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ABSTRACT
Biodiversity databases are of immense importance in Bioinformatics.  They serve as an information repository on biological species for the benefit of any educational and research activities by scientists, researchers and workers in the biological field. The current project, developed within the ambit of the Bioinformatics Infrastructure Facility (BIF) Studentship Programme sponsored by Department of Biotechnology (DBT), Govt. of India, aims to design and implement a biodiversity database which will serve as an online repository of the indigenous livestock and poultry resources of North-East India. The creation of this biodiversity database is expected to have a profound effect upon the biodiversity scenario in the North East India.
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Project Description
	Title
	THE DESIGN AND IMPLEMENTATION OF BIODIVERSITY DATABASE ILRONE

	Category
	Online Database/ Website

	Project Guide


	Dr. Probodh Borah
Coordinator, BIF and Professor
Department of Microbiology
College of Veterinary Science
Assam Agricultural University
Khanapara, Guwahati-781022 

	Aim of Project
	To design and implement a Biodiversity Database called Indigenous Livestock Resources of North East, India (ILRONE) which will serve as an online repository of the indigenous livestock and poultry resources of North-East India.

	Justification
	The creation of biodiversity database ILRONE will not only have a profound effect upon the biodiversity scenario in the North East India but it will also serve as an information repository on productive, reproductive and qualitative traits of the indigenous species of livestock and poultry for the benefit of any future educational and research activities in India. It will contain all the information about the indigenous species that are available exclusively in North East India.


	Language of Implementation
	PHP (for server-side scripting), JavaScript (client-side), HTML and CSS (for website-design)

	Platform
	WAMP (Windows, Apache, MySQL, PHP)

	Duration
	1 Semester (6 months)


Chapter 2
Introduction
 2.1 Biodiversity
Biodiversity is the variation of life forms within a given ecosystem, biome or for the entire earth. Biodiversity is often used as a measure of the health of biological systems. It defines the diversity (number and variety of species) of plant and animal life within a region. It comes from the word ‘biodiverse ‘- biotically diverse; having a high degree of diversity in living species. It consists of a variety of different species, the genetic variability of each species, and the variety of different ecosystems. Biodiversity is a measure of the health of an ecosystem, with healthy ecosystems having greater variety and variation in plant and animal life than unhealthy ones.

Biodiversity gives the variety of life and its processes. It includes components of structure, function, and process of species, communities, ecosystems, and other levels of biological organization. It comprises of the diversity of life on earth, consisting of genetic diversity, species diversity and ecosystem diversity.

2.2 Database
A database can be defined as an organized body of related information. In computer science we can call it as a structured collection of records or data that is stored in a computer system. The structure is achieved by organizing the data according to a database model. The model in most common use today is the relational model. The main objective of a database is to systematically arrange collections of data, and to structure it so that it can be automatically retrieved or manipulated. A collection of information organized in such a way that a computer program can quickly select desired pieces of data is known as database. 

2.2.1 Biodiversity Database
The collection of biodiversity-related information and process of transforming it into a structured collection of tables so that it can be easily retrieved or manipulated is known as the construction of a biodiversity database. The main goal behind the creation of biodiversity database is to make the world’s biodiversity-data freely and universally available online via the Internet, which will enable the sharing of the primary scientific biodiversity-data and the promotion of the development of biodiversity informatics around the world.
2.3 About the Organisation
The College of Veterinary Science, Khanapara is a constituent college of Assam Agricultural University, Jorhat. Besides imparting teaching, the institute carries out field oriented research works in animal husbandry and veterinary science, and also provides extension services to the farmers with the aim of technology transfer. The college also provides expert services to the State Govt. departments of the entire North Eastern region of the country, primarily in formulation of developmental plans and policies in the animal husbandry sector. It also provides expert services in management and health-care of wildlife in state zoos, sanctuaries and national parks of the region. The institute strives for human resource development to cater to the needs of the farmers and breeders for bringing about sustainable improvement in the livestock and poultry production through improved breeding, feeding, management and health care.

