
Software Design and Architecture 
[Creational Design Patterns] – Chapter 06, L01 



Lecture Outlines 

Patterns in Detailed Design
Architectural vs. Design Patterns.

Classification of Design Patterns
Purpose
Scope

Documenting Design Patterns

Creational Design Patterns
Abstract Factory
Computer Store Example

What’s next…
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Patterns in Detailed Design

Design patterns are recurring solutions to object-oriented design 
problems in a particular context.  They are different than architectural 
patterns/styles!
Extra: Design patterns  are reusable solutions to common problems 

They provide templates for how to solve problems efficiently and consistently, 
helping developers avoid reinventing the wheel.

In which way they are different?!!
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Classifications of Design Patterns

 Design patterns can be classified based on:
 Purpose
 Scope

 The purpose of a design pattern identifies the essence of the pattern. The three 
types of purposes used for classification are:
1. Creational: Patterns that deal with creation of objects.
2. Structural: Patterns that deal with creation of structures  to form the existing

objects.
3. Behavioral: Patterns that deal with how classes interact, the variation of behavior, 

and the assignment of  responsibility between objects.
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Classifications of Design Patterns
 The scope criterion captures whether a design pattern 

primarily applies to classes (during design time) or 
objects (during run-time).
http://www.cs.unc.edu/~stotts/GOF/hires/chap1fso.htm

Extra: 

1. Class-level patterns:

Patterns that apply at the class level, focusing on 
relationships between classes during design time.

2. Object-level patterns:

Patterns that apply at the object level, focusing on 
relationships between objects at runtime.

In short, class-level patterns deal with class 
structures, while object-level patterns focus 
on interactions during execution.
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Documenting  Design 
Patterns

Note:

In this course, we’re not concerned with  presenting this extensive
documentation  for each pattern
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Extra:
• This slide explains how design patterns are 

documented. 
• Each pattern is described using several key 

categories such as intent, motivation, 
applicability, structure, participants, and 
more. 

• These categories help provide a clear 
understanding of what the pattern does, when 
to use it, how it works, and its effects on the 
system. 

• you don't need to focus on presenting this 
extensive documentation for each pattern.



Creational Design Patterns

Creational design patterns abstract and control the way objects are created in 
software applications.

They do so by specifying a common creational interface.

 Examples of creational patterns include:
 The Abstract Factory
 The Factory Method
 The Builder
 The Prototype
 The Singleton
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The Abstract Factory Pattern 

 The Abstract Factory is an object-creational design pattern intended to 
manage and encapsulate the creation of a set of objects that conceptually 
belong together and that represent a specific family of products.

 The intent of the Abstract Factory is to:
 Provide an interface for creating families of related objects without 

specifying their concrete classes.

 Like all creational patterns, Abstract Factory is composed of creator
classes and product classes.
 As it will be seen, some creational patterns fuse the creator and product 

into one class.
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The Abstract Factory Pattern 
 The Abstract Factory is an object-creational design pattern intended to manage and 

encapsulate the creation of a set of objects that conceptually belong together and that represent 
a specific family of products.

 The intent of the Abstract Factory is to:

 Provide an interface for creating families of related objects without specifying their concrete 
classes.

 Like all creational patterns, Abstract Factory is composed of creatorclasses and product classes.
 As it will be seen, some creational patterns fuse the creator and product into one class.

Extra: Benefits:
✅ Encapsulation: The client DOES know the abstract product names (Button, Textbox). The 
client does NOT know the concrete product class names (DarkButton, LightTextbox, etc.).

✅ Flexibility: Easy to add new families by creating a new factory.
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Extra
 Question:

Imagine you are designing a computer program that must support two different themes: Dark Theme and Light Theme.

 In the Dark Theme, the Button is black color and the TextField is black color.

 In the Light Theme, the Button is white color and the TextField is white color.

