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Abstract

Variable selection is a challenging procedure when there is a large number of explanatory
variables and interaction effects are expected in a model. Because the number of possible models
can be enormous, the stepwise selection, the most commonly used procedure, tends to give a
local optimal model. This paper aims to apply the genetic algorithm with 6 types of crossover
operators: single-point crossover (1-PC), 2-point crossover (2-PC), (m/2)-point crossover [(m/2)-PC],
(m-1)-point crossover [(m-1)-PC], shuffle crossover (SHC), and uniform crossover (UNC) for real
datasets and simulated data. Both linear and binomial logistic regressions are of interest and the
Akaike’ s information criterion (AIC) is used for variable selections. For simulated data, the
explanatory variables are set to have no correlation and to have correlations with the first-order
autoregressive structure in which correlations equal to 0.3, 0.5, and 0.8. The results were compared
with those from stepwise selections: forward selection, backward elimination, and bidirectional
elimination. It is found that the genetic algorithm can find the model with a lower AIC than that by
the stepwise selection. When the 6 crossover operators were compared, (m-1)-PC produced an
inferior model which significantly different from other crossover operators. Generally, 1-PC gave a
model with the lowest AIC, followed by 2-PC, (m/2)-PC, SHC and UNC. In addition, SHC and UNC

were shown not to be statistically different.
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Figure 1 Points between 4" and 5™ genes are selected as the crossover points
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Figure 2 Two offspring are created by swapping the parent genes
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1
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0Jo
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Parent 1:
Parent 2:

0 0]1

1 1

1 1 0

Figure 3 Points between 2™ and 3", 4" and 5" and 7" and 8" genes are selected as crossover

points

Offspring 1: 1
Offspring2: 1 1

Figure 4 The resulting two offspring created by swapping the parent genes
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Select the pairs of points for shuffle

|

Z 2 3 4 5 6 | 7| 8 9
Parent1: |1 0O |11 100 1
Parent2: 1|10 Ol 1|11 O
Shuffle selected pairs of points
I 2 7 1 5 6 z 8 9
Parent1: |1 0|0 |11 100 1
Parent2: |0 |11 |1]1 1]of1 o©

Figure 5 Random shuffle the pairs of genes in the both parents

4 2

Parent1: 1 O
Parent 22 0 1

4 2

Offspring1: 1 0
Offspring2: 0 1

o ~N

» o~ =

1|5 6 3 8 9
1141 1 0 0 1
141 1 0 1 O
15 6 3 8 9
111 1 0 1 O
111 1 0 0 1

Figure 6 Applying the 1-PC in each pair of genes (after the crossover point)
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Figure 7 The resulting chromosomes after reordering
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Figure 8 Generating the crossover masks from a uniform distribution

Offspring1: 1 1
Offspring 2: 1

11 0 1 O

0 0 0 1.1 1 0 1

Figure 9 Resulting two offspring chromosomes when p =0.5
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Figure 11 The result of the genetic algorithm with 100 generations for body fat dataset
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Table 2 The lowest AICs and CPC values obtained from 9 methods for the simulated datasets

Sample sizes

n = 300 n = 1,000
P Methods - - — - - - — -
Linear regression Logistic regression Linear regression Logistic regression
AIC CPC AlC CPC AIC CPC AIC CPC
FWD 1823.83 17.86 % 250.28 6083.43 | 52.17 % 927.78 20.69 %
BWD 182399 | 28.57 % 251.52 6080.39 43.48 % 925.07 31.03 %
BDN 1822.33 17.86 % 250.28 6080.08 47.83 % 927.78 20.69 %
1-PC
0 2-PC 19.23 %
(m/2)-PC
1820.61 | 28.57 % 249.70 6079.80 | 52.17 % 922.42 31.03 %
(m-1)-PC
SHC
UNC
FWD 1826.46 224,71 6.25 % 6082.50 3571 % 793.07 29.63 %
BWD 1827.85 | 28.13 % 222.34 13.62 % | 6075.06 | 42.86 % 786.14 14.81 %
BDN 1826.46 224,71 6.25 % 6082.50 3571 % 791.14 18.52 %
1-PC
0.3 2-PC
(m/2)-PC
1823.08 | 25.00 % 218.96 1250 % | 6073.24 | 35.71 % 786.05 14.81 %
(m-1)-PC
SHC
UNC

FWD 1824.70 | 2333 % 261.47 8.11 % 6076.48 | 27.59 % 817.05 16.67 %
BWD 1821.35 | 26.67 % | 258.11 | 21.62 % | 6079.80 | 37.93 % | 805.34 | 23.33 %
BDN 1824.70 | 2333 % 261.47 8.11 % 6076.48 | 27.59 % 817.05 16.67 %

1-PC 254.49 10.81 %
1819.06 | 20.00 %
0.5 2-PC 256.50 10.81 % | 6073.32 | 34.48 % | 805.13
(m/2)-PC | 1819.56 | 20.00 % 256.50 8.11 %
23.33 %
(m-1)-PC | 1820.30 | 23.33 % 256.52 10.81 % | 6073.44 | 34.48 % 805.26
SHC
e 1819.06 | 20.00 % | 254.49 10.81 % | 6073.32 | 3448 % | 805.13

