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Object-oriented approach in requirement engineering
for the analysis of information systems
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ABSTRACT: One of the major issues of all analysis techniques in information engineering is to capture the intelligible
description of processes in the modeled problem. This need is very significant for information systems supporting modern
industries and also information systems related to the agriculture and hydrology. In this area, process modeling forms the
basis of Business Process Reengineering as a pre-step for subsequent information system analysis, design and implementa-
tion. It provides an essential tool to enable software developers, consultants and business users to collaborate to ensure that
the necessary understanding of the business context is available to the software developers. In this paper, practically used
technique and methodology for process modeling arousing out of software development methodologies will be discussed.
The main described method — BORM (Business and Object Relation Modeling), is a result of own research supported by
the Know-how Fund of the British Council.
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The attitude of business towards Information
Technology (IT) is constantly changing, and in-
creasingly sophisticated. New systems and tools are
becoming available. Additionally, there is a constant
exchange of ideas between the IT and the business
communities, arising out of the development of
knowledge-based systems. Today, when modern
visual programming tools, combined with the sup-
port of rapid web-based application development
environments and sophisticated end-user hardware
technologies, are available, it would appear that the
whole software development process is becoming
easier. However, this statement can apply only in
those cases where the software complexity of the
solution and of the users’ requirements is relatively
small.

Yet, many systems have a much higher level of
complexity, which make development much more
difficult (KoTONYA, SOMMERVILLE 1999). This view
is based on our experience with the IT projects we
have performed to-date. Rapidly changing regula-
tions, behaviors and the level of the average users’
skills in using new communication technologies

are creating a situation where IT analysts must ex-
pect that all system requirements are not known at
the start of the project. The problem is even more
complicated because the functions of the built
information systems have a great impact on the
organizational and management structures and on
users’ behavior of target area where the system will
be implemented.

What are the problems with methodologies?

The major problem here arises in the initial stages
of the system development cycle (Cox 1986; MEYER
1988). The initial stage of any methodologies today
should be concerned with two tasks. The first is the
specification of the requirements for the system. The
second is the construction of an initial object model,
often called an essential object or conceptual model,
built from of a set of domain specific objects known
as essential objects. Both these tasks should be car-
ried out with the active participation of the stake-
holders, in order to ensure that the correct system
is being developed (DAvis 1993). Consequently, any
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tools or diagrams used at these early stages should
be meaningful to the stakeholders, many of whom
are not ‘computer system literate’

The most common technique for specification of
requirements in current object-oriented method-
ologies is Use Case modeling, and subsequent use of
Sequence, Collaboration and State-Chart Diagrams
(FowLER, KENDAL 1999). This is the foundation of
most Object-Oriented development methods. How-
ever, this approach is often insufficient by itself to
fully support the depths required for initial system
specification. Fowler highlights some deficiencies in
this approach. GRAHAM says similar ideas (SIMONE,
GRAHAM 1999). There are many views on the effec-
tiveness of Use Cases and related tools as a first stage
in System Design. SIMONE and GRAHAM for exam-
ple describe a situation where Use Case Modeling
obscures the true business logic of a system. Because
of standard UML-based tools are too oriented at the
world of programming concepts, other methods for
business logic and process modeling appeared:

1. The basic grammar of other process modeling
tools is based on Petri Nets. The strengths of this
approach are that it is both graphical and has strong
mathematical basis. A practical implementation of
Petri Nets is EPC diagram of Aris methodology, for
example (SHRIVER, WEGNER 1987).

2. Another techniques are based on miscellaneous
varieties of flowchart diagrams. This approach is the
oldest diagramming technique used in computer
science. It was primarily user for visualizing the
sequences of operations in computer programs.
Today, flowcharts are frequently used to model
business processes. A practical implementation of
flowcharts is workflow diagram used in Proforma
Workbench or FirstStep Business CASE Tools.
Indisputably, it is also Activity Diagram of UML
(RUMBAUGH et al. 1999).

3. The third technique used here is the use of state
machines. These have the theoretical background,
as well as Petri Nets. A practical implementation

of state machines is state-chart diagram in UML,
for example. Indeed, the sequence diagram of UML
has features of state machines as well (MELLOR,
SHLAER 1993).

