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Abstract
This document provides state of the art review in the field of
interoperability focusing on the needs of SMEs. To prepare
the review, business models and interoperability requirements
of SMEs are described. Following the interoperability areas
relevant for COMMIUS it is examined which technical, process-based and semantic solutions for interoperability required
by SMEs are available at the moment and which research projects were executed in this area. Thus, the document provides
an overview of which concepts in the context of COMMIUS
already exist and which concepts are missing.
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Executive summary
This document provides a state of the art review in the field of interoperability focusing on the
needs of SMEs. In preparation of the review of individual technologies and projects, business
models and interoperability requirements of SMEs are described. Following the interoperability areas relevant for COMMIUS it is examined which technical, process-based and semantic
solutions for interoperability required by SMEs are available at the moment and which research projects were executed in this area. Thus, the document provides an overview of which
concepts in the context of COMMIUS already exist and which are missing.
To obtain this aim, in Chapter 1 method followed for the state of the art review is described
while in Chapter 2 SME business models and interoperability requirements of SME are described. In Chapter 3, 4, 5, and 6 representative approaches in the fields of process, system
and semantic interoperability, as well as related research projects are reviewed. Chapter 7
concludes the document with a summary and an outlook on future research.
The main results of the document can be summarized as follows: 1. The SME business models and interoperability requirements specification confirmed the need for a cost-efficient,
light-weight interoperability solution as envisioned by COMMIUS. 2. The review confirmed
the assumption that neither in the different interoperability areas (process, semantic, system)
nor in recent research projects a system comparable to the COMMIUS solution was developed. 3. The approaches evaluated in the review (that were assessed as useful) also provide
the basis for further work, i.e. more fine-grained analysis in order to use them in individual
elements of the COMMIUS solution. Also the work on SME business models constitutes a
basis for future work; for example future deliverables (e.g. the exploitation plan) can use the
delimitations of business model characteristics and business model taxonomies described in
this document.
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1 Introduction
1.1 Motivation
Nowadays, the widespread use of modern Information and Communication Technologies
(ICT) results in highly competitive markets. Companies of all sizes have to cope with this
changing business environment, where former entry barriers are not existent any more and the
product and price competition increases steadily. Therefore, more and more companies try to
meet the challenge by concentrating on their core competencies and cooperating with other
companies to complete the value chain [Wirtz & Vogt, 2003]. Within an economy of globalization, time is becoming more and more the success critical factor forcing enterprises to
quickly react on new business opportunities. Therefore, besides from the classical core competence orientation, a concentrated effort to be always prepared to initiate or join new businesses will become a mandatory management task.
However, before and while working together, cooperating companies have to coordinate their
activities. This coordination generates costs that must be minimised to maximise the cooperation benefit. Especially for SMEs (Small- and Medium-sized Enterprises), which have in
most cases very restricted financial resources, it is necessary to minimise coordination costs.
Accordingly, the aim of the COMMIUS project is to offer an affordable interoperability solution for SMEs, enabling them to initiate and execute cooperations in an economic and easy
way.1
According to the description of work, the COMMIUS Project should push forward the stateof-the-art and lead to novel approaches, e.g. novel ways to configure process model dependent, cross-enterprise communication [COMMIUS, 2007]. However, previous to the development of such a solution that enables interoperability for SMEs, it is necessary to investigate
what concepts to reach this goal already exist.

1.2 Objectives
Correspondingly, the main objective of this document is to evaluate existing solutions and
approaches in the field of interoperability possibly related to the COMMIUS solution. This
review should provide the basis for further developments in COMMIUS.
Note though that it is not in scope of this document to provide a fine grained state of the art
analysis for all components to be developed in the course of COMMIUS. The aim is rather to
provide an overview of the interoperability requirements of SMEs and solutions that exist (or
do not exist) in order to fulfil these requirements and to provide a picture of the overall research landscape constituting the basis for further, more detailed research.

1.3 Defining Interoperability
Due to the need to connect the growing variety of technical systems, the term interoperability
was heavily used in the last decades. Thus, a vast number of publications and research pro1

In this vein in the project summary it is stated that the aim should be to provide SME with a solution that
enables “zero-cost-of-entry” into interoperability. For a detailed description of the COMMIUS objectives
refer to the DOW [COMMIUS, 2007], pp. 8.
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jects indicate the prevailing importance of interoperability research. For example, in the USA,
a $1 billion program was recently initiated to resolve interoperability problems among and
between public safety entities [Public Safety & Homeland Security Bureau, 2008]. Examples
of recent projects on interoperability research funded by the European Commission include
INTEROP, ATHENA and R4eGov.2 Publications on interoperability can be traced back at
least to the year 1967; however, the number of publications on interoperability rose significantly after the year 2000 [Ford et al., 2007]. Not surprisingly, many different definitions and
state-of-the-art reviews of interoperability exist (comparisons of interoperability definitions
can be found for example in [Peristeras & Tarabanis, 2006], [Schmidt et al., 2007], [Ray et al.,
2008]).
In the following, the interoperability definition of the Institute of Electrical and Electronics
Engineers (IEEE) will be followed, which describes interoperability as “the ability of two or
more systems or components to exchange information and to use the information that
has been ex-changed” [IEEE, 1990]. Interoperability is sometimes seen as a feature of technical systems (e.g. [Lewerenz, 1999], [Rosner]). However, it can also be understood as a feature of socio-technical systems, i.e. enterprises. Thus, interoperability has to be established
not only on technical layers but as well on conceptual levels, comprising for example the
business processes of collaborating enterprises.

1.4 Related State-of-the Art Reviews
In recent EU projects, several State-of-the-Art reviews in the context of interoperability between enterprises were executed; examples include:

2

•

ATHENA Deliverable 8.1, “Analysis of Interoperability Situation and needs of
SMEs and current approaches”. Though the subjects of this deliverable are SMEs,
the interoperability situation of them is reviewed from an ATHENA perspective,
that is based on model-driven techniques in the context of SOA. Accordingly, the
reviewed technologies are rather sophisticated (process modelling, process model
transformation, execution of processes via service buses etc.) and their suitability for
SMEs is questionable. In comparison to COMMIUS, they did not aim at a commodity-like, e-mail-based interoperability solution.

•

ATHENA Deliverable A1.1.1, ”First Version of State of the Art in Enterprise Modelling Techniques and Technologies to Support Enterprise Interoperability”. Here the
same arguments as in the previously described analysis apply. An exhaustive review
was produced, but it covers only technologies probably to expensive for SMEs. For
example, enterprise architectures, process modelling standards, enterprise modelling
languages and corresponding methods and tools were listed.

•

R4eGov Deliverable 4.2, “Critical State of the Art Report on Interoperability in the
Public Sector”. The focus of the project was on interoperability between European
Public Administrations. However, the review again focused on heavy-weight solutions as the previously mentioned documents did. Thus, eGovernment interoperabil-

All research projects were supported under the Information Society Technologies program of the Sixth
Framework Program of the European Commission. INTEROP started in 2004 and ended in 2007 (project
number IST-2004-508011), ATHENA likewise went from 2004 to 2007 (the acronym stands for “Advanced
Technologies for Interoperability of Heterogeneous Enterprise Networks and their Application”, project
number IST-2004-507849). R4eGov went from 2006 to 2009 (project number IST-2004-026650) and
SHAPE started in December 2007 (“Semantically-enabled Heterogeneous Service Architecture and Platforms Engineering”, project number IST-2007-216408). Compare also PANETTO, SCANNAPIECO & ZELM (2004),
RUGGABER (2006), www.r4egov.eu and www.shape-project.eu.
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ity frameworks were reviewed that are suitable mostly for large Public Administrations with similar infrastructures, but not for heterogeneous SMEs. The interoperability approaches were clustered in a similar way as in COMMIUS: In semantic,
technical and organisational interoperability, where the latter basically refers to
process interoperability.
These examples already indicate that recent research in the context of interoperability focus
on rather rigid, expensive solution that are suited for Large-sized Enterprises (LSEs), while different from COMMIUS - light-weight, e-mail-based solutions were disregarded in these
reviews (this impression is also confirmed in the review of research projects described below).
In the above mentioned state of the art reviews many different IOP frameworks were evaluated. In such frameworks, interoperability is usually decomposed into smaller concepts; for an
overview of different approaches for developing interoperability layers compare for example
[Peristeras & Tarabanis, 2006] or [Schmidt et al., 2007]. A recapitulation of these frameworks
and an evaluation of their layers are not in scope of this work. However, to provide a reference point, in the following we shortly describe the European Interoperability Framework as
an example of a well known interoperability framework.
The European Interoperability Framework (EIF) was developed within the “Interchange
of Data between Administrations” program as a framework for a common understanding of
interoperability.3 Its objective is to support the delivery of pan-European eGovernment services to citizens and enterprises. Therefore, the EIF provides recommendations and guidelines
for interoperability among eGovernment services. In the EIF, three levels of interoperability
are defined:
• Organizational interoperability targets business processes, information architecture
and policies across in the interaction of different administrations.
•

Semantic interoperability aims to establish a common understanding of the exchanged data, information, or process models.

•

The linking of systems and the definition of corresponding technical standards in
order to enable seamless communication is addressed by technical interoperability.4

The advantage of the EIF is that its three levels are seemingly easy to understand. However, it
should also be noted, that on a second glance, the exact content of these levels is unclear, and
thus it is difficult to apply in the construction of interoperable information systems.5

1.5 Interoperability Layers Tackled
To provide a state of the art review, in a first step the area tackled by the review should be
delimited, also to provide a direction for the criteria used for the assessment of the reviewed
approaches. In this vein, in this introductory chapter the term interoperability was defined,
and now a framework is provided that describes the areas of interoperability to be reviewed.

3
4
5

Compare EEUROPE (2005).
EUROPEAN COMMISSION (2004).
In this vein, [Gartner, 2007] criticizes that “On the 'Organizational' dimension — the notion of 'processes' is
absent. Although the term is mentioned several times, the fact that processes have not been made explicit in
the model is a serious weakness”, and further, that “The 'Technical' dimension — does not show sufficient
detail to show the necessary technical interoperability sub-layers and the pertaining standards. This detail is
necessary to provide articulate guidelines for pan-European technical interoperability”.
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COMMIUS is based on the idea of an interoperability solution which combines and extends
concepts from the areas of process, system and semantic interoperability. In this vein,
[COMMIUS, 2007] names the following objectives for each area:
•

Systems Interoperability: Using SMTP (email) for sending and receiving business
documents - processed by Commius interoperability service utility - allows PCs and
mobile devices with intermittent access to remain "connected".

•

Semantic Interoperability: A document received (by an SME) via email will be
automatically mapped onto a document type existing within those of the recipient;
or decomposed over a set of such document types. If this is impossible, a suitable
replacement document type will be automatically devised through negotiation with
the sender. Appropriate mechanisms and protocols ensure that such negotiations are
fully facilitated by the software in a manner which respects the nature and values
(cf. utility measures) of the particular trade relationship.

•

Process Interoperability: Seamless entry into a community of interoperable companies at the document level will be augmented by process-level collaboration. Here,
appropriate coordination of activities within and among partners will be supported
by the Commius interoperability modules.

The state-of-the art report will follow the structure implied by the overall project and focus on
the fields of process, system and semantic interoperability. Note, that this structure resembles
the EIF layers, though instead of the “organizational interoperability” layer, here the “process
interoperability layer is used”. The organizational layer of the EIF also comprises rather high
level, strategic issues. Such issues will not be tackled in COMMIUS, since we focus on IT systems that support the interactions in the course of operational business processes, but not on
approaches that aim for example on the development of business alliances or other strategies.
However, delineating strategic interoperability from the layers covered in COMMIUS, four
layers can be distinguished:
•

Strategic interoperability is an organizational concept, that describes if enterprises
are able to interwork from a strategically point of view. It comprises questions of
cultural compatibility, of the validity of a combined business model as well as of
trust and human relationship between the main decision makers. Strategic interoperability is usually a matter of the top management level in an enterprise.

•

Process interoperability ensures that the processes of collaborating organizations
are compatible with each other. In other words, it means that the sequences of activities executed by one partner fits to the activity sequences of its collaboration
partners. Thus, process interoperability tackles the coordination and synchronization
of functions distributed over various collaborating organizations. Processes and
workflows are the traditional subjects of the enterprise IT management, which also
presides the IT department conduction installation and maintenance of applications
[Scheer, 2001].

© COMMIUS Consortium
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System interoperability

Semantics

Semantic interoperability

Applications
Semantics

Figure 1 Interoperability layers referred to in this document

•

System interoperability is the technical base for operations. It comprises mechanisms and structures that allow enterprise systems to interwork, i.e. to exchange information and to process this information accordingly to the (common) business
purposes. Addressing the linking of systems and the definition of corresponding
technical standards to enable seamless communication, it refers to the ability to connect systems through standard protocols (e.g. SOAP, HTTP, IP) and data formats
(e.g. XML).

•

These three interoperability perspectives are linked by a fourth one, the semantic interoperability perspective. The achievement of working collaboration partnerships
and creation of added value demands more than just exchanging pure data and information. The exchanged information has to be brought into the correct context in
order to successfully create a benefit for all members of a partnership. Since the
Strategic, the Process as well as the System perspective are in need of semantic information, the semantic perspective has comprehensive character that conducts all
of the three other perspectives.

These layers of interoperability are shown in the framework of Figure 1. It shows that a collaboration of organizations can be divided into three interoperability layers that are connected
by the semantic layer. Note, that the purpose of the framework is to provide a structure for the
state of the art report (i.e. the interoperability areas revised in it) and not to describe the “final” Commius solution. It is not a framework on the operational level, but aims at the delineation of coarse-grained areas to be investigated for the development of an operational
solution.6

6

This solution is comprised in the deliverables following this report, for example in the description of the
architecture, where individual elements found in the areas are integrated; compare Commius Deliverable
D3.1.2 “Commius architecture (final version)”.
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1.6 Resulting Method
Based on these concepts, the overall research method for this document can be developed as
illustrated in Figure 2:
1: Foundations: Terms and Method

2: SME Business Models and Interoperability Requirements
Generic SME Characteristics
and Requirements

Characteristics of
examplary SME types

Summary of requirements
to be taken into account by the review

Review and Evaluation of Individual Techniques
taking into account the SME interoperability requirements
3: Process Interoperability
4: System Interoperability
5: Semantic Interoperability
6: Related Research Projects

7: Summary and Future Research

Figure 2 Method for the COMMIUS State-of-the-Art review

In Chapter 1, the research method is described, including the overall structure of the research
and the different fields that will be tackled by the review.
In Chapter 2, SME business models and interoperability requirements are described. The objective of this chapter is twofold: On the hand, the COMMIUS requirements on approaches to
support SMEs to interoperate are confirmed and thus the basis for the subsequent assessment
of existing approaches is laid. On the other hand, specifics business models are described that
exemplify the requirements and provide the basis for future work in COMMIUS on business
models.
In Chapter 3, 4, 5, and 6 representative approaches in the fields of process, system and semantic interoperability, as well as related research projects are reviewed. Due to the heterogeneity of the fields, the criteria to judge the individual approaches partly differ among the
fields. However, in the concluding tables at the end of each chapter all four fields comprise
the same criteria that refer to usefulness of the approaches for COMMIUS (“direct use for
COMMIUS”, “Conceptual Input for COMMIUS” and “Overall use for COMMIUS”).
Chapter 7 concludes the document with a summary and an outlook on future research.
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1.7 Relation to Adjacent Deliverables
The relationships between this document and its conjunctions with other tasks of the project
are visualized in Figure 3. It is visible, that the Pilot Scenario Requirements and the more generic overview of solutions to fulfil the interoperability requirements of SMEs provide the
basis for the specification of the COMMIUS Architecture.
It is also visible, that later on specific components related to the architecture will be developed, i.e. in the work packages on semantic, process and system interoperability individual
solutions for the respective fields will be developed.
Note, that the section on business models in this deliverable is not an exhaustive analysis of
SME business models. Business models are rather used to describe and exemplify the requirements of SMEs on technologies; however, as illustrated in Figure 3, SME business models in the context of COMMIUS will be refined in other COMMIUS deliverables, for example
the exploitation plan.

Figure 3 Relationship to adjacent COMMIUS deliverables
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2 Business Models and Interoperability Requirements of
SMEs
This chapter has two main goals:
• First, to confirm the COMMIUS requirements on approaches for SMEs interoperability and thus to lay the basis for the subsequent assessment of existing approaches.
To this aim, generic characteristics of SMEs implied by a survey from [E-Business
Watch, 2006] are described.
• Second, to provide the basis for future work in COMMIUS on business models.
Therefore, first the characteristics of the term “business model” are discussed as
well as the possibility to define taxonomies of business models. Afterwards, exemplifying business model taxonomy is described as well as SME business models that
occur in this taxonomy.

2.1 Preliminaries
The term “Business Model” can be interpreted in many different ways and has a broad scope;
this is also illustrated in the following definition:
“A business model is a framework for creating economic, social, and/or other forms
of value. The term business model is thus used for a broad range of informal and
formal descriptions to represent core aspects of a business, including purpose,
offerings, strategies, infrastructure, organizational structures, trading practices, and
operational processes and policies”7.
Thus, a Business Model can be understood as the description of the “core aspects of a
business”. In the context of this document, the term Business Model would refer to the
core aspects of SMEs, more specifically, to those characteristics of SMEs that need to be
taken into account by the COMMIUS solution. In the following, the business models of
SMEs (i.e. the core characteristics of their business) will be discussed on two levels of
granularity:
• The generic characteristics of SMEs describing the commonalities that the
“business core aspects” of SMEs generally have, and
• Characteristics of specific, stereotypical SME types, such as “Retailer” or
“Manufacturer”.
Note that the second type, specific SME business models, will be described in more
depth in the exploitation plan deliverable. Since it is beyond the scope of this document
to provide a state of the art report for all existing specific SME business models, in this
document the specific business models serve rather to exemplify and reconfirm the generic SME characteristics that need to be taken into account by the COMMIUS solution.

2

Wikipedia, entry „Business Model“, http://en.wikipedia.org/wiki/Business_model, retrieved: July 2009.
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2.2 Generic Characteristics of SMEs
Small and medium-sized enterprises (SMEs) are often referred to as the backbone of the
European economy, providing a potential source for jobs and economic growth.
2.2.1 Defining SME
SMEs are defined by the European Commission as companies that employ less than 250 persons and have an annual turnover not exceeding 50 million EURO and/ or a balance sheet total of no more than EUR 43 million.8 This definition points out that SMEs are not necessarily
miniature versions of larger enterprises, they additionally possess features that distinguish
them to a certain degree from larger enterprises.
A recent study from the University of St. Gallen [Hoyer, 2008] highlights some of these distinguishing features by stressing the need to view these features related to their environment,
structure, strategy and decision process as well as the in the context of the dominant role of
owner-manager. The study mentions the following SME characteristics as distinguishing features:
•

Specialisation and Individuality: Usually SMEs are characterized by a high specialisation and individuality implicating business performance on markets that are not
covered by large enterprises.

•

Proximity to markets: SMEs show tendencies to focus on end-users allowing a high
proximity to markets instead of focusing on anonymous markets.

•

Flexibility: It is considered that SMEs can react quickly and reorganise themselves
on business changes due their preference of simple and flexible organisation processes and structures.

•

Technical heterogeneity: Smaller firms often lack coherent Information and Communication Technology strategy or the related skills.

