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Course Roadmap

= General Principles in Software Design and Architecture: The Context of Software
Architecture, System Decomposition, What is Good Design?

= Layered Architecture

= Practical Concerns 1: Communication between Layers, Facade Design Pattern, and
Dependency Injection

= N-Tier, Client-server, Peer-to-Peer, MVC
= Microservices

= Practical Concerns 2: Message Broker, Related Design Patterns: CQRS, APl Gateway, Strangler
Pattern, Externalized Configuration, case study

= Clean Architecture: The Hexagonal Architecture, Ports and Adapters

= More Architectural Styles: Repository, Service-Oriented Architecture (SOA), Pipes and Filters
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Software Architecture Style

= A software architecture style is a solution to a recurring problem
that is well understood, in a particular context.

= Each pattern consists of a context, a problem, and a solution.

= Using patterns simplifies design and allows us to gain the benefits
of using a solution that is proven to solve a particular design
problem.

* More than one software architecture pattern can be used in a
single software system. These patterns can be combined to solve

problems.

I ———————————————————————————————————————————————————————————————————————————————————————————
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Example: Layered Architecture

= The Problem!

°You are designing a system that needs to handle a mix of
low-level and high-level issues

>High-level operations rely on lower-level ones

°The system is large, and a methodical approach to
organizing it is needed to keep it understandable




Example: Layered Architecture

= Structure the system into an appropriate |
number of layers, and place them on top of Cllent raverN
each other

= Each layer represents a level of abstraction P

= Classes are placed in layers based on their
levels of abstraction

= Layer 1 is at the bottom and contains classes

closest to the hardware/QOS Layer 2
= Layer N is at the top and contains classes that

interact directly with the system's clients Layer

I ———————————————————————————————————————————————————————————————————————————————————————————
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Example: Layered Architecture

= Layer J uses the services of Layer J-1
and provides services to Layer J+1

Component Component Layer 3 Component — Component

= Most of Layer J's services are
implemented by composing Layer J-
1's services in meaningful ways

Component — Component Layer 2 Component Component

= Layer J raises the level of abstraction
by one level

. Classes in LayerJ may also use eaCh Component Component Layer 1 Component — Component
other
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Relaxed (Open) vs. strict (Closed) Layers

RELAXED (OPEN) STRICT (CLOSED)

= LayerJ can call directly intoany = LayerJ can ONLY call Layer J-1

layer below it, not just Layer J-1. _ Do s gt

" Pros: More flexible and efficient  change, write, and understand.

than strict layers: = Cons: unnecessary traffic can

= Cons: Increases complexity, less  result
understandable and
maintainable than strict layers

Co e o v T e v

It is not necessary to make all of the layers open or closed.
' You may selectively choose which layers, if any, are open.

RIAD SONBOL - SOFTWARE ARCHITECTURE



Relaxed (Open) vs. strict (Closed) Layers

RELAXED (OPEN) STRICT (CLOSED)

Presentation Layer

}

(CLOSED) i




Layered Architecture

Presentation Layer: Handles (

= |

user interface (Ul) and user

!

experience (UX).

Ul Components (UIC)

Business Layer: Manages core
application rules and logic.

Ul Process Components (UIP)

Persistence Layer (or Data
access layer): Handles data
access and storage
operations.

Database Layer: The
underlying database storing

data.
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Layered Architecture: DAL

Service Service Service Service

T T U et RN o s}
DAO DAO DAO DAO




Layered Architecture: DAL

* The DAO (Data Access Object) layer is crucial in separating the
database access logic from the business logic in the application.

" This means that the DAO layer hides the details of how data is
stored and retrieved.

Controller »  Service > DAO
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Layered Architecture: DAL

\ Books BookDao: Main
Foeoeee R e ISBN s o getAllBooks /! e Uses the
. public class Books { e« Name | e getBookBylsbn interface
. i Transfers el Calls
private int isbn; ¢ deleteBook
private String bookName;
public Books() { Implements
} |
public Books(int isbn, String bookName) { BookDaolmpl:
this.isbn = isbn; | * getAlBooks
: " . | e getBookBylsbn
this.bookName = bookName; | e saveBook
} o deleteBook

// getter setter methods
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Layered Architecture: DAL
Ny

Books BookDao: Main
e |[SEN & e getAllBooks ! e Uses the
e Name Transfers s getBookBylsbn Calls interface
o saveBook
o deleteBook

public interface BookDao {
| Implements
List<Books> getAllIBooks();

Books getBookBylsbn(int isbn); |
void saveBook(Books book); | EmkDaerll;lpl: :
. i i o getAllBooks
: void deleteBook(Books book); i e getBookBylsbn
) e saveBook
"""""""""""""""""""""""""""""""""""""""" e deleteBook
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Layered Architecture: DAL

