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ABSTRACT Article information:

Non-functional requirement (NFR) is a complex problem. The conflict of
NFRs is a significant obstacle in the requirement analysis phase of software
engineering because they can frequently contradict or interfere with other
NFRs. Another aspect of the problem derives from the main character of
NFRs, since many of them can be related to the same quality attribute.
Our research has the objective of representing the NFR by introducing
an automatic knowledge representation detection method using concep-
tual graphs to discover conflicts among NFRs. It consists of extracting the
NFR from the input software requirement specification document using
NFR XML frame and then trying to detect any disputes between it and
other NFRs. A billing system case study from a telecommunications com-
pany in Thailand yielded 353 NFR XML frames that could be extracted
from the software specification document. These divide into Valid frames
from complete NFRs, Incomplete NFR frames, and Invalid NFR frames.
The accuracy of the extracting process resulted in a precision of 0.36, a
recall of 0.92; and an F measure of 0.52. Moreover, these NFR XML frames
revealed representative NFR conflicts for 20 NFRs; and detected two NFRs
as an NFR conflict, and reported two NFRs as a potential NFR conflict,
otherwise known as a “bad smell NFR” to the system analyst for revising
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1. INTRODUCTION

The conflict problem is a significant problem in
every domain. Conflict, basically, is a disagreement
between people with opposing opinions or principles.
Additionally, if beliefs, needs, facts, etc. conflict, it
means that they are very different and cannot easily
exist together or both be true. Similarly, in software
requirement engineering, conflicts can occur anytime
between the software requirements. It is also a huge
problem for the requirement engineer and the devel-
opment team to identify the requirement conflicts be-
fore submitting them to the next phase of the soft-
ware development life cycle. In this section, we pro-
vide the basis of software requirement engineering,
Non-functional requirement representation, and the
problem of software requirement conflict in subsec-
tions 1.1, 1.2, and 1.3, respectively.

1.1 Software requirement engineering

Software requirement engineering has as its objec-
tive the eliciting of stakeholder needs and then devel-
oping them into an agreed set of requirement specifi-
cations that can describe a basis for subsequent devel-
opment activities. For this reason, this process needs
to completely clarify problems present in the initial
stage of the process and subsequently confirm that
their solutions are correct, reasonable, and effective
[1]. The requirement analysis phase is an essential
and early phase of the system development project
— it is then when the analysts have to work closely
with the users to identify the user requirement ex-
pectations of the system under development. There-
fore, the analysts have to analyse the system func-
tions with other quality-oriented characteristics such
as availability, modifiability, security, etc and present
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them as acceptable to the user. As a result of this
phase, the requirement specifications are considered
fundamental to the rest of the development project.
Since the requirement specifications are necessary for
user acceptance, it is vital to confirm that they are
consistent, complete, and correct.

In requirement engineering, software requirements
divide into ‘functional’ and ‘Non-functional.” A func-
tional requirement is one that considers a system’s
function or unit. It is a specification of the relation
between inputs and outputs. On the other hand, a
Non-functional requirement is concerned with criteria
that can be used to assess a system’s overall operation
rather than just specific behaviours. There is a broad
interest in applying a varied model for the represen-
tation technique to represent the requirement visu-
alization, especially in NFR, since it represents the
quality of the requirement specification such as secu-
rity, usability, availability, and so on. However, one
of the main problems in requirement engineering is
there remains no consensus on the nature and repre-
sentation of Non-functional requirements nor how to
manage them [2].

Table 1: NFR representation techniques.

Ref. | Technique Objective Result

3] Standard | To defines and recommends IEEE standard
template | using the software requirement | 830-1998

5] Goal- To represent various types of The framework
oriented NFR for representing
modeling NFR

6] Goal- Proposed the i*, a well-known | i* framework
oriented framework for an NFR
modeling | representation model

[7] Ontology

Proposed ElicitO, a tool used
for requirement-elicitation
activities

ElicitO tool

8] Ontology

Proposed a method for
checking SRS quality

Requirement
Ontology

Extraction

identify and analyze Non-
functional requirements from
text using pattern-based rules

9] UML and | applying Aspect-Oriented REASQ model
UML Software Development
extension | (AOSD) to software quality
requirements
[10] NFR introduced requirement frame | The method for
Extraction | structures, and a language to verifying NFR
capture NFRs
[11] NFR Present a technique for using Software Quality
Extraction | semantic model to understand | Product Attributes
web or desktop application application
quality measurements (SWQAs)
[12] NFR Proposed a rule-based natural | An automated NL
Extraction | language technique for requirements
discovering and classifying the | classifier
requirements
[13] NFR Introduced the framework to The approach to

identify NFRs
based on
extracting
multiple features

1.1 Non-functional requirement representa-

tion

Table 1 shows several pieces of research that ex-
plore software requirement representations. The ta-
ble presents the approach to NFR representation sur-
veyed by this paper, which consists of a standard tem-
plate, goal-oriented modelling, ontology, UML and

UML extensions, and NFR extraction.

The first approach to representing NFR in our sur-
vey is the standard template. This approach takes its
cues from ‘IEEE standard 830-1998’ “IEEE Recom-
mended Practice for Software Requirements Specifi-
cations” (1998) [3]. It is the standard that defines and
recommends using the software requirement specifica-
tion (SRS) template. However, many of the items in
the SRS template are meant to separate NFR from
functional requirement — an endeavour that causes
system analysts difficulty in understanding the re-
lations between NFR and functional requirements -
especially the relations between an NFR and other
NFRs. In attempts to resolve this problem, various
techniques for the representation of NFRs have been
propose in order to make NFRs more accessible [4].