•

Limited resources: SMEs are limited like all companies by tight resources, especially
missing IT literacy and financial resources.

•

Globalisation: The disappearance of former market barriers involves an enormous
adaptation pressure for SMEs due to their lack of profound knowledge in global electronic business.

Note, that - since COMMIUS tackles IT-based interoperability - in the following we refer only
to SME that use computers and for which an IT-based interaction (i.e. the automation of
cross-organizational business processes) would make sense. In the following sections, the
generic characteristics and interoperability requirements of such SME will be discussed in
more detail, mainly based on a survey from [E-Business Watch, 2006].
2.2.2 Barriers for eBusiness
SMEs feature a lot of competitive disadvantages due to their company size that could be
compensated or at least diminished by co-operations. Companies directly and indirectly af8

Definition based on Commission Recommendation of 6 May 2003, quoted in: European Commission, Eurostat, Small and Medium sized enterprises (SMEs),
http://epp.eurostat.ec.europa.eu/portal/page/portal/european_business/special_topics/small_medium_sized_e
nterprises_SMEs
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fected by globalization, stand a chance only if they achieve an adequate company size for example. Likewise, LSEs rather have the ability to realise economies of scale than SMEs. However, according to relevant empirical studies for Germany, the strategic option "cooperation"
is chosen much more infrequently by SMEs than by LSEs. [Schmitt & Kiefer, 2005]
Nevertheless, the ongoing development of internet technologies opens more and more ways
for communication and cooperation - not only for LSEs but also for SMEs. By overcoming
geographical and temporal barriers, business processes can be enlarged across company borders. Via this creation and the necessary optimisation of cross-company value-added processes, the support of these processes in every stage of the value chain by eTechnologies
(which is meant by the term eBusiness) becomes an important economic factor. [Kersten et
al., 2003]
Nevertheless, especially SMEs seem to be very careful and reserved when it comes to the participation in eBusiness activities. The question is, why SMEs refuse to do (at least some part
of their) business electronically and which circumstances are considered as barriers for ebusiness respectively.
The majority of small companies with less than 50 employees within the European Union see
their size and the corresponding lack to benefit from eBusiness as the main barrier. As shown
in Figure 4, also the complexity and expensiveness of technologies underlying eBusiness
transactions are regarded as obstacles. Very interesting in this context is the percentage of
companies stating that the incompatibility of systems is an important reason for not practising
eBusiness - more than 30 percent of micro- and medium sized companies indicated this factor
as important. [E-Business Watch, 2006]
The above mentioned statements confirm some of the main assumptions underlying the
COMMIUS Project. The necessity for a zero-cost-of-entry solution is substantiated by the
figures from the European survey. More than one third of the participants indicated a too expensive technology as main reason for not participating in eBusiness. Except from this cost
factor, SMEs demand easy to implement and easy to use solutions for their eBusiness activities; otherwise, if the technology is too complicated, they just refuse to use it.
Taken the statements concerning the incompatibility of systems into account, it is clear that
SMEs also expect a common understanding between the different IT systems that support
eBusiness transactions.
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Figure 4 Barriers to eBusiness (Source: E-Business Watch, 2006)

2.2.3 Drivers of eBusiness
Apart from the eBusiness barriers, it is also interesting to examine which the motives driving
companies to engage in eBusiness are. As shown in Figure 5, the majority of enterprises in the
European Union either try to fulfil customer expectations or gain competitive advantage with
eBusiness activities. According to the latter case, many companies also react to eBusiness activities of other market participants by establishing own activities.
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Figure 5 Drivers of eBusinesss (Source: E-Business Watch, 2006)
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The main intention underlying this behaviour is probably to avoid falling behind potential or
actual competitors. Last but not least, the expectations of suppliers are another important reason for European enterprises of all sizes to engage in eBusiness. [E-Business Watch, 2006]
The remarkable point, however, is that the percentage of companies stating competition as
reason for engaging in eBusiness, does not significantly vary between different company
sizes: from the smallest to the largest size range, the percentage remains around 50%. I. e.,
competitive reasons are realised as a driver for eBusiness to nearly the same extent among
small, medium sized and large companies [E-Business Watch, 2006], which is evidence for
the assumption that not only globally active LSEs but also SMEs have to cope with increased
competition in their markets.
Given this information, it can be stated, that the pressure to establish collaboration partnerships in between European SMEs is growing and a system like COMMIUS that easily supports eBusiness collaboration to low costs might fulfil exactly this market driven need.
2.2.4 Business Processes in SMEs
Collaboration in business is commonly referred to both intra- and inter–organizational processes ranging from the simplicity of team work o the complexity of a multinational corporation. Intra-organisational collaboration is generally considered to stand for better communication and coordination within the organization and throughout the supply chains. Interorganisational collaboration aims to coordinate between organisations and is strongly promoted and enhanced by technological improvements that allow efficiently to communicate
and to share ideas without any geographical barriers.
2.2.4.1 Support of intra-organizational Processes

One of the most extensive applications to support internal business processes is an ERP software system. The objectives of such a system are the optimisation of economic resource planning, the handling of managerial questions and last but not least the integration of important
business processes into a complete process system. With the aid of an ERP system, all processes and activities within the departments and units of a company or concern are steered,
controlled and coordinated. Therefore, a process oriented organisational structure is a prerequisite for the successful use of ERP software. The use of ERP systems in European enterprises
seems to be dependent on the particular company size. While the vast majority of SMEs in
Europe do not use such a system, almost half of LSEs with 250 and more employees manage
their internal business processes by ERP software. Interesting in this context are the statistics
for the different European countries; with only 17%, Spain is the leader while in the United
Kingdom only 2% of all companies use ERP systems (see Figure 6b) [E-Business Watch,
2006].
This means, only a minority of companies within the European Union use ERP software and
thereby support their internal business processes in a comprehensive way. An explanation for
these findings could be the fact that the implementation and maintenance of ERP systems is
complex and expensive. Thus, SMEs in particular avoid this investment and focus on the use
of special software that is covering only partial aspects. In the European Union for example,
the vast majority of SMEs (between 70% and 85%) without an ERP system use an accounting
software, that supports only the financial aspects of corporate management but therefore is
also much more easier and cheaper to use and maintain than an ERP software. [E-Business
Watch, 2006].
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These facts show that there is a present demand for process supportive software on the market, but according to section 2.1.1 on page 15 most of the existing solutions are too expensive
or too complex to be used by SMEs.
100%
United Kingdom
Finland

75%

Poland
Netherlands
Hungary

50%
Italy
France

25%

Spain
Germany
Czech Republic

0%
0%

25%

50%

75%
ERP

100%

1-9 empl.

10-49
empl.

50-249
empl.

250+
empl.

SCM

Figure 6 Use of SCM and ERP Systems (Source: E-Business Watch, 2006)

2.2.4.2 Support of Inter-organizational Processes

In the mid-eighties, corporate management gave priority to organisational aspects and corporate functions or departments like procurement, production and sales. In the meantime, the
management focuses on business processes, that proceed along the value chain to create internal and external outputs. Until the mid-nineties, most of the companies concentrated on the
examination and reorganisation of internal business processes. However, with cooperation
becoming more and more an important strategic factor of success, the examinations focus
shifts from internal to cross-organisational business processes. [Scheer et al., 2003]
Depending on the degree of cross-linking, the support of cross-organisational business processes can range from simply placing or accepting orders online to the use of specific software
solutions for Supply Chain Management (SCM) along the complete value chain. Therefore,
the following considerations will be organised from very “simple forms” to support crossorganisational business processes to more complex ones.
In the European Union, about 50% of all SMEs place orders for supplies online, but only a
minority uses this possibility for more than 25% of their total orders. Those SMEs ordering
online do this mainly from national suppliers (about 65%), while only a minority (about 10%)
orders from international suppliers. [E-Business Watch, 2006] As can be seen in Figure 7, the
rate of SMEs using specific ICT solutions for e-procurement is also rather slight.
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Figure 7 Use of eProcurement (Source: E-Business Watch, 2006)

From a customer’s point of view, most SMEs in Europe do not support external business
processes very well. Indeed, the majority of enterprises provide a website, but only a minority
(less than 30%) accept orders from customers online. Finally, this means a customer can
gather information about a product or service ‘online’ but has to contact the SME vendor ‘offline’ to actually close the purchase. Even less enterprises use specific ICT solutions, either for
eMarketing and Sales or for Customer Relationship Management (CRM, [Krcmar & Klein,
2000]). Only about 25% of LSEs in the European Union use such software products, whereas
the statistics for SMEs are still much lower [E-Business Watch, 2006] (see Figure 8).
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Figure 8 Online Marketing and Sales (Source: E-Business Watch, 2006)
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Closely connected to procurement and sales is the question, if corresponding invoice processes are handled traditionally, i.e. paper-based or electronically. In the European Union, far
more LSEs than SMEs send and receive eInvoices. However, even 14% of micro-sized enterprises (with 9 or less employees) send and 17% of them receive eInvoices respectively (see
Figure 9).
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Figure 9 eInvoices (Source: E-Business Watch, 2006)

Apparently, the most common way to exchange documents in the European Union seems to
be sending them by e-mail. Only 10% to 31% of European SMEs and 47% of European LSEs
use online applications other than e-mail for sharing documents (see Figure 10).
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Figure 10 E-Collaboration Tools other than e-mail (Source: E-Business Watch, 2006)
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It can additionally be assumed from the above figure that similar statements could be made
for collaborative demand forecasting or collaborative design activities in the European Union.
If they take place at all, LSEs use special online applications other than e-mail to support such
activities. For SMEs the figures are much lower, less than 20% use special software to support collaborative demand forecasting and even less than 15% to support collaborative design
activities [E-Business Watch, 2006].
After the description of solutions used by European enterprises to support crossorganisational business processes, it is interesting to focus on the question, which of these solutions are in fact used across enterprises. As visible in Figure 11, only a minority of all European companies have linked their ICT system with suppliers or customers respectively. Especially for SMEs, this task seems to be very problematic or unattractive – less than 10% make
use of the possibility [E-Business Watch, 2006].
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Figure 11 Connections to external ICT Systems (Source: E-Business Watch, 2006)

Apart from these figures, a second aspect can be consulted to examine the degree of crossorganisational business activities, namely the use of SCM systems. SCM can be understood as
the planning, steering and controlling of all flows of materials, goods, money, services and
information. Thus, SCM ranges from the procurement of raw materials to the end customer
[Krcmar & Klein, 2000]. Depending on the degree of cross-linking with the supply chain,
SCM Software is able to execute a multiplicity of functions. “At the simplest level, the supply
chain consists of a single link between a supplier and a buyer […]. In more complex settings
there can be multiple interlinking chains, with both extended supply chains into suppliers and
out of the buyers, where buyer and seller roles become intermediary roles. In addition, there
can be multiple inputs to any buyer or outputs from any seller.” [O’Leary, 2000]
Most of the time, SCM-Software is used to support and manage external business processes
of large enterprises only, because a complex customizing is necessary to ensure a comprehensive control along the supply chain. This proposition can be substantiated by figures for the
European Union, where only 8% to 14% of all SMEs but about 34% of LSEs use a SCM system (see Figure 6) [E-Business Watch, 2006]. Concerning the figures for SMEs, it should be
taken into consideration that they contain also those small enterprises that are forced to install
and use the SCM software of their main supplier. Thus, in general it can be stated that avail© COMMIUS Consortium
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able SCM solutions are not interesting for SMEs, because their implementation is too complex and expensive.
Concerning the last point, the COMMIUS solution might be supportive, by providing core
functionalities of an ERP or SCM system automatically and without the need to install and
maintain an expensive and complex system. Therefore, the solution is an alternative for those
SMEs and also LSEs, who are not able to or do not want to invest in an ERP or SCM system.
Furthermore, the figures from the European Study substantiate the predominant use of e-mail
by SMEs. Indeed, some participants stated to use special applications other than e-mail, but
these answers can mainly be referred to network organisations, where the use of certain software solutions is a prerequisite to participate in the business activities of the network or to
such SMEs, which are dependent from one large supplier or customer, who force them to use
a specific solution. Thus, in general it can be stated that European SMEs are interested in
processing business transactions like order handling or invoice processes electronically. For
this processing, they prefer to use e-mail technologies, which substantiates the marketability
of the COMMIUS solution.
2.2.5 SMEs IT Landscape
2.2.5.1 Internet Access and Employment of ICT Practitioners

The definition of interoperability introduced in Chapter 2 includes the aspect of information
exchange. In today’s global business environment, this information exchange proceeds electronically via the internet that provides "[...] the infrastructure for collecting, distributing and
sharing information." [Shaw, 2000] Therefore, internet access is a prerequisite for companies
to be actually interoperable. Figure 12 shows that most of the European companies are connected to the internet, mostly over broadband connections. Solely a minor part of the microenterprises with nine or less employees have no access to the internet at all. [E-Business
Watch, 2006] In general, it can be assumed that almost every SME in the European Union
fulfils this basic requirement for interoperability, namely to be online.
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Figure 12 Internet and Broadband Access (Source: E-Business Watch, 2006)
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However, fulfilling this prerequisite of interoperability does not mean that European SMEs
can easily interoperate with each other. The problem is that most of the current available interoperability solutions work under the precondition, that individual software has to be installed. This software needs to be implemented and maintained by skilled personnel. However, as shown in Figure 13 especially SMEs face the problem of not employing ICT practitioners while larger companies within the European Union can fall back on such specialists.
[E-Business Watch, 2006]
The COMMIUS project aims to address and solve the above mentioned problem in an innovative way. Instead of requiring the installation and use of a special software by all involved
companies, the COMMIUS interoperability solution will sit above existing ICT infrastructures of e-mail and internet. This means, every SME that uses e-mail will also be able to
interoperate with other companies. According to the existing ICT infrastructure of an involved company, the interoperability tasks will then be accomplished manually, semiautomatically with user confirmation or automatically.
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Figure 13 Companies employing ICT practitioners (Source: E-Business Watch, 2006)

2.2.5.2 Use of Technical Standards

The foundation of interoperability is the use of technical standards that allow electronically
data interchange in between two collaboration partners. Within this technical background, a
“standard” can be defined as a “technical specification approved by a recognised standardisation body or continuous application, with which compliance is not compulsory” [EuropeanCommision, 2007]. Most current existing standards on the market can be divided into EDI-9

9

EDI (Electronic Data Interchange) can be described as the computer-to-computer interchange of strictly formatted messages representing business documents. EDI implies an interchange of such documents between
two parties, either of whom may serve as originator or recipient. The processing of EDI documents is done exclusively by computer, requiring human intervention only for error conditions. Implementation of the EDI
standard requires at least a definition of the syntax used to compose messages, the applied data elements, the
message types, defined by a sequence of data elements, as well as the definition and sequence of control data
elements in headers and trailers. [Federal Information Processing Standards Publications, 1996]
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and XML10-based standards. Supplementary, there are solutions for data exchange agreed
among a limited number of companies within the same supply chain, here referred to as proprietary standards.
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Figure 14 Use of technical standards (Source: E-Business Watch, 2006)

As shown in Figure 14, EDI-based standards are only used to a very small part within European Countries. Leader in this category is Spain with a 6% usage. Altogether, only 3% of
European Firms use EDI to collaborate electronically. While EDI occurred to be the most
popular standard during the last past years, the deployment of XML-based standards has
lately become more and more dynamic and has by now even displaced EDI as the most popular interoperability standard. Even though the overall use of XML-based standards is, with an
average 5% usage rate slightly higher than the one of EDI, Figure 14 shows clearly that the
major part of European SMEs make use of proprietary solutions than of common standards.
Reasons might be found in the fact that most standards are implemented in standards Software
solutions that are too expensive to implement for European SMEs.
2.2.6 Summary
In this section the generic characteristics of SMEs were reviewed, mainly based on a survey
from [E-Business Watch, 2006]. In summary it can be said, that the findings confirmed the
requirements that motivate the COMMIUS project:

10

XML (Extensible Markup Language) is a tag-based data description language derived from SGML. In contrast to other tag-based languages like html it is completely extensible with no predefined tag definitions.
The possibility of defining your own set of tags presents a tool to describe almost every set of structured data
like graphics, product catalogue etc. Using XML schema definitions enables XML-based application to
check XML documents for validity (i.e.: “is this a valid document according to the given schema?”). As
XML is a modular language, it may contain information for different applications in a single document. To
avoid collisions of equally named tags but of different contexts, XML provides the namespace feature to
identify the context of the tags. [World Wide Web Consortium, 2003]
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A major barrier for eBusiness for SMEs are too high costs,
Due to limited IT investments SMEs do not use complex and expensive solutions,
Thus, compared to LSEs, very few SMEs have their ICT systems connected to customers or suppliers,
LSE typical instruments like ERP or SCM are rarely used by SMEs due to the implied costs,
But, similar to LSEs, there is pressure on SMEs to engage in eBusiness to stay competitive,
The vast majority of SMEs has access to the Web,
Instead of complex software packages SMEs use e-mail based solutions.

The COMMIUS approach, aligned to provide an easy-to-use solution that is based on existing
ICT infrastructure of e-mail and Web, seems to be well suited to overcome the above described barriers.

2.3 Specific Business Models
2.3.1 Revisiting the Characteristics of Business Models
As described in the introduction of this chapter, business models can either be understood in a
generic sense as the core characteristics of enterprise classes like SMEs, or in a more specific
sense; referring for example to certain SME types like “retailer” or “manufacturer”. While in
the previous section the generic characteristics of SMEs were described, now specific SME
types are tackled. To this aim, in this section definitions and characteristics of such specific
business models are described.
According to Stähler, a business model examines (among others) the exchange of values between business partners and thus describes the „abstraction, how a business works” [Stähler,
2001]. In scientific literature exists a multitude of contributions that discusses the basic structure of a business model. A definition frequently used to describe business models is a definition by Timmers [Timmers, 1998]. In this definition he depicts the architecture by means of
product, service and information flow and accentuates the role of the stakeholder and the volume of sales. Other authors focus particularly on the processes adding value of an enterprise,
to therefore describe the method of the actual value performance within a model.
Porter [Porter, 2000] focuses less on the realisation of profits, but rather on the generation of
added value, while Mahadevan [Mahadevan, 1998] besides added value and revenue underlines the logistic interplay along the value-added chain as the central element of a business
model. Stähler [Stähler, 2001] defines a business model not through a single product but exclusively through the benefit for the costumer and subdivides a business model into three
main components: value proposition, architecture of added value and a profit model.
Chesbrough & Rosenbloom described six points that constitute a business model [Chesbrough
& Rosenbloom, 2002]:
• Value Proposition - the value of the business offering from the customer's perspective.
• Market Segment - the customer group targeted by the business.
• Value Chain Structure - the type of “value chain” (i.e. coarse-grained processes) that
are running inside the organization.
• An estimation of the cost structure and profit potential of the service offered.
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Position in the value network, i.e. its relationship to competitors and general partners.
Competitive Strategy - the way the company develops and maintains a sustainable
competitive advantage over competitors.

