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Abstract: Tt is desired to make the replication portfolio when a portfolio has delivered good performances.
In this paper, our focus is on the portfolio replication problem whose total return is opened to the public but
the proportion-weighted combination is closed to the public. It is difficult to find the true optimal solution
in the replication problem because we do not have any techniques to solve the simultaneous equations when
the number of unknown coefficients N is more than the number of equations 7. In this paper, we propose
an estimation of distribution algorithm (EDA) with switching distributions in order to make the replication
portfolios such that its return has a similar path to the return of benchmark portfolio. Our EDA switches the
distributions between two assets with strong correlation of their returns to make new offspring and then finds
indeterminate solutions. From the results of the numerical experiments, we show that our EDA can optimize
the better replication portfolios than the traditional EDA does. For long-only, long-short and short-only
portfolios, we clarify the characteristics of assets that have delivered good performances even in the future
periods.
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tions, correlation coefficient
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F 1 S5AiZcH EDA 2 X A Fadiff & 7 OFHE
Table 1 Optimal solutions obtained by EDA with switching distributions and its eval-

uating values.

M | moM (NyFe—s Rt 7)) | SAIH EDA (2L B RGEE (BRRE— N7 5 ) )
7ty b1 TEvbr2 TEybF3| Tkvrl TEvh2 TEv b3 R it
1 —0.1642 —0.3353 0.4995 —0.1642 —0.3353 0.4995 0

2 0.0371 —0.1047 0.0676 0.0373 —0.1055 0.0682 3.36E-10

3 0.6655 —0.4468 —0.2187 0.6635 —0.4462 —0.2173 5.71E-09

4 —0.1431 0.1130 0.0301 —0.1433 0.1177 0.0256 2.95E-10

5 0.3672 —0.0770 —0.2902 0.3649 —0.0728 —0.2920 2.80E-11

6 —0.0263 0.3376 —0.3113 —0.0253 0.3367 —0.3114 5.04E-10

7 0.0340 —0.2541 0.2202 0.0340 —0.2536 0.2196 2.26E-10

8 0.2090 —0.2469 0.0379 0.2065 —0.2463 0.0398 1.59E-09

9 —0.1383 —0.0214 0.1597 —0.1387 —0.0209 0.1596 2.63E-11

10 0.1587 —0.2430 0.0843 0.1585 —0.2423 0.0838 1.04E-11

11 —0.3879 0.3533 0.0345 —0.3883 0.3549 0.0334 2.11E-09

12 0.4138 —0.1941 —0.2197 0.4140 —0.1944 —0.2196 5.99E-11

13 0.2556 —0.5351 0.2794 0.2554 —0.5343 0.2789 4.90E-10
RGO ANZERT £ ML 100 BOM LR % 2HERNE L A T ERESND . Kl
RAMACEL © Lpar = 200 72T, UIBEOBEERICBW TN =100 7ty bIB
TV T AL DFEFTREL 10 2R EZT) O A, 5AA5KH EDA IE 1 DO fig %

"D ZEIERN T 7a—FThh.

4.3 HH3XH EDA IZ & 2 RERF
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L, AR EDA ICX DO NS (HEE—-F7 41
F) BED XD iR EFETH L DPBEET 5.
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AR EDA, il EDA, $RIE(L EDA, ISM_EDA O3
Table 2 Results of EDA with switching distributions, EDA with fixed distributions,
EDA with narrower-width distributions, and EDA with ISM.

(ayu sty )—=K=+7xr94 (a=0)

