UNIT 5

Normalization

Normalization of Database

Database Normalization is a technique of organizing the data in the database.
Normalization is a systematic approach of decomposing tables to eliminate data
redundancy (repetition) and undesirable characteristics like Insertion, Update and
Deletion Anomalies. It is a multi-step process that puts data into tabular form, removing
duplicated data from the relation tables.

Normalization is used for mainly two purposes,

« Eliminating redundant (useless) data.

« Ensuring data dependencies make sense i.e data is logically stored.

Problems Without Normalization/ Need for normalization

1. Data redundancy
If a table is not properly normalized and have data redundancy then it will not only eat up
extra memory space but will also make it difficult to handle and update the database,
without facing data loss. Insertion, Updation and Deletion Anomalies are very frequent if
database is not normalized. To understand these anomalies let us take an example of
a Student table.
Student table

Roll no. Name Branch Hod Office_tel
1 John CSE A 5443
2 Abbey CSE A 5443
3 Ruby CSE A 5443




In the table above, we have data of 4 Computer Sci. students. As we can see, data for the
fields branch, hod (Head of Department) and office_tel is repeated for the students who
are in the same branch in the college, this is Data Redundancy.

2. Insertion Anomaly

Suppose for a new admission, until and unless a student opts for a branch, data of the
student cannot be inserted, or else we will have to set the branch information as NULL.
Also, if we have to insert data of 100 students of same branch, then the branch
information will be repeated for all those 100 students.

These scenarios are nothing but Insertion anomalies.

3. Updation Anomaly

What if Mr. A leaves the college? or is no longer the HOD of computer science
department? In that case all the student records will have to be updated, and if by mistake
we miss any record, it will lead to data inconsistency. This is Updation anomaly.

4. Deletion Anomaly

In our Student table, two different informations are kept together, Student information
and Branch information. Hence, at the end of the academic year, if student records are

deleted, we will also lose the branch information. This is Deletion anomaly.

Decomposition of a Relation-

The process of breaking up or dividing a single relation into two or more sub relations is
called as decomposition of a relation.

Properties of Decomposition-

The following two properties must be followed when decomposing a given relation-
1. Lossless decomposition-

Lossless decomposition ensures-

« No information is lost from the original relation during decomposition.



« When the sub relations are joined back, the same relation is obtained that was
decomposed.
» Every decomposition must always be lossless.

2. Dependency Preservation-
Dependency preservation ensures-

« None of the functional dependencies that holds on the original relation are lost.
« The sub relations still hold or satisfy the functional dependencies of the original
relation.

Types of Decomposition-

Types of Decomposition

Decomposition of a relation can be completed in the following two ways-

1. Lossless Join Decomposition-

e Consider there is a relation R which is decomposed into sub relations R, R, ....

Rn.
e This decomposition is called lossless join decomposition when the join of the sub
relations results in the same relation R that was decomposed.

2. Lossy Join Decomposition-

e Consider there is a relation R which is decomposed into sub relations R, Rz, ....

Rn.

e This decomposition is called lossy join decomposition when the join of the sub
relations does not result in the same relation R that was decomposed.

e The natural join of the sub relations is always found to have some extraneous
tuples.

Normalization Rule

Normalization rules are divided into the following normal forms:

1. First Normal Form
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2. Second Normal Form
3. Third Normal Form

4. BCNF

First Normal Form (1NF)

For a table to be in the First Normal Form, it should follow the following rules:
1. Arelation will be 1NF if it contains an atomic value.
2. It states that an attribute of a table cannot hold multiple values. It must hold only
single-valued attribute.
3. First normal form disallows the multi-valued attribute, composite attribute, and
their combinations.

EMPLOYEE table:
EMP_I EMP_NAME EMP_PHONE EMP_STATE
D
14 John 7272826385, UP
9064738238
20 Harry 8574783832 Bihar
12 Sam 7390372389 Punjab

The decomposition of the above EMPLOYEE table into 1INF has been shown below:

EMP_ID EMP_NAME EMP_PHONE EMP_STATE
14 John 7272826385 UP
14 John 9064738238 UP
20 Harry 8574783832 Bihar

12 Sam 7390372389 Punjab



Second Normal Form (2NF)

For a table to be in the Second Normal Form,
1. In the 2NF, relational must be in INF.
2. In the second normal form, all non-key attributes are fully functional dependent on
the primary key
Example: Let's assume, a school can store the data of teachers and the subjects they
teach. In a school, a teacher can teach more than one subject.