 Instead of writing separate code for Dark and Light everywhere in the program, you decide to use the Abstract Factory design pattern.

 Define a common factory interface (GUIFactory) that specifies methods for creating a Button and a TextField.

 Explain how the DarkThemeFactory and LightThemeFactory would implement this interface.

 Describe how the client program (the main class) can use the factory without knowing whether it is working with Dark Theme or Light 
Theme. 

 Solu:

 a UI library with two themes: Dark Theme and Light Theme.

 Products = Button, Textbox.

 Factories = DarkThemeFactory, LightThemeFactory.

 Client just asks the factory for a Button/Textbox → doesn’t care which concrete class (DarkButton, LightButton) is returned.

 👉 If tomorrow we add a Blue Theme, just create BlueThemeFactory, BlueButton, BlueTextbox → no changes to client code.

 So: Abstract Factory = “One stop shop for creating related objects (family), while hiding the details of their concrete classes.”

Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice" book and slides 11



Extra:
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Extra
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The Abstract Factory Pattern 
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Important: Notice the Pattern!
Adding other products for existing
families  requires adding another 
AbstractProduct  interface and concrete 
product classes!

Products need to obey the  
Product interface!

Clients only know about creator and product  
interfaces! This allows us to vary behavior  without 

changing clientcode!

Factories need to obey the  
Factory interface!

Product 
Classes

Creator 
Classes

Important: Notice the Pattern!
Adding a new family of products requires  
adding another Factory, AbstractProduct  
interface and concrete product classes!



The Abstract 
Factory Pattern 

17Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice" book and slides



The Abstract 
Factory Pattern 
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The Abstract Factory Pattern - Example
Consider a software system for a computer store, where the store carries only two types of 

computers for sale:
 Top of the line computer, we’ll call these advanced computers
 Inexpensive computers, we’ll call these standard computers
 Obviously, a computer store will need to carry more computers in the future!

Advanced computers are made up of “advanced computer products,” e.g. the latest multi-core 
CPU, wireless keyboard, advanced monitor (e.g., widescreen large 3D), advanced graphics & 
sound card, etc.  For simplicity, we’ll only use CPU, keyboard, and Monitor for our example.

Standard computers are made up of “standard computer products,” e.g., single core CPU, 
wired keyboard, small screen monitor, low-grade graphics and sound, etc. ü For simplicity, 
we’ll only use CPU, keyboard, and Monitor for our example.

The system is designed so that it searches remote information sources, e.g. online websites, 
remote databases, etc. for product information, such as:
 Product reviews
 Customer’s comments from specific websites, e.g., Amazon.com
 Manufacturers’ comments
 …
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The Abstract Factory Pattern - Example
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The Abstract Factory Pattern - Example
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The Abstract 
Factory Pattern -
Example
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The CPU 
Product 
Design
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The 
monitor 
Product
Design
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The 
keyboard 
Product
Design 
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The CPU Product Implementation
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Other Product Implementation
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The Abstract Factory Pattern - Example
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Factory Interfaces and 
Concrete Factories 
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The Client Computer Design
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The Abstract Factory Example – Putting it all together 

Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice" book and slides 31



Extra:
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Abstract Factory – Step by Step Summary
 As seen, the Abstract Factory pattern can be used over and over to support  new 

family of products or to add new products to existing ones. When  designing 
with the Abstract Factory, execute the followingsteps:
1. Design the product interfaces (e.g., Cpu, Monitor, and Keyboard)
2. Identify the different families or groups required for the problem (e.g.,  

standard vs. advanced computers)
3. For each product group identified in step 2, design concrete products that realize

the  respective product interfaces identified in step 1.
4. Create the factory interface (e.g., ComputerPartsFactory). The factory  

interface contains n interface methods, one for each product interface  
identified in step 1.

5. For each family or group identified in step 2, create concrete factories that  
realize the factory interface created in step 4.

