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Abstract

Formal specification of systems has been an active area of research for quiet
some time. In software engineering, the formal specification of the requirement phase
is of utmost importance to achieve rigorous development and maintenance of software
systems. Despite extensive development over many years and significant
demonstrated benefits, formal methods remain poorly accepted by industrial
practitioners and natural language remains the first and practical choice of software
engineers for specifying the system. The main reason behind the use of natural
language for specification writing is the ease of use and power of expression, whereas
formal methods are difficult to learn and master. This lack in ease of use is a
hindrance to the use of formal methods to their full potential. But the use of formal
methods is of utmost importance in safety critical systems. The formal specifications
lead to development of high quality software systems. There is a large gap between
the actual capability of the formal methods and the purposes for what they are

presently being used

This thesis presents an approach for conversion of software specifications
written in natural language to a formal notation using Z. This will help in exploiting
the strength of formal methods, such as their use in software reuse, verification and
validation, while keeping intact the ease of use of natural language in specifications.
The thesis gives an overview of natural language specifications and formal methods,
discussing their respective benefits and drawbacks. Then a system for conversion of

natural language specifications to Z is proposed.

iii



Contents

COTHIICALE ...ttt ettt et e ettt e e st e e e e bbeee e st i
ACKNOWIEAZEMENLS .....eeiieeiiiiie ettt et e et e ettt e e et ee e e eee e e e sneeee e e e il
ADSITACE ...ttt ettt e ettt ettt et e et e e e bt e e et e e enae iii
COMEETILS ettt ettt ettt ettt ettt ettt e ettt e e e bttt e ettt e et bt e e e sttt e e sbbteeeeaabaeeeeanae v
LISt OF FIGUIES .ottt et e e e vi
Chapter 1 INtrodUCHION ........uviiiiiiieiiiieie ettt ee e e e et tee e e e s e aeeeeesessnanreaeeeeessans 1
1.1 Motivation and ObDJECHIVE ........cceeiuuiiriiiiieieeiiee ettt ee e 2
1.2 Organization Of ThesiS ......cceerveiiiiiiireiniiiiieee e e 4
Chapter 2 Background Information..............ccccoiiiiiiiiiiiiiieee e 6
2.1 Requirement ENgINEETring ........ccoovvueeiiniiieiiniiiiiiniiieee et 6
2.2 Natural Language SpecifiCations ...........ceeeeiuieeeeriiiiieeeiiiee e e 12
2.3 Formal Methods........ccocuviiiiiiiiiiiiiciiiceteee e 15
2.4  Natural Language Processing (NLP) .........cccccciiiiiiiiniiieiee e 24
Chapter 3 Literature REVIEW ........ccuiiiiiiiiiiiiiiiee ettt 28
3.1 Natural Language Representation of Formal Specification Models........... 28
3.2 Converting Natural Language Specification to Formal Notation............... 30
Chapter 4 Proposed System and Implementation .............cccoeecveeeinniiieinniieeennieeeenns 37
4.1 Problem Statement ..........ccooueiiiriiiiiiiniiiec e 37
4.2 Why is it worthwhile to address the problem...........ccecueeeeiniieiinnieneanee. 38
4.3 Overview of the SYStem ......ccoiviiiiiiiiiiiiiiie e 38
4.4  Working of the SYSteM......ccccuuiiiiiiiiiieii e 39
4.5 125 €2011] o) SN ] 1<) 1 1 O S UPUTUUOUPPPPRRN 40
4.6  Features Of SYSIeIM .....ccueiiiiiiiiieeiiie ettt 41

v



Chapter 5 Conclusions and Future Work...........coooooiiiiiiiiiiiieeeeeeeee e 45

5.1 CONCIUSIONS ....uiiiiiiiiiiiiii i 45
5.2 Future WOork....ooooooiiiiiiiiec e 46
REEICIICES ... e 47
APPEIAICES ...ttt ettt et e st e e s aabeee e e 54
Appendix A: Glossary of Z NOtation.......cueeieriiieieiiiiieiiiieeeeieee e 54
ApPpendix B: POS Tags ......eeeiiiiiiiiiiieiiiet ettt e 59
Papers / PUbliCatiONS........coooiiiiiiiiii et 63



List of Figures

Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:
Figure 3.5:
Figure 3.6:
Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 4.4:
Figure 4.5:

Figure 4.6:

Software Development COSES ..........ueieiiuiiereiiiee et 20
Generic Structure of Schema inZ .........oocccevviiiiiiiiiiiiiiiiicceee, 23
The NLP ProCeSS ..ccouuviiiiiiiiiiiiiieie ettt 25
Architecture of REVIEW SyStem .........ccooviiiiiiiniiiieniiiiiiiiicceeiece e 28
Translating OCL to Natural Language .........cccoceeeeriiiieiiniieiinnieee e, 29
The Borg TOOl OVEIVIEW .....cccocuiiiiiiiiieeeeiiiee ettt 31
Schematic View of SPECIFIER System .........cccccocueeiiniiieiiniieeenniieeenne 33
System Structure [62] .....ooeeeieieeieiiiie et 35
The conversion Process [8] . ...eccvueireruiireeeiiiee ettt 36
The architecture of the FREND SyStem .........cccccceeeieiiieriniiieeeeicee e 39
Working of FREND......ccooiiiiiiiiiii e 39
Example - Formal Specifications in Z..........cccovcveieiniiiiiiniieiinieec e 41
Partial View of AddRule Screen ............ccooveeviiiiniiiniiiiniieiiccieceen 43
Editing/Adding a Schema ............cooiiiiiiiiiiiiii e 43
No schema found SCIeen..........ccueiviiiiiiiiiiiiiiii e 44

vi



Chapter 1

Introduction

For the development of software, the starting point is usually a set of
requirements, known as system specifications. These specifications are written in a
document known as System Requirement Specifications (SRS) [1, 2, 3]. The SRS
often form the basis of the contract between the customer and the system supplier [1,
4, 5, 6]. Consequently, they need to be precise so that they can be taken as a basis of a
specification of what the system is supposed to do. They also need to be clear enough
for customers to confirm that a system built from the SRS satisfies their needs. Thus
the system specifications need to be clear and precise. These features of the
specification document depend on the particular requirement specification technique
used to create the SRS. For example, SRSs expressed solely in natural language may
be comprehensible by the customer, but an SRS expressed in this way will be
ambiguous, possibly inconsistent. SRSs expressed in terms of formal techniques may
be clear to the system designers, but will be difficult to comprehend by non-computer

specialists [1].

The software specifications are generally described using a natural language
like English [3, 7]. In software engineering, the formal specification of the
requirement phase is of utmost importance to achieve rigorous development and
maintenance of software systems [8]. A number of formal specification methods are
available. Even today, the formal methods of software specification are not very
popular among the software professionals and still the natural language remains as the
first and practical choice of the experts to specify the system [9, 10, 11, 12, 13]. The
main reason behind this may be the hardship to master the formal specification

languages and their inappropriateness in communicating the requirements [9, 14, 15]

The software specifications are generally written in natural language and then
converted manually to formal methods [16]. The manual process becomes
complicated and thus is prone to errors, especially when the system to be specified is

large in size. The automated conversion or the computer aided conversion of natural



language specifications to formal language can reduce the complexity of the manual

translation process even for specifying the complex and large systems.

Although the system specifications can directly be written in a formal language,
natural language description of the system is indispensable. Even at the later stages of
software life cycle, design and implementation, the natural language description is
used, for example comments in writing programs [17]. However, there always is a
question on the adequacy of informal content added to a formal specification [18].
Nevertheless, the two approaches for system specification i.e. formal and informal are

complementary rather than competing [19].

In this thesis, an approach to automate the task of conversion of system
specifications written in natural language to a formal language notation is presented.
The natural language used is English, whereas Z acts as a surrogate for the formal

method of software specification.
1.1 Motivation and Objective

The main objective of the thesis is to identify and show the usage of natural
language processing in software engineering. As most of the natural language usage is
in the initial phases of software lifecycle, i.e. analysis and requirements phase, these
phases were particularly investigated for the possible use of NLP techniques. On
investigating, I found that the inherent problems in natural language description of a
system can cause errors to creep in. The formal methods seemed to be promising in
reducing the chances of errors, and hence producing the high quality software
systems. Despite extensive development over many years and significant
demonstrated benefits, formal methods remain poorly accepted by industrial
practitioners [20]. Keeping all these things in mind, the review of the following

domains was done to meet the objective, and phrase the problem for the thesis
e Natural Language Processing
¢ Requirements Engineering
e Natural Language Specifications
¢ Formal Methods

Natural language processing is about making computers able to understand and

interpret the text written by human beings. This aims at making interacting with



computers using natural language as easy and natural as communicating with other

human beings.

Requirement engineering is concerned with identification, collection and
representation of the user’s requirements of the system. The representation of the
software requirements can be in a natural language description or using formal

methods.

Formal Methods have a great potential as a powerful means for specification of
software. They have been successfully applied in several industrial applications, and
in certain domains, they are even becoming integral components of standards [21].
Formal methods are still not used to the full of their capability due to the lack of ease

of use of formal methods [22].

