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This book introduces the analysis and design phase using object-oriented 
approach and structured-based approach. The use of examples with object-
oriented approach and structured-based approach simplifies and reinforces 
the learning process. Each chapter presents examples to describe the 
concepts and elements of object-oriented approach and structured-based 
approach. For object-oriented approach, Unified Modeling Language (UML) 
specification diagrams, such as use case diagram, class diagram, sequence 
diagram and activity diagram, are used in case studies. For structured-based 
approach, Data Flow Diagram (DFD) specification diagrams, such as context 
diagram, data flow diagram, entity relationship diagram and flowchart, are 
used in case studies. The case studies were designed to support the essential 
topics discussed in the respective chapters. 

The Intended Audience

This book aims to deliver essential elements and concepts in drawing 
diagrams using object-oriented approach and structured-based approach 
to undergraduate students in computer science course and its related 
disciplines. The objectives of the book are to:

•	 introduce fundamentals of object-oriented approach and structured-
based approach in problem solving. 

Preface
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•	 demonstrate how diagrams can be developed based on user 
requirements using object-oriented approach and structured-based 
approach.

•	 implement case studies using UML and DFD.

The Content

This book consists of 6 chapters. Chapter 1 attempts to introduce the 
system development life cycle (SDLC) and its phases. Chapter 2 introduces 
rules for object-oriented approach and Chapter 3 covers the case studies 
using UML. Chapter 4 discusses rules for structured-based approach and 
Chapter 5 presents the case studies using DFD. Finally, Chapter 6 discusses 
the similarities and differences between UML and DFD.

Each chapter includes 

•	 Learning outcomes to alert readers with the content.

•	 Examples to demonstrate how the concepts of object-oriented 
approach and structured-based approach are implemented for the 
diagrams.
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Learning Outcomes:

After you have read this chapter, you should be able to

	• understand the meaning of object

	• know the phases inside SDLC

	• know the concepts of object-oriented approach

	• know the advantages of object-oriented approach

01
CHAPTER

System Analysis and Design
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1.1	 Introduction

The development of a system is usually based on the phases in the system 
development life cycle (SDLC). There are five main phases in the SDLC, 
namely the planning phase, the analysis phase, the design phase, the 
development phase and the maintenance phase (Hoffer et al., 2014). In 
the planning phase, the user requirements for a system will be collected 
first. These are known as user’s requirements. Collecting information about 
user requirements for a system is very important because it will determine 
the functions that will be built for the system, which are known as the 
system’s functionalities. For example, in the development of a system for 
the planning phase, two users have been identified for the use of a system. 
Therefore, from these two users, the system functions can be identified.

The system analysis and design phase is a unique process. In this phase, the 
requirements of a system that have been collected from the planning phase 
are illustrated through techniques that are easy for software developments 
to understand to build a system. Two approaches are often used in this 
system analysis and design phase. These approaches are known as object-
oriented approach and structured-based approach.

1.2	 Information System Development

In the development of information systems, a system will be built based 
on the information collected about the system. Typically, the system 
development life cycle (SDLC) will be used to build a system. The five main 
phases in this SDLC are the planning phase, the analysis phase, the design 
phase, the development phase and the maintenance phase which are shown 
in Figure 1.1.
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1.6	 Exercises

1.	 Give the definitions for the following terms: 

a.	 Object

b.	 SDLC

c.	 OOSDLC

2.	 Discuss the phases for SDLC.

3.	 Discuss the concepts of object orientation and the phases for OOSDLC.

4.	 Discuss the advantages of object-oriented approach.
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Learning Outcomes:

After you have read this chapter, you should be able to

•	 explain the basic concepts and purpose of UML.

•	 identify different UML diagrams and choose the right one for a system 
specification.

•	 apply UML rules to create clear and correct diagrams.

02
CHAPTER

Unified Modeling Language (UML)
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2.1	 Introduction

In system development, the System Development Life Cycle (SDLC) can 
be applied using an object-oriented approach, referred to as the Object-
Oriented System Development Life Cycle (OOSDLC). The OOSDLC consists 
of five main phases: the requirement analysis phase, object-oriented analysis 
phase, object-oriented design phase, object-oriented implementation 
phase, and object-oriented evaluation phase.

Within the object-oriented analysis phase, one of the most widely used 
approaches is the Unified Modeling Language (UML) specification. During 
this phase, both user and system requirements are gathered to ensure 
the system meets user needs. Once the requirement gathering process is 
completed, UML specifications are developed based on objects.

For the system analysis and design, UML is applied through various 
diagrams that illustrate different perspectives of the system. These diagrams 
commonly include the use case diagram, class diagram, sequence diagram, 
and activity diagram. In the next subtopic, a more detailed explanation of 
these diagrams and their roles in object-oriented analysis and design is 
presented. These diagrams form the foundation of UML modeling, which is 
essential in the development of ICT applications as it provides a clear and 
standardized way to visualize system requirements, structure, and behavior. 
By using UML diagrams, developers and stakeholders can better understand 
complex systems, reduce ambiguity, and ensure a well-organized system 
design before implementation.

