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Executive Summary

This document describes guidelines and best practices for assisting small and medium sized
enterprises (SMEs) to interoperate among themselves and with larger customers, suppliers, partners and
competitors. In order to guide SMEs about how to solve interoperability problems and where to invest
their IT interoperability budgets, we introduce two assessment-based approaches:
•
EIMM (Enterprise Interoperability Maturity Model) which helps people evaluate the interoperability
maturity of their company, and prioritise actions to improve their collaboration ability.
•
EIDM (Enterprise Interoperability Degree Measurement) which helps two companies identify and
address barriers to their interoperation.
Tools and procedures have been developed for each of these methodologies. The EIMM has been
used in practical case studies in other ATHENA projects. This deliverable focuses on the application of
EIDM to a concrete scenario called carrier-shipper, where an SME shipper uses the services of multiple
larger carriers. The analysis shows how we
•
Uncover interoperability barriers
•
Classify interoperability barriers in a coherent framework
•
Classify interoperability solutions in the same framework
•
Use the framework to select the right solutions to each barrier.
The accompanying deliverable DA8.3 describes the adaptation of ATHENA solutions nto each of the
identified barriers on the conceptual and technical level.
This analysis emphasises technical interoperability barriers. In order to address critical challenges for
SMEs such as cost and access to IT competence, we also deal with business level barriers. Here we
introduce the concept of service provisioning models. A particularly suitable model for SMEs involves one
service provider establishing a collaboration network for a group of SMEs, in order to realise synergy
effects, decrease the costs for each company, and provide the IT competence needed to achieve
interoperability. Model-configured collaboration spaces are applied to make this service provision more
agile and effective, as illustrated by a concrete scenario involving SMEs in the electronics industry. This
scenario complements the carrier-shipper scenario by dealing with other SME roles, as suppliers to
OEMs, and as partners in collaborative design projects, not just as customers of large carriers. In this
case, business interoperability problems such as pragmatic process alignment and integration, role and
resource management, configurable service provisioning, and sharing and exchange of core product
data, were addressed through active knowledge models defining the collaboration space.
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Introduction

In ATHENA, a myriad of solutions for interoperability have been provided at all levels. In this sense,
the sub-project A4 is aimed at synthesizing the results coming from all sub-projects and applying them to
the defined scenarios. The AIF (Athena Interoperability Framework) is the framework used to group these
results and provide information about their benefits to interoperability, links and references to tools,
installation procedures and user guides. The beneficiaries of these technologies are companies with
specific interoperability problems as documented in the scenarios described in [ATH06b]. The A8 subproject is concerned with the application of the ATHENA results as documented in the AIF in SME
environments.
The main objectives of the sub-project are:
1. To understand the interoperability needs and requirements of SMEs compared to large scale
enterprises (LSEs).
2. To analyze typical interoperability scenarios involving SMEs (e.g.: networks of SMEs, OEM-SME,
etc.).
3. To adapt, integrate and target solutions for SMEs based on ATHENA results identifying provision
models adequate for them.
4. To develop a simple establishment methodology including an assessment of the capability to
interact of an SME and an improvement plan.
5. To evaluate the applicability of ATHENA results in SME environments.
6. Support and maintenance of the tools used in piloting activities with SMEs within B5 sub-project.
According to these objectives, all the results and activities, their relationships and the work package
they belong to are summarised in
Figure 1 below.
The first objective has been achieved and it is documented in the deliverable DA8.1. This deliverable
includes a reference to a typical scenario involving an SME, namely the carrier-shipper scenario
described in the work document WDA8.1 [ATH06b]. These are the main results coming from work
package A8.1. As it can be observed in the figure below, the SME needs are the main drivers of the work
developed within this project and embraces all the work items depicted in the figure.

SME needs

Establishment
methodology
Provision
models

address

uses

solution for

ATHENA
Solutions

Collaboration
spaces
applied to

Scenarios

Interoperability
gaps and
barriers

WPA8.1
WPA8.2
WPA8.3
WPA8.4

improves

Proposed
conceptual
solution

applied to

Tool supportB5 feedback
validates

Adaptation of
ATHENA
results

based on
give
access to

Proposed
technical
solution

input for

Figure 1. Overview of A8
This deliverable documents the results of work packages A8.2 and A8.3. A8.2 focuses on the
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provision models, models for providing interoperability services to SMEs. On provision model is based on
SME Service Providers (SSP). Their purpose is to act as the interface between SMEs, and between
SMEs and larger providers, suppliers and customers. An SSP could in itself be a new SME or an already
existing ASP that wants to extend its business offerings. By using ATHENA technology based on model
configured collaboration spaces the SSP will have a great flexibility in adding and adapting service
offerings to meet the demands of the community and its members/ customers. The SMEs do not need to
invest in any ICT themselves – their contribution is their skills and their own methods and services. The
offerings will be model configured, based on services embedded in the collaboration space infrastructure.
New offerings will (typically) require new services provided by the infrastructure – so it will be the
responsibility of the SSP to implement the required services.
The establishment methodology is the main task in work package A8.3. This methodology includes a
twofold assessment method, the EIMM and the EIDM [CHE06], and an improvement plan suggesting a
set of solutions to be adopted by SMEs in order to achieve a higher interoperability degree. The
application of the EIDM to the carrier-shipper scenario highlights the main interoperability barriers that
SMEs face when they try to interact with different carriers. The improvement plan suggests a set of
ATHENA solutions that may fulfil the SME requirements or not. The applicability of these solutions has
been evaluated for each interoperability barrier identified, and in case they fall short a solution has been
proposed. The technical solutions developed within work package A8.4 is documented in DA8.3.
This document is structured as follows: Section 2 introduces the establishing methodology with its
two main components: the EIMM (Enterprise Interoperability Maturity Model) for SMEs and the EIDM
(Enterprise Interoperability Degree Measurements). The scenario is briefly outlined in Section 3, and the
main barriers are identified and described. Section 5 defines the provision model used for the provision of
final solutions to SMEs. Finally, Section 6 presents a summary and major conclusions of the work.
References are found at the end of the document, then Appendix A presents the EIMM interoperability
levels in greater detail, before Appendix B describes the EIMM procedure and tools. The final appendix C
describes the tool implemented to support EIDM.
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Interoperability Establishing Methodology

This chapter introduces the interoperability establishing methodology for SMEs. The methodology is
part of the AIF (ATHENA Interoperability Framework) applicative framework defined within ATHENA
[ATH06C].
The AIF applicative framework shown in the picture below is composed of an essential structure of
phases and disciplines. The phases are represented by the columns and the rows outline the set of
principles that characterize the mature approach for the definition, creation, operation and termination of
an interoperability project. Within each discipline, the AIF recommends sets of activities to be performed
in the different phases of the interoperability project. The kind of artefacts created and manipulated by the
activities are varying dependent on the phase.

Phases
Definition

Analysis

Negotiation

Def. #1

Analyis. #1

Neg. #1

Realisation

Operation

Termination

Oper. #1

Term. #1

Interoperability disciplines
Business collaboration modelling
Interoperability maturity analysis
Analysis and requirements
Solution mapping and design
Implementation
Testing
Deployment and assessment
Support disciplines
Project management
Real. #1

Real. #2

Iterations
Figure 2. AIF Applicative Framework
The framework defines a baseline methodology called the ATHENA Interoperability Methodology
(AIM) which integrates the methods developed in the ATHENA project. The AIM should be considered a
baseline which should be configured and/or extended to the specific needs of the interoperability project
in question. Figure 3 below depicts a view of the AIM as a V-model. The activities of the AIM describe the
use of different artefacts. For further information on the different artefact or methods deliverable A4.2 can
be consulted [ATH06c].
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Figure 3. Overview of the ATHENA Interoperability Methodology (AIM)
From the A8 project’s point of view the overall methodology follows the same path but special effort
has been placed on adapting some existing methodologies (e.g. EIMM) and developing new ones (e.g.
EIDM) that are applied at analysis, negotiation and test phases.
3.1

Description of the Overall Methodology

The methodology includes two levels of implementation: generic maturity and concrete collaboration.
The objective of the generic maturity model is to improve the overall ability of a single enterprise to
interoperate with external entities seamlessly. The approach is to apply the EIMM in order to enable
enterprises to assess their current interoperability status on each relevant area of concern and to define
an improvement path that will raise their maturity. The higher maturity level, the more effectively an SME
will be able to establish collaboration with external entities.
At the concrete collaboration level the purpose is to define and adequate framework to establish
collaboration in a specific context. The approach is to apply the EIDM to perform interoperability degree
measurements at analysis and test stages to record the degree of interoperability of an existing system
and evaluate the solution. The comparison between the two measurements allows knowing the
improvement achieved.
Thus, the difference between both levels is the perspective. Whereas the generic maturity focuses on
a single enterprise (e.g. a SME), the concrete collaboration addresses interoperability issues between two
or more enterprises. Nonetheless, both instances are dependent from each other as the EIMM will help to
identify the capabilities of an organization that later may engage into a collaboration. At the collaboration
stage, the capabilities of the different companies will be compared.
The following table defines the purpose, the component of the methodology employed and results at
both levels:
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Concrete Collaboration

Improve the overall ability of a Remove barriers to interoperability
single SME to interoperate with between two enterprises
others
EIMM

EIDM

Capability maturity
Improvement plan

assessment Interoperability degree measurements
Path for improvement

The methodology comprises four main components as shown in the figure below.
Structured groups/meetings

Structured procedure
Definition of
objectives and needs
Existing system
analysis

and
tions
Solu ng tools
i
exist

Interoperability
Framework

Select and combine
solutions
Implementation
and test

Interoperability Measurement

Enterprise
Interoperability
Maturity Model
(EIMM)
Enterprise
Interoperability
Degree
Measurement

Figure 4. Overview of the methodology.
The EIDM adopted a barrier-driven approach which is particular adapted to developing
interoperability in SMEs. Typically barrier-driven approach aims at tackle interoperability problems in a
bottom-up manner by identifying directly the causes of non-interoperability between two SMEs and
implement those solutions allowing to remove the barriers. This contrasts some top-down or holistic
approaches which are more time consuming and needs more time and investment to accomplish.
3.1.1 Structured Procedure
The structured procedure defines the main phases to follow in a sequential way with possible
iterations between the phases. Depending on whether the methodology is being applied to an individual
company (a) or an actual collaboration (b) each phase will involve the use of the EIMM or the EIDM. Four
main phases and activities are identified with the links to the phases of the AIM (ATHENA Interoperability
Methodology) in brackets:
1. Definition of objectives and needs (Definition phase)
Define objectives of interoperability and performance targeted, evaluate the feasibility and cost
and decide on whether to evaluate collaboration or not.
2. Existing system analysis (Analysis and negotiation phases)
a) (Analysis) Analyze the as-is situation of the SME, deduce the to-be situation and identify
the gaps between them. Interoperability needs are defined in terms of areas of concern
as expressed in the EIMM and one of the results of this evaluation is the capability matrix
of the company.
b) (Negotiation) Detect barriers and problems to interoperability, measure existing
interoperability degree (compatibility measurement) and analyze strong and weak points.
Interoperability clashes are defined in terms of enterprise level (business, data,…)
[DCV06] and approach (integrated, unified, federated…) [ISO99] as expressed in the
EIDM. The result of phase is the interoperability compatibility matrix that builds on the
capability matrix developed previously.
3. Select and combine solutions (Analysis and Negotiation phase)
Search and select available interoperability solution elements using the AIF (profiles/
recommendations), provide recommendations in the form of a conceptual solution (i.e.: standards
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to be adopted, which solutions to use and where to apply them, etc.) and combine and construct
a company specific interoperability solution.
4. Implementation and test (Realisation and operation phases)
Implement the conceptual solutions provided and carry out performance measures comparing
them to compatibility measures at the analysis phase in order to evaluate the solution.
3.1.2 Structured Groups/Meetings
The structured working groups involve various actors and stakeholders of the companies and
structured meetings to be organised during an interoperability project.
The methodology is participative and various kinds of people are involved:
•
those who define the objectives and validate the results of the study,
•
those who have an active contribution in the realisation or the validation of models with provided
information,
•
those who provide the information required to the various activities of the approach.
Four groups of people can be defined:
•
Project board: composed of the top-level management members of the company. Its role is to
express the objectives of the project and to orient the project;
•
Synthesis group: composed of the main responsible people of the company. Its role is to ensure
the follow-up of the project and to check the results at the various stages;
•
Specialist group: of experts in interoperability and methodology. Its role is to advise the synthesis
group and to build various models and perform analysis;
•
Interviewees group: composed of company people to be interviewed by specialists. They provide
information needed by the other groups;
It is necessary to plan the meetings to organise and tasks to perform. Usually, several iterations are
needed to get a validated analysis and model representing the as-is situation of the company. The figure
below illustrates the running of an interoperability project and the exchanges between groups for Analysis
and Solution phases.
t

Existing system Analysis Select/combine solutions Implementation/test

Project
board
(1)

Synthesis
group
Interviews
Specialist
group

Figure 5. Example of structured meeting planning and groups involved.
3.1.3 Interoperability Framework
The ATHENA Interoperability Framework (AIF) [ATH06c] contains elementary interoperability
solutions. The methodology will select a set of suitable solution elements according to requirements and
objectives of the company and appropriately combine them to ensure that they can work together. Even if
the AIF will be used to provide solutions for SMEs, other sources are not discarded and de-facto
standards adopted by SMEs should be considered as well.
3.1.4 Interoperability measurement
The EIMM identifies the main areas of concern on which an enterprise needs to work and defines the
maturity levels that depict the improvement path for each area of concern. Complementary to the EIMM,
the EIDM focuses on the measures of the compatibilities between two or more companies as well as the
performances of interoperations. Both the EIMM and EIDM are applied at all stages, from definition of
objectives to the implementation and testing. Whilst the EIMM focuses on the analysis of an individual
company, the EIDM is applied when collaboration between companies takes place. The next two sections
introduce the EIMM and the EIDM in more detail.
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Enterprise Interoperability Maturity Model - EIMM

The term maturity model was popularized by the SEI (Software Engineering Institute) when they
developed the Capability Maturity Model® in 1986. These models are aimed at evaluating and measuring
processes within organizations and identifying best practices useful in helping them increase the maturity
of their processes.
Several models have been developed in different disciplines and focusing on different levels of the
enterprise: the Business Process Maturity Model [CUR06], the Service-Oriented Architecture Maturity
Model [BAC05], the European Interoperability Framework [EUR04], the Extended Enterprise Architecture
Maturity Model [IFE04] the Levels of Information Systems Interoperability [DOD98], the NASCIO
Enterprise Architecture Maturity Model [NAS03] and the Organisational Interoperability Maturity Model
[CLA99] are the main models surveyed for this work.
Unfortunately, existing maturity models don’t address the issue of interoperability directly or, if they
do it, they focus on certain levels (e.g.: organisational, systems). The maturity model introduced here
establishes the roadmap for the adoption of better interoperability practices. It is based on a staged
approach that depicts 6 interoperability levels of the organization and 4 process areas subject to
improvement.
Figure 6 shows the structure of this maturity model. The process areas are common to each
interoperability level. At each level, different objectives are set within each process area. Each objective is
achieved through the fulfilment of certain practices that in the end will determine the interoperability level
of the organization. These practices are in turn defined by sub-practices and work products.

