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ABSTRACT

The complexity of web pages has been continuously increas-
ing in terms of layout, navigation support, information den -
sity, etc. Web pages are also viewed from displays of vari-
ous form factors { mobiles, PDAs, laptops, desktops, wide
screens, etc. The problem of adapting web pages to mobile
displays has been widely addressed. We argue that most
of these approaches increase the cognitive load of browsing
these adapted pages. In this paper, we propose an alter-
native approach: that of segmenting web pages, choosing
informative sections, and re-laying the informative secti ons
into a compact form. Both layout preserving and high com-
paction techniques are presented. For sectioning, we use
a novel template-based approach which ensures high sec-
tioning accuracy. The experimental results demonstrate th e
e ectiveness of the approach.

Categories and Subject Descriptors

H.5 [Information Interfaces and Presentation ]: Mis-
cellaneous; H.3.3 [nformation Storage and Retrieval ]:
Information Extraction

General Terms
Algorithm, Design, Human Factors

Keywords

Layout Optimization, Mobile Devices, Section Importance

1. INTRODUCTION

Today, Internet is the most popular and most widely used
medium for information exchange. It consists of millions
of networks which together carry various information and
services like emalil, le transfer, chat, and web pages. Inter-
net has billions of web documents occupying signi cant por-
tion of it and the number is still growing rapidly. The need
to have ubiquitous access to web documents has increased
the popularity of Internet-enabled mobile devices. Mobile
devices, however, have small screens which cause problem
in viewing web pages, as web pages are mainly designed
for Desktop PCs. Despite of availability of Internet-enabl ed
mobile devices, the small form factor of mobile devices has
restricted their usage. One solution is to create two versions
of web pages: one version in HTML-like markup languages
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which are understandable by normal web browsers and other
in WML- or XHTML-like markup languages for mobile de-
vices. The latter version of web pages are typically small
in size. Both the standards are in use in the design of new
pages. However, this does not solve the problem of access-
ing billions of existing web pages over mobile devices. Othe
way to tackle with this problem is to re-layout the web page.
Several approaches [2] [21] [3] have been proposed to handle
the problem of form factor in this way.

Another hindrance in the success of mobile Internet is in-
formation access latency. Low bandwidth wireless networks
increase the delay in accessing particular information caus-
ing bad user experience. One direction to overcome this
problem is to improve wireless transfer with light-weight
protocols, enhance coding, etc. While there have been sig-
ni cant achievements in improving bitrates, majority of mo -
bile users still have limited transfer rates. Other directi on is
to optimize the information being communicated. Our ap-
proach lies in this direction aiming to optimize informatio n
content in web pages sent to mobile devices.

Let us consider the nature of web page content. Web
pages are structured to include not only informative sec-
tions { like product information in a shopping domain, job
information in a job domain, for example { but also adver-
tisements, static content like navigation panels, copyrig ht
sections etc. As web pages contain set of di erent sections,
each section carries dierent importance. We call set of
sections with lesser importance like advertisements, navi-
gational links, etc. as \Noise". Gibson et. al. report in [9]
that noise represents 40-50% of the web content. Users con-
necting through low bandwidth devices nd that noisy in-
formation like advertisement images substantially impedi ng
their browsing. Identifying such noise information and ei-
ther summarizing it or eliminating it from web pages helps
to overcome both the issues of low bandwidth and display
size on mobile devices.

In this paper, we propose a method to section web pages,
calculate section importances, and use them to optimize -
nal web page layout. The approach works across web pages
leveraging structural, content, and visual information. A |-
though, our automated approach of section importance de-
tection is highly precise, it is dicult to be as precise as
humans in determining section importance. However, in-
volving human in assigning importance to each and every
page is cumbersome and tedious task. The approach also
has a provision to learn from human inputs on a web page
and determine importance of sections on other structurally
similar web pages.



The rest of the paper is organized as follows. Section 2
gives an overview of the related works in this area, followed
by Section 3 where we present the details of our system.
Section 4 presents the results of our approaches and nally,
the paper concludes with the conclusions and future work
in Section 5. Parts of section 3.1 appear in [15].

