overviEw Design Patterns and the Abstract Factory

Design patterns are recurring solutions to object-oriented design problems in a given
context, smaller in scale than architectural patterns. They are classified by purpose
(creational, structural, behavioural) and by scope (class or object). Creational patterns
control how objects are created. The first one, Abstract Factory, gives a client one in-
terface for creating a whole family of related products (dark-theme widgets, advanced
computer parts) without naming their concrete classes, so switching families means
swapping one factory object.

Purpose and scope Five creational patterns
Creational = creating objects; structural = Abstract Factory, Factory Method, Builder,
composing structures; behavioural = Prototype, Singleton.

interaction and responsibilities. Class scope =
design time; object scope = run time.

Abstract Factory roles Trade-off

AbstractFactory (one create method per Adding a new family is easy (a new factory
product), ConcreteFactory per family, and products, OCP); adding a new kind of
AbstractProduct per product type, product touches every factory. Many classes.

ConcreteProducts, and a Client that sees only
the abstract types.

HOW THE LECTURE IS ORGANIZED

Slides 1-7 Design patterns: definition, purpose and scope, documentation, creational patterns
Slides 8-17 Abstract Factory: intent, the theme example, structure, adding families and products
Slides 18-31 Computer-store example: products, factories, client and main program

Slides 32-39 Step-by-step summary, pros and cons, the car-factory exercise, recap

EXAM FOCUS

Final 252 Q6 examined creational patterns through Builder and Singleton (Lectures 2-3). For Abstract
Factory expect a design question: given a scenario with product families (themes, car brands, computer
grades), name the pattern, draw the class diagram with factory and product interfaces, and explain how a
new family is added.

HOW TO READ THIS PAGE

Every original slide is shown unchanged. Yellow marks on a slide point to a numbered note: hover or tap a
mark to jump to its note, and hover a note to see its marks. Questions tagged Pastexam appeared on a

real paper; Prediction questions are likely angles, not confirmed.
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Software Design and Architecture
[Creational Design Patterns] — Chapter 06, L01

NOTES

Chapter 6 starts design patterns, the detailed-design counterpart of Chapter 4's architectural pat-
terns. This lecture: what design patterns are, how they are classified, and the first creational pattern,
Abstract Factory.

sLIDE 2/ 39 Lecture Outlines

Lecture Outlines

~ Patterns in Detailed Design
v Architectural vs. Design Patterns.

~Classification of Design Patterns
v Purpose
v'Scope

»Documenting Design Patterns

»Creational Design Patterns
v Abstract Factory
v'Computer Store Example

»What’s next...




NOTES

0 First, how design patterns differ from architectural patterns.
e Then how they are classified (purpose and scope) and documented.

e Then the creational patterns, starting with Abstract Factory and its computer-store example.

sLIDE 3/ 39 Patterns in Detailed Design

Patterns in Detailed Design

~Design patterns are recurring solutions to object-oriented design
problems in a Par‘ucular context. They are difterent 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?!!

NOTES

Design patterns are recurring solutions to object-oriented design problems in a particular context.
They give templates that solve problems efficiently and consistently, so developers don't reinvent
the wheel.

They are different from architectural patterns (Chapter 4, slide 11 of Lecture 1): architectural pat-
terns fix the system-wide structure; design patterns work at the level of classes and objects inside a
subsystem and don't change the overall structure.
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Classifications of Design Patterns

» Design patterns can be classified based on:
v Purpose
v" 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.

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

NOTES
o Patterns are classified by purpose (what kind of problem they solve) and scope (next slide).

e Creational: deal with the creation of objects (this chapter).

e Structural: deal with composing objects and classes into larger structures (Chapter 7: Adapter,
Composite...).

° Behavioural: deal with how classes interact, how behaviour varies, and how responsibilities are as-
signed between objects (Chapter 7: Observer...).

EXAM ANGLE

Prediction Q1
Patterns that deal with how classes interact and how responsibilities are assigned between objects
are:

A. Behavioral

B. Creational

C. Structural

D. Architectural
Answer: A. Behavioral
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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). Scope of pattern Type of pattern
hutp:/fwww. cs.une.edu/~stotts/GOF hires/chap 1 fso. htm _ Smm —
Extra: Class-level patterns ~ Factory method Adapter Interpreter
Template Method
1. Class-level patterns: Obpctlelpatioms  AsrdFacoy  Adatr Chainf Responsiy
7 ) P Builder Bridge Command
Patterns that apply at the class level, fOCl-lSng. on Prooype Composte Reraor
relationships between classes during design time. Singllon Decorator Medator
Facade Memento
2. Object-level patterns: Proy Fyweight
Observer
Patterns that apply at the object level, focusing on State
relationships between objects at runtime. Strategy
Visitor

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

NOTES

o The scope criterion says whether a pattern applies mainly to classes or to objects.

e Class-level patterns deal with relationships between classes, fixed at design time through inheri-
tance. Examples in the table: Factory Method (creational), Adapter (structural), Interpreter and
Template Method (behavioural).

e Object-level patterns deal with relationships between objects, set up at run time through composi-
tion. Most patterns are here: Abstract Factory, Builder, Prototype, Singleton (creational); Adapter,
Bridge, Composite, Decorator, Facade, Proxy (structural); Chain of Responsibility, Command,
Iterator, Mediator, Memento, Flyweight, Observer, State, Strategy, Visitor (behavioural).

EXAM ANGLE

Prediction Q1

Classify Abstract Factory, Composite and Observer by purpose and scope.
Answer: Abstract Factory: creational, object scope. Composite: structural, object scope. Observer:
behavioural, object scope.
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- - = =
Documenting Design Category Bbanceipiien
Name and Classification The unique pattem name that reflects the essence of the pattems
Patterns and its classification.
Intent Describes the purpose of the pattem in such way that it is clear

what types of design problems the pattem solves, what the
pattern does, its rationale and intent.

