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Abstract. Enterprise modelling concepts, methods or technologies have been
found useful for a variety of application areas and purposes. The experience
report presented in this paper is from the area of enterprise knowledge
modelling with an application case in automotive supplier industries. The
purpose of the overall modelling process is to create an active knowledge
model. The scope of the paper are the early phases of the enterprise knowledge
modelling process, called scaffolding phase and scoping phase. An important
observation is the need for continuous and intertwined development of meta-
model, model, modelling process and modelling team.
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1 Introduction

During the last 20 years, enterprise modelling concepts, methods or technologies have
been found useful for a variety of application areas and purposes, like understanding
and improving the business processes in an organization, capturing requirements in
software system development, visualizing document and information flow, preparing
strategic decisions in IT governance, analyzing fraud risks, evaluating business value
of IT investments, orchestrating the project validation, and many more.

As a consequence, researchers and practitioners from many different disciplines
have been contributing to development of enterprise modelling practices, including
information system development, software engineering, enterprise engineering or
organizational development.

The experience report presented in this paper is from the area of enterprise
knowledge modelling with an application case in automotive supplier industries. The
objective of the research work performed was to develop and evaluate a model-based
collaboration infrastructure for use in distributed product design. In this context,
modelling of the relevant part of the application case was initiated. The purpose of
the modelling process was to create an active knowledge model, i.e. an enterprise
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knowledge model, which supports execution of work tasks and is adaptable to the
user’s local demands (cf. section 2.2). The scope of the paper is the early phases of the
enterprise knowledge modelling process, called scaffolding phase and scoping phase.
These phases were selected for the experience report as they resulted in experiences
and work practices of potential interest for enterprise modelling in general.

The paper is structured into four more chapters: Chapter 2 will summarize the
background for our work including the industrial case considered, the area of active
knowledge modelling and the modelling approach used. Chapter 3 will present the
practice of scaffolding and scoping. Chapter 4 discusses limits and potentials of the
scaffolding practices. Chapter 5 summarizes the achievements.

2 Background

The experience report presented in this paper is based on an industrial case, which is
introduced in section 2.1. Furthermore, a short introduction to the specifics of active
knowledge modelling will be given (section 2.2) and the modelling approach used
will be presented (section 2.3).

2.1 Industrial Case

The experiences presented are based on work in the EU-FP6 project MAPPER'
(Model-adapted Process and Product Engineering). MAPPER had a runtime from
autumn 2005 to spring 2008 and aimed at enabling fast and flexible manufacturing in
networked enterprises by providing methodology, infrastructure and reusable services
for participative engineering.

The industrial case considered in this paper was a use case in the MAPPER project
and focuses on distributed product development and multi-project lifecycles in a
networked organization with different subsidiaries of an automotive supplier. The
main partner is the business area “interior” of a first tier automotive supplier with the
main product development sites in Scandinavia. The interior area mainly includes seat
comfort products like seat heater, seat ventilation, climate control, lumber support and
head restraint. During the MAPPER project, the focus was on the advanced
engineering unit, where product development tasks are concentrating on pre-
development of new concepts and new materials.

Development of products includes elicitation of system requirements based on
customer requirements, development of functional, design of logical and technical
architecture, co-design of material, electrical and mechanical components, integration
testing and production planning including production logistics, floor planning and
product line planning. The process is geographically distributed involving engineers
and specialists at several locations of the automotive supplier and sub-supplier for
specific tasks. A large percentage of seat comfort components can be considered as
product families, i.e. various versions of the components exist and have to be
maintained and further developed for different product models and different
customers. In this context, flexible product development in networks with changing
partners on customer and sub-supplier side is of crucial importance.

