (A ∩ B))

= Wi ∗ Li otherwise
(2)

where Wi denotes a weighting parameter for Ti. The value Cij denotes the jth characteristics of T i and WCij

is a weighting parameter for Cij . CAij and CBij denote the characteristic values correspond to C ij in HA, HB,
respectively. The function fCij represents the distance between CAij and CBij . The function fCij returns 0 when
CAij and CBij are equivalent. Otherwise, fCij returns a positive value. For instance, when the characteristic C ij

is given as a numerical value, fCij can be defined as a monotonically increasing function of |CAij − CBij |. If a
certain Layout Tag appears in either HA or HB, Li is added to the distance. The value L i is a constant that depends
on the kind of Layout Tag.

By using the above equations, we can derive the distance between the Web documents H A and HB. If the
calculated distance is below a certain threshold T , these pages can be considered as using the same layout. Further,
based on the distance D, we can divide Web documents into layout groups by means of a clustering method (i.e.,
K-means clustering) [26].

In the next section, we’ll apply our proposed method to existing Web sites and evaluate the effectiveness of the
method.

3 Experiments and Results

In this section, we investigate the effectiveness of our layout group extraction algorithm. Five existing Web sites,
i.e., LYCOS News (http://news.lycos.com/), ZDNet (http://www.zdnet.com), CNN (http://
www.cnn.com/), MLB news on CNNSI (http://sportsillustrated.cnn.com/baseball/mlb/)
and IBM (http://www.ibm.com/) were examined to evaluate our method.

In what follows, we’ll first explain the parameter settings of the experiments. We then explain the results
of layout group extraction on existing Web sites. From the results of experiments, we will discuss issues of our
method and consider how to solve these problems.

3.1 Parameter Settings

In the experiments, we used nine HTML tags as Layout Tag. The parameter L in Eq. (2) and characteristics of each
Layout Tag are shown in Table 1. In the table, characteristics of Text, Link, Image indicate whether that element
exists in the block of the designated Layout Tag. We choose weighting parameters W i = 1, WCij = 1 for all i, j

and determine the distance function fCij as follows:

fCij (CAij , CBij) = 0 if(CAij = CBij )
= 1 otherwise

(3)

To observe the relationships among these parameters, the Web sites’ characteristics and extracted layout group,
we choose these simple parameters. Moreover, since the structures of the layout tables and forms deeply affect
the layout of Web documents, we employ ∞ as L for TABLE, TR, TD, TH, FORM, BUTTON, INPUT, SELECT
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Table 1: Parameter Settings
Layout Tag L characteristics

TABLE ∞ Attributes
THEAD, TBODY, TFOOT 1 Attributes

TR ∞ Attributes
TD, TH ∞ Attributes, Text, Link, Image
FORM ∞ Attributes

BUTTON ∞ Attributes
INPUT ∞ Attributes

SELECT ∞ Attributes
TEXTAREA ∞ Attributes

HR 1 Attributes

and TEXTAREA tags. L = ∞ means that Web documents with different structures of these tags are considered
as different layout pages. As described below, these parameters have to be determined appropriately to meet the
purpose of annotation and the characteristics of the Web sites.

3.2 Results

In this subsection, we have investigated the effectiveness of our proposed method by using the above parameters.
Figs. 4 through 6 show the relationships between the threshold value T and the number of Web pages among layout
groups. In the figures, the horizontal axis shows the layout group ID and the vertical axis shows the accumulated
number of Web pages in the layout groups. For the purpose for comparison, we also show the results for (T =
0, WCij = 0). When (T = 0, WCij = 0), the layout group extraction depends only on the structure of the Layout
Tags.

From the figures, we can observe that the result of T = 10 is similar to (T = 0, W Cij = 0). As mentioned
in Section 2, not all HTML documents with identical lists of Layout Tag have the same layout. The result for
T = 10 shows that we can’t effectively divide Web documents that have identical Layout Tag lists into semantically
identical layout groups. As the threshold value T becomes smaller, the number of layout groups increases and the
number of Web documents in each layout group decreases. This means that more detailed layout group extraction
can be achieved by using smaller values of T . However, there exists a trade-off between the degree of detailed
and the effectiveness of the layout group extraction. For instance, T = 1 is too sensitive to effectively divide Web
documents into the layout groups.

In usual case of news sites, there are hyper-links to the “previous” and “next” articles (see Fig. 7). However,
these hyper-links are often unused. Both sides of Fig. 7 show the same portion of two Web documents in LYCOS
News, and arrows in the figure point at the corresponding “TD” tag in these documents. In the left-hand figure, the
word “Next” is used as a hyper-link to the next article. On the other hand, the word “Next” is used as plain text in
right-hand figure. As a result, the characteristic value of Link is different for these documents. For T = 1, these
documents are divided into different layout groups even though their semantic layouts are identical. Noting that
these kinds of differences are frequently generated in Web documents, we can conclude that a very small threshold
value for T is not appropriate for layout group extraction. From our empirical investigation, the threshold value T
chosen from the range of 5 to 8 is reasonable to divide semantically different Web documents.