Bl GrAiseHE EDA G4l & EDA ME{L EDA ISM_EDA
Al i B3 ZAbOEG  sREH | RHlE R ZALDE G | FHE R ZALOE G | FHE A EbDE S
1 1.09E-08 1.09E-08  1.48E-03 32 9.83E-07 9.81E-07  1.46E-01 | 9.44E-07 9.43E-07  1.44E-01 | 9.79E-07 9.77E-07  1.46E-01
2 | 4.80E-08 4.66E-08  1.38E-01 26 1.02E-06  9.83E-07 4.13E+00 | 1.02E-06 9.86E-07 3.90E400 | 1.48E-06 1.43E-06  5.06E+00
3 | 1.86E-08 1.86E-08  2.78E-03 24 5.71E-07 5.71E-07  1.88E-02 | 5.67E-07 5.67E-07  1.89E-02 | 7.25E-07 7.25E-07  1.47E-02
4 | 3.03E-08 3.03E-08  5.10E-04 34 5.05E-07 5.04E-07  2.04E-02 | 4.62E-07 4.61E-07  1.99E-02 | 7.83E-07 7.83E-07  1.19E-02
5 | 6.05E-09 6.05E-09  4.70E-04 26 3.22B-07 3.21E-07  6.79E-02 | 3.12E-07 3.11E-07  6.20E-02 | 4.46E-07 4.45E-07  5.07E-02
6 | 2.73E-08 2.67TE-08  6.78E-02 20 7.77TE-07  T.61E-07  1.59E400 | 7.09E-07 6.91E-07 1.82E+00 | 6.43E-07 6.42E-07  9.73E-02
7 | 1.29E-07 1.28B-07  7.30E-03 21 2.12E-06 2.12B-06  1.44E-01 | 2.25E-06 2.25E-06  1.55E-01 | 5.21E-06 5.20E-06  1.46E-01
8 | 6.22E-08 6.22E-08  9.47TE-04 17 8.37E-07 8.37E-07  1.75E-03 | 7.55E-07 T7.55E-07  1.83E-03 | 1.05E-06 1.05E-06  1.37E-02
9 | 1.33E-08 1.33E-08  4.25E-04 22 1.98E-07 1.98E-07  8.36E-03 | 1.62E-07 1.62E-07  9.13E-03 | 4.23E-07 4.23E-07  7.79E-03
10 | 3.48E-08 3.48E-08  1.58E-03 21 1.18E-06 1.18E-06  3.26E-02 | 1.14E-06 1.14E-06  2.66E-02 | 1.45E-06 1.45E-06  1.19E-01
11 | 1.84E-08 1.84E-08  1.13E-03 14 4.25E-07 4.22B-07  3.45E-01 | 4.21E-07 4.17E-07  3.48E-01 | 7.23E-07 7.19E-07  3.87E-01
12 | 3.34E-08 3.33E-08  6.16E-03 11 3.56E-07 3.55E-07  5.75E-02 | 3.46E-07 3.46E-07  6.47E-02 | 7.94E-07 7.92E-07  2.10E-01
13 | 9.29E-09 9.28E-09  1.08E-03 20 2.31E-07 2.31E-07  7.60E-03 | 2.31E-07 2.31E-07  1.02E-02 | 3.60E-07 3.60E-07  1.86E-02

byrrr7ra—brRK=1 7104 (a=1)

T G A 2CH EDA S 5 EDA iRt EDA ISM_EDA
FEAfifiE Evs ZAboEIE  sSRES | RS A ZALoHEE | FHE Eys ZALoEE | FHE Eeys ZboHEE
1 | 6.62E-08 6.57E-08  5.09E-02 34 2.59E-06 2.54E-06  5.31E400 | 2.76E-06 2.71E-06  4.98E+00 | 2.41E-06 2.37E-06  4.53E-+00
2 | 5.80E-07 5.19E-07  6.07TE+00 15 2.15E-06 1.23E-06 9.18E+01 | 2.14E-06 1.26E-06 8.80E-+01 | 2.14E-06 1.86E-06 2.78E+401
3 | 4.33B-08 4.31E-08  2.23E-02 27 1.24E-06 1.23E-06  7.96E-01 | 1.25E-06 1.24E-06  6.68E-01 | 1.18E-06 1.17E-06  5.76E-01
4 | 1.03E-07 1.01E-07  1.44E-01 27 1.15E-06  1.07E-06  8.31E+00 | 9.28E-07 8.48E-07 7.97E4+00 | 1.48E-06 1.47E-06  7.35E-01
5 | 1.43E-08 1.41E-08  2.42E-02 20 4.53E-07  4.23E-07 2.98E4+00 | 4.72E-07 4.61E-07 1.07E-+00 | 6.84E-07 6.64E-07  2.08E+00
6 | 7.39E-08 7.02E-08  3.71E-01 25 1.38E-06 1.14E-06  2.36E+01 | 1.28E-06 1.07E-06 2.09E401 | 2.07E-06 1.88E-06 1.94E+01
7 | 5.33E-07 4.93E-07  4.03E+00 25 5.65E-06 3.83E-06 1.82E+02 | 5.86E-06 4.09E-06 1.77E-+02 | 9.75E-06 9.28E-06  4.75E401
8 | 8.59E-08 8.58E-08  1.21E-02 31 3.38E-06 3.37E-06  9.59E-01 | 3.15E-06 3.15E-06  1.72E-01 | 3.08E-06 3.08E-06  5.61E-01
9 | 461E-08 4.49E-08  1.30E-01 26 1.32E-06 1.22E-06 1.06E+01 | 1.26E-06 1.16E-06 9.63E400 | 1.17E-06 1.15E-06  2.17E+00
10 | 7.58E-08 7.54E-08  3.45E-02 21 2.48E-06 2.47E-06  6.11E-01 | 2.43E-06 2.43E-06  4.85E-01 | 2.46E-06 2.44E-06 2.32E400
11 | 2.54E-08 2.51E-08  2.49E-02 19 8.57E-07 8.33E-07 241E4+00 | 8.14E-07 7.91E-07 2.31E+00 | 2.05E-06 2.01E-06 3.86E+00
12 | 8.83E-08 8.82E-08  9.15E-03 18 1.32B-06 1.31E-06  5.95B-01 | 1.28E-06 1.27E-06  5.19E-01 | 1.49E-06 1.48E-06  8.86E-01
13 | 4.39E-08 4.17E-08  2.18E-01 35 1.10E-06  1.09E-06  6.77E-01 | 1.20E-06 1.20E-06  6.62E-01 | 1.63E-06 1.61E-06 1.97E+00