EXtra,' . . = Also Known As A list of alternate well-known names for the pattem.

* This slide exDlalnS how deSIgn patte rms are Motivation En example scenario that serves as motivation for the application
documented. of the pattemn.

. i i i Applicability Describes the situations, or design problems, that lend
Each pgttern IS descnbe.d using sevgral .key themselves for the application of the design pattem. Provides
CategOI’IeS such as |ntent, mot'vatlon, examples of poor designs that can benefit from the pattem and
applicability, structure, participants, and L

Structure Provides a structural (e.g.. UML class diagram) view of the
more. design pattem.

* These Categories help provide a clear Participants List the classes and objects required in the design pattem and

5 their responsibilities.
underStandlng Of What the pattern does' When Collaborations Provides infon{xatiun ahf:\.}t.}'mw the participants work together
to use it, how it works, and its effects on the e you RO S pona e
Consequences Describes the effects of the design pattem. good or bad. on the
SySte m. software solution_
e yOU don't neEd tO fOCUS on pl’ese nting thIS Implementation Provides information and techmiques for successfully

implementing the design pattem.

extensive documentation for each pattern.

Sample Code Provides sample code that demonstrates how to implement the
design pattemn in different programming languages.
Mote: Known Uses Provides examples of real systems that emplov the design
pattem.
In this c‘o"“'s,ef we're not concerned with chu’b""‘@ this extensive Related Patterns Provides information about other design pattems that are related,
documentation ‘fDV each ‘Pﬂttﬁm or that can be used in combination with the design pattemn.
Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice” book and slides 7

o Each pattern is documented with the same categories, so patterns can be compared and looked up.

e The categories: name and classification, intent (what problem it solves), also known as, motivation
(an example scenario), applicability (when to use it), structure (UML class diagram), participants,
collaborations, consequences (good and bad effects), implementation, sample code, known uses,
related patterns.

e Note on the slide: this course is not concerned with presenting the full documentation for each pat-
tern; focus on intent, structure and participants.
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Creational Design Patterns

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

v They do so by specifying a common creational interface.

» Examples of creational patterns include:
v" The Abstract Factory
v" The Factory Method
v" The Builder
v" The Prototype
¥" The Singleton

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

NOTES

Creational patterns abstract and control how objects are created, by giving clients a common cre-
ational interface instead of scattered new ConcreteClass() calls.

The five: Abstract Factory, Factory Method, Builder, Prototype, Singleton. This chapter covers
Abstract Factory, Factory Method, Builder and Singleton.

EXAM ANGLE

Prediction Q1

Which of these is NOT a creational pattern?
A. Composite
B. Builder
C. Singleton
D. Prototype
Answer: A. Composite
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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:

v 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.

v As it will be seen, some creational patterns fuse the creator and product
into one class.

NOTES

0 The Abstract Factory is an object-creational pattern that manages and encapsulates the creation of
a set of objects that belong together: a family of products.

e Its intent: provide an interface for creating families of related objects without specifying their con-
crete classes.

e Like all creational patterns it has creator classes (the factories) and product classes. (Some cre-
ational patterns, such as Singleton, fuse creator and product into one class.)

EXAM ANGLE

Prediction Q1

What is the intent of the Abstract Factory pattern?
A. Provide an interface for creating families of related objects without specifying their
concrete classes
B. Ensure a class has exactly one instance
C. Construct a complex object step by step
D. Create objects by copying a prototype

Answer: A. Provide an interface for creating families of related objects without specifying their
concrete classes
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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.
v" 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.

NOTES

The same definition, plus the two benefits. Encapsulation: the client knows the abstract product
names (Button, Textbox) but not the concrete classes (DarkButton, LightTextbox).

e Flexibility: a new family is added by creating a new factory, without changing the client.

sLIDE 10 / 39 Extra: Question — Dark and Light themes
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 Ul library with two themes: Dark Theme and Light Theme

Products = Button, Textbox.

v

v" Factories = DarkThemeFactory, LightThemeFactory.

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

7 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



NOTES

° The exercise: a program with a Dark theme (black button and text field) and a Light theme (white
ones). Instead of if (dark) checks everywhere, use Abstract Factory.

e The factory interface GUIFactory declares createButton() and createTextField() .

e DarkThemeFactory returns a DarkButton and DarkTextField; LightThemeFactory returns the light
versions. The client asks its factory for a Button and a TextField and never knows which concrete
class came back.

0 Adding a Blue theme means adding BlueThemeFactory, BlueButton and BlueTextbox, with no change
to the client. In one line: Abstract Factory is a "one-stop shop” for creating a related family of objects
while hiding their concrete classes.

sLIDE 11/ 39 Extra: The theme demo running

| Abstract Factory - Theme Demo ~ — O X

Choose Theme: @ Dark (O Light | Apply Theme ‘

Extra:

Dark Button

Dark Textbox

£ Abstract Factory - Theme Demo ~ — O X

Choose Theme: ) Dark @ Light Apply Theme

Light Button

Light Textbox

NOTES

0 The theme example running. Choosing Dark and pressing Apply Theme swaps in the
DarkThemeFactory, and the window shows a dark button and text box; choosing Light swaps in the
LightThemeFactory. The client code that builds the window is identical in both cases; only the facto-
ry object changed.
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Extra

W

__<<interface>>

< <interface>>
‘A AbstractProduct

<<interface>>

NOTES

The class diagram mapped onto the pattern’s role names. «interface» GUIFactory (AbstractFactory)
declares createButton() and createTextField() .

«interface» Button (AbstractProductA) and TextField (AbstractProductB) are the product types the
client uses.

LightThemeFactory (ConcreteFactory1) creates LightButton and LightTextField
(ConcreteProductA1/B1); DarkThemeFactory (ConcreteFactory2) creates DarkButton and
DarkTextField (A2/B2). The hollow triangles are realizations; the arrows from factories to products
show what each creates.

