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Abstract

While collaborative engineering in outsourcing projects
presents potential benefits to the partners, it involves some
risks and reasonable concerns. First, a poor mechanism of
data exchange and data communication can lead to loss of
effectiveness and efficiency of the project. Second, collab-
orative engineering requires partners to adapt a common
business process, which often means moving away from a
familiar way of working.

Thus, it is crucial to find an optimal way a collaboration
can be achieved with the lowest waste due to changes in
communication practices, and losses in efficiency due to
asynchronous processes or big amount of exchange data.

The main goal of this thesis is to connect two aspects
in a collaboration: data-exchange and process-based exe-
cution.

Three research methods are used in this work: a case
study to analyze how collaboration is performed in the in-
dustry and which problems exist; a literature review to un-
derstand how existing collaboration tools can be adapted
to help solving the identified problems; and a prototypi-
cal implementation to show how automated versioning of
engineering knowledge can be added to the union of data
exchange and process-based aspects.

The case study was performed and a list of business
requirements was presented. Based on the list of require-
ments, solutions within the literature were searched. A
process-based artifact-centric concept was applied to the
case study scenario.

Keywords: collaboration; artifact-centric concept; pro-
cess artifacts; versioning.
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Chapter 1

Introduction

1.1 Background

During the last years automation in manufacturing industry significantly in-
creased the performance of engineering production. Different levels of automation
were applied leading to faster results and better quality (Johannsen [1992]). It is
difficult to underestimate the role of software in these processes.

One of the approaches in engineering industry, which during the past years
has become more and more popular, is based on solving issues collaboratively.
Companies from connected fields started joining forces in order to gain advantage
on the market (Harvey and Koubek [2000], Hammond et al. [2001], Chris Kloth
[2004], Becerik [2004]).

The understanding of the benefits, which can be achieved by combining strength
in order to perform intersecting tasks and “the willingness to offer complimen-
tary strength” (Forsythe and Ashby [1996]) is one of the main forces leading the
development of collaboration approaches to satisfy the needs of the industry.

Harvey and Koubek [2000] state that success in today’s marketplace heavily
relies on the ability to support dynamic collaborative manufacturing, handling
“highly individualized and unanticipated customer demands”. Furthermore, they
are sure that collaborative efforts allow the companies to “exploit the window of
opportunity where they may not able to respond alone”.

The same advantages has the strategy of outsourcing of engineering work, as
it involves issues that needs to be solved collaboratively.

In this thesis the focus is given to the collaboration between partners which
is needed in outsourcing projects, where one partner delegates part of a project
to another partner.

1.2 Motivation

While collaborative work presents potential benefits to the partners, it involves
risks and reasonable concerns. First, a poor mechanism of data exchange and
data communication can lead to loss of effectiveness and efficiency of the project.
For instance, data may be exchanged mainly by means of e-mails, which makes

1
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it difficult to extract necessary values or find relevant versions of them and it is
also easy to misplace them. Moreover, unstructured input can be lost or forgot-
ten. Secondly, collaborative work requires partners to adapt a common business
process, which often means moving away from the familiar way of working.

Thus, it is crucial to find an optimal way to achieve a collaboration with the
lowest waste due to necessary changes in communications practices and possible
losses in efficiency due to asynchronous processes and big amount of exchange
data (Hammond et al. [2001]). Correctly designed and applied software tools can
be of a great help in reaching this aim.

1.3 Objectives and research questions

The main goal of this thesis is to connect two aspects in a collaboration: data-
exchange and process-based execution. By connecting these aspects we want to
resolve a problem with a weak control over information needed for successful
project execution. In other words, the aim is to make a bridge between process-
based collaboration on the one hand and data exchange-based collaboration on
the other hand.

The objectives of this thesis are the following. First, to analyze the needs
of manufacturing industry related to collaborative engineering based on a case
study. Second, to identify the obstacles, which slow down the efficiency of team
members, from the line manager to engineers, at different levels of production.
Third, to describe an approach to resolve these needs by combining the data-
exchange aspect and process-based aspect is proposed. Fourth, to add a sharing
concept to the described approach. And at last, to design a software prototype.

Thus, this thesis addresses the following central questions:
RQ1: What are existing problems in collaborative work that slow down prod-

uct development in manufacturing engineering?
RQ2: How can existing collaboration environments be adapted to help solving

the problems?
RQ3: How can a collaboration environment, which combines data exchange-

based and process-based aspects be built?
RQ4: How can automated versioning of engineering knowledge be added to

the union of data exchange-based and process-based aspects?
The scientific contribution of this thesis is the identification and description of

the problem, and the identification and characterization of the different solutions,
leading to the insight that they need to be extended to address the challenges
encountered in industry.

The intended audience of this thesis is production and line managers, who are
involved in collaboration and responsible for planning, executing, and controlling
engineering processes.
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1.4 Outline of the thesis

The structure of the thesis is depicted in Figure 1.1.

Figure 1.1: Thesis structure

The report starts by introducing the methodology used for this work. The
research questions and research hypothesis are outlined and attention is given to
the case study design.

In chapter 3 the motivating scenario and background information are given.
This information is based on the analysis made on the industry example, using
which we point out the problems in the industry. As the results of the case study
we outline a business goal and business requirements in chapter 4.

In chapter 5 the literature review is presented, showing the state of the art
and existing collaborative tools. The missing functionality and drawbacks are
identified, as well as relevant concepts and practices.

In chapter 6 the ground studies are discussed and analyzed in more detail. We
motivate how these ideas can be expanded in order to resolve business require-
ments. Then, the business process design is presented and versioning is applied.
At the end of the chapter, the results are discussed.

After this, in chapter 7, the prototypical implementation of the process arti-
facts is discussed. Some implementation solutions are presented.

Last, results and conclusions are discussed and ideas for the future work are
given.



Chapter 2

Methodology

In this Chapter the methodologies used in the thesis are discussed and a descrip-
tion is provided how they assist in answering the research questions.

2.1 Overview of the research methods

In order to answer the research questions in this thesis three research methods are
used: a case study, an ad-hoc literature review and a prototypical implementation.
Their connection to the research questions is depicted in figure 2.1.

Figure 2.1: Usage of research methods

2.1.1 The case study

To answer the first research question RQ1 a case study is used. Analyzing the case
helped to gather the information about the process goals, workflow, macro-level
process sequence, input and output data types. Additionally, based on this case
study we outline business goals together with business requirements reflecting
current problems.

4
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Motivating case study as a research method for this thesis

Case study research is applied to this work due to several reasons described below.
Our work is based on observing and analyzing a phenomena - experience

of the manufacturing industry in connection to collaboration procedures. The
phenomena is difficult to study in an isolated environment, because elimination
of the real world variables leads to simplified results and low degree of realism
(Runeson and Host [2009]). On contrary, the data should be analyzed by taking
into account a complexity of the environment, furthermore, the boundary between
the phenomena and the context is blurry. Thus, this research cannot be presented
as a controlled experiment.

Avison et al. [1999] argue that research which discusses “lessons learned from
particular projects, variously described as case studies, systems design, software
engineering projects” should be classified as “action research type”. This makes
sense for the current work, as the work focuses of process improvement resulting
on the analysis of the case. On the other hand, Runeson and Host [2009] states
that action research is closely related to the case study. Runeson and Host [2009]
give examples of papers, which although are named as action research, reuse the
methodology of the case study.

Overall, Runeson and Host [2009] define a case study as “an empirical method
aimed at investigating contemporary phenomena in their context”. They argue
that research objectives in software engineering can be compared to the objectives
in other areas, where case studies are suitable and common. Additionally, they
say that case studies are supposed to have a high degree of realism, even if this
means loosing some level of control.

The second characteristic of this research design is flexibility. A flexible pro-
cess may allow more freedom while collecting and analyzing data. The main
reason for using a flexible process is that in this research the explored case does
not have much information in advance. This empirical study involves humans
and organizations, whose constraints and expectations are difficult to predict.
Additionally, as this thesis is not based on the theory, which has been used for
a long time and has some well-performed pre-studies, the elements of it may re-
quire to be reevaluated and adapted during the progress of the work on this thesis
(Kampenes et al. [2008]).

The main type of data for this study is qualitative. The qualitative approach
helps to use not only data represented by numbers, but also data in a form
of words (Robson [2002]). Thus, it allows to produce deeper results and show a
broader picture, while flexibility will allow us to adapt and change key parameters
during the course of the research (Runeson and Host [2009]).
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Data collection

In this thesis the work is based on the experience of a company from the auto-
motive industry. Several steps are done in order to collect company data related
to this thesis.

The first step to collect the data is to obtain an informed consent of the
company. Collection and usage of data was done with the agreement of the
companies under study.

The second step was the preparation of the case study protocol (Runeson
and Host [2009]). The protocol in this case is a logbook which contains the list
of analyzed sources with remarks on content, goals of the document, presented
interest for the study, and draft ideas on what can be improved.

In order to increase the precision of this research data triangulation (Runeson
and Host [2009]) was used where possible. Data triangulation is a technique used
to validate data by using more than two sources of information.

Lethbridge et al. [2005] describes three degrees of collection techniques. The
first degree needs a direct access to the participants. The second degree re-
quires access to their environment, but does not require an interaction between
researchers and participants. Finally, the third degree analyzes work artifacts,
such as documentation, usage logs and error logs. The first and the second de-
gree methods are the most effective, as the researcher can control what data is
collected and how this is done. However, these methods require significant ef-
fort and are expensive to apply (Runeson and Host [2009]). The third degree
methods present less control over the collected data. It is possible that the data
was recorded for other purposes and the requirements applied to the validity and
completeness of the data were different from those used by the research study.

Because for this thesis work mainly third degree data collection techniques
are used, we take into the account their disadvantages when discussing validity
threats. The first and second degree methods such as meetings and meetings
notes are also used, however, the amount of data collected using this way is
small. Concluding, the following sources of information are used:

Third degree data material

� Process description: presentations, explanations and schemas.

� Sequence diagrams for different parts of processes.

� Existing problems and suggested points for improvement.

� Detailed information of single process steps.