Relationships & Mapping

One-to-One One-to-Many Many-to-Many
User & Profile User & Posts Users & Roles

QU ... N o - o
N o Pl'Ofi'e <t ‘ 1-to-Many »m / o € \ =
SN " Y £ T Y
User User ml'm User \ Role

@Entity class User { @Entity class User { @Entity class User {

@O0neToOne private Profile profile; @0neToMany private List<Post> posts; } } @ManyToMany private Set<Role> roles; }
} }
@Entity class Profile { @Entity class Post { @Entity class Role {

@0neToOne private User user; } @ManyToOne private User user; } @ManyToMany private Set<User> users; }

H ... Database :
Nt User Table Tibjeﬁ  User_Roles l : I
“ Profile Table User_Roles Table
User Object i Role Object

HEEEEE| Posts Table < = ——
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Layvered Architecture: BL

= Business Logic (BL) is the part of the application that implements
the rules, calculations, and workflows of your business or domain.

= |t sits between the data layer (DAO/Entities) and the presentation
layer (UI/API).

= Sometimes called “service layer” in modern architectures.




I_aye red public class UserService {
ArCh ite Ctu re: B L private UserDAOQ userDAO = new UserDAO();

// Business Logic: Register a new user
public void registerUser(User user) throws Exception {
// BL Rule: Email must be unigue
if(userDAO.findByEmail (user.getEmail()) != null) {
throw new Exception("Email already exists!™);

}
BL is the brain of the application e
— it decides what can happen and if(user.getName() == null || user.getName().isEmpty()) {
] throw new Exception("Name cannot be empty!");
what can’t. }

// Save user if all BL rules pass
userDAO.save(user);

}

// Business Logic: Add Post to User
public void addPost(User user, Post post) {
/4 Example: Only allow posts if user is active
if(user.isActive()) {
post.setUser(user);
user.getPosts().add(post);
userDAQ.update(user);
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Layvered Architecture: PL

= Presentation Layer: ( & Users

Handles user t

interface (Ul) and

Ul Components (UIC)

user experience

( U X) ] Ul Process Components (UIP)

UOIEDILNWILIOT)
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Example

* Design a layered architecture for a system that includes the following
features:

1.Course Management: The ability to manage courses (add, remove,
update courses).

2.Student Management: The ability to manage students (add, remove,
update student information).

3.Enroll Students in Courses: Implement business rules for enrollment:
1. A course can have no more than 50 students.
2. A student can be enrolled in no more than 5 courses.

4.Print Course Enrollments: Display a list of students for any given course.
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15t Practical Concern

Detailed Structure

HOW TO HANDLE THE COMMUNICATION BETWEEN
LAYERS (HOW TO TRANSFER DATA?Y)




Application data is located in data models

Data Transfer
Object (DTO) is a
pattern used to
transfer data
between software
components

[

N

‘ .aspx \
Form

Presentation
Layer

(-

\

Business Layer

Service Layer

*Each layer has one or more data

models associated with it.

*The layer functionality can be
implemented both in separate
~ specialized classes and as methods in

" data model classes.

App Services / Domain
/ K Workflows Model
data model
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: a collection of data structures

operations for processing them.

Data
Access
Layer

\

O/RM

.

J
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interface DeveloperDao {
public List<Developer> getAllDevelopers();
public Developer getDeveloper(int DeveloperlId);
public void updateDeveloper(Developer Developer);
public void deleteDeveloper(Developer Developer);

Pt class Developer {
> private String name;
private int Developerld;
DAQ interface -1

DTO / Model /
Value Object

implements

send / receive

DAO
implementation
Class

DB

// Implementing above defined interface
class DeveloperDaoImpl implements DeveloperDao {

RIAD SONBO

// Constructor of Developer class
Developer(String name, int DeveloperlId)

{

this.name = name;
this.DeveloperId = Developerld;

}

public String getName() { return name; }
public void setName(String name) { this.name = name; }

public int getDeveloperId() { return Developerld; }

public void setDeveloperId(int Developerld)
{

}

this.Developerld = Developerld;




2%t Practical Concern

Detailed Structure

FACADE DESIGN PATTERN




Facade Design Pattern

\
D Facade sublayer encapsulates the
functionality of the layer's functionality
ile Cli Controll b Cli ktop Cli : :
Mobile Client ontrofien (WEb Client Desitop Clent and provides high-level methods or
operations that abstract away the
Facade :
complexity
GnventoryService\/ ?aymentServica
Services implemented
v by subsystem classes

GhippingService)

R )
Oracle server Web service ) 4 nee

0123 1234 S8 023

External Resources

Payment gateway
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it provides a single entry point to the APIs with

E)(a m p ‘ - encapsulating the underlying system architecture.
/
________ ' r--"‘f‘"""‘"'"‘"“"‘"‘“"“"’"—_—_
Client Apps !