More than half of the errors that appear during the entire system’s development
lifecycle, originate at the requirements phase. The cost and effort required to correct
an error detected at later stages is manifold than those found and fixed at the
requirements stage [23, 4, 24, 6, 25, 26, 20, 27]. It is useful to capture the
specifications in a formal notation rather than the informal specifications written in
natural language. The advantage of formal specification is that it can be checked for
consistency, and completeness to some extent, by using the tools available [4]. The
informal specifications on the other hand are easily understood by the user. There has
to be synchronisation between the two specification methods so that the changes made
in one are automatically reflected in the other [14], because no single language, either

formal or informal, fits all the needs [18].

In this thesis, an attempt to bridge this existing gap in formal and informal
specification methods is done. This thesis aims to provide a framework for the
effective use of formal methods in the early phase of requirements engineering. The
motivation of the thesis is to make a link between the informal specifications used as
a practice in software engineering and the formal specifications that are required to
exploit the formal methods. In the thesis, the obstacles in the use of formal methods
are identified and some of them are tried to be removed, thus encouraging use of
formal specification methods to make use of their known advantages. Another

motivating factor for the thesis is the amount of reduction of rework required when



the formal methods are used early in the development lifecycle, right from the

requirements phase [24].
The objectives of the research include

® To show the feasibility of converting natural language specification of a

system to the formal notation

e Facilitating the conversion of natural language specifications to formal

specifications, thus bridging the gap

¢ Enabling the people who are not well versed with formal methods, to use
formal methods to some extent and hence benefit from them, by
providing a conversion framework from natural language to formal

specifications

e Development of a tool using NLP, to automate conversion of natural

language specifications to formal ones

e Facilitating the use of natural language documents for requirements
engineering purposes and communicating with non-technical users, and
the use of formal methods for modelling, implementation and

verification of the system.

The thesis however, neither claims to nor aims at removing the human cognition
aspect from the requirement engineering activities, including the conversion from

natural language description to formal notation.
1.2  Organization of Thesis

The rest of the thesis is divided into 4 chapters. Chapter 2 gives an introduction
to the various domains described in section 1.2. The information presented in chapter
2 acts as a prerequisite for understanding of rest of the thesis. The chapter is divided
into 4 sections, each addressing a particular domain. Section 2.1 is concerned with
requirement engineering. It shows how critical the phase is in software system
development lifecycle and how and to what extent it can affect the success of a
software system. Then various requirement engineering processes and methods are

described.



In section 2.2, the introduction to requirements specified in natural language or
descriptive notation is given. The section also takes a look at the pros and cons of

using natural language as an informal method of requirement specification.

Formal methods for system specification are introduced in section 2.3. The
section describes how formal methods seem to be promising in better software
development. The respective benefits and problems in their implementation in real
systems are discussed. The section also gives an overview of some of the existing

formal methods, with Z formal method covered in relatively detailed manner.

Section 2.4 is a review of NLP techniques and describes how it is used in the

presented thesis.

In chapter 3, the research work in this and related domains is discussed. It
introduces various techniques being used for making link and bridging the gap

between formal and informal software specifications.

Chapter 4 discusses the problem in detail and the solution suggested thereof. It
details the actual implementation of the system, giving technical information about
the system and also acting as a guide to the user of the program. The use of system is

also elaborated in the chapter by taking a small example of a simple library system.

Chapter 5 reviews and concludes the thesis work. Directions and guidelines for

the future work are also discussed in this chapter.

There are two appendices at the end of this thesis. Appendix A describes the
mathematical notation used for Z specifications and appendix B summarises the tags
and their corresponding parts of speech as used in the thesis and the system

developed.



Chapter 2

Background Information

This chapter gives an introduction to various domains that have been
investigated for the completion of this thesis. Section 2.1 is concerned with
requirement engineering. It shows how critical the phase is in software system
development lifecycle and how and to what extent it can affect the success of a
software system. Then various requirement engineering processes and methods are

described.

In section 2.2, the introduction to requirements specified in natural language or
descriptive notation is given. The section also takes a look at the pros and cons of

using natural language as an informal method of requirement specification.

Formal methods for system specification are introduced in section 2.3. The
section describes how formal methods seem to be promising in better software
development. The respective benefits and problems in their implementation in real
systems are discussed. The section also gives an overview of some of the existing
formal methods, with Z formal method covered in relatively detailed manner.Section

2.4 is areview of NLP techniques and describes how it is used in the presented thesis.
2.1 Requirement Engineering

“Good begun is half done”

Requirements describe the desired functionality of a system. In general, there
are two types of requirements: functional and non-functional. Functional requirements
describe the behavioural aspects of a system; non-functional requirements describe
the non-behavioural aspects of a system. Requirement Engineering is the initial and a
critical phase of system development life cycle [28, 29, 30]. It has become a key issue
as requirement engineering is responsible for maintaining the requirements of a
system over time [30]. The requirement engineering process influences the overall
success of the project [28, 31]. The requirements phase is an important phase of a

project. Even a few inaccuracies or misunderstandings in requirements can increase



the overall development and test effort. Requirement errors found late in the

development cycle can create weeks of re-work by developers and testers [36].

Requirements specification should precede system design. Specifications may
be influenced by major design decisions but for the main part they should be
independent of implementation details. Detailed data flow diagrams and pseudo code
should not be part of a requirements definition or a requirements specification

document [36].

As customer satisfaction is becoming the predominant measurement of a
system’s quality, correctly understanding, documenting and validating the needs of
the stakeholders involved in the development becomes more and more crucial. The
correctness of product requirements is the key point determining the success or failure
of project development [37]. Some researchers and developers believe that the
requirements should only state what a system should do rather than how it should do

it [30, 38].
A program specification is a statement which describes
® what purpose the program serves and
® how the program can be correctly used [32]

A software system often has defects, and defects do cost. The cost can be in
terms of money, human life or integrity of critical infrastructures. The requirement
engineering phase is the most common point of introduction of defects [33].
Considering that requirements errors are the most numerous, as well as the most
costly and time-consuming errors, it is very surprising that not more effort is put into
the requirements specification. Studies show that only 6% of the project costs and
between 9% and 12% of the project duration are spent in the requirements phase.
Surveys have concluded that 50 — 80% errors are introduced right from the
requirements phase. As also discussed in chapter 1, the cost of detecting and
correcting errors at later stages of development cycle increases exponentially [30].
This may be inferred from above data that the cost of defects may be decreased

substantially by improving the requirement engineering activities.



Requirement Engineering consists of the following activities/tasks [24, 34]

Requirement Elicitation: Requirements elicitation has been defined as
“The process of identifying needs and bridging the disparities among the
involved communities for the purpose of defining and distilling
requirements to meet the constraints of these communities” [30]. In
requirements elicitation, there is almost always a need for the participation
of stakeholders (e.g. domain experts, customers and end-users) to help
requirements engineers to uncover requirements [35]. It also requires a
good deal of customer contact and domain knowledge [34]. Identification
of the stakeholders is also an essential task in requirements elicitation [30].
The requirements elicitation also includes context analysis, which
addresses the purpose of the system — why the system is being developed
at all [30]. The techniques used for requirements elicitation include

interviews, use cases and scenarios, discussions, simulation and
prototyping.

Requirement Analysis: Once the requirements have been gathered, the
next phase is requirement analysis. It is the categorisation of requirements
and their organisation in related subsets, the relationship among the
requirements, examining the qualities of requirements like consistency,
unambiguity and completeness. All this is done based on the need of the
customer. One more important task during the requirement analysis phase
is feasibility analysis, i.e. are the requirements implementable or not. This
can be done by negotiating with the customer and ranking the
requirements [34]. We try to retain at this stage what the customer needs
rather than what he wants. Past experience can be used for the purpose. It
helps to reduce the amount of complexity that must be comprehended at
one time, is inexpensive to build compared to the real thing, and facilitates

the description of complex aspects [30].

Requirement 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 [39]. A specification can be a written document, graphical

model, a formal or mathematical model, mental model or a combination of



these [30, 34]. Requirement specification languages can be categorised

into following classes:

o Informal languages: Text and recordings in natural language, as
well as pictures and animations, fall into this category. They are
very expressive. “A picture is worth a thousand words.” The
requirements such expressed can be understood by all stakeholders,
including non-technical customers. However, they are very prone
to inconsistencies, contradictions, incompleteness and
misunderstandings [30]. Section 2.2 describes the natural language
as a method of requirements specification in detail. These are good

for specifying large software systems.

o Semi-formal languages: 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 [30].

o Formal languages: Formal languages have been introduced for
quite a while but they are not very common in practice. They have
the advantages such as conciseness, completeness, automated
reasoning, etc. The examples of formal languages include Z, OCL

and VDM. The formal methods are discussed in section 2.3.

The selection of a category of specification languages and a language
thereof is a cumbersome task. It is generally preferable and advisable to
use a blend of these languages. The degree of precision of the requirement
document should be based on the criticalness of getting a chunk of
software right the first time. Where mathematics is included in the
requirements, the document must also include English text to explain the
mathematics [36].This thesis addresses the issue of integrating informal

and formal languages for the purpose.



The use of a standard template is sometimes suggested, so that the
requirements are consistently represented [34]. However, it can place
restrictions on specifying the system, and sometimes, some concepts may

not be altogether possible to be described using that template.

Requirements Validation: The purpose of requirements validation is to
certify that the specified requirements comply with the given user and
customer intentions. This means that the requirements need to be
expressed in a notation that is understandable by the customer. Suitable
techniques for validation are prototyping, scenarios, checking of
specifications against domain models, natural language paraphrasing,
animation, simulation, etc [30]. The requirements validation can be done
by using reviews. The requirements are to be reviewed by various
stakeholders i.e. users, developers, designers, domain experts and
requirements engineer. In requirements validation, requirements can be
examined against a checklist questions. Such a list of questions is given in

[34].