� Glossaries.

� Use case description.
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� Requirements preparatory questionnaire, use case questionnaires.

First and second degree material

� Meetings, as well as meetings notes.

Data analysis and results

The overview of the processes used in the case study is given in Chapter 3 and
results in form of business requirements are described in following Chapter 4.
First, the processes used in the automotive production are investigated by an-
alyzing already mentioned sources of information and formulating an example
scenario. Second, based on the data sources described above and the formulated
scenario the main problems and bottlenecks are described.

The problems are then formulated in Chapter 4 as a list of business require-
ments describing the actions, which should be taken into account to resolve the
existing issues.

This scenario is also used later as a basis for describing business processes
while working on the versioning concept in Chapter 6.

2.1.2 Literature review

The literature review is used in order to answer the second research question RQ2
as well as help in answering the third and the fourth questions RQ3 and RQ4.

The performed case study raises several questions concerning the collaboration
features and approaches. In order to find out what relevant solutions have already
been designed and discussed, ad-hoc literature review is used. This type of review
is performed in ad-hoc manner to quickly analyze literature sources for some
particular purposes.

Ad-hoc literature review was selected because of its simplicity and lower
amount of time it requires comparing to the systematic literature review (Kitchen-
ham and Charters [2007]). Although systematic reviews can give better results
and be more transparent, the ad-hoc literature review is more flexible, adaptable
and less time-expensive.

The results of the literature review are described in Chapter 5. During the lit-
erature review, characteristics relevant to the collaboration approaches are iden-
tified and different frameworks used for collaboration analysis are reviewed in
order to identify one which includes important characteristics for the scenario
mentioned above. By using the selected framework necessary features are out-
lined and several existing tools and approaches are suggested, being relevant for
this thesis. These are discussed in more detail in Chapter 5.

Based on the findings from the literature review the aim of the thesis (search-
ing for the bridge between process-based collaboration on the one hand and data-
exchange based collaboration on the other hand) is reformulated in terms of what
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already exists and can be used as a basis and what is missing. This is discussed
in Chapter 6. Furthermore, we provide deeper description on the suggested im-
provements and formulate a concept consisting of two parts. The first part deals
with the design of business processes according to the scenario from Chapter 3
and the second part focuses on applying versioning on top of it.

2.1.3 Implementation of a prototype solution

The implementation of the concepts described in Chapter 6 is shown in Chapter 7.
This methodology approach helps us to answer the third and fourth research
questions RQ3, RQ4. These questions are partly answered by the literature review
and the following design of the concept. Chapter 7 provides further details.

The evidence that these questions are answered and the evaluation of the
work are provided by showing that the design of concepts supports the initial
requirements defined in Section 6.

2.1.4 Threats to validity

In this Section we discuss threats to validity for this work. We expect that threats
to validity can arise from one of the components of the methodologies used: the
case study, the literature review and the prototypical implementation.

Construct validity

Construct validity addresses the question whether the studied variables in fact
represent what research questions investigate (Runeson and Host [2009]).

In this work a construct validity can be seen related to the question if the effi-
cient collaboration in automation industry is indeed affected by usage of process-
centric concept together with sharing concept. This can be named a “researcher
expectancies” bias. This threat is relevant mostly for the case study and partly
for the literature review. To reduce this bias the work ideas were discussed with
other researches having no interest in the outcomes.

Another threat is poor construct definition. We may have defined the factors
in too broad or too narrow terms or gave wrong labeling. This is relevant for the
part of literature review, where we are looking for missing concepts. In order to
eliminate the threat we review literature findings based on the results from the
case study.

Internal validity

Internal validity examines casual relations and looks for factors, which can affect
the “investigated” factor. Several biases relevant to the internal validity can be
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seen in this thesis. Most of them are relevant for the literature review and for the
case study.

First, there is a threat that the selection of publications has been performed
in a wrong way. This may lead to missing important papers, which can affect the
outcome of this work or relevant data may be in unpublished sources. Thus, the
literature review may be not complete and exhaustive. Second, it is difficult to
judge the quality of the reviewed papers.

When it comes to the case study, mostly third degree methods for gathering
data material are used. They give less control over the collected data and raise
a question of completeness of material related to the case study. We tried to use
data triangulation in order to gain better precision of the results.

External validity

External validity is related to how the findings are relevant and applicable for
other cases (Runeson and Host [2009]) and if the idea can be generalized. Thus,
the main threat is that the solution for problems described in the case study of
the example company are not applicable for others companies. Although, this
fact cannot be proved, which presents a limitation of the current work, we clearly
define the research objectives and use case scenario, thus it is possible for other
researchers to track how the goal was achieved and for which case in order to
apply the same solution for a similar situations.

2.2 Terminology

In this Section we give definitions for several concepts understanding of which is
important for the current work.
Artifact-centric business process model: an approach of modeling business
operations using business artifacts, which focuses at first on identifying key things
that matter for business and only at second on how these things are processed in
order to achieve a business goal (Liu et al. [2007]).
Version management (Revision control): a combination of practices and
technologies used to control and track changes made in different type of artifacts,
such as documentation, project files, source code, etc.
Branching in version management: duplicating an object or several objects
under a revision control system in order to make modifications in both branches
in parallel. The goal is to allow the project to be accomplished in parallel.



Chapter 3

Background and motivating scenario

In this Chapter several goals are pursued. First, we give an overview on the
processes used in production development of automotive industry when several
partners collaborate in order to achieve a common aim, we present an example
of an existing scenario on which the thesis is based.

The scenario focuses on several general steps used by companies in manufac-
turing design and development. We describe the main actors and their roles in
these processes. The source of information is a company, which tries to improve
the efficiency of their work by improving the collaborative approach they use.

Overall, the goal of this Chapter is to give the reader an understanding of
where the problem originates from.

3.1 Current state

3.1.1 Actors

In this subsection we briefly introduce the main actors. The information on the
actors is necessary to provide an overview on the processes. In our scenario we
have two main players , represented by big companies, as well as two groups of
small actors with limited tasks and responsibilities.

� An original equipment manufacturer (OEM): an organization whose goal
is to design and manufacture a vehicle. It is responsible for formulating
main requirements, purchasing, planning, and producing the final results.
However, due to the complexity and the size of the work, part of it is often
delegated to another company or several of them. In this case the OEM
defines tasks and sets deadlines.

In our scenario Organization A is an OEM.

� A system integrator (Integrator): one example of the companies, who can
take responsibilities for performing the work delegated by the OEM. A sys-
tem integrator provides knowledge and experience in implementing complex
automation solutions. It follows the OEM requirements and helps gaining
OEM’s goals.

10
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Figure 3.1: The steps to officially start the project

In our scenario Organization B is an integrator.

� Suppliers: responsible for delivering equipment and other goods, either from
the OEM side or from the integrator side.

� Engineers: perform tasks in order to make a deliverable ready, either from
the OEM side or from the integrator side.

3.1.2 An example of a sequence of design activities in
manufacturing

In this Section we provide an example of activities which are usually done on a
collaborative project of the OEM and the integrator. These activities describe
the start of the project and its first steps leading to the design of an assembly
line. This information provides an overview on the processes used by the OEM
and the integrator.

Formal start of the project

To start the project, the OEM Project Management department (OEM PM)
creates a project and puts it out for tendering, inviting other parties to make
proposals. Possible integrators send their proposals to OEM PM, who decides on
the best alternative. See Figure 3.1.

Once OEM PM selects who plays the role of the integrator, the project moves
to the concept engineering phase.

Concept engineering

Concept engineering step includes two parts: “Planning processes and layout”
and “Planning tools and equipment”. The manufacturing processes are generally
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Figure 3.2: Requesting basic data

quite complex. In order to simplify the explanations and avoid unnecessary details
we focus on several engineering tasks:

1. Input data.

2. Calculation of cycle time.

3. Calculation of production time.

4. Calculation of number of stations.

5. Equipment design.

The tasks and their order are represented by Figure 3.3.
The first mandatory task, which has to be performed by the OEM Planning

department is to perform a pre-study, acquire product information and collect all
necessary data for the project. Once the data is available, it is shared with the
integrator Project Management department (Integrator PM). See Figure 3.2

Next tasks are delegated to the integrator. Once the integrator has input
data available, the work on the delegated assignments can be started. The tasks
represent operations, which need to be performed based on the data received from
the OEM. These are mainly calculations of the parameters needed for planning
activities. The integrator Planning department creates tasks for engineers to
perform the estimations and calculations.

Based on the previous experience, the integrator and the OEM already have
pre-defined tools which can be used for performing the tasks. Normally, a tool
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Figure 3.3: Task sequence

varies from project to project and can have more than one version. Thus, an
engineer can use one of available tools for executing the task. However, it is
important to know which tool is the most appropriate for the current situation.
Additionally, unless an engineer already has some experience in the work related
to the task, they can experience difficulties in finding a suitable solution. This
happens because the scope of engineer’s work is normally very broad. That is why
they can be assigned unfamiliar tasks and may require assistance regarding how
these tasks are best executed and what tools are preferable in a current context.

After the input data is stored by the integrator it is time to perform two tasks:
cycle time calculations and production time calculation. These two tasks can be
performed in parallel. For both of them, MS Excel based tools are available.

The next step is calculation of number of stations. The output data from the
previous tasks is used as input parameters in this task. The last task in our small
sample is the equipment design.

The integrator tenders for a responsible partner to perform equipment design.
When a supplier is found the work is assigned to him and basic data needed to
perform the work is shared. Once the task is executed the supplier delivers results
to the integrator.

However, there may be a situation in which the integrator refuses the results
and asks for other alternatives. In this case supplier should redo the work and
present new results to be approved. See Figure 3.2

3.2 Problem

In this Section we discuss the existing issues and bottlenecks. The information is
based on the available sources for the use case mentioned in Chapter 2.

The first difficulty for this kind of projects is the number of involved depart-
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Figure 3.4: Delegation of a task to a supplier

ments and employees, who have interconnected tasks and may be split into differ-
ent branches and with different levels of expertise. Moreover, people involved in
the project belong to two different companies and, to make the partnership even
more complex, - both the integrator and the OEM can invite suppliers or other
participants to delegate some work to them.

