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Modularization: $94 p5% U, Modularization . 352ill L

Modularization is the process of dividing a software system into multiple independent modules where each
module works independently.
There are many advantages of Modularization in software engineering. Some of these are given below:

Easy to understand the system.

A module can be used many times as their requirements. No need to write it again and again (reuse).

System maintenance is easy.

Modularity: Breaks the "big problem" into smaller, more manageable

pieces, which are easier to change without affecting other modules

g _ "
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There are some important properties of a software module , A module...

1.Encapsu1ates functionality and data: Encapsulation is about hiding the implementation details of a module.. Other modules

can only access functionality and data via the provided interface. Generally, 1t 1s good to encapsulate as much as possible.

2.Provides an interface to other modules for accessing its functionality and data: The software module interface should be as

abstracted and as small as possible.

3.Requires interfaces provided by other software modules: To realize the functionality of a software module, it must
sometimes use the provided interfaces of other modules. A software module that uses another module through its interface

has a dependency on that other module. The fewer dependencies, the better.
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Module A Provided interface Module B1 provides Interface B to

Module A and requires Interfaces C

and D.

Required interface

B
Interface

Assume we have a new Module B2

Module B1 L
with improved performance.

If Module B2 provides the same

[ ¥]
Inkerface Irterface

interface and requires the same
interfaces as B1, then it is

Module C Module D iInterchangeable with B1.
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Module C
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Module A : Provided interface
l Required interface
|
Module B2
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What are software architecture patterns in Software Development?

1. Layered Architecture

2. ClientServerArchitecture
3. Repositoryarchitecture

4. Pipe and filtearchitecture
5. MVC Architecture

6. Message Broker Architectural

goouo.
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Layered Architecture:
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Class 4 Class 5

Presentaﬁun la},rer

* call function *‘ return data

Class?  business logic layer ~ Class? Focuses on how data is displayed and how users interact with the system.
'l' A Examples: Web pages, mobile app interfaces, or desktop. GUIs
all function return data

aelgs Jady (L t\.a.: ikl #, business logic layer JeY! alate dib (p AU Lkl
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l T Concentrates on the application's business logic and rules.

Examples: Validation logic
Data
base
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The actual data storage system where bl e - Joo J'J e 4335"‘"\’

information is saved. Manages data access and interaction with storaggtems
Examples: Relational databases (SQL Examples: Database queries, caching, and APIs.
Server, PostgreSQL) or NoSQL solutions 5o . ol 1 : TR .
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Required Interface

name

Layered architecture

Description

Separation of concerns a foundational principle of layered architecture. Each layer focuses
single aspect of the application
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Dependencies are minimizedChanges in one layer impact only adjacent layers.

Loose Couplingeach layer interacts with others through defined interfaces, reducing
interdependencies.

oNn a

Advantages

F UY9AKOF 17329 wntFMIOF nAK AfF YCHKF ab F

Disadvantages
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Each request must pass through multiple layers. This sequential flow can introduce latency
inefficiencieslncreases response time for simple queri€an lead to unnecessary resource

consumption.
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Layers can be scaled independently by creating additional instaneas,(scaling the Persistence Layer to handle high data traff

C).

[EicsE
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy ; :



[

ojligJl

ClientServer Architecture SystembDesign
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Clients

1

In this model, Communication between clients and the server follows a request-response protocol, such as HTTP/HTTPS for

web services or SQL for database queries.
This model is fundamental to many modern applications and systems. For exarmplea user visits a website like Wikipedia, their
browser (the client) sends an HTTP request to a web server, which then responds by sending back the HTML, CSS, and fieaseaScrip

needed to display the page
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Two-Tier Architecture (Client-Server): In this type, the client directly communicates with the server
to request services and retrieve data.

Types of Client-Server Architecture

Three-Tier Architecture: In this type, the client interacts with an intermediate layer called the
"application server" or "middleware," which acts as a bridge between the client and the database server.
/&I‘ he three tiers are:

A Presentation Tier (Client): Responsible for the user interface and capturing user input.

A Application Tier (Middleware): Handles the business logic and processing of requests. It

communicates with the database server to retrieve and store data.

A Data Tier (Server): This is the database server that stores and manages the data.
/&I‘ his architecture enhances scalability, as the workload can be distributed between the application
server and the database server.