Because the NFR understandability is a prob-
lem for the first approach, therefore an alterna-
tive method for representing NFRs is through ‘goal-
oriented modelling.” The comprehensive framework
proposed by Mylopoulos et al. [5], is a technique for
NFR representation which is used during the software
engineering process. Mylopoulos et al. introduced
five components for NFR representation in the form
of ‘interrelated goals.” The objective for using them
is that they confer the ability to refine and evalu-
ate the software requirements while determining the
degree to which a set of NFRs is supported by a par-
ticular design. However, Mylopoulos et al. accepted
that their framework required further development
to deal with the various types of NFRs. Theoret-
ical fundamentals are needed for reasoning through
and representing the NFRs. Moreover, semantics is a
crucial notion which should be incorporated into this
framework along with NFRs and efficient algorithms.

Another work in ‘goal-oriented modelling’ ap-
proach, L. Chung et al. mentioned that even though
requirement engineering determined the requirements
in case of a functional requirement or NFR, still,
many requirement specifications or modeling lan-
guages need a practical process for specifying quality
- even though the usual approach of goal-oriented re-
quirement engineering is to scrutinize the importance
of quality characteristics as a whole [4]. In addition,
the existing NFR framework takes the high level of
abstraction of the Non-functional requirements for all
of the whole system into consideration. It sets the
conflicts in NFRs as the main task in system devel-
opment.

Additionally, i* is a well-known framework for
an NFR representation model - when used together
with a goal-oriented method [6]. This framework is
adopted and used by many research groups and may
apply in accordance with their particular concerns.
In software development, various uses of representa-
tion techniques are being investigated as interesting.
Conceptualization as in the i* framework is a way of
understanding a level of abstraction of representation
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taken from the real world. In addition, various rep-
resentation techniques reason logically and can use
as target domains of interest. However, there is also
much discussion about how they can apply in order
to enhance the requirement engineering process espe-
cially at the level of sematic.

Ontology is another NFR representation. This
approach variously uses in many works for require-
ment engineering, such as by Elicito [7]. Their
work used ontology as a representation model for
NFRs using ElicitO, a tool used for requirement-
elicitation activities. It aims to provide software an-
alysts with a knowledge-based repository by captur-
ing precise NFRs through elicitation interviews. This
work approaches the issue using functional and Non-
functional domain ontologies (quality ontologies), us-
ing them to support elicitation activities. This tool
helps analysts by giving them computerized aids to
structure elicitation-interviews, suggesting that an-
alysts use important quality aspects relevant to a
particular class of applications, and provide precise
requirements based on criteria available in quality
model standards for software development. Dang et
al. have also introduced a requirement ontology for
the requirement-analysis phase of specific domains.
The semantic hierarchy of the functions, and the re-
lationship with entities such as complementary func-
tions, and exclusion functions, are important model
structures within their proposed ontology. Because of
that, they also proposed a method for checking SRS
quality, particularly in cases in which they want to
confirm completeness and correctness while employ-
ing their ontology [8].

Another approach to NFR representation is a tech-
nique that uses UML, and UML extensions, to de-
scribe both functional and Non-functional require-
ments. In this case, NFRs can be considered an in-
herent aspect of the system. Research by Castillo et
al., showed them applying Aspect-Oriented Software
Development (AOSD), (ISO/IEC25030), to software
quality requirements together with classic require-
ments of engineering notions to analyze the require-
ment engineering process [9]. Their work culminated
in a conceptual model known as REASQ (REquire-
ments, Aspects and Software Quality), and incorpo-
rates UML notation. For this research, all the model-
ing concepts (aspect orientation, software quality and
a classic requirement engineering notation) are inte-
grated into the related ontologies to visualize quality
requirements in requirement engineering.

Additionally, another serious problem in NFR rep-
resentation is requirement verification. To verify the
NFR in the software requirement specification, Yu-
uma et al. introduced an NFR specification verifica-
tion technique and applied it to usability and time-
response requirements using a ‘requirement frame
model” [10]. In this paper, the author introduced
requirement frame structures, and a language they

called X-JXDL, which they used for detecting incor-
rect noun types and missing but indispensable cases
in NFRs. They described a method for extracting
the main verb and noun from requirement specifica-
tions, and then matching them to pre-defined roles
to construct a required sentence. These results in
a requirement frame that can be used to fulfill both
functional and non- functional software requirements.

Finally, there are many works that introduce tech-
niques to detect and identify NFRs within the re-
quirement specification. Some of them apply textual
natural language processing techniques to identify the
requirement from the input-source in the form of text.
A. Kayed, et al. present a technique for using ontol-
ogy to understand web or desktop application qual-
ity measurements. The result of their work was to
classify the quality attribute and show that the se-
mantics of these attributes can be condensed into a
smaller set of concepts [11]. R. Vlas, et al. proposed a
rule-based natural language technique for discovering
and classifying the requirements in open-source de-
velopment projects. In order to discover and classify
these requirements, they applied the ontology-based
information extracting mechanism to parse and tag
them [12]. Sharma, et al. introduced the framework
to identify and analyze Non-functional requirements
from text using pattern-based rules at the level of syn-
tactic and semantic patterns, in order to analyze the
input text and identify the Non-functional require-
ments and their categories as an output [13]. How-
ever, many of these works identify the need for a con-
sensus in defining NFRs more clearly.

