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Abstract: The paper presents the basic concepts of personal knowledge structuring
in engineering design with a computer tool known as the personal assistant of
designer. The article concentrates on the main conceptual issues of the proposed
approach.

1 Introduction
The paper deals with the knowledge management in engineering design. In the 1990s an
in-depth understanding awakened that professional engineering knowledge has a value in
itself for those who design and create new concepts of products [CE05, Po04, Ul02].
Engineers started to realize that their own knowledge resources and abilities have a
direct impact on the creation of new products for the market. It became obvious that
those who possess the wider knowledge are faster with bringing out new products. As a
consequence professional engineering knowledge became one of the most important
company resources. Researchers noticed that when creating a new product the wealth of
knowledge is more important than engineering methods. Because of that decision makers
came to the conclusion that knowledge once acquired should not be lost as it can be used
again. So companies set about to store the knowledge for internal use and built storage
and management systems which kept their processes, procedures, corporation rules,
realized projects, standard documents etc.
The storing and delivering of knowledge were the basic functions of such systems. It
didn’t take long and the necessity to cover all engineering domains by those systems
became evident. But the acquisition of engineering knowledge turned out to be very
difficult and time consuming. The kind of knowledge needed for engineering design, its
storage, the changes it undergoes with the designer’s professional career and the
possibility to pass on the knowledge of an experienced designer to a novice have been
the subject of numerous researches [Ce05, Ma01, Po04, Re01, Ul02].
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The research works [Po04, Ul02] also revealed that the knowledge of an individual
designer is the result of his education, training, personal development, professional
experience etc. It goes without saying that an engineer’s knowledge represents a rich
fund which is of an advantage in a new design task. In literature we find many attempts
trying to capture a designer’s knowledge. However, most of these experiments were only
done for concrete products. But they all proved that each case involves a huge amount of
knowledge chunks which makes it difficult to capture the knowledge and to arrange its
storage and management sensibly. Additionally, the knowledge is strongly characterized
and influenced by its author. Although all experts agree that the valuable knowledge
should be stored and kept ready for further exploitation there are no satisfying solutions
to that problem yet; at least none which includes the designer’s knowledge storing as
well.
This knowledge can be articulated in the form of text fragments, plans or drawings,
whereby the annotations may be recorded either in chronological order or according to
sub-tasks. Every designer is aware of the fact that this more or less ordered collection of
information may turn out to be very useful in future design projects. But many of the
designer’s activities are only done in his brain and are rarely formally documented,
which means that part of the knowledge that evolves while working gets lost. Many
designers, for example, associate different occasional knowledge sources with performed
tasks or realized projects but never preserve this information.
As indicated above, every new design task is decisively guided by the engineer’s
experience, i.e. by the understanding he acquired in earlier works [Po04]. This fact does
not only influence the knowledge itself but also the way the design process is arranged.
Each design process can cause a new impulse which may become the basis for a new
knowledge element. In general, the designer’s knowledge is expressed in the following
categories: activities, tasks, plans, knowledge sources. When a designer describes details
of his works he uses representations which are specific for his domain. Consequently,
there is a difference between describing the geometric modelling process of a car body
or performing specific calculations. The most popular of all the categories mentioned
above is the activity. Each activity has its sustaining knowledge sources. These
knowledge sources evolve and as a result the activities evolve as well. The activities are
employed to develop plans. At first glance the plan represents a number of activities
which have to be carried out and which then evolve and undergo different stages of
development in the course of the design process. But the plan also depicts the engineer’s
individual style of work and his actual state of knowledge. In most cases the designer
remembers all the processes he went through, even though he has not taken notes.
When we want to store personal knowledge we have to keep in mind that explanations
for different design decisions can be found in different components of the personal
knowledge development in the past. In case the design process is the result of team work
then the final design rationale can be found in different knowledge components
belonging to different members.
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As mentioned before, the knowledge background of a particular project often has a
relatively complicated structure [Al06, AK06, Cl06, Mc04, NI04]. So when building a
tool for the personal knowledge storage we should aim to represent the structure in the
most reliable way. This also implies that we have to accept the diversity of knowledge
representations. Under this condition the designer would be able to store his knowledge
directly in its original computer form. The proposed computer tool should be
permanently used by the designer – whether he is performing a design task or searching
for suitable information from earlier projects.