Figure 6. Structure of the Maturity Model
The process areas have been defined according to the main dimensions of the enterprise defined in
[CHE05]:
•
Business processes: Specification, execution, improvement and alignment of business strategy
and processes as well the improvement of collaborative processes.
•
Organization: Identification, specification, enactment and improvement of all organizational
structures.
•
Products and services: Specification and design of the organisation’s products and services.
•
Systems and technology: Identification, specification, design, construction or acquisition,
operation, maintenance and improvement of enterprise systems.
As shown in Figure 6, the following maturity levels are proposed:
•
Initial: no processes have been defined and are performed based on memory. However, the
organization is implicitly involved in collaborative processes.
•
Performed: informal definitions of strategies and processes on a per project/department basis.
These strategies lead to the definition of the organization’s relationships, the deployment of solutions
based on Service-Oriented Architectures and the realization of new business opportunities through
networked technologies.
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•

Modelled: business processes are formalized and published all through the organizations and ICT
are aligned with this process definition providing an agile and flexible infrastructure. Within the
product dimension new products/services are launched in collaboration.
•
Integrated: inter-enterprise integration is achieved through the management of business processes
and ICT. Performance of business processes, organizational structures and quality of products is
evaluated in order to derive improvements.
•
Interoperable: processes have well defined measures and data from monitoring is analyzed and
used for further improvement iterations. All the dimensions of the enterprise are improved
continuously.
The following section introduces the objectives and practices for each process area and level of
interoperability. The description of the different practices is shown in a table format. Each practice is
decomposed into sub-practices that are depicted in detail in the appendix A.
3.2.1

Level 1: Initial

Maturity Level
1. Initial

Process Area
Business process

Objectives
1. Involvement in
collaborative processes.

Practices
1. Implicit execution of
collaborative processes.

Organization

1. Different role
involvement in
processes.

1. Task allocation to
different roles.

2. Establishment of
relationship with
external entities.
1. Use of ICT in the
daily operations.

1. Participation of
external entities in the
execution of processes.
1. Use of enterprise
information systems.
2. Use of the Internet in
the daily operations.
1. Collaborative product
development.

Systems and
technology
Products and services

070306_ATHENA_DA82_V10.doc

1. Collaborative product
development.
2. Provisioning and
consumption of
services.

1. Provide and consume
services.
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Level 2: Performed

Maturity Level
2. Performed

Process Area
Business process

Objectives
1. Establishment of a
strategy for
interoperability.

Practices
1. Definition of the
collaboration and ebusiness/e-commerce
strategy.
2. Informal definition of
business processes.
3. Definition of
measures for business
processes.

Organization

1. Specification of the
different roles within the
organization.

1. Identification and
definition of roles
2. Definition of the
relationships among
roles.
1. Identify synergies
with external entities.
2. Establish agreements
with collaboration
partners.
3. Integrate activities
from external
organizations.
1. Adopt advanced
technologies for system
integration.
1. Definition of the
collaboration and ebusiness/e-commerce
strategy.
2. Informal definition of
business processes.
3. Definition of
measures for business
processes.

2. External entities
identification.

070306_ATHENA_DA82_V10.doc

Systems and
technology

1. Use of SOA.

Business process

1. Establishment of a
strategy for
interoperability.
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Level 3: Modelled

Maturity Level
3. Modelled

070306_ATHENA_DA82_V10.doc

Process Area
Business process

Objectives
1. Deployment of
interoperability strategy.

Organization

1. Alignment between
strategy and resources.
2. Formalization of the
networked organization.

Systems and
technology

1. Establishment of an
agile and flexible
infrastructure.

Products and services

1. Exploitment of new
business products
and/or services.

CONFIDENTIAL

Practices
1. Formalize business
processes.
2. Automate execution
of internal business
processes.
3. Monitor business
process execution.
1. Allocate roles and
resources according to
the strategy.
1. Define operational
structure.
2. Define organizational
structures and policies.
3. Define the topology.
4. Formalize the
organizational structure.
1. Wrap legacy
applications with web
services interfaces.
2. Align business
processes with
services.
1. Automate customer
management.
2. Track orders on-line.
3. Launch new products
and/or services in
collaboration.
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Level 4: Integrated

Maturity Level
4. Integrated

070306_ATHENA_DA82_V10.doc

Process Area
Business process

Objectives
1. Inter-enterprise
integration.

Organization

1. Monitoring of the
organization’s
performance.

Systems and
technology

1. Support collaborative
business processes
through SOA.

Products and services

1. Product and service
quality.

CONFIDENTIAL

Practices
1. Execute collaborative
business processes.
2. Define measures for
collaborative process
performance evaluation.
3. Monitor collaborative
business process
execution.
1. Define measures per
department/unit.
2. Evaluation of the
performance.
1. Institutionalize use of
SOA.
2. Integrate external
and internal web
services.
3. Define measures for
information systems’
performance evaluation.
4. Evaluate information
systems’ performance.
1. Define measures for
product and service
quality.
2. Evaluate quality of
products and services.
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Level 5: Interoperable

Maturity Level

Process Area

Objectives

Practices

5. Interoperable

Business process

1. Continuous
improvement of
business processes.

1. Reengineer business
processes continuously.

Organization

1. Adaptive
organizational structure.

1. Re-structure the
organization
dynamically.

Systems and
technology

1. Continuous
improvement of
information systems.

1. Adapt information
systems continuously.

Products and services

1. Continuous
improvement of
products and services.

1. Conceive new
products and services

3.3

Enterprise Interoperability Degree Measurement - EIDM

The previous section has shown that the measure of interoperability could be assessed a priori
(EIMM), i.e. before the collaboration partners are identified. In this section, we explore how
interoperability can be considered a posteriori, i.e. when two partners are known and during the
collaboration. This kind of measure, also called Enterprise interoperability degree measurement (EIDM),
is preformed in an inter-enterprise context (or between two heterogeneous systems). The measure of
interoperability degree is decomposed into two sub-measures defined as compatibility and operational
performances and, according to the two reference characteristics of the interoperability i.e., the aptitude
to communicate and the use of communicated information. The table below shows the main
characteristics of the interoperability degree measurement.

Context
Implementation
Purpose

Expected results

Interoperability degree
Compatibility
Operational performances
Inter-enterprise
When the partner is known
During the operational phase
According to the barriers to
According to operational criteria
interoperability
at run time
Remove barriers to
Improve operational
interoperability between
performances
partners
Compatibility assessment
Operational performance
Remove barriers through the
assessment
knowledge/solutions captured in Diagnostic of deficiencies and
the inter-operability framework
improvement

Interoperability measurement aims at defining metrics to qualify the degree of interoperability. The
implementation of metrics, in order to measure the degree of interoperability is related to two principles:
(1) the identification of the parameters relating to interoperability, (2) the characterization of these
parameters by metrics.
More precisely the degree of interoperability is a measure allowing characterising the ability of
interoperation between two enterprises (or systems). It allows partners to know about the possible
incompatibility and on the quality of interoperation in terms of performances. The results of these two
measures (compatibility and performances) have to allow partners to avoid deficiencies during the
collaboration. Thus, the interoperability degree depends and is evaluated according to these two kinds of
measures. In a formal way this definition can be noted as:
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}

Where:
id, the interoperability degree characterised by a pair of measures
mcompd, the measure of the compatibility degree
mPin, the measure of the performances of interoperation
Sections 3.3.3 and 3.3.4 define the compatibility and performance measures.

3.3.1 The Compatibility Measure
The compatibility measures are to be performed during the engineering stage i.e. when one reengineers systems in order to establish interoperability. These measures are performed when the
interoperation partner/system is known. The measures are done with respect to the barriers to
interoperability at various enterprise levels. The objective is to remove existing barriers between partners
of the collaboration. Three categories of barriers are identified and are defined as follow [CHE05]:
•
Conceptual barriers: They are concerned with the syntactic and semantic differences of
information to be exchanged. These problems concern the modelling at the high level of abstraction
(such as for example the enterprise models of a company) as well as the level of the programming
(for example low capacity of semantic representation of XML).
•
Technological barriers: these barriers refer to the incompatibility of information technologies
(architecture & platforms, infrastructure…). These problems concern the standards to present, store,
exchange, process and communicate the data through the use of computer. Typical barriers are
those you may encounter when a Microsoft PC has to interoperate with Macintosh.
•
Organisational barriers: They relate to the definition of responsibility and authority so that
interoperability can take place under good conditions. These can be seen as ‘human technologies’
or ‘human factors’ and are concerned with human and organisation behaviours which can be
incompatible to interoperability.
3.3.2 Enterprise Levels
Interoperability can take place at various enterprise levels. The following categorisation of enterprise
levels is based on the ATHENA Technical framework [ATH06c]. Four enterprise levels have been defined
such as:
•
The interoperability of data: It refers to make work together different data models (hierarchical,
relational, etc.) and of the different query languages. Moreover, their contents are organized
according to conceptual schemas (i.e. vocabularies and sets of structures of data) which are related
to particular applications. The interoperability of data is to find and share information coming from
heterogeneous bases relating to these various aspects, and which can moreover reside on different
machines with different operating systems and data bases management systems.
•
The Interoperability of services: It is concerned with identifying, of composing and making function
together various applications (designed and implemented independently) by solving the syntactic
and semantic differences as well as finding the connections to the various heterogeneous data
bases. The term `service' is not limited to the computer based applications; but also functions of the
company or of the networked enterprises.
•
The interoperability of processes: it aims to make various processes work together: a process
defines the sequence of the services (functions) according to a specific need of the company.
Generally in a company, several processes run in interactions (in series or parallel). In the case of
the networked enterprise, it is also necessary to study how to connect internal processes of two
companies to create a common process.
•
The interoperability of business: It refers to work in a harmonise way at the levels of organization
and company in spite of for example, the different modes of decision-making, methods of work,
legislations, culture of the company and commercial approaches etc. so that business can be
developed and shared between companies.
3.3.3 Compatibility Metrics
After having defined interoperability barriers and enterprise levels, now we can define the
compatibility metrics. Referring to each barrier to interoperability and enterprise level, the objective is to
check if there is incompatibility or not. With regards to the interoperability barriers, the following questions
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can be envisaged to know if incompatibility exists [DCV05]:
•
Conceptual compatibility:
o Syntactic: are the information to be exchanged expressed with the same syntax?
o Semantic: does the information to be exchanged have the same meaning?
•
Technological compatibility:
o Platform: are the IT platform technologies compatible?
o Communications: do the partners use the same protocols of exchange?
•
Organisational compatibility:
o Persons: are authorities/responsibilities clearly defined at the two sides?
o Organisation: are the organisation structures compatible?
If an incompatibility is detected, the coefficient 1 will be applied to the interoperating level and the
barrier considered. Conversely, the coefficient 0 will be applied when none incompatibilities are detected.
Therefore, the compatibility matrix shown in the table below can be built.
Conceptual

Barriers

Technological

Organisational

Syntactic

Semantic

Platform

Levels
Business

Communicatio
n

Authorities/
Responsibilitie
s

Organisatio
n

1/0

1/0

1/0

1/0

1/0

1/0

Processes

1/0

1/0

1/0

1/0

1/0

1/0

Services

1/0

1/0

1/0

1/0

1/0

1/0

Data

1/0

1/0

1/0

1/0

1/0

1/0

The compatibility measure allows enterprises to know which kinds of barriers are there and what
barriers have to be removed so that interoperability can be established. The more important the number
of incompatibilities is, the more important the efforts of the partners to become interoperable should be. In
a similar way, the incompatibility measurement can allow companies to prioritise the actions to be taken
to improve interoperability. It also allows company to define a migration path to follow to remove identified
barriers in a progressive way. It is also necessary to work with interoperation partner so that concerted
and common actions are taken at both sides to remove these barriers. Each barrier can be described
using a template. An example of this template is shown below and is used in A8 project to document
barriers.
Template elements
Enterprise levels concerned
Barriers to interoperability
Interoperability problem

Description
Data
Conceptual barrier - Different data restriction in two
interacting companies
Data restricted by one company cannot be valid in the
other even if they are using the same model

After the barriers identified, solutions need to be searched to remove the barriers. These solutions
can be pre-structured in the matrix according to their abilities to remove the types of barriers at the levels
concerned. Consequently one only needs to look on the knowledge/solution repository which is built to
structure solutions according to the matrix. Queries can be expressed in terms of barrier types and
solutions can be found which may needs to be adapted to a specific problem.
After having implemented the solutions, a new measurement needs to be done to test if barriers are
removed effectively using the proposed solution. The interoperability is improved by there may still exists
some incompatibility. A new iteration is required to adapt the solution or use other solutions till all barriers
are completely removed. Performance measures may also be required at the test phase. The
compatibility matrix follows this process and is updated to reflect the current state after each new solution
is put in place.
The compatibility assessment allows partners to know their global degree of compatibility and the
intensity of the effort that needs to be provided. It can be defined as follow:
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i =6, j =4

∑ coef

i , j =1

comp i , j

Where:
mcompd, defines the compatibility degree between partners
coefcomp, represents the coefficient of compatibility for each levels and barriers. A coefcomp equal to 1
means an incompatibility, a coefcomp equal to 0 means the compatibility
•
i, represents the barriers to interoperability
•
j, represents the enterprise levels concerned
The highest degree of compatibility (mcompd = 0) means that all the three categories of barriers to
interoperability at the all four enterprise levels do not exist. The inverse situation (mcompd = 24) means the
poorest degree of compatibility (interoperability does not exist).
•
•

3.3.4 The Performance Measures
The performance measures are to be performed during the operational phase i.e. run time, to
evaluate the quality of interoperation between two cooperating enterprises. In (Daclin, 2005), a basic
interoperation cycle has been defined with two phases (exchange information, use information
exchanged). Criteria such as cost, delay and quality can be used to measure the performance with
respect to barriers and levels during a basic interoperation cycle.
3.3.4.1

Time of Interoperation

The time of interoperation corresponds to the duration between the date at which an information is
requested and the date at which the requested information is used. The time of interoperation can be
decomposed in several periods of time. The finer this decomposition is, the more precise the definition of
putative weaknesses of the interoperation can be. The Figure 7 proposes a decomposition of the time of
interoperation (adapted from [KA04]).

