
Introduction to Databases 
 

 
 
 
WHAT IS A DATABASE? 
 
A database is a computerized archive used to store and organize data in 

such a way that information can be retrieved easily via a variety of 

search criteria. Databases are composed of computer hardware and 

software for data management. The chief objective of the development 

of a database is to organize data in a set of structured records to enable 

easy retrieval of information. Each record, also called an entry, should 

contain a number of fields that hold the actual data items, for example, 

fields for names, phone numbers, addresses, dates. To retrieve a 

particular record from the database, a user can specify a particular piece 

of information, called value, to be found in a particular field and expect 

the computer to retrieve the whole data record. This process is called 

making a query. 

Although data retrieval is the main purpose of all databases, biological 

databases often have a higher level of requirement, known as knowledge 

discovery, which refers to the identification of connections between 

pieces of information that were not known when the information was 

first entered. For example, databases containing raw sequence 

information can perform extra computational tasks to identify sequence 

homology or conserved motifs. These features facilitate the discovery of 

new biological insights from raw data. 

 

 

 

 

 
 

 



TYPES OF DATABASES 
 
 

Originally, databases all used a flat file format, which is a long text file 

that contains many entries separated by a delimiter, a special character 

such as a vertical bar (|). Within each entry are a number of fields 

separated by tabs or commas. Except for the raw values in each field, the 

entire text file does not contain any hidden instructions for computers to 

search for specific information or to create reports based on certain 

fields from each record. The text file can be considered a single table.  

To facilitate the access and retrieval of data, sophisticated computer 

software programs for organizing, searching, and accessing data have 

been developed. They are called database management systems. These 

systems contain not only raw data records but also operational 

instructions to help identify hidden connections among data records. The 

purpose of establishing a data structure is for easy execution of the 

searches and to combine different records to form final search reports. 

Depending on the types of data structures, these database management 

systems can be classified into two types: relational database 

management systems and object-oriented database management systems. 

Consequently, databases employing these management systems are 

known as relational databases or object-oriented databases, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 



Relational Databases 
 
Instead of using a single table as in a flat file database, relational 

databases use a set of tables to organize data. Each table, also called a 

relation, is made up of columns and rows. Columns represent individual 

fields. Rows represent values in the fields of records. The columns in a 

table are indexed according to a common feature called an attribute, so 

they can be cross-referenced in other tables. To execute a query in a 

relational database, the system selects linked data items from different 

tables and combines the information into one report. Therefore, specific 

information can be found more quickly from a relational database than 

from a flat file database. 

Relational databases can be created using a special programming 

language called structured query language (SQL). The creation of this 

type of databases can take a great deal of planning during the design 

phase. After creation of the original database, a new data category can 

be easily added without requiring all existing tables to be modified. 

The subsequent database searching and data gathering for reports are 

relatively straight forward. 

Here is a simple example of student course information expressed in a 

flat file which contains records of five students from four different 

states, each taking a different course. Each data record, separated by a 

vertical bar, contains four fields describing the name, state, course 

number and title. A relational database is also created to store the same 

information, in which the data are structured as a number of tables.  

 

 

 
 

 



 

 

 

 

 

For example, if one is to ask the question, which courses are students 

from Texas taking? The database will first find the field for “State” in 

Table A and look up for Texas. This returns students 1 and 5. The 

student numbers are listed in Table B, in which students 1 and 5 

correspond to Biol 689 and Math 172, respectively. The course names 

listed by course numbers are found in Table C. By going to Table C, 

exact course names corresponding to the course numbers can be 

retrieved. A final report is then given showing that the Texans are taking 

the courses Bioinformatics and Calculus. However, executing the same 

query through the flat file requires the computer to read through the 

entire text file word by word and to store the information in a temporary 

memory space and later mark up the data records containing the word 

Texas. This is easily accomplishable for a small database. To perform 

queries in a large database using flat files obviously becomes an onerous 

task for the computer system. 

 

 

 

 

 
 



 
Object-Oriented Databases 
 
One of the problems with relational databases is that the tables used do 

not describe complex hierarchical relationships between data items. To 

overcome the problem, object-oriented databases have been developed 

that store data as objects. In an object-oriented programming language, 

an object can be considered as a unit that combines data and 

mathematical routines that act on the data. The object-oriented database 

system is more flexible; data can be structured based on hierarchical 

relationships. By doing so, programming tasks can be simplified for data 

that are known to have complex relationships, such as multimedia data. 

 

 

Three different objects can be designed: student object, course object, 

and state object. Their interrelations are indicated by lines with arrows. 

To answer the same question – which courses are students from Texas 

taking – one simply needs to start from Texas in the state object, which 

has pointer that lead to students 1 and 5 in the student object. Further 

pointers in the student object point to the course each of the two students 

is taking. Therefore, a simple navigation through the linked objects 

provides a final report. 