1.2 Software requirement conflict

“Conflict” is defined as a misunderstanding be-
tween people with opposing opinions or principles.
In general, conflict is a problem that leads people
to misunderstand facts, make wrong decisions, and
finally even make mistakes or produce incorrect re-
sults. In order to manage a conflict in the soft-
ware requirement, a conceptual model employing re-
quirement representation is a means by which both
functional and Non-functional requirements can be
manifested. Since Non-functional requirements may
change at any and all times, especially as they are
evolving, they may cause requirement conflicts to
pop up during any version of the specifications. Of
course, this adds overhead to the engineering pro-
cess. For example, it may lead to implementation
errors or misunderstandings in subsystem communi-
cation. Cases in which a possible defect may exist will
cause development difficulty and boost the costs for
the project. Therefore, software requirement conflicts
become a significant problem in software engineering
[14]. NFRs tend to conflict, interfere, and contradict
each other. These occurs especially in general-specific
contradictions between various types of NFRs.

In this regard, the objective of this work is to of-
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fer a technique for NFR representation. This paper
proposes a method for the detection of conflicts and
potential conflicts using a conceptual graph. Section
2 provides details about NFR extraction and conflict
detection. Section 3 describes an experimental case
study and subsequent evaluation of results. Section
4 discusses the results and Section 5 offers a short
conclusion.

2. NFR EXTRACTION AND CONFLICT
DETECTION

In this section, we present the method to repre-
sent the conceptual model for NFRs using concep-
tual graph and quality attribute concept in subsec-
tion 2.1 and 2.2. Then describe in detail for the re-
quirement conflict detecting using conceptual graph
together with reasoning technique using logical infer-
ence rule evaluation in subsection 2.3.

2.1 Conceptual graph

The conceptual graph is an integrated knowledge
representation joining semantic networks and existen-
tial logics as proposed by J. Sowa [15]. It can be used
as a tool for supporting reasoning and automating
computation. F. Harmelen, et al. explain the use
of the conceptual graph by defining it as an existen-
tial logical representation. There are many examples
that use conceptual graphs in development projects
in order to enhance semantic model understanding
[16]. For example, they are used in the analysis and
design phases of relational database systems such as
those described in [17] and [18]. In addition, as far
as semantic-based applications go, conceptual graphs
are a kind of knowledge representation that is referred
to by many other works, such as those by [18], [19],
and [20].

Similarly, the conceptual graph is a graph with two
node types: a square node that stands for the con-
cept, and an oval node that symbolizes the relation.
Figure 1 shows an example of a conceptual graph for
the following natural language statement: “An in-
ternal user who sends an online request to delete a
record in the database should be authenticated by a
security requirement.” This example shows the use
of the quality attributes portion as a template for
the conceptual graph to represent NFRs as a security
type. The details of using quality attributes together
within the conceptual graph will be described further
in section 2.3.1

2.2 Quality attribute

In the requirement analysis phase, there are both
functional and NFR concerns. The NFR concerns
include availability, modifiability, security, interoper-
ability, testability, performance, and usability. In the
driven design method of L. Bass, et al., their idea
was to focus on NFRs that can be described in terms

Source of Stimulus
: User

Stimulus : Request

User : Internal user

Environment :
Online

Artifact :
Record in database

Response :
Data deleted

Response Measure
: Security

Authentication : *a

Fig.1: The example of NFR conceptual graph.

of a system quality attribute. They also explained
a fundamental aspect of system quality attributes,
and promoted structural patterns that support these
quality attributes [21]. Figure 2 illustrates the char-
acteristics of a quality attribute in terms of software
architecture.

O~

Stimulus Response

Environment

Source of Stimulus

Fig.2: Quality attribute with scenario portions.

In order to define quality attributes as a testable
and unambiguous feature, L. Bass, et al. applied an
approach using a general form to represent them as
types of software requirements. It appears to be a
good way to emphasize the commonalities of all qual-
ity attributes, but it may be too rigid an approach for
some cases during system development, according to
[22]. According to a quality attribute, their approach
divided the quality attribute into scenario portions in
accordance with [22].

1. Source of stimulus - an entity that activates the

stimulus.

2. Stimulus - a request that is activated for a re-

sponse when it is found at a target system.

3. Environment - the condition of the state where

the stimulus occurs.

4. Artifact - the thing that can be stimulated.

5. Response - the result of the activation of the

stimulus.

6. Response measure - the evaluation of the re-

sponse that occurred.

According to the quality attribute, it is defined as
a set of general scenarios and reflected into the re-
quirements for the system. The quality attribute re-
quirements in this scope are composed of seven NFR
types which are availability, interoperability, modifia-
bility, performance, security, testability, and usability
[21].
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2.3 NFR conflict and potential conflict detec-
tion process

This section describes our proposed method for ex-
tracting NFRs using a conceptual graph, and for de-
tecting NFR conflicts using existential logic and the
rules of inferential logical. To demonstrate the pro-
posed method, we developed a prototype called NFR
conflict and potential conflict detection and have eval-
uated its use with a billing system requirement spec-
ification in a case study. The details of the research
experiment and case study will be discussed in the
next section. Figure 3 shows the three steps of our
method. Quality attribute analysis. The first step be-
gins with analysing the NFRs that may be found in
requirement specifications, and extracting them into
quality attribute scenario portions, as defined by [22]
in the form of NFR XML frames. The NFR XML
frame defines the NFR element in accordance with a
quantitative model which defines general vs specific
relations to separate general concepts from specific
concepts.

Output
Input '
( <<Python application>> h <<keyword Text>>
i i Quality Attribute
1. Quality At.tnbute ‘ ke
L Analysis Specific Concepts)
= Imoe | / <<java object>> /
G'im"‘“e 2! NFRConceplual anhs | ./ NFRConceptual |
Specific Concepts) Construction / Gmphs

y

| NFR Conceptual /.  3.NFR Conflict NFR Conflicts
Graphs / Detection
| Cafsace ke csonion)

] <<java application>>

| <<javaobject>>

Fig.3: NFR conflict and potential conflict detection
method.

