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Normalisation
• Normalisation = a formal process for 

deciding which attributes should be 
grouped together in a relation

• Normalisation is the process of 
decomposing relations with anomalies 
to produce smaller, well-structured 
relations

Steps in normalisation

• First normal form: Any multivalued 
attributes (repeating groups) have 
been removed, so there is a single 
value (possibly null) at the 
intersection of each row and column 
of the table

Steps in normalisation
• Second normal form: Any partial 

functional dependencies have been 
removed

• Third normal form: Any transitive 
dependencies have been removed

• Boyce/Codd normal form: Any 
remaining anomalies that result from 
functional dependencies have been 
removed

Steps in normalisation

• Fourth normal form: Any multivalued 
dependencies have been removed

• Fifth normal form: Any remaining 
anomalies have been removed

• Usually only bother with First to 
third

• Following Fig shows process:
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Functional Dependency
• Functional dependency describes the 

relationship between attributes in a 
relation. 

• Eg. if A and B are attributes of 
relation R, B is functionally 
dependent on A (denoted A → B), if 
each value of A in R is associated 
with exactly one value of B in R. 

Partial Dependencies
• Attribute Y of relation R is 

Partially functionally dependent 
on attribute X of relation R if it 
is functionally dependent on X 
and functionally dependent on 
any proper subset of X. 

Full Dependencies
• Attribute Y of relation R is Fully 

functionally dependent on 
attribute X of relation R if it is 
functionally dependent on X and 
not functionally dependent on any 
proper subset of X

Transitive Dependencies
• If A→B and B →C, then 

attribute A must be the 
determinant of C, Attribute A 
transitively determines attribute 
C or C is transitively dependent 
on A. 



7/15/2014

3

Relationship between 
determinants and candidate keys
• A candidate key is always a 

determinant, whilst a determinant may 
or may not be a candidate key

• A candidate key is a determinant that 
uniquely identifies the remaining 
(nonkey) attributes in a relation

• A determinant may be a candidate key, 
part of a composite candidate key or a 
nonkey attribute

First normal form (1NF)
• Contains no multivalued attributes 

• Usually, when you map ER diagrams into 
relations, you remove multivalued 
attributes from entity types on the ER 
diagram, so there should not be any 
multivalued attributes remaining

• However, many old legacy systems 
supported multivalued attributes, so we 
must understand how to get rid of them

First Normal Form (1NF)
• Each single cell in a relation must only 

hold a single atomic value. 
• This implies that we should disallow 

composite attributes, multi-valued 
attributes, and nested relations 

• In other words, forbid all attributes 
whose values for an individual tuple
are non-atomic 

The steps of transformation 
from UNF into 1NF

1. Nominate an attribute or group of 
attributes to act as the key for 
the unnormalized table. 

2. Identify the repeating group(s) in 
the unnormalized table, which 
repeats for the key attribute(s). 

The steps of transformation 
from UNF into 1NF

3 a. Remove the repeating group by 
entering appropriate data into the 
empty columns of tuples containing 
the repeating data (‘flattening’ the 
table), 
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from UNF into 1NF
3b. or by placing the repeating data 

along with a copy of the original 
key attribute (s) into a separate 
relation. 

Second Normal Form (2NF): 

• a relation is in 2NF if it is in 1NF and 
every non-primary-key attribute is 
fully functionally dependent on the 
primary key

• If in 1NF will be in 2NF if any one of 
the following conditions applies:

2NF
• The primary key consists of only one 

attribute.

• No nonkey attributes exist in the 
relation (thus all of the attributes in the 
relation are components of the primary 
key)

• Every nonkey attribute is functionally 
dependent on the full set of primary key 
attributes

steps of transformation from 
1NF into 2NF 

1. Identify the primary key for the 
1NF relation. 

2. Identify the functional 
dependencies in the relation. 

3. If partial dependencies exist on the 
primary key remove them by placing 
them in a new relation along with a 
copy of their determinant. 
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Third Normal Form (3NF) 
• A relation schema R is in third normal 

form (3NF) if it is in 2NF and no non-
prime attribute A in R is transitively 
dependent on the primary key. 

• This means that all non-prime 
attributes should be fully and 
directly dependent on the primary 
key. 

steps of transformation from 
2NF into 3NF 

1. Identify the primary key in the 2NF 
relation. 

2. Identify functional dependencies in 
the relation. 

3. If transitive dependencies exist on 
the primary key remove them by 
placing them in a new relation along 
with a copy of their determinant 
(dominant). 

Boyce-Codd Normal Form (BCNF) 

• A relation is in BCNF, if and only if 
every determinant is a candidate key. 

• BCNF is a very strict 3NF. All 3NF 
relations that are based on a single 
key are in BCNF. 

• Violation of BCNF may occur in a 
relation that contains two (or more) 
composite keys, which overlap and 
share at least one attribute in 
common. 

steps of transformation from
3NF into BCNF 

1. Identify all candidate keys in the relation. 

2. Identify all functional dependencies in the 
relation. 

3. If functional dependencies exist in the 
relation where their determinants are not 
candidate keys for the relation, remove 
the functional dependencies by placing 
them in a new relation along with a copy of 
their determinant. 
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Other Normal Forms 

• Relations in 3NF are sufficient for most 
practical database applications, however 
3NF does not guarantee that all anomalies 
have been removed

Other Normal Forms 
• 4NF - No multivalued dependencies

• 5NF - very rare  

• Domain-key NF - The “ultimate” 
NF…perfect elimination of all 
possible anomalies – practical utility 
quite limited



7/15/2014

7

Questions