While the above mentioned classifications of business models analyse the general structure,
Malone et al. [Malone et al., 2006] classified business models on the basis of the rights to be
sold (creator, retailer, lessor, broker) and the underlying type of economic unit (capital asset, human capital, material property, immaterial property). By the use of this classification Malone et al. were able to make a statement about the degree of utilisation and the effectiveness of single business models on the basis of a large-scale empirical study. The results
show that no model outmatches the other models in all three dimensions market value, profitability and operational efficiency, however some models possess a noticeable superior financial performance than others.
2.3.2 Trends in Business Models
Today, novel business practices such as the paradigm of electronic transactions (eTransactions) are constantly taking up momentum. Additionally the escalating economic and societal
demands along with the continuous advancements in Information and Communication Technologies challenge the capabilities of the underlying technical infrastructures of enterprises
and administrations (regardless of their size) to support them effectively in their struggle to
gain steam against their competitors or provide better services to their end users. Changed
economic general conditions such as the globalisation have led to strategic reorganisations in
enterprises, e.g. in terms of outsourcing, industrialisation of the value added chain, multichannel-management and the increasing penetration of the business market through innovations of the consumer market. Furthermore a multitude of technical innovations led to new
potentials and therewith to new business models as well, such as for example the internet
since the middle of the 90s or the development in the context of Web 2.0, Web 3.0, Web X.Y,
etc.
Besides the plain product development as well internal software services can be transformed
to services to be outsourced. For example economic success was celebrated in the insurance
industry when an internal shared service centre was further developed to a service provider
for several insurance companies. In this respect, it can be constituted that business models by
no means are inflexible and are being built for eternity, but in fact have to be adjusted to the
terms and conditions of the software ecosystem.
Also, the phenomenon of open source software gains in importance. In particular in strongly
penetrated markets, existing business models will not be able to survive because of the developing competitive environment and the accompanying networking effect due to open source
software. However there already exist certain approaches to make a deal with self-developed
open source software. Because no profits can be attained directly with the software, open
source software enterprises mainly focus on training, services, integration services, customizing, subscriptions, „SaaS“ (Software-as-a-Service) and others.
Within the scope of the internet, new innovations constantly arise, especially with regard to
the currently hyped Web 2.0. Web 2.0 does not only result in a stronger involvement of the
user in the applications but the user will inevitably develop to a transparent stakeholder in the
value added chain. Through collective intelligence, feedback mechanisms and others, the user
will contribute to the ad-hoc customisation and personalisation of proposals to his needs. The
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concept of the “perpetual beta“ shows the altered awareness: The focus no longer lies only on
accurate applications but also on applications that are able to quickly adapt to the needs of the
market. Such concepts are conducive to a faster diffusion of technologic innovations and
hence altogether to a short-dated product cycle.
However, from a coarse-grained perspective it can be said that the biggest change of business
models in the last two decades was caused by the invention of the internet, which resulted in
the generation of “eBusiness business models” complementing traditional business models.
2.3.3 On Business Model Taxonomies
Accordingly, many contributions on business model taxonomies in the context of SMEs today
focuses on eBusiness; for example [Timmers, 1998], [Jantavongso, Koon-Ying Li, 2003],
[Stockdale, R., Standing, 2006] and [Peacock et al., 2009]. Note, that sometimes eBusiness
and “real world” business models are disjoint, but there also is a strong overlapping, e.g. in
the cases when traditional eBusiness models realize traditional business models [Rappa, 2009]
such as auctions or shops.

Figure 15: Classes of traditional and eBusiness models (adapted from Peacock et al., 2009)

This is also shown in Figure 15 that illustrates the seven classes of business models of [Peacock et al., 2009]. While the focus of this taxonomy lies on eBusiness models, only a small
part of it appears to be purely eBusiness specific (the class “entirely new cyber business models”), while most of the other models seem to be traditional. This obviously applies to the
class “real world business models usable in eBusiness” but also to the classes “value-chain
based business models” or the “networked based business models”.
There have been many attempts for categorizing business models [Rappa, 2009]. However,
looking at the multitude of characteristics that business model taxonomy needs to take into
account, it seems hardly feasible to provide a comprehensive list of business models. For example, the above described six characteristics of [Chesbrough & Rosenbloom, 2002] would
result in a huge number of possible combinations. Thus, [Rappa, 2009] attempts to provide a
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“comprehensive and cogent taxonomy of business models observable on the web”; but even
in this comparatively small field, he has to delimit his endeavour, stating that “the proposed
taxonomy is not meant to be exhaustive”. Correspondingly, it is not in scope of this report to
generate a taxonomy for such a broad class as represented by Small and Medium Sized Enterprises. Referring for example to the 6 constituents of business models defined by [Chesbrough & Rosenbloom, 2002] - value proposition, market segment, value chain structure, cost
structure and profit potential, position in the value network and competitive strategy – only
among the criterion “cost structure and profit potential” homogenous values among most
SMEs can be expected (i.e. comparatively low possibilities to invest and comparatively low
revenue), while the other constituents can strongly differ among SMEs.
Nevertheless, a systematic approach to identifying architectures for business models can be
based on value chain deconstruction and re-construction by identifying value chain elements
and possible ways of integrating information along the chain [Timmers, 1998].11 Since the
classification of organizations along the value chain is an intuitive concept and because
COMMIUS is about the interaction among enterprises (which often, though not always, will
be positioned on different positions of the value chain) in the following business models that
can be found along the chain are shortly described. Thus, along the value chain several business models can be identified that indicate essential characteristics of these enterprises (covering both SMEs and LSEs) [Rappa, 2009 and Peacock et al., 2009].
2.3.4 Selected Business Models Found in the Value Chain
Porters value chain consist of various primary and supporting activities, procurement, including logistics (inbound and outbound), operations, marketing & sales, service, technology and
human resource management [Porter, 2000]. Though originally these were describing intraorganizational functions, each of them can be outsourced and be offered by a company specialized on this function (in other words, a company that realizes the corresponding business
model). In the context of Supply Chain Management, additional to the internal functions of an
organization, often two additional roles are depicted: Supplier and Customer [Chen; Paulraj,
2004]. To make business models, which typically can be found in value chains, more tangible,
in the following a selection of business models of Rappa’s Taxonmoy [Rappa, 2009] is described.
2.3.4.1 Brokerage Model and Intermediaries

Brokers are market-makers and bring buyers and sellers together. They can be involved in
business-to-business (B2B), business-to-consumer (B2C), or consumer-to-consumer (C2C)
markets. Usually a broker charges a fee or commission for each transaction he enables. Examples for real world intermediaries and brokers are: real estate agents, insurance agents,
bond brokers or ship agents.
[Rappa, 2009] describes several brokerage models for the eBusiness domain, including for
instance:

11

Often the term value chain is used for intra-organizational processes while the term supply chain is always
referring to intra-organizational processes. However, often the term value chain is also used for crossorganizational processes (which seems logical, because this way also value is created). Thus, in the following both terms are used synonymously, referring to a chain of coarse-grained activities that are part of the
value creation process.
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Buy/Sell Fulfilment: A company implementing this model takes customer orders to
buy or sell a product or service, including terms like price and delivery (similar to
for example a real estate agent; as examples, “CarsDirect” and “Respond.com” were
given).
Marketplace Exchange: This business model offers a full range of services covering the transaction process, from market assessment to negotiation and fulfilment.
Auction Broker: conducts auctions for sellers. The brokers provide the technological means for allowing companies to put an auction and the candidate suppliers to
make their offer through this.

2.3.4.2 Manufacturer Model

In this business model the products sold or prepared in the other value chain steps are developed. In real life this can be LSEs (for example manufacturers of large mass products like
cars or airplanes) but as well SMEs, for example carpenters or small computer stores. In this
business model, companies can further be distinguished by creating a material product or service like hair-cutting.
In eBusiness, the manufacturer or "direct model" uses the web to allow a manufacturer (i.e., a
company) to reach buyers directly and thereby compress the distribution channel. The manufacturer model can be based on efficiency, improved customer service, and a better understanding of customer preferences. [Rappa, 2009]
2.3.4.3 Merchant Model

Here, wholesalers and retailers of goods and services provide the means to the potential customers for more automatic transactions with them. Their sales could be made based on list
prices or through auction functionalities. Obviously, this business model is realised by many
SMEs in real life. In eBusiness, this model is realized by LSEs like Amazon, but also LSEs
could implement it, for example specializing on individual products like shoes (e.g.
www.schuhpaket.com). Here various combinations with eBusiness models exist: Brick and
Mortar merchant business models with an additional online presence (e.g. Barnes & Noble),
mail order store business models with an additional online presence (e.g. Lands End) or stores
that only sell digital products via the web.
2.3.4.4 Conclusions

The three coarse-grained business models described above can be mapped to Porters’ value
chain activities procurement, marketing & sales, and operations. Similarly, examples and different instantiations of business models can be found for the other value chain activities logistics (inbound and outbound), service, technology and human resource management. Thus,
LSEs as well as SMEs specialized on logistics or human resource management exist, as well
as different kinds of services or technology providers. Naturally the same applies for the supply chain roles of Buyer and Seller, which are implemented by SMEs and LSEs likewise.
Note that the interoperability requirements for SMEs described in Section 2.2.6 apply to all
these business models: Regardless which business model they pursue, SMEs can be expected
to be reluctant to invest in complex, expensive technologies and expertise necessary for making their applications interoperable with those of business partners.
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2.3.5 Examples of Business Model Instances
Above, stereotypical business models that can be found in value chains were described. To
make these descriptions more tangible, in the following two real world scenarios are described where similar business models are implemented.
2.3.5.1 Candulor AG

This case study is based on the description of [Stormer & Savini, 2007]. It comprises the collaboration between a SME (a dentist), a supplying LSE (which produces dental goods) and an
intermediary company (cp. Figure 16).
In order to create an efficient collaboration process, the LSE (Ivoclar Vivadent AG) involved
an intermediary company (Candulor). Every dentist, deciding to order dental goods, will put
his order into a standardized Excel-Sheet provided by the intermediary. The order information
is being processed by Candulor and forwarded into the ERP System of the LSE. The intermediary company is keeping an intermediate storage, from which the order of the dentists can be
satisfied immediately. The complete order and production process takes place in the backend
and occurs without further notice of the customer.
Regarding the business models described in the previous section, Invoclar implements the
“manufacturer” business model. Candulor implements the “intermediary” business model
though instead of brokering functionalities it serves rather as a technical proxy for Invoclar,
thus - referring to Porters value chain activities - it could also be seen as the implementation
of the “service” or “technology” provider business model. The dentist meanwhile acts on the
one hand as customer, on the other hand he also implements a “manufacturer” business
model, since he creates a service for his patients.
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Figure 16: Case study: Vivadent AG12

This case study illustrates that in reality proprietary standards are being used by SMEs (in this
case standardized Excel-Sheets) instead of standards like EDI that require a complex infrastructure and corresponding investments. Furthermore the study proves that with low costs
and data exchange with the pure use of e-mail, interoperability can be achieved from almost
every SME. The case study is also a good example for the observation that eBusiness collaborations are not being used coherently but only in some parts of the SME related value chains.
Thus, through the media break at the site of the intermediary it is hard to trace the overall
process. A system like COMMIUS could support the whole added value process along the
complete value chain without any media crushes or the use of proprietary standards.
2.3.5.2

EDEKA

This case study is based on the description of [Dannecker & Lechner, 2007]. It covers the collaboration between the German food store chain EDEKA (LSE) and its suppliers (SME)
through an intermediary (compare Figure 17).
Application - Application

Application - Application

1stbp
(intermediary)

Supplier

EDEKA

Installation of special
Printer Software

Download Invoices
1stbp
Gateway

Printing of Invoice
Download
(HTTP)

Invoice examination

Registration and processing
of received data (EDI-Format)

Transformation into
Post Script

E-Mail
Authorizing of Payment

Figure 17: Case Study: EDEKA13

Most of the supplying firms are SMEs without sophisticated ICT-environments or ERP systems with matching gateways. Therefore, EDEKA developed an own proprietary standard
that allows to automate the complete invoicing process. The developed solution consists of a
special printer software that allows each supplier to transform its invoice into a postscript
document that will be sent via e-mail to 1stbp, an intermediary EDEKA commissioned solely
for this purpose. The received invoice-information will be processed and transformed into a
12
13

Adapted from [Stormer & Savini, 2007], p. 39.
Based on the description of the corresponding case study from [Stormer & Savini, 2007].
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standardized EDEKA EDI-format and can be accessed by EDEKA through a web gateway.
The downloaded invoices are being examined by EDEKA and, if correct, a payment will be
authorized.
Regarding the business model, in this case study the LSE (EDEKA) is a retailer who at the
same time acts as a customer of grocery suppliers. Thus, different from the Candulor case
study, the LSE is the customer of various SMEs that act as suppliers. Similar to the previous
case study, an intermediary business model is implemented that provides technical services in
order to support the communication between SMEs and LSEs.
Thus, a collaboration process without the use of expensive ERP systems was realized by just
sending standardized information via e-mail. A system like COMMIUS would allow EDEKA
to overleap the intermediary, because the system could be customized in a way that the invoice information would be compatible with the initial EDEKA data structure. Even though
the use of EDI seems to be declining, EDEKA makes use of this standard in a successful way.
As demonstrated in the Candulor case study, the supplying SMEs have to adapt to a predetermined standard especially for one purpose instead of using one single standard to collaborate with all customers in the same way.

2.4 Conclusions
In this section, the business models and core characteristics of SMEs and corresponding interoperability requirements were described. The two main outcomes of this chapter are:
•

•

Basis for the following state of the art review: Before individual approaches in the
context of COMMIUS can be reviewed, it was necessary to confirm the need of
SMEs for such solutions. The review of SME characteristics confirmed the requirements for a low-cost, e-mail-based interoperability solution as proposed by COMMIUS.
Basis for further work on specific SME business models. In this document, SME
business models were described in two levels of granularity: first, on a coarsegrained level the generic characteristics of SMEs were described. Second, following
a more fine-grained understanding of business models by looking at different SME
types, ways for classifying business models were discussed. It was concluded that
the development of a comprehensive taxonomy for SME business models cannot be
developed in this document, since the permutations of business model characteristics would lead to too many business model instances. However, it was shown how
SME business models can be classified according to their role in crossorganizational value chains and corresponding SME business model instances were
described. Based on this work, subsequent COMMIUS deliverables – like the exploitation plan (Commius Deliverables 10.4/5) – can describe further SME business
models more detailed and describe how the COMMIUS solution is applied to certain SME types.
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3 Process Interoperability
3.1 Preliminaries
3.1.1 Defining Process Interoperability
Interoperability is the ability of two or more systems or components to exchange information
and to use the information that has been exchanged [Kersten et al., 2003]. From the point of
view of information systems (IS), this definition states very well that an IS is interoperable, if
it is able to interwork with other IS. In principle, this definition is also suitable to organizations. However, the transfer to the concept of business processes is not intuitive: Applying
the approach stated above, process interoperability (PI) is the ability of a business process to
interwork with other processes. But what does it mean?
A business process is a synchronized, continuous series of enterprise tasks, undertaken for the
purpose of creating output. [White, 2004] Thus, from the organizational perspective, a business process describes the coordination of enterprise activities. Its purpose is steering and
control. Consequently, also process interoperability should be a concept on control and synchronization. The main difference is that PI takes no effect in current processes, but will be
effective in potential, upcoming ones. Therefore, interoperable business processes must be
able to integrate other business processes. In terms of control, this implies that PI describes a
state in which an enterprise is able to steer activities, i.e. business process parts, within other
firms or vice versa, to be partially steered by another enterprise.
Process interoperability itself can be incorporated by two prerequisites: On the one hand, enterprises need organizational and technological instruments to ensure an efficient control beyond their own borders. These instruments can comprise e.g. standardized forms at specific
points of the processes documenting the transfer of control and responsibility or ICT systems
tracking the progress of a business process and arranging the corresponding duties. On the
other hand, the process design needs to be adaptive and changeable. Interworking with other
firms resp. business processes mostly mean to change specific aspects of your own business.
Consequently, having interoperable processes implies to have mechanisms incorporated
within these processes to make them adaptable to the requirements that could come up when
initiating new process relationships. Actually, processes are always changeable; it is only a
matter of cost, effort and time. In respect to PI, such a broad understanding makes no sense.
Rather, PI should imply that processes can be changed and adapted to new process collaborations with almost zero cost, effort and time of change. In summary, we can define process interoperability by [ROSETTANET Dictionary, 2009]:
Process interoperability is the ability of an enterprise to synchronize, partially control and
integrate continuous series of enterprise tasks (i.e. business process parts) that are governed
and executed outside of its own enterprise borders without the need to modify its own organizational and technical environment.
3.1.2 Criteria for Comparing the Approaches
In order to sufficiently evaluate the different approaches and their usability for COMMIUS,
the five characteristics introduced in the following passage with different occurrences are
chosen.
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•

Start-up-costs: This includes costs to establish the evaluated approach. COMMIUS
supports an easy interoperability approach with low start-up costs. Therefore the
compliance of this requirement is being surveyed in this characteristic.

•

Running costs: Most SMEs might not be able to afford expensive interoperability
solution with high running costs. Since the COMMIUS project specifically addresses the needs of SMEs, this factor has to be taken into account as well.
Note, that in both of the characteristics mentioned above, a high compliance in this
category means very low start-up costs or running costs, while a low rating implicates, that a huge amount monetary resources has to be invested to either start or
run the solution

•

Implementation effort: European SMEs usually do not command over sophisticated IT-Systems and therefore do not employ high trained IT experts. Hence, an interoperability approach especially for SMEs has to be tailored to these needs. Approaches which are easy to implement therefore will receive high ratings in this
category

•

Direct use for COMMIUS: In this category it is analyzed weather the approach
might be directly used for COMMIUS or not; a high rating stands for high usability
for COMMIUS.

•

Conceptual input for COMMIUS: Additionally to their direct use, it should also
be analyzed to what degree the different approaches might be used as a conceptual
input for COMMIUS; high ratings stand for concepts that should be highlighted
more closely in the course of the project while low ratings show that the reviewed
Concepts are too far away from the COMMIUS idea to satisfy further research in
this field.

•

Overall use for COMMIUS: In this section a combined rating of the approach respective to its overall use for COMMIUS, based on the performed analysis, is given.

Each approach will be assessed by three occurrences. Solutions that exhibit attributes of high
use for the COMMIUS project will receive high rating. For example solutions applicable with
low costs will obtain high ratings, since this characteristic is of high use for SMEs. Should
only parts of a reviewed approach be of use, for the project, only average ratings will be
awarded. This would be the case for example if only concepts could be adapted. In contrary to
this, solutions that are not adaptive to COMMIUS, i.e. very high start-up costs, will receive
low ratings.

3.2 Review of Approaches
To support process interoperability, different approaches are pursued. Due to the great variety
and number of approaches in the context of describing and automating cross-organizational
processes, it is not in scope of this report to provide an exhaustive list. Instead, the aim is to
describe representative approaches that display the state-of-the art in this field. Hence, the list
may be expanded if needed in the course of the Project. The approaches within this section
have been pre-selected based on the experiences of the authors in the field of process interop-
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erability;14 further reasons for the selection of the individual approaches are given in the following subsections. The approaches are clustered into four fields:
•
•
•
•

eCommerce Frameworks that cover different aspects of process automation, i.e. the
UN/CEFCAT Business Collaboration Framework, EDIFACT, ebXML, RosettNet
Conceptual Languages that are needed to describe and prepare the automated processes, i.e. BPMN and EPC.
Workflow related approaches that support the execution of processes, Workflow
Reference Model, BPEL.
Additional concepts in the context of processes automation: Electronic market
places, specific ERP solutions and Computer Supported Cooperative Work.

