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SYLLABUS

 6.1 Basic Entity – Relationship Concepts: Entities, Relationship, 

Attributes 

 6.2 E – R Diagram symbols 

 6.3 Conversion of Entity – Relationship Model into Relations

 6.4 Problems with Enitty – Relationship Models 

 6.5 Concepts : Specialisation and Generalisation
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6.1 RELATIONSHIP CONCEPTS

 A database can be modeled as:

 a collection of entities,

 relationship among entities.

 An entity is an object that exists and is distinguishable from other objects.

 Example:  specific person, company, event, plant

 Entities have attributes

 Example: people have names and addresses

 An entity set is a set of entities of the same type that share the same 

properties.

 Example: set of all persons, companies, trees, holidays
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ENTITY SETS CUSTOMER AND LOAN

customer_id customer_  customer_  customer_            loan_    amount

name     street         city                      number
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RELATIONSHIP SETS

A relationship is an association among several entities

Example:

Hayes depositor A-102

customer entityrelationship setaccount entity

A relationship set is a mathematical relation among n  2 

entities, each taken from entity sets

{(e1, e2, … en) | e1   E1, e2  E2, …, en  En}

where (e1, e2, …, en) is a relationship

Example: 

(Hayes, A-102)  depositor 5



RELATIONSHIP SET BORROWER

6



RELATIONSHIP SETS (CONT.)

◼ An attribute can also be property of a relationship set.

◼ For instance, the depositor relationship set between entity sets 
customer and account may have the attribute access-date
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DEGREE OF A RELATIONSHIP SET

◼ Refers to number of entity sets that participate in a 

relationship set.

◼ Relationship sets that involve two entity sets are binary (or 

degree two).  Generally, most relationship sets in a database 

system are binary.

◼ Relationship sets may involve more than two entity sets. 

◼ Relationships between more than two entity sets are rare.  

Most relationships are binary. (More on this later.)
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ATTRIBUTES

◼ An entity is represented by a set of attributes, that is 

descriptive properties possessed by all members of an entity 

set.

◼ Domain – the set of permitted values for each attribute 

◼ Attribute types:

◼ Simple and composite attributes.

◼ Single-valued and multi-valued attributes

◼ Example: multivalued attribute: phone_numbers

◼ Derived attributes

◼ Can be computed from other attributes

◼ Example:  age, given date_of_birth 9



COMPOSITE ATTRIBUTES
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MAPPING CARDINALITY CONSTRAINTS

 Express the number of entities to which another entity can 

be associated via a relationship set.

 Most useful in describing binary relationship sets.

 For a binary relationship set the mapping cardinality must 

be one of the following types:

 One to one

 One to many

 Many to one

 Many to many 
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MAPPING CARDINALITIES

One to one One to many

Note: Some elements in A and B may not be mapped to any 

elements in the other set
12



MAPPING CARDINALITIES

Many to one Many to many

Note: Some elements in A and B may not be mapped to any 

elements in the other set
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KEYS

◼ A super key of an entity set is a set of one or more 

attributes whose values uniquely determine each entity.

◼ A candidate key of an entity set is a minimal super key

◼ Customer_id is candidate key of customer

◼ account_number is candidate key of account

◼ Although several candidate keys may exist, one of the 

candidate keys is selected to be the primary key.
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KEYS FOR RELATIONSHIP SETS

 The combination of primary keys of the participating entity sets 
forms a super key of a relationship set.

 (customer_id, account_number) is the super key of depositor

 NOTE:  this means a pair of entity sets can have at most one 
relationship in a particular relationship set.  

Example: if we wish to track all access_dates to each account 
by each customer, we cannot assume a relationship for each 
access.  We can use a multivalued attribute though

 Must consider the mapping cardinality of the relationship set 
when deciding what are the candidate keys 

 Need to consider semantics of relationship set in selecting the 
primary key  in case of more than one candidate key 15



6.2 E-R DIAGRAMS SYMBOLS
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E-R DIAGRAM WITH COMPOSITE, MULTIVALUED, AND

DERIVED ATTRIBUTES
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6.3 RELATIONSHIP SETS WITH ATTRIBUTES
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ROLES
◼ Entity sets of a relationship need not be distinct

◼ The labels “manager” and “worker” are called roles; 

they specify how employee entities interact via the 

works_for relationship set.

◼ Roles are indicated in E-R diagrams by labeling the 

lines that connect diamonds to rectangles.

◼ Role labels are optional, and are used to clarify 

semantics of the relationship
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CARDINALITY CONSTRAINTS

 We express cardinality constraints by drawing either a 

directed line (→), signifying “one,” or an undirected line (—), 

signifying “many,” between the relationship set and the entity 

set.

