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Conceptual cost estimates using evolutionary fuzzy hybrid neural

network for projects in construction industry
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2. The evolutionary fuzzy hybrid neural network (EFHNN)

The proposed EFHNN incorporates four artificial intelligence ap-
proaches, namely the neural network (NN), high order neural net-
work (HONN), fuzzy logic (FL), and genetic algorithm (GA) (see
Fig. 1). NN and HONN comprise the inference engine, i.e. the pro-
posed hybrid neural network (HNN); FL dominates fuzzifier and
defuzzifier layers; and GA optimizes the HNN and FL. In accordance
with the definition of “neuro with fuzzy input-output” given by
Hayashi, Umano, Maeda, Bastian, and Jain (1998), this study pro-
poses a fuzzy hybrid neural network (FHNN) comprising an HNN
with fuzzy inputs and fuzzy outputs (see Fig. 2). Each NN connec-
tion may select a linear or high order NN connector. Sequentially,
the FHNN is optimized through a GA adaptation process (see
Fig. 3). The process uses GA to search simultaneously for optimum
FL membership functions, defuzzification coefficients, HNN topolo-
gies, and HNN parameters (including linear/high order connection
types), with P(t) denoting a population at generation t, Po(t) an off-
spring population at generation t, and Py(t) a mutation population
at generation t. Details of FL and HNN and GA are described in the
following sections.
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