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ABSTRACT
Biologists understand, analyze and discover great piece of knowledge hidden in the database by performing operations
on data. There arises a need of writing efficient algorithms for such operations and tools which implement such
algorithms. It requires knowledge of very diverse domains like molecular biology, statistical- mathematical models
and computer science. Since biologists are not computer savvy and computer programmers lack the knowledge of
molecular biology, availability of a library containing biological operations would be of a greater use to both biology
and computer science community. There are various ways of providing API to the user. We designed a biological
database cartridge containing all data types and functions which can be used to represent biological entity and perform
operations on. Deployment of cartridge to the database management system extends its capabilities for biological
data to certain extent.
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1. INTRODUCTION

Biologists understand, analyze and discover great piece
of knowledge hidden in the database by performing
operations on data. There arises a need of writing
efficient algorithms for such operations and tools which
implement such algorithms. It requires knowledge of
very diverse domains like molecular biology, statisticalmathematical models and computer science. Since
biologists are not computer savvy and computer
programmers lack the knowledge of molecular biology,
availability of a library containing biological operations
would be of a greater use to both biology and computer
science community. This library can be used by
developer to develop biological tools and applications.
There are various ways of developing libraries and
providing API to the developers. We have designed
library containing biological data types and operations
packaged in a component named as Biological Data
Cartridge [1]. We have designed and implemented this
cartridge on top of the database management system.
The cartridge can be deployed on the underlying
database management system which hosts biological
database. The use of data cartridge eliminates the need
to bring the data outside the database for processing
rather it exploits the processing and functional
capabilities of the underlying database management
system. Further deployment of cartridge to the database
management system extends it capabilities for biological
domain to certain extent. Implementing biological
operations in a biological cartridge also opens a window

for pipelining multiple operations logically instead of the
current approach of using different tools for different
operations.
2. RELATED WORK

The current approach is to use web-based tools to do
analysis on the data. Biologist and Researcher have to
use different tools for performing different operations.
Going further, the application programming interface
provided by BioPerl [2] is efficient against file based
systems and cannot be seamlessly integrated within the
database management systems. BioJava [3] is another
development framework designed for sequence analysis.
Like BioPerl, it is also a boon to development applications
using the API giving inside. Unlike BioPerl, BioJava can
be integrated within the database management system.
The downside is database management system must
provide extensibility interface to install Java classes
within. The thousands of web based currently available
on internet like BioZone [5] and Moble [6] does not allow
pipelining of operations.
3. PROPOSED WORK

We have designed the library in a component known as
biological database cartridge. The cartridge contains data
types and operations which are built using the native
procedural constructs offered by database management
systems and hence it can be easily integrated within the
database management systems.
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3.1. Biological Data Cartridge
Biological data cartridge is basically an array of
components designed specifically to model biological
data and their operations in one unit which can be
deployed to the database server hosting biological
database. Biological data cartridge is very well integrated
with the database server components that it can exploit
the capabilities of the underlying database server. This
framework lets you capture domain-related logic and
processes associated with specialized or domain-specific
data in user-defined data types or objects. These data
objects or data types are both the structures that relate
different units of information and the operations that are
performed on them. The simple names given to data
objects often conceal considerable complexity. Data
cartridges that provide new behavior without needing
new attributes have the option of using packages rather
than user-defined types. Either way, you determine how
the server interprets, stores, retrieves, and index the
application data. Data cartridges package this
functionality, creating software components that plug
into a server and extend its capabilities into a new
domain, making the database itself extensible.

a data cartridge’s requirements, you can provide
additional services that satisfy the additional
requirements of the data cartridge. Data cartridge
exploits existing capabilities of the underlying database
server and provides domain specific data types and
functionalities. Data cartridges can be easily deployed
to underlying database server thereby enriching domain
specific functionalities of the database server.
3.2. Functionality of Biological Data Cartridge
Biological data cartridge contains the data types which
are to represent biological entities like DNA and protein
sequences and array of data types to represent features,
annotations, cross references used within such biological
entities. The operations for sequence analysis like local
sequence alignment, global sequence alignment, multiple
sequence alignment any many more functions are
integrated within the data type. Domain index represents
indexes which were created according to the nature of
the biological data unlike the traditional indexing.
Implementing the domain index on biological data
improves data retrieval operations.

Data cartridge has the following key characteristics:
•

Data cartridges are server-based.

•

Data cartridges extend the serve

•

Data cartridges are integrated with the server.

•

Data cartridges are packaged.

Fig. 1: Extensible Framework

Annotation management provides procedures to
maintain annotations attached with the biological data.
Data compression module contains algorithm to
compress DNA sequence. The compression algorithm is
built using hash based data structures and can compress
DNA compresses by 75%.
Fig. 1: Biological Data Cartridge

Every database server provides services for basic
data storage and data types, query processing,
optimization, and indexing and library of general
purpose primitive functions. Applications use these
services to access database capabilities. However, data
cartridges have specialized needs because they
incorporate domain-specific data and operations being
performed on such data.
To accommodate these specialized needs, these basic
services can be made extensible. This means that where
standard database services are not adequate for meeting

Compression of sequences saves disk storage time
and backup time. Data Management module contains
procedures for extraction, transformation and loading
of data from diverse set of data sources to the local
database. It also contains procedures for database
backup, restore and recovery. Data Synchronization
module contains procedure to synchronize data with
standby databases using XML. Once the cartridge is
installed on the database management server, the
functionalities are available to the database management
systems as well to the developers and users.
Implementing the data types and operations for
biological data using a cartridge on top of the database
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management system greatly adds flexibility to the
developers, users and enhance the overall performance.
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