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Today ? 

l  Doubts 
l  Basic Concepts 
l  Constraints, Keys, and Design Issues 
l  Entity-Relationship Diagram 
l  Extended E-R Features 
l  Design of an E-R Database Schema 
l  Examples 
l  Introducing some tools for drawing ER diagrams 

Database Design Process 

l  Requirement collection and analysis 
§  DB requirements and functional requirements 

l  Conceptual DB design using a high-level model 
§  Easier to understand and communicate with others  

l  Logical DB design (data model mapping) 
§  Conceptual schema is transformed from a high-level data 

model into implementation data model 
l  Physical DB design 

§  Internal data structures and file organizations for DB are 
specified 

Overview of Database Design 

l  Conceptual design:  (ER Model is used at this stage.)  
§  What are the entities and relationships in the enterprise? 
§  What information about these entities and relationships 

should we store in the database? 
§  What are the integrity constraints or business rules that hold?  
§  A database `schema’ in the ER Model can be represented 

pictorially (ER diagrams). 
§  An ER diagram can be mapped into a relational schema. 

Overview of Database Design 

l  Conceptual design:  (ER Model is used at this stage.)  
§  What are the entities and relationships in the enterprise? 
§  What information about these entities and relationships 

should we store in the database? 
§  What are the integrity constraints or business rules that hold?  
§  A database `schema’ in the ER Model can be represented 

pictorially (ER diagrams). 
§  An ER diagram can be mapped into a relational schema. 

ER Model Basics 

l  Entity:  Real-world object distinguishable from other 
objects. An entity is described (in DB) 
using a set of attributes.  

l  Entity Set:  A collection of similar entities.  E.g., all 
employees.   
§  All entities in an entity set have the same set of attributes.  

(Until we consider ISA hierarchies, anyway!) 
§  Each entity set has a key. 
§  Each attribute has a domain. 

Employees 

ssn name lot 
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ER Model Basics 

l  Key and key attributes: 
-  Key: a unique value for an entity 
-  Key attributes: a group of one or more attributes that uniquely 

identify an entity in the entity set 
l  Super key, candidate key, and primary key   

§  Super key: a set of attributes that allows to identify and entity 
uniquely in the entity set  

§  Candidate key: minimal super key 
•  There can be many candidate keys 

§  Primary key: a candidate key chosen by the designer 
• Denoted by underlining in ER attributes 

Employees 

ssn 
name 

lot 

ER Model Basics (Cont.) 

l  Relationship:  Association among two or more entities.  e.g., 
Jack works in Pharmacy department. 

lot 
dname 

budget did 

since 
name 

Works_In Departments Employees 

ssn 

Reports_To 

lot 

name 

Employees 

subor-
dinate 

super-
visor 

ssn 

10/07/13 9 Yan Huang - ER 

Relationship 

l  The degree of a relationship = the number of entity sets 
that participate in the relationship 
-  Mostly binary relationships 
-  Sometimes more 

l  Mapping cardinality of a relationship 
-  1 –1 
-  1 – many 
-  many – 1 
-  Many-many 
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One-One and One-Many 
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Many-one and many-many 
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1- many 
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Many - 1 
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Many - many 
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Alternative Cardinality Specification Example: Relationships 

Drinkers addr name 

Beers 

manf name 

Bars 

name 

license 

addr 

Note: 
license = 
beer, full, 
none 

Sells Bars sell some 
beers. 

Likes 
Drinkers like 
some beers. Frequents 

Drinkers frequent 
some bars. 

Multiway Relationships 
Example: 3-Way Relationship 

Bars Beers 

Drinkers 

name name addr manf 

name addr 

license 

Preferences 

Roles 

l  Sometimes an entity set appears more than once in 
a relationship. 

l  Label the edges between the relationship and the 
entity set with names called roles. 
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Example: Roles 

Drinkers 

Married 

husband wife 

   Relationship Set 
 
Husband  Wife 
Bob   Ann 
Joe   Sue 
…   … 

ISA (`is a’) Hierarchies 

Contract_Emps 

name 
ssn 

Employees 

lot 

hourly_wages 
ISA 

Hourly_Emps 

contractid 

hours_worked 
v  As in C++, or other PLs, 
attributes are inherited. 
v  If we declare A ISA B, every A 
entity is also considered to be a B 
entity.  

l  Overlap constraints:  Can Joe be an Hourly_Emps as well as a 
Contract_Emps entity?  (default: disallowed; A overlaps B) 

l  Covering constraints:  Does every Employees entity also have to be an 
Hourly_Emps or a Contract_Emps entity? (default: no; A AND B 
COVER C)  

l  Reasons for using ISA:  
§  To add descriptive attributes specific to a subclass. 
§  To identify entities that participate in a relationship. 

Aggregation 

l  Used when we have 
to model a 
relationship 
involving (entitity 
sets and) a 
relationship set. 
§  Aggregation allows 

us to treat a 
relationship set as an 
entity set   for 
purposes of 
participation in 
(other) relationships. 

  Aggregation vs. ternary relationship:   
v  Monitors is a distinct relationship,  
with a descriptive attribute! 

budget did pid 

started_on 

pbudget 
dname 

until 

Departments Projects Sponsors 

Employees 

Monitors 

lot 
name 

ssn 

since 

Conceptual Design Using the ER 
Model 

l  Design choices: 
§  Should a concept be modeled as an entity or an attribute?  
§  Should a concept be modeled as an entity or a relationship? 
§  Identifying relationships: Binary or ternary? Aggregation? 

l  Constraints in the ER Model: 
§  A lot of data semantics can (and should) be captured. 
§  But some constraints cannot be captured in ER diagrams. 