In applications involving artificial intelligence (AI), UML modeling is 
especially important due to the complexity of data flows, intelligent 
components, and system interactions. UML helps document and manage 
these elements effectively, supporting system scalability, maintainability, 
and long-term evolution throughout the application lifecycle.

A variety of both commercial and open-source software tools are available 
for the development of UML models, such as Lucidchart, Visual Paradigm, 
StarUML, and Creately. However, for the scope and consistency of this book, 
draw.io is selected as the UML modelling tool. 
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2.5	 Exercises

1.	 What is Unified Modelling Language (UML)? How does it support the 
object approach to system development?

2.	 Give some of the specification rules when developing them:

a.	 Class diagram

b.	 Use case diagram

c.	 Sequence diagram

d.	 Activity diagram

3.	 Consider a use case named “Check Credit Eligibility”. Explain how it can 
function as a use case in include and extend relationships within a use 
case diagram for a Loan Application System.

4.	 A system is to be developed for booking a room for Raya Hotel. Gather 
the user requirements for the system and develop the following diagram:

a.	 Use Case diagram 

b.	 Class diagram

c.	 Sequence diagram

d.	 Activity diagram
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Learning Outcomes:

After you have read this chapter, you should be able to

•	 apply UML modeling techniques to case studies using use case, class, 
sequence, and activity diagrams.

•	 demonstrate how system requirements can be represented in UML 
diagrams that show structure, behavior, and interactions.

•	 evaluate multiple UML diagrams to ensure consistency, accuracy, and 
completeness in modeling case study systems.

03
CHAPTER

Case Studies using UML
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3.1	 Introduction

This chapter will discuss and solve two case studies using UML specifications 
in the system analysis and design phase. Four important diagrams for UML 
specifications need to be produced in each case study to develop a system 
in the analysis and design phase.

3.2	 UML - Case Study 1

This section will examine a case study in general. For example, a food 
ordering system can be implemented online to make it easier for users to 
order food and have it delivered to them. The summary of the case study 
for this online food ordering system is further elaborated in Case Study 1 
as follows:

Case Study 1

Develop a system for food ordering and delivery. This system allows 
users to order food online. The food ordered by the users will be 
delivered by a delivery person, and a delivery fee will be charged based 
on the food ordered.

From the issues mentioned in Case Study 1, referring to Figure 1.2, the 
requirements analysis phase will be conducted first. In this phase, the 
system requirements are gathered. From Case Study 1, it can be explained 
that this system has three types of users: regular users, administrators, and 
delivery personnel. Regular users can log in to the system after completing 
the registration process. Once successfully registered, users can place food 
orders by selecting items from the menu through this food ordering system. 
Meanwhile, administrators can log in to the system and manage order and 
menu information. The administrator will also send information to the 
delivery personnel so that the food can be delivered to the system’s users. 
The users and their requirements for this food ordering system are shown 
in Table 3.1.
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3.7	 Exercises

A clinic management system is designed to help clinics manage its daily 
operations. The system allows staff and patients to perform general clinic-
related tasks. Staff can register new patients, manage appointments, send 
reminders, and handle payments. Patients can register, book appointments, 
receive reminders, and attend consultations. Doctors can view patient 
records, conduct consultations, and update medical information. The 
system also sends automatic appointment reminders and generates reports 
for clinic management.

1.	 For the clinic management system, identify all requirements for each of 
the users.

2.	 From the four main UML diagrams discussed in this chapter, identify 
which diagrams represent structural and which represent behavioral 
aspects of the system. Then, develop all the corresponding diagrams.
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04
CHAPTER

Data Flow Diagram (DFD)

Learning Outcomes:

After you have read this chapter, you should be able to

•	 explain the purpose and role of DFDs

•	 differentiate between levels of DFDs (context diagram, Level-0, Level-1, 
etc.) and explain the relationships between them.

•	 identify external entities, processes, data flows, and data stores

•	 apply DFD rules and conventions

•	 construct context diagrams and Level-0 and Level-1 DFDs
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4.1	 Introduction 

Structured system analysis and design is based on the phases of the system 
development life cycle (SDLC) phases.  This SDLC was discussed in Chapter 
1.  The same phases will be used for this structure-based analysis and design.  
Figure 1.1 from Chapter 1 discussed five important phases in SDLC, which 
include the planning phase, analysis phase, design phase, development 
phase and maintenance phase. 

In structured-based approach, user requirements are gathered and referred 
as user requirements, as discussed in Chapter 1.  Based on these user 
requirements, the structured-based analysis and design phases will be 
described through specific diagrams.  These diagrams, namely the context 
diagram, data flow diagram, entity relationship diagram, and flowchart, are 
constructed using draw.io This chapter will further explain the structured-
based approach in more detail.

4.2	 Structured-Based Approach

Structured-based approach can also be applied in the development of a 
system.  Figure 4.1 illustrates the SDLC that can be used for the structure-
based method, as discussed in Chapter 1.  For the discussion on the 
structure-based method, the phases of this SDLC are revisited in Chapter 4.  

