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ABSTRACT Article information:
Software requirements (SRs) modeling is one of the sub-processes of re-
quirements engineering whose aim is to model and design the SRs before
the development of a project. Di�erent techniques are employed for repre-
senting the SRs using goal concepts, uni�ed modeling language, etc. There
could be a large number of SRs after the completion of the requirements
elicitation process. It is not practical to model the complete set of the
identi�ed SRs because of the cost, time, and other limitations of an orga-
nization. There should be some systematic methodology to identify and
select those SRs for modeling that need to be implemented during the
software development process. The selection of SRs from the list of the
elicited requirements is a multi-criteria decision-making process. In this
process di�erent stakeholders participate in the selection of the SRs. Lin-
guistic variables may be used by the stakeholders to specify the prefer-
ences of SRs. To deal with this issue, a method has been proposed using
a fuzzy based approach so that the selected set of SRs can be modeled
and implemented during the development phase. The proposed method
is explained by considering the small and large set of SRs for an institute
examination system. The ranking value of the functional requirements
of an examination system is computed. Based on the ranking order, top
three requirements are modeled using use-case diagrams (UCDs) and class
diagrams. It is found that both diagrams represent di�erent information
about the requirements of an examination system and there is no overlap
in the information captured through UCDs and class diagrams.
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1. INTRODUCTION

The stakeholders are the key source of the soft-
ware requirements (SRs) which are identi�ed by re-
quirements elicitation techniques. These require-
ments are represented by di�erent modeling tech-
niques like goal-based methods, uni�ed modeling lan-
guage (UML), etc. [1]. To represent the SRs accord-
ing to the needs of the project, it is indispensable
to elicit and select the SRs before the beginning of
the modeling process. Requirement's modeling is one
of the key sub-processes of requirements engineering
which helps people model and understand the require-
ments using di�erent methods.

It also helps to identify the dependencies among
the SRs. [2]. It has been noticed that the needs and
understanding of stakeholders about the requirements
changes continuously. As a result, this may lead to an
incomplete set of requirements. Under this situation
it is di�cult to model the SRs correctly. Hence, SRs
should be identi�ed according to the consensus of the
stakeholders using the requirements elicitation tech-
niques so that requirements can be modeled properly
before starting the implementation of software.

UML diagrams have been classi�ed into structural
and behavioral diagrams as shown in Figure 1. These
diagrams are suitable only for modeling the function-
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ality of a system [3, 4, 5].

Fig.1: Classification of UML diagrams.

In real life applications, a system may have several
SRs and it is not possible to model all of the elicited
requirements because of budget, time, and other con-
straints of an organizations. This motivated us to
develop a methodology for modeling the selected set
of requirements of a system so that a successful sys-
tem can be developed. This type of methodology will
be useful for those people who are working in the
software industry around the world.

One of the benefits of modeling the selected set of
requirements is identifying those requirements that
will be modeled and implemented during the different
phases of software development. Such a system will
be useful in software industries because during the
development process several stakeholders participate
and capture their opinions during the modeling and
analysis of the SRs, and that plays an important role
for developing a system according to the consensus of
the stakeholders.

Different studies have investigated UML diagrams
in the context of SR representation [6, 7]. For ex-
ample, Siau and Lee [7] examined the importance of
UCDs to interpret the requirements when UCDs are
used in conjunction with a class diagram. Research
in the area of SRs modeling has focused on the follow-
ing areas: requirements traceability, reusability, ver-
ification of UML models, generating UML diagrams
from requirements, integrating Z notations in UML
diagram, etc. Most of the work in the area of SRs
modeling is based on how to apply the different mod-
eling techniques for representing the SRs. Less at-
tention is given to how to model those SRs which
are more important during the development of soft-
ware. There should be some systematic methodology
to select those requirements for modeling which are
more important during the development process. To
address this issue, in [5] we proposed a method for
modeling the selected set of SRs in which the class
diagrams were used for modeling the requirements of
the examination system of an educational institute.
In [5], the requirements were selected for modeling
and analysis by using the fuzzy “analytic hierarchy
process” (AHP).

Uraipan et al. [8] applied the fuzzy AHP method
for the selection of the level of cyber resilient capabil-
ity maturity model. The fuzzy AHP is limited to the
number of alternatives or “functional requirements”
(FRs) and criteria or “non-functional requirements”
(NFRs). Fuzzy AHP is a better choice for smaller
numbers of FRs and NFRs. It cannot handle a large
set of requirements [9]. Therefore, to deal with large
sets of SRs, this paper presents a method for model-
ing a selected set of SRs in which the “Technique for
Order of Preference by Similarity to Ideal Solutions”
(TOPSIS) has been applied under fuzzy environment
[9] to elicit the ranking values of the requirements so
that a large set of SRs can be modeled and analyzed.
The contributions of our work are given below:
1. A method has been developed for modeling a se-

lected large set of SRs.
2. A program has been written using Visual C++

(VC++) language to identify the ranking order of
the SRs using fuzzy TOPSIS.