The Client (AbstractFactoryDemo) depends only on the three interfaces.
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+ Step 1: Define Abstract Factory ¢ Step 2: Implement Concrete Factories + Step 3: Define Abstract Products
java java

interface GUIFactory {
Button create class DarkThemeFactory implements GUIFactory {

Textiield areatetencEiali(); public Button createButton() {

interface Button {

veoid draw();
return new DarkButton(); }

}

public TextField createTextField() { interTace Textrleld {

return new DarkTextField(); void display();
R

} }
Is
class LightThemeFactory implements GUIFactory {
public Button createButton() {
return new LightButton();
}
public TextField createTextField() {
return new LightTextField();
}
}
Extra: i
NOTES
0 The code, steps 1-3:
CODE WHAT IT DOES
interface GUIFactory { Button Step 1: the abstract factory, one create method per
CpeateBUttOn () ; TEXtField product type'
createTextField(); }
class DarkThemeFactory implements Step 2: a concrete factory for the dark family...
GUIFactory {
public Button createButton() { ...returns the dark button, typed as the abstract

return new DarkButton(); } Button.

public TextField createTextField() ..and the matching dark text field.
{ return new DarkTextField(); } }

class LightThemeFactory implements The light family, same shape.
GUIFactory { .. new LightButton() .. new
LightTextField() .. }

interface Button { void draw(); } Step 3: the abstract products.

interface TextField { void display();
}

The only place new DarkButton() appears is inside DarkThemeFactory. That is the point of the
pattern.
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+ Step 4: Create Concrete Products + Step 5: Client (Main Program)

java

public class AbstractFactoryDemo {

class DarkButton implements Button {
public voltd drawl) { public static void main(String[] args) {
System.out.println("Drawing Dark Button");
} } System.out.println(” Light Theme e 1
GUIFactory lightFactory = new LightThemeFactory();
class LightButton implements Button {
GB13s vold draae) Button lightBtn = lightFactory.createButton();
e Syt Ut PrUNCTACIDRIANE L1EHE BUATaR" Y TextField lightTxt = lightFactory.createTextField();
} lightB8tn.draw();
} lightTxt.display();
class DarkTextField implements TextField {
public void display() { i £ 3 i
: G b 1 : o . _ System.out.println{ \n Dark Theme =
. SyStem.out. printin( NG Dank anLEIeAeT ) GUIFactory darkFactory = new DarkThemeFactory();
¥ Button darkBtn = darkFactory.createButton();
TextField darkTxt = darkFactory.createTextField();
class LightTextField implements TextField {
public void display() { darkBtn.draw();
System.out.println("Showing Light TextField"); darkTxt.display();
} }
} X
NOTES
0 Steps 4-5
CODE WHAT IT DOES
class DarkButton implements Button { Step 4: concrete products, one per family per
public void draw() { .."Drawing Dark product type.
Button".. } }
class LightTextField implements (LightButton and DarkTextField are written the same
TextField { public void display() { way.)
«~"Showing Light TextField".. } }
GUIFactory lightFactory = new Step 5, the client: pick a family once...
LightThemeFactory();
Button lightBtn = ...ask that factory for the parts, typed as abstract
lightFactory.createButton(); TextField products...
lightTxt =
lightFactory.createTextField();
lightBtn.draw(); lightTxt.display(); ...and use them. Prints “Drawing Light Button”,
“Showing Light TextField".
GUIFactory darkFactory = new The dark run is the same code with a different

DarkThemeFactory(); .. darkBtn.draw();  factory.
darkTxt.display();
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changing clientcode!
Client
: <<interface>> l ]‘
. AbstractFactery <<interface> = <<interface s>
Factories need to obeythe AbstractProductA| | AbstractProductt?
¢ | SevaatarroductAl)

Factory bnterface! SoviataProcketal) A A ~
Creator i | ConcreteFactoryl ConcreteProductAl ConcreteProductBl
classes :

: +createProductAl) ]

+ | +ereateProductB() T
ConcreteFactory2 ConcreteProducti2 ConcreteProductB2
+createProductAf)
+createProductB() I} /I\

Clients only Rnow about ereator and product

Lmportant: Notice the Pattern!

Lnterfaces! This allows us to vary behavior without

The Abstract Factory Pattern

Adding other products for existing
fawilies requires adding another
AbstractProduct interface and concrete

Products need to och the

Product interface!

Product
[ classes

lmportant: Notice the Pattern!
Adding a new family of products requires

NOTES

productelasses!

without changing client code.

ol ). T Al e T amsml. Fix
AAATP AVDTATr TATLOT ), 7 USTriatle rornet

interface and conerete productclasses!

ductB() ), and every product its Product interface.

and B1; factory 2 - A2 and B2.

EXAM ANGLE

Prediction

Name the participants of the Abstract Factory pattern.

Answer: AbstractFactory (interface with one create method per product), ConcreteFactory (one per
family), AbstractProduct (one interface per product type), ConcreteProduct (one class per family per

product), and Client (uses only AbstractFactory and AbstractProduct).

The general structure. Clients only know the creator and product interfaces, so behaviour can vary

Every factory must obey the Factory interface (AbstractFactory with createProductA() , createPro-

Creator classes on the left (ConcreteFactoryl, ConcreteFactory2); product classes on the right
(ConcreteProductA1, B1, A2, B2). Each concrete factory creates exactly one family: factory 1 > A1l

Q1
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Important:

Adding a new
family of I Client
roducts! | !
The Abstract P <<interface>>
Abstractractory <<interfaces> <<interface>>
Factory Pattern > AbstractProductA| | AbstractProducts|< -
1 +createProcuctAf]
! +oreateFroducts() /_\ A A A A
N A JaN L RN
E ' Concretefactoryl | | | ConcreteProductAl | | ConcreteProductBl
;' E +createProductA() 7 L
; 1 | +ereateProductB() [ lr‘ : !
E Concretefactory2 | ' [(oncreteProductA2| [ConcreteProductB2
| +createProducta() | |
i +oreateProductB) | M 'I\
Conc‘reteFactorv3 ConcreteProductA3 ConcreteProductB3
A New Family of :
Products has been--.__ +createProductAl) A X
Fdded! ———_#ereateProductB( i
Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice” book and slides 17
NOTES

Adding a new family (the red parts): add ConcreteFactory3, which implements the existing
AbstractFactory, plus ConcreteProductA3 and B3, which implement the existing product interfaces.

