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Editorial

Welcome to AIS
Transactions
on Enterprise
Systems
We are delighted to welcome this first issue of the AIS Transactions
on Enterprise Systems (AIS TES). This is the first journal in the AIS
Transactions series which adds to our repertoire of journals. JAIS
(The Journal of the Association of Information Systems) and CAIS
(the Communications of the Association of Information Systems) are
more general research journals in the field whereas the Transactions
series aims to publish the best research from our special interest
groups (SIGs). We expect to publish the first issue of the second
Transactions journal, the AIS Transactions on Human-Computer
Interaction in the next few months and others will follow. As for all
AIS journals and conference proceedings AIS TES will feature in
the AIS eLibrary, together with an impressive array of other content,
such as the MIS Quarterly and the Information Systems Journal, as
well as much other content. The eLibrary is developing rapidly and
is destined to become the ‘one-stop shop’ for all information systems
academic needs. The eLibrary is accessible to search engines, such
as Google and Google Scholar, and provides high visibility, ease
of access, and powerful searching, to all its content. The eLibrary
provides full-text access freely to all AIS members and citation and
abstract access to non-members. Shortly the eLibrary will include
the facility for non-members to download full-text content on a
‘pay-per-view’ basis. So as part of the eLibrary AIS TES will be
in the best possible position to develop rapidly and become a key
resource for the community.
We congratulate Norbert Gronau and colleagues in the SIG
Enterprise Systems for publishing an outstanding first issue of a
journal which we see quickly becoming established as the leading
journal in the field of enterprise systems. On behalf of the AIS we
welcome this new venture and would like to thank everyone who has
contributed to making it possible.

David Avison, President AIS and
Guy Fitzgerald, VP Publications AIS
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Editorial

I would like to welcome the new AIS-sponsored journal AIS
Transaction on Enterprise Systems. This Journal presents a valuable
addition to SIG EntSys sponsored academic activities. It would
would provide SIG EntSys and other AIS-sponsored SIGs with a
publishing arm. Best papers from SIG EntSys- sponsored AMCIS
tracks, pre-ICIS workshops, and other workshops will be fast tracked
for publishing in the AIS Transaction on Enterprise Systems.
AIS Transaction on Enterprise Systems captures the values and
spirit of SIG EntSys of being inclusive, developmental, open,
and inspirational. The journal provides an open on-line access to
academics and practitioners from all over the world to provide high
quality not only double-blind peer reviewed academic contribution
but also on-line contributions and comments on papers. The aim is
not only to publish high quality peer scrutinised papers but also to
provide a comprehensive developmental opportunity. The journal
international editorial board representing five continents and 14
countries to ensure the inclusiveness and welcoming of all traditions
of research on Enterprise Systems.
Enterprise Systems research plays a vital role in the current
research agenda. Enterprise systems continue to represent one of the
largest IT investments organisations make and is seen as
one of the prerequisites for doing business in many industries.
The introduction, use and maintenance of enterprise systems (ES)
is challenging to many organisations. Organizations have not
always realized the benefits they anticipate from such a significant
investment. I hope this new journal would extend the SIG EntSys
strive to stimulate research in this significant area that affect
organisations of all different sizes in most organizational sectors.
The success of any journal depends on its editors, editorial board,
reviewers, and authors, but in the AIS case, the readers also play
invaluable role in providing active contributions and vigorous online reviewing. This journal is a significant step towards exploiting
web 2 technology in academia which could provide opportunities to
enhance rigor and relevance of research. I do encourage members,
colleagues, and friends of SIG EntSys to play an active role in the
success of this journal as authors, reviewers, and active readers.

Amany Elbanna
Chair of SIG EntSys
Lecturer in Information Systems
Business School
Loughborough University
UK
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Editorial

As editor-in-chief of AIS Transaction on Enterprise Systems I am
very delighted to present you the rst issue of AIS Transactions on
Enterprise Systems as a specially printed journal. The next issues
will be available through the journal’s website www.enterprise-systems.net.
Some time ago, I felt that a journal covering current research topics
and case studies for practitioners in the eld of Enterprise Systems
was missing. Topics belonging to current research, state of technology, educational issues and development of enterprise systems
were never combined in a single magazine. This journal shall cover
the mentioned topics and areas. I strongly encourage authors who
submitted papers accepted we accepted at conferences where no proceedings are available to submit their work to AIS Transactions on
Enterprise Systems.
I would like AIS Transaction on Enterprise Systems be the leading
journal in the eld of Enterprise Systems, whereas the topics covered
could expand from Enterprise Systems towards topics related to Enterprise Systems such as the relationship between general management concepts and the management of IT companies.
I would like to thank all persons and institutions involved in this
endeavor. Without the support of the David Avison, president of the
Association of Information Systems (AIS) and the special Interest
group on Enterprise Systems (SIGEntSys), actually led by Amany
Elbanna, this journal would not be like it is right now. Further on,
I would like to thank all other members of the AIS and SIGEntSys
for their ongoing support. My thanks are also directed to the editors
of AIS Transactions on Enterprise Systems for their reviews and the
authors for their contributions. My thanks are also to GITO publishing who is responsible for the distribution of this journal and I would
also like to thank my employee Carsten Brockmann, who is the head
of the editorial ofce and continually encouraged me to proceed with
this journal.
I wish you a joyful reading and would be delighted to receive your
contributions for one of the next issues.
Best regards

Norbert Gronau
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Probing the Gaps between
ERP Education and ERP
Implementation Success
Factors
S. Mohamed, T. S. McLaren
Abstract
This paper compares two streams of research
related to ERP education and ERP implementation
success factors. Many of the factors found to be
associated with ERP implementation success are
covered in the normative research on desirable
skills outcomes for ERP educational programs.
However, a gap analysis suggests several “soft
skills” that are associated with ERP implementation
success factors are typically overlooked. These
gaps suggest that ERP education must place more
emphasis on change management, organizational
and employee resistance, and performance incentive
schemes. These findings have implications for the
design of ERP training programs and universitylevel curriculum.

1.

Introduction

Enterprise Resource Planning Systems (ERPs)
are now widely adopted within the business
community. A major reason for the popularity of
ERPs is their ability to integrate data and business
processes throughout an entire organization [4,13].
The dominance of ERPs in industry has created a
huge demand for ERP skilled employees. Business
schools have responded with an ERP curriculum
to deliver market-driven learning outcomes
(ERP skills). However, upon comparing the
recommended learning outcomes (job skills) from
the normative literature on ERP curriculum with
the ERP implementation success factors typically
mentioned in research literature, there appear to be

8

several gaps where the learning outcomes may not
address the success factors.
This paper aims to compare the normative
research on suggested skills outcomes of ERP
curriculum with research into the factors associated
with ERP implementation success. The goal of this
paper is to determine if the skills that are typically
prescribed for ERP educational programs can be
mapped to ERP implementation success factors
and if there are other skills required for success
that are not receiving enough focus in today’s ERP
curricula.

2.

ERP Job Skills and ERP
Implementation Success Factors

In the late 1990s, there was a shortage of workers
with ERP related skills [9,10]. As organizations
worked to implement these complex systems,
university business schools became increasingly
interested in incorporating ERP education into
school curriculum [5]. With the growing demand
for ERP skills and the growing dominance of
the technology in industry, it only seemed fitting
that business schools adjust to the changing
needs. The ERP vendors were also encouraged
by academia’s interest in ERP curriculum, as they
felt that academic theory and ERP practice would
further the development of their products. To this
end, in 1996 SAP created their Academic Alliance
Program to promote the use of ERPs within
universities. Today, ERP curriculum has been
widely adopted in academia for over a decade
[11].
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There has been a number of studies documenting Technical Knowledge, Technology Management
how best to incorporate ERP curriculum in Knowledge, Business Functional Knowledge,
academic education. For example, research has been Interpersonal Skills and Team Skills [5]. The key
conducted to determine the best format for ERP skills in each category are summarized in Table 1.
content delivery: specific ERP package training, These skills encompass a full ERP implementation
business process knowledge in relation to ERPs, from back-end to front-end skill sets, from general
Information Systems (IS) concepts using ERP, or systems knowledge to specific ERP Knowledge,
teaching general ERP issues and concepts [5]. In from Technical to Business Knowledge, and from
general, the direction of curriculum can be placed Personal to Team knowledge.
into four distinct schools of thought: ERP Training,
In the ERP Technical Knowledge category a
ERP via Business Processes, Information Systems graduate is expected to be competent in general
Approach and ERP concepts. The fifth school of information technology basics such as systems
thought is a combination of the other four schools analysis and data management. Also a wide range
of thought known as the Hybrid Approach [9].
of ERP skills are listed as important from backOf specific importance to this paper are the end technical knowledge of hardware to front-end
numerous studies that look at the specific ERP knowledge in end-user computing support. In the
skills that recent graduates require according to Technology Management category skills listed
industry needs [5, 6, 9-11]. In analyzing these are ones that should allow graduates to have an
studies a comprehensive list of skills that have been understanding of how ERP systems can be used
identified as most important to the success of a to meet the strategic goals of the organization [5].
graduate entering into implementations or support Skills from the Business Functional Knowledge
of ERP systems can be compiled.
category are especially useful to have knowledge
There has also been an extensive amount of in as ERP systems integrate all aspects of the
research on the drivers of success in relation to ERP entire organization [4]. ERPs are based on
implementations. Many organizations have reported business processes, but business processes rely
great success with the implementation of an ERP on an understanding of business functions [5],
system while others have suffered difficulties in and thus enhances the importance of skills in this
aligning ERPs with practiced
business processes [1]. This
paper argues that there Table 1: Required ERP Skills for ERP Education (Adapted from Boyle & Strong, 2006)
have also been difficulties
Skills Category
Required Skills for ERP Education
*ERP Administration
ERP Technical
in aligning ERP educational
*Networks
Knowledge
outcomes (skills) with ERP
*Operating systems
implementation
success
*Systems Analysis
*Systems Design/Integration
factors.
*Systems Life Cycle Management

2.1.

Skills Required
by ERP Graduates

Various studies have
attempted to define the
educational outcomes that are
likely to be most important
for imparting ERP graduates
with the skills required for
successfully working with
ERPs [5, 6, 9-11]. Boyle &
Strong (2006) synthesized
many of the prior studies
along with additional surveybased research to categorize
the key skills required by
ERP graduates into five
main categories: ERP

1867-7134 © GITO mbH

Technology
Management
Knowledge
Business
Functional
Knowledge

Interpersonal
Skills

Team Skills

*Relational Databases
*ERP related programming language
*Data Management
*Decision Support Systems
*Knowledge of ERP Concepts
*Ability to learn new technologies
*Ability to focus on technology as a means, not an end
*Ability to understand technological trends
*Knowledge of Business Functions
*Willingness to learn in detail a specific business functional area
*Ability to quickly understand the needs of customers
*Ability to understand the business environment
*Ability to interpret business problems
*Ability to develop appropriate technical solutions to business problems.
*Ability to deal with uncertainty
*Ability to accomplish assignments
*Ability to write coherently
*Ability to learn
*Ability to deliver effective presentations
*Ability to be proactive
*Ability to be sensitive to organizational culture
*Ability to teach others
*Ability to work cooperatively in a team environment
*Understanding of group dynamics
*Ability to plan projects
*Ability to lead projects
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Category Name
General Description
Associated Criteria
category.
Knowledge
Refers to the
*Training
The skills in User
and Involvement
knowledge and
*System understanding
the interpersonal
involvement of
*User understanding
employees
*Top management involvement
category
are
*Documentation
critical for a new ERP Project Team Pertains to end-user
*Interaction, association and conduct between ERP Project team and
relationships with
end-users
graduate as it is and Service
internal ERP project
*Communication with ERP project team and end-users
important for
team
*Domain knowledge and expertise exhibited by project team
them to be able to
*Willingness and Commitment of ERP project team to support and
assist user adoption of the ERP system
articulate ideas
to clients and
members inside Table 2: User Satisfaction Criteria for Successful ERP Implementations (Adapted from Wu & Wang,
and out of direct 2006)
project teams
[5]. Recent research has shown the importance convergence in many of the factors which
of both interpersonal and communication skills. determine the success or failure of an ERP
The importance of solid technical skills is not to implementation (which we refer to as “success
be disputed but rather research is acknowledging factors”).
that soft skills also play a very important role in
Bingi et al. (1999) identified ten critical
effectively working in a IS environments [10].
implementation concerns that should be addressed
Team Skills Category focuses on skills needed before implementations begin [4]. The ten concerns
to be effective members or managers of an IT team. are as follows: Top Management Commitment,
From an individual’s perspective one must be able Reengineering, Integration, ERP Consultants,
to work collaboratively in a team environment Implementation Time, Implementation Costs,
[5]. From a managerial perspective, team skills ERP Vendors, ERP employee selection, Training
are required to reinforce effective leadership and Employees and Employee Morale [4]. Their
planning. Leadership and Planning can be rolled analysis suggests the most significant ERP
up and discussed as Project Management skills. implementation success factors include peopleIn prior research, Project Management skills related issues such as: employee morale,
have been ranked as one of leading skills to have employee training, employee selection, and senior
when working on ERP Implementations. In fact management commitment.
Project Management ranked, by importance, as
Wu & Wang (2006) identified three critical
the number one skill among non-technical skills dimensions that summarize a user’s satisfaction in
and number two among technical skills [10].
the ERP implementation: ERP System Products,
User knowledge and Involvement and ERP Project
2.2. Success Factors for ERP
Team and Service. [14] As this paper is not
Implementation
concerned with how to select the appropriate ERP
system, the first category, ERP System Product,
There
has
been a significant
amount
of Table 3: Problems in Failed ERP implementation (Adapted from Furumo & Melcher, 2006)
research into the
Technical Problems
Non-technical Problems
factors that are
leader was not enough of an expert in the
Team leader did not lead team effectively
believed to lead Team
functioning of ERP systems
to successful ERP Members wanted a team leader that understood all the
Team leader unable to bring team members together
implementations business functions and how data elements flowed
[1-3, 6-8, 12-14]. through the system
Team leaders concerned with lack of support from upper
Although each
management
No additional compensation for extra work required.
research paper
Older associates resisted ERP implementation
presents a slightly
Older associates unwilling to adapt to change in tasks or
different view on
responsibility
IT department resisted ERP because they did not want to
how successful
administer a system where they did not have full control
implementations
IT department unhelpful in adjustment of task (i.e.,
are
evaluated,
refusal to reprogram standard reports leaving SQL work
to individual members)
there is a general
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will not be evaluated further. The two remaining
dimensions along with their general descriptions
and associated criteria are listed and explained in
Table 2.
Furumo & Melcher (2006) is an example
of research into failed ERP implementations.
Results from this study indicated that the failure
had nothing to do with the ERP product itself,
but rather the organizations social structure [8].
Problems voiced from team members of this failed
project are summarized in Table 3. The majority
of the complaints were related to changes in roles
and tasks rather than issues with the technology
itself [8] (Table 3).
Similarly, Al-Mashari & Al-Mudimigh (2003)
identified five main factors that led to the failure
of an ERP implementation. The five areas of
concern were: Managing Scope Creep, Lack
of Ownership, Lack of Change Management,
Lack of Communication, Lack of Performance
Measures and Isolation of IT from business affairs
[1]. From this list it is shown that once again,
the actual ERP system or any technical aspects
were involved with the failed implementation.
Recommendations from this study identified five
core competencies for effective implementations.
The top three are as follows: Change strategy
development and deployment, Enterprise-wide
Project Management and Change Management
techniques and tools [1].