3.2.1 eCommerce Frameworks
While SOA development in the context of collaborations is a comparatively new research
field, collaborative business processes have been implemented via EDI and corresponding
networks for more than two decades, along with standards for defining interchange and message structures [Unitt & Jones, 1999]. This kind of interchange description is also called protocol, or (e)Business protocol. Various standards exist to describe protocols; prominent examples are the Business Process Specification Schema (BPSS) of ebXML and the Partner Interface Processes (PIP) of RosettaNet. In the following, EDIFACT, the UN/CEFACT Business
Collaboration Framework, ebXML and RosettaNet are reviewed. While ebXML represents a
family of XML-based standards standardized by OASIS and UN/CEFACT aiming to provide
an open, XML-based infrastructure for electronic business, RosettaNet is an industry-driven
consortium aiming at creating, implementing, and promoting open eBusiness process standards [Clark et al., 2001][Damodoran, 2004].
3.2.1.1 EDIFACT

UN/EDIFACT (Electronic Data Interchange For Administration/Commerce and Transport) is
an international EDI standard (for example used by Microsoft Biz Talk) developed by the
United Nations Centre for Trade Facilitation and Electronic Business (UN/CEFACT).
EDIFACT is kind of an opposing standard to all XML based interoperability standards and issues the same information in much (up to 10 times) smaller messages. To allow an interchange between EDIFACT and XML standards XML/EDIFACT was developed to allow
EDIFACT to be used with XML Systems
Implications for COMMIUS: For the scope of COMMIUS, especially the connectivity feature of XML- and EDI- based systems is of high interest. The COMMIUS system aims at
enabling interoperability for all applicant SME collaboration scenarios. XML/EDIFACT
could be an archetype for COMMIUS in order to enable interoperability between partners of
which one is already using a fix technology.
3.2.1.2 The UN/CEFACT Business Collaboration Framework

The United Nations, through its Geneva based Centre for Trade Facilitation and Electronic
Business (UN/CEFACT), supports activities dedicated to improving the ability of business,
trade and administrative organizations, from developed, developing and transitional econo14

Gained for example in the recently finished EU projects Interop NOE, ATHENA IP and R4eGov.
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mies, to exchange products and relevant services effectively. Its principal focus is on facilitating international transactions through the simplification and harmonization of processes, procedures and information flows, and so on contributing to the growth of global commerce.
UN/CEFACT's vision is to provide "simple, transparent and effective business processes for
global commerce". One of the major achievements of UN/CEFACT is the UN/CEFACT
Business Collaboration Framework (BCF) that enables business process models to be specified independently from technologies/ standards and based on this being implemented in
software using the information exchange syntax and structures of choice.
Business Collaboration Framework (BCF) - The primary goal of the BCF is to systematically capture business and administrative process knowledge that will enable the development
of low cost software components for use by small-and medium-sized companies adopting eBusiness practices. By first focusing on defining the business process and information models, the BCF itself is technology-neutral. However, it facilitates e-Business implementations
based on the technology of choice (i.e. XML/EDI based). The BCF mainly consists of four
steps. [UNECE]
•
•

•

•

Knowledge Transfer: Based on UMM (UN/CEFACT Modelling Methodology)
worksheets relevant business processes, objectives, requirements and constraints can
be identified and analysed.
Create the Business Model: Based on the information of the Knowledge Transfer
step, a Business Collaboration Model can be created, which will still be technology
and implementation neutral. Once business models are created, they are stored in
BCF Libraries that can be used as a repository for further models. Additionally a
Core Component Library (which consists of industry proven information) may be
used as a reference for the Business Collaboration Model.
Transform to business Model: The developed model above on the one hand reflects all requirements that have to be implemented, but on the other hand it is not
specific enough to be directly implemented. Therefore, a Business Collaboration
Specification Schema (BCSS) is being used to transform the model into a (still technology neutral) form that can be implemented easily.
Implement the Business Model: In this fourth stage specific technologies are applied on the created business model in order to implement the model for its final
concrete use.

Implications for COMMIUS: The BCF provides a foundation, on which business models
can be developed independently from the applied technologies. In this way a proprietary solution matching exactly the collaboration partner’s needs can be established. Even though the
BCF and the BCSS provide enormous support in establishing e-business collaborations, such
solutions will always be combined with high Start-up-Costs, that will be, in most cases, to
high for SMEs. On top of that, BCF solutions make use of already existing, often expensive,
software and hardware in order to enable interoperability, which are inexistent in most SMEs.
Nevertheless, the idea of the Core Component Library as well as the BCF Libraries could be
used as a reference for the COMMIUS Reference Model Directory in which adaptable standard processes are being stored. The four steps of the BCF o create a running process could be
also considered as a raw model for the deployment of the COMMIUS process templates.
3.2.1.3 ebXML

ebXML (Electronic Business Extensible Markup Language) is a modular set of specifications
enabling businesses of any size and location to collaborate over the internet. The vision of
ebXML is to establish the foundation for a global electronic marketplace in which enterprises
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could safely and securely conduct business through the exchange of XML-based messages.
Therefore its major goal is the standardization of the secure exchange of business data using
XML. It was initiated by UN/CEFACT and OASIS with the idea to provide:
• An infrastructure that ensures data communication interoperability
• A semantics framework that ensures commercial interoperability
• A mechanism that allows enterprises to find each other
ebXML basically consists of three major parts: an ebXML Technical Architecture Specification, a Business Process Specification Schema that basically is a XML-Schema for business
processes, a Registry Services Specification and a Registry Information Model.
Implications for COMMIUS: Unlike other standards and interoperability solutions, ebXML
especially addresses collaboration partners of smaller size which is why the use of this standard should be considered with high interest during the further progress of the project. Particularly the business process XML-Schema should be considered as a candidate for the
documentation of process templates of COMMIUS. Additionally, since ebXML is a widespread know standard, the use of it might have positive impact on the implementation effort
of COMMIUS.
3.2.1.4 RosettaNet

RosettaNet is a non-profit consortium of more than 400 of the world’s leading Information
Technology (IT), Electronic Components (EC), Semiconductor Manufacturing (SM) and Solution Provider (SP) companies working to create, implement and promote open e-business
process standards.
The name RosettaNet is given by the Rosetta Stone that led to the decryption of Hieroglyphs,
since the same message in three languages was carved in it. Similar to this stone, RosettaNet
aims at overcoming technology barriers due to specific infrastructures by creating common
standard processes for the electronic sharing of business information – RosettaNet opens the
lines of communication for everyone involved in the supplying and buying of today’s technologies. Since the RosettaNet standards have been developed in collaboration with leading
high-tech companies they are mainly market driven.
RosettaNet standards offer a robust non-proprietary solution, encompassing data dictionaries,
implementation framework, and XML-based business message schemas and process specifications, for e-business standardisation. These standards are free to the public on the RosettaNet web site.
RosettaNet standards do not concentrate on developing proprietary solutions, they are mainly
aiming at connecting existing solutions by providing data formats and implementing tools in
order to support e-business based on present solutions.
Hence, RosettaNet offers everybody who is supplying or buying e-business technologies the
opportunity to profit: businesses that offer the needed tools and corresponding services to help
implement the functionalities.
The RosettaNet standards include three major components: Partner Interface Processes (PIPs),
the RosettaNet dictionaries and the RosettaNet Implementation Framework. Partner interface
processes are categorized in high-level business functions (clusters), like Order Management,
on the one hand and corresponding sub-functions (segments), like “Quote and Order Entry”,
on the other hand. Each of the segments contains a set of PIPs, which in turn contain one or
more activities comprising several actions. As further information, PIPs include partner busi-
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ness roles like buyer/seller; activities between the roles as well as type, content and sequence
of the business documents exchanged. Structure and content of the documents are specified
by XML Document Type Definitions. [ROSETTANET Dictionary, 2009]
The RosettaNet technical and business dictionaries in combination define a common vocabulary for conducting e-business. The technical dictionary (RNTD) defines common properties
for describing products for RosettaNet PIPs, while the business dictionary defines information
like business properties or business data entities. [ROSETTANET Standards, 2009]
Implications for COMMIUS: Since the RosettaNet Consortium aims at enabling collaboration between different technical solutions rather than developing a proprietary standard, the
idea of RosettaNet is interesting for COMMIUS. Especially concepts like PIP are similar to
the idea of adaptable process templates that COMMIUS follows. However, besides the conceptual ideas RosettaNet does not exhibit characteristics that are of special use for SMEs.
Current RosettaNet solutions are mostly implemented within ERP solutions, for example from
SAP, Seeburger or Oracle that mainly address LSEs. Due to this fact, the use of RosettaNet is
also combined with high Start-up-Costs as well as running costs due to the needed solutions.
COMMIUS on the other hand will provide a similar concept especially for SMEs to lower
costs without the need of installing expensive systems.
3.2.1.5 Conclusions

Table 1 provides an overview of the reviewed eCommerce frameworks. It is visible that all of
them are only to a limited degree usable by SMEs, due to implementation effort and the high
costs associated with the introduction and usage of such frameworks. However, due to its specific concepts for SMEs, ebXML should be considered as input for further work in COMMIUS.
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Table 1: Overview of approaches in the field eCommerce Frameworks

3.2.2 Conceptual Languages for Process Automation
In order to prepare cross-organizational processes, these should be described on the conceptual level first. To this aim, many different languages are available, for example UML activity
diagrams, Petri Nets, the Business Process Modelling Notation (BPMN) and the EPC (Event
driven Process Chain). Due to their suitability for modelling business-level processes in the
context of cross-organizational processes (compare Ziemann, Matheis & Freiheit, 2007), in
the following BPMN and EPC are reviewed.
3.2.2.1 BPMN

The BPMN standard was developed by the Business Process Management Initiative (BPMI)
and its specification 1.0 was released to public in May 2004; currently, BPMN 2.0 is under
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development. The primary goal of the BPMN effort was to provide a notation that is readily
understandable by all business users, from the business analysts that create the initial drafts of
the processes to the technical developers responsible for implementing the technology that
will perform those processes, and finally, to the business people who will manage and monitor those processes. Since the focus of BPMN is on the notational elements, it also supports an
internal model, enabling the user to create executable BPEL4WS on base of the created
BPMN models.
Core part of BPMN is the Business Process Diagram (BPD), which is based on a flowcharting
technique specific to create graphical models of business processes. The notation contains
four main notational element categories, flow object, artefacts, swim lanes and connecting
objects. These elements may be used to model internal processes as well as B2B collaborations in cross-organizational interoperability scenarios. [White, 2004]
3.2.2.2 EPC

The Event driven Process Chain has especially established itself for the construction of process models at a conceptual level. Nowadays, the EPC is one of the most popular and widelyaccepted modelling methods for business processes. The EPC was developed at the Institute
for Information Systems (IWi) in Saarbruecken in cooperation with the SAP AG. [Keller et
al., 1992] It is the central modelling language for the architecture of integrated information
systems (ARIS) and is – owing to its application orientation and comprehensive tool support –
widely used and accepted in practice. An extension of this modelling method to satisfy SMEs
requirements within collaborative business scenarios has been elaborated within several projects. It basically consists of an alternating sequence of events and function that is triggered
by each other.
3.2.2.3 Conclusions

Table 2 illustrates, that the usage of conceptual business process modelling language in the
context of interoperability is associated with costs that might be too high for many SMEs.
However, both languages should be considered in the scope of COMMIUS: The EPC as well
as BPMN is an easy to use modelling language, which could be used to align the process templates of COMMIUS. BPMN could give some insight in how business models have to be described in order to transform them later on into executable processes based on the BPD Concept. The EPC on the other hand, due to its easy-to-use concept might be the foundation for a
drag and drop process customization tool.
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Table 2: Overview of the review of Conceptual Process Description Languages

3.2.3 Workflow Standards
An often propagated means for implementing processes on the execution level are workflows,
which are controlled and executed by workflow engines. In comparison to processes that are
“hard-wired” into programs, the workflow approach - where processes and the applications
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that execute the individual parts of the process are separated - has the advantage that processes are comparatively easy to implement, trace and to change. In the following, the workflow reference model from the Workflow Management Coalition and two standards for describing workflows are reviewed. While the first standard, the Workflow Process Definition
Language, was created before the rise of SOA, the second standard (BPEL) today is probably
the most popular workflow standard in the context of SOA.
3.2.3.1 WfMC Reference Model

The Workflow Management Coalition (WfMC), founded in 1983 is a non-profit, international
organization of workflow vendors, users, analysts and university/research groups. The Coalition aims at promoting and developing the use of workflows by establishing standards for
software terminology, interoperability and connectivity in between workflow products.
A Workflow Management System is one that provides procedural automation of a business
process by management of the sequence of work activities and the invocation of appropriate
human and/or IT resources associated with the various activity steps and can be defined as:
“A system that completely defines, manages and executes “workflows” through the execution
of software whose order of execution is driven by a computer representation of the workflow
logic”. Many Workflow products exist, for example FlowMark (IBM), Lotus Notes
(IBM/Lotus), Ad hoc, WorkMAN (reach software). At the highest level, all WFM systems
may be characterized as providing support in three functional areas:
•
•
•

the Build-time functions, concerned with defining, and possibly modelling, the
workflow process and its constituent activities
the Run-time control functions concerned with managing the workflow processes in an operational environment and sequencing the various activities to be
handled as part of each process
the Run-time interactions with human users and IT application tools for processing the various activity steps

The most important work done by the WfMC is the development of the Workflow Reference
Model, which is being illustrated in Figure 18. The Model identifies individual characteristics,
terminologies and components and thereby allows building a workflow management system
based on these specifications within the framework of an overall Reference Model. The core
of the model is the Workflow enactment service; a software service, consisting of one or more
workflow engines in order to create, manage and execute workflow instances. Around the
workflow enactment, five workflow Application Programming Interfaces are defined, representing interfaces to the following entities: [Hollingsworth, 1995] Process Definition tools
that specify the workflows to be run in the engines, Client Applications that request services
from the workflow engine to control the progression of processes, activities and work-items,
Applications invoked by the workflow engine, Adjacent Workflow Engines and Tools for
Monitoring and Controlling the workflow.
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Figure 18 The Workflow Reference Model [Hollingsworth, 1995]

Implications for COMMIUS: Workflow Management Systems exhibit many similar characteristics with the COMMIUS project. Given the main three characteristics of a WFMS listed
above, all of them can be found in the COMMIUS concept. During the Build-Time, processes
are being customized and adapted, while in the Run-time, the defined processes are executed
either human or machine triggered, based on the determined sequence and the requirements of
the process. Despite the usual high costs of workflow management systems, which are not
manageable for most SMEs, the concept of WFMS and especially the Workflow Reference
Model should be considered very closely within the COMMIUS Project and could be of high
use.
3.2.3.2 WPDL

The Workflow Process Definition Language (WPDL) was first introduced by Workflow
Management Coalition in 1994. The Workflow Process Definition Language (WPDL) was
established as a meta-language for the exchange of build time workflow process models
through a batch procedure (import/export of process models). Core concept of the WPDL is a
workflow process definition that is composed of one or many workflow process activities.
The ordering of activities is determined by Transition Information elements that connect single activities. For more complex routings a transition may rely on workflow relevant data, that
is, data from application systems that is relevant for the sequence of activities (i. e. the
amount of a credit request that determines, whether the VP of the bank has to sign the approval or not). The entity types of WPDL are not extendable; however, user-defined attributes
may be added to the single entity types. Moreover, references to external data sources as connecting points are explicitly denoted, such as the referral to an external organizational repository, to system and environmental data or to invoked application systems.
Implications for COMMIUS:
WPDL might be of high interest for the COMMIUS Project, since its ability of being a metalanguage explicitly for workflows could be very useful in the context of designing COM© COMMIUS Consortium
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MIUS workflows within the Build-time phase. Though a direct application of the language
within COMMIUS may not be possible, it could be helpful developing the workflow design
of COMMIUS.
3.2.3.3 BPEL

The Business Process Execution Language (BPEL) was first conceived in 2002 as a joint effort by IBM, Microsoft and BEA. The concept of BEP4WS was inspired by IBM’s Web Service Flow Language (WSFL) and Microsoft’s XLang. The first specification was then released in 2003 in cooperation with SAP and Siebel Systems. Product support including process engines or tools is available or announced from several companies such as Microsoft,
IBM and SAP.
BPEL is an XML based language used to specify automated business processes that orchestrate the activities of multiple web-services. [Hildebrad et al., 2004] Those implemented processes can be interpreted and executed by compliant engines. The language itself encompasses
methods to specify complex process control flows, including error-handling, compensation
behaviour and parallel or sequential process flows. A BPEL process itself is a container where
relationships can be declared within external partners, process data, handlers for various situations and most importantly, executable actions.
BPEL itself only focuses on business processes executed by web-services, not incorporating
any human interactions. To solve this problem, the BPEL extension BPEL4People was developed. [Kloppmann et al., 2005] This extension allows for the participation of people in a
BEPL process from the simple “approval” up to complex actions like the input of data.
Implications for COMMIUS
The fundamental idea of BPEL seems quite applicable for COMMIUS, since the idea of process containers, which can be specified to any collaboration scenario, matches the targeted
flexibility of COMMIUS. Even though the idea aims at the same direction, BPEL is only applicable for Large Scale Enterprises, since currently the use of BPEL engines and corresponding processing tools premises expensive technologies like for example ERP Systems.
Nevertheless, especially the idea of BPEL4People could be of high use in the conceptual
phase of COMMIUS. Since some COMMIUS processes will be human triggered through link
enhanced e-mails, the BPEL4People Concept could be used as a foundation for processes that
are not fully automated. Similar to ebXML, BPEL is widely known, which implies, that its
usage may have positive impact on the implementation effort.
3.2.3.4 Conclusions

Workflow management systems and the related workflow description languages provide the
support for controlling and implanting processes as sought for by COMMIUS. With BPEL,
also a standard exist that explicitly supports cross-organizational workflows, since the services comprised in a BPEL process can be distributed among different organizations. However, as Table 3 shows, the cost resulting from the implementation of the workflow engines as
well as the management of the workflow models will be too high for most SMEs. Thus, the
work from the workflow area is seen mostly as a conceptual input but not as directly applicable for the COMMIUS solution.
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Table 3: Overview of Workflow related approaches

3.2.4 Further Approaches
In the previous sections eCommerce protocols, process description languages and workflowbased systems were described; these represent approaches that are typically associated to the
area of process oriented, cross-organizational systems. Additionally to these, in the following
three approaches are used that also support the implementation of cross-organizational business processes: Electronic Market Places, ERP-related solutions and Computer Supported
Cooperative Work.
3.2.4.1 Electronic Market Places

EMPs (Electronic Market Places) are an e-commerce technology applied in both business to
business and business to consumer commerce. In both cases, those marketplaces serve as intermediaries between the participating parties. They either allow many parties to present their
products to many others (“many to many”) or serve as a hub for one seller to provide services
to many customers (like one company to its suppliers, customers and business partners).
Those B2B marketplaces are typically organized around a specific vertical industry sector like
metal, chemicals or airplane construction. [Siddiqui, 2002]
The online presentation, ordering and information interchange through the intermediary platforms present an efficient means of procurement as exchanged information can be directly
incorporated in the associated integrated information systems. Business to consumer marketplaces are organised in many different forms. The most famous examples are web-shop like
amazon.com, offering products of different kind and publisher to many customers, and auction based systems like eBay, allowing people to offer and present their products to many others using a common platform. [Allis, 2002]
Implications for COMMIUS
EMPs are only of interest for the COMMIUS project to a certain degree. A common platform
open to all COMMIUS users would be a huge opportunity to acquire business partners for
upcoming tasks. Collaboration alliances could be formed easily and directly applied on the
base of COMMIUS. The major barrier of such concepts in the scope of COMMIUS is the fact
that an EMP has to be operated and organized by an expensive intermediary. On the current
state of the project, EMP are of no further use for COMMIUS but might win importance in
the course of the project
3.2.4.2 ERP Systems

