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ABSTRACT

Increasing functionality, increasing individualization as well as the enormous complexity of modern
products lead to steadily increasing challenges in the domain of product development. This causes a
necessity of a novel approach for a purposeful guidance to lead developers through the process of
product development. Therefore the objective of this work is to present an advanced procedure model
for property-based product development which is showing effects of characteristics specifications
based on a structured mapping of product properties. Due to its structure and the integration of a
multitude of individual approaches that are developed within this paper, the presented procedure
model provides product developers with a detailed guidance to the process of product development.
Moreover, developers are supported not only in the field of preventative avoidance of unnecessary
design iterations but also in in dealing with unavoidable iterations. By continuously monitoring the
product’s degree of maturity information about the achievement of the required properties and about
necessary changes can be deduced.
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1 INTRODUCTION

Product development takes place traditionally between conflicting priorities. While product and devel-
opment cycles are constantly becoming shorter, product developers have to develop high-quality prod-
ucts with increasing functionality and complexity. Moreover, these modern products have not only to
be checked for proper functioning but also have to meet the increasingly differentiated customer's re-
quirements. This leads to an ever increasing individualization and diversification of offered products.
Therefore, companies try to launch many different products onto the market at the same time in order
to meet these numerous requirement profiles stipulated. Hence, a close cooperation between specialists
from various disciplines is essential whereby the product development is increasingly characterized by
interdisciplinary collaboration and spatially separated developers.

1.1 Status quo of the product development process and problem description

Due to this increasing complexity of modern products, the challenges in the field of product develop-
ment are steadily increasing. Despite these challenges and the iterative procedure in product develop-
ment and ever shorter product lifecycles, developers must be able to develop efficiently and effectively
products that meet the required properties sufficiently. Because prospective customers buy a product
only if the product’s overall-behavior will meet their demands, the product’s behavior caused by the
product’s properties is a relevant measurement for fulfillment of the desires of the customers. Conse-
guently, developers have to develop products that offer an adequate profile of properties, which is
expressed by the term property based product development.

Following the perspective according to Weber (2005), after which suitable characteristics have to be
defined during the product development process in order to achieve certain properties, it is not possible
to determine just a specific property profile easily. A property profile of a product rather arises as a
result of a variety of complex cause-effect chains (Weber, 2005). It thus becomes clear that in the
product development complex networks between characteristics (= cause) and resulting properties
(= effect) quickly occur. With an increasing product complexity, the transparency of this dependency
network decreases significantly, which impacts negatively on the traceability of the holistic product
development process. This lack of transparency complicates targeted modifications to the product and
also increases the risk of unnecessary and unforeseen iterations.

If the required property profile of a particular product is not reached, often only the effects are com-
bated or stemmed in the context of improvements (= iterations), but their causes are not eliminated.
Due to the multiple dependencies of defined characteristics and resulting properties it is not always
possible for developers to detect causes reliably, to identify possible alternatives and to analyze and
evaluate their consequences completely.

1.2 Overall objectives

In consequence of these challenges, that product development is confronted with, a detailed guidance
through the product development process is needed to ensure the complete fulfillment of a required
property profile. This causes a necessity of a new approach for a purposeful guidance to lead develop-
ers through the process of property based product development. The procedure model shows the prod-
uct developers, how certain required product properties can be reached effectively by taking into ac-
count the complex dependencies and how the function fulfillment can be ensured by monitoring prod-
uct behavior during operation. In addition, this procedure model has also to support the developer in
assessing the currently reached requirement fulfillment. Moreover, in cases where the product does not
meet the required behavior or the required property profile is not reached, targeted assistance is needed
in order to identify possible action alternatives as well as to evaluate them with regard to their success.
Thus, a procedure in property based product development is necessary, which ensures particularly in
cases of complex products through a continuous safeguarding of the reached product maturity level as
well as through a suitable iterations management that the behavior of the realized product fully meets
the stated requirements. Therefore, the overall objective of the authors is to develop a procedure model
for iteration and product maturity management in the property-based product development, which
guides the developer step by step through the product development process. Consequently, the proce-
dure model has to consider in particular the product properties, as the behavior of the product during
its operation is ultimately crucial for the customer. However, it is important to note that issues of re-
guirements management, as described in Danner (1996), are not the focus of this work.