3. Both UCDs and class diagrams have been em-
ployed for modeling and analysis of the structural
and behavioral aspects of an IES.
This paper is structured as follows: The related

work on modeling the SRs is discussed in Section 2.
The proposed method for modeling the selected set
of SRs is presented in Section 3. A case study is
given in Section 4. The comparative study between
the proposed method and other selected methods is
discussed in Section 5. Finally, the conclusion and
future work are discussed in Section 6.

2. RELATED WORK

An insight into UCDs and class diagrams is dis-
cussed in Section 2.1. Different methods for modeling
the SRs are presented in Section 2.2.

2.1 Class diagram and use-case diagram

Class diagrams are used to model the static view of
object-oriented systems because they are concerned
with the classes, interfaces, associations, and con-
straints. The class diagrams are used for expressing,
visualizing, and documenting the SRs of a system.
In Figure 2, we have modeled some requirements of
an Institute Examination System (IES) using a class
diagram. Relationships among the classes are repre-
sented by lines. Broken arrows indicate the services
of one class used by another class.

In Figure 2 Student Class is inherited by both the
External Students and Internal Students classes. On
the other hand, the Teacher class is evaluating both
External Students and Internal students to produce
the marks which are stored in the Result class [4].

The use-case diagrams (UCDs) capture the func-
tional aspects of the system. They represent the se-
quence of activities when an actor interacts with the
system. The UCDs are the graphical representation
of the SRs which can be decomposed and refined into
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different levels of abstraction [5]. The UCDs describe
the sequence of interactions between actors and sys-
tem so that required services can be provided to the
end users.

Fig.2: Class diagram for some requirements of an
IES.

Fig.3: UCD for some requirements of an IES.

A UCD has various components, such as actor,
use-case, and their relationships. Figure 3 represents
the UCD in which internal and external students are
interacting with the system to get the results of the
semester. Here, we have four types of actors who are
interacting with the system. The aim of teacher actor
is to enter the marks of both internal and external
students after evaluating answer sheets so that the
tabulator can tabulate the marks which are given by
the concerned teachers. It is clear from both Figure
2 and Figure 3 that class diagrams and UCDs play
an important role in understanding the requirements
so that a successful product can be developed [7].
This motivates us to apply both the UCD and class
diagrams for the modeling and analysis of the SRs.

2.2 Methods for modeling the software re-
quirements

There are various possible methods to model and
analyze the SRs using UML diagrams [4, 5]. To
strengthen the early phase of the software develop-
ment lifecycle (SDLC), Chanda et al. [10] developed
a method using formal grammar for representing the
use-case, activity, and class diagrams. Verification of

the requirements in their traceability in early phase
of the SDLC may reduce the time and cost of the soft-
ware product. In UML, structural aspects of design
are modeled by class diagrams. The redundancies
and multiple inheritances should be eliminated from
the class diagrams so that the quality of the class di-
agrams can be improved. To remove the clones of
attributes, Lano and Rahimi [11] presented a case
study based on class diagram refactoring to improve
the quality of the design of the class diagrams. To au-
tomate the task of the modeling of SRs, various meth-
ods have been developed. For example, Narawita and
Vidanage [12] used “natural language processing” to
generate the UML diagrams form the textual require-
ments so that the system analyst can save time.

Mohammad et al. [13] developed a method to ex-
tract information from use cases and translate it into
class diagrams. The main objective of this method
was to identify different classes and their relation-
ships. Alsaadi [14] described an approach for measur-
ing software performance using UML class diagrams.
The performance values are predicted by use-cases
and data associated with them. Among various no-
tations in requirements modeling, Z notations have
been used for the analysis of the system. This nota-
tion has been used in [15] for modeling the static and
dynamic viewpoints of a system. To speed up the
development process, the UML diagrams have been
reused because constructing a UML diagram from the
beginning is a time-consuming task. In literature, di-
agram similarity measure has been employed to iden-
tify reusable diagrams. For example, Fauzan et al.
[16] developed a method which focused on identify-
ing the similarity between two diagrams produced by
structural and lexical information. In their work, the
structural similarity was measured using the relation-
ship between actors and use-cases.