! See [1] for more information about MAPPER.
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The purpose of the enterprise knowledge modelling in this use case was to capture
the relevant product knowledge and process knowledge required for supporting
collaborative engineering at different sites of the automotive supplier. The knowledge
model was expected to contribute to solving a number of challenges:

e To support fast integration of geographically distributed collaboration partners

e To enable flexible development processes, combining pre-defined processes for
coordinated development tasks and ad-hoc process changes.

e To coordinate a large number of parallel product development activities

2.2 Enterprise Knowledge Modelling and Active Knowledge Models

Enterprise knowledge modelling is applying and extending approaches, concepts and
technologies from enterprise modelling and enterprise architecture for knowledge
representation and knowledge-based solutions. In general terms, enterprise modelling
is addressing the systematic analysis and modelling of processes, organization
structures, products structures, IT-systems or any other perspective relevant for the
modelling purpose. Enterprise models can be applied for various reasons, like
visualization of current processes and structures in an enterprise, process
improvement and optimization, introduction of new IT solutions or analysis purposes.
[9] provides a detailed account of enterprise modelling and integration approaches
including reference models.

The field of enterprise architectures received a growing attention during the last
years in the context of IT-governance or corporate governance. Main intention is to
visualize the architecture of IT-application and infrastructure in an enterprise
including the supported processes or organization units. Such enterprise architecture
models are closely related to enterprise models, as they to a significant extent have to
cover the same aspects (e.g. processes and organization structures). However,
enterprise architectures focus on providing a basis for analyzing current IT
architectures in enterprises and providing a basis for (strategic) planning of future
developments. [10] discusses in particular the connection between enterprise
architecture and IT governance.

Enterprise knowledge modelling combines and extends approaches and techniques
from enterprise modelling and enterprise architectures. The knowledge needed for
performing a certain task in an enterprise or for acting in a certain role has to include
the context of the individual, which requires including all relevant perspectives in the
same model. Using the knowledge is applying different reflective views on the
knowledge model. Enterprise knowledge modelling aims at capturing reusable
knowledge of processes and products in knowledge architectures supporting work
execution [2]. These architectures form the basis for model-based solutions, which
often are represented as active knowledge models [3]. [4] identifies characteristics of
active models vs. passive models and emphasize that “the model must be dynamic,
users must be supported in changing the model to fit their local reality, enabling
tailoring of the system’s behaviour”.

In MAPPER, these active knowledge models included the POPS* perspectives [5]:

e the process perspective (P) captures the work processes and tasks in the
networked enterprise,
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e the organization perspective (O) includes all roles involved in the processes
and their skills and competence profiles,

e the product perspective (P) focuses on components, configuration
possibilities and dependencies of the product under consideration,

e the systems perspective (S) includes the IT systems supporting work
processes and product development,

e further perspectives (*) depend on the requirements of the enterprise under
consideration and can include business objectives, customer requirements
regarding the products or key success factors.

These perspectives are mutually reflective, i.e. each perspective influences content
and meaning of the other perspectives, which is captured in relationships and
dependencies between the elements of the perspectives. The active knowledge model
developed in MAPPER can be executed in the MAPPER infrastructure, which for
example includes a basic work flow engine and model-configured role-specific work
places for capturing product knowledge.

2.3 Enterprise Knowledge Modelling with C3S3P

Enterprise knowledge modelling in the industrial case was performed according to the
C3S3P methodology. C3S3P is based on work in several EU projects from the area of
networked and extended enterprises. An extended enterprise is a dynamic networked
organization, which is created ad-hoc to reach a certain objective using the resources
of the participating cooperating enterprises. In order to support solutions development
for extended enterprises, the EXTERNAL project developed a methodology for
extended enterprise modelling [6], which initially was named SGAMSIDOER. This
methodology was further developed towards a complete customer delivery process
denoted C3S3P, which was used in the ATHENA? and MAPPER projects.

