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Chapter 8 Outline
• Subclasses, Superclasses, and Inheritance
• Specialization and Generalization
• Constraints and Characteristics of 

Specialization and Generalization Hierarchies
• Modeling of UNION Types Using Categories
• A Sample UNIVERSITY EER Schema, Design 

Choices, and Formal Definitions
• Example of Other Notation: Representing 

Specialization and Generalization in UML
Class Diagrams
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The Enhanced Entity-Relationship 
(EER) Model

• Enhanced ER (EER) model
– Created to design more accurate database 

schemas: สร้างขึน้มาเพ่ือให้การออกแบบฐานข้อมลูมีความหมายท่ี
ถกูต้องแมน่ยํามากขึน้ ช่วยสะท้อนคณุสมบติัของข้อมลู และข้อจํากดัของ

ข้อมลูได้ชดัเจนมากขึน้

• Reflect the data properties and constraints more 
precisely

– More complex requirements than traditional 
applications: สําหรับฐานข้อมลูของ application ท่ีมีความซบัซ้อน

มากกวา่ application แบบดัง้เดิม
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Subclasses, Superclasses, and 
Inheritance

• EER model includes all modeling concepts of 
the ER model: EER รวม model ทัง้หมดของ ER ไว้ และมี

สว่นท่ีเพิ่มเตมิขึน้มาสําหรับข้อมลูท่ีมีความซบัซ้อนมากยิ่งขึน้

• In addition, EER includes:
– Subclasses and superclasses
– Specialization and generalization
– Category or union type
– Attribute and relationship inheritance
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Subclasses, Superclasses, and 
Inheritance (cont’d.)

• Enhanced ER or EER diagrams
– Diagrammatic technique for displaying these 

concepts in an EER schema: EER Diagram ใช้อธิบาย 
concepts ท่ีอยูใ่น EER schema

• Subtype or subclass of an entity type
– Subgroupings of entities that are meaningful
– Represented explicitly because of their 

significance to the database application
– ในบางครัง้ ภายใน entity อาจประกอบด้วยข้อมลูกลุม่ยอ่ย ท่ีมี

ความหมายชดัเจน และมีความสําคญัในการนําเสนอข้อมลูดงักลา่วให้ชดัเจน
ในบาง Database Application
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Subclasses, Superclasses, and 
Inheritance (cont’d.)

• Terms for relationship between a superclass and 
any one of its subclasses: ศพัท์ท่ีเก่ียวข้องท่ีใช้ใน EER 
Diagram
– Superclass/subclass or
– Supertype/subtype or
– Class/subclass relationship

• Type inheritance
– Subclass entity inherits all attributes and relationships 

of superclass
– Subclass สืบทอดทกุคณุสมบติั และทกุความสมัพนัธ์ของ superclass

(สามารถสืบทอดได้หลายชัน้)
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Note: MANAGES and BELONGS_TO  Specific Relationship Type

d: Disjoint – ทกุสมาชิกของ superclass
สามารถเป็นได้มากท่ีสดุแค ่1 อยา่งใน subclass 
เช่น พนกังานเป็นได้มากท่ีสดุแค ่ 1 ประเภทใน 3
ประเภท คือ SECRETARY, TECHNICIAN,
หรือ ENGINEER
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Specialization and Generalization

• Specialization: สิง่ท่ีแตกตา่ง ลกัษณะพิเศษ หรือลกัษณะเฉพาะ

– Process of defining a set of subclasses of an entity 
type

– Defined on the basis of some distinguishing
characteristic of the entities in the superclass

• Subclass can define: subclass สามารถถกูกําหนด 

attribute และ relationship ท่ีเฉพาะได้

– Specific attributes
– Specific relationship types
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Data of Secretary  = Data of Employee (General Data) +
Specific Data of Secretary

(Specific Data for Secretary e.g. Typing Speed)
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Specialization and Generalization (cont’d.)