On the other hand, the cosine similarity and some
other methods have been employed to measure lexical
information. Javed et al. [17] discussed a grammar-
based approach for validating the class diagrams. In
this approach a string comparison metric was em-
ployed for feedback so that class diagrams can be
modified based on the suggestions of the stakehold-
ers. The UML models should be simple because it is
difficult to understand complex UML models. Several
diagrams are constructed for the same system at var-
ious levels of abstraction so that consistency among
the UML models can be achieved. There should be
some set of rules for ensuring the consistency of UML
diagrams at different levels of abstraction. To deal
with this issue, Faitelson and Tyszberowicz [18] de-
fined some set of rules which is referred to as diagram
refinement. Thakur and Gupta [19] developed a tool
supported method for generating the sequence dia-
grams from use cases which are written in natural
language. The authors have used three case studies
to show the applicability of the automated approach.
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In literature, class diagrams have been considered as
key diagrams for modeling the FRs of software. It
is a challenging task to extract the class diagrams
from natural language requirements. Karaa et al. [1]
developed a tool to uproot the class diagrams from
the SR. These requirements were written in natural
language.

The existing methods in SRs modeling are ded-
icated to representing the requirements using UML
models, generating different types of diagrams from
the textual requirements, etc. [3]. A system may have
a hundred or more requirements in the early phase of
software development. It is not possible to model and
implement all of the elicited requirements due to dif-
ferent constraints of an organization [20]. Selection
of SRs for modeling from the set of the requirements
is a “multi-criteria decision-making” (MCDM) pro-
cess. In this process, different stakeholders partici-
pate and they may use linguistic variables to specify
their preferences about the requirements. To deal
with this issue, a method has been proposed using a
fuzzy based approach so that the selected set of re-
quirements can be modeled and implemented during
the development phase. To model the linguistic vari-
ables, in our work, we have used “triangular fuzzy
numbers” (TFNs) because of its simplicity [21]. To
the best of our knowledge, there is no study in the
literature which models the selected set of SRs using
UML diagrams under a fuzzy environment. There-
fore, in this paper an attempt has been made to select
SRs for modeling which have a high priority.

3. PROPOSED METHOD

A block diagram of the proposed method is exhib-
ited in Figure 4. The steps of the proposed method
are given below:

• Step 1: Identification of stakeholders and goals of
an organization

• Step 2: Elicitation of SRs using a goal-oriented
approach

• Step 3: Evaluation of SRs by decision makers
• Step 4: Computation of the ranking values of FRs

using fuzzy TOPSIS
• Step 5: Modeling of the selected set of FRs using

use-case and class diagrams

Step 1: Identification of stakeholders and goals
of an organization
The aim of this step is to identify different stakehold-
ers and the goals of an organization. The stakehold-
ers are the group of people or organizations who are
interested in the development of a project. In this
work, the identified stakeholders have been classified
on the basis of influence (Inf) and interest (Intr) in
the project: (i) when both Inf and Intr are high, (ii)
when Inf is high and Intr is low, (iii) when Intr is high
and Inf is low, (iv) when both Inf and Intr are low
[21]. Let S = {S1, S2, . . . , Sn} be the set of stake-

holders who will participate during the elicitation of
the SRs

Step 2: Elicitation of SRs using a goal-oriented
approach
The goal oriented approach has been used for the
elicitation of the SRs by the identified stakehold-
ers. The objective of a goal oriented approach is
to decompose and refine the goal (G) so that “func-
tional requirements” (FRs) and “non-functional re-
quirements” (NFRs) of a system can be identified
from G. In this approach, G is decomposed and re-
fined into sub-goals (SGs) until the responsibility for
each SGs is assigned to some agent or system. These
SGs are connected by “logical AND” and “logical OR”
connectives and from an AND/OR graph. In this
graph, suppose a SG “t” is connected to three SGs
t1, t2, and t3 using logical AND connectives. The SG
“t” will be achieved only when all three connected
SGs have been achieved. In the case of a logical OR
connective, the achievement of any SG may lead to
the achievement of SG “t” [25].

Step 3: Evaluation of SRs by decision makers
Let p = {DM1, DM2, . . . , DMp} be the set of deci-
sion makers for evaluating the elicited SRs. In a real
life application, the decision makers may use linguis-
tic variables for the evaluation of the SRs [22, 23,
24]. These variables are modeled by different types
of fuzzy numbers like “triangular fuzzy numbers”
(TFNs), trapezoidal fuzzy numbers, sigmoidal fuzzy
numbers, pentagonal fuzzy numbers, etc. Among
these numbers, in our work, TFNs were chosen to
model the linguistic variables during the computa-
tional process because of their simplicity. This makes
them easy to understand in computation as well as in
representation.

