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Abstract. World Wide Web has become the largest source of information. Con-
sequently web based information retrieval, information extraction; automatic
page adaptation and querying deep-web are gaining importance. The need for
information retrieval applications is increasing. To address the problems of the
ever expanding information over the internet, traditional information retrieval
techniques have been applied. Such techniques are sometimes time consuming,
and laborious, and the results obtained may be unsatisfactory. This study is an
attempt to query web pages like MedlinePlus medical encyclopedia by seg-
menting the web pages. It summarizes the existing approaches for web page
segmentation from the perspective of “structure realization for improved query-
ing” on the web. It proposes a new algorithm VisHue for web page segmenta-
tion based on visual cues and heuristics and further uses the hierarchical
structure generated by it to develop the Query by Segment or Tag (QBT) query
interface. This interface is close to the end-user and exploits the relationships
among the various content groups within a web page. Such an improved query-
interface enables the user to perform in-depth querying. It is a step beyond the
page-level search.
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1 Introduction

The World Wide Web has become the most important source of information in the
world. The family of algorithms for web focused information retrieval is growing.
This is achieved by segmenting the web page, classifying resulting segments. Most
information retrieval systems on the Web consider web pages as the smallest and
undividable units, but a web page as a whole may not be appropriate to represent a
single semantic. Some basic understanding of the structure and the semantics of web-
pages could improve people’s browsing and searching experience [22]. A web page
usually contains various contents such as navigation, decoration, interaction and con-
tact information, which are not related to the topic of the web-page. Furthermore, a
web page often contains multiple topics that are not necessarily relevant to each other.
Therefore, detecting the semantic content structure of a web page could potentially
improve the performance of web information retrieval [1].
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There are a large number of applications which make use of web page segmenta-
tion algorithms such as link analysis, topic distillation, focused crawling, improved
querying, information accessing, overcoming the limitations of browsing and key-
word searching, building wrappers to structure the web data. Such applications exploit
the semantic structure within the web page. Furthermore, an acquisition, detection and
analysis on web contents are paid more and more attention, web page segmentation
algorithms are becoming an important part of them.

There has been plenty of work in this area. Some approaches worked on automat-
ing the web page, while some on the learning based splitting of the web page. Kai et
al. [1] gave an algorithm that used rule based heuristics to segment the visual layout
of a webpage. On the flip side, Kao et al. [13] gave an algorithm for webpage seg-
mentation that relies on content based features. Other notable works used DOM node
properties to find webpage segments. While Chakrabarti et al. [12], used template
based segmentation for enhanced topic distillation. Chakrabarti et al. [11] also gave
an algorithm based on isotonic regression whose by-product is a segmentation of a
webpage into informative and non-informative parts [6].

The main aim of this study is to suggest the best approach for web page segmenta-
tion algorithm that can generate a hierarchical structure of the web page and improve
the queryingfor websites that have pages like web-documents such as the medical
encyclopedia entries [14], [15], [16], [17]. The content under these web pages is
confined under a main node. In section 2, we introduce the concept of “web-page
segmentation” its need and evolution of various approaches for it and explain their
categorization.Section 3 presents the characteristics of a good web page segmentation
algorithm and describe the features of each of the algorithms their strengths and
weaknesses. We draw a detailed comparison of all the existing approaches w.r.t. faci-
litation in hierarchical structure generation. Among these approaches we mention our
on-going work on a new visual cues and heuristic rules-based approach for webpage
segmentationVisHue. In Section 4 we present the new query interface QBT (Query by
Tag or Segment) based on the hierarchical structure constructed by VisHue and a
qualitative and quantitative analysis of its efficiency in comparison with the keyword
search. Section 5 presents the design and scope of improvements of this interface.
Section 6 gives the summary and conclusions.

2 Background: Web Page Segmentation

As the amount of information and services available via the web increases, the use of
web for accessing information for diverse activities such asshopping and communica-
tion is increasing. The changes have resulted in a more sophisticated presentation of
content on the web. A web page typically displays a number of different messages to
the user, which are usually visually distinct. For example, a web page might contain
advertisements and links to other relevant pages in addition to the main content of the
page. Thus, an application that intends to re-use content on the web, such as a search
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engine or a web-to-print application needs to identify the regions of the page that
contain distinct information [10]. The presentation of a web page involves placing
different pieces of information on it — each serving a different purpose to the end-
user — in a manner that appears coherent to users who browse the webpage. These
pieces have carefully-placed visual and other clues that cause most users to subcons-
ciously segment the browser-rendered page into semantic regions, each with a differ-
ent purpose and content [6].