Requirements Management: Requirement management is the set of
activities carried out to identify, control and track requirements and
changes to requirements [34]. During requirements engineering, system
development and operation, new requirements are discovered and current
requirements are changed. This evolution of requirements throughout the
whole software development life cycle has to be managed in order to
ensure high-quality specifications [30]. Although requirements
management may look like an overhead in the beginning, it is usually
rewarded by better customer satisfaction and lower overall system
development costs [30]. The main reason for the need of requirement
management is the volatile nature of requirements. The volatility of
requirements means that requirements change frequently. The changes can
be due to errors or misunderstandings in requirement specifications or
problems in design and implementation of the requirements. The reasons

for change in requirements can be:

o Change of Scope: A change of scope of system may be caused if

the user has changed his mind, or a newer process has been

10



adopted. This may also be caused due to non-feasibility of
implementation of certain requirements. The interfacing of
requirements with other requirements is also a cause for change of

requirements.

o Change in External Interfaces: The requirements may be
changed, added or removed as a result of change in external
interfaces of the systems, such as political, social, laws of

government or the environment of the system.

o Poor Understanding: The requirements may change if the
customers/users are not completely sure of what they need.
Another cause can be that a technical person dealing is not well
versed with domain knowledge. The omission of some ‘obvious’
requirements at the earlier stages can also invite a change in

requirements.

Requirements Traceability: Requirement traceability is generally
considered as a part of the requirements management process. It is about
finding the relationships of requirements with the system aspects. The
traceability tables can be developed for the purpose. Some types of the

traceability are described below.

o Requirements-sources traceability: Links the requirement with

the people or documents that specified it.

o Requirements-rationale traceability: Links the requirement with
a description of the rationale for it. It is concerned with the

sensibility of the requirement specified.

o Requirements-requirements traceability: Links the requirement
with other requirements that depend on it, and allows the creation
of a requirements hierarchy. It is also known as requirements

dependency traceability [34]

o Requirements-architecture traceability: Links the requirement

with the sub-system in which it is implemented. This is especially

11



important for sub-contracting. It can also said to be subsystem

traceability.

o Requirements-design traceability: Links the requirement with
specific design components that are used to implement the

requirement.

o Requirements-interface traceability: Links the requirement with
the interfaces of external systems that are used in the provision of
the requirement. This is important where there is a high

dependency on other systems.

The requirement engineering is an important and necessary phase of the software
system development. If this is done carefully, it can result in re reduced development
time and cost, higher software quality and higher customer satisfaction. A poor
requirement engineering process, on the other hand, can lead to systems that are
inadequate, incomplete, erroneous, behind schedule and over-budget, and do not meet

the customers’ expectations
2.2 Natural Language Specifications

For a software project to be successful, it is essential that the requirements of a
software system reflect the user’s needs [40]. The software specifications are
generally described using a natural language like English. Natural language is
convenient because it allows non-technical users to understand the product
requirements [24]. People are more comfortable explaining things in the language
they use in their daily life. This applies to explanation of software requirements as
well. Most people find it easier to express specifications in a natural language. Ease of
use and freedom of expression is the key reason for its popularity. Informal
specifications can offer advantages in readability and better understanding [4]. The
SRS serves as a contract between the customer and the developer. So it is important
for the customer to know what has been described in the document. The customer is
one of the users of the SRS document, along with other technical users. Using natural
language for such a document is preferred and advisable because it allows non-

technical users to understand the product requirements [24].

There are problems that creep in when natural language is used as a medium

for description of the software. When using natural language, ambiguities and

12



contradictions are unavoidable side effects [4]. The lack of precise semantics
increases the possibility of errors being introduced due to interpretation mistakes and
inherent ambiguity [24, 37, 40, 41, 42, 43]. Under or over specification are also
common problems when using natural language [24]. Ambiguity in requirement
specifications can cause numerous problems in defining customer/supplier contracts,
ensuring the integrity of safety-critical systems, and analysing the implications of

system change requests [1].

Restricted forms of natural language are widely used as a notation for software
requirements specifications [24]. Such a form of natural language is called controlled
natural language or simply controlled language (CL). A controlled language is usually
a subset of a natural language, which is constrained in its lexicon, its grammar or its
style, and which may be extended with domain specific terminology and expressions.
When designing a controlled language the usual goal is to develop a language which
is less ambiguous than natural language, since this will make text manipulation by
humans or machines easier. For example, a technical document written in English that
is less ambiguous than Standard English and using an agreed technical vocabulary
will be easier to translate into different languages by humans or by machines.
Sometimes, it is possible that the texts may become so unambiguous and easy to

understand that translation is no longer necessary [44].

For example Berry and Kamsties [45] state that there should be careful use of

plurals in SRS. They state that the statement
“All the lights in any room have a single on-off switch.”
is ambiguous in nature, because it has two interpretations viz.
1. All the lights in any given room share a single on-off switch.
2. Each light in any room has its own on-off switch

They recommend using ‘each’ for addressing every single entity in a set, and ‘all’

when talking about the set as a whole.

Restricted forms of natural language are widely used as a notation for software
requirements specifications [24]. Some of the well known controlled languages are

the following [30]:

13



AECMA Simplified English: AECMA Simplified English is the best
known of controlled languages. It is used, and in fact is mandatory, in
many aircraft maintenance manuals. The goal of AECMA Simplified
English is to make these manuals easier to understand by non-native

speakers, since the manuals do not get translated.

Caterpillar Fundamental English: This language is used by Caterpillar,
agriculture and heavy machinery manufacturing company, for their
maintenance manuals. These manuals need to be translated into the main
languages of all countries where Caterpillar sells equipment. The goal of
the controlled language is to make the manuals less ambiguous and more
predictable. This reduces the cost of human and machine-assisted
translation, either because translations can be reused or because translators

spend less time trying to understand ambiguities in the source text.

PACE: Perkins Approved Clear English was designed by technical writers
at Perkins and is used for their maintenance manuals. The original goal
was to use the controlled language to ensure that all manuals adhere to a
particular house style, so that manuals can be written by different authors
and partly reused at different times without causing stylistic ruptures.

More recently it has also been used to cut down on the cost of translation.

ACE: Attempto Controlled English ACE is a research prototype for a
controlled language, designed to be used by experts in software
specification. The goal is that input text will be mapped unambiguously
into first-order logic (via an intermediate mapping into Discourse
Representation Theory (DRT), and the user is presented with a set of
principles and recommendations which constrain the lexicon and syntax of

the input specification.

CPE: It is the abbreviation used for Computer Processable English. The
previous languages were all designed by taking as a starting point an
intuitive notion of what constitutes a less ambiguous, easier to understand
language. Processing tools are then developed which can deal with this
language. CPE was designed differently: if the goal is to design a

controlled language which will allow certain text processing tasks to be
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automated, then why not start from the capabilities of an existing text
processing tool and see whether that gives you a reasonable approximation
of a controlled language. SRI Cambridge tried this, using the coverage of
their CLE language processing environment as a starting point to define a
controlled language. Further constraints were added to reduce the cost of
resolving anaphoric expressions. It has so far only been used as a research

prototype.

It is not always possible to use controlled natural language for the following

reasons:

e Controlling a natural language reduces the habitability of the system.
That is, the CL might be so restricted that it becomes irritating to use and
arguably becomes a formal, unnatural language. For such cases, the user
might be better off actually using a formal language. However, trying to
reduce the gap between the CL and unrestricted natural language re-

introduces the above problems [1].

e The user needs guidance on how to phrase requirements in terms of the
CL. This means that when the user deviates from the CL, appropriate
information is given, enabling linguistically naive users to re-phrase their
statement in terms of the CL. Also, it is often difficult for humans,
especially the writer or the specifier himself, to determine why a sentence
is ambiguous, and what the alternative readings mean. Hence, the system

needs to present the alternatives clearly [1].

e Natural languages are not always an appropriate medium for expressing
all requirements. For example, algorithms are better expressed in some
sort of task-related formalism; structural relationships are better

expressed in terms of diagrams, and so on [1].

® The use of a CL can also result in reduced power of expression; reduced

writing speed; and the difficulty of obtaining compliance from users [44].
2.3 Formal Methods

The Encyclopaedia of Software Engineering defines formal method in the following

manner: “A method is formal if it has a sound mathematical basis, typically given by
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a formal specification language. This basis provides a means of precisely defining
notions like consistency and completeness, and more relevantly, specification,

implementation and correctness” [34].

Formal specification of systems has been an active area of research for quiet some
time. [46]. Since the requirements document forms the basis of the whole
development process, such defects can have severe consequences for the whole
project. Therefore, it is important to deal with these defects in a requirements
specification right from the start. The requirements document must be at the very least
correct, complete, and unambiguous [40]. Formal specification methods, strive to

achieve these properties of the requirement specification document.

Formal methods, put in simple words, means to use mathematical techniques in
software specification, design and construction. We can say here that mathematics is
important in software engineering, as it is in other disciplines of engineering. Formal

methods are, in contrast with natural language, unambiguous and precise in nature.

Formal methods are rigorous methods used in system design and development.
They use mathematics and logic to prove system correctness, and are used to increase
confidence in the system. Formal methods have been advocated as one way to define
requirements with mathematical precision and rigour [24]. Traditionally,
specifications have been written in natural language, but today more and more
specifications are written in formal specification languages [48]. They are used
regularly while verifying systems that are of critical importance or real time event

driven, where errors are not acceptable [14, 49].

