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Abstract  In evolutionary algorithms, a preselection operator is a part of the reproduction proce-
dure that aims to choose some promising candidate offspring solutions for further environmental
selection. The preselection operator can help to improve the algorithm performance significantly
if it is correctly utilized. In preselection, the unpromising candidate solutions can be discarded
before the real function evaluations, and thus, the computational resources can be saved. Also,
using the preselection operator in evolutionary algorithms will help the algorithms to generate
more potentially good solutions in one generation without adding more function evaluations. Most
existing preselection operators are based on fitness evaluations, surrogate models, and classification
models. Since a preselection operator can be regarded as a classification procedure, where selected
solutions can be treated as ‘positive’ ones and the discarded solutions are ‘negative’ ones. In
terms of this situation, using the classification model to assist preselection is a natural choice for
evolutionary algorithms. Previous research uses binary and/or multi-class classification models to
guide preselection, in which °positive’ and ‘negative’ training samples or more classes of
samples should be prepared to build the classification model. However, after several generations,
for some of the evolutionary algorithms, almost all of the solutions in the current population are
relatively ‘positive’ ones. Thus, the gap between ‘positive” and ‘negative’ solutions is not easy
to be defined. Furthermore, for these kinds of evolutionary algorithms, preparing ‘negative’ train-

ing samples has three disadvantages: (1) to reduce the accuracy of the classification model on predic-
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tion, (2) to improve the cost on model building, (3) to increase the complexity of algorithms.
For this reason, it is not trivial to prepare ‘positive’ and ‘negative’ training samples. To deal
with this problem and avoid the above disadvantages, we consider employing the one-class classi-
fication (OCC) model, which only needs one class of ‘positive’ training samples in the classifica-
tion model-building procedure to guide the preselection. Thus, the model-building procedure can be-
come simple by only defining the positive’ training samples. Based on this idea, this paper proposes
a one-class classification based preselection (OCPS) scheme that uses the OCC model for the pre-
selection. The proposed OCPS scheme mainly has three components: at first, solutions in the
current population are all labeled as ‘positive’ ones with label +1. Then, the labeled solutions
are used to build an OCC model. Thirdly, for each parent solution, a set of candidate offspring
solutions are generated. The built model is employed to label the newly generated offspring solutions.
And only the one with the ‘positive” label will be selected as the real offspring solution of its parent
for the following environmental selection. If there are more than one candidate solutions are
labeled as positive’ or there are not any solutions labeled as ¢ positive”, the real offspring
solution will be randomly selected from these candidates. The proposed OCPS scheme is applied
to three state-of-the-art evolutionary algorithms and studied on a test suite. The experimental
results show the potential of OCPS on improving the performance of some existing evolutionary

algorithms and reducing the number of function evaluations. Also, the OCPS performs better
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than the other models in most situations.
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OCPS-DE/EDA

