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Adapting Web Pages 
for Small-Screen Devices

Most of the Web pages in existence today were designed for desktop PCs,which

makes viewing them on mobile Web browsers extremely difficult.The authors

developed new page-adaptation technique analyzes a Web page’s structure and

splits it into smaller, logically related units that can fit onto a mobile device’s

screen.The Web page can then be adapted to form a two-level hierarchy with a

thumbnail representation at the top level for providing a global view and an index

to a set of subpages at the bottom level for detailed information.

Despite the proliferation of increas-
ingly smaller Internet-enabled
devices, their small form factors

continue to constrain their usage. In try-
ing to browse the Web on a phone, hand-
held computer, or personal digital assis-
tant, you spend most of the session
scrolling through the screen to find the
content of interest.

Current approaches to solving this
problem either introduce new formats
and mechanisms to make new Web pages
adaptive to different display sizes or
attempt to automatically transform exist-
ing Web pages into formats that can be
browsed on mobile devices. The main dif-
ference between these two approaches is
that the former requires additional effort
on the Web author’s part.

In this article, we propose a page-
adaptation technique that splits an exist-
ing Web page into smaller, logically relat-
ed units. To do this, we must first solve
two technical problems: how to detect an

existing Web page’s semantic structure,
and how to split a Web page into smaller
blocks based on that structure. We’ve
implemented our technique in different
places — in Web browsers for mobile
devices, in a proxy server for adapting
Web pages on the fly, and as an author-
ing tool plug-in for converting existing
Web pages.

Page Analysis
When creating a Web page, authors usu-
ally employ templates or start with a lay-
out in mind to guide the design. Such a
layout often includes headers, footers, or
sidebars for the page as well as plans for
how many distinct topics to incorporate
in the body. Although this high-level con-
tent structure usually disappears after the
page is built and sent to a client, we can
sometimes recover it from embedded
clues. This structure is helpful for splitting
Web pages into logically related blocks.

Authors often partition content with
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one of two types of visual separators: HTML tags
create explicit separators, and blank spaces
between content in the Web page create implicit
separators. These separators are also helpful for
page splitting. 

Our page-analysis algorithm consists of three
steps. First, we analyze the HTML Document Object
Model (DOM) tree and detect the high-level con-
tent blocks (which contain location and size infor-
mation for headers, footers, sidebars, and the
body). Then, we analyze the content inside each
high-level content block to identify explicit sepa-
rators to determine where to split the blocks. Final-
ly, we detect implicit separators to help split the
blocks further. The overall goal for page analysis
is to help split Web pages into appropriate blocks
so that users can browse page blocks on small
devices instead of scrolling and browsing through
large Web page.

High-Level Content Block Detection
An HTML parser generates the page’s HTML DOM

tree and identifies the position and dimension
information for each node in the tree.

Our algorithm traverses the DOM tree from
<body> to leaves to select appropriate nodes and
put them into a high-level content block. The algo-
rithm decides whether to keep each node as a unit
or move one level down to consider its child nodes
as units. If a node is too large in display size, com-
pared with the screen size, keeping it as a whole
block will produce erroneous results. On the
Yahoo! home page (www.yahoo.com), for exam-
ple, the <body> contains a single child node <cen-
ter>, which aligns all the content to the middle of
the page. If <center> were kept as a whole, the
algorithm wouldn’t be able to detect the header or
footer.

We then try to classify a node into header, foot-
er, left sidebar, or right sidebar blocks according to
common Web page designs. If it doesn’t belong to
any of these categories, we check to see if it’s small
enough to put into the body block. We use a pair
of thresholds — one for width and one for height
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Related Work in Web Page Transformation

Many efforts have addressed the
problem of Web browsing on small

terminals, and researchers have proposed
various solutions. As a start, the  W3C
Device Independence Activity (www.
w3.org/2001/di) is standardizing the
description of device characteristics and
methods to assist authors in creating sites
and applications that can support device
independence. L. Karkkainen and J. Laarni
analyzed the main properties of small
devices and their influence on  Web design
guidelines.1 J. Eisentein and colleagues pro-
posed a model-based technique to devel-
op user interfaces for multiple devices.2

K.B. Lee and R.A. Grice designed a selec-
tor for handling XML information streams
to extract customized information based
on small-device user requests.3 A. Born-
ing and colleagues presented a Cascading
Style Sheet-compatible mechanism that
lets  Web page designers designate layout
constraints explicitly in mathematical
equalities or inequalities.4

