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M3C: Introduction to Database Design Methodology (7)

Normalization

Softcopy of handouts can be found at http://www.clsmss.edu.hk/~whlau/08CA/

Problems of Data Redundancy

1. The major problem of a poorly designed database is data redundancy that leads to insertion anomaly, update anomaly and deletion anomaly. (Ref-1, pp.124-125; Ref-2)
2. Consider a table for storing student information:

STUDENT( Student_ID, Name, Date_of_birth, Course, Grade )
Note that each student may have taken examination of more than one subject, so two attributes, Student_ID and Course, must be combined together as a (compound) primary key.

a) Insertion anomaly: Adding a new instance of an entity requires data of other entities.  In the above example, a student’s record cannot be created until at least one course is registered.

b) Update anomaly: Updating a certain instance requires updating multiple records.  If the name of the student is changed, all the records of her or him should be updated accordingly.

c) Deletion anomaly: Removing an instance of an entity causes loss of data of some other entities.  Suppose a student has registered only one course.  If the course is cancelled and all the related records are deleted, the student’s personal information is lost.

Normalization

3. Normalization is the process of taking data from a problem and reducing it to a set of relations while ensuring data integrity and eliminating data redundancy.  It is essentially a two-step process that puts data into tabular form by removing repeating groups and then removes duplicated data from the relational tables.  Normalization theory is based on the concepts of normal forms.  A relational table is said to be a particular normal form if it satisfied a certain set of constraints.  (Ref-2; Ref-3)
First Normal Form (1NF)

4. A relational table is in 1NF if and only if all values of the columns are atomic, that is, there are no repeating groups in any column.  In other words, the entity contains no multi-valued attributes.  A relational table, by definition, is in first normal form. (Ref-1, p.126; Ref-2; Ref-3)
5. Breaches of 1NF 

a) Repeating groups:

TRANSACTION ( Customer, Day, ( Amount ) )

	Customer
	Day
	Amount

	Alice
	Monday
	21.00

	Alice
	Tuesday
	12.50, 17.00

	Cindy
	Monday
	2.50, 31.50


The amount field is composed of repeating groups, and should be eliminated by transforming sub-entry into a single entry:

	Transaction_ID
	Customer
	Day
	Amount

	1
	Alice
	Monday
	21.00

	2
	Alice
	Tuesday
	12.50

	3
	Alice
	Tuesday
	17.00

	4
	Cindy
	Monday
	2.50

	5
	Cindy
	Monday
	2.50


b) Absence of unique identifier:

	Customer
	Day
	Amount

	Alice
	Monday
	21.00

	Alice
	Monday
	21.00


The two records have the same values in all fields, and are thus indistinguishable.  A unique identifier, which can serve as key field, should be added to the table.

	Transaction_ID
	Customer
	Day
	Amount

	1
	Alice
	Monday
	21.00

	2
	Alice
	Monday
	12.50


Ref: http://en.wikipedia.org/wiki/First_normal_form
Second Normal Form (2NF)

6. A relational table is in 2NF if, and only if, it is in 1NF and it contains no partial key functional dependency, that is, every non-key column is fully functionally dependent upon the whole primary key.  Note that a relation in 1NF with a single key field must be in 2NF. (Ref-1, pp.127-129; Ref-2; Ref-3)
7. Consider the following table: (Ref-2)
EXAM ( SID, Sname, Sex, Phone, Subject, Mark )

	SID
	Sname
	Sex
	Phone
	Subject
	Mark

	1022
	Mary
	F
	23698841
	Chinese
	97

	1022
	Mary
	F
	23698841
	Math
	63

	1022
	Mary
	F
	23698841
	English
	74

	1022
	Mary
	F
	23698841
	Phys
	26

	1347
	Peter
	M
	24688234
	Chinese
	81

	1347
	Peter
	M
	24688234
	English
	66

	1347
	Peter
	M
	24688234
	Math
	74

	…

	1561
	Peter
	M
	29933445
	English
	85

	1561
	Peter
	M
	29933445
	Math
	79


a) There are no repeating groups, and thus the relation is already in 1NF.

b) However, there is a compound key field (SID + Subject).  Note that SID determines Sname, Sex and Phone, but not Mark.  This is called partial dependency, that one or more non-key attributes depend on part of the primary key only.  It may cause redundancies.

c) At the same time, SID together with Subject determines Mark, which is full dependency.