No existing class changes: the system is extended, not modified. This is the Open-Closed Principle
in action, and the case Abstract Factory handles best.
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A New Product has
been added to existing

Important:
Adding a new alieet
product to :
existing family of J Client i
products! l,
The Abstract p— { 1
AbstractFactory <<interface>> <<interface>> =<interface>>
Factory Pattern > et | et | <t | Abstractproducc
J +createlroductA(]
! FcreateProduct5(}
! e
A AA AA ; AAA
+createProduct(()- ':‘ A A Laeert : 3 I I I e et i T
' ConcreteFactoryl ! [Concreteproductat| [ConcreteProductst i i |ConcreteProductca|
E +oreateProductAl) é 7 i g i A
i | +createProductB) [ 1\ i i
S et [y T R S e A H
+oreateProductC() <7 ———  — L :
N Concretefactory2 | | ConcreteProductA? | | ConcreteProductB2 ConcreteProductC2
R +oresteProductal) | |
VoL ;ueateproductB() LI T» i K i
: ConcreteProductA3 ConcreteProductB3 ConcreteProductC3
ConcreteFactory3
screateProductAf) ﬁ
fcrealePrndnprﬂ ¢ A
so1

Prince Sultan University | Slides prepared from "Software Engineering Design: Theory a

book and slides



NOTES

Adding a new product to the existing families is harder: add «interface» AbstractProductC and a
concrete C product for every family (C1, C2, C3)...

...and add createProductC() to the AbstractFactory interface and therefore to every concrete fac-
tory. Existing classes must change, which is the pattern’s main weakness.

EXAM ANGLE

Prediction Q1

Why is adding a new product type harder than adding a new family in Abstract Factory?
Answer: A new family only needs a new concrete factory and new concrete products, with no change
to existing code. A new product type needs a new create method in the AbstractFactory interface, so

every existing concrete factory must be modified (plus a new abstract product and one concrete
product per family).

sLipE 18 / 39 The Abstract Factory Pattern - Example



The Abstract Factory Pattern - Example

» Consider a software system for a computer store, where the store carries only two types of
computers for sale:
v Top of the line computer, we’ll call these advanced computers
v Inexpensive computers, we’ll call these standard computers
v" 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. ii 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:
v" Product reviews
v" Customer’s comments from specific websites, e.g., Amazon.com

v Manufacturers’ comments
v

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

NOTES

0 The textbook example: a computer store that sells two grades of computer, advanced (top of the

line) and standard (inexpensive). More grades will come.

e Each computer is made of products from its own grade: an advanced CPU, keyboard and monitor, or

standard ones. The example uses only CPU, keyboard and monitor.

e For each product the system looks up information (reviews, customer comments, manufacturer
notes) from remote sources, and each grade's products come from different sources. So "ad-

vanced"” and “standard” are product families.
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The Abstract Factory Pattern - Example

Each computer is made
up of different produc{s

i Information
Information Saunce i
“' = | Source

Information
- Source
Information —
Source

Customer-~’ -
> - \ | e &: Vlnformarion
Computer - ol —— ‘ _ Source
StOl’e ] @ : StJiJTe y
— =
‘ Information
5 | Source
Each computer product is associated >

with one or more information sources
Prince Sultan University | Siides prepared from "Software Engineering Deslol10S@ SOUECes. areused to find out -
information about the product!

NOTES

0 The store as a picture: a customer chooses an advanced or standard computer from the console
menu (1 Advanced, 2 Standard).

e The computer store system builds that computer from its products.

e Each product is associated with one or more information sources, which are used to find out infor-
mation about the product.
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The Abstract Factory Pattern - Example

Computer
<<interface>>» \l/ W \Il =
LompinterPartsfactory <<interface>> | | «<interface>> | | «<interface>s
P Monitor Keyboard
+createMonitor(): Monitor™®
+oreateCPU: CPLY

+ereatekeyboard(): Keyboard™ A A A A A A

...........................................................

Criaic | AdvancedComputerPartsFactory | | AdvancedCPU | | AdvancedMonitor | |Advancedkeyboard |!!: | Product
= b Classes
Classes i | +createMonitor(): Monitor™ i .
i | ForeateCPUC): CPL* —4\ 'T e
i | +ereateKeyboard(): Keyboard® b

StandardCPU | |StandardMonitor | |StandardKeyboard

StandardComputerPartsFactory

+createMonitor(): Monitor™

+createCPU(): CPU* !} 1\ =

+createKeyboard(): Keyboard™

Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice” book and slides 21

Let’s break it down in the next slides...

NOTES

The example's class diagram. «interface» ComputerPartsFactory declares createMonitor(), cre-
ateCPU() and createKeyboard() .

AdvancedComputerPartsFactory creates AdvancedCPU, AdvancedMonitor and
AdvancedKeyboard; StandardComputerPartsFactory creates the standard ones.

