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Introduction

Modern softwaresystems in most cas@se lage projectsanddifficult for
implementation There are various models ofheir development process
organization. The most known are Linear Sequential Mdel, Cascade (or
waterfal), Spiral, Iterative (Rational Unified Process) models and their
combinations (Microsoft Solution Framework).The ultimate goal of each
development processiodel is the developingof a qualitative product (program
system)that is satisfying all customerrequiremers, during established time at
optimum expenses absts(resources).

The process of software systems development is studied by Software
Engineering (SE) discipling€l2]. The IEEE Computer Society defines software
engineering as:

(1) The application of a systematic, disciplined, quantifiablecauh to the
development, operation, and maintenance of software; that is, the application o
engineering to software.

(2) The study of approaches as in (1)

In the Software Engineeringstipline the problemof process orgamation
is frequently represeatl ascthe constraint r i a rFguregle The( Constraint
Triangle):

Time

Cost Quality
(Resources (Functionality)

Figure 1: The Constraint Triangle

Any changeto one of the goals specified on the figure inevitably entails

changes to others twd-or example, with the reduction of the price i.e. the



reduction of the evelopershumber the time of development grows and/or quality
of received system is decreasing.

The main task of theoftware systermanageis thecorred planning of the
resources, taking into account time restrictions and requirements ofigtamer.
Therefore, a prime problem, that is not dependent on development process mode
i's an eliciting of the i1nitial cust
software component©n the basis of initial requirements the architecture, means
of development, components and structure of systeay bedefined. Further
detailed requirementsfor t h e s y compomedtswill be formulated.
Requirementdor components should be coordinated with requirements of the
customer andshould be specified inthe process of their detailed elaboration.
Procedures othe requirements capturing, specifyinganagng, as a ruleare
defined bythe development procesmodel. A product of this stages the
documents with the detailed description of the future systémll requirements,
specifications and othetocuments There can be various versions of documents
for managers, developers, customers and others stackehofdéesystemunder
development Each ofd o0 ¢ u meersibnd should reflect the information thesn
important for each group participating in the projddte information allowing to
make correct decisioran the project for managef®r developers necessaryor
development, for customergiving real representation on the future system.

The desobed stage ins y st eeuéapmentlifecycle is called the
Requirements Engineering. The most general goal of the Requirements
Engineering process is to identify, analyze, verify and document requirements for
the system to be developé€lhe pledge of th@roject's successful implementation
in many respects depends on the successful performing of this initial developmen
stage It allows developers and customers to come to the agreement on what result
should be achieved, and also avoid mistakes in conseguEhis statements
based orthe assumptiog thatiithe earlier the mistake will be founthe more

cheaply it may beorrece d and thatffit is possible to construct stable model of
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the futuresystem (on the basis of requirements) prior to the beggnoii designing
and developmemir o c.e s s 0

The goal of this work is to investigate some of the existed approaches for
refinementformalizationand specificationof naturatlanguage (NL) requirements
and to propose a new approdidsed on the ForThelL lanage[3][4].

The formalization of NL requirements is performed in order to reduce their
ambiguity, inconsistency and incorrectness. Many semiformal and formal
languages have been developed in angiteto provide such formalization. A
common drawback to these languages is that they are difficult feexyarts to
understand, which limits their practical application. In order to improve the level of
comprehension for neexpert the ForTheL (Formal €bry Language, pronounced
AFORTELO) was developed. The main pe
formal language and designed to be close to natural English language.

But, initially ForTheL language was designed for writing mathematical
texts. T hvehy anether important goal of this work is to investigate the
possibilities of the language for capturing the requirementspamcessing them
using theSystem for Automated Deduction (SACBAD is a processor of texts
written in ForTheL [ttp://ea.unicyb.kiev.ua/sad.en.njmbnd other formal
languages

The SAD system may be considered as the modern vision of the Evidence
Algorithm program advanced by Academician V. Glushkov. He proposed to
simultaneougl investigate the use of formalized languages for presenting formal
texts in the form most appropriate for a user, the formalization and evolutionary
development of computer made proof steps, the influence of the information
environment on the evidence afproof step, and man assisted search for a proof.
The system SAD can be used to solve large variety of theorem proving problems
i ncludi ng: establishing the deduci bi
theorem proving i n rRdryT meL -ceonrvriercot nnnees
For The[BH4. ext s
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It also may be applicable for tasks concerned with verification of formal
requirements specifications. Thgamples in this work will show such capabilities

of the system.



Goals and Tasks

The goal of this study is to investigate the existed approaches for refinement
and formalization of naturdanguage (NL) requirements specifications.

As a result of thénvestigationthe approach based on the ForThelL language
is presented It will use the general approach and structureRefuirements
Engineering stage ithe System Engineering Process as a basis.

The softwarerequirements that follow theestricted synta of English
languagemay be interactively translated into ForThelL statements or completely
written using it. The interactive translation would be basespatialtemplates.

After translation, requirements will be processed by the SAD system. The
systemwill act as a formal checker in categorical analysis of requirements.

In Appendix someexamplesare presentedo demonstrate the abilities of
ForThelL language and the SAD system.

As a practical result the prototype of system for capturing and processing
software requirements using abilities of SAD system will be developed. The
system must operate in collaborative, distributed environment and guarantee higl

security level of the information.
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The Requirements Engineering

Overview

Requirements engineerif®E), in software engineering, is a term used to
describe all the tasks that go into the instigation, scoping and definition of a new ol
altered computer system. Requirements engineering is an important part of the
software engineering process; wherebyimess analysts or software developers
identify the needs or requirements of a client; having identified these requirements
they are then in a position to design a solufjn

Earlier it was considered that Requirements Eraging is relatively easy
part of the process. However, soon, it became clear, that RE is a very importan
stage. As, many failures at system developing have been caused by mistake
admitted duringhe Requirements Engineering and it was too expensiveerr ev
i mpossible to correct them and to sat

At RE stage it is possible to construct a stable model of the future system or
the basis of requirements prior to the beginning of designing and developmen
process to mvent failures in the futureComplete requirements represeamt
declarative descriptiooft he f ut ure system. Thatds
researchers emphasizen the fact that: requirements describe what is to be done,
but not how they are impieented13].

In the following, the requirement engineering process will be examined and

the main techniques developed for it will be discussed.
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The Requirementsengineering process

The whole process of requirements engingeitha web of sulprocesses,
and it is very difficult to make a clear distinction between tfizn

At a differentlevel of consideration theesearchers dividdhe REprocess
into various staged\everthelessit is acceptedhe RE process consists of five

main activities:

Requirements Elicitation
Requirements Analysis
Requirements Specification
Requirements Validation

Requirements Management

The Requirements Engineering process in general may be illustratbe by

following schemeRigure2: RE process s@mg:

Goals System Definition
Document

Domain Knowledge v
g \ System & Software

The Requirements
Requirements Specifications
Engineeing
Stackeholders Process
1 Agreements

Operational and
Organizational
Environment

System Models

Figure 2: RE process scema
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The scheme shows which informationinsolved into the procesdn other
words what are the inputs and outputs ofTihe RE process ifundamentally
interdisciplinary, and the requirentsnspecialist needs to mediabetween the
domain of thestakeholdeland that of software engineerifij. Typical examples
of software stakeholdersnclude: users, customers, domain expeets, They
represenavery importah s our ce of the systembs r «

The experience of successful projects reveals that resources and technic:
risks can be reduced through rigorous and thorough requirements engineering.

Successfully completing a requirements engineering stage idlangea In
the first place, it is not easy to identify all the stakeholders, give them all an
appropriate form of input, and document all their input in a clear and concise
format. And there are constraints. The requirements engineer is expected t
determne whether or not the new system is: feasible, schedulable, affordable,
legal, ethical5].

The general difficulties involved with requirements analysis are increasingly
well known:

o the right people with adequatexperience, technical expertise, and
language skills may not be available to lead the requirements
engineering activities;

o the initial ideas about what is needed are often incomplete, wildly
optimistic, and firmly entrenched in the minds of the peogéling
the acquisition process;

o the difficulty of using the complex tools and diverse methods
associated with requirements gathering may negate the hoped for
benefits of a complete and detailed approach.

The requirements engineering process usually hheeiterative nature.
Requirements typically iterate with

some projects, all requirements can not be understood before the system design
13



they can be clarified during the development process. unch of prgects is
usually of a high risk.
Now, the main activities of Requirements Engineering will be discussed in

more details.

