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intended system. Therefore, requirements engineers realize the need to perform elicitation to

ensure that the requirements produced are easily accessible, usable, and applicable according Keywords

to the client’s demands. A software project can be considered successful if it satisfies all the
client's requirements. In certain situations, changes in requirements from the client side may
arise during the development of the intended software. This research focuses on the

Requirement elicitation

Requirements

challenges of this context, mentioned as follows: many stakeholders are unable to clearly Techniques
express their needs for the intended system, and the client-side requirements may change T mcet_tbility
often. In this case, traceability plays a vital role in making the necessary changes in the Functional

components of the corresponding requirements. Therefore, the impact of any change can be Non-functional

easily visible & the changes can be applied correspondingly. After all, a project’s success can
be achieved by ensuring traceability among the components used in eliciting requirements.
So, this research proposes an effective approach for eliciting functional and non-functional
requirements and ensuring traceability among the corresponding components used in eliciting
requirements. In addition, a tool has been designed to ensure traceability among functional
requirements, non-functional requirements, and other corresponding components. If any
change request arises for any of the requirements, all the corresponding components
associated with that requirement can be traced with the help of this tool. Overall, this
proposed approach has been applied successfully to a case study of an Automated Teller
Machine using this tool.

1. Introduction

Requirements provided by the clients can be considered as the primary pillars for building the software. Software should
be tailor-made to fit the client’s requirements. In software engineering, users' expectations of a software product can be
described as requirements. Requirements engineering includes the collection, analysis, and documentation of software
requirements from a client. The features and functionalities of the target software are called the software requirements.
Requirements can be categorised into two groups: functional and non-functional. The goal of requirements engineering
is to interpret clients' exact requirements so that the intended software product will receive appreciation and satisfaction
from its clients. Elicitation can be regarded as the process of collecting information from the end-user stakeholder/client
[1]. Successful software cannot be built without proper requirements elicitation. Requirement elicitation is the first step
in the software development life cycle. It is also known as the requirement gathering or collection phase. The software
can be considered successful if it meets all its client's expectations.

Requirement engineering (RE) contributes significantly to developing the exact software according to the
stakeholder’s needs [2]. Proper elicitation of functional requirements (FRs) ensures stakeholder commitment and reduces
the risk of failure at an early stage. Similarly, proper elicitation of Non-Functional Requirements (NFRs) increases
stakeholder satisfaction and future scope for the industry [2]. Usually, the main priority is given to the system features
during the software development process, which are documented as functional requirements [3]. To be specific, the FRs
can be regarded as the behaviours or actions that the system supports [4]. To develop new software, elicitation of
functional requirements specifies the client's needs, structures communication among stakeholders, and provides
substantial evidence that controls project progress in software development-related fields [5]-[10]. Modelling of
functional requirements can be regarded as a medium between project stakeholders to expedite communication. Thus, it
is inevitable that stakeholders and end-users articulate requirements unequivocally, and that stakeholders, such as
requirements engineers, interpret them correctly for the Developer and QA teams of the corresponding project [11]. On
the contrary, non-functional requirements relate to system functionality and do not directly affect the system's features
[12]. Functional requirements may vary due to the diverse functionalities of different software products. The
representation of the NFRs can be done in different ways, depending on the justifications for their use and the project's
level [13].

Requirements are extracted using various existing requirement elicitation techniques. There are four categories of
requirement elicitation techniques according to their nature of communication: (i) Traditional Techniques, (ii)
Collaborative Techniques, (iii) Cognitive Techniques, and (iv) Observational Techniques. The traditional techniques are
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as follows: Interview, Questionnaire, Data gathered from existing systems, and survey. The collaborative techniques are
as follows: Focus Group, Brainstorming, JAD, Prototyping, Workshop, Storyboarding, Models, Use-case/Scenarios, and
Viewpoint. The cognitive techniques are as follows: Document Analysis, Card Sorting, Protocol Analysis, Laddering,
and Repository Grid. The observational techniques are as follows: Observation and Ethnography/Social Analysis. The
software project team uses any of these techniques as needed and according to their expertise to elicit requirements.