(c)¥a—r Ay —K=b+74U% (a=2)

T 53428 EDA S A 2 EDA Pelgit EDA ISM_EDA
FPATi it Y ZALOE G A | FElfE A ZALOEIE | FFElfE A ZALOEG | FElifE A ZlbDE &
1 1.83E-07 1.83E-07  5.21E-02 27 3.39E-06 3.35E-06 3.62E4+00 | 3.58E-06 3.53E-06 4.31E+00 | 7.94E-06 7.92E-06 2.07E400
2 | 1.16E-07 1.16E-07  2.93E-02 20 3.37E-06 3.30E-06 7.58E+00 | 3.24E-06 3.18E-06 6.14E-+00 | 4.17E-06 4.14E-06  3.12E+00
3 | 8.55E-08 8.53E-08  1.87E-02 25 2.30E-06 2.26E-06 3.63E4+00 | 2.54E-06 2.51E-06 2.95E4+00 | 3.93E-06 3.71E-06 2.19E401
4 | 6.25E-08 6.24E-08  6.70E-03 24 3.03E-06 3.03E-06  2.51E-01 | 2.79E-06 2.79E-06  2.02E-01 | 4.18E-06 4.18E-06  1.41E-01
5 | 5.62E-08 5.62E-08  5.03E-03 27 1.69E-06 1.69E-06  1.64E-01 | 1.65E-06 1.65E-06  3.84E-02 | 1.84E-06 1.84E-06  3.06E-02
6 | 5.44E-08 5.44E-08  2.81E-03 24 3.72E-06 3.72B-06  7.14E-02 | 3.77E-06 3.77E-06  7.23E-02 | 2.46E-06 2.46E-06  1.29E-01
7 | 4.83E-07 4.83E-07  5.67E-02 28 9.06E-06 9.05E-06  4.76E-01 | 8.81E-06 8.81E-06 4.51E-01 | 7.42E-06 7.41E-06  3.05E-01
8 | 4.46E-07 4.46E-07  1.44E-03 25 5.68E-06 5.68E-06  1.00E-02 | 5.11E-06 5.11E-06  1.05E-02 | 5.31E-06 5.31E-06  1.51E-02
9 | 1.25E-07 1.25E-07  1.68E-02 27 3.27E-06 3.27E-06  1.68E-02 | 3.70E-06 3.70E-06  2.34E-02 | 4.89E-06 4.89E-06  7.77E-02
10 | 4.40E-07 4.40E-07  3.67E-04 32 8.89E-06 8.89E-06  2.71E-02 | 8.92E-06 8.92E-06  2.33E-02 | 7.50E-06 7.50E-06  1.05E-02
11 | 7.04E-08 7.04E-08  4.92E-04 30 4.22E-06 4.22B-06  4.71E-03 | 4.93E-06 4.93E-06 7.73E-03 | 5.19E-06 5.18E-06  1.75E-01
12 | 3.63E-07 3.62E-07  5.69E-02 22 5.10E-06 5.10E-06  2.08E-01 | 4.63E-06 4.63E-06  1.79E-01 | 4.52E-06 4.52E-06  1.96E-01
13 | 2.83E-07 2.83E-07  2.55E-03 29 3.78E-06 3.78E-06  1.24E-01 | 4.04E-06 4.04E-06  1.47E-01 | 5.61E-06 5.61E-06  1.14E-01
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Fig. 2 Averages of evaluating values of replication portfolios
obtained by EDA with switching distributions, EDA
with fixed distributions, and EDA with narrower-width