These contractors belong to various branches having their own procedures,
project management systems, communication channels as well as using different
organizational methodologies. Tendering is the main tool in selecting a partic-
ipant. Thus, a particular contractor is unknown until the project is already in
progress. Additionally, the number of contractors can also be unknown in ad-
vance.

The next issue is a communication channel between partners. Each partner
may have a well-developed internal communication mechanism, however, when it
comes to exchanging data between partners, no universal tool is used. The main
mean of communication remains e-mail, fax and phone call. Such tools are not
suitable for tracking, storing and reusing data later.

What is more, using e-mail or fax to exchange the documents often leads
to discrepancy between data versions owned by partners, as it can be modified
by different actors and stored in different formats. That is why there is a work
overhead to keep the partners updated with the last version of documents.
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Another serious obstacle, which slows down the project planning and execu-
tion, is keeping project managers of the integrator and the OEM up-to-date about
the state of tasks and next actions. This is mostly because of physical remoteness
of involved collaborators.

Planning activities of the project between partners may also be complicated,
because of different processes each partner adapts. Finding a common unified
approach takes time and not always go smoothly.

Thus, we can conclude that the following issues remain the biggest bottlenecks:

1. Lack of versioning of documents.

2. No common collaboration processes and tools between partners.

3. No procedures for ad hoc partner invitation and data sharing.

4. Difficulties in tracking and planning.

This leads to problems in the coordination of tasks, sharing and securing of
information, and managing the state of work.



Chapter 4

Case study results

The first goal of this Chapter is to define the main business objective accompa-
nied by the list of business requirements based on the problems identified while
analyzing the case study in Chapter 3. Fulfilling these business requirements help
in accomplishing the business goal and resolving existing problems.

The second goal is to define the lists of functional and non-functional require-
ment based on the business requirements. Keeping these in mind while doing
literature review help in searching for the most appropriate existing solutions
and tools.

4.1 Requirements for Project-Based Artifact-Centric

Collaboration Engine

In this Section, based on the identified problems, we outline the businesee re-
quirements which resolve issues found in the case study scenario.

We start by defining a target, which we intend to be achieved by the applica-
tion. This is our business goal. Next, we write down the business requirements
based on the data sources we used. After this we detail the information and
determine the functional requirements. Once we presented the core functionality
we discuss selected implementation solutions.

4.1.1 Business objective

Our key business objective is to improve efficiency and effectiveness of execut-
ing collaborative business processes, especially focusing on the link between the
communication and processes.

4.1.2 Business requirements

In this Section we present the business requirements which are based on the
business objective and relate to existing problems and limitations within the
engineering industry.

16
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Based on received information from the case study described in Chapter 3, we
identify some bottlenecks and outlined the following business requirements.

BR 1. Broaden the view on the ongoing tasks

Explanation:
Currently engineers are unable to work in different contexts; information con-
cerning the processes provided to them is insufficient.
Additionally, often there is no consistency in procedures for making changes,
approvals and releases.

BR 2. Assist in task execution

Explanation:
Firstly, at present engineers aggregate manually the tasks, which they receive
through list of open points, or by e-mails or phone calls. The copy-paste opera-
tions increase the risk of mistakes.
Secondly, versions of document are disorganized and engineers often do not know
which version is the latest one. This leads to time consuming rework.
Thirdly, engineers often have to perform new and unfamiliar tasks. A lot of time
is wasted to find relevant information needed to perform such work.

BR 3. Provide central point for managing project and engineering activities

Explanation:
Partners currently use e-mail and phone calls as the main ways of data exchange.
Moreover, every partner uses his own system for project management. Data be-
tween partners is not interconnected. Manual exchange of data leads to increased
risk of mistakes. Outdated data causes failures and leads to unnecessary rework.
In order to combine information from several files into one, partners use “copy
and paste”, which is inefficient.

BR 4. Provide central point for spreading the roles and assigning work items

Explanation:
Original equipment manufacturers consider their data to be confidential and need
secure ways of sharing it with partners.

BR 5. Provide central point for following up the course of the project

Explanation:
The project managers experiences difficulty in keeping track of projects. They
do not have an overview on time line and are is unaware of who performs tasks.
Deadlines are exceeded, because of bad allocation of recourses.

BR 6. Organize data versioning for engineering processes
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Explanation:
Engineers are often unaware of which version of the document is the final one.
Because of this they tend to create new documents based on out-of-date versions
of information.

BR 7. Support the collaboration between different roles in the engineering process

Explanation:
Communication between engineers working on interconnected tasks is highly im-
portant. However, engineers are physically separated and this leads to misunder-
standings.

4.1.3 Functional requirements

In this Section functional requirements derived from business requirements are
listed. Below, the functional requirements divided in three categories are outlined.

Collaboration support

FR 1. Handling of data versioning: data must be stored and versioned in order
to be retrieved and reused later

The system needs automatically handle impact of messages, especially messages
that imply a change.
Based on: BR 6

FR 2. When a new party has to change data a new branch must be created

The system must create a new branch once a partner or an engineer changes the
data. All changes must be kept in this new branch.
Based on: BR 6

FR 3. When the work is finished the engineer must be able to publish his data to
the upper level - the level of the parent branch.

The system must provide the possibility to publish his branch to upper level.
Based on: BR 6

FR 4. One central access point for production data for all partners: partners
must have access to up-to-date information on the project.

The system must display the latest data to each partner.
Based on: BR 1, BR 3, BR 5



Chapter 4. Case study results 19

Project management support

FR 5. Ad-hoc assignment of human resources: project manager must be able to
assign and reassign tasks at any point of time.

The system must provide a possibility to link a role with a responsible person.
Based on: BR 4, BR 7

FR 6. Inviting new partners.

The system must provide a possibility to invite new people into the project.
Based on: BR 4

FR 7. Requesting for reports: project managers must be able to request for and
receive reports containing project status information.

The system must be able to create a report with project status information upon
request from the project manager.
Based on: BR 5, BR 7

FR 8. Reviewing current active tasks: project managers must be able to review
the list of current active tasks and their states.

The system must display a list of current active tasks and their states to the
project manager upon request.
Based on: BR 5

Task execution support

FR 9. Run-time support for task execution: engineers must be supported in the
execution of the task, they need to know what to do, when, and how to do it.

Engineers must be provided with a screen, where sufficient information on the
task, its input and output parameters is provided. The system should suggest
the best tool for performing the task.
Based on: BR 2

4.1.4 Non-Functional requirements

NFN 1. Extensibility.

It must be possible to extend the functionality of the system in the future.

NFN 2. Maintainability.

Maintainability index must be used to measure maintainability.

NFN 3. Performance.

Several metrics must be used to test performance: response time, processing time.

NFN 4. Documentation.

Each module of the application should be documented.



Chapter 5

Literature review: related work and
state of the art

The goal of this Chapter is to analyze what has already been done and can be used
as a basis for collaborative tools to cover the needs of the project requirements
presented in Chapter 3. We outline existing tools and approaches, as well as point
out to what is currently missing.

We start by defining in Section 5.1 what collaboration is and which properties
it has. We rate the importance of the collaboration characteristics to the needs
of the project.

In Section 5.2 we focus on existing frameworks to compare collaborative ap-
proaches. These frameworks help to systematically analyze features important
for collaboration tools.

In Section 5.3 we discuss features common to existing collaborative tools for
engineering field. We define which features are relevant for this thesis and in
which IT products they are already implemented.

In Section 5.3, we select an appropriate process methodology, which can be
used as a basis for the model. The selection is based on the performed review and
on the existing successful practices. In order to avoid “reinventing the wheel”,
when possible, we try to apply already developed approaches, especially for the
routine tasks representing no research interest.

After the analysis is done in Section 5.4 we focus on discussing selected ap-
proaches in more details.

We conclude this Chapter in Section 5.5 by discussing further steps of the
work.

5.1 Definition of a partner collaboration, key

characteristics

The Oxford dictionary defines a collaboration as “the action of working with
someone to produce something”. Yet, when we discuss collaboration applicability
to the engineering industry, one more important characteristic, which should be
outlined, is the existence of a common goal.

20
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A common goal can be derived from the set of independent tasks, which need
to be performed by the partners. The understanding of the benefits, which can
be achieved by combining strength in order to perform intersecting tasks and “the
willingness to offer complimentary strength” (Forsythe and Ashby [1996]) is one of
the main forces leading to development of collaboration approaches to satisfy the
needs of the industry. Moreover, collaborative efforts allow companies to “exploit
the window of opportunity where they may not able to respond alone”(Harvey
and Koubek [2000]). Thus, it is crucial to find an optimal way collaboration can
be achieved with the lowest waste due to necessary changes in communication
practices and possible losses in efficiency due to asynchronous processes.

As a rule the complexity and value of the goals are considered to be high. This
serves as an initial reason to accomplish them in a collaborative manner. Addi-
tionally, especially when it comes to long-lasting projects, the goal can change
during the course of the project, thus the collaboration may need to support
ad-hoc adaptability and flexibility of the goal.

Know4Car [2012] points out that the nature of the project goal can either
reflect status of document-based deliverables or indicate the change of state of
composite deliverables of a “real-word” scenario, such as product been developed
or a good been transported.

Additionally, the ability to support process adaptability and flexibility can
give another advantage to collaboration. According to PMBOK [2010] during
the course of the project, its plan should be progressively elaborated, while more
and more data become available. Thus, the processes should be designed flexible
enough to be able to reflect new information, unforeseen events or lessons learned
from the past iterations.

Other characteristics may apply to collaborative work. For instance, modern
business environment is no longer restricted geographically. By introducing a
dimension of distributed environment another complexity level is added to the
collaboration. Distributed environment means not only different locations, but
also culture, companies policies and inner goals distinctions. All this factors may
drastically influence the performance of the work done by the partners (Hammond
et al. [2001]).

