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Abstract
Web databases when queried result in huge number of records
when users of query need a portion of those results which are
real interest to them. This problem can be solved using concept
hierarchies. Knowledge representation in the form of concepts
and the relationships among them (Ontology) allows effective
navigation. This paper presents provisions for categorization
and ranking in order to reduce the number of results of query
and also ensure that the navigation is effective. User should not
spend much time to view the actual subset of records he is
interested in from the avalanche of records that have been
retrieved. For experiments, PubMed database which is in the
public domain is used. The PubMed data is medical in nature
and organized as per the annotations provided that is
instrumental in making concept hierarchies to represent the
whole dataset of PubMed. The proposed technique in this paper
provides a new search interface that facilitates end users to
have effective navigation of query results that are presented in
the form of concept hierarchies. Moreover the query results are
presented in such a way that the navigation cost is minimized
and thus giving rich user experience in this area. The empirical
results revealed that the proposed navigation system is
effective and can be adapted to real world systems where huge
number of tuples is to be presented.
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the bulk of search results. This problem has been
researched in [1], [2], [3] and the problem is identified as
information overload. Figure 1 shows static navigation
of MeSh hierarchy of biomedical data.

1. Introduction
The amount of data provided over World Wide Web
(WWW) is increasing rapidly every year. In the past
decade in started growing drastically. Especially
biomedical data and the literature pertaining to it that
reviews the aspects of biomedical data across the globe
have seen tremendous growth in terms of quantity.
Biological data sources such as [1], [2], and [3] are
growing in terms of laths of new citations every year.
The queries made by people associated with healthcare
domain have to search such databases by providing a
search keyword. The results are very huge in number and
the users are not able to view all the records when they
actually need a subset of them. This has led to users to
refine query with other keywords and get the desired
results after many trials. Here it has to be observed that
user time is wasted in refining search criteria and also
the navigation of query results which are abundant and
bulky. The navigation cost is more as user has to spend
lot of time in finding the required subset of rows from

Fig. 1 – MeSH Hierarchy [2]

The solutions are of two types namely categorization and
ranking. However, these two can be combined to have
more desired results. The proposed system is specially
meant for presenting results in such a way that the
navigation cost is reduced. For this purpose
categorization techniques is used and concept hierarchies
are built. The categorization techniques are supported by
simple ranking techniques. The proposed solution uses
citations as described in [4],[8] and effectively constructs
a navigation tree that can reduce cost of navigation and
user’s experience is much better when compared with
existing systems that do not use these techniques. These
techniques are being used by e-Commerce systems to let
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their users have smooth navigation to the results returned
by such systems.
The proposed system uses a cost model that lets it
estimate the cost of navigation and make decisions in
providing concept hierarchies. The cost of navigation is
directly proportionate to the navigation sub tree[10]
instead of the whole results in the tree. Earlier work on
dynamic categorization of query results are in [2], [3],
[5] and [6]. They made use of query dependent clusters
based on the unsupervised technique. However, they
neglect the process of navigation of clusters. In this
aspect the proposed system is distinct and provides
dynamic navigation on a pre-defined concept hierarchy.
Another telling difference between existing systems and
the proposed one is that the proposed system uses
navigation cost model that minimizes navigation cost no
matter what the bulky of search results is. Overall, our
contributions are development of a framework for
effective navigation of query results; a formal model for
cost estimation; algorithm to optimize the results’
navigation cost; experimental evidence on the
effectiveness.

operations that are direct responses to user queries and
also navigation operations made by user. The Medline
DB has Mesh [9]concepts that can be loaded into local
database using utility programs which are provided by
the DB vendors. The Mesh concepts thus downloaded
are stored in local database. In online phase, user enters a
query. The query gets processed and results are obtained
from database. The results then are used to construct
concept hierarchies. The navigation sub system is
responsible to take care of fine-tuning navigation tree so
as to reduce the time for viewing desired results only.
User is provided with a web based interface though
which users can determine giving queries and the results
get presented.

3. Algorithms
Navigation model is described in fig. 3. It makes use of
the following to calculate the navigational cost. Number
of EXPAND actions, Number of concept nodes shown
by a single EXPAN action and Number of citations
presented for a single SHOWRESULTS action.