distributions as functions of generation size.
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Table 3 Correlation coefficients of weighted returns between benchmark portfolio and

replication portfolio.

Bl] 0yt s — uyryya—h Ya—brAv)—
Ty MESIE  BRAE) Y- CEIE | TRy NESIE O BREU Y- CBIE | TRy MESIE A ¥ — CBIE

1 0.9063 0.9646 0.5764 0.9455 0.6654 0.8668
2 0.8152 0.9792 0.0704 0.9710 0.3471 0.9870
3 0.8143 0.9852 0.2856 0.9305 0.5016 0.9695
4 0.4079 0.9873 —0.0274 0.9754 0.0960 0.9709
5 0.6274 0.9930 —0.0658 0.9832 0.2500 0.9577
6 0.8306 0.9376 0.4781 0.9766 0.5295 0.9355
7 0.7820 0.9822 0.3549 0.9857 0.2819 0.9816
8 0.6120 0.9891 0.2660 0.9714 0.3869 0.9808
9 0.5198 0.9885 —0.1416 0.9783 0.4928 0.9761
10 0.7200 0.9880 0.1522 0.9729 0.4331 0.9735
11 0.6467 0.9900 —0.0329 0.9756 0.2221 0.9893
12 0.7001 0.9888 0.1463 0.9844 0.5401 0.9818
13 0.8521 0.9785 0.7968 0.9838 0.3865 0.9740
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Table 4 Average of error sum of squares of returns between benchmark portfolio and

replication portfolio in the future period.

it T =10 GAZMHORITE) T =90 GEEHIFOREED)
uyrsFr)— wvrrsiya—h va—btAry— | Byt —- wrrva—t va—bFry—
1 9.10E-07 2.04E-06 6.13E-06 6.74E-07 7.26E-07 3.49E-06
2 1.65E-06 6.24E-06 1.68E-05 2.05E-06 3.95E-06 8.81E-06
3 1.27E-06 1.77E-06 9.18E-06 7.02E-07 1.59E-06 4.19E-06
4 1.02E-06 2.20E-06 8.67E-06 5.39E-07 1.18E-06 3.08E-06
5 2.40E-06 3.95E-06 1.18E-05 1.36E-06 2.27E-06 3.92E-06
6 1.36E-06 5.40E-06 9.88E-06 1.08E-06 2.38E-06 5.67E-06
7 3.61E-06 5.12E-06 1.41E-05 2.08E-06 3.88E-06 7.22E-06
8 3.22E-06 4.97E-06 1.53E-05 1.20E-06 1.94E-06 7.54E-06
9 9.74E-06 1.24E-05 3.71E-05 3.53E-06 1.43E-05 2.07E-05
10 3.86E-06 6.39E-06 2.28E-05 1.11E-06 3.97E-06 1.51E-05
11 2.27E-06 3.71E-06 1.38E-05 8.17E-07 2.17E-06 9.26E-06
12 1.24E-06 3.18E-06 7.36E-06 6.51E-07 1.80E-06 6.58E-06
13 2.44E-06 1.76 E-06 8.49E-06 6.00E-07 1.25E-06 2.53E-06
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Table 5 Results of replication portfolio consisting of different assets from benchmark