2 Design Knowledge Modelling
The knowledge which is used in engineering design involves a relatively wide range of
aspects starting form different domain areas, via their standards, used methods,
organization topics to practical issues of implementation and also very personally
developed components [Ma01, Po04]. Literature provides us with various attempts to
categorize engineering knowledge. The main goal of these formalizations is to offer
frameworks with which flexible environments for the storage and management of
knowledge can be created. The categorization presented in [Ma01] is supposed to be a
relatively complete one. It contains the following elements: terminology – set of
terminologies used in a certain domain, specification of the project, general limitations,
conceptual design – ideas, rules, physical design – aspects connected with form giving,
design rationale, design process in the context of its activities, rules, strategies,
associations.
The knowledge elements listed above are often integrated with different components of
applied design process models. Mostly design process models are built as structures
based on activities or sub-activities [Po03, Po04] (fig. 1). Each activity has knowledge as
a background (fig. 2). Design knowledge is not static, it develops continuously. Every
project can stimulate the designer to generate new knowledge chunks. The new
knowledge chunks are not detached from the designer’s already existing knowledge, as
designers form mental links between the new knowledge chunks and the already existing
knowledge components. This means the human designer stores the knowledge generated
by him together with its links of associations in his brain. Repeating these knotting
associations of the human brain in a computer model requires a lot of effort and time.
And in spite of all it will never be complete. First, to make his knowledge “storable” for
the computer the designer has to simplify and structure it. Consequently, the knowledge
articulated in external forms – declarative or procedural representations - very rarely
reflects the actual stage of the human designer in a particular case. Second, to really
understand somebody’s design decisions we would have to know all probable
knowledge components which support it; a claim which can hardly be completely
fulfilled. In real life it is often assumed that all the knowledge based explanations, called
design rationale, are made for professionals with clearly defined competences. But
clashes with other domains are always possible and misunderstandings cannot be
excluded. Because of that, establishing knowledge based explanations for other domains
is very time and labour intensive.
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Another important factor which influences the capturing of knowledge is the designer’s
willingness to define the knowledge design rationale of his design decisions [Po04]. As a
rule the quality of the activities turns out to be relatively insufficient when the designer
is committed to create a potential future knowledge source. The captured knowledge is
often outdated or complicated in use. In those cases the knowledge depot works
sometimes only as a port of enquiry. Instead of looking for the knowledge chunks the
users search for the author of the knowledge in order to contact him and ask for
clarification [Wa06].
Therefore the personal assistant - a kind of a personal professional diary realized in
computer environment – seems to be a much better approach as it contains different
knowledge chunks represented in a wide spectrum of computer representations. Most of
the mechanical engineering designers with whom the author spoke or cooperated
preferred activities as the basic form for describing design processes. Even after five or
more years most creators of activities were still able to explain how they carried out a
certain activity – a calculation, for instance. The designers could also describe their
tools, knowledge sources, experiences etc. and often even remembered why and when
they had changed the form of the calculations and their tools. Additionally, single
engineers were able to tell which forms of activities were used in which project.
Regarding these phenomena we come to distinguish two fundamental aspects of a
personal assistant (fig. 3): personal assistant resources and project resources. The
personal assistant resources imply activities and their knowledge background whereas
the project documentations are stored in the project resources. The activities, strictly
speaking their suitable respective components, should have connections to the projects in
which they were used. The projects – via generated events – should have links to the
components of the activities which were used in the design process. This kind of
structure allows to analyse projects of the past and their knowledge background. Doing
analysis the other way round is also possible. In this case it is possible to observe where
certain components of activities were used and with what result.
Many practical computer implementations provide plans of design processes. The plans
are composed of activities and sub-activities. When analysing realized projects it
becomes obvious that the designers often depict their plans in a linear form (fig.4). But
when designers speak about potentially realizable design processes then usually a kind of
maze model is employed which permits all possible design paths (fig. 4). Obviously, for
a designer and his knowledge a maze model - in other words a model of potentially
realizable plans - is nothing static. It changes gradually according to the designer’s
knowledge development. So different valuable plans of the past - contained in the maze
model - can also be stored in the designer’s personal assistant environment.
After presenting the functionalities of the tools for the personal knowledge storage we
want to consider the main goal of a personal assistant application. One of the basic
assumptions is that the knowledge of the individual designer undergoes a kind of
evolution. It changes from project to project but without losing its coherence.
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The knowledge stored in the personal assistant can be reused. Case Based Reasoning
(CBR) [Po03] is one of the most suitable techniques for that purpose. In classical CBR
the cases, i.e. the past solutions of problems are stored in the data base. When a designer
has to solve a new problem he can search the data base for similar cases (fig. 5).
Probably he will select the case which is most similar to the one he actually has to solve.
After that the designer usually adapts the selected case to his actual problem and makes
the application for it. Finally, the new case is stored in the data base of cases. With the
presented approach of a personal assistant we can look for similar solutions in the past
on the level of activities, sub-activities, their components as well as plans and projects or
parts of them. It is relatively easy to build software on the basis of detailed similarity
measures. When the measures have only an overall similarity, verification and tuning is
difficult.
The above concept of a personal assistant is based on a specific structuring for
engineering knowledge and on the Case Based Reasoning approach. But applications of
other methods and techniques like blackboard architecture, data mining or multi-criteria
optimisation [Po03, Po04] are also possible.
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To represent the engineering knowledge of designers many different archetypes which
are typical for certain domains can be used [Po04]. The author has met a big variety of
real life design processes (for instance in geometric modelling or simulations) where
knowledge was modelled with the help of very specific and unusual concepts. In the
author’s opinion these concepts should also be reflected in the structure of a personal
assistant. It may have a very firm specific form then.

