


build up a functional increment in a given time are chosen. Thus, a specific knowledge is required
which can be supported by the rough CPM model from the creativity stage and by the engineer's
experience. The Definition-of-Done is determined by the specification of targeted values of the
set of AP (e.g. "AP; has to be smaller than 0.1").

e Running through a sprint (Figure 6) is the "real" development work in the way of Property-
Driven Development, described in a previous section. The developer starts from the required
properties, the external conditions and the X-systems, which are derived from the Sprint Backlog
or transformed from those who are given by the product owner or the stakeholder. The developing
process runs through the phases of PDD - starting from a synthesis of the required properties to
characteristics over the analysis stage where the properties are determined to the deviation and
the evaluation of the required properties against the developed properties. The validation of the
required properties with designed properties (determination of AP) is conducted in micro-
iterations, compared to Daily Scrum Meetings in Agile Development.

e In Sprint Review meetings the increment functionality which is described by the designed
properties will be validated by all participants of the process (stakeholder, product owner, and
Development Team).

e The Sprint Retrospective serves as review for the development team for evaluating their
development process in the sprint just finished. A review of the creation process of the
characteristics and the dependencies of the used characteristics is conducted.

Figure 6. Sprint

4.2. Adjustments and extensions of the CPM product model for agile product
development

Solution patterns occur at several points in the process described in Section 4.1. As described in Section
3.2, solution patterns represent recurring combinations of characteristics (incl. dependencies), relations
and properties within a CPM network that can among others be used to modularize products. But, in
order to map the agile product development process described above in the CPM product model, the
existing definition of solution patterns must be adapted.
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The still very rudimentary solution pattern, which originates from the creative phase (e.g. represented
by a Design-Thinking (pre-) prototype) differs structurally from a solution pattern in final product. Since
development requirements manifest themselves in the prototypes, the structure must include properties
required in addition to characteristics (incl. some dependencies), relations and properties. For this
reason, this kind of a solution pattern is referred to as type 2 solution pattern (SP''). Since the
characteristics, dependencies, relations and properties of type 2 solution patterns do not or do not fully
correspond to those of the final product, they are also referred as CPM elements of type 2. Type 2 CPM
elements have the following features:

e Type 2 properties (P'") do not match to a high probability with the properties of the finished
product. Moreover, they can even be very different from those of the finished product (e.g.
wooden prototypes vs. steel products). Thus, they might not be of any significance for the further
product development process except for an illustrative character.

e Type 2 relations (R'") will also not be significantly consistent with the relations of the finished
product. Furthermore, they might even be very fuzzy, technically not yet solved or technically
insoluble.

e Type 2 characteristics (C'") and type 2 dependencies (D'') form a rough structure of
characteristics and dependencies that are important for the further development process (e.g.
geometry). However, they are not yet as precise or fully defined as required by the final product.

In practice, the requirements from the creative phase generally become more concrete as the
development process progresses. Therefore, these are also referred as type 2 properties required
(RP") in the presented model. However, these type 2 properties required are already of high relevance
for the development process. The same applies to the external conditions which influence the type 2
solution pattern. In order to stimulate creativity, in the early phase, boundary conditions are often
softened or faded out. As a result, these type 2 external conditions (EC'') also become more stringent
with the progress of an agile product development project. The structure of a type 2 solution pattern is
shown in Figure 7.
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Figure 7. Structure of a type 2 solution pattern

As shown in Figure 5, the product owner adds further properties required and external conditions and,
thus, makes them more concrete. Consistently, these are called type 1 property required (PR') and
type 1 external conditions (EC"). The product owner also adds X-systems. Since these might be not as
specific as those in later development, these are also called type 1 X-systems. It is worth to mention
that the CPM elements used in the sprints correspond to those of the original CPM model and therefore
do not get a name suffix.

The solution patterns are needed a second time within the depicted Agile Product Development process:
they represent the product increments in the sprints. In order to make it possible to develop a complete
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product in sprints, the individual increments have to be able to be inserted in a constantly growing CPM
product model. This results in two further requirements:
1. Solution pattern must be able to get composed of further solution pattern fractally.
2. In order to allow agile development and agile exchange of product increments in case of changing
customer requirements (or bad customer feedback), it must be possible to easily identify the
relationships between the (fractal) solution patterns.

The first requirement seems easy to solve within the existing CPM concept. This is merely a question
of presenting the solution pattern (e.g. outer and inner frame). The second requirement must be
examined in more detail. For example, as solution could be based on an extension of the CPM/PDD
based engineering change process as presented by Kohler (2009).

5. Conclusion and need for further research

This contribution has shown that it is possible to represent agile product development in CPM/PDD. To
do so, the CPM/PDD approach had to be extended by only a few elements: the introduction of the
stakeholder and the product owner perspective, the extension of the idea of the solution patterns with
CPM/PDD and an instantiation of the CPM/PDD elements, so that the increasing concretisation within
the agile product development can be displayed. Thus, the fundamentals have been set in order to solve
problems of Agile Product Development in CPM/PDD on a theoretical level and to return them later to
real methods. Examples of these problems are:

e The support of the definition of done

e Content-related and temporal concretisation of requirements and boundary conditions

e The development and linking of increments in products consisting of hardware, software and

connected services

Furthermore, it is necessary to integrate other approaches of the creative phase besides Design Thinking.
Further research will focus on the detailed elaboration of the described perspectives, mainly on the
interfaces among each other. Especially the consistent and holistic formulation of the entities of the
integrated CPM/PDD product and process model is important.
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