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IFIP – The International Federation for Information Processing

IFIP was founded in 1960 under the auspices of UNESCO, following the First
World Computer Congress held in Paris the previous year. An umbrella organi-
zation for societies working in information processing, IFIP’s aim is two-fold:
to support information processing within its member countries and to encourage
technology transfer to developing nations. As its mission statement clearly states,

IFIP’s mission is to be the leading, truly international, apolitical
organization which encourages and assists in the development, ex-
ploitation and application of information technology for the benefit
of all people.

IFIP is a non-profitmaking organization, run almost solely by 2500 volunteers. It
operates through a number of technical committees, which organize events and
publications. IFIP’s events range from an international congress to local seminars,
but the most important are:

• The IFIP World Computer Congress, held every second year;
• Open conferences;
• Working conferences.

The flagship event is the IFIP World Computer Congress, at which both invited
and contributed papers are presented. Contributed papers are rigorously refereed
and the rejection rate is high.

As with the Congress, participation in the open conferences is open to all and
papers may be invited or submitted. Again, submitted papers are stringently ref-
ereed.

The working conferences are structured differently. They are usually run by a
working group and attendance is small and by invitation only. Their purpose is
to create an atmosphere conducive to innovation and development. Refereeing is
less rigorous and papers are subjected to extensive group discussion.

Publications arising from IFIP events vary. The papers presented at the IFIP
World Computer Congress and at open conferences are published as conference
proceedings, while the results of the working conferences are often published as
collections of selected and edited papers.

Any national society whose primary activity is in information may apply to be-
come a full member of IFIP, although full membership is restricted to one society
per country. Full members are entitled to vote at the annual General Assembly,
National societies preferring a less committed involvement may apply for asso-
ciate or corresponding membership. Associate members enjoy the same benefits
as full members, but without voting rights. Corresponding members are not rep-
resented in IFIP bodies. Affiliated membership is open to non-national societies,
and individual and honorary membership schemes are also offered.
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IFIP World Computer Congress 2010 
(WCC 2010) 

Message from the Chairs 

Every two years, the International Federation for Information Processing (IFIP) hosts a 
major event which showcases the scientific endeavors of its over one hundred technical 
committees and working groups. On the occasion of IFIP’s 50th anniversary, 2010 saw 
the 21st IFIP World Computer Congress (WCC 2010) take place in Australia for  
the third time, at the Brisbane Convention and Exhibition Centre, Brisbane, Queensland, 
September 20–23, 2010. 

The congress was hosted by the Australian Computer Society, ACS. It was run as a 
federation of co-located conferences offered by the different IFIP technical commit-
tees, working groups and special interest groups, under the coordination of the Inter-
national Program Committee.  

The event was larger than ever before, consisting of 17 parallel conferences, focusing 
on topics ranging from artificial intelligence to entertainment computing, human choice 
and computers, security, networks of the future and theoretical computer science. The 
conference History of Computing was a valuable contribution to IFIPs 50th anniversary, 
as it specifically addressed IT developments during those years. The conference  
e-Health was organized jointly with the International Medical Informatics Association 
(IMIA), which evolved from IFIP Technical Committee TC-4 “Medical Informatics”. 

Some of these were established conferences that run at regular intervals, e.g.,  
annually, and some represented new, groundbreaking areas of computing. Each con-
ference had a call for papers, an International Program Committee of experts and a 
thorough peer reviewing process of full papers. The congress received 642 papers for 
the 17 conferences, and selected 319 from those, representing an acceptance rate of 
49.69% (averaged over all conferences). To support interoperation between events, 
conferences were grouped into 8 areas: Deliver IT, Govern IT, Learn IT, Play IT, 
Sustain IT, Treat IT, Trust IT, and Value IT. 

This volume is one of 13 volumes associated with the 17 scientific conferences. 
Each volume covers a specific topic and separately or together they form a valuable 
record of the state of computing research in the world in 2010. Each volume was 
prepared for publication in the Springer IFIP Advances in Information and Communi-
cation Technology series by the conference’s volume editors. The overall Publications 
Chair for all volumes published for this congress is Mike Hinchey.  

For full details of the World Computer Congress, please refer to the webpage at 
http://www.ifip.org. 

June 2010 Augusto Casaca, Portugal, Chair, International Program Committee 
Phillip Nyssen, Australia, Co-chair, International Program Committee 

Nick Tate, Australia, Chair, Organizing Committee 
Mike Hinchey, Ireland, Publications Chair 

Klaus Brunnstein, Germany, General Congress Chair
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Preface

Enterprise Architecture, Integration, and Interoperability and the Networked enterprise 
have become the theme of many conferences in the past few years.  These conferences 
were organised by IFIP TC5 with the support of its two working groups: WG 5.12 
(Architectures for Enterprise Integration) and WG 5.8 (Enterprise Interoperability), 
both concerned with aspects of the topic: how is it possible to architect and implement 
businesses that are flexible and able to change, to interact, and use one another’s ser-
vices in a dynamic manner for the purpose of (joint) value creation. The original ques-
tion of enterprise integration in the 1980s was: how can we achieve and integrate in-
formation and material flow in the enterprise?  Various methods and reference models 
were developed or proposed – ranging from tightly integrated monolithic system ar-
chitectures, through cell-based manufacturing to on-demand interconnection of busi-
nesses to form virtual enterprises in response to market opportunities. 

Two camps have emerged in the endeavour to achieve the same goal, namely, to 
achieve interoperability between businesses (whereupon interoperability is the ability 
to exchange information in order to use one another’s services or to jointly implement 
a service). 

One school of researchers addresses the technical aspects of creating dynamic (and 
static) interconnections between disparate businesses (or parts thereof).  Techniques 
and underlying theories include the use of information and process modelling, artifi-
cial intelligence methods, such as semantic modelling (ontological theories, Semantic 
Web technologies), intelligent agents for implementing service brokering, Web ser-
vice technologies to create (supposedly) simple ways of exposing and using services, 
but also low-level implementation standards (such as XML as a standard syntax for 
data exchange), etc.  

While the above techniques have been maturing, it has also been realised that the 
solution to the dynamic creation of businesses needs more than just technical ele-
ments, and this realisation created another school of thought. Technology provides the 
opportunity for businesses to work together and to produce value in ways not previ-
ously possible, but another necessary condition of success is the creation of economic 
environments that foster the development of the readiness in enterprises to cooperate 
and collaborate. These non-technical requirements range from the necessity to develop 
legislations, industry policies and standards, the creation of an organisational back-
drop, such as inclusive industry groups that can help companies to engage with the 
opportunities brought about by technology. Furthermore, it is not obvious how the 
interest of the economy as a whole and the interest of powerful companies can be 
reconciled in this respect. The requirement to create an economic environment that 
fosters cooperative and collaborative enterprising is most acute in the realm of small 
and medium-sized enterprises. 
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VIII Preface 

Another view of the split in viewpoints and approaches is as follows: 
1. Systems that are highly integrated where one can take a holistic approach to sys-

tem design, e.g., manufacturing and supply chain, where EA methods can be more 
readily applied, and systems where the holistic approach cannot be applied, e.g., 
where the motivation to be tightly integrated does not exist. 

2. Systems where sharing of data is very important, hence the adoption of interop-
erability standards is necessitated in order to survive––probably true of many aspects 
of engineering: CAD, CAE, etc., versus other domains where standards, e.g., ontolo-
gies, have not adopted and there is no catalyst to do so, e.g., eCommerce.   

While these two major thrusts of interoperability research developed, Enterprise 
Architecture (EA), which can be considered an applied systems engineering field 
where the enterprise (or a network of enterprises) is the ‘system,’ developed methods 
to address the complexity of enterprise engineering.  These methods, however, are 
usually only used by large companies and government agencies, and  in addition have 
only been utilised extensively in two areas: the creation of manufacturing enterprises 
(but much less frequently for the dynamic creation of virtual manufacturing enter-
prises), and for the creation (or change) of the IT architecture that supports conven-
tional enterprises (in private business and in government). 

Possibly, treating enterprises as being at one end or the other of a spectrum between 
self-designing and self-evolving systems (from deliberate to spontaneous) is a way to 
reconcile (and combine) the methods developed by various segments of this research 
community. 

Furthermore, while the practice of EA has become commonplace in the portfolio of 
IT management, and in some industrial cultures in the portfolio of manufacturing 
management, EA practice has not spread much to other portfolios, nor has it been 
extended to higher levels of management, such as to the CEO or the Board.    

Today, there is a growing feeling among EA researchers and practitioners that EA 
methods would be able to close the still existing gap between strategy making and the 
implementation of the strategy, and that the next generation of EA methods and tools 
should ensure that they are well understood by top-level management as well as are 
demonstrably able to respond to their concerns. The problem is similar to the one 
faced by interoperability researchers: there are technical as well as cultural barriers to 
overcome. 

In conclusion of this debate we underline the philosophy of the Network of Excel-
lence, INTEROP-NoE (Interoperability Research for Networked Enterprise Applica-
tions and Software, a Network of Excellence supported by European Commission 
2004-2007, FP6 508011, 42 months, 50 partners, 6,5 M€ EC funds), INTEROP NoE 
try to reconciliate the two previous schools by defining interoperability as the ability 
of an Enterprise to interact with other Enterprises not only from an information tech-
nology point of view but also from an organisational and semantic point of view. This 
interaction must be flexible and developed at an acceptably low cost. Interoperability 
is considered as significant if the interactions can take place at least on four different 
levels: Data, Services, Processes and Systems, with a semantics defined in a given 
business context. 
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  Preface IX 

Papers in this volume address several of the problems listed above and have been 
organised into two parts: papers in Part 1 are about the future of enterprise architec-
ture and papers in Part 2 address questions of interoperability. 

Papers were double blind refereed by members of the International Program Com-
mittee and we are grateful for all who helped in this process. 

July 2010 Peter Bernus 
Guy Doumeingts  

Mark Fox 
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Architecting the Firm – Coherency and Consistency in 
Managing the Enterprise* 

Patrick Turner, John Gøtze, and Peter Bernus 

ASPL, Brisbane & CEARM, Griffith University, AU 
Patrick.Turner@aspl.net.au, P.Turner@griffith.edu.au 

Copenhagen Business School & IT-Univ Copenhagen, DK  
john@gotzespace.dk 
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P.Bernus@griffith.edu.au 

Abstract. Traditional Enterprise Architecture (EA) practice lacks a clear and 
effective governance and management layer that is easily understandable and 
intuitive to senior decision makers with the modern organisation. This paper 
uses three case studies to demonstrate the relative maturity of different EA 
practice groups within these organisations to demonstrate the strengths and 
weaknesses of a traditional ICT management approach versus those that include 
EA practice in all levels and domains of management. Concepts of Coherency 
Management and Pervasiveness will be used to explain the idea of a next Gen-
eration of EA practice that permeates all layers of the organisation and no 
longer remains the domain of technologists but instead influences and informs 
decision-making at all levels (operational, tactical, managerial / strategic) of the 
organisation. Conditions of such future EA practices are also discussed. 

Keywords: Next Generation Enterprise Architecture, Coherency Management, 
Enterprise Architecture Maturity, Interoperability. 

1   Introduction 

Enterprise Architecture (EA) as a discipline was originally developed to support the 
full gamut of management in organisations [1, p23] [6]. However, historically,  
the architecture function has only been implemented to various extents within organi-
sations, predominantly in technology support roles or as an ICT management frame-
work. This paper presents three case studies (with the identities of the involved or-
ganisations removed) to demonstrate different levels of maturity at which enterprise 
architecture and enterprise architects function in the modern organisation.  

Whilst the case studies are not exhaustive, all three authors have repeatedly experi-
enced similar patterns in other Organisations and, as such, argue that the cases can be 
considered archetypes of the way in which EA practice evolves The paper argues that 

                                                           
* A previous version of this paper appeared in  R. Meersman, P. Herrero, and T. Dillon (Eds.): 

OTM 2009 Workshops, LNCS 5872, pp. 162–171. 
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this evolution eventually leads to a new approach where the Architecture function is 
directly responsible to the senior management team and accountable for the quality, 
consistency and timeliness of the information flow to that group. The direction of the 
evolution of EA practice (and of its components) points to a future where this practice 
becomes pervasive across the organisation, is supported by adequate decision support 
tools, and is the platform underlying the coherency of management decisions [5]. 

2   Case Study Organisation #1 (Local Government Department)  
Architecture as a Liability (Cost) 

Organisation #1 is a classic Government Department. All Information and Communi-
cation Technology (ICT) related matters reside with the Manager of the Information 
Services Branch (ISB). The ISB Manager represented his employees and IT for that 
matter at the weekly and monthly management team meetings and dealt with all re-
lated issues personally. As serious issues emerged (system upgrades, failure of ser-
vices, production outages, requests for new functionality, security policy reviews etc) 
he assigned tasks to his senior engineers as necessary. These senior engineers may or 
may not have been called architects and were often called system support officers, 
analysts or engineers. They maintained informal networks across the Organisation, 
based on their reputation and the quality of their work on previous tasks. They had no 
formal linkages or relationships with operational staff and certainly had no visibility 
or relationship with other Branch Managers or Department Heads apart from that of 
an employee delivering a service.  

Media Liaison Minister’s Office

Senior Engineer

PR Senior Executive
Mgmt Team

Finance mgr CS mgrHR mgr ISB mgr Policy mgr Marketing mgrCC mgr

Finance Custom. Serv.HR Inf Sys Branch Policy MarketingCall Centre
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Project Mgmt Pool
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General Ledger

Project B: Refresh 
Technology

Project Sponsor
Project Sponsor

Project C: On-line 
Marketing Strategy

Project Sponsor

 

Fig. 1. Architecture as a Cost Centre 

The lesson from this case is that the stage of EA practice in such an organisation is 
characterised by a ‘struggle for existence’. Engineers or Managers trying to establish 
Architecture practice within an Organisation at this level of EA maturity can find 
themselves under attack or viewed with deep suspicion or accused of ‘empire build-
ing’ by their colleagues. The level of engagement by non-technical personnel will 
often be effectively nil and individuals not used to communicating in a non technical 
way may find the going too tough and give up. This will often reflect their relatively 
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low standing within the Organisation and lack of real political and cultural power 
which impacts upon their ability to drive home real and lasting change. Successful 
individuals working at this level of maturity within the Organisation will often have to 
adopt a ‘crash or crash through’ approach to the use of EA and success will largely be 
localised in the first instance and more a factor of the strength of their personal con-
victions rather than any commitment to EA at an Organisational level. 

Given the above, it can be said that EA within this environment often emerges in 
the form of a champion or a senior engineer frustrated with the ad-hoc nature of 
things or someone who has external reading, study or work experience which demon-
strates to them that there is a better way of organising and managing an ICT environ-
ment. Often this individual goes to extraordinary lengths, with some personal and 
professional risk involved, to get the ISB Manager to make the first faltering steps 
towards the development of an EA framework. The EA framework itself will always 
be seen here as an IT controlled asset, run by ‘techies’ for ‘techies’ with limited use 
and value by other personnel in the organisation apart from operational and program 
level reporting, specifically for technology driven initiatives or programs of work. 

Within this model there is no thought to exposing others outside of the IT Branch to 
the potential value or utility of an EA framework. Line Managers ‘procure’ technical 
resources via discussions with the ISB Manager and expect that they come equipped 
with their own approach and frameworks that will deliver the required outcomes.  

3   Study Organisation #2 (Large Mining Company) – Architecture 
as an Asset 

Within this model, the Organisation from the beginning has recognised the existence 
of Architecture and the potential role it can play in managing and coordinating the 
delivery of technology aligned programs of work. In this case the CIO has created 
specific Architect roles (Chief Architect, Solution, Information, Infrastructure archi-
tect, etc) with the express purpose of achieving productivity improvements in the 
management and coordination of large enterprise ICT assets (ERP, billing, invoices, 
customer and vendor management, payroll, management and operational reporting, 
manufacturing, logistics, supply chain). In this type of Organisation, there is recogni-
tion at least of the potential for EA to help manage ICT assets across the Organisation 
and the understanding that other Departmental Heads and personnel need to under-
stand and be involved in EA activities within the Organisation. 

This stage of EA practice evolution can often be ‘evangelical’, whereby a defined 
sub-group or community within the Organisation seeks to spread or extend its influence 
using whatever means possible. There is a religiosity about ‘spreading the word’ in that 
practitioners seek new converts wherever they may find them. The founding of this new 
faith can only occur because at least one of the senior Managers, often the CIO, is al-
ready a convert and the community has at last found some protection within one indi-
vidual at a senior management level to defend and protect their flock.  Architecture is 
now a recognised practice within the Organisation with published position descriptions 
and with proscribed review and over-watch responsibilities within the design and deliv-
ery of any large program of work. Figure 1 illustrates how large programs of work, with 
dedicated long term program resources and responsibility for delivering Organisational 
artefacts spanning several operational areas (Departments) have emerged.  
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The locus of control for the EA framework still firmly resides with the CIO and the 
traditional IT Department aided by an evolved structure hierarchy of chief- or princi-
pal architect and then senior and junior architects perhaps also managed by functional 
layers – i.e. data, integration, system, application etc. Certifications, training and 
experience with various EA frameworks have now become highly valued and the 
Architectural community that has emerged is often characterised by religious ‘wars’ 
between competing ideologies or camps supporting one EA framework or tool-set 
over another. These often occur within the IT Department itself and can result in sig-
nificant personal and professional loss of face to the protagonists who often begin to 
use external materials, vendor publications, industry surveys, reports, consultants, 
academic or commercial journals to state their case or overcome their opponents.  
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Fig. 2. Architecture as an Asset  

In this stage EA practice is seen as an enabler for the organisation to define and to 
deliver ICT services to best support business needs, and architecture descriptions are 
to be also seen by non-IT people – although traditional models which satisfy IT 
stakeholder concerns may not be of interest to the non-IT stakeholder [7]. New com-
munication and modelling skills (and tools) become necessary for this more extended 
architecture practice to be successful.  Ross et al [9] describe roadmaps and criteria 
for success for this stage of development with skill extensions and dual role defini-
tions required for Technologists and Managers alike. 

4   Case Study Organisation #3 (Global Bank) –Architecture as a 
Service 

On this level of maturity, the EA function is now offered as a core Service provided 
by a de-centralised Enterprise Architecture team. Not all members of the team are 
physically co-located, with the delivery and maintenance of core EA assets across 
multiple geographic locations. Many architect- and analyst roles now reside perma-
nently within business units themselves outside of this core EA team. The core EA 
team ‘own’ the dissemination and communication of corporate standards, governance 
and procurement of new system domains and de-commissioning of old core  
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platforms, whole of Enterprise initiatives and upgrades to the core operating systems 
within the Organisation as a whole but in an increasingly “custodial” fashion only. 
The first elements of self absorbed “coherency” practice with a level of pervasiveness 
(unconscious adoption) can now be seen.  In organisations with this level of EA prac-
tice maturity the core EA team (‘Global EA Framework and Service Delivery Team’ 
in Fig.3) will focus on strategic initiatives. Also, individual line Departments will now 
have the delegated authority to design, procure, implement and support their own 
specialised applications as long as each step in the journey stays within the approved 
governance procedures and standards and policies.  

No longer does the core team ‘own’ architecture outside of the core EA assets and 
framework, as applied architecture in the form of application and system level design 
has now permeated the whole Organisation with dozens if not hundreds of simulta-
neous programs of work occurring across multiple specialised domains of work. The 
Core EA team is responsible for the establishment of Meta models and a Meta 
framework, and for a repository and tool-set used for the creation and dissemination 
of architecture artefacts (architecture descriptions and models), as well as ensuring 
broad conformity within a published set of standards and procedures. Pervasiveness 
or “unconscious adoption” is now vitally important if the EA framework is to have 
any hope of success given the limited ability of the now vastly reduced core EA team 
in directly influencing all of the architectural and general business decision making 
events happening every second and minute of the day at all levels of what is now a 
significantly complex Organisation with many moving parts and increasingly com-
plex decision making points at all levels of the structure. 
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Fig. 3. Architecture as a Service 
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5   Next Generation EA – Architecture as a Pervasive Management 
Decision Support Tool 

The proposed approach envisages the fully evolved next generation EA practice  
operating above and beyond the scope covered by the discussed case studies. In this 
idealised state, the next-gen EA is all pervasive and fully coherent at all levels of the 
Organisation, a natural and unconscious extension of normal management practice.  

Political and cultural divides between technology and business disappear as the 
management value of EA is realised by all stakeholders and championed by senior 
managers in making strategic business decisions. A fully pervasive and conformed 
EA practice and supporting framework across all levels of the Organisation allow for 
superior and consistent decision-making ability in a fully informed information envi-
ronment. The underlying framework allows for a fast and truly evolved combination 
of business and technology metrics and inputs across the organisation. Under this 
model, the Architecture team is aligned directly with the executive management team 
and truly accountably for the accuracy, consistency, timeliness and quality of all man-
agement and corporate reporting and analysis being conducted. 
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Fig. 4. A pervasive EA practice supporting coherency in management 
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As Fig.4 illustrates, the EA team is now involved in producing key issues- and stra-
tegic briefing papers for Board meetings and quarterly AGMs. All executive, corpo-
rate and management reporting uses an organisation-wide management reporting tool 
with corporate Dashboards and views available for executive managers and Board 
members. These reports are now also for the first time fully consistent and aligned 
with all subordinate reporting layers so that a coherent and pervasive view of the 
Organisation emerges for all levels of operations and at all times. 

The EA team is now fully tasked with the responsibility and accountability of en-
suring that all of the technical impacts and technological risks associated with any 
new corporate initiatives (mergers, takeovers, acquisitions, major system upgrades or 
business transformation projects) are fully understood and have been factored in as 
part of the full decision making process for the Board. This responsibility then flows 
down to ensuring that sophisticated analytics and impact assessments (including sce-
nario analysis and portfolio and program management options) are also available in a 
consistent manner for executive, senior and operational management teams.  

In this role, the EA team (as opposed to operational architects such as solution- or 
process architects embedded in line Departments and project teams) are still responsi-
ble for the EA framework and meta models within the Organisation, but now have the 
additional responsibility (similar now to that of the Finance function) of ensuring that 
senior business decision-makers are fully informed prior to any strategic business 
decision is made. This vision for EA however relies on all of the technological ad-
vances that are part of the next generation vision. Fully enabled and seamless interop-
erability across internal business units and external partners, fully maximised and 
intelligent pro-active optimisation of existing assets (internally and externally), use of 
virtual resources such as cloud- and grid computing and the creation of virtual enter-
prises able to react and respond rapidly and quickly to new business opportunities and 
threats.  

The legitimacy of this new vision for EA is dependent upon some significant pro-
gress that must occur for EA practice and tools to realize this ambition. Elements 
needed to implement a fully coherent and understandable framework include: 

 

1. A unifying theory of EA that is acceptable (and accepted) as a common ground by 
both the business / management and engineering communities.  Part of the is tech-
nical (need improved tool-sets, metamodels, reference models, demonstrations, 
prototypes, etc); and part of it is community building to bring together influential 
thinkers of management and engineering representing both points of view, and to 
develop trust and acceptance of any technical results; 

2. Reliable and effective enterprise layers that seamlessly allow transactional and 
other information flows through the various domains and sub-domains as well as 
layers of management.   Given today’s decision support tools and investment in 
their deployment, work on the interoperability of such tools is imperative or the 
above ideas may not be realistic or feasible; 

3. Extension of enterprise modelling tools enabling decision optimisation using rele-
vant views for senior management and allowing business prototyping, what-if- and 
predictive analyses (future state modelling for risk, profitability, cost, resource, 
productivity and other non financial metrics (e.g. legal)); 
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While the above list addresses several key technical issues and some aspects of 
discipline development, coherency in management has a number of other conditions 
as well. The summary of these conditions is provided in Fig.5. [5] 

There are a number of important consequences to this condition [5]. Firstly, 
agreed, consistent and institutionalised EA methods create alignment between various 
lines of business which facilitates communication and agreement.  Secondly, coherent 
and pervasive decision making practices allow the enterprise to identify, and to react 
to, market opportunities, i.e. act in an agile way, because EA practice ensures the 
swift translation of strategic decisions to tactical and operational levels. Thirdly, the 
ability of decision makers to access the right information in the right time is an assur-
ance that decision making will be based on the best available information. 
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Fig. 5. The meaning of coherency in management  [5] (used with permission) 

The presented case studies reinforce the findings of others [5] that there exist vari-
ous maturity levels in EA practice, i.e., even if all the technical conditions were satis-
fied, for any enterprise the adoption of a pervasive fully mature EA practice needs to 
go through stages. Doucet et al [5] introduce the concept of modes of EA to describe 
the maturing EA practice. The first mode is called Foundational Architecture corre-
sponds to our Case Study #1 and #2, in which EA is very IT-centric and its tools and 
methods are used for the optimisation and governance of the enterprise’s IT systems, 
with different degrees of visibility and participation from business. The next mode is 
Extended Architecture which corresponds to our Case Study #3, where EA is used for 
the planning of business objectives, processes, etc – not only the IT systems them-
selves, and with the full participation in an explicit EA process by various business 
stakeholders. However, on this level the EA process is not pervasive, it is not embed-
ded in the normal processes and as such parts of the enterprise may remain isolated 
from this practice (such as, for example, senior management). Embedded Architecture) 
is the third mode, where EA practices are pervasive and cover all levels of manage-
ment, as illustrated in Fig.4. [5] also defines a fourth mode (fifth maturity level) called 
Balanced Architecture, where the business is actively using EA tools and methods for 
the creation or validation of business strategies, e.g. to respond to market opportunities 
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in an agile way, to optimise business plans, to analyse and mitigate risks – in other 
words this is the level where applied EA theory and management theory become indis-
tinguishable. As the Synopsis of the Handbook on Enterprise Architecture [1] predicts 
“what earlier seemed to be separate disciplines, such as enterprise engineering, systems 
and software engineering, project management, and industrial and manufacturing engi-
neering, suddenly become unified into one under one powerful theory of enterprise 
entities. However, this unification is not overtaking or destroying the individual efforts, 
it rather allows the significant details of these discipline to fit together”.  

After more than thirty years of work on the topic, the vision of the right informa-
tion for the right people at the right time and in the right format has still not been 
realised, and it appears that the reason is partly the lack of an underlying commonly 
accepted theory, and partly the lack of mature enough tools. The coherency of infor-
mation flow has always been the original aim of the discipline of Enterprise Integra-
tion (EI),  “The goal of enterprise integration is to provide timely and accurate  
exchange of consistent information between business functions to support strategic 
and tactical business goals in a manner that appears to be seamless” [10], and since 
the 1980s [12] integration of the information flow has been a major strategic objective 
– whether integration by design or dynamic integration (interoperation).  

6   Future Issues 

Future issues that remain un-resolved and open for further investigation in this excit-
ing emerging field include the following: 
 

1. For pervasive and coherent EA practices to achieve more penetration, much more 
research and development is needed to define feasible pathways for the uptake of 
EA frameworks and practices and tools, which still have not reached optimum in-
fluence and usage within organisations. Current developments in the disciplinary 
EA-bodies, such as the Open Group, must be supported by academic practice. 

2. Traditional management roles, responsibilities and authorities (as well as assumed 
skills and competencies) may have to change in order for pervasive and coherent 
EA practice to take a foothold in the armoury of higher management. Demonstration 
is needed on significant case studies of the benefits of such practice, as successful 
examples are the best motivators for the adoption of new practices (examples of EA 
being used in business design include [11, 8, 3] demonstrating virtual enterprise 
creation, trust, virtual breeding environments, brokering, and other fundamental 
management problems, although decision support tools are still evolving [14,15]). 

3. EA frameworks and practices have to evolve in order to deliver benefits needed for 
these two audiences. The frameworks need to contain metamodels to define a com-
mon terminology to be used by stakeholders, and must also be expressed as onto-
logical theories, so as EA tools can be used to make inferences from architecture 
descriptions and models for the benefit of such stakeholders. While the require-
ments have been known for over a decade [2], and are part of the international 
standard that defines requirements to be satisfied by EA frameworks [6], the 
metamodels behind today’s enterprise modeling tools are often limited to the con-
cepts necessary to deliver the IT function, and not adequate for the full architecture 
of the firm.  
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7   Conclusions 

This paper attempted to outline various deficiencies in the traditional role of Enter-
prise Architecture and Architects themselves. It has been argued that a subordinated 
role of Architecture has led to a failure to provide effective decision support to senior 
business decision makers. A future model has been proposed in which next generation 
EA would be positioned to include senior business management providing effective 
and full information to the right people at the right time. It is suggested that this re-
positioning of Architecture within the modern Organization can have a significant 
contribution to the timeliness, effectiveness and accuracy of the decisions made by 
these senior business decision makers. 
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Abstract. Effective leadership in organisations is important to the achievement 
of organizational objectives. Yet leadership is widely seen as a quality that 
individuals innately possess, and which cannot be learned. This paper makes 
two assertions; (a) that leadership is a skill that not only can be learned, but 
which can be formalized into a Process Reference Model that is intelligible 
from an Enterprise Architecture perspective, and (b) that Process Reference 
Models in the strict sense can be redefined to include a new category of PRM 
called provisionally a Reference Model of Organisational Behavior which 
focuses on organisational behavior in pursuits of goals. 

Keywords: leadership, complex teams, virtual teams, process reference model, 
process assessment model. 

1   Introduction 

Enterprise Architecture can be thought of as an informing principle that enables the 
translation of an organisation's high-level aspirations into the structures and processes 
that are designed to realise these aspirations [1]. This includes the technological 
infrastructure and associated data that allows the enterprise to function. No less 
important to the realisation of the enterprises' goals is the exercise of leadership at 
various levels within the organisation.  

Indispensable as leadership is to high-performance enterprises, there is still no 
commonly agreed definition of leadership [2], much less a meaningful definition of 
leadership in process terms that can be used to facilitate more effective leadership in a 
process-driven enterprise. This paper describes a Process Reference Model for the 
leadership of complex virtual teams with which an enterprise might better facilitate 
the translation of those high-level aspirations into concrete reality.  

A Leadership Process Reference Model is arguably consistent with the generalized 
view of Enterprise Architecture as concerning itself with describing in a formal, 
structured way the relationships between the elements (including people and 
technology) of an organisation in such a way that they can manage on-going change 
and achieve their goals [3].  
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Process Reference Models in the software engineering sense must conform to 
certain prescribed criteria (that they be developed in conformance with ISO/IEC 
15504 and ISO/IEC 24774). The leadership model discussed in this paper conforms to 
these standards. A second issue is that of whether leadership is something that can 
even be described in a Process Reference Model. Both of these issues will be 
discussed below.  

2   Process Reference Models in Organisations 

Process models developed in conformance with ISO/IEC 15504 and ISO/IEC 24774 
can arguably be called a Process Reference Model (PRM), particularly when the draft 
model has had all of its outcomes validated by the existence of artefacts and/or 
activities identified during multiple review iterations involving practitioners and 
process model experts. In addition, the model may be used by an external observer to 
describe the behavior of an effective leader. Combine these factors and a strong 
argument exists for this position. 

But the orthodox view in software engineering sees PRMs as high-level 
descriptions of what tasks to perform and in what order to perform them in order to 
achieve desired project outcomes. The focus is on external entities that can be 
observed and assessed against an objective assessment model. 

A difficulty arises though when trying to reconcile the orthodox view of PRMs 
with a specific PRM focused on the elusive qualities of Leadership. Despite thousands 
of books and papers written on the topic of leadership over centuries, no commonly 
agreed definition yet exists [2]. Leadership qualities derive partly from a set of 
personality factors residing in the leader and partly from explicit actions performed by 
the leader at the team and organisational level. While the explicit actions can be 
directly observed, the implicit qualities cannot be observed, only their effects (as 
manifested by the attitudes and activities displayed by the leader). 

A PRM for the leadership of complex virtual teams describes aspects of desired 
organisational behavior that if performed repeatedly will become institutionalised and 
which will result in consistently achieving the prescribed purpose (i.e. working 
towards the achievement of organisational goals). This approach re-focuses attention 
from conformance to prescribed activities and tasks, to a focus on the demonstration 
of desired organisational behavior, taking us away from the traditional role of a 
PRM. And leadership is potentially just one of many desirable organisational 
behaviors that might be facilitated by a PRM. 

How then to reconcile these differences? A logical answer is to conclude that the 
Leadership PRM is in fact a new category of process reference model, described 
provisionally as a Reference Model for Organisational Behavior (RMOB). 

The creation of this new category of PRM and its associated assessment model 
opens up the field across a diversity of disciplines for others to develop models of 
organisational behavior covering a range of activities (for example IT governance), 
giving them the means to assess and improve organisational behavior. 

Reference Models for Organisational Behavior (RMOB) therefore represent a 
significant new application of Process Reference Models and Process Assessment 
Models in domains outside software, systems engineering and service management. 
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RMOBs have relevance to Enterprise Architecture since they are concerned with 
formal, structured descriptions of the relationships between the elements (including 
people and technology) of an organisation, and how these can be used to manage on-
going change and achieve organisational goals [3]. 

3   Can Leadership Be Described as a Process? 

Leadership is not alone in the broad category of behaviors engaged in by 
organisations as they pursue their objectives. If leadership can be described in a 
Process Reference Model (PRM) and supported by a PAM, then theoretically so too 
might these other behaviors not yet serviced by a PRM. For example, ISO/IEC 15504 
offers organizations the means to develop and assess their integrated teaming 
capability against the measurement framework prescribed by ISO/IEC 15504 [4]. 

We begin by examining whether there are grounds to believe that PRMs are 
applicable in addressing leadership in a software engineering environment? It will be 
seen from the discussion that PRMs and Model Based Process Improvement (MBPI) 
can arguably be applied to a range of software engineering challenges, including the 
challenge of project leadership 

As seen in Figure 1, there are two broad justifying reasons; first that Leadership 
can be taught and learned by those who would practice it [5] [6] [7]. Second that the 
defining of processes is necessary for organisational effectiveness [8]. As Deming 
said, if you cannot describe what you are doing as a process, then you don’t know 
what you are doing [9]. 

 

Fig. 1. Model-Based Process Improvement enables definition of leadership processes 

The conceptual overview diagram in Figure 2 illustrates the evolution of the 
question how can the challenge of more effective virtual team leadership be met? 
Assuming that the leadership factors could be identified from a broad literature 
review, then a Process Reference Model is a logical way for these factors to be 
formalised and applied in real situations. 

The basic topic of team functioning was examined first, which led to the 
identification of what characteristics are likely to create a successful team. Arising 
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from this work on successful teams, leadership is clearly identified as being of critical 
importance. 

The conceptual overview acknowledges the basic distinction between co-located 
and virtual teams, and that integrated teams can be either. Virtual teams do not have 
to be integrated but commonly are. Integrated teams do not have to be distributed, but 
commonly are. Therefore, the characteristics of successful teams and successful 
leaders are considered for both co-located and virtual teams, culminating in the 
characteristics of successful leaders of integrated teams operating in virtual 
environments. 

 
Fig. 2. Conceptual overview of how Leadership PRM & PAM evolved 
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4   Model-Based Process Improvement as a Solution to Rising 
Organizational Complexity 

The business of managing complex projects across dispersed geographical locations 
has never been more difficult, given the rising complexity of the global economic 
environment and the multi-national corporate entities that now inhabit this world. 
There is a clear need to find improved ways of managing this often difficult process 
now and into the future [10]. 

Model Based Process Improvement (MBPI) potentially offers the means by which 
organisational challenges such as the leadership of complex virtual teams can be met. 
MBPI has not (to the knowledge of the author) been used to address leadership, 
though there is arguably a sound basis for thinking that it can be used in this way. 

MBPI aims generally to improve the performance and maturity of an 
organisation’s processes. It combines the discipline of process improvement with the 
several international standards and frameworks now in use (i.e. ISO/IEC 15504, 
CMMI). Combining this awareness of process performance with internationally 
recognised standards is advantageous to organisations. It affords a structured and 
comprehensive framework as a way forward and prescribes in general terms the scope 
of activities required to systematically improve their process maturity. 

Heston and Phifer [11] ascribe the following organisational benefits to MBPI: 
 

• Improving consistency and repeatability: consistency and repeatability 
assist with minimising process variation, a major source of product 
defects. It also allows project staff to move into and out of projects more 
easily by having clearly defined roles and responsibilities.  

• Improving communication: achieved through the adoption of a common 
vocabulary with clearly prescribed meanings that allows project staff, 
clients and business partners to communicate with less ambiguity.   

• Enabling more improvement: process improvement programs create an 
environment which is conducive to further improvement. Beyond 
consistency and repeatability comes the ability to measure and record 
process performance. This performance data can then be used to plan 
further improvements and to benchmark against best practice.  

• Providing motivation: objective targets, for example being assessed at a 
certain level of maturity, become a visible motivator for project staff to 
maintain their efforts to improve process performance.  

