Unit: 4
Lecture: 1
Database Normalization

Database normalization is the process of organizing the attributes of the
database to reduce or eliminate data redundancy (having the same data
but at different places).

Problems because of data redundancy :

Data redundancy unnecessarily increases the size of the database as the
same data is repeated in many places. Inconsistency problems also arise
during insert, delete and update operations.

Functional Dependency

Functional Dependency is a constraint between two sets of attributes in
relation to a database.

A functional dependency is denoted by an arrow (—). If an attribute A
functionally determines B, then it is written as A — B.

For example, employee_id — name means employee_id functionally
determines the name of the employee. As another example in a timetable
database, {student_id, time} — {lecture_room}, student ID and time determine
the lecture room where the student should be.

What does functionally dependent mean?

A function dependency A — B means for all instances of a particular value of
A, there is the same value of B.

For example in the below table A — B is true, but B — A is not true as there
are different values of A for B = 3.



Normalization is the process of minimizing redundancy from a relation or
set of relations.

Redundancy in relation may cause insertion, deletion, and update
anomalies. So, it helps to minimize the redundancy in relations.

Normal forms are used to eliminate or reduce redundancy in database
tables.

1. First Normal Form -

If a relation contain composite or multi-valued attribute, it violates first normal form or a
relationisin first normal form if it does not contain any composite or multi-valued attribute. A

relation is in first normal form if every attribute in that relation is singled valued attribute.

« Example 1 - Relation STUDENT in table 1 is notin 1NF because of multi-valued attribute
STUD_PHONE. Its decomposition into TNF has been shown in table 2.

v

STUD_NO STUD_NAME STUD_PHONE | STUD_STATE | STUD_COUNTRY |
1 RAM 9716271721, HARYANA INDIA |
9871717178 , ' |

2 | RAm 9898297281 PUNIAB INDIA ,
|3 | SURESH [ PUNJAB INDIA ;

Table 1
Conversion to first normal form
STUD_NO | sTUD_NAME STUD_PHONE | STUD_STATE STUD_COUNTRY |
1 RAM 9716271721 | HARYANA | INDIA ,
1 RAM 9871717178 | HARYANA | INDIA 1
2 | RAM_ 9898297281 | PUNIAS | INDIA |
3 | SURESH | PUNJAB INDIA |
Table 2

2.Second Normal Form -

To be in second normal form, a relation must be in first normal form and relation must not
contain any partial dependency. Arelation is in 2NF if it has No Partial Dependency, i.e., no
non-prime attribute (attributes which are not part of any candidate key) is dependent on any

proper subset of any candidate key of the table.

Partial Dependency - If the proper subset of candidate key determines non-prime attribute, it

is called partial dependency.



* Example 1 - Consider table-3 as following below.

STUD_NO COURSE_NO COURSE_FEE
1 c1 1008
2 c2 1500
1 c4 2008
4 c3 1000
4 c1 1000
2 cs 2000

{Note that, there are many courses having the same course fee. }

Here,

COURSE_FEE cannot alone decide the value of COURSE_NO or STUD_NO;

COURSE_FEE together with STUD_NO cannot decide the value of COURSE_NO;
COURSE_FEE together with COURSE_NO cannot decide the value of STUD_NO;

Hence,

COURSE_FEE would be a non-prime attribute, as it does not belong to the one only
candidate key {STUD_NO, COURSE_NO} ;

But, COURSE_NO -> COURSE_FEE, i.e., COURSE_FEE is dependent on COURSE_NO, which is
a proper subset of the candidate key. Non-prime attribute COURSE_FEE is dependenton a
proper subset of the candidate key, which is a partial dependency and so this relation is not

in2NF. [

To convert the above relation to 2NF,

we need to split the table into two tables such as :
Table 1: STUD_NO, COURSE_NO

Table 2: COURSE_NO, COURSE_FEE

Table 1 Table 2
STUD_NO COURSE_NO COURSE_NO COURSE_FEE
1 c1 c1 1008
2 c2 c2 1508
1 c4 c3 1068
4 c3 c4 2000
4 Cc1 €3 2000