Enterprise resource planning (ERP) systems are company-wide software system to manage
and coordinate all the resources, information, and functions of a business from shared data
stores. Probably the most successful ERP systems is SAP’s R/3 system, which will serve as
an example in the following.
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ERP systems typically have modular hardware and software units and "services" that communicate on a local area network. The modular design allows a business to add or reconfigure
modules (perhaps from different vendors) while preserving data integrity in one shared database that may be centralized or distributed.15 In SAP R/3, the so called SAP Business Connector is used to interconnect software modules: The SAP Business Connector is an internet- and
XML-based technology to provide a link between SAP/R3 systems and other applications,
enabling businesses with heterogeneous IT infrastructure to employ internet technologies to
interchange business data. Business Connector requires no proprietary software as it is completely based on open technologies like XML and http. [ERPGenie, 2008]
As mentioned in the section on workflow, large ERP systems often are endowed with workflow systems. Thus, SAP Business Workflow is a production workflow system is based on
R/3 offers standard workflow templates delivered by SAP that can be used out-of-the-box or
can be customized until it matches the customers needs and can be seamless integrated into
SAP systems [SAP AG, 2008].
Implications for COMMIUS
As the example of the SAP R/3 shows, usually ERP systems are be too expensive to be used
by SMEs. Additionally, they focus on intra-organizational systems and rather on the data than
on the process aspect but not on cross-organizational processes. However ERP systems can
feature interesting concepts and approaches disposable for the COMMIUS project, for example the omnibus connection functionalities of the Business Connector and the customizable
workflow templates of the Business Workflow system.
3.2.4.3 CSCW

Computer Supported Cooperative Work (CSCW) describes an interdisciplinary research field,
working on the realization of IT-supported group work and the design of sufficient technologies to support such collaborative work. [Back Seufert, 2000] Even though the research in the
field of CSCW has been going on for a long time, it still could be of interest for COMMIUS.
Some of the main pillars of CSCW like e-mail messaging systems, Document Handling or the
workflow support of weak-structured Communication Processes are either already well established or of potentially high interest for European SMEs. [Natasky, 1993]
A well-known classification of CSCW is the Space/Time Matrix of Johansen, which differentiates executed work along two dimensions (compare Figure 19). At first, it differentiates if
the performed work is executed locally or geographically distributed. Secondly, it classifies
work based on the criteria of synchronicity: Either the collaborative work is executed synchronously or asynchronously. [Johansen, 1998] According to these two dimensions, several
tools may be used to support the corresponding collaboration. The two dimensions are used to
divide the matrix into four sections:16
• Sector I: Same time/same place (Face to face interaction); examples comprise
shared tables, wall displays and Digital whiteboards Group Decision Support Systems (GDSS).
• Sector II: Same time/different place (Remote interaction); examples comprise
video-conferencing, real-time groupware, instant messaging and chat.
• Sector III: Different time/same place (Continuous task); examples comprise
large displays, Post-it, forums and bulletin board systems.

15
16

Compare also Wikipedia, entry “ERP“,http://en.wikipedia.org/wiki/Enterprise_resource_planning.
Compare also Wikipedia, entry “Computer supported cooperative work“, http://en.wikipedia.org/wiki/
Computer_supported_cooperative_work.
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Figure 19: The CSCW Time/Space Matrix from Johansen

Implications for COMMIUS: Within the scope of COMMIUS, certain aspects of CSCW
can be considered as possible input, especially methods of sector IV (different time/different
Place), where also e-mail based products like Lotus Notes or Microsoft Outlook are included.
Further, CSCW Solutions to handle semi-structured processes within a company have been
developed and integrated with other communication methods. Unfortunately, this tools are
either not widely accepted or to complicated and expansive to be used by SMEs across
Europe. Nevertheless, these approaches should be considered from a conceptional point of
view.
3.2.4.4 Conclusions

Table 4 provides an overview of the three reviewed approaches, Electronic Market Places,
ERP systems like SAP R/3 and approaches from the field of Computer Supported Cooperative Work. Electronic Market Places require an intermediary and only support a limited number of business model (e.g. selling/buying of goods or services), while COMMIUS is aiming
at a broader scope. ERP systems are usually to expensive for SMEs but some features contained in ERP systems, e.g. for the interconnection of organizational systems could be of interest for COMMIUS. The field of CSCW covers a broad area of approaches, and conceptual
input might be drawn from the approaches falling in the “different time/different place” of the
CSCW matrix.
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Table 4: Overview of the review of EMP, ERP and CSCW approaches
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3.3 Evaluation for COMMIUS
Table 5 provides an selection of the reviewed process interoperability approaches that received comparatively high values in the fields “Direct use for COMMIUS” / “Conceptual input for COMMIUS” / “Overall use for COMMIUS” and thus should be further investigated in
the course of the project.
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Table 5: Reviewed process approaches marked with “of high use for COMMIUS”

The review illustrated that a huge amount of commercial endeavours have been made in the
area of process interoperability. Besides the fact that knowledge relevant for the COMMIUS
project might be extracted from the different interoperability solutions, the analysis showed
that the current market situation is clearly dominated by interoperability solutions matching
the needs of LSEs. Hardly any of the introduced solutions was developed or tailored for the
needs of SMEs. Taking this statement and the conceptual ideas identified into account, the
COMMIUS project has good chances to fulfil SMEs needs and overcome the obstacles given
in the current market situation.
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4 System Interoperability
4.1 Preliminaries
System or technical interoperability includes standards, protocols and also architectures that
are built on top of protocols and interoperability standards. These necessarily overlap with
basic technical interoperability to enable seamless communication. In short, system interoperability refers to the ability to connect systems by defining standard protocols (e.g. SOAP,
HTTP, IP) and data formats.
Nowadays, the following crucial technologies are taken into account when dealing with system interoperability:
•
•
•

Service Oriented Architectures (SOA)
Peer-to-peer (P2P)
Mash-up technologies based on Web 2.0

Service-Oriented Architecture (SOA) is a natural evolutionary step from Object and Component based approaches. The main value of SOA approaches is that it provides a framework for
matching and combining needs, as well as capabilities to address those needs.
There are three major trends in Service Oriented Computing (SOC): Web Services, Grid Services and peer-to-peer (P2P) services. Web Services build on XML standards to provide a
platform for building many distributed applications. New Web Services can be created onthe-fly using any existing Web Services (software components). Grid Services came originally from the Grid Computing needs that are accessing distributed computational (grid) resources. Nowadays, this has moved slightly away from original Grid definition and includes
software, data and knowledge capabilities. P2P has much success and has potential to be the
most powerful trend; however, it still lacks any consensus on how applications should be built
and what semantics should be supported.
Several middleware solutions on the market include parts of integration brokering, business
process management, and application development platform functionality based on an SOA
framework. Commercial solutions include IBM WebSphere (IBM Workplace and IBM Tivoli), Microsoft BizTalk, Oracle Fusion, BEA AquaLogic and SAP Net Weaver. Also, the
open source community offers some solutions such as JBoss by the Red Hat, JOnAS by the
Object Web consortium, Tomcat and Geronimo by the Apache Software Foundation, Eclipse
by the Eclipse Foundation, and LogicBlaze FUSE by LogicBlaze Inc. Interoperability solution is also provided by Web Service Interoperability Organization (WS-I). WS-I is an open
industry organization chartered to promote Web services interoperability across platforms,
operating systems and programming languages. This organization includes many industrial
organization described upper like: SAP, BEA Systems, Fujitsu, HP, Sun Microsystems, IBM,
Intel, Oracle, Microsoft, Hitachi and webMethods.
Other interoperability approaches come under “Web 2.0”, which is characterised by the development of “lightweight” software (from standard technology building blocks) that can be
released quickly over the Web using HTTP protocol. In addition, “mash-up” technologies use
public APIs of (mostly big) firms with given infrastructures or databases to provide new services. These developments offer the means for a SME to significantly lower its “cost barrier”
to entry into new businesses and markets.
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Interoperating Enterprises will run into trust (security) and contract management issues. A
Service Level Agreement (SLA) is important part of the contract between two or more enterprises. Formalising inter-enterprise cooperation involves two typical activities: first, support
for managing and automating legal contracts between enterprises (cf. SLAng and ebXML’s
Trading Partner Agreements-TPA); second, ensuring quality, for example customer-provider
relationships and the Quality of Service (QoS) promise associated with a (Web) service (cf.
WSLA, GRASP SLA framework, HP’s Web Service Modelling Framework, WSAgreement)17.
Established industry sectors typically include organisations that promote sector specific specifications for business-to-business (B2B) transactions within the industry. Examples of such
organisations are ODETTE in the automotive sector, CIDX in the chemical industry,
GS1/UCC in retail, EURATEX in textiles, HL7 in healthcare, IAI in construction, OTA in
travel, and PIDX in the petroleum industry.
Research and development in the area of SOA, P2P or Web 2.0 as well as standards in specific industry sectors brought valuable results for interoperability. However, SMEs are still
excluded due technology and resource difficulties with such solutions. We believe solution
build around existing SME infrastructure such as e-mail and web can successfully address
SMEs needs and also bring or wrap-up existing solutions to the use of SMEs.
In section 4.6, these approaches are summarized and evaluated for COMMIUS project.
Clearly, we see e-mail as a best technical interoperability layer for SMEs. We will discuss
existing e-mail research, solutions and suitability of e-mail to handle interoperability, collaboration daily business tasks in next chapters.

4.2 E-mail Communication Introduction
According to recent surveys, information workers send and receive an average of 133 messages per day [Hewlett-Packard, 2005], and users talk about ‘living’ in e-mail, spending an
average of 21% of their time in the application. In 2001, information workers received just
about 20 e-mail messages a day and sent about 6 messages [Jones, 2001]. While number of
received messages is increasing. Sending stays pretty much on same level [Lantz, 2003].
Findings from 2003 also show that 80% of users prefer e-mail18 for business communication
similarly some case studies19 point that Web 2.0 businesses often depend on e-mail. In the
US, in addition the number of pieces of first-class mail sent has decreased by over 2 billion in
the last 10 years.
Information created by any business can represent either an asset or a liability, depending
largely on how well it is managed. E-mail is no different in this respect: it can be a highly efficient and useful tool for communication, but only if the information it contains can be managed effectively. One of the main drawbacks of e-mail usage today is its insufficient integration into the collective environment. E-mail is rarely a standalone information source, but often contains pointers to further information such as files (e.g., saved attachments), links to
items on the web, and references to other resources. E-mail is currently used as a conduit for
many functions, including alerting, archiving, task management, collaboration and interop17

http://www.eutrustcom.com/
http://www.mariosalexandrou.com/technology-trends/2003/80-percentof-users-prefer-email.asp
19
http://www.returnpath.net/blog/2008/07/case-study-web-20-runs-onemai.php
18
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erability. By integrating it with other external information (both on the desktop and on distributed servers), we hope to support workers with information needed to fulfil interoperability tasks on manual or semi automatic level depending on how well the system is configured
and customized, thereby addressing the problem of interoperability and collaboration and offering users an integrated access to needed information in context and access to interoperability functionality within usual working tool of a SME. Currently, there is much research in the
area of both personalised and business information management, but very little research that
focuses on e-mail as the primary information source, despite its ubiquity.
One major documented problem with e-mail is that it is currently used for multiple different
functions that it was not designed for. These include asynchronous communication (which email was designed for), as well as other functions, such as archiving and task management
(including interoperability tasks) which it was not designed for. For example, around 18% of
messages contain attachments and users may have huge archives of thousands of stored messages that include attachments that they use as a knowledge repository [Fisher et al., 2006]
[Whittaker and Sidner, 1996]. It is also well known that people use their e-mail inboxes as an
active ‘to-do’ list to manage and control workflow, keeping active conversational threads in
their inboxes where they will encounter them when they access new messages. In addition email is used as a conduit for often low value information (messages forwarded or ccd as
FYIs).
Various problems arise from using e-mail for all these functions it was not designed for. Users
find it hard to access archival information because a) search in e-mail is often ineffective; b)
lack of integration means that users are unclear about whether information such as attachments is in their e-mail archive or has been downloaded to their file system. And up to one
third of folders that users create contain 2 or fewer messages [Fisher et al., 2006]. Studies
have also shown that problems arise in using e-mail to manage active workflows. If users receive large number of incoming messages (including spam and other irrelevant messages),
then this makes it hard to monitor active important tasks or collaborations as these ‘disappear’
in the inbox as new irrelevant messages arrive. A final problem is that e-mail can ‘fill up’
with messages that are ephemeral, or of little current relevance (information about meetings
that have already taken place). Again these sit in the inbox and distract the users’ attention
away from more important active tasks [Whittaker et al., 1997].
Some research and commercial attempts have been made to address these problems. They are
described and discussed in this chapter. However, there are various problems with these prior
research efforts. First, many of these systems have involved the development of new standalone clients, forcing people to switch to new software and change their work practices. Second, these systems are often not well integrated with users’ other systems (e.g. their file system, or corporate databases) which means that information in these systems cannot be exploited or leveraged to allow more effective information processing.
Thus COMMIUS can learn and adopt many ideas of existing systems and prototypes but
COMMIUS will also innovate by solution usable within any e-mail client or webmail and by
interconnecting existing SMEs environment such as document repositories, intranet systems,
databases or other legacy systems. In addition by COMMIUS modular architecture, COMMIUS is able to easy adopt new or existing ideas developed by others. We will discuss and
evaluate features of existing commercial and research efforts in sections below.
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4.3 E-mail Communication and Interoperability
If we want to answer question “why existing interoperability solutions are not accepted by
SMEs?” it can help us to look at similar analogy problem with Knowledge Management in all
enterprises. Recent R&D investments for business Knowledge Management (KM) systems
have not been very successful. Some authors claim [Davenport et al., 2000] that if more than
33% of investment goes into technology, this results in a radical change to working culture in
the enterprise, and thus KM projects will therefore fail to be successful. It is difficult for KM
to succeed if it requires changing working practices by introducing completely new tools for
tasks that are usually performed by person to person communication and other social interactions. We believe similar is true for interoperability in SMEs. SMEs business depends much
on knowledge, innovation of people and on people to people interactions often performed by
e-mail.
Similarly architectures or solutions for a specific business sector cannot fulfil the generic interoperability needs of SMEs. Thus, we propose to create an interoperability and collaboration
platform using standard ICT infrastructure e-mail and Web. Communication channels such as
e-mail already have some features typically required from an interoperability solution, e.g.
universal SMTP protocols, which facilitate user interaction, communication or information
sharing as well as its availability in all types of organizations.
E-mail repositories and e-mail activity are valuable assets in any modern, internet-based business organisation. Even small companies can generate large e-mail traffic and fill e-mail repositories with high volumes of data needed to accomplish their daily tasks. E-mail is the second most-used internet service after the Web. The following features are common in the use
of e-mails in enterprises and communities of all sizes. [Schwartz et al., 2000]
Every organisation, without exception, will have an e-mail infrastructure before it reaches the
stage of developing or adopting any interoperability solution.
• E-mail communication in a modern organisation is over 78% action-oriented, according to a study [Te’eni et al., 1999]. Communication is perhaps the foundation for most
organisational actions.
• Managers, and knowledge workers of all kinds, interact with their e-mail systems on a
daily basis.
By building a solution on top of an existing e-mail communication mechanism, an organisation does not have to change its working practices when such a solution is installed and set up.
Users simply receive e-mails as before, but additional information or knowledge relevant to
the knowledge management or collaborative aspects is attached, as appropriate to the e-mail.
A successful e-mail-based solution can learn and adopt many ideas from existing systems and
prototypes, but has the following requirements:
• to be used within any e-mail client or webmail and thus integrate with the e-mail or
extend current e-mail standards in a similar way to multipart messages and mime
types;
• to inter-connect existing SME environments such as document repositories, intranet
systems, databases or other legacy systems;
• To integrate with widely used general purpose platforms: for example, integrating
with platforms for collaboration (such as wikis) and task management (calendars, todo lists and so on).
Some of these requirements for better e-mail are addressed by COMMIUS project. Others
such as extended (or new) e-mail protocols or integration with wiki and other general purpose
platforms can be achieved also by new protocol and service introduced by Google – Google
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Wave20. The COMMIUS approach would be even more valuable when integrated with
Google Wave via Wave robots in a future.