Figure 7. Decomposition of the time of interoperation

The request time represents the duration between date at which a request is sent and the date at
which the request is received by the partner. The treatment time of the request corresponds to the time to
treat the request. The return time corresponds to the duration between the date at which the requested
information is sent back and the date at which the information is receipted. The time to use represents a
duration of latency, i.e. the duration between the date at which the information is receipted and the date at
which the information is exploited.
Thus, the real value of the time of interoperation can be defined as the sum of all the periods of time
composing this one. This real value can be noted as follow:

tin eff = ∆treq + ∆ttreat + ∆tret + ∆tuse
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Where:
tineff, represents the real value of interoperation time
∆treq, represents the request time
∆ttreat, represents the time of treatment of the request
∆tret, represents the return time
∆tuse, represents the time to use
Finally, the assessment of the time of interoperation corresponds to the comparison between the real
value of the time of interoperation and the time expected by the partners. If the time measured is longer
than expected, then there is a deficiency in terms of time of interoperation.

•
•
•
•
•

3.3.4.2

Quality of Interoperation

The quality of interoperation takes in consideration three kinds of quality: (1) the quality of exchange,
(2) the quality of use and, (3) the quality of conformity. The quality of exchange draws up if the exchange
is correctly performed i.e. if information sent to a partner succeeds. The quality of use represents the
number of information received by a partner in comparison with the number of information requested. A
number of information received superior (difficulty to teat all information) or minor (shortage of
information) to the number of information requested means a deficiency. The quality of conformity
corresponds to the exploitation of the information i.e. if the information received is exploitable or not.
Thus the quality of interoperation can be defined as the sum of the three kinds of quality. The quality
of interoperation can be noted as follow:

qin = ∆qex + ∆qut + ∆qconf
Where:
qin, the quality of interoperation
∆qex, the quality of exchange
|∆qut|, the absolute value of use
∆qconf, the quality of conformity
The assessment of the quality of interoperation corresponds to the comparison between the real
value of the quality of interoperation and the quality expected by the partners. A difference means a
deficiency in terms of quality of interoperation.

•
•
•
•

3.3.4.3

Cost of Interoperation

The cost of interoperation is defined by the costs induced by the removing of the barriers and the
modification of the systems to obtain a satisfying time and quality of interoperation. It is defined as:

C

in

=C

ex

+C

ut

Where:
Cin,the cost of interoperation
Cex, the cost of exchange, i.e. the cost to exchange information
Cut, the cost needed to make the information exchanged usable
The assessment of the cost of interoperation corresponds to the comparison between the real value
of the cost of interoperation and the cost expected by the partners. If the cost measured is higher than the
expected cost, then there is a deficiency in terms of cost of interoperation.

•
•
•

3.3.4.4

Compatibility Assessment

The compatibility assessment allows partners to know their global degree of performance according
the three criteria; time, quality and cost. The highest degree of performance (none of the three criteria
measures differ from the expected results) means that no deficiency will appear during the collaboration.
The inverse situation (at least one of the three criteria measures differ from the expected results) means
that deficiency (ies) exists between partners.
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3.3.5 Applying the EIDM
Interoperability is defined as the ability for two (or more) systems or components to exchange
information and to use the information that has been exchanged.1 This ability needs to be measured and
characterised so that effective solutions can be developed to improve this ability. The degree of
interoperability allows knowing the strengths and weaknesses of a company. This measure could lead to
the improvement of interoperability, and to avoid deficiencies.
The interoperability measures developed here are mainly focused to the compatibility measures to be
performed during the engineering stage i.e. when one re-engineers systems in order to establish
interoperability. These measures are performed when the interoperation partner/system is known. The
measures are done with respect to the barriers to interoperability at various enterprise levels. The highest
degree of interoperability means that all the three categories of barriers to interoperability at the all four
enterprise levels are removed. The inverse situation means the poorest degree of interoperability
(interoperability does not exist). Various intermediate degrees between the two extreme cases (best and
worst) can be defined as well.
The approach adopted for developing interoperability in SMEs is a ‘barrier’ driven approach. The
hypothesis behind this approach is that: (1) Enterprises are not interoperable because of barriers to
interoperability; (2) Barriers are incompatibility of various natures at different enterprise levels; (3) Barriers
common to all SMEs can be identified. The solution we propose is to first identify barriers to
interoperability in SMEs and then identify ATHENA solutions which allow removing those barriers. The
following interoperability matrix is proposed to help identifying barriers and solutions (see Figure 8).
This matrix aims at helping to identify barriers between two particular enterprises which wish to
establish interoperability. It can only be used when the two enterprises (or partners) are known. Solutions
for removing barriers can also be mapped and structured to this matrix.

Figure 8. Interoperability matrix
The methodology currently developed in A8 aims at helping to develop interoperability in SMEs.
Using this methodology and the matrix, the barriers to interoperability can be identified as illustrated in
figure 3. ‘+++’ means that there exist an important barrier between the two enterprises concerned, ‘+’
means weak barrier, ‘++’ is in between and ‘-‘ means that there is no barrier. At the ‘Existing system
analysis’ phase, a simple template can be used to document these barriers.

1

IEEE: IEEE standard computer dictionary: a compilation of IEEE standard computer glossaries (1990)
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Analysing the Carrier-Shipper Scenario: Needs and Barriers

This chapter applies the EIDM to the scenario described in work document WDA8.1 [ATH06b]. First,
the interoperability problems identified in the scenario are recalled. The figure below shows the process
depicted in the scenario and summarises the main barriers that are addressed in this chapter.

Figure 9. Scenario mapped with interoperability barriers
In the scenario, a set of needs and objectives for new solutions have been defined from the point of
view of an SME shipper:
•
(Semi-) Automatic Integration of Carrier Services
It is required that the services of a carrier can be accessed automatically by the shipping application
through a remote service call. Today most carrier services are provided only through their Web
portals and are used manually by a shipping manager at the shipper. The solution must be able to
deal with services from different carriers.
•
Data and Process Mapping
The realization of the previous requirement leads to the need of a mapping functionality on data and
process Level at the shipper platform. A shipper who wants to make business with different carriers
or a network of carriers has to deal with different message format and interaction patterns required
by each carrier. Thus a shipper is forced to send and receive different message formats based on
different interaction patterns for executing the same business case. Given this fact, the messaging
infrastructure installed in the environment of a shipper has to be in such a way configurable and
adaptable, that it knows for a specific business case, which message format and protocol is
expected by each partner. It must contain an infrastructure for mapping between different message
formats and business protocols.
•
User Interface
The Solution should provide a user interface supporting different roles involved in a shipping
process. Particularly a collaboration interface for connecting the sales representative with the
shipping manager to get detailed tracking information is required. The user interface should hide the
complexity of different technical components involved in a shipping process, thus a non technical
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shipping manager is able to use and configure the systems without the knowledge of different
underlying technical tools.
Predefined and Easy Configurable Adapters
The interaction protocol of a shipper is exposed into the carrier’s network through its messaging
infrastructure. After receiving a message, representing a request or a response from a carrier, this
message has to be populated into the internal structure of the shipper, so the employees or other
internal applications of the organisation can access the message. Thus, the messaging
infrastructure must provide configurable adapters for connecting to internal communication channels
of a shipper company such as Intranet-Server, Mail, Fax or Workflow Engine.
Configuration
The solution should offer the possibility to easily configure different parameters that determine the
behaviour of the system. We consider the following configuration possibilities:
a. Configuring the Business: Shipper specific business rules encoding the settings for
carrier selections, shipping conditions or dynamic rate selection. Beyond this, each
enterprise’s situation and environment forces a shipper to customize a shipping
application for adapting it to the actual enterprise’s business needs and capabilities. The
set of parameters expressing an enterprise’s needs and capabilities must be easily
configurable.
b. Technical Backend Connection: enable the connection to different existing systems.
c.

Exceptions: configure rules how to handle business exceptions occurring during the
execution of services.

d. Multi-Carrier: enable the simultaneous use of services from different carriers or the use of
a chain of different carriers.
•

Cost and competence constraints
The solutions should be implementable with the resources possessed by the SME, and give return
on investment.
The following sections explain each of the interoperability barriers listed above in greater detail,
reporting on the EIDM analysis. The cost and competence issues are attacked by the provisioning models
in chapter 5. EIDM was used, as it is appropriate for a concrete collaboration like the one specified in the
scenario, where both partners are known. In addition to elaborating on the interoperability barriers, we as
well identify ATHENA results relevant for removing the barriers, and outline additional requirements for
adapting these results so that they are useful for SMEs.
4.1

Business Process Configuration Verification

Today most enterprises do not implement their software applications from scratch on their own. They
rather decide to buy pre-built IT-Solutions from software vendors, where the software applications are
built on top of it. This is especially the case in the area of ERP Software. In context of SMEs a SAPsponsored study carried out by in London-based Economist Intelligence Unit (EIU) came up to the result
that SMEs are concentrating on achieving controlled growth, thereby enabling them to remain competitive
in globalized markets without expansion endangering their adaptability and close customer relationships.
In particular the study states that customized solutions are in demand, thus Many IT suppliers have
responded to this development and are offering SMEs EPR, SCM and CRM solutions which are
adaptable to their needs and are cheaper than software for large companies. The latter is a key criterion
for midmarket companies. According to the EIU study, license and implementation costs are the biggest
hurdle in IT investment projects for 63 percent of the businesses involved [SAP06].
At a customer company the purchased software has to be adapted in such a way that the
implemented business processes there meet the needs and requirements of the customer enterprises.
Usually, same business processes differ from company to company as a result of different and changing
business environments. Changing business environment is caused by frequently changing internal local
business practices and capabilities of an enterprise, its business partners and the local legal regulations.
That means that customers have to configure the functions in the purchased solutions accordingly.
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Business process configuration is part of every implementation project for customers who have bought an
ERP product. This configuration has been described as an alignment process of adapting the enterprise
system to the needs of an enterprise [SOF03]. Typically in practice, technology and application
consultants take care of an initial business process configuration, and the customer is responsible for
maintenance.
In case of SMEs the task of adapting and customizing a purchased solution and its maintenance
according to the current situation of the company is of a complex and expensive task. Nowadays in
particular SMES focus on specific parts of a business process and depend on partners in a market to
perform the additional parts of the process required to achieve a complete end-to-end business process.
A common business paradigm is that of service outsourcing, in which an enterprise focuses on its core
business process and has secondary process parts enacted on its behalf by service provider
organizations. In this context, SMEs act both as service requestor or service provider. These kinds of
business processes are called in ATHENA project Cross-organizational Business Processes (CBPs).
In most real life situations not fully configured ready to run CBPs are delivered by software solution
vendors to SMEs, since the vendors aim to cover the requirements of their different customers. These
requirements are first known when introducing the CBPs at a customer company. By configuration of
CBPs we particularly mean that the SMEs is forced to integrate the set of available external business
functionalities provided by partners and internal systems in not configured CBPs in such a way, that its
configuration fulfils the enterprise’s situation. Nowadays, both the interface to provide business
functionalities provided by partners and the interface to internal systems of enterprises are exposed
mostly as services, even as web services. The task of business level adaptation of CBPs according to
the available set of existing web services is a costly and time consuming task in most non trivial cases,
since it is dependent on frequently changing business environment of a customer.
Considering the abstract shipping process introduced above, the process is instantiated and
executed in such a way that in each process step different internal systems/services or external carrier
services are called.
In case of a shipping process realized through a purchased solution at a SME, the business process
configuration of the solution according to the requirements of that enterprise has direct impact on the way,
at which process step or activity which service(s) is(are) called. Different variants occur as web services
can be called from different process activities of the standard Sales-Order process executed at the SME.
Furthermore, there are particular call dependencies between some of the services. For instance, a routing
code is required to calculate the rate and the label can only be printed after the rate has been determined.
To exemplify this situation, three different business situations for three different enterprises are
shown, which lead to different configurations of the core-shipping services calculate rate, generate routing
code and generate label web services of carriers into the same standard order-to-cash-process of each
shipper. This is a result of a real world analysis of different shipping companies regarding their
interoperability requirements. The following figure illustrates the 3 different scenarios. For a business level
reasoning for the occurrence of each business process variants in an enterprise, please refer to WDA8.1.

Figure 10. Different Process Variants in the Scenario
We can see that there are 3 different variants how external web services can be integrated into the
same business process. Usually the process is purchased by a SME (the shipper) and may be
preconfigured in one of these variants. In this case only a technical configuration is necessary in terms of
registering the technical endpoints of the provided carrier web services in the solution. In other cases the
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shipping process is not configured at all and must be first configured according to the appropriate process
variant reflecting the current business demands of that customer enterprise.
In both cases there is no way to verify if the current configuration in fact satisfies the business level
requirements defined by stakeholders of that process, which are often non-technical persons. This is
insofar critical, since either the business level requirements may change after the process is already
configured or the business process may be reengineered on a technical level. In both cases a
mechanism is required to bridge the gap between the technical and business level in terms of to verify
whether the technical implementation of the business process always reflects the current business level
requirements.
It is obvious that in a shipping process not only the carrier web services matter. For example during
sales order activity first the stock management systems will be queried to make sure that the ordered
goods are already available. If not, the subsequent processes in Supply Relationship Management
system will be triggered to order the missing goods. The same applies after the goods are shipped. At this
stage the invoicing processes will be triggered to send the customer an invoice according to the
applicable customer invoicing process variant for that shipper enterprise. These aspects are out of scope
in this work, since we concentrate only on carrier web service integration according to the scenario, but
they are rather mentioned here to emphasize that the mentioned problematic pattern in area of different
variants on carrier web service integration in a shipping process currently occurs in nearly every other
business process in an enterprise. 2
One challenging need in this context is to provide a mechanism to ensure that CBPs are configured
and upgraded consistently. The vision is a top-down deployment of business level requirements on an
enterprise application spanning over different processes and a bottom-up verification of already
configured processes making sure they steadily fulfil the business level requirements (See Figure 5). A
rule based approach is required to express the existing business environment of an enterprise in terms of
business rules to influent the instantiation and execution of a business process [NAM06]. In this
interoperability barrier we address the problem of verification of a configured CBP whether it meets the
requirements of an enterprise. On requirements level we focus on the mapping between a process step
and the available web services.

Figure 11.