2.4 About BIF Studentship Programme
The BTIS (Biotechnology Information System Network) Centres including the Apex BTIC in DBT (Department of Biotechnology) have been providing studentship/traineeship scheme to students for doing 6 months project works for partial fulfillment of requirements for the award of M.Sc. and M.C.A. degrees. The current project was implemented within the framework of this Programme.

2.5 Development of Biodiversity Database ILRONE
The current project Indigenous Livestock Resources Of North East, India (ILRONE) is designed to be a fully functional, comprehensive online biodiversity database portal on the livestock and poultry resources (species) indigenous to the North East Region of India. 

2.6 Justification of the Project - its Need
The creation of biodiversity database ILRONE will not only have a profound effect upon  the biodiversity scenario in the North East India but it will also serve as an information repository on productive, reproductive and qualitative traits of the indigenous species of livestock and poultry for the benefit of any future educational and research activities in India. It will contain all the information about the indigenous species that are available exclusively in the North East, India, i.e. data pertaining to cattle, buffalo, pig, goat, chicken, duck, pigeon, yak, mithun, temen, rabbit and other species. Also, it will contain data relating to the important feeds and fodders of NE region besides serving as an online source for accessing the important data/statistics and publications relating to the species mentioned above. 

Chapter 3
Background
3.1 Biological Database Design - Introduction
Database design, development, and long-term management is a core area of the discipline of Bioinformatics.

Biological databases (Knowledge bases) are libraries of life-sciences information, collected from scientific experiments, published literature, high throughput experiment technology and computational analyses. They contain information from research areas including genomics, proteomics, metabolomics, microarray gene expression, and phylogenetics.
Databanks like GenBank (National Center for Biotechnology Information) store a colossal amount of information pertaining to the sequences of organisms, in many special machines called database servers. 
3.1.1 Database - Definition
A Database is simply a collection of related data. By data, we mean known facts that can be recorded and that have some implicit meaning. Again, this 'collection' may be of a varying size and complexity.
For example, an organization might store information about their organization, their employees and financial information etc. on computers using special software like MySQL. This is a collection of related data and hence is a database. 
A Database generally has:

· a source from which the data are derived.

· a degree of interaction with the events in the real world and

· an audience that is actively interested in the contents of the database, e.g. in the example above, the company management might be interested in knowing the details of the company employees.

The storage of the data is a key question in the making of a database. Merely recording facts and figures on computer does not, strictly speaking, make a database. For instance, storing certain statistics in a MS-WORD table does not make a database. In this light, a database is essentially a way of structuring and organizing the data, taking into account the relationships within it. To accomplish this task, special database software known as DBMS such as MySQL are used.

3.1.2 Database Management System (DBMS)

A DBMS is a collection of programs that enables the creation and management of computerized databases. It facilitates the following processes:

· Database definition – involves specifying the data types, structures and constraints for the data, i.e. what values they are allowed to take. 

· Database construction – the process of storing the data itself on some storage medium that is controlled by the DBMS.

· Database manipulation – includes such functions as updating and querying the database.

3.1.3. The Database Environment

The database and the DBMS software together are referred to as a Database System. The Database Environment consists of the Database System plus the end users and/or programmers. The operation of a simplified database environment is depicted in the following self-explanatory diagram:



Fig: A Database Environment
3.1.4 Advantages of the Database Approach

The main advantages of the database approach are:

· Elimination of redundancy
· Program-Data insulation – the data and the programs that use the data are kept separate.

· Homogeneity in the way the data are structured.

· Support of multiple views of the data.

· Sharing of data and multi-user transaction processing.

All these advantages are not available in either manual or traditional (computerized) file-processing systems.

3.1.5. The Relational Model
The ‘relation’ in ‘relational model’ comes from the mathematical notion of relations from the field of set theory. The basic data structure of the relational model is a ‘relation’. This is a table where information about a particular entity is represented in columns and rows. The columns enumerate the various attributes of an entity. Rows (also called records) represent instances of an entity. Each record again is a collection of related fields or attribute-values. A field is the smallest (atomic) unit of information in database theory.