5   Leadership PRM in Practice 

The Leadership PRM was developed using a Design Research approach in which an 
initial prototype was developed based on the broad literature and reviewed in a series 
of design iterations over an 18 month period (a total of six reviews). The reviews 
included the standard PRM-developer’s method of practitioner and expert reviewers, 
plus an ISO/IEC 24774 conformance review to ensure the model met the 
requirements of that standard. The PRM was also validated with Dromey’s Behavior 
Engineering [12], a formal method for checking content and syntax for errors and 
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ambiguities that was developed initially for validating software requirements for 
complex systems, but which has proven a highly effective method for validating 
PRMs [13]. 

Having passed through these six reviews, the V1.0 PRM was released and 
reviewed again by a focus group over a full day. The group comprised two 
practitioner project managers and two experts on process models in software 
engineering. The terms of reference of this post-release review was to evaluate the 
efficacy of the leadership PRM, particularly in relation to (a) fitness for purpose, (b) 
organisation of and content of elements, and (c) what would make it more usable from 
a practitioner’s point of view?  

Table 1. Structure and content of Leadership Process Assessment Model 

Leadership Process Assessment Model 

Individual Process Group (IND) 

IND.1 Vision 

IND.2 Objective(s) 

IND.3 Integrity  

IND.4 Action-orientation 

IND.5 Intelligence  

IND.6 Individualized consideration  

IND.7 Management-by-exception  

Team Process Group (TEM) 

TEM.1 Team structure 

TEM.2 Team requirements 

TEM.3 Team recruitment 

TEM.4 Team environment 

TEM.5 Team formation 

TEM.6 Team roles  

TEM.7 Team rules  

TEM.8 Team authority 

TEM.9 Team performance management  

TEM.10 Team development  

Organisation Process Group (ORG) 

ORG.1 Team boundaries 

ORG.2 Team collaboration 

ORG.3 Team & home organization balance 
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As a result of the review, V1.1 PRM was produced. This version incorporated the 
accumulated feedback from the focus group and resulted in substantial changes by (a) 
consolidating and merging several processes, (b) reordering the processes to reflect a 
sequence more naturally performed in projects, and (c) adding additional informative 
material relevant to virtual and/or integrated project environments. All of these 
changes were consistent with the review’s terms of reference. 

Importantly for the purposes of this paper, the consensus opinion of the focus 
group was that the Leadership PRM is a usable model. They each wanted a copy of 
the update V1.1 PRM for use in their own projects. This feedback lends support to the 
argument that a Reference Model of Organisational Behavior that conforms to the 
requirements of a PRM in a software engineering sense can be a useful and usable 
artefact.  

Also emerging from this first post-release review was a Process Assessment Model 
(PAM) based on the Leadership PRM. This PAM was developed in accordance with 
ISO/IEC 15504-1:2004 Parts 1 and 2. 

Table 2. Structure and content of PAM Example 1 

Process ID IND.1 

Process 
Name: 

Vision 

Process 
Purpose: 

The purpose of the vision process is to create and communicate a 
shared vision in ways that inspires people to realise that vision. 

Process 
Outcomes: 

As a result of successful implementation of the vision process: 
1) A vision of the goal(s) is created. 
2) The vision of the goal(s) is communicated to the team 
3) Commitment by team to the shared vision is gained 

Base 
Practices: 

IND.1.BP1: Create the vision. The leader envisions a desirable 
future condition [Outcome 1] 

 IND.1.BP2: Communicate the vision. The leader communicates 
the vision in a way that creates positive expectation in the team 
members [Outcome 2].  

 IND.1.BP3: Commitment to vision by team. The leader obtains 
commitment from the team members for the realisation of the 
vision, making it a shared vision [3]. 

 

Work Products / Activities / Conditions 

Inputs Outputs 

Business 
goals  
[Outcome 1] 

Team Charter [Outcome 1] 

 Imperative Objectives [Outcome 1] 

Customer 
requirements 
[Outcome 1] 

Project Plan [Outcome 1] 
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An example process from the PAM (Vision) is shown in Table 2 below. It and the 
other 15 processes have now been elaborated into a draft PAM. The first review 
established that a PAM which embodies at least the Process dimension is viable.  

The second and subsequent reviews (V1.2 onwards) will investigate the feasibility 
of including the Capability dimension in the Leadership PAM. While it has been 
established during the validation of the PRM that each of the outcomes can be 
 

Table 3. Structure and content of PAM Example 2 

Process ID IND.2 

Process 
Name: 

Objectives 

Process 
Purpose: 

The purpose of the objectives process is create and communicate 
objective(s) based on the vision and derived goals. 

Process 
Outcomes: 

As a result of successful implementation of the objectives process: 
1) Practical objective(s) for goal(s) achievement are developed. 
2) Positive expectation for achieving objective(s) is encouraged. 

Base 
Practices: 

IND.2.BP1: Develop objectives. The leader derives a set of 
practically worded objectives from the shared vision and 
subsequent goals that give the team a concrete set of outcomes to 
achieve. [Outcome 1] 

 IND.2.BP2: Encourage positive expectation. The leader 
generates an optimistic mind-set and outlook in the team towards 
the achievement of the objectives [Outcome 2] 

 

Work Products / Activities / Conditions 

Inputs Outputs 

Vision 
statement 
[Outcome 1] 

Goals [Outcome 1] 

 Objectives [Outcome 1] 

Project plan  
[Outcome 1] 

Goals [Outcome 1] 

 Objectives [Outcome 1] 

Project launch 
[Outcome 2] 

Positive expectation re vision [Outcome 2] 

Team briefing 
[Outcome 2] 

Commitment to vision [Outcome 2] 

Yearly kick-off 
[Outcome 2] 

Positive expectation re vision [Outcome 2] 

Quarterly 
review 
[Outcome 2] 

Commitment to vision [Outcome 2] 
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substantiated by the presence of artefacts and/or activities, it is not yet clear whether 
the discernable process indicators can be distinguished with sufficient clarity to 
establish the capability dimension. Only by performing a number of assessments 
using the draft PAM and accumulating data in the Work Products / Activities / 
Conditions section will we know whether a capability dimension is feasible. This 
work is on-going.  

Note that the PAM can be used in three possible ways, (a) by project managers to 
evaluate their own practice, and engage in self-improvement by benchmarking against 
best-practice, and (b) by organisations wishing to improve their internal management 
capability, and (c) theoretically by external agencies wishing to evaluate a potential 
supplier’s management capability (though this would be some distance away since the 
capability dimension has not been established). 

6   Conclusion 

This paper discusses the issue of effective leadership in organisations and argues the 
case that (a) leadership is a skill that can be learned, and which can be formalized into 
a Process Reference Model that is intelligible from an Enterprise Architecture 
perspective, and (b) Process Reference Models in the strict sense can be redefined to 
include a new category of PRM called provisionally a Reference Model of 
Organisational Behavior which focuses on organisational behavior in pursuits of 
goals. 

In support of the case that leadership can be learned is the extensive body of work 
by influential researchers on leadership like Warren Bennis [5] and Peter Drucker [6]. 
This does not ignore the innate charisma of so-called ‘born leaders’, but makes the 
case that leadership can be understood and applied more effectively in a practical 
sense.  

In support of the case that leadership can be described as a process reference model 
is the work of process pioneer W. Edwards Deming who observed that if you cannot 
describe what you are doing as a process, you don’t really know what you are doing 
[9]. While the Leadership Process Reference Model conforms to the normative 
reference, qualifying it to be called a PRM, the broader, more organizationally-
focused nature of this model suggests it might be best described as a new category of 
PRM, provisionally called a Reference Model for Organisational Behavior.  

A Leadership PRM developed by a rigorous Design Research process and tested in 
preliminary trials and found to be useful by practitioners and experts is arguably a 
viable model. Strengthening this position is the draft Process Assessment Model that 
considers initially the process performance dimension, but which will be elaborated in 
on-going trials for the inclusion of the capability dimension.  

The results so far have been encouraging. Not only is a Leadership PRM & PAM 
useful its own right, but it also points to the possibility of developing other Reference 
Models for Organisational Behavior and PAMs covering a range of organisational 
behaviors in a range of disciplines including but not limited to financial institutions 
and banks, automotive systems and software, aerospace systems and software, 
medical device systems and software, IT service management, test process 
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improvement, small and very small enterprises. This would significantly extend the 
breadth of application of the standardised approach to process assessment.  

From an Enterprise Architecture perspective, a Leadership Process Reference 
Model and its derived Assessment Model are arguably consistent with a generalized 
view of Enterprise Architecture as optimized formal descriptions of the elements and 
relationships (including people and technology) of an organisation in order to achieve 
their goals [3]. As such they make a worthwhile contribution to the EA domain. 
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Abstract. The increasingly uncertain business environment requires the 
necessity to implement more flexibility in companies. Unfortunately, 
companies being specialized in engineer-to-order production cannot use safety 
stocks which are generally used in make-to-stock productions to secure 
flexibility. Therefore, an alternative approach has to be developed to facilitate 
procurement flexibility for these companies. In this paper, firstly the current 
situation of production networks of machine tool and equipment manufacturers 
will be described. Secondly, the shortcomings of current approaches for inter-
company coordination will be discussed. Finally, the real option approach will 
be examined as a mean to evaluate the benefits of procurement flexibility. 

Keywords: Delivery reliability, flexibility, procurement, real options. 

1   Introduction 

Besides the general market fluctuations, the impact of the financial and economic 
crisis illustrated the complexity and volatility which today's European machinery and 
equipment industry has to deal with [1,2]. In addition to challenges like international 
competition, increasing customer demand, cost pressure, shortened product life cycles 
and a rising number of variants, manufacturers have to face increased financial 
problems and even higher fluctuations in demand [3,4,5,6]. 

While formerly only programmes for reducing stocks were used to minimize the 
financial needs, nowadays alternative flexibility potentials, such as the introduction of 
short-time work, have to be used. [7]. Nevertheless, in increasing non-centralised and 
temporary production networks, it is not enough to focus only on own resources [8]. 
With the high amount of outsourcing of complete modules the potential of time and 
capacity flexibility in the order process has to be used in order to keep the potential 
sales volume. By using delivery time flexibility within the order process many 
problems that effect especially modules could be reduced. In particular, the increased 
delivery time flexibility reduces the negative effects of early or late deliveries that 
lead to high fluctuations in the whole production network and cause a substantial 
economic expense [9]. Possible penalties, insufficient ability to plan, high safety 
stocks, raised lead times and lower service levels are often the result [10]. In a global 
industry survey, the “suppliers’ reliability” was evaluated as the third biggest cause of 
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potential risks [11]. However, up to now the expenses which are generated by the 
insufficient delivery reliability in the machinery and equipment industry cannot be 
quantified in a satisfactory measure [12]. 

In order to find solutions for these challenges in procurement, research is 
conducted. Since September 2009, the Research Institute of Operations Management 
(FIR) and the Laboratory for Machine Tools and Production Engineering (WZL) at 
the RWTH Aachen, Germany, analyse in cooperation with ten European partner 
institutions from industry and research various approaches to improve the interplant 
communication, transparency and coordination within the research project “InTime – 
in time delivery in non-hierarchical manufacturing networks” (http://www.fp7-
intime.eu/) 

2   Scientific Approaches on Procurement and Logistics in 
Production Networks 

The machinery and equipment industry differs by heterogeneous and constantly 
changing production networks substantially from other industries like the automotive 
and trading industry (Fig. 1) [13]. On the one hand, intensive relationships exist only 
for a small share of active suppliers. On the other hand, the production network in the 
machinery and equipment industry is not as highly dominated by a single company as 
in the automotive or trading industry. 

150 suppliers

3000 active parts

300 employees

local supplier

subsidiary

customer

system supplier A

local sub-contractor
local sub-contractor 

(customer‘s side)

system supplier B

typical procurement of an  exemplary enterprise

150 supplier

manufacturer

20 mio. €€ turnover

20 machine types

50 variants per type

 

Fig. 1. Non-centralised production network in the machinery and equipment industry 

In an industry like this a continuous IT integration can hardly be accomplished by 
existing data standards such as EDIFACT which is used via sub-standards like Odette 
in the automotive industry or EANCOM in the trading industry [14]. Hence, many 
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proven approaches for streamlining the value chain, which are based on a continuous 
IT integration without interfaces, cannot be used either [15]. One of these approaches 
is the "Just in Time" concept (JIT). This production-synchronous delivery on demand 
pursues the objective to reduce stocks and thereby costs of procurement logistics [16]. 
Therefore, requirements are careful supplier selection, nearness to supplier, IT-
supported integration of the supplier as well as a production targeting mass 
manufacturing [17]. Besides the missing IT integration, mass production rarely exists 
in the machinery and equipment industry. Another approach is “Quick Response” 
(QR) which is based on “process shaping”, enabling suppliers to react rapidly on 
fluctuation in demand [18,19]. The start of production is only triggered by short term 
demand requirements [20]. In machinery and equipment industries short reaction 
times are rarely in focus, as the make-to-order production requires an extended 
manufacturing time. Another approach, the Continuous Replenishment (CR) focuses 
on a high level of shelf availability with low stocks at the same time [19]. Its focus is 
the automatic delivery of goods as soon as the requirement is set. Regarding  
the project and order specific requirements, this approach cannot be applied for the 
machinery and equipment industry either. While the delivery reliability in the 
automotive or trading industry was increased by these approaches by up to 95%, this 
rate constitutes only 60% in the machinery and equipment industry [21]. 

Nowadays in the machinery and equipment industry, either one uses Andler’s 
formula minimizing the sum of stock and procurement costs or one orders from the 
supplier who offers the minimal component costs [22]. This static method based on 
costs and quantities, includes neither uncertainties of the dynamic business 
environment nor the value of delivery accuracy. Since outsourced components might 
make up to one fifth of the overall project value, component orders that appear more 
an investment than a typical order must be treated differently.  

Furthermore, the arrangement of divergent target systems of a company becomes 
continuously an additional challenge for the overall company’s performance. While 
employees in purchasing have usually the incentive to reduce purchase costs, the 
production department strives for a high degree of utilisation and short lead times and 
the sales department is urged to generate high turnovers. In addition, differing inter-
company target systems exist. Thus, situations often occur in which the customer’s 
purchasing department and the supplier’s distribution departments negotiate without 
considering the consequences for their production departments [23]. This can lead to 
insufficient capacities on the supplier’s site intending to keep the delivery date and to 
high expenses on customer’s site due to earlier or late deliveries. For many years, 
management science on human resources has been claiming that incentive schemes 
lead to improved employees’ performance. Although such incentives are still not 
established company-wide, a current study of the FIR and WZL shows that demand in 
new concepts exists [12]. For the improvement of the situation, consistent and 
company-wide performance indicators are necessary to calculate incentives. Various 
performance evaluation systems already exist like the SCOR model or the Balanced 
Scorecard model. These models offer general performance indicators but do not fit 
sufficiently enough to the challenge of delivery reliability. Concepts like the 
"Kennlinienmodell" by Nyhuis and Wiendahl, regard delivery reliability but mainly 
focus on make-to-stock productions [24]. 
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The investigation of relevant approaches for procurement logistics shows that 
various concepts already exist for company-wide synchronisation, determination of 
procurement costs and motivation of employees. Nevertheless, these concepts provide 
few instructions how the procurement in machinery and equipment industry should 
operate flexible and value-oriented with rising outsourcing of high-quality modules in 
times of uncertainty. 

3   The Real Option Approach as an Instrument to Increase 
Flexibility for Uncertain Situations 

The analysis of the present situation showed that an instrument is necessary to assess 
and control the procurement process of make-to-order components more dynamically 
and proactively. Due to the high uncertainty in manufacturing processes, a method to 
increase the flexibility has to be used. One method increasing companies’ flexibility 
that has been used within the last years is the real option approach [25]. So far, this 
method proved to be a possible approach to evaluate investments and innovative 
projects (Fig. 2).  
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Fig. 2. Valuation methods in regard to flexibility and uncertainty ([26,27]) 

After a short introduction to the theory of this approach, it will be illustrated  
to what extent options can be used in the order process of high-quality  
components. Furthermore, the required conditions of the approach will be analysed 
and a possible methodology to calculate the real option for capacity flexibility will be 
described. 

3.1   Fundamentals of the Real Option Approach 

Originally, the real option approach was developed in the disciplines of financial and 
decision-making sciences to adapt the assessment of financial options on the  
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assessment of investments in “real” assets [28,29]. The basic idea was established by 
MYERS which states that investment possibilities should be evaluated according to 
the changes of project-value through possible follow-up investments in the future 
[30]. Like ordinary financial options, real options offer the right, but not the 
commitment to accomplish an investment in the future. Therefore, real options create 
the possibility to adapt investments and its scopes to changing environmental 
conditions [31]. Hence, the value of a real option increases with an increasing 
uncertainty about future developments [32]. In case of unpredictable events an 
essential scope for action can be established using the real option approach [33]. 
Instead to make an investment decision on a certain date, an option allows to 
postponing the decision in favour or against the investment (fig. 3). 
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Fig. 3. Scope for decision-making with the real option approach [32] 

Since people from industry are usually quite sceptical about the application of the 
real option approach due to the high mathematical complexity and many restrictions, 
a methodology has to be developed facilitating the application of the intuitive 
character of the option approach on the topic of the flexibility of orders. 
Additionally, it ought to assist the user’s comprehension through an adequate level 
of complexity. Not only is the real option approach meant to be used as an 
instrument for identification, evaluation and control of options but should also 
augment the understanding of the decision makers concerning their scope of action 
[34]. 

3.2   Introduction of Options in the Procurement Order Process 

Purchasing processes in the machinery and equipment industry usually have 
uncertainties and alterations implied, especially when considerable modules are to be 
manufactured externally. Generally, at the beginning of a contract, a delivery date is  
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set with the supplier to which the external service is to be completed. In case that 
during the production time new requirements are set on the part of the manufacturer 
or the customer, it would be an advantage if the possibility existed to access 
additional capacities of the supplier (fig. 4). Such a capacity option is to be 
considered as a guarantee for the manufacturer when the contract is concluded. The 
supplier ensures to provide additional capacities in order to maintain the delivery 
date. 
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Fig. 4. Option on capacity extension 

3.3   Conditions for the Application of the Real Option Approach on the 
Assessment of Procurement Order Flexibility 

A precondition for the application of the real option approach on a new problem is the 
existence of exclusivity, flexibility, uncertainty, irreversibility and an investment (fig. 
5) [29,35]. The reservation of capacities can be seen as an exclusive or at least 
advantageous initial situation for the utilization of capacities insofar the contractor the 
guarantees the reservation. As on reservation of capacities, no obligation but the right 
exists to access the additional capacities if a requirement on additional flexibility is 
needed. Uncertainties exist because the benefit of delivery reliability is unpredictable 
in the setup phase of the contract. The once paid reservation fee is irreversible and 
must be recorded as "sunk cost". The attribute of an investment can be verified if cash 
flows exist that begin with outgoing payments and result in incoming payments [36]. 
The investment in a timely delivery of a module in form of capacity reservation 
constitutes an investment in an intangible. It starts with a payment to the supplier for 
the capacity reservation and might result in an additive delivery reliability 
representing an advantage in terms of reduced setup time, rescheduling or delay costs, 
as well as possible follow-up orders. 
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Attributes Financial option Option on capacity extension

exclusiveness
Sole right of the owner to buy (Call) or 
sell (Put) a finacial title within a period for 
a predetermined price.

Exclusive reservation of production 
capacities, which can be used to 
guarantee the scheduled delivery date.

flexibility
Right but not an obligation to excercise 
an option.

The reservation must not be exercised

uncertainty & 
resolution

Excercise is depending on the ex ante 
uncertain performance of the financial 
title in the future. The uncertainty 
disappears over time.

The value of an scheduled delivery is not 
precise predictable at conclusion of the 
contract. But many uncertainties disappear 
over time. 

irreversibility
The option expires with excercise or 
break-up (sunk costs).

An once paid option price has to be 
recorded as sunk costs.

gradual 
investement

The excercice price is typically a 
multiple of the option price.

The usage of development and 
production capacities requires further 
investment.

  

Fig. 5. Analogy between financial options and options on capacity extension for delivery 
reliability 

3.4   Evaluation of the Option on Delivery Reliability 

As the real option approach bases on various value drivers, these value drivers have 
to be adapted to the assessment of the specific circumstances (fig. 6) [32]. The 
monetary value of the expected efficiency gain of reduced setup time, rescheduling 
and delay costs as well as possible follow-up orders is equivalent to the market price 
of a financial asset. The exercise price can be interpreted as expenses for the 
supplier’s capacity extension. The volatility can be understood as the uncertainty 
influencing the market price and exercise price. Beside demand fluctuations, 
uncertainties come from unspecified processes, uncertain events influencing the 
progress of internal activities or difficulties within the coordination with other 
suppliers. The dividend can be seen as loss of cash flow by waiting. In this 
connection, especially performance related expenses like monitoring costs or 
increased prices of supplier parts are to be mentioned. Increased prices can be caused 
by extra demand of competitors, general scarcity of raw materials or inflation. The 
parameters period and risk free interest rate are related to the parameters of financial 
options. The time period describes when the option on capacity extension expires. 
The risk free interest rate is usually gathered from the interest rate for short-term 
federal bonds. 
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Option on capacity extension

market price S
value of the scheduled delivery
costs that occur if the delivery time is not accurate

excercise price X
costs of scheduled delivery
costs of extra capacity on supplier site

volatility of the   
stock price

σ

option period t

dividends D

riskless rate i

option period
period in which the capacity option is executable

Financial option Parameter 

process stability in production
fluctuation in demand and production

riskless rate

running costs for monitoring of the 
procurement situation
increase of storage fee of the supplier

 

Fig. 6. Value drivers for the option on capacity extension 

Regarding the evaluation of option prices the investigation focuses on proven 
assessment models that explain the complicated structures and connections in a 
relatively simple way. As such a procedure, the Lattice method offers the possibility 
to illustrate the benefit of an extended scope of action with the help of a tree structure 
analysis (fig. 7) [32]. In the first step, different scenarios are established that start on a 
negotiation date and show the various outcomes on the delivery date. Depending on 
the events occurring in this time period, different costs emerge due to the supplier's 
delay on the date of delivery. The discounting of these negative cash flows to the 
negotiation date results in the net present value of the delay costs. Secondly, another 
lattice tree is established taking the capacity extension into account. Assuming that 
the additional supplier’s capacities reduce the probability of a delayed delivery, this 
Lattice tree leads to a lower net present value of the emerging costs. Finally, the 
option price is calculated by subtracting the net present values from one another. The 
result is the option price for the reservation fee that has to be paid by the manufacturer 
to the supplier in order to receive the right to access the supplier's capacity in case of 
uncertain events. The manufacturer will only access this option if the time accuracy is 
worth more than the price of the capacity extension. 

This monetary valuation of the option price for capacity extension together with 
the cause-effect analysis of the main impact factors influencing the delivery reliability 
are the main focus areas of the project InTime. In order to examine the adaptability of 
the methodology in practice, the approach will be validated in diverse case studies. 



www.manaraa.com

 Valuation of Procurement Flexibility in the Machinery and Equipment Industry 29 

 

 

Fig. 7. Evaluation of purchasing flexibility using a lattice tree 

4   Summary and Outlook 

The situation with which producing companies are currently threatened due to the 
credit and real estate crisis clearly shows that the success of machine and equipment 
manufacturers does not only result from their technical excellence but also from strict 
value orientation [37]. Especially the coordination of external manufacturing of 
components requires new ways of thinking. Innovative methods have to be applied to 
evaluate, control and optimise logistical objectives like the delivery reliability. Due to 
its advantage to map the factors uncertainty and flexibility which cannot be 
represented by conventional evaluation procedures, the real option approach, founded 
in financial science, gains increasing interest and application within the decision 
making processes for real assets [33].  

The essential advantage of the application of this approach from the point of view 
of the procurement logistics consists in realising the typical characteristics of 
deliveries with an option on capacity extension and in showing the effects of value 
adding. The additional benefit of the flexibility in purchasing can be understood easier 
by decision makers and, hence, can be included easier in their decision-making. 
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Within the framework of the European research project InTime the application of 
the above mentioned real option approach will be further investigated for the delivery 
adherence. The objectives are both the determination of the monetary value for timely 
deliveries as well as an internet-based application facilitating the negotiation of prices 
between suppliers and customers on such a platform. Finally, the developed models 
are validated by industrial project partners on the basis of a case study approach.  
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Abstract. In the field of Enterprise Architecture, The Open Group Architecture 
Framework (TOGAF) is a well known framework, that links Business 
Architecture, Data Architecture, Application Architecture, Technology. A key 
concept within Business Architecture domain is Business Capabilities, that are 
delivered by Business Component (BC). A BC is a business unit that 
encompasses a coherent set of activities, supported by assets including people, 
processes and technology. Current TOGAF version recognizes the BC 
requirements but misses how to bridge those requirements with a data, 
application and technology architecture. Defining the bridge is specifically the 
purpose of our extension called Business Capabilities Centric Enterprise 
Architecture (BCCE), where we adapt some TOGAF phases, extend the core 
TOGAF meta-model and add architectural contents. We have validated our 
approach on a telecommunication example taken from literature. A major 
benefit of the proposed extension is to link changes of business to data, 
application and technology architectures. 

Keywords: Enterprise Architecture, TOGAF, Business Capabilities. 

1   Introduction 

1.1   Enterprise Architecture and Business Capabilities Modeling  

Nowadays scenario of Enterprise Architecture (EA) testifies a plethora of frameworks [1] 
from which it is hard to determine which one is better than another, for they differ in goal 
and in approach. The point is that each framework has specific characteristics and has 
been developed for a specific purpose. Still, The Open Group Architecture Framework 
(TOGAF) is the result of best practice [7] and the second framework most used overall 
[2]. TOGAF is specifically conceived as cross-industry open standard for enterprise 
architecture. Across the board the principle that EA is critical to business survival and 
success, and is an indispensable means to achieve competitive advantage through IT. 
Inspecting IBM CEO survey 2008 [3], it is plain that the enterprise of the future requires 
EA for responsiveness and innovation are achievable only if an integrated and responsive 
IT environment is supportive of the delivery of business strategy. In order to overcome 
today’s imperatives of growth and profitability, firms must focus on responsiveness, 
innovation, differentiation and efficiency [3], and should embrace the concepts of 
Business Capabilities through Componentization of Business [4].  
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Componentization breaks down each enterprise capability into business component 
(BC). Each BC is an individual business model that encompasses a coherent set of 
activities, supported by assets including people, processes and technology. A 
component serves a unique purpose within the organization but could also, in 
principle, operate as an independent entity [5]. A BC is characterized by a distinctive 
high-level capability that it offers to the Enterprise. This possessed ability is used to 
achieve a specific purpose or outcome. In other words, BCs are the modular building 
blocks that compose an enterprise.  

1.2   Business Capabilities Models 

A Business Capability model includes the description of capabilities and connections, 
how services are provided, their performance metrics, the people responsible for the 
service, and the systems that provide support for them. In general, business 
component may be modeled in two very different ways [6] that lead to diverse 
patterns described in Table 1.  

Table 1. Modeling Business Capabilities Description 

 Strategic Modeling Functional Modeling 
Objective To produce a model that enables 

the identification of business 
challenges and business 
opportunities.  

To produce a model of each 
business component that enables its 
implementation, either on a business 
view (i.e. organizational structure, 
accountability, processes and 
activities, business services etc.) or 
on a IT view (i.e. design of systems, 
applications, software artifacts etc.). 

Outcome A business model, usually a paper 
or a tool-based model, that focuses 
on sensitive components.  

A detailed design of all dimensions 
of each component 

Primary Audience Business executives Business and IT managers 

A BC is orthogonal to the overall domains of an EA. A generic EA divides the 
architecture in four domains [7], namely Business, Data, Application and Technology 
Architecture shortly summarized inTable 2.  

Table 2. Enterprise Architecture Domains 

Architecture Type Description 
Business Architecture The business strategy, governance, organization, and key business 

process. 
Data Architecture The structure of an organization’s logical and physical data assets 

and data management resources 
Application Architecture A blueprint for the individual application systems to be deployed, 

their interactions, and their relationships to the core business 
processes of the organization 

Technology The software and hardware capabilities required to support the 
deployment of business, data and application services. This 
includes IT infrastructure, middleware, networks, 
communications, processing, and standards. 
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BC modeling is incorporated in methodologies, including those by IBM and 
Microsoft. Let us consider their profile and position our approach.  

IBM CBM Approach 
IBM Component Business Modeling (CBM) [4][5][15] focuses on business change 
and transformation of enterprises. CBM identifies business challenges and business 
opportunities and analyzes the role of each BC in terms of specialization and 
differentiation. In other words, CBM enables to determine building blocks for the 
future business in different areas and across operational functions. The approach 
guides the architect in identifying gaps between current and future state showing 
requirements to be met (fit-gap analysis), but, alas, does not guide  the analyst in 
defining how to bridge requirements with a data, application and technology 
architecture design. 

Microsoft Motion 
In [7] [9] Homann and Tobey describe a Microsoft approach to “model a business 
architecture as a network of capabilities, and then transform the business architecture 
into a service-oriented architecture.” The Microsoft Motion methodology provides an 
approach to link a business modeling to an IT implementation related to Web Service 
technology. Motion is a top-down approach, from business to IT requirements. The 
methodology addresses architectural issues like capabilities view, people view, 
process view, technology view and Service Level Expectations (SLE), but does not 
describe how steps are performed, e.g. how components should be selected or 
decomposed, nor links BC to the information systems. 

Other Approaches 
Business Capability Mapping and Analysis (BCMA) by Helix Commerce 
International Inc. [10] focuses on capabilities and its alignment with business 
processes. It is based on customers’ needs and priorities. The approach may be 
considered as an EA Framework as it bridges the chasm between Strategy, Process, 
Architecture, and Technology and brings greater clarity to the as-is state and 
capabilities of a organization, and its alignment to the to-be vision of the business. 

Capgemini reports an approach adopted to support insurance companies that uses 
a business component architecture [11]. The methodology divides the business into 
functions called components and analyzes each aspect of the business that impact on 
the performance of a business component. The Business Component Architecture 
models the business architecture by identifying components and their relationship, it 
designs a target solution based on the component map in a manner that covers all 
functions that must be supported with no overlap and finally design and implement a 
insurance enterprise system to support the business functions. 

Finally, enhanced Telecom Operation Map (eTOM)  [12] is a detailed description 
of the business processes of a generic telecommunication company, decomposed to a  
deep level of detailed. If we observe the eTOM map decomposed down to the third 
level, we may consider those “processes” as components for they represent business 
functions.  
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1.3   Summary and Positioning  

After this short review, we position the BC models in terms of their orientation 
(functional or strategic), their target (industry, cross industry) as in Table.  

Table 3. Comparative profile of business components models  

Model Name Orientation Target EA Integration  
IBM - CBM  Strategic  Cross Industry Missing 
MS - Motion Functional  Cross Industry Missing 
Helix - BCMA  Strategic Cross Industry ???? 
Cap Gemini Functional Insurance OK 
eTOM Functional  Telecom  OK 

Apparently, a well-established and mature business capability centric approach 
that grants EA design, implementation and governs is still missing. The main 
purpose of this paper is to fill this gap. As a host methodology we have chosen 
TOGAF since [2]: 

• Is supported by an open strong committee 
• Is a proven method and result of long term practice 
• Uses a standard taxonomy for business, information, and technology 

modeling. 
• Has a business focus in the architecture development  
• Is supported by many tools. 

On the other side, Zachman is the most used framework, but it is a taxonomy rather 
than a methodology [2].  

2   TOGAF Extension 

“TOGAF provides the methods and tools for assisting in the acceptance, production, 
use and maintenance of an enterprise architecture. It is based on an iterative process 
model supported by best practices and a re-usable set of existing architecture assets.” 
[7] and includes several parts. The TOGAF structure includes a core and a certain 
number of extensions. Extensions add method steps, meta-model entities and artifacts. 
BCCE is one of the possible TOGAF extensions. Specifically Business Capabilities 
Centric Extension (BCCE) introduces the BC concept in the TOGAF core structure 
and changes it in some parts as shown in Table 4.  

2.1   Changes in TOGAF Part II - Architecture Development Model (ADM) 

The main changes in Part II - Architecture Development Model include 

• Integration of the Componentization of Business principle as a constraints 
of the Enterprise Architecture structure 
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Table 4. Impact of BCCE on TOGAF 

TOGAF Part Comments Impact of BCCE 
Part I  Introduction   
Part II Architecture 
Development Model 
(ADM)  

Describes a process for deriving an 
organization-specific enterprise 
architecture that addresses business 
requirements 

Additions to the method 
steps to include BC concepts 

Part III ADM Guidelines & 
Techniques  

Supports ADM  • Added the principle 
“Componentization of 
Business” 

• Added Architectural 
Artifacts 

Part IV Architecture 
Content Framework  

Provides a detailed model of 
architectural work products, 
including deliverables, artifacts 
within deliverables 

Changes to the core meta-
model entities 

Part V Enterprise 
Continuum 

A model for structuring a virtual 
repository and provides methods for 
classifying architecture and solution 
artifacts. 

 
--------------- 

Part VI Architectural 
Reference Models  

TOGAF provides two reference 
models for inclusion in an 
Enterprise Continuum 

 
--------------- 

Part VII Architectural 
Capability Framework 

A set of resources, guidelines, 
templates and background 
information 

 
--------------- 

Table 5. The principle of Componentization of Business  

Name of 
principle 

Componentization of Business 

Statement Well-defined business units called Business Components (BC) compose the 
Business Architecture. Each BC encompasses a distinctive set of capabilities, 
activities and resources, and interacts with other components through services. 
Each BC has to be considered as a “centre of services”. 

Rationale Componentization of business delivers a modular enterprise architecture that 
that potentially is more responsive to business changes.  

Implications - Componentization of business brings a revolutionary change to enterprise 
organization for it divides the business into separated business units. 

- Componentization places a big constraint on business inter-component 
communication, because every exchange of value or information should be 
conducted through business services. 

- Componentization generates an environment where every unit of an 
enterprise acts like a producer of services; thus, every part could be managed 
as a single independent organization itself. 

The whole organization should be fully componentized in order to benefit from 
componentization. 
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Fig. 1. TOGAF viewpoints taxonomy of BCCE 

Table 6. BCCE Diagrams and Matrices Description 

Entity Description 
Business Component Map 
Diagram 

A business component map diagram provides an overview of the 
enterprise as a whole illustrating high-level capabilities of the 
enterprise. 

Business Component 
Collaboration Diagram 

A business component collaboration diagram provides a static 
description of the interaction between components on a specific 
business scenario. It shows main business services exchanged by 
components. 

Business Component 
Sequence Diagram 

A business component sequence diagram provides a time sequence 
high-level workflow for the specific business scenario. It provides 
information on timing and dependencies of business services 

Process Flow Diagram A process flow diagram describes the workflow on a level of detail 
that shows activities, business rules and information flow. 

Business Service 
Consumption/Production 
Matrix 

The matrix shows which business component produces business 
services and which one consumes it. 

Business Component/ 
Business Process Matrix 

The matrix shows which business component is involved in which 
business process. 

Business Service 
Dependencies Matrix 

The matrix shows the dependencies between business services. 

Business Component/ 
Information Matrix 

This matrix shows for each component what source of information 
is required. 

Business Service /Data 
Entity Lifecycle Matrix 

This matrix shows the data lifecycle (CRUD) used by business 
services. 
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• Description of the Architecture Vision in terms of business capabilities 
trough Business Component Map Diagram and Business Component 
Collaboration Diagram; 

• Introduces in Capability Assessment the strategic value added by BC. 

2.2   Changes in TOGAF Part III – ADM Guidelines and Techniques 

The first change is the Componentization of Business as a new principle for 
Enterprise Architecture (Table 5). 

Part III also contains new architectural artifacts that are required by method steps 
described in Part II. Figure 1 shows BCCE added artifacts and describes their 
respective content.  

2.3   Changes in TOGAF Part IV - Architecture Content Framework 

We have extended the TOGAF core meta-model by introducing or redefining 
concepts of the BC approach. Figure 2 shows the changes to core TOGAF meta-
model and Table 7 describes them. The foundations of our contents extensions are 
available in [13] [14] [15]. 

 

 

Fig. 2. Business Capabilities Centric Extension (BCCE): Changes to Metamodel 
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Table 7. BCCE Changes to TOGAF meta-model description 

Entity Description Change  
Type  

Notes 

Business 
Component 

A business component encompasses a coherent 
set of activities, supported by assets including 
people, processes and technology. It interacts 
with other business components through 
business services. 

New   

Capability A capability is the “power or the ability to do 
something”. It is an idealized conceptual 
structure that describes what a BC can do to 
creates value for customers. It is accessible 
through business services and identifies what is 
required to accomplish a business objective. 

Modified Each capability can 
be associated to one 
and only one BC  

Business 
Service 

A business service is an interface through 
which other components requires or provides a 
capability. It is standardized and hides its 
implementation from other components. 

Modified BCs can exchange 
value only trough 
business services. 

Activity An activity is an atomic operation performed 
within a BC and belongs exclusively to a single 
component. It represents an operation 
performed to provide low-level capability. 

Modified Each Activity can  
be associated to one 
and only one BC 

Business 
Process 

A business process represents the procedures 
required to provide a capability, i.e. the 
governance required to orchestrate business 
services, activities, resources and technology. 