Even more, apart from being geographically distributed, collaborations can
be split into inter- and intraorganisational. While reviewing the literature we
noticed that many practitioners omit this distinction and interpret the term col-
laboration differently, making a hidden assumption about its nature. However,
we believe that the distinction between inter- and intraorganisational collabora-
tion is important to take into account when planning partnership. First, this
influences the work which should be done during project initiating phase. Thus,
setting shared goals and clarification of quality and quantity of resources each
partner can involve in collaborative work and defining shared control are impor-
tant steps to succeed (Chris Kloth [2004]). These procedures can be neglected in
intraorganisational collaboration. Besides, the latter normally has to deal with
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data of lower-lever granularity.
Furthermore, Holmqvist [2003] stresses the distinction of the inter- and in-

traorganisational terms in relation to learning processes and knowledge sharing
within and between organizations.

For interorganisational communications, the nature of processes used by part-
ners can affect the way collaboration is handled. Companies should be able to
define a common process, which satisfy all involved parties. Know4Car [2012]
suggests three kind of general process complexities: multiple hierarchical level,
iterations and issue handling. Additionally, processes can adopt an incremental
or spiral model.

The project may also have no pre-defined processes to guide the project plan-
ning and execution.

On basis of the analysis made in this Section, Table 5.1 summarizes col-
laboration characteristics. We also give our judgment about which ones are of
importance to the current project based on the business requirements elaborated
in Chapter 3.

Characteristic
(Char)

Possible set Target needs for automotive in-
dustry

Char1. Organi-
zational type of
partnership

Interorganisation,
intraorganisational

Both: OEM and Integrator require
interorganisation communication as
well as each partner needs internal
communication tools.

Char3. Perma-
nence of the goal

Stable, ad-hoc
adaptable

Ad-hoc adaptable: target char-
acteristics of vehicle production
can change due to economical or
other reasons; reevaluation may be
needed.

Char4. Nature
of the goal

Document-based
deliverable, real-
world deliverable

Both: due to complexity of processes
within automotive industry

Char5. Ge-
ographical
environment

Centered, dis-
tributed

Distributed: work can be delegated
to the parties placed world-wide

Char6. Defined
processes

Pre-defined, no
well-defined pro-
cesses

Pre-defined: partners reach an
agreement on common processes be-
fore the start of the project

Char7. Com-
plexity of pro-
cesses

Multiple hierarchi-
cal level, iterations
and issue handling,
incremental, spiral
model

Multiple hierarchical level, itera-
tions and issue handling
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Table 5.1: Collaboration characteristics

5.2 Frameworks to review and analyze features

of collaborative systems

In this Section we review existing frameworks for comparing and inspecting col-
laboration tools. We are especially interested in analysis of common features
found in collaboration tools and their value to the end user. We also search for
already performed studies and surveys of existing collaborative tools and their
relevance to automotive industry.

During past years a large number of collaboration tools have been developed.
Bafoutsou and Mentzas [2001] alone were able to present analysis of forty four
existing products. With each year there is a noticeable growth in information
technologies which strikes development of more and more advanced collaborative
systems.

However, the literature review shows that the analysis of products capabilities,
evaluation of features, and decisions on development strategy are often chaotic
and not reusable. There is a gap in modern holistic approaches allowing to analyze
collaboration products based on concurrent business needs and possibilities of
cutting-edge technologies.

Many approaches trying to analyze collaboration tools became obsolete, as
they are no longer applicable to modern IT technologies (Johansen [1988], De-
Sanctis and Gallupe [1987], Ellis et al. [1991], Grudin and Poltrock [1997]). These
approaches do not use modern possibilities of IT systems and no longer satisfy
requirements of the industry. For example, DeSanctis and Gallupe [1987] identify
three levels of group decision support, stating that the third level, which is char-
acterized by communication patterns and involves providing expert advice for the
rules applied during the meetings, requires technology which was not yet avail-
able. Later studies, such as Wong and Aiken [2003] prove that such technologies
exist nowadays.

Some approaches, although presenting interesting research, are too vague to
be applied. For example Hammond et al. [2001] suggests to use socio-technical
theory as a basis for a framework to analyze distributed engineering collaboration.
The theory may be effective in analyzing distributed work groups, however, for
engineering design it does not present enough granularity. Besides, Hammond
et al. [2001] does not show how the presented framework can be applied to a real
case scenario.

The analysis in Harvey and Koubek [2000] makes an attempt to present a
list of attributes which determine the success of distributed collaboration groups.
They divide the attributes into three main categories: task characteristics, collab-
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orative technology, and individual/group development. Although, a deep analysis
of each group is made, no conclusion on how the given analysis can be applied to
the industry was done and the theory is raw for being used in engineering design.

The analysis of web-based collaborative systems in the work of Bafoutsou and
Mentzas [2001] makes an attempt to compare forty four pages by performing three
steps. First, the tools were ranged according to the services they provide. Second,
they were divided into one of five categories: group document handling, real-time
conferencing, non real-time conferencing and electronic workspace. However, the
list of services selected to be the most common within collaborative tools is too
narrow when is applied to automation domain and missing important features
needed for such kind of collaborations.

A good in-depth analysis of tools offering functionalities for industry projects
within the field of architecture, engineering and construction is described in the
work of Becerik [2004]. Still, the problem they focus on more are organizational
and philosophical, putting technology on the second place.

A framework developed by Statoil presents a ground typology of collaboration
tool capabilities. It is named The Wheel of Collaboration Tools. The Wheel
of Collaboration Tools is designed to classify, evaluate and guide companies in
designing collaborative tools. The Wheel of Collaboration Tools focuses on three
functional areas: coordination, production and decision making. Each area is
divided into several main functions, which are used to support the collaborative
processes. However, it is too limited for our purposes: for instance, it does not
consider the need for complex data sharing, neither it takes into account flexibility
of goals, process changes and reuse of collaborative knowledge. Notwithstanding,
this framework comparing to the others takes into account the widest range of
collaborative functionality, that is why we use it as a basis to discuss the features
relevant for the case scenario from Chapter 3.

5.3 Functional characteristics of collaboration tools

In this Section we use the Wheel of Collaboration Tools, a framework proved to
be applicable for practical usage Statoil, to perform the analysis of functional
characteristics of collaboration tools. Knowing its limitation regarding the needs
of specific industries, we expand and adapt it to reflect the requirements described
in Chapter 3. To expand the framework we use the list of functional characteristics
presented in one of the artifacts related to the use case discussed in Chapter 3.
These characteristics expand the Wheel of Collaboration Tools and make the
framework more appropriate for our case scenario, as described by Figure 5.1.

First, we divide the characteristics of collaborative tools in three functional ar-
eas: coordination functional area, production functional area and decision making
functional area according to Statoil. Then we describe and analyze the features
of collaborative tools belonging to each area. Finally, we present a summary
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Figure 5.1: Adaption of the Wheel of Collaboration Tools

(table 5.1) reflecting the relevance of each feature to the needs for a project in
automotive industry.

5.3.1 Coordination functional area

How can partners interact? What kind of communication can be
used?

One of the important characteristics of a communication is synchronicity.
Communication can be either synchronous or asynchronous.

Examples of synchronous communications are phone calls, audio, video or web
conferencing, instant messaging, screen sharing, where all the parties have to be
connected at the same time.

Examples of asynchronous collaborative tools are discussion boards, forums,
e-mail messages. Distance education systems use asynchronous mechanisms to a
high extent.

Synchronous or real-time communication tools allow people to communicate
at the same time, but allow to accomplish this while being in different loca-
tions. Such type of communications require tele-presence and tele-data technolo-
gies (Greenberg et al. [1992]). The advantage of synchronous systems, that they
make the conversation more spontaneous, bring instant feedback and may even
preserve body language dynamics, if tele-presence technologies are applied.

On the other hand, synchronous communication has its limitations. In a
distributed collaborations, partners can be spread geographically in different time-
zones, having different schedules, making it difficult to find suitable time for all
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parties. Additionally, the cost of keeping sufficient bandwidth for such services
can be high, for instance, when making video calls. Furthermore, analysis and
reusage of synchronous data can be challenging, as meeting minutes and analysis
of video or audio data should be done manually based on the recordings.

By using asynchronous tools people can communicate at the time of their own
convenience. The participants can put more effort into analysis of the message
content and creation a message response making the conversation more meaning-
ful and up to the point. Such communication is easier to be stored and analyzed,
it is more structured.

However, the message may become impersonal, detached and lose human con-
tact. Moreover, when the immediate answer is important, this type of communi-
cation may be insufficient.

What are possible ways to spread the information on activities
progress?

Authors of Know4Car [2012] point out that an activity status can either reflect
status of document-based deliverables or indicate the change of state of some
“real-word” scenario, such as a product being delivered or a good transported.

Thus, tracking the state of an activity can be done either on basis of changes
in a shared document or by following the state of real-world phenomena. Once the
change occurred, the information should be spread between those partners who
were interested in outcomes. The former approach is implemented in [EN4M],
[in Step] and the latter in [EN4M]. [JIRA] uses activity streams as the notification
mechanism.

How can the projects be planned?
Project can either be planned in advance by using external tools or planned

ad-hoc and evolving during the lifecycle. Know4Car [2012] describes three possi-
bilities for project planning, or process adaptation.

The first possibility is to adapt a pre-defined template, which contains a fixed
set of steps needed to execute the project. The second option is to use a flexible
composition of activities. However, as Know4Car [2012] points out, a high level
of variability can be also a disadvantage. Both the former and latter approaches
are based on activity flows. They focus on the sequence of the actions needed to
achieve a certain goal.

The third option is based on a composition of business artifacts and uses
standardized building blocks, which can be combined and structured during the
run-time (Know4Car [2012]). It uses the so-called artifact-centric (or entity-
centric) approach and is being currently researched by large companies such as
SAP and IBM (Bhattacharya et al. [2007], Liu et al. [2007], Bhattacharya et al.
[2009], Cohn and Hull [2009], Meijler [2011]). Additionally, the development of
a framework based on artifact-centric approaches is also a focus point of a three
year project ACSIInteroperation, which is funded by European Union.
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The advantage of the this approach is that it allows to describe business
processes in the context of business entities understandable by all stakeholders.
This approach was successfully used in the area of logistic (Meijler [2011], ACE).