4.4 Commercial Effort in e-mail Communication
In this section we shall discuss some commercial innovative approaches dealing with e-mail
communication, considering what they have to offer and/or how they could be further developed.
Gmail21 a web-based e-mail program developed by Google, has perhaps changed e-mail services and e-mail use more significantly than any other tool. By grouping messages into conversations, offering fast full-text search, providing context sensitive advertisements, offering
actions such as add event to calendar, track package or show address on the map as well as
introducing labels instead of folders and providing gigabytes of storage for e-mail archives,
Gmail has advanced the state of e-mail services significantly. However, its capabilities could
be extended still further.
Zimbra22 is a web-based client accessible from any device with search functionality, offering
integration with calendars, IM and document authoring, thus providing a collaboration suite.
Similar functionality is offered by Microsoft Outlook, Gmail integrated with Google services,
or ClearContext. In addition, Zimbra detects objects such as phone numbers or
addresses, and allows some actions on these objects, as well as the possibility to build mashups for specific needs or applications.
MarkMail23 is a community-focused searchable message archive service, allows an organisation with large amounts of e-mail to leverage the large amounts of collective knowledge accumulated over time through e-mail discussions. Users can find technical information, research historical decision making, spot trends, and locate the subject matter experts for any
topic. While it provides extensive search facilities for e-mail, it does not combine information
in e-mail with other desktop knowledge or context. MarkMail thus focuses on finding information rather than connecting it with other forms of data.
iWantSandy is an e-mail-based tool aimed at helping with the organisation of tasks in a person’s daily life. Essentially it operates as a reminder service to a person or group of people
(family, colleagues etc.), based on the user sending e-mails to the service containing details of
the information to be reminded about, and the service sending reminders by text or e-mail at
the appropriate time. While it is a very useful tool in assisting with organisational activity, it
does not integrate information from external sources, and operates only on a fairly restricted
language as far as the instructions go. The main drawbacks are therefore that it cannot simply
analyse regular e-mails, it cannot deal with related information not explicitly mentioned, and
it operates on a push rather than pull technology (the user must explicitly inform the service
that they want to remember something).
The Attent solution from Seriosity24 is one of the few commercial applications that really attempts to address the information overload problem resulting from the enormous amount of email found in business. It works by prioritising a user’s e-mail based on perceived importance. The idea stems from the field of interactive gaming and relies on the sender attaching a
number of Serios to their messages that are essentially units of importance. This enables the
recipient to prioritise their e-mails according to importance levels. While this is very useful in
some situations, there are again a number of drawbacks. First, the perceived importance of an
20

http://wave.google.com/
http://gmail.com/
22
http://www.zimbra.com/
23
http://markmail.org
24
http://www.seriosity.com/products.html
21

© COMMIUS Consortium

52 / 87

COMMIUS - ICT-2007 - GA - 213876

COMM-WP2-T2.1-DFKI-TECH-StateOfArt

e-mail may differ wildly between sender and recipient: the recipient therefore has no real control of importance or of topics of interest to themselves. Second, there is no importance attached to other information other than the e-mail itself: serios are attached only to e-mails
themselves. Third, it only deals with importance but offers no possibilities for searching and
navigating information, nor of relating information either with other e-mails or with other
kinds of information.
Both iWantSandy and Attent operate on a user-input basis: they require the user (either the
sender in the case of Attent or the recipient in the case of iWantSandy) to be pro-active in deciding what they consider important or what they want to be notified about. Neither use any
form of understanding of information or intelligent analysis. While the purpose of all three
tools (including MarkMail) is to make life easier for the user by saving time and effort in
finding, dealing with or remembering important information, they aims to exploit many of the
existing useful properties of e-mail, such as linguistic features, relational information and related metadata in order to improve knowledge management tasks.
Xobni25 is a recent Outlook plug-in, which supports extended search capabilities, a better organization of the inbox and management of the media and contacts within e-mails by integrating social networking aspects into the e-mail communication. Xobni offers a variety of information related to the message sender, such as attachments, contact information extracted from
signatures or contacts related to the sender. Xobni does not support any intelligent analysis or
understanding of the e-mail communication and relies heavily on integration with social networking standards. However, the idea of using social networks within e-mail is quite innovative and can have a high potential in the enterprise context, if social networks within e-mail
are semantically integrated with the enterprise environment.
In addition to the efforts discussed, the Postbox26 e-mail client built on top of Thunderbird
offers additional contact details including phone number or contact’s picture and status from
Facebook. It also provides better search capabilities including attachments and improved conversation views.
ClearContext27 detects and organises events/tasks, contacts and attachments inside Outlook in
a similar way to Xobni.
In the table below, we have summarized a few useful features of commercial solutions build
on top of e-mail communication, which are quite valuable also for COMMIUS project and
need to be exploited in some way:
• Search: Full text search is currently available in many commercial solutions, e-mail
clients or web mails. This is very useful feature needed also for COMMIUS. We did
not devise any special task in COMMIUS to full text search, but for commercialization such search will be needed. In COMMIUS we create full text indices of e-mail
messages for purpose of information extraction and supporting semantic annotation
so full text search can be implemented with little effort, however this is not primary
focus. We will discuss on search ranking in next section when discussing on e-mail
research efforts. MarkMail is interesting by decomposition of e-mail content into
XML, headers body etc. We also need to decompose messages in COMMIUS in order to provide Content Analysis.
• Content Analysis: We will discuss more on this in next section, but several solutions
in commercial area try to understand parts of e-mail content. Gmail focus mainly on
context sensitive advertisements but also detect events, addresses or package track-

25

http://www.xobni.com/
http://www.postbox-inc.com/
27
http://clearcontext.com/
26
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ing numbers. Similary, Zimbra or ClearContext try to recognize some objects in
text. Xobni focus mainly on extraction of contact data from e-mail signatures.
Recommendations. Similarly as we provide action hints in COMMIUS, many solution try to provide some kind of recommendations based on content analysis (Gmail,
Zimbra, Clear Context, Xobni), based on user settings or feedback (iWantSandy, Attent) or integration with external sites such as social network sites (Postbox, Xobni)
Social Networks: Usually we imagine Facebook or similar service when hearing
about social networks, but e-mail archives contain of valuable social networks
where data are own by individual or organization including many useful connections
hidden in e-mails. Only Xobni tries to exploit such networks in order to recommend
attachments or contacts to users.
Social Network Sites: Xobni and Postbox integrates with LinkedIn or Facebook in
order to offer users more info about e-mail sender such as photo, status or contact
info.
Integration with Environment: Integration with SME environment is most important
for interoperability solution. Only Zimbra allows creating the mesh-ups for integration with existing information or legacy systems. Clear Context integrates heavily
with MS Outlook and other MS tools and Xobni is an outlook plug-in. Gmail integrates with Google services. COMMIUS try to go much further than any other existing commercial or research solutions.
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Recommendations

Social
Networks

Social Network Sites
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high / medium / no value for COMMIUS
Table 6: Overview of commercial products reviewed above

4.5 Research Effort
While there is much hype on web-based research, e-mail communication is not widely addressed bedsides of ongoing research on e-mail in Human Computer Interaction field Most of
the research regarding e-mail communication is performed regarding spam detection. In 2004
the series of Conferences on E-mail and Anti-Spam (CEAS) started. The primary focus is
spam detection; however research related to extracting information and knowledge, its management, social network analysis or topic discovery is also addressed. The publishing of the
Enron e-mails [Cohen, 2009] was also a significant driver of research in e-mail communication. The Enron corpus consists of approximately 200,000 messages after cleaning of the
original 600,000 messages. The research concerning communication analysis, conversation
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threads was performed also within the first annotated e-mail corpuses28, based on a small portion of Enron e-mails related to the California Energy Crises. The next significant movement
in this area was the introduction of the Enterprise track within the series of TREC conferences
in 2005. Part of the Enterprise track29 makes use of a corpus of W3C mailing lists compiled in
2004 [Craswell, 2005] containing approximately 300,000 e-mail messages. The task was to
address mainly e-mail search and Expert search, although mainly expert search was addressed. While in 2004 and 2005 the W3C e-mail corpus was used, in 2007 the CSIRO corpus
[ICT Centre, 2008] was used where e-mail communication was no longer present, and expert
and document search tasks were performed on various kinds of documents, excluding e-mail
communication.
We believe that e-mail communication in the enterprise or community is the most important
missing piece of the puzzle to manage and use corporate knowledge effectively. We maintain
that e-mail communication is important source of information and knowledge as well as tool
for communication, collaboration and a tool for performing daily work activities such as interoperability tasks widely used but not yet widely addressed by research.
Improving search in e-mail should be also addressed more in research. Some of the TREC
results in the Enterprise Track mentioned earlier can probably be applied to this task as a way
to improve ranking. In TREC, several advanced algorithms concerning expert search were
developed. Other attempts focus on improving e-mail search using social network and information retrieval to allow activity centric search within e-mail [Minkov et al., 2008]. When
searching information on the web, one can use well-established ranking algorithms for result
ordering, such as Page Rank, OPIC or HITS: while e-mail is not the same as hypertext, it does
contain multiple distinct parameters such as threads of conversations, date, subjects, a sender
and receivers, that can be used by algorithms to better rank search results for e-mails. The
above approaches and results of semantic message understanding can enable the development
of appropriate ranking algorithms and thus improve e-mail search. The most effective ordering of results from a search in a personal e-mail archive is the date of the message. If we go to
mailing lists or an enterprise archive, where one has to find the answer to knowledge intensive
tasks, the rank problem pops up immediately. Search result ranking is then needed to find the
most relevant and trusted information. In COMMIUS we do not focus on search and search
ranking but COMMIUS work on social networks and semantic annotation of e-mail can help
to support better e-mail search and ranking.
Social Networks included in e-mail archives are becoming increasingly valuable assets in organizations, enterprises and communities, though to date they have been little explored. In
personal archives, Xobni exploits social networks to help the user manage contacts and attachments, but at the enterprise or community level, social networks can be exploited to improve e-mail search, manage customers and suppliers, prioritise e-mails or improve inference
mechanisms when connected with other detected semantic information from the e-mail. Social networks with e-mail communication have been studied to some extent. For example,
communication on the Apache Web Server mailing lists and its relation to CVS activity was
studied in [Bird et al., 2006]. This work also introduces the problem of identifying e-mail users’ aliases. Extracting social networks and contact information from e-mail and the Web and
combining this information is discussed in [Culotta et al., 2004]. Similarly new e-mail clients
(e.g. Postbox) or plug-ins (Xobni) try to connect e-mail social networks with web social networks like LinkedIn or Facebook. Within COMMIUS project, we have also performed some
experiments on extraction of social networks from large e-mail archives and network trans28
29

http://bailando.sims.berkeley.edu/enron_email.html
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formations using a semantic model [Laclavik et al., 2008]. Another research effort [Diehl et
al., 2008] exploits social networks to identify relations and tests proposed approaches on the
Enron corpus. To conclude, there is much research work done on social networks within web
social network applications, but e-mail social networks are a bit different since in the e-mail
you can discover the level of interactions (number of messages exchanged, time, relation to
content and possibly discovered semantics), and the influence of these differences on better
information and knowledge management still needs to be explored. COMMIUS will focus on
exploiting e-mail social network in order to support better understanding of e-mail content as
well as allowing applications such as partner or supplier search within organization or community.
Efforts to connect knowledge or context-sensitive information with e-mails have been realised
in already discussed Zimbra and Gmail as well as in kMail research prototype [Schwartz et
al., 2000], which integrates e-mail communication with organisational memories. Additionally, extensive work on e-mail processing and active context-sensitive information and
knowledge provision has been undertaken by IISAS (COMMIUS partner), where the ACoMA
[Laclavik et al., 2007] and EMBET30 frameworks were developed. Acoma is being heavily
extended within the COMMIUS. In COMMIUS we are performing e-mail content analysis to
detect various business objects in e-mail and thus understand and infer context of message. In
such context COMMIUS can support user with simple contextual hints or more complicated
related to semantics and process discovered in e-mail.
In addition, the following R&D prototypes have been developed, which are focused on solving problems of e-mail communication to handle various tasks such as task management,
information archiving or collaboration aspects: Telenotes, ContactMap, TaskMaster, Snarf,
ReMail or Priorities.
One major strand of research has been to address task management. One set of work looks at
ways to better track existing threads. Threads account for up to half of the user's e-mail, and
these can become very complex to track. When e-mail messages accumulate ‘replies to replies’, it is difficult to see which replies relate to which elements of the original messages.
This work developed thread visualisations so that users can better detect relations between
complex conversations [Venolia et al., 2003] [Wattenberg et al, 2005]. Gmail also groups
threads and deals with multiple messages in one thread as a single item of communication.
Other clients allow users to more easily monitor and access active tasks, using machine learning to recognise relations between messages when these are implicit, e.g. messages that appear in different threads may actually be about the same task [Bellotti et al., 2003]. Yet more
work has extracted social profiles from user interactions with prior e-mails to determine who
the user’s important contacts are. The system can learn that the user routinely replies to messages from one person but ignores messages from another. It can then promote messages from
people who are important to the user, demoting messages from others [Whittaker et al., 2004].
Finally machine learning has been applied to users’ e-mail behaviour to determine which kind
of messages users reply to quickly and which they tend to ignore [Horvitz l et al., 1999], and
also to assist them with filing messages [Segal et al., 1999] . Another approach tackling the email overload problem is to stratify conversations. Telenotes integrates e-mail with instant
messaging and also Notes backend databases. This allows users to migrate conversations to
different e-mail clients – allowing quick question and answer e-mails to migrate to instant
messaging, but longer term focused group discussions to discussion databases [Whittaker et
al., 1997]. IBM Research has spent nearly a decade studying e-mail within their ReMail31
30
31

http://ups.savba.sk/kwfgrid/uaa/
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[Rohall et al., 2004] project, since Lotus software was one of their important products. ReMail focused mainly on visualization and management of e-mails in threads, offering e-mail
annotations with colour, icons and notes as well as integration with instant messaging. Most
of ReMail findings have already been exploited in some way in current e-mail clients or web
mails.
While current research in the field of HCI and interoperability aims to change users' behaviour with respect to e-mail communication, in COMMIUS we do not force user to change current working practices. We will provide solution allowing user to read e-mails in his/her favourite e-mail client. E-mails will be enhanced with information in form of text or html attachments with information and links which will help to automate interoperability tasks represented by e-mail message.
From the HCI field comes also a few works on task or activity management discussed earlier
in this section. There are also recent efforts in managing tasks, activities or workflows in the
e-mail (e.g. Nepomuk Kasimir prototype), managing, dealing with requests and commitments
in e-mail [Lampert et al., 2008] or using machine learning approaches to provide activity centric views on e-mail communication in the enterprise environment [Kushmerick et al., 2006].
In COMMIUS we address and focus on flexible processes [Burkhart et al., 2008] which are
usually present in SMEs.
Information Extraction, Semantic Annotation or content analysis and semantic understanding
of content in general is very important topic also for COMMIUS. These include approaches to
semantic e-mail such as discovering of named entity objects, events or activities in e-mail or
applying speech act theory or information retrieval and statistical techniques on content
analysis. We provide more details in section 5.2.4 on this topic.
In the table below, we have summarized a few useful features of scientific approaches build
on top of e-mail communication, which are quite valuable also for COMMIUS project and
need to be exploited in some way. We focus more on methods and not on concrete prototypes.
• Content Analysis: In order to understand e-mail content, we need to apply suitable
approaches and methods. The basic must is to have suitable e-mail corpuses, where
such methods can be tested and evaluated. In this section we have discussed several
e-mail corpuses, none of them include interoperability and business e-mails from
SMEs. In COMMIUS we are building E-mail corpus with hundreds of e-mails, also
annotated by end users. This will serve us to apply, test and tune information extraction and semantic annotation techniques. For information retrieval techniques or
graph analysis larger corpuses are needed. It is not possible to create such corpuses
containing of business e-mails due to privacy reasons. We are trying to test and
evaluate methods on private e-mail or publicly available e-mail corpuses.
• Recommendations: Similarly as we provide action hints in COMMIUS, many research solutions try to provide some kind of recommendations based on content
analysis. Within COMMIUS, main input for recommendation methods will be semantic understanding of message and interoperability content included based on Information Extraction, Semantic Annotation and other semantic techniques discussed
in section 5 but also based on graph analysis which is related to social networks included in e-mail communication. On the other hand, we can not exploit speech act
theory very well in COMMIUS, since it can cover some actions but can not help us
to understand interoperability content. E-mail related research of speech act theory
is discussed in section 5.2.4.
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Social Networks: As we have discussed earlier e-mail archives contain of valuable
graph or network connections where data are own by individual or organization in
contrary to social network sites, where these networks are owned and managed by
third party. We believe that proper exploitation of e-mail social network can help in
adaptability and integration techniques of COMMIUS. We will try to apply standard
graph analysis methods as well as exploit methods such as spread of activation used
successfully also in Nepomuk project. A bit problematic is real evaluation of suitable techniques on interoperability content since it is hard to build e-mail corpuses
containing of thousands interoperability and business related e-mails due to privacy
reasons. We will try to test in on personal archives and partially evaluate on smaller
e-mail interoperability corpus.
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high / medium / no value for COMMIUS
Table 7: Overview of concepts reviewed above

Some of the latest e-mail research was promoted also in the AAAI-08 conference and its
Workshop on Enhanced Messaging (EMAIL-2008). After this event participants created an email research Google discussion group and website32 with a periodically updated bibliography
on e-mail research.
COMMIUS also contributes to the e-mail research. Lately, we have organized IEEE E3C
workshop33 on e-mail role in enterprise. E3C Program Committee contained well known researchers focusing on e-mail issues from Europe, USA and Australia.

4.6 Evaluation for COMMIUS
Technical or system interoperability needs to be build around well established internet protocols and standards. Nowadays interoperability solutions focus mainly on HTTP protocol and
related standards such as web services (WS), XML or mesh up technologies. HTTP protocol
is used as transport layer for communication and additional standards such as WS, XML,
ebXML are used for establishing higher communication semantics and semantics of data exchanged. Large industry sectors established also their own standards and support tools for interoperability. Technical interoperability needs to be build on well established communication
standard, which HTTP fulfil the best and all previously mentioned architectures such as SOA,
P2P or Web 2.0 mesh-ups are build on HTTP. However other important requirements are
needed for interoperability especially in SMEs:

32
33

http://emailresearch.org/
http://www.infosys.tuwien.ac.at/autocompwiki/index.php/E3C
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Enterprises need to have tools to interoperate – HTTP is supported only in
Web browser and no other e-business or e-commerce solutions are present in
most of SMEs.
It is hard to interoperate synchronously for a SME and especially for a micro
SME due to several reasons:
 Technical: need for specialized systems online 24 hours, too costly solutions for a SME in terms of human, financial and time resources.
 Control: No systems available for tracking or business automation are
available. Human need to keep track of business process including interoperability tasks

In the table below we summarize suitability of typical technical interoperability approaches
on level of protocol and hosting environment. All approaches discussed in section 1 of this
Chapter and reflected in previous sections have a value for SMEs and COMMIUS project at
least on conceptual level. However, SOA and P2P approach have high start-up, running and
implementation costs for SMEs. Even P2P seems not relevant at all for COMMIUS, we believe the idea of P2P sharing can be exploited in asynchronous manner when information is
shared via e-mails send and received. Web 2.0 and Mash-up technologies are more acceptable
for SMEs, since many web 2.0 applications and services exists or can be created by internet
oriented SMEs. However, SMEs in other sectors can benefit only from publicly available
Web 2.0 applications or Mash-ups. They can also benefit from Social network sites such as
LinkedIn, Facebook or other and various applications build by community, but in all cases
SMEs need to use diversity of Web2.0 tools, which are not integrated and interconnected in
any manner. Another big problem is that SMEs will have no control of the data within such
Web 2.0 or Mash-up applications. In COMMIUS we would like to exploit Web 2.0, mash-up
and social networks approaches but in tight integration with e-mail, user in SMEs will thus
have integration point in the tool (e-mail client) which they use for daily business task anyhow.
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high / medium / no value for COMMIUS
Table 8: Evaluation of approaches to systems interoperability

The COMMIUS consortium believes that technical interoperability over SMTP can be used as
a solution for ISU concept of interoperability:
• SMTP is well established communication protocol available in most of enterprises.
• E-mail clients are present in most of enterprises and COMMIUS approach can support
interoperability within any e-mail client and device.
• E-mail communication is asynchronous, information send over e-mail can comply
with established interoperability or industry standards and stay human readable (e.g.
XML with XSL templates). Thus e-mails can be processed either manually or automatically. Human can keep track, confirm or achieve interoperability communicated
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via e-mail.
COMMIUS approach does not replace existing interoperability effort and solutions, but allows asynchronous – user mediated interoperability and address shortage of not costly and
easy to use interoperability tools in SMEs. In addition, COMMIUS user is not force to use a
new e-mail client or a new webmail but can fully benefit of established working practices
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5 Semantic Interoperability
Understanding the meaning of the messages and their components underpins any communication between organisations. Technical interoperability is another strong contender for this position, and was shown as underpinning everything in early versions of the interoperability
framework.
This chapter highlights core principles of semantics and how it can be used to ensure understanding between organisations. It will then review key efforts in the area and analyse their
features vis-à-vis the characteristics of the application domain targeted by COMMIUS.