Requirements Elicitation

Requirements elicitation is the first stage in considering the problem the
software system should be abledolve. This process is following after system
engineering process which defines the context and goal of the softiMagetask
of requirements elicitation is the establishingbolundaries andequirements for
the softwaresystem. It is carried out by ertaction withstakeholderand detailed
studying of corresponding knowledge domains. Requirements elicitation is always
be a human activity. Themxist varioustechniquesand methods of requirements
elicitation. The most widespreatkchniquesare intervievs, scenarios, prototypes,
facilitated meetings, observation, efiche detailed description of which may be
found inO.

At this stage the relationships between developers of the system and the
customer shouldébestablished.

The requirements =elicitation is v
Arequirements discoveryo and Arequir e

Gathered during these stage requirements may be checked for quality using
different methods and toold7{, [25], [26]). The quality of requirements is
important feature for the following stageSeveral rules for writing quality

requirements are discussed28] and some examples are given.

14



Requirements Analysis

After requirements were discovered they must be analysed to:

o Necessity (need for the requirement);

o Detect and resolve drawbacks in them (for examptmsistency,
conflicts, ambiguity guations,completenessetc);

o Improve their quality;

e They must bestructurel and refinel;

o Discover the bounds and properties of the system;

o Discover how system wiinteract with the environment;

e Another necessary analysis.

After this stage the requiramnts have to be described clear enough to enable
their specification and validation.

For providing more convenient analysis procedunmegsjuirementsnay be
structured by different characteristidsor example, whether the requirement is
functional ornon-functional[1]:

Functional requirements describe the functions that the software is to
execute (formatting some text, modulating a signal). They are sometimes known a
capabilities.

Non-functionalrequirements are the ones that to constraint the solution.
Non-functional requirements are sometimes known as constraints or quality
requirements. They can be further classified according to whether they are
performance requirements, maintainability requirements, safety requisgment
reliability requirements, or one of many other types of software requirements.

One of the most commaaroceduresn requirements analysis is negotiation.

It may be used to resolve problems with requirements where conflicts occur

between twostakeholdergequiring mutually incompatible features (conflicting
15



requirements). Requirements that seem problematic are discussed and tr
stakeholders involved present their views about the requirements. After negotiatior
the requirements are prioritised and a compse set of requirements may be
agreed upon. Generally, this will involve making changes to some of the
requrements, what also may cause new problems appearing.
Other techniques used for requirements analysis: amguirements

classification conceptual rmdelling, requirements negotiation, prioritization,
architectural design and requirements allocatidrey are widely presented in the

corresponding literature.

Requirements Specificationprocess

First of all, | et 6 s start wi t h rd eREquirements o n
Specificationprocess.There may be different definitions more or less complete.
The definitions in tk work are commonly based on an excellent source for
definitions in Software Engineering disciplinethe IEEE Computer Society
(http://www.ieee.org [1][2]). There, he Software Requirements Specification
process is defined @& processesults ofwhich are unambiguous and complete
specification documents

It is accepted to consider tis®ftware Requirements Specificatidi®@RS) is
a complete description of the behavior of the system to be developed. It includes
set of use cases that describe all of the interactions that uselsawallwith the
software numerical valuedimits and measurable attributedich may be checked
on the working system

The SRS is a document (paper or efaut), which defines (specifies) the

Software System.

16
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The complete description of the functionshi® performed by the software
specified in the SRS will assist the potential users to determine if the software
specified meets their needs or how the software must be modified to meet thei
needd6].

From thelEEE standard]:

The basic issues that the SRS writer(s) shall address are the following:

o Functionality. What is the software supposed to do?

o External interfaces. How does the software interact with people, the
syst emo s, otheahamdwaee rand other software?

o Performance What is the speed, availability, response time, recovery
time of various software functions, etc.?

o Attributes. What are the portability, correctness, maintainability,
security, etc. considerations?

o Dedggn constraints imposed on an implementatioAre there any
required standards in effect, implementatianguage, policies for

database integrity, resource limits, operating environment(s) etc.?

An SRS should be:

o Correct

« Unambiguous

e Complete

o Consiséent

o Ranked for importance and/or stability
o Verifiable

o Modifiable

e Traceable

17



An SRS iscorrect if, and only if, every requirement stated therein is one
that the software shall meet.

There is no tool or procedure that ensures correctness. The SRS lshould
compared with any applicable superior specification, such as a system
requirements specification, with other project documentation, and with other
applicable standards, to ensure that it agrees. Alternatively the customer or use
can determine if the &S correctly reflects the actual needs. Traceability makes

this procedure easier and less prone to error.

An SRS isunambiguousif, and only if, every requirement stated therein
has only one interpretation. As a minimum, this requires that each chatactari
the final product be described using a single unique term. In cases where a terr
used in a particular context could have multiple meanings, the term should be

included in a glossary where its meaning is made more specific.

An SRS iscompleteif, and only if, it includes the following elements:

a) All significant requirements, whether relating to functionality,
performance, design constraints, attributes, or external interfaces. In particular an
external requirements imposed by a system specditatihould be acknowledged
and treated.

b) Definition of the responses of the software to all realizable classes of
input data in all realizablelasses of situations. Note that it is important to specify
the responses to both valid and invalid inpaities

c) Full labels and references to all figures, tables, and diagrams in the SRS

and definition of all termand units of measure.

Consistencyrefers to internal consistency. If an SRS does not agree with
some highetevel document, such as a system regugnts specification, then it is

not correct.
18



An SRS is internally consistent if, and only if, no subset of individual
requirements described in it conflidthe three types of likely conflicts in an SRS
are as follows:

a) The specified characteristicsreflworld objects may conflict.

b) There may be logical or temporal conflict between two specified actions.

c) Two or more requirements may describe the samemadd object but
use different terms for thabject. The use of standard terminology aeéirdtions

promotes consistency.

An SRS isranked for importance and/or stability if each requirement in it
has an identifier to indicate either the importance or stability of that particular
requirement. Typically, all of the requirements that relai@ $oftware product are
not equally important. Some requirements may be essential, especially for life

critical applications, while others may be desirable.

An SRS isverifiable if, and only if, every requirement stated therein is
verifiable. A requiremenis verifiable if, and only if, there exists some finite eost
effective process with which a person or machine can check that the software
product meets the requirement. In general any ambiguous requirement is no

verifiable.

An SRS ismodifiable if, andonly if, its structure and style are such that any
changes to the requirements can be made easily, completely, and consistently whi
retaining the structure and styModifiability generally requires an SRS to

a) Have a coherent and ea®yuse organizigon with a table of contents, an
index, and explicit cros®ferencing;

b) Not be redundant (i.e., the same requirement should not appear in more
than one place in the SRS);
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Cc)Express each requirement separately, rather than intermixed with othel

requirenents.

An SRS igtraceableif the origin of each of its requirements is clear and if it
facilitates the referencing ofach requirement in future development or

enhancement documentation.

To achieve theabove mentionedeatures a number of techniques for
specifying software requirements are develodd@setechniquesnay be dvided
into two separate major classesNatural Language (NL) based and based on
special language&.urther more special language approaches also may be divided
into several types.For example universal approaches (Unified Modeling
Language) and domain dependent (Z NotationMdhod). But a common
drawback of these languages, however, is that they are difficult feexpmerts to
understandThis factlimits their practical applideon. And the Natral Language
continues to be the most appropriate way to express software requirements
However, Specifications expressed in the Natural Languagediffreult for
automated processing. But there exist a tools and linguistic methodnakdie
applicable for such taskg]. Unfortunately these methods are not as effective as it
would be desirable.

The current state of Software Requirements Specificafimcesswas
described in the articl8] by Donald Firesmith.

Later in this work the ForTheL language based approach will be presented.
ForThelL is a formal natural like language. The ForThelL text may be translated
into corresponding firsbrder logic formulas. The goal of the devetap new
approach is to remove the drawbacks of the formal specification languages witt
special syntavand to allow non-expers to takethe advantage of formal methods

in Requirements Specification process
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Requirements Validation

Proceeding from the vi@us reasons in practice concepts of verification and
validation arerequently confusedt must be emphasized that the verification and
validation (V&V) may be performed at different levels (stages). That is the
verification and validation procedure mag performed for the whole System or
only for the System Requirements or for the Software System Requirements. Ther
are also a difference between System Requirements and Software Systel
Requirements (see for exam#],[9]).