A database which is designed in accordance with the principles of the relational model is referred to as a relational database. The corresponding DBMS is known as Relational Database Management System (RDBMS).

3.1.6. Relational Database Management System
A RDBMS implements the features of the relational model outlined above. More precisely, a Relational Database Management System (RDBMS) is a program that lets us create, update, and administer a relational database. MySQL is an example of a RDBMS.
These RDBMSs are designed to help in organizing large amounts of information in a way where the data can be easily searched, sorted, and updated by the end user. In addition, they have features like indexing, joins, aggregates and an overall table structure that makes the job of the application programmer easier. 
Certain Relational Operations of the RDBMS enable the users (or programs) to interact with the data contained in a relational database through queries written in a special language, usually SQL (Structured Query Language).
3.1.7 How an RDBMS Organizes Data
RDBMS data is invariably structured in database tables, fields and records. Each RDBMS table consists of database table rows. Each database table row consists of one or more database table fields. Again, the different database tables are related by common fields (database table columns). 
A list of Frequently Encountered Terms in Database Design is given in Appendix (A).
3.2 Database design

Database design is the process of producing a detailed data model of a database. This logical data model contains all the needed logical and physical design choices and physical storage parameters needed to generate a design in a Data Definition Language, which can then be used to create a database. A fully attributed data model contains detailed attributes for each entity. The term database design can be used to describe many different parts of the design of an overall database system. Principally, and most correctly, it can be thought of as the logical design of the base data structures used to store the data. In the relational model these are the tables and views. The term encompasses not just the base data structures, but also the forms and queries used as part of the overall database application within the database management system (DBMS).

Within the Relational Model the process of database design can generally be broken down into two steps,  

· that of determining the grouping of information within the system, generally determining what are the basic objects about which information is being stored, and 

· then determining the relationships between these groups of information

3.3 MySQL
MySQL is the world's most popular open source database software, with over 100 million copies of its software downloaded or distributed throughout its history. With its superior speed, reliability, and ease of use, MySQL has become the preferred choice for Web applications driven by databases because it eliminates the major problems associated with downtime, maintenance and administration for modern, online applications. MySQL is a Relational Database Management System (RDBMS).

MySQL is a key part of LAMP (Linux, Apache, MySQL, PHP) and WAMP (Windows, Apache, MySQL, PHP), on which the current project has been implemented.

The MySQL database is owned, developed and supported by Sun Microsystems, one of the world's largest contributors to open source software. MySQL was originally founded and developed in Sweden by David Axmark, Allan Larsson and Michael "Monty" Widenius.

3.4 APACHE

The Apache HTTP Server, commonly referred to as Apache, is a web server notable for playing a key role in the initial growth of the World Wide Web and in 2009 became the first web server to surpass the 100 million website milestone.

Apache is developed and maintained by an open community of developers under the auspices of the Apache Software Foundation. The application is available for a wide variety of operating systems, including UNIX, GNU, FreeBSD, Linux, Solaris, Novell NetWare, Mac OS X, Microsoft Windows, OS/2, etc. Released under the Apache License, Apache is characterized as free and open source software.

Apache supports a variety of features, many implemented as compiled modules which extend the core functionality. These can range from server-side programming language support to authentication schemes. Some common language interfaces support mod_perl, mod_python, Tcl, and PHP. Popular authentication modules include mod_access, mod_auth, mod_digest, and mod_auth_digest, the successor to mod_digest. A sample of other features include SSL and TLS support (mod_ssl), a proxy module, a URL rewriter (also known as a rewrite engine, implemented under mod_rewrite), custom log files (mod_log_config), and filtering support (mod_include and  mod_ext_filter).