C3S3P distinguishes between seven phases called Concept study, Scaffolding, Scoping,
Solution modelling, Platform integration, Piloting in real projects and Performance
monitoring and management. The C3S3P phases roughly include the following:

e  Concept Study: pre-studies are performed to investigate whether EM is a suitable
and accepted way of developing executable solutions for the networked
enterprise

e Scaffolding’® aims at creating shared knowledge and understanding among the
participants of the project about the scope and challenges of the project.

e Scoping: creation of models supporting the networked enterprise for a defined
scope including all relevant dimensions required, like process, product,
organization or IT-systems

e Solutions Modelling: refining the scoping model by integration personnel,
product structures, document templates and IT systems required for using the
enterprise model in an actual project

2 http://www.athena-ip.org/

3 The term scaffolding indicates the intention of this phase to create a firm structure supporting
the development of a solution without making this structure a part of the solution — like in
construction projects where the scaffold supports the construction of a building.
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e Platform Configuration: configure the solution models for use in the networked
or extended enterprise by connecting the enterprise model to the platform used
(see [1] for details on the MAPPER platform)

e  Platform Delivery: encompasses the roll-out of model-configured solutions

e Performance Improvement by capturing indicators for process and product
quality and using adequate management instruments.

The work performed in MAPPER included two cycles of using C3S3P. The first
cycle focused on capturing organizational knowledge and best practices for networked
manufacturing enterprises. The second cycle focused on integration of product
knowledge into the best practices. The practices presented in the following chapter are
primarily taken from the first cycle and focus on scaffolding and scoping. The
scaffolding phase of the second C3S3P cycle was considerably shorter than in the first
cycle, as a lot of shared understanding of the problem domain already had been created.

3 Practice of Scaffolding and Scoping

The objective of this chapter is describe the way of working during scaffolding and
scoping, including practices applied, some illustrative examples of the models
produced and an overall structure of the early phases of this enterprise knowledge
modelling process.

3.1 Scaffolding Phase

Before starting the scaffolding phase, a concept study was performed, which aimed at
creating a shared understanding of the task at hand, the product design terminology
used, and the organizational context at the automotive supplier. During this study, the
automotive supplier basically gave a detailed introduction into aspects like what are
seat comfort products and components, and how are they developed and
manufactured. This introduction included visits at the engineering labs, manufacturing
plant and test facilities.

Preparation Steps

At the beginning of the scaffolding phase, a number of preparation steps had to be
taken, which were contributing to a joint understanding of visual knowledge
modelling and a prerequisite for the later phases. After having identified all use case
team members from the involved MAPPER partners, the team members were offered
an introduction and basic training in the METIS* tool, which was selected as
modelling tool. Furthermore, an agreement was made to start with scaffolding
workshops involving all team members and to locate these workshops at the
automotive supplier’s premises, in order to have quick access to stakeholders and
material, which could support modelling. An initial distribution of roles to persons
was made, which included the following roles for the modelling process:

* The METIS tool was recently renamed into Troux Architect. For tool information see
WWW.troux.com
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e Manager: the owner of the use case who is responsible for establishing the
use case at the use case partner, assigning the right personnel resources,
arranging meetings, etc.

e Planner: the person responsible for proposing the way of working and
establishing a consensus between all partners, coordinating the different
tasks, moderating the meetings, etc.

e  Modelling expert: provides expert knowledge in modelling process, methods
and tools to the use case team

e Facilitator: is experienced in using the selected modelling process and tool
and facilitates model construction and capturing of knowledge in the models

e  Coach: supports the modelling process and model development by coaching
the modellers

e Modeller: develop the enterprise models in the selected tool during the
modelling process

e Domain expert: provide knowledge about the domain under consideration,
which is basis for modelling

Modelling
Based on the above preparations, an iterative process started, which at the end
resulted in 3 major versions of the scaffolding model. The first actual modelling step

Objectives for WP3 Use
case

Processes

Knowledge and skills Information resources Technology

Fig. 1. The first scaffolding model basically identified the required modelling perspectives.
Most of the boxes, which are called containers for the sub-models, were empty in this phase.
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Fig. 2. The 3rd scaffolding model version included more details for each perspective. The
figure shows the organization, product and process containers.

in the first iteration was to clearly define the purpose of the model to be developed.
Within the scaffolding phase, the purpose was to model the current situation in the use
case subject as seen by the different stakeholders from the automotive supplier (R&D
manager, engineers with different specialisations, purchaser, customer responsible,
etc.) in order to create a joint understanding in the complete use case team. Starting
from the POPS* approach, the perspectives were identified that were considered
relevant for the modelling purpose. The initial POPS* perspectives Process,
Organisation, Product and Systems were during this step supplemented with other
perspectives like Objectives, Technical Approaches or Skills. The definition of
additional perspectives had to be repeated in all iterations.