The gap between business and IT

For SMEs, but also for larger companies, there are additional functional requirements expected from
an interoperability framework:
•
The rules reflecting the enterprise’s business environment, needs and constraints should be
definable by non-technical persons,
2

We should additionally remark that on analyzing and working on this interoperability barrier, we assume
that each SME uses one carrier company, thus a dynamic carrier selection from a market-place according
to the current shipment conditions is outside of our scope.
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•

The existent business processes in an enterprise, either internal or collaborative, should be
configurable and verifiable by these rules and business constraints.
In respect to the scenario, these are requirements mainly on the BPM design and execution and the
service definition and enactment infrastructure. In ATHENA, Maestro is the application for designing the
business processes; Nehemiah is the runtime and execution infrastructure for the business processes.
They are provided by A2. These tools are not connected with a business rule engine, thus once a
business process is designed with Maestro, it will be enacted in a static way by Nehemiah. Thus business
processes of an enterprise can no be easily adapted to its current business configuration, since changing
business configuration of an enterprise means manual modification of the processes. The business
configuration of an enterprise should be expressed as business rules, which controls the behaviour of the
business processes at design time.
The EIDM template for this the business process correctness barrier is shown in the table below.
Template elements

Description

Title

Business Process Configuration

Enterprise levels concerned

Business, Process

Barriers to interoperability

Conceptual Barrier
Syntactical Barrier
Different Business Process Variants of the same
Business Process
Gab between Business Level Interoperability
requirements and technical configuration of a CBP

Interoperability problem

Business configuration problems in a CBP

ATHENA solution identified

A2 (Maestro, Nehemiah), Gabriel, A5 (Johnson)

Outcome of ATHENA results evaluation
– Relevance to SMEs

Maestro: supports predefined processes but no
verification of business process configuration during
design-time

Planned Adaptations

Provide Method and tool for capturing business
configuration using declarative rules
Link rules with CBP Model in Maestro
Support verification of Business Process Models using
inference engine and predefined rules.

4.2

Service Granularity and Behaviour

This barrier is closely related to how a partner exposes its business interface in a collaboration
context. There are often several service providers on the market, which offer the same business
functionality. If a SME wants to switch dynamically between them, it must support the behavioural
interface provided by the service. In order to describe a service completely, it is not enough with the
publication of its technical interface (e.g.: WSDL), the business protocol a service provides must be
described as well. The business protocol or behavioural interface captures the dependencies between the
different interactions in which a service can engage (e.g.: control flow, data flow, time constraints, etc.).
Another aspect to be taken into consideration when interacting with services is granularity. In this
context, granularity is defined as the amount of business function that gets performed in a single
exchange of input/output messages [ROS06]. A high level of granularity (coarse grained), that is, a low
number of big-sized operations, could cause vagueness and delay in the message exchanges.
Conversely, a low level of granularity (fine grained), that is, a high number of small-sized operations,
would result in complexity and increase in the number of exchanged messages. There is no golden rule
for the right granularity of services as it depends on several factors like the intended users, network
topology, etc.
The scenario introduced in WDA8.1 points out the interoperability barrier faced by a shipping SME
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trying to switch among different carriers. These carriers may provide typical services with similar
functionality but with different interaction protocols and granularity, as expressed above. The two main
companies offering services through the Web are UPS and FedEx. These two companies are the only
ones who offer online tools with APIs for the integration with enterprise information systems. Both
companies use REST-like architectural approach (figure 3) [FIE00] using HTTP/S as the communication
protocol, using the POST method and embodying XML documents in HTTP packets.

Figure 12.

Conceptual diagram of REST

The services to be analyzed include the three core shipping services depicted in the scenario:
calculate rate, generate label and generate routing code.
On the one hand, FedEx aggregates these three services into a larger service called FDXShipReply
that receives an FDXShipRequest from the shipper. When the FedEx on-line tools server receives this
request all the parameters will be processed and an FDXShipReply document will be sent back to the
customer including the rate, label and routing code.
On the other hand, UPS operates in a different way. Each service's XML request is actually two XML
documents - an AccessRequest document, followed by the actual request document. The process to use
the Shipping Tool consists of two phases, the ship confirm phase followed by the ship accept phase. An
XML request/response pair is exchanged between the client and server in each phase.
Shipment information is specified in the ShipmentConfirmRequest message. After the
ShipmentConfirmRequest message is created, it must be sent to the ShipConfirm URL, using an HTTP
POST. After the ShipmentConfirmRequest message is received by the server, it is preprocessed and
validated.
If
the
ShipmentConfirmRequest
message
passes
all
validation
tests,
a
ShipmentConfirmResponse message is returned containing basic rate information, the shipment ID, and
the
shipment
digest.
If
the
ShipmentConfirmRequest
message
fails
validation,
a
ShipmentConfirmResponse message is returned containing error information.
The actual shipment has not been created at this point. In order to create a shipment and receive the
shipping label(s), a ShipmentAcceptRequest message must be created and sent to the ShipmentAccept
URL. The ShipmentAcceptRequest message must contain the shipment digest returned in the
ShipmentConfirmResponse message. After the ShipmentAcceptRequest message is received by the
server, additional processing validation is performed. If the ShipmentAcceptRequest message passes all
validation, a ShipmentAcceptResponse message is returned containing detailed rate information, the
Shipment Id, package tracking numbers and the shipping label(s). If the ShipmentAcceptRequest
message fails validation, a ShipmentAcceptResponse message is returned containing error information.
[OFB04]
The figure below shows the message exchanges in both cases. We can clearly observe the different
implementation of the same service by both carriers, with a different behaviour and granularity of
services. In this case, FedEx is implementing the shipping service with coarse grained granularity, whilst
UPS is making use of a lower level of granularity. FedEx returns the results of calculate rate, generate
routing code and generate label operations using a single message. On the other hand, UPS performs
these operations in two steps; in the first response message the shipping rate is returned and then the
routing code and the label are generated and sent to the shipper. Nevertheless, both carriers provide
service selection and rate calculation services prior shipment in order to estimate shipping costs.
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Message exchanges with FedEx and UPS on-line tools

The table below shows the description of the barrier and the evaluation of the solutions proposed in
ATHENA according to the EIDM methodology template.
Template elements

Description

Title

Service Granularity and Behaviour

Enterprise levels concerned

Service

Barriers to interoperability

Technological
Different service granularity and behavioural interfaces
from different service providers

Interoperability problem

Services cannot be invoked in the same way by the
consumer depending on the provider

ATHENA solutions identified

Conceptual solutions :
PIM4SOA
Technical solutions :
Lyndon, Johnson, WSDL Analyzer

Outcome of ATHENA results evaluation –
Relevance to SMEs

The technical solutions don’t support dynamic
execution of services and only work with WSDL files.

With regard to the solutions ATHENA provides for the problems described above, several results
have been identified as reflected in the table above. The following figure summarizes the main results
coming from ATHENA and the main technologies employed within the project. The results or technologies
more relevant to the problems addressed in this sub-section are highlighted.
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POP* Meta-model
PIM4SOA Meta-model

EIDM
EIMM

MPCE

Maestro, Gabriel, Nehemiah,
Johnson, WSDL analyzer

Athos, ARES,
A*, THEMIS,
ASSERT
PIM4SOA to
AgentMM

Figure 14. Identified ATHENA Results
The picture above shows four different abstraction levels and a crosscutting semantic dimension. At
a higher level the POP* language together with the MPCE (Modelling Platform for Collaborative
Enterprises) allows defining process models and interchanging these models across different modelling
tools. At a process level, Maestro allows a user to model business processes as a set of tasks and
dependencies between those tasks. Nehemiah allows the execution of business processes modelled in
Maestro; such processes are exported from Maestro to Nehemiah via a business process repository,
which therefore provides a link between modelling time and runtime.
Processes defined in Maestro can be then translated to PIM4SOA or directly executed by service
enactment tools like Johnson. On the other hand, PIM4SOA elements (e.g.: previously translated from a
POP* model) can be translated into the WSDL language that can be interpreted by Johnson.
At this service level, the service definition and enactment environment of an interoperability
framework should provide a messaging Infrastructure that supports rule-based definition of message
sequences. A rule based definition and execution specifies and controls the order in which the different
operations of services described in the service description (i.e. WSDL) must be invoked. This requirement
is based on the fact that, as shown in the scenario description, the interaction pattern between
enterprises and their different competitive service partners varies. Each service provider uses a different
behavioural interface and granularity for its service description. Thus, a service enactment infrastructure
should provide a rule based definition facility for messaging sequences, which can be defined for each
partner interface.
Lyndon and Johnson are the service design and service enactment tools in ATHENA (both tools
have now been integrated into a single one). Lyndon is a tool that allows modelling services at a higher
level of abstraction than the usual WSDL level. Service models are stored in a service model repository,
which is the link between modelling time and runtime. Johnson is the runtime part of the services tools: it
is able to invoke services when given a reference to a Lyndon service model and actual parameters data.
However, the Johnson tool is not enough to fulfil the requirements defined in this section. The service
definition and enactment can be considered as static, since neither Lyndon nor Johnson take the
supported behavioural interface of web services into account. Currently Lyndon takes a WSDL file as
input and configures the endpoints and message types in Johnson according to the syntactical
description in WSDL. Besides, the architecture chosen by the carriers is a REST-like one using HTTP
packets and document-style [SCH06] messaging with no definition of WSDL files, which makes the
application of these solutions even less feasible.
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This barrier is considered relevant for SMEs because it prevents them from easily switching from one
carrier to another. This carrier change will imply definition of new XML documents, different interaction
protocol ... Hence, shippers often find themselves locked-in to a certain carrier due to the difficulties and
costs of switching to another one.
4.3

Data Exchange

With the increase of the market globalization and the cooperation between organizations, the data
information exchanged is a very relevant issue. To the SMEs, this is maybe a bigger issue, since that
SMEs need to look for partners and clients, to compete with the large companies, and adapt to
communicate rapidly with them. This communication can have some barriers to be improved, like Wrong
Instantiation of Data Models, Different Data Restriction and Incompatible Syntactic and Semantic
Representation of Data. Solving these barriers is very important because an error in the data information
exchanged can originate a delay in the production or in the delivery, and this is something that SMEs can
allow.
4.3.1 Wrong Instantiation of Data Models
When companies that use same data models and exchange data between them, they need to be
sure that the data exchanged is in conformance with the data model. If there is a wrong instantiation,
even when the two different organizations use the same model, they will not understand each other.
An example of this barrier is showed in the figure below, where a company is sending a XML
document with request message and in this message the request header is badly write. The company is
missing the attribute “AccountNumber” and the receiver need that attribute to proceed to answer to the
message.

AccountNomber????

…
<RequestHeader>
<CustomerTransactionIdentifier>US Ship</CustomerTransactionIdentifier>
<AccountNomber>123456789</AccountNomber>
<MeterNumber>1234567</MeterNumber>
<CarrierCode>FDXE</CarrierCode>
</RequestHeader>
…

Figure 15. Wrong instantiation example.
To correct this problem the receiver will need to ask to the sender to send again the request
message including the attribute. If the sender company have a way to sure that the file that will send is ok
or the system responsible for exchange messages give support to detect errors in the messages, time will
be save and at same time adds trust to trade.
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Template elements

Description

Title

Wrong Instantiation of Data

Enterprise levels concerned

Data

Barriers to interoperability

Conceptual barrier - Same model but wrong
instantiation

Interoperability problem

Invalid data exchanged between companies

ATHENA solutions identified

- Conceptual solutions: Validation of the data against
the model
- Technical solution: Conformance testing tool(A6)

Outcome of ATHENA results evaluation –
Relevance to SMEs

- Conformance testing tool available to SMEs

4.3.2 Different Data Restriction
Another barrier to data exchange comes when companies use the same conceptual data model but
need to restrain parts of it to satisfy their business conditions. Organizations sometimes add restrictions
to the data model or even only use parts of it. This can work perfectly internally but creates a barrier when
a company wants to exchange data with another company. The restrictions in the model difficult the
communication since the data sent cannot fill mandatory attributes to the receiver.
For example, suppose one company restricts its model stating that it does not need to specify weight
units since it always works in Pounds. When another company receives data from this company, it will not
know if the weight is specified in Pounds or in Kilograms. So, this restriction can affect the processing of
the data received. To avoid this problem, the data exchange system should be capable of detecting such
restrictions, and alert about possible errors.

4 LBS???? 4 kgs??

…

<Service>PRIORITYOVERNIGHT</Service>
<Packaging>FEDEXBOX</Packaging>
<Weight>4.0</Weight>
…

Figure 16.
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Template elements

Description

Title

Different Data Restriction

Enterprise levels concerned

Data

Barriers to interoperability

Conceptual barrier - Different data restrictions in two
interacting companies

Interoperability problem

Data restricted by one company may not be valid in the
other even if they are using the same model

ATHENA Solutions identified

- Conceptual solutions: Provide mechanisms to allow
data restrictions required by the companies or adopt
modelling languages that provide those mechanisms
(e.g. STEP EXPRESS language)
- Technical solutions: A6 tools (conformance testing
tool, EXP2SCH, EXP2XSD)

Outcome of ATHENA results evaluation –
Relevance to SMEs

- Conformance testing tool to validate message content
and data restrictions. There is no mechanism in the
Athena solutions to express rules restricting data
models

Planned Adaptations

Modify ATHENA modelling languages, adding
mechanisms that permit one to restrict models (express
rules).

4.3.3 Incompatible Syntactic and Semantic Representation of Data
Each company can adopt different data models to its data and this can be a problem when it tries to
exchange data with other company that uses a different data model. The data used by both companies
can be the same but organized and structured in different ways. So, different models can appear
differently, but can have the same meaning.
An example of this barrier is when the sender company defines its header request like
“HeaderRequest” and the receiver company has named it “Header”. The receiver will not understand the
message because is expecting the “Header”, nevertheless the data sent has the same meaning. If the
sender company transforms its data to the receiver format, or the data exchange system automatically
transforms the data when it detects different models, the companies can still use the data in their own
format.
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…
<RequestHeader>
<CustomerTransactionIdentifier>US Ship</CustomerTransactionIdentifier>
<AccountNumber>123456789</AccountNumber>
<MeterNumber>1234567</MeterNumber>
<CarrierCode>FDXE</CarrierCode>
</RequestHeader>
…

RequestHeader????

…
<Header>
<CustomerTransactionIdentifier>US Ship</CustomerTransactionIdentifier>
<AccountNumber>123456789</AccountNumber>
<MeterNumber>1234567</MeterNumber>
<CarrierCode>FDXE</CarrierCode>
</Header>
…

Figure 17. Incompatible Syntactic and Semantic Representation of data example.
Template elements

Description

Title

Incompatible Syntactic and Semantic
Representation of Data

Enterprise levels concerned

Data, Service

Barriers to interoperability

Conceptual barrier - Incompatible syntactic and
semantic representation of data at each interacting
partner

Interoperability problem

Different models adopted by the companies makes
data exchange difficult as enterprises cannot exchange
their data automatically

ATHENA solutions identified

- Conceptual solutions: Annotation of proprietary
models according to common ontology to allow data
reconciliation
- Technical solutions: A3 tools, WSDL Analyzer

Outcome of ATHENA results evaluation –
Relevance to SMEs

- Adoption of the common generic ontology reflecting
the business domain
- The WSDL Analyzer detects mismatches between
data a service expects and provides
- Relevant for SME which receive required interfaces of
big companies which expect that their smaller business
partners adapt to their interfaces

Planned Adaptations

Possibility to manipulate the generated mappings
between heterogeneous interfaces.