BCPS-DE/EDA

DE/EDA

median mean(std) median mean(std) median mean(std)
fi 3.6le—95[1] 7.81e—95(1.02e—940)[1] 1.11le—85[2] 5.05e—85(9.50e—85)[2](—) 4.95e—70[3] 8.82e—70(1.33e—69)[3](—)
1 1.32e—45[1] 2.04e—45(1.76e—45)[1] 8.72e¢—41[2] 1.27e—40(1.10e—40)[2](—) 9.73e—34[3] 1.24e—33(1. 04e—33)[3](—)
1 4.73e—22[1] 1.02e—21(1.40e—21[1]  6.39e—21[2] 2.84e—20(8.36e—20)[2](—) 9.87e—16[3] 1.34e—15(1.28e—15)[3](—)
fi 1.29¢—02[3] 1.25e—01(3.46e—01)[3] 5.58¢—09[1] 2.65e—08(4.87e¢—08)[1](+) 3.70e—08[2] 1.30e—07(4.32e—07)[2](+)
/s 2.34e+01[3] 2.51e+01(9.54e+00)[3] 1.59e—12[2] 5.32e—01(1.38e+00)[2](+) 4.07e—18[1] 2.66e—01(1.0le+00)[1](+)
fe 0.00e+00[1] 0.00e+00€0.00e+00)[1]  0.00e+00[1] 0.00e+00 (0.00+00)[1](~) 0.00e+00[1] 0.00e+00(0.004+00)[1](~)
1 1.32e—03[1] 1.36e—03(3.39e—04)[1] 1.76e—03[2] 1.69e—03(5.18e—04)[2](—) 2.04e—03[3] 2.05e—03(4.61e—04)[3](—)
1 5.92e+02[2] 5.34e+02(2.05e+02)[2]  6.5let+02[3] 6.44e+02(2.30e+02)[3](~) 4.15e+02[1] 4.50e+02(2. 19e+02)[1](~)
fo 1.49¢+01[1] 1.48e+01(4.49¢+00)[1]  2.24e+01[2] 3.51e+01(3.49e+01)[2](—) 2.79e+01[3] 5.19e+01(4. 72e+01)[3](—)
S0 4.44e—15[1] 4.91e—15(1.23e—15)[2] 4.44e—15[1] 5.03e—15(1.35e—15)[3](~) 4.44e—15[1] 4.68e—15(9.0le—16)[1](~)
fn 0.00e+00[1] 7.40e—04(2.26e—03)[2] 0.00e+00[1] 1.64e—03(3.85e—03)[3](~) 0.00e+00[1] 3.29e—04(1.80e—03)[1](~)
Si 1.57e—32[1] 1.57e—32(5.57e—48)[1] 1.57e—32[1] 1.57e—32(5.57e—48)[1](~) 1.57e—32[1] 1.57e—32(5.57e—48)[1](~)
fis 1.35e—32[1] 1.35e—32(5.57e—48)[1] 1.35e—32[1] 1.35e—32(5.57e—48)[1](~) 1.35e—32[1] 1.35e—32(5.57e—48)[1](~)
+/—=/~ 2/5/6 2/5/6
OCPS-JADE BCPS-JADE JADE
£ 4.96e—239[1] 4.67e—121(2.45e—120)[2] 5.19e—239[2]6.45e—134(3.53e—133)[1](~) 5.39e—230[3] 1.31e—115(6. 15e—115)[3](—)
/o 1.19¢—66[1] 2.70e—53(1.30e—52)[1] 2.64e—62[3] 7.22e—52(3.10e—51)[2](~) 2.43e—63[2] 3.70e—51(1.43e—50)[3](~)
fs 1.51e—42[2] 2.74e—40(1.23e—39[2] 5.37e—46[1] 1.33e—44(4.05e—44)[1](+) 2.98¢—40[3] 1.00e—38(2.35e¢—38)[3](—)
fi 1.46e+00[3] 1.76e+00(8.94e—01)[3] 3.62¢—03[1] 8.05e—03(9.42e—03)[1](+) 1.24e—02[2] 2.42e—02(2.56e—02)[2](+)
fs 4.07e—06[3] 5.32e—01(1.38e+00)[1] 9.11e—29[1] 7.97e—01(1.62e+00)[2](—) 1.70e—28[2] 9.30e—01(1.71le+00)[3](—)
1 0.00e+00[1] 1.33e—01(4.34e—01)[3]  0.00e+00[1] 0.00e+00 (0.00+00)[1](~) 0.00e+00[1] 0.00e+00(0.00+00)[1](~)
/2 9.30e—04[1] 1.04e—03(3.75e—04)[1] 1.10e—03[3] 1.18e—03(5.18e—04)[3](~) 1.07e—03[2] 1.14e—03(4.5le—04)[2](~)
fs 0.00e+00[1] 5.53e+01¢6.77e+01)[1] 5.92e+01[3] 8.69e+01(1.28e+02)[3](~) 0.00e+00[1] 5.53e+01(1. 11le+02)[1](~)
fo 0.00e+00[1] 0.00e+00¢0.00e+00)[1]  0.00e+00[1] 0.00e+00¢0.00e+00)[1](~) 0.00e+00[1] 0.00e+00(0.00+00)[1](~)
fio 4.44e—15[1] 5.39e—15(1.60e—15)[2]  4.44e—15[1] 5.98e—15(1.79e—15)[3](~) 4.44e—15[1] 5.27e—15(1.53e—15[1](~)
fu 0.00e+00[1] 7.39e—04(2.83e—03)[1] 0.00e+00[1] 4.51e—03(8.72e—03)[3](—) 0.00e+00[1] 2.30e—03(5.56e—03)[2](~)
i 1.57e—32[1] 1.57e—32(5.57e—48)[1] 1.57e—32[1] 3.46e—03(1.89e—02)[2](~) 1.57e—32[1] 3.46e—03(1.89e—02)[2](~)
s 1.35e—32[1] 1.35e—32(5.57e¢—48)[1] 1.35e—32[1] 1.35e—32(5.57e¢—48)[1](~) 1.35e—32[1] 1.35e—32(5.57¢—48)[1](~)
+/—=/~ 2/2/9 2/3/9
OCPS-EDA/LS BCPS-EDA/LS EDA/LS
