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1. Introduction

Processes that form Engineering are marketing, product development, production process planning,
prototyping, and testing. They form a complex process net, in which some activities run serially, some
run in parallel. As a further complication, process participants are distributed over different locations
and they often use different tool sets for the same application area. Engineering processes are of
increasing dynamic today, because creativity never followed strictly a given way, and because
nowadays processes are usually started before all requirements and boundary conditions have been
sufficiently clarified (e.g. within Simultaneous Engineering).

This paper is a summary of a questionnaire of the members of the DS SIG "Modelling and
Management of Engineering Processes’. The objectives in the following workshops are to discuss and
to evaluate significant influence factors that fix and improve the quality of Engineering processes.
Such factors are e.g. strategies, approaches, methods, procedures, and tools ("classical", IT-based,
knowledge-based, etc.) for modelling of, building up, for optimizing of, for working with, and for
managing dynamically Engineering processes.

2. Definition of Terms

It is helpful to begin the research of an area with concept definitions, as concepts build up the basis of
rescarch and affect the result. Therefore, the definitions in the field of processes in product
development of our own and of other sources are compared here, so that a general understanding can
be achieved before the discussion. We suggest that concepts should be divided in:

o task

activity

process element

process

project

process/project management

According to our opinion, we also need to define [1]:

e A processisaset of activities or sub-processes to solve atask.

e A sub-processisasubset of aprocessand is also a set of activities or other sub-processes.

e A process element describes an activity (respectively one or several working steps). It is
started by one or severa events and ends in one or several events. Their description is based
on a defined structure so that they are suitable also for the application in a computer-aided
system.

e A working step isthe smallest subset of an activity in product devel opment.
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A workflow is a dedicated, rigid sequence of working steps, process elements, or sub-
processes.

A project initiates one or more processes and workflows. It defines the initial conditions of a
process like e.g. time, dates, budget limitations, resources, etc.

The hierarchy relations between process, sub-process, process element and activities are shown in

fig.1.

Process

|
SUb-PYOCESS>—L: PIORESS sub—process>—> process -1y, process

element element element

® p| Pprocess .’W"’ki“g sEpd p| Pprocess

element element

vt

> process . sub—process> . process

element

- working step n element

process process
- sub-process -
| sub process>—> AR — > P >—> sub process>

\

\
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Furthermore, we would like to define process management and project management as:

Process management is the description, modelling, analysis, optimisation and administration
of processes, which have to achieve one or multiple goals in any industrial or organisation
environment.

Project management is the application of knowledge, skills, tools and techniques to a broad
range of activities in order to meet the requirements of the particular project. It includes five
steps: Initiating, Planning, Executing, Controlling, and Closing.

However according to Salustri [2], some other relevant concepts must be defined before the definition
of the above terms. These pre-defined concepts are: Model, Specification, Concept, State, Goal, Plan.
Accordingly, he defines the following keywords of the field process like:

1560

A task is a transformation of definable inputs to definable outputs, defined in terms of the
inputs and outputs, but not in terms of Aow the transformation from inputs to outputs is
implemented; i.e. atask is a specification of an activity.

An activity is an action or sequence of actions by which a transformation defined by a task is
actually accomplished.

A process is an ordered set of tasks or activities meant to achieve a known goal. Processes can
be actual or planned. An actual processis given by a descriptive model of what was done — the
activities—to achieve the goal. A process planis a prescriptivemodel of tasks.

A project is an entity that embodies the application of a process plan (re-specifying it to a
particular context). Thus one may think of a project as a context containing a particular goal, a
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process specified to the given goal, plus all the other entities needed for the process to execute
(in asense, the values to be assigned to the parameters in the generalised process).

e Process/project management: As processes are elements of projects, | consider process
management to be a element of project management. Management is defined as directing,
monitoring, controlling, reporting, and improving a (process or project).

Duffy [3] has concentrated his research on design co-operation. He gave eleven frameworks to
contribute to the target of design designing. In additional he has defined four process-related concepts:

e A god reflects adesire, need and/or requirement (e.g. a customer’ s requirement).

e Anactivity istaken to be aphysical or cognitive action that creates an outcome. Thus, it has a
starting state, condition or input, and an output. An activity is carried out by a resource of
some kind. In some ways an input and a goal can be considered resources.

o A task reflects the desired or expected output or outcome that is required to meet the goal. It is
not in itself the goal, as the output shall meet the goal to a degree of effectiveness.

e A managed activity, i.e. any activity in design aimed at achieving design and design activity
goals.

Thus, every researcher carrying out research in this field uses different or partly different definitionsto
facilitate their own work of different interest and application. And they also define more or less other
relative concepts other than the mentioned ones. For example, Schénheit [4] defined the following
concepts to facilitate the calculation of process cost:

e Anactivity is the aggregation of actions.

e Anactivity driver is the measure of frequency on demands by cost object.

e A processis a predetermined series of activities that are linked to perform a specific objective.

e A Non value added activity is an activity considered not to contribute to customer or to the
organisation’ s needs.

e A Vaue added activity is an activity that is judged to contribute to customer value or meet an
organisation need.

