CHAPTER 7 Conclusions

In this thesis, an optimization technique based onresporse surface methoddogy has
been presented. Resporse surface methoddogy seeks to replace implicit functions of
the original design optimization poblem with an approximation mode less
expensive to evaluate. In arder to addressthe isaues of the high-computational cost
of the implicit function evauation and the presence of noise in their values, genetic
programming methoddogy has been investigated to buld approximation models of

the best possble quality.

The seledion d the function structure is a aitical step in the construction o
the gproximation. Traditional tedhniques require the spedficaion d the structure
in advance, forcing the designer to assume models of low quality but relatively easy
to buld. The goa of genetic programming is to evolve mathematicd expressons

with noassumption abou the structure, which is given as part of the solution.

Careful planing of the points where the resporse is evaluated grealy influences

the @nstruction o the gproximation. In this thesis, the Audze-Eglais plan o
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experiments has been used because it presents a "space-filli ng* property due to a

distribution d points based ontheir maximum separation.

The gproximation modd is defined na only by the structure, bu also by a set
of tuning parameters. It has been reported that genetic programming canna hande
constants efficiently. Accordingly, in this thesis, the tuning parameters have been
identified by a gradient-based optimization algorithm combined with a genetic

algorithm acting as provider of aninitial guess

The previous point separates two passble sources of inaccuracy of an
approximation function, i.e. inadequacy of the model structure and errors in the
tuning parameters. Different expressons are only compared to eat ather after being
fully tuned. Therefore, the fitnessfunction for each individual approximation model

depends only onits gructure.

The globa optimization methoddogy has been implemented in a cwmputer
code for testing. Genetic progranming works with a popdation d potential
solutions built randamly from a library of mathematicd functions. In this
environment, a solution is an empiricad model that approximates the resporse. The
popuation evolves acarding to Darwin's principle of survival of the fittest based on
the fitnessvalues of individuals. In this thesis, the definition d the fitnessvalue can
include derivatives, if they are available. Applicaion 5.4 las demonstrated that the
use of derivativesis beneficial for the reduction d the necessary number of paintsin

the plan o experiments.
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The developed methoddogy has been applied to two types of applications:
first, with numericdly simulated resporses and, sewmnd, with experimental
resporses. The former use data obtained from a numerical simulation d a system or

aprocess whil e the latter use results of physicd experiments.

In the problem of detedion d damage in sted structures, genetic programming
has siccessfully approximated the implicit functions of the original model obtained
by the finite dement method. An important observation from this example is the

abili ty of genetic programming to find asolutionin alarge range of design variables.

The prediction d the shea strength of reinforced concrete degp beams is
another important problem. There is no uriversally agreed model available and a
design procedure has not yet been developed or shows poor agreament in the
different codes of pradice. Genetic programming has siccessully found a model
that agrees well with experimental work. In this case, the prediction is valid even
outside the range defined for experiments. Engineeing judgement has been criticd
to find a physically corred and compad model that satisfies additional constraints

provided by the engineering knowledge.

Genetic programming has also been succesdully applied to multicriteria
optimizationin the processof cdcination d Roman cement. First, models have been
generated by genetic programming to describe developments of al relevant minerals
invalved in the cdcination process Sewnd, the strength development has been
modelled. The multicriteria optimization hes been formulated and a Pareto-optimal
set of solutions has been oltained. The seledion d the optimum solution hes to be

guided by the engineering knowledge of the designer. The produced contour plots
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have been used to better understand the underlying process of the calcination o

Roman cement.

All the results of the gplicaions siow that genetic programming is a powerful

tod for obtaining high quality approximations in red-life design optimization.
Recommendations for further research include the foll owing points:

* Testing of the genetic programming methoddogy on problems with larger

number of design variables.

* Investigation d the relative merits of high-quality globa approximations versus

iterative mid-range gproximations of lower quality.

* Applicaion to problems of extreme @mplexity where more traditiona

tedhniques are hardly appli cable because of the prohibitive computational cost.

* Improvement of the computational efficiency of the algorithm, particularly the

evauation d tuning parameters.
» Development of agraphical user interface.

o Pardle implementation for implicit function evaluations and fitness function

evauation.



