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Abstract

Software requirements are written in textual forms using a natural lan­
guage. This is a very common way for writing user requirements; since 
it allows non-technical stakeholders to read, comment and discuss the 
requirements in a format that they can comprehend. However, user’s 
requirements written in natural languages can often be ambiguous, 
incomplete and inconsistent, which leads to problems when develop­
ing software system. Additionally, the interpretation of requirements 
in natural languages can be affected by geographical, psychological 
and sociological factors. Thus, it is very rele\'ant to detect and fix po­
tential ambiguities, inconsistencies and incompleteness in the written 
requirements. This leads to better products, which fullfiUs accor­
dance to the needs and expectations of stakeholders and reduces the 
development cost. We have offered a two-step approach to address 
these issues. In this thesis we propose techniques that generate Al­
loy specifications from textual user requirements written in English, 
This transformation is occumng in two steps. In the first step, tex­
tual requirements written in any form are rearranged according to 
a more some rigid format that we have proposed. Guidelines and 
recommendations have provided to suggest how to write the require­
ments according to the format. In the second step the requirements 
transformed into alloy specification, using the transformation rule we 
have defined. This step is amenable to some form of semi-automatic 
processing and two mode of for requirements specification has been 
provided.

1. A mathematical format based on the standard Alloy specification 
language



2. A natural language format that uses a reduced set of English 
words to describe the systems

These two forms, that are equivalent, should permit to easily link 
the Alloy specifications to the textual requirements. We can either 
write the Alloy specifications or check if the corresponding sentences 
are part of the requirements or alternatively write the sentences and 
obt^n the Alloy specifications.
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Chapter 1

Introduction

Software requirements are written, in textual forms using a natural language. 
This is a very common way for writing user requirements; since it allows non­
technical stakeholders to read, comment and discuss the requirements in a for­
mat that they can comprehend. However, user’s requirements written in natural 
languages can often be ambiguous, incomplete and inconsistent, which leads to 
problems when developing the software system. Additionally, the interpretation 
of requirements in natural languages can be affected by geographical, psycholog­
ical and sociological factors.

Thus, it is very relevant to detect and fix potential ambiguities, inconsistencies 
and incompleteness in the written requirements. This leads to better products, 
which fullfills accordance to the needs and expectations of stakeholders and re­
duces the development cost.

In the literature of Software Engineering, there is no comprehensive definitionJ
of ambiguity. IEEE recommended practice for software Requirements specifica­
tion, [1] says that “An SRS is unambiguous if, and only if, every Requirements 
stated there in has only one interpretation” . The Problem with IEEE definition 
is that there is always someone who understands requirement specification differ­
ent from someone else. Davis [9] defines ambiguity as to extract one statement of 
SRC and give it to 10 peoples, if they interpreted it differently than the statement 
is ambiguous. The problem with this definition is, what is guaranty that the 11th 
person will not interpret differently. Schneider et. al. [35] defines ambiguity as 
“An important term, phrase or sentence essential to and understanding of sys-



tcm behavior has either been left undefined or defined in a way that can cause 
confusion and misunderstanding.”

Guase et. al. [14] according to them ambiguity is either of missing informa­
tion or communication error. Missing information means human make error in 
observation or recall and leave self evident and other fact. Communication error 
occurs due to general problem in writing between author and reader. Kamsties 
et. al. [22] defines a requirement is ambiguous if it has multiple interpretation 
despite the reader knowledge of the context. It does not matter either the author 
have introduce the ambiguity intentionally or unintentionally. He has presented 
comprehensive taxonomy based on this definition. They have classified ambigu­
ities into Linguistic ambiguity (which make a requirements statement ambigu­
ous) and software engineering ambiguities. Software engineering ambiguities are 
context oriented which are to be taken under consideration when requirements 
statements are evaluated for such kind of ambiguities. The context includes re­
quirement document, apphcation domain, system domain and the development 
domain.

Although the most recommended method to address these issues is the use of 
Formal requirements specification language [23] but natural language is accept­
able in common way of writing requirements specification in industries. Even 
when formal requirement specification language is used, still the initial require­
ment has been written in natural language. Requirements Engineer must trans­
late these informal requirements into formal or semiformal requirements. Initial 
requirement, which is written in natural language, is ambiguous and it is often 
not recognized during this translation. If these initial requirements are misin­
terpreted unconsciously, it can slip through undetected and will lead product 
against the need and expectation of clients. The reason is that client domain 
expert does not understand semiformal and formal language to detect a mean­
ing different from their experiences or intentions. We have proposed a two step 
semi-automatic approach to address^ these issues. The approach presented here 
support both client and technical peoples by addressing the potential ambiguity, 
inconsistency and incompleteness of natural language through formal specifica­
tion. The approach produce two modes of requirement specifications wliich are 
semantically equivalent but represent two forms that is textual form based on



rcducc set of English word and mathematical form based on formal specification 
language alloy.

1.1 Motivation and Objectives
Requirements play a key role in the development project. It is based for design, 
implementation, testing and verification. The product should be developed ac­
cording to the expectations and needs of stakeholder. To develop product accord­
ing to the expectation of a stakeholders, initial requirements must be written in 
natural language. There is potential ambiguity, inconsistency and incompleteness 
in requirements when used informal language which is often undetected during 
the translation of these requirements into formal or semi-formal requirements by 
requirements engineer. Additionally, the client domain expert does not under­
stand the semi-formal or formal language to detect a meaning different from their 
intention.

We are motivated with the fact to propose an approach for writing require­
ments that support both stakeholder and developer using both formal language 
and natural language. Our main objective is that without excluding natural or 
formal language despite of their weakness but to convert these weaknesses into 
strength. Furthermore, the weakness of natural language is that the ambigu­
ity, inconsistency and incompleteness is addressed by formal language, and the 
weakness of formal language, that is complexity, is achieved by natural language. 
Using of informal and formal language for writing requirement specification wc 
can achieve both preciseness and accessibihty. The approach should be cost effec­
tive in terms of effort and time and lead to produce a quality product according 
to need and expectation of stakeholder.

1.2 Problem Statements
Initially requirements written in informal language and the requirements engineer 
must translate it into semi or formal language. Requirements written in informal 
language has a potential ambiguity, incompleteness and inconsistency and it is



often undetected during the translation of the requirements into formal or semi- 
formal language. The reason is the client domain expert does not understand the 
semi formal or formal language to detect a meaning different from their intention. 
These problems lead to unconscious misinterpretation of the requirements, which 
lead to develop a product that is not according to the need and expectation of 
stakeholder.

1.3 Research Question
How do we' address potential ambiguities, inconsistencies and incompleteness in 
requirements written in natural language using alloy specification?

1.4 Thesis Organization
In Chapter 1: Introduction to the area and problem investigated in the thesis 
Chapter 2: considers the background information of the domain for understand­
ing the rest of the thesis. Chapter 3: investigating the relevant literature, Chapter 
4: presenting the research method to address the problem. Chapter 5: have de­
scribes detail proposed solution, Chapter 6: implementing the proposed approach 
with example and statistical evaluations of the proposed approach. Finally a con­
clusion and future work is given in Chapter 7.

1.5 Summeiry
The chapter presents a brief introduction of the th^is* The chapter exploring the 
problem addressed in the th^is and brief introduction to the area, motivation and 
objective of addressing the problem has been discussed and the research qu^tion 
derived from the problem statement. Finally, th^is organization has been given 
in the chapter.
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Chapter 2 

Background Information

This chapter introduces various domain investigated for the completion of the 
thesis. This chapter will support the readers in understanding the subsequent 
chapter. In section 2.1 we have introduced alloy and explored what is alloy and the 
baisic stnicture, syntax, declaration and reserved key word of alloy specification 
language. Section 2.2 presents introduction to alloy analyzer, the tool that is used 
for the a\itomatic analysis of requirement specification written in alloy. Section
2.3 describes requirements specification and subsequent section presents type of 
language used to write requirements specification. Section 2.4 narrates the basic 
temas ambiguity, inconsistency and incompleteness and there clafisification.