1. Conceptual graph construction. The second
step is to construct a conceptual graph from
the NFR XML frame using the NFR concep-
tual template. The NFR conceptual graph con-
structed in this step is a representation of NFRs
extracted from the input software requirement
specification.

2. NFR conflict detection. In this step, we al-
ready have the NFRs in the form of a conceptual
graph. The advantage of the conceptual graph
is that it can be a logical representation in it-
self. Applying the rules of inferential logic this
automatically proves the presence of the NFR
conflict within a requirement specification.

2.3.1 Quality attribute analysis

This paper proposes using quality attribute sce-
nario portions of NFRs as a group of NFR concepts.
In this regard, we defined the objective of the first

step to be the extraction of the NFRs from an in-
put document, that usually presents in the form of
natural language, to an NFR XML frame, and then
reassemble them in the form of an NFR conceptual
template together with the NFR dictionaries which
provided the NFR keywords collected from the expert
of particular system. During our research, we have
created an algorithm which analyses and extracts the
NFRs according to the following steps:

1. Tt elicits requirements from the input require-
ment specification document, separates them
into a list of sentences, then analyses them to
see if they fit the subject-verb-object (SVO)
pattern.

2. When considering the stimulus in portion sce-
nario for each quality attribute, the verb of each
requirement sentence is looked upon as the main
element.

3. The subject of the sentence is then deemed a
source of stimulus, and the object as an artifact
of the NFR quality attribute.

4. For the response portion, our system checked
for correspondence against all the keywords in
the dictionary. If there was no available map-
ping of keywords to the keyword in the require-
ment specification, our system re-framed the
stimulus in the past tense.

5. The environment portion scenario in this re-
search is defined as the adjective or noun phrase
that modifies the artifact of the requirement
specification.

6. The response measure arose when a keyword ex-
isted in the NFR dictionary. Our system maps
the requirement specification keyword to the
keyword defined in the NFR dictionary.

7. We have defined the NFR examples as being one
of seven types according to the quality attribute
types of Len Bass [21]. They are described
as partaking of one of the following modali-
ties: availability, modifiability, security, testa-
bility, performance, usability and interoperabil-
ity. The NFR type of each frame was classified
according to the number of matching keywords
in each frame as well as the keyword defined in
the NFR dictionary. The criteria used to jus-
tify the NFR type assigned to each NFR frame
was the greatest number of matching keywords
in the NFR frame and the NFR dictionary.

In order to extract the NFR from the input doc-
ument, we needed to design the NFR requirement
frame as an XML structure. It is a data structure
that can represent the NFR in form of the quality at-
tribute proportion model of [22]. An example of the
NFR frame shows in figure 4. The example presents
the NFR structure’s steps in the following order: sys-
tem, module, NFR frame, NFR type, source of stim-
ulus, stimulus, artifact, environment, response and
response measure. The main objective of our work is
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to devise a prototype system that read the require-
ment document to extract the output in the form of
NFR Frames and prepare them as inputs for the next
step in the process. We describe the experiment’s
design in the next section.

<NFRFrame id= "1">
<NFRType name= "Interoperatbility">
<SourceofStimulus>
<Instance> broker </Instance>
<Ancestor> businessperson </Ancestor>
<Synset> agent </Synset>
</sourceofstimulus>
<Stimulus>
<Instance> transfer </Instance>
<Ancestor> delegate </Ancestor>
<Synset> transfer, transplant,
transmit, remove </Synset>
</stimulus>
<Artifact>
<Instance> subscription </Instance>
<Ancestor> payment </Ancestor>
<Synset> subscription </Synset>
</Artifact>
<Environment>
<Instance> time </Instance>
<Ancestor> case </Ancestor>
<Synset> time, meter, clock </Synset>
</Environment>
<Response>
<Instance> transferred </Instan<:e>
<Ancestor> delegate </Ancestor>
<Synset> transfer, transplant,
transmit, remove </Synset>
</Response>
<ResponseMeasure>
<Instance> request </Instance>
<Ancestor> message </Ancestor>
<Synset> request </Synset>
</ResponseMeasure>

Fig.4: FEzxample of NFR XML frame.

2.3.2 Conceptual graph construction

We divided quality attributes into six portions.
According to our conceptual graph, six NFR concepts
best represent the requirement concept and their re-
lations at general and specific levels. An example of
an NFR conceptual graph is given in Figure 5.

Stimulus : Request

Artifact :
Record in database

Authentication : *a

Fig.5: FEzxzample of NFR conceptual graph.

This paper designed an NFR template composed
of six NFR concepts to represent six general scenario
portions of the NFR. Each NFR, concept in the six
concepts template has a type and name to represent
its semantic aspects. The NFR type is defined as
the NFR conceptual template in order to represent
the six scenario portions of the quality attribute of
the NFR. However, the concept name is a concept
reference that represents the instance of each concept.
For the conceptual graph, the acceptable values of

the type can be derived from the existential logic to
represent the instance of a concept.

In addition, to construct the NFR conceptual
graph, the work uses the NFR conceptual graph
template as a pre-defined structure for setting up
the NFR concept type and the NFR concept name
that is defined in the NFR dictionary for each NFR
type. The input software requirement specifications
are that it consists of text-based documentation. For
example: R1 is a security requirement of the system:

R1: The internal user who sends the online request
to delete a record in the database should be authen-
ticated as part of the security requirement.