Another approach is to eliminate the
annoying horizontal scrolling requirement
by presenting all content in a single narrow

column (with Opera Small Screen Render-
ing, for example; www.opera.com).
Although fast and simple to implement, this
method increases page height significantly
and requires users to scroll up and down
excessively. Y. Hwang and colleagues
improved the one-column method by con-
sidering the importance of both  Web com-
ponents and  Web page structure.5

Another popular approach to trans-
forming a  Web page is to partition it into
a set of subpages and generate a table of
contents,with or without hierarchy, to help
navigation.T.W. Bickmore and colleagues
proposed a reauthoring technique that
required Web pages to include sections and
section headers, but these designations are
rarely used in Web authoring today.6 Work
by S. Bjork and colleagues and O.
Buyukkokten and colleagues focuses on
text summarization.7,8
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— to determine whether the node is small enough
in its display size; if it exceeds these thresholds, we
split it further.

Because the header block is at the top of a Web
page, we can define a threshold N and let the upper
N pixels of the page be the header region. If the
node-rendered region is inside the header region,
we classify the node into the header block. The
problem then becomes how to select an appropriate
value for N. In Figure 1a, two node regions overlap
with the upper N pixels: node 1 doesn’t belong to
the header block, but node 2 does. We can’t exclude
node 1 while trying to include node 2 (which we do
by increasing the threshold N) because the bottom
of node 2 is lower than that of node 1. To solve this
problem, we use a dynamic threshold based on the
height/width ratio of the node region’s shape: the
smaller the ratio, the bigger the threshold. Thus, a
node with a flatter region has a higher possibility of
being put into the header block. Figure 1b shows the
dynamic threshold’s desired curve.

We use a similar approach to classify nodes to
the footer block and detect left and right sidebars.

Because a sidebar region depends on the page’s
width, the threshold must also be adaptive.

Our approach extracts spatial features (top,
bottom, left, right, and aspect ratios for each high-
level block), which we obtain from the HTML DOM
tree, and then trains a nonlinear support vector
machine (SVM) with a radial basis function (RBF)
kernel based on a set of labeled results to classify
each block into one of the five categories (header,
footer, left sidebar, right sidebar, or body). 

Figure 1c shows the result of high-level con-
tent block detection on Microsoft’s home page
(www.microsoft.com). The blocks are represented
with different colors.

Explicit Separator Detection
The algorithm we just described detects high-level
content blocks, but explicit separators can parti-
tion them further. The third node in the body block
shown in Figure 2a, for example, contains three
columns that we can further segment for easier
browsing on small devices.

We can find explicit separators by analyzing
the presence of tags such as <hr>, <table>, <td>,
and <div> as well as thin images (here, we use
thresholds on the width and height to find thin
images). By searching for these explicit separators,
we partition the content in Figure 2a into four sub-
blocks, the result of which is shown in Figure 2b.
The three icons appear in one block because
they’re contained in a single image that can’t be
segmented any further. The lower part of Figure 2b
is divided into three columns. The dashed line in
Figure 2b indicates the implicit separators that
divide each column into two more parts.

Implicit Separator Detection
Because we can’t detect implicit separators direct-
ly from HTML DOM nodes, we need special tech-
niques to find them. In our method, we

• collect all the basic content blocks inside each
high-level content block after explicit-separa-
tor detection;

• project each basic content block along the hor-
izontal and vertical axes to generate projection
diagrams;

• select the widest gap on each axis (based on the
diagrams) to be an implicit separator to parti-
tion the block into smaller ones; and

• iteratively apply this previous process to the
small blocks until we can’t detect an implicit
separator.
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Figure 1. Difficulties in detecting headers. In our approach, the
height/width ratio of (a) a node region’s shape gives the dynamic
threshold for detecting (b) headers and footers.The result of high-
level content block detection on (c) Microsoft’s home page
(www.microsoft.com) shows different high-level content blocks
marked with different colors.

Base threshold
Height/Width

(a) (b)

Upper N pixels

N

(c)

1
2



Because implicit separator detection is based on
projecting the display area of basic content blocks
onto vertical and horizontal axes, the basic con-
tent block’s size is critical to the detection’s preci-
sion. Large content blocks might fail to reveal fine
boundaries, but small blocks could produce excess
noise.

