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Abstract: Aiming at the problems of the correlations in the evolution processes of product design
indicators made the decomposed sub-functional structure design indicators overestimated or underesti-
mated, and the decomposition of design indicators was similar to community ecology, a method of
quantitative analysis of the correlations in the decomposition of design indicators was proposed based
on the Lotka-Volterra model. Firstly, the complex product evolution processes were analysed, then
the ecological subjects and correlations in design indicators decomposition was defined. Secondly, the
decomposition correlation model between system and sub-functional structure design indicators was
constructed based on the Lotka-Volterra model, and the coefficients were solved by using the Runge-
Kutta combined with the least-squares method to quantitatively analyze the correlation among design
indicators. Finally, the effectiveness of the method was verified by taking the example of solving the
correlation between the energy consumption of high-speed train system and the design indicators of
sub-functional structure. The findings show that the methodology may quantify the interaction be-
tween identifying complex product design indicators in the evolution processes and may provide a
quantitative basis for positive directions towards innovative design priority breakthroughs.

Key words: design indicator; forward design; Lotka-Volterra model; correlation modeling; quan-
titative analysis
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Fig.1 Evolutionmap of complex product system
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Fig.2 Schematic diagram of design indicator
correlation evolution curve
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Tab.2 Coefficient values of different correlations
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