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Object-Oriented Analysis and Design (OOAD)
What is OOAD?
Object-Oriented Analysis and Design (OOAD) is a software engineering approach
that uses object-oriented concepts to analyze and design an application or system. It
focuses on modeling the system as a group of interacting objects that reflect real-world
entities.
e Analysis: Understand and model the problem domain by identifying objects,
their behaviors, and relationships.
o Design: Define how the system will be built by specifying the objects, classes,
interfaces, and their interactions.
Core Concepts in OOAD

Concept Description
Object An entity with attributes (data) and methods (behavior).
Class A blueprint/template that defines attributes and methods for objects.

Encapsulation Bundling data and methods; controlling access to data.

Inheritance Deriving new classes from existing ones, promoting reuse.
Polymorphism Ability of different objects to respond to the same message differently.
Abstraction  Focusing on essential features while hiding details.

OOAD Process
1. Object-Oriented Analysis (OOA)
« ldentify the key objects in the problem domain (e.g., customers, orders).
« Define their attributes and behaviors.
o Model relationships between objects (associations, inheritance).
o Use Use Case Diagrams to capture system functionality from the user’s
perspective.
o Create Class Diagrams to represent static structure.
2. Object-Oriented Design (OOD)
« Refine the analysis models to detailed design specifications.
« Define class interfaces, methods, and collaborations.
e Model object interactions with Sequence Diagrams or Collaboration Diagrams.
e Specify object states with State Diagrams.
e Design components for implementation and integration.
OOAD Modeling Techniques (Using UML)

Diagram Type Purpose
Use Case Diagram  Capture functional requirements and actors.



Diagram Type Purpose

Class Diagram Show classes, attributes, methods, relationships.
Sequence Diagram  Detail object interactions over time.
Collaboration Diagram Show structural organization of objects.

State Diagram Model lifecycle states of objects.

Activity Diagram Model workflows and processes.

Benefits of OOAD
o Natural modeling: Mirrors real-world entities making it intuitive.
e Improved modularity: Encapsulation and classes promote modular design.
« Reusability: Inheritance and polymorphism encourage code reuse.
o Maintainability: Clear structure eases system modification and extension.
o Scalability: Suitable for complex, large systems.
o Better communication: Visual models improve stakeholder understanding.

Phase Focus Outputs

Object-Oriented Understanding problem domain  Use case diagrams, initial class
Analysis and identifying objects diagrams

Object-Oriented Detailed design of objects and Detailed class diagrams, sequence
Design their interactions diagrams, state diagrams

Modeling Techniques in OOAD
1. Use Case Diagrams
e Purpose: Capture system functional requirements from the user's perspective.
o Elements:
o Actors: External entities (users or other systems) interacting with the
system.
o Use Cases: Specific functionalities or services the system provides.
o Relationships: Associations between actors and use cases (e.g.,
communication, inclusion).
o Benefit: Helps understand what the system should do, defining scope and
interactions.
2. Class Diagrams
e Purpose: Show the static structure of the system by modeling classes and their
relationships.
o Elements:
o Classes: Represent entities with attributes and methods.
o Attributes: Properties or data members of a class.
o Methods: Functions or operations of a class.
o Relationships:
= Association: Links between classes.



= Inheritance (Generalization): "Is-a" relationship where a subclass
inherits from a superclass.
= Aggregation/Composition: "Has-a" relationships showing whole-
part hierarchies.
« Benefit: Visualizes system’s data and behavior organization.
3. Sequence Diagrams
o Purpose: Model dynamic behavior by showing how objects interact over time.
o Elements:
o Obijects: Instances participating in the interaction.
o Lifelines: Vertical dashed lines representing object existence over time.
o Messages: Horizontal arrows showing communication between objects
(method calls, returns).
« Benefit: Clarifies the order of operations and message passing in scenarios.
4. Collaboration Diagrams (Communication Diagrams)
e Purpose: Show interactions between objects emphasizing their structural
organization.
e Elements:
o Objects with links connecting them.
o Numbered messages showing interaction sequences.
o Benefit: Focuses on object relationships while showing message flow.
5. State Diagrams (Statechart Diagrams)
o Purpose: Model life cycle states of an object and transitions caused by events.
o Elements:
o States: Different conditions or situations of an object.
o Transitions: Arrows triggered by events causing state change.
o [Events: Inputs or occurrences triggering transitions.
« Benefit: Useful for modeling reactive systems and objects with complex
behaviors.
6. Activity Diagrams
e Purpose: Represent workflows or business processes, focusing on flow of
control.
o Elements:
o Activities: Tasks or operations.
o Decision nodes: Branching points.
o Start and End nodes: Indicate beginning and completion.
o Benefit: Visualizes parallel and sequential flow in processes.
Summary Table