2.1 Alloy
In Jackson’s words [20] “Alloy is an attempt to combine the best features of Z 
and the Object Constraint Language of UML in a lightweight notation. It takes 
UML’s emphasis on binary relations, and the expression of constraints with sets 
of objects formed by ‘navigations’ , but with Z ’s much simpler semantics.”

Alloy is a formal specification language used to describe the structural prop- 
ertie-s, ofiers declarative syntax, whicii is comi^atible with graphical object model, 
and expressing the complex constraints with set based formula. Alloy is amenable



to fully automatic semantic analysis.
Table 2.1 shows the reserved keywords for alloy specification language. They 

will not be used as identifiers.

Table 2.1: Alloy Keywords
abstract all and as assert
but check disj else exactly
Extends fact for fun iden
iff implies in Int let
lone module no none not
one open or pred run
set sig some sum univ

2.2 Alloy Analyzer
There are two different kinds of tools that support formal methods, one is the­
orem provers and the other is model checkers. These tools are based on the 
characteristics of formal methods. Alloy analyzer is a slightly different kind of 
tool that is defined as a model finder, its work by finding models with in a liiiiited 
scope as counter example to the user assertion: “Its engine takes a formula and 
attempts to find a model of it” . Alloy which is based on first order logic (while 
model checking is based on temporal logic) implements techniques for finding 
finite models by Jackson, and Paradox by Glaessen et. al. [8] are examples of a 
program that implements techniques for finding finite models based on first order 
logic, whilst model checking is based on temporal logic.

2.2.1 Alloy Analyzer Layout

Figure 2.1 shows a screen shot of the main window of the Analyzer.

2.2.2 Toolbar

Alloy analyzer main tool bar consist of new, open, reload, save, execute and show 
menus which provide a quick access to the most common operations Figure 2.2
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shows a screen shot of the main window of the Analyzer.

2.2.3 Editor Panel and Message Panel

The user interface consists of the editor panel and the message panel. The relative 
sizes of panels may be adjusted by clicking and dragging the split bars that 
separate the panels.

• Editor panel: contains a tabbed text editor for modifying Alloy models. It 
supports, tabbing so you can edit multiple text files simultaneously. It also 
supports error highlighting during model compilation.

• Message panel: displays the results of analysis. Each counterexample and 
each satisfying instance will have a clickable hyperlink. Clicking on it will 
launch

the Alloy Visualizer to display the counterexample or instance. The m^sage 
panel is also used for general status m^sages and error messages. For example,
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if a model cannot be compiled, an error message is displayed, and the error will 
be highlighted in the source Alloy model as shwon in Figure 2.3

2.3 Requirements Specification
Requirement specification aims at the production of an SRS. The main purpose 
of a requirements document is to convey information, gathered from the customer 
and other sources, to the developer [llj. Specification means different things to 
different people; it is a wiitteii document, formal mathematical model, a collec­
tion of usage scenarios, a prototype or graphical model or combination of these 
29]. To present requirement in a consistent and more understandable manner 

Sommerville et. al. [37] suggest a “standard template” that should be developed 
and used for system specification. However, flexibihty is necessary to develop 
requirement specification, for large system, the best approach is a written doc­
ument and combination of natural language description and graphical models. 
For small system usage scenarios are required. Requirement engineer produce 
the system specification, which is the final work product serve as a foundation 
for software engineering. It describes the function and constraint of a computer 
based system. System specification also describes data and controls the is in-



put to and output from the system. Requirements specification is presented by 
three maimers. A specification can be a written document, graphical model, a 
formal or mathematical model, mental model or a combination of these [10; 31]. 
Requirement specification languages can be categorized into following classes:

2.3.1 Informal languages

Informal language is the language that the stakeholders speak in their routine 
life. Informal langue is natural language such as English. People can disagree 
on what it means. Text and recording, picture and animation fall in this cate­
gory. The requirements expressed in informal language can be understood by all 
stakeholders, including non-technical customers. However, they are very prone 
to inconsistencies, contradictions, incompleteness and misunderstandings [10].

2.3.2 Semi-formal languages

Semi-formal language used some graphical notation along with a natural lan­
guage to express requirements. Entity relationship diagrams (ERD). data flow 
diagrams (DFD) and state transition diagrams (STD) are very commonly used 
within industry for the semi-formal expression of requirements. They are easy to 
understand, and provide a good overview of the system. Such languages represent 
a middle way between complete informality and complete formality, and can be 
used for the transition from informal requirements to a formal specification [10 .

2.3.3 Formal languages

Formal language provide a foundation for specification envirormients leading to 
analysis models that are more complete, consistent, and unambiguous that pro­
duce using conventional or object oriented methods. The descriptive facilities of 
set theory and logic notation enable a software engineer to create a clear state­
ment of facts (requirements). The underlying concept that govern formal method 
are

• The data invariant, a condition true throughout the execution of the system 
that contains a collection data.



• The state, the stored data that a system access and alter

• The operation, an ax̂ tion that takes place in a system and reads or writes 
data to a state. An operation is associated with two conditions that is 
precondition and post condition.

Discrete mathematics, the notation and heuristics associated with sets and con­
structive specification, set operator, logic operators and sequences form the basis 
of formal language [30 .

2.4 Natural Language Requirements and its In­
herited Problems

Natural languages have associated inherited problems that are ambiguity, incon­
sistency and incompleteness. In this section we are exploring these problems with 
different perspective.

2.4.1 Ambiguity

Ambiguity is the state or quality of being ambiguous, specifically in meaning such 
as an ambiguous expression or word. The word, expr^sion or requirement that is 
capable of being understood in two or more possible ways or sens^. Requirements 
ambiguity is classified into following categories. There are three strategies to 
address the ambiguity of natural language; first strategy is leams to write less 
ambiguously, second is learns to detect ambiguity and the third strategy is to use 
a r^tricted natural language, which is inherently unambiguous and more precise,

2.4.2 Inconsistencies

An Inconsistency creates a situation, where some requirement may be contra­
dicted with the other requirements. That is, we can achieve one requirement at 
the cost of other. Clearly it is important that inconsistencies be detected and 
corrected at early stages before the system’s deployment





2.4.3 Incompleteness

The requirement is incomplete, as a developer will not be able to implement the 
desired functionality without additional explanation. Technicallj^ requirements 
are incomplete, not only because additional explanation is needed, but also if 
the developer is exercising umeasonable discretion (i.e. further explanation may 
be needed, but is not obtained). Of course, there needs to be a balance here. 
Until there is a working system, decisions are needed, and the working system 
can be considered to be a final statement of requirements. Therefore, the issue 
is not so much when a developer is exercising discretion, but where the exercise 
of discretion is unreasonable. For example, a database is always a representation 
of a set of business rules. Those rules may not have been stated up front when 
defining requirements, and the database developer may need to make assumptions 
about business rules. These assumptions should be checked, but we have seen so 
many instances when they have not been. ‘Completeness’ is also highly context 
dependent: a model of a system for presentation to the board that will approve 
the choquc with lots of zeros on the end, has a different standard of coiiiplcteiicss 
from the presentation to the development engineers. In automating a set of 
completeness chedcs of a specification, you will always need to know first, what 
is the purpose of the statement of requirements.

2.5 Summary
This chapter presents background information that will help in understanding 
the rest of the thesis. A short description of the alloy specification language and 
alloy analyzer, the tool that is used for automatic analysis has been presented. 
Requirements specification definition and type of language used for writing spec­
ification has been described. The natural language problem that is ambiguity, 
inconsistency and incompleteness has been explored and defined.
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Chapter 3

Literature Review

In this chapter, we review different technique, methods proposed by researchers 
and claims that describe need of writing requirement in Natural language and the 
associated inherited problems and how they have addressed these problems. Re­
quirements communicate needs from stakeholder to developer on a development 
project, Ian Alexander [2], therefore requirements should be written in language 
that is understandable by the stakeholder. Normally, requirements are Avritten 
in Natural language which is accessible and flexible Lori et. al. [36]. Require­
ments written in natural language have potential ambiguity, inconsistencies and 
are incomplete. Different tools, techniques and approaches have been presented 
to address these issues.