The preceding papers illustrate the success
factors typically identified in ERP implementation
success factors research. Collectively, these
papers can provide a clear picture of what it
takes to work successfully with ERP systems
and have a successful ERP implementation. A
consistent theme is that the factors associated with
failure or success of a system is related both to
the technical and organizational aspects of ERP
implementations (see Table 4).
Although it may appear that the findings
support the opinion that the importance of
technical versus non-technical factors for
successful implementations is about equal, in
fact the non-technical aspects are mentioned
much more frequently and in numerous articles
compared with the technical factors. This has
to do with the fact that ERPs are now quite
robust from a technology standpoint while ERP
project success or failure is more often related to
the ability of the organization to accommodate
the necessary changes to business processes
organizational structure [2,12] (Table 4).

3.

Gap Analysis between ERP Job
Skills and ERP Success Factors

As mentioned earlier, the purpose of this paper
is to determine if the skills being taught to ERP
graduates are the ones that are most valued in

Technical Factors
Reengineering Business Processes
(Bingi et al., 1999)
Integration of Data and functional areas
(Bingi et al., 1999)
Engaging ERP Consultants
(Bingi et al., 1999)
Implementation TimeLine
(Bingi et al., 1999)
Implementation Costs
(Bingi et al., 1999; Hawking et al. 2004)
Selecting ERP Vendor
(Bingi et al., 1999)
ERP System Understanding from employees
(Wu & Wang, 2006)
Domain knowledge and expertise exhibited by
(Wu & Wang, 2006)
project team
Strong Business Function Knowledge
(Furumo & Melcher, 2006)
Strong ERP specific Knowledge
(Furumo & Melcher, 2006)
Enterprise-wide Project Management
(Al-Mashari & Al-Mudimigh, 2003)
Managing Scope Creep
(Al-Mashari & Al-Mudimigh, 2003)
Organizational Factors
Top Management Commitment and Involvement
(Bingi et al., 1999; Furumo & Melcher, 2006; Wu & Wang,
2006; Al-Mashari & Al-Mudimigh, 2003)
Identify Performance Measures
(Al-Mashari & Al-Mudimigh, 2003)
Adjusted Performance Rewards
(Furumo & Melcher, 2006)
ERP employee selection
(Bingi et al., 1999)
Training Employees
(Bingi et al., 1999; Wu & Wang, 2006)
Employee Morale
(Bingi et al., 1999)
Strong Change Management
(Al-Mashari & Al-Mudimigh, 2003)
User Understanding
(Wu & Wang, 2006)
System Documentation
(Wu & Wang, 2006)
Lack of Employee And Department Resistance
(Furumo & Melcher, 2006)

1867-7134 © GITO mbH

Table 4:
Factors
Related to
Successful
ERP Implementations
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IntegrationofData
andfunctional
areas

TopManagement
Commitmentand
Involvement

Domainknowledgeand
expertiseexhibitedbyproject
team

StrongBusiness
FunctionKnowledge

TrainingEmployees

ERPSkills
Categories

ERPemployee
selection

SystemDocumentation

Managing
ScopeCreep

ERPSystem
Understanding

StrongERPSpecific
Knowledge
ReengineeringBusiness
Processes

EnterprisewideProject
Management

OrganizationalResistance

EmployeeMorale

PerformanceMeasures

ChangeManagement

EmployeeResistance

PerformanceRewards

ERPSuccessFactors
withouta
Connectionto
RecommendedERP
JobSkills

Fig. 1: Authors’ Mapping of ERP Implementation Success Factors to ERP Job Skills

successful ERP implementations. Therefore, we will
now analyze our finding on the skills being taught
in ERP curriculum with the key factors for success
we analyzed in the second half of the paper. Figure
1 is a graphical representation of the five main skills
categories from Table 1, drawn with lines connecting
the skills to the associated success factors from Table
4. A solid line represents a success factor that was
exactly listed in one of the skill sets, representing
a direct match. A dotted line represents a critical
success factor that would logically fit within that
skills category, but was not listed as a specific skill
in the skills list from Table 1.
The technical factors for ERP success directly
map to an identified skill category, as depicted
by the solid lines. As for the organizational or
non-technical factors for implementation success,
only two directly aligned, via solid lines, with
specific skills in the Interpersonal and Team skills
category. Skills are typically taught that would
allow graduates to Train employees and Write
clear documentation material. The Interpersonal
and Team Skills Category is also connected via
dotted lines to two other factors for success: Top

12

Management Commitment and Success as well
as ERP employee selection. These have been
made dotted lines based on a few assumptions.
First, graduates being taught ERP specific skills
both technical and organizational will be better
equipped to select other team members that
display the skill set needed to be successful.
Second, as many ERP graduates move directly
into implementation and support roles, they will
likely have greater influence on top management
to show the level of commitment expected from
employees. (Figure 1)
What is apparent from this chart is that there
are a number of success factors that do not map
directly or indirectly back to any of the four
skill categories mentioned. The following are all
success factors that do not link to any of the skills
categories: Department Resistance, Strong Change
Management, Performance Measures, Employee
Morale, Performance Rewards, and Employee
Resistance.
These ‘outcast’ success factors can in fact
be grouped into two separate areas of skill
deficiencies. The two groupings would be Change

AIS Transactions on Enterprise Systems 1 (2009) Vol. 1
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Management and People Management. Under
Change Management the following ‘outcast’
success factors would be grouped: Department
Resistance, Strong Change Management and
Employee Resistance. Under People Management
the remaining ‘outcast’ success factors would
be grouped: Performance Measures, Employee
Morale and Performance Rewards. This would
suggest that there is a current skills gap in ERP
education that does not adequately address Change
Management or People Management skills.

4.

Conclusions and Discussion

This paper compares two streams of research
related to ERP educational outcomes and
ERP implementation success factors. Many of
the factors found to be associated with ERP
implementation success appear to be covered in
the normative research on desired job skills for
ERP training programs. However, a gap analysis
suggests several “soft skills” that are associated
with ERP implementation success factors are
typically overlooked. These success factors
require ERP education to place more emphasis
on Change Management, organizational and
employee resistance, and performance incentive
schemes.
This analysis would indicate that universities
offering ERP education re-evaluate their curriculum
to ensure that both Change Management and
People Management skills are being instilled into
their graduates, as both these areas present a large
number of non-technical aspects of successful
ERP implementations. Prior research has provided
us with a solid list of skills found to be most
important for ERP graduates. The breadth and
depth of these skills change based on the type of
curriculum and intensity of study. For example,
business students specializing in the ERP field
would be expected to display the majority of skills
listed in Table 1. Whereas a student studying
ERP as a course in an overall IS degree would be
expected to have much fewer ERP skills. Prior
research also documents critical success factors
for ERP implementations. These factors arise
from both successful implementations as well as
failed implementations, and they are summarized
in this paper to produce a list of areas that should
be address to ensure success.
This paper has attempted to reconcile the skills
that are currently recommended for graduates of
ERP training with the skills that are identified as
precursors to ERP success. Our analysis has shown

1867-7134 © GITO mbH

that technical factors for ERP success receive
adequate attention in the normative literature on
ERP curriculum design. Interpersonal and Team
skills receive similar attention; however, the
most significant gap appears to be in the areas of
Change Management and People Management
skills. These last two “soft skills” are frequently
emphasized in the literature on ERP success
factors, but are not as prominent in the literature
on ERP curriculum design. We suspect that,
in turn, many ERP educational programs do
not place much emphasis on these critically
important skills, perhaps because they require
students to have first become more proficient
in the more technical aspects of ERP. However,
as ERP technologies continue to mature and
become more standardized, configurable, and
commoditized, we argue that ERP education
should now divert some of its previous technical
focus onto the complex issues of ERP change
management and people management. While
ERP technical skills can easily be outsourced
to low cost service providers, ERP change
management and people management skills will
continue to be in high demand and command
premium wages in the job market. To remain
relevant, ERP education must continue to deliver
a mix of technical, business, managerial, and
interpersonal skills, but the relative emphasis on
each needs to be re-evaluated as the demand for
different skill sets evolves.
Our preceding analysis has some limitations.
First, in most curriculums, ERP courses are not
taught in isolation from other business courses.
It might be possible that these skills are being
delivered to graduates via other courses in the
program. Second, it is not feasible to create an
exhaustive list of all the skills delivered through
every ERP course. Our list of skills is only a
preliminary comparison of the most generic ERP
curricula. Regardless, there is a clear need for
ensuring the right skills are delivered in ERP
education. It is our hope that this paper will
stimulate further assessment of ERP curricula and
lead to new insights into how we can more closely
align excellence in ERP implementations with
excellence in ERP education.
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Abstract
Institutional activities are governed by legal
aspects represented by a set of laws that regulate
their execution. Therefore, the compliance
between laws and Information Systems (IS) is
a crucial issue for organisations, not only at the
moment of IS development but also in the whole
life cycle of IS. At present, compliance issues
with legal aspects typically rely on experiences.
The reference of the laws is manually done by
business stakeholders and IS designers. In other
words, the compliance with legal aspects are not
explicitly addressed in the IS engineering domain.
Our research aims to develop a comprehension
framework for compliance of legacy IS with
laws. In this framework, the abstract description
(or conceptual specifications) of legacy systems
are analysed in order to detect incompliant
elements with laws. It is based on an ontology
that is extracted from laws. The approach helps to
improve legacy IS and IS reengineering and thus
helps to meet user expectation.
Keywords: legacy information system, modelling,
method, compliance, ontology, laws, IASDO model.

1.

Introduction

Most activities in organizations are governed
by a national or international legal framework
that includes a set of laws stipulating lawful
activities, procedures or rules for organizations.
Information systems (IS) support organizations’

1867-7134 © GITO mbH

activities. Consequently, IS are affected by these
laws and legal aspects. All regulations in laws
can be considered as a part of user requirements,
which are considered in IS development. Ignoring
these legal aspects may cause incomplete and/or
inaccurate requirement specification. Therefore,
the developed IS will not meet expectation from
users and other stakeholders. Reviewing related
literature shows that one of the main causes of
IS failure concerns the requirement specification.
McManus and Wood-Harper in [18] for instance
identified that one of three main indicators of IS
project failure is “no clear project requirement
definitions”. In [4], Chris Sauer underlined the
first cause in five main indicators of information
project failure concerns “the definition of the
project’s scope and original requirements”.
According to [3], one of three main reasons
of information project failure is “ignoring the
importance of requirement definition”.
Therefore, the compliance of IS with laws is
a very important issue in IS engineering. Indeed,
meeting the user needs and complying with legal
requirements contributes to the IS success.
In order to systematically obtain user
requirement definitions, literature propose several
methods for requirement engineering. Examples
of such approaches include goals-based, scenariobased or goal-scenario-based methods [14],[20
],[31],[26],[28]. However all of these methods
do not mention the conformity of requirement
specification with the legal aspect. Furthermore,
actual methodologies for IS development such
as Merise [29], RUP method of IBM, Agile
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methodologies [5] so far do not include a produced. The legacy system is studied and then
systematic model or framework for referring the subsequently reanalysed to produce its conceptual
legal aspect in the IS development process. All of models. Concepts and rules defined in the ontology
these methods implicitly consider that referencing model allow to detect incompliant elements in the
laws is manually done by business stakeholders conceptual models of the legacy system.
and IS analysts. Certainly, due to the lack of
The paper is organized as follows. Section
a methodology or systematic approach this is 2 presents our proposed framework for the
mostly based on experiences.
compliance of legacy IS with laws. Section 3
On the other side, legal aspects are described explains laws-based ontology concepts in our
by law texts, which contain concepts, rules, roles approach and the method for extracting ontology
and constraints governing the related institutional from laws. Section 4 presents the IASDO model
domain. The exploitation of these sources of (Integrated Aspects of Static, Dynamic and
knowledge allows to enhance the IS adequacy and Organization) used for describing informational
compatibility with institution activities.
aspect of legacy IS. We also summarize the
Recently an innovative approach for IS main reasons for using the IASDO model in
engineering based on a law ontology is developed our approach. Section 5 proposes guidelines
[12]. This approach allows extracting knowledge for analysing legacy IS to detect incompliant
from laws. This is described by law-based ontology. elements with the laws aspect. It is followed by
It includes the initial stage of IS development to an illustration of our framework with a case study.
discover informational concepts as well as rules In section 6 we present our conclusion and further
in the related IS. This approach helps to develop research.
an IS in co-ordination with systematic compliance
2.
Framework for compliance of
with the laws and the laws evolution.
legacy IS with laws
However the approach has also its drawbacks.
Indeed the approach has not yet taken into account
This section presents our framework for
the compliance of existing or legacy IS with laws.
Meanwhile it is important to evaluate that existing compliance of legacy IS with laws. The lawsIS are in compliance with legal aspects. In order based ontology is used as a knowledge source to
to improve IS reengineering, it is important to compare with the specification of the legacy system
to detect defects in that system. The framework
discover the root causes of the defects.
Several research and industrial efforts focused has three main tasks as follows “Figure 1”.Figure
on creating new and more efficient development 1. Proposed framework for the compliance with
methodologies. Many authors propose processes laws of legacy IS
to increase the quality of the legacy
Fig. 1. Proposed framework for the compliance with laws of legacy IS
applications in order to adapt the
legacy IS to the new changes
[7],[17],[25]. However, adapting
the legacy system with the laws
aspect is not addressed.
Law text
The informational aspects of IS
are described by conceptual models
Extraction
that are the results of the modelling
process in the system development
Compliance
cycle. Therefore, controlling the
Specification with the
IS law based ontology
compliance of an existing IS with
IASDO model
laws can be based on the conceptual
models of that IS.
In this paper, we propose a
Modelling
framework for compliance of legacy
ISs with the laws. Our frameworks
is based on an ontology extracted
from the law texts. Firstly the laws
of the related domain are studied;
Legacy system
a laws-based ontology model is
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2.1
Extraction of ontology from laws
In the context of IS engineering, we define an
ontology model as a conceptual information model
that describes some specific domains in terms of
concepts, facts and business rules. An ontology
model is a reference model to support information
interoperability and to share information: (1) it
supports human understanding of the domain
under consideration and communication; (2) it
facilitates interoperability across different parts
of IS.
The meaning of ontology considerably evolved
from its origins in philosophy to its current usage
in IS. While ontology in the philosophical sense
roughly means a categorization of all the entities
that exist in the world and the relationships
between them, ontology in the IS sense is only
considered as a limited universe of discourse [32].
In our research, laws are considered as universe of
discourse for IS engineering.
Laws describe concepts, business rules, roles
and constraints governing the given institutional
domain. The exploitation of these sources of
knowledge allows to enhance IS adequacy and
compatibility with institution activities and to find
stable common information for IS engineering
in perspective of sustainable development. The
concepts and business rules extracted from the
appropriate laws are used to build the ontological
aspects of the corresponding domain.
Law based ontology is a new approach for IS
engineering that allows establishing and clarifying
the links between laws and IS, in particular the
alignment between the amendment of laws and
the evolution of IS. This link is established by
ontology so-called “Laws-based ontology”. In
other words, we use laws as a source of knowledge
to analyse and construct the ontological level of
an institutional domain.
IS ontology model extracted from laws
provides a reference for IS designers to discuss
and understand the ways in which they view
and interpret the institutional domain. It allows
to conduct the evolution of the IS, which has
been adapted to the evolution of the legal texts.
Furthermore, the IS ontology level remains
independent from technologies and business
practices.
2.2