Entity vs. Attribute 

l  Should address be an attribute of Employees or an entity 
(connected to Employees by a relationship)? 

l  Depends upon the use we want to make of address 
information, and the semantics of the data: 

l  If we have several addresses per employee, address 
must be an entity (since attributes cannot be set-
valued).  

l  If the structure (city, street, etc.) is important, e.g., 
we want to retrieve employees in a given city, 
address must be modeled as an entity (since 
attribute values are atomic).  

Entity vs. Attribute (Contd.) 

l  Works_In4 does not     
allow an employee to   
work in a department       
for two or more periods. 

 
l  Similar to the problem   

of wanting to record 
several addresses for 
an employee:  We want 
to record several values 
of the descriptive 
attributes for each 
instance of this 
relationship. 
Accomplished by 
introducing new entity 
set, Duration.  

name 

Employees 

ssn lot 

Works_In4 

from to 
dname 

budget did 

Departments 

dname 
budget did 

name 

Departments 

ssn lot 

Employees Works_In4 

Duration from to 
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Exercise 

l  What can you 
say about policy 
of the bank from 
the ER diagram? 

l  What can you 
say about the 
policy of the 
company? 

balance acct# 

Account CustAcct 

name 

Customer 

ssn addr 

deptid budget 

Dept 

Manages 

name 

Employees 

ssn lot 

Avoiding Redundancy 

l  Redundancy  = saying the same thing in two (or 
more) different ways. 

l  Wastes space and (more importantly) encourages 
inconsistency. 
-  Two representations of the same fact become 

inconsistent if we change one and forget to change the 
other. 

Example: Good 

Beers Manfs ManfBy 

name 

This design gives the address of each manufacturer 
exactly once. 

name addr 

Example: Bad 

Beers Manfs ManfBy 

name 

This design states the manufacturer of a beer twice: as 
an attribute and as a related entity. 

name 

manf 

addr 

Example: Bad 

Beers 

name 

This design repeats the manufacturer’s address once 
for each beer and loses the address if there are 
temporarily no beers for a manufacturer. 

manf manfAddr 

Designing an ER Diagram 

Consider the following set of requirements for a University database.  Design an ER 
diagram for this application: 

 
l  The university keeps track of each student's name, student number, social 

security number, current address and phone number, permanent address and 
phone number, birthdate, sex, class (freshman, graduate), major department, 
minor department (if any), degree program (B.A., B.S., ... Ph.D.).  Some user 
applications need to refer to the city, state, and zip code of the student's 
permanent address and to the student's last name.  Both social security number 
and student number are unique for each student.   All students will have at least 
a major department.  

l  Each department is described by a name, department code, office number, 
office phone, and college.  Both the name and code have unique values for each 
department.  

l  Each course has a course name, description, course number, number of credits, 
level and offering department.  The course number is unique for each course. 

  
l  Each section has an instructor, semester, year, course, and section number.  

The section number distinguishes sections of the same course that are taught 
during the same semester/year; its value is an integer (1, 2, 3, ... up to the 
number of sections taught during each semester).  

l  A grade report must be generated for each student that lists the section, letter 
grade, and numeric grade (0,1,2,3, or 4) for each student and calculates his or 
her average GPA.  
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University ER Diagram 

Student 

Class 

StudentID SSN 

Sex 

Zip 

Degree 

City 

Birth date 

State 

Name 

Address 

Department 

DName DCode OfficeNumber 

OfficePhone 

College 

Course 

CName 

CourseDesc 

CNumber 

Credits 
Section 

Instructor Year 

Semester SectionNumber  

GPA 

Numeric Grade 

Letter Grade 

Grade_Report 

Belong_To 

Offer 

Minor In 

Major In 

Free Tools for drawing ER diagrams 

l  Edraw Max 
l  Dia 
l  www.diagram.ly 
l  GLIFFY !!! 
 
 
Also check the Wikipedia to find out about more DB 

design tools: 
 

http://en.wikipedia.org/wiki/Entity
%E2%80%93relationship_model#ER_diagramming_
tools 

References 
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 Back up Slides 

White Powder Ski Resort 

l  There are lifts (getting skiers and snowboarders 
uphill) and runs (for downhill fun). A lift is identified 
by name and has a bottom and a top elevation, an 
opening and a closing time, and a capacity (persons 
per hour). A run is identified by name and has a start 
and a finish elevation, a length, and a last patrol 
time. Both lifts and runs have a vertical (the vertical 
diference between their upper and lower elevations). 

White Powder Ski Resort (2) 

l  A lift serves one or more runs, i.e., the start of the 
run is easily and directly reachable from the top of 
the lift. A run connects-to one or more lifts, i.e., those 
lifts whose entry points at the bottom are directly 
reachable from the bottom of a run. 
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White Powder Ski Resort (3) 

l  Lifts may be be connected via the next-lift relation, 
(i.e., the bottom of the next lift is directly reachable 
from the top of another lift). Similarly, runs may be 
connected via the next-run relation (i.e., the top of 
the next run is directly reachable from the bottom of 
another run). 

 

White Powder Ski Resort:  
ER diagram 

constraints that you are unable to capture 
using the ER modeling constructs 

l  The last patrol time of a run should be greater than 
the closing time of any lift that serves it. 

l  If a lift serves a run, then the start elevation of the 
run should be at most the end elevation of the lift. 

l  For a lift or a run, vertical should equal top elevation 
minus bottom elevation. 

l  The closing time of a lift should be greater than the 
opening time. 

White Powder Ski Resort:  
relational schema 