8. To transform the table into 2NF, the table above should be decomposed into two smaller tables, such that in each table all non-key attributes depend on the whole primary key of the table.


STUDENT ( SID, Sname, Sex, Phone )


EXAM ( SID, Subject, Mark )

Third Normal Form (3NF)

9. A relational table is in 3NF if, and only if, it is in 2NF and every non-key column is non-transitively dependent upon its primary key.  That is, there is no dependency between non-key fields. (Ref-1, pp.127-129; Ref-2; Ref-3)
10. Transitive functional dependency arises when one non-key attribute is functionally dependent on another non-key attribute.  If a relational table contains only one non-key column, it must be already in 3NF.  Otherwise, we must check for transitive dependency. 

11. Consider the following table storing the leader in each project and the phone number of the leader.  Here we may assume that no two leaders have the same name

PROJECT ( Project_no, Leader, Phone )

	Project_no
	Leader
	Phone

	04102
	Emily
	94130561

	04207
	David
	98330164

	05221
	Emily
	94130561

	05119
	Emily
	94130561


a) Phone depends on Leader, which is not the primary key.  Leader is the determinant.  It determines the value of phone.

b) The concept of a transitive dependency can be illustrated by showing the functional dependencies in the table: (the arrow means the former determines the latter)
Project_no ( Leader

Project_no ( Phone

Leader ( Phone

c) Data redundancy arises (the phone number of a leader may be repeated).

d) The solution is to eliminate the transitive functional dependency by splitting the table.
PROJECT ( Project_no, Leader )

LEADER ( Leader, Phone )

e) Note that if there may exist two leaders having the same name, we need an unique identifier:

PROJECT ( Project_no, Leader_id )

LEADER ( Leader_id, Leader_name, Phone )

12. The advantage of having relational tables in 3NF is that it eliminates redundant data that in turn saves space and reduces manipulation anomalies.
13. There are higher levels of normalization (out of syllabus), dealing with complicated cases where data redundancy may arise.

a) Boyce-Codd normal form (BCNF) requires that there are no non-trivial functional dependencies of attributes on something other than a superset of a candidate key (a superkey)

b) Fourth normal form (4NF) ensures that independent multi-valued facts are correctly and efficiently represented in a database design.

c) Fifth normal form (5NF), also known as Project-join normal form (PJ/NF), is a level of database normalisation, designed to reduce redundancy in relational databases recording multi-valued facts by isolating semantically related multiple relationships.

d) Domain-key normal form (DKNF) requires that the database contains no constraints other than domain constraints and key constraints.
e) Sixth normal form (6NF) was, as of 2005, only recently proposed, and was only defined when extending the relational model to take into account the temporal dimension.

Ref: http://en.wikipedia.org/wiki/Normal_Form
http://en.wikipedia.org/wiki/Database_normalization
Exercise

14. A teacher has designed a database, EXAM, to store the final examination results of students as follows: (modified from example 4 in textbook, p.134)
EXAM ( Student_ID, Name, Class, Sex, Subj_code, Subject, Pass_mark, Mark )

a) Is the table in 1NF, 2NF or 3NF?  Explain briefly.

b) State the primary key for the table.

c) Explain briefly how the design leads to data redundancy.

d) Resolve the data redundancy by normalization.  Draw an ER-diagram and state the schema of the database after normalization.

References:

Ref-1. Textbook: Raymond W. N. CHAN, Database for A/AS Level, Radian
Ref-2. Database eLearning – Normalisation
http://db.grussell.org/ch4.html
Ref-3. Introduction to Data Modeling
http://www.utexas.edu/its/windows/database/datamodeling/index.html





































































































































































































































































































































































Full Dependency





SID�
Subject�
Mark�
�






SID�
Sname�
Sex�
Phone�
�






Full Dependency





SID�
Sname�
Sex�
Phone�
Subject�
Mark�
�






Full Dependency



































Partial Dependency








[07.10.15] CLSMSS/0708/S7CA/M3C(07)

P. 3/4