Software requirements vary for various reasons; frequent changes are inevitable [14]. In the case of necessary changes
to any requirement, it is essential to ensure traceability so that its associations are updated along with that requirement.
Traceability of requirements provides the commitment to ensure the synchronisation between the client's requirements
and system evolution [15]. Software products should be developed according to the client’s requirements to achieve high
quality and client satisfaction [16]. Association and communication among stakeholders are very significant for achieving
success in eliciting software requirements and ensuring traceability [17]. From the above discussion, it is observed that
the proper selection and implementation of requirements elicitation techniques, along with ensuring traceability among
the corresponding components used in requirements elicitation, can be a significant approach for conducting this research.
In addition, a tool has been developed to perform a case study on an automated teller machine (ATM) to verify the validity
of this proposal.

2. Related Work

2.1 Functional Requirement

Functional requirements are the basic facilities and services the client needs the system to provide. All the essential
functionalities expected to be incorporated into the intended software as a part of the contract can be known as functional
requirements.

2.2 Viewpoints

The Viewpoints (VPs) method is regarded as a technique for eliciting requirements. Viewpoints can be taken based on
the types of users using the system. Under the viewpoints, the specific system requirements will be described
correspondingly. Viewpoints are introduced at the very beginning of the requirements engineering process to structure
the mechanism for eliciting requirements [18]. Identification of viewpoints and organisation of system requirements under
them at this earliest stage eliminates the possibility of missing requirements and provides a mechanism to ensure
traceability by linking requirements to their corresponding viewpoints [18]. Here, viewpoints are the end-users of the
system who perform various activities within it that can be regarded as system requirements and functional requirements.

2.3 Operation Criteria

Operation Criteria (OC) are the prerequisites that must be met to perform any operation in the system. These can also be
considered terms and conditions or rules that are mandatory for performing any operation in the system. Some important
factors need to be kept in mind while defining OC for any system:

- The environment where the system will be used.

- The type of data on which the system will work to perform any kind of operation.

- The type of audience/end-users who will use the system.

2.4 Non-functional Requirements

Non-functional requirements are the quality factors that the system must satisfy per the project contract. These factors
should be prioritised according to the nature and needs of the project. Different non-functional requirements are used in
different software projects. Various non-functional requirements include Availability, Portability, Accuracy/Correctness,
Security, Maintainability, Reliability, Scalability, Performance, Reusability, Flexibility, etc.

2.5 Traceability

Traceability is the ability to track every change made to the requirement and link it to the overall requirements
management process [19]. It reduces redundancy and increases the efficiency of the requirements management system.
With the help of traceability, the effect of changes in requirements can be analysed [20]. If the components involved in
requirements elicitation are traceable, then any change to one component can be propagated to the associated components
through traceability. Proper indexing and referencing of the components are required to perform tracing. If any errors are
found in the indexing and referencing of components, the probability of failure will increase. Ramamoorthy et al. defined
traceability as the ability to trace from one entity to another based on the provided semantic relations [21]. A software
requirements specification can be traceable if the root of every requirement is distinct and if it facilitates referencing each
requirement in subsequent development or enhancement documentation. As stated by Torkar et al. [22], requirements are
interlinked with each other, and they are dependent on other artifacts. Traceability enables the tracing of these
interdependencies. Successful implementation of tracing leads to success in a shorter period. Thus, traceability plays a
great role in managing requirements. Traceability among VPs, FRs, OCs, and NFRs is ensured in this research through
the proposed methodology, as shown in Figure 1.

Requirement elicitation techniques and associated tools are key factors in requirements engineering. A standard
outline of requirements engineering approaches by Rempel and Mader [23] was visualised, in which a multi-view
approach was proposed, including a detailed differentiation of tools and techniques utilised in managing requirements.
The comparison was based on 5 items: requirement traceability, requirements integration, requirement prioritising,
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requirement status, and customer satisfaction. Several research issues, such as requirement ontology and traceability, were
sparked by this study. By ensuring traceability of requirements, the authors hoped to address issues in requirements
elicitation, verification, and validation. It is critical to collect requirements from stakeholders, but difficult to do so without
first recognising the end user’s needs. Scharifi et al. [24] presented a synopsis of requirements elicitation techniques and
highlighted key issues faced by industry, despite the numerous techniques proposed for the process. According to this
study, there is no single method that can meet all requirements elicitation requirements because there are so many
problems, such as insufficiency in clarity regarding the purview of the project, inadequate stakeholder participation,
inadequate communication and negotiation skills, ineffective techniques, tight deadlines, inadequate documentation,
inadequate requirements management, and inconsistent requirements.

