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Abstract
Software support for the solution generation phase of the design process did not 

between academic research and industrial application. The goal is to deliver a ge-
nerically applicable method and algorithms to develop dedicated synthesis tools for 
industrial design processes in a standardized manner. Research addresses problem 

the accessibility and applicability of synthesis technology to both the research com-
munity and industrial parties.
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1 Introduction

In the last decades, industry is experiencing an increasing amount of pres-
sure on time, cost and quality during the product creation and realization 

-
ess is addressed by both academics and commercial institutions. 
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This resulted in commercially available software support such as 3D 
-

nite element analysis to increase performance prediction. Software support 
for the solution generation, or synthesis, phase of the design process did 
not yet have the same industrial acceptance, a sign that there exists a gap 
between academic research and industrial application. 

The smart synthesis tools project uses existing academic synthesis tech-
niques and focuses on four research topics that are of importance during 
the development process of new tools. Guidelines and algorithms are de-

-
plex problems and mathematical search techniques in large solution spaces. 
These topics focus on design processes with quantitative analysis methods. 
The project also researches design processes where these are not available: 
how to develop support software when only qualitative physics relations are 
available? Industrial prototypes are developed using the developed method-
ologies to deliver proof of principle. 

discussed. Although synthesis tools have not yet had a similar development, 
academic research yielded several advanced techniques and methodologies, 
a short overview of which is given. Secondly, the long term view in which 
the smart synthesis tools project is placed is presented, together with the 
four year strategy. The addressed research topics conclude the paper. 

2 CAD Development

The historical development of computer aided drawing software is discussed 
-

fects.

appear, such as DUCT in 1974. The majority of the CAD development was 

by UniGraphics and the Romulus b-rep solid modeller [www.cadazz.com/

e.g. AutoCAD and CATIA. These computer aided modelling systems enable 
clear representation and communication of designs and led to 70 different 
software systems with over 2 million users in the 1990s.
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-
cialization and acceptance in industry in CAD after academic research ex-

Research in intelligent CAD systems started in the mid of the 1980s 
[5] and was noticeably intensive [1, 13] until the beginning of the 1990s. 
Certainly these research efforts formed the foundations of some crucial ele-
ments available in modern CAD systems; constraint-based problem solving 

A similar development pattern can be observed for the automation of 
analysis methods: as increasing pressure on the design process calls for less 
trial and error loops, a better prediction of product behaviour is required. 
Academic research established an analysis method that is generically ap-

they already cover such advanced problems as multi-physics, large defor-
mations and dynamic simulation in many domains and levels of detail, 

software is widely used in industry and academic research on this topic is 

generic software that supports a range of different industrial problems. 
Commercial software for the solution generation activity is less available. 

many techniques have been studied or are presently being researched and 
many prototype systems deliver proofs of principle.

One approach, typically found in the research direction of design theory 

a range of design problems. Although a reasonable amount of research effort 
has been paid, we are still not able to explain synthesis with a universal, gen-
erally applicable theory. Cagan et al. indicates that the act of formulating or 
initializing a synthesis process has not received much attention in literature, 
since most computational synthesis methods are developed to solve a par-

are listed as follows.
Simple solution generation and test

Search in a problem space
Abduction, generative rules
Case-based reasoning
Grammars
Computational models
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Although each of these models can reasonably explain synthesis in a lim-

design solutions are indexed and these indexes should cover the range of 
-

form manner. One possible reason is that no such model exists. Another 
possibility is that it does exist, but yet to be found. A good reason for the 

processes. For instance, Maimon and Braha [10] researched a formal model 
of the design process, focusing on the synthesis part. The main conclusion is 
that although high expressiveness is necessary to allow for the generation of 
a wide variety of designs, it might swamp the designer with alternatives. So, 
any increase in expressiveness must be accompanied by an increase in the 
designer’s ability to control the complexity of the design space.

Maybe it is not so important whether or not such a universal model of 
synthesis exists, or even can ever be found. Confronting such a situation, 

design as possible.
Another research direction is towards a generic development process for 

dedicated synthesis tools for individual design problems. This approach is 
being explored by the Smart Synthesis Tools project, funded by the Dutch 
Innovation Oriented Research Program ‘Integrated Product Creation and 

This paper aims to provide a baseline for the Smart Synthesis Tools 
project. The vision in which this project is placed, the mission and strategy 
of the project is discussed in more detail in the following sections. Since the 
diversity of design processes in industry is vast, a selection is made regard-
ing the type of the problems to address. 