To resolve this, we use a method similar to that
described by Hwang, Kim, and Seo1 to produce the
basic content blocks. Let’s say we have a <div>
containing a sequence <a><br><a><br><a><br>
<br>. We can group <a><br>, the most frequent-
ly appearing pattern in the sequence, and then
merge the three small groups into a virtual node.
This virtual node is the basic content block because
the last <br> represents an empty line.

Page Splitting
In our approach, the adapted results are typically
organized into a two-level hierarchy, with a
thumbnail representation at the top level, to pro-
vide a global view, and an index to a set of sub-
pages at the bottom level, with more detailed
information. Page splitting gives us these adapted
results because it actually generates the index page
and the subpages. We will introduce these two
parts in more detail.

Subpage Generation
Before splitting a page, we must determine an
appropriate block size that’s smaller than or equal
to the mobile device’s screen size. Based on page
analysis, we can easily extract and store content
in the final set of content blocks into subpages.

HTML lets authors use Cascading Style Sheets
(CSSs) and style inheritance to specify content
style; to keep the block’s original appearance, we
must first retrieve its style information. Because a
CSS is usually specified in <head> using <style>
or <link>, we can copy the page’s <head> section
into each generated subpage. For style inheritance,
we trace a target node’s parent link, retrieve each
parent tag’s style information, and then merge the
information of all its ancestors to this node. When-
ever a conflict arises, the child tag overwrites its
parent tag.

Index-Page Generation
To generate an index page, we first generate a
thumbnail image of the original Web page and
then mark the content blocks with different colors.
The thumbnail provides the page overview, and it
can be generated by rendering the page in memo-

ry and then using screen capture to produce a final
image. Then we put an <img> tag to reference the
thumbnail image and a set of <map> tags in the
index page. (A <map> tag contains a hyperlink to
a subpage.) While browsing an index page, the
user can click on any block in the thumbnail to
access the corresponding subpage. Figure 3 (next
page) shows an example of the index page and
subpages generated from the MSN home page
(www.msn.com).

Deployment Schemes
Depending on the application scenario, developers
can deploy our page-adaptation module on the
server side, proxy side, or client side.

Client-Side Deployment
Users could implement our page-analysis and
page-splitting algorithms as plug-ins for current
mobile Web browsers, but small-form-factor
devices often have limited hardware or software
capabilities. Client-side deployment schemes must
take these limitations into consideration.

To support mobility, most handheld devices use
low-bandwidth wireless networks. To address the
attendant problem with lengthy download times,
the adaptation algorithm on the client device
should be progressive to give a timely response;
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Figure 2. Partitioning. In (a) the third node in the body block from
Figure 1b, we can (b) look for explicit separators to further partition
the high-level content block.
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that is, it should be able to deal with partial HTML
documents. Therefore, users can see the adapted
page before it is fully downloaded to the client.

Because our page-analysis algorithm doesn’t
assume that the HTML DOM tree is complete, pro-
gressive page analysis requires only an HTML
parser that accepts partial HTML documents as
input. Given that most Web browsers support pro-
gressive rendering to deal with low bandwidth,
they can fulfill this role. By integrating the thumb-
nail-generation module into the browser-render-
ing module, developers can thus implement pro-

gressive page splitting.
Regarding performance, we must keep two

things in mind:

• Our method determines whether a tag is a high-
level content block solely according to its
dimensions and position.

• We apply explicit and implicit separator-
detection algorithms to each high-level con-
tent block.

In other words, if the HTML content in a high-level
content block is downloaded completely, its split-
ting result is fixed, meaning we don’t need to redo
the page splitting for this block after additional
HTML content is transmitted to the device: we
need only reanalyze the tags in those blocks that
weren’t downloaded completely. In this way, we
can execute our page-adaptation method both effi-
ciently and progressively.

Proxy-Side Deployment
Another option is to deploy the adaptation mod-
ule on a proxy server; the advantage is that mod-
ification isn’t necessary for client devices or Web
servers. The workflow is similar to language-trans-
lation services.

A user starts by entering a desired URL into the
mobile device. The proxy server fetches the corre-
sponding Web page from the original server, and
our algorithm adapts it. The client receives the
thumbnail view, with the subpages cached on the
proxy server. When the user follows the links on the
adapted page, he or she is redirected to the proxy
server, and a new request is generated if the page
hasn’t been cached. If the requested page doesn’t
exist, or if some other HTTP errors occur, the proxy
passes the error message directly to the client.

This deployment scheme also improves user-
perceived delay: the proxy server usually has a
better Internet connection and a much faster
processor than mobile devices do, which makes for
faster page downloads and processing.