Thus, segmentation of a web page can be defined as dividing a web page into
structural blocks, each block may or may not contain templates or may be part of a
template. Further, in a segmentation process an area that does not contain templates
may be divided into several blocks [7]. It demarcates informative and non-informative
content on a webpage; and also discriminates between different types of information.
It is very useful in web ranking and web data mining applications. For instance, in a
multiword query whose terms match across different segments in a page; this infor-
mation can be useful in adjusting the relevance of the page to the query [8]. Also the
user can be provided with an improved query interface where he can query the seman-
tic groups individually.

2.1 Hierarchical Structure Generation

The hierarchical or logical structure of a document plays an important role in many
applications. For example, work presented in [1] exploits the hierarchal structure of a
document to carry out anaphora resolution. In [2], the logical structure is used to seg-
ment a web document and perform passage retrieval. Other applications that can make
use of hierarchical structure include browsers designed for cell phones, PDAs and PCs
with non-PC terminals as well as text summarization and data mining applications.
However, the hierarchical structure of web documents is not always explicitly
represented. Many web designers prefer to use their own styles to represent headings
than to use the html heading tags meant to convey a document’s logical structure. This
limitation can be overcome by a heading detection algorithm and a level detection algo-
rithm through which a document’s hierarchical structure can be extracted[18].

Constructing a query interface using the hierarchical structure of the web page is
beneficial as it can exploit the various relationships that exist amongst the various
content groups and also has additional advantages like:

¢ In the same domain, there might be a case where important website query interfac-
es are required to be integrated, to create a unified query interface, if each of these
interfaces is generated using a hierarchical structure of the web page, then it is easy
to map the attributes.

e [t also provides better query interface matching [19].

e Such interfaces are more close to the user’s understanding and are qualitatively
better than those generated by sources having a flat representation.

e The fields in such an interface are organized in a better manner with appropriate
labels.
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2.2 Web Segmentation Approaches

Until recently, it has been possible to identify distinct regions and components from
the HTML code that generated a web page. The recent trend towards dynamic web
technologies implies that the HTML no longer contains sufficient information on the
contents of the page. Sometimes it contains almost no information, e.g., in the case of
flash presentations where there is no content in the HTML DOM. Such pages howev-
er remain perfectly understandable to the user. Hence, the DOM-based segmentation
became obsolete to the new style web pages. They were later replaced by the visual
cues based approach, but this approach also used the DOM as an underlying tech-
nique. Recent approaches of web page segmentation perform segmentation of a web
page by rendering the image of the web page, or creating a graph with the segments as
the nodes of the graph but they do not focus on querying applications.Figure 1, conso-
lidates the evolution between the web page generation technologies and segmentation
methodologies. It represents evolution of a web-page segment from being a mere
syntactical HTML fragment to a well-knit semantic region on the web page. As
shown in the figure, the DOM-based techniques can be successfully applied to plain
HTML pages.These solutions analyze the HTML DOM and extract information about
the appearance of objects on the page and thereby, group HTML objects.These solu-
tions fail with dynamic HTML pages. In case of dynamic HTML pages, the object
hierarchy is often available, but it does not describe the layout and components se-
mantically. When we apply the layout algorithm successively, we divide the page to
smaller and smaller components, according to the natural visual hierarchy. For such
pages, visual cues methods based on generic design heuristicsis a sought solution.
The visual cues add to the capability of the algorithm to handle the evolving web
page design.

Plain HTML Pages f——( DOM-based )

Dynamic HTML Pages DOM:+
% Visual Cues based
Adobe Flash Pages Visual Cues +
l Heuristics based
Toolkits (GWT) l
Graph-Theoretic +

Densitometric +
Image Analysis based

Fig. 1. Evolution of Web Technologies and Web Page Segmentation Methods
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3 Web Segmentation Algorithms

3.1 Characteristics of a Good Web Page Segmentation Algorithm

A web page’s structure and layout depend on different content type it represents or
the taste of designer styling its content. Thereby main content position differs in
variety of websites. Even there might be some content in page view that are besides
each other but actually in DOM tree they are not in the same level or share same par-
ent node. Finding the main content for querying in this situation where the content
doesn’t follow any specific rules for arranging and positioning elements needs com-
plicated and expensive algorithms. We list the most desired characteristics in a web-
page segmentation algorithm for improved querying:

e Algorithm should be able to simulate a user visiting the website [2].

e It should have high probability to find informative content because in most cases
actual users in internet wish to query the informative areas and leave the non-
informative segments [2].

e It should be capable to generate the hierarchical structure of a web page.

e The space and time complexity of the algorithm should be reasonable.