Anyone involved in any stage of system development can make use of formal
methods. They can be used in the initial statement of a customer’s requirements,
through system design, implementation, testing, debugging, maintenance, verification,
and evaluation. Formal methods are used to reveal ambiguity, incompleteness, and
inconsistency in a system. When used early in the system development process, they
can reveal design flaws that otherwise might be discovered only during costly testing
and debugging phases. When used later, they can help determine the correctness of a

system implementation and the equivalence of different implementations [33].

However, formal methods just specify what the system is to do and not how it

must be done [47]. A formal specification is a statement in a formal specification
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language [32] Formal specification of requirements phase is very important in
achieving rigorous development and maintenance of software systems [8]. A formal
specification is usually written in a concrete language. If this language has a precisely
defined syntax and semantics, a specification written in it is formal [50]. They provide
the means to build system models by specifying their structure and behaviour. When
used in conjunction with tools support, automated verification of properties for

complex models is also possible [24].

Formal specifications have the additional advantage over informal ones of
being amenable to machine analysis and manipulation [33]. Formal methods allow
one to be precise about the functional properties of a software system before the
implementation details' of that system have been worked out. A formal specification

is the only way to be precise about a system before it is built.
A formal specification:
¢ Contains information as detailed as the code itself
¢ s from a users perspective

e [s easier to understand and reason about than a system design or the source

code [36]

Formal methods are convenient for specifying large software systems, where

completeness and consistency are important issues [41].
The formal methods can be used
e To clarify your understanding of the problem
e To communicate your intentions to other developers
e To provide a prototype to demonstrate your ideas
e To use as a basis for design (formal or informal)
e To prove the final software correct
¢ To explore mathematically the consequences of the specification[53]

Following recommendations regarding the actual introduction of formal methods

into an established project are made:

e Seek commitment from all levels: management to system engineers.

17



The specification must be written by system engineers. A specialist in the
formal notation is needed on the project but this person should serve an
advisory role only. The system engineers with application knowledge must

be the ones writing the specification.

Specify a portion of the system that does not require a complicated state

model first. This allows the group to focus on specifying operations early.

Start with a small project. Early success on the small project will help gain

buy-in for the formal method process.

Spend time deciding what should, and what should not, be formally

specified. Specify only those portions of the system that need clarification.

The language should be used with flexibility at first. Understanding is the
primary concern. Making the specification precise enough to support

proofs should be secondary at this stage. [36]

In addition to these recommendations, there are ‘The Ten Commandments of

Formal Methods’ as described in [34], [56].

1.

Thou shalt choose an appropriate notation: To choose effectively from
the wide array of formal specification languages, some of which are
discussed later in this section, a software engineer should consider the

application to be specified and the breadth of usage of language.

Thou shalt formalize but not over-formalize: It is generally not
necessary to apply formal methods to every aspect of a major system.
Those components that are safety critical are first choices, followed by

components whose failure cannot be tolerated.

Thou shalt estimate costs: Formal methods have high startup costs like

training of staff, cost of tools etc.

Thou shalt have a formal methods guru on call: Expert training and on-

going consulting is required when using formal methods for the first time.

Thou shalt not abandon thy traditional development methods: Formal

methods should be used as an aid to the existing conventional methods.
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6.

10.

Thou shalt document sufficiently: It is recommended that natural
language be used along with the formal specification of the system, for

reader’s understanding.

Thou shalt not compromise thy quality standards: Formal methods are
not a panacea. There is nothing magical about them. SQA activities must

continue to be applied.

Thou shalt not be dogmatic: Absolute correctness in the real world can
never be achieved. Mathematical models can be verified with a good level
of certainty, but these models might not correspond with reality correctly.
When applying formal methods, the level of use should always be
determined beforehand and monitored while in progress. A project

manager should always be prepared to adjust the level of use if required.

Thou shalt test, test, and test again: Formal methods will never replace
testing; rather they will reduce the number of errors found through testing.
Formal development and testing tend to avoid and discover different types

of error, so the two are complementary to some extent.

Thou shalt reuse: Software reuse helps in reducing cost and increasing
quality of a software system. Formal methods can be a good approach for

construction of software libraries.

Having discussed the guidelines for the use of formal methods, I would also like

to state some of the myths related to formal methods that are discussed in [56] and

[57]

Myth 1: Formal Methods can guarantee that software is perfect: Any
technique is fallible, and formal methods is no exception. Even if a correct
mathematical proof is achieved, the assumption that the mathematics can

model reality correctly is still prone to error.

Myth 2: They work by proving that programs are correct: It is not
necessary to undertake proofs to gain benefit from the use of formal
methods; indeed much if not most industrial use of formal methods does
not involve proofs. Major gains can be achieved just be formally

specifying the system being designed since this process alone can expose
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flaws, and in a much more cost effective manner. Proofs may be

worthwhile in highly critical systems where the extra cost can be justified.

Myth 3: Only highly critical systems benefit from their use: A range of
formal methods have been applied to many types of system, some of
greater, others of lesser criticality. The extent of and type of application
will depend on the level of criticality, which is ultimately a case of

engineering and financial judgement.

Myth 4: They involve complex mathematics: The mathematic required for
formal specification is of a level that could be taught at school. After all, a
major goal of a specification is to be easily understandable, so using
esoteric terminology is in nobody’s interest. Unfortunately, although
relatively simple, it is a fact that many software engineers have not

received the requisite training in the past.

Myth 5: They increase the cost of development: Proofs do increase the
cost of development in general, but formal specifications do not if used
appropriately. This is because they allow many errors to be discovered

earlier on in the design process when they are still relatively cheap to

correct.
V&V
Design and
Implementation sl e V&V
Implementatiorll
n Specification
[
o —
Specification
Specification Without FM Specification using FM

Figure 2.1: Software Development Costs

Myth 6: They are incomprehensible to clients: The mathematics may

not be readable by an untrained client, but a formal specification helps
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produce a much clearer natural language description of the system as well.
This should be presented to the client, giving a much less ambiguous

description of the system than is often the case.

Myth 7: Nobody uses them for real projects: There are now a number of
examples of actual use of formal methods, with demonstrably beneficial
results. Two recommended examples which used Z, and both of which
won UK Queen’s Awards for Technological Achievement in 1990 and
1992, are the Inmos Transputer Floating Point Unit microcode design; and

the IBM CICS Transaction Processing System.

Myth 8: Formal methods delay the development process: Some
projects using formal methods have been seriously delayed in the past, but
this has been as much to do with the problem of introducing any new

technique into the design process as to do with formal methods.

Myth 9: They do not have tools: There are now some significant tools
supporting formal methods, many of which have been put to serious
industrial use. Examples include RAISE (Rigorous Approach to Industrial

Software Engineering), Larch Prover etc.

Myth 10: Formal methods replace traditional engineering design
methods: Formal methods should not be used to replace the existing
development process. Rather they should be slotted into the process in an
appropriate and thoughtful manner. Formal methods can also be used
effectively to augment an existing design process by providing extra

feedback to correct errors early in the design process.

Myth 11: They only apply to software: Formal methods are used for
hardware development as well as software. The Inmos Transputer work
mentioned in Myth 7 is one example. Z has also been applied to

microprocessor instruction sets and oscilloscopes etc.

Myth 12: Formal methods are unnecessary: Although there are
occasions in which formal methods are in a sense overkill, in other
situations, they are very desirable. In fact, the use of formal methods is

recommended in any system where correctness is of concern. This clearly
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applies to safety and security critical systems, but it also applies to system

in which ensuring the avoidance of catastrophic failure is desired.

Myth 13: Formal methods are not supported: There are now many
books on formal methods. A number of companies now specialize in
formal methods. A range of formal methods tools are commercially

marketed

Myth 14: Formal methods people always use formal methods: While
formal methods can be useful, they are not always appropriate. Even those

well versed in the use of formal methods do not always use them.

A variety of formal specification languages are available. Following paragraphs

give a brief overview of the formal specification languages commonly in use. The Z

specification language is discussed in a more detailed manner.

HOL: HOL is an interactive theorem-proving system based on Higher
Order Logic, used for constructing formal specifications and proofs. It has
been applied in industry and academia to support formal reasoning in

hardware, real-time systems, compiler verification, etc.

LARCH: LARCH is a specification language supporting equational
theories embedded in first-order logic. The Larch Prover (LP) is an
interactive theorem-proving system working midway between proof-
checking mode and fully automatic theorem-proving mode. It has been

used in hardware design and verification, concurrent algorithms, etc.

SDL (Specification and Description Language): SDL is a specification
and description language with a textual as well as a graphical
representation. It is based on communicating extended finite state
machines, and has object-oriented features. Although it has mostly been
used for telecommunications services and protocols, it is now also being

applied to aircraft and train control, as well as packaging systems.

VDM (Vienna Development Method): VDM is a model-oriented formal
specification and design method based on discrete mathematics. The

underlying formal specification language is known as META-IV. It has
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been used to develop compilers, databases, fault-tolerant systems, security-

critical message-processing systems, etc.

OCL (Object Constraint Language): OCL is a formal notation
developed so that the users of UML can add more precision to their
specifications. All of the power of logic and discrete mathematics is
available in the language. However, the designers of OCL decided to use
only ASCII characters, rather than conventional mathematical notation.
This makes the language to be more easily processed by computer and
editing the specifications easier. But it also makes OCL a little wordy in

places.

