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Database Designing 
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Indian Agricultural statistical research Institute 
 
Database System:- It is a Computer – Based Record – Keeping System. 
Record- Keeping System:-     A system whose over all purpose is 

 To store information. 
 To maintain information. 

What kind of  information? 
Ans.:- Anything that is necessary in decision – making process of an organization. 
 
Data:-  It refers to VALUES actually (physically) recorded in the database. 
  Example:-     75, Parker 
 
Information:- It refers to the MEANING OF DATA VALUES as understood by user. 
 Example:-     For above data, the information might be “A parker pen costs 

Rs 75” 

 
Simplified View of a Database System 
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Major Components of a Database System 

1. Data 
2. Hardware 
3. Software 
4. Users 

 
Data:-  The data stored in a database system is partitioned into one/more databases. 
 

For convenience, we assume that a database system consists of just one database 
that contains the stored data in totality – as it does not substantially (importantly) 
invalidate further discussion. 
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Database: - A database is a repository (place/warehouse for storing - usually 

information) for stored data. 
 
Database is both Integrated as well as Shared 
 
Integrated:- By integrated, we mean that the database maybe thought of as unification 

of several distinct data files with the redundancy among them reduced to 
the minimum (unification relates here to UNION and redundancy relates 
to duplication) 

 
Example  
 If two tables are related then there is no need to duplicate data as 

matching the records can retrieve data from any table. 
 
Shared: - By shared, we mean that individual piece of data may be accessed by  

several users. 
 

Examples   
 Data maintained by one department may be accessed by other 

department. 
 A given database may be perceived (seen or understood) by different 

users in different ways. 
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Concurrent Sharing: –  means ability to access same piece of data by several users 

at the same time. 
 
This facility may not be provided by all the DBMS. DBMS 
supporting this feature is referred to as Multi-User System. 
 

Hardware: -   This component of a database system relates to the place 
where the database resides. (physically).  It consists of the 
secondary storage devices – disks, drums etc. 

 
It is assumed that the database is large enough to fit in the 
primary storage. 

 
Software: Between the physical database and the users, there is a 

layer of software called DBMS.  
 

All requests from the users for access of database are 
handled by the DBMS. 

 
  All requests also shield users from hardware – level details. 
 

Note:  DBMS provides a view of database that is above the 
hardware level.  
RDBMD – The DBMS based on relational algebra is called 
RDBMS 

 
Users:   The broad classes of users are:- 

1. Application programmers 
2. End Users 
3. Database Administrator (DBA) 

 
Application Programmers:  These are the users 
responsible to write programs (e.g., in COBOL FORTRAN 
etc.) for retrieving information, deleting, inserting or 
changing existing data.  

 
End-Users: End users are users accessing data from 
terminals. They may use some Query Language provided 
by the DBMS to      manipulate the data, write new 
application program or may use the existing ones or 
perform all the functions like retrieval, deletions etc. 

 
DBA These are the users responsible for over-all control 
of the DBMS.  (Control means central control of both data 
and programs accessing that data) 
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Data 

 
Engles has referred to Data in a Database as ‘Operational Data’ distinguishing it from 
Input Data,  Output Data or any other kind of data. 
 
This leads to a modified definition of a database as : 
 
Definition A database is a collection of stored operational data used by 

the application systems of some particular enterprise. 
(one database for one enterprise ) 
 
Enterprise:   Enterprise in definition refers to a generic 
term (i.e., a class and not a brand name ) for self-explained 
commercial, scientific or other organization. 
Example:-   Factory, Bank, University 

 
Operational Data:  The data an enterprise must necessarily maintain for its 

operation is called its operational data. 
 
Difference between operational data, input data and output data 
 
Input data: It refers to information entering the system from the outside 

world. ( World – It is related to information that is 
maintained in the database ) 

 
Example:- If we have input data as price with sales tax 
whereas the price without sales tax has to be entered into 
the database as operational data. In such a situation some 
transformation is to be used to convert the input data to 
store the operational data. 

 
Output Data: It refers to the messages and reports created through the 

system. Such reports contain information derived from the 
operational data but is not a part of the database. 