Figure 2, displays our target framework in the scenario of human-web interactions. It

displays the characteristics desired in a good web-page segmentation algorithm and
how they help in generating an improved query interface.

‘Web-Page Segmentation framework

User
Behavior

Web
Page

Query
Interface

Reasonable
Memory
Usage

Less
No. of
Iterations

Fig. 2. The Web Page Segmentation and Query Interface Generation Framework

3.2 C(lassification Criteria

In this sub-section, we classify the various segmentation algorithms based on their
underlying approach. The classification tree is captured in Figure 3. These algorithms
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can be broadly classified into three categories: the DOM-based algorithms, these al-
gorithms are dependent on the rendering of the HTML elements based on the underly-
ing or hidden DOM tree of the web page;methods based on visual cues, these can be
further classified into methods keeping the DOM tree in vision and those combining it
with heuristic design rules and the modern methodswhich include performing edge
analysis over the image of the web-page, constructing a weighted graph that is seg-
mented. Another performs shrinking and dividing operations on the web page. In the
following sub-sections we discuss each one of these approaches, highlight the VisHue
algorithm for web page segmentation and compare it with its counterpart VIPS [1]
algorithm. For each of them we discuss the basic approach, existing works utilizing
the method, strengths and weaknesses. The comparison is summarized in Table 2.

DOM-Based Algorithms. In general, similar to discourse passages, the blocks pro-
duced by DOM-based methods tend to partition pages based on their pre-defined
syntactic structure, i.e., the HTML tags. Some simple experiments were performed in
[21], where sub-trees tagged with <TITLE>, <P>, <H1>~<H3> and <META>were
treated as blocks, but the results were not encouraging.

In some cases this approach can deal with “badly” presented pages. Since almost
all blocks share the same length, there are no priorities for short blocks. As windows
are overlapped, more blocks are likely to be extracted from a long document than
VIPS [1]. However, a lot of web pages do not obey the W3C HTML specifications,
which might cause mistakes in DOM tree structure. Moreover, DOM tree was initially
introduced for presentation in the browser rather than description of the semantic
structure of the web page. Hence, two nodes which may appear to be semantically
related actually may not be related. Much recent work [11], [13], [14], and [17] try to
extract the structure information from HTML DOM tree [1]. The segmentation by the
DOM-based techniques is too detailed [4]. After partitioning, although each block
represents some information, it usually does not provide complete information about a
single semantic, and thus does not contain good expansion terms [4].

The weaknesses of this approach are:

e DOM is a linear structure, so visually adjacent blocks may be far from each other
in the structure and divided wrongly.

e Tags such as <TABLE> and <P> are used not only for content presentation but
also for layout structuring. It is difficult to obtain the appropriate segmentation
granularity.

¢ In many cases DOM prefers presentation to content and therefore it is not accurate
enough to discriminate different semantic blocks in a web page.

e The number of possible DOM layout patterns is virtually infinite, which inescapa-
bly leads to errors when moving from training data to Web-scale [20].

Visual Cues Based Methods. In the sense of human perception, it is always the case
that people view a web page as different semantic objects rather than a single object.
Actually, when a web page is presented to the user, the spatial and visual cues can
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help the user to unconsciously divide the web page into several semantic parts. There-
fore, it might be possible to automatically segment the web pages by using the spatial
and visual cues. Visual cues are very helpful to detect the semantic regions in web
pages. Due to the 2-D logical structure, web pages could be partitioned in a 2-D style.
A block is assumed to have a rectangle shape and is a closely packed region in the
original page.

HIML Segmentation
Algorithms

A
Template DOM-Node Liguistics Shrinking-
Detection Recognition problem Dividing

Fig. 3. Classification of Web-Page Segmentation Algorithms

DOM and Visual Cues Based Algorithm (VIPS) [1]. The VIPS (Vision-based Page
Segmentation) algorithm extracts the semantic structure of a web page. This semantic
structure is a hierarchical structure in which each node corresponds to a block. Each
node is assigned a value (Degree of Coherence) to indicate how coherent the content
in the block is. The VIPS algorithm makes full use of page layout features: first it
extracts all the suitable blocks from the html DOM tree, and then tries to find the
separators between the extracted blocks. Here, separators denote the horizontal or
vertical lines in a web page that visually cross with no blocks. Finally, based on these
separators, the semantic structure for the web page is constructed.