One more thing still to make clear is, we consider a project and a process as two different things.
Therefore, process management and project management are also different. For a comparison, a
project is a unique process, consisting of a set of coordinated and controlled activities often with start
and finish dates, undertaken to achieve and objective conforming to specific requirements, often
including the constraints of time, cost and resources ([16], [17]). A project is the process to make
something or to increase knowledge. A project is e.g. the input of a production process while the work
in a project can follow a process plan. There are different resources like employees, machines,
customers and other concrete information involved in a project.

A process is often described on a more abstract level than a project leaving out the people and
machines involved, instead stating the qualification that is needed to complete the work. Processes
have no start and end point.

Different definitions described above are listed in table 1 to facilitate a clear picture.

Table 1. Overview of concept definitions

. _— 1SO 9000
Freideben [1], . Schénheit 1SO 9000 (2005)
Burgharct [15] AU [2] | Duffy[3] | =1 (ﬁg]“) [17]
reflectsthe
atransformation| desired or
of definable expected the
task inputs to output or aggregation
definable outcomethat | of actions
outputs isrequired to
meet the goal
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an action or
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Is started by one actions by which
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or several events defined by atask
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process plan conformation to
specific
reguirements,
including
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cost, and
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project
management,
process directing,
managem monitoring,
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reporting, and
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directing,
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In the area of product development processes, there are also many researchers that use the concepts of
activity or process directly without defining them [5-12]. However, it is generally agreed that an
activity isthe unit of a process, and a process is consisted of more than one activity to complete a task

or toreach agoal.
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The process is the core concept for process management. After a process is defined and tested other
concepts will be easier to define and apply.
There are afew things that must be considered when the concept of processisto be defined:
Has a process input and output?
Isaprocess consisted of aserial of activities? Are these activities arranged or not?
Has a process have agoal or atask?
Does a process reference people, material or resource?
Does a process add value or not?
Is aprocess clued to other processes with input and output?
Will aprocess be planned and executed?
Has a process sub-process?
e Doesaprocess transform the state?
According to these criteria, the following table is given to compare some definitions of different
sources.

Table 2. Comparison of different definitions of process

A process... has |canconsist hasa | references | adds |clueswith canbe | hassub- | trans-
input of task | peopleor |value| other planned pro- forms
and | activities other process | and exe- state

output resources cuted

Freisleben, - * * - - - _ * R

Vana[l]

Salustri [2] - * * - - - - - -
Schonheit [4] - * * - - . * _ _
Burghardt[15] - * * - - - - * *
DIN 1SO 9000 * - * * * - - - -

(1994) [16]

DIN 1SO 9000 * * * - * * * - *

(2005) [17]

Schmidt [29] * * - - - - _ . *

From the above table we can see, that every definition is to some extent reasonable, when they
consider some of the above items. The question is only which items they take into account according
to their own needs of research or applications.
In[1] aprocess element is considered to have the following contents:
e Preceding process
Process name
Description of the work being performed
Combination with other processes (e.g. sequential, parallel, or iterative)
Person, resources
Methods, working techniques, and tools to support the work
Input description
Output description
e Estimated and alowable duration
These contents formally describe the process, so that processes can be built into computer systems and
can be navigated dynamically.

3. Research focus

With the concepts that are defined above, our research at Otto-von-Guericke University concentrates
on product development process modelling, analysis, and optimising. The software of the chair — the

MODELLING AND MANAGEMENT OF ENGINEERING PROCESSES WORKSHOP 1563



proNavigator — makes it possible to design, model, optimise and review processes for industry or other
organisations. Fig. 2 shows the content of proNavigator.

Process Planning

pro/Mod=ller,

Process Planning
Process Modelling

ijReviewEg

Process Evaluation
Process Simulation

Project Management l

Software
(e.g. ARAS, OnPrOf, MS Project, UGS Teamcenter )

C;yDEsig ner,

Process Optimisation

<

Project Execution
Figure 2. Content of proNavigator

We consider that process optimisation has four steps as it is shown in fig. 3. The first step is using
more efficient methods and tools in a single process, so that a process is done in shorter time or with
better result. It is considered that the second step isto involve employees with suitable qualification to
achieve better process performance. The third and fourth step are supposed to be Simultaneous
Engineering (SE) and Concurrent Engineering (CE), which we are intensively studying ([13], [14]).