Figure 4.1 System development life cycle [Hoffer et al., 2014]
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4.8	 Exercises

1.	 Describe the advantages of structured-based approach.

2.	 Give some of the specification rules when developing the:

a.	 Context diagram
b.	 Data flow diagram
c.	 Entity relationship diagram
d.	 Flowchart

3.	 A system is to be developed for booking a room for Raya Hotel. Gather 
the user requirements for the system and develop the following diagram:

a.	 Context diagram

b.	 Data flow diagram

c.	 Entity relationship diagram

d.	 Flowchart
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CHAPTER

Case Studies using (DFD)

Learning Outcomes:

After you have read this chapter, you should be able to

•	 identify four essential diagrams required in analysis and design phase 
of system development: context diagram, DFD, ERD and flowchart

•	 produce context diagram that graphically represent a system

•	 produce level 0 DFD from context diagram

•	 decompose processes from level 0 DFD into level 1 DFD 

•	 define external entities and data stores

•	 determine the relationship between external entities and data stores

•	 construct ERD

•	 generate detailed flowchart for each entity interacting in the system
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5.1	 Introduction

This chapter explains how two case studies can be solved using Data 
Flow Diagrams (DFDs). Four essential diagrams in DFD modeling must 
be produced for a given case study in order to construct a system during 
the analysis and design phase. These four diagrams include the context 
diagram, the data flow diagram, the entity-relationship diagram, and the 
flowchart.

5.2	 DFD - Case Study 1

This section describes a commonly used case study. For consistency, the 
case study discussed in Chapter 3 will be reused for the case study involving 
DFDs. To facilitate the discussion, the case study from Chapter 3 is rewritten 
in this chapter as follows.  

Case Study 1

Develop a system for food ordering and delivery. This system allows users 
to place food orders online. The food ordered by the user will be delivered 
by a delivery personnel, with a delivery charge applied in accordance with 
the food ordered.

From the problem statement of Case Study 1, as presented in Chapter 3, 
the system requirements are first gathered. Table 5.1 presents the system 
requirements, which are the same as those in Table 3.1.

Table 5.1 System requirements for the Food Ordering and Delivery System 

User User Requirement
User Register

Login
Order Food

Delivery Personnel Food Courier
Admin Login

Update Information
Order Delivery
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5.6	 Exercises

1.	 Design a system for online library book borrowing and reservation 
management. This system allows users (such as students or library 
members) to search, reserve, and view the status of book loans online. 
The Librarian (administrator), meanwhile, is responsible for updating 
the book catalogue information and processing loan and reservation 
requests made by users.  Your design should include context diagram, 
level 0 and level 1 DFD, entity relationship diagram and flowchart.

2.	 A developer wants you to develop a Staff Management System (SMS). 
The system has details for each staff, such as his/her name, ID number, 
salary, marital status, and job title. These details are recorded in a 
staff database. The SMS can allow a staff to login into the system and 
view his/her details. The SMS is also able to allow a staff (which is an 
administrator) to login into the system and view, update and delete 
the record of the staff within the database.  Your design should include 
context diagram, level 0 and level 1 DFD, entity relationship diagram 
and flowchart.
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Learning Outcomes:

After you have read this chapter, you should be able to

•	 know the diagrams to be used in UML

•	 know the diagrams to be used in DFD

•	 identify the differences between UML and DFD

•	 identify the similarities between UML and DFD

06
CHAPTER

UML and DFD
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6.1	 Introduction

In the system analysis and design phase, two approaches can be used to 
produce the specification of a system. For UML specifications, the object-
oriented approach is used, while for DFD specifications, the structured-
based approach is used.  For the object-oriented approach, four important 
diagrams are used for UML specifications, namely use case diagram, 
sequence diagram, class diagram and activity diagram. Meanwhile, for 
the structured-based approach, four diagrams are also used for DFD 
specifications, namely level zero data flow diagram, level one data flow 
diagram, entity relationship diagram and flowchart.

6.2	 Differences and Similarities between UML and DFD

In the analysis and design phase of object-oriented approach, UML 
specifications are used. Whereas, in the analysis and design phase of 
structured-based approach, DFD specifications are used. The diagrammatic 
similarities used between UML specifications and DFD specifications are 
summarized as in Table 6.1.

Table 6.1 The diagrammatic similarities used between UML and DFD.

UML DFD
Use case diagram Level zero data flow diagram
Sequence diagram Level one data flow diagram
Class diagram Entity relationship diagram
Activity diagram Flowchart

From Table 6.1, for both approaches, the system requirements are illustrated 
through use case diagram (object-oriented approach) and level-0 data 
flow diagram (structured-based approach). The similarities between these 
two diagrams are in the system users and user requirements. Figure 3.1 
in Chapter 3 shows an example of a use case diagram and Figure 5.2 in 
Chapter 5 shows an example of level-0 data flow diagram. Both diagrams 
have similarities in the system users (User, Administrator and Order Sender) 
and system requirements (Register, Login, Order Food, Update Information 
and Order Delivery). 
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6.4	 Exercises

1.	 State diagrams that are always used in UML.

2.	 State diagrams that are always used in DFD.

3.	 Discuss the differences between UML and DFD.

4.	 Discuss the similarities between UML and DFD.
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