It tries to fill the gap between DOM structure and the conceptual structure of the
webpage. The algorithm uses the content structure and tries to simulate how actual
user finds a main content based on structural and visual delimiters. The DOM struc-
ture and visual information are used iteratively for visual block extraction, separator
detection and content structure construction. Finally a vision-based content structure
is extracted. In the VIPS method, a visual block is actually an aggregation of some
DOM nodes. Unlike DOM-based page segmentation, a visual block can contain DOM
nodes from different branches in the DOM structure with different granularities [4].

The blocks obtained from VIPS still have the varying length problem and suffer
from lack of normalization factor. More importantly, it remains unclear whether the
method would work on passage retrieval and no comparison is provided between this
method and traditional passage retrieval methods such as windows, which can be
naturally applied to web documents. A web page will first be passed to VIPS for
segmentation, and then to a normalization procedure [13]. The blocking result is



96 A. Madaan, W. Chu, and S. Bhalla

satisfactory but the algorithm does many loops to reach its desire granularity [2]. We
also notice that, for those “badly” presented web pages, VIPS usually fails to partition
them into semantic blocks and thus expansion terms are likely to be irrelevant. Also,
some relevant long blocks produced by VIPS are ranked low since similarity measure
tends to favor short documents.

VisHue Algorithm. The heuristics utilize geometry-related features present on aweb-
page, and apply the rules in a greedy fashion to produce the segments. If the heuristics
are carefully defined and are generic in nature they prove a strong methodology over-
coming weaknesses like the solutions based on heuristics tend to local minima, or
they involve a lot of trial and error effort when combined. When combined with the
visual cues they give a generic approach for web page segmentation and generate a
hierarchical structure for the web pages. Defining heuristics on the base of the web
pages can prove more useful rather than the dynamic elements. For e.g.: A heuristic
rule stating “headings at same level have same orientation” is more generic and appli-
cable than stating “headings of blue color should be aligned left”. Therefore, the for-
mer rule has a broader scope of application.
For VisHue, we focus on the following key points:

e A method independent of any underlying source code, web standard or web page
generation language.

e Web pages may or may not have clear gaps distinguishing the content groups.

e Segmentation need not be too detailed and should be focused on developing an
improved query interface.

e The segments that are created should be non-overlapping and capable of construct-
ing a hierarchical structure.

We also assume that (i) Most of the webpages within a website have similar structure
and (ii) The geometric patterns can be rendered to derive the inter-content relationship.

Heart Attack

MedlinePlus Toplcs ) C

Images )C Patlent Instruction D

e

_______

Fig. 4. The Resultant Content Structure
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The VisHue algorithm creates a hierarchical structure of the web page which is se-
mantically labeled and is suitable for improved querying. The relationships among the
content nodes is evident which are perhaps most important for developing a good
query interface. The approach constructs two structures; one is a skeleton of the web
page called the domain specific tree where the domain refers to a website or a group
of similar websites, for instance, “MedlinePlus medical encyclopedia™. It defines a set
of candidate labels for all the possible contents in the domain, renders the tree seman-
tically and assigns labels to the nodes of the tree based on the candidate set to
generate a labeled tree termed as the tree of semantics. This approach converts the
extraction problem to an integration problem. By integrating the two trees we can
reproduce the hierarchical structure with subheadings and headings of the page which
are the labels of nodes in the tree.Figure 4, shows thehierarchical structure for the
MedlinePlus encyclopedia page for the topic “Heart Attack”. The dashed lines indi-
cate that the node has more siblings but are not represented due to space constraint.
This structure can be mapped to the schema of the web pages directly. We also take
into account any differences that might occur amongst the various web pages like
missing subheading etc. In the next section we explain how this structure helps in
developing a better query interface.

Modern Methods. In this subsection we take up the modern algorithms for web page
segmentation.

Graph theoretic segmentation [6]: This approach formulates the segmentation prob-
lem in a combinatorial optimization framework. It casts it as a minimization problem
on a suitably defined weighted graph, whose nodes are the DOM tree nodes and the
edges are the weights expressing the cost of placing the end points in same or differ-
ent segments. It takes this abstract formulation and produce two concrete instantia-
tions, one based on correlation clustering and another based on energy-minimizing
cuts in graphs. Both these problems have good approximation algorithms.

The quality of segmentation in this algorithm depends heavily on the edge weights.
The empirical analysis in the paper shows that the energy minimizing formulation
performs better than the correlation clustering formulation. It proves that learning
edge-weights from labeled data also produce appreciable improvements in accuracy.
The segmentation algorithm is applied as a pre-processing step to the duplicate web-
page detection problem.

