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A Methodology of Intelligent CAD using a Metric Space Concept
(3rd Report)
—A Discussion on a Metric Space from the Viewpint of Thinking Efficiency—

Toshiharu Tavra and Hiroyuki YosHikawa

The purpose of this study is to find out an ideal design principle which has the characteristics
of generality, practicality and computability. In this study, the attention is paid to topology
which has a metric space concept in itself. And the design knowledge is organized in this metric
space. This organization is expected to optimize the structure of the design knowledge and deal
with the synthetic nature of design. In the 1st report, the mechanism of function operation is
modeled mathematically. In the 2nd report, a mathematical model of conceptual design process
is deduced and convergence policy to find out design solutions is discussed from the viewpoint
of a metric in function space. And a methodology of Intelligent CAD is deduced based on these
mathematical models. In this paper, the design principles deduced in the previous papers are
discussed from the viewpoint of thinking efficiency. First, they are discussed from the viewpoint
of operation of the abstract concepts. Secondly, they are discussed from the viewpoint of
generating the abstract concepts. At last, this study is described as one approach to abduction.

Key words : design, design process, metric space, abduction, NP complete
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Fig. 1 An example of functional similarity

MACHINE(2)

10 1.0 04 04 031 057 04 01 04 057
10 10 04 04 031 057 04 01 04 057
04 04 10 10 077 05 05 07 05 05
04 04 10 10 077 05 05 07 05 05
0.31 0.31 0.77 0.77 1.0 039 0.62 0.62 0.62 0.39
0.57 0.57 05 05 039 1.0 02 04 02 0.29
04 04 05 05 062 02 10 05 10 07
01 01 07 07 062 04 05 10 05 04
04 04 05 05 062 02 10 05 10 07
0.57- 0.57 05 05 039 029 07 04 07 1.0

Fig. 2 Similarity matrix in the example
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Fig. 3 Result of principal coordinates analysis
applied to the similarity matrix
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Fig. 4 Transformation of component structure and
partial function structure
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Fig. 5 Network
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Fig. 6 Calculation of the eigenvector using Network
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Fig. 7 Abduction and deduction
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Fig. 8 Design Process studies in this research
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