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ABSTRACT

In this paper, we describe the design and implementation of WebAlchemist, a prototype web transcoding system, which
automatically converts a given HTML page into a sequence of equivalent HTML pages that can be properly displayed
on a hand-held device. The WebAlchemist system is based on a set of HTML transcoding heuristics managed by the
Transcoding Manager (TM) module. In order to tackle diffi cult-to-transcode pages such as oneswith large or complex table
structures, we have devel oped several new transcoding heuristics that extract partial semantics from syntactic information
such asthe table width, font size and cascading style sheet. Subjective evaluation results using popular HTML pages (such
as the CNN home page) show that WebAlchemist generates readable, structure-preserving transcoded pages, which can be
properly displayed on hand-held devices.

Keywords: transcoding; mobile web access; hand-held devices; mobile Internet

1. INTRODUCTION

With the exponential growth of mobile communications along with the pervasive use of web in everyday tasks, there
exists a strong need for mobile web access from various hand-held mobile devices. However, the current experiences of
accessing HTML documents (designed for desktop PCs) from hand-held devices are very unpleasant ones because of large
mismatches between the device’s decoding capabilitiesand HTML documents' encoding requirements. For example, many
HTML documents were designed for 15-inch or 17-inch standard PC display. However most of hand-held devices have
6 ~ 12 times smaller displays. Furthermore, although the computing power of hand-held devices is rapidly improving,
many hand-held devices are not adequate yet to handle multimedia data types in a satisfactory fashion.

The mismatch problem can be partialy resolved by providing different versions of the same HTML document de-
pending on each device capability. But, this approach requires significant manual re-authoring effort. Furthermore, the
mobile web access is limited to the re-authored pages only. The other solution, often adopted in commercial products,
is to filter out web pages so that the remaining contents can be easily displayed on a hand-held device. This approach,
however, shares the same disadvantages of the multiple version approach. The long-term goal of the work reported in this
paper is to develop a high-quality web transcoding system that allows universal access to existing HTML documents
without any manual re-authoring effort.

Inthis paper, we describe the design and implementation of WebAlchemist, a prototypeweb transcoding system, which
automatically convertsagiven HTML page into a sequence of equivalent HTML pagesthat can be properly displayed on a
hand-held device. Unlike existing transcoding systems (such as Pixo! and Digestor?) that work reasonably well with small
well-structured web pages only, WebAlchemist can convert (with a reasonably high-quality) complex HTML pages with
large nested table structures as well. In the existing transcoding systems, complex HTML pages are aimost unreadable
after transcoded.

The WebAlchemist system is based on a set of HTML transcoding techniques managed by the Transcoding Manager
(TM) module. The TM module evaluates a particular combination of the heuristics within a unified framework using an
objective ranking function. In addition to the existing transcoding techniques, in order to tackle difficult-to-transcode pages
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such as oneswith large table structures, we have devel oped several new transcoding heuristicsthat extract partial semantics
from syntactic information such as the table width, font size and cascading style sheet (CSS).

Therest of the paper is organized asfollows. In Section 2, we review the existing approachesto the transcoding problem
and compares the pros and cons of each approach. In Section 3, we briefly explain the existing transcoding heuristics. We
describe the WebAlchemist system in Section 4 including new transcoding heuristics proposed in this paper. Experimental
results follow in Section 5, and we conclude with a summary and future work in Section 6.

2. WEB TRANSCODING APPROACHES

The mismatch problem between the web contents and hand-held devices has been well recognized since the early days
of the Internet era. Therefore, there have been a variety of transcoding techniques proposed to solve the problem. In this
section, we discuss the alternative approaches for the web transcoding problem.

Existing transcoding techniques can be classified into two categories: client-side approaches and server-side ap-
proaches. In client-side techniques, hand-held devices receive the whole content of aHTML page fromaHTTP server and
convert the content format locally in the hand-held device. On the other hand, in server-side techniques, web contents are
transcoded in the HT TP server and the hand-held devices receive the reduced, reformatted web contents.

Themain advantage of client-sidetechniquesisthat they do not require any modificationto web servers. However, since
the transcoding task is performed in resource-limited hand-held devices, only alimited number of transcoding heuristics
can be used, resulting in transcoded pages of poor quality. A typical example of the client-side techniques include simple
transcoding heuristics such as zooming support for a selected display region (e.g., Pad++ 3) and atable unrolling technique
for a sequential display of complex table structured contents (e.g., Pixo!). For web pages with simple structures, the
client-side techniques work reasonably well. However, if the structure of web pages are complicated (e.g., many nested
and complex tables), client-side techniques become unusable. For example, if the CNN web page (http://www.cnn.com) is
transcoded by client-side heuristics, such as the table unrolling transform, too many page scrollings are necessary to search
for interesting news items. Furthermore, the locally zooming capability is also inadequate for the CNN web page, because
it issimply too difficult to identify interesting news items from the severely scaled down version of the original CNN home

page.