Apache features configurable error messages, DBMS-based authentication databases, and content negotiation. It is also supported by several graphical user interfaces (GUIs). Apache is primarily used to serve both static content and dynamic Web pages on the World Wide Web. Many web applications are designed expecting the environment and features that Apache provides.

Apache is the web server component of the popular LAMP and WAMP web server application stack, alongside Linux or Windows, MySQL, and the PHP programming languages.

Apache is used for many other tasks where content needs to be made available in a secure and reliable way. 

3.5 PHP
PHP is a server-side scripting language originally designed for producing dynamic web pages. It is a widely-used general-purpose scripting language that is especially suited for web development and can be embedded into HTML. It generally runs on a web server, which is configured to take PHP code as input and create web page content as output. It can be deployed on most web servers and on almost every operating system and platform free of charge. PHP is installed on more than 20 million websites and 1 million web servers. 

While PHP was originally created by Rasmus Lerdorf in 1995, the main implementation of PHP is now produced by The PHP Group and serves as the de facto standard for PHP as there is no formal specification. PHP is free software released under the PHP License, which is incompatible with the GNU General Public License (GPL) due to restrictions on the use of the term PHP.

3.6 WAMP
WAMPs are packages of independently-created programs installed on computers that use a Microsoft Windows operating system. The interaction of these programs enables dynamic web pages to be served over a computer network, such as the internet or a private network.

"WAMP" is an acronym formed from the initials of the operating system (Windows) and the package's principal components: Apache, MySQL and PHP. 

The equivalent installation on a Linux operating system is known as LAMP.

Chapter 4
Methodology
The database ILRONE was created on the MySQL database framework and it consists of the individual tables of each of the species. Further, for each species, the attributes have been divided by category into a number of smaller tables. The organizational structure of the ILRONE database is given in the diagram on the next page.
4.1 Database Design Methodology

The Database Design methodology broadly encompasses the processes of collection of data, identification of the parameters, i.e. the field-names, specification of their data-types and determining the relationships among the data-items.
4.1.1 Data Collection

The data intended to be stored in ILRONE is available in the different departments of College of Veterinary Science (CVSc) and other institutes of North East. Therefore to compile data and co-ordinate data-collection, first of all, a committee was created named Database Consultancy Group consisting of faculty members of CVSc and other participants. The Group members provided the different parameters pertaining to each species and finalized the data-definition for each of the species. Further, it was resolved that the consultancy members would provide the data-values to the technical staff of ILRONE for populating the database.
A sample data-form provided by the members given in Appendix (B).










Fig.: The organizational layout of the ILRONE database

4.1.2 Data Definition and Preparation of Data-Formats
In line with the parameters suggested by the Group members, the list of attributes for each species was considered and deliberated upon for preparing the data-definition. List of attributes for each species was drawn up and for each parameter the corresponding data type was fixed. Further, the range of values which a particular data-item may be allowed to take was finalized. The end result of the exercise was the final preparation of data-definition formats, i.e.  the specification of each data type and the division of the data relating to each species into a number of (interdependent) tables. For incorporation as tables in the MySQL database, the primary key for each table was also finalized. 
The typical data definition format for a particular species in the ILRONE database is laid down as follows:
	CATEGORY
	SUB-CATEGORY
	FIELD NAME
	DATA TYPE

	
	
	scientific_name
	varchar(30)

	
	
	common_name
	varchar(15)

	
	
	local_name
	varchar(15)

	
	
	habitat
	varchar(200)

	
	
	geog_demog_distn 
	varchar(500)

	Pattern
	
	color_pattern
	varchar(150

	System of
Management
	
	system_ management
	varchar(50)               

	Body Conformation traits (in cm)  
	
	
	

	
	Adult body weight
	adult_body_weight_mean_male
	float

	
	
	adult_body_weight_se_male
	float

	
	
	adult_body_weight_mean_female
	float

	
	
	adult_body_weight_se_female
	float

	
	Body length 
	body_length_mean
	float

	
	
	body_length_se
	float

	
	
	hind_shank_length_se
	float

	
	Tail length
	tail_length_mean
	float

	
	Horn circumference at base
	horn_circum_base_mean
	float

	[…]