Figure 5 shows the security requirement repre-
sented by the conceptual graph with the pre-defined
NFR conceptual graph template to represent the
NFR. The example shows that the source of stimulus
in this case is the ‘user’, the stimulus is the ‘request’,
the artifact is the ‘record in the database’, with the
defined environment being ‘online’. The response for
this case will be: ‘data deleted’, and the response
measure is the ‘security authentication’. In addition,
the example also shows that the user and the response
measure may have modifiers consisting of an inter-
nal user and an authentication method. As regards
conflict detection, more details of the general-specific
relation are given below.

2.3.3 NFR Conflict detection

For the NFR conflict detection, we want to empha-
size NFR representation with NFR quality attribute
visualization by applying a conceptual graph. Be-
cause the conceptual graph is also a form of seman-
tic model, NFRs can verify their completeness by in-
voking the corresponding completeness of the general
scenario portion.

In order to prove the conflict between two or more
NFRs, our conflict detection approach applies exis-
tential logic and the rules of inference. The concept
we invoke is the quantifier inference rule, composed
of four sub-rules that can be proved independently.
The quantifier inference rules are defined as follows:

1. Universal Instantiation - the inference from a

proposition stating that all things are thus and
so to an instance, stating that some particular
is thus and so. In classical formal logic, it is also
known as universal quantifier elimination [23].
The universal instantiation statement shows as
statement one.

VaP(x)
TR (1)

.. P(e)
2. Universal Generalization - an inference rule to
promote the generalization for all things in a

participate set. The quantified statement shows
as statement two.

P(c) for an arbitary c 9
cVzP(z) @)
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3. Existential Generalization — this permits you to
introduce an existential quantifier and is some-
times called an ‘existential introduction’. It al-
lows you to infer an existential generalization (a
3 sentence) from any instance of that general-
ization, as shows in statement 3.

P(c) for an arbitary c 3
o3z P(x) )

4. Existential Instantiation - the last rule used in
this paper is existential instantiation. Suppose
we can prove B from a particular proposition
‘Fa’ and confirm that ‘a’ is not mentioned in
any premises used in this argument. So, it is as
if ‘a’ is an arbitrary example. The rule allows
to infer B from the weaker premise that (Ix)Fx.
Provided that something is F, there is going to
be something that could function as a counter,
just as ‘a’ does. Blackburn (2008). The exis-
tential instantiation shows in statement four.

JxP(x)
. P(c) for som element ¢

(4)

The current paper uses these four rules for the de-
tection of any potential NFR conflicts that may occur
in the requirement specification document. In so do-
ing, we extract the NFR using an NFR XML Frame
and an NFR dictionary, as described in the previ-
ous stepsp7/57-58. Here, in the detail of the detec-
tion step, we define the entity and its structure in the
billing system in the form of billing system vocabulary
and a hierarchy of its vocabulary, i.e. its keywords.
This structure represents the relations between the
entities used by the NFR conflicts and potential con-
flict detection to determine the general and specific
relation between the comparative NFRs and detects
the conflict and the potential conflict which may oc-
cur between them. An example of the entity and the
hierarchical structure shows in figure 6.

Fig.6: FEzample of the entity and the hierarchy
structure of the billing system.

Figure 6 shows an example of the entity and the
hierarchy structure of the billing system. It repre-
sents the semantic structure of business entities ex-
isting in the billing system of the telecommunications
company used as a business case in this paper. The
structure describes the semantic hierarchy which the
NFR conflict and potential conflict detection can use

for proving the potential conflict using existential in-
ference rules.

3. AN EXPERIMENT AND CASE STUDY

In this research, we developed an NFR conflict
and potential conflict detection prototype in order
to conduct an experiment using a billing system as
a research case study. The end we had in view
was to demonstrate the feasibility of our proposed
method. The main functions of the billing system,
as named, were invoice calculation and preparation.
The requirements of this system represents within the
company’s software specification document. This re-
quirement specification document illustrates that the
billing system can divide into 15 modules or sub-
systems: Rated XDR process, One-time charge, Re-
curring charge, Bill run, Suppression, Bill sampling,
Bill Termination, Negative bill, Hot bill, Suppress,
Topup, Revenue code, Override, SO tools and House-
keeping.

For each module, the requirement specification
document organized the requirements as topics for
the functions. This work will read the requirements
topic by topic, analyse their content, extract the
NFRs, then process them as inputs for the NFR, con-
flicts and detection of potential conflicts. The ex-
perimental results and evaluation of our system are
discussed in the next subsection.

3.1 Experimental results and evaluation

This section describes details from the NFR, detec-
tion experiments. We began with the NFR classifica-
tion process that focuses on the mechanism to extract
the NFRs from the requirement specification docu-
ment to the NFR XML frame, then reconstructs them
as an NFR conceptual graph, and then processes the
NFR conflict and potential conflict detection to de-
tect our systems’ outputs. The output is represented
by the complete NFR XML frames, the incomplete
NFR XML frames, the NFR potential (bad smell)
conflicts, and the NFR conflicts.

3.1.1 The experiment results

The results of the experiment show in figure 7. The

system report shows the output data as follows:

1. Total frames for the system module. One of the
outputs is the total frames for the system mod-
ule. It is equivalent to the number of NFR XML
frames extracted from the software requirement
specification document. For each NFR XML
frame, this work defined a frame structure as
the data structure of the NFR which applied
the quality attribute scenario portions to rep-
resent a knowledge graph. These knowledge
graphs will be an input to the conceptual graph
construction process and the NFR conflict and
potential conflict detection process of the pro-
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posed method. Figure 8 presents the example
of the complete NFR XML frame.