Modified Business Process  is 
a composition of 
Business Services  

Data Entity A data entity is a major source of data that must 
be understandable, consistent, complete and 
stable. It is used by and activity through an 
information system service. 

Modified Data Entity can be 
handled only by 
Business Services 
and Information 
Systems Services.  

Information 
System 
Service 

An information system service represents an IT 
functionality implemented as a service that may 
encompasses a set of activities or even 
represent a fully automated business service. 

Modified Each system 
function can be 
implemented   only 
by Information 
System Services 

3   Validation 

Let’s consider a telecommunication organization that whishes to capitalize the 
emerging of new opportunities such as DSL demand in his country. Due to processes 
inefficiency and the complexity of a DSL offer, the intervention requires a re-design 
of business processes and organization in order to govern and manage demand 
planning, network planning and order management. The case is taken from NGOSS 
Framework for it is a best practice on the Telecommunication industry adopted in the 
world by major Telco companies.  

In order to assess enterprise capabilities we built a Business Component Map 
diagram based on eTOM level 3 processes. In Figure 3 we identified the direct and 
indirect impacted components in order to deliver a DSL service. The map quickly  
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Table 8. Resource Provisioning BC capabilities decomposition 

Goal Guarantee that resource orders are issued correctly and complete. 

Capability Ability to issue correct and complete resource orders. 

Ability to initiate a resource order assessing the information 
contained on a service order.  

State Specified 

Ability issue resource orders that require a feasibility assessment, new 
provisioning activities, change to a previous resource order, or require 
the deletion/recovery of previously delivered resource orders. 

State Specified 

Ability to manage specific or unusual requirements. State Specified 

 

Fig. 3. Business Component Map Diagram for a telecommunication enterprise 

shows what components of the enterprise are required for the desired service and 
become a requirement for further modeling. For each business component a catalog of 
sub-capabilities is created to identify what ability should have each BC. Table 8 shows 
a catalog of capabilities for the Resource Provisioning BC aligned to the BC goals. 
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Then, we defined a business scenario for each process that composes a DSL 
Service, namely DSL Fulfillment, DSL Assurance and DSL Billing. For each one of 
them we designed a Business Component Collaboration diagram to identify main 
business services exchanged between components. Figure 4 shows the Collaboration 
Diagram referred to a DSL Fulfillment sub-process, i.e. DSL Pre-sales sub process. 
Those viewpoints together with the dynamic collaboration viewpoint addressed with 
UML Sequence Diagrams represent a high-level vision of the desired behavior and 
structure of our target enterprise architecture.  

Hereafter we start a functional modeling of each component. For each Business 
Component Collaboration View, a process flow is drawn in order to identify activities 
and information flows and to validate business services. 

When the business architecture phase is over, an analysis of main source of data 
was conducted. For each business service we identified how data entity was 
manipulated building the Business Service / Data entity Lifecycle Matrix showing 
CRUD (Create, Read, Update, Delete) relations. Furthermore, we identified source of 
data for each activity described during the process flow analysis.  

Finally, we identified system services by analyzing data manipulation. Our goal 
was not to provide a system design but describe system as group of low-level 
capabilities that manage data of the data architecture and support activities on 
business architecture. At last, we related application components to technology 
components.  

 

Fig. 4. Business Component Collaboration Diagram. DSL Fulfillment. Pre-sales sub-process. 
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4   Conclusions 

We have illustrated the integration of a the Business Component approach into the 
TOGAF framework.  This integration implies multiple potential benefits. 

First it links business strategy and IT strategy by a very convincing model. For 
Business Component approach is a very popular method among enterprise consultants 
to identify a modularization of the enterprise in the perspectives of business 
development, sourcing and out-sourcing.  

Second the link between the business component concept and related information 
architecture is clear and easy to understand. In fact from a business strategic 
viewpoint Business Component is a Business Unit and from IT viewpoint it is a 
cluster that receives and delivers services.  

Third Business Component allows by its very nature a modularization of IT 
architecture, that potentially enhancing its responsiveness to sudden business and 
environmental changes. Moreover the alignment of IT to Business comes almost as a 
byproduct of mating Business Component into Information Architecture. 

Next steps include a  formal field validation and a subsequent step its formal 
integration in the TOGAF framework body. 
Business Component Approach is a strategic modeling procedure that is taking place 
over last years. It focuses mainly on decision-making steps for it defines scopes, 
required capabilities and strategic evaluations. We used TOGAF 9 to fill the gap 
between the outcome of the business component approach and an EA framework. 
Next step would require a detailed description of EA with a service oriented 
architecture supporting business component approach. 
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Abstract. Environmental responsibility is fast becoming an important aspect of 
strategic management as the reality of climate change settles in and relevant regu-
lations are expected to tighten significantly in the near future. Many businesses 
react to this challenge by implementing environmental reporting and management 
systems. However, the environmental initiative is often not properly integrated in 
the overall business strategy and as a result the management does not have timely 
access to appropriate environmental information. This paper argues for the benefit 
of integrating the environmental management (EM) project into the continuous 
enterprise architecture (EA) initiative present in all successful companies. This is 
done by demonstrating how a reference architecture framework and a meta-
methodology using EA artefacts can be used to co-design the EM system and the 
organisation in order to achieve an appropriate synergy. 

Keywords: Environmental management, enterprise architecture. 

1   Introduction 

The existence and success of businesses depends not only on their economic sustain-
ability but also on their impact on the natural environment and the way they treat their 
workers. This basic truth was emphasized by Elkington’s (1998) Triple Bottom Line 
(TBL) approach to business sustainability: one must achieve economic bottom-line 
performance but also environmental and social accomplishment. Thus, Blackburn 
(2007) compares economic sustainability to air and environmental and social sustain-
ability to food: the first is more urgent but not more important than the second. The 
‘2Rs’ (Respect for humans and judicious Resource management) are another essential 
component of overall sustainability of the business. Hence, a successful enterprise 
must take a whole-system approach to sustainable development (UN World Commis-
sion on Environment and Development 1987). This paper focuses on the challenges 
presented by the proper integration of the environmental sustainability aspect in  
the business and proposes a solution addressing these challenges based on an EA  
approach. 

2   Tackling Environmental Management Integration 

To date most EM efforts within an enterprise are rather disjointed, i.e. specific to 
business units and not properly supported by the ICT infrastructure. This means that 
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a) different units approach environmental sustainability in different levels of detail 
and at a different pace, b) there is a possible loss of aggregate capabilities due to the 
various departments not ‘understanding’ each other’s approach to sustainability and c) 
top management cannot effectively use the information generated by the environ-
mental reporting functions due to language, format, level of aggregation etc. 

Strategic integration of EM is only achievable if the necessary information is at the 
fingertips of managers in the form and level of aggregation they need (Molloy 2007). 
Therefore the EM initiative must be accompanied by and integrated with changes in 
the enterprise’s information system (IS), necessary to provide effective access to envi-
ronmental information facilitating the decision-making process (Nilsson 2001; 
Molloy 2007). For the EM project to succeed in the long term, i.e. to determine per-
manent changes in the way people act, there will be a need for: 

 

a) top-management support for the project champion(s); 
b) sufficient authority and appropriate human / infrastructure resources; 
c) a suitable strategy integrated in the general company strategic direction; 
d) a cross-departmental approach. 
 

The above-mentioned requirements match to a good extent the scope of typical enter-
prise architecture (EA) projects; it is therefore proposed here that EA could provide a 
solution to an integrated approach to the introduction of environmental aspects in the 
management and operation of all business units. This is desirable because a company 
whose architecture includes EM competencies and responsibilities in an integrated 
fashion will have the necessary agility and preparedness to cope with the challenges 
brought about by climate change, thus turning a potential weakness into strength. The 
EM project would involve some of the steps below: 

 

a) identifying the business processes and their environmental impact (AS-IS); 
b) defining a vision and concept(s) for the future state (the TO-BE),  
c) eliciting and specifying requirements to reach the selected TO-BE state,  
d) (re)designing the processes and policies according to these requirements 
e) implementing the processes and policies previously designed; 
f) continually monitoring the effects and  
g) applying some of the previous steps for correction and enhancement.  
 

These phases reflect the continuous improvement Plan-Do-Check-Act cycle (She-
whart 1986).  

3   Environmental Management Artefacts: A Brief Analysis 

Companies typically address the requirement to introduce environmental responsibil-
ity in their business units by attempting to implement some type of environmental re-
porting and environmental management system (EMS).  

While an EMS is a step in the right direction, when implemented in isolation it 
may not trigger the cultural change necessary to achieve permanent environmental re-
sponsibility. Some authors (Coglianese and Nash 2001) argue that the implementation 
of an EMS alone is irrelevant in the absence of a real commitment to environmental 
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improvements. Relevant regulation, for example ISO 14001:2004 (ISO 2004) only 
requires that an EMS be designed in such a way that companies can work toward the 
goal of regulatory compliance and seek to make improvements, not that the company 
actually achieves compliance with existing law. 

Various reference models (frameworks, methods etc) and alternatives to EMS de-
sign have emerged. For example, Blackburn (2007) proposes a ‘Sustainability Operat-
ing System’ -  in fact, a management method to achieve sustainability based on the 
Brundtland report (UN World Commission on Environment and Development 1987), 
the ‘2R’s and the TBL approach applied to sustainability. Willard (2002) also recom-
mends a TBL-based approach encompassing economy / profit, environment / planet 
and equity / people with seven benefits: easier hiring and retention, increased produc-
tivity, reduced manufacturing / commercial sites expenses, increased revenue / market 
share and reduced risk. Clayton and Redcliffe (1998) propose a systems approach to 
integration of sustainability aspects into the business and define the concept of envi-
ronmental quality as capital (and thus the feasibility of ‘tradable pollution’). 

EM frameworks aim to provide a structured set of artefacts (methods, aspects, ref-
erence models, etc) specialised for the EM area. Some examples are The Natural Step 
(TNS) Framework, using a systems-based approach to organisational planning for 
sustainability (Upham 2000), The Natural Edge Project (TNEP 2007) which proposes 
a holistic approach (‘Whole System’) taking into account system life cycle and the 
Life Cycle Management Framework for continuous environmental improvement 
(Hunkeler 2004). 

Assessment and reporting frameworks aim to assist the measurement and reporting 
functions of the EMS. For example, the Life Cycle Assessment (LCA) method meas-
ures the environmental impacts of products or services relative to each other during 
their life cycles (EPA 2008). The Global Reporting Initiative’s sustainability reporting 
framework (GRI 2002) contains reporting principles, guidance and standard disclo-
sures potentially applicable to all types of businesses. 

International Standards also cover the EM issue. ISO 14000:2004 is a set of refer-
ence models for EMS setup, life-cycle assessment, environmental auditing of proc-
esses, environmental labelling and environmental performance evaluation. ISO 
14001:2004 deals specifically with EMS-s, aiming to provide a framework for a holis-
tic and strategic approach to the organization's environmental policy, plans and ac-
tions (ISO 2004). Standards provide a good starting and reference point for design 
and assessment; however, as mentioned current EM standards do not define EM per-
formance levels that the company should meet. 

Many of the above-mentioned artefacts recognize the need to analyse the life cycle 
of the products. However, in reality it is often required to also take into account other 
life cycles – such as those of the host company, of its IS, of the projects set up to 
(re)design the IS and create the EMS and especially of the EMS itself. It is also neces-
sary to analyse the interactions between these entities in that context. This approach 
provides a holistic perspective, allowing to represent and understand the business, the 
relevant projects, the target EMS, its impact on the IS and to identify potential prob-
lems and aspects that may not be otherwise obvious. Frameworks describing systems 
during their entire life (not just at particular points in time), also called life cycle  
architectures are commonly used in EA.  
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4   Enterprise Architecture Frameworks, GERAM and GERA 

Enterprises are highly complex systems. Therefore, sets of models (sometimes aggre-
gated in architectural descriptions corresponding to viewpoints representing stakeholders 
(ISO/IEC 2007)) are produced using various languages in order to control this complex-
ity and allow the enterprise architect and other stakeholders to focus on various aspects of 
the business. Other types of artefacts commonly used to structure knowledge in EA prac-
tice are modelling frameworks (MFs), methods, reference models, ontologies, meta-
models, glossaries, etc; they are typically organised in architecture frameworks (AFs), 
some of which have underlying metamodels formally describing their structure. Cur-
rently there are several mainstream AFs, generic (e.g. PERA (Williams 1994), TOGAF 
(The Open Group 2006)) or aimed at various domains such as manufacturing (CIMOSA 
(CIMOSA Association 1996), ARIS (Scheer 1999)), defence (DoDAF (DoD Architec-
ture Framework Working Group 2004), information systems (Zachman 1987), etc. 
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Fig. 1. A high-level meta-model of GERAM (based on (ISO/IEC 2005)) 

In this research we have selected a reference framework obtained by generalising 
other AFs and thus potentially expressive enough to contain all the elements neces-
sary to achieve environmental management integration using EA artefacts. This AF is 
GERAM (Generalised Enterprise Reference Architecture and Methodology), de-
scribed in ISO 15704:2000. GERAM has been used in practice to guide EA projects 
(Bernus, Noran et al. 2002), to assess other enterprise AFs (Noran 2003b; Noran 
2003a; Noran 2005a; Saha 2007) and to build a structured repository of AF elements 
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for a project management decision support system (Noran 2007a). For more details on 
GERAM see (ISO/IEC 2005). 

The main component of the Reference Architecture of GERAM (called GERA, see 
Figure 1) is a MF containing an extensive set of aspects including life cycle, man-
agement, organisation, human and decision, corresponding to various stakeholder 
concerns (ISO/IEC 2007). A subset of GERA has been used as a modelling formalism 
in the creation of a life cycle-based business model as subsequently shown in this  
paper. 

5   A Meta-methodology for Enterprise Architecture Projects 

The paper argues that EA can provide an overarching and life cycle-based approach in 
setting up and operating an EM project aiming to produce an EMS in an integrated and 
coherent manner in relation to the host organisation and other relevant external entities. 
To illustrate this approach, the researcher has used a meta-methodology, or a ‘method 
to build methods’ applicable for specific types of EA tasks (projects), based on an 
original approach abiding by EA principles. The meta-methodology, first defined in 
(Noran 2004; Noran 2005b) and tested in several case studies (Noran 2006; Noran 
2007b; Noran 2008), employs a set of steps and sub-steps as shown  in Figure2. 
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Fig. 2. Meta-methodology concept (Noran 2009a) 
 
In the first step, the user is prompted to create a list containing entities of interest to 

the project in question, including project participants, target entities (organisations, 
other projects) and importantly, the project itself. The second step comprises the  
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creation of business models showing the relations between the previously listed enti-
ties in the context of their lifecycles, i.e. illustrating how entities influence each other 
within each life cycle phase (several aspects can be represented, see sub-step one). 
The third step assists the user in inferring the set of project activities by reading and 
interpreting the previously represented relations for each life cycle phase of the pro-
ject and other target entities. The resulting activities are then decomposed (using as-
pects selected according to sub-step one) to a level deemed suitable for the intended 
audience.  

The first meta-methodology sub-step calls for the selection of suitable aspects (or 
views) to be modelled in each stage. The life cycle aspect must be present since it is 
essential to the meta-methodology. The selection of a MF is also recommended, as 
MFs typically feature structured collections of views that can be used as checklists of 
candidate aspects and their intended coverage. This sub-step also calls for the identifi-
cation and reconciliation of any aspect/view dependencies. The second sub-step asks 
the user to determine if the present (AS-IS) state of the views previously adopted 
needs to be shown and whether the AS-IS and future (TO-BE) states should be repre-
sented in separate or combined models. Typically, the AS-IS state needs to be mod-
elled when it is not properly understood by the stakeholders or when the TO-BE state 
is to be evolved from the AS-IS (no radical re-engineering is likely). The third sub-
step requires the selection of suitable modelling formalisms and modelling tools for 
the chosen aspects according to the target audience and competencies and tools avail-
able in the organisation at present or in the future. Best-practice modelling principles 
such as formalism re-use and minimal number of languages are also underlying the 
formalism selection criteria. 

Due to its scope and to space limitations, the paper will cover only the first and 
second meta-methodology steps, focusing in particular on the benefits of creating a 
business model in the context of the life cycles of all relevant participant entities. 

6   Application to the Environmental Management Project 

In this case, the meta-methodology deliverables are various models of the EM project 
and the EMS taking into consideration the internal and external business life cycle 
context. Since the management of the organisation and all other entities (business 
units, other organisations, agencies, laws etc) that need to be involved in the EM pro-
ject and the EMS are to be included in the entity list (first step in Figure 2, left), their 
influence will be taken into account throughout the life cycle of the EM project and 
the EMS. An important prerequisite for EM integration into the organisation is thus 
fulfilled. As shown in Figure 2, the meta-methodology assists in creating new knowl-
edge (in this case, how to go about setting up and operating the EM project and  
the EMS) based on context knowledge, i.e. the know-how of running the business in-
cluding corporate culture, relations with suppliers, clients, authorities etc, typically 
available at middle and top management level. The involvement of these roles in the 
methodology creation process establishes the conditions for management buy-in and 
support for the upcoming EM project and for the early involvement of the EA  
department in the EM project. This will create the best conditions for the integrated 
development of the EMS and the supporting functions of the IS. 
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Proposed members in the entity list are the company as a whole, business units, the 
EM project, the IS project, the EMS, the IS, environmental reports, NGOs, the gov-
ernment, Environmental Protection Agency (EPA), EM principles (e.g. 2R, TBL), 
EM laws, EM standards, EM frameworks, assessment and reporting frameworks, so-
cial responsibility standards, Quality Standards and EM consultants. The MF of 
GERA (see Figure 1) is adopted here as the most suitable to provide a formalism for 
the (mandatory) life cycle and other selected aspects. 

In this case, the TO-BE state is incremental and based on the AS-IS (no radical re-
design recommended when setting up an EMS). Therefore, in sub-step two, it the AS-
IS state should be represented for all aspects. While there is no tangible advantage in 
showing separate AS-IS and TO-BE states in the business model, it is very useful to 
do so in the decisional / organisational structure. This is because here it is imperative 
to clearly show where and how the functions of the EMS interact with the existing 
system so as to ascertain the degree of integration and effects of the EMS on the deci-
sional and organisational structure of the host company. Separate AS-IS / TO-BE  
decisional / organisational models also help define several TO-BE scenarios. 
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Fig. 3. Formalism used for the business model: simplified GERA MF 

A modelling formalism based on the GERA MF was chosen for the business model 
(see Figure 3). GRAI–Grid (Doumeingts, Vallespir et al. 1998) was selected to repre-
sent decisional and organisational aspects (see Figure 5), together with a plain graphi-
cal editor as a modelling tool. GRAI-Grid was optimal in this case due to its ability to 
represent both the decisional and organisational aspects. 

As shown in Figure 1, the business model is constructed in the second step based 
on context knowledge (often tacit and requiring eliciting by the meta-methodology fa-
cilitator) owned by stakeholders, i.e. CxO, enterprise architect, top management, etc. 
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A possible result is shown in Figure 4. As can be seen, the relations between the rele-
vant entities can be explicitly represented for each life cycle phase. Note that some 
entities’ life cycle representation has been reduced to the phase(s) relevant for the EM 
project and the EMS. For example, we are only interested in the Operation life cycle 
phase of Auditors, EM assessment / reporting frameworks, EM consultants, etc since 
they are not being designed / built as part of the EM project. The figure shows the re-
lations between the company, the EM project, the EMS and the IS, thus facilitating a 
common understanding, building consensus and representing what needs to be done, 
step by step, at a high level. 
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Fig. 4. Business model showing relations of relevant entities in the context of their life cycles  

For example, the EMS is built by the EM project, with the possible involvement of 
consultants (EMC). The company is lobbied by NGOs and must abide by EM laws 
(EML). Auditors (AU) may perform certification audits (during the design of the EMS) 
or surveillance audits (to check if the EMS is still compliant). The EPA will look into 
the EMS operation and receive information from external auditors. Importantly, the 
EMS should be able to redesign itself (arrow from its Mgmt operation to its other EMS 
life cycles) to a certain extent and thus remain agile in the face of moderate EM regula-
tion and market changes. Reaction to major changes will however be delegated to the 
upper company management via an EM project (EMP) (arrows from company (Comp) 
management operation to EMP and from EMP operation to EMS life cycles).  

The arrow from the operation management side of the EMS to IS life cycles re-
flects the requirement to partially re-design the IS management and operation to inte-
grate the EMS functions. On the other hand the IS is also influencing the design of 
EMS. Such inter-relations are detailed in the next meta-methodology steps as  
controls, inputs, decision frameworks, etc. 
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Fig. 5. Sample GRAI Grid for EM integration 

The influences of other entities on the EMS and on the EM project EMP can  
also be interpreted as stakeholder concerns that translate in particular areas of interest 
being modelled and addressed. For example, the client may want to know how the 
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mission and vision of the Company (the Concept area of Comp entity in Figure 4)  
addresses its environmental concerns, and the government (Gvt) will want to ensure 
that the Company abides by the public environmental concerns expressed in EM laws. 

Models of the AS-IS and several potential TO-BE decisional and organisational 
aspects have also been constructed. For example, Figure 5 shows in a simplified form 
(using the GRAI-Grid formalism) a possible TO-BE decisional / organisational struc-
ture of an EMS as an add-on enabling the organisation to manage, benchmark and 
improve its environmental performance in an integrated manner (i.e. taking into  
account all relevant areas in a cross-departmental manner). 

Detailed models including activity models of the third meta-methodology step are 
available in (Noran 2009b). 

7   Conclusions and Further Work 

Currently, businesses do not appear to achieve the maximum benefits from implement-
ing and operating an EM project and an EMS. Firstly, there seems to be a lack of inte-
gration of the EM initiative with the business and its IS, especially at the strategic level. 
Thus, the management cannot take full advantage of the knowledge present in the envi-
ronmental reporting mainly due to wrong format and/or level of aggregation. Secondly, 
an EMS needs to be driven internally and permeate all business areas in a consistent 
manner in order to produce organisational culture change, hence lasting effects. This 
paper has argued that such needs are best addressed by integrating EM in the ongoing 
EA initiative present in some form in every successful enterprise. EA can provide the 
necessary artefacts and the prerequisites for a coherent, cross-departmental and culture-
changing approach ensuring business sustainability and profitability in the long term. 
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Abstract. The paper presents an evolved metamodel that has its origins in 
GERAM 1.6.3 but takes into considerations the needs of evolution of EA 
standards, including ISO 15704:2000 and ISO 42010:2000 – both currently 
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1   Introduction 

This paper aims to present an evolved metamodel of GERAM.   The original GERAM 
document that formed the basis of ISO 15704:2000 had an informally expressed 
metamodel (IFIP-IFAC, 1999; Fig 1) but recent trends in standards development 
require that the metamodel be expressed in a formal way.   Such formalisation, as can 
be expected, brings out previously unclarified details, including the details of the 
difference between life cycle phases and life history stages, milestones etc.  Also a 
more formal definition of modelling frameworks is given.  In addition, the attempt to 
harmonise with ISO 42010:2000 brings a new insight into the relationship between 
enterprise models and stakeholders who are users of these models.  As a side-effect of 
this clarified terminology, the paper also presents a new understanding of EA 
frameworks that are based on the life cycles of enterprise entities and the Zachman 
framework. 

2   History 

Real-world enterprises are inherently complex systems. To tackle this complexity a 
variety of proposals were developed in the 1980s and 1990s, and these proposals fell 
into two categories:  (a) proposals that created generally applicable ‘blueprints’ (later 
to be called reference models, partial models, or ‘architectures of type 1’) so that the 
activities involved in the creation (or the change) of the enterprise could refer to such 
a common model (or set of models); (b) proposals which claimed that to be able to 
organise the creation, and later the change, of enterprises one needs to understand the 
life cycle of the enterprise and of its parts.  These latter were the proposed 
‘architectures of type 2’, or more intuitively ‘life cycle architectures’ (cf IFIP-IFAC 
Task Force, 1999).  This second type of architecture was at the time called an 
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‘Enterprise Reference Architecture’.  Several proposals emerged in those two decades 
– e.g. PERA (Williams 1994), CIMOSA (CIMOSA Association 1996), ARIS (Scheer 
1999), GRAI-GIM (Doumeingts, 1987), and the IFIP-IFAC Task Force, based on a 
thorough review of these as well as their proposed generalisation (Bernus and Nemes, 
1994) developed GERAM (IFIP-IFAC Task Force, 1999) which then became the 
basis of ISO15704:2000 “Industrial automation systems – Requirements for 
enterprise-reference architectures and methodologies”.  While the name suggests that 
this standard is about ‘industrial automation’, this standard is in fact applicable to any 
man-made system (enterprise, product, project, etc).   Curiously, independently from 
this, John Zachman developed his Information Systems Framework (Zachman 1987), 
which later was realised to be applicable to any enterprise (product, project, etc) as 
well. 

While neither GERAM (and its inceptors) not the Zachman Framework were 
originally called an ‘Enterprise Architecture Framework (AF)’, this is the current term 
used to describe the metamodel that defines the terminology of EA.  Note that as 
(Noran, 2003) shows, the Zachman Framework is not exactly what we would call a 
‘life cycle architecture’, there is a clear connection between a life cycle architecture 
and the Zachman Framework, which makes either of these qualify as Architecture 
Frameworks.   The ‘technical trick’ of ISO15704:2000 is that it is actually Framework 
agnostic: while it incorporates GERAM as an appendix, the normative part of the 
standard only lists the requirements that any architecture framework should satisfy.   
This is very important because it would be unreasonable to expect that investments 
into adopting a framework will be abandoned by organisations just because a new 
standard appeared.  However, at the same time, the developers of frameworks can use 
the standard to evolve their own frameworks and therefore the standard has a 
harmonising effect on the language / terminology of enterprise architecture, as well as 
can be used to make EA frameworks more complete than they would be without such 
definition. 

Later developments in the EA domain saw the inception of C4ISR – now DoDAF 
(DoD Architecture Framework Working Group, 2004), and TOGAF (The Open 
Group, 2006) to name only a few of the popular ones.  Mappings of most on GERAM 
/ ISO 15704:2000 are available (although perhaps not popularised enough) and it is 
clear that neiter of these are complete yet in terms of satisfying all ISO 15704:2000 
requirements,  however,  there does not seem to exist an obstacle to their future 
evolution. 

Architecture Frameworks have been used in many industries, including the 
domains of industrial automation / manufacturing / production management, business 
information systems (of various kinds), telecommunications and defence. 

Part of the Enterprise Architecture practice is ‘enterprise engineering’ and the 
practice of ‘enterprise modelling’ (or just modelling) and complete AFs describe the 
scope of modelling (which later can be summaised as a Modelling Framework that is 
part of the AF).   Note that (quite independently from the above), IEEE developed a 
standard in 2000 (IEEE 1471, 2000) that documents some important requirements that 
models describing the architecture of a ‘software intensive system’ should satisfy, and 
a recent deveopment in ISO is the adoption of this latter IEEE standard as ISO42010 
(currently [2010] under review).   It should not be surprising to the reader that this 
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standard is also applicable to a much wider domain than originally thought (i.e., not 
only sofware systems). 

In the past there have been various attempts to map the existing AFs and their 
associated artefacts against one another (e.g. (Williams, Zoetekouw et al. 1996)); such 
attempts have highlighted the difficulties encountered in the mapping process such as 
meaning, gaps, overlapping, etc. 

Subsequently, efforts were made to map the AFs against a neutral reference, able to 
accommodate all possible types of artefacts contained in the mapped architectures. 
This reference has been constructed by essentially combining all the features of the 
main existing architectures, filtering out coverage overlaps and adding missing (and 
thought to be necessary) aspects. Typically, some areas are well covered and 
understood in all frameworks, while others are not, for reasons relating to framework 
history, purpose, intended audiences, underlying framework ontologies, etc. For 
example, function and information are fairly well understood in all frameworks, while 
human and decisional aspects are not. 
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Fig. 1. A possible metamodel of GERAM (Noran, 2003) based on (GERAM 1.6.3) 

The result of the mappings was a matrix-like structure of requirements (Bernus and 
Nemes, 1994 and 1996), which has further improved understanding of the 
frameworks and their problems; however, the result was rather complex and difficult 
to follow. 
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A more space-efficient and user-friendly, three-dimensional structure was then 
proposed in order to improve and simplify the previous flat and tabular MF. 
Subsequently, the new MF was supplemented with specific concepts such as entity 
type, recursion, life history, etc. to create a true AF. 

The AF was obtained by putting together the generalised MF and all essential 
generic concepts of enterprise engineering, such as enterprise models, modelling 
languages, generic enterprise modelling concepts, partial models, etc. The current 
outcome of these efforts is the generalised reference AF described in Annex A of 
ISO15704:2000 and 2005, as an example of a framework compliant with that standard. 

Among others, GERAM has been used in practice to guide Enterprise Architecture 
(EA) projects (Bernus, Noran et al. 2002; Noran 2004; Mo 2007; Noran 2007), 
harmonize international standards, assess other enterprise AFs (Noran 2003; Noran 
2005; Saha 2007) and to build structured repositories of AF elements for a project 
management decision support system (Noran, 2009). For a complete description of 
GERAM see ISO15704:2005 (ISO/IEC 2005). 

3   The Need for Change 

Enterprises are highly complex and dynamic entities. The continuous maturing and 
evolution of the EA domain reflects this; thus, existing AFs are adapted and enriched 
and new AFs are being created to reflect the new business environment’s challenges. 
Zachman, TOGAF, etc. are just a few examples. 

In addition to mandatory reviews, international standards in this domain go through 
similar change processes. For example, ISO42010 (ISO/IEC 2007) evolved from 
IEEE1417 in order to set updated guidelines for architecture descriptions of software-
intensive systems. 

The AF domain understandably displays signs of competition between the various 
AFs. This unfortunately translates in the difficulty for the typical user to achieve a 
clear understanding of the main purpose and domain covered by each AF, and 
problems in employing a combination of AFs (or  parts thereof) for specific projects. 
In the past GERAM has been used to try to classify some of the above-mentioned AFs 
and thus facilitate their use for specific tasks. However, for this endeavour to succeed 
there is a need for GERAM and ISO15704 themselves to be updated to keep up with 
the changes in the AF domain. 

In the standards area, harmonisation rather than competition is (and has been) the 
main issue. Ongoing efforts attempt to reconcile and eliminate gaps and overlaps 
between various related standards (such as e.g. ISO15288 – systems life cycle 
processes and ISO12207 – software life cycle processes) using different terminology 
and levels of abstraction due to historic and other reasons. As part of the 
standardisation effort and a possible tool for reconciliation, ISO15704 and its 
Annexes (eg GERAM) must also go through a process of harmonisation with other 
relevant standards – a prominent example being ISO42010 (ISO/IEC 2007). 

This paper attempts to describe a possible way forward in the evolution of 
GERAM and ISO15704 by proposing an enhanced and more formal description of the 
artefacts involved and their relationships, including some extension to show the 
relationship to ISO 42010. 
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4   The Proposed Metamodel 

It has been considered that due to the amount and significance of changes involved, 
the next version of GERAM should be designated as ‘GERAM 2.0’. The proposed 
changes encompass: 

• a clarification of several ambiguous terms; 
• more formal representation of the relations between fundamental components of 

GERAM; 
• the introduction of several concepts and terminological equivalences in order to 

harmonise GERAM and ISO15704 with efforts in other areas, notably 
ISO42010. 

 

Fig. 2 attempts to present the above changes in a metamodel created using a UML 
(OMG, 2005) class diagram. The figure presents in effect a combined AS-IS / TO-BE 
(present / future) state of affairs. Therefore, the notes attached to elements are crucial 
to the understanding of the metamodel as they show whether an element exists in the 
current version of GERAM 1.6.3 and whether that element is to be added / removed / 
kept in the next version (GERAM 2.0). The use of UML and specification of all 
multiplicities assists the formal representation of the relation between artefacts. 

4.1   A More Formal Representation of the Metamodel  

4.2   New and Changed Artefacts 

The new metamodel proposed to introduce several new artefacts and changes the 
designation and/or meaning for others in order to achieve better stakeholder 
understanding and terminological harmony with other relevant standards.  For example 
the term view in GERAM 1.6.3 was equivalent to the term ‘viewpoint’ in ISO42010. 
Therefore it is proposed to be changed to viewpoint while view as a term will remain 
with the meaning of architectural view corresponding the to terminology of ISO 42010. 

The concept of life history has been present in the version 1.6.3 of GERAM. 
However, it now has been considered beneficial to explicitly specify that while the 
past life history is unique (cannot be changed), the future life history is a matter of 
choice between several scenarios (and of course, a proportion of chance).  

ISO 15704 and GERAM has used the term life cycle phase to denote life cycle 
activities.   The term life history stage is used to denote a time interval on the life 
history of an entity (or the time interval within a sequence of events in the life history) 
as the case may be.  Thus the occasional miuse of the term ‘phase’ in the temporal 
context is eliminated.  

4.3   Clarification of Relations between Artefacts 

The new metamodel allows the enrichment of relationship representation by using 
aggregation, interface and specialisation / abstraction. Thus, it is now possible for 
example to represent the fact that a life history event, an enterprise model or an 
enterprise entity can be decomposed. It is also possible to represent the fact that a 
collection of viewpoints can be contained in an MF or that the life cycle of an  
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Fig. 2. Proposed metamodel v1.5 

enterprise is in fact a collection of life cycle activities. Similarly, the model also 
communicates that a set of enterprise models can form a view that answers a 
stakeholder concern. 
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Fig. 3. Possible model typology 

The specialisation of reference (partial) models and ontological models in 
enterprise models can now also be represented. Likewise, it can now be shown that 
modelling tools are a special type of enterprise module (trusted off the shelf 
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executable components) and that an enterprise module is a type of enterprise entity 
(consistent with the ISO 15288 component concept). 

Given the concept of Stakeholders and their relationship to models it is now clear 
that in the Zachman Framework the rows represent views of enterprise models rather 
than enterprise models themselves. This latter is a possible cause for controversy, but 
careful consideration shows that the problem is avoidable.  Namely,  Zachman insists 
that the cells in the Zachman Framework should contain ‘elementary’ models (models 
that are not a combination or the consequence of other models).   On the other hand, 
stakeholders (according to ISO 42010 and ISO 15704) wish to see extracts of 
enterprise models which extracts together form a view through which the stakholder’s 
concerns are satisfied.  However, one needs to consider that stakeholders both create 
(‘author’) and peruse (‘read’) parts of such models, thus Zachman’s insistence is on 
stakeholders authoring elementary models, not on exclusively reading ones.  

4.3   A Classification of Model types 

Fig. 3 proposes one possible classification of models using the interpretation of the 
viewpoint concept by type (nature of the model) and by scope (i.e. the limit of the 
modelling).  This is only one of the many possible taxonomies.  Note, as mentioned 
above, that the proposed metamodel calls it a viewpoint what used to be a view in 
GERAM 1.6.3.    The taxonomy proposed is but one possible way of classifying 
model types (e.g. a decisonal model type is defined here as having both organisational 
[who is the decidor] and functional aspects [what decision function is performed], this 
is expressed using the UML ‘interfac’ notation.  However, model type classification 
may have alternatives, and is not a crucial element of the proposed metamodel. 

A model that belongs to a model type is claimed to be able to answer certain 
questions about the entity it describes. The ontological theory behind the kind of 
question that can be answered is defined (in ontology design) using a ‘set of 
competency questions’ (Gruninger and Fox, 1995, 1998). Based on this set, the 
ontological theory defines the semantics of the language in which the model is expressed. 

A stakeholder concern can be answered by asking a set of competency questions. 
This set can be further subdivided into subsets (according to rules provided by 
viewpoints) in order to construct the models necessary to answer the concern in 
question. 

5   Conclusions and Future Work 

This paper has proposed an updated and enhanced metamodel for GERAM   Future 
work will further develop and refine the metamodel according to feedback and testing 
in case studies.   An important consideration of thi swork is its usability to harmonise 
severakl standards’ terminologies, including ISO 15288 (Systems Life cycle 
processes), ISO/IEC 42010 (Architecture Descriptions of Siftware Intensive 
Systems), ISO 12207 (Software Life Cycle Processes) as well as advancing the 
terminology of Enterprise Architecture as a discipline. 
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Abstract. New business condition and current economical situation are forcing 
companies to rethink their way of operating. The rapidity of managing changes 
has become increasingly important. To be more competitive, companies are 
forming Virtual Organizations (VO) where short-term spontaneous 
collaboration activities are rather common. Such interoperability leads to 
increasing organizational architectural complexity. As the VO interoperability 
availability depends on quality of companies Enterprise Architecture approach 
belonging to ecosystem, the current article propose focus points for architecture 
management in VO.  

Keywords: Enterprise Architecture, Virtual Organization, Communication. 

1   Introduction 

Nowadays economical situation influences companies greatly – competitive 
pressures, corporate mergers, acquisitions, shortened product development times and 
production cycles, shifting supplier relationships, and various customer demands are 
forcing companies to adapt to the changing market conditions. Companies with better 
financial and market position are forming new ecosystems in order to be more 
competitive and flexible.  