	
	Body capacity
	body_capacity_mean
	float

	
	
	body_capacity_se
	float

	Production traits
	
	
	

	
	Birth weight (kg)
	birth_weight_mean
	float

	
	
	birth_weight_se
	float

	
	Age at first calving (months)
	age _first_calving_mean
	float

	
	
	age _first_calving_se
	float

	
	Daily milk yield
	milk_daily_mean
	float

	
	
	milk_daily_se
	float

	
	Lactation-yield (Kg)
	lactation_yield_mean
	float

	
	
	lactation_yield_se
	float

	
	Lactation-length (days)
	lactation_len_mean
	float

	[…]



	
	Draught-capacity (Kg)
	draught_capacity_mean
	float

	
	
	draught_capacity_se
	float

	Reproduction Traits
	
	
	

	
	Gestation-period (days)
	gestation_period_mean
	float

	
	
	gestation_period_se
	float

	
	Dry-period (days)
	dry_period_mean
	float

	
	
	dry_period_se
	float

	
	Service-period (days)
	service_period_mean
	float

	
	
	service_period_se
	float

	
	Inter-calving period (days)
	intercalving_period_mean
	float

	
	
	intercalving_period_se
	float

	[…]



	Milk Constituents
	
	
	

	
	Specific Gravity
	milk_specific_gravity_mean
	float

	
	
	milk_specific_gravity_se
	float

	
	Fat Percentage
	milk_fat_mean
	float

	
	
	milk_fat_se
	float

	
	Solids Not Fat (SNF)  percentage
	milk_snf_mean
	float

	
	
	milk_snf_se
	float

	
	Total solids
	milk_total_solids_mean
	float

	
	
	milk_total_solids_se
	float

	
	Protein percentage
	milk_protein_mean
	float

	
	
	milk_protein_se
	float

	
	pH  Value
	milk_ph _value_mean
	float

	
	
	milk_ph _value_se
	float

	Blood Biochemical, hematological and hormonal Profile
	
	
	

	
	Serum T3 level (ng/ml)
	serum_t3_mean
	float

	
	
	serum_t3_se
	float

	
	Serum T4 level (ng/ml) 
	serum_t4_mean
	float

	
	
	serum_t4_se
	float

	
	Serum Progesterone (ng/ml)
	serum_ progesterone _mean
	float

	
	
	serum_ progesterone _se
	float

	
	Serum oestradiol (pg/ml)
	serum_ oestradiol _mean
	float

	
	
	serum_ oestradiol _se
	float

	
	(RBC)Total count (million/cumm or μl of blood)
	rbc_count_mean
	float

	[…]

	
	
	rbc_count_se
	float

	
	Blood pH
	blood_ph_mean
	float

	
	
	blood_ph_se
	float

	
	Heart rate per minute
	heart_rpm_mean
	float

	
	
	heart_rpm_se
	float

	
	Respiration rate per minute
	resp_rpm_mean
	float

	
	
	resp_rpm_se
	float

	
	Pulse rate per minute
	pulse_rpm_mean
	float

	
	
	pulse_rpm_se
	float

	
	Rectal temperature ((F)
	rect_temp_mean
	float

	
	
	rect_temp_se
	float

	Prevalence of Diseases
	
	prevalence_ diseases
	varchar(750)

	Contributor
	
	contributor_name
	varchar(150)  

	Source                      
	
	source
	varchar(700)  


Fig: Data-Definition for species Cattle
Other data-definition formats are provided in Appendix (C).
4.1.3 Selection of Primary Key
After due consideration of all the candidate keys like ‘scientific_name’, ‘common_name’ and ‘local_name’, it was decided to fix the ‘local_name’ as the primary key for each species.

