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Object-Oriented Software Development

• Object-Oriented Methodology
– development approach used to build complex systems using the

concepts of object, class, polymorphism, and inheritance with a
view towards reusability

– encourages software engineers to think of the problem in terms
of the application domain early and apply a consistent
approach throughout the entire life-cycle

• Object-Oriented Analysis and Design
– analysis models the “real-world” requirements, independent of

the implementation environment

– design applies object-oriented concepts to develop and
communicate the architecture and details of how to meet
requirements
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Object-oriented versus Classical
Software Development

Object-oriented
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Object-oriented
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Design

 Implementation
& Integration
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Action-oriented
or Data-oriented

Object-oriented
(both data and action)
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Object-Oriented vs. Structured Design

• Structured design approaches
focus primarily on either actions or data
– Action-oriented approaches

(a.k.a. process-oriented, function-oriented)
• Structured systems analysis [DeMarco, 1978]

• Finite state machine modeling

– Data-oriented approaches
• Entity-relationship modeling [Chen, 1976]

• Jackson system development [Jackson, 1983]

• Object-Oriented design is a more synergistic approach
– Object = Data + Actions

– data and actions are both treated as first class citizens
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General Advantages

• Understandable
– maps the “real-world” objects more directly

– manages complexity via abstraction and encapsulation

• Practical
– successful in real applications

– suitable to many, but not all, domains

• Productive
– experience shows increased productivity over life-cycle

– encourages reuse of model, design, and code

• Stable
– changes minimally perturb objects
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Advantages with respect to “Principles”

• Separation of concerns
– developers focus on common versus special properties of objects

• Modularity
– specif ically in terms of classification of objects

• Abstraction
– allowing common versus special properties to be represented separately

• Anticipation of change
– new modules (objects) systematically specialize existing objects

• Generality
– a general object may be specialized in several ways

• Incrementality
– specif ic requirements (e.g. performance) may be addressed in

specializations
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Background - Objects

• Traditionally, programming has been
“procedure-oriented”
– Focus on functions, algorithms, and tools

– A system’s data has secondary importance

• Data and process considered separate
– The data is external to a program; a program reads it in,

manipulates it, and then writes it out

– Relationships between data types not considered important
• As a result, similarities were not leveraged leading to duplication of

code
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Background, continued

• Problems
– Lack of data encapsulation

• changes to a data format typically required major rewrites

– Poor models
• Real world entities not well represented in requirements, design and

implementation
– If an assumption about an entity changes, multiple modules may have to

change in response (since logic about an entity may be spread across
modules)

– Low reuse

• Procedure-oriented modules are of ten dif ficult to reuse outside of their
original development context
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Object-Oriented Programming

• Objects combine both data and process
– Increases the stature of data to be equivalent to process

• Focus on real-world entities
– Objects often represent real-world counterparts: people,

countries, calendars, cars, organizations, etc.

• Enables Categorization
– Objects with high levels of abstraction can often be specialized

to more specific categories
• For instance, car → Honda → Civic

• or person → athlete → soccer player

Topic 9 Objects 10

Object-Oriented Programming, continued

• Addresses “Procedure-Oriented” Problems
– Data and Process encapsulation

• Encapuslates data and related algorithms behind a single interf ace; both
can be evolved without af fecting other objects or modules (as long as
the interf ace is constant)

• Natural Models

• Objects can be used to appropriately structure a design or accurately
create a set of requirements based on knowlede about the real-world
counterpart

– Increased Reuse
• Well-designed object is of ten independent of the original development

context
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Object name

state
(attributes)

access to attr ibutes
Method 1

Method 2

Method 3

Objects

• Data and operations are defined as a single unit

• Object :=
– encapsulated state (attributes)

– methods that exclusively control access to the state
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Professor

Name: string
Dept: string

get_name()
  return string
....

class Professor

(Professor) (Professor)

Jean Raoul
French

Debra R ichardson
ICS

get_name()
....

get_name()
....