3.1 Specification in Natural Language and Am­
biguity

Kamstics et. al. [23] have proposed an inspection technique to detect requirement 
engineering specific ambiguities in iiifonnal requirement document. In order to 
tailor the techniques to the context, of different project they have proposed a Meta 
model.Chantree [6] argue that coordination ambiguities have received a little at­
tention as compared to other syntactic ambiguity. In order to detect coordination



ambiguity they have presented heuristics and used some measure on requirement 
docimients specification. Chantree [7] has presented a technique that provides 
an automatic alert to requirement engineer for the presence of dangerous ambi­
guity which leads to misunderstanding. They have validated there techniques to 
coordination ambiguity in requirement document specification.Kiyavitskaya [25 
has proposed a two step approach to detect ambiguity in requirement document 
written in natural language. In the first step they have identify the potential 
ambiguity in the requirement document by applying ambiguity measuring. In 
the second step other tool used to identify the relevant cause of the statement 
that why it is ambiguous. A.Fantechi [12] has presented the use of method based 
on linguistic approach to detect the inherent ambiguity in functional requirement 
expressed in Textual (NL) use cases. They have collected metrics and Perform a 
qualitative analysis of the requirements. They have also investigated the use of 
linguistics technique for consistency check and semantic analj^is. Kamsties et. 
al. [22] have categories ambiguities and describe the difference between hnguistics 
and Requirement Engineering (RE) Specific ambiguities. Linguistic ambiguities 
are describes in RE text book and RE Specific ambiguities are context depen­
dent. They have presented an approach to identify RE specific ambiguities on 
the base of Meta model. On the base of these identified types of ambiguities 
they have developed an improved inspection technique for natural language re­
quirements and using check list and scenario based reading. Vincenzo et. al. [3 
have build several tools and techniques that support to extract information from 
natural language text of the requirements and build a (semi-formal models in 
automatic fashion. These tools support to check and measure the consistence of 
these models. Alistair et. al. [28] have developed a small set of rules to address 
eight basic requirements problems including, complexity, omission, vagueness, 
ambiguity, duplication, wordiness, inappropriate Implementation and untestabil­
ity. Th^e rule set allow all natural language requirements should be written in 
five simple template. They have evaluated their approach through a case study.
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3.2 Requirements Specification in Natural Lan­
guage and Inconsistencies

Inconsistencies are one of the major problems in requirements specification. In­
consistencies mean a conflicting, contradictory description in requirements speci­
fication of the cxpcctcd behavior of the system to be built or of its domain Ghczzi 
et. al. [16]. Vincenzo et. al. [15] describe two main sources of inconsistencies 
that are conflicting goals between two parties and uncoordinated change in re~ 
quirements specifications. To address the issues of inconsistencies there are two 
schools of thought. The first schools of thought [34; 38] propose tool, techniques 
that inconsistencies should be corrected before farther activities take place and it 
should be treated as an error. The second school of thought[4; 13]proposed that 
inconsistencies should be tolerated and can be corrected at latter stage. Vin­
cenzo et. al. [15] argue that logic is most effectively used in number of studies 
for inconsistencies analysis and identification in requirements but logic is not un­
derstandable for stakeholder. Therefore they have integrated natural language 
parsing techniques with the default reasoning. They have proposed a method to 
discover inconsistencies in requirements automatically. This method used theo­
rem proving and model checking techniques. These techniques were implemented 
in a prototype tool (CARL) with example. Alessandra et. al. [32] have pre­
sented an approach to identify and analyze inconsistencies and manage change. 
The approach is used to restructure requirements specification into parts through 
decomposition, and representing these parts into viewpoints. They have defined 
in viewpoints, and inter viewpoint rules for expressing specific relationship. The 
approach was evaluated through a case study.

3.3 Requirements Specification in Natural Lan­
guage and Incompleteness

K. Wiegers said in his book [39] “Requirements are never finished or complete. 
There is no way to know for certain that you haven’t overlooked some require­
ment, and there will always be some requirements that the analyst won't feel it



is nec^sary to record” . Viktoria [17] have focus on to achieve requirement com­
pleteness. He has presented the importance of requirement incompleteness and 
its criticai influence. In order to minimize the problem some requirements incom­
pleteness symptom has been obtained to improve the project documentation and 
the quality of requirements, Sven et. al. [26] have presented an automated aj> 
proach to improve the textual requirement specification using ontology to provide 
“common sense” for machine. The tool (RESI) marks certain word or sentence 
that is to be discussed with customer as many decisions cannot be made directly. 
This is a new approach and still negotiation is required. K. Wiegers notes [27 
“Many software problems arise from shortcomings in the ways that people gather, 
docimaent, agree on, and modify the product’s requirements. The problem areas 
might include informal information gathering implied functionality, erroneous or 
UBCommunicated assumptions, inadequately defined requirements and a casual 
change process” . Requirements incompleteness has been address by other re­
search. R. S. Carson [5] had suggested, describing system behavior in all possible 
condition rather than a particular situation. To justify any requirements and 
describes alternative action flows bring requirement consideration in respect to 
actor (i.e what actor is responsible for what functions). Another method recom­
mends checking if requirements are for all system elements [33]. From the point 
of view of incompleteness source obtain method such approaches are quite one­
sided. Method suggested in this paper includes above-mentioned approaches but 
considers them as special cases of incompleteness that are not enough. Obtaining 
incompleteness sources allows to research the problem more incompleteness and 
thus to ass^s requirements completeness more correctly.

3.4 Comparison of Alloy Formal Specification 
Language with other Formal Specification 
Languages

Although the most recommended method to address the inherited problem of 
natural language is fonnal specification, yet the most acceptable language used 
for writing requirements in industries is natural language despite of their inherited



problems. In this section we have done comparative study of alloy formal speci­
fication language with other formal specification language. Alloy is a declarative 
specification language for expressing complex structural constraints and behavior 
in a software system. Alloy provides a simple structural modeling tool based 
on first-order logic [24]. Alloy provide automatic analysis of requirement spec­
ification, alloy analyzer provide a model that satisfies logical formula written in 
alloy. Alloy have the ability of incremental analysis, the programmer may explore 
design idea by starting from a tiny model which is then scale up with alloy they 
are able to analysis it at every step [18]. Comparatively alloy have a concep­
tual simplicity and minimalism (mean very little to learn) and have no special 
semantics. Alloy have high level notations, constraint can be build incrementally, 
relations flnxiblc and powerful and animating requirements [19]. Other formal 
requirement specification languages are VDM, OCL and Z-notation [21]. Both 
Alloy and VDM support object orientation and concurrency but VDM do not 
provide fully automatic analysis. OCL is implementation oriented and based on

,'4
first order logic but uses syntax similar to programming language. OCL allows 
mixing declarative and operational elements. Contrary to OCL alloy has more 
conventional s5mtax and simpler semantic and is fully declarative. Z-notations 
have distinct style and notations of schema calculus that gives it the ability to 
support many different idioms. One of the advantages Z-Notations have that it 
has a rich mathematical notations making it more expressive than alloy but it au­
tomated only up to a point. Comparatively alloy to Z-notation, alloy has a pure 
ASCII notations and require no special typesetting tools. Witting out schema 
can be tedious in comparison to typing a signature in alloy. Theorem provers are 
more limited as compare to alloy analyzer.