S s . .

: l : Catalo

NN T b8

h I 0 - — )
‘ g Shopping f
' Cart bE

Aemajes |dv

Discount F‘h&g

i Z

[ B

' .

l Ordering _,,@
~d
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3rd Practical Concern

Dependency Injection




__________________________________________________________________________________________________________

public class UserlLogic

 { i
E private GoogleOAuthService _authService; i
i private GoogleEmailService _emailService; i
. ] . i public UserlLogic()
Changing a service would imply | | ;
s | _authService = new GoogleDAuthService();
hanging a lot of th : = .
¢ha g g a Ot o t € COdEbase, ! _emailService = new GoogleEmailService();| '
especially if the service hasbeen | §
used In mU|t|p|e parts Of the i public void F/"teg’i;ter“(string emailAddress, 5tPi}'ﬂg password) !
project. o |
i var~ authResult = _authService.RegisterUser(emailAddress,password);
i //*;emaiIService.SEndMail(emailﬁddPESSJ authResult.ConfirmationMessage);
Ex: if the email service is replaced witha @ '} §
new one (OutlookEmailServie, etc) e

public class GoogleQAuthService !
{

public GoogleDAuthResult RegisterUser(string emailAddress, string password

{

//Register a new user




High-level modules

public interface IEmailService

As a

should depend on L o | |

i . void SendMail(string emailAddress, string message) Contract
abstrac i
thanconerete S
implementations BOTH depends on abstraction!

_________________________________________________________________________________________________

___________________________________________________________________________________  public class Userlogic

i public class GoogleEmailService: IEmailService ii{

i { i i private GoogleOAuthService _authService;

i public SendMail(string emailAddress, string message) Ei private IEmailService _emailService;

o |

i //Send an email using google i i public Userlogic()

) o

) | _authService = new GoogleOAuthService();  _ _ _ _ _ _

E i i I _emailService = new OutlookEmailService() // or Go&gle;l

i public class OutlookEmailService: IEmailService ii S

< |

i public void SendMail(string emailAddress, string WESSaEE)Ei public void Register(string emailAddress, string password)

i { A

i //Send an email using outlook i ! var authResult = _authService.RegisterUser(emailAddress,password
! ¥ E i _emailService.SendMail (emailAddress, authResult.ConfirmationMess
i 1 o

““““““““““““““““““““““ : Better.. But Still Tightly Coupled
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*Classes request dependencies
instead of referencing directly

* Dependent object instances
are injected

1. Constructor Injection

' public class Userlogic

{

private GoogleDAuthService authService;
private IEmailService _emailService;
bt UserLopic GERRTIVISE SRTISErVEA
{
_authService = new GoogleOAuthService();
_emailService = emailService;
)

GoogleEmailService googleEmailService = new GﬂﬂglEEmaiISEPvice();i

UserLogic userlogic

= new UserlLogic(googleEmailService);



* Classes request dependencies oner ems smlome
instead of referencing directly -

* Dependent object instances |
are injected

private GoogleODAuthService _authService;

private IEmailService _emailService;

public IEmailService EmailService

2. Setter Injection

_emailService = value;:

_________________________________________________________________________________________
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*Classes request dependencies
instead of referencing directly
* Dependent object instances
are injected | public class Userlogic

2. Method Injection

public class Userlogic

B

private GoogleQAuthService authService;

public UserlLogic()

1

_authService = new GoogleQAuthService();

_emailService = new OQutlookEmailService() // or Google;

public wvoid Register(string emailAddress, string paSSHDPd,EIEmaiISEFUiCE emailServiceﬁ

{

var authResult = authService.RegisterlUser(emaillAddress,password);
emailService.SendMail(emailAddress, authResult.ConfirmationMessage);

)
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Course Roadmap

= General Principles in Software Design and Architecture: The Context of Software
Architecture, System Decomposition, What is Good Design?

= Layered Architecture

= Practical Concerns 1: Communication between Layers, Facade Design Pattern, and
Dependency Injection

= N-Tier, Client-server, Peer-to-Peer, MVC
= Microservices

= Practical Concerns 2: Message Broker, Related Design Patterns: CQRS, APl Gateway, Strangler
Pattern, Externalized Configuration, case study

= Clean Architecture: The Hexagonal Architecture, Ports and Adapters

= More Architectural Styles: Repository, Service-Oriented Architecture (SOA), Pipes and Filters
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