Z: 7 (pronounced as zed) makes use of the set theory and discrete
mathematics. It has been developed at the Oxford University Computing
Laboratory (OUCL) by the Programming Research Group. The
specifications written in Z can be read more easily by human beings, than
by computers. It is more readable than other formal languages. However,
human beings too need to be specially trained to read and understand Z
notation and thus the formal specifications written using Z. Z is a typed
language; that is to say, every variable in Z has a particular type (i.e., set
from which it is drawn) associated with it which must match appropriately
when it is combined with other variables. Z can be used to model static as
well as the dynamic aspects of the system. The static aspects include data
invariant, i.e. a condition that is same throughout the execution of the
program; and dynamic aspects include the operations and the change that

happens in the state of the system. [34][58].

—— SchemaName

Declarations

Data Invariant

Figure 2.2: Generic Structure of Schema in Z

The notation is useful, once it has been learned, to organize the
thoughts and aid the communication of ideas within a design team. It is

also readable enough to be used as a documentation tool in a manual. The
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mathematical notations and conventions used in Z are described in

appendix A.

Although formal methods have been applied successfully in industry and research
projects, they are still not widely used today. The reasons for formal methods not

being popular are discussed in the following text.

Being based on mathematical frameworks and notations, they are not as intuitive

to the general audience as natural language [24].

The disadvantage of traditional formal languages is that they are useable to
persons with a string mathematical background, but difficult for the average business
or system modeller to use [51]. Formal methods are difficult for most human readers

to understand [41].

The specifications can be positive or negative. A Positive specification dictates
that programs must do something. A negative specification dictates that programs
must not do something [52]. It is possible to write positive specifications in formal

way, but not negative specifications.

A significant amount of effort can be required to learn a formal specification
language [54] At the same time, there is increasing pressure to minimize the cost and
schedule time for software development efforts, giving software developers even less
time to learn effective use of formal techniques [54]. Many domain specialists are not
familiar or comfortable with formal notations and formal tools [53]. Though formal
methods promise improved quality of software and partial automation of the software
development process they are not readily accepted by domain specialists [53]. As a
consequence, the great majority of software requirements continue to be specified in
natural language [54]. In the next section, we give an overview of natural language

processing.
2.4 Natural Language Processing (NLP)

Natural Language Processing (NLP) is to make computers able to communicate
with human beings using natural language. Since the development of computers,
attempts are being made to make computers understand and use natural language.
When we, as humans see or read text, we understand its meaning; but computers

when see text, they interpret only words and lines. Thus the main objective of the
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NLP is to make computers understand the natural language. Rich and Knight define
understanding as “the process of mapping from an input into a more immediately
useful form” [59]. NLP is mapping the natural language to machine language and vice
versa to make the communication between the man and the machine more effective

and easier.

NLP can be divided into computational linguistics and theoretical linguistics.
The main aim of Computational Linguistics is to develop systems for processing
natural language. It also aims to handle mist cases of natural language and can cope
with approximations and inexact solutions. They do not care about occasional failures
and are more concerned with getting the system work. It is an engineering discipline
rather than scientific one. The input for computational linguistics is theoretical
linguistics. The primary concern of the Theoretical Linguistics is things like
grammatical coverage, principles of grammar, grammatical formalisms, determining

the single universal and ultimate grammar etc.

As stated earlier, natural language processing involves mapping of natural
language into a computer language and then retrieving information by converting it
from computer understandable language to a natural language. The underlying

process is shown in the figure below.

Source Language Target Language
Analysis Generation
[] Text Normalization Text Rendering
; - Morphological
Morphological Analysis Synthesis
POS Tagging Phrase Generation
Parsing Role Ordering
Semantic Analysis Lexical Choice
Discourse Analysis : Discourse Planning

Figure 2.3: The NLP Process
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Each phase of the NLP process in described briefly below.

® Morphological Analysis: Morphology is the study of form and structure
of word formation. In word formation we study about the stem of the
word, its affixes i.e. the prefix and the suffix. Affixes are used to alter
the meaning of a word or to make new words. In morphological analysis,
the words are separated from non-word tokens, such as punctuation
marks. This is thus also referred to as tokenization. Actually the
morphological analysis is divided into two parts viz. tokenization and
tagging. Tokenization is recognizing and separating the individual

words.

® POS Tagging: Tagging is the process of attaching the parts of speech
(POS) tags to each of the words. Each word is associated with some
features or properties. E.g. dog is a noun and is a singular. It is useful
because the interpretation of the affixes may depend on the syntactic
category of the word. The words may have more than one syntactic
category. For example, the word ‘needs’ can be used as a plural (of need)
noun or a third person singular verb (as in “He needs”). The tagging
algorithms attempt to assign most likely tag for the given word.
Probabilistic models are used for tagging. Most of the statistical
algorithms are counting based and find the Maximum Likelihood
Estimate (MLE) to get the most probable tag and assign it to the
particular word. Hidden Markov Model (HMM) is one such model for
tagging. This POS tagging is used as a basis in the given thesis for
understanding the natural language constructs and their conversion to a
formal notation. Brill’s tagger based on Brown Corpus is used in the
development of the system. The Brill’s tagger works as follows to assign

tag to a word.

Tagging is done in two stages. Every word is assigned its most likely
tag in isolation. Each word in the tagged training corpus has a lexical
entry consisting of a partially ordered list of tags, indicating the most
likely tag for that word, as well as all other tags seen with that word (in
no particular order). A list of transformations is provided for

determining the most likely tag for words not in the lexicon. Unknown
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words are first assumed to be nouns (proper nouns if capitalized), and
then cues based upon prefixes, suffixes, infixes, and adjacent word co-
occurrence are used to change the guess of most likely tag. Next,

contextual transformations are used to improve accuracy.

A detailed list of parts-of-speech and the corresponding tags
generated by Brill’s tagger is given in appendix B.

e Syntactic Analysis: This process is also known as parsing. Once the
building blocks of a sentence have been determined to be correct
(morphological analysis), syntax can be checked to see if they are

properly combined.

¢ Semantic Analysis: Once a sentence has been parsed using syntactic
analysis, the semantics, or meaning, of the sentence is to be found. This
is a very difficult task as it requires the knowledge of the world. The
structures created by the syntactic analyzer are assigned meanings. A
mapping is made between the syntactic structures and objects in the task

domain.

Having gathered the preliminary knowledge of the specific domains relevant to
this thesis, we can now move further to the more technically inclined literature. The
next chapter takes a bird’s eye view of the research work going on in the domain of

the thesis.
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Chapter 3

Literature Review

The purpose of the thesis presented here to bridge the gap between informal and
formal specification of requirements. In this chapter we review different techniques
proposed by researchers to convert system requirement specifications written in
natural language to a formal notation, to move towards more rigorous way of
requirement engineering and for natural language representation of formal methods

for better user understanding.

3.1 Natural Language Representation of Formal Specification
Models

Salek et al in [6] describes the architecture of the REVIEW system, which
forms a part of the Metaview meta-system for capturing requirements information.

The following figure shows the architecture of REVIEW system.

EDLECL .| EDL/ECL
Dezcniption Compiers

Environment snd
Constraint Tables

Spec Dutabase .l REVIEW
in S5L.

Engligh

Figure 3.1: Architecture of REVIEW system

The EDL/ECL compiler produces environment tables which are used to instantiate
the text generator for a particular environment. After this point, the REVIEW
generator is detached from the rest of the Metaview system. It acts independently, as a

tool specific to the environment the analyst has chosen. The SSL program is captured
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in a specification database, which forms the input to REVIEW. The output is an
English text description of the specification. A similar system for object oriented

systems using OMT is described in [4].

Burke D.A. [14] describes a tool for linking formal specifications of programs,
written in OCL, to informal specifications written in natural language, e.g. English or
German. The core of this work is grammars written in the GF (Grammatical
Framework) formalism. The long-term goal is to have a working tool integrated into
the KeY system [18]. A library of GF operations for typical constructions of user-
defined vocabulary is proposed. This allows domain specific vocabulary to be created
for use in the natural language translations. Reasonable defaults are included when
there is no user input. The input is a specification written in OCL. HTML and LaTeX
formatting styles are introduced as part of the grammar and are used to structure the
text in a suitable manner. Furthermore, the quality of translated text is improved by
modifying the natural language linearization to produce more natural text. The

translation process is shown in the following figure.
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Figure 3.2: Translating OCL to Natural Language

In the next section we take a look on the attempts to convert a natural language

specification to a formal representation.
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3.2 Converting Natural Language Specification to Formal

Notation

Fernandes R. and Cowie A.J. [24] propose a methodology for conversion of
natural language and graphical representation of requirements to a model expressed in
process algebra formalism. Natural language requirements are converted into process
algebra using parsing and transformations. This parsing and transformation is
reconfigurable in nature. Graphical requirements in the form of finite state diagrams
are changed into textual form in natural language and then are converted to formal
models using parsing and transformation. The formal methods can be analysed by the
requirement engineer to make the system better. This results in iterative refinement of
the natural language requirements and the tool configuration. The main aim the
authors have behind this work is to reduce the rework required when formal methods

are used early in the development life cycle.

