Lecture Three - The Relation Database Model

Strengths of the Relational Data Mode:
Simplicity:
End-users’ requests are formulated in terms of the information content.  These requests do not reflect any complexities due to system-oriented aspects.  A Relational data model is what one sees, and not necessarily what will be implemented physically.



Non-procedural Request:
No positional dependency among the relations, requests do not have to reflect any preferred structure and therefore can be non-procedural.

Requests focus on ‘What is to be done’ rather than ‘How it is done’.

Data Independence:
Removes the details of storage structure and access strategy from the user interface.  To be able to make use of this characteristic, however, the design of the relations must be complete and accurate.

In order to better understand the Relation Data Model, we must at least understand:

1. Terminology used.

2. Characteristics of a relation/table. 

3. Concepts and definitions of keys.

4. Data integrity rules.

5. The underlying mathematical foundation.

6. Understand how relationships are represented within the relational database model.

7. Relational operators.

Components of a Relational Database Table
· Row/tuples, Column/attributes.
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Tuple 

= Row = Record = Entity.

Attribute 
= Column = Field.

Table
 
= Entity set = Relation.

A Relation Database = A set of Tables.

Characteristics of a Table/Relation:
1. A table is viewed as a 2-D structure composed of rows and columns.

2. Each row defines a single entity within the entity set, and each column defines the entity’s attributes.

3. Each row/column intersection contains only a single data value.

4. Each row must have a unique Identifier/Key.

5. Each column within a table must have a unique name.

6. The range of permissible values in a column is known as the domain.

7. Each row is distinct and the order is not significant.

8. Each table must have a unique name within the database.

Q: How do the RDB, HDB and NDB maintain the 1:M relationship, such as a staff member may have many skills?


S.I.D.
H.K.I.D.
Name
Dept.
Supervise
Date

0401
D233234
John
EDP
P001
01/02/96

0404
H672332
May
IS

01/02/99

....

...





S.I.D
Skill

0401
C Programming

0401
DB Programming

0401
UNIX

0404
UNIX

0404
C Programming

.....


Relational Database Keys
Superkey:
An attribute (or group of attributes) that uniquely identifies each entity/row in a table.

Candidate key:
A minimal superkey.  A superkey that does contain a subset of attributes that is itself a superkey.

Primary key:
A candidate key selected to uniquely identify all other attributes in any given entity/row.  It cannot contain null values.

Foreign key:
An attribute (or group of attributes) in one table whose values must match the primary key in another table.

Examples:  (Refer to the Staff table and Skill table in Fig. 3.1)

Superkey:
1) S.I.D., H.K.I.D., Name, Supervise, Date

2) S.I.D., Name, Supervise, Date

3) H.K.I.D., Supervise, Date

4) S.I.D., H.K.I.D.

5) Name, Supervise

6) Name, Date

7) H.K.I.D.

Candidate key:
1) S.I.D., H.K.I.D., Name, Supervise, Date

2) S.I.D., Name, Supervise, Date

3) S.I.D.

4) Name, Date

5) H.K.I.D.

Primary key:
1) S.I.D.

2) H.K.I.D. 

Foreign key:
1) S.I.D.

2) H.K.I.D.

Data Integrity
All relation databases must satisfy the two integrity rules:

· Entity Integrity

Requirement





No null entries in a primary key.


Purpose





Guarantees that each entity has a unique key.

· Referential Integrity

Requirement





Foreign key must have either a null entry or a matching entry


Purpose




Limit the possibility of an attribute to have an invalid entry.

Data Integrity - Example
S.I.D.
H.K.I.D.
Name
Dept.
Supervise

0401
D233234
John
EDP
P001

0404
H672332
May
IS


0406
J882341
Tammy
IS
P003


Project I.D.
Description
Start
End

P001
Inventory Control
01/01/97
01/03/97

P002
Payroll 
01/02/97
15/06/97

P003
Production Sch.
02/09/98
04/05/99

Entity Integrity:
The primary key of the Staff table is S.I.D., which has no null entries.  Similarly, the Project table’s primary key is Project I.D. and it is also free of null entries.  All primary keys are unique and uniquely identify each row.



Referential Integrity:
The Staff table has a foreign key SUPERVISE, which links to the attribute Project I.D. in the Project table.  This foreign key can either be null or have matching values in the referenced table, i.e. the Project table. 