2. RELATED WORK

Document layout has been actively studied in several elds
{ typesetting, computer displays, and more recently in the
context of mobiles. One of the landmark works in this eld
is the use of dynamic programming for the word wrap prob-
lem [13]. This work also demonstrated the computational
demands of pleasing layouts. Because of computational com-
plexity, [8] uses genetic algorithms for layout optimizati on.
[14] describes how Variable Data Printing can be achieved
using a layout engine. We use linear programming for opti-
mization.

The problem of image layout has been studied in multi-
media. Video Manga [18] is a video representation technique
inspired by mangas (Japanese word for \comic book"). Lay-
out problems have been addressed in the context of video
mangas [17, 10, 4].

Instead of trying to solve the problem automatically, there
have been e orts toward solving it at authoring time. [11]
proposes a user interface which permits authoring manifold
representations for multiple presentations.

The most recent driver for automatic layout is the emer-
gence of mobile Internet access. Most web pages are au-
thored for desktop displays and some kind of transformation
is required on web pages for making them amenable to mo-
bile phone displays. [21], like the approach presented in this
paper, sections the web page and calculates the importances
of the sections. Less important sections are summarized
thereby conserving space. [2] solves the problem of brows-
ing of web pages on mobile devices through segmenting a
web-page using an entropy based, e cient machine learning
technique.

It should be noted that in these approaches, the complete
information in the page is presented to the user in resized
and/or summary form. E ort is required on the user's part
to locate the relevant information. This increases the cogni-
tive load on the user. An alternative approach is to present
only the relevant information. For this, the relevant infor -
mation has to be detected with high accuracy. One way
of ensuring high accuracy is to provide authoring support.
In this paper, we propose a high accuracy approach for de-
tecting relevant sections. Once relevant sections are seleted
(manually or automatically), they are laid out automatical ly
to optimize display size.

Many approaches have been proposed addressing the prob-
lem of sectioning and noise detection of web page. Current
approaches can be divided into two directions: those that
eliminate noise using generic set of rules or classi ers and
those that leverage site specic information to eliminate
noise from pages within a particular site. Song et.al. [16]
use sections detected by approach specied in [7]. They
de ne section importance model as a function mapping fea-
tures like section distance from center, section aspect ratio
to importance of the section. These features are used to
learn model to assign importance values. The technique de-
veloped in [5] learns a generic classi er based on site level
noise detection approach [9] and given a page assigns score

to every DOM node of the page. The global smoothing of
scores is done by solving regularized isotonic regression pb-
lem. Other approaches [20] [22] [12] [9] falling in second
direction, use site level information based on the assump-
tion that noisy sections share common presentation style
and contents across web pages in a site. [20] assumes that
web pages (speci cally two closest matching urls) from same
domain generally have similar kind of structure. The ap-
proach compares DOM trees of two, closely matching urls
and selects mismatched DOM nodes, assuming it to be in-
formative. The approach mentioned in [22] builds site style
tree in simplistic manner, which is generalized DOM tree
presentation of related pages. Noisy elements in the tree ae
detected based on entropy calculation over set of features.
Hung et.al. [12] addressed the problem similarly, based on
entropy calculations over set of features, but without usin g
site style tree. Our approach of noise detection is in the
second direction. It leverages compact regular expression
(\wrapper") constructed over set of structures of web pages
to segment the page and assign importance to each section.
Our approach di ers from other site level approaches, as it
helps to precisely detect sections captured in the form of
regular expression.

The major contributions of the work presented in this
paper are:

Sectioning and section importance are based on a site-
dependent template-based approach. This ensures high
sectioning and section importance accuracies. Because
of the high accuracies, we are able to downsize or drop
sections which are less important.

The resized sections are re-laid by a layout optimiza-
tion algorithm which packs the sections to reduce dis-
play space. The layout algorithm also satis es prox-
imity constraints.

