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1. Introduction

Nowadays process development reaches much farther than just fulfilling requested product features.
Instead increasing requirements from customers, the market or even law make product development
more and more complex. In order to cope with these, product developers need support, which can be
found in the in the “Design for X” (DfX) approach. DfX can be understood as rules or best practices
on how certain requirements can be satisfied while developing a product. It provides a rule or
knowledge system where best practices about the proper implementation of technical specifications
are explicitly specified. Besides the direct requirements of specifications, all the implications from
other aspects of the development process must be taken into account. They have to be considered and
implemented during early stages of the product development process to avoid rework or double work
in the later phases. As many decisions must be made at the beginning of a product development, all
implications of a decision should be known by product developers. This help in decision making is
provided in the DfX approach.

In order to provide the right information to product developers, the FORFLOW research cooperation
is developing a process navigator. The process navigator is meant to be the central information system
to coordinate product development processes (PDP) and provide information for developers. It is built
on top of a workflow management system and displays information on the current one as well as it
proposes the next possible steps. The aim of the process navigator is to provide both flexibility and
support during product development processes.

In order to ensure that the process navigator can be adapted to new requirements and fit into the new
context, its architectural design uses a model driven, process based approach. A model driven
approach means that logic and content of the process navigator are not hard coded and can be
exchanged. It is then possible to easily adapt the process navigator to new requirements. The following
two different models are used:

e Process Model. The process model describes the development process itself, the dependencies
between work steps and documents produced. A detailed explanation of its contents is
provided in Section 2.1.

o Knowledge Model. The knowledge model describes the context and best practices that can be
used while working on a certain process step. A major part of this model is the DfX-model
which will be detailed in Section 2.2.

By combining these two models an integrated process oriented view on product development is
achieved and developers can be supported effectively. As these two models are originally independent
from each other, we will show how they can be integrated into a single model so that DfX criteria can
be evaluated for process steps. After describing the concept, its implementation in a software system
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using ontologies and description logics will be shown. In the last section we will demonstrate how this
model is used in the process navigator and how the contained information is presented to developers.

2. Models

In this section, we present our process modelling approach based on a simple example taken out of a
PDP and the models of DfX criteria and methods structuring. Based on these two models, we then
propose a solution to integrate them for their use in the Process Navigator.

2.1 Process Model

The perspective oriented process modelling approach [Jablonski96] is used to model development
processes. One of the key features of this approach is that its extensibility allows all requirements from
companies to be included in the process model. The process modelling tool (i>PM) that implements
this model is using a meta-data repository to achieve this flexibility. The perspective oriented process
modelling approach is composed of several so called perspectives. Each perspective describes the
process under a different viewpoint and adds different information to the process model. The
combination of all perspectives constitutes an integrated view on the process model. The following
five perspectives usually form the basis for a comprehensive process model.

e Functional perspective: The functional perspective describes the task of the process step. Each
process step can be decomposed into several subtasks.

e Data perspective: The data perspective describes which data (or documents) a process step
consumes or produces. Thus the input and output data of a process step is defined. All inputs
and outputs together build up the data flow in the process model.

e Behavioural perspective: The behavioural perspective describes the order in which process
steps have to be executed.

e Organisational perspective: The organisational perspective defines persons or roles that are
responsible for the execution of a given task.

e Operational perspective: The operational perspective defines tools or systems that support the
execution of a process step.