2 STATE OF THE ART AND RELATED WORK

This chapter describes the relevant state of the art regarding the objective pursued. Hence, first of all
existing design methodological approaches and process and procedure models are considered and
thereafter these are evaluated in detail regarding the objectives of this paper. Based on this the need for
action for a comprehensive procedure model for the property-based product development is derived.

2.1 Different existing process and procedure models of product development
The most common design methodological approaches and process and procedure models can be divid-

ed into three categories: "micro-cycles of product development”, "phase and condition-based ap-
proaches”, "action-oriented approaches”. These are listed in the following paragraph solely with a
reference to further literature.

The Problem-solving Process of the Association of German Engineers (VDI) guideline 2221 (VDI,
1993), the Problem-solving Cycle according to Daenzer and Huber (1994), the Munich Procedure
Model according to Lindemann (2009), the Cyclical Design Approach (Daniel et al., 2007) are part of
the micro-cycles of product development. Important representatives of the phase and condition-based
approaches are the Procedure Model according to Pahl and Beitz (2003), the Procedure Model accord-
ing to VDI guideline 2221, 2222 Part 1 and 2223 (\VDI, 1982 and VDI, 1993 and VDI, 1997 and VDI,
2004) and (Jansch and Birkhofer, 2006), the Procedure Model according to VDI guideline 2206 (DI,
2004), the Munich Product Concretization Model according to Ponn and Lindemann (2008), the For-
flow Process Model (Krehmer et al., 2010). In contrast, the Characteristics-Properties Modeling
(CPM) and the Property-Driven Development (PDD) (abbreviated CPM/PDD approach) according to
Weber (2005), the Function-Behavior-Structure (FBS) Framework developed in (Gero and Kannen-
giesser, 2000, 2004, 2006), the Axiomatic Design according to Suh (2001) are allocated to the action-
oriented approaches.

2.2 Evaluation of process and procedure models of product development

With regard to the objective of the present work, the above mentioned approaches are evaluated in this
chapter regarding their suitability to support the designers in the product development process, their
suitability for property-based product development, their suitability for monitoring the product maturi-
ty and finally their suitability to support in dealing with iterations.

Their first task, guiding the product developer through the product development process and its model-
ing is done by the outlined procedure and process models in different ways. The VDI guideline 2221,
2222 Part 1, 2223 and 2206, the Procedure Model according to Pahl and Beitz (2003), the Forflow
Process Model structure the product development process into individual phases or steps. While this is
done in Pahl and Beitz (2003) and in the VDI guidelines on a relatively abstract level, the Forflow
Process Model reaches a much higher level of detail. The Munich Product Concretization Model di-
vides the development process based on steps of concretization into individual sections. In contrast,
Suh (2001) is focusing on the mapping between its different domains. Despite the differing approaches
are their basic procedures very similar. These proceed from requirements and thereafter the corre-
sponding functions are formulated which are subsequently assigned to certain effects (exception: Axi-
omatic Design). Then the product is described in detail by geometry and material specifications. This
corresponds in the main to the synthesis of the PDD approach. However, the corresponding counter-
part, the analysis of the PDD is missing in the VDI guidelines, in (Pahl and Beitz, 2003) and in Lin-
demann (2009). The PDD approach models the product development as cyclical running through se-
guence of synthesis, analysis, comparison and evaluation. Thereby, in contrast to process-oriented
models, the product as well as its design is less focused on structuring of the development process.
However, it is not distinguished between early geometry-poor and late geometry-rich phases. Gero
describes a delicate separation of individual activities that gives priority to the thinking of the develop-
ers. Contrary to other models, the FBS-framework incorporates both the subjectivity of the developer
as well as the influence of knowledge and experience. Although the separation of individual phases
simplifies the guidance through the process, this implies also, however, a distinct sequential procedure
that supports not enough particularly in the design of the product. So the process-oriented approaches
and models provide no instructions on how a specific product behavior or certain properties can be
attained. Only the PDD-approach supports the iterative design and detailing of the product. However,
this approach offers no assistance in early phases, which are central especially in the VDI guidelines
and in (Pahl and Beitz, 2003). There, the early phases are characterized by the formulating of (partial-)



functions, the assignment of physical effects as well as the development of the product structure. This
gives particularly the VDI guidelines 2221, 2222 Part 1 and 2223 as well as the Procedure Model ac-
cording to (Pahl and Beitz, 2003) their strengths in supporting early phases of problem solving. On the
other hand, however, it is possible with the PDD-approach to map and to support the iteratively pro-
ceeding product design.