Step 4: Computation of the ranking values of
FRs using fuzzy TOPSIS
The elicited FRs, i.e., FR1, FR2, . . . , FRy, are evalu-
ated based on the NFRs, i.e., NFR1, NFR2, . . . , NFRz,
by P decision makers (Dem) to construct the “fuzzy
decision matrix” (FDMat). The fuzzy rating of each
decision maker Demp, p = 1, 2, . . . , P can be repre-
sented using TFNs as Tp = (rp, sp, tp) p = 1, 2, . . . , P
with membership function µT (x). After that the
fuzzy rating is aggregated and it can be calculated
as T = (r, s, t), p = 1, 2, . . . , P . Here,

r = min{rp}, s =
1

p

∑P

p=1
sp, and t = max{tp}. (1)

Suppose the fuzzy rating of the pth DeM for a FR
is knmp = (rnmp, snmp, tnmp), where n = 1, 2, . . . , y,
and m = 1, 2, . . . , z. Here, y and z are the number of
FRs and NFRs, respectively. The aggregated fuzzy
rating (knm) of FRs with respect to NFRs can be
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Fig.4: Block diagram of the proposed method.

calculated as (knm) = (rnm, snm, tnm). Here,

rnm = min{rnmp}, snm = 1
p

∑P
p=1 snmp, tnm = max{tnmp}. (2)

Let the importance weight of an NFR by the pth DeM
be wtnmp = (tmp1, tmp2, tmp3), then the aggregated
fuzzy weights (wtnm) of each NFR is computed as:

wtm = (wtm1, wtm2, wtm3).

where

wtm1 = min {rmp1} , wtm2 = 1
P

∑P
p=1 smp2, wtm3 = max{tmp3}. (3)

The FDMat is constructed as:

FDMat =


k11 k12 · · · k1z
k21 k22 · · · k2z
...

... · · ·
...

ky1 kp2 · · · kyz


WT = [wt1, wt2, . . . .wty]

Here, knm = (rnm, snm, tnm) and wtm =
(wtm1, wtm2, wtm3); n = 1, 2, . . . , y; m = 1, 2, . . . , z
can be approximated by TFNs.

A linear scale transform has been used to normal-
ize the FDmat and we call it normalized FDmat,
i.e., NormFDMat.

NormFDMat = [gnm]y×z n = 1, 2, . . . , y and m = 1, 2, . . . , z (4)

where

gnm =

{
rnm
t∗m

,
snm
t∗m

,
tnm
t∗m

}

t∗m = max tnm.

The weights of the NFRs are multiplied by the
NormFDMat to obtain the weighted NormFDMat
(V ). It can be defined as:

V =[vnm]y×z, n=1, 2, . . . , y and m=1, 2, . . . , z (5)

vnm = gnm(.)wtm

Here, wtm represents the importance weight of
each NFR. Based on the weighted NormFDMat
(V), the values of the “fuzzy positive ideal solu-
tions” (FPISol) and “fuzzy negative ideal solutions”
(FNISol) are calculated as:

FPISol=(FPISol1, FPISol2, . . . , FPISolz) (6)

FNISol=(FNISol1, FNISol2, . . . , FNISolz) (7)

where

FPISolm = max{FPISolnm3}

FNISolm = min{FNISolnm1}

n = 1, 2, . . . , y and m = 1, 2, . . . , z

The values of FPISol and FNISol are used to
compute the closeness coefficient (ClosCoeff) val-
ues. The ranking order of the FRs is determined by
the ClosCoeff . It can be calculated as:

ClosCoeffn =
dFNIDol
n

dFPISol
n +dFNISol

n

, n=1, 2, . . . , y (8)

where



Software Requirements Modeling From a Selected Set of Requirements Using Fuzzy Based Approach 157

dFPISol
n =

∑z

m=1
(vnm, FPISolm)n=1, 2, . . . , y (9)

dFNISol
n =

∑z

m=1
(vnm, FNISolm)n=1, 2, . . . , y (10)

d(., .) is the distance measurement between two fuzzy
numbers.

Step 5: Modeling of selected set of FRs using
use-case and class diagrams The aim of this step
is to select the FRs based on their priority value. The
FRs having the highest ranking values will be used for
modeling using UCDs and class diagrams.