For clearing distinction between conceptsvefification andvalidationlet's

begin from the dictionary definitiofts

valid
o (of a reason, objection, etc.) sound or defensible:-grelinded.
o executed with the proper foritees (a valid contract).
o legally acceptable (a valid passport).

e not having reached its expiry date.

validate
o make valid; ratify, confirm.
o VV validation

1" The Concise Oxford Dictionary,T'heMiCcom'GnS(sfetE
Oxford Dictionary, 8th Edition. (c) E Oxfo
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verification
o the process or an instance of establishing the truth or validity of
something.
e Philos. the establishment of the validity of a proposition empirically.

o the process of verifying procedures laid down in weapons agreements.

sound
o healthy; not diseased or injured.
e (of an opinion or policy etc.) correct, orthodox, wkllinded,

judicious ¢é.

correct
e true, right, accurate
o (of conduct, manners, etc.) proper, right

e in accordance with good standards of taste et

truth
o the quality or a state of being true or truthful (doubted the truth of the
statement; there may be some trutht)in
o Wwhat is true (tell us the whole truth; the truth is that | forgot).

o what is accepted as true (one of the fundamental truths).

That is he Validation may be considered astruth and
Verification as correctness'he truthis thought to besomethingabsolute which
cannot benterpretedifferently.

Correctness is relativeoncept. For example, relatite the systenunder
devel opment and systembés environment

The \erification of the systemensuresthat it is designed to deliver all

functionality to tle customer; it typically involves reviews andeetings to
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evaluate documents, plans, code, requirements and specifications; this can be do
with checklists, issues lists, and walkthroughs and inspection meetings.

SystemValidation ensures that functionigli as defined in requirements, is
the intendedehaviourof the System validation typically involves actual testing
and takes place after verifications are completed

The morecomplete and rigorous definitions of System and Requirements
Verification andValidation arepresentedby Terry Bahill and Stean Henderson in
their article[9]:

Verifying requirements: Proving that each requirement

has been satisfied. Verification can be done

by logical argument, inspection, molleg, simulation,

analysis, expert review, test or demonstration.

Validating requirements: Ensuring that (1) the set

of requirements is correct, complete, and consistent,

(2) a model can be created that satisfies the

requirements, and (3) a reabrld solution @an

be built and tested to prove that it satisfies the

requirements. If Systems Engineering discovers

that the customer has requested a perp@atodibn

machine, the project should be stopped.

Verifying a system Building the system right: ensuring

that thesystem complies with the system

requirements and conforms to its design.

Validating a system Building the right system:

making sure that the system does what it is supposed

to do in its intended environment. Validation

determines the correctness and clatgness

of the end product, and ensures that the system

will satisfy the actual needs of the stakeholders.
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Again, from their article:

Each requirement must be verified by logical argument, inspection,
modeling, simulation, analysis, expert review, test,demonstration. Here are
some brief dictionary definitions for these terms:

o Logical argument: a series of logical deductions

e Inspection: to examine carefully and critically, especittyflaws,

o Modeling: a simplified representation of some aspéetsystem

o Simulation: execution of a model, usually witk@mputer program

e Analysis: a series of logical deductions using mathemadicd
models

o Expert review: an examination of the requiremelbysa panel of
experts

o Test: applying inputs and measuringutputs undercontrolled
conditions (e.g., a laboratory environment)

o Demonstration: to show lgxperiment or practicalpplication (e. g. a
flight or road test). Somesources say demonstration is less
guantitativethan test.

Modédling can be an independeverification techniquehut often modking
results are used to suppother techniques.

The requirements validation may be performed to ensure that the software
engineer has correctly understood t he
important to \alidate requirements for conformance with company standards and
that they are understandable, consistent, and complete. Formal notations offer tr
important advantage of permitting the last two properties to be pftjen

It is a good practice to peerm requirements verifications and validation
several times during system development process. In the iterative developmer
processethis is necessary to perform requirements verifications and validation on

everyiteration.
24



Requirements Management

Requirements management isrelatively new branch in Requirements
Engineering procesdt is the activityconcerned with the effective control of
informationrelated to system requiremeniequirements management process is
carlying out togelier with other engineering processes.

The beginning of this processhould beplanned forthe same timeas
process of initial requiremenddicitation starts Directly requirementmmanagement
process should begin right after the draft versibthe requirements specification
will be ready.

Nevertheless Requirements Management process (RM) is widely supplied
by software[10][11]. The software tools may perform the following RM tasks:
store structuredsoftware and systenmequirements in database, manage versions
and changes, store additional information related to requirements (attributes
contex), communicate with customensack statusprepare reporismanage user
roles (software agineer, developer, customer) and generate information for them.

Duri ng t he RM process t he stand:z:
d o ¢ u me n tflGwsandnacchiving must be established. All software engineers
and developers must follow thestandardsThis will reduceambiguityin future.

Using the software tools these tasks are performed more effectively.

Further in the work the existed tools and software for Requirements
Management will be discussed in more detail in connection with ForThelL
approach fomprocessing requirements. The special tools for this approach will be
presentedThe development of ForThelL approach will be performed according to
the generally accepted standards in Software Engineering discipline.

The topic of the work also concerns widchniques for NL requirements

analysis. They will be discussed in the next chapter.
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Tools for Natural Language Requirements Analysis

The goal of this section is to give a short overview ofiitinguistic methods

for analysing natural language requirerse

Template-based approach

Semiformal descriptions represent one of the approaches of reducing
inconsistency and ambiguity of natural language documdntshe case of
requirement specifications, text documents are structured using text temptetes.
templates and writing standards must be selected according to the needs of ea
i ndi vi dual project. 't i s obvious th
templates available for different domains. For example, the Volere requirements
specfication template (http://www.volere.co.uk) is applicable for software
projects. In this template it was proposed to use a requirement shell for writing

each atomic requirement as given at the picture below:

List of events /
use cases that
The type from need this
the template requirement
Requirement #: Unique id Requirement Type: Event/use case #: |

Description: A one senfence statewent of the intention of the requirement

Rationale: A justification of the requirement

Source: Who raised this requirement?

Fit Criterion: A weasurement of the requirement such that it is possible
to test if the solution matches the original requirement

Other requirements
Customer Satiefaction: Customer Dissatisfactior: j’haf cannot t# :
[Dependencies: Alist of other requirements that  Gorflicte: :,':glfsmmd fhiy
have some dependency on this one
| Supporting Matenals: ——Pointer to documents that T\ 7 ]1
| History: Creation, illustrate and explain this', Y OIlETE
f changes, requirement | Corige © bt Syt

Pegree of stakeholder happiness if this requirement is ‘
successfully implemented,
Scale from 1 = uninterested to 5 = extremely pleased.
Measure of stakeholder unhappiness if this
requirement is not part of the final produet.
Scale from 1 = hardly matters to 7 = extremely displeased.

Figure 3: Volere Template
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Furthermore, A. Cockburn in his bo¢gk3]e mp hasi sed t hat
to publish just one use case templdieere must be at least two, a casual one for
low-ceremony projects, and a fully dressed one for higherr e mony pr o]

If objectoriented development mettl® are applied, requirements are
described by use cases. For expressing behavioural informatise oéses, text
templates are widely acceptethese templates provide typically a seorimal
description called a scenario. The keywords give structuee riatural language
expression (se&able: Use Case templatéds a result, on average a description
will be more complete and less ambiguous than without the structure. The structur
mainly acts as guideline for the stakeholder writing down the requirenaert
specifications, reducing omissions, incompleteness and ambiguously statec

expressions.

Table: Use Case template

USE CASE Name of this Use Case

Service Benefit of this Use Case for the user

Brief description Optional description

Actors List of acbrs related to this use case

Scope Extent of the system of concern

Level Level of Abstraction

Precondition Conditions for the state of the actors and the
system, required for the application of this U
Case

Main success scenario

PostCondition (List of) conditions fulfilled after a successful
execution

Alternative scenarios

Failure Short description of a possible exceptional
condition

Each case is mainly a description of a possible scenario and can have pre
and postconditions. The informatiors most often expressed in natural language,

albeit supplemented with e.g. diagrams or referenced documents. Using-a sem
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formal template, the comprehension merswill be improved compared to plain
text. However, the information cannot be evaluatechliypmatic toolsg e.g. for
automatic verification or for test case generation purposes. The aim is to transforn
the semiformal statements into an expression with a formally defined syntax and
semantics. The latter can be a diagram or a mathematical fiygtatements, but
having unique semantics.