Due to the benefits regarding description of business processes (Liu et al.
[2007], Cohn and Hull [2009]) it presents a big interest for the current work and
we select it over the traditional flow-based and document-based approaches.

We discuss the artifact-centric approach, as well as Collaboration Environment
platform designed by SAP Research (Meijler [2011]) in Section 5.4.1.

Can the business processes be standardized?
In interorganisational collaboration the standardization of processes can pos-

itively affect efficiency of production, assurance of safety, and compliance with
legal regulations. It can be achieved by defining a common way to handle man-
agement processes and knowledge areas. Standardization is a common feature of
collaborative systems. For instance, standard structures and processes can be cre-
ated by using EN4M, in Step. EN4M also supports standardization of document
structure, plans and structures.

However, while standardization can be resolved by adding a mechanism al-
lowing stakeholders to agree on a unified process, this does not resolve a problem
of solving semantic ambiguities and distorted data.

The resolution of this problem can be made by adapting the artifact-centric
approach discussed in Planning subsection. Several studies have revealed that
process standardization and consolidation can be achieved easier by describing a
business process in terms of business objects (Liu et al. [2007], Cohn and Hull
[2009]).

Taking into account the benefits of the artifact-centric approach for the current
research, it is discussed in more details in Section 5.4.1.

5.3.2 Production functional area

What kind of data can be shared and used in collaborations? Pub-
lished data can be unstructured, intended for human interpretation in particular
or it can be structured and used for machine interpretation (Know4Car [2012]).
Structured data can be also characterized by its complexity. For instance, text-
based data can be considered simple, while formats used for creating engineering
drawings, such as computer-aided design and drafting are much more complex
and may vary from company to company.

Especially in interorganisational collaboration the need to come to the com-
mon file formats can arise.

Is it possible to version engineering data?
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Collaborative work often requires changes made by different partners to the
same deliverables presented by structured data. The parallel here can be made
with software development processes and using versioning control system by de-
velopers while working on the same piece of code. However, software code present
in most of the cases either plain text or binary data, which is much easier to store,
compare and transport. On the other hand engineering data may have more com-
plex types (for instance CAD) and require additional tools for comparison.

Another problem is the big size of files used in automotive industry, which
presents a challenge (in a sense of time) when transporting them over networks
or saving in a repository and a variety of types of such files used by different
companies. The system should be capable to analyze the structure, recognize the
changes made and store a new version of data.

Our literature review shows limited existing research made in this direction.
A number of approaches of versioning CAD and complex wrapped objects were
designed and some of them developed (Miles et al. [2000], Kafer and Schoning
[1992], Udo Nink [1997]).

When it comes to versioning in context of collaborations most of the analysis
done in this direction relates to software engineering industry and development
of software products (Altmanninger [2009], Robbes and Lanza [2005]). “Web-
based Distributed Authoring and Versioning” (WebDav) (Whitehead,Jr. [1997])
is a rare approach that focuses broadly on engineering projects and not on soft-
ware development. The goal of WebDav is to extend HTTP and make web “a
writable, collaborative medium” (Whitehead and Wiggins [1998]). WebDav deals
with the following issues: overwrite presentation, properties of collaborative arti-
facts, name-space management, version management, advanced collections, access
control, etc. According to WebDav the approach was reused in a number of open
source and commercial products. Although WebDav has a big potential, it is
mainly intended for small and medium-sized collaboration groups (Whitehead
and Wiggins [1998]). Additionally, for the purposes of our project performing
modification of the document on the web is not appropriate due to a big size of
the documents and high complexity of tools used for their manipulation.

Historical information and versioning are mentioned as features in EN4M and
BCS, however, it mainly concerns simple document files. Additionally, PDTec
Collaboration PortalPDTec has also implemented versioning management for dif-
ferent type of structured objects.

Overall, versioning is a highly useful feature for collaborative projects, where
team members tend to work on the same artifacts. We analyze versioning concepts
in more details in Section 5.4.1.

5.3.3 Decision making functional area

For the decision making area the authors of Statoil give examples of functionality
used for analysis of digital data resulting from the collaborative work. Such func-
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tionality includes reporting, evaluation of the performed work, result presentation,
etc. Authors of Know4Car [2012] also describe a need of reference models, which
can be used to find common acceptable practices based on previous experience
and lessons learned.

However, such kind of functionality is out of scope for this project and is not
covered in further discussions.

5.3.4 Summary Table for collaborative tools’ functionality

On basis of the analysis of features provided by collaborative tools we present
a summary Table 5.2. We also give our judgment about relevance of features
to the current project (based on the elicited business requirements described in
Chapter 3) and to the collaboration characteristics described in Table 5.1.

Relevance of the feature is defined in this way:
Highly relevant: Has high priority and an important value for the discussing

project.
Relevant: Relevant to the project
Possibly relevant: The relevance to the project is not completely clear and

can change while the project is progressing
Not relevant: The feature is of no importance for the current work and is

not discussed further.

Feature Relevance to selected
characteristics

Relevance to the target
project

Synchronous messages Char1, Char5 Not relevant: real-time
communication tools are
highly useful, however, they
are out of scope for the
project

Asynchronous mes-
sages

Char1, Char5 Highly relevant: serves as a
basis for implementing com-
munication mechanisms

Tracking the state of a
document deliverable

Char1, Char3, Char5 Highly relevant: functional-
ity needed to process col-
laboratively structured data
deliverables used to high ex-
tent in engineering industry

Tracking the state of a
“real world” phenom-
ena

Char1, Char3, Char4,
Char5

Highly relevant: needed for
dealing with “real world”
events, such as tracking sup-
plier actions, etc.
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Ad-hoc project plan-
ning

Char7 Not relevant: for the cur-
rent project we assume that
all planning has been done
in advance

Process standardiza-
tion

Char7, Char5 Relevant: companies
should follow standardized
processes when working
collaboratively

Unstructured data Char4 Relevant: the system
must be able to deal with
unstructured data, as it
presents a big part of
collaborative discussions

Structured data Char4 Relevant: this type of data
is more preferable for the
system than unstructured
data, as it is easier to an-
alyze and reuse

Conversion of formats Char1, Char4 Possibly relevant: this fea-
ture can help when collab-
orative companies want to
exchange data they store in
different formats

Adapting a predefined
template

Char6, Char7 Not relevant: the system fo-
cuses on business artifacts
as building blocks

Flexible composition
of activities

Char6, Char7 Not relevant: the system fo-
cuses on business artifacts
as building blocks

Business artifacts as
building blocks

Char6, Char7 Highly relevant: this ap-
proach is selected as the
most promising for the cur-
rent work

Versioning of struc-
tured data

- Highly relevant: systemat-
ically versioned data can
have a positive affect on
the efficiency of engineering
work

Table 5.2: Functional characteristics of collaboration tools

In Table 5.3 we outline several tools which are relevant for this thesis based
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on the features described in Table 5.2. In Table 5.3, in the third column for each
tool we define collaboration characteristics from Table 5.1.

Tool Features pre-
senting interest

Relevance to se-
lected characteris-
tics

Relevance to
the target
project

PDTec Collabo-
ration Portal

PDTec Portal
presents a cen-
tral data hub,
which is used for
information ex-
change between
stakeholders.

Char1, Char4, Char5,
Char6, Char7

Implements
team collabora-
tion, supports
vesioning of
complex objects

SAP Collabora-
tion engine

Planning and exe-
cution process han-
dling

Char1, Char4, Char5,
Char6, Char7

Successfully
implements
artifact-centric
approach, can
be used as a
basis for the
developing
prototype

Table 5.3: Summary of the relevant approaches

5.4 Discussion of collaboration approaches rele-

vant to the needs of the thesis project

This Section outlines the approaches, which have been argued in Section 4.3 to
be of relevance for this thesis. We also state how these ideas can be applied to
the area of collaborative engineering.

5.4.1 Artifact-centric concept

Modeling of business processes is an important tool to formulate how the busi-
ness goal can be achieved (Liu et al. [2007], Cohn and Hull [2009]). A business
model serves as a communication basis among stakeholders involved into the cor-
responding project, starting from a management layer and down to engineers (Liu
et al. [2007]). That is why - it is important to design business processes in a way
which gives a common understanding to all business actors.

Currently a very popular approach to describe a business process is based
on a process-centric basis. It defines a sequence of steps, which have to be per-
formed in order to achieve a business goal. The flexibility and efficiency of such
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approach have been questioned by a number of works, such as of Bhattacharya
et al. [2009], Liu et al. [2007], which argue that the artifact-centric concept brings
better understanding of business processes among the stakeholders, as well as
able to capture the business contexture better. Unlike traditional procedural ap-
proaches, the artifact-centric approach describes the process in terms of behavior
of the centric objects or business artifacts. It focuses on how to process the ar-
tifacts in order to successfully achieve the business goal. Gerede [2007] describe
business artifacts as “data objects whose manipulations define in an important
way the underlying processes in a business model”. An artifact encapsulates both
information related to an object and its behaviour aspect. It can be viewed as
a holistic building block for business operations and processes. Liu et al. [2007],
Bhattacharya et al. [2009], Cohn and Hull [2009], Liu et al. [2007] specifically
define contexture space and behavior space as two main dimensions. The contex-
ture space describes results of work deliverables and required input data, while
the behavior space says who performed the work, where and when. They con-
clude that in the traditional process modeling the main emphasis is given to the
behavior space, while the contexture is left aside. In the artifact-centric approach,
the attention should be equally given to the both dimensions.

The artifact-centric design methodology has been evolving for nearly over a
decade Bhattacharya et al. [2007], this allows to see a number of examples of suc-
cessful applications of this concept, as well as to analyze the lessons learned from
it. The examples of how the artifact centric concept has been applied to different
scenarios can be found in Meijler [2011], Cohn and Hull [2009] and Bhattacharya
et al. [2007]. Based on these papers, as well as practices defined in Liu et al.
[2007] and Bhattacharya et al. [2009], we can outline the following advantages of
artifact-centric approach:

1. Artifact-based business processes are more manageable, as a number of
artifacts even for complex processes is relatively small Liu et al. [2007].