Remarks

There exist other solutions for data mapping. However,
none of them is directly concerned with Web service
interface compatibility
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Process Model Exchange

Process model exchange is concerned with translating one process model elaborated using a
particular process modelling language to another language, removing both syntactic and semantic
barriers (incompatibilities). Process interoperability is an important issue not only between SMEs but also
and in particular between SMEs and large companies. This allows large companies to synchronize their
business processes with those of SMEs.
Template elements

Description

Title

Process Model Exchange

Enterprise levels concerned

Data, Service, Process

Barriers to interoperability

Conceptual barrier
- Enterprises use different process languages to build
process models
- There are syntactic mismatches of different process
models

Interoperability problem

Enterprises cannot exchange their enterprise models
automatically

ATHENA solution identified

Conceptual solution: POP* language / metamodel
Technical solution: POP*/MPCE tool

Outcome of ATHENA results evaluation –
Relevance to SMEs

- POP* language (process dimension) seems adapted
to cover SMEs need for translating two different
process models
- The commercial availability of POP*/MPCE tool is not
known, and also the price and condition to use this tool
is not known
The relevance of this issue is more related to the case
of SME-Big company process interoperability rather
than in the case of SME-SME

Planned Adaptations

- Investigate if adaptation needed at the POP*
language level
- Investigate the availability and usability and price of
POP*/MPCE tool

Remarks

- Besides of ATHENA POP* solution, other solutions
also exist in the State-of-the Art. For example, PSL
(Process Specification Language) initially developed by
NIST and now moved to Standardization; UEML
approach developed by UEML project and continued
within INTEROP.
- Most of the techniques developed to day use Unified
Approach. It consists in mapping different process
models via a metamodel elaborated beforehand.

The POP* process dimension metamodel is an interoperability solution relevant to SMEs; it aims at
translating a process model elaborated using a particular language, for example GRAI tool of company 1
to another process model for example for the ARIS tool of company 2, as shown Figure 18. This issue is
relevant in the case where SMEs work with large companies. In particular large companies tend to
interoperate with SMEs (sub contractors, parts providers) processes and consider the latter as their own
processes. Process model exchange is also relevant in a networked manner for example Virtual
Enterprise environment where SMEs and/or large companies must collaborate closely to achieve
business objective.
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Metis

GraiTools
POP*

EEML
GRAI
ARIS Process
Platform
MO2GO
ARIS
Language

XML
Interchange
Format

IEM

Enterprise 1

Figure 18.

Enterprise 2

Using POP* for process model exchange (illustration)

However, based on the current version of POP* process metamodel and tool implemented in MPCE
platform, some further investigations seem to be necessary:
•
POP* process metamodel simplified version for SMEs?
•
Accessibility of SMEs to MPCE platform (through web portal?)
•
Cost of using POP* solution (SMEs only have limited financial ability)
•
Time required to implement (SMEs only have limited human resources)
4.5

Process Interface Adaptation

When integrating different partners and their services/processes, several adaptations have to be
provided in order to enable seamless communication between the partners. The adaptations comprise
harmonizing the involved processes and integrating the different data structures used by the collaborating
partners. For SMEs, the problem and proper solutions for it are especially important, since resources for
integration efforts are scarce. The table below summarises this barrier according to the EIDM template.
Template elements

Description

Title

Process Model Exchange

Enterprise levels concerned

Service, Process

Barriers to interoperability

Enterprises use different interfaces for interaction (on
the conceptual and technological levels)

Interoperability problem

(Business) services cannot seamlessly interact

ATHENA Solution identified

PIM4SOA transformation to agent platform and
integration of external Web services

Outcome of ATHENA results evaluation –
Relevance to SMEs

- Relevant for SME which have to adapt to collaborative
processes described on a PIM level, but have already
implemented service interfaces

Solution categories (ref. to AIF)

PIM4SOA to agent transformation is a technical
solution

Planned Adaptations

Integration of external Web service interfaces described
in WSDL
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Conceptual and Technical Solutions

The adaptation of ATHENA results that address the challenges highlighted in this chapter is
documented in DA8.3, on the conceptual and technical level. The solutions include
•
Business process configuration verification through semantic Web technologies (DA8.3, section 3.1)
•
Configurable service granularity with the ATHENA service bus (DA8.3, section 3.2)
•
Data mapping with the ATHENA Conformance testing tool, Express to XML schema and
Schematron transformers, the ATHENA Semantics Suite, and the WSDL Analyzer (DA8.3, section
3.3)
•
Process model exchange through POP* and the MPCE (Modelling Platform for Collaborating
Enterprises) (DA8.3, section 3.4)
•
Agent-based process/interface adaptation, transforming PIM4SOA models and WSDL files to Jack
metamodels (DA8.3, section 3.5)
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Provision Model for SMEs

The previous section outlined interoperability barriers and individual ATHENA solutions for each of
them. This section provides a framework for combining these interoperability services into a platform that
addresses the critical cost and competence constraints faced by most SMEs. Here we describe different
provision models that apply to SMEs, both where the SME is a provider of services to a market and when
the SME is a customer that requires services from other actors in the market.
In general, SMEs perform roles of suppliers, customers, partners, and competitors in most markets.
The carrier-shipper scenario exemplifies one relevant provision model for SMEs, but other more flexible
provision models are also needed, e.g. to tackle the central interoperability issue for most SMEs, how to
comply with their larger customers’ information exchange requirements.
5.1

Provision Model for the Carrier-Shipper Scenario

Figure 19 illustrates the provision model the carrier-shipper-scenario is based upon. It is based upon
the assumption that there are several providers (carriers) in the market that the SME (the shipper) may
choose to use to perform the actual carrier services. For this to work the providers must agree on a
standardized approach to interface to their customers to make it easy to switch from one provider to
another, or that there exists a technical solution that handles the required configuration of the carrier
interfaces, again allowing the SME to switch from one provider to another.
Carrier
(Provider)
Shipper
(SME)

Carrier
(Provider)

Carrier
(Provider)

Figure 19. Direct service provision model.
The standardized approach and how it should be realized has been the main focus for the
methodological and technical work in A8. Assuming the suggested solution has been realized and been
adopted by the carrier providers in the market, the SME should only have to make one IT investment to
connect to any carrier provider. He will then have the freedom to choose between different carriers
without the need to do another investment.
This approach puts pressure on the providers, requiring that they are able to standardize their
services and the corresponding interfaces. On the other hand there are the shippers that need to invest in
new IT solutions to allow them to connect electronically to the carrier services. Although this is a big
improvement compared to the current situation where each provider represents a new investment, it still
might be a too heavy burden for an SME, especially if the SME has similar requirements from other
service providers that provide other types of services.
5.2

SME Service Provider (SSP)

A solution where the SME must invest in technical solutions that are specific to each type of service it
intends to use will probably be too costly for most SMEs. An alternative approach is to introduce an SME
Service Provider (SSP). The purpose of the SSP is to act as the interface between the shippers (SMEs)
and the carriers (providers). This body may itself be a new SME, or an application service provider (ASP)
that wants to extend its business offerings. Regional and national government agencies, and as well
industry sector organizations, may also assume the SSP role.
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Carrier

Shipper
(SME)

Carrier

Figure 20. Indirect service provision model.
In this case the SSP will implement the interfaces to both the providers (the carriers) and to the
SMEs (the shippers). The SSP should offer their services as services on the Web to avoid IT
investments in each of the SMEs. The interface to the carriers may use their proprietary interfaces or, if
standardized, use web services to connect to the carrier services.
The advantage with this approach is that the technical investment is concentrated in one financial
body, the SME Service Provider, who can distribute the costs on its many customers. The SSP invests in
the technical solutions that allow the SMEs to connect to the carriers through a standardized user
interface.
The SME Service Provider concept as introduced above may be extended to become a community
where SMEs can offer their services to a market and also buy services from other SMEs. Figure 21
illustrates the concept where SMEs may be either customer, service provider or both. One of the
important aspects that this model supports is that one SME may be customer of several service providers
within the same community and at the same time may provide his own offerings to the community.
By using ATHENA technology based on the model generated and model driven collaboration space
the SSP will have great flexibility in adding and adapting service offerings to meet the demands of the
community and its members/ customers.
The SMEs do not need to invest in any IT themselves – their contribution is their skills and their own
methods and services.
The offerings will be model configured, based on services embedded in the collaboration space
infrastructure. New offerings will (typically) require new services provided by the infrastructure – when so
it will be the responsibility of the SSP to implement the required services.
Customer
(SME)

Provider
(SME)

Customer
SME
Service
Provider
Customer

Provider
(SME)

Service
Provider
Customer
(SME)

Figure 21. Generalised indirect service provision model.
This approach has several advantages seen from the SME point of view. The threshold for offering
their services on the web will be a lot lower than what currently is the case. The SME can concentrate on
their own expertise about the offerings, while the SSP will provide the experts to customize the service
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offerings.
The approach allows the SME to provide the same functionalities in a given solution as would one of
their bigger competitors, without having to invest a lot of human and financial capital in the IT – the SME
will be able to meet the demands from the market despite its size.
The technical investments will be handled by the SSP, and by using model configured solutions the
cost for adding new services will be a lot less than by developing hard coded services. This approach
increases the profitability of the SSP.
Solving the technical interoperability issues will be handled by the SSP – they have the expertise and
they are responsible for the technical solutions. Solving the more human interoperability issues will be
solved in cooperation between the SME and the SSP. The SME brings their expertise about how to use
the solution while the SSP has the knowledge about how to adapt the solution accordingly.
5.3

Interoperability Services Provided

In their roles of providers and customers, SMEs will interact with other companies using a range of
information technologies. Different solutions offer varying degrees of interoperability, with widely different
investment and competence requirements. An SME collaboration service provider must be able to cater
for all these approaches in one environment, in order to meet different needs from different SMEs. As
reflected in the EIMM, SMEs have different maturity with respect to interoperability, and all maturity levels
must be supported by the SSP. These service provisioning levels should be supported (roughly ordered
according to degree of interoperability):
•
Email is used for ad-hoc, unstructured, or infrequent interactions, and is the dominant networking
tool for most SMEs. Often documents are attached to emails; some may be structured forms that the
recipient is able to process automatically.
•
Web pages and portal services provided by customers or suppliers is another interaction mechanism
that most SMEs use without much investment. Company intranets are a low level mechanism for
collecting and organising a set of commonly used external links, in SMEs.
•
Document repositories are often the first step towards a joint infrastructure between companies.
•
Groupware and coordination tools such as conferencing, messaging, task and project management
is sometimes used in collaboration among SMEs.
•
Web services require that the SME purchases off-the-shelf or custom-made application, e.g. web
applications, that provide at least a user interface front end. They are thus quite costly, and costsaving only for relatively high-volume transactions.
•
Data transformation services may be defined to enable data exchange between different
applications used by different companies, or between their web service interfaces. Off-the-shelf
transformations, e.g. between the data formats of two dominant players in an application market,
can be used with little extra cost, but custom-made transformation services are quite expensive, and
•
Business processes may be integrated ore linked across companies, e.g. to plug together web
services into solutions. This approach is even more costly.
•
Methodologies for improving the interoperability of an SME, such as the EIMM and the EIDM, should
be offered as business services by the SSP to the network members.
•
Knowledge repositories allow companies to share information in a structured way, not just as
documents. Services for joint creation and use of content are also included, and all of the solutions
above may be available on top of the repository. Clearly, the cost and competence requirements of
adapting the repository content definitions (languages and metamodels) to local needs must be very
low for such sophisticated solutions to be applicable by SMEs.
Below, we elaborate how SME service providers can use a knowledge model repository to combine
services from all these categories into an SME collaboration infrastructure.
5.4

A Collaborative Design Scenario

The discussion above has highlighted the need to look beyond the simple carrier-shipper scenario, to
see SMEs as customers and providers of products and services. We will now illustrate this with a new
scenario. In section 5.5, this example will be used to illustrate our approach to SME service provisioning.
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The scenario involves two small companies in the electronics industry3.
•
A specializes in custom-made digital design of integrated circuits (ICs), delivering IP (intellectual
property) components to medium-sized and large manufacturers globally. The company is located in
two cities in central Europe, and has grown to 50-100 people during the past decade.
•
B is a German start-up company that specializes in analogue circuit design. It is a micro-sized
company (4 employees).
The two companies are now partnering to develop a new USB chip, which combines analogue
components from B and digital from A. The product will be packaged in four different ways by the two
companies. In addition to A and B, these partners are involved in the USB development project:
•
Printed circuit board manufacturer
•
Integrated circuit manufacturer
•
Integrated circuit packager
•
Test lab
•
USB Forum (which certifies that the product fulfils USB standards)
The joint design flow is depicted below. Joint tasks are green, A’s tasks are blue, and E’s tasks are
yellow. Task performed entirely by other partners, are grey.

Figure 22. Scenario process model.