3.5 Summary
The chapter presenting the relevant literature describes the tool, techniques and 
approaches that had address the inherited problem of natural language. Draw­
backs of the existing approaches has discusses. We have also discussed the most 
recommenced method that address the inherited problems of natural language 
and there comparatives study with alloy formal specification language.
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Chapter 4

Research Method

This chapter describes research method that has used to address the problem. 
The most appropriate method to address the problem investigated in this thesis 
is controlled experiment. Section 4.1 describes the rationality of the controlled 
experiment; section 4.2 and 4.3 present title and authorshipe of the method, 
section 4.4 describe method structure abstract* section 4.5 present keyword and
4.6 describes introduction to method, section 4.7 present detail planing of the 
experiment and section 4.8 present detail execution, section 4.9 describe detail of 
analysis procedure that how to analyse data, section 4.10 present the discussion 
of the data after analyis. section 4.11 present detail of conclusion and future, 
section 4.12 and 4.13 present acknowledgements and references respectively.

r 
4.1 Research Method
Most appropriate method for this research is controlled experiment. Our tech­
niques should be implemented in a real world setting and the other empirical 
method such as survey, mathematical modeling and case study is not suitable 
in this context. To answer the given research question I have proposed a two 
step planning. In the first step I will collect,, review literatiure and propose a 
rigid format. Requirements should be written according to the proposed format.



Guidelines and recommendations should be provided to suggest how to write the 
requirements. In the second step requirement written according to the estab­
lished format should be transformed into alloy specification. Two forms will be 
produced for alloy specification a mathematical form based on standard alloy 
specification and a textual form that uses a reduced set of English words to de­
scribe the systems. We will conduct controlled experiment with Graduate student 
of software engineering department selected randomly to validate our techniques. 
Prior to the execution of experiment, training should be given to the participant 
regarding the novel approach. Requirement specification written in natural lan­
guage document should be used as a treatment material. Data will be collected 
and statistical method will be applied for analysis. Effectiveness of the novel 
approach with respect to detect ambiguity, inconsistencies and incompleteness in 
the requirements specification should be observed.

4.2 Title
Controlled Experiment

4.3 Authorship and Contact
Kiramat Rahman , Email: Shanglapk@gmail.com

4.4 Structured Abstract

4.4.1 Background

Despite of inherited problems of natural language it is the most acceptable method 
in industries for writing requirements specifications. Formal specification is the 
most recommended approach to address these issues but stakeholders do not 
understand requiieineiits written in formal specification.

mailto:Shanglapk@gmail.com


4.4.2 Objectives

We examined our navel approach with regard to detect inherited problem of 
natural Iguiguage and provide support to stakeholder and developer.

4.4.3 Methods

We will conduct a controlled experiment with 18 randomly assign undergraduate 
student. The data will be collected using a questionnaire and analyzing using 
descriptive statistics and ANOVA test for testing Null Hypothesis.

4.4.4 Results

We expect the following result of the proposed approach. Automatic support 
for the analysis of formal requirement specification. An integrated approach that 
Support both stakeholder and Developer Minimize the inherited Problems of Nat­
ural language- An approach that Produce Accessible and Precise specification.

4.4.5 Limitation

Generalization of results is limited due to the fact that undergraduate students 
participated in the study

4.4.6 Conclusion

On the bases of expected result we conclude that our approach will be an effective 
for writing requirement specification either formally or informally. They will 
produce cost effective and quality product by minimizing the inherited problem 
of natiural language and get in the benefits of formal specification as well

4.5 Keywords
Requirement specification document,Experimental study.



4.6 Introduction

4.6.1 Problem Statement

Informal requirement specifications are ambiguous, inconsistent and are incom­
plete. The stakeholder doesn’t know about these problems while he writes require­
ments in natural language. These issues have to be observed by the requirement 
expert and it is important to address these issues. In order to develop system  ̂
according to the expectation, needs and requirements of stakeholder.

4.6.2 Research Objectives

Our main objectives is that without excluding natural or formal language despite 
of their weakness but convert these weakness into strengthen. Furthermore that is 
weakness of natural language that is ambiguity, inconsistency and incompleteness 
is address by formal language and the weakness of formal language that is com­
plexity is achieved by natural language. Using of informal and formal language 
for writing requirement specification we can achieve both preciseness and acces­
sibility. The approach should be cost effective in term of effort and time and lead 
to produce a quality product according to need and expectation of stakeholder

4.6.3 Context

Graduate student, incremental proc^ses, tool for automatic analysis of formal 
specification.

4.6.4 Related Work

Previous work on informal specification and formal specification focus on partic­
ular issues. Either they have to achieve the accessibility of the specification or 
preciseness of the specification, our approach with respect advocate to achieve 
these two objectives and follow both method of informal specification and formal 
specification.



4.7 Experiment Planning

4.7.1 Goals
Informal requirements specification will be used to achieve the objective we will in­
volve 8th term student of software engineering department those are more knowl­
edgeable with respect to requirement specification and are passing through this 
proc^ses by doing their final thesis

4.7.2 Experimental Units

8th term Graduate student of software engineering. Total participant will be 18 
students. We will divide it into three team selected randomly.

4.7.3 Experimental Material

Informal requirement specification

4.7.4 Tasks

The student will use the techniques to generate formal specification from informal 
specification. Observe the techniques how much is that useful with respect to 
ambiguity, inconsistency and incompleteness identification. A questionnaire will 
be given to them to record their observation.

4.7.5 Hypotheses, Parameters, and Variables

Hypothesis:
HI: The techniques arc effcctivc in finding ambiguity, inconsistency and incom­
pleteness in requirement specification.
HO; The techniques are not effective in finding ambiguity, inconsistency and in­
completeness in requirement specification
Independent variable: Novel Approach Dependent Variable: unambiguous speci­
fication, consistent specification, complete specification



4.7.6 Experiment Design

Blocking experimental design has been chosen for this experiment. Blocking is 
the arrajigement of experiment imits in groups (blocks) that are similar to one 
another. We arranging three groups of student and all are similar to one other 
as they are 8th term graduate student.

4.7.7 Procedure

Experiment will be performed in software engineering lab and data will be col­
lected through questionnaire. Tool that is used for automatic analysis of formal 
sperLfication will be installed in the lab. Requirements specification will be used 
as treatment material.

4.7.8 Analysis Procedure

To analyze the data descriptive statistics will be used and ANOVA test will be 
used, because we are comparing different group and determining their mean is 
equal or not.

4.8 Execution

4.8.1 Preparation

Total 18 students will be selected. These 18 students will be dividing into three 
groups; each group will be consisting of six students. Participant will be trained 
with novel approach,

4.8.2 Deviations
One day will be given to participant to perform the task. Any deviation if occurs 
in the collection processes of data will be resolved.



4.9 Analysis

4.9.1 Descriptive Statistics

We will use a descriptive statics including number of observations, measures for 
central tendency, and dispersion. Mean, median, and mode will be used for 
measures of central tendency. Standard deviation, variance, range, as well as 
interval of 'raxiation and frequency will use for measure of dispersion.

4.9.2 Data Set Prep£uration

The preparation of the data set as a consequence of the descriptive statistics 
should be discussed. This includes data transformation, outher identification 
and removal, and handling of Missing values as well as the discussion of drop 
outs.

4.9.3 Hypothesis Testing

For each hypothesis, quantitative results should be presented. If a null hypothesis 
is rejected, it has to be described on which significance level. Rirthennore for 
individual performance, group performance investigation, a separate subsection 
for each analyisis shall be used.

4.10 Discussion

4.10.1 Evaluation of Results and Implications

The results will be interpreted and detail discussion will be performed. Finding 
and observation will be discussed in detaUn.

4.10.2 Threats to Validity

We will ensure internal and external vahdity to our experimental results. How is 
validity of the experimental results assured? How was the data actually validated? 
Threats that might have an impact on the validity of the results as such (threats



to internal validity, e.g., confounding variables, bias), and, furthermore, on the 
extent to which the hj’pothesis captures the objectives and the generahzability of 
the findings (threats to external validity, e.g., participants, materials) have to be 
discussed.

4.10.3 Inferences

Inferences statistics will be used to drawn inferences from the data to more general 
conditions.

4110.4 Lessons Learned

What has been learned during the conduction of experiment has been discusse.

4.11 Conclusions and Future Work

4.11.1 Summary

In this section we will provide a concise Summary of the research and its results 
as presented in the Former sections.