The modelling work performed in joint workshops with all use case team members
consisted of a combination of presentations with regards to the current situation in the
use case subject, discussions for clarifying concepts and creating a joint
understanding, and model creation and editing. The modelling work usually was
structured by differentiating between sessions focusing on single perspectives, like
process or organisation, and sessions aiming at inter-perspective relationships. This
way of working turned out to create the necessary balancing between capturing very
detailed aspects within the perspectives and more general aspects.

The modelling workshops usually were 2 or even 3 day events. Between two
workshops, the coach and modelling expert checked the jointly developed models and
details like textual descriptions were added. At the beginning of each consecutive
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modelling workshop, a walk through the current model version was the first step in
order to make sure that all participants had the same understanding of the status and in
order to verify the modifications made between the workshops. After the 3™ model
iteration in the scaffolding phase, the scaffolding model was considered detailed
enough and sufficiently complete.

Meta Modelling
Besides the actual modelling, development of a suitable meta-model for the purposes
of the use case was another important subject. During the scaffolding phase, the work
was based on the BPM® and ITM® meta-models provided by Troux, which are
available as templates for the METIS tool. Experience from the modelling workshop
showed that these two templates and their respective modelling elements covered a
large part of the needs. Missing model elements were mainly identified for the
“Product” perspective, as different conceptual views on a product (like geometric,
electrical, material or cost view) have to be supported and interconnected in the same
model. In order to provide suitable elements, work on a new meta-model was started,
which should integrate the required elements of BPM and ITM and add specific
constructs for the product view. This meta-modelling activity was initiated by Troux
and led to an initial meta-model proposal for Collaborative Product and Process
Development (CPPD). After an initial meta-model version, work on CPPD was
performed in parallel with development of the scaffolding model and continued even
during scoping.

Fig. 3 illustrates the activities in the scaffolding phase, which can be divided into
preparation work, modelling and meta-modelling.

3.2 Scoping Phase

The scoping phase used the same tools and roles as the scaffolding phase, but had a
different purpose: Focus in the scoping phase was on developing initial versions of
solution models that specified the intended future way of working in the use case subject,
i.e. the future product development process at the automotive supplier’s business area
seat comfort. Furthermore, the solution models should be executable in the MAPPER
infrastructure, i.e. all modelling perspectives had to be defined on such a level of detail
that they contained all model elements required for execution. In comparison to the
scaffolding model, the solution model had to fulfil higher demands with respect to
completeness and consistency, e.g. the complete process flow or set of required tasks
within a process had to be modelled and not just the essential ones illustrating the way of
working. Furthermore, much more technical details had to be included, e.g. all
collaboration services needed, internal IT-systems and information sources required to
support a task had to be specified including their technical interfaces.

Due to the requirements regarding completeness, consistency and level of detail,
the way of modelling had to be revised. Jointly working on METIS models in
workshops and creating all model elements jointly was no longer appropriate. Instead,
we decided to first create textual scenario descriptions for all relevant tasks. These

3> BPM = Business Process Modelling.
8 ITM = Information Technology Management.
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textual descriptions included information about the intended way of working,
involved roles, and tools or documents used. They also contained statements
explicitly identifying requirements. Based on each scenario description, a model was
developed by the coach and modelling expert, which was afterwards presented and
discussed with the team members from the automotive supplier. The joint modelling
workshops performed during the scoping phase aimed at presenting the current
modelling status, and at discussing questions like how to integrate collaboration
support on base of the solution model, how to integrate methodology support into the
solution model, how model development and meta-model development correspond or
how the future distribution of work would look like. Thus, the modelling workshops,
which always started with a walk through the current model status, still formed an
essential part of the process.

The work during the scoping phase was structured by dividing the design process
into 9 main tasks and grouping these 9 tasks into 3 pilot installations. The tasks for the
first pilot were given priority and developed first. As a consequence, models for these
tasks existed early in the process already in a 2™ or 3™ version, while some of the
tasks for pilot 2 and 3 were available only in a first iteration.