Although the different aspects can be regarded as separated models, only their combination establishes
a complete process model. With these five perspectives the basic question: “Who is performing which
task using a specific tool to create or produce a certain product (document)” can be answered.
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Figure 1. Process model

In Figure 1 an example process model is shown. It is taken out of a PDP and describes the detailed
construction of a component. The work steps (functional perspective) are show in big rectangles with
tools (operational perspective) and roles (organizational perspective) described on the top and bottom.
They are connected by data flow (data perspective) or control flow (behavioural perspective).
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2.2 DfX model

In order to make DfX knowledge available to product developers in the process navigator, a suitable
connection of the DfX methods with the DfX approach is created, which must be fitted into the PDP.
In the literature no consistent structuring approach of DfX can be found. Two prevailing structuring
approaches of DfX exist: the hierarchical approach of BAUER [Bauer03] and the structuring of the
DfX criteria corresponding to their origin in the specific product life phases according to RUDE
[Rude98]. Based on these two, a structuring approach for process methods was developed, that fosters
tracing DfX criteria to their origins on the one hand; on the other hand the new approach provides
developers with suitable methods depending on the quality of the available context information and
data in the PDP.
The advantage of the hierarchical approach of BAUER is that it emphasizes the interrelation between
the phases in the product development and the hierarchy of the DfX guidelines. The gradual
implementation of the product in the PDP is related to the structuring of the DfX guidelines, which are
highly affected by the character of the specific development phases. Regarding the structuring of the
DfX Criteria according to RUDE, it becomes clear that a multitude of influencing factors have to be
taken into account while developing and constructing a product designed for life cycle. This approach
improves the understanding of the different requirements, by tracing the specific style and DfX
guidelines to their origins in the product life cycle.
However in this approach, no exact allocation between the DfX guidelines and phases of the PDP
takes place. The model we developed combines the benefits of the two mentioned structuring
approaches. Our aim was to create a basic structure emphasis the connections of the most important
influences from the product life cycle to the corresponding phases of the PDP. This way, it facilitates
the allocation of DfX criteria and methods to the specific phases of the PDP, in which they are used.
The figure 2 depicts our approach to structure DfX criteria from their most general influences to their
subdivision in basics instructions. Note that the relations we use between the levels of the DfX model
and the Method model are defined for the figures 3, 4 and 5 as follows:

e Xis kind of Y: defines that X is a specialized form of a more general concept Y.

e Xisa Y: defines that X is an instance of a specific class Y.

e Xis part of Y: defines that Y can be decomposed in X plus other concepts.
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Figure 2. Structuring levels of the DfX approach
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In the developed model (fig. 2) the following levels are depicted:

e General influences: These influences generally affect a product. They are derived from the
user, from the product life cycle and from internal and external company influences, like
standards, laws, used technologies, enterprise strategies and general competence of the
company.

o DfX Aspects: From this group DfX aspects like designing for customer, market,
manufacturing, recycling, service or quality can be derived. For tracing processes, knowing
the origin of corresponding requirements and DfX criteria is important.
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e DfX Criteria: DfX criteria are used to retrace the origin and importance of requirements to
either the customer or the company during the PDP. While progressing in the PDP, engineers
convert more and more requirements to concrete properties of a product, observing the
decisions of earlier phases.

o DfX Specific Influences: They are a decomposition of the DfX criteria and are used to add
additional information to them. For instance, while designing components suitable for casting,
different DfX specific influences must be considered like designing for machining, load or
model.

e FElementary Instructions: Basic instructions give concrete suggestion how certain DfX criteria
have to be implemented in a process step. The engineer will be supported by basic instructions
constructing products suitable for casting like “mounting cores®, “avoiding undercut® or
“turning tensile strength to compression strength®. Several instructions can be found in the
corresponding literature.

The implementation of the DfX criteria, which are detailed by DfX Specific Influences, is made by
appropriate Elementary Instructions. Both are displayed in the process navigator and made available to
engineers. Methods can be described as a procedure building on a rule system, which serves for the
acquisition of scientific findings or practical results, in order to support a developer in his activities. If
a DfX criterion is implemented with a certain method, then this method is called DfX method. The aim
is to prepare and connect existing methods to DfX criteria so that they can be used in the process
navigator. Based on the already existing method structuring (see [Roth94] [VDI2221]) they were
arranged according to the objective function, since this is purpose-leading for the coupling of the DfX
approach with the methods and the integration into the PDP. The methods are divided according to the
recurrent activities, which an engineer has to perform during the PDP [Wallmeier0O1], for example