3. OUR APPROACH

The overall model of the system is shown in Figure 1. The
model consists of two major components: Site speci ¢ noise
identi cation and web page layout optimization. Given a
website, the rst component takes some sample of web pages
and learns the template over the structure of those samples.
It then identi es site speci ¢ noise using structural and co n-
tent features repeating across pages. For each website the
templates and their learnings are stored. Whenever a user
requests for a web page the proxy server fetches the page
from the web and matches it with the template of that web-
site. The component sections the web page using template
learnings and other features like tag properties and assigns
importance to each section. The web page layout module
takes the sectioned web page. It rst scales the sections
based on their importance score and then identi es the op-
timal layout of the web page based on the display size of the
device and spatial relationships among di erent sections.

3.1 Section Importance Detection

This section describes a technique to partition a web page
into di erent sections and identify their importance. The
technique works at site level relying on the following obser-
vation: in a particular site, informative parts of web pages
are often diverse in their actual content, and/or presenta-
tions (structure), whereas the noisy parts share common
content, link, and presentation styles. Here, text, links a nd
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images embedded in tags in a web page is considered as
“content’. The approach makes use of \Template" [6] [19]
to capture structural and content repetition. Template is
a regular expression learned over set of structures of pages
within a site. Initial Template is constructed based on stru c-
ture of one page and then it is generalized over set of new
pages by adding set of operators, if the new pages are not
matched. It uses with three operators, *, '?', and ' j'. ™
denotes multiplicity (or repetition of similar structure) , '?"
denotes optionality (part of structure being optional), an d
'j' denotes disjunction (presence of one of several structures)
in the structural data. In brief, Template is a generalized
structure of pages seen till now. To illustrate, consider th e
following template: (A) B(C)?D(E jF), where A, B, C, D, E,
and F represents set of nodes in the structure. For example,
A corresponds to set of HTML nodes like < TABLE ><
TR>TD ><IMG ><=TD ><=TR >< =TABLE >
This Template matches all pages having their HTML struc-
ture as ABCDE, AABCDE, ABDE, ABDF, ABCDF, etc.
Template helps to captures structural and content repe-
tition across pages which is used to determine section im-
portance. Also, Template captures set of structurally simi lar
items under a STAR (*) node helping segmentation process.
The approach is split in two phases as explained below:

Site Specic Learning Phase: Learn structural and
content repetition across pages and

Segmentation and section Importance Detection Phase:
Segment a web page and detect noisy sections in it us-
ing Template, Content, and Visual Information.

3.1.1 Site Specic Learning
The learning phase is described below:

1. Assume all pages belonging to a site as a cluster, or
cluster all pages either based on their URL presen-
tations or structural homogeneity or both using any
clustering method. The details of clustering approach
are out of the scope of the paper.

2. For each cluster, select k random sample web-pages

< Request: URL, Info: DisplaySize >

Proxy Server
Optimized Page

ance

and then create and generalize template overk sam-
ples.

3. During Template generalization, compute or update
value for each feature, if present, for each leaf template
node, based on corresponding structure nodes. Here
leaf template nodes are IMG and TEXT nodes. Set of
features used are page support for each template node,
page support for each image source feature, page sup-
port for each link feature, and page support for each
text feature mapping to template node. Feature set
can be extended to consider other features like HTML
node properties, image height, image width, font size,
etc. Page support for a feature/node is de ned as num-
ber of pages seeing this particular feature/node.

4. After generalizing template over k samples, compute
the node support and feature's noise con dence at each
leaf template node. The computation is done based on
node's features statistics computed in step 3. For ex-
ample, consider sample size k=20, if a template node
has a page support =18 and have text features, "About
us' with page support =17 and “click here' with page
support =1, then it has node support - 18/20 = 90%,
noise con dence of that node with text feature “"About
us' is 17/18 = 94.44% and noise con dence of it with
text feature “click here' is 1/18 = 5.56%. This step
helps to detect noise local to cluster of pages.

5. Consider template nodes having node support greater
than a particular threshold (say 20%). On these nodes
store noise con dence of content (image source, link,
and text) features if it is above certain threshold (say
20%). These thresholds can be treated as a knob driv-
ing the noise identi cation quality.