• Certain attributes may apply to some but not all 
entities of the superclass: บาง attribute อาจจะเป็น

คณุสมบตัเิฉพาะของ subclass
• Some relationship types may be participated in 

only by members of the subclass: ความสมัพนัธ์
บางอยา่งอาจจะเป็นความสมัพนัธ์เฉพาะสําหรับบางสมาชิกใน 

subclass

10



Generalization
• Generalize into a single superclass: หาสิง่ท่ีมีร่วมกนั 

(common) เอาไว้ใน superclass แล้วตัง้ช่ือใหมท่ี่ general 
สําหรับสว่นท่ีตา่งกนัเอาไว้ใน subclass และใช้ช่ือเดิม เช่น CAR กบั 

TRUCK เอาสว่นท่ีมีร่วมกนัไปไว้ใน superclass และตัง้ช่ือเป็น 

VEHICLE สว่นสิง่ท่ีเฉพาะสําหรับ CAR กบั TRUCK ก็ไว้ท่ีเดมิซึง่เป็น 

subclass และใช้ช่ือเดมิ

– Original entity types are special subclasses

• Generalization 
– Process of defining a generalized entity type from 

the given entity types: ขบวนการในการกําหนด generalized 
entity (superclass) จากหลายๆ entity ท่ีมีในระบบ 11



Constraints and Characteristics of Specialization 
and Generalization Hierarchies

• Constraints that apply to a single 
specialization or a single generalization

• Differences between specialization/
generalization lattices (Multiple Inheritance) 
and hierarchies (Single Inheritance)
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Constraints on Specialization and Generalization
• May be several or one subclass: สิ่งท่ีทําให้เกิดคณุสมบติัเฉพาะ specialize 

อาจเกิดจากคณุลกัษณะท่ีแตกตา่งกนัของบาง attribute เช่น job_type ในรูปดงัแสดง

ด้านล่าง

• Determine entity subtype:
– Predicate-defined

(or condition-defined) 
subclasses

– Attribute-defined 
specialization

• User-defined: do not have a condition 
for determining membership in a subclass

Defining Predicate: 
e.g. Job_type = ‘Secretary’  Secretary Subclass

Condition-Defined Subclass
If all subclasses in a specialization have their
membership condition on the same attribute
of the superclass, the specialization itself is
called an attribute-defined specialization,
and the attribute is called the defining
attribute of the specialization 13



Constraints on Specialization and 
Generalization (cont’d.)

• Disjointness constraint: ข้อจํากดัท่ีเป็นได้อยา่งใดอยา่งหนึง่

– Specifies that the subclasses of the specialization 
must be disjoint

• Completeness (or totalness) constraint
– May be total or partial

• Disjointness and completeness constraints are 
independent

Total Participation: Every entity in the superclass must be a member of at 
least one subclass in the specialization. 
For example, if every EMPLOYEE must be either an HOURLY_EMPLOYEE or 
a SALARIED_EMPLOYEE. 14



Specialization and Generalization 
Hierarchies and Lattices

• Specialization hierarchy: Single Inheritance 
– Every subclass participates as a subclass in only 

one class/subclass relationship
– Results in a tree structure or strict hierarchy

• Specialization lattice: Multiple Inheritance 
– Subclass can be a subclass in more than one 

class/subclass relationship
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o: Overlapping:
every member of the 
super-class can belong to 
more than one of the 
subclasses. 
For example, a book can 
be a text book, but also a 
poetry book at the same 
time.

d: Disjoint – every
member of the super-
class can belong to at
most one of the
subclasses.
For example, an
Animal cannot be a
lion and a horse, it
must be either a lion, a
horse, or a dog.
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Specialization and Generalization 
Hierarchies and Lattices (cont’d.)

• Multiple inheritance
– Subclass with more than one superclass
– If attribute (or relationship) originating in the 

same superclass inherited more than once via 
different paths in lattice

• Included only once in shared subclass

• Single inheritance
– Some models and languages limited to single 

inheritance
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Utilizing Specialization and Generalization in 
Refining Conceptual Schemas

• Specialization process
– Start with entity type then define subclasses by 

successive specialization
– Top-down conceptual refinement process: นกึถงึภาพ

ใหญ่ก่อน เช่น ถ้าระบบเก่ียวกบัสตัว์ ให้นกึถงึสตัว์ก่อน แล้วคอ่ยแยกกลุม่ยอ่ย
ของสตัว์แตล่ะประเภท เช่น สตัว์บก สตัว์นํา้ สตัว์ปีก เป็นต้น

• Bottom-up conceptual synthesis: ในทางกลบักนั ให้
นกึถงึสตัว์แตล่ะประเภทก่อน เช่น สตัว์บก สตัว์นํา้ สตัว์ปีก แล้วคอ่ยหา
สิง่ท่ีร่วมกนัของสตัว์เหลา่นี ้

– Involves generalization rather than specialization
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Modeling of UNION Types Using 
Categories

– Union type or a category
– Represents a single superclass/subclass 

relationship with more than one superclass
– Subclass represents a collection of objects that is a 

subset of the UNION of distinct entity types
– Attribute inheritance works more selectively
– Category can be total or partial

• Some modeling methodologies do not have 
union types
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The REGISTERED_VEHICLE category includes
some cars and some trucks but not necessarily all
of them (for example, some cars or trucks may
not be registered).