"analysing", "searching solutions" or "evaluating". Different method levels exist as per fig. 3, whereby
specificity of the methods increases more and more on the progressive levels.
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Figure 3. Structuring levels of methods
Some methods such as quality function development (QFD) are only performable by the combination
of several elementary methods [Birkhofer07]. Basic methods, which stand on the highest specificity

level and their combinations, are to be made available to engineers in the process navigator in
correspondence with the selected DfX strategy.
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2.3 Model integration

In order to get a suitable method support for DfX and to be able to integrate it into the process
navigator, the DfX model and the methods structure must be unified and methods must be related to
the DfX criteria. It has been found that the DfX criteria can be integrated into phases of the product
development process by matching activities, results and contents of the product life phases to their
corresponding DfX criteria. Fig. 4 shows an example for the design phase. In early phases of the
process, general influences and DfX aspects are taken into consideration, whereas more and more
concrete levels are used with the progression in process execution. Basic instructions are therefore
considered only in the latest development phases.
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Figure 4. Classification of DfX criteria in design phase

It turned out that a method can be used for the implementation of several DfX criteria. Thereby not the
way the method is executed, but the viewpoint on the method is changed. For evaluation methods, for
example, certain criteria have to be specified, which highly depend on the choice of the respective
DfX strategy. If low costs are fixed for a product, costs will have a very high value while assessing a
certain solution. However if the environmental compatibility is highly valuable for the company
philosophy, this method (evaluation) will be treated differently, i.e. the solution will be evaluated
under the environment viewpoint.

A coupling of the DfX structure and the method structure is only meaningful on the concrete level of
the DfX criteria, since the upper levels are too general. The choice of methods depends on several
factors. First, this highly depends on the considered partner system “X” and on the DfX criterion,
because appropriate focuses (e.g. costs, manufacturing or environment), implemented in different steps
of the PDP, depend on the chosen DfX strategy. In addition method selection is affected by the
existing information and data created during the process. Moreover the selection of a method also
depends on the current design situation and activity of engineers. Depending on the chosen DfX
criteria and DfX strategy, different influences affect the process planning and execution. Therefore the
process is directly and highly affected by the implementation of DfX aspects. For instance, when the
evaluation of solution alternatives must be accomplished, various evaluation methods are available in
the method structure depending on the objective function. These methods are used depending on
existing data in the PDP.
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Figure 5. Coupling of hierarchical DfX structuring with method structuring

This example demonstrates well that a method (in this case, the evaluation of a solution) highly
depends on the partner system “X”. In case “costs” was selected as DfX criterion for the strategy
“designing for customer”, the evaluation criteria of the appropriate method are strongly affected by
“Design for Cost”. The classification of very concrete DfX instructions takes place on the elementary
instructions’ level, which contain specific DfX knowledge and have procedural instructions in the
appropriate design situations for engineers depending on the PDP phase. As per fig. 2, these
elementary instructions constitute the lowest level of the DfX model. Fig. 5 highlights this connection.
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In order to connect the DfX model with the process model, in addition to phases and process steps,
which are both part of the functional aspect, procedural recommendations are introduced. However
these are not directly represented in the process model but provide a placeholder for elementary
instructions and elementary methods. In line with the generalization/specialization of classes in object-
oriented programming both elementary instructions and elementary methods can be used and replace
procedural recommendations.

3. Technical Implementation

After presenting the concepts to define DfX- and process models and how they can be integrated, we
will now describe their implementation in the Knowledge Base and the Process Navigator. For this
purpose we will provide a detailed data model and outline the user interface.