Building ecosystems means that necessary companies are initially recruited among 
the partners and are employed as subcontractors for the necessary tasks by the Focal 
Player in his role as the general project manager. In case the needed competencies are 
not represented in the partner network or they are not of a sufficiently high quality, 
the external companies will be asked to participate. Such a co-operation could be 
modelled through the Virtual Organization (VO) approach [1]. 

At the same time, it is obvious that the alliance partners have different business 
processes, ontologies, organizational structures, technologies, management principles 
etc. As the entire setup of the VO may change according to the marketplace [2], the 
VOs are temporary organizations and have ability to react quickly regarding to 
membership, structure, objectives, etc. It means increasing complexity of business as 
well as IT environment, which is often disabling factor for flexible enterprise 
architecture management.  
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The current article focuses on the importance of communication of Enterprise 
Architecture (EA) in VO as one of the most important enabler to minimize 
interoperability issues both between VO Collaborators (VOC) and with external 
contractors. 

The article is built up as following: in the next section, the concept of VO is 
analyzed to show the key components, which should be focused on. In the third 
section the EA as a discipline is briefly introduced. The fourth section proposes 
approach, how to handle EA complexity in VO. Then the ontology conformation 
processes inside VO are being analyzed. Based on these, the approach how to handle 
EA communication in VO is proposed.  

2   Virtual Organization 

In theory, all companies should perform their work exceptionally well. When they 
succeed in the short term, they should also, to the fullest extent possible, follow their 
goals and strategies to pursue longer-term opportunities and threats. Such behavior 
requires management vision, considerable resources, infrastructure, and dedicated 
personnel. It is often anticipated that all employees will act effectively always, make 
sense of challenges, find the best approaches to handle situations, anticipate 
outcomes, inform all stakeholders who are concerned, etc. But the main factor here, 
what needs to be emphasized, is that enterprise has a common ownership. VO, 
contrarily has temporary nature and lack of common ownership. 

Field of VO has covered with many research projects. The main focuses have been 
on the characteristics of a VO (e.g. purpose, time and spatial dispersion, modularity, 
heterogeneity, interdependence, configuration, boundaries, knowledge management, 
uncertainty, trust, culture) [3]-[17], the VO lifecycle management (e.g. creation, 
operation, dissolution) [18][19], the software integration issues (e.g. integration 
middleware, Service Oriented Architecture (SOA), Enterprise Service Bus, Business 
Process Management (BPM)) [20]-[23], integral management of information [24], but 
EA as a discipline for VO is weakly covered. 

 

Fig. 1. Partner Network and its partners’ intensity of interoperability 
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Table 1. Communication intensity properties 

Property Extensive 
communication 

Frequent 
communication 

Infrequent 
communication 

Passive 
communication 

Culture 

Conformed Principles are 
agreed 

Different 
organizational 
culture, problems 
with semantics 

Different 
organizational 
culture, -ontology 

Processes Selection of 
common 
approach 

Many different 
tactics are used, but 
best practices are 
in place 

People are 
dependent 
without any 
formal practices 
or plans 

Cooperation is 
missing 

Human factor Permanent 
networking 
staff 

Established 
networking; new 
persons are 
involved 

Exploring 
collaboration 
possibilities 

Not direct 
collaboration. 
Information 
through the Web 

Risk taking Low, as people 
know each 
other 

Medium Medium/High N/A – only 
needed/minimal 
information is 
published 

Knowledge 
sharing 

High High Medium Minimum – limited 
access to 
information 

ICT support 
 

High – most 
business 
processes are 
supported by 
ICT 

Medium – different 
initiatives to 
support processes 
by ICT 

Low – core 
processes are 
partly supported 
by ICT 

Very low – only 
VO basic ICT 
solutions needed 
for VO are 
available 

Trust High – a lot of 
good references 
and personal 
experiences 

Medium - previous 
personal 
experience is 
small. Good 
references about 
the VOC are 
available 

Low – personal 
experience is 
missing. The 
trust must be 
developed, others 
VOC references 
are needed 

Low - information 
is accessible only 
when there is an 
other VOC 
reference is 
available 

 

 
Through the communication intensity analyzes, the other aspects of VOCs 

communication may be identified – working culture, process maturity, human factor, 
risk taking, knowledge sharing, ICT support and trust (Table 1.). Only these 
characteristics are elected as the focal characteristics, which will influence 
companies’ cooperation because these are the most important factors for further VO 
and Partner Network EA governance. 

Extensive communication is cooperation between VOCs, where amount of work 
covered with contracts is huge, trust between organizations is high, employees know 
each other, semantics is conformed and processes are combined and optimized  
with help of ICT solutions. Typically, VOC with extensive communications have  
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long-term frame agreements and there are several business projects performing 
simultaneously. It can be said that these cooperation partners ontologies are 
conforming. 

Frequent communication is cooperation between VOCs, where amount of work 
covered with contracts is considerable. These companies have earlier made successful 
cooperation, and now these companies have slightly different semantics, different 
understandings about business processes and there is a weaker social cooperation 
between VOC’s employees. The cooperation relies largely on ICT solutions, but there 
is no “single work-desk on computer” for employees to support business processes.  
Typically VOCs with frequent communications are entering to the extensive 
communication when cooperation is successful, otherwise it returns to the infrequent 
communication until companies’ organizational maturity will grow. In this type of 
communication, VOCs have also long term frame agreements with multiple 
simultaneous projects. 

Infrequent communication is cooperation between VOCs, where amount of work 
covered with contracts is small. There may be several simultaneous projects, but all of 
them are covered with separate contracts. The processes, working principles, 
semantics, and cultures are different and will affect the cooperation also aggravating 
the speed to start a new cooperation project. From ICT side, the major business 
processes are partly covered by ICT applications to accelerate information exchange 
and analyzes capabilities. As the companies belong to the same VO, there may be 
recommendations with testimonial from others VOCs, which will facilitate the start of 
effective cooperation comparing with that with companies from outside VO. 

Passive communication is mainly a one-way communication. It means that VOC 
will publish information needed for others VOCs to analyze the efficiency of value 
chain they belong to. Mostly that information contains VOC’s most critical 
information for effective cooperation with partners and which refer to: 

 

• available machinery/inventories and their location; 
• available competences, skills, skills locations; 
• ongoing and further known projects. 

 

This information is accessible only companies belonging to VO. There is always a 
passive communication oriented to all companies to find cooperation partners if 
needed. Mostly, passive communication is forwarded through VOC Internet web 
pages to the Partner Network companies and with restricted access to external 
companies. 

3   Enterprise Architecture 

Concept of Enterprise Architecture (EA) management is well known. It is widely 
analyzed that well-documented and well-understood EA enables the organization to 
respond quickly to changes in the environment in which the organization operates. EA 
serves as a ready reference that enables the organization to assess the impact of the 
changes on each of the EA components. 
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According to the ToGAF ver.9 [25], it is reasonable to define Enterprise and 
Architecture separately. Enterprise is the highest level of description of an 
organization and typically covers all missions and functions. Architecture is the 
structure of components, their interrelationships, and the principles and guidelines 
governing their design and evolution over time. These definitions together will give 
precise meaning of EA. 

In addition to ToGAF, there are many well known EA frameworks – U.S. 
Department of Defense Architecture Framework (DoDAF), British Ministry of 
Defence Architectural Framework (MoDAF), U.S. Federal Enterprise Architecture 
framework (FEA), Gartner Enterprise Architecture Framework, Computer Integrated 
Manufacturing Open System Architecture modelling framework (CIMOSA), Purdue 
Enterprise Reference Architecture (PERA), Treasury Enterprise Architecture 
Framework (TEAF), TeleManagement (TM) Forums eTOM/New Generation 
Operations Systems and Software (NGOSS), Center of Excellence of Enterprise 
Architecture (CEISAR) approach, Generalised Enterprise Reference Architecture and 
Methodology (GERAM), Supply Chain Operations Reference model (SCOR), 
ISO/IEC 42010:2007, Reference Model of Open Distributed Processing (RM-ODP), 
Spewak EA Planning Methodology, Pragmatic enterprise architecture Framework 
(PeaF).  

There are also well known Zachman Framework™ and IDS Scheer ARIS 
framework but these are ontologies without implementation processes. 

Most of these architecture frameworks have a common property – the enterprise 
has a common ownership. VO contrarily has a lack of common ownership, which also 
demands different interpretation of these frameworks. 

In broadly, EA in context of VO can be documented in five layers [24] – 
Infrastructure layer, data layer, application layer, business process layer, and key 
performance indicators (KPI) layer (Fig.2.).  

 

Fig. 2. Documentation layers [24] 
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The infrastructure layer refers to the network connectivity, hardware upon which 
the software runs, network routers, operating systems, and other technologies that 
facilitate the communication among the distributed software components and support 
the execution environment of the software. It is crucial for the enterprise to record its 
paper documents’/reports’ physical locations (e.g. in storehouses). 

The data layer refers to how the data is structured, stored, and handled. It includes 
the specification of databases, the logical and physical database design, the allocation 
of data to servers, the strategy for data replication and archival, as well as to the 
strategy and design of the data warehouse. In that level, also, all paper 
documents/reports produced by business processes should be described. It is 
important to analyze business situation to cover the new areas for the new or 
improved software solutions. 

The application layer describes several business services (incl. web services), 
applications, their functionalities and Service Level Agreements. For a certain 
product, the application layer is the documentation about the product’s software 
architecture. This layer provides also a set of guidelines about how the various 
software solutions should be consistently constructed across the VO. 

The business process layer describes the business processes, their constraints, 
demands and goals. That documentation layer expected to give an overview of the 
applications being used to support the certain business processes.  

The application documentation should be complementary to the business process 
documentation.  

The KPI layer documentation describes the key business strategies, organization 
and goals that are closely related to business processes. This is very important in 
context of VOC, as it must adapt its operations according to the VO’s changing 
environment. The goal of KPI-s is to direct the organizational behavior and its focus 
areas to the wanted directions. 

All these layers together provide not only a vision and the consistent principles 
applied on all the layers, but also the addresses objectives such as security, common 
semantic, flexibility, make the versus buy decisions, reuse and domains where to 
invest.  

All these documentation dimensions are very important for architecture 
management, which means for EA governance it is needed to handled these as:  

 
1. EA level – defines overall management principles which determines all 

architecture principles and main architecture contracts for companies; 
2. Domain level – specifies rules for certain business domain, focuses in more detail 

to certain business domain semantics, business processes, KPI-s, applications, 
and infrastructure; 

3. Application governance level – handles EA in the lowest level, focuses on data 
model, application integration, business processes which are implemented into 
the applications and all related documentation. 

 

To conclude, each of these levels has different generalization of these EA 
documentation levels described above.  
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4   Ontology Overlapping in VO 

It is well known from theory of collective intelligence, that during the cooperation, 
participants in the communication will influence each other [26] in a way they will 
modify their behavior based upon the assessment of their roles and outcomes. 

In context of VO, it means that based on VOC-s interoperability connection 
intensity, the mutual influences will influence VOC ontology. The influence depends, 
in addition, on VOC’s organizational maturity, size, company geographical 
distribution, and on the experiences in the specific business sphere. 

 

Fig. 3. VO focal players influence areas 

As already described, depending on size of VO, there is usually more than one 
focal player, which dominates in VO value chain. These focal players have reputation, 
economical power and a higher or equal maturity level comparing to Partner Network, 
which means that focal players will influence their own partner network with which 
they have business relationship (first front partners). The extent of influence will 
depend on the intensity of the interoperability connection (Fig.3.). 

As the first front partners have their own contract partners (the second front 
partners), it means that the focal player will influence the second front partners as 
well even though the influence is much weaker. 

Consequently there are overlapping areas of ontology creating semantic 
synchronization / transformation (Fig.4.). The area bounds depend on the intensity of 
the interoperability connection. There is a crucial role of enterprise architects 
handling such semantic synchronizations / transformations.  
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Depending on the duration of the cooperation, the overlapping semantic areas will 
increase. When focal players communicate intensively with each other during the 
longer period, their ontology could coincide, which means that VO-s with longer 
history will have similar semantics, working principles, etc. 

Analogically to the any organizational domain, three types of communication in 
EA governance can be identified – strategic, tactical and operational communication.  

As usually, the strategic communication has most important influence on the 
company. It reinforces organizational message and brand, prevents contradictory and 
confusing messaging, allows creation and distribution of communication, that being 
different in style and purpose, has an inner coherence. Strategic communication 
conveys deliberate messages through the most appropriate media to the designated 
audiences at the appropriate time to contribute to and achieve the needed long-term 
effect. 

 

Fig. 4. Ontology transformation 

The tactic communication is dealing with information that focuses from one 
responsible person to another certain person in tactical forces.  The agreements made 
in this level of communication are for example Service Level Agreements, detailed 
business processes agreements, semantics managements, business environment 
monitoring. In brief, the mission of tactic communication is to provide business and 
technology solutions with smooth business cooperation between VOC-s and external 
partners, and to prepare disaster recovery scenarios and applications. The main 
challenges of tactic communication are to get data for operational situation 
management (including situation awareness), decision support, information fusion, 
situations control and situation prediction, semantic information processing (including 
semantic modeling), ontologies, knowledge representation and others. 

Operational communications handles low-level topics, such as incidents, problems, 
change management, new developments, infrastructure management and support.  

Thus, from VOC-s EA ontology harmonization point of view, the tactical 
communications have the highest importance, as the agreements made on that level 
have most significant influences to the VOC and thus also for VO (Fig. 5). 
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Fig. 5. Communication levels in ontology management 

5   EA Roles in VOC 

As above described, there are many EA frameworks available. As every architecture, 
according to our understanding, is context specific, it is possible to find out of the 
existing EA frameworks the most suitable one for an ordinary organization. The 
problem lies in the VO characteristic, as VO does not have a common ownership, 
which could force companies to operate in the same manner. 

In context of VO, the EA’s focus must be determined in more detail by the 
interoperability topics. Based on that, our research group is convinced, that the EA 
should be divided into three levels: EA level, Domain Level and Application level, 
where each of these levels will handle all five EA management layers (KPI-s, 
processes, data, application, infrastructure) in necessary level of generalization and in 
an easily communicable way. 

Each of these levels should be covered by the EA architects. As EA as a discipline 
is quite novel (comparing e.g. with project management), then this is one of the 
reasons why different organizations use different titles to designate the Architect who 
leads the EA projects. The most commonly used are Chief Architect, Enterprise 
Architect, Chief IT Architect, IT/Enterprise Architecture Manager.  

In addition to the Chief EA architect, there is a need for other roles in EA 
governance dealing with information, security, applications, infrastructure and 
business processes as well as with SOA (Service Oriented Architecture). 

According our research group’s approach, EA will be implemented through the six 
main EA roles:  

 

1. Chief Architect – responsible for EA processes and EA team management;  
2. Business Architect – responsible for business requirements, semantics and for 

consistent business processes management;  
3. SOA architect – responsible for SOA governance, including service contracts;  
4. Solution Architect – responsible for applications lifecycle management 

processes;  
5. Data Architect – responsible for master data management processes and 

information management;  
6. Infrastructure Architect – responsible for technical framework.  
 

The discussions about the role Chief Security Architect constantly arises, yet in most 
cases security issues should be handled within pre-described roles.  
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Depending on company size, these roles should be assigned in a way where a 
person performs one or several roles.  

What we would like to emphasize is that these roles should differentiate for 
themselves EA communication layers (i.e. EA level, Domain level, application level) 
and prepare their messages and strategies in appropriate way to simplify cooperation 
between collaboration partners. When these levels are accurately managed, the 
ontology overlapping will be accelerated and collaboration intensity will be 
promoted.  

6   Conclusion 

Globalization and the economic transformation taking place in the world economy, 
bring new opportunities and challenges for the domestic SMEs. The form of VO will 
dominate in today’s marketplace. SMEs’ alliance models of operations promote 
business process innovation and allow SMEs to compete in new ways getting better 
reward for their work and gaining greater financial strength, which in turn will give 
them the financial capability to advance and develop their products and services. 

At the same time, the form of VO will raise a lot of complexity, mostly caused by 
missing central management. As each company in VO will have its own goals, 
mission, strategy, processes and characteristics, different ICT technology platforms, 
applications and policies, as well as different principles for Enterprise Architecture 
management, it is a rather a challenge to manage effective collaboration between 
VOC-s and VO’s external partners. 

The current article analyses only one aspect of VO architecture management, 
which is the communication, which seams to be the most important aspect. By 
communication, it is possible to influence companies in VO to unify their ICT 
technical platforms and working principles, as there is a lack of central governance, 
which in ordinary organization may enforce implementation of unified standards.  

To conclude, our working team is convinced that in VO the VO enterprise 
architecture cannot be directly controlled, the VO focal players can only influence it, 
having intensive communication with its partners. In EA management, the EA 
architects’ roles should focus on proposed EA levels and build up their work on a way 
that each EA layer can be communicated separately as the granularity, messages and 
the information consumers are in various levels and have different expectations. 

As the communication will take the crucial role in EA management in VO, the 
architects need to have an excellent social skills using as much as formal and informal 
communication to distribute their views in VO to establish more flexible EA solution, 
which will enable VO to use it characteristics - flexibility, dynamism, and its 
robustness. 

Our further research will focus on communication issues and barriers that 
organizations, invited to participate in VO will have and we will concentrate on the 
question how to accelerate the new organization adaptation into VO. 
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Abstract. Today, enterprises are typically in a constant process of acquiring 
and updating its information technologies, however typically without an overall 
view of the global inter and intra enterprise’s system integration. Foreseeing the 
future of internet, researchers have been proposing new methodologies and 
platforms to assist such integration in the network of applications and data. 
However, implementing new technologies in organizations is a difficult task, 
since its quality needs for architectures development are more exigent and 
critical than ever, due to the systems complexity and dimension, semantic 
needs, and to the interoperability requirements to interact with third party 
applications and infrastructures. Scientific foundations for EI are envisaged to 
roadmap such general knowledge covering the general laws of the operation on 
enterprise interoperability in the future of internet. This paper reports research 
results from ongoing European Commission supported projects that are 
members of the Future Internet Enterprise Systems (FInES) European Cluster1. 
The paper draws concepts from the complex systems science and proposes a 
methodology for seamless networked Supply Chain Planning (SCP), by using a 
domain reference ontology, data model representation standards, software 
components evaluation and interoperability checking processes. The 
methodology VALTE is used to assure that enterprises use tools for SCP 
compliant to semantics, represented in a common reference ontology, created 
by the MENTOR methodology. These two horizontal methodologies are 
vertically supported by interoperability checking processes, which contribute 
for an interoperable supply chain planning system on the future internet.  

Keywords: Interoperability, Future of Internet, Semantics Interoperability, 
Quality Assurance, Networked Supply Chain Planning. 

1   Introduction 

The globalisation of markets and manufacturing has forced the management of supply 
chains not only consider business processes in the traditional value chain, but rather 
processes that penetrate networks of organisations. The formation of cooperation and 
collaboration alliances between several small organizations is proving, in multiple 
                                                           
1 http://cordis.europa.eu/fp7/ict/enet/ei_en.html 
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cases, to be more efficient and competitive by comparison with big companies. Thus, 
the research on supply chain management has turned from an intra-enterprise focus 
towards the one on inter-enterprise running on the internet [1]. 

Supply chains consist of business and technological processes, and organizational, 
technical, topological, informational, and financial structures. All of these processes 
and structures are interrelated and change with their dynamics. To ensure a high 
responsiveness level, the supply chain plans must be formed extremely quickly, but 
must also be robust [2][3]. That is why it becomes very important to plan and run 
supply chain plans in relation to all the structures. The increasing competitive 
pressures coupled with the rapid advances in information technology have brought 
supply chain planning into the forefront of the business practices of most 
manufacturing and service organizations [4]. Consequently, there has been a growing 
interest in electronic business (e-business) solutions to facilitate information sharing 
between organisations in the supply chain. However, partnerships cause some 
problems mainly in integrating Product Life Cycle phases, since manufacturers, 
distributors, designers, retailers, warehouses, often acquire their proprietary solutions 
which are, typically, not interoperable with another  [5]. 

Standardisation in data structures appeared to solve the referred communication 
problems. Several initiatives were taken to address this issue, like ISO10303. ISO 
10303, also known as STEP, is the standard for the exchange of product model data. 
STEP Application Protocols have been widely used in industrial environments, to 
support systems interoperability through the exchange of product data in 
manufacturing domains. However, per se data representation standards did not solve 
all the problems. Semantics interoperability is of major importance, and as such it is 
still to be solved. More recently, the development of ontologies, as promising 
techniques with capabilities to solve semantic issues, has been addressed by important 
companies and SMEs. Thus, each company is struggling to develop competencies at 
this ontological level, but inevitably different perspectives will lead to different final 
results, and achieving different ontologies in the same business domain is an actual 
reality. To face it, one possible solution is to have a reference ontology for a specific 
domain where all the domain enterprises should use in their business. Although, to 
force manufacturers or suppliers to adopt a specific ontology as reference is not an 
easy task, since each enterprise does not foresee any outcomes by changing their 
knowledge. Thus, an advantageous solution would be to let them to keep their 
terminology and classification in use, and adopt a reference ontology. The adopted 
ontology will be the organization knowledge front-end, enabling inter-enterprises 
communications sharing the same terminology and semantics. Since this reference 
ontology will become their front-end, each organizational enterprise should feel 
motivated to participate in its building process, contributing with their own 
terminologies, definitions and classification structure. 

The paper draws concepts from the complex systems science towards the 
foundation for a science-base Enterprise Interoperability and proposes a methodology 
for seamless networked Supply Chain Planning (SCP), by using a domain reference 
ontology, data model representation standards, software components evaluation and 
interoperability checking processes. The methodology VALTE is used to assure that 
enterprises use tools for SCP compliant to semantics, represented in a common 
reference ontology, created by the MENTOR methodology. These two horizontal 
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methodologies are vertically supported by interoperability checking processes, which 
contribute for an interoperable supply chain planning system on the future internet. 
Thus, the paper proposes the integration of the VALTE and MENTOR methodology, 
complemented by interoperability checking methods, to contribute for networked 
seamless supply chain planning in the future of internet. The paper finishes discussing 
a case study in an industrial context. 

2   Motivations for EI as a Science in the Future of Internet Domain 

As information systems in enterprises and organizations evolve and become more 
complex, the need for interoperable operation, automated data interchange and 
coordinated behavior of large scale infrastructures becomes highly critical [6]. Lack 
of interoperability would disturb creation of markets and will diminish innovation and 
competitiveness. Apart from being a technical issue, interoperability challenges also 
appear in the enterprises at organizational and semantic level, underlying the need for 
patterns and solutions that support the seamless cooperation among ICT systems, 
information and knowledge, organizational structures and people [7]. 

Enterprise Interoperability (EI) is recognized as a high-impact productivity factor 
both within the private and the public sector, affecting the overall quality, yield time 
and cost of transactions, design and manufacturing operations or digital public 
services [8]. Up to now, the principal tools for targeting the above challenges appear 
as the various standards that try to govern information systems development and 
operation [9]. Such standards are usually linked with specific market sectors, 
application areas or technology trends, thus having a limited time span, a static nature 
and quite often different interpretations by technology vendors and users[9][11]. 

However, in spite of the research developed so far, nowadays it was not established 
yet the scientific foundations for EI. This is a deficit recognized by the EI research 
community, disabling the generalization and complete reuse of the methods and tools 
that have been developed [12][13]. 

2.2   Open Research Questions on EI 

EI suggests that organizations can seamlessly interoperate with others throughout 
research development of focal areas, removing barriers to interoperability, fostering a 
new networked business culture, and transferring and applying the research results in 
industrial sectors. These areas are within the scientific domains of systems 
complexity, network science, information theory and web science. With them, the 
scientific foundations related with the major EI research topics can be worked out, 
connected with the results of the applied research that has been developed by the EI 
research community [13]. Among the most relevant research results achieved for EI, 
we identify of special interest for the establishment of the scientific foundations those 
on distributed systems, shared data and knowledge, evolutive applications, dynamics 
and adaptation of networked organizations on a global scale. Those are all directly 
related with rapid evolution of technology and applications, plug and play 
instruments, self monitoring capabilities, benchmarking and evaluation of degrading 
processing, automatic or on demand reprocessing, recompiling or fixing of 
components or processes. Moreover, to achieve a steady stable EI in a global scale 
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there is the need for human assisted supervising systems supported by embedded 
supervising systems with learning capabilities.  

Nevertheless, the role of standardisation policy is a major global and regional tool 
in EI context (e.g., ISO, CEN). Standards must point out to be perfect, completely 
clear but they must be implemented by the market. To reach globalization objectives 
for EI, they must be submitted to robust feedback mechanisms aimed to receive input 
from implementers, interested communities and from the market in order to assure a 
dynamic improving and standards maintenance. Scientific methods to assess the 
suitability, impact and the extension of the adoption and relevance of such standards, 
i.e., based on statistical methods, in the EI domain must be tightly adopted. Thus, the 
science foundation for EI must be well specified and general, completely 
unambiguous, designed to be flexible, robust and predicable in the global context, 
refraining from dependencies on technology and usage. 

2.3   EI as a Science for Future of Internet 

There are some European research projects researching in this field (e.g., iSurf, K-
NET, COIN, CoSpaces, ATHENA, INTEROP) [6], but all are concentrated in 
developing focal solutions for specific business scenarios, in an applied research 
perspective, and yet none is conducting the researching towards such generalization in 
a scientific foundation ground [13]. One of the aims is to establish the scientific and 
technological ground to allow different “systems node” to be integrated in a 
collaborative network, advancing at its own needs, keeping interoperable in the 
network where it wants to be integrated. Thus, it will permit advanced adaptation and 
optimization of systems, e.g., supporting their maintenance processes by the use of 
technologies suitable for generalized knowledge representation applied to the Model 
Management (MoM) domain, namely dynamic models-morfisms (DynamicMoMo). 

With the foreseen research results, the adoption of advanced techniques for meta-
modeling and automatisms for model and data transformations, will enable to have 
the engine for interoperability not embedded directly in the systems coding, but 
through proper adaptative techniques get a suitable characterization of the actual 
status of the system’s morphisms, supporting predictive system evolution, and 
analysis of its complexity in the dynamics of the network, including the respective 
transients and systems responsive behavior. At knowledge level, it is foreseen the 
need for the harmonization of ontological structures within and between the different 
network nodes, supported by statistical methods (e.g., stochastic methods) to permit 
semantic adaptability for the users specificities and to support the application 
dynamics. Then, enrichment of the semantic mapping will be possible, as a process to 
gather, classify, describe and then analyse the semantically features in the domain of 
the system models, and take better decisions in the advent of uncertainty [14][15]. 

The following research topics have been recognized as part of the core for the 
establishment of EI as a science: 

 

1- Intelligent reconfiguration of components, for interoperability maintenance of 
evolutive networked systems.- Learning and adaptability: After indentified the need to 
solve an interoperability problem, the related systems typically know very few about 
the necessities required to have the global system completely interoperable. A 
learning process should be designed to support the adaption of the several system 
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network nodes involved, and thus keep the global network interoperable.- Transient 
analysis: The global interoperable network, as a complex integrated system, will face 
transients whenever an internal or external “interference” occurs, e.g., update in one 
of its nodes. Thus, there will be a period of time which the systems nodes need to 
react and readapt to before the system becomes again stable and interoperable. The 
evolution and progressive adaptation of each network system node should be done 
supported by a systematic study and analysis of the network transients, as single node, 
clusters, and global network.- Interoperability checking: The global network needs to 
be checked and assessed to assure the maintenance of the networked interoperable 
system. A proper methodology for monitoring, diagnosis and prognosis, should be in 
place to assure the interoperability of the complex system in the advent of dynamics 
in the network. 

2- Conformance testing and Interoperability checking for complex systems 
interoperability assessment- Discovery and Notification: When a new system node is 
integrated in the network, or it is updated, how such updates can be automatically 
identified and completely recognized by the network, and how the network should 
react to become interoperable, or keep its interoperability, with the new node, or 
update, through the automatic understanding of the intrinsic knowledge and behaviour 
of the node. Then, what such information can be processed and what are the needed 
adaptations of the systems node, to have the global network again globally 
interoperable.- Automatized catagorization of ontological structures: Automatized 
development of ontologies from descriptive specifications in non specialized 
language, e.g., queries described in natural language, supported by an engine with 
feedback for the user, with learning and reconfiguration capacities.- Conformance 
checking: The evolution of the network, by the integration of a new node or updates 
in the existing ones, will required checking for the conformance of data, models, 
knowledge and behaviours of the systems and applications. A proper methodology 
should be in place to assure such conformity in the advent of such dynamics. 

3 - Harmonization of ontological structures to support the application dynamics 
and enable adaptability of users semantical specifications- Mutation of ontologies 
supported by stochastic methods: Mutation of ontologies using stochastic method to 
support the updates in the representation of concepts and its instances.- 
Harmonization of ontologies and semantical adaptability: Semantic harmonization, 
and adaptative mapping in dynamic environments, with mediation of semantic 
conflicts according to the interactions and evolution with the systems which it 
interacts.- Adaptative services for knowledge management: Knowledge is the basis 
for seamless interoperability of the integrated global network. Adaptative services for 
knowledge management will assure the accuracy of the information and behaviour of 
the complex system in each node and in the integrated network, support the dynamics 
and evolutionary characteristics of the complex system. 

3   Networked Enterprise Reference Ontology for Interoperability 

The development of an enterprise reference ontology can follow the MENTOR 
methodology [16]. Its main objective is to help an organization to adopt or use and to 
build, a domain reference ontology, after through several main steps as semantic 
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comparisons, basic lexicon establishment, mappings among ontologies and others 
operations on knowledge base representations. The method to support the 
development of a common reference ontology for a group of enterprises sharing a 
business domain, provides several steps as semantic comparisons, basic lexicon 
establishment, mappings among ontologies and other operations on ontologies. This 
method is composed by two phases with three steps each (Fig. 1): the Lexicon 
Settlement - Phase 1 (steps: 1; 2 and 3), and the Reference Ontology Building - Phase 
2 (steps: 4; 5 and 6). All of these steps are deeply described in the following two 
pictures where each step has a set of actions which has a number related to the step 
which belongs to (e.g. 1.1 is an action of the step 1).  

The Lexicon Settlement phase (steps: 1; 2 and 3) represents a domain knowledge 
acquisition which comparatively to the human language apprentice phase could be 
represented in computer science as a semantic organized structure with definitions.  

The thesaurus can represent such words structure of associated meanings and thus 
should be built in order to establish the lexicon of a specific domain. This phase has 
three steps: Terminology Gathering (step 1); Glossary Building (step 2) and 
Thesaurus Building (step 3).  These steps define a set of workflows that establishes a 
thesaurus of the domain before starting the ontology building. 

Figure 1 (left part) depicts the state diagram of the lexicon settlement phase. The 
terminology gathering step concerns to the process of collecting all relevant terms 
(action 1.2) in a specific domain previously defined (action 1.1). All the participants 
in the process should give their inputs. There is no rule from where the terms should 
come. Since they are related with the domain established. Tools for automatic 
extraction of domain related terms can be found, nevertheless there is always need of 
a human checking before close the terms list to not miss any domain terms. All the 
terms provided from the contributors are acceptable in this step (action 1.2). Nobody 
has authority to erase other’s participant term. The term should be collected with 
reference to the contributor in order each contributor provide term’s annotation in the 
next step (action 2.1).  

Glossary is a specialized vocabulary with corresponding annotations. This 
vocabulary includes terms that are unique to the subject, have special meaning in the 
field of interest. The annotations include descriptive comments and explanatory notes 
for the terms, such as definitions, synonyms, and references. A Glossary can be used 
when communicating information in order to unify knowledge sharing. The Glossary 
Building step (step 2) intends to build a glossary in the domain defined. It starts with 
annotations attribution (action 2.1) to the terms collected. Each contributor should 
provide the annotations for his own terms. After having all the terms provided with 
annotations, it proceeds to the terms revision cycle (actions: 2.2; 2.3 and 2.4). In this 
cycle it could be useful to use a multi-language dictionary (action 2.0) in case of the 
organization members don’t use the same natural language. The dictionary will help 
translations to the agreed language for the reference ontology. The terms revision 
process can have semantic and syntactic cases of mismatches (action 2.3), where they 
are recorded as a semantic mismatch for future mappings using the proposed mediator 
ontology. 
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Fig. 1. MENTOR Phases and steps 

After a careful revision in all the terms (action 2.2) with a successful agreement 
(action 2.4) in their meaning consolidation, the glossary is defined from the 
terminology list in the domain specified. Another output from this process is the 
semantic mismatch records (action 2.3): this is made using the Mediator Ontology. 
The Thesaurus Building step (step 3) is composed by a cycle where firstly, the 
knowledge engineers define a taxonomic structure (action 3.1) from the glossary 
terms, establishing some as thesaurus node terms. Secondly, the other terms are 
classified to the right paths in the existent taxonomic structure, being the thesaurus 
leafs (action 3.2). If there is an agreement (action 3.3) in the structure and in the terms 
classified, the thesaurus is defined (action 3.4). If not, the cycle starts again from the 
taxonomic structure definition (action 3.1). The thesaurus defined will enhance the 
ontology harmonization process in the next phase. The Reference Ontology Building 
phase - Phase 2 (steps: 4; 5 and 6) is the phase where the reference ontology is built 
and the semantic mappings between the organizational ontologies and the reference 
one is established. Figure 1 (right part) describes this. 

The first step comprehends ontologies gathering (action 4.1) in the previously 
domain defined (action 1.1). Other type of knowledge representation could be used as 
input for the harmonization ontologies process together with the thesaurus defined 
(action 3.4) in the previous phase. The harmonization method for building ontologies, 
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proposes the development of a single harmonized Ontology’s by two cycles (actions: 
5.1 and 5.3) where first the structure is discussed until having agreement on it (action 
5.1), which result on the definition of the common classes and the class hierarchy 
(action 5.2), and then the same process for the ontology contents definition (action 
5.3). From this process new semantic conflicts could be found. After agreement, the 
resolution could be recorded in the Mediator Ontology for further mapping 
establishments. With all the agreements accomplished, the harmonized ontology is 
finalized (action 5.4) together with the mapping tables (action 6.1), describing the 
ontological relationships between the harmonized ontology and each one of the 
individual ontologies through the use of the semantic mismatches records (action 2.3). 

Semantic difficulties related to the natural language of the potential users of the 
harmonized ontology are likely to happen. To assist on it, the ontology is 
complemented with a multi-language dictionary where a set of normalized tokens 
gives the reference to the corresponding concepts and definitions in different native 
languages (actions 5.0 and 6.0). 

3.1   VALTE: Evaluation Methodology for Supply Chain Software Components 

The essential parts of software quality evaluation are the quality model, the method of 
evaluation, software measurement, and the supporting tools [17]. To develop good 
software, quality requirements should be specified, the software quality assurance 
process should be planned, implemented and controlled, and both intermediate 
products and end products should be evaluated [18]. VALTE is an evaluation 
methodology for supply chain software components, using as reference the Software 
Product Quality Evaluation Reference Model that describes the process, activities and 
tasks performed during the quality evaluation of a software product [19]. This 
reference models is defined by the standard [20] that contains general requirements 
for specification and evaluation of software quality and clarifies the general concepts 
providing a process description for evaluating quality of software product, stating the 
requirements for the application of the evaluation process. This specification is part of 
the SQuaRE series of standards created by ISO (the International Organization for 
Standardization) and IEC (the International Electrotechnical Commission). SQuaRE 
replaces the current [21] series and the [22]. 

4   Case Study 

This case study reports on a real case analysed during European Commission 
supported research projects. To guarantee the survival in today’s competitive and 
demanding digital world of business, the European companies, especially SMEs, 
should be more agile, self-sustainable and responsive to the changes in the supply 
chain. Obtaining and maintaining a competitive edge in supply chain is not only the 
concern of individual SMEs, but should be also addressed by the entire chain jointly. 
The supply chain partners should collaborate effectively so as to better align supply 
and demand forecasts to have a joint strategy for handling exceptions that will occur 
in the way of realizing the “the network is the business” vision, nowadays on top of 
the internet. The simple choice of furniture components suppliers by a furniture 
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manufacturer brings interoperability problems. Suppliers have defined various 
nomenclatures for their products and its associated knowledge. Thus, the need to align 
applications, to exchange products data and semantics emerged as a priority to solve 
the dilemma. Figure 2 describes the validating scenario, where a set of enterprises 
agreed to work together to supply a big common client with various furniture products 
which are built collaboratively.  

Enterprise A

Enterprise B

Enterprise N

Common tools for 
supply chain planning

1. VALTE

Enterprise B Ontology

Enterprise N 
Ontology

Enterprise A 
Ontology

Common Reference 
Ontology

2. MENTOR

Interoperable 
Supply Chain 

Planning 
Systems 

Applications Semantics

3. Interoperability 
Checking

 

Fig. 2. Case Study overview [23] 

The first step is to follow the VALTE methodology (left part of the Fig. 2), which will 
guide the applications evaluation activities. The evaluation follows a plan that includes 
the list of evaluation modules to be applied against the defined requirements related to 
the desired level of the software components characteristics. The evaluation results are 
then stated based on the metrics and measures defined and the positive or negative 
response of the software components evaluation to all the tests performed defines if the 
applications belongs to the set of common tools for a specific supply chain planning. 