Diagram Type Purpose Key Focus
Use Case Diagram  System functions and user roles Functional requirements



Diagram Type Purpose Key Focus
Classes, attributes,

Class Diagram Static structure of system . .
relationships

Sequence Diagram  Object interaction over time Message order and timing
Collaborati — : , N

.o aboration Object interactions and links Structural organization
Diagram
State Diagram Object lifecycle and state States and transitions

changes

Activity Diagram Workflow and process modeling Control flow and decisions
Object-Oriented Design Process

Overview
The Object-Oriented Design (OOD) process focuses on translating the analysis models
into detailed design specifications. It defines the software architecture, specifying how
objects will interact to fulfill the system requirements.
Key Steps in the OOD Process
1. Identify and Define Classes and Objects
o Select candidate classes based on the analysis models (e.g., from use cases
and class diagrams).
o Define their responsibilities, attributes (data), and operations (methods).
o Ensure classes represent meaningful real-world or conceptual entities.
2. Establish Relationships Between Classes
« Define how classes relate to one another:
o Associations: How objects collaborate (e.g., “Customer” places an
“Order”).
o Inheritance: Establish superclass-subclass hierarchies to promote reuse.
o Aggregation/Composition: Model whole-part relationships.
3. Design Class Interfaces
o Specify public methods that define how other objects interact with each class.
e Decide on parameters, return types, and access control (public/private).
e Consider information hiding to encapsulate internal details.
4. Define Object Collaborations
e Model interactions among obijects to fulfill system functionality.
« Use Sequence Diagrams or Collaboration Diagrams to specify message flow
and order.
e Ensure clear communication protocols between objects.
5. Design Object Behavior and States
e Specify internal behavior of objects including state changes and responses to
events.
« Use State Diagrams to model object lifecycle and valid state transitions.



o Define how objects handle exceptional conditions.
6. Apply Design Principles and Patterns
o Utilize OO design principles such as:
o Single Responsibility Principle (each class has one reason to change).
o Open/Closed Principle (classes should be open for extension but closed
for modification).
o Liskov Substitution Principle (subclasses should be substitutable for
their base classes).
« Employ design patterns (e.g., Factory, Observer, Singleton) to solve common
design problems.
7. Refine and Review Design
o lterate over the design to improve clarity, reduce complexity, and enhance
modularity.
e Conduct design reviews with stakeholders and developers.
e Prepare detailed design documentation.
Outputs of the OOD Process
o Detailed Class Diagrams with attributes, methods, and relationships.
« Sequence or Collaboration Diagrams illustrating object interactions.
o State Diagrams defining object behavior over time.
o Design specification documents ready for implementation.

Step Description Typical Artifacts

Identify Classes and Select meaningful classes from Candidate class list,
Objects analysis models attribute/method definitions

Establish associations,

Define Relationships . . "
inheritance, composition

Class relationship diagrams

Specify public methods and

Design Interfaces
access control

Interface specifications

Model Object Detail object interaction and Sequence and collaboration
Collaborations message flow diagrams
Design Object Define states and reactions to

Behavior events State diagrams

Apply Principles & Use design best practices and

Patterns reusable solutions Design pattern documents

Updated diagrams and design

Refine and Review Iterate and validate design
docs

Object-Oriented Design Process

Object-Oriented Design transforms the requirements and analysis models into a

blueprint for building the software system using object-oriented principles.

Key Steps in the OOD Process



1. Identify Classes and Objects
o From the requirements and analysis, identify key candidate classes and objects.
o Determine their responsibilities, attributes (data), and behaviors (methods).
2. Define Class Relationships
o Establish relationships between classes such as:
o Associations (how objects relate or communicate)
o Inheritance (generalization/specialization)
o Aggregation/Composition (whole-part relationships)
3. Design Class Interfaces
e Specify public methods for each class.
o Define parameters, return types, and access controls (public, private).
« Promote encapsulation by hiding internal data.
4. Model Object Interactions
e Use Sequence Diagrams and Collaboration Diagrams to depict how objects
communicate to perform tasks.
o Define the sequence and flow of messages between objects.
5. Specify Object Behavior
« Use State Diagrams to model the different states an object can be in and how it
transitions between states.
« Define event handling and behavior changes.
6. Apply Design Principles and Patterns
e Apply principles like:
o Single Responsibility Principle
o Open/Closed Principle
o Liskov Substitution Principle
o Use design patterns (e.g., Factory, Observer, Strategy) for common design
challenges.
7. Refine and Review Design
» lterate the design for clarity, modularity, and efficiency.
e Conduct reviews with the development team and stakeholders.
o Update design documents accordingly.