Table 2 summarizes the results of layout group extraction when T = 5. From the table, we can observe that
the cost to annotate the whole Web site can be dramatically reduced by using our method. For example, this table
shows that annotating the recognized layout groups on Lycos News would handle over 95% of the site’s pages. For
LYCOS News, ZDNet, and CNN, most of the Web documents are match well with the templates. Since they rarely
employ additional tables in the inserted parts (e.g., updated news, etc.), the structures of the Layout Tags in these
documents mainly depends on the template. As a result, most of the Web documents in these sites belong to some
layout group. Therefore, approximately 500 kinds of annotation can be applied to all of LYCOS News documents
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Figure 4: Layout Group and number of covered pages (news.lycos.com)
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Figure 5: Layout Group and number of covered pages (www.zdnet.com)
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Figure 6: Layout Group and number of covered pages (www.ibm.com)
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Table 2: Result of Layout Group Extraction (T = 5)
# of Layout Group # of documents total # of

(coverage) outside of layout group documents
news.lycos.com 250 (96.7%) 223 6803
www.zdnet.com 192 (95.7%) 381 8841
www.cnn.com 583 (95.9%) 1051 25792

sportsillustrated.
cnn.com/baseball/mlb 411 (55.7%) 1179 2662

www.ibm.com 465 (47.3%) 4989 9469

even though there are 6,803 documents.
On the other hand, in the case of IBM and CNNSI, there are many Web documents outside of the layout groups,

and the size of each layout group is generally smaller than that of LYCOS News or ZDNet (see Figs. 4 through 6 and
Table 2). In these sites, main content with layout tables is inserted into a template. These additional layout tables
mainly aims to align HTML elements (e.g., images, links, etc.) at the desired position in the document. Therefore,
the documents have different Layout Tag structures even though they were created from the same template.

Moreover, there are many semantic tables in these sites such as the scoreboard in Fig. 8. Tables placed at
the deeper parts of the hierarchy are often used as semantic table (e.g., lists of pictures, and so on). In the case
of a semantic table, the whole table acts as the semantic group, and the structure of the “TR”, “TH” and “TD”
elements within the semantic table is frequently changed. For example, additional “TD” elements are inserted into
the scoreboard in the case of an extra-inning game. Hence, the difference between the semantic table structures is
often not important. In these sites, the effectiveness of our method is mainly degraded by additional layout table
and semantic table issues.

3.3 Discussion

From the observations in Subsection 3.2, our proposed method is generally effective to reduce the cost of annota-
tion, even if the parameters are roughly selected. These parameters, however, may cause the unnecessary division
of layout groups. For instance, the background color of Layout Tags may be changed periodically (e.g., season-
ally). This would increase the distance between pages with the same layout but different colors. In this case, we can
easily prevent the unnecessary division by decreasing the weighting of the parameter for “BGCOLOR”. However,
since some sites change the background color to reflect the different role of a tag, the reduction of the BGCOLOR’s
weight is not always valid. Further investigation is required to determine appropriate parameter settings to meet
the purpose of annotation and reflect the characteristics of the Web sites.

To improve the effectiveness of layout group extraction, we have to solve the issues of additional layout tables
and semantic tables. One of the realistic methods to solve these issues is that the weighting parameter W i decreases
according to the depth of the Layout Tag T i. This method makes it possible to ignore the unimportant differences,
such as an additional “TD” added to the semantic table. However, this method can’t distinguish the layout table in
the template from semantic tables and additional layout tables. As a result, some Web documents are considered
as using the same layout, even though they employ different layouts. Therefore, we have to carefully select the
combination of Wi and Li to meet the characteristics of the Web site.

Another method to solve these problems is classification of the tables. We can estimate what role a table serve
by using information such as the Layout Tags structure and characteristic values. For instance, a table whose “TD”
elements have another table within a cell may be used as a layout table. On the other hand, a table whose “TD”
elements only include short text, is probably a semantic table. We can expect a table located the deepest hierarchy
which has only one “TD” cell with layout attributes (i.e., WIDTH, HEIGHT, ALIGN, etc.) to be additional layout
table.

By decreasing the weighting parameter of tables classified as semantic tables or additional layout tables, more
accurate layout group extraction becomes possible. Fig. 9 shows the effectiveness of the table classification. We
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Figure 7: Semantically identical but characteristic value is different

Figure 8: Sample of a semantic table
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Figure 9: Effectiveness of table classification
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employ simple heuristics to find a semantic table in the Web documents in CNNSI. The heuristics can be expressed
as follows:

• If all of following conditions are satisfied, the table can be considered to be a semantic table.

– TD, TH elements within the table don’t contain another table.

– Total number of TD and TH elements within each TR is identical.

– The length of the strings within each TD, TH element doesn’t exceed 20 characters.

For a semantic table, we decrease all weighting parameters and the constant value L to 0.5. As shown in Fig. 9,
we can see that the efficiency of the layout group extraction is much improved by using such table classification.