4.1.3.1 Justification
It was fixed because different varieties of the same species are having the same scientific name which ruled out its selection as primary key. Moreover, certain species are not having common names. In view of this, it was decided to select the local name as the primary key. The ‘local_name’ field enables us to identify uniquely each variety of each species.
4.1.4 Specifying the Inter-table Relationships
From the specification of the attributes of each species, it became clear that there was a need to breakdown the definition into smaller sub-tables. For identification and creation of a particular sub-table, special consideration was given to the category of attributes. For instance in the data-definition of cattle specified above, it was found that the data naturally divided itself into separate inter-related categories such as ‘physical’, ‘production’, ‘reproduction’, ‘milk’, ‘blood and hematological profile’, etc. Therefore each of the fields belonging to a particular category was clubbed together in a separate table. For instance it was found that ‘milk’ category had the following fields ‘specific_gravity’, ‘protein_value’, ‘pH value’ etc. So these fields were incorporated in the ‘cattle_milk’ table. As a natural corollary of this division into tables, the question of specifying the relationship between these tables comes in. It was decided to have the local_name of each species as Foreign Key to be incorporated in each table. For instance, in the case of species cattle, the parent table was to contain the following fields:

· scientific_name 
· common_name
· local_name, etc.
and it was to be linked up with the child tables through the ‘local_name’ fields serving as the foreign key.

See for concept of foreign key Appendix (A).

The following diagram illustrates the relation between the child tables and the master table in the ILRONE database of species ‘cattle’. 
	local_name
	varchar(15)

	birth_weight_mean
	float

	birth_weight_se
	float

	age_first_calving_mean
	float

	age _first_calving_se
	float

	milk_daily_mean
	float

	milk_daily_se
	float



	scientific_name
	varchar(30)

	common_name
	varchar(15)

	local_name
	varchar(15)

	habitat
	varchar(200)

	geog_demog_distn 
	varchar(500)

	local_name
	varchar(15)

	gestation_period_mean
	float

	gestation_period_se
	float

	dry_period_mean
	float

	dry_period_se
	float

	service_period_mean
	float


	local_name
	varchar(15)

	adult_body_weight_mean_male
	float

	adult_body_weight_se_male
	float

	adult_body_weight_mean_female
	float

	adult_body_weight_se_female
	float

	body_length_mean
	float


Fig.: The Inter-table Relationship in ILRONE Database
4.2 Implementing the Data Definition in MySQL

Having specified the data-definition, the next step was to actually create the tables in MySQL. This is accomplished using the built in MySQL DDL (Data Definition Language) statements, e.g. to create table specified earlier, the following commands are used:
$ create table cattle_main (
scientific_name varchar(30), 
common_name varchar(15), 
local_name varchar(15) primary key,
habitat varchar(200),
geog_demog_distn varchar(500),
contributor_name varchar(150), 
source varchar(700)
 );
$ create table cattle_physical (
local_name varchar(15) primary key,
[….],

adult_body_weight_se_female float, 
body_length_mean float, 
body_length_se float, 
[….],

height_wither_mean float, 
height_wither_se float, 
heart_girth_mean float, 
    



);
index (local_name) foreign key(local_name) references cattle_main(local_name) on delete drop, on update cascade;
This process is repeated for each of the other child-tables.
Chapter 5
Implementation
5.1 Implementation on WAMP

The implementation of the Biodiversity database ILRONE was carried out under the WAMP (Windows, Apache, MySQL, PHP) platform which encompasses the following web technology software components:

· Windows - Operating System
· Apache – Web server
· PHP – Scripting Language
· MySQL – Database server
After installation of the software such as Apache, the other software, i.e. the MySQL followed by PHP, have to be installed and configured on the server-machine. Further details regarding installation are provided in the Appendix C. The Hardware and Software requirements for the project ILRONE are also given in the Appendix.
5.2 Front-end and Back-end
The front-end and the back-end respectively chosen for this project were: 
a. PHP as the front end
b. MySQL as the back end
The diagram illustrating the operational framework of ILRONE is given alongside.

