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Database Normalization

● Normalization:

–

– is the process of evaluating & correcting the  
structures of the tables in a database

The goal:

●

●

●

to minimize or remove data redundancy  

To optimalize the data structure

Accomplished by thoroughly investigating the  
various data type and their relationships with one  
another.

● Data redundancy:

– The repeat of key fields usages in other tables
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Database Normalization

● Functional dependencies:

–

–

– Require that the value for a certain set of attributes  

determines uniquely the value for another set of  
attributes

are akin to a generalization of the notion of a key  

Let R be a relation and

α ⊆ R and β ⊆ R

The functional dependency :

α → β

holds on R and only if dor any tuples t1 & t2 that agree  

on the attributes α, they also agree on the attributes β.

– That is, t1[α] =  t2[α] → t1[β] = t2[β]
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Database Normalization

● Functional dependencies

Example: consider student(Sid, Sname, DeptId)  

instance of student.
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Database Normalization

● Functional dependencies

Example: consider student(Sid, Sname, DeptId)  

instance of student.

✔

✔

✔

✔

✔

✔



Database Normalization

● examine the following poor database design:

● Problems:

–

–

No need to repeatedly store the class time & Professor ID  

Which one is the key?



Database Normalization

● First Normal Form (1NF):

–

–

A row of data cannot contain a repeating group of data.

Each row of data must have a unique identifier, i.e primary  

key

● This can be done by

–

–

– Eliminating the repeated groups of data through creating  

separate tables of related data

Identify each set of related data with a primary key

All attributes are single valued (1 data type) & non-repeating

●

Major Minor IntakeYear

●

Time Room

●

Student information:  

Sid Sname  

Course information  

Cid Cname Lid 

Lecturer Information

Lid Lname Ltitle
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Database Normalization

● Second Normal form (2NF):

–

–

A table should meet 1NF

There must not be any partial dependency of any  
column on primary key (Records should not  
depend on anything other than a table's primary  
key)

● Recall our poor database design:

Sid → Cname or Cname → time ?



Database Normalization

● Second Normal Form (2NF) solution:

–

–

– Create separate tables for sets of values that  
apply to multiple records

Relates the tables with a foreign key  

Remove subsets of data that apply to multiple

rows of a table and place them in separate tables

enrolled

Sid Cid grade (?)

– What do we do with the attribute time, room, &  
Lid?



Database Normalization

● Third Normal Form (3NF):

–

–

– Eliminate all attributes (columns) that do not  
directly dependent upon the primary key

Each non-primary key attribute must be  
dependent only on primary key (no transitive  
dependency)

Example:

Student:

●

Sid Sname Major Minor IntakeYear 

Which attribute is not directly dependent on Sid?

Student:

Sid Sname Major Minor



Database Normalization

● Old design

● New design
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Database Normalization

● Storing the relation among tables in database
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Database Normalization

● Exercise:

–

–

Which normal form does this table violate?  

And how do you normalize it?
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