4.11.2 Impact

We will provide the Description of impacts with regard to cost, schedule, and 
quality, circumstances under which the approach presumably will not yield the 
expected benefit

4.11.3 Future Work

We will recommend what other experiments could be run to fijrther investigate 
the results yielded or evolve the Body of Knowledge.In this work our foucus is 
Alloy a spcification language we can done this experiment with other formal 
specification language to check the effectiveness of the idea.



4.11.4 Appendices
I will provide material, raw data, and detailed analyses, which might be helpful 
for others to build upon the reported work should be provided.

4* 12 Acknowledgements
In this section ws will raenstion participants, and (research) contributors who do 
not fulfill the requirements for authorship sho\ild be mentioned.

4.13 References
In this section, all cited literature has to be presented in the standard IEEE 
format.
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Chapter 5 

Proposed Solution

In this chapter we have described proposed solution in detail. The chapter is 
organized as in section 5.1 problem statement are describes, section 5.2 have 
discussed the importance of the problem address, section 5.3 describe the overview 
of the proposed system. In Section 5.4 and subsequent subsection, Techniques 
has been presented.

5.1 Problem Statement
After the literature survey, we conclude that natural language is the common 
way to write requirement specification despite of their inherited problems that 
is ambiguity, inconsistencies and incompleteness. These issues cause unconscious 
misinterpretation of the requirements, which leads to develop a product that 
is not according to the need and expectations of stakeholder. Furthermore the 
most recommended method to address these issues is formal specification but 
the stakeholders do not imderstand the meaning and intention of formal specifi­
cation. Additionally technical people are unable to negotiate requirements with 
stakeholders written in formal sjxicification.



5.2 Problem Significance
Most recommended method for writing requirement is natural language despite of 
their associated inherited problems. It is important to a d d r^  these issues at ini­
tial stage latter on you will pay huge amount to solve it. Worthwhile importances 
of the problem address in this dissertation are:

• Save time and money, comparatively it will take more time and spending 
more money to addr^s it at latter stage.

• Producing a high quality product, improving requirement completeness, 
detecting ambiguity and inconsistency will lead to a product, which is to 
be of high quality.

• Decreasing communication gap between stakeholders and developer by pre­
senting an approach that minimize this gap.

5.3 System Overview
In this task we have planned to propose techniques that addressing inherited 
problems of natural language through alloy specification. Alloy specifications are 
produced from textual user requirements written in English. This transformation 
is proposed to occm* in two steps. In the first step, textual requirements written 
in any form are rearranged according to proposed format. Guidelines and rec­
ommendations have provided to suggest how to write the requirements. In the 
second step transformation rules are defined to transformed user requirements 
into alloy specification. We have provided two modes of description for Alloy 
specifications:

1. A mathematical form based on the standard Alloy specification language

2. A textual form that uses a reduced set of English words to describe the 
systems.

These two forms, that are equivalent, should permit to easily link the Alloy 
specifications to the textual requirements. We can either write the Alloy speci- 
ficatioiis or check if the corresponding sentences are part of the requirements or



Figure 5.1: Overview of the Proposed Approach

alternatively write the sentences and obtain the Alloy specifications. Overview 
of the system has been presented in figure 5.1

5.4 Proposed Approach
We propose a two step approach for addressing the problem. The first step 
explained in Section 5.5 requires to re-arrange natural language requirements 
and guidelines hav been provided how to write requirements. The second step 
explained in Section 5.6 proposes techniques to generate alloy specification. Two 
forms have been provided for this specification. The two forms generated are 
semanticaliy similar one is mathematical based on alloy specification language and 
the other is textual form using reduced set of English word to describe the system. 
These two forms are traceable to each other, we can write alloy specification and 
produce natmal language statement of requirements or vice versa. A technique 
has propc^ed to addr^s inconsistency in requirements. To address incompleteness



and ambiguity we have proposed techniques that addr^s these issues at two levels
that is informal and formal level. At informal level we have defined a dictionary of
weak phrases that helps us to address issues and provide us a quantitative measure
of the requirement to the extent that is ambiguous and incomplete. At level 2
Ambiguity will be detected through the automatic analysis of alloy specification

6'
using alloy analyzer. Alloy specification will provide a single interpretation of 
requirements. Traceability of alloy specification with textural form and textual 
form to alloy specification will help us to improve completeness.

5.5 Requirements Recirrangement Format
Natural language requirement should be re arranged according to this format. We 
have presented a template which provides a base for formal specification. Alloy 
is a model base approach that represents system requirements as system state 
model. We have modularized system requirements into state, relation and opera­
tion. The aim of modularization provides a single structure to represent different 
structure and mean of representing system requirements. State is a collection of 
named components and by extension we can add new component, Declaration and 
definition of invariant and derived component respectively. System is describes 
as a system state model. These requirements are extracted from Requirements 
written in natural language and will be present in the format shown in Figure 5.2

1. To restructure requirements written in natural language and represent sys­
tem function define data invariant, state and operation.

2. Rearrange requirement according to the proposed format.

3. These steps form the basis for the transformation of natural language re­
quirement into alloy specification.

4. the extracted requirements should be arrange according to the following 
format.
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StâDesonplioii:
R̂ tii»: Assomtiim 'l' pro|mlKS

r

Figure 5.2: Requirements Rearrangement Format

5.5.1 Guide lines for writing Requirements

• Apply the above step to extract the information from the requirement writ­
ten in Natureil language.

• Rearrange the requirements according to the proposed format.

• State id: it is a imique id given to the state. Through these ids you can 
trace the requirements.

• State Name: it is meaning full name given to state. State is a collection of 
named components and by extension we can add new component. Declara­
tion and definition of invariant and derived component respectively. System 
is describes as a system state model.

• State Description: this is brief description of the state, should be written.

• Relation: Describe the properties of the state arid the association of it.

• Operation: Describes the methods that d^cribe the system state and sys­
tem transition and also the condition that is hold to be true.



5.6 Generating Alloy Specification
We have defined techniques that will generate alloy specification; techniques will 
provide two similar mood of alloy specification. Mathematical form based on 
standard alloy specification language which is to be analyzed through a tool 
(alloy analyzer) for the detection of ambiguity in the requirements. The other 
forms is base on reduce set of English words. Th^e two forms are semantically 
equivalent and easily link alloy specification to the te5ct.iu:al reqmrements and 
vice versa. This will help in improving completeness of requirement and detect 
inconsistencies in requirements. General Transformation Rule has been defined 
that will transform requirements into alloy specification.

• Formalize requirements state, invariant and operation according to the for­
mat presented in section 5.5

• Define Module that will encapsulate the alloy specification.

• Define Signature for state of system and dcH;laic respective relation and 
multiplicity in the body of signature.

• Specify Association and attribute as a relation in signature

• Define Predicate to represent operation that has effect on state along with 
pre and post condition.

• Instantiate the model and generate r^pective instances with given scope.

• Develop the specification incrementally by checking assertion through alloy 
analyzer and refine the specification.

• Produce two forms for alloy specification.

• Mathematical form (based on alloy)

• Natural language form (used consistent Requirements language)

• These two forms are traceable to each other.
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Figure 5.3: alloy specification structure

5.6.1 Mathematical Forms

A mathematical form of requirement specification Ls base on formal specification 
language alloy. This is a form that represents system specification as a system 
state model. This model is constructed using alloy which is based on mathemati­
cal concept such as sets and function. It is executable and amenable to automatic 
analysis. Alloy analyzer is a standard tool used to find a coimter example of the 
model produce through these techniques. The tool support alloy specification to 
find ambiguity in requirements. Alloy specification general structure has been 
shown in figure 5.3

5.6.2 Textual Form

This is another form of alloy specification used reduce set of English words to 
d ^ r ib ^  system. Th^e two forms, that are equivalent, should permit to easily 
link the Alloy specifications to the textual rcquircineiits. We can either wiitc



the Alloy specifications or check if the corresponding sentences arc of the 
requirements or alternatively write the sentences and obtain the Alloy specifica­
tions. To Write requirement in natural language form we are using a combine 
approach that is using IEEE-830 Standard “Shall Statement” and using reduce 
set of Enghsh word define in the following dictionary. This dictionary provides 
a consistent language for writing requirement in natural language and reduces 
the inherited problem of natural language. Table 5.1 shows the word/phrases 
that we will use in our approach to represent requirement specification. These 
word/phrases command that something must be provided.