To achieve effective classification, we have to make some heuristics for each kind of table, e.g., image list, link
list or scoreboard, etc. The existing pattern discovery techniques, such as IEPAD [27], are helpful to discover the
Web site specific classification heuristics.

The classification is a good approach to describe the characteristics of Layout Tags. For example, a “TD”
element which include some hyper-links and where most of the “TD” cell is occupied by “A” elements is described
as a “list of hyper-links”. They are also subdivided into “lists of hyper-links to inside the site” and “lists of hyper-
links to outside of the site”. Other classifications, such as “long text”, “short text”, “numerical data”, “image”, etc.,
also improve the accuracy of the characteristics of Layout Tags.

For practical use, an annotator sometimes requires more detailed groupings. Since our method depends mainly
on the templates of Web content, various kinds of content such as sports news and business news are in the same
layout group. To annotate the main content as “business news” or “sports news”, we have to divide the extracted
layout group again. In these case, we can employ the existing methods such as filtering based on the URL by using
regular expressions. An XPath expression, such as “//table[1]/td[1][(contains(string(),’business news’)]”, can be
used to determine the detailed grouping. Since our method collects Web documents with same layout in advance,
we can easily make XPath expressions without considering the robustness issues [14, 18].

4 Example Application

In what follows, we will explain how our results presented in Sections 2 and 3 can be applied to an actual ap-
plication. In this paper, we use the insertion of the “Skip Navigation Link” into the Web content as a sample
application.

Insertion of a “Skip Navigation Link” is an important item of Section 508 [24]. The “Skip Navigation Link”
is very useful, since it allows people using voice-based browsers to skip the unrelated information to the main
content at the top of the page and to jump directly to the main content. These links, however, are still rare on actual
Web sites. Therefore, we have been developing a function that inserts a “Skip Navigation Link” into existing Web
content, and this function is integrated into the Web content accessibility compliance tool [25].

An abstract model of the system organization is illustrated in Figure 10. First, user inputs target Web pages into
the compliance tool. Then, the site-wide analyzing engine in the compliance tool starts checking the accessibility
of the target content. At the same time, the Web pages are divided into some layout groups by using our layout
group extracting algorithms. Each layout group is assigned a “Layout ID”. Hence, Web pages which have similar
layouts to a certain page can be easily detected by their Layout IDs.

User can easily check and correct non-compliant Web pages by using a GUI in our system. Snapshots of the
GUI for insertion of a “Skip Navigation Link” are shown in Figs. 11 and 12. User first selects the target Web
page from the list of not-compliant URLs, and then specifies the position of the main content in the browser view
by using a mouse operation (see Figure 11). The specified position of the main content is stored as an XPath
expression. If the site owner wants to directly repair his documents, the system inserts the “Skip Navigation Link”,
which jumps to the specified main content, at the top of the target Web page. When a user can’t change the original
documents, this tool can still make annotations. This kind of annotation contains information about the target
Layout ID and an XPath for the main content. By using this annotation, a “Skip Navigation Link” is inserted by a
the transcoder.
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Figure 10: Compliance Flow

If there are non-compliant pages whose Layout ID is identical to the target page, a confirmation window pops
up as shown in Figure 12. In the browser view of the confirmation window, the probable main content of the
similarly laid out page is highlighted. In most cases, the main content of similarly laid out pages are located in the
same position in the Web page. Therefore, we can easily estimate the position of the main content by using the
XPath derived from the first target page. In almost all cases, the user only has to push a confirmation button. When
the user notices that it is pointing to the wrong place, he can specify another position using the browser view.

With these methods, the user can insert “Skip Navigation Links” into similarly laid out pages at the same time.
Figure 13 shows an example of a propagation of “Skip Navigation Link”. From the observations in Section 3, a
few kinds of layout group can cover almost all of the documents in a major site. Furthermore, even if a new page
is created, we can apply the existing annotation to the page, as long as the same layout is being used in the Web
site. Hence, we can conclude that the cost of “Skip Navigation Link” insertion for the whole Web site can be
dramatically reduced.

5 Conclusion

In this paper, we have investigated the applicability of our proposed Layout Group Extraction algorithm. Our
method calculates the distances between Web pages based on the structure and characteristics of the Layout Tags.
Based on the calculated distance, we can extract Web documents with same layout as a Layout Group. Through
experiments, we have shown that with our proposed algorithms, the required cost of annotating the whole Web site
can be drastically reduced. Our method is also useful to improve the robustness and accuracy of annotations.

To obtain more detailed layout group extraction, several topics remains to be investigated. How to make
effective heuristics for classification of the layout tags is our future research topic. We also have to investigate the
appropriate parameter settings to match the purpose of the annotations and the characteristics of the Web sites.
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Figure 11: Insertion of “Skip Navigation Link”

Figure 12: Insertion of “Skip Navigation Link” to similar layout pages
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Figure 13: propagation of “Skip Navigation Link”
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