«interface» CPU, Monitor and Keyboard are the abstract products; Computer is the client and uses
only the interfaces. Creator classes on the left, product classes on the right, exactly the general
structure of slide 15.
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The Abstract
<<interface>>
Factory Pattern - o
= // Interface for CPU
+Cpuiveid)
Example :”CDE(»?B)M A public interface Cpu {
T ,-W”Hmm' 5= // Method for displaying CPU information.
Notice the italics to / void displayCpuInformation() ;
denote the abstract-— }
cimethod > s L
Fotistan ey // Interface for Monitor
public interface Monitor {
:IJ?S'(?(V(oidi)d) // Method for displaying Monitor information.
~MONIrorvao: - . . x
+displayMonitorTnformation(void): void void displayMonitorInformation();
}
// Interface for Keyboard
«E:ﬁgf;) public interface Keyboard {
// Method for displaying Keyboard information.
If‘}";;“gg;’f:,’gf}d) void displayKeyboardInformation() ;
+displayKeyboardinformation(void): void| )
Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice” book and slides 22
NOTES

o Step 1 of the example: the product interfaces.

CODE WHAT IT DOES

public interface Cpu { void Every CPU, of any grade, can display its
displayCpuInformation(); } information.

public interface Monitor { void The monitor contract.

displayMonitorInformation(); }

public interface Keyboard { void The keyboard contract.
displayKeyboardInformation(); }

In the UML on the left the method names are in jtalics: in UML, italics mark abstract operations (no
body).
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<<interfaces>

The CPU|

// Cpus ':i‘Vrl' S +dspleyCpulnformation{voxd): vord
PrOdUCt “”‘l:r: i<li’ \lii.;:;Lv]ay(’I;E;ngormati(:n() : A A
Design |» ‘

// ... other methods for the Cpu class

AdvancedCpu StandardCpu

+displayCpulnformation(void): void +display Cpulnformation(void): void

v A

/ AdvancedCpu.java ! // StandardCpu.java
"~'-Advancedeu implements Cpu { : public class StandardCpu implements Cpu {
AdvancedCpu () { : publi dardCpu() {
// Constructor i // Constructor
) | }
@Override ! @Override
public void displayCpulnformation() { 1 public void displayCpulnformation{) {
// Implementation code : / Implementation code
) - }
// ... other methods for the AdvancedCpu classs } // ... other methods for the StandardCpu
} i ]

Prince Sultan University | Si

NOTES

The CPU product design: «interface» Cpu with the abstract displayCpuInformation() , realised by
AdvancedCpu and StandardCpu.

CODE WHAT IT DOES
public class AdvancedCpu implements The advanced family's CPU.
Cpu {

public AdvancedCpu() { /*
Constructor %/ }

@verride public void Its own way of displaying information.
displayCpuInformation() { /*
Implementation code %/ } }

public class StandardCpu implements The standard family’s CPU, same contract.
Cpu { .. @Override public void

displayCpuInformation() { .. } }
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The
monitor
Product
Design

// Monitor.java

public interface Monitor ({
void displayMonitorInformation();
// ... other methods for the

// AdvancedMonit
public class
public AdvancedMonitor() {

// Constructor

or.java

}

@Override

public void displayMonitorInformation() {
// Implementation code

}

bl sz

other advanced monitor methods

}

Prince Sultan Unive

NOTES

The monitor product design follows the same s

Monitor interface

AdvancedMonitor implements Monitor {

<<nterface>>

+dsplsyMonitorinformetion(vaid): vod

IR

AdvancedMonitor

+displayMonitorInformation{void): void |

// StandardMonitor.java
public class StandardMonitor implements Monitor {
public StandardMonitor() {
// Constructor

}

@override

public void displayMonitorInformation() {
// Implementation code

}

// ... other methods for the StandardMonitor class

hape: «interface» Monitor with displayMonitorIn-

formation() , realised by AdvancedMonitor and StandardMonitor, each with a constructor and an

@verride of the display method.

SLIDE 24 /39 The

The the pateern.for desiging

Hopefully by this point you can start seeing

keyboard ,
Product
Design

Keyboard. java

public interface Keyboard {

void displayKeyboardInformation() ;

// ... other methods for the Keyboard int

Produgt‘[ <<interface>>
Keyboard
e . : N &
+displayKey boardInformation(void): void|
erface A A
AdvancedKeyboard StandardKeyboard
+displayKeyboardInformation(void): void| | +displayKeyboardinformation(void): void
v
1 4

// AdvancedKeyboard.java

public class AdvancedKeyboard implements Keyboard {

public AdvancedKeyboard() f{
// Constructor

}

@0verride

public void displayKeyboardInformation() {
// Implementation code for advanced keyl

}

// ... other advanced keyboard methods

Prince Sultan University

// StandardKeyboard.java

public class StandardKeyboard implements Keyboard {
public StandardKeyboard() {
// Constructor

¥
@Override
public void displayKeyboardInformation() {
soard g 2 F 5 = 0T
// Implementation code for standard keyboard
b
// ... other methods for the StandardKeyboard class



NOTES

The keyboard product design: «interface» Keyboard, realised by AdvancedKeyboard and

StandardKeyboard.

As the callout says, the pattern for designing products should now be visible: one interface per

product type, one concrete class per family.
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The CPU Product Implementation

Information Source

Al 5 A
dvancedCy { o
Database for
Ad icedCpu() { Adyanced Products
! ‘ ' ' The code in this function
M i the cpU* it knows how to retrieve »
) displayCpulnformation() { information from data source .~ Filetwith)
& this at ample, we me that the advanced CPU' nformat ior & e ; Information of
- A, which can use specific / Advanced
it.printin("\nInf r ‘ r i fron format, Iocationr’-e‘tg'ﬂ’/ i v
- ‘~:|‘ "{un',\l‘v} ‘tt.< ivan i r u;,:r n.\n") -
}
}
; o far Tt Information Source
' B
putk 1".‘”“1.14';“() { =
1 : ‘ Database for
Standard Products
Sblie woid dantaymiiatometiont 1o The code in this function -
e e I B R e knows how to retrieve
‘ ay : e connection, File ; : information from data File with
e e oot source B, which can use —
} ) speqnflc format, location; etc. eroducts
F tan | m "Software Engineering gn: Th Pract k and slid 26
NOTES
0 The CPU implementations:
CODE WHAT IT DOES
public class AdvancedCpu { public Constructor intentionally left blank.
AdvancedCpu() { } ..
public void The advanced CPU gets its data from information
displayCpuInformation() { .. source A (database A, file A...).
System.out.println("\nInformation
retrieved from source A.\nDisplaying
the advanced CPU’s information.\n"); }
public class StandardCpu { .. The standard CPU gets its data from source B.

