
One of the Most Common Student 

Mistakes
• Find the name of the employee(s) with the lowest salary

1

SELECT FName, LName, MIN(Salary)

FROM  Employee;



SQL Exercise

• Find the employee (SSN) who works on all project 

locations except Toronto.

• Say the company has

• P1 and P2 in Montreal,

• P10 in Waterloo,

• P12 in Toronto.

• Jane (SSN = 1111111) worked on P1 and P10,

• Peter worked on P1 and P2,

• Kate worked on P1, P10 and P12.

• Then

• Jane should be included in the result while

• Peter and Kate should not.
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Review of Last Lecture

• Advanced SQL

• View

• Assertion

• Trigger

• SQL exercise
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Today’s Plan

• Entity

• Weak entity

• Attributes

• Relationship

• Structural constraints
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ENTITY-RELATIONSHIP 

DIAGRAMS

CHAPTER 06
Collin Roberts

University of Waterloo
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Recommended Reading

• Textbook Chapter 03
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Overview of Database Design

• Conceptual design

• Describe the data informally

• Logical design

• Mapping

• Normalization

• Physical design

• Storage, indexing, RAID
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Benefits of ER Diagrams

• Allow us to sketch the design informally
• Entity

• Attribute

• Relationship

• Constraint

• Schemas in the ER model are entity-relationship 
diagrams

• DBMS independent

• There is a fairly mechanical way to convert ER diagrams 
to real implementations like relational databases.

8



Entity
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Attribute
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ER Diagram

• In an ER diagram, each entity set is represented by a 

rectangle

• Each attribute of an entity set is represented by an oval 

linked to the rectangle
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Types of Attributes

• Simple

• Each entity has a single atomic value for the 
attribute

• Example: SSN or Sex.

• Composite

• The attribute may be composed of several 
components. 

• Example: Address (Apt#, House#, Street, City, 
State, ZipCode, Country) or Name (FirstName, 
MiddleName, LastName). 

• Multi-valued

• An entity may have multiple values for that attribute

• Example: Color of a CAR or PreviousDegrees of a 
STUDENT. Denoted as {Color} or 
{PreviousDegrees}.
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Keys
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Example: Multi-attribute key

• (Location, Time) cannot be a key due to cross-list.
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Exercise: SK, CK and PK

• Identify all the CK, SK and PK for the following entity:

Student

SIN SID Name Addr
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Relationship
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Relationship Property
17



Relationship Key
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Quick Summary on ER Diagram
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Structural Constraints

• Structural constraints on relationships:

• Cardinality ratio (of a binary relationship): 1:1, 1:N, N:1, or M:N

•  SHOWN BY PLACING APPROPRIATE NUMBER ON THE LINK.

• Participation constraint (on each participating entity type): total 

(called existence dependency) or partial.

• SHOWN BY DOUBLE LINING THE LINK

• NOTE: These are easy to specify for Binary Relationship 

Types.

20



Cardinality/Key Constraint

N

1

M

1
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Cardinality: 1-1

1 1
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Cardinality: 1-Many

1 N
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Cardinality: Many-1

1 1

1N
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Cardinality: Many-Many

N M
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Participation Constraint
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In-class Exercise #1: Structural Constraints

1. Marriage between two persons?

2. How about BG between two persons?

3. How about PC between adult and child?
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Person PersonMarry
Husband Wife



Employee DepartmentManages
(1,1)(0,1)

Employee DepartmentWorks-for
(1,N)(1,1)

The (min,max) notation (FYI)
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COMPANY ER Schema Diagram

 using (min, max) notation (FYI)
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Weak Entity Types

• Weak entity: an entity that does not have a primary key

• Identified by a double rectangle

• Naturally, the opposite is called strong entity

• A weak entity must TOTALLY participate in an identifying 

relationship type with an owner or identifying entity type

• Identified by a double diamond

• Weak entities are identified by the combination of:

• A partial key of the weak entity type (discriminator)

• Represented by a dash line

• The particular entity they are related to in the identifying entity type
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Weak Entity Type Example

Employee

Dependent_Of

Dependent

1

N

SSN

Name

Sex

Relationship

Birthday

Name
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SUMMARY OF ER NOTATION

Meaning

ENTITY TYPE

WEAK ENTITY TYPE

RELATIONSHIP TYPE

IDENTIFYING RELATIONSHIP TYPE

ATTRIBUTE

KEY ATTRIBUTE

MULTIVALUED ATTRIBUTE

COMPOSITE ATTRIBUTE

DERIVED ATTRIBUTE

TOTAL PARTICIPATION OF E2 IN R

CARDINALITY RATIO 1:N FOR E1:E2 IN R

SOME USE ARROW TO REPRESENT 
TOTALPARTICIPATION

Symbol

E1 R E2

E1 R E2

N1
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ER DIAGRAM FOR A BANK DATABASE
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In-class Exercise #2

• In the following Company ER diagram, find out
• Example of weak entity?

• Identify the PK for this weak entity

• Example of identifying relationship?

• What is the primary key for DEPENDENT?

• How many super keys for DEPARTMENT?

• What is the primary key for PROJECT?

• How many super keys for PROJECT?

• Modify the diagram so that an employee must have a supervisor.

• Explain the semantics (implied by the structural constraints) on the 
WORKS_ON relationship
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M

COMPANY ER Diagram
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In-class Exercise #3

• Draw an ER diagram to represent:

• A customer can borrow at most 1 loan and a loan has at least one 

borrower.

• What is the cardinality for the relationship?

• What is the participation for Loan and the participation for Customer?
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Relationships of Higher Degree

• Relationship types of degree 2 are called binary

• Relationship types of degree 3 are called ternary and of 

degree n are called n-ary

• AKA multiway relationship
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Design Choice

• How many attributes?

• Avoid redundancy

• Attribute or Entity?

• Don’t use an entity when an attribute will do

• Entity or relationship?

• Difficult to answer

• Depend on which one makes common sense

• Binary relationship or n-ary?

• Use binary as often as possible

• Binary is simple but might not be adequate
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Avoid Redundancy
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Good or Bad?
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Attribute vs Entity
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Good or Bad?

N 1
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Good or Bad
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Good or Bad?

N 1
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Entity or Relationship?

• Good or bad? Why?
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Entity or Relationship?

• Good or bad? Why?

Manfs

AddrNameBeerName

46



ERD Exercise
• Employees: Each employee has an employee number, a name, an address, and 

belongs to one department.

• Departments: Each department has a name and a department code.

• Projects: Each project has a project number. Some number of employees and a 
manager (also an employee) are associated with each project.  For each 
employee it is necessary to record the amount of time he/she has worked on the 
project.  It is possible for an employee to work on more than one project but each 
project only has one manager. Each project uses some parts that are explained 
below.

• Parts: Each part has a part number and a description. In addition, it is necessary 
to represent the quantity and types of subcomponents (other parts), which make 
up each part as well as the parts of which it is a component.

• Warehouses: Each warehouse has a number, an address, and contains an 
inventory of parts.  The quantity of each in stock in each warehouse must be 
recorded.

• Suppliers: Each supplier has a number, a name, and an address.  It is necessary 
to record the parts that a supplier can potentially supply as well as the parts that 
he/she is currently supplying.  It must also be possible to identify for each project, 
which supplier is supplying which parts and in what quantities.
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Free Diagraming Tool

• Dia: http://dia-installer.de/download/index.html.en 

• If you want to draw ER diagram in Dia, make sure to 

choose ER from the drop down menu.
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Review of Today’s Lecture

• Entity

• Weak entity

• Attributes

• Relationship

• Structural constraints
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