In addition, some issues arose during the implementation of the elicitation techniques that must be resolved for the
software to be developed per the client’s requirements. This research examined various issues and challenges with
requirements elicitation techniques in industry & it was contingent on analysis of previous data. In addition, this research
identified the need for creative techniques to enhance existing methods/statistical analyses; therefore, a literature review
was conducted. This literature search was performed in view of several keywords, namely, requirements elicitation,
requirements challenges, and validation techniques. Eventually, a critical analysis of the available literature was
conducted using thematic analysis. The results achieved were also analysed using various parameters. Future work for
this research was identified as developing a systematic strategy to select the most appropriate techniques for collecting
software requirements. To enhance the effectiveness of the requirements elicitation process, Tiwari and Rathore [25]
presented an approach that demonstrated how to select a subset of requirements elicitation techniques to achieve an ideal
outcome. Their strategy consisted of three steps. In the first, they identified various attributes in three important
dimensions: the project, the people, and the software development process, which could create an impact on the outcome
of the elicitation process. In the subsequent step, they independently developed a three-P framework (3 PM) for each
aspect, which posits a connection between the elicitation methods and the three elements of a product. In the third step,
they gave a planning model and used it to determine an elicitation method from the subset of elicitation procedures. Case
studies were conducted to evaluate and disseminate contextual knowledge on the selection of requirements elicitation
techniques in line with their proposed methodology. Basically, they sought to demonstrate significant differences among
the properties of various requirements elicitation methods. They expressed their future plans for incorporating industry
data as 3P matrices and analysing these matrices, using an organisation-centric case study to select elicitation techniques.

Viewpoints

(VPs)

. Non
qeunctonal || _Functiona
(FRs) Requirements
? (NFRs)
Operation
Criteria
(OC)

Figure 1. Traceability among VPs, FRs, OC, and NFRs

Proper requirements change management is essential for continuously changing requirements. Traceability is
significant for managing these changes and for analysing their effects. Bashir and Qadir [26] presented a synopsis of
existing techniques in the field of traceability. According to the authors, current traceability techniques were inadequate,
leading to problems in managing changing requirements effectively. So, they classified techniques into three classes and
combined them to recognise the demerits of each other, ensuring maximum benefits from traceability. This paper focused
on the complications regarding the definitions and techniques of traceability in the literature. A general categorisation of
techniques was proposed to enable practitioners to easily select the technique that best meets their needs from the existing
options. A software traceability approach was proposed in [27] to support impact analysis of changes in object-oriented
software. In this approach, the ability to integrate high-level software models with low-level software models, along with
requirements, test cases, design, and code, was demonstrated. This research supported both top-down and bottom-up
traceability along with the provision of a direct connection between a component at one level and other components at
various levels. The authors developed a software prototype, Catia, to assist C++ software, conducted a case study on an
embedded system, and discussed the results. To incorporate requirements into the low-level components, they combined
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dynamic and static analysis methods. In a thorough examination, they established an interconnection among the
requirements, experiments, and execution code. They provided connections between design model components and code
components in static analysis. Because an artefact perspective can provide direct access to the impacted artefacts, the
strategy of incorporating both top-down and bottom-up impacts supported provision for efficiency. By applying this
proposed strategy within a large framework, the framework's presentation could be corrupted. In large systems,
maintenance personnel were typically more interested in acknowledging which classes or methods required modification
than in the code's specific statements [28]. In conclusion, this prototype offered traceability infrastructure that included
several measures to mitigate the impact of changes. Future work was mentioned as improving the support for GUI
(Graphical User Interface) views linked to program views to enhance user interface performance.

Many research studies have been performed on requirement elicitation or traceability. Proper selection of requirement
elicitation techniques is significant, as inappropriate requirements may cause high-level user disappointment and decrease
the quality of the software [29]. Proper documentation of elicited requirements in line with the client’s needs is very
useful [30]. It contributes to processing further changes to any requirement. As requirement elicitation can be considered
the catalyst that can affect the success of the software product as well as the entire software project, and traceability can
be an effective solution to the problems in this regard, a link has been created between requirement elicitation and
traceability through this research work. Four components and a six-step procedure have been introduced to elicit
requirements and ensure traceability among the corresponding components used in this research. The four components
are as follows: viewpoints, functional requirements, operation criteria, and non-functional requirements. Direct
Stakeholders can affect the functionality of a system, so the viewpoint method is used to identify the stakeholders of a
system as viewpoints and to elicit their corresponding functional requirements as the system's functionalities in this
research work [31]. Identification of viewpoints, elicitation of functional requirements, identification of operation criteria,
elicitation of non-functional requirements, building relationships between functional requirements and viewpoints,
functional requirements and operation criteria, and functional requirements and non-functional requirements, and
eventually the traceability among viewpoints, functional requirements, operation criteria, and non-functional
requirements are performed correspondingly. A tool has been implemented to ensure traceability among these
corresponding components. In addition, the proposed approach is applied to an Automated Teller Machine using the
newly developed tool. This research ensures transparency among the stakeholders in accessing the system. Similarly, it
increases the client's confidence in the software project team. The ease of accessibility and maintainability of traceability
are provided according to the proposed approach. It reduces redundancy and increases the efficiency of the components
used in ensuring traceability.