fi 9.10e—147[17] 1.16e—146(8. 86e—147)[1] 1.48e—132[2] 1. 45e—131(6.62e—131)[2](—) 4.44e—130[3] 5. 46e—130(5. 51e—130)[3](—)
1 3.69e—75[1] 4.07e—75(2.13e—75)[1]  6.24e—65[2] 6.93e—65(3.55e—65)[2](—) 9.84e—65[3] 1.08e—64(8.10e—65)[3](—)
1 1.54e—37[2] 1.18e—36(3.85e—36)[1] 7.41e—38[1] 8.24e—36(2.19¢—35)[2](~) 5.28¢—37[3] 3.10e—35(8.12¢—35)[3](~)
fi 5.92e—47[1] 9.13e—17(5.00e—16)[3] 1.4le—42[2] 1.50e—42(6.71e—43)[1](+) 1.99e—42[3] 6. 64e—40(3.62e—3ND[2](+)
fs 1.78e—29[2] 1.33e—01(7.28e—01)[3] 2.77e—29[3] 3.93e—29(4. 76e—29[2](~) 1.74e—29[1] 2.65e—29(3.12e—29[1](~)
fs 0.00e+00[1] 0.00e+00€0.00e+00)[1]  0.00e4+00[1] 0.00e+00 (0.00+00)[1](~) 0.00e+00[1] 0.00e+00 (0.00+00)[1](~)
1 1.80e—03[1] 1.80e—03(5.35e—04)[1] 2.39e—03[3] 2.35e—03(6.39e—04)[2](—) 2.26e—03[2] 2.35e—03(6.88e—04)[2](—)
fs 0.00e+00[1] 0.00e+00€0. 00e+00)[1]  0.00e+00[1] 0.00e+00€0. 00e+00)[1](~) 0.00e+00[1] 0.00e+00¢0.00e+00)[1](~)
fo 0.00e+00[1] 0.00e+00€0. 00e+00)[1]  0.00e+00[1] 0.00e+00€0. 00e+00)[1](~) 0.00e+00[1] 0.00e+00¢0.00e+00)[1](~)
S0 4.44e—15[1] 4.44e—15(0.00e+00)[1] 4.44e—15[1] 4.44e—15(0.00e+00[1](~) 4.44e—15[1] 4.44e—15(0. 00e+00)[1](~)
S 0.00e+00[1] 0.00e+00€0. 00e+00)[1]  0.00e+00[1] 0.00e+00€0. 00e+00)[1](~) 0.00e+00[1] 0.00e+00¢0. 00e+00)[1](~)
Srz 1.57e—32[1] 1.57e—32(5.57e—48)[1] 1.57e—32[1] 1.57e—32(5.57e—48)[1](~) 1.57e—32[1] 1.57e—32(5.57e—48)[1](~)
fis 1.35e—32[1] 1.35e—32(5.57e—48)[1] 1.35e—32[1] 1.35e—32(5.57e¢—48)[1](~) 1.35e—32[1] 1.35e—32(5.57e¢—48)[1](~)
+/—/~ 1/3/9 1/3/9
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median mean
Rank 1 2 3 mean 1 2 3 mean
OCPS-DE/EDA 10 1 2 1.38 8 3 2 1. 54
BCPS-DE/EDA 6 6 1 1. 62 4 6 3 1.92
DE/EDA 71 5 1.85 7 1 5 1.85
OCPS-JADE 10 1 2 1. 38 8§ 3 2 1. 54
BCPS-JADE 9 1 3 1. 54 6 3 4 1. 85
JADE 7 4 2 1. 62 5 4 4 1.92
OCPS-EDA/LS 11 2 0 .15 11 0 2 1. 31
BCPS-EDA/LS 8 3 2 1.54 8 5 0 1. 38
EDA/LS 8 1 4 1. 69 8 2 3 1. 62
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n OCPS-DE/EDA DE/EDA n OCPS-DE/EDA DE/EDA
10 1.02e—292(+) 2.33e—215 10 1. 18e+02(—) 0. 00e+00
fi 20 9. 35e—140(+) 6.75e—103 fs 20 2.37e+02(—) 1. 18e+02
30 3.6le—95(+) 4.95e—70 30 5.92e+02(—) 4.15e+02
10 1. 38e—138(+) 3.39e—102 10 1. 99e+00(+) 2.98e+00
f2 20 7.84e—66(+) 1. 48e—48 fo 20 7.96e+00(+) 1. 09e+01
30 1.32e—45(+) 9.73e—34 30 1.49e+01(+) 2. 79e+01
10 5.28e—174(+) 5.48e—129 10 4. 44e—15(~) 4. 44e—15
f3 20 2.79e—55(+) 1.17e—39 1o 20 4. 44e—15(~) 4. 44e—15
30 4.73e—22(+) 9.87e—16 30 4. 44e—15(~) 4.44e—15
10 1. 12e—115(+) 5. 20e—84 10 1. 85e—02(+) 2.95e—02
fi 20 5.23e—09(—) 5. 7le—31 S 20 0.00e+00(~) 0. 00e+00
30 1.29e—02(—) 3.70e—08 30 0.00e+00(~) 0.00e+00
10 7.00e+00(—) 0.00e+00 10 4. 7le—32(~) 4. 7le—32
fs 20 1. 65e+01(—) 0. 00e+00 Sfiz 20 2.36e—32(~) 2.36e—32
30 2.34e+01(—) 4.07e¢—18 30 1.57e—32(~) 1.57¢e—32
10 0.00e+00(~) 0. 00e+00 10 1. 35e—32(~) 1. 35e—32
6 20 0.00e+00(~) 0. 00e+00 f13 20 1. 35e—32(~) 1.35e—32
30 0.00e+00(~) 0. 00e+00 30 1.35e—32(~) 1.35e—32
10 1. 26e—04(+) 2.12e—04 10 7/2/4
f7 20 6.43e—04(+) 9.51e—04 +/=/~ 20 5/3/5
30 1.32e—03(+) 2.04e—03 30 5/3/5
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Background