The process and procedure models differ from each other also in terms of their focus on the properties.
Most of the approaches concentrate on steps and phases, only the VDI 2206 and the PDD-approach
consider the required target properties. While the VDI guideline ensures this through the consistent
monitoring of properties, Weber (2005) focuses on using the detailing of the properties by defining
related characteristics. Thus, not only the properties are placed in the center, but also the deviation of
the realized to the required properties is defined as decisive influencing factor of the development pro-
cess. As in other approaches, is no distinction made between part-, subsystem- and overall system
properties (exception: Forflow Process Model). So, none of the models presented supports detailing
the required overall system properties up to part level. Hence not with any of these approaches the
interaction between single characteristics (e.g. component stiffness) and superordinated properties (e.g.
convenience, security) can be described or understood.

The outlined approaches are also different with respect to their suitability for monitoring the product
maturity. While some approaches do not provide any support, at least the Procedure Model according
to (Pahl and Beitz, 2003), the Forflow Process Model, the Munich Product Concretization Model and
the VDI guidelines mention a basic testing and evaluation of the achieved results after certain working
steps. The VDI guideline 2206, for example, only mentions that the degree of product maturity in-
creases with each macro-cycle run. But this guideline does not indicate how to measure or evaluate the
product’s degree of maturity. Even the milestones of the V-Model (Pahl and Beitz, 2003) do not allow
a monitoring of maturity, since it is only possible to recognize the completion of certain process sec-
tions with this approach. By comparing the expected behavior with that which is derived from the
structural behavior, Gero's FBS-framework describes ultimately a capturing of the maturity. For this
purpose, the actual and target state is set into relation to each other. The comparison between the target
and actual properties in the PDD approach points out weaknesses and deficiencies of the product at
any time. As a result, this approach is to be evaluated positively in terms of its suitability for monitor-
ing the product maturity in contrast to other approaches. In the PDD approach is the difference be-
tween target and actual properties decisive for the completion of product development: If it is suffi-
ciently small, the scheduling condition is fulfilled and the cyclical process can be terminated. Although
the capturing of the product’s degree of maturity is essential for this purpose, the PDD approach can-
not provide a monitoring of the product maturity throughout the entire process due to lack of support
in the early phases. Moreover, the PDD approach does also not support a product maturity at part-,
sub- and overall system level. It becomes apparent that none of the existing procedural models enables
the capturing and monitoring of the product’s degree of maturity about the entire product and through-
out the product development process. Merely the PDD approach and the FBS framework consider
certain aspects that can be used as a basis of a monitoring of the product maturity.

Finally, the last evaluation criterion is the suitability of the prevailing process and procedure models to
support the product developer in dealing with iterations. Neither Pahl and Beitz, nor Lindemann, nor
Suh nor the VDI guidelines 2221 or 2222 Part 1 provide support in dealing with iterations. The VDI
guideline 2223 and 2206 only mention the possibility of corrective actions what roughly corresponds
to an iterative process. However, these guidelines describe the iteration not in more detail. Although
Pahl and Beitz and the VDI guideline 2221 admit the need of iterations, this procedure models are still
linear. An iterative back and forth jumping between different process phases or single steps is given.
Therefore, iterations are accepted, but are not further supported. Iterations are also only admitted in the
Munich Product Concretization Model, whereas a detailed assistance in handling them is not offered.
In contrast, iterations in the PDD approach are not only accepted to be an unavoidable matter of fact,
but also its role as a learning process and its benefits for increasing the information level is recognized.
Due to the cyclic modeling of the product design, iterations are not only explained but also depicted
and supported. However, no comprehensive iterations across multiple phases are considered. In the
FBS-framework, iterations are also understood as a learning process. Thus, by its steps 6, 7 and 8,
three different iterations in product development are depicted. With their different extent (reworking
the structure, the expected behavior or the required function) they constitute three consecutive stages
of escalation. Such a classification of iterations cannot be found in other procedural model at all.
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2.3 Deduction of need for action for a procedural model for property-based product
development