3. Materials and Methods

According to the proposed approach, there are six steps for performing requirements elicitation and traceability analysis
using four components (VPs, FRs, OC, and NFRs). The description and Overview Diagram (Figure 2) of the proposed
methodology are given below.

Step-1

Identification
of VPs

Step-6
Tracing of Corresponding

Step-5 VPs, FRs, OC & NFRs

Step-3 Building Relationship
Identification between
of OC VPs & FRs
OC & FRs

FRs & NFRs FRs & NFRs

Elicitation
of NFRs

Figure 2. Overview diagram
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Step-1: Identifying the VPs of the corresponding system.

Step-2: Eliciting the FR from the activities of the corresponding VPs accordingly.

Step-3: Identifying and setting some OC for the corresponding system.

Step-4: Eliciting the NFRs for the corresponding system and setting some questions to determine the status of the
NFRs in the following system.

Step-5: After identifying VPs and OC and eliciting FRs and NFRs, build the relationships between VPs and FRs,
OC and FRs, and FRs and NFRs. Correspondingly, VPs, OC, and NFRs have separate relationships with FRs.
Step-6: Finally, trace the corresponding VPs, FRs, OC, and NFRs using the relationships between VPs and FRs, OC
and FRs, and FRs and NFRs.

3.1 Eliciting FR
In this research, the viewpoint method is used for eliciting functional requirements. Different VPs have different FRs, as
shown in Figure 3.

ALL VIEWPOINTS
| |

Name of Viewpoint-1

Name of Viewpoint-2

Functional Requirement-1
Functional Requirement-2
Functional Requirement-3

Functional Requirement-n

Functional Requirement-1
Functional Requirement-2
Functional Requirement-3

Functional Requirement-n

Name of Viewpoint-n

Functional Requirement-1
Functional Requirement-2
Functional Requirement-3

Functional Requirement-n

Figure 3. Generalised diagram of viewpoint method for eliciting functional requirements

3.2 Eliciting NFR

According to the proposed approach, the author has selected the following 5 non-functional requirements as the standard
NFRs that have to be ensured constantly to various extents in all sorts of projects:

- Availability

- Performance

- Security

- Accuracy/Correctness

- Reliability

To ensure the status of these non-functional requirements in a system, a pre-defined set of dichotomous questions on
NFR (NFRQ): Availability, Performance, Security, Accuracy or Correctness, and Reliability will be asked to the
stakeholders of the system as shown in Table 1.

Table 1. Generalised NFRQ/A for eliciting NFR

NFR ID NFR Name NFR Question Answer
NFR-1 Availability Is this service available? Yes/No
NFR-2 Performance Does the service process the user’s request according to the Yes/No

predefined time?
NFR-3 Security Are the credentials of the corresponding user secured while Yes/No
accessing the service?
NFR-4  Correctness/Accuracy Does the service function correctly? Yes/No
NFR-5 Reliability Can the users rely on this system to access the service? Yes/No
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3.3 Building Relational Tables

According to the proposed approach, each viewpoint has one or more functional requirements, as shown in the Overview
Diagram (Figure 2). So, there is a relationship between VP and FR. The corresponding FRs for a VP are shown in Table
2. According to the proposed approach, each functional requirement has a dependency relationship with one or more
operation criteria, as shown in the Overview Diagram (Figure 2). The OC of a dependent FR is shown in Table 3.
According to the proposed approach, each functional requirement is related to one or more non-functional requirements,
as shown in the Overview Diagram (Figure 2). The corresponding NFRs of an FR can be viewed in Table 4.