The shortcoming of this approach is the identification of the DOM elements to
create the graph. The graph construction is a tedious task, involving a lot of terminol-
ogy and in-depth understanding. Hence, using such an approach for the purpose of
enhancing the querying of a web page will be a complex task where such a high de-
gree of precision in partitioning is not a priority. Moreover, unified query interfaces
cannot be constructed as the graph will become more complex when many query
interfaces will be considered together.
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Site —Oriented Segmentation [7]: Since many pages belonging to a same web site
share a common structure, look and feel, this approach hypothesizes that one can
achieve a more accurate segmentation by taking all pages of the same web site into
account.Based on this idea, the authors of [7] propose and evaluate a segmentation
method which segments pages according to properties of the whole web site, in-
stead of just information from a single page. The method adopts a DOM tree align-
ment strategy proposed for template detection [31, 33]. This method was developed
especially for the so called data-intensive web sites, such as digital libraries, web
forums, news web sites, etc. whose main focus is providing access to a large quanti-
ty of data and services [9]. These sites usually contain a large set of web pages
which can be organized in a few tens of groups according to the regularity of their
structure. This approach focuses on input to web search systems and other similar
applications but depends on the DOM tree of each of the different web pages in the
website.

Densitomeric Segmentation [20]: This approach builds methods from Quantitative
Linguistics and strategies are borrowed from the area of Computer Vision.It utilizes
the notion of text-density as a measure to identify the individual text segments of a
web page, reducing the problem to a 1D-partitioning task. The distribution of segment
level text density follows a negative hyper geometric distribution, described by Frum-
kina’s Law. Their extensive evaluation confirms the validity and quality of the ap-
proach and its applicability to the Web. They define an abstract block-level page
segmentation model which focuses on the low-level properties of text instead of
DOM-structural information. The number of tokens in a text fragment (or more pre-
cisely, its token density) is a valuable feature for segmentation decisions.

The strengths of this approach lies in the fact that it reduces the page segmentation
problem to a 1D-partitioning problem. It proposes a Block Fusion algorithm for iden-
tifying segments using the text density metric. It presents an empirical analysis of the
algorithm and the block structure of web pages and evaluates the results, comparing
with existing approaches. It shows the application of the methodology to the field of
near-duplicate detection.

Image analyses of the web page [8, 10]: In this approach a layout for segmentation of
the web page is generated by performing edge analysis on the GUI image (or its trans-
formation).It assumes that the main objects are outlined so that there is a border be-
tween them. It seeks for areas containing information, and groups them into distinct
layout elements. This technique gives a high level layout; thereby segmenting the
page to its main components.This approach uses only the visual information and does
not apply any semantic analysis to group or ungroup elements. It finds these layouts
recursively deeper into the page. The recursive process continues until down to the
level of individual elements. Deeper in the hierarchy, this task becomes more difficult



VisHue: Web Page Segmentation for an Improved Query Interface 99

because the objects we separate become smaller. Thus, the edges are denser and tend
to merge.

After segmentation it uses text detection and applies OCR, which also gives in-
formation about the meaning of a layout object. The text information is important
for later semantic analysis of the page content. Hence, though the approach seg-
ments the web page visually, it does not pay attention to the semantic grouping.
Such a technique will fail in case of web-pages with semantically related yet scat-
tered content.

The visual cues and heuristics based methodVisHue, independent of any standard
or model over the web andare applicable to plain HTML pages, dynamic HTML pag-
es, flash pages, or those generated by any of the web toolkits, since it does not depend
on any source codes. Since it iterates only till each part of the webpage is covered by
some node of the tree, the time complexity of the algorithm is reasonable.The tree
stored in the memory comprises of just the headings and subheadings and the height
of the tree is directly proportional to the levels of nesting of the subheadings within
the page. This number is bounded. The number of leaf nodes is bounded by the
distinct blocks in the web page. Hence, the space complexity of the algorithm is rea-
sonable. Moreover, its capability to construct a hierarchical structure makes itappro-
priate for query interface design. We highlight the strengths of the VisHue algorithm
in Table 1.

Table 1. Comparison between VIPS and VisHue

Characteristics VIPS VisHue algorithm
Underlying technique Recognition of Visual Visual cues and heuristic
Cues using basic DOM | rules
elements
Precision Basic DOM elements Visible segments on the web
page
Application Block based web search Advance querying
Authenticity Non-overlapping blocks. Better blocks formulation
than VIPS
Data structure Hierarchical tree of all the | Hierarchical tree of
blocks headings or labels in the
web page
Space complexity Entire structure needs to be | Only the headings of the
stored blocks are stored
Time complexity Recursive partitioning till the | Less, no attempt to reach the
basic DOM elements are found | indivisible DOM elements.
Language or standard DOM dependent None
dependency
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VisHue algorithm scores over its counterpart algorithm VIPS on the following
features:

e It addresses the visual design heuristics within a web page, whereas the VIPS algo-
rithm gives heuristic rules which are DOM based. For a web page not based on the
DOM elements, latter will fail.

