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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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Microservices Architecture: introduction




What is Domain-Driven Design?

* Domain-driven design (DDD) is a major software design approach,
focusing on modeling software to match a domain according to
input from that domain's experts.

= Under domain-driven design, the structure and language of
software code (class names, class methods, class variables) should
match the business domain

= Approach to software development focusing on domain complexity

"= The term was coined by Eric Evans in his book of the same name
published in 2003.




Why Use DDD?

= Manages complexity: DDD breaks down complex business logic
into smaller, understandable models within clearly defined
boundaries.

= Clear communication using domain language: It promotes a
shared vocabulary (ubiquitous language) between developers and
domain experts to avoid misunderstandings.

= Aligns software with business goals: DDD ensures the software
design reflects real-world business processes and priorities.

* Foundation for microservices architecture: Each bounded context
in DDD can map naturally to a microservice, encouraging modular
and scalable systems.
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Monolithic vs Microservices

Monolithic Architecture Microservices Architecture

Business Layer l / \

User Interface

Data Interface

1 1 I 1
- e W
deployed as a single bundle Multiple independent software

of executables and libraries components orchestrated to
on a unified platform eI form a unified application




Monolithic Application Conceptual Model
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Microservices-based Application
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Why Microservices!

= Successful applications often live a very long time + Technology
changes

— Need to be able to easily “modernize” application!
—> Need to deliver changes rapidly, frequently, and reliably.
= More complex Applications.. App keep growing up

—Need to divide team

—Need to improve testability, deployability, maintainability,
modularity, evolvability.
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Characteristics of Microservices

* Independently deployable: Each microservice can be developed, deployed,
and updated without affecting other services.

= Decentralized data management: Every microservice owns and manages its
own database, avoiding tight data coupling between services.

= Technology agnostic: Microservices can be built using different programming
languages, databases, and frameworks, depending on the service’s needs.

" Focused on a single business capability: Each microservice is designed to
handle one specific business function, making the system modular and easier
to understand.
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Microservices Architecture: Practical Concerns




Monolithic vs Microservices

Monolithic Architecture Microservices Architecture

Business Layer l / \

User Interface

Data Interface

1 1 I 1
- e W
deployed as a single bundle Multiple independent software

of executables and libraries components orchestrated to
on a unified platform eI form a unified application




But.. Loose coupling is essential!

= Service collaborate.. Thus:

—> Design Time Coupling:

Change Service A -> change Service B Senvice

Check Credit()

—> Runtime Coupling:

Service A cannot respond to a synchronous Cistares
request until service B responds Service
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Design Time Coupling... Solutions

Avoid CRUD service anti-
pattern: database wrapper

Design iceberg services

Small, stable
API

Large,

Large, complex unstable AP

implementation Change
Implementation Minimal
Implementation
| Avoid shared database tables
= Order Customer Order .. Customer

Service Service Service - Service

B

/
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table | .
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Runtime Coupling ... Solution

POST /order PUT /customer/id/credit
Order -~ Customer

Service . Service

Order Customer

.m———* Recipient

messaging system

creditLimit
availableCredit

Reduce Availability! Use Async Messaging

availability(createOrder) =

availability(OrderService) x
availability(CustomerService)
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What is a Message Broker?

= Middleware for message transmission between services: A message broker
acts as an intermediary that routes messages between services to enable
smooth and reliable communication.

= Decouples sender and receiver: It allows services to interact without needing
to know each other directly, increasing flexibility and resilience.

= Supports asynchronous communication: Message brokers let services send
and receive messages without blocking, enabling faster and more scalable

systems. / S \
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Popular Message Brokers
= RabbitMQ: Queue-based,

AMQP support B Raboit

§gApache Kafka

= Apache Kafka: Distributed,
high-throughput, stream
processing
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More details example
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Related Design Patterns
(Command and Query Responsibility Segregation - CQRS)

= CQRS offers to use “separation of concerns” principles and separate reads

and writes into two databases.
= By this principle, we can use different databases for reading and writing

database types, like using NoSQL for reading and using a relational database
for CRUD operations.