. Total complete NFR XML frames. The com-

plete NFR frames are one of the main outputs.
They are equivalent to the NFR XML frames
which fully possess the six quality attribute por-
tions based on the seven NFR dictionaries for
all types of NFRs. According to Figure 7, the
billing system requirement document for all the
15 modules is given by the user in the telecom-
munication company, and the system extracts
the NFR from its content. From the input doc-
ument, the system found 110 complete NFR
XML frames. It shows that many NFRs can be
found and extracted. However, there are also a
number of NFR XML frames that could not fill
the quality attribute portions.

Report

Total Frame for this module are 353
Total Frame Type for this module are 353
Total Complete NFR Frame = 110

Total Incomplete NFR Frame = 243

Number

of availability case are 27
Number of complete NFR = 12

-- Number of in-complete NFR = 15

Number of modifiability case are 11

Number

Number of complete NFR = 3
Number of in-complete NFR = 8

of security case are 85
Number of complete NFR = 30
Number of in-complete NFR = 55

f testability case are 2
Number of complete NFR = 2

-- Number of in-complete NFR =

Number of performance case are 50

Number

Fig.7:

sults.

Number of complete NFR = 13
Number of in-complete NFR = 37

f usability case are 99
Number of complete NFR = 15
Number of in-complete NFR = 84

of interoperability case are 79

-- Number of complete NFR = 35

The overview report of the experiment re-

"The system updates account level discount
split result to ABM and fee detail MDB, -
and also generate discount log."

Fig.8: The complete NFR XML frame for the NFR
in software specification document.

3.

Total incomplete NFR XML frames. Incom-
plete NFR frames is one of the most important
outputs of our system. It counts the number of
frames in which the system cannot capture all

six quality attribute portions based on the seven
NFR dictionaries for all types of NFRs. These
incomplete NFR XML frames are important be-
cause they suggest that there NFRs will poten-
tially occur in the software specification doc-
ument but that these potential NFRs are still
incomplete. It is a good sign for software an-
alysts or requirement engineers who would like
to take action on potential NFRs to complete
the developing system’s software specification
document requirements.

. The number of NFR XML frames for each qual-

ity attribute type. One of the main objectives
of this paper is to classify the software require-
ment specification for each NFR type. Our
proposed method and implemented system, as
described in section 3, used the software re-
quirement specification document as an input
for the detection process. Outputs were then
analysed and classified with the NFR dictio-
nary by mapping each keyword with one of the
keywords gathered from the requirement spec-
ification document. The number of keyword
mappings was used to classify the NFR type
by incorporating a voting technique for all of
the NFR XML frames that we extracted from
the input document. Figure 7 shows the out-
puts of the newly classified NFR types. Ac-
cording to figure 7, the NFR conflict and po-
tential conflict detection gets the billing sys-
tem requirement document from the user in the
telecommunication company for all the 15 mod-
ules, and then extracts the NFR from the con-
tent from all of the requirement specifications.
Then, the NFR conflict and potential conflict
detection process found that within this docu-
ment, there were 353 NFR frames. These di-
vide into 110 complete NFR XML frames and
243 incomplete NFR XML frames.

. The results of NFR conflicts and potential (bad

smell) NFR conflicts. One of the main objec-
tives of this paper is not only to detect the
conflicts but also the potential conflicts that
may appear in the software requirement spec-
ification. As we have described in our pro-
posed method in section 2.3, it reads the re-
quirements in the input document, extracts the
NFR XML frames, and constructs the NFR
conceptual graph using the proposed NFR tem-
plate. Then, in order to analyse and prove the
conflict using existential logic quantitative in-
ference rules it matches all of the constructed
NFR conceptual graphs with each other to de-
tect the general-specific relation of the quality
attribute portions between the pairs of NFR
XML frames. If the implemented system found
that all of the quality attribute portions in a
pair of NFR XML frames have a general-specific
relation, then it justifies that these pair of NFR
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Fig.9: The NFR conceptual graph conflict detected in the billing system .
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Fig.10: The NFR conceptual graph conflict in case
of universal generalization.

frames is a match with the NFR XML frame
scenario. It then presents these pairs as pos-
sessing the exact software requirements. In this
billing system case study, 20 matching NFR
XML frames were found within the requirement
specification document.

From the matching NFR XML frames, the NFR
conflict and potential conflict detection checked all
pairs of the matching NFR XML frames using the
quantitative inference rules at the level of existential
logic to prove whether there was a conflict between
these matching NFR XML frames. The results of the
NFR conflict and potential conflict detection shows
in Figures 9 and 10.

In addition, during the processing of the NFR con-
flicts and the potential conflict detection, it is possible
that the matching NFR XML frames may conflict —
however, it cannot describe them. These scenarios
in which there are potential but indescribable NFR
conflicts are termed ‘bad smell’ cases. In this pa-
per, we prove these potential conflicts exist by using
three quantitative inference rules: universal instanti-
ation, existential instantiation and existential gener-
alization, as explained in section 2.3.3.

As Figure 11 shows, the NFR potential conflict
detection gets the billing system requirement docu-
ment from the user for all the 15 modules and ex-
tracts the NFR from the content from all of the
requirement specification. Then, the NFR conflict
and potential conflict detection found the ‘bad smell’
requirements occurred in two quantitative inference
rule cases. The output of this experiment shows the
‘bad smell’ requirement occurred in the NFR XML

output file named “10XML.XML” in paragraph num-
ber 2 at frame id number 2, and paragraph number
4 at frame id number 4, in which the output points
out the requirement sentence below. The bill system
requirement in file 10XML.XML, paragraph number
2 at frame id number 2 said.