o Some of the heuristics of VIPS like,if all the child nodes of a node are text nodes
then the node should not be further segmented; implies that a web page where the
contents are organized under a single node like MedlinePlus medical encyclopedia
this approach will fail.

e VisHue labels the hierarchical nodes semantically whereas the VIPS do not assigns
labels to the block-hierarchy it constructs.

e The block-based search based on VIPS does not confine the search space for a user
query though the blocks are returned as results whereas the labels of the VisHue
algorithm reduce the search space for user queries significantly.

4 Improved Query Interface Using the VisHue Algorithm

4.1 Web Page Segmentation and Improved Querying

Currently, information on the web may be discovered primarily by two mechanisms:
browsers and search engines. Existing search engines such as Yahoo, Google service
millions of queries a day. Yet it has become clear that they are less than ideal for re-
trieving an ever-growing body of information on the Web. This mechanism offers
limited capabilities for retrieving the information of interest; still burying the user
under a heap of irrelevant information [26]. Also the documents on the web are not
well-structured so that a program can reliably extract the routine information that a
human wishes to discover. These searches are generic. For example, if a user wishes
to find an article authored by a person X. The query results will show all articles with
an occurrence of X. Such results are not relevant for the end-users as they do not ex-
pect such a generic set of results. Hence, we conclude that there is a need for an in-
depth querying of the web pages. And provide users with results that are from specific
segments of the web page.

There have been works like the Block-based Search [4], where the webpage is
segmented into semantic blocks and the importance values of the blocks are labeled
using a block importance model [2]. Then the semantic blocks, with their importance
values, are used to build block-based Web search engines [1], [3].But these blocks do
not improve the query interfaces. In Object-Level Vertical Search, all the web infor-
mation about a real world object or entity is extracted and integrated to generate a
pseudo page for this object. These object pseudo pages are indexed to answer user
queries, and users can get integrated information about a real-world object in one
stop. This object-level vertical search technology has been used to build Microsoft
Academic Search (http://libra.msra.cn) and Windows Live Product Search
(http://products.live.com).Another type of search called Entity Relationship Sear-
chdeploys an Entity Relationship Search Engine in the China search market called
Renlifang (http://renlifang.msra.cn). In Renlifang, users can query the system about
people, locations, and organizations and explore their relationships. These entities and
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their relationships are automatically mined from the text content on the Web. If the
query terms scatter at various regions with different topics, it could cause low retriev-
al precision. It can be argued that a web page with a region of high density of matched
terms is likely to be more relevant than a web page with matched terms distributed
across the entire page even if it has higher overall similarity.

Keeping the above discussion in mind, and observing the lack of a well formed query
interfaces for the encyclopedia like websites, prompted us to utilize the work of seg-
menting the web page using the VisHue algorithm for developing a query interface.
Web page segmentation empowers the user to expand his querying horizons by
providing him tags or labels of the subtopics within the page that can be queried indivi-
dually. For instance, a disease name in the user’s search criteria will have a web page
containing details about it, alongside; it can be a part of the symptoms, causes of another
disease or a diagnosis of some test. When an end-user queries the encyclopedia, he is
presented with all the results along with the web page about it. All these results may or
may not be of relevance to him. Instead, providing him a specific set of results, such as
if the query is “heart attack as a symptom”, will be more beneficial. Hence, the query is
reformulated in terms of occurrence of the queried term within the encyclopedia. Our
proposed query interface combines both the object-based as well as the entity-based
search. It exploits the relationship between different content segments in a web page and
can query specific regions of the web page.

4.2  Query by Segment

Query by Segment is a query interface for the medical encyclopedia by MedlinePlus
[3]. We refer Query by Segment as QBT (Query by Tag) in the study. It is an
interface for formulating and retrieving query results by various subheadings and
headings of different content segments in the web page belonging to the encyclopedia.
It utilizes the content structure generated by the VisHue algorithm method mentioned
in previous section and uses the node labels as query fields within which search can
be performed. It allows the user to confine his search to specific regions within a
page. It provides only the relevant results for a user query. We compare QBT with
standard keyword search available at MedlinePlus [3]. Let us suppose that an end user
wants to search “nausea” as a symptom. Using standard search MedlinePlus, displays
search results where “nausea” has an occurrence in side effect of medication besides
in symptoms. On the other hand, using QBT, we can just display nausea from symp-
toms. Further comparison is given in next subsection.

