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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


http://ea.unicyb.kiev.ua/sad.en.html

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.
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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.
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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:

Functionality . What is the software supposed to do?

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

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

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

Dedgn 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:

Correct

Unambiguous

Complete

Consisent

Ranked for importance and/or stability
Verifiable

Modifiable

Traceable
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