displayCpuInformation() { .. "retrieved
from source B" .. } }

Each concrete product knows how to reach its own source (connection, format, location). The client

never sees this: it just calls displayCpuInformation() .
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Other Product Implementation

~y // Method f ¥ rieving the ybecard's information
: public void 11 “.Fl'npryb AT jInf ;me.L n() {
// Since thi ls an example, we will a me that the advanced keyboard' mat 1
,\H‘ be retrieved from informat n source A, e.g., 1tabas g 3 ks 5
System.out.println(" ( f1 = I y 10 i forma \n"%2
}
§ _ // Method for retrieving the keyboard's ir rmat
i "7)‘ ibli i displayKeybo aldlnh rmitlnn() {
; this is an example, we will me that = ndard k 3 i nf matior
i retrieved from informat n Irce By @G, atabase B, f i .
| System.out.println("\r t t fror B. I Y t 1 ’ f it AR"YE
}
1 // Method f retrieving th nitor* informat
6y .y Puk lic void 11 splayMonitor lnfurmnhun() {
Aﬂg[heypmduﬂs;" /l Sinc this is an example, we will assume that the advanced monitor's information
amimplementad ; 1! be "v“ from informat n source A, e.d., itaba fil A, . , .
¥ ny::',r‘m.uu', .println( f1 I Ll 1 I N
using the same; )
pattem!
i
el e I Method f retrieving the monitor's informatior
public void 11 splayMonito LIniuurHru n() {
'\ / Since this is an example, we will assume that the standard monitor's information
=g /1 vx! be ret: >d from information irce B, e.qg., 1taba E ile I B
System.out. pllntln( fr B. I y tl I . t ™3
}
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NOTES

The keyboards and monitors are implemented the same way: advanced products print “Information
retrieved from source A", standard products “source B", each followed by its own display text.
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The Abstract Factory Pattern - Example

Computer

- ¥
<<interface>» \L W \l' &

LompinterPartsFactory <<interface>> | | «<interface>>| | <<interface>>
Py Monitos Keyboard
+oreateMonitor(}: Monitor™
+oreateCPUf): CPU™

+oreatefeyboard’): Keyboard™|

oK P P S
Craatar ! | AdvancedComputerPartsFactory | | AdvancedCPU | | AdvancedMonitor | | Advancedkeyboard ! 11 |  Product
=« i Classes
Classes 1 | +createMonitor(): Monitor® : i
i | +createCPU(): CPU* !
i | +ereateKeyboard(): Keyboard* !
t ki
s b e e el StandardCPU | |StandardMonitor| |StandardKeyboard
+createMonitor(): Monitor™
+createCPU(): CPU* d\
+createKeyboard(y: Keyboard® 1\
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Let’s break it down in the next slides..



NOTES

The example class diagram again (same as slide 20) before the factories are built: the creator class-
es are next.

sLIDE 28 / 39 Factory Interfaces and

Factory Interfaces and
Concrete Factories

<<interface>>
ComputerPartsFactory
*areatetlonitor{vokl): Monfor™
AdvancedMonitor *eraateCpalvoid): Cpu* StandardMonitor
+oragtekeyboard|void): Keyboard* : - - -
“+disgloy Moritor ot ionvold): void A A +displaytlontorInformation{veid): void

s | | 5

Adh dComputerPartsFactory | | StandardComputerPartsFactory
AdvancedCpu StandardCpu
- screatellonitor{void): Monitor* +createlonitor{void): Fanitor®
+displayCpulnformation{void): void +createCpulvoid): Cpu™ +createCpufvoid): Cpu* +displayCpulnformation(vaid): void
T d{void): Keyboard* +createKeyboard(void): Keyboard*
AdvancedKeyboard StandardKeyboard

+displayKeyboardInformation{void: void +displayKeyboardInformation{void): void

Important:

This design connects the products
designed in the previous slides
with the factories used to abstract
their-creation!

Prince Sultan University | Slides prepared from “Software Engineering Design: Theory and Practice” book and slides
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NOTES

The factories in detail: «interface» ComputerPartsFactory with createMonitor(), createCpu(),
createKeyboard() .

AdvancedComputerPartsFactory is connected to AdvancedMonitor, AdvancedCpu and
AdvancedKeyboard; StandardComputerPartsFactory to the standard three. This design connects
the products from the previous slides to the factories that abstract their creation.
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The Client Computer Design

class ComputerStore {
private Monitor moni
= vate Cpu cpu;
private Keyboard keyboard;

tor;

public

<<interface>>
rtsfactory

+areateMonitor(void): Monior¥
+aeateCpulvord): Cpu*
+createkeyboaralvoid): Keybosra™

ComputerStore (ComputerPartsFactory computerPartsFactory) {

this.monitor = computerPartsFactory.createMonitor(); Computer et atass

this.cpu = computerPa ‘actory.createCpul() ;

this.keyboard = computerPartsFactory.createKeyboard() ; + Computer{computerPartsFactory: ComputerPartsFactory*)
} +dispiayMonitorInfo(vaid): void _epu +Cpu(void)

+dispiayCpulnfo(void): void 5 +n~Cpuvoid)

public void displayMonitorInfo() { +dsplayKeyboardinfo(void): void +displayCpulnformation{void): void)|

monitor.displayMonitorInformation();
} ~_keyboai

= v <<interface>>

publ void displayCpulnfo() { \_‘montor T Keyboard

cpu.displayCpulnformation() ; +Keyboard(void)
} <<interface>> +eKeyboard(void)

Monftor +displeyKeyboardinformation(void): void|

public void displayKeyboardInfo() {

keyboard.displayKeyboardIinformation() ; +Monitor{void)
3 +nMonitor(void)

+displayMonitorinformetion(vord): void |
1
k I I 1 ied
7h I jark might il I
\ar y on | ket f
}
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NOTES
o The client
CODE WHAT IT DOES

class ComputerStore { private Monitor
monitor; private Cpu cpu; private
Keyboard keyboard;

public
ComputerStore(ComputerPartsFactory
computerPartsFactory) {

this.monitor =
computerPartsFactory.createMonitor();

this.cpu =
computerPartsFactory.createCpu();
this.keyboard =
computerPartsFactory.createKeyboard();

}

public void displayMonitorInfo() {
monitor.displayMonitorInformation(); }

. displayCpuInfo(),
displayKeyboardInfo() ..