2. Identification of artifacts is easier comparing to defining action steps in
traditional process-centric approaches. Artifacts present business entities,
which can be understood by all levels of stakeholders. There is no need to
handle the problem on agreeing on a single unified process, like in process-
centric approaches.

This is especially important for geographically and organizationally sepa-
rated stakeholders, who can use different processes while working on the
same business entities.

3. Artifact-centric models provide a natural communication basis among di-
verse stakeholders about business processes and operations. The study of
Liu et al. [2007] claims that their experience shows the agreement on ar-
tifacts as a much natural and easier procedure comparing to agreeing on
unified processes.
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4. Additionally, the process-centric approach often lacks consistency in granu-
larity of activities, focusing on some of them in much details, while leaving
a big part of a process as a single activity. This issue is not relevant for
the artifact-centric design, in which the granularity is defined by the con-
texture of an artifact and presents a distinct functionality entity, which has
to produce a measurable business result (Liu et al. [2007]).

5.4.2 SAP Collaboration Engine

SAP Collaboration Engine (CE) is a platform, which is designed and developed by
SAP Research. This platform uses an artifact approach discussed in the previous
Section, that is why it is relevant for the current thesis.

In this Section we review briefly the purpose, main features and fundamental
principles of SAP Collaboration Engine and make the conclusion if this platform
can be used by the current project.

CE has been designed to fulfill the needs of the area of logistics. It presents a
collaboration hub, which allows partners to communicate, see statuses of processes
and what have to be done next. The focus of CE is adapting collaboration
processes and reaching agility (Meijler [2011]).

CE presents the following features relevant to the context of collaborative
engineering:

1. CE implements entity-centric model for designing processes.

2. CE implements abstraction for designing and composing complex collabo-
ration processes Know4Car [2012].

3. CE supports partners invitation and a role fulfillment model.

4. CE supports partners coordination on the way of achieving a common goal.

The platform is implemented using a guard-stage-milestone approach (Hull
et al. [2011]) and it is based on the following fundamental principles (Meijler
[2011]):

1. A transportation sequence is described in terms of collaborative activities
or business entities.

2. Communication between partners and system is done by using action items.
Action items are created based on a change of state of collaborative activities
and are sent to partners. Partners are actively requested to respond to the
actions items.
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3. A business entity has two abstraction levels: a macro level and a micro level.
On a micro abstraction level a lifecycle of a single collaborative activity is
presented. Macro level gives information on a sequence of collaborative
activities in complex.

4. To achieve the execution of business entities on the macro level synchro-
nization points are used between lifecycles of different business entities.

The disadvantages of this model are the following:

1. It has been tested only in the logistics area and has not been adapted to
collaboration in the engineering industry.

2. The current model performs process management from a single instance of
CE, which is placed in the “cloud”. It is not possible to handle several
instances of CE at the same time.

Based on the capabilities of this system, as well as its limitations, we state,
that it can be beneficial, both for this project and for CE, to be used as a basis
to implement the collaboration model of this work. Firstly, because this platform
presents an already implemented ground supporting the artifact-centric modeling.
Secondly, as a benefit for CE, it will be expanded to support not only functionality
for logistics, but also for the automotive industry.

5.4.3 PDTec Collaboration Portal

PDTec Collaboration Portal is another system to support collaborations. PDTec
Collaboration Portal presents a central data hub which is used for information ex-
change between stakeholders. It helps managing product data, documents, agree-
ments and policies needed for handling collaborations. Additionally, it imple-
ments a flexible permission management and allows optional encryption. PDTec
Collaboration Portal also claims to have a flexible project and folder concept for
data organization (PDTec).

Nevertheless, PDTec Collaboration Portal does not support handling engi-
neering business processes. Although, it allows to manage “open solution to sup-
port individual processes” it fails to combine a knowledge aspect of an industrial
project with its execution.

5.5 Conclusions

In this Chapter we have summarized the performed literature review. Our aim
was to find existing solutions which can help in solving the problems identified
in Chapter 3. We discussed collaboration characteristics important for the cur-
rent project as well as some possibilities of collaborative tools. Additionally, we
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analyzed existing approaches and came to the conclusion that none of existing
collaborative solutions satisfies completely the needs of the current project. Ex-
isting tools do not provide a bridge between the process-based execution and
the data exchange-based aspect. Additionally, while a lot of tools can be used
to manage collaborative activities, majority of them lack versioning concept for
complex files and lack solutions for agreeing on unified processes.

The artifact centric approach was selected as the most promising for modeling
business processes and is investigated further in Chapter 6.



Chapter 6

Outcomes of the work

In the previous Chapters we discussed the motivating scenario, which led us to the
business requirements of a hypothetical tool able to resolve the found bottlenecks.
In the literature review we were looking for existing solutions and approaches able
to help in designing a tool for the industry. Although, the ideal solution was not
found, several interesting approaches and solutions were identified.

This Chapter starts with a description of a selected approach and continues
with a creation of a business model based on this approach.

6.1 Basic concept

Based on the literature review, the artifact-centric approach was selected as the
most relevant to be used as a basis for the developing solution. Its idea helps to
combine project knowledge management and its execution together. Moreover,
its applicability in collaborative work was successfully shown by Meijler [2011].

The further work can be described by the following steps. First, we review
artifact-centric concept, and especially, the approach to it taken by Meijler [2011]
and SAP Collaboration Engine. Second, a collaborative model with respect to
this approach is designed. And finally, we apply a sharing concept to this model.

6.1.1 An extended concept based on process artifacts

In the previous Chapter the artifact-centric concept and its usage were discussed.
We also briefly stopped at the approach taken by Meijler [2011] in the scenario
of logistics. Here we go into more details about this approach and its differences
with the “classical” artifact-centric concept.

The concept as described by Meijler [2011] makes an attempt to present an
artifact as a process, which is defined by a lifecycle using a flow paradigm. Such
process artifacts can be grouped and linked at a macro-level as a part of a multi-
level parent-child hierarchy.

Process artifacts and their relations can be presented by Figure 6.1. In this
example we can see three process artifacts combined at a macro-level. The lifecy-

36



Chapter 6. Outcomes of the work 37

cles of the artifacts are interconnected and the elements are triggering each other
progress.

Apart from having several process artifacts at one level, each individual pro-
cess can contain a number of child processes. A child process plays an important
role in the lifecycle of the parent, as it can also cause its lifecycle events.

The communication between different process artifacts is accomplished through
so called synchronization points and internal messages action items. This method
allows the support of different types of structures, in particular project structures.

Figure 6.1: A multi-level hierarchy of process artifacts

Each process artifact is characterized by accompanied data. However, the
data can be presented by references and not by values. This gives additional
flexibility when designing distributed systems.

Meijler [2011] outlines the importance of “active coordination of a process.
A process artifact lifecycle can be controlled and manipulated either by other
process artifacts (as we discussed above) or by an actor from outside of the system.
Such actor can be, for instance, an agent system or an external user (a partner
participating in collaboration). A message is sent to the actor and his answer
is requested in order to continue the progress of the workflow. This mechanism
allows to inform the “outside world about steps needed to be done in order to
continue moving towards the goal.

The involvement of external partners into the lifecycle events of a process arti-
fact requires an assignment procedure. Meijler [2011] proposes that each process
artifact can be assigned to partners by using a role fulfillment model. In relation
to the macro-level of artifacts, the role fulfillment model can be shown as one of
child artifacts, see Figure 6.1, where the role fulfillment model is presented by
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process artifacts colored blue. By using this model, binding of actors to the roles
can be done in run-time ad-hoc manner.

Figure 6.2: Fulfillment process artifacts

As a conclusion, the approach presented by Meijler [2011] has a common basis
together with Cohn and Hull [2009]. They both focus on data and process aspects.
In addition, they both support “natural modularity and componentization” and
“varying level of abstractions” (Cohn and Hull [2009]). Yet, there are two main
differences.

The first one is about minimal blocks in these concepts. While the approaches
described by Cohn and Hull [2009], Liu et al. [2007], Bhattacharya et al. [2009]
focus on business entities as building blocks, Meijler [2011] uses micro processes
which can already deal with several encapsulated entities.

The second difference lies in a hierarchical organization between building
blocks. Cohn and Hull [2009] do not specify any constraints in relation between
artifacts, while Meijler [2011] suggests parent-child hierarchy at multiple levels
and a mechanism for internal and external communications.

6.2 The reasoning for selecting this approach as

a basis for the solution

Concluding the information stated above, it is possible to say that the approach
described in Section 6.1.1 is more than others interesting for this work because:

1. It is suitable to support project structures in distributed environment.
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2. It is designed to support multiple inheritance and dependencies.

3. Its concept already contains a solution for defining roles and actors.

4. A working prototype already exists.

5. By taking the advantages of the artifact-centric concept it makes the com-
munication between different stakeholders easier.

6.3 The goals and how the idea will be expanded

The approach discussed by Meijler [2011], Cohn and Hull [2009], Liu et al. [2007],
Bhattacharya et al. [2009] lacks two things. First, it has not been applied to a
scenario in automotive industry involving a number of partners as well as dealing
with knowledge related to the industry.

Second, the approach lacks a link between a process-based collaboration and
data exchange which also includes data sharing.

Thus, we apply the process-artifact-centric concept to the scenario discussed
in Chapter 3 and add a sharing concept on top of it.

6.4 Analysis and business process design

Taking into account the similarity between the process-artifact-centric and the
artifact-centric approaches the methodology for designing a model of the busi-
ness processes described in Bhattacharya et al. [2009] and operational patterns
from Liu et al. [2007] are suitable for both of them. We use these methodologies
as a guidance when creating an operational business model.

The methodologies mentioned above focus on data, which is manipulated dur-
ing the on-going business processes. It is based on two principles: “data first
principle” and “data centered principles”, according to which, any step should
start by considering data as “a first-class citizen” and any specification and design
should be based on the obtained data.