Description of legacy systems with the
IASDO model
The second task in the framework concerns
the description of informational aspect of legacy
IS with a conceptual model. In this task the

1867-7134 © GITO mbH

informational aspects of legacy IS are analysed and
captured with the support of reverse-engineering
techniques [1],[2],[16],[19].
In order to achieve a thorough understanding
of the different aspects of the system, business
professionals and domain experts are consulted.
We do not aim to propose a method or technique
to reverse engineer the legacy system at this
phase, which is out of scope of the paper and
subject of future research.
We do not use the ontology model to represent
the legacy IS, as the ontology model presents
knowledge and semantic concepts without a
distinction of static and dynamic concepts. In
other words, the ontology model is at a very high
abstraction level. Meanwhile in the legacy system,
concepts of static, dynamic and organization are
clearly distinguished and implemented. We will
describe this system considering the distinction of
these concepts.
The chosen conceptual model should enable
us to describe a complete view of the legacy
IS including data, process and organizational
aspects in a consistent and precise way. Popular
languages and models such as UML [6], EntityRelationship model [24], Data Flow Diagram
[8], ORM [9], EPC [11] need several models to
capture different aspects of IS. Some models just
focus on one aspect of IS without taking into
account interrelation of them. As a consequence
consistency checks between the diagrams/models
representing different aspects of IS are not
included. Furthermore a global view on that
legacy system is not provided.
In order to represent a legacy IS in such a way,
we use a comprehensive approach: the IASDO
model. The IASDO (Integrated Aspect of Static,
Dynamic and Organization) model [21],[22]
allows to describe an IS with static, dynamic and
organizational concepts such as data structure,
relationships of data, the transaction/processes on
data, organizational role as well as interrelations
among these concepts. Therefore this model
allows to obtain a global view of the legacy IS as
well as a precise and consistent specifications.
2.3

Analysing the compliance of legacy IS
with laws
This task concerns comparing the specification
of legacy IS and the laws-based ontology model
according to provided guidelines and then detecting
incompliant elements in the legacy IS. Analysing
the compliance of legacy IS with a legal framework
has two objectives: the study of the information
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completeness and the Article. 5 Recourse procedure
Within two working days after receiving the authorization request of general practitioners, the cantonal doctor
study of the information
correctness (i.e. information must address his (her) agreement or refusal to the general practitioner and to the indicated pharmacist.
The general practitioner can make recourse within 8 working days after receiving the refusal notification of the
accuracy and consistency)
of the legacy IS regarding cantonal doctor in accordance with the department which comes to a conclusion about the notice of
Commission on Healthcare Profession (hereafter: commission).
the ontology model.
In the event of urgency, the notice of the commission can be given by its sub-commission A.
• The
information
completeness
means
that the legacy IS
specifications do not miss Table 2. Article 5 extracted from the Geneva Law K 4 20.06
statements and elements
(concepts, business rules, organizational role, kernel applied to the institutions activities. In this
relations) described in laws. These elements paper, we illustrate our approach with the laws
are mandatory and relevant for the institutional Geneva Law K 4 20.06 http://www.geneve.ch/
legislation/rsg/f/rsg_k4_20p06.html (legal text in
domain.
• The information correctness means that the French). This law describes the procedure which
contents of the legacy IS specifications are medical doctors must follow to file a request
accurate and consistent as they are defined in of authorization in order to prescribe a narcotic
laws.
for the treatment of a dependent person (drug
The analysis of compliance of legacy IS with laws addict).
is based on the correspondent elements of the lawsThe doctor must obtain an authorization from
based ontology model and the specication of the the cantonal doctor before the prescription of any
legacy IS (specication with the IASDO model). narcotic. The law also describes how the drug will
Determining elements of each specication is ba- be distributed and administered. The pharmacist,
sed on the correspondent meta-models.
on the basis of authorization delivered by the
In the following sections, we describe in details cantonal doctor, provides the doctor, or directly
each component in our framework.
the patient with the prescribed drug. Table 1 and
Table 2 present the articles 2 and 5 extracted from
3.
Laws-based ontology
the Geneva Law K 4 20.06.
1

2

3

As mentioned in the above section, the laws
describe concepts, business rules and roles that
govern the institutions activities. These elements
are extracted and represented by an ontology
model that is considered as the informational

3.1

Laws containing stable and invariant
concepts
Laws evolve, however this does not mean
that everything in laws modelling is variant.
The major conceptions of the legal system
are remaining relatively
stable over decades of legal
Table 1. Article 2 extracted from the Geneva Law K 4 20.06
practice and jurisprudence.
For example, the Geneva
Article.2 Authorization Request
Law K 4 20.06 contains
The department of social action and health (hereafter: the department) is designated to enact instructions
concepts {Doctor, Patient
addressed to the medical profession that regulate the modalities of general practitioners’ responsibility for
(Drug Addict), Authorization
the administration of narcotics for dependent people.
Request, Decision, Cantonal
The medical doctor who prescribes a narcotic to a drug addict must primarily obtain the authorization
Doctor, Drug Prescription,
of the cantonal doctor.
Drug Distribution, Drug
The doctor, on presentation of an official identity card and a provided photograph, must fill an
Administration, Pharmacist,
authorization request within following information:
Cantonal
Pharmacist,
a) last name, first name, complete address of patient;
Accepted Request, Examined
b) complete date of birth;
c) identity card number and nature;
Authorizations,
Refused
d) name of the considered substance;
Request, Notification Refusal,
e) modality of administration, dosage and intended duration of cure;
Appeal} that are stable and
f) name of the pharmacy who provides the product.
invariant. In the case of the
The doctor annexes to the authorization request, in each case, the signed documents attesting the respect
domain of the prescription of
for instructions mentioned in the subparagraph 1.
narcotics (drug) intended for
1

2

3

4
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the treatment of the dependent person, these
concepts are constantly in the centre of institution
activity.

space of a Pharmacist, the ontological space of a
Cantonal Pharmacist, and the ontological space
of an Appeals Commission.

3.2
Laws containing
The business rules are used to assist organizations
in better achieving goals, communicate between
principals and agents, between the organization
and interested third parties, demonstrate fulfilment
of legal obligations, operate more efficiently,
perform analysis on current practices. Laws
contain business rules. Some aspects of these
business rules will be expressed with constraints
in form of integrity rules in the IS. Their role
is to preserve the coherence, correctness and
consistency of an IS during its exploitation.
For example, the Geneva Law K 4 20.06
enumerates different cases where patients can
benefit of the administration of any narcotic.
It describes and specifies the conditions of
acceptance or refusal of a request. This law
describes also the appeal procedures.
For example, article 5 of the Geneva Law K
4 20.06 describes business rules for specifying
the appeal procedure in the case of refusal of the
authorization request by the cantonal doctor.

3.4
Representation of laws-based ontology
Figure 2 represents our meta-model for the
representation of laws-based ontology. The lawsbased ontology model is built from one or several
hyperconcepts (Hcp).
As shown in Figure 2, a hyperconcept is
constructed on a subset of concepts extracted
from laws, forming a unity with precise semantics.
The ontology model is represented by an oriented
graph where nodes are concepts and edges are
links between concepts. A concept is described
by a term and a definition. A term is a way to
designate the concept in the language of the
expert of the corresponding domain. A concept
can be the generalization or the specialization of
another concept. The generalization-specialization
relationship is useful to classify concepts according
to their common properties or their specificities. A
concept C1 depends existentially on a concept C2
if the existence of C1 is related to the existence of
C2: if the concept C2 disappears then the concept
C1 disappears too. In our model, a concept can be
an instance of another concept. The instance, itself
3.3
Laws describing role of persons
is considered as a concept.
An organizational role represents a set of
In the ontology model, there is no distinction of
necessary responsibilities, authorities and static concepts (e.g. concepts correspond to objects
capabilities to perform the activities of the in the real world) and dynamic concepts (e.g.
development process or to survey the activities concepts correspond to object behaviours, processes
performed by the other organizational roles [15].
in the real world). As discussed above, the model
The laws that specify ontological spaces are has three types of links: (i) instantiations, (ii)
associated with roles. Each ontological space existential dependencies and (iii) generalizationcontains necessary information for performing specialization links. The hyperconcept schema
activities by a certain role. For example, the must satisfy a set of conformity rules including
Geneva Law K 4 20.06 describes different connectivity and completeness.
ontological spaces such as the ontological space
The connectivity guarantees that each concept
of a Doctor (general practitioner), the ontological of a hyperconcept is related to at least one other
space of a Cantonal Doctor, the ontological concept in the same hyperconcept. In this case, the
hyperconcept represents a homogeneous
Fig. 2 presents the conceptual basis for hyperconcept representation.
zone and not a discontinuous unit.
If a concept C1 belongs to a
Hyperconcept
Hyperconcept
hyperconcept
Hcp and is linked to a
reference
Term
concept C2, then C2 belongs to Hcp
Definition
too, this rule concerns the completeness
generalization
of a hyperconcept.
of
Existential
dependency

Concept
dependent
concept

specialization of
instance of

Existential dependency relation

Instance
Specialization relation
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Specialization

3.5 Method for extracting ontology
from laws
The process model for the construction
of ontology from laws is expressed as a
map (i.e. strategic guideline) [27]. The
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Start

a

By study of the organization

By expertise

Select the laws governing
the IS domain b

By analysis of laws

Define the
ontological roles

c

Byy studyy information
f
relatingg to
the ontological roles

by analysis of the laws

Using the ontology model
and applying this process, the
article 2 of the Geneva Law K
4 20.06 enables us to construct
the hyperconcept “Medical
Practitioner / Doctor” as described
in the following (Figure 4):

4.

The IASDO model

Define a hyperconcept
d

In the following we present our
modelling approach, the IASDO
model (Integrated Aspects of Static,
Dynamic and Organization) used
Build a hyperconcept
for describing informational aspect
e
th validation criteria
Rejection
By removal of existing
of legacy IS. The IASDO model
elements
consists of the following concepts:
By addition of new elements
• Class: a class has attributes and
one or several identifiers formed by
Stop
By revaluation of the hyperconcept
g
attributes of the class.
Validate a hyperconcept
• Transaction: represents a process,
f
a task or a decision in organizations.
A transaction processes information
Fig. 3. The process of construction of ontology from laws
in its input classes and produces
information in its output classes.
nodes represent the intentions and the links
A transaction has pre-condition and/or postbetween the nodes represent the strategies. An
condition describing the rules of transaction
intention indicates the goal to reach and a strategy
execution regarding input information coming
specifies the manner with which the intention can
from its input class(es) or output information
be carried out.
going into its output class(es).
Figure 3 specifies the processes of the proposed • Role: a role represents an organizational unit
or a person in the organization who is assigned
method for extracting ontology from laws. This
responsibilities or functions contributing to
map comprises five intentions called (i) Select
common activities and goals of organizations.
the laws governing the IS domain, (ii) Define
the ontological roles, (iii) Define a hyperconcept, • Existential Dependency relation: an existential
relation (oriented link) between a predecessor
(iv) Build a hyperconcept and (v) Validate a
class and a successor class means for each object
hyperconcept.
in the successor class, its existence depends on
In [12], we proposed guidelines and method
the existence of one and only one object in the
components for the extraction of the laws-based
predecessor class.
ontology. Each guideline is composed of a set of
more detailed sub-guidelines or on the contrary is • Dynamic Specialization relation: a dynamic
specialization relation is different from a
a part of some more complex guidelines.
traditional
speciaFig. 4. The hyperconcept “Medical Practitioner / Doctor” constructed from the Geneva Law K 4 lization / generalization
20.06, Article 2
relation by dynamic
nature of the relation;
Dosage
Mode of
it allows describing
Administration
Medical Practitioner
Date of birth
Name of the
Treatment
/ Doctor
Substance
that an object may
Name
Duration
considered
Name of
dynamically gain new
Pharmacy
Patient
Doctor Name
First name
classification (become
(D
(Drug
Addi
Addict)
t)
an instance of a class)
Doctor
Complete
Authorization Request
or loose a classification
Address
identity Paper
Nature
(is not an instance of
Existential Link
a class). This depends
By extraction of concepts and business rules from laws
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Transaction_Input