Server-side techniques do not suffer the limitation of client-side techniques, adopting more sophisticated transcoding
heuristics. Server-side techniques can be further classified into three groups. manual, semi-automatic and fully-automatic
techniques.

The manual approach, often called as a device-specific authoring approach , re-authors original web documents for
specific devicesin mind. Since these methods consider the characteristics of each devicein the re-authoring process, they
produce high-quality transcoded pages. However, these manual techniques have the disadvantage that the web access is
restricted to those re-authored pages only. Whenever the device characteristics change or the web pages are updated, the
corresponding pages must be re-authored, which is very inconvenient.

The semi-automatic approach, often called as page filtering®, manually annotates web documents using particular
keywords or regular expressions. When the annotated web pages are accessed through a web server, the web pages are
automatically transcoded based on the annotations. This approach is a good solution if mobile users access the limited
number of web pages whose layout is not frequently changed. However, the semi-automatic approach suffers the same
limitation as the manual approach when arbitrary web pages are accessed.

The fully automatic approach, often called as an automatic re-authoring approach, re-authors web pages in a fully
transparent fashion to theweb authors. Since the transcoding task is automatic, all the existing web pages can be accessible
from hand-held devices, overcoming the problem of the manual and semi-automatic techniques. The main disadvantage
of the fully automatic approach is the poor quality of transcoded pages, compared with that of transcoded pages by the
manual or semi-automatic techniques.

The main reason behind the poor transcoding quality by the automatic approach is, we believe, that the existing heuris-
tics ignored the partial semantic information that can be extracted from the syntactic analysis. Since the intention of the
original web page designer was completely ignored for complex web pages, the existing transcoding heuristics often re-
sult in unusable web pages. The WebAlchemist system tries to overcome the weakness of the existing heuristics by more
thorough syntactic analysis. The new transcoding heuristics proposed in this paper extract partial semantics from syntactic
information such as the table width, font size and cascading style sheet, resulting in usable transcoded pages.



3. BASIC TRANSCODING HEURISTICS

Before we describe the WebA I chemist system in detail, we summarize the existing HTML transcoding heuristics2. We call
these heuristics as the basic transcoding heuristics to distinguish them from the new heuristics we propose in this paper.
The basic transcoding heuristics are:

The outlining transform,
Thefirst sentence elision transform,
The indexed segmentation transform,

The table transform, and
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The image reduction and elision transforms.

Theoutlining transformis used to transcode the paragraphsthat begin with section headers. After applyingthe outlining
transform, the section header is converted to a hyperlink that points to the following paragraphs. The outlining transform
isvery effectivein preserving the original web document’s structure while reducing the required display size significantly.

Thefirst sentence elision transform can be applied to web documents that have long and large text blocks that are not
fitted in the display size of a hand-held device. As the name of the technique says, each text block is removed from the
original web document and first sentence of the text block is converted to a hyperlink that points to the text block elided
by the first sentence elision transform. This transform works best when the main idea of the following long blocks was
summarized in the first sentence.

The indexed segmentation transform segments a long page into a sequence of small sub-pages that fit the display of
a hand-held device, and binds them with hyperlinks. This technique first checks whether a current input page is small
enough to be fitted in a hand-held device. If not, the indexed segmentation transform trys to find logical elements, such as
text blocks or lists, by using syntactic information of the input page, and fills new output pages with these logical elements
one by one until the output pages are properly fitted in the display size of a hand-held device. If asingle logical element
cannot be displayed in hand-held device, additional segmentations are performed to this single logical element. In this
case, structure of paragraph or table may be destroyed. After the indexed segment transform is performed, several small
sub-pages are created and each is connected via hyperlinks.

The table transform handles table structures in web documents. This technique detects where table structure is in
the web documents, and checks if the table in the input web document can be sent to the client without any transcoding
process. If the input web document should be transcoded for a proper display, the table transform outputs one sub-page
per a cell, in top-down and |eft-to-right order and links them using hyperlinks while keeping the order. If nested table
structures are found, same recursive process is applied. As a result, the contents in the table structure can be properly
displayed in a hand-held device. However, table structures are completely destroyed, making it difficult to understand the
inter-relationship among the cells.