4. CASE STUDY RESEARCH PROCESS

In this step the guidelines proposed by Runeson
et al. [26] are adopted for conducting the case study
research process (CSRP). This process includes the
following sub-processes: (a) “case-study design and
planning”, (b) “data preparation and collection”, and
(c) “data analysis”. These guidelines have already
been adopted in different studies for conducting the
CSRP. For example, Sadiq [21] adopted the guidelines
of [26] for the identification and analysis of the stake-
holders under a fuzzy environment. The explanation
of the sub-processes of the CSRP is given next:

4.1 Case study design and planning

The aim of the “case study design and planning”
(CSDP) step is to explain the following elements:
(4.1.1) objective, (4.1.2) the case, and (4.1.3) research
questions (RQs).

4.1.1 Objective

The objective of this study is to model the selected
set of FRs of an Institute Examination System (IES).

4.1.2 The case

The second element of CSDP is concerned with
“what is studied?” In this study, we are studying the
IES so that different types of the activities related
to an examination system can be implemented after
modeling. The key activities related to an IES in-
clude the following [20, 21]: (a) download the hall
ticket, (b) submit examination form, (c) download
end semester mark-sheet of various courses offered by
a university or an institution, etc.

4.1.3 Research questions

The following RQs have been formulated as a part
of the CSDP sub-process:

• RQ 1: Which set of requirements should be mod-
eled during the SRs analysis?

• RQ 2: Do the UCD and class diagrams capture
the same information about the SRs during the re-
quirements analysis?

4.2 Data preparation and collection

The FRs are evaluated on the basis of NFRs so
that the opinions of decision makers can be collected
for further analysis. In our work, the data has been
collected after evaluating the FRs by five DMs based
on the different NFRs. A description of the prepa-
ration and collection of the data is discussed in the
next section.

4.3 Data analysis

The data was collected after evaluating the FRs
and NFRs by the decision makers for the analysis.
This data has been used for analyzing the formulated
RQs and it is discussed in Sub-section 4.3.4. Here,
we have considered both small and large datasets of
the requirements of an IES. The large datasets have
been adopted for the analysis from the work of Sadiq
and Devi [27].

4.3.1     Step 1: Identification of stakeholders and
goals of an organization

In our work, ten stakeholders have been identi-
fied, S1, S2, . . . , S10, for eliciting the requirements of
a goal. Here, the director of an institute (S1) and in-
charge of the system development (S2) have high Inf
and high Intr in the development process. The goal
of S1 is to automate the activities of the Controller
of Examinations department. A list of the remaining
stakeholders is given below:

• S3: Financer or funding agencies
• S4, S5, and S6: Team of requirements analysts

for eliciting the FRs and NFRs of an IES
• S7 and S8: Team of developers
• S9: Consultant
• S10: Students or end users

4.3.2  Step 2: Elicitation of SRs using a goal-
oriented approach

The aim of this step is to elicit the requirements
according to the needs of the stakeholders. The “goal-
oriented approach” has been applied to elicit the SRs
of an IES. In this approach, an AND/OR graph is
constructed to decompose and refine the sub-goals so
that FRs and NFRs of a system can be identified.
The FRs describe the functionality of an IES. The
NFRs are the quality requirements which describe the
non-behavioral aspects of an IES. After applying the
goal-oriented approach, we have identified the FRs
and NFRs of an IES. The list of these requirements
is given below:

List of the FRs:

• FR1: Entry of mid-semester and end-semester
marks

• FR2: Fee receipt after depositing the examina-
tion fee

• FR3: View semester result
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• FR4: Information about the seating arrange-
ment
• FR5: Type of examination: Online or offline
• FR6: Payment of online or offline examination

fee
• FR7: Upload information related to the exami-

nation
• FR8: Generate hall ticket
• FR9: Examination form approved by the Con-

troller of Examinations
• FR10: Fill examination form

List of the NFRs:

• NFR1: Security
• NFR2: Reliability
• NFR3: Performance

4.3.3 Step 3: Evaluation of SRs by decision makers

Here, we have considered the five decision makers
for evaluating the FRs and NFRs by using the follow-
ing linguistic variables: “Very weak” (VW), “Weak”
(W), “Medium” (M), “Strong” (S), and “Very strong”
(VS). These variables are modeled by the TFNs for
evaluation of the FRs based on NFRs. The TFN for
the different linguistic variables can be identified from
Figure 5. For example, the TFN for W will be (2,4,6).
The NFRs are evaluated by the ten stakeholders by
using the following linguistic variables: “Very high
(VH)”, “High (H)”, “Medium (M)”, “Low (L)”, and
“Very low (VL)”. The TFNs for these linguistic vari-
ables can be identified from Figure 6. For example,
the TFN for VH will be (0,0,0.25). The opinions of
the ten stakeholders are captured after evaluating the
NFRs so that the weights of the NFRs can be deter-
mined. The results after the evaluation of the NFRs
by the stakeholders are exhibited in Table 1. We have
adopted the data for the evaluation of the FRs by the
decision makers from [28], see Table 2.