on the state change of the
object through its life, after
Transaction
Class
an execution of a transaction
or a decision. For instance,
Transaction_Output
an “authorization request”
becomes the “accepted request”
Responsibility
Successor class
Predecessor class
or “refused request” after a
decision is made. Therefore, the
“accepted request” class and the
Existential dependency relation
Role
Dependencies
“refused request” class are subSpecialization relation
classes of the “authorization
request” class, each sub-class
is linked to its super-class by a Fig. 5. A simplified Meta-model of the IASDO model
dynamic specialization link.
• Dataflow: an oriented link between a class (or hyperconcept or a rule; and the specification with
transaction) and a transaction (or class), then the IASDO model is Spec2= {e21, e22, …, e2m},
the class is an input (or output) class of the each e2j, j 1..m, may be a class, an attribute, a
transaction, a role, a data flow, a link between
transaction.
• Responsibility: describes the responsibility of classes, a responsibility of a role for a transaction
roles on transactions.
(i.e. link between a role and a transaction), a
• Privilege: describes the privilege of roles on privilege on class (i.e link between a role and a
classes. A privilege may be creation, suppression, class), or a rule.
modification or consultation of information/object
We have then the analysing process consisting
of a class.
of four following steps:
Figure 5 presents a simplied meta-model of the • Step 1: Identifying correspondent elements
IASDO model.
between Spec1 and Spec2.
Table 3 illustrates the correspondent elements of
A specication with the IASDO model includes
the two models at the meta (construct) level. Bathe graphical presentation and the textual descripsed on this table, the correspondent elements of
tion, if necessary. The graphical presentation of
the two specications are identied.
the IASDO model is a bi-partite graph within two
kinds of nodes: class and transaction. The textual • Step 2: Identifying missed concepts in Spec2
This step concerns identifying all elements e1i
description is necessary for the description of the
in the ontology specification corresponding the
pre/post-condition of a transaction, as well as the
categories defined in Table 3 so that e1i does
description of particular rules.
not correspond to any element e2j in the IASDO
5. Analysing compliance of legacy
specification. An element in Spec2 is missed
information systems with laws
then relationships come from/to this element are
missed too. This step allows detecting incomplete
This section presents in detail the guidelines
elements in Spec2.
for analysing the incompliant elements of legacy • Step 3: Identifying missed and incorrect relations
in Spec2
system with laws. Subsequently a case study is
presented to illustrate the
proposed framework. Finally Table 3. Correspondent concepts of the ontology model and the IASDO model
evaluate the framework and
Concepts of the ontology
Correspondent
Correspondence definition
conclude with a discussion
model
concepts of the
of the findings.
IASDO model
Guidelines for
analysing
Suppose the laws-based
ontology is Spec1 = {e11,
e12, …e1n}, each e1i , i 1..
n , may be a concept, a link
between concepts, a role, a

Concept

Class
Attribute
Transaction

Instantiation link

Rules

Roles

Organizational role

Hyperconcept
Rules

Rules

5.1
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A concept e1i in Spec1 may correspond to a class, an
attribute or a transaction e2j in Spec2. e1i corresponds to
e2j means e1i and e2j describe the same thing in the real
world (i.e. the same semantic).
An instantiation link of Spec1corresponds to a rule in
Spec2 if they have the same semantic of the domain
application.
A role in Spec1 corresponds to a role in Spec2 if they
have the same semantic.
A rule in Spec1 corresponds to a rule in Spec2 if they
have the same semantic.
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by applying the consolidating

by applying the analyzing

This step conprocess
process
Consolidate and report
Analyze compliance b
Start
incompliance
cerns identifying
Step1
a
c
of legacy IS with laws
elements
Step2
missed
and
incorrect
reStep3
lations in Spec2
Step1: Identifying correspondent elements between
that is based on
Spec1 and Spec2
existing relations
Step2: Identifying missed concepts in Spec2
in Spec1. In this
Step3:
p Identifying
y g missed and incorrect relations in Spec2
p
context a relation
is a link between Fig. 6. Process of analysing the compliance of legacy IS with laws
two concepts
such as an existential dependency relationship, and supplement rules, activities and information.
a dynamic specialization relationship, an input/ Therefore, incorrect relations in some cases may be
output data flow, an attribute of class. This results supplement parts of the organization application.
in a corresponding link between an attribute It needs a validation with the semantic of concrete
concept and a class concept in the ontology applications to determine if the incorrect relations
model. We also included responsibilities for are really incorrect.
roles of transactions. Applying this algorithm to • Step 4: Consolidate and Report incompliant
elements
identify missed and incorrect relations in Spec2
The incomplete and incorrect elements in the
results in:
legacy system will be reported and interpreted
For each element e2i in Spec2 corresponding to
an element e1j in Spec1:
in the following ways.
• Search all relations come from/to e1j in Spec1
Missing a concept may correspond to
and see if each relation is described the same
missing an attribute, a class, a transaction or a
role in a legacy system.
in Spec2 (i.e. the same type, the same direction
Missing a relation may correspond to
and the same source and destination concepts).
• A missed relation in Spec2 is a relation that
missing a rule, missing a relationship, an attriexists in Spec1 but does not exist in Spec2.
bute of a class, a responsibility assignment, or
• An incorrect relation in Spec2 is a relation
an input (output) information of a transaction.
that is not correctly described (i.e. the same
Incorrect relation may produce incorrect
type, the same direction, the same source and
semantic or incorrect rules. It may be also a
destination concepts) regarding the description
supplement part.
in Spec1.
After applying this algorithm, a set Fig. 7. The specification with the IASDO model describes the legacy information
system.
of missed relations and incorrect
Authorization
Patient
relations are identied.
Doctor
Request
(Drug_Addict)
For example, this is an
incorrect responsibility situation:
if a concept e1i in Spec1
Drug prescription
corresponds to a transaction
/Pharmacist
Drug Prescription
e2k in Spec2, e1i belongs to an
Request treatment
/Cantonal doctor
ontological space of a role e1j then
e2k must under responsibility of
Drug distribution
a role e2l corresponding to e1j,
/Pharmacist
Cantonal doctor
Accepted Request
otherwise there is an incorrect
Refused Request
role situation.
Drug Distribution
Cantonal
Note that, as discussed
Examination
Pharmacist
Pharmacist
/Cantonal pharmacist
Notification
previously, the ontology model
/Cantonal doctor
extracted from laws allows
Drug administration
/Pharmacist
deriving the informational kernel
Examined
Notified Refusal
Authorization
of information systems in related
domain activities. However, each
Drug Administration
organization in the same domain
activities may have their own
Doctor_name

Name_substance
Dosage
Mode_of_administration

Name
First_name
Date_of_birth
Address
Identity_paper_nature

Existential dependency relation

Dynamic specialization relation
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MedicalPractitioner
//Doctor
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Nameofthe
Substance
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Dosage

Modeof
Administration
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Treatment
Duration

DoctorName

Dateofbirth

Name
Firstname

Patient
(Drug Addict)

Nameof
y
Pharmacy

identityPaper
Nature

AuthorizationRequest

Doctor

Complete
C
l t
Address

StudyTime
Decision

2 days

Cantonal
Doctor

CantonalDoctor

Pharmacist
Drug
g
Administration

Refusal
Pharmacist

Authorization

NotificationofRefusal
Drugg
Distribution
Cantonal
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Recourse
Drug
Prescription

Appeal
C
Committee
itt

Monthly
Examination
RecourseTime

Cantonal
Pharmacist
Legend

8 days

SpecializationLink
ExistentialLink
InstanciationLink

The process model of analysing laws compliance
of existing IS is illustrated in Figure 6.
5.2
Case study
In this section, we illustrate our approach with a
case study; analysing the compliance with laws of a
legacy system. The legacy system in the case aims to
support the prescription of narcotics (drug) intended
for the treatment of the dependent people. We describe
the information of this system with the IASDO model.
An ontology model concerns this domain is extracted
from laws text. Then we analyse the specification of
the legacy system to detect incompliant elements.
Figure 7 presents the specification of the legacy
system with the IASDO model. Note: The creation
of “Authorization Request” is under responsibility
of Doctor
Figure 8 illustrates an example of ontology model
extracted from the Geneva law K4 20.06. This
example concerns the domain of the prescription
of narcotics (drug) intended for the treatment of the
dependent people.
From the law K4 20.06, we define the following
hyperconcepts:
• A hyperconcept describing the ontological space
of a doctor: this space specifies information
concerning the authorization request in order to
carry out a treatment. This space is under the
responsibility of the doctor.
• A hyperconcept describing the ontological
space of a cantonal doctor: this space specifies

1867-7134 © GITO mbH

Recourse
Treatment

Accepted
Recourse

Refusal
Recourse
R

Fig. 8. IS Ontology
extracted from the
Geneva Law K4
20.06

information concerning the decision-making about
the request for authorization. This space is under
the responsibility of the cantonal doctor.
• A hyperconcept describing the ontological space
of an appeal committee: this space specifies
information concerning the decision-making about
the appeal formulated by the doctor. This space is
under the responsibility of the appeal committee.
• A hyperconcept describing the ontological space
of a pharmacist: this space specifies information
concerning the dispensation of narcotics. This
space is under the responsibility of the pharmacist.
• A hyperconcept describing the ontological space
of a cantonal pharmacist: this space specifies
information concerning the monthly examination
of the authorizations and the register of stocks. This
space is under the responsibility of the cantonal
pharmacist.
In order to verify the compliance of the legacy IS with
the Geneva law K4 20.06, the analysing process is applied.
Step 1: Identifying correspondent elements of the specication with the IASDO model and the ontology
model
Table 4 illustrate the correspondent elements of
the two specifications.
Step 2 and 3: Identifying missed and incorrect
elements
Comparing concepts of the two specifications,
the incompliant elements in the legacy system as
in the following Table 5:
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Laws-based ontology

Legacy IS



Doctor



Not found



Cantonal Doctor



Cantonal Doctor



Pharmacist



Pharmacist



Cantonal Pharmacist



Cantonal Pharmacist



Appeal Committee



Not found: The ontological role “Appeal Committee” is not
considered in the existing IS.

based on a decision. Therefore, the
concept “decision” is not missed as
well as the specialization modelled
in the legacy system is not incorrect.
These one are excluded from the
incompliant elements report.

5.3
Evaluation
Our
proposed
framework includes
Concept: Patient Æ Class: Patient
different steps and guidelines which
Concept: Authorization Request
Æ Class: Authorization Request
assist us to detect incompliant
Concept: Doctor Æ Class: Doctor
elements of legacy information
Concept: {Name, First name, Date of birth, Complete Address,
systems with laws. Our framework
Identity Paper Nature}
Æ Attributes of the class “Patient”
was illustrated in the case study.
Concept: {Name of the substance, Dosage, Mode of
Meanwhile other approaches for
Administration, Treatment Duration, Name of Pharmacy} Æ
Attributes of the class “Patient”
IS engineering lack a systematic
 A hyperconcept describing the ontological  Informational space for a cantonal doctor:
approach to refer to laws. In addition
space of a Cantonal doctor.
Concept: Authorization Request Æ Class: Authorization Request
they mostly relay on experiences.
Concept: Study time Æ Attribute of the Class “Authorization
Request”
Although at the present we only
Concept: Study time= 2 days Æ instance of the Attribute Study
manually applied the proposed
time
framework, we could detect missed
Concept : Decision Æ Class: Decision AND Transaction: Request
Treatment
and incorrect concepts, relations
 Concept Decision
 Not found
and rules in the legacy system. We
 A hyperconcept describing the ontological  Informational space for a Pharmacist:
could show a systematic approach
that indicates the efficiency of our
Table 4. The correspondent elements of the two specifications
approach. We aim to develop a tool
Step 4: Consolidate and Report incompliant ele- that allows to semi-automatically perform the
ments
steps in the proposed framework.
Table 5 presents incompliant elements of the
Conclusion
legacy system with the law-based ontology. 6.
However, due to the different modelling of the
We have presented a framework for the
two specifications, some incompliant could be
compliance of legacy IS with the legal aspects
explained as follows:
• The role “Doctor” is not explicitly described and illustrated the proposed framework with
in the specification. In fact, the
method creation of an “authorization Table 5. Incompliant elements
request” is considered as a basic
Missed concepts or relations
Incorrect concepts or relations
transaction (mostly the creation
- The role “Appeal committee” by consequence the responsibility of this role - In the ontology model, “Accepted
of object in a class that is not an
Request” and “Refusal Request” are
is not mentioned
output class of any transaction is a
sub-classes of “Decision”, in the
basic transaction), the role Doctor is
- The role “Doctor”
associated to this basic transaction
specification of legacy system,
- The concept “Decision”
although that is not illustrated in
“Accepted Request” and “Refusal
- The link between “Authorization request” and “Name of Pharmacy” that Request” are sub-classes of
the graphic modelling. Therefore,
Doctor is not a missing concept.
represents the rule governed by laws: “The name of the pharmacy which “Authorization
Request”
(i.e.
This concept is excluded from the
provides the drug must be indicated in the request for authorization”.
relations do not have the same
incompliant elements report.
- The link between “2 days” and “Study time” of “Authorization request” destination concept).
• The concept “Decision” in fact is
represents the rule: “The duration of treatment must be indicated in the - The incorrect responsibility of the
implicitly included in the two concepts
request for authorization”.
transaction “Notification”.
“accepted request” and “refusal
request”. By dynamic specialization,
- The link between “8 days” and “Recourse time” of “Recourse” represents
an “authorization request” becomes
the rules: “The duration of recourse of a refused authorization requested is
an “accepted request” or “refusal
limited with 8 days”.
request” after it has been treated


24

A hyperconcept describing the ontological
space of a doctor.



Informational space for a doctor.
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a case study. The IS supporting activities of
organization is affected by laws as the laws
regulate the execution of organization activities.
The compliance of IS with laws is a critical
issue in organization for obtaining an IS meeting
user’s expectations, not only at the moment of
IS development but also in the whole life cycle
of IS. However, this issue is not appropriately
addressed in current methodologies and approaches
of IS engineering.
In the proposed framework, the ontology
extracted from laws is the basis for the controlling
this compliance. The framework allows to detect
incompliant elements of the legacy IS with laws.
It also assist us to facilitate the IS evolution or IS
reengineering and thus to meet user’s expectations.
However, the proposed framework is at a conceptual
level. In our future research we aim to develop
tools to support tasks proposed in the framework.
In addition we aim to apply our approach to more
practical scenarios and using the developed tools in
practices.
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Enhancing the Accessibility
of Enterprise System
Documentation
with Domain Ontologies
Christian Janiesch
Abstract
Accessible process models are vital to the longevity
and meaningfulness of model-based enterprise
systems documentations. Different parties intend to
consult the models for diverse reasons and purposes.
Lack alication domain knowledge as well as lack
of modeling knowledge of a user is major factors
in the perceived usefulness of process models. It
is therefore important to provide better accessible
models. However, as each user’s access to models
is different, models need to be adapted to the user’s
needs. However, customizing models leads to a zoo of
variants which cannot be administered properly. One
way of preventing this, is to employ configuration
mechanisms to increase the reusability of process
models already during model design. We propose
to enrich these models with domain ontologies to
improve the consistency, configurability and, thus,
accessibility of the documentation.
Keywords: ???