The overview of all approaches for modeling busi-
ness logic and processes described here is presented
in following table:

Our approach

The method presented here is Business and Ob-
ject Relation Modeling (BORM). This method was
originally developed to capture knowledge neces-
sary for the development of IT systems, but which
has revealed increasing potential for more general
knowledge based system development. Work on
BORM began in 1993 and was intended to provide
seamless support for the building of object-oriented
software systems based on pure object-oriented lan-
guages, such as Smalltalk, together with pure object
databases, such as Gemstone. Today, this method
is also recognized for its significant potential to
capture knowledge of business processes, business
data and business issues. BORM solves problems,
when not all system requirements are known at the
start of the project and the customer expects that
their discovery and refinement will be part of the
project. In BORM, it is not difficult to address also
the change of these related structures during work
on the information systems (KNOTT et al. 2000).

The BORM approach is based on the fundamental
concept of process modeling combined with strong
object-oriented approach.

In BORM, any initial analysis diagram supports
only problem domain-specific concepts; any soft-
ware-orientated concepts are left until later in the
modeling process. In addition, in the early stages,
BORM uses a single diagram that embodies the
same information as the numerous diagrams used
by other methodologies. This is an attempt to make
it easier for the user to form a complete under-

Approach Theory behind Advantages Disadvantages
very popular in Europe, perfectly support- weak relation at subsequent software develop-

EPC — Aris Petri Nets ed by the Aris CASE Tool, easy and com- ment techniques, slow analysis, low expressive-
prehensible method for domain experts  ness of large models

UML Activity industry standard, supported by many  too software-oriented, difficult to understand

. flowchart .
Diagram CASE tools by domain experts
UML sequence industry standard, supported by many  too software-oriented, difficult to understand

state machine

and state diagram CASE tools

easy and comprehensible method for

by domain experts

not very popular in Europe where Aris takes
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Fig. 1. Business process as a cooperation of participating objects described by state machines

standing of the interaction of the various system
components.

BORM concepts and their notation change as
the development process proceeds. This is in sharp
contrast with UML, which claims to be a universal
system in that the same notation is used for analy-
sis, design and documenting the implementation
(DERR 1995). Our reasons for changing notation
are based on the observation that this universality
of the UML’s notation hinders the design process.
In this we are in broad agreement with the criticism
of this aspect of UML expressed by SIMONE and
GRAHAM (1999).

In BORM, every object is viewed as a state ma-
chine with states and transitions dependent on the
behavior of other objects. Each state is defined by
its semantic rule over object data associations and
each transition is defined by its behavior, necessary
to transform the object from its initial to its termi-
nal state. Consequently, BORM objects have the
characteristics of Mealy-type automaton. Business
object diagram accents the mutual relationships
(communications and associations) of states and
transitions of objects in the modeled system (see
example in Fig. 1).

BORM follows the process-oriented approach,
which has proved to be beneficial in software devel-
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opment. Generally, the process-oriented approach
lead to a faster and more comprehensive analysis of
the problem being solved.

In our experience, stakeholders from the problem
domain are able to understand the BORM approach
very quickly — normally a one-hour introduction
at the start of analysis is enough. In Deloitte &
Touche (Prague office), a business consulting team
has worked for the past five years using the BORM
system, as well as Aris and other methods. They have
found BORM to be on average 3—4 times faster in
carrying out the analysis phase, compared to other
methods.

The methodology is easily acceptable to domain ex-
perts, analysis consultants and developers. BORM is
based on a step-by-step transformation of the model.
In its each phase, only a limited and consistent subset
of modeling concepts is used. This concept progres-
sion is depicted in Fig. 2. BORM has been used enthu-
siastically by Smalltalk and Java programmers and by
non-relational object database programmers.