PE1
Process simulation Initial situation
for finding Y 5
bottlenecks & PE
optimisation » Throughput Time
potentials PE 1 1. Fine-tuning of the qualification
(Qualification Balancing)
4 2. Application of improved methods,
PE2 ¢ procedures, and tools (Tool Balancing)
Es = EL%C;S;CE;ES?EM » Throughput Time
[ PE1T | 3. (Partial) Parallelising of different
Handing over process elements (Simultaneous
results PE D 1 Engineering)
Precociously » Throughput Time
handing over
part results 4. Separating of a process element on

m
-

several parallel working people

Precociously {Concurrent Engineering)

feedback of
possible

consequences » Throughput Time
Figure 3. Steps of optimisation

SE is defined as the parallelisation of processes (sub processes, process elements or activities) in
product development to achieve shorter time to market. CE is defined as the decomposition of asingle
process (sub processes, process elements or activities) into smaller pieces and parallelisation of these
pieces. These two concepts are based on essentially the same basis and they aim to reduce the time
needed for product development.
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To paralelise two or more processes, the concept of dependency between processes must be defined.
Dependency is the relation between processes, especially how the processes rely on each other to
complete their own tasks. It is calculated by the input and output association degree between
processes. It means, when one process needs much information (as inputs of the process itself) from
another process (as outputs of this process), then it is said that the dependency between these two
processes is strong. When these two processes are to be parallelised, a lower degree of parallelisation
is supposed to be needed. How to define, calculate the dependency and how to parallelise the
processes has been written in reference [13]. This is the basis for parallelisation, which is used for
both SE and CE. For CE, the specia point to take into account to carry out CE, a process or other
process elements must be divided into smaller pieces. How to divide a process or a process element
and what the influence of the division on the paralélisation is, is important to discuss, which is
described in reference [14].

SE and CE bring the industry higher efficiency on one hand, on the other hand it means that the next
process can begin before a process is mature. That is, the information being transferred among the
processes is not mature. The direct result is a risk. What the risks are and how to reduce the risks to
the least is also one of our questions to answer in the future.

In table 3, a few researchers who study the same area but with different interest and research focuses
arelisted. A different understanding about the concepts process managemernt and project managemert
can be seen.

Table 3. Comparison of the research focues of afew researchers

Researchers Research Focus/Interest
Freisleben, Vajna[1] dynamic project and process navigation
Salustri [2] formal system and Ianguagzs e;h;[]i(rj]?cribe what happens during
Duffy [3] model, control and improve pé?;ﬁt Ivglr:h simulation tool "Design Co-
Schonheit [4] process cost calculation system
Lee[8] knowledge based consulting of processes modelling
Wache [10] to achieve transparence of processes with "ARIS SmartPath"
Koch [11] review and evaluation of processes with "Key performance indicators"
Florek [12] PLM concepts to support orgar:i rﬁﬂ ;r;yand processes in manufacturing
Burghardt [15] planning, inspecting, controlling of development projects
DIN 1SO 9000(1994) [16] quality management for products
DIN 1SO 9000(2005) [17] quality management for products
Schabacker, Vajna[18] evaluation of the benefit yield of technology project
McMahon, Busby [19] Risk in Design Processes
Le Cardinal, Mekhilef, Bocquet [20] decision making process
Le Cardinal [21] dysfunction analysis in project management
Bjork [22] Insider Action Research on product development
Holmdahl [23] Insider Action Research on product development
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Researchers

Research Focus/Interest

Cooper [24,25,26]

approaches to strategy and tactics in product development

Ottosson [27,28]

Dynamic Product Devel opment

The study of product engineering process includes process definition, process modelling, process
analysis, process optimisation, tools and methods, process management etc. Of course, multicultural
views and visions play also arolein thisfield.

The study of project includes project definition, project planning, project execution, project control,
project closing, project tools and methods etc. A research map isillustrated in Fig. 4 to give a better
understanding. Linesin the figure are used to cover the research interest of different researchers.

Risk Management/

Project Project Project Project Project Decision
Definition Planning Execution Controlling Closing Making Projects
- | e.g. Burghart [15] | Schabacker,
g Vajna [18]
5 Koch [11]
g
c
g Florek [12] Wache [10]
“QA | Cooper [24,25,26] | [ Le Cardinal [21] |
o
| Ottosson [27,28], Bjork [22], Holmdahl [23] |
[ Freisleben, Vajna[1] | [Vajna, Guo, Schabacker [13,14] |
é | Salustri [2] | | Duffy [3] |
()
gl | Schénheit [4] [ Levi[s] |
©
§ Eversheim [6] [McMahon, Busby [19]]
[}
£ Lardeur [7] [ Wache [10] |(Le Cardinal , Mekhilef ,
Lee 8] Bocquet [20]
Process Process Process Process Risk Management/
Definition Modellin Analysis/ Optimisation Administration Decision
9 Evaluation Methods Making Process
Figure 4. Research map of process and project management
4. Conclusion

In this paper a comparison among the concepts defined in the area of process is made to build a
general understanding of processes. As described above, there are differences but also similarities in
this field. The similarities make it possible that we understand each other and the differences make it
possible that every researcher contributes with his work to a special field. The interests and key points
of view of the authors are also introduced in this article both with the related job that they have done.
Future work will be concentrated on SE and CE methods and their risk analysis.
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