 
Illustration of an Operational data 
Let us consider an enterprise (Manufacturing Company) on which we wish to maintain 
information about : 
 

 Its PROJECTS in hand 
 PARTS used in the PROJECTS 
 SUPPLIERS who supply the PARTS 
 WAREHOUSES where the PARTS are stored 
 EMPLOYEES who work on the PROJECTS etc. 
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Note: PRIOJECTS, PARTS, SUPPLIERS, WAREHOUSES, 

EMPLOYEES etc. are the basic ENTITIES about which data is 
recorded in the Database. 

 
ENTITY: It refers to any distinguishable object that is to be represented in 

the data. 
 
Relationships: It is the link/association between the entities. 
 

Example:- There is an association / relationship between 
SUPPLIWERS and PARTS. 

 
 These relationships are bi–directional. 
 
 By bi–directional we mean that if we have relationship between 

two entities EMPLOYEES and DEPARTMENTS, we can answer 
both the questions: 

 
1. Given an Employee, find the corresponding Department. 
2. Given a Department, find the corresponding Employees. 

 
Note: Relationships are also a part of Operational Data as are the 

entities. 
 

Why Database?  
 
Answer is that a database system provides the enterprise with a centralized control of its 
operational data.  
 
It is centralized because of the property that a database is integrated. Integrated property 
is the most valuable asset of a database. 
 
In many enterprises today each application has its own private files i.e., Operational data 
is dispersed.  Due to this dispersed behavior, the control over the data is difficult. 
 
Advantages of having a Database 
 
Redundancy can be reduced 
 
If DBA knows the requirements of different applications, he can integrate their data and 
thereby eliminate redundancy (duplication). 

 
Example:- Let 1st application requires personal information and records data on  

EMPNO,DEPT.QUAL.NAME.ADDRESS 
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2nd application records data on   
EMPNO,DEPT,SALARY.SAVINGS 

 
Here we note that EMPNO is the field that can be used to set up 
relationship but DEPT is redundantly kept in both the applications if 
integration of data is to be considered. 
 
Sometimes there are sound reasons to maintain multiple copies of data i.e. 
to maintain redundancy because of business or technical reasons. Thus in a 
database system redundancy should be controlled. 
 

Inconsistency can be avoided 
 
Example Suppose an enterprise maintains SUPPLIER’s LOCATION at two / more 

places and system is not aware of this duplication (i.e. Redundancy is not 
controlled) 

 
In such a situation there can be occasions when the entries may not agree 
(Inconsistent database). As a result of maintaining redundancy, proper 
updates may not be done on all the copies of redundant data. 

 
To avoid inconsistencies while allowing redundancy, the process of 
propagating updates must be followed. 

 
Propagating Updates: 

It means that a change made at any place of redundant data is 
automatically made at all other places.  This is done by making the 
redundancy known to the system. 

 
Data can be shared 

Data sharing has already been discussed that database is shared. 
 

Not only existing applications but also new applications can be developed 
to share the data i.e. Data requirements may be satisfied for new 
applications without creating new stored file. 

 
Standards can be enforced 

With centralized control, the DBA can ensure that all applicable standards 
are followed in representation of the data. 
Standards may be:   
 Company Standards 
 Installation Standards 
 National / International Standards 

 
Standardizing the data is desirable for Data Interchange / Migration 
between systems. 
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Security restrictions can be applied 
Since DBA has complete control over the data, he can ensure that access 
to database is only through proper channel by enforcing: 

 
 Authorization checks whenever access to sensitive data 

 is attempted. 
 Permissions to retrieve, modify, delete or insert data. 

 
Integrity can be maintained 

Problem of integrity is the problem of ensuring that the data in the 
database is accurate.  
Lack of integrity:- It is inconsistency between two entries representing 
same fact. Such a lack of integrity is due to redundancy. 

 
Even if redundancy is eliminated, the database may contain incorrect data. 

 
Example:- A worker may be shown to have worked 200 hours /week. 

 
Centralized control allows the DBA, insofar as they can be avoided, to 
control these inconsistencies by defining validation rule (in ACCESS)/ 
validation procedures (in ORACLE) which are carried out whenever any 
update (all types of operations) is attempted. 

 
Data integrity is more important in database because database is shared 
and without proper validation procedures a program may generate bad 
data resulting in infecting other innocent programs using that data. 