3.1.2 Segmentation and Noise Detection
The noise detection phase is described below-

1. For each page belonging to a cluster, match it with
the Template constructed for that cluster as a part of



learning template phase and get mapping of each tem-
plate node to corresponding set of structural nodes in
a page. Also, transfer noise con dence score to leaf
structure nodes based on the presence of content fea-
ture. Considering above example, if structure node
mapping to particular template node has content as
"About us', copy the noise con dence of that content
feature i.e. 94.44% from the template node to struc-
ture node.

. Partition the page into set of sections and compute the
noisiness score for each section.

3. Web page partitioning process is as explained below -

(@) Web page often contains list of same items like list
of products or list of navigational links, whereas
each item is represented by a set of HTML nodes.
We treat such list as a section, as all items be-
longing to the list could either be informative or
noisy. STAR (*) template node in a Template
represents such list. Hence, all HTML nodes map-
ping to a STAR template node are treated as a
part of a “section'. A structure node is said to be
mapped to STAR template node, if it has map-
ping to a template node contained in STAR tem-
plate node. Note that, STAR node may contain
another STAR node. In such case, STAR node
which is not contained in any other STAR node
is considered to be a section.

(b) In above step, set of sections are obtained by look-
ing at STAR nodes. We assume DOM tree is
available for the page and hence for the remain-
ing page, following steps are used to obtain set
of sections. However, below method is HTML
tag speci c and should be treated as optional for
other standard scripting format.

(c) We assume prede ned classi cation of nite HTML
tag set into below set of categories-

i. Sectioning tags- Generally, HTML nodes like
TABLE, DIV are used to de ne a section.

ii. Section separating tags- Generally, HTML nodes
like HR, FRAMESET are used to separate a
section.

iii. Rich text formatting tags- Generally, HTML
nodes like B, I, STRONG are used to enhance
richness of text and do not introduce any line
breaks. If DOM node and its entire sub-tree
belong to rich text formatting tags category,
that DOM node is called as "Rich Text For-
matting Node'".

iv. Dummy tags- HTML tags like COMMENT,
SCRIPT are considered as dummy tags, which
can be ignored for segmentation purpose.

v. Other tags- tags other than above categories
are considered as other tags.

We also assume that visual information is avail-
able on each structural node. This can be ob-
tained by rendering web page through browser or
obtained approximately.

(d) The segmentation process is top-down over DOM
tree, where DOM node is checked if it is already

part of a section (This could happen because of
step 3.a. i.e. if a node is part of STAR template
node). If it is, it is not processed further. Other-
wise, node is checked for below set of conditions-

i. Condl- Ratio of node's area to the web page
area is greater than some threshold (say 15%).
Area of a node is computed as node height
multiplied by node width. Node height and
width are available as part of visual informa-
tion with that DOM node.

ii. Cond2- One of its children belongs to 'Sec-
tioning tag' category and satis es Cond1.

iii. Cond3- One of its children belongs to 'Section
Separating tag' category.

(e) If node satis es (Cond1 AND Cond?2), its children
are processed similarly (as mentioned in above
step, d).

(f) If node satis es Cond3, all nodes belonging to
'Section Separating tag' category are treated as
section separators. Child DOM nodes between
two section separators or between rst node and
rst section separator or between last section sep-
arator and last node are treated as separate sec-
tions. For example- Consider, a DOM node, Z
has satis ed Cond3, and have children sequence
as ABCPQCSTCXY, and 'C' belongs to 'Section
Separating tag' category. Then resulted section
set contains four sections- secl, sec2, sec3, and
sec4 containing DOM nodes AB, PQ, ST, and
XY, respectively.

(9) If none of the conditions satis es, DOM node is
marked as section.

(h) Note that, all contiguous, sibling rich text format-
ting nodes are considered as a section. For exam-
ple, if DOM nodes sequence is BITXSTI, where
DOM nodes BITS are rich text formatting nodes,
and X is not, then the resulted section set con-
tains three sections- secl, sec2, and sec3 contain-
ing BIT, X, and STI, respectively. BIT and STI
are examples of contiguous, rich text formatting
subtrees.