The image reduction and elision transforms, a set of transcoding techniques that are useful in dealing with various
images in web documents. These transforms scale down images with a predefined scaling factor, and make hyperlinks
that point to the reduced image. If an image is not properly displayed on a hand-held device, the image is first reduced
as necessary. Even after the reduction of large images, if a proper display is unlikely, three different elision policies are
applied. The Elide All policy meansthat all images are replaced by hyperlinks, while the First Image Only policy indicates
all images are replaced by hyperlinks except for the first image. The Bookends policy means that all images are replaced
by hyperlinks except for the first and the last images.

While the effect of an individual basic heuristic has been well described in existing publications such as Digestor 6,
to the best of our knowledge, there have been no known published results on the combined performance of the basic
heuristics. For example, we do not know the best order of applying the basic heuristics to produce generally acceptable
transcoded pages. One of the main contributions of this paper is to provide a guideline on the transcoding sequence that
works reasonably well for most of web documents.
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Figure 1. An overview of the WebAlchemist System.

4. WEBALCHEMIST SYSTEM

In this section, we explain the WebAlchemist system in detail. We begin with the overall architectural description of
WebAlchemist, describe new transcoding heuristics, and explain the transcoding manager module.

4.1. Overview of WebAlchemist System

As shown in Figure 1, WebAlchemist, being a part of a HTTP proxy server, consists of four main modules, the HTML
tokenizer and grammar corrector module, internal representation generator modul e and transcoding manager module. The
HTML tokenizer and grammar corrector tokenizes a given HTML page and corrects any HTML syntactic errors in the
HTML page, using some heuristics. The HTML tokenizer classifies the content of the HTML web page into HTML tags
and non tags (e.g., texts or images). The grammar corrector is necessary because many HTML documents contain HTML
syntax errors. Thisis because many web browsers are generousto HTML syntax errors. Since the WebAlchemist requires
the input document to be valid HTML strings, the grammar corrector fixes the invalid HTML syntactic errors as best as it
can.

Theinternal representation generator receives grammar corrected tokenized string as an input and outputs a tree-based
internal data representation. A tree-based representation is an efficient data structure for our transcoding heuristics as well
as the basic transcoding heuristics.

The transcoding manager controls the overall transcoding procedure based on available transcoding heuristics and
transcoding parameters (e.g., display size). The main task of the transcoding manager module is to decide which heuristic
is applied for agiven HTML page (or its partially transcoded version). Once the transcoding procedureis completed, the
internally represented pages are converted back to the regular HTML source format.

. ZHTML>
Section 1 <TITLE> Document< /TITLE>
. ltem 1 <BODY>
<Hi>Section 1</H1> || LTTLE prommmmmmmmmenees
* [tem 2 <ULy
_ <Ui>tem 1 <LI>tem 2 <AUL>
Section 2 CH1>Section 2</H1>
UL
* ltem A <Li>tem & <Li>ltem B </UL>
s [tem B </BODY>
7 <HTMLY
(a) (b) (c)

Figure2. An example of aweb document representation; (a) a sample web page, (b) the source HTML code of the sample
page, and (c) the tree-based internal data representation.



|

[ |
—
—

Figure 3. A CNN page shown with table structures only.

4.2. Web Document Representation

An input web document is internally represented by tree. A tree-based representation is efficient for managing the (par-
tially) transcoded pages, because it can represent easily nested structures as well as the inter-relationship between web
document components. Figure 2 illustrates a tree-based internal representation using an example. Figure 2 (b) shows the
source code of the web page shown in Figure 2 (@) and Figure 2 (c) represents the source code using a tree-based data
structure.

The tree-based data structure has two types of nodes and two types of edges. The context node, (shown in white boxes
in Figure 2 (c)) has the context information of the sub-tree originating from the context node (e.g., display size of the sub-
tree), the HTML tag information or other transcoding-specific information. On the other hand, the terminal node (shown
in shaded boxes in Figure 2 (c)) has contents to be displayed such as text blocks and images. The solid edges in the tree
representation points to the (nested) sub-structure while the dashed edges represent the sibling relationship between two
connected nodes.

4.3. New Transcoding Heuristics

Transcoding heuristics can be categorized into two types, ones purely based on the syntactic information and the others
based on the partia semantic information as well as syntactic information. Most existing heuristics are based on the
syntactic information only. In this section, we propose heuristics that extract partial semantics from the syntactic analysis.