Ambiguities in structured texts come from expressions without a reference to
the particular context or form and the uskwords that have more than one
meaning within the particular context. Such expressions tavwe replaced by
ones that define and remove all ambiguities in the given context. In this case
predefined keywords and glossary items provide possible solutions to build up
such unambiguous expressions. Further, incompleteness in structured texts |
frequently caused by missing objects, subjects, transitions or relations within the
expressions. Missing terms result as well in missing refinements. Hence, to removs
ambiguity and incompletenesthe use of a set of templates for structuring the
requiremerg and specifications expressions is proposed. For each Aangahge
part of a semformal description a template is applied to formalize it. Every
template is defined by a relation to a semantic pattern and a linguistic structure
Based on this relatig a linguistic analysis can be applied to derive suggestions for
the application of a template based on a natural language expression. For th
evaluation of such expressions the usual procedure of textual analyses i
performed:

In a lexical analysis the&ords of the natural language text are compared to a
lexicon, known words are identified and their type is marked. Unknown words
have to be classified interactively.

In a syntax analysis a syntax tree is built for every sentehdmguistic
analysis is prformed to identify linguistic structures within the syntax tree.

The semantic analysis compares the linguistic structure to semantic patterns

Suggestions for suitable templates are derived.
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The templates follow a strict syntax. For each field withiremglate, a
specified type of term can be placed (Tab 2). By defining the terms via a referencs
to a glossary of predefined terms, the semantics of such a description are
formalized to some extent. In this way, the descriptions are transformed from a free
vocabulary to a restricted one. As a result, the descriptions can be evaluated b

tools.

Scheme of one of the templates with types and an example:

Actor Activity Object Destination

The librarian selects the book in the list of available books.

The tenplates are based on linguistic structures and on semantic patterns a
defined by Chomsky. The template of Tab 2 is based on the communication

pattern

Communication (V) [Agent; Object; Source; Destination]

That has been instantiated in the way

Communi@at i on (select) [ Agent : 0t he |

0t he | Dbsaarnanhopn: 6in the | i st of a\

As a result of this transformation, the degree of formal definition of syntax
and semantics is increased. The step betwsegytntax analysis and the semantic
analysis is relatively large. For common natural language texts there is a wide
variety of linguistic structures, demanding for a big maintenance effort.-Semi
formal descriptions offer advantages because the numbengpfidtic structures

can be limited.

29



The above approach was described in the article Refinement and
Formalization of SemiFormal Use Case Description by Matthias Riebisch,
Mi chael [19%H¢bner

However, it is important to undesestd that every procedure of textual
anal yses hendredOpercergorrgce result because of natural language
ambiguties. But, there are tools for processing NL requirements that are using
textual analyses more or less successfully (for example QUAIRZ]).

Another approach was described by Kendra Cooper and Mabo Ito in their
article: AFormali zing a Structured N
N ot a flir].dmthe abstract they wrote:

cRequirements specification notatd.i
order to meet their specific needs. For example, the Th&@apabilities notation,
an in house notation at Raytheon Systems Canada, Ltd., has évedoped and
used for specifying their complex, large scale, air traffic control systems. It is a
semiformal, structured, natural language notation. In this work, we investigate
how to make this seriormal notation more rigorous (i.e.,formal) by devetapi
and applying a new formalization process to it. By doing this, we can obtain the
advantages of formal methods (precise, unambiguous, automatic generation of te:
specifications, automated type checking, etc.) while retaining the style and
readability ofthe original notation. We call the formalized notation the Stimulus
Response Requirements Specification (SRRS) notation. Our results have bee
successful for the specific notation. The formalized notation has been demonstrate
to reduce the time and imp® the quality of the requirements specifications.
There is additional training time, however, needed to learn to use the notation an
toolse.

It was shown that templateased approach for NL requirements strongly
depends on procedures of textual analy3dwrefore the effectiveness of this

approach is directly defined by effectiveness of textual analyses. For NL
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requirements textual analyses may be performed more precisely in comparisol

with the usual text as they use less rich lexicon.

The Model Driven Architecture methodology

The Model Driven Architecture, known as MDA, is a framework for
software development defined by the OMG. Key to MDA is the importance of
models and transformations between them in the software development proces:
MDA defines howmodels defined in one language can be transformed into models
in other languages. An MDA development process generally begins with a
Computer Independent Model (CIM) which describes the business system
independently of the software system to be implenitente

In this case there are exists @penproblem: Is it possible to develop the
transformation process to define CIM from natural oriented models. This problem
was studied in the article Al ntegrat
Model s i iyMC. MDnardi and M.V. Mauc[i8]. They present such a
transformation for Language Extended Lexicon and the Scenario Model. A short
description of these models from the article:

ALanguage Extended L e gtarec that allqwks Ehe ) :
representation of significant symbols of the Universe of Discourse. It is composed
by a set of symbols which have a name (and a set of synonyms), notions, an
behavioural responses. LEL symbols define objects, subjects, verbal phdhse
states. When describing LEL symbols two rules must be followed simultaneously:
the "circularity principle®”™ and the f

Scenario Model: A scenario describes situations in the Universe of
Discourse. A scenario is connectedthe LEL and it is composed by: a title to
identify it, a goal describing its purpose, a context to define geographical and
temporal locations and preconditions, actors which are entities actively involved in

the scenario generally persons or organizaji@nset of resources that identify
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passive entities with which actors work, and a set of episodes where each episoc
represents an action performed by actors using resources. An episode may [

explained as a scenario; this enables a scenario to bespstlss c e nar i o s .

Proceduresof Linguistic Analysis

The purpose of thisectionis to describe bas procedures of the linguistic
analysis and probleswhich arisewith them

While automatingprocessingof natural languageequirements, excef
trivial cases the procedures of the linguistic analysisave to be involved.
Unfortunately such procedurssifficiently are nofpresentedas effective software
tools

Therefore at the given stage it is expedient to speak, about some application
of the linguisic analysis proceduresto the automatedprocessingof natural
languageequirements

It is necessary to take into account, that 8uftware Requirementas a
rule, do not possess a wide lexicon and complex syntactic straictitdeir
sentenceswhich is usualfor literary texts. Besides it is possible to impose
restrictions on languagi®r writing requirements. That sometimes enables to use
the methods which are not workirgffectively in general caseThe practical
application of linguistic methodis discussed furthelLet's consider typical tasks
which arisewhile applying linguistic procedues(Figure4.: Linguistic Analysis.

The figure shows that linguistic analysis is a complex process. On each stag
of which the proceduee for resolving different ambiguitiebas be applied
(anaphora resolution, proper names extractianshiguitieswhile parsing etg.

The result of the analysis strongly depends on the quality of such resolving
procedures.

Example] et 6 s ¢ o n wingdeguirenterit:e f ol | o

The system must react within 10 seconds
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Additional Tools

(Vocabularies,

Lexical Analysis

(Proper mmes, markers, references)
Resolving

Output: Lexemes

/
N Sentence Extraction
V\ 3 1 Output: Sentence String

Semantic Syntactic Analysis
Methods for (Type of parser, language grammar, etc)
\i

procedures)

resolhing Output: Parsing tree

v
Semantic Analysis

parsing

/4

(Frames, Semantic Networks, Ontologies)

1 Output: Semantic Graph, Term, et

Figure 4: Linguistic Analysis

The first stage is lexical analysis. It is performed together with
morphological analysis and other initial proces3ée result of this stage is a list
of lexemes (words)This list will be ugd during syntax analysis. Usually lexical
analysis @ not perform as individual procedure.

A parsing of the English sentences may be performed with Link Grammar
Parserf{23] or any other available parser. The resulting pgrsiee ofthe above
mentionedrequirement is shown on thEigure5: Parsing Tree On the stages of
lexical and syntax analysis many drawbacks in requirements may be detected ar
then corrected by requirements analyst.

After sucessful syntax parsing procedure, the semantical analysis of the
sentence will be performed order to build semantic structure for further analysis.
The semantic structure must be chosen by the developer of the system according
tasks which it must p@arm. The resulting semantic structure may be as follow

(Figure6: Semantical Structuje
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This structure then will be analysed to identify undefined entities,
contradictions, incompleteness, etc.
Further more, the requirementsatdiments may be checked for rebaitty,

because it is more preferable for the customer to Aaeasy to read documents.

N VP

—
~

The System must VP

react PP

/

within

NP

seconds

[
.

