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Unconstrained Search Space Model Proposal
for Search Effect Improvement of Evolutionary Algorithms
in Portfolio Replication Problems

Abstract: 1t is desired to make the replication portfolio when a benchmark portfolio has delivered good
returns. However, the portfolio replication problem is an equality constrained indeterminate problem. We
cannot find the same portfolio as the benchmark portfolio by minimizing the evaluation values of solutions
even if we use any evolutionary algorithm. We have an important problem that minimizing the evaluation
value does not depend on improving the solution. In this paper, we propose a new model which removes the
equality constraint. Our model transforms the equality constrained search space to the unconstrained search
space for the portfolio replication problems. In the experiments, we show that the evolutionary algorithms
can generate the good solutions by minimizing the evaluation values in our unconstrained search space.

Keywords: Portfolio Replication, Evolutionary Algorithm, Unconstrained Equality Constraints, Search
Spaces Transformation
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Fig. 1 Search Space Transformation.
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01 0000000000000 BP1O BP200000000O0O0OODOO RP1O RP2
Table 1 Results of Replication Portfolios RP1 and RP2 for Benchmark Portfolios BP1

and BP2.
() 0000000O0DO0OOOUO BP1
Ogoo0ooooDo RP1 goo0O0DoO0oDOo RP2
oo ooo ooooooooo gooooooboooo ooo ooooooooDo gooooboooboooo
1 3.855E-06 0.8703 0.1122 1.013E-05 0.8548 0.0888
2 8.793E-06 1.0543 0.1769 6.141E-06 0.8105 0.1332
3 5.273E-06 0.7399 0.1054 1.100E-05 0.9432 0.1486
4 5.014E-06 0.9821 0.0913 1.528E-05 0.9477 0.1010
5 6.644E-06 1.0271 0.1460 7.163E-06 0.8283 0.1097
6 9.929E-06 0.8983 0.1688 1.383E-05 1.1731 0.2161
7 8.217E-06 1.0615 0.2289 1.856E-05 0.8552 0.1420
8 1.065E-05 0.9645 0.1960 2.263E-05 1.0619 0.1898
9 6.168E-06 0.9708 0.3086 7.548E-06 1.0011 0.3077
10 1.511E-05 0.9564 0.2311 3.695E-05 0.7727 0.1562
11 1.001E-05 0.9842 0.1754 1.297E-05 0.9726 0.1325
12 6.445E-06 1.0209 0.1334 1.047E-05 0.8084 0.1095
13 5.132E-06 1.0630 0.1184 2.558E-06 0.8170 0.0916
(b)DOOODOOOOOODO BP2
Joooooooo RP1 0oooooooo RP2

oo ooo ooooooooo gooooooboooo ooo goooooooo gooooboooboooo
1 4.953E-06 1.0431 0.1427 1.068E-06 0.3086 0.0492
2 8.296E-06 1.1498 0.1683 3.423E-06 0.4149 0.0793
3 6.411E-06 1.0048 0.1822 2.797E-06 0.3440 0.0681
4 4.416E-06 1.1423 0.1511 3.834E-06 0.4805 0.0646
5 4.228E-06 1.0154 0.1245 3.595E-06 0.6028 0.1051
6 7.898E-06 1.0158 0.1728 2.082E-06 0.3749 0.0693
7 1.205E-05 1.0152 0.1799 8.491E-06 0.4747 0.0947
8 1.400E-05 1.0895 0.2185 1.147E-05 0.4537 0.0895
9 9.388E-06 1.0638 0.2888 6.833E-07 0.1479 0.0484
10 1.208E-05 1.0918 0.2587 2.714E-05 1.1676 0.2464
11 9.380E-06 1.1256 0.2298 5.845E-06 0.3987 0.0734
12 9.702E-06 1.2130 0.1550 7.764E-06 0.2970 0.0425
13 4.285E-06 1.0816 0.1233 7.803E-07 0.2184 0.0317
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