1.

Introduction

The documentation of enterprise systems is
of paramount importance for the lasting benefit
of the implementation project [3]. However, the
documentation needs to comply with the diverse
needs of users who use models for different
purposes. A system engineer for instance is in
need of different information than a manager
or a trainee. Approaches to adapt models to suit
multiple perspectives exist, but different degrees
of preexisting application domain knowledge
complicate the designing of one universal model.
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Hence, it is not surprising that the concept and
importance of application domain knowledge has
gained increased attention in the IS community
[e.g., 29; 40]. Application domain knowledge or
subject matter expertise can be understood as the
knowledge of the problem area [24]. Especially in
IS development, application domain knowledge
about the context of future software, i.e. the
target environment and its content, is considered
crucial for a project success [12]. Application
domain knowledge is opposed to programming
or modeling knowledge, also termed IS domain
knowledge, which comprise purely technical
skills [29].
An intensively discussed means to capture
common domain knowledge is provided by
ontologies [e.g., 8; 21; 45; 51]. We propose
to utilize domain ontologies to enhance the
reusability of enterprise systems documentation
during the design phase by adding additional
application domain knowledge to the models. In
the following, we focus on process models as
the key model-based documentation of enterprise
systems.
This paper follows the critical hermeneutic
method to gain knowledge. Hermeneutic research
methods focus on an understanding which is
based on theoretical and practical arguments.
According to hermeneutics, the process of gaining
knowledge is influenced by a circle of (previous)
understanding, gaining new knowledge, and then
achieving a better understanding of the entire [6].
The paper is organized as follows: In the
subsequent section we elaborate on the
fundamentals of process design and reuse in
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modeling to provide a common understanding
of the problem area. In Section 3 we provide an
overview of the concept of ontology and relate it
to the domain of process design. Section 4 relates
the two concepts and introduces applications
which assist reuse in process design. The paper
closes with a summary and outlook to further
research,

2.

Reuse in Process Modeling

2.1.

Fundamentals

Processes are generally seen as any activity
performed within a company or an organization
[33]. Thereby, activities are considered to be the
smallest entity used to build a process. An activity
can either refer to work that needs to be done
manually or to work that can be done automatically
[22]. Other definitions [11; 27] emphasize on the
timely and local order of activities and also regard
different kinds of inputs and value-added outputs.
Also, business goals to which processes are tied
to, are stated to be significant for the definition
of a process [22]. Each of those definitions falls
short to integrate all relevant perspectives into one
consistent definition. In the context of this work,
a process is therefore defined as “a completely
closed, timely and logical sequence of activities
which are required to work on a process-oriented
business object” [5], as this definition integrates all
relevant perspectives.
Consequently, a business process is considered a
special kind of process that is directed by business
objectives of a company and by the business
environment [5]. Business processes can be further
classified into value creating core business processes
and not value adding supplementary processes.
Whereas core business processes are considered to
contain corporate expertise and produce products
or services that are delivered to customers [22;
37], supplementary business processes facilitate
the ongoing operation of the core processes. This
distinction is not intended to be always selective
as one business process might be a core business
process for one product and a supplementary
business process for another [5].
2.2.

Adaptation Mechanisms for Process
Models
Process Models contain practical knowledge
that may not be documented otherwise. The more
effective the process model meets the requirements
of a particular need or perspective; the higher
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is its perceived quality. Ideally, each identified
perspective should be provided with a tailormade version of a process model. This approach
is called multi-perspective process modeling [10;
38]. The most significant problem that results
from a multiplicity of perspective-specific, tailormade models is the need to manage possible
redundancies inside the model itself. This leads to
increased modeling and maintenance cost and the
danger of inconsistencies within the model base.
Different reuse mechanisms aim at overcoming
this problem. Reuse means to apply the experiences
of a former projects to solve an actual problem
[51]. This implies that an existing knowledge
base is utilized to avoid starting from scratch.
Different adaptation approaches for the reuse of
knowledge have been developed which can be
found in a similar form in software engineering,
conceptual modeling, or method engineering. All
reuse approaches are based on a common set of
reuse mechanisms, which enable their definition
and application. The following five mechanisms
are taken from the area of reference modeling,
which provides a sound basis for the design of
processes [2; 47]:
Process models can be designed as configurable
artifacts. They are provided with specific attributes
which contain configuration rules. Depending on
the values assigned to the condition part of the
rule it can be decided whether the conclusion
part of the rule has to be executed or not.
The conclusion part can imply consequences
such as the elimination of model elements or
the modification of their representation. With
this mechanism model variants regarding
application-specific characteristics can be created
in an automated manner. An important application
for this mechanism is for example to tailor a
process model to a specific perspective such as a
management view or software engineering view.
When the mechanism of instantiation is used,
process models are equipped with placeholders. The
placeholders are inserted within the construction
phase of the process model and annotated with
an instantiation domain. When a specific model
is created, the placeholders are filled with valid
occurrences to the particular circumstances.
Depending on the properties of the application
domain, numeric or alphanumeric values, distinct
model elements, or even composed model clusters
can be defined as instantiation domains.
Through specialization a specific model is derived
from a more general model by adapting, extending
and/or partially modifying the more general
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one. For this purpose, the model
Top-Level Ontology
is annotated with specialization
instructions. Process models which
support specialization have a
higher level of abstraction than the
Domain Ontology
Task Ontology
resulting specific models. These
more abstract process models offer
only a relatively low number of
model elements.
Application Ontology
Process models, which support
aggregation, are not available
as monolithic blocks but rather Fig. 1. Levels of ontologies [19].
contain independent parts, so called
model element components. Within aggregation, a very flexible as it can be drawn from any aspect of
specific model is built by assembling these model a process model. Patterns employ this mechanism
components. Interface descriptions of the model in order to be applicable in domains they were
components offer information on their general not specifically constructed for. The application
compatibility and how to combine them.
of a pattern requires a conclusion by analogy to
An analogy implies the transfer of information establish a fit between the problem description in
from one subject to another. This mechanism is the pattern and the actual situation.
Fig. 2. Different representation forms of ontologies [46]
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3.
3.1.

Concept and Design of Ontologies

Ontology in Philosophy and
Information Systems Research
The notion of ontology has arisen long before
the term was coined. It traces back to Parmenides
and was embellished by Plato [36] and Aristotle
[1]. Aristotle sets out from substance as the most
profound and first category of every being and
elaborates a system of ten categories, which
accounts for his idea of ontology, i.e. how the
world is constituted. This conceptualization was
the most dominant view of ontology until Kant
made some central changes [28]. The traditional
meaning of ontology is a branch of philosophy
dealing with the nature of things in general [50].
Hence it is a total, domain independent concept.
In contrast to philosophical ontology, IS
research has inherited and altered the idea. One
can speak of informational ontologies, which
are partial, domain specific, and committed
to an epistemological constructivism [19; 41].
These ontologies are also often denoted as
formal ontologies in the literature. The nature of
capturing parts of the real world automatically
results in a domain specific application of these
ontologies [8]. But more importantly it leads to
a plurality of coexistent ontologies. Hence, the
plural ontologies is brought up which does not
exist in philosophical contexts.
This plurality substantiates the introduction of
different levels to structure different ontologies
according to their specificity. The most prominent
classification according to Guarino [19] is
distinguishing top-level, domain, task, and application
ontologies. Cf. Figure 1 for an overview.
Top-Level ontologies are intimately related
to the philosophical notion of ontology and are
based on very generic categories [9; 42; 49].
The domain or task ontology level is already
developed with regard to the requirements of a
certain application [30]. And finally application
ontologies are implemented for usage in a
particular environment or system.
The plural ontologies is associated with the
conception of informational, pluralistic, formal
ontologies. The constructivist account renders
informational ontologies as contingent human
artifacts, which are independent of reality and
are necessarily subject to some particular ends or
purposes. As a result they are always susceptible
to a certain degree of subjectivism caused by
the individual ontology engineer. Consequently
a popular definition in IS literature reads: “An
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ontology is a formal, explicit specification of
a shared conceptualization for a domain of
interest” [16]. Gruber moreover specifies a
conceptualization as “an abstract simplified view
of the world that we wish to represent for some
purpose” [16]. Resulting from this, the foremost
motivation for employing ontologies in the context
of IS is the hope to alleviate the subjectivism of
different models by means of underpinning them
with a shared conceptual vocabulary manifested
in an ontology. Thus, ontologies aspire to affiliate
slightly different worldviews on a common
ground.
3.2.
Instantiation and Design of Ontologies
More recently IS research has developed a
manifold of representational means for illustrating
ontologies. A comprehensive list can be taken
form Figure 2.
In this schema the different instantiations of
ontologies are arranged according to their degree
of formalization. The prevailing technique, tying
in with the philosophical tradition since Aristotle,
is the taxonomy. This is defined as a structure
where all entities are grouped to a hierarchy
exclusively built with subsumption relations [20].
Whilst the groups of glossaries & data dictionaries
and thesauri & taxonomies are characterized by
their semi-formal and non-technical approach, the
groups meta data, XML schemas & data models
as well as formal ontologies are highly specified.
The different forms of representation also impose
varying degrees of restriction on the logical
structure. However, all elements noted in Figure 2
are usually subsumed under the term ontologies.
According to literature, a list of the basic
components to substantiate the definition of
ontologies is given with the following [32]:
• a set of concepts (basic terms)
• relationships, and
• inference rules.
One of the rst adaptations of ontologies to IS goes
back to Bunge [7] and has found is manifestation in
the Bunge-Wand-Weber Ontology [49; 50]. Since
the crucial idea of a philosophical ontology is to
capture reality, they argue that ontologies can improve informational models by mapping real world
objects into abstract entities. Note that a similar assumption is implicitly underlying other data modeling techniques such as the Entity-Relationship
Model. A second popular account of the top-level
structure of ontologies is given by Chisholm [9]. He
divides all entities in contingent and necessary ones
and then further distinguishes states and non-states.
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Integrated
Master Model

Model
Projection

Fig. 3. Configuration procedure for conceptual models [2]

Several concrete engineering processes for ontologies haven been proposed [15; 17; 18, Smith, 2004
#938]. Since developing ontologies is an extensive
endeavor, tool support is inevitable.

4.

Relating Process Models and
Ontologies

Process models as well as modeling methods
can be designed as configurable artifacts. They are
then provided with explicit configuration points,
which specify model variants regarding application-specific characteristics. Based on assigned
values to configuration parameters a model is
projected into an application-specific model. The
actual procedure of model projection is conducted
automatically based on the prior selection and
annotation of configuration parameters. Cf. Figure
3 for a high-level illustration of the procedure.
Here, an integrated master model, e.g. an eventdriven process chain [39], is configured according
to the users requirements by selecting several
configuration parameters. This results in the
omission of certain model elements or method
elements which are then not part of the configured
model after its projection. As it is only a projection
they are still part of the integrated master model but
not visible in the projection.
Configuration Parameter Ontologies: When
offering configurable process models, it is
important to specify configuration parameters
which allow for the configuration of the model
with respect to various practical requirements, for
availing the model to as many parties as possible.
Therefore, it is necessary to define categories of
configuration parameters. Becker et al. [2] propose
perspectives (i.e. roles or even individual views)
and company characteristics; UN/CEFACT [43]
recommends the following eight context categories:
business process, product classification, industry
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classification, geopolitical,
official constraints, business
process role, supporting
role, and system capabilities.
Each of the categories has
to be instantiated with an
unambiguous
taxonomy
which allows for the detailed
specification of a company’s
context to provide the best
suited projection of the
master model.
While Becker et al. [2] do
not specify a comprehensive
amount of parameters, UN/CEFACT [43] proposes
to existing nest code lists as a domain ontologies.
For example they propose to use ISO 3166.1 for
countries and ISO 3166.2 for regions and so on.
The elements are ordered in a taxonomy. In their
approach it is admissible to combine elements
from different categories to denominate a specific
overall context, e.g. as laws from a specific country.
If however one category is always combined with
another and cannot stand alone it is to evaluate
whether it is obsolete or should be changed [25].
Currently not all categories can be utilized with code
lists. The Unified Context Methodology Project is
an ongoing initiative to close this gap [44].
Ensuring Consistency with Ontologies: In
order to configure process models, a selection of
configuration parameters has to be made. This can
either be done implicitly by the use of high level
configuration mechanisms [26] or explicitly by the
selection of values. However, these configuration
parameters can have relations with each other. The
selection of one configuration parameter can entail
either that another parameter is selected as well
(inclusion) or that another configuration parameters
may not be selected any more (exclusion). The
modeling software utilized must support the user
with ontologies that comprise this information.
This is especially important for inter-company
models which require certain elements, e.g. process
functions, to be present at least at one party
participating in the process [4].
Consider a process including three parties: a
consumer, a broker, and a provider. The consumer
uses the broker to find the best possible provider for
a given service and the broker relays the consumer
order. The provider will only process the consumer
order in case a credit check has been performed.
The credit check can be either performed by the
broker or the provider. The function perform credit
check of the process model can be configured as
Configured Model
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polysemy is at hand. Then the first problem
is to find a consensus on how to classify a
concept, before the subsequent problem of
having to classify it in a discrete structure
describes
follows.
term mapping
structure of
Model Comparison: Although we
(describes interpretation)
propose to incorporate configuration
mechanisms using domain ontologies
Domain
already during model design, it may
Domain
provides
Models
be necessary to relate separately
terms
Ontology
constructed models. It is therefore
necessary to compare different models
or even to merge their contents. First
Fig. 4. Modeling of domain knowledge.
approaches to model consolidation were
optional, mandatory or obsolete for the broker. of manual nature. With the growing size of process
This configuration has an exclusive effect on the models to document whole process clusters
configuration of the provider since this makes or service landscapes as well as workflows, a
his credit check optional, obsolete or mandatory demand for conducting at least semi-automatic if
depending on the broker’s configuration as the check not automatic consolidation has arisen. In order
has to be performed by either one of the parties to compare or merge models a common domain
before the order can be executed. Bearing this in ontology has to be established.
mind, the interdependencies of each configuration
One of the major challenges here is to overcome
parameter has to be carefully considered in order to the problem of external consistency, because each
construct a consistent configurable process model.
informational ontology which is the basis for a
Synonym Management: In different divisions of process model is restricted to its own application
an enterprise different naming conventions may have domain. And every domain represents a particular
been established (e.g. procurement employees call a part of reality [14; 48]. This nexus is illustrated in
procurement order just order, whereas distribution Figure 4, where the model ontology provides the
employees may use the term purchase order). In different model levels with the necessary terms.
order to consider these synonymous conventions in The central item here is the domain models. These
line with conceptual modeling, a proper synonym can be substantiated by various ontologies for
management allows for perspective-specific various models. Alternatively, different models can
exchange of model element naming [2].
be supplied by one unifying domain or global
It stands to reason that an ontology of synonymous ontology.
terms is utilized as a foundation for the dynamic
However, it might be economically unfeasible to
management of synonyms, homonyms, and polysems. reconcile all ontologies into one global ontology.
Homonyms are single terms that signify multiple Shaping one global ontology is hampered by
meanings. Vice versa synonyms are unique concepts inflexibility, high maintenance costs, and the
which can be expressed by different words. A slightly problem of finding group consensus concerning
more complex situation is caused by polysems, which the underlying concepts [31]. Thus, as argued
are concepts with overlapping meaning [23].
above, issues about the consistent combination of
Lexical and logical relations allow for a more selected ontologies arise. It can be very useful to
comprehensive adaptation of the model in order compose multiple ontologies to interrelate already
to avoid new homonyms that might occur when existing ontologies within a particular domain.
a synonymous term is changed, e.g. if the term
In general the most prevailing problems of
standard is replaced by default, all terms utilizing ontologies are inconsistency, incompleteness,
default in the sense of failing should be replaced by and redundancy [13]. They become especially
mistake or error.
evident, when models based on ontologies from
A problem for ontologies arises, when such a broad different backgrounds need to be merged [31].
concept must be classified into a discrete structure, For example a practitioner will use different terms
where conflicting categorizations may occur. The than a theoretically oriented academic lecturer.
second class of problems concerns the consensus Even if both try to denote the same entities in
which is essential to construct ontologies for a group one application domain, they will end up with
of people. This becomes manifest in cases, where different ontologies.