Table 5.1: Dictionary of Reduce set of English Words

Word Situation used
ShaU “Shall” is used to write functional capability.
Must or must not To write requirements performance or constraint used 

these words.
Is required to is often used as an imperative in specifications statements 

written in the passive voice
Are applicable When you are including other documentation, standard 

or by reference as an addition to the requirements already 
specified.

Responsible for It is used for requirements that are written for systems 
whose architectures are already defined.

Will Is generally used to cite things that the operational or 
development environments are to provide to the capabil­
ity being specified. For example,” The building’s electrical 
system will power the XYZ system.”

Should Is not firequently used as an imperative in requirement 
specification statements. However, when it is used, the 
specifications statement is always foimd to be very weak. 
For example, “Within reason, data files should have the 
same time span to facilitate ease of use and data com­
parison.”
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5.6.3- TraceabilityJink among Requirement

The two form of alloy sp^ification should be"re^e^nt"parallel to link with each 
other the following table and tl^ unique id "will help us to link the two form of 
requirements. The formate is given in Figure 5.'4  ̂"

5.7 Detecting and Removing Inconsistencies
Alloy specification allows us to check the inconsistencies of system model and 
additionally providing the scenario showing the reason of inconsistencies. We 
check the inconsistency through the appropriate using of,two alloy statement fact 
and assert.

1. Execute alloy specification through tool alloy analyzer. ^
i ** j

2. The tool will generate instances that'repr^ent the possible inconsistency 
in alloy specification.

3. If the model is inconsistent check yoiu: specifications.
,  1 -  ^

4. Apply alloy statement fact to remove the inconsistency

I • -  ̂ f  ̂ i
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node.
Ptofxrty and mtihiplidty

• MnitiplidtytsoaeornFo
• Evay sodemust bdo&| to i<»&e node

Opcxaiai:^ X BjaLfetCX mJa$l£0

Figure 6.1: State Format 1

r

State idf Node 02

State N«se;'iiode

State Descdptioii: evoy Gi& has a node that cofosuts of dau and ii«a  field .with siiiigle 

ffiuU||dicky..

Pn^mty and m dt^ dty:

• W tipSdty is One or zero

• No^"n must not caBhimsdf

• Cyde most not east between Dode

Inse:[t Bode (X DeSete nodeO

**n-

I

tPigure 6.2: State-Format 2
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Afloy Spedficatioa Tool Results Flading
module

cxaxnple&^toriaI''Queue 

sig Queue ( root; Node > 

sis Node ( next lone Node } 

fact nextNotRefl«ive {  no 

n:Nodefn = nJie)(t } 
fact

aJlNodcsBdoagToSomeQueae

{
aH n:Node j so*ae q:Queae j n 

in q^oot

>
F ia  nexiNotCj'dic {no 

n:Node | n tn n.^est } 

pred ^owQ {} 

run show for 2

Wc observe that the 
node bdong to two 

differenx queue. So 

every node wiD 
bdong to exactly 

one queue.

Figure 6.4: Incrment 2



Afloy Sp«cifkataon ToolResott FmcUitg
modixle
exampfes/hitonal̂ Qiieoe 
sig (^ene { root: Node } 
sig Node { next: loae Node ) 
fact nextNoAelkxsre {  so 
n£Sode I n = n.aest } 

fact
ai!NodesBel(HigToSomeQiieBe

{
aft niNode { some qzQiieiie } n 

in q.rootoext 

}
p t ^  showO Q

mu show for 2

|si»W_tF2 
i»xt:2 
foot: 2

Dttri&s qaeae 
impleineBtatiob no 
cy'de exist betrreen 
nodes. Bnt the 
tool shows that 
cyck exist between 
■odes.

ow_q

Figure 6.5: Incrment 3



Alloy Specification Tool RkuIu Finding

module

exampie&tetoiiaLt̂ eue 
sig Queue ( root: Node ) 

sig Node { noa: lone Node ) 
faa nexiNotReflejd-V"e { no 

niNode | n = njiext } 

fact

aUNodesBdongToSomeQuo^

{
all n:Node { some q:Queue j n 

hi qxoot.nc3ct

>
Fact nextNotCydic {no 

nJ^ode j n in n-'nett } 

pred diowO { }  
run show for 2

We observe that the 

node bdong to two 

different queue. So 

every node w3I 

belong to exactly 

one queue.

Figure 6.6: Incrment 4



Alloy specification To<rf Result Finding

Moduleexainî eŝ bitfmaLQaeiie 
sig Queue f root: Node ) 

sig Node {  next; lone Node } 

fact nextNotRefiexive { wo 

niNode j n = n next } 
fact

allNodesiBdongToSomeQaeae

{
aB n:Node | sca»e qrQueue | n in 

qjootjie?ct}

fact nextNotCydic {  Bon:Node 
j n in ii.'Vect }

fact

allNodesBetongToOncQueae { 

all nrNode [ one qiQuaie { n in 

qj»ot.*next 

}
pred showO{}
Tun show for 2 ___

No more instances are foimd We c^ssve that we have not 

found no mare specification 

is tmambiguous. consistait 

and comid(|:e

Figure 6.7: Incrment 5



will gain confidcncc to discuss requirement with the owner of requirements for 
clarification and resolving any issue of tncompletes, ambiguity and inconsistency.

• Queue shall be implemented as links list

• Link list shall require to have a queue 

-• Link list should have a node

• Node must not call himself

• Every link node must belong to some Queue.

• Cycle must not exist between nodes.

• Queue must exactly connected to one node

6.1.6 Traceability between two forms

Finding and observation with examplel in the previous example we have im­
plemented oiu: proposed approach; our approach is effective in term of finding 
ambiguity, inconsistencies and incompleteness in requirement written in natural 
language. Our approach have provide a confidence in using natural languiage and 
formal language at same time and increase understandability between stakeholder 
and technical people, traceability between two fonn are shwoii in figure 6.8

6.2 Evaluation of Proposed Approach (Experi­
ment)

We have evaluated our approach with 18 student of software engineering. The 
subjects were dividing into three groups selected randomly. Each team was given 
an informal requirement specification and asked to find out ambiguity, inconsis­
tency and incompleteness using the new proposed techniques. The student had 
no prior knowledge of the number or nature of issues existing in the specifica­
tion but they were simple told that “suspicion that the program is not perfect” . 
Material and training were given to participant in advance. The pinrpose of this 
experiment is to evaluate the effectiveness of the proposed teclmiques.



State id 11 Mathema tical form Text^ialfomi

QueueOl, Node_02 module exasqife/Aesis/qtteae^c&t • Queue shall be

Qorae mq^csnoited as links
{root: lane Node} list

sig Node • Link list shall require
{next: lone Node} to have a queue
fact nextttorelkxive ( so • T.mtc list should have a
a:nod|n=iuiext} node
fact b^ngtosoiaeqa»e{ zS • Node musinot call
a:aodetsome q .q n e «^  In himsdf
q.root*Bext} • Everv link node must
Fact oextDotncle to some queue.
{No n:node|B m iL^Bext} • Cyde must not edst
Fact allDoddb^Bgtooneqiteye { between nodes.
afi n:«ode(oiie q:qaeiie|B in

qjoet.*^n^} • Queue must cMctly
pred show 0  0 connected to one node
ran show for 2

Figure 6.8: Traceability between two forms



6.2.1 The Subjects
The 18 subjects were students in a course on requirement engineering and formal 
specification at international Islamic university. The student have including MS 
(Software Engineering) research Student and under graduate 8th term student 
who are working on his final degree thesis. Students have an average experience 
in writing requirement for their final thesis and have done so many assignments 
given to them in the last four years or some student who are working in software 
houses. Students were motivated through training given to them.