FWD 182957 | 11.11 % 238.16 12.50 % | 5982.65 | 23.08 % 697.72 | 25.81 %
BWD 1836.41 | 25.00 % | 23833 | 18.13 % | 597520 | 38.46 % | 704.61 19.35 %
BDN 1829.57 | 11.11 % 237.17 9.38 % 5982.65 | 23.08 % 69772 | 25.81 %

1-PC 230.69 12.50 %
0.8 2-PC 1823.93 | 16.67 % | 230.52 | 15.63 % 693.55 | 16.90 %
(m/2)-PC 230.62 15.63 %
5973.09 | 26.92 %
(m-1)-PC | 1824.80 | 19.44 % | 230.89 12.50 % 694.84 16.93 %
SHC
ONC 1823.93 | 16.67 % | 230.69 15.63 % 693.55 | 16.90 %

The bold numbers represent the lowest AlCs and bold-italic numbers represent the highest CPCs.
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Table 1 The lowest AICs obtained from 9 methods for the real datasets

Methods Body fat Red wine quality House prices Diabetes
FWD 723.800 -1461.090 30464.020 728.380
BWD 708.100 -1484.080 30461.210 705.650
BDN 722.330 -1465.680 30457.820 726.660
1-PC 705.330 -1485.717 30456.300
2-PC 707.899 -1486.117 30458.700
(m/2)-PC 707.176 -1486.626 30461.070

705.483
(m-1)-PC 710.306 -1485.696 30462.530
SHC 708.186 -1484.623 30461.300
UNC 707.749 -1486.991 30459.100

The bold numbers correspond the lowest AlCs.

Table 3 Comparisons of the rank means of AlCs obtained from 9 methods for the real datasets

Models Datasets H statistic p-values

Body fat 108.350 < 0.0001

Linear regression Red wine quality 25.993 < 0.0001
House price 71.716 < 0.0001

Binary logistic regression Diabetes 42.864 < 0.0001

Table 4 Comparisons of the rank means of AlCs obtained from 9 methods for the simulated

datasets
Linear regression Binary logistic regression
Correlation coefficients

H statistic p-values H statistic p-values
p=0 78.980 < 0.0001 62.481 < 0.0001
p=03 89.269 < 0.0001 101.953 < 0.0001
p=0.5 45.659 < 0.0001 28.786 < 0.0001
p=08 34.792 < 0.0001 24.212 < 0.0010

wanensfuidesanafidesndn 0.0001 wazly  aedadnviniannszduamuduiusnuin Aade

£ o

Toyadnaaesianisannesiduduuaznisanney  veddiuves AIC ageles 1 g uansnsiulaena
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gean sesasu1lavadulugazidu UNC, SHC,

(m/2)-PC, 2-PC wag 1-PC ANUA19U 98§9nHI1

o o

1-PC JuuildufiAndonskuurdan AIC a
gaualiiuanena9in 2-PC ag1aditudAgynisaia
WaLgInuln UNC way SHC ldunnsnafuagiedl
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Table 5 Multiple comparisons of the AIC means obtained from 6 crossover operators by Dunn's

test
Datasets Crossover operators in ascending order of AlC

p=0 2-PC* | 1-PC*P SHCP< UNC®< (m/2)-PC° | (m-1)-PC*

p=03 1-PC | 2-PC° | (m/2)-PC° SHC® UNC® (m-1)-PC

é p=05 1-PC* | SHC™ |  2-PC*" | (m/2-PC** | UNC® | (m-1)-PC°
%ﬁ p=038 1-PC* | 2-PC* | (m/2)-PC° SHC? UNC® (m-1)-PC°
E Body fat | 1-PC* | 2-PC° | (m/2-PC SHC” UNC® | (m-1)-PC°
- House price | 1-PC* | 2-PC* | (m/2)-PC*® SHC® UNC® (m-1)-PC*
Red wine | 1-PC* | 2-PC° | (m/2)-PC° SHC® UNC? (m-1)-PC°

§ p=0 1-PC* | 2-PC? SHC*® UNC*® (m/2)-PC® | (m-1)-PC
%ﬁ p=03 1-PC | 2-PC*® | (m/2)-pC"* SHC" UNC* (m-1)-PC*
.g p=0.5 1-PC* | 2-PC* | (m/2)-PC SHC® UNC® (m-1)-PC°
g p=038 2-PC* | 1-PC*® | (m/2)-PC*® SHC*® UNC® (m-1)-PC
g Diabetes 1-PC* | 2-PC*® SHC*® (m/2)-PC° UNC® (m-1)-PC

The methods with different superscript letters are significantly different (p <0.10).
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Figure 12 AIC values for the simulated data (0 = 0) with 50 replications
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Figure 13 AIC values for the house price data with 50 replications
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