Model
Schema
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Pfeiffer [35] proposes to utilize (building-blockbased) domain-specic modeling methods to enable
comparison already at a language level. Hence, the
representation is contingent on the conceptualization
of the person reecting the domain and explicating it
into a model. To overcome these issues a standardized
engineering process for ontologies is necessary as well
as comprehensive modeling conventions [5].

5.

Conclusions

Accessible process models are vital to the
longevity and meaningfulness of model-based
enterprise systems documentations. Different
parties intend to consult the models for diverse
reasons and purposes. We showed how ontologies
in conjunction with configuration mechanisms
can increase the reusability of process models
already during model design. We also pointed
out the problem which arises when models of
different application domains, i.e. models based on
different application (implicit) domain ontologies,
need to be combined.
Our research has theoretical as well as practical
implications. First, the results of this paper are
relevant for creators of process models such as
system analysts, software engineers, or consultants.
We give reason to assume that process models
should be delivered with a specification of the
domain terms used in the model. Such models are
better to comprehend and to evaluate for users
with varying application domain knowledge.
Hence, to link a model to a domain ontology or
to supplement it with definitions of the domain
vocabulary can increase the model accessibility.
To provide process models as a detached artifact
and without any additional information may in
contrast jeopardize the success of a customer
project and easily lead to project documentation
with no particular use.
Second, this paper explains the requirements
a process model has to meet from the user’s
perspective. A process model has impact on the
results of an IS development or organizational
design project. Hence, a user of a process model is
interested in the chance to understand the process
model thoroughly. A specification of the modeling
method and the reference to a domain ontology
increase the accessibility and configurability.
Thus, a user of a process model should declare
at least this information about the model as
obligatory. In order to facilitate an organizationwide consensus about a model it is helpful when
all stakeholders share an equal understanding.
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Based on this comprehension the model can then
be mapped to their individual domain experiences
and be accepted or rejected.
Third, the results of our research also concern
the producers of process modeling tools. It shows
that the accessibility and consistency of a process
model is influenced by the availability of additional
information. Therefore producers of process
modeling tools should augment their products
with the functionality to manage the association
between process models and application domain
terms. Therefore, a process modeling tool should
be able to access and link to domain ontologies, or
at least simple glossaries or technical term models.
For convenient usage a process modeling tool
should (semi-)automatically establish connections
between an ontology elements and the model
elements. If an ontology is not available for a
certain domain, a tool should provide support to
develop it. Furthermore, a process modeling tool
should allow for exporting a domain ontology
[e.g., 41] and a modeling method [e.g., 34] in
order to deliver it together with the process model
to the model users.
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Enterprise Architecture
Design as an Engineering
Discipline
Stephan Aier, Stephan Kurpjuweit, Jan Saat, Robert Winter
Abstract
Enterprise architecture can provide systematic
support to organizational change, when
requirements of respective stakeholders of business
and IT are met. This article focuses on the design
of enterprise architecture and proposes a “businessto-IT” approach that considers lessons from
classical engineering disciplines. A framework for
engineering driven enterprise architecture design is
presented. Since such an approach creates specific
requirements for tool support, an appropriate
software implementation is presented.
Keywords: enterprise architecture, business
engineering navigator, tool support

1.

Introduction

Organizations are subject to constant evolution.
Due to the different impact, organizational change
can be distinguished into incremental change
(optimization) and fundamental change. While most
functional methods of business administration, such
as marketing, finance and human resources provide
support for optimization (e.g. six sigma) [10], the
structured design of innovative and fundamental
change requires a holistic approach to systematically
support organizational transformation [21]. Complex
changes require a thorough understanding and
therefore a targeted documentation of the artifacts to
be designed, their relationships to each other as well
as a clear structuring of the transformation procedure.
Therefore, architectural as-is documentation, to-be
planning, and support of necessary changes are core
challenges for enterprise architecture (EA) analysis
and design [13]. To meet these challenges, design
objects of EA such as strategic aspects, organizational
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structure, business processes, software components
and data structures as well as IT infrastructure
components are modeled to enable communication
and analysis of the EA [11, 22]. While there is a
broad variety of EA literature focusing on evaluation
[18] and generalization [12] of EA frameworks or
discussing EA modeling [1], only few publications
address EA application and its benefits [14, 17]. In
particular an engineering approach is missing which
deploys EA to systematically support innovative and
fundamental change.
In this contribution we analyze mature engineering
disciplines to derive characteristics for a framework
to systematically support consistent “business-to-IT”
transformation. We propose the business engineering
navigator (BEN) concept to support construction,
navigation and analysis functionalities for artifacts
and relationships of all architectural layers – from
strategic aspects down to IT infrastructure. BEN
therefore provides a framework on how engineering
methods can be applied to organizations. BEN
delivers insights on how complex design and
transformation challenges can be broken down to
manageable projects. We therefore discuss how
BEN can be used to systematically support to EA
design in this article.
The next section identifies core concepts of
mature engineering disciplines. Following lessons
learnt from classical engineering, section 3 derives
requirements for an engineering based approach
to EA. Section 4 introduces the BEN concept to
support a stakeholder-oriented EA management
(EAM) as one of multiple possible applications.
Section 5 discusses a “business-to-IT” EAM tool
support and proposes ADOben as an appropriate
solution. The findings are summarized, and future
research is outlined in section 6.
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2.

Lessons from Mature
Engineering Disciplines

Mary Shaw analyzed the development of
classical engineering disciplines [20]. She found
that engineering disciplines produce cost efficient
solutions for relevant problems by using scientific
knowledge in the artifact design process in
service to society. These aspects are now further
characterized:
1. “Cost efficient solutions“: Engineering does not
only imply the construction of suitable solutions,
but also emphasizes reasonable handling of
given resources and conditions.
2. “For relevant problems”: The constructed solution
addresses practically relevant problems.
3. “By using scientific knowledge”: The construction
process is comprehensible and traceable based
on scientific construction languages, methods,
and frameworks so that the solutions will most
likely fit the requirements.
4. “In service to society”: The engineer acts in a
responsible way by providing useful innovations
to society and environment.
The following subsections give an idea of
addressing these aspects by analyzing classical
engineering.
2.1.
Engineering Knowledge Patterns
Classical engineering disciplines distinguish
between innovative construction and construction
routine. Innovative constructions have to address new
solutions while construction routine involves reusing
existing solution patterns for known problems [23].
Construction routine is the usual design form in
classical engineering disciplines, while innovation
is rather rare. To make the construction process as
efficient as possible, the collection, organization, and
conditioning of knowledge is necessary to make this
knowledge available to less experienced engineers.
All disciplines found appropriate media for this
knowledge transfer, e.g. engineering handbooks [2,
6] and tool support for collaborative engineering
[15].
2.2.

Standardized Construction Plan and
Construction Language
Mature engineering disciplines use a high level
construction plan (architecture) of the design artifact.
This plan depicts the main components and their
relationship to each other that is needed in order to
achieve the desired behavior. (Some engineering
disciplines including civil engineering and software
engineering use the “architectural blueprint”
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or “architectural design” (short architecture) as
central construction plan. In the following the term
“architecture” is used as synonym for the central
construction plan of all engineering disciplines.)
All mature engineering disciplines have developed
standardized construction languages for architectural
description. In mechanical engineering, for example,
a dozen standards exist on how to design construction
plans [9]. These standards are subject to early stages
of mechanical engineering education since they are
an essential means of communication.
2.3.
Division of Labor
Besides structuring the system to be designed,
the construction plan is used to structure the design
process: the components of a system are constructed
in teams and then assembled in order to become a
whole according to the architecture. The division
of labor during the construction process is a core
feature of classical engineering disciplines, since
it is the only way to construct complex systems in
large teams.
2.4.
Architectural Design
Designing the architecture is the supreme
discipline in engineering, which involves the
transformation of requirements (problem space) into
a high level blueprint of the system to be designed
(solution space). Designing the architecture involves
fundamental design decisions which have impact on
the whole design process. An example can be found
in the definition of quality characteristics that the
system to be constructed must address (e. g. Which
changes to the system can be made easily, which
not? What is the system’s performance? What is
the capacity of the system? How scalable is the
system?).
Due to the mentioned responsibilities, great
attention is paid to architecture and only experienced
and highly qualified engineers are involved in
the architectural design. By involving internal
and external experts as well as complex analysis
frameworks, engineers seek to ensure the quality
of the architectural blueprint so that the architecture
addresses all the required characteristics of the
system to be designed.

3.

An Engineering Based Approach
to Enterprise Architecture

Following the above introduced characteristics
of mature engineering disciplines, requirements
for an engineering driven approach to EA can
be derived. EA can be regarded as the central
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construction plan for organizational transformation
in a “business-to-IT” approach. EA describes the
main business and IT components as well as
their relationships (c.f. “standardized construction
plan” in classical engineering). EA is the result
of important design decisions and determines
fundamental characteristics of the organization,
such as strategic positioning, business process
efficiency and effectiveness, business/IT alignment,
and information systems capabilities. Indirectly, EA
therefore implies e.g. an organization’s capability
to rapidly launch new products, to adapt to new
regulations, or to exploit business potentials of IT
innovations (c.f. “architectural design” in classical
engineering).
Following engineering principles, concrete
requirements of internal and external stakeholders
build the starting point for EA design. Stakeholders
may e.g. contribute model information and
also consume information of the EA. As far as
designing stakeholders are concerned, conventions
(c.f. “standardized construction language”) and
governance are vital to enable distributed but
consistent design (c.f. “division of labor” in
classical engineering). Designing EA does not
imply to create new models from scratch, but to
integrate and aggregate existing knowledge from
architectural parts (c.f. “engineering knowledge
patterns” in classical engineering). Not all of
the stakeholders’ concerns and requirements
have effects on the fundamental structure of the
organization (or EA), but they partially might still
have influence as architectural drivers.
There exist different classes of architectural
drivers. One class focuses on the functional
development of the organization. Examples can
be found in the opening of new markets and
sales channels or business process outsourcing.
Another class of architectural drivers focuses on
optimization of organizational structures, e. g. by
consolidation of redundant structures or reuse of
existing resources to improve flexibility and prepare
the organization for possible future changes.
Architectural drivers tend to have tradeoffs which
require compromises in the architectural design.
Priorities of the architectural drivers are subject
to changes which might cause discontinuities
in organizational development. A merger, for
example, might change any given situation to set
the focus on architectural consolidation.
The sketched complexity of the matter often
causes difficulties for enterprise architects to
choose the appropriate artifacts and relationships
for the EA model. From an engineering perspective
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and taking experiences from EA projects in
companies into account, the following heuristics
can be derived.
3.1.
Criterion of Width
EA models must address the information demand
of their stakeholders. Information demands are
implied by management tasks (concerns) of the
respective stakeholders. EA can for example deliver
crucial data for project portfolio management to
support decision making, concerning investment
decisions for business applications.
Asuccessful method for stakeholder involvement
turned out to be the collection and analysis of
precise questions that stakeholders have, e. g.
“Can investments in applications by justified by
additional revenue, gained from the product or
service which is supported by this application?”
Situational fragments of the EA model (viewpoints)
can help to answer such questions by representing
the desired information on an aggregate level and
in a form of representation which is appropriate
for the respective stakeholder.
Following the criterion of width, all artifacts
and relationships needed for the creation of
view-points must be reflected in EA. The sum of
information demands of all stakeholders therefore
determines the maximum EA extent.
3.2.
Criterion of Depth
When EA is only designed in respect to the
criterion of width, chances are high that a huge
number of detailed structures of implementations
or detailed inventories of single artifacts types are
included.
Architecture strategies which are derived
from the architectural drivers, and the desired
characteristics of the whole system should also be
included in EA. These architecture strategies need
to be expressed and documented, so that their
realization is measurable. Architecture strategies
focus on the entire system or on groups of
similar artifacts (This heuristic is based on the
locality criterion, initially published by [5] and
then adapted by [7] This criterion is adapted for
enterprise architecture and informally described.)
such as all core business processes, all data
flows across domains, or all products which are
distributed over a certain channel. Structures
which only focus on implementation details
of one artifact, and which are only relevant
for this object, should not be a part of EA.
Exceptions might be useful in certain situations,
e. g. to support concerns of a key stakeholder.