4. Once segmentation process is over, each section is as-
signed importance score- The noise con dence of each
leaf structure node obtained in step 1 is aggregated
at section level to determine the noise con dence of
the section. The aggregation is weighted averaging of
all noise con dence of leaf structure nodes based on
their size. The section importance score is computed
as (1 - section noise con dence). The importance value
ranges between 0 to 1.

3.2 Layout optimization algorithms

The input to the layout optimization algorithm is a set
of rectangular blocks. The rectangles are specied by four
parameters: (x;y;w;h) { the location, ( x;y), of the top-left
corner, the width, w, and the height, h.t Layout optimiza-

!Note that the sizes of the blocks are determined by sec-
tion importance models and not by the layout algorithm
itself. The layout algorithm does \area-preserving resizi ng"
for some blocks.



tion algorithms minimize the amount of space used to layout
a given set of blocks.

Before we discuss the algorithms themselves, we discuss
the properties of sectioning algorithms and sections. The
sectioning algorithms can be ne or coarse. Sectioning algo-
rithms based on feature-homogeneity usually oversegment a
page resulting in ne-grained sections. Coarse sectioning al-
gorithms provide logical sections which may be the result of
combining seemingly heterogeneous sections. Consider the
example of a news page contains multiple stories with as-
sociated images. Fine-grained sectioning algorithms crede
separate text and image sections. Coarse sectioning algo-
rithms, on the other hand, create composite sections com-
bining text sections with the associated image sections so
that the logical sections correspond to complete news sto-
ries.

In case of ne-grained sections, the layout process should
preserve spatial relations between sections. In the news pae
example, if the spatial relations are not preserved, the stories
and images will get jumbled up. On the other hand, if the
underlying algorithm create logical sections, reordering is
acceptable in most cases. In the news example, reordering of
news stories is usually acceptable. We expect spatial relaion
preserving layout optimization to be less e cient in the use
of space.

The second observation relates to the nature of sections.
The input rectangles (or sections) to the algorithm belong
to two classes: rigid-sections and exible-sections. For rigid
sections (like images), the aspect ratio should not be changed.
On the other hand, exible sections (like those containing
only text) can be resized provided the areas of the sections
are maintained. When resizing the exible sections, we pre-
serve the area of the section since area-changing resizing
based on section importance scores is performed by the pre-
vious stage. In this section, we address area-preserving as
pect ratio changes.

We consider two layout optimization algorithms in the
following -sections. The rst algorithm (section 3.2.1) mi n-
imizes the space used while maintaining the spatial con-
straints of the input blocks. All sections are considered ri gid.
The second algorithm (3.2.2) minimizes the total amount of
space used for the layout: the blocks may be reordered in
this case. This supports both rigid and exible sections.

3.2.1 Spatial relation preserving layout optimization

It is possible to express spatial relations between blocks
using linear constraints. Consider Figure 3. Let ( xi;yi) be
the coordinate of the top-left corner of rectangle i. The
constraint that B is to the left of B, can be expressed by

X1+ Wi X2

The constraint that Bjs is above B, is expressed as
y2 ys hs

The fact that B; is ush with B4 is expressed as
Y1 h; = Ya

Thus we capture spatial relations using linear constraints .
Given a set of rectangles described in the above format, it
is possible to automatically capture the constraints. The
Cassowary solver [1] is used to solve the linear program.
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B3
(x1,y1) wl
h1 B1 B2
B4
Figure 3: Spatial Constraints. B1;B2; are exam-

ple rectangles.  (Xi;yi) is the coordinate of the top
left corner of rectangle Bi whose width and height
are denoted w; and h; respectively.

3.2.2 Optimal layout

There are several heuristics for generating optimal lay-
out [17, 10]. Since the number of rectangles to be laid out
is usually small (u 5), simple exhaustive search algorithm
turns out to be fast in practice. Hence in this work we focus
on features supported by the layout algorithm and not the
computational complexity itself.