In the second step it is developed a reference ontology to the enterprises that are 
working together in this supply chain to establish between them a common semantics 
(right part of the Fig. 2). The MENTOR methodology is used to develop such reference 
ontology. During the reference ontology building phase, it is produced a mediator 
ontology which records all the semantic operations performed in this process. One of 
the applications of these semantic operations logs is to use that recorded information for 
semantic translation. One possible example of such process is when a message with a 
product request is sent to Enterprise B. The mediator ontology is used to get the 
“semantic translation” of the information present in the message, which uses syntax 
accordingly to the reference ontology, to the equivalent syntax used in the Enterprise B.  

To ensure the interoperability between the systems, the third step on this use case, 
it is applied the Conformance Testing (CT) to its exchanged files. Based on the 
defined methodology for CT, the architecture shown in the Figure 3, is used to 
validate such files. The architecture was designed based in web-services, able to 
receive the files in XML format and checking them against the reference testing 
model using an Application Engine developed in JAVA, SAX, Schematron and 
XALAN. 
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Fig. 3. Architecture for CT system validation [24] 

Using the CT the user can check the files against the defined models, ensuring its 
correct implementation. The CT checks the XML against syntactic and semantic rules 
and sends back the detected errors enabling its correction. With CT executed to its 
XML files, the next step is the application of the Interoperability Checking (IC). To 
apply IC, the user will analyze and modify the test files, sent by the IC system, and 
send it back to evaluation. After check all the files, defined in the Abstract Test Suites 
(ATS) for IC, the user receives the confirmation that its system is interoperable. With 
all the ATS executed (CT ATS and IC ATS), the system validation can ensure that the 
systems are in conformance with the model defined and is interoperable with others 
system of this type. 
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Fig. 4. System interoperability methodologies in Future of Internet Vision 

5   Conclusions 

System methodologies for networked enterprise interoperability facilitate 
organizations to keep its technical and operational environment, improving its 
methods of work and the usability of the installed technology through quality 
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assurance of the system software components, ontological harmonization of the 
enterprises product models in use, assessed by a fitting validation framework for 
conformance testing and interoperability checking. However, to have an enterprise 
organizational system interoperable, it has to have a domain reference ontology which 
enhances inter-enterprise’s semantics interoperability concerning to the contents of a 
standardized data representation model. These both components (reference ontology; 
data representation model) should be complemented with software quality assessment 
and Interoperability checking methodology able to perform model conformance 
testing (Fig. 4).  

The proposed methodology enable the computational systems of any set of 
enterprises which work together in a networked supply chain planning to smoothly 
communicate between each other using syntax and semantic present in data 
representation standards and in the reference ontology respectively. This is 
complemented with a previous software components evaluation and a post 
conformance testing procedures. 

Such methodology was applied with good results in a real scenario supervised by 
the research EuropaINNOVA initiative through the INNOVAfun and iSurf projects 
(member of the European Future Internet Enterprise Systems (FInES) Cluster). These 
achievements have been encouraging to the development of further framework 
functionalities in the future, like the generation of the reports according to a 
normative schema (e.g., defined in EXPRESS and XML), to enable automatic 
inference and reasoning on the errors found, and provide automatic correction of the 
identified errors by an internet-based expert system.  
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Abstract. Automotive suppliers are moving from supply-chain process design 
to dynamic socio-economic networking when speeding up innovation cycles to 
improve their competitiveness. In this way cross-organizational learning proc-
esses are triggered. Enabling team formation for collaboratively developing in-
novative products and services requires interoperability on several levels and in 
different flavors. Our empirical evidence from the European research project 
SUddEN (SMEs Undertaking Design of Dynamic Ecosystem Networks) reveals 
the need for context-sensitive learning support when starting to share and han-
dle business opportunities in a collaborative way. The proposed support system 
enables partner- and network-specific emergence of situation-sensitive organ-
izational behavior. In meeting user needs we have developed content structures 
and intertwined interaction features for accurate information exchange. Due to 
their scalability self-managed, highly structured learning processes are likely to 
replace prescriptive workflows in continuously changing settings.  

Keywords: Enterprise Interoperability, Organizational Learning, Collaborative 
Networks, Topic Maps. 

1   Introduction 

A rapidly changing whilst competitive business environment forces organizations to 
respond through enterprise transformations on the structural level [1]. One effective 
way to support transformation processes is to provide representation schemes for con-
clusive information, such as business processes, as a means for documentation and 
mutual information exchange [2]. Such an endeavor is even more important in inher-
ently networked organizational settings where business partners and stakeholders col-
laborate in different locations in an asynchronous way. However, it requires substantial 
learning effort [3].  

In trying to meet these recent challenges several process industries, among them 
Automotive Industry, started to move from supply chains to supply networks [4]. The 
production of car parts is getting increasingly complex due to intense pressure from 
Original Equipment Manufacturers (OEMs). Development and engineering is  
performed in teams composed of partners from different locations. These teams face 
demanding requirements with respect to product and process quality, and tight  
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production schedules. Moreover, team members are selected with respect to the price 
of the part to be supplied.  

The European research project SUddEN [5] has targeted automotive suppliers in 
the context described above. The project aimed at the development of a platform sup-
porting knowledge sharing and organizational networking. It should serve teams of 
suppliers when improving their business performance according to market needs. Ba-
sically, it should support collaborative product development and engineering enabling 
innovative offerings. Guiding this transition from traditional price-based bidding to 
competence- and network-driven business opportunity handling we have analyzed 
domain data, elicited requirements of envisioned instruments and tools, and devel-
oped a first prototype of such a platform. Based on the evaluation results we could 
identify a set of features and system architecture required for situation-sensitive col-
laboration and mutual learning support in supply networks.  

In the following, we reflect the research and development process by reviewing 
the achievements so far. Section 2 reports on eliciting and meeting automotive-
network requirements. Section 3 details the platform design that could be derived 
from the outcomes reported in section 2. The most significant findings impacting the 
platform design concern the structure and representation of content, and the overall 
flow of control. A particular structure, the Case File, has been introduced as the focal 
point of collaboration, exchange of information, and learning. The representation 
scheme of the platform has to reflect polymorphism of content elements, as they 
have different meaning in different situations. The service-oriented MVC architec-
ture ensures interoperability from the business and application perspective. The  
resulting adaptability of functionality allows using the platform in various domains. 
Section 4 concludes the paper wrapping up the results and giving an outlook on  
future research activities. 

2   Meeting User Requirements for Automotive Networking 

Since we followed a user- and task-centered approach we did not only have to inter-
view and observe networking stakeholders, but we had also to reflect these findings in 
a hands-on prototype that has been evaluated by the target groups of the envisioned 
platform for organizational development support.  

2.1   Identifying User Needs  

Working with four networked automotive suppliers in SUddEN 
(www.SUddEN.org.uk) it turned out organizational learning is mainly triggered by 
performance measurement (PM). PM is an instrument which provides management 
information and supports decision making and organizational development [6,7], in 
particular by reducing a complex system to a set of manageable measures [8]. Per-
formance Measurement has both a systemic and a behavioral aspect. Individual Per-
formance Indicators (PIs) are aggregated and mutually related within a Performance 
Measurement System (PMS). It allows responsible managers to monitor and assess 
the performance of a network or overall system along different dimensions.  
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As part of organizational learning, the collaborative development and design of a 
PMS positively influences the performance of the overall collaboration [9]. Among 
other factors it supports communication and improves coordination, and as such, the 
operational interoperability among supply network nodes [10].  

The SUddEN platform is developed to enable Small and Medium Enterprise 
(SME) supply networks to improve their performance through competence develop-
ment (being part of PMS management). The SUddEN prototype allows individual 
suppliers structuring and recording performance data with respect to competences. A 
respective questionnaire to acquire data (structures) has been developed by domain 
experts. Using a generic link mechanism of the platform network members can ac-
cess information about training and improvement measures addressing various com-
petence dimensions. One innovation in this context is the direct link of individual 
performance data to the respective results of the comparison with other network 
members (shown in fig. 1). 

 

Fig. 1. Performance measurement and comparison of competences intertwined with discussions 
about a training or measurement for improving the competence dimension 
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These data are also linked to communication features on a fine level of granularity, 
to reflect collectively and learn mutually in a focused dialog. Figure 1 also shows the 
corresponding user support (bottom window). In the upper window the performance 
of the user's organization as checked against other suppliers is shown. When selecting 
a competence dimension of interest and selecting the link to available trainings for 
improvement the other windows pop up subsequently. Any training can be assessed in 
terms of effectiveness (using stars) to facilitate discourse and decision making to that 
respect. 

The knowledge base for organizational learning is a (supply) network repository. 
It contains “Case Files” with relevant and specific information for each business 
case. A business case starts as business opportunity brought up by a network mem-
ber, and might end with an innovative process specification to produce a novel 
(automotive) part. A Case File represents the organizational memory for collective 
and individual learning processes where product- and process-relevant information is 
detailed and supplemented over time. Of particular importance for organizational 
learning ensuring interoperable processes are not only documented results, but rather 
traceable steps including social interaction, as both are considered relevant for fur-
ther decision taking. 

Communication features like the context-sensitive SUddEN discussion forum  
allow reflecting and negotiating projects on-line. Network members may link com-
munication entries to content elements, such as performance data, directly. In this way 
any social interaction becomes part of the Case File, and thus visible to all team 
members. It might trigger further collaborative learning processes, implementing team 
learning in a self-organized way.  

In organizational learning team members are either involved directly or indi-
rectly in knowledge reflection and generation [11]. Hence, they need to be sup-
ported when improving the organization’s (and network) performance in the most 
effective and efficient way. Learning activities become visible through individually 
handled content items and communication facilities. Once the corresponding fea-
tures of the platform fit to user needs, stakeholders are likely to actively participate 
in knowledge generation and transfer (cf. [12]). Of particular importance seems to 
be the capability of individually linking communication entries to shared content 
elements (cf. [13]). When working in a collaborative project it is required that on 
the project level these links can be visualized and shared. This kind of transparency 
enables users to  

 

• discover novel relationships between information items  
• communicate these connections to project team members in a straightforward 

way 
• direct the attention of others to relevant work items or project issues 

 

Experiences from eLearning capturing those scenarios show that knowledge sharing 
and learning can be facilitated significantly once explicit features can be provided by 
support platforms (cf. [14]). The meaningful perception of information (domain 
knowledge) occurs in tandem with establishing communities of learning [15]. The 
SUddEN prototype encourages users arranging and combining (performance) infor-
mation as they feel appropriate for the current situation. Content is represented in a 
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flexible scheme, in order to allow situation-sensitive arrangement of content elements. 
For instance, a document might either serve as project report, as data collection or 
memo, depending on the context and situation of use. 

Developing the SUddEN prototype we supported automotive suppliers improving 
their competence profiles. Individual improvements triggered the performance of 
network partners and innovative offerings when handling business opportunities. The 
partners intensively utilized the learning features of the prototype, both, from the per-
spective of content management based on domain-relevant categories, and the  
perspective of interaction, linking content elements to communication entries directly 
to share expertise in a focused way. 

2.2   Evaluating the SUddEN Prototype 

The prototype did not only support performance improvement methodologically, but 
also allowed hands-on experience of the envisioned learning processes on the individ-
ual and network level. We have evaluated the prototype’s usability and usefulness 
through formative and summative evaluation. The results of the usability evaluation 
using EU-CON II have led to ‘hot spots’ for further development [16]. The aim of the 
usefulness evaluation was to finally understand the impact of performance-oriented 
learning on SME networks. Our intent was to examine to which extent interoperabil-
ity can be established in large organizational networks.  

The usefulness evaluation allowed understanding the prototype support on the op-
erational, tactical and strategic level of interoperability. For each level a focus group 
has been conducted. For each focus group a questionnaire has been prepared which 
has been used to guide the discussions among supply network partners. Each group 
session lasted at least one hour, and has been recorded. In addition, the participants 
documented the core concepts on paper-cards. In the course of consolidating the find-
ings, these cards have been put into mutual context leading to a concept map. Figure 2 
provides a snapshot of the concept map focusing on learning aspects to establish in-
teroperability on all three levels. 

Figure 2 depicts the user requirements which have been revisited in the course of 
evaluation. Encourage innovations indicates that SUddEN supports generating  
economic viable business cases, facilitating interoperability on the tactical level.  

Strengthening suppliers refers to improving the position of the supply industry to-
wards their customers, the Original Equipment Manufacturers (OEM).  The element 
strengthening one's abilities/learning refers to the individual organization or team of 
suppliers working on a project.  

Communication functionality has been provided in the SUddEN prototype through 
a number of features. One key element is supporting presentation of ongoing work 
through the network repository in terms of performance competencies. Team mem-
bers collaborating in an innovation project can trace decision making procedures and 
the current state of the project. Fundamental to this feature is the polymorph represen-
tation of content, as information items might have different meaning in different  
contexts.  
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Fig. 2. Functionalities of SUddEN identified by end-users meeting their requirements with 
respect to learning and development 

Interestingly, in the course of evaluation participants did explicitly not distinguish 
communication from learning. Learning is considered as exchange of relevant infor-
mation. While working on a project some users contribute information relevant to 
other team members according to their functional role. Users communicate require-
ments to the overall team by providing this information. In another example, a  
sub-team discusses relevant team matters in a discussion forum. The results of this 
discussion become available through the Case File to the overall team. Thus, content 
creation is of equal importance to communication. Typically, the documentation of 
supplier development measures is an inherent part of a discussion - enabled through 
the SUddEN generic mechanism linking communication entries to fine-grain content 
elements (see above). 

Due to market requirements in the Automotive Industry learning has to occur in a 
collaborative, but mainly self-organized manner, once a business opportunity is  
provided as input by the network coordinator. When dealing with innovation the  
respective projects are characterized by the gradual specification of the innovation 
through multiple team members. In order to ensure organizational interoperability, all 
generated content needs to be stored in a central repository. We will reflect these 
requirements in the next section, by discussing the representation scheme required for 
organizational interoperability, and the arrangement of features along services (rele-
vant on the operational and tactical layer). 

3   Platform Design 

After revisiting the user requirements through evaluating hands-on prototyping, we can 
come up with a conceptual design of a platform supporting dynamic collaborative sup-
ply networks. An organizational learning platform of this kind needs a representation 
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infrastructure allowing polymorph content and communication representation, as de-
scribed in section 3.1. It also requires a modular and service-oriented architecture, as 
introduced in section 3.2. 

3.1   Polymorph Content Representation  

The flexible representation scheme has to allow keep content elements and link struc-
tures (including the addressed coupling of content elements to communication entries) 
according to their context of use. It is required to enable (i) representing different 
types of content, (ii) storing content elements in different, arbitrary forms of represen-
tation, (iii) adding individual information and remarks to content elements, (iv) mutu-
ally relating content elements, (v) attaching structural and domain-specific meta-data 
to content elements [17].  

Topic Map technologies meet these requirements, as already demonstrated in the 
context of eLearning applications (cf. [18][19][20]). In SUddEN, Topic Maps allow 
team members to flexibly structure content according to their needs as well as linking 
content to social interventions, such as communication entries of a forum.  

A topic map basically consists of topics, associations, occurrences, and scopes. 
Topics are the fundamental element of a topic map. They represent subjects of the 
perceived world (represented in a map). The relationship between topics and subjects 
therefore corresponds to the one between representation and referent in the semiotic 
thetrahedron (cf. [21]).  

Associations represent relationships between subjects and, accordingly, are used to 
mutually relate the topics representing these subjects. Each end point of an association 
has to be defined in an association role. These roles are taken by connected topics. 
Association roles therefore represent the involvement of a subject in a relationship 
[23].  

Occurrences are the links to the 'outer world' (outside the topic map) and complete 
the expressiveness of the topic map concept by adding index functionality. An occur-
rence is a representation of a relationship between a subject and an information re-
source [23]. 

Scopes are a means to define the contexts in which certain statements of a topic 
map are valid. Occurrences and associations are such statements. They can be used to 
describe domains captured by a topic map.  

In this way Topic Maps provide inherent functionality to operate SUddEN on a 
flexible data model. In particular, it allows handling content elements and communi-
cation entries in the same way, while still allowing provision of meta data, as for 
categorizing content elements.  

In fig. 3 a topic map example representing a performance measurement system 
(PMS) for a “Business Opportunity (BO-17)” is shown. It aggregates, using a 
weighted sum function, two competence dimensions − “Quality Management (QM)” 
and “Fault Parts”. These dimensions are in a certain role, representing the weights 
used. The competence dimension “Fault Parts” has different occurrences in different 
scopes, to allow representing context-specific values – company A (2ppm) and B 
(6ppm). 
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Fig. 3. Topic Map representing performance measurement systems 

Each competence (dimension) is additionally associated with possible measures 
that a company may take to improve its performance. 

3.2   Architecture 

The overall architecture follows a modular Model-View-Controller approach. In fig. 4 
the software packages are specified taking into account the MVC pattern. The plat-
form is developed utilizing the Spring Framework [24], since it supports object-
oriented programming principles and fosters the integration of different application 
APIs. Moreover, the framework is non-intrusive, as it allows developing the business 
logic without dependencies to Spring-specific classes.  

Modules expose functionality through services. Each module is implemented  
following the Model-View-Controller pattern (shown on the vertical axis in figure 
4). The View part of a module provides code for the web-based user interface im-
plemented conform to the Java Server Faces (JSF) framework standard. The View 
part is tightly coupled with a Controller component, providing server-side Java code. 
A Controller facilitates access for the View to the business logic and the Model in  
general.  
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Fig. 4. Platform Architecture 

The link module is of particular importance. It allows users to place links between 
topics, and is written in a generic manner. Services that are target or source of a link 
need to implement a certain interface. When implementing a module as a source for 
a link, developers have to include the link Controller within their User Interface JSF 
files. A button is used to trigger the dialog for selecting the link target. Modules 
which are targets of links, need to be registered using a Spring-managed configura-
tion file. In this way the dialog of the link module can provide a list of accessible 
modules. 

3.3   Learning Support 

The SUddEN approach provides support for learning ‘on-the-spot’, as suppliers inter-
pret their performance data always in a certain context. Topic Map occurrences  
represent performance data specific to business opportunities. Links attached to com-
petence dimensions guide users to identify measures for improvement. They might be 
challenged and discussed with respect to their suitability given a certain situation. 
Since all proposals and modifications of performance data are stored, SUddEN  
ensures utmost transparency of effects when setting a particular measurement. 

SUddEN also supports learning from prior business cases. Supply network  
performance and PMS changes, decisions and improvement measures are kept for 
each business case, and can be reviewed from the content and communication per-
spective. Closed Case Files provide insights into past experiences, and allow team 
members to improve mutual interaction and the process of decision taking.   

The latter is of crucial importance, as it addresses organizational interoperability. 
Using SUddEN the interoperability between network partners, applications, or do-
mains can be improved, since business opportunities and cases are handled in relation 
to the organizations involved, including particularities organizing their work. The 
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processed and shared performance data, decision making procedures and measure-
ments are made transparent, reducing the effort of future decision taking.  

4   Conclusion 

As supply chains are developed to supply networks, novel forms of learning support 
gain momentum. Network partners need to re-team to come up with innovative offer-
ings to customers. Such dynamic collaborative mechanisms between SMEs can be 
found within the Automotive Industry. They require flexibility regarding content 
structures as well as closely tuned social interactions. The presented SUddEN ap-
proach is a European effort to promote semantic interoperability on several organiza-
tional network layers by means of focused learning processes.  

A generic representation scheme allows for openness regarding content structure 
and communication, inherent to learning and/or innovation processes. The features of 
the platform support learning through individualizing content and communication 
when handling a business opportunity and developing a business case in the network. 
Collaboration includes individual and group development/improvement opportunities 
of performance in terms of competences. In this sense, SUddEN triggers the align-
ment of networked processes ‘on-the-job’, as concrete cases lead to the construction 
of envisioned solutions in a team. Interoperability is the target while working on a 
business case. It develops through understanding others. Since all learning steps are 
kept in a context-sensitive repository, innovations and decisions can be traced in the 
course of reflection and for designing further developments. 
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Abstract. This paper contains the results of a systematic literature review 
executed to determine the coverage of transaction standards in top information 
systems (IS) and management journals. Specifically, it aims to identify a 
research gap with respect to this topic. The top 25 journals are thoroughly 
searched and the selected publications are classified in order to make grounded 
statements. A moderate amount of literature found specifically aims at 
transaction standards. Hardly any research is found on quality aspects of 
transaction standards, which therefore counts as the research gap. 

Keywords: quality, transaction, standard, adoption, interoperability, literature, 
review. 

1   Introduction 

Information systems without standards are hard to imagine. Also in the e-business 
domain, standards are gaining importance and attention. Much focus is nowadays on 
the concept of inter-organizational interoperability: the ability of two or more socio-
technical systems to exchange information, to interpret the information that has been 
exchanged and to act upon it in an appropriate and agreed-upon matter [16]. Inter-
organizational interoperability is of special interest in the e-business domain. 
Standardization is one of the means to achieve such interoperability. In literature, 
different terms are used for this kind of standards, such as e-business standards, 
vertical and (business) transaction standards. A standard, in the simplest sense, is an 
agreed-upon way of doing something [20]. Transaction standards are often developed 
inside a specific industry domain, often outside the traditional standard setting 
organizations (also called standard development organization). 
                                                           
* This paper is a continuation of the study Top IS Research on Quality of Transaction 

Standards: A structured literature review to identify a research gap which has been presented 
at the 6th International Conference on STANDARDIZATION and INNOVATION in 
INFORMATION TECHNOLOGY (SIIT 2009), September 9th 2009, Tokyo Japan. 
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As standards are means to an end:  interoperability. A general assumption is that a 
good standard will improve interoperability. Surprisingly, the question as to what 
makes a good standard is relatively rarely given explicit treatment in the literature on 
standardization [4][5], although Markus et al. [15] note that the technical contents of 
the standards will have impact on the standards diffusion. This suggests a relevant 
quality aspect attached to the technical content. 

1.1   Goal 

This research is a first step in developing knowledge on quality of transaction 
standards. The ultimate goal is to enable the measurement of quality of transaction 
standards. The goal of this paper is limited to assessing the topic of quality of 
transaction standards as a possible research gap. A derived goal, and contribution to 
the knowledge area, is the analysis of coverage of this research subject within the 
most important Information Systems and Management literature. 

1.2   Research Questions 

In order to get an overview of existing state-of-the-art in top journals regarding the 
topic of quality of transaction standards, the following research questions have been 
constructed: 

1. Are there any studies related to quality of transaction standards published? 
2. Are there many studies related to transaction standards, and specific for certain 

domains (verticals)? 

Based on the outcome of the structured literature review it will be interesting to see 
what other remarkable insights can be learned. These will be presented in the 
discussion section. as well as a preliminary view of main contributions of all selected 
studies based on a selection of only several papers. The corresponding research 
question is:  

3. What can be learned from selecting a minimal set of studies identified within the 
structured literature review, as preliminary results of assessing all studies? 

1.3   Research Method 

A systematic literature review [15] has been set-up and performed to enable grounded 
statements to the research questions and to assure that no major publication will be 
missed. The search was constructed based on Rumsey’s [17] description of planning the 
campaign. The goal of identifying a research gap implies that the top 25 information 
systems journals and top 25 management journals should be included (and restricted to) 
in the search phase. Search engines were selected based on our analysis of coverage of 
the journals in the search engines. The selection of journals and search engines was 
based on previous work [16][12][18]. More information on the research method, 
journals and search engines is available in the corresponding paper [8]. 

From the domain of quality measurement of business transaction standards, 
keywords have been selected. To assure the quality of the keywords, the selection was 
done iteratively by testing the keywords in the search engine and by adding multiple 
synonyms.  The selected keywords are visualized in figure 1. 
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0. 
Quality Measurement of 
Transaction Standards

1. Standard

6. Quality

5. Measurement

7. Transaction

4. Interoperability

2. Development 

3. Adoption

 

Fig. 1. Keywords 

The searches conducted with the search engines yielded several articles per query. 
Search queries where designed so that manageable amounts of publications were 
found. Then, an exclusion process has been initiated as described by [22]. First, 
abstracts and keywords were assessed manually on relevance; in order to ensure that 
nothing was overlooked this process was done twice and by two individuals. This 
resulted in a list of 100 papers. A second screening on relevance took place by 
scanning the whole publication, again double-blinded. This resulted in a list of 48 
publications, these publications were classified according to the framework. During 
this classification we found out that an additional 5 papers were out of scope, which 
resulted in a final list of 43 publications (the complete list can be found in the 
appendix). Even though this selection process has been carried out, it is a weak spot in 
this methodology, because the selection criteria are subjective and difficult to trace. In 
the first step many papers related to software engineering, healthcare, multimedia and 
accountancy were removed. The second step removed publications with only 
marginal attention for standards. 

2   Classification Framework and Results 

Based on the research questions and other systematic literature review research [23] 
several classifiers regarding the standardization subject were selected, as well as 
classifiers regarding the research rigor. They are: 

• Topic: The topic (domain) of the research 
• Standard Lifecycle:  The phase within the lifecycle of a standard 
• Standards View: The actor’s viewpoint on the subject 
• Type of Standard: What kind of standards is the paper about? 
• Research Approach: The research approach (fundament) for the paper 
• Research Method: The applied research method of the paper 
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Like the selection process, the classification process has been carried out double 
blinded to improve the quality of the results. Differences in the classification have 
been solved by analyzing the differences and achieving consensus from both 
individuals and to make use of a third individual. The complete list of papers and their 
classification can be found in [8]. 

2.1   Topic 

Based on the keywords and brainstorming, five different topics have been identified. 

Table 1. Standardisation topics 

 

Remarkable is the low number of studies in the third and fifth categories. The 
second category contains papers that are more high level and standards are often not 
the main subject. This is also the reason why especially these papers could not be 
scored on the Standards Lifecycle (see next table). 

2.2   Standards Lifecycle 

Considerable literature on standards lifecycles exists. Amongst others are Cargill [3], 
De Vries [5] and Egyedi and Blind [7]. Söderström [19] compared seven different 
standards life cycle models, and build a new model based on that. Each of these seven 
may be useful for classification, but we chose Söderström’s extended general 
lifecycle as a start, because it takes most other lifecycle models into account. 

Although this model fits our purposes we need to condense it for pragmatic reasons; 
it contains too many steps, which may result in fragmented results. We combined the 
Initiate and Standards Development phase (and kept the latter name), and did the same 
for Develop Product, Conformity Assessment, Educate and Implement. Also, 
Feedback is combined with Maintain.  In comparison with lifecycle models from other 
domains (e.g. software domain [1]) the standardization lifecycle models found are  
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Fig. 2. Extended general lifecycle [19] 

Table 2. Standards Lifecycle 

Standards 
Lifecycle 

Description Count 

Development The creation and development phase of a standard. 4 
Implement Implementation of the standard in products or systems, 

including implementation services. 
1 

Use The usage of the standard, the adoption in the market 
(diffusion). 

23 

Maintain The maintenance phase where standards (periodically) 
are improved to current needs. 

- 

Retirement The phase when a standard is withdrawn from 
maintenance. 

- 

Not applicable  15 
 

 
open-ended: they lack an “end” phase. Based on the Enterprise Unified Process, we 
therefore decided to add a Retirement phase to the lifecycle model. 

Remarkable are the low scores for the maintain and retirement phases, and the high 
score for the use/adoption phase. The table below contains the results on the 
Standards View. 

2.3   Standards View 

Different roles take part in the stages identified in the lifecycle model. We however 
see no one-to-one correspondence between lifecycle stages and roles. For instance, it 
is possible to have a user view on the implementation of standards, but also the view 
of the creator of the standard on implementation phase. Krechmer [10] identifies three 
main recognizable views on standards: User, Implementer and Creator. We added the 
Policy Maker role. One might argue that this constitutes a specific type of user, but 
for our goals we decided to add this additional view. 
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Table 3. Standards Viewpoints 

Standards 
view 

Description Count 

Creator The developer of the standard. (creates the standard) 7 
Implementer The implementer of the standard. (implements the 

created standard) 
15 

User The (end) user of the standard. (uses the implementation 
of the standard) 

20 

Policy Maker The policy maker about standards. (develops policy 
about the standard) 

1 

This shows, in combination with the results on standards lifecycle, that most of the 
papers are dealing with a user view on standards. Hardly any have a creator’s view, or 
deal with the development life cycle phase of the standard. The table below contains 
the results on the Type of Standards. 

2.4   Type of Standards 

Many classification of standards exists [4]. As this paper focuses on transaction 
standards we chose to use the classification also used by Steinfield et al. [21], as 
closest fit to our research questions. 

Table 4. Type of standards 

Type of 
Standard 

Definition Count 

Syntactical The scope is related to technical standards like TCP, IP, 
SOAP 

10 

Semantic – 
Horizontal 

The scope is related to cross industry standards like 
ebXML, UBL 

11 

Semantic – 
Vertical 

The scope is related to industry standards like MISMO, 
hr-XML 

14 

All Multiple types are covered 8 

The classification process for this category was somewhat difficult, because many 
papers did not completely focus on one type. Also, the emphasis was not always clear. 
It is remarkable that only 14 papers have been found that mainly deal with vertical 
standards, as the keywords were specifically aimed to find as many as possible.  Next 
are the results on the Research Approach and Research Method. 

2.5   Research Approach 

An often-used classification of the research approach is from Orlikowski and  
Baroudi [14]: 
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Table 5. Research approaches 

 

Table 6. Types of Research Methods 

 



www.manaraa.com

108 E. Folmer
 
 et al. 

 

Remarkable is the low amount of papers with a positivist approach, fundamentally 
grounded with thorough data analysis, and the high amount of descriptive research. 

2.6   Research Method 

Wareham [23] uses for his e-commerce literature review: Conceptual, Survey, 
Experiment, Development, Data Analysis, Case Study, Review, Others. Our literature 
review parallels Wareham’s, although the subject is different. The following table is 
based on Wareham’s [23], but slightly adapted by combining Survey, Experiments 
and Data Analysis into one category. 

3   Findings 

This section revisits the first two research questions. 

1. Are there any papers related to quality of transaction standards? 

Within these top journals hardly any (only 1 paper) research has been published about 
the quality of transaction standards. This clearly suggests that quality of transaction 
standards constitutes a research gap. With only two results, the subject of 
standardization organizations can be called a research gap as well. 

2. Are there many papers related to transaction standards, specifically for certain 
domains (verticals)? 

Although the keywords were specifically aimed at transaction standards, including 
search terms such as e-business and vertical, only fourteen papers have been found 
that deal with vertical industry standards. Much attention is paid to technical 
standards, but research regarding vertical standards seems not to reach major journals. 
The fourteen papers found moreover revisit the same vertical standards, which makes 
the unique number even lower. 

4   Discussion 

The outcome of structured literature review was valuable for answering the research 
questions, but gave also insight to other relevant issues which will be presented in this 
discussion section.  

Remarkable is that all six MISQ papers were part of a special issue on standard 
making (Volume 30, August 2006). These papers are probably the most acclaimed 
studies on standardization. Although the structured literature review was limited to top 
25 journals, it is remarkable that when broadening the scope than again one of the most 
valuable resource is a special section within Electronic Markets (Volume 15, Issue 4). 
Broadening up the scope from transaction standards to general standardisation, and 
removing the limitation of top journals, a wide range of studies appear in different 
gremia. For instance the following groups / journals / conferences communicate about 
standardisation studies:  
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• EURAS: European Academy for Standardisation (conference, proceedings, book 
series)  

• SIIT: International Conference on Standardization and Innovation in Information 
Technology   

• ICES: International Cooperation for Education about Standardization 
• ITU-T Kaleidoscope: International Telecommunication Union, Telecommunication 

Standardization Sector, Kaleidoscope event. JITSR: International Journal of IT 
Standards and Standardization Research I-ESA : The international conference on 
Interoperability for Enterprise Software and Applications 

• IFIP WG 5.8: International Federation for Information Processing, Workgroup 
Enterprise Interoperability 

 

Some topics (like Standardization organization) that was not covered in top journals is 
often covered in those journals and other edited books by members of the EURAS 
community. Based on these findings we may conclude that: 

• Standardisation studies are common, but mainly present in journals outside top 25 
journals, or limited to special issues in higher ranked journals.  

• Although standardisation studies are common, studies specifically aimed at 
transaction standards are scarce in general. Although not proven it is expected that 
the proven research gap for top journals is also valid for all journals. 

 

We have to select a minimal set of studies in order to be able to discuss the final 
research question: 

3. What can be learned from selecting a minimal set of studies identified within the 
structured literature review, as preliminary results of assessing all studies? 

 

Noticeable is that healthcare and financial domain are often used as context for the 
studies on business transaction standardization. Looking in general, but for this 
discussion specifically at both special issues, the amount of case studies is also 
remarkable. In general not only the amount of cases, but there is also overlap in the 
cases itself. For instance the MISMO (mortgage) case is twice listed on the list of 43 
selected studies.  While half of the special issue MISQ papers are case studies, it is 
even two-third of the studies presented in the special section of electronic markets. It 
seems that case study as research method is appropriate when transaction standards 
are involved. Many of the case studies focus on the adoption (diffusion) of the 
standard. Arguable the most valuable case studies are the MISMO case [11] and 
RosettaNet [2]. Interesting is to see what we can learn from comparison between 
different transaction standards (and different standards development organisations). 
There is only one study [13], to this authors knowledge, in which such a valuable 
comparison has been performed. Next to these three papers there are several studies 
that can be seen as fundament for this area of expertise, however many have a 
different viewpoint, like for instance the economics of standardization. In our research 
focussed at improving the quality of transaction standards, a good fundament for the 
development viewpoint is the conceptual framework of Zhao et al. [23], while the 
conceptual model of Zhu et al. [25] is appropriate for the adoption viewpoint.  
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This leads to a list of five valuable contributions related to the domain of 
transaction standards, and related to the subject of development and adoption of high 
quality standards resulting in interoperable inter-organizational systems, presented in 
the table below: 

Table 7. List of valuable contributions 

Type Conceptual -Development 
Study Vertical E-Business Standards and Standards Development 

Organizations: A Conceptual Framework [24]  
Contribution It proves the uniqueness of e-business standards, in comparison 

with other standards (in particular IT product standards). It 
describes challenges faced by the vertical e-business SDO’s 
(different organisation than traditional SDO’s like ISO) such as 
rapid technology development and divergent preferences of 
stakeholders. And most important it presents a Participants - 
Technical content - Institutional structure framework for studying 
vertical e-business standards. These three components are 
interrelated and determine the performance of the SDO, implying 
that the SDO should address all three components in an efficient 
and balanced way. The three components consists of the following 
features: 
Participants (number, sector, bargaining power) 
Technical contents (maturity) 
Institutional structures (structure, procedures, openness) 

 
Type Conceptual -  Adoption 
Study Migration to Open-Standard Interorganisational Systems: Network 

Effects, Switching Costs and Path Dependency [25] 
Contribution It focuses on the migration to an Interorganisational system (IOS) 

based on open standards, including XML based horizontal and 
vertical standards.  
 
It provides a conceptual model, supported by a large scale survey, 
for open standard IOS adoption. This conceptual model indicates 
three variables influencing adoption of the standard: 

1. Network Effects (Trading community influence, Peer adoption)  

2. Expected Benefits (influenced by Network Effects) 

3. Adoption costs (Financial costs, Managerial complexity, 
Transactional risk, Legal barriers)  

While adoption costs are a significant barriers there is a dependency 
based on the path taken. In this study non-EDI users were 
insensitive to adoption costs, in contrary to EDI users.   
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Table 7. (continued) 

Type Case Study – Adoption 
Study Industry-Wide Information Systems Standardardisation as  

Collective Action: The Case of the U.S. Residential Mortgage  
Industry [11] 

Contribution This study look at the development and diffusion (adoption) of the  
MISMO standard based on the viewpoint of collective action.  
Based on the MISMO case four propositions are formulated for  
vertical standards development and adoption in general: 
 
Proposition 1: To successfully develop a vertical standard that meet  
the business needs for interoperability it is necessary to ensure  
participation of representative members of heterogeneous user  
groups, and avoid natural tendency to splinter into rival  
homogeneous groups. 
 
Proposition 2: To successfully achieve adoption it must be ensured  
that users groups that have the greatest ability to influence adoption  
must be present in the development process without having  
disproportionate influence on the content of the standard.  
 
Proposition 3: To successfully achieve adoption a set of tactics is 
needed that jointly solves the standards development dilemma 
without jeopardizing the solution to the adoption dilemma.  
 
This suggest that there is a relation between the development 
choices and the adoption of the standard, which is also present in 
the final proposition: 
 
Proposition 4: The success of the adoption of the standard is 
affected by the technical content of the standard, which is affected 
by the tactics used to solve the development dilemma. 