Step Description

Identify Classes & Objects Determine core system components

Define Relationships Map out class associations, inheritance, and composition
Design Interfaces Define how classes expose methods to others

Model Interactions Specify how objects communicate

Specify Behavior Detail object state and lifecycle

Apply Principles & Patterns Incorporate best practices and reusable solutions



Step Description
Refine & Review Improve design through iteration and feedback
What is OOPS?
An Object-Oriented Programming System (OOPS) is a software development
environment that supports the implementation of object-oriented design using
programming languages that follow OO principles.

o It provides mechanisms to define classes, objects, inheritance,

polymorphism, encapsulation, and abstraction.

o Bridges the gap between object-oriented design models and actual code.

2. Key Features of OOPS

Feature Description

Classes and Classes are blueprints; objects are instances with state and
Objects behavior.

Encapsulation Data (attributes) and methods are bundled; access is controlled.
Inheritance Allows creating new classes from existing ones, promoting reuse.

Objects can take multiple forms; the same method can behave

Pol hi
CYMOTPISM  jifferently in subclasses.

Hides unnecessary details and exposes only essential

Abstraction . A
functionalities.

D Method calls are resolved at runtime, enabling flexible
Dynamic Binding . .
interactions.
3. Role in Software Development
e Implements object-oriented designs created during OOAD.
e Provides a structured way to write reusable and modular code.
e Reduces complexity by modeling real-world entities as objects.
e Supports maintenance and evolution of software systems.

4. Popular Object-Oriented Programming Languages
Language Key Features & Uses

Java Platform-independent, strong OO support, used in enterprise applications.
C++ High-performance, supports both OO and procedural programming.
C# Integrated with .NET, used in Windows applications and web services.

Python  Supports OO features, easy to learn, widely used for rapid development.
Ruby Pure OO language, used in web applications (Ruby on Rails).
5. Implementation Steps Using OOPS
1. Define Classes
o ldentify objects from design models.
o Define class attributes and methods.



2. Create Objects
o Instantiate objects from classes.
3. Establish Relationships
o Implement inheritance, composition, or associations.
4. Implement Behaviors
o Write methods reflecting object responsibilities.
o Use polymorphism for flexibility.
5. Test Objects and Interactions
o Unit testing for individual classes.
o Integration testing for object collaborations.
6. Maintain and Refactor Code
o Update classes and methods as requirements change.
o Reuse existing objects to add new functionality efficiently.
6. Advantages of Using OOPS
o Promotes code reusability through inheritance and libraries.
« Improves maintainability by isolating changes to specific classes.
e Models real-world systems naturally using objects.
e Supports scalability and modular design.
« Enhances team collaboration by defining clear object responsibilities.
Summary Table

Concept Role in OOPS Implementation
Classes & Objects Represent system entities and instances
Encapsulation Protects data and ensures modularity
Inheritance Promotes code reuse and hierarchy

Polymorphism Supports flexible behavior in objects
Abstraction Focuses on essential functionality
Dynamic Binding Enables runtime method r

Object-Oriented Database (OODB)
1. What is an Object-Oriented Database?
An Object-Oriented Database (OODB) is a database system that stores data in the
form of objects, similar to how objects are defined in Object-Oriented Programming
(OOP).
« Combines database capabilities with object-oriented concepts.
o Allows persistent storage of objects including their attributes (data) and
methods (behavior).
o Eliminates the mismatch between programming objects and database
representation (known as object-relational impedance mismatch).
2. Key Features of OODB



Feature Description

jects an Stores objects directly; classes define object structure.

Classes
. Supports class hierarchies; subclasses inherit attributes and

Inheritance
methods.

Encapsulation Data and methods are stored together, preserving object behavior.

Complex Objects Can store nested objects, collections, and multimedia data.

Persistence Objects are persistent beyond program execution.

Identity Each object has a unique identifier (OID) that distinguishes it from
others.