 One-to-one relationship:

 A customer is associated with at most one loan via the 

relationship borrower

 A loan is associated with at most one customer via borrower
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ONE-TO-MANY RELATIONSHIP

◼ In the one-to-many relationship a loan is associated with at 

most one customer via borrower, a customer is associated with 

several (including 0) loans via borrower
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MANY-TO-ONE RELATIONSHIPS

 In a many-to-one relationship a loan is associated 

with several (including 0) customers via borrower, a 

customer is associated with at most one loan via 

borrower

22



MANY-TO-MANY RELATIONSHIP

◼ A customer is associated with several 

(possibly 0) loans via borrower

◼ A loan is associated with several (possibly 0) 

customers via borrower
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PARTICIPATION OF AN ENTITY SET IN A

RELATIONSHIP SET

n Total participation (indicated by double line):  every entity in the entity set 

participates in at least one relationship in the relationship set

l E.g. participation of loan in borrower is total

 every loan must have a customer associated to it via borrower

n Partial participation:  some entities may not participate in any relationship 

in the relationship set

l Example: participation of customer in borrower is partial
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WEAK ENTITY SETS

 An entity set that does not have a primary key is referred to as a 

weak entity set.

 The existence of a weak entity set depends on the existence of a 

identifying entity set

 it must relate to the identifying entity set via a total, one-to-

many relationship set from the identifying to the weak entity set

 Identifying relationship depicted using a double diamond
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WEAK ENTITY SETS (CONT.)

 We depict a weak entity set by double rectangles.

 We underline the discriminator of a weak entity set  with a 
dashed line.

 payment_number – discriminator of the payment entity set 

 Primary key for payment – (loan_number, payment_number) 
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6.4 PROBLEMS WITH E-R DIAGRAMS

 Problems with  E-R Diagrams

 If the meanings of relationships are misinterpreted, they lead to 

problems. These problems are called connection problems. 

 There are mainly two types of connection traps:

Fan problems

Chasm problems
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FAN PROBLEMS

Problem :

 Consider an engineering college which operates different 

branches such as computer engineering, information 

technology etc. 

 Different kind of employees, such as lecturer, clerk, peon, 

etc. works in college. 

 Also, these employees belong to specific branches.

 E-R diagram showing relationship-sets between Employee 

& College and College & Branch.
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CHASM PROBLEMS

Chasm traps occur when an E-R diagram suggests the 

existence of a relationship between entity sets, but, in reality, 

the connection does not exist.

This is possible when a relationship set with partial 

participation forms the way of connection between entity sets. 

This way of connection is referred as pathway.
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SUB-CLASS

 Sub-class

 "A sub-class is a subset of entities in an entity set, which has attributes distinct 

from those in other subsets."

 A sub-class is a distinct sub-grouping of individual entities of an entity set.

 It is also referred as sub-type.

 For example, entities of the entity set Account are grouped into two classes -

Saving_Account and Current_Account. So, Saving_Account and Current_Account

represent sub-classes here.
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SUPER-CLASS

 Super-class

 "A super-class is a generic entity set, which has relationship with one or more sub-

classes."

 A super-class is an entity set that includes one or more sub-sets (sub-classes) of its 

individual entities.

 It is also referred as super-type.

 For example, an entity set Account has two sub-sets - Saving_Account & 

Current_Account. So, an Account represents a super-class.
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6.5 EXTENDED E-R FEATURES: SPECIALIZATION

 Top-down design process; we designate subgroupings within an entity set 
that are distinctive from other entities in the set.

 These subgroupings become lower-level entity sets that have attributes or 
participate in relationships that do not apply to the higher-level entity set.

 Depicted by a triangle component labeled ISA (E.g. customer “is a” 
person).

 Attribute inheritance – a lower-level entity set inherits all the attributes 
and relationship participation of the higher-level entity set to which it is 
linked.
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SPECIALIZATION EXAMPLE
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EXTENDED ER FEATURES: GENERALIZATION

◼ A bottom-up design process – combine a 

number of entity sets that share the same 

features into a higher-level entity set.

◼ Specialization and generalization are simple 

inversions of each other; they are represented 

in an E-R diagram in the same way.

◼ The terms specialization and generalization are 

used interchangeably.
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◼ Can have multiple specializations of an entity set 

based on different features.  

◼ E.g. permanent_employee vs. temporary_employee, 

in addition to officer  vs. secretary vs. teller

◼ Each particular employee would be 

◼ a member of one of permanent_employee or 

temporary_employee, 

◼ and also a member of one of officer, secretary, or 

teller

◼ The ISA relationship also referred to as superclass 

- subclass relationship
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EXAMPLE:

consider the two entity sets Car and Truck 
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CATEGORIZATION

 Categorization

 "Categorization is the process of defining a single sub-class 

with a relationship which involves more than one super-class."

 Notice that, here, a single sub-class is associated with more 

than one super-class.

 The sub-class will represent Union of distinct super-classes. 

 Type of sub-class is known as a Union type or a Category.
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THANK YOU..
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