 
Type Case Study – Adoption 
Study Standards Development and Diffusion, A Case Study of RosettaNet 

[2] 
Contribution It focuses on the adoption of RosettaNet standards, and presents 

categories of adoption strategies and lessons learned regarding 
development and adoption. Adoption (Diffusion) strategies can be 
classified in four categories: 
1. Market: Promote awareness 
2. Technology: Improve standard (lowering costs of implementation) 
3. Policy: Change regulatory environment 
4. Relational: Co-opt key players to pressure their trading partners 
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Table 7. (continued) 

 The presented lessons learned from the RosettaNet case are: 

• Only organization involvement that are committed to solving the 
problem. 

• Focused, quick, problem solving approach to standard setting. 

• Investing significantly in standards adoption. 

• There is no one right approach for to the standards development 
process, even not a full open approach. 

• Adoption strategy should be aligned with the development 
process. 

The set of adoption strategies (see above) should be locally adapted. 
 

Type Comparison of multiple cases 
Study Interorganisational System Standards Development in Vertical 

Industries [13] 
Contribution Based on a comparison of nine different vertical standards, key 

drivers, differences and similarities are identified. Key drivers for 
vertical standards development are: 

1. Technological innovations (Internet, XML, etc) 

2. Need for interoperability (to survive) 

3. Value proposition of vertical standards consortium (pooling of 
R&D, time savings renegotiating with each new trading partner, 
etc) 

Differences between vertical standards include alignment with more  
established organisations, balance between vertical and horizontal  
focus, adoption with the target domains including the use of  
tracking mechanisms for monitoring adoption.  Similarities include  
non-profit status, vertical orientation, provision of standards freely,  
vendor neutral, platform independent, membership and fee  
structures. 
 
Another important contribution is the interorganisational system  
(IOS) standards development cycle, containing of the following  
phases: 

1. Choreography & Modularity (key cross-company business 
processes) 

2. Prioritize & Schedule (planning of business processes) 
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Table 7. (continued) 

 
3. Document & Standardize (develop specifications sets, including 

technology) 

4. Review & Test (permit user community to provide feedback) 

5. Implement & Deploy (provide implementation support and 
forecast adoption) 

6. Compliance & Certification (validate standards conformance to 
insure interoperability) 

 
 

The selection of most relevant studies for the research domain of transaction 
standards is suggesting by selecting two studies from outside top 25 journals, that a 
scope of only top 25 journals is too limited for this area of expertise.  A possible 
indication of immaturity is the inconsistent use of terms for this type of standards 
within these five studies, including transaction standards, IOS standards, vertical 
(information systems) standards and semantic standards. 

5   Conclusions 

At least two research gaps have been identified, which was the primary focus of this 
research. Also the second goal was achieved; the overview gives some remarkable 
insights of the coverage of standardization research within the top IS and management 
journals. It is important to notice though that the validity of these conclusions is 
limited to the set of journals we have investigated.  

Based on the five selected studies, we can conclude that there is a need for 
transaction standards [13][24]. The development strategy of the transaction standard, 
which should be aligned with the adoption strategy [2][11] will determine the 
technical content,  which will affect adoption [11]. A justification for further research 
on the quality of standards, including the quality of the technical content.  

The goal of this research, as has been set earlier,  has been achieved by declaring 
the quality of transaction standards as research gap. However, this is only a first step 
in achieving the ultimate goal of measuring the quality of transaction standards. The 
second step is to deeply analyze the 43 selected studies on its value for this ultimate 
goal, and to broaden the horizon with searching and analyzing of studies beyond the 
top journals. 
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Abstract. Today’s businesses form a highly interconnected network of compa-
nies, organisations, technologies, consumers, products and services. The con-
cept of the Digital Business Ecosystem (DBE) has been come life in order to 
build an Internet-based environment in which businesses will be able to interact 
with each other more efficiently. In a Digital Ecosystem, a leadership structure 
is formed in order to be capable of responding to the dynamic needs of the 
environment. The agent in a Digital Ecosystem can both be a client and a server 
at the same time. With the same message, agents can simultaneously offer a 
service to others as a Server and request help as a Client. Industries may have 
their own systems but they are not yet business ecosystems. Digital ecosystems 
rely on a technological infrastructure to mediate the formalisation of knowledge 
in SME networks, the creation of software services, and different type of inter-
actions between SMEs. There are many fields of application in the agro-food 
industry where interoperability of information system would be essential. 
Amongst others food tracking and tracing, logistics, SRM and CRM integration 
all need interoperability solution in a heterogeneous environment. Our proto-
types can help in building these cooperative information systems. 

Keywords: business ecosystem - enterprise information systems – SME. 

1   Introduction 

The Digital Business Ecosystem (DBE) is attainable technological solution for busi-
ness ecosystems. The concept of DBE was first realized in Europe in 2002. Today 
there is a progress in European approach towards Digital Ecosystems and currently 
there are many important ongoing projects related to this in Europe. The concept of 
Digital Business Ecosystem (DBE) was invented to build an Internet-based environ-
ment in which businesses will be able to interact with each other more efficiently. In 
the near future with the realization of this platform  Small and Medium Enterprises 
(SMEs) will have the chance to compete on the market with the same prospects, re-
gardless of the size and the distance of the city from their businesses [3]. The DBE is 
supported by new hardware and software technologies as well as network topologies. 
An Open Source and component-based software, the collaborative environment, de-
velopment and the popular and quick developing network technologies can help in 
establishing an extensive use of DBE [2].  



www.manaraa.com

 Digital Business Ecosystem Tools as Interoperability Drivers 117 

 

In a Digital Ecosystem, a leadership structure is formed in response to the dynamic 
needs of the environment [4]. An agent in a Digital Ecosystem can be both a client 
and a server at the same time. With the same message, agents can both offer a service 
to others as a Server and request help as a Client without interfere. In this system 
there is no centralized control structure or fixed role assignment as there is no precon-
figured global architecture, in which communication and collaboration are based on 
swarm intelligence. Unlike in traditional environments, digital ecosystems are self-
organizing systems with the capability of forming different architectural models 
through swarm intelligence, where local interactions between agents determine the 
global actions. Occasionally, intelligent agents or entire species may as well configure 
themselves into a hierarchical organization where the communication channels are 
defined with a leading agent.  

Industries may have their own systems which, however, are not yet a business eco-
system since a business ecosystem has three characteristics as it transfers the business 
strategies from single co-work to synergic and systematic cooperation (the first char-
acteristic), from product competition to platform competition (the second characteris-
tic), and from single growth to co-evolution (the third characteristic). 

Digital ecosystems are based on a technological infrastructure, which mediate 
the formalisation of knowledge in SME networks, as well as the creation of software 
services, and B2B interactions between SMEs. The realisation this has by now be-
come commonplace and is in fact provided the initial motivation for CRM, SRM and 
ERP systems. 

In general, ERP systems ensure the integration of the suppliers and buyers (clients) 
into the business’ own systems (communication). However, in case the companies 
used different ERP systems (from different vendors) in order to get on-line (real-time) 
connection they required special developments. Small and medium-sized enterprises 
which have implemented information system (ERP standard created by different de-
velopers), recognised that this system does not provide them with interoperability. 
The DBE concept to achieve the particular case of SMEs may give benefits and en-
sures the appropriate use of DBE Toolset can provide interoperability. Our goal was 
to facilitate the implementation of the DBE concept modules, which allows existing 
systems to get access to the common marketplace more easily. 

With our prototype solution the SMEs can provide safe, transparent, direct services 
to potential customers. With the Client-Server architecture, all data are stored on a 
dedicated server which can provide great advantages for the server’s owner. Our vi-
sion is based on P2P and SOA technology and all components are written with Open 
Source tools [13]. 

2   Needs for DBE 

The Digital Business Ecosystem is an evolutionary, self-organized system, which can 
contribute to the sustainability of the local and regional development through a well-
defined software platform [14]. The DBE works just like a natural ecosystem. It is 
self-organized and able to learn become more efficient. From the Information Tech-
nology point of view, a Digital Business Ecosystem is a structure of distributed open-
source packages and mashups, based on the Internet ensuring an optimum, stimulating 
and competitive business development environment, in which all companies,  
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especially Small and Medium Enterprises , can cooperate and develop their business 
affairs [16]. 

The idea of the Digital Business Ecosystem is "to create an integrated, distributed 
pervasive network of local digital ecosystems for small business organizations and for 
local e-governance which cooperates exchanging dynamically resources, applications, 
services and knowledge." [9]. The aim of the Digital Business Ecosystem (DBE) is to 
overcome existing barriers and to promote innovative forms of software creation, 
knowledge sharing and community building, thereby enabling long-term growth and, 
competitiveness of the European SME sector. As envisioned by [9], the DBE is in-
tended to foster new and flexible ways of co-operation and networking through a 
dynamic aggregation and self-organizing evolution of services and organizations by 
means of open-source methods of software and service creation. 

Moore first introduced the concept of a business ecosystem as a strategic plan [8]. 
Moore indicated that organisations form a part of a business ecosystem and as such 
they should be viewed as a collective rather than an individual entity. In a business 
ecosystem that crosses a variety of industries, organisations cooperate, compete, and 
co-evolve capabilities around a new innovation, support new products, satisfy cus-
tomer needs, and eventually incorporate the next round of innovation. 

According to Nachira [10], the key elements of a business ecosystem (top-most 
layer) include 1) governance, regulations and industrial policy, 2) human capital, 
knowledge and practices, 3) service and technical infrastructure, and 4) business and 
financial conditions. 

The idea of a technology (or industrial) ecosystem has been used to describe rela-
tionships between technologies and organizations. As an example, consider the spe-
cific ecosystem view, which had laptop computers as the focal technology and the 
wireless networking capabilities as the context. The framework is based on a laptop-
related Wi-Fi technology ecosystem. Another more comprehensive demonstration of 
the analitical approach is an ecosystem model of technology evolution facilitates by 
focusing on the digital music industry. 

3   Functionality of Enterprise Information Systems 

Integrated information systems under large-scale company conditions have become 
widespread tools over the past few decades [7]. Information, data management and 
systematic information derived from these data and arranged according to needs, 
however, are required by not only large-scale companies but also by small and  
medium-sized enterprises. This need that was also recognised by the staff developing 
the ERP system and successfully and as a consequence appeared on the market with a 
range products developed especially for SMEs. 

Different technologies and solutions, such as SOA (Service Oriented Architecture) 
provide opportunities for further technological and content-related (functional) exten-
sions and assist the development and spread of new business models (SaaS – Software 
as a Service) [5]. We also conducted an important part of our research while getting to 
know and analysing ERP suppliers. It was also an objective of ours to get to know the 
situation of supply in Hungary and to look out on the market in abroad. We got to the 
conclusion that the market of ERP, as other markets, is characterised also by global-
isation and based on the number of its implementation the solutions in Hungary are 
developed by well-known international market leaders (SAP, Microsoft, …). The 
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analysis of the supply and demand of the markets of ERP systems has a major effect 
on the part of this work which is dealing with the constructing of a functional system 
of requirements. 

In our research we made survey on using ERPs in SMEs. Approximately 600  
requests to fill in the questionnaire were sent out by e-mail or by post. The rate of the 
response to this request was 16%. 96 % of the respondents come from small and me-
dium sized businesses. The processing of the questionnaires sent back revealed that 
45 % of the respondents used integrated ERP systems and 43 % of them indicated that 
they used standalone systems while the ratio of the ones using both integrated ERP 
and standalone systems as well was 4%. The remaining 12% do not use and do not 
plan to implement any information systems. As for the developers of the systems 39% 
of the respondents credited Hungarian developers with the system while 14% thought 
they were of foreign developments. Of the foreign developments SAP, AXAPTA, 
Microsoft, Abas were named while Cobra, Topinfo, Agroorg were Hungarian  
developers. 

In order to get a more accurate picture of the technological preparedness of the 
meat industry, we found it necessary to examine the circumstances of the European 
food industry in general, from the aspects of its use of information and communica-
tion technologies (ICT). We conducted our examinations on the basis of the database 
of e-Business W@tch research.  

 

Fig. 1. Ratio of using software in the food sector (2006) 

It is clearly shown from the results that the majority of food industry companies  
already have Internet access, most of which are of-broadband connections. Neverthe-
less, only 38% of companies have their own websites and the ratio of those with elec-
tronic connection to their suppliers and customers is even lower. As for the applied 
information system, we can assume that almost three quarters of the enterprises use 
some kind of standard software packages. The number of accounting software prod-
ucts and systems which are for receiving orders is high also: their ratio is around 60%. 
Nevertheless, the number of CRM and integrated corporate management systems is 
rather low, whereas the proportion of software products applied for the initiation of 
ICT sales is also rather moderate on B2B and B2C markets (Fig. 1.).  
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This figures show that the internet access penetration relatively good, the  
e-cooperation level is very low. We have to make effort for improving this ability. 

4   Interoperability in a Business Environment 

The interoperability focuses on inter-enterprise distributed business processes and 
flows. According to IEEE’s definition [5], interoperability represents "the ability of 
two or more systems or components to exchange information and to use the informa-
tion that has been exchanged". These interoperability solutions have of both informa-
tion integration and application integration. Application integration (comprising  
message, process, transport and interface) represents the technological solution, while 
information integration refers to the linguistic, social and philosophical solution 
(comprising data, context, ontology and interpreter). By integration we mean the 
cooperation of processes and applications at the event and message levels while mul-
tiple systems become one logical unit [1]. 

Collaborative business requires reliable exchange of data commercial, financial 
and technical ones as well. Legacy ERP, SCM, LCM and CRM enterprise applica-
tions generally manage information which is required for the collaboration, but the 
software itself is for the most part realised and programmed to be run within specified 
organizational boundaries. 

These systems would allow interoperability between enterprise models as it would 
facilitate the customisation of suitable software. Enterprise software tools like Enter-
prise Resources Planning (ERP), Supply Chain Management (SCM) or Customer 
Relationship Management (CRM) are today’s strategic investments for all types of 
companies. However one should bear in mind that the implementation of such Enter-
prise Software Applications (ESA) is rather difficult and takes a long time while it 
costs a lot of money and introduces a lot of inconveniences within the company. In 
addition to this, the customization of such ESA is not easy either and sometimes it 
leads the enterprise to make important changes in its organization and which  
decreases its performances. The last but very important point is the issue of the inter-
operability. The aims of the INTEROP project were to harmonize and synthesize 
existing researches around new flexible and adaptive architectures of the interopera-
bility, - such as the model driven approach, service-oriented architecture approaches, 
peer-2-peer architectures, agent architectures and federated architectures [12]. A P2P 
network is built of interconnected smaller networks which are the result of long-
running transactions corresponding to automated (B2B) business activities [15]. ERPs 
for SMEs do not have such wide of range functions as ERP II which is for a large 
organisation but many basic functions are necessary for the interoperability features 
with other SMEs in the DBE (Figure 4.). An example for creation of a DBE for the 
shoe domain which requires a reliable and secure communication infrastructure 
among SMEs describe by Chituc [1].  

Interoperability is a multidimensional problem that can concern different layers of 
the enterprise. One of the difficulties enterprises are facing with is the lack of interop-
erability of systems and software applications which are managing progress in their 
business. Organizations are looking for new methods of work and business relation-
ships, and the exchange of information and documents with new partners are often 
impossible to be executed automatically in an electronic format. The above mentioned 
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problem is mainly caused by incompatibility in the information representation and in 
adopted software application methods [6]. Several approaches have been developed in 
order to achieve a collaborative network their focus, however, is mainly on technical 
aspects related to inter-organizational communication. The service-oriented architec-
ture (SOA) as ‘‘a set of components which can be invoked, and whose interface de-
scriptions can be published and discovered’’ does not take into consideration the 
service architecture. Technical interoperability concerns technical issues related to e-
communication, e.g., issues on linking applications and services addressing aspects 
related to: interfaces; ICT platforms; information integration; exchange and accessi-
bility; security, standards; services but this is not enough to achieve the best solution 
in business applications. Information /knowledge interoperability has to focus on the 
following aspects: information/knowledge representation and management, learning 
ability, rights to access information, knowledge sharing, aspects related to adaptation 
and recombination of knowledge in a collaborative network during its life-cycle. The 
Framework for Enterprise Interoperability (FEI), which is currently under standardi-
sation (CEN/ISO 11354) defines a classification scheme for the categorisation of 
knowledge for interoperability in the line of three dimensions: interoperability  
barriers, interoperability approaches, and enterprise levels [11]. The technical archi-
tecture of KodA is based on SOA and subsequently consists of three basic layers: 
business process management layer, business services layer, business application 
layer. The KodA focuses on the supply chain for processing food products which was 
communicated and discussed at different forums. This has resulted in establishing the 
agriXchange group that has the objective of harmonizing agricultural data exchange 
on a European level [17]. 

5   A Solution Architecture and Possible Application Domains 

Applications based on DBE philosophy can be used in many places. As it can be seen 
in the figure (Fig. 3.) the data are stored in individual peers separately and there are 
DBE servers which require data from these peers. This structure of the data storage 
creates the possibility that all of the data owner store own data securely and the data 
are send only to an appropriate request by a duly authenticated server. This method is 
very advantageous in many ways. 

DBE applications according to the Lisbon agreement [9] are developed for SMEs 
to help them in winning over the competition and stay on the market. Our solution is 
quite generic and it can be used in many domains wherever value chains can be  
developed and computer-aided business management exist. Usually one SME cannot 
cover the entire value chain as oppose to a multinational company. Joining to a value 
chain can be a breaking point for them. Nowadays the main field where the DBE 
philosophy is used is mainly knowledge sharing.  

Fig. 2. shows that many master servers can be implied in the ecosystem and the 
peers can connect to them.  
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Fig. 2. The DBE concept 

Since it is designed in a way that a peer can connect to more than one main server 
the data modified in one place (maintained) can be displayed in several places (serv-
ers). It is a cost friendly solution from the clien side, especially as the data can be 
managed, updated, modified, saved, etc in one place. Another advantage is if one or 
two peers are out from the network the ecosystem can work further. Contact between 
peers and servers are made by XML, so a peer can connect to any of this ready-made 
ERP for accepting the request to join. 

With our prototype solution the SMEs can provide safe, transparent, direct services 
to potential customers. According to the Client-Server architecture, all data are stored 
on a dedicated server. This can provide great advantages for the server’s owner. Our 
vision is based on P2P SOA technology and all components are written with Open 
Source tools. The main features of the prototype system are the following. 

 

• The first idea was to try to create a general service flowchart. 
• Next if you needed a service probably you would need other ones from the flow-

chart. (Example: If you booked a room somewhere next week, probably you would 
like to use the public transport or would like to know the theatre program, or the 
time-tables, etc.). 

• The prices of services, unique features, or discounts, etc. are not stored on the 
server. 

• An adequate identification system will be worked out. 
• Our aim is not to cover all the business processes, but to model a new procedure. 
• Many processes are similar to each other therefore the system has to suggest a join 

possibility for the Peer. 
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• Since in many cases the SME-s especially the Micro enterprises have no adequate 
expert, we have to create an easily manageable layout. 

• Open source software is used. 
• Easy and friendly development of services and application interfacing between 

companies; 
• Easy publishing of the services and applications, including the relevant  

information, 
• Utilization of combined services and applications, in heterogeneous forms. 
• In multi-agent systems, the underlying networks in a Digital Business Ecosystem 

are always dynamic and network topologies are always changing over the time. 
The main server is always able to work, but the other habitats sometimes are up or 
down. The P2P communications are working via OWL, WSDL, XML, RDF tech-
nologies (Fig. 3.). It can be seen that after a query the system process the query and 
the BPE try getting up what we want (If it has enough experience about it) or the 
adequate informations are stored in the knowledge base. Afterwards it collects all 
the necessary data and it compose the result. All movement and arose data are 
stored in the database for further utilization. 

 

Fig. 3. Layered model of the prototype 

XML Web services are the fundamental building blocks in the move to distributed 
computing on the Internet. Open standards and the focus on communication and col-
laboration between people and applications have created an environment where XML 
Web services are becoming the platform for application integration. Applications are 
created using multiple XML Web services from various sources that work together 
regardless of where they are or how they were implemented. 

• XML Web Services provide useful functionality to Web users through a standard 
Web protocol. In most cases, the used protocol is SOAP. 

• XML Web services provide a solution to describe their interfaces which enough 
detail to allow a user to build a client application to talk to them. This description 
is usually provided in an XML document called a Web Services Description  
Language (WSDL) document. 

• XML Web services are registered so that potential users can find them easily. This 
is done with Universal Discovery Description and Integration (UDDI).  
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The above mentioned technologies are feasible to connect different systems. The inter-
face can be adapted in the various systems for real-time interface connection. The de-
velopment is related to DBE marketplace testing of modules are in progress (Table 1).  

Table 1. Main parts of our model 

NAME DESCRIPTION 
Knowledge 
Base (KB) 

The function of this module is to collect information with along the 
community principles 

Service 
Generator 
(SG)  

Its function is to analyse the requirements, generate the workflow 
and collect relevant information from the provider. 

Relevance 
Generator 
(RG) 

It tries to generate a relevance number from the tabs, queries, and 
stored history  

Message 
System 
(MS) 

It is a private and secured mailing system 

History Base 
(HB) 

The function is to store and process the requirements, data, tabs, 
etc. 

Given our research project is rather complex; we decided to split it into parts. The 
main advantage of our approach is that each program module works alone. We de-
fined the input and output of each part, but we didn’t define how to reach it. So in the 
prototype there is a possibility of changeing parts.  

 

Fig. 4. Layered model of the prototype 
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Fig. 4. shows the structure of the database and as it can be seen in the portal it is 
made up of modules. Some modules are compulsory (example user or log), and others 
are optional. The peer tables are installed on the peers. The peer-specific offerings are 
stored in these tables, which are downloaded to the portal after the site selection proc-
ess. The other tables are located in the main server (portal). These tables help to 
communicate, sharing the knowledgebase, blogging, etc. and store the coherence as 
well. Besides of these the main task of the server database is to store the new arosen 
information. This information can help for the portal becoming better. The database is 
placed in a MySQL server because it is easy to use and free. 

We believe, it is worth to capitalize the potential of the DBE philosophy in much 
more fields. Our prototype can assist that kind of businesses which are able to join to 
any value chain. For instance the typical good application area is the tourism man-
agement, especially the destination management. 

5.1   Applications in Tourism 

Many SMEs who work variety of business activity can join to the value chains in 
tourism sector. These SMEs can create value chains according to community princi-
ples and find our places within the value chain. Additional services make the site to 
become more useful for the members of the community and for the potential cos-
tumers as well. The different types of knowledge basis which are characterized by 
meta-data attached to each other and to adequate part of the value chain as well, thus 
extend the usefulness of the portal. Because the most of enterprises already use differ-
ent ERP system or at least their data are stored somehow. To get out the problem of 
the duplicate storing, we offer the opportunity supplying the data from their own 
database with the help of XML technology. With the XML technology the companies 
without any particular investment can join to the DBE community and they can find 
new markets, knowledge and community. 

5.2   A Prototype Tracing Solution Based on DBE Consept and Toolset 

IT solutions of the food chain traceability could be based on DBE solutions. In case of 
the traceability the XML file contains the following information: Company name, 
TRU (Traceable Resource Unit) identification number, Output id., Input id. In addi-
tion, we need a web server where the portal software is running. The portal prepaired 
with open source tools according to DBE principles. The prototype system is suitable 
for both top-down and bottom-up tracking and traceing. The working methods are the 
follows: 

Top-down: The web server can identify the producer by the barcode. Certainly, it 
works only if the company has joined the community and their barcodes are stored in 
the database. We can reach the data wich are strored in the ERP system by the prod-
uct‘s barcode. The data show us the ingredients of the product. Inputs displayed on 
this page, so that the input supplier of the database searches the details of  ingredients 
and send to the server for further processing and display, and then recursively to the 
product suppliers to get the similar information. We can reach the bottom level of the 
supply chain. It looks like a tree-structure.  

Bottom-up: The knowledge of the barcode of the lowest level of basic ingredient we 
can get besides of the basic details we can know the place of the deliveries as well. 
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Then, either of the products manufactured by the companies which are on the N-1st 
level will be choosen which contain the ingredient of the company on the Nth. level. 
This goes on, until we reach the top level. 

With this prototype we have an opportunity to trace the full path of life of the 
product, if only all participant have been joined to the community. The above solution 
can greatly facilitate the precise monitoring the flow of substances occurring in food. 
Thus, the appearance of any food safety hazard we have opportunity to achieve rapid 
and efficient product recall. 

6   Conclusions 

The concept of Digital Business Ecosystem (DBE) is to build an Internet-based envi-
ronment in which businesses are able to interact with each other efficiently. In the 
near future when this platform will be realized, it will make it possible to Small and 
Medium Enterprises (SMEs) to compete on the market with equal opportunities, in-
dependently of size and distance from the city, of their business. The first characteris-
tic of an ecosystem is that business ecosystems have a loose network of suppliers, 
distributors, outsourcing firms, makers of related products or services, technology 
providers, and a host of other organizations. The second characteristic is the of ‘‘plat-
form’’ – services, tools, or technologies – that other members of the ecosystem can 
use to enhance their own performance. The third characteristic is that, business eco-
system evolves participants to a new landscape [7]. The Open source approach is the 
only possible choice for the Digital Ecosystem infrastructure [3]. We created our own 
vision which is able to help the SMEs to appear on the market while protecting its 
own data. The communication interface allows connecting the existing ERP systems 
into one DBE cluster. The use of the suggested security tool helps to keep authenticity 
of the companies. 
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Abstract. Enterprise information integration (EII) requires an accurate, precise 
and complete understanding of the disparate data sources, the needs of the 
information consumers, and how these map to the business concepts of the 
enterprise. In practice, such integration takes place in context of any enterprise 
information system. In the paper we explain various approaches to EII, its 
architectures as well as its association to enterprise application integration. We 
justify why XML technology contributes to finding sufficiently powerful 
support for EII. We present some features of the XML technology, mainly its 
database part, and show how it is usable in EII.  

Keywords: XML, enterprise information integration, XQuery, XSLT, Web 
services, XML databases. 

1   Introduction 

The language XML originally designed as a standard protocol for data exchange, 
serves today as a data model and background for databases of XML documents. Its 
main advantage is that it enables to create a background for applications beyond 
conventional data models, i.e. everywhere where we need, e.g., hierarchical data 
structures, recursive data structures, regular expressions, missing and/or duplicate 
data, and other non-traditional data requirements. XML creates a technological 
platform for Semantic Web. 

A collection of languages, techniques, and standards developed by the World Wide 
Web Consortium (W3C1), called XML technology today, contributes to many 
application areas, as, e.g., B2B interactions, Web services, as well as, in general, to 
improvement of inter- and intra-enterprise applications. In the paper, we focus just on 
use of XML technology in enterprises. 

Often an enterprise information system (EIS) is characterized as an information 
and reporting tool for the preparation, visualization, and analysis of operational 
enterprise data. An associated collection of activities and software components 
supporting accessing data from any source systems is then called enterprise 
information integration (EII). In other words, EII provides programmers with a 
single-site image of disparate data that may be maintained in different formats, 
retrieved via different application programming interfaces (APIs), and managed by 
                                                           
1 http://www.w3.org/standards/xml/ 
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different remote servers. The analyst community and other observers talk often about 
“virtual data federation”. Data integration is crucial in large enterprises that own a 
multitude of data sources, like relational databases, Web services, files, and packaged 
applications. The same holds for offering good search capabilities across amounts of 
data sources on the Web. 

Integration-related area contains also enterprise application integration (EAI). EAI 
integrates application systems by allowing them to communicate and exchange 
business transactions, messages, and data with each other using standard interfaces. It 
enables applications to access data transparently without knowing its location or 
format. EAI is usually employed for real-time operational business transaction 
processing. It supports a data propagation approach to data integration. A strong 
separation of EII and EAI can mean that enterprise data is accessed by an EII tool and 
updated by an EAI tool. EII solutions today should address both application and 
information integration.  

A special form of data integration is required by data warehouses and business 
intelligence. Extract, transform and load (ETL) processes were considered the most 
effective way to load information into a data warehouse. 

In general, EII needs [6] to 

• support all information types, structured, unstructured and semi-structured, 
• provide for context, i.e., where does the information fit in the schema or 

ontology of the receiving repository/application, and what are the relevant 
behavioural constraints. 

Many enterprises today are moving towards the adoption of service-oriented 
architectures (SOAs) based on XML and Web services [5]. Web services represent a 
less costly and loosely-coupled approach for EII. Often Web services are considered 
as part of the EII whole. Consequently, a service composition gains strength in EIS 
today. A relatively little work has been done to facilitate integration at the 
presentation level, i.e. the development of user interfaces. This part of application 
development in EIS belongs to the most time-consuming activities. Other direction of 
the EAI industry is toward the use of an enterprise service bus (ESB) that supports the 
interconnection of legacy and packaged applications, and also Web services. 

XML, enabling to declare and enforce structure of content, plays an important role 
both in EIS development and EII processes. The reason is simple. In the past, any 
exchanging information between content repositories and data-oriented applications 
within and across enterprise was very difficult due to incompatibility of supporting 
systems. Even data warehouse solutions were considered inappropriate for supporting 
such needs. EII vision is namely to provide tools for integrating data from multiple 
sources without first loading their data into a central warehouse. EII should perform 
the integration in real time on an on-demand basis. Emergence of XML made it 
possible to build EII on an XML data model and query language XQuery, i.e. with 
XQuery interface to these multiple sources.  

The purpose of this work is to summarize some parts of the XML technology 
relevant for EII and show, how XML databases can help to create more responsive EII 
architectures. The remainder of the paper is organized as follows: Section 2 mentions 
some approaches to EII as well as commercial products based on these approaches.  
After summarizing some basics of XML database technology in Section 3, in Section 4 
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we focus on applications of XML databases in EII. We mention also the concept of 
content management system there. Finally, Section 5 concludes and lists future work. 

2   EII: Approaches and Related Works 

By [18] EII is defined as the integration of data from multiple systems into a unified, 
consistent and accurate representation geared toward the viewing and manipulation of 
the data. Data is aggregated, restructured and relabelled (if necessary) and presented 
to the user. In viewing EII from a software engineering point of view, it is a type of 
middleware that allows companies to combine data from disparate sources into a 
single application.  

 

Fig. 1. EII approach to data integration 

EII is based on a more flexible form of integration than simple data integration.  
EII data sources (DS) are viewed by applications as a single virtual database (see 
Figure 1). EII is based on a framework that exposes rather declarative interface for 
specification of integration requirements. EII provides applications a single, virtual 
view across multiple data sources. Applications access data sources through these 
views and through only one API of the EII server. Queries are transformed into 
queries against data sources. In other terminology, this approach is based on 
mediation. There is also a variant called federation, which integrates data by defining 
mappings between all pairs of schemas of the member databases. This variant called 
also a loosely coupled federated system is not broadly applied in real enterprise 
environment because of the using of private protocol and data model, low 
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performance, laborious process, critical implementation conditions, immature 
technology and the lack of reliable infrastructure [23]. Although the federated systems 
are relatively easy to implement, they do not scale well. By [10] an information 
integration infrastructure should support placing and managing data at multiple points 
in the data hierarchy to improve performance and availability. By the way, most of 
today’s EII systems are really federated information systems. 

To implement mediation, EII requires an accurate, precise and complete 
understanding of the disparate data sources, the needs of the information consumers, 
and how data model is mapped into a single, generic representation – a logical data 
schema that specifies the virtual view.  

Therefore, the available approaches to EII can be considered based on the 
underlying logical model, the data transformation framework, and the query interface. 
Due to the well-known restrictions of relational data model in context of enterprise 
variety of data, it is not too perspective solution now. For example, iWay Data Hub2 
enables to create reusable relational views.  

Purely XML-oriented approaches use XML as the logical data model. All data 
sources are represented as XML document collection and XQuery serves as the 
language of transformation as well as the query language. The EII server is a virtual 
XML database. As examples in this category we can mention Ipedo’s XIP3 and Liquid 
Data for WebLogic [3]. In XIP it is possible to query not only collections of XML 
documents, which is the best known use of XQuery, but also relational databases, web 
services, common data formats like CSV and fixed length formats. In addition, the 
Ipedo XQuery engine also allows users to create custom data sources and make them 
available to XQuery developers. In combination with the distributed SQL query engine, 
also offered in XIP, these capabilities represent one of the most powerful ways for EII. 

However, a use of XML can be only a part of EII solution. There are tools, e.g., 
MetaMatrix [7], providing an integrated environment for modelling different types of 
data and information systems. In MetaMatrix different layers of metadata are created 
in more domain-specific languages (including XML Schema), i.e. XML is not a target 
language here.  The support for multiple metamodels is ensured by OMG’s MOF 
(Metadata Object Facility) architecture, i.e. relationships among metadata of different 
layers are expressed by mapping specifying transformations.  

Although all the approaches have their advantages and disadvantages, the XML 
approach is excellent in data modelling and query capabilities, in particular with 
applications that use data from non-relational data sources, such as message queues, 
EJBs, XML documents, and Web services.  

A more advanced approach to integration in EIS is enterprise mashups. Remind 
that a mashup is a Web application that combines content from two or more 
applications to create a new application. The applications can be built on-the-fly to 
solve a specific business problem. For example, Damia [1] is inspired by the Web 2.0 
mashup phenomenon. It consists of (1) a browser-based user-interface that allows for 
the specification of data mashups as data flow graphs using a set of operators, (2) a 
server with an execution engine, as well as (3) APIs for searching, debugging, 
executing and managing mashups. 

                                                           
2 http://www.iwaysoftware.com/products/eii.html 
3 http://www.ipedo.com/html/ipedo_xip.html 
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Web mashups perform integration both at the application level and at the 
presentation level. Unfortunately, due to very little support both in terms of model and 
tools, the presentation part of mashups is developed manually today. An interesting 
approach to component integration at the presentation level is proposed in [20]. 

However, the mentioned approaches did nothing to address the semantic 
integration issues – sources can still share XML files whose tags are completely 
meaningless outside the application. In consequence, almost all EII products in the 
market are limited in, or totally lack, the capabilities of semantic interoperability and 
dynamic adaptation upon changes.  

3   XML Technology – A Database Approach 

XML documents can be either data-centric or document-centric. Data-centric XML is 
that which has record structure as its focus. Data-centric XML serves a similar 
function to a database; a set of fields are pre-defined, and records (think records here, 
not documents) must conform to that structure. Document-centric XML is that which 
has the document (the text, something pre-existing with its own structure) as its focus. 
A collection of XML documents can be conceived as an XML database. 

Any access to XML data must be done through an XML data model. Traditional 
databases are based on the notions of a database model and a database schema. 
Elements, attributes, mixed content, and other features of XML do not give good 
assumptions for development of a unique model of XML data. For that reason 
different XML applications use different models of XML data, usually tree- or graph-
oriented, or, more recently, combined with full text features. Perhaps the most 
important XML data model is that one used by languages XQuery, XSLT 2.0, and 
XPath 2.0. This model is richer than usual tree-like representation. In XPath 2.0, e.g., 
sequences replace node sets from XPath 1.0. 

Solutions of many problems with manipulating XML data rely on a query 
language. We categorize XML queries into two classes: databases queries and 
Information Retrieval (IR) queries. Database queries return all query results that 
precisely match the queries, which reminds SQL querying in relational databases. IR 
queries allow “imprecise” or “approximate” query results, which are ranked based on 
their relevance to the queries. Only the top-ranked results are returned to users. 
Another proposal of W3C, rather delayed, is to effectively and efficiently update 
XML data (XQuery Update Facility).  

One solution how to store XML data is to use conventional databases. It means to 
map (shred) the XML documents into data structures of the existing DBMSs (XML-
enabled database). Detaching generic mappings of XML data into universal tables 
has the following properties:  

• predefined schema is necessary, 
• joins of tables are necessary for query evaluations and row ordering is done 

in an explicit way, 
• navigations in XML data are transformed into SQL and full-text operations 

are also needed, 
• scalability problems. 
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Another possibility is to store XML data into tables generated algorithmically from an 
XML schema. 

A more advanced solution is to develop a DBMS with a native XML storage 
(native XML database or NXD), whose advantages include a support of: 

• natural nested hierarchies,  
• element ordering, 
• documents as single objects, 
• schema is not necessary,  
• XPath and XQuery have a direct implementation,  
• better scalability. 

A hybrid database is a relational database that is XML-enabled, but also offers native 
XML capabilities as defined above. It is a database that supports both the relational 
data model and the XML data model in all its processing and storage mechanisms.  

The XML technology relevant to XML databases concerns mainly XML schema 
and query languages. In the next two subsections we will discuss possibilities that 
both kinds of languages offer. Their choice in EII design can significantly influence 
the success of EII in practice. 

3.1   Database Schemas and XML 

By a schema we describe types of XML documents. In principle, two main 
possibilities are at disposal: DTD and XML Schema language. Current projects prefer 
schemas expressed in XML Schema. 

XML Schema provides the ability to define an element's type (string, integer, etc.) 
and much finer constraints (a positive integer, a string starting with an uppercase 
letter, etc.). There is certain relationship between schemas expressed in these 
languages and database schemas. As in other DBMSs, an essential part of each 
schema definition languages is made by integrity constraints. Comparing to SQL in 
relational databases, possibilities of them in XML Schema are rather poor.  