 
Conflicting requirements can be balanced 

The DBA, after knowing the overall requirements of the enterprise, can 
structure the database that gives best service to the enterprise. 
 
Example:- A representation can be chosen for the data in storage that 
gives fast access for the more important applications. 
 

 
Data Model  
 
Producing a Data Model is the Initial step in designing a database. 
 
E/R (Entity – Relationship) Model is the most commonly used  data model. 
 
E/R Model  
 
It stands for Entity Relationship Model and is the most widely used model. It has gained 
acceptance as the ideal data model for database design.  Peter Chan introduced this 
Model in 1976 and defined it as: 
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 E/R Model is a model that is based on the understanding that the world is made up 
of objects - [Entities and Relationships among the Entities] 

 
 Chan not only introduced E/R Model but also gave the corresponding 

diagramming technique. 
 
 
 
 
 
        
 
    
 
 

A sample of E/R diagram 
 
Uses of E/R Model 
 

 It facilitates the database designer to know overall structure of the organization. 
 It gives description (attributes) of different components (entities) of an 

organization. 
 It gives a graphical representation of business information. 

 
E/R Model Composition: E/R model consists of: 
 

 Entities  
 Attributes 
 Relationships 

 
Notations in E/R Diagram 
 

 Rectangle-  to represent entity 
 Ellipse -  to represent attribute of an entity 
 Diamond -  to represent relationship 
 Line -   to represent link between attributes to entity and also link                       

between Entity and Relationship 
 
 
Entity  An entity is an object that exists and is distinguishable from other objects. 

It represents a Component of a Business System about which the 
Organization wants to record Information. 

 
Example:  Customers and Accounts 

 
Entity Type  It is the name of a set that consists of things sharing common properties. 

TAUGHT IN
 
SEMESTER 

 
COURSE 

TITLE  CODE# SEM#START DATE
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Entity Instance  It is a specific individual, thing or object or an element of the 

Entity Type set. 
 
Example  EMPLOYEE - may be an entity type whereas ' Anil 
- a particular employee's details' - is an entity instance 

 
Attributes An attribute is a property of an entity. 
 
An entity is described by a set - comprising of properties/attributes of that entity. 
 
An attribute contains specific information that should be made known about the Entity. 
 
Mandatory Attributes:  Must have a value [NOT NULL] 
 
Optional Attributes:  May or may not have values [NULL] 
 
NULL is neither CHARACTER type nor NUMERIC type. It occupies one byte if it falls 
in a column whose adjoining columns are filled with values otherwise. NULLS do not 
occupy any space if they are at the trailing end. NULL is used for values missing at the 
time of data entry but can be replaced by its real value at a later stage 
 
Good practice is, therefore, to create such fields which are likely to have NULL values 
towards the end of the record. 
 
Attribute Instance -  It is value of a particular property of an individual entity instance. 

Example:-  'Anil' is an attribute instance while NAME is the 
attribute type. 

 
Domain of Attribute For each attribute, there is a set of permitted values, called domain 

of attribute. 
 
Relationship Chan defined a relationship as an association among entities. A 

relationship is a bi-directional association. 
 

 between two entities 
 between an entity and itself 

 
Types of Relationships 
 

 One to One 
 One to Many/Many to One 
 Many to Many 
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Examples 
 

•One to One

•One to Many

•Many to Many

Department HODHeaded 
by

Father Children

Students Teachers

Has

Teach

 
Logical   Database Design 
 
The database-designing problem deals with “Given a body of data to be represented in 
the database, how do we decide suitable logical structures for that data?” 
 
i.e. This problem is associated with deciding of what relations are needed and what their 
attributes should be? 
 

 We have already discussed the E/R modeling technique. 
 It involves identifying entities and  relationships 
 Drawing the E/R diagram and 
 Mapping the diagram to tables  
 Relational Model may be straight away developed by putting the data into tables 

and without following E/R model. 
 However, chances of such a model to have redundancies are more as compared to 

that developed through E/R Model. 
 A good design principle is  “One fact in One place”. 
 Anyone designing a relational database is advised to be familiar with the basic 

normalization techniques but it is certainly not suggested that the design should be 
based on Normalization Principles alone.  
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What is Normalization? 
 