In EAs, the preselection has different meanings. In
most situations, it refers to selecting promising ones from a
set of candidate offspring solutions. Preselection can help to
improve the algorithm performance significantly if correctly
utilized, in which case the unpromising candidate solutions
can be discarded before the real function evaluations and thus
the computational resources can be saved. A key issue with
the preselection is on how to measure the qualities of candi-
date solutions, i.e. , to judge whether a candidate solution is
promising or not. According to this issue, strategies for
preselection can be roughly classified into three categories:
fitness based approaches, surrogate model based approaches
and classification based approaches.

For the classification based approach, the preselection is
always regarded as a classification procedure, where the
chosen offspring solutions belong to the ‘good” class, and
the discarded ones are with the ‘bad’ class. In this approach,
the visited solutions are used to build a classification model
and to predict the qualities, i. e.» ‘good” or ‘bad’, of the
candidate offspring solutions and the promising ones are then
chosen out. In this category, most work focus on the binary-
class classification based approach.

In some EAs, it is believed that after generations, all

left solutions in the current population are good ones. Therefore,

it is not trivial to maintain proper training data sets. Actually,
there may not exist a clear gap between ‘good’ and ‘bad’
solutions. In the community of classification, there exists a
type of so-called one-class classification (OCC), which
usually needs only one class of training data points. Thus
applying the OCC model to assist the preselection procedure
should be more suitable than the binary-class models.
Following this idea, this paper proposes a one-class classifi-
cation based preselection (OCPS) strategy for evolutionary
global optimization. For an OCPS based EAs, an OCC model
is built firstly according to the current population in each
generation. Then, for each parent solution, a set of candidate
offspring solutions are generated by the variation operator.
Finally, a solution labeled as ‘good’ according to the OCC
model is chosen as the offspring solution. The experiments
show that the OCPS performs better than the other models
and reduces the number of function evaluations significantly.
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