Object instances of Professor

Classes

• Each object is an instance of a class

• A class serves as a blueprint
– It defines the attributes and methods for the class

– Thus, each object of a class has exactly the same interface and
set of attributes

• each object can have dif ferent values for its attributes
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Class Name

(Class Name)

InstanceVariable1
InstanceVariable2: type

InstanceVariable1 = value
InstanceVariable2: type

Method1()
Method2(arguments) return type

Method1()
Method2(arguments) return type

Classes are represented as rectangles;

The class name is at the top, followed by attributes
(instance variables) and methods (operations)

Depending on context some information can be
hidden such as types or method arguments

Objects are represented as rounded rectangles;

The object’s name is its classname surrounded by
parentheses

Instance variables can display the values that they
have been assigned; pointer types will of ten point
(not shown) to the object being referenced

Object Model Notation: Introduction
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(Rectangle)

get_width

get_height

calculate_area

 width
height

 Object

Object Communication

• Objects communicate via method invocation
– This is known as message passing

– Legal messages are defined by the object’s interface

– This interface is the only legal way to access another object’s
state
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Objects: Terminology (partial review)

• Class
– set of objects having the same methods and attributes

– has a specification and an implementation

– behavior is defined by the operations that can be performed on
objects belonging to the class

• Method
– action that can be performed on any member of a class

• Encapsulation
– packaging the specification and implementation of a class so

that the specification is visible and the implementation is
hidden from clients

– Instantiation

– the creation of a new object belonging to a class Topic 9 Objects 16

Weather
mapping system

Weather
station

Map
database

Weather
map

consists of

Objects: Terminology, continued

• Aggregation
– Objects representing components are associated with an object

representing their assembly (e.g. consists-of)

– A mechanism for structuring object models
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consists of

consists of

Microcomputer

Monitor System box Mouse Keyboard

Chassis CPU RAM Fan

Aggregation: example
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Course

title

Undergrad Course

length

Postgrad Course

level

is-a

Supertype

Subtypes

Objects: Terminology, continued

• Generalization
– Allows a class, called a supertype, to be formed by factoring

out the common state and methods of several classes, called
subtypes (is-a)

– Specialization is the converse case
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Dog Cat

Animal

is-a

Enables the creation of lists which
can consist of elements with
different types!

animalList: listOf(Animal)

animalList Cat Animal Dog

Generalization: example
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Aggregation/ Generalization: example

consists of

consists of

Microcomputer

Monitor System box

Mouse Keyboard

Chassis CPU RAM Fan

Input Dev ice

is-a

Color Monitor B/W Monitor

is-a

Specialization
Generalization
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Objects: Terminology, continued

• Inheritance
– a subclass inherits methods and attributes from its superclass; a

subclass can also add additional operations and attributes;

– e.g.: subclasses Undergrad Course and Postgrad Course inherit
the title attribute from the superclass Course

• Class hierarchy
– generalization and inheritance are transitive across the

hierarchy

– e.g. vehicle->automobile->4-door->Suburu Legacy; the legacy
inherits from 4-door, automobile, and vehicle

• Multiple Inheritance
– subclass inherits operations and attributes from more than one

superclass (not a strict hierarchy)
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Class Hierarchy - Single Inheritance: example

is-a

is-a

is-a
is-a

Vehicle

LandVehicle WaterVehicle AirVehicle

truckcar

sailboat

airplane helicopter

motorboat ship yatch
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Class Hierarchy - Multiple Inheritance: example

is-a

is-a

Vehicle

is-a

LandVehicle WaterVehicle

Car Amphibious
Vehicle

Boat
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Polymorphism

• A superclass defines an operation which its subclasses
override.

• Via generalization a client may have a variable of the
superclass type which is pointing to an instance of the
subclass.

• When the operation is called, the subclass’s
implementation is invoked
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Polymorphism: example

is-a

is-a

Vehicle

is-a

LandVehicle WaterVehicle

Car Amphibious
Vehicle

Boat

defines methods
turnOn() and
turnOff()

Each subclass implements turnOn() and turnOff()
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Polymorphism: example, continued

myVehicle: Vehicle := new Boat();

myVehicle->turnOn();

myVehicle->turnOff();

• In both cases, its Boat.turnOn() and Boat.turnOff() that’s
executed!

Topic 9 Objects 27

Something to think about:
What makes a good object class?

• Reasonableness of an object depends on the problem:
the challenge of O-O analysis is to find relevant classes
– Country: USA, Australia

– State: California, Washington

– Thermometer

– Temperature: 32°F

– Computer file

– Swimming

– Students

– Class of students

– Students whose middle initial is J

– Inventory

– Automobile Part

– Part ID