Operators for Relation Data Model
Relational Algebra defines the theoretical way of manipulating table contents, using the eight relational operators.

· RESTRICT

· PROJECT

· JOIN

· INTERSECT

· UNION

· DIFFERENCE

· PRODUCT

· DIVIDE

RESTRICT

Based on a relation X, returns a relation Y consisting of all tuples from X that satisfy a specified condition.











<O>

Product
Description
Price

PR01
Cooker
1000

PR02
T.V.
9000

PR03
CD-ROM
600


Product
Description
Price

PR01
Cooker
1000

PR02
T.V.
9000

PR03
CD-ROM
600


Product
Description
Price

PR02
T.V.
9000

Product
Description
Price

PR01
Cooker
1000

PR03
CD-ROM
600

PROJECT

Based on a relation X, returns a relation Y consisting of all tuples that remain as tuples/sub-tuples in X after specified attributes of X have been eliminated.

Product
Description
Price

PR01
Cooker
1000

PR02
T.V.
9000

PR03
CD-ROM
600


Description

Cooker

T.V.

CD-ROM

Product
Description

PR01
Cooker

PR03
CD-ROM

PRODUCT

Based on two relation X and Y, returns a relation Z consisting of all possible tuples  that are a combination of X and Y.



Product

T.V.

Radio

Fridge

Salesman
Product

John
T.V.

John
Radio

John
Fridge

Peter
T.V.

Peter
Radio

Peter
Fridge

Salesman

John

Peter



UNION

Based on two relations X and Y, returns a relation Z consisting of all tuples  appearing in either or both of  X and Y.
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Tommy

Mary

Member

John

Peter

May

Jeffrey

Tommy
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INTERSECT

Based on two relations X and Y, returns a relation Z consisting of all tuples appearing in both of X and Y.
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DIFFERENCE

Based on two relations X and Y, returns a relation Z consisting of all tuples  appearing in the X and not Y.



Member

Jeffrey

Peter

Tommy

Mary

Member

John

May

Member

John

Peter

May




JOIN

Giving two relations X and Y, based on the common attribute(s) of X and Y, returns a relation Z consisting of all tuples that are a combination of X and Y. The common value for the common attribute(s) appears just once in Z.

There are different kinds of JOIN:

Natural Join:
Link tables by selecting only the rows with common values in their common attribute(s).




Outer-Join:
The unmatched pairs would be retained and the values for the unmatched attribute(s) would be left vacant or null.


Student
I.D.
Subject

John
99001
TC001

John
99001
TC002

May
99003
TC001

I.D.
Subject

99001
TC001

99001
TC002

99003
TC001

Student
I.D.

John
99001

Peter
99002

May
99003






Student
I.D.
Subject

John
99001
TC001

John
99001
TC002

Peter
99002


May
99003
TC001

I.D.
Subject

99001
TC001

99001
TC002

99003
TC001

Student
I.D.

John
99001

Peter
99002

May
99003



DIVIDE

Takes two relations X and Y, let X be binary and Z be unary, X divided by Y will returns a relation Z consisting of all values of one attribute of the X that match all values in Y.




Book

DB Sys.

Intro. to DB.

Member

Mak

Student
Book

Judy
DB Sys.

Judy
C++

Mak
Intro. to DB.

Mak
DB Sys.

Tom
DB Sys.

David
Data Comm.

















Columns store attributes








Rows/tuples store entities








(Staff Table)





(Skill Table)





Fig. 3.1 Link between tables.





(Staff Table)
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Null Entry





(Project Table)





SELECT ALL





SELECT ALL 


FOR Price > 5000





SELECT ALL 


FOR Price <= 3000





SELECT Description





SELECT Product, Description





PRODUCT





Salesman PROJECT over Product.





UNION





Base Ball Soc.





Base Ball Soc. UNION Dancing Soc.





Dancing Soc.





INTERSECT





Base Ball Soc.





Base Ball Soc. INTERSECT Dancing Soc.





Dancing Soc.





DIFFERENCE





Base Ball Soc.





Base Ball Soc. DIFFERENCE Dancing Soc.





Dancing Soc.





NATURAL JOIN
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DIVIDE





Book List





Student





Student DIVIDED BY Book List
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PROJECT





SELECT





JOIN
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DIFFERENCE
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DIVISION
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(Bryan Cheung 98)
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