The specific problem is to design XML schemas. There are three ways to design 
XML schemas. The first, and the most difficult, is to attempt to create the schema 
directly element by element. This requires knowing in advance what specific elements 
already go where. The easier solution is to create an instance of the XML document, 
then use schema extraction tools to generate a schema that is valid for that instance. 
The last and most database-oriented possibility uses conceptual modelling XML data.  
Today, structure of XML data is designed usually directly, without the conceptual 
schema. This makes more difficult, e.g., modelling hierarchies like it is used in ER 
modelling. With XML conceptual modelling also automatic transformations to XML 
Schema are easier and more accurate. The research in this area is represented, e.g., by 
[13]. Dynamicity of EII conditions requires yet an existence of tools for schema 
evolution and schema versioning.  

Unfortunately, today’s observation of EIS shows that requirements gathering, 
schema design and upgrade costs are far more than application development costs. A 
special feature of XML databases is that many XML documents exist whose schema 
was not known at design time. Thus, many vocabularies are developed without any 
schema. As a consequence there are XML databases without any schema. This fact 
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belongs among the key reasons for existence of NXDs. Rather loose possibilities of 
XML schema development are much more flexible than relational or object-oriented 
structural definition. A sufficient compromise between completely schemaless and 
strict schema-oriented approach is to add cheaply and manageably a small amount of 
structure which provides a more compelling solution. 

Often there is a need to extract the schema information from XML documents. The 
extracted schema should, on one side, tightly represent the data, and be concise and 
compact, on the other side. As the two requirements essentially contradict each other, 
finding an optimal trade-off is a difficult and challenging task. For promising results 
in this area see, e.g., [11]. 

3.2   XML Query Languages 

XML query languages serve to querying, extraction, restructuring, integration, 
browsing XML data. They include the following demands: 

• pattern matching, 
• navigation along the structure of XML tags via (regular) path expressions, 
• powerful approach to structured data similar to SQL, 
• querying both data and metadata, 
• generating structured answers to queries (new XML data, derived values) 

There are a lot of standards in area of XML query languages designed by W3C, 
namely XPath 1.0 and 2.0, XQuery 1.0, XSLT 1.0 and XSLT 2.0. XPath 2.0 is a strict 
(rather large one) subset of XQuery 1.0. The main use of the XPath language is in 
other XML query languages, namely XQuery and XSLT. XSLT is a language of 
transformations. It provides instructions that help to transform XML data into a 
rendered format. The focus and strength of XQuery seems to be the data-centric 
queries (regularly structured markup), while XSLT has its advantages in document-
centric queries (semi-structured markup). 

Integration of relational and XML data resulted in development of SQL/XML 
language.  SQL/XML allows relational data to be published in an XML form (XPath 
data model instance) that can then be queried using XQuery. It provides to define 
table columns of the XML type.  

As the web-style searching becomes a ubiquitous tool, the need for integrating 
exact querying (see languages like XQuery, XSLT, SQL/XML) and IR techniques 
becomes more important. For example, in EIS environment we meet cases in which 
users provide keyword queries and require a ranking of partial results. In the case of 
XML, relevance scoring becomes more complex because the data required for scoring 
have a tree structure. An attempt to integrate IR functionality with XQuery is 
described in W3C proposal [19]. For an excellent survey of XML retrieval see [14]. 

3.3   Architectures of XML Databases: Solutions  

A significant role in storing XML documents is whether the documents are data-
centric XML documents or document-centric XML documents.  

As we have mentioned earlier, one possibility how to store XML data is an XML-
enabled database. Experiments show that such database is most feasible if only simple 
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XPath operations are used or if the applications are designed to work directly against 
the underlying relational schema. For similar reasons XSLT implementation can be 
based on use of a relational database, which serves as a temporal storage for source 
and target XML documents (e.g., [9]). 

An implementation of NXD is undoubtedly a challenge in the last years both for 
developers and researches of database systems.  In database architectures, NXDs 
provide a nice example when a DBMS needs a separate engine (see [15] for more 
deep discussion). There are three main approaches to NXD implementation today: 

• NXD DBMS as a separate engine (Tamino, XHive/DB, XIndice, eXist, etc.), 
• adding native XML storage to RDBMS (e.g., XML Data Synthesis by 

Oracle), 
• hybrid solution (e.g., IBM DB2 9, ORACLE 11g, SQL Server 2008). 

An advantage of the last two approaches is the possibility to mix XML with relational 
data. While critical data is still in a relational format, the data that not fit the relational 
data model is stored natively in XML. 

With the new option of storing and querying XML in a RDBMS, schema designers 
face to the decision of what portion of their data to persist as XML and what portion 
as relational data. ReXSA described in [12] is a schema advisor tool that is being 
prototyped for IBM DB2 9, enabling to propose candidate database schemas given a 
conceptual model of the enterprise data. 

Bourret in [4] registers more than 180 XML database products, among them 40 
NXD, and more than 40 XML data binding products.  

4   EII Through XML Technology 

A motivation for maintaining XML data in databases has roots in application 
demands, in particular to ensure a better work with content in enterprises. With an 
XML database one can, e.g., process external data (Web pages, other text databases, 
structured data), resolve tasks of e-commerce (lists of products, personalized views of 
these lists, orders, invoices in e-commerce, e-brokering), and support integration of 
heterogeneous information sources. A typical example of the latter is an integrated 
processing data from Web pages and from tables of a relational database. There are 
XML database vendors who market their platforms as EII solutions (e.g., Software 
AG, IBM, Ipedo). In other words, o store XML data in a database means to manage 
large numbers of XML documents in a more effective way.  

Since storing and querying XML data as well as data integration are crucial for EII 
we focus on these kinds of NXDs uses in detail. We also mention Web services in 
context of EII and, finally, some EII trends. 

4.1   Content Management Systems 

It is well-known that reuse represents an important way for companies to extend the 
value of their investment in content. According to the study by ZapThink [22], 
producers of content spend over 60% of their time locating, formatting, and 
structuring content and just 40% for creating the content.  
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Stand-alone relational DBMSs are not well prepared for management such content 
due its unstructured nature. XML offers a robust technology that becane a background 
of content management systems (CMS). Such systems provide users tools for 
automatic conversion and distribution of native content via the Web. As XML 
separates formatting data from XML content, a new trend is to build CMS on the top 
of NXD. As a consequence the distinction between structured and unstructured 
information may now be blurring. 

By SYS-CON Media Inc. [17], the following XML features are essential in the 
context of CMSs: 

• Content contribution and conversion. Storing content in XML enables its 
various transformations into a variety of formats, such as HTML, for reuse 
by multiple applications. 

• Content access and exchange. XML content can be easily merged with other 
sources and represented in an unified way in content management repository. 

• Content formatting and presentation. A separation of content and 
presentation allows different formatting to be applied to the same content in 
different situation using XML stylesheets. 

• Content storage. XML content stored in an XML database can be more 
easily searched by XQuery or XPath.   

• Content personalization. Based on user profiles and type of device, CMS can 
deal with the content accommodated by an associate XSL stylesheet. Such 
tailored content is then delivered to the user. 

• Content management Web services. Most of CMSs use Web services to 
share and deliver data and specific content management features in the 
Internet. 

4.2   Data Integration  

XML databases have separated into three categories. The first one has focused on 
managing XML content or documents (e.g., MarkLogic). For example, MarkLogic 
Server provides a platform for CMS combining traditional DBMS based on XML 
with full-text searching. The other two categories are related to EISs. In the second 
category, XML database can provide a middle tier operational data store (ODS) 
platform. In the third category, XML database focuses on managing persistent data on 
a middle tier for data integration applications, in particular EII applications (e.g., 
Ipedo). 

Operational data store. A middle tier ODS can provide the necessary infrastructure 
for managing enterprise data and bringing it closer to the consuming business 
application, while simultaneously reducing the burden on backend systems of record. 
XML databases are an ideal technology to serve as an ODS because of their ability to 
maintain schemas and to bind heterogeneous data sources.  

Enterprise information integration. Most current EII approaches are still based on 
similar principles of loosely-coupled federated systems. Moreover, a key issue, i.e. 
resolving differences in schemas and integrating them into one central schema, is 
often not requited in today’s EII applications. XML databases enable EII by providing 
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a platform for querying across heterogeneous data sources, resulting in view of all 
common entities spread across enterprise systems or services. For business users, 
typically, CMSs can become a source of integration in EII. In such systems data is 
managed as schema-less, eliminating the need for schema management and database 
administration.  

4.3   EII and Web Services Integration 

Web services create huge amounts of new data, specifically the exchange of data-rich 
XML messages. Many organizations want and need to store, access, query, audit, 
analyze, and repurpose information in these messages. It is nearly impossible to 
persist all of these messages in a relational database because of the inflexible data 
model they impose.  

Here it is possible to use NXD as a “glue” to connect existing enterprise systems. 
For example, in SOAP XML-based object serialization format can be used to perform 
asynchronous messaging and RPC between non-XML applications. Although 
messages are probably data-centric, their natural format is XML. It makes sense to 
build a message queue on a NXD, particularly in cases when EII is event-driven rather 
than query-driven. Then data changes, for example, could be accumulated in a 
message queue and an EII query scheduled to run at periodic intervals to read the data 
from the queue and update a data store with the changes. We obtain XML-specific 
capabilities and, consequently, better scalability as the volume and complexity of e-
business transactions increases. XML databases are particularly useful for handling 
new message types or evolving message structures. Storing message content in a 
native XML database reduces the development time and cost at least 50 percent by 
eliminating the need to define object-to-relational mapping [16]. 

4.4   EII Trends 

The ability to efficiently store and access XML and relational data types in one 
system represents a key point of differentiation among enterprise database vendors. It 
also allows enterprise developers to build data-driven applications using XML data 
types. Open source RDBMS from companies such as PostgreSQL currently also 
supports this hybrid XML-relational data-storage capability. 

The popularity of XSLT accelerated the EAI development, and some use of XSLT 
is probably a requirement in all EII solutions today. Any exchange of XML 
information is namely going to involve a combination of mapping of information 
objects, and in most cases these will involve structural transformations to account for 
different contexts, i.e., uses of the information.   

Approaches to EII based on Semantic Web technologies like, e.g., RDF and OWL-
DL ([2], [21]) are in development today. Authors of [2] use OWL-DL to integrate 
enterprise applications. Document content models are rendered into OWL-DL 
ontologies. This enables to designers to readily use automated reasoning methods of 
reasoners like e.g. RacerPro4. It means that a model-driven enterprise is achievable 
today. 

                                                           
4 http://www.franz.com/agraph/racer/ 



www.manaraa.com

138 J. Pokorný 

5   Conclusions  

EII is a broad area that in other terms and under other conditions restates problems 
studied in databases during the whole time of their existence. In [23] the authors 
address four challenges of EII including scalability, horizontal vs. vertical integration, 
central integration, and semantics. For example, with an increasing number of 
sources, the scale-up efficiency decreases. Integration is mostly horizontal than 
vertical in the most EII systems and the only vertical part is their centralized 
administration. We have seen that EII products fall into two categories, those that 
grew from an RDBMS background and those that emerged from the XML world. 
Particularly, users of hybrid RDBMS can profit from easier integration of structured 
and semistructured data. Really significant challenge is information sharing, which 
requires considering more semantics in EII. As we mentioned in the paper, techniques 
of the Semantic Web can contribute to this problem. According to prediction by 
META Group from 2005, ETL, EAI, and EII converge in the general Data Exchange 
Facility in the service-oriented architecture.  
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Abstract. The ISO 16100 series has been developed for Manufacturing software 
interoperability through capability profiling. Theses international standards are 
also applicable and usable for developing general software applications including 
enterprise applications. In this paper, ISO 16100 methodology and its usage in 
the trial implemented environment are introduced and discussed as software 
interoperability tools. The capability profile is created by filling an adequate 
template. The templates are prepared corresponding to activity classes which 
construct the application. In the development stage of new application software, 
the adequate software units for reuse can be found to match the requirement 
described in the required capability profile. The matching algorithm for 
capability profiles using an application domain dictionary is also provided when 
the profiles come from different activity class trees. 

Keywords: Software interoperability, Capability profiling, Capability template, 
Application domain data, Profile matcher, International standard. 

1   Introduction 

In the development of application software systems in any area such as business, game 
and manufacturing, there is globalization from building an application system by 
developing all software units by themselves to building a application system by 
combining software units which are provided by various vendors. To follow this 
change, key technologies concentrate on how to skillfully find and use software units 
which are provided by various vendors and how to reuse existing software units. 
However, there is no standardized mechanism to search for good and proper software 
units in the world. Even if proper units could be found, big efforts are required to know 
the precise capabilities and assurances of the software units because of a lack of 
standardized description methods of their capabilities and assurances. On the other 
hand, for the vendor of software units, there exists no distribution chain. Even if they 
have a distribution chain, there is no standardized mechanism to show the precise 
capability and assurance of their software units.  
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This paper provides the methodology to resolve the above mentioned problems. 
When this mechanism is provided as an international standard, it will provide the 
interoperability and assurance of software units using capability profiling. This paper is 
associated with the ISO/TC 184/SC 5/WG 4 1  activities: ISO16100 series 
[1][2][3][4][5][6] which is titled ‘Manufacturing Software Capability Profiling for 
Interoperability.’ This methodology proposed in ISO 16100 is applicable not only in 
the manufacturing enterprise but also in other area’s enterprise such as in the chemical 
and amusement industry. The ISO 16100 series enables manufacturing software 
integration by providing the following : 1) standard interface specifications that allow 
information exchange among software in industrial automation systems developed by 
different vendors, 2) software capability profiling using a standardized method to 
enable users to select software that meet their functional requirements, and 3) a 
conformance test method that ensures the integrity of the software integration.  

2   Software Interoperability Using Capability Profiling 
Methodology 

In the ISO16100 series, the interoperability framework for manufacturing software is 
based upon a more general interoperability framework for applications. An integrated 
manufacturing application is modeled as a combination of a set of manufacturing 
processes, a set of manufacturing resources and a set of information units whose data 
structure, semantics, and behavior can be shared and exchanged among the 
manufacturing resources. Manufacturing resources are to support the processes and 
information exchanges required by the application. The set of integrated manufacturing 
resources forms a manufacturing system architecture that fulfils a set of manufacturing 
application requirements. These manufacturing resources, including the manufacturing 
software units, provide the services, activities and functions associated with the 
manufacturing processes. 

In an appropriate operating environment, the combined capabilities of the various 
software units provide the required functionality to control and monitor the 
manufacturing processes according to the production plan and the allocated equipment. 
A manufacturing process is composed of a set of manufacturing activities. A 
manufacturing software unit consists of one or more manufacturing software sub-units, 
performing a definite function or role within a manufacturing activity while supporting 
a common information exchange mechanism with other software units. The 
manufacturing software interoperability of a set of manufacturing activities are 
described in terms of the interoperability of the set of manufacturing software units 
associated with each manufacturing activity. These relationships are used for capability 
profiling. 

Interoperability on manufacturing software is the capability of a software unit to 
support a particular usage of an interface specification in exchanging a set of 
application information with another software unit. The interoperability of software 
units is described in terms of their capabilities that are associated with the aspects of 
services, activities, function, interface and structure. Fig. 1 depicts the use of a 

                                                           
1 Authors are experts in ISO/TC 184/SC 5/WG 4 whose convenor is Prof. M. Matsuda.  
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capability profile concept to integrate interoperable software. In Fig. 1, the left side 
shows the capability profile registration flow for software vendors for wide distribution 
of their software units. The software unit’s capability profile definition is registered in 
an appropriate database after passing the conformance test which assures the software 
unit profile and the software unit itself. On the other hand, the right side shows the flow 
for finding capability profiles for development of new applications through reuse of 
adequate software units. The required profiles are compared to existing profiles in the 
database. When a match occurs, the software unit being profiled is considered to be 
ready for reuse and integration. When no match occurs, a new software unit with the 
required capabilities will be developed, profiled, and registered in the capability profile 
database. 

The capability profiling methodology is defined in terms of the rules and elements 
provided in following sections. The methodology makes use of the domain-specific 
attributes and methods associated with each specific software unit to describe 
capability profiles in terms of software unit name, functions, and other needed class 
properties. 
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Fig. 1. Software interoperability through capability profiles 

3   Rules and Elements in ISO 16100 for Software Interoperability 

3.1   MDM (Manufacturing Domain Model) and MDDs (Manufacturing Domain 
Data) 

The manufacturing domain that includes discrete, batch, and continuous control 
encompasses many types of industries. For manufacturing software, the interface 
between plant management systems and floor control systems is described by the same 
method regardless of whether control systems are discrete, batch, or continuous. 
Similarly, the control flow inside a control system is also described by the same method 
regardless of whether the system is discrete, batch, or continuous. However, a key 
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aspect of terminology is delicately different in each domain. A key aspect of a 
terminology for capability profiles is its ability to identify the contents that constitute a 
capability definition. A terminology is constructed that provides a means for the 
interchange of the capability information. The terminology describes a partial set of 
activities undertaken within the lifecycle of a manufacturing enterprise and domain. 
For capability profiling of software units, the applicable manufacturing domain must be 
focused, and the set of terminology must be common in the domain. 

Two new elements are introduced for capability profiling. One is the MDM 
(Manufacturing Domain Model). MDM is a model of an applicable manufacturing 
domain for manufacturing software. Another one is the MDD (Manufacturing Domain 
Data). The MDM is a particular view of a manufacturing domain, consisting of MDDs 
and relationships among them, corresponding to the domain's applications. The MDD 
represents information about manufacturing resources, manufacturing activities, or 
items exchanged among manufacturing resources within a particular manufacturing 
domain. A set of MDDs works like a terminology set in the applicable domain. 

MDDs represent different types of manufacturing information, including those that 
are exchanged between the resources within an application and between applications. 
Fig. 2[5] shows an example of a structure of a MDM with multiple MDDs. Within a 
specific manufacturing domain, a manufacturing application can be represented as a set 
of MDDs. An MDD provides information about various aspects of a manufacturing 
application such as manufacturing resources, manufacturing processes, manufacturing 
information exchanged, and relationships among the resources, processes and 
information exchanged. Each MDD within a specific manufacturing domain consists of 
attributes, operation types and a mapping between them. The mapping identifies the 
operation types associated with an attribute. In a typical mapping, not all operation 
types will be associated with an MDD’s particular attribute. Typical operation types 
include initialization of an attribute’s value and rewriting an attribute’s value. The 
MDD exchanged among manufacturing functions or among manufacturing activities is 
descriptively named such that each MDD is unique in the target manufacturing domain. 
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Fig. 2. Target Manufacturing Domain Model and Manufacturing Domain Data in the 
manufacturing area 
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The MDM creator represents a manufacturing application as a set of MDDs within a 
specific manufacturing domain. An MDD provides information about various aspects 
of a manufacturing application such as: 

• Manufacturing resources (ex. manufacturing software unit, equipment, 
automation devices, personnel, material, work-in-process inventory), 

• Manufacturing processes (ex. operations, activities), 
• Manufacturing information exchanged (ex. product data, recipe, manufacturing 

data, quality data), 
• Relationships among the resources, processes and information exchanged.(ex. 

data flow, network configuration, work flow). 

3.2   CCS (Capability Class Structure) and Capability Template 

A manufacturing application is modeled as an activity tree structure that is both nested 
and hierarchical. The activity tree is structured based on the MDM from the 
requirements of the manufacturing application. To distinguish a particular activity in an 
activity tree, an activity has an unambiguous and unique name, along with semantic 
information expressed in terms of a sequence of MDDs. The CCS (Capability Class 
Structure) is formed from the activities in the activity tree. As shown in Fig. 3, a CCS 
corresponds to the activity tree and a capability class is unique when the activity can be 
pointed to in the activity tree. The capability of a software unit is expressed in terms of 
capability classes. At each level, the software unit is modeled as a set of capability 
classes organized in a similar structure. These classes also denote the manufacturing 
function, resource, and information handled by the software unit according to the 
requirements of the manufacturing process. As a result, an activity tree and a CCS have 
a one to one mapping. 
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If a manufacturing software vendor wants to widely distribute his developed 
software unit, the vendor makes several profiles for one component corresponding to 
each CCS. When a system integrator or manufacturing application developer wants to 
search proper software units, the developer creates the profile by filling the Capability 
Template with required capabilities. A software vendor registers a capability profile of 
a software unit so that it is widely available to many potential users of the software unit.  

Usually the vendor who is the supplier of software components, and the application 
developer who is the user of software components, are in the same MDM but not in the 
same CCS. To allow matching existing capability profiles of software component and 
required capability profiles derived from multiple CCSs, MDDs are used. 

Fig. 4 shows the conceptual structure of the Capability Template. The sets of 
elements in the Capability Template are filled by the concrete values corresponding to 
the target profiled software unit’s capabilities. The profile is described using XML. A 
capability profile template contains a Common Part and a Specific Part. The Specific 
Part contains the elements: Reference MDM Name, list of MDD objects, and 
Capability Definition (e.g. time ordered access to MDD objects).  

Common Part
Template ID
Capability Class Name and Reference CCS ID
Software Unit ID

Vendor Name
Version Number & History
Computing Facilities Required

Processor

Capability Class Reference Dictionary Name
Number Of Profile Attributes
Number Of Methods
Number Of Resources

Specific Part
Reference MDM Name
List of MDD objects
Capability Definition (using MDDs)

List of Capability Class Attributes
List Of Capability Class Methods
List Of Capability Class Resources

 

Fig. 4. Structure of Capability Template 

4   Interoperability Tool: Matcher of Capability Profiles 

4.1   Interoperability Framework for Application Development 

To increase the efficiency of application software development, it is desirable to reuse 
software units previously deployed in a similar application. For this purpose, the 
required software unit for the new application needs to be compared to the software unit 
capability that will be re-used. In this comparison, the reference CCS of the software 
unit to be re-used may not be the same as the CCS of the target application. In this case, 
the application developer is not limited by the existing CCSs within the same 
application domain. 
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In Fig. 5, the flow shows the procedure that a software vendor performs to prepare 
and register a capability profile of a software unit. After choosing a suitable MDM, the 
first step is to analyze the set of activities that the software unit enables. The software 
unit can enable one or more activities. The second step is to identify the capability class 
corresponding to each activity and search for the associated CCS to which the 
capability class belongs. If a software unit provides capabilities for two or more 
activities, those activities can belong to the same CCS or to a different CCS. The third 
step is to select the capability template for each capability class identified. If there is no 
suitable CCS, the fourth step is to construct the appropriate CCS and register it, and 
then to generate the corresponding template and register it. The last step is to create the 
software unit capability profile by filling in the capability template and register it[7]. 

When a new manufacturing application is developed, the following procedures are 
performed as  shown in Fig. 5. The first step is to analyze the functional capability 
requirements of the manufacturing application and create an activity tree in the 
appropriate MDM. The second step is to create a CCS using existing or new capability 
classes to match the activity tree, or select an existing CCS. The third step is to fill in 
the corresponding capability template for each capability class in the created or selected 
CCS to create the set of required capability profiles. The sets of elements in the 
template are satisfied by the concrete values for the requirement upon the software unit 
capabilities. The profile is described using XML. The required profile contains a set of 
mandatory and optional capabilities. The fourth step is to compare the set of required 
capability profiles to the available set of software unit capability profiles using a 
capability profile matcher, to find a set of existing software units that matches the set of 
required capability profiles. The fifth step is to select the set of existing software units 
that meets the requirements of the new manufacturing application. If the set of software 
units that meets the requirements is not found, a set of the missing software units has to 
be developed. The last step is to combine the set of reused software units and any set of 
developed software units to meet the requirements of the new manufacturing 
application[7]. 
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Fig. 5. Conceptual Interoperability Framework 
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4.2   Matching Procedure of Capability Profiles 

A Matcher is used to match a required capability profile and an existing capability 
profile for a software unit. A Matcher makes use of the reference CCS names and 
related information from the two inputted capability profiles in order to determine if 
these profiles are based on a common MDM and common set of MDDs. When these 
profiles are based on a common MDM and common set of MDDs, a Matcher can 
evaluate the existence of a functional correspondence between these profiles.  

The matching processes in the matcher are shown in Fig. 6. The first step is to extract 
the reference MDM IDs from the inputted capability profiles and compare these MDM 
IDs. If they are not the same, then the matcher reports that a comparison of the inputted 
profiles cannot be made. If these MDM IDs are the same, the second step is to extract 
the capability definition formats from the inputted profiles and compare these formats. 
If these formats are the not the same, the MDDs in the capability definitions are 
converted to a single capability definition format by means external to the matcher. If 
these formats are the same, no conversion is made. The third step is to extract the sets of 
MDDs contained in the capability definitions for these profiles. The fourth step is to 
compare them to determine the existence of functional correspondence between the 
profiles. At the last step, the matcher reports the matching level of the capability profile 
relative to the required profile[5][8]. 

When comparing the contents of two target capability profiles, the matching level 
generated by a Matcher is assumed be one of Complete Match, All Mandatory Match, 
Some Mandatory Match or No Mandatory Match. Complete Match means that both sets 
of manufacturing functions are fully equivalent in terms of both the MDD objects being 
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Fig. 6. Matching for software capability profiles 
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equivalent and the time ordering of these objects being equivalent. All Mandatory Match 
means that all the mandatory functions in the required capability profile are completely 
matched with a corresponding set of manufacturing functions referenced in the MSU 
capability profile. Some Mandatory Match means that the required capability profile is 
matched partially by the MSU capability profile. No Mandatory Match means that none 
of the mandatory functions referenced in the required capability profile match the 
functions referenced in the MSU capability profile. 

5   Trial Implementation of Capability Profile Matcher 

Based on the capability matching procedure mentioned above, a capability profile 
matcher is developed. The prototype system is performed in Widows 2000/Windows 
XP/Windows Vista .Net Framework 2.0 in C#. The system is based on the ISO 16100 
framework[1][2][3][4][5] of the software capability profiling for interoperability. The 
prototype system consists of following functions as shown in Fig. 7.:  

• For CCS (Capability Class Structure)  
• Create / register a new CCS based on an activity tree for a particular application 
• Edit / register a capability class for an activity  
• Delete a capability class for an activity 

• For Capability Template 
• Create / register a Capability Template for a capability class based on the 

formal structure 
• Edit / register a Capability Template based on the particular activity 
• Delete a Capability Template 

• Creating a capability profile based on a Capability Template 
• Create / register a new capability profile based on the particular Capability 

Template 
• Edit / register / a capability profile 
• Delete a capability profile 

• Searching a proper Capability Template and return the search result with the detail 
report 

• Matching a user required capability with a set of existing capabilities and return 
the matching result with the detail report 
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Fig. 7. The functions of the prototype system 
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Fig. 8. shows the screen for editing a capability profile. When the profile template ID 
and its name is input, the tree-style schema of this profile template will appear on the 
left part of the screen. Profile information is shown on the right part of the screen. From 
top to bottom, there are the head part (Profile Type, Package Type, Version, Profile ID, 
etc.) of the profile, the common part of the profile and the specific part (Operations. 
Exchanged information, Resources and Constraints, etc.) of the profile. Before 
storing/registering the profile into the database, a conformance test is done 
automatically. The XML format file for profile is stored in the database. Also any XML 
file in profile style is presented in a tree on the screen. 

Profile template 
ID  and its 
schema

Common 
Part 
information

Specific 
Part 
information

Save 
profile

Register 
profile

 

Fig. 8. Editing a capability profile 

Matching on the prototype matcher is shown in Fig. 9. This prototype matcher can 
match two profiles which come from different Capability Templates. Two profiles may 
have different schema. The prerequisites for the matcher are that these two profiles are 
in the same application area: same MDM, and using the same MDD dictionary during 
the filling in of values. After giving the required capability profile (Source profile) and 
one existing capability profile (Target profile), the matching starts. During the 
matching, the matching process is shown in the middle of the screen. On the left part of 
the screen is the Source profile, and on the right part of the screen is the Target Profile. 
They are both in a tree style. The red color stands for the matched terms. Each matching 
step (matching point in each tree and its matching action ) is shown below the two 
profiles’ trees. A matching speed adjuster called “interval” is used to adjust the interval 
for each matching step in order to watch the process step more clearly. 

The matching for the head part and the common part in two profiles are simple string 
comparisons, however, the matching for a specific part is more sophisticated. It follows 
the following procedures: 

1. Compare each operation in ‘Source Profile’ with each operation in ‘Target Profile’ 
until an operation is matched; 

2. For each operation, compare each element of the exchanged information in ‘Source 
Profile’ with each element of the exchanged information in ‘Target Profile’ until an 
element is matched;  
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3. For each operation, compare each element of resources in ‘Source Profile’ with 
each element of resources in ‘Target Profile’ until an element is matched; 

4. For each operation, compare each element of constraints in ‘Source Profile’ with 
each element of constrains in ‘Target Profile’ until an element is matched; 

Select the 
REQ profile

Select one the 
MSU profiles

REQ MSU 

Start 
matching

Store 
result

Details of 
matching 
process

The list of 
matching 
nodes

Matching 
speed  

Fig. 9. Matching a capability profile 

6   Conclusions 

ISO16100 provides the standardized framework for software interoperability. In other 
words it provides a methodology to search for a good and proper manufacturing 
software unit and to show the precise capability of this software unit. In ISO16100, the 
interoperability and assurance of software units can be managed through their 
capability profiles which describe their capabilities that are associated with the aspects 
of functionality, interface and structure of the software unit. At present, ISO1600 
consists of six parts. Even though ISO16100 is developed for manufacturing software, 
the concepts and methods which are proposed in ISO16100 are generally applicable to 
software interoperability and assurance. MDM, MDD, CCS and Capability Template 
are basic tools and the capability profile matcher is a most useful tool in ISO16100 
framework. Trial implementation of the matcher shows the practical usefulness of the 
methodology. When the proposed environments are available, software interoperability 
and assurance will be enhanced on a grand scale. 
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Abstract. What is the competitive advantage of interoperable information 
systems? Taking this research question as a guideline the paper discusses how 
to approach the challenge of assessing the benefits of integrated systems. The 
main focus is laid on the direct and indirect effects of standardization projects 
which aim at continuous and homogenous order processing data. The 
knowledge based approach starts on data level and takes care of the 
interdependencies between the subsequent levels of aggregation. The problem 
immanent complexity is caused by the variety of heterogeneous product and 
process describing attributes. The application of management cybernetics in 
order to handle this challenge constitutes the focal point of this paper. 

Keywords: interoperability of information systems, standardization, 
management cybernetics, value added, order processing architecture. 

1   Introduction 

1.1   Initial Situation and Conceptual Background  

The European Union (EU) is presently funding a research project (IMS2020) 
fostering the achievement of “Sustainable Manufacturing, Products and Services” by 
the year 2020. The project team consists of industrial and research competences from 
all over the world. Leading institutes and enterprises from Switzerland, United States, 
South-Korea and Japan participate from the beginning of 2009 until the end of 2010. 

One of the main activities of IMS2020 is the identification of relevant research 
topics to set up a Roadmap describing how to achieve the desired vision of the year 
2020. In fact, 20 world wide existing roadmaps and 13 ongoing research projects have 
been mapped, identifying a total of 754 Research Issues. The development of the 
Roadmaps has been supported by collaborative tools shared with all the Roadmapping 
Support Group, a growing community that, at the moment, counts 254 participants 
from 108 mainly industrial organizations. The project is embedded in the global 
activities of the Intelligent Manufacturing Systems (IMS) initiative. This initiative is a 
platform for industrial research to share experience and best practices. 

The first steps, after the mapping, have been an open online survey, with 261 
participants, two brainstorming workshops and 106 interviews. All these activities 
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involved experts not only from Europe, but from all over the world, with special focus 
on the IMS regions (Japan, Korea, US). Based on these inputs, the IMS2020 team 
developed a vision for the 2020 manufacturing with a set of 62 Research Topics to be 
implemented in order to achieve it. These topics have been shared and refined with 
the input of the community through an online wiki (http://ims2020net.wik.is/) that has 
more than 2500 visits up to now. Finally the research topics have been validated and 
prioritized through a second online survey (n=359). Additionally the interest of the 
different IMS regions to participate in corresponding collaborative research projects 
has been taken into account. 

Sustainable manufacturing can be defined as “[…]the vision of a production 
system, in which production and consumption support the quality of individual and 
social life, in ways that are economically successful while respecting environmental 
limits. Knowledge and technology, capital, resources and needs are harnessed and 
governed so people can live better lives while consuming less material resources and 
energy” [26]. To achieve the goal of consuming less material resources and energy it 
is important to avoid any kind of waste. This is valid for specific production 
procedures as well as for all superior supply chain coordinating processes. For that 
reason it is not remarkable that the investigation of possible research topics led to the 
problems caused by inconsistent and redundant data.  

In the past decades production systems became more and more spread all over the 
world. The increasing number of multi-site enterprises imposes a tremendous 
challenge to the performance especially of enterprise resource planning (ERP) 
systems. Furthermore cross-company processes within the order management are 
steadily gaining importance. Companies realize efficient communications with their 
network partners as competitive advantages. Efficient and real time information 
sharing is more and more understood as a strategic instrument affecting the value of 
the company [3][4][5][6]. The growth of importance of IT infrastructure has increased 
disproportionately high since the 80ies [1][2]. Nevertheless, enterprises struggle 
fighting the problem of inconsistent and redundant data. On the one hand they are not 
able to avoid the appearance of these challenging effects. In consequence this leads to 
an inadequate support of cross-sectional order processing tasks. On the other hand the 
benefits of required projects to harmonize and standardize data and data structures 
cannot be evaluated with an adequate accuracy in advance. The value added by 
interoperable information systems is not known. In the end projects run out of budget 
or are not even launched although there is a high potential for improving processes 
and gaining competitiveness. 

Coming up in a lot of expert interviews as well as in a high number of survey 
returns this problem put the IMS2020 consortium to call for a sustainable 
management concept in one of its research topics. Especially product and process 
describing data with relevance for order processing should be in the centre of 
attention (RT1.20). Following this intention the underlying research work of this 
paper investigates how to estimate the competitive advantage of harmonization and 
standardization projects by making use of knowledge about the interdependencies 
among benefit dimensions.  
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1.2   Problem Definition 

Knowledge about the actual state of work is nowadays an indispensible competitive 
advantage acting on global markets. The competitiveness of an enterprise is not any 
longer defined only by its products and services but in fact by its ability to execute 
orders at maximum efficiency. Information is required to be accessible in real time 
and across all levels of production management. Nowadays a companies IT 
infrastructure is characterized by a high number of applied IT solutions. Taking a look 
at the process of order handling it becomes obvious that relevant data will not only be 
found in ERP Systems. Product Data Management (PDM), Product Lifecycle 
Management (PLM), Manufacturing Execution (MES) and even systems for 
production data acquisition (PDA) on shop floor level contain important knowledge 
for excellent order handling processes as well. The economic and logistic potential 
within the system interfaces is enormous, independent if it is rooted in intra company 
networks or among autonomous companies [7][8][9]. The challenge is originated in 
spread production systems. 

Identical products do not automatically guarantee synchronized process- and 
attributes structures. Not standardized processes lead to inadequate ERP system 
support, even if the objects and objectives are consistent. The results are inefficient 
information flow and poor transparency. The coordination between the different 
facilities is time-consuming and costly because integration and standardization 
potentials are not utilized. In addition the potential to integrate modern concepts of 
cooperation into operational and cross-site planning habits remains limited. Last but 
not least, the extent of the corresponding influences on the company’s key figures 
(e.g. ROCE) cannot be determined currently. The interoperability of a company is 
affected and remains far below its natural potential. 

For that reason harmonization activities are needed, that create an integrated, 
accurate and consistent data basis for all company-relevant master data [10]. An  
 

 

Fig. 1. Initial Situation 
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investment to a harmonization plan as an IT project remains undone, if only one of 
the involved entities appreciates the not negliable investment as too expensive, project 
risks as too high and the profitability ex ante not to be identified [11]. In times of 
intense global competition it is of particular importance, to ensure the plausibility of 
costly large-scale projects in terms of their real potential benefits. Otherwise 
companies are risking their existential business actions through wasting liquid funds. 
The value added must become assessable. 

A segmentation of the system discontinuities’ causes helps to structure the 
problem: On the one hand supply relations between the entities of a production 
network exist but the use of different ERP systems determines physical 
incompatibility of the interfaces. This case can be described as the integration gap. On 
the other hand compatible ERP systems are used, but semantic differences in the 
order processing data lead to incompatibilities. This can be summarized as the 
standardization gap [APMS proceedings]. The closure of integration- and 
standardization gaps through corresponding harmonization projects is the 
precondition for interoperability. Accordingly this segmentation will be regarded as a 
guideline for the ongoing research work and help to quantify the value added by 
interoperable information systems in spread production systems.  

1.3   Objective of Research Work 

The objective of this research work is to develop a method for the identification and 
estimation of the benefit potential of harmonized order processing attributes and data. 
The focus is on companies which act within the frame of spread production systems. 
The method should be useable to support decision processes regarding investments 
into corresponding harmonization projects within a company, a group or a network. It 
should provide an assistance to enable and raise the rationality of the decision and 
modern techniques to analyse cost-benefit potentials. 

