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Abstract

Project Code: MGR4980517

Project Title: Large-scale multiobjective optimisation using evolutionary algorithms with
multiresolution design variables
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Evolutionary algorithms are optimisers based on mimicking some kind of evolutionary
behaviours and randomisation. The methods can be used to deal with both single and multiple
objective optimisation problems. This project is concerned with the development of a multiobjective
evolutionary algorithm and its use for large-scale multiobjective optimisation. A numerical technique
termed multi-resolution design variables is proposed to enhance the searching performance of an
evolutionary algorithm for solving structural topology optimisation. In this research work, large-scale
multiobjective optimisation problems include structural topology optimisation, and design and
rehabilitation of water distribution networks.

The single objective version of population-based incremental learning (PBIL) is modified and
improved for multiobjective optimisation. A numerical scheme called normal line method (NLM) is
developed to be used for Pareto archiving in multiobjective PBIL. From the numerical experiments, it
is illustrated that the multiobjective PBIL method is arguably the best of multiobjective evolutionary
algorithms using binary codes compared with a number of well established MOEAs.

The proposed PBIL and other MOEAs using binary and real codes are implemented on design
and rehabilitation of the Yasothorn pipe network. The multiobjective optimisation problems can be
classified as small- and large- scale based upon the total number of design variables. The optimum
results show that the best methods for large-scale problems are MOEAs with the use of real design
variable while the best method among MOEAs using binary strings is PBIL. It is illustrated that the
inclusion of the current design solution of the network to the initial population leads to an enhanced
performance of MOEAs. The use of MOEAs is said to be practical for the design and rehabilitation of
water distribution network.

The use of PBIL combining with the approximate density distribution (ADD) for multiobjective
structural topology optimisation is demonstrated. The PBIL method is the best method for this design
problem compared to the others. From the numerical experiment, it is shown that PBIL is efficient and
effective when solving a multiobjective topological design problem. The method, although still
inferior to the classical gradient-based optimiser, can deal with all kind of topological design problems
which means unconventional problems can be posed.

The numerical technique called multiresolution design variables is developed and used with
simulated annealing (SA) for solving structural topology optimisation. The technique is said to be the
extension of ADD. The testing topological design problems have multiple objective functions while
weighted-power technique is used to convert them being one equivalent objective. From the optimum
results, it is shown that SA with the use of multiresolution design variables is superior to SA without
using such a technique. This is another step to make evolutionary algorithms more efficient in solving
large-scale topology optimisation.
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Evolutionary Algorithms