2. Architecture of Proposed Framework
The proposed framework is meant for making navigation
of query results as effective as possible. The results of
this project enable end users save lot of time as the
proposed framework reduces the time taken to reach
valuable content in the hierarchy.

Fig. 3 - Navigation model in TOPDOWN fashion [1]

The EXPAND operations shows set of related nodes.
SHOWRESULTS shows results to end user. IGNORE is
used to ignore a node and move on to the other desired
results. BACKTRACK occurs when undo is performed
by end user.

3.1 Opt Edge Cut Algorithm
Fig. 2 – Architecture of Proposed Framework

As can be seen in fig. 2, the proposed framework has
two phases such as Online and Offline. The offline phase
performs operations in which user’s active presence is
not required. The Online phase is responsible to perform

The Opt-EdgeCut algorithm shown in fig. 4 which is
responsible to calculate the minimum expected
navigational cost.
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used include Servlets and JSP. The home page of the
application is as shown in fig. 6.

Fig. 4 – Opt-EdgeCut Algorithm [1]

The algorithm proposed in fig. 4 is more expensive in
terms of computational cost. To overcome this
drawback, heuristic reduced opt algorithm is proposed.
According to this algorithm, which makes use of kpartition algorithm [10] and also pruning concepts to
improve performance of navigation.

Fig. 6 – Home page of the application

As can be seen in fig. 6, the home page facilitates the
search operations besides other admin operations. The
search results and the navigation tree are presented in
fig. 7.

Fig. 5 – Heuristic-ReducedOpt Algorithm [1]

4. Experiments
4.1 Environment
The environment used for experiments include a PC with
2 GB RAM, 2.93GHz processor with Windows XP OS.
The software used include JDK 1.6 (also known as Java
Standard Edition 6.0), Net Beans IDE (for rapid
application development), browser. The technologies

Fig. 7 – Search Process and Results
After making experiments with the proposed framework
using a web based application the results are shown in
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the form of graphs. Fig. 6 shows comparison of number
of expand operations.
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# of EXPAND Actions(Biochemistry)
Fig. 6 – Comparison of number of expand operations

The results of EXPAND operations for various
approaches are visualized in fig. 6. In X axis query
numbers are presented while the Y axis reflects the count
of EXPAND operations.

The results of number of concepts revealed when
OptEdgeCut and Heuristic-ReducedOpt are compared.
The results reveal that the Heuristic-ReducedOpt is far
better than Opt-EdgeCut algorithm in terms of overall
navigational cost incurred by those algorithms when
implemented for effective query navigation of results.
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Fig. 7 – Comparison of number of concepts revealed

For the biochemistry database, the operaal number of
concepts revealed are presented in fig. 7. The graph
compares overall navigation cost of the algorithms such
as Opt-EdutCut and Heuristic-ReducedOpt algorithms.
As is evident in the figure, Heuristic – ReducedOpt
algorithm performance is much better than that of OptEdgeCut.

Fig. 9 - Heuristic-ReducedOpt EXPAND performance.

As seen in fig. 9, the average time of HeuristicReducedOpt to execute and EXPAND action with
respect to each query of table 1. The average values are
taken from the number of EXPAND action provided in
fig. 6.
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5. Conclusion
This paper presents a framework for effective navigation
of results of query given to biomedical databases such as
PubMed. The problem with query results is that
biomedical database returns millions of records and
users have to spend some time to navigate to the desired
records in the results. This is known as navigation cost.
Such problem is also known as information overload
problem. The aim of the proposed framework is to
address the problem by reducing navigation cost. We
achieve this by organizing the results based on the
associated MeSH (Medical Subject Headings) hierarchy
by proposing a method that works on the resulting
navigation tree. The method is known as dynamic
navigation method. After applying this method, every
node when expanded reveals a subset of required rows
thus reducing navigation cost. We have described the
underlying cost models and also evaluated them. We
developed a prototype application to test the
framework’s functionality. The empirical results
revealed that the proposed framework is effective and
can be used in the real time applications.
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