It has been shown that existing procedure models provide targeted support for iterations only in a mi-

nority of cases. Furthermore, they neglect the detection of product maturity on the basis of realized

properties (exception: PDD approach). The approaches that focus on the representation of properties,

however, do not provide a procedure for achieving them or for capturing of the product’s degree of

maturity or for dealing with iterations. The procedures for analyzing and capturing the product maturi-

ty offer on the other hand no suitable procedures to support the product development from the synthe-

sis side. The approaches from the iteration management deal with specific aspects of iterations, but

there exists no comprehensive approach that supports both the product developers in avoiding itera-

tions and in dealing with them. Due to these weaknesses, the following three dimensions of need for

action arise and have to be considered in the development of the advanced procedural model for itera-

tion and product maturity management in the property-based product development:

° Dimension “behavioral and property-based product development”

. Dimension “monitoring the product’s degree of maturity”

. Dimension “support in dealing with iterations”

In the following it should be noted that the focus of the present papers is on the first dimension. Fur-

thermore, it is also important to know that this paper is on the one hand partly based on the thesis of

Krehmer (2012) and on the other hand it complements and extends this work.

3 THE PROCEDURE MODEL FOR PROPERTY-BASED PRODUCT DEVEL-

OPMENT
After the explanation of some basic terms in the following sub-section, the new procedure model for a
behavioral and property-based product development is presented in an overview. Afterwards the syn-
thesis and analysis is described in each case with a few corresponding steps.

3.1 Terms in the context of property-based product development

In order to create a common understanding for the present work it is referred to the detailed explana-
tion of the terms explained in Krehmer et al. (2011). Subsequently only the terms function, structure,
behavior, characteristic and properties are defined, since these terms are essential for understanding the
following procedure model.

In this work the term function of a technical system or product means the abstract and solution-neutral
description of those changes that the system to be developed at its input, output and state variables is
carrying out. Therefore, the function is the sense or task or aim of the system. That means for which
purpose the system is designed for or what effect(s) can be reached with it.

The structure of a product is to be understood to mean its components with their layout and thus also
their relations among themselves. Hence it is possible to derive the behavior from the structure of the
interaction of the individual components and with respect to the usage and environmental conditions.
The product’s behavior specifies its interaction with its environment and how it fulfills its required
function. The behavior of a technical system or product results in particular from its specific property
profile, its concrete realization (= structure) and is furthermore determined by the later use and existent
different environmental conditions.

Following the CPM/PDD approach by Weber (2005), characteristics are used to describe the parame-
ters through which a developer is able configure and influence the properties of a product. Characteris-
tics define the product and therefore they determine the structure, geometry (e.g. shape and dimen-
sions), surface and material (e.g. wood, steel and plastics).

To define the term property in the context of technical systems, the present work follows also the un-
derstanding of the CPM/PDD approach. Accordingly, the properties of a technical product cannot be
determined directly from the developer. The properties are rather the direct consequence of the defini-
tion of characteristics and have a determining influence on the behavior of the product during its later
use. Properties can be quantifiable (e.g. weight, stiffness, cost) or even qualitatively appraisable (safe-
ty, easy assembly, environmental friendliness, aesthetic appearance). According to (Weber, 2005) and
(Weber, 2009), less the characteristics rather than the resulting properties of a product are relevant for
the customers. Therefore, customer requirements can be understood partly as required product proper-
ties (Weber, 2005).
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3.2 The property-based product development as an approach for a behavioral pro-
cedure in product development

The advanced procedure model for property-based product development depicts with its process steps
the basic procedure of the product development process. This modified V-model differs significantly,
apart from the shape, from the models mentioned above. The new procedure model for property-based
product development consists of six phases. Two each of these phases are at the overall system level,
the subsystem level and part level. As shown in figure 1, this design leads to a bifurcation of the pro-
cedure model into in the left synthesis-side and the right analysis-side.

