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This paper is about evolutionary algorithms (EAs) assisted by surrogate evaluation models
or metamodels (metamodel–assisted EAs, MAEAs). The already fast MAEA is further
accelerated by exploiting the Principal Component Analysis (PCA) of the elite members
of the evolving population. PCA is used to (a) guide the application of evolution operators
and (b) train metamodels/radial basis functions (RBF) networks on patterns of smaller
dimension [1, 2].

To this end, PCA is firstly used before the application of the evolution operators. The de-
sign space is rotated according to the principal directions provided by the PCA. Then, the
evolution operators apply; by doing so, offspring of higher quality are generally produced,
reducing, thus, the number of evaluations required to reach the optimal solution(s). An-
other purpose for which the PCA is used is related to the training of the RBF networks
used as metamodels. The truncation of the less–significant design variables is carried
out after rotating the training patterns with respect to the eigenvectors computed by the
PCA. So, more dependable metamodels are trained using the most important directions
of the design space. The gain in efficiency becomes important in applications related to
industrial optimization problems with a great number of design variables.

Compared to [2], this paper also proposes a new way to apply the PCA during the
metamodels training. In particular, the front of the non–dominated solutions is divided
into sub–fronts and the PCA is applied locally for each sub–front. This leads to better
predictions and, consequently, the gain from the use of PCA in metamodels is increased.
The proposed method is demonstrated in internal and external aerodynamics, multi–
objective optimization problems.
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