•
•
•

5.5

This case allows us to investigate different forms of SME collaboration:
Close collaboration in joint design (between A and B)
Subcontracting well-defined tasks (to other project participants such as manufacturers and labs)
Order management through looser coupling based on email and portals (between A and its
customers)
Configurable Collaboration Spaces

We now assume the role of SME collaboration service provider for a network of companies in the
electronics industry, including A and B from the scenario above. At our disposal, we have a modelconfigured collaboration space portal, offered by Active Knowledge Modeling (AKM), an SME spun out
from Troux to bring these technologies to the market. The collaboration space has two main components:
•
Enterprise models that design, structure, and configure the collaboration space and its local
workplaces,
•
Web portal that gives users access to the information, tools, and services they need for performing
their work.
Technically, these two components are mutually reflective views of an underlying enterprise model
stored in the repository. The models configure and control the content, layout, and navigation structures
of the web portal, but also allow users of the portal to do modifications to the models. Such model
changes may influence the behaviour of the portal, illustrating the important concept that modelling your
3

ATHENA is grateful to the IST-NMP project MAPPER (Model-Adaptive Product and Process
Engineering, http://mapper.eu.org/) for providing the SME pilot case and some of the technology used.
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own knowledge has effects on the behaviour of your model-driven workplace.
5.5.1 Technical Architecture
The technical architecture of the collaboration space is shown in Figure 23. On the server side the
knowledge repository stores the enterprise models and the shared knowledge related to the actual
business domains.
Enterprise
Modelling Tools

Web Browser

Collaboration
space
portal
Collaboration
space
portal

A1 MPCE Web
Services
(Open standard)

Model
ModelGenerated
GeneratedWorkplace
Workplace
Role
Task
View
Web Service
Management Management Management
Plugin

Repository

Figure 23. Collaboration space - Technical architecture.
On the client side different modelling tools can be used to create content structures, as enterprise
models. A standard web browser is used as the front-end to the collaboration space portal. The
collaboration space portal is an extension to the repository that supports model-configured
•
Role management, deciding access rights on a need-to-know or need-to-hide basis, according to
direct and indirect relationships (modelled) between the user and the content,
•
View management, selecting content views and context navigation structures based on the modelled
tasks, roles, and preferences of the user,
•
Task management, using models for planning, coordinating, managing, and performing work
(provided by A2),
•
Web service invocation, importing web service definitions (WSDL) into models and executing them
as tasks through the portal (provided by A6),
•
Web workplaces, the simple and easily accessible model-configured user interface, built according
to the same principles as the visual workplaces (cf. Deliverable DA4.3).
•
The SME collaboration space provider thus uses enterprise modelling to setup and manage the
portal for users from different SMEs.
5.5.2 Model Architecture
The collaboration space modelling architecture is based on the POP* principles defined in A1, in that
we represent these aspects of the virtual enterprise (VE):
•
Product, the reason for establishing the VE and also its most important content structure,
•
Organization, defining the participating companies and individual users of the VE, their roles,
collaboration relations and access privileges,
•
Process, capturing the work performed in the VE, both well-structured procedures and emergent
tasks,
•
Systems and infrastructure, representing the client tools and central services that are made
available through the collaboration space.
In addition to one overall reference and governance model for the whole collaboration space, more
detailed models are made for each collaboration workplace. A collaboration workplace supports a smaller
set of partners in achieving a certain goal, e.g. in a joint project.
The collaborative workplaces will be based on a subset of the POP* structures for the collaboration
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space, but it will also typically include more details about the product, organization, process and system
structures than what is common and shared on the VE collaboration space level. Each company that
participates in the network should have its own collaboration workplace, where the tasks involved in
managing the company’s participation can be performed.
This overall modelling architecture is illustrated in Figure 24, where three example project workplaces
are included alongside the overall collaboration space.

Figure 24. Collaboration space model – Illustrating example.
Next we will take a closer look at the 4 dimensions.
5.5.2.1

Product

The product models provide a common structure and terminology for the products involved in the
collaboration. Depending on the actual collaborative business this may be product structures to support
development, engineering, manufacturing, quality control, sales, purchasing or other reasons. The
models are also utilized by the collaboration space infrastructure to facilitate cooperation, coordination
and management. Product models, capturing the most important work content data of the enterprises, is
also a suitable starting point for establishing interoperability on the data level of the EIDM framework, as
inputs to the technical approaches introduced in section 4.3.
5.5.2.2

Organization

Even more than product structures, the organization model is utilized to automatically control the
collaboration space:
•
Users are modelled as persons,
•
Organizations and units in the model are automatically interpreted as user groups to which e.g.
access privileges can be assigned,
•
Group membership is derived from links between persons and organizations in the model,
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Persons and groups can be given access to information about e.g. products and processes
depending on whether they have relationships to the objects that the information describes, e.g.
whether they participate in the collaboration project the task is part of or not.

5.5.2.3

Process

Many different kinds of processes can be supported by the collaboration space infrastructure and the
software services it makes available. We can separate between
•
Reference processes, made available for instantiation and reuse in the collaboration space process
library, and
•
Concrete tasks being performed by people as part of the collaboration.
Though some processes will directly follow the predefined procedures, e.g. as in the carrier-shipper
scenario (DA8.2), most concrete processes will be adapted, customized and composed from a range of
reference tasks and processes. The degree of process structure will also vary among the concrete
processes, from completely structured, automatable procedures to task lists with no explicit ordering.
For some processes the reference will be mandatory, while other processes will change and evolve
during execution to accommodate local requirements and reflect the joint learning of the participants. The
business level process models may utilize process model exchange (section 4.4) and provide starting
points for business process interface adaptation (section 4.5), and configuration (section 4.1).
5.5.2.4

Systems and infrastructure

The system dimension describes the IT tools and services applied in the collaboration space, as well
as the systems and interfaces used, required and provided by the partners of the virtual enterprise.
Depending on the person logged on to the collaboration space and his/her chosen tasks (and access
rights) the collaboration space portal will be configured accordingly. The services required to do a specific
task is made available and will be invoked from the portal. The system model should reflect suitable
levels and variety of service granularity (cf section 4.2).
5.5.3 Collaboration Space Governance and Reference Model
The SME collaboration service provider will use a governance and reference model to configure and
manage the whole collaboration space portal. As discussed above, this model is structured according to
the POPS dimensions. First, we have the Organization dimension, which defines member companies of
the collaboration space, service providers that deliver services through the space, and any other
company that SMEs wants to interact with through the collaboration space. An example organization
model is depicted below (the model is by no means complete with respect to the many kinds of
companies we may wish to interact with).
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Figure 25. Collaboration space governance model – Organizations.
In addition to listing the member companies and other organizations they interact with, the modelled
relationships gives an overview of who collaborates with whom. This information enables the
collaboration space portal to make available only those services that are relevant for each user,
depending on which companies his employer is working with. Of course, these SMEs may be competitors
as well as partners. Therefore, not all the information presented in Figure 25 will be available to the other
users of the portal.
In addition to members, the model defines
•
IT service providers that make their service available through the collaboration space, to facilitate
efficient support, customisation, training etc.
•
Regulatory authorities that the industry has to deal with, such as the USB Forum.
•
Providers of services and products to the members e.g. manufacturing and testing services for the
electronic industry, legal services, or transport services (from the carrier shipper scenario).
•
Customers that the SMEs sell their products and services to, and which the SMEs may have to
interact with on terms specified by the customer, e.g. if the customer is a large OEM.
•
The process part of the reference and governance model has two major components:
•
Reference processes, such as ISO standards for digital circuit design and verification,
•
Collaboration space management processes, the tasks performed by the SSP and other service
providers to extend, maintain, and improve the service set offered through the collaboration space.
An example reference process for integrated analogue and digital design was presented in Figure
22. Figure 26 below shows a collaboration space management task, which is automated. The task
“Update TRMS workflow list” populates the “Remote Design Tools” part of the collaboration space service
model. The task is linked to a web service which gives a list of available remote design workflows (from
the TRMS service offered by one of the IT service providers in Figure 25). The output XML structure from
the web service (to the right of the task) is mapped to a generic service (called “Any”), so that each item
in the workflow list will create a new service, and assign its properties according to the mappings
expressed by the relationships in the model. After this task is performed, the list of remote design
workflows will thus be updated, and the new services are made available to the member companies that
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subscribe to them.

Figure 26. A collaboration space maintenance task.
The collaboration space system model defines the services that will be available to all users of the
portal. An example is shown below, including modelling, collaboration, tasks management, and remote
electronics design tool services. The latter category contains 4 services imported using the management
task in Figure 26.

Figure 27. Collaboration space model – Portal services.
Like we discussed in section 5.3, one of the quickest and easiest ways for an SME to link to other
companies, is to access their internet and extranet portals. Consequently, many of the services offered
through the collaboration space will be direct links to customer portals, centrally maintained by the SSP,
so that individual users and SMEs need not bother with it. Figure 28 shows an example from the carrier
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shipper scenario, where rather than connecting through the REST business document interface, we
simply link in the FedEx portal services through their parameterised URLs. This model reflects the web
page shown in Figure 29. The simplest solution would of course be to just have one link to the whole
FedEx portal, but by representing the individual services in a model, we enable richer model-configured
support. For instance, individual tasks in an automatically enacted process can invoke different services
in the FedEx portal. We can also capture the URL request parameters for each service, and link them to
other model elements, such as the product being shipped, the project which is going to pay for the
shipment, or the department/location which is the destination of the shipment. Using mapping
relationships like in Figure 26 above, the FedEx services may be automatically provided by data from the
enterprise models of the SMEs. Another important opportunity is to be able to rename and reorganise
ways the services are presented through the collaboration space, to create a simpler view more suitable
for, e.g. small electronics design firms.

Figure 28. External portal services plugged into the collaboration space.

Figure 29. External portal services.
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The system model may also include web services imported through the A6 web service plugin, which
the users can invoke from a task (as in Figure 26) or from the portal menu. Figure 30 below shows an
example set of four web services offered by the TRMS remote design tool invocation system. Each
service contains a number of operations with input and output message structures. As shown in Figure
26, these message structures can be mapped to data structures in the models, to populate the models
with new data (output from web services), or to invoke web services using stored data as input.

Figure 30. Web services available through the collaboration space.
All services included in the global reference and governance model will be available in the portal
menu for all users. Figure 31 shows such a menu, containing all the ATHENA interoperability tools that
we made available through another collaboration space setup. The hierarchical structure of the system
model (Figure 27) and the navigation menu (Figure 31) will be the same, since they are two views on the
same data, the system model found in the collaboration space knowledge repository.
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Figure 31. Portal menu containing interoperability services from ATHENA.
The product structures defined on the global level for the whole collaboration space, takes the form
of reference models or product ontologies, defining a shared terminology to be used by all partners in the
network. There are many kinds of product reference models, e.g. standard component lists, standard
property and parameter definitions, standard template product structures (e.g. for a USB chip), standard
interfaces on different levels (mechanic, analogue, digital, information encoding etc.), constraints
enforced by industry and government standards, and standard subsystems for different disciplines (power
consumption, timing and latency, physical layout etc.). Figure 32 shows an example, defining different
product properties that we need to define, manage, and verify for electronic circuits.
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Figure 32. Reference property categories for electronic products.
Often these reference models are available only as unstructured text documents, and their effect on
a concrete design project has to be worked out in an ad-hoc way for each project. By capturing the
standards as active knowledge models, shared in an industrial community, the SSP provides a value
adding service to the collaboration space members, allowing them to link in standard elements explicitly
to their design models.
5.5.4 Company-Specific Services
So far we have explored how the SME service provider uses enterprise modelling to configure a
collaboration space for several members. This global reference and governance model is however just a
small part of the complete collaboration space. Many local contexts will define additional and more
concrete product, organisation, process and system structures.
In order to achieve seamless integration with the internal applications used by each company,
internal services can be modelled or imported into a reference and governance model local to that
member. All users that are employed by the company will have access to these services. This approach
is generic, so that one may as well add local governance models for e.g. departments, offices and other
organisational units, if that makes sense in an SME.
In the electronics design case, both companies make extensive use of software in their design work,
but the tools and infrastructures differ. B needs analogue design tools, and uses Linux and Macs, while
A’s digital design and verification tools are more often Windows based. The cost of design tools
constitutes a significant part of the companies’ overall budgets. Their IT infrastructures are represented in
Figure 33 and Figure 34. For company A, the distribution across two locations, one focusing on design,
and the other on verification, implies that different IT services are available at each of the sites. The
company has some web solutions, including email, project management, CVS code repository, and it is
rolling out an intranet portal and a CRM system. Most design tools, however, are single user applications,
and not as well suited for integration in a collaboration space. They have nevertheless been included in
the system model below, in order to identify data exchange barriers between company A and their
customers (which use different digital design frameworks), and partners, such as company B.
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Figure 33. Internal IT infrastructure of the digital design company A.

Figure 34. Internal tools used by the analogue design company B.
The infrastructure of company B does, given its micro size, not include enterprise information
systems. Sophisticated design tools are however crucial to their work. The model in Figure 34 gives an
overview of the tools they use for design and documentation. Compared to the tools of company A
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(Figure 33) potential interoperability problems were identified in the exchange of documents (between
Microsoft Office and OpenOffice) and in the exchange of digital design specifications (so-called Net Lists)
between company A and the Cadence suite used by company B. By exposing some elements of their IT
infrastructure in these models, potential interoperability pitfalls were thus uncovered early in the joint
design project. The collaboration space models thus provide important input for more in-depth analysis,
e.g. according to EIDM.
The SME service provider should offer modelling support services in order to assist the SMEs in
capturing the key aspects of their enterprise. Often, a library of standard component models, such as the
leading electronic design tools, can be included as part of the overall reference model for the
collaboration space, and just selected from the library when a company specific model is being built. This
also allows the information captured about each tool, such as it’s the data interfaces it supports, and
knowledge about shortcomings and interoperability problems, to be shared by all the partners.
In this use case, the two companies also had modelled their core design processes. These models
are depicted in Figure 35 and Figure 36. Based on this input, the design team, with members from both
companies, sat down with a modelling expert from the SME service provider to define the joint design
flow, depicted in Figure 22 on page 37. This joint design flow also constitutes the early project plan,
defining responsibilities, time schedules, and estimated costs of each steps. (These models do as well
contain definitions of the subprocesses for each of the tasks shown, in some case two more levels down).

Figure 35. The core analogue design process of company B.

Figure 36. The core digital design process of company A.
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5.5.5 Collaborative Design Workplace Model
In addition to company specific product, organisation, process, and system structures, the models
used to set up and configure the collaborative workplaces for each design project is the most important
customised part of the collaboration space. Above we have seen how two companies defined a joint
design flow process model as the project plan for their joint work. However, like the other governance
models, a project model may as well contain specific content in the other POPS dimensions, e.g.
•
The project organisation structure, defining the roles and people involved from each company. All
these people are automatically regarded as project participants, and given access to project specific
services and data.
•
The product structure being developed, its requirements, components, interfaces, properties,
constraints and parameter values (cf. Figure 32 on page 46), etc.
•
The IT systems and services configured especially for this project, such as the code repository area
which contains the digital design files, the document repository which contains specifications and
reports, the concrete standard specification versions (e.g. the high-speed USB specification) that the
new product should adhere to, etc.
These structures should however not be modelled from scratch. Often you can import e.g. product
structures from design tools, organization models from LDAP directories, or web services from UDDI
servers. Project specific content is also often just a new structure composed of elements that already
exist in the overall or company specific collaboration space governance models, such as organizations
with people in positions, local tools, and company product definitions. The collaboration space should
contain project workspace templates, including e.g. common project roles, reusable task patterns for
administrative and management activities such as reporting, and common services that may be
parameterised to the scope of the project, e.g. for finding the phone number of project participants, for
listing all the ongoing tasks in the project etc.
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Conclusions

This document has described methodologies for increasing the interoperability of SMEs. First, two
assessment based approaches were described:
•
EIMM (Enterprise Interoperability Maturity Model) which helps business people evaluate the
interoperability maturity of their company, and prioritise actions to improve their interoperability
performance.
•
EIDM (Enterprise Interoperability Degree Measurement) which helps two companies identify and
address barriers to their interoperation.
Tools and procedures have been developed for each of these methodologies. They are document in
Appendix B (EIMM) and C (EIDM).
The EIMM has been validated in practical case studies in the ATHENA projects A1, A4 and B5. This
deliverable has focused on the application of EIDM to a concrete scenario called carrier-shipper, where
an SME shipper uses the services of multiple larger carriers. The analysis has shown the potential of this
approach to
•
Uncover interoperability barriers
•
Classify interoperability barriers in a coherent framework
•
Classify interoperability solutions in the same framework
•
Using the framework to select the right solutions to each barrier.
The analysis described above emphasised technical interoperability barriers. In order to complement
this with a business perspective, addressing critical challenges for SMEs such as cost and access to IT
competence, we have introduced the concept of service provisioning models. In particular, we elaborated
the provisioning model where one service provider establishes a network for a group of SMEs, in order to
realise network synergy effects, decrease the costs for each SME and provide the IT competence needed
to achieve interoperability. We described how model-configured collaboration spaces could be used to
make the service provision more agile and effective. This provisioning model has been applied and
validated in the MAPPER project, highlighting solutions to business interoperability problems such as
•
Pragmatic process alignment and integration,
•
Role and resource management through organisation models
•
Configurable service invocation
•
Sharing and exchange of core product data
This pilot solution is still in early phases of deployment, and more work will be conducted in the
MAPPER project to further validate this approach.
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Appendix A. Practices

This annex introduces de practices and sub-practices of the Enterprise Interoperability Maturity
Model introduced in deliverable DA8.2.
1.1

Level 1 : Initial

1.1 Implicit execution of collaborative processes

Sub-practices

Level

1 - Initial

Area

Business process

Collaborate closely with different stakeholders in the value chain
The different customers and providers in the value chain interact with the
company through basic ICTs like e-mail or portal services.
Internationalize business operations
The company has one or more commercial or production plants around the
world.
Outsource non-core business functions
Non core business functions (e.g. call-centers, IT applications, business
processes ...) are outsourced and provided by external companies.
Collaborate with external entities
Collaboration with external entities can take different forms depending on the
purpose of strategic alliances (e.g. product design, process improvement...).
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Evaluate resource availability
Processes are executed by human or material resources (i.e. ICTs) whose
availability must be scheduled and foreseen by the organization.