The REGISTERED_VEHICLE in the Figure 
implies that only cars and trucks, but not other 
types of entities, can be members of 
REGISTERED_VEHICLE.

The OWNER can be either one of three types: 
PERSON, BANK, or COMPANY.
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A Sample UNIVERSITY EER Schema, 
Design Choices, and Formal Definitions

• The UNIVERSITY Database Example
– UNIVERSITY database 

• Students and their majors
• Transcripts, and registration 
• University’s course offerings
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u: Union – a subclass/super-class
relationship can have more than one
super-class, and the subclass inherits
from at most one of the super-classes
(i.e. the subclass
INSTRUCTOR_RESEARCHER will
inherit the relationships and attributes
associated with either FACULTY or
Grad_STUDENT, but not both). Each
super class may have different
primary keys, or the same primary
key. All members of the super-
classes are not members of the
super-class. For example, a
INSTRUCTOR_RESEARCHER can
be a FACULTY, or a Grad_STUDENT,
but not both. And all FACULTYs and
Grad_STUDENTs are not
INSTRUCTOR_RESEARCHERs.
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Design Choices for 
Specialization/Generalization

• Many specializations and subclasses can be 
defined to make the conceptual model accurate: 
specializations and subclasses ทําให้การออกแบบในระดบั
แนวคดิมีความถกูต้องแม่นยําชดัเจนขึน้

• If subclass has few specific attributes and no 
specific relationships
– Can be merged into the superclass
– ในกรณีท่ีมีเพียง 1 subclass และมี attribute เฉพาะน้อย และไมมี่

ความสมัพนัธ์เฉพาะเจาะจงกบั entity อ่ืน สามารถรวม subclass 
ดงักลา่วเข้ากบั superclass ได้
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Design Choices for 
Specialization/Generalization (cont’d.)

• If all the subclasses of a 
specialization/generalization have few specific 
attributes and no specific relationships
– Can be merged into the superclass
– Replace with one or more type attributes that specify 

the subclass or subclasses that each entity belongs to
– ในกรณีที่ทกุ subclass มี attribute เฉพาะน้อย และไมมี่ความสมัพนัธ์

เฉพาะเจาะจงกบั entity อ่ืน สามารถรวม subclass ดงักลา่วเข้ากบั 
superclass ได้ และกําหนด attribute เพ่ิมเติมเพ่ือใช้เป็นตวัท่ีกําหนด
ความแตกตา่งของ subclass
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Design Choices for 
Specialization/Generalization (cont’d.)

• Union types and categories should generally be 
avoided: ให้หลีกเล่ียง Union types and categories 

• Choice of disjoint/overlapping and total/partial 
constraints on specialization/generalization
– Driven by rules in miniworld being modeled
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Formal Definitions for the EER Model 
Concepts

• Class
– Set or collection of entities
– Includes any of the EER schema constructs of 

group entities
• Subclass

– Class whose entities must always be a subset of 
the entities in another class

• Specialization 
– Set of subclasses that have same superclass
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Formal Definitions for the EER Model 
Concepts (cont’d.)

• Generalization
– Generalized entity type or superclass

• Predicate-defined 
– Predicate on the attributes of is used to specify which 

entities in C are members of S
• User-defined

– Subclass that is not defined by a predicate
• Category 

– Class that is a subset of the union of n defining 
superclasses

• Relationship type 
– Any class can participate in a relationship
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Example of Other Notation

28

• Representing specialization 
and generalization in UML 
class diagrams
– Basic notation 

• See Figure 8.10
– Base class

• Root superclass
– Leaf classes

• Subclasses 
(leaf nodes) 

Overlapping:
Inheritance points
to base class.  

Disjoint:
Inheritance points
to base class.  

Composite

Association



Specialization and Generalization
Aggregation and Association

• Specialization 
– Classify a class of objects into more specialized subclasses

• Generalization 
– Generalize several classes into a higher-level abstract class 
– Includes the objects in all these classes

• Aggregation 
– Abstraction concept for building composite objects from 

their component objects
• Association 

– Associate objects from several independent classes
• Main structural distinction

– When an association instance is deleted
• Participating objects may continue to exist 29
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Summary

• Enhanced ER or EER model
– Extensions to ER model that improve its 

representational capabilities
– Subclass and its superclass
– Category or union type

• Notation and terminology of UML for 
representing specialization and generalization
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