Query Support Can queryl objects using QQL (Object Query Language) or
language-integrated queries.

Transaction Provides ACID properties (Atomicity, Consistency, Isolation,

Support Durability).

3. Advantages of OODB
« Eliminates object-relational mapping, simplifying programming.
« Handles complex data types (e.g., multimedia, spatial data, engineering
models).
o Promotes reusability and modularity by storing objects with behavior.
e Supports inheritance and polymorphism in the database.
« Efficient for applications that require frequent object manipulation.
4. Disadvantages of OODB
o Less mature and less standardized than relational databases.
e Learning curve for developers unfamiliar with OOP principles.
o Limited support from widely used database management systems.
e Query optimization can be more complex.
5. Examples of Object-Oriented Databases

OODB System Key Features

Java-based OODB, supports JPA (Java

ObjectDB Persistence API).

db4o Open-source, lightweight, for Java and .NET.

Enterprise-grade, supports complex data models

Vi t Object Datab
ersan Ject Database and high performance.

Object database for Smalltalk and Java, scalable

GemStone/S .
and persistent.

Informix Universal Server

(Object-Relational) Combines relational and object features.



6. Applications of OODB
o Computer-Aided Design (CAD) / Computer-Aided Engineering (CAE) systems
e Multimedia systems (video, audio, images)
« Scientific and engineering simulations
« Real-time systems with complex object interactions
e GIS (Geographic Information Systems)

Aspect Description
Data . . . ,

. Stores objects directly with attributes and methods
Representation

Relationships Supports inheritance and associations
Query Language  Object Query Language (OQL) or native language integration

Handles complex data, preserves OO structure, reduces mapping

Advant
vantages overhead

Limitations Less standardization, learning curve, limited DBMS support

Features of Object-Oriented Databases (OODB)
An Object-Oriented Database (OODB) extends traditional databases by supporting
object-oriented concepts. Its features combine data storage and object behavior for
more complex applications.
1. Object Storage
o Objects are stored directly in the database.
« [Each object contains attributes (data) and methods (behavior).
o Preserves the identity of the object across sessions.
2. Class and Type Support
o Database stores classes and their objects.
e Supports inheritance, so subclasses automatically get attributes and methods of
superclasses.
o Enables modeling real-world hierarchies efficiently.
3. Encapsulation
« Combines data and methods into a single entity (object).
« Controls access to the internal state using public/private/protected methods.
o Ensures objects manage their own data and behavior.
4. Inheritance
« Allows one class to derive from another.
e Subclasses inherit attributes and methods of parent classes.
o Promotes code reuse and reduces redundancy in the database schema.
5. Polymorphism
e Objects can respond differently to the same message depending on their class.
e Supports overriding methods in subclasses.



o Enables flexible and extensible system design.
6. Complex Object Support
o Can store nested objects, collections, arrays, and multimedia data types.
o Handles complex data structures like graphs, networks, and spatial data.
7. Persistence
o Objects in an OODB are persistent, meaning they exist beyond the execution of
the program.
« Unlike in-memory objects in programming languages, database objects remain
saved until explicitly deleted.
8. Unique Object Identity (OID)
o Each object has a unique identifier (OID).
o Object identity is independent of attribute values, ensuring objects can be tracked
and referenced reliably.
9. Query Support
e Supports querying objects using Object Query Language (OQL) or language-
integrated queries.
e Queries can retrieve objects, their attributes, and relationships efficiently.
10. Transaction and Concurrency Support
« Provides ACID properties (Atomicity, Consistency, Isolation, Durability) for
reliable transactions.
o Ensures data integrity even in multi-user environments.
11. Integration with OO Programming Languages
o Seamlessly integrates with object-oriented programming languages like Java,

C++, or C#.
¢ Reduces object-relational mapping issues seen in traditional relational
databases.
Feature Description
Object Storage Stores objects with attributes and methods directly
Class & Type Support  Supports inheritance and hierarchies
Encapsulation Bundles data and behavior; controls access
Inheritance Reuses attributes and methods from parent classes

Polymorphism Supports multiple forms of objects responding to the same

message
Complex Objects Handles nested, collection, and multimedia objects
Persistence Objects remain in the database beyond program execution

Unique Object ID (OID) Each object has a unique identifier
Query Support Use OQL or integrated queries to retrieve objects
Transaction Support Ensures ACID properties for data integrity



Feature Description

OO Language

) Seamless use with Java, C++, C#, Python, etc.
Integration