In the diagram, the client at the user-end connects to the MySQL ILRONE database through the web browser via a PHP front-end (web page). PHP accepts the query from the user and passes it on the MySQL server through the PHP-MySQL interface. Also it retrieves the stored data values from the MySQL back-end and displays it to the user via the web interface. The entire project was hosted on a Windows server running Apache. 







Fig:  The Client-Server Operational Framework of ILRONE
5.2.1 About the Choice of Technology
It was decided to opt for PHP and MySQL as front-end and back-end respectively out of a wide range of web technologies available due to the following reasons:
1. PHP is open source. It entails absolutely no cost to the organization. It is completely community-based software and hence offers better and quicker support capabilities as compared to the proprietary solutions.
2. PHP is ideal server-side language for implementing projects of this kind which rely on dynamic user interaction, querying and retrieval of data from back-end database server. PHP makes efficient use of system resources and being a server side scripting language requires no extra software (plug-ins etc.) at the user end.
3. PHP is cross platform, i.e. it operates on almost every platform with equal ease. PHP is platform independent also in the sense that PHP code can be easily ported to other platforms, e.g. from Windows to Linux and thus ensures portability and deploybility on platforms other than Windows. 
4. PHP is secure. It has built-in security features ideal for the client-server transaction environment.
5.3 Justification for Implementing Web-based Solution
The current Biodiversity database ILRONE is required to have facilities for global access and easy deployment with minimum software and hardware requirements. The nature of the project thus suggested a web-based solution in order to meet these criteria. Moreover, a web-based application has the following advantages:-
1. A web-based application is internet-ready. No special networking code is necessary in such a solution. Thus it results in considerable savings in terms of programming effort and project execution time.

2. No special software is necessary at the client end. The application works simply through web browser.

3. The entire application follows a consistent user interface and the GUI integrates seamlessly with that of the platform. This results in ease of use.

4. No special training of users is necessary.

The organization already had sufficient infrastructure with respect to Internet connectivity, hardware and software availability, etc. This factor also automatically suggested a web-based solution.

5.4 Structure of the Project
The project is organized in a hierarchal directory structure which is shown below:

                                                          ILRONE

                                                               

Project (code)         Images                  Styles                    Scripts                  Species
5.5 Implementation of the Front-end
The front end is designed purely using a combination of PHP and HTML. CSS has been used for defining the styles and the appearance. JavaScript has also been used for programming at the client-end wherever necessary. The project ILRONE has been designed to be a website with the following functionality:
· Administrator Log-in
· Facilities for user- registration

· Facilities for adding data related to the species into the database
· Facilities for viewing the data
· Data querying facilities
· Facilities for updating/modifying the data
5.5.1 Facilities for Adding the Data
The website ILRONE enables registered users to add the species-data into the MySQL database through special data-entry forms. For ensuring authentication, the site has been divided into a user-space, members-space and administrator-space with the following facilities provided in each-
Users:                                      
                                                                   USER

                                                                                              

                                                                                View data 
Members:                                      
                                                                 MEMBER
                                                                                              

                View data                                               Add data                                       Update data
Administrator:

            ADMIN

               View data                       Add data                      Delete data                       Update data
The users registered with ILRONE may insert the data through the data-entry forms designed specifically for this purpose. A sample data-entry form is given below. A few others are provided in Appendix (E).
[image: image2.jpg]1. Sdentific name

3. Local name

2. COmMmON NAME [if na, use local name]
4. Habitat

Type the description here

5. Geographical and demographical distribution
Type the descriprion here

6. Contributor *

7. Source *
Type the description here

ADD New Data Skip





Fig- A typical data entry form in ILRONE
5.5.2 Facilities for Viewing the Data
The website is globally accessible and any visitor to the site can view the data pertaining to any species through the special menu in site:


Fig: View-Menu in ILRONE

5.5.3 Facilities for Updating
As in the case of 5.5.1 only the following may update the data stored in the ILRONE database:
· The registered users: Updating has been implemented in such a way that only the users creating a particular species may update the record corresponding to that species. This has been done in order to ensure that the control remains with the creator member, thus preventing data-inconsistency and conflicts in data-entry.
· Admin: The full power has been provided to the administrator of ILRONE so that he may update the data relating to any species (including deletion).   