Figure 5: Parsing Tree

Entity - 1 Action- 1
Name | System Name Reaction
Subject Entityi 1
Object
Constrainfi 1 Patien
Name Time Constraint Instrument|
Restriction | Less than Constraint| Constrainfi 1
Value 10seconds Class Necessary

Entity - 1 w Action - 1 }

Figure 6: Semantical Structure

The methods b measuringthe readability of a texare usuallybased on
multiple correlation analysisThe subjects of analysis gnAewords per sentence,
average number of syllables per word. dimfortunately there is no universal

metric applicable for any languag&he eadability index formulagmetrics)only
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work for a specific languagdg-or example, such formulas are applicabbe

English:

ColemanLiau Formula

Ease =[5.89*char/words-0.3*sent/(100*words}15.8]

The Kincaid formula:

Ease = 11.8* syllables/words + 0.39*words/sentl5.59

The Automated Readability Index formula:

Ease = 4.71*char/words + 0.5*words/sent21.43

The Flesch Reading formula4]:

Flesch Index = 206.83%84.6*syllables/words1.015*words/sent
Where:

syllables- number of syllables
words- the number of words
sent- the number of sentences

char- the number of charactens the text.

The Flesch Index can be @mnpreted by the following tahle

Index Difficulty
90-100 Very Easy
80-90 Easy

70-80 Fairly Easy
60-70 Normal

50-60 Fairly Difficult
30-50 Difficult

0-30 Very Difficult
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The Quality Model for Software Regeimentds defined in[7]. The quality
of requirements is evaluatéoroughso-called linguistic indicators that are directly

detectable and measurable. The most valuable indicators are presented in followin

tables (the descrijon is taken fronj7]):

Table: Ambiguity Indicators

Indic Description
ator

Vagu When parts of the sentence are inherently vague (e.g., ¢
eness words with norunique quantifiable meanings).

Subje When senteres contain words used to express pers
ctivity opinions or feelings.

Optio When the sentence contains an optional part (i.e., a paf
nality can or cannot considered).

Impli When the subject or object of a sentence is generi
city expressed.

Wea When a sentence contains a weak verb.
kness

Table: Specification Completion Indicators

Indicator Description
Underspecification When a sentence contains a word identifying a clas

objects without a modifier specifying an instance of
class.
Table: Understandability Indicators
Indic Description
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ator

Multi When a sentence has more than one main verb or morg
plicity one subject.

Read The readability of sentences is measured by the Colémnaain
ability Formula of readability.

The eference value of this formula for an edeyead
technical document is 10. If the value is greater than 15

document is difficult to read.

Table: Expressiveness Defect Indicators

Indicator Description

Vagueness The use of vague words (e.g.,sgastrong, good

bad, useful, significant, adequate, recent).

Subjectivity The use of subjective words (e.g., similar, simila
having in mind, take into account, as [adjective]

possible).

Optionality The use of words that convey an option (e
possibly, eventually, in case of, if possible, if appropri
if needed).

Implicity The use of sentence subjects or complem
expressed by demonstrative adjectives (e.g., this, t
that, those) or pronouns (e.qg., it, they).

The use of terms thaikie the determiner express
by a demonstrative adjective (e.g., this, these, that, th
implicit adjective (e.g., previous, next, following, last),

preposition (e.g., above, below).

Weakness The use of weak verbs (i.e., could, might, may).
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Underspecification The use of words that need to be instantiated
flow [data flow, control flow], access [write access, rerm
access, authorized access], testing [functional teg

structural testing, unit testing]).

Multiplicity The use of multiplsubjects, objects, or verbs, whi

suggests there are actually multiple requirements.

To detect these indicators in requirements the authors of the tool (QUARS
[7]) used only lexical and syntactical analysis. The resultanaflysis strongly
depend on special dictionaries, what makes this approach domain dependent.

As it can be seen from this chapter, the linguistic tools and methods may
detect and help to correct a number of drawbacks in requirements anc
specificatiors written in natural languagdBut such analysis is usually domain
dependent and current tools have to be adapted for requidsnermuage of any
individual project. Such adaptation is performed using special subject dictionaries,
restrictions on language atekicon, language grammars, etc.

Li ngui stic analysis canot be consi
because of the natural ambiguities existed in the language. That is why it car
guarantee the correctness of analysis with some degreelabiity which is not
acceptable for critical projects.

In the next sectiothe use ofFormal Methods for Requirements Engineering

will be discussed
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Formal Methods in Requirements Engineering

The information in the section will be presented according/itapedia, the
free encyclopedia article about formal methods

http://en.wikipedia.org/wiki/Formal_Methods

Definition

In computer science dfmal methods refer to mathematically based
techniges for the specification, development and verification of software and
hardware systems. The approach is especially important iArtegrity systems,
for example where safety or security is important, to help ensure that errors are nc
introduced intohlie development process. Formal methods are particularly effective
early in development at the requirements and specification levels, but can be use

for a completely formal development of an implementation (e.g., a program).

Classification

Formal method are intended to systematize and introduce rigor into all the
phases of software development. This heles system developets avoidusual
mistakes provides a standard means to record various assumptions and decision:
and forms a basis for consistgnamong many related activities. By providing
precise and unambiguous description mechanisms, formal methods facilitate th

software developmermif the critical systems

39


http://en.wikipedia.org/wiki/Formal_Methods

There are manypgcific formalismsand notations used by different formal
developmentapproaches. The majority of them may be divided into following

categories:

o algebraic specificationused for specification and verification

o predicate logic used for specification and verificgtion

o statecharts- used for specification of reactive sysi®

e graphical diagramsUML) - used primarily for design, and also for

requirements analysis.

As it was mentioned aboveormal methods can be useddéferent stages

of systemb6bs devel opment . For exampl e:

o Formal specification may bereparedand then a qmgram developed
from this informally. Then according to the formal specification it
may be verified and validated more precisdliis choicemay be the
most costeffective option in many cases.

o Formal development and verificatiotechnique may be used to
produce a program in a more formal manm&oofs of properties or
refinement from the specification to a program maypeeformed
This may be most appropriate in highiegrity systems involving
safety or security.

e« Theorem provers may be used to undestéully formal machine
checked proofs. This can be very expensive and is only practically
worthwhile if the cost of mistakes is extremely high (in critical parts

of microprocessor design).

By the expressionaltye formal methods may be roughly classifias

follows:
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Denotational semantics, in which the meaning of a system is
expressed in the mathematical theory of domains. Proponents of sucr
methods rely on the wellnderstood nature of domains to give
meaning to the system; critics point out that nargwsystem may be
intuitively or naturally viewed as a function.

Operational semantics, in which the meaning of a system is expressec
as a sequence of actions of a (presumably) simpler computational
model. Proponents of such methods point to the simplafittheir
models as a means to expressive clarity; critics counter that the
problem of semantics has just been delayed (who defines the
semantics of the simpler model?).

Axiomatic semantics, in which the meaning of the system is expressed
in terms of preonditions and postconditions which are true before and
after the system performs a task, respectively. Proponents note the
connection to classical logic; critics note that such semantics never
really describe what a system does (merely what is true bafate

afterwards).

Application

Formal methods can be applied at various points through the developmen
process. (For convenience, terms common to the waterfall nweled used

though any development process could be used.)

Specification
Formal methods ay be used to give a description of the system to be
developed, at whatever level(s) of detail desired. This formal description can be

used to guide further development activities (see following sections); additionally,
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it can be used to verify that thequerements for the system being developed have

been completely and accurately specified.

The need for formal specification systems has been noted for years. In the
ALGOL 60 Report, John Backus presented a formal notation for describing
programming languagsyntax (later named Backus normal form or Badkaar
form (BNF)); Backus also described the need for a notation for describing
programming language semantics. The report promised that a new notation, a

definitive as BNF, would appear in the near futureever appeared.

Development
Once a formal specification has been developed, the specification may be
used as a guide while the concrete system is developed (i.e. realized in softwar

and/or hardware). Examples:

If the formal specification is in anperational semantics, the observed
behavior of the concrete system can be compared with the behavior of the
specification (which itself should be executable or simulateable). Additionally, the
operational commands of the specification may be amenableeitt thanslation
into executable code.

If the formal specification is in an axiomatic semantics, the preconditions
and postconditions of the specification may become assertions in the executable

code.