The solution modelling phase, i.e. refining the scoping model for use in an actual
project, is not in the scope of this paper. Selected aspects of solution modelling as
process and an example for the solution model are discussed in [1].

4 Experiences

Many experiences and practices regarding scaffolding and scoping are already
included in section 3. This section adds experiences regarding stakeholder participa-
tion and the two cycles of C3S3P performed.

As indicated above, participation of stakeholders from different departments of the
automotive supplier and from different MAPPER partners has to be considered a key
success factor for creating enterprise knowledge models suitable for use in everyday
practice. However, we experienced that different levels of participation were adequate
for the different modelling phases (see section 2.2 for a description of the phases).

In the initial phase, scaffolding, nearly all stakeholders were participating all the
time during the model development process. This included presentations from and
discussions with the automotive supplier about the application domain and the use
case subject, discussions and joint decisions about perspectives to be included in the
model, consideration about the meta-model, joint creation and editing of the models
with METIS and textual descriptions of the model elements. In terms of the produced
size of models, these model sessions might not have been very productive. But in
terms of sharing knowledge and creating a joint understanding of both, the use case
subject and the nature and process of modelling, the joint modelling sessions with all
stakeholders were extremely valuable. They created a joint ownership of the result.
Only between the modelling sessions, there was a “non-participatory” work step,
which concerned the consolidation of the model and the meta-model. Introducing the
results of this work step to all stakeholders at the beginning of the next modelling
session by walking through the model was very useful. This contributed to getting
everybody onto the same level of information and supported double-checking of
understandability and correctness of the model.
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During the second phase, scoping, the way of working was changed and the level
participation reduced: before developing METIS models, we developed textual
scenario descriptions for the task under consideration. The scenario descriptions were
developed with participation of all stakeholders, but the development of models based
on the scenario description was done “in private” by the modelling expert. Main
reason for this change was the required level of detail of the models. As the objective
was to provide executable models, a lot of detailed and partly technical information
had to be included. Joint editing of such models was not only perceived very time
consuming but also overloading some stakeholders with technical details considered
not relevant for them. However, the models produced by the expert were presented to
the other stakeholders for validation purposes and in order not to loose the joint
ownership of the results.

The work performed in MAPPER included two cycles of using C3S3P. The first
cycle focused on capturing organizational knowledge and best practices for
networked manufacturing enterprises. The second cycle focused on integration of
product knowledge into the best practices. The scaffolding phase of the second C3S3P
cycle were considerably shorter than in the first cycle, as a lot of shared understanding
of the problem domain already had been created. However, there still was the need to
explore the principal design solution, configurable components and parameters of the
product area under consideration. The scoping phase to a large extent consisted of
identifying the required configurable workplaces, which were created during the
solution modelling phase. Platform integration and piloting in real-world projects
were not clearly separated due to the tight project schedule. Creation of workplaces
for engineers at the use case partner in running projects was the main aim. The
performance monitoring phase was not yet performed (see [8] for a more detailed
discussion).

For the industrial partner participating in the described case, developing enterprise
knowledge models was a new experience. Before the beginning of MAPPER, model-
basing for them primarily meant the use of simulation models or geometric models in
product design. During the second C3S3P cycle it became very clear that the future
use of knowledge models and modelling approaches at the use case partner would
depend on establishing changed work practices and on a better understanding in larger
parts of the company what potentials and benefits knowledge modelling can
contribute. As a consequence, work on social practice design [14] was initiated
aiming at creating a knowledge modelling culture.