6. Associate each concrete factory from step 5 with their respective products  
from step 3.

7. Create the Client (e.g., Computer) which is associated with both product and  
factory interfaces created in steps 1 and 4, respectively.
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Cons & Pros of Abstract Factory 

 Cons
 Large number of classes are required

 Pros
 Isolates concrete product classes so that reusing  them 

becomes easier
 Promotes consistency within specific product  

families.
 Adding new families of products require no  

modification to existing code.
 Additions are made through extension, therefore,  

obeying the OCP.
 Increases modifiability
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Abstract Factory – Step by Step Summary
 As seen, the Abstract Factory pattern can be used over and over to support  new 

family of products or to add new products to existing ones. When  designing 
with the Abstract Factory, execute the followingsteps:
1. Design the product interfaces (e.g., Cpu, Monitor, and Keyboard)
2. Identify the different families or groups required for the problem (e.g.,  
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3. For each product group identified in step 2, design concrete products that realize

the  respective product interfaces identified in step 1.
4. Create the factory interface (e.g., ComputerPartsFactory). The factory  

interface contains n interface methods, one for each product interface  
identified in step 1.
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Cons & Pros of Abstract Factory 

 Cons
 Large number of classes are required

 Pros
 Isolates concrete product classes so that reusing  them 

becomes easier
 Promotes consistency within specific product  

families.
 Adding new families of products require no  

modification to existing code.
 Additions are made through extension, therefore,  

obeying the OCP.
 Increases modifiability
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Extra Example:

 Question:
Imagine you are managing RiyadhHQ, the central client that needs to request cars from different branches.

 Instead of directly creating specific classes like JeddahMercedes or DammamBMW, RiyadhHQ only works 
with the CarFactory interface.

 The abstract factory (CarFactory) defines the family of products RiyadhHQ can request — in this case, 
Mercedes and BMW.

 To handle these requests, we implement concrete factories: JeddahCarFactory and DammamCarFactory, 
each responsible for producing their own variations of the cars (e.g., JeddahCarFactory produces 
JeddahMercedes and JeddahBMW, while DammamCarFactory produces DammamMercedes and 
DammamBMW).

 Now answer the following:

 Why does RiyadhHQ (the client) not need to know which specific factory or city produces the car?

 How does the use of the CarFactory interface make it easier to switch between factories at runtime without 
changing RiyadhHQ’s code?

 Explain how this example demonstrates the Abstract Factory design pattern.
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Extra
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CarFactory
makeMercedes()
makeBMW()

JeddahCarFactory

makeMercedes()
makeBMW()

DammamCarFacto
rymakeMercedes()
makeBMW()

JeddahMercedes JeddahBMW

DammamMercedes DammamBMW

Mercedes BMW

Riyadh HQ
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Extra: 
We do create concrete classes in the Abstract Factory?
Yes,  at the end we need to write the concrete classes (e.g., DarkButton, LightButton, DarkTextField, 
LightTextField). Otherwise, nothing real would exist in the program.
We also create concrete factories (e.g., DarkThemeFactory, LightThemeFactory) that know how to instantiate 
those concrete products.

2. But the client doesn’t care
The whole point of the Abstract Factory pattern is decoupling.
•The client code (the part of the system that uses the objects) doesn’t know or care about the concrete classes.
•The client only works with abstract types (interfaces or base classes).

3. Why this matters
•If you later add a new family (say NeonThemeFactory
with NeonButton, NeonTextField), you don’t touch 
client code at all.
•Without Abstract Factory, you’d have if-else spaghetti
inside the client, directly creating new DarkButton() or 
new LightButton() everywhere.

Notice: the client never uses new DarkButton()
directly. It just calls the abstract method.



Summary
In this session, we presented fundamentals concepts of design patterns and 

creational design patterns, including:
 Abstract Factory

In the next sessions, we will continue the presentation on creational design 
patterns, including:
 Factory method

 Builder

 Singleton
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