Verification
Once a formal specification has beegveloped, the specification may be
used as the basis for proving properties of the specification (and hopefully by

inference the developed system).
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Human-Directed Proof

Sometimes, the motivation for proving the correctness of a system is not the
obvious need for reassurance of the correctness of the system, but a desire to
understand the system better. Consequently, some proofs of correctness al
produced in the style of mathematical proof: handwritten (or typeset) using natural
language, using a levef mformality common to such proofs. A "good" proof is
one which is readable and understandable by other human readers.

Critics of such approaches point out that the ambiguity inherent in natural
language allows errors to be undetected in such proofsy, aitbtle errors can be
present in the lovievel details typically overlooked by such proofs. Additionally,
the work involved in producing such a good proof requires a high level of

mathematical sophistication and expertise.

Automated Proof
In contrast, here is increasing interest in producing proofs of correctness of
such systems by automated means. Automated techniques fall into two generz

categories:

o Automated theorem proving, in which a system attempts to produce a
formal proof from scratch, givendescription of the system, a set of
logical axioms, and a set of inference rules.

e Model checking, in which a system verifies certain properties by
means of an exhaustive search of all possible states that a systen

could enter during its execution.

Neither of these techniques work without human assistance. Automated

theorem provers usually require guidance as to which properties are "interesting
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enough to pursue; model checkers can quickly get bogged down in checking

millions of uninteresting statesnbt given a sufficiently abstract model.

Proponents of such systems argue that the results have greater mathematic
certainty than humaproduced proofs, since all the tedious details have been
algorithmically verified. The training required to use ssghtems is also less than
that requiregoroducinggood mathematical proofs by hand, making the techniques
accessible to a wider variety of practitioners.

Critics note that such systems are like oracles: they make a pronouncemer
of truth, yet give no expfation of that truth. There is also the problem of
"verifying the verifier"; if the program which aids in the verification is itself
unproven, there may be reason to doubt the soundness of the produced results.

Examples of theorem proving applicatiqf32]):

Software generationis an economically important real world application of
ATP. Although the use of ATP in software generation is in its infancy, there have
already been some interesting results. The KI[&3]) system developed at
Kestrel Institute has been used to derive scheduling algorithms that have
outperformed currently used algorithmKIDS provide intuitive, high level
operations for transformational development of programs from spescoins. The
AMPHION ([34]) project, sponsored by NASA, is used to determine appropriate
subroutines to be combined to produce programs for satellite guidance. By
encapsulating usable functionality in software componentsdighgoutines, object
classes), and then reusing those components, AMPHION can develop software ¢
greater functionality in less time than human programmers, with some assuranci

that the overall system is correct because it is built up from trusted component

Software verification is an obvious and attractive goal, which is slowly

being realized using ATP technology. Three examples are given here, while man
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more are indexed at the Formal Methods pf88]). The Karlsruhe Intective
Verifier (KIV, [36]) was designed as an experimental platform for interactive
program verification at the University of Karlsruhe, and has since been used tc
successfully verify a range of software applications. Theskide some case
studies of academic software, e.g., implementatioseb functions, tree and graph
representation and manipulation, and verification of a Prolog to WAM compiler.
KIV is at the threshold of industrial application, with pilot studies unéertan
various domains, including a software controlled railway switch, safe command
transfer in a space vehicle, and supervision of neutron flow in a nuclear reactor
PVS ([37]) is a verification system that has been usedanous applications,
including diagnosis and scheduling algorithms for fault tolerant architectures, and
requirements specification for portions of the space shuttle flight control system.
NASA uses ATH([38]) to certify safetyproperties of aerospace software that has
been automatically generated from higkiel specificationsTheir code generator
produces safety obligations that are provable only if the code is safe. An ATP
system discharges these obligations, and the optpofs, which can be verified

by an independent proof checker, serve as certificates.

Security protocol verification techniquesanalyzeprotocols that are used to
transmit data over networks in a secure fashion, in an attempt to verify or find
flaws in he protocol. The SPASS system has been used tozarthly Neuman
Stubblebine([39]) protocol, various cryptographic protocols have been analysed
by transformation to Horn clausgg0]), the TAPS gstem does verification based
on invariants, and the Corg#1]) system has been used to find attacks on faulty

security protocols.

Hardware verification is the largest industrial application of ATP. IBM,
Intel, and Motorolaare among the companies that employ ATP technology for

verification. A few good examples of the use of ATP systemshBmdware
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verification are listed here, while many more are indexed at the Formal Methods
page. The ACLZ[42]) system has been used to obtain a proof of the correctness of
the floating point divide code for AMD's PENTIUke AMD5K86
microprocessor, while ANALYTICA has been used to verify a division circuit that
implements the floating point standard of IEEE/SP(mentioned above in the
context of software verification) has been used to verify a microprocessor for
aircraft flight control. The RRL system has verified commercial size adder and
multiplier circuits. The HOL([43]) systemhas been used at Bell Laboratories for
hardware verification. Nqthr(f44]) has been used to produce a mechanical proof
of correctness of the FM9001 microprocessor. Safel@@ib]) is a Swedish
conpany that provides ATP based tools for verification of a system's logical

functionality

Formal Methods andtheir notations

Abstract State Machines (ASMs)

Abstract State Machine$46],[47]), formerly known as Evolving Algebras,
are a formal method for specification and verification. The approach was originally
developed by Yuri Gurevich, based around the concept of an abstract stats
machine, and is al so espousleadsfdrfsmEqgor
the Abstract State Machine Language by Microsoft and XASM, an open source

implementation. A number of support tools are available.
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Alloy

The Alloy ([48]) specification language is a simple structural niodgtool
based on firsbrder logic. Alloy is targeted at the creation of mionodels of
software systems that can then be automatically checked for correctness.

Alloy specifications can be checked using the Alloy Analyzer. The Alloy
Analyzer supportshie analysis of partial models. As a result, it can perform
incremental analysis of models as they are constructed, and provide immediat:

feedback to users.

B-Method

B ([49][50]) is a tootsuppored formal method based around AMN (Abstract
Machine Notation), used in the development of computer software. It was
originally developed by JeaRaymond Abrial in France and the UK. B is related
to the Z notation (also originated by Abrial) and supportselbpment of
programming language code from specifications. B has been used in major safety
critical system applications in Europe (such as the Paris Metro Line 14), and is
attracting increasing interest in industry. It has robust, commercially avaitaible t
support for specification, desigprovingand code generation.

The method of software development based on B is known asetidd.

Compared to Z, B is slightly more lelevel and more focused on
refinement to code rather than just formal spedificei hence it is easier to
implement a specification written in B correctly than one in Z. In particular, there

is good tool support for this.
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Process calculi

In computer science, the process calculi (or process algebras) are a divers
family of rdated approaches to formally modelling concurrent systems. Process
calculi provide a tool for the higlevel description of interactions,
communications, and synchronizations between a collection of independent agent
or processes. They also provide algebtaws that allow process descriptions to be
manipulated and analyzed, and permit formal reasoning about equivalence:
between processes (using bisimulation). Leading examples of process calcul
include CSP, CCS, and ACP. More recent additions to thd fgmi i ncl-ud e

calculus, the ambient calculus, PEPA and the fusion calculus

Communication Sequential Processes

Communicating Sequential Processe a formal language for describing
patterns of interaction in concurrent systems. It is a member ofathdy of
mathematical theories of concurrency known as process algebras, or proces
calculi. CSP was first described in a 1978 pdpéi by C. A. R. Hoare, but has
since evolved substantially. CSP has been practically appliediustry as a tool
for specifying and verifying the concurrent aspects of a variety of different
systems. The theory of CSP is still the subject of active research, including work tc
increase its range of practical applicability (e.g. increasing thle s the systems
that can be tractably analyzed). CSP was influential in the development of the

occan programming language

" -calculus

Il n theoretical ecalaulps(|32]eis a netationeongnaly t

develomd by Robin Milner, Joachim Parrow and David Walker as an advance over
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Calculus of Communicating Systems in order to provide mobility in nhodel
concur r e-qacylus is ihe family of process calculi that have been used
to model concurrent progrmmi ng | an g u a gacalus has been ugesl t

to model sequential programming languages

Actor model

The Actor model is a mathematical model of concurrent computation that
has its origins in a 1973 paper by Carl HewittteP&ishop, and Richar8teiger
The Actor model treats ANActorso as t
computation: in response to a message that it receives, an Actor can make loc:
decisions, create more Actors, send more messages, and determine how to respc
to the next message received. The Actor model has been used both as a framewo
within which to develop a theoretical understanding of concurrency, and as the

theoretical basis for several practical implementations of concurrent systems.