4.3.1. Selective Elision Transform

Many popular web sites have typicaly very complex table structures. For example, consider the table structure of the
CNN web page shown in Figure 3. It is easy to observe that the CNN web page has complex table structures, making it a
quite challenge to transcode it properly. The existing transcoding heuristics such as the table transform 2 often destroy the
table structures of the original web page, making it difficult to understand the intent of original web page developers. The
selective elision transform partially solvesthis problem based on the analyzable syntactic information such as the table cell

properties (e.g., font size, width) and cascading style sheet (that is used to find out the font size).

The selective elision transform selects victim cells and elides them while keeping their table structures as much as
possible. Selecting victim cells is dependent on the elision level on each cell. A table cell gets the lower elision level if it
has alarger font size or awider table cell. The lower the elision level is, the lesslikely the cell iselided. It is areasonable
that a table cell with a wider width and larger fonts contains more important information. Figure 4 (a) shows this point
clearly. Figure 4 () shows that tables are composed of several types of cells and each cell in the table has a variety of font
sizes and different widths. In the center cell of the table, a headline newsislocated taking alarge area of the display estate.
Under the selective elision transform, this center cell has the lower elision level and is not elided. As shown in Figure 4
(b), the transcoded page well preserve the important table structure of the original CNN page.
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Figure 4. An example of the selective elision transform; (@) a CNN home page with its table outline shown and (b) the
transcoded CNN home page with its table outline after the selective elision transform was applied.

4.3.2. Restricted First Sentence Elision Transform

The first sentence elision transform makes the first sentence of corresponding paragraph into the hyperlink, and the whole
text block is linked to the first sentence if the text block size of the web document is more than the predefined threshold
value. But, if atext block is nested within atable structure or has nested table structures, it could be a better decision not to
apply thefirst sentence elision transform. As shownin Figure 4 (a), each text block within atable structure has the different
importance. The text block in the center cell of the table is a headline news. So, one can easily know that this text block
is the most important one and should not be elided if possible. If transcoding heuristics ignore this fact (i.e., transcoding
heuristics elide the text block, ignoring partial semantic information), good transcoding results cannot be obtained. In this
case, it is better that the selective elision transform is used instead.

In the restricted first sentence elision transform, if along text block iswithin atable structure or atext block includes a
table structure, thefirst sentence elision transformis suppressed. By doing so, the restricted first sentence elision transform
offers better opportunities for other heuristics (e.g., selective elision). Figure 5 illustrates the effect of the restricted first
sentence elision transform when text blocks nest table structure. Figure 5 (b) shows that the restricted first sentence elision
transfrom does not elide the whol e text block that has atable structure and the selective elision transform has an opportunity
for transcoding of the table cells. In WebAlchemist, the restricted first sentence elision transform replaces the original first
sentence elision transform.
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Figure5. An example of the restricted first sentence elision transform; (a) an original web document with atable structure
nested in the text block and (b) its transcoded pages after the restricted first sentence elision transform is suppressed and
the selective elision transform is applied.
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Figure 6. An example of the improved outlining transform; (a) an original web document with structural bullet item and
(b) its transcoded pages using the improved outlining transform.

4.3.3. Improved Outlining Transform

In the original outlining transform, it is applied only between the section header and following text blocks. But, the
outlining transform can be further generalized as long as there exist conceptually higher (or more abstract) information and
accompanying lower (or more detailed) information. In the improved outlining transform, we al so support the relationship
between the ‘UL’ and ‘LI’ tags, replacing the original outlining transform. Figures 6 (a) and 6 (b) illustrate the effect of
the improved outlining for the UL’ and ‘LI’ tag pairs.

4.4. Transcoding Sequence Selection

The WebAlchemist system is based on five transcoding heuristics: the image reduction and elision transforms, restricted
first sentence elision transform, indexed segmentation transform, improved outlining transform and selective elision trans-
form.

The main role of the TM module of the WebAlchemist system is to decide in which order these five heuristics are
applied for transcoding. For a high-quality transcoding, individual high-quality transcoding heuristic isimportant, but the
order of applying the available heuristics is often more important. Consider a web document that consists of several large
text blocks. If the indexed segmentation transform is followed by the restricted first sentence elision transform, there are
little opportunities for the indexed segmentation transform to be applied. On the other hand, the restricted first sentence
elision transform is applied later, than the indexed segmentation transform will be used more effectively.

The straightforward solution for the heuristic ordering problem is that the TM triesall the 5! combinations of heuristic
orderingsfor a given web page, but it isinfeasible, even in the web server, to try all the combinationsfor each transcoding
because of the large computing requirement required. As an alternative, we selected the best heuristic ordering off-line and
use that sequence in WebAlchemist's default heuristic ordering.