Assign process owners
Each business process should have a process owner responsible for it.

1.3 Identify Contact Points for Collaboration

Sub-practices

Level

1 - Initial

Area

Organization

Identify internal contact points
A first step to interoperability is inter-process integration. For that purpose
internal contact points for process execution (e.g. people, machines...) must be
identified.
Identify external contact points
A second step to interoperability is inter-enterprise integration. For that purpose
external contact points for process execution (e.g. organization, people...) must
be identified.
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Make use of enterprise information systems
The use of common enteprise applications like ERPs should be widely adopted
within the organization. This information systems should provide support for
basic business functions like accounting, order management...
Make use of internet technologies
Basic internet technologies like e-mail or web portals should be used in order to
support the collaboration both internally and externally.

1.5 Collaborative Product Development

Sub-practices

Level

1 - Initial

Area

Products and
Services

Participate in collaborative design of products/services
Participate in collaborative design of products and services with other
organizations as a result of strategic alliances.
Develop products/services in collaboration

Participate in collaborative development of products and services with
other organizations as a result of strategic alliances.

1.6 Provide and Consume e-Poducts or e-Services

Sub-practices

Level

1 - Initial

Area

Products and
services

Publish product portfolio through the web
A public offering of products/services should be offered through the
organization’s website.

Acquire or consume products or services through the web
Internet technologies should be used to obtain products or services from
providers through the web.
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Level 2 : Performed

2.1 Define a Collaboration Strategy

Sub-practices

Level

2 - Performed

Area

Business Process

Define mission and vision statements for interoperability
The mission (what the company does) and the vision (what would the company
like to become) statements should be defined in order to establish the objectives
for next years.
Analyze internal and external competitive factors
The company should focus on improving the different activities of its value chain
and use it as a tool to determine its competitiveness. In order to analyze external
factors, the five competitive forces should be taken into account: in-sector
competitors, customers, providers, potential competitors and substitution.

2.2 Define Business Processes

Sub-practices

Level

2 - Performed

Area

Business process

Define internal business processes
Private processes consist of private tasks and private dependencies. A private
process is only known to its owning entity.
Define public business processes
Public processes consist of view process tasks and view process dependencies.
Public processes are abstractions of private processes and are known to
business partners that cooperate in a particular context.

2.3 Define Organization’s Relationships

Sub-practices

Level

2 - Performed

Area

Organization

Define internal roles
A clear definition of the different roles inside the organization should be specified
and the relationships among roles established.

Establish collaboration agreements
First formal collaboration agreements with external entities should be signed.
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Level

2 - Performed

Area

Organization

Train staff on new business processes
New process definition should be adopted by all employees through training and
awareness creation sessions.

Train staff on new ICT acquisitions
Training for new ICT assets should be provided according to each employee’s
role.

2.5 Define Requirements for ICT Solutions

Sub-practices

Level

2 - Performed

Area

Systems and
technology

Identify ICT needs for the support of business processes
Business processes (both internal and public) should be the basis for the ICT
requirements definition.

Define requirements at data, service, process and business levels
Four levels of requirements should be defined for ICT solutions:
Business: decision and strategy making.
-

Process: business process configuration.

-

Service: behavioral interfaces, standards used and granularity.

-

Data: language used and the interchange format.
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2.6 Deploy ICT Solutions Based on Service-Oriented
Architectures
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Level

2 - Performed

Area

Systems and
technology

Deploy ICT solutions at business level
Deploy solutions that facilitate decision and strategy making (e.g. decision
support systems, balanced scorecards...)
Deploy ICT solutions at process level
Deploy solutions that support the whole business process management lifecycle
(design, simulation, execution, control and optimization)
Deploy ICT solutions at service level
Deploy solutions that provide integration services to the process level building on
existing legacy applications.
Deploy ICT solutions at data level
Deploy solutions that support the interoperability of different data exchange
formats (e.g. EDI, STEP...)

2.7 Realize New Business Opportunities Using Networked
Technologies

Sub-practices

Level

2 - Performed

Area

Products and
services

Perform e-market analysis
Perform surveys on the current status of the market for e-products and eservices: provider companies, turnover, market niches...
Conceive, design and develop new e-product and e-services
Conceive, design and develop new network intensive products and services.
Market new e-products and e-services
Perform marketing campaigns in order to introduce new e-products and eservices in the market.
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Level

2 – Performed

Area

Products and
services

Gather information about customers
Gather information about customers needs through surveys or similar kind of
tools.
Analyze data from customers
Analyze customer trends building on the gathered data.
Perform targeted marketing campaigns
Perform marketing campaigns with a focus on a specific market niche.
Perform specific customer campaigns
Perform specific customer campaigns for the acquisition of new products, crossselling, up-selling or retention.
Track orders online
Provide ICT support to track orders online (e.g. extranet, CRM system).
Manage customer complaints
Provide ICT support to manage customer complaints (e.g. extranet, CRM
system).

1.3

Level 3: Modelled

3.1 Formalize Business Processes

Sub-practices

Level

3 – Modelled

Area

Business process

Choose language for the modelling of processes
Different modelling languages standards should be considered. The language
should support both internal and collaborative process definitions.
Model internal business processes in a formal language
Internal business processes should be specified using the chosen modelling
language.
Model public business processes in a formal language
Public business processes should be specified using the chosen modelling
language. Public business process should hide internal process details.
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Level

3 – Modelled

Area

Business process

Define efficiency measures
Define measures to assess the throughput of processes (e.g. number of
resources used).
Define efficacy measures
Define measures to assess the fulfillment of expectations by a process (e.g.
number of pieces produced).

3.3 Create Awareness of Business Processes

Sub-practices

Level

3 – Modelled

Area

Organization

Send internal communications
Communicate the definition of new process internally through the intranet, email...
Organize periodic meetings
Organize periodic meetings for the presentation of new processes and changes
to existing ones.
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Sub-practices

Level

3 – Modelled

Area

Organization
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Identify different stakeholders along the value chain
The value chain could include different parties from a final customer to provider:
n-tier suppliers, institutions... Every interacting partner in the value chain must be
identified.
Register partner constraints
Different collaborating partner in the value chain may have different constraints
with regard to the form of communication (e.g. data exchange format, process
configurations...). These partner constrains should be registered in order to be
taken into account in subsequent collaborations.
Define partner assessment measures
Measures for the evaluation of interacting partners should be established in order
to decide on future collaborations. Examples: delays in order delivery, fulfillment
of requirements...
Decide on partner integration in the extended value chain
Based on the assessment of previous collaborations a company can decide
whether to work again with the same partner or not.

3.4 Establish a Virtual Enterprise Management Program

Sub-practices

Level

3 – Modelled

Area

Organization

Identify potential collaborating partners
Based on the type of project and previous experiences potential collaborating
partners must be identified.
Register partner constrains for collaboration
Different collaborating partner in the value chain may have different constraints
with regard to the form of communication (e.g. data exchange format, process
configurations...). These partner constrains should be registered in order to be
taken into account in subsequent collaborations.
Define partner assessment measures
Measures for the evaluation of collaborating partners should be established in
order to decide on future collaborations. Examples: commitment to work,
capabilities...
Decide on partnerships for specific projects
Based on the assessment of previous collaborations and the type project a
company can decide whether to work again with the same partner or not.
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3.5 Align Business Requirements with ICTs
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Integrate ICT solutions from different levels
Integrate the different ICT solutions coming from the existing legacy systems and
new functionality. Business services should be offered to the process layer.
Establish network infrastructure to support organization topology
Organization topologies should be supported by the implementation of specific
network technologies (e.g. VPN, P2P).
Define mechanisms for the traceability of requirements
Business requirements should be mapped down to implementation through
formal techniques that allow the traceability of requirements all along the topdown cycle.
Assess the fulfillment of requirements
The consistency between implementation and requirements should be assessed
in order to optimize business and integration services.

3.6 Extend ICTs to External Entities

Sub-practices

Level

3 – Modelled

Area

Systems and
technology

Publish business process configurations
External entities should have a clear view of how the public business processes
are configured in order to interact properly.
Publish business services
Business services to be offered for external entities should be published with
clear service level agreement specifications.

Define data interchange formats and mechanisms
A data interchange format should be in place within an organization. In case of
different data formats, transformation mechanisms may be developed.
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Level

3 – Modelled

Area

Products and
services

Deploy a customer management system
A tool for the systematic customer management must be deployed.

Integrate product catalog in customer management system
The product catalog services should be integrated in the customer management
system.
Integrate customer management process
The end-to-end customer management process should be supported by
business services.

3.8 Launch New e-Products/Services in Collaboration

Sub-practices

Level

3 – Modelled

Area

Products and
services

Identify valid partners for joint e-product/service development
Based on analysis of previous collaborations and the type of specific eproduct/service, identify interesting partners for collaborative product/service
development.
Design and develop new e-products/services in collaboration
Once the idea is clear and partners have been identified the e-product/service
will be designed and developed in collaboration.
Market new e-products/services in collaboration
E-products/services will be launched jointly and the collaboration contract will be
clear enough in terms of benefit reaping.
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Level 4 : Integrated

4.1 Integrate Cross-Organizational Business Processes

Sub-practices

Level

4 – Integrated

Area

Business process

Identify external public processes
Public processes from external entities will be identified in order to understand
how the interaction will be performed.
Integrate external public process with internal processes
External functionality coming from public processes will be integrated with
internal business process executions.

4.2 Manage Cross-Organizational Business Processes

Sub-practices

Level

4 – Integrated

Area

Business process

Simulate execution of business processes
Run simulations of different executions of business processes using different
interoperability measures.
Analyze results of process simulations and executions according to
efficiency and efficacy measures
Simulations and real execution of business processes will be controlled in order
to obtain data from the predefined measures.

Redefine business processes
Business processes will be redefined according to the results coming from the
different analyses.

4.3 Manage the Institutionalization of Business Processes

Sub-practices

Level

4 – Integrated

Area

Organization

Perform internal auditing
Internal auditing is performed in order to ensure the alignment between process
definition and execution.
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Level

4 – Integrated

Area

Organization

Define measures for Virtual Organization’s performance
Measures for the performance of the Virtual Organization will be defined.

Define measures for Extended Enterprise’s performance
Measures for the performance of the Virtual Organization will be defined.

Analyze Virtual Organization’s performance
Analyze the result of the collaboration assessing the different measures and
defining the improvement needs.

Analyze Extended Enterprise’s performance
Analyze the result of the collaboration assessing the different measures and
defining the improvement needs.

4.5 Integrate External ICT Systems

Sub-practices

Level

4 – Integrated

Area

Systems and
technology

Identify external ICT systems
Public functionality of external ICT systems will be identified in order to
understand how the interaction will be performed.
Integrate external services into internal infrastructure
External functionality coming from public services will be integrated into the
organization’s ICT systems.
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Level

4 – Integrated

Area

Systems and
technology

Define quantitative and qualitative performance indicators
Quantitative and qualitative indicators for interoperability related ICT services and
functions are defined.
Analyze performance indicators
Analyze performance indicators for interoperability related ICT services and
functions.

4.7 Assure End Product/Service Quality

Sub-practices

Level

4 – Integrated

Area

Products and
services

Define quantitative and quality indicators
Definition of quantitative and quality indicators for all collaboratively designed
and/or developed or electronically delivered products and services.
Analyze quantitative and quality indicators
Analyze quantitative and quality indicators for all collaboratively designed and/or
developed or electronically delivered products and services.

070306_ATHENA_DA82_Appendices_V10.doc

CONFIDENTIAL

Page 14 / 27

IP- Project
ATHENA - Project
Document

1.5

IP- Project - No
ATHENA - Project Number
Date

ATHENA
SME Interoperability in practice
Deliverable DA8.2 - Appendices

507849
A8
06.03.07

Level 5 : Interoperable

5.1 Improve Collaborative Business Process Continuously

Sub-practices

Level

5 – Interoperable

Area

Business process

Maintain data for processes
Each person and unit maintains quantitative and qualitative descriptions of the
performance and results of their processes.
Evaluate processes
Processes are evaluated by each person and unit to identify opportunities for
improvement.

Incorporate improvements
Each role and unit develops and incorporates selected improvements into their
processes.

5.2 Improve Organization’s Structure Continuously

Sub-practices

Level

5 – Interoperable

Area

Organization

Maintain data for organizational structures
Quantitative and qualitative descriptions of the performance and results of the
organizational structure are maintained.
Evaluate organizational structure performance
Organizational structures are evaluated to identify opportunities for improvement.

Incorporate improvements
Selected improvements are developed and incorporated dynamically into
subsequent organizational forms.
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5.3 Adapt Information Systems to Business Requirements
Continuously

Sub-practices
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Level

5 – Interoperable

Area

Systems and
technology

Maintain data for information systems
Quantitative and qualitative data of the performance and results of the
information systems is maintained.
Evaluate information systems’ performance
Information systems’ performance is evaluated to identify opportunities for
improvement.

