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Multi-objective Genetic Algorithm for Variable Selection
in Linear Regression Model and Application

Dong-1Il Kim - Cheong-Sool Park - Jun-Geol Baek * Sung-Shick Kim

ABSTRACT

The purpose of this study is to implement variable selection algorithm which helps construct a reliable linear
regression model. If we use all candidate variables to construct a linear regression model, the significance of the
model will be decreased and it will cause 'Curse of Dimensionality’. And if the number of data is less than the
number of variables (dimension), we cannot construct the regression model. Due to these problems, we consider the
variable selection problem as a combinatorial optimization problem, and apply GA (Genetic Algorithm) to the
problem. Typical measures of estimating statistical significance are R?, F-value of regression model, t-value of
regression coefficients, and standard error of estimates. We design GA to solve multi-objective functions, because
statistical significance of model is not to be estimated by a single measure. We perform experiments using simulation
data, designed to consider various kinds of situations. As a result, it shows better performance than LARS (Least
Angle Regression) which is an algorithm to solve variable selection problems. We modify algorithm to solve
portfolio selection problem which construct portfolio by selecting stocks. We conclude that the algorithm is able to
solve real problems.

Key words : Variable selection, Genetic algorithm, Regression, Multi-objective GA
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2 2. MOVS 4334

MOVS(s, ¢, P(s), P(c), P(m), E)

s : size of population

q : ranking weight

P(s) : gene selection rate used in initialization
P(c) : crossover rate

P(m) : mutation rate

E : the number used in stoping criterion

G(, j) : j-th gene of i-th individual
N : non-changed iteration number of best solution
p : number of candidate variable

-initialization -+ S1
forf(i=1tos)
for(j=1top)
if( random(0,1) < P(s) )

GG, j) =1
else
GG, j) =0
while( N < E )
-evolution based on each criterion - S2

random sequence generation : criterion[n] = 0~5
for(i=0t05)
-estimation based on each criterion -+ 83

criterion[i] = 1

criterion[i] = 3 :
criterion[i] = 4 :
criterion[i] = 5 :

: estimate Adjusted R’ ranking

criterion[i] = 2 :

estimate F-test p-value ranking
estimate t-test p-value ranking
estimate SEE ranking
estimate (), ranking

for(c=0top)
ﬁtness(c) = q(1 _ q)Hunk(c) -

Fitne
Plselect ¢) = M
Z Fitness (i)
i=1
-reproduction -S4
-crossover and mutation -+ S5

for(i=1tos22)
if( random(0,1) < P(c) )
Two-point crossover
forf(i=1tos)
if( random(0,1) < P(m) )
Simple mutation
-evolution based on total criterion -+ S6
estimate ranking based on each 5 criterion
estimate ranking based on summation of each ranking
forf(c=0top)
Fitness(c) = q(1— q)H‘”‘k(u) -

Plselect ¢) = _THness(c)

Fitness (i)
i=1

-find best solution of current iteration
-check stopping criterion -+ §7
if( current best solution = prior best solution )
ifl N=E)
put out current best solution & finish
else : N=N + 1

else : N=0
-reproduction ... S8
-crossover and mutation -+ S9

for(i=11t0s/2)
if( random(0,1) < P(c) )
Two-point crossover
for(i=1tos)
if( random(0,1) < P(m) )
Simple mutation
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4. 915 Wl Y5 Hla
FNR FDR TFR
FaHs A LARS MOVS LARS MOVS LARS MOVS
0.25 0.001 0 0.118 0.148 0.089 0.111
25% 0.45 0.049 0.027 0.145 0.165 0.121 0.131
0.65 0.15 0.095 0.142 0.178 0.144 0.157
0.25 0.029 0.011 0.342 0.141 0.185 0.076
50% 0.45 0.15 0.117 0.253 0.171 0.202 0.144
0.65 0.261 0.222 0.215 0.196 0.238 0.209
0.25 0.036 0.059 0.585 0.173 0.174 0.088
75% 0.45 0.182 0.201 0.375 0.196 0.23 0.2
0.65 0.328 0.303 0.283 0.211 0.317 0.28
® 5 IAREY FAZFS G, HL
Adjusted R’ p-value(F-test) p-value(t-test) SEE G
Fads A LARS | MOVS | LARS | MOVS | LARS | MOVS | LARS | MOVS | LARS | MOVS
0.25 95.03 95.52 | 1.01E-89 | 1.07E-91| 0.079 0.034 2.205 2.095 21.33 8.746
25% 0.45 85.64 87.12 | 1.23E-47 | 8.00E-57 0.1 0.042 3.962 3.754 21.46 8.297
0.65 74.43 77.17 | 6.15E-36 | 3.04E-38 | 0.107 0.047 5.715 5.403 18.15 6.426
0.25 94.63 95.23 | 1.59E-51 | 8.70E-78 | 0.119 0.018 3.26 3.073 65.09 40.11
50% 0.45 84.77 86.33 | 1.53E-35|2.41E-47| 0.113 0.029 5.806 5.503 51.7 34.62
0.65 73.28 76.04 | 1.50E-26 | 1.28E-28 | 0.133 0.04 8.312 7.872 41.33 27.47
0.25 94.56 94.84 |2.57E-48 | 8.81E-63| 0.098 0.016 4.034 3.929 88.33 69.93
75% 0.45 84.2 85.41 |1.16E-30|5.84E-38| 0.119 0.027 7.269 6.989 72.69 56.31
0.65 72.49 74.98 | 1.34E-23 | 7.99E-27 | 0.144 0.04 10.38 9.894 56.02 43.49
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