5.1 Preliminaries
While the difficulties involved in ensuring that the correct messages are sent between two
companies are considerable, doing so is only worthwhile if the organisation receiving the
message interprets it in the manner that the sender intended. The challenge of achieving such
a happy state of affairs is addressed by semantic interoperability. We say that two enterprises
are semantically interoperable if they are in agreement as to the meaning of the messages exchanged between them.
This definition involves the human interpretation of messages at both ends: within the enterprise sending the message and that receiving. Yet at the computer level it is impossible to ensure total semantic interoperability. However, certain progress can be made in automating the
way in which the message content is understood and processed at both ends. For example, if
two companies agree on a shared definition of a purchase order and what it means, we can
build an application which helps one of the companies to complete the purchase order, send it
to the correct supplier, and another application at the other end which checks that the goods
ordered are in stock, and proceeds to ship the goods to the company which has sent a purchase
order. The agreement on the semantics behind a purchase order in this example will include
what is the delivery address, which currency is the order in, and what are the units of order
against each item. The item codes and descriptions should also be semantically aligned, this is
traditionally done through trade catalogues, amounting to centralised ontology agreed to by
both trading parties.
In the case of COMMIUS the task of achieving total semantic interoperability is quite a bit
harder than this simple case. This is because we are not trying to achieve semantic interoperability between two or more known companies but rather trying to enable a single company to
semantically interoperate with any company who chooses to send them documents via e-mail.
This suggests that we should formulate the task of semantic interoperability for COMMIUS
as follows:
to interpret “unknown” incoming documents in terms of the local semantics of the company
receiving them.
This new understanding puts some additional obstructions in the way of typical semantic interoperability, and renders the majority of existing approaches to unsuitable as shown in the
further sections.
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5.1.1 Criteria for Analysing other Approaches
The characteristics we are seeking for COMMIUS in terms of semantic interoperability depend on the task we have defined above. Such characteristics are used then as evaluation aspects of other approaches to semantic interoperability, and are described as follows:
•

Reach a common alignment: this characteristic refers to the cost between any
two SMEs of reaching a semantic interoperability level such that most of the
transactions occur seamlessly. The lower the cost, the more attractive it becomes
for COMMIUS.

•

Update an established alignment: once a common alignment is established
between any two SMEs, how much it costs for any of them to modify the semantic
alignment such that the interoperability level remains or improves. The lower the
cost, the better it is for COMMIUS.

•

Join to an established alignment: this aspect evaluates the cost for a SME to
interoperate with other two SMEs who have already established a semantic
alignment, causing the minimum alterations. The lower the cost, the more
desirable it is for COMMIUS.

Additional to these evaluation aspects, we use re-others to analyse the impact they could have
in COMMIUS. These are described below.
•

Direct use for COMMIUS: in this category it has been analyses whether the
approach might be directly used for COMMIUS. Thus, a high rating stands for
high usability for COMMIUS.

•

Conceptual input for COMMIUS: additional to their direct use, the concept
provided by the analysed approaches is considered as an input to COMMIUS. That
is, a high value stands for concepts which should be included in the course of the
project while low ratings show that the reviewed Concepts are too far away from
the COMMIUS idea to satisfy further research in this field.

•

Overall use for COMMIUS: finally, a combined rating of the approach
respective to its overall use for the COMMIUS Project, based on the performed
analysis, is given.

5.2 Review of Selected Approaches
This section reviews some of the approaches to achieving semantic interoperability. While
these approaches are not well suited to the specific problem addressed within the context of
COMMIUS they are well established in the community of semantics and provide useful indicators of how the problem might be approached.
The analysed approaches are grouped according to the type of technique. Thus the evaluation
is made to the whole group rather than individual approaches because the implications and
criticisms apply the same to all the instances of the group. In Section 5.3, both a summary of
the analysis and a comparison of all the approach types are provided.
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5.2.1 Single Ontology Techniques
Most approaches to semantic interoperability use formal languages to describe the set of messages and concepts. Languages appropriate to description of such standards are studied within
the field of ontology. Perhaps the most widely cited definition of an ontology is that given by
[Gruber, 1993]: “a formal, explicit specification of a shared conceptualisation”.
A commitment to a single shared ontology ensures that the terms used within communication
have a shared meaning thus directly allowing for semantic interoperability. While the study of
ontology has deep roots within philosophical domains, the focus of much recent interest has
been enabling the automatic comprehension of the semantic meaning of terms. The evolution
of this field is discussed by [Smith & Welty, 2001].
Languages and tools
In recent times the related idea of the Semantic Web, originally popularised by Berners-Lee
within publications such as [Berners Lee et al, 2001], has risen to prominence. The goal of
this initiative is to place semantic annotations on web pages rendering them machine interpretable and thus facilitating features such as intelligent web searches.
Many proponents of the Semantic Web seek a universal medium for information exchange
based upon XML syntax. This has given rise to such standards as the Resource Description
Framework RDF [Herman, 2004] and its elaboration in RDF Schema RDFS [Hayes, 2004] or
the Web Ontology Language OWL [McGuinness & van Harmelen, 2004]. Moreover, this is
reflected in the vision of Semantic Web Services and related standards namely, the Web Service Modelling Ontology WSMO34, the Web Service Modelling Language WSML35 or OWLS [Martin et al., 2004].
The predominant use of ontology to foster semantic interoperability is reflected by the numerous research efforts, and software tool development and support in this area. In response
to approaches to ontological modelling, such as those cited above, a number of tools for ontology editing, storage, querying and reasoning are now available.
These include several semantic frameworks for accessing and manipulating documents in
OWL, RDF and RDFS. There are several RDF/RDFS-based reasoners and repositories, such
as OWLIM36, Sesame, Jena, Joseki, Kowari and 3store. While most of the repositories are
based on triples, some of them additionally implement (scalable) inferencing for RDF/RDFS
documents, or alternatively for OWL-Lite (SHIF(D) description logic). The most prominent
semantic framework is Jena37. It provides a wide range of functionality through its APIs.
There are also several existing OWL-DL reasoners, which can be used to check consistency
and infer relevant facts from OWL-DL documents. Current tableaux-based description logic
reasoners include Racer, Pellet, Fact++ and Cerebra. All implement various optimisations for
tableaux-based inferencing for SHOIQ(D) class of description logics. An alternative reasoner
for the SHIQ(D) subset of OWLDL is KAON238, which implements a novel resolution-based
description logic reasoning.

34

http://www.wsmo.org/
http://www.wsmo.org/wsml/
36
http://www.ontotext.com/owlim/
37
http://jena.sourceforge.net/
38
http://kaon.semanticweb.org/
35
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Ontologies themselves can be created using ontology editors, such as Protégé39. This is an
open source development environment for ontologies and knowledge-based systems which
was developed at Stanford University. OWL plug-ins for Protégé support the editing of OWL
ontologies, and the ongoing CO-ODE project40 provides valuable support for user modelling
in OWL. Many other ontology editors exist (cf. [Denny, 2002] for a survey) such as OntoEdit
which support translating the ontology from its own XML-based storage format to others
namely F-Logic and RDF; and OilEd, which allows the users to build ontologies using OWL
and its precursor DAML+OIL. Finally, tools such as DUET (DAML UML Enhanced Tool)
support visualisation and management of ontologies, as indeed do a number of web-based editors, such as OntoWiki or POWL.
Implications for COMMIUS
The best established technique for achieving semantic interoperability is using a standard to
clearly define the set of messages which can be exchanged, along with their content. This is
the only approach which can feasibly lead to total semantic interoperability. The price paid
for this is the lack of flexibility, since changes in the standard are slow, costly and have substantial ripple effect to local applications and processing.
Under this approach, achieving semantic interoperability requires that every partner involved
in the communication agrees on the semantics of the agreed message types and concepts.
Such an approach has been applied in many projects, including Athena and all of the main
interoperability standards. For comprehensive list of these projects, see Chapter 6; here we
highlight their semantic interoperability aspects by focusing on two of them: RosettaNet and
ebXML.
The main common feature of these approaches is the clear centralised definition of business
documents and message exchange patterns, linking business documents with their intended
use. For example, RossetaNet defines standard purchase order messages and attaches to them
specific processing patterns (PIPS), thus ensuring mutual agreement between the companies
as to how messages are processed within a business transaction.
The problems of using a common shared ontology for semantic alignment stem from the open
nature of the environment targeted by COMMIUS. This suggests that there might be (a) a
number of candidate ontologies for a given domain, (b) new companies and services may appear all the time, requiring changes to the centralised ontology; and (c) each SME may have
its own particular vocabulary and specific local processing systems. These suggest that neither a fixed ontology nor a unique semantics is appropriate.
5.2.2 Creating Ontologies through Annotations
The main difficulties in applying such single ontology based approaches are more practical
than theoretical. In particular, their use assumes the existence of a single ontology which contains a detailed description of all of the forms of communication that will be needed and for
all of the parties involved in the communication to agree to use this ontology. Indeed in certain scenarios it is reasonable to expect these requirement to be met, for example in repeated
communication within a stable group of companies or when communicating with a company
powerful enough to mandate the use of certain types of message when communicating with it.

39
40

http://protege.stanford.edu/
http://www.co-ode.org/
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Even when the relevant structures for supporting a persistent grouping do exist, the ontology
itself must be generated. In certain very structured domains this can be a fairly straightforward task, especially if existing standards cover the subject area.
Within more disparate contexts such as the Semantic Web this can however be somewhat
challenging. Indeed in light of the enormous quantity of web pages already in existence it is
not feasible to expect their manual annotation and so the (semi) automated annotation of web
documents is a key challenge for the realisation of the Semantic Web.
Several systems for performing such annotation through annotation protocols exist, including
Annotea [Koivunen, 2003], Rubby and RDF annotation [Miller, 2001]. As discussed by [Uren
et al., 2005] annotation solutions can be manual, such as CREAM and Magpie, or semiautomatic based on natural language processing, a document structure analysis or a learning
approach (which requires training sets or supervision). Moreover, there exist pattern-based
semi automatic solutions, such as PANKOW and C-PANKOW [Cimiano et al., 2005], and
SemTag. Semantic annotation solutions also come from Information Extraction (IE) field,
where basic IE tasks are much related to semantic annotation tasks. These include systems
such as GATE41 [Cunningham at al., 2002] including also Annie42 extension or KIM43 semantic annotation platform [Kiryakov, 2005].
Implications for COMMIUS
These approaches indeed can be seen as an extension of single ontology techniques in the
sense that there is in general no single way to encapsulate the information needed to communicate within a specific domain. That is, SMEs would still need to agree, to a lesser extent
though, on common information formats with the same meaning, such that annotations could
be automatic. This is indeed a better approach than single ontology techniques, yet it still does
not provide the sufficient flexibility needed when new SMEs want to interoperate when certain alignments already exist.
This can led to situations where a group of companies anticipate working together on a regular basis and wish to agree on an ontology to use for communication, but where members of
the group already use existing but different ontologies. Since the adoption of a specific ontology involves considerable costs in terms of standardising internal documents etc. under such
circumstances it can be much more attractive to try and combine the existing ontologies into a
single combined ontology. This leads naturally onto the next section.
5.2.3 Ontology Sharing
One practical situation in which is it seems inevitable that such multiple differing ontologies
will coexist is the Semantic Web. Naturally, many have recognised that the use of a single
ontology is untenable in a distributed environment and this has led to research in “ontology
alignment”. There are several techniques for aligning ontologies; an extensive survey of
which can be found in [Kalfoglou & Schorlemmer, 2003].
Two prominent techniques are the creation of local rules for translating concepts between the
different ontologies and creating some “meta-structure” to relate them (cf the KRAFT project44). In principle these techniques hold out the promise of enabling distributed ontology in41

http://gate.ac.uk/
http://gate.ac.uk/ie/annie.html
43
http://www.ontotext.com/kim/semanticannotation.html
44
http://www.csd.abdn.ac.uk/research/kraft
42
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teractions, where each document is defined according to the ontologies known by its creator
and the local rules of every receiver then map them into terms known by the reader of the
document.
This has motivated the investigation of approaches for automatically deriving mapping rules.
However such approaches have tended to solely focus on identifying situations where concepts within two ontologies can be identified and – as noted in [Kalfolglou & Schorlemmer,
2003] – typically still require some human input, which solves perhaps the harder half of the
problem: that is creating rules relating how the information within the attributes of the concepts of one ontology should be mapped into the attributes of the class identified as equivalent
within the other ontology. This problem is closely related to that of database schema integration [Rahm & Bernstein, 2001]. As the authors demonstrate, the formation of translation rules
to deal with such syntactic matters represents a substantial problem.
Implications for COMMIUS
The major difficulty with this approach lies in the need to create the mapping rules. Since the
hand creation of such mapping rules can be rather problematic, an obvious possibility is to
offer automated support to users. This approach has been used, for example, in the OntoMerge project described in [Dou et al, 2005]. A notable feature of such techniques is that, in
order to define such rules, complete descriptions of the two ontologies to be mapped between
must be present. In addition, a human expert is required in order to define the mapping rules.
5.2.4 Semantics in E-mail Communication
Automated annotation of web documents is a key challenge for the realisation of the Semantic
Web. Web documents are structured, but this structure is typically understandable only for
humans. This is one of the major problems to be addressed by the Semantic Web. E-mails, on
the other hand, are primarily composed of unstructured text, which is even more resistant to
automatic processing by other tools tied to HTML structure such as wrappers. Thus annotation is a crucial step in the transformation of this unstructured information and knowledge,
before processes such as search and reasoning can be performed.
Manual annotation currently plays an important role in the e-mail management process: most
e-mail programs enable the user to label individual e-mails with tags such as importance rankings, topics and so on. However this process requires the user to first read the e-mail and then
to classify it, which is a laborious process. Better by far would be the automation of as much
of this process as possible, so that the user automatically gets informed about the nature of the
e-mail in his inbox before he has read it, and perhaps gets his e-mail sorted according to topic,
priority, etc. Semi- and fully automatic annotation processes are thus required: partly as a
standalone task in order to create tags and even highlight keywords and phrases in documents,
but also, and perhaps more importantly, in order to pave the way for processes such as clustering of documents along a thread, summarisation of groups of related e-mails, extraction of
important information (such as urgent tasks required of the user, according to the content of
the e-mail, e.g. upcoming deadlines for papers, requests for authorisation, request for attendance at a meeting, and so on), and search facilities. Furthermore, it can be used to link emails to related documents which may have no explicit connection.
One of the first attempts to apply Semantic Web technologies to e-mail was performed by
[McDowell, 2004], who tries to resolve problems stemming from one to many communication tasks such as event planning, by communicating Semantic Web formal data in the message. While such an approach is not very user friendly, there is definitely a need to communi-

© COMMIUS Consortium

66 / 87

COMMIUS - ICT-2007 - GA - 213876

COMM-WP2-T2.1-DFKI-TECH-StateOfArt

cate and share data such as events from calendar, tasks or contact details over e-mail in a
standardized way.
One of the most significant attempts to understand e-mail communication has been performed
with Semanta [Scerri et al., 2007]. This applies speech act theory to e-mail communication
processes, eventually giving a formal structure and semantics to ad-hoc workflows which are
characteristic of e-mail communication. Semanta focuses only on speech act understanding
but not on other aspects such as support for business tasks, interoperability, connection to existing infrastructure and does not involve changes to working practices. It also does not focus
on any approaches to gather the semantics of e-mail other than speech acts. Speech act theory
was applied earlier also by [Carvalho & Cohen, 2005] for “e-mail acts” classification.
Implications for COMMIUS
These approaches indeed proved to be useful. However, they focus only on detecting speechacts and on e-mail classification. That is, no other aspect such as interoperability or existing
infrastructure is provided. Thus, it is difficult to say whether any alignment between communicating companies is achieved. Indeed, classification could be proven useful for COMMIUS,
yet how to achieve it is something to be dealt during the course of the project.

5.3 Evaluation for COMMIUS
A primary driver of the COMMIUS project is the goal of achieving an interoperability solution with “zero - cost” of entry. In particular a new company must be able to easily locally
configure their COMMIUS software before using it to provide interoperability. The outlined
techniques described in the previous section fail to facilitate such behaviour.
The creation of domain specific ontologies and in particular as extensions of agreed, "upper"
ontologies achieves semantic interoperability through semantic agreement. Developing domain specific ontologies is however clearly not "zero-cost". Moreover, this agreement on a
common semantic model means that existing approaches to semantic interoperability are typically centralised.
Further a new company using COMMIUS might bring with it new concepts which would then
have to be inserted into the main centralised ontology. This might not only require substantial
work on the centralised ontology itself but also requires the other companies using COMMIUS to learn the new concepts introduced.
Perhaps the largest problem when trying to apply such techniques is however that they simply
solve the wrong problem within the context of COMMIUS. Even were COMMIUS to come
with a single centralised ontology which it recommended its users to adopt it is unlikely that
many would go the expense of doing so. In addition there is no prospect of the typical small
companies targeted by the COMMIUS project being capable of insisting that messages sent to
them should use a specific format. Thus we must assume that the messages coming into
COMMIUS do so in an unstructured manner.
Similar problems would be encountered when considering approaches which use mapping
rules – every time a new company started to use COMMIUS appropriate mapping rules or
“meta-structures” for mapping from and to every other ontology within COMMIUS to their
local ontology would have to be created.
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It is clear that this process would be far from zero cost and would indeed increase rapidly as
more businesses started to use the COMMIUS system. In addition it would again only ever
support COMMIUS to COMMIUS communication rather than more important “whole world”
to COMMIUS communication that we seek to support within COMMIUS.
In the end, using the evaluation aspects defined earlier in this chapter, the cost evaluation of
approaches can be summarised in Table 9.
Approaches

Reach a
common
alignment

Update an
established
alignment

Join to an
established
alignment

Direct use for
COMMIUS

Conceptual
input for
COMMIUS

Overall use
for COMMIUS

















































Single Ontology
Ontology
annotations
Ontology
sharing
Semantics
in E-mails
Legend:  /  / 

high / medium / no value for COMMIUS
Table 9: Evaluation of approaches to semantic interoperability

Recommendation for COMMIUS
COMMIUS will therefore use an alternative, novel approach to the problem of supporting
semantic interoperability. It advocates abstracting from matters of syntax to focus on the information passed within a concept. When a concept is passed to a recipient with a local ontology, the approach allows a range of options starting from only retaining the subset of the concepts overall information which that recipient will understand, to a decision by the recipient to
learn the complete new concept because of the future utility it will provide. This permits actors/trading partners to meaningfully communicate without the need for potentially expensive
ontology agreement or alignment. A fuller account of this approach can be found within
[Stalker & Mehandjiev 2006].
Within the context of COMMIUS this method will be adapted to cope with the problem of
interpreting unstructured incoming documents in terms of the formats locally used by the
company using COMMIUS. This will be achieved by using information extraction techniques
to identify the basic units of information present within the document – in terms of a semantic
core based on the UN CEFACT Core Components standard – before using other techniques to
identify the type of document.
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6 Related Projects
Orthogonal to the three research areas tackled in the previous sections several research projects in the area of interoperability were executed. To ensure the novelty of the COMMIUS
approach and to discover concepts that COMMIUS could build on a selection of research projects related to COMMIUS are revised. As described in the section on interoperability, in recent years many research projects in the area of interoperability were executed (compare p. 7).
A complete list of all research projects tackling interoperability is not in scope of this document. Thus, in the following a selection of 10 research projects executed in the European Union is revised.

6.1 ARKOS
PROGRAMME TITLE

DURATION
–
10/03
10/06

ARCHITECTURE FOR COLLABORATIVE SCENARIOS

STATUS
COMPLETED

The national Project ArKoS, sponsored by the German Federal Ministry of Education and Research (BMBF), aimed to support coordination-intensive cross-organizational business processes in an integrated way. For this purpose, novel modelling methods and an integrated architecture to map collaborative business networks were developed in the first step. Afterwards, these findings should be transferred and validated in the building industry. [ARKOS]
The intention of the ArKoS project was to create a software platform to plan and steer the collaborative activities of networking partners. In contrast to the COMMIUS Project, this means
that an intermediary, the software platform, arranges the organizational and technical integration of the business partners. This intermediary provides pre-defined process interfaces, which
connect the heterogeneous software applications used by the collaborating enterprises. Taking
part in the collaboration requires the potential partners to do significant preparatory work.