" Command < > :
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; ' Eventual
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‘ Query - > Read Materialized
A A \‘% Views
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Related Design Patterns
(APl Gateway)

= API gateway acts as communication between the client and underlying
services and serves as a single-entry point to the system while abstracting the
underlying architecture.

= |t also provides cross-cutting concerns like authentication, SSL termination,
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Related Design Patterns
(Strangler Pattern)

4 E .S E .S ... ...

" to gradually migrate a (7 Stngler Application =eres
Monolithic application to :
a Microservices-based
architecture.

* This pattern is useful
when the application is
too large and complex to
migrate simultaneously.

Service

Sermvice

Service

\

[

|

[

[

Service :

\:\ i

1 [

I [

I 1

1 [

i i
\

L

Monolith
Monolith Monolith Monolith

RIAD SONBOL - SOFTWARE ARCHITECTURE 25




Related Design Patterns
(Externalized Configuration)

= Configuration Externalization is a
design pattern where the
configuration settings of an Appiication |
application are stored outside the —> e
codebase. o A

" This allows you to modify settings /apicaion <
without changing or redeploying _/ " opton
the application, enhancing
flexibility, maintainability, and N\ E Database
portability across different Ry PR—
environments like development, o Cache

testing, and production.

Cloud
Storage
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The Complete Example

ZIPKIN
Distributed Tracing

-

Public network
APIGW




La afddiuly Gbead) asasall) Cpun isisnis o
Lo sall 3 alas 8 dgde Liid jos w@ﬂd&d\a

oaliadlly 3 yall Uaill ety g cand e dasall dle I Clead 3510y ey alai el o Jand ki 48,0
Al
Lelilail 3 8l 4 gaald) Ll g lilnd) Juastl o pall 4 goal) iladlall (il 3 jeal e alaill JalSi,
die Jaal J m jall Anaall AN 481 ja pel il (guim paall 5 oLl d Ale i ardiins Agal 5
i ) jae ol LY a5 dalall
!l Gl o dpail) clialaddl yie clLida¥) s Jual 5l g e ) gall Sas ca jall alail) iy
il AN LT aladiuly oaall aglan s a pall bl e 2l aiads dla Cilua 5 aUail) a0,
Y il Lol sati g Cliia gl laial ¢ldad Sy s A g SV dulall cilia ol 3 ))a) daad aUaill ja
Sl
338 go o 2l aaall dle Sl edie g L3S Hlie 0S0) ae el S ddall cilalall (g 535 Sl ac
g all

28

RIAD SONBOL - SOFTWARE SYSTEM DESIGN




	Slide 1: Microservices Architecture 
	Slide 2: Course Roadmap
	Slide 3: Microservices Architecture: introduction 
	Slide 4: What is Domain-Driven Design?
	Slide 5: Why Use DDD?
	Slide 6: Example
	Slide 7: Example
	Slide 8: Monolithic vs Microservices
	Slide 9
	Slide 10
	Slide 11: Example
	Slide 12: Why Microservices!
	Slide 13: Characteristics of Microservices
	Slide 14: Microservices Architecture: Practical Concerns  
	Slide 15: Monolithic vs Microservices
	Slide 16: But.. Loose coupling is essential! 
	Slide 17: Design Time Coupling… Solutions
	Slide 18: Runtime Coupling … Solution
	Slide 19: What is a Message Broker?
	Slide 20: Popular Message Brokers
	Slide 21: Example
	Slide 22: More details example
	Slide 23: Related Design Patterns (Command and Query Responsibility Segregation - CQRS)
	Slide 24: Related Design Patterns (API Gateway)
	Slide 25: Related Design Patterns (Strangler Pattern)
	Slide 26: Related Design Patterns (Externalized Configuration)
	Slide 27: The Complete Example
	Slide 28: حالة عملية للنقاش