In the UML the client (Computer) depends on ComputerPartsFactory and on the Cpu, Monitor and

Keyboard interfaces, and on nothing concrete.

Its fields are abstract product types only.

The factory is passed in: the store never chooses
the family itself.

Ask the factory for each part...

...all from the same family, so they always match.

Using a part: a call on the interface.
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The Abstract Factory Example — Putting it all together

import java. inner;
in {
i n{str 1[] y3s)
iterbPar Lory ivan = new
inda iterPar et 1 F Yy = new
mpt = null
nr inn = new ( m.in)
t =
1 1 r n(
while (option != 1) {
System.out.printin(
System.out.println(” )
Jystem.out.printin(” )2
ystem.out.printin(” ):
y em.out.print(" )
t 1= ner.nextInt();
if (opti ) A
8 = new my t ( T 1 )
} else if (o] = 2) 4
5 = new mg t ( iFa )
}
iE (
ofl);
fo();
1
}
an e()
)
}
NOTES
0 The main program:
CODE

AdvancedComputerPartsFactory
advancedFactory = new
AdvancedComputerPartsFactory();

StandardComputerPartsFactory
standardFactory = new
StandardComputerPartsFactory();

while (option != 0) { .. option =
scanner.nextInt();

if (option == 1) cs = new
ComputerStore(advancedFactory);

else if (option == 2) cs = new
ComputerStore(standardFactory);

if (cs != null) {
cs.displayMonitorInfo();
cs.displayKeyboardInfo();
cs.displayCpuInfo(); } }

‘omputerPartsFactory() ; Somput
‘omputerPartsFactory() ; < a Comnputer

e A.
information.

ed Computer
1 Computer

WHAT IT DOES

Create one factory per family (the only place
concrete factories are named).

Menu: 0 Exit, 1 Advanced, 2 Standard.

Choosing the family = choosing the factory.

The same calls for either family.

The console on the right shows option 1: every line says "retrieved from source A", so all parts came

from the advanced family.
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& Abstract Factory - Computer Parts (Swin... — O X
Factory: VAdvancediV Apply
Extra: —
CcPu: AdvancedCPU RTX-Pro Test Render
Monitor: AdvancedMonitor 4K HDR Test Display ]

Keyboard: AdvancedKeyboard Mechanical RGB Test Type

. ______________________________________________________________________________i
WdvancedKeyboard types: Hello Abstract Factory!

NOTES

A Swing version of the example: picking Advanced or Standard in the Factory menu and pressing
Apply swaps the factory, and the CPU, monitor and keyboard shown (AdvancedCPU RTX-Pro,
AdvancedMonitor 4K HDR, AdvancedKeyboard Mechanical RGB) all switch family together.
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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 following steps:

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 » 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.




NOTES

0 Steps 1-3: design the product interfaces (Cpu, Monitor, Keyboard); identify the families (standard,
advanced); for each family, design concrete products that realise the interfaces.

e Steps 4-6: create the factory interface with one method per product interface (ComputerPartsFac-
tory); create one concrete factory per family; associate each concrete factory with its family’s
products.

e Step 7: create the client (Computer), associated with both the product interfaces and the factory
interface.

o This recipe is the model answer to “apply Abstract Factory to ..." questions: name the product inter-
faces, the families, the factory interface and the concrete factories, then draw them.

EXAM ANGLE

Prediction Q1

Apply the Abstract Factory pattern to a furniture shop that sells Modern and Victorian sets, each with
a Chair and a Sofa. Name all classes and interfaces.

Answer: Product interfaces: Chair, Sofa. Families: Modern, Victorian. Concrete products:
ModernChair, ModernSofa, VictorianChair, VictorianSofa. Factory interface: FurnitureFactory with cre-
ateChair(), createSofa(). Concrete factories: ModernFurnitureFactory, VictorianFurnitureFactory, each
creating its own family. Client: Shop, which holds a FurnitureFactory and uses only Chair and Sofa.

sLIDE 33 /39 Cons & Pros of Abstract Factory

Cons & Pros of Abstract Factory

b | | =] =y
%7 book _abstract factory example

» Cons A -
v" Large number of classes are required e
[ AdvancedKeyboard.h
& P ______ ﬂ AdvancedMonitor.h
y l'os ‘\\ i Computer.h
b (1] ComputerPartsFactory h
. i . (0] Cpu.h
v Isolates concrete product classes so that reusing them--> ey
ol [h] StandardComputerPartsFactory.h
becomes easier [@ StandarsCpuh
1] StandardKeyboard.h
v" Promotes consistency within specific product O Rescwec e
families. T i s e U T
Cﬁ AdvancedCpu.cpp
. age . f AdvancedKeyboard.cpp
v" Adding new families of products require no < AdvancedMonitoricon
<] book_abstract_factory_example.cpp
modification to existing code. i Jow et IR
<5 3 3] Cpu.cpp
* Additions are made through extension, therefore, g
obeying the OCP. e L
€+ StandardKevboard.cpp
. y. <+ StandardMonitor.c
v Increases modifiability 3 Reaet =

BT E Y S N 7%, Tcam Explorer BB Class Vi




NOTES

0 Con: a large number of classes (an interface per product, a class per product per family, a factory
per family).

e Pros: concrete product classes are isolated, so they are easier to reuse; products within a family are
guaranteed consistent; adding a new family needs no change to existing code, because additions
are made by extension (OCP); modifiability increases. (The hidden con from slide 17: adding a new
product type changes every factory.)