Fig.5: Linguistic variables for the evaluation of the
FRs and NFRs.

Table 1: Eliciting the weight of NFRs.

Fig.6: Linguistic variable for eliciting the weights
of NFRs.

Table 2: Evaluation of FRs based on NFRs.

4.3.4  Step 4: Computation of ranking values of FRs
using fuzzy TOPSIS

The ranking values of the FRs are computed using
the fuzzy TOPSIS method based on the data given
in Tables 1 and 2. We have implemented the fuzzy
TOPSIS method using the VC++ language so that
the ranking order of both the small and large datasets
can be identified. The graphical user interface (GUI)
of the output of the program is shown in Figure 7.

Here, we explain the steps to identify the ranking
values of the FRs. The FDMat of ten FRs is con-
structed after applying equation (1) and the results
are given in Table 3. The weights of the NFRs are
obtained after applying equation (2). This is shown
in Table 3. The NormFDMat is obtained after ap-
plying equation (4). The results are summarized in
Table 4. The weighted NormFDMat is obtained af-
ter applying equation (5) and the results are given in
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Fig.7: GUI for computing the ranking values of
FRs.

Table 5.

Table 3: The FDMat of ten FRs and weights of
NFRs.

FRs
NFRs

NFR1 NFR2 NFR2

(0,0.57,1) (0,0.55,1) (0,0.67,1)
FR1 (2,6.8,10) (6,8.8,10) (2,6.4,10)
FR2 (2,7.2,10) (2,5.6,10) (2,6.4,10)
FR3 (2,6.4,10) (2,6,10) (2,6.8,10)
FR4 (2,5.6,10) (2,6.8,10) (4,7.6,10)
FR5 (2,5.2,4) (2,5.6,10) (2,5.6,10)
FR6 (4,6.6,10) (2,8,10) (2,6.8,10)
FR7 (2,5.6,10) (4,8,10) (2,6,10)
FR8 (2,7.2,10) (2,6.4,10) (2,6.8,10)
FR9 (2,7.6,10) (2,6.4,10) (2,7.6,10)
FR10 (2,6.4,10) (2,8,10) (2,8,10)

Table 4: The NormFDMat.

FRs
NFRs

NFR1 NFR2 NFR2

FR1 (0.2,0.68,1) (0.6,0.88,1) (0.2,0.64,1)
FR2 (0.2,0.72,1) (0.2,0.56,1) (0.2,0.64,1)
FR3 (0.2,0.64,1) (0.2,0.6,1) (0.2,0.68,1)
FR4 (0.2,0.56,1) (0.2,0.68,1) (0.4,0.76,1)
FR5 (0.2,0.52,0.4) (0.2,0.56,1) (0.2,0.56,1)
FR6 (0.4,0.66,1) (0.2,0.8,1) (0.2,0.68,1)
FR7 (0.2,0.56,1) (0.4,0.8,1) (0.2,0.6,1)
FR8 (0.2,0.72,1) (0.2,0.64,1) (0.2,0.68,1)
FR9 (0.2,0.76,1) (0.2,0.64,1) (0.2,0.76,1)
FR10 (0.2,0.4,1) (0.2,0.8,1) (0.2,0.8,1)

The distances between the FRs and FPISol with
respect to NFRs are computed using equation (6).
The results after the computation are given in Table
6. Equation (7) is used for computing the distances
between the FRs and FNISol with respect to NFRs.
The results are summarized in Table 7.

Equation (8) is used to compute the closeness coef-
ficients of FRs. The results are summarized in Table
8.

Table 5: The Weighted NormFDMat.

FRs
NFRs

NFR1 NFR2 NFR2

FR1 (0,0.38,1) (0,0.48,1) (0,0.42,1)
FR2 (0,0.41,1) (0,0.30,1) (0,0.42,1)
FR3 (0,0.36,1) (0,0.33,1) (0,0.45,1)
FR4 (0,0.31,1) (0,0.37,1) (0,0.50,1)
FR5 (0,0.29,1) (0,0.30,1) (0,0.37,1)
FR6 (0,0.37,1) (0,0.44,1) (0,0.45,1)
FR7 (0,0.31,1) (0,0.31,1) (0,0.40,1)
FR8 (0,0.41,1) (0,0.35,1) (0,0.45,1)
FR9 (0,0.43,1) (0,0.35,1) (0,0.50,1)
FR10 (0,0.42,1) (0,0.44,1) (0,0.53,1)

Table 6: The distances between FRi(i =
1, 2, . . . , 10) and FPISol with respect to each NFR.

