
Introduction to Database Design

Chapter 2
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Overview of Database Design
Requirements Analysis

The very first step in designing a database y p g g
application.
We focus on the design of the database.

Conceptual design:  (ER Model is used at this stage.) 
What are the entities and relationships in the 
enterprise?
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What information about these entities and 
relationships should we store in the database?
What are the integrity constraints or business rules that 
hold?



Overview of Database Design (Cont.)

A database `schema’ in the ER Model can be 
t d i t i ll  (ER di )represented pictorially (ER diagrams).

Logical Database Design
Choose a DBMS to implement our database 
design.
Map an ER diagram into a relational schema
(Chapter 3). 
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( p )

Overview of Database Design (Cont.)

Schema Refinement (Chapter 19)
Anal e the current schema to identif  potential Analyze the current schema to identify potential 
problems and to refine it (performance criteria).
Theory – normalizing relations.

Physical Database Design (Chapter 20)
Build indices on some tables and clustering some 
tables.
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Application and Security Design (Chapter 21)
Consider aspects of the application that go beyond 
the database itself.



ER Model Basics

Entity:  Real-world object distinguishable 
Employees

ssn
name

lot

Entity:  Real world object distinguishable 
from other objects. An entity is described 
(in DB) using a set of attributes. 
Entity Set:  A collection of similar entities.  
E.g., all employees.  

All entities in an entity set have the same set of 
b ( l d h h
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attributes.  (Until we consider ISA hierarchies, 
anyway!)
Each entity set has a key (primary key - SSN).
Each attribute has a domain.

ER Model Basics (Contd.)

dname
since

name

lot

name

Employees

suborsuper-

ssn

Relationship:  Association among two or more entities.  
E.g., Barbara works in the CS department.
R l i hi  S  C ll i  f i il  l i hi

lot budgetdid

Works_In DepartmentsEmployees

ssn

Reports_To

subor-
dinate

super
visor
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Relationship Set: Collection of similar relationships.
An n-ary relationship set  R relates n entity sets E1 ... En; 
each relationship in R involves entities e1 E1, ..., en En

• Same entity set could participate in different 
relationship sets, or in different “roles” in same set.



Key Constraints

Consider Works_In:  
A  l   

dname

budgetdid

since

lot

name

ssn

ManagesEmployees DepartmentsAn employee can 
work in many 
departments; a dept 
can have many 
employees.
In contrast, each 
dept has at most

gp y p
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dept has at most
one manager, 
according to the    
key constraint on 
Manages.

Many-to-Many1-to-1 1-to Many Many-to-1

Participation Constraints
Does every department have a manager?

If so, this is a participation constraint:  the participation of p p p p
Departments in Manages is said to be total (vs. partial).

• Every Departments entity must appear in an instance of the 
Manages relationship.

lot
name dname

budgetdid

since
name dname

budgetdid

since

ssn
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Manages

since

DepartmentsEmployees

Works_In



Weak Entities
A weak entity can be identified uniquely only by considering 
the primary key of another (owner) entity.

Owner entity set and weak entity set must participate in a one-to-
many relationship set (one owner, many weak entities).
Weak entity set must have total participation in this identifying 
relationship set.
Identifying owner – SSN + pname (partial key).  
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lot

name

agepname

DependentsEmployees

ssn

Policy

cost

ISA (`is a’) Hierarchies
name

ssn

Employees

lot

hourly_wages
ISA

contractid

hours_worked
As in C++, or other PLs, 

attributes are inherited.
f d l

Contract_EmpsHourly_Emps

contractidIf we declare A ISA B, every A 
entity is also considered to be a B 
entity. 

Overlap constraints:  Can Joe be an Hourly_Emps as well as 
a Contract_Emps entity?  (Allowed/disallowed) No by default
Covering constraints:  Does every Employees entity also have 
t  b  n H url Emp  r  C ntr t Emp  ntit ? (Yes/no) 
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to be an Hourly_Emps or a Contract_Emps entity? (Yes/no) 
No by default
Reasons for using ISA: 

To add descriptive attributes specific to a subclass.
To identify entitities that participate in a relationship.