The authors have developed a tool called as Borg. This system converts the
requirements written in natural language to a formal syntax. First of all the
requirements are converted to a T-model using the parsing. The parser used for
parsing is Cico. The stored parse trees are mechanically transformed into refined
intermediate models by a group of modellers. These models are then used by a
projector to build an abstract model of the system. Finally, the abstract model is
converted to a concrete formal method notation. Figure 3.3 shows the transformation

method.

The formal model generated as a result of Borg can be analysed using an analysis
tool called Nova. The implementation of the tool supports only the translation of
transition based systems to the formal notation. These systems can be either in the
form of natural language description or finite state machines. The finite state machine
descriptions are converted to natural description before converting them to the process

algebra formalism.
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Figure 3.3: The Borg Tool Overview

A technique presented by Fraser et al [19] aims at bridging the gap between the
formal and informal representation of software system requirements. The authors state
that the two approaches for system specification are complementary rather than
competing. The informal method of representation used is Structured Analysis,
whereas the Vienna Development Method (VDM) is used as surrogate for the formal
representation. Two methods are described for conversion of structured analysis
model represented in the form of DFD to VDM. The first approach is conversion of
structured analysis to VDM by a human analyst, with the use of structured analysis
specifications as a cognitive guide to the understanding and structuring of the system.
Specifications in VDM are developed by repeatedly refining complex specifications
into sub-specifications until they are close to an implementable specification. In this
paper, the refinement is based on the hierarchical partitioning of DFD. The authors
assume that in structured analysis specifications, control processes are identified as
while-structures, and the bottom level processes are described through decision tables.
The decision tables are converted to VDM specifications using the decision table

conversion rules. Then the specifications are composed using a bottom-up fashion
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using the sequence composition rule. The payroll system is used as an example

system showing conversion of structured specification to VDM.

Miriyala K and Harandi M. T. [60] see the derivation of formal specifications as a
problem solving process. They describe a system for deriving formal specifications of
data types and programs from the informal description. The system is an interactive
system known as “SPECIFIER”. The problem solving techniques such as schemas,
analogy and difference based reasoning are used in the system for derivation of
formal specifications. The input or informal description is in restricted subset of
natural language. It acts as an intelligent assistant to the requirement analyst and
prompts for missing information and clarification of ambiguous concepts. If the
informal description is a commonly occurring operation for which the system has a
schema, then the formal specification is derived by instantiating the schema. If there
is no such schema, the system tries to find a previously solved problem which is
analogous to the current problem. If the problem thus found is in direct analogy with
the current program, it applies and analogy mapping to obtain a formal specification.
If the analogy found is only approximate, it solves the directly analogous part by
analogy and then applies difference based reasoning to the remaining part. The two
examples considered in the paper are of stack and sets. The architecture of the

Specifier system is shown in the figure 3.4.

The process of specification derivation starts with an informal definition of the
problem, expressed using restricted natural language. The pre-processor parses this
informal specification and extracts important concepts occurring in it. The pre-
processor then retrieves structure templates of the recognised concepts from the
knowledge base. The schema based reasoner attempts to find schema for current
problem, if it doesn’t find one, the analogy reasoner tries to find a past problem
analogous to the current problem. The specifications are passed to post processor that
simplifies the axioms in specifications and ensures that the final representation

conforms with the desired syntax.
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Figure 3.4: Schematic View of SPECIFIER system

Osborne M. and MacNish C. K. [1] propose a system using natural language
processing to derive formal descriptions from descriptions expressed in controlled
natural language. The authors have suggested extensions to some existing tools to
provide a platform for detecting and resolving ambiguities. Doing some additions to
controlled languages, the authors develop a system called Newspeak. The basis
system taken is Alvey Natural Language Toolkit (ANLT), which is based upon the
Longman’s Dictionary of Contemporary English. The additions done in ANLT
include the parse selection mechanism, which helps removing contextually
inappropriate parses of the sentence and ranking these parses in terms of plausibility.
The existing parser does not indicate when it cannot parse a sentence, SO an error
diagnostic system is introduced which gives reason for not being able to parse a given
sentence. Also a resource binding is introduced to avoid the parser spending too much
time on parsing a sentence. In implementation, first the mechanism was trained by
parsing approximately 750 sentences that were supplied with the ANLT. For each
sentence the preferred parse out of those parses produced was selected. Then it was

recorded which rules were used in that parse, and the frequency of each rule’s
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application in the parses was noted. The frequencies were normalised against the total

number of rule applications.

Now, during parsing, parse trees were scored by taking the product of the score of the
rules used in each tree. For rules used in the tree that were not encountered in the
training set of parses, a small value is assigned. To avoid underflow, the use of
logarithms in place of the normalised scores was done, and then simply taking the
sum of logarithms. For error diagnosis, the fragments of partially parsed sentence are
combined together and repaired. To make the system resource bound, a limit is placed
on the production of number of edges, i.e. the data structures used for parsing. If the
number of edges exceeds that particular value, the system will halt. The authors also
provide a case study of refining the requirements using the developed Newspeak
system. The example system considered is the Landing Control System. A Goal-
Structure framework is used as the basis of SRS, which is an acyclic graph of
structured objects. Each object is either a goal (a decomposable property of the system
that we would like to achieve), an effect (similar to a goal, but not necessarily
desirable), a fact (a “bottom-level” property which will not be decomposed further),
or a condition (similar to a fact, but only holding in particular scenarios). A natural
representation for goals, effects, facts, conditions and their associated information is a

frame, a data structure commonly used for representing hierarchical information in Al
The system helps in refining the SRS and helps in detecting ambiguities in the SRS.

Nelken R. and Francez N. [61] proposed a method for automatically translating
natural language specifications into temporal logic. Using this method, users may
express complex specifications in relatively free natural language, allowing multi-
sentence specifications, the use of pronouns instead of repeating the description of
previously mentioned objects and complex temporal relations. These specifications
are translated into temporal logic, while ensuring the correctness of the translation.
DRT, a linguistic theory of the semantic content of general natural language, is used
as an intermediate representation level. The system represented in DRS (Discourse
Representation Structure) is converted to a temporal logic called as ACTL. The

system for translation of specification is named as SpecTran.

Alexender Holt [62] suggests guidelines for development, when natural language

is used as the primary interface in the formulation of system specifications. An
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experimental system which integrates a model checker for temporal logic with a
natural language processing application is described. The core of this system is a
converter that translates (a formal representation of the meaning of) specification
sentences written in English to formulas of temporal logic, suitable for input to the
model checker. A prototype system is built which integrates a natural language
understanding component with the freely available SMV model checker program. The
result is a tool which allows the formal verification of digital circuits using
specifications expressed in English. SMV requires specifications to be written in the
temporal logic CTL (computation tree logic). A parser for English, returning general-
purpose semantic representations, is allied with a converter from these representations
to CTL. The converter is connected to the SMV model checker, so that inferential

information may be used during semantic interpretation.
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Figure 3.5: System Structure [62]

Cyre et al [63] describe two approaches to the automatic generation of behavioural
VHDL models from descriptions written in natural language. Both approaches are
based on a modelling style in which behaviour is represented by a system of
interconnected processes. The first approach employs a semantic grammar to directly
generate a single VHDL process from a paragraph written in a restricted English
called ModelSpeak. The second approach accepts more general English and generates

models consisting of multiple processes.

Lee B.S. and Bryant B.R. describe a system to convert natural language

specification to formal representation in VDM++. In [10] they make use of
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Contextual Natural Language Processing (CNLP) to handle the ambiguity problem in

NL and Two Level Grammar (TLG) to deal with the different formalism level

between Natural Language and formal language. In [9] they use DAML to deal with

implicit domain knowledge to achieve automated conversion of natural language

requirements to formal ones. First the requirements are represented in XML, then

using CNLP, ambiguities are resolved. Further TLG is generated and finally the

system is converted to VDM++. A similar approach is given in [23]. In all their

approaches, the authors use a bank ATM example to elaborate the system and the

conversion process. The following figure shows the conversion process as described

in [8].
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Figure 3.6: The conversion process [8]

In the next chapter, a system for conversion of natural language specifications to

formal representation in Z is proposed.
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Chapter 4

Proposed System and Implementation

A direct appeal to formal specification has not solved the problems arising due to
the use of natural language for specifying the system. This is partly because of the
restrictiveness and lack of habitability of formal languages [1]. An alternative
approach, described in this thesis, is to use natural language processing (NLP)
techniques to aid the development of formal descriptions from requirements expressed

in natural language
Two of the most important characteristics of specifications are:
1. Specifications must be unambiguous and
2. Specifications must be understandable by the user. [55]

The unambiguous nature of software specifications can be obtained by expressing
or representing the specifications using formal methods. But the requirements written
in a formal language are not understandable by the customer. Thus if we want to keep
this as a characteristic of our software requirements specification, we will have to

represent them in the natural language, that the customer can understand easily.
4.1 Problem Statement