“If CRM sends the request to change subscriber
status to suspend un-identified, also send one special
promotion which leads to 100% discount to all of the
charge.”

Meanwhile, the bill system requirement in file
10XML.XML, paragraph number 4 at frame id num-
ber 4 said:

“When SFF sends the request to change customer
status to suspend un-identified, BSS broker will sub-
scribe a special promotion of an automatic 100% dis-
count of billing time.”

Figure 11 and Figure 12 show the NFR potential
conflicts captured in this case are proved by the exis-
tential instantiation inference rule. It is because the
source of the stimulus concept keyword “CRM”, as
defined in the usability dictionary, and its synset, in
case frame id number 2, and the stimulus concept
name “SFF”, in frame number 4, are both consid-
ered to be within the specific keyword scope. This
pair of stimulus concepts cannot be instantiated in-
stead by each other. Therefore, the NFR conflict and
potential conflict detection, can be reported within
the existential instantiation conflict case.

Figure 13 and Figure 14 show the NFR potential
conflict captured in this case as proved by the existen-
tial generalization inference rule, since the response
measure concept keyword “discount” as defined in us-
ability dictionary and its synset in case frame id num-
ber 2 to be considered as a specific scope meanwhile
response measure concept also name “discount” in
frame number 4 are contradict considered to general
keyword scope because it is declared ambiguously in
the semantic entity hierarchy of the billing system.
Therefore, NFR conflicts and potential conflicts were
detected in this case, and reported according to the
rules of existential generalization.
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Environment :
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Fig.11: NFR potential conflict (bad smell) in case of existential instantiation.

cation presented in Table 3 indicated the corrected
<<specific>> identified NFRs from the proposed method compared
Source of Stimulus : to th t . t getti £ th t of
Paragraph id : 2, Frame id : 2 crm 0 the correct requirement getting rrom the expert o
development team in our case study.
Existential Instantiation ‘ Table 2: The output of NFR extracting.
X NFR type Total | Complete | Incomplete | %Complete
frame | frame frame frame
. <<specific>> All NFR Type | 323 110 243 31.16
e o Paragraphid:4, Frameid: 4 Source of Stimulus : Availability 27 12 15 44.44
sff Modifiability 11 3 8 27.27
Security 85 30 55 35.29
Testability 2 2 0 100
Fig.12: A prove of NFR potential conflict (bad Performance 50 13 37 26
smell) in case of existential instantiation Usability % 1 84 15.15
. Interoperability 79 35 44 44.30

3.1.2 Evaluation of results

The experiment results in this work are the output
of the implemented system for the proposed method
of this paper.

The results reported in this paper come from the
experiments we have implemented using our proposed
method and system.

The reported output represents in the form of the
number of NFRs that the system extracted from the
software requirement specification document. It is
revealed in various cases of NFRs and NFR types,
such as in the complete NFR XML frame. The NFR
extracting process output shows in Table 2.

The results of the extracting process reveal NFR
conflicts and potential conflict detection. The system
could extract 353 NFR XML frames from the input
document. These frames separate into complete NFR
XML frames, of which there were 110 frames, and in-
complete NFR XML frames, of which there were 243
frames. As we proposed when we defined the scope of
this research, these output frames categorize as one
of seven NFR types (availability, modifiability, secu-
rity, testability, performance, usability and interoper-
ability). Each of these types can separate into com-
plete NFR XML frames and incomplete NFR, XML
frames, with corresponding percentages of occurrence
as shown in Table 2. The output of NFR identifi-

Table 3: The output of NFR identification.

NFR type Requirement Requirement | Correct
from the expert | from identified
the prototype | requirement

All NFR Type 120 353 110
Availability 18 27 12
Modifiability 4 11 3

Security 31 85 30
Testability 2 2 2

Performance 15 50 13
Usability 15 99 15
Interoperability 35 79 35

In addition, we can determine the efficiency and
the effectiveness of the NFR conflicts. Potential con-
flict detection is reflected in the accuracy of the num-
ber of NFR complete frames extracted from the input
software requirement specification document. Table 4
represents the accuracy of the NFR potential extrac-
tion by deriving the values of precision, recall and F
measures from the total frames extracted from the in-
put document, as well as the details concerning each
NFR type. Table 4 indicates that the total num-
ber of NFR XML frames extracted from the software
specification document was 353 frames, and we define
valid frames as including: complete NFRs, incom-
plete NFR frames, and invalid NFR, frames. Table
4 also shows that the total NFR XML frames had
a precision rate of 0.36, a recall rate of 0.92 and an



92 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.17, NO.1 March 2023

File Name : 10XML.xml, Paragraph

S Stimul

Environment :
suspend

id : 2, Frame id : 2

File Name : 10XML.xml, Paragraph id : 4, Frame id : 4

Source of Stimulus
cm

Response : sent

Environment :
suspend

Response Measure
: discount

Response Measure

: discount

Fig.13: NFR potential conflict (bad smell) in case of existential generalization.

Paragraph id : 2, Frame id : 2

<<specific>>
Response Measure :
discount

Existential Generalization

¥

Table 5: The result of conflict detection.
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Inference rules
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instantiation
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Fig.14: A prove of NFR potential conflict (bad
smell) in case of existential generalization.

F measure of 0.52. Moreover, from the billing case
study, we found that the intersection of availability
and interoperability provided the best opportunities
to extract valid NFR XML frames and potential NFR
XML frames from the input requirement specification
document.

Table 4: The accuracy of NFR extracting.