5.5.4 Other Facilities Provided in ILRONE.

· Statistics – Comprehensive statistics on the (livestock population, production and allied data) both general as well as species wise. 
· Species gallery for viewing the images of the different indigenous species.
· Publications - Research papers published so far on different aspects as production, reproduction, health care, vaccines and others.

5.5.5 Fields Proposed to be added in Future

· Query forms – To query data and search the data according to
 different criteria.

· Assamese version of the website.
The screen-shots for the other interfaces of ILRONE are provided in the Appendix.
Chapter 6
Testing and Validation
6.1 Testing - its Importance

Testing is the process through which an application is subjected to a series of tests and situations with the intention of finding bugs in the software. Importance of testing in software development lifecycle lies in improving reliability, performance and other important factors. Software testing has become an indispensable part of the software development process.

The current project ILRONE was subjected to a series of tests before its actual implementation (i.e. before hosting of the website) in order to ensure that the application serves its purpose in a robust and fault-free manner and also to guarantee that the software is able to provide the basic functionality as per the user-requirement specification. In particular, codes relating to the data-addition, updation sections were identified as the core components of the ILRONE system and as such, considerable time was invested in testing these code-portions through a variety of checks and under a wide range of situations.
6.2 Validation of Data

In order to get the data from the forms to the database in an error-free manner, and to ensure that the data is what that is wanted in the database, code was written for validating the data before its actual insertion in the database. Most of these validations were performed on the server side (for security) through PHP. Data validation was performed with the following objectives in mind, among others:

· Ensuring that no invalid data is entered, e.g. text-characters in numeric fields, numbers in strictly-text fields like ‘scientific_name’, etc.
· Enforcing strict formats for data-entry, e.g. numeric fields only in 000.00 format, contributor-names in upper-case, etc.

· Providing a way for the user to correct mistakes made during the data-entry process ensuring consistency of data

· Inserting the data into the database in uniform and consistent manner, etc.
6.2.1 Multiple-level Error Checking

There is a need for multiple-level error checking. The data that the user inputs into the form has to be checked very strictly before they are actually inserted into the database. Strict formats have to be specified and any deviation from these formats must necessarily lead to rejection (with error message). An example error message of ILRONE is provided in the Appendix.
Certain problems that cropped up during the testing and validation stages and the manner in which they were solved is given in the following table:

	Sl. No.
	Problem
	Solution

	1.
	'data truncated' problem
	Converted the numeric values to numeric data-type using PHP function like floatval(), else MySQL complains.

	2.
	overflow problem
	Used 'maxlength' attribute for the text-box in the data-entry forms

	3.
	whitespace problem
	used trim() function of PHP;  ereg_replace() function for multiple embedded spaces

	4.
	strict-format enforcement
	The ereg() function in PHP proved very useful for ensuring adherence to and for strictly specifying the formats. Regular expressions can be used to either ensure that a particular pattern is matched, i.e. adhered to or to ensure that a particular pattern never matches, i.e. certain invalid characters have not been entered


Basically, there were 2 things that needed to be enforced before inserting the form-values into the database:

1. Multi-level error checking (discussed above)

2. Processing of the data-values before they are finally inserted. This necessarily included the conversion of the text to either upper or lower-case, removal of embedded spaces (as in problem 3 listed in the table above). This step is important because without it, the data may appear in a haphazard form, i.e. in myriad forms when viewed or retrieved. Essentially, this step is an extension of 1, but as one cannot be too severe on the user, we had to make certain concessions for the so-called ‘innocent’ errors like typing more than one space between words, typing everything in upper-case, non-capitalization of personal-names, etc. and perform the required processing ourselves, before submission. Everything is done transparently to the user.

The code relating to validation is provided in Appendix F.
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