The thesis aims at bridging the gap between informal and formal specifications of
software systems. The aim of proposed work is not to eliminate user’s involvement,

but as an assistance for the developer. The objectives of the thesis are:

e To show the feasibility of converting natural language specification of a

system to the formal notation

e Facilitating the conversion of natural language specifications to formal

specifications, thus bridging the gap

¢ Enabling the people who are not well versed with formal methods, to use

formal methods to some extent and hence benefit from them, by
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providing a conversion framework from natural language to formal

specifications

¢ Development of a tool using NLP, to automate conversion of natural

language specifications to formal ones

e Facilitating the use of natural language documents for requirements
engineering purposes and communicating with non-technical users, and
the use of formal methods for modelling, implementation and

verification of the system.
4.2  Why is it worthwhile to address the problem

There are efforts going on to convert formal specifications to natural language, so
that these are easily understood by customers, as described in section 3.1. There have
been few attempts to automate the translation from a requirement document written in
natural language to formal specification language [8, 10]. The conversion of natural
language specifications to formal language, if done manually, is prone to errors due to
the high level of expertise required and this becomes more difficult to manage in
specifying larger projects. The automatic conversion will not only ease-off the task
but also provide uniformity even in the formal representation of specifications. The
thesis tries to demonstrate the possibility of certain automation from the informal to
the formal specifications, by means of a system, available to assist an expert in

specifications. For this a process of formalisation is proposed.
4.3 Overview of the System

The proposed system, FREND, takes as input a specification document written in
English language. The system is modelled to translate the constraints in the
requirement specification document to Z notation. POS tagging is used to identify the
entities and their attributes. Brill’s Tagger [65] is used to generate the POS tags for
the words. The brief working of Brill’s Tagger is given in section 2.4. A detailed list
of tags assigned to various parts of speech by Brill’s Tagger is provided in Appendix
B. The architecture of the system is shown in figure 4.1. This system called FREND
(pronounced as ‘Friend’) will assist the specifier, and ease off his task of translating
natural language specifications to formal notation. FREND stands for Formal

Requirements Extraction from Natural language Description.
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Figure 4.1: The architecture of the FREND system

4.4  Working of the System

The system works on natural language skeletons. Skeletons are particular

sequences of various parts of speech. The constraints in the requirement specifications

are captured by exploiting the use of certain words and phrases in the document and

the grammatical properties of the natural language, which in this case considered is

English.

Natural Language
Specification

v

Parsing Requirement
Document

v

POS Tagging

v

Parsing Tagged File

v

Matching with Rules and
Mapping to Z

|

Z Specifications
Figure 4.2: Working of FREND

The system has direct mapping from the inbuilt skeletons to Z notation. The

evolutionary nature of the system allows new skeletons to be introduced or update

existing ones, and their mapping to Z notation be specified. When a skeleton is
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matched in the document, it is analyzed and converted appropriately to Z notation.

For example, the skeleton
“<determiner> <noun> <helping verb> <verb> <adjective> <number> <noun>”
will fit both the following sentences:
1. “Manager can manage maximum two departments” and
2. “Student should take maximum three subjects”

or conversely, we can say that there will be same POS tagging generated for both the

sentences.

4.5 Example System

The example shown here is to illustrate the conversion of natural language
specifications to Z notation. The system under consideration is the Library
Management System. The library system we have taken is the Central Library at
TIET, still the requirements stated here are normally applicable to any public or
institute library system. For the sake of simplicity, not all the aspects are modelled,
rather only selected requirements are specified for the elucidation purpose. Also the

lower level details are omitted from specifications.

Stated below are the requirements specified in natural language, which are then

followed by the representation of these specifications in Z notation.
Natural Language Specifications:
Consider a small library database with the following transactions:
1. Issue a book to a member
2. Add a book to the library
3. Add a member to the library
4. Member reserves a book, if the book has been issued
The database must also satisfy the following constraints
1. All books in the library must be either available or issued
2. No book may be both issued and available

3. Only books that are issued can be reserved

40



Z Specifications:

Library

issued: BOOK =»MEMBER
reserved: BOOK— P MEMBER
available: P BOOK

reserved C issued A
issued U available = allbooks A

issued M available = @

(A)
AddMem AddBook
A Library A Library
mem? MEMBER book 2 BOOK
mem ?¢ memlist book ?¢ available
memlist =memlist U mem ? available = available U book ?
(B) ©
IssueBook
ReserveBook
A Library A Lib
mem? MEMBER Ty
mem ? MEMBER
book ?:BOOK
| book ?: BOOK
book ? ¢ issued .
ssued—issued U (book ? ) book ? € issued
= U 7> ?
issued=issued L (boo mem?) reserved=reserved U (book ? — mem?)
available= available\book ?
(D) E)

Figure 4.3: Example - Formal Specifications in Z

A subset of schemas produced for the system is shown above. The schemas are
produced as follows.

1. The schema shown in figure (A) above is produced from all the constraints in

natural language as follows:

a. Constraint 1 is using double conjunction ‘either - or’, thus matching it

with “either <adj> or <adj>", a union of the two sets is shown to form
that object, ‘all_books’
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b. For constraint 2, the rule “No <noun> <verb> <prep> both <adj> and
<adj>” is used and the intersection of two sets is declared as an empty

set.

2. The addition rule is defined to take as input the object to be added. It first

3.6

checks for object’s existence in the corresponding set and then updates the set
by adding the object to the set. The result of this rule is shown in schemas (B)

and (C) for adding member and book respectively.

“<Verb> <Noun> <Prep> <Noun>", rule has a mapping from Nounl to
Noun2. This rule is used in schema (D) for issuing a book, as described in
transaction 1.The addition rule is used to take input and update existing

database.

For creating schema (E), we use rule “<noun> <verb> <noun>" to have
mapping from Nounl to Noun2. The second part of the sentence, “if the book
is issued” is checked by testing membership of the input book in the set

issued. Here addition rule is used for updating the set.

Features of System

This section describes some of the important features of the system. This can also

serve as a user’s guide to the system, to some extent as screenshots of the

implemented system are shown. The symbols to be used in Z notation are input using

.Jpg images.

e Add rule: To add a new schema rule, a user selects the sequence of POS
tags, and then defines the corresponding Z notation for that. To input the
parts of speech, combo boxes are provided. These combo boxes are loaded
on runtime. To terminate the sentence and keep new combo box from

[

loading, should be used. Figure 4.4 shows the partial screen for
AddRule form. There are no restrictions placed on repetition of a specific
sequence, i.e. more than one schema can be designed for same sentence or

skeleton.
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Figure 4.4: Partial View of AddRule Screen

Editing a Schema: An already designed schema can be edited. The
various editing options include — Renaming the schema, Addition /
Deletion of invariants and declarations. An empty schema is provided to
start with. A new schema can be developed using editing operations on
this schema. Similarly, it can also be used to edit the generated schemas,
during the review of formal notation. Figure 4.5 is a snapshot of the screen

used for editing the schema.

& FREND - AddRule

Add Decl

INM - wlBE w]faT
Cancel |

—— Schema Name _

J MM MK

Rename Schema

Add/Del Decl | Add/Del lrevariant
Accept Schema |

Figure 4.5: Editing/Adding a Schema
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® Conversion to Z schemas: The system tags the input specifications file
using Brill’s Tagger. The tagger takes as input a file which is having one
sentence per line. Thus the input file is parsed and converted to the desired
format, by looking for sentence delimiters. The output of tagger is tagged
file in a set of “word/tag” combinations. Thus the output file is again
parsed to obtain only the tags part. The tag sequence is then matched with
the rules defined. If more than one schema is designed for a sequence, the
system displays all those schemas and then it is upto the user to choose an
appropriate one. If there is no schema found, the system prompts it to user
and demands for a schema to be specified. The output obtained can also be

edited using edit schema options.

T = [E[X)z
s E@

Input Filename |D:\thesls\Software\Tagger\test.txt Generate £
Bt |

FREND - Mo Rule

- 1 Mo Rule Defined for ‘DT MM MD B 11 CD MM °
. Define a Rule Mow

‘es Mo

Figure 4.6: No schema found Screen
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Chapter 5

Conclusions and Future Work

There is a wide gap between what formal methods can do and for what they
are currently used. Though formal methods promise improved quality of software and
partial automation of the software development process they are not readily accepted
by domain specialists. Many domain specialists are not familiar or comfortable with
formal notations and formal tool [53]. As a consequence, the great majority of
software requirements continue to be specified in natural language, which is easy to
use [54]. The thesis has tried to bridge the gap between formal and natural language
specifications of a system. We present in this chapter the outcomes of the thesis and

the future directions and scope.

5.1  Conclusions

In the thesis, a system for automated conversion of software requirement
specifications written in natural languages to formal specifications in Z has been
presented. The system is evolutionary in nature and enhances its knowledge base

through an interactive system, using continual user input.

This system will help to a great extent to reduce the effort required for formal
representation of specifications. The knowledge that is incorporated into the system
by the experts can also be used by novices. Author does not claim the generated
formal requirements to be 100% correct and review of the formal specifications
produced is desired and recommended. Still human intervention is required to
populate the knowledge base of the system. The purpose of the system is not to

eliminate user’s involvement, but as an assistance for the developer.

The system may be viewed as the one catering to lightweight formal methods. As
stated in [64] the Lightweight formal methods often perform partial analysis on partial
specifications only. They don’t require much effort and cost to translate entire
(informal) requirements documents into formal ones, nor to maintain formal and

informal versions of specifications in parallel. This seems to be relevant in context of
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the presented system. The system will have substantial benefits if incorporated in

daily life of a requirement engineer.

5.2 Future Work
There is always a scope for improvement. The work in future will mainly need

to address the weaknesses and shortcomings of the work done up to now.

¢ Checking for the grammatically invalid constructs: The system as now
does not refrain the user from entering the constructs that are not
grammatically valid in natural language. These constructs, however, never
be encountered in real specification document, thus there is no need to

define schemas for such constructs.