/&Xample: Web applications where the web browser is the client, the web server is the application

2-Tier Architecture

Client Computers

Client Tier i - -

i

Database Tier g H

Database Server

3-Tier Architecture

Client Computers

Client Tier [l 1l [l
Business Logic
Tier ;

QOH SENBI‘

Database Tier = Hsatabase
server, and the database server stores the data. R Bserver
- EiE
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N-Tier Architecture: &)li_all

A\I “Tier architecture is an extension of the three-tier architecture and allows for more layers or tiers to be added for
specific purposes.

A&dditional tiers may include security servers, caching servers, load balancers, etc., depending on the complexity and
requirements of the application.

A his architecture provides better modularity, flexibility, and performance optimization.

/&xample: Large-scale enterprise applications with multiple layers for security, caching, and load balancing.

N-Tier Architecture

Presentation tier Application tier Data tier
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Design Principles for Effective ClieBerver Architecture

(Horizontal Scalability), or existing server capacities can be expanded(Vertical Scalability) to handle increased demand without

significantly altering the overall system architecture.

/&e]iability and Availability: With robust server infrastructure, client-server systems can ensure high reliability and availability.
Redundancies such as multiple servers, to ensure the system remains operational in case of failures, backups, and load balancing

techniques can be implemented on the server side to minimize downtime and ensure continuous service availability.

/&nhanced Security: Centralized servers enable better security controls and data protection measures. Sensitive data can be
securely stored on servers, and access can be tightly controlled and monitored. Encryption and authentication mechanisms can

be more effectively implemented.

kentralized Management: By centralizing resources and services on a server, this architecture simplifies maintenance, updates,
and security management. Administrators can efficiently monitor and manage data, apply updates, and enforce security

policies from a single location.

Anteroperability: Platform Independence: Design the system to support multiple platforms and devices, allowing various clients to

interact with the server.
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risk of a single point of failure: if the server goes

down, services become unavailable. -
Servers can also be vulnerable to denial-of-service
attacks if overwhelmed by excessive

requests. Additionally, the architecture can introduce

latency, especially in complex multi-tier systems.
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-Components can be independent--they do
not need to know of the existence of other
components.

-All data can be managed consistently
(e.g., backups done at the same time) as it
is all in one place.

-Changes made by one component can be

propagated to all components.
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The repository 1S a single point of failure so problems in the repository affect the whole system
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Pipe and filter architecture oyl

Pipe and Filter Architecture - System Design

Pipe and filter architecture i,
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the processing of the data in a

system is organized so that each

processing component (filter) is

Filter Filter Data Target

discrete and carries out one type

of data transformation. The data

flows (as in a pipe) from one Data Source
component to another for
processing
. [E)ici ]
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy Ao



[

ojligJl

Characteristics of Pipe and Filt&rchitecture df c | b B ™MK FH

The Pipe and Filter architecture in system design possesses several key characteristics that make it an effective

and popular design pattern for many applications. Here are its main characteristics:
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Model-View-Controller (MVC) iﬁlu_ii (K’ B e

MVC is abbreviated as Model View Controller is a design pattern created for developing applications specifically
web applications. As the name suggests, it has three major parts. The traditional software design pattern works in

an "Input - Process - Output" pattern whereas MVC works as "Controller -Model - View" approach.

/&I‘he Controller acts as an intermediary between the Model and the View, receiving user input, processing it, and updating

the Model or View accordingly. It routes commands to the Model and View, ensuring that user actions are properly handled
and that the application state is updated
AThe View The View element is used for presenting the data of the model to the user , displaying data to the user in a visual

format such as charts, diagrams, or tables, and may also accept user input.

/&I'he Model The central component of the pattern. The model is responsible for managing the data of the appiication. It
receives user input from the controller. It directiy manages the data, logic and rules of the appiication. It is responsibie for

maintaining the data and ensuring its consistency and integrity.