AIS Transactions on Enterprise Systems 1 (2009) Vol. 1

S. Aier et. al.: Enterprise Architecture Design as an Engineering Discipline

The relevance of an artifact can be indicated by
the impact that a change of this artifact has on
others (This heuristic is based on encapsulation
and information hiding, which originates in object
orientation (cf. e.g. [16]).). If a change of an
artifact does not influence others at all, it should
most likely not be included in EA. Following the
idea that EA is the blueprint for change projects,
problems can arise from making unnecessary
design decisions for the entire architecture which
should be better made for individual projects.
Therefore, details such as object oriented class
structures, detailed data structures, mapping
information of network adaptors to servers,
structures of teams in individual business units,
workflow specifications of business processes,
or construction details of products should not be
part of EA. Figure 1 illustrates our “broad and
aggregate” understanding of EA.
In two cases it can be useful to include detail
artifact structures in the EA model. In both cases,
changes to the detail structure cause potential
changes to other artifacts, which means that the
above mentioned heuristic remains valid:
1. Relationships to other detail artifact structures:
Examples can be found when deploying single
software components on servers or assigning
sub-goals to the responsible business units. A
relationship on detail level (e. g. application
component and server) can always be observed on

the respective aggregated level (e. g. respective
application and respective server cluster).
Detail structures should only be included in
EA when they have impact on design decisions
with effect on the entire system. This is true
for the deployment of application components
on servers, since the explicit documentation
of this relationship might have considerable
impact on the ability of the organization to
react in case of a blacked out computing center.
An example for a relationship on detailed level
without significant impact can be found in the
assignment of application functions to detailed
activities of a business process. In this case, the
aggregate relationship between application and
business process delivers sufficient information
for EA purposes, while detail documentation
can be misleading.
2. Objects on detailed level can be reused in
multiple artifacts: Similar to the case above,
the detail level should only be taken into
account, if reuse has significant impact on the
behavior of the entire system. This is the case in
examples such as reuse of product components
as part of a platform strategy. Contrary, it is
not the case when reusing libraries in multiple
applications.
Moreover, it cannot be recommended to include
many objects of a detail structure which all have
similar relationships within the architecture. This

Fig. 1: Enterprise Architecture is Broad and Aggregate
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Fig. 2: Architecture of the Business Engineering Navigator Approach

is e.g. the case when considering all client computers (as inventory).
3.3.
Pragmatic Criterion
Organizations are subject to constant changes.
Therefore EA models need to be updated regularly.
Many projects show that continuous maintenance
efforts incur high costs. Therefore it needs to be
considered if the benefits resulting from covering
a stakeholder concern exceed the costs necessary
to gather and maintain this information. Not every
stakeholder information demand which is claimed
by the criterion of width will gain positive revenue.
Therefore, the pragmatic criterion proposes to
carefully analyze and evaluate the value of artifacts
and relationships. No maintenance efforts should
be put into artifacts which are not necessary for
any concerns [8].
Quantifying costs and benefits of information
demand is far from trivial [e.g. 17]: Benefit
analysis often results in “reverse” considerations
(what if we did not have this information?).
Costs arise according to type, origin, necessary
conditioning efforts, and frequency of usage.
Information demands being served from the same
pool of data might realize considerable synergies.
The main feature of the architecture is to
provide a high level plan to support long term
strategic development of an organization. High
frequency in changes of detail information incurs
high maintenance costs and can be used as an
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indicator that the level of aggregation is too low.
From our experience, in most cases it is sufficient
to use and maintain more aggregate structures (as
proposed in the criterion of depth). Usually, high
level models can be maintained manually with
reasonable efforts, i. e. without having to develop
and use automated interfaces to detail repositories
(such as configuration management database,
process model repository, product configuration
system). However, there may be use cases where
more detailed model data is needed, automated
data imports might be necessary to provide an
efficient solution at reasonable maintenance
efforts.

4.

Business Engineering Navigator

BEN structures the various components of
engineering support for EAM. BEN is based on
the above mentioned principles of engineering
and addresses the main requirements of EAM.
Figure 2 illustrates the components of BEN
and their assignment to abstraction layers. This
structure can be used as a framework for practical
as well as research projects. The components are
described in the following subsections.
4.1.
Basic Components
Basic components include domain independent
functionalities which are used to model, analyze and
design EA.
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• Core meta model: A common set of vocabulary is
a major prerequisite to consistently design the five
layers of the business engineering framework. The
BEN meta model is based on generic modeling
methods and contains artifacts on a strategy layer,
organizational layer, integration layer, software
layer, and an IT infrastructure layer [22]. This
meta model serves as a standardized construction
language for organizational transformation.
• Modeling mechanisms: A domain independent
description language provides basic mechanisms
to create models of the design artifacts. This
includes hierarchical refinement of artifacts using
“part-of” and “is-in” relationships as well as
domain clustering.
• Analysis mechanisms: Generic types of analyses
and analysis mechanisms are instantiated for each
concrete viewpoint (cf. below). Examples for
generic types of analyses include matrix analysis,
dependency diagrams, list reports, architecture
views, and spider web diagrams [3].
• Query and constraint language: A query language
is needed to analyze the models using predefined
and ad-hoc queries. Using the constraint language,
the architecture strategy and the architectural
principles are specified and verified. Both
languages are based on formalized modeling
mechanisms, e. g. relational algebra.
• Model management: This basic component
includes version management functionalities, such
variants handling and model history. These aspects
are crucial to model life-cycle management
4.2.
Domain Specic Components
Domain specific components are instances of
generic components for the five different layers
listed in section 4.1.
• Meta model extensions: Specific extensions of
the core meta model allow the application of the
engineering approach in specific contexts (e. g. a
certain industry, a certain company size or maturity
level) and in specific projects (e. g. business driven
changes, IT driven changes, alignment projects).
• Viewpoints: A viewpoint catalogue is comprised of
generic analysis mechanisms and types of analyses
which are suited to given stakeholder information
demands. Queries needed for each viewpoint can
be formulated using the above introduced query
language [11].
4.3.

Components of Design and Analysis
Knowledge
Components of design and analysis knowledge
help to keep record of the engineers’ knowledge.
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• Architecture strategies: Generally valid and
accepted design patterns and architectural
strategies (e.g. handling of redundant master
data) and principles can be organized as
knowledge repositories [4].
• Analysis framework: An analysis framework
implements models of quality and metrics for
the design artifacts (e.g. analysis frameworks
which help to refine aggregate targets, such
as efficiency, into measurable counts, such
as scalability, avoidance of redundancies,
capability for multi channel usage [19]). Results
of the analysis are represented as viewpoints.
The BEN approach proposes to adapt EAM to the
respective application scenarios of the respective
organization. Therefore, generally valid and accepted components of design and analysis knowledge must be adapted, extended and integrated.
The BEN approach can be understood as
interface between methods of business engineering
and underlying software tools: On one hand, BEN
defines requirements for software systems and
gives assistance how to use them in the context
of the engineering discipline. On the other hand,
BEN is a service layer for different methods,
which may give concrete guidance in change and
transformation for organizations.

5.

Tool Support: A BEN
Implementation for Documentation, Analysis and Design of
Enterprise Architecture and
Learnings from First Applications

Regarding the criterion of width, EA addresses a
variety of stakeholders with different information
demands and different views on EA. Therefore the
implementation of the basic components of BEN
(cf. section 4.1) requires a specific tool support
where BEN can serve as a foundation for the
implementation or configuration of EA software
tools. ADOben is such an implementation of BEN
requirements based on ADONIS, a commercial
modeling tool and meta-modeling platform.
ADOben implements the required model types
from a strategy layer down to an IT infrastructure
layer as well as the interdependencies between the
artifacts and models on these layers. Therefore
it is possible to design an architecture plan for
the as-is situation. Using means of architecture
analysis and a dedicated architecture strategy, a
blueprint for the to-be situation can be designed.
To support the application scenarios of
potential EA stakeholders, the tool implements
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Fig. 3: Three Dimensional Matrix Report in ADOben

the respective queries and visualizes their
results. The following example illustrates an
application scenario in which a business analyst
plans the launch of a new product. Information
demands of the business analyst could be: “Do
we have adequate application support for the new
product?”, “Where are potential breaks between
applications along the process?” Using the query
“Which applications are used in which process
for which product?” on the architecture model,
a matrix report in three dimensions as shown
in Figure 3 is created. The matrix shows the
products and processes as well as the underlying
applications.
Based on a generic core meta model and
generic analysis mechanisms as well as specific
extensions for a defined application scenario,
every other query could be run on the underlying
models and visualized in a report.
Since BEN is not particularly developed for
EAM, the generic concepts (as presented in
section 4) could also be implemented in different
tools and for other business engineering methods.
As a first means of feasibility evaluation the BEN
approach has been implemented in a German
financial service provider using ADOben. The
application of the approach verified that EA
should be positioned as a planning tool, not as a
tool focused on operative tasks (like for example
a configurations management database system
triggering an alarm when a server hard disk fails).
To achieve this, the three criteria defining EA
scope have proven to be valuable. The criterion
of width requires that the EA meta model and the
viewpoints are developed in close collaboration
with all stakeholders of the EA. To get the
buy-in of the stakeholders, the introduction of
EAM should be taken as a chance to revise the
planning and documentation processes within
the organization in order to ensure that the EAM
organization concept is integrated seamlessly
and does not cause an overhead work load for
the stakeholders. The analysis capabilities of
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ADOben, especially matrix analyses have turned
out to be a valuable tool to foster and rationalize
the communication between the IT unit and
the business units as well as to systematically
address alignment questions between business
structures and IT structures.

6.

Conclusion

Based on analysis of classical engineering
disciplines, this paper presents an engineering
approach to EAM which has been generalized
as BEN. It is shown how EA models can be
constructed based on stakeholder requirements in
order to create a pragmatic solution representing
a “broad and aggregate”, business-to-IT
architecture – and not a set of enterprise-wide
detail models which will never be completed
and soon be outdated. BEN delivers a foundation
for efficient EA design and EAM. BEN can
be implemented in software tools and applied
using business engineering methods to enable
structured solution design.
Engineering disciplines in general, BEN and
ADOben show that the engineering of complex
environments involves a complex ‘mechanism’.
This mechanism can be evaluated according to
its applicability and to its connectivity to other
approaches, tools, and methods. The development
of this mechanism is aimed at a clear structure so
that elements can be arranged according to the
respective situation as a best-of-breed solution.
This means that ADOben is one solution to
implement BEN as an EAM tool. At the same
time BEN is not limited for the use in the context
of EAM. The core idea is to ensure structured
engineering. Further research activities in this
area will focus on the methods themselves and
their situational character. The ultimate goal is
to provide engineering support for the situational
development and maintenance of “business-toIT” solutions – in the context of EAM, but also
for integration management, for information
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logistics management, for IT/business alignment
and other scenarios in information management.
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Constraints in Conceptual
Modeling – A Generic
Approach
Martin Juhrisch, Werner Esswein, Gunnar Dietz
Abstract
The increasing use of information models
beyond the technical aspects of software and the
rising number of model creators as well as the
comparability requirement for models resp. model
evaluation necessitate a convention-orientated
constructive restriction of the degree of freedom
in specific conceptual models. In this paper a
generic method is represented that by adopting of
Description Kits allows a restriction of freedom in
modeling regarding the aspects of natural language
in specific conceptual models and enables a
restrictive use of existing modeling languages. As
a use case the configuration of service-orientated
architectures is discussed. By using Description
Kits we can link SOA services to conceptual
models and therewith facilitate the alignment of
business processes and the supporting information
technology.
Keywords: Conceptual Modeling, Description
Kits, Service-oriented Architectures, Web service.

1.

Introduction

In the literature the restriction of freedom in
conceptual modeling is especially discussed under
the aspect of model integration in shared modeling
projects [1]. Within this scope companies are
systematically analyzed and reconstructed by
means of semi-formal modeling languages [2].
However, both the high degree of freedom in
modeling and the missing standardization of model
elements in semi-formal modeling languages
induce a lot of conflicts in model integration [3].
For example, references across different models
cannot be disintegrated by different systems of
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concepts nor can the overlap areas between the
sub-models be identified by different levels of
abstraction. There are two approaches to avoid
conflicts and enable comparability of models: first,
the approaches use syntactic transformations and
semantic tests for model transformation in order
to identify overlap areas [4]. These approaches
create only minimal demands on the existing
model. Additionally, there are approaches starting
from model construction in order to enhance
the construction of simply comparable model
artifacts. Approaches in this area are based on
the assumption that the comparison of the models
with a random structure hinders the identification
of semantic overlap areas. Becker et al. confirm
the fact that in order to get comparable results
in a distributed modeling project the degree of
freedom of a modeler has to be strongly restricted
[1]. This means that if an identical situation
comes up, different persons should use the same
language constructs for the description [2].
Therefore, one basic hypothesis is the assumption
that restrictions in modeling perceptibly simplify
the later comparison of the sub-models [3]. As a
consequence the conventions restrict the degree
of freedom in modeling in order to guarantee
a certain extent of compliance [5]. Empiric
researches show that sub-models created in a
shared modeling process differ from each other
in used vocabulary, degree of abstraction and
level of detail [HaSo06]. Therefore, the restriction
of freedom in modeling with the purpose to
establish comparable sub-models applies foremost
to the elimination of synonyms and creation of
semantically disjoint language constructs [3].
The demand on semantically disjoint language
constructs avoids abstraction conflicts – all shared
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models use the same level of abstraction.
The automatic analysis of models represents
the second reason for restricting the freedom
in modeling. First, considering the expected
diversity of models inside a process landscape,
manual evaluation will be strongly complicated.
Additionally, conceptual models prescriptively
serve as a design for a target-structure of the
organization and its information system that needs
to be implemented. The challenge is to create a
comprehensive model system that is valid at the
moment of completion – i. e. that reacts on actual
market requirements. Therefore, it is reasonable
to be able to accomplish at least semi-automated
analyses and evaluations based on the ascertained
process landscape as an indicator for future
reorganization actions resp. to prepare conceptual
models in a way that these could serve as an input
for a transformation process in design models.
For the automatic analysis the requirement for
comparability mentioned above is an essential
requisite [3]. Additionally, language constructs
must have both a suitable level of abstraction
and domain closeness in order to be valuable
regarding the content.
In the present paper a new approach is represented
that generically enables a development of domainspecific language constructs and a limited use of
these in conceptual models. The origin of the
method is in the adaptation and optimization
of the service-orientated architectures at the
University of Muenster [6]. Organizational targetmodels resp. functional requirements models must
fulfill the role as input in a translation in service
compositions.
The article is structured as follows: the next
chapter shortly introduces the motivation for
restricting the degree of freedom in conceptual
modeling. In Chapter 3 an own method is
presented that establishes a basis for the generic
restriction of the degree of freedom in modeling.
An application example for configuration of
service-orientated architectures is provided at the
end of the article and the main ideas and open
issues are summarized in the future research.