Esterel

Esterel isa synchronous programming language for the development of
complex reactive systems. The imperative programming style of Esterel allows the
simple expression of parallelisiAs a consequence, it is very well suited for
controkdominated model designs.

The development of the language started in the early 1980s, and was mainly
carried out by a team of Ecol e des
Berry. Current compilers take Esterel programs and generate C code or hardwat
(RTL) implementations (VHDL or ¥rilog).

The language is still under development, with several compilers out. The

commercial version of Esterel is the development environment Esterel Studio. The
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company that develops it (Esterel Technologies) hasated a normalization
process with ta IEEE.

Lustre

Lustre is a formally defined, declarative, and synchronous -fitata
programming language, for programming reactive systems. It began as a researc
project in the early 1980s. In 1993, it progressed to practical, industrial use, in g
comnercial product, as the core language of the industrial environment SCADE,
developed by Esterel Technologies. It is now used for critical control software in

aircraft, helicopters, and nuclear power plants.

Petri nets

A Petri net (also known as a placaftsition net or P/T net) is one of several
mathematical representations of discrete distributed systems. As alingpdel
language, it graphically depicts the structure of a distributed system as a directe
bipartite graph with annotations. As such, a Pe#ti has place nodes, transition
nodes, and directed arcs connecting places with transitions. Petri nets wer
invented in 1962 by Carl Adam Petri in his PhD thesis.

RAISE

RAISE (53]) was developed as part of the EuropeaPES Il LaCoS
project in the 1990s, | ed by Dines Bj
a specification language (RSL) for software development. It is especially espouse
by UNU-IIST in Macau, who rustraining courses on site and around tharld;

especially in developing countries.
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Vienna DevelopmentM ethod

Vienna Development Method54], [55]) is asoftwaredevelopment method
based on formal specification using the VDM specifaratianguage (VDMSL),

with tool support. There is an objemtiented extension, VDM++.

Z notation

The Z ([56]) notation (universally pronounced zed, named after Zermelo
Frankel set theory) I s sed forodeseribihg aisdp e
modelling computing systems. It is targeted at the clear specification of computelr
programs and the formulation of proofs about the intended program beahavio

Z was developed by the Programming Research Group at Oxford University
in the late 1970s and is based on the standard mathematical notation used |
axiomatic set theory, lambda calculus, and finster predicate logic. All
expressions in Z notation are typed, thereby avoiding some of the paradoxes ¢
naive set theory. Z contes a standardized catalogy(called the mathematical
toolkit) of commonly used mathematical functions and predicates.

Although Z notation uses many n&&CIll symbols, the specification

includes suggestions for rendering the Z notation symbols in ASCihdralleX.

Conclusions

At the current state of the art, proofs of correctness, whether handwritten or
computerassisted, need significant time (and thus money) to produce, with limited
utility other than assuring correctness. This makes formal methods likely to
be used in fields where threnefits of having such proofs, or the danger in having

undetected errors, makthem worth the resources. Example: in aerospace
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engineering, undetected errors may cause death, so formal methods are mo
popular thann other application areas.

At times, proponents of formal methods have claimed that their techniques
would be thdsilver bullet to the software crisis.

In the next section, the formal natural like language will be discussed. The
purpose of this languag is to make formal methods usable and more

comprehensiblér nonexperts. The examples of its application are shown.
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Formal Theory Language (ForThelL)

A brief introduction into ForTheL language

Traditionally it is accepted to use the language of @rshigher order logic
for writing formal mathematical text3.he usual weakness of this approach is the
difficulty for understanding such texts what is caused by linguistic poverty of
| ogi cb6bs | anguage. A possi bl e helanguagesi o r
that simulate natural languages and which allow to translate their sentences int
formulas of the first order logic. ForTheL (Formal Theory Language) is a language
of such Kkind. There are two reasaofns
basing on a terse unifying notation of some traditional language of logic.

First, a text composed with correct English sentences will hopefully be more
readable than a collection of formulas built with quantifiers, parentheses, lambdas
and so on. It isalso more pleasant to write. So, the first reason is to provide a
framework with a usefriendly interface.

Second, in a natural language text there is a lot of information that lies
beyond logic as such and that usually loosed in translation. In alredaech, we
meet nouns, which denote classes of entities; adjectives and verbs, which act «
attributes and restrict classes; adjectives and verbs, which act as predicates at
may relate different entities. In a traditional mathematical text, we meeitoiefs
and axioms, important theorems and auxiliary lemmas, we meet various reasonin
schemes. Where human language makes distinctions, the language of mathematic
logic unifies.

The text written in ForTheL, consist of axioms, definitions, lemmas and
theorems. The grammar of the language is constructed so that it simulates th
grammar of natural (English) language. Besides, it may be dynamically extendec

in order to cover various subject domains. Adaptation of language grammar to the
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concrete mathematicdranch or any other branch that admits formalization is
carried out by means of special text constructiomgroductors. With their help
new syntactic primitives may be added to language. They serve for building more
complex syntactic constructionsyntactic units. The sense of syntactic unit can be
opened in terms of the first order logihere are four types of syntactic units:

notion denotes a general, possibly parameterized, class of objects: natura
number.

term denotes an object, either by pimg to a concrete value: (N, X *Y); or
by quantifying a class denoted with a notion (every human, some natural number).

predicate denotes a property of an object: empty, divides N, is a subset of S.
Applied to a term, a predicate forms a statement; egppé a notion as an attribute,
it forms a new notion with a restricted class.

statement denotes a logical expression which may be true or false, be
atomic or composed from simpler statements: X > Y, every divisor of N is a
natural number, there exists @uatable set.

Let's consider an example. Suppose we have the following facts:

F1: Confucius is human.

F2. Every human is mortal.

The given facts may be expressed by such formulas of the first order
language:

F1. P (Confucius).

F2: (VX)(P(X) = Q(x)).

Hee PX) and Q(x}t he pr edi cates representi.i
and ¢ X is mortal e .

Accepting the given facts for axioms, it is uneasy to be convinced, that from
them the statement Q(Confucius) is followed or, considering semantic value of
predc at e Q, c¢Confucius iIis mortale.

In ForThelL the specified statements can be written as follows:
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Example 1

1: [the Confucius] [a human/humans] [x is mortal]
2: Axiom. Every human is mortal.
3: Axiom. Confucius is a human.

4. Proposition. Confucius is motta

The first line represents the list of three introductors, necessary for
translation. Key words of language are allocated by a bold font. The second anc
third lines contain the representation of statements F1 and F2 accordingly. In the
fourth there is dinal statement which represents the theorem.

It is obvious, that representation of the given example in ForThelL language
is more comprehensible, than similar representation by formulas of the first order
language as it allows keeping the semantic strecof the text and is intuitively
clearer.

As it was already specified earlier, syntactic primitives (further simply
primitives) are used to construct syntactic units. There are six types of base
primitives: the class nouns, the definite nouns, adjectivedbs, functional and
predicate symbols. Class nouns define the general probably parametrical class ¢
objects (set, number, an element of set X). They are used to construct notions. TF
definite nouns generate functions and constants (a zero, the melansent of
set). With their help terms are built. Adjectives and verbs form predicates (less,
equal). There are two more base syntactic primitives. They are functional and
predicate symbols. They serve as reductions and give a possibility to write
statenents and terms as formulas. For example m! can serve as the reduce
representation of the ter m: At hhe f ac

auxiliary primitives, formed from base primitives by special rules.
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Let's return to the suggested exdpn the first line there is a list of three
introductors. Syntactically introductor represents the certain syntactic construction
made in square brackets. Every introductor generates one or more primitives
Actually primitive will be transformed to a merule of the ForTheL language
grammar which enables to process a corresponding construction. The firs
introductor [the Confucius] is the definite noun introductor and it generates a new
constant Confucius. In an example it is used as a name of theophiéos It is
necessary to notice, that introductors of the definite nouns begin with a keyword
“the" (Further in the text keywords of the language will be allocated with a bold
italic font). Introductors, beginning with a keyword "a" or "an", serve fosla
nouns generation. In the given example we use introductor [a human/humans] t
define the class of all humans. The following grammatical rule will correspond to
the generated primitive: primClassNeer{human|humans) [names], where names
I nonterminal ymbol of the language. (Neterminal symbols of the language
further in the text will be allocated with italic font). Another introductor [x is
mortal], submitted in the example, serves for generation of an adjective.
Intorductor of an adjective should begwith a variable and the word "is"
following it. The corresponding rule will have such representation: primAdjective
> (mortal).