The design methodology of Bhattacharya et al. [2009] includes following main
steps:

1. Discovery of business artifacts.

2. Design of artifact schemas.

3. Design of an operational model around the business artifacts.

During the first step we outline the key business entities and basic relation-
ships between them. We use a top-down approach and the motivating scenario
presented in Chapter 3 as a basis for identification of the artifacts. Bhattacharya
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et al. [2009] state that scenarios, which are needed for identifying the artifacts do
not have to be complete, however, they should give an overview of what should
happen under a certain situation and how the results are to be processed.

In the second step we proceed working with the identified artifacts by analyz-
ing data attributes important for the artifacts, we use ER diagrams to show the
information model. Next, the focus is given to a logical schema and description
of the macro-picture.

After the operational model for the business process is ready, sharing concept
is applied to it.

6.4.1 Discovery of business artifacts

In order to define business artifacts we use a top-down approach while looking
for the objects, whose manipulation is meaningful for the underlying business
processes.

Figure 6.3: Key artifacts and fundamental relationships between them

Taking into a consideration, that the collaboration in question involves at
least two companies which affect the overall business processes, our first artifact
is a company artifact.

In the sample scenario presented in Chapter 3 we focused on the activities
important for the OEM and the integrator in order to achieve a common goal.
The main operational goal is to successfully complete the project initiated by the
OEM. Thus, we can say that the goals of the project are the focus of the business
processes. However, the integrator can also create a project, which is derived
from a task delegated by the OEM.
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The project itself can be presented by a number of attributes, such as time,
scope and cost, according to PMBOK methodology (PMBOK [2008]). Thus, the
second artifact is a project.

Based on our industrial example the project usually involves too many ac-
tivities to be considered as one package. Thus, it is divided into a number of
sequential subprojects. A subproject is similar to a project in a way, that it has
its own scope and time line. However, the major difference is organizational pro-
cedures needed to initiate the artifact, as well as corresponding attributes. A
project involves the initiation phase, which considers a business environment, a
stakeholder analysis, a budget, etc. A subproject, on the other hand, does not
have these characteristics and presents a holder for the set of activities leading to
a measurable goals contributing into the project success.

While subprojects logically divide a project into measurable parts of work,
they are still big enough for a straightforward execution. By making a hierarchi-
cal decomposition, or a work break down structure (PMBOK [2008]), based on
deliverables (work packages), we can define a number of tasks which are ready to
be assigned and executed. Thus, we need a task artifact.

Execution of the project overall and tasks in particular is impossible without
human resources assigned to them. An actor artifact represents a human resource,
while a role artifact defines the requirements for actors.

Success of the project is impossible without a well-defined project charter and
a project management plan (PMP), which both are needed to set the priorities
straight and to define the path to achieve the goals.

The fundamental relationship between those artifacts is presented in Fig-
ure 6.3.

6.4.2 Design of artifact schemas

In this Section for each identified artifact, key data is outlined and an information
model is presented.

Project Management Plan and Project Charter

First, we discuss two artifacts, which are essential for the success of the project,
even though they are not the central focus of this work. These are a project
management plan and a project charter.

The information model of these two artifacts is presented in Figures 6.4 and
6.5. The lifecycle is described in details in PMBOK [2008].

The creation of a project charter should be done during the initiation stage
of the project and it serves as a valuable input for the project management plan.
The project charter authorizes responsible actors to do the work, as well as gives
a first overview on expected time, cost and scope constraints. It is also defines
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Figure 6.4: A project management plan artifact

Figure 6.5: A project charter artifact

stakeholders and their interest in the outcomes of the project (PMBOK [2008]).
The project charter is a necessary document for an official start of the project.

Once the project charter is finished and approved by sponsors (PMBOK
[2008]), the project manager (an authorized person defined in the project char-
ter) develops a project management plan. PMBOK [2008] defines a project
management plan as “a formal, approved document used to guide both project
execution and project control”. It consists of nine “subsidiary plans”, namely:
scope, requirements, schedule, cost, quality, human resource, communications,
risk and procurement plans. All these are necessary to guide the stakeholders to
successfully achieve the goals.

Company

A company artifact affects the nature of the collaborative processes, as it defines
geographical dispersion of partners, inner policies and goals as well as expertise
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Figure 6.6: A company artifact

owned by the company. The information model of this artifact is presented in
Figure 6.6. A company is one of the background artifacts, which presents on-going
information to be used by other entities.

Project

Figure 6.7: A project artifact

A project artifact is a a complex entity, which requires and relies on the
existence of several other artifacts. As it was mentioned above the necessary
prerequisite for the start of the project is a project charter (PMBOK [2008]),
where a description, a purpose and other necessary preliminary data is outlined.
Another necessary deliverable for the project is a project management plan.
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Each project is linked to a list of subprojects. In addition to this, a number
of roles can be identified to take a responsibility for this entity and its subparts.

The information model of the project artifact can be seen in Figure 6.7
The lifecycle of the project has five major steps: initiating, planning, execut-

ing, monitoring and controlling, and closing (PMBOK [2008]).

Subroject

Similarly to the project artifact, a subproject is linked to the list of tasks, which
needs to be done in order to achieve the goals of the subproject. A subproject
also references roles which are needed for its execution.

Figure 6.8: A subproject artifact

Task

Figure 6.9: Task artifact

A task is a smallest part of the work which leads to a creation of a deliverable.
A task needs a role, which is connected to an actor responsible for its execution.
The work on the task is done according to the project management plan.
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Actor and Role

Figure 6.10: An actor artifact

Figure 6.11: A role artifact

An actor and a role are two entities closely connected to each other. While ac-
tors are employees, real people, who hold some expertise, roles describe expected
behavior, rights and responsibilities. Thus, a task is described by a role needed
for a task execution. By assigning an appropriate actor to this role, we give an
employee rights and instructions to perform the task. These artifacts, in the same
way as the company artifact, also belong to the group of background artifacts.

6.4.3 Design of operational models

The formal initiation of the project

The operational model for the formal initiation of the project is presented in
Figure 6.12.

The goal of this operational model is to describe a sequence of creation and
starting of a project. The main artifacts participating in this business process
are a project charter, a PMP, a company, a role and a project. The role of the
authorized manager for the project is defined in the project charter. The person,
who accepted this role, is responsible for the creation of the PMP. Once the plan
is ready, the project artifact is created and the start of the project is initiated.
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Figure 6.12: The initiation of the project

The execution of subprojects and tasks

The operational model describing execution of the subprojects and tasks is pre-
sented in Figure 6.13. The main goal is to show a workflow of how subprojects
and the tasks are processed.

Transforming a task into a project

As it was shown in Figure 6.3 there may exist a connection between a task and
a project artifacts. This is especially relevant when a task is big enough and it is
evolving into a new project taking the input data and references to the expected
output parameters. Thus, a new task is treated as a ground for creating a project
based on it.

Although such situation can happen internally, a more interesting case is
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Figure 6.13: The execution of subprojects and tasks

when one company (the OEM in our scenario) delegates a task to another one
(the integrator). Once the integrator accepted the task and received access to
input data, they can make calculations manually and send the data back to the
OEM. However, when the task is broad enough and involves a lot of resources,
performing it in a one step does not seem possible. What can be done is to
transform a task to a number of activities and present it as a new project.

Thus, once the integrator accepted the task and received access to the input
data they create a local project intended to be used as a placeholder for the given
assignment.
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Figure 6.14: Transforming a task into a project

6.5 Applying a sharing concept

In Section 6.4.3 we mentioned that any task of the OEM can be transformed into
the project of the integrator. In this Section we discuss this idea in more details.

By sharing we understand exchanging input data, intermediate data and final
deliverables between partners. Thus, we split sharing concept into three parts
and discuss them one by one:

1. Providing input data.
2. Sharing intermediate results.
3. Submitting final results for the task.
We start by discussing a simplified scenario in Section 7.2. Then we describe

several aspects relevant for data sharing in Section 6.5.2. Section 6.5.3 is devoted
to the discussion how input data is provided to the integrator. In order to do
so we also describe how the initial project is created and delegated. After this
in Section 6.5.4 details are given on how intermediate results are exchange and
how they are approved. And at last, in Section 6.5.5, how final deliverables are
submitted to the OEM.

6.5.1 Simplified scenario

The need for data sharing arises from the existence of two companies working on
corresponding tasks towards the same goal. As was described in Chapter 3 the
OEM delegates part of the work to the trusted performer, the integrator. Above,
we already mentioned the need for a company artifact, that presents a basis for
the start of the project. Note, that here we omit a project charter and a project
manager plan artifacts considering them as a part of the company artifact.

A simple scenario involving two companies and a delegable task is presented
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in Figure 6.15. On the left side the workplace of the OEM is described, on the
right - the one of the integrator. Based on the needs of the company the OEM
creates a project containing one subproject and one task results of which satisfies
the OEM goals. During the next step the OEM delegates the task to the external
company, the integrator.

Assuming that the task is complex enough, so that the integrator decides to
create a project containing a subproject and two tasks in order to present the
results to the OEM. The Tasks 1 and 2 are assigned to different engineers and
can be done in parallel.

Figure 6.15: A simple structure of a project showing a delegable task

6.5.2 Aspects to consider

While discussing the sharing concept we focus on ownership, branching/version-
ing, containment and a process description. These aspects raise the following
questions:

Ownership: Who is an owner of the data? How does the owner give an
access to the data to other participants? How does the role of the partner affect
this access?
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Branching/versioning: How is data shared between partners? Are any new
branches needed to be created? How is the data merged back?

Containment: How is the relationship between data objects structured?
Process description: How is the business process described?

6.5.3 Providing input data

In order for the integrator to execute the task assigned by the OEM, they need
to receive and use input data for this task. To describe how input data is shared
with the integrator we go through the sequence of stages from the creation of the
OEM project and up to structuring the work by the integrator. In Figure 6.16
this sequence of steps is depicted.

Figure 6.16: Providing input data. Overview of stages.

The stage 1: creating an initial project

In this stage the OEM creates a project, part of which is later shared with the
integrator. This corresponds to the operational model in Figure 6.12.