3 Smart Synthesis Project

The project has emerged from experiences in industry that the synthesis 
phase is under increasing pressure but poorly supported, together with a 
growing awareness of the gap between academic synthesis research and 
industrial application: academic achievements are applied in industry only 
sporadically [2]. The long term view in which this project is placed is ad-

processes is given. The approach on how to reach the project goals is trans-
lated into four research topics, presented afterwards. 
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3.1 Vision and Mission

The ideal role of software support during design is that the computer will 

human designer. By doing so, synthesis is made as common as analysis 
and modelling. The role of the computer will change from machines that 

that require human intelligence. The emphasis shifts from data processing 

-

based on functional reasoning [6, 15] or the A-Design theory using collabo-
rating agents and adaptive selection [3]. 

A gap is still present between academic research and industry regarding 
synthesis support. The project aims at closing part of this gap by researching 
the possibility of a generic development process for synthesis tools, thereby 

-

for industry will increase the accessibility and applicability of synthesis 
technology to both the research community and industrial parties. 

The mission for the smart synthesis project is to demonstrate the possibil-
ity of dedicated synthesis tools, which will create solutions in shorter time, 
and to increase the accessibility and applicability of synthesis technology.

3.2 Strategy

The strategy describes how to realize the mission goals in a four year period. 
The presented project aims to reach the mission statements by developing 
the following.

Synthesis tool prototypes for several industrial cases

Methodology of the development process

This project aims to develop several prototypes using and testing a com-
mon development approach. The tool itself should be able to generate solu-

-
The methodology to develop dedicated 

synthesis tools for industrial design processes is documented. It handles the 
process from entering a new company and exploring the design processes 
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to the algorithm development itself. This translation process of an industrial 
design process into an automated synthesis tool has not received much at-
tention by academic research. Generic pieces of software will be stored in 

-
tom built synthesis support for many types of industrial design processes. 

Each topic has an industrial case attached where proof of principle is to 

3.3 Design Process

The project’s focus is on design processes that are found in industrial and for 
which analysis is available. In Fig. 1, a representation of the development of 

is depicted. 
On the qualitative side of the spectrum, the principles of physics are iden-

qualitative description of phenomena and their relations. As research ad-
vances through arrow B, relations between system parameters, interactions 

-

into an application, or product. 
In a design process, arrow B can be seen as conceptual design, where 

solution principles are combined to produce a solution structure to deliver 
the required behaviour. Arrow C is the embodiment design phase, where 
parameter values are determined that lead to a feasible solution. 

Fundamental physics research aims to gain better understanding of the 

manufacturing rules and engineering experience, is found in the right hand 
side.

Fig. 1: Knowledge development
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Arrow B starts with a functional description of the possibilities and aims 

the application area of qualitative physics to design [6, 7, 9]. Examples for 
synthesis support for activity C automate the solution generation process, 

explicitly [4, 12] or composed by the software using e.g. grammars [8].

are present explicitly as analysis methods or implicitly as experience. Only 

step towards the fundamentals of physics is made to research a new concep-

quantitative description of the product has to be made in order to predict the 
performance. Missing a quantitative relation for an important functional as-
pect means an inability to predict the products performance, something that 

Having synthesis support for activity C will result in faster product devel-

be used in a consistent manner, enabling these experts to spend more time in 
researching new and innovative concepts. The smart synthesis tools project 

relations and will also explore synthesis towards qualitative physics.

4 Research Topics

The project addresses four research topics that will increase the develop-

-

the content of the synthesis tool. The industrial case handles a design proc-

performance analysis. 
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4.2 Problem Structuring

-

structuring of the complete design into sub-designs that are less complicated 
to solve. This also aids the process of searching for strategies to develop a 
synthesis tool. The industrial case involves designs that are composed of 

paramount importance for synthesis tool development.

4.3 Large Solution Spaces

How to search and navigate through mathematically complex solution 
spaces? The case presents a design problem with a high number of param-

-
lenging area. 

4.4 Multi-Domain Integration

to handle interference in multi-domain system design? As product complex-
ity increases and spreads over multiple domains, the systems integration as-
pect becomes more important: complex multi-domain interferences have to 
be dealt with in the early stages of the design process and cannot be solved 
by mono-disciplinary systems. The case concerns system design at architec-
ture level where interference between domains occurs at seemingly unpre-

based on qualitative physics approaches [14].

5 Conclusion

The smart synthesis tools project researches the development process of 
dedicated synthesis tools in an attempt to bridge the gap between academic 
research and industrial application. It strives towards a situation where syn-
thesis tools are as common as modelling and analysis software.

-



73

Industrial prototypes are developed to provide proof of principle and 
study the possibilities of synthesis support for industrial applications. 

Oriented Research Program ‘Integrated Product Creation and Realization 
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