2.

Constraints in Conceptual
Modeling

The essence of the restriction of the freedom in
modeling in terms of modeling certain aspects in
the information model is the limitation of language
vocabulary to an amount of domain-specific,
semantically disjoint language constructs. With
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this not only the designed information model
but also already the modeling language has a
semantic connection to the application domain
[3]. Therefore, on the application point of view
semantically meaningful operations in conceptual
models can be defined already at a language
level.
One example for this is the specific problematic
situation in case of mapping distributed processes
in public institutions. PICTURE [1] presents
a method that can be used for restricting the
freedom in modeling to an amount of domainspecific language constructs. With the elimination
of type, synonym, homonym and abstraction
conflicts the semantic model comparison can be
reduced to the syntax level [4]. The restriction of
the available terminology is flanked by a specific
process modeling language with a simple syntax.
Because of the fact that the language constructs
are deduced from specific technical languages,
the specialists – in their role as a modeler – are
aware of the semantic of the language constructs.
The choice of the unsuitable modeling constructs
is avoided and the interoperability of the models
enabled.
However, a natural language is always
established over time; its vocabulary and grammar
are not static but a result of the language use
in a speech community. The determination of
domain-specific language constructs at metamodel level seems to be problematic against the
background of dynamic change. Furthermore,
domain-specific modeling languages do not
have a sufficient amount of language constructs
to picture all the phenomena of the respective
domains. Consequential a vast number of domainspecific modeling languages are necessary. The
approach introduced here is focusing on the
development of situation-dependent adaptable
language constructs designed for a project in a
certain operational domain – possibly also only
for a short period – and adapted in the course of
time. For this reason, either existing language
constructs are adapted or entirely new ones are
built from existing language fragments. This is
enabled by distinguishing between object and
meta-modeling language.
If following the Meta-Object-Facility (MOF)
Architecture of Object Management Group (OMG)
a language is used in the system development in
two phases [7]:
• On the one hand it is used in modeling at object
model level when analyzing and documenting
the discourse area – e.g. the business domain.
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• The phase of the language generation on the
other hand references the description of the
syntax and semantic of a modeling language
under the use of meta-language which again can
be interpreted as a modeling language. In this
case we talk about a meta-model (M2M) [8].
Since a domain-specific modeling language
– created as an artificial artifact by a method
developer – possesses a modifiable grammar it can
moreover be freely adapted to certain conditions.
Software supporting the development of a modeling
language is summarized in the concept of MetaCASE Tools. Well-known tools are for instance
MetaEdit+ [9] or cubetto® Toolset [10].

3.

The Description Kit Approach

In the present paper Description Kits (DK)
are introduced that cover restricted describable
ancillary information in adequately enriched
conceptual models. DK represent the consensus
of the speech community in terms of the amount
and structure of certain linguistic concepts relevant
for the business analysis. The DK approach is
generic enough to restrict every kind of modeling
information in their description relating to the
present modeling purpose. Concrete descriptions of
business information in analysis models concretize
the imagination of the modeler at purely linguistic
level within the scope of given DKs.
3.2.

Description Kit Language

The DK approach centers the phase of the
language generation (see Figure 1). In the metamodel level at layer 1 the creation of the so-called

Description Kit Language (DKL) follows. Here the
syntax of every DK is determined. This contains
the hierarchization of different DK concepts [11] as
well as the determination of their usage. The latter
require a linkage of the meta-model of a conceptual
modeling language – already existing by the time
– to the model of the DKL. It is determined which
DK concepts are possible or obligatory to which
elements of the model. So the DKL is associated
with the meta-model of the goal language.
The DKL can be kept generic in a way that one or
more description languages of this kind are created
only once in advance and these are then used in
different contexts. The ideal case is that there exists
a DKL that is generic in a way that each modeling
information dependant on the existing modeling
purpose can be modeled as a restricted domainspecific language construct.
The DKL represented in this paper distinguishes
between composite and atomic DK. Composite
DKs are again an aggregation from other DKs from
a lower hierarchical level. In contrast, atomic DKs
do not consist of other kits. Furthermore, a DK
(composite or atomic) in terms of meta-entity can be
accumulated by parameters. Parameters are optional
components of a DK and have to be completed
when modeling at level 0. To all the parameters
of an atomic DK optionally either definite values
or placeholders can be allocated. For parameters
placeholders can be specified for free selectable
features and for a not-empty amount of possible
parameter value allocations.
However, a DKL would be possible as well
that – in terms of modeling the role information
– determines the concept of „role“. With this no
domain-specific language constructs are modeled

Fig. 1.
Classifying the
Description
Kits in traditional languagebased metaisation (see also
[12])
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at meta-model level but the language for DKs of
these constructs. An extension of a meta-modeling
language as recommended in the literature [11] is no
more necessary.
A forced usage of certain DKs for certain modeling
elements can additionally not only mean a restriction
of the freedom in modeling in terms of the DKs itself
but also in terms of the modeling.
3.2.
Modeling of Description Kits
Using a DKL the definition of concrete DKs
follows at level 0*. The instantiation from level 1
to level 0* is seen in terms of „this DK corresponds
to this and that concept“ – and determines so also
the usage of the DK in modeling (see Appendix).
Depending on the DKs these could be concrete
types of roles or documents (e-mail, letter, etc.)
or concrete patterns [11]. These are adaptive
language constructs that are partly representing
natural language concepts making guidelines for
the specification of concrete descriptions at layer
0. As already in the pattern approach of [11] the
limitation to the concepts established at this layer
means to partly resolve the mentioned language
conflicts (see Chapter 2).
In the example of role information concrete roles
needed to be set. Each role can again be developed
differently and completed with different parameters
(i. e. field of study by student or institution by
a member of staff). Of course this could also be
modeled as wildcard parameter. But in the same
way organizational structure at level 0* could be
applied additionally to the concrete roles so that
when modeling only the organizational unit has to
be attached to the role “member of staff”.
After defining a DK, limited describable model
information in the model at level 0 can be modeled.
So in a DK the amount of all the description
possibilities of a limited domain-specific language
constructs is determined which can be modeled
later in a concrete description and concretized by
setting parameters. Hence, the collectivity of DKs
determines the vocabulary and all the possible
conditions of domain-specific language constructs.
Every instance of a DK – a description – contains a
unique name and is a part of the specific conceptual
model on layer 0. A DK is instantiated by selecting a
set of parameters and sub-DKs of the corresponding
DK and by setting certain parameter values. Hence,
all the possible descriptions permitted by the DK
are concretized when setting the parameters or
allocating DKs from lower hierarchical levels.
At each point in time of modeling at layer 0
always exactly one configuration of a DK at layer
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0* is active. An existing DK configuration can be
modified during the modeling on layer 0. As already
mentioned above, the connection possibilities of
the DK are determined with the concepts of the
conceptual modeling language at meta-model level
and these stay constant. Therefore, in case of
modifications the DKL should be not affected. In
this case, only the DKs of an adaptation would be
affected. Modifications in a DK for example when
defining additional parameters transfer one DK of
one configuration in another one. The adaptation
operations should enable an adjustment without
endangering the consistency of the existing specific
conceptual models. It is problematic insofar as
when modeling the DKs no assumptions are made
about when certain adaptation operations are
implemented.
The advantage of the approach presented here is
the generic modeling of domain-specific language
constructs. At the same time, the further use of
existing modeling languages is possible. With
adoption of the additional layer 0* an approach is
found that makes an extension of a meta-modeling
language like E³-model unnecessary. A support of
the closeness of levels 0* and 0 by the modeling
tool makes the adaptation process significantly
easier than in the pattern-approach used till now
[11]. The possibility to define different kind of
DKLs offers a higher flexibility than the original
(already generic in principle) pattern approach and
enables a direct implementation of approaches such
as enrichment of models with role information in
terms of [13].

4.

Use Case: Conguration of
Service-oriented Architectures

With the continuous consolidation of Web service
standards a change away from the implementation
and deployment of services to the point of service
management is taking place in the discussion about
the service-oriented architectures. The indicators: a
number of standardization requests and the number
of large projects in this area are evident for a growing
demand on management methods for illustrating
business requirements on service compositions.
An application of the Description Kit approaches
is represented that enables a targeted coordination
between the relevant business processes and SOA
in specific conceptual models.
Referred to the abstraction levels of the Model
Driven Architecture MDA [14] the illustration
classifies as a transformation task between
computation independent models (CIM) and
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platform
independent
models (PIM). Now, from
the present modeling
purpose it can be deduced
that an automatic transfer
requires a translation of
real-world phenomena
in a form that enables an
appropriate automation.
Reduction of semantic
heterogeneity inside the
modeling elements in CIM
and PIM is the deciding step
to an automatable transfer.
The main hypothesis
is that a connection can
be established between
an organization and IT
Fig. 2. Description Kit Language (Object, Service, Role)
domains, provided that
are adaptive, thus they can be adapted to the
an amount of linguistic
modified requirements to the modeling of
concepts are used simultaneous in CIM and PIM.
business objects during the modeling at object
Therefore, in the next part of this paper an
model level. In this case, DKs build adaptive
exemplary use of the DK approach to overcome
model elements corresponding to the consensus
semantic gaps between semi-formal problem
between software architects and specialists
description in CIM and formal solution in PIM is
concerning the amount and structure of certain
used. The goal is to reach the comparability of CIM
linguistic concepts relevant for the analysis and
and PIM.
the design.
For the modeling aim here the freedom in
matters of modeling of business objects resp. • Level 0 (model level): On the normal modeling
level (level 0) the DKs are used to define
parts of them is restricted. These were chosen as
concrete descriptions (as student) and concrete
a concept because first, they have an importance
objects (as the HISSOSService) resp. concrete
both in the analysis and in the design phase in order
object states (as an active resp. inactive student).
not to have bad influence to the ordinary modeling
Thus, the modeling of objects and services will
task, and second, because they qualify well for an
be limited to the vocabulary predetermined by
automatic analysis for service candidates in CIM
the DK.
and for adjustments between CIM and PIM. In
case of DK method the following steps need to be A description at level 0 is interpreted as a concrete
business object or a part of it. The specication of
taken:
• Level 1 (meta-model level): At meta-model a very certain object can be done when parametelevel a hierarchic DKL is developed. Figure 2 rizating DK instances which can combine logical
illustrates a DKL that serves for the modeling operators with each other if necessary. Therefore,
of Object, Service and Role Description Kits DK have a deciding effect on the activities during
at level 0* (see Figure 2). The DKL contains the modeling at an object model level because of
general DK concepts and (not shown) the the fact that the degree of freedom is limited to
relation to the modeling language used. The a premodeled vocabulary of adaptive modeling
concept Description Kit has to be emulated elements when describing business objects resp.
on the existing meta-model of the modeling parts of them, services and roles.
language – in the present case it is referred to
the meta-model of the event-driven process 4.1.
Conceptual Modeling with
chain (EPC) of ARIS method [Sche00].
Descriptions
• Level 0*: On level 0* concrete DKs are
After defining DKs on layer 0* these can be used
defined using the concepts of layer 1. DKs on ordinary modeling level (layer 0). To use them
for business objects, services and role at level they have to be instantiated. The instantiation of a
0* are developed (see Appendix). These DKs Description Kit creates a concrete description on the

48

AIS Transactions on Enterprise Systems 1 (2009) Vol. 1

M. Juhrisch et. al.: Constraints in Conceptual Modeling – A Generic Approach

model layer. However,
such a description
doesn’t
need
to
describe a concrete real
world phenomena, but
can also describe only
some aspects. E.g. in
Figure 3 the description
“Student” is still
abstract in the sense
that it doesn’t represent
a concrete student but
the conditions to a
person to be a student.
On the analysis phase
this description can be
used for the definition
of concrete business
objects. For that
reason,
state
Fig. 3. Extending of EPC as state transition model
transition models
are used that – based on an extension of the EPC DKO instances with a condition according to the
– describe functional requirements (see again Figure one existing in the model of the service function.
3).
The configuration automatically chooses suitable
Thereby, a semantic relationship between an service functions and – if necessary – an adaptation
event and descriptions is created and interpreted of a target model is recommended to the modeler. As
as an operational condition. This becomes clear a result the EPC model is in the best case adapted
by gathering the conditions of the allocated to the existing SOA. An adapted target model can
descriptions. The business logic to be automated be transmitted as a reference model – professional
is then documented as an amount of situation solution with underlying implementation – to other
transitions in descriptions.
organizations.

5.
Future research
4.2.
Service Modeling with Descriptions
With the E³-method [15] a model for services
The approach introduced above achieves the first
is created that includes an illustration of a service
interface by means of graphic characters and links the step towards a model driven configuration of SOA
method signatures with instantiated DKs “Object” via business process models. Future work lies on the
comprehensive evaluation in a pilot study conducted
(DKO).
When defining the message parameters the DKOs at the University of Munster. Going productive
are again to be used.
Due to the fact that Fig. 4. Modeling of Web services using the Web service Description Kit
when modeling CIM or
Legend
PIM in both cases DKO Description Kit
instances are used, the
bridge between these
Conceptual Model
two domains will be
Thesis is
published
closed. It is assumed that
the service function of a
Web service is suitable
instance of
Change in
exmatriculate
Student
for a certain operational Description
Student
state
context if the initiating
uses
resp. resulting event of
Student is
a process function in
exmatriculated
a CIM comprehends
Object

Affiliation

Parameter

Parameter value

student

employee
phd

Full Name

Person

active

Status

Name

inactive

Student

...

State

ID

Membership : Affiliation

Membership

Student

IMMATRICULATED

ID

student

Name : Full Name

Student:Person

immatriculate : active

State : Status

XOR

exmatriculate : inactive

Student ID : ID
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Student

State

EXMATRICULATED
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with cubetto® Toolset
in the near future and
involving decentral ITsupport organizations
of the university after
that, the acceptance of
the method will become
apparent. The consistent
usage of the modeling
tool at the university
will help to use it as
a medium of choice
for documenting and
managing of SOA and to
consider it as a part of the
integrated information
management.
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