To intercept all subsequent HTTP requests from
the client, the proxy should rewrite all the links
(that is, the <a> elements) in the adapted results to
redirect them to the proxy. Pages with redirection
functions should also be processed analogously
because the links there aren’t written in <a> ele-
ments (for example, the “refresh” metacommand
in the <head > section or script functions).

Problems can arise between different proxy and
client browser versions — some Web sites generate
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Figure 3. Page-splitting results. For the MSN home
page (www.msn.com), the index page is shown on
the left, and the subpages are shown on the right.

Figure 4. Page-splitting results in an experiment
with 200  Web pages drawn from 50 Web sites.
(a) Users marked this page-splitting result as
“perfect” (from www.msn.com). (b) Users ranked
this result as “good” (from www.microsoft.com/
billgates/bio.asp).

(a) (b)



different pages for different browser versions, for
example. To get the right version, the proxy should
therefore simulate the client browser by copying
the HTTP header from the client request.

Server-Side Deployment
Our adaptation method can help server-side con-
tent providers offer device-aware Web content to
users.

When deployed online, the Web server provides
a dedicated server on which it installs the page-
adaptation module. Similarly to proxy-side
deployment, this dedicated server acts as a reverse
proxy to fetch content from the original server,
convert it, and then transfer the adapted result to
the client.

When deployed offline, developers can integrate
the page-adaptation module into Web authoring
tools. We’ve developed such a page-adaptation
plug-in, called Mobile HTML Optimizer, based on
the algorithms described in this article (see
www.microsoft.com/frontpage/downloads/addin).

Experimental Results
In 2002, we conducted a set of experiments to
evaluate our page-splitting algorithm’s perfor-
mance. For our test data, we selected 50 popular
Web sites and then 200 typical Web pages from
those sites. We adapted each Web page with our
algorithm and asked testers to put the results into
one of three categories: 

• Perfect —  the page analysis and splitting con-
tains no errors.

• Good — the page analysis result is correct, but
the page-splitting contains minor errors that
don’t affect the viewing of the results.

• Error — both the page analysis and splitting
processes contain errors that cause a browsing
problem or loss of information.

On average, more than 90 percent of our results
were either perfect or good; the detailed results for
each Web site appear elsewhere.2

Figure 4 shows one page-splitting result
marked as “perfect” and another marked as “good.”
In Figure 4b, one of the block boundaries is wrong-
ly positioned because of the imprecise information
returned by the HTML parser.

User-perceived delay (PD) includes page-down-
loading time from server to proxy (DT), processing
time at the proxy (PT), page-downloading time from
proxy to client, and rendering time at the client. To
study our approach’s time performance, we per-
formed another experiment in 2003. Table 1 com-
pares PD under proxy-side deployment versus the
original user-perceived delay (OD) without any
adaptation. We include the time costs only for DT
and PT because measuring page-download time
from proxy to client and rendering time at the client
would require us to modify the client browser. For
the proxy server, we used a Dell Optiplex GX 270
with a 2.8-GHz Pentium 4 processor and 512
Mbytes of memory. The client device was a Pocket
PC phone, which uses China Mobile’s GPRS service
to connect to the Internet. As Table 1 shows, our
approach can significantly improve PD — reducing
it by a factor of four for some Web pages.

Preliminary results show that our approach is
more suitable to pages with multiple topics.

For single-topic pages, such as pure news con-
tent pages, techniques like text summarization
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Table 1. User-perceived delay with proxy-side deployment of the page adaptation module.

Home page DT (seconds) PT (seconds) PD (seconds) OD (seconds)
MSN.com 1.2 0.3 4 14
Amazon.com 10.5 1.2 15 35
CNN.com 8.9 0.5 12 32
Yahoo.com 2.0 0.9 7 25
Microsoft.com 4.0 0.3 9 26
Google.com 0.6 0.06 4 5
Go.com 0.8 0.2 4 19
Women.com 8.0 0.6 13 60
Sina.com 2.0 0.4 7 32

*DT stands for download time from server to proxy;PT for processing time at proxy;PD for user-perceived delay;and OD for original user-perceived delay.



can be combined with our approach to improve
the user experience.

In the future, we’ll continue to explore more
advanced user interface designs. Instead of clicking
on only one block, for example, we can let people use
a stylus to select multiple blocks simultaneously for
browsing. We’ll also study the possibility of applying
our page-splitting technique to other scenarios, such
as Web search based on page blocks.
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