¢ Integration with other tools: The system can be integrated with other
tools for better performance. E.g. a system for converting Z specifications
to natural language can be used to convert to generate back natural
language specifications for verification of correctness of conversion.
Semantic analysers may also be required for the purpose. The formal
output generated can be made to work with verification tools and with

software reuse tools.

e  QOutput in a computer readable format: The Z notation is easier to be
read by human beings than computer. A more computer readable form can

be generated.

¢ Extension to other formal languages: As a single formal language is not
sufficient and appropriate for all (types of) specifications, conversion to
other formal languages may be incorporated. Z may be used as an
intermediate language, as translation of one formal language to other is

easier than natural to formal conversion.

e Making the system platform independent: The current version of the
system is designed to work with Windows operating system only. This

may be extended for cross platform operations.
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Names

ab
de
A
mh
P4
S,t
Xy
AB
oD
oR
5T
X

Definitions

Logic

trite
false
ap
phg
pvyg
P=4q
P~q

Appendices

Appendix A: Glossary of Z Notation

1dentifiers

declarations (e.g., a: 4; b,...: B...)
functions

numbers

predicates

sequences

EXpressions

sets

bags

relations

schemas

schema text (e.g., d, d|por §)

Abbreviated definition
Data type definition (or @ ::= b{(x}}|...)

Introduction of a given set or basic type (or |a, ...])

Prefix operator
Postfix operator
Infix operator

Logical true constant

Logical false constant

Logical negation

Logical conjunction

Logical disjunction

Logical implication (- p V ¢)

Logical equivalence (p = ¢ A g = p)
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VX eq
dX e g
J, X eg

leta==ux; ...

Universal quantification
Existential quantification
Unique existential quantification
Local definition

Sets and expressions

K=y
XFy
xeAd
xg A
o
ACB
ACB
{x,y,...}
X ex}
AXex
uXex

leta==x; ...0p
il p then x else y

(xX,¥,-..)
AxBx...

P4

P 4
FA4
F.4
ANB
AUB
A\B
A
M4
firstx
secondx

1A

Relations

A~ B
ars b
domR
ranR
id A4
QR
QoR
A<R
A<4R

Equality of expressions
Inequality (= (x = y))

Set membership
Non-membership (= (x € 4))
Empty set (also {})

Set inclusion or subset

Strict set inclusion or subset (4 € B A 4 # B)

Set of elements
Set comprehension

Lambda-expression — function
Mu-expression — unique value
Local definition

Conditional expression

Ordered tuple

Cartesian product

Power set (set of subsets)
Non-empty power set

Set of finite subsets

Non-empty set of finite subsets
Set intersection

Set union

Set difference

Generalized union of a set of sets
Generalized intersection of a set of sets
First element of an ordered pair
Second element of an ordered pair
Size or cardinality of a finite set

Relation (P(4 xB))

Maplet ((a,5))

Domain of a relation

Range of a relation

Identity relation

Forward relational composition
Backward relational composition (R g O)
Domain restriction

Domain anti-restriction

55



AR
AR
R(A4)
iternR
Rﬂ

R

R*

Rt
ODR
aRb

Functions

A+B
A—B
A+~ B
A4—B
A-+wB
A B
A B
A B
A B
fx

Numbers

m*n
mdiva
mmod x
m<n
m<n
m>n
m>n
SUCC R
m..n
minA
max A

Range restriction

Range anti-restriction

Relational image

Relation composed # times

Same as itern kK

Inverse of relation

Reflexive-transitive closure
Irreflexive-transitive closure

Relational overriding ( (domR < Q) UR)
Infix relation

Partial functions

Total functions

Partial injections

Total injections

Partial surjections

Total surjections

Bijective functions

Finite partial functions

Finite partial injections
Function application (or f(x) )

Set of integers

Set of natural numbers {0,1,2,...}

Set of non-zero natural numbers (N, {0})
Addition

Subtraction

Multiplication

Davision

Modulo arithmetic

Less than or equal

Less than

Greater than or equal

Greater than

Suceessor function {0 — 1,1 —2,...}
Number range

Minimum of a set of numbers
Maximum of a set of numbers
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Sequences

seq.d Set of finite sequences

seqq A Set of non-empty finite sequences
iseq A Set of finite injective sequences

{ Empty sequence

(6,50} Sequence {1 +—x,2 —y, ...}

57t Sequence concatenation

s Distributed sequence concatenation
head s First element of sequence (s(1))

tail s All but the head element of a sequence
last s Last element of sequence (s(#s))
fronts All but the last element of a sequence
revs Reverse a sequence

squashf Compact a function to a sequence
A7s Sequence extraction ( squash(4 <1s))
sTA Sequence filtering ( squash(s > 4) )

s prefix ¢ Sequence prefix relation (s " v = )

5 suffix ¢ Sequence suffix relation (u ™ 5 = )
sint Sequence segment relation (u "5 v =1)
disjoint 4 Disjointness of an indexed family of sets
A partition B Partition an indexed family of sets
Bags

bagA4 Set of bags or multisets (4 —+ Ny)

l Empty bag

[, 2, .-.] Bag {x — L,y +—1,..}

count Cx Multiplicity of an element in a bag
Cix Same as count Cx

naC Bag scaling of multiplicity

xinC Bag membership

CCD Sub-bag relation

cwD Bag union

cuJD Bag difference

items.s Bag of elements in a sequence

Schema notation

_ 5 Vertical schema.

d New lines denote “ ;" and *A’. The schema name and pred-
icate part are optional. The schema may subsequently be
referenced by name in the document.




52 ]
T ]

as

-8
SAT
SvT
S=T
ST
S (a,..)
S1T
pre S
SgT
ST
Sla/b,...]
VXS
X eS8
J; X e

Conventions

Axiomatic description.

The description may be non-unique. The predicate part is
optional. The definitions apply globally in the document
subsequently.

Generic construction.

The generic parameters are optional. The definitions must
be unique. The defimtions apply globally in the document
subsequently.

Horizontal schema

Schema inclusion

Component selection (given z : .5)

Tuple of components

Schema negation

Schema conjunction

Schema disjunction

Schema implication

Schema equivalence

Hiding of component(s)

Projection of components

Schema precondition

Schema composition (8 then 77)

Schema piping (S outputs to T inputs)
Schema component renaming (b becomes a, etc.)
Schema universal quantification

Schema existential quantification
Schema unique existential quantification

Input to an operation

Output from an operation

State component before an operation

State component after an operation

State schema before an operation

State schema after an operation

Change of state (normally § A &)

No change of state (normally [§ A 57|65 = 65'])
Partial specification of an operation

Theorem
Theorem with declarations (F Y d e p)
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Appendix B: POS Tags

Different tags assigned to parts of speech by the Brill’s Tagger are shown below

Tag Part of Speech
sentence closer (. ; ? *)
( left parenthesis
) right parenthesis
* not, n't
-- dash
, comma
colon
ABL pre-qualifier (quite, rather)
ABN pre-quantifier (half, all)
ABX pre-quantifier (both)
AP post-determiner (many, several, next)
AT article (a, the, an)
BE be
BED were
BEDZ was
BEG being
BEM am
BEN been
BER are, art
BEZ is
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Tag Part of Speech
CcC coordinating conjunction (and, or)
CD cardinal numeral (one, two, 2, etc.)
CS subordinating conjunction (if, although)
DO do
DOD did
DOZ does
DT singular determiner/quantifier (this, that)
DTI singular or plural determiner/quantifier (some, any)
DTS plural determiner (these, those)
DTX determiner/double conjunction (either)
EX existential there
FwW foreign word (hypenated before regular tag)
HV have
HVD had (past tense)
HVG having
HVN had (past participle)
IN Preposition
I Adjective
JJIR comparative adjective
1JS semantically superlative adjective (chief,top)
T morphologically superlative adjective (biggest)
MD modal auxiliary, helping verb (can, should, will)
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Tag Part of Speech
NC cited word (hyphenated after regular tag)
NN singular or mass noun
NN$ possessive singular noun
NNS plural noun
NNS$ possessive plural noun
NP proper noun or part of name phrase
NP$ possessive proper noun
NPS$ possessive plural proper noun
NR adverbial noun (home, today, west)
OD ordinal numeral (first, 2nd)
PN nominal pronoun (everybody, nothing)
PN$ possessive nominal pronoun
PP$ possessive personal pronoun (my, our)
PP$$ second (nominal) possessive prounon (mine, ours)
PPL singular reflexive/intensive personal pronoun (myself)
PPLS plural reflexive/intensive personal pronoun (ourselves)
PPO objective personal pronoun (me, him, it, them)
PPS 3rd. singular nominative pronoun (he, she, it, one)
PPSS other nominative personal pronoun (I, we, they, you)
QL qualifier (very, fairly)
QLP post-qualifier (enough, indeed)
RB adverb
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Tag Part of Speech
RBR comparative adverb
RBT superlative adverb
RN nominal adverb (here, then, indoors)
RP adverb/particle (about, off, up)
TO infinitive marker to
UH interjection, exclamation
VB verb, base form
VBD verb, past tense
VBG verb, present participle/gerund
VBN verb, past participle
VBZ verb, 3rd singular present
WDT wh- determiner (what, which)
WP$ possessive wh- pronoun (whose)
WPO objective wh- pronoun (whom, which, that)
WPS nominative wh- pronoun (who, which, that)
WQL wh- qualifier (how)
WRB wh- adverb (how, where, when)
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