Phase I:
system design
- overall system level -

Phase VI:
system integration
- overall system level -

Phase II:
system design
- subsystem level -

system integration
- subsystem level -

N

1
Phase IlI: : Phase 1V:
synthesis ! analysis
- part level - - part level -

Figure 1. The advanced procedure model for property-based product development

Another feature of the procedure model for property-based product development is the comprehensive
integration of the four views behavior, properties, structure and function. These views are abbreviated
in Figure 1 and in the following text by the letters B (behavior), P (properties), S (structure) and
F (function). These views run through the entire development process since each of the 33 steps is
associated with its corresponding view (e.g. step three is associated with the view behavior). Thereby,
those steps, whose execution is successful completion of a milestone, are highlighted by a dark border.

3.3 Synthesis: From requirements to the definition of characteristics

In the following, the three phases of synthesis are explained (steps 1-19). Steps 1-8, which are outlined
briefly below, are assigned to the system design at overall system level (phase I), steps 9-14 to the
system design at subsystem level (phase Il) and steps 15-19 to the synthesis at part level (phase I11).
The first step, the requirement elicitation, constitutes the starting point of the entire product develop-
ment process. Even if the requirements include not only information about the desired product func-
tion, but also information about required properties or the desired behavior or the required structure of
the product, this step is in particular assigned to the view function in order to indicate that require-
ments usually relate to functional aspects. The requirements are weighted already in this step to facili-
tate a subsequent prioritization. The first step is extremely important because it sets the course for the
further development and provides the basis for monitoring the product’s degree of maturity because it
gives information about whether the product meets the required properties with its current configura-
tion of characteristics.
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The second step includes the preparation of requirements as well as definition of the overall system.
Therefore, the aim is to prepare the gathered requirements and to define as precisely as possible the
required overall system. In addition, it is important to identify existing degrees of freedom, persisting
information needs and remaining contradictions. Moreover, also other, internal company information
is taken into account. Moreover, responsibilities are defined and important milestones are terminated.
The deduction of the required overall system behavior is the aim of the third step. Therefore the re-
quired behavior of the overall system is deduced. Thereby, it is essential that the required product be-
havior meets the specified requirements as completely as possible. Besides, the behavioral aspects are
weighted according to the achieved requirements.

In the fourth step, which is assigned to the view properties, the required properties of the overall sys-
tem are determined. These are intended as target properties and have to be defined so that the required
behavior (cf. step 3) results from the definition of this property profile under the given usage and envi-
ronmental conditions. The product developer is supported and guided in this task by a so-called re-
guirements matrix. This indicates which requirements are covered by which behavioral aspects and
what behavioral aspects are resulting from which properties.

The objective of the fifth step, which is assigned to the view function, is the definition of the customer
requirement specification. In order to do this, all currently available information of the product to be
developed regarding the required range of functions, the performance as well as the product contents
are gathered. These are supplemented by the boundary conditions from the perspective of the customer
or the user and subsequently written down in the customer requirement specification. This also pre-
supposes the active involvement of customers. The customer requirement specification represents a
largely solvent-neutral description of the target product and describes the customer's requested condi-
tion of the product at the time of delivery (Schappi et al., 2005) and (VDI and VVDE, 2008).

The sixth step is part of the view function and in that the function structure at the overall system level
is determined. For this task all the required functions of the product to be developed are identified.
Afterwards the function structure is built up. This function structure describes the main functional
aspects of the product and interlinks the main-, sub and secondary functions to each other solution-
neutral. Finally, the function structure is reflected critically and checked for completeness because this
has now become the basis for the subsequent search for a solution and hence of the further procedure.
The aim of the seventh step is to create the active structure at the overall system level. Therefore exist-
ing solution possibilities are searched for the various functions of the function structure. Wherever it is
possible, existing and appropriate solutions from previous development projects are to be identified. If
no appropriate solutions can be found, it is searched for suitable solution principles. When there are
neither suitable solutions nor solution principles, possible physical, chemical or other effects to solve
the existing task must be found. Thereafter, it is checked whether the existing partial solutions, the
found solution principles or selected active principles cover all the requirements. Subsequently, these
active principles can be combined to the active structure according to (VDI, 1993) (cf. Ponn and Lin-
demann, 2008). By selecting certain principle solutions for covering the required functions, the active
structure is obtained as a possible solution concept.