5 Related Work

In contrast to the wealth of publications discussing concepts, techniques, tools,
methodologies or selected aspects of enterprise modelling, there are relatively few
experience reports or best practices published. Most relevant for a related work
discussion would be work using the same methodology (C3S3P). But this would limit
the discussion to only a few publications, which all were already mentioned earlier in
this article [6, 7, 8]. Thus, this section will also discuss experiences from neighbouring
areas.
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[11] state quite similar goals and perspectives in their work on enterprise
modelling, which is tightly related to the TOVE’ project. They aim at “a
computational representation of structure, activities, processes, information, people,
behaviour, goals, and constraints of a business, government, or other enterprise”.
Both, the objective of a formal, computational model and the different perspectives
captured in such models are very close to the objective of the enterprise knowledge
modelling performed in our case and the perspectives of POPS*. However, TOVE
puts much more focus on functional completeness, efficiency, minimality or
generality, using an ontological approach and representation. From our experience,
we would support the importance of these quality criteria, but emphasize the need for
a visualization of the enterprise model and all relations between the different
perspectives that is easily understood and consistently applied and interpreted in the
enterprise. Visual models as used for scaffolding and scoping in MAPPER seem to
have an advantage in supporting this goal as compared to ontological representations.

Our experiences regarding role distribution and user participation are supported by
other researchers. [12], for example, in their experience report using the EKD
enterprise modelling method emphasize the importance of a clearly stated mission (in
our case, the agreement between the stakeholders about the purpose of the modelling
phase), of team composition and in particular the role of the facilitator, and of adequate
tool support. Furthermore, they emphasize the need for combining modelling language
and adequate modelling process, which fits to our view that meta-model and modelling
process should be adjusted before and during the modelling work.

The scaffolding phase spends considerable time and efforts on identifying the
needed perspectives of an enterprise model and on understanding the situation under
consideration. Only after several scaffolding iterations, we moved on to the scoping
phase, i.e. toward preparing solutions for the identified problems and objectives. The
advantage of this approach is a tight integration between the different perspectives
from the very beginning, i.e. all perspectives of the scaffolding model were elaborated
in sufficient detail and thoroughly related to the other perspectives. We experienced
this as very useful for the scoping phase, as it helped to raise awareness for important
commonalities or dependencies between perspectives and objects, and for essential
relationships within the considered case. This experience we share with [13], even
though they address in their work a completely different application field. Their work
on ERP systems showed that expressing organizational needs in goal-strategy terms
by using a visualization easily understood by the enterprise helps to take a more
holistic perspective. The “map” applied in their work includes so diverse perspectives
as requirements, system parameters, strategies, or functionality. The experiences
reported are that this was very useful in focusing on dependencies and strategically
important questions.

6 Summary

The paper presented practices and experiences from the early phases of enterprise
knowledge modelling at an automotive supplier. The objective of the model development

" TOVE = Toronto Virtual Enterprise.
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was to support collaborative product design in a networked manufacturing enterprise.
The modelling approach used was C3S3P, the scope of the paper included the scaf-
folding and the scoping phases.

One of the most important observations from the modelling case described is the
continuous and intertwined development of several perspectives:

e The meta-model, which evolved from an off-the-shelf template to a specialized
meta-model for collaborative product and process development,

e The model as such with the different phases described in chapter 3. It should be
noticed that the models resulting from scaffolding and scoping could be
considered as both, artefacts on their own rights and transient results between two
model phases

e The modelling process was guided by the C3S3P phases, which offers a high
degree of freedom in terms of how to implement the phases. The modelling
process as such therefore was subject of continuous adaptation based on the
progress and evolving necessities in the modelling sessions performed.

e  The modelling team and partly the role distribution in the team changed in course
of the work, as different domain experts or specialist for knowledge modelling of
particular perspectives had to integrated

The recommendation resulting from this observation is to establish during
enterprise knowledge modelling, in particular if C3S3P is applied, a methodology
adaption task focusing on identifying and tackling the needs for adjustment in the
above discussed perspectives. Investigating this evolutionary process and identifying
key success factors based on wider empirical grounding and existing work in method
development would be an interesting future line of work.

Furthermore, the differences, advantages and disadvantages of C3S3P in
comparison to other enterprise modelling methodologies, like EKD [15], should be
investigated and exposed. For the case discussed in this paper, C3S3P was
predetermined as methodology. Although the experiences with C3S3P were positive,
a comparison to other approaches would be valuable.
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