6.2 CrossWork
PROGRAMME TITLE
CROSS-ORGANISATIONAL WORKFLOW FORMATION
ENACTMENT

AND

DURATION
01/04
–
12/06

STATUS
COMPLETED

CrossWork was a project sponsored by the European Commission under the Innovation Society Technologies (IST) programme of the 6th Framework Programme. The objective was to
develop a flexible Workflow Management system, technologically based on Multiagent Systems. CrossWork was focussed to the development of mechanisms for automated workflow
formation and enactment in the automotive industry with the aim to form Networks of Automotive Exellence. [CrossWork]
According to the information on the website, the project objectives should be achieved by developing an open platform to support the integration and adaption of cross-organizational
workflows. This means, comparable to the ArKoS Project, an intermediary platform arranges
the interaction of the business partners and thereby plans and steers the workflows between
them. Although it is mentioned in the project description, that the results of CrossWork will
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be of specific interest for SMEs, it could be problematic to transfer the experiences made in
the automotive industry to other industries. Generally, automotive manufacturers and their
component suppliers are very sophisticated in planning their processes along the complete
value chain. More often than not, those processes are supported by extensive software applications like ERP-, SCM and Workflow Management Systems. Therefore it is very doubtful, if
the approaches and results of the CrossWork project are useful for the target group of the
COMMIUS Project.

6.3 ATHENA
PROGRAMME TITLE
ADVANCED TECHNOLOGIES FOR INTEROPERABILITY OF
HETEROGENEOUS ENTERPRISE NETWORKS AND THEIR APPLICATIONS

DURATION
02/04
03/06

STATUS
–

COMPLETED

The ATHENA Project aimed to analyze various aspects of Interoperability – for example
cross-organizational business processes, Service-Oriented Architectures, semantic description
of business documents and economic examination of network organizations. [SAPInfo, 2008]
For this purpose, the so-called ATHENA Interoperability Framework (AIF) was created,
which structures the above mentioned aspects in three main parts:
•
•
•

Conceptual Integration: definition of an interoperability reference architecture which
is focussed on concepts, models and metamodels as well as languages
Applicative Integration: includes methodologies, standards and domain models
Technical Integration: this part of the AIF is focused on software development,
modelling tools and execution environments. [ATHENA, 2007]

ATHENA was a large-scaled project aiming to develop methodologies, architectures and execution platforms to enable Interoperability in general. Though the ATHENA project comprised an extension specifically for SMEs, the overall approach developed for ATHENA focuses clearly on LSEs. The COMMIUS Project is more a concrete specification of this general ability, namely a special Interoperability solution which is based on existing ICT infrastructures. In this context, it is conceivable and should be further tested, if some of the
ATHENA results could be useful to develop and implement the COMMIUS solution.

6.4 Interop-NoE
PROGRAMME TITLE
INTEROPERABILITY

RESEARCH FOR NETWORKED ENTERPRISES APPLICATIONS AND SOFTWARE

DURATION
11/03
–
04/07

STATUS
COMPLETED

As can be seen in this chapter, a lot of projects deal with the problem of interoperability and
produce results to support enterprises in their cross-organizational activities. However, the
project results often remain insufficiently structured, are fragmented and sometimes even
overlapping. “There is no global vision of research consistency, no co-ordination between
European research centres, university laboratories or other bodies. This situation is not only
true for research, but also in the training and education areas. Consequently, the primary goal
of INTEROP is the sustainable structuring and shaping of European research activities on Interoperability for Enterprises Applications and Software and the emergence of a lasting Euro-
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pean Research Community that will influence standards, affect policy and solve recurrent
problems in networked enterprises.” [INTEROP NoE Project, 2004] For this purpose, a virtual laboratory on Enterprise Interoperability is set, which should enable the formation of a
sustainable European research community on interoperability.
The Interop-NoE Project was destined to provide a collection and consolidation of fragmented
research activities and results. It was not the objective to develop a specific solution like it is
planned in the COMMIUS Project.

6.5 ABILITIES
PROGRAMME TITLE
APPLICATION BUS FOR INTEROPERABILITY IN
EUROPE SMES

ENLARGED

DURATION
01/06
–
01/08

STATUS
COMPLETED

According to the Project Fact Sheet the basic objective of ABILITIES “[…] is to study, design and develop a federated architecture implemented by a set of intelligent and adaptive
UBL active messages (an Application Bus for EAI) and basic interoperability services, aiming at supporting SMEs EAI in e-commerce contexts, specifically in less developed Countries
and less RTD intensive industrial sectors.” [ABILITIES, 2008] In particular, the ABILITIES
Project addressed three research areas:
• Definition of a generic XML interchange format for business documents, based on
the OASIS (Organization for the Advancement of Structured Information Standards)
UBL specifications,
• experimentation with an innovative architecture, which is able to join the advantages of message-based Service Oriented Architectures and
• Multi Agent Systems coordination between research and standards concerning business documents and business process management.
While the project also focuses on SMEs, the considered interoperability aspect is restricted to
the order-to-invoice procurement cycle in less developed countries and less research and
technology development intensive areas. The results of the project may thus be partly applicable to and reusable in COMMIUS. However, with respect to the significantly wider scope
of COMMIUS, the results of ABILITIES will only be able to cover a minor part of the
COMMIUS topics.

6.6 FUSION
PROGRAMME TITLE
BUSINESS PROCESS FUSION BASED ON SEMANTICALLYENABLED SERVICE-ORIENTED BUSINESS APPLICATIONS

DURATION
02/06
–
07/08

STATUS
EXECUTION

The research project Fusion, led by SAP AG and a consortium of 14 partners, has the objective to “[…] promote efficient business collaboration and interconnection between enterprises
(including SMEs) by developing a framework and innovative technologies for the semantic
fusion of heterogeneous service-oriented business applications.” [FUSION] Expected results
are:
an approach for Semantic Service-oriented Business Application integration covering essential business processes between collaborative organizations a methodology for Semantic Ser-
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vice-oriented Business Application Integration that will facilitate the integration of business
software applications an integration mechanism to simplify the interconnection of heterogeneous information systems, resource sharing and services provision. [FUSION]
As can be seen in Figure 20, business process integration in the FUSION Project is achieved
through a four-step procedure. The core functionality in this procedure is the semantic annotation of the Service interfaces with concepts from the FUSION ontology.

Figure 20 Fusion Approach

The Fusion Project is definitely focussed on the semantic aspects of interoperability, or more
precisely, the semantical aspects enabling a connection of heterogeneous business applications. In contrast to the COMMIUS Project, where widespread e-mail-technology (and solely
this technology) is used to support cross-organizational business activities, the Fusion approach rather aims to connect the various software tools and applications used by European
enterprises.

6.7 GENESIS
PROGRAMME TITLE
ENTERPRISE APPLICATION INTEROPERABILITY VIA INTERNET-INTEGRATION FOR SMES, GOVERNMENTAL ORGANISATIONS AND INTERMEDIARIES IN THE NEW EUROPEAN UN-

DURATION
03/06
08/08

STATUS
–

COMPLETED

ION

The main objective of the GENESIS Project “is the research, development and pilot application of the needed methodologies, infrastructure and software components that will allow the
typical, usually small and medium, European enterprise to conduct its Business transactions
over Internet, by interconnecting its main transactional software applications and systems
with those of collaborating enterprises, governmental bodies, banking and insurance institutions with respect to the EC current legal and regulatory status and the existing one in the new
EU, candidate and associate countries.” [GENESIS, 2008] Therefore, a prototype system to
enable the above mentioned business transactions will be developed.
As can be seen in Figure 21, the GENESIS Architecture is based on a central server, which
stores and forwards the data of the collaborating enterprises. This means, the business partners and their information systems are not connected directly but via an intermediary, namely
the server.
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Figure 21 Genesis Architecture

The GENESIS Project has a much more general character than the COMMIUS Project, because it is not only focussed on B2B transactions of SMEs but also on transactions between
SMEs and governmental bodies, banking and insurance institutions. Furthermore, the GENESIS architecture is based on a central server, which steers the business transactions between
the operating business partners. Within the COMMIUS Project, such an intermediary structure is not planned; the business transactions between the involved partners are executed directly between them.

6.8 R4eGov
PROGRAMME TITLE

DURATION
–
03/06
02/09

TOWARDS E-ADMINISTRATION IN THE LARGE

STATUS
EXECUTION

R4eGov is a project supported by the European Commission, which aims to support the interoperability of large Public Administrations in the European Union. With regard to the special
requirements of the public sector, an architecture was created, which allows public administrations to specify their interfaces for cross-organizational processes. Due to the sensitivity of
the data in this context, special attention must be given to security and privacy aspects.
[R4eGov]
The challenge of the R4eGov Project is to develop an interoperability framework, which considers specific data specifications, interfaces and process models for eGovernment activities.
Therefore, it is questionable if these very specific results can be transferred to a B2B scenario
in a reasonable way. Moreover, in the project description e-mail communication between national or international public administration is not mentioned at all, which indicates that the
project is rather focussed on the connection of other heterogeneous software systems.

6.9 SUDDEN
PROGRAMME TITLE
SMES UNDERTAKING

© COMMIUS Consortium
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ECOSYSTEM

DURATION
09/06
–

STATUS
EXECUTION
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NETWORKS

08/09

The SUDDEN project [SUDDEN, 2006] is focused on software facilitating the cooperative
operation of communities of automotive SMEs. In particular it focuses on the identification of
teams of companies which can together meet business opportunities, the identification of
training needs for companies within the group and aspects of how these processes can be coordinated.
Hence, while SUDDEN does address some aspects of interoperability where they are particularly relevant within its application context this, in contrast to COMMIUS, is not its primary
purpose.
An additional major difference is that SUDDEN supports the operation of an explicitly defined group of companies the members of whom might typically even pay a membership fee.
This contrasts to COMMIUS which aims to provide a zero cost interoperability solution,
which an individual company can use. Overall the two projects are developing complementary rather than competing functionality.
6.10 i - Surf
PROGRAMME TITLE
AN INTEROPERABILITY

SERVICE UTILITY FOR COLLABORATIVE SUPPLY CHAIN PLANNING ACROSS MULTIPLE DOMAINS
SUPPORTED BY RFID DEVICES

DURATION
02/08
08/10

STATUS
–

EXECUTION

iSurf is a recently started FP7 project which aims to provide an intelligent collaborative supply chain planning network with particular emphasis on the use of information gathered from
the use of RFID tags.45 As part of this effort the project partners envisage the creation of a
“Semantic Interoperability Service Utility for achieving the semantic reconciliation of the
planning and forecasting business documents exchanged between the companies according to
different standards.” This area of research has clear parallels with the semantic interoperability research within COMMIUS. The theoretical basis for the work planned within iSurf can be
found in a paper by Yarimagan and Dogac [Yarimagan & Dogac]. From this paper it is clear
that the COMMIUS semantic interoperability utility and that envisaged within iSurf share
similar goals and both use the UNCefact common components library as a basis.
However the iSurf system focuses on facilitating on the use of formal semantics (OWL) to
define the document schema of the companies concerned and then using this information to
provide information for automated translation between these schemata. This especially differs
from the COMMIUS approach in that it assumes that both parties have predefined schemata
to translate between – something which the COMMIUS approach explicitly attempts to avoid.
6.11 STASIS
PROGRAMME TITLE
SOFTWARE FOR AMBIENT SEMANTIC INTEROPERABLE
SERVICES
45

DURATION
09/06
–
08/09

STATUS
COMPLETED

Compare http://www.srdc.com.tr/isurf/index.php?option=com_frontpage&Itemid=1
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STASIS is aimed at users from small companies to LSEs. The project also tackles interoperability, and more specifically the fact that “the different systems used in the companies are not
able to understand their different data formats”. Like COMMIUS, they not want to relay on
technical specifications like EDI or IDOCs. Instead, STASIS aims to address the aforementioned problems by allowing creating mappings based upon semantics. They also claim that
“the concept must be easy and inexpensive at the same time”. All semantic assets and mappings created in STASIS are managed in a distributed peer-to-peer repository.46
Though the project does not explicitly tackle SME, their interoperability concept is comparable with COMMIUS, since an easy way for mapping syntactically heterogeneous data formats
to each other is sought as well. In comparison to COMMIUS, the process aspect is lacking as
well as the focus on an eMail-based solution.
6.12 E4
PROGRAMME TITLE
EXTENDED ENTERPRISE
EUROPE

MANAGEMENT

IN

ENLARGED

DURATION
01/0606/08

STATUS
COMPLETED

The E4 project's major aims at supporting eastern Europe SMEs to develop collaboration initiatives with long-tradition western EU R&D and innovation centres in the product development/manufacturing industry. They aim at a “holistic multi-dimensional collaborative approach which is able to encompass all stages of collaboration from cradle-to-grave (initiation,
management, operational life and dissolution), all phases of extended product development
(conception, design, prototyping), all forms of collaboration (ad-hoc, mediated and planned)
and all enterprise assets in any type of business network (people, ICT-systems, processes and
knowledge assets).” To achieve this, they aimed at a platform to “support project and process
management which integrate the tools and functions” required by different networks, which
also should provide data interoperability, i.e. “seamless data exchange”.47
Based on this description it seems that COMMIUS is much more focused on operational
process interoperability, while E4 rather provides tools that indirectly supporting interoperability. Additionally it seems as they were tackling data interoperability, i.e. one of the three
COMMIUS interoperability layers, but the overall usefulness of their project results is hard to
assess.

6.13 ImportNET
PROGRAMME TITLE
INTELLIGENT MODULAR

OPEN SOURCE PLATFORM FOR INTERCULTURAL AND CROSS-DOMAIN SME NETWORKS

DURATION
06/0606/09

STATUS
COMPLETED

Like COMMIUS, ImportNET tackles interoperability between SMEs. Here they focus on the
interconnection of specific tools used by the SMEs, to overcome the fact that applications
used in different domains (e.g. PDM, E-CAD, M-CAD) do not understand each others concepts. Thus, a main research activity of ImportNET is to provide a framework which builds a
base to support cross-domain engineering (mechanics, electronics, embedded software). In46
47

Compare http://www.stasis-project.net/about/home.cfm.
Compare http://www.ve-forum.org/apps/pub.asp?Q=1966&T=Clusters%20and%20Projects.
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stead of replacing existing application “a semantical coherent solution which supports crossdomain engineering services to make interoperability between different business partners possible.” 48
In comparison to COMMIUS, ImportNET focuses on the interconnection of specific applications via semantic means. Thus, while COMMIUS focuses on a leight-weight, processsupporting eMail-based interoperability application, ImportNET has a more narrow scope and
does not support either eMail based nor process-supported interoperability.

6.14 Evaluation for COMMIUS
Table 10 summarizes the findings of this section. Many research projects tackled different
aspects of interoperability but few of them focused on SME. And even the solutions that tackled SMEs were rather oriented on heavy weight solution as known from LSEs but did not focus on eMail-based solutions.
SME Focus

Interoperability Focus




























ArKoS
CrossWork
ATHENA
Interop
ABILITIES
FUSION
GENESIS
R4eGov
SUDDEN
I-Surf
STASIS
E4
ImportNet
Legend:  /  / 











eMail Interaction Focus

Direct use
for COMMIUS

Conceptual Overall use
input for
for COMCOMMIUS
MIUS





























































high / medium / low degree of fulfilling the requirement
Table 10: Overview of Projects related to COMMIUS

Thus, the novelty of the COMMIUS approach, focusing on eMail-based SME interoperability, was confirmed. On the other hand the review showed that several projects can be used as
(conceptual) source for COMMIUS solutions. Especially in the area of process and semantic
interoperability projects like ATHENA, ABILTITIES and FUSION could provide concepts
useful for COMMIUS.

48

Compare http://www.importnet-project.org/.
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7 Summary and Future Research
The overall objective of this document was to review existing concepts and projects in the
field of interoperability possibly related to the COMMIUS solution, and thereby to provide
the basis for further developments in COMMIUS.
In Chapter 1, foundational terms were defined and an interoperability framework which consists of four layers has been introduced. Focusing on the operational layers, a method was described that includes the review of the process, semantic and system/technical interoperability
as well as research projects in the area of SME interoperability.
In Chapter 2, SME business models and interoperability requirements were described, tackling both generic SME characteristics and specific business models. Here, the requirements
motivating the COMMIUS project were re-confirmed. For example, a survey mainly used in
this section showed that the main barriers to interoperability within European SMEs are
caused by too high costs and incompatibility of the used systems. Thus, a large proportion of
the questioned firms stated that the current available standards and technologies are too complicated to be implemented into the business structure of small firms. Correspondingly, only a
small proportion of European SMEs make use of complex technical standards like EDI and
their specific occurrences (like ROSETTA Net, EDIFACT). And even though a big part of the
questioned European SMEs are using eBusiness to support their ordering and invoicing processes, a support of complete workflow processes is not given within the questioned firms.
This can again be ascribed to the fact that complex systems, like ERP systems, which are sufficient to support whole business processes are to expensive to be implemented by small
firms. As illustrated in two examples, these characteristics also apply to the specific business
models that SME can instantiate.
In the Chapter 3, 4 and 5 individual approaches from the area of process, semantic and systems interoperability were reviewed. Thus, in the field of process interoperability different,
already existing, interoperability solutions like the UN/CEFAT Business Collaboration
Framework and the Workflow Reference Model as well as standards like RosettNet, ebXML
and EDIFACT, languages like BPEL and BPMI and the EPC and concepts like Electronical
Market Places and ERP solutions have been analyzed respective to their potential use for
COMMIUS. It has been stated, that even though much effort is currently done in this field,
hardly none of the present approaches particularly matches the exigencies of SMEs. From the
system interoperability perspective, SME interoperability could be best achieved using a
HTTP based solution. SMTP as well as an appropriate eMail Client is available in most
SMEs. Furthermore, email communication is of asynchronous nature and does not require
specialized systems which are 24 hours online, so emails can be processed using a mixture of
automated or manual process steps and stays human readable even, if one collaboration partner makes no use of a system like COMMIUS. The research area of semantic interoperability
is mainly embossed by ontologies. Relevant approaches in this field have been selected and
reviewed concerning their potential use for the COMMIUS project, for example approach for
single ontologies, ontology annotations, ontology sharing and semantics in eMails.
In Chapter 6, projects related to COMMIUS were reviewed. Though many research projects
tackled different aspects of interoperability, few of them focused on SME. And even the solutions that tackled SMEs were rather oriented on heavy weight solution as known from LSEs
but did not focus on eMail-based solutions. However, several of the reviewed projects can be
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used as (conceptual) sources for COMMIUS, especially in the area of process and semantic
interoperability.
In general, the approaches that were assessed as useful in the review provide the basis for further work, i.e. more fine-grained analysis in order to use them in individual elements of the
COMMIUS solution. Thus the results can flow in the COMMIUS Architecture, but in a second step the reviewed solution can also be used in the work packages on semantic, process
and system interoperability, where individual solutions for the respective fields are developed.
Also the work on SME business models constitutes a basis for future work; for example future deliverables (e.g. the exploitation plan) can use the delimitations of business model characteristics and business model taxonomies described in this document.
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