Incorporate improvements
Selected improvements are developed and deployed automatically.

5.4 Improve e-Product and e-Service Quality Continuously

Sub-practices

Level

5 – Interoperable

Area

Products and
services

Maintain data for e-products and e-services
Quantitative and qualitative data of e-products and e-services is maintained.

Evaluate e-products and e-services feedback
E-Products/Services’ customers’ feedback is evaluated to identify opportunities
for improvement.

Incorporate improvements
Selected improvements are developed and deployed in subsequent eProducts/Services.
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Appendix B. Questionnaire (EIMM for SMEs)

The questionnaire is the supporting tool for the Enterprise Interoperability Maturity Model for SMEs
introduced in deliverable DA8.2. The questionnaire is implemented using an excel workbook with 7
worksheets. The first worksheet introduces some general aspects of the enterprise, the next 4
worksheets introduce the questionnaires of each area, the sixth worksheet shows the result of the
evaluation and the final one outlines the capability table that will be used as an input for the EIDM
(introduced in deliverable DA8.2).
First of all the user is introduced to a general questionnaire where basic data from the company and
the employee is requested: company name, company size, activity sector, employee name, role and
representation. For the company size and representation fields a combo box is displayed. The company
can be a micro-enterprise (1-9 employees), a small company (10-49), a medium company (50-249) or a
large company (> 250). Even if the focus is on SMEs, the possibility to provide this questionnaire to LSE
(Large Scaled Enterprises) is open. With regard to the representation, this field pretends to capture the
company scope the questionnaire is covering: one employee, a business unit, a division or the whole
company.

Figure 1. General questions
For each area a set of questions are formulated in order to assess the achievement of a maturity
level in that area. There are a set of questions for each level that must be answered with “yes”, “no” or
“not applicable”. In some cases, where the question requires a quantity a second box is displayed to
insert that value. For example, the first question in Figure 2 (Does the organization interact with different
stakeholders in the value chain?) requests a certain value for the number of organizations that are
involved. However, another example may require a specific standard name for data exchange, or a tool
name...
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Figure 2. Business Process Area

The sixth worksheet shows the result of the assessment. In order to achieve a certain maturity level
all the areas must have reached the minimum level required for that maturity (e.g. If the maturity level is
“Modelled” all the areas must have reached the “Modelled” level individually). In order to achieve a
maturity level in a certain area a minimum percentage of the sub-practices must be fulfilled.
To clarify the punctuation of the model the figure below shows a clear example. In this case, the
organization subject to assessment will be at a “Performed” level since all the areas have reached that
level individually. Apart from that, it could be said that the organization has achieved a “Modelled” level in
the “Systems and Technology” area.
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Products and Services

Areas

Figure 3. Maturity Level Graph

Finally, the excel worksheet shows a capability matrix that reflects the different assets the
organization uses at the different levels. This data is obtained from the answers collected through the
questionnaires in the value fields (see Figure 1).

Figure 4. Capability Matrix
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Appendix C. Interoperability Project Support Tool (EIDM)

SMEs face inherent difficulty in adopting a complex and comprehensive framework that organizes
conceptual and technical solutions. Frameworks are mostly prepared with a very specialized target
audience in mind and most often in well-defined or closed domains. The adoption difficulties are true in
the more specialized and vertical frameworks, and for large enterprises; it becomes clear that SMEs
would encounter ever higher barriers, or at least sustain higher costs in the learning curve.
Furthermore it is worth mentioning that frameworks that describe solutions and methodologies for
implementing collaboration layers and patterns have an even higher complexity; their fruitful adoption is
based on the correct interpretation and implementation of the framework elements at the right levels of
abstraction and with all due variables taken into account.
Although the overall decision making process for adopting interoperability solutions and the degree
and abstraction of such implementation, depend on business variables as well as policy and technical
decision, it is true that the existence of tools that guide technical managers and decision makers
contribute positively to the target.
In an SME such interoperability projects may be launched with respect to the main contractor or
integrator in the supply chain or collaboration that sees the SME, or alternatively they could be executed
with respect to the SME cluster that represents the target common models to be adopted by all members,
as in the case of SME or supply chain vertical clusters or private networks that have defined their own
reference technical policies.
Looking at cross-organisational interoperability, coherence of organisational objectives and
monitoring rules, exchanged views of internal information and or knowledge, levels of certification of the
information exchanged or shared are continuously changing with the changing of the business relations
between the involved organisations.
It then appears very important to keep in mind the time dimension when dealing with interoperability.
The establishment and maintenance of interoperability in the course of time is based on projects. The
time dimension in the Interoperability Problem Framework can then be examined according to the normal
project life cycle phases such as:
•
Feasibility
•
Planning
•
Operation
•
Monitoring
When these phases apply to an Interoperability project, they define its life-cycle.
Specific aspects with regard to each phase need to be taken into account and observed. For
instance:
•
In the feasibility phase:
o how to recognise the gap or the inconsistencies?
o how to recognise the nature of the gap or the inconsistency (conceptual, applicative, technical,
semantic)
•
In the planning phase:
o how to evaluate the economic benefit of bridging the gap and or inconsistencies that have been
identified?
o what is the correct sequence of action to establish interoperability?
•
In the operation phase:
o what are the performance indexes to be monitored?
o what are the most suitable backups?
•
In the monitoring phase:
o what are the time variant elements that can cause the emergence of new gaps and or
inconsistencies?
o how situations that require a new interoperability project are recognised?
Process Towards Interoperability

In the AIF document (Deliverable DA4.2) the concept of Process Towards Interoperability was
introduced, where the conceptual phases needed for two or more enterprises to become interoperable
were described, analysing and sustaining the different aspects of interoperability, and following the
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approach proposed in the AIF.
In the document D.A4.5 (Interoperability Life-Cycle Services Specifications) and associated
prototypes a technical solution to the general process framework was provided. It is not meant to be
replicated here, so we just depict a few considerations together with the relevant process.
Decision to realize
collaborate

Decision to evaluate
collaborate

Analysis
Identify Interoperability Situation

Document

Negotiation

Realization

Resolve Interoperability
Mismatches

Implement Interoperability
Solution

Operation
Maintain
Interoperability

Compare

Capability
Tables

Gap table

Collaboration
Context

Interoperable
Solution

Figure 5. EIDM procedure.
In the theory we describe the various milestones, decision points, phases and knowledge generated
and maintained along the lifecycle of and interoperability project.
The figure describes the main phases of the process shown in their natural sequence together with
the main milestones that characterise the execution of an interoperability project. In the case for SMEs all
phases are relevant; while for larger enterprises the analysis phase is probably the most critical we
perceive that SMEs would expose less complex interfaces, while the accent would be definitely put on the
negotiation and realisation phases where the investment effort is more concentrated.
Roadmap Modelling and Planning is the phase in which the identified set of interoperability gaps
collected in the Gap Table are structured in a project oriented mode to be planned and characterised as
work items with deadlines and priorities. The list of work items resulting from the comparison phase could
be complemented by the work items that the mediator of the interoperability project introduces as
necessary.
Negotiation is the phase in which the identified work items need to be analysed by selected experts
for finding appropriate solutions, at business and technical level. The experts are requested to provide
solutions to the interoperability issues in terms of models, metamodels, archictures or artefacts in general,
and in doing that they would use results from the ATHENA as modellers, execution engines, frameworks
or guidelines, as described in the ATHENA Interoperability Framework, as well as using proprietary or
legacy tools. Clearly the identified solutions need to be aligned with the economic dimension and strategy
of the enterprises involved, so this phase is meant as negotiation of interfaces among collaborating
parties and would still need an endorsement at the appropriate corporate level. The results of this phase
are then targeted to the identification of a common Collaboration Context with the set of required and
provided interfaces for collaboration are agreed.
Realisation is very similar to the negotiation phase in terms of supported service and process, with
the conceptual difference that the solutions seeked by the experts are based on the Collaboration Context
as output of the negotiation phase, so the technical solutions seeked in the realisation phase are then
more related to linking the collaborating enterprises to the common identified Collaboration Context as
interface.
3.1

C1 Technical Solution

3.1.1 C1.1 Analysis phase – Feasibility and Planning Services
As discussed in the breakdown of the phases of an interoperability project follows the classical
structure of innovation projects starting with an analysis phase, followed by a negotiation phase and a
realisation of the negotiated items.
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The nature of interoperability being multi-disciplinary and being visible at the boundaries of
enterprises and application systems, suggests to model the analysis phase for the identification and
management of the interoperability issues to be resolved and the associated tools, models and solutions.
Decision to evaluate
collaboration

Mining/Discovery

Negotiation

Analysis

Resolve Interoperability
Mismatches

Identify Interoperability Situation

Document

Feasibility
Services

Compare

Capability
Tables

Gap table

Roadmap Modelling
and Planning Services
Figure 6. EIDM solution
The its general conception the objectives of the analysis phase are the identification of the
interoperability situation, the identification of the open issues or problems to be resolved or negotiated
upon, and the acquisition of the material needed to properly plan the subsequent phases, e.g. to plan the
right actions in negotiation and realisation terms.
The clear definition and acquisition of the capability tables of the involved enterprises in a crucial
phase, and the SMEs are bound to have a benefit in its pragmatic use. The figure below shows a frontend page that is part of the analysis phase.
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Figure 7. EIDM tool screenshot.

3.1.2 C1.2 Discovery of potential interoperability issues.
The second part of the analysis phase is represented by the Comparison service. The objective of
the Comparison phase is to support the identification of the evidence of lack of interoperability through the
analysis of the material collected in the Document phase described previously. This is the functionality
normally associated to miners and crawlers in this case not meant to work over the web but on the
available knowledge base of resources.
Discovery of Lacks of Interoperability (LOI) will look for instances or evidence of interoperability
disconnections within each class of the taxonomy of LOI. These functions are usually associated to
miners implementing some agent functionalities having very clear targets. We can say that the evidence
found with such techniques when found gives just a number of very specific pointer to issues that usually,
when analysed will expose a larger scope.
Again the discovery tools for the comparison service use the taxonomy of potential Lacks of
Interoperability (LOI) and the knowledge base of documents and resources exposed to perform intelligent
comparisons, matching and mining.
Through this module a set of miners will be provided where comparable resources exist, by analysing
Enterprise Models (A1, POP* models), Cross-Enterprise BPs Repositories (A2, external views of internal
BPs), Enterprise e-business Ontologies (A3), Service Registries and Repositories (A5), Software
Specifications and Models (A6) to be able to detect possible interoperability problems. Examples of
miners and addressed areas currently foreseen and beneficial for the SME context are in the following
list:
•
Interoperability problems at Process / Service level (BPEL & UDDI WSDL) – contribution from
A2/A5;
•
Interoperability problems at Document schema level (Payload Documents / Protocols / XML in
general) – contribution from A3/A7/ Annotation system;
•
Interoperability problems at Service Models level (WSDL Analysers and comparison of functionality)
A5
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The miners that identify the evidence of interoperability lacks or discrepancies can also be interactive
tools that, visually operated by a users, so not fully automated but rather interactive, helping users browse
models, documents and resources and highlighting potential problems. The figure below shows the Gap
Table interface.

Figure 8. Gap table
The figure below shows an example dialogue for the selection of the models (in this case BPEL
models) to be analysed.
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Figure 9. Selection of models to analyse.
It is worth mentioning the nature of the comparison approach requires that, alternatively, the
interoperability problem could be selected and identified by the user, instead of being inferred by data
miners. Support needs to be given also in this case.

3.1.3 C1.3 Roadmap Modelling and Planning Services
Roadmap Model
In the roadmap model the problem manager shall need features for:
•
Defining the as-is situation;
•
Defining the to-be scenario;
•
Analyse the gap between the two above;
•
Identify the working groups.
After that the feasible actions to be performed are:
•
Opening the working session, notifying the involved members.
•
Contribution preparation and provision.
•
Assessment of the received contributions
Once the solution has been reached the working session is closed and the pair problem-solution is
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stored. The following figure shows the use case in detail.

Figure 10: Roadmap model Use-case
A member (here called Issue collector) will define the problem to be solved. Support will be provided
for the team creation activity where members will be selected from the available list of domain,
technology, business experts present in the Knowledge Repository.
The system will then open a working session which will be able to collect all contributions made by
involved experts.
The Mediator together with the knowledge editor will evaluate the contributions provided and in the
case they are enough for declaring solved the problem the working session will be closed and the related
solution will be produced. If not, a new members’ team can be selected and the process will be repeated
iteratively.
When the process will be completed, in both cases, the project manager will receive the final result of
the process and the Solution broker will be notified as well.
This picture is very general and in the particular context of an interoperability project the roles of the
Project Manager and Mediator would most probably be covered by the same figure. In an SME this is
most probably the case, while it is foreseen that the same role could be assigned to an appointed
consultant, and or expert in the context of the collaboration the SME is willing to engage.
3.1.4 C1.4 Negotiation and Realisation phases – Interoperability Project Operation Services
This phase is meant to support the collaborative work of the experts that address each
interoperability issue identified and planned.
This phase is where the Athena Interoperability Framework is meant to be extensively used, in terms
of concepts, technologies, and tools, both for deriving the common Collaboration Context that will
represent the interfaces each partner is supposed to adhere to in order to be interoperabile in the chosen
aspects (the Negotiation Phase), and to then consequently execute the directives, protocols and
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interfaces indicated in the Collaboration Context (the Realisation Phase).
In the analysis phase explicit evidence of classes of actions to be initiated to solve distinct
interoperability issues is searched and highlighted. This set of evidence is called Lack of Interoperability
Issues (LOI).
The implementation of the work is in fact the execution of the actions that would lead to the solution
of the interoperability lack, and ideally each issue is captures in a distinct planned action in the planning
phase. In the implementation the mediator has a central role and the experts are called and assigned to
specific technical issues depending on their expertise.
In this phase each issue is handled separately following the planning indication; after each interaction
each planned activity is updated with indication of the issue fulfillment, or percentage of completion.
The selected organisational and planning instrument is provided by guided and mediated
brainstorming sessions. The situations will normally be such that the actions to be planned would not so
clearly described so to be subject to task sequences; a form of mediated collaboration is set-up (problem
solving) among experts. Nevertheless brainstorming results need to be captured in a controlled way.
In the Mediated Collaboration form, the architecture is designed around the concept of the Moderator
or Mediator. This type of collaboration is based on a central module that manages the interactions
between expert(s) and the project mediator, tracking the involved actions.
The support tool contains a module for document handling and a module for recording all executed
transactions, dealing with associated repositories. The tool is a web based tool, with instant messaging,
session and document handling facilities for sharing documents in interactive sessions.

Figure 11. Mediated Collaboration Architecture

070306_ATHENA_DA82_Appendices_V10.doc

CONFIDENTIAL

Page 27 / 27

