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Improvement of Computing Efficiency and Regularization
of Inner Boundary Shape Optimization in Temperature Field
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The purpose of this study is the improvement of the efficiency of design process that reaches to
detail design from initial design. Genetic algorithm is applied to the initial design stage and
conjugate gradient method is applied to the detail design stage. The design solution obtained by GA
can be adopted as an initial design solution in the detail design stage because GA has the advantage
of the capability of the global search in the optimization process. Furthermore, the regularization
method is applied as an avoidance strategy of the ill-posedness that encounters at the process of the
detail shape determination. The effectiveness of the proposed method is examined through an
application to the optimization problem of the inner boundary shape determination in temperature
field.
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C --- Coding
N=ia(IP)
DO 10 i=1,IP-1
k=ia(i)-1
DO 20 j=i,1P-1
k=k*M(j+1)
20 CONTINUE
N=N+k
10 CONTINUE

C --- decoding
i=IP
ia(i)=MOD(N,M(i))
N=(N-ia(1i))/M(i)
10 CONTINUE
IF(ia(i).EQ.0) THEN
ia(i)=M(i)
N=N-1
END IF
i=i-1
IF(i.GT.0) THEN
ia(i)=MOD((N+1),M(i))
N=(N+1l-ia(i))/M(1)
GO TO 10
END IF

Fig.2 Procedure of coding and decoding. IP: Number of design
parameters, N: integer or gene, M: maximum number of
each design parameter, ia: serial number for each design
parameter
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Fig.3 Flowchart of genetic operations with boundary element analysis
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Fig.4 Fitness vs tolerance limits
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Fig.6 A typical L-curve chart
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Table I Parameters in GA operation

Total number of populations 40
Maximum number of genes 10
Ratio of reproduction 1.0
Number of multi-point crossovers 1
Probability of mutation 0.3
Maximum number of generations 1,000

(c) 1,000 generations , Fitness=13,833

Fig.7 Optimum shape obtained by GA
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Table 2 Ratio of CPU time

a £125% | +1.00% | 1000
generatlons
CPUtime | 0.049 0.096 1.000
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(a) Initial shape
( Optimum shape obtained by GA )

(b) Without Tikhonov regularization
( Optimum shape obtained by CGM )

(c) With Tikhonov regularization
( Optimum shape obtained by CGM )

Fig.10 Optimum shape
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