Creating the product structure at the overall system level is the task of the eighth step. In this step, the
whole system is broken down into its key subsystems and is therefore also known as modularization
step. In doing so, there are more and stronger interactions within the modules as between the modules.
Since these dependencies can be mapped between individual product components using the matrix-
based product description (a kind of modified Multiple-Domain-Matrix), this supports the developer
significantly in the identification and definition of reasonable subsystems and modules. Following the
identification of the subsystems, the available construction space is allocated and the geometrical ar-
rangement of the subsystems including their positions is clarified. Furthermore, the interfaces between
the subsystems are defined. With the partition into subsystems, the definition of its construction space,
the mutual arrangement and position, as well as with the definition of the interfaces, the product struc-
ture at the overall system level is determined as a possible implementation of the active structure. This
is to be checked finally. In case of an unsatisfactory fulfillment of this step, the developer has to return
to the previous milestone (step 7).

To sum up, the essential result of the first phase is the partition of the overall system into its subsys-
tems. Moreover, the results of this phase such as the prepared and added requirements, the required
overall system behavior, the required properties as well as the customer requirement specification are
the basis for the further development.



The steps 9 to 14 of phase two are analogous to phase I. The required behaviors as well as the proper-
ties derived from these are determined for all subsystems in phase two. In addition, all subsystems are
further subdivided into their components so that it is possible to start in phase three with the develop-
ment of the individual components.

While the overall system is subdivided into its subsystems and then further into single parts in the first
two phases, the third phase supports with the steps from 15 to 19 the developer in the definition of the
characteristics of the parts. Thereby the steps from 15 to 17 are similar to steps from 2 to 4.

In the 18th step (view function), the functional specifications document is compiled. According to
(VDI, 2001) and (VDI and VDE, 2008) describes this functional specifications document the realiza-
tion of the task from the perspective of product development and represents hence in contrast to the
customer requirement specification no longer a solution neutral description of product to be developed.
The customer describes in the customer requirement specification, what he wants, while the developer
describes in the functional specifications document what the customer gets. The check for consistency
and ensuring the technical feasibility of all the requirements contained lies within the sole responsibil-
ity of the contractor.

The characteristics are to be defined by determining geometry and material of each individual part in
step 19 so that this part is having the properties which were required in step 17. In each case, the inter-
actions between the chosen material and planned manufacturing process are to be considered. Fur-
thermore, the part is dimensioned in accordance to the material parameters of the chosen material.
Hence, this step includes not only the design of the part itself, but usually also rough calculations in
the context of dimensioning.

The main results of this third phase are fully configured parts, of which not only the required behavior
and the required properties, but also the specified characteristics are fully known. Consequently, the
developers are guided and supported in the synthesis, starting from the required overall system behav-
ior step by step to the definition of all the characteristics.

3.4 Analysis: From the characteristics to the validation of the total system behavior
In contrast to the synthesis, the procedure has not to be adjusted to the function or active structure dur-
ing the analysis. Instead, the procedure model has to concentrate on the interaction between the indi-
vidual part properties within the product. That implies that a suitable procedure model for the proper-
ty-based product development features appropriate steps at the part, the subsystem and the overall
system level. With these steps, the realized properties and thus the expected behavior is deduced due to
the respective determinations of characteristics during the synthesis. The developer is guided on the
analysis side from the characteristics via the parts properties and the parts behavior to the level of the
subsystems. At this level — again starting from the structural determinations — the achieved properties
and the expected behavior can be deduced. Finally, the analysis of the realized properties at the overall
system level is conducted and the validation of the achieved overall system behavior is done.

In the following, the right side the procedure model, which is subdivided into three phases and in-
cludes the steps from 20 to 33, is explained briefly. Phase IV "analysis at the part level" includes steps
from 20 to 23. Steps 14 to 28 are assigned to phase VI "system integration at subsystem level" and
phase VI "system integration at overall system level” includes the steps from 29 to 33. These almost
identically designed phases differ substantially only in the considered level of product structure. Their
basic procedure is explained in detail using the part level (phase 1V).