6.2.2 The Experimental Design

In design of experiment without biasness is a crucial part, we had performed 
some pretest on subject to avoid biasness. Pretest was performed through a 
questionnaire. We have asked from all participants though following question­
naire. Writing requirements specification experience was plot on scale of 1-5. ( 
1= no experience, 2— writing specification infrequently, 3= writing specification 
frequently A= primary job is to write requirement). The subject were also tested 
by giving them a simple informal specification and asked to find out ambiguity, 
inconsistency and incompleteness in requirements using the proposed approach.

6.2.3 Informal Requirements Specification

Informal requirement specification had written in natural language (English). 
Several inherited issues of natural language m r̂e seeded into informal specifica­
tion, Each team was given this specification. The subjects were not told how 
many inherited issues exist in specification or the specification had problems. 
They were asked to find out inherited problem of natural language in require­
ment specification and keep track of them how many problem you have found. 
The informal specification that was used is as follow. “This is the minimum re­
quirements for queue implementation. Link list is an effective implementation of 
abstract data structure. Queue is one of abstract data structure which is easy 
to implement through a link list. Link list have a root node and successor node. 
The queue implemented linked list with nodes and with a pointer to both the



?rst and last nodes of the list. Queue be able to insert node at the tail and 
head. In link Ust each node will be link with next node as appropriate. No link 
will be able to call himself, In normal scenario every node will belong to their 
parent queue. The total seeded issu^ in the treatment specification are nineteen 
which has been shown in the Tables 6.2 , 6.3 and 6.4 respectively. Requirments

Table 6.2: Known Ambiguity _________
Queue is one of abstract data structure which is easy to implement 
through a link list
In link list each node will be link with next node as appropriate
No link will be able to call himself
In normal scenario every node will belong to their parent queue
Minimum requirements for queue implementation
hnked hst have a nodes and a pointer to both the first and last nodes.
The queue implemented linked list with nodes
Queue be able to insert node at the tail and head.

_____________ Table 6.3: Know Incomplete Requirements
Add operation not explicitly define in informal requirements
Delete operation not explicitly define in informal requirements
in case of empty queue there is no error handling is stated
minimum requirements for queue implementation
The specification has not stated some non-functional behavior.
No precise specification for object change from state to state.

pr^ented in table 6.4 is contradact with other requirments and constraints. 

Table 6.4: KnowTi Inconsistent Requirements
Operation type or not defined
Changing requirements
Every link node must belong to some queue
Node must exactly connected to one queue
Node must not call himself



6.2.4 Data Collection
Questionnaire has been distributed at the end of experiment asking each group 
to d^cribes the ambiguiti^, inconsistency and incompleten^ they have found 
in informal requirement using the proposed approach and the time spend, ease of 
learning, and effectiveness of tool in finding inlierited problem, uiiderstandability 
of the requirement, communication gap decreases or not

6.2.5 Data Analysis

The purpose of the Data analysis is to summarize the data collected and the treat­
ment of the data. Data has been analyTied according to the design of experiment. 
In have structure the analysis of data in to following section.

6.2.5.1 Descriptive statistics and Data Set Preparation

The purpose of this subsection is to present collected data statically by applying 
descriptive statics. We have implemented the appropriate statistics including, 
measure for central tendency, dispersion and number of observation. The conse­
quence of d^criptive statistics has been discussed and presented graphically. Par­
ticipants Response to the Rating Scale Question in this section we are presenting 
the response of the participaint after the execution of the controlled experiment. 
Data was collected through questionnnaire.Statistical method was used to find 
more meaning and take and informed decision.

1. How would you rate the proposed approach? What participant thought of 
about the reliabihty and validity of the techniques? Users were given a five 
point rating scale (from superb to good and fair) Here are the responses 
from 18 users:
5, 5, 5, 5, 4, 5, 3, 4, 5, 5, 5, 5, 4, 5, 1, 2, 3, 4
Because the question was just written for the survey, there’s no historical or 
comparative data. To find more meaning in this jmiible of nmnbers mean 
and standard deviation were calculated as there were 18 responses and the 
mean was a 4.167 and the standard deviation a 1.21. Percent response of 
the 18 participant has been show in the Figure 6.9.



Participaint response
Fair,l, 5%

Good. 1.656

very Good. 2, 
11%

■  Fair

■  Good

■  very Good

■  Excellent

■  Superb

Figure 6.9; Response to Q 1

2. How would you rate the problem address aie cost effective? Here are the 
responses from 18 users:
5, 5, 5, 4, 5, 3, 4, 5, 5, 5, 5, 5, 5, 4, 3, 2, 2, 3
Because the question was just written for the survey, there’s no historical or 
comparative data. To find more meaning in this jrnnble of nmnbers mean 
and standard deviation were calculated as there were 18 responses and the 
mean was a 4.167 and the standard deviation a 1.20049 Percent response 
of the 18 participant has been show in the Figure 6.10.

3. Propose approach has improved Requirement completeness? Here are the 
r^ponses from 18 users:
5, 5, 5, 4, 5, 3, 4, 5, 5, 5, 5, 5, 5, 4, 3, 2, 2, 3
Because the question was just written for the survey, there’s no historical or 
comparative data. To find more meaning in this jumble of nmnbers mean 
and standard deviation were calculated as there were 18 responses and the 
mean was a 4.11 and the standard deviation a 1.182663 Percent response 
of the 18 participant has been show in the Figure 6.11
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Figure 6.10: Response to Q 2
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Figure 6.11: Response to Q 3
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Figure 6.12: Response to Q 4

4. How would you rate the performance of the proposed approach?

Here are the responses from 18 users:
5, 4, 5, 5, 4, 4, 5, 4, 2, 5, 4, 1, 5, 4, 3, 5, 4, 3
Because the question was just written for the survey, there’s no historical or 
comparative data. To find more meaning in this jumble of numbers mean and 
standard deviation were calculated as there were 18 responses and the mean was 
a 4.38 and the standard deviation a 0.697802 Percent response of the 18 partici­
pant has been show in the Figure 6.12
Data point extracted from the raw data of the controlled experiment that is the 
finding of ambiguity inconsistency and incompleteness by participants using the 
proposed approadi in informal requirement specification. We have process the 
raw data and prepare the data point for testing our hypothesis. Table 6.5 shows 
data point. On the basis of these sample data point we have calculated individual 
mean, grand mean which is show in Table 6.6 On the basis of mean and grand 
mean We calculated the dispersion of data.
Sum of Square Total (SST) =  SSB+ SSW



Table 6.5: Sample Point
Team A Teeun B Team C
5 5 3
6 3 2
7 4 1

Table 6.6: Central Tendency

Team A Team B Team C
Individual Mean 6 4 2
Grand Mean 4

1. Sum of Square between (SSB) groups Calculation: =  

(6 -4 )"+ (6 -4 )2+ (6 -4 )2+ (4 -4 )2+ (4 -4 )"+ (4 -4 )"+ (2 -4 )'^ + (2 -4 )2+ (2 -4 )2  

=  24

2. Sum of Square within (SSW) Group Calculation: =  

(5 -6 )^ + (6 -6 )2 + (7 -6 )2 + (5 -4 )2 + (3 -4 )2 + (4 -4 )2 + (3 -2 )V (2 -2 )V (1 -2 )2  

=  6

3. Sum of Square Total Calculation: 24 +  6 =  30

4. SSB Degree of Freedom: n - l  =  3 -  l =  2

5. SSW Degree of Freedom: m(n - 1) =  3(3 - ) =  6

6. SST Degree of Freedom: m . n - l  =  9 - 1  =  8

6.2.5.2 Hypothesis testing

In this section we have evaluated the data and analysis of the proposed approach. 
Inferential statistics has been reported with value of the test, degree of certainty,



Table 6.7: ANOVA Table

Source of 
Variation

Sum of 
Squares

Degree of 
Freedom

Mean
Squares

F-
Statistics

F-table

Between
Group

24 12 5.14

Within Group 6 6

Figure 6.13: Right Skew Distribution

degree of freedom and F-statics values. The null hypoth^is has rejected with 
a significance level. Further individual perfomiance and tram performance has 
been discussed.
HO: The techniques axe not effective in finding ambiguity, inconsLstency and in­
completeness in requirement 
specification
Hi: The techniques are effective in finding ambiguity, inconsistency and incom­
pleteness in requirement specification.
Let assume that null h3T)othesis is true it means that =  ii2 =  /x3

If one of them is different than alternative hypothesis is true. The rejection of 
Null hypothesis does not mean that the acceptance of alternative hypothesis so 
we have to determine the degree of certainty require for ANOVA test. In current 
scenario we require 95% certainty so we have to calculate alpha =  1 - 95% ~  0.05. 
In Table 6.7 and Figure 6.13 detail of ANOVA test are given.