portfolio.
(a) HBDRAERE A — 7 4 1) F
1R uy st — ayr7ya—h Ya—bF )=

AT A ZALoEG | AL A ZALOEIE | FPATfE A ZAbDEIE
1 1.01E-06 1.01E-06  2.47E-02 | 9.26E-07 8.63E-07 6.37E+00 | 3.56E-06 3.56E-06  6.87E-02
2 | 3.77TE-06 3.74E-06  3.22E400 | 4.52E-07 3.78E-07 7.43E-+00 | 3.23E-06 3.22E-06  6.66E-01
3 | 9.64E-07 9.63E-07  1.21E-01 | 7.77E-07 7.64E-07 1.30E400 | 7.04E-06 6.96E-06  7.80E+400
4 | 8.78E-07 8.78E-07  5.50E-03 | 8.10E-08 7.65E-08  4.55E-01 | 1.47E-06 1.47E-06  6.65E-03
5 | 6.15E-07 6.15E-07  4.07E-03 | 1.78E-07 1.77E-07  9.78E-02 | 1.77E-06 1.77E-06  1.22E-02
6 | 3.10E-06 3.07E-06  2.65E+00 | 4.92E-07 4.83E-07  9.23E-01 | 1.39E-06 1.38E-06  1.45E400
7 | 1.87E-05 1.52E-05 3.46E+02 | 5.54E-07 5.49E-07  5.28E-01 | 1.13E-05 1.13E-05 6.21E+00
8 1.51E-06 1.51E-06  1.64E-02 | 9.51E-07 9.30E-07 2.04E+00 | 1.45E-06 1.44E-06  4.14E-02
9 1.80E-06 1.80E-06  6.01E-02 | 1.21E-07 1.11E-07 1.02E400 | 5.70E-07 5.69E-07  8.71E-02
10 | 3.80E-06 3.80E-06  2.33E-01 | 8.12E-07 4.32E-07 3.79E+01 | 5.68E-06 5.67E-06  1.74E+00
11 | 2.98E-06 2.98E-06  1.50E-02 | 3.37E-07 3.19E-07 1.78E+00 | 1.26E-06 1.26E-06  1.79E-03
12 | 3.20E-06 3.20E-06  1.67E-02 | 1.25E-06 1.21E-06 4.13E+00 | 1.71E-05 1.71E-05  8.25E-02
13 | 2.41E-07 2.40E-07  1.44E-01 | 1.07E-06 1.06E-06  9.61E-01 | 2.01E-06 2.01E-06  2.35E-02

(b) AHBIDFF VIR — 7 4 ) F
11 uyst ) — ay7ya—h Ya—bF )=

AT A ZAboEG | AL A ZALOEIE | RPATE A ZbDE &
1 2.90E-05 2.90E-05  9.54E-01 | 1.25E-06 1.24E-06  5.70E-01 | 3.30E-06 3.30E-06  2.08E-01
2 | 9.56E-06 9.54E-06 1.98E400 | 1.21E-06 1.19E-06 2.21E+00 | 2.19E-05 2.19E-05  4.08E400
3 1.25E-05 1.25E-05  7.60E-02 | 5.44E-07 5.02E-07 4.18E+00 | 1.75E-05 1.75E-05  2.47E-01
4 1.47E-06  1.47E-06  5.54E-03 | 9.52E-07 9.30E-07 2.19E+00 | 3.68E-06 3.68E-06  4.90E-02
5 | 5.40E-06 5.40E-06  1.64E-01 | 3.29E-07 2.86E-07 4.29E+00 | 3.83E-06 3.82E-06  5.48E-02
6 | 2.28B-06 2.24E-06 4.02E4+00 | 2.96E-07 2.84E-07 1.19E4+00 | 4.50E-06 4.20E-06  3.07E+01
7 | 292E-05 2.92E-05  3.09E-01 | 2.00E-06 1.83E-06 1.69E-+01 | 3.93E-06 3.93E-06  1.07E-01
8 1.46E-06 1.46E-06  1.23E-03 | 9.80E-07 9.53E-07 2.66E+00 | 2.20E-06 2.20E-06  1.39E-02
9 | 4.02E-06 4.01E-06 1.21E400 | 4.15E-07 3.27E-07 8.82E4+00 | 4.56E-06 4.55E-06  5.73E-01
10 | 8.67E-06 8.65E-06 1.75E400 | 6.12E-07 5.50E-07 6.17E+00 | 1.95E-06 1.95E-06  1.70E-01
11 | 1.02E-05 1.02E-05  8.14E-01 | 1.19E-06 1.14E-06 5.48E+00 | 4.54E-06 4.54E-06  4.68E-02
12 | 5.11E-06 5.11E-06  5.60E-02 | 7.48E-07 6.43E-07 1.04E+01 | 5.08E-06 5.08E-06  6.16E-02
13 | 4.16E-05 4.16E-05  8.25E-01 | 7.93E-07 6.52E-07 1.41E+01 | 4.78E-05 4.78E-05  1.04E+00
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