NFR type Precision | Recall | F-Measure
All NFR Type 0.36 0.92 0.52
Availability 0.44 0.57 0.49
Modifiability 0.27 0.75 0.39
Security 0.35 0.97 0.51
Testability 1 1 1
Performance 0.26 0.87 0.40
Usability 0.15 1 0.26
Interoperability 0.44 1 0.61

Finally, the experimental results of this work are
the outcome of the system we implemented in accor-
dance with the method proposed in this paper. The
main output of the proposed method represents in
the form of the number of conflicts detected from the
software requirement specification document. The re-
sults of the NFR conflict and potential conflict detec-
tion shows in Table 5.

The experiment results in this research are the
output of the implemented system for the proposed

method of this work. The output shows that the NFR
conflict and potential conflict detection analysed that
from the input requirement specification document,
there are 20 NFR XML frames that can be a candi-
date of the NFR conflict using the quality attribute
technique for constructing the extracted NFR into
NFR conceptual graph to detect the conflict that may
occur between them. The detail of these technique
had described in section 2.3. When the system as-
sessed case by case the quantitative inference rules in
existential logic, the system found that there were 18
cases that NFR considers the same situation as the
billing system requirement but cannot prove to be a
conflict. However, the results show that there is a
conflict in the case of interoperability types for two
NFRs, proved by universal generalization which need
to be reported to the software development team and
let them be the overheads for the software develop-
ment life cycle. Moreover, the implemented system
also shows that it can capture the potential conflict
or the ‘bad smell’ NFR in case of Existential gener-
alization and Existential instantiation respectively.

4. DISCUSSION

This paper proposed a method for extracting Non-
functional requirements (NFRs) from the software re-
quirement specification document, and to detect con-
flicts that may occur between the NFRs.

The experimental study entailed in the billing sys-
tem case demonstrated that amongst the NFR XML
frames extracted from the software specification doc-
ument, there were 353 valid frames including com-
plete NFRs, incomplete NFR frames, and Invalid
NFR frames. We also found that the total NFR XML
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frames demonstrated precision of 0.36, recall of 0.92,
and an F measure of 0.52.

Our experimental results revealed that it is possi-
ble to increase accuracy in precision and recall. Ac-
cording to the NFR extracting process, for all cases
of NFR types, the most important resources for the
extracting mechanism are the NFR dictionaries, this
work, we used seven dictionaries for the 7 NFR types.
It is because this research requires the NFR dictionar-
ies from the target organization. They ,in turn, are
in the development phase process of collecting all the
billing system keywords which can subsequently give
more coverage of the billing keywords after further
revisions of the NFR dictionary. Therefore, it should
be possible to improve the accuracy rate of our ex-
tracting process as we had presented with ever newer
versions of NFR dictionaries.

For the NFR conflict and potential conflict detec-
tion, the system extracts the NFR for all seven types
of NFR cases. We found that within the requirement
specification document, there were 20 NFRs could be
in conflict with each other. Nevertheless, the system
also proved that these 20 NFRs could be potentially
designated as conflicting NFRs. We have shown that
implementing our approach captures the NFR, con-
flict for the 20 NFRs and detected two NFRs as def-
initely in conflict, and reported two potentially con-
flicting NFRs.

From the result of the NFR conflict and potential
conflict detection, we found that the main factors re-
quired to improve the accuracy of the implemented
system are: the keyword defined in the entity hier-
archy of the billing system, the ancestral keywords,
and the synonyms from the synset which the system
queried from the wordnet dataset. It is possible that
the keyword defined in the billing hierarchy may be
derived from proprietary domains and thus may not
be consistent with the semantics that we found in
the other dataset. In that case, a process to check
the consistency between these datasets should be de-
veloped to improve conflict-detection accuracy rates.
The specific template and particular dictionary in the
other domains could be left for future work.

5. CONCLUSIONS

This paper has proposed a technique using a con-
ceptual graph for NFR representation and has fur-
ther proposed a method for NFR conflict detection in
software requirement specification documents. Since
NFRs are so complex, no consensus has been reached
on defining them. We introduce the NFR XML frame
as a formal structure that, during the extraction, can
represent the NFRs drawing from quality attributes
and the use of an NFR dictionary to provide the
keywords. For NFR conflict detection, our concep-
tual graph can be used as a model that can repre-
sent the NFRs in terms of semantic modeling and
the rules of quantitative logic. This work also pro-

poses an NFR conceptual graph template which can
give rise to NFR conceptual graphs, based on their
semantic quality attribute portions. As well they can
represent the instance of the concept to reflect the
quantitative logic concern. To evaluate the feasibil-
ity and efficiency of the proposed method, this work
developed a prototype system which uses Java and
Python on a billing system requirement specification
document as the case study. The case study results
indicated that there was a total of 353 NFR XML
frames extracted from the software specification doc-
ument. Of which 353 were valid frames consisting of
complete NFRs, incomplete NFR frames, and invalid
NFR frames. The accuracy of the extraction process
was measured to be: the precision was 0.36, the re-
call was 0.92 and the F measure was 0.52. Moreover,
these NFR XML frames can be detected as candidate
NFR conflicts for 20 NFRs, and two NFRs were de-
tected as an NFR conflict, and two NFRs reported as
potential conflicts or ‘bad smell’ NFRs.

In addition, this work found that the top three
NFR portions that had missing values are environ-
ment, response measure, and response. Therefore,
these NFR portions should be more focused, thus
better completing the value of the NFR portion when
developing the software requirement specification. Fi-
nally, this work presented the possibility of detecting
the conflict in the requirement engineering domain.
It is also possible that this approach could be applied
to further works in the future by developing more
specific templates and dictionaries to be used to new
target domains.
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