QBT and the Hierarchical Structure of a Web Page. The node labels of the hierar-
chical structure are mapped to query fields in the QBT interface. The user can select
the sub-heading he wishes to query and also for a keyword can specify scope of
search. Once the user selects the subheading or subtitle of a segment to query he or
she can also choose to search the related topics, related content, read more etc. Next
he or she moves to the second screen where she or he inputs the value of the fields
(segment headings) selected in the previous screen. In the figure 5, we see that the
user enters the values for “causes” and “title” selections. On this screen the user has
the provision to delete an attribute, perform an “OR” or an “AND” operation on the
attributes. Once, his or her query is formulated, he or she clicks on the “search” but-
ton and is presented with the results that are best fit for his query. In our example
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displayed in Figure 5, the results are displayed where “Heart Attack” is found in the
title and “atherosclerosis” in the “causes” as desired by the user.

We map the design of the QBT from the hierarchical tree of the web page. The
child nodes of the description and related content become the search areas within
which one can search. Their children define the subspaces that can be searched. For
e.g.: If a user wishes to search a symptom X for a disease say “Heart Attack™ checks
the title to be searched with the keyword “Heart attack” and some keyword for symp-
tom. The content structure enables the interface with a smart search (as required by
the above example) by incorporating the following points:

e The left siblings’ limit the options for the right siblings in the query interface. If
any user selects one sub-heading, it highlights the other sub-headings that co-occur
with it in the web pages within the encyclopedia.

e The child nodes of the main content (MC) and related content (RC) define the
complete search space for a user and the leaf nodes define the fine lines of search
for the user within them.

e The candidate set of labels define an exhaustive list of sub-headings that can define
the searchable areas within the encyclopedia.
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Fig. 5. The MedlinePlus QBT Interface
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A Tour of the QBT Interface. We take a brief look at the QBT interface. The inter-
face is composed of three screens, the subtitle selection screen; screen to enter
keywords for query and finally the results screen. The initial screen displays a table
virtually divided into two parts one describing the various headings or sub-topics of
different segments within the encyclopedia page and the other part defines the scope
of search in which the user wishes to search a keyword shown in Figure 5 left side.
For instance, here the user selects “1” occurrence of “causes” it highlights all the co-
occurring segments, the user selects “title” space to search another keyword and
clicks “select”, he or she is presented with the query formulation screen, where the
user enters the values for his or her selections; the user is presented with an exhaus-
tive list of values he or she may enter. The fields have a hint based auto-completion
facility. The second and the final screens are shown in Figure 5 right side.

Table 3. Comparison of Querying Features between QBT and Traditional Keyword Search

S.No. Features QBT Keyword Search
1 Direct Precise, direct answers returned | A set of articles with an
Answers occurrence of keyword(s) is
returned
2 Query Focused querying Limited
Capability
3 Retrieval Text snippets along with article | Article URLs
Units URLs
4 Aggregate Various querying operations Not Possible
Queries like AND, OR and NOT
5 Usefulness Exact and relevant results Large number of results are
presented which need to be
sorted by user
6 Easy to use Labels are self-explanatory and | Simple and Advanced option for
Interface there is provision of defining entering the keyword(s)
the scope of search for a given
keyword
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4.3  Performance of the QBT Interface

In this sub-section we evaluate the performance of the QBT interface, w.r.t the tradi-
tional keyword search available for the MedlinePlus medical encyclopedia. We draw
a qualitative and quantitative analysis of the performance of the interface and exhibit
its efficiency over the existing method to query the encyclopedia. We also differen-
tiate the query formulation of the two methods.

Implementation Details. The QBT interface is implemented on Windows 7, 64-bit
OS. Apache HTTP Server is used as a platform to run the application, PHP scripting
language is used for user interface (UI) design and IBM DB2 database is used. Table3
presents a qualitative analysis of the QBT interface w.r.t the keyword search. It lists
the features of a useful query interface for an end-user to perform efficient informa-
tion retrieval.

Table 4. Query Formulation in QBT and Traditional Keyword Search

S. No. User Query QBT Query Keyword Search
1 Cases where patient has | Symptom: Search has no provision
hypertension but not high | “Hypertension” of negating one of the
blood pressure Symptom: NOT “High | keywords
blood pressure”
2 Cases for patient to stop | Before Procedure: | Keyword search with
certain activities before a test | “Stop” “stop” and “normal”
(can resume normal | After Procedure: | keywords
activities after it) “Normal”
3 Heart attack caused by high | Cause: “High blood | Search for keyword
blood pressure pressure” “heart attack” and “high
Symptom: “heart | blood pressure”
attack”
4 Poisoning caused by eating | Food Source: “Fish” Search all articles for
fish Side Effect: | keywords “fish” and
“Poisoning” “poisoning”

Table 3 shows the QBT interface is a far better approach to query or search the
medical encyclopedias. It has the capability to support aggregated queries and com-
plex queries where user can find articles with occurrence of a keyword and negation
of another keyword. It is an easy to understand interface that provides the end-user
precise answers for his queries. All these features make it a much powerful interface
for medical domain.