In order to choose the best heuristic ordering, we tested various web pages using the following rank function:
Rank(S, P) = a x Depth (T's,p)+ 8 x Number of nodes (T's, p)

where S is a heuristic ordering, P is a given web page, T's, p is the tree representation of transcoded version of P. Infor-
mally, our rank function models the number of mouse (or similar pointing device) clicks to traverse the whole content of
P when P was transcoded by S. The lower the rank value is, the better the transcoding heuristics are. « and  are the
weighting factors and we have used 3 and 1 for « and 3, respectively.

Based on the experiments, we chose the following sequence as a default heuristic for the WebAlchemist system:

1. Theimage reduction and elision transforms,
2. Theimproved outlining transform,

3. Therestricted first sentence elision transform,



Grade Meaning: transcoded pages are
Excellent | accessible without any problem or inconvenience
Good fully understandabl e but with minor inconvenience
Fair understandable with some effort
Poor understandable with much effort
Unusable | impossible to understand

Table 1. Subjective evauation.

Name HTTP address
cnn http://www.cnn.com
nytimes http://www.nytimes.com
latimes http://www.latimes.com

wallstreet http://www.wallstreet.com
washingtonpost | http://www.washingtonpost.com

atavista http://www.altavista.com
hotbot http://www.hotbot.com
infoseek http://www.hotbot.com
lycos http://www.lycos.com
yahoo http://www.yahoo.com
mobicom http://www.research.ibm.com/acm_sigmobile_conf_2001/
nasa http://www.nasa.gov
gnu http://www.gnu.org

Table 2. web pages tested in this paper.

4. Theindexed segmentation transform, and

5. The selective elision.

5. EXPERIMENTAL RESULTS

In order to evaluate how effective WebAlchemist isin converting complex web documents, we have performed subjective
evaluation. Although object evaluation based on an objective metric would have been easier to present the results, we
decided to perform subjective evaluation. This is because we had found, from initial experiments, that similar objective
characteristics may show striking differences when evaluated subjectively.

In the subjective evaluation, 34 college students and engineers had participated. All 34 participants are active users of
Internet in their daily lives. For each participant, we have asked to grade the quality of transcoded pages using one of five
grades described in Table 1. For the evaluation, we have used 13 web sites listed in Table 2 as test web documents; 5 web
sites are well-known newspaper sites, and 5 web sites are popular search engines. Figure 7 summarizes the results of our
subjective evaluation. Figures 8 and 9 in Appendix A show the transcoding results for two test sites.

As shown in Figure 7, 10 test pages out of the total 13 test pages were marked ‘Good’ or ‘Excellent’ by more than
70% of the evaluation participants. In addition, all test pages got ‘Fair’ or above by more than 70% of the evaluation
participants. When considering the structure of test pages are very complex and test pages contain a large amount of
contents, WebAlchemist seems to be quite effective in transcoding complex pages.

6. CONCLUSIONS

We have described the design and implementation of WebAlchemist, a prototype web transcoding system, which auto-
matically converts a given HTML page into a sequence of equivalent HTML pages that can be displayed in a hand-held
device. In order to tackle difficult-to-transcode pages, we have proposed three new transcoding heuristics, and integrated
them with existing transcoding heuristics. Our heuristics extract partial semantic information more effectively than the
existing heuristics from syntactic structures, resulting in better transcoded web pages. Experimental results based on the
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subjective evaluation show that WebAlchemist generates readable, structure-preserving transcoded pages, which can be
properly displayed on hand-held devices.

While the current version of the WebAlchemist system produces useful HTML pages for hand-held devices, it can be
further improved within the automatic re-authoring framework. For example, we are developing aheuristic that is based on
the repeated syntactic patternsin HTML documents. Our initial experiments show that this heuristic can extract structural
information of web pages very efficiently. We believe that more semantic information can be extracted by more complete
syntactic analysis. Our main future work is to develop more heuristics that can extract semantic information from the

syntactic analysis.

Figure 7. Result of the subjective testing.
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APPENDIX A. TRANSCODING EXAMPLES
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Figure 8. A transcoding example (CNN homepage, http://www.cnn.com); (a) an original CNN homepage and (b) its
transcoded pages by WebAlchemist.
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Figure 9. A transcoding example (Yahoo homepage, http://www.yahoo.com); (a) an origina Yahoo homepage and (b) its
transcoded pages by WebAlchemist.