The 20th step that belongs to the view property is used to analyze the realized part properties resulting
from the definition of characteristics in step 19. The entire product cycle is always included at this
step. The properties, which are to be analyzed precisely in this step, result in detail from the required
part properties that are defined in step 17. Hereinafter, the relevant properties of a part are to be inves-
tigated thoroughly using appropriate analysis methods. As a result, the respective property profile for
each part is obtained in this step.

The purpose of step 21 (view function) is the comparison of actual and required part properties. In this
step a capturing of the degree of product maturity based on the achieved properties is taking place for
the first time in the development. As already indicated, such a safeguarding of the comparison of the
actual state achieved with the required target state can be performed. The required part properties that
were defined in step 17 represent the target state. The actual state, however, is formed by the part
properties analyzed in step 20 and which have been achieved by the characteristics defined in step 19.
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The deduction of the realized part behavior is the goal in step 22 which is part of the view behavior.
Therefore, the behavior is analyzed, which the considered part will show due to the achieved proper-
ties under the influence of the usage and environmental conditions. The realized behavior can be de-
termined by analysis in virtual, real or in a combined environment.

In the 23rd step (view function) the comparison of the realized with the required part behavior takes
place. In this step, it is for the first time that a content-based capturing of the degree of maturity
through the comparison of the part behavior is conducted. Different maturity indicators are used to
monitor this step. If it is proven that the part not only fulfills the required properties but also shows the
appropriate behavior under the usage and environmental conditions, the goal of step 23 is reached.

To sum up, one of the key outcomes of phase IV are detailed results of the analysis for all parts. Fur-
ther outcomes are information about the achieved properties as well as knowledge on the expected part
behavior under conditions of use. Moreover, the degree of target achievement is determined regarding
the behavior as well as regarding the properties (due to the specified characteristics in step 19).

The essential findings of the following phase V are subsystems which are checked strictly. For each
subsystem, the achieved properties as well as the behavior that results from the interaction of the parts
involved were analyzed. Furthermore, in each case the present degree of target achievement is deter-
mined and monitored.

The result of phase VI, the final phase of the procedure model, is the completed and fully checked
overall system. Therefore, the subsystems, which have been checked in the previous phases, are inte-
grated into the overall system. Subsequently, their properties and the resulting behavior are analyzed
and the respective existing degree of target achievement is measured.

4 CONCLUSION, EVALUATION AND OUTLOOK

This contribution outlined an advanced procedure model for the property-based product development.
As mentioned above, a novel procedure model was required since none of the existing approaches
meet the three dimensions, which were described in section 2.3, sufficiently. The focus of this paper
was the dimension “behavioral and property-based product development”. This dimension ensures that
the product developer is guided step by step through the entire property-based product development
process. The main focus of the developers is the required profile of properties of the product and con-
sequently a consistent orientation towards the relevant customer requirements is achieved.

Since the behavioral and property-based product development enables an interdisciplinary comprehen-
sible product description, the interdisciplinary collaboration is enhanced. Additionally, by comparing
the required with the realized properties of the product, the product’s degree of maturity can be deter-
mined. So, the monitoring and reliable evaluation of the development process is another advantage of
this approach. Furthermore, it allows estimating the consideration of existing dependencies and im-
pacts of characteristic modifications. Unnecessary iterations are avoided by the one-step procedure as
well as by supporting the product developer. As a consequence, this procedure model also helps to
realize extensive time and cost savings. However, it has to be expected that the implementation of such
a procedure model entails a high effort because it has to be adapted to the given boundary conditions at
the beginning. It is also essential that employees are trained in dealing with the process model. Overall,
this work provides an important contribution to a purposeful procedure in property-based product de-
velopment, which ensures via the property-based product description that products will meet their
needs as fully as possible after the shortest possible time.

The validation of the developed procedure model in real or productive use and the subsequent im-
provement are the next steps to improve this procedure model. This is why the objective of further
research activities is — in addition to the improvement of the other two dimensions (monitoring the
product’s degree of maturity and support in dealing with iterations) — in particular the validation of the
procedure model using a real product in order to prove that this approach enables to meet the require-
ments in less time and better than current procedure models. By using this approach in two case stud-
ies, the authors validate currently also the applicability, usefulness and effort of this procedure model.
The results and findings from these two case studies will be published on the upcoming conferences.
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