 Normalization is a step-by-step decomposition of complex records into simple 
records (complex means problematic) 

 Normalization reduces redundancy using the principle of non-loss decomposition. 
 Non-loss decomposition is the reduction of a table into small tables without loss 

of information. 
 
Why Normalization? 
 

 Normalization reduces redundancy 
 Redundancy is the unnecessary repetition of data. 
 Redundancy can lead to : 

 
 Inconsistencies – Errors are more likely to occur when facts are repeated. 
 Update problems – Inserting, Modifying and Deleting data in one table while 

omitting to make corresponding changes in other relations. 
 During the process of Normalization we can identify the dependencies, which can 

cause problems when deleting or updating.  
 

Normalization simplifies the structure of the relations. 
 
Consider a table SP as: 
 
SP   S# P# QTY STATUS 
 S1 P1 300 20 
 S1 P2 200 20 
 S1 P3 400 20 
 S1 P4 100 20 
 
Here, status of the supplier has been repeated every time there is a shipment for the 
supplier.  (case of redundancy). This redundancy can lead to problems 
(inconsistencies) 
 
Example:-  If status of S1 is changed from 20 to 30, we might forget to make a change 

in one of the records. 
 
Theory of Normalization is the solution to overcome such problems. 
 
Normalization Theory is built around the concept of Normal Forms 
 
Normal Forms  
 
Definition:-  A relation is said to be in a particular Normal Form if it satisfies a 

specific set of constraints. 
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Numerous normal forms have been defined and can be seen as follows: 
     
      
 
 
 
 
 
 
 
 

 Codd originally defined 1NF, 2NF and 3 NF. 
 
 
 
 
 
 
 

Universe of Relations (Normalized and Un-Normalized) 
 

4NF relations 
 

5NF relation  
(PJ/NF - Project Join Normal Form) 

BCNF relations 

3NF relations 

2NF relations 

1NF (Normalized Form) relations 

 
 A designer should generally choose 3NF relations in designing a database rather 

than 2NF or 1NF as 3NF is more desirable than 2NF / 1NF. 
 Codd’s 3NF suffered from some inadequacies.  These were overcome by the 

definition of Boyce and Codd for 3NF – sometimes called BCNF (Boyce Codd 
Normal.  It is stronger than 3NF (old) in the sense that a relation satisfying 3NF 
(new) also satisfies 3NF (old) but the converse may not be true. 

 Fagin defined 4NF and 5NF – also called PJ/NF (Project – Join Normal Form) 
 

In order to understand the meaning of Normal Forms, it is important to study the term 
Functional Dependency. 
 
Functional Dependency     
 
Given a relation R, attribute Y of R is functionally dependent on attribute X of R if and 
only if each X- value in R is associated with precisely one value of Y in R. 
Denoted by R. X                R.Y and read as R.Y is functionally dependent on R.X. 
 
Consider a relation R (X, Y, Z) as follows: 
Relation  R 
X Y Z 
X1 1 2 
X1  1 3 
X2 1 4 
X2  1 3 
X3 2 5 
X4  4 7 
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Functional Dependencies are : 
 
X  Y 
Z  Y 
 
Functional Dependency Diagram is : 

 
 
  
 
  

Y 

Z 

X

 
(X,Z)  -  Primary Key for relation (X,Y,Z) 
 
Primary Key: It is that attribute/attributes which is/are NOT NULL and is/are 

having unique values. 
 
Between X and Z, we note that X             Z  

 
Illustration of functional dependencies 

 
Example:-   Consider a relation S as follows: 

 
Relation S 

 
S# SNAME STATUS CITY 
S1 Smith 20 London 
S2 Jones 10 Paris 
S3 Blake 30 Paris 

 
In relation S given below, we note that :  
 
S.S#   S. CITY and  
 
read as  Attribute S.CITY is functionally dependent on attribute S.S# 
 
We can note for Functional Dependency, S.S#     S. CITY that for S1 there exists only 
one value ‘London’. 
 
Also, we have the functional dependencies : 
 
S.S#   S.SNAME 
S.S#   S.STATUS and 
S.S#   S.(SNAME, S.STATUS, CITY) i.e., the composite attribute is FD on S.S# 
 

 13



Bioinformatics and Statistical Genomics                                                                                                                    L20 

Now we turn to the reduction process and start with the definition of 1NF 
 
First Normal Form (1NF) 
 
A relation is said to be in 1NF if and only if it satisfies the constraint that all of its 
underlying domains contain atomic values only. 
 