To create an initial project the OEM uses a PMP and a project charter as
main inputs. The details of the project structure taken from the PMP should be
stored in the knowledge repository.
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It is necessary to take into the account that the structure of the project may
be more defined as the project evolve. Thus, during the execution, the structure
of the ongoing subproject is described into details, while other subprojects may
remain as “closed boxes” containing planned tasks. If the PMP is changed, the
corresponding information in the knowledge base may also change, allowing to
create a subproject structure based on the latest updates.

The stored structure information should be available to the OEM workplace
based on access rights of users. All the artifacts, such as a company, a PMP
and a project charter may contain sensitive data and have to be protected from
unauthorized access.

Apart from the structure of the project, the information on input and output
parameters of the tasks should be defined. The integrator should have enough
information to execute the task and to know what deliverables are expected once
the task is performed.

A task can be presented as a work breakdown structure (WBS) element (PM-
BOK [2008]). We are mostly interested in input data and output data of a task,
however, other properties can be also considered, see Figure 6.17. On the princi-
ples of WBS we base the containment aspect.

Figure 6.17: A structure of a task

The stage 2: delegating

During this stage the OEM delegates a task to the integrator.
The company can plan that the task will be delegated beforehand as well as

right before its execution is started. The process of delegating has to be formalized
according to the PMP and to involve company artifacts of both the OEM and the
integrator. When the integrator wants to create a project based on the task (the
option which is of most interest for us) creating of a PMP and a project charter
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are essential, as they define the project structure, responsible people and give the
formal start for the work.

Note that in more complicated scenarios the project charter may need to be
approved and confirmed with the OEM, as the main customer. We assume that
in our case the OEM is interested only in deliverables and not involved in the
structure of the project of the integrator.

The stage 3: accepting and getting read-only access

During this stage the integrator accepts the task and receives access to the infor-
mation required for the task execution.

First, the integrator needs to approve that they accept the task. This is
done as a part of the project charter, which is, as mentioned, contained by the
company artifact. Once the approval is received, the OEM provides access to the
data relevant for the task. This data presents both input values and placeholders
for output values. As was mentioned above, each task is described by input
and output data. The project created by the OEM inherits references to this
data. The granted access for input values is read-only. On the other hand, the
placeholders for output data can be filled with results (Figure 6.18).

Figure 6.18: A connection of the task and the project by input and output values

The stage 4: structuring the work

It is up to the integrator how the project is structured and what intermediate
data is used. However, in the end of the project they should be able to return
the deliverables specified by the OEM.
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Using references to the input data directly in the storage of the OEM has
some advantages and disadvantages. Among drawbacks, there may be problems
with a connection and a bandwidth. However, we assume that both the OEM
and the integrator repositories are kept on a single server. Among benefits, there
is no need in updating the integrator repository each time the OEM changes the
input data. However, the changes in the input data can affect the project of the
integrator, who may have already performed some work based on older versions
of the input data and unaware that the date was changed.

To avoid this problem we introduce a change request (CR) object, which
controls the process of any changes in a task or a project, which are in progress.
This object requests an approval for a change from the actors of the collaboration
object and actors of dependent objects.

Figure 6.19: Structuring of the project

For instance, in Figure 6.19 if the OEM decides to change one of the input
values of their task the sequence of actions will be as depicted in Figure 6.20.

By changing any component of a task item, a new version of the task is
created. For instance, if we first corrected input data and then altered output
placeholders, then the task moves from the first version to the third one, see
Figure 6.21. On the other hand, input and output data have their own versioning
scale. Figure 6.22 shows how the versioning of independent changes in input and
output data affect the overall version of the task.
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Figure 6.20: A change request

Figure 6.21: Versioning a task object

6.5.4 Sharing intermediate results

There maybe a need to share intermediate results calculated by the integrator
with the OEM in order to get an approval and suggestions on how the data has
to be changed. For this the request from the integrator should be sent to the
OEM with a task to verify intermediate data.

6.5.5 Submitting final results for the task

As it was described in Section 6.5 every task has a placeholder for output variables.
When the integrator finishes the project, data is copied from the project to the
initial task.
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Figure 6.22: Versioning a task object

6.6 Results

In Section 6.3 we described the intention to expand the process-artifact concept
by applying it to the collaborative case scenario from Chapter 3 and adding the
data sharing concept together with versioning.

The concept has been presented in Sections 6.4 and 6.5 addressing both ques-
tions.

In the next Section we analyze the results and how they answer the research
questions.



Chapter 7

Prototypical implementation

In this Chapter we describe the implementation of the prototype. First, in Sec-
tion 7.1 we state what is the scope of the prototype. Then in Section 7.2 we
describe a scenario on which the prototype is based. Due to a lack of the time,
not all parts have been implemented and in Section 7.3 we state what was imple-
mented from the scope.

7.1 The overall scope

The scope of the prototype includes the following parts:
1. Applying the artifact centric concept to the use case scenario from Chap-

ter 3 as it was described in Section 6.4.
2. Adding the sharing concept, as it was described in Section 6.5.
3. Finishing by implementing functional requirements discussed in Chapter 4.

7.2 Scenario

In this Section we describe a scenario and a sample project which is used to show
suggested improvements.

7.2.1 Process focus

The sample project is based on a sequence of product development steps described
in Chapter 3, see Figure 7.1. It consists of two subprojects. Each subproject
contains a list of tasks. Each task is described in terms of input and output
parameters. In the following subsections we describe usage scenarios and present
diagrams.
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Figure 7.1: The process focus

7.2.2 Main features to be demonstrated

The project initiation

To initiate a project the OEM commissions a turn-key production line develop-
ment and the integrator creates project, see Figure 7.2. Currently this step is
performed manually. However, we suggest that all e-mail, fax and phone commu-
nication is replaced by the communication through an external system, which is
accessible by every partner.

Thus, the first step which needs to be done by the OEM is an initiation of the
project through the system using one of pre-defined templates. These templates
are created based on existing experience of finished projects. A template contains
information on time estimations, necessary tasks and needed roles. OEM can alter
the project, so it fits the needs.

Next, the OEM performs a pre-study and tenders for an integrator.
Once the tendering is finished and the integrator is selected, the OEM requests

the system to send an invitation to the integrator to join. When the integrator
accepts the invitation, the system makes the data available in read-only mode.

The integrator creates a new project. The integrator can adapt and expand
the project by adding new subprojects, tasks and roles. While OEM focuses on
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the overall picture of the project, the integrator elaborates it deeper into details.
The data within this new project is not visible to the OEM.

Figure 7.2: The project initiation

The intelligible task execution support

The aim of this feature is to simplify the procedure of executing task and to re-
move unnecessary tasks, which are currently done when transferring data between
the OEM and the integrator, see Figure 7.3.

Internal employees are involved in the execution of these tasks. The letter is
sent to every engineer shortly describing the problem and inviting to access the
system and perform the task.

Once employees accept an invitation, the system provide them with detailed
description of the task, appropriate tools and instructions. The engineer is able
to add a new tool if no suitable one is available.

The system provides the engineer with a read-only access. In case the engineer
needs to modify or add data, a new branch is automatically created. The engineer
keeps all their changes within the branch and when the results are ready to
publish, the system merges the descendant branch into the main one.
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Directly after the data is published the project manager receives a notification
about the completion of the task. Depending on the requirements, results may
need to be approved or to be shown to the OEM.

Figure 7.3: Task execution

7.3 Implemented parts

In the current version of the prototype out of three steps described in Section 7.1,
only the first one has been implemented.

The artifact-centric concept and process artifacts described in Section 6.4 were
implemented in a context of the scenario described in the case study from the
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Chapter 3.



Chapter 8

Results and Conclusions

In this work we presented a case study scenario, where efficient collaboration
processes were important for the success of the project. We analyzed the scenario
and outlined a list of business requirements. This list holds an answer to the first
research question:

� What are existing problems in collaborative work that slow down product
development in manufacturing engineering?

Seven business requirements summarized the flaws and drawbacks found in
the existing business processes. The problems include a limited view on a task by
an engineer who is assigned to perform it; a lack of assistance in task execution,
and a lack of support of the collaboration between various roles in the engineering
process. Additionally, the project in the case scenario missed a basis for collab-
orative engineering, a central point for spreading project roles and managing the
project execution. This basis needs not only to support collaboration processes,
but also versioning of different types of objects related to the tasks performed by
engineers.

In the literature a combination of collaboration processes and versioning was
covered mostly to the extent of simple text-based files, not taking into account the
variety of complex formats, even though a number of concepts for such versioning
exist. Which means that in the existing practices, project tools and concepts lack
a bridge between collaborative knowledge management and its versioning.

� How can existing collaboration environments be adapted to help solving the
problem?

� How can a collaboration environment, which combines data exchange-based
and process-based aspects be built?

To answer the next questions we performed literature review and analyzed the
artifact-centric concept. Two practices have been taken into account: an IBM
concept of business artifacts and an SAP concept of process artifacts. Based on
this analysis we made a conclusion that the data-centric approach, especially the
process artifact-based, is highly suitable for collaborative processes, as it supports
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a communication between different stakeholders. Moreover, it is suitable for
project structures in distributed environments and is designed to have a multiple
inheritance and dependencies.

Using this knowledge as the basis, we decided how these concepts should
be expanded in order to bring collaboration processes and versioning together.
Overall, two goals were set: first, to apply the concept to the scenario from the
case study and second, to expand it to include the versioning idea.

This brought us to the next research question:

� How can automated versioning of engineering knowledge be added to the
union of data exchange-based and process-based aspect?

In order to answer this question, we identified the key artifacts and discussed
the business process based on the use case scenario and presented three oper-
ational models. These models describe how the project can be initiated in a
collaborative environment and which steps are taken in order to delegate the
work from one company to another and to evaluate the results.

In the next step a sharing and versioning ideas was described and applied to
the process artifacts. They expanded the process artifact centric model presented
by SAP and combined both collaborative approach and versioning together.

Based on the investigations made for the first research question, it is possible to
state that this model resolves the bottle-neck issue related to lack of the versioning
existing in the presented scenario.
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