F-statistics value is greater than F-table Value so we reject the Null Hypoth­
esis accept the alternative hypothesis which is that the proposed technique is



cffcctivc in finding ambiguity, inconsistency, incompleteness in informal require­
ment specification.

6.2.6 Discussion

One of the basic results of the experiment was that the proposed approach is 
highly effective in finding ambiguity, mconsistency and incompleteness in require- 
ments. The total nineteen seeded inherited problem in informal specification has 
presented to use the techniques to find out these problem. The experimental re­
sult shows remarkable results that average twelve inherited problem has detected 
by the three teams. Performance of individual and team has measured using de­
scriptive statistics. Statistically with 959̂  significance level and alpha value 0.05. 
We have rejected the null hypothesis and accept the alternative hypothesis. Data 
collected from the participant shows that the presented approadi is efficient and 
effective in finding inherited problems of natural language. The issue address is 
cast effective bccaiiKc the effort-a spend in detecting the inherited problems using 
the technique are low. The approach has a negative impact that is still needed 
to learn formal specification language so the training is required while using this 
approach. The approach is novel so it will take time to get mature. The pos­
sible criticism of the experiment is the small size of informal specification used 
in the experiment, yet we beheve that it should be appHcable for large informal 
specification

6.3 Summary
This is the most important chapter of the thesis, presenting detail implementa­
tion of the proposed approach with example. Controlled experiment has been 
executed in the lab environment and data collected from the participant through 
questionnaire. The raw data has been processes and descriptive statistic has been 
implemented and have find out mean and dispersion of data. ANOVA test were 
appUed to test the hypothesis with a 95% significance level, degree of freedom 
and alpha of 0.05. and finally the result has been discusses and interpreted in 
discussion section.
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Chapter 7

Conclusions and Future Work

In this chapter we briefly review the thesis, concluding our finding and observa­
tion. Section 7.1 describes conclusion and section 7.2 present future works.

7.1 Conclusions
In software world requirements is the key of success. Software develops for the 
people by the professionals. In software industries the most common and ac­
ceptable language of writing requirements specification is natural language. The 
reason is that the stakeholders understand the language which they speak and 
write requirements in that. Requirements written in natural language have inher­
ited problem of ambiguity, incompleteness and inconsistency. Furthermore the 
most recommended method to address these issues is formal method or writing 
formal specification. Formal method is based on mathematical concept and logic 
which is not understandable for non technical people.

Literature was investigated to address these issues but no integrated approach 
was foimd to address these issues. In this dissertation, we have proposed an 
integrated approach that addresses these issues. This approach is base on the 
idea to write requirements specification in way to achieve both accessibihty and 
preciseness and also address the inherited problem of natural language. To achieve



this wc have used alloy specification language and rcducc set of English word and 
has proposed techniques to address the issues of requirements written in alloy.

A two step approach has been offered; in first step a format has been proposed. 
Informal requirements specification should be rearrange according to this format. 
Guide lines are provided how to write requirements. This is an intermediate 
step for transformation of informal requirement into formal requirement. One 
of our finding is that proposed format will produced a modular requirements 
specification which makes change easy in requirements and its propagation and 
impact on other requirements.

A transfonnation rule has been defined to generate alloy specification. Two 
form of allo>' specification has been produced; One is matlioinatical fonn whidi 
is base on alloy specification language and the other is tcxt\ial form using a 
reduce set of English word. These two forms are equivalent semantically and are 
traceable to each other. We have proposed a traceability link to make traceable 
the^ two forms.

Technique has been proposed to address inconsistency in the requirement 
using alloy specification. We are using two statements of alloy that are fact and 
assertion to detect inconsistency in requirements.

The techniques proposed for detecting ambiguity and incompleteness address 
it at two levels, Informal level and formal level. Additionally, the reason of 
addressing ambiguity and requirements incompleteness, at informal level is, if 
the requirement is ambiguous and incomplete from stakeholder then it is difficult 
to address it through formal specification. We have observed that the projiORed 
technique is cost effective in finding these two issues.

The Proposed approach has been explained with example. We implement 
it through real case scenario. Controlled experiment was conducted to evaluate 
the propose approach. Informal requirement specification with known seeded 
ambiguity, incompleteness and inconsistency were used as a treatment material. 
The participants were trained and Pre-test was performed to reduce biasness and 
insured internal validity, after the execution of experiment data was collected 
throu^ data collection questionnaire. We have processes raw data and come 
to the conclusion that the proposed technique is effective in finding inherited 
problems of natiural language. Null hypothesis were rejected with 95% significance



level and it has been proved statistically.
The problem address in this thesis has been resolved through our proposed 

approach and proved it experimentally. Our observation and finding of the pro­
posed approach is that this approach support both stakeholder and technical peo­
ple and help in understanding the requirements unambiguously. The approach 
support to improve requirements completeness and resolve inconsistency found 
in requirements.

The approach has high impact on producing a quality specification which 
leads to the development of softweire according to need and expectation of stake­
holder. Comprehensive, complete and inconsistent requirements have an impact 
on quality of the ultimate product. The cost of addressing these issues at early 
stage is low as compared to latter st,ago and the proposed approach Is effective 
in finding these issues at early stages. The time and effort require to use the 
technique is low. We can acchieve grate success with less effort and time by using 
this technique.

7.2 Limitation & Future Work
There is always a scope for improving. Future work is to solve the limitation of 
the existing approaches.

• Automatic 'IVansformation

Wc have defined transformation nile which transform textual requirement 
into formal aUoy specification. This work is done manually it is possible to 
automate it. This will decrease effort and save time.

• Implementation with other formal language

A single language is not fit for all types of specification so the techniques 
proposed here may implement with other formal specification language.

• Implementation in Industrial case study

Validation of the proposed approach may be validated though implementing 
it with an industrial case study.



• Complete automation

The approach is semi automated it is possible to develop an integrated tool 
to fully automate the approach.



Appdx A

Pre Test Fonti writing requireiiieuts specification experience kelp us by complet­
ing this short qu^tionnaire. Indicate your level of experience in writing require­
ments specification. Please answer earJi que*stion honestly and to the best of your 
ability. We will use your feedback to determine how we can rate our experiment 
and it has an impact on our research. Please Plot your experience on scale of 1-5.

1. no experience

2. writing specification infrequently

3. writing specification frequently

4. primary job is to write requirement

5. expert of writing requirement specification



Appdx B

Data Collection Questionnaire Please help us by completing this short question­
naire. Please answer each qu^tion honestly and to the best of your ability. We 
will use your feedback to determine how we can rate our proposed approach.

• How would you rate the proposed approach?

1. Fair

2. good

3. Excellent

4. Superb

Note: Rating on the basis of reliability and validity of the techniques

• How would you rate the problem address are cost effective

1. Extremely

2. important

3. Very Important

4. Somewhat Important

5. not very important Not at all important

Note: cost effective in term of eflPort and time

• Propose approach has improved Requirement completeness?

1. Strongly Agree

2. Agree



3. Neither Agree

4. Disagree

5. Strongly Disagree

• How would you rate the performance of the proposed approach?

1. Very Good

2. Good

3. Fair

4. Poor

5. Very poor

Note: based on the achievements of target by the techniques These question 
to be filled by Teams

• What are the numbers of inconsistent requirements you have detected?

• What are the numbers of ambiguity you have detected in requirements?

• What are number of incomplete requirements you have detected?
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