TEACHER table
TEACHER_ID SUBJECT TEACHER_AGE
25 Chemistry 30
25 Biology 30
47 English 35
83 Math 38
83 Computer 38

In the given table, non-prime attribute TEACHER_AGE is dependent on TEACHER_ID
which is a proper subset of a candidate key. That's why it violates the rule for 2NF.

Candidate Keys: {teacher_id, subject}

Non prime attribute: teacher_age

The table is in 1 NF because each attribute has atomic values. However, it is not in 2NF
because non prime attribute teacher_age is dependent on teacher_id alone which is a
proper subset of candidate key. This violates the rule for 2NF as the rule says “no non-

prime attribute is dependent on the proper subset of any candidate key of the table”.

To convert the given table into 2NF, we decompose it into two tables:



TEACHER_DETAIL table:

TEACHER_ID TEACHER_AGE

25 30
47 35
83 38

TEACHER_SUBJECT table:

TEACHER_ID SUBJECT

25 Chemistry
25 Biology
47 English
83 Math

83 Computer

Third Normal Form (3NF)

e Arelation will be in 3NF if it is in 2NF and not contain any transitive partial
dependency.
e 3NF is used to reduce the data duplication. It is also used to achieve the data integrity.
e If there is no transitive dependency for non-prime attributes, then the relation must be
in third normal form.
A relation is in third normal form if it holds atleast one of the following conditions for
every non-trivial function dependency X — Y.
1. X s asuper key.

2. Y is aprime attribute, i.e., each element of Y is part of some candidate key.



Example:

EMPLOYEE_DETAIL table

EMP_ID EMP NAME EMP ZIP EMP_STATE EMP_CITY

222 Harry 201010 UP Noida
333 Stephan 02228 uUs Boston
444 Lan 60007 uUs Chicago

Super key in the table above:

{EMP_ID}, {EMP_ID, EMP_NAME}, {EMP_ID, EMP_NAME, EMP_ZIP}....s0 on
Candidate key: {EMP_ID}

Non-prime attributes: In the given table, all attributes except EMP_ID are non-prime.

Here, EMP_STATE & EMP_CITY dependent on EMP_ZIP and EMP_ZIP dependent on
EMP_ID. The non-prime attributes (EMP_STATE, EMP_CITY) transitively dependent
on super key(EMP_ID). It violates the rule of third normal form.

Thats why we need to move the EMP_CITY and EMP_STATE to the new
<EMPLOYEE_ZIP> table, with EMP_ZIP as a Primary key.

EMPLOYEE table:
EMP_ID EMP_NAME EMP_ZIP
222 Harry 201010
333 Stephan 02228

444 Lan 60007



EMPLOYEE_ZIP table:

EMP_ZIP EMP_STATE EMP_CITY
201010 UP Noida
02228 us Boston
60007 us Chicago

Boyce and Codd Normal Form (BCNF)

e BCNF is the advance version of 3NF. It is stricter than 3NF.

e A table is in BCNF if every functional dependency X — Y, X is the super key of the
table.

e For BCNF, the table should be in 3NF, and for every FD, LHS is super key.

Example: Let's assume there is a company where employees work in more than one
department.

EMPLOYEE table:

EMP_ID EMP_COUNTRY  EMPDEPT DEPT_TYPE  EMP_DEPT_NO

264 India Designing D394 283
264 India Testing D394 300
364 UK Stores D283 232
364 UK Developing D283 549

In the above table Functional dependencies are as follows:

. EMP_ID — EMP_COUNTRY
. EMP_DEPT — {DEPT_TYPE, EMP_DEPT NO}

Candidate key: {EMP-ID, EMP-DEPT}

The table is not in BCNF because neither EMP_DEPT nor EMP_ID alone are keys.



To convert the given table into BCNF, we decompose it into three tables:

EMP_COUNTRY table:

EMP_ID EMP_COUNTRY
264 India
264 India

EMP_DEPT table:

EMP_DEPT DEPT_TYPE EMP_DEPT_NO
Designing D394 283
Testing D394 300
Stores D283 232
Developing D283 549

EMP_DEPT_MAPPING table:

EMP_ID EMP_DEPT

D39%4 283
D394 300
D283 232
D283 549

Functional dependencies:

1. EMP_ID — EMP_COUNTRY
2. EMP_DEPT — {DEPT_TYPE, EMP_DEPT NO}



Candidate keys:

For the first table: EMP_ID
For the second table: EMP_DEPT
For the third table: {EMP_ID, EMP_DEPT}

Now, this is in BCNF because left side part of both the functional dependencies is a key.
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