EXAM ANGLE

Prediction Q1

Give one disadvantage and two advantages of the Abstract Factory pattern.

Answer: Disadvantage: many classes (and adding a new product type requires changing every facto-
ry). Advantages: concrete classes are isolated from the client; products of a family are always consis-
tent; new families are added by extension without modifying existing code (OCP), increasing
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 following steps:

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 » 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.

NOTES

0 The seven-step summary repeated (see slide 32).
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Cons & Pros of Abstract Factory

Solution Explorer -~ 3
U= B s

27 book_abstract_factory_example
F4d External Dependencics

b >
» COIIS 2 I& Header Files
v" Large number of classes are required S S R
AdvancedKeyboard.h
AdvancedMonitor.h

S P | SN N | N | T e omputer.
» Pl'OS “\‘\ gnmsutm'DhartsFactnry.h
2 e ~ Cpu.h
v Isolates concrete product classes so that reusing them-—-= s oot

StandardComputerPartsFactony. h

becomes easier

v" Promotes consistency within specific product
families.

StandardCpu.h

StandardKeyboard.h
StandardMaonitor.h

Resource Files

Sowurce Files

] AdvancedComputerPartsFactony.cpp

EEEEEEEEEEEED

¥ AdvancedCpu.cpp
< AdvancedKeyboard.cpp
©+4] AdvancedMonitar.cpp
<¥] book_abstract_factory_example.cpp
C+3] Computer.cpp
<8 ComputerPartsFactory.cpp
¥ Cpu.cpp
<3 Keyboard.cpp
<3 Monitor.cpp
©+¥ StandardComputerPartsFactony.cpp
3 StandardCpu.cpp
C+¥] StandardKeyboard.cpp
<+ StandardMeonitor.cpp
|| ReadMe.txt

v" Adding new families of products require no
modification to existing code.

= Additions are made through extension, therefore,
obeying the OCP.

v Increases modifiability
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NOTES

o The pros and cons repeated (see slide 33).

sLIDE 36 / 39 Extra Example: RiyadhHQ car factories
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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NOTES

o An exercise: RiyadhHQ is the client that requests cars from different branches, without creating

JeddahMercedes or DammamBMW itself.

products behind one interface.

EXAM ANGLE

Prediction

Why does RiyadhHQ not need to know which branch produced its cars, and how does it switch

branches?

Answer: It depends only on the CarFactory interface and the abstract Mercedes and BMW types, so
the concrete classes stay hidden in the branch factories. Switching branches means giving RiyadhHQ
a different CarFactory object (JeddahCarFactory or DammamCarFactory) at run time; its own code

does not change.

sLIDE 37 / 39 Extra: RiyadhHQ class diagram

Extra

Client

'I' ¢
< <interface>> I
<<interface>>

<<interface>>
AbstractProductB

JeddahCarFactory

‘DammamCarFacto

CarFactory is the abstract factory: it defines the products RiyadhHQ can request, a Mercedes and a
BMW.

JeddahCarFactory makes JeddahMercedes and JeddahBMW; DammamCarFactory makes
DammamMercedes and DammamBMW. Each city is a family.

The questions: RiyadhHQ doesn’t need to know the city because it only uses CarFactory, Mercedes
and BMW; switching factories at run time is just passing a different CarFactory object; and the ex-
ample shows Abstract Factory because each concrete factory creates a consistent family of related

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

The model diagram: «interface» CarFactory with  makeMercedes() and  makeBMW() ;
JeddahCarFactory and DammamcCarFactory implement it.

Client Riyadh HQ wuses CarFactory and the abstract products Mercedes and BMW;
JeddahMercedes/DammamMercedes and JeddahBMW/DammamBMW are the concrete products,
each created by its own city’s factory.

sLIDE 38 / 39 Extra: Do we create concrete classes?

Extra:
We do create concrete classes in the Abstract Factory‘7
Yes at the end we need to write the concrete classes (e.g., DarkButton, LightButton, DarkTextField,
yht TextField). Otherwise, nothing real would exist in the program
We al%o 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).

Button btn;
TextField tf;

3. Why this matters

; ) «If you later add a new family (say NeonThemeFactory
GUIFactory factory = FactoryProvider.getFactory("dark"); with NeonButton, NeonTextField ), you don’t touch
client code at all.
btn = factory.createButton(); *Without Abstract Factory, you'd have if-else spaghetti
tf = factory.createTextField(); 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.

39

NOTES

Yes, concrete classes are still written (DarkButton, LightTextField...), and concrete factories that in-
stantiate them. Otherwise nothing real would exist.

But the client doesn't care: the point of the pattern is decoupling. Client code works only with ab-
stract types ( Button btn; GUIFactory factory = FactoryProvider.getFactory("dark"); btn = fac-
tory.createButton(); ) and never writes new DarkButton() .

Why it matters: a new NeonThemeFactory with NeonButton and NeonTextField needs no client
change. Without the pattern you get if-else “spaghetti” creating new DarkButton() OF new
LightButton() all over the client.
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Summary

~ In this session, we presented fundamentals concepts of design patterns and
creational design patterns, including:

v" Abstract Factory

» In the next sessions, we will continue the presentation on creational design
patterns, including:

v Factory method
v" Builder

v Singleton

NOTES

0 This lecture: design-pattern basics and the Abstract Factory.

e Next: the other creational patterns, Factory Method, Builder and Singleton.

Original slides from the SE322 lecture deck, with study notes. Check exact wording against the original deck.
Notes and questions are study aids. Made by Shoug Alomran.
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