3.1 Integration in the Knowledge Base

The Knowledge Base, which was developed in this project, expands the concept of a multidimensional
process-oriented knowledge management system presented in [Jablonski02]. Its knowledge space is
divided into separated orthogonal dimensions related together by defining the set of possible semantic
relationships which can hold between the various concepts of each dimensions. This kind of
specification constitutes an ontology [McGuinness02]. Its implementation is based on Semantic Web
technologies, in particular the Ontology Web Language (OWL) [Antoniou03]. The formalism used for
the data model relies on Description Logics [Baader03] family which allows a clear representation of
the knowledge and provides reasoning possibilities over the data. Thus, not only the hierarchical
relationships and classification of the various concepts can be modelled, but it is also possible to
model and evaluate any kind of relation between them. This flexibility considerably facilitates the
integration of the different data models.

The Knowledge Base has to store all the information that is presented to the engineer in the Process
Navigator. It is able to store information and data to support the whole PDP, especially data structures
for the perspectives defined in the process model are provided (i.e. data or operational perspective).
Figure 6 shows an extract of the ontology for the FORFLOW knowledge base. The relations between
the DfX-Structure (on the left side of the figure), the methods structure (on the centre, simplified in
this schema) and the process model (on the right side) can be identified. The method tree is
represented using sub/super relationship between methods from each level. The ontology usage is
depicted with the example instances we added for the most important concepts.
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Figure 6. Ontology model for DfX criteria
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The definition of a method under a certain DfX-Criteria (e.g., the use of a method in relation to
Df casting) can be expressed using the description logic formalism in the following definition:

method_for _casting = method N Jused for.DfX casting M

This relationship can be used and understood by the software reasoner to automatically classify the
various methods into their respective categories and infer relations between them. Other statements
more or less similar to this example can be defined in line with the presented one.

3.2 Integration of DfX-Criteria into the process navigator

The Process Navigator is the user interface to process management system and builds on top of
classical workflow principles [Jablonski96]. However these concepts have been modified so that
navigation through the development process is maintained while the developer gained the flexibility to
decide about the next stops. This flexibility is a requirement for the process navigator in order not to
restrain the creativity of developers.

After selecting a step from the worklist, information about this step is displayed in the details view
(DESKTOP). In this respect, the Process Navigator differs from conventional workflow systems as no
application (e.g. a CAD program or text editor) is called directly, but a context sensitive information
system. The context is determined automatically by the selected work step. The DESKTOP is
partitioned into several topic sections where the information on product development is being
displayed. Besides a section for DfX requirements (presented below) others covering different
dimensions of the Knowledge Base (e.g. data perspective or operational perspective) are also
available. At the beginning of each PDP, the project manager and stakeholders define the DfX strategy
(e.g. design for cost or lightweight design) and thus the relevant DfX criteria. Starting with the DfX
strategy, from the multitude of available DfX criteria, those which need to be fulfilled in the PDP are
selected and weighted. Selection and weighting of DfX criteria influences the information displayed in
the process navigator.

In Figure 7 a simplified layout of the process navigator is shown. The DfX selection field @ presents
previously selected general influences and DfX Aspects. They are directly loaded from a knowledge
base where the project status is stored and can only be altered by authorized users. A user can select
the DfX criteria (linked to the DfX aspects) in the two drop down boxes @. Then in © the relevant
elementary instructions and methods are displayed, which support developers directly in their work.
Only the elementary instructions and methods directly applicable for the selected DfX influences and
aspects are shown. This way it is ensured that the user get only correct information.
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Figure 7. FORFLOW Cockpit
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4. Conclusions

The aim of this contribution was to develop partial models for the DfX structuring, DfX methods and a
process model and integrate them into a single comprehensive one. With the definition of an integrated
data model and the derived ontology for the process based storage of DfX criteria, this goal was
reached. By storing DfX criteria in the ontology, the relevance of the concepts can be assessed by a
computer and they can be displayed in the process navigator at the right time. This feature contributes
significantly to supporting developers in their work, as DfX criteria and methods now can be
automatically analyzed and classified by computer systems.
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