 By the definition of a relation in Relational Algebra, all relations are in 1NF. 
 
Reasons for structure of a relation though in 1NF yet to be undesirable 
 
The reasons why a relation though in 1NF still has an undesirable structure are: 

1.  That the non-key attribute are not FFD on the primary key and 
2. That there may be mutual dependence among non-key attributes 

 
To understand these reasons, let us consider the relation FIRST (S#, STATUS, CITY, P#, 
QTY) 

 
Relation FIRST  

 
S# STATUS CITY P# QTY 
S1 20 London P1 300 
S1 20 London P2 200 
S1  20 London P3  400 
S1 20 London P4 200 
S1 20 London P5 100 
S1 20 London P6  100 
S2  10 Paris P1 300 
S2 10 Paris P2 400 
S3 10 Paris P2 200 
S4 20 London P2 200 
S4 20 London P4 300 
S4 20 London P5 400 

 
 

We note that (S#, P#), is the primary key for the relation FIRST 
1. (S#, P#)    QTY 
2. S#     STATUS 
3. S#     CITY 
4. CITY   STATUS 

 
(an additional constraint that has been assumed to mean that each CITY will have 
its own STATUS) 
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The functional dependency diagram for this relation is: 
 
 
 
 
QTY    
 
 
   

CITY 

STATUS  
S# 
 
 
 
P# 

 
Primary Key 

 
We observe that: 

1. STATUS and CITY (the non-key attributes) are Not fully functionally 
dependent on the primary key (S#, P#) and 

2. STATUS and CITY (non-key attributes) are not Mutually Independent 
 
Non-key attributes Attributes which are not a part of the primary key are called 

non-key attributes.  
 
This leads to the following Anomalies: 
To understand the anomalies, let us concentrate on association between Suppliers and 
Cities. 
 
From the representation FIRST, we note the following anomalies: 
Insert Anomaly We cannot insert a record with Supplier’s Information until 

he supplies some part – because without part, we cannot 
have primary key value for the new supplier.  

Delete Anomaly By deleting of the only tuple in respect of Supplier S3 to 
part P2 but also that S3 is located in Paris. 

Update Anomaly If supplier S1 moves from London to Tokyo, updating of so 
may tuples may be erroneous. 

 
Solution to these problems is to replace the FIRST relation by two relations 

1. SECOND(S#, STATUS, CITY) and 
2. SP(S@, P#, QTY) 

 
We note from this projection as follows: 

 The functional dependency diagram will be: 
   
        
   

   
 
 

Relation SECOND     Relation SP 

QTY 

 
S# 
 
P# 

STATUS 

CITY 

S# 
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 The relations SECOND and SP will be as follows: 

 
                              SECOND 

 
 S# STATUS CITY 
 S1 20  London 
 S2 10  Paris 
 S3 10  Paris 
 S4 20  London 

S5 30  Athens                        Note 
 
In this decomposition, we can insert a supplier whose city is known without it supplying 
any part 
 
            SP 
S# P# QTY 
S1 P1 300 
S1 P2 200 
S1 P3 400 
S1 P4 200 
S2 P1 300 
S2 P2 400 
S3 P2 200 
S4 P4 300 
S4 P5 400 

 
 We note that this structure overcomes all the problems faced in the relation 

FIRST: 
 
Inserting  We have inserted S5 in SECOND without it supplying any Part. 
Deleting We can delete the shipment connecting S3 and P2 by deleting the 

appropriate tuple from SP without losing the information that S3 is 
located in Paris. 

Updating In order to change the location of S1from London to Tokyo we 
have to make change at one place only. 

 
Breaking up of FIRST into SECOND and SP, has led to elimination of Non-FFD’s and it 
is this elimination that has resolved the anomalies.  Representation in this form is called 
Second Normal From. 
 