Distance between FRs
NFR1 NFR2 NFR3and FPISol

d(FR1, FPISol) 0.67 0.64 0.66
d(FR2, FPISol) 0.66 0.7 0.66
d(FR3, FPISol) 0.67 0.69 0.65
d(FR4, FPISol) 0.7 0.67 0.64
d(FR5, FPISol) 0.70 0.70 0.67
d(FR6, FPISol) 0.67 0.65 0.65
d(FR7, FPISol) 0.7 0.7 0.67
d(FR8, FPISol) 0.66 0.68 0.65
d(FR9, FPISol) 0.66 0.68 0.64
d(FR10, FPISol) 0.66 0.65 0.64

Table 7: The distances between FRi(i =
1, 2, . . . , 10) and FNISol with respect to each NFR.

Distance between FRs
NFR1 NFR2 NFR3and FPISol

d(FR1, FNISol) 0.61 0.64 0.62
d(FR2, FNISol) 0.61 0.6 0.62
d(FR3, FNISol) 0.60 0.6 0.63
d(FR4, FNISol) 0.6 0.60 0.64
d(FR5, FNISol) 0.6 0.6 0.60
d(FR6, FNISol) 0.60 0.62 0.63
d(FR7, FNISol) 0.6 0.6 0.61
d(FR8, FNISol) 0.6 0.60 0.63
d(FR9, FNISol) 0.62 0.60 0.64
d(FR10, FNISol) 0.62 0.62 0.64

Table 8: Closeness coefficients and ranking order of
FRs.

FRs Closeness coefficients Ranking order
FR1 0.486 2
FR2 0.475 8
FR3 0.476 6
FR4 0.477 5
FR5‘ 0.465 10
FR6 0.484 3
FR7 0.466 9
FR8 0.475 7
FR9 0.483 4
FR10 0.490 1
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4.3.5  Step 4: Computation of ranking values of FRs
using fuzzy TOPSIS

The aim of this section is to model the FRs using
UCDs and class diagrams and also discuss the formu-
lated RQs.
RQ 1: Which set of requirements should be modeled
during the SRs elicitation?
During the development process the top n require-
ments are selected on the basis of the ranking order
for modeling and analysis. The value of n is decided
by the stakeholders who are participating in the de-
velopment process. If we assume that top 3 FRs will
be selected for the implementation, then functional
requirements FR10, FR1, and FR6 will be modeled
in the first release of software. These requirements
are modeled by the UCDs in Figures 8, 9, and 10.

Fig.8: Use-case diagram of FR10.

Fig.9: Use-case diagram of FR1.

Fig.10: Use-case diagram of FR6.

The same set of requirements is modeled by the
class diagrams in Figures 11, 12, 13, respectively. In
the case of the large dataset of an IES [27], we ob-
tained the same ranking order of the FRs that we

obtained for the small dataset, i.e., FR10, FR1, and
FR6. The ranking value of the large set of FRs was
computed using a program written in VC++.

Fig.11: Class diagram of FR10.

RQ 2: Do the UCD and class diagram capture the
same information about the SRs during the require-
ments analysis?

The UCD represents the interaction of actors with
the system. In Figure 8, three actors, student, ad-
min, and staff, are interacting with the system for
functional requirements FR10. There are several dif-
ferent use-cases in FR10: login, fill form, edit, view,
submit, manage users, authentication, payments, and
manage forms. In Figure 8, two actors will log into
the system using “login use-case”. These actors will
be logged into the system if the use-case is success-
ful. The use-case starts when the actors wish to enter
into the examination system. If the actors enter the
wrong user ID and password, the system will display
an error message.

Fig.12: Class diagram of FR1.

Based on the UCDs and class diagrams, we found
that the requirements are more completely inter-
preted by the UCDs. The class diagrams are the most
complex diagrams of UML and have high complexity
because they include relationship and property types.
Because of the complexity of the class diagrams, they
may not be completely interpreted as UCDs [7, 29].
Both diagrams represent different information about
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Fig.13: Class diagram of FR6.

the requirements of an IES and there is no overlap
in the information captured through these two di-
agrams. These diagrams are indispensable for the
analysis of the SRs.