3. Verification and implementation
The author and his associates have been dealing over many years with the problem of
modelling a designer’s personal knowledge and the building of computer tools for its
storage and management. The first basic concept and implementations were developed
between 1995 and 2002. They were summed up in the book [Po04]. In 2005 the author,
then together with Piotr Cichocki, took up that topic again.
Most of the concepts concerning a designer’s personal assistant resulted from
cooperation with professional designers. For more than twelve years the author also had
lectures at postgraduate studies on computer aided design in machinery for people from
industry. The subjects of the lectures were decision making in engineering and computer
support. They were organized individually for different design processes. Through the
observations made while working with the postgraduate students the author learned that
design processes are done very individually and that the way of performing design
processes cannot be generalized. Intensive studies of literature support the author’s
opinion.
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During the first stage of developing personal assistant concepts (1995 – 2002) ten
different applications and their computer implementations were built. They concerned
the following domains [Po04]: car dynamics problems, supporting the design of a car
braking system, supporting data analysis in an experimental aircraft chassis testing,
supporting a heating system design for small houses and others. All the applications
were developed on laboratory level and MS Visual Basic, MS C++, MS Access, MS
Office, GBB, Clips were used as software tools and also different engineering systems.
The user interfaces were built as multi-form applications. The aiding user navigation,
however, was of little usefulness.
Although the tests proved the usefulness of this kind of software in general, several
limitations became obvious as well. After a short contact with the software the users this means at the same time the owners of the personal assistants – came to the
conclusion that it would be best to have all personal resources (texts, software) and
structures of their personal associations of the last 20 years stored digitally in their
personal assistants. But it is not easy to transfer relatively large personal resources from
non-computer media to a computer environment. The next problem is to acquire and
store the personal structures of associations. Obviously, these activities can be partly
automated. But the final decision lies with the owner of the personal assistant. The best
results of implementing a personal assistant were achieved with either relatively simple
or well structured problems.
Since 2005 the author has concentrated on the issue of how to widen the area for
implementing the concept of the personal assistant. One direction of research aimed at a
deeper integration of the present concept with existing engineering systems. The
developed concepts and applications for that purpose concerned the following problems:
production costs estimation [Bo05], explanation tools for Knowledge Based Engineering
(KBE) applications [Po06a], automating the generation of information of the design
rationale class [Po06b], integrating multi-criteria optimisation methods and tools for
knowledge storing [PN05, PN06] and industrial fault analysis [PC07b]. The majority of
these projects are still at laboratory level but compared to the application developed in
the 90s they are much better integrated - nearly fully embedded - with the context
models of a certain design problem and they involve important issues of the respective
domains.
The issues concerning the application of the personal assistant in distributed
environment are presented in the papers [PN06, Po06a]. The first example deals with the
problem of multi-disciplinary optimisation where different sub-problems are modelled
and controlled by persons who have specialized in different domains and who are not in
physical closeness. The second example is meant to be for situations where a Knowledge
Based Engineering (KBE) application is used by non-authors who do not work in the
same place as its creator. The role of the application is to help to understand the
functioning of a KBE application. The knowledge acquisition is performed on the basis
of domain abstractions and not only on the level of application variables. The domain
abstractions are then stored according to the dynamics of their development.
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[PC07a] presents a new concept of a graphic interface of a designer’s personal assistant.
It is based on a so called “time line” and is similar to interfaces used in multimedia
encyclopaedias but with the possibility to shorten the time axis dynamically. Figure 6
shows the concept of a personal assistant panel.
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Figure 6: Concept of graphic interface of system

Apart from the interface, the application of new ontology based solutions [Da05, GR 94,
Gu05, Ha06, Hi07, Ki06, Ki04, Ko06, KV06, Li06, Ya05a, Ya05b], methods and tools
plays a very significant role in the implementation of a personal assistant. In fault
diagnosis problems [PC07b] we tried to develop a module based on the ActiveKB
system [Ac07].

4 Conclusion
The presented concept of an engineer’s personal assistant is intended as a tool for an
individual designer. It offers the possibility of collecting and storing knowledge and
information which accumulates in the course of a designer’s professional career. The
developed concept tries to integrate project documentation, this means the results of an
engineer’s work, together with the engineer’s tools which are based on both - his
knowledge and experience.

18

The final goal of the concept is to reduce the effort needed for making design rationale
notes. In the future the application is expected to store a relatively complete reflection of
the engineer’s knowledge and its evolutionary development. According to the author’s
experience the presented concepts and components are not necessary in all cases but they
may serve as a kind of toolbox.
The already released implementations proved the practical usefulness of the whole
approach. However, experiments on a wider industrial scale are still needed.
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