Table 4 shows how a user query is understood by either of the interfaces. The QBT
interface understands the user query in perhaps the most natural way. Whereas the
keyword search just picks up the keywords and fails in case of aggregate or negation
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like queries. We perform a quantitative analysis of the performance of the QBT inter-
face with a small set of queries. We observe the performance of both querying me-
chanisms on these queries and present the analysis in Table 5. The existing keyword
search in MedlinePlus is generic to the entire website. Hence, we enter a keyword and
later sort the results belonging to the medical encyclopedia. Table 5 shows a
comparison between the number of results and number of relevant results and
calculates their relative percentage. We also compare the rank at which a
resultdisplayed by QBT occurs in case of the keyword search. Web ranking is critical
for information retrieval methods as stated in Section 2. The reduction in the search
space is significant in case of the QBT interface whereas the user may not be able to
confine his search space in case of simple keyword search. We calculate the
percentage of content searched with respect to a total of 4000 web pages within the
MedlinePlus medical encylopedia. Hence, we conclude that QBT narrows down the
results and displays only the relevant results to the user and cuts down the processing
time of these queries.

Table 5. Quantitative Performance Analysis of the QBT and Keyword Search for User Queries
in Table 4

User Parameters QBT Keyword Search
Query
1 No. of Results 4 380
No. of Relevant Results 4 4
Relative Ranking All 4 No result in top 10
Relevant Results (%) 100 1.05
Contents Searched (%) 0.01 100
2 No. of Results 15 523
No. of Relevant Results 15 15
Relative Ranking All 15 No result in top 10
Relevant Results (%) 100 2.87
Contents Searched (%) 2.5 100
3 No. of Results 3 145
No. of Relevant Results 3 3
Relative Ranking All 3 No result in top 10
Relevant Results (%) 100 2.06
Contents Searched (%) 2 100
4 No. of Results 3 85
No. of Relevant Results 3 3
Relative Ranking All 3 No result in top 10
Relevant Results (%) 100 3.53
Contents Searched (%) 0.5 100
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5 Discussion and Future Work

The majority of the existing methods for web-page segmentation compute structural
similarity using features derived from HTML codeor DOM tree representation of web
pages [1], [5], and [11]. Only little work has been done to compare web pages based
on their visual structure [6].From a web user's perspective, however,the visual struc-
ture of a web page is more discriminating than the structure of its source code: The
fundamental reason is that the process of rendering a web page is a non-injective, and
hence lossy mapping is done from a one-dimensional code fragment into a two-
dimensional arrangement, where the same visual appearance can be generated by very
distinct HTML code fragments. With ever more complex web pages and more availa-
ble HTML options to create the same design, structural similarity as perceived by web
users can be only reliably determined from a web page's visual rendering [18].

The paper summarizes all the existing works in the field and highlights a detailed
comparison between them. It gives an account of the on-going work on formulating a
generic heuristic design-ruleandvisual cues based VisHue algorithm for web page
segmentation which is more beneficial than the existing methods for querying purpos-
es and constructs a corresponding hierarchical structure. It discusses the QBT inter-
face which is designed by using this approach. Future work will include improving
the QBT interface; making it more generic, dynamic and intelligent in nature. A prac-
tical evaluation of the proposed VisHue algorithm and a comparison of performance
between the QBT and the block based search in terms of reliability and scalability.

6 Summary and Conclusions

The present study considers a detailed account of the existing approaches for web-
page segmentation. It gives a comparison among these approaches. Since, the face of
the web is continuously changing the need for such approaches are ever growing. By
understanding the current techniques, the scope for improvements can be clearly un-
derstood. Combining heuristics with the visual rendering of the web page for web
page segmentation can prove to be a turning point in the need for language indepen-
dent solutions for web-page segmentation and for improving existing query interfaces.
The medical domain has a need to evolve in terms of making the available informa-
tion accessible to the end-users in a user-friendly manner. The need for advanced
query interfaces that provide an in-depth querying persists. Query by Segment or Tag
(QBT) is an attempt in this direction. It aims at returning the users the desired results
from the designated parts of the web-page rather than complete web page results.
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