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An Estimation of Fitness Evaluation in Evolutionary Algorithm

for the Rectilinear Steiner Tree Problem

Byounghak Yang

Industrial Engineering, Kyungwon University

Abstract. The rectilinear Steiner tree problem is to find a minimum-length
rectilinear interconnection of a set of terminals in the plane. It is well known
that the solution to this problem will be the minimal spanning tree (MST) on
some set Steiner points. A hybrid evolutionary algorithm is introduced based
upon the Prim algorithm. The Prim algorithm for the fitness evaluation
requires heavy calculation time. The fitness value of parents is inherited to
their child and the fitness value of child is estimated by the inherited
structure of tree. We introduce four alternative evolutionary algorithms.
Experiment result shows that the calculation time is reduced to 25% without
loosing the solution quality by using the fitness estimation.

Keyword: Rectilinear Steiner tree problem, Evolutionary Algorithm, Fitness estimation
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begin
t=20
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Fitness evaluation P(t)
while (do not satisfy termination criteria)
do
begin
t=1+1
Selection P(t) from P(t-1)
Crossover on P(t)
Mutation on P(t)
Local search on P(t)
(Estimated) Fitness evaluation P(f)
end
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<E 1> Julstromd] 4 sy £ A79 s} Y o F2 v

Julstrom HE_H HE_EH Optimal
EFAY| | 2dHS | LRH8 | E78(%) | a8 | B7Hg(%)] HREIE [ EIHE(%)
100 1 7.426 2.396 7.290 0.514 7.283 0.428 7.252
100 2 7.818 3.995 7.550 0.424 7.568 0.669 7.518
100 3 7.431 2.150 7.275 0.001 7.275 0.001 7.275
100 4 7.691 3.454 7.443 0113 7.469 0.471 7.434
100 5 7.734 2.207 7.577 0.128 7.568 0.007 7.567
100 6 7.725 3.810 7.474 0.439 7.502 0.818 7.441
100 7 8.079 3.923 7.783 0.112 7.792 0.231 7.774
100 8 7.499 2.679 7.315 0.165 7.329 0.352 7.303
- 100 9 8.003 2.666 7.803 0.100 7.803 0.100 7.795
100 10 7.802 2.722 7.603 0.105 7.609 0.175 7.595
100 11 7.983 1.468 7.884 0.211 17.877 0.127 7.867
100 12 7.760 1.929 - 7.627 .0.177 7.621 0.109 7.613
100 | 13 7.700 - 3.210 7.497 0.483 7.497 0.483 7.460
100 14 8.100 3.010 7.888 0.315 7.888 0.315 7.863
100 15 7.270 3.198 7.076 0.450 7.073 0.408 7.045
250 1 11.947 2.453 11.759 0.842 11.735 0.632 11.661
- 250 2 11.774 2.249 11.577 0.535 11.583 0.593 11.515
250 3 11.750 2.485 11.519 0.471 11.502 0.319 11.465
250 4 12.045 | 2.238 11.871 0.759 11.864 0.697 11.782
250 5 12.055 3.098 11.770 0.664 11.765 0.614 11.693
250 6 11.934 2.653 11.650 0.206 11.648 0.190 11.626
250 7 11.877 3.030 11.603 0.654 11.610 0.716 11.528
250 8 12.070 3.310 11.798 0.982 11.817 1.147 11.683
250 9 12.052 3.166 11.738 0.475 11.733 0.434 11.682
250 10 12.103 3.570 11.788 0.874 11.764 0.671 11.686
250 11 11.578 2.560 11.358 0.612 11.354 0.575 11.289
250 12 12.227 2.717 11,953 0.4183 11.946 0.357 11.904
250 13 11.890 2.456 11.671 0.567 11.711 0.917 11.605
250 14 11.993 3.220 11.687 0.584 11.687 0.584 11.619
250 15 11.870 2.719 11.650 0.813 11.628 0.623 11.556
500 1 16.663 2.240 16.469 1.051 16.472 1.069 16.298
500 2 16.575 3.106 16.213 0.856 16.264 1.171 16.076
500 3 16.830 3.464 16.445 1.099 16.425 0.973 16.266
500 4 16.854 2.699 16.547 0.825 16.539 0.777 16.411
500 5 16.469 2.556 16.172 0.706 16.190 0.819 16.059
500 6 16.864 2.402 16.639 1.034 16.661 1.170 16.469
500 7 16.433 2.627 16.176 1.024 16.200 1.171 16.012
500 8 16.514 2.414 16.283 0.982 16.343 1.352 16.125
500 9 16.630 2.591 16.310 0.619 16.363 0.941 16.210
500 10 16.045 3.129 15.685 0.813 15.711 0.986 15.558
500 11 16.620 2.799 16.302 0.829 16.305 0.852 16.167
500 12 16.822 2.567 16.583 1.109 16.602 1.228 16.401
500 13 16.558 2.638 16.279 0.906 16.296 1.013 16.132
500 14 17.064 2.805 16.795 1.187 16.797 1.198 16.598
500 15 16.574 3.099 16.217 0.878 16.233 0.981 16.076
B 2.797 0.602 0.655
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<E 2> A3, W3}y, Beasley, Kahng, Borah 7 Julstrom®] 33l 23]

A} s g vl (+ 1 AAE AAEA G B

n HE_H HE_HE |Beasley's|Kahng's |Borah's iulstrom Solilftli;nnal
10 10.611 10.6248 9.947 10.36 10.33 * 10.656
20 11.721 11.7109 {10.590 [10.44 110.4 * 11.798
30 11.356 11.3057 |10.250 |* * * 11.552
40 10.807 10.7236 |9.956 * * * 10.913
50 10.705 10.6547 [9.522 10.71 10.71 * 10.867
60 11.755 11.7358 {10.146  |* * * 11.862
70 11.163 11.0993 |9.779 * * * 11.387
80 11.081 11.1423 |9.831 * * * 11.301
90 11.203 11.1864 [10.128 |* * * 11.457
100 11.501 11.4447 110.139 [10.89 10.84 9.203 11.720
250 11.090 11.1128 {9.964 10.88 10.88 9.178 11.646
500 10.811 10.7059 |9.879 * 110.94 9.208 11.631
mean 11.143 11.1206{10.011 10.656 10.683 9.196 11.399
HuE§ [9] Gottlieb, Jens, B.A. Julstrom, G.R.
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