Today, when improved visual programming tools
combined with the support of rapid application
development environments are available, it would
appear that the whole software development process
is becoming easier. This statement is true, however,
only for those cases where the complexity of the solu-

15



business engineering

process model
[business objects

] ] 1

concepheal model
[concepilual objects)

software engineering

software model
[software objects)

s B i e

-
Lo s KN ol rhen [
claas A 2T ] N,“_ [T
-
h EIBYES A TR
b, Murelion, scenare }r-n---.-rg, prh e ped e desem ot \ kol F
T b
real - b EOSTLRSRNS \]l‘ Frh A [ ECRL obvject
vl '||Ik W | GriEned
prople GHepADSA A | sohutio
N, e 1S Dalh M I rridrn Sa' dmirlicd & Cefh vEloei .
P ey )
1 sk Pl [T .‘L [ =T A
Tl k3 e s frla el [ L S ] _;’ [ ] F
|», -8 herarsly e hedrddiy [t Ly pEAYTTHES PGS
1\\ 1A B E \k‘ IARETEaR P .
strateqic initial  [7] adwvanced initial 7] advanced imiple-
analysis analysis analysis design design mentation
description description in softwane
in real workd related concepts envirenment concepts

Fig. 2. BORM Modeling Concepts Progression

tion and of users’ requirements is relatively simple.
Business systems developed for real companies often
have a much higher level of complexity which make
development much more difficult. Consequently, it is
essential (from the software developer’s viewpoint) to
improve the initial phases of software development.

Until recently, it was correctly assumed that con-
ceptual modeling tools and techniques were used
through all stages of project development, from
the initial phase to the eventual implementation.
However, the position of conceptual modeling is
currently being used solely in the implementation
phase, as a result of the evolution of software devel-
opment tools. The analysis is now being performed
using newly developed techniques and “business”
objects modeling tools.

We believe that Object-oriented programming has
changed not only system development but also all
of computer science. In software development, any
team must be well organized, with clear and com-
mon goals. Managers of such projects must be clear
about the potential benefits, as well as understand
the management of Object-oriented development.

Object-oriented programming can help in the
development of a large system by significantly reduc-
ing the developing and maintenance time (TAYLOR
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1995). But the adoption of Object-oriented program-
ming requires considerable developments not only
in technical knowledge, but also managerial and
cultural realignment. Such changes can only be
achieved by suitable training, combined with the use
of well-designed and easy to use software develop-
ment tools like those described here.

CONCLUSION

Currently there is not a ‘standard solution’ to the
problem of gathering and representing business
knowledge. Our approach, described here, developed
out of business experience and enhanced by graphic
models with clear connection towards system devel-
opment seems to be a promising candidate for such a
standard. The approach we propose may serve not only
as a tool for formal representation of modeled infor-
mation, but also as we have demonstrated as a useful
tool for communicating with developers and experts
from the problem domain (managers, employees, etc.).
The key advantages of BORM are its graphic models
of knowledge representation, which provides easy
and effective feedback. There are also clear rules how
to progress through the system development process
using this knowledge representation.
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Objektové orientovany pristup v ziskavani pozadavka pri analyze

informacnich systému

V. MERUNKA
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ABSTRAKT: Jednim z nejvétsich problému technik analyzy informac¢niho inzenyrstvi je najit srozumitelny popis procestt
modelovaného problému. Tato potfeba je charakteristickd pro informacni systémy modernich primyslovych odvétvi a také
pro zemédélstvi a hydrologii. V této oblasti procesni modelovani predstavuje zaklad pro reinzenyring podnikovych pro-
cesl a také je predstupném nasledné analyzy, ndvrhu a implementace informacnich systémi. Je to zakladni{ néstroj, ktery
umoznuje spolupracovat tviircm softwaru zajistit konzultantim a uzivatelim nezbytnou miru shody a porozuméni nad
kontextem problému. V ¢ldnku jsou diskutovany prakticky pouzivané techniky a metody procesniho modelovani, které maji
pavod v technikéch softwarového inzenyrstvi. Hlavni popisovand metoda — BORM (Business and Object Relation Modeling)
je vysledkem vlastniho vyzkumu podporovaného grantovou agenturou Know-how Fund of the British Council.