Furthermore it is explicitly important to consider the induced dynamics, variety 
and complexity. This will be guaranteed by locating the respective processes in a 
reference model that fits these requirements.  

To provide useful results the development of the method has to include an 
investigation of all relevant interdependencies regarding the single benefit 
dimensions. A preceding analysis of the underlying complex structure identifying 
each relevant benefit dimension is indispensable. As different effects can occur 
whether in reinforcing or in inhibiting affection the necessary exploration of the 
corresponding relations can be processed from there on. This should lead to a 
deduction of the correlations between the single dimensions of benefit and the 
underlying heterogeneous data. Finally the qualitative benefits of potential should 
become assessable on a monetary level despite some uncertainties making use of such 
functional chains.  

1.4   Scope of Research Work 

Existing assessment approaches usually focus on the implementation of specific 
systems such as SCM or ERP applications only. Indeed, harmonization projects 
should not only be qualified by verifying their contribution to a single systems 
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performance. Furthermore it is essential to become aware of the total impact on all 
strategic goals, which usually affect vertical and horizontal integration and 
standardization needs.  

To narrow the scope of investigation contract manufacturers of products with 
variants are the initial point of work. Furthermore it is necessary to stick to processes 
that are suited as references of real actions. An analysis of reference processes ensures 
a complete enumeration of all interfaces that may suffer from heterogeneous data and 
attributes in and between enterprises. Accordingly for each interface a number of 
potentials can be identified. In order to structure potentials and relations the set-up of 
a benefit model comes into place. By developing a coherent target system connecting 
subordinate objectives of data harmonization with superior objectives such as cycle 
time reduction, the interdependencies can be evaluated. Starting from a detailed 
reference model, making use of knowledge about functional chains and ending up in 
an integrative assessment based on an overall target system is essential. 

Regarding information flows the Aachener PPC Model offers the most detailed and 
feasible reference model of order processing activities [13].  SCHMIDT amends this 
model by a description of the coordination points in 2008 [27][28]. But although the 
additional modelling of control loops concerns science as well, an explicit analysis 
and description of product and process describing data is still missing. Taking this 
spadework to another level several authors investigated the functional chains of 
benefit effects while having different target systems in mind [14][17][21]. A 
continuative connection of product and process data with any of the target systems is 
not performed. A universally valid model of respective functional chains keeps 
missing. Only a few authors try to elaborate the impact of IT integration but they keep 
focussed one specific system. They do not have the fundamental process of order 
processing in mind [21]. 
So far, there is no accordant technique which addresses the deduction of potentials 
that occur from a harmonization of product and process describing data in terms of 
order processing requirements.  

2   Research Design 

The course of action described below is geared to the approach to research according 
to ULRICH [15]. The research focuses on the effects of data harmonization regarding 
the monetary success of the companies. The description and explanation of the impact 
of data harmonization projects is the aim of the research work. The steps of the 
research process include terminological-descriptive, empirical-inductive and 
analytical-deductive components [16]. 

First of all the problem is embedded within management cybernetics. The order 
processing procedure is characterized by an interaction of diverse participants as well 
as by a high number of systemic interfaces. This results in a complex interplay of the 
entire observed systems which is difficult to be dealt with for a scientific analysis. In 
literature various models try structuring order processing activities according to a 
certain classification scheme in order of an integrative description of information 
interfaces. However, due to their focus and level of detail they do not afford a 
sufficient categorization of the diverse starting points for harmonization projects.  
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In this research work, management cybernetics is used as a starting point and initial 
approach for identifying potential benefits. The Viable System Model (VSM) has to 
be adapted in order to fulfil the research requirements which emerge from the 
consideration of dynamic effects. Hence, it serves as an essential basis for the 
description model. 

The second step involves the identification and localization of harmonization 
objects. In this case, harmonization objects are specific spots in the process which 
require certain coordination. Those spots are indicated by shifts from one medium 
into another, involvement of different types of information and the constraint to be 
crucial in decision-making or producing new information. Hence, the term 
harmonization object can be defined as certain step in the order processing, where 
incongruent data and/or the usage of different, not-connected IT systems finally lead 
to an increase of decision-making complexity. The harmonization object is therefore a 
part of the entire process, where those states can be identified. Harmonization demand 
causes negative consequences in the end to the monetary ratios of an enterprise which 
e.g. is done by longer work, information comparison tasks and reliable tasks. 
Therefore, the localization of harmonization objects within the entire order processing 
chain serves as a first step. In order to gain comprehensive results all information 
processed through all systems and activities in the sub-process are gathered and 
analysed.  

The harmonization objects arise from diverse typologies of causation, whereas in 
fact two different types can be differentiated. First order harmonization demand is 
existent if the same information is described by two syntactical different data sets. 
Second order harmonization demand is existent if a data set is changed and saved in 
another IT-system, so that the identical information has two different characteristics. 
Those harmonization demands lead to harmonization objects. As stated above, 
harmonization objects are steps in the order processing where harmonization demands 
of first or second order or a combination of both can be identified. 

The functional analysis of the harmonization objects’ influence on specific target 
elements prepares the ground for the final assessment. The target system, based on the 
spadework of FIR [22], lists all important and necessary management ratios on 
different hierarchical levels with certain dependencies. The identification of the 
decisive interdependencies between harmonization objects and elements of the target 
system is a crucial step. The proper assessment and estimation is the initializing path 
towards a monetary evaluation of the potential benefits of harmonization projects. An 
accurate detailing is therefore pivotal. 

Finally the design of a procedure for identification and assessment of potential 
benefits in harmonization projects is performed. The procedure is structured by three 
steps. The first one leads to an evaluation of each harmonization object. Secondly, the 
effect to a single business ratio is determined. Finally, an instruction for accumulation 
is given. 

In the end, the accomplishment of several activities leads to the method that has to 
be developed for the identification and assessment of potential benefits in 
harmonization projects. It includes the specification of various potential benefits and 
costs as well as the systematic analysis of the interdependencies referenced to an 
integrated target system. The following will give a brief overview how the VSM was 
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applied in terms of management cybernetics to ensure a resilient reference model as 
an initial point of work. 

3   Management Cybernetics 

The conventional methods of the model theory do not provide fitting approaches to 
face the system-immanent complexity of production systems. On the contrary systems 
theory and management cybernetics specifically start at this point. In contrast to the 
general approach of engineering or business sciences, these approaches do not 
exclude the complexity through restrictions and simplifying assumptions, but are 
setting the focus on it. The discipline of management cybernetics founded by BEER 
delivers receipts and methods to manage the company effectively because of a system 
oriented approach [12].  

3.1   Viable System Model 

The Viable System Model (VSM) was developed by Stafford Beer upon a trilogy of 
his publications [18][19][20]. BEER created the VSM in analogy to the human nervous 
system in regard to homomorphism and assigned the principles of control patterns of 
a living and life-sustaining biological system to social systems in order to adapt the 
attribute of system performance. Thus, it executes various operations like adjustment 
to changes in the environment and self-coordination of its parts. It contains multi-
level combined closed-loop systems and consists of an adequate and inevitable set of 
organizational functions for viable organizations and is able to maintain the 
organizational structure as well as to install internal stabilization, whereas from a 
cybernetics perspective viable means to maintain a separate existence. The VSM is a 
recursive system, where each VSM contains and is contained within other viable 
systems [19].  

The VSM displays companies independent from their size or branch into a system 
with five subsystems with identical structures. The VSM is a cluster of operations, 
management and the environment and it provides design techniques regarding 
information, material and energy flows. Hence, the VSM defines principles for 
organizations that need to be fulfilled in order to maintain viability. A VSM is 
composed of five interacting subsystems which are described below. 

System 1 incorporates the operations and primary activities where the system’s 
purpose is fulfilled. The entire operation unit may contain several System 1. Every 
System 1 consists of a management and operation unit which is connected due to 
certain principles to the environment and other systems. 

The other systems are so called meta-systems which means they are above logical 
order. They perform as a management unit and control system for the operation units.  

System 2 performs the coordination of the operation units. Typical specifications 
are information systems, coordination teams or internal service units. The behavior of 
the autonomous operating System 1 has to be adjusted in order to prevent 
dysfunctionalities and oscillation. 

System 3 is the operative planning and therefore responsible to ensure efficiency in 
the operation’s performance. It is accountable for the internal control of the 
organization and functions as a supervisor for the System 2 activities. System 3* is 
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directly connected to System 3. It fulfills direct monitoring operations in System 1 via 
sporadic audits and supports System 3 with necessary information about the 
operations performance. 

The main purpose of System 4 is to gather information from the environment, to 
separate it, and to generate potential future models of the environment and the 
organization. It derives and develops strategies for prospective corporate development. 

System 5 is the normative management. On the one hand it is responsible for the 
interaction of the operation and strategic management, and on the other hand 
represents the corporate values, norms and rules. It builds the ethic and culture of an 
organization [19]. 
 

The information generated from and by management activities is distributed through 
the closed-loop channels between the five subsystems. Every system has a certain 
configuration of information type executed and processed to other systems: 

• System 1: Information about the primary activities and information that is 
forwarded between the operating systems 

• System 2: Information that is required to assure harmonization between all the 
operating systems 

• System 3: Information that is used to enhance the operating S1 systems activities 

• System 4: Information from the environment and from the organization that is 
significant to strategic development 

• System 5: Information of a normative quality 
 

The Viable Production System (VPS) serves as an organizational corporate model to 
understand and explain the flow of information in the company regarding the control 
of processing of orders. Particularly, the information processed by the meta-system is 
in focus. 

3.2   Viable Production System 

The structure of the VPS is defined by the application of the order transaction 
processes of manufacturing companies to the operational systems of the VSM. It is 
characterized by a concurrent appearance of a process-oriented view as well as an 
organizational control-oriented-view in one holistic enterprise model method. 

According to SCHMIDT, the order processing consists of nine key processes: 
process offer, projecting, product design, order executing, parts procurement, parts 
production, parts assembly, distribution and after sales service [22]. Furthermore, the 
key processes can be divided from sub-processes to employee level. The nine key 
processes establish the nine main activities of the Systems 1 in the first recursion level 
in order to afford major autonomy. Taking an ideal case as a basis the order 
processing can be proceeded without further intervention of the control units or the 
meta-system. The control units are assigned with two tasks:  

 

• process monitoring to handle disturbances 
• organizing the operational elements according to guidelines of the meta-

system 
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Fig. 2. Viable Production System [23] [24] 

The application of the VSM broadens the limited stand alone process view by a 
further dimension. While the process model arranges the key processes and flow of 
information among one other, it is able to map the monitoring, control and 
disturbance functions within the VSM [23][24].  

The advantage of the VPS is the stringent orientation on the order processing in 
conjunction with the current examination of the process and control level. Hence, the 
opportunity of a holistic embodiment is provided. The corporate application of the 
VPS is still a challenge to be dealt with. Another focus of research interest for this 
survey is provided by the anastomotic reticulum. Within the VSM, the anastomotic 
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reticulum serves as the direct connection between the operational units. Information, 
energy and material can be transmitted through the respective channels of the net in 
order to fulfil the operational aims. An anastomotic reticulum is a model of a neuronal 
net in which every neuron listens and speaks to many [25]. This means that the 
various connections of a network are compound in such a manner that it is no longer 
possible to detect how the information has passed the network. Comparable to a river 
delta it is impractical to determine where one particle comes from and goes to. It 
seems unfeasible to track a single particle in the water. Information streams in 
management or social systems appear with the same attitude [18]. 

Whereas the residual channels of the VSM serve for variety engineering and 
control mechanisms, the anastomotic reticulum is the main connection in terms of a 
systems purpose. Therefore, this network is an essential research object when dealing 
with the order processing without considering a certain control mechanism. 

The VPS concentrates on the control systems of an order process and is engaged in 
the information flow of the meta-system. The connections between the meta-system 
and operational system are on focus as well as the channels within the meta-system. 
This research tries to bridge the gap within the VPS and centres its work on the 
information flows between the operational systems which is neither covered in the 
VPS and VSM at present.  

4   Results and Conclusion 

The challenge for enterprises of being efficient and effective in using their IT 
infrastructure is gaining more and more importance. Yet a promising approach to 
evaluate potential benefits in advance is missing. In the field of profitability analysis 
of order processing in spread production structures the difficulty lies more within the 
estimation of benefits rather than in the estimation of the efforts. The monetary 
analysis of benefit potentials is so far limited to quantitative dimensions, while the 
qualitative aspects stay neglected or analyzed on a general level only. 

As the mediate potentials of benefit at harmonization projects have a high total 
ratio, the validation of the effects on a monetary key figure for those systems is highly 
relevant. The interdependencies between the dimensions of benefit were so far only 
analyzed isolated and without regarding of cross-sites effects. Functional chains 
analyzed so far do not give a detailed description of the influencing mechanisms, 
apart from quantifying positive or negative influences. By that it can be stated that a 
systematic, scientifically founded derivation of the benefit potentials of harmonized 
data objects has not been performed yet. A corresponding option to assess potential 
benefits efficiently and exemplify their interdependencies is missing as well. 
Complexity could be identified as the main causes for this failure. 

The VPS in general and the anastomotic reticulum in particular frame a suitable 
approach to meet the evolving requirements. The anastomotic reticulum can be 
specified due to the transmitted types and the mode of connection. Information, 
energy and material are the distinguishable types which are interchanged by the 
operational units. The mode of connection is determined by the specified Systems 1, 
where human or technological channels can be differentiated. Especially the 
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technological channels can be developed as machines, conveyors, programmes, 
applications, emails, information systems, power lines, faxes and many more. 

BEER has stated that a specific survey of the anastomotic reticulum is not practical 
due to its nature. Taking the examples from above into account, it is obvious that a 
post-correlation how all the different types proceed and the identification of the 
sender or receiver is clearly too complicated. For that reason containment is necessary 
in terms of the research topics’ focus. Due to the absence of material and energy in 
business processes only information needs to be taken into account as a transmitted 
type. The containment of the mode of action turns out to be more precise than a 
separation into human or technological channel. Because the VPS and this research 
focuses on the harmonization potentials regarding IT-supported order processing 
activities, all information systems which have a relevant impact on the business 
process have to be distinguished. These distinguishable information systems build the 
so called primary systems (e.g. ERP-Systems, etc.). All other modes of connections 
which do not count as information systems by definition are gathered as the so called 
secondary systems (e.g. email applications, etc.). Hence, the object of research 
requires the distinction between the several information systems known as primary 
systems and secondary systems. Latter have not to be splitted further. 

It is not necessary to determine how information finds its way from a sender to a 
receiver. Due to the conjunction of the business process analysis concept and recent 
applied information technology systems, the potential sender and receiver can be 
identified independently from time constraints. The nature of the anastomotic 
reticulum can be examined due to the selective choice of relevant observation objects. 
The relation between certain information and level of information can be studied by a 
comparison of the different information systems and secondary channels. 
Consequently, the reticulum has to be understood as the localization of enterprises 
harmonization potential. 

This finding is the missing link which inhibited a holistic assessment of the 
harmonization potential so far. On the one hand the identification, categorization and 
assessment of potential benefits and costs become possible. On the other hand the 
consideration of the functional interdependencies between the various benefit 
dimensions ensures valid results. 
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Abstract. Enabling the interoperability between applications requires 
agreement in the format and meaning (syntax and semantics) of exchanged data 
including the ordering of message exchanges. However, today’s researchers 
argue that these are not enough to achieve a complete, effective and meaningful 
collaboration – the use of data (pragmatics) is important as well. Pragmatic 
interoperability requires mutual understanding in the use of data between 
collaborating systems. However, we observe that the notion of pragmatic 
interoperability is still largely unsettled, as evidenced by the various proposed 
definitions and the lack of a canonical understanding. Therefore, our objective 
is to contribute to a more thorough understanding of this concept through a 
systematic review of published definitions. Our results show that, indeed, 
various interpretations of pragmatic interoperability exist. Categorizing the 
derivable concepts from these definitions, we see two broad groups: system 
level and business level. Within each of these individual levels, we see some 
degree of agreement among the definitions. However, comparing the definitions 
across these levels, we observe no general agreement. At the system level, 
pragmatic interoperability essentially means sharing the same understanding of 
the intended and actual use of exchanged system message in a given context. At 
the business level, pragmatic interoperability goes beyond service use by 
considering also the compatibility of business intentions, business rules, 
organizational policies, and the establishment and maintenance of trust and 
reputation mechanisms between collaborating business parties. 

Keywords: pragmatic interoperability, definitions, systematic review. 

1   Introduction 

Since the beginning of the 1980s, research towards the interoperability of enterprise 
applications has been steadily increasing [2].  The continued emergence and advances 
in networking, computing technologies and standards have stimulated this interest. On 
the one hand, organizations are exploring interoperability to build partnerships that 
add value to their products and services, and help explore new business opportunities. 
On the other hand, these advances also provide opportunities for organizations to new 
enable partnerships in ways that were not previously possible [8].  
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Interoperability means allowing one system to perform the operation of another 
[2]. Until now, interoperability has been understood in a largely layered fashion. A 
meaningful interoperation between enterprises can be achieved fully if it exists in all 
layers simultaneously: inter-enterprise coordination, business process integration, 
semantic application integration, syntactical application integration, and physical 
integration [3]. 

Currently, however, there are also researchers who advocate the importance of 
interoperability at the pragmatic layer. Using results from our research, we tentatively 
define pragmatic interoperability as the compatibility between the intended versus the 
actual effect of message exchange [7]. Thus, at the message level, mere agreement 
between the meanings (or semantics) of exchanged data and the structure (or syntax) 
which codifies these messages are not enough to achieve complete, effective, and 
meaningful collaboration. How data is used (or pragmatics) is also important and 
must, therefore, be mutually understood between collaborating systems. 

However, we observe that the definition of pragmatic interoperability is still 
largely unsettled. Unlike syntactic and semantic interoperability definitions, a variety 
of pragmatic interoperability definitions are currently proposed, and there seems to be 
a lack of a canonical understanding. We argue that solutions not founded on a 
common understanding of pragmatic interoperability may lead to incompatible 
solutions. As we are currently developing a solution, we find it imperative to first 
explore the concept of pragmatic interoperability.  

We expect to contribute to this understanding through a systematic review of 
published definitions. Although we aim at achieving consensus in this area, with the 
support from both the industry and academia, it is not the objective of this paper to 
propose a single definition but to gather existing definitions and review their key 
differences and similarities. To the best of our knowledge, no such review has yet 
been made. We hope that this paper can serve as a starting point towards a possible 
improvement in the understanding and communication between individuals and 
organizations working in pragmatic interoperability research, and ultimately, to aid in 
developing future solutions.  

The rest of the paper is structured as follows: Section 2 describes the background 
to the concepts behind interoperability and pragmatic interoperability. Section 3 
describes the review process we used to systematically gather published definitions. 
Next, Section 4 presents the search and analysis results that compares key concepts, 
similarities and differences of the identified definitions. Section 5 provides some 
analysis and discussion. Finally, Section 6 presents our conclusion and future work. 

2   Background 

By way of background, we briefly introduce the key terminologies of interoperability 
and pragmatic interoperability. 
  
Interoperability. Several definitions of interoperability exist. The IEEE defines it as: 
“the ability of two or more systems or components to exchange information and to use 
the information that has been exchanged”[10]. ISO defines it as “the capability to 
communicate, execute programs, or transfer data among various functional units in a 
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manner that requires the user to have little or no knowledge of the unique 
characteristics of those units”[11]. The Open Group defines it as “the ability of 
systems to provide and receive services from other systems and to use the services so 
interchanged to enable them to operate effectively together”[12]. Researchers in 
enterprise interoperability define it as: “the ability for two systems to understand one 
another and to use functionality of one another”[2]. And, in the context of Service 
Oriented Architectures: “the ability of the software systems to use each other’s 
software services”[7]. Summarizing, interoperability allows some form of interaction 
between two or more systems so as to achieve some goal without having to know the 
uniqueness of the interacting systems [7].  
 
Pragmatic interoperability. At this stage, we briefly introduce pragmatic 
interoperability based on our own research so as to give some background 
information.  

Merriam-Webster’s dictionary defines pragmatics or pragmatism as to do, to act, 
or to be practical from the word’s Greek etymology pragmatikos or pragma.  

In Information Systems research, most studies that apply pragmatism seem to draw 
their theoretical foundation from the Theory of Signs (Semiotics) of Charles Morris 
[5] where he discusses human interpretation over (non-)linguistic signs. Morris sees 
Semiotics (in Greek: interpreter of signs) as that which is comprised of three basic 
components: syntactics (or syntax), semantics, and pragmatics. Syntax deals with the 
abstract study of signs and their formal relation to one another without regard to their 
meaning and use.  Semantics reifies syntactic elements of signs by adding meaning 
but not use. Finally, pragmatics encapsulates both syntax and semantics for the 
purposeful use of signs [1]. Specifically in Morris’ terms: syntax is that which acts as 
a sign (the sign vehicle), semantics is that which the sign refers to (the designatum), 
and pragmatics is the effect of the sign on the interpreter (the interpretant) [5, p.3].  

Pragmatic principles in linguistic communication also apply to the interoperability 
of systems. In order to allow systems to interoperate, the communication between 
them must therefore take place achieved through message exchange. Messages 
contain data that represent the properties or values about the entities or phenomena of 
the message’s subject domain (i.e. that part of the world that the message is about).  

However, it is not always the case that collaborating systems have a common 
manner of codifying, understanding, and using the data that is exchanged. The 
difference can also be viewed in three layers: syntactic, semantic, and pragmatic.  

 

• To ensure syntactic interoperability, collaborating systems should have a 
compatible way of structuring data during exchange; i.e., the manner in which data 
is be codified using a grammar or vocabulary is compatible.  

• To ensure semantic interoperability, the meaning of the syntactic elements should 
be understood by collaborating systems; i.e.; they share the same meaning of the 
data in relation to the entity or phenomena it represents in the real world.  

• Finally, to ensure pragmatic interoperability, message sent by a system causes the 
effect intended by that system; i.e., the intended effect of the message is understood 
by the collaborating systems. Pragmatic interoperability can only be achieved if 
systems are also syntactically and semantically interoperable [7].  
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3   Review Process 

To allow for a rigorous search of definitions, we use the procedures for adopting 
systematic reviews proposed by Kitchenham [4]. A systematic review consists of a 
research protocol which details the rationale of the survey, research questions, search 
strategy, selection criteria, synthesis and analysis of the extracted data. Such a review 
procedure is appropriate for our purpose since, as Kitchenham argues, it summarizes 
existing evidence, identifies gaps in current research and areas for further 
investigation, and provides a background in which to position new research 
objectives. In our case, we summarize current evidence in pragmatic interoperability 
research by surveying their definitions and identifying gaps for further research 
through an analysis of their similarities and differences. Figure 1 describes the review 
process graphically. 

 

Fig. 1. Summary of the review process 

We design the research to proceed in two phases. For each phase, we use a different 
search string (one broad and one narrow) to search for relevant papers. The search 
strings are used consistently over the same set of electronic indexing sources. From the 
hits returned by each source, we use a set of predefined selection criteria to manually 
identify papers that were both unique and relevant. To obtain only unique papers, we 
exclude a paper that has already been identified from a previously searched source 
regardless of the phase (i.e. they have the same paper title). Additionally, we manually 
looked into the references of selected papers which cite other authors to identify more 
definitions of pragmatic interoperability. We do this repeatedly – applying the same 
selection criteria –until no other referenced paper seem relevant. Finally, from the set 
of unique papers identified, we perform a qualitative analysis to draw key concepts and 
categories. The search was conducted from November 17, 2009 to January 31, 2010. 
One of us prepared the review protocol independently while the other reviewed and 
criticized it before the actual search began.  

Research questions. Kitchenham[4] suggests that the structures of research questions 
should be divided into population, intervention and outcomes. We treat the population 
in our review as those pragmatic interoperability definitions proposed by various 
authors. Our intervention involves extraction, synthesis, and analysis of key concepts 
from these definitions. The outcome that is of interest to us is the similarities and 
differences between these definitions. Our research questions are thus: (i) What 
proposed definitions describing the notion of pragmatic interoperability can be found 
in the existing literature? (ii) What are the key concepts in these definitions? (iii) In 
what ways are the definitions similar or different? 
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Search strategy. We conduct the search in two phases. The first phase searches for 
relevant papers as exhaustively as possible. We do this by using a search string whose 
main keywords included synonyms and word class variations. A preliminary search 
helped identify synonyms using the main keywords “pragmatic” and 
“interoperability”, with additional help from a dictionary and thesaurus. For example, 
together with the main keyword “interoperability” we include its noun, adjective and 
verb forms; however, we do not add synonyms to the keyword “pragmatic” but add 
only its noun variation. The phase 1 search string is thus: 

(pragmatic OR pragmatism) AND (interoperate OR 
interoperability OR interoperable OR interoperation 
OR integrate OR integration OR collaborate OR 
collaboration OR cooperate OR cooperation OR connect 
OR connection OR communicate OR communication OR 
exchange OR coalition) 

The goal of the second phase is to make the search more restrictive, narrow and 
focused. The phase 2 search string is thus: 

pragmatic AND interoperability 

For each phase, we apply the search strings consistently over nine electronic 
indexing sources (searched in the following order): (i) Google Scholar 
(scholar.google.com), (ii) Scopus (www.scopus.com), (iii) ISI Web of Knowledge 
(apps.isiknowledge.com), (iv) CiteseerX (citeseerx.ist.psu.edu), (v) Compendex 
(www.engineeringvillage2.org), (vi) ScienceDirect (www.sciencedirect.com), (vii) 
IEEEXplore (ieeexplore.ieee.org), (viii) ACM Digital Library (portal.acm.org), and 
(ix) Springer Link (www.springerlink.com), sorting each search result by relevance.  
 
Selection criteria. For each search phase, we devise and apply the same set of 
selection criteria to retrieve papers. The criteria include, in general: (i) limited to 
journals, conferences (proceedings), workshop papers, including technical reports, 
theses, and books or book chapters; (ii) written in English; (iii) regardless of 
publication date; (iv) within the computer science discipline; (v) in particular, it must 
explicitly contain text that defines (or attempts to define, propose, suggest, or 
describe) pragmatic interoperability found either in the abstract or body of the paper; 
(vi) proposed by original author(s); and (vii) in the case of similar definitions by the 
same (set of) original author(s), the most informative and descriptive definition (so 
not necessarily the latest). We used the first six criteria to extract candidate papers 
from the nine sources and the final criterion to arrive at the final set of definitions 
from the candidate papers for qualitative analysis. 
 
Qualitative Analysis. From the total set of selected unique definitions, we analyze 
their differences and similarities using open coding – a component of the constant 
comparative method of analysis proposed by Strauss and Corbin [9]. Open coding is 
the process of analyzing data (which in our case are texts containing the definitions) 
by conceptualizing and categorizing them. Conceptualization requires breaking down, 
examining, comparing and labeling data according to some discrete happenings, 
ideas, events, or other phenomena. Categories group concepts which pertain to a 
similar phenomenon at a more abstract level. We use a qualitative analysis software 
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called NVivo 8 [5] from QSR International to facilitate the coding process and to 
perform additional analysis. One of us performed the actual coding while the other 
reviewed and criticized the results.  

4   Results 

All in all, we identify 101 relevant and unique papers. From these, 43 papers are from 
the first phase, and 58 from the second. The 101 papers are unique in the sense that 
they do not have the same titles. However, it may be the case that they may have the 
same, or slightly similar, definitions from the same (set of) author(s). Thus, by 
applying the final selection criterion (c.f. Section 3), we arrive at the final set of 
unique definitions from 44 papers. These papers are the basis for the qualitative 
analysis using open coding that later followed. Table 1 shows the comparison 
between the key concepts derived from definitions of the selected 44 papers. The 
proposed categorizations of these concepts are discussed in Section 5.  

Table 1. Summary of open coding analysis1 
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Pokraev [7] 2009          
Roukolainen [13] 2009          
Seo, et al. [14] 2009          
Mingxin, et al. [15] 2009          
Liu [16] 2009          
Bravo, et al. [17] 2009          
Sheping, et al. [18] 2009          
Vilches-Blázquez, et al. [19] 2009          
Tolk, et al. [20] 2008          
Boxer, et al. [21] 2008          
Leuchter, et al. [21] 2008          
Dehmoobad, et al. [23] 2008          
Ballari, et al. [24] 2008          
Ruohomaa [25] 2007          
de Moor [26] 2007          
Elkin, et al. [27] 2007          
Dagienė, et al. [28] 2007          
Rukanova, et al. [29] 2006          
Legner, et al. [30] 2006          
Paterson, et al. [31] 2006          
Tamani, et al. [32] 2006          
Agerri, et al. [32] 2005          
Wenzel, et al. [34] 2005          
Schade, et al. [35] 2005          
Artyshchev, et al. [36] 2005    `      
Bazijanec, et al. [37] 2005          

                                                           
1 Due to lack of space, the list of selected definition and its summary are given in 

http://wwwhome.cs.utwente.nl/~asuncionch/research/pi/pi_definition_search_results.htm 
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Table 1. (continued) 

Bentahar [38] 2005          
Chun, et al. [39] 2004          
Goossenaerts [40] 2004          
Karasavvas, et al. [41] 2004          
Hofmann [42] 2004          
Zimmerman [43] 2003          
Singh [44] 2000          
Phillips, et al. [45] 2002          
Euzenat [46] 2001          
Huber, et al. [47] 2000          
Labrou, et al. [48] 1999          
Ingenerf [49] 1999          
Wang, et al. [50] 1999          
Bradshaw, et al. [51] 1999          
Cerri [52] 1999          
Gristock [53] 1998          
Gitt [54] 1989          
Werner [55] 1988          

5   Discussion 

Although, in general, we see no agreement among the definitions, we observe that if 
the definitions are grouped broadly into two categories – system and business levels – 
then we some reasonable agreement. By system level, we mean that the interaction is 
mostly between applications through the exchange of messages. By business level, we 
mean that the collaboration is mostly between organizations, business units, business 
processes, or even human actors [30]. Our results also show that much research 
emphasis has been given towards the system level and only a little at the business 
level (e.g. [13,23,25,29,30,34,45]). 

At the system level, four key concepts consistently arise: message intention, 
message exchange, message use, and context.  

• A message is sent with some intention. Some authors use the term ‘goals’ [39,40], 
purpose [16], ‘needs’ [40], ‘preferences’ [18], ‘desired actions’ [42], or ‘reasoning 
behind the message’ [35]. A message intention contains what the sender expects 
the effect of the message will be or the intended use of data on the receiver.  

• To realize the sender’s message intention, the message must first be sent to the 
receiver in some automated way. This requires that message exchange must 
therefore take place. This is important as interoperability, by definition, requires 
communication between systems. We observe that all definitions at the system 
level consider this to be an important concept, whether stated explicitly or 
implicitly.   

• Message use is about how a receiver interprets the intention of the communicated 
information on message receipt. Some authors call this generally as the effect the 
message has on the receiver (e.g. [7,31]). The actual effect of the message must 
thus be compatible with its desired intention. This demands from the receiver 
thorough understanding of the intention of the received message; i.e., the intended 
interpretation and use are clear (e.g. [14,16,17,18,20] among others).  
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• The importance of context in the use, interpretation and understanding of the 
message is regarded by most authors as a core concept in pragmatic 
interoperability. It should not be the case that messages are used arbitrarily; a 
message has to be used in a certain context. The complete pragmatic meaning of a 
message varies, depending on the context in which it is used (e.g. 
[20,16,14,30,32]). Therefore, to achieve pragmatic interoperability, at least at the 
system level, the intention of the message and its use in a given context are 
understood by the collaborating parties; i.e., context is mutually shared [20]. 
Although some authors closely relate use and context (e.g. [20,16,14,32]), we 
separate them here as some authors are unclear as to their relation (e.g. 
[7,21,28,31]).  

We notice also that there seems to be a lack of discussion and agreement as to 
what constitutes context in terms of its properties and dimensions in relation to 
pragmatic interoperability. Some authors do provide insights. Liu [16] says context 
is “where communication takes place. [It is] constantly and dynamically formed, 
deformed, configured and re-configured, and that […] different behaviors can 
result [in] different results under different context[s]”. Tolk [20] describes context 
as “both the state that the system is in at the time the [data] element is being 
employed, as well as a specification of the particular system process that will 
employ the [data] element. If any of these things change (either the system state, or 
the particular process), then the meaning of the element might be different”. 

Thus, summarizing, some authors believe that pragmatic interoperability, at the 
system level, is achieved if collaborating systems share the same intention of message 
use (e.g. [17,21]). Other authors emphasize the role of context beyond message use; 
i.e., pragmatic interoperability is achieved if collaborating systems share not only the 
same understanding of the intended use of data, but also the same context in which 
the message is (to be) applied (e.g. [14,20]). In a broader sense, we can consider that 
message use and the context where the use occurs together constitute the expected 
effect that must be both understood by collaborating systems (e.g. [7,16,31]). 

At the business level, four main key concepts seem to arise consistently: business 
requirements, business collaboration, business use, and context. 

 

• Business requirements encompass the business’s autonomic intentions expressed 
through business rules, organizational policies [13], definition of responsibilities 
[23] and required business processes, specifications of the roles, and the definition 
of security services and authorization [34] needed for collaboration. The business 
requirements not only emphasize what the collaboration is about but also what the 
underlying business intentions are [29,45].  

• Like message exchange at the system level, business collaboration at the business 
level is also a prerequisite of pragmatic interoperability. This not only deals with 
continuous communication between business parties [32] but also entails 
negotiation [13,32] (e.g. expressed through collaboration contracts [13] including 
the execution and monitoring of responsibilities and agreements (such as through 
Service Level Agreements)[23]). 

• Business use is an indication of how business parties use their shared services [23], 
how communicated information is received, interpreted [29], understood and used 
by partners [29,30], including who executes the communicated information [45].  
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• Similar to the system level, some argue that a shared understanding of background 
or context between the collaborating parties is also important to establish 
pragmatic interoperability at the business level. Context here includes the different 
professional, social, or cultural backgrounds of the collaborating business parties 
[32] relevant to the communication, or the sharing of the same physical space, 
same timeframe, and capabilities of collaborating parties [53]. 

• Aside from the four concepts outlined earlier, other authors also emphasize trust, 
reputation and willingness of collaborating partners as equally important 
prerequisites for pragmatic interoperability that must be established before and 
maintained during the collaboration [13,25,50]. Trust management looks at 
whether business parties trust one other enough to want to start a collaboration. 
Furthermore, the trust needed to start the collaboration may evolve over time and 
may be different for new parties joining. Business parties may also belong to 
different cultural norms and may follow different legislation that dictate how trust 
is to be established between them [25].  
 

Thus, summarizing, pragmatic interoperability at the business level exists if there is 
compatibility between the business requirements of collaborating parties expressed 
through their business intentions, business rules, and organizational policies [13]. 
Collaborating parties should also have a shared understanding of the services they 
offer [30] and the context in which these services are to be used [32,29]. Beyond 
these, they should also establish beforehand and maintain during collaboration trust, 
willingness, and reputation-related issues [13,29].  

6   Conclusion and Future Work 

This paper explores the notion of pragmatic interoperability as it is understood today. 
As the understanding of the term is still largely unsettled, this paper aims to contribute 
to a more thorough understanding of the term through a systematic review of 
currently published definitions.  

Our results show that, indeed, various interpretations of pragmatic interoperability 
exist. Categorizing the concepts from these definitions, we see two broad groups: 
system level and business level. Within these individual levels, we see some degree of 
agreement among the definitions. However, comparing the definitions across these 
levels, we observe no general agreement. At the system level, pragmatic 
interoperability involves sharing a common understanding and expectation in the use 
of data in a particular context (where context of use is much emphasized). At the 
business level, pragmatic interoperability entails a shared understanding of the use of 
services offered as applied in a given context. Beyond service use, collaborating 
parties should be compatible in terms of business intentions, business rules, 
organizational policies, including the establishment and maintenance of the trust and 
reputation mechanisms.  

However, there still remain some key concepts that need to be further explored 
such as the notion of context in pragmatic interoperability. Although many authors 
argue favorably of its importance, we observe that there is still a lack of discussion 
and agreement especially at the business level where treatment is rudimentary. We 
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ask, how should context be understood at either business or system level, and how 
does one influence the other particularly in pragmatic interoperability?  

Additionally, the separation between the business level and system level needs a more 
thorough investigation in terms of their alignment. How can this alignment be achieved? 
What potential benefits and challenges can this alignment bring forth? In the end, we 
argue that to allow businesses to fully take advantage of pragmatic interoperability 
approaches, the system level and business level should be properly aligned.  

At a much wider perspective, are the concepts of pragmatic interoperability 
presented in this paper currently addressed by solutions, approaches, frameworks or 
methodologies? If they do, to what extent are they able to do so? Are current 
languages or notations able to sufficiently express or model pragmatic interoperability 
requirements and solutions? If not, what new concepts have to be added to these 
languages or notations? These are just some of the important questions that will drive 
our future work in pragmatic interoperability research.  
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