Let' s pass to strict consideration
all, it is necessary to specify, that mductors share on two basic typesion
symbolic (textual) and symbolical. The class nouns, the definite nouns, adjectives
and verbs are considered textual introductors, to symbolical accordingly
introductors of functional and predicate symbols. The typetamductor is defined
by its syntax and a pattern. As well as introductors, there exist two types of
patterns- textual and symbolical. The textual pattern will consist of sequence of
words and variables. This sequence should begin with the list osyamd further
necessarily followed by the list of variables divided by words. All words should

contain small Latin letters and have length more than one symbol as under th
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arrangement the singleton big and small letters of the Latin alphabet are camhsider
as variables. The word can have the second form. It is separated from a word by
symbol A/ 6 and intended for the indi
example: man/men. Explaining above told, we shall result an example of a textua
patten: mul/multiplication of A and B. The symbolical pattern will consist of
sequence of variables and symbolical words (a symbolical waehjuence of
symbols without separators). Such pattern can begin with a variable or a
symbolical word, further followedby the list of variables divided by symbolical
words. Besides the symbolical pattern can be a name of function with the list of the
variables specifying its arity surrounded by brackets, or it may be a simple word
with variable after it.

Now | etdosummaey aof i ntroductorsos
introductors of class nouns begins with a keyword "a" or "an"; the definite rouns
with "the", and then the textual pattern should follow. Introductor of an adjective
and a verb begins with a variable,ther in the verb introductor the textual pattern
simply foll ows, and in the adjectiv
keyword "is" should be placed. Besides each of these introductors may contain
synonym foll owing af t etrodustyr consist onlyi @a .
symbol i cal pattern and the target st

of a symbolical pattern is determined by type of the used statement.
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ForThelL -based approach for representing formal specifications

Note: Conepts of "requirement”, "specification" and others will be
understood in sense of definitions resulted inftHee f i ni t i:ons o0 sec
In this section willbe demonstratedsome possibilities of the ForThelL

language for capturinfprmalized knowledge (formaedrequirements As it was
mentioned in previous texEorThel is a formal language designed to be close to
natural English. The grammar of ForTheL simulates constructions of correct
English sentences. It has both a formally defined syntax and semantmsnal
syntax means that it is defined by a confegé grammar. The semantics is
defined by firstorder logic formulas (FOF). Every ForTheL statement rbay
finally translated into such formula or set of formulas.

The language may be adapted for wgtiformal statements in different
domains by special constructions, called introductors. For example, suppose w
want to write AThe weather is fineo
t he predicative adjective ffdllowmge tvo a n

introductors do it as follows:

1: [the weather]

2: [xis fine]

Now, we are ready to write the above mentioned statement:

3: Fact. The weather is fine.

The semantics of this stateméntepresentetdly such FOF:
iIsFine(Weather).

58



This smple example giveshe glue tohow formal facts may be written in
ForTheL.Of course interpretation of predicates is left to the author of the text. But,
some of these may be described in ForTheL with Definttmmstruction

In the requirements and spiezations domain ForTheL may be used to write
formal requirements and specifications or in sénmal requirement templates for
specifyingprecondition, scenario and pasindition statements.

Then some properties of such requirements may be automattatked
with the help of an SAD prover or any other general purpose prover (SPASS,
Vampire, etc).For example requirements may be checked for contradiction (see
ForTheL and SAD system examp)es

The advantage of such approachthat requirements and specifications are
defined formally and their representation is close to natural language, so there ar
no need in other seAdrmal languages and special linguistic procedures to obtain
formal semantics and then process it.

¢ Ad dnally,iit allows aspects of the software to be stated explicitly,
without ambiguity, and can make many implicit aspects of the software explicit,
thus enabling them to be analysed with greater ease than with some other method

The explicit statement ofrpperties in axiomatic form is especially useful in
capturing and analysing software requirements, where contradictions, conflicts,
errors, and incompletenessds can be 1
stage I n devel op me rytCatical Syfteing-aResulss sandi n
Achievements from the DTI/EPSRC R&D F
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ForTheL in Requirements Engineering

The software project may be described by such concepts as entity,
interaction, attribute, function, the Iinterfacardhitecture of system), the
requirement, the specification (includes normal, test and critical cases), the
working plan with its tasks T h a t fivss of all hityis, necessary to enter these
concepts in ForThelL by means of corresponding introductors.

Initially requirements and specifications are expressed by the user in a
natural languageThen while analysis and refinement they willdirictured with
the set of conceptsentionedabove.

In this section theopportunity of using the ForThelL language iaad of
natural for capturing requirementsvas examined Such approach will allow
making in a consequence various operations with requirements automatically o
automated. For exampléo check the requirements for consistency. Except that,
such requirementsvill meet a strict certain syntax, and have unambiguous
treatment.

Let's consider the natural language requirement taken from the description o

some system:

The environment must be stable and be able to recover from system

crashes.
This requirement carerns to quite concrete environment, therefore it is
necessary for considering it as a definite constant. Therefore for its introduction in

language it is necessary to use such introductor:

[the environment]
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The adjective speci flegiwil coe gnteredpieto t vy

language like this:

[X is stable]

Besides it is necessary for us to

cto be restored aftere and a class of

[X is able to y] [the recover from y]

[a system crah/crashes]

Having such definitions of concepts, the resulted requirement in ForTheL
languagemay be writtenlt is necessary to notice, however, that each requirement
can be written in the different ways depending on the defined concepts. If concept:
arefixed, there can be various equivalent formhsequirements representation, but
semantics of them will be identical.

It is also important to notice, that the above mentioned requirement in a
natural language contains ambiguity-gbis not completeAmbiguity consists in
expression cto recover from system
treatments:

cto recover from some system cras
crasheée.

Stronger and more usual treatmevili be acceptedn the work¢t o mreco
from any system crashe.

This ambiguity has been revealed while translating requirements to ForThelL
language.

The final requirement in ForThelL is looked as follows
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The environment must be stable and must be able to recover from any
system crash.

It shdl be noticed, also, that for supporting requirements syntax it was
necessary to make some changemitmal ForTheL grammar, therefore it will be
impossible to check up the given example inlioe versions of the SAD system
(http://ea.unicyb.kiev.ua)

In the personal versioof the systendeveloped by the author of the work

(see Bachelor Thesif)e processing of the given example will look like following:
-lo| x|

File Task Help

## Input ForThel Text Here ##
[the enwvironment] [x is able to ¥]

[x is stable] [the recover from ¥]

[a systen crash]

Tocdom. The environmwent wust be stable amd wmust be able to recover from any system crash.

AR,

(isStable(Environment()) and forall x_1 {aSystemCrashi(x_1) implies isAble To(Environment() RecoverFrom -

[¥l  Hig...

Fi
Tim... [10 | A1

Prove |Prove SPAS% Yerify

rify with SPi\|ence wiith Mcl Stop!

Figure 7: SAD Screenshot
Thus, the given example shows basic capabilities of the ForThelL language

for process requirementind to reveal in them potential discrepancies.
Being based on the features of the ForThelL langutageay be usedor
capturing the requirements which can be expressed within the first order of logic.
Theprocedure of accepting requirement through tipaiiform (a web page)
may be follow:The userenters ForThelL representation of requirements. Before
accepting changes (modification of the existed requirement, adding a new
requirement) ForTheL translator checks a syntactic and semantic correctness of
theentered text. In case of a mistake the corresponding message will appear on tf
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screen. If translation has passed successfully, the ForTheL description togethe
with corresponding first order logic representation will be stored in data base.
Thus, the sytactic correctness of the entered requirement will be guaranteed.
There will be a formal representation as the formula and further such formal
representation can be processed without participation of the ForThelL translator

saving thus computing resources.

Figure 8: Sreenshot

The prototype of the systemOsThent e
prototype just shows how the requirements may be structured. Further, more
functional system will be described and the results of development are presented.

This first prototype was built using contenhanagement system (CMS)
Plone[20]. A CMS is a tool that enables a variety of (centralized) technical and
(decentralized) nonechnical staff to create, edit, manage and finally publish a
variety of ontent (such as text, graphics, video, and so on) whilst being
constrained by a centralized set of rules, process, and workflows that ensure

coherent, validated Web site appearance.
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