Table 2. Sample of a relational table showing the relationship between VP and FR

VP ID FR ID
V1 FR-1.x
FR-1.n

Vn FR-n.x
FR-n.n

Table 3. Sample of a relational table showing the relationship between OC and FR

FRID Dependent on ‘OC ID’

FR-1.x Select from OC-x to OC-n
FR-1.n Select from OC-x to OC-n
FR-n.x Select from OC-x to OC-n
FR-n.n Select from OC-x to OC-n

Table 4. Sample of a relational table showing the relationship between FR and NFR

FRID NFR ID

FR-1.x Select from NFR-1 to NFR-5
FR-1.n Select from NFR-1 to NFR-5

FR-n.x Select from NFR-1 to NFR-5
FR-n.n Select from NFR-1 to NFR-5

3.4 Ensuring Traceability

In this research, VP, FR, OC, and NFR can be traced correspondingly using the relationship between VP and FR, OC and
FR, and FR and NFR as shown in the Overview Diagram above (Figure 2). According to the proposed approach, the
corresponding VP, FR, OC, and NFR can be viewed from the following sample of ensuring traceability in Table 5.

Table 5. Traceability among VP, FR, OC and NFR

VP ID FR ID OCID NFR ID
Vi FR-1.x Select from OC-x to OC-n Select from NFR-1 to NFR-5
FR-1.n Select from OC-x to OC-n Select from NFR-1 to NFR-5
Vn FR-n.x Select from OC-x to OC-n Select from NFR-1 to NFR-5

FR-n.n Select from OC-x to OC-n Select from NFR-1 to NFR-5
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3.5 Case Study
A case study is applied to an Automated Teller Machine to perform requirement elicitation and traceability analysis
according to the proposed approach.

ATM:

An ATM (Automated Teller Machine) is an electronic machine that was invented for performing financial transactions.
According to the term ‘automated’, no banking representative, teller, or human cashier is required for the banking platform
ATM. It can be considered a self-service banking outlet [32].

Components of ATM:
The automatic teller machine consists of four input devices and four output devices, which are described and shown in
Figure 4.

Input Devices

- Keypad: The keypad allows the user to enter the secret identification number of the card for authentication.

- Card Reader: After providing the correct secret identification number, the card reader reads the information on the
user's card and passes it to the host server.

- Screen Buttons: It takes the desired service input from the user and processes the user’s request.

- Deposit Slot: It receives cash/cheque from the user for deposit purposes.

SCREEN SPEAKER

ATM

BUTTONS

DISPLAY
SCREEN i
READER
RECEIPT
PRINTER KEYPAD
CASH
DEPOSIT
DISPENSER il

Figure 4. ATM

Output Devices

- Speaker: It provides audio instructions to the user when the user performs any action in the ATM.

- Display Screen: It displays the main menu, each step, and information about all services, allowing the user to carry
out the transaction and other activities.

- Receipt Printer: Prints the user’s transaction records and statements.

- Cash Dispenser: It dispenses the amount of money that the user wants to withdraw.

Features of ATM

Automated Teller Machine provides 24x7 access. It reduces the hassle for customers of standing in long queues at the
bank for simple transactions and reduces the workload of bank officials. Some important features of an ATM are described
and shown in Figure 5.

- Checking balance

- Withdrawing balance

- Transferring balance

- Depositing cash

- Depositing cheque

- Ordering bank statement

- Ordering cheque

- Issuing Mini statement
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Step 1: ATM Interface

Step 2: User Interaction

BALANCE INQUIRY

Your Balance
$1,250.00

Figure 5. Steps of performing a transaction using an ATM

Connection with the Database Management System (DBMS)

ATM uses a DBMS from which all information about the bank's account holders can be found. A connection between the
ATM and the database management system must be established to perform any transaction and process the user’s request.
No action will affect the ATM without establishing this connection. After withdrawing and depositing cash using the
ATM, the new balance gets updated in the database management system. Thus, the database management system can be
considered the back end, and the ATM interface the front end, as shown in Figure 6.