Klicova slova: objektové orientovand analyza a navrh; technika zaskavani pozadavkd; procesni model; reinzenyring pod-

nikovych procest; projektovani informacnich systémi; BORM

Pfi praci na velkych projektech se analytici infor-
macnich systému setkavaji s problémem, kdy funk¢-
nost budovanych rozsahlych systémit ma vliv na vlast-
ni organizac¢ni a ridici strukturu podniku nebo orga-
nizace, kam se systém zavadi — jsou to naptiklad nové
¢i pozménéné pracovni funkce, zména rizeni, nova
oddéleni, nové potreba legislativni podpory, ... . Proto
je zadouci se pri praci na informacnich systémech za-
byvat i zménou téchto souvisejicich struktur. Témito
problémy se zabyva pomérné neddvno konstituovany
obor aplikované informatiky, ktery je anglicky ozna-
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¢ovan ,requirement engineering”. Bézné pouzivané
metody tvorby softwaru, at uz jsou ¢i nejsou objekto-
vé orientované, se véak bohuzel touto problematikou
prilis nezabyvaji a spoléhaji na to, Ze procesy systému,
jeho pozadovana funkénost a role jeho uzivatell jsou
zndmy a ovéreny na pocatku projektu a ze se v pribé-
hu projektu nebudou ménit.

Objektova technologie (OOP) miize pomérné jed-
nodu$e modelovat jak softwarové systémy, tak i sys-
témy podnikové ¢i organizacni. Pravé proto, ze jedna
technologie slouzi k modelovani obojtho, tak Ize mo-
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delovat podnikovy a informacni systém ne jako mo-
dely dva, ale jako jeden model a zmény a vlastnosti
procesu primo promitat do zmén a vlastnosti softwaru
a naopak. OOP m4 v§echny predpoklady ke tvorbé ta-
kovych analyz. Bohuzel metodiky a nastroje vyuziva-
jict UML (standard pro objektové orientované projek-
tovdni) jsou v této oblasti stile na samotném pocatku
a vesmés predpokladaji, Ze pozadavky na informacni
systém neni tfeba evaluovat a analyzovat. Uvedené ne-
dostatky se snazi fesit metoda BORM.

Metoda BORM (Business and Object Relation Mo-
deling) je vyvijena postupné od roku 1993. BORM je
mozné vyuzit nejen ve tvorbé softwaru, ale i k analyze
pozadavkd na projektovany systém a na modelovani
business procesit. BORM lze charakterizovat pomoci
nasledujicich tfi vlastnosti:

1.BORM je navrzen jako metoda, kterd pokryva vsech-
ny faze vyvoje softwaru. Velkd pozornost je v BORMu
vénovana tvodnim fazim projektu a postupiim, jak na-
jit objekty v zadaném problému a zkontrolovat jejich
spravnost. Techniky z téchto fazi BORMu lze pouzivat
samostatné pro modelovéni procest i takovych systé-
m, které nemaji pfimy vztah k tvorbé softwaru.

2. BORM pro kazdou jednotlivou fazi zivotniho cyk-
lu vyuzivd v diagramech jen omezenou sadu pojmd.
Predpoklada se totiz, ze béhem projektovani docha-
z{ k postupnym preméndm pojmd na jiné. Nejde jen
o postupné zvy$ovani Grovné detailu ve vytvafeném
modelu, ale skute¢né o fadu transformaci modelu
v pribéhu zivotniho cyklu.

3. V BORMu je kazdy pojem reprezentovan shod-
nymi symboly bez ohledu na to, jestli se jedna napt.
o diagramy datové struktury nebo komunikaci mezi
objekty. BORM pouziva pro zndzornovani konceptu-
alnich a softwarovych pojma vét$inu symboli shodné
s jazykem UML, ale dovoluje v jednom diagramu zna-
zornit napriklad posilani zprdv mezi metodami rtz-
nych objektt v raznych stavech. Tento pfistup dovo-
luje vyjadrit konzistentnim zptisobem nékteré zZadouci
detaily softwarové konstrukce, které lze vyhodné apli-
kovat predevsim pri ndvrhu pro cisté objektové orien-
tované programovaci jazyky. Tento originalni zptisob
nahrazuje tvorbu vice od sebe oddélenych tfidnich,
stavovych a kolaborac¢nich diagramua a také dovoluje
zobrazit vétsi mnozstvi spolu souvisejicich informaci.
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