Second Normal Form (2NF) 
 
A Relation R is in Second Normal From if and only if it is in 1NF and every non-key 
attribute is fully functionally dependent on primary key (and not a part of the primary 
key): 
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We note from this split of : 

 FIRST relation into SECOND and SP and 
 The definition of 2 NF that : 

 
1.  Both the relations SECOND and SP are in 2 NF. (the primary keys are S# and 

(S#, P#) respectively and the non-key attributes are FFD on their respective 
primary keys. 

2. The splitting of one relation into two projections has not lead to any loss of 
information as the natural join of the two projections gives the relation FIRST. 

 
Note:  the process is reversible. 

 
 By splitting a relation into projections and again joining the projections never 

loses information (Physically). 
 
Definition A decomposition is a Non-Loss decomposition when JOIN of the 

decomposition produces exactly the same (original) relation. 
 

Not non – loss decomposition 
 

 When JOIN does not produce the original relation alone but also adds to it 
spurious (additional) tuples. 

 Loss of information is in the sense that it is difficult to say whether these extra 
tuples are genuine or not. 

 
Note:  SECOND and SP are projections of FIRST and FIRST is natural join of 
SECOND and SP. 

 
3  The new structure is more faithful reflection of the real world as the new structure 

SECOND contains tuples like (S5   30 Athens) 
 

Which after natural join will be missed in old structure FIRST i.e., New Structure 
may contain information (such as S5 is located in Athens) that could not be 
represented in old  

 
Looking at the relation SECOND, it suffers from a lack of mutual independence  
among its non – key attributes 

 
 To be specific, let us see the dependency of STATUS on S#  

i.e. in the relation SECOND (S#, CITY, STATUS),  
we note that S#  CITY i.e., CITY is functionally dependent on S# 
and 
CITY  STATUS i.e., STATUS is functionally dependent on CITY 
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Implies S#    STATUS      (transitively). This type of dependency is 
termed as Transitive Dependency 

 
 This transitivity again leads to various anomalies. 
 
To study the anomalies, let us concentrate on association between Cities 
and Status in SECOND {S#, CITY, STATUS}. 
 
Inserting We cannot enter the fact that Status of City Rome is 50 
without having a supplier from Rome.  Not having a supplier means not 
having a primary key value. 
Deleting Deleting of the only tuple in SECOND for a particular City, 
will not only destroy the information for the Supplier but will also loose 
the information about Status value of that city. 
Updating The status value for a City appears in Second equal number 
of times as the city appears, so making a change from one status value to 
other may be erroneous and thus leading to inconsistencies. 
 
 Solution is to replace SECOND by two projections: 

SC(S#, CITY) and        CS (CITY, STATUS) 
 
Functional Dependency diagram: 
 
S#  CITY   CITY   STATUS 

 
Tabulations 

 
Relations SC      Relation CS 
 
S# CITY     CITY  STATUS 
S1 London    Athens  30  
S2 Paris     London 20 
S3 Paris     Paris  10 
S4 London 

 
 

 
This process is again reversible as SECOND is a natural join of SC and CS over CITY. 
 
As a SECOND/SP representation was slightly better representation of the real world than 
FIRST (as it could accommodate Supplier’s information without it supplying any PART). 
 
Similarly representation SC/CS is better representation of SECOND as it can store a 
City’s Status without a Supplier from that City. 
 
Such a representation that does not involve Transitivity is called a representation in 3NF. 
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Important It is not possible just to look at the tabulation (Extension) and to say 
whether or not that relation is in 3NF – It is necessary to know the meaning of the data 
(Dependencies). 
 
Meaning of data – means the dependencies involved. 
 
Third Normal Form (3NF) 
 
A relation is in Third Normal Form if and only if it is in 2NF and every non – key 
attribute is non-transitively dependent on the Primary key. 
 
Important Non – key attributes should not depend on another non – key attribute. 
 
BCNF – Boyce Codd Normal Form is a special case of 3NF and applies to cases where 
we have more than one candidate key. 
 
Candidate Key:-  Key(s) which claim to become primary key are called candidate 
keys. 
 
Primary Key:-  The DBA can select any of the candidate keys as Primary Key. 
 
Alternate Key:- The candidate keys other than the primary key are called alternate 
keys. 
 
Fourth and Fifth Normal forms deal with multiple functional dependencies and are rarely 
encountered.  Mostly designing up to 3rd normal form or BCNF is desirable for 
normalization. 
 
    _________________ 