3.6 Implementation

A case study is applied to an Automated Teller Machine to elicit requirements and ensure traceability according to the
proposed approach. As discussed in the proposed approach, the 6 steps that are required for eliciting requirements and
ensuring traceability among the corresponding components used in eliciting requirements of the ATM are performed as
follows. According to the proposed approach, following Steps 1 and 2, the viewpoints for ATM have been identified as
shown below: (1) ATM Operator, (2) Account Holder, (3) Other Customer, and (4) System. The numbering of the VPs
for ATM has been performed as shown in Table 6. Following Step 1 and Step 2, the viewpoint diagram for ATM is shown
in Figure 7, where the FRs of all the VPs have been elicited correspondingly. The numbering of the FRs of the
corresponding VPs for ATM has been performed as shown in Table 7.

journal.ump.edu.my/ijsecs 8
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Back-end

Figure 6. Connection between ATM and database management system

Table 6. Definition table for VP

Viewpoint ID Name
Vi ATM Operator
V2 Account Holder
V3 Other Customer
V4 System

Table 7. Definition table for FR

FRID Description
FR-1.1 Add cash

FR-1.2 Add paper

FR-1.3 Run diagnostics

FR-2.1 Check balance

FR-2.2 Order bank statement
FR-2.3 Withdraw money
FR-2.4 Transfer balance
FR-2.5 Mini statement

journal.ump.edu.myfijsecs
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FR-2.6 Deposit cash

FR-2.7 Deposit cheque

FR-2.8 Order cheque

FR-3.1 Check balance

FR-3.2 Withdraw cash

FR-4.1 Process customer’s request
FR-4.2 Update the customer’s balance
FR-4.3 Remote diagnostics

ALL VIEWPOINTS

e Run diagnostics

e Withdraw money

ATM OPERATOR || ACCOUNT HOLDER OTHER SYSTEM
CUSTOMER
e Add cash o Check balance e Process customer’s request
e Check bal q
e Add paper *  Order bank-statement . Wiflcldraiva?::h e Update customer’s balance

e Remote diagnostics

e Transfer balance
e Mini-statement
e Deposit cash

e Deposit cheque
e Order cheque

Figure 7. Viewpoint diagram for eliciting FRs

According to the proposed approach, Step 3 involves identifying and defining the operation criteria (OC) for the ATM
case study. The identified OC represent the operational conditions associated with the system requirements and are
assigned unique numbers to facilitate systematic identification and traceability. This identification provides a structured
basis for determining the operational criteria associated with the functional requirements of the ATM system. The
identified and numbered OC are presented in Table 8. Step 4 focuses on the elicitation of non-functional requirements
(NFRs), where the relevant NFRs are selected, and corresponding questions are formulated to support the elicitation
process. These questions assist in identifying the quality attributes and constraints that should be considered during the
operation of the ATM system. The elicited and numbered NFRs are presented in Table 9. Step 5 establishes the
relationships among the identified requirements to support requirement dependency and traceability. First, the
relationships between the viewpoints (VPs) and functional requirements (FRs) are established, as presented in Table 10.
Next, the relationships between the FRs and OC are established based on their identified dependencies, as shown in Table
11. Finally, the relationships between the FRs and NFRs are established to identify the relevant quality requirements
associated with each functional requirement, as presented in Table 12.

Table 8. Definition table for OC

OCID Description

0OC-1 Receipt paper must be present in the machine

0C-2 Money must be present in the machine

0C-3 The ATM must be properly connected to the database

0C-4 All the services that the ATM is displaying must be valid and active

OC-5 The credentials of all the customers must be present & updated in the database

0C-6 A pre-defined minimum amount of balance must be present in the customer’s account

journal.ump.edu.myfijsecs 10
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Table 9. Definition table for NFR
NFR ID Name Question
NFR-1 Availability Is this service available?
NFR-2 Performance gl:e;rte}:; fs;;r:&i? rﬁz?)cess the user’s request according to
) Are the credentials of the corresponding
NFR-3 Security ] ) )
user secured while accessing the service?
NFR-4 Correctness/Accuracy  Does the service function correctly?
NFR-5 Reliability Can the users rely on this system to access the service?
Table 10. Relational table of VP and FR
VP ID FR ID
FR-1.1
Vi FR-1.2
FR-1.3
FR-2.1
FR-2.2
FR-2.3
FR-2.4
FR-2.5
V2 FR-2.6
FR-2.7
FR-2.8
V3 FR-3.1
FR-3.2
FR-4.1
V4 FR-4.2
FR-4.3
Table 11. Relational table of FR and OC
FR ID Dependent on ‘OC ID’
FR-1.1  0OC-2
FR-1.2  0OC-1
FR-1.3 0OC-4
FR-2.1  OC-3, OC-4, OC-5
FR-2.2  0OC-3,0C-4,0C-5
FR-2.3  0OC-2, OC-3, OC-4, OC-5, OC-6
FR-2.4  0OC-3, 0C-4, OC-5, OC-6
FR-2.5 OC-1, OC-3, OC-4, OC-5
FR-2.6  OC-3, 0C-4, OC-5
FR-2.7  0OC-3, 0C-4, OC-5
FR-2.8  0OC-3, OC-4, OC-5
FR-3.1  0OC-3, 0C-4, 0C-5
FR-3.2  0C-2, OC-3, OC-4, OC-5, OC-6
FR-4.1  0OC-3,0C-5
FR-42  OC-3,0C-5
FR-43  OC-3,0C-4

journal.ump.edu.myfijsecs
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Table 12. Relational table of FR and NFR