[EicsE
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* Handles data logic presentation
. * Interacts with Dynamically
Ul Logic Database Database rendered
Input logic

Business Logic

Fetch Data 2
presentation

Request e Handles request flow

—_—

* Never handles data

, h logic

Response

End User Controller
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Select * from
Students:

Fetch Student
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<Body=>
<h1>Student</h1=>

</Body>
Database

Fetch Student
presentation

if(success) {
Display.Student

X
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Model
Hisar int xPosition = 50;
interacting int yPosition = 50;
with View -,., double opacity = 0.35;
— VIEW Font font = new Font{"Arial",
Font. BOLD, 24)
String text = “*Some Transparent
Text",
Request Rendering the
User Process S———
View
CONTROLLER e
Pt 2]
k del | h . N =
Asking Mode Returning the rare PRRPIER Changs
to provide Data Sample Document - -
Data ) : Bope Trasaparsnr Text
Asking Data Some Transparent Text
from DB
MODEL E ) | =
Response from
DB DataBase
In MVC, models can have numerous views
. ml -
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between different parts of a distributed system or between heterogeneous systems. It acts as an intermediary or
middleware that receives messages from producers (senders) and delivers them to consumers (receivers) based on

predefined routing rules and patterns. The broker acts as a "middleman" between the components, allowing

them to communicate without being aware of each other's existence.

Source App 1 Source App 2 Source App 3
{ Message Broker }
Target App 1 Target App 2 Target App 3
, EirE
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A/[aintain a routing table of registered software components. And transiting messages to the right software components.

A/[ay assure additional functionalities such as information security and quality of service.

Server upm

] Message Broker

Publishing

Aoftware components responsible for sending a message out. bl
ervicel

At is also referred to as a publisher.
Client

Publishing

Service 2

Aoftware components that subscribed and await a specific message.

At can also be referred to as a consumer or subscriber.

Advantages: Dynamic changes, additions, deletions, and relocations of components possible.

Components do not need to know each other: The broker pattern allows the components to remain decoupled and focused on their
own responsibilities, while still being able to communicate and collaborate with other components in the system. It can also be used
to reduce the number of dependencies between components, making the system more flexible and easier to maintain.

Disadvantages: One central component that needs to be robust and efficiently written.

0RO
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy Ao


https://en.wikipedia.org/wiki/Information_security
https://en.wikipedia.org/wiki/Quality_of_service

Py

Monolithic vs. SOA vs. Microservices

In software engineering, a monolithic
application is a single unified software
application that is self-contained and

s ~N independent from other applications, but
O O O O typically lacks flexibility. There are
advantages and disadvantages of building
applications in a monolithic style
Q O O O Monolith applications are relatively simple
and have a low cost but their shortcomings
O Q O O are lack of elasticity, fault
tolerance and scalability.Alternative styles to
monolithic applications include multitier
\_ ) Q Q Q O architectures, distributed

computing and microservices.
Monolithic architectures require the entire

I Te e =l aVAlel=l8  program to be recompiled and deployed
0 every time a change is made
Single Unit Coarse-grained Fine-grained
Ofps{0)
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Monolithic Service Oriented Microservices

Monolithic Architecture Microservices Architecture

In software engineering, service-oriented architecture (SOA) is an architectural style that focuses on discrete services instead of a

monolithic design. SOA is a good choice for system integration. In this architecture, services are provided to form applications, through a

network call over the internet.

MU-EPP-FM-005 Issue date 17November2025

i

issue no:1 https://manara.edu.sy



Microservices architecture is a software engineering
approach that structures an application as a collection
of small, independent, and loosely coupled services,

Enierpnse SVC BUS each designed to perform a specific business function.

Unlike monolithic architectures, where all

Business Logie

components are tightly integrated into a singie
codebase, microservices break down applications into

Serwce Serwce smaller, self-contained units that can be developed,
deployed, and scaled independently.

Monolith

Each microservice typicaﬂy runs in its own process
and communicates with others through lightweight
mechanisms such as REST APIs.

Monolithic Service Oriented Microservices
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Scalability in Scalability in
Monolithic Architecture Microservices Architecture
0RO
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy Ao



[ZV

MANARS, UNIYERSITY

o) e g haddl presadl d> 1o Jlid §lesall proeuodl ds e asug
psoodll d>yo o line Oyghy Il Sub System JI JS Jl gzl e
0955 il Models | Iﬂﬁm il @il gl) Slejlgzdl Raig )lasoll

o 3l iy« Sub System 15lgll isjixall

Ao sub System lgo sy (il Sloazdl i) Sleylgdl 4S (1
(Lg.LCt_J.L:UJ o d> el 0iang)

oo Cus : plail) ERD JI Olblbzs gl Olibsell 8.c6 srouni (2
ol Sldase 8.cls lg) Information System dnlsq Slauhill
(dl> ol 03y LJ.>.1u o) Laulg) Ologleall 2lyziwly Ologlall

ol Olgoly preuai (3

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy ; :



S
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy ; 2