5. COMPARATIVE STUDY AND DISCUS-
SION

In Table 9, we present a comparative study be-
tween the proposed method and some selected meth-
ods based on the following criteria: (a) diagram(s)
used for modeling the SRs, (b) Is there any way to
select the requirements for modeling? If yes, which
method is used for the selection, and (c) type of in-
formation system used for the analysis? Based on
the comparative analysis we found that most of the
attention in the requirements modeling domain is on
applying various types of diagrams to address differ-
ent issues like requirements traceability, measuring
software performance using UML diagrams, generat-
ing different diagrams from use-case diagrams, etc.
Both UML and goal-oriented models have been used
for the modeling of SRs like use-case, class diagram,
activity diagram, SysML, Tropos, etc.

Different types of information systems have been
employed to model requirements like IES [5], Library
Management System [30], Road Traffic Management
System [31], Museum Guide mobile Information Sys-
tem [32], Game modeling [33] etc. In a recent study,
Albaghajati and Hassine [33] introduced a game ori-
ented use-case modeling (GOUCM) method in which
UML use case diagrams have been used for mod-
eling game related requirements. The authors im-
plemented GOUCM to better represent the require-
ment of games. The applicability of the GOUCM was
discussed with the following four well-known com-
mercial games: “Super Mario Bros”, “Tetris”, “Just
Dance”, and “The Walking Dead”. In their work, the
main focus was only on modeling requirements of a
game without discussing which set of requirements
of a game will be modeled during different releases
of game development. UML use case diagrams are
used for analyzing the functionality of SRs. Hamza
and Hammad [34] proposed an approach for generat-

ing the UML use case diagrams from text using nat-
ural language processing. The proposed method has
been validated using various public software projects.
Iqbal et al. [35] proposed a model-based approach us-
ing a verification and validation model. The authors
have validated the proposed approach using two dif-
ferent case studies from the auto industry. In their
work, Petri nets were used for analyzing the require-
ments.

Arif et al. [5] proposed a method for representing
the SRs using class diagrams. The main objective of
their work was to address on the following issues: (a)
“how to model the selected set of SRs using UML class
diagrams”, and (b) “is there a way to select the SRs
when different stakeholders participate during deci-
sion making process under fuzzy environment?”. The
proposed method was applied for modeling the FRs
of an IES using use case diagrams. In [5], the authors
introduced a notation to show the ranking values of
class diagram for each FR. It was the first study to
integrate the ranking values of the FRs in use case di-
agrams. The ranking values were computed using the
fuzzy AHP method. One of the limitations of [5] is
that only a few sets of SRs can be used for computing
and modeling the SRs because fuzzy AHP has some
limitations. Therefore, to extend our previous work
[5], we applied the fuzzy TOPSIS method for mod-
eling the large set of requirements of an IES using
UCDs and class diagrams.

Based on our review, we found that in the litera-
ture there is no systematic approach for representing
the SRs from a selected set of requirements. To ad-
dress this issue, we proposed a method for represent-
ing the SRs using UCDs and class diagrams. A fuzzy
based approach has been used for selecting the SRs
from the list of elicited requirements. Based on our
analysis, we observed that it is easier to explain the
requirements to the end users with UCDs than with
class diagrams. UCDs are one of the best communi-
cation tools to understand the requirements because
they are easy to understand. We also observed that
requirements modeling helps to elicit those FRs that
we could not elicited during the requirements elicita-
tion process. To the best of our knowledge, this is
the first study which models the selected set of SRs
using UCDs and class diagrams.

6. CONCLUSION AND FUTURE SCOPE

In this paper a method has been developed for
modeling selected FRs of an IES using UCDs and
class diagrams. In this method, fuzzy TOPSIS has
been employed for computing the ranking values of
the FRs based on the opinions of the decision mak-
ers. To deal with the large set of requirements, a
program has been written using VC++ so that the
ranking values of the requirements can be computed.
After applying the goal oriented approach, we identi-
fied ten FRs and three NFRs of an IES. The opinions
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Table 9: Comparative study.

of the FRs in the context of NFRs are captured by
five decision makers. These were used as an input
for computing the ranking order of the FRs. Based
on our analysis, we found that UML class diagrams,
UCDs, activity diagrams, SysML, Tropos, etc. are
widely used for representing the SRs in the litera-
ture of software engineering. Clearly UCDs are suit-
able tool for expressing the requirements of a system.
Both UCDs and class diagrams are valuable for the
analysis of the requirements. In the future, we shall
focus on the following:
1. Analysis of FRs and NFRs of IES using a goal

oriented approach and UML diagrams.
2. Comparing structural and behavioral UML dia-

grams for large set of the requirements of an IES.
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