FRID NFR ID
FR-1.1 Null
FR-1.2 Null

FR-1.3  NFR-1, NFR-2, NFR-4

FR-2.  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-2.2  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-2.3  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-24  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-2.5  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-2.6  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-2.7  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-2.8  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-3.1  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-3.2  NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-4.1  NFR-2, NFR-3, NFR-4

FR-42  NFR-3, NFR-4

FR-43  NFR-1, NFR-4

Table 13. Final output (Traceability among VP, FR, OC and NFR)

VP ID FR ID OC ID NFR ID

FR-1.1  OC-2 Null

Vi FR-12  OC-1 Null
FR-13  0OC-4 NFR-1, NFR-2, NFR-4
FR-2.1  OC-3,0C-4,0C-5 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-22  0OC-3,0C-4,0C-5 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-23  0OC-2,0C-3,0C-4, OC-5, 0C-6 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-24  OC-3,0C-4,0C-5, 0C-6 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5

V2 FR-2.5  OC-1,0C-3,0C-4, OC-5 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-2.6  OC-3,0C-4,0C-5 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-2.7  OC-3,0C-4,0C-5 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-28  0OC-3,0C-4,0C-5 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5

V3 FR-3.1  OC-3,0C-4,0C-5 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-32  OC-2, 0C-3, 0C-4, OC-5, OC-6 NFR-1, NFR-2, NFR-3, NFR-4, NFR-5
FR-4.1  OC-3,0C-5 NFR-2, NFR-3, NFR-4

va FR42  0OC-3,0C-5 NFR-3, NFR-4
FR-43  0OC-3,0C-4 NFR-1, NFR-4

4. Results and Discussion

According to the proposed approach, following Step 6, the traceability among VP, FR, OC, and NFR has been ensured
correspondingly using the relationship between VP and FR, OC and FR, and FR and NFR for the case study of ATM, as
shown in Table 13. Microsoft Visual Studio 2022 has been used to implement the tool to achieve the goal of the proposed
approach in the ATM case study, as shown in Figure 8. To summarise, the proposed approach, comprising six steps, has
been successfully applied using a newly developed tool to the following four components: VP, FR, OC, and NFR, as
shown above. In the first step, the VPs are identified. In the second step, FRs are elicited. In the third step, the OC are
identified. In the fourth step, NFRs are elicited. In the fifth step, the relationships among FR, VPs, OC, and NFRs are
established. Finally, in the sixth step, traceability among VPs, FR, OC, and NFRs is ensured correspondingly. In addition,
a case study has been conducted on a small-scale project entitled Automated Teller Machine, which requires low space
and time complexity and uses the newly developed tool.
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Functional Requirement (FRs)

VPs and FRs FRs and OCs FRs and NFRs
Viewpoints (VPs)
Operation Criteria (OCs)
Non-functional Requirement VPs, FRs, OCs and NFRs
(NFRs)

X

VPs ID=2; FRs ID=2.1;0Cs ID=3,4,5 & NFRs ID=1, 2, 3,4, 5

Figure 8. Final output from the tool (Traceability among corresponding VPs, FRs, OC, and NFRs)

5. Conclusion

Finally, an effective approach to eliciting requirements and ensuring traceability among the components used in the
elicitation process has been demonstrated in this research. Traceability among VP, FR, OC, and NFR prevents the risk of
software project failure at an advanced stage. In this research, a tool has been developed to provide automated traceability.
It has shown the desired result in the case study, a small-scale Automated Teller Machine project. However, the scenario
will differ for large-scale projects that require high time and space complexity. So, future work can be regarded as the
implementation of a large project with high time and space complexity. Moreover, inputs are provided manually to the
system according to the proposed approach, which creates a possibility of errors occurring in indexing and referencing.
So, another future direction is the creation of an automated system for providing input to the system.
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