Horizontal scrolling is more taxing for the users compared
to vertical scrolling. Hence packing of rectangles is per-
formed in \row major" order. The algorithm also supports
\area-preserving resizing" of exible sections.

The layout optimization algorithm maintains a data struc-
ture which indicates for each pixel (i;] ) in the display area
the size (wj ; h;j ) of the maximum available rectangle start-
ing at (i;j ). Let the input rectangle size be (w; h). For rigid
rectangles like image-rectangles, the check for tis

Wij w and hij h
In case of text-rectangles, the check for tis
Wij hij h w and Wij w and hij h

where  determines how elastic the resizing is. =1 is
equivalent to rigid match.

4. EXPERIMENTS

Below is the evaluation of both the components of the
system, section importance detection and web page layout
optimization.

4.1 Section Importance Detection

We have evaluated the approach against 18 domains by
randomly selecting 15 pages for learning and 65 pages for
testing. Based on section importance, we classi ed each see
tion into one of the two categories, informative or noisy. If a
section importance is less than some threshold (say, 25%), 1
is classi ed as noisy, otherwise informative. The evaluati on
of classi ed sections is done manually. Three persons were
presented with a set of sections and their categories and wee
asked to verify the sectioning quality and correctness of cate-
gorization. According to the evaluation, the approach coul d
detect noisy sections with average of 91% precision and 82%
recall. Also, it is found out that the approach could form

Figure 4: Layout preserving all spatial relations



Figure 5: Layout preserving essential spatial rela-
tions

Figure 6: Average Fraction of Noise Detected Per
Domain

Figure 7: Optimal Layout

Figure 8: Ad insertion

Figure 9: Area-preserving resizing.



a section out of similar items (even with slight structural
and/or visual di erences), because of its template learning
over a set of pages.

The graph in Figure 6 depicts the domain-wise average of
ratio of amount of noise detected in a page to the actual
web page contents. The technique could detect an average
of 20% of web page content as noise. It is also observed
that, given su cient and structurally slight varying train -
ing dataset, the approach was successful in detecting noise
local to cluster of pages. This demonstrate the e ectiveness
of our sectioning approach.

4.2 Web Page Layout Optimization

Set of experiments were performed to optimize web page
layout based on section importance. The section importance
is used to scale and/or reorder sections. While resizing see
tion, we restrict content to have minimum, visible font size
guaranteeing visibility of a section to the user.

Figure 2 shows an example input page. The informative
sections are marked with thick red-colored borders. Figure 4
shows the spatial relation preserving layout produced by th e
linear programming algorithm. While all spatial relations
are preserved, there are several blank areas. If we relax sora
spatial relation constraints, the layout (shown in Figure 5 )
has fewer blank areas.

Figure 7 shows the layout produced by exhaustive search.
This is much more compact but spatial relations are not pre-
served. Finally, Figure 9 demonstrates the resizing aspect
of the algorithm. Consider the laying out the three 30 30
rectangles in a display area of size 60 50. If all the three
rectangles are rigid, the display area is insu cient for the ir
placement. After placing two sections, the available space
(60 20) can not hold a 30 30 rectangle. If one of the
rectangles is exible, it is resized to 45 20 so that it ts
into the display area.

It can be seen from the examples that while the algorithms
try to optimize the use of space to varying degrees, it is im-
possible to completely remove white spaces in the display.
The remaining blank regions are ideal candidate for ad in-
sertion. Figure 8 shows how an advertisement is inserted in
one of the blank regions of the layout shown in gure 7.

5. CONCLUSIONS AND FUTURE WORK

In this paper we have formulated the problem of laying
out web pages after removing non-informative sections. To
support the accuracy needs of the problem, we have pro-
posed a template-based sectioning approach. For the layout
problem, two approaches are introduced: spatial-relation
preserving and space optimal. The spatial relation preserv-
ing optimization is proposed as a linear programming prob-
lem. We have introduced interesting features into the space
optimal algorithms. Experimental results demonstrate the
promise of the approach. In future we plan to improve the
space optimization algorithm.
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